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Introduction

Underdeveloped® sugarbeet seeds may be defined as: “Those
fruits having either completely empty (seedless) cavities or hav-
ing partially developed shrunken seeds.” Fruits with under-
developed seeds have a direct effect upon the germination po-
tential of a seed lot, although they cannot be visibly detected
from completely filled fruits. In 1967, underdeveloped seeds
were reported to be the primary factor contributing to low
germination in Oregon-grown sugarbeet seed (14)

Even though these underdeveloped seeds are presently con-
sidered to be a serious problem, little information has been re-
ported on their occurrence in either multigerm or monogerm
sugarbeet lots. Seedlessness has been reported in other crops,
however, and has been noted by some researchers in sugarbeet
seed. Grimm (4) found that the number of filled and empty
seedballs can be determined by X-ray examination. Hogaboam
(9) confirmed Grimm’s techniques and found that in 19 mono-
germ plants examined, all contained some seedless or empty fruits
which ranged from 2 to 35%. Hogaboam (9) also reported
variation in embryo and perisperm development. Some seeds
had a fully developed perisperm but an underdeveloped embryo,
while in other seeds the opposite development was observed.

Other cases of empty seedballs or seedless ovarian cavities
have been noted by researchers when conducting studies on
problems of sugarbeet seed germination. Hogaboam and Snyder
(10) found 10% seedless ovarian cavities of seedballs examined
in sizing experiments. They also noted that the fruit size, whether
it be diameter or thickness, was a poor indicator of the contents
of the ovarian cavity. Processors of sugarbeet seed have been
aware of empty or hollow seedballs for many years and have
attempted to determine the number present in a lot by the
“crack” test. This test involves cracking the seedball with a
hammer on a heavy steel plate after which the contents are
examined for internal seed development (16).

1 Technical Paper No. 2558, Oregon Agricultural Experiment Station. This work was
done under a project supported by the Beet Sugar Development Foundation.

2 Assistant in Farm Crops and Assistant Professor, Seed Laboratory, Oregon State Uni-
versity, Corvallis, Oregon, respectively.

3 Previously referred to as undeveloped seeds by author (14, 15).

4 Number in parentheses refer to literature cited.
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This study was conducted to evaluate the over-all problem
of underdeveloped seeds, The research objectives were:
1. Evaluation of methods for determining underdeveloped
seeds,
2. Determination of the location of underdeveloped seeds
on a }Eam
Investigation of the effects of final processing on the
removal of underdeveloped seeds.
4. Survey of the magnitude of underdeveloped seeds in
the major sugarbeet sced production areas.

[]

Materials and Methods .

To accomplish the objectives outlined, four separate studies
were conducted hearing on each objective.
Study 1. Fualuation of Melhods

Mecthods used to determine underdeveloped seeds were: 1)
Excision method; 2) Neray technique; and 3) Germination-cut-
ting method. All three methods were conducted on 10 lots of
monogerm sugarbeet seed which had routinely germinated less
than 85%.

The excision method was conducted on four 50-seed replicates
of each lot. "The tvue (naked) seed was removed from the sugar-
beet fruit and germinated under standard conditions. This was
accomplished by cutting the edge of the pericarp with a razor
blade or scalpel after which it was spread apart and the seed
removed. Ounly one replication (50 seeds) was excised at a time
due to the slow, tedious procedure of this method.

After excision, the naked seeds were placed in two classes:
good and underdeveloped. The good class consisted of seeds
which were firm, filled and convex in shape. T
class consisted of either no seed development {fruit cavities were
completely empty) or shrunken seeds. The shrunken class in-
cluded seeds that were fattened or concave in shape and hlled
less than half ol the fruit cavity. Alter removal, both the good
and underdeveloped classes were germinated {ollowing standard
procedures as prescribed by the Association of Of ;(1;11 Seed
Analyst Rules (2). Daily genmnination counts were made on the
excised seeds for 14 days after which the number of normal
seedlings of both classes and the number of non-germinated
underdeveloped seeds were recorded.

