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Introduction

Spring Rape, Winter Rape and Yellow Mustard are some of the major crops for DUS-
testing in Denmark, i.e. there are many candidate and reference varieties grown each year.
At the same time some difficulties have been encountered in the establishment of distinctness
of new candidates. Since spring 1997 the DUS trials with those crops have been laid out as
resolvable incomplete block designs. Previous calculations using rape trials from Denmark
and United Kingdom with complete blocks have shown that there could be some benefit from
using incomplete blocks in rape trials (Kristensen and Jensen, 1998).

The present paper describes the efficiency of 4 Danish trials with incomplete blocks,
from which we at present have all results for two years.
DATA
Results from 2 trials (1997 and 1998) with Spring Rape and 2 trials (1997 and 1998)
with Yellow Mustard have been used. All trials were laid out as a-designs with 3 replicates.

The actual dimensions of the designs used are shown in table 1.

Table 1. Design parameters

Crop Year Number of
Entries Plots Reps. | Plots/block
Spring rape 97 114 342 3 9-10
98 131 393 3 11-12
Yellow mustard 97 55 165 3 11
98 66 198 3 11

All UPQV characters, that were based on field assessments and for which it could be
assumed that the data could be analysed by linear mixed models were used. A list of those
characters is given in table 2. Twenty plants were planed to be recorded in all plots.
However, because of loss of plants, a few records were missing in some of the plots, and - for
some of the recorded characters - some plots were not recorded at all (see table 2).
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Table 2. List of characters and number of recorded plots for each trial

Character | Character name Number of recorded plots in

identification trial
SR97 | SR98 | YM97 | YM98

UPOV 6 Leaf : Number of lobes 309 |367 |165 |198
UPQOV 8 Leaf : Length 309 |366 |[165 |198
UPOV 9 Leaf : Width 309 |367 |165 198
UPQV 10 Leaf: Length of petiole 309 |367 |165 |198
UPQV 13 Flower: Length of petals 309 |368 |165 |198
UPOV 14 Flower: Width of petals 309 |368 |165 |198
UPQV 16 Plant: Height (at full flowering) 309 [369 |[165 193
UPOV 17 Plant: Total length incl. side branches [309 |368 |165 |198
UPOV 18 Siliqua: Length 309 |368 |165 |198
UPOV 19 Siliqua: Length of beak 309 |368 |165 |198
UPQV 20 Siliqua: Length of peduncle 309 |368 |165 |198
Method

The data from each trial were analysed by three models: A, B, and C. All models were
general linear models or general linear mixed models (see e.g. Searle, 1971 and Searle et al.,

1992) and are shown here:

AY,=u+a,+p, +E,

B:Yvrb :ﬂ+av +:Br +7/rb +Evrb
C:Yvrb :ﬂ+av + Br +Crb +Evrb

where

Y, andY,, =recorded valuein the plot with variet v in block b of replicate r

a, = variety effect
B, = fixed replicate effect

B, = random replicate effect, B, ~i.i.d. N(0,52)
7 = fixed block effect

C,, = random block effect,C,, ~iid. N(0,02)
E,, and E,,, =random plot effect, E,, and E,,, ~i.i.d. N(0,5%)

The parameters of the models were estimated using the method of Residual Maximum

Likelihood (REML).

Based on model C and the pooled within plot (plant to plant) variation the variance
components for replicates, incomplete blocks, plots and within plots were estimated. The
variance component for plot were calculated as the estimate of o® minus s,%/20, where s,” is
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the within plot variation (on plant basis). The variance components for within plot variation
are reported as s,°/20.

For the character with UPOV number 10 the logarithm of the character were analysed in
stead of the character itself. The reported variance components and LSD values for this
character are reported on log scale.

Based on each of these models for each individual trial, estimates of variety effects were
calculated as p+ay. The estimates from each model and each of the two crops were then
submitted to a COY-D analysis. The model for the COY-D analysis were:

Y, =p+t7,+0,+E,

where
Y,, = the calculated estimate of variety vin year y
7, =the COY - D variety effect of varietyv
o, =theeffectof yeary

E,, = randomeffect, E,, ~iid N(0,67)

For each of the 3 models (for individual trials) the LSD-value for comparing to varieties
in the COY-D analysis were calculated using the formula:

LSD = tlggsym}gaé

where
tges, = 0.995 fraktilenin a t —distribution with v degrees of freedom

Results

The effect of using incomplete blocks varied from character to character and from year
to year as well as from crop to crop (table 3). The recordings of height (character no.16 and
17) seemed to be the only one where there always were a significant effect of incomplete
blocks (using model B). For Spring Rape 1997 most characters showed a significant effect of
incomplete blocks. On average 52% of the trial/character combinations showed significant
effects of incomplete blocks on the 5% level of significance.
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Table 3 Test of significance for effect of incomplete blocks. Values are percent probability
of rejecting the hypothesis that there are no fixed block effects.

