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DESIGN AND ANALYSIS
OF AN INTERNATIONAL EXPERIMENTAL NETWORK:
LEGUME INOCULATION TRIALS IN THE NifTAL PROJECT,
THE INLIT EXPERIENCE

R. J. Davis

F. B. Cady

C. L. Wood
C. P. Y. Chan

ABSTRACT

Described is a system of worldwide trials for testing response to legume inoculation,
the Iniernavonal Network of Legume Inoculation Trials (INLIT). The basic INLIT
experiment is described i detail: formuladon of the research design, the coordination
and servicing ol nials, ind the analysis of data on asingle and multiple location basis.
IncInded is a treatment ol the datcanalysis of field experiments containing nonortho-
gonal comparisots. Sccondary benelits of the tiials have been idendtving rescarch
workersand policy makers in developing countries, and organizing these persons into an
organization for expediting rescarch and information [low. Acceptance of the concept by
many legume moculation workers has indicated the validity of the coneept, and feedback

from cooperators has indicated that the INLIT program has been successful,

Keywords:

biological ninogen fixaton, networking, legume inoculation wrials, inter-

nictional experimental network, agricultwral development, nonorthogonal
comparisons, multulocational analysis, environmental means data analysis.

I. THE INLIT EXPERIENCE

The NI{TAL Project

The Nif TAL(Nitrogen Fixauon by Trop-
tcal Agriculuural Legumes) Project is a
United States Agency for International
Development (UUSAID) cenorally funded
project contracted 1o the University of
Hawan. Nif TAT.1s funded to provide sup-
port to legume moculavon workers in the
developing countries of the tropics. Con-

ducting research on specific problems of
immediate impornce to legume workers
and implementing the nansfer of known
techmology to tropical countries are two
major means by which Nif' TAL provides
such support. A major Nif U'AL effortis the
International Network of Leguime Inocula-
ton Trials (INLIT). INLIT is a major
vehicle by which Nif TAL achieves both s
rescarch and technology transfer functions.
Itisaloose association of all legume inoen-
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lation workers that facilitates information
flow and enhances the aggregate research
effort. Nif TAL promoted the organization
Of INLIT, and it continues to provide coor-
dination and service suppont.

History of INLIT

In the late 1970's USAID decided 10
increase its activities in biological nitrogen
fixation (BNF). In considering where 1o
put emphasis, a consensus developed
within USAID that the most pressing need
in the tropics was for definitive field rials
in legume inoculation.

In January 1979, ioworkshop was held at
NUTAL (Iarris, 1979 1o consider this
idea. In atendance were leeume inocula-
tion workers from developed and devel-
oping countries, representatives from
various international agriculiaral rescarch
centers and international donor agencies,
and others interested in international agri-
culture. The Tater mcluded agronomists,
biometricians, management  specialists,
social scientists, and soil scientists whose
expertise or interest impinged upon the
subject. This group further endorsed the
idea of worldwide inoculation trials.

The need for a coordinated worldwide
program in legume inoculation rescarch
in developing countries stemmed from the
following factors: (a) there was insufficient
demand for legume inoculants in the devel -
oping world o support substantial com-
mercial inoculant produciion such as exists
in North America and Australia; (b) there
was no knowledge abourt the farmers’ pereep-
tions of the benefits of inoculation; (¢)
inoculant production facilities had been
installed in some countries in the tropics
but productdemand had not developed; (d)
few studies with wropical fegumes had con-
formed to the criteria considered necessary
for a definitive inoculation trial; (¢) there
was at that ume a vising interest in BNF
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because of the rising cost of fertilizer nitro-
gen; and (f) 1t was recognized that these
mdividnal trials would be more mean-
igful if coordinated in an international
network.,

Therefore, workshop participants recom-
mended the establishment of an interne-
tnonal network of all legume inoculation
workers. Network members wounld be urged
to conduct definitive field nials using a
uniform experimental design so that data
could be analyzed across locations, on
cither a countrywide, regional, or global
basis. Lach individual cooperator would
collect data for his location, but would
gain further benefic from the composite
analyses. The workshop also sugeested
that for such a network o succeed, some
organization would have to actively pro-
mote, organize, coordinate, and provide
service supporoto the activity. Iowas veconn-
mended that Nif'UAL be given this man-
date. "This was approved by USAID, and
NI TALS organizational structure was
realigned to handle the increased responsi-
bilitv. The International Newwork of
Legume Inoculation Trials (INLIT) was
mitiated in calendar vear 1980,

Coordination of INLIT

To coordinate INLIT, NiI'TAL desig-
nated certain staff members as Network
Coordinators, with regionai responsibil-
wies for Laun America, Africa, and Asia.
Later the African region (which included
the mid-East) was divided into two parts—
mid-EFast North Africa and sub-Sahara
Africa—and one person was designated
Head of Iiternational Outreach to manage
alb INLI'T activites.

The Network Coordinator is the cooper-
ator’s hnk with NifFAL and with others in
INLIT. Network Coordinators actively pro-
moted the network by extensive travel
throughout theirregion. Nif TALattempted



to identify all legume workers and explain
the concept and operation of the INLIT
progrem to them. Later Coordinators’ activ-
ities were directed more towards visiting
experiments and consulting with cooper-
ators. Regional cooperators try to visit as
many cooperators, and as many trials, as
possible. In between visits cooperators’ ques-
tons are answered by mail. No auempt
was made to pressure researchers into
joining INLIT. Rather the advantages of
membership were explained and allowed
to stand on their merits. Research workers
would, through Nif'I'AlL, be tied into a
worldwide communications network. If
allworkers conducting trials would employ
onc standardized experimental design, trials
could be mnalyzed on @ countrywide, re-
gional, or worldwide basis. Fach rescarcher
would get at least as much information out
ol his individual experiments as he could
by designing his own trials, but by produc-
ing data that could be analyzed on a world-
wide basis information would be obtained
that would also be useful to policy makers
and doner agencies. In addition, the stand-
ard trial package could be used by legume
workers not conversant with inoculation
techniques and procedures,

We believe that the success of the INLIT
has been in no small measure due 1o the
personal touch provided by this organiza-
tonal approach. The Network Coordinator
causes the cooperator to perceive both
Nif TAL and INLIT as being composed of
real people who are interested in his activi-
ties. This provides motivation rthat would
not be provided cooperating with a face-
less burcaucracy.

INLIT Experiments

INLIT consists of three components, the
CACTUBS and CY Experiments, designed
to determine just what advantages can
accrue, with the present state of the arnt,

from inoculating leguminous crops in the
tropics. The “A” Experiment is designed
to ascertain field response to inoculation
using the best available strains of Rhizo-
biwm. Tt is therefore a test of the presem
state of the art. It requires no microbio-
logical expertise, so it can be conducted by
any INLIT cooperator. The “*B” and “C”
Experiments ate concerned with a search
for better strains in cases where neither " A
LExperiment inoculation nor control wreat-
ments give maximum vields. The "B
Experiment, a pot experizaent to test local
isolates, requires some niicrobiological
expertise. The "GV FExperiment, formatted
like the A Experiment, evaluates in the
field the best siains from the “ B Experi-
ment against the " A™ Experiment inoc-
ulum. This bulletin describes the design
and analysis of the " A™ Experiment.
Many cooperators in the INLIT will
conduct only the A" Experimeat, cither
becanse they lack microbiological expertise
or because results from the “A7 Experi-
ment do not indicate the need for further
rescarch, Ofen ihe best avatlable strains
from various major culture collections will

.

be equal or superior to local isolates. Such
stratus represent the end product of many
isokttions over the vears and have been
tested againsta wide range of plant varietal
and agrochmatic conditions. Fven if the
local conditions contain some stress factor,
the bacteria will often rapidly adapt to the
stress because of their short generation
time. However, as indicated above, one
should notston with anegative response in
the "A™ Expertment,

Field Testing for
Legume Inoculation Response

There is no substitute for field testing
to evaluate the response to inoculation.
Although this is considered a truism by
many Rhizobium workers, Nif TAL Net-

I
D



work Coordinators continually find workers
making the assumption that Rhizobium
strains indigenous to a given area will be
superior to introduced strains, Acceptance
of this assumption obviates the need for
tedious westing, but to do so s invalid.
Strains in major culture collections, having
been tested overa wide vange of plant germ -
plasm and agroclimatic conditions, will
often be superior to new isolates. This is
not surprising since they represent the end
product of an exhiaustive testing program
in which manv isoliates were discarded.
Therefore, any new isolite should be tested
extensively under field conditions before
using it in an inoculant. Fhe sttaadion is
often exacerbaied by defining the “area’ in
a geographic or political rather than an
agroclimatic sense, Therefore, there is no
substitute for adequate ficld westing o deter -
mine the response to inoculation.

Field westing must be extensive, A com-
plex experiment with many objectives nay,
if pursued o a successful conclusion, give
much information about a specific crop-
location response. But the data will not be
of much value in making decisions on an
arcawide or countrywide basis. This requires
extensive trials, although the individual ex-
periments may be simple. In fact, as is clab-
orated below, the most extensive trials sys-
tem possible requires the simplest possible
experiment. The above is true whether the
purpoasce of the trials is to determine the
need to inoculate using established Rhizo-
bium: strains or to evaluate potentially su-
perior strains.

The necessity of determining the need
for moculation can be obviated by the
simple expedient of inoculating all legu-
minous crops. Here, the rationale is that
inoculation will never decrease vields.
Therelore, inoculation can be considered
insurance since its cost will be very small
compared with the value of the crop or the
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costof nitrogen fertilizer. Such a policy isa
generally recommended  practice in the
developed countries where quality inocu-
Lantis readily available through commer-
cral channels, the farmers understand the
concept of insurance, there s an cffective
extenston system, and the larmers are lier-
ate, with alevel of sophistication enabling
them to make a value judgment as to
whether they wish to inoculate,

i the developing counmries the above
condittons generally do not exist. There is
no infrastucture for imoculan produc-
tion, disnibution, and use. Where inocu-
lant production facilives are available,
there s no system for disnibuting the
moculantto the user imaviable condition.,
Inaddition, there is no user demand tor the
product. I such cases Trge-scale inocu-
Lant production factlites, unless designed
modulin
clephanis.

Todevelopdemand for inoculant entails

on basts, can become white

an cducational program to create an aware-
ness on the part of the potential users, both
of the need 1o ioculate and ot the precau-
tions necessary so that the Rlizobioom are
stll viable when they contact the seedling
root. The educational aspects of the prob-
fem, even where an extension infrastruc-
ture exists, are enormous. There are gener-
ally many more fimers per unit of land
arca than in the developed world, These
tend to be Tess educated and sophisticated
so they are less able to absorb educational
nxcertals that are not specitically tailored
for them. And, of course, education about
inoculotion must compeie with myriad
other concerns such as pest conwrol, fertili-
zation other than nitogen, discase prob-
lems, wiater management, clc.

Each developing country must make its
own dectsion with respect 1o inoculam
recommendations, When deciding what
crops and acreage to inoculate, decision



makers must avoid the mistake of cquating
inoculant production capacity with acreage
inoculated. Inoculant production capacity
does not equate to crops inoculated. Because
of these considerations it is prudent for a
developing counury to first determine the
likelihood of a response 1o inoculation.
Scarce developmentzl resources can then
bhe employed in those situations where
there is a likelihood of o cost-eflective
response to inoculation, The determina-
tion should indicate not only whether an
increase i vield 1s possible under the
existing conditions, butalso whether there
is a potential for getting a vickd increase i
other inputs become available, If there is
not, then scarce developmental resources
should be channeled into more productive
pursuits. If an cconomical vield increase
from inoculation is theoretically possible,
even if not presenty atinable, vesources
should be put into research 1o determine
and overcome the impediment.,

Determining response from inoculation,
whether testing best available strains or
determining suitability of promising R fiizo-
biwm isolates lor use in inoculants, requires
a properly designed field experiment, A
Riiizoboon strain pot test with soils from
areas of potential use will reduce the
number of straies that need 1o he tested in
the ficld. XLy Rhbizobiom isolates that
show promise insand or water calture ina
green- or shade-house under sterile condi-
tions their intal
promise when tested in nonsterile soil.
Single row plot trals are also useful in
reducing the number of strains. However,
they are only marginally superior 1o soil
pot testin evaiuating field performance. In
fact, the choice between a pot test and a
single row plot wst is often dictated by
whether or not the soil 1o be tested is in a
field adjacent o the laboratory or ata consid-
erable distance.

will not hive up 1o

Objectives of INLIT

The primary objective of INLIT is to
determine under definitive conditions
whether or not a yield increase can he
obtiuned through legume inoculation using
the present state of the art. Tt was recog-
nized that the factor generally lacking in
trials that had been reported in the litera-
ture was an assessment of the quality of the
moculant when 1t was used.

