


















































































































Seed size and grading analyses in 2002 

Tables 4 and 5 show the results of the seed size analyses, both the dimensions averaged for all 
the seeds scanned from a sample, and the percentages in several key size classes. The overall 
average seed lengths in the 2002 trials (23.5/64 and 22.9/64 at Aitkin and Ke11iher, respectively) 
were slightly greater than the trial averages in 2001 (22.3) but similar to 2000 (23.3). However, 
there were a few key differences. Likewise, overa11 seed width in 2002 (4.3/64 and 4.2/64) was 
slightly greater than in 2001 (4.0), but similar to 2000 (4.2). These indicate that 2001 may have 
been an unusual year, manifesting sma11er than usual seeds. 

The percentage of long-grain in A-grade averaged 92% in 2002, considerably higher than the 
percentage reported in 2001 (86%), and slightly higher than in 2000 (90%). However, the 
numbers reported this year are based on volume, not number of seeds fa1ling into each class. 
When 2001 data were analyzed again on a volume basis, each variety had a significantly higher 
percentage (data not shown). This would be expected, since the larger seeds contribute more 
volume to the total than the smaller seeds. 

As indicated earlier, seed volume would be an indicator of seed weight or mass, and seed surface 
area to volume ratio could have some value in predicting seed hydration (thus, cook time), as 
indicated in last year's report. The longer and nan-ower a seed is, the greater the surface area in 
relation to its volume, and the more water should be able to pass through the seed coat into the 
interior of the seed to hydrate it. 

Most of the actual seed dimensions were measured quite accurately, at least as indicated by the 
low LSD and CV values. Differences in length of at least 1.2/64 or 0. 7 /64 were significant. 
Differences in width of 0.2/64 and 0.1 /64 were also significant. However, grading percentages 
were less accurate, with 9% or 7% differences being significant. Seeds longer than 24, 26, or 
28/64 were progressively less useful for distinguishjng among varieties. 

PBM-C6, or Itasca, was still the variety with the shortest seeds, but none of the varieties at each 
location fell below 85% long-grain in A (except GIB-C9 at Kelliher), although Itasca was right at 
that level. PBM-C9, which has two cycles of selection for increased seed length, was 1.5/64 
longer than Itasca. It also had 95% long-grain in A at Kelliher, but only 85% at Aitbn. 
Conversely, 96F-l l l had similar long-grain in A (87 and 88%) but different average seed 
lengths (24.5 and 23.0/64) at the two locations. In fact, the overall correlation between seed 
length and long-in-A was very low (r2 = 0.28 and 0.38). Con-elations between seed length and 
the other size class percentages were even lower. Therefore, average seed length was not a good 
indicator of grade percentages this year. In 2001, this con-elation was high, over 0.80. This could 
not have been due to the change from number of seeds to volume described earlier, since the 
2001 data reanalyzed on a volume basis was similarly high. 

Petrowske Purple was 94 and 90% long-in-A in 2002. K2 Godward was almost 98% at Ajtbn, 
but the plant density was somewhat on the low side, perhaps resulting in larger seeds. K2-related 
varieties, along with NACH-B, PeB-3, and GIB-C9 tended to have a high percentage of seeds 
greater than 24/64 in. 
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Table 4 Seed size characteristics for 2002 variety trial at Aitkin, as estimated by 
,vinseedle© software, Regent Instruments. 

Seed Seed Seed Surf. area Long Length Length Length 
Entry length 1 width 1 volume 2 / volume in A 2 24/64 2 26/64 2 28/64 

64ths in. 64ths in. 3 .] %3 o// %4 %4 mm mm 

96F-111 C-Cl 24.5 4.5 18.2 2.50 87 45 23 8 
FSP5-C5 23.4 4.5 16.6 2.56 93 53 30 13 
FY-C8 23 .6 4.6 18.0 2.47 90 47 28 13 
GIB-C9 21.9 4.3 14.2 2.67 96 61 41 27 