Trial UPQV Character number
6 8 9 10 13 14 16 17 18 19 20

Spring Rape 19.8| 0.0/ 0.0/ 0.0| 0.0f 13| 0.0/ 00| 0.0] 0.0f 00
1997

Spring Rape 30.8|16.5| 0.5]21.4|124| 14| 0.0| 0.0]/26.5|11.6|12.0
1998

Yellow Mustard | 0.7{20.8| 7.6| 0.0/ 343331 0.0| 00| 05| 1.8|203
97

Yellow Mustard | 36.2| 61.1|49.9| 10.7|25.9| 17.0] 0.0| 0.0| 0.9| 0.8|41.5
98

The estimated variance components are shown in table 4 and 5. The tables show that
for many cases the variance component for incomplete blocks are of the same magnitude as
the variance component for replicates. The variance components for plots had in most cases
the largest contribution to the total variance (when reported on plot level). In all cases the
variance component for between plots were larger than the variance within plots. This
indicates that most of the residual variance were caused by plot to plot variation and not by
plant to plant variation. In some characters the variance within plots were considerable
smaller than the variance between plots — e.g. for character 16 the contribution from between
plots were between 34 and 169 times larger than the contribution from within plots.
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Table 4 Estimated variance components in Spring Rape based on the model with random
block effects.

Year and UPOQV Character number

component 6 8 9 10 13 14 16 17 18 19 20
97 Replicate .011/29.2| 1.2|.001|.073|.055|9.46|20.4|13.4|0.30| 1.42
2 4 5 7 6 2 7 1

97 Incompl. .010| 103.|12.2| .003|.061|.016| 10.8| 7.71| 13.5| 0.33| 1.09
blocks 2 8 6 4 6 7 1 1 9
97 Plots 73| 252.147.1|.011|.201|.108| 46.1| 23.9|4.53| 0.29| 1.31
2 2 2 8 4 0 0 6 9

97 Plants/20 .062|12.4| 4.6|.000|.030|.018|1.35|4.74| 2.42|0.14| 0.52
7 9 0 3 9 2

97 Total .257|397.|65.1|.017| .366| .199| 67.7 | 56.8 | 33.8| 1.08| 4.36
4 7 0 8 0 8 2 9 4 1

98 Replicates .022|20.9| 5.6|.000|.016|.023|0.85|0.00| 0.00| 0.00| 0.00
8 6 2 6 7 0

98 Incompl. .005|25.9|14.3|.000| .013|.014| 6.13| 4.50| 0.20| 0.02| 0.08
blocks 2 4 0 5 3 4
98 Plots .336|901.|113.|.020| .274| .122| 20.6| 20.6| 9.23| 0.39| 1.90
7 1 4 7 4 5 1 0 2 9

98 Plants/20 .061|15.8| 6.5|.000|.034|.021|0.41|3.67|1.72|0.10| 0.34
1 9 4 4 6 2

98 Total 4251 963.]139.|.022| .338|.182| 28.0| 28.7| 11.1| 0.52| 2.33
8 8 9 5 0 0 1 7 6 8 4
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Table 5 Estimated variance components in Yellow Mustard based on the model with random
block effects.