Scecondary objectives are:

Gy Toadentity all vesearch workers in
the tropies who are currently or are
contemplating conducting research
on legume inoculation.
Toconvinee allb workers conducting
licld trials on the effect of legume
uttlize a4 common

(h)

moculation 1o
experimental design, thereby en-
hancing the overall value of the dara
obtamed without decreasing its value
to the individoal research worker.
To improve the quality of research
work and the expertise of research
workers m legume moculation by
providing various support services
to legume workers.

II. DESIGN OF THE INLIT
“A” EXPERIMENT

General Considerations

The principles of experimental design
are well developed and familiar to most
rescarchers, Randomization, replication,
and blocking in comparative experimenta-
nonare emphasized inexperimental design
books such as Cochran and Cox (1957).

Replicaton of teanments in a com-
pletelvrandomized design allows the caleu-
Lution of experimental error while randomiza-
tion is necessary for its validity, Inaddition,
use of randomization also avoids bias in
treatment means from undue influence of
confounding factors. Experimental error
divided by the number of replications is the

7


http:bectwe.ll

variance of a treatment mean., The standard
crror is then proportional to the square
root of replication number. Grouping ov
ficld plots into homogencous blocks
decrcases the magnitude ol experimental
crror. However, unless eatments are reple-
cated within a block, o divect measure of
expertmental error is not avatlable, Only
by an assumption (on the residual mean
square from the analysis ol arandomized
block designy s an estimate of the experi-
mental ervor available, Additional testric-
ttons on the allocation of treatments to the
plots oron block sizesresultcin Euin squine
and incomplete block designs. These more
complex experimental designs usually e
not warranted in ticld imocalation experi-
mentation. Thenr imcreased openional
requirements andadditonal ditticulties in
the datvanalysis with untoreseen complica-
tions such as missing plots encomage the
use ol simpler experimental designs,

The general obyecaves in tield inocuta-
ton tials e o determine the magnitade
of response to moculation of leguminons
crops and. cqually imporcon, o calculae
arealistic measure ol vartabiliny (the stan-
dard errory associared with the inoculation
response. Fhe aax of nials to determine
oculation response. or to compane stiine,
is 1o have a propery designed experiment
that addresses the primany hivpothesis, The
chotce of the experimental design for allo-
cating ineculaton neatments to the lield
plots is usuallv o choice benween a com-
pletely randomized design and arandom-
ized complete block design. The magni-
tude of the standard error can be controlled
to some degree by the experimenter througly
use of blocking or increasing the ninnben
of replications,

[Tow the data e analyzed will depend
not only on the experimental design, b
also on the selected rreatments, Wthe field
lavout emploved is suaightorward, the
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experimenter candoi better job ol plianning
the treatment structure and subsequent
data analyses. I is generally recognized
that
vsis, However the utiling ol designing nreat-

field data require  statistical - anal-

ments so that the primary questions can be
answered diveetly from the L analysis
olten does not receive sullicient attention
dining the plinning stage, Weaknesses in
tneatment design recognized duaring dita
analvsis and mterpretation equate o in-
creased costand e ol experimentation.

Twoshorwcomimgs inanalvsisol experi-
ments with inoculation reatments are sulfi-
centhvcommon o wamantspecial mention,
One s the nnlization ob computing proce-
dures Tor anaving teanment means in
assessing oculation wesponse, Pairwise
et sepatiation procedures should not he
sed or analvzimg an experiment with o
neatment strucnne designed for speati
COMPAisons among  neatment nens
cChew, 198K These procedures should be
restricted 1o anaving means stch as ina
stratm chimination test,

Asecond problem imvolves use on detaul
options i datranalvsis progiams. Modern
statistical computing packages not anly
relieve the experimentes of burdensonme cal-
culations, bucalso allow additional anal-
vses that otherwise micht not be under-
tken. On o the other hand. these etficien
progrns also yeqgrite expetimoniers to
understand the compuiing procedure. sut-
frciently to elicie ourput that directly
addresses the tformulbated hypaothesis, The
output hrom detault options ol most pro-
grams is of general interest, bur usually
does not vield estimates and variability
measures to answer the specific objectives
of the experimenter. For example, a small
probability value assoctared with o arge F
value tor the vaio of the neatment mean
square to the experimental error meen
square simply reveals that statstically at
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least one of the treaument means differs
significantly from at least one of the other
treatment means. The treatment structure
of the INLIT A" Experiment trials is
destgned 1o give specilic comparisons
among the teatment means, Compntey
outpnt shonld give the estimates and the
associated standard ervors of these same
spectlic treatinent comparisons,

Anadeal experimenal site will never he
found. Although certatm ebvious problems
should beavotded, generally the site should
approximate the sorl and climatic condi-
nons expected on farmers' fields, Ione is
testing sovbean moculation in i counny
where most ficlds contain no sovbean R hizo-
biom itwould be meaningless to use experi-
mental ki that had had inoculated sovbean
tials for several seasons. Bur a less than
ideal condition can. and should, be oler-
ated it 10 s vepresentative of the Tand on
which Emeys will be growing the crop,

INLIT Treatment Selection
and Experimental Design

The A7 Experiment is the Kkev to
answering the question ol whedher or not,
with the present state of the art, a vield
increase can be expected from inoculaning
tropicud legumes with Rhizobium. The
priniiry question asked inthe A7 Experi-
ment is whether, with the best avatlable
Rltzobiwm strains, an increase in vield can
be expected from inoculaton with Rlizo-
bivn, and itso, whether the vield obtained
1s the maximum vield artinable. Second-
ary questions are whether, whenan inarease
is not obtained hrom inccaladon, the vield
obtained without inoculation
the maxiimum vield poscible, and if not,
why the maximum vield 1s not obtained.
The maximum vield, with respect to N is
obtained by incorporaung . fertilizer, or

Lpresents

“hag” nitrogen treatment, This is anarbi-
trary high level of nivogen applied o all

nitrogen plots regardless of the level of
other ferulity factors. Tris applied in split
dosage so thatnirogen will not be limiting
any time during the course of the experi-
ment. Where there has been a chance for
excessive leaching, such as high raintall
immediately afteranapplication, the coop-
cratoris instructed toreapply the nitrogen,
The purpose ol the nitrogen teatment is
not to see how much nitrogen the crop
needs, buttoascertaim that Nis not limiting
so as to have o maximum value of vield
with rospect 1o N The cause ol less than
maximum yvicld can be mierred from nodule
information, although further expervimen-
tatton will sometimes be necessiny.

These questions e all considered m
two ferndiny levels, The lower Tevel, desig-
nated I o curent
Larmer pracice o, where apphicable, car-
rent Lirmers. The
higher level, destgnated M tor maximum,
represents i level of ferdliny, other than

Farmer, represents

recommendations to

nitrogen, tocnsure maxinum vield. Where
vietd conves have been detenmined for the
particuli cop and agroclimance condi-
nons. the values from these experiments
should be used. When such values ave not
avatlable, the usual case, the M level treat-
ment consists ol arbinary high levels of P
and K (1000 kg ha P, 100 ke/ha K torvol-
canic ash sotls, 100 ke i cach for other
sotls), minor elementsif suspected of being
Lacking, and Inne, if needed, 1o adjust the
soil plT toan optmmum value for growth of
the crop. This gives six o ocatments as

shown:
Feralizer Rhizobium
Treatment Nitrogen Inoculation
Il - -
2 + -
F3 - +
M - -
M2 + -
M3 - +
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‘These vreatments are incorporated into a
randomized complete block design with
four replications. It was felt that the likeli-
hood of the loss of any given plot in most
experiments was such that fewer than four
rephications or use of an incomplete block
design was not wise. Cooperators are urged
to conduct the A" Experiment for at least
three vearsateach location, but on different
plots. Because of variation hetween years,
any field experiment conducted for only o
single season can vield unwaranted con-
clusions. Cooperators are also urged to
conducttfollow-up experiments on the same
plots to study the course of invoduced
time. The A"
Expertment should be continued even il
the first
ability of going on 1o the "B

Rliizobiton strains over

vear's data indicate the desir-
and €7
Experiments.

Plotsize is 228 m = 705 m, so one A7
Experiment requires imvaren of 15 my ¥ 28.8
m 0.0 hay. Farly inveseis iaken from 1 m
ol fength,and b mis retained for final vield
data. The remaining 1.5 m gives 0.5 m
borders at the ends and between the carly
harvestand final harvestarea. Side borders
arc.6mon cach side. Wherean institution
has standardized ona dillereni plot size,
the plotsize can be madified without inter -
fering with the integrity of the design,
However, treatment imformation given in
the instraction bookletwill then have to be
recalculated, and the cooperiator mustindi-
cate the actual plot size emploved on the
dita sh ets.

The A7 Expenment was puiposely
Keptsimpleowith neatmentsatominimum,
so thatitcould bemanaged by conperatons
with Tittle o, no previous experience in
handling cither Rhbizobiam or ficld experi-
ments, The wisdom ol this decision has
beenr borne out since many cooperiators
have had experience ineither field or Libo-
ratory research, but not with both. Also,
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size of the experiment was kept small so
that it would not be overly burdensome for
institutions with limited resomees, since
success of the experiment necessitated the
maximm number of experiments. If mean-
ingtul composite analvses are to be con-
ducted foracounuy or geographical region,
the trials must be extensive, One location
intensively studied would only give much
data for that one location. 'Fo muke infer-
cnces abowut wide area
requiresanextensive series ol experiments,

FeSponse over

The randomized complete nlock design
allows for expansion by individual cooper-
ators. I the cooperator desires additional
treitments of special interest 1o himself,
these can be incorporated. Cae, of course,
must be taken not o eliminate any of the
SIX basic treatments and the plors must be
rerandomized. Good management prac-
tices, such as proper dillaee and weed
control operations, timely hrigaiion in
non-temted experiments, discise and pest
contol use ol adapted crop varicties, adher-
ence to proper plantng dates, making
good ticld notes timely harvest, and proper
recording of data, are essential,

Ni'TAL supplieseach cooperator with a
combinanor feld
booklet. 'Fhis is designed so that anvone

methiods-dat record
can follow the direcdons stepwise and
conductasuccesstul experiment. The data
sheets e i wiplicate so that i data are
recorded directly, the cooperator will have
one for himselt, one 1o send 1o
NiFFPALL and one for any other purpose
such as the Coordinator of an in-country
network or the parent institution in the
cise ol a tield station,

Nt AL supplies a three-saain inocu-
iantcomposed of the hestavatlable strains.

COpy

Thesestrains are selected tor nivrogen fixa-
ton cfficiency, diverse origin, and scro-
logical distinctess. i the cooperator has
already developeda high quality inoculint



using his own strains he can substitute this
product. Integrity of the experiment only
requires use of a high quality inoculant,
that is, one with suflicient organisms per
gram to insure o sufficient number ol
viable Rhizobiion s available to cach germ-
inating seedling. However, generally there
wiill beanadvantag . tousing the NiFTATL-
supplicd inoculane since Nif TAL also
supplics typing antisciit or s strins.
Most cooperators have clecred 1o use the
NIFTAL-sqapplied inoculant i the initial
experiments. 1 there is oo response to
inoculation over the conuol, one wants to
Know why. Sucha lack of response is often
due to native soil organisins being more
competitive 1 occupyving nodule sites.
Typing nodules can give a cood idiciation
whether or not this is the sitwtion, Tt s
also useful to type nodules in lfollow-up
experiments to monitor establishment and
survival of strains i moculant,

The most imporimt observation taken
in the "A7 Experiment is the vield of Tinal
product—grain vield, forage vield, wood
vicld, cte. Tlowever, recording ol other
observanons that could help explain the
results obhtained isencomaged. Most useful
are nodule data and plnt div wetght at
carly iovese The noduate datagive an idi -
cation ol the abundance and efliciency ol
soil organtsms, and the diy weight gives an
indtcation of the inoculant effect i a arop
fatlure precludes tiking final vield data.
Soace lorrecording daton the most likely
chinacteristies s provided on the data
sheets given 1o the cooperators,

Al measured chaiacteristiosae anaiy zed
by NifTAL.
supplied to the cooperator and the data ave

A copy of the analvsis s
stored for Later composite analyvses, The
entire procedure is shown diagramniati-

cally in the flow chant in Figure 1.

