











room temperature tor various lengths of time berore storage
in cold (2° C) water.

Length of drying period

on labortory bench '~ Grain moisture Germination

hr % 7%

0 39 37
0.5 39 47
1.0 37 59
L.5 37 47
2.0 37 43
3.0 36 45
4.0 35 52
5.0 34 52
6.0 29 50
18.0 24 47
44,0 12 37
116.0 8 17
LSD (0.05) 5 13

Allowing the seed to dry on a laboratory bench up to 44 hours and down to 127
moisture before storage in water did not affect germination the following
spring. However, drying the seed longer and below 127 moisture significantly
reduced germination. It appears that some air drying of the seed at room
temperature before storage in water will not reduce viability if the seed
doesn't dry down below 12% moisture. Previous work indicated that drying seed
below 30% moisture in the spring after storage in water and dormancy was broken
reduced germination substantially. This experiment was repeated in the fall of
1985 and germination will be checked in the spring of 1986.

Some of the same seed was also allowed to remain in plastic mesh bags (15 lbs
each) on the laboratory bench and seed samples were removed every 3 days for
grain moisture determination and some seed samples were stored in water until
the following spring. The temperature in the center of the bags went up to 48°
C (L18° F) after 6 days (Table 13). These temperatures did not appear to hurt
germination; however, in larger bags the temperature may be substantially higher
and could affect seed viability. Seed moisture in the bags did not drop as
readily nor as low as the seed in a thin layer on a bench. Seed moisture only
decreased to 22-247% after 18 days in the bags. A considerable amount of mold
growth was evident on the seed after 6 days in the bags. If seed is to be kept
in bags for even a short while the seed should be immediately cooled and kept
wet.



mesh bags for various lengths of time at room temperatcure peruvre
storage in cold (2° C) water.

Length of time

in mesh bags on Room Temperature Seed

laboratory bench temperature of seed in bag moisture Germination

days c°® (F°) c ey % 4

0 27 (81) 30 ( 86) 39 37

3 27 (81) 37 £ 99) 38 37

6 27 (81) 48 (118) 28 30

9 24 (75) 44 (111) 32 22

12 22 (72) 29 ( 84) 23 36

15 24 (75) 29 ( 84) 22 23

18 23 (73) 27 ( 81) 24 43

LSD (0.05) 8 NS

oae

In the fall of 1985, seed samples were hand harvested from 12 different fields
of the K2 variety. In addition, seed samples from the grower's combine in the
same fields were collected, All of the samples were immediately put into water
and taken to St. Paul to store in a cooler at 2° C, Seed germination in the
spring of 1986 will be compared for the hand and machine harvested samples. In
addition to the 12 fields of the K2 variety, both hand and machine harvested
seed samples were collected from 3 fields of the variety Voyager. Germination
in the spring of 1986 of these samples will be compared to the K2 variety
samples.
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WILD RICE BREEDING--1985

R.E. Stucker, G.L. Linkert, P.M. Hayes, G.G. Wandrey and Tri Hutomol/

Results from 1985 wild rice breeding experiments are in varying stages
of analysis ranging from near completion for the tiller synchrony research
carried out by P.M. Hayes as part of his Ph.D. program, to just beginning
for seed size research initiated by the project and G.W. Wandrey as part of
his Ph.D. research. Tri Hutomo is nearing completion of a selection pro-
gram (in the population cross of Dwarf x Johnson) which is part of his
Master of Science degree requirements. The genetic shift experiments may
be considered in a preliminary stage of analysis.

The 1985 season can be considered a success by wild rice standards
since none of our experiments were a complete loss. On the other hand, we
were generally disappointed by the quality of several of the experiments at
Excelsior. We find this particularly frustrating in view of the intensive
inputs and care given to those experiments. We prefer to blame the effect
of the location, late planting and paddy variation. None-the-less, we must
begin serious consideration of abandoning the breeding research in the
Minneapolis/St. Paul area in favor of a more northerly site,

The dwarf population released as 'Meter' is continuing in increase by
Minnesota Crop Improvement. The first increase of approximately 5 acres
resulted in around 800 lbs of green seed. It will be used to seed another
15 acre site from which seed should be available to other growers in the
fall of 1986. The variety continues to be very early, short and low in
yielde Early bird damage is likely to be a severe problem.