K2EF-C3 23 .5 4.3 15.8 2.63 97 62 38 19 
K2GY-C2 23.6 4.3 15 .8 2.64 94 56 30 13 
K2 Godw 23 .1 4.4 15.9 2.59 98 57 27 12 
K2PiP-C4 24 .8 4.4 17.4 2.57 91 38 19 7 
NACH-B 22 .6 4.4 16.1 2.55 93 56 27 12 

NEBR-Cl 24.7 4.3 16.5 2.63 96 55 26 9 
P50-C3 22 .7 4.2 14 .8 2.66 87 40 19 6 
PBM -C6 22.4 4.2 14.6 2.67 86 49 28 15 
PBM-C9 23 .9 4.3 15.7 2.67 85 40 23 6 
PLAR-C7 23.9 4.3 16.0 2.63 93 52 27 12 

PM3E-C11 23 .6 4.3 15.5 2.64 95 47 25 10 
PS-C7 23.7 4.3 16.1 2.61 91 42 18 8 
PeB-3 24 .2 4.3 16.1 2.64 91 47 22 8 
Pet Pur 22.9 4.3 15.2 2.65 94 50 26 8 
VE-C2 24.3 4.3 16.2 2.64 93 47 23 11 

Mean 23 .5 4.3 16.0 2.62 92 50 26 11 
LSD.05 1.2 0.2 1.8 0.10 9 15 13 8 
CV 4% 3% 8% 3% 7% 28% 44% 64% 

1 Average of approx . 200 seeds x 4 reps. 
2 Based on the proj ected scann ed image assuming a circul ar cross-section for estimating depth. 
3 Long-grain A-grade seeds as a percentage of all A-grade seeds; based on volume, not number. 
4 As a percentage of total seeds measured, regardless of width; based on volume, not number. 
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Table 5 Seed size characteristics for 2002 variety trial at KeJJiher, as estimated by 
"'inseedle® software, Regent Instruments. 

Seed Seed Seed Surf. area Long Length Length Length 

Entry I width1 volume 2 / volume . A3 ~24/644 ~26/644 ~28/644 length m 

64ths in. 64ths in. mm3 -I % % % % mm 

96F-111C-Cl 23 .0 4.2 14.6 2.68 88 31 14 4 
FSP5-C5 23.7 4.1 14.9 2.72 88 41 19 6 
FY-C8 22.5 4.4 15.5 2.59 92 43 18 5 
GIB-C9 21.9 4.2 13.7 2.72 82 29 12 5 

K2EF-C3 23.2 4.1 14.3 2.73 95 42 18 5 
K2GY-C2 23.3 4.2 14.5 2.72 96 47 17 6 
K2PiP-C4 23.1 4.2 14.6 2.71 94 50 23 9 
NACH-B 23.2 4.2 15.0 2.66 96 49 19 8 

NEBR-Cl 22.4 4.3 14.6 2.67 88 36 15 5 
P50-C3 22.8 4.3 15.1 2.64 91 37 15 5 
PBM-C6 22.3 4.2 14.0 2.72 85 36 17 6 
PBM-C9 23.8 4.2 15.4 2.68 95 44 20 9 
PLAR-C7 22.6 4.2 14.4 2.69 91 41 19 5 

PM3E-Cl 1 23.0 4.1 14.4 2.72 90 45 23 8 
PS-C7 23 .5 4.2 14.7 2.72 93 45 19 7 
PeB-3 23.4 4.1 14.4 2.72 94 48 23 11 
Pet Pur 22.6 4.0 13.4 2.79 90 39 18 7 
VE-C2 22.8 4.1 13.8 2.76 95 45 19 6 

Mean 22.9 4.2 14.5 2.71 91 42 18 6 
LSD.05 0.7 0.1 I.I 0.09 7 14 IO 6 
CV 2% 2% 5% 2% 6% 24% 40% 61% 

1 Average of approx. 200 seeds x 4 reps. 
2 Based on the projected scanned image assuming a circular cross-section for estimating depth. 
3 Long-grain A-grade seeds as a percentage of all A-grade seeds; based on volume, not number. 
4 As a percentage of total seeds measured, regardless of width; based on volume, not number. 
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Narrow-sense (i.e., selectable) heritability of seed size 

Recently, growers, processors and marketers in Minnesota have expressed concerns about the 
reduced seed size of some newer varieties . A previous study focused on broad-sense heritability 
among Minnesota cul ti vars (Porter 2001 ). This follow-up study was initiated to estimate the 
additive genetic and GxE variability, narrow-sense heritability, and gain from selection in a 
short-seeded elite breeding population adapted to Minnesota. 