Discussion of Design Alternatives

I'he number of replications could have
been decreased or increased. A simplifica-
ton wouid have been to have had only
three rephcations, as staastically valid data
could theoretically be obained with only
three replications. However, personal exper-
ience and consultation with other workers
who had conducted tield vescareh in the
tropics indicated the need for four replica-
ttons. The possibility in many wopical
areas of losing some plos, il notan entire
replication, due o factors bevond  the
control ol the rescarch worker, indicated
the need o sentwith at lease fom eplica-
ttons. Thismight he constraed as justitica-
ton for even maeice than four replications.
However, adding oo many rephications
would macase the experimental size
to suchan exeent that some potential coop-
crators would be elimied. Theeelore,
four rephicattons represented a0 good
COMProutise.

One ncatmeni often cemploved in legume
ioculation trials is starter ninogen. Some
workers ke to supply a siall amount of
nitrogen to help the seedlings undl their
nodulesstartfixing nitrogen, I iact, some
workers e Usuanter”™ doses ol nitrogen
sullicient to supply the need ol the entive
crop. Use ol starter nitrogen s sl a
debatable subject amones legume workers,
and consideration of all ot its vamifications
15 outside the scope of this paper. We do
not helieve use of scarter nitzogen is needed
ot advisable. Whether or not the above
opiionis corres tadding such a reamment
here would norcontrtbute anvihing towards
answering the primary question about the
need for moculaton. Therefore, it would
be anarvelevant ocatment, vet it would
cither mcrease the stze of the experiment or
decrease precision of the data collected.

The use of an incomplete block design
would allow addition of treatments without
increasing the size of the experiment or



Design of INLIT A’ Experiment

&

Preparation of experimental protocol and report forms

¢

Cooperator contacts NifTAL

¢

Network Coordinator responds to contact

¢

Experimental materials sent to cooperator

¢

Cocperator conducts experiment

A

Completed data forms received at Nif TAL
<

NifTAL log-in and review procedure | <e—————

No
Ready braorrespondence with cooperator

e Yes

Site - specific data analysis and interpretation  |<&

"

Comparison among treatment means

A

Tabular presentation of data

<

Review by Network Coordinator

A

Correspondence with cooperator

N

Data review by cooperator

. No
Satisfy
Y
Figure 1. 7 Yes .
Flow chart for INLIT “A” experiment Store data in data base ]

Figure 1. Flow chart for an INLIT “A* Experiment.
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decreasing the number of replications, thus
increasing  the amount of information
obtained. [Towever, thereare no other treat-
ments that would conaribute directly to
answering the primary question. Addi-
tonal treatments could bhe assigned o
provide case of dataanalysisand interpreta-
tton through climinaton ol nonorthogo-
nality. But we believe the purpose ol field
experimentation is to get maximum usable
datain the field, notease ol datomanipuia-
tion. The moot point, with respect o
Keeping a smadl experiment that conld he
handled by the maximum namber of coop-
erators, would not he whether to add oeat-
ments with attendant partial veplication,
batrather whedher toreduce the number of
replications.

The experimental neatmens appem 1o
lend themselves to o split plor desien. A
validexperiment could have been designed
with splitplots, the main ploes being either
fertility or niGgen neatments. Generally,
a split plot design is utilized when fieid
opesations either require or are facilitared
by use of such a design. Since such is not
the situation with the " A7 Experiment,
there would have been no operational
advantage o wiilizving split plots, Patting
nitrogen treatments in the main plots
would cause loss of precision i comparing
treatments in the mam plots, Since preci-
stonis gained in the subplots comparisons,
a case could be made tor putting nitrogen
treatments there, although thoe would
have been no operational advantage.
However, this would ave eluniated the
flexibihity of the present desien, which
allows those cooperators with sualficient
TEISON nd resources 1o Imeorporate et -
ments of spectal vialue o themselves,

I, INTRASITE ANALYSIS
OF AN INLIT EXPERIMENT
The A" Experiment has six treatiments,

which include both Riv-obium and feri-
lizer (bag N) sources of nitogen along
with & control treannent at cach of two
levels of Tertility, These treatments can be
displayed as:

Nitrogen Source ——
Fertility  Control Bag N Rhizobium

Farm 1] [2 173

Maxnmum MI M2 M3

Inoculation Questions of Interest

In the analvsis ot the data we have

chosen Live major comparisons among the
treatnient means that are pertinent 1o the
main question asked i this experiment
t Fable 1y Does legume inoculation enhance
plant growith and vield: The 1wo most
mportant aspects ol the main question
are:

o Istheaverage ol Rlvoboo inocula-
tHon neatments (3 and M3y different
from theaverage of the comrol treat-
ments (I aad NMU:

(hy Is the siveraee of the Rhiczobium
moculation nearments (3 and M3)
different brom the average of the bag
nirogen oeatments (2 and M2). pe.,
s there a ninogen source elfect:

Interpretrtion of these questons assumes
that the crop’s responsc to the inoculation
treatment s not altecied by the feraliny
status. Tocheck the validin of thisassump-
tion two additicial questions need 1o be
considered.

() Is the magnitude of the inoculation
response relative to the control the
same tor both levels of fertititge

(¢ Is the magnitade of the inoculation
response relative to the bag nitrogen
the same tor both levels of fertility?

It the magnitade of the inoculition

response relative 1o the control (or bag N)

13



Table 1. Treatment compavrisons

Description

Treatment Comparison

1)

2)

3)

4)

5)

INOCULATION BY FERTILITY INTERACTION
If interaction is not important, go to 2.
If interaction is important, go to 2A and 2B.

INOCULATION VS. CONTROL

A) EFFECT OF INOCULATION AT FARM FERTILITY
B) EFFECT OF INOCULATION AT MAXTMUM FERTILITY
N SOURCE BY FERTILITY INTERACTION

If interaction is not important, go to 4,
If interaction is important, go to 4A and 4B.

N SOURCE: INOCULATION N VS, BAG NITROGEN

A) EFFECT OF N SOURCE AT FARM FERTILITY
B) EFFECT OF N SOURCE AT MAXIMUM FERTILITY
MAXTMUM VS. FARM FERTILITY WiTH INOCULATION

(M3-Ml)  (F3-F1)
2 2

(M3+F3)  (MI+F1)
/2 2

F3 - F1
M3 - M
@B-M2) _ (F3-F2)

2

(M3+F3) (M24F2)
Z Z
F3 - F2
M3 - M2
M3 - F3




depends on the fertility, we sav that the
inocalation response interacts with the
fertality. I cither interaction is present,
then the comparison of the inoculation
iesponses relative to the control (or bag N),
averaged over ferility levels (main effects),
can be misleading. In this case, we should
examine the inoculation effects separately
ateach fertlity level, farm and maxinmm.

The st main query of the “A™ Experi-
mentconcernsonly Rhizobium at differing
levels of fertility.

(¢) Isthevyieldol the Rbizobium inocu-
lation treatment the same at each
feruliny level?

Comparisons Among
Treatment Mcans

These queries can be formulated as linear
contrasts among the reatment means. For
example, the first question can be stated
(using the previous treatnent notation for
convenience) as

CIS(ES HM3) 2 (1 + M)y 2=0 27

Sunilarly, cach of the other questions
can be for mulated 1o ask whether o lincar
contrast among the reatment means iy
cqual to zero. These contrasts, neveafrer
called reatment comparisons, wre given in
Tuable 1.

The treaunents have been selected for
certain designed comparisons among the
treatments. H the interaction compartsons
(comparisons I and 3) ave judged 1o be not
mmportant, then eannent differences can
be auributed 1o treatment comparisons 2
and -1 {often referred o as the inoculation
and N source main cffects). The compar-
ison of maximum and farm fertility levels
with inoculation (comparison 3) completes
the set of planned comparisons among the
treatment means. I the mteractions are
judged 1o be importent, then comparisons
2, 2B, 1A, and |IB (often referred to as the

moculation and N source simple effects)
should be examined. Since the set of compar-
isons used in the interpretation depends on
the evaluation of the interaction compar-
ssons as the firsestep, all nine comparisons
are caleulated during the data analysis, In
pracuce, however, only comparisons 1, 2,
3.1 and b oare uttlized if both intevaction
comparisons are judged to be not impor-
tant, I the interactions e important, the
stmple effect comparisons, 22, 2B, 1A and
1B, replace compuartsons 2,4, and 5.
Statsticallv, we will run the ¢ est 1o
evahuite whether a reatment companison,
estimated the treasment
means, s signficanty different from zero

from observed
In order to consiruct this test, we firstderer-
mine the standard civor of the estimated
rreatment compadson, For example, from
the cocllicients of teatment means that
appear in the reatment comparison Rhizo-
buumnvs. control, namely,  (F3+ M9 2aad
=(FI+MT1)/2, the standard envor of the esti-
mated treatment comparison is the squanre
root of

(O 207+ (1 207+ (=1 202+ (=1 2)*) g% v

where o denotes the experimental error of
the expernnent and r is the number of
rephications, An estimate of o7 can be found
as the experimental error from the analysis
ol vartance table. Similarly, the standard
error can be calculated for cach neatment
comparison. Then, for cach experiment,
the major questons regardimg Rhizobium
inoculation would be answered.

Clycirie max (Soybean) Case Study
Sovbean grain yiclds from experiment

AS 620,

destgn experiment witli four replications,

a1 randomized complete block

will be used as a case study of an inrasite
data analysis.,

Output I gives the analysis of vinviance
and other summary statistics. The model
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DEPENDENT VARIABLE:
SOURCE
MODEL
ERROR

CORRECTED TOTAL

SOURCE

SLOCK
TREATHTS

SEED_YLD
DF
8
15
23

DF

SEED YIELD (KG/HA)
SUM OF SQUARES
7368172.83333333
2282160.125C0001

9650312.95833334

ANOVA SS

97807.12499599
7270365.7083333¢

EXPERIMENT NO.: AS620

NAME OF COOPERATOR: J.R. LOCKMAN

INSTITUTION: TSAAP, PAKISTAN
LOCATION: LAHORE, PAKISTAN
CROP: SOYBEAN, GLYCINE MAX

VARIETY: WitLL]AMS
SOWING DATE: MARCH 4, 1981

ANALYSIS OF VARIANCE PROCEDURE

MEAN SQUARE F VALUE

921021.60415667 6.05

152144.00833333

F VALUE PR > F

0.21
9.50

0.8849
0.0003

PR > F R=-SQUARE
G.0014 0.763515
STD DEV

390.05641686

Output 1. Analysis of variance table and other summary statistics for an INLIT “A” Experiment (intrasite analysis).

C.V.
15.8864
SEED_YLD MEAN

2455.29166667



sum of squares includes (@) the block
(BLOCK) sum of squares with 3 degrees
of freedom, and (b) (he treamment
(TREATMTS) sum ol squares

degrees of freedom. The crvor mean square

with 5

with 15 degrees of [recaom is the estimate
of the expertmental error amd it is used for
cevaluating the mmportance ol the eat-
ments (I value with b and 15 degrees ol
freedom). The value under PR > I s the
probability of an observed value larger
than the caleulived value on chance alone.
The Fvalue ol 9.56 indicates theve are treat-
mentdifferences thatare statistically signif -
icant at the I percent level; thatis, there is
less thanone chance per hundred that these
cltects were due to chance alone rather than
to the effect ol the neatments, The actaal
probabilicy in this case was 0.0005, or three
chunces out of ten thouwsand ol the effect
being due to chance alone,

Included in Outpur 2 with cach of the
nine treatment comparisons e the esti-
nmate of the comparison, the sandard ernvon
of the estimate, the 95 percent conlidence
tnterval, the £statistic, the PR >4, the proh-
ability of anobserved value lareer than the
absolute valuc of the calculated on chance
alone. This probability is called the signili-
cance level and is associated with o two-
tatled aliernative hypothesis, I the experi-
ment were repeated o Lovge number ol
times and a 95 percent confidence interval
calculated for cach experiment, then we
would expect 95 pereentof these caleulated
confidence intervals to include the value ol
the rue ditference of the comparisons. The
estinate, the standard error of the estimate,
and the lower and upper limits of the 95
pereent conlidence interval ave i the same
units as the unit
kg ha for grain vield, The ¢ statistic [or
cach comparison is theratio of the estimare

of measurement, t.e.,

to the standind error of the estimate,
Judging the importance of the two inter-

actions (comparisons L and 3) can be based
on the magnitude and significance level of
the dstatistic or the widdh of the confidence
interval, Quick procedures for evitluating
the importance of an interaction include
determining whether the confidence inter-
vil includes zero and whether the ¢ value
hasasignificance level greater than 0.05. If
cither of the ibove ts true, then the inter-
action 1s judged not 1o be important,
Remember, however, that the width of the
imterval depends not only on the esthmate
and the standard error butalso on the level
ol conhidence.

