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MEXECUTIVE 	 SUMMARY
 

The International Bcichmnark Sites Network for Agro-
technology Transfer (IBSNAT) Project is designed to 
ensure that developing countries keep pace with the ris-
:,ig expectations of their people by sharing in the bene-
fits of' the Inflormation Age. The IBSNKI Project 
employs sysnems analysis and simulation as a means to 
trans'er agrotechnology for agricuturcal development. 
Its aim is to enable developing nations to integrate new 
crops, produ,cts, and practices into existing firining 
sstems to increase production and efticiency, and 
reduce the drudgery of hrm work without disruptinug 
the 	systel. However, when a new crop, product, or 
practi:e is introduced, the traditional ways of*fming 
are often altered or lisplaced, resulting in harmful dis-
equilibriul which causes mo0re failu,'es than ;uccsses. 
The Iew successes that occur dlo so more by accident 
than by design or intent. 

Th, central concept of' "systcns-l)ased agrotechno-
logy transfi,'" is that tile whoIe system ust be under-
stood in order to evalu,e the net impact of' al in-
troduced innovation. This approach brings together 
existing knowledge of*the farning systeni; identifies tie 
ci-itical coinponents, processes, and intciactions; and 
seeks to identif'y the bottlenecks to inpriove perfor-
mance. 

The purpose of the IBSNAT Project is to accelerate 
the flmw and increase the success rate of agrotechnology 
transfer fron research centers to farmers' fields. In 
orider to) achieve this purpose tile project, since its 
inceptici three years ago, has accoin)lished the fl-
lowing: 

I. 	Identified ten ina iJor food crops for use in model 
dleeloplnlent and sionillation. The IBSNAT crops 
jiclhide f1t01r cereals of naize, rice, sorghum, and 
wheat; thiree grain legumes of' peanuts, P/mseolus 
vudgaris beans, and soybeans; and three root crops 
of potatoes, cassava, and aroids. 

2. 	 Selected the crop model C ERES for wheat and 
maize, and SOYGRO for soybeans to simulate 

growth, development, and yield. The CERES 
models have been subjected to global testing and 
were found to predict crop perfornance with rea
sonable accuracy. The soybean model is opera
tional and ready for global testing, and the other 
seven models are in various stages of developilent. 

3. 	 Produced a manual dlcscribing the expierimental 
design and data collection procedures to be used by 
IBSNAT coilalorators. 

4. 	mornied a prototype network of thirty benchnmark 
research sites in sixteen Cev,.loping countries to col
lect the nininunni data set with which to validate 
crop models. 

5. 	 Created the IBSNAT l)ata Base Management Sys
enli tIo sore andl analylzC the liilnim data set col

lected by the network. 
6. 	 Desi4;ned nmdel inputs to be identical to the Data 

Base Managene'It System's onutput, enabling all 
I BSNA' crop models access to the data from a sin
gle clata base. 

7. 	Modilied model programs Ibr use withi microcom
puters so that IBSNAl's crop models are accessible 
to all collaborators. 

83.Mobilized an international group of' systems ana
lysts and mnodelers to work on IBSNAI' Project 
obectives. 

9. 	Developcd instructional capalbilities to conduct 
training workshops on system analysis and crop 
modeling f1oi- agrotechnology transfier for develop
ing country resea r hers. 

10. 	 Publicized IBSNAI' Project principles, concepts, 
and progress through brochures, technical reports, 
con ference proceedings, and newsletters. 

These accomplishments are designed to serve as tile 
seeds which will grow into national capabilities that 
rapidly assess the suitability of new crops, products, 
and management practices at any location, fbr any sea
son, and fbr a widle range of user options. 
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THE IBSNAT PROJECT 
GOALS AND OBJECTIVES 

Project Rationale: Agrotechnology 

Transfer Through Systems Analysis 

and Simulation 


There is an uncertainty as io whether today's agricul-
tural production methods are adequate to meet the 
fbod, fiber, and fuel requirements of populations that 
are growing in size, hope, and aspirations. Information 
technology's recent advances offer the hope that costly, 
time-consuming, site-specific trial and error research 
can be replaced by systems analysis and simulation 
techniques, thus answering many more agricultural 
development questions faster, at markedly lower cost, 
and in more relevant ways. It is a truism of the "Infor-
mation Age" that those nations which have access to 
information and the capability to utilize knowledge, 
also have the best chance of controlling their destinies, 
The nations knowing this are already in the race to 
produce the first Fifth Generation Computer. Because 
the developing nations are largely spectators in this 
race, there is a distinct danger that the Information 
Age will widen the technological gap between rich and 
poor nations, making developing countries even more 
dependent on others for food and security. 

One dilemma of less-developed countries (LDC) is 
that the lifesaving benefits of medical technology have 
not been matched by food production increases of ,gri-
cultural technology. This is because the success ofagri-
cultural technology, unlike medical technology which is 
generally user and environment neutral, depends on 
the cultural and resource characteristics of the user, 
and on the environment to which it is transferred. For 
example, the technology to immunize )opLadtions 
against measies applies to people everywhere, regard-
less of thcir social or economic standing. In contrast, 
the high performance cultivar of a food crop, developed 
in an agricultural research center, cannot be trans-
ferred to all farmers around the world. The plant that 
emerges from the seed is extremely sensitive to the 
biophysical environment in which it is planted. Even if 
environmental conditions were ideal, the farmer may 
not have the resources to exploit the plant's genetic 
potential. 

Food production in the past has tried to keep pace 
with population growth through the introduction of 
technology by trial and error to various locations in the 
world. Technology trarifer by trial and error has had a 
low success rate, and is too slow and costly to meet 
today's challenge. A better approach is to transfer agri
cultural technologies among analogous environments. 
Transfer by analogy minimizes the number of mis
matches between the requirements of the technology, 
and the characteristics of the user and the environ
ment. Climate analogues are still used to select suitable 
sites for new crops and farming prescriptions. The 
Benchmark Soils Project (USAID Contract No. ta-C
1108), predecessor of the IBSNAT Project, demon
strated that a combination of soil and climate ana
logues can be used to succcssfully transfer agricultural 
technology in the tropics. 

"ichnology transfer by analogy has one limitation, 
however: it provides no insight as to how technology 
might be transferred to nonanalogous locations. In 
order to transfer agricultural technology to nonanalo
gous environments, one first must understand, and 
then predict and control tile biophysical processes. The 
ability to analyze large amounts of data rapidly and 
inexpensively, means that we can no%% simulate events 
and outcomes that only a few years ago were never 
thought possible. Agricultural technology transfer 
through systems analysis and simulation enables the 
transferrer to assess the suitability and appropriateness 
of the transferred technology. This means more agro
technology transfers will be successful. IBSNAT is 
based on the premise that the war on hunger can be 
won, not only by creating more technologies, but also 
by transferring new and existing technologies to loca
tions where they will be successfully used. 

Each disease conquered by medical technology must 
be matched by agricultural technology in order for 
those living to nourish, clothe, and shelter themselves. 
Without the successful transfer ofagrotechnology, mal
nutrition and death will spcad and increase in spite of 
medical victories. 

IBSNAT Project's primary aim is to develop a meth
od for transferring agroproduction technology, which 
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combines the elements of transferal by analogy with 
system analysis and simulation techniques, that will: 
* 	accelerate the diffusion of agrotechnology from its 

site of origin to new locations; 
* 	maximize the rates of success, while minimizing the 

chances of failure for transferring agricultural tech-
nology in the tropics and subtropics; and 

* 	simulate the effects of the long-term agricultural 
practices on the environment. 
The purpose of this report is to inform readers of the 

progress that IBSNAT Project collaborators have made 
to attain the stated objectives, 

Statement of Goal 

The goal of the IBSNAT Project is: 

To accelerate the flow of agrotechnology trans-
fer to and between developing countries on a 
cost-effective and scientific basis to improve 
the understanding of cropping systeni,, pro-
vide decisioni makers with the means to predict 
crop yields using crop simulation models, and 
use crop models to develop management strate-
gies at all levels. 

Project Objectives 

The primary thrust of the I BSNAT Project is to create 
a prototype network of national, regional, and interna-
tional institutions that will enable a ready exchange of 
agricultural technology anong tropical countries. The 
objectives of the project are: 

I) to accelerate the flow ofagrotechnology on a scien-
tific basis from its site of origin to recipient sites 
with a well-characterized agroenvironment; and 

2) to increase the success rate of technology transfer 
from agricultural research centers to fhrmers' 
fields, 

The IBSNAT Project aims to achieve its objectives 
by the following activities: 
A) 	Establishing a network of collaborating national, 

regional, and international agricultural research 
centers to serve as sources and recipients of agro-
technology; 

B) 	 Identifying the soil, crop, weather, and manage-
ment data needed to successfully transfer agrotech-
nology; 

C) Using systems analyses, and soil, crop, and weath-
er models to predict the performance of crops and 
management systems; 

D)Testing and validating soil, crop, weather, and 
management simulation models in a network of 
experimental sites; and 

E) Training collaborators to use systems analyses, and 
soil, crop, and weather simulation, and manage
ment models For agrotechnology transfer. 

Project Approach 

The IBSNAT Project operates as a prototype network 
of collaborating national, regional, and international 
research centers with experiment stations in dominant 
agroecological zones, and with representative kinds of 
soils of the tropics and subtropics. 

At the March 1983 international IBSNAT sympo
sium held in India, 59 collaborating IBSNAT scientists 
gathered and chose ten crops t, study. Cereals, grain 
legumes, and root crops were selected for model devel
opment or modifications, and for calibration and test
ing. The scientists agreed on experimental llprocedures 
and management practices designed to collect standar
dized minimum data sets. The IBSNAT Project at the 
University (f' Hawaii headquarters, serves both as a 
primary reference source and as a centralized storage 
of data sets for agrotechnological inlormation for 
IBSNA's local scientists working in the dif'crent agro
ecological zones around the world. The cumulative 
data sets are stored and managed from one global data 
bank, and are accessible to all collaborators. Minimum 
data sets of crop performance over a wide range of 
agroenvironments are necessar,, to develop and vali
da.e crop modlels for global use. 

The minimum data sets are returned to IBSNAT for 
centralized storage and retrieval, in the Data Base 
Management System (DBMS). Fromi this computer
izecl information bank, all accumulated data sets are 
available to IBSNAT collaborating network of users 
and modelers. Aside from specific data retrieval by 
other scientists For their own purpose, the data sets 
from tropical and subtropical countries are utilized for 
training collaborating local researchers to lesign crop 
models specific for their own country. 

The crop models allow predlictions of crop potential 
and performance at locations where the crop has not 
yet been growii. Although models cannot substitute for 
field experiments, they offer two advantages: 1) the 
possibility of considering alternative crops in various 
combinations of environmental factors for experimen
tation; and 2) the savings of money and time on other
wise exhaustive field experiments carried out over 
several years, and at s-veral locations with varying 
weather and soil properties. While considering their 
specific local conditions, beneficiary dfeveloping coun
try's scientists and planners can assess the suitability of 
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their lands for the crop in question, and estimate the 
land productivity by designing soil and clop manage-
ment techniques to obtain ")ptinun agricultural pro-
duction. 

When crop models for a worldwide network of cx-
perimental sites have been verified and validated, col-
laborators can facilitate dissemination and utilization 
of IBSNAT Project results by training others in the use 
of IBSNAT principles and concepts flor crop nodeling.
Collaborative networking is a new, innovative, and 
cost-saving way to do research. 

The IBSNAT' collaborators anticipate that a i 1roto-
type network off research centers, sharing coninion 
information through the Data Base ManageIiient Sys-
tern, will be fully operational by 1989. Scientists at 
the Agriculttral Research Service in(ARS) 'Ienple,
"lbxas, [long with IBSNATlI collaborators, elvisage by 
1988, the (wl'lipnient of a geIneral agricultural svs-
terns model, which would be capable of'simulating tile 
Cefects of'soil, weathet', 'ro), and tailagement )ar, n-
eters onl tile biologital and (u 
croppinig svstciI:;. 

Project Management 

The United States Agency Io 

ionmic pirlorntancrs ()fI' quality conitrol, lerlsuasive presentaltiols and su)port 

intern ational Develop-
nient (USAII)) contract is I direct agreement with tile 
University of . Hawaii to )rovide organization, leadetr-
ship, and support for I13SNA' activities, including the
subcontracts with tile Ulivet'sity of' PueI'to Rico at 
Mayaguez; tile Gt'assland, Soil and Water Research 
Lal)or't.ry at "le 'Nle,"llxas (ARS); the Itstitut Na-
tional de Ia Recherche Agronoinique (INRA) in 'l1-
louse, lratce; and the University of' Florida. Thriough 

USAID funding, formal cooperative activities have 
also involved the Soil Management Support Services 
(SMSS), the Soil Conservation Service (SCS), Nation
al Soil Survey Laboratory (NSSL), the International 
Fertilizer Development Corporation (IFDC), and 
Michigan State University. The IBSNAT Project has 
initiated infbrnal agreements with the Commonwealth 
Scientific and Industrial Research Organization 
(CSIRO), national collaborators in Australia, the De
partnient of Scientific and Industrial Research (DSIR)
scientists in New Zealand, and with nine developing
countries. Approximately morethirty countries are 
expected tolparticipate with IBSNAT in the near 
future. 

Al D's contracting institution, the University of 
l-Iawaii, eXert redoes not diC cOint'ol over le world
wide network of'collaborators. Rather, IBSNAT collab
orators rely (n the leetrCshi ) of thc (dCliC,'atdl scienI
ists, and on the l)iSl)(' .t of' itutual ienlits for all 
)participltits. In ordlr to exercise managemlnt and 

a'tivitic's are provided by IBIISNA'I which aSSute I11 
r'55(1l1ial coopEration and c(m(lditiatiol ncessary m1 r 
iiiaintaining the f)rojected schedule and achievinig theIBSNAT Proict's b)!)jctives by 1991. "'lhe I3SNA' 
lProJects incentive 16' to imtio'ti that couragcs par
tiCipiltion includes activitieCs suCh as S)CCial l)til')se, 
working grouI)s, fi'ld visitatiOnS, UOllmlobt';Itive prog
1'Css l''views, inst rit io:.al wo;-ksliops, aditlftlative 
SVml)osia. 

l'f'forts to obtait reasonable "lttaiinaigetent control" 
at IISNA' headquartets aift the establishment of': 1) 
two advisory c,:ioitttees; and 2) a iianagetetit cott
llittet.' to coutnsel thI( Principal Investigato.

'fTI 'N 'lihical Advisory Cotiitiitte, ('IAC) was es-

The Technical AdvisoryCom,,ittee (TAC) is composed n/five
internationally recognized scientists (from left to right): Juan
A. Comerma, Henry A. Nixj. Barry Dent, L. Anthwny
Hunt, and Joe T Ritchie. Goro Uehara stands with the TIC 
members; Ritchie is chairperson ofthis committee. 

