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SECTION 1

Introduction

Conserving and managing germplasm is a long-tetmityahat requires a long-term
perspective, but genebanks are typically funded short-term basis (Koa al. 2004).
Phase 1 of the project “Collective Action for theHabilitation of Global Public Goods in
the CGIAR Genetic Resources System” (GPG), theotigit analyses of conservation
costs previously undertaken by the Systemwide GeRetsources Program (SGRP)
(summarized in Koet al. 2004), and other economics research about thditseok
genebanks have demonstrated the importance ofrsegtanding and the high expected
benefits of ex-situ conservation relative to cogssuming “good practices” (summarized
in Smale and Drucker, 2007; Smale and Koo 2003theicase of a large national

genebank, see also Day-Rubensgtial. 2006).

The expansion of genebank collections from the $%ffbugh the 1990s led to
management challenges. These included the duplicafiaccessions, backlogs in
regeneration, and insufficient or untimely provisif information to users (Altoveros
and Rao 1998; Engels and Rao 1998; Koo and WrigB8P. At the same time, there
was increasing recognition that integration anddmation of the collections as a global
system offered important functional and economiaathges. In 1995, SGRP
commissioned an external review of the CGIAR genkbdo provide an assessment of
what was needed to meet conservation stand@hdsfirst phase of the GPG project
addressed the main recommendations from this rewmuding amelioration of
genebank facilities and genebank procedures inofudiducing backlogs on

regeneration, germination tests and plant heatéesing

! Fowler and Hodgkin (2004) report that between 187d 1996, the number of long-term storage faeiti
in the world grew from five or six to 76, with astenated 6.2 million accession housed by gene banks
located in 137 countries. Experts estimated thahbymid-1990s, only five percent of the rice, neaiand
wheat gene pools remained unrepresented amongabesssions. These authors caution that : a) agwera
is much lower for many crops b) it is not possifole€atalog a crop’s gene pool with any precisiot en
while some duplication is necessary to safeguacdssions, the redundancy of materials could be
substantial. Regeneration of large collectiongtlg. Thus, short-term budgetary constraints could
endanger the longer-term viability of such collens.



The second phase of the project (GPGZ2) built orpthgress made in the first phase,
with a focus on establishing good standards anctipes in genebank operations and
encouraging a systems perspective. The challesggewaed by those engaged in this
project, was not to increase the numbers of acmessbut to ensure the quality, security,
accessibility and sustainability of the in-trustiections. An underlying assumption was
that a better allocation of resources will leadbétter performance. As genebank
managers pointed out, there was a need to exaheneost-effectiveness of operations
(output per cost).

The goal of activity 2.4 of the GPG2 project wasléwvelop and disseminate a
computerized tool that will support strategic demsismaking by genebank managers.
The objectives of this document are to a) providereceptual framework for the tool and
b) demonstrate how the tool can be used to evalhateffects of decisions on the
allocation of resources across operations. Effefctiecisions are illustrated by two types
of outputs: a) cost summary reports and b) seitgitanalysis with simulations. Thus, it
is expected that genebank managers will be aldety the tool to answer management
guestions and craft strategies in pursuit of ga@atres or to enhance their
performance. Eventually, the tool could be geneealiin order to explore the effects of
resource allocation decisions within an integrajedebank system.

This study is divided into 10 sections. The seceaction discusses some fundamental
concepts on which the framework is based. Thid@edescribes the type of information
genebank managers need to apply to the tool anoutipeits that can be produced. Notice
that a single set of cost data (representing o potime) allows us to minimize cost
only with respect to the technology and set of ficas represented by those data. To
draw conclusions concerning optimal allocationesfaurces within a single bank over
time, and among banks, additional points corresignid other technologies and
practices are needed. Two additional analysextrabe conducted with additional
observations: sensitivity analysis and regressmatyais. Sections 3 -8 summarize the
information collected for selected genebanks. Coepa across centers is rather
difficult because of different crop mandates, lawad, and technological conditions.

Section 9 discusses some factors affecting cofstefeness within and across



genebanks. The concluding section includes somgidemrations for the implementation

of this decision support tool for evaluating coeetiveness periodically.
Scope of the Study

This report is one of 3 main expected outputs diitg 2.4 of the project: Collective
Action for the Rehabilitation of Global Public Gaonh the CGIAR Genetic Resources
System: Phase 2. The objective of the activity twaBevelop and disseminate a
decision-support tool to enhance the cost-effenggs of collection management. The
other 2 expected outputs under this activity dre:@ecision Support Tool (DST) and the
guide for users. During the implementation of thevéties, important genebank costs
information was collected for selected genebank8TCCIMMYT, ICRISAT, IITA,

ILRI and IRRI. In the following sections we des@&ithe data collected and present the
main finding for each one of these genebanks. EBmelganks costs are reported per
operations. The costs relate basically to critigarations rather than user oriented

operations as define in the sustainability planRB&@009).

10



SECTION 2

Evaluating Cost-Effectiveness of Collection
Management: A Methodological Framework

D. Horna and M. Smale

This section presents the basic concepts, toolsreatdods used to understand and
estimate the costs of genebank operations. Thesedso provides a brief description of
the Decision Support Tool (DST). The DST is an &fites developed to capture in a
systematic way inputs used and related costs adlgerk activities and operations. In the
final part of this section we proposed ways in iahice information collected can be

analyzed.
1. Basic concepts

1.1 Genebank Operations

There is no disagreement over the main purposegehabank, which is to conserve
genetic material and make it available to usersvéler, a review of genebank protocols
suggests that agreement has not yet been reacteedasreral classification of activities
and related terminology (Rabal. 2006; Tabaet al. 2004). Pardewt al. (2001) and Koo
et al. (2003) group genebank activities into operatiom$ggmed to reach genebank
objectives. Orienting their description toward “bpsactices,” Callest al. (2007)

classify genebank activities and inputs accordmtipé specific objectives. Many
operations are comparable across centers, but athieities are specific to reproduction
system of the crop, such as propagation and mickipdn strategies. Seed propagated
crops like wheat or rice are the easiest to haaatecan be conserved for longer periods

than clonal crops like cassava or banana @ab 2006).

In this study the focus is placed on critical geardboperations and not on user oriented
operations as defined in the sustainability plathefCGIAR Centres’ genebanks. An
operation is understood as a cluster of activaied a number of operations are
performed in order to reach genebank objectiveslamsl genebank goals. Conservation
and use of the genetic material are the two maahsgaf a germplasm bank. Specific

objectives for achieving better conservation ofedenmaterials are:

11



* To cover the gene pool as much as possible

* To ensure the security (physical security and Vitghof the genetic
material

» To maintain its genetic integrity

Specific objectives for achieving a wider use afigfec materials are:

* To ensure the availability of the material to users
* To distribute the material

* To provide information
1.2 Best Practices

The issue of quality standards is central to theagament of any genebartkenebanks
in the CG system have operated with two sets o$@mation standards: acceptable and
preferred. Acceptable standards are considerbd tninimal but adequate, while
preferred standards guarantee better and safeem@ation conditions. Evidently,
meeting the preferred standards is more costlyepiable standards have been more
frequently adopted as a consequence of budgetragrist leading to wide variation in

guality standards across centers.

The CG genebanks are now directed toward “bestipea¢’ which is a more dynamic,
less easily defined concept of quality managen@ehebank managers have not yet
reached a consensus regarding the operational ngeahbest practices. In some cases,
“best practices” are viewed as activities that gaite the risks that impede the
achievement of objectives (conservation and usgjther cases, “best practices” are
simple understood as the most effective practioemghe technology that is currently
available to the research center. From the econpergpective, we understand best
practices as the costs incurred in order to rethueehances of mistakes in technical
procedures or in the delivery and distribution ehgtic materials and related information
to use. Standard practices have been proposedmabeinented for minimizing risk
thresholds based on knowledge and information aatated over the years. Therefore
the concept of best practices is directly linkethtat of risk management. Ideally,
implementing best practices based on performanedslas expressed by a set of

indicators should minimize spending subject to @eptable threshold of risk, a current

12



conservation technology, and a current organizaifaollections. This would be one
point of optimal resource allocation. Other optivwauld correspond to other
conservation technologies, other risk thresholds, different organization of collections

in the genebank system.

1.3 Performance indicatotrs

Performance indicators measure the quality of amaion or a system in quantitative
terms. In general, good performance indicators lshioe simple and measurable, while
capturing the essential features of a complex sysitde performance of the genebank is
determined by the level of integration in the flohoperations. Therefore performance is
not an abstraction, in the sense that quality ¢gpututare measured against a timetable, or
against a pre-established standard or taiigret.delay in one operation will have

consequences on the performance of the linked tpesa

The selection of appropriate performance indicafimre genebank however proved to be
a difficult task. Genebanks make use of variable, fixed and qisesiHinputs to
regenerate the material and most importantly iiotd maintain a low index of genetic
erosion. If the genebank is not performing well gedetic erosion is high (or higher than
the standard level/best practice recommendatiavy,$hould the manager allocate
inputs in order to reduce the index of geneticiersaIncreasing a technician’s time in
order to regenerate wild rice will most likely reduthe index of genetic erosion, but by
how much? Thus, both the effect of input use ofoperance and the effect of
performance on costs are difficult to grasp. As tstiage of the activity the focus was
placed on estimating the genebank costs. Theagkdtip with performance indicators
although important might not be practical at thage of the development of the decision
support tool. It is however important to have tosicept in mind for the development
and implementation of the tool. Moreover, identityiperformance indicators for the
CGIAR genebanks is another activity (No. 6.1.2)af GPG2 project.

1.4 Costs Effectiveness

The analysis of the cost-effectiveness of a gerelsabasically a comparison of relative

costs to outputs. Cost-effectiveness is differeminfcost-benefit analysis in which a

2 Annex 2 summarizes an attempt to link performanasost.
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monetary value is assigned to measure an effectimber of factors can affect the costs
effectiveness of conservation and management ot gknetic resources in the CGIAR
centres’ genebanks. The challenge of discussing effectiveness in this context is the
availability of information. There is limited costformation gathered about the
genebank costs in the CG centers. A comparisorsscenters is not necessarily possible
as the centers have mandates over different setsitefrials. Moreover, as mentioned
above, there is no necessarily an agreement diothie@f operations and vocabulary

used to refer to activities or operations. Desjhigse limitations it is possible to arrive to

early conclusions genebank performance using steulilscenarios.
2. Analysis of Genebank Costs

A review of CGIAR genebanks in 1999 demonstratednded for upgrading
management of the in-trust collectidni response, SGRP organized a series of
economic studies to determine the costs of the tanaing collections and proposed
upgrade. The GPG project was established to faiglihe upgrade. During the first phase
of the project, which started in 2003, in closesadtation with several CG genebank

managers, Koo et al (2004) compiled and analyzeelggnk cost informatioh.

The analytical framework for the cost studies weesrhicro-economic theory of
production (Pardegt al. 2001). A genebank, like a firm, is organized todarce outputs
(numbers of accessions characterized, stored, eegfexl, etc.). Production decisions
involve choosing which outputs to produce in whachounts, with which mix of inputs
and input quantities. In the framework of econodecision-making, optimal resource
allocation can be achieved either by minimizingcbsts of operation given fixed
physical resources and existing technology or byimiaing production subject to a
fixed budget and existing technology. By dualitgahy, it has been proven that both
approaches produce the same production possifsityier. The production possibility

frontier then traces the points corresponding ticieht resource allocations.

This approach selected by Kebal. (2004) was cost minimization—for a very

important, practical reason. Most of the benefitgenebank collections are public goods

% These studies provided evidence to enable theaB®twp Diversity Trust to make realistic resource
projections for an endowment to support globallparant collections of crop diversity in perpetuity
including those held by the Centrégtf://www.sgrp.cgiar.org/?q=node/1)76

14



whose values are both expensive to estimate aely li& be unreliable estimates (see
Smale and Koo 2003). By comparison, the costs nélgank operations are relatively
easy to estimate with a fair degree of precisiBardeyet al. (2001) reasoned that if the
costs of conserving an accession are shown tovixer litnan any sensible lower-bound
estimate of the corresponding benefits, for margysitens, it may not be necessary to

estimate benefits.

The data compiled by genebank managers on inpungexpenditures was used to
estimate average and marginal cost per unit. Aeecagts are the costs for the genebank
of managing one accession. Marginal costs arentirease in total costs from the
addition of one more accession to the genebanlal Tosts include costs that vary and
costs that are fixed in the relevant range of pctida. Average fixed or quasi-fixed
(genebank management) costs normally decline gaibuicreases. A standard
assumption of micro-economic theory is that margioats initially decline as more is
produced in a plant and eventually increase dwgnnishing marginal returns to fixed
factors (e.g., land, plant). Marginal cost is edoakverage total costs when average total
cost is at a minimum. Notice however that oftenaipamks operate below capacity,
average costs then represent only upper bounasagss of the marginal cosEgure 2.1
illustrates how average and marginal costs aregitioio change with amounts produced

(for example, the number of seeds stored, regesterdisseminated, ett).

The research summarized in Ketal. (2004) represents only a single year of data for 5
CG Centers. In order to evaluate genebank coste gemerally a broader cross-section
and longer time series is vital. Unfortunately, glgank operation costs have not been
systematically recorded in the CG system. Thisrmfttion must be gathered in a

uniform and systematic way in order to facilitatenparison across genetic materials and

across centers. The use of the data managememotald| facilitate a periodic data

* A few other studies have addressed the issue ofroptication of germplasm conservation, but withou
an explicit micro-economic framework. For examplechow (2003; 1999) used surveys to collect
national conservation expenditure for 39 countaied estimated per-accession cost of annual corigerva
for each country. Burstig al. (1997) also used surveys, examining the cost &gsdowith sexually and
vegetatively propagated species in several Freanklganks. The authors calculated the annual agd lon
term costs of each operation. Survey-based stodlies suffer of inconsistent responses and excessiv
aggregation.
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collection of input use and genebank expenditugkded to operations and genetic
materials manipulated. Managers can use this irdtbom to monitor and evaluate their

performance, but also as input into strategic amgdional decisions.

Figure 2.1. Genebank average and marginal cost

Costs per
accession per
year

Average tomal cost

Marginal cost

Average fixed and
quasi-fized costs

Average variable cost

0 MNumber of accessions
per year

Source Pardeyet al. 2001.
3. Decision Support Tool

Genebank managers’ decisions are often linkedeagle of scarce resources in the most
efficient and effective way. THaecision Support Toolis a excel file created to store
genebank cost information and at the same timeysedome reports and information
that can guide genebank managers to make key maeagelecisions. This decision
support tool has been developed based on the frarkeaf’ Kooet al. (2004). The first

purpose of the tool is to store detailed inputpeseoperation and generate cost reports.

The tool has been developed as an excel file witim@oduction sheet, a general
information sheet, 4 input sheets (non-labor véeidabor variable, quasi-fixed labor and
capital inputs) and 3output sheets or reports.ifitneductory sheet provides a brief

explanation of the purpose of the tool and the &awork used to classify activities,

16



inputs and costs. The general information sheeitlietails about the genebank (e.g.,
genetic material, number of accession managed,aetd.other factors that affect costs

(e.g., discount factor, overhead rate, period &fgrming operations).

Detailedinput use and related expenses are entered in theatetisil, dividing the
information by type of input (the categories arpita, labor and non-labor). In general,
capital inputs are not as sensitive to the sizb@bperation. It is true for instance that
the size of the cold store is linked to the numloésccessions stored, or that the size of
the tractor is linked to the number and size ofglagain linked to the number of
accessions in the field. However changes occurwhbn the size of operations varies
considerablyCapital inputs include infrastructure, such as g#asm storage and
genebank facilities, and equipment for field opera and offices. The information
entered includes the item, costs and year of aitipuisThe value of the capital input is
annualized using a discount factor. The value efddpital input can either be the actual
value or the replacement value. The use of thewcephent value is the preferable
practice. When it is not possible to use the regptaent value, the use of consumer price
index (CPI) is standard practice to bring the valtithe year of acquisition to current

values.

Variable inputs, on the other hand, are sensitva@ze of the operation. Variable inputs
include non-labor costs and some labor costs. lbarlvariable costs mainly include
inputs or supplies consumed on a regular bases dlitergy, office and laboratory
supplies. Note that the total costs of suppliesuaaored per year could be easily
underestimated. Often, the financial systems ifd@ecenters record supplies demand
using the number of requisitions over the yearsTmwever is not the best alternative to
estimate actual costs since often the genebanks andounts higher than amounts
actually used over the year. The best way to egtith@se costs is by developing small
budgets with the people in charge of each operatisnally these supplies use can be
related to the number of accession manipulatedperation per year. The information
about capital cost was collected and annualizexdtder to have a complete picture of the
genebank needs. Therefore, quite often not aktipplies used can be accounted with

this procedure, resulting in lower calculate costs.
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The information about variable labor costs corresisao salaries paid to temporary
workers and non-senior staff. This informationasity available through the financial
system in each genebank. Senior scientists anditéghs are treated as quasi-fixed
labor or inputs. Quasi-fixed inputs are more vdadhan fixed capital inputs but unlike
variable costs, they are not easily apportionedwthe size of the operation changes. TO
give an example, each genebank needs at leasteragon expert independently of the
number of accession multiplied in the field eachry&lowever, if the number of

accessions increases dramatically there mightrized to increase the staff.

All inputs used and expenses must be allocatedbyation using rates. For instance, the
total energy consumption in a genebank must belalis¢d among all operations that
required energy. Allocation requires expert knowkedbout the demands of genebank
operations. Genebank managers thus are the pewbonsn consultation with their staff,
are most able to provide good estimates of allonatates. Information about inputs is
used to determine capital costs, quasi-fixed a@stable costs, and genebank total costs.

Allocation rates disaggregate these costs per tpera

To produceoutput reports, total costs are broken down into capital, variabtel quasi-
fixed costs. In addition to a summary overview bypcand input costs, three kinds of
output reports can be generated. The main repesepts costs per input category,
genetic material, and operation. The report pravid®rmation about both total costs
and average costs per accession. The report a@lswl@s a graphic representation of the
distribution of total costs. In the current versafrthe tool, this graph depicts the
distribution of costs per input type, but othergra could be developed based on

expressed needs of genebank managers.

The DST has the potential to produce different $ypleoutput reports according to users’
needs. Two other examples are: 1) a per accession oetst of conservation and
distribution, and 2) a total annual and in-perggtaosts of conserving and distributing
all existing accessions in the genebank. Thergbrt summarizes annual and in-

perpetuity average cost per accession classifieerins of either conservation or

® During the development phase of the DST genebamagers were consulted about potential new output
reports that might be useful in their decision psx
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distribution costs. Acquisition, viability testinduplication, storage, and regeneration are
operations that need to be performed in order is&we an accession. Characterization,
storage, regeneration, and dissemination are opesahat are necessary in order to be
able to distribute an accession. Costs are estihfatdboth new accessions and existing
accessions, to indicate the additional cost of @icgunew accessions as compared to
managing current accessions. The second repoergeegistribution and conservation
costs associated with maintaining all existing dpamd accessions. In this analysis,
distribution costs are treated as short-run casiscanservation costs are considered to
be “long-run” costs. This report shows the annual m-perpetuity costs for the
genebank. Such information is useful when jusidgygenebank funding or investment in

ex-situ conservation.

While these reports help to understand the straatigenebank costs and their
distribution across operations, objectives and ¢iweg, nothing can be inferred about the
factors that affect these costs. For this readtmugh it is possible to compare reports

across genebanks, we do not have a picture thbtesnas to tackle strategic decisions.
4. Further Analysis

Two feasible ways to extend the use of the tooltheccosts information collected are
the use of sensitivity analysis with simulationsl éime evaluation of the genebank costs

function.

4.1 Sensitivity Analysis with Simulations

When it is augmented by sensitivity analysis anaugations, the decision tool can be
used to investigate how genebank costs and gengleafdtmance are affected by
changes in key parameters. An impediment to anaygenebank costs across centers is
the limited information that is available for sidittal analysis. Genebanks have provided
all information available about resources use aod expenses on a particular year, we
count with one and on best case with 3 years ofimétion. This is rather a low number
of observations. One way to overcome this impedin®to elicit a range of possible
values for key factors from genebank managersirfstance, a statistical distribution of
annual costs per accession, or in-perpetuity dosbrserving all accessions, could be

generated based on elicited values.
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The @Risk™ software can be used to define or adjsstibutions to available data and
to perform the sensitivity analysis. The softwdteves for the substitution of single point
values with a probability distribution. A trianguldistribution is the simplest distribution
to elicit that approximates a normal distributi@his distribution is widely used in
decision theory, especially when no sample daaeaailable (Hardakest al. 1997).

The parameters defining the distribution are loMeigthest and most common value.
Means, variances and coefficients of variationeagly tabulated from these three
values, and repeated sampling from the distribstman be used to generate overall

distributions.

For instance, let us take the number-of-accessegsnerated-per-year (NREG) as an
example of a factor affecting costs in a geneb®dk.can ask the genebank manager for
information about the highest, lowest and most comralues for NREG conditional on
a reference period and technology. Using these thaeameters, the software then
generates a distribution of values for NREG. Wel@¢also generate unconditional
distributions across technologies. Instead ohglsivalue for total costs of maintaining
a rice accession in the genebank, we would thea halistribution of values. The
software can evaluate the simultaneous effect a&rttan one factor (input variable) on
one or more than one cost variable (output varjable

In the decision tool, factors affecting genebangtsare currently included in the
“general information” sheet. Preliminary simulatsohave been run based on this
information. The long term goal of this cost cotlen exercise is however to evaluate the
relationship between performance and costs andosugenebank managers in their
decision process. The framework proposed here walldds managers to discern how
they might improve performance through re-alloggtiesources, or how they might
maintain performance despite budget constraints.aMailability of several years of
information will probably facilitate this task. Thitial challenge will be to make the
right assumptions about the links among performamdieators, input use and costs.
These links might not be as intuitive as expeciée. variation in life cycle of the
different operations conducted in the genebanksliaee of resources allocated by
genetic material, activity and/or operation diffuke effect of input use on performance,

making it difficult to isolate and establish causahtionships.
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4.2 Costs Function

What would be the costs of reaching a “best pratiitthe CG genebank system? How
do location-specific variables affect genebankssb&enebank management decisions
and their costs implications need to be evaluaieohprove the performance of
individual genebanks but also of the system as@evfhe second, longer-term
objective the decision support tool is to providewsers to questions about the global
genebank system. When enough observations haveabsembled through application
of the decision support tool, a genebank cost fanaan be estimated and specific

hypotheses tested.

Genebanks costs depend on several factors: bialogharacteristics of the crop
conserved, conservation methodology used (in Vitetd germplasm banks), institutional
differences (wage structure, cost-sharing oppaiigs)i local climate (for regeneration
for instance, general state of infrastructure). ibe of econometric methods will permit
SGRP to evaluate the system as a whole by disagiyngghe effect of the different
factors and performance grade on costs. Once #ifes#s have been taken into account
in a multivariate regression, it will be feasibtedraw conclusions across centers and

genetic materials.

Cost function approaches have been used to mduel puiblic goods like hospitals and
libraries, and this literature can provide insight® how we might specify genebanks
costs. Finch and Christianson (1981) modeled tesdanction of rural hospitals in US.
The purpose of their study was to supply informaabout hospital costs that be used in
making decisions regarding how the provision oflthezare to rural populations. The
authors used quadratic and logistic specificatidhg main advantage of the quadratic
U-shape function is that a cost minimum can berdeteed given a fixed level of output.
The logistic L-shape cost function implies thatteaae decreasing but not in a constant
rate to output, similar to what we assumed for gan&s. An additional contribution of
this study is the use of output indicators to aotdor short run and long run costs.
Conservation and distribution of genetic materaadd information fit this

characterization well.
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Liu (2002) modeled a cost function for academieagsh libraries, taking into account
the multi-product and multi-service nature of imf@tion provision by such
organizations, which is comparable to genebanks.atihor used a log-linear function
and considered that some economies of scale exiseioperation of research libraries.
Translog cost models have been also used for duaduae costs function of research
libraries. The use of a translog cost functionaswenient when the goal is to determine
elasticities of substitution among different inpude Boer (1992) used a translog cost
function to examine economies of scale and inpbsstution elasticities of 194 Indiana

public libraries.