Hohere tsan inoculatton by fertility level
interaction, then the inoculation effect is
not the same achoth tevaliny levels and one
should ook toseear whattertbity level the
cllect 1s more important. Likewise, with
the N source by fertility interaction, one
thiat
tmportant, and then go on 1o investigate
the N osowrce difference ac both farm and
maximum levels of Tertitiy,

should ascertain the mteracuon s

Thenwo main effects, inoculation and N
source, and the maxinam vs, Lo fertiliny
with moculation comparison, are self-
explanatory and e the pertinent questions
with respect to the main question: whether
or not. with the present state ol the art,
fegume inoculation affects vield. These
comparisons will indicate whethey or not
inoculaton inereases vields, whether higher
vields can be obtained with inoculation
than with fertilizer nitrogen or vice versa,
and. if inoculation increases vields, whether
it does so at both high and low fertility
levels.,

In Owput 3, the rearment yields are
printed out by veplication along with the
means and standard ervors (within paren-
theses). Once 1t has been determined that
CCTGHN COMpnisons e important, one
can go to the able of means and see the
actual magnitude of treatments, N source,

17
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EXPERIMENT NO.:

AS620

SEED Y!ELD (KG/HA)

| COMPARISONS

AMONG

TREATHMENT

MEANS

COMPARISON

INOCULATION By FERTILITY INTERACTION
INOGCULATION VS. CONTROL

EFFECT DF INOCULATION
EFFECYT OF INOCULATION
N SQURCE BY FERTILITY
N SUURCE: INOCULATION
EFFECT OF N SQURCE AT
EFFECT OF N SOURCE AT

AT FARM FERTILITY

AT MAXIMUM FERTILITY
INTERACT ION

N VS. BAG N

FARM FERTILITY
MAXTHUM FERTILITY

MAXIMUM VS, FARM FERTILITY WITH INOCULATION

COMPARI SON

INCCULATION BY FERTILITY 1. . RACTION
INOCULATIGN VS. CONTROL

EFFECT OF INOCULATION
EFFECT OF INUCULAT]IOM
N SOURCE BY FERTILITY
N SOURCE: INOCULATION
EFFECT OF N SOURCE AT
EFFECT OF N SOURCE AT

AT FARM FERTILITY

AT MAX IMUM FERTILITY
INTERACTION

N VS. BAG N

FARM FERTILITY
MAXIMUM FERTILITY

MAXIMUM VS. CARM FERTILITY WITH INOCULATION

Output 2. Estimates, standard errors, confidence in

ESTIMATE

-125
1167
1292
1042
3719
Q22
543
1301
303

STANDARD ERROR
OF ESTIMATE

195.03
195.03
275.81
275.81
195.03
195.03
275.81
275.81
275.81

95 X CONFIDENCE INTERVAL

LOWER L1

~-541
751
704
454
-36
506
~45
713
-285

ment means for an INLIT “A™ Experiment (intrasite analysis).

MIT

T FOR HO:
UPPER LIMIT PARANETER=0 PR > ITI
290 -0.64 0.5304
1583 5.98 0.0000
1880 4.69 0.0002
1630 3.73 0.0018
795 L.94 0.0708
1338 4.73 0.0003
1131 1.97 0.0679
1889 4.72 0.0003
891 1.10 0.2889

tervals, and significance tests for planned comparisons among treat-



or fertility means.

The individual treatment comparisons
focus on where the yield increases (or
decreases) occur. Referring again 1o the
outputs, the treatment comparisons (Out-
put 2) and means (Output 3) enable one to
evaluate effects. Treatment comparison |
indicates that the inoculation by fertility
level interaction is not important: that is,
the magnitude of the inerease due to inocu-
Lation is essentally the same at cach level
ot fervtity. That the interaction is not
important is indicated by the fact that «ero
is bracketed by the two 895 percent conli-
dence Timiues (<511, +290). The ¢ statistic is
another way of looking at the same thing.
The t of 061 indicates a probability of
0.530-1. In other words, there is about a H0
percentehance of gerting this value withowm
regard to treatment elfects, the same prob-
ability as with chance alone. Since this
interaction is not important, the simple
effects 24 and 2B can be ignored. Sonse-
times, however, whether or nota compan -
ison is important will not be as obvious.,

Treament comparison 2, inoculation
vs. control, iy another casily deternimed
case. Phe oatpurshows that the 95 percent
confidence interval is nowhere close to zero
and that the ¢ value has a prokability ol
0.0000. That is, there is than one
chance inten thousand of this value being

less

obtained by chance alone. Therefore, there
is an effect due to inoculation. The esti-
mated magnitude of this elfect isan increase
of 1167 kg ha with a standard ervor of 195
kg ha. From the 95 pereent contidence
interval, we would expect the increase to be
between 751 and 1583 ke ha.

Whether fertilizer ninogen and i hizo-
brum inoculation have the smne effect i
both fertility levels (treaument compatison
3) 1s not quite as obvious as treatment
comparisons 1 and 2above. The 95 percent
conflidence interval contains zero, but zero

is close 10 the lower limit. The ¢ statistic
has a probability of .07, which is rela-
tively close to the .05 level generally used
as a cutoff poimnt in field researeh, In this
case, if one chose the 90 percent confidence
Himit for assaving importnce. the zero
would be outside the confidence limits (the
actual signilicance level of the ¢ otest s
0.0708) and the comparison would be
deemed portant. In this situwation, the
researcher would go on to treanment compar-
sons EA and B (N souce simple effects).

Hereo with neamment effect 1A, going
through the sime reasoning nrocess used
above, one sees that most of the effect is at
the maximum tertility level, The 95 percent
contidence mterval encompasses zero for
the L dertliny level, but just barely. The
probability ot the + value being due 1o
chance alone 18 0.07 (0.0679). I one were
looking tor any taends thatmight be there,
oncmightaccepta 7 percent level of signifi-
cance as mmportant i this sicaation. and
estimate the effect to be 513 ke ha,

With treatment etfecr 1B, the N source
simpleettectarthe masimum teniliny level
accounts for most of the effect due 1o N
source. Fhe 95 percent confidence interval
falls nowhere near evo and the probability
ol dhe tvalue being due 1o chance 1s 0.0003
(three times o of wen thousand). The
actual elfecthere was 1501 ke has stated in
other words, one could expect to get, at 99
percent confidence. an increase compared
with bag nittogen somewhere between 713
and 1889 kg ha by praciicing Rhlizobium
imoculationat the maximum tertility level.

Atthis pointone should avoid the temp-
tation to attempt conversion of the above
vield imcrease into equivalent pounds of
nitrogen fixed by the arop. The increased
vield of the noculared plots over the bag
nitrogen plots could be the resultof insufli-
cient N being applicd to atain maximum
vield, butthisis unlikely here since instruc-
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EXPERIMENT NO.: AS620

SEED YIELD (KG/HA)

NI TROGEN

CONTROL BAG N RHIZOBIUM
FERTILITY
Fl F2 F3
FARM 1052 2756 2959
1811 2211 3clLy
2211 2581 2841
1757 2281 3183
TREATMENT MEANS: 1708 { 195} 2457 ( 1951 3000 ( 195)
FARM FERTILITY MEAN: 2388 ( 113)
M1 M2 M3
MAX [MUM 2957 2453 3038
2250 1943 3136
1951 2087 3328
1888 1525 3711
TREATMENT MEANS: 2262 ( 195) 2002 ( 195) 3303 ( 195}

MAXIMUM FERTILITY MEAN: 2522 ( 113)

CONTROL BAG N RHIZ081UM
MEAN MEAN MEAN
1985 ( 138) 2230 ( 138) 3152 ( 138}

OVERALL MEAN: 2455 ( 80)

*3% IN PARENTHESES ARE THE STANDARD ERRORS #%#

OQuiput 3. Plotyiclds, treatment means, fertility means, nitrogen means, overall mean, and standard errors for an INLIT
*A"” Experiment (imirasite analysis),
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tions call for applying cnough for maxi-
mum vield. Tt could be the rvesult of the
nitrogen leaching or otherwise being made
unavailable to the crop. Or i could indicate
that the cvop was unable to ke up adequate
amounts (quantities) of mineral nitrogen
under the prevailing conditions.

If. when evaluating comparison 3, the
interaction had not been deemed impor-
tant, one would have considered only
compartson L. Comparison 1 is obviously
inportant. The 95 percentconlidence inter-
vitl is far from zevo and the probabitity of
the ¢ value being due 1o chance alone is
again 0.0003, or a probability of three in
ten thousand. Therefore, evaluating this
1 standard
crror gives a vield incrense of 9922 + 195

main cffect, the estimate

ke hie oran increase somewhiere hetween
727.nd 117 kg hadueto RLzobiuom inoc-
ulation tevtilizer nitrogen. (T'his
mterval, £ stndard ervor, isroughly a 67

Oved

pereent confrdence mierval.)

Comparison 5, the maxtmum vs. farm
tertliny eticcowith Rhizobiim, is obviously
not important. 'The 95 percent confidence
mterval indludes zero although sero s
well oft center) and the probabiline of the ¢
value being due 1o chance alone 1s 0.3
(three times out ol ten). Therelove, one can
conclude that under the conditions of this
experiment inoculation was equally effee-
tive at both tevtility levels,

IV. NONORTHOGONAL
COMPARISONS AMONG
TREATMENT MEANS

The nigor questions posed inan INL.IT
experiment lead to a nonstandard analvsis
of the data. In panticuiar, the ueatment

comparisons outlined in Table T torm a

nonorthogonal set of eatment compun-

tsons. Table 2 displays the coefficients of
the six treatments for two comparisons
given in Table 1, inoculation vs. control

(comparison 2) and inoculation N vs, bag
N (comparison -}),

Fach comparison sums to zero (the defi-
nition of & contrast), but when the sum of
cross-products is not zevo, the two compin-
isons are said to be nonorthogonal, T'wo
immediate ramifications of nonorthogonal
DCatment COmparisons arise:

Gy When cach of the five major treat-
ment comparisons from Table 1 s
eviluated separately as in Output 2,
the ive assoctated sums of squares
will notadd to the treatment sum of
squares with H degrees of freedom
given in Output 1 the treatment
comparisons are evaluated sequen-
tiallv, the interpretation of the treat-
ment compaiison can change,

() The experiment-wise error rate, i.c..
the probability ol declaring at least
one treatment comparison diflerent
from zevo when, in Lact, there are no
ditlerences among the six treatment
means (Chew, 19800, is impossible
to calculate analvtically and conse-
quently is unkiown. Only by com-
puter simulation studies can the
experiment-wise error rite be even
approxinuited,

H the standind deviation, g, wias known
and cach test of five orthogonel compar-
tsons wis run ata = 0.05, a filse repoction
ol one contrast would not allec: possible
Lalse rejections ol the other contrasts. Thus
the experiment-wise error rate would be |
= CLO=0.05) =025 This follows since the
orthogonality o con parisons and  the
assumption of normal experimental error,
which is assumed heve, jonthy imply that
the estimated treatment comparisons are
statistically independent. However, the five
treatment comparisons ol interest in this
fnvestigation are notorthogonal and, henee,
()]

-



Table 2. Comparison coefficients for comparisons 2 and 4

--------- Comparison Coefficients ---------

FL F2 B3

Comparison 2 -C.5 0.0 0.5

Comparison 4 0.0 -0.5 0.5

Preduct 0.0 0.0 0.25

Ml

-0.5
0.0

0.0

M2

0.0
-0.5

0.0

M3

0.5
0.5

0.25




are not independent. The correlation
between any pair of comparisons is equal
to the sum ol the cross-products of the
comparison cocflictents divided by the
square root of the product ot the two sums
of squares of the compartson coetficients,
For example, the correlation berween
comparisons 2and Lis equal to .25 + 0,25
divided by the squine roct ol (b, Al ihe
correlations may be displaved as shown in
Table 3, where 0.707 isthareciprocal of the
square root ot 2. From consideraiion ol the
table rows (or columns) we note tha each
treatment compar ison is correlated with
once or two other nearment comp nisons,
The mnteraction companisons | and 3 e
conclated with cach other and with compan -
ison b, FPhe main effect companisons 2and
e correlated with cach other, while
comparison b s corvelated with the two
interaction comparisons. Noie thatall the
correlations in the table e positive,

