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GRISP Multienvironment Trials (METs)  
GRiSP Product Line 2.1.4 

 
 
 

I.  Generic Guidelines for Implementing GRiSP METs 
 

Introduction 

The Global Rice Science Partnership (GRiSP; http://www.grisp.net) provides a single strategic 
plan and unique new partnership platform for impact-oriented rice research for development. 
The acceleration of the development, delivery, and adoption of improved rice varieties is one of 
the six main thrusts of this new global consortium.  New approaches that allow breeders to 
precisely design new varieties as well as mechanisms that facilitate the testing and deployment 
of breeding products for Asia, Africa, and Latin America, following clear and segmented 
variety development pipelines, will be implemented under GRiSP. The goal is to be able to 
provide seeds of new and improved rice varieties to farmers and consumers faster in order to 
generate the greatest impact. 
 
Progress in breeding for yield and key economic traits in rice, however, can be impeded by the 
complex genotype x environment (GxE) interactions that reduce trait heritabilities and weaken 
the ability to identify and select superior genotypes. To understand and effectively exploit GxE 
interactions, it is crucial to establish a high quality multienvironment varietal testing (MET) 
system.  Carefully designed METs allow for the accurate estimation of the true genetic worth of 
breeding lines early in the variety development cycle, enabling the identification of genotypes 
with consistent performance across as well as in specific target environments and markets. At 
the same time, high quality METs improve breeding cost and resource efficiencies by 
eliminating inferior breeding products in the early stages of a breeding program. Recent 
advances in computational power and statistical modeling offer new opportunities to design 
more cost effective METs for all the breeding pipelines of GRiSP. 
 
GRiSP MET Workshop  

Cognizant of the need to develop harmonized MET procedures that can serve as generic 
guidelines for implementation by GRiSP breeding programs, an international workshop was 
held at IRRI in January 2012 to: (a) update information about the current breeding target 
environments and MET practices of key GRiSP partners; (b) identify MET breeding informatics 
requirements and update the best practices, statistical methods, and informatics tools available 
for METs; (c) develop basic guidelines for designing, conducting, and managing METs 
including protocols for data collection, management, and processing; (d) develop a harmonized 
procedure for nominating/advancing/discarding breeding lines in METs; (d) identify ways to 
improve the exchange of germplasm; and (e) discuss the roles of METs in various rice breeding 
programs in the short and medium term. The expected overall output for the workshop was to 

http://www.grisp.net/�


2 

 

come up with a comprehensive action plan for establishing a structured MET program under 
GRiSP, including guidelines for designing and conducting METs, protocols for MET data 
management, and submission protocol for breeding lines. This document summarizes the 
agreements generated in these specific areas. 
 
Targeting of METs 

To attain the highest MET efficiencies, it is crucial that MET sites adequately represent and 
sample the target population of environments (TPEs) being addressed by a breeding program. 
Traditionally, the TPEs addressed by rice breeders under GRiSP have been agroecology-based 
and tended to vary among regions (Table 1).  Therefore, to identify genotypes with broad 
adaptation across a TPE and those with specific adaptations to environments or market niches 
within a TPE, a thorough understanding of the TPE and representation of the TPE in the MET is 
required. 
 
Table 1.  Target agroecologies for Latin America, Africa, and Asia. 

Latin America Africa Asia 
Irrigated- Tropics West Africa  Irrigated 
Irrigate-Southern Cone      Irrigated lowland, rainfed lowland Rainfed (Drought) 
Rainfed Lowland      Upland, other ecosystems  

                (mangrove, deep water) 
Flood-Prone 

 East and South Africa Adverse soils 
Traditional Upland      Irrigated lowland, rainfed lowland Upland 
      Upland, high elevation Temperate 
 

The focus of the MET, regardless of GRiSP region, should be on evaluating yield performance 
and overall adaptation of the breeding lines entered to the TPE (or segments of the TPE) as well 
as on grain quality.  Screening for tolerances to specific biotic (insect pests and diseases) and/or 
abiotic (submergence, salinity, drought, etc.) stresses should be done primarily within a 
breeding program and through separate hot spot screening nurseries as necessary. Data from 
these screenings can be used to supplement MET performance data as basis for promoting 
specific lines to the next stage of the MET scheme. 

An example of a regional MET scheme under GRISP is given in Figure 1 for Asia while a MET 
sites distribution example is given in Figure 2 for Africa.  Research is on-going on GIS modeling 
and mapping eco-geographic mega-regions as well as on Oryza 2000-based modeling of G x E 
interactions using existing data sets and quality preference surveys. Results from these studies 
will more precisely define and re-structure, if necessary, the mega-regions to be addressed by 
the breeding programs under GRiSP. 
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Figure 1. MET scheme implemented by IRRI in Asia. 
 

 
Figure 2.  MET sites of the Africa-wide Rice Breeding Task Force. 
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MET Entry Submission 

To processes and criteria involved for nominating, advancing, and discarding lines entered in 
the GRiSP METs will be as follows: 

1. Positioning of MET:   

The MET is a very important and final phase of a breeding practice before recommendation 
for release as a new variety.  Major points of evaluation in MET are to check adaptability to 
multienvironments, stability of agronomical traits such as yield across different 
environments and years, and confirmation of proper expression of traits which are 
incorporated during prior breeding practice.  This means that incorporation of target traits 
has been confirmed in breeding process. Thus, there is almost no possibility of discovery or 
acquisition of new traits during MET evaluation, unless evaluation for new traits is done 
during MET. 

2. Flow of Entry Evaluation in the MET  

The MET consists of several phases of evaluation, with different names being given to each 
phase depending on the implementing parties. However, it is common practice in the 
breeding programs of both the public and private sectors to have at least three (3) MET 
phases preceding varietal release or commercialization (Figure 2) whose main purposes are:  
• MET 1 (Phase 1): to confirm traits incorporated by breeders and to select for the best 

performers for quantitative traits such as yield and grain quality; 
• MET 2 (Phase 2): to confirm the best performers identified in the previous phase and 

further select the best performers for the quantitative traits and also test the stability of 
performance for the quantitative traits of interest; and   

• MET (Phase 3): to make final selection of the best performing lines in terms of 
performance and stability based on data accumulated through previous evaluations as 
well as farmers’ preference in PVS or pre-commercial tests. 
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Figure 3.  Generalized flowchart for MET entry evaluation and advancement. 

3. Number of MET Entries and Sites.  

The number of lines in each phase depends on the initial number of nominated lines from 
various breeding programs and on the resources available for conducting the activity.  
Therefore, the number of lines to enter in the MET should be decided on a case to case basis. 
As an example, the number of test lines in the MET of a private company is given in Table 2. 
In some cases, where there is a need to evaluate a huge number of breeding lines or initially 
purify and produce breeder seeds of MET entries, a MET Phase 0 using 1-2 sites maybe 
envisioned.  
 

Table 2. An example of the number of breeding lines to be entered in each MET Phase. 

MET Phase Number of Lines Number of Sites 
Phase 1 50 – 100 10 - 20 
Phase 2 10 – 20 30 - 40 
Phase 3 4 - 8 100 
Release 1 - 2  
 
4. Criteria for Nominations to the MET  

In nominating breeding lines to the MET, the needs of farmers, millers, traders, and 
consumers in the targeted agroecology or TPE (or sections thereof) should be taken into 
account. These needs should be identified beforehand based on surveys of customer 
preferences or information and knowledge about a target region. 