If the objective of modeling genebank costs isvaleate the relationship between cost
and outputs with current technology and practit®gstic or quadratic specifications suit
the purpose. If the objective is however to detaeva technical relationship among
inputs and outputs, a translog model would do héttes always possible to test different
specifications and evaluate which one adjusts betteur needs.

In specifying the model it is also important toidefwhich cost to model: total costs or
average (variable) cost. Modeling total costs waqurla/ide some additional information
on capital and quasi-fixed costs. Since it is etguthat changes in technology (mainly
capital inputs) would improve performance of spea@cttivities and operations, it may be
better to model total costs than average variatsésclt is also possible to model total
cost per operation.

Exogenous variables will include performance inticafor each output, a vector of crop
characteristics, a vector of genebank charactesistind a vector of staff characteristics.
Genebank objectives can be classified accordirgther short or long term goals. This
classification would help to determine short- amag-term minimum costs. Outputs
related to conservation (covering genepool, maintgi genetic integrity and ensuring
security) can be considered of a long-term naturdgevoutputs of germplasm use
(ensuring availability, providing information andrgnplasm distribution) are considered
to be short-term outputs.

The general function could then be specified as:

TC=f(PI,Cr,Gb,S,L)
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Where

PI = performance indicators (for either short afdderm goals),
Cr = crop characteristics (multiplication stratefgytilization, etc),
Gb = genebank characteristics (facilities, equiptnen

St = staff characteristics (humber, skills); and

L = location (dummies).

The selection of appropriate performance indicarsucial. Conservation indicators
might include the number of accessions storechdicators of diversity represented by
the accessions. Indicators for use of germplasnhintig the number of accessions added
per year, the number of accession distributech@number of users of the genebank.
Notice that the number of accessions added refieetperformance of genebank
(technical operations) directly, while the otheotimndicators are related more directly to

users and might be more appropriate if the go@ measure the impact of a genebank.

The vector of crop characteristics includes thetgpfertilization (open pollination,

cross pollination) and type of seed reproducticsteay (sexual or vegetative).
Differences in crops and reproduction system hasefiaitive effect on the costs.
Genebank characteristics that can influence thefaostion are related to the type of
equipment and facilities. This information is alsduable to determine if the genebank is
operating under excess capacity or not, and thesewiconomies of scale might be
achieved. Staff characteristics variables can teegxplain the effect on costs of staff
qualification and the number of staff working irethenebank. The use of dummy

variables is recommended to factor out locatiorciipesffects.
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SECTION 3

Conservation and Management of Genetic Resources of
Beans, Cassava and Tropical Forages
in the CIAT Genebank

D. Horna, D. Debouck, A. Ciprian, M. Cuervo, R. Esobar, A. Hernandez,
G. Mafla, C. Ocampo, L.G. Santos, O. Toro

The genebank at CIAT currently holds germplasmasfava, beans and tropical forages.
Note that beans and cassava are Annexl1 crops coweder the multilateral system of
the International Treaty on Plant Genetic ResouimeBood and Agriculture (FAO

2002). All the three collections are unique. Funtihere the collection of beans and
cassava at this genebank are the largest in tHd.vioithe case of beans it accounts for

15% of the total accessions in ex-situ conservgtiohnsoret al. 2003).

Given the agronomic and regeneration differencessadhe three types of materials
manipulated, this genebank have two flows of opamat Cassava as a clonal crop has to
be stored and multiplied under in-vitro conditioBeans and tropical forages are mainly
seed propagated germplasm and their conservatimhdistribution followed standard
protocols for this type of germplasm (Retal. 2006).Figure 3.1a and3.1b presents both

flows of operations within the CIAT genebank.

Costs analysis of CIAT’ genebank have been docusdenttwo previous studies. The
first evaluation was carried out by Eppersbal. (1997), and concentrated on cassava.
The second work was done by Ketal. (2003) covering all materials and all genebank
operations. Both studies use a similar framewoekaiting on the different types of
inputs use (capital labor) and estimating total anekage costs of conservation. The
work done by Koct al. is however more complete as the costs are disgaige by
operations. This evaluation follows a similar femork, but provides more detailed
information on other actual costs. Additionallye tinformation has been collected using
a similar framework across CG genebanks. Genemhgement and information

management costs have been taken apart from tkeeafdbe other operations.
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Figure 3.1. Flow chart for germplasm management in the CIAT genebank
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3.1. Data

The evaluation of CIAT genebank cost
corresponds to the years 2006, 2007 and
2008. By 31 December 2009 this genebank|
had approximately 65,000 accessions
designated and duly registered to the
International Treaty. From this total more
than 35,980 are accessions of beans, 23,14
of tropical forages, and 6,592 of cassava
(Figure 3.2). The use of the DST allowed the
collection of detailed information on the use|
of capital (equipment and facilities), and noj
capital inputs (labor and supplies). The tota
costs estimated with the DST are actual
annual costs given a budget constraint.
Capital and quasi-fixed input information w3
provided by CIAT financial services. CIAT
genebank own records were used to compls
the information on other inputs use like labg
and field, office and lab supplies. As
explained in the previous section the data
collected on variable inputs used and costs

derived from this data might suffer from a

downward bias as it is difficult for the

Testing for Frog Skin Disease

Recently CIAT has developed a new
methodology for testing the Frog Skin
disease (FSD) by introducing molecular
techniques. This disease is supposed to be
caused by a virus transmitted by a vector,
most likely an insect. This is the most
important cassava disease in Colombia. It
can cause up to 90% of damage because it
attacks roots and does not allow for starch
accumulation. The classical test for the
presence of FSD was to graft a
hypersensitive cassava clone (Secundina)
on the material to be tested. Secundina
expresses a very strong mosaic in the
leaves when infected by FSD. The material
to be tested is made of the stem plus a
root system. The aerial part will be made
of the hypersensitive clone. This new
testing method has not only the potential
to reduce costs but also time to process
samples and obtain results. With the
grafting technique the test could take up
to 21 weeks since the cassava plants have
to be grown up in the greenhouse and
then grafted with the susceptible plant.
Moreover not all of the genebank
accessions are able to be grown up in the
greenhouse, so this test cannot be
performed in all accessions. The current
method use is a Reverse Transcriptase-
PCR. The test takes only 5 days. Currently
most of the genebank accessions have
been tested.

M. Cuervo, D. Debouck

genebank staff to account for every item used ah egeration.
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Figure 3.2. Accessions at the C Genebank according to type of material
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3.2. Results

Reports of total and average costs per operatiprasenid in Tables 3.1 - 3.3 for 2008°
For cassava, the most expensive operation is thecoiar characterization (US$ 108 |
accession). This operation although not considareasstodianship operation can hely
significantly reduced operational costs in the dpamd as it allows the idtification of
duplicates. Cryopreservation is also an operatiah¢urrently show a high average ¢
but this is mainly due to the low number of accon currently conserved under o
conditions. Cryopreservation is still an operationer researcrnd evaluation in th
genebank. Cassava material is currently consemeédafety duplicated -vitro. The
annual average costs ofwitro (US$ 14.28) seem to be considerably lowen tthee
average costs of cryopreservation (144.22), but the long term costee considerably
higher in the case of initro. Seed health testifgs awell a relatively expensiv
operation (US$ 46)The ir-vitro material has to be carefully monitored ansted for ¢

number of viral infections before it is accessethtoginebank or distributed to oth

® Information for 2006 and 2007 is also availa
" We use the generic term seed to refer to the paimgmaterial in general. Cassava is multiplied
conserved in-vitro.
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countries® Nevertheless these costs would probably decreabe ifuture as CIAT has
developed a new methodology to test one of thé disgases, the frog skin disease
(FSD). Distribution costs of cassava material arevall considerably expensive for the
genebank as each accession has to be multiplattanand send under special
conditions to the final users. There were no nessaaa materials acquired or
characterized by the genebank in 2008. It is ingmirto point out that acquisition is a
long process that begins with the reception ofntlagerial and ends with their designation
to FAO. In this process the materials are evaluaiadake sure that they are clean of
pathogens (seed health testing) and they are ufigolecular characterization to detect
duplicates). These operations can happen wellvarazge the accession is finally entered
into the system (acquired). These lags have imdican the accounting of costs. For
instance in 2009 125 cassava accessions were egddesignated) meaning that the

evaluation and characterization was performed 0820

For beans the most expensive operation in 2008eed health testing (US$ 37 per
accession). As in the case of cassava, all incoamulgoutgoing accessions have to be
tested for a number of viral diseases, but alsséed borne fungal and bacterial
infections. The largest share of the seed headtintgcosts is the laboratory supplies,
mainly the kit sets for evaluating diseases. In@8&@und 4,700 bean accessions were
screened. If this number would have been higheatleeage cost would have been lower.
The number of accession tested however dependsvenas factors that can or cannot be
under the control of the genebank. Under the garlebantrol is the number of
accessions that can be processed giving the peslsavailable for this work. The

number of accessions requested for distributiotherother hand is independent of the

genebank and often difficult to predict.

In 2008 acquisition and characterization of bearession also reported the high costs
compare to the other operations. In the casedfiaition (US$ 26) the relatively high
cost was due to the few accessions manipufa@thracterizations (US$ 26) together

with regeneration (US$ 24) are often resource Bitenoperations for materials that are

8 Since the cassava collection is an in-vitro caitecthere is no risk of fungal and bacterial irifeas.

° The actual costs of acquisition are probably digher than reported in this Table 3.2. When a new
accession is acquired it has to pass a quarantimess. Most of these costs would be qualifiedaaimbile
costs.
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propagated by seeds. Storage, temporary and lomg tequires some capital investment
but the most important cost component is energya Asnsequence when more accession

are added to storage the lower the average cositssaiperation.

In the case of forages regeneration (US$ 87) aadhcterization (US$ 46) recorded the
highest averages costs in 2008. This is ratherat@gesince many of the tropical forages
accessions are wild materials that require spéeidl and agronomic conditions to
generate seed. In other words, not all the maseitigt are planted this year would
produce seed or be characterized fsmex 3). Seed health testing (US$ 43) as well as
seed processing (US$ 34) short term storage (Up&I8d record high average costs.
Seed processing is an operation that involves aruwf activities before planting for
regeneration and characterization and after haaresbefore storage. Tropical forages
are quite distinctive species with quite distinetseed. Selection and cleaning of these

seeds is a labor intensive activity. There wasagusition of tropical forages in 2008.

The possibility of collecting several years of infa@tion allowed having an idea of CIAT
genebank performance over the period evaluated(R8) Figures 3.3 - 3.5 represent the
changes in total and average costs over the p2@06-2008. It is important to mention
that the use of total and average costs is reldeatime series analysis but these figures
could hide information that can explain the gendétjaerformance over the years. For
example, expenditures on forages in 2006 were derahly lower than in consecutive
years. This was probably due to internal CIAT ficiahdevelopments. This tendency is
not evident on cassava or beans, probably becdulse Annex 1 status of these crops
and the need to have materials available to useesy case, this is clear evidence on the
experience of genebank managers and experts idinlgthe best practices to implement
when (budget) constraints arise. An average costggfneration of forages was
particularly low in 2006. Average costs are estadausing total expenditures and the
total number of accessions manipulated. Evidehiyaverage costs during 2006 were
lower than in later years. This however can haveesonplications on the quality of the
expected outputs. Note that in the case of regéornae have the number of accessions
processed, but not number of accessions that peddermough material to be stored,

distributed and evaluated per year.
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Table 3.1. Operational Costs of CIAT Genebank: CASSAVA - 2008

Activities

No.

access.

Total
capital
cost

(Us$)

Total quasi-
fixed cost

(US$)

Total
labor

variable

costs

(Us$)

Total non-
labor costs

(US$)

Average
capital cost
(US$/acce.

)

Average
quasi-fixed
cost

(US$/acce.

)

Average
variable
labor cost *
(US$/acce.)

Average
non-labor

costs

Total AC**

Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Safety duplication 2,119 | 12,075.81 23,377.97 0.00 6,181.74 5.70 11.03 0.00 2.92 13.95
Cryo-preservation 640 1,992.33 9,938.12 0.00 18,364.16 3.11 15.53 0.00 28.69 44.22
In-vitro conservation 8,261 | 14,337.36 70,137.48 0.00 47,864.97 1.74 8.49 0.00 5.79 14.28
Seed health testing 597 | 10,396.20 4,819.16 0.00 23,022.19 17.41 8.07 0.00 38.56 46.64
Distribution 1,348 2,552.52 21,218.39 0.00 7,500.87 1.89 15.74 0.00 5.56 21.31
Information management 6,467 7,911.04 7,526.81 0.00 2,402.83 1.22 1.16 0.00 0.37 1.54
General management 6,467 4,969.39 6,776.22 0.00 2,095.90 0.77 1.05 0.00 0.32 1.37
Bioche. & Mol. Character. 233 6,777.49 25,180.32 0.00 0.00 29.09 108.07 0.00 0.00 108.07
Total*** N.A. 61,012.13 | 174,905.32 0.00 107,432.66 60.93 169.15 0.00 82.23 251.37

(*) There was no report about temporary labor (ETA).
(**) Operational costs, do not include capital costs.
(***) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 3.2. Operational Costs of CIAT Genebank: BEANS - 2008

Total
Total Total quasi- labor Total non-
capital cost  fixed cost variable labor costs
(US$) (Us$) costs (uss$)
(US$)

Average Average Average
quasi-fixed variable non-labor
cost labor cost costs
(US$/acce.) (US$/acce.) (US$/acce.)

Average
capital cost
(US$/acce.)

No.

Activities Total AC

access.

Acquisition 255 0.00 6,024.72 0.00 721.84 0.00 23.63 0.00 2.83 26.46
Characterization 3,041 | 17,312.38 70,378.65 | 1,160.45 9,788.10 5.69 23.14 0.38 3.22 26.74
Safety duplication 24,241 1,248.66 10,520.68 0.00 10,054.70 0.05 043 0.00 0.41 0.85
Long term storage 2,539 43144 11,879.86 | 5,179.68 19,435.56 0.17 4.68 2.04 7.65 14.37
Medium term storage 2,645 4,152.11 10,731.94 0.00 27,743.69 1.57 4.06 0.00 10.49 14.55
Germination testing 4,827 | 11,556.24 12,521.86 0.00 9,079.83 2.39 2.59 0.00 1.88 448
Regeneration 3,041 | 16,335.49 63,733.26 | 1,160.45 10,094.59 5.37 20.96 0.38 3.32 24.66
Seed processing 5,140 9,737.96 70,861.28 | 5,179.68 24,599.27 1.89 13.79 1.01 4.79 19.58
Seed health testing 4713 | 27,329.93 54,749.94 0.00 | 123,300.41 5.80 11.62 0.00 26.16 37.78
Distribution 2,500 1,248.66 7,071.79 | 5,179.68 4,341.46 0.50 2.83 2.07 1.74 6.64
Information and data 35,903 1,914.25 64,100.76 0.00 16,818.35 0.05 1.79 0.00 047 2.25
management

General management 35,903 6,753.10 37,619.72 0.00 11,635.84 0.19 1.05 0.00 0.32 1.37
Biochemical & Molecular 2,046 5,286.46 12,204.00 0.00 0.00 258 5.96 0.00 0.00 5.96
Characterization

Total N.A. | 103,306.68 | 432,398.47 | 17,859.95 | 267,613.66 26.27 116.52 5.88 63.29 185.69

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 3.3. Operational Costs of CIAT Genebank: TROPICAL FORAGES - 2008

Total Total labor Average Average Average
No. capital

Total quasi- : Total non- Average
X variable .
fixed cost labor costs  capital cost

(US$) (Clj’gt;) (US$)  (US$/acce.)

quasi-fixed variable non-labor
cost labor cost costs
(US$/acce.) (US$/acce.) (US$/acce.)

Activities Total AC

access. cost

(US$)

Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 2,069 | 11,281.17 6,600.17 | 31,551.69 58,302.53 5.45 3.19 15.25 28.18 46.62
Safety duplication 10,307 2,403.07 5,094.07 0.00 4,319.22 0.23 0.49 0.00 042 0.91
Long term storage 2,140 3,913.01 10,662.14 5,179.68 16,289.79 1.83 4.98 242 7.61 15.01
Medium term storage 216 4,152.11 4,670.06 0.00 2,789.85 19.22 21.62 0.00 12.92 34.54
Germination testing 1,728 7,019.99 12,521.86 0.00 4,474 84 4.06 7.25 0.00 259 9.84
Regeneration 1,746 | 11,458.70 63,546.16 | 31,551.69 57,996.04 6.56 36.40 18.07 33.22 87.68
Seed processing 3,084 | 16,664.44 47,014.26 | 25,898.40 32,454.60 5.40 15.24 8.40 10.52 34.17
Seed health testing 1,805 | 13,342.52 31,275.70 0.00 47,221.99 7.39 17.33 0.00 26.16 43.49
Distribution 235 2,403.07 3,110.95 5,179.68 798.88 10.23 13.24 22.04 340 38.68
Information and data 23,140 2,831.74 48,986.40 0.00 10,045.99 0.12 212 0.00 0.43 2.55
management

General management 23,140 5,956.70 24,246 .45 0.00 7,499.47 0.26 1.05 0.00 0.32 1.37
Total N.A. | 81,426.53 | 257,728.23 | 99,361.14 | 242,193.19 60.76 122.90 66.18 125.78 314.86

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Figure 3.3. CASSAVA: Changes in Total and Average Costs per Operation over the Period 2006 — 2008 for CIAT Genebank
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Figure 3.4. BEANS: Changes in Total and Average Costs per Operation over the Period 2006 — 2008 for CIAT Genebank
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"oeJsey) ‘|oN golg
‘Seuel ‘uan
‘Seuew “Joju|
uonnguisig
yijeay paas
'ss220.4d pass
uonesauaday
153 "qeIA
93eJ03S "paN
98eJ015 wia] 8uoq
"dns “jes
uoljezlialoeley)

uonsinbay

W 2007 2008

W 2006

a) Total Costs

200,000
180,000
160,000
140,000
120,000
100,000

80,000
60,000
40,000
20,000 -
0 -

"oesey) ‘|oN g “olg
juswaseuew "usn
‘Seuew uojlew.ou|
uonnquisiq

Sunsal yijeay pass
8uissadoud pass
uoiesauaday
Sunisay uoneuIWIRD
93eJ03s WIS PaN
98e.031s wu9) Suo
uonesljdnp Ayajes
uoneziialeley)

uonisinboy

[ 2008-Actual

m 2007

m 2006

34



Figure 3.5. TROPICAL FORAGES: Changes in Total and Average Costs per Operation over the Period 2006 — 2008 for CIAT Genebank

b) Average Costs
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SECTION 4

Conservation and Management of Maize and Wheat
Genetic Resources in the CIMMYT Genebank

D. Horna, T. Payne, S. Taba, B. Espinoza, M. Rivas

CIMMYT genebank holds an impressive collection loi@st 150,000 accessions of two
important food security crops, wheat and maize. dureent wheat collection is a mixture
of advanced breeding lines and parental materiais the CIMMYT breeding programs,
landrace collections from various regions, and neteprovided y collections or
breeding programs of other research agencies ar cthuntries (Taba 2001). The maize
collection is based on several collections efforgsnly in Latin America. The genebank
also conserves accessions of barley and tritiealeyell as other accession important o
breeders lik@ripsacum sp. and teosinte which is the closest relative to marlhis study
and the reports prepared focuses on maize and wkelasively and only on
custodianship operations. Both of these cropsead propagated material. The
CIMMYT genebank performance has been previousijuated by Pardegt al. (2001,
2004).

With more than 120,000 accessions of wheat andt&000 accessions of maize, the
main challenge for the genebank is to multiply emhipulate these accessions. While
Mexico is a country with favorable conditions faetmultiplication of wheat and maize,
some agro-ecosystems favorable to multiplicatiothe$e crops are not necessarily
represented in the country. Wheat for instancelisvated from sea-level to 4,000 masl
and from the equator to Norway. This environmeataistraint has implications on the
cost of regeneration of the material and on theallvfow of operations.Figure 4.1

presents the flow of operations in CIMMYT genebank.

The large number of wheat accessions the CIMMYTegank suggest that the collection
of the most important local landraces has beereseldi(Taba el at. 2004). Given its
polyploidy nature wheat has suffered several tansdtions. More recently, the use of
biotechnology and cytogenetic tools has contribtibetthese transformations. The

challenge for the wheat genebank collection isettoee to keep unlocking the latent
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diversity and make it available to the final usdrgs important therefore to keep looking
for efficient and cost-effective methods to identifiese sources of diversity (varieties,
traits, genes) that could help to deal with bioti@biotic constraints. The collection of
cost information could help in this task if theanhation collected includes in the future

the impact related operations.

The maintenance of the genetic integrity of a cpasBnating crop like maize is a
challenge for the genebanks dealing with these &frrdaterials. The CIMMYT
genebank is in favor of in-situ conservation of neaand pre-breeding work ex-situ.
According to CIMMYT staff, the pre-breeding is egailent to the interest paid for
storing the seeds. Maize genetic material keysttu (Mexico, Guatemala, Peru, etc.) is
classified into races and they keep evolviegsitu collections of maize, on the other
hand are classified into populations where thetfiétls room for changes over time. The
evolution of the materials however is important aagithe genebank staff argues, it is
better to think in conservation as a dynamic precather than a static one. Therefore
under ex-situ conditions materials can be charaet@i(with agronomic, molecular or
biochemical procedures) and the coverage of thepoi can be verified but pre-
breeding could be part of the routine operationthefgenebank, as it is in the case of
maize in CIMMYT. Unfortunately, in this study weddnot collect specific information
about pre-breeding costs as it is considered aadtmglated operation. The DST

however can be used to collect this informatiothm future.
4.1. Data

This evaluation has been done using cost informdtmm 2007. Additional information
was collected for 2008, but mainly on the numbesadession manipulated. As of 2008
the genebank hold 27,187 accessions of maize ahd82accession of wheat, barley
and triticale igure 4.2).As a consequence the total and average genebatskaf 2007
are accurate while the estimates for 2008 aredpgsbximations. Note that there is
probably a downward bias on the total costs estimats the information about capital
costs, mainly equipment, was incomplete. Still sitiee value of capital goods is

annualized the impact on total and average cagpefations is not significantly affected.
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This is especially true in the case of the CIMMY&angbank as the manipulation of

maize and wheat does not demand for high investetgripment.

Figure 4.1. Flow of Operations in the CIMMYT genebank (Wheat)

i
SIDU INSPECTION REGISTER
RECORD PASSPORT DATA
ASSIGN INTRODUCTION 1D
TION

CHARACTERIZATION
ORIGINAL
mm

MOISTURE %
DRY ROOM GERMINATION %

Small samples of seed are received and enter the germplasm bank (top of the flowchart). Itis then checked for seed
health by the Seed Inspection & Distribution Unit (SIDU), its passport data is registered in the database and it is
assigned an accession ID. The seed is then multiplied to have sufficient seed to store and satisfy outside requests. The
seed is dried to a low moisture level to increase its longevity, and five sub-samples are assigned 3D storage IDs that
record the physical location of the seed in the gene bank. The five sub-samples are stored (i) in the active collection to
satisfy client requests, (ii) in the very long-term storage area of the base collection; (iii) maintained for later germination
tests, (iv) shipped as back-up seed to the National Center for Genetic Resources Preservation (NCGRP) in Fort
Collins, Colorado, USA, and (v) shipped as back-up seed to ICARDA in Syria. After seed requests arrive and are
documented, desired seed is taken from the active collection and processed for shipment. Finally the seed is sent to
the requesting collaborator through the International Wheat Information Network (IWIN). Evaluation for specific traits
and pre-breeding activities enhance the usefulness of the products that we make available to breeders worldwide.
Regeneration takes place as seed quantity or germination percentage drop below set limits. At all levels data is
generated and stored in a central database.