This imphes that 0 one falselv rejects o
contrast being cqual o zero d then
constders another conast with which i is
positively cortelated, the probabilin of
also rejecting the Tatter contvast is ereater
thuan the quoted sigmificance fevel,

Here we consider ihe probabiline ol
falselv rejecting comparison 2 when we
have alveady falselv rejected compaiison |
and, henee, calondate the experhment-wise
error rite considering only these two cone-
tasts. Shis calculation 1s based on the
multiviriate Student ¢ distetburion,

Themuluvirie verston ol the Stadent ¢
distriburion must be used because the five
conttasts are nonorthogonal and. hence,
are corretated; and anoacalite, we must
estimate the experimentd crron. Using
computer sinakiton the procedure is o
estimate the proportion ol joint rejections
of the comparisons fora given possible a =
0.0h cviical pointlor the individaal ¢ tests.
This wasdone using the GGMNR subrou-

tine of IMSI. (Internationad Machematical
and Statistical Library), Tawenty thousand
sets of frve independent normal variables,
cach with mean zero and variance = 11,
were generated. Foreach setol sisvariables,
the e contrasts were Giloulated and the
corresponding 7 tests were computed. The
estinnte of o was randomy generated as
the square root of @ chissquaned vaable
with 15 degrees of freedom, The five
valaes then have the same mdtvan e ¢
disuibution as would the tive ¢ vidues
arising i the analyvsis of an experiment,
In panticaln dovcomparisons 2aad 11l
commpartson s talselv rejeared, then the
probabiliny of talselvicjeanmy companison
2020 Intheorthoconal case this vodue
cauals 00930 One nueht thinke tha the
Litter he 0,00 1or « =005,
However, since the experimental envor must

value should

he estimated, the ftesis e notorthogonal.
dhe case ol known exparimental crror was
also constdered e the sanme simuladion,
Here the conresponding probabilities were
Cas and 0.06. The Tater value s slighthy
oft from the expected vidue ol o = .05, bt
withmacceptable simulation error, Stmilin
results were feand for the other pairs ol
COMPRTisons.

The second major ranlicaion ol the
nonorthogonality of the five major treat-
ment companisons i Table 1as dhar the
sum ol squanesfor the individual contrasts
do notadd to the neanment sum of squares
with 5 degrees of freedom. In pandicular,
the sums ol squanes for a contrast companr-
Ison mav he computed as:

SS (comparison) = (= (Expul. FErvor M.S.)

where ¢ is the ratio of the esumated com-
parison to the standard error of the com-
parison and MLS. is mean square.

In this case, one cannot interpret the
sty of squares for the comparisons as a
parttioning of the reatment sum  of

‘)f;



Table 3. Correlations among treatment comparisons

Treatment  ____ Treatment Comparison ---—-—--—--
Comparison No. 1 2 3 4 5
1 1 0 0.5 0 0.707
2 0 1 C 0.5 0
3 0.5 0 1 0 0.707
4 0 0.5 0 1 0
5 0.707 0 0.707 0 1




squares, whichrepresents the totalamount
of variability 1n the treatment means,

The problems encountered in interpre-
tation are especially evidentif the anaiysis
is done using a4 computer regression
prograny; ¢.g., the regression procedure of
the Statistical Analvsis Svstem (SAS, 1982),
One method for compuating the suins of
squares due to our five comyparisons would
betoenter the comparisonsdirectly as inde-
pendent vaniables inaoregiession program
(AHen and Cady, T98200 For exanaple, the
tresnment coellicients tor comparison 1, as
shown i Table T,oioe 0.5, 0.0, -0.0, =05,
0.0, and 05 tor che I F20 150 M E M2 o
M treaiments, vespectively, Phese coctl-
cients then become the values of the inde-
pendent vanable X oin a0 1egiession
program. Fowr addinonal indopendem
vartables, N20 NSO X L and Xoocan also he
constructed from Table Tand displaved as
in Table 1.

The set ol values in this displv represents
one rephlicaton ol the experiment amd
must be repeated three additonal tunes for
the analdysis of the 21 observations. The
regression analvsis wounld then be run with

these five N-vavtables as the independent
variables and the 21 measured vield
tesponses as the dependenvariables, 1 the
[ive treatment comparisons were ortho-
gonal, the order of the five X-vartables
would notmake any ditterence, The anal-
vsis could be done one X-variable ata time
or all five N-variables toeether in o omul-
tiple regression analbysis. Fhe estimated
comparisons and the associated sums of
squares would noi depend on the
sequencing of the N-vartables, ITnoregies-
‘onterminology. the seqaentialand paitial
regression coctficients clicestimated compran-
isons) would he the same. The sequential
and partial sums ol squines wounld also be
the sanme CAHen and Gady, 1982,

With a nonovthogonal set o compani-
sons, howevers the onderning (sequencing)
cb the hive N-vinntables ts impaortant, i
exaonple, with the ordenmg NEX2, X,
N XD the sequential suims of squanes
Chype b sumsof squares in SASHor X and
N2 e the sums of sqaares associated with
the comparisons s we would expect from
LTable Toninnmely, the mocabation by ferelin
interaction and the moculaton vs. control

Table 4. Regression variable representation of the five major
comparisons shown in Table 1

————————— Independent Variable -----=---

Treatment Xl X2 X3 X4 X5
Fl 0.5 -0.5 0.0 0.0 0.0

F2 0.0 0.0 0.5 -0.5 0.0

F3 -0.5 0.5 -0.5 0.5 -1.0

Ml -0.5 -0.5 u.0 0.0 0.0
M2 0.0 0.0 -0.5 -0.5 0.0
M3 0.5 0.5 0.5 0.5 1.0




comparisons. However, the sequential sum
ol squares for Xof, after X1 and X2, would
be the sum of squares for another compan-
ison that compares the average of control
and Rhizobiun with bag N Similarly, X3,
after N1 and X2, is the interaction of this
compartson with fertilicy level Recall that
compirison fwas setup to compire bag N
and Rhcobion, However, any regression
program will automatcally orthogonalize,
or adjust, cach comparison to the previous
COMparisons.

The comparisons that result hom an
ordering of X1, X2, X3, X1, X5 are the
il analssis-of-vin tance orthogonal
S tactorial neatment
hetween

comparisons lor a2 -
destgn, el (b the imteraction
Rilvczobrom vsoconnol and fnm vs, masi-
me fevoliovs ey che maan ellect of Rco-
boom vs.contol:ch the interaction hetween
the average ol Bo-obiion and contol v,
bag Nand firmovso maxomom e liny: o b
the mam elfectot theasarave of hrobium
and connol vso bae N and oo the main
cllccr of ferabiny Tovell Faen mhough these
aeasnaighdornwind set ol comparisons
and e orthogonal, they do not stike a
the main questions ol the INLIT investiga-
tion and we forego theny in favor ol the
nonorthogonal set ol comparisons.

Finallv, we should nore thar the sum ol
squares lor comparison 5 and compinison
Fean be computed i regression analysis
hom theordering M3 X 1N X2, XS, The
sequential st of squanes for X2, ater X3
and NeLowould be the sum o squanes for
the comparison between the average ol
Rlvzobioon and bag N vs contol: and N1,
after X3 and N would be the interaction
of this compaison with fertilin tevel.

V. MULTILOCATIONAL ANALYSIS
OF INLIT DATA
In the INLIT, the same experiment is
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carried our at several locations and is also
repeited over severad seasons. Afteran intra-
stte data analysis emphasizing the five
basic treatment comparisons ot cach envi-
romnent Gm experiment daring a given
seasotrat i gi\'('!] location) we now want to
combine the datiromall the environments
into- one multilocational analvsis, Note
that the tems envitonment and experi-
ment, and also site when aeterred 1o oas
mtra-orintersite,are used interchangeably,

Fachexperimentrelects conditions of its
particularenmvivomment. Forexample, previ-
ous moculanionand low pH e soti condi-
tonsreflecting the particuko environment,
excessratnbadlisa paniculan weather condi-
tion,and good weed connol is a particalar
experimenter condition. Consequently,
there s motnvation to investigate the consis-
tency ol owr treatment comparisons ovel
the environments to understand that neat-
N Compaaiisons Ginvany lront enyiron-
ment o e itonment. For example, do all
civiromments i the network show a similir
1esponse to inoculation?

Abastc mativation toramultlocational
analysis s the conceprual need 1o make
mterences toa koger rearon e that repre-
sented by aoseries of individual Tocalities.,
Fachenvironmentis envisionedasasample
brom a population of envitomments, Then
the enviromment is the hasic experimental
untt and is considered areplication of all
the experimental conditions aftecting the
treatments at an ndividaal envitonment,
The resulis of the multlocrional data
analysis need o bhe communicated 1o all
the cooperators o have an exchange ol
informanion thhough the network linkages.,

INLIT multlocational daca analvsis s
developed i the remainder of this section,
starting with the preliminmy combined
data analysis, followed by the environment
means datanalysis, The entive procedure
is shown diagrammatically in Figure 9.



Review of experiments for combined analysis

A\

No
Adequate .| Withhold
b Yes
Retrieve data from data base
o
Multilocational data analysis and interpretation
2\

Information exchange with cooperator

Figure 2. Flow chart for multilocational analysis of INLIT data.

Preliminary Combined Daia Analvsis

General information on the analvsis of a
series of experiments is given by Cochran
and Cox (1957, Though certain aspects ol
dita analysis have changed inrecent veas,
¢.g.. the emergence ol statistical computer
packages, the principles and general
approach ol combining experiments given
in Chapter 1ol Cochvan and Cox are still
useful tor experimental networks,

Majorobjectives of the preliminary com-
bined data analysis include:

() Evaluation of the consistency of
individual environment teatment
comparison estimates icross the
environments,

(b)

Estimation of treatment comparisons
averaged over the environments,

The two objectives have 1o be approached
sequentially. H the consistency evaluation

shows thata particular treziment compar-
ison is not consistent over the environ-
ments, Le.oan interaction exists between
the teatment comparison and envivon-
ments, then the interpretation of the ueat-
ment compatisons averaged over the envi-
ronments is not clear.

Fach environment has a data analysis
structine lor assignment ol vield vari-
ability 1o certim sources. The intrasite
dataanalysis developed previously in See-
ton HE is summarized in ‘Table 5 as the
basis for the preliminary combined data
analysis,

When muasite data analvses are com-
bined into a multilocational data analvsis,
twoncew components have to be considered.
The average vield Tor cach environment
varies; consequently, part ol the vield vari-
ability, and ac times a0 major factor in
accounting for yield variability, is the varia-
tion among the environmentaverage vields.
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Table 5. Summarization of intrasite data analysis

Degrees of
Source of Variation Freedom
Blocks (Reps) 3
Treatments
Inoculation by fertility interaction (COMP 1) 1
Inoculation vs. control (COMP 2) 1
N source by fertility interaction (COMP 3) 1
Inoculation N vs. bag N (COMP 4) 1
Maximum vs. farm fertility with inoculation (COMP 5) 1

Experimental Error 15




Secondly, and the major reason for the
preliminary combined data analysis, is the
recognition that the vield response for cach
treatment comparison might not remain
the same over all the enviromments. The
analysis will need to include five tmersite
interaction terms between cach treatment
comparison and environnients.