SELECTION FOR TILLER SYNCHRONY
(P.M. Hayes)

In an effort to increase recoverable yields of wild rice, we have
selected for tiller synchrony, the uniform within-plant development of
tillers and mainstem. OQur rationale is that mainstems mature and shatter
before tillers mature; reducing the opportunity for mainstem shattering
would allow the producer to recover a greater percentage of the actual
yield.

l/Professor, Junior Scientist, Research Assistant, Research Assistant, and
Graduate Student, respectively, in Department of Agronomy and Plant
Genetics.



selection because of the difficulty encountered in selecting for shattering
resistance beyond that conferred by the two gene system present in 'non-
shattering' cultivars. Such selection can be effective, as demonstrated by
the research of Everett, Boze, and Stucker, reported in previous Wild Rice
Research Bulletins. However, concerns regarding the efficiency of the
tensile strength meter selection process prompted our tiller synchrony
selection effort.

Synchrony of heading date was chosen as our measure of tiller syn-
chrony based on the assumption that within-plant differences in heading
date would reflect comparable differences in maturity. This assumption
will require validation. However, heading date is a stage of plant devel-
opment in wild rice that can be more objectively scored than maturity date.

Observation and published research indicated that there is variation
for heading date synchrony in wild rice populations, but this variation has
not been quantified nor has the inheritance of tiller sychrony been deter-
mined. Our first step was to characterize heading date synchrony, estimate
its heritability, and predict what gain we would make selecting for the
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trait. We also determined its association with other agronomic traits. We
have completed two cycles of characterization and selection (1984 and
1985). The second stage of our research involved evaluating the progress
from one cycle of selection and determining the impact of plant density on

synchrony expression. One cycle of evaluation (1985) was completed.

The study was initiated in replicated sets of half-sib families
derived from the cultivar Voyager. One of these sets, or populations, has
been selected for synchrony and will here-in be referred to as the synchro-
nous (SYN) population. A second population has been maintained without
selection and will here-in be referred to as the control (CONT) popula-
tion. A third population, developed through one cycle of visual mass
selection for asynchrony, will be referred to as the asynchronous (ASYN)
population.

Two indices of heading date synchrony that have been discussed in the
literature, synchrony range (SR) and synchrony measure (SM) were used.
Synchrony range is computed as the difference in heading date between the
last tiller measured (in our case the third tiller) and the heading date of
the mainstem. Synchrony measure takes into account the values for inter-
vening tillers, and is defined as the number of cumulative days between the
heading date of the mainstem and the third tiller. In 1984 we measured
heading date synchrony at two stages in the development of the protogynous
wild rice inflorescence. The female stage (F) was considered the date of
first pistillate spikelet emergence; the male stage (M) was considered the
date of complete panicle extrusion from the boot., These indices will here-
in be referred to as female synchrony range (FSR), male synchrony range
(MSR), female synchrony measure (FSM), and male synchrony measure (MSM).
Based on 1984 data, we determined the male stage was most suitable for
assessing synchrony and did not measure heading date at the female stage in
1985.

The SYN and CONT populations were planted in separate four-replicate
blocks—-in-replicates designs at Rosemount in 1984. The SYN population
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three tillers of two randomly chosen plants were recorded. The aforemen-
tioned synchrony indices were then computed for each plant, and subsequent
analyses calculated on plot means.

Based on heading date synchrony indices, the ten most synchronous
families were selected from the 1984 SYN population for evaluation in a
gain from selection experiment. Among and within family selection was then
practiced to develop 100 half-sib families for the next cycle of character-
ization and selection. Families and then plants within families were
chosen at random from the CONT population, giving a total of 50 half-sib
families for characterization in 1985. Bulks of the 1984 SYN, CONT, and
ASYN populations were formed as balanced composites of seed from each
family within each population; these bulks were included in the gain from
selection experiment.