Source: Taba et al. 2004
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Figure 4.2. Accessions hold at the CMMYT genebank by type of material

4.2. Results

Total and average costs per operation are presamnTables 4.1 and 4.2 for wheat anc
maize.ln general the CIMMYT genebank invest more resasiinemaize conservatic
than in wheat conservation. This is completely uthepollination methocof the crop.
The conservation costs wheat germplasrare affected mainly bghe large number ¢
accessions stored. In average te however wheat tends to béosv maintenance cre.
The operation with the highest average cost isiaitoun (US$ 58)due mainlyto fixed
and quasfixed costs and also to the low number of accesdioat are acquired per ye
Given the large coverage of the genepacquisition of new materials is rather a sn
operation. Moreover, theostsestimations of total and average aestjion costsnclude

the initial seed inspection and multiplication chterials.

In average terms, the most expensive operationstiea areseed health testii (US$
5.85) and viabilityor germinatiortesting (US$ 6.19Seed health is evaluated by
Seed Health Testing un(®HT) of CIMMYT that works independently of the geneb:
and provides services to the whole institute. SIS dione estimations of the costs
accession and is aently charging fixed rat. This unit chargea constant fe of US$5
per sample of 10 accessii of wheat. In total costs termsgeneration and seed he:

testing require the largest investmfor wheatconservation and managerr.
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Regeneration is a core operation that procuresigamnough seed volumes for
conservation but also for distribution. Seed heslixpensive because it is an operation
that has to be carried out every time there isvaingroduction and most importantly

every time the seed is distributed to third parties

Safety duplication costs presented in table 4.tespiond to 2007, we have used the total
number of wheat accessions sent in 2008 to estithataverage costs and have added
the costs of 2007 and 2007. Safety duplicationireguisome preparation before the
materials are shipped to the safety storage pldeerefore there is a lag between sample
preparation and actual shipment of the materidso Aote that characterization of wheat
germplasm it is not a current operation for whesatgplasm at CIMMYT, therefore there

are no costs recorded for this operation.

In the case of maize, the operations with the ragheerage costs are characterization
(US$ 181.44) and regeneration (US$ 99.81). Thisexaected given the need to have
controlled field conditions to be able to presetwe genetic integrity of an open
pollinated crop like maize. Note that in averagente the costs of characterization was
higher than the costs of regeneration since thebeuiof accessions regenerated was at
least 3 times higher than the number of accesdiaracterized in 2007. In absolute
terms, the CIMMYT genebank invested more resouscesegeneration (US$ 99,000)
than in characterization (US$ 64,000). The diffeeewas basically due to additional

field expenses for regenerated materials that teebd harvested.

Seed health testing is 10 times more expensiveére than it is for wheat, making this
the third most expensive operation (US$ 50) in agerterms, but the single most
expensive operation in total costs. In 2007 theegank invested around US$ 123,000 on
seed health testing of 2,472 maize accessions.@eedssing (US$ 23.6), medium term

storage (15.9) and acquisition (US$ 10.56) foll@ed health testing in average costs.

There is a large discrepancy between the estinmtlone by Pardest al. (2001) and the

results of our estimations. Probable explanationshfese discrepancies are:

- We are account for actual costs rather than geketmsts in an average y&ar

19 Although, capital equipment is probably bettercastted for by Pardest al. (2004) as they have used
replacement costs.
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We have separated the general management and atfommanagement costs
from the other operations.

Average costs in this study are estimating usiegiimber of accessions
manipulated the year of the evaluation. Parey. (2001) used the total number
of accessions in storage for similar estimatiorss 1S particularly noteworthy for
medium and long term storage.

In the case of wheat, the main difference is dusctpuisition costs. One
explanation is that in 2000, when Par@egl. performed their evaluation, there
were around 5,800 new accessions of wheat acqwinédd in 2007 CIMMYT

only acquired 209 wheat accessions. Furthermoregsiimations include also the
costs of initial multiplication.

In the case of maize the main difference is dudecaddition of costs of
characterization and seed health testing. In thédyeet al evaluation
characterization costs were included in regeneratasts. As explained above the

SHT unit is now using a direct charge for theivgsss.
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Table 4.1. Operational Costs of CIMMYT Genebank: WHEAT - 2007

Total labor
variable
costs

Average Average
quasi-fixed variable
cost labor cost

Average
non-labor
costs

Total
capital cost

(us$)

Total non-
labor costs

(Us$)

Total quasi-
fixed cost

(Us$)

Average
capital cost
(US$/acce.)

No.

Activities Total AC*

access.

(US$)

(US$/acce.)

(US$/acce.)

(US$/acce.)

Acquisition 245.37 10,701.13 308.84 1,423.72 1.17 51.20 1.48 6.81 59.49
Characterization 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Safety duplication 47,856 290 21,402 | 1,698.60 | 12,806.81 0.01 0.45 0.04 0.27 0.75
Long term storage 8,573 | 10,278.01 4,922.43 308.84 |  4,906.37 1.20 0.57 0.04 0.27 0.88
Medium term storage 8,573 | 11,737.04 4,922.43 308.84 | 4,367.04 1.37 0.57 0.04 0.21 0.82
Germination testing 1,000 3,359.23 2,884.96 617.67 2,789.65 3.36 2.88 0.62 2.79 6.29
Regeneration 30,449 | 6,292.89 12,991.52 | 12,353.44 | 41,677.88 0.21 0.43 0.41 1.37 2.20
Seed processing 60,692 | 4,841.63 16,285.50 |  9,265.08 2,773.82 0.08 0.27 0.15 0.05 0.47
Seed health testing 6,477 164.25 5,497.48 0.00 | 32,385.00 0.03 0.85 0.00 5.00 5.85
Distribution 5,411 164.25 10,600.61 6,176.72 4,969.19 0.03 1.96 1.14 0.92 4.02
Information management | 121,980 | 24,003.57 | 117,793.75 617.67 2,857.04 0.20 0.97 0.01 0.02 0.99
General management 121,980 686.25 | 53,647.73 0.00 | 34,992.32 0.01 0.44 0.00 0.29 0.73
Total** N.A. 62,062.21 | 261,649.81 | 31,655.69 | 145,948.84 7.65 60.59 3.91 17.99 82.49

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 4.2. Operational Costs of CIMMYT Genebank: MAIZE - 2007

Activities

No.

access.

Total

capital cost

(Us$)

Total quasi-

fixed cost

(Us$)

Total labor

variable
costs

(US$)

Total non-

labor costs

(Us$)

Average
capital cost
(US$/acce.)

Average

quasi-fixed

cost

(US$/acce.)

Average
variable
labor cost
(US$/acce.)

Average
non-labor
costs
(US$/acce.)

Total AC*

Acquisition 972 328.50 8,433.91 426.81 1,401.51 0.34 8.68 0.44 1.44 10.56
Characterization 355 1,839.60 42,225.13 | 12,804.20 9,380.28 5.18 118.94 36.07 26.42 181.44
Safety duplication 12,886 328.50 7,860.48 1,280.42 12,595.68 0.03 0.61 0.10 0.98 1.69
Long term storage 972 9,485.81 1,464.67 426.81 4,022.70 0.33 1.51 0.44 1.39 3.34
Medium term storage 155 17,155.07 1,464.67 426.81 3,372.92 1.16 9.45 2.75 3.78 15.99
Germination testing 1,874 3,210.90 4,792.05 853.61 3,344.33 1.7 2.56 0.46 1.78 480
Regeneration 992 1,839.60 4222513 | 12,804.20 43,979.22 1.85 42.57 12.91 4433 99.81
Seed processing 1,127 9,151.95 14,727.74 8,536.13 3,328.59 8.12 13.07 1.57 2.95 23.60
Seed health testing 2,472 0.00 0.00 0.00 | 148,320.00 0.00 0.00 0.00 60.00 60.00
Distribution 17,693 328.50 13,241.35 4,268.07 8,338.54 0.02 0.75 0.24 0.47 1.46
Information management 26,581 15,228.53 19,701.44 853.61 3,328.59 0.57 0.74 0.03 0.13 0.90
General management 26,581 850.50 27,336.67 0.00 41,990.79 0.03 1.03 0.00 1.58 2.61
Total** N.A. 59,747.46 | 223,863.24 | 42,680.66 | 283,403.15 19.35 199.90 61.01 145.26 406.17

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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SECTION 5

Conservation and Management of Genetic Resources of
Sorghum, Pearl millet, Chickpea, Pigeonpea,
Groundnut and other Small millets

in the ICRISAT Genebank

D. Horna, H. D.Upadhyaya, D.V.S.S.R. Sastry, V.Gop&eddy,
Sube Singh, K.N. Reddy, and C.L.L. Gowda

ICRISAT operates as a system of genebanks withia gemebank located in Patancheru,
(India) and other 3 genebanks located in NiamegéNj Nairobi (Kenya) and Bulawayo
(Zimbabwe). Each of these genebanks perform altebalar operations and conserve
and distribute accessions to users according toldmation. In its active collection the
ICRISAT genebank at Patancheru holds more tharD00%ccessions of sorghum,
groundnut, chickpea, pigeonpea, pearl millet ardgier small millets (finger millet,
foxtail millet, barnyard millet, kodo millet, litd millet and proso millet). In total the
genebank conserves accession of 11 different ¢happsepresent 70 — 80% of the
available diversity (Upadhyays al. 2008). Additionally, accessions of groundnut and
pearl millet are also stored at Niamey, accessi@ohum and pearl millet at

Bulawayo, and accessions of sorghum, pigeon pealankipea at the Nairobi genebank
(Koo et al. 2004). In this evaluation we have evaluated dméyRatancheru genebank and
the main genetic materials conserved in its faedit’ The only previous cost evaluation
of the ICRISAT genebank corresponds to the worKad et al. (2004) that also

concentrated on the accessions kept at Patancheru.

The establishment of the collection at Patanchexsi lmased on donations from existing
collections in India, USA, Puerto Rico, Iran, LebanMozambique, Tanzania, Uganda
and Kenya among other countries, and on targetéettions ICRISAT efforts launched
between 1974 and 1997 (Upadhyayal. 2008, Kooet al. 2004). The main management
challenges in the Patancheru genebank are the murhhecessions held and the wide

variety of crops. The various genebank activitiesdepicted irfFigure 5.1. This genebank

™ Currently ICRISAT staff is working on the collesti of information in the Nairobi genebank.
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has one of the largest collections in the CG syswWhile most of the materials are seed
propagated, there are also a number of wild masehat do not produce seed and need
to be conserved and multiplied using special fieedi The collection includes landraces
(82%), non-domesticated species (2%), advancealdnclultivars (1%), and breeding
lines (15%).

Several of the operations in the ICRISAT genebaeKabor intensive. A clear example
is seed processing of groundnuts that demandsiguand quality of labor. So far the
cheap labor in India has helped to maintain thelleoperations. We speculate that the
increase in labor costs could be future constrfainthe efficient management of
genebank operations. The diversity of crops alsts a0l the complexity of the system
and can have a potential impact on the aggregatsd,@specially on the general
management costs. The information collected cam toe¢xplore these hypotheses (see
Section 9).

Another factor to take into account in this gendbiarthe aging of the scientific and
technical staff. The replacement of experienceffl il definitively have an impact on

the performance and cost of the operations. Todaswine of this potential negative
impact the current practice at ICRISAT is to haverapping training periods with
outgoing and incoming staff. This practice haslbexn yet implemented at the genebank
but the costs and benefits of implementing it carasily be simulated using the current

costs information available.
5.1. Data

Detailed information on accessions manipulatedjisipse and related costs was
collected for 2006 and 2007 for the six main typesrops conserved in the Patancheru
genebank: chickpea, pigeon pea, groundnut, sorgpeat| millet and small millets
(Figure 5.2). We also collected information on numbers of asmns manipulated per
operation for 2008. The best estimations of total average costs per accession
therefore correspond to 2006 and 2007. Note thedt eeterial has accessions that are
cultivated and also wild accessions that requiezisth conservation and multiplication

facilities. The costs reported in this study indumbsts of these special facilities and
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inputs used for wild materials. Costs reports havere consolidated per type

material.

Figure 5.1. Operational flow chart of ICRISAT genebank activities.
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Figure 5.2. Accessions held by the ICRISAT genebank by type of material
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5.2. Results

The total and operational costs for 2007 of theRatieru genebank are presented in
Tables 5.1t0 5.6. Sorghum records the largest number of accessmmserved in this
genebank. In 2007 the most expensive operationdrage terms was the acquisition of
new materials (US$80) followed by characteriza(id8$ 17) and distribution (US$ 17).
As it has been mentioned several times the nunfteraessions manipulated in each
operation has a great impact over the average. &dstait 21 new accessions of sorghum
were introduced to the system, while 521 were ithisted to users. In terms of total costs
however, the operation that required higher invesirwvas general management (US$
43,000) followed by characterization (US$ 41,008 eegeneration (US$ 28,000). The
largest share of the general management and regiemecost corresponds to the quasi-
fixed inputs (qualified staff), while in the caskobaracterization the largest expense
corresponds to variable costs mostly field supplie®atancheru, sorghum
characterization occurs during the rainy and pastyrseason, while regeneration occurs

only during the post-rainy season.

The second crop with the highest number of accestmed at Patancheru is pearl
millet. Pearl millet is the sixth most importanteal world-wide and is the main food
source in the poorest regions of India and thecafricontinerif. This is a highly cross
pollinated crop that requires special regeneratmmditions to avoid genetic drift (Table
5.2). Thus average regeneration cost of pearl hflU8$ 60) tends to be higher than for
the other crops. The second and third most expermgierations are acquisition (US$ 30)
while distribution (US$ 25) due to the low numbéaocessions acquired and distributed
in 2007. In total costs, characterization (US$ 8@)and regeneration (US$ 47,000)
demand more investment than the other operations.

Chickpea is the world’s third most important foeguime, cultivated mainly in Algeria,
Ethiopia, Iran, India, Mexico, Morocco, Myanmar kiz@an, Spain, Syria, Tanzania,
Tunisia and Turkey. Chickpea ranks third in numifeasiccessions held at the genebank
with a large variation of different traits. In orde target better the users’ needs and the

distribution of materials ICRISAT genebank has deped core collection consisting of

12 http://www.icrisat.org/newsite/what-we-do/crops/B¥etillet/Pearlmillet/coreMillet. htm
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about 2,000 accessions (Upadhyatyal 2001). As shown in Table 5.3, distribution on
average costs US$ 16/accession (in 2007). The expsinsive operations for this
material are acquisition (US$ 45 per accessiorgtatterization (US$ 39/accession) and
regeneration (US$ 26/accession). These are typieafiensive field operations that
demand mobilization of resources. The largest costponent of these average costs are

qualified labor and field supplies.

Pigeonpea is an important legume crop mostly predilc Asia, Africa, Latin America
and the Caribbean regibnSimilar to pearl millet, pigeonpea is an oftenss pollinated
crop (up to 40%) which has implication on total @verage characterization and
regenerations costs. Thus regeneration of pigeonwpsdhe most expensive operation in
2007 (US$ 60 / accession) followed by charactaomnalUS$ 42.3 / accession). About
270 accessions of pigeonpea were distributed ii7,2@@ding to an average cost of
almost US$ 19 per accession shipped. During thas tyere were no accession acquired,
duplicated, added to long term storage, evaluaieddrmination or sent for seed health
evaluation. In table 5.4 we report the total arrage costs of longer storage and viability
testing of 2006.

Groundnut is a self-pollinated crop that is maigtgwn in developing countries in Asia
and Africa (95.5% of total production). The crogrewn mostly by smallholder farmers
under rain-fed conditions with limited inpttsICRISAT genebank at Patancheru holds
around 15,000 accessions of cultivated and wilceneds. The regeneration (US$
53,000) and characterization (US$ 52,000) of tmeagerials demand the highest
investments compare to the other genebank opesgp@riormed on this crop. In 2007,
there were no new groundnut accessions acquir¢debyenebank. This year a total of
117 accessions were distributed to user at an geeast of US$ 17.74/ accession.
Adding an accession into long-term conservation edported relatively high cost (US$
11/ accession). This high cost is probably duevtorhain reasons: a) we used numbers
of accession added the year of evaluation, antotaltnumber of accession on long-term

storage; and 2) in 2007, only pearl millet and gienut accessions were added to long-

13 http://www.icrisat.org/newsite/crop-pigeonpea.htm
1 http://www.icrisat.org/newsite/crop-groundnut.htm
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term storage, thus the variable costs, mainly eyt was allocated to only these two

crops. These costs represent the total for cuétdzand wild materials.

Patancheru genebank also holds an important coltecther small millets, around
10,000 accessions. Finger millet, a self pollirgtnop, is originally native to the
Ethiopia and highly adaptable to higher elevatiarSoxtail millet regarded as a native of
China, it is one of the world’s oldest cultivatads. This crop ranks second in the total
world production of millets and provides food tdlians of people, mainly on poor or
marginal soils in southern Europe and in tempegtitropical and tropical Asia Kodo
millet was domesticated in India almost 3000 yeas. Kodo millet has a high
nutritional value, with a protein content of 11%gdarery high fiber content Little millet
was domesticated in India and shows resistanceverse agro-climatic conditiotfs
Proso millet is considered a self-pollinated chmy, natural cross-pollination may occur.
This millet generally matures between 60-90 dater gilanting and can be grown
successfully in poor soil and hot dry weaffieBarnyard millet is the fastest growing of
all millets and produces a crop in six weeks. frswn in India, Japan and China as a

substitute for rice when the paddy crop fAils

Given the different number of species the consemaif small millets is a challenging
task. The costs associated to their conservatidmraintenance are however comparable
to the other types of material conserved in thamf&dteru genebank. In 2007 the most
expensive operation was acquisition (US$ 54 / adory but only 43 new accessions
were acquired. Characterization (US$ 20,000), regeion (US$ 27,000) and safety
duplication (US$ 25,000) demanded most of the amasien and management
investment in 2007. As most of the other crops ma&ed in this genebank, the
distribution of accessions of small millets is Eatieely expensive operation (US$ 18 /
sample). In 2007 about 337 accessions of smaletailvere sent to users around the
world.

15 hitp://www.icrisat.org/newsite/crop-fingermilletrnt
18 hitp://www.icrisat.org/newsite/crop-foxtailmilletin

17 http://www.icrisat.org/newsite/crop-kodomillet.htm
18 http://www.icrisat.org/newsite/crop-littlemillet mt

19 http://www.icrisat.org/newsite/crop-prosomillet. htm
20 http://www.icrisat.org/newsite/crop-barnyardmilkgtn
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Molecular characterization: At ICRISAT molecularachcterization of germplasm
collections is an important activity. Core collects (10% of entire collection), mini core
collections (10% of core or 1% of entire collec)i@ne genotyped to study population
structure, assess genetic diversity and to idetrafiy-specific genetically diverse
accessions for use by the crop improvement scisriiesides identifying duplicates in
the collections. This important activity was nostal in any of the areas/activities of

genebank operations.
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Table 5.1. Operational Costs (US$) of ICRISAT Genebank: SORGHUM - 2007

Activities

No.

access.

Total capital

cost

(Us$)

Total quasi-
fixed cost

(US$)

Total labor
variable

costs

(US$)

Total non-
labor costs

(Us$)

Average
capital cost
(US$/acce.)

Average
quasi-fixed

(US$/acce.)

Average
variable
cost labor cost
(US$/acce.)

Average
non-labor
costs
(US$/acce.)

Total AC*

Acquisition 21 14.86 1,543.62 0.00 146.12 0.71 73.51 0.00 6.96 80.46
Characterization 2,377 2,335.98 18,151.29 2,893.18 | 20,647.20 0.98 7.64 1.22 8.69 17.54
Safety duplication 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Long term storage 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Medium term storage 1,080 4,328.83 1,741.45 0.00 4,643.97 4.01 1.61 0.00 4.30 5.91
Germination testing 1,962 1,950.36 4,320.66 0.00 999.94 0.99 220 0.00 0.51 2.1
Regeneration 4,603 3,592.04 18,641.39 1,705.55 7,755.91 0.78 4.05 0.37 1.68 6.11
Seed processing 3457 2,341.05 2,526.64 951.00 2,699.76 0.68 0.73 0.28 0.78 1.79
Seed health testing 300 0.00 777.38 0.00 1,200.64 0.00 2,59 0.00 4.00 6.59
Distribution 521 154.27 6,247.27 0.00 2,601.54 0.30 11.99 0.00 4.99 16.98
Information management 37,904 1,876.56 10,046.32 0.00 764.64 0.05 0.27 0.00 0.02 0.29
General management 37,904 7,371.98 42,078.18 0.00 1,743.12 0.19 111 0.00 0.05 1.16
Total** N.A. 23,965.95 | 106,074.19 5,549.73 | 43,202.84 8.69 105.69 1.86 31.98 139.54

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 5.2. Operational Costs (US$) of ICRISAT Genebank: PEARL MILLET - 2007

Activities

No.

access.

Total capital

cost

(Us$)

Total quasi-
fixed cost

(US$)

Total labor

variable
costs

(US$)

Total non-
labor costs

(Us$)

Average
capital cost
(US$/acce.)

Average
quasi-fixed
cost
(US$/acce.)

Average
variable
labor cost
(US$/acce.)

Average
non-labor
costs
(US$/acce.)

Total AC*

Acquisition 423 299.32 9,901.07 0.00 2,943.20 0.7 23.41 0.00 6.96 30.36
Characterization 2,094 2,057.87 29,277.81 1,040.29 7,443.38 0.98 13.98 0.50 3.55 18.03
Safety duplication 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Long term storage 684 1,811.41 2,004.24 0.00 5,496.30 265 293 0.00 8.04 10.97
Medium term storage 112 448.92 180.60 0.00 481.60 4,01 1.61 0.00 430 5.91
Germination testing 2,433 2,418.57 5,105.32 0.00 1,239.99 0.99 210 0.00 0.51 261
Regeneration 793 618.83 26,246.09 8,148.23 | 12,914.52 0.78 33.10 10.28 16.29 59.66
Seed processing 1,723 1,166.80 1,909.19 897.42 1,394.39 0.68 1.11 0.52 0.81 244
Seed health testing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Distribution 34 10.07 663.98 0.00 169.77 0.30 19.53 0.00 499 24.52
Information management 21,594 1,069.08 5,576.75 0.00 435,62 0.05 0.26 0.00 0.02 0.28
General management 21,594 4,199.84 2442474 0.00 993.06 0.19 1.13 0.00 0.05 1.18
Total** N.A. 14,100.70 | 105,289.77 | 10,085.95 | 33,511.83 11.34 99.15 11.29 45.51 155.96

(*) Operational costs, do not include capital costs.

(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 5.3. Operational Costs (US$) of ICRISAT Genebank: CHICKPEA - 2007

Activities

No.

access.

Total capital

cost

(Us$)

Total quasi-
fixed cost

(US$)

Total labor

variable
costs

(US$)

Total non-
labor costs

(Us$)

Average
capital cost
(US$/acce.)

Average
quasi-fixed
cost
(US$/acce.)

Average
variable
labor cost
(US$/acce.)

Average
non-labor
costs
(US$/acce.)