In additon 1o the two new components,
the three origimal sources of variation of
cach intrastte analvsis need 1o be neluded
in the combined analysis, Theseare blocks,
treatment compartsons, and experimental
error. s expected, the neatmient compar-
isons willrepresentthe average effectof the
comparisons over all the environments
since cach reatment compartson is exacth
the same comparisonat cach environment,
[Towever, cach block ar cach environment
1s not necessartly the same identy. Conse-
quently, e blocks sum ol squaves from
cach environmentare added or pooled oven
the enviromments: i data analvsis termi-
nologv. the blocks are nested within the
cnvironments, The degrees ol freedom are
calculied as the sumi of the blocks degrees
of Ireedom from the muasite analvses, If
cach experiment hes lour blocks, then the
degrees of [reedom m the combined analysis
are the product of 3 and the number of
environments. Similarly, the experimental
crrors for the intasite analvses are pooled
together in the combined analvsis, Then,
theanalvsis of variance tible for the prelnm-
inary combmed dac analvsis with penvi-
ronments and four blocks for cach environ-
ment is shown in Table 6. Hereafter, the
interactions between a treatment compir-
ison and environments will be called mer-
site imteracttons, For example:

COMP ]
between inoculation and fertility,

1s the itrasite interaction

The COMP T by environments inter-
action will be known as the COMP 1 inter-

stte interaction.,

Two criticisms of this preliminary com-
bined data analysis are explored in detail
by Cochranand Cox (1957). namely, hetero-
genetty of the experimencl error variances
and heterogeneity oi the reuments by envi-
ronments interic tron with Sep=1 degrees
of freedom,

WHh INLIT, or with international exper
imental networks mogeneral, the experi-
ments covera wide range of environmental
cond:aons and are carried out by rescrchers
who have different
rescarch experiences.
experimental protocol, the assumption of

bhackgrounds and
Despite a common

homogenenty ol all the inmasite experi-
mental errors is notrealistic and the use of
the pooled experimental ervor asanrestimate
ol ¢* can be questioned. Statistical theory
of significance tests indicates that proba-
bility levels should not be considered as
exact probabilities. Unfortunately, the
extent of deviation from the staed signili-
cance levels is wsually unknown. Fortu-
mately, the pooled expertmental error will
be ased only as an indicator ol treatment
comparison intersite intevactions, Adher-
ence to exact probability levels will not be
necessiary. Furthermore, the inal multilo-
cational analysis will be maodeled so that
dependence on the pooled experimental
error will be lessened.,

The second criticism, heterogeneity ol
the mreatments by environmments interic-
tion, also needs 1o be handled in the INLIT
analvsis. Frst, the INLIT trauments are
immediately setup asfive neatment compar-
isons, and the reatments by environments
interaction also would be analyzed as [ive
potentially hicterogencous interaction
ternts. In fact, heterogeneity ol the inter-
action terms can work to our advantage.
Constder the lollowimg scenario. The COMDP
2 (inoculation vs. control) intersite inter-
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Table 6. Analysis of variance table for the preliminary combined data

analysis
Degrees of
Source of Variation Freedom
Environments (p-1)
Blocks within environments 3p
Treatments
Inoculation by fertility interaction (COMP 1) 1
Inoculation vs. control (COMP 2) 1
N source by fertility interaction (COMP 3) 1
Inoculation N vs. bag N (COMP 4) 1
Maximm vs. farm fertility with inoculation (COMP 5) 1
Treatments by envirorments
COMP 1 by enviromments interaction (p-1)
COMP 2 by envirorments interaction (p-1
COMP 3 by enviromments interaction (p-1)
CMF 4 by enviromments interaction (p-1)
COMP 5 by enviromments interaction (p-1)
Experimental error within envirorments 15p

(pooled experimental error)




action is important, but other intersite
interactions are not. Remembering that
replication of an environment is not
nossible, the nonimportant intersite inter-
actions can serve as an estimate of experi-
mental variability, The influence of the
pooled experimental error will be lessened
and the assumptions ol significance testing
wili be more closely approximated (see
Table 1-19 and discussion ol Cochran and
Cox, 1937).

Before proceeding, the nonorthogonality
of the INLI'T set of reatment comparisons
also has to be handled in calculating the
sums of squares of the preliminary com-
bined data analysis. The pooled experi-
mental error sum of squares is usually
calcuiated by statistical computer programs
as the ditference between the woal sum of
squares and the model sum of squares. Tris
then important that the five teatment
comparison sums of squares add 1o the
treanment sum of squares with 5 degrees of
treedom; and that the [ive reatmenteompan--
Lon interstte interaction sums of squares
add o the reatments by environments sum
of squares with d(p-1) degrees of freedom.
Computer programs handle this chore by
calculadng sequenual sums of squares
{Allen and Cady, 1982). Ordering of the
reatment comparisons is important in
calculating sequential sums of squares. As
we know from Section IV, however, the
interpretation of COMP 3 and COMP
after COMP 1 and COMP 2 is not the same
N source comparison as when COMDP 3
and COMP | are estimated alone or in a
sequence belore COMP 1 and COMDP 2,

The primary reason for the preliminary
combined data analysis is to evaluawe the
heterogenedty of the five treatmient compar-
ison intersite interactions, This evaluation
forms the basis for determining the model
and the composition of the error term in
the environment means data analysis.,

Environment Means Data Analysis

Il no intersite interaction is deemed
tportant during the preliminary com-
hined data analysis, then the treatment
comparisons, averaged over the envivon-
ments, can be evaluated following the
development presented i Section {11 Flow-
ever, several chotees ol an ervor teim for
stgniflicance testing and confidence interval
estitnation are now available from the
preliminary combined dataanalysis, Three
alternatives are considered here:

() The pooled experimental error mean
square.,

() The mrersite interaction mean square
that corresponds 1o the treatment
comparison.

(¢) Theaverage mean square of some or
all intersite interactions.

Fach alternatve has limitations. The
pooled experimental error is usually in
violation of the homogeneity assumiption.,
Both (b) and (¢) can be estimating more
than o, the assumed plot-to-plot experi-
mental variability. This incluston of an
additional component ol intersite varia-
bility s perhaps more realistic and s
consistent with previous starements that
an environment should be considered the
experimental unit for making inferences.
No pooling ol poientially heterogencous
quantities 1s required i (h), but the (p-1)
degrees of freedom of (by might not be suffi-
cient. Alternative (¢) is used in the INLIT
multlocational final analvsis,

In general, one or more of the intersite
interactions will be judged important and
an analysis in addition o the preliminary
combined data analysis will be needed.
Thenewanalyvsis will be called the environ-
ment means data analvsisond will utilizea
data base of the six oeatment means from
cach environment, i.c., cach environment
is one replication with six treatment means
as observations.
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Features of the environment means data
analysis include treanment means for obser-
vations and @ model formulbated from the
preiminary combined dara analysis, but
reduced in number of parameters, One o
inore of the mtersite imieractions will he
utilized as a measure of experimental vari-
abitity for significance testing and conli-
dence intervalestimanon. Fhe most prom-
ising candidates are the inreractions
hetween environments and  teatment
comparisons Fand 3. as these two intersire
iteractions would not bhe expected to he
lorae,

Interactions hetween envivomments and
neatmentcomparisons 2 and e more
Hikelv, especially the COMP 2 comparison
ol mocubuion vs. conttol. Some enyvivon-
ments will give aoresponse 1o Rid=obiom
whereis others will not. The magniiude of
the COMDP 5 mtaraction
depend onthe velative ditlerences hetween

mitersite will

Fom and maxnmun fertihiny across the
An
cnvitonments and compinison 1 is more
difficalt to understand.

The environment means dat analysis
should be sutlicienthy flexible o inclade
additional viniables 1o explain or at least

cnvitonments, mieraction hetween

account lor nmportant intersite interaction
sums ol squines, For exaonple, it envi-
ronments give ditferential inoculation
responses, then one or more factors, not
contolledateach envivonment but vinying
among  the environments, need 1o be
identificd.

INT T was designed to inchade micasure-
ments at an carly stage of giowth in addi-
tion to hinal aop vields. Nodule number
and nodule hresh weight were sunong the
carlyv determinations, These data can he
used to classify the previous inoculation
status ol cach envivonment. Both vaviables
are continuous viniables, but due 1o field

experimental problems, the nodule data
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have been used 1o form o dichotomous
variable, cither a recent history of the
particular crop or no previous history,
Then degree of freedom of the COMP ©
imtersite imteraction degrees ol freedom is
associated svith the interaction variable
between COMP 2and previous aop history.,

The reduced model tor the environment
means cataanalysis will then include (p-1)
variables tor envoonments and viniables
for both treatment comparisons and inter-
site interactions that bave been shown 1o
beimportangm the preliminary combined
dati analvsis, The (p=1) envitonmental
vintables e mdicator variables (A len and
Cady, TOS2) constucted so that the set ol
vinables represents an orthogonal ser, If
onecenvitonmental variable has heen fonmu-
Lved as acdichotomons vindable 1o account
for an intersite interaction, the remaining
(p-2) environmenal vintables are con-
structed as indicator variables orthogonal
to the dichotomous vaniable,

With morve than one dichotomous vari-
able or with one or more continuous envi-
ronmental vinables, calculiation of o stan-
dind crvor tor o acatment comparison i
morecomplex duetolack of orthogonaliy.,
However the general suategy of the prelim-
iy combined data analvsis for model
formulation input o the environment
tcans dat anadvsis remains the same.
From this final analvsis, estimates and stan-
dand ervors of the fmportunt neatment
comparisons can be calculared.

The next section gives a case study for
chickpea (Ciceravietinum) deimonstrating
an INLTE muldlocational daa analysis.

VI CICER ARIETINUM (CHICKPEA)
MULTILOCATIONAL CASE
STUDY

Grain yvields rom 20 chickpea experi-
ments have beenreceived from cooperators,

Sixexperiments swere not used in the multi-
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Table 7. Cooperators, locations, and sowing dates for chickpea
experiments in multilocational analysis

Experiment Cooperator Location Sowing date
AS480 B. R. Gupta Kanpur (UP), India Oct. 1980
AS487 Shankar Lal Fyzabad (UP), India Nov. 1980
AS496 A. S. Tewari Gwalior (MP), India Nov. 1980
AS498 N. K.Gupta Jhansi (UP), Irndia Nov. 1980
AS507 H. N.Singh Shahjahanpur (UP),India Nov. 1980
AS510 Dy. Dir. Agric. Bareilly (UP), India Nov. 1980
AS51. R. P. Pareek Pantnagar (UP), India Nov. 1980
AS572 H. G. Singh Kanpur (UP), India Nov. 1980
AS603 K. A. Malik Faiselabad, Pakistan Nov., 1980
AS755 A. K. Habibullah Mymensingh, Bangladesh Nov. 1981
AS762 0. P. S. Shilhodie Shahjahanpur (UP),India Oct. 1981
AS769 S. N. Gupta Jhansi (UP), India Oct. 1982
AS962 K. A. Malik Faiselabad, Pakistar Nov. 1982

AS968 Md. Shahjahan Joydepur, Bangladesh Nov., 1982




Table 8. Means, standard deviationms, tgeatnent comparison estimates, and standard errors for
Cicer arietinum grain yields

. . std Errd  Std Eer
Eniviromment Mezan Std Dev: = = cemmees Treatment Comparison~ ------- of of

1 2 3 4 5 ooMP 1-4 CMP 5
AS 480 2896 146 -17 1063 -351 668 24 73 103
AS 487 2269 247 =40 15 69 202 -25 124 175
AS 496 1130 113 -116 211 97 -73 =53 56 80
AS 498 1764 573 177 344 250 271 354 287 405
AS 507 1060 383 252 89 215 -118 483 192 27%
AS 510 2493 145 -115 260 -10 198 =42 73 103
AS 513 2128 437 -302 -94 31 52 =271 219 309
AS 572 1869 180 -182 611 ~248 284 -278 90 127
AS 603 2097 442 221 -87 300 183 608 221 313
AS 755 1904 264 27 360 2 202 25 132 186
AS 762 2536 238 =42 -187 10 17 42 116 16"
AS 769 3576 336 =52 448 -135 -240 -208 168 235
AS 962 2291 247 -40 1210 -262 625 242 124 175
AS 968 1656 219 -10 198 104 146 208 110 155

& All values are in units of kg/ha.

b

Standard deviation

€ The five treatment comparisons are:

(3) N source by fertility inter

Rhizobium.

d Standard error

(1) inoculation by fertility interaction, (2) Rhizobium vs. control,
action, (4) Rhizobium vs. bag N, and (5) farm vs. maximm Tertility with



locational analysis due to exuemely low
vields, mgh coefficients of variation, or
otherexperimental field problems. Table 7
lists the cooperators, locations, and sowing
dates for the remaining I experiments.
Means, standard deviations, and neatmem
comparison estimates and standind errors
are presented in Table 8. Al caleulations
are done with the satistical computer
package Statstcal Analvsts Svstem (SAS.
1982).

From Table B, the magnides of the
muasite interaction compaisons 1 and 3,
spectiically inoculauon by tertlity and N
source by tertulity, do ot appear 1o be
nnportant relative to their standard ervons,
I so, interpretation can focus on the main
eftects, COMP 2 (inoculation vs. control)
and COMP 1N source), and the eftect of
COMP 5 (farm vs. maximum lertility with
inoculation). The vield responses for these
COMPArisons iate not as consistent over the
cnvironments, especiallv for the inocula-
tion effect ol CONDP 2,

The combined analvsis of variance table
(Cochran and Cox, 1957) ol Output 1isa
decomposition of the model sum of squares
into four werms including experiments,
blocks within experiments, treatments, and
treatments by experiments interaction, The
I ostustic with 65 and 210 degrees ol
freedom evatuates the reanments by experi-
ments interaction, e, the consistency ol
INUAsIie reatment comparison estmites
across the envivonments (labeled as experi-
ments in the output). The I ovalue is the
ratio ol a mean squine o the error mean
squanre (pooled experimental ervory while
PR > 1715 the probability of an obscrved
value exceeding the calculivned value of T
by chance alone. Associated with a small
probability Tevel, the Fovalue ol 255 i
unlikely to occur by chance alone.

