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Foreword

rI:lis is the age of communication. People evervwhere are working to
improve the quality and speed ef information exchange. Science con-
iributes to and benefits from these developments. Scientists in many
ficlds can conduct cooperative, inter-related theoretical and empirical
studies simualtancously in different parts of the world with great preci-
sion and cffeetiveness. Fase of communicadons allows them to share
their experimental results quickly. The future is bright and exciting.
This is also the age ¢f desertification. The deserts are advancing inex-

o

orably upon the seuded Lind. Inan extended sense, the terny desertifi-
cation™ is used by the interaational community to nmean a slow and
long-term deeline inagricultural productiviey and a concurrent loss of
torests. The evidence for these changes is whlespread and alarming.
Their long-term ettects upon the ability of the world to supportits bur-
geoning population will he just as disastrous as the advance ol the
Sahara.

Better communication about soils will limie productivity decline and
desertification. The Benchmark Soils Project of the Universities of
Hawair and Puerto Rico and the Soils Rescarch Organizations of Bra-
zil, Cameroon, Indonesia, and the Philippines has been an attempt o
iprove communications about soils, their environment. and their wise
use and management in agriculture,

The germ of the idea of these projects lies in the common observation
that masses of important and valuable informaton about soils and their
management he locked up in dusty reports and filing cabinets for want
of an cffectuve means of bringing them 1o the atention of those ~vho
could use them, The abjective of the Benehmark Soils Project was o
bring this information to the attention of those who could use it. The
theoretical Lasis of the project is beguilingly simple. A “benchmark
soil " as defined by soil survevors and classitiers, is asoil that occupices a
key interpretative position in the soil classitication framework and/or
covers a Lirge arca. 1t is considered o be a representative reference site
from which research vesalts can be transferred or extrapolated o other
sites with similar properties. These other, similar stres can be i dentified
by the use of “Soil Taxonomy” a general system ol soil classification

vii
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developed by the U S, Department of Agriculture with the help of
many collaborators throughout the world. "I'he fifih level of classilica-
tion in Soil Taxonomy is called the soil fmily and is designed o group
all soils within a suberoup—the fourth level of classtficaton—having
similar physical and chemical properties that affect their responses o
use and management. From a well-researched benehmiark soil site elas-
sthed at the soil familv level, vesulis should b transterable for use—per-
naps with some modifications—on other soils i the same familyv wher-
ever they oceurin the world. A daca bink ol soil Eunilies provides a data
base for widespread transter of soils, land use, and agricultural informa-
tion throughout the world. Communities of soil scientists can communi-
cate throueh famnilies of soils,

The Benchnuaok Soils Projectis now complete. This s the final report
of the Universiy of Flawair Project. The primary result of the project
has been improved comumunication among the partcipants, nstitutes,
and scientists abour the charactevistics and performance of common
soils. There Liave also been added benefits: a technology transter model
mn agriculture was rested successtullv two follow-up projects, the Soil
Management Support Services (SMSS) and the International Beneh-
mirk Sites Network for Agrone Enology Tramster (IBSNAT) were
begun: and soll scientists have benefited from the stimulition of work-
ing tocether on common and often simultameous experiments at 24 dif-
levent henchimark sites around the world.

Most of the efforts over the nine vears of the projects existenee have
been devoted to testing the basic livpathesis that the soil fanly does
indecd provide a basis for techinology transter. While the soil family s
used frequentlsy within the United Staces Tor this purpose. the coneept
had never before been seientitically tested. An advisor o the Beneh-
mark Soils Project pointed out carly on that this could best be dope in
the United States where precise control could e exercised over the
required experimental work, Project researchers. rejecting this goad
advice, proceeded o test the concept under much more difficult condi-
tions in the tropies where expermmental sites onexactly the vight soils
had e times we he canved out of the bush. T so domg they gready
mercased the ditficultios of conducting the experiments. Nevertheless,
this rescarch effort greatly speeded up the possibilities of technology
transter, increased the value of the projects, and contributed signifi-
cantly to strengthening soils rescarch in participiating countries in the
tropics.

The Benehiewk Soils Project has helped ereate research infrastruc-
tures in several countries, trained scientists and technicians to do qual-
ity agronomic experiments, devised new statistical tests of stgnificance
i agricultural rescarch, and ereated a substantial body of information
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on three soil families in ditferent orders of the Soil Taxonomy. The proj-
cet has conducted and contributed o several scientific meetings and
published a newsletter, “Benchmark Soils News,” so that information
about the Benchmark Soils Project and its results could be widely dis-
seminated. Several other countries also adopted project coneepts. In
partcular, India, with its great need to inerease the use intensity of its
soils, published Benchmark Soils of India,” a major compilation of
information about 6-4 selected soils, at the time of the 12th International
Congress of Soil Science held in New Delhi in February 1982

And what of the tramster hypothesis? In the end it was found that
results of soill management experiments could he beter predicted within
cach of the three soil tamilies than among them, The soil family assists in
the tanster of soil management information and the prediction of soil
performance.

In addition. the project carried out other experiments on soil nian-
agement using many crops and soil nanagement methods. These
results should be usetul to all Benchmark Soils Project participants and
to all wide similarly classified sotls. Furtnermore, i is not difficult o
extrapolate the results to other soil families, particalarly those that differ
only in texture or soil remperature or soil moisture regimes. Extrapola-
ton o other families may require experiments designed for that pur-
pose but itis possible and desivable beeause the soil family is limited in
range and areas Fortunately, the results of experimental work within a
single soil faumily can be extended o other soils in a systematic and
ratonal way,

The Benchmark Soils Project has demonsorated how soil manage-
ment research should change for dhe future and how soil science can
participate in the connmunicatons revoluden. Al soils used for rescarch
can become henchmark soils i all soil minagement experiments collect
a certiin minimum set of essential daca that will allow proper character-
ization of the soil, the crop used, and the environment. Future books
and articles about the properties of soils of a country or region should
not melude stacements ke “the soils are generally low in phosphorus,”
or “the soils have atendency 1o crust.” Instead, they should give spe-
cific results about properly classified and characterized soils and their
performance under well-specified conditions. Readers will then be able
to mitke effective use of these data from their understanding of soil man-
agement and the benchmark soils concept. Adaptive research will cer-
tainly still be needed, o a greater or lesser extent depending on the
similarities and differences of the soils being compared, but efficient
communication of rescarch results and principles can be achieved re-
sulting in a reduction in wasted rescarch time and resources.

The Benchmark Soils Project has done much for soil science. Tt has
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contributed to reducing the dangers of desertification. But its benelits
will be realized most fully in the future when soil science responds more
completely to the communications revolution of today.

L. D. Swindale

Director General

International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT)



Preface

Tn‘ food and population problems of the Third World were brought
into sharper focus and new prominence following the World Population
Conterence held 1 Bucharest in 1973 and the World Food Conference
held in Rome in 1974 Elforts 1o confront the steadily worsening food
situation, especially in the topical world, must consider the fact that
marked increases inerop production will be restricted i many arcas by
the high cost of chenieal inprats and by environmental hmitatons. In
order for food production to keep pace with population growth rates in
the developing world, the productive capacity in the developing coun-
tries must be expanded by inereases in both vield per unit arca and in
acreage of culnvated Tand.

Time has shown that the extrapolation ol agricultural experience
from developed countries i the temperate zone to developing countries
i the tropies has met with livde suceess, One reason tor the failure s
that many sotls of the tropies hav e properties that require management
practices unique to these soils, which do not necessarily conform to the
known practices tor soils of the temperate regions, This implies that the
process of agrotechnology transfer 1o developing countries miust take
place predomimantdy within the tropics,

The ideas and concepts that eventually evolved into the Benchmark
Soils Project originated with Do 1 DL Swindale in the carly seventies
when he was Director of the Agricultural Experiment Station ¢ the
University of Flawait. These ideas were incorporated into two rescarch
proposals prepared by the University of Hawail (UH) and the Univer-
sity ol Puerto Rico (UPR) and submitted to the U.S, Ageney for Inter-
national Development (USAITD).

In May 1974, a contract (AID/Contract No. ta-C-1108) was signed
between USATD and the University of Hawaii o initiate a project
entitled “Crop Production and Land Capabilities of a Network of “Trop-
ical Soil Families.” The contract (A1D/Contract No. ta-G-1138) for the
companion project, “Crop Production and Land Potential of Bench-
mark Soils of Latin America,” was signed with the University of Puerto
Rico in January 1975, The projects are popularly known as the Bench-
mark Soils Project (BSP).

The purpose of the Benchmark Soils Project was to test an innovative
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approach to agrotechnology transfer designed to assist developing coun-
tries in appropriately utilizing their lind resources for increased and
better quality food production. This approach to agrotechnology trans-
fer bypasses three major constraints: scareity of qualificd rescarch per-
sonnel, msulficient capital. and, above all, time needed 1o close the
widening gap hetween agroproduction and food requirements. The ra-
ditional approach o agricaliural rescarch is extremely time-consuming.
Yet fairmers wrgentdy need the basic information conducive (o higher
vields, and they cannot wait £ local research o regenerate mforation
thatis already available to then via transter.

The concept—rranster of agrotechnology from one tropical region to
another opical region on the basis of Soil ‘Tisonoms at (he soil Funily
level of elassification—will have o far greater effect on tood production
and its tempo than nay seem possible a tirst elance. Tis effed may wedl
be profound. First, millions of dollars worth of research Intormation
produced by thousands of mun-vears will be available for inunediate
tapping. Second, costs of sitesspecitie trials b over the world, which
reach millions of dollars, will he alleviated, Thivd. sworldwide network
of experts and a soil and rop data hank will be available o expedite and
provide information and facilitie connnunication for develapiment,
Fourth. the concept of avrone Imolosy transfer 1 al-encompassing: it
allows the aansler of informaton on soil manavcement praciices and all
that goes with it—information on crops and croppine svsiens, water
management practices, eroston control measures, the surtability of soils
O new crops, and the o onomtes of ¢ rop |)Hu|lu tion,

The focus of the Benchmark Soils Project was the aceeleration and
reduction of cost of agricaltural planning and developent in develop-
ing countries through the process of agrotechnology reansfer, This re-
Lates to USAID'S objective of expanding the intormation available on
the management of tropical soils (o inerease Tood production in the
tropies. ‘Fhe objectives of the project were

Ioto determine scientifically the transterability: of agroproduction
technology among nopical ard subtropical countries,

2. 1o assist wopical countries in assessing the potendal of upland
arcas for intensive cropping and intensive soil marigement, and

3. to demonstrate the value of soil and Tand classificaton in formulat-
g agricultural development plans o selected areas,

The Benchmark Soils Project of the University of Hawaii was inj-
tially funded for thiee vears— 197:4-77—during which time sites were
sought in cooperating countries to buila the soil faily network. Sites
were established on the thixotropic, isothermic tamily of Hydrie Dys-
trandepts in Indonesia, Hawati, and the Philippines. A three-year
extension of the project (1977-80) was granted by USATD with the ree-
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ommendation that a thivd soil family, a family of the Ultisols, be
included in the scope ol activities as requested by Indonesia and the
Philippines. Sites on the clayey. kaolinitic, isohyperthermic family of
Tropeptic Eutrustox were established in Hlawaii, Sites for the third soil
family, clavey, kaolinitie, isohyperthermice Tyvpic Palendult, were estab-
lished in Caaneroon, Indonesia, and the Philippines during this period.
Field experiments with miaize were carried out an adl sites of the three
sotl Lanaily network 1o generate data for evaluating the concept of agro-
technology vanster. Because of the Lue establishient ot the Typre
Paleudult network and the need o continue data collection on this and
the other sotl frnnilies, the project was grmted o second extension—
from 1980-83-—10 wllow tor dhe completion of data collection. All over-
seas activities were completed in 19850 The project was granted a one-
vear, non-funded extension to allow Tor the compledon of data analysis
and preparaiion of the Final Report. A more detailed history of the
Benchmark Soils Project may he feand in Appendis A

The ol jecaves of the Benchmark Soils Project of the University of
Pucrto Rico were similar to those of the UH project: experimental sites
were established in Brazil and Paerto Rico on the clavey, kaolinitie, iso-
hyperthermie famly of Tropeptic: Fuoastox, The experimental and
dati recording techniques were also similar o those of the Universiny of
Flanwaii project. The University of Puerto Rice Benchmark Soils Project
was v funded dor duee vears— 197078 Alter this, it was
extended for acthireesvear period o Janar 1981 The project received
alurdher onc-vear extension without addiconal fundine o alow for the
orderly conclusion of project activities by December 1931, The *Final
Repere of the Puerto Rico Benchmirk Soils Project 1975-19817 was
published in February 19820 The Executive Sumimary of this report is
presented in Appendix B

Fhis final report of the University of Hawaii Benchmark Soils Project
is divided into three pares. The first is the najor report of project activi-
tes in fulfilling its objectives and includes four sections—Prmeiples and
Coneepts, Research Methodology, Ouanttaove  Fvaluation of the
Transter Flypothesis, and Matching Maize Reguirements o the Agro-
environment. The second—Additional Agrotechnology Transter Stud-
tes—inchudes four sections—Phosphorus Management in Benchmark
Soils, Crop Performance in Benchmark Environments, Utilization of
the Benchimark Soils Neowork, and Marching Crops and Environments
oy Soil Taxonomy. The results of investigations undertaken o clarify
observatons and questions radsed during project activities are presented
i this pirt. These studies, conducted by graduate students supported
by the project, provided information on the effects of the characteristics
of the three soil families on crop performance, fertilizer availability, and
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susceptibility to erosion. The third part—Exccutive Smmnmary—high-
lights the accomplishiments of the Benchmark Soiis Project and sumima-
rizes major results of the other sections.

The information presented in this final report should be of value to
soil and crop scientists, pluiners, government agencies, and extension
personnel. [t is hoped thae the efforts of the Benehmark Soils Project
have helped in some simall way to aceelerace food production and agri-
cultural planning and development with reduced cost through the pro-

cess of agrotechnology transter.

J. AL Silva
Principal Investigator
Benchmark Soils Project
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Principles and Concepts

1 Transfer of Agrotechnology

J. A Silva and G. Uchara




R;lpi(lly inereasing populations and limited time and resources for
rescarch have ereated an urgent need intropical countries for agrotech-
nology transfer. While few countries have the time 1o cither conduet
original scientific rescarch or to experiment with trial-and-crror agricul-
taral tremstfers, scientists at netional and international rescarch centers
have already developed soun I agrotechnologies thae are applicable o
the tropies. Mechanmsims for transferving these technologies to appropri-
ate areas can accelerate the inerease in food production in tropical coun-
tries and decrcase the possibitity of widespread famine,

Transfer by Diffusion

A common method of agrotechnology transfer is by “diffusion” of
information from one country to another o1 from one arca ol a country
to other areas where the weehnology may he needed. This diffusion
model™ was adopted as the foundation for technical assistance after
World Wi I and fed 1o an “extension bias™ in aid progrisms in the
1950s (Havami and Ruttan, 197 1), Much ot the technology availiable at
that tme originated, however, intemperate arcas ol developed coun-
tries and was therefore not generally applicable to the tropies. Aceord-
ing to Mosciman (1970), the scarcity of modern indigenous technology
and the general unsuitability of U.S. temperate zone materials and
practices to tropreal agricultural conditions contributed o the limited
success of the “extension bias™ approach of this period. Sull, interna-
tional diffusion of agricultural technology has ken place for many
vears—in, for example, the transfer of new crops such as potatoes,
maize, and tobacco to Europe adter the discovery of the Americas—-and
has had a profound effect on European agriculture (Havami and Rut-
ten. 1971). This diffuston resulted from travel and information ex-
changes undertaken for other purposes. The tansfer of new varieties ol
crops and improved strains of animals also occurred by this diffusion
process.

According to Hayami and Ruttan (1971), the three stages of interna-
tional technology transter by diffusion are (1) the material transfer
stage, which is the simple transter of new materials such as seeds,
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plants, animals, machines, and techniques associated with these mane-
rials, (2) the design transfer stage, in which technology is transterred
mainly as blueprints, formulas, or materials for the purpose of copying
its design rather than using the technology itsell, and (3) the capacity
transter stage i which scientific knowledge is transterred 1o allow the
local production of o weehnology that exists elsewhere, An Huportant
clement i capacity transter is the migrtion of agviculiural scientists, A
country wishing to improve its productivity has three options by which
to accomplish capacity ranster (Evenson and Binswanger, 1978): (1
through direct transter, in which technologies from other countries are
screencd and the best adapted ones) used without moditication in
another seting. (2) through adaptive vescarch o modify or redesign
technologies horrowed from other countries and acdapt them o Jocal
conditions, or () through comprehensive research programs under-
taken to use the knowledge gained trom other countries o produce a
focal technology. Whichever method o country uses, its ultimate objee-
tive is to increase s productvity in the shortest time and with the least
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Requirements for Successful Agrotechnology Transfer

The three requirements for the suceesstul transter ol agrotechnology are
(1) a basis for transter. (2) o common language fon communicating
information tor transfer, and (3) o sonree of innovations for transter.

Ahases for transfer I the past. avrotechnology wis often transferred on
the basis of personal experience, c.g. technology that was successful
inaperson’s hone country was applicd o a country in which he was
visiting, [ the environments (climate, soil. cteL) in the donor and recipl-
ent countries were sinilar, then there was some haope that the new tech-
nology would suceced. Often, however, the environments were different
and the transterred technolooy resulied in disaster in the new environ-
ment.

Ieis now generally understood, however, that agrotechnology can be
transferved more casily within than acrosy agrochmatic regions, 'lo facili-
tete such transter, countries have heen classified into agrochmatic zones
based on thenr climate and soil. This approach has been used exten-
sively by the Foad and Agricultore Oreanization (FAOY of the United
Nations for planning futare agricaliural deve fopment. Information on
climate and fength of growing period was used along with that from a
soil inventory based on the 15,000,000 FAOZUNESGO Soil Map of
the Waorld o nich the climatic and soil requireients of crops and
identity those arcas hest suited tor the producton of particular crops
(FAQ), 1978,

About 1950, the U.S. Department of Agriculture embrvked upon a
plan 1o develop a soil classification svstem for matking and interpreiing
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soll survevs that would accommodaie all soils of the world. After many
revisions and iy vears of testing in the United States and elsewhere
around the world, the Soil Conservation Serviee of the U.S. Depart-
ment of Aericultare issued in 1975 a4 handbook atded Soil Tavonomy: A
spstem of sorl classifrcation for making and terpreting soil vioeeys (Soil Survey
Stalf, 1975, This handbook made avatlable for the fivst tine a compre-
hensive svstem of soil classification that could aceormmodate all soils and
that provided a bhasis for the transter of aerotechnology between sinlar
CHVITONIMents,

Common language. Soil Taxonomy also provided o common Lngueage
for communicating sl and chimatie mtornaaon to scientists i widely
separated countries. NEmy countnies have desetoped thenrown soil clas-
stfication svstems as the hasis for calibration of ather measurements,
However, seienuses from countries with difterent soil chassitication sys-
tems cannot cotmuntcate elfectvels about sotlsand therelore are nat
able to determime o connmon hasis tor the transter of technology. The
use of Soil Taxonony as anmternanonal Binguage makes it possible (or
scientists to conmunicate about awricadtural technologies and imple-
ment appropriate transfers,

A sowree of dnnocateons for onto Ny expenimients have heens con-
ducted at natonal and irernanonal research centers throuehour the
world, Notall of these provide mlorimaon that s sanable tor aanster
because the soil, climanc, and experimental condinons hive not bheen
carelully decermiped and montored. Thus, hecause the results are site-
spectiic, 1t s not possible to identty sinibar conditions (environments)
- other areas to which results iy be gunsterred. However, experi-
ments that hinve been Goetullv conducted on well-characterized and
monitorcd sites provide technologies that are transferable to other arcas
with similr coviromments, The development of o network of research
centers covering a ranee of properly characterized soill and climatic con-
dinons will generate maovittions that e widelv applicable. FPhe Bench-
mark Soils Project developed @ nenvork of three soil famihes i the
tropics i which it conducted s experiments. Soil ot these sites was
characterized and chssitied 1o the fanily Tevel according to Soil Tax-
onomy and weather was continnously monitored. This allowed results
of research conducted at these sites o be transterred 1o other areas with

stnilar agroenvironmenis,

Conditions for the Transfer of Agrotechnology

A basis for transfer and the availability of innovations mikes it possible
to transter technology, but the conditons required for transfer must be
met to increase the hkelihood of successinl adoption »of the technology.
One of the conditions for transfer 1s that the innovation must be techni-
cally possible—that 1s the + naired resources must he available wo imple-
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ment the technology. For example, if the techuology transterved is the
application of phosphoras fevtilizer o maize, o supply ot phosphorus
must be available.

In addidon, the available phosphorus must he of reasonable cost and’
or the increased vield vesulting from the use of phosphorus must he sat-
ficientdy valuable to make the innovation cconomically feasthle iy the new
arca. This also taplies that the required market for the additional prod-
uctas present and the required mtrastraenre to transport the product 1o
market is or will be available.

The successtul adoption of @ new (e hmology also requires thar it be
soctally aceeptable o the population ol the resion. T, for example, o new
technology o inerease o connirys lood supplve particulin v adoer severe
storms that destrov local conventional « rops.as the mrroduction of high-
yvielding varieties of sweet potato wid it so happens that the Tocal popu-
Latton considers this crop o be sutted anhv as food Tor amimalds, it is 1ot
likelv that this e hmology will he widely adopted

The new technology st also be enedgommentdly ood—1ih i Is, 11
must be compatible with the envivonment and not o contributing factor
1o conditions such as increasing soil crosion that will result i s
destraction,

The coordination of resoures recrred for an innovation and the
developiment of aninfrastructare tor e marketine, transportation, and
regulation of the produc involve development of an administrative
frienework as well, This requires that the process he admpitsiatieely man-
ageable so that the consequences of the tnstorred innosation are posi-
tive. The new e holoey shoudd also meed the perceved needs of the
country orarea as formualated by the national or local covernment and
theretore be politially acceptable. The priorviies of the government hive i
profound elfect on the suecessiul sdoption of a new weehnology in tha
the necessary credin, regulations. and quotas will be more readily devel-
opedidthe technoloey addresses amational or Lol Prioviy.

Iy of the first three condinons is ot niet, i s highlv unlikely thou
the transferred technology will e adopted in the wreas Wany of the last
three conditions is not mer, (he technoloey oy he adopted 1o some

extentinitallv bueicis unhkely thad icwill be adopted permanently,

Agr()lcvhnulugy Transfer Based on Soil Family Name

The eriteria set torth in Soil Taxonomy enable specitic, nanmed kinds of
environments o be identified. This book contains research results con-
ducted on three kinds of henehmark agroenvironments characterized by
soil family names. Soil Fanilv noomes plavan ioportant role in technol-
ogy transfer because they siratity the soils of the world into relanively
narrow groups, integrating the environmental (climatic) information
thatis important to plant growth with the phystcal and chemical charac-
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teristies that altect response to management. Thus, the soil family name
constitutes a condensed scientific statement that integrates the knewl-
cdge abouca sorhwith s environment.

A great deal of mformation s stoved i the soil Family name, Tt not
only provides information on envivonmmental constraints such as rain-
tadl. temperature, and solio radiaton that are outside the province of
human control, but it also makes it possible 1o anticipate constraints
that can be altered or removed by man. The soil tamily name carries
information about the kinds of insects, weeds, and discases to be antici-
pated inoan dreas the soil's suitabilite for use as foundations for smaldl
dwellmgs, septic tank absorption ficlds, Tocal roads and streets, and
plaverounds: and the soil's suscepribiliey to compaction by walfic, ero-
ston by wind or water, and acidification by acid rains.

The soil family chassificaton also provides information related 1o crop
adaptabilivy, the neced for irrigation, and appropriate management prac-
tices. Direct measurements of soil properties are required to assess the
eltects of past management or site variatons and o determine specifie
management inputs required foragiven crop. Soils belonging o the
same v therefore. should have essentally the same management
requiremnents and responses and should have similar potentials for crop
production. Consequently, the inherent qualities of asoil family should
make the tamster of agrotechnology possible. Teansteor of agratechnolo-
ey based on the sord tunily, allows the transter of appropriate manage-
ment practices developed for o particuliar soil family o other members
of that tamily elsewhere therehy saving the expenditare of additional
time, money, and nampower o develop these practices at the other loca-

tons (Fieure 1),

Alternative Methods for Agrotechnology Transfer

The uniqae agrocealogical niches identified by a soil family name
throughout the world are considered analogues and Crops or manage-
ment pracuces adapred o this niche may he ransferred amony these
analogues withoahigh dikelihood of suceess. Vinious approaches have
been developed (o tanster agrotechnology among analogues or (o
match crop/nimaccinent requirenients with the APPrOPrie agroeco-
logical conditions.

Matching wranster is 2 method used w identify the environmental
niche in which o particalar crop (or other management practice) is likely
to sncceed. This techmique involves identification of crop requirements
for growth and the soil and climatic characteristies that are Huportant
for that particulir crop. These crop requirenments are compared with
the soil and climatic ~haracteristies of the proposed site and a site whicl
provides most or all of the crop’s requirements—where there is a good
match—is considered well suited tor production of that crop. Where



8 Principles and Concepts

EXPERIMENTS
Site 1 in
Soil family A ’:Q\é
EXPERIENCE

)

B

Site 2 in Site 3in Site 4in
Soil family A Soil family A Soil family A

Fig. 1. Project rescarch resubts and transter hvpothesis
verification will minimize thoe, money, ad manpower
spent as planners use soil and crop data gathered else-

where.

there is a mismatch, the crop will not grow well unless the deficiency is
corrected by manavement.

Mathematical models of various kinds are used o Jdeseribe the rela-
tionship between soil, dimate and management variables, and crop
yield. Such models mav He used 1o tanster agrotechnology, These
mathemarical models vary gready in unnpl«-\il\' Leo i the variables
and ‘mlm-l‘nlinn\'hips mctuded. and can rarae from the simple linear
eqatation with one variable o the complex u]u wion with many varia-
bles and subrelationships. One approach is (o deve lop a muthematical
model for a particular sotl family to transter ageotechnology {(an innova-
tion) to other sites of thar fiemily. In so doing. the agroclimatic variables
of aportance to crop growth are held relady ely constant (these sites are
analogues) and the transter is kely o sueceed, This is the approach
used by the Benchmark Soils Project.

Another approach is to include important agroclimatic variables and
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relationships in the mathematical model which increases s complesity
but also inereases s lovibiline These models allow the stimulation (pre-
dicaony ol crop viclds over aovade range of conditions since selected
vilues may be asstened o the variables and the agroclimatic condinons
of the proposed site deseribed. Chemical transtormations mosoil and
physiological processes i the plant can also be included m these models
which allows simudation of plant growth thecuehouc dhe growing pertod.
Transter with these models s not imated o analogue transter sincee soll
and climatic conditions unique to the site may be specified i dhe model
and the simulaton pevtormed speatically tor that saee,

Transter of agrotechnolosy oy be accomplished by oy of the
described methods bui the dewres of success vavies with the accuriaey ol
identitving the npercoa <ol v climaae conditions and with the cor-

rectness of the mathemaiioal model

Sphere of Transferabilicy

Ny management ind agronomic relationships may be cransterred on
the basis of the sorl Ty nome, While the reansterability of the phios-
phorasrcsponse of madze grown on soils of asotl family has heen rigo-
rousty resced by the Benehnnok Soils Projoct dhat i isell vepresents
onlv one of o hiost of other potentally traneterable reladonships. For
examples even hetore the fivst hicwd experiment was mstadled o 1974,
the Benchmark Sads Propear st was warned by consuliames that the
devivraimy tungsl discase s downs mddes (Leronoderospara sppy, would
render matze unsuitable asoaotest crop i certian conntries. However, 1t
tarned o that the fose sold fanoby network ocearred i environments
that do not permne the downy nualdew oreanism o lourish, Te was
learned shat dovwiy mildew is nota problenm i regions with tsothermice
(1220 Chor cooler sail temperature veatnes. This infornnation applies
not onlv o the thivovopic, Bothenuie famibyv of Hvdrie Dyvstrandepts
but also o adl soil famidies with tsothermie or cooler soil temperature
recitnes. Tha-cernin envionmental relationships established on one
sotl tandy otten applyv to all sor Bonihies having the same causal tactor
—c.o. the sphere of vansterability: cane under certain conditions be
extended tosotls ourside wogven sotl Lol

Since soil fanulies ore strattied not only on thie hasis of composition
and organization of the soib material but according 1o soll climate as
well e is frequentdy possible o generadize about soil use on the basis of
a single sotl factor, One exannple that is frequendy cited 10 the historieal
expansion ol wine producton outside of Europe. Notable grape-grow-
my eas are California, Chile, South Africa, and South Australia. All
of these regions have one soil factor in connmon—they all oceur in
regions with xeric soil inoisture regimes, There is ahigh degree of corre-
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spondence hetween xerie soils and Mediterrancan clinies, eoe o soils
m Mediterrancan elimares are xevic. Not all sols in Mediterranean oli-
mates, however, are suitable for Groming grapes. Some are oo shallow,
others oo steep or saltv, and Sl others oo poorlv dianed or droughiy.
The soil unily must stratily sotds within Livrae aoroe ological sones into
classes that behave and pertorm alike.

Feis inrerestme in this regard than there are twen mternational aeeioul
tural rescarch centers operating s the diy reuions of e tropres aod
subtronica. These e the Internarional Crop Rescearch Instinare tor the
Sern-Arid Tropies (TCRISAT yin Tedivcand the Internaaional Center for
Agriculiarn Research in Dy Arcas in Svida ¢ ARDAY These conters
onerate iowever m owo distines div envivonments. In Soil Taxonomy,
FCRISNT S dec aeroenyironment is nimed nstc, whereas the aproen-
vironment of TOARDA s xeric The ustic sojl IO tUre regime copre-
sponds o thase reaions v here riins fall m the summer, whercas the
seitcor Nodireriancan clinmaae oo tesponds to areas with winter rains
Phus, although gy soil Lomlies ocenr in e mandated areas of each
ol these two centers, thev ol possess unibane characterisiic, the soil
moisture regime, which allows tansler o certain HIANACE IO practices
over all soil families within e sne soil o veutne. Teis this
capacity ol Soil Tiononmy 1o strathy soits accordine o e rocdimaic
zones as well i o soan i soils aceording 1o soil cotnposttion and orga-
nization thac enables the soil nane (o be tsed nog onlv o predict soil

belivior hut to evaluate and tor crop suitabiliey and pevformance,
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S('('(l for a new high performunce food crop cultivar is a common
product of modern agricultaral rescarch, The plant that emerges from
the seed, howeves, s sensttive to the environment i which it is planted.
When the seed of the coltivier is tansferred 1o distant locations, the
cultivar does well in certain places and poorly 1in others, In order for the
new calovar w pevform well ina new location, the person responsible
for making the transfer mast make sure that the environmental charac-
teristies of the pranster site nmateh the environmental requirements of the
new cultivar NMost transters are made, however, without complete
knowledge of tie environmental requivements of the transfer object and
the environmental characteristios of the site, The sneeess of such trins-
fers therefore often depends on chanee. Stre fauley technology trans-
fers are as costly 1o the recipient as successful transfers are profitable,
one aim of agricuttural research s to maximize suceessful transfers ard
to minimize fathures,

Soil Taxonomy

Two things are needed to properly evaluate a country’s soil resources for
agrotechnology transfer: a soil dassification svstem that serves as a
guide for making and interpretng soil surveys, and a soil survey of the
area itself. 1o be effective, the classification system must be based on the
best available knowledge and should be designed to accommodate all
sotls occurring in the world. Classification systems for a spectfic country
or region often do not meet this important requirement. International
teansfer o agrotechnology requires the use of a comprehensive classifi-
cation system that has sufhicient depth 1o enable the user to predict soil
responses o management and manipulation.

The Benchunark Soils Project uses the principles and coneepts of Soil
Taxonomy o increase the success rate of technology transfer. Soil Tax-
onomy (Soil Survey Staft, 1975) provides a comprehensive classificaton
system that groups soils with similar physical and chemical properties
that affect their behavior and use.

Six categories are recognized in Soil ‘tiaxonomy. They are order, sub-
order, great group, subgroup, family, and series (Figure 1). As in any
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SOIL TAXONOMY

Order § y increasing
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Fig. 1. The number of staements that can he made about

asorl inereises as one moves down the taxonomic ladder.

hicrarchical svstenm of soil classificiiion. the specifieity of information
provided aboat the object heing classificd increases from the highest to
the lowest category. "Thus, the soil series would theoretically be the hest
tategory to use as analocues. That s, since clements of soil climate,
such as soil temperature and soil moisture regines, are ncorporated
into Soil "Faxoromy, one would expect soils of the same series not onbvto
ook ind behave alike but also (o have analogous crop production
potential, himitations, and HEAgeent cequircements,

As it turns out, however, Soil 'l?nxunnmy does nat provide rules (o
define the soil series. The jovwest category forwhich ditferentiating crite-
riacare specified is the soil Lnnilv Teis thus possible for a pedologist 1o
place any soil in the world in one of the soil famlies of Soil Taxonomy.

Justas there are no two identical human bemngs, though, soils within
afamily are notidentical but similar They differ in characieristos tha
separate soll o series, hut more nmportant, they can differ in slope,
stoniness, degree of crosion, and other featres known as soil phases,
The benehinark analogue for agrotechnology tansfer is, therefore,
phase of a soil family.

The soil fmily was selected beeause it siratifies the soils of the workd
into relatively narrow groups, integrating the environmental {chmatic)
mformation in the form of soil moisture and soil temperature regimes
that are important for crop growth with the phyvsical and chemical char-
acteristics that affect soil response to management. Thus, soils helong-
ing to the same Familv should have essentially the sime management
requirentents and responses and similar potentials for crop production.
Consequenty, the inherent qualities of a soil fanily are expected o
mike the (ransfer ol agrot-chnology possible.

The am of the Bendhmark Soils Project was 1o test the hypothesis
that agrotechnology can be translerrec among locations that ai - agro-
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ccologically siilar. "This hypothesis is hased on the premise that the soil
family as defined in Soil Taxonomy stratities the agroenvironment into
narrow agroproduciion niches sufficient o enable transter of agrotech-
nology among soils that are members of the same family. The soil family
stratifies such agronomic factors as plant nutrient deficiencey, soil acid-
ity, ratrient immobilizaton, and such <oil chimatic factors as soil tem-
perature and soil moisture reginmies, soil suitability for various crops,
soil suitability for engineering uses. and the likelihood of the occurrence
al'specific inscets, weeds, and plant pathogens.

Although Soil "Faxonomy is - scientific systemn of classification, as
opposed o a technical classification system designed o group soils for
specific uses, it includes important weehnical deseriptions to distinguish
uailies of soils within a subgroup. For example, in mineral soils, the
most requentdy used family distinetions aee partcle-size, mineridogy,
and soil temperature classes. Inorgamic soils, reaction and soil temperi-
ture classes are most commonly used. The number of combinations of
particle-size, minceralogy, and soil temperature classes is not large, but
when te combinations are further subdivided according to subgroups,
the number of soil funilies increases.

Soils with identical particle size, mincralogy, and soil temperature
designations canand generally do have very different HLHAZCICNT
requirements if they belong o different taxa in higher categories, Thus,
the rechnical information used o differendate funilies within subgroups
is useful only itficis used in conjunction with the higher categories, The
higher categories are separated on the basis of properties that ehacter-
ize soil behavior, These characteristics used in combination with the
added rechnical deseription of the soil family enable the user to make
estmates of soil responses o managenment and manipulation,

Il a soil classitication sysiem is to serve as a basis for agrotechnology
transfer, the system must suadty climate, as well as other erop produc-
tion parameters, along a gradient. In Soil Taxonomy, cloud cover and
rainfall are related to the soil moisture regime that appears at the subor-
der category; soil temperature, which is related o air temperature,
appears at the family category. The slope of a voleano is an example of
climatic gradients encountered in the tropies. Warm temperatures, even
temperatures at sea level wmn o freezing condidons at high clevations
over a distance of several miles. Although cloud cover, rainfall, and
temperature vy over short distances, temperature atany point on the
landscape remains relatively constant and rainfall and cloudiness vary
predictably fora given time of year.

Figure 2 illnstrates the relationship between lettuee vicld and soil
solution phosphorus for several temperatures. Increasing levels of soil
solution phoxphorus were obtained by increasing the application of
phosphorus fertilizer. The results show that more phosphorus is needed


http:fiil'.li

16 Principles and Conceply

100f >
i
80
<
6" (o)
ko)
¢ 60
€
Q
o
5 a0
20
O L i i L 1 I\
a2 24 .36 48 .60 72

Equilibrium Solution P (ppm)

Fig. 2. Relative letuee vield as a function of soil-solution phosphorus
and temperature, (Courtesy of 1P Jones, University of Idalio, Mos-
cow, ldaho.)

to obtain 95 percent of maximum yields as temperaturve decreases. The
soil temperatures are swatified into warm (hyperthermic), moderately
cool (thermic), cool (mesic), and cold (frigid) for temperate clunates;
and isohvperthermic,isothermie, isomesic, and isofvigid for the tropics,
This stratification enables the crop-production tee hnology dependent
on temperature o be transterred o widely separated parts of the world
that have soils belonging to a common soil fanuly. Thus, itis more rea-
sonable o ranster the crop-production technology from the slapes of
Mt Kilimanjaro to the slopes of Mauna Kea (halfway around the world
but i the same soil family) than o assume similar crop-production
requirements on widely different soil families in cither region.

Using Soil Surveys and Soil Classification Systems
Conducting soil surveys based on accomprehensive classification system
Is a necessary fiest step, but it does not guarantee their proper use. Tax-
onomists design surveys and classificaton svstems, but the agrono-
mists, engineers, and plinners use the systems and many of these user
cannot mterpret soil surveys. Thus, @ major sceond role of taxonomists
i to explain to users and potential users how to use soil surveys. The
users in turn must seek the help of the taxonomists to ensure that soil
surveys are used in the best possible way 1o achieve desired goals. The
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use of soil surveys, in short, should be a joint effort between tax-
onomists and users.

Agrotechnol v Tvansfer in the Tropics

Soil classification helps us forecast soil behavior and estimate soil poten-
tal for many uses. Soil Taxonomy is a svstem of soil classilication that
offers the developing countries a technical package based on the best
current knowledge 1o plan and implement agriculural development.,
This system enables planners 10 import techmology that is tailored o
their country's necds,

Many experimental staions in the topics e involved in rescarch to
mercase efficieney i feod production. The research output from a sin-
gle station mav not be Laee. but the combined ouput from all stations
15 considerable. Teis also very likelv thac acstation’s research results are
releviant noc only o neighboring areas but aiso to widely dispersed
regions in the tropics. Research discoverios are most applicable in those
piives, however widely separated, where the physical environment s
similar. The identilication of similar environments is made possible
through soil survevs and soil classiticaton.

e is also quite Tikely thae many on-going rescarch projects have
already been completed on asimilar soil, for the same crop, at another
station. A soil correlation mmong experimental stations in the tropies
should serve 1o open channels of communication for information
exchange. Soil correlidions do not eliminate the need (o repeat experi-
ments, but they do enable one research effort 1o profit from the suc-
cesses and alures of others.

There isagreat need for exchange of agricultal innovations in the
tropics. Although exchange and transfer of technology can occur longi-
tudinally as well as laticudinally, exchanges are most successful in the
cast-west direction. Simiar soil fanilies do not oceur over long dis-
tances i a aovth-south direction, technology transfer from the high-lati-
tude countries of the north and south (o the tropical belt will predictably
Ful in some aspeets unless appropriat - moditications are made in the
teehnology package. These moditications must be tilored for @ particu-
Lar enviromment, with the soti family serving as the mark of this envi-
ronment. The need o maodify technology packages is greatly reduced.
however, when the tansfer occurs in an cast-west direction within the
tropies because the probability of locating similar or closely related fam-
ies in an cast-west direction within the tropical belt is high,

A sirvey and classification of experimental station soils in the tropies
based on Soil Taxonomy could serve as the logical basis for information
exchange. A documen’ containing, in addition to the soils inventory, a
brief description of cach station’s rescarch cmphasis and crop stadies
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would be desirable: such a document would streamline the watal ve-
scarch effort in the tropies by hielping stations and scientists locate
others that have common interests and gomis. While the transler of tech-
nology from outside the tropies must continue, it is the exchanee of
technology packages within the tropies that offers the greatest promise
for achieving ends that suit the lifestvle of people firnly tixed in the
tropical environment,

Relerence
Soil Survey Stalt. 1975, Soil “Taxonmny: A basic system of sl classification for

making and mterpreting soil surveys. Soil Conscervation Service, U.S, Dept,
Agr. Handbook 136, ULS. Govt, Printing Office, Washington, D.C:
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thn-(' soil familics, elassified according 1o Soil Taxonomy (Soil Sur-
vey Sudl, 1975) were selected to fulfill the general objectives of the
Benchmark Soils Project. The soil Familv was selected as the basis for
the transterence of agrotechnology because it stratifies the soils of the
world into relatively narrow groups. integrating the environmental (ch-
matic) imformation that is smportant o plint growth with the physical
and chemical characteristios thin alfecr soil LESHONSe 1o management,
Thus, the soil fumly name constitures o condensed scientitic statement
that integrares the knowledge about i soil with its environment.

The Three Soil Families of the Project

Soil families selected for tie project inchided (1) the thixotropic, isother-
mic family of Hydric Dvstrandepts, (2) the cliaveyy kaolinitie, isohy-
perthermic Eanily of Tropeptic Futrustox, and (3 the clavey, kaolinitie,
isohvperthermic family of Typic Paleadults, These wre upland soils of
the tropics with “moist and cool ey and warm”and Cmoist and
varm™ agroenvironments, respectively, and with potential 1o he pro-
ductive under appropriate nmimagement practices.

The thixotropic, isothermic family of Hydric Dystrandepts was
selected hecause this soil was casv (o locate and Benehmark Soils Project
personnet had lang experience with its management. The second farmily
~clayey, kaolinitic, isohyperthermic Bropeptic Futrustox—oceurs in
Puerto Rico and Hawaii and was selected 10 foster closer linkage
beiween the Puerto Rico and Hawoii projects. The third family—
clayey, kaolinitic, isobvperthernie Typic Paleudults—was included an
the request of the host countries beciuse it is an important, under-uti-
lized soil of the tropics.

Selection of Soil Family Sites

The selection of the Benchmark Soils Project sites was preceded by a
scarch of existing soil survey data (soil survey reports including labora-
tory data and maps). Individuals were also contacted to obtain inforna-
tion before actual fiekd work was tmplemented. In Hawaii, for example,
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project staft veviewed published soil surveys (Foote et al.. 19720 Sato el
al., 1973) to determine the arcas of interest. and then conducted field
investigations of potential sites. Auger-sampling and laboratory charvace-
tertation of the seil simples preceded profile deseription, pit-s.anpling.
and further laboraory charactenizicion, Soil-gcomorphic relanionships
were also used to predict the occurrence of aparticular soil in o Lard-
seape.

Soil-geomorphic velationships were used extensively v locating sites
in the Phitippines. Indonesia, and Cameroon where soil survey data
were unavailable orc i available, of Timited nature, For sites ontside
Hawaii, arrangeents were made with appropriaie government cind
rescarch institutions 1o obtain the help of in-counury soil scientists.
Working with these soil scientists, project personmel evalnated seseral
sites by examining the necessary expertmenal requisites, inchading
availability of water adequate space. and nearness o other experimen-
tal faciliies. Inonearly every situation, soil pits were dug and soils
deseribed and simpled tor Iaboratory chiracterization and classitication
according o Saib "Tixonmuy (Soil Survey Sttt 1951, 1975). Figure |
shows the network of the theee soil families and Table T ocates the 24
expernmental stess Additonal details oneach site are givens i Appen-
dix €

Characteristics of the Soil Familices

Profile descripuions and faboratory data for the sails at cach site (14 soil
profiles representing 24 sites) were collected and comyiled (Tkawa,
29749 Benrath, 1979 The three soil lamilies belong 1o three soil
orders: Incepusols, Oxisols, and Ultisols. The hierarchy of cach order is
outhned in lable 2 alone with the soil characteristios or Propertes asso-
ciated with the tvonomic nomenclature ag the soil family level. Table 3
sumnurizes the general characteristies of the three soil fmilies.

Soil Taxonomy recognizes that soils have many properties that have
cansad refadonships o soil hehavior, Those properties with the greatest
number of covariant or accessory characteristies define and separate the
virtons clisses and categories. Classes of the system are defined in
tertus of soil properties, but there is atendeney to place more weight on
soil properties of agriculturad relevimee, particutarly at the lower levels.
Because sotl properties cantrol soil behavior, the taxa of Sol Taxonomy
should reflect behavioral pacterns, Soil families are differentiated within
a given subgronp pennarily on the basis of soil characteristics, such as
texture, mineralogy, and soil temperature, and they provide classes
having relative homogeneity in properties important to plant growth
and indicative o sotl-water-root relationships. Soils classified in the
same tamily should, therefore, have nearly the same management
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Fig. 1. The network of three soil families of the Benchmark Soils Project.
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Table 1. Soil family network of experimental sites.

Location Arca (nearest city) Site

Thixotropic, Isothermic Hydric Dystrandepts

Hawan Hawi, Haveani [IOLE
Hlonokaa, Hawaii KUK
Flawi, Hawai AL

Philippines Panicuason. Cinarines Sur, Luzon PUC
Pil, Cimarines Sur, Luzon PAL,
Calabanga, Camarines Sur, Luson BUR

[ndonesia Cisanu, Bandung, Java ITKA
Lembang, Bandung, Java rLp
Chpanas, West Java, Java 1.4

Clayey, Kaolinitic, Isohyperthermic Tropeptic Eutrustox

Puerto Rico tabela ISA
tsabela ISA-2
Isabela ISA-3

Brazil Jaiba, Minas Gerais PAR
Jaiba, Minas Gerais BAH
Jatha, Min s Gerais CEA

Hawait Maunalo  Molokai MOL,
Waipio, Oihu Wl

Clayey, Kaolinitic, Isohyperthermic Typic Paleudults
yey Yi Yl

Philippinces Davao Cliry, Davao, Mindanao DAV
Sorsogon, Ciumarines Sur, Luzon SOR

Indonesia Kotabumi, Lampung, Sumatra NAK
Sukanegeri, Lampung, Sumatra BUK
Kotabumi, Lampuny, Sumana BPND

Cameroon Kumba, Southnyese CAM
Nuriba, Southwest BAK

requirements, a connmon response to cultural practices, and a similar
potential for crop production.

Within the same soil inmily, as inany smmple population, there s,
however, a range in general characteristies. Although effores were macde
by Benchnark Soils Project staft 1o select sites having the similar phase
of the same soil family. this was notalways possible. ‘I'he range in char-
acteristics was aceeptable, though, within a given family, and the out-
come of the experiments was expected o vary only within w similarly
narrow range. fables in Appendix D summarize the ranges in charac-
teristics of the three sotl families.
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Table 2. Beachmark Soils Project soil families and associated soil properties
as they relate to the taxa in Soil Taxonomy.