The X-ray technique involved the radiographing of sugarbeet
fruits and evaluating the radiographs for internal seed develop-
ment. The method used in this study was similar to methods
previously proposed by Grimm (4) and Hogaboam (9). A Victor
Sell-Rectifying Mobile X-Ray Uit having an oil-immersed tube
with 2 Bﬂ:r;hwm windew wes used to take the radiographs. The
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Figure 1.—Radiograph of monogerm sugarbeet seeds showing empty (e),
shrunken (s) and good (g) seeds as determined by X-ray technique.
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unit was operated at 45 KVP and 3-4MA. The procedure fol-
lowed was to place the fruits on Industrial Type M film with
the seedcap facing down (against the film). The focal distance
was 18 inches and the exposure time was 10 seconds. Four 50-
seed replicates were radiographed for each lot.

Developed radiographs were examined and estimates of seed
development in each fruit were recorded into two classes, good
and underdeveloped. Seeds classed as good appeared lighter in
color on the radiograph and filled more than half of the fruit
cavity (Figure 1). Structural outline of the perisperm and embryo
can usually be seen in these good seeds. The underdeveloped
class included fruit cavities that were completely empty and
appeared dark colored on the radiograph. It also included the
partially developed shrunken seeds which filled less than half
of the fruit cavity or lacked perisperm or embryo development
(Figure 1).

The germination-cutting method involved hand cutting and
evaluation of fruits remaining at the final count of a 10-day
germination test. Eight 50-seed replicates of the 10 lots were
germinated following the hydrogen peroxide procedure (14).
At the final count, the fruits with ungerminated seeds were placed

Firm Shrunken Empty
“Ungerminated " Underdeveloped Seeds
Seeds

Figure 2.—Cross sections of internal structures of ungerminated seed-
balls examined at the final count of a laboratory germination test using
the germination-cutting method. Firm ungerminated seeds (on left) have
firm white embryo and perisperm. Underdeveloped seeds are either shrunken
(middle) or completely empty (on right).
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with the seedcap down and cut in half with a razor blade. The
halves were examined internally for sced development and sep-
arated into two seed classes, firm ungerminated and under-
developed. The firm ungerminated class included seeds which
fill more than half the fruit cavity and have white, chalky peri-
sperm and a firm white embryo (Figure 2). The underdeveloped
class included fruits having completely empty cavities or those
having partially developed shrunken seeds (Figure 2). The
seeds classified as underdeveloped (shrunken) were either dis-
colored and watery or filled less than half of the fruit cavity.

The percentages of underdeveloped seeds found by the three
methods were compared statistically and significant differences
between methods were determined using a Duncans Multiple
Range Test.

Study II. Plant Location of Underdeveloped Seeds

To determine the location of underdeveloped seeds on a
plant, investigations were conducted on 1) an entire plant, and
2) lateral branches only. Two monogerm varieties (variety I,
SL 126 x 128 and variety 2, F62-569H,) were utilized for both
the plant and branch studies.

Five plants which had the same date of anthesis were selected
from each variety for the plant evaluation studies. At maturity,
branches were harvested from eight locations on each of the
10 plants. The locations (Figure 3) were as follows: 1) The
main stem from the apex down to the first lateral branch (A):
2-6) One primary lateral including side branches from each of
five vertical locations on the main stem; Upper (U), mid-upper
(MU), middle (M), mid-lower (ML) and lower (L): 7) Several
secondary lateral brnaches taken from primary laterals at random
locations on plant (S); and 8) Several tertiary laterals taken at
random from secondary laterals on the plant (T). After removal
of similarly located branches from ecach of the five plants, they
were grouped into the eight groups for each variety and placed
on wire mesh screens to dry. When completely dry, the branches
of cach group were threshed and stored. A standard germination
test was conducted using eight 50-seed replicates for each location,
and the undmdcvdoped seeds were determined by the germina-
tion-cutting method.

