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Under field conditions, the quantity and quality of seed pro-
duced by plants of a given sugar beet variety may vary consider-
ably. Although relatively little is known about the causes of
variations, changes in specific environmental .factors from year
to year seem to be involved. Temperature appears to be re-
sponsible for part of the variations.

Temperature markedly affected seed production in garden
stock, Matthiola incana (L.) R. Br. (2)". Seed was produced on
garden stock plants at 55, 65, 75, and 85 F, but the yield of
fruits and seeds per plant was greatest at 65 F. At 55 F, less
flowers were formed. At 75 F, approximately the same number
of flowers were formed, but only 509, developed fruits. The
plants ar 85 F were sterile because of various abnormalities.

Since temperature is controllable in the greenhouse at certain
times of the year, a study of its effect on seed quality of sugar
beets was initiated in 1956. This paper reports the effect of tem-
perature during anthesis and seed maturation on yield, germin-
ability, and certain other plant and fruit characters.

Methods and Materials

Sugar beet clones were used to minimize genetic variability,
and to evaluate more precisely the effect of the cxperimental
conditions with a relatively small number of plants.

Four experiments were conducted in the greenhouse at East
Lansing, Michigan. Durine the day, the temperatures were
regulated by manually openine and closing the vents. Tempera-
tures in excess of approximately 73 IF depended on solar radiation.
Temperature in the third experiment was less precisely con-
trolled because of the duration of the experiment.

The experimental plants received adequate amounts of a
complete mineral nutrient solution and water. In Experiment
1, they were grown in 8-inch pots containing sand. In Experi-
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ment 2, the sib-fertile plants used as the male clones were grown
in 10-inch pots on vermiculite and the self-sterile plants used
as the female clone in 4-gallons crocks containing vermiculite.
Ten-inch pots containing vermiculite were used in Experiments
3 and 4.

All plants were photothermally induced and maintained at a
ccol temperature until just before anthesis. They were kept on
a long photo-period during anthesis, unless specifically stated
otherwise. The experimental temperatures were initiated at first
anthesis. For the temperature data for Experiment 1, see Figure
I; for Experiment 2, Figure 2; and for Experiment 3, Table 1.
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Figure 1.—Weekly mean temperatures and the high and low tempera-
tures tor each week during anthesis and seed maturation to which clones
of US 401 sugar beet were exposed, Experiment 1.

To minimize the effect of maturity on germination, seed was
harvested when at least 809, of the fruits on a plant were straw-
colored. Seed was harvested from each of the plants within a
temperature treatment. In Experiments 2 and 3, the shoots of
the plants were removed approximately 8 inches above the crown
and their fresh weights were recorded. The shoots were dried
at 90 F and then the seed was removed, cleaned, and weighed.

In Experiments 1 and 2 speed of germination was determined
by the liquid-contact method (3), and in Experiment 3 by the
blotter method (water).

Experimental details specific to each experiment follow:

Experiment 1. The experimental plants were progeny from open-
pollinated seed of one plant of US 401. Thirty pairs of vegetative
cuttings from 18 clones were used. In February 1957, just before
anthesis, one plant ol each pair was kept at a mean temperature
of approximately 66 F. These were designated “low-temperature”
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Figure 2.—Air temperatures of the rooms in Experiment 2. Daily mean
temperatures (solid lines) were plotted during anthesis. Weekly mean
temperatures (broken lines) were plotted for the remainder of the experi-
mental period. During anthesis, temperatures in the low-temperature rooms
never exceeded 80 F. “High” mean indicates the average temperature of
the high-temperature rooms in which the female and male plants were
kept. Deviations between the rooms of more than one degree are indicated
by appropriate symbols above and below the mean line. Maximum tempera-
tures in excess ol 80 are plotted for the rooms at the higher mean tempera-
ture.

plants. The others, designated “high-temperature” plants, were
held at a mean temperature of approximately 76. All plants
received supplemental light (fluorescent) to approximate 20
hours of light daily between February 5 and 26. After February
26, the high-temperature plants received no supplemental light
(natural length of day approximately 1214 hours). The low-
temperature plants received supplemental light to maintain a
day-length of approximately 14 hours until April 15, when the
supplemental light was discontinued. These light and tempera-
ture conditions were selected as representative of the environment
in the seed-producing areas of California and Oregon. Pollen
was dispersed with a hand vacuum cleaner (operated in reverse)
during part of the period of anthesis. Dates of initiation of
anthesis and harvest were recorded for each plant.

