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Field experiments were conducted with a monogerm and multigerm 

cultivar in 1978 and 1979 to determine the effects of seed size, seed 

washing, plant density, single versus multiple plants and harvest date 

on the number and weight of table beets in five root size grades: <25 

mm (undersize culls), 25-44mm (grade 1), 44-70 mm (grade 2), 70-95 mm 

(grade 3) and >95 nnn (oversize culls). The cultivars monogerm 

'Mono-King Explorer1 (MM) and multigerm 'Detroit Dark Red Short Top1 

(MD) were used. 

Seed sizes from 8-11 (3.2-4.4 mm) had no effect on plant stand or 

yield. Increased plant density (50-150 pits/lineal m of row, 82-246 

2 
plts/m ) resulted in higher tonnages of grade 1 beets and lower 

tonnages of grade 3 beets. Number and yield of grade 1 beets remained 

constant across harvest dates for each density. Grade 2 beets 

accounted for the majority of tonnage and increased with harvest date. 

Grade 3 beets produced as low as 10% of the total number but accounted 



for 35% of the weight. Number of undersize culls ranged from 27%-62% 

of the total number depending upon density and harvest date. 

Natural plant mortality for MD varied from 10% at low density to 

47% at high density. MM had up to 25% plant mortality but generally 

lower mortality than MD. Number of useable beets (grades 1+2+3) varied 

from A6%-72% of the total number. MM had more grade 1 beets than MD 

but MD had more grade 2 and grade 3 beets at medium and high 

densities. . 

MM had up to 20% double plants. MD size 8 seed had 58% single 

plants and 39% double plants. Size 8 seed produced single plants that 

were as vigorous as single plants from size 11 seed. MM had fewer 

undersize culls and more grade 2 beets from single plants than MD. 

There was little difference in root size distribution of beets from 

single and double plants from size 8 or 11 seed of MD. 

Seed washing increased plant stand for size 8 seed at the high 

planting rate. There was no seed washing effect at harvest on either 

plant stand or root size distribution at conventional plant densities. 

With MD seed washing concentrated the root size distribution for 

single plants into grade 2. 
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RELATIONSHIP OF SEED SIZE, SEED WASHING, PLANT DENSITY 

AND HARVEST DATE TO YIELD AND PLANT STAND IN 

TABLE BEET (Beta vulgaris L.) 

Chapter 1 

INTRODUCTION 

Table beets (Beta vulgaris L.) are an important crop to Oregon 

processors and a potential high xaargin crop for Oregon growers. Value 

per acre is determined by yield and the size range of the beets 

harvested. Normally small beets (25-44 mm in diameter) are highest in 

value followed by medium size beets (44-70 mm) and then large beets 

(70-95 mm) in a ratio of approximately 3:2:1. At average plant 

2 
densities (75-125 pits/lineal m of row, 123-205 plts/m ) the 

majority of tonnage consists of medium size beets but there is 

considerable variation in root size at any given harvest date. 

In commercial plantings there is considerable variation in plant 

stand and root size. By controlling this variation a commercial grower 

might be able to change the root size distribution as processing 

demands flucuate. Because most table beet acreage is planted with 

multigerm lines where usually more than one plant per seed cluster 

develops, seed size was investigated as a possible source of this 

variation. The hypothesis being that large multigerm seed clusters 

could have larger seeds in a seed cluster so therefore more vigor, 
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however because of the number of seeds per cluster there could be more 

smaller seeds per cluster which could lead to more variation in plant 

size. In contrast, small seed clusters could have fewer seeds per 

cluster and thus less variation in plant size but the small cluster 

size could mean small seed size in a cluster and less vigorous plants* 

Comparisons of a single or double plant from a large seed cluster 

versus a single or double plant from a small seed cluster were 

conducted to determine effects of seed size on plant size and vigor. 

Seed washing was investigated as a possible way to reduce 

variation in plant stand and yield. Previous reports had shown that 

seed washing increased emergence. There are reports that a water 

soluble inhibitor is present in the corky tissue that inhibits 

germination and radicle growth. 

Over a two year period, seed size, plant density, harvest date, 

single versus multiple plants, seed type (monogerm versus multigerm) 

and seed washing were investigated to determine the effects on plant 

stand and yield of table beets. 



Chapter 2 

REVIEW OF LITERATURE 

MONOGERM AND MULTIGERM SEED CHARACTERISITICS 

Beet seeds can be categorized into one of two seed types, either 

monogerm or multigerm. Multigerm seed types are composed of a seed 

cluster which can contain from one to several actual seeds. This seed 

cluster develops on a peduncle which can produce several receptacles 

(51). Each receptacle produces a flower and the bases of the ovaries 

of all flowers are imbedded in the same peduncle. This seed cluster is 

held together by corky tissue from the receptacle (51). This results 

in an aggregate of seeds referred to as a seed, seed ball, seed 

cluster or seed aggregate (here after referred to as a seed cluster 

when neccessary for clarity). This seed cluster is capable of 

producing single or multiple plants (1,51). 

Monogerm beets have a shorter peduncle and the meristematic tissue 

of the receptacle does not become as large as with multigerm types and 

does not produce new receptacles (51). This results in production of 

one flower which produces one seed. This seed is enclosed in corky 

material from the receptacle (51), which can account for 60%-95% of 

the dispersal unit weight (75). However abnormal flower development 

can cause monogerm types to contain more than one seed which can lead 

to production of two seedlings referred to as a double plant (53). 



EFFECTS OF SEED SIZE 

With table beets there has been essentially no prior research on 

seed size and possible effects on any yield components• Peck et al 

(45), conducted a decortication experiment where one of the treatments 

was seed size* They showed that large seed produced more plants per 

100 seed clusters with no seed size difference in weight of roots over 

2.5 cm. Our preliminary analysis also showed no seed size effect on 

yield of table beets(31). 

There has been research done on multigerm sugar beet seed, but 

this was done prior to 1960-1965 before the industry started to 

convert almost entirely to monogerm seed lines. Essentially 100% of 

the commercial table beet production is with multigerm seed lines. 

Work with multigerm sugar beets showed that large seed clusters 

had higher percent germination (11,49,59,60), sprout count (11,59,60), 

and more vigorous seedlings and plants (49). Large multigerm sugar 

beet seed has occasionally produced higher yields (9,49). Number of 

seeds per seed cluster increased with seed size. Individual seed 

weight in a seed cluster has been reported to increase (9) and 

decrease (52) with increasing seed size. The weight ratio between 

large and small seeds in a multigerm sugar beet seed cluster can be as 

high as 7:1 (53). 

As seed size increased for monogerm sugar beets, so did the weight 

of the actual seed (52,53,74,75). Increased seed size in monogerm 

sugar beets has resulted in higher germination (35,58), greater 

emergence (23,32,57,59,62,74) and heavier seedlings (57,58,62,74,75). 



These effects were evident at harvest with large monogerm sugar beet 

seed producing higher yields than small seed (35,36,56,57,58,74,75). 

Wood et al (75) found that 87Z of the variation in seed weight for 

monogerm sugar beets was due to variation between plants in the seed 

field. 



SEED CLUSTERS PRODUCING MULTIPLE PLANTS 

Working with sugar beet, Doxtator (11) found that size 3-4 mm 

multigerm seed clusters had as many seed clusters produce multiple 

plants as seed clusters that produced single plants. Our preliminary 

work with multigerm table beets (31) has shown that as seed size 

increased from 3.2-4.4 mm the number of single plants decreased from 

56%-30%, number of double plants remained between 43%-49% and number 

of triple plants increased from l%-23%. 

Larmer, McBirney and Ririe (29,37,50) found that up to 50% of the 

stand in sugar beets can be double plants at in-row spacings of 25-30 

cm with no decrease in yield but root size decreased by 50%. Larmer 

(29), working with sugar beets found that beets from double plants at 

in-row spacings of 25 cm were about 50% of the size of beets from 

single plants at 25 cm spacings. 



PLANT DENSITY 

Early plant density work showed that increasing seeding rates from 

7-15 kg/ha did not affect total yield but increased the percentage of 

small beets (54). Wame (68,69,70,71,72) suggested a thinning distance 

of 5 cm between plants for different row widths with an optimum 

2 2 
population of 30-37 plts/m and a maximun of 59 plts/m for 

maximum yields of table beets 5 cm in diameter or larger. Webster (73) 

2 
suggested a population of 25 plts/m for maximum production of 

high value beets 5-8 cm in diameter. Highest yield in England was 

2 
produced from a range of 60-100 plts/m (4,7,8,13,14,67), but the 

highest gross margin with a pricing system that favors 2.5-4.0 cm 

2 
beets was at 100-150 plts/m (67). Austin (2) showed that yields 

2 
were proportional to plant density up to 54 plts/m ; between 

2 
54-108 plts/m yield was independant of density with the greatest 

difference in yearly yields attributed to density and weather. 

High plant densities slightly reduced overall yield but percentage 

of higher value small beets increased (4,8,13,14,38,39,40,41,67). 

Tons/ha of small beets remained constant across several harvest dates 

2 
(14,22,31,46) except at plant densities >250 plts/m or at an 

early harvest date (13,14). Major yield increase occurs because of an 

tonnage increase in medium size beets (usually 5.0-7.0 cm in diameter) 

and to some extent with large beets (usually 6.5-9.0 cm in diameter) 

(14,22,31,39,41,46,67). 

Benjamin (5) showed that the weight of the beet was determined by 

two factors. The first one being competition which was a consequence 
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of spacing and the relative size of plants within a prescribed 

distance* The second factor was all other variables such as climate, 

plant size, genotype, soil type and etc. Benjamin (5) developed a 

model to predict yield which worked with complex row spaclngs and 

accounted for 95% of the total sum of squares. At similiar plant 

populations there was no decrease in total yield until row spaclngs 

exceeded 51 cm (4,6,7,13,14). Mack (41) varied within row seeding 

rates at row spaclngs of 15-60 cm and showed no effect of seeding rate 

on yield of roots 25-51 mm in diameter. There was a significant row 

spacing effect on root size distribution with total yield of 15 cm 

rows less than wider rows at the same seeding rate but populations 

2 
varied from 85-250 plts/m (41). Most plant density work has 

2 
concentrated on row spaclngs or plts/m with only Tyler and 

Benjamin (67) and Mack (41) varying seeding rates in the row. 



SEED WASHING 

Washing beet seed has been shown to improve germination and 

emergence (3,15,18,19,20,27,28,30,32,33,42,64,65,74). Numerous 

compounds have been associated with inhibition of germination in 

beets. Ammonia was first (27), followed by various compounds such as 

cis-4-Cyclohexene-l,2-dicarboximide (43). Junttila (27) proved that 

most of these compounds such as glutamic acid, aspartic acid, oxalic 

acid, cis-4-Cyclohexene-l,2-dicarboximide, ferulic acid and ammonia 

did not affect germination of table beets and that most of the earlier 

reports on inhibitory compounds were in error because beet seed was 

not used as the bioassay in the germination tests. Inoue, Junttila and 

Lexander (24,25,27,30) have found that large amounts of Na and K ions 

are involved. 