Mean values for synchrony indices in the 1984 and 1985 SYN and CONT
populations are given in Table 1. These populations exhibit considerable
asynchrony of heading date when compared to published values for domesti-
cated cereals. For example, five tiller synchrony range values for barley,
wheat and oats ranged from two to four days; three tiller synchrony range
values for these wild rice populations are all in excess of 11 days.

The amount of heritable variation for heading date synchrony in these
populations is encouraging; we can expect to make progress by selecting for
greater synchrony. Heritability estimates for heading date synchrony
indices, and associated 90% confidence limits, for the 1984 and 1985 SYN
populations are given in Figure 1. The moderate size of the heritability
estimates indicates that response to selection would be modest, a conclu-
sion borne-out by estimates of predicted gain from selection. These gain
estimates indicate that one cycle of selection could lead to a 0.5 day
reduction in the difference between the heading date of the third tiller
and mainstem. A long term selection effort without a reduction in genetic
variance would thus be required to achieve complete synchrony in these
populations.

As mentioned earlier, an underlying assumption of our research was
that within-plant differences in heading date would reflect comparable
differences in maturity. The differences in tiller and mainstem maturity
were recorded, on a plot basis, in the 1985 SYN and CONT populations. Mean
maturity synchrony ranges in these populations were 10.7 and 12.1 days,
respectively. The close correspondence of these values with the heading
date synchrony ranges given in Table 1 suggests that the difference between
heading date and maturity is relatively constant for mainstems and tillers.
Heritability estimates for maturity synchrony were comparable to those for
heading date synchrony. However, different families were identified as
synchronous at the two stages of development, as indicated by the low
correlations (Table 2) between indices at the two stages. Further research
is thus needed to document the relationship of heading date synchrony with
maturity synchrony and increased recoverable yield.
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2) are consistently low. If synchrony were correlated with yield per se,
the correlation would be negative; a low synchrony index value indicates a
high degree of synchrony. In most cases, heading date indices at a given
stage of inflorescence development ‘accounted for about half the variation
observed in indices at the other stage. The very high correlations between
indices at a given stage of inflorescence development were not surprising,
given the common basis of the indices, and they indicate the more readily
obtained synchrony range may be as effective as synchrony measure in eval-
uating and selecting for tiller synchrony.

GAIN FROM SELECTION

The ten most synchronous families from the 1984 SYN population, the
SYN, ASYN, and CONT bulks, and Meter, an early short-stature cultivar
(formerly evaluated under the name Dwarf), comprised the entries in the
gain from selection experiment. The experiment was planted at two loca-
tions, Grand Rapids and Excelsior. A split plot restriction of a randomized
complete block design was used in order to examine the effect of plant
density on tiller synchrony expression. Within-row spacings of 15, 20, 25,
and 30 cm (approximately 6, 8, 10 and 12 inches) were considered whole-plot
treatments. The fourteen populations were considered sub-plot treatments.
Two plants per sub—-plot were chosen at random, and the heading dates at the
male stage of panicle development were recorded for the mainstem and third
tiller (Grand Rapids) and mainstem and first three tillers (Excelsior).

Heading date synchrony was not affected by the plant density treat-
ments; mainstem yield, which declined in a linear fashion with increasing
density, was the only trait significantly affected. There were no popula-
tion x density interactions.

Population differences in heading date synchrony range and other agro-
nomic traits considered in this experiment were examined through orthogonal
contrasts, because variation rather than mean performance was of the great-
est interest.

Differences in synchrony range between selected populations and bulks
were highly significant but small, an expected finding in view of the low
predicted gain. The most synchronous population was Meter, at 9.8 days
difference between main stem and third tiller. Synchrony range values for
the selected populations ranged from 10.4 to 12.1 days. The most asynchro-

The low correlations between heading date synchrony and other agro-
nomic traits encountered in the characterization and selection experiments
were substantiated in this evaluation. Substantial variation for plant
height, mainstem yield and total yield was retained in the selected popula-
tions. Phenotypic correlations among traits (Table 3) are comparable to
those in Table 2, giving us some confidence in our assertion that heading
date synchrony is not associated with other agronomic traits.

