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Under field conditions, the quantity and quality of seed pro­
duced by plants of a given suga r 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 vari a tions. 

Temperature markedly affected seed production in garden 
stock, Matthiola incana (L.) R. TIr. (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 th e same number 
of flowers were formed, but only 50% developed fruits. The 
plants at 85 F were sterile because of various abnormalities. 

Since temperature is controllable in the gTeenhouse 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 g;enetic variability, 
and to evaluate more precisely the effect of the experimental 
conditions with a relatively small number of plants. 

Four experiments were 'conducted in the greenhouse at Eas t 
Lansing, Michigan. DurinQ' the day, the temperatures 'were 
regulated by manually openino' and c1osin<!, the vents. Tempera­
tures in excess of approximately 73 f depended on solar radiation . 
Temperature in the third experiment was Jess 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 lO-inch pOots 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 vvere photothermally induced and maintained at a 
ccol temperature until just before anthesis. They were kept on 
a long photo-period during anthesis, unless specifically sta ted 
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, T able 1. 
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Figure I.-Weekly mea n temperatures and the high and low tempera­
tures for each week during anthesis a nd seed maturation to which clones 
of US 401 sugar beet were exposed, Experiment l. 

To minimize the effect of maturity on germination, seed was 
harves ted when at least 80% of the fruits on a plant were straw­
colvred . Seed was harvested from each of the plants within a 
temperature treatment. In Experiments 2 and 3, the shoots of 
the plants were removed approx imately 8 inches above the crown 
and th eir fresh weights were recorded. The shoots were dried 
at 90 F and then the seed was removed, cleaned, and weighed. 

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

Experimental detai ls specific lo 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 of each pair was kept at a mean temperature 
of approximately 66 F. These ""ere designated " low-temperature" 



547 VOL. 12, No.7, OCTOBER 1963 

110 

55 0Ec..22.'~ ZS­ 29· 9 13 17 21 25 I 5 9 13 17 22 23- 30- 6· 13­ 20- 27- 4­
10 ze 5 29 5 12 19 26 3 II 

.wI.~.'~9 

JAH. fElt ....R. APR !jA' 
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 expel·i. 
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 of 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 121~ hours). The 10w­
temperature plants received supplemental light to maintain a 
day-length of approximate.ly 14 hours until April I? , ·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 "vithin a 

http:approximate.ly
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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 gTOUp of 14 male 
plants was placed in an adjacent greenhouse room at a mean 
temperature approximating 76 and designated 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 desig'nated as "low-temperature female 
plants." The other group of female plants was isolated in a 
fourth gTeenhouse room at a mean temperature approximating 
76 F and designated as "hig'h-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 selfinp;. 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 hi g·h-temperat.ure male plants. The factorial 
procedure outlined diao-raPlmatically in Fig'ure 3 was used in an 
attempt to separat.e the effects nf 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 approximately 15 minutes 
(the pollen was blown from the male pl ants onto the female 
plants by means of a hand vacuum cleaner) and then returned 
to isolation in their temperature room. The pollinations g'eneral­
ly were performed between 11 A M and noon. Temperatures and 
relative humidities were recorded for the entire experimental 
period. 

Because of the more rapid development at the hig'her tempera­
ture, pollen production w::ts R,Tea tly r edu ced by March 8, but at 
the lower temperature pollen production continued lon!rer. Pol­
lination of the fernale ' phnts with hi!rh-temperature p~lIen was 
discontinued on March C) and with low-temperature pollen on 
March 19. The grand periods of flowering,' of plants maintained 
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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 ,"vere 
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 half·roots to bloom at a mean temperature of 
approximately 65 F during anthesis, and the second member of 
the pair a t a mean temperature of approx imately 75 F. Thus, 
plants maintained at the lower temperature bloomed ea rlier, 
usually a few days but rarely as much as two ,,\leeks. During seed 
development and maturation , the tempera ture differentials were 
maintained as long as the out-door temperature did not exceed 
the lower mean temperature. The higher temperature treatment 
was initiated on Tanuary 29, 1960. The first plants began 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 prog'eny ~roup 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 tempera ture, 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 II and December 1, 1960, two flowers were 
removed daily until 20 had been examined for each plant. The 
lengths of the pistil (sty le plus distance to center of ovarian 
cavity) and the style were recorded for each flower. The average 
lengths of the styles were correla td 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 th e 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 

reg'imes of Experiment 2. The humidity usuall y ranged from 
35 to 7070 for the daylight hours durin Q; 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 folJ owin Q; sections are caused 

mainly by the temperature at 'which the plants bloomed and 
the seeds and their surrounding fruits developed and matured. 