More importantly, at the onset of a breeding program, the criteria should be reflected in the 
breeding targets. If a particular trait is necessary everywhere in the target region, the trait is 
regarded as an “essential trait”.  If a particular trait is needed in some areas, but not in other 
areas, such trait may be regarded as a “preferable trait”.   

A breeding line which lacks the essential trait cannot be nominated for MET evaluation.  
However, a breeding line which lacks the preferable trait can be nominated for the MET. 
From a breeding perspective, only fixed lines can be nominated. If a line is not yet fixed, 
there is no sense in conducting multisite evaluation since its performance in different 
environments will be affected by the level of segregation.  

5. Criteria for Advancement of Entries in the MET  

Essentially, the criteria for entry advancement during MET evaluation are the same as those 
used for entry nomination. In METs conducted for more than 3 years, additional important 
selection criteria are better overall performance, higher adaptability, and stability of 
quantitative traits such as yield. Ideally, the advancement process from one stage to another 
will be decided by an independent Variety Evaluation Committee or a similar body whose 
members will be appointed by the institution concerned. Such committee, coordinating with 
breeders responsible for the GRISP breeding products, will also clearly spell out the 
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advancement criteria that are to be based on the clear product profiles defined in the GRiSP 
product pipelines.  

6. Characterization of MET sites  

Important traits such as yield should be evaluated at sites where no biotic or abiotic stresses 
occur. These sites may be considered to constitute the major sites for the MET. Suitable sites 
for stress tolerance screening are to be identified separately. These sites are called “hot 
spots”. For biological stress where many different strains of a particular pathogen exist, data 
from hot spots should be collected and analyzed carefully, since varying strains occur in hot 
spots and disease incidence fluctuates from year to year. Therefore, a separate confirmation 
is needed by inoculation with prevailing isolates. Before deciding sites for the MET, it is 
necessary to carefully characterize candidate sites for the existence of any stress.  

7. Standard Submission Procedure  

• Step 1: Define needs in a target region to set the criteria for nomination and 
selection of promising entries during MET evaluation. 

• Step 2: Characterize the candidate sites for MET evaluation and identify the hot 
spots for each stress. 

• Step 3: Considering the ongoing breeding program, estimate the number of 
nominated lines for setting scale of evaluation in each phase of the MET. 

• Step 4: Nominate fixed lines only and only those breeding lines that meet the 
nomination criteria. 

• Step 5: Select the following during MET evaluation: (a) lines meeting the initial 
criteria; (b) best performing lines for quantitatively controlled traits; (c) best 
performing lines in terms of stability of quantitatively controlled traits; and (d) 
Farmers’ preference on PVS (as a reference). 

 
MET Germplasm Exchange  

Germplasm is the lifeblood of any varietal improvement program.  The systematic development 
and continuous infusion of new germplasm are necessary for sustaining desired genetic gains in 
breeding for both qualitative and quantitative traits. In this regard, the ability to move and 
exchange germplasm across breeding programs within GRiSP and across borders gains 
paramount importance. In the context of MET implementation, efficient and timely germplasm 
movement and exchange is crucial for the timely conduct of MET experiments as well as for a 
more accurate sampling of the TPEs and, therefore, the generation of high quality data. 

1. Sending seeds (nominating lines to the MET)   

The basic procedure for sending seed for inclusion in the MET is diagrammed in Figure 4 in 
the case of IRRI. This generic procedure should be similar to those followed by AfricaRice 
and CIAT for the other GRiSP regions.  In the case of IRRI, the basic steps to follow are: 
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a. Send to IRRI the seed list containing the names of the varieties/breeding lines, seed 
amounts, and other basic information (download sample format at 
http://irri.org/partnerships/networks/inger). This information is needed by IRRI in 
applying for a Philippine import permit (IP). The original copy of the IP will be mailed 
to the breeder or institution nominating the MET entry(ies) and should be sent back to 
IRRI along with the seeds of the entry nominations. 

b. Secure a phytosanitary certificate from the nominating country’s plant quarantine 
service and send this document along with the seeds of entry nominations to IRRI. 

c. Send a letter or an e-mail to the IRRI Plant Breeding, Genetics, and Biotechnology 
Division Head (e.nissila@irri.org) stating that the nominating institution agrees to 
provide the materials under the Standard Material Transfer Agreement (SMTA) or 
under the Material Transfer Agreement (MTA) agreed upon all parties under GRISP to 
govern MET germplasm exchange. 

d. Ship the seeds to:  The MET Project Coordinator, c/o Seed Health Unit (SHU), 
International Rice Research Institute (IRRI), DAPO Box 7777, Manila, Philippines. 

e. Hand-carried samples should immediately be forwarded to the SHU upon arrival at 
IRRI. 
 
 

 

Figure 4.  Process flow for sending MET entries to IRRI. 
 

2. Requesting MET trials and seeds of MET entries   

The basic procedure used for requesting MET materials (Figure 5) from IRRI should be 
similar to those followed by AfricaRice and CIAT, the latter for publicly available materials.  
At IRRI, the generic steps to follow are: 

Provider IRRI Recipient

SMTA Acceptance
• (shrink/click wrap type)
• IRRI clearance for signed SMTAs
• Philippine import permit

Provides incoming seed 
information

• Seed Preparation
• Certification
• Generation of SMTA

Shipping

Seed Health Unit/ 
Data Management
• Seed Testing
• Seed Certification
• Entry into database (IRIS)

Provider IRRI Recipient

SMTA Acceptance
• (shrink/click wrap type)
• IRRI clearance for signed SMTAs
• Philippine import permit

Provides incoming seed 
information

• Seed Preparation
• Certification
• Generation of SMTA

Shipping

Seed Health Unit/ 
Data Management
• Seed Testing
• Seed Certification
• Entry into database (IRIS)
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a. Send a letter or an e-mail to the IRRI Plant Breeding, Genetics, and Biotechnology 
Division Head (e.nissila@irri.org) requesting for the breeding material and clearly 
indicating the purpose for the request; 

b. Carefully examine the SMTA template that is downloadable from the INGER website  
(http://irri.org/partnerships/networks/inger) and send a letter or an email indicating that  
the terms and conditions of the SMTA or another type MTA used, where applicable, are 
accepted;  

c. In the case of countries requiring an import permit (IP), an IP should be applied for, 
usually from the country’s plant quarantine service. A copy of the IP should then be sent 
to IRRI and IRRI will send this document back to the requester together with the seeds. 

 

 

Figure 5. Process flow for obtaining MET materials from IRRI. 

 

3. Guidance on Intellectual Property Rights and Phytosanitary Issues 

For guidance on the intellectual property rights and phytosanitary issues involved when 
moving germplasm in and out of institutions and countries, including those entered in the 
MET, consult an online self-study guide developed by IRRI that is available at the Rice 
Knowledge Bank (http://www.knowledgebank.irri.org/smta/). The guide has been designed 
to help rice researchers who are not familiar with international modalities to avoid breaches 
of legislation whenever transferring germplasm across countries and/or institutions. 

 
MET Data Management  

mailto:e.nissila@irri.org�
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The collection of high quality MET data based on harmonized and efficient data collection, 
storage, retrieval, and analytical protocols that are designed to generate timely, breeder-
friendly, and web-accessible information on which to base key breeding decisions are all crucial 
for effective MET implementation. Therefore, the GRiSP METs will implement, among other 
initiatives, seed-to-seed entry barcoding, electronic data recording, automated data collection, 
and web-based reporting. In parallel, the METs will also use some of the latest experimental 
designs to improve cost efficiencies and statistical models that allow for a better understanding 
of GxE interactions and fuller characterization of targeted agroecologies or TPEs. 