Two-hundred lateral branches from 12 plants in each of two
varieties were used to determine the number of underdeveloped
seeds at different positions on an individual branch. All of these
branches had approximately the same peak flowering date and
number of fruits per branch (60-80). At maturity, the branches
were removed from the plant and the length of each branch
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Figure 3.—Diagram of sugarbeet plant indicating the location of
branches examined in Study I Main axil (A); Primary laterals (U, MU,
M, ML, L): Secondary laterals (8); and Terttary laterals (T'). Lowest branch
indicates the 10 adjoining groups examined on individual lateral branches.

was measured. After measuring, each individual branch was cut
mLo 10 equal sections (Figure 3 - lowest branch) with a razor
blade leaving the [ruits intact on the stem of each section.
Eventually the similar portions from all 200 branches were
grouped "ucordmgh into 10 groups. Group number one is that
portion of the lateral branch closest to the main axil, whereas
group number 10 is the extreme tip of the lateral branch. The
groups were dried on wire mesh trays after which the sceds were
removed and counted into eight 50-seed replicates for germina-
tion following standard germination procedures. U ndeld(—‘veloped
seeds were determined using the germination-cutting method.

Study 11, Effects of Final Processing
This study was conducted to determine if the final processing
procedures were removing all of the underdeveloped seeds from
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a lot. This final processing is completed by the sugar companies
and includes cleaning with air blast wmachines, decortication
and sizing procedures. Eight lots of seed having samples of both
unprocessed (natural) and completely processed fruits were ve-
ceived from three sugar companies for this study. The processed
fruits were in a size class which ranged from 8-10/64ths inch.
The underdeveloped seeds occurring in these 16 samples were
determined by the germination-cutting method.

Study 1V, Swrvey of Production Areas

A survey was initiated to evaluate the occurrence ot under-
developed seeds i Oregon-produced seed lots in 1965, Forty
seed lots which had been tested routinely for germination at the
Oregon State University Seed Testing Laboratory also were ex-
amined for underdeveloped seeds by cutting at the Linal count.
In 1966 and 1967, all sugarbect seed lots routinely tested were
examined for underdeveloped seeds using the germination-cutting
method. This included 138 seed lots in 1966, 41 of which were
seed for major commercial usage and the remainder from small
stock fields. In 1967, a towal of 108 seed lots were examined of
which 22 were considered commercially important lots.

This survey was expanded to the Arizona sugarbeet seed pro-
duction area for the 1966 and 1967 seed crops. In 1966, 10 seed
lots were examined for underdeveloped seeds using the X-ray
technique and in 1967, 20 seed lots were examined using the
same technique.

For both seed production areas data were kept on all samples,
and the yearly means were determined for the percent of under-
developed seeds. For the Oregon production area, yearly means
also were determined for percent germination and percent firm
ungerminated seed.

Results and Discussion
Study £, Evaluation of Methods .

Percentage of underdeveloped seeds as determined by the
excision method, X-ray technique and germination-cutting
method for 10 lots are shown on Table 1. There was no sig-
nificant difference between the three methods when the means
of all lots were compared. The percentages of underdeveloped
seeds, as determined by the excision imethod, were consistently
lower (9 of 10 lots) than those obtained by the other two methods.
However, this difference was significantly lower (5% level) for
only lot number 1. Xeray results were not significantly different
from germination-cutting results for any of the 10 lots examined.

The principal factor causing the lower values with the ex-
cision method was the germination of shrunken seeds occurring
in the underdeveloped class. It was observed that some shrunken
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seeds germinated after excision, whereas seeds of similar develop-
ment were Jound ungerminated by the germinating-cutting
method. It has been shown that the maternal tissue surrounding
the true seed mechanically restricts germination (13). It appears
that a similar vestriction prevented germination of shrunken
seeds in intact fruits when using the germination-cutting method.
These seeds did germinate, however, when excised from the fruit.
The X-ray results of the underdeveloped seeds compare closely
to the results of the germination-cucting method. This indicates
that structural seed development gives a good measure of under-
developed seeds present in a seed lot.