Year and UPOQV Character number

component 6 8 9 10 13 14 16 17 18 19 20
97 Replicate .029| 2.9/0.00|.000(.051|.003|0.00|12.1|1.80|0.63|.000
7 6 4 5 0

97 Incompl. .014| 4.8|/1.84|.002|.009|.002|9.55|30.9/0.41|0.16| .025
blocks 7 0 1 8 8
97 Plots .041|94.6|19.2|.005|.314|.117| 26.2| 19.5| 1.03| 0.56 | .350
2 1 6 4 3 8 6

97 Plants/20 .030| 7.3]5.15|.000|.030|.020|0.74| 5.4|/0.86|0.46|.174
5 6 5 6 0

97 Total 116 109.| 26.2| .008| .405| .144| 36.5| 67.8| 4.10| 1.81| .550
1 7 1 8 4 3 8 4

98 Replicates .000| .8.2|2.32|.000(.009|.007|12.6| 0.8|0.00|0.00|.000
0 2 8 8 5 0

98 Incompl. .000| 0.0]/0.00|.000(.005|.004|16.9|38.2|0.24|0.11| .000
blocks 3 7 2 8 9 0
98 Plots .066| 320.| 72.9|.008| .158| .079| 48.9| 29.1| 1.26| 0.49| .415
2 7 6 3 6 7 2 4

98 Plants/20 .031| 8.7|7.35|.000(.028|.018|0.29| 8.0/0.52|0.25|.173
9 6 0 4 2

98 Total .098| 337.|82.6|.009|.201|.110| 78.8| 76.1| 2.02| 0.85| .588
3 6 3 8 6 7 4 6

The results from the COY-D analysis are reported as LSD-values for comparing two
varieties. The LSD-values are shown in table 6 and the values show that estimates based on
model A (Complete block design) in a few cases (5 out of 22 cases) yields the smallest LSD
value (using plenty of decimals). In most cases the difference is small (less than 5%).
Character 13 of Yellow Mustard shows the largest difference (The LSD-value of Method A is
7% smaller than the LSD-value of method B, but only slightly smaller than the LSD-value of
method C). Method B and or C yielded the smallest LSD-value in most cases (14 and 3 out of
22 cases, respectively). Also here the differences are in general small, but some examples of
large differences can be found — the two largest are character 17 of Yellow Mustard and
character 18 of Spring Rape where the reduction by using method B or C is 23% and 13%,

[respectlveM. | Comment [UD1]: The actual figures for the 2
crops are:
Method - Spring Rape - Yellow Mustard - Total
A 3 25
B 8 6 14
C. .0 .38.8
lalt. 11 .11 22
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Table 6 LSD values from COY-D analysis based on each of the 3 models used for calculating
the variety effect in a single trial.

Crop and UPQOV Character number
method 6 8 9 10 13 14 16 17 18 19 20
Spring Rape A |0.92(58.9]22.1|0.32|1.25|1.07|23.7| 17.6|7.79| 1.68| 2.86
7 5 2
Spring Rape B | 0.96(58.8|22.1|0.32| 1.32| 1.07| 23.5| 17.5| 6.83| 1.59| 2.65
7 7 0
Spring Rape C | 0.96(58.8|22.1|0.32|1.32|1.07|23.5| 17.5|6.83| 1.59| 2.65
7 7 0
Yellow Mustard | 0.59| 27.2| 11.4| 0.14| 1.13|0.83| 16.9| 17.6| 2.99| 2.20| 1.61
A 1 1 8
Yellow Mustard | 0.57| 27.4|11.4|0.14| 1.21| 0.85| 15.6| 13.6| 2.80| 2.13| 1.78
B 4 5 8
Yellow Mustard | 0.58| 27.1|11.4| 0.13| 1.14| 0.83| 15.7| 13.8| 2.81| 2.13| 1.62
C 8 8 8

Discussions and conclusions

Previous calculations (Kristensen and Jensen, 1998) showed that incomplete blocks in
most cases would be expected to improve the individual trial results. This is in agreement
with the present calculations that show that the incomplete block in 52% of the character/trial
combinations had fixed block effects that were significant at the 5% level of significance.

The calculations based on Spring Rape and Yellow Mustard show that the use of
incomplete blocks for most characters yielded lower COY-D LSD values than complete
blocks. Only in a few cases did the COY-D based on randomised complete blocks yield
slightly better results than COY-D based on incomplete blocks. The differences between the
different methods were in general not large. Only in a few cases did the use of incomplete
blocks decrease the LSD-value by more than 10%.

In the data used there are some trials where some of the characters were not recorded in
all plots. This lowers the efficiency of the used designs which means that the incomplete
blocks are not optimal. This may be a reason why the complete block model showed to have
the lowest COY-D LSD-value for some of the character/trial combination.

The results indicates that the use of incomplete blocks may yield better separations than
complete blocks for most characters (using COY-D) although the benefit may be small for
most characters. In cases where the complete blocks did best the difference was in all cases
small.
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