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Note: To facilitate clarity and av0|d confu5|on Wlth the term small-plot’ ‘stnp -plot” will be
referred to as ‘strip trial’ for the remainder of this report. Small-plot refers to individual plots
(usually in a replicated trial) that generally are no larger than 20 square meters in size (2 m by
10 m). Strip trial (also termed ‘Field Scale’ in the Seed Manitoba publication) are ‘plots’ that are
much larger in area, often consisting of one width of a commercial scale seeder running the
length of a field (the strips generally are not replicated at an individual trial location).

This final strip trial project report is somewhat similar to the March 31, 2014 report previously
submitted, with regard to the comparison of Canola Performance Trial (CPT) yield small-plot
versus strip trial results. This is reasonable since the Mixed Model analysis detailed below
includes the relevant and available canola yield data (i.e. three years of data, 2011-2013 CPT
data). The CPT canola data collected during the 2014 growing season was not available in
time for analysis and inclusion in this final report. Australian researchers working on Mixed




Model analysis of crop variety trial data have indicated that approximately five years of data
seems to be optimum for analysis, provided that there is some ‘connectivity’ in the yearly data —
that is, that varieties are not all unigue in each year of testing, but rather that there is more than
one year of testing for a number of varieties in the multi-year dataset.

Associated with this final report is a copy of the previously submitted report on a comparison of
canola yield small-plot results to strip trial results (private Industry strip trial data). Also, a
summary of a comparison of canola yield small-plot results to commercial field results
(Manitoba Agricultural Services Corporation, MASC data) is included in this final report —
although a comparison to MASC data was not part of the original CARP project proposal.

Dr. Rale Gjuric of Haplotech, who is co-ordinating the independent canola variety trials (Canola
Performance Trial - CPT) on behalf of the Canola Council, sent the CPT field scale (strip trial)
canola yield data to us at the end of November in each of the three years (2011-13). Note that
all field scale CPT data were generated and submitted by industry representatives, and not by
independent third parties. Prior to 2011, canola strip trial results were not published in a widely
available publication such as Seed Manitoba.

Prior to analysis, in each year the CPT strip trial raw dataset was re-formatted for the statistical
computer programs, SAS and ASReml. Also, variety and location names were checked for
consistent and correct spelling, and the three years of data were combined into one input
datafile. A Mixed Model analysis was conducted on the 2011-13 CPT strip trial yield data using
the Mixed Model statistical computer software program ASRemi, which has been
designed/optimized to accommodate large datasets. The summary tables of the strip trial (and
small-plot) Mixed Model analysis are appended to this report. At the time of initiation of these
CARRP projects, it may not have been fully appreciated that this ‘Strip Trial’ project is very
comprehensive in that it essentially includes and encompasses the companion project on
small-plot canola data analysis. That is, before a comparison can be made between strip trial
and small-plot results, the small-plot data also must be subjected to Mixed Model analysis.
This Strip Trial project report includes this comparison to small-plot Mixed Mode! results, which
is why the small-plot results tables/columns are appended herein.

For some background/introductory information on Mixed Model analysis of crop variety trial
data, refer to the associated report using industry private strip trial data, ‘Advanced Statistical
Analysis of Strip-plot Canola Variety Trial Data and Comparison to Small-plot Variety Trial Data
(vield)'. Refer to the accompanying ‘pdf file for the full report (Filename: UM Canola Yid Small
Plot versus Strip Report_Nov 2012.pdf).

Summary of 2011-13 CPT Strip Trial/Field Scale Mixed Model Results (refer to tables
appended to this report)

1) For the strip trial dataset CPT 2011-13 (inclusive), arithmetic yield means ‘by Year, ‘by
Province', and ‘by Year-Zone' are presented in the appended Table 1. The year 2013 had the




highest yield, approximately 1.3 fold higher than Year 2012. For the ‘by Province’ means,
Alberta had the highest yield, while BC had the lowest yield (this result is quite different from
the small-plot results). Similar to the small-plot results, the Short Season Zone (SSZ) had the
highest yield in both 2011 and 2012, while the Long Season Zone (LSZ) had the lowest yield in
both 2011 and 2012, probably due to growing season weather in the LSZ which was quite hot
and dry during canola flowering in both 2011 and 2012. In 2013, LSZ had the highest yields
(by a small margin), while mid-season zone (MSZ) and SSZ yields were quite similar.

2) The table of ‘Variance Components’ (Table 2 appended), details the variability in canola
strip trial yield associated with various factors/effects in the statistical model. The statistical
model used in the analysis can be deduced by the listing of effects and interactions in the
variance components table. The major effect “Year’, and the interactions of ‘Zone by Location’
and ‘Year by Zone by Location’ were the important effects and interactions in terms of
percentage of total variance; that is, these are the important effects and interactions in
explaining the observed variability in canola yield in this strip trial dataset. All other effects and
interactions (not including error/‘'Variance'/'Residual’) were relatively small in terms of their
contribution to total variance. The sum of all effects and interactions which included ‘Variety’
(genotype) were not very important in terms of percentage of the total variance at 2.7% despite
the fact that there are significant differences between genotypes. This relatively small
contribution of genotype in explaining the variability in yield is similar to other crop variety
datasets that we have analyzed using Mixed Model procedures, and is in agreement with the
scientific literature. Note that the ‘Zone by Variety’ interaction is not an important variance
component, which indicates that Variety rankings do not flip’ significantly by Zone (even though
actual average yields in kg/ha differ between Zones) — this is similar to the small-plot results.
This indicates that presenting a summary of strip trial canola variety performance by Zone is not
necessary from a statistical point of view (at least for the dataset of 2011-13 strip trial CPT).
Note that ‘Location’ is completely nested within ‘Zone’.

The variance component estimate for the three-way interaction ‘Zone by Location by Variety' is
not well-estimated, but is on the ‘boundary’ of the solution space (refer to the ASReml Users
manual for more information on boundary estimates - the ASReml| Users manual is available
for no charge as a downloadable pdf file over the Internet). Other interactions in the statistical
model involving the factor ‘Variety’ are inconsequential in terms of their variance component
values — it is unlikely that this three-way interaction of ‘Zone by Location by Variety’ is
important.

3) In the table summarizing variety/genotype performance (Table 4), for most of the varieties
there is generally good correspondence between arithmetic mean values and BLUP (Best
Linear Unbiased Predictor) estimates, except for those varieties with a very low number of
observations or for those varieties that were tested only in one year. It is an inherent property
of Mixed Model analysis and the underlying matrix mathematics and algorithms that as the
number of observations (statistical ‘n’) increases, the BLUP value and arithmetic mean will
converge. This is reflected in the ‘Unbiased’ term in the BLUP acronym. Multiplying the
‘Overall Standard Error of Difference’ by 2 (or 1.96 as per statistical t-table) provides an
approximate least significant difference (LSD) value at the 0.05 level of significance to
statistically separate varieties yield. In this case this LSD value is approximately 160 kg/ha,




and results in a large number of varieties being declared not statistically different from each
other in terms of yield. For example, the top 23 varieties (in terms of yield) were not statistically
different (out of a total of 32 varieties). These results are similar to what has been observed in
other crops and trials.

