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In the early 1960's as monogerm sugarbeet cultivars were 
being introduced commercially, many monogerm seedlots germi­
nated less than commercial multigerm cultivars. Exploratory 
studies indicated that maturity or seed ripeness was correlated 
with gennination performance. 

The concept that seed immaturity adversely affects germina­
tion is generally accepted. TeKrony (1)3 has reviewed the per­
tinent literature and reported a 3-year study on the eHect of 
maturity on germination of sugarbeet seeds grown under field 
conditions in Oregon. He combined the fruits from a numher 
of plants at each harvest to determine the average responses 
and relationships for an easy-bolting and a hard-bolting cultivar. 
Maturity, as determined by maximum germination and dry weight 
of the fruits, occurred at 40 to 45 days after anthesis for the 
specific flo·wers. All seeds on the plant were mature 45 days after 
"peak" anthesis. He indicated that all seeds should be mature 
when sugarbeet plants (from first anthesis) have been exposed 
to 900 heat units (degree days from base temperature of 45 F). 
Fruit color and moisture con tent were not reliable indicators 
of seed maturity. Some seeds germinated 20 days after anthesis. 
TeKrony concluded that underdeveloped seeds primarily caused 
the low germination potential. 

Reported herein is the influence of seed maturity on ger­
mination in the laboratory ·for sugarbeet seed grown ~n the field 
in Arizona and Oregon and for seed grown in the greenhouse 
in Michigan. Also, germination performance has been related 
to fruit-moisture content at harvest, estimated commercial matur­
ity based on fruit color, and the attainment of physiological seed 
maturity for individual plants. Heat unit requirements for in­
dividual plants are included. 

1 Cooperative investigations of the Plant Science Research Division, Agricultural Re­
search Service, L.S. Department of Agriculture, and the Michigan AgriCUltural Experiment 
Station. Approved for publication as Journal article #5606, Michig'an Agricultural Experi­
ment Station. 

'Plant Physiologist, Plant Science Research Division. Agricultural Research Service, 
U.S. 	Department of Agriculture, East Lansing, II-liehig'an 48823. 

3 ~lImbers in parentheses refer to literature cited. 
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Methods and Materials 
Fruits were hand harvested from given plants at 4-to 6-day 

intervals as maturity progressed. 'When only a fe"w harvests were 
made, the fruits were removed from similar branches on the 
plants. 

Field-g-rown seed 
In 1964 fruits were harvested from 13 plants o[ sugarbeet 

cultivar AI I x AI 2 and 10 plants of C;'v" 823 grown near Phoenix, 
Arizona. The fruits ,'"ere harvested at -10, -5 and 0 days, 'with 
o representing approximately commercial maturity on June 21. 
Fruits grown near Salem, Oregon in 1965 were harvested from 
25 p :, nts of cultivar (SL 126 x 129)ms x SP 6322-0 at - 11, -6, 
and 0 days and from 25 plants of cultivar US H20' at -II, -6, 
0, and + 6 days, with 0 representing approximately commercial 
maturity on August 6. The fruits from each plant and each har­
vest date were kept as separate samples. The whole fruits then 
were sized into size-classes by means of round-hole screens and 
also kept separate during germination. 

Greenhouse-grown seed 
In :\I ovember 1968 six mother roots of each of five O-type 

lines or cultivars of sugarbeets 'were transplanted from the field 
to enriched soil in 10-in pots, and induced photothennally. Six 
photo thermally induced plants of the cultivar CS H20 also were 
included. All of the plants were kept in one greenhouse room, 
Fruits were harvested from the plants between :\pril 7 and :\IIay 
28, 1969. 

In late October 1969, seeds from a single O-type plant of culti­
var C-3 were planted in enriched soil (10-in pots). The seedlings 
were photothermally induced. Fruits were harvested at about 
4-day intervals from 19 plants between April 7 and June 1, 1970. 

Dates of first anthesis ,vere recorded for all plants. Th.e esti­
mated time of commercial maturity, based on fruit color, was 
recorded for each plant in 1969 and for some in 1970. For the 
1970 harvest, temperature and humidity ,vere recorded. The heat 
unit requirements from first bloom to physiological maturity 
'''ere caiculated from the same base temperature (45 F) used by 
TeKrony (1). Since greenhouse Lemperatures on sunny days tend 
to be rather high for a fev" hours at mid-day, the usual method 
of determining the mean from the high and low temperatures 
for each day does not give accurate values. Therefore, the mean 
daily temperatures were calculated from the actual duration of 
the temperatures. 