Both Inoue et al (24) and Junttila (27) found that beet seed 

extract not only reduced germination, but at lower concentrations 

would inhibit radicle elongation. Inoue et al (24) identified 

mono-sodium oxalate as the main root inhibitory compound and potassium 

nitrate (25) as a germination inhibitor which also stimulated 

hypocotyl growth but did not inhibit root development. Junttila (27) 

was able to inhibit beet seed germination with a solution of Na and K 

ions in the same concentration as found in beet seed extracts. 

Lexander (30) determined that as K ion concentration increased, 

percent germinaion, root length and shoot length decreased. Heydecker 

et al (18,19) investigated fungal flora of beet seeds and discovered 

one species (Aspergillus niger) actually enhanced germination. 
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Peto (48) was one of the first to suggest that tight ovary caps 

could be limiting germination. Heydecker et al (18,20) showed that 

seed washing followed by drying improved germination in both 'wet' and 

'dry' conditions by loosening the ovary cap. The ovary cap has been 

shown to be a barrier to oxygen penetration. Under wet conditions 

mucilage is produced around the edge of the ovary cap which prevents 

oxygen penetration (18,20). Longden (32) 'rerubbed' sugar beet seeds 

after seed conditioning and 39% of the treated seeds lost the ovary 

cap compared to 9% in the control. Perry et al (47) showed that 

removing the ovary cap improved germination under wet conditions. 
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Chapter 3 

SEED SIZE, PLANT DENSITY AND SEED TYPE EFFECTS ON 

ROOT SIZE DISTRIBUTION AND PLANT NUMBER OF 

TABLE BEETS (Beta vulgaris L.) 

Dean G. Liere 

ABSTRACT 

Two cultivars of table beet, (Beta vulgaris L.) monogerm 

'Mono-King Explorer' and multigerra 'Detroit Dark Red Short Top' in two 

years showed no seed size effect on root size distribution at harvest. 

Densities were from 50-150 pits/lineal m of row at 61 cm row spacings 

2 
(82-246 plts/m ) and harvested from 55-154 days after planting and 

graded by root size diameter into: <25 mm (undersize culls), 25-44 mm 

(grade 1), 44-70 mm (grade 2), 70-95 mm  (grade 3)  and >95 mm 

(oversize culls). Increased density (pits/lineal m of row) resulted in 

higher tonnages of beets 25-44 mm diameter and lower tonnages of 70-95 

mm beet. Number and yield of 25-44 mm beets remained constant across 

harvest dates for each density. Size 44-70 mm beets accounted for the 

majority of tonnage and increased with later harvests. Size 70-95 mm 

beets produced only 10% of the total number at 50 pits/lineal m of row 

2 
(82 plts/m ) but accounted for 35% of the tonnage at the last 

harvest date. Number of beets <25 mm at the last harvest date ranged 
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from 27%-62% of the total number depending upon density. Natural plant 

mortality from 1 month after planting to harvest for multigerm 

'Detroit Dark Red Short Top' varied from less than 10% at 50 

2 
pits/lineal m of row (82 plts/m ) to 47% at 150 pits/lineal m of 

2 
row (246 plts/m ). Monogerm 'Mono-King Explorer' had up to 25% 

plant mortality but generally lower plant mortality than 'Detroit Dark 

Red Short Top'.  Number of useable beets (25-95 mm root sizes) 

increased with density and changed only slightly after 90-110 days 

2 
from planting at 50 & 100 pits/lineal m (82 & 164 plts/m ). At 

last harvest, number of useable beets varied from 72% of the total 

number at low density to 46% at high density. Monogerm 'Mono-King 

Explorer' had more beets by number and weight in 25-44 mm root size 

than multigerm 'Detroit Dark Red Short Top', but at 100 & 150 

2 
pits/lineal m of row (164 & 246 plts/m ) multigerm 'Detroit Dark 

Red Short Top' had a higher tonnage of 44-70 mm and 70-95 mm beets. 
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INTRODUCTION 

The 'seed cluster' of multigerm beet cultivars is an aggregate of 

seeds formed by the development of two or more flowers from the same 

peduncle. Monogerm cultivars have usually only one flower per peduncle 

and one seed (1,27,31). Early work with multigerm sugar beets showed 

that large seed clusters had higher percent germination (9,26,35,36), 

sprout count (9,35,36), and more vigorous seedlings and plants (26). 

Large multigerm sugar beet seed has occasionally produced higher 

yields (8,26). 

Number of seeds per seed cluster increased with seed size. The 

individual seed weight in a seed cluster has been reported to increase 

(8) and decrease (28) with increasing seed size. As seed size 

increased for monogerm sugar beets so did the weight of the actual 

seed (28,29,45,46) with increasing seed size resulting in higher 

germination (18,33), greater emergence (14,17,33,35,37,45) and heavier 

seedlings (33,34,37,45,46). These effects were evident at harvest with 

large monogerm sugar beet seed producing higher yields than small seed 

(18,19,32,33,34,45,46). 

Size 3-4 mm multigerm sugar beet seed had as many seed clusters 

produce multiple plants as seed clusters that produced single plants 

(9). Savitsky et al (29) found that with sugar beets the weight ratio 

between large and small seeds in a multigerm cluster can be 7:1. Our 

preliminary work (15) with multigerm table beets has shown that as 

seed size increased from 3.2-4.4 mm the number of single plants 

decreased from 56%-30%, number of double plants remained between 
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43%-49% and number of triple plants incresed from l%-23%. A 

decortication experiment by Peck et al (24) showed that large table 

beet seed produced more plants per 100 seed clusters than small seed 

but there was no seed size effect on weight of roots over 2.5 cm in 

diameter. 

Table beet yields and grades can vary because of plant density and 

plant spacing (2,4). Early plant density work showed that increasing 

seeding rates from 7-15 kg/ha did not affect total yield but increased 

the percentage of small beets (30). Warne (39,40,41,42,43) suggested-a 

thinning distance between plants of 5 cm with an optimum population of 

2 2 
30-37 plts/m and a maximum of 59 plts/m for maximum yields 

of table beets 5 cm in diameter or larger. Webster (44) suggested a 

2 
population of 25 plts/m for maximum production of high value 

beets 5-8 cm in diameter. Highest yield in England was produced from a 

range of 60-100 plts/m (3,6,7,10,11,38), but the highest gross 

margin with a pricing system that favors 2.5-4.0 cm beets was at 

2 
100-150 plts/m (38). Austin (2) showed that yields were 

2 
proportional to plant density up to 54 plts/m ; between 54-108 

2 
plts/m yield was independent of density with the greatest 

difference in yearly yields attributed to density and weather. 

High plant densities slightly reduced overall yield but percentage 

of higher value small beets increased (3,7,10,11,20,21,22,23,38). 

Tons/ha of small beets remained constant through several harvest dates 

2 
(11,13,15,25) except at plant densities >250 plts/m or at an 

early harvest date (10,11). Major yield increases occur because of an 

tonnage increase in medium size beets (usually 5.0-7.0 cm in diameter) 
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and to some extent with large beets (usually 6.5-9.0 cm in diameter) 

(11,13,15,21,23,25,38). 

At similiar plant populations there was no decrease in total yield 

until row spacings exceeded 51 cm (3,5,6,10,11). Mack (23) varied 

within row seeding rates at row spacings of 15-60 cm and showed no 

effect of seeding rate on yield of roots 25-51 mm in diameter. There 

was a significant row spacing effect on root size distribution with 

total yield of 15 cm rows less than wider rows at the same seeding 

2 
rate but populations varied from 85-250 plts/m (23). Recent plant 

2 
density work has concentrated on row spacings or plts/m with only 

Tyler and Benjamin (38) and Mack (23) varying seeding rates in the 

row. 

Objectives of the present study were to compare different seed 

sizes for effects on plant stands, yield, and root size distribution 

of beets. Monogerm seed was compared to multigerm seed to see if a 

given monogerm seed size with only 1 plant per seed would develop more 

uniformly than the same multigerm seed size. The two cultivars choosen 

do have similar genetic background. 
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MATERIALS AND METHODS 

One field experiment was conducted in 1978 and two in 1979. Seeds 

were planted with 61 cm between rows in a randomized block design at 

the Oregon State University Vegetable Research Farm, Corvallis, on an 

alluvial, silty clay loam soil. Preplant applications included 67.2 kg 

N/ha, 88.7 kg P/ha, and 55.8 kg K/ha (840 kg/ha of 8-24-8) plus 3.4 

kg/ha of Cycloate and 2.2 kg/ha of Dyfonate. Pyrazon was applied at 

4.5 kg/ha after planting. Ammonium nitrate fertilizer was side-dressed 

twice at 56.0 kg N/ha per application. Boron was applied at 1.1 kg/ha 

during early root development. Single border rows were planted between 

all treatment rows and on the ends of treatment rows. Overhead 

irrigation was supplied every 2 days until establishment and then 

every 5-7 days as needed. 

Numbers and weights of roots were recorded at harvest for the 

following size grades (mm root diameter): under 25 mm (undersize 

culls), 25-44 mm (grade 1), 44-70 mm (grade 2), 70-95 mm (grade 3), 

and over 95 mm (oversize culls). 

1978 Field Experiment. 

Seed sizes 8 (3.2 mm), 9 (3.6 mm), 10 (4.0 mm), 11 (4.4 mm) and a 

'composite' of seed sizes from a commercial seed lot of 'Detroit Dark 

Red Short Top' were planted at target in-row densities of 50, 83 and 

2 
117 pits/lineal m of row (82,136,192 plts/m ). The 'composite' 

consisted of a mixture of seed sizes as found in commercial unsized 
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seed lots (A.6% size 8, 28.4% size 9, 67.0% size 10). Amount of seed 

used per 3.7 m plot was determined by greenhouse sprout count with 25% 

more seeds added to insure plant stand. Plots were planted May 30. At 

36 days after planting 3 m of row was staked for data collection. At 

the same time stand counts were taken and plots were thinned to 50, 77 

2 
and 100 pits/lineal m of row (82,126,164 plts/m ) because of lower 

than predicted plant stands. 

Low density plots were harvested at 55, 69, 91 and 135 days after 

planting; medium density at 69, 91, 108 and 145 days; high density at 

91, 108 and 134 days. There were not enough roots of sufficient size 

to justify harvesting before 69 days at medium denstiy or before 91 

days at high density. All treatments were replicated 4 times in a 

randomizied block design. Harvest data were analysed across density by 

matrix inversion in order to make direct comparisons between 

densities. 

