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SUMMARY

The crop improvement programs =-- pearl millet, sorghum, plgeonpea,
chickpea and groundnut -=- of the International Crops Research Institute
for the Sem!-Arid Tropics (ICRISAT) use multilocational testing as an
Integral part of tﬁeir endeavors to assist national program scientists
tdentify and develop new high and stable yielding, stress resistant crop
cultivars and to encourage the development of an intercommunicating, co-
operating, international network of scientists. Three basic categories
of locations have been included as components of the [CRISAT multilocational
testing system: (i) center-operated locations in Indla; (1i) center coop-
erative program locations in other countries, mainly In Africa; (iil)
national program locations. In order that national program scientists
are not overloaded with nonadapted material, initial screening is done
at the center-operated indian locations and at the center cooperative

program main stations.

After only a few years of operation the multilocational testing
programs can be seen to be contributing to the improvement of the I|CRISAT
five crops in the semi-arid tropics. Sources of wide adaptibility, and
location nonspecific stress resistances have been ldentified, and the
development of communicating cooperating networks is well under way. Many
early problems concerning sultability of material, timely despatch of
"trlals, return of usable results etc. have been solved or minimized, and

it s reallzed that the solutions to many of these problems lle largely



with the center scientists. |t Is most important that the sclentists
learn of the capabilitles, interest§, and resources of the cooperators;
the specific environmental characteristics of the locations; and that
they match the nature and size of trials to these parameters. Details
of multllocatlional trials are presented, problems enc&untered are

discussed, and general questlons of phllosophy and policy are ralsed.

As most of the crop lARCs are Involved with multilocational
testing, some of them for as much as 15 to 20 years, the opportunity
to discuss programs, problems, achlevements, failures on an Inter-center

basls ts welcomed.



LETROGDUCT I ON

The tnternztional Crops Research Institute for the Semi-Arid Troples
{ICRISAT} was established near Hyderabad, India In 1972 with the

baslc mandate to deveiocp technology that will epable the smali farmer

of timited mean: In the rain-fed, seasonally-dry, semi-arid troplcs
(SAT} to produce sustained higher food crop yields. A vital part of

the new technology has to be novel, highly productive crop varletie;.

Yo meet this responsibility {CRISAT has established programs for the
imgrovement of five crops -- sorghum, pearl millet, chickpea, pigeonpea
and groundnut == in which teams of sclentists strive to identify and
utitize yield increasing and stabilizing traits. Multlilocational
testing has been developed as an integral part of the crop improvement
efforts. in this paper we have attempted to summarize the philosophy,
operations, problems and achievements of the {CRISAT crop multilocational
testlng activities, which aim at the targetted area of the World's semi-

arid troplcs.

WHY MULTELOCATIONAL TESTING

The new crop genotypes produced by [CRISAT should contribute to national
prograns in the semi-arid troplcs around the world. They must be capable
of providing stable high ylelds which meang that they must possess
resistance to fluctuating stress factors such as variable rafnfal!,
varylng fertiitity levels, insect pests, pathogens, parasitic weeds, and

various combinatlons of them., Thus the basic alm of the crop !mprovement



teams s to identify and develop genotypes that are highly productive,
widely adapted, with stable pest and discase resistance. Multlilocatlonal

testing provides the means whereby this can be achieved.

Hultijocational Testing & Breeding

Multllocatlional yleld trlals are an accepted procedure for testing the
adaptabitity of elite finished products, i.e. varieties at an advanced
stage ready to go to the farmer. Clearly the breeding procedures used
to develop the materlal up to this stage should include evaluatlons of
adaptabllity through the exposure of eariy generations to different
environments, thus determinling thelr potential and limitatlions. This is
the baslc rationale for the multilocational breeding aspect of the multi-

locational testing programs.

Muitiiocatlonal Testing & Disease § Pest resistances

Multilocational testing Is needed In the initial phase of primary screening
for reststance sources, for not all important diseases and pests of a

crop witl occur at one location. However, the most important aspect

of multilocatliona) screening for pest and disease resistance is related

to the need for fdentification of stable and durable resistances. The
targe scale adoption of a resistant genotype exerts a high selection
pressure on the pest or pathogen for a new biotype or race to overcome
that resistance. Methods are needed to ldentify stable resistances.

We believe the best method Is to expose resistance sources to many and

varied populations of the pests and pathogens under a wide range of



environmental conditions. Test locations in the centers of origin and
centers of dliversity of the crops are most important, for the host and
pathogen have co-evolved there over long periods of time and thus the
greatest vartability in the pest or pathogen is likely to be found there.
if sources of resistance can be found which are in the short term stable
across many populations of pests or pathogens they are llkely to be

more stable over time (durable} to any one population than resistance
which already s known to be population specific. Thus we use multl-
locational testing in an attempt to ldentify stable and consequently more
durable resltstance. In the process information is obtained on pest and
pathogen variablility and host components are identified that may be
utilized to create more stable resistance e.g. in the production of

muttllines.