I the composite evaluation of the treat-
ments by experiments interaction had not

been important, one approach would have
been to proceed directly to the five compar-
tsons at the bottom of the output. These
estimates are the intrasite estimates averaged
over the FEexperiments. For example, the
average difference between the Rhizobium
and control treatments (COMP 2) 1s 317
kg ha cwith a standard error ol 11.63).
However, interpretation ol the CONP 2
estimate s not clear without additional
examination of the neatmenrs by experi-
ments interaction,

Uhe prelitninary combined data anal-
veis, outlined in Section V', contains a
breakdown of the teatments by experi-
ments interaction sum of squares into five
potentially heterogeneous intersite inter-
action terms. Fach of the last Live sums of
squanres i Oueputs 1A and 4B is an inter-
action between experiments and one of the
five major meatment compinisons, With
the nonovthogonal nature of the INLIT set
of eatmentcomparisons, the five intersite
compitrisons necd to be calculated sequen-
tiallv. The “"TYPE T SS™ e sequential
sums ol squares (Allen and Cady, 1982)
with the five treatment comparisons
appearing ina CONP 1, COMP 2, COMP
3. COMP A4, COMP ) ordering in Output
FAL while Ouwiput 1B reflects a COMP 3,
COMP -, CONP 1., CONP 2, COMP 5
ordering. The sums of squares for cach of
five treatment comparisons and intersite
interactions for both outputs will add 1o
the sums of squares for treatments and treat-
ments by experiments of the classic com-
hined analvsis of vartance table of Output
1o Simee COMP 2 and COMP 1 are the
major questions for INLI'T, only the two
orderings of OQuiputs 1A and 1B need 1o be
considered.

The values of the sequential sums of
squares depend on the order of the input
variables. While the COMP 2 intersite
interaction sum of squaves is large regard-



GENERAL LINEAR MODELS PROCEDURE

DEPENDENT VARIABLE: SEED_YLD

SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE
MODEL 125 176489834.80790792 1411918.67846326 14.55
ERROR 216 20379847.99593814 97046 .89521875 PR > F
CORKECTED TOTAL 335 196869682.80384606 0.0001
R-SQIIARE C.v. ROOT MSE SEED_YLD MEAN
0.896481 14.6985 311.52350669 2119.42228836
SOURCE DF TYPE 1 S5S F VALUE PR > F
EXPTS 13 135443513.81492710 107 .36 0.0001
SLOCKS(EXPTS) 42 18639256.68725741 4,57 0.0001
TRTS 6315656.8570714¢ 13.02 0.0001
TRTS*EXPTS L 16091407 .44865193 2,55 0.0001

T FOR HO: PR > ITI STD ERROR OF
PARAMETER

ESTIMATE PARAMETER=0 ESTIMATE

CoMP1 -17.09476183 -0.41 0.6818 41.62907964
COMP2 317.15903135 7.62 0.6001 41,62907964
COMP3 5.16672785 0.12 0.9013 4]1.62907964
COMP4 172.69715803 4.15 n.0001 41,62907964
COMP5 79.15324651 1.34 v.1802 58.87240902

Qutput 4. Preliminary combined data analysis including the combined analysis of variance table and estimates of five
treatment comparisons averaged over the experiments,
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SOURCE DF TYPE I SS F VALUE PR > F

EXPTS 13 135443513.,81492710 107.36 0.0001
BLOCKS (EXPTS) 42 18639256.68725741 4.57 0.0001
COMP1 1 16364.92939234 0.17 0.6818
COMP2 1 5633031.66550373 58.04 0.0001
CoMP3 1 14043.06617504 0.14 0.7040
COMP4 1 14881.65097791 0.15 0.6958
COMP5 1 637335.54502247 6.57 0.0111
COMP1*EXPTS 13 1196494.25114468 2.95 0.5043
COMP2*EXPTS 13 8877649.73352130 7.04 0.0001
COMP3*EXPTS 13 1919228.70452781 1.52 0.1111
COMP4*EXPTS 13 2231196.73418649 1.77 0.0496
COMP5*EXPTS 13 1866838.02527165 1.48 0.1264
Output-£A. The treatment comparisons and intersite interaction sequential sums of squares for the ordering of the
comparisons COMP 1, COMP 2, COMP 3, COMP 1, COMP 3,
SOCURCE DF TYPE I SS F VALUE PR > F
EXPTS 13 135443513.81492710 107,36 0.6001
BLOCKS(EXPTS) 42 18639256.68725741 4,57 0.0001
COMP3 1 1494,92429215 0.02 0.9013
COMP4 1 1670161.26992941 17.21 0.0001
COMP1 1 28913.,07127523 0.30 0.5858
COMP2 1 3977752.04655224 40.99 0.0001
COMP5S 1 637335.54502247 6.57 0.0111
COMP3*EXPTS 13 1984986 .66188654 1.57 0.0943
COMP4*EXPTS 13 3313431.39176653 2,63 0.0021
COMP1*EXPTS 13 1130736.29378595 0.90 0.5585
COMP2*EXPTS 13 7795415.07594126 6.18 0.0001
COMP5*EXPTS 13 1866838.02527165 1.48 0.1264

Output 4B, The teatment comparisons and intersite interaction sequential sams of squares for the ordering of the
comparisons COMP 3, COMP 4, COMP 1, COMP 2, COMP 5.
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less of ordeving, the importance of the
COMP Fintersite interaction does depend
oni the ordering. Fited fivst, COMP i is
important {(Queput 4B), but fited afwer
COMP 2 (Output 1), “COMP 1 is actu-
ally the comparison between bag N and the
average of conwrol and Rhizobium (see
Scection IV). Then, the "CONP " intersite
interaction sum of squares is reduced, The
COMP 1 tntersite interaction is clearly nos
mmportant. However, the intersite inter-
action with CONMP 3 s associated with o
probability Tevel ol approximately 0.1,
Closer examination ol experiments 130,
572, and 962 veveals o Liveer Rhizobium
response for farm ferdaliny than for maxi-
muim fertility, whercas the bag N response
is cither the same or larser for maximum
fertility. Even  though  intersite  inter-
actions with both CONMP 3 and COMP 5
are potentially imteresting, they were not
deemed suthiciently imporant, either by
significance level or vield magnitude, 1o he
retained i the model,

The neststep was to determine a ratio-
nale for the intersite interactions with
COMP 2 und COMP 1. One possibility
investigated was whether ornot the location
hadarecenthistory of chickpea cultivanion
as indicated by sulticient Rhizobium 1o
produce adequate inoculation, This deter-
mination was made hrom previous crop
information supplied by cooperators where
available and otherwise ndireatly from
carly harvest incasurements. Control plog
nodule numbers imd nodule fresh weights
cqual to those on the Rhizobuoon plots
wereaccepted as evidence of aorecent prion
chickpea crop. Lesser numbers or lower
weights, interms of statstical o1 biological
significance, were accepted as indicating
no recent history ol chickpea cultivation.
Note that these determinations were made
a priori to final grain vield measurement
and data analysis,
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When the environments were so sepa-
rated, seven experiments were classified as
havingarecenthistory of chickpea cultiva-
tion and seven as having no such history
(the cqqual numbers were fortuitous). Then,
one of the 13 environment degrees of
freedom was utitized as o dichotomous
environment variable with +1 assigned 10
those environments withouta recent history
ol chickpea cultivation (180, 196, 510, 579,
755,762, and 962) and -1 assigned tor such
orecent history of inoculation, The
remaining 12 envivonment indiciitor vari-
ableswerearbirarily constructed tobeortho-
gonal with the dichotomous environment
virtable. Consequenty, the sequential
CEype Dosums of squares wre equal 1o the
partial CUype T sums of squares for the 13
crvivosment variables (F1 1o ¥13) in Owu-
puts YA and SB, and the sum ol the 13
environnient sums of squares will add 1o
the expertments (EXPTS) sum of squares
with 13 degrees of freedom in Outputs 1,
1A and 1B,

Two reduced models are considered in
the enviromment means data analvysis.
Model dA inchudes variables for environ-
ments, COMP 20 COMP 2 by enviton-
ments, COMP L COMP 1 by environ-
ments, and CONDP 5. Model 5B deletes the
vartables associated with CONMIP 1. The
parameter estinmates, standard errors, and
other information are shown in Ouiputs
DA (Model S and HB (Model HBy. These
outputs are hrom the SAS regression pro-
aram (PROC REG).

We wish Model 5A parameter estimates
could be interpreted directlys that s, the
inoculation etfect without arecent histor
ol chickpea caltivation is the sum of the
cocthictents (308 + 181 = 89 for CONP
and the interaction hetween COMP 2 and
the dichotomouns environment variable,
E1. With envivomments that have had a
recent history of chickpea cultivation, the
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DEP VARIABLE:

SOURCE DF
MODEL 42
ERROR 41
C TOTAL &3
ROOT M3E
DEFP MEAN
Cc.v.

VARTABLE DF

INTERCEP
El
E2
E3
E4
ES

1

1

1

1

1

1

1

1

1

1

1

1
ElZ 1
E13 1
COoMP2 1
COMP2E1 1
COMP2E2 1
COMP2E3 1
COMP2E4 1
COMP2ES 1
COMP2E6 1
COMP2E7 1
COMP2ES8 1
COMP2E9 1
COMP2ELO 1
COMP2EIL1 1
COMP2E12 1
COMP2E13 1
COMP4 1
COMP4E] 1
COMP4E2 1
COMP4E3 1
COMP4E4 1
COMP4ES 1
COMP4EG 1
COMPAET 1
COMP4ES 1
COMP4E9 1
COMP4ELI0 1
COMP4EL] 1
COMP4E12 1
COMP4EL3 1
COMP5 1

YMEAN

SUM OF
SQUARES

38093925
1368719
39462645

182.711
2119,422
8.620805

PARAMETER
ESTIMATE

2119.422
40,586310
122,714
-181.526
68.558858
-93.643053
-169.869
122,106
31.768078
-56.635802
~260.880
~78.703704
-173.032
960.069
307.747
181.425
80.592509
-15.698989
~52,249873
49,695201
-40.499303
-728.905
-40.266755
22.,237654
13.101852
-96.990741
-233.565
295,139
18.823523
11.052359
25.249444
-48.508621
9.285680
-24,216133
~19.449423
60,653214
41.991843
33.233025
~37.245370
54.050926
193,519
-340.278
39.576623

MEAN
SQUARE

906998
33383,402

R-SQUARE
ADJ R-5Q

STANDARD
ERROR

19.935432
19.935432
11.509727
13.618493
16.679179
21,532728
30.451875
52.744195
11.509727
13.618493
16.679179
21.532728
30.451875
52.744195
56,385917
56.385917
32,554424
38.518914
47.175843
60.903751
86.130910

149,183
32.554424
38.518914
47.175843
60.90375]
86.130910

149,183
56.385917
56.385917
32.554424
38.518914
47.175843
60.903751
86.130910

149.183
32.554424
38.518914
47.175843

60.903751
86.130910

149.183
34.529181

F VALUE

27.169

0.9653
0.9298

T FOR HO:
PARAMETER=0

106.314
2.038
10.662
-13.329
4,110
-4,349
-5.578
2,315
2.760
-4,159
~-15.641
-3.655
-5.682
18.202
5,458
3.218
2,476
-0.408
-1.108
0.816
-0.470
-4.886
-1,237
0.577
0.278
-1.593
-2.712
1.978
0.334
0.196
0.776
~1.259
0.197
~-0.398
-0.226
0.406
1.290
0.863
-0.790

0.887
2.247

-2,281
1.146

PROB>F

0.0001

PROB > Tt

0.0001
0.0483
0.0001
0.000!
0.0002
0.0001
0.0001
0.0257
0.0080
0.0002
0.0001
0.0007
0.0001
0.0001
0.0001
0.0025
0.0175
0.6857
0.2745
0.4192
0.6407
0.0001
0.2232
0.5669
0.7826
0.1189
0.0097
0.0546
0.7402
0.8456
0.424
0.2150
0.8449
0.6930
0.8225
0.6865
0.2043
0.3933
0.4344
0.3800
0.0301
0.0278
0.2584