1979 Field Experiment 1. 

Table beet seed of sizes 8 (3.2 mm) and 11 (4.4 mm) from a 

commercial seed lot of multigerm "Detroit Dark Red Short Top' were 

planted at target in-row plant densities of 50 and 150 pits/lineal tn 

2 
of row (82,246 plts/m ). Number of seeds required for each 4.6 m 

plot was determined by a greenhouse sprout count and 20% more seeds 

were added to insure adequate plant stand. Plots were planted on June 

10th. The middle 3 m of each plot was used for data collection. Plant 

stand counts were taken 32 days after planting, then plants were 
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randomly thinned to 50 or 150 pits/lineal m of row (82,246 

2 
plts/m ). Low density plots were harvested at 61, 93 and 142 days 

after planting. High density plots were harvested at only 93 and 142 

days after planting. There were no roots of sufficient size at 61 days 

in the high density. All treatments were replicated 3 times in a 

randomized block design. Harvest data were analysed for each density 

separately. 

1979 Field Experiment 2. 

Two cultivars were chosen for this experiment because of their 

differences in seed type (monogerm vs. multigerm). These were monogerm 

'Mono-King Explorer' and multigerm 'Detroit Dark Red Short Top'. These 

are recognized as distinctly different cultivars but do possess 

similar genetic background. Both cultivars were from commercial seed 

lots and were planted on June 1 at target in-row densities of 50, 100 

2 
and 150 pits/lineal m of row (82,164,246 plts/m ) using seed sizes 

8 (3.2 mm), 9 (3.6 mm) and 11 (4.4 mm). Number of seeds required per 

4.6 m plot was determined by a greenhouse sprout count and 20% more 

seeds were added to insure adequate plant stand. Plant stand counts 

were taken on 3 m of row at 31 days after planting, then thinned to 

2 
50, 100 and 150 pits/lineal m of row (82,164,246 plts/m ). Low 

density was harvested at 63, 86, 113 and 154 days after planting; 

medium density at 86, 113 and 150 days; and high density at 103 and 

149 days. There were not enough roots of sufficient size to harvest 

before 86 days in the medium density or before 103 days in the high 
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density. Plots were replicated 4 times in a randomizied block design. 

Harvest data were analysed for each density separately. 
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RESULTS 

Seed Size 

Seed size generally had no significant effect on number, yield and 

size distribution of roots in the 1978 field experiment. There were 

some significant seed size interactions in a few root size grades, but 

these interactions showed no consistent pattern. 

In 1979 field experiment 1, seed size 11 produced more pits/lineal 

m and metric tons/ha than size 8 for grade 1 beets at low density. At 

high plant density seed size 8 produced more pits/lineal m and metric 

tons/ha of grade 2 beets than seed size 11. 

In 1979 there were no seed size effects at low or high plant 

densities in field experiment 2. At medium density there were some 

significant seed size interactions, but these had no consistent 

pattern. There were no significant interactions of monogerm seed or 

multigerm seed with seed size. 

Plant Density 

Figure 3.1. shows the change in number of beets/lineal meter at 

harvest for each density and size grade in 1978. Number of undersize 

beets had the sharpest decline as harvest was delayed. Number of grade 

1 beets declined slightly at each harvest date, with low density 

having fewer beets than medium and high densities. Number of grade 2 

beets increased significantly for all densities until 100 days after 



21 

planting. There was a slight increase in grade 3 beets at later 

harvest dates. 

Weight of grade 1 beets did not change significantly as harvest 

was delayed (Figure 3.2.). High density produced more tonnage of grade 

1 beets than low density. There was a significant increase in weight 

of grade 2 beets up to 100 days after planting and then a general 

leveling off occured. Yield of grade 3 beets increased significantly 

for all densities until 100 days after planting. After 100 days yield 

of low density continued to increase sharply up to the last harvest 

date. Total yield showed no difference between densities until the 

last harvest date. 

Number of undersize beets/lineal m for 1979 field experiment 1 

declined significantly for both densities (Table 3.1.). Number of 

grade 1 beets for low density declined while in high density the 

number remained unchanged. Number of beets in grades 2 & 3 increased 

for both densities. Total number of beets remained unchanged during 

harvest for low density and declined slightly for high density. Number 

of useable beets (grade 1+2+3) increased for both densities. 

Weight of grade 1 beets did not change during harvest for either 

density (Table 3.2.). Weight of grade 2 & 3 beets increased for both 

densities. Total weight increased significantly for both densities. 

Interaction of Plant Density and Seed Type 

There was a steady decrease in number of undersize culls in 1979 

for all densities as harvest was delayed with monogerm seed having 
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significantly more undersize beets at medium and high densities than 

multigerm (Table 3.3.). Monogerm seed produced more grade 1 beets than 

multigerm in each density. Number of grade 1 beets from multigerm did 

not change during harvest. Number of grade 1 beets from monogerm 

flucutated slightly at low and medium densities. 

Number of grade 2 beets at low and medium densities increased 

significantly during harvest. At medium and high densities, number of 

grade 2 beets was initially higher for multigerm than monogerm. Number 

of grade 3 beets showed a steady increase with multigerm producing 

significantly more beets than monogerm seed. Total number of beets at 

low density remained constant across harvest dates with no difference 

between monogerm and multigerm seed (Table 3.3.). At medium and high 

densities the total number of beets declined with delayed harvest. 

Monogerm had more total beets than multigerm in both medium and high 

densities. 

Number of total useable beets (grades 1+2+3) generally increased 

during harvest (Table 3.3.). Number of useable beets would generally 

increase between the first and second harvest dates. After the second 

harvest the number of useable beets increased only slightly at low and 

medium densities. Monogerm usually produced more useable beets than 

multigerm. 

Weight of grade 1 beets from monogerm seed was greater than from 

multigerm at all densities (Table 3.4.). Weight of grade 1 beets from 

multigerm or monogerm seed usually did not change significantly during 

harvest. Weight of grade 2 beets increased significantly during 

harvest for low density with no difference between beets from 
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multigerm and monogerm seed. At medium and high densities weight of 

grade 2 beets increased during harvest with multigerm yielding more 

than monogerm seed. Weight of grade 3 beets increased significantly at 

all densities with multigerm producing more tonnage than monogerm 

seed. Weight of oversize beets increased slightly at all densities 

(Table 3.4.) with multigerm producing more weight than monogerm. Total 

weight increased significantly during harvest at all densities with 

beets from multigerm yielding more than from monogerm seed. 
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DISCUSSION 

Seed Size 

Only 1979 field experiment 1 showed any influence of seed size on 

yield and plant stand. Seed size 11 was significantly higher in number 

and weight only at low density for grade 1 beets and size 8 seed was 

significantly higher in number and weight for only grade 2 beets at 

high density. These differences were small, only 1-2 pits/lineal m and 

1-4 metric tons/ha implying little or no effect of seed size. Because 

there were no significant interactions between monogerm and multigerm 

seed with seed size, both monogerm and multigerm seed are capable of 

producing vigorous plants from a range of seed sizes. 

In other work. (15,16) Liere et al found that size 8 multigerm seed 

did not produce predominantly single plants but had from 39%-43% 

double plants and l%-3% triple plants. Size 11 multigerm seed had from 

27%-30% single plants (15,16). There was also no difference in root 

size distribution between single plants from seed size 8 or 11 and no 

difference between double plants from seed size 8 or 11 (16). 

Therefore single plants show no advantage over double plants and both 

single and double plants can come from a range of seed sizes. Seed 

size does not appear to be an important source of variation in yield, 

root size distribution or plant stand at harvest in table beets. 
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Plant Density 

At final harvest the number of undersize cull beets varied from 

36% at low density to 60% at high density. In greenhouse tests we have 

observed delayed germination caused when the first seedling would pull 

the seed cluster out of the soil and another seedling would emerge 

later from that seed cluster. Here, some seedlings were still emerging 

21 days after planting. During harvest in 1978 at 120 days after 

planting, seed clusters were found intact in the soil and placed in 

petri dishes where one seed cluster did produce a seedling. Even when 

individual seed clusters were placed 30 cm apart (16), from 2%-7% of 

the beets were undersize culls at the last harvest. Therefore some of 

the undersize culls are apparently caused by not only extreme plant 

competition in the row, but also delayed germination. 

Number and weight of grade 2 beets paralleled each other at 

various densities with rapid increases to about 100 days. After 100 

days there was a leveling off in 1978 while in 1979 both number and 

weight of grade 2 beets still increased slightly. Both years tend to 

support the conclusion that there were not great differences between 

densities in number or weight of grade 2 beets from multigerm seed 

after 100 days from planting. This may not be the case before 100 days 

if earlier harvests were made of medium and high densities. 

In 1979 at the last harvest of low and medium densities for 

'Detroit Dark Red Short Top' (Table 3.3.) there was 12% and 6% by 

number of grade 3 beets which accounted for 41% and 32% of the total 

weight (Table 3.A.). This shows that a small number of grade 3 beets 
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accounted for a large percentage of the total yield. 

Decrease in number of undersize culls across harvest dates did not 

correspond to an increase in number of grade 1 beets. This decrease 

could be related to the decrease in total number due to natural plant 

mortality. For example, total number of beets for field experiment 2 

in 1979 for 'Detroit Dark Red Short Top' at medium density decreased 

from 100 pits/lineal m at 30 days after planting to 64.1 pits/lineal m 

at the last harvest date(Table 3.3.) for a 36% plant mortality. High 

density dropped to 78.8 pits/lineal m for 47% plant mortality, and low 

density had only 4% plant mortality through the third harvest and 10% 

through the last harvest. 

At low density where little plant mortality occured, the number of 

undersize cull beets changed into grade 1 beets at nearly the same 

rate as grade 1 beets changed into grade 2 leaving the number in grade 

1 unchanged. Beets appear to remain in the grade 2 category the 

longest before finally changing into grade 3 at a much slower rate 

than grade 1 beets changed into grade 2. 

Interaction of Plant Density and Seed Type 

While monogerm 'Mono-King Explorer' and multigerm 'Detroit Dark 

Red Short Top' were chosen primarily for their seed characteristics 

(monogerm vs. multigerm) it is recognized that the differences 

observed and discussed are not only due to seed type. 

Comparison of number of plants at harvest to number of plants 

after thinning showed a definite difference in natural plant mortality 
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at medium and high densities. Beets from monogerm 'Mono-King Explorer' 

had 20% mortality at medium density and 25% at high density while 

multigerm 'Detroit Dark Red Short Top' had 36% plant mortality at 

medium density and 47% at high density. 

Distribution of weight and number of beets in the five size grades 

differed between monogerm and multigerm seed types. With monogerm 

'Mono King Explorer' there were a greater number of beets in the 

smaller grades than for multigerm 'Detroit Dark Red Short Top'. 

Distribution of weight was greater for grade 1 beets from 'Mono-King 

Explorer'. Weight of grade 2 beets was higher for beets from 'Detroit 

Dark Red Short Top' at medium and high densities. But grade 2 number 

differences between the two cultivars were minor which means there was 

an higher average weight per beet for grade 2 'Detroit Dark Red Short 

Top'. 'Detroit Dark Red Short Top' grade 3 beets weighed more than 

'Mono-King Explorer' at all densities and harvests because of more 

beets/lineal meter. 

Part of these differences in weight distribution at medium and 

high densities could be due to differences in total plant number at 

harvest and number of useable beets where plant stands from 'Mono-King 

Explorer' were higher than 'Detroit Dark Red Short Top'. However at 

low density the above pattern was evident in grade 1 & 3 beets with no 

seed type difference in total number (Table 3.3.). First harvest of 

medium density had no seed type difference in total number or number 

of useable beets during harvest and the above pattern was evident in 

all root size grades. 