Multilocational Testing and Natlonal Programs

Apart from the contribution of multilocational testing to the identifica-
tion of widely adapted productive crop varieties, and to the rapid
dissemination of valuable genotypes, there is another important contrl-
kutton in the encouragement and catalysls of the actlvities of national
program sclentlists. The development of Inter-communicating cboperating
internatlonal networks of sclentists is an important aspect of the

muitiiocational testing programs,



Summzry of Multilocational Testing Objectives

From the aboye we can summarize the objectives of muitilocational testing
thus:
¢ (o ldentify factors affecting the adaptébllity, stability
and acceptablliity of crop varleties
® to identify the potentials and limitations of new genotypes
and thus enable the development of new cultivars with broad
adaptabilities
& to ldentify sources of stable pest and disease resistances:
# to character!ze variability in pest and pathogen populations
¢ to distrlbute valuable genotypes to sclentlsts In national
. programs
® to promote intercommunicating cooperating networks of

scientists.
ORGANIZATION OF MULTILOCATIONAL TESTING

There {s no central control of multilocational testing at [CRISAT. Multi-
locatlonai test nurseries have been developed within each crop at sub-
program level -- pathology, entomology, breeding -~ but there is a trend
toward‘cfoser collaboration among the subprograms In the formation and
operation of these nurseries. There are no staffing plans in the near
future for the establishment of International testing unlts to conduct
a!! the International testing activities within & crop. The advantages

and disadvantages of such a single coordinating unit need to be discussed.
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LOCATIONS, COOPERATORS, TEST MATERIALS AND THEIR INTERRELATIONSHIPS

Locatlons and Cooperators

The locatlons and cooperators in the ICRISAT multilocatlonal testing

system can be classifled thus:

Center controlled sites operated by center staff. [CRISAT,

through a cooperatlve agreement with the Indlan Council of
Agricultural Research, bas est;blfshed four subcenter sites
(Table 1) within 1 or 2 days travelling distance from the
center, which have specl!flc required environmental, pest or
pathogen characteristics.

Center cooperatlve program sltes operated by |CRISAT coop-

erative program staff. These have been developed in several

African countrlies In response to government requests to
assist national programs, and at two other IARC's (Table 2).

National program (NP) sltes operated by NP staff. These

are the research stations In national agricultural research
programs. They can be usefully further classified Into:

{i) NPs with well developed agricultural programs and orga-
nizations; (I1) NPs with less developed programs and orga-

nizations.

Test materlals

There are many different types of materlals entering multilocational trial

Including:



i. parent lines and base populations

2f early generation segregatlng populations and progenies

3. advanced breeding lines

4, elite varleties and hybrids
. pest, disease, parasitic weed, drought resistance sources
. biotype and race characterizing differentials

5

€

7. Nz fixing host genotypes

8. stralns of Ny fixing microorganlgms
g

. pesticides

Interrelationships Among Locations, Cooperators & Test Materials

{f the multilocational testing programs are to meet the objectives
tisted asbove there has to be a careful matching of locations, cooperators,
and test materials. The specific environmental characteristics of the
locations must be clearly known along with the dutles, abllities,
interest, and resources of the cooperators. If the matching is done
correctly then there should be no questlon of "overloading the cooperator!
or “supplylng non-contributing material’’. The generai route (Fig 1) for
materials Is (or should be):

1. tgstlng at ICRISAT center

2. testing at JCRISAT operated subcenters

3. testing at cooperative prdgram‘centers

4. testing in national programs
There will be exceptions to this roqtlng -~ for example If a major pest,

pathogen, or environmental factor such as high altitude does not occur
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at the center, but there should aliways be good Jjustification for them
based on compatibility of material with location characteristics and

cooperators requirements and capabilities.

From the above it is obviously important that the researcher
at the center should be thoroughly familiar with the locatlons and
researchers in the center's area of operation and thls is best
achleved by visits to the locations and from discussions wlth the

researchers.

MULTILOCATIONAL TRIALS/NURSERIES COORDINATED BY THE ICRISAT CROP
IMPROVEMENT PROGRAMS ‘

Pearl Millet

in the pear! mlilet {mprovement program a weli-coordinated multiloca-
tional testing system has been developed for breeding materials,
disease resistance sources and for advanced yield trials. The center-
-operated locations in Indla and center cooperative program locations
in Africa are used for testing large numbers of breeding materials

and disease resistance sources. A few breeders in natlonal programs
have been supplied with some of the breeding nurseries in response to
raquests from them, and pathologists in national prog = , particularly
in India, participate in the International'Pearl Millet Disease
Reslstance Test!ing Program. The advanced yield trial, |PMAT, operated
since 1874, contains entries from several cooperators as well as
center products and is a well supported trial. The‘!979 trials are

tisted in Table 3.



Aciiievements of the program In the short time of its existence
irciude the develspment of downy miidew resistant hybrids and varletles
wiich are performing weil {n the indian national millet advanced yield
trials, vhe identificatlon of locatlion non-specific resistances to the
major disesse problems -- downy mildew, smut and rust -- and the location

of tlnes to be used in developing acceptable levels of ergot resistance.

In African countries we do not expect to make dlrect contribu-
tlons of finished products, as that is the job of the cooperative program/
natlonal program staff, but we will continue to provide them with a range
of variasle breed?ng materlal from our advancing and Improving populations
and the pedigree cross programs, and they In thelr turn will be contribu-

ting toward the improvement and advancemant of this material.
Sorghum

Tne sorghum pragram !s developlng an integrated muitilocationd! testing

program utilizing the indian center-operated locations and the expanding
cooperative program locations tn Africa. The range of breeding material
end stress resistance nurseries s similar to that of pearl millet. The

1379 trlal detatls are summarized In Table 4.

Entries from the Sorghum Elite Progeny Observation Nursery,
which censlsts of matertal selected for low susceptibility to grain molds,
elite agronomlic type, high yield potential, and good graln quallity, have
been utllized In nationat program trials and breeding programs in several

African countries. in the disease nurseries consistently low susceptible
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Itnes to graln molids have been ident!fled, one of which has been moved
directly Into on~farm trials in Maii, and one line In the International
Sorghum Downy Mildew Nursery (QL-3) has been immune to SDM In three

vears of tests at all test locatlons In USA, Venezuela, Botswana and Indla.

Chickpea

The chickpea I(nternationa! testing program was Inltlated In 1975~76 and
since that time the trials have been conducted at a total of 67 locations

in 28 countries. The 1979 nurseries are listed In Table 5.