Total AC*

Acquisition 72 50.95 2,737.36 0.00 500.97 0.7 38.02 0.00 6.96 44.98
Characterization 1,200 1,179.29 20,166.96 5107.71 | 21,462.73 0.98 16.81 4.26 17.89 38.95
Safety duplication 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Long term storage 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Medium term storage 2,581 10,345.11 4,161.75 0.00 | 11,098.24 4.01 1.61 0.00 4.30 5.91
Germination testing 2,871 2,853.97 5,835.00 0.00 1,463.21 0.99 2,03 0.00 0.51 254
Regeneration 1,650 1,287.61 21,447.29 4,179.04 | 17,735.80 0.78 13.00 2.53 10.75 26.28
Seed processing 4,231 2,865.20 3,742.22 2,678.87 3,899.52 0.68 0.88 0.63 0.92 244
Seed health testing 309 0.00 800.70 0.00 1,968.65 0.00 2,59 0.00 6.37 8.96
Distribution 944 279.51 10,790.19 0.00 4,713.73 0.30 11.43 0.00 499 16.42
Information management 20,140 997.10 6,324.16 0.00 406.29 0.05 0.31 0.00 0.02 0.33
General management 20,140 3,917.05 22,850.98 0.00 926.19 0.19 1.13 0.00 0.05 1.18
Total** N.A. 23,775.79 98,856.62 | 11,965.62 | 64,175.33 8.69 87.82 742 52.75 148.00

(*) Operational costs, do not include capital costs.

(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 5.4. Operational Costs (US$) of ICRISAT Genebank: PIGEONPEA, 2006 - 2007

Activities

No.

access.

Total capital

cost

(Us$)

Total quasi-
fixed cost

(Us$)

Total labor
variable

costs

(US$)

Total non-
labor costs

(Us$)

Average
capital cost
(US$/acce.)

Average
quasi-fixed
cost
(US$/acce.)

Average
variable
labor cost
(US$/acce.)

Average
non-labor
costs
(US$/acce.)

Total AC*

Acquisition 0 0.00 1,052.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 798 784.23 19,190.65 7,179.37 7,372.68 0.98 24.05 9.00 9.24 42.28
Safety duplication 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Long term storage (2006) 247 956.98 1,303.45 0.00 2,868.13 3.87 5.28 0.00 11.61 16.89
Medium term storage 469 1,879.84 756.24 0.00 2,016.69 4.01 1.61 0.00 4.30 591
Germination testing 623 47493 2,031.87 0.00 24359 0.76 3.26 0.00 0.39 3.65
(2006)

Regeneration 426 332.44 17,832.24 0.00 7,777.87 0.78 41.86 0.00 18.26 60.12
Seed processing 895 606.09 654.13 1,116.20 784.54 0.68 0.73 1.25 0.88 2.85
Seed health testing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Distribution 270 79.95 3,744 .40 0.00 1,348.21 0.30 13.87 0.00 4.99 18.86
Information management 13,632 674.90 4,960.51 0.00 275.00 0.05 0.36 0.00 0.02 0.38
General management 13,632 2,651.30 15,806.92 0.00 626.91 0.19 1.16 0.00 0.05 1.21
Total N.A. 7,008.73 65,049.26 8,295.57 | 20,201.89 6.99 83.64 10.24 37.73 131.62

(*) Operational costs, do not include capital costs.

(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 5.5. Operational Costs (US$) of ICRISAT Genebank: GROUNDNUT - 2007

N Total capital | Total quasi- Tota! I35 Total non- Average Avelra.ge Avgrage SRR
Activities accgés. cost fixed cost vigztbsle labor costs | capital cost qua;—;‘?(ed Igt?czlra(k:)!;t nogc;lszitsnor Total AC*
(US$) (US$) (US$) (US$) {tieess) (US$/acce.) (US$/acce.) (US$/acce.)

Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 900 718.50 31,252.19 6,409.20 | 14,709.24 0.80 34.72 7.12 16.34 58.19
Safety duplication 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Long term storage 1,931 4,154.17 5,658.16 0.00 | 15,516.61 2.15 2.93 0.00 8.04 10.97
Medium term storage 363 1,181.94 585.32 0.00 1,560.89 3.26 1.61 0.00 4.30 5.91
Germination testing 1,934 1,561.76 4,274.01 0.00 985.67 0.81 2.21 0.00 0.51 2.72
Regeneration 2,400 1,521.44 33,306.74 6,360.08 | 13,308.68 0.63 13.88 2.65 5.55 22.07
Seed processing 4,694 2,582.24 4,080.62 5,804.22 6,142.26 0.55 0.87 1.24 1.31 3.41
Seed health testing 1,475 0.00 3,822.11 0.00 5,965.14 0.00 2.59 0.00 4.04 6.64
Distribution 117 28.14 1,491.62 0.00 584.22 0.24 12.75 0.00 4.99 17.74
Information management 15,419 620.12 4,282.88 0.00 311.05 0.04 0.28 0.00 0.02 0.30
General management 15,419 2,436.11 17,741.12 0.00 709.09 0.16 1.15 0.00 0.05 1.20
Total** N.A. 14,804.42 | 106,494.75 | 18,573.50 | 59,792.84 8.64 72.99 11.01 45.15 129.15

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 5.6. Operational Costs (US$) of ICRISAT Genebank: SMALL MILLETS - 2007

Activities

No.

access.

Total capital

cost

(Us$)

Total quasi-
fixed cost

(US$)

Total labor

variable
costs

(US$)

Total non-
labor costs

(Us$)

Average
capital cost
(US$/acce.)

Average
quasi-fixed
cost
(US$/acce.)

Average
variable
labor cost
(US$/acce.)

Average
non-labor
costs
(US$/acce.)

Total AC*

Acquisition 43 30.43 2,058.57 0.00 299.19 0.7 47.87 0.00 6.96 54.83
Characterization 1,737 1,707.03 16,596.98 491.13 3,763.05 0.98 9.55 0.28 217 12.00
Safety duplication 3,042 2,031.15 21,508.12 0.00 3,930.45 0.67 7.07 0.00 1.29 8.36
Long term storage 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Medium term storage 147 589.20 237.03 0.00 632.10 4,01 1.61 0.00 430 5.91
Germination testing 127 126.25 1,263.65 0.00 64.73 0.99 9.95 0.00 0.51 10.46
Regeneration 1,737 1,355.50 14,741.86 8,929.57 3,537.64 0.78 8.49 5.14 2.04 15.66
Seed processing 4,926 3,335.85 3,600.30 4,987.16 3,953.89 0.68 0.73 1.01 0.80 2.55
Seed health testing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Distribution 337 99.78 4,412.50 0.00 1,682.76 0.30 13.09 0.00 499 18.09
Information management 10,193 504.64 4,239.93 0.00 205.62 0.05 0.42 0.00 0.02 0.44
General management 10,193 1,982.45 12,084.66 0.00 468.75 0.19 1.19 0.00 0.05 1.23
Total** N.A. 11,762.28 80,743.59 | 14,407.86 | 18,538.18 9.36 99.97 6.44 2312 129.54

(*) Operational costs, do not include capital costs.

(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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SECTION 6

Conservation and Management of Genetic Resources of
Major Food Crops of Africa in the IITA Genebank

D. Horna, V. M. Manyong, D. Dumet, A. Ogundapo

Recognizing the need to conserve this valuable glasm for future use, the IITA
genebank started operations in 1975. The banleptigsholds over 28 000 accessions of
major food crops of Africa, namely cowpea, cassgaa), soybean, bambara groundnut,
maize, plantain and banana (3eige 6.1 for details). In addition, substantiigna wild
relatives and miscellaneous legumes have beerctadl®ver the past 40 years. More
recently a small collection of African yam bean,uasderutilized legume, has been added
to the IITA genebank collectiéh

IITA Genetic Resources Center is maintaining geasipl in 3 different genebanks:
Seed-, field- and in vitro-genebanks. Seed prongsss well as yam and cassava in vitro
banking operations are described in Dustet. 2007 (a, b), Dumet and Oyatomi 2008,
Dumet and Ogunsola 2008, and Dureteil. 2008 The main challenge of IITA Genetic
Resources Center is linked to the diversity ofdblections in terms of genus, species,
reproductive biology, agronomical multiplicationdaassociated pathogens. As regard to
the latter point, the existence of seed-born vimusie vigna germplasm as well as the
accumulation of virus in yam, cassava and musaglesm, make their sanitation very
demanding in term of time and resources. MostYikleé manipulation of this large crop
diversity has implications on the total and avereggs of conservation and distribution
of materials. Another challenge for this genebantkhe risk related to the location. Under
this category we have 2 considerations: 1) theipitisg of finding qualified temporary
labor to perform high quality routine activitiesatirequired some level of specialization
(i.e. cleaning, packing, selection of material9)th& possibility of having supplies and
equipment delivered or fixed when they are needezcbmmon strategy to deal with the

last point is to overstocked in supplied and haaekhbp equipment to be prepared for

2! http://www.iita.org/cms/details/genebank.aspx? beitic=1486&zoneid=358
% These manuals are available on lineatw.iita.org
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eventualities. The consequence is however inclieast¢al cost of operations, and the

probability of having unused equipment that maydetate with time.

To our knowledge, this is the first costs evaluatarried out for the IITA genebank and

thus the first attempt to evaluate the costs ofagarg and conserving African crops

underex-situ conditions.

Table 6.1: Types of materials and number of accessions hold by the [ITA genebank

Accessions maintained

Common name Latin Name
Total No. No. In trust
Seed crops
Cowpea Niébé Vigna unguiculata L. 15,115 15,003
Maize Mais ZeamaysL. 880 0
Soybean Soja Glycine max (L.) Merr 1,742 1,742
Bambara ground nut | Pois Bambara Vigna subterranean (L.) Verdc 1,815 1,815
Wild Vigna Vigna 1,507 1507
African yam bean Haricot Igname Sphenostylis stenocarpa 66 66
(Hochst. ex A. Rich.) Harms
Miscellaneous Winged bean Psophocarpus tetragonolobus > 600 0
legumes Pigeon pea Cajanus cajun
Lablab Lablab purpureus
Lima bean Phaseolus lunatus
Jack- and sword-bean Canavalia species
Green gram Vigna radiata
Mung bean Vigna mungo
Clonal crops
Cassava Manioc Manihot esculenta Crantz 2,712 2,078
Yam Igname Dioscorea abysinnica, 3,200 3,087
D. alata
D. bulbifera
D. cayenensis
D. dumentorum
D. esculenta
D. manganotiana
D. Preusii
D. rotundata
Banana/Plantain Banane Musa acuminata 250 0
M. balbisiana
M. schizocarpa
M. basjoo
M. laterita
M. peekeli

Source: [ITA 2009 (http://www.iita.org/cms/details/genebank.aspx?articleid=1486&zoneid=358)
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6.1. Data

[ITA staff collected accessis processednput use, and related cost data for the
2008 using the DSTThis is a very good example of how the tool camtyg@emented b
each genebank in the CG cenHowever, the tool was adapted to specifics of
genebank at ITAThe informaton collected allowed the estimation of actual tatad
averages costs of the all operations performeldargenebank. Since this genebank h
a diversity of crops the title of operations wedguated to report both the costs of s
and clonal material$igure 7.1). Note that this information might suffer from a domard
bias on the total nolabor variable costs sinit is difficult to account for every type «
supply used in the genebank. Alwe only count with one year of informat, 2008,
andthis could be considered a baseline year for futgtanation. Note in this particula
year thdITA genebank was very active in the upgradinglihak—i.e. more samples
treatedper operation than an annual ), large quantity of supplies bouc and many
peopleinvolved in several operatio. Periodical collection of genebank costs wa
allow formulating more solid conclusions about tlest«-effectiveness of the 11T/
genebank collection.

Figure 6.1. Types of accessions held at the IITA genebank
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6.2. Results

Costs reports per operation and type of materrahi® IITA genebank are presented in
Table 6.2 t0 6.11.

The African yam bean is grown in West Africa, pautarly in Cameroon, Cote d'lvoire,
Ghana, Nigeria and Togo (Porter 1992). It is ing#arof extinction because of the
competition with other major legumes and becauseciives no research attention
locally (Klu et al. 2001). African yam bean is a vigorous vine witlibéglseeds and
underground tubers used as food in some partsrafadfDukeet al. 1977; Anon 1979;
Porter 1992). In general it looks that this coll@etdemands relatively low investment of
IITA resources compare to other types of materasaged at this genebank. In 2008
the cost of distribution recorded the highest c@ise 6.2). This distribution costs refers
exclusively to inputs and resources used for pacimd shipping of materials to users.
On this year a total of 75 accessions were digiibaccounting for US$ 1,278 in total or
US$ 19.67 per accession (these values do not iachelinvestment in capital costs).
Regeneration accessions of African yam beans atpgre some investment. In average
the regeneration of each accession was about US8 {dot including capital costs). Not
all the genebank operations were carried out ir82D0. there were no new accession

acquired, tested for viability or seed health.

Bambara groundnut originated in West Africa, prdpalorth-eastern Nigeria and
northern Cameroon. It is found in many farming egst of many countries in west,
central, southern, and east Africa. This littleAkmovegetable has potential to improve
nutrition, boost food security, foster rural deymteent and support sustainable land
management (National Research Council 2006). ltritrtes greatly to diversity. The
IITA genebank holds the largest germplasm collectbBambara groundnut. In 2008
the genebank was very active on the Bambara gradmdtiection. A comparatively
large number of materials that were regeneratedl)(4@nt for safety duplication (269),
characterized (124) and tested for viability (48431 health (153). Distribution (US$
19.67 /accession), seed health testing (US$ 1actHssion) and regeneration (US$
10.49/accession) reported the highest average. clssterms of total cost the distribution
of Bambara groundnut was the operation that recbitole highest costs (US$ 9.088). In
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2008, 461 accessions were distributed to 9 distewpients from 3 different countries:

Nigeria, UK and Denmark. Shipping cost include DsHipment for the last 2 countries.

Cassava was introduced from South America in tkieesin century, and quickly spread
through the African continent. Cassava has bectwn@leal crop in many farming
systems in Africa because of its adaptability & ¢thops to marginal soils and erratic
rainfall conditions, and high-yield per unit of thiNwekeet al. 2002). Nowadays
cassava is the second most important food in thieakf diet. Despite that the largest
diversity of this clonal crop comes mainly from ttenter of origin (South America), the
African cultivars has evolved into distinctive maags that need to be conserved. Indeed,
amongst the African landraces, some of them haveloeed resistance towards cassava
viruses found on the African continent. Such landsaare very valuable for future

genetic improvement of the crop.

As a clonal crop, the conservation of this matdgats to be more expensive than seed
crops. Presently, IITA genebank maintains and plids its cassava collection as plants
in a field genebank) or as seedlings in the ilvitenebank. Cryopreservation is at a
development stage which may explain the high awecagt (US$ 53.23) per accession
processed in 2008. This can also be due to thenlomber of accession maintained under
these conditions (50 accessions). The most expeogigration however was the
acquisition of new materials (US$ 164.42/accessibhg acquisition involved a two
weeks collecting mission in Guinea Conackry. Itidtdde noted however such a high
cost for acquisition is not repeated every yeaedSealth testing (US$ 12.71/accession)
and distribution (US$ 19.67/ accession) also resdtugh average costs. In terms of
total costs however it was characterization thataleded the highest investment (above
US$ 29,177). The average cost of cassava chamtieri however was only US$ 6.48
per accession. Note that a large number of acaes&4G500) were characterized in 2008.
Also note that characterization was performed thtlifferent locations involving extra

cost associated to per diem and accommodationmaigak staff.

Cowpea grairfVigna unguiculata subspunguiculata (L.) Walp.) is a major source of
protein in Sub-Saharan African where the bulk af produced and consumed. This is a

cheap source of plant protein and the most impbpalse crop in the savanna regions of
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West and Central Africa, while in East and south#sfinica serves as both, vegetable and
pulse. Cowpea also plays an important role in mpl@tcropping systems and is a major
source of fodder for livestock of integrated cro@$tock systems in West Africa
(Madambeet al. 2006). There are two centers of diversity for pea: Tropical Africa
and India/Southeast Asia. The collection, consgemand usage of cowpea germplasm
in IITA commenced right from the onset of the ihgt in July 1967. The collection was
tremendously expanded after the establishmenfléf$l Genetic Resources Unit (GRU)
in 1975. The unit collaborated with many nationagvams and International Plant
Genetic Resources Institute (IPGRI) to undertakey@@ematic plant exploration
missions in 31 African countries on wild relativifscowpea and other wildigna
germplasm Goldsworthy, 1982 anhlg, 1990). As at 2009, IITA maintains a collectian
over 15,000 cowpea accessions of cultivated vagdtom over 100 countries and 1632
accessions of wild cowpeasdna). In total costs terms, the genebank invested wfost
their resources (US$ 29,624) on the regenerati@2#8 accessions of cowpea in 2008,
leading to an average costs of approximately US$0LBer accession. Seed health
testing (US$ 13.94/ accession) and distribution§18.67 /accession) were also
operations that recorded high costs. In the casewpea, indexing and clean seed
production is costly as it involved screen hougeneration, diagnostic of each single
plant, elimination of infested one and harvestirggrf clean plants only. In 2008, there

was no acquisition of new cowpea materials, neitharacterization of new materials.

Maize was introduced from the Americas to Africara) the western and eastern coasts
in the 16th century, gradually moving inward to tdoeintries displacing major crops as
millet and sorghum. As a predominantly a crosshpaling maize, diversity has evolved
in Africa into own materials, races and populatitmst need to be conserved. The IITA
genebank holds a total of 878 accessions of mdmuethvare mainly landraces collected
exclusively from Africa. The highest conservatiasts in 2008 were distribution (US$
19.67 /accession) and regeneration (US$ 14.399site®. Note that other operations
like characterization and safety duplication wesmparatively affordable for a crop that
requires special multiplication conditions. In 2068 IITA genebank did not acquired

any new maize accessions; neither seed healthwassaged for this crop.
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Plantains and bananas are clonal crops and thesecaation usually involves different
techniques from field genebanks to in-vitro andpngservation practices. At the [ITA
genebank the most expensive technique is cryopatsam, US$ 26.55/accession
compared to US$ 4.48/accession for in-vitro or 3SR/ accession for field genebank
conservation. These figures however represent danaesage costs. The high cost of
cryopreservation is due to the fact that cryopnrest@n is still in development phase. In
other words, many meristems need to be processddaie to control the effect of the
different treatments on germplasm viability. Cryegervation is a long term conservation
method that in theory allows the materials to beseoved forever, as opposed to 0.4
years in vitro in IITA standard conditions in whishbcultured is needed every 4 months.
Seed health testing and distributionMiiisa spp. accessions are also expensive
operations. In 2008 the costs of screening plastani bananas for the most common
diseases was US$ 19.67/ accession. In 2008, trexeeomly 4 accessions distributed, and

no new accessions acquired, characterized or seséfety duplication.

Soybean is a legume that grows in tropical, sulitedpand temperate climates. It is
believed that it might have been introduced to &fiin the 19th century by Chinese
traders along the east coast of Africa. Soybeam isnportant source of high quality but
inexpensive protein and &il Since the 1970s IITA has been working on the petidn

on advanced breeding lines and varieties that duktfer to African conditions. The [ITA
genebank holds around 1,700 accessions of soyiMbést) in as much to the other
collections were collected mainly out of Africa.2008 the most important operation
performed on soybean accession was safety duplicatid distribution, in addition to
store the materials in long term and medium terndit@mns. A total of 673 accessions
were duplicated with a cost of US$ 3.95 / accessiad 9 accessions were distributed in

three countries (Nigeria, Switzerland and Malawithvan average cost of US$ 19.67.

The IITA genebank also holds accession of wild &i¢h516) and some miscellaneous
legumes (about 600 accessions).The maintenanaewvpiea wild relative is important as
this collection may become an interesting sourogeoke for future genetic improvement.

The costs of conserving and maintaining these radgeare reported ifiable 6.9. In 2008

2 hitp://www.iita.org/cms/details/soybean_project ailstaspx?zoneid=63&articleid=270
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the main operations performed on wild vigna weeedistribution of 184 accessions at a
cost of US$ 19.67 /accession and the charactevizafi 737 accessions at a cost of US$

5.00/ accession.

Yam is an annual or perennial tuber-bearing andhihg plant. In addition to their food
and market values, yam plays a major role in tieedi smallholder households,
especially in West Africa. According to FAO staitist>, in 2005 sub-Saharan Africa
accounted for 97% of worldwide production while Wasd Central Africa account for
about 94% of that total. Yam belongs to the gdbwascorea that has over 600 species.
In Africa White Guinea yam. rotundata Poir) is the most important food species in
terms of cultivation and utilizatih Large part of yam diversity remains on farmers
fields. IITA genebank maintains over 3,200 acamssbf yam under in-vitro and field
conditions. In 2008, the operation that demandeckemesources in the conservation and
management of yam germplasm was regeneration (8393, US$ 12.03/accession).
This high cost is to be linked to the low efficigmaf the existing in vitro introduction
process i.e. one accession needs several procgsgngransfer into the in vitro
genebankTable 6.10). If we add this total added to the maintenancieffield genebank
we can have an idea of the complexity of maintajrims type of clonal material. In
2008, there were no cryopreservation tests on paither new materials acquired or
characterized. The costs of seed health testing 12571) and distribution (US$ 21.27)
were as in the case of other clonal and seed ralt@onsiderably higher than other
operations. In the case of yam, sanitation is derpanding. Indeed, it requires the in
vitro introduction of each accession in vitro, trecclimatization in vivo and their re-

introduction in vitro once the plants are certifeddan from virus.

Table 6.1 lists the miscellaneous legumes conserved in¢helgank andable 6.11 presents
the costs reports for these materials. This cadeds presently under evaluation. It
contains various under used crops that may becoteeesting in a close future.
However, as non IITA mandate crop only regeneradiat distribution is performed on
this germplasm. The diversity of crops probablysatidthe complexity of operations and

increases the costs. This could be the case offgeedssing that includes drying,

% http://www.iita.org/cms/details/yam_project_detailpx?zoneid=63&articleid=268

64



cleaning and packing. In 2008 the costs of seedgsing of these miscellaneous
legumes reached US$ 7.82/accession. Seed heditlgt@dS$ 12.71) and distribution

(US$ 19.67) of miscellaneous accessions rankedhadgoin terms of total and average
costs.
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Table 6.2. Operational Costs of IITA Genebank: AFRICAN YAM BEAN- 2008

Total

Total Total
labor

Total non- | Average Average Average Average

No. capital quasi- labor capital quasi- variable non-labor

variable Total AC*

access. cost fixed cost costs cost fixed cost  labor cost costs

(US$) (USS) (‘:L‘J’gt; (USS)  (US$lacc) (USSfacc) (USSfacc)  (US$/acc)

Activities

Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 4 7.70 14.11 1.72 419 1.93 3.53 0.43 1.05 5.00
Safety duplication 4 6.20 743 217 6.20 1.55 1.86 0.54 1.55 3.95
Seed long term storage 152 350.36 65.92 43.97 40.12 2.31 0.43 0.29 0.26 0.99
Seed medium term storage 152 467.48 116.11 41.06 35.07 3.08 0.76 0.27 0.23 1.26
Germination testing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Regeneration 61 184.14 24212 569.95 97.13 3.02 3.97 9.34 1.59 14.90
Seed processing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Seed health testing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Distribution 65 186.05 533.82 59.61 685.24 2.86 8.21 0.92 10.54 19.67
Information management 152 98.25 153.68 48.97 17.40 0.65 1.01 0.32 0.1 1.45
General management 152 43.95 155.67 39.25 28.95 0.29 1.02 0.26 0.19 1.47
Total* N.A. 1,344 1,289 807 914 15.67 20.80 12.37 15.53 48.70

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 6.3. Operational Costs of IITA Genebank: BAMBARA NUT- 2008

Total

Total Total
labor

Total non- | Average Average Average Average

No. capital quasi- labor capital quasi- variable non-labor

variable Total AC*

access. cost fixed cost costs cost fixed cost  labor cost costs

(US$) (USS) (‘:L‘J’gt; (USS)  (US$lacc) (USSfacc) (USSfacc)  (US$/acc)

Activities

Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 124 238.83 437.51 53.22 190.81 1.93 3.53 0.43 1.54 5.50
Safety duplication 269 416.82 500.00 145.67 477.86 1.55 1.86 0.54 1.78 4.18
Seed long term storage 1843 | 4,248.13 799.34 533.17 486.48 2.31 0.43 0.29 0.26 0.99
Seed medium term storage 1843 | 566817 | 1,407.89 497.84 42519 3.08 0.76 0.27 0.23 1.26
Germination testing 494 95326 | 1,497.32 | 1,101.03 385.02 1.93 3.03 223 0.78 6.04
Regeneration 402 | 1,21353 | 159558 | 1,511.00 | 1,110.51 3.02 3.97 3.76 2.76 10.49
Seed processing 596 | 17,857.91 | 2,636.21 1,366.82 656.93 29.96 4.42 229 1.10 7.82
Seed health testing 153 | 1,843.88 540.81 156.22 | 1,248.03 12.05 3.53 1.02 8.16 12.711
Distribution 462 | 1,32240 | 3,794.19 42366 | 4,870.44 2.86 8.21 0.92 10.54 19.67
Information management 1843 | 119132 | 1,863.37 593.74 213.38 0.65 1.01 0.32 0.12 1.45
General management 1,843 532.94 | 1,887.49 475.96 351.05 0.29 1.02 0.26 0.19 1.47
Total* N.A. 35,487 16,960 6,858 10,416 59.62 31.79 12.33 27.46 71.58

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 6.4. Operational Costs of IITA Genebank: CASSAVA- 2008

Total Average
labor Total non- | Average Average Average non-labor

costs Total AC*
(US$/acc
e.)