Yield trial data collected from all MET sites will be stored in the International Rice Information 
System (IRIS) database for GRISP (http://grisp.org/germplasm). Raw data that have been well 
curated, including those derived from the best analytical models and as well as summary 
results from Best Linear Unbiased Estimations (BLUEs) and Best Linear Unbiased Predictions 
(BLUPs) from MET will be published in the central or global IRIS database. On the other hand, 
uncurated raw data and simple derived data will remain in the local databases. Where 
necessary, further instructions will be given on how participating MET partners can setup ICIS-
IRIS and how they will be able to upload data to the global IRIS database. 

1. Data Management Workflow for MET 

While detailed steps and protocols still need to be developed, the following are some of the 
basic steps that data managers, biometricians, and breeders will undertake for the data 
management portion of the MET:  

a. Breeder:  Submit list of genotypes to be included in the MET to data managers; 

b. Data manager: Create genotype list in IRIS; 

c. Biometricians: Generate field layout and submit this to the data manager; 

d. Data manager: Use the ICIS Workbook application to generate field books by using the 
field book template and merging the genotype list from IRIS and the field layout; 

e. Data manager: Generate plot labels with barcodes; 

f. Data manager/Breeder: Transfer generated field book to the hand-held data recorder;    

g. Breeder: Collect the required trait data from the field using hand-held data collector; 

h. Breeder: Submit online to the data manager the completed field book (online submission 
system to be developed); 

i. Data manager and Biometrician: Curate submitted field book data; and 

j. Data manager: upload curated data from field-book to IRIS.  

2. Software Application and Handheld Device  

A mobile application for data collection which is integrated to ICIS is presently being 
developed at IRRI. The application uses the ICIS Workbook to generate a field book file as 
the source reference in order to be able to transfer genotype entries and all or some selected 
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traits to be transferred to the device for measuring them in the field. The mobile application 
was designed to seamlessly run in the Samsung Galaxy Tab under Android OS and a 
wireless barcode reader can be attached. There is also another mobile application developed 
by the Generation Challenge Program (GCP) and some free applications available in 
Android market as well which can be used as agreed upon by all parties within GRISP. 

3. Preparing the Field book Template  

Using the ICIS Workbook application, the standard field book template to use in MET will 
be prepared. The template will contain the provisions that will allow breeders to fill-in 
information such as the study metadata, site information, genotype information (provided 
by data managers) and trait measurements. 

4. Study Metadata  

This section of the field book template will describe the complete information about the trial 
as follows: 
• Program- • Agronomic practices 

Fertilization (type, time, dosage) 
- Cropping density 

 Cropping configuration 
 -             Harvest area 

• Project 
• Study name 
• Study type 
• Study ID  (to assign by IRIS)  
• Study description 
• Crop establishment • Design 

- Number of genotypes 
- Number of replicates 
- Number of blocks/rep 
- Number of design rows 
- Number of rows/rep 
- Number of design columns 
- Number of columns/rep 
- Plot size 
- Number of checks 

 

• Transplanting date 
• Sowing date 
• Season 
• Year 
• Ecosystem 
• Study coordinator 
• Country name 
• Country ID 
• Coordinating center 

5. Genotype Information   

Information for this section of the field book will be provided by breeders and data 
managers as follows: 
• Name 
• Designation 
• IRIS germplasm identifier (GID) 
• Group (indica, japonica, tropical japonica, basmati, aus) 
• Type (inbred, hybrid, NIL, F2, F3 …) 
• Key characteristics (aromatic, low chalkiness, short grain…) 
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• Known major genes/QTLs (blast, sub1, pop1…) 
• Parentage 
• Breeder(s) 
• Institute(s) 
• Source 
• Link to preliminary test (i.e. IRRI RYT 2012) 

6. Site Information   

This section of the field book will contain the location site information and its environmental 
and climatic conditions including the following: 
• Site description 

a. Site ID 
b. Site Name 
c. Type (field, lab, glasshouse etc.) 
d. Manager /contact 
e. Latitude 

f. Longitude 
g. Elevation 
h. Administrative zone (Village, 

county) 
i. Nearest meteorology station

• Soil characteristics 
a.  Type 
b.  Texture 
c.  pH 
d.  Salinity/EC 
e.  Organic C & N 

 

• Climatic characteristics  
a.  Min and max temperature  
b.  Daily rainfall 
c.  Daily solar radiation 
d.  Humidity 
e. Wind speed

7. Traits to Measure   

The basic sets of phenotypic traits to measure for the different stages of the MET are given 
in this section.  However, additional traits can be added based on the recommendation of 
the breeder(s).  The general reference for measuring traits is the Standard Evaluation System 
for Rice (IRRI, 1996). 

Trait          Description 

Grain yield (Yld)  Plot yield (g) adjusted to 14% moisture content (excluding borders) 
Adjusted yield = (plot yield/no. of harvested hills)*standard 
harvested hills*MF;  
Where MF = (100-MC at harvest)/86 

Plant height (Ht) Average of five samplings measured in centimeters from soil surface 
to the tip of the tallest panicle (awns excluded) and can be measured 
when 80% are mature. (i.e. HT1=height for sample 1, so on) 

Days to flower Number of days from seeding to 50% flowering; when 50% of the 
main tillers of the whole population (in a plot) are flowering 

Harvest date Date of harvest 
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Maturity (Mat) Number of days to maturity. Number of days from seeding to grain 
ripening (85% of grains on panicle of the whole plot are mature, i.e. 
color is yellow) 

Number of Tillers 
(Tiller) 

 

Tiller Number.  Average of five samplings taken from inner hills by 
counting the number of productive tillers (the same samples used in 
measuring plant height; i.e. TILLER1=number of tillers for sample 1, 
so on); Note: 2-3 seedlings per hill. 

Moisture content 
(MC) 

 

In Percent. Weigh the samples and test the moisture content for yield 
data calculation.  

Note: Upon weighing, also measure MC. 

Phenotypic 
acceptability 
(PAcp) 

Phenotypic acceptability 
 

1 Excellent = very good plant type, dense medium slender grains, 
no grain discoloration, without awns, no symptoms of diseases 
or deficiencies, medium to high tillering, comparable or better 
than the best check. 

3 Good = good plant type, medium to high tillering, no 
symptoms of diseases and deficiencies, no grain discoloration, 
comparable to the check varieties 

5 Fair = moderate tolerance to diseases and deficiencies, 
acceptable plant type, medium tillering and good grains. 

7 Poor = poor plant type, awns, discolored grains, low tiller 
number, showing disease and deficiency problem 

9 Unacceptable = very poor plant type, all plants have diseases 
and showing symptoms of deficiencies. 

Number of plants 
harvested 
(No_plants) 

Number of plants harvested. Standard number of hills to harvest = 
72. 

Lodging incident 
(Lg) 

Lodging incidence. Percent of plants that lodged with at least 45 
degree angle. 

Grain quality characteristics will be measured on selected entries as follows: 

Amylose content (AMY):  Amylose content of grain (in percent) 

GELTEMP:  Gelatinization Temperature 
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GELCON:           Gelatinization Consistency after milling. 