4 (SL 129xl33 )ms x SP 6322-0. 
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For any given harvest, all of the fruits collected from the 
branches of a single plant were kept as a sample, vvithout separa­
tion for size or relative maturity. Branches were removed and 
immediately placed in plastic bags. Fruits were cleaned of bracts 
and debris and returned to the plastic bags to minimize water 
loss before weighing. The fruits were air dried in the laboratory 
and reweighed to calculate moisture percentage at harvest. Fruit­
moisture contents were based on the air dried rather than oven 
dried weights because the samples were completely used for ger­
mination tests. In Figure 4, the percentages of moisture in the 
fruit are expressed on the basis of air dry weight. To convert 
to an approximate percentage of moisture on a wet basis, an air­
dry moisture content of 13% was assumed. 

All of the fruits were hand processed to remove the corky 
material before conducting the germination tests. Immature fruits 
did not process as easily and relatively less material ,vas removed. 

Germination 
The seeds were germinated in a gnminator at approximately 

70 F. The unsoaked , air dried fruits were placed on a double 
layer of moistened blotters with no covering blotter. All com­
parisons initially were made for individual plants and the num­
ber of fruits indicated are on a per plant per harvest-date basis. 

For Lhe Arizona-grown seed , the size-classes for a given harvest 
were placed on a single blotter. If available, 50 fruits per size­
class were used . For the Oregon-grown seed, the technique was 
modified to place 25 fruits of each size-class for each harvest date 
on a single blotter. A second replication with the samples ran­
domized on the botter was used, if fruits were available. (This 
technique minimizes differences in blotter to blotter environ­
mental variation \\hich was inllerent in the arrangement used for 
the Arizona seed and permits a more precise evaluation of the 
effect of maturity on germination performance. ) Germination 
tes ts on the greenhouse-grown seeds were conducted with 110 
fruits per harvest (a few samples hac!. fewer fruits) which were 
about equally divided between three replications or blotters. Each 
blotter contained samples from all harvest dates for a given plant. 

Germinated seeds were counted daily for 10 days from the 
start of a test. After 10 days, fruits from which no seedling had 
emerged were cut open, examined, and judged as to whether the 
fruit contained an adequately developed, and presumably viable 
seed, so that a "corrected percentage germination" could be cal­
culated and reported for each sample. The corrected percentage 
germination cited in the Tables is based on the number of "good 
seeds" determined by this examination. 
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By arbitrary definition, seed sam pies were considered to be 
physiologically mature when all seeds, judged to be adequately 
developed, germinated at least 90% in 10 days. Commercial ma­
turity was based on fruit color (see fruits 69 days after first bloom 
in Figure 1). 

Days after 1st bloom 4 1 69 80 
Moisture % 75 53 26 
Germination % 29 99 95 

Figure l.-Sugarbeet fruits from a single plant (eultivar C-2) at three 
stages of maturity . The intermediate stage is designated as commercial 
maturity. 

Results and Discussion 
Fie ld-gl'own seed 

The degree of maturity of the two sugarbeet cultivars mark­
edly affected germination percentages for all fruit sizes (Table 1). 
The rate of increase in percentage germination was gTeater be­
lween - 10 a nd -5 days than between -5 and O. \Vhen ac­
cumulated germination for each size-class was plotted against 
time, the slopes 'were very similar for all size-classes of fruits. At 
commercial m aturity, the seeds in the smaller fruits germinated 
less than 80% when conected for underdeveloped seeds. Im­
mature seeds also germinated less rapidly (5-day germination 
percentages, Table I ). The percentage of good seeds decreased 
with the approach of maturity (column 3, Table 1). 

Maturity affected the germination of two cultivars gro'wn in 
Oregon similarly to those grmvn in Arizona (Tables 2 and 3). 
Germination percentages for cultivar (SL 126 x 129)ms x SP 
6322-0 increased much more rapidly between -11 and - 6 days 
than those for US H20. In the smaller fruits the percentage of 
good seeds decreased with the approach of maturity similarly to 
the Arizona seedlots. 

The percentage germination of seeds for all three fruit sizes 
of CS H20 decreased 'when harvested 6 days after commercial 
maturity Cfable 2). TeKrony (1) noted a similar decrease in 
germination and a parallel increase in underdeveloped seeds. He 
suggested that the increase in underdeveloped seeds could have 
been caused by insect injury, since insecticide applications had 
been discontinued some time before harvest. 
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Table I.-Effect o( maturity on g'ermination performance of seeds from 13 plants of 
sugarbeet variet), Al 1 X AI 2 and. (rom 10 plants of GW 823 grown near Phoenix, Ari· 
zona in 1964. 

