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1 Introduction

Facing the world challenges of crop production, responsibly & sustainably, the relevance of
plant breeding is

unquestionable!

Many studies estimating the importance of plant breeding, e.g. (CALDERINI; SLAFER, 1998;
BRANCOURT-HUMEL et al., 2003).

According to Mackay et al. (2011), in the United Kingdom (∼58 years), for wheat and barley,
without crop improvement, yield could ↓.

Cr
op

Sc
ien

ce
52

(3
):1

12
3–

11
31

(2
01

2)
.

FHRB Toledo cimmyt | bsu (3 / 26)



Perspectives for bsu & cimmyt

In this sense, cimmyt tackles the problem on global scale, supporting farmers worldwide
with high-yielding varieties that withstand stress (infertile soils, drought, diseases and

pests).
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The purpose of breeding trials is to predict the performance of the entries to select the best
ones for the next cycle.
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The precision of these trials is given by its capacity to detect differences in breeding values
of the evaluated entries

High precision is needed to ensure the detection of small differences in these breeding values.

This precision is determined by the SE between any pair of means, which depends on the
control in between plot error.

FHRB Toledo cimmyt | bsu (5 / 26)



Perspectives for bsu & cimmyt

.

Improve Precision ⇐⇒ Ensure Genetic Gains
Naive solution: Increasing the number of replicates usually increases precision (but

not economically feasible)

Set of actions aimed at controling local variability:

• Experimental Design;
including several prior actions taken before the planting trial

• Statistical Analysis; and
comprising procedures after data collection.

• Feed Back.
surrounding retrospective evaluations, optimization . . .
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2 Setting up Trials

Note on good research!

“Good researcher” considers several experi-
mental practices such as:

• uniform soil preparation;

• pest control;

• homogeneous application of any treat-
ment (fertilization, irrigation); and

• precise measurements.

It is assumed that this actions are
considered by the researchers.
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Experimental Design
Planing Incomplete Blocks

Information on relatives can improve the analysis. . . What is the genetical relatedness between
entries for the optimality of block definition?

“The knowledge on relatedness may imply that the optimal design is out of the class of optimal
design for unrelated treatments” (BUENO FILHO; GILMOUR, 2003)

Other aspects:

• Rows-Columns (a.k.a. α × α) can be evaluated to control variability in both directions;
and

• Need for studies regarding the precision of such designs for stress environments.
(drought and/or low N input)
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Indirect measurements of soil properties

Some physical & chemical soil properties are known to be responsible for yield differences.
texture, moisture, cation exchange capacity, salinity and macronutrients, (Adamchuk et al. (2004), for review)

Currently, the use of proximal and/or remote sensing devices are becoming increasingly more
important to map the spatial variability

• Assisting the researcher while delin-
eating size, direction and position of
the trial; and

• Use of those informations as covariable
in the analysis. (next section)
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3 Dealing with error term

An appropriate analysis of a variety trial comprises a set of a posteriori actions aiming at
decreasing the magnitude of the error term, decreasing the SE between any two variety means.

The 3 main types of a posteriori actions that can be taken are:

• Control of soil heterogeneity patterns;

• Use of covariables; and

• Incorporation of additional information.

(not covariables)
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Control soil heterogeneity patterns

In spatial analysis framework, the correlations between plot residuals follows a distribution
considering the physical distances between them.

It is the most important posterior action that accounts for heterogeneous soil variability.

This provides the adjustment of the trial in all directions, and ensures:

• Precise estimation of the SE of difference between any variety pair; and

• That the rank of the varieties in the trial is closer to their true (unknown) rank.

Specially important to account for heterogeneity under stress conditions
(drought and/or low N inputs).
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Covariables and external information

After designing the experiment, there is some source of variation that inflate the error term
which can be account for by a covariable.

A covariance analysis is the correct way of incorporating an unexpected variation not accounted
for in the trial design.

Other kinds of additional information can be used to improve precision, such as:

• Environmental information;

• Indirect plant measurements; and

• Genetic information.

(pedigree and/or markers)
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Environmental information

Variables related to climatic conditions during the vegetative, flowering and grain-filling pe-
riods, such as:

• Temperature (average, max. and min.);
• Precipitation;
• Solar radiation, etc.

. . . plant properties, associated to the plots, provided by proximal and/or remote sensing devices
can be incorporated into the statistical model.
(details given later)

Thereby, these approaches may improve the precision of comparisons between any pair of
means.