Order: tneeptisols

Suborder: Andepts

Gireat group: Dystrandepts

Suburoup: Hydvie Dysaandepns

Family: Fivdric Dysteandepts thixotropie, isotheriic

Thuxotopic Fhigh surface activity of colloids

Isothere Cool sol temperatures (15-220 € small difference
between sannuer and winter temperatires (<5°C)

Hydie Morst linmid soils

Divstr- Low hase saturation (<509

~andept Low bulk density (<2085

Ohreder: (RINNITTN

Suborder: [QENTEIN

Greargroup: Eotruaos

Subygron: lropeptic Fuamrasiox

Foamily: Tropeptic Fatrustox clavey, kaolinitic, isohyperthermic

Clinvey More than 35 clay in the subsoil

K.aolitic Domimnated by Tow activiey chin

Lohyperthermie Warn sl iemperatares thionghout the vear
(ean> ! Cysmall difference between summer
andwinter temperatares (<729 ()

Tropeptic Modevate structmre: fess than 129 ancdeeps - hoth

Fatr- Moderael enrviched with nutvients: medinn o high base
saturanion (2H0%)

-ust- Pronounced dey season (dee tor more than 90 cumulative
davs/vear)

-ON Presence ol osides obwon and aluminun; fow cation-
exclianue capacity

Order: Ultisals

Suborder: Udulis

Great group: Paleudules

Subgroup: Typie Padenduls

Fonnly: Pvpic Paleudults, chavey, kaolinitie, isohyperthermie

Clayey More than 55 % clay in subsoil

Kaolinitic Donvaated by Tow activity clay

Lsohyperthernic Wit sotl temperatares throushont the vear
cean> 20 small diflerence between sumimer and
winter temperatures (< ()

Type Typical or central coneep

Pale- Deep old soils withi low nutvient supply

-ud- Humid soils

il Fow hase saturation (<35 <
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Table 3. General characteristics of the Benchmark Soils Projeet soils.

Hydric Dystrandepts

Tropeptic Eutrustox

Typic Paleudults

Ciambic horizon

Udic moisture
regime generally

Bulk densiey g 1/3-bar
water retention) of fine-
carth fraction of soil i
less than 0.85 w/ce and
exchunge conmples is
dominated by amorphons
nraterial (thixotropic in
some horizon)

and-or
vitrie voleanic ash,
cinders, or other vitrie
pyroclastie material (by
weight) is 60 percent or
more of soil.

Organic carbon is in
large amount,

Base saturation is less
than 50 pereent (by
NHLOAC) in all
subhorizons between

depths of 25 and 75 cm.

Oxic horizon

Uste moisture
regine

Canon-exchange
capacity (hy NHOA ) s
16 meq or less/100g ¢lay.
Clation retention from
NELCLis T meq o less/
T ¢ elay ror <19 mieq ol
buases extractable with
NHLOAC plus Al
exiractable with TN KCl
100w clav) i oxi
hortzon. Oxic horizon
does not extend oo
depth of 1,25 1 helow
sotl surface and/or
structure is at least
moderate ingrade,

Organic carbon is less
than 16 ky/surface cubice

meter of soil,

Base saturation is 50
pereent or more (by
NHOAc) in major part
of oxic horizon if clavey
or 35 pereent it loamy.

Argilhic horvizon

Udic moisture
regiine

Weatherable minerals are
less than 1O percent in
the 204 10 200-micron
fracton of tpper 50 ¢ of
argithe horizon, Clay
distribution decrease is
notimore than 20 pereent
of the maximum within
L5 m ot soil surface.

Orvganie carbon ts less
than (.9 pereent in the
upper 15 emoof argillic
horizon or less than 12
kg/surface cubie meter of

soil.

Base saturation is less
than 35 percent at 1.25 m
helow upper boundary of
argillic horizon or 1.8 m
helow sotl surface.

Reclassification of Some Soils

In the site selection process, the general landscape of the area of interest

was examined and cfforts were made to sample a representative soil

pedon for Taboratory characterization and classification. Some of the
sites were later reexamined by the Soil Management Support Services
(@ program of U.S. Agency for International Development imple-
mented by the Soil Conservation Service, U.S. Department of Agricul-
ture) during which time another pedon was collected for further verifi-
cation. These evaluations resulted in the reclassification of four of the
Paleudults sclected for study. The Paleudult at the DAV site (Minda-
nao, the Philippines) was reclassified as a Tropudalf because the cation
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Table 4. The original and new classifications of three Dystrandepts and four
Palcudults of the Benchmark Soils Project.

Soil and Location Original New

PULC PAL, Hydrie Dystrandepts Hydrie Dystrandepts

and BUR sites, thixotropic, thixotropic,

Philippines isothermic isohyperthermic

DAV sice, Typie Paleadulis Ultic Tropudalfs

Philippines clavey, kaolinitic, very fine, kaolinitie,
isohyperthermic isohyperthermic

SOR site, Typic Paleudults Orthoxic Palchumults

Philippines clayey, kaolinitie, clayey, kaolinitic,
isohyperthermice isohyperthermic

NAK site, Typic Paleudules Orthoxic Palchumults

Indonesia clavey, kaolinitce, clayey, kaolinitic,
isohyperthermic isohyperthermic

BUK site, Typic Paleudults Orthoxic Palehumults

Indonesia clayey, kaolinitic, clayey, kaolinitic,
isohyperthermic isohyperthermic

exchange capacity was fower in the new sample and the base saturation
was consequently zaleulated 1o be more than 35 percent. Paleudults at
the SOR site (Luzon, the Philippines) and at the NAK and BUK sites
(Sumatra, Indonesia) were reclassificd as Palchumults because the
organic carbon was higher than 0.9 percent in the upper portion of the
argillic horizon. The reclassification from Paleudults 1o Palchumults
also necessitated - concurrent change in subgroups—{rom typic to
orthoxic.

The Benchmark Soils Project reclassified the Dystrandept sites in the
Philippines as belonging to the isohyperthermic rather than the isother-
mic family on the basis of weather data collected at the sites. Table 4
shows the original and new classification names of the soils,

Reclassileation of the Hydric Dystrandepts at PUC, PAL, and BUR
from an isothermic to an isohyperthermic soil family meant that these
sites were expected to be more suited for maize production but less
suited for production of crops such as potato and cabbage than the
Hydric Dystrandept family with an isothermic soil temperature regime.
Reclassification of the Typic Paleudult at DAV 10 Uliic Tropudalf
meant that this soil was better than previously indicated. Thus, the
experimental results obtained at this site were expected o differ from
those of the Paleudults.

The reclassification of the three Typic Paleudult sites (SOR, NAK,
and BUK) to Orthoxic Palchumults meant that these soils had only
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slightly more organic carbon than those that were previously elassified.
Because both the Typie Paleudults and the Orthoxiv Palehunults have
low cation exchange capacity and because, in this case, both soils have
nearly similar characteristics, the experimental results obtained  at
SOR, NAK, wnd BUK were not expected to differ from the others in
the Benchmark Soils Project Paleuduli family network.

Extension of the Sphere of Transferability

Assoil classification system such as Soil Taxonomy enables Crop require-
ments to be matched quantitatively 1o soil characteristics. Crop perfor-
mance improves as the number of mismatches between crops and soils
diminishes, and soil classification enables its users to anticipate niis-
matches so that corrective measures can be institated through soil nuan-
agement. While two soils thae ditfer in classification must ditfer in one
or more characteristies, soils that ditfer in classification can also Possess
many sinvlar chiracteristies. T is this commonality of characteristics
among soils thar differ in elassificadion that enables them o perform
alike for certain uses. The situation is llustrated in the Benchmark Soils
Project sites where, upon careful analysis, the soils were Later shown to
differ in classification from wha they were originally thought o be.
Small differences in soil weniperature, base sauration, mimeralogy, and
organic matter content, and strict adherence to the rules of soil dassifi-
cation resulted in the final dassification. A mean annual soil tempet.t-
ture ol one degree centigrade or o base saturation ditference of one per-
cent was sullicient under certain situations o change the soil taxa,
Thus, the sphere of transferability ol agrotechnology is not restricted to
simtlar-named kinds ol soils but to any soils that POSsess a common set
of characteristies that fuliills the requirements of the technology in ques-
tion. This implies that if the sphere of agrotechrology transfer is to be
enlarged, information on the requirements of cach transferable technol-
ogy must be documented and made available. In the absence of such
information, agrotechnology transfer must necessartly be limited to
stmilarly named kinds of soils.

The Network in Perspective

Three uplend soils of the tropies representing (1) “moist and cool” (2)
“dry and varm,” and (3) “moist and warm”’ agroenvironments and
having the potential to be productive under appropriat¢ management
practices were sclected to fulfill the general objective of the Benchmark
Soils Project. These soils were (1) the thixotropic, isothermic family of
Hydric Dystrandepts, (2) the clayey, kaolinitic, isohyperthermic family
of Tropeptic Eutrustox, and (3) the clayey, kaolinitic, isohyperthermic
family of Typic Paleudults, respectively. A total of 14 soil profles repre-
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senting 24 sites (9 Dystandepts, 8 Futrastox, and 7 Paleudults) were

collected and compiled by the Benchmark Soils Project 1o establish the
three sotl family nenworks, Of the 24 sites, three of the Dystrandepts
and four of the Paleudulits were reclassified after asecond site check.
The Hydrie Dystrandepts ar the PUC, PAL, and BUR sites belonged o
the sohyperthermic rather than the isothermic family. "T'he Typic
Paleudulr at the DAV siee was reclassified as o kaolinitic Ulle Tropu-
dall, "The other Typic Paleudults (SOR, NAK. and BURK). which were
reclassified as Orvthaoxic Palehumules, had characteristios nearly sunilar
to the Tyvpic Palendults selected Tor the Project. The experimental
results of these three Ultisols were thus expected to be in the ringe pre-
dicted for this soil family,

The vanster of agrotechniology hased on soil fannly was therefore
expected to take place in the soils of the Benchimark Soils Project
because the soils had similar or nearly similar characteristies. The
major exception was the ‘Iropudalf ar the DAY site and possibly the iso-
hyperthermic Hydrie Dystrandepts in the Philippines if the temperature
requircnent of the maize used in the study was eritical,
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TH‘ basic rescarch approach of the Benchmark Sods Project was
established during the Workshop on Expernnentat Designs for Predict-
ing Crop | roductiviey with Environmental and Foonomie Inputs held
ar the Universitv o Floowoar, Nayv 20-240 1971 Thirtv-cighr mvited
participants as well as memhbers of the Deparoment of Agronomy and
Soil Seience of the Universies on Thoovan waenb d the worashop. These
mcluded Teading seiontises from the UON0 and abroad i dhe fields of
acricultieal ceonomies, stiaisties, soil seience, and agricultural research
i tropical countries. Workshop partcipants discussed possible expert-
mental destens and researeh methodologies that could be used in the
crop production rescinch ol the project and made recommendations
(Sthva and Beinvorth ) 19750

Fxperimental Design

Ratinale, The miajor objective ol the project was to determine selen-
cically whether agroproduction technology could be transterred among
tropical countries. A soil fertlity experiment wis selected to provide dhe
data to test the vansfer hvpothests, Towas deaded 1o keep the experi-
ment relatvely simple and o include only two virnables. Phosphorus
(Pyand nitrogen (N were finally selected as variables because they were
controllable. thev were important to the test plant (nmaize), and they
were kev teatures of the soil Fanilies being studied. This P by N7
experiment s referred 1o as the Coranster experiment,” as it provided
data to determine the transtferabilite of agroproduction technology.

Phosphorus was selected as o variable because 1 as frequently an
important limitng factor to crop vields and s sorbed and immobilized
to varving degrees in the soil families studied. Phe soil family name
indicates the relative degree of P osorpion and imunebilization. In the
thixotropic, isothermic funily of Flvdrie Dyvstrandepts, for example, the
word “thixotropic™ contates a high capacity to adsorb and immaobilize
fertilizer P because thixotropie seil materials possess a large surface area
per unit weight that lias achigh atfinity tor P Simailarly, the names of the
Tropeptic Butrustox and Tyvpic Paleudult families include the term
“clayey,” which indicates e nresence ol velauvely Targe mineral sur-

31
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face arcas that can mmmobilize P Therefore, this variabic will reflect
both the velative abiline of these soil families (o sorb I and the aanounts
of fertihizer P thae mus e apphicd to obiein comparable ¢ rop growth.
Nitrogen was selecred as o varnable because 1 is rapidhy depleted i
tropical soils when the Lind i ceared and continuoush cropped and s
often the most Hinrinme nuivient o rop erowtlh,

A randomized complete Block desion was gsed. Thicee rephications
woere recommmended by the workshiop part pants as adequate for esti-
tating the site-spectic coetficients of e vield-response relationship to
apphed P ond NOGonsideration wois CIVeN (o (wo rephications: the cost
ofan added replicare is sinaldl by comparison to the cost of selecting and
extablishing & stie s when s understood that many things can aftect the
survival of plom i the o plesprescd Bendimark Soils Project netwaork,

Dcatment deien Deterimmation ol un optieial treaoment design in-
cludes sclecton of 0l the teanment fe tors (L) the experimental range
ol cach Tactor 05y the lovels within the range, and (44 the treatmem
cotbinanions

The esperimental vanae of cacl Lctor is sy Tess than the ogal
possible ranee and depends on the purpose ol the experinent and the
asuined odel T predicnons are bised on o dquadeatc polvinomial
resporse surbace model s applied fevels need 1o be vestricred 1o dorange
where vicld shonld ine rease i de teaste rate with inereasing levels of
applicd i NCThe Bendhimark Soils Projectavoided Tower levels of
applicd muents where vield s expected tonerease at an ine reasing
rate csigmondal Fespatse curvedas well o Bicher Tevels with relatively
constint viclds T Phe ' response with no applied Noean be greatly differ-
ent trome the I oresponse waith applicd N To avoid Both stgmoidal
respome curve dor applicd Pond Nand aprediction cauution domimat-
ed by the interac o compenent o the model, the practical restriction
for the Jower ranee of Pand N wae ior 16 mclude zero applicd levels of
Prand Nous ponn o the treanment desten. The restriction on the upper
range seas tosevond hich applicd fevels where vield data would not give
mform:anon o estintating the positive nagnitude of the FeYpoONsSe curve.
I other worde, e range of hoth applicd levels is vestricied 1o that in
which bath ccononmic aptimal and biological maximum can be predicted
with relatively auall stamdard error.

The minmmun number of levels for estitnating o gquadratic polvno-
mial response corve with o non-zero mtercept is three, With factarials,
the mumber of neatment combinations becomes prohibitive for ficld
experiments with more than seven levels, Five levels represent i com-
promise. However, complete tactorial with two factors (25 treatinent
combimations) stilf FECUITES INOTC Trear ment combinations than needed
toestimate a quadrar polvnamial vesponse surface model and have an
adequate measure of Tack of fi, In addition, it hlock size and tota! num-
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ber of plots are restricted because of practical and Land variability con-
siderations, there s a vade-ofl between number of treatment combina-
tons and number of replications. Another compromise is therefore to
systematically select some of the treatment combinations of the com-
plete 5 X0 factovial—tor example, the center point (the combination of
the middle Tevel tor both factors), a 2 X 2 factorial of the second and
fourth levels, and a3 %35 factorial of the lowest and highest levels, With
these 13 treatnent cormbimations, the teatment combimations are svin-
wetrical avound the mnddle value and the levels can be equally spaced.
Forvarianee consideration, the 3% 5 ireanment combinations should be
at the extreme ends of the selecred range. Inorder to guard against bias
when the true model s o higher order polvnomial response sarlace, icis
best to bring the treatment combinations off the extreme boundaries of
the selected range and also (o use unequal spacing of the levels, In
short, then, the experimental design stritegy is o use treatiment design
fur the major control of bias error and to use replication o contral vari-
ance error (Cady and Laord, 1973,

The ernment design tinally reconmmended by workshop participants
was the DY partal factoriad modificaton by Escobar described i the
paper by Lard and Tirrent (19810, 1t was tound to be one of the out-
standing designs on the bhusis of (1) appropriateness for use ina graphic
estimation of ceonomic optima, (2 magnitude of bias error, (3) number
ol treavment combinanons, (1) exibility in number of factors and num-
ber of levels of each Fctor, and (5 magnitude of varianee error, Te also
has good coverage of the factor space with its 13 treatments. Figure s
adiagram of this desien. For convenience, the ranee is coded as -1 to
+ 1. T should e noted that the coded 0 level is the middle rate of cach
treatient factor and not the zero level or absenee of the fivtor,

A cotplere factorial has the advimtage dhat all terms i polynomial
model are orthogonal, ¢.¢. cach parameter in the model can be est-
mated without iterference from other terms in the model, The same
starrment s not true for the 13-pomnt partal tectortal. Specifically, the
two lincar terinsy are orthoponat (o cach other and to the interaction
term, and, by the =1 to +1 coding. are orthogonal 1o the intereept and
quadrate terms. However, the quadratic terms are not orthogonal o
cach other From sotl taxonomy considerations of the three soil families,
applicd P owas the more important oreanment factor, The N quadratic
werin can be made orthogonal to the Pquadratic term, giving additive
sums of squares tor P hinear, N livear, Poguadrade, N quadratic fited
adter Poquadrane, and the PN interactions, With this coneession, the
number of treatnent combinations was deereased by a factor ol nearly
two, thereby allowing an inercase in the number of replications.

Treatmert combinations. "lie experiment was kept manageable by spec-
ifying in the treatment design 13 combinations of the 5 levels of cach of
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Fig. 1. Thirtcen treatment combinations of applicd phosphorus
and applied nitroven. The actual apphied Tevels are coded on a
sceale from -0.85 o +0.85.

the two treatment factors, rather than the 25 possible treatment combi-
nations ("Ihle 1), Tivo additional treatments were included in all exper-
iments: a complete control that received no tertilizer so that the poten-
tal productivity of the untertilized soil could be assessed. and a partial
control that received neitiver N nor P, hut did reccive the blanket appli-
cation of potassiam (K) and other nutrients applicd o the other treat-
ments. The same 15 treatnent combinadons were used for all three soil
families, but the rates of I differed among families according 1o the
levels of £ in the soils. At some sites, additional treatment combinations
were instlled o provide information on the response to N without P,
and P without N, as well as on the omission of the blanket fertilizer
application.

Fertilization Rates and Application

Detailed procedures for the management of the transfer experiments,
including fertilization, planting, rrigation, pest control, cte., are de-
scribed in the procedures and guidelines published by the Project staft
(Benchmark Soils Project Scaff, 1982).

Nitrogen rates. "Fhe actual ievels of N applied were calculated from the
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Table 1. Coded levels of treatment
combinations for P XN transfer experiment,

Treatment Phosphorus Nitrogen

A — 85 -85
B =.8) +.85
@ +.8) —.80
D + .85 + .85
k =10 =0
I’ =0 +.430
G +.40 — .10
H +.H0 +.10
J {) 0

K =85 0

I. +.85 0

M 0 =85
N 0 +.485
Q zero (completc control) 2010
P sero (partial control) 7010

N()l(' \“ treatnonts ("\(l‘[)‘ freatient {) e ('i\'('(l
blanket apphic wion of K plus ahor natnents

caded values by setting the =100 Tevel ac 13 kg/ha and the +1.00 level al
200 kg/ha, Tewas believed that with 15 kg N/Zha at least some crop
growth would result, which mav not be sowith zevo NoAlso, as the 260
ke/ha rate appeared to allow maximum viclds ofiaize i other trials, i
was selected as the apper limic of the factor space. The coded 0 level s
the middle race of Noamnd s ealealiated as (200 - 153/2 = 925 kg N/ha.
Since the Towest Nolevel is A0 the 150y added o 925, which equatls
107.5 ke N/ha, the middle rare of N The other treanments are

Coded level Calculation ke Niha
+.45 RIS S UTIE S N V] = 186
+ .40 G2 5+ dm+ w7, = 1+
-0 G2 A0- gy 07s 0 = 0
-85

W2 -8+ 7.s = 20

Therefore, the five N veatments are 186, L 107, 70, and 29 ke/ha,
The same rates of Nowere used acall sites in the three soil family net-
works.

Phosphorus rates. Actual rates of P oto he applicd as treatments were
established after modificd "Hruog extractable Pwar determined from the
experimental block preplant soil samples. An alternate method was
developed to determine sont Poafter problems arose with the P adsorp-
tion procedure of Fox and Kamprath (1970). This method was initially
used to measare sotl Pand was the basis for setting the Pincrements of
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the reatment design. However, because it is diftfeoult (o accurately mea-
sure low P concentrations in the supernatant soiution and the recoms-
mended P orequivement was apparently inappropriate for naize in the
soils studied by the Project, ic was necessary to seek an alternate proce-
dure. The extraction methods of Bray and Kurtz (1945, Olsen ot al,
CLO50) and Avres and Hagiliow c1952) were evaduated., and the modi-
ficd Traog method of Avres and Fragihare (1952)--[0.02N 11,80 +
0.03% (1\'111)'3.\'()}]-»-\\‘1.\' selected for Poextraction. The procedure
entailed the development of a P-exorn tion cuarve by cquilibrating inere-
mental iwmnounts of Powith oseries of soil samples for 240 hours and then
extracting the Padsorbed with moditied Truog extractant, Details of the
modificd Truoe method are given in Appendi FoThe relationship
between applicd Poand P extracted. is described by the exteaction equa-

ton
Vo= a4 DISORTIN),

where Yois the added Poais the mtercept. bis the slope of the line and
SORTEND 1s the square ront o the moditiced Truog extractable Pppin).

Farlier work suggested thar a critical value of 29 ppm maodified Traog
extractable Poasche apper Tinne of sord Poat or above which no applica-
liun ol - IS ]’l‘\‘llll‘('(' and tio rop Fesponse o l) 1N (‘\'])(‘«'(('(I, | lli.\' Wt
wsed e the crical fevel tor cadanlating P orates for the transfor CXpPeri-
ments e aanonne ol Prequired 1o give 25 ppm ool extractabie Powhich
was setat the 100 Tevel s calenlared with the extraction crtion,
For example. the extraction cquation for tie PUC-R Sie in the Philip-

pines tHydrne | Mestrandspry i
Vo= =200+ B2ASORTN;

The criticol level of 25 ppiooas substieated for Noand the cquation
solved for Y o aive 204 pe 1w Thas s the +1.00 level, while the -1.00
level is 00 Theretore, the coded O o middie It level s 20472, which

equals 107 pe oo Caleuliion of e other P levels is shown as

Coded level Calculation wy Pl sail
485 HO2 (4 85+ 102 = 1849
+ 10 L2440y -+ 102 = 143
- 1O2(- -ty 4102 = 61

-85 020 85+ Jo2 = 15

Therefore, the five Poocaments are 189, 145, 102, 01, and 15 pg Pl

soil. The actual mmounts of P applied are adjusted for the bulk density
of the seil at the site, which is 0.7 g/cn? at the PUC-R site. Since the
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application is made to the top 15 cmof soil, the factor to convert pg Plg
to kg P/hacis 1.05 (0.7 x 15). The actual aunounts of P applicd for the

five treatiments are

Coded level kg P/ha
+.85 198
+ .40 150
0 107
-0 6:
-85 16

Blanket fertilizer composition and iatey. Potassimm and other nutrients
required for good crop growth were supplied w all treatments except the
complete control. Although the voal was 1o stndardize the blanket
application for all sites of o soil family, this was not alwavs possible
because of differences in past management. Tissue analvses of the car
leaves at tasseling were checked o assess the adequacy of the blanket
apylication of nuirients. The general ringe of nutrients and sources of
materials used are given i Table 20 Sulfur (S) was applicd in arcas
where only treblesuperphosphate is available to provide adequate S,

Application of ferilizer. Nitrogen was applied as urea, while P owas
applicd as superphosphate or teblesuperphosphate. One-third of the
N, all of the Prand the blianket feralizers were broadeast prior to plant-
ing and rototilled into the top 15 cm ot soil, The remaining N was side-
dressed, one-thivd at 30 davs after emergence and one-third at tasseling.

Table 2. Blanket fertilizer composition and rates.

Element Rate (kg/ha) Chenaical formula
K 1O0- 200 Kl
Mg 100-150 MueSOy - 7HLO
/n 15 ZnS0) - HLO)
B N Ni B0 5110
S 100 S
lime Variable CaC(),

Crop and Plot Management

The experimental arvea was cleared by hand or machine; in some cases
grasses were first sprayed with glyphosate. The area was then plowed
and plots were laid out in cach of the three blocks of @ randomized com-
plete block design. Plots were cither s by 6 moor 3 by 8 my, depending on
the total area available,

Tést crop. Maize (Zea mays 1) was reconmnended as the test crop at all
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sites to provide data for the test of translerability. NMaize has the advan-
tage of being o short-term crop that is relatively casy to manage, has
good discase vesistance, is not (oo photoperiod sensitive, and can be
readily harvested tor reliable vields. Sinee it was felt that it would be dif-
fiealt to find a sinele maize variety that was well adapted o all countries
cooperating i the project, 1owas decided to use the “hest adupted”
variety tor cach country. bn this way the true vield potential of the soil
Family in that country could Le properly assessed by well-adapred
variety, ‘The “hest adapted ™ variety was the variety reconnnended by
the local research institudons in the country. ‘The nuuze varietes ini-
tially planted in the anster experiments of the doee soil family net.
works are sunmarized in Appenidix F

The decision o use the “hest alapted™ variens inccach couniry made
it necessary o install aovaricny experiment iy cach country in which sev-
eral leading Tocal varicties were compared o ensure that the “hest
adapred™ vaviciy was crona in the oanster experiment. Naricdes grown
I transter experiments in other countries of the soil fumily L etwork
were included as well for conrparison, The responsiveness of (hese
varieties to applicd Noand Plertiliver voas also assessed.

Pioncer brand variets NG040 which wis the (e varety i the fro-
peptic Fumrustox network was found to be well adiapted to conditions in
the other two soil families. Theretore, i wis used s the tese variey in
the Ty pie Paleudult network beginming in 1980 and in the Philippines
Hydrie Dystrandept sices bratnming in 1981 Tt was susceptible 1o
downy mildew disease (/'z’lullll,\(/l'lll\fl(”(l sppa) whineh is prevalent in the
Fypic Paleadule sices and had oo he reeated with the fungictde meta-
Lixvl,

Planting and thinning. Fxperiments were planted i both the wer and
dry seasons of cach vear o assess the vield potential of the two seasons,
which genevally fell within the months of AMarch=Nay and November-
Decemnber Trrigation was provided so that moisture would not be a
limiting factor,

Maize seeds were rreaed with Captan: and where downy mildew
(/’('mnn,u'/f'zu_\/mm spp.ioccurred, seeds were also treated withy metalaxyl
betfore planting. The fonr rows in cach plotwere spaced 75 ¢ apart,
and sceds were planted by hand in hills 23 e apirt within rows. livo or
three seeds were planted 510 7.5 em deep in cach hill. When plants in
treatment | (CTable 1) had four fully-cimerged Teaves, they were thinned
to one per hill. This gave a population of about 58,000 plants per hee-
tare.

Irrigation. Sinee the objective of the transfer CXPCTIICNT Wis 1o pro-
vide yield data that reflected N and P orates as well as local soil and
climatic conditions, it was necessary to naimtain all other non-experi-
mental factors at adequate or near-optimum conditions. Therefore, irri-
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5ok i aaliT

g nnesiton ~upphed woarer as needed oo adegueste sort ouoe e
NMaoe crovth retleces the dhtierennal phosphoras apphoasions moshas noester

cxprernent

gotion v provided to presont water stress from adversels albed tne the
results. Al ploss were sapphied s dop norigaton when needed. Biwall
or sinelewadldrip abine s provided o cach o and o waten was sup
plicd trom conearbs vver o well Pampe o clewared soter tanks e
Goned the dhesited pie s Diop e anon was tised Boca pae ot s rela
tvels o warer requernent e the Lo thoe o necescon, wotter cald
he trimsparted to s and applhied dodin drovelni conditions to sieeve an
experiment  Dieaion freginomey v detcrnned bota rensrometer
['1\1&1![1!’,\ 1 ])|<r[ Swnh i : Yol fabde T [lxl\{'lllﬂll“ LU N ll'.‘ll'
abed (o ot e e oF Bee e 00 atnesphic oo o Both the 1)
cnel oo deprh e o neters

Dot o Werd e consrodied caher B e weediig or withy
Berbicides oo decaswere conrolled wirhe e caneny of chenm-
calscdependine o e e alable Tocally oo ot s probiem,

Spra e B e e satedh s sonn s s inestton s abisersy ed,

while spacene dor b e s done o e e the disease darine
favorable condion e well as whien the disease was observed. The
insceoncides and tonerodes commonty reed i the experiments are given
in Apperdin 1 The cropalso had o be proteaed from ather pests su h
as hinds, vodents raonbes s porcapmes wild pioscand steay cande, NV
ous devices, indudine fenees, repellente and hints, were used 1o mini-

mize dannaee from these souroes,
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Harvest. ‘The experiment was harvested after physiclogical maturity
had been reached as indicized by lormation of the black layer, The bor-
der row on cach side of cach plot was remaoved along with the one-meter
border on cach end of the harvest rows. Ears and stalks retaaning in the
middle two rows were harvested, and the number harvested and their
weights were recorded. A total of 4 piaants were harvested from the 3 by
6 m plots and 52 plants from the 3 by 8 m plots.

Asample of 8 or 10 cars from the 4 by 6 m plots and the 3 by 8 1m
plots, respectivelys was selected at random from cach plot and tiken (o
the laboratore, where filled car fength, shelled grain weight, moisture
coment, and weight of 100 kernels were determined, A sitnple of grain
was also dried ind ground for chemical analvsis, A sample of 8 or 10
stalks (stover) was selected ar random, chopped, and subsample taken
for moisture determination andd chemical analvsis,

Plant sampling. When 50 percent silking had been atained car-leal’
samples were collected from cach plot. Five leaves were collected from
cach havvest row Tor a ol of 10 leaves per plot. Both fresh and dry
weights were determined and (he samples were dried, and ground, and
shipped o Hawaii for chemical analvsis,

Sotl sampling. Soil samples (0-15 cm) were collected prior to planting
to-assess the nutrient status of the soil so that adequate nutrients could
be supplied o the crop and also 1o determine the rates of P that should
be applicd. Post-harvest soil samples were also collected from each plot
to assess the nutrients remaining after cropping. Fowr to cight cores, (-
Iy emvdeep, were collected from cach plotand composited for chemical
analysis. The P staus of plots was used 10 reestablish the P rates in
experiraems where residual and reapplied Pmade up the P dilferential.
Soil samiples were shipped to Hawaii for chemieal analysis.

Data collection and recording. Phenological data, date of 50 pereent
emergence, date of 50 pereent tasseling, and date of physiologic maq-
rity were recorded for each plot, as was plang height at four weeks after
50 pereent cmergence, and after 100 pereent tasseling, Pest, insect, and
discase damage were raed and recorded w50 pereent tasseling, Plog
observations were Keptin a weekly log and data recorded on spectally-
prepared data sheets, Formns for planning worksheets, evaluation Jour-
nals, field data sheets, and weather data sheets were prepared and are
presented in Benchmark Soils Project Staft (1982).

lVIanagcmcnt E.\'psrimcnts

Management experiments were also carried out at the primary sites (o
study agronomic problems of local importance and to develop manage-
ment practices for local farmers with limited resources. The objectives
of the management experiments were 1o provide information to local
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government agencies on ways to increase production by improving the
availability and utlization of resources, and to provide basic informa-
tion to local farmers with limited resources for improving crop yields at
different levels of management. Information gained from these experi-
ments should eventally fead to a determination of the most cconomic
and efficient agricultural practices for a country and provide informa-
tion for subsequent soil interpretation and land capability classification.

The management experiments reflected the wide array of transfes-
able information that the project generated. They included tests w
determine the limiting nutrients in a soil, the effects of organic manure,
the spacing of corn plants, the vesidual effects of phosphorus, phospho-
rus placement, response to various sources of phosphorus fertilizer, and
comparison of soil f nily cropping systems. These experiments not only
had immediate impact for the in-country small farmer, who readily
adopted some of the results, but also carvied impact for small farmers
living on similar soils in other tropical countries.

In contrast to the transfer exporiments, the design ol the manage-
ment experitnents was flexible, allowing the Benehmark Soils Project to
respond to participating-country prioritics. The philosophy of the man-
agement experiments was developed at the fivst annual coordination
mecting of the Universities of Hawaii and Puerto Rico in 1976, Details
of the managenment experiments were developed by cach participating
country; however, the general agronomice practices followed were simi-
lar to those deseribed for the transfer experiments.
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Agmlwhnulugy transfer is delimed by Uchara (1981 as the taking of
an agricultural innovation from one location to another where it s likely
to succeed. For the transfer experiments of the Benchmark Soils Proj-
eet, agricultural innovaton™ s oosoil ferality management package,
specifically phosphorus (P) and niorows n (N) ferahizaton on maize (Zea
mayy 1.y, laking”” or transter. nnplies making o quantitative predic-
ton ol mnaize response at " another location™ wineh for the Benchmark
Soils Project, is another envivonment within the samne soil farmily, = Sue-
cess™ s measured by oan aceeptable eriterion with o known fregueney
distribution, so that “likels” or the likelihood of i given magnitude ol

the criterion, can be expressed in terms of probability,

Concepts of Agrotechnology Transfer Modeling

In the Benchimark Soils Project the basis tor aceelerated agrotechnology
transfer was the soil Gunily, This categorieal level of classification in Soil
Taxonomy, which carctuily defines selected soil and environmental
propertics assoctated with plant growth, should alow wansfer of agri-
cultural rescarch 1o be suceesstully maximized. That is, soils belonging
to the same soil fanily should have similar yield response 1o an applied
agrotechnology.,

The Benchmark Soils Project, through anetwork of integrated exper-
iments in the tropies, was a comprehensive effort o objectively and
quantitatively demonstrate tansference of maize responses o applied
phosphorus and nitrogen. Based on limited experimentation on agroen-
vironments defined by soil families, crop response at nonexperimental
environments in the same soil family can be predicted from a mransfer
model with only minimat knowledge of the new sites. (‘The terms
agroenvironments, environments, and sites are used interchangeably).

Werkshop participants at the time of the project’s inception con-
cluded that neither a eriterion nor a daca analytic methodology was suf-
ficiently developed for quantitatively evaluating Soil “Taxonomy as a
technology transfer vehicle. An integral part of the Benchmark Soils
Project was formulating and testing an acceptable validation statistic,
with an associated probability level, for evaluating the predictive ability
of an estimated crop response transfer model,

45
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The role of o transter mode! in agrotechinology i nster research is
schenadically presented in Figure 1The vanster madel embodies the
information necded 1o transter crop response from experinmental envi-
rontnents of aspecttio soll Cunily 1o new crvironments of the sane soil
Funilv: The vanster coner s the tanstor model from which crop
response can be predicied. The taireer population of covironments for
crop response prediction are il those crvironments, without concern
for geowraphical boandaries, within the wune sanl Lanily. The soil and
its associared lone-term inate ALC O IS, Experimental fuc-
tors are under the contol of (he researchers most ave maintained ag a
constant level The aaricalimal oy aion (o be tranisterred inceludes
those experimnentad Guors controlled . presclected levels according 1o a
treatment desion,

Incaddition. there are factors i cannot he controlled experiinen-
tally but that com be measured cither before arduring crop erowth, If
these uncontrolled Lacrors mthience the relationship hetween Crop
rexporse and treatment Lactors, their ellect s o be imcluded as pare of
the transter model Frone a Soil Tasonoms viewpoint, there are ideally
no factors of an unconn ollable and mtluential natuee I there are anv
such factors, however they need 1o 1 teastired a the new site, For
facters that are mceasurable or hnowen bhetore the vapoas slanted | man-
agenment decisions can be hoased an e creporesponse transfer predie-
tons.

As vield s the Crop mcasne of mrerest. wee want to transter vield
response toan cpphed agrotechnoloos o speaihe experimental sites
tonew sites i the same sorl Bl by pocdicting vield response for the
new sites, For examnle, tor . Cxprrinent comparing a newly released
cultivar with the treaditional « ultivar, the sitnpiesi transter mode! needed
1o ke vield-respeonse predicaons ar the new sites is the ditference in

vield between the two <altivirs averaged over the experimental sites.

CONSTANTS
{soil. climate)

CONTROLLED YIELD-RESPONSE
FACTORS INPUTS p DATA =p PREDICTIONS
(applied fertiizers) Experimentation Transter at new sites
at model (no experimentation)
specific sites

UNCONTROLLED
FACTORS
(weather)

(past management)

Fig. 1. Schematic fonmulation of a transter model for predicting crop yield
response to input factors.
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The transfer model imereases i complexity as the reatment design is
enlarged or as uncontrolied factors influencing vield vesponse are
measured and incladed indhe transter model.

The premise of this transter wiodel, then, is the prediciion of how
much increase i yvield can be expected from the application of a tech-
nology i site where the technology has not been applied. Thus, agro-
techmology transter can he viewed as the extrapolation of a response-
mput relationship, estincoed from known experimental situations to
other strilar conditions,

Alter vield vesponses wre predicted for the new sites, the predictive
abiliny of the estimated transter model muost be eviduated. One Wy o
evaluate the accuracy of the transter predictions is to measars 2eoual
vield responses at the new sites and o compare them to the ganster pre-
chetions and o site-specific predivions based on aalvsis of the vields
measured at the new site,

In the Benehmark Soils Projects eviduation methodology, cach
expernnental site assuimes the role of aonew site. The tran der model is
estitnated for the “new™ site from the data ol the other sites, and vield
response is precicted. With worotal of & experimental sites, a svstematic
series of caleulations is performed o evaluate the transfer hvpothesis.
The methodology for the cuantitative transter evaluation is presented i
the followme outline,

I Calealate asitesspecific prediction equation for cach of the k sites
based onlv oo the vield darie fronme ditferent plots ac that site. The ditfer-
ences bevween the sitesspeditic predicred vields and the actual vields are
called sttespecifec seviduals. Narious forms of prediction cquations, includ-
ing exponentals and polvnoniials, can be used o relate vield response
to controlled tactors.

20 KMenuly the general natare of and select the best-suited transter
model. The stmplest cansfer model micht include the same compo-
nents in the sue-specific prediction equation of the first step. Nore com-
plex transfer models can incorporate uncontrolled factor information.

3. Estmate the parameters of the selected transter model for cach set
of (k = 1) sites,

+. Predict vields for cach plotat one site using the reansfer model esti-
mated in Step 3 from the data of the other (k = 1) sites. The differences
between the transfer predicted vields and the actual vields are called
transter residuals and are calealated with cach site in turn assuming the
role of i new site.

5. Compare the ansfer residuals with the site-specific residuals for
cach site. I the two residuals are the same in magnitude, we have evi-
denee of successful transter for the technology.

The following shows how transfer of one controlled mput lactor is
developed. Evaluation of technology transfer for both applied phospho-
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rus {(P) and applicd nitrogen (N) will be presented later, For cach site
(i is asubseriptindex for the sites), the site-specilic prediction equation
with only the P factor is

M

:'\"|+')||])+'|)Jil)—' (121,2,.1\)

where §0s the setof predicted vields for the it sjre, vi is the it e mean
yield, by is the ith Plinear response (an estimate of the stranghthine rela-
tionship beoveen vield and applicd Py, by is the ith P quadratic response
(an cstimate of the carvature of the relationship hetween yield and
applicd Py, and Kk is the number of sjites.

Formulation of a Transfer Model and an Evaluation Criterion

Fundamentol 1o the transter of an mposed agricaltural innovation s
the vield mewic to he transterred . While toral vield s of general interest,
domore spectfie alternaive incomparative expernnentation and infer-
ence v the vield difference. ool the ditference in vield hetween no
applicd P and applicd PoA transter aodel, then. needs to focns on the
vield response o the technclovy, For several levels of the controlled fe-
tor of applicd Pothe vield response is sinmmnized by the by and by coet-
ficients of the sitesspecili resporse cnv e The site mean (v determines
only the reliaive postiion of the resporse carve s while by and b dever-
mine the ,\ll{|i)l‘ ol the curve and the mavnitude of the response. It
should also he nored thae the individus ] siee mean is not part of the cal-
culirtion for finding the physical maamum level ar the coonon opti-
i fevel of Poapplication. Consequenty, the site niean is sabtricted
frem the ploc vields for cach siteand o tamster model s formulated as
the Timear and quadiatic (ermes from (he sitesspedilic prediction cqua-
ton,

One kev part e the transter analyas methaodolooy i the prediction of
vicld responses for aosite not used meothe estination of the reanster
model T, cach of the kosites assummes o role of a0 new ™ stre, and
the Pvield response s predicied for the plots ac cach “new™ site hased
on the transter maodel esrimated from the other (k = 1y sites. Then the
estinited transfer model, or the transter prediciion equiction tor the jth
SHe. I8

Y=gt by e
where the [=i] subseript denotes that the vield response predictions for
the it site are caleulited from o vansfer prediction equation hased on
data from the other (k = 1) sites, and where by is the average of the
stte-specifiec by values for the other (k - 1) sites (assuring cach site has
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the same nwmber of veplicationsy. Simibuly, for the quadvatic werm,
I)J!.,] i the average of the site-specitic boovalues tor the othier (k= 1)
sites.

H by, for cach site does notsary from Oy tand by does nec v trom
bopaph by amore than experimental variabmue, then the tanster residials,
Vi v will e ofthe saome general magnioade as the sitespecitic resid-
uals, vy = S owhich are ealeulaced widhin each adividual site, An evalu-
ation of the predicive abilics of ancestimated tanster aodel compares
the transter vestduals with the sitc-specitic resicduals. With o number of
plots ar cach sitesand with several sites, i visaal comparison ol o trans-
ter restdual with asiresspeaitic residual tor each plot hecomes camber-
some. An aceeptable procedure for summarizing is o sum the sepuared
vidues for both tvpes of vesiduals, Ancappealing specitic citerion is the
ratio of the transter vesicual sam of squares 1o the site-spectfic residual
sum ol squiares where both sums are pooled over thie kosites, The result-

g statistie s called the teanster, ar predicton (P, stastic

(St ol sauared transter tesiduals for che h e
T (Sanc ol squared site=specttie vesiduals for the it sqe)

In addiaon. o probabihey staement of die likelihood of observing i
certiin magnitude of the swimnmars statistic is also necded for an obice-
tve and quantitaive evaluation of the predicine abilioy of the estimated
ranster model. With no uncontrolled factors as part of the estimated
transter model, the Postadistic is proportional to the Fostatistic, Speetl-
cally,
dk-H(I'-1)

- !
pk=

where pis the number of variables in the estimated transter prediction
cquation and d is the number of degrees of freedom in the pooled resid-
wid mean square. This Fris the sime Fstatistic for testing the cquality of
site=specific response curves. However, the Fand P statistics are not
cquivadent when the transter model includes uncontrolled site-factor
imformation.

Transfer Modeling with Controlled and Uncontrolled Site Factors

The transter model hased on the controlled factors will be satisfactory
for transfer of maize response o applied P if the P linear and quadrate
response coctlicients do not vary from site to site. The by i 1s the aver-
age of the site-specttie by coslicients for the other (k = 1) sites and, hape-
fully, will be cqual to the by coefficient for the ith site. 11 the same situa-
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ton holds for the P quadratic response coctlicients (b, the tanste
residuals would he expected to be the siane as the sttesspecitic residuals,
Apreliminary evaluanon G he determined from anabvsis of varianc
caleulations combining the results from all sites (€ Bipter L Cochran
and Coxo 1957 Four Tines from the combined analvsi- ol variance
table retlecting the average I linean and quadratic responses and theis

Interactions with sires i presented,

Degrees

Soutce o vatiation of freedom
l’l”l("” ||’\|“;]|\q' I
Pudiane response |
Nite s I hmear respeniae k-1

Stte = Pgadiatic respotise

The estimated transter maode], byl + oy will not be satisfic-
tory i the maeninuae ol the two interaction mean squares s large rela-
tve o the experimental crvor erm pooled over all the experiments.
Large interactions indicae difterential P response curves anong the
sites. Lo the hivpothesis of copral response curves for all sices wonld be
rejected. One inmediate vanitication is the need for augrenting the
transfer model.

The fist step iningmenting the transter model s o idenuly speeific
uncontrolled factors measured ar cach site— called site variables— so
chat most of the sum ot separes for cach e ton with (k - 1) degrees
of freedom can be associated wirth o few single deviee of freedom inter-
acton contrasts hetween | response and the identificd stie variables,
Extractable soil P is one ancontrolled Tacior that can be measurcd at
cach sites Te can indicare differences among sites due o past manage-
ment pracuces, and i can be relaced o vield response, The measure of
extractable soil Poused by the Benchimark Soils Project wis womodified
Truoe sotf test for P {(Appendix Iy, herealter referred o as soil 12

The paviicular form of the tansfer nuodel augmentation can be
graphicallv depicied by plotting by (and boy on the ordinare acainst soil
P Hopefully ithe systematic trend hetween by (and boy and soil P ean be
represented by oosoratghe Uoae, perhaps after rescaling or transforming
the soil P yvalues, e the reciprocal of soil P In terins of the combined
analysis-ofvariance cadealations, the interaction sum of sqares be-
tween sites and P lincar response (or P quadratic vesponse) with (k - 1)
degrees of freedom can now be subdivided as o soil P-by-P lincar
response s of squares with one degree of freedom and a remander
(fack-of-fit) sum of squares with (k - 2) degrees of freedom,
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I the soil P varable accounts for the interaction between sites and 1
lincar response, the remainder mean sgrare s the same maenitude s
the pooled experimental crror tenmn. When tested Dy an Fostatistic, the
form of the augimenced anster model can he ventbied with an F ovadue
close to T soil P oalso accounts tor the mteracton hetween sites and
the Poquadiatie response, we then base anomdiceion thae the transter
prediciion equation, augmented by the appropriate mreracion teems,
will pive more accurate vield predictions than the estinated transter
model wichout site-varable mformaaon. For this sttaation, the aug-

mereed ranster predicuon cguation can be wititen mcomodel format as

. . RORTRT ' )
Vi ’I_l)” ,i]”? I)Aw! s 1 ' 'il) SOV I)H ,‘|l'~~ SO
where P+SOTEP (and P2ySOLE represent the interacnon terms
henween the linear response 1o applicd phosphorus and the quadratic
response to applicd phosphorasy and soil phosphorus. An equivalent
form cimphasizing the effecc ol the inrevaction variables in allowing dif-

ferent shipes ol the Poresponse for cach site is
_([ = lb!f " by SOTLPIE A ._v|,1|+ l,nll,,]S(')lLl’ll"—'

Expressed m s form. the divecr etfec of the interaction coefficients on
the Plincar and quadraric responses niey be observed. "The two forms of
the transter prediction equation also vive o clue to alternative methods
ol computing the estiated eocfficients, The fivst has a multiple regres-
sion format, with four independent variables. Alternatively, the rela-
tionshiips between the site-specific response coetficients, .., by, and
thie sotl PP values can be hed by aostraight Tine, The intercept and slope
coctherentswill be by and bl respeetively

Ivoducing site-vanable information o the transter prediction
equation allows the P response curve to be unique for the particular site
being predicted, even though the regression cocfficients are estimated
from the other (k- 1y sites. I the evidenee for transter (probabilicy level
of the mranster statisne, other data, and cconomic or agronomic consid-
erations) s suflicienty strong o warrant transtor, then the cansfer pre-
diction cquation could he used to predice vields for aonew site within the
soil Ly, For exannple, with sotl Poas o sive variable, the [Dy-) + l”i[-i}
SOILP coclficient is the trimster prediction of the I finear response and
would be expected to bhe ax close o the actual P linear response for the
new site as i an actual experimens had bheen carried out. The soil Prest
value would be the only informadon needed fron the new site to predicet
the vield response to P ertilization.