Total Total

No. capital quasi- labor capital quasi- variable

variable .
access. cost fixed cost costs cost fixed cost  labor cost

(US$)  (US$) fjgt;) (USS) | (US$face) (USSlacc) (US$lacc)

Activities

Acquisition 30 867.07 | 1,558.94 291.38 | 3,082.21 28.90 51.96 9.7 102.74 164.42
Characterization 4500 | 8,667.12 | 1587722 | 564133 | 7,659.18 1.93 3.53 1.25 1.70 6.48
Safety duplication 624 966.90 | 1,159.85 | 2,388.29 | 3,316.44 1.55 1.86 3.83 5.31 11.00
Seed medium term storage 100 307.55 76.39 27.01 23.07 3.08 0.76 0.27 0.23 1.26
Seed health testing 316 | 3,808.27 | 1,116.98 32266 | 2,577.63 12.05 3.53 1.02 8.16 12.71
Distribution 34 97.32 279.23 31.18 358.43 2.86 8.21 0.92 10.54 19.67
Information management 3,368 | 2,177.09 | 340523 | 2401.32 408.77 0.65 1.01 0.71 0.12 1.85
General management 3,368 973.92 | 3,449.31 869.79 644.75 0.29 1.02 0.26 0.19 1.47
Clonal long term storage 50 | 1,720.78 | 1,436.60 104.38 | 1,120.54 34.42 28.73 2.09 22.41 53.23
Clonal med. term storage in vitro 2455 | 9,573.07 | 6,649.60 42738 | 3,925.22 3.90 21 0.17 1.60 4.48
Clonal med. term field bank 3388 | 297324 | 5516.68 | 5,076.59 776.21 0.88 1.63 1.50 0.23 3.36
Total* N.A. 32,132 40,526 17,581 23,892 90.50 104.97 21.73 153.24 279.94

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 6.5. Operational Costs of IITA Genebank: COWPEA- 2008

N Total Total Total labor Average Average Average Average
0. . . " Total non- . o .
- capital quasi-fixed  variable capital quasi-fixed variable non-labor
Activities acces labor costs
s cost cost costs (US$) cost cost labor cost costs

' (US$) (US$) (US$) (US$/acc.) | (US$/acc.) | (US$/acc.)  (US$/acc.)
Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Safety duplication 4,778 7,403.62 8,881.01 2,587.36 7,539.04 1.55 1.86 0.54 1.58 3.98
Seed long term storage 15,113 | 34,835.55 6,554.73 437214 3,989.23 2.31 0.43 0.29 0.26 0.99
Seed medium term storage 15,113 | 46,480.26 | 11,544.96 4,082.42 3,486.66 3.08 0.76 0.27 0.23 1.26
Germination testing 2,360 4,554.03 7,153.20 5,259.96 1,839.39 1.93 3.03 2.23 0.78 6.04
Regeneration 2,228 6,725.75 8,843.16 | 16,494.90 3,198.97 3.02 3.97 7.40 1.44 12.81
Seed processing 1,346 | 40,330.12 5,953.59 3,086.80 1,569.03 29.96 442 2.29 147 7.88
Seed health testing 1451 | 17,486.70 5,128.90 3,268.90 | 11,835.87 12.05 3.53 2.25 8.16 13.94
Distribution 475 1,359.61 3,900.96 435.58 6,410.68 2.86 8.21 0.92 13.50 22.63
Information management 15,113 9,769.11 | 15,280.05 6,628.05 1,734.92 0.65 1.01 0.44 0.11 1.56
General management 15,113 437019 | 15477.86 6,411.62 2,878.68 0.29 1.02 0.42 0.19 1.64
Total** N.A. 173,315 88,718 52,628 44,482 57.69 28.26 17.06 27.41 72.73

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 6.6. Operational Costs of [ITA Genebank: MAIZE- 2008

Total

Total Total
labor

Total non- | Average Average Average Average

No. capital quasi- labor capital quasi- variable non-labor

variable Total AC*

access. cost fixed cost costs cost fixed cost  labor cost costs

(US$) (USS) (‘:L‘J’gt; (USS)  (US$lacc) (USSfacc) (USSfacc)  (US$/acc)

Activities

Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 100 192.60 352.83 42.92 283.97 1.93 3.53 0.43 2384 6.80
Safety duplication 499 773.21 927.51 270.22 952.61 1.55 1.86 0.54 1.91 4.31
Seed long term storage 878 | 2,023.80 380.80 254.00 231.76 2.31 0.43 0.29 0.26 0.99
Seed medium term storage 878 | 2,700.30 670.71 23717 202.56 3.08 0.76 0.27 0.23 1.26
Germination testing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Regeneration 132 398.47 523.92 321.34 | 1,054.42 3.02 3.97 243 7.99 14.39
Seed processing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Seed health testing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Distribution 47 134.53 385.99 43.10 495.48 2.86 8.21 0.92 10.54 19.67
Information management 878 567.54 887.70 282.86 102.90 0.65 1.01 0.32 0.12 1.45
General management 878 253.89 899.20 226.75 167.24 0.29 1.02 0.26 0.19 1.47
Total* N.A. 7,044 5,029 1,678 3,491 15.67 20.80 5.46 24.08 50.34

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 6.7. Operational Costs of lITA Genebank: MUSA- 2008

Total

Total Total
labor

Total non- | Average Average Average Average

No. capital quasi- labor capital quasi- variable non-labor

variable Total AC*

access. cost fixed cost costs cost fixed cost  labor cost costs

(US$) (USS) fjgt;) (USS)  (US$lacc) (USSfacc) (USSfacc)  (US$/acc)

Activities

Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Safety duplication 0 0.00 0.00 0.00 36.01 0.00 0.00 0.00 0.00 0.00
Seed health testing 83 | 1,000.27 293.38 84.75 677.03 12.05 3.53 1.02 8.16 12.711
Distribution 4 11.45 32.85 3.67 4217 2.86 8.21 0.92 10.54 19.67
Information management 173 94.92 174.91 55.73 20.86 0.55 1.01 0.32 0.12 1.45
General management 173 88.77 177.18 44.68 33.25 0.51 1.02 0.26 0.19 1.47
Clonal long term storage 36 91.49 73.79 75.16 806.79 2.54 2.05 2.09 22.41 26.55
Clonal med. term storage in vitro 230 896.87 622.98 40.04 367.74 3.90 2.1 0.17 1.60 4.48
Clonal med. term field bank 482 422.99 784.84 722.23 91.76 0.88 1.63 1.50 0.19 3.32
Total** N.A. 2,607 2,160 1,026 2,076 23.29 2017 6.28 43.21 69.66

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 6.8. Operational Costs of IITA Genebank: SOYBEAN- 2008

Total Total lTotaI Total non- | Average Average Average Average
) ) abor . : :
No. capital quasi- labor capital quasi- variable non-labor

variable Total AC*

access. cost fixed cost costs cost fixed cost  labor cost costs

(US$) (USS) (‘:L‘J’gt; (USS)  (US$lacc) (USSfacc) (USSfacc)  (US$/acc)

Activities

Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Safety duplication 673 | 1,042.83 | 1,250.93 364.44 | 1,042.99 1.55 1.86 0.54 1.55 3.95
Seed long term storage 1,751 4,036.07 759.43 506.56 462.19 2.31 0.43 0.29 0.26 0.99
Seed medium term storage 1,751 538523 | 1,337.61 472.99 403.97 3.08 0.76 0.27 0.23 1.26
Germination testing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Regeneration 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Seed processing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Seed health testing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Distribution 9 25.76 73.91 8.25 94.88 2.86 8.21 0.92 10.54 19.67
Information management 1,751 1,131.85 [ 1,770.35 564.10 200.46 0.65 1.01 0.32 0.1 1.45
General management 1,751 506.33 | 1,793.27 452.20 333.53 0.29 1.02 0.26 0.19 1.47
Total* N.A. 12,128 6,986 2,369 2,538 10.73 13.30 2,60 12.89 28.79

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 6.9. Operational Costs of IITA Genebank: WILD VIGNA- 2008

Total

Total Total
labor

Total non- | Average Average Average Average

No. capital quasi- labor capital quasi- variable non-labor

variable Total AC*

access. cost fixed cost costs cost fixed cost  labor cost costs

(US$) (USS) (‘:L‘J’gt; (USS)  (US$lacc) (USSfacc) (USSfacc)  (US$/acc)

Activities

Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 737 | 141948 | 2,600.34 316.33 771.66 1.93 3.53 0.43 1.05 5.00
Safety duplication 294 455.56 546.47 159.21 455.63 1.55 1.86 0.54 1.55 3.95
Seed long term storage 1516 | 3,494.39 657.51 438.57 400.16 2.31 0.43 0.29 0.26 0.99
Seed medium term storage 1516 | 4,662.48 | 1,158.09 409.51 349.75 3.08 0.76 0.27 0.23 1.26
Germination testing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Regeneration 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Seed processing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Seed health testing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Distribution 184 526.67 | 1,511.11 168.73 | 1,939.74 2.86 8.21 0.92 10.54 19.67
Information management 1,516 979.95 | 1,532.76 488.40 173.55 0.65 1.01 0.32 0.1 1.45
General management 1,516 438.38 | 1,552.60 391.51 288.76 0.29 1.02 0.26 0.19 1.47
Total* N.A. 11,977 9,559 2,372 4,379 12.65 16.83 3.03 13.94 33.80

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 6.10. Operational Costs of IITA Genebank: YAM- 2008

Total

Total Total
labor

Total non- | Average Average Average Average

No. capital quasi- labor capital quasi- variable non-labor

variable Total AC*

access. cost fixed cost costs cost fixed cost  labor cost costs

(USS) (USS) fjgt;) (USS)  (US$lacc) (USSfacc) (USSfacc)  (US$/acc)

Activities

Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Safety duplication 816 | 126441 | 1516.72 47163 | 1,521.53 1.55 1.86 0.58 1.86 4.30
Regeneration 3,200 | 9,659.97 | 12,701.13 | 15,033.26 | 10,761.04 3.02 3.97 4.70 3.36 12.03
Seed processing 338 | 4,07340 | 1,194.74 34512 | 2,757.08 12.05 3.53 1.02 8.16 12.71
Seed health testing 642 | 183761 | 527245 | 1,611.82 | 6,768.02 2.86 8.21 2.51 10.54 21.27
Distribution 3039 | 196442 | 3,07259 | 247547 364.98 0.65 1.01 0.81 0.12 1.95
Information management 3,039 878.78 | 3,112.37 | 1,388.52 583.40 0.29 1.02 0.46 0.19 1.67
General management 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Clonal med. term storage in vitro 1,641 | 6,398.94 | 4,444.80 285.68 | 2,623.74 3.90 21 0.17 1.60 448
Clonal med. term field bank 3200 | 2,808.26 | 5210.56 | 4,794.89 627.03 0.88 1.63 1.50 0.20 3.32
Total** N.A. 28,886 36,525 26,406 26,007 25.19 23.95 11.75 26.03 61.73

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 6.11. Operational Costs of [ITA Genebank: MISCELLANEOUS LEGUMES- 2008

Total

Total Total
labor

Total non- | Average Average Average Average

No. capital quasi- labor capital quasi- variable non-labor

variable Total AC*

access. cost fixed cost costs cost fixed cost  labor cost costs

(US$) (USS) (‘:L‘J’gt; (USS)  (US$lacc) (USSfacc) (USSfacc)  (US$/acc)

Activities

Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Safety duplication 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Seed long term storage 2,000 | 4,610.01 867.43 578.59 527.92 2.31 0.43 0.29 0.26 0.99
Seed medium term storage 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Germination testing 322 621.35 975.99 717.67 250.97 1.93 3.03 223 0.78 6.04
Regeneration 165 498.09 654.90 186.39 262.73 3.02 3.97 1.13 1.59 6.69
Seed processing 319 | 9,558.18 | 1,410.99 731.57 351.54 29.96 4.42 229 1.10 7.82
Seed health testing 202 | 243440 714.02 206.26 | 1,647.72 12.05 3.53 1.02 8.16 12.711
Distribution 122 34920 | 1,001.93 111.88 | 1,286.13 2.86 8.21 0.92 10.54 19.67
Information management 600 387.84 606.63 193.30 68.69 0.65 1.01 0.32 0.1 1.45
General management 600 173.50 614.49 154.95 114.29 0.29 1.02 0.26 0.19 1.47
Total* N.A. 18,633 6,846 2,881 4,510 53.07 25.64 8.46 22.74 56.84

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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SECTION 7

Conservation and Management of Forage Genetic
Resources in the ILRI Genebank

D. Horna, J. Hanson

The success of a forage research or developmentraandvement program usually
depends on the availability of adapted, produciineg appropriate forage germplasm for
selection of promising lines. In most African caued, such germplasm was difficult to
obtain (Hanson and Lazier 1989). Given this comngtréhe International Livestock
Research Institute (ILRI) established a forage temesources collection in 1982.
Currently, ILRI conserves in trust about 19,000esstons of forages that represent over
750 species (see Table 7.1). This is one of the thesrse collections of forage grasses,
legumes and fodder tree species held in any gekebahe world and includes the
world’s major collection of African grasses andpiigal highland foragés ILRI

maintains both an active and base collection inigj\éddbaba. The active genebank is used
for current research and distribution of seedssA#éds in the active collection are freely
available in small quantities to forage researchkexs. The materials are distributed
both directly and through networks. The base gemelsaused for long-term security

storage of original germplasm collections.

Table 7.1. Types of materials and number of accessions held by the ILRI genebank

Accessions maintained

Common name No. of genera No. of species
Total No. No. In trust

Seed crops
Forage grasses 123 495 4361 4334
Forage legumes 83 611 10705 10629
Fodder trees 167 531 3526 3518
Other forages 53 111 254 246
Clonal crops
Forages grasses 2 3 61 60
Total 428 1751 18907 18787

25 http://www.ilri.org/ilrinews/index.php/archives/452
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For performing the evaluation of the ILRI genebankt effectiveness it was necessary to
take into consideration that the majority of thesserials are wild species that require
special management and have little published indtion about their breeding systems,
seed germination and storage behavior in geneb&ageneration and multiplication of
these materials are particularly challenging aglifferent species have very different
behavior in the field. Therefore while a small gesek in number of accessions the
manipulation of a large diversity of materials regs considerable investment in
equipment and human capital. Similar to the coadgifor IITA, the location of the ILRI
genebank while ideal for distribution in materiafghin Africa, it also involves some

risks. For instance, the replacement of capitaipgent and sourcing of spare parts for

equipment maintenance could take a longer time ¢xpected.

The materials held in the ILRI genebank are maselgd propagated, and thus the
genebank follows the flow of operations that a redraeed genebank does (S@gere 7.1).
There are however a number of materials that pmdeeds with short longevity or that
do not produce seeds. These types of materialeegteon field genebanks. A factor
affecting seed production is the identificatiorappropriate agro-ecological conditions
for each type of material. A consequence of notrigathe most appropriate conditions
for regeneration and multiplication has an impactte total seed produced and thus on
the total costs of conserving and distributing s accessions. Ethiopia has a wide
range of agroecologies and soil types and sites haen identified where most species

will produce seeds.
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Figure 7.1. Flow chart for germplasm management followed by the ILRI genebank
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7.1. Data

The information collected for this evaluation capends to the years 2006 and 2007.
The materials held in the genebank were classifiémain types: grasses annual (5%)
and perennial (18%), legumes annual (20%) and pexef86%5°, fodder trees with a
regeneration period of less than 3 years (12%)aradje trees with regeneration period
of more than 3 years (7%). Materials that do rtdhfs classification were grouped as
“other annual” (1%) and “other perennial” (1%) fges (se€igure 7.2). Similar to other

genebanks, the non-labor variable data might siriden a downward bias. It is rather

% CIAT has been the major contributor to the coltEtproviding accessions from Central and South
America fttp://www.ilri.org/InfoServ/Webpub/Fulldocs/X549k8491e0b.htm#germplasm%20data
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difficult to account for every input used in thenservation of this germplasm. Geneb:i
staff and managers usually report the inputs mresuentlyused. Also, for the case
ILRI, the use on notabor variable inputs is reported and an annualaaees Therefor:
the difference across years in average costs isdbgsdue to the number of accessit
manipulated per operation. If the number of aconswas higher than the previous ye
then, the average cost this year will be lov

Figure 7.2. Forage accessions at the ILRI Genebank according to type of material
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7.2. Results

Tables 7.2 to 7.9 present the information of total and average cet operatiol and per type
of material in the ILRgenebank in 2007. Evidently the largest investnretttis
genebank goes to the annual and perennial leguiviess thhe large number of accessit

Also note that in 2007 ILRI genebank did not aceguiew accssions.

Annual grasses are important components of thettde& production systems in poor ¢
marginal areas of Africa, Asia and Ln America.They are important in drylanc
surviving the long dry seasons as seeds stockeindil and germinating aigrowing
rapidly with the onset of the rairThere are few institutes dedicated to the consienv

of this genetic diversity. ILRI holda collectionof 1,046 accessions that repre<s82
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species. The cost of conserving and distributiaession of annual grasses is relatively
high given the great diversity of species manimdafable 7.2 present a summary of total
and average costs of conservation of these maténishe ILRI genebank for the year
2007. Not surprisingly, regeneration of accessrecsrds the highest average costs in
2007 (US$ 76/accession). Seed processing (US$&ongsseed health testing (US$
24/accession) and distribution (US$ 15) are algepsive operations. In 2007 there was
no acquisition of annual grasses, neither charaaten nor evaluation of viability. In

this year no new accessions were store eitherioting term of medium term.

Perennial grasses are the major component of albg@ngelands throughout the world
and support livestock production in many countriesluding the cultivated grasses that
have been developed as livestock feed. The majofityrage grasses in the collection in
ILRI are perennial with many of them being consdrirethe field genebank. The main
conservation operations performed on these maten&007 were seed processing,
viability testing, regeneration, seed health tggststoring into long and medium term
conditions, and distribution. Among them the operathat reported the highest average
costs was viability testing (US$ 86), but in td&im it only added to about US$ 250. The
problem with the estimation of averages is thatdiand quasi-fixed costs tend to
increase average costs when the number of accessmmpulated is low. So, while the
average cost of regeneration in 2007 was highmlit reflects that the genebank could
increase its efficiency by increasing the numbeaaafessions manipulated. Very often
however the factors affecting the decision abomlmer of accessions that need to be
manipulated per operation are difficult to contllso notice that in total costs the most
expensive operation was medium term storage (U&R&a&8ssion). This is basically due
to the fact that medium term storage of perennmiasges includes the field genebank

costs.

Annual legumes are important in the tropical highkand in areas with long dry
seasons. Annual species fit well into croppingesyst and as cover crops. Despite being
second in number of accessions, annual legumesnugsidresources than the other types
of materials kept at the ILRI genebank. In 2003 #dded to a total US$ 128,200. The
most expensive operations were regeneration (Ug&@€ssion) and characterization

(US$ 52 / accession). This is understandable giveriversity of materials and the
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special demand according to the needs of each ialafeesting of seed health (US$
31/accession) and viability (US$ 36/accession) dlmanded high investments mainly

on capital and quasi-fixed labor.

Perennial legumes are among the most importangésrand many cultivars have been
developed and are grown throughout the tropicgernms of total and average costs, the
manipulation of perennial legumes is very comparabithe annual legumes.
Regeneration is the operation that requires thiedsiginvestment of resources. In 2007
the average cost of regenerating one accessioerefipial grass was about US$ 76,
while the total operational costs added to US$@®, this year there were no
accessions characterized. The costs of seed hestiihg, viability testing and

distribution is also very similar to the case ohaal legumes.

Fodder trees are also important forages espeamtlyy environments. A wide range of
leguminous tree species are cut and fed as liiested and browsed by free ranging
livestock. For manipulation purposes these mdsesice classified in fodder tress that
produce seed in less than 3 years, and fodderttrassequire more than 3 years to
produce seed. In total, ILRI genebank holds moaa 000 accessions of fodder trees.
In 2007, the genebank invested above US$ 50,00teinonservation of fodder tree
accessions (not included expenses in capital ihpgRegeneration was the most
expensive operation (US$ 76/accession) in the abfelder tress producing seed in less
than 3 years, while for the fodder trees that pcedseed only after three years in the field
the most expensive operation was seed healthgg&ti®$ 70 / accession). Note that in

the last case (fodder trees >3 years) there wdye2osccessions tested for seed health.

The ILRI genebank also conserves accession of ttheges classified as either “other
annual or “other perennial. Main examples of tlagegory include non-leguminous trees
and shrubs and drought tolerant species such gdektrThese materials are in dry areas
and are often grazed in traditional systems andelands. The total investment of ILRI

in the conservation of these materials was abov& 4)300.