The Collaborators' AdvisoryPanel (CAP) met at the 1985
IBSNAT Project Review. They are (from left to right): Ramon
V Valmaj'or, Goro Uehara (IBSNAT PrincipalIniestigator),
Peter Goldswortl!,,and Rodrigo Tarte. The fourth CAP nem
ber, Gunawan Satari, is not present in the photo. 
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tablished in 1984 and is composed of' five internation-
ally recognized scientists in disciplines that have rele-
rant implications to IBSNAT activities. The TAC 
members provide advice on technical matters related to 
systems analysis, and crop models and simulation. 
Current members of' TAC include J. A. Comerna of 
Fondo Nacional de Invest igaciones Agropecuarias 
(FONAIAP), Venezuela; of' LincolnJ. B. Dent Col-
lege, New Zealand; L. A. I-unt of* the University of 
Guelph, Canada; Ff. A. Nix of the Commonwealth 
Scientific and Industrial Research Organization, Aus-
tralia; ;nd .J. T Ritchie of* Michigan State Ijni versity, 
USA. "l'he'lAC chairper'son is R itchie. 
The Collaborators' Advisory Panel ((AP) was es-

tablished in 1985, and has foui' iemblcrs f''om nation-
a!, regional, and inte'rnational agriculural organiza-
(ions. Members of CAP are P. Goldsworthy of' the 
International Center ftor Rsearch in theAgricltUiilr 
Dry Areas (ICARI)A), Syria; G. Satari of' the Agency 
fbr Agricultural Resea'ch and I)mehlo)lninl (AARD), 
Indonesia; R."la're o,' Centro Ag,'on6m ico Tropical 

de Investigaci6n y Enseflanza (CATIE), Costa Rica; 
and R. Valmayor of the Philippine Council For Agri
culture and Resources Research and Development 
(PCARRD), Philippines. During the IBSNAT Project 
Review, CAP members met for the first time to pro
vide suggestions and recommendations on strategies to 
utilize IBSNAT Pro.ject coecepts for agricultural devel
opinent and planning. 

The Executive Management Committee (EMC) was 
established in 1984 and is composed of F. H. Beinroth, 
University of Puerto Rico at Mayaguez; H. Eswaran, 
Soil Management Support Services and Soil Conserva
tion Service (SMSS/SCS); G. Y. Tsuji and G. Ue
hara, University of' Hawaii; and T'S. Gill of' the 
Agency fbir International Development, Bureau of Sci
ence and 'klchnology, Office of'Agriculture, Renewable 
Natural Resources (AlI)/S&T/AGR/RNR). The 
EMC is responsible to the Principal Investigator 
regarding all nm'tte,'s related to tnhe operational man
agenient and iml)lenlentation of' activities to achieve 
IBSNA Project objectives. 
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*ACCOMPLISHMENTS TO DATE 

" Network Establishment 

Collaboration with Soil Management Support 


Services 

Network of Collaborators 


Model Development 

Model Testing 


* 	Data Base Generation for Agrotechnology Transfer 
Concept of Minimum Data Sets 
Identifying the Minimum Data Sets 
Minimum Data Sets Guidelines 

" IBSNAT's Shared Data Base Management System 
Why IBSNAF Uses Microcomputers 
A Scenario on How the DBMS is Designed 

to Work 
Data Base Management System Design Stages 
Data Base Management System's Current Stage 

of Development 
" IBSNAT Crop Models 


Current Status of Crop Models (Table 5) 

Cereals: Wheat, Rice, and Sorghum Models 


Progress on the Continuing Validation of 
the CERES Maize Model 

Grain Legumes: Peanuts and Beans Models 
SOYGRO: Soybean Crop Model for 

Technology Transfer 
Root Crops: Potatoes, Cassava, 

and Aroids (taro) Models 
* Data Generation for Model Calibration and Testing 

Progress Reports from IBSNAT Collaborators 
Collaborators' Status of Field Experiment 

Progress of planned ac!ivities associated widi each 
output to achieve IBSNAF Project's stated goals and 
objectives is reported in this section. Requirements of a 
global prototype network are described under tile out-
put on Network Establishment. Subsequent para-
graphs discuss the collaborators' agreement on the 
Minimum Data Set to test crop models, and for con-
dLucting research through systems analysis and simula-
tion. Next, is a description of IBSNAT's progress in the 
dew\lopment of the Data Base Management System; 
its structural design; its capabilities for storage and 
retrieval of crop, soil, weather, and management data; 
and its interactive role Zo link the minimum data set to 

crop models. Model verification, calibration, and vali
dation procedures for maize and soybeans are report
ed; and progress of model development for the other 
eight crops are prcsented in the fourth part. The 
IBSNAT collaborators' efforts in planting experiments 
to calibrate and test several crop models are presented 
in the last part of this section, with reports from Vene
zuela, Hawaii, Zambia, PanamA, Burundi, Guam, 
Thailand, and Syria. The status of IBSNAT field 
experiments which are planned or in progress are 
shown as the Crop Planting Schedules receivea from 
collaborating scientists (see Appendix A). 

Network Establishment 

The IBSNAT Project has established a global prototype 
network of collaborating institutions and organizations 
for agrotechnology transfer. The network involves col
laborators' participation in site characterization; data 
generation; data base management systems; model 
development, calibration, and testing; and training in 
the use of systems simulation and modeling. 

The IBSNAT network establishment was initiated 
through communication with those collaborators who 
share common interests in extending the concept of 
soil-based agrotechnology transfer to one which utilizes 
systems simulation. The bond or linkage among col
laborators in the network is the desire to standardize 
data sets and data collection procedures. The consen
sus of IBSNAT collaborators is to collect a series of 
minimum data sets for four cereals, three grain leg
umes, and thr, root crops, for the express purposes of' 
testing existing crop models, and for developing other 
crop models that are nonexistent or partially devel
oped. It is anticipated that each collaborator who gen
crates data sets will eventually be able to use simulation 
software to calibrate and validate the use of crop 
models in their respective countries or region. 

The following paragraphs contain brief' descriptions 
of' collaborative activitics established fbr the IBSNAT 
prototype network. Further elaboration and descrip
tion of these activities are presented in subsequent sec
tions. 
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Network of Benchmark Sites
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lII r'spollsto r'eiti.s potenutial c1ll1- 2) invol\'ed pogriatnuningto ilitiittccl Iv tions (TLtblc have bIen in 
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Soils at Icsigiiitttd sites of tIe' IBSN\'I' lpiI-to)typt 	 Table 2. Development of IBSNAT model programs by 
collaborating institutions and agencies. 

Table 1. IBSNAT network of benchmark sites where soil Orladizatm, 'lJ'I,qrams 
has been samplcd by JSDA/SCS scientists. USIA/ARS eral Modd 

(ontr Iganizatinlirosion- lProdictivity I lopact 
(alculator (EPIC) Modcl 

B1rtniuli Uniiversitv of Btliulli C IATVF Cassava Mvodel 
liii 1MPl lieansI NIf hl 
(tnain
USA Hawatii 

Ulnivei.'sity ol(;t ltI 
Unliver-sity o)i, IHlwaii 

Ccormiell Ulliver-sity/C IP
C+SIRO 

lPotattoc. Nlolel 
Roo t Crop Muodcls 

Ind(ia ICRISAT FAO 0-0'1) IIMIl|;gelllIVlII (aLM IM~StC 

Iilont-sia AAR l)/( :SI Soil iiiliigeiicilt l~Ita base 
Pakistan Soil Survey If IPakistan ICR ISAT Sorghum Mol-l 
Plnlali;, I I)IAP IFIDC Soil Nitrogen Modl 
Philippines I'CAR RZI) I NRA Data base niantaigeellnt 
Syria ACSAD NC)AA/Utah Stte W'atlier tlit ba st 
"'hailand land l)etvelopielnt Department Weather Model 
VentezuelI FONAIAI' SM SS Soilldata base 
Zambia University olZanbi;i Uni,'ersity of Floida Grain L.egume Models 
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Network of Collaborators
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Figure2. The IBSNAT network ofcollaboratorsrepresentma?, countriesaroundthe world. 

tracts with the Research Corporation of the University The NI DS submitted toare Hawaii headquarters forof Hawaii (RCUH), the collaborators have agreed to entry into the IBSNAT data base management system.
provide Support to IBSNAT in the form of computer Collaborators employing the principles anl concepts of
software, dfata analyses, and consultation services. I1BSNAT are shown in "Thble3. 

The University of Hawaii is responsible lor the
 
developnment and imnpleientation of the Data Base 
 Data Base Generation for 
Management System (I)IMS). The DBMS now has
 
coumpatible input and Output formats tihal allow inter-
 Agrotechnoogy iransfer 
actions with the various crop imodcls.
 

'I'h IBSNA' Project, with headquarters oil the Uni
versity of Hawaii catipus, is coordinating and facilitat- The concept 
 of minimum clata sets in agronoimic reing the development to strengthen the linkages among search ais relatively new idea which arises directly
collaborators, aijd with groups involved in developing from adoption of the systenis-based research strategy.and testing crop simulation models fbr agrotechnology A data base containing a I)alanced set of essential infer
transfer. mation on the soil-plant-atinosphere continuum is nec

essary for developing crop models. 
Collaboration on Data Generation and The lack of adequate data bases is the major limita-

Model Testing of a User Network tion to crop model developnent. Agrononiists often
collect more data than me actually needed to accom-Comm unication linkages have been established with plish research objectives, however the types requiredseveral countries for the purpose of exploring their for modeling work, such as weather and crop pheno

common interests in collaborating with and participa- logy data, are usually omitted. Moreover, the experi
ting in the IBSNAT prototype network (Figure 2). ments cover only a narrow range of environments andMemorandums of Agreement have been beingor are cannot l)rovide sufficient data to define the nmajor radiprepared for transmittal to agencies or organizations ation, temperature, water, and nutrient regimes that
that have expressed interest in participating (Table 3). regulate crop response.

In principle, IBSNAT collaborators agree to provide Considering the fact that field experimentations costthe necessary resources for recording and monitoring time and money, it is neither necessary nor practicalthe minimum data sets (MDS) 
to 

used in model testing develop a crop tnodcel in more detail than that required
and development. Minimuin data sets are collected for useful and accurate predictions in its applicationaccording to the Exerimental Design and Data. Collection mode. The emjphasis of agronomic research based onProceduresfor IBSNAT (IBSNAT Technical Report 1). systems analysis should therefore be concerned with 
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Table 3. IBSNAT Project network of regional, national,
and international collaborators, 

Country' ".'tprqfCenler , 

Australia National *CSIRO 
Burundi 

Caicroon 

NationalRegional 
National 

*Univcrsity of, Burundi
IRAZ 
IRA 

Colonmbia International CIAT 
Costa Rica Rcgional *CATIE 
Fiji Regional * 1IP1 

rl"ance National tINR.\ 
Guamn Regional * UniversitycfGuam 
India 
Indonesia 
Jordati 

Intcrnational 
National 
National 

ICRISATn 
AAIR 1)/CSR 

* University of Jordan 
Morocco National INRA 
Pakistan National IAII/NAIC 
Philippines National *'\ I R I) 

Ptierol(Rico Con)tinonwhali tUitiversitv of1P'l'tOo 

Rico 
Syria Rgion;al A(SA I) 

International I(ARIDA 
'liwan 

Thaililaod 

Iiternatilonal 
Regional 
National 

*AVR1)C 
*FFTC:/ASPA( 
*1,al l)vevoptlmicit 

National 
I )epait Ittll 

*l)cpatriinil of 

USA ,A hlb ma 
USA. Flrida 

littiratim;il 
Staici' 

Agriculture
I ll )C2

Tttivcrsity ofFhD'iCt 

USA, Hawaii State *Uoi\'rsitv ol'fawaii 
USA, Nlichigmait State Nliciigan State 

Universitv 
USA, 'lixas\'"'tez une 
Z 1otlila 

Regioiual
N ational 
Natimal 

tUSI)A/ARS
l"I:)N .Xl/P 

*Utiv'rsiry l/athia 

•Iih'iivatifaaas ,l ..\t~t,.c ,.uha(l u'.in'o ,i'id Io IBSNA' 
I s asii i''ild ui'.h 
I~l~t .uuIJ 

data generttion which satisfies the standard nittinnuin 
that is specilied by a Itnodel fi' its successfulI develo)-

nllent, validation, and applicatiot. T'c generated data 
should contain a balatced set of crop, soil, weatlher, 
and niatnagenellt paramtters which account fi'r the 
variability in yield or other Ieasures of crop pe'rfbt'-
Imlitce' froln site to site antd year to Vtar. 

The collaborators' cottitinent to etllect standard 
nulnilnuin data sets for developing global crop( mo1dels 
requires a global research netwo'k. With the pooling (if' 
dlata sets into a single data base, it would be possible to 
develop general c'op mtodels that are applicable to any 
colnbinatlion ofgenotypes and e'nvirontmlents. 

Identifying the MDS 

The first IBSNAT synpositun on the "M inimu il Data 
Sets fbr Agrotechnology Transfer," was held in Hydera-

bad, India, 20-26 March 1983. Fifty-nine scientists 
from regional, national, and international research 

centers attended the meeting, which was organized by 
the International Crops Research Institute for tile
Semi-Arid Tropics (ICRISAT), the Soil Management
Support Services, and the IBSNAT Project. The sym
posium's discussions focused on the crops to be re
searched, the design of experiments for data genera
tion, and the minimum data set to be collected during 
each experiment. 

According to each country's agricultural and eco
nomic resource base, the particiants recommended 

that ten crops representing cereals (maize, wheat, 
sorghum, and rice), grain legumes (P/aseolus beans, 
soybeans, and peanuts), and root crops (potatoes, cas
sava, and aroids) be targets for model development. 

Because each of these crops grow in defined biophysical 
environments, and over a wide range of' socioeconomic 
situations, they offer the project a challenge to develop 
a methodology for technology transfer. Initially, only
the IBSNAI' selected crops will be considered; how

ever, other crops may eventually be itcluded depend
ing on the collaborators' priorities, resources, and 
progress. 

The i'st sypin in iip reached tihe genercal consensus 
that a standard design for IBSNA'Is field expe'iments 

was not ftasibl,. First of' all, research priorities and 
capabilities ;tnlong collabor:tors are too variable; and 
secotidly, the crop thodlels are in various stages ofcdevel
optlet. For exatphl, aroids tilodels are practically
nonexistent, whereas tuaize and wheat modells nearare 

conpletion. Therefre, it was necessarv fr tie field 
experinetits to be flexible ill ortdlet to match tl stages 
of rtrol nmodel devefollment. 

It w aste tlphasiz ed t the 1983 IIBSNA ' sy tposiutm
that both ntod'lers and field ICsea'lCeirs should wor'k 

cooelratively olu designing the experitents, antf with 
tnn one dliscipline dominating. (ollaborators should 
atit iat ulgrading theit" exleriitients in ongoing rc
search progrlnis, thrtigh additional tmeastremnents 
attl tbservations, to obtain ilinun data sets quickly 
atnd eflicnietlv. Also, 'xpetitiients should be coiducted 
oiver a wide ralgc of agrocologicatl conditions to ('i-
Sure the develomtt'nt 1t'a cad'ip'eAlllsivc c'op itmodel. 

In light otf tile IBSNA' Project's objectives, two 
tttinilttnt data sets welc idetified: oile for nlodel 
dIeveohf)ment and fbr testing olerationalone tntodels. 
Tie nitinutn llat set for iiod.l developmentt in
(ldes the saune Itieasttrtments atnd tbservations as fb,' 
mtidel testing, ilus additional dtatm tn soil fertility, crop1 

pIlenology, tissue analysis, and hIlafaca intdlex 

For weather lta, tit' laily itncotming solar radiation,
nIlaxinuti and itinitinuitl air tetllleratutr, antl pi'cipi
tati<tl Must be Ine~asUR'ed su1flicilCily Close to the expel'
imcnt to reflect site conditions. 
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For soil data, it is mandatory to have standard 
descriptions, analytical characterization, and classifica-
tion according to Soil 7 as well as the measure-Txonomn;l, 
ments of nitrogen, phosphorus, and potassium content 
(NPK); and soil acidity of the surface horizon (0 to 15 
cm depth) prior to planting. When fertility is a trea,-
ment, the nutrient status of the soil profile should be 
determined at planting and after harvest. When water 
is a limiting factor, volumetric moisture content in the 
profile should be measured at planting and after flar-
vest. Other required soil information relates to tillage 
operations, such as the depth of tillage, residues incor-
porated, and, when and how the operation was per-
formed. 