Timr to mature: T emperature affected the length of time 
required from the start of anthesis until the seed matured. For 
the 66 F mean tempera ture in Experiment 1, the averaQ'e number 
of days was 71 (range 61 to 90 days), whereas for the 76 F mean 
temperature th e average was 57 (range 44 to 69). 

Seed yirlcl: T em perature during anthesis markedly affected 
the yield of seed. The higher temperature depressed yields to 
about half of those a t 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 m ean tem perature were more efficient than those at 
the higher. Progeny groups within a variety differ in effi ciency 
of seed production and appear to be differentially affected by 
temperature during anthesis (T able 3). Individuals within a 
prmreny group of SP 5832-0 differ in efficiency of seed production, 
particularly at the higher mean temperature (Table 4). 



'" '" 
Table I.-Resume of temperatures (F) in Experiment 3 during anthesis* of ciones of monogerm sugar beet variety SP 5832-0_ '" 

Low temperature room High temperatu re rOO1n 

Perion 

Mean 
for 

period 

Range in 
mean daily 

temp_ 

l\'Iaximum 
temp. in 
period 

No_days max _ temp_ 
equalled or exceeded 

80 85 90 

Mean 
for 

period 

Range in 
m ean daily 

temp_ 

Maxhnum 
temp _in 
period 

No_days max_ temp_ 
equalled or exceeded 

80 85 90 95 100 

J an. 29­

feb. 29 

Mar. 1-31 

Apr. 1-30 

Ma y 1-17 

61 

62 

66 

65 

59-64 

60-67 

61-74 

61-70 

78 

80 

90 

84 

0 

I 

5 

4 

0 

0 

2 

0 

0 

0 

I 

0 

72 

77 

77 

78 

70-75 

71-79 

72-85 

73-85 

87 

95 

104 

101 

6 

26 

23 

II 

2 

20 

2 1 

9 

0 

!O 

15 

9 

0 

10 

7 

0 

0 

3 

• Plants blossomed between January 29 and May 17, depending on tempera ture 
considered to be a 30-day period a ft er opening of the first blossom. 

and the clones th emse lves. The period of an thes is for a plant was 

Exp. 
no_ Variety 

Table 2_-Effect of temperature during anthesis 

Approx_ 
No. of No. or luca n temp. 
clones plants (F) 

on yield of sugar beet seed_ 

A vg. ft'esh weigh t 
of sboots per plant 

(grams) 

Avg. weight of 
seeds per pia n t 

(grams) 

Ratio of 
·shoot wt. 

seed , ..' t. 

'-< 
0 
C 
:>0 
Z 
:>­
t"' 

2 

US 401 

US 401 

SP 5832-0 

18 

7 

58 

30 

30 

14 

14 

58 

58 

66 

76 

64 

76 

65 

76 

782 

485 

582 

455 

43.2 ± 
19.4 ± 
84.8 

40.8 

77.9 

30.5 

14.6# 

4.5# 

9.2 

11.9 

7.5 

14.9 

0 
"1 

o-l 
:t 
t'l 

>­
~ 

~ 

# Standard deviat ion ~ 

~ 

t· . /. f> 
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Table 3.-EfIect of temperature (F) during anthesis on efficiency oC seed production 
by different progeny groups of monog-erm sugar beet variety SP 5832·0. 