The excision method is a slow and tedious precedure which
requires nearly 3 hours for one replication of 50 seeds. Since
the method is time consuming and may give misleading results,
cannot be considered as efhcient or accurate as the X-ray or
germination-cutting methods for determining underdeveloped
sceds.

A cutting test can be conducted at the final count of a routine
germination test (germination-cutting method) or on dry seeds
prior to germination or processing. If conducted on dry seeds,
it would be similar to the “crack” test that has been used by
processors attempting to locate empty fruits while cleaning seed
lots. The primary difference between the cutting test and the
“crack” test is that each seed is examined for seed development
by the cutting test, and those seeds which are only partially
dweloped (\shluui\cn} are classified as underdeveloped. The
“crack” test involves lorcibly breaking the fruits with a hammer
and examining the contents for white perisperm and embryo
(16). The seed s usually squashed in this procedure and the
results can be misleading. Partially developed shrunken seeds
have some white embryo and perisperm present and may be
mistaken for good fully developed seed. Therefore, care must
be taken when using this test to be certain of adequate seed
development before classifying the seed as to germination po-
tential.

The X-ray technique is a fast method for estimating the
underdeveloped seeds in a sugarbeet seed lot and is only limited
by the availability of an X-ray unit. Several X-ray units are
presently marketed which provide the “soft™ X-rays that are
required for this type of examination. An X-ray units could be
incorporated into a processing or cleaning operation to give
immediate ipformation on seed development. The recent addi-
tion of polaroid film for this X-ray technique could speed up
this examination by eliminating the darkroom procedures previ-
ously required.
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By comparing the germination of the [0 lots (Table 1), i
can be concluded that the underdeveloped seeds play a ma;or
role in lowering the germination percentage. If these under-
developed seeds could have been removed, the germination
potential would have exceeded 90% in all cases (undelde\ eloped
plus germination).

Table 1.—Pcrcentage of underdeveloped seeds as determined by three methods and the
germination percent for ten lots of sugarbeet sced,

Method
Goyminatipn-

Lot Excision cutting N-ray " Germination?
1 28.0° 33.5 36.0 67.7
2 17.5 22.5 20.0 69.2
3 1.0 120 12.0 82.5
4 14.5 17.0 21.0 6.0
5 7.5 10.0 8.0 84.0
6 8.0 1.0 13.0 B2.0
7 12.5 1.0 150 76.5
8 8.0 18.0 13. 79.5
9 195 19.0 24.0 71.8
10 12,5 12.0 10.0 79.5

Mean 13.9 16.5 17.2 76.9

* Hydrogen Peroxide Method 8 3¢ 50 seed replicates.
* Underdeveloped seeds determined by excision method ave siginificantly lower than
other two methods at 39, level.

Study II. Plant Location of Underdeveloped Seeds

The percentage of underdeveloped seeds occurring at different
locations on a sugarbeet plant (Figure 3) for two varieties are
shown on Table 2. These vesults indicate that underdeveloped
seeds occur at all Jocations on a plant with at least 5% occurring
at each location. There was little variation in underdeveloped
seeds from location to location except for an increase on the

Table Z—FPercent underdeveloped sceds occurring at different vertical locations on
plants of two sugarbeet varictics.