Experiment 2. Seven of the 18 clones employed in Experiment 1
were selected for further study. These clones also served as the
pollinators for a self-sterile clone in a study designed to deter-
mine how high temperature reduces seed yield.

Before January 28, 1959, all plants were maintained under
uniform conditions. The experimental temperatures were initi-
ated on February 6 and 7, just before anthesis. Plants within a
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clone were paired for uniformity of development so that each
plant would have a counterpart at the other temperature. The
7 sib-fertile clones, each clone consisting of 4 plants, were desig-
nated as “male plants”. Half of these male plants (2 from each
of the 7 clones) were placed in a greenhouse room maintained
at a mean temperature approximating 64 F and were designated
as “low-temperature male plants.” The other group of 14 male
plants was placed in an adjacent greenhouse room at a mean
temperature applo)umatmg 76 and dt:s.lqnate(l as “high-tempera-
ture male plants.”

The self-sterile clone, consisting of 26 plants, was designated
“female.” Half of these female plants were isolated in a third
greenhouse room maintained at a mean temperature approxi-
mating 64 F and were designated as “low-temperature female
plants.” The other group of female plants was isolated in a
fourth greenhouse room at a mean temperature approximating
76 F and designated as “high-temperature female plants.” Thus,
13 female plants were placed at each temperature. Within each
group of 13 female plants, one plant was isolated in the room
to determine how much seed would be produced from stray
pollen or an occasional selfing. Of the remaining 12, 6 plants
were placed on one cart and pollinated by the low-temperature
male plants. The other 6 plants were handled similarly and
pollinated by the hich-temperature male plants. The factorial
procedure outlined diacrammatically in Figure 3 was used in an
attempt to separate the effects of temperature on the male and
female gametes which cause the decrease in yield at high tempera-
ture.

The date of first blossom was recorded for each plant. First
anthesis occurred between Februarv 8 and 22. Pollination was
initiated on February 9. The female plants were placed in the
room with the male plants daily for aporoximately 15 minutes
(the pollen was blown from the male plants onto the female
plants by means of a hand vacuum cleaner) and then returned
to isolation in their temperature room. The pollinations general-
ly were performed between 11 ax and noon. Temperatures and
relative humidities were recorded for the entire experimental

period.

Because of the more ranid development at the higher tempera-
ture, pollen production was oreatly reduced by March 8, but at
the lower temperature pollen production continued longer. Pol-
lination of the female plants with high-temperature pollen was
discontinued on March 9 and with low-temperature pollen on
March 19. The erand periods of flowering of plants maintained
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Figure 3.—Procedure for isolation and pollination of female clone used
in Experiment 2 to study the effect of temperature on yicld of sugar beet
seed. Systematic procedures were avoided to minimize the positional effects
on plant response.
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at different temperatures were not synchronized perfectly in this
experiment, but the differences in time of anthesis did not seem
to influence the results.

The control female plant of the self-sterile clone, isolated in
the low and high temperature rooms to determine the amount
of stray pollen and selfing, yielded less than a gram of seed in
each location. The magnitude of this yield was considered to be
so low that no corrections were applied to the seed yields of the
female plants exposed to pollination.

Experiment 3. Roots of the monogerm variety SP 5832-0 were
selected from nursery plots at East Lansing, Michigan, in 1959.
These roots were grown from open-pollinated seeds harvested
from 17 different mother plants. One to 11 roots were selected
from each progeny group.

Each root was sawed into nearly equal halves and the halves
placed in separate pots. To more nearly synchronize anthesis and
seed harvest at the two temperatures, we kept the first member
of the paired halfroots to bloom at a mean temperature of
approximately 65 F during anthesis, and the second member of
the pair at a mean temperature of approximately 75 F. Thus,
plants maintained at the lower temperature bloomed earlier,
usually a few days but rarely as much as two weeks. During seed
development and maturation, the temperature differentials were
maintained as long as the out-door temperature did not exceed
the lower mean temperature. The higher temperature treatment
was initiated on January 29, 1960. The first plants beean anthesis
about January 25 and the last on April 17. Seed harvest was
completed by June 10.