For crop data, the dates when major phenological 
stages occur must be recorded. The key events differ 
somewhat among the crop groups, but basically are: a) 
emergence; b) a vegetative stage when the crop is 
growing rapidly; c) anthesis, the state of' full bloom; 
and d) physiological maturity. At each key phenological 
event, total shoot dry matter production must be deter
mined. Tis.,ac nutrient concentrations are necessary
when fertility is a treatment. In addition, at final har-
vest, the yield components such as seed weight, seed 
numbe, ears, ond established plants per unit area are 
determined. 

Management data includes, general information 
about the colaborating institution and researcher, and 
sl)ecific inf'ormation about the design, plot layout, and 
treatments. Crop husbandry details for cultivar, plant-
ing date, row spacing, seeding rate, and planting depth 
also need to be reported, along with the record of*the 
kinds and levels of' input. Fertilizer, irrigation, inocu-
lants, and ,tgrichemicals must be measured. Pest prob-
lemIs must also be idcentified, and the resultant crop 
damage assessed and recorded. 

Minimum Data Sets Guidelines 

The need for guidelines to implement the agronomic 
experiments and collection of' the minimum data sets 
was recogized at the first IBSNA' symposium. In 
January 1984, a small group of IBSNAT experimenters 
and modelers met at the Grassland, Soil and Water 
Research Laboratory (USI)A/ARS) in 'Icmple, Texas 
-to prepare a draft of' the manual. Personnel involved 
were F. B. Cady, Cornell University; J. A. Comnerma, 
FONAIA1P-CENIAP, Venezuela; .J. A. Silva, Uni've,-
sity (f Hawaii; P T. Dyke and C. A. Jones, both of' 
USDA/ARS, Texas. 

In August 1984, at the second annual IBSNAT 
meeting held in lawaii, collaborators reviewed the 
draft and took part in a group discussion to reach con-
sensus on experimental design and data collection pio-
cedures. The guidelines were revised by C. A. .Jones to 
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ihicorporate the collaborators' recommendations. Most 
of the revisions dealt with the crops' key phenological 
stages, and the collection of biomass and yield compo
nents. 

The Experimental Design and Data Collection Procedures 
for IBSNAT(IBSNAT Tecchnical Report 1) was printed 
and distributed by the IBSNAT Project in December 
1984. A second printing was necessary ip March 1985 
to meet the requests of IBSNAT collaborators, and to 
date more than 750 maniuils have been distributed. 

The manual organizes theldata set into standardized 
forms to facilitate monitoring, collection, recording, 
and transmittal of the data. Nineteen forms are used to
log data, and each type of data is identified by a code 
for efficien- entry into the Data Base Management Sys
tern (Table 4). 

After the first year of field usage, Technical Report I 
will be evaluated for its effectiveness as a usCI"s guide 
f'or generating data sets, and will be revised accord
ingly. 

IBSNAT'S Shared Data Base 
Management System 

I3SNAT is in the process of using microcomputers to 
develop a centralized DBMS that integrates collabora
tors' experimental data sets with cultivar, soil, and 
weather information into a standardized and usable 
form. The resultant integrated centralized data base 
provides each collaborator with access to a greater 
amount o'clata then they now have. 

The proposed DBMS system supplies the functional 
linkage among various IBSNAT collaborators who 

Why IBSNAT Uses Microcomputers 
The IBSNAT Project aims to develop an efficient 
and sophisticated, yet user-friendly DBMS for use 
by collaborators who do not have access to main
frame or minicomputers. This limitation dictates 
that the system be designed for microcomputers. 
Using a microcomputer for the DBMS has several 
features that make it attractive as part of the over
all data base management strategy. 
0 Microcomputers are now sufficiently powerful 

for IBSNAT's computing requiremen:s. 
0 Many software packages are available for mi

crocomputers that previously were only avail
able for larger computers. 

• A microcomputer DBMS is portaLle, oad 
IBSNAT can easily distribute the DBMS and 
data file diskettes to collaborators worldwide. 



Table 4. Summary of the data requirements of the IBSNAT Minimum Data Set. The minimum requirements for three 
types of experiments arc indicated with X. Optional data are indicated with 0. 

"l'Tpe
of 9ata 

Institution information 
long-term weather data from nearby 

wcather stations 
Daily weathler dlta (It)l ing the 

CX Cri ient 
GenCal inforIationi aout the 

experimental arca (field) 
General infobrmationi al)out the 

Cxpcriccent 
Codes and (.ross-rI tfIc'ces of 

expcicntenal tiactors, levels, 
andl Plots 

Experimcntal layout 
General plot inflolnnlion 
Soil fertility 

lPrcpla surfhcce samples 
Postlharvest surlaice saii l)lcs
Prelaht and posthlarvsl 

suhsurlace Samples 
Preplant a.ld postlharvest 

voluiceaic soil water illprofile 
General tillage information 
Crop cultivar information 
General planting information 
General information on fCrtilizer, 

inoulata, and anieninent 
application 

General inforiatin on i andObiocide 


hormone applicaton 
Irrigation information 
General information on damage to 

the crop 
Data on growt i stage ind yield 

components several times during 
the season 

Plant nutrient concentrations 

SOIUlC:.lonts C. A., ed. 1984. Expcriioental Design and Data Collection Procedures for I 3SNAT. I BSNAT 
Sci., College of'l'rop. Agr., Univ. of Hawaii. p. 20. 

contribute experimental data, soil characterization 
data, simulation models, and statistical analyses exper-
tise. The DBMS provides all IBSNAT collaborators 
with a common framework for communication, and for 
building a system that will be most useful in evaluating 
the potentials and limitations of crops growing in spe-
cific soil, climate, and management conditions, 

The relational structure of the IBSNAT DBMS per-
mits simplified data changes, avoids inlibriation repe-
titIon in the data files, relates data files by common 
keys, and provides fast data retrieval. Microcomput-
ers irovide collaborators with an efficient and user-
friendly data ba c management system without requir-
ing access to a mainfiamc or minicomputer. 

"l',peof lxperimet 

Form 

Fer/iliOj' 
uibopinal 

or variable 

I ater 
.vuboptiinalu 
or variable 

11other 
experiments 

A X X 


B 0 0 


C X X 


D X X 


E X X 


F X X 
G X X 
H X X 
I 

X X 
X 0 

X 0 

1 0 X 
K X X 
L X x 
M X X 

N X X 

0 X X 
P X X 

Q X X 


X X X 

S X 0 


X 

0 

X 

X 

X 

X 
X 
X 

X 
0 

0 

0 
X 
x 
X 

X 

X 
X 

X 

X 
0 

lich.Rept. I. Dept. Agron. Soil 

From the IBSNAF central data base which includes 
the minimum data sets, collaborators will bc able to 
compare their field results with other data sets from 
around the world, and evaluate the computer simula
tion niodels for application to their own environmental 
conditions. The sharing of' data allows regional and 
individual collaborators the use of agrotechnological 
applications that were not previously possible. When 
the data base management system becomes fully opera
tional, IBSNAI' collaborators will have an efficient and 
sophisticated data base system that is easy to use, and 
that can be tailored for their adoption and specific 
needs. 

The DBMS has been designed to amplify the results 
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of individual experiments in two ways. First of all, by 
pooling results from similar experiments into one co:n-
puterized system, the combined data can be analyzed 
for similarities and statistical relationships between 
site and crop response characteristics. Secondly, the 
IBSNAT DBMS simplifies the use of experimental
results through its direct access to crop simulation 
models. The DBMS has been designed to link data sets 
from collaborators for direct input into crop simulation 
models. Thus, collaborators can compare model simu-
lation results with their own experimental data to 
assess the model's usefulness for their agroccological 
conditions. The models can then be used to explore 
alternate cultivars, management, or crops fo, local soil 
and climate conditions. The crop models are especially 
helpful in predicting crop performance where detailed 
and costly experiments cannot be c':nducted. 

A Scenario on How the DBMS 
is Designed to Work 

After a collaborator conducts an experiment in a coun-
try, a maize experiment f'or example, the IBSNAT nii n-
imum data set fbr soil, crop, weather, and management 
data is entered in the n:crocomtputei using the DBMS 
software developed and sulpplied by IBSNA When all 
the data has been entered, a copy of the floppy diskette 
containing the data is made, and returned to IBSNAT 
Hawaii headquarters. The Soil Management Support 
Services pedon number is included so IBSNX 'can 
access the soillpdon and characteristic data, and enter 
the infbrnation in the soil data file. Prior to field data 
entries, the crop modeling collaborators entered the 
maize model and its associated crop genetic data into 
the IBSNAT system. 

The centralized IBSNAT DBMS integrates the col-
laborator's field experiment results with the soil and 
crop data, and creates the input data files necessary to 
run IBSNAT crop models. IBSNAT generates a sum-
mary analysis, and provides a computer printout of' 
the collaborator's experinmental results. The summary 
analysis printout and the floppy diskettes are returned 
to the collaborator to use with available crop models. 

After several seasons of experiments, when the col-
laborator is convinced that the model can simulate 
local situations reasonably well, a more comprehensive 
analysis of yield results can be conducted using the 
model for different soil types, planting dates, and irri-
gation strategies to determine the most promising and 
least risky combinations for his agroecological condi-
tions. 

The important point demonstrated by this example 
is: the DBMS provides the majoi" mechanism through 
which the IBSNAT Project links collaborators, crop 
modelers, agronomists, soil scientists, and computer 
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experts. By providing such a linkage, different collabo
rators can share both (he knowledge and the experi
ences of common crops and soils. 

DBMS Design Stages 

Based on the collaborators' inputs, minimum data sets 
were designed to meet their information needs fbr both 
field experiments and computer models. Using the col
laborators' data sets and their comments, IBSNAT 
designed a conceptual model br the DBMS which con
solidatecd the input from all collaborators. The I)BMS 
model has the abilityv to check for consistency of infor
mation and to validate identifiable relationships be
tween the data items. The result is a conullehensive 
definition of the data base requirements of all collabo
rators put together into a single, consistent data base 
description. 

An agreement to use a commercially available rela
tional data base software package for developing the 
IBSNAT DBMS was reached (luring the first JAC 
meeting in 1984. IBSNTI needed a data base manage-
Inent system which was portable, affordable, poten' 
dally usefl to all collaborators, and which would pro
vide fast information 'etrieval. With this in mind, 
IBSNAT selected the dBASE III. The advantages of' 
using this relational data base system include the fol
lowing: 

1) Ease of use-it is the easiest system to work with 
since it is based on simple files consisting of col
uinns and rows. 

2) Flexibility-pe'nits "cutting and pasting" of data 
files. 

3) Precision-links established between various files 
are accurate and logical. 

4) Relatability-any data file can be related to other 
data files by using a common key. 

5) Data independence-either the data or the applica
tion program may be changed without changing 
the other. 

During the December 1984 systems analysis and 
crop simulation workshop held in Venezuela, the in
structional team of modelers identified a significant 
potential limitation in using the DBMS with different 
crop models. Specific difficulties arose due to incom
patibility of the different input and output formats of 
the physical data set and crop models. 

In April 1985, a workshop was held to evaluate the 
finalized IBSNAT DBMS input program, link the min
imum data sets to the crop models using the DBMS, 
and work out the problems and limitations that had 
been identified at the Venezuela training workshop. 
The meeting was held at the Grassland, Soil and Water 
'dBASE Ill is a trademark of Ashmon:litc, 10150 West Jeffmrson Blvd., 
Culver City, CA90230. 



Research Laboratory in Templc, Texas, and the najor 
focus was evaluation of the physical model. hik evalu-
ation was essential prior to implementing the data base 
and writing tile application programs. Input error 
checking routines have been built into the DBMS input 
programs to ensure valid and correct data entry. 

The I)BMS modeling workshop allowed IBSNA]' to 
obtain reconltlmendliations front collaborators lot' short-
and long-term DIMS plIanning. The specific recoi-
tuendlations are that theI IISNAI' Pro'jcct will: 
A) Work with modelers to develop IllSNAT versiotns 

of'existing inaize, soyl)ean, and wheat tiodels; 
13) Work toward standardizing suttar l' for-outptut 

meats lor IISNAT simulation models and sumtttttay' 
analyses fIr each initiitum data set; and 

() Provid' periodic stalus reports ol' tile data stored in 
the IlS NAl' I)13MS, as well as soltware av'ailal)le 
through IBSNAT. 

DBMS Currenit Stage of Deveopmeit 

The I)MS developm ental phase began after const,'ti-
lion of, the 'relational experinitl &' :ilcs based on lit 
ttininttn data set forms. Tlh ct work encoint--cnt 

passes (onstt'tclittg Ihe soil data files, cultivat data 
files, and cr(0) l)tiilter data files lr the collalorla-
t(irs central data bIsC (Figure 3). lPa't of' the soil data 
filhs devclopttcnt will inctlude creating a software infitr-
talin reitrieval Systtt, to exmtra.' tecessary (laa fri) 

tilt e-xisting data btsc (of' the IJSI)A Soil Conservation
S rvice,. 

l'he soil, culhivar, and c'o) )irameter data files, 
together with til weatIet' nd CXttol)eCritneitl dlta files, 
tmttke up Ite collaboralors' ccttnl data base which is 
the heart fthc I ISNT' IMIS. Mergitng flhese five 
lilcs itIi) Ihe (IttI batIse st lUt' l)C,'mit tle geCrat iott 
of toodCl-Sp)Cific data bsCs 
ning thc )) trotIdels. 

A ti)dl-slpecitic dala base 
the' collaborators' ctrl data 

ihalt arC cssential lo'I run-

can be gencratcd fr''ott 
sli'wfonr each crop tildlel 

Experiment Weather Soil 

(Figure 3). This is accomplished by using a I)BMS 
dat retrieval system. The model-specilic data bases 
i e necessary l)ecausC each crop model has dif'ferent 
characteristics and needs, and requires only a portion 
of' the collaborators' central data base. The model
specitic data bases increase the speed of* data retrieval 
for Si tnuIaition. 

In orderto safeguard data consistency between tile 
collab)rators' central data base and tnodel-sp ific 
data bases, no editing is allowed in the collaborators' 
central and tile lodel-specific data oases that are 
stored at IRS NATIHawaii headquarte's. This ensures 
that information stored in the clltral data base will 
match model-specific data bases. 

In tie con(ce)tual sttetl,'r of l(' colhlborator's 
tnodel-specific datl lasc, each individutal collaborator 
nay IestCS specific data sets which they can edit f'or 
model testing. 'lvo itain soltware packages will be 
included with the, data sets. One will run the collab)ra
I(or's data base, and the olther )ackage will provideindividual simulation prograis lt' each specific crop 
tttodel. 

Requests '1 data, sets by collaborators can include 
all )1 plrl tile SetS stot'd ill centralizedpro' lata the 
IBSNA' )II)MS. Standard output includes data sutit
inaties, data analysis (oeault exel)eritltent, and a printed 
copy (f tile collaborator's eXl)ritttetltal t'Csttlts; these 
can also be requested. 