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

Progeny No. oC paired 65 76 

group ha)[-roots Ratio Rank Ratio Rank 

4 5 5.34 I 9.88 I 
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 5 7.18 6 18.07 8 

123 7 S.03 7 15.66 6 
59 I 8.23 8 23.63 9 
70 4 9.85 9 13.48 4 

Table 4.-Elfect oC temperature (F) during anthesis on efficiency of seed prOduction 
by plants within three progen y groups 0[ ~ugar beet ,'ariety SP 5832-0. 

Ratio of shoot wt. / seed wt. for each half oC pair,ed -root 
Progeny group and grown at nlean Lemperature approximating 

root number 65 76 

4:8 4.83 8.91 
3 5.10 7.44 
I 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 7.44 2808 
I 9.67 32. 80 

59:5 
3 
4 
2 

6. 85 
8.20 
9. 35 
9.36 

11.02 
32.78 
18.64 
53.53 

Size, weight, and number of fruits: Temperature a.t 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-gToup 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 
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Table 5.-Ellect of temperature (F) on size, weight, and number of fruits on LS 401 sugar beet plants. <.." ... 

Approx. Ca lculate d average 
Exp. No. of No. of mea n .'\ verage size Average weight number of fruits 
no. clones plants temp. of fmit o[ 200 fruits (grams) per plant 

9 13 66 38.6% > 12/ 64 inch " 3.71 " 2.477 " 

13 76 \1. 3% > 12,G4 inch 2.70 1.503 

2 14 64 3.83 " 4.390" 

14 76 2.74 2.989 

•• Statistically significa nt difference at 1% level. 

Table 7.-Inflllcncc oC temperature during Inannation of the fruits on the reduction in size of fruits in processing operation. Clones of sugat· 
beet ,·a1·iety SP 5832·0 grown in Experiment 3. 

Number of 
i\(can she:;: o f processed fruits ma tu red at Red uctio n in s ize of fruit due to processing 

'---< 
Med ian size-class:;: clones Low temperatullc H ig h temperature Low tempera tul'c High temperature 0 

c: 
of whole fruits compared Diam. Thick. Dianl . Thick. )0 

Z 
:>­

% % % % 
t"' 

0 
14 X 9.5 11.3 X 6.5 10.6 X 6.'1 19 32 24 33 "1 

14 X 8 .3 8 11.1 X 6.1 10.0 X 5.9 21 27 29 29 
>-l:r: 

12 

12 

X 

X 

9.5 

8.3 

3 

12 

10.5 

10.3 

X 

X 

6.3 

5.8 

9.6 

9.3 

X 

X 

6.1 

5.6 

13 

14 

34 

30 
20 

23 

36 

33 

toO 

;.... 

12 X 6.8 18 9.7 X 5.3 8.6 X 4.9 19 22 28 28 
(/) 

10 X 6.8 10 8.4 X 5.0 7.6 X 4.8 16 26 2·4 29 r:n 
b:I 

• In 64ths of an inch. First figure is fruit diameter and second is fruit thi ckness. 

~ 

r""l 
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Table 6.-Elfect of temperalure nn fruit size in 3 progeny groups o( monogerm sugar 
beet "ariety SP 5832·0, Experiment 3. 

Percentage by weight of salllple on scren 

Progeny group and FlUit d'iamcter Thickness 

root nUI11W Fruit size* Low temp. High temp. Low temp. H igh temp. 

4 :3 9 X 7.S 46.8 66.9 5.3 4.3 
I 50.4 59.6 0.7 0.0 
6 89.5 55.0 34.2 11.5 
8 9004 90.3 36.2 2.3 
7 9!i . l 43.0 49 .5 4.1 

30 :6 II X 7.5 659 39.6 46.5 17.8 
7 71.2 50.1 66.9 37.7 
I 81.:; 46. I 89.0 55.3 
4 0:1.6 54.1 83.1 31.2 

40:5 II X 7.3 2.0 1.0 1.8 0.6 
2 82.8 61.6 55. I 23.4 
I 86.0 67.9 79.9 44.5 
3 R9.0 30.3 8 1.7 27 .2 

. In 64ths of a n inch. First fi g ure is fru it diamete r and second is fruit thickness. 

Table 8.-Variahili(y for monogcrmness of plants with a common female parent 
(No. 123) in sugar beet variety SP 5832·0. 