To compare CPT 2011-13 small-plot variety yield rankings to CPT 2011-13 strip trial yield
rankings it is necessary to express the variety yields as a percent of a designated Check variety
(or-percent of a median BLUP yield value — the median BLUP value essentially treats the entire
dataset as a ‘basket’ of Checks). This percent of Check approach is necessary for comparison
because the overall arithmetic average yield (and yield potential) is quite different between the
two growing environments. In this case, the overall arithmetic average small-plot yield is 3553
kg/ha (Year average, see Table 1 appended), while the strip trial overall average Year yield is
2773 kg/ha. This is a difference of approximately 30%. A median Check value was used
rather than ‘average’, as average can be influenced/skewed somewhat by one (or a few)
extremely large or extremely small values in the dataset. Interestingly, similar to the small-plot
results, the strip trial median BLUP yield value is close to the variety ‘73-75RR’ BLUP yield
value — this variety has been used as a Check (Seed Manitoba 2013, 2014).

Short discussion on the importance of statistically significant differences between
varieties’ yields

As mentioned in point No. 3 above, it can be difficult to show statistical significance between
variety yield estimates (BLUP’s). However, an argument can be made that non-statistically
significant differences between varieties are still important. If a large number of varieties are
not significantly different from each other (for yield), then there should be little or no cost to |
choosing one variety over another (i.e. the cost of a Type 1 statistical error in this situation is
minimal). For example, if Variety A has a 5% mean/BLUP yield advantage over Variety B, but
this is not statistically significant, it still may be worthwhile to plant Variety A on the chance that
it may outperform Variety B.

Probability Stability Analysis can be used to assign probabilities to Variety A outperforming
Variety B (Piepho, H.-P. and van Eeuwijk, F. A. 2002. Stability analysis in crop performance
evaluation. Pages 315-351 in M. Kang, ed. Crop Improvement: Challenges in the Twenty-first
Century. Haworth Press, New York). Probability Stability Analysis combines mean and
variance of a variety in an unambiguous way, but since the variance among varieties (yield)
generally doesn’t vary greatly (the authors have confirmed this with Spring Wheat variety yield
datasets, and this is indicated by the Variance Component values), this calculation simplifies to
essentially a comparison of variety yield means/BLUP’s. The variance doesn't vary greatly
between varieties because of yield stability — yields of registered varieties are quite stable
across a wide range of environments as a result of the registration process, which selects for
varietal yield stability.

An example of probability analysis (probability of Variety A outyielding Variety B), can be

demonstrated using Manitoba Agriculture Seed Interactive with head-to-head comparisons for

Spring Wheat (a summary of the presentation/example currently is available online at
http://umanitoba.caffaculties/afs/agronbmists confimedia/Brule-Babel Pres Dec 13 2012.pdf




This procedure might be able to be extended to using Manitoba Agricultural Services
Corporation (MASC/Crop Insurance) data (and to crops other than Spring Wheat). If in the
Central region using the MASC data, there were 100 farmers who grew ‘Variety A’ and 100
farmers who grew ‘Variety B’, then you would have 100 head-to-head comparisons (with, of
course, some differences in management and localized weather). If ‘Variety A’ outyielded
‘Variety B’ in 75 out of 100 comparisons, then you would have a probability of ‘Variety A’
outyielding ‘Variety B’ in the Central region. If you increase the observation number (individual
farmer reports to MASC) to a large number, then the ‘noise’ of differences in management and
localized weather become less important. Mixed Model analysis also ‘removes’ or adjusts for
the overall effect of year (growing season weather that influences yield). Therefore, for the
above reasons, statistical significance of BLUP values is NOT the only consideration in
comparison/selection of varieties.

Of course, when choosing a variety, the farmer should also consider other varietal agronomic
characteristics and disease susceptibility, as well as yield.

Comparison of CPT 2011-13 Small-Plot and Strip Trial Mixed Model Analysis Results
(refer to tables appended to this report)

1) There were more varieties tested in the small-plot trials versus the strip trials in the CPT
2011-13 dataset (Tables 3 and 4). The non-matching variety BLUP yield estimates from the
small-plot trials were simply deleted from the comparison table (Table 4). There may have
been some slight differences in small-plot variety BLUP estimates if the non-matching varieties
had been deleted prior to running the Mixed Model analysis for this comparison, however, this
was not done. Prior experience with Manitoba Crop Variety Evaluation Team (MCVET)
datasets indicates that the exclusion of certain varieties (data subsets) prior to Mixed Model
analysis does not greatly affect the remaining varietal BLUP yield estimates. The
inconsequential variance components value for Variety/genotype and all interactions with
Variety are confirmation of this (Table 2). Furthermore, in comparing small-plot and strip trial
results and rankings, the reality is that the small-plot dataset was generated with the complete
set of varieties.

2) Variety performance in small-plot versus strip trial (field scale) cannot be directly compared
(using kg/ha values) because small-plot arithmetic average yields were higher than strip trial
average yields by approximately 750 kg/ha in 2011, 370 kg/ha in 2012, and 1220 kg/ha in 2013
(Table 1). This yield advantage of CPT small-plot over strip trial (arithmetic average) for the
three years of 2011, 2012, and 2013 is 1.26, 1.15, and 1.40 fold, respectively. These results
suggest that the yield advantage (differential) of the small-plot growing environment over larger
scale plots/trials is greatest in years with a very high yield potential (favourable weather).

In terms of actual crop yield (kg/ha), small-plot and commercial fields (or large scale trials) often
differ, even when-located in close proximity. Small-plot overall average yields are typically
higher than larger field-scale average yields (pers. obs. and the above data/paragraph). This
may occur because the high-cost, high-value, small-plot crop variety trials are generally
situated on relatively uniform field sites with a high agricultural potential and are lavished with a
high level of management and attention. Weeds and other yield-reducing pests are generally
well-controlled or minimized in small-plot trials. Small-plot experiments are designed to provide




comparative data on yield potential under as close to ideal conditions. It is rare that all parts of
a commercial field would provide ideal growing conditions. Furthermore, past practice in
western Canada has been that yield resuits from individual small-plot variety trials that do not
meet a specified criteria (a cut-off Coefficient of Variation (CV) value) are immediately
discarded and not added to the longterm database. Hi CVs are often associated with variable
crop stands, uneven exposure to stress within the trial, and other management issues.