81



Table 7.2. Operational Costs of ILRI Genebank: ANNUAL GRASSES - 2007

Total Total quasi- Tota! lesy Total non- Average Avelrage Avgrage AT
Activities ac,(\:lgés capital cost fixed cost Vig:tbsl © labor costs | capital cost qua:(')':tx e l;’sgfgcit nogglsa;gor Total AC*

- sy (US$) (US$) (USS)  (USSlacc)  ysernc)  (USSlac)  (US$facc)
Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Safety duplication 302 10.26 1,900.69 28.31 51.32 0.03 6.29 0.09 017 6.56
Long term storage 128 127.69 343.14 10.22 14.09 1.00 2.68 0.08 0.1 2.87
Medium term storage 1,051 | 217346 476.61 726.59 264.81 2.07 0.45 0.69 0.25 1.40
Germination testing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Regeneration 38 240.16 975.40 1,319.80 576.24 6.32 25.67 34.73 15.16 75.56
Seed processing 6 189.18 114.24 0.00 2.12 31.53 19.04 0.00 0.35 19.39
Seed health testing 22 306.31 45927 54,51 2481 13.92 20.88 248 113 24.48
Distribution 316 675.80 3,540.05 9.00 1,223.60 2.14 11.20 0.03 3.87 15.10
Information management 1,046 633.71 2,513.75 518.60 30.37 0.61 2.40 0.50 0.03 2.93
General management 1,046 755.10 0.00 14.91 41153 0.72 0.00 0.01 0.39 0.41
Total™* NA. | 511168 | 10,323.14 2,681.96 |  2,598.90 58.34 88.62 38.61 2147 148.70

(*) Operational costs, do not include capital costs.
(**) Medium term storage (MTS) is a very important activity for ILRI. This is the total number of accession on MTS. In 2007 no new accessions were added to MTS.
(***) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 7.3. Operational Costs of ILRI Genebank: PERENNIAL GRASSES - 2007

N Total Total quasi- Tota! flgiy Total non- Average Avelrage Avgrage AL
Activities accgés. capital cost fixed cost Vigztbsl © labor costs | capital cost quacsrl)-:txed l;’sgf:git nog;!;:or Total AC*

(US$) (US$) (USS) (US)  (USSlace)  eace)  (USSlace)  (USSface)
Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Safety duplication 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Long term storage 648 646.44 1,737.16 5175 7133 1.00 2.68 0.08 0.11 2.87
Medium term storage 3,384 | 6,977.95 1,530.17 2,332.75 850.19 2.06 0.45 0.69 0.25 1.39
Germination testing 3 63.56 52.43 38.39 166.80 21.19 17.48 12.80 55.60 85.87
Regeneration 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Seed processing 8 252.24 152.32 2.60 2.83 31.53 19.04 0.33 0.35 19.72
Seed health testing 68 946.78 1,419.57 777.60 720.00 13.92 20.88 11.44 10.59 42,90
Distribution 15 32.08 168.04 168 58.08 2.14 11.20 0.11 3.87 15.19
Information management 3372 | 2,04291 8,103.59 706.47 97.92 0.61 2.40 0.21 0.03 2.64
General management 3372 | 243423 0.00 4808 | 1,326.64 0.72 0.00 0.01 0.39 0.41
Total™* 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

(*) Operational costs, do not include capital costs.
(**)Medium term storage (MTS) is a very important activity for ILRI. This is the total number of accession on MTS. In 2007 a total of 1439 accessions were added to MTS.
(***) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 7.4. Operational Costs of ILRI Genebank: ANNUAL LEGUMES - 2007

Total Total quasi- Tota! lesy Total non- Average Avelrage Avgrage AT
Activities ac,(\:lgés capital cost fixed cost Vig:tbsl © labor costs | capital cost qua:(')':tx e l;’sgfgcit nogglsa;gor Total AC*

- sy (US$) (US$) (USS)  (USSlacc)  ysernc)  (USSlac)  (US$facc)
Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 589 |  9,976.12 13,864 .52 11,08962 |  5478.08 16.94 23.54 18.83 9.30 51.67
Safety duplication 1,211 4115 7,621.64 11352 205.77 0.03 6.29 0.09 017 6.56
Long term storage 1,285 | 1,281.90 3,444 .83 102.61 14145 1.00 2.68 0.08 0.11 2.87
Medium term storage 3,658* | 7,549.91 1,655.60 2,523.96 919.88 2.06 0.45 0.69 0.25 1.39
Germination testing 567 | 12,012.87 9,909.38 7,255.77 136.67 21.19 17.48 12.80 0.24 30.51
Regeneration 358 | 2,262.60 918928 | 1243394 | 542882 6.32 25.67 34.73 15.16 75.56
Seed processing 236 | 744115 4,493.30 76.74 83.58 31.53 19.04 0.33 0.35 19.72
Seed health testing 289 | 4,023.81 6,033.15 3,304.81 987.48 13.92 20.88 11.44 3.42 35.73
Distribution 997 | 213218 11,169.07 11135 | 3,860.54 2.14 11.20 0.11 3.87 15.19
Information management 3,684 2,231.93 8,853.39 771.84 106.98 0.61 2.40 0.21 0.03 2.64
General management 3684 | 265946 0.00 5253 | 144939 0.72 0.00 0.01 0.39 0.41
Total™* N.A. | 51,613.09 | 7623416 | 37,836.68 | 18,798.63 96.46 129.63 79.32 33.30 242.25

(*) Operational costs, do not include capital costs.
(**) Medium term storage (MTS) is a very important activity for ILRI. This is the total number of accession on MTS. In 2007 no new accessions were added to MTS.
(***) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 7.5. Operational Costs of ILRI Genebank: PERENNIAL LEGUMES - 2007

Total Total quasi- Tota! lesy Total non- Average Avelrage Avgrage AT
Activities ac,(\:lgés capital cost fixed cost Vig:tbsl © labor costs | capital cost qua:(')':tx e l;’sgfgcit nogglsa;gor Total AC*

- sy (US$) (US$) (USS)  (USSlacc)  ysernc)  (USSlac)  (US$facc)
Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Safety duplication 1,624 55.18 10,220.93 152.23 275.95 0.03 6.29 0.09 017 6.56
Long term storage 2027 | 2,022.11 543398 161.87 223.12 1.00 2.68 0.08 0.11 2.87
Medium term storage 6,870 | 14,146.54 3,102.15 472924 1,723 .61 2.06 0.45 0.69 0.25 1.39
Germination testing 350 | 741535 6,116.90 4478.87 341.69 21.19 17.48 12.80 0.98 31.25
Regeneration 652 |  4,120.71 16,735.78 |  22,645.05 |  9,887.12 6.32 25.67 34.73 15.16 75.56
Seed processing 350 | 11,035.61 6,663.80 113.80 123.96 31.53 19.04 0.33 0.35 19.72
Seed health testing 203 | 282642 4,237.82 2,321.37 679.83 13.92 20.88 11.44 3.35 35.66
Distribution 878 |  1,877.69 9,835.95 98.06 | 3,399.76 2.14 11.20 0.11 3.87 15.19
Information management 6,829 | 4,137.32 16,411.46 1,430.75 198.30 0.61 2.40 0.21 0.03 2.64
Total™* 6,829 | 492982 0.00 9737 |  2,686.72 0.72 0.00 0.01 0.39 0.41

(*) Operational costs, do not include capital costs.
(**) Medium term storage (MTS) is a very important activity for ILRI. This is the total number of accession on MTS. In 2007 no new accessions were added to MTS.
(***) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 7.6. Operational Costs of ILRI Genebank: FODDER TREES < 3years — 2007

Total Total quasi- Tota! lesy Total non- Average Avelrage Avgrage AT
Activities ac,(\:lgés capital cost fixed cost Vig:tbsl © labor costs | capital cost qua:(')':tx e l;’sgfgcit nogglsa;gor Total AC*

- sy (US$) (US$) (USS)  (USSlacc)  ysernc)  (USSlac)  (US$facc)
Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Safety duplication 711 24.16 4,474.80 66.65 120.81 0.03 6.29 0.09 017 6.56
Long term storage 828 826.00 2,219.70 66.12 91.14 1.00 2.68 0.08 0.11 2.87
Medium term storage 2,708 | 5567.10 1,220.79 1,861.10 678.29 2.06 0.45 0.69 0.25 1.39
Germination testing 44 932.22 768.98 563.06 304.18 21.19 17.48 12.80 6.91 37.19
Regeneration 200 | 1,264.02 5,133.67 6,946.34 | 3032386 6.32 25.67 34.73 15.16 75.56
Seed processing 147 | 4,634.96 2,798.79 47.80 52.06 31.53 19.04 0.33 0.35 19.72
Seed health testing 67 932.86 1,398.69 766.17 20345 13.92 20.88 11.44 3.04 35.35
Distribution 26 55.60 291.27 2.90 100.68 2.14 11.20 0.11 3.87 15.19
Information management 2304 | 1,395.87 5,536.97 482.71 66.90 0.61 2.40 0.21 0.03 2.64
General management 2304 | 1,663.25 0.00 32.85 906.46 0.72 0.00 0.01 0.39 0.41
Total™* NA. | 17,296.03 | 23,843.68 | 10,835.69 | 5,556.84 79.51 106.09 60.49 30.29 196.87

(*) Operational costs, do not include capital costs.
(**) Medium term storage (MTS) is a very important activity for ILRI. This is the total number of accession on MTS. In 2007 no new accessions were added to MTS.
(***) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 7.7. Operational Costs of ILRI Genebank: FODDER TREES > 3years — 2007

Total Total quasi- Tota! lesy Total non- Average Avelrage Avgrage AT
Activities ac,(\:lgés capital cost fixed cost Vig:tbsl © labor costs | capital cost qua:(')':tx e l;’sgfgcit nogglsa;gor Total AC*

- sy (US$) (US$) (USS)  (USSlacc)  ysernc)  (USSlac)  (US$facc)
Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Safety duplication 126 4.28 793.00 0.75 2141 0.03 6.29 0.01 017 6.47
Long term storage 84 83.80 225.19 6.71 9.25 1.00 2.68 0.08 0.11 2.87
Medium term storage 831™ | 1,715.89 376.27 573.63 209.06 2.06 0.45 0.69 0.25 1.39
Germination testing 2 42.37 34.95 25.59 1.83 21.19 17.48 12.80 0.91 31.19
Regeneration 188 |  1,188.18 4,825.65 6,529.56 |  2,850.89 6.32 25.67 34.73 15.16 75.56
Seed processing 68 | 2,144.06 1,294.68 22.11 24.08 31.53 19.04 0.33 0.35 19.72
Seed health testing 2 27.85 4175 22.87 3474 13.92 20.88 11.44 17.37 49.68
Distribution 157 335.76 1,758.82 17.54 607.93 2.14 11.20 0.11 3.87 15.19
Information management 1,256 760.94 3,018.42 263.15 36.47 0.61 2.40 0.21 0.03 2.64
General management 1,256 | 1,663.25 0.00 17.91 494.15 1.32 0.00 0.01 0.39 0.41
Total™* NA. | 796638 | 12,368.74 7479.80 |  4,289.80 80.13 106.09 60.40 38.63 205.12

(*) Operational costs, do not include capital costs.
(**) Medium term storage (MTS) is a very important activity for ILRI. This is the total number of accession on MTS. In 2007 no new accessions were added to MTS.
(***) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 7.8. Operational Costs of ILRI Genebank: OTHER ANNUAL - 2007

Total Total quasi- Tota! lesy Total non- Average Avelrage Avgrage AT
Activities ac,(\:lgés capital cost fixed cost Vig:tbsl © labor costs | capital cost qua:(')':tx e l;’sgfgcit nogglsa;gor Total AC*

- sy (US$) (US$) (USS)  (USSlacc)  ysernc)  (USSlac)  (US$facc)
Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 2 33.87 47.08 37.66 18.60 16.94 23.54 18.83 9.30 51.67
Safety duplication 8 0.27 50.35 26.01 16.28 0.03 6.29 3.25 2.04 11.58
Long term storage 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Medium term storage 138* 266.92 58.53 89.23 3252 1.93 0.42 0.65 0.24 1.31
Germination testing 2 42.37 34.95 25.59 1.22 21.19 17.48 12.80 0.61 30.88
Regeneration 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Seed processing 3 94.59 57.12 0.98 1.06 31.53 19.04 0.33 0.35 19.72
Seed health testing 2 27.85 4175 22.87 76.91 13.92 20.88 11.44 38.46 70.77
Distribution 3 6.42 33.61 0.34 11.62 2.14 11.20 0.11 3.87 15.19
Information management 138 83.61 331.64 28.91 4.01 0.61 2.40 0.21 0.03 2.64
General management 138 906.70 0.00 1.97 54.29 6.57 0.00 0.01 0.39 0.41
Total™* NA. |  1,462.60 655.03 233.55 216.52 94.86 101.26 47.62 55.29 204.16

(*) Operational costs, do not include capital costs.
(**) Medium term storage (MTS) is a very important activity for ILRI. This is the total number of accession on MTS. In 2007 no new accessions were added to MTS.
(***) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 7.9. Operational Costs of ILRI Genebank: OTHER PERENNIAL - 2007

Total Total quasi- Tota! lesy Total non- Average Avelrage Avgrage AT
Activities ac,(\:lgés capital cost fixed cost Vig:tbsl © labor costs | capital cost qua:(')':tx e l;’sgfgcit nogglsa;gor Total AC*

- sy (US$) (US$) (USS)  (USSlacc)  ysernc)  (USSlac)  (US$facc)
Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Safety duplication 278 943 1,746.58 11.81 137.43 0.03 6.29 0.04 0.50 6.83
Long term storage 3 2.99 8.04 0.24 0.33 1.00 2.68 0.08 0.1 2.87
Medium term storage 116** 228.79 50.17 76.48 27.88 1.97 043 0.66 0.24 1.33
Germination testing 0 0.00 0.00 0.00 0.61 0.00 0.00 0.00 0.00 0.00
Regeneration 9 56.88 231.02 31259 136.48 6.32 25.67 34.73 15.16 75.56
Seed processing 4 126.12 76.16 1.30 142 31.53 19.04 0.33 0.35 19.72
Seed health testing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Distribution 1 2.14 11.20 0.34 3.87 2.14 11.20 0.34 3.87 15.41
Information management 116 70.28 278.77 24.30 3.37 0.61 2.40 0.21 0.03 2.64
General management 116 99.62 0.00 1.97 4564 0.86 0.00 0.02 0.39 0.41
Total™ N.A. 596.25 2,401.94 429.03 357.02 44.46 67.72 36.40 20.66 124.78

(*) Operational costs, do not include capital costs.
(**) Medium term storage (MTS) is a very important activity for ILRI. This is the total number of accession on MTS. In 2007 no new accessions were added to MTS.
(***) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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SECTION 8

Conservation and Management of Rice Genetic
Resources in the IRRI Genebank

D. Horna, R. Sackville-Hamilton, S. Almazan, F. Guman, R. Reafio, G. L. Capilit

Rice is one of the main cereals produced and coedumthe world. Rice cultivation is
believed to have spread from the foothills of thm&layas southwest into the Indian
subcontinent, into Southeast Asia, and eastwaodGhina and Japan. Farmers only plant
two species from the gen@yza: O. sativa, originating in Asia and now grown
worldwide andO. glaberrima, which is grown in West Africa. More than 20 spescof

wild rice are scattered across tropical Asia, Afriand Latin America and the Caribbean.
Wild rice species grow in many different habitdtem sunny open lands to shady
forests. Breeders use wild species for traits oond in cultivated rice. Since 1962, the
International Rice Research Institute (IRRI) hasrbat the forefront of international
collaborative efforts to systematically collectnserve, characterize, and share
traditional rice varieties and wild rice speciesnStructed in 1977--and significantly
renovated and upgraded in 1994--the Internationzd Benebank (IGB) at IRRI has
international-standard facilities for medium- andd -term storage of rice seeds at
subzero temperatures, a seed-drying room, andrdwases for multiplying and

maintaining wild rice species and low seed stoakngpéasni’.

Currently the IRG holds in trust more than 110,8060essions (Jackson 1997). This is the
most complete rice collection in the world coveringst of the available diversity. In
addition to cultivated riced. sativa andO. glaberrima) the IRG holds a number of wild
rice and related genera accessions. This studyatesl the cost effectiveness of
conserving and distributing rice accessions. A jmevevaluation carried out by Keb

al. (2004) serves as a baseline for this study. Th&ation focuses on the two main

types of materials held at the genebank: cultivatediwild rice. These materials are

2T http://beta.irri.org/seeds/index.php?option=com ppe&ltemid=7
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mainly propagated by seed which facilitates the/ftd operations, but a number of the

wild materials require special facilities for regeation and multiplication.

The main challenges for the IRRI genebank with iogions on the genebanks cost
effectiveness are the large number of accessiongpoiated and the large demand for
rice materials. As a consequence, the use of teaanpt@bor for regular operations is a
key input in the genebank performance. Moreover gitcessions held at the genebank of
cultivated and wild rice belong to different agrmetgies and require different

conditions for their regeneration and for otherraiens. Regeneration under not optimal
agro-ecological conditions has implications onttital amount of seed produced. In
general, few accessions have a high demand andghef the materials have a lower
demand, but this can change due to eventualitiestHe outbreak of diseases. The IRG
therefore needs to have a minimum volume stordx table to satisfy the demand of the

genebank users in the public and private sector.
8.1. Data

The information collected for the genebank at IR&Iresponds to years 2006, 2007 and
2008. The data collected corresponds to accessiangpulated per operation, inputs use
(capital, quasi-fixed, labor variable and non-labariable) and related costs. The
estimation of variable non-labor costs might betelower range as it is more difficult
to account for small office, field and laboratorpenses that are small but regular and
can become considerable on an annual basis. Algotodthe confidentiality of the
information, the quasi-fixed labor has been estuatsing averages values per type of
staff rather than actual valifsNote that, the estimation of total and averagssscare
actual genebank costs rather than annual expeeslitine difference can be substantial
since the actual costs are related to number @&sagans manipulated while actual
expenditures could be higher than that. When dairgguisition genebank staff usually

order in large quantities that can last for moenthne year.

Rice (cultivated rice) represents 96% of the acoassconserved in the IRGidure 8.1).
As mentioned above the accessions belong to twaesp®. sativa andO. glaberrima,

beingO. sativa the species with the highest representation (9Béaltvated materials).

2 According to the genebank manager, the value agtinby the tool show a downward bias.
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Figure 8.1. Type of accessions at the International Rice Genebank at IRRI according to type of material

Wild species O. glaberrima
4,498 accessions 1,656 accessions
4.06% —— " 149%

Source IRG Information and dcumentatio (2009)

8.2 Results

Total and average costs of geank operations in 2008 e reported iTables 8.1 and 8.2
for rice and wild rice.

Theex-situ conservation ofultivated ricefollows the standard procedure
conservation of materials propagated by (Raoet al. 2006).It is possible howeve
that some accessions©f glaberrima require special conditiorte germinate. SomO.
glaberrima accessions aicloser to wild materialthan to cultivated ors. Table 8.1
presents the summary of total and average costsnserving and managing cultivat
rice accessions in the IRG in 2008. Note that 28G@Bparticular year for the IR
because the genebank was very involved in tultiplication, seed processing and all
other operations leading to send duplicates tadiiection in Svalbarcin this year, the
total operational costs (not including capital) $afety duplication recoed the second
largest investment (US 64,() across operations. The average costs of safglicdtion
(US$ 29/accession) seem to be high, but this isgirly due to the fact that here itis o
reported the total number of accessions that weséyrto be sent. Since each opera

in the genelnk depends on other operations, there are ahaggsn the total number
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accessions manipulated per operation. These lagsitmplication on the estimation of

average costs per operation.

Also note that medium and long term average stotagts are estimated using the
additional number of accessions stored and nabtia&number of accession in storage.
This leads to higher average costs but reflectvahee of adding one accession to the
genebank each year. Since in 2008 a new cold roasrbwilt the total and average
capital cost of long term storage were relativeghi(US$ 35/accession) but the average
operational costs were within the normal range (838/ accession). In terms of total
costs general management required the highesttmeasin the IRG (US$ 91,000) and
this is understandable given the size of operaiiotisis genebank that requires a large
logistic coordination. Other operations that denghldigh investments from the IRG
were information management (US$ 83,000), distiibuUS$ 73,000), regeneration
(US$ 66,000) and characterization. Distributiom@terials is one of the most important
operations in the genebank. In 2008 the IRG séotiahof 18,159 accessions to private
and public users. Regeneration and characterizegiwhto be across crops and across
centers the operations with the highest averags.d0sltivated rice is not the exception
in this tendency. In 2008 a total of 3467 accesswircultivated rice were regenerated, at
an average costs of US$ 19 / accession. In the gaare total of 2,216 accessions were
characterized at an average costs of (US29/acc@sSieed health is performed by the
seed health laboratory of IRRI. Since 2008 thegefigzed charge per screening activity
that is performed on each accession. The serviobsde some expenses of seed
distribution (packing and shipping). This year, #verage cost per accession was US$
15.81.

Wild rice accessions in comparison record higherage costs per operation mainly for
characterization (US 133/ accession) and regeonerédtlS$ 92/accession). This is a
tendency not only for 2008 for in general. Wild eréls need to be manipulated under
special conditions in order to get the amount efiseeeded for storing and distribution.
The IRG has a special unit for the regenerationeaadluation of wild rice. Quite often
however, despite these special conditions, somesammns do not germinate or produce
seed. In those cases the accessions are sentgbytioéron. The phytotron is a special

chamber when humidity and temperature conditionsbeacontrolled and thus it can
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replicate the environmental conditions where maigable for the multiplication of this
fragile materials. Some cultivated materials, ma@I glaberrima, need to be treated in
the phytotron. The amount of seed produced by miderials is normally very low
compared to the cultivated materials and thus B828ere was no screening of wild rice
for seed healthrgble 8.2).

In comparison to the estimations from Koo et alO@), our estimations reflect actual
costs per year. There are some significant diffeenn average costs, but the total costs

are similar. The differences in average costs eobgbly due to:

- We have disaggregated the costs of seed procdssinghe costs of regeneration
and characterization. As a consequence our regereast would probably tend
to be smaller that the estimations from Koo et al.

- We have as well disaggregated the costs of gemenaagement and information
management from the costs of all the other operatio

- We are using actual input use; therefore our esioms are actual annual costs

rather than best estimations.

- The costs for wild materials have been estimatpdrseely for all operations.

Koo et al. did separate estimations only for regaten and characterization.

The availability of information for several yea2)06, 2007 and 2008) allows
formulating some initial conclusions about the parfance of the IRG across the years.
Figures 8.2 to 8.3 summarize this behavior for total and averagescoithe different
operations for cultivated and wild rickable 8.3 presents the number of accessions
manipulated per operation across these yearsntinber has strong implications on the
final average costs reported.
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Table 8.1. Operational Costs of IRRI Genebank: RICE - 2008

Activities

No.

access.