Any person or a natlonal program may nomlnate iines for entry
Into vartous Intermational trials and nurserles for multllocational

evelust!on and wide dissemination of superfor genetic material.

The program has allowed the characterlzatlon of chickpea grow-
ing environments In soﬁe countrles and reglons. Entrles with superior
performance at indlvidual locatlons and over locations and years have
been and are bkelng ldent!fled. Desplte small plot sizes and large
nurbers of entrles, in screening nurserlies in chlickpea. It was observed
that ranking did not change substanti{ally over years and thus one year
of multilocation testing In these nurseries is sufficlient to reject

lines with poor performance.

Several entries from |CRISAT chickpea trials and nurserles
have out-ylelded local checks by substantlal margins at varlous locations

I4dicating the opportunity for breeders to select at Individual locations.



Several cooperators have informed us of the usefulness of these nurseries
and trials from which they have selected lines and cultivars for advanced
trials and for hybridization. Some entries grown in the national programs

in india are being tested in the advanced national program trials.

In international cuitivar trials complex entry x year and entry x
location interactions have been observed. However, a few entries in these
tests have consistently shown better performance over years and locations

indicating that wide adaptatlon Is not common but does exist.

Several lines have been identified with across locatlon Fusarium
wilt resistance. Entry differential response has indicated the presence
of physiologic races in the pathogen (F. omysporum f. sp. eiceri). This
is helpful in planning for breeding for wilt resistance. In addition,
several root rot resistant lines have been identified and a few Ascochyta

resistant lines were identified in desi and kabuli types.

Pigeonpea

The multilocational testing program in plgeonpeas initiated in 1374-75
has helped iIn characterizing environments for maturity groups and iden-
tifying genotypes performing well at a number of locations. Scientists
in Zambia, Dominican Republic, and Cape Verde have selected cultivars for

farmer use.

in the international vegetable type trial, promising lines have

been Identified in Kenya, Puerto Rico, Panama, and Venezuela. In Trinidad,
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promisirg base populations have been identified for further selection
under local conditions. {n Australia, photoperiod insensitive material

has been identified from & segregating population of Pant A-3.

Promising sterility mosaic resistant source material has been
identified in the medium maturity group by ICRISAT pathologists. Three
{CRISAT entries were found resistant to wilt across test locations. The

1979 nurserles are listed in Table 6.

The 1CRISAT groundnut improvement program is the youngest of our crop
programs and s just beginning to embark on its program of multiioca-
tional triais. The plans for breeding, stress resistance and yield
nurseries appear to be similar to those of the other crop programs.

Details of the 1970 nurseries are given in Table 7.
GENERAL PROBLEMS N MULTILOCATIONAL TESTING

Yimely Oespatch and Receipt of Seed

Data analyses, seed production, plant quarantine, rellance on mail and
airlines, and vartfable sowing dates in different regions all contribute
to the problems of getting the right seed to cooperators a2t the appro-
priate time for them to plant, and in the return of . and report
preparation. Some of these problems such as mail and alrfreight delays
are pretty much beyond center control (except to try to choose a more

retiable route/airline, or to hand carry). At ICRISAT delays in
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déspatch through quarantine have been minimized by the establishment

of a well equipped and staffed export quarantine laboratory at the

center. The establishment of an interactive computer.system and the
development of a well stocked library of programs for data analyses,

plot randomization, field book preparation and label printing (Appendix I}

has reduced considerably the time required for these operations.

Deta Return, Reliability and Timeliness

On of the problems expressed by many of our colleagues is the poor
return of data from national program staff. Data may not be received

at all, or questionable or unreliable data are returned. The solution
to this problem must lie largely with the center. Ve must remember

that we are working in some of the poorest areas in the world, where
trained manpower and financial resources for experimentation are limited.
As stated in an earlier section of this paper it is important for the
center researcher to know the cooperators, their resources, abilities,
and requirements, and to match the trials to them accordingly. Clearly
produced instructions in field books and non-complicated unambiguous
data sheets will also help with this problem. In many of the countries
in the ICRISAT sphere French Is the lingua franca, yet we do not produce
the field books or reports for any of our trials in thls language.
Problems:in apparent non-reliabllity of data are most often due to a
lack of required knowledge or training in the particular aspects of

the trial. Visits to the cooperators locations and the conduct of

training courses and workshops will minimize these problems.
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Contributory factors to these problems at national program
levet which are outside center cortrol include delayead seed release
ity the plant quarantine authorities, frequent staff movements, and
delayed relecase or non-release of funds for labor, farm operations,

fertilizer etc.

Data Anaiyses and Report Preparation

in order that ICRISAT researchers and cooperators can make good use of
the data, reports must be rapidly produced and disseminated. This is
also an aspect that encourages cooperators to grow the trials and grow
them well. Every effort must be made to meet this coordinating respon-

sibility of multilocational testing.

In addition to the necessary detailed annual report there Is an
important requirement for a broader analysis -- over several years data ==
so that important relationships between climate, pests, diseases, and
types of material adapted to particular regions can be identified. They
will also help answer questions on plot size and replication requirements.
There is still a great deal of debate on just how results from multiloca-
tional yield tests should be analyzed. The centers, with massive amounts
of data over several years, need to link up with biometricians and quan-
titative genetecists at universities in orger to fully utilize the data
available and to contribute to the development of the science of bio-
mgtrlcal analyses of multilocational trial data. Standardized methodology

and the inclusion of the same standard checks over time are needed to



faciiitate such analyses. We weculd like to know if and how such broader

analyses are being made in any of the programs of other IARCs.

tnciusion of non-1CRISAT Trial Entries

In the more advanced yvield trials and in the disease and pest resistance
nurseries we encourage inclusion of entries contributed by national
program scientists. This works well for contributions from Indian
scientists, but the Indian plant quarantine import regulations make
difficult the inciusion of entries from other countries, generally
delaying seed availability for the trial by one year. This problem
has, for example, prevented Texas A &§ M from participating fully in
the sorghum disease nurseries. In this instance a system will have to
be developed whereby candidate entries from Texas A & M are sent to a
few key center cooperative program locations at the same time as they
begin thelr slow journey through the Indian quarantine procedures. By
the time we have sufficient seed to include in the multitocational
trials we will have some results which will indicate whether or not it

is worthwhile including them.