With an avugmented wranster model now formulated, attention shifts
to evaluating the predictve ability of the augmesited transfer model. We
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again turn to the Postatistic. Whereas in the previous secton, the P osia-
tistic and the F staristic for testing the caquadiny of the response curves
were equivalent, the two stistion are no longer cquivadent when the
transfer model has been angmented by interaction terns between site
vartables and P oresponse. Ao counting for the tnteraction sum of sqrares
between sites and the Presponse is helplul in idendfving imnportant site
variables hut is not ne essaily sufficient o guarantee predicive ability,
In short, the correct form of the anginented oranster model s indicared
by i combined analvsis-of-virianee F stistic, while the Pseatistic sum-
marizes the predictive ahility of the transter model.

The P siistic is o reasonable and appealing sunmary statistic. and
the statistical distiburion of the Possistc has been developed (Wood
and Cady, 1981). ables for the distrtbution of the P statistic are not
readilv available, Phe distribution of the statisce depends on the actual
values of the tacasured site virtables aond necds 1o be computer generil-
el for cach experimental sitaaion, Approximations to the distribution
ot the P osadstic e heen developed by Lo and Waad (1985 If the

number of sites is ereater dian 15 the stadandized statistic
(k=R ey - o

has approsimiately o hi-squene distibhution with (K=D)p = 1 degrees of
recdom s where pois the number of < ariables in the estimared tansfer
prediciion cquation ignoring interacton terms, ks the number of sites,
i the nunber of degrees of freedom in the pooled residual mean
square. and nis the word number of inreracions formed with sHe varia-
bles. Knowledge ol the statistic's distribution provides previously
unavatable probabiliey levels for ovaluading predicive abilite of o rans-
fer model.
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Ei'ly-l'()ur transfer experiments were carried out during 1978-83 on
the thixotropic, isothermic Hydrie Dystrandept and clayey, kaolinitic,
isohyperthermic Typic Paleudult soil families. Seven experiments from
cach family could not be used in the anster evaluation because of low
treatment mean yields, high coefficients of variatdon, abriormal paterns
of the site=specific residuals, or undee discase and experimental prob-
lems,

Intra-family Transfer of Yicld Response to P and N Fertilizer

The dati-analytic Howehart of Figure 1 indicates the steps of both the
site-specific and transfer analvses, The site-specific prediction equations

are estimated second order response stefaces,
.\A'i =V + })“P + l)g, N+ |)j;i]’2 + l).“NQ + l)f‘,i])N

where v, is the set of predicted yvields for the it site, by and by; are the ith

> and N lincar responses, by and by ave the b Poand N quadratic
responses, and by s the ith PN interaction response. The site-specific
residuals are the differences beoween cach field-plot yield and its pre-
dicted vield. fixamination of the individual residuals for cach treatment
mean and the graph of the residuals plotted againse the predicted values
can reveal abnormalities ¢f cithes the data or the prediction equation,
which are sufficient to withhold an experiment from the transfer anal-
Vsis.

The predicted yields will be the same whether coded or actual apphied
levels are used. In later analyses, however, each term will need to be
centered at zero so that the intercept will be the site mean. In addition,
cach term needs to be orthogonal to cach other term (Wood and Cady,
1981) The orthogonalized values for the response surface model com-
ponents, details of a site-specific analysis, and a transfer case study are
given in Cady et al. (19425,

Data analysis and transfer modeling. The combined analysis-of-variance
procedure (Chapter 14, Cochran and Cox, 1957) can anticipate an
inedequacy of formulating a transfer model with only the terms or com-

(@]
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Fig. 1. Data-analytic flowchart for evaluation of agrotechnology transfer.

ponents of the second order response surface model. In particular, the
site-by-model component mean squares can reveal important interac-
tions between sites and model components. If the interactions are
important, the average of the P lincar response for (k - 1) sites to predict
the P linear response for the kth site will not be sufficient. The need to

characterize the site by measurir.g uncontrolled environmental varia-
bles has been rezognized. Extractable soil P (modified Truog extractant)
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and extractable soil N (2N K.CI extractant) measurcments on preplant
soil samples had been presumed o be important factors in understand-
ing and modeling variability in the site-specific model components. As
indicated by plotting, the relationship between the site-specitic P linear
responses and extractable Poexpressed on areciprocal scale, can be
modeled as acstraight line.

The relatonship between the N lincar response and extractable N did
not sufliciently explain the interaction due to severad inconsistent
extractable Novalues. Anindivect measure of plant available soil N, pat-
terned after the procedure developed by Dean (1954), was caleulated for
cach site. Specifically, yield (v axis) was plotted against applied N (x
axis). The fitted straight line was extrapolated until the line crossed the
x axis (to the left of the v axis). This extrapolated point on the x axis
where y equals zero is considered an approximation ol preplant extract-
able soil N. Forsites where the extrapolated line did not cross the x axis,
extractable soil Nowas set at a relatively high constant value.

Additonal site variables for the P linear and quadratic responses
were needed. During the last four growing seasons at three locations in
the Typic Paleudult family (BPN, BUK, anid NAK), the maize variety
was changed and there were 1rigaton problems during the dry seison,
Consequently, season (wet and dry), varicty (open-pollinated  and
hybrid), and the interaction hetween season and variety were intro-
duced as site variables for the experiments from these three locations.

A transfer model (Model 2) for the Typie Paleudults was then formu-
fated with the PN P2N= and PN components of the second order
response surface mmodel and selected interactions between the five
response surface model terims and uncontrolled site variables. These
included soil phosphorus (SOLLPY, SEASON, VARIETY and the prod-
uct of SEASON+VARNVTY with the lincar () and quadratic (P2)
responses to applied phosphorus, soil nitrogen (SOILN) with the linear
(W) and quadratic (N2) response o applicd nitrogen, and both SOILP
and SOILN with the interaction response (PN). For Maodel 2 of the
Hydric Dystrandepts,  the interaction terms included SOILP and
SOILPH (KCI) with P, SOILP with P2, SOILN with N and N2, and
SOILP and SOILN with PN. Appendix G presents the site-variable
data and site-specific estimates of the second order response surface
maodel.

The choice of modeling the relationships between the response sur-
face components and uncontrolled site factors is influenced by agro-
nomic and practical considerations. For example, the systematic rela
tionship revealed by plotting the site-specific linear responses of applied
phosphorus against SOILP is curvilinear with cither the SOILP scale or
the square root of SOILP. Lincar mode! estimation, such as polynomial
or segmented regression, can be used for fiting the interaction relation-
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ship. On the other hand, if the velationship is believed to be exponen-
tial, a nonlincar estimarion method (Allen and Chdy, 1982) 1s needed.,
However, the exponential relationship can be approximated by the
reciprocal transformarion of SOILP and fitting a stranght hine, Prelimi-
nary trans’er evaluations were Goricd out with the square root scale of
SOILP (Cady etal., 1982y while the reciprocal of SOILP is used in the
final evaluation given heve,

Foaluation of the transfer hypothesis. With the two transter models now
formulined, the reniaining steps in the transfer analysis for both soil
funilies were carvied out. Plot vields were predicted for cach site using
the transfer model estimated from the daa of the other sites. Transfer
restduals were caleulived, and compared with the site-specific residuals,
The transter residual suins of squares for vach site are given in Table |
and "Table 2 under Model 20 A program tor cal alating tansfer sums of
squares is given i Ciaaiv etal, (1982), Even though the combined analy-
sisol-variance table indicated that a transfer model with only the five
terms of the second < eder response model would not be sulficient, trans-
fer (Model 1) sumes of squares are also given in“Tables 1 and 2.

Table 1. Site-specific and transfer residual sums of squares (x10°) for Hydric
Dystrandepts,

Intra-family transfer
- Inter-family

Site Site-specific Model | Model 2 transfer
BURR 217 S0 257 275
BURD 121 204 125 136
IOLE, 65 16 76 72
IOLK 165 231 144 174
I''KC 98 268 147 167
I'TKD 2006 442 235 229
['TKE 142 155 170
LPHI, 122 J 156 154
LPHG 120 308 198 157
PALE 62 537 71 174
PALY 65 205 89 104
PALG 92 294 105 192
PLPG 238 477 289 271
PUCK 58 105 73 101
PUCR 120 370 168 246
PUCS 96 426 128 232
Toral: 1988 4894 2402 2854

P statistic: 2.4600 1.208

Note: Madel Iincuded the werms for a second order vesponse surtace for applicd P and N.
Madel 2 included Model 1 terms plus interaction cerms as deseribed in the text, The inter-
family transfer residual sums of squares were caleulated from the estimated Model 3 of the

Typic Paleudults,
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Table 2. Site-specific and transfer residual sums of squares (x10°) for Typic
Paleudults.

Intra-family transfer
‘‘‘‘‘‘ : Inter-fumily

Site Site-specific Modeal t Model 2t Model 3 transfer
BAKA 180 204 103 1495 218
BRAKC 146 211 161 161 185
BAKE 181 407 211 215 221
BAKYF 116 181 196 198 204
BPN A 332 422 351 352 436
BPANIC 174 216 RITE! 225 429
BPNID 252 403 269 276 526
BUKC 116 157 127 125 241
BUKD 181 21D 252 193 253
BUKE 245 285 282 279 287
BUKF 3 73 80 78 148
BUKG 194 241 212 289 218
BUKH 196 396 256 397 251
CAMA 117 415 128 137 122
CAMB 192 424 196 197 215
CAMC 178 433 206 203 230
NAKA 128 176 152 I46 282
NAKD 236 09 355 399 542
NAK] 11H 209 132 139 419
NAKN 62 181 77 1o 221
NAKQO 167 3506 228 249 205
NAKP 20 397 172 262 184
SORA 95 2.4 72 73 352
SORB 159 148 218 221 428
Total: 1055 7331 4724 5117 6867
P statistic: 1.808 [.166

Note: Maodel Iincuded the terms for asecond arder response surface for applied P and N,
Model 2 included Model 1 terms plus interaction terms as deseribed in the text. Modet 3
included the same erms as Model 2 of the Hydric Dystrandepts as described in the wext, The
inter-family tanster residual sums of squares were calealated fvom the estimated Model 2 of
the Hydrie Dystrandepts.

The Postatistic for the Typic Paleudults is calculated by taking the
ratio of the swn of the 24 transfer sums of squares to the sum of the 24
site-specific residual sums of squares, This equals 1 166 Tor Model 2
(Table 2). The distribution theory of the P statistic and a procedure for
calculating the probability Tevel of a P statistic value when the transfer
model includes interaction terms with site variables has been given by
Wood and Cady (1981). The prebability of observing a P staustic value
of 1.166 or larger on chance alone is 0.62. Approximately six out of 10
times, a I value of 1.166 or larger would occur oi chance alone. These
odds are judged to be sufficiently likely that the increase in the transfer
sum of squares relative to the site-specific sum of squares may be attrib-
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uted o random variability, Whercas the tramsfer predictions are judged
to be the same as sitesspecitic predictions within random variability for
Model 2, the same conclusion cannot be reached for Model T where the
probability of observing a P value of 1.808 o larger on chanee alone is
less than 0.001.

For the Hydric Dystrandepts (‘Table 1), the probability of observing a
P value of 1.208 or larger on chance alone is 9,20, 1f these odds are
Judged likely, then the wranster predictions are interpreted to be similar
to site-specific predictions within random variabiliey. I not, the transter
hypothesis is not supported, or if possible, the transter model will need
to be modified. Forthe | Ivdric Dyvstrandepts, nnproved transter predic-
tions can be achieved by introducing a season variable for applied N,
and by subdividing the relatively Targe range of soil I into two or three
segments with subsequent fiting of relationships within cach segment
(Cady cral., 1982).

The procedare for calealuing the probability level of a P statistic
value is computationzlly tedious. An alternative is the standardized sta-
tistic (Chapter 5)

(k=1)2k2d(P-1) - 2m

where kis the mumber of sites, d is the number of degrees of freedom in
the pooled residual mean square, and m is the total number of interac-
tions between the five response surface model terms and uncontrolled
site vartables. This statistic has approximately u chi-square distribution
with (k=1)p = m degrees of freedom where pis five, or in general, the
number of variables in the estimated transter model ignoring the inter-
acton terms.

Forthe Typic Paleudulis the caleulated value of the standardized sta-
tistic is

(23)2024)2T92) (1. 166-1) - 2 (12) = 96.74

with (24=1)(5) - 12 = 103 degrees of freedom. Tables of the chi-square
distribution, or a procedure from SAS (1982), may be utilized for find-
ing the probabilivy of observing a P statistic value of 96.74 or larger on
chance alone as 0.65 (or 0.08 for the Hydric Dystrandepts with d =
544). Differences hetween true and approximate probabilities decrease
as number of sites increase. With fewer sites the approximation will
tend to underestimate the true probability level as occurred with the
Hydrie Dystrandepts (Liu and Wouo, 1985).

Comparison of transfer and stte-speciyee yield response predictions. The P sta-
tistic is a single sunumary statistc and, with the probability level, gives
an overall evaluation of transfer. The closeness of the transfer and site-
specific predicted values is reflected in the form of a ratio and does not


http:lT.;pIl.st

Transfer of Yield Response to | hosphorus and Nitrogen Fertilizer 61

show directly @ measure of the ditference between wransfer predictions
and site-specitic predictions in units of kg/ha.

I the predicted vield responses for cach site are plotted against both
dunensions of applicd P and N, then the response susface for the esti-
mated transfer model can be graphically compared with the site-specific
response surface. Numerically, the actual magnitudes of the differences
between the site-specitic predictions, based on site-specilic data, and the
transfer predictons, based on data from other sites, mre given in ‘lables
3 and 4. The tabular values are absolute differences in units of kg/ha,
averaged over combinations of applicd Pand N,

More specitically, the increase in predicted yield from a specified P
application can also be caleulated. Transfer predicted yield FeSPONSes
can be compared with those from site-specific data, Given in ‘Tables 3
and 4+ are predicted vield inercases (kg/ha) from a P application of 60
kg/ha relatve o a Poapplication of 20 ke/ha The magnitude of the

Table 3. Site-specific and transfer P response predictions (kg/ha) and
differences (kg/ha) for Hydric Dystrandepts.

Average absolute difference Appliced P yicld response predictions

Site Intra-family Inter-fumily Site-specific Transfer Difference
BURB 210 276 1302 1175 127
BURD 72 169 1267 ! -55
IOLE 117 158 126 175 -49
I0LK 186 141

I'TKCG 214 255 291 75 216
I'TKD 168 108 30 368 ~338
I'TKE 152 182 278 212 66
LPHE 139 209 520 +12 108
LPHG 61 167 2i6 273 =50
ALE 159 391 2352 2482 -130
PALF 214 245 1624 1887 -263
PALG 149 +13 2050 1918 133
PLPG 247 178 76 198 -122
PUCK 165 2606 1171 1021 150
PUCR 210 432 1473 1178 295
PUCSs 224 458 1651 1729 -78
Average: 168 263

Range: 61-247 108-458

Note: Fach average absolute difference between transter predictons and site-specific imean
predictions (kg/ha) was averaged over 121 grid points formed by combinations of 11 equally
spaced lines for both applicd P and N, “The intra-family (inter-family) differences were based
on Model 2 of the Hydric Dystrandepts (Model 3 of the Typic Palewdults). The yield response
prediction is the predicted response to a 60 kg P application compared with a 20 kg P applica-
tion based on transfer Model 2 for the Hydric Dystrandepts with 108 kg N/ha. Predictions
were not calculited if the site-specific response curve in the range of 20 to 60 ky P application
was not realistic,
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Table 4. Site-specific and transfer P response predictions (kg/ha) and
differences (kg/ha) for Typic Paleudults.

Average absolute difference Applicd P yicld response predictions
Site Tntra-family  Inter-family Site-specific Transfer Difference
BAKA 132 229 1221 1262 -1
BAKC 150 262 1250 1206 +
BAKE 205 307 611 85 26
BAKF 258 318 aty 714 =145
BPANA [ 354 1334 1334 0
BPAMC 200 635 1144 1475 =331
BPMD 142 055 2054 2216 -157
BUKC 114 1H) 1459 1189 270
BUKD 313 067 1710 66 HEE!
BUKE 225 75 1830 2027 =297
BUKF 163 103 984 062 326
BUKG 110 171 1838 1754 8l
BUKIH 290 239 2135 1635 590
CANA 116 155 716 626 120
CAMB LY 209 134 162 -28
CAMC 194 255
NAKA 148 19 1645 1551 134
NAKD 140 522 1258 10749 179
NAK]J 100 597 20841 2126 -42
NAKN 135 1901 778 470 -92
NAKO 269 251 2227 2230 -3
NAKP 162 164 2350 2235 114
SORA 133 HoH 2189 2324 -135
SORB 280 5949 1784 18549 -71
Average: 175 100
Range: 69-313 155-608

Note: Fach average absolute difference between transter predictions and site-spedific mean
predictions (ke/ha) wiss averaged over 121 uried points formed by combinition of 11 cqually
spaced levels for bath applicd Pand N. The intra-family (tev-Lunilvy difterences were based
on Maodel 2 of the Typic Palcududes (Maodel 2 of the Hyvdric l)}'\ll;xll(l(';;l\) The vield response
prediction is the predicted respunse toa bt kg Papplication (108 kg N) compared with a 20 ke
P applicaiion based on transter Maodel 2 for the Typie Paleadults. Predictions were not caleu-
Laed if the site-specifie resporie carve i the tange of 20 w0 60 kg P application was not real-
tstic.

average absolute difterences. and also the dilferences in applied P yield
respouse predictions, are sufficienty small in general so that the trans-

fer predictions could be used in practice even il asite-specific experi-
ment had not been carried out.

Intcr-f:lmily Transfer of Yield Response to P and N Fertilization

An interesting auxiliary question is whether an estimated  transfer
model, based on data from one soil family, could cffectively predict yield


http:diffC',(',.CC

Transfer of Yield Response to Phosphors and Nitrogen Fertilizer 63

response for another familyv. A sunnmary statistic analagous o the intra-
Lamily transfer or predicion P oscadste, ts the ratio of the sum of the
transter sutns of squares for cach funily to the sum of the site-specilic
sums of squares. The distribution of this interv-faomily transfer statistic is
known for the case of two soil families where a common wansfer model
has been formulated (Wood, 19807,

Transter NModel 2 of the Hvdreie Dyvsoandepts and Model 3 of the
Typie Paleuduls include the terms for iesecond order response surlace
tor apphed Pand N plas seven interaction terims, SOHLP and SOILPH
with P SOITLE wich P20 SOLILN with N oand N2Joand SOLHLP and
SOLEN with PNC Bised on the dacc fram cach fnnily, o funily cransfer
model s estimated and used o predice yield response to applicd P oand
N tor environments of the other soil fannly, "The inter-fnily ransfer
st of squitres e given i Tables Tand 2. Then, the inter-lamily pre-

dicuon stanstic s caleulated as

2851 + 6867

- = 1.6007
1988 + 1055

The probability of observing a vidue of 1.6097 or larger on chance alone
18 fess than 0,001, The actoal magnitude (kg/ha) of the absolute differ-
ences bevween the site-specific predictions and the inter-family predic-
tons, averagea over combinations of applicd P and N, have been caleu-
ited and are presented in Tables 3 and 4L Based on the inter-family
prediction stanistic and as evidenced by the average absolute difference
between transter and site-specific response surfaces, inter-tamily trans-
fer of applicd P and N is not supported.

The major component of the estimated inter-funily transter models
in determining the magnitade of vield response is the linear response to
apphied Pas influenced by the level of soil phosphorus. This relationship
is shown i Figreve 20 where site-speceific P lincar responses are plotted
against the reciprocal of SOILP as measured by “lruog. The figure
reflects a Larger P linear response lor the Hydrie Dystrandepts at almost
all soil P values and the difference between the two lines is increasing
with decreasing Truog values. The two estimated straight lines (with
standard errors of the coelficients) are

0.9276 + 8966(1/SOILP)
(74) (541)

for the Hydric Dystrandepts and

43.59 + 6084(1/SOILP)
(203)  (913)
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for the Typic Paleudults. The difference in the slopes of the relationship
between P linear response and the reciprocal of soil Pean be statistically
evaluated and are statistically different (p < 0.0%).

Hydric Dystrandepts —S %>
2000 A

1500 -

1000 -

“ S Typic Paleudults

Predicted P linear response

500
T ¥ T T T ¥
.05 10 15 .20 .25 30
1/8DIL P

Fig. 2. Estimated relationship between site-specific P linear responses
and the reciprocat of SOILP, The slopes for the two lines are 8966 kerha
(Hydrie Dystrandepts) and 6084 (‘Typic Paleudulis). Ditferences in the
predicted Plinear response hetween the two soil familics are 246 and
678 ky/ha for 1/SOILE vadues of 0,10 and 0,25, respeetively.,

The applicd P and N treatment design of the Hydric Dystrandepts
and Typic Paleudults was also used in Hawaii on a third soil family, the
Tropeptic Eutrustox. The range and distribution of SOILP v alues for
12 Tropeptic Eutrustox experiments was not sulficient w estimate a “Tro-
peptic Eutrustox transter model and quantitatively evaluate intra- and
nter-family tansfer. However, estimated transfer models for the Fly-
dric Dystrandept and Typic Paleudult families were used to predict
vield response for the 12 experiments on the Tropeptic Futrustox. Table
5 compares site-specific stns of squares with inter-family transfer sums
of squares,

The ratios ol inter-family transter residual sum of squares to site-spe-
cifte residual sum of squares vary from 1.1 to 6.5 (Table 5). Larger
ratios are associated with sites with large vield response 1o applied P or
N. Basced on these ratios, and the average absolute differences between
transfer and site-specific predictions, yield response to applied P and N
from the Hydric Dystrandepts and Typic Paleudults generally cannot
be trans .erred to the Tropeptic Eutrustox soil family,
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Table 5. Site-specific and inter-family transfer residual sums of squares (x10%)
and transfer P response predictions.

Tnter-tamily transfer Average absolute difference

Site Site-specific H.D. T.P. D, TP
MOLA 110 164 175 509 921
MOLB 196 390 357 LNE! 814
NOL] 93 125 115 451 424
MOLL 2h 299 268 710 650
MOILM 46 131 92 185 384
NMOLN 1641 228 277 a9t 628
MOLR 244 371 101 760 795
WATA 132 185 207 574 620
WAIB 105 205 189 617 592
WAID 167 259 242 537 507
WAITF 130 603 561 1059 1031
WAIG 70 158 101 863 796
Total 1697 3428 3285

Note: Madel 3 of the Hydrie Dysirandepts (HL1L) and Model 4 of the Typic Paleudults (1 P)
from "Lable 6 were used for the inter-family transfer predictions of Tropeptic Eustrustox sites.
Faclaverage absole -~ ditference hetween transler and site-specific mean predicitons (kg/ha)
was averaged over 124 geid points formed by combination of 11 equally spaced levels for both

applied Pand N.

Soil-based Technology Transfer for Applicd P and N

Previous sections have demonstrated the feasibility of within-soil-family
tansler of applicd Pand N At identified new sites it is possible to pre-
dictyield responses to apphied Prand N without carrying out an experi-
mentat each site. The new sttes may or may not be from the same coun-
try or from countries where Benchmark Soils Project sites were located.
The tmportant element is that the new sites have been identified as
belonging to a specified soil family and that a preplant soil sample is
available.

For example, suppose that yield response predictions to applied P
and N are needed lor a newly tdentificd Typie Paleadult site. From the
Benchmark daca an estimated Typic Paleudult transfer model is availa-
ble. Three steps are then followed.

I. Based on preplant soil samples, the Truog extraction curve (Chap-
ter 4) including “lTruog with no P added, extractable N, and bulk density
are determined.

2. The preplant sample information is converted into P code
(PCODEL) and N code (NCODE) scales for direct input in the estim=ted
transfer model for prediction.

3. Yield response is predicted for the new site from the estimated
transfer model.

As the first example, consider the question, what will be the addi-
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tional yield response of 60 kg/ha of applicdd ' compared 1o a 20 kg/ha
application? An applicd N level of 108 ke/havwill be used. Fhe following
sequence of steps is outlined,

Lo From the preplant soil sarnple nformation, supposc that the
extractable “Truog is 4, the extraction curve is PADI D = -50 +
LoxSQRTCTR VO, where SORT s sguare root, the exrractable N ois
4. and the bulk density (BDYis 1.0,

2. a0 Convert the 20 and 60 ke/havto ppin by

ppm = 20/151 0y = 13,33
and ppi = 00/(1 51,0y = 0

where 15 s the conversion canstant and Bl) = 1.0,

h. Far convenience, the range of the PCODE scale is from -1 1o
+1o A PCODIS of =1 correspands 1o o PADDED of 0 ppm, and a
PCODY of +1 corresponds 1o o TRUOG of 25, Then, PADDELD
TRUOG =254y

=30+ 16+SORT(25) = 50 pprn

Using linear interpolation, 40 pprn (60 ke/ha application) corresponds
ta PCODE =0.6. Algebraically,

PCODE = -1+ (1/25)(PADDID)

Stnilarly, 13,33 ppm (20 ke/ha application) corresponds o a PCODE
of (13.33 = 25)/25 = ~().17.

¢. bnthe Benehmark Soils Project, cach expertment inthe Tvpic
Palcudult soil Family veceived the same rates of applicd N. An applied N
fevel of 108 kg/ha corresponds to an NCODE of ().

d. In the Benchmark Sotls Project, extractable N (EXTN) was
determined with a 2N KCI extractant, However, the SOILN variable
used in the tansfer model was based on crop-modeled value as
described in an carlier section bheeause of problems with extractable N
determinations for certain sites. Based on Benehmark data, a relation-
ship between SOILN and EXTN was caleulated to he SOHLN = 2.35
EXTN. Foran EXTN value of 1, SOILN is cqual to 9.4,

e. I'rom the previous steps we have the two PCODIE values corre-
sponding to the 20 and 60 kg/ha P application rates, an NCODE, value
corresponding 1o the 108 ke/ha N application, a TRUOG or SOILP
value of 4 (or VSOILP = 0.25), and SOHLN = 9.4, We also need (o cal-
culate the PCODE and NCODE values for the quadratic P and N terms
in the transfer model. From Cady et al. (1982),
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P2=PCODY (P quadratic) = (PCODE)? - (4.975/13) and
2= NCODE (N quadratic) = (NCODE - BP2 - (4,975/13)

where B s aconstant equal 10 020535 and (£975/13) is the average of
the squared PCODE (or NCODE) values in the treaunent design.
Then,

Pl= " -0.0227 for PCODE = 0.6,

Pi= -0.1618 for PCODE =-0.17,

N2= -0.3778 {or PCODLE = 0.6 and NCODE =0, and
N2= 03478 for PCODE = -0.47 and NCODI, = 0.

5. InHable 6 are the estimated coctlicients for two Hlvdric Dystran-
dept transfer models (with and without o preplane pH value) and three
Typic Paleudult transfer models. Nodel 2 of the Pypic Paleuduals ai-
hzes interaction variables hevween Plinear (and P quadratic) and SEA-
SONCNVARIETY, imd SEASONSNARIFTY. In the intra-family trans-
fer evaluation these interaction variables pertained only o specific
experimental circumstances in the Sumanra sites and, henee, should not
be mcluded in the Gunily predicdon cquation in general, Models 3 and
1odo not mclude these interaction variables: the difference hetween
Moaodels 5 and 1 is the inclusion (NModel 3 or exelusion (NModel 1)y of the

Tuble 6. Soil family estimated transfer mode! coefficients.

Hy Iric Dystrandepts Typic Paleudults

Variables Model 2 Model 3 Maodel2  Maodel 3 Model 4
P 31249 0.9276 -1.354 1276 14.59
N 1163 1163 1293 1293 1293
p- -143.6 -143.6 32749 24501 2431
N+ ~742.1 -742.1 -6H86.8 -H86.8 ~-H86.8
PN 213.6 213.0 95. 11 95,14 95.14
P« 1/SOILLP 9483 8966 6063 5301 6084
P«SOILPH ~736.0 ~242.9

P+ SEASON 2739

P« VARIETY 121.1
PeSEASON«VARIETY 211.7

N+SOILN -5H2.81 -52.81 -62.38 ~-02.38 -62.138
P*et/SOILLP -8441 -8441 -7871 -769H -7695
P SEASON -224.6

P VARIETY -6H4%.62

P2 SEASON «VARIETY -321.4

N SOILN 31.15 31.15 20.99 20.99 20.99
PN=1/SOILP 2178 2178 2621 2621 20621

PN+SOILN -21.13 21013 -22.29 0 -¥2.29  -22.29
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preplant pH (SOILPH) interaction variable, a term important in che
Hydric Dystrandepts.

Using Model 2, with a value of 0 for SEASON and VARTIVTY, the
difference between the predicted yields at 20 and 60 ke/ha P application
15 1403 ke/ha, whereas for Models 3 and 4, the predicted differences are
H3+and LI5S0 kg/ha, vespeetively.

The preceding example required the eariction curve for the new
site. I existing Laboratory and field data are available for a soil funily,
yield response to applied P and N can be predicted for a new site with-
out determination of the extraction curve. The caleulations follow a
sequence of five steps,

L. The 'Truog extraction curve is expressed as

oadded = A+ BISORT(X))]

where SQRT(N) is the square root of P-extracted (ppm) as determined
by the modified Truog extraction procedure, and A and B are the inter-
cept and slope, respectively, of the estimated steaight-line relationship.
With no P-added, the SQRT(N) is cqual to the negative value of the
ratio of A to B, and is a calculated measure of the square root of soil
(SOILP). When (=A/B) s plotted against the squire root of SOILP, as
determined direetly in the laboratory, the expected straight-line refa-
tionship with zero intercept and a slope of one is supported by the data
from the 24 Typic Paleudult sites nsed in the transfer evaluation. The
estimated slope of the line through the origin is 1.0% with a standard
error of 000287,

2. Within a soil family, the individual site extraction curves are
expected to have a common slope (B value) but different intercepts (A
values). In addition, the interepes should be linearly related to SOILP.
For the Typic Paleudults, this straight-line relationship, estimated by
regressing the intercept an SOILP for 24 sites, is

A= 11.66 - 15,466+ SQRT(SOILLP)
(12.03y (4.711)

where the values in the parentheses are estimated standard errors. For a
given SOILP value, a soil family A value may be caleulated. The expec-
tation that the individual site extraction curves would have a common
slope (B value) is not supported by the data from the 24 Typic Paleudult
sites. The B value depends on SO The relaitonship may be estimat-
ed, or alternatively, @ soil family B value for a given SOILP value may
be calculated from the relationship developed in step 1,

~(A/B)=SQR'T'(X) = SQRT'(SOILP)
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Sotl family extraction curves for selected SOLLP values are estimated as

SOILP A B
+ -49.26 2463
8 -86.92 30.73
16 -110.18 35.05

3. With the assumption that a SOILP value of 25 corresponds to a
PCODE value of one and by substituting 25 into cach of the above
Typic Paleudult extraction curves, P-added values at a PCODE of one
are calculated. Dividing these values by avo will give P-added values at
a PCODE of zero. For the same selected values of SOLLLP,

P-added (ppm)

SOILP PCODE =1 PCODE =0
4 73.89 36.94
8 06.73 33.37
16 35.00 17.52

4. PCODE values for various P-added values may then be caleulated
by lincar interpolation. For example, PCODE for a P-added value of 10
15 (10 = 36.94)/36.94 = -0.73. The following table can be caleulated.

PCODLE
P-added (ppm) SOILP = ¢ SOILP =8 SOILP =16
10 -0.73 -0.70 -0.43
20 -0.45 -0.-40 0.14
30 -0.18 -0.10 0.71
40 0.08 0.20 1.28
50 0.135 0.50
60 0.62 0.80
70 0.89 1.10

Similarly, values of P-added can be calculated for preselected values
of PCODE. For example,
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P-added (ppm)

PCODE SOILP =4 SOILP =8 SOILP =16
-0.85 5.5 5.0 2.6
~-0.40 22.2 20.0 10.5
0 36.9 35.4 17.5
0.40 51.7 10.7 24.5
0.85 68.+ 51.7 32.4

Rates of applicd P in kg/ha for a given site can then be calculated as the
product of P-added (ppm), 1.5 and the soil bulk density.

5. Yield response to various levels of appiied P and N can bhe pre-
dicted using the same methodology as the previous example of this sec-
tion. The vesulting yield 1esponse surfices, based on Model 2 of the
Typic Paleudults (‘Table 6), are shown in Figure 3 for SOILI values of
4, 8, and 16 ppin, and SOLLN values of 4 and 20 ppm.

Devclopment of a Transfer Model for Agrotechnology Transfer

Transfer of fertilizer N and P rates is presented in the previous section
using the transfer equations of the Benchmark Soils Project. The kay
requirement, in addition to soil classification according to Soil Tax-
onomy, is a mcasure of soil N and soil P at the site to which the technoi-
ogy is being transferred. Soil analytical methods should be the same as
those used in development of the transter equation since its coefficients
are for the specific analytical method employed.

In general, if one wishes to develop and estimate a model for transfer
of crop response to one or more experimentally controlled management
factors in a particular agricultural arca, the following steps must be
obscrved.

1. From an available soil survey and on-site reconnaissance, select a
soil that is representative of the major soil in-the area that will serve as a
oceachmark soil.

2. Classify this soil to the family level according to Soil I Onomy.

3. Identify other arcas in the same soil family that have o range of
characteristics 1or the family and select experimental sites.

4. Determine soil levels of critical nutrients for cach experimental site
using standard analytical methods.

9. Conduct similar experiments with the same management factors
and specific crop at each experimental site. Mceasure other limiting fac-
tors at cach site and incorporate their cffects on the yield responsc-con-
trolled factors relationship into the transfer function. Otherwise, any
potentially limitiug factors arc experimentally maintained at levels opti-
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Fig. 3. Predicted yield response to applied P and N,
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mal for crop growth. General crop and plotmanagement of the experi-
ments should be similar at all sites o prevent other factors from
influencing vield. Weather conditions at sites are monitored 1o quanty
environmental conditions affecting crop growth. The ocourrence and
severity of damage from insects, diseases, and other prsts also need to
be recorded.

6. Estimate a vield response prediction (transter) cquation with com-
bined data from the sites. Include ie he cquation variables for the con-
trolled factors, and uncontrolled but measured environmental variables
such as soil or weather which interact with the controlled factors.

7. Evaluate the predictive ability of the transter cquation using the
transfer evaluation methodology developed in the previous chaprer,

8. The resulting transfer equation may be used 1o ransfer vield
vesponse to other arcas of the same soil i

In developing a transter model Tor a soil Loty sufficient experinien-
tal sites must be seleeted 1o cover the range of conditions within the soil
farcily. Environmental factors such as temperature, raindall, and solar
radiation, and soil characteristies such as particle size, parent material,
and mineralogy can vary within a soil family and con have measureable
elfects on crop response to certain management practices. Proper selee-
tion of experimental sites will result in o ransfer cquation which is
applicable over the range of conditions within a soil fammly. On the other
hand, it a transfer equation is developed from experinients on sites
representing i limited range of conditions for the soil Faantly, i may pre-
dict very well for similar sites, but very poorly for sites of the same -
ily with characteristics not included in the range of conditions siunpled.

Innovadions such as the introduction of a new variety mayv be trans-
ferred on the basis of experiments on a limited number of sites so long
as the sites represent the major envirommental and soil factors of the
area to receive the variety, Crop growth requirements generally eross
soil family hboundaries and there is a range of soil conditions over which
a crop can grow well. This can include several soil failies, all having
the essential land qualities for that crop as implicd by the concept of the
sphere of transferability (Chapter 1))

The owlined procedure for transterring agrotechnology can differ in
the amount of information required and the precision of the prediction.
For example, a simpler analogue procedure would include the experi-
mental phase but not measurement and modeling of the uncontrolled
variables. Either procedure generates aset of recommendations for the
improved management practices. These recommendations are not nee-
essartly the final answer to the problem, but serve as fivst approxima-
tions 1o the optimum management practices. It is expected that some
modification will be necessiny to adjust tor site-specific conditions as
well as for the availability of required resources. However, the agrotech-
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nology transfes will have achieved the initial inercase in yield and
moved production from its position on a low vield plateau. The “fine
tuning” needed should require considerably less time and other re-
sources thin tha needed for a large site-speciiic experimentation pro-
grane. This will bring about an aceeleration of the increase in produc-
ton with s resulting influence on - a country’s cconomic and social
condition.
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Bn'cding programs that perinit adaptation of the maize (Zea maps 1..)
genotype to specific environments make it possible to produce maize
from the equator to near 50 degrees north or south ladude. (o match
maize requirements to agrocnvironments is not, however, a simple task.
The first step is to categorize the range ol ecological, climatic, and
edaphic environments—aor envivonmental niches-—in which it is possi-
ble to grow maize. In the Benchmark Soils Project, the soil family cate-
gore of Sotl Taxonomy defined these niches, This chaper rdates the
sorn-chimate characteristics and scil properties used in the definition of
soil taxa to maize performance across the three tropical sotl family net-
work of the Benchmark Soils Project.

Climate was mcorporated into the definitions of the taxa ol Soil Tax-
onomy as sotl maisture and soil remperature regimes. The importancee
of these sotl-climive regimes inawmalicategorical classification system
such as Seil Taxonomy is evidenced by the use of soil moisture regimes
1o define wxa at the order level in the case of the Aridisols and of most
suborders of all other orders, According 1o Smith (Leamy, 1984), the
use of soil morsture and soil temperature regimes was a natural substi-
tute for the concept of zonal and intrazonal soils since neither was based
on soi} propertes and. henee, neither would be tenable in a natural clas-
stfication system. Soil temperature regimes are used o define all soil
fumily categories and some of the higher categories in Soil Thaxonomy.

Not surprisingly, consideration of crop production strongly influ-
enced the definition of hoth soil moisture and soil temperature regimes.
The following are the definitions of the varivus soil moisture and soil
temperature regimes in Soil Taxonomy.

Soil Moisture Regimes

There are seven soil criteria that are clements of five quantitatively
defined soil moisture regimes in Soil Taxonomy (Soil Survey Staff,
1975). Probability values of the three soil water states—dry, moist, and
wet—are computed in percentages to determine the aquie, paraquic,
udic, perudic, ustic, xerie, and aridic/torric soil moisture regimes. A
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soil is considered dry if the amount of extractable or available witer is
=ero at a suction or tension of 15 hars or more. This value corresponds
to the carly concept of the permanent wilting point used by plant physi-
ologists. A soil is considered wet il water is held by the soil under a posi-
Ve pressure or zevo tension, i.e.,a water-satrated soil. A soil is con-
sidered moistif water can be extracted from a confined soil sample with
a tension between O and 15 bars, The amount of water available tor the
plant to extract, however, varics with soil propertices,

The number of davs that cach of these water states exists in i given
soil within a specitied depth provided a basis for defining soil moisture
regimes, Generally, most soils alternately have all three states over a
period of time. Some soils, however, are predominantly wet or dry. The
specified depth within a soil profile that is used to determine the water
content is referred 1o as the soil moisture control secdon and s
deseribed in detail in Soil "Taxonomy, “The definitions of the soil mois-
ture regimes listed below e simalifications of those compiled by
Beinroth (1983).

Soil water tension equal to ()

AQUIC [n most years, the soil is saturated with oxygen-
depleted water at some season of biologic activ-
ity, but the water table may be lower in another
season,

Soil water tension between () and 15 bars

UuDIC In most years, the soil moisture control section
is never dry inany part Lo oas long as 90 cumu-
fative days, but it is not aquic.

USTIC In most years, the soil moisture control section
is dry in some part for more than 90 cumulative
days, but it is dry tor less than hall the growing
scason in all parts in the temperate or middle
latitudes. In the topies or lower latitudes, the
moistitre control section is moist in some part
for more than 90 consecutive days in most
years, but may be dry in all parts for more than
90 days, or even for more than 180 days, cumu-
lative.

XERIC In six or more years out of 10, the moisture con-
(roi section is continaously moist for more than
45 days 1y all parts in wint - and is continuously
dry in all parts in sumunes for more than 45

days, and the soil temperature is  thermice,
mesic, and frigid. This regime is restricted 1o
temperate conditions.
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Sotl moisture tension greater than 15 hars
ARIDIC/TORRIC In most years, the soil moisture control section
is dry in all parts more than hall the growing
scason and is not moist in some part lor as long
as 90 consecutive days during the growing sca-
son.

Soil Temperature Regimes

Soil Taxonomy defines and deseribes ten soll temperature regimes.
Reported mean annual soil temperature values are representative of
temperatures ata depth of 50 cm. Where divectly mieasured values over
a pertod of vears are unavatlable, a faiely reliable estimate can be made
from the mean annual air teiperaware. Because there is a divect rela-
tionship between the mean iannual aiv emperature and the soil temper-
ature at 50 emy the mean annual soll emperature can be estimated by
adding 1°C to the mean annual aiv temperieare, A this depth, diurnal
Huctuations are minnnized and the intlaence of seasonal changes can be
measured.

Dehnitions for cach regime were determined from experiences and
observations of the growing period of major agricultural crops, For
mstance, the 89C and 22°C isotherms vepresent the range of tempera-
ture for production of small grains in the central and inid Western areas
of the United States, commonly referred to as the corn belt, The it of
22°C in the castern part of the United States separates the citrus and
the winter vegetable belts.

For crop production in most temperate arcas. there is a distinet and
measurable temperature difference hetween summer and winter. Soil
temperature reghmnes for which the mean winter and summer tempera-
tures differ by more than 5°C are categorized in il Taxonomy as

Regime Mean annual soil temperacure

Pergehe < 0°C(permatrost or div frostis present)

Cryic 0°Cro 8°C

Frigid 0°Chio 870 (warmer than cryic summer temperatures)
Mesic 8°Cro e

Thermie 15°C o 2200
Hyperthernice >

The latter three are those of interest for agricultural planning and
development in both temperate and tropical locations. In tropical and
subtropical arcas, where the mean winter and summer soil tempera-
tures generally do not differ by more than 5°C, the iso prefix is added to
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the nomenclature of the warmer temperature regimes. Cold and warm
temperatures associated with winter and summer have no meaning in
the tropics. Instead, wet and dry seasons appear maore appropriate
where such distinet seasons occur. The extent of the wet and dry seasons
affeets crop production in the tropies swhereas the period of frost o frost
determines the growine season in lemperate arcas.

Moisture and Temperature Regimes of the Three Soil Families

The soil moisture and soil temperature regimes of the three soil familjes
studied by the Benchmark Soils Project are part of their taxonomic
nomenclature, There are two soil mo)sture regimes—the udic and the
ustic—and two soil temperature regimes—the isothermic and the isohy-
perthermic—amnony, the three soil funilies. The kev words for soil mois-
ture regimes in the nomenclcure are Hydric wnd Paleudults for the
udic and Eutrustox for the ustic moisture reghmes. Simply stated, the
soil moisture and soil temperature reghmes of the three soil families can
be expressed as betng (1) moist and cool for the Hyvdric Dystrandepts,
(2) dry and warin for the Tropeptic Eatrustos, and (%) moist and warm
for the T'ypic Paleudults, The latter would correspond to the conditions
of the humid tropies, while the others would carrespond to conditions of
the tropical uplands and savannas, respectively.

Ramfall and temperatre records collected at cach ol the shes are
summarized in graphical form and are presented in the following see-
tions according 1o soil familv. Because the Benchmark Soils Project soil
family network extended over cauntry houndaries, the data sets have
been summarized by soil family and country. These records were col-
lected from 1976 through the close of field activities m 1983,

Table 1is o summary of mean daily values of weather data recorded
at cach site over a number of years by soil familv, Air temperature, rela-
tive humiany, wind speed, wind direction, and rainfall were collected
with a batery-operated weather station. Supplementary rainfall and
maximum and minimum temperature data were also collected as a
back-up during any period of mechanical failure. Global solar radiation
data were measured and recorded with a silicon pyranometer sensor
and mechanical integrator, Weather data sammaries by experiment are
reported clsewhere (Benchmark Soils Project, 1979; 1982); daily weath-
er data are maintained on tape.

In this and the following section of this chapter, we will review the
recorded data in relation o both the soil moisture and soil temperature
regimes as designated in the classification of soils by criteria established
in Soil "Taxonomy. In addition, we will consider the appropriate use of
wet and dry seasons in deseribing the planting scasons of the wransfer
experiments,

Hydric Dystrandepts: isothermic, udic regime. “I'he nine experimental sites
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Table 1. Summary of mean daily weather variables, latitude, and clevation of
the Benchmark Soils Project’s sites,

TMANX TMIN TAVG RH SOLAR WIND LAT ELEV
Site Years () () €y (o) (y/dayy (km/hry (deg) (m)

Hydric Dystrandepts

Haweali

HAL 5 2R 1670 2005 800 qu7 10,8 20N 500
101K 6 24, Hotoo2et 77 374 12,5 20N 550
KUK 8 25.3 177 215 77 386 9.1 20N 400
Indonestu
I'T'KA R 26.0 5.7 208 77 90 0.6 65 1280
1.I'H H 270 o 207 B 357 y 7 68 1100
ISPk 2 7 16,1 20T7Y GH3 it bS 12530
Plalippines
BUR [} 28 6 202 219 8 318 106 13N 125
PAL t 312 2000 263 78 325 6.0 13N 300
PUC 7 3120 2160 2608 78 3t 7.6 1IN 350
Tropeptic Eutrustox
Huieais
MO, 6 27.5 195 254 83 476 18.9 21N 275
WAL O 24.7 198 242 70 394 8.0 2N 150
Brazil 3 31.7 16,4 241 67 421 L9 158 510
Puerty Rico 3 2005 2w 207 78 124 1.9 I8N 130
Typic Paleudults
Camerooun
BAK 3 338 22010 279 8o 268 1.3 aN 170
(AN 4 337 225 281 77 416 2.0 5N 180
Indonevia
BUK ) 3.0 0 2.0 98.0 68 131 1.5 38 200
BPND D 342 T 27769 393 1.8 35 H0
NAK H 348 2o 286 65 406 3.8 38 40
Philipprines
DAV 6 339 204 2801 7 422 5.7 IN 90
SOR 3 MRt 22002607 75 371 8.1 13N 80

Note: For Brazil and Puerto Rico data vepresent thi « sites ca b in the area ol Jaiba i Minas
Gerns, Brazil, and Babela, Puerto Rico, The weather variables include nusxhmm, mint-
i and average temperatures, relative humiding solae radiation. and wind speed

of the thixotropic, isothermic Hydric Dystrandept soil family network
were situated on slopes of dormant or extinet voleanoes in insular geo-
graphic settings. There were three sites per country. In both the United
Stares (Hiwaii) and the Philippines, the three sites were in relatively
closer physical prozzinity o one another than were those in Indonesia.
Mean annual tereperatures recorded at cach site are shown graphi-
cally by country in Figure 1. Sites in Hawaii and Indonesia have
sothermic temperature regimes whereas sites in the Philippines have
decidedly isohyperthermic regimes as their mean values are greater
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than 22°C. Temperature ditferences within a particular country were
attributed to dilferences iy elevation and positdon in the Landscape and
to both latitude and elevaton among countries.