Mainstem yield accounted for 307 of the total grain yield at Excelsior
and 147 at Grand Rapids, a reflection of reduced tillering at the former
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1984 1985

Synchrony Population Population
index SYN CONT SYN CONT

- days - - days -
FsrL/ 12.7+1.9%/ W TE - -
MSR 13.5+1.3 14.1+1.6 11.9+0.9 12.8+1.0
FSM 30.3+2.7 33.5+3.2 — ==
MSM 32.6+3.0 33.7+3.3 29.3+2.1 31.1+1.4
1/

—"FSR, female syuchrony range; MSR, male
2/FSM, female synchrony measure; and MSM, ma
Z/Standard error of the mean.

hrony range;

=

e synchrony measure.

Table 2. Phenotypic/correlations in the SYN populationsl/ (above diagonal)
and CONT populationsz- (below diagonal) in 1984 and 1985. 1985 values in
parentheses.

FSR MSR FSM MSM Maturity Height Yield
synchrony
Fsr3/ 0.69 0.95 0.67 — 0.18 -0.21
(¢ =) =y . = 1 £ =3 (=) Lo B
MSR 0.74 0.65 0.94 - 0.06 -0.28
=} (- (0.94) (0.21) (0.02) (0.01)
FSM 0.87 0.53 0.69 - 0.19 -0.27
( =) (=2 X = o) £ =3 (=) 3= )
MSM 0.68 0.9 0.57 - -0.08 -0.29
(-) (0.95) { = ) (0.21) (0.02) (0.03)
Maturity
synchrony (=) (0.21) (-) (=) (0.16) (0.04)
Height 0.11 0.02 0.15 0.02 - 0.18
(-) (0.28) (=) (0.27) (0.40) (0.67)
Yield 0.17 -0.06 0.26 -0.04 - 0.62
(-) (0.26) £ =) KB35) (0.23)

(0.24)

1598 df: 1984, 1985.
2/38 df:1984; 48 df: 1985.

3/

FSR, female synchrony range; MSR, male synchrony range;
FSM, female synchrony measure; and MSM, male synchrony measure.
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msmL/

Plant Mainstem Tiller Total
height yield yield yield
Msr3/ 0.962/  -0.14 0.19 0.19 0.20
Plant
height 0.68 0.66 0.68
Mainstem
yield 0.86 0.89
Tiller
yield 099

L/Excelsior only.

2/4¢=11, cv. Meter deleted.
é-/MSR, male synchrony range; MSM, male synchrony measure.

Figure 1.

Narrow sense heritability estimates and their 907

confidence intervals for heading date synchrony indices in the SYN
populations in 1984 (above axis) and 1985 (below axis).

FSR
MSR

FSM

MSM

MSR

MSM

80 -- 90 -- 100

FSR, female synchrony range; MSR, male synchrony range;
FSM, female synchrony measure; and MSM, male synchrony measure.
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increased shattering resistance,

CONCLUSIONS

The wild rice populations examined in this study exhibit considerable
asynchrony when compared with reported values for domesticated cereals.
The presence of heritable variation indicates that heading date synchrony
is under genetic control, but progress from selection is likely to be
modest.

A question raised by this research is whether selection for synchrony
represents an appropriate allocation of resources in our continuing effort
to domesticate wild rice. Synchrony range and synchrony measure are labor
intensive selection criteria to implement, and limited sampling can pose
problems in estimation of genetic variances. The ideal criterion would be
one that measures maturity synchrony on a family basis rather than on a
plant basis.

The lack of correlation between synchrony indices and other agronomic
traits indicates that variation for other traits can be retained in a
synchrony selection program; conversely, synchrony will not be achieved
through continued selection for plant height or yield per se.