Materials and Methods 

Experimental design 

210 half-sib families of PBGl-C2, a noninbred breeding population undergoing half-sib family 
selection, were grown at 2 locations in 2001. Remnant parent seeds (avg. 39 intact seeds) were 
set aside for analysis. A sets in reps design was used: there were 7 sets of 30 families each, 2 reps 
per location. 

Families were grown as single-row plots 6 feet long, spaced 20 in. apart. For each plot, a single 
intact panicle ,>-.1as harvested from each plant in the row, up to a maximum of five plants per row 
(harmonic mean=2 .36). For 2 of the 7 sets (across reps and locations) each panicle from a plot 
was hulled and scanned separately (avg. 48 intact seeds). For other sets, 30 seeds from each of 
the 1 to 5 panicles of a row were combined for hulling and scanning (avg 52 intact seeds after 
hulling). 

Seed samples 

Seeds were oven dried at 55°C for several days, then heated to 93°C just prior to hulling with a 
McGill sample huller. Each sample ,vas scaimed on a flatbed scaimer and analyzed using 
WinSeedle software from Regent Instruments, !J1c. for length and width. Two and three 
dimensional estimates (surface area, volume) were based on the assumption that seeds had a 
circular cross-section. 

Analyses 

Estimates were analyzed using SAS System's Mixed Procedure with all effects random (Littell, 
1996). Components of variances were obtained directly from the analysis. Narrow-sense 
heritabilities for family means were calculated using the following fom1ula (Fehr, 1987): 

a ' where 2-¼ ' and a '= within plot variance. When calculated for 
'1 1

- ------- <rg- 4<Y, " 
- ai.l + a' /+ aJ, / + a' 

lkrl /ri /I • 
individual plant selection, all the a: was available (not just 1/4), but k, r, and l were 1. For 

individual plant selection heritability within umeplicated plots or grids, the c/ term (plot-to-plot 

variability) was eliminated. 
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Results and Discussion 

In spite of the fact that the variety from which these families were derived has noticeably shorter 
seeds than other varieties, there is still considerable variability for seed length, as shown in the 
analyses (Tables 6 and 7). Additive genetic variance (4X variance among families) was at least 
an order ofmagnHude higher than GxE (LOC*FAM), which was essentially zero in some cases. 
Location variances were also an order of magnitude less than additive genetic variances, as were 
variances due to sets. Variance due to location did not appear to contribute towards much of the 
variation in seed size. Other unaccounted-for non-genetic or non-additive genetic sources may 
have contributed more. Within-plot variance (residual) was considerably higher than what would 
be expected if it were only 3/4 of the additive genetic variance. 

Heritabilities were moderate, most notably for seed length (0.59), which is the trait of most 
relevance. A previous estimate of narrow-sense heritability for seed length (measured using a 
mechanical size-separator) was 70% (Wandrey 1988). That study was only in one location, so 
GxE variance was confounded with genetic variance, probably inflating estimates. Surface area, 
volume, and length appear to have the similar heritabilities; seed width is considerably less 
heritable, perhaps due to differences in grain fill within panicles after full elongation was 
attained. Wildrice exhibits considerable differences in seed maturation rate even within panicles. 
As expected, narrow-sense heritability for seed length was not as high as the broad-sense values 
of 82-87% calculated in the previous study (Porter 2001 ). In both studies, heritabilities were 
based on more than one location to avoid GxE inflation of the estimates. 