All nine sites were considered to be udic, Adequate raimfall distribu-
ton throughout the vear prevented the soil moisture control section
from becoming dry for more than 90 days in a vear (Figure 1), The
cumulative annual rainfall increased from less than 2000 min for sites in
Hawaii o more thim 3000 man for those in the Philippines. The vange
of cumulative rainfudl vidues and its distribution throughout the year
cannot be determined from the eriteria for the udic moisture regime.
Data collected from three geographic locations for this one family likely
represents a range or sub-range within a famnily,

Transfer experiments were planted in both the wet and dry seasons,
For the most part, the planting periods of May and June corresponded
to the dry season in both Hawatt and Indonesia, but corresponded to
the wet season in the Philippines. Stmilarly, the plantings during the
period from Lue November to carly January corresponded o the wet
scasons in both Hawadd ind Indonesia and the dry scason in the Phitip-
pines. Interestngly, though, the Philippines and Hawaii are both in the
northern herasphere and Indonesia is i the south.

Tropeptic Futrustox: isohyperthermic, wstic regime. Both sites in Hawaii
were part of a network that included both Puerto Rico and Brazil. Data
sets for these Lutter sites are reported by Beinroth (1982) in the Final
Reportof the University of Puerto Rico Benchmark Soils Project.

Recorded temperature and rainfall data over the six year period (Fig-
ure 2y indicate thae both sites e in the isohyperthermice temperature
range with an ustic moisture regime, where the soil maisture control
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Fig. 2. Mcan monthly rainfall and air temperatures for the
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section is dry in some or all parts for 80 days ormore cimulative davs f
ayear. This generally occurs from July (o September.,

There is acdistinet temperature pattern for hoth Tocations. 'The wetter
months also correspond 1o the relatively cooler periods of the vear, With
sufficient moistuie aned he prevailing tradewinds, the resalting cooler
soil temperatures were adequate for potato production (MNanrique ¢l
al., 1984). In almost all instances, potato prod. tion chould be very
poor or nonexistent in anisohvperthermic and ustic covironment,
From the data shown in Figure 2, temperature at hoth sites could be
classified as thernic during the months rom Decernber to Nareh and
hyperthermic from April (o Noverber, The wet scison corresponded to
the therniie period and the diy season o the Invperthermic, The dry sea-
son of the Flhvdric Dvstcandeprs and Ty pie Paleudulis were considerably
wetter than the wet season of the Tropepte Fatrustox,

Typec Palewdults: iohy perthenmic wlie reeine Temperature daca eollected
at cach ot the seven Iocoions of the Typie Paleudult nenwork (Figure 3)
reflect the isohyperthermic repime of this soil Fanily with values ranging
from 257 16 307 Siv of the seven sites were geographicallv situared
i nearly sinilar Ladodinl posttions from the cquator. The BUK,
BPNMD, and NAK sites i1 Southy Sumatra, Indonesia, were at latitude
ISCCAM and BAK in Cameroon were at 5N: the DAV S m the Phil-
ippines was at 7N5 and the SOR site in the Philippiies was located in
southern Luzon ae 13N The low elevation of cach site and their Jow
Ltitudinal position Lkelyv contribuced o the cansistenty warier teme-
peratures,

The vean anmual temperanires of e seven Paleudali HLES WeTe very
sitilar, However, the same isohyperthermic temperanne regime of the
Futrustox familv had aomean snnmual value of nearly 5°C ower than the
Paleudults. Perhaps another temperature regime may be needed (o dis-
tinguish sites with temperatures in excess of 22°(.

Rainfall distribution records (Figure 3y indicate that all seven sites
have a udic moisture regime, Oceurrence of wet and dry seasons were
similar for the sites in the northern latitudes, ' he dry season in Camer-
oon, however, began in late October while that in the Philippines was
generally in Late December, The wet season usually started in May for
both Tocations, The wet and div seasons were at Just the opposite time
in Indonesii. As in the Dystrandept network, the rainfall distribution
records and cumulbitive amounts of rainfall show the range of hoth
within the udic moisture regime of this soil Lamily,

Weather: A Site Factor in Crop Response

The integrated effects ol meteorological parameters on crop growth and
development were considered components of the uncontrolled variables
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or site facoors oo paricalar location. Metearologteal dire collected

overan extended petiod of e are used o provide quantitiaie vilues
with which - define the climatic resimes ar these locations, These st
tistics are wsetul in determining the moisture (Crperatur e regimnes
associated with Soil Taxonome o they are not adecuate for use in
interpretire temporal etfects of ~cil moisture and Iperature on crop
response. Clinnate i an imporsang site factor in actermiming whether a
particular crop mayv he vrown with sonoe devree of suecess in the Joea-
ton where the dimatic data were collecred . Flow o er, o rops respond to
weathor and nor o dimares The velainvely sho crowing scason of
matze and most oibier tood crops requires the ronitoring and recording
of dailv metearoloun il phenomena orweatler

Teis cssential toen craber howeser, sha mformation on soil cimate
canserve onlv o nprove dhe selecrion of suitahle crops and appropriate
management abtere aonves, From the weadher dara presenced m Fienres
Fro 20 e aodb westher i partical o is o sice beor i Crop re-
sponse and pertornance. Phe variable range of the weather parameters
wrhin asoil funile nenwork nihes potentially impe,ant site £ ctor
to consider i the tansfer | rocess

Both soil temperature cnd soil moisture were considered as Hneon-
vollable site tactors and tportant oo the classification of seils at each
site, However, the notenaal loss of expertinental results due o Lack of
soth moisture wetehed heavily in de g o install o deg rigation VS
ternto suppleicnt ramfadl ac cach experiinental sice. Hence, it was no
possibic to evalvare the effect of soil moistare regimes divectly with crop
performance inothe transfer experiments. Pherelore, i the planning
and mplementation S teanster experiments and in the interpretation of
results frona these experiments, ol moisture wos assummed o be o non-
constraimnbig vartable during the growrh development of the iz
crop. Extended dronehes thaa severely Tnnited sources of irrigation and
INTCNSe SIOTIS Were duly recognized in experiments affected by sueh
nadival phenomonas Wind as a0 site facrcr was not obvious in most
expernnents oxeept i the instanee of catastrophic events such as
tvphoons that dev s taed experimental sives i the Chilippines.

Arleast two sets ol transfer experiments were planted each Ver—-one
cachin the wer and div seasons The efiect of weather staistios s site
factors can be better evaluned by exammimg both crop performance,

cogearain vieldsand crop etficieney, e, length of the growing scason,

Fhe average number of dinve o harvest toe cadls soll family and sires
within the funily was obtained from st ized data reported carlier
(Benchiark Soils Project, 1979: 1982). 1 evest dates should not he
confused with dave of physiological maturity for the entire experiment.
In most instances, those plots with higher input levels reached physio-
logical maturity carlier than the contro! and low treatment plots. For
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logistical reasons, harvest dates were scheduled when the low treatment
plote were ready for harvest,

Inwuitvely, the dry season is comprised of those months with the
greatest potental for plant growth with respeet to available natural
energy. Except for the Typic Paleadult sites in indonesia (Table 2), all
locations had higher gramn vields in a shorter duration in the dry scason,
Lower dry season yields in South Sumatricwere attributed o the short-
age of water for irrigation.,

The influence of badh the soil moisture and soil temperature regimes
during the growing scasons is shown by the carlier maturity date of the
maize crop in the warm and moist agroenvironment of the Typic
Paleadules (Table 2)0 More time was cequired for maize planted in the
cooler Hydrie Dvstrandepts and the warmer Tropeptic Eutrustox.
However, average vields in the Lter vstic family were higher than in
the other two ndic family networks.

Days to marurity for maize within o family were less hy o month or
more for the Hydrie Dystrandepts in the Philippines, the Tropeptic
Putrustox in Puecrto Rico, and the Tynic Paleudchs in Cameroon.
These locations had relatively higher mean minimum temperatures and
rainfall than other sites within their vespective soil family. Minimum
and maximum temperatures in the Philippine sites were 3¢ to 5°C
greater than those recorded in Hawaii and Tndonesia,

‘Table 2. Summary of the scasonal effects on the time of planting to harvest and
average grain yields.

Dry Wet
Maize Days to Average Days to Average

Site variety harvest yiceld harvest yicld
Hydric Dystrandepts

Hawaii Ho610 150 8758 180 7418

Indonesia Ho6 150 6773 150 5115

Philippines UPCA-1 120 6052 127 4574
Tropeptic Eutrustox

Brazil N3O 150 7597 180 7514

Hawaii X304 150 0522 180 8858

Puerto Rico X304C 120 8458 120 8183
Typic Palcudults

Clameroon X304C 90 6810 105 5707

Indonesia H6, X304C 120 6178 135 7508

Philippines Tiniguib, 120 6652 120 6174

X304C
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The influence of both sunlight and (cmperature on CroOp response can
be studied with the use of heat or thermal units. The concept of thermal
units is commonly used in temperate areas o relate the phenological
development of a crop to weather parmmeters in order to determine the
suitability of a particular genotpe o a geographie location. The num-
ber of daily thermal units (D'1UY) was caleulated using the cqusttion

DTU = [(Tmax - "Tmimy/2) - 8

where Tax and Tmin are the daily maximues and minimum aiv tean-
peratures, respectively, and 8 was the base temperature used for maiz .,
Using this cquation, mean D'1TU values of approximately 1100 and
2400 were computed for the phenological stages from planting to 90
pereent tasseling and from plinuting 1o physiological maturity or har-
Vest.

The results indicate that a genotvpe like X304, o varteny used a
sites across the three soil funilies, will vequire nearly 1100 DUU o iniu-
ate tasseling and about 2460 DFU w reach maturny no mateer where
i’s grown. However, the period of thne necessary {or the plant o aceu-
mulate these values would be a function of location and associated site
variables. By vrowing a common variety in cach soil family network
and by optimizing most soil-related lactors, a comparison of tinme neces-
sary to accumuliate these DTUs could he made,

Resulis on nuinber of davs from planting 1o tasseling were: 56 days
for the Paleudulis. 68 davs for the Dyvsirandepts, and 71 davs for the
Eutrustox. The davs to harvest followed the same order: 117 days for
KNI04C grown in the Paleudulis, 129 days in the Dystrandepts, and 155
days in the Butrusiox.,

The udic, isohyperthermic regime of the Typic Paleudults would, on
the surface, appear to be most conducive for maize production and the
ustic, isohvperthermic would be the least. This conclusion would be
correct only it qualified with statements related 1o the differendal mea-
sures tuken to minimize the effects of soil constraints.

An understanding of the integral relationship between real time
weathier parameters such as solar radiation, rainfall, and maxiroum and
miniium temperature with soil moisture and soil Lemperature regimes
defined in Soil “Taxononmy is essential (o matching crop requircments
with sotl and climaric characteristics. Reasonably good predi~tions an
potential crop perforance and length of its growing season can then be
made,

The usefulness of the soil Bunily and its associated properties for pre-
diction of crop performence is quite evident. Fven with knowledge of
the range and variability of site factors related o weather, a generally
reliable statement can be made regarding maize performance in cach of
the three soil families. However, o assess the effect of any onc meteoro-
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logical parameter to croy. response or performance is very difficult. The
collective and integrated effects of all meteorological parameters and
cdaphic characteristies associated with a site have far greater impact on
crop performance. In the following secdon, edaphic or soil characteris-
ties associated with the soil fomily will be reviewed,

Seil Properties, Land Quality, and Maize Production

A wealth of faformation is availabie in the literature relating maize pro-
duction to soil properties. NMuch of the carlier work evatuated maize
production and grain vield in relaton o soil properties and variables
assoctared primarily with natrients such as nitrogen, phosphorus, and
potassiunt. These properties include textare, strncture, and water-hold-
g capacity. In fact, according to Larsen and Hanway (1977), soil
propertics are usually so interrelated that interprecation is dithicult.
However, with o systematic approach these interrelationships of soil
properties can be organized to allow a better assessment or prediction
not only of imaize production bhut of production of other erops. The use
of Soil Taxonomy and its sofl family category allows agricultural seien-
tists to now group soils not only on soil characteristies alone but also on
climatic characteristies 1o determine their implications for crop, soil,
and water management.

One purpose for assembling high-guality pedologic and climatologic
dativis o crable asoil interpreter o predict reasonably accurate soil
and crop performance datas A key element in obtaining interpreted per-
formance data is 1o matek land qualities (o crop requirenients. A land
quality is o complex attribuie of a soil unit as it appears in the land-
scape. Normally, acfand quality defies direct measurement; it is usually
arrived at through the svndhesis of a number of individual soil charac-
teristies (iutecpretation of pedologic data) and their interactions with
cach other. Frosion hazard, for example, is a land quality that results
from the interaction of slope angle, slope length, permeability, soil
structure, rainfall intensity, and other characteristics. Because it is the
aggregate of such interactions that controls crop performance and soil
management, it is preferable o evaluate soils in terms of land qualities
rather than in terms of individual soil and land characteristics. In the
following discussion, land qualities and the concomitant soil manage-
ment requirements of importance o maize production are estimated
from the differentiae defining a soil family and the accessory properties
of the taxon.

Characteristics of the Three Soil Familics

Thixotropic, isothermic family of Hydric Dystrandepts. Phosphorus defi-
ciency is the most frequently encountered limitation for maize produc-
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tion in this soil. While phosphorus deficieney is common in many soils
in and out of the tropics, the inordinate amount of phosphorus necded
to correct the deficiency venders this problem unique o the thixatropic
families. This soil bas a high afinine for phosphorus so that fertilizer
phosphorus becomes “lixed™ and is unavailable wo planes. Thixotopic
families are generally high in oreanic nitogen: even so, maize vesponds
to fertilizer nitrogen. indicating that the organic nitrogen 1s not casily
minerahized o mmonia or sitate nitrogen. Although soil ferdfioy is
serious imitation 1o maize production, nutrient deficieney can be cor-
rected, and the potential for crop production becomes moderately high
when this imitation is removed.

Thixotropic Lunilies of Hyvdric Dyvstrandepts requive Large quantities
of lime to raise the pH: but, because of the high bultering capacity,
which resists pH change. lininig 1o achieve high soil pH s not recom-
mended. Overliming is cosdy and frequently results inreduced maize
vields in this soil Tt A soil pH of 5.2 18 generally adequate for maize
production on Hy frie: Dyvstrandepts i calcinm exceeds 2 meq/ 100 ¢
soil.

Hyvdrie Dyvsirandepss are casily tilled and highty prized for their
excellent phyvsical properties. The soil compacts readily under applied
pressure but resists aturad compaction and consolidation during dry-
ing. Compacted traflic Lines recover cood tlth atter dllage.

Intensive cultivadion on steep slopes is common on Hydrie Dvsoran-
depts, attesting o the nonerosive feature of this soil, This soil will erode
it abused, hut, all factors being cqual, Hydrie Dystrindeprs must be
considered one of the least crodable soils.

Clayey,  havlinitic, vsohyperthernae family of Aiopeptec Futristox The
amounts of phosphoras available depend on past management and on
the nature of the parent rock. The amount cannot be inferred from the
taxon niune. Qualitanyve statements can be made, however, about the
degree of phosphioras fixation in the soil. The Eutrustos of the clavey,
Kaolinitic fonily have o low-to-moderate phosphorus-fixation capacity,
Combined with the weakly acid character of this soil. Eutrustox require
moderive amounts of phosphorus fertlizers o produce maxinim
matze vields.

The high infiliration rates and permeability of Futrastox allow field
work o begin shorthy atter heavy rains. Tratficability of Futrastox is
excellent Alsol the level topography associated with Eutrastox is favor-
able for mechanized crop production.

Surkace vunoft occurs only under conditions of very heavy rainftall,
The high water permeability of Futrastox and the level topography fur-
ther reduce the crosion hazard. Hail is extremely rare. In an isohy-
perthermic soil temperature regime. storms and torrential rains, how-
ever, are severe hazards to crop production.
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Because of the low cation-exchange capacity of Butrustox, the abso-
lute amounts of potassium retained in the soil are small and may be
depleted under prolonged cropping. Since there are no or few primary
minerals that could weather to refease bases, potassium fertilizer is
required for sustained crop production.

Lutrustox are readily workable due to the stability of soil aggregates.
When dry, however, the surface soil has a tendency to harden. Tillage
operations, theretore, are best performed when the soil has a4 moisture
content midway between field capacity and wilting ponat,

Clayey, kaolimtic, tsohyperthermue famaly of Typie Paleudults. Because these
sotls are highly leached of bases and have lidde or no weatherable min-
erals, there is good crop response o phosphorus, nitrogen, lime, and
the macro- and micronutrient fevtilizers. Compared with the Dystran-
depts, moderate amounts of fertilizer phospherus are required. Subsoil
acidity and low fertility are the major constraines to erop production in
this soil. "These soils require nutrients such as potassium, calcium, and
magnestum because bases have been leached from them. Because of the
clayey particle-size class, the subsoil has o high moisture-storage ca-
pacity.

Although extractable aluminum is not expected to be high in the
Paleudults with low activity chays, it nevertheless may range from 1o 3
meq in the upper portions of the argillic horizons. Maize is not as sensi-
tive to aluminum as are sovbeans or cotton: however, it is more sensi-
tive than crops such as pineapnle or tea.

Aluminum toxicity must be reduced o olerable levels (less than 40
pereent aluminum: saturation). Lime is generally required 1o correet
aluminum toxicity and frequentdy o correct calcium: deficiency. An
application of 1200 kg CaCOq/ha is generally applicd to neatralize 1
meq of extractable aluminum. Complete fertilizers containing nitrogen,
potassium, phosphorus, magnesivm, and the micronutrients must be
added.

Soil workability varies with surface textures, In clavey families, deep
tllage is olten necessary 1o promote deep rooting, However, 1f acid,
infertile subsoil is brought to the surface during deep dllage, lower
yields can occur without proper management. ‘lo avoid this problem,
subsoil ripping is recommended. Correetion of subsoil acidity remains a
serious probleny in dhis soil.

Unlike the Hydric Dyvstrandepte, Typic Paleudults on steep slopes
are subject to erosion, and it is very difficult o reestablish vegetation
because the exposed subscll is extremely infertile. Soil conservation
practices should be an integral part of Paleudult management.

Isohyperthermic families of Paleudults are free from the hazard of
hail but may encounter problems with high winds (typhoons). More
importantly, the warm and humid climate indicated by the famnily name
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should alert planners to o probable high incidence of plant discases
(Chapter 8).

In summary, the agroenvironment, as used in the contest of the
Benchmark Soils Project, is an environmental niche for agricultural
production described by the nomenclivure used in Soil Taxonomy. Soil
properties and soll climate criteria used o define the soil Fanily cate-
gory were used o charvacterize an agroenvivonmental niche, These
properties are referred to collectively as site chamacteristies and have
measurable values that can be related o requirements for maize pro-
ducdon.

Although Soil Taxonomy defines boundaey values for the range of
soil temperatne and soil eoisture regimes, the user should he cogni-
zamt that these are average o representative values, There are o range
of values for temperature and moisture (raanfall) that are uwed o obain
these average values as shown tor the three soil funilies of the Bench-
mark Soils Projeci. Results over the ife of the project mdicate that
maize production was hest in the clavey, kaolinitic, isohvperthermic
Tropeptic Fatrastox (ustic ), provided sufficient moisture is available.
This was followed by the davey, kaolinitic sohyperthernie: Typic
Padeudules (udic), provided soil ac idity and plant mutrients are not
Itmiting factors, Finallv, the thixotropic, isothermic Hydrie Dystran-
depts (udicy had the next hest maize production, provided soil acidity
and phosphorus ire not constraings,

Sotl constraints camy by inference, be identified from information
contaimed i soil survess and the resalting soil classification. Both serve
as a basis for establishing o soil resouree inventory that can be related to
laad qualities for land evaluation and land use. Based on similarity of
soils and the agroenviromuent defined by the soil family, the concept of
analogue transter can be utilized cifectively by users for agricultural
planning and development.
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Mui'/.v (Zea mays 1) with its many diverse tvpes s aowidely distrib-

ated food crop cuttivated o rnee ol aeroenvironments from the
cauatorial tropics o Tatitudes of 90 degrees i the temperate zone,
Gram vields, however vary considerably among the ditferent regions of
the world as well as among countries. In weimperate-zoned countries,
such as the US0or Yugoslavia, where nsize production s modernized
and characierized by high inputs, vields range from 1 o 6 metrie tons
poerhectre. Incontrast, vields ofonly Tineie ton per hectare are quite
common in many of the less developed countries (1LDCY in tropical and
subtropical Asiacand Avica that practice naditional, low-input farnming
(Bourell, 1979,

Improvement of agricaltural productivity in the LDC implies a
change from a nataral resource-hased agriculture to a science-hased
agricudture. This transtformation can be catalyzed it the LD cias capn
talize on the full range of scientific knowledge and agriculiral expertise
generated celsewhere in the world. Since agriculiurad vesearch and pro-
ducton technology are very location-specitic with respect o the envi-
rommental variables of soil and climate, any systematic method for
transferring information must incorporate these two variables if there
are o be meaningful and applicable tansfers (o the 1LLDCL Sail Tas-
onomy, the U.S. system of soil classification, combines hoth into one
comprehensive system and consequently has the potential for facili-
tating “horizontal™ wransfers of knowledae—ie.. the transfer of ex-
perience from one experiment station to another at a scieniific level.
Horizontal transfers specifically involve soil management and crop pro-
duction practices such as fertilization, tillage, irrigation, crop species
selection, crop protection, and stand establishiment (Beinroth et al.,
1980).

In the lifetime of the Benchimark Soils Project—{rom 1975 10 1983 —
maize fertility experiments were planted throughout sites of three soil
family networks encompassing six countries. In addition, maize variety
and other management experiments were conducted (Beinroth, 1982,
Benchmark Soils Project, 19784, 1979, 1982a). All of this represents a
tremendous amount ol ficld rescarch experience. While the major
emphasis of the project was to quantify the relationship of crop
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response-to-soil managenieni mput, much knowledge was also gained
in the arca of maize production. Sites within a soil family network were
recognized to hehave as o single management unit, thus leading 1o o
better understanding of the kinds of information that are tansferable
among sotls of the same soil Fanily taxa. In this chapter, agronomic
experiences of the Benchiark Soils Projectare related in the context of
the distinet agrocuvironments of the thyee soil Ennily networks inorder
to demonstrace the inherent poterdal of Soil Taxonomy o facilitate the
transter of agroproduction technology smoag topical and subtropical
countries.

X304C—A \\'cll-:\duplcd Variety

It would hunve heen advantageous i ar the start of the project in 1975
there abready was available provens well-adapted maize variety for
cach soil Luudy network, This wonld hoe climinaed any variaion in
vield responses caused by difterendial genotvpe responses to the con-
tolled variables of nitrogen and phosphorus in the transter experiment.,
Alter five vears of ficld experitnentation, however, the project had just
about identified w = universal™ variety, surprisingly the search was
not too panstaking. By 1981 o single varien: was being planted in trins-
fer experiments throughour all sites of. no one, but two soil family net-
works and in halt of the <ies in the thind nenwork. This was Ploncer
brand variciy N0,

NBOIC was fiest tested i o iz varteny tial o the Tropeptic
Futrustox site of tsabela, Paero Rie o md- 1970 T viclded 9.8 met-
rie tons/ha ol grain, which wis the highest of 16 varieties, In subsequent
trials in Puerto Rico and Brazil, Noo4¢ was consistently ranked in the
top three catezoryand, on chis Dasis, was selected as the test varery lor
these two countiies in Lige 1977 (Beinrath, 1982).

I mnid-1978 he Tropeptic Eutrustos sites of Molokai and Waipio in
Hanwadi became operational. On the strength of s performance in
Pucrto Rico and Brazil and s reputation of heing o consistent per-
former in vy conducred by the Universiy of Hawaii Agricultural
Experiment Stdions, NS0 was also selecred as the est varicty for
these sites, Mean grain vields were very satistactory in the first transfer
experiments, reaching 9.0 and 1000 metric tons/ha at the NMolokat aned
Waipio sites, respectively. The Tropeptic: Eutrustos network thus be-
catme the first to plant o single variety throughout all sites.

Results of additiona) varieny reials on the other soil familices {(Santoso,
T8 1) were indeed very encotraging and opened the way for planting
N3Ot the Tyvpie Paleudult sites i Baromin Nang, Cameroon, and
in Bukit Kemuning, Indonesiz, in November 1980, A year Liater all the
Typic Paleudult sites had converted (o N304C, Morcover, N304C was
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also outperforming the local selections in paired transfer experiments in
the Hydrie Dystrandept network. With such results, X304 displaced
the local vavieny at all of the Philippines” Hyvdrie Dystrandept sites in
1981.

The wide adaptability of XS04C is quite iriguing. Teis a tropical
single cross hvbrid that has been commercially availiable for approxi-
mately 16 vears through Pioncer Hi-Bred International. eis known for
its above-average tolerance o nsect pests and to heat and drought
stress, Teis also resistant o sowthern corn leal blight, southern rust, and
corn stunt diseases. Several major atributes of this hvbrid were recog-
nized by the Benchmark Soils Project personnel:

. Seeds are conmmerciallv available andare of high quality.
CHeis uniform in emergence and tasseling,

1

2

3. The stadk is strong and net prone to lodging

4. s less sensitive to seasonad chanees than other hvbrids.,

). The hard, flint kernels ave resistant to damage caused by grain
bugs, carrot fungi, and birds,

6. Itis moderately resistint to northern corn leaf blight,

7. It is susceptible to downy mildew hut the discase may be controlled
with metalaxyl, asvstemie fungicide applied to the seed.

Maize Pests

The case of the doveny niddews. "The downy mildews are a very destructive
pest of maize in the tropieal regions. OF the nine species that are known
to infect maize, four species are of major economic importance in the
tropics (Weltzien, 1981 Shurtlett, 1980Y. Peronoselerospora sergar (West-
ernand Uppal) C. Go Shaw, commonly called Java downy mildew, is a
systemic fungus of great importance i Indonestas where it can reduce
grain vields by as much as A0 peveene, 12 Plalippinensis (W ston) GG
Shaw, known as Philippine downy mildew, oceurs in India, Indonesia,
Nepal, and possibly Africa, but is most danaging in the Philippines,
where its incidence may commenly be as high as 80-100 percent with
vield Tosses of 40-60 pereent (Renneth, 1981). This discase is so serious
that the major criterion for varietal adaptation to localities in the Philip-
pines is whether the variery is downy mildew resissant or not (PCARR,
1976).

[t is no wonder that in 1971, betore field experimentation hegan, the
project stalf in- the Philippimes and Indonesia was advised by consul-
tants that this devasting fungal disease would render maize unsuitable
as a test crop. However, it tirned out that the Hydrie Dystrandept net-
work first established by the Benchnark Soils Project in these countries
had an envivonmental quality that did not permiic the downy mildew
organisim (o flourish. Downy mildew is nota problem in isothermic (soil
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Downy mildew ( eronasclerospora spp.) caused  severe
damige 1o maize in the warm, hunid covironment of
the Pvpic Palewdults, hut relatively slight damage in
the cool, moist environnient of the Hyvdrie Dvstran-
depts.

temperature regime of 15-227C) environments. On the other hand, in
the second network of sites established in the clivey, kaolinitic, isohy-
perthermic fanily of "Tvpic Paleudults, this disease Wit a serious pest.
The isohyperthermic (rreater than 22°C soil temperature regime) and
udic regimes [avored this organisin,

The lesson learned by the Benchmark Soils Project personnel s sup-
ported by epidemiological information for 22 philippinensts, Optimum
conditions tor conidial production, germination, and infection are free
moisture on the leaves at might with air temperatures of 21-96C;
(Shurdetf, 1980). 11 soil-horne oospores are iemajor source of inoculumn,
Kenneth (1981) concluded  thag long-term optimuim conditions for
downy mildew epidentics include soil temperatures up to 32°C wet and
warm nights, and 1 wetness period at temperature riges up to 30°C
during davtime.

In a sense the project staff rediscovered what has been known to plant
pathologists. What is new is that we are now able o relate what is
known to pathologists to named kinds of soil cnvironments. It is know-
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ing these kinds of relationships that enable people to transter knowledge
and experience mnong widely separated locations in the ropies. We can
now state with some deeree ol confidence that downy mildew will not be
a serious problem in any soil with an isothermie or cooler temperature
regime, but is a potential problem in environments with isohyperther-
miie (warm) and udic (humid) regimes.

Sureey of pest occursence. ' The Benelmank Soils Project experience with
the downy mildews Erought on o quick realization that the soil fanily
unit could be used Tor tansterving inlormaion other than that directly
related to soil management. 1o further substantate the sotl fanuly's
utility in tanstferring information about crop protection, i survey on
maize pests throughout the Benchmark sives was compiled in 1982,

In the survey the pests were given oseverity vating of N they
were present at the site but were of minor importance, and @ "S7 rating
il they posed o major threar o the crap and ceuld cause appreciable
losses (ereater than 5 percent) in grain vields, There were alew prob-
lems in completing the surves, such as proper identification of the pests
and subjective hiases in the observer's qualitative ratings, but neverthe-
less. the survey was effective in sunmmarizing the experiences of the
Benchmark Soils Project personnel and the distribution e imiportance
ol maize pests in the networks,

Pest probles usually differ considerably from region to region, but
there are some pests that are widely distvibuted throughoat the inaize-
rowing regions of the waorkd (Battrelll 1979) In the surves, carwanns,
cutworns, grasshoppers, and aphids were found 1o be common to all
sites, Hlowever, onlv one particulan species the corn leaf aphid t Rhopalo-
siphunt maidiy Fieehy, was adentified Al the sites. Inogereral, these
insects were of minor huportance with the exeeption ol carworins,
which caused serious indestations at tmes i the Philippines and Caane-
Lroon.

When all the sites of the three networks across the four collaborating
countries were considered, the strtitication ol maize pests by soil Fan-
ilv wits not evident, Uhe region-specific nature of many of the pests plus
the qualitative navuie of the vanmgs were the major constraits. For
exaanple, the stradfication of downy mildesw by sal fornily could not be
completely veritied since the disease 1s nonexistent in Ciameroon (''ypic
Faleudult nenwork) aned Tawadi (Hyvdrie Dystrandept netwaork). Need-
less to say, cotparisons between soil family networks within a country
showed a higher degree of stratificinion, The sarvey results tor the indi-
vidual locales of Thwaii, Indonesia, and the Philippines are presented
in the tollowing sections, Cameroon, which had s share of pest prab-
lets (corn carworns, corn borers, rodents, and birds), has been
excluded in the discussion sinee sites of only one network existed in the
country,
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Hav oo All Gie maize discases recognized in Hawaii, except lor com-
mon smut (L maydiy), ocearred weall sites of both soir funities (Table
Iy, However, the severity of the disease attacks was generally greater in
the coorand woist covivonment of (he Hydre Dystransdepts. Commaon
smut, which Gvors drv conditions and temperatares heoween 26 and
3170, was notecably absent m the cool, moist environment of the
Dystrandept sites,

Discase vatings within o soil Lantly network were very similar i not
the same The only differences sweie i severiny ratings for northern leaf
blight (/1. trrcrcm ) and cormmon majse vust (£ smghi) for the Tropeptic
Eutrustox sites. Novthern e blicht neny huove been more vrevalent ar
Molokai since the air temperature theve was slighidy cooler than
Waipio. Severe outhreaks of rust ar the Waipio site usually occuried
during the dry season months when cabn o moderare winds, treh vela-
tve himidities, and winn fomperiuies prevaded. The high wind
speeds of NMaololai, a charactcrisgie ol that site, nay have been a deqer-
ring factor to rust mfecion sinee ghis disease wias observed onlv after
wildeane winidbreaks were established. Te should he noted tha rust
imfestations, which are cihaneed by cool wmperatures (16-23 (1) and
high relidive hunidities (Shurdetl 1980) were not o problem in the
Hydric Dyvstrandept sites becnose the matze variets HO 1O used in the
Iranster experinent was rust-resisiang

The scasonal variaion i weather had o pronounced effect on the
incidence of diseise infection at sites of hoth soil funilies, For example,
outhreaks of novthern ceal blight disease, which s promoted by moder-

Table L. Maize discase incidence and severity rating for four Hawaii sites.

Tropeptic Hydric

Lutrustox l)yslr;mdvpls
Discase MOL WAl IOLE KUK
Connmon smut (strlago maydss [ Gy hY| AY| Q) (@]
Ear vots (Gibberdla roseum {1, sp. M M S S

cerealty [Che. | Snyvd. and Hans.)
(Frusarum moniliforme Sheld)
(Penicithon sxalicum Carrie Thom)

Conunon maze rast ( Preccinin wrght Schaw,) M S M M

Northern leat blight S M S S
(Ilr'/mmflm\/mmuu frecum Pass.)

Stalk rots M M M M

(Gibberella zear [ Sches | Petehy
(Dipladia maydis [Berk | Sace.)

Key: O™ = pest not observed at site
A= pest of iinos Hnportance
“8™ = pestol major importance
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ate teriperatuares (18-277C) and heavy dews were more prevalent dur-
ing the wet season at the Tropepue Futrustos sites. Interestingly, blight
mfestations at the Hvdrie Dvstrandept sites were less severe during the
wet season because the accompanving cooler e trnperatures were
below optitnad. However, car rots boecame amiajor problen:, especially
G roseum, which thrives in cool, wetweadher (Shurdeft, 1980),

The inseet pests were much move stratfied by soil Lundly than the dis-
cases (Table 2). The corn planihopper (77 mandis), tound at low cleva-
tioiis on all the major slands of Hawai, did not usaally extend mto the

isothermie sites of Tole and Kukoau, which were ocated at elevations of
approxanately SO0 meters. Sighangs of planthoppers at Tole occurred
only twice durimg unmusually dey periods of sunner. Red spider nites
(1" commabarines and 1D tenedis) thrived i hoi and diey weather conei-
tions hike that found an the Fatiustox sites. Mites were usually seasonal
at these sites with tew infestatons durine the cooler months of the wet
seison Fire anes (87 gominata). althougeh nor o pritnary pest of maize,
were o common nusasce mnthe plots ac the Burrustox sites as they
enlarged the crnitrer orifices o che drip rteation tabing. Their nesting
range excluded the cool iamd constantly moist sotl envivonment of the
Hydrie Dysorandept sites. The Ghinese vose beetde S ldoretis siniews Bar-
meister) was potentiadly very destructive ac the Futrustox sites, espe-
cially at Wiapio. Beetle population nombers were not as high o the
Dystrandeptsites, vrobanly because of the cool envivonment.,

The only destrucave snseet ac the Dyvstrandept sites was the cutworm
(Agotis spoy. Larvace numbers in newly planted experimental blocks

Table 2 “aize insect incidence and severity rating for four Hawaii sites.

Tropepric Hydric
Eutrustox Dystrandepts
Insccts MOL WAL IOLE KUK
Corn planthopper (Peresrines maidiv Fiieh) S S M O
Red spider mite S S O O
(Ptran «chus cinnabarine Boisdaval)
(Ftranychus tenidis Banks)
Ants (Solenofsts gemineta [tabricius]) M M O 0
Chirese rose beetle S S M M
(Adoretrs sinteus Burmeister)
Cutworms (Agretiy sp.) M M S S
Aphids (Rhopalosiphon masdis Fieh) N he! M M
Corn carworm (Heliothis zen Boddice) M M M M

Key: O = pestnot ehserved ar site
“M7 = pestof minor importange
S = pest of nejor importance
87 = pest of major l
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Table 3. Persistent weeds at Hawaii sites by soil family.

Tropeptic Eutrustox

Hydric Dystrandepts

Convolvndus arvensiy 1,

Amaranthus spinosus 1.,

Ageratum conyzoide 1.,

Lrechtites livracifolia (1.,

Common to
both familics

Bidens titosa 1.,

Enulia sonchifolia 1..

Rt
Ipomea triloba 1.,

Killinga brevifolia Roub, Sonchuy oleraceus 1.,

AMomordica charaniia var.
pavel Crantz

Cyperus rotundus 1., Cyperus hypachloras Thilleh Digrtaria sanguinalis (1..)

Scop.
Cenchruy echinatns 1.. Setaria glauca (1..) Beaur.

Chlorts barbata Swartz

were high, especially ar the Tole site, and if not controlled, losses of seed-
lings reached as high as 10 percent. The thick, grassy vegetation grow-
ing in blocks prior to planting probably supported w high population of
this pest. Larvae carrvover at the Futrustox sites wits negligible since
vegetative growth was sparse hecanse of the dry conditions.

Since the two soil familics are in distine climatic zones, the weed spe-
cies of cach soil famity were very differend (‘Table 3). Weeds of the "Tro-
peptic Butrustox sites are adapted o dry habitias, whercas those of the
Hydric l)ys[r;mdcp(\‘ prefer moist environments. Bidens prlosa 1., Frilia
soncitfolra 1., Digitaria sanouinalis (1..) Scop., and Sonchus oleraceus 1.,
have wide ecological adaptations and were found in hoths soil families.

Hurdus (1979) quantitatively characterized the weed communities at
the Molokai and Waipio sites and found that the weed species of these
two ‘Tropeptic Eutrustox sites were very similar. Of the 17 weed species
found on Molokid, 12 also occurred at Waipio, Oahu. B. pilvosa, S olera-
ceis, and Frichachne insularts were Tound in all of the 18 areas sampled at
hoth sites, for a constancy rating of 100 percent. A fourth species, Rhya-
chelytrum repens, had a 94 pereent rating and three other species had per-
centages higher than 65: £ sonchifolia, 72 pereents pomea triloha, 72 per-
cent; Haltheried americana, 67 pereent.

Tudonesia, As previously discussed, downy mildew (Peronosclerospora
spp.) was prevalent at the Typic Paleudult sites but not at the Hydrice
Dystranddept sites (Table 1). Only at one Hydric
LPH, « re there occurrences, and even then, the dirnage was less than
I percent. The downy mildew infestations were more severe during the
wet months of December and January., o other diseases, common

Dystrandept site,
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Table £, Maize discase incidence and severity rating for six Indonesian sites.,

Hydric Dystrandepts Typic Paleudults
Discase I'TKA PLP .PH NAK BUK BIPMD
Downyv mildews ) (@) hY | S S S
(Peronmelarospora maydts
fRac] GGl Shaw)
(P phihippenenses [Weston |
.Gl Shinwy
Clotimon maize rust @ (@) O M M M
( Puccinia woreln Schw )
Connmon st 0 @] O M M M
(U vtlago maydn U] Cidan)
Southern leat blight S S N M M M
(Helminthosporaon maydny Nisik)
Stalk rots A} M M O (@) O

(Grdheralle zvar [Schw | Pewchy
(Diplodi maydis [Berk ] Sace )

Reve =07 = pest not observed at site
SN - pest ol ninon importanes
CNT = pest ol magon imporanee

maize rust (P sorehi) and common smat (U maydis), were also specitic
to the warmer T'vpic Paleudult sites,

Southern leaf bliche (/1 maydiy) and the stalk rots (Cihberella sp. and
Diplodia sp.y. on the other hand were found o be greater pests i the
Hydrie Dystrandept nenwork. Incidences of both diseases were more
severe during the drier months. The occurrence ot the stalk rots in the
Dyvstrandept sites could possibly be velated 1o the heavy southern leaf
blight infestations that predispose the plavts o stalk vor (Shurtett,
1980).

The majority of the insects in Indonesia were common to both -
lies and only of secondary importance. The corn borer (Ostrinia nubitaliy)
was noticeably absent at the Hydric Dystrandept sites, although out-
breaks did oceur qu the LPH site when insecticides were not applied.
The test variety N3O for the "Typic Paleadule sites was also much
more susceptible to borer artack at hard dough stage than the Toeal vari-
ety H6 grown at the Hydrie Dystrandept sites. Corn carworm (1. zea)
and aphid (R, maidis) infestanons inereased during the dry season.

The Philippines. Downy mildew (2 phiippinensis), v major discase
problem in the Philippines. was o severe problem only at the Typic
Paleudult sites. Ninor infestations were observed in two instanees at the
PUC and PAL sites of the Hydrie Dystramdept network, Weather data
collected at these two sites showed that they are actually o the isohy-
perthermic, rather than isothe- »ie, temperature regime. The other dis-
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Corn carworm (Heliothiy =va Boddie) wias o destructive
pest across the three sojl fanily networks.

cases observed i the Philippines were the same as listed for Hawaii
(‘Table 1) but also included southern leat blight (1. maydis) and pvthium
root vot (Pythion sp.y. These discases. all deemed of minor importance,
were teund arall sives of both soil Families with greater infestations
occurrmg during the wet season .

Similarlv, there was no cear-cu stratification between soil families
with respect 1o insect pests. The degree of damage caused by some
insects (borers and carworims) were associated more with the prevailing
weather conditions, particularly vainfall, at tasseling time. Corn car-
worm (Helicorerpa anmiserra Flubner) and comn seedling maggot (Atheri-
gona oryzee Nallock) were pests ol major importance. Corn borer atacks
were the most severe and could cause an estimated £0 pereent loss in
vields. Cutworms, grasshoppers. and aphids (R maydiy) were minor
pests at all sices.

Soil Fertility Management

Phosphorus. The ph()sphorus-m)rpli(m curves of sclected sites of the
Hydric Dystrandept and the Tropeptic Eatrustox networks presented in
Figure 1 illustrate two points. First, sites of the same soil family dis-
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Fig. 1. Phosphorus-sorption curves.

plaved similar hehavior regarding phosphorus retention as indicated by
the similarity of the shape of the curves, The displacement of the curves
to the right was duce o ditterences in the imtal phosphorus levels in the
sonl caused by previous namagenent practices. Second. the family of
Hydrie Dysirandepts, as s thixotropie property nmplies, can adsorb
greater quantties of phosphoras than the Tropepue Eutrastox and
Tyvpie Paleadule Bmidres

The phosphorus teralioe status of the experimentad sites within a fam-
iy network varied asaresalt of prior cropping practices. High levels of
residual phosphorus could even be found at sites of the Hydrie Dysoran-
depts in Hawait and Indonesia where intensive cropping ol surarcane
and vegetables imvohved heavy applicatons of ferilizer and animal
manure, respectivels Newlv-opened sites with no previous cropping
history, such as i Jaha, Braal, of the Tropeptic Eatrastox ily, gen-
erally had the lowest Tevels of available phasphorus. As such. the
response of maize 1o apphed phosphoras tertihizer was site-specitic. Fig-
ure 2 shows the range of the phosphorus linear response coetficients of
transter experunents nsing o modified Truog test (Appendix F) o miea-
sure avatlable phosphorus i Hyvdrie Dvstrandept sites,

The amounc of phosphorus applicd at the nddie coded Tevel is isted
for several sites of the three neoworks in “Table 50 The rates were deter-
mined by the moditied Truog extraction curve method using the value
of 25 ppmas the +1 coded value (Chapter ). As can be expecied. much
morve phosphorus was required in the Hydrie Dystrandepts than in the
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other two families, Sites with already hich available phosphorus
required verv litde or no phosphorus acall,

Potassiion. Sites of the Tropepte Furrustos netwark did not respond to
applicitions ot potassivm fertilizer. Potssinnm wis originallv e
ment factor in the ranster experiments for this neowork, but the resulis
of the st six maize experiments conduered anthe Isabeli, Puerto Rico,
and Jaiba, Brazil, sites showed no viekd response 1o potiassium apphica-
vons ranging from 20 (o 230 Re Kehoo Inofact, vields at tines declined
with applicaions crearer than 125 o Kb (Benehiark Soils Project,
F978a). Similar tesulis were also obtained A Waipio, Hawaii, in o NPK
IMANAEement experiment

The exchangeable Kolevel of the surfuce horteon was Approxinuely
0.5 meq/ 100 o soil tor the Brasl and Procrto Rico sites, The K Tevels
were much bigher for the Tlasw i ~jres, ranging feom 1010 5 meg K
HOO g sotl where previous manaeement pracuices included heavy feril-
ization. Because the Futruston soils e Hnned quantities of potas-
siun-containing waterials and their tob producion potential is high.,
the available potassium supphy can beconie depleted quite rapidly with

continuous cropping.

2500 i .
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Fig. 2, Relationship between sire specific Plinear response cocfficients
and extractable soil phosphorus,
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Table 5. Extractable soil phosphorus (Soil P) and phosphorus (P) required at
the middie applicd PP rate for three sites of cach soil family.

Hydric Dysteandepts Typic Palcudults Tropeptic Eutrustox
Soil P P Soil P p Soil P P
(ppm) (uy/g) (ppm) (He/g) (ppm) (Hg/g)

3.7 [KIN; 2.4 1 8.5 25
6.7 7 5.7 25 17 12
15 22 14 12 25 0

Unlike the Tropeptic Eatrustox funily. the Hydrie Dystrandepts and
the Typic Paleudults responded to applications of potassiuun, Manage-
ment experiments condieted in Indonesia and the Philippines indicated
that an application rate of 100 kg K/ was necessary 1o obtain maxi-
mum maize vields (Benchmark Soils Project, 1978a). Potassium, how-
ever, was not s limiting as nitrogen and phosphorus ac these sites. In
general, exchaneeable K levels for the surtace horizon of these two soils
were approximately 0.1 10 0.3 meg K00 g soil Thigher levels were
measured i the site had achistory of heavy feralization,

Lime. The apphication of lime was mitiadly considered as 4 treatiend
factor in the transter experiment for the Hyvdrie Dystrandept network.
However like potasstiun i the FEatrustox network, Time was found o
have no effect onmaeize performance in this network. ITn some cases,
vield Tosses oconrred when application rates reached 1200 ke CaCOy/ha
Or Ihore.