Therefore, as mentioned above, to compare small-plot versus strip trial variety performance
and ranking, BLUP yield values for each variety were expressed as a percentage of a median
BLUP yield value, with all varieties in the dataset included in the calculation of this median
BLUP yield value (i.e. a ‘basket’ of check varieties which includes all varieties present in the
dataset). Refer to Tables 3 and 4 for these percentage BLUP values.

Note that if a specific individual variety with a BLUP yield estimate close to the overall median
BLUP value was chosen as the designated Check variety, results of this comparison would be
similar. The designated Check variety in Seed Manitoba 2012, 2013, and 2014 was ‘73-75
RR’. The BLUP value for 73-75 RR in the small-plot results (Table 3) was close to the median
BLUP value (differs by 1 kg/ha from the median BLUP value), while the BLUP value for 73-75
RR in the strip trial results was 25 kg/ha different from the median BLUP value (Table 4). -
Therefore it appears that 73-75 RR is fairly representative and appropriate as a designated
Check variety (at least for the 2011-13 CPT small-plot and strip trial datasets). BLUP estimates
for 73-75 RR were close to its arithmetic mean for both small-plot and strip trial datasets, and
therefore likely are well-estimated.

3) There was greater variability in yield (kg/ha, arithmetic means) in the small-plot trials versus
the larger scale strip trials. In the small-plot summary by ‘Year and ‘Zone’ (Table 1), the
highest yield was for 2013 LSZ of 5429 kg/ha, while the lowest yield was for 2012 LSZ of 2317
kg/ha. This was a ratio of 5429/2317 = 2.3. In the strip trial summary by ‘Year' and ‘Zone’
(Table 1), the highest yield was for 2013 LSZ of 3153 kg/ha, while the lowest yield was for 2012
LSZ of 2340 kg/ha. This was a ratio of 3153/2340 = 1.3.

4) Small-plot and strip trial variety BLUP values (% of median) are compared in Table 4. The
comparison involved the Strip BLUP (%) subtracted from the Small-plot BLUP (%) for each
matched variety. There are six out of 32 varieties where there were substantive differences
(absolute value of 5% or larger) between Strip % BLUP yield and Small-plot % BLUP yield
(Strip % minus Small-plot %). Three of these six discrepancies were positive in value (relative
better performance in strip trial), and three of these instances were negative in value (relative
better performance in small-plot). For five of the above six instances, the BLUP values were
relatively close to their arithmetic means (both trial types), so the BLUP values likely were well-
estimated (i.e. the differences between strip trial and smali-plot performance were in fact real,
and not likely due simply to chance). It is interesting that the three instances of substantive
negative differences (relative better performance in small-plot) involve Liberty Link varieties (LL
varieties often group near the top of the small-plot yield results, that is, they often yield very well
in small-plot trials). The corresponding three instances of substantive positive differences
(relative better performance in strip trial) involve two Roundup Ready varieties and one
Clearfield variety.
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This comparison indicates that correspondence between small-plot and strip trial (field scale)
results was not as good as might be desired given the industry’s reliance on small-plot testing
in the early generations of canola genotype breeding and development. Reliance on small-plot
testing is not likely to change due to economics, and the small amounts of seed available in the
early generations of breeding and variety development.

In general, the results of the comparison of 2011-13 CPT small-plot to strip trial results were
similar to our earlier reports on this subject. Therefore, the agreement between these studies
was reassuring, and unfortunately it appeared that canola variety performance in small-plot
trials was not always an accurate indication of how well a specific variety will perform in larger
scale trials (or in farmers’ commercial fields). The Manitoba Agricultural Services Corporation
(MASC) commercial field yield data as published in ‘Yield Manitoba’ was analyzed and
confirmed the above results (refer to the summary below in this final report). However, the
MASC data tends to lag the initial commercial introduction of new varieties by several years as
farmers adopt these new varieties. Also, there may be less confidence in the MASC yield
estimates for some of the varieties with a low commercial acreage (i.e. variety matching with
current small-plot results may be problematic).

Comparison of ASReml resuits to SAS PROC HPMIXED

ASReml is a joint Australian/British statistical computer program that was the first program
developed that could accommodate Mixed Model analysis of relatively large datasets (i.e.
2000+ datalines), using some relatively new algorithms and matrix mathematics procedures
developed in the 1980’s - 1990’s. SAS is a statistical computer program/system used
extensively in North America (and less so internationally). Recent versions of SAS have

included a Mixed Model analysis procedure that also is capable of analyzing large datasets
(PROC HPMIXED).

For both the Small-plot and Strip trials, results of ASReml and SAS PROC HPMIXED were
compared. In all instances, the variance component estimates were close between ASReml
and SAS HPMIXED, but not identical. This is not surprising — Mixed Model analysis following
the Restricted Maximum Likelihood (REML) algorithm is an iterative procedure - meaning that
the results are a series of ‘guesses’ converging to a possible solution, and that when this series
of ‘guesses’ is stopped (in SAS terminology “Convergence criterion (GCONV=1E-8) satisfied”)
influences the final values of the results. This is why almost all results of Mixed Model analysis
are referred to as “Estimates”. Furthermore, in all instances, the BLUP yield estimates and
‘Overall Standard Error of the Difference’ values were very similar between ASReml| and SAS
HPMIXED (differences were inconsequential).

Previous Mixed Model analysis of crop variety datasets (using ASReml) had raised a question
as to whether nested effects in the statistical model were being evaluated correctly. Using SAS
PROC HPMIXED (because of familiarity with specifying nested versus simple interaction effects
in the statistical model), the statistical model was run twice — once with nested effects and once
with simple interaction effects. In all the instances examined here, nested and non-nested
specification resulted in an identical variance component estimate. This lack of difference




between nesting and non-nesting specification has been observed in other unrelated analyses
using SAS - it may be related to the underlying structure of the data. SAS has been under
constant development, refinement, and constructive scholarly criticism for several decades with
an active development team and user groups, therefore it is reasonable to assume that the
matrix mathematics underlying the statistical analyses is being conducted correctly.

Comparison of Canola Small-plot to Strip Trial Results (yield) — Using Private Industry
Data:

The following two paragraphs are a summary of the results of the investigation using Industry
private strip trial data, ‘Advanced Statistical Analysis of Strip-plot Canola Variety Trial Data and
Comparison to Small-piot Variety Trial Data (yield)’. Refer to the accompanying ‘pdf file for the
full report (Filename: UM Canola Yid Small Plot versus Strip Report_Nov 2012.pdf).