GENETIC SHIFT EXPERIMENTS

Because of an apparent change in maturity of K2 relative to Voyager
and Netum in 1984 in our trials, I wondered if the grower source of a
variety was an important factor in its performance. In order to evaluate
how much a variety may change because of where it is grown, 1 collected
samples of seed from growers' combines in the fall of 1984 and evaluated
the performance of the samples in an experiment in 1985 called the genetic
shift trial. Samples were stored in our cold room over winter.

Fourteen entries were evaluated in a randomized complete block design
at three locations. A test was fall-planted at Dick Brink's paddies at
Deer River and tests were spring-planted at Grand Rapids and Excelsior on
May 1 and May 22, respectively. We noted large differences in percent
germination following storage over winter, differences that were not ap-
parent in the trial at Brinks. The fourteen entries were comprised of 8 K2
sources, 3 Netum sources, 2 Voyager sources, and Ml. The results from the
Grand Rapids and Excelsior tests are presented in Tables 4 and 5, respec-
tively. The two tests do not compare well although a combined analysis of
variance indicated that the entry times location interaction was not sig-
nificant. The Excelsior data were of poorer quality than the Grand Rapids
data and until more thorough analyses have been completed, the Grand Rapids
data will be emphasized. Based on the % dry weight at harvest, the trial
was harvested too early; close to 657 dry weight is desirable at harvest.

The LSD (.05) value indicates that two varieties which differ by more
than that amount are likely to be significantly different in performance.
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Y« Genetic shift evaluation test, Grand Rapids 1985.

Sourcel/ Plant % Dry Floweringg/ Harvestgj Plants Stems Yieldéf Yield %
7 code height weight date date per plot per plot (green) (dry) Germin
——1b/A—-
1 190 59.2 50 87 48 169 1,870 e 33.
2 185 57.1 52 87 48 158 1,462 877 43,
3 186 56.0 53 86 32 135 1,270 762 46 .
5 186 54.5 54 87 36 157 1,390 833 26,
6 185 58.6 49 87 31 133 1,438 862 79.
7i 181 54.4 55 87 22 110 1,143 685 21.
9 187 58.5 49 83 64 190 1,230 738 12.
11 184 58.2 53 87 50 153 1,702 1,020 70.
4 189 61.6 44 83 28 138 1,454 872 41.
10 182 63.1 41 83 38 155 1,518 910 20.
12 178 60.0 48 83 41 145 1,326 795 78.
8 170 59.7 47 83 44 163 1,502 901 19.
13 179 56.7 51 87 23 102 1,214 728 | 98
14 187 54.5 54 87 46 132 1,183 709 15.
)5) 11 Aois 3 — 14 33 396 238

.es from different fields.
after June 1.
1 weight yield at 407 moisture.



ible 5. Genetic shift evaluation test, Excelsior 1985

Sourcei/ Plant % Dry Floweringg/ Harvestg/ Plants Stems Yieldgj ¥ i
iriety code height weight date date per plot per plot (green) (d
—=1Ib/A——
J 1 1132 64.2 53 88 36 125 903 5
] 2 Ji22 63.2 5el 90 37 149 943 5
: 3 134 63.5 53 89 30 120 879 5
! 5 133 62.0 52 87 33 . 144 . 983 5
) 6 136 623 52 86 30 144 1,047 )
2 7 128 61.8 55 89 21 86 679 4
2 9 122 60.9 50 84 44 161 791 4
2 11 131 62.9 54 86 41 142 1,087 6
atum 4 118 62.6 45 86 25 80 583 3
2tum 10 108 64.1 45 87 27 83 503 4
atum 12 124 63.6 50 84 30 110 767 ]
oyager 8 L5 64.4 46 86 37 3 927 :
oyager 13 124 63.5 52 87 26 95 12y L
1 14 138 63.1 56 91 28 109 879 L
SD (15 13 NS 2 s 8 33 293

/Samples from different fields.
Y Days after June 1.
i/ Green weight yield at 40% moisture.
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significant differences is much more complex. Source 1 was significantly
better than all other K2's except source ll. Source 11, on the other hand,
was significantly better than sources 3, 7, and 9. Differences in height
among the K2 sources were not significant, but maturity differences meas-
ured at flowering were significant. Source 7 was the latest K2 and sources
6 and 9 were the earliest.