The data sts that are given to the collabolrators will 
becotie) part off their individultal data bases. From the
individu~al data bast, sep~arate Iltodel-specilic dala 
:).scs call be gettcaef, and they provide tile dlata 1,1', 
collahorators tio run particu1,1i - ct'op simulation tmtodels 
(l"igui'e 4). After data sets ate entet'ed into tile collabo
rator's data base, the required data for ihc model
Sl)ccific d(la base call be extracted, and the iset' Call 
access Ile data by specifying the unique identification 
coLCs tot institute, site', CeXj)etintitit, treattoent, and 
wetllletr station. 'I'he 1)BMS will retrieve tie (atai fi''oni 
the model-spccific dala base and ri the crtol)p model 

Cultivar Crop ParameterData Files Data Files Data Files Data Files Data Files 

Collaborators' Central
 
Data Base
 

Model-specific 
Data Bases 

Figure 3. IBSNAT Iata Base MaanagementSystem. 
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simulation software program. The final simulated crop 
output can be printed in a standardized format. The 
IBSNAT collaborators can then run special graphics of 
simulated crop growth and other model outputs. 

IBSNAT Crop Models 

The IBSNAT crop models are designed to have global 
applications. For several of IBSNAT's ten crops, mod-
els do not yet exist or are in the early stages of develop
ment. For this report, the IBSNAT crop models are 
categorized into three groups. 
A. 	First, there are models that already exist, and are 

available for calibration and testing. 
B. 	 Second, there are models that are partially devel-

oped, and will require collection of minimum data 
sets for further model development. 

C. Third, there are models in the conceptualization 
stage. 

The IBSNAT crop models are constructed to be 
independent of, and be able to accommodate differ-
ences in locations, seasons, crop cultivars, and man

agement systems. The accommodating characteristics 
of IBSNAT crop models, provided with the specific 
minimum set of soil, crop, weather, and management 
data, enables the prediction of performance for any 
crop production system at any location and season. In 
order to predict a crop's potential, IBSNAT crop 
models require the following information. 

1) The daily weather data consisting of maximum and 
minimum air temperature, solar radiation, and 
precipitation. If other data are required special 
arrangements must be made to collect them. 

2) The standard soil description including data of key 
soil properties as a function of depth. 
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3) 	 Information on sowing date, plant population, irri
gation amounts and dates, and fertilizer amounts 
and dates. 

4) 	Genetic information related to maturity type, pho
toperiod sensitivity, and yield components needed 
to 	evaluate optimum efficiencies within the con
straints of weather and soil. 

The intent is to use simulation models to assess crop 
performance in locations where the crops have never 
been grown. This will enable user countries to assess 
the suitability of particular lands for specific crops, esti
mate productivity of the land, and prescribe soil and 
crop management practices to obtain optimum produc
tion for specified conditions. 

Operational models for wheat, maize, and soybeans 
are currently available for testing. 

Table 5 lists the current status of each IBSNAT crop 
model for the cereals, grain legumes, and root crops. 
The following sections describe the progress and stages 
of their development. 

Cereals 

The wheat and maize crop models used by IBSNAT 
were initially developed by the USDA Agricultural 
Research Service scientists in Temple, Texas. Both 
models, commonly referred to as CERES or Crop 
Environment Resource Synthesis models, simulate 
crop growth and development from crop phenology, 

Table 5. Ten IBSNAT crops selected for model develop

(.',,,p lmd% 	 Atihtn,,A'.hhi Ird* 

A 	C 
.( cal8 

Rice 	 5 
Sorglhiin 	 5 
Maiz, 	 8 

B.C;rain Ixgumiics 
Soyblheans 8 
l'canuts 5 
//U. (f1 HBeans 	 4 

C. CPotatoes 	 3 
Cassava 	 2 
Aroids 	 3 

* Nlihcstne fac'tivities bir IlBSNAI'croj i cll lcveloplent 
are: 
(I) E.SIblish Ilinii (ltI st.t. 
(2)1(hnI ifyI*claboai io(liors Ior crop ith' zig. 

(3) 'stil)lish hlusign t'ril Ij fbir ctitr loel. 

(5) .uzatiai' mnodtl ncotfticicnts. 

(6) \Vrilc coziipn ter program l orittdl. 
(7) Calibratc anl tcst inoIt'l against (vsi:;ln critcria. 
(8) Nldel available fi validat ion run with (lata. 
(9) Model operational. 



soil, and daily weather data. Tile maize and wheat 
models have been modified to interface directly with 
the IBSNAT Data Base Management System. 

The simulation models currently being developed 
for rice and sorghum will similarly have their input for-
mats compatible with tle output Firmat of'the IBSNAT 
)BMS. Rice and sorghum models are categorized as 

crop models that are partially developed. They require 
further development to include the characteristics that 
have been established fbr IBSNAT crop models. 

The following sections describe the current status of 
each of' the IBSNA' crop models fir the four cereal 
crops: wheat, rice, sorghum, and maize. The report on 
the maize model is more extensive than that fir the 
other cereals. It reflects the progression of' activities 
from verification of the model's logic to its calibration 
and testing with data sets. 
W InEM'I 

The C ERES Wheat Model, tested with a nitrogen 
dynamics coniponelt fbr use in tropical, subtropical, 
and temperate locations, is currently being coordinated 
by 1). C. Godwin of the International Fertilizer Devcl-
Ol)ment Center in Muscle Shoals, Alabama, USA. 
Collaborators in Burundi, Pakistan, and the Philip-
pimIs have begun o," are )lanning to coillet miimum 
data sets. l)ata collection fr'om regional and interna-
tional organizati(os such as the Arab Center fi'r Stud-
ies of' Arid Zones and I)ry Lands (ACSAD) in Da-
IMIascus, Syria; and the International Center fio' 
Agricultural Research in the )ry Areas (ICARI)A) in 
Aleppo, Syria have also been initiated, 

At the planned workshop on systems simulation and 
crop modeling in Amman, ,Jordan, the CEIRIS models 
for wheat and maize will be demonstrated, and then 
tested with each participating collaborator's own mini-
muti data set and the IBSNAT Data Base Mian-
ageient System. The workshop is scheduled for ten 
days in November 1985, and is being sponsored by 
ACSAD, the University of'Jord:-n, and IIBSNA'I 
R I"in 

An agreement with the ARS in Teniple, "li'xas during 
1983 and 1984 permitted researchers' studies on ilte 
effects of photoperiod on twelve rice varieties using 
Duke University's phytotron. The rice study was coo'-
dinated by J. T. Ritchie who is now at Michigan State 
University. The results of the ARS studies will be used 
fbr developing the phasic component of the rice model. 
Phenologic characteristics are necessary to determine 
the genetic coefficients of each variety used in model 
calibration and testing with the minimum data sets 
generated from field experimentation. 

In order to review the availability and status of cur-
rent rice models, and to fbrmulate plans for develop-

ment and calibration of an IBSNAT rice model, re
searchers from IFDC; the Universities of' Mississippi, 
Arkansas, Florida, and Hawaii; Michigan State Uni
versity; and the ARS in "lnmple, Texas met in March 
1985, at the IFDC headquarters in Muscle Shoals, Ala
bama. As a result of that meeting, a rice model with a 
similar structure as CERIES maize and wheat is being 
developed by researchers at the University of Hawaii 
and Michigan State U niversit)% 

Planting of' field experiments to calibrate the model 
are planned at sites on the Hawaiian islands Kau,ai and 
Ma, i. These experiments will be planted during difler
ent seasons to Study the effects of' temperature, Jay 
length, and solar radiation on the phasic and growth 
components of tlie IBSNA' CEIZES Rice Model. The 
fbllowing five rice varieties out of the twel%e used in 
earlier phytoti'on stildies will be planlted in upcoming 
expeiments. 

a) Kwang-chang-ai variety with high photoperiod 
sensitivity. 

b) Bulleniont variety with low pholtoperiod sensitivity. 
c) Labelle variety with a silort juvenile phase. 
d) Stalmonnet variety with a long juvenile phase. 
e) 'IR-36' variety with an inteimiitdiate juvenile 

phase. 

Seed materials ha'e )een received from the ARS sta
tion in Beaumont, 'exas. The field experiments in 
Hawaii are scheduled to be installed during Septenmber 
to November 1985. 

Mininiu ii data sets fbr rice are expected from Thai
land, Malaysia, Indonesia, the Philippines, and the 
United States. 

HUM 

Som'ghum, an important grain of the seni-arid tropics 
and subtropics, is commonly grown in areas where 
nIoisture is in short supply. 

The early development and testing of simulation 
models fbr sorghum were reported by researche's both 

'lexas, and at ICRISAT in India. '1he SORGF is anR 11cexample of a Sorghum mndel which had its Oirigin in 
the United States and was modiflied by scientists at 
ICRISA'I Further development of the sorghui nmodel 
is necessa'y for its compatibility with tile collaborato's' 
needs and tile IBSNA' DBMS. Support for this colla
borative effort will be provided by ICRISAI' and 
Michigan State University. The sorghum model devel
opment is anticipated to begin dui ring the 1985-86 
period. Researchers at Kansas State University and 
other interested institutions may be consulted fi'om 
time to time, as the need arises. 

Sorghum data collection sets are expected f'om 
India, Venezuela. Thailand, and several ACSAD 
countries. 
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MAIZE comparisons of'o! 'rved and simulated vields with tile 
visual aic of graphs an(d tl es; antd b) by tile Freese 

CERES Maize Model Predictions.The Crop Environment c'li-squar'e test. 
Resource Synthesis (CERES) Maize Model has bcen 7opep"ic Etrustox Sites. 'he CF RI-S Maize Model 
successfully tested with data front the Benchnark Soils was used to si mitullte six expCeri nent s ttoi two Trolpeptic
Project's experiments in Incloncs:a. the Philippines, Eutirustox sites illHawaii. Ite iplenological events and 
and Hawaii. Data from the Maui Soil Climate ProjectL grain yield prelictions were compared with observed 
was also -ested. 

Prior to conducting the validation tests, tile CG ,IR;S 
maize model was verified and calibrated with data 
from tile tropics. First, the !ogical and mathenatical 
correctness of the model was tested on low nitrogen and 
low wateri conditions, to eliminate negative values lur 
yield and nutrient concer,'rations. Tle model was Sll)-
sCqtuCntly calibrated ald IdjustCl fbi (i) thtermutl time 
coil)putation; (ii) maize genotv)c coeflficients; (iii) opti-
mumlltemperature for photosynthesis; (iv') il' effect of 
minimuln temnp(eriatui'e on grain filling; (v) Ohw effc'ct of 
nitrogen deficiency and water sti'ess on grainllnmbes; 
(vi) a soil-specilic nitrogetn ,nineralizatioi constant; 
and (vii) an interactive ttrnl to accommolatte wlec'ftf 
of' other ntlrirlits on crop growtlh \'hell watr amd 
nitrogen ar'e simuultaneocisl, limilecd. 
The mnodlel validation pr(cess involves running ilt 

imodel with independent data. 'lis, noC of the expct'r-
imental data used for modc'l buifclitg or model calibra-
tiot were used for mtodel valiclition. (.) alitative evalu-
ation generally invol\'es graphical and tabular clisplay 
ofolbs'rvecl and simulated values. A "good" model has 
l'ss scatlltel. arou ill t 1:1 line, andttiltpoitls art 
evetty clislribtt'c on c'ith'er sicdc of' the 1:1 lin'. A 
"good" iiocll is bitilt to providfe i''sults whicth simulate 
OUtfItts f'roti a 'eal systemlI, Itc'it'" s;lttisif'l analvsis 
used fori simitlatecd results is similar to that uisc.cl to c'al-
uttl' data f'ront actual Systct'ms. A review of' tit' litera-
ture revealed that nio general form of stltistical aialysis 
Itas blc t'rcttttiteilchl nor is reotgnized fi I pedic'-
lions by simulaticon mocclels. 

A mtclel is coxlstructed for ;I spe'ific' [tit')OSt., Miduc 
thcrefcre the ainalysis must be ltoclel Specific'. Model 

preclic'tions hatve beii evaltatecl a) through qualitative 

results ('ihble 6 and Figure 5). 
The :m1olel prediction of the number of clays to si!k

ing, at ti most, was itr day's more than the observed 
days to tasseling. The model prcctcc days to silkiitg, 
which is the end ot\'egetativ'e stage, but it did not ipre
dit clays to tasseling. However, ilt' expeririental data 
did not have observel days to silking, andcl hence reliecl 
on(days to tasseling as a substitute f[Orsilking ('bible 6). 
The model accurately predicted thlc'(lays to anthesis for 
wintii antd sunmner plantings ;at both the \aipio and 
Nlolokai sites in Hawaii. Ile obser\v'ed liflertcte of 
clays to tass.lilg for wintei' and sullillne plantings at 
Wtipio was 1.tdays, and tie motdel ipredictccl 13 days 

i' Similarly', fbr bol ol)serv'tVC and simulItecll	clifi'rencc. 
rt'sults at the Nlolokai sitc', il differetnce wsi about 16 
days. At the' Niolokai site, in addition to winter and 
Sumtt'r tliff'erc oces, the model also pr'clictecl the delay 
illdays to ailthesis ('lthlc 6). 

'he number of clay's to pfhysiologictal ma',' its, was 
generally unchrlprcclicted by' the motcl. However, it 
mavy wc'll be that tilt' clays to physiological naturity 

whic'h reclpniri,.' cestructiv' sampling amid observance of, 
tIle black la'er. was dlterminel late illsoie of tile 
'Xf)t'i'itneclls. IHils, the model i'edliction seems to be 

rc'asmoI;blc. For tilc'ONI)I.-N20 experimenlt, tlie physio
lu ic'ilmaturity date was tot available. Although the 
ob~servedl icltnological lates do not have any variance 
tc'ri associat'd with tic'm, the stintclan'cl cf'eviation 
would be about two days fbir sum er platings and 
p ' bably nmor flortit' winter pliltings. 

"l'lti'e' was tuelh scttter about tlte I:l line for tei 
grain wciglht pireclictio)n (Fiirur' 5A). lit gen'ral, the 
itoc'l did betc't'r predcititig kernels car' (Figure 513). 
()verprclictions itt keritel numbtrs wcrc princ'ipally 

Tablc 6. Meastred and simulated nu mber of days to sitking and days to phycological maturity.with the observed clata 
from Tropeptic Eutr'ustox sites in Hawaii. 

!ltc'
Iahi I/(iaZti7U: 

)11t ;,l 1ie~ n'.a, ,/¢l lfthtiaI'¢t iiiatttt dinun/atrd 

81 

W'\ I- F I(I/I 17/82 7.1 

I15

v'\ I-.J 06/28/84 60 	 (1 113 

66 	 I149 1,16
NI()L.- III0 06/018/82 	 63 64 	 122 11,4
NIt )II-NI 10 06/2-1/80 65 ti9 131 125
 
NRt )I,- 12/02/82 81 84
N2(0 126 

m 	' valueS'A Itual iasrt'd ae tys o 500v lasseling. 
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0.40 those from the high nitrogen fertilizer treatmients. Fur
1the-more,factors which influence kernel numbers such

E Tropeptic Eutrustox Sites as trace element cleficiencies, pests, diseases, and4)
 
weeds were not considered by the model. 

,t 0.35 In experiments used for model validation, grain 

t1am 

4)
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w''iqhts, (I?) kr'-n lnumbe'r,, and (C) .grain'ildon Trop/eic I 
Eutruotoxsikt. 

yield predictions were similar to the predictions for the 
calibratiom experiments (Figure 5C). A better lit be

tween ol)served and simulated results would have been 
possible if the model had been adjusted in the cilibra
ion stage to "fit"the e:;perimental data. Howeve, the 

made on a logical basis, were designed to 
the need for fIuture model calibration, when 

hiators not currently simulated into the model are later 
in:oroporated. 