The soil reaction of the Hvdeic Dyvsimndepts was generally strongly
acid, ranging in pH owarer) o L6 o .60 Tnospite of this and a base
saturation of only 2 10 15 percent. the level of extractable alumimum was
fow with the exchangeable calennm Tevel correspondingly high Extract-
able adumintn levels were Tess than 001 meq 100 ¢ soil for the Hlawaii
andd Indonesia sites and somewhat higher a bomeg/ 100 g osoil for the
Philippioes sites. Fachangeable calcitnn, on the other hand, ranged
from 2 (o 6 meq 100 g soil which was sufficient 1o supply adequate
antounts of calcium o the cvop (Benchmark Soils Project, 1978:)

Aluminum toxicity was nota problem in the other two networks. The
ptlof the Typic Paleadulis vanged from £5 10 5.0, amed the Tropeptic
Eatrustox with ies hicher hase sataraiion had o pH orange of 5.0 10 6 0.
Exchangeeable calcinm levels of the surtace 15 e generally ranged from
210 8 and 4o 10 meq 100 g soll, respecively

As i precautionary measure to ensure that soil acidity did not become
a limiting factor in the vansfer experiment, i warranted, lime as
CaCOry was included in the preplant blanket fertilizer application. In
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the Hydrie Dyvstrandept nenwork, Tine wis applicd only when the KO-
extractable aluminum content wis greater than 50 pereent ol e effec-
tve cation-oxchanue apacitn The e rare was bosed upon one-and-:o-
halt ties the amouns of et nible Aunnnun, The hich bullering
capacity ol this soil made e timpractical 1o achieve desteniaed pH
level ol aronnd 5 5o b,

In contrase, e apphcaton loy ihe Tvpe Paleudalis and the Tro-
peptic Fuoustos which liave oo Jower cation exchange capaciry,
wits hased on the Lononm vequinted o ranse sofl pH o 5000 T was neces-
sarv o apphy e ol dhe Thacaii and Puerto Rico sttes where pas
nanagement pracices sienthoanthy lowered the surlace pH. For exam-
plecat the Calero wie (ISA 5 in Paciio Rico + history ol ammoniung
sulbate fertlization for <uoarcane production resulied in a phEas low as
1Y
pho 0.0 Gnd resulied in e h Hunproved maize vields (Bemroth,
1982,

CThe application of line aca rare o 6 theq CLd t00 ¢ sanl adjusted the

(Imp M;m;xgcmcm

The tanster experiment was desiened so thae all controllable factors
such as irrigation, plant protection, plant densite, and other nutrents
were maintained near optimun levels for oy of the treatment eftects
obapphed phosphoras and nivrogen fertilizer, Field operations, data col-
lection, and dara processing followed stndig died procedures and

cutdelines (Beachimark Soils Project, 19825y 10 ensure the stnilarity of

In s transter experiment the Sorsogon site in the Phil pines, application
I Iy

o P awas necessary 1o obain hieh viclds, The-0.85p plotreceived 12 ky and the
opt P plot 82 ke Piha, Botly plots received 186 kg N/ha,
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managciment pracices throughout Wl sites of a Gunily network. To say
the Tease, the nuplenentinion of the transter experiment was an enor-
mous tash . and the soccesstutl quantitative verficaton of the transfer
hvpethesis marks dus efforcas astemihicant nalestone m agronomice field
vesearch history,

The establislnnent ol e good stand ot snaze plints i the experimen-
tal plets was the hiest step tooataan vesubts of hiehe qualing. Te mvaolved
wany aperaions sich s lind dlearing, eronnd preparation. planting,
and traning. Phe experiences encomnntered by project personnel i
one soil Lty network sere not necessandy the same inanother net-
work, and thevehy deariy demonsoaned than coen sorl famnly grouping

was nndecd o distimanmanecinont unat

Land preparaton: Site leanme g the mmtal preparaton of e Lind
was acemnphished by maconmerss while regronth of seoetaton nnareas
desienared o espernmer ol Block- was nsaally cleaned mnad!y widh
nnplements such as macheress tabes and hoes s T dleang wie a
mich more diticals sk o dhe Pivdne Dyvsomndept and Typre Paleu-
it neovorhs swhere the moistenviromunent supported husuriant growdh
of the weedy vegetanon, One of the hoavdest weeds to remove was a
avass, St cylendiad, which was the donmant plaat species i the
actdomtertle Popre Palewdudo siees o Indopesi and toacdes e degree,
qnthe Phihippines, Ghphosaee herbictde s v extonsively at most
sites ton k] dhie weed gronth prior fo dle e howevers s etfectiveness
wos sornew liat compronsed snothe most environments ot the Fhvdrie
Dhstiiadeprs and Tepie Palendules

The warkhorse of the Benchinark S als Projeco was the walking aller
that was powered by o b horsepower asaline encine and equipped with
slashine vorors ton il the sarlls Prepanaion of the seedbed was by far
the costest o the Hlvdie Divstrandeprs, 'This sonl ot Tow bulk density was
tilled quite ctiordesshys and evers under wet conditions i nonsucky con-
sisteneos allowed nflace aperatons tocontiue swaith good resuits. In the
Philippines and Indonssia approsimancely 50 perecent fewer manthours
were requared toall nansder Block ot g bivdrie Dvsorandept sotl than a
Tyvpre Patewdale ~onl,

Phe workabntioe of the Typie Paleadult and Tropeptic Fatrustox sotls
was highlv dependent o their maoistare content. Pryosotls were hard,
and twa tlage passes were somctimes necessary o reach the desired
plow depth ot 15 cong while wet sotls were just too stichy to work. Tnany
cases tllaee aterther cnd of the maistunre scade tesulted ina very eloddy
seedbed. The wdeal morstare content for nllage in the "Fropeptic FEutrus-
vox osotl s nein Th-har tension (21 percent w/w) (Bemrodh ) 1982 A the
Tropepric Fauustox sites i Hawain dry blocks were arten sprinkle irri-
gated to solten the soil three o four days prior to alling. In Brazil and
Puerto Kico o ull practices were employed when planting residual
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phosphoras follow-up experiments. Naize vields did notseem adversely
aftected, and experiments conducted ar Isabelin, Puerto Rico, showed
that yields from no-till plots were as high as vields from conventional til-
lage plots (Beinroth, 1082),

Planting. “The tansfer experiments were plntd during the dry and
wet periods of the veur Planting times, whether div o wet seison, gen-
crally fetf in the paived months of March-Nav and November-Decemn-
ber. Maize crops planted during the wer season were alwavs suseeptible
to daniage caused by evelonic storms in Haveaii. Pucrto Rico, Indone-
sta, and especiadly the Philippines, which lies in the twphioon bele, Nore-
over, during the vears 1982 and 1983 severe, prolonged drouehis were
expericiced at the Pepic Paleadult sites in Indonesin and the Philip-
pines. Information ahou catastrophic weather events thar have an
ellect o the production potential ol the Taind cannot be extracted from
te soil funiiv name. However, the Lind's relarive susceptibiling o
drought cas be interred from the tetperature regime. Thad is, a con-
standy warm environent (e.g. sohvperthiermicy should he more sen-
stve to periods of de viiess than a cooler civironment {e.g..sathermic)
assurning they are in the sarne moiston regine,

The maize seeds were planged by hand o all of the sites, Seeds were
drilled cicher i holes nade with o dibble stich on in firrows made with o
firrowing iniplanent, Whatever the naethod . this task Was Castest to
pectorm in the moise Jicht soils of the Hvdv Dyvstrandepes. Dibhle
holes were alinost impossible 1o make in the Toose., dry soil ol the Tho-
peptic Futustos or i the wer sticky Tvpic: Paleudalt soil. 1o cu
uniforily deep fumows in dhe Tropeptie Fatrastes soil. the lurrowing
nnplement had o be mach heavier thm g used in the Hlvdrie Des-
tandeprs and thereby required mach siore draft power to pull . The
optunun planung depth wis 5007 5o Deep pliantings were desirable
atthe "Tropeptic Fonmrustox sites, sioce the surface soil dried rapidly, and
at the Hydvic Dostvandept sites, sinee the lighe, ash soil offered less
physical support. Also, seeds planted shallowly were subject 1o rodent
and bird acacks. For obvious reisons it was much casicor to achieve
untform planting depthin the | Ivdvic Dyvsorandept soil.

The population density of the maize crop in the transler experiments
wis DB.000 plants/ha. This rate ol plantng was o vy standard prac-
tee among maize rescarchers inc I awaii and the Philippines an the time
ficld experiinentnion hegan. Subsequent densiny oials conducted un-
derirrigated conditions in the three networks indicared dhat this pupula-
iton was indeed near optiem for the different test varietios in both the
wetand dry seasons and at low and high soil fevtitiey levels (Benchmark
Soils Project, 1978h). In the Tropeptic Butrustox sites, where solar radi-
ation levels are high, lodging was still o major problem at densities
greater than 60,000 plants/ha (Beinvoth, 1982),
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Preserving the condition of the seedbed was alwavs aomajor concern
since planong involved o ot of Toot cathic over the plots. Compacton
was aserions problem in the clavey sals of the Ty pie Paleaduls and the
Tropepuie Futrustox when they were i a moderatelv morst to et con-
divion. The stickiness of the sotls absomade iovery ditheule to works In
contrist, problems arose o the Hhvdrie Dvstrandept sotl when the soi
was drv The plonters would sink ankle decp o the powdery dry sail,
leaving behind theus wovery roneh surface. Forounarelv, wet planting
conditions were rarcly expertenced in the usuadlv drey environment ot
the Tropepric: Faorastos, wnd Bkewise, dry planing condinons were
rarehv experienced inorhe wsuallvower envivonment of the Hydne
Ihsrandepts,

Iigation: Tianmediaely wdor plantine, o dip irvigation: svstem was
istdle b and water was usually delivered o the plos i day Taters Nor-
mally, there swas adequate monstare i the soil of the "Pyvpie Paleadulis
aned Hivdoe Destrandepts Tor seed germination. so the fivst watering
was critical only ar the Tropepae Fatrustox sites. NMoreover, sinee the
loose surface soil deted verv ragadly o depth of 7-10 ¢ ine this warm
and dey environment, it was very pnportmt tooser the drip Tterals
divecty over the ross tor optimum wettineg ol the seeds and to rnsate

quentdy during the estweek. TEsuch precintions were nor taken, the
craergence ob the seedlings was eratie and vesalted i non-unitorm
st Overhead sprinklers were wsed very elfecively at the Tropeptic
Fatrustox sites o oo to wet the surliece Tiver for unitorm seedling
ClIergen e,

As can be inferred trom the sord Loty narmes, the irrigation require-
ments were muck greater Jor the Tropepie Fatrustox network than for
the other iwo networks, For exargple, an average of 220 hours of irriga-
ton e per crop {range To0-270 hours) was required ar the “Tropeptic
Furrustox sttes in contrast to A0 hours per crop (range H=75 hours) al
the Hvdrie Dyvsorndepr stes e il during the pertod 1980-83
This difference in origation requirvenaents s tustrated i Figure 3 for
the cropping vear 19310 i wloch the annual rantall was average for the
Molokat site But Tess than averave for the Kokaiaa site, Although the
summer moenthz at Molokai were wetter than usual, the witer applica-
ton rates were stll high o iins solivpertheriie envivenment.

The actual armounts of nrigation water apphed 1o two corn crops
the "Tropeptie Fuirastox sie in Waipio, Hawan were 510 and 325 mm,
The raintall during these two cropping pertods swas 160 cnd TH)
respectively, In Isabela, Puerto Rico. experiments conducted in the dry
season showed thatirrigadon had ondv moederate effects on maize vields
in two out of three vears of testing, Isabela, although classified i the
ustic moisture regtme, 1s near udic with an anouat raimfall of 1660 mm
and an indistinet dry season. The present definition of the ustic scil
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moisture regime shonld be revised o allow for more meaningful und
uscful agriculiaral nterpretadions: the introduction of “udi-ustic”
regime needs to be considered ( Beinroth, 1982).

Crop Drotection. "The application of agrichemicals was the primary
strategy for protecting the maize crop in the tansfer experiments. In
all, spproximanehy wen widely available pesticides formed a basie core
frony which crop protection programs were developed. Sinee these indi-
vidual chemicals were espectadly effective i controlling o spectrum of
target pests, the pesticide programs were very simitlar for the networks
within a countiv A few variations did exist hecause ol the differences in
the occurrence of major pests bhetween soil tanily networks, A prime
example was the mandatory teatment of naize seeds with metalaxyl
fungicide for downy mildew control a the Typie Paleudult sives while
none was required e the Hyvdrie Divstrandept sites in the Philippines
and Indonesia. In some instances, the same kind of control measure
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was practiced in both networks but for different target pests. Such was
the case with carbeturan, which was applied in the plintng furrow o
control planthoppers ai the Tropeptie Eutrastox sites amd cutworms at
the Flvdrie Dyvstrandept sites i Hanwaat,

The seasonal distributton of raintall had a direct impact on the pesti-
cide spraving prograon at all of the stes. During the wet season frequent
fungicide apphcations were necessary not only hecause fungal ofesta-
tons increased, as previously discussed, but also because the foliar
sprivvs did not remain on the crops for very long. As can be expected,
the pest control prograres were least effective i the wetter Hydrie Dys-
randept and the Typie Paleudule neoworks where frequent rains olten
hampered spraving opevations. On the other hind, during the dry
season nsect problems were more prevident, warranting an increase
m - msectcide applicanons, Fortunaely, betrer vesults were usually
achrevad acthis time.

The napheotion here is that foliar applicd contacr pesticides are not
suitable ter environments of the udie moisture regime but are better
sutted o envivonments of the ustic moisture regnme, Alternate meth-
ods (o protect crops in the adic environments iclude the selection of
resestant vivteties, biologieal controls, and svstenie pesticides, The svs-
temies applied with the sel sueh as meralasyt and carboturan, were
very ellective n both the Hvdrie Dvsorandept and Tvpic Paleadale net-
works.

Belore crop einergence aherbicide apphicaton of cither alachlor oran
alachlor-atrex mistare was applicd o the experimental block at most
of the sites. The herbicide needed o e watered into the seed germina-
tion zone for hestresults, Ramtall could often be depended upon o do
this at the Typie Paleadultand Hyvdrie Dystrandept sttes: however, irri-
gatton wits necessary at the Tropeptie: Eutrustox sites. Weed growth
during the cropping pertod was primarily controlled by hand weeding,
Culuvaton swith o hoe wis castest i the light soils of the Flydrie Dys-
trandepts; the cool air temperatares adso made this task much more
pleasimt to perform i this sotl Eanily than o the others.

Precautionary steps were also taken to protect the experiment from
the elements of wind and rain, especially during severe storms, 'lo pre-
vent washonts in the plots, water diversion ditches were dug around
each replicate of o Block, In Hawait, the erosion hazard was much
greater i the Hydre Dystrandept sites than i the Tropeptic Futrustox
sites, This was primarily hecause of the greater intensity and frequency
ol rainstorms and the greater slope of the Tand. "o protect plants from
lodging, rows were hilled up at 30 davs to give the stalks additional sup-
port. This operation was not done, however, in the Tropeptic Euteustox
sites sinee the soil was just too hard to make i practical. In Indonesia
plants were individually ted w wire supports saetched along the row,



112 Matching Marze Requirements to the Agroenvironment

and at the Molokai site in Hawaii wildeane windbreaks were established
around the experimental sites.
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L;u‘gc arcas of carrently cultivaced or potentiadly arable land in the
noparid upland regions are oceupied by soils for which phospherus (P)
deficiency is the factor most limiting crop vroduction. Thus. finding
ceonomical methods to overcome Podeficienay is an integral part of any
solution to the problems of agrncultural developient in most developing
countries of the tropics.

A possible strategy Tor overcoming P odefivieney in acid soils of the
tropies is directapplication of indigenous phosphate rock. Diveet appli-
catton saves the cost of acidakvion required for production of super
prhosphate or other soluble Pertilizers. In addition, the use of indige-
nous resources avouds the use of foreign exchange reserves tor importing
tertilizer P Phosphoras requirements tor plant growth are a ‘unction of
soil properties. Furthermore, the torm in which Pis applicd atfecrs hoth
its reactions with the soil and s availabiliov w plants. Therefore, soils
of different properties necessitare difterent strategies of P fertitization.

1o evaluae these strategies on selected sites of the Benchmark experi:
mental network, e collaborative research project between the Bench-
mark Soils Project and the nternadional Fertilizer Development Center
(IFDCY was initiated in carly 1979, Field experiments were conducted
on P sources at o Hydric Dystrandept site in the Philippines and a
Typic Paleudult site in Indonesia,

Phosphate Rocks

The most important phosphate minerais are members of the apatite
group. which s the tenth most abundant mineral in the carth’s crust
(McClellan and Fehr, 1969). The most important sedimentary deposits
of apatite in the world belang to the series called froncolites. Members
of this series vary with respect to the degree of substitution of carbonate
tor phosphate. as indicated by the formula

Cago-a-n Nag, Mgy, (PO D6 (COy)x Fotoax

Lehr and McClellan (1972) found that as the subsstitution of carbonate
increases, the solubility o the minerals in extractant solutions, such as

117



118 Phasphoruy Management in: Bendhmard, Soils

citrates, also increases. This, apatitic phosphi e vocks with greater
levels of carbonate substhution are expected o be ynore effedive as
cirect-application P fertilizers The masimune obse e value of N In
the tormmla was 14 (el and NoClelban, (972

Soil properties also attecr the dissolunon and ultimacely the anailabil -
v of P o phoes. Soil aciding s expressed by pHs the mos widelveree-
ognized Lactor and s relationship to the effectivencss of dire Uv-apphed
phosphate rock was deronstianed by Truoe (190) and Peaselee ot al,
(1962 mong others: AlsoL the Ca vataration of e soil e hange come-
plex inlluences phosphate vock citeciveness (R hasawnch and Daoll.
1978y, Other <ol propertes that correlate with P sorption capacity
affect the vare of dissoluton of phosphate tock. These properties are
exchangeable Al and free nron (Chag e al L 1962 Snivth aind Sanches
1982). However, the relationship of thewe propertees to the aviaalabailicy
of P fron phiosphare rock (s opposcd to the disselution of the rack)y has
vetto be chuified. T summminy, the taciors that et the eflectiveness of
phosphate rock s divecly applicd ferilier are (1 the mincralogy ol
the apatite that aftecs reactiving (2 il propeviies. includimg plloas
well as other properties that attece phosphoate tock dissolution and P
mobility in the sail and (5 rop char terisne s,

The relationship heiween ol properties and phosphate rock dissolu-
tion and subsequent I availabiliey is comples s Wathin gioups ol soils
that have similanr snneralogy aond oreanic nuatter propertes, but with a
range 1o few chienmcal properties (oo P s he possible o
relute phosphine tock electiveness to nne or two cotmmonly measured
soil properties such s phEar Casatation. However, over all soils in
the world or subsets of soils with o broad LABCC L IANY propertics, pre-
dicting phosphate vock pertornnmee hased on commonly measured .ol
properties becomes o tatle exeroise. The pracucal soluton o this proh-
lewris o group soils o Gateaaries with similar properties using Soil
Faxononme, Within the sodd familv e should he possible o identfy rela-
tonships between phosphate rocis petformance and commonly mea-
sured <ol properties and thereby provide Gomeans for transfer of

phosphate tock manevement. Ndditionad information on the two sol

farnlies ased in rhis study appearsin Clinpiers 3 and 7.

Phosphorus Fertilizer Materials

Forthis study phospline vocks that had been well characterized in other
studies were used. The chemieal formulas of the apattes in the two
rocks (North Carolina and Central Floridag are civen in Table 1. There
i5 i clear difference inthe degree of carbonate substitution of the two
rocks. “The North Carolina rock has a degree of carbonate substitution
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Table 1. Apatite formulas for two phosphate rocks
(courtesy of the International Fertilizer Development Center).

Phosphate rock Apatite Formula
Naorth Carolina Chtnc Nave o Moo (PO (GO a1
Central Mlortda Coaronsy N Meow (PO e (GO0 B

Table 2. Characteristics of seven phosphorus fertilizer source materials used in
the Dystrandept (Philippines) and Paleudult (Indonesia) experiments,

Solubility

Total E.O, Water NAC Particle
Fertilizer material (“0) (0 of totad PLOY) size
Stnple Superphospliae 14 H3.7 1.8 Non-granula
(SS1)
‘Triple Superphosphate 16 Conventional
ISP uranubar
Naorth Caralina P rodk
tinelv vround (NCH) 29 nil 8.0 H0%<0.06 mm
mindgranular (N 29 nil 19.5 0 1-0.5 nun
(3% KCbinder)
Central Flonda Prock
finelv ground (CFD 33 nil 1.2 80%<0.11 mm
tainizranuia (Clpann 39 8.5 1.0 0.3-0.3 mm
partallv-acidulared
(2076 HL.PO
Fosed NMagnesiom Phosphate 20 nil 365 0.9 mm

(ENITP,

Neae The bnrennanonad Fernbizer Development Center (IFDC) supplicd the North Caroling
and Conal Flonda marenals and he others sere obtainad locallv The analvses were cour-
tess ob Do 10 F Hornmond, ol FDCHY he neatral ammonium arate (NACH solubihiy deter-
ontion atilized b0l INONACT Ty of dertilizer (00 G hour avitationy, The TSP was
assttned to mcet imternanonad staedasds of 280°% water and approsimatels 15% NAC solu-

ble

approaching the limir, as suggested by Lehr and NeClellan (1972), of
tobmoles per apatite focmuba, Te s, therelore, a high reactivity rock,
The Central Florida rock has an intermediate level of carbonate substi-
tation and is, therefore, moderately reacive.

Table 2 desertbes all o the P omatertals used in the experiments in
terms of peroment chemeal and phyvsical properties. A soluble, acidu-
tted, phosphate material was used as a standard in cach case. In the
Hyvdvie Dystrandept experiment in the Philippines simple superphos-
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phate (SSP) was used: and in the Popre Puleadult experinent i Indo-
nesia tripte superphosphate (TSPy was used, smee these were the com-
monly available materials in the respective local cconomies.

Both phosphate rocks were cach used in o tinelv-ground form and
alsoin e moditied form. The North Caroling rock swis used i i physi-
cally moditied fornn, e minoranules were made from the finely
ground narerial using KO as the binding agvent (‘Table 24 o order o
deterinme whether mimieranulation reduces Agrononie elfectiveness,
The Coneal Flonda vock was also nsed i e munieranular fonn, how-
evera had also been punaadlv acidulaed (20 percent with PG e,
20 percent of e acid pecessary to make USP - aatc ey dhe
mnnigranubation process The acrdalation products served as the bhind-
e auent b oranniaton. he objective of this earment was o deter-
mine whether parte acidalations adequaich increased the elfeaiveness
ol this moderaely reacnv e tock, whose parircle size ranee and salubiliny
data e presented in Tabe 2

In the Philippines fosed nraenesivnn phospliace (FNTP) wis usedd i
threc of the four vaies FATDR phce phate fertlizer prepared by fusion
of phospliate vock with oonaural magnesiut stheate, sach as olivine or
Serpentine, attemperitures of 10 C w5500 O In addidon to Pthis
material contamed 10 percent N, 22 percent Caoand 15 peveent Si,

Rescarch Meth aology

Selected cherical properties of soil samples from the two experimental
sites are presentesd i table 3. The analvsis of samples tiken immedi-
ately hetore planting the firse cropare considered io be more representa-
tive of the chemical environment during the period of the experiments
reported here than the classification siamples. Comparison of ptH values
both in witer and KCI show the Tvpic Paleudule to bhe shuhtdy more
actd than the Flvdrig Dyvstrandept: however, the Typie Paleudult s
higher in bases. The P sorption levels of the Hydric Dystrandept are
approximately cieht times that of the Tyvpic Paleudult ar equal P solu-
tion concentrations

For both the Hdrio Dvsteimdept expertment and the Typic Paleu-
dult experiment a split-plot experiment was used, with phosphaorus rates
as the main plots in o randomized complete block desien and phospho-
rus sonrces as the subplots, For the firsi planitings raost of the nain plots
also contained a phosphorus control, For subsequent replantings these
controls were selectively used for reapplication of superphospbute 1o
providde a comparison with the residual effects of the somrces. Because of
the reduced vields of second season residual treatments selected treat-
ments received reapplications of 1 sources for the third serson. For pur-
poses of analysis of variance, a four rate {(main plot) by five source (sub-
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Table 3. Chemical properties of the surface soil at the two experimental sites.

Hydric Dystrandept Typic Paleudalt

(Philippines) (Indonesia)
a b a b
Simpling mtoryad (enn 0-17 0-15H (-7 0-15
Fxchanueable bases
(sneq/100yg) (a 3.8+ 0.97 7.4 2.23
My 0.6 059 .14 1.09
K 0.27 0.08 0.76 0.27
Sum 4.75 1 64 9.5 $3.59
Extractable Al
(meq/ 100g) 1.29 — 0.05 —
Al samriation 21 % —_ [ % —
pthn b0 5.4 5.15 4.82 4.96
pHlim KCIIN) 4.5 4.61 416 4.53
Delta pH —0.9 —0.54 —{).66 —0. 43
Extractabic PP (ppin)
Nodified Fruoy - +.1 - -
Bravl (7. — <0.2 — 1.4
Brav 15001 —_— 7.5 — —
K ‘xnl‘plinrl
pe Pre o attin
001 pe [l 200 25
0.2 pue Prl 2656 350

Notes Phe data i colmmn () were determined from dassification samples tiken before sites
were deared (hhawa, P79 and those mcolumn (hy are mmean values Lo samples taken after
earing the expermmental area but betore planting the fizst erop.

1 lot) factorial with three replications was maintained throughout both
experiments. Generel management of the experiments was similar to
the transfer experiments of the Benchmark Soils Project (Chapter 4).
Based on the subplot experimental error (MS) from the split-plot analy-
ses of varianee the Bavestan Least Significant Difference (BLSD) at dhe
5 pereent level was calculated (Duncan, 1965) as the square root of
(INIS/H)(L7202(F/ -1y where F s the rato of the P-source mean
square to the subplot experimental error mean square (MS) and 1,721
1s the appropriate value of the tstatistic,

The expertmental crop was maize, except in the sceond crop of the
Paleudult when soybeans were planted to avoid a downy mildew attack
on the maize. 'lo assure that no nutrient other than P limited crop yield,
basal applications of N, K, Mg, S, Zn, and B were made throughout
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the period of the experimens. Additional information on the phosphate
materialsaud the experiments is given by Harris (1983).

Comparison of Phosphorus Sources

Grain yields are presented in Figure 1 for the three harvests on the (wWo
soils. For the fiest erops on the two soils, Large differences in vield
between sources is evident on the Dyswandept. whercas there are no
signtficant differences hetween superphosphace and the other sources on
the Palodule, On the Dystrandepe the order of diminishing cffective-
ness of soarces s PAIP > OSSP = NG = NOmn = Clpam > CFF The
superioriny of ENTP is deartv evident and this effect is not aivibutabic 1o
the My which ic supplies heviuse of the Saer tha all of (he teatments
received T ke NMuha as sulfire plontng. The murked ditlerence
between the North Caveling vock e the Centeal Florida rock on the
Dystrandept demoncories the difference in reactivire of the two rocks:
however, on the Paleudult the of et of AP Teac iy s not evident,
indicating that soil Propertes can overcome the rea iy effecr, Due o
borer infestation alter wsseling and o tepheon during the Lver part of
the growing season, viclds were low a1 the Dhvstrandept sie and aovield
plateau was not evident

For the second Crop o ew lpl)!i(’.n'iun‘\ ol .\lll'r('l'[)ll()\})'l;l'(‘ were nade
to selected control plogs 1) pertit o comparison with the vesidual effec
of the other treanmenis, On the Duvstrindepe, ditterences i residual
effects for the differenn sources are evident. Also, the relative residual
clfect of the rock sonrces « ompared to the residual eftecr OF SSP s higher
at the low rates,

On the Paleudnlt (where sovheans were planted tor the second crop)
no significant difforences hetween the residual elfecrs of the rock sotrces
and supervphosphate are evident. This is consistent with the ohserved
absence of differences hetween sonrces for the fisst craop on this soil,

Due to the more rapid disappearance of the residual eifeors on the
Dysirandept. as compared with the Paleudilt, reapplicaten of treat-
ments was necessary for the thivd cropon the Dystandepr. On he
Paleadult, reapplications of ail of the sources were madse only tor the
lowest Piveatent (10 ke Priag, 1o which 70 ke P/hacwas applied o per-
it comparison with the residiad eifecrs on the treatnents which had
recened 80O ky Prha tor the firs crop. The vesults i Figure 1 for
the thivd conseentive season show no mi};nil'l('.lnl ditferences hetween
sources on the Paleudult even tor the treaiments which received fresh
appheations of 70 kg P In contrast, sone difterences are evident for
the reapplicanions on the Divstrandept (Figure 1), For the treatments at
the highest rawe CFF had stenificantdy lower vields than those of the
other P osources which indicated that partial acidulation improved the
performance of the Central Florida Rock. Yields of the FMP treatment
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respectively the rates applied for the first, second, and third crops.
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were consistently higher than those of SSIP all along the response curve.
This is similar 1o the result observed in the firse o rop.

With vespect o the moditied rock sourees on the Dyvstrindept (which
is the soil that showed differences hetween soure es)ominigrancdation of
the highbv-reactive North Carolina rock did not reduce effectiveness,
thus confirming the agronomic stability e this process. For the moder-
atelv-reactive Cenoral Floridi rock, partial acidulaton did improve the
cffectiveness reliwtive 1o the unreined tock: however, the Iereise in
ctfectiveness was not suificient (o make i copral o superphosphate or
the untreated Noveh Coarolina rock.

The results ot the experiments on the Paleudule indieate that 1t is a
sotl well suired 1o the direc application ol phosphate rock of figh and
intermediate veactivity, and suegest that it may ko he adapted for
phosphite rocks of low reactivity. In comparison. the Dystrandep
requires highlv veactive phosphate rock (o produce vields comparable 1o
those with saiperphosphae. Considering the chemical properties pre-
sented inlable 30 the difference in the response to the phosphate rocks
i the twosotls can be relived o the fact that the Paleudult had o slightly
tower pH and o considerably lower P sorption capacity than the Dys-
trandept. These resalis provide i sound basis for further research on the
relationship hetween response 1o phosphate rocks and soil properties
that corvespond to Snil Taxonomy classification categories.
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Rcspmm' to phosphorus (P) fertihizer application is affected by the
availability of residual P from priov incorporation of P sources. This
was encountered i the Benchmark Soils Project soil family network
where soils differed in dheir history of I application and level of residual
P Sinee agroenvironments differed at experimiental sites, icwas impos-
sthle o assess the effects of varving residual Polevels. This stady was
undertiken to determine the effects of different levels of residual P oon
soil test Pvalues and on the vield response to newlhy applied fertilizer P
within a constant agroenvironment.

Evaluations of residual P usually include an assessment ol changes in
factors which affect Pavailability. These include mtensity and quanticy
factors and the hutfer power of i soil, measured atter fevalizer Pappli-
caton. The intensity factor is evaluated by measuring P concentration
in the soil solution or mm a soil excract of 0,013 CaCly with a solu-
ton:xoll ratio of 10 or less. The quantity factor is assessed by (1) isotopic
dilution techniques, (2) resin extraction, or (3) chemical extraction with
an acid or alkadine solution. A P-sorption curve provides the relation-
ship of the mtensity and quantity factors, and thus an estimate of the
buffer power of o soil. An extraction curve, on the other hand, depicts
the relfationship of the quantity factor and P added, and an index of the
bulfer power. Biological procedures have also been used to evaluate the
agronomic value of residual Poothrough experimentadon in both the
greenhouse and field.

Many studies have been devoted to the evaluation of residual P (Bar-
rov, 1980). The present investigation includes studies on (1) change in
extractable soil P owith time, (2) maize response to P applications at dif-
ferent levels of residual P, (3) calibration of soil test values, (4) P-sorp-
tion and extraction curves, and (5) evaluation of phosphorus reapplica-
ton methodology.

Establishment of Residual Soil P Levels

Lxperiments on maize response to Poapplication to soils with varying
levels of residual P were conducted on a Typic Paleudult at Nakau
(NAK), Sumatra, Indonesia, and on a Tropeptic Eutrustox at Mauna

127
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Loa, Molokai (MOL), Hawaii (Widjaja-Adhi, 1983). These soils are

desertbed in Chapter 3

- Atange of vesidual soil P levels was established
by allowing difterent vates ofapplied P o equilibreace to (he pomnt where
slow reactions approacled a Usteady state™ and then superimposing on
cach residual I evel (main plot) a range of freshly applicd P in subplots
in a split-plot experiment. In order (o establish the desived range of
residual soil P an amount of PP was applied that was caleulated o give
the proper soil P level afier 4+ o 6 months of cauilibration. This wis
done using the P-sorption curve procedure of Fox and Kanprath (1970)
which indicated that for the "Pypic Paleudult site, @ soil solution 1 level
ol 0.01 pg P/ml. could be atained by the addition of 120 ug P/ soil or
240 kg P/ha. A range of soil P was achioved by applving 0, x/4, x/2, and
35/t of the P terdlizer (x) required to attain the external requirement
(0.01 g P/ily or the amount 1o produce maximum vields, Tt was
assumed that final Porepresents 35 pereent of the initial P in the soil
solution after -6 months of equilibration, based on a laboratory study
of Munns and Fox ( 1976). For the Typie Padeadult site, the P rates were
G, 60, 120, and 180 kg P/ha which was applicd 15 reonths before the
maize was planted. For the Tropeptic Eutrustox site, it was estineeed
that 60 ke P/ha was required to achicve maximum vicld, ‘Theretore, P
rates of 0, 15, 30, and 145 ke P/ha were applicd 8 months prior to the
maize experiment. Sorghum was grown during establishinent of resid-
ual soil Plevels ac bhoth sites. A the time maize wits planted it was
assumed that restdual soil P levels had essentially reached o “steady
state.” Fertilizer rates for the second application were 0, 10, 20, 40, and
80 kg P/ha for the Paleudule, and 0, 10, 20, 40, and 60 kg P/ha for the
Eutrustox.

Each experiment was installed as a split plot, with the residual levels
as main plots in a rindomized complete block design and the reapplicd
rates randomized within cach main plot. The 26 treatments, with four
replications, are then factorial combinations of the four residual levels
and five reapplied rates. General management of the experiments was
similar to that of the transter experiments of the Benchmark Soils Proj-

cct (Chapter 1),

Change in Extractable Soil P With Time

Composite samples were taken at the Paleudult site from cach main plot
after harvest of the sorghum crop and its ratoons, and similar samples
were taken after harvest of the maize crop from cach subplot that did
not receive fertilizer P The deerease in residual P from the application
of 60 1o 180 kg P/ha was 1.25 10 1.75 g P/g soil/100 days under
sorghum, and 2.0 to 5.0 mg P/g soil/ 100 days under maize (Figure 1),
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Fig. 1. Changes in modificd Truoyg extractable Poof residual Pon the Typic

Paleudult.,

The higher rate of decrease inextractable Punder maize was probably
due to cultivation of the soil prior o planting the maize crop. This culti-
vation mixed particles which were differentially saturated with P "Phis
brought about a re-equilibration that enhanced the slow reactions which
converted extractable forms of P into non-extractable forms and result-
cd in a more rapid decrease in extractable P The modified Truog
extractable P in plors that received 120 kg P/ was initiadly high, but
dechined to the eritical level of soil P (12 pg P/g) within 2 years.

At the Entrustox site, composite samples were taken from each main
plot every 4 weeks during the sorghum crop. Modified “lruog P owas
determined and found o decrease with time in all treatments receiving
P (Figure 2). In the treatunent that did not receive P fertilizer, extracta-
ble P increased slightly due to the decomposition of fresh organie matter
incorporated into the soil during land clearing and preparadon, In the P
fertilized main plots this release of P by organic matter decomposition
was probably masked 'y the magnitude of the slow reactions of P, The
modified Truog extractable P levels in plots that received 30 kg Prha or
more remained above the eritical level (18 pg P/g) for the entive 28 week
period ol the experiment. The soil P ostatus under a cropping system
depends on the rate of P application and the intensity of crop cultiva-
tion.
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Fig. 2. Changes in modilied Truog extractable P of residual P on the Tro-
peptic Eutrustox.

Maize Response to P Application at Different Levels of Residual P

Maize response 1o the second P application varied with established soil
Plevels (Figure 3). The response carve of main plot A (Paleuduly), pre-
viously unfertitized, was steeper than that of main plot B, which pre-
viously received 60 kg Prha. The curve of main plot €, that received
120 kg P/ha was almost flat and there was no response in main plot 1D,
that received 180 kg P/ha, sinee vields ol all rates of freshly applied P
were on the vield plateau. A similin trend was appareat for the Butrus-
tox, but with some variations. The vield response curve for main plot A
(unfertilized) was steeper than those for the other treatments and vields
for the two highest Poraces were on the vield placean i nain ploc D (43
kg P/ha). There was more variation in the vield response of the B (15 kg
P/ha) and C (30 kg P/ha) main plots. Generally, in both soils the higher
the level of residual P, the smaller the vield response to P application.

Calibration of Soil Test Values

Composite soil samples taken from cach main plot before the second P
fertilizer application were analyzed for extractable P using modified
Truog (100:1 solution:soil ratio), Bray-1 (30:1), Bray-1 (10:1), and
Olsen (20:1) extractants. The soil test values for cach extractant were
arranged in ascending order, along with their associated maximum
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Fig. 3. Maize response to PP application at different levels of residual Pon
the Typic Paleudult (dashed) ind Tropeptic Eatrustox ¢solid).

change in yield, which is the difference heoween the highest vield of a
treatment within cach main plotand the vield of the control plot of that
main plot. A variance analysis method, maodified by Nelson and Ander-
son (1977) was used to pardtion the soil test values into classes. The soil
test values were grouped into three classes using preseribed principles
for constructing the houndaries of the subgroups. These are high, mod-
crate, and little/no response to P application. The tentative partition of
soil test values for maize response to I application resulting from this
amaivsis is shown in Fable 1 for the Typic Paleudult and Tropeptic
Eutrustox. Ttis apparent that interpretation of the maodified ‘Truog and
Brav-1 (30:1) values can not be tansferred between the two soils sinee
the eritical Tevels above which there is littde or no response to Poapplica-
ton are 12 and 18 pg P/g with modified Truog, and 16 and 21 ug Plg
with Bray-1 (30:1) for the T'vpic Paleadult and Tropeptic Butrustox,
respectively. Critical levels for the Olsen and Bray-1 (10:1) methods, on
the other hand, are comparable for the two soils; but their range of
vilues is narrow, indicating a lack of sensitivity to variations in soil P,
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Table 1. Tentative partition of soil test values (ug Pig) for maize response to I
application on the Typic Paleadults und Tropeptic Eutrustox.

Maize response to P

Soil Test Soil family High Maderate Little
Moditied truog Pateadule <b b-12 >12
(100-1, 30 mnin) Yatrustox <2 12-18 >4
Bray-1 Paleudult <y 8-16 >16
(30:1, Umning Futrustox <i4 14-21 >21
Bray-1 Paleudut <5 =10 >10
(10:1, 5 1nn) Futrastox <5 5-9 >0
Olsen Paleudult <3.5 3.5-7.0 >7.0
(20:1, 30 min) Fatrastox <H.0 5.0-7.0 >7.0

P-sorption and Extraction Curves

A P-sorption curve for cach niain plot sample was determined with the
procedure of Fox and Kamprath (1970). P-sorption dat are presented
as asemi-log plot for both sites in Figure 4. Slopes of the sorption curves
for the Paleudult site are all carvilinear, but differ shghty, especially for
lower levels of sorbed P Curves for the Futrustox site, on the other
himd, were curvilinear as well as linear for some treatments and dif-
fered markedly at the Tower levels of =orbed P This reflected the greater
variability in the P ostatas of the plots. Less P was required to attain a
given level of Pin solution (002 Hy PAand) for plots with hicher levels of
residual P,

A maodified “Truog-extraction curve was also determined for cach
main plot. P-extraction curve data were averaged over replications and
plotted in Figure 5. The extraction curves for main plots AU B, €, and
D were parallel (only A and D are shown in Figure 5). The slopes (by) of
the curves varied shghtdy (2.210 200 for the Paleudalt, while those for
the Eutrustox site had a wider range and larger values (2.7 1o 2.5).
These slopes indicate the amount of P required to bring abour 4 unit
increase in extractable P The value ol (1-1/by) is equal 1o the P reten-
tion coefficient ol the soil.

Both P-sorption and extraction curves « ifted 1o the right s the level
of residual P increased, so that less 12 was required to bring P in the soil
solution or extractable P o the desired external P requirement or eriti-
cal level™ of extraciable P,

Evaluation of Phosphorus Reapplication Methodology

The effect of residuct P on maize response to freshly applied P made it
necessary to develop a procedure for determining P reapplication rates
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Fig. 4. P-sorption curves,

for additional fertility expernments on plots of several transfer experi-
ments (see Chapter 4+ for a deseription of a transfer experiment). The
reapplication rate procedure attempted to reestablish the Plevels so that
the same Poresponse curve would be expected for a tansfer experiment
and subscequent management (reapplication) experiments. No strong
evidence for rejecting the hypothesis of equal P response curves was
interpreted as confidence in the soi test calibration procedure to rees-
tablish the P reapplication rates of the original transter experiment.
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Fig. 5. Modifiecd Truog exiraction curves of the Tyvpic Paleudult
(dashed) and Tropeptie Furrostox (solid).

Methodology. Afier ey est of o oranster experiment, post-harvest soil
samples from cach plotwere analvzed for soil P by the modified Truog
method. These Trog data were used 1o estimate the mtercept and slope
of a line between Y (the apphied P olevels of the tanster experiment
usizig i 0 to 2 coded scale radher than =1 to +1 as in Chapter ) and the
square oot ol N (the post-hunvest Truog valuesy, The cquation was
solved for Noby seuing Y oequal o the middle vadue of the applied P
scale, This estimate of Poremaining in the soil was substituted into the
cquation of the ornginal extraction carve (used to establish the PP applied
rates ol the transter experiment), and the cquation solved for Y (P
addedy. The difference henween the residual soil P (expressed on the P
added seale) ind half the value of Y (when the square reot of 25 was
substituted in the oviginal extraction curve |Chapter 41) was the amount
of P required 1o reestablish the original applicd P level at the middle
point of the applicd P rates, The other four apphied levels were estab-
hished as shown in Chaprer -

Data from an experiment are used as an example of the caleutation of
the amount of Prequired o reestablish origmal soil Plevels, Post hae-
vest soil samples taken from cach plot were analyzed for soil P by the
modifted Traoe method deseribed in Appendix E. The square roots
(SQRT) of the modified Truog extractable P values were plotted on the
N axis and the coded applied P levels plotted on the Y axis using a 0 to 2
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coded scale rather than the =1 to -+ scale, The equation deseribing this

relationship s
Vo= 2 T OO [ SORT(N) |

This cquation was solved for Xowhen Y owas set equal to one whicls gives
N = 12,6, the amount of moditied Truog Poremaining in the soil at the
middle treatrent fevel, This estimate of soil Powas then substituted into
the onginal extraction carve (used e establish the Poapplied vates of the
transter experieent) tor the relationship between P added and modified

Truow extraciable P

Y= 0084 25 2 SORT (1 6) |

=20 0 g P ool

Fhis equation was alse solved for Yowith modified Truog P oset equal to
the deatred sotl Plevel of 25 ppo to give Y =55 2 ue P/e. Dividing this
value Ly 2 gave amapphed P of 276 pe P/ ac the suiddle level, The dif-
ference hooween the residaal soil | expressed as 17 added, 21,6, and
applicd P oo rhe mnddle Jevell 2760 was 6.0 pe P/o which is the P
required o seestabhish the onginal applicd Plevel at the mid-point of
the Pranes. The other four applicd Porates were established as deseribed
i Chaptev b The vates for the five coded levels of Pare 0.9, 5.6, 6.0,
Soband T pg/g sonl.

This procedure was utilized during the Last phase of the Benchmark
Sols Project. In dhie carlier reapplicanion experiments the rates were
estiblishied using o procedure which was similar but different in that the
lower Tunie of the Truog PP range corresponding (o the coded applied
range of =1 1o +1 wax adjusted, and the reapplication rate was estab-
lished independendy for cach of the five applied rates.

Reapplicatnon experitaents were carried out in the three soil families
ol the Benchinark Sotls Project network, Emphasized here is the Typic
Palevedult funily, Tvelve transter experiments were utilized, including
sites at BAK and CAN in Cameroon: BPM, BUK, and NAK in Indo-
nesia; and SOR e Philippines. These sites are described in Chap-
ters 3 and 7. In addition to the first reapplication experiment with cach
ol the 12 tramsfer experiments, a second reapplication was established
on seven of the 120 and o dhivd reapplicadon of P levels on two of the
seven. In total, there were 33 expertments, including the original 12
transfer and 21 reapplication eaperiments,

Phosphoris response curees. Vhe hypothesis of equal P oresponse curves
was statistically evaluated by comparing the P oresponse curves for cach
setof the 12 aransfer and reapplication experiments using methodology
deseribed in Chapter 19 of Allen and Gady (1982}, Briefly, the qua-
dratic polynomial model, ¥ + b + byP2) deseribed in Chapter 5 is
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compared with the model sy + by P+ bePY where iis the tndes tor the 1
response cirves of cachoset of transter and teapplication experients,
The 1P statistic showed that the P response cnres were diterent Tor the
majorty of the 12 sets,

Fxinninavon of the vield datacand the dace anadhvaes Tor those tamnsier
experiments with preplimt Truog values fess than 5 ppin Clable )
showed thac e by value of the response carve mthe st reapplication
CXPCFTLIenT Wity sensitive to the applicd vate ac the Towest level ol applied
P (PCODE = -0.85%) One reason for the sensiovity at the fowest
appuied lesel was thae the prepiant Troaoe value tor most of the 12 trans-
fer experiments was s than 5. Wlhen soil P is Ioaw, the estimates of the
resporse curve will vetlecr sinall ditferences in apphed P the low rane

A dacanalvde nrocedure was then tommualated with o locus on
adjustng the PCODE vidue st the Tov e applicd fevel of the reapplica-
tion cxperiiment. The steps ncluded (1) ealculation of the P response
curve using all vield dara excepe the Towess applicd Prace for the reap-
plication experiments, (2) cadendaton of new PCODE vadues for the

lowestapplied rate of the reapplication experiments hased on the esti-

Table 2. Experimental results for nine pairs of transfer (listed first within each
pair) and first reapplication experiments.

Preplant Applicd P Plincar

Truoyg at low rate response (b))
Experiment (ppm) (kue/ha) (ke/ha)

BPNA 4.1 13 1529
22 975

BPANC 4.1 13 1123
13 2719

BPAMD 3.1 9 1944
929 1049

BUKD 4.6 8 1591
13 830

BUKE 4.9 8 1-480)
10 1036

NAKA 3.7 29 1429
11 995

NAKD 4.9 12 57
8 1351

SORA 2.9 11 1917
7 2344

SORB 3.4 12 1624

8 2815
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mated I response curve from the previous step, (3) caleulation of P
response curves tor cach transfer experiment and reapplication experi-
mentusing the newly calealated PCODE vidues for the Towest P applicd
rirte,and ¢h) tests for equality of Poresponse cueves. Now, the hyporhesis
of equal Presponse arves was notrejected except for BENC,

The results for BPNID (o transfer and three reapplication experi-
ments) reflecr the natre of the adjustnent procedure. At the lowest P
applicd level, the PCODIE value was adjusted to =060 for the st reap
plicationcexperiment remained at=0.85 Tor the second . and adjusted o
090 tor the thivd Wit chese adjustments, the F stanistic evaluating
the cqualiny of the four response carves was siall (close to 1, indicating

alack of evidence forrejecting the hvpothesis of equal response curves,

Transfer of Maize Response to P Application

Residual P i tound o have anarked effecron PP avatlability and erop
response toapplicd POWLh higherdevels of residual Phere was a larger
amount of excaactable Paod consegnendy, reduced quantities of P
necded o i e Porequirement o eritical level of Pofor optimunn
crop growth A unique vield respoise curve deseribed the response 1o
applicd Pror cach fevel of vesidual 12 sa dhag the predieted vield response
varted with residual ' Fyaluation ol the I? reapplication procedure in
management experiments with residual Posugeests that the soil west cali-
bration precedure properly reestablished the applied P ievels except for
the Towest P apphicd level at sites with very Tow sotl P Within asoil fam-
vy intormation on nadze vesponse o Poapplication is transferable, if
and onlv i the soil tertiliy change due o soil management can be eval-
uated. Therefore, asoil Prestis an essential component in cransferring
mformation on crop response to P application within a soil famnly.

References

Allen, DUNLCand 10 BL Cady. 1982, Analvzing experimental data by regres-
sion. Vi Nostrand Reinhold, New York.

Barrow, N. J. 1980, Evabuation and utilizaton of residual phosphorus m solls.
In"The vole of phosphoras in agriculture, FoEL Khasiwneh, EoCLSanple, and
I ] Kamprath, eds, American Society of Agronomy. Madison, Wisconsin,

Foxc RULocand B Kamoranh, 1976, Phosphate sorption isothens for eval-
uating the phospaate requirements of soils. Soil Sei. Soc. Amer. Proce, 34:002-
Y7,

Munns, Do N and RO Foxo 1976, The sfow reaction which continues after
phosphate adsorption: Kineties and equilibrium in some tropical soils. Soil Sci.

Soc. Am. ] 40:46-51.