There is a general principle that arises from this discussion
concerning the advisability of the routing of materials from U.S.
university programs and other international organisations such as FAOQ
through the 1ARCs and their subcenters. This would help reduce the
problem of swamping national program researchers with material which
may be quite unadapted. But is it desirable to attempt centralised
ccordinated control of multilocational testing by international bodies?

Do national program researchers want such a system?
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Plant Breeders' Rights_and Supply to Commercial Seed Companies

ICRISAT has a policy of not releasing named finished products and thus

is not in the business of claiming "plant breeders' rights',

As ICRISAT is a world center to improve the genetic potential
for grain yield and nutritional quality of sorghum, pearl millet,
pigeonpea, chickpea and groundnut, and as it is a repository of world
germplasm in these crops, scientists all over the world look to ICRISAT
for exchange of germplasm and elite seed material of these crops. The
Institute, being a research organization, generally follows a philosophy
that it will make available the seed, promising breeding material at
segregating stage, and germplasm freely on request to research organi-

zations, whether governmental or private.

A question has arisen whether in developing countries it is
advisable to release the materlal at the segregating stage of unapproved
seed or at prerelease stage to private commercial seed companies. One
view is that such elite material should not go to private companies
which could exploit the poor farmers; this would mean a restriction
in release of such elite material. But there is also the danger that
in the hands of a bureaucratic organization the promising seed material
which is capable of generating excellent hybrids and varieties suited
to different conditions may not be exploited properly or suffer from
undue delays. in developing countries such a danger is real. Absence

of competition also leads to inefficiency. in view of these facts we
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Be!leve that we should not hold back any promising breeding material from
any research worker who expresses interest in it. Thus, private commer-
cial seed organizations who are engaged in developing thelr own hybrids
should not be denied this opportunity of making useé of our promising
material. An International Institute will appear partial if it denies
its benefits to some section or group of people or organizations. On

the other hand, it may be blamed for encouraging exploitation of poor
farmers by private organizations. We will be interested to learn of

the policies of the other crop 1ARCs on this subject.

Documentatlion and Quantification of Center Contributions

The [ARCs depend upon donations for their continuance, and in a world
with considerable competition for donors' money -- both within the IARC
system and among broader categories of activities =~ donors require
evidence that thelr money is being well used. The '‘green revolution"
successes with dwarf wheats and rices was sufficient to generate enough con-~
fidence in the IARC philosophy to estabiish 1ARCs for other crops. These
new IARCs, in their turn, must not only succeed in their endeavors, but
must be seen to succeed. Thls requires documentation and quantification
of the contributions by the 1ARCs to national programs and to the

farmers they serve. This is more difficult when the emphasis is on pro-
viding national programs with source and breeding material rather than
finished products with center-identifiable names. It will be important
for ICRISAT to learn from the experiences of some of the older institutes

how to cope with this problem.
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SUNMARY OF CENTER RESPONSIBILITIES N MULTILOCATiOUAL TESTING

The center's main responsibility is to develop and disseminate technology

to solve problems of low and unstable agricultural production. The aim

of multilocational testing is to identify and devalop superior crop

genotypes that will contribute in national agricultural programs. In

cooperative trials with national programs our responsibilities include

the following:

tc guard against distribution of pests or pathogens with
seed; national piant quarantine requirements have to be
respected. [ICRISAT, in collaboration with the Government

of India has established a Plant (Quarantine Unit to deal
with the phytosanitary aspects of multilocational trial
seed. These activities are described in a separate document
to match cooperators and test materials so that the material
is likely to contribute to and does not overload the coop-
erators program

to send trials sufficiently in advance for planting by the
covperators at the appropriate time

to provide sufficient information in the right form and
language for the proper conduct of the trial, including
adequate information on the methods of assessment and

data recording

to refrain from requesting excessive data collection

to provide encouragement and assistance where needed by
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visits by center staff and through field days, training
programs, and workshops

® to provide rapid analysis of data and greparation and
distribution of reports so that the cooperators can make
full use of the data

& to maintain seed of useful lines and distribute them on
request to any and all reguestors

& to provide opportunity for cooperators to contribute
materials to the trials and to participate in discussions
on trial format, management, etc. The establishment of

regular workshops well serves this purpose.
SUMMARY OF QUESTIOIS AND DISCUSSION PGINTS

As we reread our paper we see many questions concerning multilocational
testing which we believe should be raised and discussed. We have given
our ideas for the sclution to some of the problems but we will benefit
greatly from learning how these questions have been answered and how
these probiems have been handlied in other IARC programs. Some of the
mest important questions are:

1. ts there any dissension to the rationale that multilocational
testing provides the means of identification of wide adapta-
bility, stable stress resistances, and is one of the major
activities required of the crop tARCs in their endeavors to

assist national agricultural programs?
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ts it fuily accepted that multilocational testing provides

tive means to identify more durable disease resistance, or

av least to identify the genetic components that can be used

to build durable resistance?

ts there a real danger of swamping national program cooperators

with too many trials? If so, what are the solutions?

Should there be a central control of all multilocational

trials within a crop =-- at center level? -- at an inter-

national level?

What are the advantages or disadvantages of standardized

agronomical practices for the conduct of multilocational

trials?

How do we optimise entry numbers and plot size to obtain

required accuracy and yet not overload cooperators?