7);'pic Pa/cndul Sitcs. Data from five different sites in 
Indoesia aid the Philippines were used to test the 
CERES Maize Model. In the calibration of the 

CERIES Maize Model none of the experiments from 
Tyl)ic Paleuduh sites were used. Thus, the model was 
used to simulate results obtainl fron a vastly diflerent 
Soil falmily locatcd ipproximiatel' 50S latitude. 

model was 	abole to p'mccliit vields runging from 
.11 .1.,2,50 to 10,000 kg ha' (Fgure 6). Ii general, the
 

p,'cdictions were thtan observed
higher thet,vaIles. 

Hydr'c )yslrandcpt Su/Is. Validation tests oin Hvdric 
i0ystr~indt')tsoils involvcd l<perimnents fr()nl one site 

in Indonesia, three' sites in thell Philippi nes, and two
 
sites il Hawaii.
 

The seasonal variation ill days to tasseling wais clue 
to) latitudinal differenes, and had ranges of' days in 

;,1fl(OZsia, 10 to 12 days in thel hilippines, mcld as high
 
is 19 days in H-Iawaii. likewise, the model lirvclictim
 
fr (Iiffernccs il (lays to ant hesis were 5 clys illIndo
nesia;, uip )to 12 clays illthe hlili pines, and as high as
 

Typic Paleudult Sites 
Sites 

0 
C0 

V 

0 06000 

. 0-0 
CO 


- 6000. 0 


2000 
2000 4000 60100 8000 10000 

Observed Grain Yield (kg ha-i) 

Figure 6. Conparison n/nobsv'ru ed a .vim latedgrain, 
on 7)'ir Palhuduilt sites inhIdoesia and P/hilippizces. 
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19 days for the Hawaii experiments. The model accu- by model simulation of the complex interactions be

rately simulated the effect of seasons on the phenologi- tween genotype, environment, and management dur

cal development of the maize plant. Maize cultivar ing crop growth. Validation tests of the CERES Maize 

'X304C' (Pioneer Hi-brcd International) wits plantel Model along the slopes of' Mount Haleakala in Maui 

in Indonesia and the Philippines, while the cultivar frther illustrates the site nonspccificity of the model 

'H610' (University of Hawaii) was grown in Hawaii. (Tables 7 and 8). 
The CERES Maize Model also accurately simulated The model accurately simulated a delay of 56 clays in 

the genetic differences between the two cultivars. physiological maturity at the highest elevation (Table 

The model correctly predicted grain yields of' 3,000 7) relative to the lowest and warmest site. The simu
-to 10,000 kg ha t (Figure 7), which were relativiy lated grain yields for the Maui sites were within one 

higher than the observed yields for the six Hydric Elys- standard deviation of the actual mean yield (Table 8). 

tranclept sites. The model predicted lower yields for the highest cleva-

SimulationModelingfor 7ansfer. CERES Maize Model tion site as it received ;nly 80% of the total radiation 

predictions for phenological development and grain compared with the two lower sites. Simulated total 

yield were not site specific (Figure 8) as demonstrated above ground biomass of the two experiments were 

1 
 within one standard deviation of the observed mean.
 
However, at the intermediate elevation the simulated 

Hydric Dystrandept Sites value was higher than the actual. 

O0 The CERES Maize Model predicted phenological
10000 0 Validation"%-1:1 development, kernel weights, kernels ear', and grain 

. ] albration 0	 yield in a wide range of' environments. It perilormed0 Calibration 0 
equally well in a wide range of climates and soils8000 0 0 
including Oxisols, Ultisols, Andisols, and Mollisols. 
The sites ranged from 5'S latitude to 21 'N latitude 

S6000- and 77 to 800 meters above sea level. The observed 
13 0 q3 grain yields on these sites ranged from 2,000 to 11,500 

kg hat, the days to anthesis ranged from 48 to 100 
4000 C days after )lanting (D1AP), and physiological maturitv 

"L varied front 97 to 176 DAP. 
2000 The CEREIS Maize Model has considerable poten

2000 4000 6000 800 10000 tial as a tool f(or agrotechnology transfer among a wide 

Observed Grain Yield (kg ha-i) 	 range of agroenvironnients in the tropics. Prediction of' 
crop yields and internd(liate phcnological events also 

permits Cvaluation o' col ivars, and al tiat man-
Figure 7. Comparisonqfobserved andsimulatedgrain yields ive 

asobtainedfrom calibrationandvalidation of the CERES ageient practices such as planting late and )lanting 

Maize Model on Hydric Dystrandept sites. density. 
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'fable 7. Comparison of observed and simulated phenological events for 'X304C' cultivar on the slopes of Mount 
Haleakala, Maui, Hawaii. 

Days After l'lantiiq4 

End ofuvenile l'hyiolog'ical 
Emerigence Stage Silking Afaturily

Elevation 
(in) obs , sir' obs sin obs sirn obs sire 

77 6 5 23 25 62 67 120 119 
310 7 5 28 28 73 73 138 132 
800 9 7 42 38 104 97 176 174 

"l'nictd on 24 April 1984. 
i'()bservd valtls art 'l i LiMaui Soil Clinlte 1lcicci 1984, 1). V. Ilarloloinjew's unjhliublishtd data. 
'Siinulaicd valcS Ii'0nn i'l0) i(el. 

Table 8. Comparison of observed and simulated yields for X304C' cultivar on the slopes of Mount Hlaleakala, Maui, 
Hawaii. 

Grain Yield .Abo' round llhlda 
(Agr") (he ha-')

I-Yara1ion 

(1m1) obv'iid; 41,1lal1d" ohv'rcd windatl'd 

77 11533 860 123'38 25025 ± 21.15 23699 
3.10 1160 ± 19.4 12231 21031 ± 1898 *25182 
illl)) 9178 - 165,1 90)9 18 731 ± .1i59 22581 

')Il.'v'I vali uet's l oln M ani Soil ( lililt' l'loiju 1911.1, 1). I). I lilwloiiws iinllul slisficdi l .
 
'Siiuinl;itd tsuhs arc witli oll ' itia;od (l-i(hili. i f t11i( t siivt-iIm ainvall,mcpi t 1 i'r valur \%iithi itki k.
 

GrainLcgumes network of experimental sites with different soil andG Lweather characteristics. Once tested, these crop models 

Responsibility for development of models for soybeans, will pr. ide a rapid and effective means for transfer
peanuts, and Phaseolus beans has been assigned to the ring crop production technology to developing as well 
University of' Florida. IBSNAT collaborators J. W. as developed countries around the world. The SOY.-
Jones and J. W. Mishoe of' the Agricultural Engi- GRO V5.0 is an example of such a model that will be 
neering Department, and K. .J. Bote of the Agrono- adapted and tested as part ofthe IBSNAT program. 
my Department are the key researchers involved in this 1)urin.r 1979 through 1983, the researchers at the 
effort. University of Florida wcre developing the original soy-
SOYBEANS beai crop growth model, SOYGRO V4.2 to improve 

irrigation and pest management practices in Florida. 
The soybean model version 5.0, SOYGRO, is opera- The SOYGRO V4.2 model included soil water, insect, 
tional, available for calibration and testing, and ready irrigation, pesticide tactics; and economic submnodels. 
for tUse by collaborators. The following report on SOY- It was tested at two locations in Florida to assess the 
GRO was prepared for this progress report by the profitability and risks associated with various irrigation 
researchers at the University of' Florida. and pest management practices. SOYGRO V4.2 in-

SOYGRO: Soybean Crop Model for 7kchnoho 7ansifer cluded a soiil water balance model developed for light, 

Uvsi, g Alcrocomnilers. Agricultural scientists are fre- texture :oils and wIs focisedi on deterninate cultivars 
qntently asked how a crop or a crop cultivar might per- norlally grown in the sotIther United States. 
form at a particular locatio" . acstions also arise con- In 1984, a new version of' the model, SOYGRO 
cerning crop management. TFhc complex interactions V5.0, was developed to overcome the limitations that 
between soil, weather, and plant factors make clues- restricted the application of lie V4.2 nodel to determi
tions like these clifficilt t' answer, and then only in nate cultivars and Florida soil conditions. A soil model 
qualitative ternis. Recent advances in conputer tech- developed in Texas for use oii a irge set of' soils was 
nology, however, have made quantitative evaluatiolls adapted for the new version. A subinodel for predicting 
mlore possible. vegetative and reproductive stages (if (dCtCrinlinate and 

Oile of the primary goals of I13SNAT is to acquire indcterninate soybean cultivars was also added to the 
and test computerized models of several crops using a new model. The overall structure of' SOYGRO V5.0 
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for predicting crop growth anti yield reinained the P O Y G R O DAYS LAI SCALE 
same as that of version 4.2, although some parametcrs Univ ersi t of Florida 65 4.96 cm 
were changed based on newv cxperinmental data. - 200 

The model's growth and yield predictions were sen
sitive to soil, veather, and ultivar factors. Plhenologi- 160 
cal development was affected by the night length and 
temperature, whereas growth and dry %%eightpartition- 120 
ng wvere alffectedl by radiation, temltperature, soil Vatcr 

availability, mnd 'ultival chiaracteristics. 
The soil model is used fIr IBSNAT wInat ;nd COIrn A 

ndcl., as well as So ybeans, and thcrec cont- ,v
niently make's use 0f the sllMiC soil and weithcr (lata 40 
bases. 11wl(outpu)0t rout ines arc also dlesignedl to be 

-
adaptable to other nmodels oil the same coimputer. 
'*
 

'l'hese cotmmon interfaces for all IBSNAI' models will
 
enhance tile usability of models lh'('loped byvarous Fgure 9. Canop,'eelpaentofso'beanplantsat 65 days,
ivith rov spacing, plant height, and lea/areaindex shown to 

rows o'lplants for tilsitnlated erIp. Tl'he display (ent-

groups. scale. 
SOYGRO V5.0 wias designed fbr several types of 

applications, tach requiring a differetit level of' user 
knowledge and expertise. 'he first level is ideal fo. D . 
ed(ucational and detonstrational plroses in which Y 750. 
Users .llnselect fr-oln p)r)rogralmltied case Study ('o0ll- ,. 

binations. '[lie mlodell runs on an IBM-PC or cmlliat-ibh ic rc tl t.' :111( ISdleSignct for"Usetb I IItOSC 
E 
G 

600. 
." 

with little or no c(ollif)tte' training or"exprienct ., H 45A. 
Series of, liunilt options .illows the uset'r 
cr lilta, soil type, and cultivatr 'romli 

tospccify wcath-
scvera available 

c 
/ 

3oo. 
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knowledge of crop and soil interactions and more user 
time than the first two levels. 

A fourth level involves the linkage of' SOYGRO 
V5.0 with application-specific packages. For example, 
tie crop mIodel could form the basis for evaluating irri-
gation and pest management decisions during a sea-
son, evaluating investment decisions, forecasting yield, 
or predicting tie effects t' soil erosion. This level of use 
involves more roathemnatical, statistical, and economic 
considerations than the other levels, as well as addi-
tional computer programming. At this level, the SOY-
GJ(RO V5.0 model will become a submiodel for more 
comprehensive systems and may require the use of' 
larger computers to facilitate the simulation of' many 
crop seasoIns to answer Ispecific questions ,, 9 provide 
recommendations based on risk consider'' ions. 

The potential use of' computer 111o Is to translfer 
crop IrodIuction technology presects an exciting chal-
lenge. The goal is to develop the SOYGRO technology 
tr two additional important food crops, peanuts and 

Phascolus beans, and to test the th rt'e oo(Cels using data 
collc,:ted throughout the IBSN'I' network of' Cx peri
mental sites. It is hoped that the cfftbrt evolve into a,1will 
holistic system that uses computer technology to iatch 
crops, soils, climates, and management calpablilities 
with a high degree of'confidence to help ensure stable, 
low-risk food production. 

PEANU'TS 

The peanut model, categorized as partially developed, 
has evolved ftrther using a model structure that is sii-
ilar to SOYGRO. Boote included plant growth pro-
cesses, a water balance model developed by .J. 1. 
Ritchie, and a partitioning of' photoassiiilatcs with a 
carbon balance approach. Model calibration will con-
mence with existing data sets on the composition of' 
plant parts, thresholds for phenology stages, partition-
ing, and other key crop parameters. If' the anticipated 
structure of the SOYGRO model is fairly generic, then 
with a few itodifications, the model can be adapted to 
peanuts and other grain legumes. 

Peanut data collection sets a'e expected from India, 
Niger, Thailand, and Indonesia. 

In January 1985, at a national meeting on peanuts at 
the University of Georgia, C. A. Jones of ARS in 
Temple, Texas, and.J. W. Jones of Florida shared with 
participants the concept ofa minimum data set for pea-
nut crop modeling. As a result of that meeting, several 
requests have been received fi'om interested research-
ers for the data forms contained in the IIISNAT l'echtni-
cal Report I. 

BEANS 

A simulation crop model for Phaseoluts beans is at the 
conceptual stage ofdevelopment. Its progress is expect-

ed to lollow a similar path as the SOYGRO model. 
Communication has been established with J. W. 
White and P. G. Jones of'C lM, regarding p,'eliminary 
metings with University of Florida researchers Jones. 
Mishoe, and Boote, to explore potential collaboration 
for bean crop model development. According to the 
[ BSNAT collaborators in Florida, data on crop pheno
logy and dry matter or bioInass prodluction ar'e essen
tial for model development. In order to estimate bio
mass pr'oduction, the growth ldata, information on 
solar radiation effects, the temperature, leaf' area in
dex, and leaf nitrogen concentration on photosynthesis 
are needed. 

The potential collaborators interested in model test
ing are from countries in Asia, Latin America, and 
Africa. 

A workshop on systems simulation and crop model
ing for tlhe grain legumes has been scheduled for the 
latter part of' 1986. 

Root Crops 

Ofall the IBSNAI' crops, models for root crops arte the 
least develol)ed. Much ofthe model developnment activ
ities are still in the conceptualization stage, with pota
toes having received nore attention than cassava and 
the aroids. 

POTATO ES 

Model development and testing for potatoes are being 
conducted by E. Fl Ewing of' Cornell, P. J. Sands of' 
CSIRO, and J. T!*Ritchie of' Michigan State Univer
sity. Through his association with researchers at the 
International Potato Centel- (CIP), Ewing's research 
programs involve selecting and evaluating potato culti
vairs for the warm, lowland tropics. His programs also 
include iodification and testing of the Ng and Loonis 
POTATO model. The collaborators in this effort are 
Hawaii and Tiumisia. 

The potato rnodel at CSIR() wils patterned after an 
earlier model fbr sweet potato. Sands has labeled the 
CSIRO potato model 'I'UBF'IS. Current work has 
been on verification of the model programming and its 
calibration. 

Using their experience gained during the develop
ment of' the CERES models, Ritchie and his staff at 
Michigan State are reviewing existing models, and will 
prepare it conceptualization of'a prototype potato mood
el. Utility of the MDS and IB3SNAT DBMS is essential 
in determining which model oi- combination of models 
IBS NAT will adopt. 