Underdevcloped seeds

Plant Variety 1 Vartety 2
location! {SL 126 » 128) (FG2-369H) Mean
Main stem  (A) G.0 155 107

Primary laterals

Upper (U) 5.5 5.0 5.2
Mid-upper (MU) 7.4 6.3 6.7
Middle (M) 6.5 8.5 7.5
Mid-lower (ML) 7.5 9.3 &85
Lower (L) 6.0 8.0 7.0
Secondary lateral (83 6.0 8.0 7.0
Tertiary lateval (1) 9.5 22.5 16.0

Sce Figure 3 for complete description of locations,
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tertiary (1) branches. This increase would be expected due
to the late development of these branches and the indeterminate
Howering habit of this species. The increase in underdeveloped
seeds on the main axil of vaviety 2 cannot be explained but may
be an exception rather than the common result at this location.
When additional plants were examined at this location, a similar
increase was not noted.

Table 3.~—Percent underdeveloped sceds occurring ar adjoining locations on lateral
branches for two varieties of monogerm sugarbeet seed.

Underdeveloped sceds

Location on Varicty 1 Variety 2

branchest (SEL 126 3¢ 128) (F62-569H:) Mean

Lower | 5.0 8. 4.0
2 6.0 2.0 4.0
3 4.0 8.5 8.7
4 75 2.5 5.0
5 9.0 9.4 9.0

Middle
[ 9.0 8.0 8.5
7 12.0 185 12,7
8 12.0 15.0 155
g 120 16.0 4.0

Tip i 9.0 32.5 25.5

t For a diagram of the Joeation of each adjoining group on a lateral branch, see Figure 3.

Underdeveloped sceds occurred at all adjoining locations on
a lateral branch (Table 8) for both varieties. The percentage
ol underdeveloped seeds gradually increased toward the tip of
a branch. Lower percentages of underdeveloped seeds were
found at the locations closest to the main axil, yet the mean of
underdeveloped seeds for the two varieties examined was not
less than 4% for any one location. The percentage ot under-
developed seeds increased rapidly at the extreme tip of the
branch especially for variety 2. As previously mentioned, this
was expected due to the indeterminate flowering habit of sugar-
beets which does not allow sufficient time for all seed to develop.
The tip of a branch (group 10} represented extremely immature
seeds or fAlowers which would be eliminated during normal har-
vesting operations.

When underdeveloped seeds at various locations on a plant
or branch were compared, fruit size had little infuence on the
internal seed development. Underdeveloped seeds were found
in fruits which were as large in size and development as fruits
occurring at similar locations which contained completely de-
veloped seeds. "This would correspond to results by Hogaboam
and Snyder (10} that fruit size, whether 1t be diameter or thick-
ness, is a poor indicator of the content of the ovarian cavity.
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Study 11T, Effects of Final Processing

The final processing of fruits was only partially effective in
the removal of underdwc oped seeds for the lots examined
{Table 4). Inlots 3, 7 and 8, the underdeveloped and empq sceds
have readily been ICI]I(}\’L(*, whereas, 10 lois 1. 2 and 5 there is
little or no change in the number ol underdeveloped seeds from
the percentage found in natural fruits. This variation was similar
tor the three companies that turnished seed for this study.

Table 4. —ElTect of Tinal processing on the vemoval of freits containing underdeveloped
secds from eight lots of monogerm sugarbeet seed.

Poveent underdeveloped 4?6!‘(‘(‘-11[:

reduction
Lot after

number Natural fruits Decorticated fruits processing
1 15.7 15.0 0.7
2 175 R 5.8
3 18.5 3.5 15.0
4 8.2 3.0 5.2
5 24.5 24.5 0.0
G 4.2 1.5 2.7
7 41.5 5.5 41.0
3 317 5.2 2.5

It has been suggested that the underdeveloped seeds occurring
in a seed lot can be mechanically removed from that seed lot
during the cleaning process. Hammerton (7) reports a higher
germination for seeds cleaned with a gravity table than non-
cleaned seeds of the same lot. It seems possible that a machine
such as a gravity table or a pneumatic air separator may elfectively
remove underdeveloped seeds since one would expect the un-
filled fruits to be lighter i weight than the good, filled fruits.
These results substantiate this assumption for certain lots (7 and
8) where very few underdeveloped seeds remained in the lot
after processing. In other lots, however, final processing appears
to have no effect upon removal of underdeveloped seeds. It the
underdeveloped seeds are not removed at final processing, it has
an immediate effect on any precision planting of sugarbeet fields.
Therefore, it is important to know the nunber of underdeveloped
seeds in a seed lot up to and after final processing. These under-
developed sceds can be determined very rapidly using either the
cutting method or X-ray technique outlined above.