Scale  (mm) Gel consistency type 
1       80-100 Soft 
3 61-80 Soft 
5 41-60 Medium 
7 36-40 Hard 
9 Less than 35 Hard 

Grain length (GRL): Grain length in mm. Distance from the base of the lowermost 
sterile lemma to the tip (apiculus) of the fertile lemma or palea. In the 
case of awned varieties, the grain is measured to a point comparable to 
the tip of the apiculus. 

Grain shape (GRS):  Grain shape. After harvesting, cleaning and dehulling. 

Scale Shape Ratio 
1       Slender Over 3.0 
3 Medium 2.1 to 3.0 
5 Bold 1.1 to 2.0 
9 Round Less than 1.1 

Chalkiness (CHK): Chalkiness of endosperm. Percent in kernel area. Evaluate a 
representative milled sample for the degree (extent) of chalkiness that 
will best describe the sample with respect to: (a) white belly; (b) white 
center; and (c) white back.  Scale to be used is as follows:  

0 None 
1 Small (less than 10%) 
5 Medium (11% to 20%) 
9 Large (more than 20%) 

 

8. Design and Analysis of METs   

a. Experimental Design  

For MET Phase 1, it is recommended that the augmented design be used due to the large 
number of entries involved. For subsequent stages, any design may be used and the 
design used may be different across sites. However, when the number of entries is more 
than 15, the use of the randomized complete block (RCB) design should be avoided.  

On the other hand, the row-column design is recommended whenever possible. 
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Whatever design is utilized, local checks should always be used and different 
randomizations should be applied across sites. There should be at least 15 common 
entries tested across sites.  

Assistance from a biometrician should always be sought and made available in the 
generation of the randomizations and field books. Whenever there are problems or 
doubts, a biometrician should be consulted. 

b. Statistical analysis  

• Data quality check: After collection, data should immediately be subjected to quality 
check.  

• Single environment analysis: Analysis for each site should be done immediately once 
the data have been checked for outliers and other irregularities. Analysis of variance, 
lsmeans, and heritability should be generated. If need be, spatial analysis may also 
be performed. 

• Multi-environment analysis: Two-stage weighted analysis should be done. In 
addition, detailed GxE characterization (e.g., AMMI and GGE) and stability analysis 
may also be done. 

• Based on these analyses, the plant breeder and/or the MET Coordination Unit should 
prepare MET reports to use for making breeding decisions before the start of the 
next season. 

• Narrative as well as online MET Reports would then be posted in a dedicated MET 
website. 
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II. The IRRI Multienvironment Testing (MET) System 
 

Rationale 

The ecosystem based breeding programs of IRRI have been a constant and reliable source of 
new and elite rice varieties beginning with the ‘miracle rices’ that ushered in the Green 
Revolution in the 1960s. To date, IRRI breeding lines have been released as 875 new varieties in 
78 countries. In the Philippines alone, 99 IRRI-bred varieties have been commercialized starting 
with IR5 in 1967 for the irrigated, rainfed lowland, saline-prone, cool-elevated, and upland rice 
environments. 

IRRI breeding programs continue to generate fixed and stable lines as well as hybrid 
combinations each season that are identified from pedigree nurseries as well as observational 
and replicated yield trials. Eventually, elite lines and hybrids are advanced to multi-
environment testing (MET) conducted via breeding networks. However, in most cases, the basis 
for promoting lines to the MET is the performance at a few sites, at times in Los Baños only. 
Moreover, the current breeding networks have limited geographical coverage and face 
challenges in terms of germplasm movement across national borders.  

Recognizing the need for a systematic and exhaustive evaluation of IRRI breeding products, 
sequentially and early on in the varietal development pipeline, IRRI developed a new 
multienvironment varietal testing (MET) scheme in 2010 
(https://sites.google.com/a/irri.org/ddg-r/multi-location-testing). Initially implemented 
beginning in the 2011 dry season, the IRRI MET followed a three-stage testing strategy 
culminating in the release of new varieties.  To further improve breeding product design and 
delivery through market-oriented approaches as envisioned under GRiSP, beginning mid-2012, 
IRRI transformed its breeding programs into one having segmented and clear breeding 
pipelines. Under this new rice breeding program structure, seven breeding pipelines are 
envisioned based on a combination of regional, agroecological, and niche market considerations 
(Figure 6). 

 

Figure 6. New breeding pipelines at IRRI under GRiSP. 

https://sites.google.com/a/irri.org/ddg-r/multi-location-testing�
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The seven new varietal development pipelines of IRRI will include three focusing on irrigated 
rice (two regional- Southeast Asia or SEA and South Asia or SA - and one for rice hybrids), two 
regional programs for rainfed rice (SEA and SA), one regional pipeline targeting both irrigated 
and rainfed rice for East South Africa (ESA), and one focusing on temperate and tropical 
japonica rice. A multilocation testing mechanism serving all of the seven breeding pipelines and 
involving key sites in target regions and countries would enable IRRI breeders to select for wide 
adaptation and exploit favorable GxE interactions for identifying superior but site-specific 
performance of new breeding products. A MET program, therefore, that will cut across all the 
breeding pipelines but running independent multilocation trials for each pipeline is envisioned 
under this newly redesigned IRRI breeding strategy (Figure 7).  

 

 

Figure 6.  A cross-cutting MET program (bottom row) at IRRI under GRiSP. 

 

The MET program will be centrally coordinated at IRRI but will use hubs in selected countries 
to implement regional trials (Figure 6). The SEA, SA, and ESA hubs will be Los Baños 
(Philippines), Hyderabad (India), and Dar Es Salam (Tanzania), respectively. Using the 
International Network for Genetic Evaluation of Rice or INGER 
(http://irri.org/partnerships/networks/inger) mechanism to anchor the sequential, multistage, 
and multisite approach would simplify seed processing and movement using long-established 
and internationally accepted protocols. Disseminating more breeding lines to key sites 
representing the major TPEs will allow breeding programs of national research systems 
(NARES) to identify and use early generation materials in local varietal improvement, generate 
valuable feedback to scientists at IRRI for making critical breeding decisions, and ultimately 
enable the deployment of varieties and breeding products to specific environments and niche 
markets. 

 

http://irri.org/partnerships/networks/inger�
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Figure 6.  Regional hubs that will implement the MET program at IRRI. 

 

Goal 

To establish a systematic, sequential, multistage, and multi-environment testing (MET) system 
for elite lines and hybrids developed by IRRI’s new breeding pipelines in order to improve 
overall breeding efficiency and breeding product delivery. 

Objectives 

1. To identify elite breeding lines and hybrids with high and stable yields and wide adaptation 
across a target population of environments that can be mega-hybrids or mega-varieties; 

2. To select superior breeding materials adapted to specific environment(s) and agro-ecologies; 
3. To develop and deploy varieties and other breeding products to specific market segments; 
4. To utilize and exploit genotype x environment (GxE) interactions in releasing breeding 

products to one or more target environments; 
5. To generate earlier feedback to breeders on trait performance and identify trait packages 

needed for molecular breeding; and 
6. To improve partnerships with public, NGO, and private sectors who may have roles to play 

at certain stages of varietal testing and development.  