CASSAVA 

While cassava is widely grown throughout the tropics 
and subtropics, no operational sinmulation model For it 
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exists. It is anticipated that potential collaboration for 
model development will more likely be at the inter-
national o" r'egional agricultural research centers. Re-
searchers at CIAT have previously expressed interest in 
the cassava model dcvelopment. -lowever, it is also 
conceivable that national collaborators may l)ecoriie 
principal partners in model development f6r cassava. 
AzoIns (rAto) 

Through the(i rection of 11. A. Nix, researchers at 
CSIRO in Canbe'rra, Australia have initiated studies 
on both potatoes and aroids. Of the flimily of' aroids, 
taro c'op will receive the most attention . Collaborators 
f'rom Fiji, Hawaii, and Southeast Asian and South 
lPacific .puntr'ies will be involved in data generation 
and model development, 

Data Generation for Model Calibration 
and Testing 

Hawaii Progress Report 

GENETIC COEFI:ICIE.NTS AND 

A corn experriment was installed iii November 1983 to 
obtain data to calibl'-ate the CEIRE.S Maize Model, anid 
to obser've the effects of nit,'ogen (N) fertilization oil 
leaf' area developmlent, phenology, and grain yield fobi 
two maize cultivars. The IBSNAT experiment site is 

located on the island of Oahu, Hawaii (21 025 'N and 
158'W), and has soil of Wahiawa silty, clayey loam 
(clayey, kaolinitic, isohyperthernic, Tropeptic Eutru
stox) with soil parent material of weathered, olivine 
basalt. 

Data for soil water, crop growth, leaf development, 
and grain yield coml)onents of the CERES Maize 
Model vere obtained using a randomized coml)lete 
block design. Nitrogen treatments applied at levels of 
0, 50, and 200 kg hia', for cultivar's 'X304C' and 
'1-610', were replicated three times. 

At tile three nitrogen treatments, changes in soil 
water content with time were mneastm'ed with a neurtron 
probe at various depths (Tible 9). Simulated values of' 
soil water content were within one standard deviation 
of' tile observed values. Tlable 10 compares tire )relic
tions of' the calibrated nodel to tile observed phenologi
cal events of' this experiment. Comparisons of' simu
lated and obser'ved leaf' a,'ea index (LAI) and the above 
g,'ound bionmass fbr several times after planting are 

presentedl in Figures I I and 12. The results show that
the LAI and biornass increase with increasing levels 

of' N fertilizer for both maize cultivars 1-1610' and 
'X304C'. 'Table I1corrmpares data collected f'rorrr thisexperiment with simulated values 1or, leaf' weights, at 

three levels of' nitrogen application. 
The experimental results were used to ,iiodify the 

genotype specific coefficielts, and to runl calibration 
tests for the CERIES Maize Model. Model calibration 
arnd validation tests were applied to the irter'roediate 

Table 9. Comparison of experimental measurements and crop model simulations for soil water content, at tassel initia
tion (Julian date 2) and during tasseling (Julian date 38). 

SMhmi icSid I ater Content (cm cm i) 

Nitrogq'n Soll 
:tpplhationi layers 

(A4'ha-') (-m) 

200 0-10 
10-30 
30-50 
50-70 
70-90 

90-110 

50 0-10 
10-30 
30-50 
50-70 
70-90 

90-lI10 

0 0-10 
10-30 
30-50 
50-70 
70-90 
90-110 

"Measu,'ed valtes are Istaidard dev iaotio. 

28 IBSNAT PROeIRESS REPORT 982-1985 

,juliaidale 2 

measured" d
amrcSt, 

0.24 ± .03 0.26 
0.31 ± .02 0.33 
0.37 ± .02 0.36 
0.38 ± .02 0.38 
0.38 ± .01 0.38 
0.38 ± .01 0.39 
0.27 ± .03 0.26 
0.34 ± .02 0.33 
0.35 ± .02 0.36 
0.39 ± .02 0.38 
0.39 ± .02 0.38 
0.39 ± .01 0.39 

0.24 ± .02 0.26 
0.34 ± .02 0.33 
0.35 ± .02 0.36 
0.39 ± .02 0.38 
0.39 ± .02 0.38 
0.39 ± .01 0.39 

,Julian date 3M 

,caIMd 4171natcd 

0.27 ± .03 0.29 
0.30 ± .03 0.32 
0.32 ± .02 0.33 
0.36 ± .01 0.35 
0.35 ± .02 0.35 
- 0.37 

0.211 ± .03 0.28 
0.32 ± .02 0.33 
0.35 ± .(12 0.33 
0.36 ± .02 0.35 
0.37 ± .02 0.35 
- 0.37 

0.27 ± .t0:3 0.29 
0.32 ± .02 0.33 
0.34 ± .02 0.33 
0.3 6 ± .02 0.35 
0.37 ± .02 0.35 
0.37 ± .02 0.37 



Table 10. A comparison of the observed phenological events and calibrated crop model predictions for maize cultivars 
'X304C' and 'H610'. 

Nitrogen Applications (kg ha') 
0 50 200 0 50 200 

DaYs After Planting
Corn -

Phenolog, ob.¢ sin, ol, sii obs int ohs Sin obs Vfl) ob.% Vint 

Cultivar 'X304C' Cullivar 'H610' 

Emergence 7 5 7 5 7 5 7 5 7 5 7 5 
Tissel 

initiation 35 35 35 35 35 35 32 34 32 34 32 34 
Silking 79 81 79 79 79 78 74 79 74 76 74 75 
Grain fill 

onset - - - - 95 89 - - - - 89 87 
Physiological 

maturity 138 139 138 135 138 136 134 133 134 133 134 133 

"Observed field experilmlent valies. 
'Si juiiated Crop ilodel values. 

Table 11. Comparison of leaf weight measurements and model simulated valucs for maize cultivars 'X304C' and 
'H610'. at three levels of nitrogen application. 

.Vitrien,,Jppliations(A' ha-') 
0i) 200 

Leaf II n4/atof I'lants (g) 

1PIantin. t'a. 4nil(ahtd flit rimulahrd simulatedurc(' n 'd mia.u'red 

Caltivar '.V.304C' 
3 3.6 00.7 3.9 4.0 ± 1.0 4. 1 3.9 ± 0.6 4.1 

71 39.9 44.7 32.4 51.11 ± 5.0 51.6 56.8 ± 6.5 60.0 
98 44.2 + 1.7 33.3 54.4 ± 3.5 54.4 58.3 ± 5.0 61.8 

105 5(A 5.0 32.9 55.9 ± 6.0 53.8 60.5 ± 3.2 61.3 
118 36.4 + 3.0 :32.1 46.0 ± 6.0 52.5 53.2 ± 6).7 59.7 

Cut/tar '11610' 
33 4.2 ± 0.1 4.3 3.6 ± 0.8 4.6 '4.1 ± 1.0 4.6 
71 37.6 ± 6.0 30.4 42.1 ± 7.2 47.6 56.7 ± 9.0 53.9 
98 46.5 ± 6.5 30.4 48.2 ± 3.0 48.9 65.8 ± 4.2 55.0 

105 43.8 ± 3.0 30. 1 5'4.7 ± 4.(1 48.3 62.8 ± 6.5 54.3 
118 31.5 ± 6.5 29.2 43.5 -t3.0 46.9 54.6 + 8.7 52.9 

'a Iu es are ± I st;IIdaI( deviat ion. 

stages of the crops' growth and development, as well as Weather data for the crop model was collected by a 
on the final crop yields. More experimental field data, meteorological station located 200 meters from the 
collected from many other sampling sites, would allow experimental site. 
further specific calibrations and tests for the CERES The purpose of this field experiment was to assess 
Maize Model. the ability, of the then available versions of CERES 

maize models, to predict maize growth and perfor-
Venezuela Progress Report mance in various parts of the country. The Venezuelan 

was planted on Julian day 192SIMULATING EFFECT OF PLANTING DATES ON common cultivar 'FM6' 
N UPTAKE To TESTr CERES MAIZE MODEL at a population density of 5.72 plants per square meter. 

The fertilizer treatments consisted of, 18 out of a possi-
On 10 July 1984, a maize crop was planted at the ble 27, nitrogen (N), phosplhorus (P), and potassium 
Guanipa Experiment Station to collect data sets Fbr (K) combinations; with N levels of 0, 100, and 200 kg 
testing IBSNAT's CERES Maize Model in the Anzoa- ha-,; P levels of 0, 75, and 150 kg ha-; and K levels of 
teclue region of Venezuela. The soils in this region are 0, 50, and 100 kg ha'. The treatments were arranged 
well-drained Ultisols situated on level topography. in a randomized block design with four replicates. 
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Instructions in the IBSNAT maiual, Experimental De-
sign and Data Collection Proceduresfor IBSNA7, were fol-
lowed to collect the minimum data set required to cali- 
brate the crop model. The minimum data set included 
information on the daily weather (solar radiation, max-
imum and minimum temperatures, and rainflall), the 
soil (water-holding capacity, organic matter content, 
and growth limiting nutrients), and the crop's genetic 
coefficients. Provided with this data, the CERES 
Maize Model simulated the effects of climate, water 
stress, and nitrogen supply on growth and perf'ormance 
of the maize cultivar 

The cultivar's measured and simulated responses 

4500- .0P 
4 M 

4000- Mea d ,,,r,,-
, I 

3500-- ,- Simulated 

-
300
3000-

2soo-cise 
S2500 

So0-

/
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0 I I Ito 
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N applied lkg hal) 

Figure 13. Comparison ofmeasuredand simulated values qf 
'FM6' maizeyields at variouslevels of nitrogen application. 
Climaticparameterswere normalandthe population density 
was 5. 72 plantspersquare meter. 

to nitrogen applications under rainfled conditions are 
shown in Figure 13. All simulated values fall within 
one standard deviation of the corresponding maize 
grain yield nmasurements. 

During initial attempts to calibrate the model, this 
particular 'xyerimental data set revealed a number of 
model de,',;>.ncies. When tile model was run with data 
fronm N level 0 kg ha - , negative values for nitrate 
(NO,-) and amlnoni'm (NH 4 ) were obtained. This 
was due to the model's continued N immobilization of 
NO 3- and N-1 4 ", even when there was no mineral 
nitrogen to immobilize. Aiso, the crop model did not 
prevent soil N uptake when NO,- or NH 4

4 reached 
negligibly low levels. These model deficiencies were 
exposed because th soil in the Anzoateque region is 
sandy and low in organic matter content, enabling tile 
intense railns to leach soluble nitrogen ftrol the root 
zone. Corrections for the deficiencies at zero nitrogen 
level were made and the model now predicts reason
able crop yields. 

The effect of planting dates on maize grain yield canbe simulated by the CERES Maize Model. This exer

was conducted at the "Systeis Analysis and Sinu
lation of Crop (rowth for Agrotechnology Transfer"
workshop held in Caracas, Venezuela, 3-14 )ecemuber 

1984. Using weather data from the same meteorologi
cal station, the simulated results for two planting dates 
are shown in 'lble 12. 

The restlts demonstrate that planting dates strongly 

affect the plamts' response to nitrogen (Figure 14). 
During the second planting period, an increase in days 

silking, and the reduction of' maxinmum leaf' area 
index (LAI) with a corresponding decrease in biomass 
protluction and gr'-in yield, reflect the unfavorable 
weather and poor raintall distribution. The cumulative 

rainfdall for thm first and second planting periods was 

609 and 604 m, respectively. At the second planting 
date, water stress during the grain-filling period was 
the major factor contributing to the low yield. 

Table 12. Model simulated responses of maize cultivar 'FM6' to three nitrogen levels, :nd at two different planting 
dates (Julian data 192 and 221). Plant population density is 5.72 plants per square meter. 

.1lodbI ,Simuhacd I'a~au'b',r, 

Vilroi,'. Crop Pll"tl ,A .mnitnt A' 
,1ppliahiin ie/ld )ays to .1 axinna Iih'olm uptake, i grain
(Ageha-') (kg ha-1) Sdiiki. I.A I ( a-') .ha-' (4kgha-'ki (4. 


First planting date (lidian da' 192) 
50 1812 62 3.26 62i1 29.0 14.3 

100 2313 62 4.0(1 7591 40.5 23.7 
200 
 3749 62 4.66 9 188 66.8 46.6 

Scand ldanting date (I/lianday 221) 
50 912 61 1.77 4566 32.4 13.4 

100 1076 61 1.86 5350 49.7 16.0 
200 1132 61 2.15 5692 70.4 17.0 
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Figure 14. Simulatedyield response of maize cultivar 'FM6' 
to applied nitrogenfertilizer at two differeniplantingdates. 

Zambia Progress Report 
MAIZE PERFORMANCE AND SOIL CONSTRAINTS 

This report of IBSNAT activities in Zambia, conducted 
by the University of Zambia's School of Agricultural 
Sciences, is a brief statement of the accomplishments 
on the researched effects of water availability and nitro-
gen supply on maize yield. The IBSNA' experimental 
site has soil of a clayey, mixed, isohyperthermic fanily 
ofOxic Paleustalfs. 

Water supply and soil nitrogen availability are the 
major flactors which limitinmaize performance in Zam-
bia. Maize pirodtction is very dependent on r;ainfall 
and consequently susceptible to the periodic droughts. 
In Zambia, the erratic irain fall during the wet season 
affects the maize yield. When water supply is ade-
quate, the crop lerformance is regulaled by soil nutri-
ent availability. However; when the water supply is 
limited, the effects of' soil fertility beconm less signifi-
Cant, and the crop gr,' th depends on water availabil-
ity. For Zambia, i: is important to quantitatively 
evaluate the effct of wateir SLi)ply on fertilizer use effi-
ciency and crop yield. 

The first corn experiment was planted on 7 Decei-
her 1984, at the University of Zambia Far'm near 
Lusaka. A split-plot design was used With nitri'ogen
treatments in tl(main plots and water levels in the 
subplots. Data were collected in triplicate fron each of' 
four nitrogen treatments of'0, 56, 112, and 168 kg ha'; 
and from two irrigation treatments consisting of' rain 
only, and i'ain i)lus SUpplnmnltary irrigatiimn. Soil sam-
pies were collected before the nmaize was planted, and 
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analyzed for initial nutrient and water levels. At the 
time of this writing, the University of Zambia labora
tory was still analyzing the nutrient levels. 

Initially, the original guidelines were used because 
the revised version for collection of the minimum data 
set arrived forty days after the experiment was in
stalled. However, upon receiving it, the data was col
lected as recommended in the updated guidelines. A 
meteorological station was set up prior to planting themaize crop, and provided data for all of the required 
weather parameters. The experimental period was a 
very wet one, with only one dry period that lasted 
twelve days. The experiment was harvested in latejuly 
1985. 

of minimum data sets for soybeans, sor
ghum, wheat, and peanuts are planned for next 
season.
 

Panama Progress Report 
SOIL ACIDITY AND CASSAVA PERFORMANCE 

In May 1984, the Instituto de lnvestigaci6n Agrope
cuaria de Panamii (IDIAP), also called the National 
Research Institute of Panami, installed two cassava 
experiments as part of their IBSNAT program. The 
soil at the Ocu experiment site in the Province of Vera
guas, is classited as a Typic Trol)udult. Two experi
ments with ten cassava varieties were designed to 
investigate the ifluence of' soil acidity associated with 
Ultisols in Panamfi on cassava performance. One ex
periiment was designed to study thei effect of' aluminum 
(Al) toxicity on cassava yield, and the other to deter
mine the plants' responses to lime. Provisions were 
made to gather soil, crop, and weather data for the cas
sava crop models. Solar radiation, ai'temperature, 
rainfhll, and relative humidity were monitortd daily at 
a weather station that was installed near the IBSNAT 
experiment site. 