Every year in western Canada there is a large investment in testing of canola
genotypes/varieties in both small-plot and larger scale trials (‘strip trials’). A recurring question
is: How well do the small-plot and strip trial results correspond with respect to ranking of variety
performance (yield)? To investigate this question, a number of companies were invited to
submit several years of recent canola strip trial yield data. This strip trial data was compared to
small-plot data from a number of sources (refer to the body of this report for additional
information on data sources). The small-plot and strip trial datasets were matched by variety
prior to analysis; this resulted in relatively large datasets of 5,210 and 4,344 datalines,
respectively. The variety-matched datasets were subjected to Mixed Model statistical analysis,
and variety yield estimates (Best Linear Unbiased Predictor estimates, BLUP's) were
compared. '

For the datasets analyzed in this study, in terms of actual canola yield (kg/ha), small-plot trials
had a greater yield than strip trials of approximately 1100 kg/ha (overall averages). This yield
advantage of small-plot trials over larger-scale trials/commercial fields was in general
agreement with long-standing observations for most crops that are evaluated under small-plot
growing conditions. In terms of ranking the canola varieties for yield using a LSD test at the
0.05 level of significance, there was relatively poor agreement between the small-plot and strip
trial results. The small-plot results identified many more significantly different varieties for yield
than the strip frial results. That is, based on statistical significance, the small-plot BLUP variety
yield estimates could be subset into groups of approximately 16 varieties (out of a total of 28),
while the strip trial results had a large majority of the varieties declared not significantly different
from each other (25 out of a total of 28). The reasons for this lack of agreement between
canola small-plot and strip trial results were not evident in the datasets analyzed, however, it
seems likely that strip trial growing conditions more closely resemble large-scale commercial
field conditions than small-plot growing conditions.

Comparison of Canola Small-plot to MASC Results (yield)

The summary of a comparison of canola yield commercial field results (Manitoba Agricultural
Services Corporation, MASC data as published in Yield Manitoba) versus small-plot resuits
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appears immediately below, while the complete report is appended.

Summary
Every year in western Canada there is a large investment in testing of canola
genotypes/varieties in small-plot trials. A recurring question is: How well do the small-plot
results correspond/predict variety performance in commercial fields? It can be argued that the
Manitoba Agricultural Services Corporation (Crop Insurance) data as published in Yield
Manitoba is the most accurate estimate of crop variety performance in commercial (farm) fields
(for those varieties with a relatively high acreage — i.e. a relatively high sample number,
statistical ‘'n’). For canola, a comparison of variety yield using Mixed Model analysis was
conducted between the MASC data for 2008-2012 (inclusive) and the small-plot Prairie Canola
Variety Trial (PCVT) 2003-2009 data and Canola Performance Trial (CPT) 2011-2012 data.
There were no post-registration, third-party/independent, small-plot canola variety trials in the
year 2010. Note that the commercial field/MASC data generally lags small-plot data by several
years as new varieties are introduced and then subsequently adopted and widely grown by
farmers. Because actual average (kg/ha) yields are greater in small-plot trials as compared to
commercial fields, the results of Mixed Model analysis (Best Linear Unbiased Predictor
estimates, BLUP yield values) for each variety were expressed as a percent of the variety
‘6440’ for each dataset and then compared. The only overlap in varieties between PCVT 2003-
09 and CPT 2011-12 small-plot datasets was 5440 (this probably is due to the relatively rapid
turnover of canola varieties).

The intention of crop variety small-plot performance testing is to predict how the variety will
perform in commercial fields. The correspondence between the MASC and the small-plot
canola data (yield) was fair. After deleting varieties that were low acreage in the MASC dataset
(a per variety total acreage cut-off for MASC of 20,000 acres prior to analysis), there were 47
canola varieties that matched between the MASC and small-plot datasets. Of these 47 canola
varieties, the % BLUP values between the two datasets differed by 4.9% or more (absolute
value) for 16 varieties when the MASC acreage cut-off was 20,000 acres (variety total acres
grown over the five years in the MASC dataset). When the MASC acreage cut-off was 50,000
acres (total over five years), then there were nine varieties (out of 47) where % BLUP values
between the two datasets differed by 4.9% or more (absolute value). Of these nine varieties
with substantive differences, the difference was positive for six varieties (i.e. MASC % BLUP
subtracted from small-plot % BLUP, that is, varietal performance in commercial fields was
better than that predicted by small-plot results). Some of these ‘large-difference’ varieties seem
to be important (based on MASC acreage), for example, the variety ‘8440’ performed 6.7%
better in commercial fields versus the small-plot result. Similarly, the variety ‘1012RR’
performed 10.2% better in commercial fields versus small-plot. Conversely, the variety ‘5020°
performed 5.1% worse in commercial fields versus small-plot. This is interesting because the
variety ‘5020’ was part of a designated small-plot check basket for a number of years, and
hence has a large number of observations in the dataset (i.e. the small-plot BLUP estimate
should be well-estimated). Also, ‘5020’ was a widely grown variety with a large total acreage in
the MASC dataset (again, the MASC BLUP estimate should be well-estimated). Both of the
situations detailed above could potentially cost the farmer money; if farmers fail to adopta
better field-performing variety (because of small-plot results as published in Seed Manitoba) it
will limit their potential returns. If farmers adopt and. grow a poor field-performing variety based
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" on small-plot results (as published in Seed Manitoba), it obviously will limit their returns.

As mentioned, for six of the nine varieties with substantive differences, the difference was
positive (i.e. MASC % BLUP subtract small-plot % BLUP, that is, varietal performance in
commercial fields was better than that predicted by small-plot results The high-value, high-cost
small-plot trials usually are located on relatively uniform field areas with a high agricultural
potential and are lavished with high levels of crop inputs and management. Additionally, data
from those small-plot trials that do not meet a current relatively stringent CV cut-off value are
immediately discarded and not added to the longterm database (small-plot trials with a
relatively high CV value may generally also be relatively low-yielding). Due to the larger year
effect, we can expect differences between commercial yields and small-plot yield data as a
result of the lag in commercialization of varieties from the time they were tested in small-plots.
The main focus of small plots is to compare relative differences between varieties and provide
an estimate of yield potential under ideal conditions. It should not be surprising that commercial
yields differ from small plot yields.

It is notable that a relatively small number of canola varieties capture the vast majority of
acreage of this crop grown in Manitoba. As stated above, the MASC dataset used in this
analysis included 47 canola varieties (and there were many more low-acreage varieties listed in
Yield Manitoba 2008-2012). Of these 47 varieties, only seven varieties had a total acreage of
500,000 acres or more over the five years of MASC data used in this analysis.