Thus it appears that beets from monogerm 'Mono-King Explorer' had 
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higher plant numbers and weights in the smaller grades that was more 

pronounced at higher densities than 'Detroit Dark Red Short Top'. 

Beets from multigerm 'Detroit Dark Red Short Top' had more beets in 

the larger grades, especially at lower densities than 'Mono-King 

Explorer'. Haltvich (12) showed that 'Mono-King Explorer' had a higher 

percentage of smaller beets than 'Ruby Queen'. 

It appears from 1979 data that increased density does increase the 

number of useable beets especially at 50-100 pits/lineal m (82-164 

2 
plts/m ) and between the first and second harvests. The percentage 

of useable beets, based on total number, varied from 38%-72% at low 

density, 33%-54% at medium denstiy, and 30%-46% at high density. The 

increased number of useable beets did not produce higher yields but 

did produce more smaller beets. Furthermore, where monogerm 'Mono-King 

Explorer' produced more useable beets than multigerm 'Detroit Dark Red 

Short Top', 'Detroit' had the higher yield which shows that 'Mono-King 

Explorer' generally produces a smaller beet than 'Detroit Dark Red 

Short Top'. 
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SUMMARY 

At conventional plant densities seed size does not affect yield in 

table beets. However using a uniform seed size in most planters will 

result in a more even plant stand. Depending upon processing needs, a 

commercial grower can manipulate harvest date and root size 

distribution by changing plant densities. Increased plant density will 

result in delayed harvest and a higher tonnage of small beets. 

Decreased plant density will, result in an earlier harvest and a lower 

tonnage of small beets. However the majority of tonnage comes from 

medium size beets and to shift production significantly to small or 

large beets would require a considerable change in price structures 

for small and large beets. To obtain a certain plant density in the 

field a grower must be aware of: natural plant mortality which 

increases with increased plant density and delayed harvest and can 

vary between cultivars, the amount of underslze culls present, and the 

number of useable beets which should be present at harvest. 

Under most field conditions and pricing systems a population of 

2 
100 pits/lineal meter (164 plts/m ) should provide a desireable 

root size distribution and a reasonable profit. 
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Figure 3.1. Number of beets/lineal meter for 'Detroit Dark Red Short 
Top' by root size grade and harvest date for low ( ) 50 
pits/lineal m, medium (      ) 77 pits/lineal m, and high (»x»»»»»»«»~^) 
100 pits/lineal m densities. Densities established by thinning at 36 
days after planting. Vertical bars represent h.s.d. at .05 for each 
root size grade, 1978 Field Experiment. 
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Densities established by thinning at 36 days after planting. Vertical 
bars represent h.s.d. at .05 for each root size grade, 1978 Field 
Experiment. 
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Table 3.1. Number of beets/lineal meter for various root size grades 
for 'Detroit Dark Red Short Top' by density and harvest date, Field 
Experiment 1, 1979. 

Number of Beets/Lineal Meter 

Days After Undersize Gr. 1 Gr. 2 Gr. 3 Gr. 1+2+3 
Planting <25mm 25-44mm 44-70mm 70-95mm Total Useable 

Low Density 

61 18.8 16.5 7.9 0.5 43.6 24.9 
93 16.2 14.2 11.7 1.8 43.9 27.7 

142 11.2 13.8 12.8 4.0 42.1 30.5 

LSD .05 4.9 1.9 1.7 0.9 ns 2.7 

High Density 

93 75.9 24.1 8.9 0.9 109.9 34.0 
142 57.7 24.0 11.9 2.0 95.7 38.0 

LSD .05 17.1 ns 
========== 

1.0 
s========== 

1.0 ns 2.4 

plots thinned to 50 pits/lineal m at 32 days after planting, 

plots thinned to 150 pits/lineal m at 32 days after planting. 
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Table 3.2. Weight of beets for various root size grades for 'Detroit 
Dark Red Short Top' by density and harvest date, Field Experiment 1. 
1979. 

Metric Tons/Hectare 

Days After Gr. 1 Gr. 2 Gr. 3 Oversize 
Planting 25-44iTmi 44-70nim 7 0-9 Sum >95mm Total 

Low Density 

61 9.1 14.3 2.5 0.0 27.4 
93 8.5 24.3 10.0 0.0 43.7 
142 8.4 29.0 23.1 4.4 65.6 

LSD .05 ns 4.6 4.7 2.7 4.8 

High Density 

93 12.6 17.3 4.2 0.0 36.5 
142 13.9 24.8 10.7 0.0 51.8 

LSD .05 ns 2.2 4.4 ns 5.9 

plots thinned to 50 pits/lineal m at 32 days after planting. 

x plots thinned to 150 pits/lineal m at 32 days after planting. 
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Table 3.3. Number of beets/lineal m by root size grades for monogerm 
'Mono-King Explorer1 and multigerm 'Detroit Dark Red Short Top' by 
plant density and harvest date. Field Experiment 2, 1979. 
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Table 3.3. 

Number of Beets/Lineal Meter 

Days After Seedy Undersize Gr. 1    Gr. 2   Gr. 3      Gr. 1+2-4-3 
Planting  Type   <25nim  25-44nim 44-70mm 70-95mm Total Useable 

Low Density 

63   Monogerm  32.1 cz 16.9 d   2.8 a  0.0 a  51.8 b 19.7 a 
Multigenn 31.3 c 13.0 abc 4.0 a  0.0 a  48.4 ab 17.1 a 

86   Monogerm  21.0 ab 16.7 d  10.8 be 0.8 b  49.2 ab 28.1 c 
Multigenn 24.5 b 11.1 ab 10.0 b  2.3 c  48.1 ab 23.4 b 

113   Monogerm  22.8 b 13.8 be 13.0 e  1.9 be 51.6 b 28.7 cd 
Multigenn 21.7 b 10.6 a  11.8 cde 4.4 d  48.7 ab 26.8 c 

154   Monogerm  17.5 a 14.1 cd 14.5 f  2.6 c  49.1 ab 31.3 d 
Multigerm 16.3 a 10.4 a  12.6 de 5.3 e  45.1 a 28.2 c 

w 
Medium Density 

86   Monogerm  62.6 dz 23.5 be  7.5 a  0.4 a  94.1 c 31.4 ab 
Multigerm 56.3 cd 17.4 a  10.1 b  1.5 b  85.3 be 29.0 a 

113   Monogerm  65.2 d 26.2 c  11.1 b  1.2 b 103.7 d 38.5 d 
Multigenn 50.7 be 16.6 a  13.2 c  3.1 c  83.8 b 32.9 b 

150   Monogerm  44.4 b 21.3 b  13.9 c  1.5 b  81.2 b 36.7 cd 
Multigerm 29.4 a 15.8 a  14.4 c  4.0 d  64.1 a 34.3 be 

High Density31 

103   Monogerm 111.5 cZ 27.6 b   8.7 a  0.8 a 148.5 c  37.0 a 
Multigerm 75.3 b 21.6 a  13.8 b  2.4 b 113.1 b  37.8 a 

149   Monogerm  69.9 b 27.4 b  13.7 b  1.3 a 112.4 b  42.4 b 
Multigerm 42.3 a 18.3 a  13.8 b  4.1 c 78.8 a  36.2 a 

V plots thinned to 50 pits/lineal m at 30 days after planting. 

plots thinned to 100 pits/lineal m at 30 days after planting. 

X plots thinned to 150 pits/lineal m at 30 days after planting. 

monogerm seed type = 'Mono-King Explorer' 
multigerm seed type = 'Detroit Dark Red Short Top' 

letters represent Duncan's Multiple Range Test at the 5% level 
on each different size grade for each different density. 
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Table 3.4. Effect of plant density and harvest date on yields and root 
size grades of multigerm 'Detroit Dark Red Short Top' and monogerm 
'Mono-King Explorer', Field Experiment 2, 1979. 
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Table 3. 4. 
Met: ric Tons/H( sctare 

y 
Days After Seed 
Planting  Type 

Gr. 1 
25-44mm 

Gr. 2 
44-70mm 

Gr. 3 
70-95mm 

Oversize 
>95mm Total 

Low Dens ityv 

63 Monogerm 
Multigerm 

8.5 
6.7 

bz 

a 
4.1 
6.6 

a 
a 

0.0 
0.1 

a 
a 

0.0 
0.0 

a 
a 

13.9 a 
14.6 a 

86 Monogerm 
Multigerm 

9.7 
6.8 

b 
a 

19.9 
22.2 

b 
b 

4.5 
12.0 

b 
cd 

0.0 
1.1 

a 
a 

35.1 b 
43.0 c 

113 Monogerm 
Multigerm 

8.5 
6.5 

b 
a 

26.6 
27.7 

c 
cd 

10.1 
25.3 

c 
e 

1.5 
2.1 

a 
ac 

47.7 d 
62.3 e 

154 Monogerm 
Multigerm 

8.8 
6.5 

b 
a 

31.5 
30.4 

e 
de 

15.1 
31.4 

d 
f 

4.1 
7.1 

be 
d 

60.4 e 
76.2 f 

w 
Medium Density 

86 Monogerm 
Multigerm 

12.9 
10.5 

bz 

a 
13.1 
21.7 

a 
b 

1.8 
7.2 

a 
b 

0.1 
0.0 

a 
a 

30.2 a 
41.1 b 

113 Monogerm 
Multigerm 

15.4 
9.8 

c 
a 

21.9 
28.9 

b 
cd 

6.8 
15.8 

b 
c 

0.3 
1.6 

a 
a 

46.6 c 
57.7 e 

150 Monogerm 
Multigerm 

12.7 
9.3 

b 
a 

27.6 
32.4 

c 
d 

8.5 
22.7 

b 
d 

1.2 
4.4 

a 
b 

52.0 d 
70.1 f 

High Density 

103 Monogerm 
Multigerm 

14.0 
12.3 

be2 

ab 
15.8 
28.3 

a 
b 

4.3 
12.2 

a 
b 

0.0 
0.6 

a 
a 

37.5 a 
55.5 b 

149 Monogerm 
Multigerm 

15.1 
11.4 

c 
a 

26.5 
32.0 

b 
c 

7.9 
23.5 

ab 
c 

0.8 
3.2 

a 
b 

53.2 b 
71.9 c 

V plots thinned to 50 pits/lineal m at 30 days after planting. 

plots thinned to 100 pits/lineal m at 30 days after planting. 

x plots thinned to 150 pits/lineal m at 30 days after planting. 

y monogerm seed type = 'Mono-King Explorer' 
multigerm seed type = 'Detroit Dark Red Short Top' 

letters represent Duncan's Multiple Range Test at the 5% level 
on each different size grade for each different density. 
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Chapter 4 

GROWTH COMPARISON OF SINGLE AND MULTIPLE PLANTS FROM 

MONOGERM AND MULTIGERM TABLE BEET 

(Beta vulgaris L.) SEED 

Dean G. Liere 

ABSTRACT 

Size 8 (3.2 mm) and size 11 (4.4 mm) seed of monogerm 'Mono-King 

Explorer' and multigerm 'Detroit Dark Red Short Top' were planted 30 

cm apart in rows 61 cm to observe plant growth differences. At 

harvest, single, double and triple plants in each treatment were 

graded separately into the following root size grades: under 25 mm 

diameter (undersize culls), 25-44 mm (grade 1), 44-70 mm (grade 2), 

70-95 mm (grade 3) and over 95 mm (oversize culls). 