Total capital

cost

(US9)

Total quasi-

fixed cost

(5]

Total labor

variable
costs

(US$)

Total non-

labor costs

(US$)

Average
capital
cost
(US$/acc)

Average
quasi-

fixed cost
(US$/acc)

Average
variable
labor cost
(US$/acc)

Average
non-labor
costs
(US$/acc)

Acquisition 2,899 103.65 4,211.15 65.19 241.34 0.04 1.45 0.02 0.08 1.56
Characterization 2,216 3,524.92 26,306.60 5,653.48 32,422 47 1.59 11.87 255 14.63 29.05
Safety duplication 1,300 270.82 7,528.03 814.90 302.56 0.21 5.79 0.63 0.23 6.65
Long term storage 676 23,952.96 4,954.15 437.82 100.57 3543 7.33 0.65 0.15 8.13
Medium term storage 2,820 10,131.97 5,625.85 437.82 1,115.66 3.59 1.99 0.16 040 255
Germination testing 17,980 35,645.85 18,817.61 2,274.50 417.31 1.98 1.05 0.13 0.02 1.20
Regeneration 3,467 2,542.00 22,801.27 | 13,305.76 30,309.65 0.73 6.58 3.84 8.74 19.16
Seed processing 4,357 17,113.99 28,099.94 3,596.38 2,341.75 3.93 6.45 0.83 0.54 7.81
Seed health testing 3,840 880.46 10,991.34 1,407.28 48,318.21 0.23 2.86 0.37 12.58 15.81
Distribution 18,159 669.26 25,304.13 1,563.64 46,217.69 0.04 1.39 0.09 2.55 4.02
Information management 106,319 795.01 43,759.43 0.00 40,193.22 0.01 0.41 0.00 0.38 0.79
General management 106,319 5,648.36 73,363.48 0.00 17,646.94 0.05 0.69 0.00 0.17 0.86
Total N.A. 101,279.25 | 271,762.98 | 29,556.76 | 219,627.37 47.83 47.87 9.25 40.47 97.58

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Table 8.2. Operational Costs of IRRI Genebank: WILD RICE - 2008

Total labor Average Average Average Average

Total capital  Total quasi- ) Total non- ) : i
- . , variable capital quasi- variable non-labor
Activities cost fixed cost labor costs ,

cost fixed cost  labor cost costs

access. costs
(Us3) (USS) (US$) (USS) (US$/acc) | (US$/acc) (US$/acc) = (US$/acc)

No

Acquisition 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Characterization 407 18,359.75 16,500.69 941.35 36,722.88 45.11 40.54 2.31 90.23 133.08
Safety duplication 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Long term storage 0 0.00 0.00 18.52 0.00 0.00 0.00 0.00 0.00 0.00
Medium term storage 23 82.64 45.88 18.52 9.10 3.59 1.99 0.81 0.40 3.20
Germination testing 57 113.00 904.60 7.21 1.32 1.98 15.87 0.13 0.02 16.02
Regeneration 500 21,082.83 14,717.88 941.35 30,556.74 4217 29.44 1.88 61.11 92.43
Seed processing 500 1,806.55 5,601.34 152.15 268.73 3.61 11.20 0.30 0.54 12.04
Seed health testing 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Distribution 3,251 119.82 4,757.17 66.15 8,835.58 0.04 1.46 0.02 2.72 4.20
Information management 4,498 33.63 7,397 .55 0.00 1,700.44 0.01 1.64 0.00 0.38 2.02
General management 4,498 238.96 3,022.87 0.00 746.58 0.05 0.67 0.00 0.17 0.84
Total N.A. 41,837.19 52,947.99 2,145.25 78,841.37 96.56 102.83 5.45 155.56 263.84

(*) Operational costs, do not include capital costs.
(**) The total cost values do not reflect the total cost of conservation of this material it just report how much in average the genebank spent that year on this type of material.
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Figure 8.2. Performance of total costs and average cost per operation for RICE in the IRG at IRRI
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Figure 8.3. Performance of total costs and average cost per operation for WILD RICE in the IRG at IRRI
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Table 8.3. Number of accessions manipulated per operation and per type of material 2006-2008

Operations Rice Wild Rice
2007 2008 2006 2007 2008
Acquisition 130 34 2,899 0 0 0
Characterization 2,812 3,973 2,216 361 611 407
Safety duplication 6,110 67,076 1,300 42 3,104 0
Long term storage 3,220 1,060 676 15 4 0
Medium term storage 5,336 5,017 2,820 784 320 23
Germination testing 45,674 18,911 17,980 702 485 57
Regeneration 5,685 3,924 3,467 710 626 500
Seed processing 6,310 5172 4,357 786 626 500
Seed health testing 4,560 3,840 3,840 0 0 0
Distribution 30,765 13,575 18,159 6,419 5,347 3,251
Information management 106,106 106,193 106,319 4,495 4,498 4,498
General management 106,106 106,193 106,319 4,495 4,498 4,498
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SECTION 9

Costs Effectiveness of Germplasm Collections
in the CG system

D. Horna, D. Debouck, D. Dumet, J. Hanson, V. M. Mayong, T. Payne, R.
Sackville-Hamilton, I. Sanchez, S. Taba, H. D. Updd/aya, |. van den Houwe

Cost information is useful to monitor the perforroamf the genebanks. Thus, managers,
users, and donors of the genebanks can have aofitterelative costs of managing
plant genetic resources. This information can leelis make users but especially donors
aware of the actual costs of conserving and diginly accessions and in this way
facilitate fund raising. Managers however do havédaa of genebank operational costs.
What is then the added value of using a periodstesy to collect costs information for
the genebank manager? In this section we preserd specific cases where the
information collected in the genebanks visited lsalp in the decision process. It is true
that the current amount of information does naivalus to make conclusions across

centers, but it does allow for some analysis withacenters.
1. Rationalization

Rationalization within a genebank and across gerebig recurrent discussion in the CG
system. The information collected in this evaluatian help to address partially some of

the main points raised for an informed decisionudloationalization.

a) Duplication and molecular characterization

One of the goals of a genebanks is to conserveiarggnetic materid), however
duplication is often unavoidable. Duplication ohgéc material is associated with costs
inefficiencies, as the material has to be peridicagenerated, tested, or stored. The
costs are particularly high for materials that @aserved in-vitro. The real problem of
eliminating and avoiding duplication relies on th#iculty to actually find the

duplicated material. While molecular techniquestaeoming more affordable it is still

expensive to do a full screening to determine idacession is a duplicate or not. But, is

% We do not discuss here the underlying conceptsiiyeand of what constitutes a unique material as
there might be different points of view and waysrteasure it. Nevertheless
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it actually less expensive to eliminate duplicatiban actually keeping the duplicates?
What are the steps necessary to eliminate dugicatind what kind of resources are

needed?

Note that the cost of conserving a duplicate dep@mdthe material under evaluation
(size, multiplication method, storing method, lesEtlomestication). Moreover, the
proportion of duplicates in the collection can ddesably affect genebank costs. Take as
an example the case of the European Genebankateegbystem (AEGIS) which goal is
to create an integrated genebank system for cangglitve genetically unique and
important accessions of Europe and making thenladtaifor breeding and research
(ECPGR 2008). The level of duplication across Eaaspgenebanks participating on this
initiative has been estimated around 35% or highEGIS is expected to increase the
long-term costs effectiveness of the collection aggment by controlling redundancy
and duplicates more effectively. A reduction of thgh duplication level can lead to a
considerable cut on operational costs across gtersy In the case of the CG system this
value is probably lower across collections as diffé genebanks have different crops
mandates. With the exemption of some mateflallsere is however no information
available about the level of duplication within eagenebank, or the information is very

limited.

In CIAT a new material of cassava that is goingeécadded to the collection is subject to
a molecular and biochemical characterization. Asagshe costs incurred in performing
this operation can provide useful information aetphn the decision of discarding
materials Vs maintaining long-term expenses by ke&pa duplicate in the collection. In
other words the costs information generated bygieration can help to conclude on
avoiding duplication. Notice that avoiding and ehating duplication are different
concepts. Using CIAT’s information as an examgie, additional annual cost of using
molecular and biological characterization techngjieeidentify duplicates and add them
to the collection (US$ 108.7 per accession) isqares] inTable 9.1. In in-perpetuity

terms, the additional cost of non —identifying glitate would be equal to the cost of

30 At CIAT, although the level of internal duplicatizaries from crop to crop the level of internal
duplication for cassava is around 8%, and withexEjz research going on in tracking these internal
genetic copies. In common bean the level of intedtoplication may be around 5-6%, higher in Central
America (15-18%), lower in the Andes (3%), interiiadel in southern Europe and Africa (10%).
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conserving and distributing this material as aedléht accession. In other words this
would add US$ 1,313.71 per accession to the teta¢lgank in-perpetuity costs. It is
important to mention that the molecular charac&ian is carried out once the passport
data have been checked throughout carefully. larottords, molecular characterization

is done when there are suspicions that materialgemetic copies of each other.

[ITA is presently working on molecular finger piiimg of the yam and cassava collection.
This is to reduce the level of duplicates and glside future collecting mission

/acquisition from National genebank.

Table 9.1. Molecular characterization costs vs. cost of conserving a duplicate

Average In-Perpetuity

Average Annual Costs

Costs

Without With Without
Characterization Characterization Characterization
Conservation 90.85 144.89 542.52
Distribution 47.65 101.69 77119
TOTAL 138.51 246.58 1,313.71
Additional 108.07 1,313.71
b) When location does not matter: Outsourcing

Some operations performed by a genebank could tmutsourced” (done by a third
party). These operations tend to be related tarddbry analysis like viability testing or
molecular characterization. Long-term storage efisgermplasm could as well be
outsourced since the location of the storing faediwould not affect the quality of the
operation. A comparison of operating costs of Migliesting in different materials with
a reference value by a private laboratory is udefudn analysis of potential advantages
and disadvantages of having this operation outsouStaff qualification, costs of
transportation, availability of the information,catiming of the operation within the flow
of the genebank operation are crucial factorske tato account for making a decision

about outsourcing or doing it at home.

There are several laboratories around the worldptevide germination and viability
tests. If the service is going to be outsourced this important to select a laboratory that

not only offers a good quality-to-price service that it is also located within reasonable
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distanceTable 9.2 presents a quick comparison on germination castsa genetic
materials in the CG system, and approximated feegeld by two international and

accredited seed testing laboratories in the USratite UK.

Table 9.2. Comparative costs of germination testing (US$)

IOWA State University, i Test!ng Siatiln
. of the Science and
. Own Seed Testing . .
Material Advice for Scottish
Genebank Laboratory .
Agriculture

(USA) (UK)
Common bean / CIAT! 448 12 24.7
Tropical forages/ CIAT! 9.84 30 286"
Wheat / CIMMYT?2 6.19 17 26.4
Maize /CIMMYT2 442 12 26.4
Sorghum, ICRISAT23 2.71 17 264
Groundnut, ICRISAT23 2.72 18 24.7
Chickpea, ICRISAT23 2.54 18 24.7
Annual legumes, ILRI2 27.59 30 286"
Perennial legumes, ILRI2 28.21 30 286"
Cowpea, IITA! 6.04 18 247
Rice, IRRI! 1.20 17 26.4
Wild rice, IRRI! 16.02 31 28.6"

1 Information from 2008

2 Information from 2007,

3 Cost for wild materials tend to be higher. According to CIRSAT estimations wild chickpea testing costs US$12.56,

wild Pigeonpea US$ 14. 30, Wild groundnut US$ 16.75, wild sorghum US$12.60, wild pearl millet US$ 14.60, and wild

small millets US$ 10.40.

* Probably higher

In all the cases, the fees charged by the priwditeratories are higher than the estimated
costs for the CG genebanks. For instance, accotditige estimations for 2007, the
average cost of testing seed viability at the CIMMYenebank was about US$ 6.19 per
accession. This cost only includes operationalscdtapital costs are taken into account
the total value increases to US$ 9. The InternatiSeed Testing Association (ISTA)
provides a list of accredited laboratories arolm&world that carry out these tests. The
prices listed for these test in UK vary consideyaaross countries and laboratories. For
instance, The Seed Testing Station of the SciendeAdvice for Scottish Agricultufé
charges US$ 26.4 (£16.2) per sample for a basmigation test, and requires 7 — 14
days to provide the results. Germination test grian be higher than that when other

test are included, like 1000 seed weight and satedtable, as in the case of the National

31 prices of 2008 can be found henétp://www.sasa.gov.uk/seed_testing/osts/test déms.
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Institute of Agricultural Botany (NIAB) based in @#&ridge that charges US$84.5 (£ 52)

per sample.

To the fees reported by the private laboratoriesriecessary to add the VAT and the
costs of sending the materials. Since all the gamebin the CG system have the
laboratories and personnel trained to performdperation, it is clear that the additional
cost charged by the private laboratories doesustify the outsourcing of this operation.
In addition to the higher costs there are alsotglaarantine issues. Seed health testing is

an expensive operation and it does not justify gdifior outsourcing germination

evaluation.
2. Operations within the Genebank
a) Diversity and Economies of Scale

There are several genebanks in the CG systemQREAT, ILRI and IITA that deal

with multiple crops. The intricacy of the flow operations increases with the number of
crops or types of materials. This has implicationghe operational costs and also on the
possibilities for economies of scale. In the cadsgemebanks that deal only with seed
propagated materials (ICRISAT, ICARDA) the effeotapsts could be less remarkable.
The combination of clonal and seed crops definigiaelds to the complexity in the
decision making, giving less scope for selectionast effective practice$able 9.3,

shows the average general and information managesuosts for the genebanks included

in this study.

We expected that average management costs wowldddye higher in centers with a
larger diversity of materials not only in termsmafmber of species but also in terms of
materials that required different conservation eegkneration practices. All genebanks
hold in their collections materials that requir@@sial regeneration techniques such as
wild materials, or materials that need to stayhmfield for more than one season such as
forages and other perennial crops like Musa. A dewebanks also have materials that
require special storage techniques like in-vitrltication or cryopreservation such as
cassava, musa or yam. The differences across alatend centers however have not

been as drastic as expected.
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But, would there be differences if we concentratele type of material and

conservation technique? The conservation of cl(@essava, musa, yam) and seed crops
(cowpea, soybean, beans, etc.) is a distinct ctearstic of CIAT and IITA genebanks.
While it is difficult to compare costs across cesteecause of a number of
considerations (location, agro-ecological condsidabor costs, etc), the comparison
among seed and clonal crops could be interestingeinebank manageifable 9.4

provides this information.

Table 9.3. Comparing average general and information costs given the conservation technique required
(US$/accession)

Genebank No. Acc. No. crops/crop Materials General Information
types (No. of Management Costs
species/ taxa) Costs (US$)

(Uss$)
CIAT 65,510 3(795) Clonal: Cassava, 1.37 2.29
Seed: Beans, Tropical
Forages
CIMMYT 148,561 2(7) Seed only: Rice, Wheat 1.02 0.97

(Barley, Rye, Triticale,
Teosintle, Tripsacum)

ICRISAT 118,882 6 (11) Seed only: Sorghum, 117 0.31
Groundnut, Chickpea,
Pigeonpea, Pearl millet,
Small millets (Foxtail millet)

IITA 28,433 7 (60%) Seed: Bambara, maize, 1.58 1.61
Cowpea, Soybean
Clonal: Yam, cassava, musa,

ILRI 18,745 8 (750) Seed: Annual legumes 1.26 1.88
(3,658), perennial legumes
(6,879), annual grasses
(1,051), perennial grasses
(3,370), fodder tress <3 years
(2,708), fodder tress > 3
years (831), other annual
(138), other perennial (116)

IRRI 110,817 2 Seed: Rice (0. sativa, O. 0.86 0.84
glaberrima), Wild rice (XX)

(*) The exact number of available species is unknown
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Table 9.4. Conservation of clonal and seed crops across centers

Genebank Type of Material Conservation Method No. General Information
Accessions = management management

costs costs
($/ acc) ($/ acc)

CIAT Clonal | Cassava In vitro (MT) 6,467 1.37 1.54
« Cryopreservation (LT)
* Bonsai
Seed | Beans + Cold room (ST &LT) 35,903 1.37 2.25
Tropical Forages | « Cold room (ST &LT) 23,140 1.37 2.55
« Field genebanks (MT)
[ITA Clonal | Cassava * Invitro (MT) 3,368 1.47 1.85
* Cryopreservation (LT)
Yam * Invitro (MT &LT) 3,039 1.67 1.95
Musa * Invitro (MT) 173 1.47 1.45
* Cryopreservation (LT)
Seed | African yam « Cold room (MT & LT) 152 1.47 1.45
bean
Bambara + Cold room (MT &LT) 1,843 1.47 1.45
Cowpea + Cold room (MT &LT) 15,113 1.64 1.56
Maize + Cold room (MT &LT) 878 1.47 1.45
Soybean » Cold room (MT & LT) 1,751 147 1.45
Wild Vigna + Cold room (MT &LT) 1,516 147 1.45
Mis. legumes + Cold room (MT &LT) 600 1.47 1.45

Note: ST stands for short term storage; MT stands for medium term storage; LT stands for Long term storage

b) Cryopreservation and In-vitro conservation

Cryopreservation is still an operation under reseéor genebanks working with clonal
crops. CIAT for example has only around 640 acoessof cassava under
cryopreservation of more than 6,000 accessionshhetde genebank. The development
of the cryopreservation protocol is an on-goingvitgt While this operation has been
proven to be effective, there is still some distussbout the need to guarantee the
integrity of the material stored. Currently all b@ssava accessions are stored in-vitro in
CIAT, and safety duplication copies are sent to folfstorage. Given the short storage
life of the in-vitro materials the costs of storiagd duplication are significant for the
genebank. The most cost effective practice accgrigirthe cryopreservation expert in
CIAT is therefore a combination of short term sggand distribution using in-vitro
material, and a long term storage and duplicat&ngicryopreservation techniqué&sble

9.5 shows cost information that supports this statéfieBince these are average costs

32 These figures however do not cost the risk of igiroblems with the integrity of the collection.
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the difference across centers is given by the nummib&ccession manipulated which is
considerably lower in the case of IITA and thuscbsts considerably higher. Note that
CIAT and IITA do not use the same in vitro conséinraprocess for cassava. CIAT
system is less demanding as it requires only lidtilye per year in comparison to [ITA
system which requires 1 to 2 subcultures per ydar.genebank at IITA is adjusting the
technology to CIAT standards to reduce the cost&ssava. It is important however to
take into consideration the time to regeneratdlaé&eding from in vitro plant. The IITA
strategy may provide a faster systeenrequest may be processed faster which also have

some economic value.

Table 9.5. Average conservation cost for clonal crops for CIAT and IITA (US$/accession)

Geneb  Genetic Total Cryopreservation In-Vitro Field Genebank
ank Material No. No. Cost \[o} Cos No. Cost
Access.  Access. ($/ acce.) Access ($/ acce.) Access ($/ acce.)
CIAT Cassava 6.467 640 44.20 8,261 14.28
[ITA Cassava 3,368 50 53.23 2,455 9.84 3,388 3.36
Musa 173 36 26.55 230 8.24 482 3.32
Yam 3,039 1,641 8.24 3,200 3.32
3. Financial Aspects
a) Labor cost in Developing countries

Genebanks make use of temporary and casual lalaactomplish several specific
activities across operations. The use of casuar lstparticularly intensive for field
activities that are part of regeneration and charemation of materials. Seed cleaning is
also a labor intensive activity. One of the advgasof being located in a developing
country is the availability of comparatively chdapor. In some countries however the
cost of temporary labor has increased in the |gtEsts, as a consequence of economic

development or competition with stronger sectorthefeconomy.

Hyderabad is a city that is growing fast due todbmputer and software industry. As a
result of that demand for both qualified labor adlhas temporary labor is increasing.
This high labor demand creates possibilities fghbr labor wages in the near future.
Table 9.6 presents the results of a simulation for the IGRIgenebank, assuming an
increase that varies from 0% to 50% of current wagkhe table presents the variation of
total variable labor costs and the effect on therage regeneration and characterization
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costs. We can observe that despite the 100% \aritie total average costs are not
significantly affected, as they represent in averagly 3 — 12% of the total operational
costs. So, while there is a potential increasalioi the immediate effect on the average
costs is not significant but it can be significahthe aggregate level, for instance when
preparing the budget for the following year, anpessally when the number of

accessions manipulated is high.

Table 9.6. Simulating wage increase on total labor costs and average cost of regeneration and

characterization, ICRISAT

Graph

No. of
Accessions

Actual labor
Costs

50%
Variation

100%
Variation

Sorghum gk 12k 5,580.54 8,324.59 11,078.21
(Total variable labor Y M
Costs (US$)
* Characterization | 17.4 188 2,377 17.55 18.15 18.75
(Av. labor cost /
accession, A
US$/acc)
 Regeneration Bl 650 4,603 6.11 6.29 6.47
(Av. labor cost /
accession, A
US$/acc)
Pearl millet 10k 22k 10,141.94 15,128.92 20,133.28
(Total variable labor Y M
Costs (US$)
* Characterization | 1&.00 1325 2,094 18.04 18.28 18.53
(Av. labor cost /
accession,
US$/acc)
» Regeneration 58 4 793 59.72 64.80 69.89
(Av. labor cost /
accession, A
US$/acc)
Chickpea 12k 24k 12,032.05 17,948.44 23,885.44
(Total variable labor v M
Costs (US$)
* Characterization | 38. 25 1,200 38.97 41.08 43.19
(Av. labor cost /
accession,
US$/acc)
» Regeneration 260 23.0 1,650 26.29 2755 28.80
(Av. labor cost /
accession,
US$/acc)
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No. of Actual labor 50% 100%

Accessions Costs Variation Variation

Pigeonpea gk 17k 8,341.62 12,443.36 16,559.38
(Total variable labor Y M
Costs (US$)
* Characterization | 42 52 798 42.33 46.78 51.25
(Av. labor cost /
accession, A
US$/acc)
Groundnut 13k 23k 18,676.61 27,860.26 37,075.90
(Total variable labor T M
Costs (US$)
 Characterization = 66 900 58.23 61.75 65.28
(Av. labor cost /
accession, A
US$/acc)
 Regeneration = 250 2,400 22.09 23.40 24.71
(Av. labor cost /
accession, A
US$/acc)
Small millets 14k 30k 14,487.84 21,611.79 28,760.56
(Total variable labor Y M
Costs (US$)
* Characterization 2 1230 1,737 12.01 12.15 12.29
(Av. labor cost /
accession,
US$/acc)
* Regeneration = =1 1,737 15.69 18.23 20.79
(Av. labor cost /
accession, A
US$/acc)

Note: We do not have information on labor use for Pigeonpea regeneration for this year (2007). All the casual labor
was reported for characterization

b) Retirement and the need for a succession plan

In several of the genebanks of the CG system guepialist or even genebank heads are
reaching retirement ages. The expertise accumutstggnebank scientists has a
significant effect on the performance of the gem&tend thus on its cost effectiveness.
Unfortunately, it is difficult to actually measutteis effect and even more to cost
experience. It is possible however to assume legtaigs in the performance. Hiring a
new scientist in charge of one operation in theebank can cause a lag on the activities
planned for the year and generate backlogs in ofdee operations. Training of new

staff is therefore necessary to avoid this lage ffaining is understood as a period of
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overlapping of experts. This practice can savegdrebank operational costs and
backlogs.

c) Exchange rate fluctuations

Most of the genebanks of the CG system are logatddveloping countries where some
of the operational expenses (supplies and laberpaid in the local currency. Exchange
rate fluctuations over the year can significantfee the total expenses of the genebank
and thus have negative impacts on the annual apgriowdgets. In 2008 for instance the
fluctuation of the Colombian peso was above 70@sueguivalent to a 30% of the
highest valu& **. Similar tendencies but not as drastic has besargbd in Philippines,

where the fluctuation was around 20% in the sanae.ye

On one hand the inflation rates of the countrigsditermine these fluctuations. On the
other hand, as the food and financial crises hawews, global events can have severe
impact on economies in development and thus affedttange rateJables 9.7 and 9.8
below report some of potential effect of drasticleange currency fluctuations in the
total genebank expenses, as well as in the aversie of operations. These values are
probably underestimated since most of the expdandesal currencies have been
reported in US dollars, despite been executedadal lcurrency.

3 Source: OANDA (http://www.oanda.com/convert/fxbisf)
34 SeeAnnex 4 for a graphic representation of the fluctuatiorCofombia peso from 2007 to 2009.
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Table 9.7. Changes in Average and in perpetuity Costs due to Exchange Rate Fluctuations in 2008, CIAT
Genebank

Name Min Mean Max
Beans Ave. 26.39 26.75
Characterization 27.23
Ave. 24.31 24.66 25.14
Regeneration
Ave. 1142 116, u 114.28 114.99 115.95
Conservation .
Ave. £a.qg 58.98 59.34 59.82
Distribution v K
Tropical Ave. - cg 39.63 46.70 56.25
Forages Characterization
Ave. 79.40 87.78 99.10
Regeneration
Ave. 163.66 176.22 193.20
Conservation
Ave. 162.36 169.12 178.25
Distribution
Total In Perpetuity for Whole
Genebank 181,192,700 182,897,800 185,201,100
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Table 9.8. Changes in Average and in perpetuity Costs due to Exchange Rate Fluctuations in 2008, IRRI
Genebank

Material Type of Costs Graph Min Mean Max

Rice Ave. 28.55 29.04 29.62
Characterization
Ave. Regeneration 18.41 19.14 20.00
Ave. Conservation 34.54 35.14 35.85
Ave. Distribution 48.96 49.75 50.66
Wild Rice Ave. 132.48 133.07 133.76
Characterization
Ave. Regeneration 91.94 9242 92.98
Ave. Conservation 87.92 88.40 88.97
Ave. Distribution 172.06 172.90 173.88
Total In Perpetuity for Whole Genebank 176,109,800 | 176,674,400 | 177,335,800

d) Full costs recovery

As other centers in the CG system CIAT is implenmgntull cost recovery in their
finance systems. Starting 2010 the genebank widhagged per square meter for a
number of services provided by CIAT (Semex 5). Full cost recovery means recovering
or funding the full costs of a project or servi¢ée costs directly associated with the
project, such as staff and equipment, projectsaisib draw on the rest of the
organization. For example, adequate finance, huesources, management, and IT

systems, are also integral components of any grojegervice. The full cost of any
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project therefore includes an element of each bfrerhead cost, which should be
allocated on a comprehensive, robust, and defenkddis. In this sense, each unit within

the center should be charged for each costs asst¢the projects under their control.