Overall Conclusions: Mixed Model analysis of canola small-plot and field-scale/strip trial data
is appropriate and provides variety yield estimates that appear to be accurate. Currently, the
results of CPT yield data analysis are presented as arithmetic means (in the ‘Seed Manitoba’
publication). Mathematical and statistical theory indicate that least-squares linear models
(which is Mixed Model analysis) will always provide better or equal results to an arithmetic
mean based approach. The advantage of Mixed Model analysis and adjusted ‘means’ (BLUP
estimates) over arithmetic means becomes apparent where data is limiting and/or the year
(growing season weather which influenced yield) was unusual as compared to a 10-year mean
yield. Refer to Dr. Anita Brilé-Babel's Manitoba Agronomists Conference presentation for a
clear example of the superiority of Mixed Model analysis of crop variety trial data (using Spring
Wheat as an example) http://umanitoba.cal/facuities/afs/agronomists conf/media/Brule-

Babel Pres Dec 13 2012.pdf

Based on the results of comparing canola yield small-plot results to larger scale growing
environments (CPT strip trial, MASC commercial field), it appears that small-plot results are not
a perfect predictor of variety performance under larger scale growing conditions. In both the
CPT small-plot/strip trial and the smali-plot/ MASC commercial field comparisons, for
approximately one-fifth of the varieties performance (yield) differed by 5% or more between the
growing environments. :This difference in performance may be related to growing conditions
which are unique to small-plot trial environments in that the high-value, high-cost small-plot
trials usually are located on relatively uniform field areas with a high agricultural potential and
are lavished with high levels of crop inputs and management. Additionally, data from those




12

small-plot trials that do not meet a current relatively stringent CV cut-off value are immediately
discarded and not added to the longterm database (small-plot trials with a relatively high CV
value may generally also be relatively low-yielding). If smali-plot production/agronomic/growing
conditions can be altered to more closely reflect actual commercial field conditions, then the
predictive accuracy of small-plot variety testing might be improved. Small-plot testing of variety
performance will continue to be important in crop variety breeding and development because
seed stocks are limited in the early generations of variety development, and because of
economics. Ultimately, the best assessment of variety performance is performance in
commercial fields over a number of growing seasons (i.e. the MASC data).

4. Significant Progress/Accomplishments

See above (Section 3).

5. Research and Action Plans/Next Steps

The results of the Mixed Model analysis of the 2011-13 CPT strip trial yield data (and
comparison to small-plot results) have already been sent to some key persons involved in the
organization of canola small-plot variety trials and presentation of results. We welcome further
consultation and discussion on this topic. When the 2014 CPT strip trial yield data becomes
available (November, 2014), it can be merged with the 2011-13 CPT dataset (provided that
there is some overlap in varieties tested) and an updated Mixed Model analysis conducted,
along with comparison to small-plot results. Additional years of data in the Mixed Model
analysis should lead to even more accurate variety BLUP yield estimates and variety rankings.
The scientific literature suggests that five years of multi-location crop variety data in a Mixed
Model analysis is desirable.

6. Budget impacts in the event major issues or variance between planned and actual is noted:

None anticipated.

Please forward an electronic copy of this completed document to:

Gail M. Hoskins

CARP Coordinator

Canola Council of Canada

400 - 167 Lombard Ave.

Winnipeg, MB R3B 0T6

Phone: (204) 982-2102

Fax: (204) 942-1841

E-Mail: hoskinsg@canolacouncil.org
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Table 1. Arithmetic summary of canola yield (kg/ha) for 2011-13 Canola
Performance Trial (CPT) by Year, by Province, and by Year-Zone for: A. Small-
Plot dataset. B. Strip Trial (Field Scale) dataset. (No. Obs. = number of
observations, MIN = minimum, MAX = maximum, AVE = mean, STDev = standard
deviation, STDerr = standard error, LSZ = long season zone, MSZ = mid season
zone, SSZ = short season zone)

A. Small-plot dataset

Yield (kg/ha)
Province

Year /Zone | No. obs. MIN MAX AVE STDev | STDerr
2011 2096 1323 6851 3566 897.8 19.6
2012 1987 1023 5190 2782 745.5 16.7
2013 2096 1648 7162 4311 1006.5 22.0

Overall average 3553
AB 2004 1601 6933 3789 958.0 21.4
BC 560 1676 6851 4120 1129.1 47.7
MB 712 1081 6509 3022 1145.0 42.9
SK 2903 1023 7162 3439 1064.1 19.8

Overall average 3593
2011 LSZ 375 1822 4523 3283 582.4 30.1
2011 MSZ 965 1323 5387 3343 670.6 21.6
2011 SSZ 756 1636 6851 3990 1100.2 40.0
2012 LSZ 330 1081 3611 2317 573.7 31.6
2012 MSzZ 1153 1023 5190 2810 828.1 24.4
2012 SSZ 504 1129 4248 3022 454.7 20.3
2013 LSZ 208 4028 7162 5429 580.5 40.2
2013 MSZ 1456 1648 6933 4068 1010.8 26.5
2013 SSZ 432 2946 6410 4589 658.4 31.7

Overall average 3650




B. Strip Trial dataset

Yield (kg/ha)

Province
Year {Zone | No. obs. MIN MAX AVE STDev | STDerr
2011 347 971 5030 2821 703.4 37.8
2012 529 797 4093 2410 560.6 24.4
2013 790 1701 4446 3089 523.1 18.6
Overall average 2773
AB 696 943 5030 3111 617.9 23.4
BC 12 2021 2919 2376 366.9 105.9
MB 294 971 4138 2605 633.1 36.9
SK 664 797 4446 2612 564.1 21.9
Overall average 2676
2011 LSZ 58 971 4806 2524 970.7 127.5
2011 MSZ 228 1229 5030 2845 644.1 42.7
2011 882 61 2038 3980 3012 514.2 65.8
2012 LsZ 160 1011 4093 2340 591.8 46.8
2012 MSz 273 797 3520 2385 486.1 29.4
2012 SSZ 96 943 3795 2598 661.9 67.6
2013 LSZ 130 1864 4435 3153 599.1 52.5
2013 MSZ 474 1701 4362 3082 506.6 23.3
2013 §8Z 186 2240 4446 3062 506.6 37.1
Overall average 2778
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Table 2. Variance components for canola yield (kg/ha) for 2011-13 Canola
Performance Trial (CPT) data determined using mixed model analysis with all
effects and interactions specified as random for: A. Smali-Plot dataset. B. Strip
Trial (Field Scale) dataset. Syntax and terms follow the ASReml output.

A. Small-plot dataset

Variance Percentage of
Source of Variation Component Total Variance
year 514702 37.6
zone 45643 3.3
variety 30834 2.2
zone.location 237167 17.3
year.location 374078 27.3
zone.variety 1769 0.1
year.variety 3776 0.3
year.location.rep 32359 24
location.variety 3634 0.3
year.location.variety 33673 25
error variance 92901 6.8
B. Strip Trial dataset®
Variance Percentage of
Source of Variation Component Total Variation
year 96258 21.4
zone 5453 1.2
year.zone 8823 2.0
variety 6298 1.4
zone.variety 1725 0.4
year.variety 4170 0.9
zone.location 73775 16.4
year.zone.location 227673 50.5
zone.location.variety 0.0Y 0.0
error variance 26679 5.9

“There were no replicates in the Strip Trial dataset.