The much higher values for broad-sense heritabilies points to either (a) greater additive genetic 
variability for seed size in most other varieties, or (b) significant non additive genetic variability 
for seed size (dominance or epistasis). The latter is borne out by the relatively high within-family 
variance. In addition, regression of means ofhalf-sib families (estimated across locations) on 
their maternal parents resulted in another estimate of heritability (0.67), which was somewhat 
higher than the heritability calculated using the variation among half-sib families (0.59). If not 
due to experimental error, the higher value could be explained as an indication of additive by 
additive epistatic genetic variation, or more simply, the interaction of different genes that 
respond to selection with each other to produce additional gains in selection. 

Expected gains from selection (~G) for seed length are at least 0.4 mm (or 1.0/64 in.), if carried 
out on individual plants (Table 6), or as much as 0.5 mm (1.3/64 in.) when selected among 
families, replicated across locations (Table 7). When all the families were analyzed, heritabilities 
and gain from selection were higher than when only two sets were analyzed. 

The moderate heritabilities in this study might suggest the need for progeny testing (i.e., using 
family selection). Although maximum gain can be made by combining within and among family 
selection, this must be balanced with the time required in obtaining, preparing, and analyzing the 
seed samples. Individual plant selection at one location (or alternating locations from one cycle 
to the next) would be the easiest, but may not be the most effective means of developing varieties 
with desired seed characteristics that would be stable over environments. However, it would 
enable progress to be made at the rate of one cycle per year. Testing bulk samples from half-sib 
rows promises the greatest gain for seed length, but only if selected remnant seed could be 
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planted out and recombined in the winter to allow one cycle per year. Unfortunately, strong 
dormancy in wildrice makes this option impractical. 

Table 6 Seed size variance components, beritabilities, and gain from selection from 
in div. plant measurements of 60 balf-sib families of PBGI-C2. 

Variance component, heritability, or l1G 

Length Width Volume Surface area 
Effect (mm) (mm) (mm3) (mm2) 

LOC 0.0033 0.0004 0.0000 0.0000 
SET 0.0000 0.0004 0.0000 0.0000 
LOC*SET 0.0000 0.0000 0.0000 0.0000 
REP(LOC) 0.0154 0.0002 0.2855 0.7176 
REP*SET(LOC) 0.0396 0.0000 0.1634 0.9922 
FAM(SET) 0.1128 0.0016 1.4840 4.9339 
LOC*F AM(SET) 0.0196 0.0000 0.2063 0.9097 
REP*F AM(LOC*SET) 0.0345 0.0007 0.0000 0.1256 
Residual 0.7969 0.0205 11.3016 32.5443 

heritability (indiv. plant) 0.47 0.27 0.46 0.51 
heritability (plants in plots) 0.49 0.28 0.46 0.51 
heritability (progeny mean) 0.52 0.40 0.53 0.56 

l1G (10% of in div. plant) 0.40 0.04 1.45 2.79 

l1G (10% of plants in plots) 0.41 0.04 1.45 2.80 

l1G (10% of families) 0.43 0.04 1.56 2.91 

6G (10% plants in 10% fams) 0.52 0.05 1.87 3.58 
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Table 7 Seed size variance components, beritabilities, and gain from selection from 
measurements on whole rows of 210 balf-sib families of PBGI-C2. 

Variance component, heritability, or ~G 

Length Width Volume Surface area 
Effect (mm) (mm) (mm3) (mm2) 

LOC 0.01383 0.00005 0.00000 0.00000 

SET 0.01215 0.00009 0.18961 0.69204 

LOC*SET 0.00000 0.00023 0.07625 0.00000 · 

REP(LOC) 0.00453 0.00021 0.10576 0.29363 
REP*SET(LOC) 0.01777 0.00000 0.00000 0.32238 

FAM(SET) 0.13906 0.00233 1.47502 4.87987 
LOC*F AM(SET) 0.00000 0.00000 0.13283 0.35890 

Residual 0.38802 0.00859 4.59657 14.64166 

heritability (progeny mean) 0.59 0.52 0.55 0.56 

~G (10% of families) 0.50 0.06 1.58 2.90 
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