Monogerm produced up to 20% double plants. Seed size 8 of the 

multigerm cultivar produced 58% single plants and had up to 39% double 

plants and some triple plants. Size 8 seed produced single plants that 

were as vigorous as single plants from size 11 seed. 

Monogerm 'Mono-King Explorer' had fewer undersize culls from 

single plants and more grade 2 beets than multigerm 'Detroit Dark Red 

Short Top' from single plants. 

Double plants from monogerm seed did not develop the same root 
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size distribution as single plants from monogerm. With multigerm, 

single and double plants developed similiar root size distributions. 

There was little difference in size distribution of multigerm 

'Detroit Dark Red Short Top' beets for single plants from size 8 and 

11 seed or for double plants from size 8 or 11 seed. At the first 

harvest date of multigerm 'Detroit Dark Red Short Top' there was no 

difference in root size distribution or number of useable beets from 

single and double plants. At the last harvest of single plants there 

were still undersize culls present. 
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INTRODUCTION 

Multigerm beet seed develops from a common peduncle which produces 

several receptacles (11). Each receptacle produces a flower and the 

ovary bases of all flowers become imbedded in the same peduncle with 

all flowers developing simultaneously (11). This results in an 

aggregate of seeds referred to as a seed, a seed ball, seed aggregate 

or seed cluster (here after referred to as a seed cluster when 

neccessary for clarity). These clusters usually produce multiple 

plants (1,11) but can also produce single plants. The seed cluster is 

held together by corky material from the receptacle (1), which is 

present in both monogerm seed and multigerm seed clusters. Monogerm 

beets generally produce only one receptacle on each peduncle so only 

one flower develops (11). Monogerm cultivars can produce seed clusters 

with more than one seed but monogerm seed will here after be referred 

to as simply 'seed'. 

Increasing seed size in multigerm sugar beets has resulted in more 

seeds per seed cluster. Individual seed weight in multigerm sugar 

beets can increase (2), or decrease (12) independantly of the number 

of seeds per cluster. The weight ratio can be 7:1 between seeds in a 

multigerm sugar beet seed cluster (13). Increased seed size in 

monogerm sugar beets resulted in higher seed weight (12). 

Working with sugar beet Doxtator (3) found that size 3-4 mm 

multigerm seed clusters had as many seed clusters produce multiple 

plants as seed clusters that produced single plants. There has been 
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very little work done with table beets, but our early work has shown 

that as seed size increased from 3.2-4.4 mm the number of seed 

clusters producing single plants decreased from 56%-30%, number of 

double plants remained between 43%-49% and number of triple plants 

increased from l%-23% (5). Larmer, McBirney and Ririe (4,8,10) found 

that up to 50% of the stand in sugar beets can be double plants at 

in-row spacings of 25-30 cm with no decrease in yield, but root size 

decreases by 50%. 

The objective of this experiment was to study the dynamics of 

change in beet size grades and determine if there was any difference 

in growth rate between single and multiple plants of multigerm and 

monogerm table beet cultivars which have similar genetic backgrounds. 

Seed size was included to see if single plants from large seed had an 

advantage over single plants from small seed. 
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MATERIALS AND METHODS 

Two cultivars were chosen for this experiment because of their 

difference in seed type (multigerm vs. monogerm). These were multigerm 

'Detroit Dark Red Short Top' and monogerm 'Mono-King Explorer'. These 

are recognized as distinctly different cultivars but do possess 

similar genetic background. Seed sizes 8 (3.2 mm) and 11 (4.4 mm) from 

commercial seed lots of both cultivars were planted at 61 cm row 

spacings in a randomized block design at the Oregon State University 

Vegetable Research Farm, Corvallis, on an alluvial, silty clay loam 

soil. Each treatment consisted of 40 seeds or seed clusters, each 

spaced 30 cm apart (seed location) in the row to eliminate any 

competition between plants arising from each seed or seed cluster. 

Treatments were harvested at 44, 52 and 69 days after planting. All 

treatments were replicated four times in a randomized block design. 

Replications 1 and 2 were planted on June 15th with replications 3 and 

4 delayed until June 19th because of rain. 

Preplant applications included 67.2 kg N/ha, 88.7 kg P/ha, and 

55.8 kg K/ha (840 kg/ha of 8-24-8) plus 3.4 kg/ha of Cycloate and 2.2 

kg/ha of Dyfonate. Pyrazon was applied at 4.5 kg/ha after planting. 

Ammonium nitrate fertilizier was side-dressed at 56.0 kg N/ha. Boron 

was foliar applied at 1.1 kg/ha during early root development. 

Overhead irrigation was supplied every 2 days until establishment and 

then every 5-7 days. 

Percent germination and number of seed locations that produced 

either single, double or triple plants were recorded at 36 days after 
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planting. At harvest, numbers and weights of roots from seed locations 

that produced either single, double, or triple plants were graded 

seperately for each plot into the following size grades (mm root 

diameter): under 25 mm (undersize culls), 25-44 mm (grade 1), 44-70 mm 

(grade 2), 70-95 mm (grade 3), and over 95 mm (oversize culls). 

After number and weight data were analysed the number data were 

converted to percent so as to eliminate the plot to plot variation in 

total number. Percentage data were transformed to the arcsin Vic as 

suggested by Steel and Torrie (17). Analyses were then conducted on 

three data sets: (1) Root number distribution for single plants, (2) 

Root number distribution for double plants and (3) Root number 

distribution for single and double plants of the multigerm seed type 

'Detroit Dark Red Short Top'. Tables 4.2.-4.9. show the actual percent 

values. 
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RESULTS 

While monogerm 'Mono-King Explorer' and multigerm 'Detroit Dark 

Red Short Top' were used because of their seed characteristics 

(monogerm vs. multigerm) it is recognized that the differences 

observed and discussed are not only due to seed type. Monogerm 

'Mono-King Explorer' and multigerm 'Detroit Dark Red Short Top' 

differed in germination and production of single and multiple plants 

at 36 days after planting (Table 4.1.). Monogerm 'Mono-King Explorer' 

had significantly higher percentage of single plants than multigerm 

'Detroit Dark Red Short Top' in both seed sizes. Seed size 8 had more 

single plants than seed size 11 for both seed types. Multigerm 

'Detroit Dark Red Short Top' had more double plants than monogerm 

'Mono-King Explorer' for both seed sizes. Size 11 seed produced more 

double plants than size 8 seed for both seed types. Size 11 multigerm 

had the highest percentage of triple plants.  Size 11 multigerm had 

the highest germination followed by monogerm size 8. 

At harvest seed size 8 produced more single plants per plot than 

size 11. Monogerm produced more single plants per plot than multigerm. 

Total number of single or double plants per plot did not change 

significantly during harvest but the number between treatments varied. 

Therefore the data were converted to percent before analyses were 

performed. Total beet weight for both single and double plants 

increased with harvest date with differences between seed size and 

seed type associated with a corresponding difference in number of 

roots harvested. 

Seed size had no effect on root size distribution for single 
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plants from individual seed locations (Table 4.2.). Seed size by 

harvest interaction was significant for percentage of undersize beets 

with size 11 greater than size 8 at the last two harvest dates. 

Multigerm 'Detroit Dark Red Short Top' had higher percentage of 

undersize cull beets than monogerm 'Mono-King Explorer'. Monogerm had 

more grade 2 beets than multigerm. With later harvest dates, grades 

changed with percentage of undersize cull and grade 1 beets 

decreasing, with grade 2 initially increasing and then decreasing at 

the last harvest. 

Single plants from multigerm seed clusters produced a higher 

percentage of undersize cull beets than monogerm at all harvest dates 

(Table 4.3.). Single plants from monogerm seed produced a higher 

percentage of grade 2 beets than multigerm at all harvest dates. 

When double plants from individual seed clusters were analysed 

(Table 4.4.), seed size 11 had significantly more undersize cull beets 

than seed size 8. Multigerm 'Detroit Dark Red Short Top' produced more 

undersize cull and grade 1 beets than monogerm 'Mono-King Explorer'. 

Percentage of undersize cull and grade 1 beets declined with delayed 

harvest while grade 2 percentage remained the same after the 52 day 

harvest. 

Table 4.5. shows the effect of seed size and seed type on the root 

size distribution from double plants. Multigerm 'Detroit Dark Red 

Short Top' size 11 was highest in percentage of undersize cull beets. 

Monogerm seed size 8 had the lowest percentage of grade 1 beets for 

double plants. There was no difference between seed size and seed type 

in production of grades 2, 3 and oversize beets from double plants. 
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Table 4.6. shows that multigerm 'Detroit Dark Red Short Top' 

produced a higher percentage of undersize cull beets from double 

plants at the 44 & 69 day harvest than monogerm 'Mono-King Explorer'. 

Percentage of grade 1 beets from monogerm decreased significantly with 

harvest date while grade 1 beets from multigerm did not decrease 

significantly after the 52 day harvest. Multigerm produced slightly 

more grade 1 beets than monogerm. There was no difference between 

monogerm 'Mono-King Explorer' and multigerm 'Detroit Dark Red Short 

Top' in production of grade 2, 3 and oversize beets. 

In the analysis of beets from multigerm 'Detroit Dark Red Short 

Top', seed size 11 produced a greater percentage of undersize cull 

beets than size 8 (Table 4.7.). Double plants produced a higher 

percentage of grade 1 beets and a lower percentage of grade 3 beets 

than single plants. Percentage of undersize and grade 1 beets 

decreased with harvest date while grade 2 initially increased and then 

decreased. 

Table 4.8. shows no significant difference in root size 

distribution between double plants from multigerm seed size 8 and 11 

except for undersize culls. There was no significant difference 

between single plants from multigerm size 8 and 11 except for oversize 

beets. Table 4.9. shows no difference at the 44 day harvest between 

single and double plants from multigerm seed in root size 

distribution. At the 52 day harvest double plants produced a greater 

percentage of grade 1 beets and a smaller percentage of grade 3 beets 

than single plants. Double plants at 69 day harvest produced a higher 

percentage of undersize and grade 1 beets, and a lower percentage of 
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grade 3 and oversize beets than single plants. 
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DISCUSSION 

The uniformity of monogerm seed which implies emergence of one 

seedling per seed can vary, with seed size 11 producing up to 20% 

double plants. With both monogerm 'Mono-King Explorer' and multigerm 

'Detroit Dark Red Short Top' the number of multiple plant seed 

clusters increased with seed size. Size 11 multigerm seed had 

significantly fewer single plants and more double plants than size 8 

seed. Seed size 8 had 39% double plants and a few triple plants which 

is similar to some earlier findings (5). It appears that use of small 

multigerm seed clusters was not a way to obtain nearly 100% single 

plants as has been speculated. 