Day o( 
harvest 

AI 1 X AI 2 
-10 

Fruit 
size1 

In ./64 

12 
10 
8 
7 
6 

Developed 
seeds' 

% 

99.5 
97.5 
91.7 
73.8 
50.3 

Genninatioll of 
developed seeds 

5 days 10 days 

34 
30 
25 
18 
15 

% 

76 
58 
50 
5 1 
55 

-5 12 
10 

8 
7 
6 

99.3 
95.7 
81.8 
64.7 
42.6 

47 
57 
54 
40 
38 

92 
85 
76 
65 
57 

o 12 
10 
8 
7 
6 

98.6 
92 .0 
74.4 
57.5 
34.7 

58 
75 
48 
48 
4 1 

94 
92 
79 
69 
73 

GW 823 
-10 12 

10 
8 
7 
6 

98.1 
97.4 
93.2 
85.1 
62.1 

37 
47 
40 
31 
21 

81 
75 
58 
48 
32 

-5 12 
10 
8 
7 
6 

98.3 
95.3 
90.4 
82.2 
69.6 

48 
55 
51 
35 
21 

90 
84 
72 
60 
54 

o 12 
10 
8 
7 
6 

96.2 
94.4 
86.9 
78.5 
61.5 

71 
73 
61 
53 
46 

91 
87 
77 
74 
65 

1 Fruits remained on the screen size indi ca ted. 
2 '<\lith 3 exceptions, the nu mber of fruit s tested pel' size ·ciass exceeded 400. 

Cncorrected germination percentages (Table 2) indicate that 
significant decreases in germination can occur because of aborted 
or non-viable, underdeveloped seeds. By sizing the fruits, most 
of the non-viable seeds were found to be in the smaller fruits. 
TeKrony and Hardin (2) recently reported more extensively on 
this problem for sugarbeet seed grown in Oregon. 

Greenhouse-grown seed 
The range in ~aturity, fruit-moisture content, and fruit color 

used as the index of commercial maturity are illustrated in Fig­
ure 1. Commercial maturity and physiological maturity of the 
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Table 2.-Effect of maturity on speed and percentage germination of seed from 25 plants of US H20 grown near Salem, Oregon in 1965 

COlTected percent gennination' Uncorrected genninationPercent developed seeds 
by fruit sizes-In /64 1 5 days 10 days 10 days 

h a p"l\';t 14 12 j()'l 14 12 l()'l 14 12 10" 14 12 10" 
Day o[ 

- II 97.8 97.3 91.3 35.1 30.3 16.1 64.7 48.5 25.7 63.3 47.2 23.4 
- 6 97.5 94.7 84.2 46.1 50.1 38.2 72.8 65.2 49.6 70.9 61.8 41.8 

o 9R.1 92.7 7l.5 41.9 58.8 55.6 84.3 79.2 73.6 82.7 73.4 52.6 

+ 6 97.4 91.1 70.4 43.1 57.7 59.1 77.9 74.9 71.0 75.8 68.2 19.9 

1 Fruits remained on the screen size indicated. 
::! Each percentage value based on 584 or lnore good seeds. 
"Data for only 22 plants. 

Table 3.-Effect o[ maturity 
Oregon in 1965. 

on speed and percentage germination of seeds from 25 plants of (SL126 X 129)ms X SP6322-0 grown near Salem, '­o c 
~ 

Percent developed seeds Corrected percent gennination2 » 
Day of 
harvest 14 

by fruit sizes-hl/641 

12 10 8 14 12 

5 days 

10 8 14 

10 

12 

days 

10 8 

t-< 

o 
"1 

- II 
G 

99.4 
97.2 

98.4 
95.2 

95.5 
83.4 

80.9 
63.4 

20.4 
31.3 

20.6 
53.5 

12.2 
55.3 

5.6 
43.3 

59.1 
87.1 

42.2 
85.0 

24.8 
66.3 

12.1 
55.0 

>-I 
:I: 
t<: 

0 98.6 96.0 86.6 63.5 41.1 61.4 68.4 62.7 92.5 91.4 85.7 79.0 ?> 
1 Fruits remained on the screen size indicated. (/) 

2 Each percentag'e value based on 357 to 1203 good seeds. 

""to 

:l 
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seeds did not coincide for some of the plants. The range within a 
cultivar was greater than between the averages of the cultivars 
(Figure 2). Seeds of some plants were physiologically mature 
before the fruit coloration associated with commercial maturity. 
Seeds of other plants did not become physiologically mature until 
after coloration. 