1\'fultigertn fruits in salnple from clone grown at 

Root Low temperature High temperature 

number Number Percent by wt. Number Percent by wt. 

I II 1.0 5 0.7 
2 2 0.1 2 0.05 

61 6.4 17 1.6 
4 79 10.'1 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 I 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 at seeds: To determine what may have con­
tributed to the larger multigerm fruits on plants gTown at the 
lower temperature in Experiment I , we examined 200 fruits per 
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Table 9.-Effect of temperatul'C (F) on the sbedding of seedcaps covering the ovarian 
cavities of US 401 sugar beel. 

Percentage of fruits having shed one or more seed­
caps at indicated nl ea n lClnpe.ratureNumber of 

Experiment I Experiment 2Clone paired samples 
number exanlined 6(; 76 64 76 

50612 2 17.4 85.2 27.4 87.1 

50625 I 2.0 27.5 

50609 2 1.0 7.5 

50611 1.5 40 

50607 0.5 3.5 

50606 I 0.5 2.5 

50602 2 0.0 2.5 27.8 5.0 

50601 1 1. 5 1.0 

50608 2 10.5 0.5 7.4 9.4 

50604 2 0.5 0.0 

506 10 2 5.0 16.8 

50605 2 0.8 11.3 

50fi l4 2 2.1 10.5 

506 15 2 0.6 2.1 


Table 1O,-Eflect of temperatu~e (F) on percentage of (mits conlailljllg de,'cloped 
seeds in each ovarian cavity of clones of U.S 401 sligar beet. 

Clone 
nUluber 

Number of pairs 
of plants 

Percentage of fruits haviug developed seeds 
in aU ovarian ca\'ities at indicated tcnIp .* 

66 F 76 F 

50602 
50607 
5060S 
50625 
50609 
506 11 
50606 
50601 
50604 

2 

2 
I 
2 

1 
2 

75.0 
67.5 
61.5 
57.0 
52.0 
49.5 
4S.0 
43.0 
38.5 

26.5 
28.5 
44.0 
14.0 
25.S 
29.5 
24.0 
18.0 
9.5 

Average 55.3 25.0 

• Percentages based on 200 fruit s per plant. 

plant to determine the number ' of ovarian caVitIes per fnwt 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 ge'rmination 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 
seedbalJs 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 
a t the higher temperature produced significantly faster germinat­
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Table ll.-Effecl of (,emperature dUI"lng seed development' and fruit Ina111ra11011 

on speed o[ germina tion of seed from 7 dones o[ US 401 sugar beet, Experiment 2. 

:.. 

Percentage of germination in indicated days::: 
Tempera tme 2 35 

Low 28. 1 67.6 77.3 

High 56.0 84.6 89.2 


• Data based on 1120 seed balls from each tempera ture (7 clones X 2 p lan ts per clone 
X 80 seed balls per plant). 

ing seeds than their counterparts produced at the lower. The 
significant interaction (5 % 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. 'fhc 
seeds that developed and m atured at the higher temperature were 
significantly faster than those produced a t the lower. Seeds ot 
6 of the 7 clones germinated significantly faster, but those of 
clone 50602 were essentially unaffected by temperature. Seeds 
of clones 50605 and 506 15 produced at the higher temperature 
germina ted significantly faster in both experiments. Detai led 
data for 3 of the clones used in Experiment 2 (Table 12) reveal 
that clones 50605 and 506 15 were affected by the high tempera­
ture, but clone 50602 was less sensitive and somewhat less con­
sistent. 

Table 12 .-Effect of tempera tur-c during seed dcvelopJucnt and fruit maturation on 
speed of gcnllina t'ion of seeds of 3 dones of US 401 sugaJ.· beet, Expcrilllcnt 2. 