To determine the range in the size of fruits among the plants
of a progeny group in a given temperature environment and
between the plants of paired half-roots at the two temperatures,
we sized a sample of approximately 20 grams (when available)
for fruit diameter and then for fruit thickness, using round-holed
and slotted screens, respectively. The percentages by weight were
calculated for each size-class. Fruits having more than a single
ovarian cavity were removed from the sample and the percentage
by weight and number of these fruits were recorded. In addition,
to see whether temperature during maturation had any effect on
the size of the processed fruits, 25 fruits of given size-classes,
which matured at the low and at the high temperature, were
hand processed. The size of each of the fruits was determined
and average sizes recorded for each temperature.
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Experiment 4. Twenty of the monogerm clones of SP 5832-0 used
in Experiment 3 were selected for a range in sensitivity to
high temperature as measured by yield of seed. All plants were
kept at a mean temperature approximating 65 F during anthesis.
Between November 11 and December 1, 1960, two flowers were
removed daily until 20 had been examined for each plant. The
lengths of the pistil (style plus distance to center of ovarian
cavity) and the style were recorded for each flower. The average
lengths of the styles were correlatd with the yields of seed for
16 of the clones in Experiment 3.

A branch of each plant was isolated in a bag before anthesis
to determine the degree of self-fertility at a temperature approxi-
mating the lower mean temperature employed in the earlier ex-
periments.

Results

Effect of relative humidity on yield of seed

The relative humidity was recorded in the two temperature
regimes of Experiment 2. The humidity usually ranged from
35 to 709, for the daylight hours during anthesis. Although the
relative humidity was higher in the low-temperature rooms, differ-
ences in humidity between the temperature regimes were not
great. The higher relative humidity of the low-temperature rooms
did not appear to affect the setting of seed adversely.

Effects of temperature

The effects reported in the following sections are caused
mainly by the temperature at which the plants bloomed and
the seeds and their surrounding fruits developed and matured.

Time to mature: Temperature affected the length of time
required from the start of anthesis until the seed matured. For
the 66 F mean temperature in Experiment I, the averace number
of days was 71 (range 61 to 90 days), whereas for the 76 F mean
temperature the average was 57 (range 44 to 69).

Seed yield: Temperature during anthesis markedly affected
the yield of seed. The higher temperature depressed yields to
about half of those at the lower (Table 2). The ratio of shoot
weight to seed (fruit) weight represents an efficiency index for
seed production and indicates the number of grams of shoot
(fresh weight) required to produce a gram of seed. Plants grown
at the lower mean temperature were more efficient than those at
the higher. Progeny groups within a variety differ in efficiency
of seed production and appear to be differentially affected by
temperature during anthesis (Table 3). Individuals within a
progeny group of SP 5832-0 differ in efficiency of seed production,
particularly at the higher mean temperature (Table 4).



Table 1.—Resumé of temperatures (F) in Experiment 3 during anthesis® of clones of monogerm sugar beet variety SP 5832-0.

Low temperature room High temperature room
Mean Range in  Maximum No. days max. temp.  Mean Range in Maximum No. days max. temp.
for mean daily  temp. in equalled or exceeded._ for mean daily temp. in equalled or exceeded
Period period temp. period 80 85 90  period temp. period 80 85 90 95 100
Jan. 29-

Feb. 29 61 59-64 78 0 0 0 72 70-75 87 6 2 0 0 0
Mar. 1-31 62 60-67 1 0 0 77 71-79 95 26 20 0
Apr. 1-30 66 G1-74 a0 5 2 1 77 72-B5 104 23 2] 15 10 3
May 1-17 G5 61-70 84 4 0 0 78 73-85 101 11 9 9 1

* Plants blossomed between January 29 and May 17, depending on temperature and the clones thems:lves. The period of anthesis for a plant was
considered to be a 30-day period after opening of the first blossom.

Table 2.—Effect of temperature during anthesis on yield of sugar beet seed.

Approx. Avg. [resh weight Avg. weight of Ratio of
Exp. No. of No. of mean temp. of shoots per plant seeds per plant shoot wt.
no. Variety clones plants (F) (grams) (grams) seed  wt.
1 Us 401 18 30 66 . 43.2 + 14.6%
30 76 - 194 + 45# :
2 US 401 7 14 64 782 . 84.8 9.2
14 76 485 40.8 11.9
3 SP 5832-0 58 58 65 582 77.9 7.5
58 76 455 30.5 14.9

# Standard deviation

A
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Table 3.—Effect of temperature (F) during anthesis on efficiency of seed production
by different progeny groups of monogerm sugar beet variety SP 5832-0.