YThis estimate was very small (negligible) and was a result of the variance estimate
being on the ‘boundary’ of the solution space (refer to the ASReml manual for further
details). Additional terms and interactions could not be included in the statistical model
due to resultant singularities in the Average Information matrix — this may be related to
the structure of the dataset. For example, Location is completely nested within Zone,
and furthermore, certain varieties may not have been tested in all zones.
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MASC data versus Small-Plot comparison — Canola yield, November 2013
Lyle Friesen, University of Manitoba

[Note: The tabular summaries of all the small-plot analyses are not presented below in
this report. The complete results of these analyses are available as an Excel workbook
from the author, upon request.]

Summary: Every year in western Canada there is a large investment in testing of
canola genotypes/varieties in small-plot trials. A recurring question is: How well do the
small-plot results correspond/predict variety performance in commercial fields? It can be
argued that the Manitoba Agricultural Services Corporation (Crop Insurance) data as
published in Yield Manitoba is the most accurate estimate of.crop variety performance in
commercial (farm) fields (for those varieties with a relatively high acreage —i.e. a
relatively high sample number, statistical ‘n’). For canola, a comparison of variety yield
using Mixed Model analysis was conducted between the MASC data for 2008-2012
(inclusive) and the small-plot Prairie Canola Variety Trial (PCVT) 2003-2009 data and
Canola Performance Trial (CPT) 2011-2012 data. There were no post-registration,
third-party/independent, small-plot canola variety trials in the year 2010. Note that the
commercial field/MASC data generally lags small-plot data by several years as new
varieties are introduced and then subsequently adopted and widely grown by farmers.
Because actual average (kg/ha) yields are greater in small-plot trials as compared to
commercial fields, the results of Mixed Model analysis (Best Linear Unbiased Predictor
estimates, BLUP yield values) for each variety were expressed as a percent of the
variety ‘6440’ for each dataset and then compared. The only overlap in varieties
between PCVT 2003-09 and CPT 2011-12 small-plot datasets is 5440 (this probably is
due to the relatively rapid turnover of canola varieties).

The intention of crop variety small-plot performance testing is to predict how the variety
will perform in commercial fields. The correspondence between the MASC and the
small-plot canola data (yield) was fair. After deleting varieties that were low acreage in
the MASC dataset (a per variety total acreage cut-off for MASC of 20,000 acres prior to
analysis), there were 47 canola varieties that matched between the MASC and small-
plot datasets. Of these 47 canola varieties, the % BLUP values between the two
datasets differed by 4.9% or more (absolute value) for 16 varieties when the MASC
acreage cut-off was 20,000 acres (variety total acres grown over the 5 years in the
MASC dataset). When the MASC acreage cut-off was 50,000 acres (total over 5 years),
then there were nine varieties (out of 47) where % BLUP values between the two
datasets differed by 4.9% or more (absolute value). Of these nine varieties with
substantive differences, the difference was positive for six varieties (i.e. MASC % BLUP
subtract small-plot % BLUP, that is, varietal performance in commercial fields was better
than that predicted by small-plot results). Some of these ‘large-difference’ varieties -
seem to be important (based on MASC acreage), for example, the variety ‘8440’
performed 6.7% better in commercial fields versus the small-plot result. Similarly, the
variety “1012RR’ performed 10.2% better in commercial fields versus small-plot.
Conversely, the variety ‘5020’ performed 5.1% worse in commercial fields versus small-
plot. This is interesting because the variety ‘5020’ was part of a designated small-plot
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check basket for a number of years, and hence has a large number of observations in
the dataset (i.e. the small-plot BLUP estimate should be well-estimated). Also, ‘5020’
was a widely grown variety with a large total acreage in the MASC dataset (again, the
MASC BLUP estimate should be well-estimated). Both of the situations detailed above
could potentially cost the farmer money; if farmers fail to adopt a better field-performing
variety (because of small-plot results as published in Seed Manitoba) it will limit their
potential returns. If farmers adopt and grow a poor field-performing variety based on
small-plot results (as published in Seed Manitoba), it obviously will limit their returns.

As mentioned, for six of the nine varieties with substantive differences, the difference
was positive (i.e. MASC % BLUP subtract small-plot % BLUP, that is, varietal
performance in commercial fields was better than that predicted by small-plot results).
The high-value, high-cost small-plot trials usually are located on relatively uniform field
areas with a high agricultural potential and are lavished with high levels of crop inputs
and management. Additionally, data from those small-plot trials that do not meet a
current relatively stringent CV cut-off value are immediately discarded and not added to
the longterm database (small-plot trials with a relatively high CV value may generally
also be relatively low-yielding). If small-plot production/agronomic/growing conditions
can be altered to more closely reflect actual commercial field conditions, then the
predictive accuracy of small-plot variety testing might be improved.

It is notable that a relatively small number of canola varieties capture the vast majority of
acreage of this crop grown in Manitoba. As stated above, the MASC dataset used in
this analysis includes 47 canola varieties (and there are many more low-acreage
varieties listed in Yield Manitoba 2008-2012). Of these 47 varieties, only seven varieties
had a total acreage of 500,000 acres or more over the five years of MASC data used in
this analysis.

Datasets

MASC:

Data published in Yield Manitoba was the source of the MASC data. The MASC data
for 2008 — 2012 (inclusive) was copied from online Yield Manitoba pdf's (archived at
http://www.mmpp.com/mmpp.nsf/mmpp publications.html). There are two consecutive
years with acreages published in each Yield Manitoba issue. There are small revisions
to the MASC data in the immediate following year, so it is more accurate to use 2-year
old MASC data (however, this would preclude using the most recent MASC data and
exacerbate the time lag between MASC and CPT small-plot data). These MASC data
revisions may arise because of late submission of data. Generally these revisions to the
MASC data are relatively minor (refer to a series of Yield Manitoba publications for
examples for comparison) and are primarily related to acreage grown, and usually do
not change the initial MASC yield estimate. Specifically for this analysis, MASC yield
and acreage data for 2012 was copied from Yield Manitoba 2013, data for 2011 also
was copied from Yield Manitoba 2013, data for 2010 was copied from Yield Manitoba
2012, data for 2009 was copied from Yield Manitoba 2011, and data for 2008 was
copied from Yield Manitoba 2010. For the MASC dataset, those varieties with less than
20,000 acres in total (total over the 5 years) were deleted prior to Mixed Model analysis.
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To calculate the approximate number of individual farms or farmers submitting MASC
data (statistical ‘n’), a number of assumptions can be made. Obviously, the larger the
value of ‘n’, the more confidence can be placed in the accuracy of the MASC variety
yield value. For example, given the following assumptions (these assumptions are
conservative, i.e. they will provide a relatively low value for ‘n’):

1) Average farm size of 2,000 acres (average farm size in Manitoba in 2011 was 1,135
acres according to Statistics Canada).