How do we solve the problems of:-

I. timely despatch and receipt of seed which Include mail
and freight delays and plant quarantine delays?

ii. trials not being conducted well, data not taken correctly
and data not returned in good time or good order?

iti. rapid analysis of data and preparation and dissemination
of the reports?

Is there a need for a broad analysis of multilocational

testing data -- across season, even across crops -=- in order

to extract valuable information on (i) the value of such

testing, (ii) the relatlonships between environmental factors,

types of materials, pest and disease attack, etc.?
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9. How do we encourage the participation of national program
“scientists? How valuable are monitoring tours, newsletters,
workshops in this area?

10. How do we learn about and document the utilization of the
products from our trials?

1. Should the centers name and release finished products?

12. Should there be any distinction between private commercial
companies and government research organizations in the free
supply of germplasm early generation and advanced breeding
materials?

13. Should the centers get involved in production and exchange

of bulk seed for naticnal programs or commercial purposes?

There are undoubtedly other important questions which we have
omitted, but which we hope will be raised by other participants or

come up in the discussion.
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Table 1. |ICRISAT Center-operated research sltesﬂ/ tn Indta
LatTtude Altitude b/ Crops Area Speclal
Name (N) (M) MAR grown (ha) features
Hissar 29° 10" 221 Lk  Pear! Millet 18 smut, long days
Ptgeonpea 6 low rainfall,
early varlety
selectlons
Chickpea 18 major breeding
center
Sorghum 4 shoot fly, long
days
Gwallor 26° 14! 207 903 Plgeonpea 6 long duration
selection
Chtckpea 1 -
Dharwar 15° 270 727 766  Sorghum 7 SDM, rust,
charcoal rot
Bhavani- 1° 30 278 685 Pear! Millet 6 rust, short days
sagar
Sorghum 7 shorter days,
longer duration
rainfall
Plgeonpea 0.2 hybrid seed
production
a/

545 M altitude, MAR 800

b/

Mean annual rainfall (mm)

In additlon to Center HQ at Patancheru near Hyderabad 17° 27' N,
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are centeredil

Table 2. Locatlons where ICRISAT Cooperative Program staff
- and present staff (August 1979)
S;at?on Country Latitute Altitude b/ Crop(s) Staff!ngE/
o (M) MAR=!
Bambey  Senegal  14° 42'N 20 632 Pear] Millet breeder
entomologist
Sotuba Mali 11° 12'N 332 927 Peérl Millet breeder
Sorghum agronomist
Kamboinse  Upper 12° 221N 308 852 Pearl Mlllet breeder (3)
Volta Sorghum pathologist
entomologist
agronomist (2)
economist
field trials
offlcer
Maradi Niger 13% 28'N 369 622 Pear} Millet breeder
Samaru Nigeria 1° 11N 687 1085 Pear! Millet breeder (2)
Sorghum pathologist
I}ongaib Tanzania 6° 50's 534 1011 Sorghum breeder
Pearl Millet
Wad Medani Sudan 14° 23N Los 381 Sorghum breeder (2)
Pearl Millet
Aleppo Syria 36° 11N 350 350 Chickpea breeder
El Batan Mex1co 19° 31'N 2249 - Sorghum breeder

2-/7These are the cooperative program ''base'' stations, Other
the countries indicated are also used for trials.

b/

e/

Mean annual rainfall (mm)
Breeders are generally conflned to a single crop whereas

scientists work with more than one crop.

sites within

the other



Table 3. !CRISAT coordinatau peari miliec mutiiflocational trlals in 1979

Coordinators  Acronym

Dascrigtion

Ent- Locat!ons
rles gyt

Breeders BPPT Best Population progenies 64 6 0
FSs r Sls
EVT Experimental varieties 25 8 3
PMHT Elite hybrids 25 7 1
PMST Elite synthetics 25 7 0
ELVT Hohrids, EVTs &nd synthocics 32 ] ]
UPN Fo, & Fo lines 70 10 3
PEMAT Elite hybrids & vaticties 21 12 29
from CRISAT end national
proarans
LPRSUN Sgseiuvle strige resistance 22 6 2

GUUICES

Potiaiogiste Pre=toMobt ol resd
the Can
P PMLM Ly yeasiscant
Ll Pra="PMONN
P AL L TR F
LTV CPiDM Fureicide scod
| PHRI Rust res:istant
f PHEN Ergot luw suscs
IPHMSN Smut resistarc

ant 1.nes from 150 3 1

tinzs from

b5 6 12
nLiain 25 6 1
Svossing i 1 5 8
lines hg i 1
ot hle. 28 3 1L
bines 38 5 1

P —

a/

ICRISAT Center-uperated lccations and

lorations

b/
‘National program locctior:
.

iCRISAT coopurative program
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Table 4. }CRISAT coordinated sorghum multilocational trials in 1979

Ent- Locations

Coordinators Acronym Description ries a/ b/
1c="  NP=
Breeders ISPPT-3 $2 population progenies (RSR) 200 5 1
FSPPT-4 $2 populatlion progenies (RSB} 200 5 1
ISPYT-1 §5-10 advanced varieties - 30 14 24
early
ISPYT=2 §5-10 advanced varieties -~ 60 14 24
normal
SEPON Elite good grain quality lines 60 S 21
1SRN Striga resistant lines ks 10 3
STVT-1 Striga biotype differentials 15 12 3
Breeders and
Physiologists  MTSLDR Potential drought resistances 54 4 3
Pathclogists I SGMN Grain mold low susceptibles 30 5 20
ISCRN Charcoal rot low susceptibles 30 5 8
1SDMN SDM low susceptibles 25 2 12
ISLDN Leaf disease low susceptibles 30 6 14
IPYPS SDM biotype differentials 15 2 9
Entomologlists  ISSFN Shoot fly resistant lines 20 6 7
ISSBN Chilo stem borer resistant 20 6 3
1ines
I SMN Midge resistant lines 15 7 4
a/