The differences among yields of the Netum sources were not significant
but height and flowering date differences were significant. Similarly, the
two sources of Voyager had significantly different flowering dates. Based
on % dry weight at harvest, I suspect that Voyager 13 was much later in
maturity than was Voyager 8. Similar differences in maturity were indi-
cated in the Excelsior results. A logical conclusion from the results is
that in as little as 2 generations, significant geunetic shift for maturity
has occurred in Voyager. The K2 sources had been grown for at least 3
generations after their original source; significant shift has occurred
there as well. The results of this experiment need additional considera-
tion before definite conclusions are developed. Nevertheless, I believe
the message is clear for growers seeking seed sources; we as an industry
need certified seed producers. Even so, a generation or two from the
original seed source can make significant changes in the genetic potential
of the variety. Unlike other annual crops, the genetic shifts can occur in
your own paddy due to shattering losses. The % germination values in Table
4 are also particularly disturbing but require greater research before
additional comment.

INHERITANCE OF SEED LENGTH
(G.G. Wandrey)

Two aspects of variation for seed length in wild rice will be con-
sidered by G.G. Wandrey. 1In the first experiment, he is evaluating seed
length in half-sib families to obtain estimates of genetic and environ-
mental variation and to complete a cycle of bi-directional selection for
seed length. One hundred and forty-five half-sib progenies of K2 were
grown in a sets—in-replicates design at Excelsior. Measurements of
seed length have been completed and analyses are in progress. A second
experiment will involve estimates of variation in seed length among four
cultivars of wild rice. The first year of that portion of the research
will involve evaluation of the materials in the genetic shift experiment.
In addition to evaluating variation in seed length in different sources of
the same variety, we will obtain estimates of genotype x environment inter-—
action. Some crosses have been made between shattering and non-shattering
materials to provide a basis for some longer term experiments on seed
length research. The bi-directional selection approach can result in short
seed length cultivars for seed mix markets and longer seed length selec-
tions for pure rice markets. Estimates from the above experiments will be
used to plan the longer-term selection work.



(Tri Hutomo)

The plant breeding project at the Minnesota Agricultural Experiment
station has selected for early maturity in attempts to minimize harvest
losses. Good progress has been made for increased earliness, which has
been found to be associated with short plant height (see 1983 Wild Rice
Breeding Progress Report). However, early maturing and short plant height
cultivars, as in the newly released wild rice 'Meter' (1984 Wild Rice
Progress Report), yield less than late maturing and tall cultivars. In
1980, a cross of the short early variety Meter and tall late variety
'Johnson' was made with the objective of combining the early short attri-
butes of Meter with the better yield of Johnson. The wild rice breeding
program made visual selections for a series of sub-populations from the
random mated population cross.

The objective of this study was to determine if visual selection for
plant height-maturity combinations could be effective in changing popula-
tion means for plant height, maturity, and primarily yield. Half-sib
families from within the population cross sub-populations were evaluated to
characterize the effectiveness of the visual mass selection for plant
height maturity combinations, and to provide a basis for deciding which
sub-populations would continue in the breeding program.

The experimental material consisted of 150 half-sib families selected
from the population cross between Dwarf (released as Meter) and Johnson (a
tall cultivar). The Dwarf population was developed by mass selection for
short plant height in 1980 in a population of short plants. Dwarf is
characterized as having very early maturity (57 to 69 days to harvest),
short plant height (95 to 140 cm), reduced foliage in the canopy, and low
yield. The Johnson cultivar was visually selected for less shattering
characteristics in 1963 in Mr. Johnson's paddy in Minnesota. Johnson is
generally described as having late maturity (77 to 93 days to harvest),
tall plant height (195 to 213 cm), and harvestable yield comparable to that
of the Dwarf cultivar.