Clone and plant Percentage germination in indica ted da )'s':' 
pairing numbers Temperature 2 3 5 

50602: 
I Hig'h 65 96 99 
2 High 33 64 73 
I Low 51 78 79 
2 Low 31 76 83 

50605 : 
I High 63 90 94 
2 H igh 89 100 100 
I Low 'Li 91 94 
2 Low 39 83 85 

506 15: 
I High :~5 64 69 
2 High 34 61 68 
I Low 4 16 38 
2 Low 4 20 31 

Each percentage based on 80 sccd ball s. 
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lable 13 .-£t\ect 01 lOw (L) ancl nigh (H) temperatures on weights (grams) of fresh shoot and a ir dri ed seed for th e seH·s terile clone ( '( ) of sugat· 
beet poilinated with pollen ( 0 ) produced at two tempera tures, Experiment 2. 
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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 wate r. The seeds pro­
duced at the higher temperature usually germinated more rapidly 
than those produced at the lower. Aher four days, 53.8% of the 
seeds produced at the higher temperature had germinated, but 
only 41.1 % of th ose produced at the lower. 

Analysis of the effect of temjJemt1lre on the function of male 
and female gametes in seed yield (Ex jJerime lit 2): Although the 
female plants (self-sterile clone) were paired by. seedstalk develop­
ment when the experimental temperatures were initiated, a few 
plants failed to grow as large as the others. As a resu I t, the fresh 
weights of the shoots and yields of seedballs in relation to the 
weight of shoots were not consistent (Ta ble 13) . The lendency 
of the plants in the !;' L X cf L treatment to weigh more and 
yield more seedballs suggested that an analysis of covariance 
should be used. The analysis revealed no statist ically significant 
differences between treatments. However, the re~2Tess i cn between 
fresh weight of shoot and weight of seedballs ,,~as signi ficant at 
the 1% level. 

Since the weights of seedballs per plant were not significantly 
different, samples of the seedballs were examined to de termine 
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 cav ities 
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 10% level) its sub­
sequent performance on the female at low or high temperature. 
'Vhile 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. Alth ough 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 I4.-Effect of low (L) and high (H) temperatures at which the gametes 
developed on the percentage of ovarian cavities of the self·sterile female done of sugar 
beet containing a developed seed, Expcrilllcnt 2. 

Percentage oC ovarian cavities containing a seed for 

Plant tenlpcralure lrcallncnts indicated 


rep!. 'i' L X cf L 'i' L X cf H 'i' H X cf L 'i' H X cf H 

- - --2­number Sample 1 2 2 2 

I 82.2 88.0 86.2 84.5 87.0 82.9 74.7 74.8 
2 87.3 93.0 80.2 79.7 85.4 71.1 68.2 62.2 
3 82.5 87.0 70.5 76.2 80.2 74.1 79.2 72.4 
4 87.4 84.2 88.9 91.4 78.0 73 .2 81.9 69.4 
5 94.2 89.4 82.8 81.1 81.6 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 
Slltns : 

'i'L 2,053.0 , 'i' H = 1,851.9, cf L = 1 , ~9G.3, cf H = 1,098.6 
'i' L X cf Land 'i' H X cf H = 1,956.6, 'i' L X cf Hand 'i' H X cf L 1,948.3 

Analysis of variance: 
SUll1S Degrees Mean Significance 

squares freedom squares level 
Treatment 1,004.20 3 334.73 8.59 1'70 
cf L versus cf H 160.24 I 160.24 4. 11 1070 
'i' L versus 'i' H 842.53 842.53 21 .61 1'70 
Like versliS unlike 1.44 I 1.44 NS 
Error 701.81 18 38.99 

• LSD 10'70 = 3.6'70, 5'70 = 4.4'70 , 1'70 = 6.0'70 

Relation at length at 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 differ.ence 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 fema le 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 

http:1,004.20
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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 5% level of significance). A highly 
significant t-test was obtained for differences in stylar lenq;th 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 before anthesis. We estimated the quantity 
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 generally 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 sug'ar beet seed. 
Furthermore, the desirable effects apparently cannot be achieved 
under anyone 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 standpo,int of ma)<imum 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 betvveen those used in this study might be most suitable. 
If seed could be produced where t.he lower mean temperature 
could be maintained throu~'h most of the ~rand 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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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 g-reater 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. 

Althou~'h 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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