ICRISAT Center-operated locations and ICRISAT Cooperative Program
locations

B/

National program locations



Table 5.
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{CRISAT coordinated chickpea multilocational trials in 1978-79

Coordinators Acronym Description Entries locations
a/ b/
e NP~
Bfeeders JCSN-A Advanced generation 63 1 12
bulked lines - short
duration
1C5N-B Advanced generation 83 1 16
bulked lines - long
duration
ICCT-DS Etite cultivars - short 16 1 9
duration
1CCT-DL Elite cultivars - long 16 1 12
duration
{CMT Exploratory Tria? 10 0 3
Fa trials  Segregating bulks 1765/ 3 b
Pathologists 1 CRRWN Chickpea Root Rots and 63 1 36
Wilt Nursery
1 CABN Chickpea Ascochyta Blight 46 1 12

Nursery

a/

b/

c/

iCRISAT Center-operated locations and {CRISAT Cooperative Program

locations

National program locat’ons

These are total number of entries for four separate trials
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Tgble 6. ICRISAT coo-dinated pigeonpes multilocational trials in 1978-79

Coordinators Acronym Description Entries locat jons
. al b/
IC= NP=
Breeders SMRT Sterility Mosaic Resis- 15 1 5
tant lines Test
VPPIT-1 Vegetable Type Pigeonpea 18 i ]
Trial = Early types
VPPIT-2 Vegetable Type Pigeonpea 28 1 7
Trial - Medial and Late
types
Pathologlsts PWN Pigeonpea Wilt Nursery 4 2 §
PSMN Pigeonpea Sterility 20 ! 8

Mosaic Nursery

a/

ICRISAT Center-operated locations and ICRISAT Cooperative Program

locations

Y,

Nattonal program locations
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Table 7. [ICRISAT coordinated groundnut multilocational trials in 1979”

Coordinators Acronym Description Entries Io:stlon:/
I1C=" NP=
Breeders 1ICYT Advanced yield trial Lg 2 2
Pathologists PGLDT-1 Cercospora leaf spot 60 1 2
resistance sources
PGLDT-2 Rust and leaft spot 31 1 11
resistance
- Location of resistance 132 OE/ 2

to ''clump" disease

af
|CRISAT Center

b/

National program locations

c/
= “Clump" does not occur at ICRISAT Center
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APPENULLX

Lo COMPUTLF(ZED PLAWMIiNG OF EXPERIAEATDL

A caravility tor rasnocomizina for tield or lacoratory
expetrimenrts, erinting lapels tor seea packets, printing ot
tiela bOOKS, and Creatinn ot stanaard oata 11les from stored
randomizations has bheen implementes tnrough a set of
commanas ur.ger CRISP (Ciropd Researcn lnteyrateg oStatistical
PACkaGe), wach ot the commaends will Nuw pe discussea LELOW.

FLDINIY = command Lo initielize a randomization file tor an
experiment

Ine aisejoaue under this command 1s simildar to thet ot
commana St.iuP tor the creation ot 4 staendard oatae tile, 1he
user must supbly a file name (up Lo © Chdaracters) ana an
extension ol RiND will ve sadeo tn this name to jidentitv the
tile as a ranvomization tile. I'he entry ot the name of the
experiment, adte or season, operson resevonsible tcr the
experiment ana a4 Jdescription ot the exoveriment tug to o
lines o0t o4 characters eacn includinu blanks) Is reuuireo,.
The tirst tactor for oall experimental aesiyns wusL Dbpe
repjlicatiovns, Tne reguirea order tor the other tactors is
Jlven pelow when edach desian 1s inaiviaually discussed. An
option for copying &ll ot the atove intormation trom an
existing tanoomization tile a4lso exists unaer thils cofh4anag,.
Unce the randomization ftile is5 irni1tializea a YES response to
tne qguestion DU iuu waAnNT fu PEXKFURM  EANDUNLIZATIONS  ROW?2
will cause autoinatic transter to the experimental cesiqn
rancomizations control proarawr,. Llt you answer ili, vou <can
perterm 1andomizations later through the use of conmmand
FLOESLCN .

NubbL: bdince tne typing ot the Antormetion requirea tor
command tLUINLIL (s time consuming tor larqe experianents,
Computer Services will pertornm this taskKk tor yoOu. A torim,
"REGUEST FUR RAMNDUM T ZATLON t 1Lk INTYLALLIZATION", is
avajlacvle trom Computer dervicese.

FLDESIGH = command to 1nvoke the ranaomizations control
progran

A rancomization tile cCreated unager compana  FLODLINLY is
reguireoc input. Ihe surecormands currently ovajllable unaer
TFLLESIGI ares



AbPENDEX L

ROBGRE

SPL1T

LALTICE

' NURSLEKRYX

(contea) Pace 3¢

tenaomized complete nlock  aesiuyn  «ith uvp to &
trestment tactors ann an ortion tor wplacing
Ssysteinatlc checCks tor tne one treatment teCtor
c3se, Ihe ranaonization tile must have tactors in
tne oruer replications, and treatment tactors in
any order. It systematic cnecks are being used,
tne checks must appear lLast 1n the 1li1sl ot
treatments Aha A ditterent name must vLe useu tor
each occurrence ot the same check »itnin a
replication. For example, it there will te tjive
cneck plots i1in e€acn replication with: .tne -sape
check varlety, tnen they should appedar as the last
tive Lreatments as (nkECk=1, CHECKR=Z2,... CheCh=b.
lne unigue nmnames are necessary to distirnauish
rlots at the tine o0t analysis., The uset must
speclty the t.lot numpers tou be usea tor the
systematic checks.