20 

w 

~ 10 

-' + 

+ 
+(/) +++ ++ ++COMM'L 

~ 0 RIPE ++++ .:!:.o ±. + 
++ ­+ :j: ++ :j: ++ +

-10 

++ 
~ 
a: -20 
<t 
w 

Avg. ~ ­
+ 

-30 
A B c D F 

CULTtVAR 

Figure 2.-Relation of physiological maturity (at least 90% germina­
tion) of the seed to commercial maturity, based on fruit color, of individual 
sugarb~et plants. 

In this experiment, physiological maturity ranged trom 26 days 
before to 10 days after commercial maturity (Table 4, plants F-6 
and _'\.-S, respectively). The interval from first bloom to physi­
ological maturity for seeds on individual plants ranged from 35 
to 70 days, with an average of 53. The interval from first bloom 
to commercial maturity ranged from 49 to 67 days, with an 
average of 57. Although the average number of days from first 
bloom to commercial maturity and to physiological maturity 
differed by only 4 days, commercial maturity was a very poor 
indicator of physiological maturity of the seed for any given plant. 

Table 4.-Relation of physiological maturity of seeds to collllnn-cial maturity of fruits 
for six sugarbcet plants grown in gre~nhouse in 1\Hchigan in 1969. 

D ays from first bloom to 

Plant Physiological maturity Conlmerdal maturity 

F-6 

F-3 

D·6 

D ·2 

A ·4 

A·5 


35 
52 
53 
59 
61 
70 

61 
49 
67 
57 
56 
60 
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TeKrony (1) has reported that the fruits of a hard-bolting cultivar 
remained green even though the seeds were physiologically mature 
while an easy-bolting cultivar behaved more typically. 

In terms of producing quality seed under commercial condi­
tions, another facet concerns the length of time prior to the onset 
of commercial maturity that the seeds are phys iologica lly mature 
or will germinate at least 80 %. From Figure 3, plants A-4 and 
D-2 could be harvested no earlier than two days before commer­
cial maturity to maintain about 80% germination. In contrast, 
plants D-6 and F-6 could be harvested 16 days and 26 days before 
commercial maturity, respectively . 
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'" 
/

D-6 

20 
//,,/+­

D':-; A-5 ,commerCiO I MOTur iTy 
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-26 -24 -22 -20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 

Oo~s From Commercial Maturity 

Figure 3.-Extremes in relation of commercial ma turity of sugarbeet 
fruits to physiological maturity of the seeds. 

Physiological maturity occurred over a wide range of fruit­
moisture contents both within and between cultivars (Figure 4). 
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Figure 4.-Moisture contenl of fruits of the individual sugarbe.et 
plants at physiological maturity (at leasl 90% germination). 
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Fruit-moisture content at physiologicaJ maturity among indi­
vidual plants ranged from 29 to 74% , lVet basis. The average 
fruit-moisture content at physiological maturity for 35 plants 
approximated 63 %, wet basis. Seeds of 60% of the plants were 
physiologically mature at fruit-moisture contents ab()ve 65%, 
but seeds from all six plants of one cultivar were immature at 
this moisture. Seeds of five plants were physiologically mature 
when fruit-moisture exceeded 70% . 

With the exception of plant C-3, germination percentages for 
seeds of all plants in 1969 increased rather consistently as maturity 
progressed. Seeds of plant (;-3, harvested five times at 4-day 
and then twice at 6-day intervals, germinated as follows: 27, 55, 
45,83,81,62, and 47 %, respectively. The mother plant appeared 
normal. It seemed important to determine whether this type of 
germination pattern might be hereditary. The 19 plants grown 
from seeds of plant C-3 in 1970 also provided a second year's 
data relating commercial and physiological maturities to first 
bloom and fruit-moisture content at harvest. 

In 1970 the intervals between first bloom and pllysiological 
maturity and commercial maturity were about 5 days less than 
in 1969, but the ranges were nearly the same as the previous year. 
Fruit-moisture contents for different plants ranged from 35 to 
76% at physiological maturity. 