2) One-half of the farm planted to spring wheat and the other one-half planted to canola
annually (i.e. 1,000 acres of each crop per year).

3) Only a single variety of each crop type planted on the 1,000 acres.

Then a MASC crop variety yield value where this variety has been grown on 20,000
acres in total would have been based on 20 individual farmer estimates (n = 20). These
assumptions are obviously conservative with respect to calculating ‘n’, since farmers in
Manitoba grow more crops than simply wheat and canola, and may grow more than one
variety of each crop type on their farm in a given year.

PCVT and CPT:

The PCVT dataset used was the entire 2003-09 dataset with replicate values
(approximately 35,000 datalines) as provided by the Canola Council of Canada. The
CPT dataset used was the entire 2011-12 dataset with replicate values as provided by
personnel involved with the CPT program.

Varieties in the MASC and small-plot datasets were NOT matched prior to analysis (but
the post-analysis BLUP's were matched by variety). This procedure reflects reality — the
trials occurred with the set of varieties that were tested in each year, and the resulits
were published in Seed Manitoba, to which farmers look for guidance in variety
selection. As mentioned above, the only overlap in varieties between PCVT 2003-09
and CPT 2011-12 small-plot datasets was ‘5440’ (this probably is due to the relatively
rapid tumover of canola varieties). '

Results:

Note: Some of the following discussion is based upon results summarized/tabulated in
a large, multi-worksheet Excel workbook which has NOT been appended to this report
due to the difficulty of re-formatting many large (wide) Excel tables into MS-Word word-
processor format. This Excel workbook is available from the author (Lyle Friesen) upon
request.

The overall arithmetic average yield of the MASC canola dataset used in this analysis
was 1,791 kg/ha. The influence of the relatively low-yield years (in Manitoba) of 2011
and 2012 is apparent.
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The overall arithmetic average yield (averaged by Year) of the small-plot PCVT dataset
used in this analysis was 3,084 kg/ha. The overall arithmetic average yield (averaged
by Year) of the small-plot CPT dataset used in this analysis was 3,174 kg/ha. While the
overall average yield is similar between the two small-plot datasets, it is quite different
from the MASC (commercial field) overall average yield. This difference indicates that
the MASC and small-plot datasets cannot be directly compared using actual kg/ha
values, but that variety BLUP results must be expressed as a percentage of the
common variety ‘5440’ for each dataset (or possibly a person could use the median
value of each dataset to calculate the percentage value for each variety). Using 5440 as
the Check will minimize the effect of ‘yield creep’ over the years due to improved
genetics, if this is present in the datasets (Year, or growing season weather that
influenced yield, appears to have a large effect on canola yield — see the average yield
summaries by year for each dataset in the appropriate Excel worksheet, available from
the author upon request). Using a median value to calculate percentage values would
not minimize the effect of yield creep. Presumably, the genotype 5440 is relatively
stable in terms of genetic composition over the years.

The overall arithmetic mean yield for the canola strip-trial 2011-12 CPT dataset was
2615 kg/ha. This is further evidence that managed smaller acreage canola ‘plots’
generally have higher yields than commercial fields, and that yields in actual kg/ha
cannot be directly compared between these growing environments. This difference in
canola yield/yield potential between commercial fields (MASC) and strip-trial
environments may influence the predictive accuracy of the strip-trial results in terms-of
ranking variety performance, similar to that observed for the comparison of MASC data
to small-plot results — as described below.]

The range in MASC yield using ‘by Year averages was 2252/1416 kg/ha = 1.6. The
range in small-plot yield using ‘by Year averages (and amalgamating PCVT and CPT by
Year averages) was 3566/2660 kg/ha = 1.3 (refer to the Excel workbook, available from
the author upon request). Therefore, the range in commercial field yields is greater than
the range in small-plot yields — this may be due to the careful field location and
management of small-plot trials. The greater range in commercial field yields could also
reflect wider variation in crop management than would normally be seen with small plot
trials.

The computer software program, ASReml was used for the Mixed Model analysis of
each dataset. Variance components for each dataset are detailed in the spreadsheet
tab labeled ‘Variance Components’ (refer to the Excel workbook, available from the
author upon request). The variance components tables were similar to previous crop
variety Mixed Model analyses results in that the factor/effect ‘Variety’ and the sum of all
interactions which include ‘Variety ‘were not very important (as a percentage of total
variance) in explaining the variability observed in yield. Important factors in the model
were ‘Year, ‘Location’, and the ‘Year by Location’ interaction.
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For the MASC dataset, arithmetic means generally were close to BLUP values,
particularly for those varieties with four or five observations (four or five years of MASC
data) (refer to the table at the end of this report), which indicates that the Mixed Model
analysis is occurring correctly. Based on Mixed Model matrix mathematics and
algorithms, as the number of observations becomes large, the arithmetic mean and
BLUP value will converge. This is reflected in the “Unbiased” term in the BLUP
acronym.

Similarly, for the small-plot PCVT dataset, arithmetic means generally were close to
BLUP values particularly for those varieties with a large number of observations (refer to
the Excel workbook, available from the author upon request). Again, for the small-plot
CPT dataset, arithmetic means generally were close to BLUP values particularly for
those varieties that have a larger number of observations (i.e. varieties that were tested
in both 2011 and 2012) — refer to the Excel workbook.

As mentioned, BLUP values were expressed as a percentage of ‘5440’ BLUP for each
dataset, and then these percentage values were compared (refer to the table at the end
of this report).

Discussion regarding statistical significance of BLUP’s (with regard to the trait,
yield):

Multiply the ‘Overall Standard Error of Difference’ by 2.0 (or 1.96 as per statistical t-
table) to calculate the approximate LSD value at the 0.05 level of significance (for the
column of variety BLUP values for each dataset). Similar to other crop variety analyses,
it can be difficult to show statistical significance between variety yield estimates
(BLUP'’s), although there were some statistically significant differences between the
varieties (all datasets). However, an argument could be made that non-statistically
significant differences between varieties are still important. If a large number of varieties
are not significantly different from each other (for yield), then there should be little or no
cost to choosing one variety over another (i.e. the cost of a Type 1 statistical error in this
situation is minimal). For example, if Variety A has a 5% mean/BLUP yield advantage
over Variety B, but this is not statistically significant, it still may be worthwhile to plant
Variety A on the chance that it may outperform Variety B.