renvomized complete wlock design with «arouped
treatments. The user can define groups 1in a3
single treatment tactor experiment and the menpers
ot thne qQroup will be randomizeda together within
eacnh replication,. It systemugtilc Checks are reinyg
used, then the checCk treatments must be aetinca 4as
the last Jroup. the sizes ot tnese droups are
specitied &t the time ot randomization. The
mempers of tne Jroups must oe stored contiyuously
in the list of entries. The randomization fille
nust tiave tactors getinea in the oraer
replication, Qroups, ana treastments.

split plot aesiyn witn main plots in  an KHCk
aesidyne liie current implementation proviaues
randomizations tor one Ggainplot tactor ang one
subplut tactor only. I'he pandomization tile must
hhave tactors awetined in the orcer reglications
sdybplots, mainplots.

simple, triple or ralanced lattlice design. unly
one treatuent tactor is pernitteu,. he
Iandomization tile must hdve  tactors detined  in
tne oraer replications, wlocks, trestnents. A 20
X ¢V lattice is the maxinmum size possible tor a
simple lattice, a 12 x 12 lattice 1s the raximum
triple lattice and a 9 X 9 Lattice is the Maxifum
balancea lattice, 1he type of lattice to pe
tandomizea will be aetermined trom tne numver ot
replications and blocks in the ranaomization tile.

unreplicated nursery trial. Ilhe ranaomization
tile must fhave one tactor dwetinea tor varietlies.
1f systemmatic checks dare bpeing used, then the
cnecks must agpedar last in tne list of varietiese.
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tor example, 10 3 trial witn lUu varieties, 3 ot
wNiCh aAre check varieties, the cneck varieties
st ve numoerea Yg=tuun, cachh cneck &ill wve
repegated in equally stacen vlOLs as specitica oy
the user. Fanoomization ot tnhe test varietilies 1s
oplional. tt randomizaticn 1s not selectea, ther
varleties date assignea to plots in tne craoer ot
Ltnelr Jdetinition in the rancomization tlle.,

lhe renuomization routines NAave LIOVISION 101 4 maxXimpum
ot 20U experimental Lnits over HU locations. Trhe location
namnes (maximun lo cnalacLers) dre enteled Jnder tnis commana
an:d 5»torea Iin trhe panuomization tile. A nDew ranuocanlzatlion
is pertornea  for eacth location any storea in the
ranaoflzation tite. ine Jser has Live option ot assinninag
the experimentdal unit (plot) nyémovers or having thewm
generatea iy tne prouraf. 11 Autonatic generation ot
numrers 1% selected, then tne usel nNas the option ot 3=di1git
or 4eaigit pLot  numpers. Filrst tne plots withitn &
replication dre numoerea from t to the number of Lreatinents
oI treatuentl combinatioens. lhe replica4tion nuwner times 100
or tjnes l1uuvu, aeLendlnad ot Lhe usdaye ot 3=algit or 4=a1qgit
pliot nutters, 15 thnen adued Lo €4dcCl lot numver to get the
tiNa] Liol nuaLers. lhe sawe numpering system is uysed tor
each lecaticn,. It the Jser chooses to 4ssign plot numuers,
tnen tne nunuer Lo be 4a4ssianed to tne tirst plot wust be
entel €. Flots are nunvered sequentially, sStarting witn the
User=sutilica plot numper, trom tne tirst plot ot the tirst
replicatiler, ot trie 11rst location to tiae lJlast plot ot tne
last teplication ot the last location. Ine outr:ut tor each
locatlien  Consists ot the treatment number, treatment name
Ana the experimental unit (plot} rumpers assigneu  to tne
treatnent witnpin all replications on each line. In the Ccase
0t a4 multli=treatment faoctor experiment, the treatment
conpinations are nunvercd trom one to the total nuinter ot
comt;inatjions 3and the treatment comt:ind4tion names are ¢riated
on cdCl Jine. Ine ranaomlizdation gutwut cdb pe directes to
the termlinagl Or to a print fille tcor subsegquent printina  on
the line printer.

unce the ranaomizdation 1s covplete, tne user 15 jiven
the O©Cption Ot transfertring control tu tnhe seea packel ldatel
Jenerdatiorn routine. It lavels are not requlreu, then the
usey tnay optlonAally select one ot tne tlelo ook gerneration
options. Alternatively, lavel Jeneration nmay ve selected at
& later tirme using colmana kLUOLACRL, and tlelu DCOKS Can oe
generdtea usiny one ot the three tield LOOK CoOmMAras.,

FLUOLAVEL = commanu to uenerate a plrint tile ot seeu pdcxet
lavels trom 4 ranaomization tije

‘fne lendomization tlle usea as input must have Leen
completeu Ly one Ot tne randomjization routines tetore lavels
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ihe labels printed ore groupea by entry
1l ot tne labels tor entry | are printea

tirst tolloweu oy all ot the lsbels tor entry 2, etc. kach

lapel

consists

ot three lines: Line | contains 4an

aboreviateo experiment name tollowea vy tue location name;

line ¢

contains

the entry number And optionally the entry

name ano line 3 contains tne plot numoer. ln the case ot a

multi=tr

eatment t

ACctor experiment, tne uset must select

whilch treatment factor is to appedr on each larnel. tince the
label]l rcutine is completed, the name ot tne lavel print tile