The prelimlinai'y results of the first IBSNAI' experi
inent showed that for most of' the cassava varieties, a
 
significant portion of the leaf area 
was associated with
 
pIrimary bIranching. For two high-yielding va'ieties,
 
the leaf areas were distributed along the main stems,
 
and less than 40 percent was associated with primary
bIranching. Three c;,ssava varieties had more than 40 
percent of their leaf area associated witi the secondary 
or tertiary bIranches. Talc 13 shows the details of plant 
canopy developnient and root yield at 120 days after 
plant:g. 
The field experi'iment data indicates that root yield is 

nt associatetd with any particular bi'anching halbit, and 
no ch'ar relationship exists between root yield and leaf 
area index. The results show that local genotypes have 
the potenti;fl to produce high root yields in soils of high 
Al content and low pH. 



Table 13. The root yield performance and plant canopy developnent for Panama's local cassava varieties and hybrids at 
120 days after planting. 

Leaf Area Dist intion (%)' 
"
 Cassava Plant Root Yield pH units At 

I ° 
Vahrieties (Mg ha-) (IMlKCI) cmol(+)k' Stem 2 30 

Brazilena 5.38 3.7 5.3 11.6 84.8 3.6 0.0 
Anarilla 6.25 3.7 4.9 21.9 38.9 34.2 5.0 
Roble 6.86 3.7 4.8 73.3 26.7 0.0 0.0 
Cartagenera 9.23 3.7 4.4 15.1 81.8 3.1 0.0 
'C-14' 8.77 3.7 4.6 13.9 63.6 22.5 0.0 
'2129' 8.55 3.7 4.7 4.9 37.5 57.6 0.0 
Viejito 7.49 3.7 4.7 60.8 39.2 0.0 0.0 
Roja Chiriqui 1.85 3.7 - 12.0 48.2 15.6 24.2 
Calabacito 4.14 3.7 4.9 15.8 84.2 0.0 0.0 
_horrerana 6.06 3.7 - 21.3 75.8 2.9 0.0 

'The ICaf(stributionsI °,20, refer to the i,'iary,stnclIary,and tertiary branching, respectively. 

The phenological events for cassava were recorded, 
and periodic biomass evaluations were performed ac-
cording to IBSNNI' guidelines. The minimum data 
sets For cassava, collected during several seasons and 
from a range of agroenvironments, provide data neces-
sary for developing the crop model. Soil sampling at 
dlifferent depths, and at selected times of the growing 
season, has been scheduled in order to monitor the 
dynamics of soil pH and exchangeable calcium, mag-
nesium, potassium, and aluminum, 

Burundi Progress Report 


The Kajondi Farm is a seed multiplication station sup-
ported by the Governcnt of Burundi and USAID. 
Seed material for potatoes, maize, wheat, and sorghu,m 
are multiplied at the farm for distribution to local 
farmers. Soils at the Kajondi Farm were collected and 
described by A. Touchet of SCS/Louisiana through the 
coordination ofthe SMSS program in 1984. 

In 1984, soon after the second IBSNAF meeting in 
Hawaii, the USAID Mission in BUtjuilbira purchased 
an automatic recording weather station to collect tie 
mini mui weather data set. The weather station site 
and experi mental area for wheat and maize were 
selected by staff of fle University of' Burundi and the 
Belgian Technical Cooperation program. In May 1985, 
IBSNA' assisted with tie installation of the weather 
station. 
The first maize crop is scheduled for planting in 

October 1985. Wheat is scheduled to be planted at an 
adjacent area in l'ebruary 1987. 

Guam Progress Report 


The University of Guam has installed IBSNAT field 
experiments to collect data for the maize and cassava 
crop models. The ExperinentalDesign and Data Collection 

Proceduresfor IBSNAT was followed to obtain the re
quired minimum data sets for maize and cassava. Both 
crops were grown in fertilizer treatment experiments to 
study nutrient stresses. 

Thirty years of weather information have been accu
mulated in Guam. The patterns for weekly and month
ly temperature distributions, and the sunshine and 
solar radiations patterns appear regular and unchang
ing, except for the short perKds when typhoons pass 
over Guam. 

Guam collaborators have plans to submit their mini
mum data set forms, and will record the data set on dis
kettes and send them to IBSNAT Hawaii for model val
idation and development. 

Thailand Progress Report
 

Experiments to generate minimum data sets for maize, 
rice, cassava, peanuts, and sorghum have been in
stalled at fourteen national agricultural research sta
tions in Thailand. Seven ofthese stations are managed 
by the Rice Research Division of the Department of 
Agriculture. Soybean experiments are also planned for 
the next season. 

The designs, experimental phs, and planting 
schedules were sent to Hawaii in July 1985 for review, 
comments, and general information. Reports were 
submitted by the Department of Land Development on 
behalf' of the collaborating Thai scientists. Completed 
data sets are expected to be submitted to both Depart
ments of Land Development and of Agriculture For 
input onto floppy diskettes and transmittal to Hawaii. 
Both departments are exploring means of acquiring 
IBM microcomputers Or compatible computer hard
ware to facilitate this transmittal before the harvest of 
the first series of experiments. 

Researchers at the Department of Agriculture have 
expressed interest in participating in the development 
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of crop models for rice and cassava. Both are export 
crops for Thailand. 

The USAID Mission's Office of Agriculture in 
Bangkok has been supportive of the IBSNAT collab-
urative research activities and information transfer 
between Thailand and Hawaii. That office has been 
offered assistance to IBSNAT, if necessary, in coor-
dinating workshops or meetings with Thailand govern-
ment agencies. 

Syria Progress Report 

The Arab Center for the Study of Arid Zones and Dry
Lands (ACSAD) conducted two IBSNAT wheat exper-
iments. One was an irrigated experiment at Deir Ezzor 
in the Euphrates Valley on a Typic Torrifluvent, and 
the other a rainfed experiment at Jableh located along
the coast of the Mediterranean Sea on a Typic Zeroch-
rept. Both experiments were harvested in.June. For the 
next round of experimentation, a third IBSNAT site 
will be added near Izraa in southern Syria on a Typic 
Chromoxert. 

The International Center tbr Agricultural Research 
in the Dry Areas (ICARDA) conducted IBSNAT 
wheat crop experiments at four locations in northern 
Syria. The experimental site and soil information fol-
lows. 

L, alion .1nnal 
Sifro .'1ppo Soil (,'latvi alt'on Rain/aIl 

Brcda 30 kin S\WS Vtric or 280 mni 

at IItalia 
JimntLicss 
Khimusscr 

.10 kin SES 
80 kim NWN 
90 kin SE 

( Ilcic X crochretl )t
TI ic (Ilounum(xcrl 
Typic Chr nnoixcrt 
TypicCalciutmhid(?) 

350 into 
15 111111 
220im-in. 

Collaborators' Status of Field ExperimentsThe IBSNXI" Project anticipates many new minimum 

data sets foit collaboating countries that have ,nly
recently installed field experiments. These experiments 
and their ph;ltinmg schedules are shown in Appendix A.
The modified Gantt charts are organized according to 
crop, and the collaborating countries are listed alpha-
bet ically. 

E.xperiments 
Crops Countries in Progress 

Maize Burtdi -

Guam 2 
Tland6Thlaihanld 

USA, Hawaii 2 
Venezuela 6 
Zamibial 4 

Wileat Bu ru ndi -

Rice 
Syria
P1alarm!i' 

2 

Thailand 6 
USA, Hawaii 3 

Sorghum Thailand 3 
Soybe'an Thailand -

USA, Hawaii 2 
\4 ne:m:uela 5 
Zambia -

Cassava (;uam I 
Iallanii I 
Thailad 2 

Potato "ililisia 2 
USA, Hawaii 4 

Peanut India 2 
ThaiI 5 

7 , . . 
e-0 .. 

; 4J!;, '? 

. 

ii Hadia is ICARDA's main experiment station. Allexper
iments were rainf'dtrialswith wheat. They were plantedin 
nid-November 1984 andharvestedin.June 1985. 
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UTILIZATION AND DISSEMINATION
 
OF IBSNAT CONCEPTS
 

Regional Networks 

During the past year, IBSNAT has been working with 
two large groups of nations to establish regional net-
works. IBSNAT is working with scientists and officials 
from the Association of Southeast Asian Nations 
(ASEAN) and Oceanic countries, to establish ASEAN 
Benchmark Sites Network fbr Agrotechnology Transfer 
(ABSNAT) and Oceania Benchmark Sites Network for 
Agrotechnology Transfer (OBSNAT). 

In April 1985, representatives of' the ASEAN net-
work met in Manila to prepare a prelproposal fbr estab-
lishment of' ABSNAT. The proposal has been submit-
ted to the ASEAN Committee on Food, Agriculture 
and Forestry (COFAF) for approval and implementa-
tioln. 

ABSNAT will be comprised of' the following six 
ASEAN countries: 

Brunei Philippines 
Indonesia Singapore 
Malaysia Thailand 

In early November 1984, the South Pacific Commis-
sion Directors of Agriculture met in New Caledonia to 
consider OBSNAT, and expressed unanimous support 
for such a network. OBSNAT will be comprised of the 
following 19 Oceanic countries: 

American Samoa Ni ic 
Cook Islands Palau 
Fed. States of Micronesia Papua New 
Fiji Guinea 
French Polynesia Solomon Islands 
Guam Tonga 
Kiribati Tuvalu 
Mariana Islands Vanuatu 
Nauru Wallis and Futuna 
New Caledonia Western Samoa 

Regional networks are designed to focus on regional 
problems such as growing flooded rice in Southeast 
Asia, and aroids in Oceania. In the long run, regional 
networks are intended to extend systems analysis and 

simulation research to tree crops, animal husbandry, 

pest management, and commodities that are important 

to a region. 
Two existing regional networks, Arab Center for the 

Studies of' Arid Zones and Dry Lands in Syria, and 
Centro Agron6mico Tropical de Investigaci6n y Ensefi
anza in Costa Rica have agreed to collaborate with 
IBSNAT. Another regional agricultural research center 
that has expressecl interest in joining IBSNAT is the 
Institut de Recherche Agronoinique et Zootechnique 
(IRAZ) in Burundi, which is also a member of' the 
Commission Economique des Pays dui Grand Lic 
(CEPG L), an organization serving Burundi, Rwancla, 
and Zaire. At the request of' U.S. Agency f'i' Interna
tional Development, I BSNAT is also exploring the pos
sibility of establishing ' e Caribbean Benchmark Sites 
Network fbr Agrotechnology "lransfi'i (CAR IBSNAT). 

In addition to regional networks, most national pro
grams have more than one benchmark site conducting 
IBSNAT-type experiments. For example, Venezuela 
has IBSNAT experiments in six of' its major agroeco
logical zones. Experiments conducted in regional and 
national networks are dfesigned to serve two purposes. 
A) First, they are designed to test and validate simula

tion models in a wide array of environnients; anti 
B) Second, they generate the skill and confidence 

needed by users to apply systems-based research 
and simulation techniques fbr making adjustments 
in agricultural programs. 

IBSNAT's major role is to ensure that research con
ducted in regional and national networks retains its 
global character. Further, it should encourage research
ers to calibrate global simulation models, rather than 
country or region specific models. In the final analysis, 
the sharing of agrotechnology on an inte national scale 
is possible only through simulation models that predict 
global results. If the immense quantity of new techno
logics and cultivars that are currently being developed 
in national, regional, and international agricultural 
resez,rch centers is to be shared among all users, the 
simulation models must be able to predict the perfoi
mnance of crops, products, and practices in the widest 
possible range of user conditions. 
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Training Workshops 

In December 1984, IBSNAT held a workshop on "Sys-
tems Analysis and Simulation of Crop Growth for 
Agrotechnology Transfer." The main purpose of that 
workshop was to introduce IBSNAT collaborators to 
the concepts of systems appi ,ach Fbr crop growth si mu-
lation, and t) i)rOVidC i)articil)ants with hands-o1n 
experience il operating the crop iloduls on Iuicro-
-omluters, using the Data Base Manageomen t System. 
Workshop partici)ants provided helplf'ul coinmntn:, and 
suggestions to improve the system. Minimum (lata set 
collectioin fbr modeling ,xpCriiIients were lisciusse l, 
along with tle application of models f'0, 'esechil land 

agrotechol l0cgy transfer. 
The practical sessions at the workshop )rovid(edl an 

excellent way to(fCluilistratt the CERES Wheat and 
Maize Modls, and the SOY1RO Crop Model to par-
ticilpanlts, as well as fanmiliarize them with the types of 

data inputs (soil, crop, and wjather paraleters) that are eCCssaiy to 1un model siI06lations. The experi
ence of lmanipulating clata sets and successfully exe
cuting programs oil thil microcomputer tontributed 
towards building coo, ieneC ill collaborators, and 
creating interest among participants for futureInodlel 
work. 

A second IBSNAT iraiiing workshop tob hfield in 
Aiiian,(Jorlan in Noveiimber 1985 will lbcus on wheat 
and maize. lie IBSNAT Pro, ject will coS)onsor this 
second workshop, which will be hosted by tle Univer
sity of Jordan, in collal)oratioun with the Arab Center 
llr tile Stludies of'Aridl/iZones and )ry ILands (AS(CAI)) 
and thme USAID Missiomn in Amman. 

In June" 1986, there will beia workshop to discuss the 
rice model. The' Malaysian Agricultural ResCarch aii1d 
)evelopmnt Institt (MARDI)) Ias invitdI IBSNAIT 

to plani the rice workshop in Malaysia. Preliminary 
pl;aning mIcetings are scheduledl to I'brthIc develop the 
program and to ide.ntif1y the participants. 

Part'cipants ?f the 1984 workshop on ".ystems A naltysis and Sin ilation qfCrop Growth for Agrotechnology 7ransfer" held at
the Instituto Internacionalde EstudiosAvanz-ados in Caracas, Venezuela. 
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APPENDIX A
 

IBSNAT's Crop Panting Schedules 

MAIZE Crop 
Jul 

Burundi Guam Panama Thailand 

Jun 

May 

Apr 

Mar 

Feb 

1986 Jan 

Dec 

No"y 

Oct 

Sep 

Aug 

Jul 

Jun 

May 

Apr 

Mar 

Feb 

1985 Jan 

Dec 

Nov 

Oct " 

Sep 

1984 Aug 

A4> 
N 0~ el 
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~C 
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C, , 4 , 

o 4 ) 

0 

0) 
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MAIZE Crop USA Venezuela Zambia 

Jul 

Jun 

May 

Apr 

Mar 

Feb 

1986 Jan 

Dec 

Nov NO., 
Oct R. 

Sep s.4 

Aug V; 
Jul 

Jun 10 

May 

Apr 

Mar 

Feb 

1985 Jan 

Dec 

Nov 
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Sep 

1984 Aug 
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RICE Crop 

Jul 

Panama Thailand USA 

Jun 

May 

Apr 

Mar 

Feb 

1986 Jan 

Dec 
Nov Liiik1'' 

Oct 

Sep 

Aug 

j :".' 

i \:"vl 

'" 

ON 

Jul R 

Jun 

May 

Apr 

Mar 

VIA*, 

Feb 

1985 Jan 

Dec 

Nov 

Oct 

Sep 

1984 Aug 

q1 
N 

0~ 
r& ~ $o~ ob~C~ 

-Vi-

IV 0 

NV'ON 

' V0 

N' 

..0S 

C C, *-V C 

O -9 

I HN~'RO(RISSRl~'(ltl'1982-1985 '39 



SORGHUM Crop Thailand WHEAT Crop Burundi Syria 

Jul. Jul 

Jun Jun 

May May 

Apr Apr c 
Mar Mar mo. 