Size 11 multigerm germinated better than multigerm size 8. Early 

work with multigerm sugar beets (3,9,15,16) also showed higher 

germinaton with with larger seed size. With monogerm, size 11 had a 

lower germination than size 8 although work with monogerm sugar beets 

has shown better germination with larger seed (7,14). 

At harvest there was no decrease in total plant number per plot 

for either single or double plants. This agrees with work Liere et al 

have already reported (6) where plant mortality appears dependant upon 

plant density with little plant mortality occuring at low populations. 

The weight of beets per treatment increased with delay in 

harvest. Any significant differences in weight between treatments was 

associated with a corresponding change in plant number. The average 

weight per beet for the undersize culls remained at 3-7 g and at 29-48 
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g for grade 1 beets. Average weight for grade 2 beets increased with 

harvest date from 70-160 g and from 270-380 g for grade 3 beets. This 

seems to indicate that the greatest weight gain before a shift in 

grade occurs, is in grade 2. Work at conventional plant densities has 

shown that grade 2 beets accounted for the majority of tonnage (6). 

Size 8 seed produced a single plant that was just as vigorous as 

a single plant from size 11 seed (Table 4.2.). The primary difference 

was between the cultivars monogerm 'Mono-King Explorer' and multigerm 

'Detroit Dark Red Short Top' for root size distribution of single 

plants. 'Detroit Dark Red Short Top' had a consistantly higher 

percentage of undersize beets and 'Mono-King Explorer' a higher 

percentage of grade 2 beets. This difference was consistant through 

all harvest dates and tends to show that monogerm 'Mono-King Explorer' 

develops more uniformly than multigerm 'Detroit Dark Red Short Top'. 

This difference has been reported to occur at conventional planting 

densities (6). 

Even when seeds were spaced 30 cm apart and only a single plant 

developed, there was still a small percentage of undersize beets at 

the last harvest date. This could be partly explained by delayed 

germination but was also related to the seed type and has occured at 

conventional plant densities (6). 

Double plants from individual seed clusters did show a seed size 

effect with multigerm size 11 producing the greatest amount of 

undersize beets but at only the AA and 69 day harvests. This could 

relate to the smaller seeds sometimes found inside larger multigerm 

seed clusters which could germinate slower. With single plants, 
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multigerm 'Detroit Dark Red Short Top* consistantly produced more 

undersize beets than monogerm 'Mono-King Explorer'. Multigerm produced 

double plants that had more grade 1 beets than monogerm but this was 

significant only because of the difference at the last harvest date. 

Grade 2 and 3 from single and double plants of multigerm followed 

similiar patterns in growth development which would indicate 

uniformity in growth between single and multiple plant seed clusters 

in 'Detroit Dark Red Short Top'. 

Monogerm seed produced fewer double plants with considerable 

variation between treatments. Percentage of double plants from 

monogerm in grade 2 was still increasing at the last harvest date 

while with single plants the number decreased at the 69 day harvest. 

Double plants in grade 3 from monogerm did not increase significantly 

where in single plants grade 3 did. It appears that double plants from 

monogerm were slower to develop than single plants, but with 

multigerm, double plants developed almost as fast as single plants. 

This could indicate that single and multiple plant seed clusters of 

'Detroit Dark Red Short Top' develop more uniformly than 'Mono-King 

Explorer' or that the later produces double plants from seeds which 

are slower to germinate and develop. 

In the analysis of multigerm data only there was a seed size 

difference with size 11 producing the most undersize beets. But single 

plants did produce as many undersize culls as double plants in both 

seed sizes. It therefore appears that plants from large multigerm seed 

are slightly slower to germinate and develop but not enough so as to 

significantly affect overall root size distribution. 
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There was no difference in root size distribution between single 

plants from seed size 8 or 11 except for oversize beets. Also there 

was no difference between double plants from size 8 or 11 in root size 

distribution except for undersize beets. It appears that a single 

plant from large seed holds no advantage over a single plant from 

small seed and small seed can produce a double plant that is as 

vigorous as from large seed (Table 4.8.). 

At the 44 day harvest there was no difference between single and 

double plants (Table 4.9.). This indicates that double plants can 

produce the same number of useable beets as single plants. At the 52 

day harvest more double plants were remaining in the smaller grades 

than single plants which were starting to change to grade 3. At the 69 

day harvest there were more double beet plants in undersize and grade 

1 with more single beet plants in grade 3 and oversize. Both the 69 

day harvest of double plants and 52 day harvest of single plants are 

somewhat similiar in grade distribution which indicates that double 

plants were slower to develop. This difference between single and 

double plants was more due to between plant competition than weakness 

of double plants. 
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SUMMARY 

Small multigerm seed can produce a considerable number of double 

plants and is not a way to obtain a population of predominately single 

plants. Both seed size 8 and 11 can produce vigorous single beet 

plants from either monogerm or multigerm seed types. Multigerm seed 

clusters are able to produce vigorous single plants and double plants 

from both large and small seed clusters. In these experiments seed 

size had no advantage in production of vigorous plants or number of 

useable beets. 
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Table 4.1. Effect of seed type and seed size on germination and 
production of multiple plants at 36 days after planting, 1979 Field 
Experiment. 

Plant Type Distribution 

Single Double Triple 
Seed Type  Seed Size Plants Plants Plants       Germination 

monogerm     8     91.4%dz" 8.6%a  0.0%a 71.5%a 
64.0 b 

8 
11 

91.4%dz 

78.7 c 
8.6%a 

20.5 b 
0.0%a 
0.9 a 

8 
llw 

58.0 b 
26.6 a 

39.3 c 
50.3 d 

2.7 a 
21.9 b 

multigerm    8     58.0 b 39.3 c  2.7 a 65.5 ab 
83.8 c 

monogerm3'Mono-King Explorer' 
multigerm3'Detroit Dark Red Short Top' 

w 
total number of single+double+triple plants for seed 
size 11 is 98.8, difference of 1.2 is for quadruple 
plants. 

Duncans Multiple Range Test at 5% for each column. 
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Table 4.2. Effect of seed size, seed type and harvest date on root 
size distribution of beets from single plants, 1979 Field Experiment. 

Grade Distribution From Single Plants 

Undersize Gr. 1    Gr. 2    Gr. 3  Oversize 
<25 mm 25-44 mm 44-70 mm 70-95 mm >95 mm 

Seed Size y 
8 13.0% 26.0% 38.8% 19.7% 2.5% 

11 14.8 27.4 35.6 20.4 1.8 
Level of Sig. ns ns ns ns ns 

Seed TypeV 

monogerm 9.2 27.5 42.8 19.0 1.4 
multigerm 18.6 25.9 31.5 21.1 2.9 

Level of Sig. .01 ns .01 ns ns 

Harvest 
44 days 30.7 56.0 13.3 0.0 0.0 
52 days 9.1 15.8 57.8 17.3 0.0 
69 days 1.9 8.3 40.5 42.8 6.5 

Level of Sig. .01 .01 .01 .01 .01 

monogerm 'Mono-King Explorer' 
multigerm 'Detroit Dark Red Short Top' 

y 
analysis performed on the arc sin \/lc values. 

results of ANOVA, ns=not significant, .01=signifleant 
at 1% level. 
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Table 4.3. Interaction of seed type and harvest on root size 
distribution of beets from single plants, 1979 Field Experiment. 

Seed Type 

Grade Distribution From Single Plants 

Undersize Gr. 1   Gr. 2   Gr. 3  Oversize 
Harvest <25 mm 25-44 mm 44-70 mm 70-95 mm >95 mm 

monogerm 44 days 
52 days 
69 days 

23.1%dZ 

3.8 b 
0.6 a 

58.8%c 
16.3 b 
7.5 a 

18.1%b 
64.0 e 
46.3 d 

0.0%a 
15.8 b 
41.2 c 

0.0%a 
0.0 a 
4.4 b 

multigerm 44 days 
52 days 
69 days 

38.3 e 
14.4 c 
3.2 ab 

53.2 c 
15.3 b 
9.2 a 

8.5 a 
51.5 d 
34.6 c 

0.0 a 
18.8 b 
44.4 c 

0.0 a 
0.0 a 
8.6 c 

monogerm 'Mono-King Explorer' 
multigerm 'Detroit Dark Red Short Top' 

analysis performed on the arc sin VJC values, letters 
represent Duncans Multipe Range Test at 5% for each 
different beet size grade. 
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Table 4.4. Seed size, seed type and harvest date effects on root size 
distribution of beets from double plants, 1979 Field Experiment. 

Grade Distribution From Double Plants 

Undersize Gr. 1    Gr. 2    Gr. 3  Oversize 
<25 mm 25-44 mm 44-70 mm 70-95 mm >95 mm 

Seed Size y 
8 15.7% 30.4% 33.0% 18.6% 2.2% 

11 18.5 31.9 34.8 13.9 0.9 
Level of Sig. .05 ns ns ns ns 

Seed TypeV 

monogerm 16.3 29.8 35.3 16.7 1.9 
multigerm 17.9 32.6 32.5 15.8 1.1 

Level of Sig. .05 .05 ns ns ns 

Harvest 
44 days 35.7 55.6 8.8 0.0 0.0 
52 days 11.7 24.7 46.4 17.2 0.0 
69 days 4.0 13.3 46.6 31.6 4.6 

Level of Sig. .01 .01 .01 .01 .01 

monogerm 'Mono-King Explorer' 
multigerm 'Detroit Dark Red Short Top' 

y 
analysis performed on the arc sin VX values. 

results of ANOVA, ns=not significant, .05 significant at 
5% level, .01=significant at 1% level. 
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Table 4.5. Seed size by seed type interaction on root size 
distribution for beets from double plants, 1979 Field Experiment. 

Grade Distribution From Double Plants 

Undersize Gr. 1   Gr. 2   Gr. 3  Oversize 
Seed Size Seed TypeV <25 mm 25-44 mm 44-70 mm 70-95 mm >95 mm 

8     monogerm 16.7%aZ 26.7%a 32.7%a 21.0%a 2.8%a 
multigerm 14.7 a 34.2 b 33.3 a 16.2 a 1.5 a 

11      monogerm 16.0 a 32.9 b 37.9 a 12.3 a 0.9 a 
multigerm 21.1 b 30.9 b 31.7 a 15.4 a 0.9 a 

monogerm 'Mono-King Explorer' 
multigerm 'Detroit Dark Red Short Top' 

analysis performed on the arc sin Vx values, letters 
represent Duncans Multipe Range Test at 5% for each 
different beet size grade. 

z 
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Table 4.6. Effects of seed type and harvest date on root size 
distribution for beets from double plants, 1979 Field Experiment. 