In attempting to correlate fruit size and weight with under-
developed seed, a simple experiment using a laboratory model
pneumatic seed blower was conducted. Fach of several lots of
seed, known to have underdeveloped seeds, was blown into four
weight classes. 'The first fruits to be removed by the air separa-
tion contained primarily underdeveloped (empty) seeds. A com-
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plete separation of fruits containing underdeveloped seeds from
those fruits having good filled seeds could not be obtained at
any setting. As the air was increased on the seed blower, a
oxadudl increase in the percentage of good fruits was found in
the blown portion, whereas, lmdcrdevelopcd truits were still
present in the heavy portion. A percentage of underdeveloped
seceds remained in the heavy portion, even at the final blower
setting when many filled seeds had been blown out. This offers
a partial explanation of why these underdeveloped fruits will
not all be removed by final processing.

Study IV. Survey of Production Areas

In Oregon, the significance of underdeveloped secd% on germ-
ination was first recogmzed in 1964 when six lots which bad low
laboratory germinations were also found to have equally low
field emergence results. When fruits from these six lots were
excised, various stages of seed development were encountered.
This development ranged from completely filled fruits to fruits
containing no seed or only a partially developed seed. This latter
category was termed as underdeveloped seeds and ranged from
9 to 28% in the six lots examined. Since this percentage was
surprisingly high, the determination was continued on all seed
lots examined at the Oregon State University Seed Laboratory
starting in 1965.

The mean percentage of underdeveloped seeds occurring in
all Oregon-produced lots for 3 years (1965, 1966, 1967) was
maintained at nearly 209% (Table 5). The mean of firm un-
germinated seeds, which are an indication of inhibitors present
in a sugarbeet lot, 1an9,cd from 2 to 6% for the same period.
‘The mean of all germination results for the three-year period
remained at approximately 72%. When comparing underde-

Table 5.~Mean percentages of underdeveloped seed, firm ungerminated seed and ger-

minated seed and germination in Oregon-produced lots for a three-year period. Mean per-
centage of underdeveloped seeds in Arizona-produced seed for 1966 and 1967.

Firm
Lots Underdeveloped  ungerminated
Year examined seeds seeds Germination
OREGON
1965 40 19.0 3.0 72,0
1966 138 18.2 6.0 72.4
Comm. 41 12.7 6.5 78.2
Stock 97 20.4 5.7 70.0
1967 108 21.3 2.1 72.9
Comm. . 22 18.6 2.0 79.9
Stock 86 23.0 2.1 72.9
ARIZONA
1966 10 24.2

1967 20 41.0
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veloped seeds, firm ungerminated seeds and germination, it can
readily be determined that the underdevdoped sceds were the
primary cause for low germination for all 3 years in the Oregon
production area. If these underdeveloped seeds are added to the
germination percentage shown, the germination potential would
exceed 50 percent in all cases.

The mean of underdeveloped seeds occurring only in the
commercial lots was lower both years (about 13%) than the
mean of all lots examined. These commercial lots, even though
smaller in number, represent the major acreage of sugarbeet
seed produced in Oregon annually. The lots indicated as “stock”
lots are only small acreages, which are primarily being increased
for future plant breeding use.

Little information was available on the significance of under-
developed seeds in seed production areas other than Oregon.
After examination of the 1966 and 1967 sced crop in Arizona
(Table 5), however, it was found that the magnitude of under-
developed seeds in this production area equaled that of Oregon
in 1966 and nearly doubled it in 1967 (419%). Since these two
areas produce a major portion of monogerm sugarbeet seed in
the United States, it can be concluded that underdeveh)ped seeds
are the primary cause for lowering the germination potential
of commercial sugarbeet seed.