138 Phosphorns Management in Benchmark Soily

Nelson, Lo AL wand R Anderson., 1977, Partitioning of sotl test-crop e
sponse pml) ihility. /o .\m] testing. Corvebating and interpreting the analytica
resubts. "R Peck, [T Copey Jreand 170 AL Whitey, eds., Spee. Pub. 29
Amcrican Society nl'x\x,mmnn,\. Madison, Wisconsin,

Widjaje-Adhic TP Go1985, Predicting miaize response to phospborus applica:
tion in relanon 1o residual plmxplmmx m Paleudult and Futrastox soits. Ph. DD,
dissertation, Uniyv. Hawair,



Crop Performance in Benchmark
Environments

11

Performance of
Nitrogen-Fixing Trees
in Benchmark Environments

K. G. MacDicken

and

D Berger, [0 L. Brwhake B. G, Cagavan, Jr,
1 C Ching, oA Jacob, R G, Manuelpillat,

A AMovkar, M. 1 Raymunco, Ir. Soleh,

R. J. Van Den Beidt.




r]:-l‘u' futire oudook of the millions of people in the tropies dependent
on {uclwood for energy requires that a concerted effort be made not
onhyv o wisely imanage the existing tropical Torests, but also (o inerease
the supply of fuelwood through new plantines.

Trees most likely to prove usetul for increased fuchvood production
are those termed “pioneers,” which by nanure are aggressive and toler-
ant of hostile envivonmental conditions. Nany of these pioncers™ are
rapid-growing legumes that have heen known o tropical foresters for
years, but are oftcn neclected beciuse their poor form, solt wond, and
cther qualities made them inferior for traditonal procaction of dmber
and pulp. The usclulness of nitrogen-fixing trees, however, can extend
bevond their ability to produce hiomass, as niny of the spocies can also
be used for forage and soil envichment. Tt is their multipuipose carace
ter that makes these trees atractive as fuelwood species i the develop-
g tropical countries.

Knowledge of wree crops and their environmental requireinents is
needed to begin effective pianning. The Natonal Acadeny of Sciences
(1980) compiled the environmental requirements for 60 fast-growing
fuclwood trees and grouped them according o their suitability to the
humid wropics, the wopical highlands, and the arid and semiarid
regions. The objective of planning for fuelwood production is o select
the appropriate enviromnent o macch these requirements. This chapter
discusses methods o determime sunability of an environment for (ree
crops, offers a method of identifying soils suitable for nitrogen-fixing
leguminous fuclwood trees, and presents experinental results from
trials of the Benclunark Soils Project,

Transfer of Fuelwood Production Technology

In many purts of the world the technolegy for growing a great number
of cconomic crops has been established through years of testing and
experimentation. Anyone desiring to grow any of these crops need not
go through the tedious and expensive process of rediscovery. To some
degree, historie information of this nature is available for tuelwood
trees. Good planning requires careful attention to many factors to max-
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imize the likelihood of success in transferring such agrotechnologies. In
addition 1o the proper sociocconomic, political, and adiministrative con-
ditions, successtul agrotechnology transter depends gready on the rela-
tionship of the crop o the envivonment where it grows or witl be grown,

Both crop and envivonmental information are needed for effective
agrotechnology transfer, as the two aspeets must be carclullv matched to
ensure suceess. Agronomic inforntion on most of the reconnmended
tast-growing leguminous trees (National Academy of Sciences, 1980)
remains himited when compared o information available for more tra-
ditional crops. The problenis further aggravated by the long period
required to obtain tree-erop performance information from fickd experi-
ments. Despite these limitations. however, there is sufficient knowledge
of the geneval dimatic and soil requirements of Teguminous trees that a
suitable agroenvironenal niche tor optitnum growth can be identi-
fied.

Soil ‘Taxonomy cegorizes the environment in regard to sotl proper-
ties as well s motsture and terperature regimes. By extracting infor-
mattion from the sotl name, the environmment can be matched with the
crop requirements. For example, optinal srowth of - treee species niay
FOQUITC o wWarng environment, adequate caleiun, and non-limiting
water supply throughout most of the growth period. Using Soil “Tax-
anomy, one can pick ouc soils having an isohyvperthermic temperature
regime (2220, 4 udic or hinnid moisture enviromment, and a high
base saturation. There are two soils in the soil order catecory that have
high base sauradion, the Mollisols and Alfisols. In the Molhsols, the
Udolls have o udic moisture regime: in the Altisols. the Udalfs should
provide the same moisture conditions. Soil families with isohvperther-
mic temperiture regines should complete the necessary requirements
of these trees. A case example of matching tree requirements (o the
environment is given by Cagauan et al. (1982).

Unlike annuals that complete their life cveles inafew months, trees
take several vears. By integrating conditions of soil and weather over
several years, trees are effective indicators of the use of soil families as
functional determinanis of agroproduction niches.

Nilrogcn-Fixing Tree Trials

The Benchmark Soils Project participated in astudy of nitrogen-fixing
trees i collaboration with Dr. . L. Brewbaker of the University of
Hawaii. In this study experiments were established in various countries
to determine the adaptability of species to different environments and to
study the genotype by enviromment interaction of the species. In the
Benchmark Soils Project experiments, 16 tree species were planted in
tour locations in three countries. The purpose of these experiments was



Performance of Nitrogen-Fixing ees in Benchmark Eneironmenty 143

Table 1. Tree species in the nitrogen-fixing tree trials,

Replicated entries Unreplicated entries

Acacta aurculiform Acacta mangnom Enterolobuon cyelocarpum
Calliandva caluthyrsu Acacta mearnadd Lucalyptus saligna
Lewcaena divensifolta Acrocarpus fraxinifolia Glocrdia seprun
Leucarna lencocephala Alhizia falcatarin Mimosa scabretla
Neshania grandiflora Casnarina equisitifolia Local spectes

Dalhergta vivioo

to assess species by soil finily (genotype by envivonment) interactions
of perennials in Benchimiok envivonments and o obtain information by
which to matety specific tree requirenments to land characteristics.

Three-tonth-old seedlings, germinated and nurtined  in dibble
tubes, were transplanted i dhe field without benefit of chemical ferl-
izers. All legumimous trees were inoculated with appropriate strains of
Rt vobium obtained from the Univeisity of Hlawawi Nif TAL (Nitrogen
Fixaton by 'Tropical Agricalvaral Legumes) Project.

The 16 selected speciea, mostly legumes, are Iisted in Table 10 Addi-
tional detaids on the species can be Tound elsewhere (Nutional Avcademy
of Sciences, 1980 NacDicken, 1983). Five of these species were repli-
cated four times inE by 7 plots with 1 by | spacing (10,000 trees/
ha). The experimental design was o randomized augmented block
design with cach of the replicated species occurring in cach block, while
cach unreplicated species was randomly ailocated 1o one of the blocks.

The trials were Tocated at four sites representing the following soil
fmities: (1) thixetropic, isothermic Hydric Dvsorandept ar Niulii
(OLE) i Hawatr (Hawan), (2) claves, keolinitie, isohvperthermic
Typie Paleudult ar Nakau (NAK) in Indonesta (Sumatra), (3) clayey,
kaolinitic, isohyperthermic Tropeptic Futrustox ar Waipio (WA in
Hawait (Oahu), and (1) very fine, kaolinitie, isohyperthermic Ultic
Tropudalt ar Davao (DAVY in the Philippines (Mindanao). (Sce Chap-
ter 3 for more intormation on the soil families.)) Environmental data for
the four soil families are listed in Table 2,

Nitrogen-Fixing Tree Performance

All sites were plinted at nearly the same time during the 1981-82 wet
season and supplemental irrigation utilized so that soil moisture would
not be limiting during scedling establishment. Alter five months of
growth the seedlings showed visible differences. Ac the cool highland
Hydric Dysorandept site, only two (eleacia mearnsit and Eucalyptus saligna)
of the 16 tree species had shown much growth. In contrast, 14 species at
the "Tropeptic Eutrustox site (warmer, and with higher base saturation)
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Table 2. Environmental characteristics and mean tree height at sites of the
nitrogen-fixing tree trials,

Soilsurface fertility

Temperature Moisture pH Ca BS

Soil regime regime (KCI) (me/100 g) (%)
Dystrandept Isothermice tidic 1.0 7.0 21
Lutrustox Isohyperthermic Ustic 1.8 il 66
Paleudult Lsohyperthermie Udic 1.8 3.0 35
Tropudalf Isohyperthermic Udic 1.9 9.3 §2

Mecan tree height (i)

Soil Lcu Div Ses Lal Aur Std err
Dystrandept
one yvear 2.0 3.1 1.5 2.3 1.0 11
two years 2.1 5.3 — +.3 2.5 1.4

Eutrustox

one year 4.4 +.9 3.2 2.1 2.1 1.1

two years 6.2 5.9 3.7 2.6 3.1 1.9
Paleudult

one year 2.9 3.1 2.0 2.3 2.5 1.2

two vears +.3 3.1 2.5 3.6 5.2 2.4

Tropudalf

one year 7.3 7.9 6.0 1.9 1.8 2.5
two years 10.6 11.7 7.5 6.3 6.8 3.2

Note: Due to past imanagement, the Palendult was the only site with low extractable phospho-
rosin the surface hovizon, The standard error (std erryis the standind error of a SpeCies miean
{four replications for cach soil except tor the Tropudalf with three replications). Tivo year mea-
surements at the Paleudult site were taken ag 20 months, The five replicated species include
Leucarna lewcocephula (Lew), Lewcarna divenafolia (D), Sevbana grandiflora (Ses), Calliandia
calothyrvus (Cal), and A aurn wltforny (Aur).

had grown vigorously. The other two sites both had favorable climatic
environments, isohvperthermic temperature and udic moisture re-
gimes. The Ultic Tropudalf, with overall better ferlity, including
higher pH, caleium, and base saturation levels, showed the best growth
during the carly months after scedling establishment.

Plant growth measuremenss (height, basal diameter, and diameter at
breast height) were recorded at various time intervals. MacDicken
(1983) gives an extensive analysis and discussion of the data for various
ages and characteristics, including wood volume caleulations and com-
parisons among the species. Here the emphasis is on evaluating the use-
fulness of Soil Taxonomy in categorizing environments for successful
matching of nitrogen-fixing tree requirements. Height data on the
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replicated species, measured one year afier the seedlings were planted,
were the least viviable of the several measurements and are shown in
Table 2.

Overall, tree development was best at the Ultie Tropudalf site, with
an average growth rate of 0.5 m/month for the replicated species. The
warm and wet weather that prevailed ar DAV during the first year, in
addition 1o adequate soil tertility at the site, scemed to be an ideal envi-
romment for satisfving crop requirements. ‘Trees at the Typic Paleudult
site, with acreladively poor ferdlity status and an unusually long drought
during the second half of the growing year, did not perform well, The
trees at the Tropeptic Eutrustox site, which is in the ustic (dry) moisture
regime, bhegan to show signs of water stress in the later part of the dry
seasan (10-11 months after planting). The effect of season on the
growth rates of the trees was most pronounced at the Hydrie Dystran-
deptsite, The first six months of growth occurred during the wet sea-
sen, which 1s marked by cool temperatures, high rainfall, and low solar
rodiation. Ininal development was very slow: some improvement in
growth was seen during the second half with seasonal increases in air
temperature and solar radiation levels, The data suggest that variations
i tree growth rates caused by seasonal changes will be much more pro-

The drought wolerance of deacia mangium was evident with its green leaves and

continued growth during a six-month drought in Sumatra, Indonesia, while
adjecent trees dropped leaves, ceased growth, and in some cases died in the
nitrogen-fixing tree experiment.
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nounced for sites in the isothermic wimperature tegimne than in the jso-
hyperthermic regime, assunung that sotl moisture or ferniity does nat
Decome a major factor in Lty ¢rowth. While species rankings at two
vears for the isohvperthernmic sites were similar o one vear rankimgs,
substantive changes occurred ot :he isothernic (Dvstrandept) site. Ses-
banta dicd o, 1. lencocephale reviinned stadic, and the other three spe-
cies showed similar or hivher percentage changes i heighr during the
second year

A statistically sienificant interaction hetween soils and SPeCies was
revealed when the one vear data were subimitied 1o o combsined analysis
of vartance. Purther examination (Frgure 1Y showed tha the Dvstran-
dept and Paleudult soils were major contributors o the interaction,

12+ T

T = Ultic Tropudalf
E = Tropeptic Eutrustox
P = Typic Paleudult
D = Hydric Dystrandept

111

R

104

g- D 2 year
D 1 year

__m
3
7
R

Height (meters)
(0]
1
Hej

Leucaena Leucaena Sesbania Calliandra
leucocephala  diversifolia grandiflora  calothyrsus auriculiformis
Tree species

Fig. 1. Average height of five nitrog - »-fixing tree species at one and (wo years
after planting.
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Growth of Lencarna leucocephala at 5 months reflects the cool and humid agroen-
vironment of the Hydrie Dystrandepts i Haswadi (lopy and the warm and
humid agroenvironment of the Typic Paleudults in Cianeroon (hoton). “Tech-
nical problems thiat oceurred doring the NFT wial, resulting m insulficient
numbers of surviving trees for several species, prevented inclusion of Camer-
oon data set in the combined anelysis
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Whereas the differences berween the Tropadall and Futrustox remain
approximately the sime for cach of the species, differences involving the
other two sotls do not. Cantion s necessary i interpreting differences
among the experiments s being dae solefvto the soil family. With only
one experinent for cach family, site and soil funily ae confounded, and
observed differences can also he associated with stte characteristics
other than those in “lable 2. Nevertheless, the tree wials appear to sup-
port the coneept that the soil family level of Soil Taxonomy achieves a
usclul stratification of soil characteristios, and temperature and mois-
ture regimes for predicting leguminous tree performance.
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Agri('ulluml and environmental rescarch utilizes knowledge of spe-
cifie processes within o complex system of interacting and interdepen-
dent phenomena o attempt a comprehensive understanding ol the
operation of the system as o wholes Tnrecent vears mathematical model-
ing and simulation techniques, relving onthe use of high speed com-
puters, have been developed to provide comprehensive and quantiti-
tive description of the hehavior of dvnamic crop growth patterns.

A tundamental principle of modeling is that the type of model o be
constructed depends on s use (Dent and Binckie, 19795, Simulation
models can deseribe the impact of such phenomena as weither, eroston,
soil physical properties, and crop chavacteristicos on agri ultural produce
tion by utlizing the vast amounts ol experimental data tha have been
collected inmany parts of the world (Williams cval.o 1983). These
models allow testing of assumptions about the value of cconomic imputs

such as water, fertlizers, and pesticides.

Crop Growth Simulation Modecling for Agrotechnology Transfer

The suceess ol agrotechnology transfer rests, in essence, with the indi-
vidual farmier. Two of the basie reasons for failures in agrotechnology
transter are mismatches boetween the environnental requirements of a
technology and the environmental characteristics of the Tand and mis-
matches between the requirements of a technology and the resource
capabilities of the farmer. ‘Traditonal methods of agricultural rescarch
may not solve the mismatch problem sinee cach farnier and cach farim is
unique, while results from traditional methods are site-, season-,
cultivar-, and management-specifie (Nix, 14980).

Currently used methods of agrotechnology transfer are simple obser-
vation, trial and error, transfer by analogy, and systems analysis and
simulation. When crop research is based on transfer of information by
analogy, a network of experimental sites is w necessity. The objective of
simulation is not to replace field experimentation. Field experimenta-
tion is expensive but essential. Simulation modeling is intended to
improve rescarch in terms of efficiency and cost effectiveness. With simn-
ulation modeling one can prescribe appropriate technology by predict-
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ing the performance of anycrop atany lociion. given a specified set of
soil, weather, crop, and management data,

In the present chapter the Crop Environment R esonree Svnthests
(CERES) maize model is used (o predict crop response 1o nitrogen
application on the Hudric Dyvsoramdepr and Tropeptic Eutrustox soil
familics in Hawaii,

Maize Simulation Model

The Crop Svstems Evaluation Unit of the Agricultural Research Ser-
see (ULS, Departinent of Avriculiure o Temple. Tesas, has developed
a maize growth sivulation mode] —CERES maize. The model incorpo-
rates e minimun set of Jat on Hmagemenc clinate, genotvpe, and
soil (CLable 1) and sinmlares o rop wrowth. phenological stages, and final
vield. Tn the course of the sinulation the CERES niaize model alsa cal-
culates water and dtiogen baliunee i dany roor and shaog develop-
men of the crop (Jones eval. . 1o,

Nlaize genotvpes diiier in nany wavs, melading SCRSIUVInY o day
length, thermal tine (growing degree davs) necded 1o ¢ omplete various

Table 1. Minimum data set needed to run Gl

LRES maize model.

Type of data Data
Managemens Cultvar name
Plnting date
Plant population
Trrigation dates and amounts
Fertilizer N: dates, amounts, sources
and depth ot application

Climare Longttade and Latitade
Solar vadianion (dailv)
Maxand min air temperature (daily)
Precipitation (dlaily)

Sail (by laycers) Initial soil water content

Initial NOLand NH, content

Orvganic carbon

Bulk density

Drain Tupper limic ol soil witer and
lowerlimit of plant extraciable soil
witersor 33 and 15 har water contents,
soil texture, and CECE,

Others Soil albedo, runoftf cur e nunber, CoN ratio,
upper it of stage 1 soil evaporation,
profile drainage rate constant, and rooting
depth




)
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Stmudation of Maize Respoase to Nitrogen Application
. >N

stages of growth, und porental kernels per ears The CERES maize
model contains five genotvpe-specific coetlicients thar quantify the vari-
ability comong varieties in phenological development and groweh, name-
v thermal nme trom seedlimg emergence to end of juvenile phase ('02),
sensitivity ol tssel mitiation o photaperiods ereater than 12,5 hours
{davs delavihour mcrease e photoperioddy, dhereial time from end of
vegetative growth to phvsiologic ab matariny ¢ Cy potential kernel mun-
ber pevearsand porenaal erain Gl rane cieskerneldavy, These coelfi-
cients are detcrmmned from phyrorron studies andZor adpusted unul rea-
sonable agrecmont bhetween simubaced and observed dates of silking and

kernel numbers are obtaimed in aptimmum fernlity cxperiments.,

Simulating Maize Response to Nitrogen

Nitrogen (N s asienificant component of Gnportiant plant substances
and o addiion. divealy imtluences plant processes such as root devel-
opment nunent gptakes and water use etliciency (Olsen and Kuriz,
Py Naraions e Noconcentration among plant parts occur with dif-
lerent staces of wrowth, ond also with deficienoy or excess of other nutei-
ents inthe plants Niroven levels inplaat parts also depend on dhe effect
clhweather disease . and pests.

Fricetive managenment of nitvogen is complicated by its mobility,
Nitrogen iy sebject o loss Vi amimonia volatilization, denitriheation,
and leachimg: ic may also be avgmented by raimfadl and biological fix-
aton Nirosen has relatvely Tow residual value, so that the N-supply-
g capacity of the seil ot be permanenty inereased by massive
applicaton ot fertdizer N Thus, nitrogen fertilizer is applicd for a sin-
gie crop. rather than for o rotation or a0 crop sequence. Recently, an
added coneevn has heen the erease of miiroven in both surlface and
ground waier bodies, The CERES niuze model considers the nitrogen-
sotl-plant-warer-anmosphere svstem as o whole.

The CERES mize model estimates nitrogen-fertilizer-us» efficiency
and nitrogen feaching bevond the roor zone by taking into consideration
the imany sources and sinks of nitrogen, and the flove pathways of both
water and nitrogen. Under nornnal conditions nitroven sources include
residual mneral nnrogen in the soil prior o fertitizadon, ertlizer
nitrogen, and organie nitrogen which mmeralizes during the growth of
the crop. The relutive sizes of these sources are atfected by the rate and
tming of fertilizer application, previous cultural practices, and the rate
ol mmeralization ol the stable organic matter of the soil,

No actual measarements of inidad anineral nitrogen concentrations
throughout the soil profile or rates of mwineralization were available for
the Hydrie Dystrandept experiments. Assumed initial soil nitrate and
ammonivm concentrations were mathematically adjusted until the
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model accurately simulated kernel numbers in the high fertitity trem-
ment. Model adjustments were made on one sct of expertmental data.
The remaining rans were iade without adjusting the model parame-
ters. In general, initial nitrare and ammonium concentrations hetween
10 and 30 ppin were required in the top 3ttenuof the profile.

Soll properties such as percent organic carbon, total nitrogen, bulk
density, and restriction to rooting were assumed 1o be identical for all
experiments at a given site and were tiken from Benehmark Soils Proj-
eet publications and soil survey anformation. Recorded weather data
and actual rates and daaes of nivagen fenilization were used in the sim-
ulation. Actual irrigation wmnounts and dites were used whenever the
information was available: however, for most of the experinents irriga-
tion was assumed o oceur whenever o soil dried 1o the lower limit of
plant extraciable soil water. Chinene ( 1983) and Singh (1985) give addi-
ttonal information, mcluding plincand soil nitrogen simulition results,

Maize Response to Nitrogen Treatiaents

Table 2 shows the actuad and simulaed grain vields of the highest N
(186 ke/ha) aned P orcanment in Benchimark Soils Project experiments in
Hawaii, The first eioh experinents presented in Table 2 were con-
ducted on Hydvie Dyvsirandepts and the maize variety was H610. The
remaining experiments were carried out on Tropeptic Futrustox with
the XS04C maize varicry (Chapter 8). Experiments with wind damage
(lodging) were nat induded because ris cffect is not simulaged with the
CERES maize maodel. 1o illustrate this lmitation on experiment that
suffered severe lodging (WAL A1) was simudated. As expected, the
modcl overestimated the grain yield for the high N otreatment where
lodging of Lrge plants was serious.

Reliable estimates of sitking date, yvield compeaents, and grain yield
in the high ferdlity teatment in the Tropeptic Eutrustox experiments
generally were simulated by the model. On the other hand., the vield
predictions in four out of the cight experiments conducted on the
Hydric Dystrandepts were not within two standard crrors of the actual
vield (mean of three replications).

Also presented in "Table 2 are the actual and simulated grain vields of
the lowest N (29 kg/hy and high P ireatment in the saume expernments.
Grain yields were reauced by mtrogen deficiency, In HAL B-22 and
IOLE 1-10 the model overpredicted the kernel number per car, This
may have been due to barrenness induced by nitrogen deficieney and/or
damage to the kernels by corn carworms,

The model predictions again were not satisfactory on the Hydric
Dystrandept experiments, whereas the predictions on the Tropeptic
Lutrustox sites generally were within two standard crrors of the actual
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Table 2. Maize geain yields (kg/ha) of two N levels on Hydric Dystrandepts
(HAL, KUK, and IOLE) and Tropeptic Eutrustox (WAI and MOL).

29 kg N/ha 186 kg N/ha

Standard o e e e
Experiment deviation Actual  Simulatd Actual  Simulated
HAL B-21 Hlo 1971 2015 8169 8010
AL B-22 N7 20067 5979 8629 8516
KUK A-21 5492 6982 1900 7802 7092
KUK C-11 Hit 7358 6704 8768 8929
KUK (i-12 720 7249 5002 9262 7587
KUK D-21 LAY 5540 6976 8828 8531
IOLE E-10 +HH 6263 Ho42 7768 8463
1L T-10 319 3268 1762 6600 8234
WAT A-T0 6:10 BENTH 7889 10513 10676
WAL A-TH 623 5973 6049 RRENR 10504
WAT B-10 575 8451 74 11530 11999
WAL D-10 738 tbol 6707 9992 10841
MOL A-10 633 74957 8H71 {0161 10053

MOL B-10 825 4083 S0 8773 10889

values, The minimum data set needed 1o run the CERES maize model
was available or could be determined from available information for the
Eutrustox sites. The face that the model overestimated grain yield in
some and underestimated in other cases suggests that initial conditions
differed nrkedly among Hydrie Dystrandept sites. Nore accurate esti-
mates of soil organic matter and total nitrogen might have reduced

these discrepancices,

Yicld Response Curves

Figure | shows the actual and simulated yield response curves for five
levels of N. The P levels varied but were sulticient for optimal P natri-
tion. The simulated vield cesponses generally were within two standard
crrors of the actual vadues (means of three replications). The consistent
overestimation or underestimation by the model in some of the Hydric
Dystrandept sites shows the need for accurate input data for the model.
There were cases when the model overestimated or underestimated
grain vield, kernel number, and silking dates. These ineluded experi-
ments where values of the minimam data set (Table 1) were estimated.
The need tor accurate input data (minimum data set) o exceute and
evaluate the model is very important. The current version of the model
does not simulate effeets of insect, weed, discase, and wind damage, or
phosphorus and potassium deficiencies, or aluminiune and manganese
toxicities. Thus, anomalics between simulated and observed values
would vecur if one or moie of these factors alfected crop performance.
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Nitrogen Management Application

The model was also used o simulate effecis of summer (May 1) and
winter (December 1) planting dates, cultivars, and applicd N on the two
soil families in Hawai. Long-term averaged weather data were used for
both the Flydrie Dysirandept (IOLE site} and the "Tropeptic Futrustox
(WAT site) soil families. Crop growth was not Innited by water supply,

v

as the model was programmed to irvigate ™ and avoid water stress.

The Tropeptic Eutrustox had higher potenual yields than the Hydrie
Dystrandept for both the summer and winter plantings (Table 3). These
simulated results are i accord with the Benchmark Sotls Project data
(‘'Fable 2). Similarly, grain vields were higher tor the Tropeptic Eutrus-
tox simulations at all nitrogen rates. In spue of the longer growing sea-
sons assoctated with the cooler environments, gram yields were lower
the Hvdrie Dvstrandept family beeause of the liminng solar radiation,

Scasonal differences in vields were more prominent than diflerences
associated with soib funihies. These simulations show  that the N
response curve depended on season (‘Tible 3). The opumal N race,
theretore, mav vary from one season to another within a sotl uanily. in
the cooler months the nitrogen response curve reaches a maximum at a
lower N rate because growth s himited by environmental factors (tem-
perature and solar radiation). In the summer pluntings potential vields
are also determined by the climatie factors ihinanagement mputs are
optimal.

The maize cultivar X304C wis superior to caltivar Ho10 on both soil
fanilies (‘Table 3). A similar conclusion by the Benehimark Soils Project
led to replacing the Ho10 cultivar in the project’s later experiments on

Table 3. Simulated maize grain yrelds (kg/ha) as affected by applied nitrogen,
soil family (Soil), planting date (Date), and cultivar (Var).

Applied nitrogen (kg/ha)

Soil Date Var 0 30 70 108 200
TE May N304C L9 6013 7496 8662 10771
Hol1o 3890 5700 7161 8317 9640
HD May N304 1772 1802 6659 81565 9297
Ho1o 1526 4237 5934 7653 8135
TE Dec X304C 1328 4398 6582 7571 7635
Ho610 1178 3910 6006 6780 6780
HD Dee X304C 887 1997 5302 7315 7566
H610 982 3323 5280 6966 69606

Note: ‘Fhe two soil families are ‘Tropeptic Futrustox (TE) and Hydrie Dystandepts (HD).
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the Hydric Dystrandepts (Chapter 8). The main difference between the
two maize cultivars is associated with potential kernel number per car
(G2) and potential grain Gl rare ((:5). These genetie coefficients give
X304C cultivar a higher grain vield potential, primarily because of a
higher G2 value. The HG10 cultivar has a stightly higher G5 value and
may perform better than X304 in cooler cnviromments, ¢.g., winter
plantings in the Hydric Dystrandept family,

As 1llustrated by this application, simulation modeling can help in
such managem:ent decisions as selection of variety, planting date, and
fertilizer rate. A systems-hased rescarch strittegy centers on a halanced
development of two interactive components: crop models and data
bases. Presentdy, the development of appropriate crop models is limited
by inadequate soil, crop, weather, and management data from widely
contrasting environments. ‘Thorough validation of simulation models i
necessary before they can be fully utilized as a ool for agrotechnology
transfer.
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Er()si(m is a function of climate, soil, topography, and land use. Pre-
dictive erosion models have been formulated to estimate potential haz-
ards and to design control measures. Among them, the Universal Soil
Loss Equation (USLE) (Wischmeier and Smith, 1978), based on exten-
sive rescarch, is the best known and has been successtully applied in
many parts of the United States. Though the equation in principle is
transferable, the empiricadly derived parameters prevent any dirvect
application to other agroenvironments without appropriate adaptation
and verification. The objectives of this study are (1) to demonstrate the
utility of the Benchmark Soils Project network of experimental sites and
accompanying data sets for assessinent of potential rainfall erosion, (2)
to test the transterability of a currently available erosion prediction and
control technology (USLE) to data-deficient arcas like the tropics, and
(3) to test the soil family “hypothesis” applicability to rainfall crosivity
and subsequent inter-trinsferability among sites.

The Erosivity Factor

The rainfall factor (R) in the USLE quantifies the potential ability of
rain to cause erosion; it is termed the crosivity index or, simply, erosiv-
ity. Erosivity has been defined by the Elgy index; E refers to the kinetic
energy of rainfall (tonne-meters/ha) and Iy refers to the maximum 30-
minute intensity (em/hr) of the rainfall (Wischmeicr, 1959). The kinetic
energy is calculated from the expression

Kinetic energy = 210 + 89 tog 141

where kinetic energy is in tonne-meters/ha/em and the intensity I is in
cm/hr. This storm-based index has been successful in quantifying rain-
fall erosivity in many agroclimatic zones including the tropics (Bols,
1978; Bhatia and Singh, 1976; Lo et al., 1985; Roose, 1977). However,
the utility of the Elsq as a rainfall erosion index has been questioned by
some workers in the tropics. One important basis for this criticisim is the
requirement of elaborate rainfall records, which usually are not availa-
ble in many developing countries. Another is the fact that the successful
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use of Elgg in temperate regions such as its place of origin does not nee-
essarily assure applicability to regions with substantially different cli-
mates, such as the tropics. To vertly its use, continuous storm records
obtained from the network of Benchmark Soils eejeet sites were ana-
lyzed, Erosivity values calculated according to Wischmeier and Smith
(1978) were obtained for 17 sites from Hawadi, Indonesia, Plhilippines,
and Cameroon for monitoring periods ranging from 20 to 73 months,
Of these, cight sites (1O1LE, KUK, and HAL in Hawaii; PUC, PAL,
and BUR in the Philippines; I'TKA and 1P in Indonestiay belong to
the thixotropic, isothermic Hydrie Dystrandepts, two sites (MOIL and
WAL in Hawait) belong to the clayey, kaolinitic, isoliyvperthermic “Iro-
peptic Futrastox, and the other seven sites (DAV and SOR i the Phil-
ippines; NAK, BUK, and BPND in Indonesii: CAN and BAK in
Cameroon) belong to the clayey, kaolinidic, isohvperthermic Typie Pa-
leudults. During the project the DAV site was reclassified as a very fine,
kaolinitic, isohyperthermic Ultic Tropudalf. This soil family has the
sime moisture regime (adic) as the Typic Paleudult. The DAV results
are discussed hore as o Typic Paleadult. Details of the experimental
sites and characteristies of the soil families are given in Chapters 3
and 7.

Monthly Rainfall Distribution

The distribution of mean monthly rainfall aimounts averaged over the
monitoring period and sites within @ country is shown in bar graphs in
Figures 1, 2, and 3. Most sites have significantly more rainfall in some
months than in others (wet and dry seasons), The Philippine, Camer-
oon, and lndonesia sites are characterized by a single maximunm during
or just after the high-sun period. In Hawaii, heavy rainfall occurs in
winter nonths (November to March) when the southerly portions of
frontal systems pass over the island chain. For most sites the rainy sea-
son beging and ends gradaaliv, The pronounced effect of orography, ele-
vation, and exposure o the prevailing wind is illustrated by some site
pairs. For example, the WAL site located on the leeward side of the
island of Oahu receives an annual rainfall mean of 1028 mm, versus
2940 num at the KUK site located an the windward side of the istand of
Flawai.. The PUC siee in the Philippines at 300 m clevation receives
2887 mum per vear, as compared to 3853 nun at the BUR site at 425 m
clevation.

Erosive Rain

An crosive rain, according to Wischmeier (1959), is defined as rain
showers of greater than 12.5 mm and separated from other rain periods
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Fig. 2. Distribution of total and crosive rain on ‘lro-
peptic Futrustox.

by less than 6 hours, or a minimum of 6.4 mm of rainfall in 15 minutes
or less. "The amount of crosive rain computed using this definition was
compared with the total rainfall amount and is shown in Figures 1, 2,
and 3. In general, throughout the year, sites with wetter moisture re-
gimes experienced slightly higher proportions of erosive to total rainfall
than sites with drier moisture regimes. It appears from the data that
rain received during the wet season is more crosive at all sites exeept the
Dystrandepts in the Philippines. NMost (above 70 percent) of the rain
which fell during the course of the year at sites other than the Philippine
Dystrandepts was crosive. In contrast to this, only about half of the rain
reecived during the dry period between June and September was ero-
sive at hoth Butrustox sites in Hawaii.

Rainfall Intensity

The frequency distribution of the maximum 30-minute rainfall inten-
sity is swmmarized in Table 1. A significant difference existed between
the intensity distribution of rainfall in Hawaii and that obtained in the
Philippines, Indonesia, and Cameroon, A large proportion of the ern-
sive storms had maximum 30-minute intensities of less than 12,5 mm/
hr. In fact, more than 40 percent of the time for the Futrustox and 50
percent of the time for the Dystrandept sites, the maximum 30-minute
intensity never exceeded 12,5 mm/hr. Intensities greater than 50 mm/hr
were recorded fess than 5 percent of the time for these sites.

Unlike the Hawaii sites, a significant proportion of the rainfall inten-
sity occurred in the higher intensity classes at all the other sites. On the
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Table 1. Distribution of maximum 30-minute rainfall intensity classes in
pereent during the monitoring period.

Intensity class (mm/hr)

Site 0.0-12.5 12.5-25 25-50 50-75 >75

Hydric Dystrandepts
Hawati

1OLE 71 19 9 !
KUK 58 26 14 2
HAL 71 20) 7 2

Philippines
PuUC 30 38 25 6 1
PAL 26 37 28 8 1
BUR 27 36 31 6

Indonesia
['TKA 27 43 24 5 {
LLPH 2() 35 37 7 |

Tropeptic Eutrustox
Hawair

MOL + 26 28 2
WAL 17 24 24 4 1
Typic Paleudults
Philippines
DAV 12 34 37 14 3
SOR 23 37 31 8 1
Indunesia
NAK 14 27 41 13 5
BUK 13 29 42 12 4
BPMD 11 33 40 12 4
Cameroon
CAM 16 35 40 6 3
BAK 16 39 35 8 2

average, about 10 percent of the time the intensities were greater than
50 mun/hr. Intensities fell below 12.5 min/hr only about 20 percent of
the time. More intense storms occurred at the Paleudult sites in Indone-
sia, comparatively, than at the other sites. The 30-minute maximum
intensity of 56 pereent of the rainstorms at these sites was greater than
25 mun/hr. Sixteen percent of the storms had maximum intensities
“greater than 50 mm/hr. About 4 pereent of the rainstorms had intensi-
tics greater than 75 nnn/hr.

Mecan Annu !} Erosivity

The averarne annual erosivity values for cach of the sites is listed in
Table ¥ along with its observed range during the study. Among the
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Hydric Dystrandepts, the three Philippine sites yielded higher erosivity
values than cither the Indonesia or Hawaii sites. For the Tropeptic
Futrustox, both in Hawail, o shightly higher mean annual erosiviry
value was obtained for the WAT than for the NOL site. The Indonesia
sites were slightly higher than hoth the Philippine amd Cameroon sites
amonyg the Typic Palendults, Tt is apparent from Table 2 that the mag-
nitude of the erosivity for both the Dyvstrandepts and Paleudalts is about
three o four times greater than the Eutrusiox. Differences bhetween ero-
sivity vaiues are not significant for the Dystrandepts and the Paleudults.
However, the erosivity within the Dyvstrandept family varied considera-
bly amonyg different agroenvirnments. Frosivities for the FHlawail sites
(578- 14606 tonne-m/hay were slighty less than the Indonesia sites (871-

Table 2. Annual rainfal’ and evosivity values.

Average Annual rainfall
Duration annual crosion index
Site (months) rainfall (mm) mean range
Hydric Dystr. ndepts
Hawai
IOLE 73 2000 608 187-1017
KUK 60 2040 1166 165 2502
HAL 47 2112 5748 271-1025
Phileppines
puC 73 2887 1881 932-4103
PALL 58 3300 25062 895H-4822
BUR 67 3853 2705 1492-3954
Indonesia
I'TKA H3 1949 871 673-1079
[.PH 67 2630 1630 869-2202
Tropeptic Eutrustox
Hawaii
NMOLL 61 876 365 186-0621
WAL 57 1028 524 160-1088
Typic Paleudults
Philippines
DAV 59 2111 1852 1114-2774
SOR 36 2548 1807 1457-2147
Indonesia
NAK 45 2335 2159 1594-2880
BUK 46 2668 2381 1639-3642
BIPMD 51 2254 20000 1164-2696
Cameri n
CAM 32 2106 1437 1069-1771
BAK 20 2074 1362 1341-138"

Note: The erosion index is in hundreds of metric units (tonne-meters/ha); cach metrie unit =
0.567 Lnglish unit(ft-tons/acre). The last month of the monitoring period was December 1982

exceptfor HAL (10/81), FTKA (12/81), and NAK (7/82).
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1630 tonne-m/ha), but considerably less than the Philippine sites (1881~
2703 tonne-m/ha). The lower value may he partly attributable o the
mfrequent occurrence of maxinum 30-minute vainfall intensities great-
er than 50 mm/hy, as mentioned carlier. As for the Paleudults, varia-
tions among different agroenvironments were minimal,

The range of erosivities at each site was Lirge, The effect was more
pronounced at the Hawaii and Philippine sites than at the Indonesia
and Camevoon sites. This apparenty is due to the extreme variability in
annual rantall, more so for Flawaii and the Philippines than for Indo-
nesia and Cameroon. Theretore, i is clear that tong-term raintall
records must be avialable to establish unbiised estimates of erosion higz-
ards in any given location,

It is instructive in these site comparisons (o examine the characteris-
tes of the mose erosive storms (storns with the Iighest crosivity vadue)
observed during the monitoring period ar the various sites. A Smmnary
ol these chavacteristios is presented in Table 3. Within the Hydric Dys-
trandepes, the Flawadi sites received the Targest stort amount but the
Indonesia and the Philippine sites were chivacterized by the highest
short duration intensities. Clomparing the ratio of crosion index (o rain-
fal aomount (‘lable 3y, the Hawaii sites displaved the least erosive
storms. For the “Tropeptic Fatrusos, the Logest storm at the WAL site
was almost twice as erosive as that at the MOL site. The sime charie-
teristic, extremely high short duration intensities, s observed at the
Philippines and the Indonesia sites belonging o the Typie Paleudult soil
faily. The only signthicant ditference is tha they were of very short
duration; most lasted less than 10 hours.

Scasonal Erosivity Distribution

Cumulative monthly distributions of erosivity values within the year
are shown plotted against time in Figure 4. For the Dystrandepts, the
Indonesia and Hawaii sites displayed similar crosivity distributions—
low values were recerded from May o October and high values from
November to April. For the Philippine sites, in contrast, the high ero-
sivity values were observed during the period from May to October,
The two Eutrustox sites followed the consistent trend observed at the
Dystrandept sites in Hawaii. Among the Paleudults, high erosivity
values were confined 1o May 1o October for the Philippine and the
Clameroon sites, and November to April for the Indonesia sites. It is
interesting o note that in all the Philippine and the Cameroon sites
more than 75 pereent of the wotal annual erosivity occurred during the
period [rom May to October. This is also true for all the Hawaii sites
during the period from November to April. The higher percentages (45
percent and 33 pereent, respectively) received by the MOL and the
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Table 3. Characteristics of the most erosive storms recorded during the
monitoring period.

Max Ratio of
Total 30-min Erosion crosion
Duration rain intensity index Ely, index to
Site (hr) (cm) {cm/tir) {(metric unit)  total rain
Hydric Dystrandepts
Hawar
[O1.E 107.5 60.9 3.0 383 0.3
KUK 134.0 107.6 5.0 1203 11.2
HAIL 52.5 28.8 5.4 339 11.8
Phitippines
PucC 61.5 73.8 9.8 1769 24.0
PAL. 59.0 77.1 10.8 2035 26.4
BUR 52.0 72.4 9.0 1579 21.8
Indonesia
I'TKA 8.5 10,0 6.4 173 16.3
[.PH 83.5 23.5 8.0 381 16.2
Tropeptic Eutrustox
Hawart
MO, 27.5 16.9 5.0 196 11.6
WAL 60.0 25.4 7.8 434 17.3
Typic Paleudults
Philippines
DAV 4.5 18.7 11.4 578 30.9
SOR 48.5 54.8 7.6 973 17.8
Indonesta
NAK 3.5 14.8 9.8 406 27.4
BUK 7.0 16.9 9.0 409 24.2
BPMD 7.0 14.4 8.8 333 23.1
Cameroon
CAM 1.5 9.7 13.0 352 36.3
BAK 6.0 9.1 8.8 205 22.6

WAL sites were caused by two major storm occurrences in January 1982
(Table 3).

Information given in Figure 4 is usefi I in determining the period dur-
ing which the erosion hazard is minimal so that activities which involve
high erosion risk, such as land clearing or other disruptive pre-planting
or post-harvesting operations, may be confined to these periods.

Alternative Estimates

To overcome the limitations of short-term observations it would be
desirable to extend the data base for rainfall crosivity estimation. To
determine which readily available data would be most desirable, linear
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regression analyses were conducted between the erosion index and the
corresponding rainfull amount on daily, monthly, innual, and per storm
bases. Various indicators of vaintall amount vary considerably in their
success of predicting ramtall crosivity ac the varous locatons. Althouuh
the prediction on an annual basis seems slightly better overall, the small
sample size rendered the relattonship unreliable, Tn an attempt 1o ime-
prove the monthly correlanon, monthlv erosiviaes and ranofall amounts
were segregated into two season tvpes, The Diest tvpe divided the year
mto two scasons: November o Febraary and Narch to October, "Phe
second type divided the vemr imto June o September and October o
Mav. The season tvpe with the higher correlation coctficient ot a partic-
uler site was selected for any further extiniation purposes at that site.

In some counries, for mstance Camercon and parts of Indonesia,
long-term monthby ramnfidl daca are scarce. Using information obtamed
from published raintall vecords and the regression relationships devel-
oped above, rellable ramfall erosivity vidues were computed for 10 sites
(Table -y Most Tong-terme estimates were considerably smaller when
compared with the short-term estimates: exeept for most Hawaii sites,
which have experienced some significans droughts during the moni-
toring periods,

These estmates of raanladl crosivity are valuable wools i assessing the
sotl Toss due to crostion. For w particular location, where the land use
and vegetation cover remuain unchanged, the sotl Joss will De direetly
proportional ta the erosivity of the vain i that location. "Therefore, the
amount of sediment tansported will bhe i direet proportion to the ero-
sivity, With o few measurements of sediment transported in the ranoft
for different intensity rinns i should be possible o estimate, a least
approximately, the quantity of soil loss during ditferent periods of the

vear.

Predictive Capability of Soil Moisture Regime

The three soil families used in the Benchmark Soils Project included
soils with the udic (U'yvpic Palendults), the shighdy drier than udie
(Hydrie Dystrandepts), and the ustic {lropeptic Eutrustox) molsture
regtimes. The udic moisture regime, according o the definition of Soil
Taxonomy (Soil Survey Stadt, 1975), implies that in most vears the soil
moisture control section (discussed in detal i Seil Taxonomy) is not
dry in any part for as long as 90 davs (camulative). The moisture con-
trol seetion inthe ustic moisture regime is dry in somie or all parts for 90
or more camulative days inmost years, But the moisture control section
1 moist in some parts for neces than 180 cumulative days, or it is con-
tinuously moist in some parts fos a least 99 consecutive days. The udic
moisture regime will be much wetter than the ustic moisture regime.
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Table 4. Comparison of computed and estimated rainfall crosivity values.

Computed Fstimated
Mcan Data period Meun Data period
Site annual (yrs) anrual (yrs)

Hydric Dystrandepts (slightly drier than udic moisture regiine)
Hawaii

1OLF 608 0.1 863 32

KUK 1466 5.5 772 26

HAL 578 3.9 922 28
Phatippines

PUC 1881 6.1 1150 15

PAL 2562 +.8 1547 20

BUR 2703 5.0 1217 20
Indonesia

I''KA 871 It

I.PH 1630 5.6

Tropeptic Eutrustox (ustic moisture regime)
Hawalr

MOI. 365 5.1 248 53
WAL H2:4 +.8 587 9
Typic Paleudults (udic moisture regime)
Phelippines
DAY 1852 4.9 1462 20
SOR 1807 3.0 1140 20
Indonesia
NAK 2149 3.8
BUK 2381 3.8
BPND 2000 4.3
Cameroon
CAM 1437 2.7
BAK 1362 1.7

Additionally, the rainfall affecting the udic moisture regime is frequent
and reense. This leads o the expected trend of high crosivity values
with the udic moisture vegime and low erosivity values with the nstic
moisture vegime. The observed values derived from this study support
this hypothesis (‘Table 1), However, this is far from quantifying rainfall
Crosivity at a given location and discriminating erosivity within mois-
ture regimes. Specific data on the characteristios of crosive storms and
their frequencey of occurrence are needed 1o accurately evaluate reliable
rainfall crosivitics.

However, rainfall crosivity values were seen 1o difter only slighdy
within the sane soil farmly or similar moisture regimes, as scen in Table
4. This provides, if Lross assumptions are permitted, a nseful wol for
estimating the rainiall crosivity at a new location. For example, a new
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site belonging to the thixotropic, tsothermic soil tamily of Hydric Dvs-
trandepts located i Indonesia would be expected to have a similar rain-
fall crosivity as previously obtained for the same soil funily in Hawaii
or the Philippines. Since the Hydrie Dystrandepts experience a similar,
if not shghtly drier, moisture reginme to the Tvpie Paleadults, the erosiv-
ity values observed for the Typic Paleudulis in the Philippines, Indone-
sia, or Cameroon may take the place of the Hydrie Dystrandepts in
Hawait or the Philippines in the obove example. Obviously, the long-
term erosivity values, if such daata are available, ave preferred for caleu-
lation of more reliable estmates,

Transfer of Rainfall Erosivity

The most successful raintall crosivity index (o date. the Elgg, was comn-
puted at 17 locitions using the continuous rainfa.: records from a net-
work of the Beashmark Soils Project sites. Although the temporal varia-
tons were sgnficoant, the ratio of crosive to total rainfall was similar
and remained within 70 to 85 pereent at various sites throughout the
year. However, lower ramfall mtensities and loneer durations dominat-
ed the erosive ctorms in Flawati; more than 40 & .t of the time masi-
mum 30-minuze ranful intensities were 12,5 mn/hr or less. Whereas
at the other sites in the Philippiaes, Indonesia, and Camerocen, cerosive
storms weve of shorter durations. On the average, rainfall intensities of
greater than 12,5 mm/hr occureed more than 80 percent of the time.

The magnitude of mean annual crosivity for the Dystrandepts and
Palcudults was about three o four times greater thae for the Butrustos.
Variations wmong the sites within the same soil family, and also between
soil families for the Dystrandepz ind Paleudults, were relatively sinall.
Scasonally, higher crvesion hazard or rainfall crosivity coincided with
periods of maximum rainfall. which were from November to April for
Hawait and Indonesia, and from May to October for the Philippines
and Cameroon.

