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Introduction 

Underdeveloped3 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)4. 

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 seedbalts 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 seed balls for many years and have 
attempted to determine the number present in a lot by the 
"crack" tes t. 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 T echnica l 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 Professo r, Seed Laboratory, Oregon State Uni­
versity, Corvallis, Oregon, respectively. 

3 Previously referred to as undeveloped seeds by author (14, 15) . 
, Number in parentheses refer to literature cited. 
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Figure I.-Radiograph of monogenn 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 lO-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 U nderdeveIoped 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 seed 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 [(Jund 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 Cnderdeveloped Seeds 

To determine the location of underdeveloped seeds on a 
plant, investigations were conducted on I) an entire plant, and 
2) lateral branches only. Two monogerm varieties (variety I, 
SL 126 X 12R and variety 2, FG2-569H,,) 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-G) One primary lateral including side branches from each of 
five vertical locations on the main stem; 1Tpper (C), mid-upper 
(VIC), middle (M), mid-lower (lVI L) and lower (L); 7) Several 
secondary lateral brnaches taken from primary laterals at random 
locations on plant (S); and R) Several tertiary laterals taken at 
random from secondary laterals on the plant (T). After removal 
of similarly located branches from each of the five plants, they 
were grouped into the eight groups for each variety and placed 
on wire mesh screens to dry. 'IVhen completely dry, the branches 
of each group were threshed and stored. A standard germination 
test was conducted using eight 50-seed replicates for each location, 
and the underdeveloped 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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germination perrent for seed. 

~Icthod 

GeJ miuation~ 


Lot Excisiun cutting X-ray - Gerluination"J 


I 
2 
3 Il.l) 
4 14.5 
5 
6 8.0 
7 12.5 
8 8.0 
9 19.:; 

10 

17.() 

10.0 
11.0 
J3.() 
13.0 
19.0 
12.0 

3().O 
20.0 
12.0 
21.0 

8.0 
13,0 
15.0 
l~).O 

24.1) 
10.1) 79_5 

).rean J:J.g 16.:; 17.2 

1 Hydrogen Peroxide :vfcthod 8 >< 50 ,cC'u replicate..;:_ 

• l.Jndcrde\'dopcd seeds determined by excisiull method siginHicanllv lr)\\'ct' than 
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Table 2'-P"rt,ent underdeveloped ,,",cds occurring al diHerenl vertical localiolL' on 
plan Is of two sugarbeet varicties. 

Planl Variety I 
location1 (SL 126 X 128) 

1).0 1.),.; 10.7 

5.5 5,2 
7.1) ri.7 
6,5 7." 
7.t) 0." 8,:) 
6.1) 8.0 7.0 
(].O 8.0 7.0 
9.5 22.:1 16.0 

description oj locati(Hl:'J, 
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seeds in a seed lot up to and after final 

seeds can he determined very 
method or X-ray technique ontlilleft 

classes, 

a 
under­

model 

lots of 


III attempting to correlate fruit size and 
a simple experiment llsing 

seed blO\\'c1' was cone! tIeted. Each 
known to have underdeveloped seeds, was hlown into fOllr 

The first fruits to be removed the air separa­
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plete separation of fruits contammg underdeveloped seeds from 
those fruits having good Jilled seeds could not be obtained at 
any setting. As the air was increased 011 the seed blower, a 
gradual increase in the percentage of good fruits was found in 
the blotl'n portion, whereas. nnderdeveloped fruits were still 
present in the heavy portion. A percentage of underdeveloped 
seeds remailled 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 Prodl/clion Areas 

In Oregon, the significance of underdeveloped seeds on germ­
ination was first recognized in 1964 when six lots which had low 
laboratory germinations were also found to have equally low 
field emergence results. vVhen fruits h'om these six lots were 
excised, various stages of seed development were encountered. 
Th is 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 2H% in the six lots examined. Since this percentage was 
surprisingly high, the determination 'was continued on all seed 
lots examined at the Oregon State Cniversity Seed Laboratory 
starting in 19G5. 

'rhe mean percentage of underdeveloped seeds occurring in 
all Oregon-produced lots for g years (1965, 1966, 19(7) was 
maintained at nearly 20% (Table 5). The mean of firm un­
germinated seeds, which are an indication of inhihitors present 
in a sugarbeet lot, ranged from 2 to (i% for the same period. 
The mean of all germination results for the three-year period 
remained at approximately 72%. 'Vhen comparing underde-

Table 5.-":\lean perrcntages of underdeveloped seed, finn ung'crminatcd seed and ger­
minated sced and gennination in Oregon-produced lots for a three-year period. ;\{ean p,er­
rentage of underdeveloped !)ccds in Arizona-produced seed for 1966 and 1967. 

Finn 
Lot, l:nderdeyeloped ungerminated 

Year examined $eeds 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 
Srock 97 20.4 5.7 70.0 

1967 108 2I.:l 2.1 72.9 
Comm. 22 1:},6 2.0 79.9 
Stock 86 23.0 2.1 72.9 

ARIZONA 

1966 10 24.2 
1967 20 4l.0 
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After examination of the 1966 and in Arizona 
(Table 5), found that the of under­
developed seeds in 
in 1966 and 
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are the primary 
of commercial 

Even though seeds are found in nearly all 
lots of sugarbcet cause is uncertain. IIills (8) has 
shown that feed on the soft fruits 
can cause the and the cavity 
to be r»l",,"rrp·rl tbat the nym phs do 
the most and that maximum is caused during the 
late bloom development. He has shown 
that u",ct..elLH-lC" but states that 

in one 
as a possible cause 

broacllv 
to include any seedless fruit, unless it is clef!­

fertilization and abortion have taken place, 
sugarbeets. 

induction 
; 3) Stimulation 

; 4) Effects clue to nutri~ 

of the plant (1,6, and 5) Effects due to insects 
on the plant It seems possible to theorize that one 

or more of these may under natural conditions be 
the plant to cause a seedless 
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underdeveloped seeds 
empty or seedless fruits would 

seeds in this 
it is is the 

Nutritional in seed 
areas have also been theorized as a possible cause 

seeds. In other crops. a close relationship of 
and tube growth to some nutrient elements 

may 	add to this hypothesis 1). It has been shown 
adequate supplies of boron (II calcium 
and other minor elements must available 

and If these minor elements are 
eventuallv affect fertilization and seed set. 

It seems similar' minor elements may alfect seed 
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seeds in a seed lot has a 
direct \Vhen this 
exceeds in this study, the germination 
of that lot be than 80. If the 

seeds have been found in all seed lots pro­
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in as ""veil. Since liuk information 
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with fruit size. Final 
effecti ve III 
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lots in the 
to increase 

varieties, it is 	 essential 
inated 	either by mechanical or other means. 
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