Shoot wt./seed wt. for plants grown at mean temp. approx.

Progeny No. of paired 65 76
group half-roots Ratio Rank Ratio Rank
4 5 5.34 1 9.88 1
40 4 6.52 2 12.90 2
137 11 6.89 3 14.68 5
82 3 6.96 4 16.63 7
30 4 6.98 5 13.38 3
52 E] 7.18 6 18.07 8
123 7 8.03 7 15.66 6
59 ! 8.23 8 23.63 9
70 4 9.85 9 13.48 4

Table 4.—Effect of temperature (F) during anthesis on efficiency of seed production
by plants within three progeny groups of sugar beet variety SP 5832.0.

Ratio of shoot wt./seed wt. for cach half of paired-root

Progeny group and grown at mean temperature approximating

root number 65 76
4:8 .83 8.91

3 5.10 7.44

1 5.39 12,82

7 5.67 11.90

6 5.72 9.01

52:2 4.93 9.86

5 7.05 9.28

3 7.31 50.56

4 744 28.08

1 9.67 32.80

59:5 .85 11.02

3 8.20 32.78

4 9.35 18.64

2 9.36 53.53

Size, weight, and number of fruits: Temperature at which the
fruits developed and matured affected size, weight, and number
of fruits (Table 5). Fruits matured on plants at the lower mean
temperature were larger, heavier, and greater in number.
Temperature influenced monogerm fruits similarly (Table 6).
The progeny-group data also indicate considerable genetic varia-
bility within a group. Temperature during maturation of the
fruits affects the size of the fruits obtained after processing (Table
7). Fruits matured at the higher temperature process to smaller
mean dimensions than those matured at the lower temperature.

Tendency for monogermness in the monogerm variety SP
5832-0: When plants of the same clones were grown at two
temperatures, they usually produced a greater percentage of fruits
having two or more ovarian cavities at the lower temperature



o
Table 5.—Eflcct of temperature (F) on size, weight, and number of [ruits on LS 401 sugar beet plants. =
Approx. Calculated average
Exp. No. of mean Average size Average weight number of fruits
no. plants temp. of truit of 200 [ruits (grams) per plant
1 15 66 38.69, >12/64 inch** 3.7]1 %= 2,477
13 76 1139, =12, 64 inch 2.70 1,503
2 14 G4 3.85*" 4,590 *
14 76 2.74 2.989
** Statistically significant difference at 19 level.

o

Table 7.—Influence of temperautre during maturation of the fruits on the reduction in size of [ruits in processing operation. Clones of sugar
beet vaviety SP 5832-0 grown in Experiment 3.

Number of

_].;U W temperature

Median size-class® clones
of whole fruits compared
14 x 9.5 3
14 x 8.3 8
12 5% 9.5 3
12 » 8.3 12
12 % 6.8 18
10 % 6.8 10

Mean sire® of processed f[ruits matured at

1.3 x 6.5
11.1 % 6.1
10.5 % 6.3
10.3 » 5.8
9.7 % 5.3
84 x 5.0

"~ High temperature

Reduction in size of fruit due to processing
“Low lcmpcraluri‘ )
~ Thick.

Diam.
10.6 % 6.4 19
10.0 % 5.9 21
9.6 % 6.1 13
9.3 w 56 14
B.6 w 4.9 19
76 w 48 16

%
32
27
- 34
30
22
26

* In 64ths of an inch. First figure is fruit diameter and second is fruit thickness.

—
High temperature 9

Diam. Thick. z

- =
or o &

0 o o

24 33 "‘

29 29 E‘

20 5 "

23 33 -

28 28 @

24 29 @

=
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Table 6.—Effect of temperature on fruit size in 3 progeny groups of monogerm sugar
beet variety SP 5832-0, Experiment 5.

Percentage by weight of sample on scren

Progeny group and Fruit diameter Thickness
root number Fruit size* Low temp. High temp. Low temp. High temp.

4:3 9% 75 46.8 66.9 5.3 4.3

1 50.4 59.6 0.7 0.0

6 89.5 55.0 34.2 115

8 90.4 90.3 36.2 2.3

7 95.1 43.0 49.5 4.1

30:6 11 % 7.5 65.9 39.6 46.3 17.8

7 71.2 50.1 66.9 3.7

1 813 46.1 89.0 55.3

4 9.6 54.1 : 83.1 31.2

40:5 11 x 7.5 2.0 1.0 1.8 0.6

2 828 61.6 55.1 23.4

1 86.0 67.9 79.9 44.5

3 89.9 30.3 81.7 27.2

In G4ths of an inch. First figure is fruit diameter and second is fruit thickness.