Varying degree:s of success resulted from stepwise linear regression
analyses  between rainiall - erosivities and - corresponding  rainfall
amounts. Relationships developed by segregating monthly rainfall total
Into two season (ypes were chosen to provide reliable long-term esti-
mates of rainfall erosivity at the Benchmark Soils Project sites.

The predictive capability of the moisture regime classification was
limited by the lack of data on the characteristies of crosive storins and
their frequency of occurrence, The use of the soil moisture regime alone
fell short of quantifying crosivity. However, the closeness of rainfall ero-
sivities within the same soil family and different agroenvironments
cnables crosivities measured from one location to be transferred to a
new location. Aside from the same soil family requirement, this approx-
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imation is further justified if their erosive storms are of the similar
intensity distribution classes.
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Good plant nutrition is a necessary condition for high crop yield. To
achieve high yicelds essential clements must be present in plant tissue in
proper amounts. ‘lwo general ways to diagnose the nutrient status of
plants arc (1) an examination of the nutrient concentration in i particu-
lar plant part of a given age or stage of development and (2) an exami-
nation of the nutrient ratios in the same tissue. In both approaches, the
nutrient status of the test sample is compared to the nutrient status of
similar samples from a population of nutritionally healthy plants of the
same species or cultivar

Diagnosis based on nutrieni concentrations sufters from  several
inherent weaknesses. Lnvironmental conduions and crop cultivars used
in the tropics differ from those in temperate regions. These factors can

‘e ’

influence the “adequate range” or “critical” tissue nutrient concentra-
tions at which acceptable crop growth is obtained. The use of incorrect
criteria for diagnosis of nutrient deficiencies from plant tissue analyses
could result in inaccurate fertilizer recommendations.

In 1973 Beaufils published a system of calculation based on ratios of
nutrient concentrations. The ratios obtained from a healthy or high-
yielding population of the same crop are used to compute a Diagnosis
and Recommendation Integrated System (DRIS) index for cach nutri-
ent clement. DRIS is fundamentally different from the conventional
critical nutrient concentration approach due to its use of nutrient ratios
and normalization of indices. Proponents of DRIS claim that this
method of nutrient diagnosis is less sensitive to environmental factors,
cultivar, age of plant part, and plant part sampled. References to their
claims and a comparison of the DRIS methodology with the conven:
tional critical nutrient concentration approach on Hydric Dystrandepts
have been given by Escano et al. (1981D).

Studies were undertaken by the Benchmark Soils Project to evaluate
the DRIS system. In addition to the comparative evaluation by Escafio
ct al. (1981b), del Rosario (1982) established DRIS norms for maize
grown in the Benchmark Soils Project network of three tropical soil
familics and also attempted to determine the influence of environmental
factors such as soil and climate and the influence of genotype or variety

177
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on DRIS norms. Data from ferility sindies of the Benchmark Soils
Project, as deseribed in Chapter 4, were utilized. Here, the data base
consisted mainly of grain vields and the corresponding carleal nutrient
analysis at 50 percent tasseling., These experimental data bases, as wel]
as the procedures an; methodology employed in these investigations,
are described in detil in the dissertations of Escaiio (1980% and del
Rosario (1982).

The DRIS A’Iclh()dol()gy

The DRIS system proposed by Beaufils (1973) is a means of handling
the collection, storage, and calibragon of large amounts of data and the
diagnosis and recommendation required to improve plant production.

DRIS concepts. The most important concept in DRIS is nutrient bal-
ance. For cach pair of nutrient elements there is an optmum ratio.
Hence, the optimur concentration of 2 nutrient is dependent on the
¢ ccentration of the other nutrients. Optinmm ratios are assumed to be
cqual to the mean values of ratios ifrom desirable or high-yiclding popu-
lations. These mean values of ratios are referred to as “norms.”” Nutri-
ent deficiency or toxicity in tissue samples is diagnosed by conparing
the test ratios with optimum ratios or norms. Deviatons from the opti-
mum or norms arc used to caleulite DRIS indices for the different
nutrients.

Another major concepe is the so-called comparability of the caleulated
DRIS indices. In the eritieal nutrient coneentrition approach to nutri-
tional diagnosis, the concentration of one nutrient cannot be directly
compared with that of another nutrient because the optmunt levels of
the various nutrients differ. Also, the relationship hetween crop yield
and the deviation of a nutrient from its optimum concentration is differ-
ent for each nutrient. DRIS provides a means of normalizing nutrient
indices so that all indices can be dircctly compared. The DRIS ap-
proach then consists of two major tasks, namely, the establishient of
DRIS norms and the calculation of DR1S indices.

DRIE calculations. DRIS norms are mean nutrient ratios derived from
a population having desirable characteristics such as high yield, good
color, or a desired quality of the crop. The mean value in the desirable
population is the norni for a given nutrient ratio,

The DRIS intermediate nutrient ratio measures the deviation of a
particular sample nutrient ratio from the particular norm. The simpli-
fied formula for calculating the DRIS intermediate nutrient ratio sug-
gested by Jones (1981) is

(sample nutrient ratio = norm)/std. dev. of norm
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where the norm and standard deviation of the norm are the mean and
standard deviation from the desived population. "To ilustrate this fur-
ther, if N, Poand Koare the nutrients in question, nutrient ratios are N/
P, N/K and P/K. The thaee corresponding intermediate nutrient ratios
arc the standavdized deviations of cach of these three nutrient ratios
from their respective norms, For example, the difference beoween the
N/P sample value and the N/P norm is divided by the N/P standard
deviation,

Calculation of DRIS indices involves summing up of DRIS interme-
diate nutrienc ratios containing the particular nutrient in question and
dividing by the number of DRIS intermediate nutrient ratios. The sum
ol DRIS indices is zero, The nutrient ratio carrvies a positive sign if the
nutrient in guestion is in the numerator and a negative sign if the nutri-
ent in question is the denominator. Henee,

DRIS index for N = (DRIS Intermediiaic N/P
+ DRIS Intermediate N/K)/2
DRIS index for P = (DRIS Intermediate P/K
- DRIS Intermediate N/IP)/2
DRIS index tor K = -(DRIS Intermediate N/K
+ DRIS intermediate P/K)/2

Plant DRIS indices considered on their own do not give an automatic
indication of the nature and amount of a particular element which must
be added to the soil. Rather, they simply indicate the nature and {egree
of nutrient balance in the plant. T'he most negative index indicates that
the element under study is most required by the plant; the most pocitive
index, on the other hand, s the least required. An index equal to zero
corresponds to the mos: balanced situation in the plant.

Yicld-nutrient Relationships

Grain yiclds were plotted against nutrient composition at 50 percent
tasscling for cach of 11 nutrients using data from the Benchmark Soils
Project. "These plots are given by del Rosario (1982), as well as relation-
ships between grain yield and 10 nutrient ratios. Selected plots are dis-
cussed here.

In general, at low yield levels the ranges of nutrient concentrations
vaned widely, but as yields increased, the associated range of tissue con-
centrations narrowed. Interestingly, the apparent optimum concentra-
ton is characteristic (Figure 1) for a soil family for P, K, Mg, S, and Mn
while, for other nutrients, a grouping of concentrations by soil family is
not apparent. Some nutrient ratios coalesce to a point (Figure 2) or
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Fig. 1. Relationship between grain yield and concentration of potassium in
maize carleaves (50% tasscling) in experiments on the Hydric Dystrandepts
(1), Tropeptic Eutrustox (2), and “Cypic Paleudults (3). This is a modification of
the original figure from del Rosario (1982).

12,000 |
10,000
8000-

6000-

Grain yield (kg/ha)

4000

2000 \

0
0.00 003 006 009 012 015 018 021 024 ©27 030

P/K

Fig. 2. Relationship between grain yield and concentration of P/K nutrient
ratio in maize carleaves (50% tasseling) in experiments on the Hydric Dystran-
depts (1), Tropeptic Eutrustox (2), and Typic Paleudults (3). This is a modifica-
tion of the original figure from del Rosario (1982).



Mineral Nutrition of Maize in Benchmark Soils 181

remain grouped by family similar to the relatonship shown in Figure 1,
Consequently, the soil family can contribute to the variance of the nutri-
ent ratio.

Comparison of Low and High-yicl.;ing Populations

One of the assumptions in DRIS is that some nutrieni ratios are consid-
ered more important than other nutrient ratios (Jones, 1981). The
desirable (high-yielding) and undesirable (low-yiclding) populations
could be compared to determine so-called “important” ratios. “lmpor-
tant” ratios arc those nutrient ratios in which cither the means are
significantly different between the low-yielding and high-yiclding popu-
lations or the variances in the low-yielding population are significantly
higher than the variances in the high-vielding population (Jones, 1981;
Escafio et 21, 1981b).

In cach soil family, the means and variances of 10 nutrient ratios
involving N, P, K, Ca, and Mg were compared between the low-yield-
ing and the high-yielding population. The high-yielding population
(HYP) and the low-yiclding population (LYP) were chosen by taking
the two highest yields and two lowest yields froin cach block of cach
experiment. A summary of the results is given in Table 1,

The nutrient ratios in the low-yielding populaton in the Hydric Dys-
trandepts has significantly higher variances compared to the variances
of the same ratios in the high-yiclding population. In the case of the
Tropeptic Eutrustox, the means of most nutrient ratios were signifi-
cantly different between the two populations and, in general, were

Table 1. Summary of “important” (sce text for definition) nutrient ratios in
Y I
the Benchmark Soils Network,

Dystrandepts Eutrustox Palcudults
Nutrient (n=174) (n=42) (n=064)
ratio Mcan  Variance Mcan  Variance Mecan  Variance
N/P ns * b * ns *
N/K L L LA J L] » -
N/Ca ns . i ns * ns
N/Mg ns * e ns i *
P/K ns * ns ns ns *
P/Ca ns . ns ns * *
P/Mg ns * . ns ' *
K/Ca ns * * ns ns *
K/Mg ns * * ns * *
Ca/Mg ns ¢ ns ns v *

Note: Statistical significance (* and ** denote significance levels at 0.05 and 0.01, respectively
and ns denotes a significanee level greater than 0.05) was based on the t-distribution for incans
and on the F-distribution for variances.
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higher for the high-viclding population. On the other hand, the Tvpic
Paleudults showed significant differences in both means and variances
of nutrient ratios between the two populations.

Results from the three soil families suggest that two entirely different
populations can be isolated and one of the lollowing will be observed,

I. No significant mean difference between two populations but the
variances in the LYP may be significantly higher than the variances in
the HY'P,

2. Means of nutrient vatos may be significantly different between
two populations, but the variances in the 1Y may not be significantly
higher than the variances in the HY'P,

3. Means of nutrient ratios may be significantdy different between
two populations and the variances in the 1Y may be significantly
higher than the variances in the HY'P,

Case (1) may be observed when mutrient elements in both popula-
tions are relatively balanced and different vields are produced because
of non-nutritional limiting factors; more favorable Factors will promote
high yicld and less favorable ones will restrict yicld, One of the basic
assumptions in DRIS is that the nutrient ratios in the FIYP are consid-
cred optimum. It does not necessarily mean, however, that when nutri-
ent ratios are optimum high yields will always be possible, since factors
other than nurition may always be present. In other words, both high
and low yiclds may be possible at so called “optimum’ nutrient ratios,
Cases (2) and (3) may be observed when nutrition, in fact, is imiting
growth; thacis, when there is nutrient imbalance in the plant.

Benchmark DRIS Norms

The first inajor task in DR s the establishment of DRIS norms or
optimum values for nutrient g coming from a high-yiclding popula-
tion. Since optimum concentration is a necessary but not sullicient con-
dition for high vields, it was necessary to design a method of selecting a
high-yiclding population which svould include samples from lower-
yiclding varieties and locations wheve viclds were not limited by nutri-
tion. In other words, the desirable population consisted of samples in
which the yields were considered high enough for the sub-population
being represented. Escaiio et al. (1981a) comparcd methods o deter-
mine the optimum concentration or range for cach nutrient. Here, the
high-yiclding population was selected by taking the two highest-yielding
treatinents from cach block of the randomized complete block design
with three repi ats (six samples per experiment).

‘Ien nutrient ratios involving N, P, K, Ca, and Mg were generated
from cach of 10 sminples and the means of each of these 10 nutrient
ratios were caleulated and compared with published norms from Sum-
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ner (1977). It was hypothesized that, if in fact the optimum value for
nutrient ratiss would be the same po matter how the so-called high-
vielding populiation or desirable population is chosen, then the norms
generated from the entive Benchmark Soils Project newwork could rea-
sonably be assumed 1o be comparable or consistent with published
norms for maize.

The method of selecting the high-vielding populition in the experi-
mental network gave means or optimum values in most nurient ratios
which were consistently higher than those of the published norms (Table
2). Morcover, the vartanees ol pubhished norms were consistently
higher than those of the Benchmark Soils Project norms. "This mght be
attributed to dhe Tact thae since both Noand Powere treatment variables
in the oxperiments, probably the optimum feal N and P concentrations
in the experimental network were higher than the optiium coneentra-
tons of the population from which the published novms were generated,
Also, the high nutrient ratos with Ca and Mg in the experimental net-
work suggest that optiannm Cacand Mg concentrations were lower in
the experimental populatdon compired to the published ones.

The overall rescl's suggest that the optimum concentrations of most
nutricnts in maize from the experimental network inight be different
from the optimum nutrient concentrations of the population from which
the published norms were gencrated. Furthermore, itis implied that the
accuracy of diagnosing nutrient sritus in maize in terms of the derived
indices using either norm might vary, Escaio et all (1981h) demon-
strated the imiplication of using independent data o generate DRIS
norms for cach nutrient and correctly diagnosed nutrient status, g, N

Table 2. Means and variance for comparing Benchmark DRIS
norms with published norms (Sumner, 1977).

Benchmark

Published norms DRIS norins
Nutricnt e e — —_—
ratio Mean  Variance Mean Variance
N/P 10.0 225 105 3.56
N/K 1.-19 .10 171 .13
N/Ca 543 6.50 6.78 2.01
N/My 10.3 21,4 12.9 15,4
/K 0.15 (.00 0.16 0.00
P/Ca 0.53 0.06 ().66 0.03
P/N g 1.07 (1.26 1.23 0.12
K/Ca 3.13 3,38 4. 10 1.37
K/Mg 7.14 22.8 7.09 5.70
C Ca/Mg 1.90 0.16 1.94 0.39

Note: Both P/K variances were 0,007,
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and Py in maize in the Hydric Dystrandepts in Flawaii, ‘The locally-cali-
brated DRIS norms were shown to increase the diagnostic accuracy of

DRIS.

Sources of Variability Among Optimum Nutrient Ratios

For evaluating sources of variability among optimum nutrient ratios, a
subset of fertility experiments was selected. The two highest treatment
combinations of P and N lrom cach of the three blocks (six plots) were
wtilized from cach experiment. “Tivo experiments were randomly chosen
from cach site from those expertments with a coefficient of variation less
than 20 percent. Then two sites were chosen from cach country with
experiments on a given soil family. Sites inchuded IOLLL, KUK, PUC,
PAL, I'TKA, and L.PII for the Hydrie Dystrandepts; MOL and WAL
for the Tropeptic Butrastox: and DAV, SOR, NAK, and BUK for the
Typic Paleudulrs, Chapters 3 and 7 give additional details on the
sclected sites. This network of 24 experiments was analyzed so that the
variability among the T+ observations for cach optimum nutrient ratio
could be partitioned among various sources of variation. "This wis done
using i hicrarchical analysis of varianee procedure where cach source of
variation included the vawtability of the nested sources of variation.

Across the experimentad network, the nutrient ratios were higher in
some high-yielding plots in some soil families than in others. For
instance, most high-yielding experiments in the Hydric Dystrandepts
had lower Mg in the carleaves, hence nutrient ratios with Mg in the
denominator were comparatively higher than those of the other two soil
tamilies. Similarly, the high-yielding plots in the Tropeptic Eutrustox
had lower K content in the carleaves compared to cither the Hydric
Dystwandept or Typsic Paleudule experients, hence, the nutrient ratios
with K in the denominator were higher in the Tropeptic Futrustox coms-
pared to those of the other two soil families. In the case of the Typic
Paleudulis, most high-yielding experiments had fower Ca content in the
carleaves, henee higher nutrient ratios with Ca in the denominator
compared to those of the other two soil families. It was not very clear,
however, whether the low My, K, and Ca concentrations m the car-
leaves were due o varietal characteristics or to the soil availability of
these elements,

The importance of the sources of variation listed in "Table 3 is statisti-
cally evaluated by comparing a mean square with the mean square
immediately below it The most consistent and obvious source of varia-
bility is the term for experiments nested within sites. This variance due
toexperiments mighe be associated with different treatunents chosen
from cach experiment, as well as existing scasonal or varictal differ-
ences. The variances shown by plots within an experiment might be
considered as experimental error but two additional factors must be
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Table 3. Sources of variation, degrees of freedom (df), and optimum nutrient
ratio mean squares for a nested model analysis of variance.

Source of variation df N/P N/K N/Ca N/Mg P/K
Soil families 2 48 .6Y 32 88 6!
Sites w/i family 9 17 .59 14 62 18
Expts w/i site 12 7.7 19 7.7 ‘33 16
Plots w/i expt 119 1.2 .02 63 3.5 2
df P/Ca P/Mg K/Ca K/Mg Ca/Mg
Soil families 2 .33 .75 35 66 628
Sites w/i family 9 1 .69 5.9 47 208
Expts w/i site 12 .05 .95 2.9 40 119
Plots w/i expt 119 .01 03 4D 1.3 7

Note: The hierarchial sources of variation include soil families, sites within (w/i) family, expe
nments ((-xp:s) w/isites and plots w/i experiment. The P/K and Ca/Mg ratios have been multi-
plicd by 107 and 107", respectively.

considered: (1) the plots within an experiment may be associated with
different treatments—specifically, the selected treatments associated
with the two plots selected from cach block can vary from block to block
and (2) the optimum nutrient ratios were unadjusted for systematic dif-
ferences from block to block due to soil heterogeneity.

The soil family mean square generally is not larger than the site
within family mean square, which, in turn, might or might not be
larger than the experiment within site mean square. Any differences
among soil families might have been effectively eliminated by the treat-
ment and blanket fertilizer application,
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Ihc term “‘cropping systems” can be used to connote different mcan-
ings. It may refer to a systems or holistic approach, deseribe prevailing
traditional agricultural systems, designate multiple cropping systems
such as intercropping and sequential cropping, or even refer to a mono-
crop in regions growing only one crop during the year. In the present
study the term ““cropping systems” refers to year-round sequential
cropping patterns, including some intercrops, cultivable in given agro-
envivonments,

Tropical regions provide a unique opportunity for year-round agri-
cultural production because of the gencerally consistently favorable tem-
perature and solar radiation conditions, A majority of the small farmers
in the tropics take advantage of such conditions through sequential
cropping. Tt is therefore appropriate to evaluate the crop production
potential of tropical agroenvironments through year-round cropping.
Conventional cropping systens rescarch may be location pecific due
1o poor and subjecuve characterization of the rescarch sites. Also,
despiwe substantial progress in identifying physical determinants of
cropping patterns, the measurerient of these physical determinants in
relation to their associated cropping patterns has been overlooked. Con-
sequently, the resulis of cropping pattern wrials generally bave not been
interpreted based on the environmental characteristics of the site, As
pointed out by Zandstra et al. (1981), a thorough description and classi-
fication of the environment is required. The validity of the experimental
results beyond the experimental arca is determined by the quality of cli-
matic and soil classification data. Year-round cropping also integrates
the cffect of agroenvironmient on the crops during thie entire growing
scason and thus is an assessment of the yearly productvity of an
agroenvironment.

After consideration of the above concepts it was concluded that crop-
ping systems experimentacion on fully characterized sites would b . par-
ticularly worthwhile. The availability of the Benchmark Soils Project’s
network of taxonomically classified and (daily) weather-monitored sites
presented an ideal opportunity for year-round cropping systems trials.

This chapter describes the performance of year-round cropping pat-

189



190 Maliching Crops and Enoirowments by Soil Taxoromy

terns conducted on three tropical soil families (clavey, kaolinttic, isohy-
perthermic Tropeptic Futrustos: clavey, kaohnitic, isohvperthermic
Typic Paleudults; and thixotropic, itsothermic Hydrie Dystrandepts).
The goal was not o develop cropping sysicms technology, but (o relate
the coneept of & sequence of crop planting o the soil family characteri-
zation. Specific objectives included (1) development of soil funilv-hased
cropping patterns, (£) determination of the stratification ficiencey of
the soil family level of Soil Taxonomy for prediction of crop hehavior,
(3) evaluation of the performance of a particular cropping pattern under
different agroenvironments, and (1) assessment of the comparative
potential of the three agroenvironments to sustain vear-round crorping
without irrigation,

The Experimental Sites

Trials were carried out on nine experimental sites in Hawaii, Indonesia,
and the Philippines. Of these, four sites (IOLE, KUK, PAL, LPH)
belong o the Hyvdrice Dystrandepts, two sites (WAL MOL) belong to
the Tropeptic Futrustox, and the other three (DAV, SOR, NAK) to the
Typic Palendults. Derails of the experimental sites and characteristics of
the soil families are given in Chapters 3 and 7.

Design of Cropping Patterns

Cropping patterns were designed by matching crop requiremnents with
the chavacteristies of the agroenviroment, Information about the agro-
climate inferred from the soil family nomenclature, coupled with the
past weather dataand individual crop requircnients for moisture and
temperature obtained from the literaure, weve used to seledt a set of
crops. Scasonal variation of rainfall and temperature was considored for
fitting crops into a viable cropping sequence. Table 1 presents cropping
patterns during the year for the three soil families, Destgn patterns, in
relation (o mean monthly temperatures and rainfalis, for the Typic
Paleudult, Hvdric Dyvstrandept, and the Tropeptic Butrustox soil Tumi-
lies are depieted in Figures 1, 2, and 3.

Ty Paleudults. "The cropping pattern consisted of upland rice fol-
lowed by sovbeans (or peanuts) and cowpeas (or mungbeans) in the see-
ond and third cycles. Three crops were selected in relation to the isohy-
perthermic temperature and udie moisture regimes. Rice is the main
crop during the first evele, which starts with the rainy scason, and is
intercropped with maize (harvested as green corn). The dry scason
starts during the secord eyele but rainfall and residual moisture, along
with the higher temperature and solar radiation, are sufficient for a
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Table 1. Cropping system designs for the three soil families of the Benchmark
Soils Project.

Cropping pu(tcrn

Soil family Ist cycle 2nd cycle 3rd cycle

Hydric Root crop Vegetable crops Grain crop

Dystrandepts (Irish potato) or (bush bean/green  (soybean or
vegetable crops cornor bush bean/  peanut)
[cabbage/carrot/ mustard cabbage)

bush bean)

Typic Grain crop Grain, crop Grain crop

Paleudults (upland rice and (soybean or (cowpea or mung
maize) pranut) bean)

Tropeptic Root crop Grain crop Grain crop

Eutrustox (Irish potato) (soybean) (maize)

Note: The starc of the rainy season, which may differ from site to site, is designated as 0, and
the end of the third cycle is 12 on a monthly scale. Long-term side crops include taro for the
Hydric Dystrandepts, cassava for the Typie Paleudults and cassava, pigeonpea, and taro for
the Tropeptic Eutrustos.

grain crop. Cowpcas (or mungbeans) are matched to the hot and dry
third cycle.

Hydric Dystrandepts. The pattern started with a vegetable crop combi-
nation of cabbage, carrot, and bushbeans (or Irish potato as an alter-
nate), followed by alternative vegetable crop combinations of bush-
beans and mustard cabbage or bushbeans and green corn. Soybeans (or
peanuts) were planted during the warmer and dryer third cycle.

The isothermic environment of the Hydric Dystrandepts matches
well with the tempe-iture requirements of the cool-weather vegetable
crops and Irish potatoes. These crops were planted during the start of
the rainy season, which is also the cool period (November-December
for sites in Hawaii and October-November for sites in the Zhilippines
and Indonesia). The udic moisture regime and excellent pliysical prop-
erties of Hydric Dystrandepts are other factors that make these sotls
ideal for vegetable crops.

Tropeptic Eutrustox. The cropping pattern here was Irish potato fol-
lowed by soybeans and maize. This was considered to be #n appropriate
match of crop requirements with the isohyperthermic temperature and
ustic moisture regimes of the Tropeptic Eutrustox. Manrique (1982)
found that the lower temperatures prevalent during the wet scason are
conducive to good tuberization in Irish potatoes. The soybeans and
maize then benefit frem the higher temperature and solar radiation of
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the second and third eyeles. Trrigation is required except during the first
evele,

Comparison of Patterns

Soil nutrients were optimized in cach experiment while both irrigated
and nonirrigated conditions were nposed on crops grown i the udic
and ustic motsture regiies. The first erep evele for cach sotl family was
planted at the start of the rainy seasan. Cropping patterns designed for
one soil family were also planted in one ar bothy of the other soil Funilies
for the purpose of ranng crop performances under different environ-
ments, Fach site was conanuousty monitored for weather variables, as
deseribed i Chaprer 7. Addivionad decaals are given by Narde (1984,

Fealuation of producticity. According to Hildebrand (1976) productvity
is the output of anv product per unit of any partcalar input or factor of
production. Henee, productivity could refer to werghe per unit of seed,
labor, or water as well as o unit of Lind. Yaeld canalso be expressed in
cadories or protein per unic of any imput nsed i the crop production
Process,

The iput or factor of production to which reference is made depends
on the nnportance attached to 1t In places where sater s limiting, the
vield per unit ol water assumes importance: where carm Labor s scaree,
output per hour of labor is relevant. Yield of the cconomie product per
unit of the cultivated Tand has heca widely used as @ measure of produc-
tvity because of the gencral assumption that land 1s the most limiting
factor for o femer, Inothis stady vield (inccalories, protein, or weight)
per ha hias been the measure of productiviey.,

Performance of Cropping Systems

Cropping svstems experiments, inttited in 19820 were alfected by an
assortment of starc-up problems. Germination and vields were aftected
by seed wroubles, unexpected moisture stresses, and damage due 1o
storms and various pests (including birds and wild pigs). Some of these
problems continued through later eveles of the cropping patterns.
Project personnel at the various sites were experienced inmaize field
plot techmiques of the transfer experiments, However, management of
cropping systems rescarch is more complex, especially with patterns
mcluding various grain, root, and vegetable crops. In the data analysis,
uniform management practices at all sites were assumed. The validity
of the assumption mav be questioned. In fact, it was difficult to main-
tain uniformity of ficid plot technique at all sites across the three soil
families. Experimenters at cach site had varying agronomic back-
grounds with the different crops, resulting in varying degrees of creativ-
ity in handling the unespected daily experimental problems. As might
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be expected, plot management problems &rose with one or more crop-
ping patterns at most sites, thereby ereating difficulty in tomparing pat-
terns within and across soil families.

Varde (1985 made an evaluation based on year-round trrigated crop-
ping pattern experiments. Calorie and protein levels were summarized
over the crops and cyeles within a year for cach cropping pattern.
Details are given in the Varde dissertation along with the field data.
Reported here is a summary of the major results.

At Tropeptic Eutrustox (TE) sites the T, pattern gave higher calorie
and protein yvields than all Hydric Dystrandept (D) pattern combina-
tions. This indicates that the T pattern was a proper choice for the
Tropepric Futrustox soil family, The project’s record calorie (16,580 k
cal/ha) and protein (2100 kg/ha) vields were obtained with the T1 pat-
tern on the Tropeptic Futrustox site of WAL during 1981-82. At the
KUK site of the Hydric Dystrandept the specific ally designed HD pat-
tern combinations produced less calories than the ‘1K, pattern due to the
high calorie vield of maize (T pattern) and higher yields of the soybean
crop during the second crop evele (T pattern) from April 1o August
relative o sovbean vield in the third cropping cvele (HD pattern)
between September to January.

As expected, the HD pattern performed better than the Typic
Paleudult ('TP) patterns on most Hydric Dystrandept sites. However,
the PAL site behaved differently than other Dystrandept sites. In this
case the TP pattern gave higher calorie vields than the HD pattern.
This behavior can be attributed to the mismateh between the cool tem-
perature crops of the HD pattern and the high temperature recorded at
the PAL site. During the period of this study the mean air and soil teni-
peratures in PAL were consistently over 24°C, and sometimes as high
as 27°C. Such temperatures are favorable to warm climate crops such
as rice, soyhean, peanut, cowped, and munghean—which constituted
the TP pattern. Chapters 3 and 7 support the premise that the tempera-
ture regime of the PAL site is indecd isohyperthermic. The generally
higher calorie and protein production of the TP pattern, when com-
pared to the HD pattern, on all Typic Paleudult sites reflects the proper
selection of crops for this warm and humid environment, The relatively
cool and wet environment of the Hydric Dystrandept soil family is not
conducive to good growth of the warimer temperature requirement of
TP pattern crops.

Performance of Individual Crops in Relation to
the Agroenvironments

The Benchmark Soils Project matched crop requirements with environ-
mental characteristics to design cropping patterns for three soil familics.
Primarily, soil temperature, soil moisture regimes, and scasonal weath-
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The difference in crop adaptability to environment is reflected in the poor

growth of head cabbage (Brassica olaracea var capitata) and good growth of carrots
(Dacus carota) in the moist (udic) and warm (isohyperthermic) environment in
Mindanao, the Philippines (top), which is in marked contrast to the excellent
growth of both crops in the moist (udic) and cool (isothermic) environment on
the island of Hawaii (bottom).
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er variations were considered in making the choice of crops for a crop-
ping patern. Onc of the objectives of cropping svstems work is 1o evalu-
ate the crop/environment matching process and produce conclusions
concerning the agroclimatic requirements of virious crops under tropi-
cal conditions,

Sufficient data were available from seven crops utilized as compo-
nents of the theee cropping systems. Based on their response 1o the
agroenvirommnent, crops were placed into two groups.

L. Crops highly sensitive 1o temperature and moisture variation
within the tropical range. This group mncludes the head cabbage, mus-
tard cabbage, Trish potato, carror, and bushbean of the Hydric Dys-
trandept cropping pattern (brish potato 1s also part of the Tropeptic
Eutrustox pattern).

2. Crops with a wide range ol adaptability 1o temperature and mois-
ture conditions (peanuts and sovbeans).

Irish potato (Figure ), mustard cabbage, head cabbage, carrol (Fig-
ure -H), and bushbean are cool weather crops andd their performanes, as
expected, was negatively correlated (o average soil temperature (corre-
lation coefficients of at least -0.73). Highest vields of these Crops were
obtained within a soil temperatare (ac 10 cm depth) range of 18 to
23°C. Generally, the crops fatled hevond an average soil temperature of
28°C However, Trish petao and bushbean were fess tolerant o high
temperature coinpared o head cabbage and mustard cabbage,

The Figure 4 piots reinforee previons stiatements concerning the
match of crop requirements wich femperature environment. High
potato yields are associated with sites from both the Hydric Dystran-
depts (isothermic) and Tropeptic Butrustox (isohyperthermic) soil fami-
ties. However, within the overall tsohvperthermie lemperature regime
of the Tropeptic Futrustox sites. temperatures are cooler during the first
eycle (Figure 3), thereby perimitting an Irish potato crop to be part of
the TE cropping pattern. FThe two plots of Figure + also show the isohy-
perthermic temperature regime of the PAL site (identified as Py,
There is also an indication that another Fiydric Dystrandept site, LPH
(identified as 127y had an average soil temperature greater than 22° R
at least during the first cycle of both 1981-82 and 1982-83 Crop years.
However, data from ‘Table | of Chapter 7 show that the LPH site should
be categorized as isothermie,

Potential for Rainfed Crop Production

Another objective of the cropping systems research was o evaluate the
possibility of rainfed, without supplemental irrigation, crop production
in the three soil families. “To achieve this objective the cropping patterns
designed specifically for cach agroenvironment were tested both with
and without irrigation.
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Fig. 4. The relationship between soil temperature and crop yields on bench-
mark sites of Hydric Dystrandepts (I, K, L, P), Tropeptic Eutrustox (M, W),
and Typic Paleudulis (D, S, N).

The overall trend is illustrated by the performance of the soybean
crop in the three soil families (Figure 5). The histogram, calculated by
averaging yields over sites within cach soil family, is in accordance with
the moisture regimes specified by Soil Taxonomy. Differences between
irrigated and non-irrigated grain yields were minimal in the Hydric
Dystrandepts, followed by the Typic Paleudults (refleeting their udic
moisture regime), and at maximum in the ustic Tropeptic Eutrustox
agroenvironments.
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Fig. 5. Yiclds of irrigated (1) and non-irrigated (NI) soybeans on the
experimental network of the Benchmark Soils Project.

In the Hydric Dystrandepts the performance of most of the rainfed
crops was not statistically significantly different from irrigated ones;
and only in very few instances (6 out of 61 test crops) were yields with-
out irrigation less than 60 percent of the irrigated yields. Out of a total
of 21 crop trials on the Typic Paleudults irrigated and non-irrigated
yields were similar in 11 cases and only in four cases did crops without
irrigation produce lower than 60 percent of their yields with irrigation.
However, in the ustic moisture regime of Tropeptic Eutrustox soils, 10
out of a total of 12 crops failed when irrigation was not provided.

In summary, the soil family level of Soil Taxonomy achieves a stratifi-
caticn of soil temperature and moisture regimes, and biological, chemi-
cal, and physical soil characteristics which is useful for formulating
cropping patterns and evaluating their performance. The successful
transfer of cropping systems technology depends on matching the
requirements of a cropping pattern to the characteristics of a farmer’s

field.
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Names play an important role in technology transfer because they
allow crop requirements or land characteristics to be associated with
identifiable objects. Also, names contribute to cconomy of thought and
action.

For example, cassava {Manthot esculenta) has different requirements
from potato (Solanum tuberosum), and pigeonpea (Caganus cajan) has dif-
ferent requirements from soybean (Glycine max). By the same token, a
clayey, kaolinitic, isohyperthermic Tropeptic Eutrustox differs in char-
acteristics fromr a thixotropic, isothermic Hycrie Dystrandept, and hoth
differ from o clayey, kaolinitic, isohyperthermic Typic Paleudult. A
subsistence farmer who culuivates clayey, kaolinitic, isohyperthermic
Typic Paleudults frequently grows cassava but almost never potato. On
the other hand, a farmer on thixotropic, isothermic Hydric Dystran-
depts will cultivate potato instead of cassava. 'The farmer’s choice is
determined not so much by what he wishes 1o grow, but by the capacity
of his land to acconmodate the requirements of a crop.

The closing of the wechnology gap depends not only on technology
development but on development of methods to transfer technology to
the right places in a timely manner. A technology is appropriate only
when itis used inits proper niche. This chapter illustrates how cropping
patterns and soil managernent practices can be transferred to new loca-
tions by relating their requirements to soil characteristics.
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Editor’s note: Uhe Benchenark Soils Project wsed analogue transfer to predict yield
aspouses i s lar enevronnenial niches, ay wlentified by Soil laxonomy, ihrough-
oul the world. Another method of transfer &s malching transfrr, which, for crops,
involves tdentification of crop requirements—sotl and ciinatic characteristics
important to the crofe. VYartous encivonments are then compared, and an environment
that procides most v all of the crop’s requirements—one where there i a “good
match 10y considered ool swited for pooduction of that crefr. Where there is a
Smismalch.” the crop will nat groce wcell or al all-——unless tie defteiency is correct-
able by and is corrected by sot management. This faper s reprinted from Soil "Tax-
onomy News ¢ /0, pp. -5, and deseribes a matching process in which a Sotl
Jaxorenny-hased methedology was developed to assess lavds for their suttahilily for
producing spectfic agricaltural commodities. 1 is included to ifustrate one of the
alternate methods for the transfer of agratechnolugy.

Intruduction

Land assesstient is not a new subject; in lact a variety of organizations
and individuals pioncered the early efforts to establish the principles of
Jond assessment (FAQO. 1976). The principle is based on matching the
biological requircments of a crop to the soil and environmental charac-
teristics of the Tand. The methodology for land assessment deseribed in
this article differs from other efforts in the way land characteristies are
extracied from the information condensed in the taxa of Soil “Taxonomy
(Soil Survey Stail, 1973). Soil Taxonomy presems several advantages
not offered by othor elassifications. 1t is a quantitative, comprehensive,
multi-categorical system designed and developed for worldwide applica-
ton. These advantages were exploited o develop a methodology
designed to be applicable to a wide range of crops on aworldwide basis.

Methodology

The methodology (Manrique and Uchara, 1984a) consists of four steps:
(1) compiling dita on the characteristics and requirements of the crop
under study, (2) ascertaining the soil and climate intormation needed to
assess crop performance and extracting the soil and climatic informa-
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tion from taxa of Soil ‘Taxonomy, (3) synthesizing land qualitics neces-
sary to assess crop performance from the soil and cimatie information
extracted from Soil Taxonomy and other available data, and (4) maich-
ing the requirements of the crop to the qualities and characteristics of
the land in question, and assessing the suitability of a land for Crop pro-
duction with zero, low, and high levels of management input. High
levels of input include management practices such as irrigation, fertil-
izer and soil amendment apphication, and other agronomic practices
which will ensure maximum crop yields. A zero input level deseribes a
sitnation where no management practices are utilized. The low mput
levelis an intermediate situation hetween zero and high input levels.

Crop requirements, The methodology requires that Crop requirements
be known in order 1o select important land characteristics from soil sur-
veys. Crop requirement is the tevel of 4 certain soil or climatic charac-
teristic which permits optinum plant growth and yield. “Table 1 shows a
summary of potato and forage legume requirements,

Land qualitics. ‘The selection of Jand qualities relevant to crop produc-
tion becomes crucial in the matching process. Land characteristics are
the attributes of the Tand that affect crop performance, such as soil phys-
ical and chemical properties and environmental characteristics. For
example, Soil Taxonomy provides readily available information to char-
acterize a few of the more important land qualitics for potato produc-
ton. Table 2 shows a stnmary of diagnostic criteria used to define
some land qualities relevant (o potato production.

Matching process. Matehing is the confrontation of the crop require-

Table 1. Sclected requirements for potato and forage legrmes.

Requirement Potato Forage legumes

Alr temperature, O(C 1H-20 25-30(C. pudescens, S hanilis, D, uncinatum,
D. intortim)

Soil temperature, °C 15-29 25-30 (most species
I
Soil moisture regime Udic Udic-ustic (C. pubescens, S. guianensts,
D). intortim)
Ustic-aridic (S. humiliy)
Udic (D. uncinatiom)

Soil acidity, % Al sat. <20 <AO(S. gwtanensis, S. humilis, C. pubescens,
D. ttortum, V. uncinatum)

Soll P mg kgt (P in 0.20 0.20 (establishment, 1. aparines)

soil o ution 0.01 (second eur, 1. aparines)

Soil K, cmol (+) kg'! >0.25 >0.20 (most species)

(ammonium acetate)
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Table 2. Diagnostic criteria used to define sumic land qualities relevant to
potato production (Manrique and Uchara 1984a).

Land quality

Main diagnostic
criteria

Alternative diagnostic
criteria

Wiater
availability

Oxygen
availability

Soil thermal
regime

Soil acidity
Nutrient
availability
(Potassium)
Nutrient
availability

Moisture availability
mdex (MAT)

Percentage clay, soil
moisture regime, and
mineralogy class

Soil temperature regime,
and mean annual soil
teimperature

Al saturation
Exchangeable K (normal
ammonium acetate)

Organic matter content,
C/N

Soil moisture regime

Particle-size class, soil
moisture regime, and
nineralogy class

Formative clements and
extragrade in taxa

pHin 1M KCI

Particle-size class, soil
molsture regime, and
mincralogy class

Soil moisture regime,
soil temperature regime,

formative clements, and
extragrade in taxa

(Nitrogen)

Nutrient Available P (Olsen Particle-size class,
availability method)
(Phosphorus)

mineralogy class, and
soil temperature regime

Note: MAT= PI/ETP, where PD is dependable precipitation and E'TP is potential evapotran-
spiration.

ments with the land qualities to give an estimate of crop performance.
The matching process takes place at two levels: (1) the matching of crop
requirements for a particular land quality, and (2) the matching of crop
requirements with all land qualities included simultancously in a quan-
titative analysis. A simple computing procedure was developed to han-
dle the matching process (Manrique and Uchara, 19844a). The match-
ing process is a critical step of the methodology. The level of matching,
as indirated by the land suitability classes (Table 3), is determined by
the degree to which the land in question mcets the requirements of the
crop. A mismatch results when the land qualities fail to meet the
requirements of the crop. Because mismatch can be corrected in some
cases by soil management, the land suitability varies with input levels
(Table 4).

The system of classification. The system has three categories: Order,
Class, and Subclass (Table 5). Order reflects whether or not a land is
suitable for a particular use “lass reflects the degree of suitability
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Table 3. Suitability classes for soil thermal regime. Crop: potatoes (Manrique
and Uchara 1984a).

Suitability class Diagnostic criteria

| Good Soils with an isomestic orisothernmie temperature
regime.

2 Fair Soils with a hyperthermic or isohypertherniic rempera-
ture reginie and NANT of 25 °C or lower, or
Soils with amesic or thermie temperature reginme,

3 Poor Soils with crvic, frigid, or isofrigid temperature regime,
ur

Soils with i formatve element Bor or Gy an their tax-
ONOTNIC BAEeS.

4 Unsuitable  Soils with an sohvpeethermic temperature regime anmnd
NAST hicher than 25 Gl

Soils with o pereelic temperature tegime or an extra-
grade pergelic i thenr tasonomic names.

Note: MAST = mean annaal sorl temperan e measured ar H0 ancdepth

Table 4. Suitability classes for selected soils at three different Tevels of input.

Suitability class*

Soil Location Z1l. LIL  HIL
Potatoes”
Typic Hydrandepts Hawai 4 4 1
Ustollic Camborthids Hawaii + 4 i
Typic Chromusterts Hawai 5 5 3
Typic Gibbsiorthoxs Hawabi 4 4 1
Typie Hapludults New Zealand 4 4 1
Aquic Dystrochrepts New Zealand 4 4 ]
Oxic Haplustalfs Brazil 4 4 i
Rhodic Paleudalfs Brazit 4 3 1
Typic Paleudualts Malavsi: 5 K] 5
Haplic Acrorthoxs Malaysia 5 ] 5
Forage
Legumes
Typie Hydrandepts Hawan 4 4 2
Ustollic Camborthids Hawan 3 3 1
Typic Chromusterts Hawaii ! 1 1
Typic Gibbsiorthoxs Hawaii 3 2 1

Notes: 1) ZIL = zero input level, LIL = low inpur level, THL = high input level. Suitable
(Class 1, 2, and 3). Partially Unsuitable (Class 1), Permanently Unsuitable (Class 5). All fan.,
qualities were included in the matching po s

b) Source: Manrique and Uchara (19841
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Table 5. The categories of the land assessment system
(Manrique and Uchara 1984a).

Order Class Subclass
Suitable I (Good) —
C)
2 (Fair) —
3 (Poor) —
Unsuitable 4 (Partially U4-WA, U4-NA.
(U) Unsuitable) U4-A, U4-SS
5 (Permanently U5-OA, U5-ST,
Unsuitable) U5-TR, U5-RD

Note: WA = water availability, NA = nutrient availability, A = scil acidity,
S8 = soil salinity and sodicity, OA = oxygen availability, 8T = soil tilth, TR
= thenmal regime, RD = root development.

Testing the Methodology

The land assessment for potato was tested using soil survey and Soil
Taxonomy information of sixty-two soils from Hawaii, California, Bra-
zil, New Zealand, and Malaysia (Manrique and Uehara, 1984b).
Potato experiments conducted in three of the sixty-two soils showed that
potato yield response both with and without lmanagement inputs as con-
sistent with the land assessment. Land assessment for forage legume
production (genera Stylosanthes, Centrosema, and 1)1'.s'mo(/ium) for twenty-
one Hawaiian soils were also obtained using the same incthodology
(Manrique, 1984, unpublished data). Land assessment based on four
qualities, nutrient availability, waier availability, soil actdity, and soil
thermal regime, indicated that nutrient availability was the land quality
that most frequently failed to meet the requirements of tropical forage
legumes. Utilization of high levels of manageraent input made all
twenty-one of the studied Hawaii soils suitable for forage legume pro-
duction while even low levels of management input significantly re-
duced the number of unsuitable soils. The land assessment was consis-
tent with published field results on forage legume performance in
Hawaii.

Conclusion

The methodology described in this article provides a systematic com-
puting procedure to use soil survey data based on Soil Taxonomy to
assess whether a land is suitable for crop production and to determine
the kinds ol management input needed to obtain optimum production.
Limited ficld testing of the methodology indicate that reliable estimates
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of Jand use capability can be obtained by using this Soil Taxonomy-
based land assessment. The use of this methodology in developing
countries could increase the likelihood ol success in assessing which
adapted crops can be recommended for iaspecitic location, consequently
reducing the risk of crop failure.
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Executive Summary

In May 1974 a contract (AID/Contract No. ta-C-1108) was signed
between the U.S. Ageney for International Development (USAID) and
the University of Hawaii (UH) to initiate a project entitled “Crop Pre-
duction and Land Capabilides of a Network of ‘Tropical Soil Families”
A companion contract (AID/Contract No. 1a-C-1158) was signed with
the University of Puerto Rico m January 1975, The contract activities
have been known more briefly and popularly as the Benchmark Soils
Project. The purpose of the project was to test an innovative approach
to agrotechnology transfer. The irtent was to assist less-developed coun-
tries (LDCs) in more efficiendy utilizing their Lind resources to increase
yields and improve quality of agricultural production by svpassing
three major conswraints: insufficient capital; scavsity of qualified re-
scarch personnel; and, above all, the time needed to close the widening
gap between agroproduction and food requirements.

The Benchmark Soils Project’s goal of the acceleration and reduction
of the cost of agricultural planning and development in LDCs through
the process of agrotechnology transfer relates to USAID’s objective of
expanding the information available on the management of tropical
soils to increare food production. The objectives of the project were

. to determine scientifically the transferability of agroproduction
technology among tropical and subtropical countries,

2. to assist tropical countries in assessing the potential of upland
arcas for intensive cropping and intensive soil management, and

3. to demonstrate the value of soil and land classification in formulat-
ing agricultural development plans in selected areas.

The project established experimental sites in three soil families in a
network which inchided Brazil, Cameroon, Indonesia, the Philipnines,
and the U.S. (Hi waii and Puerto Rico) and conducted a series of paral-
lel-linked experiments with maize to determine the grain yield response
to P and N fertilizer applications. Data generated in these experiments
were used to test the hypothesis that agrotechnology can be transferred
on the basis of information contained in the soil family name. The proj-
ect received two three-year extensions and continued until 1983 when
sites were closed down. All field operations officially ended on May 31,
1983, and clasing ceremonies recognizing the contributions of the local

213
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staff were held in each country. The following is a summary of some of
the accomplishments of the University of Hawaii Benchmark Soils
Project.

Establishing a Network of Benchmark Soil Families

Three soil families from upland arcas having the potential to be produc-
tive under appropriate management practices were selected (o test the
hypothesis of agrotechnology transfer. Soil surveys were conducted in
the U.S. and countries in S.E. Asia and Africa to establish a network of
18 sites. The three selected soil funilies were

L. thivotrapic, isothermic Fvdrie Dystrandepts,

2. clayey, kaolinitic, isohy perthermic Tropeptic Futrustox, and

3. clayey, kaolinitic, isohyperthermic Typie Paleudults.