The population cross was randomly mated for three generations without
selection. Appreciable variation in plant height and maturity was observed
within the random mated population. In the summer of 1983, visual mass
selection was used to develop three phenotypic sub-groups of families, i.e.
42 families of short plant height and early maturity (DJ-SE), 48 families
of short plant height and medium maturity (DJ-SM), and 60 families of
medium plant height and medium maturity (DJ-MM). The families, individual-
ly and as a group of families (three sub-populations) were evaluated in two
separate experiments, both conducted at the North Central Experimental
Station, Grand Rapids, Minnesota in summer 1984.

For the first experiment in 1984, the Preliminary Yield Trial (PYT),
the three sub-populations (DJ-SE, DJ-SM, and DJ-MM) were formed by bulking
a few seed from each family in the respective groups. The Dwarf x Johnson
population cross and a random control population were included, but the
populations were lost due to seed storage problems. The Johnson population



avallable. 'The Voyager variety and the Dwart (Meter) population were used
as checks. A randomized complete block design with six replicates was used
in the PYT. The entries were hand planted in two-row plots 3.0 m long with
0.6 m between rows in paddies on mineral soils.

In the second experiment, the Family Evaluation Trial (FET), the
performance of each family within the three sub-populations was evaluated
in a sets-in-replicates design with four replicates. There were 3 sets of
14 families from the DJ-SE sub-population, 3 sets of 16 families from the
DJ-SM sub-populations, and 4 sets of 15 families from the DJ-MM sub-popula-
tion. The families were hand-planted in single-row 1.8 m plots with 0.6 m
between rows. Plots were fertilized with 15 kg of nitrogen in form of
urea.

The characters measured in both experiments were plants per plot,
stems per plot, stems per plant, height, grain yield, and percent seed dry
weight., Harvest date was recorded in the PYT, whereas scoring systems for
maturity, flowering, and plant stand were used in the family evaluation
trial. In the PYT, plant height measurements were taken on ten random
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Yield in the PYT was measured as dry grain yield (included hulls), after
drying the wet grain at 60°C for 96 hours. In the FET, the yield of
families was expressed in wet grain weight; the grain was weighted immedi-
ately after harvest and no drying was done in order that the seeds could be
used for planting the next generation. Percent seed dry weight was cal-
culated using the formula % dry weight = (dry weight/wet weight) x 100.
Weights for this calculation in the FET were obtained from a sub-sample of
seed from each plot. The sample was weighed (wet weight), dried at 60°C
for 96 hours and weighed to get dry weight. 1In the PYT, percent seed dry
weight was calculated from dry grain weight over grain weight of each plot.
Harvest date in the PYT was recorded as days after June 1 to the date of
harvesting.

The general performance of the two experiments and growing conditions
were acceptable. However, some sets of the half-sib families in the Family
Evaluation Trial (FET) showed lower vigor than the other sets in the same
sub—-population, probably because of variation in soil texture within the
paddy. Low germination percentage and limited seed supply of a few half-
sib families resulted in very poor plant stand, and a few plots had no
surviving plants.

The results of the Preliminary Yield Trial (PYT) in 1984, designed to
compare the performance of the DJ-SE, DJ-SM, and DJ-MM sub-populations to
other selected entries, primarily to Voyager and Meter, are presented in
Table 6. The three sub-population on the average were 35 to 45 cm taller
than Meter; they were later in maturity and considerably better in yielding
ability. The DJ-SE sub-population was significantly shorter than Voyager
and yielded less, but the other two sub-populations were not significantly
different from Voyager in plant height and yield. The reduction in plant
height and increase in earliness of DJ-SE compared to Voyager along with
yielding ability similar to Voyager were three important features sought
from the Dwarf x Johnson cross population. The similarity of DJ-MM and DJ-
SM to Voyager is encouraging; reasonable progress appears to have been



Table 6. Results of the 1984 Preliminary Yield Trial (PYT) at Grand Rapids (6 replicates).