Table 8.—Variability for monogermness of plants with a common female parent
(No. 123) in sugar beet variety SP 5832-0.

Multigerm fruits in sample from clone grown at

Root Low temperature High temperature
number Number Percent by wt, Number 'T’ercénl:_hy wit.
1 S 1.0 5 0.7
2 2 0.1 2 0.05
3 61 6.4 17 1.6
4 79 10.4 44 4.3
5 238 24.2 154 11.6
6 9 1.0 19 1.7
7 0 0.0 3 0.4

(Table 8). The large variation in tendency toward monogermness
within a progeny group at a given temperature is illustrated, too.

Tightness of seedcaps: The seedcaps which cover the ovarian
cavities of the fruits usually are cemented tightly enough to re-
main in position during normal handling of the fruits. However,
shedding of seedcaps is observed in many varieties and differences
within lines have been noted (1). Fruits of 10 clones from Experi-
ment 1 and 7 from Experiment 2 were examined to determine
what percentage of fruits had shed seedcaps. Two hundred fruits
were examined for each sample in Table 9. The tendency for a
greater percentage of the seedcaps to shed at the higher tempera-
ture was marked, but there was an interaction between clones
and temperature.

Development of seeds: To determine what may have con-
tributed to the larger multigerm fruits on plants grown at the
lower temperature in Fxperiment 1, we examined 200 fruits per
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Table 9.—Effect of :,emperafum (F) on the shedding of seedcaps covering the ovarian
cavities of US 401 sugar beet.

Percentage of fruits having shed one or more seed-

Number of caps at indicated mean temperature

Clone paired samples F_:xperimenl: 1 Experiment 2
number examined 66 76 64 76
50612 2 17.4 85.2 27 .4 87.1
50625 1 2.0 27.5

50609 2 1.0 7.5

50611 1 1.5 4.0

50607 1 0.5 3.5

50606 1 0.5 2.5

50602 2 0.0 2.5 27.8 5.0
50601 1 1.5 [ ] .

50608 2 10.5 0.5 7.4 9.4
50604 2 0.5 0.0

50610 2 5.0 16.8
50603 2 0.8 11.3
H0R14 2 2.1 10.5
50615 2 0.6 21

Table 10.—Effect of temperature (F) on percentage of [ruits containing developed
secds in each ovarian cavity of clones of US 401 sugar beet.

Percentage of [ruits having developed sceds

Clone Number of pairs in all ovarian cavities at indicated temp.#
number of plants 66 F 76 F
50602 2 75.0 26.5
50607 1 67.5 285
50608 2 61.5 44.0
50625 1 57.0 14.0
50609 2 52.0 25.8
50611 I 49.5 29.5
50606 1 48.0 24.0
50601 1 43.0 18.0
50604 2 38.5 9.5
Average 55.3 25.0

* Percentages based on 200 fruits per plant.

plant to determine the number of ovarian cavities per fruit and
the number of cavities containing developed seeds. The per-
centage of fruits which contained a developed seed in each
ovarian cavity varied considerably at a given temperature (Table
10). The higher temperature was most detrimental to seed de-
velopment. Additional data are presented in Table 14.

Speed of germination of seed: For Experiments 1 and 2, we
germinated the seed by the liquid-contact method, using a
nutrient solution of 10.1 atmospheres osmotic pressure. Eighty
seedballs from each plant at each temperature were used. In
Experiment 1, the temperature at which the seed developed and
the fruit matured did not affect significantly the speed of germ-
ination of the clones as a group. However, 3 clones which grew
at the higher temperature produced significantly faster germinat-
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Table 1l.—Effect of temperature during sced development and fruit maturation
on speed of germination of sced from 7 clones of US 401 sugar beet, Experiment 2.