These external covariables may be useful for explaining the G × E interaction.
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Indirect measurements

The proximal and/or remote sensing technologies can play an important role in identifying
plant properties whithin plots.

Provides faster and precise measurements, being helpful while the crop is still growing.

This is specially true, if we think that phenotyping
(canonical)

is now the bottleneck

due to cost and its labor-intensive (WALSH, 2009).

It is important to study how stable they are and understand how and which indirect measurements
can improve the precision for the target trait.

In addition to other challenges, e.g. logistic, calibration, labor skills with the devices, etc.
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Genetic Information

The inclusion of genetic information in the analysis has been found to increase the precision
of field trials (BERNARDO, 2010).

Both Pedigree and/or Molecular information estabilish a covariance among entries and should
be incorporated into the model to improve precision.

These informations are very useful specially for increasing the precision of estimates of un-
observed entries which is based on information from relatives.
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Novel frontiers regarding gws
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• Genotyping technologies;

• Statistical approaches;

• Multitrait GW selection; and

• Long–term results.
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4 G × E

Hard Task (or impossible): the breeding of a single cultivar for the whole world!

Keep in mind wide adaptation, superiority and homegeneity for agronomic traits, abiotic &
biotic resistance/tolerances in order to address 106ha of very diverse growing conditions . . .

In these sense, statistical analysis (BSU) → tolls/approaches to deal with the

G × E in “Mega–Environments”

Subdividing global areas based on water availability, soil type, temperature, farmers technol-
ogy, stress conditions, consumer preference and end-use quality.

This is a generalized employment of environmental information
for the better understanding of the relationships between G and E
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Joint modeling G × E & gws
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• External Informations & GWS

• Epistasis and Hybrids & GWS; and

• Optimization, optimization and optimization . . . !
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5 Monte Carlo perspectives

This methods provides an approximated solution to problems with inherent probabilistic struc-
ture or not, through sampling experiments.

It allows addressing problems for which the time to evaluate exact solution is unfeasible.

Avoiding deep explanations (see http://polymer.bu.edu/java/java/montepi/), it
is easy to find π by simulation. A naive R program can be:

1 pi <- function(n) {
2 x <- runif(n, -1, 1)
3 y <- runif(n, -1, 1)
4 return (4 * mean( ifelse(x^2 + y^2 <= 1, 1, 0) ) )
5 }

n 10 100 1,000 10,000 100,000
π 3.0400 3.1480 3.1402 3.1408 3.1414
σ ∗π 0.5826 0.1867 0.0543 0.0176 0.0049
∗ Standard deviation over 100 replicates.

FHRB Toledo cimmyt | bsu (19 / 26)



Perspectives for bsu & cimmyt

Illustration of breeding via simulation

A recurrent selection scheme was employed during 5 cycles, repeated 100 times, with:

• Varying the number of loci for each trait, the correlation between them and h2.

• Evaluation of 300 F2:5 progenies with 20 plants each;

• Top 25 are selected for trait A and under 3 alternatives:

– Selection only for trait A;
– Smith & Hazel index; and
– esim index (CERON-ROJAS et al., 2006).

• The selected progenies were intercrossed in a full diallel design.
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Cycle
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Real data vs Simulated data
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Why these kind of issues are not addressed through
simulation?

Simulation can also be helpful to other situations constrained by pratical conditions such as
time, money, space, etc
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Bayes Inference

Since its introduction in quantitative genetics, several topics were addressed and are increasing
since then (see Sorensen (2009) for reviews).

• Easy to handle in complex situations;
(especially adept at handling high-dimensional data,
when p� n)

• Posterior means are ML for any sample
size;
(avoid any asymptotic aproximtion for hypothesis test)

The choice for Bayesian approaches are much more pragmatic than
ideological
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6 Building Bridges

.

• Consulting on demand;

• Sharing Vignettes regarding common
analysis;

• Short courses about R, and program-
ming;

• Development of R packages; and

• Scientific consortia (partnerships).
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Last words . . .

I think these topics are up to date, but an
ideal outline of the real needs of biometrical
works at cimmyt requires a deep understand-
ing of the main lines of its activities world-
wide.

I wish to thank for the opportunity . . .
Thank you indeed!

Suggestions and Questions?
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