will ve
dispupti

printed,
on ot th

sSince tne printiny ot labels reauires
e normal line printer usaae, please make

afrangenents with Computer sServices tfor printing ot vyour

labels

auring th

e eveningy shift. .Yhe user is given the

optionh ot transterring control to one ot the tield coOK

Jgeneratl

LUt LGRS

Ihe typ

ol routine

= commana

e=1 tielo

Se

tuo Jenerate a type=1 tield DOOK

000k routine proguces a tield vook from 4

rangonization tile ang user supplied column headings. tach

line of

a heaaul

N3 must not exceea 8 chardcters dano it is

recormencea tnat no more that two lines be used tor any  one

columr
acrt t

N ‘a

]
e
ts
[v5, ecti

heasllnd.
ne pdije.
by tne
mre heauwing
xceeu Y5 s
s} the
velye. In

Fhe nheadinys dre printea horizontAally
I'he width ot eacn column on & taye s
yser, put may ope made wlider to accoinnoudte
. The totai width ot & tiela bnook pdaye
paces. ine tirst two columns ot eacn vage
plot number ana Ltne treatrent numoer,

tne Ccus$e ot user=«assigneg plot numters,

tte second colunmn may optionally contain a3 cocea numnber
which represents the tactor settings ot «ll tne factors tor
the assoclatea plot. For example, in an experiment aith two

replicat

jons ana

two treatment taciors, the number 10515

could rerresent replication 13 treatment tactor 1, level 53
anag tleatment tactor <, level 15, lhe user may also select

tne numk
DOOK «

¢r ot plot
Since 1t

S to aLpear on each page o0t the field
is possitle tnat ditferent headings are

requirecs for ditterent locations, the user must Select the

range o
current
complete

t locatio
set ot he
’ 1t may

ns snlch require tiela bvooks with the
adings. Unce the tield pook tile 1is
ve queued tor printing. However, if vour

tiela ook tile is very larje, please arrange with Corputer
Services tor its printing during the evening snift.

FLubUlUke

The tyg
‘randomiz
column

Characte

- comumana

e=2 tleld

ation tile
reaulnds
I5 edche.

to gyenerate a type-2 fleld LOOK

HooK routine proauces a tield LOOK trom «
dand user suybplied column heaginus. The
must ve limited to two lines of LS
the heauings are printea upwara ang 10sard
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tne riqht ot the pdaqge. I'he rest of tne options avallable
are the same ‘as f{or Lthe type<«l field book.

FLOSRLUE = comwand to (nitiallze 4 date tile trom a
randomization tiie

A conpletea ranaomizatijon tile is tre treqguired input tor
this commana. laentitiers ana tactors are autLonatically
copjied tu tne Jata file. Since only adata trom o sihale
location can ve stored 1n  one date tile, the user nust
select the location name trom those storea in the
randomlzation tille, The locatioun name 1S apphenuea to the
date ot the experiment in the data rile. The ranuvorization
tile cuntailns the tactor settings reguirea in each 1ow ot
tne wuata tile, Ihe plot nunoer will ve automaticaelly storeo
as the tirst varliabse in the aate tile,  The nanes,
dobreviations, and descriptions ot all vdarjaoles to ove
stored in the adta fille must te entered a4t this tine. nis
intornation may also be optionally copied trom dan existing
ddta tjile. lt you crhoose tne copying option, ve certeln pat
to copy the plot numter variable since it will ve
automatically i1ncluded as explained apove. Unce the tile is
initializea control is transterred to the "add ross" option
ot the gata entry suwsystem,

date: sHlnce tnere may oe considerdble time petween the
creation ot tne randomization tile and the {nitialization of
tne oagata tile, it is recomwendea that the randgomjizatjion
tiles Le stored on magnetic tape and subseguently renovea
trom tne olsk. Lhey can ke restored to aisk as needeaqa.

fI. DAIA ANALYSEDS

lhe Crops Research lntegrated Resedarch Statistical
Package (CRLSP) Ot programs contains & wicge rdange ot cdatda
analysis, data editing, ana utfitity prograns, rany ot
Lnese, sucn dS Vvarious analyses of variance, reqression,
correlation projgrams ate o0t general use wshile some nave veen
developrea speclflically 1in response to problems ot handiing
the data from tne multjilocationdal testinyg. For example
INCUNC was developeu In response to a reguest trom tne pedrl
millet pathology yroup to convert the raw data onh numvers ot
plants intectea alth various severities ot downy mildew into
the two needed varliables “"incigence" and "iptection index",
Uther programs ot more jeneral = use tor nanaling
multilocational test data are MULMeRGR, tor comwining the
data sets for one trial trom many locations, ana SELECI,
shlch pertorus the rapid selection ot entries that meet a
specitiea combination of levels of up to tnirty variacvles.
.
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CHLSE Can e sunmarjzea as tollows:
le tdCl atialysis is 1nitidtea by specifying a comnena hate

2. A cummwon tlle structure 1s usea by all anAalyses Lo tne
tACkage .

3. A tile mgintenance suusystem 1§ avdilavle 101 ed1ting
user ovatd tiles.

lne tollowiny Lypes ot andlyses are avdllavle under Celab,

1. UListrioution Analysis

Z. (Correlation Analysls (simele & Partial)

3. Analysls ot variance (ld gitterent tyoes)

4. Analvsis ot Covariance (3 aitterent types)

D Fejression (Multiple, Yolynomjial, otepwlse)

6. Ftripter vPiottinag

/e I=test
MOST  aNndlyses nhave the optlon of either printing the
outprut on the Lerwinal or on the line printer.

lhe tollowing tynes of t1le utility operaqtions c¢danh  be

pertoried.

l. FAlikinNG Of ddtd In A tlle

2. FeOraeélr lng tne tactors in a rile

3o AVEIWZIDJ QA4aLA OVEr one or Nore tactors

e suUbdIvVIUIng 4 veriadule into new varlavles dccording to
the levels ot a3 tactor

Mattienatical transtormations ot datsa

g
.

b. Merainl ot tiles to torm new tiles

/e sexetling subsets of uata vased on logical coumblnations

ot condcitlions 1mposed on the aata
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