Strategies 

1. Use of IRRI’s new breeding program design following clear and segmented breeding 
pipelines; 

2. Use of IRRI’s new agro-ecology classification system and environment characterization 
studies in selecting MET sites; 

3. Use of new and advanced methods for deciphering contributions of genotype, environment 
and GxE interaction to varietal performance (e.g. mixed models, spatial statistics, breeding 
value predictions, environmental correlations); 
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4. Electronic data capture, online data submission, and fast data turn-around and processing;  
5. Centralized data storage using ICIS, retrieval, analysis, and web-based reporting of MET 

results; 
6. Use of  established INGER protocols for trial composition, seed processing, exchange and 

delivery;  
7. Establishment of MET R&D teams in regional hubs to support regional MET activities; and 
8. Full financial and logistical support for trials and related MET activities.  

Key Principles  

1. The MET will be an independent and impartial process at IRRI that will make decisions 
solely based on varietal performance; 

2. Tests will be agro-ecology and regionally based, patterned after the new product-oriented 
IRRI breeding program strategy; 

3. NARES partners will be encouraged to include their best breeding lines in the MET trials. 
4. All IRRI breeding projects will use the MET as their key variety evaluation and 

advancement system. Likewise, all time-bound breeding-related projects such as STRASA, 
GSR, and CSISA will use the MET for testing and advancing breeding lines and hybrids 
intended for release or commercialization but could establish additional sites in addition to 
the MET in order to fulfill their respective project mandates; 

5. Criteria for MET site selection will include environment characterization, historical 
collaboration with IRRI of NARES sites, and predictive value of a site for a TPE; 

6. IRRI will follow two major and different options for releasing varieties and parental lines: 
(a) varietal releases through the NARES system, usually decided by NARES through variety 
release committees, and (b) commercial licensing to the private sector who will then take 
care of variety release and registration or direct commercialization in countries where this is 
allowed; 

7. The MET system will interface with INGER nurseries at a defined stage to allow evaluation 
of the best IRRI materials and NARES/IARC materials together with minimal, if any, 
duplication; 

8. Breeder seed production will be undertaken at the start of the MET to ensure genetic purity 
of entries and immediate availability of breeder seeds upon commercial release; 

9. Variety registration and defensive intellectual property right (IPR) protection may be 
availed of by IRRI for selected lines, hybrids, and other breeding products. 

 

MET Stages 

The IRRI MET will have four stages - from Stages 0 to 3 - that are described in generic terms in 
Figure 7 and summarized in Table 3. Before entry into the MET, however, there will be a Pre-
MET stage designed to test early generation materials in up to 2-3 sites in the country where the 
hub for the breeding pipeline operates (e.g. Philippines for SEA irrigated rice). Lines selected by 
the respective breeders in the Pre-MET stage will enter the mainstream MET as follows:  
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Stage 0 MET.  This entry phase into the MET process is designed to: (a) eliminate lines with poor 
performance relative to checks in 3-4 key sites representing the TPE of the breeding pipeline; 
and (b) to select promising breeding lines and undertake panicle to row nucleus or breeder seed 
production in order to produce genetically pure seeds to be used in successive stages of the 
MET. Typically, this stage would involve: (a) around 500 lines submitted by IRRI breeding 
programs contributing to the breeding pipeline; (b) growth duration/grain quality subsets; (c) 
unreplicated 5 square meter plots (7 rows) arranged following an augmented design with 5-6 
reference materials/checks and 5-10 local breeding lines as checks. 

Stage 1 MET.  The sites for this stage of the MET would primarily be IRRI-managed with a high 
degree of researcher-control over the testing environments. Typically, this stage will involve: (a) 
200 lines selected from Stage 0 MET plus nominations from collaborating NARES, where 
possible; (b) growth duration/grain quality subsets including varietal types for rice-wheat 
systems; (c) 7.6 square meter plots (7 rows x 27 hills@ 20x20 cm spacing) arranged using a row-
column design with 2 replications to enable the use of two-dimensional adjustments of raw data 
for removing systematic field variation; and (d) 5 reference materials/checks and up to 5 local 
checks. Due to seed limitations, only 4-6 different environments representative of the TPE and 
the breeding pipeline (typically using 0.5 ha of land) will be used for this stage of the MET.  
Management practices to be implemented will include (a) single seedlings planted per hill using 
a spacing of 20x15 cm; (b) chemical protection against diseases and insect pests designed to 
ensure the attainment of maximum yield potential; and (c) fertilizer application and other field 
activities following local best-practice recommendations. Data will be collected on vegetative 
vigor, days to 50 percent flowering, plant height, lodging score, tiller number, visual score for 
seed setting, yield per plot (for conversion to yield per hectare), phenotypic acceptability score, 
reaction to insects and diseases, and tolerance score to abiotic stresses. Grain quality analysis 
will also be done beginning at this stage, making sure that duplications are avoided in the cycle 
are avoided while ensuring that the market requirements of the breeding pipeline are fulfilled 
by the entries selected for advancement. 

Stage 2 MET. The different major rice-producing zones in countries that are covered by the 
breeding pipeline will be considered for establishing Stage 2 MET sites. The sites will be 
established in the Philippines and in countries covered by the STRASA, GSR and/or CSISA 
projects where breeding networks already operate or where IRRI already or is likely to have 
strategic partnerships. In the Philippines, a new GIS-based agroecology classification of rice 
producing areas will be used to select MET locations for irrigated rice, making sure that all 
major rice growing zones are represented while avoiding agroecological zone duplications. 
Where such environment characterization is not available for a country, well-characterized 
NARES sites used for the local varietal testing system will be used. Typically, the Stage 2 MET 
will involve: (a) 60 breeding lines selected from Stage 1 MET; (b) 10 square meter plots arranged 
in a row column-design with 2 replications; (c) an international check for each of the very 
early/early and medium/late maturity groups along with at least 2 local checks per site; (d) up 
to 5 reference materials (could be the same as the checks) as test entries to allow temporal GxE 
analysis; (e) up to 5 common entries across regional programs for the same agroecology in order 
to connect the different regions; and (f) 10-20 different environmentally characterized locations 
per breeding pipeline (0.25 ha). Where possible, this stage will include outstanding materials 
from other NARES and elite entries from other regional pipelines. Cultural practices will follow 
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the best-practice local recommendations and plant protection will be done to ensure attainment 
of the highest yield potential. Data to be gathered, in addition to those listed for Stage 1 MET, 
will include yield components, harvest index, and grain quality parameters. Separate screening 
for resistance to key pathogens and insects will be conducted at hotspots (e.g. Midsayap in the 
Philippines, Maruteru in India, and Sukamandi in Indonesia). Data analyses could include: (a) 
analysis of variance (ANOVA) using Mixed Model (GxE interaction) for yield and stress 
tolerance scores across sites when GE interaction is significant; (b) Additive Main Effects and 
Multiplicative Interaction (AMMI) method for testing yield stability as well as site-specificity of 
test entries; and (c) GGE Biplot Analysis or Pattern Analysis for G (genotype) main effect and 
GE (genotype x environment) interaction to provide a quick visualization and exploration of 
patterns inherent in GE two-way tables, and other more advanced analytical procedures. 