TYPE 1 8S

377323870
138369
3794802
5931276
564038
631370
1038795
176920
254321
577371
8166982
445988
1077848
11060800
1408258
489308
364965
47887 .984
45328.591
16953.513
15134,710
976052
15597.,331
45289,388
609,592
58741.681
112295
31250.000
3720.413
1282.624
20082.335
52944 442
1293.358
5277.790
1702,260
5514,580
55544 ,416G
24849.763
70808.264
26293.523
168522
173683
43856.655

TYPE I1 SS

377323870
138369
3794802
56:1276
564038
631370
1038795
178920
254321
577371
8166982
445988
1077842
11060800
994438
345606
204602
5545.311
40950,738
22226.517
7380.871
796954
51074.464
11126.549
2574,878
84664.834
245486
130660
3720.413
1282.624
20082.335
52944 .442
1293.358
5277.790
1702.260
5514.580
55544.419
24849,763
20808.264
26293,523
168522
173683
43856.655

Output5A. Environment means data analysis. The model includes variables for environmerts, COMP 2, COMP 4,
COMP 5, and intersite interactions with COMP 2 and COMP 4,
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DEP VARIABLE: YMEAN
SUM OF MEAN

SOURCE DF SQUARES SQUARE F VALUX PROB>F
MODEL 28 37532405 1340443 38.194 0.0001
ERROR 55 1930239 35095.256
C TOTAL 83 39462645

ROOT MSE 187.337 R-SQUARE 0.9511

DEP MEAN 2119.422 ADJ R-5Q 0.9262

C.vV. 8.839073

PARAMETER STANDARD T FOR HO:

VARIABLE DF ESTIMATE ERROR PARAMETER=0 PROB > (Tl TYPE I 85 TYPE II S§
INTERCEP 1 2119.422 20.440173 103.689 0.0001 377323870 377323870
El 1 40.586310 20.440173 1.986 0.0521 138369 133369
E2 1 122,714 11,801139 10.398 0.0001 3794802 3794802
E3 1 -181.526 13.963296 -13.000 0.0001 5931276 5931276
E4 1 68.5583%% 17,161470 4,009 0.0002 564038 564038
E5 1 -93.643053 22.077910 ~4.241 0.0001 631370 6313790
E6 1 -169.869 31.222880 =53.441 0.0001 1038795 1038795
E7 1 122,106 54.079614 2,258 0.0279 178920 178920
E8 1 31.768078 11.801139 2.692 0.0094 254321 254321
E9 1 -56.635802 13.963296 -4.056 0.0002 577371 577371
E10 1 -260.880 17.101476 -15.255 0.0001 8166982 8166982
Ell 1 -78.703704 22.077910 -3.565 0.0008 445988 445988
El12 1 -173.032 31.222880 -5.542 0.0001 1077848 1077848
E13 1 960.069 54.073614 17.753 0.0001 11060800 11060800
COMP?2 1 317.159 50.067994 6.335 0.0001 1408258 1408258
COMP2E1L 1 186.951 50.067994 3.734 0.0004 489308 489308
COMP2E2 1 93.218231 28.906770 3.225 0.0021 364965 364965
COMP2E3 1 -39,953300 34.202951 -1.168 0.2478  47887.984 47387.984
COMP2E4 1 -47.607033 41.889889 ~1.136 0.2607  45328,591 45328,591
COMP2E5 1 37.587135 54.079614 0.695 0.4900 16953.513 16953.513
COMP2E6 1 -50.224014 76.480124 -0.657 0.5141  15134.710 15134,710
COMP2E7 1 -698.589 132.467 -5.274 0,0001 976052 976,052
COMP2ES8 1 -19.270833 28.906770 -0.667 0.5078 15597.331 15597.331
COMP2E9 1 38.854167 34,20295) 1.136 0.2609  45289.388 45289,388
COMPZEIO 1 ~5.520833 41,889889 -0.132 0.8956 609.592 609,592
COMP2E11 1 -69.965278 54.079614 -1.294 0.2012 58741.681 58741.681
COMPZElZz 1 -136.806 76.480124 -1.789 0.0792 112295 112295
COMP2E13 1 125.000 132,467 0.944 0.3495 31250,000 31250.000
COMP5 1 39.576€23 35.403418 1.118 0.2685  43856.655 43856.655

Output 5B. Environment means data analysis, The model indudes variables for environments, COMP 2 and COMP 5,
and intersite interactions with COMP 2,
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inoculation effect is the difference between
the two coelficients (308 - 181 = 127). (The
unweighted sumand difference of the coef-
ficients result from the +1 and =1 assigned
values of El1.) However,
mates of Qutpur HA are partial regression
cocffictents (Allen and Cady, 1982). Both
the partial coclticients and the partial
sums of squares (Type 1TSSy reflect the
CONMDP 2 comparison after fitting CONDP
1. Gonseguently, the nwo coelficients do
notreflect the desired COMP 2 comparison,

the parameter esti-

buta comparison between the control treat-
mentand theaverage of the two N sources,
bag N and Rhiizobiin N (see Section V),
The partial COMP Feoctficients of Ontput
The values 188 +
1.1 arve the stan and difterence of the two
partial coeflicient: tor the pavtial CONP 1,
which 1s the comparison between bag N

HA are more dramatic,

and the average ol the control and Rihizo-
briom treatments rather than the deshied
comparison between N sources,

the
problem of the partal regression coelfi-

To cope with interpretational
cients,
avatlable,

two alternatve approaches are
mwamely, caleulate seqguential
regression coelficients (Allen and Cady,
1982) durectly or it reduced versions of
Model 1A by deleting either the COMP 2 or
COMDP The SAS regression
procedure has an optuon that caleulates
I'he
sequentials are not shown in Output HA
but, for example, il the COMP 1 and
COMP 1 by 6 interaction variables are
ordered before the CONMP 2 and CONEP 2
by experiments interaction viniables, then
the sequentials will give the desived CONMP
L comparisons, namely, a 270 (172 + 102)
kg ha Rhizobium N vesponse relative o

variables.

sequential coefficients. estimaied

bag N for environments without a prio
history of chickpeaand a 71 kg ha Riizo-
brum response for environments with such
aprior history. The variance of cach sequen-

tial coofficient is:

(33383, l THOF + (-0.5) + .57 + 02 +
(-0.5)* 57
where 335831 1s the error mean square, 144

ts the number of experiments, and the
remaining values are the comparison coef-
licients. The standard error of cither the
sum or the difference ol the two sequential
cocthicienisis the square root of the sum of
the two vintances, or 69,06,

Model 5B includes the sarae paameters
as Model 5 except that the COMP 1 and
COMP | intersite imteractions variables
have been deleted. The pardial coefficients
given in OQuiput 5B in the parameter esti-
mate colummn are also the sequential coetfi-
crents since cach variable in Model 5B is
The
Rluzobiunvesponse relative to the connol
s 01317 + I87) kgl lor environments
withouta prior history of a chickpea crop

orthogonal to ecach other variable.

and F30 ke hatforenvivonments with such
a priorhistory. The standard crroy of cithe
coctiicientis H0.068 lrom Output 5B. Then
the standavd evvor of eicher the sian o the
difference of the two coellicients 1y the
sqquare root ol the sum ol the two variances,
or 7081, Using the crron tevm brom OQutpui
5L the standard ervor of either the sinn or
the ditference 1s 64.00.

Is there o ditlerence between envire -
ments with or without a prior history of
chickpea calavanon? The estimate of this
ditfevence is 371001 - 103) ke ha with
standard ervor of 1001 ke ha
. the error term
of the envivomment means daca analysis s

As discussed i Section 'V

expected tobe rger thanan ervorwtilizing
solely the pooled muasite experimental
crvors. The stmdind deviation is 183 from
OuwputdA and 187 trom Ourtput 5B instead
of the 311 from Oupue LI no sources of
vintabihity were part of the ervor sam of
squares other than the pooled inwrasite
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experimental errors, then the standard devia-
tion in OQutputs HA and 5B would have
been 311 2, the standavd deviation divided
by the square roor of the number of replica-
tions at cach environment. (Fach observi-
tion in the datianalyses ol Outputs 5A and
HBisa reatment mean.) Finally, note that
COMP 5 is not important relative (o its
associated standard error in the environ-
ment means data analvsis,

Ananomaly with COMP 1 needs expla-
nation. ‘The elticcr due to Rlvizobium v,
bag N is 271 kg ha without prior crop
history vs. 71 ke ha with such a history,
The most logical explanation for hag N

being less effective than Rhbizobium is the

tendeney for excessive leaching in tropical
soils. There s, however, noappaent reason
why there should be w differential effecr
with the efticiency ol bag N heing less with
cnvironments without a prior histony of
chickpea cultivaton, It may turn out no
tobeas importantwith additional environ-
mentsin theanalyvsis, Howeveritis seill an
interesting phenomenon. I additional dua
comtinae to support the differential eliear.
alogicalexplanation will have 1o be sought.

Forthis chickpea data set, the sequential
coclticientsand their stmdard errors could
have been hand caleulaied from Table 8
and the ourput from the preliminmy com-
bined data analvsis. One of the following
conditions would make hand calcubliations
prohibitive: the data set tor cach environ-
mentis notcomplete (missing plots), par-
tal cocfficients ave desived, ar the envivon-
ment variables cannot be constructed as an
orthogonal sct. In general, SAS or another
statistical computer package that will give
sequential coctlicients, inaddition to esti-
mates and standanrd enrors of lincar combi-
nation of partial coefticients. would need
to be used.

The case study of this section and the
sovbeanexample of Section HIcan serve as

guidelines o intrasite and multilocational
data analyses for other inoculation wials.
Appropriately: modified 10 incorporate
spectfic questions of interest, the data anal-
vsis methodology ol Sections Hland V can
be applied to other experimental networks
where hypotheses ol interest can be formu-
lated as comparitsons amonz  treatment
means. The goal of aovanalysis is o elicii
output that directly addresses the formu-
Fated conjectures. Analysis is simplified
with orthogonality amonge the neatment
comparisons. Although desivable, a0 more
important cviterion in data analysis s
whether the comparisons are meaninglul
and were preplanned. The methodology
developed here for intrasite and multiloca-
tional data analyses is salficiently general
to handle both orthogonal and nonorthog-
ol compurisons among treatment meins.

VII. SUMMARY AND
CONCLUSIONS

This bulletin has deseribed the Interna-
tonal Network ol Legume Inoculation
Frals (INLIT), a0 svstem of worldwide
trials fortesting vesponse 1o legume inocu-
Lition. Considered were the history of the
trials, the need for the teials, the formula-
tion ol the actual components of the wials,
and the general objectives.

The primary objective of INLIT is 1o
determine whether under definitive condi-
ttons a vield increase can be obtained
through legume inoculation using the
present state of the art. The basic INLIT
experiment, the AT
deseribed in detail, This includes the for-

Experiment, s

mulation ol the rescarch design, the coordi-
natton and servicing ol the wials, and the
analysis of data on a single and multiple
location basis. The primary objective is
being achieved. Preliminary results indi-
cate that a response often can be obtained
brom noculation with proper Rhizobium.



This even has been noved with some tradi-
tional crops where the presence in the soil
of Rhizobium ol the correct
inoculation group would be expected.
The secondury objectives of identifying
all research workers in the vopics inter-

Cross-

ested in legume inoculation, convincing
them of the advantages of conducting
uniform field mials, and improving the
quality of rescarch work and expertise of
rescarch workers by providing support
services, have all been achieved.

A comprehensive recapitulation ol the
results of the trials has not bheen given,
although preliminary data have heen used
to tHustrate and validate the methodology
used. Data from the mials arve stll being
recetved at NHUTALL Data from individual
experiments arve analyzed as soen as they
are received, and a report sent to the coop-

crator. Results ol multilocational analysis
will be reported as data are accumulated.
In the meantime INLIT progress, as well
as other cooperator-specific information,
is communicated periodically 1o all
COOPCTALONS.,

The wials have broughcall legume inoc-
ulation workers throughout the vopics
into one network, with a uniform research
design used by all those conducting field
rescarch m fegume inoculation,

Theaceeptanceof the INLIT concepn by
many  legume  inoculation workers has
shown that a need was perecived for such
coordinated wials. Feedback from coop-
erators has mdicated that the INLIT success-
fully metthe demand, both with the concept
ol avalid, uniform vesearch design, and by
providing sulficient support services for
the trals.
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