The germination patterns of the 19 plants, in relation to 
maturity, failed to confirm the unusual germination pattern of 
the C-3 parent plant, thus suggesting that the pattern for the 
seed of plant C-3 probably was not influenced by special genetic 
factors. Seeds of two plants , however, required an unusually 
long time to attain physiological maturity by remaining at a lower 
percentage germination for three to four harvests before achiev­
ing physiological maturity. 

TeKrony (1 ) reported an average fruit-moisture ·content of 
about 70% at maximum germination for field grown seed. In 
this greenhouse study moisture content averaged 63 % at physi. 
ological maturity, but varied widely between plants within a 
cultivar. The warmer atmosphere may have accentuated the dif· 
ferences in moisture content. Neither fruit color nor fruit-mois­
ture content can be used as precise criteria for physiological ma­
turity of sugarbeet seeds from a given plant. The failure of fruit 
color to precise! y indicate physiological maturity probably has 
contributed to some of the erratic germination performance of 
commercial seedlots of sugarbeet. Whenever estimated commer­
cial maturity precedes physiological maturity, germination will 
be lower than expected. 



550 JOU~NAL OF THE A. S. S. B. T. 

Selecting commercial cultivars for early physiological maturity 
would provide a buffer against lower germination resulting from 
a lack of complete uniformity in blossoming and maturity in 
commercial seed fields, and permit more flexible seed harvest 
without decreasing the germination percentages. 

Since moisture contents of the fruits were obtained for each 
harvest, rates of drying could also be plotted for each plant. Rates 
of drying (all on air-dry weight basis) were similar for fruits 
of most plants in a given gTeenhouse room. The rate of water 
loss usually decreased sharply once the fruits contained only 45% 
moisture. The slower rates of drying averaged about 6% mois­
ture loss per day. The average loss in fruit-moisture in 1969 "vas 
about 10% per day. In 1970 the average moisture loss was about 
15% per day when moisture contents ranged between 84 and 
49 %. Over this 69-day period in 1970 the ambient temperature 
in the greenhouse averaged about 70 F and relative humidity 
about 52% 

Under field conditions in Oregon, TeKrony (1) concluded 
that 900 heat units were sufficient for seed maturity and maxi­
mum germination. In the 1970 greenhouse experiment the heat 
units required for physiological seed maturity ranged from 820 
to 1,100 (average 967) for 16 of the plants. (The three other plants 
had higher requirements because they were slower in reaching 
physiological maturity and therefore may have been atypical. ) 
Vhth a mean daily temperature of 70 F and a base temperature 
of 45 F for calculation of heat unils, 2!'J heat unils accumulate 
each day. Thus, the range from 820 to 1,100 is equivalent to 
about 11 days. With an II-day range in attaining physiological 
maturity for a small number of plants within a cultivar, harvest­
ing after accumulation o£ a fixed number of heat units may not 
guarantee physiological maturity of the seeds for all plants. 

This study re-emphasizes the need for additional selections 
within sugarbeet cultivars for more uniform bolting, an thesi.s, and 
seed maturity to a ttain greater germination and emergence vigor 
for space-planting. 

Summary 
Sugarbeet fruit!> were harvested 3 or 4 times at .5 or 6 day 

intervals from the same plants in the field in Arizona and Oregon. 
Seed harvested 5 to 11 days before commercial maturity did not 
germinate as well as seed harvested at commercial maturity. 

Sugarbeet cultivars, producing seed in the greehouse, were 
harves ted repeatedly to relate germination performance to stage 
of maturity as measured by days from first bloom, commercial 
maturity (deter mined by fruit color), moisture content of the 



551 VOL. 16, No.7, OCTOliER 1971 

fruits at harvest, and attainment of physiological maturity (90% 
germination of adequately developed seeds in 10 days). 

Seeds from individual plants within a cultivar differed more 
than the averages between cultivars. Maturity based on fruit 
color did not correlate well with physiological maturity. Seeds 
were physiologically mature from 26 days before to 10 days after 
commercial maturity. Seeds were physiologically mature when 
fruit-moisture contents ranged from 76 to 29% wet basis. The 
interval from first bloom to physiological maturity of the seeds 
among plants ranged from 35 to 70 days and averaged 53 days. 
The interval from first bloom to commercial maturity ranged 
from 49 to 67 days. 

~either fruit color nor fruit-moisture content alone can be 
used to predict physiological maturity precisely. 

Individual greenhouse-grown plants required from 820 to 
I, I 00 heat units from first bloom to attain physiological maturity. 
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