Percentage of germination in indicated days*®

Temperature 2 3 5
© Low ) By . ow,; L hE
High 56.0 84.6 80.2

* Data based on 1120 seedballs from each temperature (7 clones x 2 plants per clone
w 80 seedballs per plant).

ing seeds than their counterparts produced at the lower. The
significant interaction (59, level) between temperature and
clones suggests that some clones were more sensitive to the
temperature employed than others. Regardless of temperature,
speed of germination for the clones differed significantly. Of the
3 clones in Experiment 1, which had seeds that germinated more
rapidly when produced at the higher temperature, 2 were in-
cluded in Experiment 2. The germination data for the 7 clones
used as pollinators in Experiment 2 are shown in Table 11. The
seeds that developed and matured at the higher temperature werc
significantly faster than those produced at the lower. Seeds of
6 of the 7 clones germinated significantly faster, but those of
clone 50602 were essentially unaffected by temperature. Seeds
of clones 50605 and 50615 produced at the higher temperature
germinated significantly faster in both experiments. Detailed
data for 3 of the clones used in Experiment 2 (Table 12) reveal
that clones 50605 and 50615 were affected by the high tempera-
ture, but clone 50602 was less sensitive and somewhat less con-
sistent.

Table 12.—Effect of temperature during sced development and fruit maturation on
speed of germination of seeds of 3 clones of US 401 sugar beet, Experiment 2.

Clone and plant Percentage germination in indicated days®
pairing numbers Temperature 2 R 5
50602:
1 High 65 96 99
2 High 33 64 73
1 Low 51 78 9
2 Low 31 76 83
30605:
1 High 63 90 94
2 High 89 100 100
1 Low 5 91 94
2 Low 9 83 85
50615:
1 High 85 64 69
2 High 34 61 68
1 Low 4 16 38
2 Low 4 20 31

Lach percentage based on 80 scedballs.



lable 13.—EHect ol low (L) ara migh (H) temperatures on weights (grams) of fresh shoot and air dried seed for the sell-sterile clone (9) of sugar
beet pollinated with polien (o) produced at two temperatures, Experiment 2.

Temperature designation ot temale plant and pollinator

gLxJIL QL X dH Y HxXdJdL ﬂxdu__
Replication Weight of Weight ot Weight of Weight of
number Shoot Seedballs Shoot Seedballs Shoot Seedballs Shoot Seedballs
1 500 42.0 565 48.0 520 24.0 500 34.0
2 500 27.5 475 20.0 545 27.0 320 19.5
3 300 30.0 610 29.0 270 20.0 520 18.5
4 545 60.5 610 46.0 635 39.0 590 39.0
5 250 21.5 475 220 520 15.0 500 33.0
6 770 52.5 180 23.5 475 54.0 500 38.0
Mean 510.8 39.2 485.8 31.4 494.2 31.5 455.0 30.3
Ratio M 13.0 15.5 15.9 ; 15.0

Seedball wt.

(53]
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The speed of germination data for the clones of monogerm
variety SP 5832-0 (Experiment 3) are based upon germinating
40 seeds on a blotter moistened with tap water. The seeds pro-
duced at the higher temperature usually germinated more rapidly
than those produced at the lower. After four days, 53.89, of the
seeds produced at the higher temperature had germinated, but
only 41.19, of those produced at the lower.

Analysis of the eﬁect of temperature on the function of male
and female gametes in seed yield (Experiment 2): Although the
female plants (self-sterile clone) were paired by seedstalk dev elop-
ment when the experimental temperatures were initiated, a few
plants failed to grow as large as the others. As a result, the fresh
weights of the shoots and yields of seedballs in relation to the
weight of shoots were not umsment (Table 13). The tendency
of the plants in the ? L. X ¢ L treatment to weigh more and
yield more seedballs suggested that an analysis of covariance
should be used. The analysis revealed no statistically significant
differences between treatments. However, the regressicn ‘between
fresh weight of shoot and weight of seedballs was significant at
the 19 level.

Since the weights of seedballs per plant were not significantly
different, samples of the seedballs were examined to determine
the proportion of ovarian cavities containing developed seeds
for each of the four treatments, Two random samples of 100
seedballs from each plant were counted and then examined for
both the total number of ovarian cavities and the number of
cavities containing a developed seed. The percentage of cavities
containing a developed seed would indicate the effect of tempera-
ture on the functioning of the male and female gametes in seed
production. Differences would be valid if the assumption that
pollination was accomplished uniformly is valid. Analysis of the
percentages of cavities containing a developed seed (Table 14)
reveals that temperature significantly affected these percentages.
The high temperature during pollen development adversely
affected (significant at approximately the 109 level) its sub-
sequent performance on the female at low or high temperature.
While the data reveal a highly significant effect of temperature
on the female, this cannot be construed solely as an effect on the
female, because after pollination the male gamete was at the
same temperature as the female. Although the more adverse
effect of high temperature could only be observed after pollina-
tion, the experimental design did not eliminate the possibility of
high temperature injuring the female before pollination.
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Table 14.—Effect of low (L) and high (H) temperatures at which the gametes
developed on the percentage of ovarian cavities of the sell-sterile female clone of sugar
bect containing a developed sced, Experiment 2.