In CIAT the implementation of this system has bsemeduled for 2009. Some elements
of this system are already in place, i.e. chargesdmputers, e-malil, internet, and related
support. The implementation of this system is etgumbto increase the costs of genebank
operationsTables 9.9 and 9.10 present the costs of conservation and distribugfagenetic
materials at the CIAT genebank considering theeturcharging system and comparing

it to the full recovery scheme implemented in 280%he tables show an increase in
average and total in-perpetuity costs for all typeshaterials, but especially for

distribution of accession of tropical forag&s.

Table 9.9. Comparing Average In-Perpetuity Costs of Conserving and Distributing Existing Accession by the
CIAT Genebank (2008)
Crops No. of

acc.

Actual Charges Assuming Full Costs Recovery

Conservation  Distribution Total Conservation | Distribution Total

Cassava 6,467 771 934 1,705 825 990 1,815
Operat. 551 771 1,323 605 827 1,433
Beans 35,903 689 652 1,340 588 674 1,262
Operat. 641 558 1,199 540 580 1,120
Forages 23,140 956 4,195 5,151 889 6,474 7,364
Operat. 849 3,114 3,964 782 5,394 6,176
All crops 65,510 1,955 5,057 7,011 1,795 7,373 9,168

Table 9.10. Comparing Total In-Perpetuity Costs of Conserving and Distributing Existing Accession by the
CIAT Genebank (2008)

Assuming Full Costs Recovery

Actual Charges

Conservation Distribution Total Conservation Distribution Total

Cassava 2,004,462 1,359,683 3,364,145 2,056,898 1,449,709 3,506,607
Operat. 582,584 308,180 890,764 635,021 398,205 1,033,226
Beans 24,720,186 23,402,855 48,123,041 21,115,327 24,195,409 45,310,736
Operat. 22,997,360 20,032,596 43,029,956 19,392,500 20,825,150 40,217,651
Forages 22,123,207 97,065,430 | 131,390,819 20,575,856 | 149,818,450 | 181,743,038
Operat. 30,490,783 72,064,009 | 102,554,791 28,089,981 | 124,817,029 | 152,907,010
All crops 48,847,855 | 121,827,968 | 182,878,005 43,748,081 | 175,463,568 | 230,560,381

% SeeAnnex 6 for a table explaining cost included in the estioraof conservation and distribution costs.
% The dramatic increase in costs of conservationdistdbution of tropical forages is due to the huet
used for estimated he costs. With the current éhgrgystem costs are allocated based on the nuofiber
accession held at the genebank. The use of fasilhd services with the full costs recovery schisme
based on area occupied by the genebank.
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e) Fund raising

Genebanks need a long term funding scheme in todgrarantee that the genetic
material will be preserved not only now in 5 yelans also in-perpetuity. The tool has
been designed to provide future and in-perpetwstof conserving and distributing
existing accession%able 9.11 is a summary of the conservation and distribuiien
perpetuity cost in 2008 for CIAT genebank givend¢heent number of accessions in the
genebank. These in-perpetuity costs have beenastinnsing adding up the average

costs of all operations undertaken for the consemvand distribution of an accession.

These estimates are available per year (2006-20@B3how an increasing trend. The
variability of average in-perpetuity costs over theee years of information available is
shown inFigure 9.1. In the case of conservation the costs tend t@ase due to changes in
the number of accessions manipulated. In geneeabge costs are lower when more
accessions are handled per year (up to a limit)s;Tthe average costs of conservation
and distribution of all three materials in 2006 la@er than in consecutive years. In the
case of distribution of forages the effect is elager because the number of accessions
distributed, regenerated and stored was considel@er in 2007 and 2008. Thus the
specific performance in that year has a greatémite on the total estimates. Once again

the availability of more years of information wowtow for more accurate estimations.

Table 9.11. In-Perpetuity Costs of Conserving and Distributing Existing Accessions in the CIAT genebank in
2008

Total cost (USS)

Conservation Distribution
Cassava In-vitro + Cryo 6,467 2,004,462 1,359,683 3,364,145
Noncapital 582,584 308,180 890,764
Capital 1,421,878 1,051,503 2,473,381
Beans 35,903 24,720,186 34,624,429 59,344,615
Noncapital 22,997,360 31,254,170 54,251,530
Capital 1,722,826 3,370,259 5,093,085
Forages 23,140 18,438,890 103,187,350 131,796,316
Noncapital 24,774,360 78,185,929 102,960,289
Capital 3,834,607 25,001,421 28,836,027
All crops 65,510 45,163,538 139,171,462 194,505,076
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a) Figure 9.1. Variability in Averages in In-Perpetuity Costs across years and crops, CIAT

a) Conservation b) Distribution
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SECTION 10

Conclusions and Recommendations

The objective of activity 2.4 was to develop a deri support tool that would help
genebank managers and curators make cost-effetdoisions. A cost effective
genebank is measured in terms of the quantity aatity of the outputs against the
expenditures. While developing the tool we havé&gatd information of 6 genebanks:
CIAT, CIMMYT, ICRISAT, IITA, ILRI and IRRI. The gerbanks in the CG system
share common crops but in most of the cases they insique world collections. In some
cases we have collected costs information for rtitae one year. For understanding the

value of this information it is important to takea account that:

» The operations in the genebank as opposed to #te estimations do not occur
on the annual basis. For instance, at the begirofitige year the genebank does
not know what materials on how much of them willdigtributed during the rest
of the year. A high number of distributed materdusing a particular year will
affect not only the workload, but will deplete theed stocks, with a bearing on
the work in subsequent years. The seed stockseptetdd not only by
distribution but also from the viability monitoringhe intensity of these

operations will determine the need for regeneratiahe following year.

* The information is collected on an annual basiss Triformation is very valuable
to have an initial idea of the performance of teagpank. It is more difficult to
make conclusions on the costs effectiveness ajehebank when it is not
possible to make comparisons across years. Natehafor some of the centers
(CIAT, IRRI, ICRISAT, and ILRI) we have more thaneyear of information.
With the information currently available is possilhb address only some specific
management issues like the ones presented inéh@ps sections (duplication,
exchange rate, pre-breeding) that can be affethiegost-effectiveness of the
individual genebank.
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The (reproductive) biology of the species is anongnt factor to consider. Rice
and wheat are among the easiest species to maib&mause they are small
seeded, orthodox, and strictly autogamous planith &\plot of one square meter,
you can produce all the seeds that you will needhi® distribution, checks on
viability, etc, for the 30 years to come. Outbraqulants like maize or forages are

much more complicate and thus expensive to maintain

Because the business of the genebank is planbildgidhe reaction by the plant
materials is not always predictable. In other wopydsi plant one accession in
2010, with the hope to harvest all the seeds ir22bat that harvest may extend
into 2013, even into 2014.

With the current information and degree of inteigrabf the genebanks it is not
possible to compare performance across centersrsdike location, level of
capital inputs, staff qualification, temporary lalbost and qualification, agro-
ecological conditions, have a significant impacttoa performance of the
genebank and thus of their cost-effectiveness.peni@dic use of the tool will

allow making more in depth analysis.

The information collected also allows us to artiwehe following conclusions and

recommendations:

Characterizations together with regeneration oftienresource intensive
operations for materials that are propagated bgsséhese two operations tend
to demand the highest investment in the genebdariescosts tend to be higher in
centers that managed: 1) large number of acceskken®& Rl and CIMMYT in

the case of rice and wheat, or 2) a diversity ecgs like ILRI and IITA.

Molecular characterization at CIAT as a way to praéwduplication and pre-
breeding at CIMMYT as a way to add value to théemtion are important impact
oriented operations that can be included in fubass evaluations. At ICRISAT
molecular characterization adds to the value intifigng genetically diverse trait

specific germplasm for use by the crop improvensergntists besides identifying
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duplicates. Molecular characterization definitivglglds significant savings to

the genebank.

Outsourcing operations might not be a saving siyeter the genebanks. There
are several factors to take into account: serwiogiger, types of material, time
lags. In general it seems that at least in the chgmbility testing, the service

provide by the CG genebanks is still the most efigetive alternative.

While the current level of information is limited some centers and only a few
years, it seems that the implementation of dirbarges might not necessarily
have a great impact on the total costs of the gamnebit would have some impact
on the operational costs, meaning that the gensbaaldld need more projects to
fund their activities as core money is more resgdcHence the importance of

accounting for actual annual costs rather thanaaes across years.

The average costs of some operations are similasgmaterials. This is
expected when activities involved in each operatiomot vary significantly

across materials (i.e. distribution and seed héeating).

The main users of the germplasm hold by IITA angllare within the African
continent. These genebanks report high distributasts. Shipping costs within
Africa are probably higher than in other latitudesause most shipment is done
by courier to avoid long delays in delivery usingdl postal systems. This is a
strong argument to avoid a rationalization and sts&tegy that proposes the

storing of materials in more central and securedtions (i.e. regional).

The average costs of distributing materials in sgereebanks may seem to be
higher than expected. Distribution involves morsorgces than the inputs used
for packing and shipping. Every material distrilttequires clearance. Clearance

accounts for a large part of the total distributbmsts.

The average costs of seed health testing recoss it vary across materials
basically due to the formulas used and the wayrtloemation was entered to the
tool. The total costs have been allocated to tlegaijpns based on the number of

accessions manipulated. The caveat here is thatlmogaterials within and across
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centers require the same health test. This israt pwiake into account for future

use of the tool and estimation of average costs.
Decision Support Tool

Ideally, the development of the tool should be aagic process in which the users’
feedback is periodically incorporated to improve thol. Some recommendations for this

future development are:

* A consensus regarding a set of simple, quantifipbléormance indicators is
central to further progress in developing the tbothe future the tool must be
modified in order to incorporate data that meag@rformance. An important
consideration in the performance is costs versuswe, kind and quality of
services. The performance does not refer exclystedhe efficiency of the

genebank staff but also to the implementation fa€ieht practices.

* The tool can be used to produce annual costs eepod a sensitivity analysis
based on simulations. These evaluations can bergdishied per genetic
material in a specific genebank. The longer terial,dgmwever, is to evaluate
genebank performance for the global genebank systdra tool can be used to
assemble relevant data, and based on a reviewsb$talies of provision of
public goods; we recommend econometric analyseésrasans of evaluating the

system.

* The next steps involved in implementing the decisopport tool are: a)
assemble input use, costs information and feedtiankgenebank managers, b)
add an input sheet for entering performance indisat) examine, with
genebank managers, how costs can be structunaldgdito performance
indicators.

» Future applications of the tool can lead to impartaoney savings. For
instance, research in seed/ tissue physiologydardo extend the time between
each regeneration (seed collection) or sub-culgufim vitro collection) would
lead to significant savings, namely if that time& ¢& doubled, without affecting

the viability and the capacity to distribute. Theewf the information collected

119



and simulations based on this information coulduglthe magnitude of this
savings, and thus how interesting would be thedtmaent in seed/ tissue
physiology. Another example of the potential us¢heftool is in predicting the
performance of DNA bank services. Increasinglyslatound the world ask for
germplasm, while they are actually interested inAD®mples. The analysis of
costs across centers has shown that germplasnerfietig conservation is
expensive to produce because it namely includesaat one health test, and
several periodic germination tests. If a recipisnhterested in the DNA, that
DNA can be produced at the beginning of the coraemw cycle, and then
stored. Quality DNA could be stored in a freezes88IC and distributed over 10-
15 years (maybe longer, although DNA banks aredoent to provide us with
these figures). The cost of that distribution kely to be lower as compared to
regular samples of accessions, because therenisatbfor viability checking,

nor testing for germplasm health.
Next Steps and considerations

In order to make the best use of the outputs sfabtivity, it is highly recommended that
costs information be collected every year usingniost current version of the DST.
Thus, genebank managers can keep updating tharidaenerating a genebank cost
database. Preferably the information should beredtat the end of each calendar year

and by the same staff member.

The collection of cost information should as wedldxtended to all centers across the CG
system. In this regard ICARDA and CIP are currentifecting this information.

ICRISAT is as well collecting information of its igebanks located in Africa. The use of
the tool and data entering has been explainedrielgank staff in several GPG2

meetings. IITA have been the first genebank in mgkise of this tool.

The outputs of this activity: 1) an updated and @isendly version of the Decision
Support Tool, 2) a Guide to users, and 3) thisntepdl be available to the public in the
Knowledge Base web site on this link:
http://cropgenebank.sgrp.cgiar.org/index.php?opiom_content&view=article&id=45
&ltemid=142
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A survey to users will as well be posted in thewlsolge base web. Ideally the feedback
from users should be used to make periodic upddtie tool. The implementation of
this activity should be considered in future SGRéjqzts.

Finally, it is important to mention that IFPRI dthfve leas this activity and will be

available for providing support to users of thel tad of the other outputs.
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Annex 1

Identifying Performance Indicators

Performance
concept

Measurable Proxy

Units

Comments

Genetic Integrity

Genetic drift during
regeneration37

Probability that an accession
retains, in the offspring
following regeneration, all
alleles of one gene present in
the parental generation at a
frequency of greater than 5%

* Not appropriate or feasible as a routine annual
performance indicator.

e Measures of loss of genetic integrity are best measured
over one cycle of regeneration.

Probability of
contamination with
wrong seed

Probability that an accession
contains, in the offspring
following regeneration, <0.01%
seed originating from a different
accession, plot or population

* Not appropriate or feasible as a routine performance
indicator. Not feasible because it requires very costly
analyses and a multi-year research project to assess. Not
appropriate because it depends on protocols adopted,
which don’t change from year to year. Therefore use this
indicator for (a) initial assessment of genebank quality or
(b) evaluating the consequences of a proposed change in
protocols, but not (c) for annual assessment of progress.

Probability of
contamination with
wrong pollen

Probability that an accession
contains, in the offspring
following regeneration, <0.01%
pollen originating from a
different accession, plot or
population

* Not appropriate or feasible as a routine performance
indicator, as above

Number of labeling errors

Probability that the label on the
packets of harvested offspring

* Not appropriate or feasible as a routine performance
indicator, as above

37 Apriori, we can mathematically calculate a figure fortdhfit this figure will depend on protocols adoptetiich don’t change from year to year.

posteriori, we can estimate an actual change (althoughittisimple to separate drift from other causeshahge), but this requires costly analyses and &-mul
year research project; plus the average result Wil thea priori estimate, depend on the protocols adopted, wdocft change from year to year. Therefore
the use of this indicator is appropriate for (ajiahassessment of genebank quality and (b) etialgighe consequences of a proposed change inqoistdout it

is not for annual assessment of progress.aifréori calculation is a cheaper and better guide thposteriori estimation.

128




Performance Measurable Proxy Units Comments
concept
seed of an accession placed in
the genebank match the label on
the parental seed packet
Number of accessions Number lost, as percentage of
lost per unit of time the number in the genebank at
the start of the review period (1
year)
Genetic drift during
storage
Security Backlog of safety e Onone hand, the number or % in safety backup is a

duplication (1) in primary
backup location

R

NT=Total number of accessions
in safety backup; NC=Total
number of accessions in
collection; NR=number of
accessions backed up during
review period; NS=number of
accessions not yet backed up at
the start of the review period;

T-= average number of years
accessions not yet deposited
have been waiting to be
deposited (number of years
waiting = the lesser of (a) years
since the backup agreement was
established and (b) years since
the accession was acquired). Set
NR/NS =0 if NS =0.

compound of only one aspect of total performance to
date. It does not measure current performance or all
aspects of performance (e.g. for values less than 100%
backup. It doesn’t take into account how long the
remaining accessions have been waiting to be deposited).
On the other hand, the number of accessions backed up
during the current review period or that number as % of
the number not previously backed up, because when
approaching 100% back up, this becomes unstable and it
wrongly indicates poor performance during years when
new germplasm is acquired but not backed up in the same
year - not poor performance. Not just how long remaining
accessions have been waiting to be backed up, because
that also becomes unstable near 100% backup — 1
accession waiting 20 years is not bad. So an indicator
proposed by R. Sackville-Hamilton combines of all three
and that seems to show good behavior. It tends to 1 for
complete safety backup, <1 for incomplete backup,
increasing with current progress to maximum 2 in year of
completing backup, and decreasing to <0 with increasing
average number of years waiting.

Backlog of safety
duplication (2) In

Same equation as above

Since the opening of the Global Arctic Seed Vault at
Svalbard, safety duplication should now be divided into
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Performance Measurable Proxy Units Comments
concept
Svalbard two — safety backup at primary location and safety backup
at secondary location (Svalbard)
Time between Average number of years since * Not a good proxy because. The longest potential timeis a
regeneration cycles the accessions regenerated genetic feature, variable between accessions. We cannot
during the review period were set reasonable targets without knowing the longest
previously regenerated potential time.
Longevity Quantity of high viability | Average of [ ( weight (g) of seed
seeds per accession per accession in bulk storage in
active collection) * (most recent
estimate of % germination rate
of each of those samples) ]
Availability Number of accessions * Mostly unknown because it requires long time to estimate

with known longevity

this value.

Source Brainstorming activity with Genebank managers$Rckville-Hamilton, J. Hanson, D. Debouck, I. Seex; H. Upadhyaya)
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Annex 2
Number of accessions of tropical forages and years
installed in field and greenhouses in CIAT, 2008

Years Palmira Quilichao Popayan Greenhouses Total
<1afio 714 704 533 1951
1 220 705 7 293 1225
2 78 150 40 137 405
3 50 123 7 247 427
4 13 29 11 35 88
5 19 26 20 34 99
6 12 6 9 21 48
7 4 7 3 12 26
8 10 1 2 13
9 24 6 2 4 36
10 33 23 11 16 83
1 1 9 2 7 19
12 14 2 16
13 4 8 7 19
14 2 16 18
15 10 32 7 49
16 18 35 3 56
17 1 1 2
18 9 9
19 2 8 10
20 1 1 2 4
21 10 4 4 18
22 6 13 623 2 644
23 2 2
Total 1231 1931 738 1367 5267

Source: Ciprian, A. (personal communication)
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Annex 3:
Characters used to form the chickpea core collectio n at
the Patancheru genebank, ICRISAT. Mean and range of
variation for some quantitative traits in the chick pea
collection at ICRISAT

Character Trait No. Acc. Mean Min Max
Days to 50% flowering 16 928 62.4 31.0 107.0
Days to maturity 16 928 115.9 84.0 169.0
Flowering duration 11208 33.6 13.0 75.0
Plant height (cm) 16 840 37.5 14.0 96.3
Plant height (cm) 16 840 37.5 14.0 96.3
Plant width (cm) 16 775 40.5 13.3 124.0
Apical primary branches 16 928 14 0.0 12.0
Basal primary branches 16 928 2.7 0.3 15.7
Basal secondary branches 16 928 3.1 0.0 13.7
Tertiary branches 16 928 4.6 0.0 28.2
Pods per plant 16 879 40.5 3.0 251.0
Seeds per pod 16 882 1.2 1.0 3.2
100-seed weight (g) 16 928 16.8 3.8 65.4
Protein content (%) 12973 19.5 8.0 29.6
Seed yield (kg ha"") 16 356 1216.3 70.0 5130

Source: Upadhyaya, H.D., Bramel, P.J. and Sube Singh. 2001. Development of a chickpea core subset using
geographic distribution and quantitative traits. Crop Science 41: 206-210.
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Annex 4.

Fluctuation of exchange rate in Colombia 2007-09

2,996,237

f

2:491.4%9

2386860

2,281.72

2,176,835

e 2,071,935

1,967.06

1,862,158

1,757.29

1,652,41
Jan-01407
Source Grupo Bancolombia

1
Apr-26/08

1
Aug-19/09
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Annex 5
CIAT Genetic Resources Unit — Direct Charges - 200 9

GENETIC RESOURCES UNIT

COST PER SQM - 2009

CER BRI e D)
Office 299 $10,412 $14,782 $25,195 $84
Laboratory 242 $17,364 $26,349 $43,713 $180
Warehouse 145 $75 $1,785 $1,859 $13
Area de Servicio 44 $1,201 $2,076 $3,277 $75
Areas de trabajo 228 $308 $4,321 $4,629 $20
Cuarto frio 352 $10,514 $27,487 $38,001 $108
Cuarto con controlde Hy C 85 $11,405 $9,550 $20,955 $247
Greenhouses 846 $9,277 $22,926 $32,202 $38
Casas de mallas 1,342 $169 $17,141 $17,311 $13
3,583 60,723 126,418 187,141

USE OF PUBLIC AREA -2009

Cost per employee # of Employees Total Cost
942 51 48,037
DEPRECIATION & INSURANCE COST (other equipment/Furniture) - 2009
$42,487
IT COST -2009
IT Equipment Amount Cost per unit Total Cost

Desktop (core) 23 $3,500 $80,500
Laptop (core) 1 $4,100 $4,100

84,600

| TOTAL DIRECT COST $362,265 |
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Annex 6
Estimation of Conservation and Distribution Costs

Annex 6.1 Example for clonal materials

Annual In

Activity Costs Perpetuity (Ssg;;?:lc)
(US%$/acc) (US$/acc)
Conservation
General management 0.69 23.55 13.19
New introduction
Initial multiplication
Molecular characterization 14.54
Seed health testing 8.71
In vitro multiplication and storage 7.14 157.54 19.14
Information 0.61
Initial duplication 5.70
Information 0.77 26.36 42.00
Safety duplication 13.95 276.24 112.85
Cryopreservation 44.22 44.34 3.12
Seed health testing 23.32 23.32
Total Cost 90.09 551.35 219.87
Distribution
General management 0.69 23.55 13.19
Molecular characterization 14.54
Seed health testing 23.32 23.32 8.71
Information 0.77 26.36 42.00
In-vitro conservation 7.14 157.54 19.14
Distribution 15.74 540.43 65.01
Total Cost 47.65 771.19 162.60
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Annex 6.2. Example for seed propagated materials

Activity Annual Costs  In Perpetuity =~ Capital
(US$/acc) (US$/acc) (US$/acc)
Conservation
General management 0.69 23.55 3.23
New introduction
Acquisition 0.00
Seed health testing 2.90
Initial multiplication 5.37
Characterization 2.85
Information 0.03
Initial viability testing 1.20
Initial duplication 0.05
Safety duplication 0.85 1.44 0.09
Long-term storage 14.37 493.50 5.83
Information 1.13 38.69 0.92
Viability testing 2.24 16.29 15.03
Regeneration 12.33 48.18 10.50
Seed health testing 18.89 18.89
Total Cost 50.49 640.54 47.99
Distribution
General management 0.69 23.55 3.23
Characterization 2.85
Viability Testing 2.24 14.05 1.20
Seed Health Testing 18.89 2.90
Information 1.13 38.69 0.92
Corto Plazo 4.06 139.31 53.90
Regeneration (25 yrs.) (c) 12.33 114.49 11.74
Distribution 6.64 227.88 17.15
Total Cost 45.96 557.96 93.87
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