Probability Stability Analysis can be used to assign probabilities to Variety A
outperforming Variety B (Piepho, H.-P. and van Eeuwijk, F. A. 2002. Stability
analysis in crop performance evaluation. Pages 315-351 in M. Kang, ed. Crop
Improvement: Challenges in the Twenty-first Century. Haworth Press, New York).
Probability Stability Analysis combines mean and variance of a variety in an
unambiguous way, but since the variance of varieties (yield) generally doesn't vary
greatly (LF has confirmed this with Spring Wheat, and this is indicated by the Variance
Component values), this calculation simplifies to essentially a comparison of variety
means/BLUP’s. The variance doesn’t vary greatly between varieties because of yield
stability — yields of registered varieties are quite stable across a wide range of
environments as a result of the registration process, which selects for varietal yield
stability.
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An example of probability analysis (probability of Variety A outyielding Variety B), is
Bralé-Babel's PowerPoint example of using Seed Interactive with head-to-head
comparisons for Spring Wheat (a summary of her presentation currently is available
online at http://lumanitoba.ca/faculties/afs/agronomists conf/media/Brule-

Babel Pres Dec 13 2012.pdf This procedure might be able to be extended to using
MASC data (and to crops other than Spring Wheat). If in the Central region using the
MASC data, there were 100 farmers who grew ‘Variety A’ and 100 farmers who grew
‘Variety B’, then you would have 100 head-to-head comparisons (with, of course, some
differences in management and localized weather). If ‘Variety A’ outyielded ‘Variety B’
in 75 out of 100 comparisons, then you would have a probability of ‘Variety A’
outyielding ‘Variety B’ in the Central region. If you increase the observation number
(individual farmer reports to MASC) to a large number, then the ‘noise’ of differences in
management and localized weather become less important. This is what is happening
with Mixed Model analysis of the MASC data over five years (i.e. there are a large
number of individual farmer reports for the large acreage varieties summarized in Yield
Manitoba). Mixed Model analysis also ‘removes’/minimizes the overall effect of year
(growing season weather that influences yield). Therefore, for the above reasons,
statistical significance of BLUP values is not the entire rationale in comparison of
varieties.

Of course, when choosing a variety, the farmer should also consider other varietal
agronomic characteristics and disease susceptibility, as well as yield.

[The following concluding paragraphs are the same as in the Summary above.]

It can be argued that the Manitoba Agricultural Services Corporation (Crop Insurance)
data as published in Yield Manitoba is the most accurate estimate of crop variety
performance in commercial (farm) fields (for those varieties with a relatively high
acreage - i.e. a relatively high sample number, statistical ‘n’). For canola, a comparison
of variety yield using Mixed Model analysis was conducted between the MASC data for
2008-2012 (inclusive) and the small-plot Prairie Canola Variety Trial (PCVT) 2003-2009
data and Canola Performance Trial (CPT) 2011-2012 data. There were no post-
registration, third-party/independent, small-plot canola variety trials in the year 2010.
Note that the commercial field/MASC data generally lags small-plot data by several
years as new varieties are introduced and then subsequently adopted and widely grown
by farmers. Because actual average (kg/ha) yields were greater in small-plot trials as
compared to commercial fields, the results of Mixed Model analysis (Best Linear
Unbiased Predictor estimates, BLUP yield values) for each variety were expressed as a
percent of the variety ‘6440’ for each dataset and then compared. The only overlap in
varieties between PCVT 2003-09 and CPT 2011-12 small-plot datasets is 5440 (this
probably is due to the relatively rapid turnover of canola varieties).

The intention of crop variety small-plot performance testing is to predict how the variety
will perform in commercial fields. The correspondence between the MASC and the
small-plot canola data (yield) was fair (refer to the table at the end of this report). After
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deleting varieties that were low acreage in the MASC dataset (a per variety total
acreage cut-off for MASC of 20,000 acres prior to analysis), there were 47 canola
varieties that matched between the MASC and small-plot datasets. Of these 47 canola
varieties, the % BLUP values between the two datasets differed by 4.9% or more
(absolute value) for 16 varieties when the MASC acreage cut-off was 20,000 acres
(variety total acres grown over the five years in the MASC dataset). When the MASC
acreage cut-off was 50,000 acres (total over five years), then there were nine varieties
(out of 47) where % BLUP values between the two datasets differed by 4.9% or more
(absolute value). Of these nine varieties with substantive differences, the difference was
positive for six varieties (i.e. MASC % BLUP subtract small-plot % BLUP, that is, varietal
performance in commercial fields was better than that predicted by small-plot results).
Some of these ‘large-difference’ varieties seem to be important (based on MASC
acreage), for example, the variety ‘8440’ performed 6.7% better in commercial fields
versus the small-plot result. Similarly, the variety ‘1012RR’ performed 10.2% better in
commercial fields versus small-plot. Conversely, the variety ‘5020’ performed 5.1%
worse in commercial fields versus small-plot. This is interesting because the variety
‘6020’ was part of a designated small-plot check basket for a number of years, and
hence has a large number of observations in the dataset (i.e. the small-plot BLUP
estimate should be well-estimated). Also, ‘5020’ was a widely grown variety with a large
total acreage in the MASC dataset (again, the MASC BLUP estimate should be well-
estimated). Both of the situations detailed above could potentially cost the farmer
money; if farmers fail to adopt a better field-performing variety (because of small-plot
results as published in Seed Manitoba) it will limit their potential retums. If farmers
adopt and grow a poor field-performing variety based on small-plot results (as published
in Seed Manitoba), it obviously will limit their returns.

As mentioned, for six of the nine varieties with substantive differences, the difference
was positive (i.e. MASC % BLUP subtract smali-plot % BLUP, that is, varietal
performance in commercial fields was better than that predicted by small-plot results).
The high-value, high-cost small-plot trials usually are located on relatively uniform field
areas with a high agricultural potential and are lavished with high levels of crop inputs
and management. Additionally, data from those small-plot trials that do not meet a
current relatively stringent CV cut-off value are immediately discarded and not added to
the longterm database (small-plot trials with a relatively high CV value may generally
also be relatively low-yielding). Due to the larger year effect, we can expect differences
between commercial yields and small-plot yield data as a result of the lag in
commercialization of varieties from the time they were tested in small-plots. The main
focus of small plots is to compare relative differences between varieties and provide an
estimate of yield potential under ideal conditions. It should not be surprising that
commercial yields differ from small plot yields.

It is notable that a relatively small number of canola varieties capture the vast majority of
acreage of this crop grown in Manitoba. As stated above, the MASC dataset used in
this analysis includes 47 canola varieties (and there are many more low-acreage
varieties listed in Yield Manitoba 2008-2012). Of these 47 varieties, only seven varieties



27

had a total acreage of 500,000 acres or more over the five years of MASC data used in
this analysis.
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