Of the 18 sites, three of the Dystrandepts and four of the Paleadults
were reclassified after a second site cheek. Small differences in soil tem-
perature, base saturation, mineralogy, and organic matter content, and
strict adherence o the rules of soil classification resulied in the final
classification. However, since the sphere of transferability of agrotech-
nology is not restricted only to similar-named kinds of soils, but is valid
for any soils possessing a connon set of characteristios fulfilling the
requitemnents of the technelogy in question, it was expected that the
transfer of agrotechnology based on the soil family would take place as
the soils had appropriately similar characteristics.

Lstablishing the neowark of soils required o combination of negotia-
tions for land and technical cooperation, soil surveys of potential sites,
classification of soils at these sites according to Soil Taxonomy, and the
appointment of a project leader. Eack project leader assigned to head a
project onJocatior in the cooperating country was trained in Hawaii in
the agronomic techniques to be followed in the conduet of the transfer
experunents,

Successful Test of a Model for Agrotechnology Transfer

An important result of the project was the development of a methodol-
ogy for the statistical evaluation of the hypothesis of the transfer of agro-
technology—including a summary statistic, a transfer or prediction sta-
tistic.

The statistical test of the ransfer hypothesis was completed for the
Hydric Dystrandepts and Typic Paleudults. As anticipated, the intra-
Jamily transfer predictions of maize grain yield response to applied P
and N were judged to be the same as the site-specific predictions (within
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random variability), if a measure of soil I and N was included in the
transfer equation.

Also as expected, due o the greater numiber of variable factors, the
evaluation of fnfer-family transter of agrotechnology indicated that yield
response (o applied P and N could not be accurately predicted for the
Typic Paleudults using the wransfer equation of the Hydric Dystran-
deprs and viee versa, according to the inter-family prediction staustic,
Similarly, the vield response o P and N could not be predicted for the
Trapeptic Butrustox with the transler equations of the Hydrie Dystran-
depts or Typie Paleuduls,

Upland Arcas Shown to Have Potential for Intensive Cropping

Maize production was highest in the Tropeptic Futrustox (provided
motsture was adequate), next highest in the Typie Paleudults (provided
soil acidity and plant nutrients were not limiting factors), and lowest in
the Hydrie Dystrandepts (even when soil acidity and phosphorus were
not constraints).

The maturity date of maize reflected the sotl temperature regimes of
the soil families. Maize grown in the wrm agroenvironment of the
Tepte Paleudults matured carlier than that grown in the warm "Tropep-
tic Butrustox or cool Hydrie Dystrandepts. Although both the Typic
Paleudulis and Tropeptic Futrustox have isohvperthermic teimperature
regimes, the mean annual temperature of the Tropeptic Futrustox was
nearly 5°C lower than thar of the Typie Paleuduits. This suggests that
another temperature regime may be needed o further divide sites with
mean annual temperatures in exeess of 22°C.

Cropping system experiments evaluating the performance of year-
round cropping patterns designed to match agroenvironments de-
scribed by the soil family were conducted at selected sites. Cropping
patterns designed for one soil family were also planted in one or two
other soil families for the purpose of evaluating crop performances in
different environments. The highest calorte (36,580 k cal/ha) and pro-
tein (2100 kg/ha) yields were obtained with the Tropeptic Eutrustox
cropping pattern on the ‘Tropeptic Futrustox site. The pattern specifi-
cally designed for a particular soil fainily generally performed best at
sttes of that funily. Crops found to be highly sensitive to temperature
and moisture variation included head cabbage, mustard cabbage, Irish
potato, carrot, and bushbean; while peanut and soybean had a wide
range of adaptability to temperature and moisture conditions. The
Hydric Dystrandepts and Typic Paleudults, with their udic moisture
regites, were well suited for year-round rainfed crop production
(except in years with prolonged droughts for the fatter). The Tropeptic
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Eutrustox was able to support rainfed crop production only during the
short wet scason. Stratification of the temperatire and moisture re-
gimes by the soil family of Soil Taxonomy proved useful in formulating
cropping patterns and evaluating their performance.

Soil and Land Classification Demonstrated to Le of Value
in Agricultural Planning

The amount of applicd P required to reach the critical level of modified
Truog extractable P was found o be higher for the Hydric Dystran-
depts, with their non-crvstalline mineralogy (thixotropic property),
than for the other two families with crystalline, clay mineralogy. Resid-
ual soil P was shown 1o have a marked effect on P availability and crop
response to applicd P With higher levels of residual P there was a larger
amount of extractable P greater relative effectivencess of residual P, and,
consequently, reduced quantities of P needed o attain the P require-
ment for optitaum crop growth.

The Typic Paleudult sites in Indonesia were found (o be well suited
for the direct application of phosphate rock of high and intermediate
reactivity, and resuits suggest that low reactivity phosphate rocks may
also be suttable amendients for use on these acid soils. In contrast, the
Hydric Dysirandept sites in the Philippines required highly rcactive
phosphate rock (o produce vields comparable to those with suparphos-
phate.

Mecan annual crosivity for the Dystrandepts and Paleudults was
found to range fromn 578 10 2703 tonne-m/ha and 1262 (0 2381 tonne-m/
ha, respectively, which, on the whole, is three-to-four times greater than
that of the Eutrustox, which ranges from 365 10 524 tonne-m/ha, A
large proportion of crosive storms in Hawaii had low intensity rainfall,
while storms in the Philippines, Indonesia, and Cameroon were of high
intensity. "The soil moisture regime of Soil Taxonomy alone was not able
to quantify crosivity. By analogy, however, the closeness of rainfall ero-
sivities within the same soil family in the allowable range of agroen-
virontents would seem to enable erosivities measured from one loca-
tion to he transferred to a new location in the same fammly.

Manual or mechanical workability of the Typic Paleudults and Tro-
peptic Butrustox was a function of their clayey texture, kaolinitic miner-
alogy, and soil moisture content. Both soils were charactenistically very
hard when dry and very sticky and plastic when wet. Power require-
ments to work these soils were fower when they were moderately dry.
The Hydric Dystrandepts, with their thixotropic properties and low
bulk density, on the other hand, had a lower power requirement over a
wide range of soil moisture conditions.

The soil family stratified the occurrence of maize pests within a coun-
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try, although not over all countries because of the region-specilic occur-
rence of many of the pests. For example, downy mildew (Peronnsclero-
spora spp.) commonly oceurs in Indonesia and the Thilippines, but not
in Cameroon or Hawaii. Downy mildew was most severe in the warm,
moist environment of the Typie Paleudults and reiatvely minor in the
cool. moist Hyvdrie Dystrandepts.

Nitrogen-tixing tree spectes, mostly legumes, planted in cach of the
soil faunilies retlected the differences i soil moisture and temperature
regines of the soil family in their growth as early as six months after
planting in the ficld and diflerences were still apparent two years after
planting. Of the replicated species, Lewearna divessifolia and Calliandra
calothyrsuy were hest adapted 1o the cool, moist environment of the
Hyvdrie Dystrandept site, while L. feucocephala and L. diversifolia exhibit-
cd awide range of adaptahility by therr performance i the warm, moist
conditons of the Tyvpie Paleudult and Ulte Tropudalf sites as well as in
the warm. drey condidons of the Tropeptic Futustox site. seacta auriculi-
Sormis aned also A mangnum exhibited wolerance o soil acidity and severe
drought at the "Pypie Paleadult site.

Crep and Soil Managemen: Information
I g

Crop, soil, and weather data for transfer, management, and variety
experiments were compiled and stored in (e Benehmark Data Bank.
These data have been used by project personnel, as well as researchers
from other institutions, for basic agronomic studies, erosivity studies,
investigation of weather refationships, and testing of growth simulation
models. These data are unique in that they were obtained from sites
with tully characterized soils, continuous weather data, and carefully
conducted experiments tocated in widely separated geographic arveas in
the tropics. These data sets may be one of the most important contribu-
tons of the Benchmark Soils Project to researchers and are available

upon l"('(lll('.\'l.

A Network of Cooperating Countries and Agencies

The project played an important role in the growing network ol com-
municating and cooperating rescarch institutions focusing on food
problems of the tropical world.

The “Workshop on Experimental Designs for Predicting Crop Pro-
ductivity with Environmental and Feonomice Inputs™ was held at the
University of Hawaii i 1974 and avended by 38 participants from the
United States and abroad. This initial workshop of the Benchmark Soils
Project wis devoted to discussions relevant to the rescarch methodology
and the experimental designs to he employed by the project.
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Project personnel participated in the organization and conduct of the
“Second International Soil Classification Workshop™ in Malaysia and
Thailand in 1978 and in the “Third” and “Fourth International Soil
Classification Workshop(s)” in Syria and Rwanda, respectively, in
April 1980 and June 1981, under a special grant from USALD through
the Soil Management Support Services (SMSS).

Advisory Committees convened by the Philippine Couneil for Agri-
culture and Resources Research and Development (PCAR R D), Center
for Soil Rescarch (CSR), and Institut de la Recherche Agronomique
(IRA) included ooperating agencies in the Philippines, Indonesia, and
Cameroon o provide guidance in the conduct of regional programs by
the project and 1o serve as bridge between host-country scientists ane
planners.

Project personnel have collaborated with SMSS seientists in present-
ing forums on “Soil Taxonomy and Agrotechnology “Transfer” in iji,
the Philippines, Cameroon, Thailand, and Pupua New Guinea.

The New Zealand Soil Bureau and ihe International Society of Soil
Science (ISSS) invited the Benehmark Soils Project o participate in
an informative one-day SYIpuosium on project accomplishments and
impact during the interational conference on “Soils with Variable
Charge™ in February 1981,

Training on Soil Taxonomy and Agrotechnology Transfer

Awareness of project goals was generated through the development of a
training program on “Soil Taxonomy and Agrotechnology Transfer.”

The project conducted five training workshops. The first was a work-
shop on “Soil Resources and Utilization of Agrotechnology Transfer for
Country Development” held in the Philippines in 1977, It was con-
ducted jointly with Cornell University and included 42 participants
from Brazil, Indonesia, Malaysia, the Philippines, Thailand, and the
U.S. (including representation from Puerto Rico). The next was a
workshop on “Seil Taxonomy™ held in the Philippines with 10 partici-
pants in 1979, This was followed by a workshop on “Soil Taxonomy
and Agrotechnology Transter” conducted in Indonesia with 25 partici-
pants in 1980, and another on “Agrotechnology Transfer” held in the
Philippines with 24 participants in 1980. The fifth workshop was on
“Soil Clazsification and Agrotechnology Transfer,” held in Cameroon
with 35 participaats in 1983,

Nine graduate students have received advanced degrees from the
University of Hawaii with Benchmark Soils Project support. These
include one from Camcroon, with an M.S.; three from Indonesia, one
M.S. and two Ph.D. degrees; three from the Philippines, all with Ph.D.
degrees; and one from the U.S. with a Ph.D. degree. Seven additional
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gradua,» students supported from other sources collaborated on re-
scarch problous related to project concepts and objectives. Their con-
tributions are reported, in part, in the Final Report of the Benchmark
Soi's Project.

International Awareness and Utilization of Project Concep:s

Dissemination of rercarch results and the theories and implications of
the project, through participation in conferences and through publica-
tions, has stimulated interest in the project and has served as a catalyst
for the utilization of these concepts in various areas.

The mailing list for Benchmark Soils Project publications grew to
over 2000 people from more than 80 countries. Expressions of interest
in the project were received from countries throughout the world. The
mailing list was eventually used jointly by both the project and SMSS.

The project published the Benchmark Soils News as the primary means
of disscminating information related to project coneepts, activities, and
accomplishments. In addition, a total of 10 Technical Reports and three
conference/seminar proceedings have been published. Numerous pa-
pers have been presented at conferences and workshops to both local
and mternational audiences.

A seminar entitled “Uses of Soil Survey and Classification in Plan-
ning and Implementing Agricultural Development in the Tropies” was
organized by the Benchmark Soils Project and the International Crops
Rescarch Institute for the Semi-Arid Tropics (ICRISATY under the
sponsorship of USAID. It was held at ICRISAT in Flyderahad, India,
in 1976. The purpose of the seminar was to establish communication on
uses of sorl survey data in relation to land use planning and agricultural
development for crop production. Proceedings of the seminar were pub-
lished in Soil-Resource Data for Agricultural Development, edited by L. D,
Swindale,

The Benchmark Soils Project concepts formed the cor: of the discus-
sior at a workshop entitled *“Operational Implications of Agrotechno-
logy “Transference Rescarch’ held at ICRISAT, Hyderabad, India, in
1978. At the workshop the Soil Conservation Service of the U.S.
Department of Agriculture agreed to “internationalize” Soil Taxonomy
and participants agreed to create an international body o oversee soil
resource inventory quality control and to mobilize talents and resources
to begin collecting soil and crop data for soil interpretation, soil correla-
tion, and agrotechnology transfer.

A joint proposal prepared in the Philippines by the Benchmark Soils
Project Advisory Commiittee (consisting of personnel from the Bureau
of Soils, PCARRD, the University of the Philippines at Los Bafios, and
the Benchmark Soils Project) resulted in the funding of a 6 million-peso
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(U.S. $600,000) project titled “Classification of Philippine Soils Using
the Soil Taxonomy Framework for Agrotechnology Transfer”

Both Indonesia and the Philippines decided to adopt Soil "Taxonomy
ar - supplementary soil classification system along with their own local
systeins. Participants at the Benchmark Soils Project-sponsored work-
shop on “Soil Classification and Agrotechnology Transfer”™ in Camer-
oon in 1983 endorsed the formation of a proposed National Soils Cen-
ter. This body, cventually established in April 1983, prenosed to
encourage the simultancous use of three soil classification systems—the
French, YAO, and Soil Txonomy; to develop correlations hetween
these systems; and o develop the facility to conduct standard soil sur-
veys and use agrotechnology transter in the country.

In an effort to pave the way for effective utilization of the principles
and concepts of the Benchimark Soils Project, a *Panel Consultation on
Strategy for Land Evaluation and Agrotechnology ‘Transler in the
Tropics and Subtropics™ was held in March 1980 in Rome, Ttaly, The
meeting, a follow-up 1o that held at ICRISAT in 1978, was organized
and conducted juinty by the Benchmark Soils Project and the Food and
Agriculture Organization (FAO) of the United Nations, and held
FAO headquartees. The intent was 1o develop an international strategy
for land evaluation research and soil-based agrotechnology transfer in
the trepies and subtropics. The *Panel” recommended that an Inter-
national Newwork of Benchmark Sites for Agrotechnology Transfer
(IBSNAT) be established tor the tropics and subtropics. ‘The main
objective would be to clucidate the fundamental relationships between
land characteristics and crop requirements to facilitate the exchange of
agrotechnoloyical production methodologies. This project was funded
by USAID and is the successor of the Benchmark Soils Project.
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Appendix A

History of the
Benchmark Soils Project




1973

A project statement o fund the Benchmark Soils Project was submit-
ted to the Technical Assistance Burcau/United States Agencey for Inter-
national Development (TAB/USATD) for consideration,

1974

A workshop on Experimental Designs for Predicting Crop Productiv-
ity with Environmental and Economic Inputs was held at the University
of Hawaii (UH) o develop strategy on experimentation and to deter-
mine the nunber of sites per soil fanily.,

A contract implementing the Benchimark Soils Project as signed on
May 31, 1974, by the United States Agency for International Develop-
rirent (USAID) and UH.

The thixotropic, 1sothermic Hydrie Dystrandepts, and the clayey,
kaolinitic, isohyperthermic Tropeptic Eutrustox soil families were se-
lected to test the agrotechnology tramster hypothesis. based on the
important role these soil families play in agriculture in Hawaii and by
the fact that they possibly would be identifted in Asiaand Africa.

Soil survey for sites on Hydric Dystrandepts in Hawaii was initated.

1975

A contract to implement the Benchmark Soils Project in Puerto Rico
was signed by USALID and the University of Puerto Rico (UPR). UH
and UPR would work cooperatively using the Tropeptic Eutrustox soil
family as the comron basis for rescarch. UPR would identify the Tro-
peptic Butrustox soil family in Puerto Rico and establish sites in Central
and/or South America.

Hydric Dystrandept sites in Hawaii were established and the first
transfer experiment was plarted. Hydric Dystrandept sites were identi-
fied in the Philippines and Indenesia.

223
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1976

An agreement was signed by the Philippine Council for Agriculture
and Resources Rescarch (PCAR R) and UH to implement the Bench-
mark Soils Project in the Philippines. Three Hydrie Dystrandept sites
were established in the Bicol region of Camarines Sur.

A workshop on Uses of Shil Survey and Classification in Planning
and hnplementing Agricultural Development was held at the Interna-
tional Crops Rescarch Institute for the Semi-Avid “Tropies (ICRISAT),
Hyderabad, India.

Soil surveys for Hydric Dystrandepis, Tropeptic Eutrustox, or an
Ultisol soil family in Ghana, Nigeria, Cameroon, Kenya, and Tanzania
were initiated.,

The first on-site Benchmark Soils Project review was conducted by an
AlD-appointed review e, A recommendation was made to continye
the project for three years and to include a thizd soil family belonging to
the order Ultisols as requested by the Ageney for Agricultural Research
and Development (AARD) in Indonesia and PCARR in the Philip-
pines,

The first coordination meeting of the U and UPR Benchmark Soils
Project was held in Mayaguez, Pucrto Rico.

An agreement was signed by the Ageney tor Agricultural Rescarch
and Development/Soil Rescarch Institure (AARD/SRY) and the Bench-
mark Soils Project o implement the Benchmark Soils Project activities
in Indonesia.

Three H vdric l)yslmndup[ sites in Java, Indonesia, were established.

1977

A training course on Soil Resources Inventory and Utilization of
Agrotechnology Transfer for Agricultural Development was held at the
University of the Philippines at Los Banos (UPLB), College, Laguna,
Philippines.

The second Benchmark Soils Project coordination meceting was held
in the Philippines on common methodologies and management prac-
tices used in the conduct of transfer expernnents,

Soil survey and study for a common Ultisol family was initiated in the
arcas of tropical Africa, Indonesia, and the Philippines.
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First Benchmark Soils Newy newsletter was published.

Participation in the International Workshop on Hilly Land Develop-
ment in the Philippines and the International Soil Classification Work-
shop and Correlation ‘Tour in Brazil.

1978

Tropeptic Eutrustox sites were established on the islands of Molokai
and Oahu, Hawait

Typic Paleudult sites established in Indonesta and the Philinpines.

A workshop on the Operational Impheation of Agrotechnology
Transference Research was held at TCRISAT, Hyderabad, India, 1o
plan long-range activities in the utilizaton phase of the Benchmark

Suils Project.

First approximation on the transfer analysis using experimental data
fromi the Hydric Dystrandepts sites was completed.

1974

The second on-site Benchmark Soils Project review was completed
with a recommendation for a second three-vear extension to complete
testing of the transfer hypothesis.

The first instructional workshop on Soil Taxonomy was conducted at
UPLB, Laguna, Philippines. The participants included government
planners and soil specialists from the government agencies, agricultural

colleges, and universities.

A memorandum of understanding was signed by the Benchmark
Soils Project and the Office National de la Recherche Scientifique et
Technique (ONAREST) w0 implement the Benchmark Soils Project in
Cameroon.

1980

The Benchmark Soils Project and the Food and Agriculture Organi-
zation of the United Nations (FAQ) invited international agricultural
scientists to Rome to discuss strategies for soil-based agrotechnology
transfer in land evaluation for the tropics and subtropics. Plans to estab-
lish the Tnternational Benchmark Sites Network for Agrotechnology
Transfer (IBSNAT) were discussed.
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Soil Taxonomy and Agrotechnology ‘Transfer workshops in Indonesia
and the Philippines were organized for platmers and soil/crop scientists.

The Benchmark Soils Project organized an in-house workshop at the
Uriversity of Hawaii that was an interdisciplinary session on agrotech-
nology transter. “Technical papers were presented trom various agricul-
tural sciences including resource cconomics, geography. foad, and
nutritional sciences.

Typic Paleudult sites were established in Cameroon

Brazil and Puerto Rico field operations were completed.

1981

Accomplishments of the Benchmark Soils Project were presented to
the congress of the International Sociewy of Soil Science (ISSS) at its
Conference on Soils with Variable Charge at Massey University,
Palmerston North, New Zealand.

On request of the International Soil Muaseum in the Netherlands, soil
monoliths representing the three soil family networks were presented
for use as an international reference and display.

Management experiments on cropping svstems and nitrogen-fixing
trees (NFTY were implemented to demonstrate the effects of soils and
environments on crop performance.

192

A workshop on Soil Taxonomy and Agrotechnology ‘Transfer was
held in Yaounde and Buea, Cameroon, in cooperation with the Soil
Management Support Services (SMSS), the Institut de la Recherche
Agronomique (IRA), and FAQ.

1983

Final on-site review completed. A non-funded extension was granted
to May 198+ to complete compilation of data sets and report writing.

All field operations of the Benchmark Soils Project three soil family
network were completed in May 1983, The NFT experiments with the
Philippines, Indonesia, and Hawaii were maintained until the second

quarter of 1984,
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Final meeting of the UH project leaders was held in Hawaii to discuss
the tinal project report, liquidation of project funds, and turnover of
cquipment and supplies after the termination ol the Benchmark Sotls

Project in cach country.

Schedule for publication of the final project report was outlined.

1984

Second non-funded extension was granted to December 1984,
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Editor’s note: This Executive Summary is reprinted from Rescarch on the
Transfer of Agrotechnology Transfer. Final Report of the Puerto Rico
Benchmark Soils Project 1975-1981. Beinroth, F I 1982, Mayaguez,
Puerto Rico, University of Puerto Rico. Pp. 7-11.

Reference Background

The Benchmark Soils Project (BSP) of the University of Puerto Rico
(UPR) was estabhished in January 1975 under contract AID/ta-C-1158
with the U.S. Agencey for International Development as a companion
project to a similar AID contract of the University of Hawaii. While the
UPR/BSP nad a duration of seven years and terminated in December
1981, the contract of the University of Hawaii became effective in 1974
and was operational through May 1983, Both projects were closely
coordinated and constituted an integrated joint endeavor of both uni-
versities.

In the first comprehensive study of its kind, the BSP ventured to sci-
entifically establish the transferability of agrotechnology, particularly
soil and crop management experience. Central to this effort was the
benchmark soils concept end the soil family as defined in the U.S. sys-
tem of soil classification, Soil "Faxonomy. The intent of the soil family is
to group together soils that are relatively homaogencous in properties
important to plant growth. Consequently, comparable phases of all soils
of a family should have a common and predictable response to manage-
ment practices, corrclative input-output characteristics, and similar
crop production potential. The transfer hypothesis underlying the BSP
ts derived from these principles and is that empirical agroproduction
experience gained with 4 soil of a particular family can be wransferred
and extrapolated to all other comparable members of that family, irre-
spective of their geographic occurrence.

The general aim of the UPR/BSP was to experimentally and statisti-
cally validate this hypothesis. The primary research objectives were

1. to demonstrate that soil management and crop production knowl-
edge can be transferred among tropical countries on the basis of soil
families as defined in Soil Taxonomy, and

229
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2. to establish that the behavior of tropical soils and their potential for
food production under various levels ol management inputs can he pre-
dicted fron soil taxonomic unis
A secondary objective was o expand the knowledee base for the man-
agement of a family ol tropical soils (Tropeptic Futrustox) in particular
consideration: of the cconomic decision environment of small farmers 3!
LLDCs.

The basic researeh strategy of the project was to conduet a series of
identical experiments in inetwork of soils belonging to the same family,
monitor crop perfornance and weather conditions, and statistically
compire response to management and vields,

The soils selected for experiinention by UPR were highly weath-
eredd, but moderateny ferale red upland soils of savanna ceosystems of
the subhumed rovics defined as Eutrustox in Soil Taxonomy. The par-
tieular soil Loy under stady was the cliyey, kaolinitie, isohyperther-
mic family of Topeptic Eutrustox. This Funily was chosen hecause 1
oceurs in hoth Puerto Rico and Hawadi and thus provided the required
Iink between the two projects.

Six experiment sites wore established aperited nosuch soils:
three at Isabela in Puer o Rico and ihree at Jatha in northern Minas
Gerais, Brazil, ir. coop ration with the Fmpresa de Pesquisa Agrope-
cudria de Minas Gerais (EPAMIGY. The University of Hawaii project
installed two research sites in soils of the siame faanily in Hawaii,

A total GI136 field experiments were conducted at the six research
sites in Puerto Rico and Brazil. Fightv-one of these were so-called
transfer experiments which were specilicolly designed o generate the
data base for the statistical transfer west, They were highly controlled,
drip-irrigated fertility experiments with phosphorus and nitrogen as
vartables and inimze as the test crop. The other 55 expernaents included
22 vartety trials with maize and sovheans, and 33 soil and Crop nuanage-
ment experiments that emiphasized cfliciency of culwaral practices.

Test of the Transfer Hypothesis

The field data of the transier ciperiments were statistically evaluated
with three difterent techniques developed under the auspices ol the BSP.
They were the Pestatistic, the confidenee interval procedure, and a
graphical method. The results with the confidence interval procedure
and the graphical method provide strong positive evidence for trans-
ferability. ‘The results with the P-statistic were less conclusive but not
negative. Auention is drawn 1o Figure 61 in the wext which allows an
instant visual appraisal of the transterability of management practices.

1. See editor’s note.
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The graphs show thar, if certain site variables are considered, feralizer
response at i new site can be predicted on the basis of experiments con-
ducted at other sites with the same soil family essentially as well as by an
experiment conducted at the new site.

On balance, the staustical stadies yielded a qualitied validaton of the
postulated transfer hypothesis and, by implication, of the concepts of
bhenchimark sotls and the soil fanily. Ty view of the complexity of the
conjecture under study and considerivg the ditficulties encountered in
its experimental and mathematical corroboration, these results ave very
reassuring.

Agronomic Accomplishments

The results of the agronomic rescarch demonstrate the high producay-
ity of Futrustox with moderace fertilizer inpus. Highest mean maize
vields of over 9000 kg/ha were obtained in Puerto Rico and Brazil with
about 0 kg/ha of phosphorus and 175 ku/ba of nitogen. Soyhean
vields were as high as 5000 ke/hae These are excellent yields for the
tropics and underline the high erop production potential of Eutrustos,
particulin]y if one considers that widy irrigation ac least two crops can be
grown i the ssone vear

Pioneer brand hebrid NSO2C was experimentally adentified as a
maize variety well adapted o the agroenvironment ol Futrustox, A
maize composite population improvement study conducted with 88
varictics from all over the world, initated by the UPR/BSP and now
continued by EPAMIG, has produced promising changes in plant
height, discase resistance, susceptibility (o lodging, and prohficacy. It is
expected that alter further eveles a new maize variety for the Jaiba
region can be released. Several sovbean viaretes adaptod to this arca
have also been identfied.

A maize plant populiarion of 55,000 (v 60,000 plants/ba can he ree-
ommended for Fatrustox on the basis of studies i Puerto Rico and Bra-
zil. For unirrigated maize production in the Jaiba arca, mid-November
wis determined as the optinual time for planting. With planting dates
later in the wet season vields dropped off sharply from 6300 1o 2000
ku/ha.

Irrigadion wrials with maize and sorghum employing a continuous
variable line-source irrigation technigque were conducted in Brazil in
collaboration with te Centro Nacional de Pesquisi de Mitho ¢ Sorgo
(CGNPMS). The data are now processed by GNPMS for the develop-
ment of a moisture utilization model for maize and sorghun in Brazil,
Other irrigation stadies confirmed that the thine around flowering is the
pertod when maize is most susceptible to moisture stress,

Tillage experiments indicated that for maize production in Futrustox
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complete tillage is not necessary for cach planting, and (hat plowing
when the soil was almost dry resulted in the best seedbed preparation,
Maize stover as a crop mulch can bhe clfectively used to conserve soil
moisture and increase yields under rainfed conditions.

An intensive multicropping experiment using a 20 X 20 m area of
Eutrustox yielded produce valued at U.S. $1160 over a 97 month
period. The study showed how small plots of fand ¢an be intensively uti-
lized with modest mputs to clfectively improve the quantity and quality
of the diet of resource-poor farm families,

Dissemination and Impact

The Benchmark Soils Project was pronmimently exposed and discussed at
many international conferences and workshops. Project rationales and
findings were further disseminated through a sizeable and effective pub-
lic relations and publication program implemented and sustained by the
University of Hawaii BSP. More than 1200 individuals and institutions
in 89 countries are routinely infornied about BSP developments.

Internadional soil classification workshops organized by UPR and
held in Brazil, Malaysia and Thailand, Svria and Lebanon, and
Rwanda made a significant contribution (o the utilization of the beneh-
mark soils concept. The success of these workshops was instrumental in
the establishment of a new AlD-sponsored program, the Soil Manage-
ment Support Services (SMSS) of the USDA Soil Conservation Ser-
vice. The goals of this program are to assist LDCs in producing the
quality resource inventories that are the prerequisite for soil-based
transfers of ;1gml(:('hn()logy, to refine Soil 'l'.'l,\'mmmy, and to promote its
application in the Third World. The SMSS is thus closely related to the
BSP and facilitates possible follow-up activities,

Planning mectings held at ICRISAT and FAO developed strategies
for the implementation of the benchmark soils toncept and BSP princi-
ples in a program of more comprehensive scope and wider geographical
extent,

The main impact of the BSP 10 daic has been the creating of wide
awareness and familiarity with the project and its philosophy, instigat-
Ing support activities, and generating considerable momentum for the
usc of the benchmark coneept for agrotechnology transfer.,

Conclusions

With the overall success of the University of Puerto Rico project, the
BSP has begun to scientifically establish the validity of a soil family-
based model for agrotechnology transfer, The encouraging results of the
present project are expected (o be reinforced by the findings of the ongo-
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ing project of the University of Hawaii which will be based on larger
data sets from three different soil families.

It is proposed that these results be utilized in a follow-up program
and a model for the analogue transter of agrotechnology is presented in
the report. A logical culmination of the current BSP effort should be the
establishment of a prototype network of national and international agri-
culture research centers designed 1o demonstrate the steady flow of
agroproduction technology from rescarch centers to farmer fields in the
tropics and subtropics.
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Key to Site Designations




Site

Location

Kukaiau (KUK)
Niuli (101LE)

Niubi (Halawa, HAT)
pUC

PAL

BUR

LLPH

I'TKA

PLP

Wahiawa (Waipio, WAI)

Lahaina taxadjunct
(Maunaloa, MOL)

DAV

SOR

BPMD

NAK
BUK

CAM
BAK

Honokaa, Islind of Hawan, Hawah, U.S AL

North Kohala, Island of Flawai, Hawai, U.S AL

North Kohala, Island of Hawair, Hawaii, US AL

Philippine Union College, Panicoason, Naga Ciow,
Island of Luzon, Philippines

Palestina, Pili, Naga Ciry, Camarines Sur Prov-
mnce, Island of Luzon. Philippines

Burabod, Calabanga, Nawa City, Camarines Sur
Provinee, Island of Luzon, Philippines

Lembaga Penclinan Hortkultura (Horticultural
Rescearch Institute), Segunung, Cipanas, West
Java Provinee, Islind of Java, Indonesia

Institut Theologia Keguruan Advent (Seventh-Day
Adventst Theological Church School) Clisarua,
Bandung Provinee, Island of Java, Indonesia

Pusat Lathan Pertanian (Agricultural Training
Center), Lembang, Bandung Provinee, Island of
Java, Indonesia

Waipio, Islind of Oaha, Hineadi, US AL
Maunaloa, Island of Molokar, Hawain, U8 AL

Burcau of Plant Industry, Bago Oshiro, Davao
City, Island of Mindanao, Philippines

Sorsogon, Camarines Sur Provinee, Island of
Luzon, Philippines

Baiai Pendidikan Masyirakat Desa (Community
Educational Center), Kotabumt, Lampuny
Province, Island of Sumatra, andonesta

Nakau Estate, Kotahumi, Lampung Provinee,
Island of Sumaira, Indonesia

Bukit Kemuning, Sukanegen, Lampung Provinee,
[sland of Sumatra, Indonesia

Barombi-Kang, Kumbi, Cameroon

Barombhi-Kang, Kumba, Cameroon

Note: The names of Hawaii sites are soil series names.
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Ranges of Characteristics for the
Benchmark Soils Project Network




Hydric Dystrandepts

Haswaii

Surlace horizons are dark

brown (7 9YR 3/2y; B2
horizons range fram dark
reddish brown (AYR /2,
359, 53740 to bhrown and
dark brown (7.9 474y,

Organte carbon ranges
from 3.5 10 7 percent.

Extractable caleium
ranges from less than 0.5
to I meq (except for the
surface which is 8 meq)
for one pedon and from 2
to 6 meq in the other,

Base saturation is less

than 2 percent (exeept tor

the surface) for one
pedon and ranges from 2
to 8 1n the other,

Depth of surlace soil ts
less than 25 cm.
Layerings attributed o
several ash deposits are
apparent,

Philippines

Surtace horizons are
black (N 2. TOYR 2/1)
and very dark gravish
brown (10YR 372y, B2
horzons are very dark
eravish brown (10YR
372y and dark vellowish
brown (10YR 373, 376,
).

Orgame carbon ranges
from 2to 13 pereent
decreasing with depth.

Extractable calciun is 4
to Y meq.

Base saturation is
approximately 10 to 20
percent.

Depth of surfiace soil is -H)
to 60 cm.

Layerings are not appar-
ent.

Indonesia

Surface horzons are dark
brown (7 5YR 372y and
very dark grayish hrown
(TOY'R 272y B2 horizons
range from dark brown
tobrown (7.5YR 372,
44 TOYR 373y wo dark
vellowish brown (10YR
3/74) with i horizon that
can be bliack (1OYR 2/1)
and veey dark hrown
(TOY'R 272y,

Organic carbon ranges
trom 4 to 6 percent in one
pedon and from 3o 10
percent inanother.

Extraciable caleium s
less than 6 meq in the
surface but ranges from 6
to 22 meq i the subsaoll.

Base saturation ranges
from 10 1o 30 percent
with variations in the sur-
firce horizon.

Depth of surface soil is 15
to 30 cimn.

Layerings are not appar-
ent,
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Typic Paleudults

Philippines

Camceroon

Surface horizon is black
(OYR 2.5/1): B2 hotizons
are dark reddish brown
(OYR 372, 3/3) and red-
dish brown (3YR 4/4).

Cation exchange capacity
of the subsoil ranges from
1710 21 meq/100 ¢ ot
soll,

Suttn of bhases of ihe sub-
soll vanges from 4.9 10
6.5 ey

Base satnration ranges
from 27 1631 percent
Extractable dduminum
vanges from 3 4aney.

Surlace horizons are dark
hrown to brown (10YR
3y 1o davk vellowish
hrown (10YR 4/4): B
horizens are vellowish

brown (10Y'R 2/5).

Cation exchange capacity

of the subsoil ranges trom
Phto 07 meqg/100 g of
soil.

Sum of hises vanges from
171037 e

Bise saturation ronges
from 1o a2 pereent.,
Extractable aluminum is
less than 0.2 nieq.

Indoaesia

Surface horizons of' 3
pedons are dark reddish
brown (59YR 372, dark
brown to hrown (7.5YR
B2 and dark gravish
brown (10YR 4/2),
respectively: B2 horizons
with inereasing depth are
reddish brown (HYR
40, vellowish red (5YR
4/6), and dark red
(2.5Y'R 3/6) for one
pedon; veltowish red
(OYR /6). dark vellow-
ish brown (10YR 1/6),
and red (29YR 4/6) for
the seeond pedon; and
strong hrovn (7.5YR
F6Y and vellowish hrown
(TOY'R 5/65 and vellowish
red (HYR Fy lor the
third pedon.

Cation exchanuge o apacity
of the subsoil Fanges from
o L meg/ 100 g of soil,

Sum of biases is less than
Zmeq, in most cases
being less than 1 meq.
Base scturition ranges
from 4 to 16 pereent.
Extractable aluminum
riviges from 1 1o -4 meg.
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Tropeptic Eutrustox

Hawaii

Surfiace horizon is dark reddish hrown
(2YR 254, 370y B2 horzons are
either dusky eed (TOR 573y or dark red-
dish brown (2Z9YR 2. 574, 3.4

Sotl s derived trom hasalt

Cation exchanue Capaciy of osad b
zon s shichedyv less than 1o e 100

clin

Extractable calcium m the v hanizon
IS Stobomegand extractable nacne-
st s Lo e

Bose sananation s shehily over 50 pet
cent i the nugor pocdon of the ox

hortzon: sum of hases is O 1o 9 ey

Pucrto Rico

Surtace horizonas dark brown (7.5YR
Vb B2 horizons ar reddish brown
YR By oy ellowich red (OYR /8y 10
strong bhrow n (7.0 R 58y i the Towest

horizons

Sothis en crlvme hgestone and quarts-
ite s ands

Clation exchanue capacitn of ovie hori-

sons to Y eg 100 @ L

Fxtractable caloamm the one horizon
s Lo 2 meg and extracalidle niagne-

st e fesshan 1ineg

Boase saturation s Jdichtls over 50 pet-

centan the magor portion of the oxie

horrzon, sam ol basesis 2o 3 ieq.
|
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Procedure for Developing
Phosphorus Extraction Curves
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The general procedure involves the equilibration of a series of soil simn-
ples with ineremental amounts of standard phosphorus solution for 24
hours. The P adsorbed on the soil s extracted winch the moditied Traog
extractant (Avres and Hagihioa, 1952) and ' i che extract s derer
mined by the phosphoras anadysis procedure ol Muarphy and Riley
(1902) with ascorbic aoid as the redacing aven: (Watanabe and Olsen,
1965). A curve of hest e s cadenlated by regression techmques and the
resulting equation is used i calcolations to determine the amount of P
to be apphed (Chapter 1),

P Equilibration and Extraction

Reagents. The two reagents are:

o Modified "Thuog solution (coneentrated): 0.025N H,S80O, +
0,038 (NH )5S0, and

2. Phosphorus stndard: CacHoPO - HOO o distilled water o give
standard P solutions of 25 ppin o 200 ppi.

Procedioe. "Fhoroughly mix sotl saaonple and pass through 2 mm sieve,
Weich four |g samples of sotl (oven-dry basis) inta 100 ml plastic bat-
tes and add 0 10 600 pg P/e soil using standard P osolutions. The quan-
tity of standard P added should give sohution coneentrations after equili-
hration varving hetween 10 and 40 pe and will depend on P adsorption
characteristies of the soil. Make final voluine 1o 20 ml with disalled
water, adjusting for soil moisture contert. Close bottles and shake on a
reciprocating shaker for 24 honrs an 126 oscillations/min. At the end of
this tme, add 80 ml of the maditied Truoe solution, which when added
to the 20 ml already in the botde, gives a sotution of the desired concen-
tration ((LO2N HoSOy 4+ 0,05 % (N 1).SO ) with asoil:extractant ratio
ol 11100, Shake on the reciprocating shaker for 172 hour, then filter and
determine Pin the extract,

P Determination in Soil Extract

Reagents. The two regents are:
1. Reagent A: Dissolve 12 g of ammonium  paramolybdate
[{(NH )sMo7004-4H 0] in 250 ml of distilled water and dissolve 0.29 ¢
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ol antitmony potasstum tartrate [KShO- (1 ¢ it 100 ml of distilled
water. Add both solutions to 1000 ml of 5N sulfuric acid [HESOVY L s
thoroughly, and make (0 2000 1) volume. Store i a pyres botde oo
cool, dark place,

20 Reagent B Dissolve 100 C ol aacorbic acid [COH O] T 200 1]
of Reagont A and miy tharonehiv Propare airesh soluiion dails

Procedire. Pipetie aliquot contimng TG40 e of P ino 4 275 i volu-
metric fask dilare 1o 20l with distilled woate roadd Sl ol Reagent B,
dilute 1o volume, and s thotouehhe Red aptical densits atier 0
Inuies ar S50 i (Color is stable tor 20 howsy, Prepare o standard
curve ot FO o H0 e P oby additions ol Catl PO stmdards 1o the
diluted moditied Troow e (g solution.

Cosmeents: The anounts of P oo be added - not known in advance so
thev st be determimed by meking aoprelimmany deteriination of P
adsorhe:d e the soil alter <‘n|l|ilil;l'.illul|. The il sotl ] level s deter-
tined byase above procedure . wichout the adeicon al standard P sola-
ton to the sample Dyvsiandept sol satnples shoald not be air deied
because they diy mveversibly with changes i their Chemicat and phivsr-

el charicteristes

Relerences

Avresc A AL aed L Hagihare 19520 Acailable phospharus in Thnwvanan

sotl profiles Flaswaiian Planters” Record 4141 au,

Muarphy Jooand TP Rilev 1902 A maodificd single solution method for deter-

tination of phosphiate i natucad waters, Anal. Chim et 27.31-00.

Watnhe, IS and SR Olsen. 1967 dest b ascarhic acid method for
determining phosphorus i water and Nl 1 Vooxtracts from soil. Soil Sei So.

A Proc. 29677678,



Appendix F

Cultivars and Pesticides Utilized
by the Benchmark Soils Project

A



Maize Cultivars

Country

Cultivar

Description

Source

Hydric Dystrandepts
USA (Hawaii)

indonesia

Philippines

Tropeptic Eutrustox
USA (Hawaii)

USA (Puerto Rico)

Brazil

Typuc Paleudults
Philippines

Indonesia

Cameroon

H610
Harapan, Ho

UPCA-1

X304C
X304C

X304C

Tiniguib
Ho6

X304C

Single cross hyvbrid
Open pollinated varicties

Open pollinated variery

Single cross hvbrid
Single cross hvbrid

Single cross hybrid

Open pollinated variey

Open poliinated variety

Single cross hvbrid

Deparnnentof Hortieuluare, University of Hawaii,
Hounoluboo Flawain, USA

Centritd Research Institute for Food Crops. Bogor,
Indonesia

College of Aenculiure, University of the Philippines
ar Fos Bafios, Phalippines

Pioncer TH-Bred Internaiional, Des Moines. Towa,
U'SA
Proneer Hi-Bred International, Des Maines. Towa,
USA
Pioncer Hi-Bred Internatonal. Des Nioines, Towa,

U'SA

Burcan of Plant Industry, Davao. Philippines
Coentral Research Institute for Food Crops. Bogor,
Indonesi:

Pioneer Hi-Bred International. Des Moines, Towa,
UsAa




Pesticides

Chemical name

(1S0)

Mcthod of
application

Target pests

Insecticides
carbaryl

carbofuran
chlorpyrifos

diazinon

Fungicides
mancozeb

metalaxyl

zineh

Herbicides
alachlor

atrazine

glyphosate

Foliar sprav

Banded with seed or top

dress over plant

Foliar spray

Foliar spray

Foliar spray

Seed treatment

Foliar spray

Pre-emerge

Pre-emerge

Directed sprav

planthoppers. roseheetes, Aarmyworms,
CHANVOrIIS, citworims, I)(lr('r‘\

planthoppers, conwors., seedhing

maveoi carvorms, borers

planthoppers. aphids, borers, yrasshoppers,
CUIWOTrT

planthoppers.aphids, bhorors, carvorms,
sprder miites

northern and southern leaf blights, common
rust

downy mildew

northern and southern leaf blights, common
rust

annual grasses
broadleaves and annual grasses

weeds in fallow areas prior 1o field preparation

Note: 18O is the International Standardiz

won Organization,



Appendix G

Model Estimates and Site Variable
Data for the Transfer Experiments
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Typic Paleudults

SITE SOILPH B1 SOILP B3 B5 SOILN B2 B4 'ARIETY SEASON
BAKA +.7 1022 5.4 =119 137 21.0 27 -661 0 0
BAKC +.5 1223 5.3 -101+4 106 21.0 -33 296 0 0
BAKE 5.1 +47 10.6 219 -101 15.3 373 -1457 0 0
BAKF 3.0 609 9.0 =246 27 21.0 -288 -1059 0 0
BPMA 4.5 1529 4.1 -1329 948 9.6 872 -635 ~1 1
BPNMC 4.2 1123 4.1 -1248 170 4.5 ] -221 -1 -1
B2NMD 1.1 1941 3.1 -1766 913 +.8 887 -998 -1 1
BUKCG 3.9 1256 5.1 -1313 290 210 =27 -130 -1 1
BUKD 1.0 1591 +.6 -1580 321 21.0 145 =134 -1 -1
BUKE +.3 1480 +.9 -20066 262 13.1 593 -688 1 1
BUKF 1.6 1108 +.7 944 05 13.5 242 -190 1 -1
BUKG 1.6 1738 2.7 -16061 304 21.0 243 -336 1 1
BUKH +.3 2188 5.2 ~-2282 o1 21.0 140 -116 1 1
CAMA +.8 128 19.0 37 85 12.2 HEN! -396 0 0
CAMB 5.1 289 17.0 =90 -129 13.2 530 -196 0 0
CAMNIC 5.0 422 19.0 =335 -347 21.40 -14 21 0 6
NAKA +.6 1429 3.7 -1975 104 8.0 718 -432 -1 1
NAKD +.1 957 +.9 -1593 393 5.7 899 =351 -1 -1
NAK]J 1.2 1853 3.2 -1866 368 10.7 510 -576 -1 1
NAKN +.0 903 +.7 -480 83 21.0 -262 -114 1 -1
NAKO 4ot 2248 3.6 -1718 167 7.9 880 =210 1 1
NAKP 4.3 2193 4.0 -2550 771 9.3 781 -989 1 1
SORA 4.2 1917 2.9 -2354 1156 1.7 863 -594 0 0
SORB 1.3 1624 3.4 -2039 1028 3.3 1592 -709 0 0




'/(\/.

Hydric Dystrandepts

SITE SOILPH B1 SOILP B3 B5 SOILN B2 B4

BURB 4.6 1430 1.9 -2276 693 8.7 625 -81
BURD 1.5 1142 6.9 =1275 05 3.1 1114 -639
IOLE +.2 09 12.0 - 184 16 8.1 819 -758
IOLK +.4 633 15.0 -17¢ 38 8.9 820 -83
ITKC +.2 122 109.0 -56b -138 6.5 95 -425
I'TKD 4.1 37 75.0 -101 6 17.4 360 ERE )
ITKE +.2 181 79.0 —136 =250 18.6 18 -386
LPHE +.4 554 22.0 =116 153 15.2 239 -534
LPHG +.4 109 36.0 -380 315 14.3 317 =225
PALE +.5 2432 3.7 -2156 268 21.0 115 -6
PALF 4.4 1647 5.3 -1341 ~-196 21.0 17 -184
PALG 4.0 1855 5.4 -2057 312 12.2 D5 -5
PLPG +.5 131 36.0 ~194 ~352 5.3 1114 -1060
PUCK 4.4 1107 6.7 -1818 157 10.3 206 -62
PUCR +.4 1737 5.8 -2069 968 5.6 932 -770
PUCS +.2 2228 1.7 - 1506 216 16.8 194 237

Note: Site variable information includes preplant 1IN KCI pH (SOILPH), ppm preplant extractible Truog (SOILP). ppm preplant extractable nitrogen
(SOILN), and sitc-specific estimates of the second order response surface model (B and B3 are P linear and quadratic responses, B2 and B4 are N lincar and
quadratic responses, and B3 is the PN interaction response in kg/ha).
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