Stage 3 MET.  The top 5 Stage 2 MET entries with stable performance across sites and the top 5 
entries with the best performance for a country (should the entries in these two groups be 
different) will be nominated to the Stage 3 MET. The trial design for this stage will vary 
according to the country but, in general, will involve replicated trials conducted over several 
seasons in at least a dozen sites. The tests can be multiphase, with the second phase, usually 
conducted in more sites. In the Philippines, for example, the National Cooperative Trials used 
for releasing varieties for the irrigated lowland rice agroecology are divided into Phase 1 (6 
sites, 2 wet and 1 dry seasons) and Phase 2 (20 sites, 1 wet and 1 dry season) for a total of 58 
phase-site-season combinations. Sometimes, an on-farm demonstration or farmer-participatory 
trial data will also be considered in nominating the best lines from Stage 3 MET for varietal 
release. In addition to the formal testing mechanism conducted by NARES, the 5-10 elite lines to 
be entered in Stage 3 MET will also be provided to key and capable players in the value chain, 
including millers and others in the private/NGO sectors to generate final end-user feedback for 
the few most promising and best-performing materials to be used in deciding which ones to put 
forward for commercialization. At the same time, the feedback can be used to refine the detailed 
product profiles defined upfront for the breeding pipeline, ensuring that, by and large, only 
materials that meet the basic TPE x market requirements will enter into the MET system. The 
most promising lines will also be provided to farmers for participatory varietal selection and 
on-farm demonstrations, and the seed sector for possible commercialization in countries where 
this is allowed. A simple routine screen for straw traits related to fodder quality using NIRS will 
also be done during this MET stage for the few lines that are being put forward for 
release/commercialization. This will allow the identification of lines that have better fodder 
value of straw and the use of such information for marketing. 

Table 3. A possible MET set-up for the 7 new IRRI breeding pipelines. 

MET 
Phase 

Number 
of Lines 

Approx. 
Area 
(ha) 

Number of sites Total 
Area/ 

Season 
Irrigated Rice Rainfed Rice Africa Japonica Total 

Sites SEA SA Hybrids SEA SA 

Pre 
MET  

1000 0.5 3 3 3 3 3 2 2 19 9.5 

Stage 0 500 0.25 4 4 4 4 4 3 3 26 6.5 
Stage 1  200 0.5 6 6 6 6 6 4 4 38 19 
Stage 2 60 0.25 12 12 12 12 12 12 12 84 42 
Stage 3 10 Integrated with the National Testing Systems 171 77 
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Figure 7.  Generalized flowchart for a four-stage MET at IRRI.  

Stage 0 MET 
• 500 lines from Pre-MET Stage (0.25 ha)  
• Growth duration/grain quality subsets (incl. for rice-wheat systems)  
• Unreplicated 5 m2 plots; 7 rows; Augmented design 
• 5-6 reference materials/checks; 5-10 local breeding lines 
• Nucleus seed production for 20-30% selected entries  
• 3-4 sites in the Philippines or key regional hubs  

Stage 2 MET 
• 60 breeding lines selected from Stage 1 MET (0.25 ha) 
• Row column-design with 2 reps in 10 m2 plots  
• 10-20 locations per breeding pipeline using different environmentally 

characterized sites 
• 5 reference materials/checks; 2 best local breeding lines;  
• Interface with breeding networks and regional projects 
• Best materials from other NARES and regional pipelines 
 

Pedigree Nurseries (F6-F7 lines) 

Stage 3 MET  
• National Cooperative Trials Conducted by NARES/Partners (0.25) 
• 5-10 IRRI elite lines to be nominated each year per breeding pipeline - top 5 

most stable across MET sites & top 5 location-specific 
• Randomized complete block design, 3 replications in 20 m2 plots 
• Test entries include products from other breeding programs in releasing 

NARES 
• Climate, soil, agronomic practices, varietal performance data collected, 

analyzed & endorsed to Variety Release Committee 

Varietal Release or Commercial Licensing  
• 1-2 elite lines/year per breeding pipeline 
• Two major pathways: (a) submission to national system for final assessment 

and release;  (b) licensing to a company for commercialization 
• IRRI to actively advertise and market best materials to public and private 

sector partners and provide variety information to the value chain  
 

Large-scale Breeder  
Seed Production 

    

  

INGER Nurseries (Elite 
IRRI/ NARES entries 
only) in non-MET 
countries and other non-
MET sites in MET 
countries  

Hotspot screening for 
insects & pathogens 
(e.g. Midsayap, 
Sukamandi, 

 

PVS trials to 
get feedback 
from millers, 
NGOs, seed 
sector, farmers 
and key value 
chain players 

Commercial Rice Production 

 

Irrigated Rainfed  Africa 

 

Japonica 

Stage 1 MET 
• 200  lines from Stage 0 MET (0.5 ha) 
• Growth duration/grain quality subsets (incl. for rice-wheat systems)  
• 7.6 m2 plots; 7 rows x 27 hills; row-column design, 2 replications 
• 5 reference materials/checks; 5 local breeding lines 
• 4-6 sites in Philippines and the key pipeline hubs 

Initial Breeder  
Seed Production 
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Advancement of MET Entries. The advancement process from one stage to another will be 
decided by an independent and multidisciplinary Variety Evaluation Committee (VEC) to be 
formed at IRRI. The VEC will clearly spell out the advancement criteria that are to be based on 
the clear product profiles defined in the GRiSP product lines that cater to the IRRI breeding 
pipeline. 

Varietal Release.  This final step of the variety development pipeline varies among countries. 
Many NARES have already developed their own guidelines for releasing and/or registering 
new rice varieties. Usually, a Variety Release Committee will assess the Stage 3 MET data and 
recommend the new varieties to be released to ministerial authorities for approval. Some 
countries also permit direct commercialization of elite breeding products by the private/NGO 
sectors. Released varieties are then included in the official variety lists or registers that are used 
by seed production and certification agencies and by national rice production programs. Two 
major but different pathways will be used by IRRI to advance the best breeding lines and 
hybrids to commercial rice production: (a) submission to the national testing system for final 
assessment and release or (b) licensing to a company for commercialization, in which case the 
company takes care of the national registration/release needs. 

Seed Production and Product Support.  To hasten uptake and adoption of new varieties by farmers, 
breeder seeds of elite breeding lines and nucleus seeds of parental lines of hybrids nominated 
for release will be produced in advance and in sufficient quantities at IRRI and provided either 
(a) to the NARES for nationally released varieties or (b) to the private seed sector for breeding 
products that are commercially licensed. IRRI will do active advertising and marketing of these 
materials to public and private sector partners and provide all variety information to all key 
players in the value chain. 

Intellectual Property and IR Variety Naming/Branding. To retain better control over intellectual 
property, in the short term, IRRI breeding products entering the MET will be distributed and 
covered by a special MTA other than the SMTA. Breeding lines and hybrids that advance 
beyond the Stage 3 MET will be given a final IR brand name, in addition to the detailed line 
number code used by the breeders and the local variety name(s) used by NARES.  

Interface with Regular INGER Nurseries 

The international nurseries composed by INGER are designed to evaluate not only IRRI 
breeding lines but also those developed by NARES and other IARC (AfricaRice and CIAT). 
Since the INGER mechanism is the only vehicle today for exchanging elite rice germplasm, 
maintaining the INGER nurseries is vital to the rice breeding community. Moreover, INGER 
trials are conducted solely using NARES resources, without any financial support from IRRI. 
With more sites than those envisioned in the MET, INGER nurseries allow more breeders to 
access elite materials from all the breeding programs under GRiSP and elsewhere. However, 
since there is an overlap in the agroecologies addressed by both MET and INGER trials, 
duplications need to be minimized, if not totally eliminated. To this end, only Stage 2 MET 
materials will be included in INGER nurseries which overlap with the MET in terms of target 
agroecologies (irrigated, rainfed and temperate environments). Therefore, with the MET, 
INGER will have dual functions (Figure 8): (a) worldwide exchange and evaluation of IRRI and 
NARES/IARC materials through unreplicated ecosystem-based and stress-oriented nurseries; 
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and (b) targeted evaluation of breeding lines developed by GRiSP breeding programs following 
segmented varietal development pipelines via the MET. 