Percentage of ovarian cavities containing a sced for

Plant temperature treatments indicated
repl. L X JL 9L xdH 9HxXxCJL ¢HX JdH
number  Sample 1 2 1 2 1 g oE] 2
1 82.2 85.0 86.2 845 87.0 82.9 747 748
2 87.3  93.0 80.2 79.7 854 711 68.2 622
3 825 87.0 76.5 76.2 80.2  74.1 79.2. 724
4 87.4 842 88.9 9014 78.0 73.2 81.9 694
5 94.2 804 82.8 8l.1 BL.6  75.1 81.5 75.6
6 90.2 85.1 87.4 87.6 81.0 76.2 86.7 79.5
Sums:
Sample 523.8 526.7 502.0 500.5 493.2 452.6 472.2 433.9
Treatment 1,050.5 1,002.5 945.8 906.1
Means:
Treatment* 87.5 83.5 78.8 75.5
Sums:
QL = 20530, ¢H = 18519, JL = 1,963, d H = 1,098.6

L ¥ gL and 2H % dH = 1966, 2L X dH and 9H 3 JL = 19483

Analysis of variance:

Sums Degrees Mean Significance
squares freedom squares level
Treatment 1,004.20 3 334.73 8.59 19,
d L versus & H 160.24 1 160.24 4.11 109,
2 L versus ? H 842,53 1 842,53 21.61 1%
Like versus unlike 1.44 1 1.44 NS
Error 701.81 18 38.99

*LSD 109, = 8.6%, 59, = 4.4%, 1% = 6.0%

Relation of length of the style to seed yield at high tempera-
ture: While the data of Experiment 2 indicated that the most
adverse effect of high temperature on seed set occurred on the
female plant, the marked difference in the sensitivity of clones
to high temperature, particularly in Experiment 3, suggested that
the degree of sensitivity to high temperature may actually reside
in the female plant. Among a number of possible causes for
fewer seeds developing at high temperature, the length of the
style might influence the time-lapse between pollination and
fertilization of the different plants. If the style were longer,
fertilization might be delayed. The greater respiration at the
higher temperature might deplete the limited energy supply
available to the sperm so that less fertilization could be ac-
complished at the higher temperature.

An index of efficiency of seed production for each clone in
Experiment 3 was calculated by dividing the number of grams
of fresh weight of shoot required to produce a gram of seed
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(dried fruits) at the low temperature into the number of grams
of fresh weight of shoot required to produce a gram of seed at
the high temperature. In Experiment 4, 20 styles per clone were
measured for length. The average length of the styles for a
clone was correlated with the index of efficiency of seed pro-
duction in Experiment 3. Because four clones bloomed later
than the others and environment might have influenced stylar
length, only the 16 clones that bloomed simultaneously were
used in the correlation. The correlation coefficient between
stylar length and efficiency of seed production was —0.1109
(0.4793 required for the 59, level of significance). A highly
significant t-test was obtained for differences in stylar length be-
tween a number of the clones. Therefore, stylar length does not
seem to be related to the marked reduction in seed yield at the
higher temperature.

To observe the degree of self-fertility, we placed a bag on a
branch of each clone be[ore anthesis. We estimated the qu'mtlty
of seeds set to the total number of flowers isolated in the bag,
and ranked the clones by percentage of self-fertility. The plants
which exhibited the greatest self-fertility also Uenenlly exhibited
the least reduction in seed yield at the higher temperature.

Discussion

The foregoing data indicate rather clearly the multiplicity
of effects of temperature in the production of suear beet seed.
Furthermore, the desirable effects apparently cannot be achieved
under any one temperature regime. Because temperature in a
given geographic location is essentially uncontrollable, one must
choose the location that provides the most favorable temperature.