Feb Feb 

1986 Jan 1986 Jan 

Dec Dec 

Nov Nov 

Oct Oct 

Sep Sep 

Aug Aug 

Jul Jul 

Jun Jun 
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Apr Apr 

Mar Mar 

Feb Feb 

1985 Jan 1985 Jan 

Dec Dec 

Nov Nov 

Oct Oct 

Sep Sep 

1984 Aug 1984 Aug 
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SOYBEAN Crop Thailand USA Venezuela 

Jul 

Jun 

May 

Apr 

Mar 

Feb 

1986 Jan 

Dec 
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PEANUTS Crop India Thailand 

Jul 

Jun 

May 

Apr 

Mar 

Feb 

1986 Jan 

Dec 

Nov 

Oct 

Sep 

Aug 

Jul 

Jun 

May 

Apr 

Mar 

Feb 

1985 Jan 
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Sep 
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CASSAVA Crop Guam Panama Thailand POTATO Crop Tunisia USA 

Jul Jul 

Jun Jun 

May May 

Apr Apr 

Mar Mar 

Feb Feb 

1986 Jan g, 1986 Jan 

Dec Dec 

Nov Nov L 
Oct Oct 

Sep Sep 

Aug Aug 

Jul Jul 
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APPENDIX B
 

Participants at IBSNAT Meetings USA, Missouri 	 Clarence Sakamoto 

USA, New York 	 Foster 13.Cady
The "International Symposium on Minimum Data Elmer E. Ewing
Sets for Agrotechnology 	Transfer" was held in Hydera- USA, 71bxas Frank G. Calhoun
 
bad, India, 20-26 March 1983. The following atten- Paul '. Dyke
 
dees participated. 
 Douglas C. Godwin 

C. AllanJones
 

Countries Paripants Jimmy R. Williams
USA, Utah Bert D. "lanner
 
Australia Henry A. Nix 
 USA, Washington 	 George T Cox
Brazil Fernando L. Garagorry USA, Washington, D.C. Richard W. Arnold 

Manoel Abilio Queiroz "IjpalS. GillBurundi, Republic of 	 Clement Mathicu Venezuela Juan A. Comerma 
Cameroon 	 J. P. Eckebil West Germany Halo Lucken 

Simon N. Lyonga
Colombia 	 James H. Cock A symposium on the "Collaborative ResearchCosta Rica Julio M. Henao Networking Ibr Agrotechnology Transfer: Experimen-Fiji 	 David M. ! eslie tal Designs and Collection of the Minimum Data Set"France 	 I)aniel Wallach was held in Wailea, Maui, Hawaii, 13-17 AugustGuam R. Muniappan 1984. The following II3SNAT collaborators participa-
India J. C. lihat tacharije ted. 

.J. R. Burtbrd 
S. B. Deshpande 
Samir A. EI-Swaify Countries Participants
R. D. Ghodake Australia Douglas C. Godwin 
Gainini Gunasekera Henry A. Nix 
A. K. S. Huda PeterJ. Sands 
Vrinda Kumhle 	 Burundi, Republic of Salvator Kaburungu
R.J. Landey Clement Mathieu 
Murari Singh Cameroon Emmanuel A. Atayi
Sardar Singh Canada L. Anthony Hunt 
Ronald B. Stryker China, Republic of' Tzo-ChuanJuang
Leslie D. Swindale Costa Rica Marciano Rodriguez
Mahesh Upadhya Fiji 	 Pram Sivan 
S. M. Virmani France Daniel Wallach
Italy Amir Kassam Guam 
 Jose A. Cruz

Malaysia 	 Boon Lian Kho Thao Khamoui
The Netherlands 	 W. G. Sombroek R. Muniappan
Pakistan 	 Aurangzeb R. Khan Anastacio L. Palalbx 

ArthurJ. (" Bud") McGinnis Chu-tak Tseng
Panamii 	 Jorge L. Jonas Guinea Laye Kourouma

Philippines Crisanto R. Escafio 
 Indonesia M. Sudjadi 

Peter vander Zaag Karniatias
 
Puerto Rico Friedrich H. Beinroth 
 Eko LegowoSyria 	 Ahdallah Matar Jordan Anwar M. Battikhi 

Ahmed Osman Lesotho P. Mail Cauley
Thailand Samarn Panichapong Rose Matela
USA, Florida James W..Jones Malaysia Bin Abu Bakar Ismail
USA, Hawaii 	 Hariharan Eswaran New Zealand ,j. Barry Der: 

Tung Liang David M. Leslie 
James A. Silva Bruce B. Trangmnar
Gordon Y. Tsuji Panama Jorge L. Jonas 
Goro Uehara Pakistan 	 Aurangzeb R. Khan 
Russell S. Yost ArthurJ. ("Bud") McGinnis 
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Philippines Crisanto R. Escaujo 
Richard A. Morris 
Roel Oldeman 

Puerto Rico Friedrich H. Beinroth 
Senegal Jean-Pierre N'diaye 
Syria Wolfgang Goebel 

Ahmed Osman 
Thailand Chayong Nammuang 

Samarn Fanichapong 
USA, Florida James W. Jon(s 

Wayne Mishoe 
USA, Hawaii Harold L. Baker 

Daanc Bartholomew 
Bernardino Cagauan, Jr. 
Clement Chan 
Patrick C. Ching 
Anders P. Daniels 
Robert Gavenda 
Ronald Guyton 
Jake Halliday 
Clark Hashimoto 
Ted M. Hori 
Haruyoshi ("Ike") Ikawa 
Noel P. Kefford 
Akram Khan 
Ping Sun Leung 
Tung liang 
John Powley 
John Roecklein 
Dan Shigeta 
James A. Silva 
Upendra Singh 
Gordon Y. Tsuji 
Goro Uehara 
Sheldon A. Whitney 
Russell S. Yost 

USA, Louisiana Wayne H. Hudnall 
USA, Nebraska Steven C. Holzhey 
USA, New Jersey Grant F Walton 
USA, New York Foster B. Cady 

Elmer E. Ewing 
Luis A. Manrique 

USA, Oklahoma Arlin Nicks 
USA, Texas Paul T. Dyke 

C. AllaiiJones 
Joe T. Ritchie 

USA, Utah George H. Hargreaves 

USA, Washington, D.C. Richard W. Arnold 
Nyle C. Brady 
Hariharan Eswaran 
Tejpal S. Gill 

Venezuela William C. Avilan 
Juan A. Comerma 

Zambia Vernon R. N. Chinene 

A workshop on the "Systems Analysis and Simula
tion of Crop Growth for Agrotechnology Transfer," 
held in Caracas, Venezuela, 3-14 December 1984. The 
following attendees participated. 

Countries Participants 

Australia Henry A. Nix 
Bangladesh Sikder Muhammed Saheed 
Costa Rica Jos6.Arze 
Guam Chu-tak Tseng 
India Piara Singh 
Indonesia I Putu G. Widjaja-Adhi 
Jordan Nasri Ibrahim AI-Haddad 
Malaysia Aminuddin Bin Yusoff 
Pakistan Muhammad Mazhar I. Nizami 
PanamA Jorge L. Jonas 
Philippines Lolita N. Ragus 
Thailand M. L. Chakranopakhun Tongyai 
USA, Florida James W. Jones 
USA, Hawaii Bernardino Cagauan, Jr. 

Clement Cha., 
Patrick C. Ching 

USA, Michigan Joe T. Ritchie 
USA, Texas C. Allan Jones 
Venezuela Ignacio Avila 

William Avilan 
Luis Bascones 
Dunja Beg 
Francisco Blanco 
Francisco Benito Blanco 
Lelys I. Bravo De Guenni 
Orlando Guenni 
Jess Paraqucima 
Anfbal Rosales 
Stalin Torres 
Juan Valdez 
Leopoldo Villegas 

Zambia Obed I. Lungu 
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APPENDIX C
 

Bibliography of IBSNAT Papers (unpublished)Project Publications 
Beinroth. F. H. 1984. 1BSNAT-an international program of'Publications agrotechnology transfer. Paper presented at tile 5th 

ASEAN Soil Conference ill Bangkok, Thailand, 10-23 
International Benchmark Sites Network for Agrotechnology Ju ne 1984. 

Transfer (IBSNAT) Project. 198 5 a. Minimum Data Set Beinroth, lF. F., H. lswaran, and G. Uchara. 1984. Agro-
Forms for the IBSNAT Pi oject. Dep t. Agron. Soil Sci., techitology transfir: tiinciples, needs, and pro)totype
College of' Troll. Ag. 1t(1i ta Resouces, Univ. network. South Pacilic Council ill Noulnea, New Cale-
Hawaii. dotia, 12-16 Noveler 1984.
 

S1985,. Mlininutit Dtta Set ]"olns C,-1 and (-2. Brady, N. C. 
 1984. Networking knowledge: the [lttlre is 
Dep t. Agron. Soill Sci., College of "li p. Agr. anti now. PaperIpresented at tie IBSNAl Sympsiumt on
1-Illlnan Rcsotlrces, Univ. Hawaii. Collaborative Research Networking flit Agroteh nioogy 

. 1985c. I)esign llent'its for the IBSNAT l'oject. Transfer Mttii, I awtii, 13-17 Atgust 1984. 
e)pt. Agrn . Soil Sci., College' o li'op. Ag. anti Eswaran, II. 1983. Use of, Soil "ih.'onl, ill identifying soil

-loun1ant Rt'Sotii-cies, Univ. Hlwaii. 
,

related pocenltials and coii rlstrtins for agt'icnultre. Palr
Ilernlional Crops Research Istittute for tie Setni-Arid presenate illtite W'kshop of' Soil Rola;te: Cotnstraints 

Tropics (ICRISAT). 1984. Proceeditigs of' it Intc'rnt- ill Soutieasl Asian Agriculturc ill Bangkok, Thailand,
tonal Syitiposiulit ott Mittitilttnl)llta Stis for Agro- 5-9 Septelolier 1983. 
techntlogy "lranstit. l( RISAI' (Ci(ttct', I ttaaliet'l, lkawva, 11. 1985. Soil "ixonomr:i s. stttll ot'soi classification. 
A. P., India, 2 -26 March 1983. Palper pt'esent'd at tin' lInternitional \Workshop on Soil

Ueha'a, G. 1985a. htterniiontl lenchlark Sites Net'tyork "lhxonot tland Characterizatioin of'l'ropical Soil ield ill 
fit' Agi'otcht((Ittlgy 'I'i insflet' (IBSNA') iin whel growth "Ihclittling, "liwani, .1-8 March 1985.
 
and mtodeling. In1,Wheat (rowil and Mtleling, eds. 
 1984a. Soil-climate pr'oject of Hawaii. Paper pre-
WiV.Day and R. K. Atkin, 271-74. lehnni Press, New sented at ih' National Soil Stirvey I.aboratory itt Lill-
Ntrk and Itnhon. col n, Ncbraska, 16-19 NlIv 1984.
 

198Ta. Chanraciristics tf'coopermtors' research sites. 
 . 98-b. ASEAN etectiiark Sites Network flt' Agri-
In, Pt'lceediitgs tif' the Iterntatilit Syintptisiutl on tlechntolgy "'tratsfl'r(ABSNAT). Palper presented it the 
Mininiti Data Set; fbr Ag'techntology Transfler, ed. 5th ASEAN Soil Cohtt'e'e liel ill Bangkok, Thai-
V. Kutible, 167-72. ICRISA' Center, Patmnchertu, hand, 10-23june 1984.
 
!!ldia. 
 Jones, C. A., U. Singh, and G. Uchara. 1985. Sinulating 

imaize responses to hitiriigcl ill Hawaiian Soils. Paper 
Reports Iestted at tlie Rice Nitrogen IModeling Workshop

held ill 'tiintle, "ICxas, IT!)'iai'y 1985.
Interinational Bench mrk Sites Network Ior Agrotectinology Keffl'ot, N. 1984. ptu' I t ilt Itte fiodP. Hawaii's hi 

Transf'er (IBSNAI). 1984. International Ienclhnark dileuittia and its ciiiittlthtill to choosing correctly
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APPENDIX D 

Institution Acronyms in Progress Report 

Code 
AARD 
ABSNAT 

ACSAD 
AID/S&T/ 

AGR/RNR 
ARS 
ASEAN 
AVRDC 
CARIBSNAT 
CAT'IE 
CENIAP 

CEPG1L 

CIAT 
CIP 

COFAF 
CSIRO 
CSR 
DSIR 
FAO 

FFTC/ASPAC 

FONAIAP 
IBSNAT 
ICARDA 
ICRISAT 
IDIAP 
IFDC 
INRA 
iRA 
IRAZ 
MA RDI 
MPI 
NSSL 
OBSNAT 

PARC 
PCARRD 
RCUH 
SCS 
SMSS 
USAID 
USDA/ARS 
USDA/SCS 

Name 
Agency for Agricultural Research and Development (Jakarta, Indonesia)
 
ASEAN Benchmark Sites Network for Agrotechnology Transter
 
Arab Center for Studies of Arid Zones and Dry Lands (Damascus, Syria)
 
Agency for International Development, Bureau for Science and lechnology, 

Office ofAgriculture, Renewable Natural Resources (Washington, D.C., USA)
 
Agricultural Research Service (Temple, Texas, USA)
 
Association of Southeast Asian Nations
 
Asian Vegetable Research and )evelopment Center (Taiwan, Republic olChina)
 
Caribbean Benchmark Sites Netwo;k for Agrotechnology "lransfir
 
Centro Agron6mico Tropical de InvestigaciOn y Enseiianza ('lHrrialba, Costa Rica)
 
Centro Nacional de Investigaciones Agropecuirias (Maricay, Venezuela)
 
Commission Economique des Pays du Grande Lac
 
Centro Internacional de Agricultura Tropical (Cali, Colombia)
 
Centro Internacional de la Papa [=International Potato Centerj (Lima, Peru)
 
Committee on Food, Agriculture and Forestry (ASEAN)
 
Commonwealth Scientific and Industrial Research Organization (Brisbane, Australia)
 
Centre for Soil Research (Bogor, Indonesia)
 
Department of Scientific and Industrial Research (Lower lutt, New Zealand)
 
Food and Agriculture Organization (United Nations, Rome, Italy)
 
Food and Fertilizer Technology Center for the Asian and Pacific Region
 

(Thipei, Taiwan, Republic of China)
 
Fondo Nacional dle Investigaciones Agropecuiirias (Caracas, Venezuela)
 
International Benchmark Sites Network for Agrotechniology li'ansflcr
 
International Center for Agricultural Research in the l)ry Areas (Aleppo, Syria)

International Crops Research Institute for the Semi-Arid Tropics (Hyderabad, India)

Instituto de Investigaci6n Agropecuiria de Panamii [=National Research Institute ofPanatnaj (Panamni)

International Fertilizer Development Center (Muscle Shoars, Alabama, USA)
 
Institut National de la Recherche Agronomique (Toulouse, France)
 
Institut de la Recherche Agronomique (Yaounde, Cameroon)
 
Institut de Recherche Agronomique et Zootcehniquc (Burundi)
 
Malaysian Agricultural Research and Development Institute (Malaysia)
 
Ministry of Primary Industries (Suva, Fiji)
 
National Soil Survey Laboratory (SCS) (Lincoln, Nebraska)
 
Oceania Benchmark Sites Network for Agrotechnology Transfer
 
Pakistan Agricultural Research Council (Islamabad, Pakistan)
 
Philippine Council for Agriculture and Resources Research and Development (Manila, Philippines)
 
Research Corporation of the University of Hawaii (Honolulu, I lawaii, USA)
 
Soil Conservation Service
 
Soil Management Support Services (Washington, D.C., USA)
 
United States Agency for International Development
 
United States Department of Agriculture, Agricultural Research Service
 
United States Department of Agriculture, Soil Conservation Service (Washington, D.C., USA)
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