 
 
 
 

INGER with Two Coordinating Functionalities 

Multi-Environment Testing 
(Breeding lines from IRRI) 

INGER nurseries 
(selected IRRI plus NARES & IARC lines) 

Focus: 
1. Few selected key sites 
2. Yield potential 
3. Stability 
4. Environment specificity 
5. Low input adaptation 

Strategy: 
1. Multistage and  
        sequential (trimming from  

1000  to 100 to 10 to 1-2) 
2. Full GxE analysis 
3. Full support for conduct of trials 

     Features: 
1. More NARES sites based on  national 

plans/requests 
2. Fewer entries (50% NARES)  
3. Fewer nurseries 
4. Improved data quality 
5. DNA marker characterization 
6. Trait-focused 
7. Mostly unreplicated 
8. Best NARES entries may be entered in 

MET 
9. NARES-financed trials 
10. Breeding material exchange focus 

Figure 8.  Interface between the MET and INGER under GRiSP.  
 
MET Scheme Sustainability 

As an integral cross-cutting activity of the new IRRI breeding program design, it is imperative 
that the MET activities be fully funded in a timely and sustainable manner. The assured 
provision of resources is vital for advanced planning and timely execution and, therefore, the 
generation of high quality data. Presently, however, the various components of the MET are 
funded by an assortment of fund sources, mostly from time-delimited and temporary projects. 
Therefore, to ensure sustainability of the MET scheme, a gradual Full Cost Recovery will be 
implemented over the medium-term. In 2012, the MET scheme will be funded through regular 
GRiSP Theme 2 or PBGB divisional funds supplementing project funds. Beginning in 2013, 
however, the entire MET system on will be put on Full Cost Recovery. Breeding projects 
contributing to a pipeline will be charged a fixed testing fee per breeding line computed based 
on the actual cost of testing including, among others, the costs of processing samples, shipping, 
data management, and staff time. A cost structure will encourage breeding pipelines to 
nominate and advance only the best lines in the MET while also promoting the full use of MET 
data including GxE interactions in breeding decision-making. 
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III. Multi-environment Testing (MET) System in Africa 
 
In 2010, the Africa-wide Rice Breeding Task Force was launched by AfricaRice involving NARS 
from about 30 countries. The objectives of MET network are to evaluate the stability of traits 
incorporated in breeding processes and to identify varieties best fit to growth conditions in 
target regions and to markets. The Task Force also accumulates data on performances of new 
elite lines, thereby facilitating varietal release procedures. Furthermore, by exposing scientists 
from NARS and farmers to these elite lines during the testing phase, dissemination will be 
facilitated. 
 
The MET conducted by the Africa-wide Rice Breeding Task Force consists of a series of three 
consecutive trials. Promising breeding lines developed by AfricaRice or by national and 
international partners, such as IRRI and CIAT are nominated for evaluation in one or several 
rice cultivation environments: lowland, irrigated, upland, high elevation and mangrove. All 
nominated lines should be fixed and accompanied by supporting data on traits incorporated 
during the breeding process and with information on yield performance. These characteristics 
are checked at AfricaRice before incorporation into the MET network.  
 
Since the onset of MET in Africa in 2010, the scheme presented in the section 1 was used. 
Starting 2012, however, by incorporating discussion points made in the MET workshop in 
January 2012, the scheme has been changed as shown in Table 4. 
 
The first phase (MET-1) consists of an initial evaluation of about 100 lines selected from the 
nominated lines. Each national partner evaluates these lines at sites in his/her country. Such 
sites may be at an experimental station under optimal management to evaluate yield potential, 
or may be ‘hot spots’ to check the performance of the nominations in a stressed growth 
environment. Trials are replicated three times and include a common and local check. Data 
collected at all sites are analyzed centrally at AfricaRice, including a comprehensive genotype 
by environment (G x E) analysis. Based on those analyses and breeders’ observations, about 30 
lines are advanced to the next phase. 
 
The second phase (MET-2 or Participatory Evaluation Trials, PET) serves to evaluate and 
confirm the performance of the selected lines. These lines are cultivated at the same site as MET-
1 using the same experimental design with 3 replications. An important feature of MET-2 is that 
farmer and other stakeholders such as miller and traders are invited to participate in varietal 
selection and collect the opinion of different stakeholders on the performance of all entries (i.e. 
participatory varietal selection, PVS). Members of national varietal release committees are also 
invited. Based on the data collected, observations by the breeders and the opinion of 
stakeholder groups, NARS partners select up to 10 lines.  
 
In the third phase (MET-3 or Participatory Advanced Trial, PAT) the 10 lines selected during 
PET are evaluated in at least three sites per country and during one or more growing seasons, 
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depending on varietal release requirements. Entries are arranged in an alpha lattice design with 
at least 4 replications. All stakeholders are again invited to get acquainted with the new lines 
and voice their opinion to help select lines for further advancement. Among the 10 lines, 
farmers are invited to select three lines and cultivate these in their own fields, together with a 
common check and their own variety (Farmers Adoption Trial, FAT).  
  
The ultimate decision to nominate a particular variety for release in a country will be made by 
the country’s rice breeder involved in the Task Force, based on evaluation of all data acquired 
before and during the MET phase. 
 
 
Table 4.  Principles of multi-environmental testing (MET) conducted by the Africa-wide Rice 
Breeding Task Force.  

   
VRC = varietal release committee; NARS = National agricultural research system.  
 
 
 
Data management and analysis 
Rapid access to information on germplasm including advanced breeding lines and varieties is 
essential to the use and deployment of breeding lines for further research and evaluation. Data 
management plays a central role starting from germplasm stored in a genebank up to 
information on performance of elite breeding lines about to be released, assuring high quality 
data covering all breeding lines generated.  
 
The traits to be measured in the different MET, are listed in Table 5, Table 6 and Table 7. 
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Table 5. Agronomic traits measured in the different MET of the Breeding Task Force: traits in 
bold letters must be collected, whereas those in plain letters are optional 

# Agronomic data collection Method 
1 Seedling/vegetative vigor (21 and 42 days after seeding)  visual rating (SES) 
2 Date of 50% flowering Record 
3 Date of maturity (85% of grains on panicle are mature) Record 

4 
Rate of final plant stand at harvest (%) (100% indicates that there are no 
missing plants/hills) visual rating 

5 Lodging incidence (%) visual rating (SES) 
6 Phenotypic acceptability at maturity visual rating (SES) 
7 Spikelet fertility (%) visual rating (SES) 
8 Panicle Exsertion visual rating (SES) 

9 
Plant height at harvest (cm) (soil surface to the tip of the tallest panicle 
(awn excluded)) (3 randomly selected plants) Measurement 

10 
Grain yield and moisture content (border rows should be excluded; 0.6 m 
x 4.6 m) Measurement 

11 
Panicle length (for 3 panicles of the plants used for measurement of plant 
height) Measurement 

12 Panicle number (the 3 plants used for measurement of plant height) Measurement 
13 1000-grain weight Measurement 

 
 
Table 6. Information on crop damage by biotic and abiotic stress measured in the different 
MET of the Breeding Task Force: all must be collected in all the trials, if present. 