The need for adequate photothermal induction for seed pro-
duction is obvious. Then from the standpoint of maximum seed
production, a low temperature (mean approximating 65 F)
would appear most desirable. In contrast, the seed produced at
this temperature does not germinate as rapidly as seed grown
at a temperature sufficiently higher (mean approximating 75
F) to reduce seed yield. Under field conditions, a mean tempera-
ture between those used in this study might be most suitable.
If seed could be produced where the lower mean temperature
could be maintained through most of the grand period of flower-
ing, the yield should not be affected adversely by subsequent
high temperatures. Higher temperatures definitely hasten ma-
turity of the seed.

Initially, a study of the effect of temperature was undertaken
to test the hypothesis that seed produced at higher temperatures
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might germinate faster for the following reasons: 1. The higher
temperature would inerease respiration and thus mighte reduce
the quantly of reserve materials in the plant and indirectly
might yeduce the quantity of inhibitery substances in the {ruit,
2. The mere rapid maturation at the higher remperature would
shorten the time in which cementing-substances would be de-
rm”iLC‘l between the dssues of the ru't and the seedcap. Also
he quantity of reserve materials available to form cementing-
~ul‘%a<mf es may be reduced by the increased respiration. Although
some exceptions cecur, the data lend considerable support to
this hvpothesis. beth as indicated by speed of germination and
Jeoseness of scedeaps. The precise effects are unknown, howcever,

Although the data clearly demonstrate the marked reduction
in yield of seed at the higher temperatuve, the exact mode of
action is not clear. The following facts are known: 1. The ad-
verse cffect occurs during anthesis. 2. Pollen developed and
matured at the hlghm tewperature is only slightly less effective
m modn(mo seed than pollen matured at the Im\ er temperature.
5. The major portion ¢f the reduction in yield seems to occur
immediatcly after pollinaticn. 4. The length of the style is not
correlated with the relative reduction in vield at the higher
temperature. 5. The more self-tertile meL% appear to be less
susceptible to the adverse effects of the higher temperature than
those which exhibit less seif-fertility. 6. Some of the clones {Fx-
periment 3) vielded cnly slightly Tess seed per gram of shoot at
the higher temperature while others yielded markedly less than
at the lower temperature.

From the foregoing statements, one can deduce that the cause
for the reduced yield of seed at the higher temperature resides
in the plant on which the seed is produced. Whether the effect
of temperature is divectly en the female function or indirectly
on the male cannot be determined without further investigation,

In at least two instances’, reduced vields of sugar beet seed
m the southwestern United States seemed to be correlated with
abnormally hieh temperatures during anthesis. The high temper-
atures in the present greenhouse studies were similar to the high
temperatures chserved n the seed-producing aveas.

Seed vields of the multigerm variety U'S 401 and the mono-
germ variety SP 5832-0 were similarly affected by high tempera-

ture. Temperature during fruit nu wuration also .:iﬂ”(?(,ttd the fruit
characteristics similarly.

s Communicatiens from Hillas Cole. Farrar-Loomis Scedd Companv. Henet, Ca'ifornia
and 1. F. Brewbaker, formerly with The Great Wostern Sugar Company, Longmont,
Colorade,
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Breeding programs carried out in the greenhouse may be
accelerated by using higher temperatures during the latter part
of anthesis and subsequently. The higher temperature during
maturation of the seed also may serve as a useful tool to locate
progenies with a tendency to produce too many loose seedcaps.

Summary

Clones of sugar beet varieties US 401 and SP 5832-0 were
grown in the greenhouse in a relatively uniform environment
until just before anthesis. At this time, the plants within clones
were paired for uniformity and placed at mean temperatures
approximating 65 and 75 F. During anthesis, the plants at the
higher temperature were subjected to daily maximums from the
middle 80’s to the middle 90’s on most days. Daily maximums
for those at the lower temperature were below 80 and rarely
exceeded 75.

The yield of seed at the higher temperature was reduced to
about half of that produced at the lower. Some clones were more
sensitive to the higher temperature than others. Plants producing
seed at the lower temperature had greater fresh weights of shoot:
greater weight, size, and number of fruits; and usually a smaller
percentage of fruits that had shed seedcaps. The seeds in fruits
that matured at the higher temperature germinated more rapidly
(usually statistically significant) than those in fruits matured at
the lower temperature.

Although pollen matured at the lower temperature was slight-
ly more effective in fertilization than that matured at the higher,
the most adverse effect of high temperature occurred after pol-
lination. Length of the style was not correlated with yield of
seed at the higher temperature.
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