Even though underdeveloped seeds are found in nearly all
lots of sugarbeet seed, their cause is uncertain. Hills (8) has
shown that lygus bugs which feed on the soft developing fruits
can cause the embryos to collapse and the resulting fruit cavity
to be empty or hollow. He reported that the Iygus nymphs do
the most damage and that maximum damage is caused during the
late bloom to early seed stages of development. He has shown
that lygus bugs can be controlled by insecticides but states that
rarely can satisfactory results be obtained in one application.

Parthenomrpy has also been suggested as a possible cause
for empty sugarbeet fruits. This phenomenon, broadly defined
by Gustafson {6) to include any seedless fruit, unless it is defi-
nitely known that fertilization and abortion have taken place,
has been reported in many crop species including sugarbeets.
Causes of parthenocarpy include: 1) Stimulus from foreign pollen
of other species (18); 2) Artificial induction by application of
synthetic auxins and hormones (5); 3) Stimulation due to ex-
treme tempuature conditions (1,17); 4) Effects due to nutri-
tional level of the plant (1,6,17); and 5) Effects due to insects
feeding on the plant (6). It scems possible to theorize that one
or more of these may under natural conditions be influencing
the sugarbeet plant to cause a parthenocarpic seedless fruit. If
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parthenocarpy were the primary cause for underdeveloped seeds
in sugarbeets, however, only the empty or seedless fruits would
result. Since the partially developed seeds are also found in this
classification, it is doubttul that parthenocarpy is the only cause.

Nutritional deficiencies of sugarbeet plants in seed production
areas have also been theorized as a possible cause for under-
developed seeds. In other crops, a close relationship of pollen
germination and pollen tube growth to some nutrient elements
may add support to this hypothests (11). It has been shown
that adequate supplies of boron (11), calcium (3) manganese
(12) and other minor elements must be available for adcqtnte
pollcn germination and growth. If these minor elements are
not available, it may eventua]ly affect fertilization and seed set.
It seems probable that similar minor elements may affect seed
development in sugarbeet plants if they are deficient in the seed
production areas.

Summary and Conclusion

The percentage of underdeveloped seeds in a seed lot has a
direct aflect on its germination p()t(—*nnai When this percentage
exceeds 2096 as was shown in this study, the germination potential
of that lot would never be higher than 80. If the germination
percentage is in this range, it will seriously affect the field plant-
g rates throughout the sugarbeet mduxtr‘} This will force
growers to use thicker plantmo rates instead of precision-spaced
plammgs.

Underdeveloped seeds have been found in all seed lots pro-
duced in Oregon over the Jast 3 years and are an important
problem in Arizona as well. Since little intormation is presently
known as to the cause of these underdeveloped seeds, adequate
methods should be available for detecting them prior to germ-
ination testing, processing and planting. The Xeay technique
and the germination-cutting method can both be used to ac-
curately determine the number of underdeveloped seeds. Since
the germination-cutting method was effective, it should be utilized
in conjunction with all germination tests conducted on sugarbeet
seed to determine the full potential of the seed lot. The X-ray
technique provides a fast and simple method for determining
underdeveloped seeds which could easily be implemented nto
a processing plant or a company research station.

Underdeveloped seeds occur at all locations on a sugarbeet
plant. They are not directly associated with fruit size. Final
processing and sizing may or may not be effective in removing
these underdeveloped seeds from a lot.

Underdeveloped seeds are the single most important factor
presently contributing to low germination of monogerm sugar-
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beet seed lots in the Oregon and Arizona seed production areas.
Therefore, to increase the germination potential of monogerm
varieties, it is essential that these underdeveloped seeds be elim-
inated either by mechanical or other means.

©
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