   # Crop damage by biotic stress Method 
1 Leaf blast (e.g. at 60 days after seeding) visual rating (SES) 
2 Neck blast (e.g. at 3 weeks after flowering) visual rating (SES) 
3 RYMV (e.g. at flowering) visual rating (SES) 
4 Other diseases incidence visual rating (SES) 
5 Insects incidence (e.g. AfRGM and stem borer) visual rating (SES) 
6 Rat or bird damage at harvest visual rating (SES) 
# Crop damage by abiotic stress Method 
1 Fe toxicity (e.g. at 63 days after seeding) visual rating (SES) 
2 Salt injury (at tillering and stem elongation stages) visual rating (SES) 
3 Cold visual rating (SES) 
4 Heat (scale is same as spikelet fertility) visual rating (SES) 
5 Leaf rolling due to drought for rainfed rice visual rating (SES) 
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Table 7. Information about trial conditions and problems measured in the different MET of 
the Breeding task force: information in bold letter should be collected in all the trials 

# Information about trial conditions and problems Comment 

1 
General remarks on trial conditions and crop damages by biotic and 
abiotic stresses   

2 Geocoordinate (longitude and latitude) and altitude    

3 
Daily weather data (max. and min. temp, solar radiation (or sunshine 
hours), rainfall, wind speed, relative humidity)   

4 Soil information (e.g. texture and pH, 0-20cm)   
5 Toposequence position (e.g. upper, middle, or lower field)   
6 Bund height (cm)   
7 Water depth (using piezometer) once a week during rice growing season    

8 

Hydrological level by attributing numerical values to three levels (1. 
Ponded water; 2. Wet soil surface; 3. Dry soil surface) once a week during 
rice growing season   

9 Date of seeding   
10 Date of transplanting (for rainfed lowland and irrigated lowland trials)   
11 Amount, growth stage, and type of fertilizer used   
12 Crop establishment method   
13 Any other notes   

 
 
Within the Breeding task Force, the plan in 2012 is to perform automatic data collection using 
tablets. In total 37 tablets (Samsung Galaxy Tab 10.1) have been already ordered and NARS 
partners and AfricaRice staffs already trained on how then can use it for data collection. We will 
go with one free application available in Android market, the "Simple Spreadsheet" to enter 
data. The reason for this is its simplicity; the design looks exactly like the classical fieldbook in 
paper used by observers to collect data in the field and its keyboard is really dedicated for easy 
data entry. The template generated by the IRIS workbook is simply pasted into the tablets. At 
the field, observers have to open the template with the "Simple Spreadsheet" and start entering 
the data after freezing the first row (factors, varieties) and the first column (plot number). Then 
on the screen, observers can have several cells and can get additional cells just buy sweeping 
horizontally or vertically. 
The 100 lines from the nominated lines to be evaluated by national partners, stored in genotype 
lists, are entered into the IRIS - Breeding task Force database. Protocols including the layouts 
and fieldbooks centrally developed by biometricians/data managers are sent to all national 
partners. 
 
Data acquired by NARS in the MET trials are collected and sent to AfricaRice for central 
analyses and archiving, following standards of IRIS. Data are analyzed in MET 1 and MET 2 
using various methods: ANOVA mixed model for continuous, count and scores data. If data 
represent continuous data like plot yield, plant height, etc., ANOVA with normal distribution 
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are used; if data represent count data like number of tillers, number of panicles, etc., ANOVA 
with Poisson or Binomial distribution are used; if data represent scores like panicle exsertion, 
leaf blast, etc., odds ratios (chance of being in a low response category rather than a high one for 
each line compared with the best check -- lower categories represent the more favorable results) 
are calculated. The models used for studying the GxE analysis are Stability analysis, AMMI, 
Factorial analysis, GGE Biplot, etc. Selection of the best lines is further done across location if 
GxE interaction is present. Other methods such as quantitative analysis from participatory 
methods in plant breeding are also used in MET 3.  
 
These stored data can be used to facilitate varietal release in a particular country or in new 
varietal development activities. 
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IV Multi-environment Testing Network at CIAT 
 
 
Preface 
 
In Latin America neither CIAT nor FLAR are responsible for the release of new varieties. This 
responsibility is borne by the partners in each country. However, some guidelines are useful for 
breeders to establish a testing network in each country. 
 
Generalities 
 
The main objective of the testing process is to develop new commercial products beginning 
with highly homozygous lines. At the same time, this process has specific objectives: a) To 
establish the advantage of a new line over existing commercial varieties; b) to obtain genetically 
pure breeder seeds from which the seed production process will begin; c) to identify the 
agronomic practices that a farmer must follow in order to fully exploit the genetic potential of 
the new variety.  
 
The Evaluation Process 
 
The evaluation process includes several stages from the introduction of the materials until the 
release of the new variety. It needs to have a balance between rapidness and effectiveness. A 
breeding program must release good cultivars but, at the same time, have the capacity to 
evaluate new experimental lines as quickly as possible and take effective decisions. There is a 
lot of variation between different programs. However, there are some general rules that could 
be applied.  
 
Initially, it is needed to eliminate all the materials with obvious deficiencies that limit the 
adaptation to the region or to the market, like duration, lodging, plant type, and grain quality-
related traits. Because of the high number of lines, testing using incomplete block designs are 
adequate during this stage. Then, the effort is directed to the critical evaluation of the few lines 
to establish the advantage of the potential new variety over the existing commercial products. 
In this stage, the more traditional designs are useful and, in the process, innovative methods 
like the strip test plots are more convenient. In relation to the environment (season x location), 
the objective is to form homogeneous groups to reduce the effect of the genotype by 
environment interaction. In doing this, it is needed to consider the size (importance) of the 
market and the difficulty to produce seeds from different cultivars for small regions. Between  
mega environments, more importance need to be given to those regions/seasons with more area 
under cultivation on which the initial stages of evaluation and the biggest numbers of 
experiments must be done; then, the evaluation could be extended to marginal regions. 
Regarding the traits, the highly heritable traits could be evaluated first; then, other traits with 
low heritability and highly influenced by the environment could follow. 
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Factors to be Considered 
 
Among the key points to be taken into account are: 
a) General testing strategy and working plan 
b) Location and sites selection 
c) Experimental design and plot size per stage 
d) Checks 
e) Composition of each trial in terms of genotypes 
f) Field books and experiment maps 
h) Agronomic management 
i) Data management 
 
Stages 
 
The generic stages for varietal evaluation in Latin America would include the following: 
i) Lines Introduction 
ii) Pure Lines Production 
iii) Observational Yield Trial 
iv) Preliminary Yield Trial 
v) Advanced Yield Trial 
vi) Strip Test Plots or Pre-commercial Test 
 
 Traits to be Measured 
 
Additional to those traits mentioned in section 1, some special traits are very important for a 
new cultivar be released in the Latin America rice market. The important traits related with the 
grain quality include:  appearance (long slender/ translucent grains); cooking (dry, soft and non-
sticky); milling (high total ≥ 70%, high whole yield ≥ 60%); and tolerance to delayed harvest. 
Resistance to the Rice Hoja Blanca Virus and to his vector Tagosodes oryzicoulus are also needed 
in the tropics. For the temperate environment in the south of the continent, tolerance to low 
temperatures during germination and seedling stages and tolerance to iron toxicity are likewise 
very important. In the final decision, the opinion of the end users like farmers and millers are 
required in order to be sure that the new material has the right field performance and grain 
quality for the target environment or market. 

 

 
 