Grade Distribution From Double Plants 

Undersize Gr. 1   Gr. 2   Gr. 3  Oversize 

Seed TypeV Harvest <25 mm 25-44 mm 44-70 mm 70-95 mm >95 mm 

monogerm 44 days 33.8%cZ 55.1%c ll.lZa 0.0%a 0.0%a 
52 days 14.0 b 23.8 b 40.6 b 21.7 be 0.0 a | 
69 days 1.3 a 10.5 a 54.3 b 28.4 cd 5.6 b 

multigerm 44 days 37.5 c 56.1 c 6.5 a 0.0 a 0.0 a 
52 days 9.4 b 25.7 b 52.2 b 12.7 b 0.0 a 
69 days 6.8 b 16.0 b 38.8 b 34.7 d 3.6 b 

monogerm 'Mono-King Explorer' 
multigerm 'Detroit Dark Red Short Top' 

analysis performed on the arc sin Vx  values, letters 
represent Duncans Multipe Range Test at 5% for each 
different beet size grade. 
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Table 4.7. Seed size, plant type (single vs. double plants) and days 
to harvest effects on root size distribution of beets from multigerm 
"Detroit Dark Red Short Top', 1979 Field Experiment. 

Grade Distribution From Multigerm Seed 

Undersize Gr. 1    Gr. 2    Gr. 3  Oversize 
<25 mm 25-44 mm 44-70 mm 70-95 mm >95 mm 

Seed Size y 
8 15.7% 29.4% 33.0% 19.0% 2.8% 

11 20.8 29.1 31.0 17.9 1.3 
Level of Sig. .01 ns ns ns .05 

Plant Type 
single 18.6 25.9 31.5 21.1 2.8 
double 17.9 32.6 32.5 15.8 1.2 

Level of Sig. ns .01 ns .01 ns 

Harvest 
44 days 37.9 54.6 7.5 0.0 0.0 
52 days 11.9 20.5 51.9 15.8 0.0 
69 days 5.0 12.6 36.7 39.6 6.1 

Level of Sig. .01 .01 .01 .01 .01 

y analysis performed of the arc sin Vx" values. 

results of ANOVA ns=not significant, .05=significant at 
5% level, .01=significant at 1% level. 
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Table 4.8. Plant type (single vs. double) by seed size interaction for 
multigerm 'Detroit Dark Red Short Top', 1979 Field Experiment. 

Grade Distribution From Multigerm Seed 

Undersize Gr. 1   Gr. 2   Gr. 3  Oversize 
Seed Size Pit. Type   <25 mm 25-44 mm 44-70 mm 70-95 mm >95 mm 

8 single 16.8%az 24.5%a 32.8%a 21.9%b 4.1%b 
double 14.7 a 34.2 c 33.3 a 16.2 a 1.5 a 

11 single 20.5 ab 27.2 ab 30.3 a 20.3 ab 1.7 a 
double 21.1 b 30.9 be 31.7 a 15.4 a 0.9 a 

analysis performed on the arc sin \/x values, letters 
represent Duncans Multipe Range Test at 5% for each 
different beet size grade. 
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Table 4.9. Effects of plant type (single vs. double) and days to 
harvest on root size distribution of beets from multigerm 'Detroit 
Dark Red Short Top', 1979 Field Experiment. 

Beet Size Distribution From Multigerm Seed 

Undersize Gr. 1   Gr. 2   Gr. 3  Oversize 
Harvest  Pit. Type <25 mm 25-44 mm 44-70 mm 70-95 mm >95 mm 

44 days    single 38.3%dZ 53.2%d   8.5%a 0.0%a 0.0%a 
double 37.5 d 56.1 d   6.5 a 0.0 a 0.0 a 

52 days    single 14.4 c 15.3 b 51.5 c 18.8 c 0.0 a 
double 9.4 be 25.7 c 52.2 c 12.7 b 0.0 a 

69 days    single 3.2 a 9.2 a 34.6 b 44.5 e 8.6 c 
double 6.8 b 16.0 b 38.8 be 34.7 d 3.6 b 

analysis performed on the arc sin v^x values, letters 
represent Duncans Multipe Range Test at 5% for each 
different beet size grade. 
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Chapter 5 

EFFECTS OF WASHING MONOGERM AND MULTIGERM TABLE BEET 

(Beta vulgaris L.) SEED ON PLANT STAND 

ESTABLISHMENT AND ROOT SIZE 

DISTRIBUTION AT HARVEST 

Dean G. Liere 

ABSTRACT 

A preliminary greenhouse study showed that an aeqeous table beet 

seed extract decreased table beet emergence. Size 8 (3.2 mm) and 11 

(4.4 mm) table beet (Beta vulgaris L.) seed were washed and planted in 

the field to obtain a density of either 50 or 150 plants/lineal m (82, 

2 
246 plts/m ). Seed washing increased plant stand for size 8 (3.2 

mm) seed at the high planting rate. There was no seed washing effect 

at harvest on either plant stand or root size distribution at 

conventional plant densities. When comparing monogerm 'Mono-King 

Explorer' and multigerm 'Detroit Dark Red Short Top1 seed types, where 

individual seed clusters were planted 30 cm apart, there was no seed 

washing effect on root size with the monogerm type. With washed 

multigerm seeds, roots from single plants were concentrated into grade 

2 (44-70 mm root diameter). There was no seed washing effect on root 

size for multiple plants from individual seed clusters. 
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INTRODUCTION 

Washing beet seed has been shown to improve germination and 

emergence (1,4,6,7,8,13,14,16,17,18,21,30,31,33). Numerous compounds 

have been associated with inhibition of germination in beets. Ammonia 

was first (13), followed by various compounds such as 

cis-4-Cyclohexene-l,2-dicarboximide (22) to the theory that large 

amounts of Na and K ions are involved (10,11,13,16). Both Inoue et al 

(10) and Junttila (13) found that beet seed extract reduced 

germination and inhibited radicle elongation. Inoue et al (10) 

identified mono-sodium oxalate as the main root inhibitory compound 

and potassium nitrate (11) as a germination inhibitor which stimulated 

hypocotyl growth but did not inhibit root development. Junttila (13) 

was able to inhibit beet seed germination with a solution of Na and K 

ions in the same concentration as found in beet seed extracts. 

Lexander (16) determined that as K ion concentration increased, 

percent germination, root length and shoot length decreased. Heydecker 

et al (6,7) investigated fungal flora of beet seeds and discovered one 

species (Aspergillus niger) actually enhanced germination. 

Peto (25) was one of the first to suggest that tight ovary caps 

could be limiting germination. Heydecker et al (6,8) showed that seed 

washing followed by drying improved germination in both 'wet' and 

'dry' conditions by loosening the ovary cap. The ovary cap has been 

shown to be a barrier to oxygen penetration. Under wet conditions 

mucilage is produced around the edge of the ovary cap which prevents 



70 

oxygen penetration (6,8). Longden (17) 'rerubbed' sugar beet seeds 

after seed conditioning and 39% of the treated seeds lost the ovary 

cap compared to 9% in the control. Perry et al (24) showed that 

removing the ovary cap improved germination under wet conditions. 

Lexander (16) and Junttila (13) have published extensive articles 

on inhibition of germination in beets. 

The objective of this study was to determine how seed washing 

affected stand establishment and root size distribution at harvest 

using different seed sizes of a monogerm seed type, 'Mono-King 

Explorer', and a multigerm seed type, 'Detroit Dark Red Short Top'. 
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MATERIALS AND METHODS 

Two field experiments and one greenhouse experiment were conducted 

in 1979. 

Greenhouse Experiment. Treatments consisted of using either tap 

water or an aeqeous table beet seed extract to water flats containing 

washed or non-washed table beet seed clusters. Washed seed clusters 

were obtained by placing 10 g seed samples into erlenmeyer flasks 

containing 150 ml of water. Flasks were placed on a table shaker for 

11.5 hr. Water was changed and flasks returned to the table shaker for 

another 7 hr. Seed was drained, rinsed, and air dried for 27 hours and 

dusted with Captan 50 WP. Seed extract was obtained by placing 125 g 

of seed clusters and 250 ml of water into erlenmeyer flasks on a table 

shaker for 18 hours. The extract was drained off with a 100 ml rinse 

from each flask, and refrigerated at 0 C until needed. 

Seed clusters were planted on April 24th in flats containing 

sterilized silty clay loam soil.  Each flat contained three 41 cm rows 

with 64 seeds/row placed on 6.4 mm centers of size 10 (4.0 mm) seed of 

multigerm 'Detroit Dark Red Short Top'. Treatments were replicated 

twice in a randomized block design. Greenhouse temperatures were 

24 C day and 18 C night. Seed rows were watered with a 

measured amount of seed extract or tap water as needed. All flats 

received an occasional sprinkling of water to help prevent excessive 

soil cracking and drying. Daily seedling counts were made until the 

18th day after planting. Data was analysed as a split plot in time. 

Field Experiments. Seed clusters were planted in rows 61 cm apart 
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in a randomized block design at the Oregon State University Vegetable 

Research Farm, Corvallis, on an alluvial, silty clay loam soil. 

Preplant applications included 67.2 kg N/ha, 88.7 kg P/ha, and 55.8 kg 

K/ha (840 kg/ha of 8-24-8) plus 3.4 kg/ha of Cycloate and 2.2 kg/ha of 

Dyfonate. Pyrazon was applied at 4.5 kg/ha after planting. Ammonium 

nitrate fertilizier was side-dressed twice at 56.0 kg N/ha per 

application in Field Experiment 1 and once in Field Experiment 2. 

Boron was foliar applied at 1.1 kg/ha during early root development. 

Overhead irrigation was supplied every 2 days until establishment and 

then every 5-7 days. Washed seed was obtained by placing seed in a 

cheese cloth bag immersed in a continous running water bath at 

25 C with a flow rate of 1500 ml/min. for 5 hr. Seed was air dried 

for 24 hours and dusted with Captan 50 WP. This procedure was similar 

to that recommended by Klitgard (14). 

Numbers and weights of roots were recorded at harvest for the 

following size grades (mm root diameter): under 25 mm (undersize 

culls), 25-44 mm (grade 1), 44-70 mm (grade 2), 70-95 mm (grade 3), 

and over 95 mm (oversize culls). 

Field Experiment 1. Washed and non-washed seed clusters from a 

commercial seed lot of size 8 (3.2 mm) and 11 (4.4 mm) of the 

multigerm seed type 'Detroit Dark Red Short Top' were planted at 

target in-row plant densities of 50 and 150 plants/lineal m of row 

2 
(82, 246 plts/m ). All treatments were replicated 3 times in a 

randomized block design. Number of seed clusters required for each 4.6 

m plot was determined by a greenhouse sprout count on non-washed seed 

clusters and 20% more seed clusters were added to insure adequate 
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plant stand. Plots were planted on June 10th. Single border rows were 

planted between all treatment rows. The middle 3 m of each plot was 

used for data collection. Plant stand counts were taken at 32 days 

from planting after which plants were randomly thinned to 50 or 150 

2 
plants/lineal m of row (82, 246 plts/m ). The 50 plants/lineal m 

of row was harvested at 61,93 and 142 days after planting and the 150 

plants/lineal m of row harvested at 93 and 142 days after planting. 