Characteristics Harvest 1/

Entry - A

Plants Stems Stems Plant Dry weight % Dry

per plot per plot per plant height yield weight

(cm) (1b/A)
Voyager 27 173 6.5 168 798 62.7 ™
DJ-MM 70 199 2.9 165 869 64,2 76
DJ-SM 69 239 3.5 163 956 64.2 76
DJ-SE 71 223 3.2 155 742 66.2 72
Meter 3/ ol 133 5.9 120 u79 76.1 69
2/
LSD (0.05) = 32 1.0 10 149 1.5

1/ Days after June 1.

2/ Other entries in the PYT resulted in error d.f. of U45.

3/ The Dwarf population (experimental name) was released in 1984 under the name Meter.



mass selection for plant height-maturity combination was effective in
changing population means for plant height and maturity (DJ-SE). The
difference in number of plants per plot (low for Voyager) makes yield
comparisons of questionable value.

The results of the Family Evaluation Trial (FET) are presented in
Table 7. Apparently, the DJ-MM sub-population was significantly taller and
later in maturity than the DJ-SE and DJ-SM sub-populations. However, the
difference in wet grain weight (yield) between the DJ-MM and DJ-SM sub-
populations was not significant. The lower plant stand score in the DJ-MM
sub-population indicated better plant stand relative to the other sub-
populations. DJ-SM sub-population means for plant height, maturity and
yield were intermediate between the DJ-SE and DJ-MM sub-populations. The
results in the PYT (Table 6) differed somewhat for yielding ability of the
DJ-SM sub-population. There, the DJ-SM yielded more than the DJ-MM sub-
population although the difference was not significant. The discrepancy
between the two experiments could be due to paddy differences and/or chance
variation. As in the PYT, the results in the FET showed that the DJ-SE
sub-population flowered and matured earlier than the other two, but was
substantially the lowest in wet grain weight (yield) and was the shortest
in plant height.

The variance components estimates are presented in Table 8. Estimates
of error variance (OZ) were higher than estimates of genetic variance "
F(S)) for stems per plant, plant height, flowering score, maturity score,
and” percent seed dry weight (except in DJ-MM). The larger magnitude of oé
for these characters could be attributed to a large sampling error and lack
of uniformity in the paddy. The data provided evidence of significant
genetic variation for characters tested and implied that improvement
through selection is possible.

Estimates of heritability were calculated as the ratio of family
genetic variance to phenotypic variance of family means (Table 9). Herita-
bility estimates appeared to be high (0.75 or greater) for plants per plot,
stems per plot, plant stand, and wet grain weight (yield) and indicate that
continued selection should be effective. High heritability estimates for
wet grain weight (yield) in wild rice was also reported by Stucker et al.
(1984 Wild Rice Breeding Progress Report) who suggest that the high herita-
bility estimates for grain yield in wild rice is due to the fact that wild
rice is relatively unselected for grain yield.

Heritabilities for stems per plant, plant height, and flowering dif-
fered in three sub—-populations and were generally lower than those for four
characters previously mentioned. The lower than expected heritability
estimates for plant height in the three sub-populations may be an indica-
tion that genetic variation for plant height was reduced somewhat by mass
selection for plant height in the previous generation. Even though mass
selection may have reduced the genetic variance relative to that in the
unselected population, there still appears to be ample genetic variance for
additional height selection to be effective. Apparently, reasonable prog-
ress in improving this character could be made through half-sib selection.



Table 7. Means for characters studied in the DJ-MM, DJ-SM, and DJ-SE sub-populations in the Family
Evaluation Trial (FET) in 1984,

Characteristics

Sub-population
i Plants Stems Stems Plant Wet grain % seed Flower- Maturity Plant

per per per Height weight dry ing score stand

plot plot plant (cm) (g) weight score score
DJ-MM 066’ ¥a  Sia WBla 1Woa 67.0a 2.2a 31a 2.7
DJ-SM 10.2 ab 50 a 6.1b 147 b 93 a 68.6 b 1.9b 2.7b 3.0
DJ-SE ' 8.9 b 37T b 4.4 e 138 ¢ 74 b 68.3 ab 1.5 b 2.3 ¢ 33

1/ Means followed by different letters are significantly different based on a t-test (¢=0.05).