There were no harvestable roots at 61 days in the 150 pits/lineal m of 

row. 

Field Experiment 2. Two cultivars were chosen for this experiment 

because of their difference in seed type (multigerm vs. monogerm). 

These were multigerm 'Detroit Dark Red Short Top' and monogerm 

'Mono-King Explorer'. These are recognized as distinctly different 

cultivars but do possess similar genetic background. Washed and 

non-washed seeds of both cultivars from commercial seed lots of size 8 

(3.2 mm) and 11 (4.4 mm) seed were used. A treatment consisted of 40 

seeds or seed clusters, each spaced 30 cm apart (seed location) in the 

row to help eliminate any competition between plants from different 

seed locations. All treatments were replicated four times in a 

randomized block design. Replications 1 and 2 were planted on June 

15th with replications 3 and 4 delayed until June 19th because of 

rain. Multigerm seed can produce more than 1 plant per seed cluster 

while monogerm normally produces 1 plant per seed or seed cluster. The 

percent germination and number of seed locations that produced either 

single, double or triple plants was recorded at 36 days after 

planting. Harvest was at 44, 52 and 69 days after planting, where 
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numbers and weights were recorded separately by seed locations that 

produced either single, double, and triple plants. 

After number and weight data were analysed the number data were 

converted to percent so as to eliminate the plot to plot variation in 

total number. Percentage data were transformed to the arcsin Vx as 

suggested by Steel and Torrie (29). Analyses were conducted on three 

data sets: (1) Root number distribution for single plants, (2) Root 

number distribution for double plants and (3) Root number distribution 

for single and double plants of the multigerm seed type 'Detroit Dark 

Red Short Top1. Tables 5.3. and 5.4. show the actual percent. 
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RESULTS 

Greenhouse Experiment* There were no significant effects on 

seedling emergence from seed washing. Figure 5.1. shows a significant 

decrease in seedling emergence due to watering with the seed extract 

at 12 to 18 days after planting. Before day 12 there was no 

significant difference in seedling emergence between the two 

treatments. Application of the seed extract decreased final emergence 

by as much as 30%. 

Field Experiment 1. Plant stand counts taken at 32 days after 

planting were significantly increased by seed washing for size 8 seed 

at the 150 plants/lineal m planting rate (Table 5.1.). Although there 

was a trend for seed washing to increase stand counts in all other 

treatments these differences were small and not statistically 

significant. 

Plots were thinned to a uniform stand of 50 plants/lineal m for 

low density and 150 plants/lineal m for high density after plant stand 

counts were taken. The washing treatment had no significant effect at 

harvest on the number or weight of beets in any of the five root size 

grades at either the 50 or 150 plants/lineal m populations. 

Field Experiment 2. When comparing the multigerm seed type that 

can potentially produce more than one plant per seed cluster and the 

monogerm type that normally produces only one plant per seed or seed 

cluster, there was no significant seed washing effect on germination 

or the number of seed locations that produced either single, double or 

triple plants at 36 days after planting. 
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There was no seed washing effect on the number or weight of beets 

from double plants at harvest. With single plants there was a washing 

effect. Table 5.2. shows that seed washing significantly increased the 

number of grade 2 beets no difference between treatments in total 

number of beets. Weight per plot of grade 2 beets showed a 

corresponding significant increase for the washed treatment. There was 

no difference in the average weight per beet in any size grade due to 

washing (Table 5.2.). The seed washing difference in weight of grade 2 

beets is therefore due to a difference in number of beets. 

Washing had no effect on the number distribution of double plants 

at harvest but did have an effect on the distribution of single 

plants. There was no significant seed washing effect at 44 days after 

planting, but there was a trend for washed to have more undersize 

beets and less grade 1 beets than non-washed (Table 5.3.). At the 52 

day harvet washed had significantly more grade 2 beets and 

significantly less undersize and grade 1 beets than non-washed. At 

final harvest, non-washed had significantly more beets in grade 3 

while washed in grade 2 was greater than non-washed. 

Table 5.4. shows seed type by wash treatment interactions for 

single plants from monogerm 'Mono-King Explorer' and multigerm 

'Detroit Dark Red Short Top' seed types. There was no seed washing 

effect on monogerm. All effects of seed washing occured with multigerm 

where the washed treatment had more grade 2 beets and less grade 1 and 

3 beets. 

Effects of seed size, seed type and plant density for field 

experiments 1 and 2 are discussed in a separate paper. 
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DISCUSSION 

Seed washing in the preliminary greenhouse experiment did not 

result in significant differences possibly because of the method used 

to wash the seed. This method was originally chosen as a way to more 

thoroughly eliminate any water soluble inhibitors by constant 

agitation, but the water was not changed as often as in other reports 

(18,19). The standard method as used by Heydecker (7) and others 

(2,5,6,10,14,31) is a continous wash in running water. Tolman et al 

(31) showed that continous washing was more effective than soaking in 

increasing germination of sugar beet seed. El-Gharbawy et al (3) 

showed that soaking sugar beet seeds for 16 hours equaled washing in 

continous running water for 8 hours. However El-Gharbawy et al (3) 

used soil as the substrate while Tolman and others (7,31,32) showed 

that toxic substances decreased germination more when cotton or 

blotter paper in petri dishes was used than when sand or soil was used 

as the germinating media. 

The seed extract (Figure 5.1.) significantly decreased emergence 

of table beet seed clusters planted in silty clay loam soil. The 

amount of seed extract applied per seed up to and including 12 days 

after planting would have equaled the amount of inhibitor from 

approximately 62 seed clusters with the total amount of inhibitor 

applied equal to that from about 100 seed clusters. 

Na and K have been identified in seed cluster extracts as 

germination inhibitors in beets (10,11,12,13,16). It was observed in 

the greenhouse experiment that after several days of applying the seed 
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extract to the seed rows the seed extract would form 'beads' on top of 

the soil and absorb slowly into the soil as compared to the water 

control. This could be similiar to a sodic soil in field conditions. 

When using a continous seed washing time of 24 hours with 'Detroit 

Dark Red Short Top', which was similiar to the 20 hours used by 

Heydecker et al (7), a portion of the seed clusters sprouted with size 

8 having more sprouted seed than size 11. After washing 'Detroit Dark 

Red Short Top' for five hours as recommended by Klitgard (14), and 

then dried for 24 hours, it was observed that the ovary caps on part 

of the seed clusters were starting to open. This could account for 

part of the effect for increased beet seed germination due to washing 

(8,25). 

Seed washing can increase field emergence (Table 5.1.), which is 

in agreement with previous reports on table beets (6,7,8,21). Longden 

(18) showed that washing not only improved sugar beet emergence, but 

seedlings were heavier after 21 days because of faster emergence. 

Heydecker et al (6,8) showed that seed washing would decrease the 

water sensitivity of beet seed under wet conditions and therefore 

possibly improve plant emergence under wet conditions. Seed washing 

differences between seed sizes at different plant densities (Table 

5.1.) could relate to washing time with larger seed clusters requiring 

a longer washing time because of the greater quantity of cork-like 

material in larger multigerm seed clusters (27). This corky material 

is the source of the inhibitor (1,31). Plant density differences may 

be due to low density treatments having a lower concentration of 

inhibitor in the seed row and therefore a greater chance to naturally 
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leach that inhibitor. 

At harvest there was no seed washing effect on the number or 

weight of table beets in each of the five root size grades at 

conventional plant densities. This may be due to the disruption caused 

by thinning to uniform stands at 32 days after planting. Morever, even 

though the inhibitor can slow seedling root growth in the lab 

(2,10,13,31), there may be no prolonged effect on root development in 

the field at conventional plant densities. Longden et al (19) showed 

that while different seed advancement treatments (alternate wetting 

and drying cycles) improved emergence in sugar beets, the effects at 

similiar densities were non-existant at harvest and had no effect on 

sugar .yield. With table beets there are only scattered brief reports 

that seed advancement treatments improved emergence (23), and possibly 

yield (9). 

Seed washing had no effect on the number or weight of double 

plants from individual seed locations. This may be due to inter-plant 

competition. Larmer (15) observed that with sugar beets grown at 

in-row spacings of 25 cm, beets from double plants were approximately 

50% of the size of beets from single plants. McBirney (20) and Ririe 

et al (26) found that with sugar beets up to 50% of the stand could be 

double plants without changing yield, but root size was decreased. The 

observed variation in the field between root diameters within a given 

double plant was sometimes extreme and the number of double plants was 

small and variable. 

At the first harvest of single plants there was a trend for 

non-washed to have more beets in grades 1 and 2 (Table 5.3.). The 
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washing treatment appeared to retard plant development as seen in the 

increased number of undersize beets. At the second harvest the washed 

treatment concentrated the distribution of beets into the grade 2 

category, possibly because the washed seed had a faster emergence as 

with sugar beets (18), or due to elimination of a seedling root growth 

inhibitor (2,10,13,31). At the final harvest there was still a 

tendency for washing to concentrate beets into grade 2, although the 

peak in this grade had diminished. Since the non-washed treatment did 

not concentrate the plants in grade 2 as much as the washed treatment, 

the non-washed treatment had more grade 3 beets than washed in the 

final harvest. 

There was no seed washing effect for single plants from monogerm 

as there was with multigerm. This difference could relate to seed 

structure. Peto (25) found that with sugar beets the monogerm ovary 

caps were 23.5% thicker than the multigerm line. Thus a longer seed 

washing time may have been required. Snyder (28) showed that ovary 

caps of a monogerm sugar beet variety were tighter than some multigerm 

varieties. Sugar beets have shown varietal differences in response to 

seed washing of multigerm (31) and monogerm (18) seed types. 
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SUMMARY 

The presence of a water soluble germination inhibitor in table 

beets can be demonstrated in greenhouse experiments. In the field at 

conventional plant densities seed washing can increase the number of 

table beet plants that emerge depending upon plant density, seed size 

and probably seed washing time. However at harvest there was no seed 

washing effect on yield or plant stand. When seeds were spaced 30 cm 

apart, seed washing did concentrate the number of beets from single 

plants into the grade 2 category. 

In conclusion, these particular lots of seed showed that seed 

washing had no effect on table beet yields. However seed washing can 

influence plant stand and may be of value in stand establishment under 

wet conditions (6,8,24). 
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EFFECT OF WATER  OR A TABLE BEET  SEED  EXTRACT 

ON  TABLE BEET  EMERGENCE 
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Figure 5.1. Effect of tap water and a table beet seed extract on table 
beet emergence. Greenhouse Experiment. 
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Table 5.1. Plant stand counts for washed and non-washed table beet 
seed as influenced by seed size and density at 32 days after planting. 
Field Experiment 1. 

Plant Density^ Seed Size Washing Treatment Plants/Lineal Meter 

low 

11 

high 

11 

washed 78.0 z 
a 

non-washed 75.0 a 

washed 80.0 a 
non-washed 75.4 a 

washed 213.2 c 
non-washed 186.1 b 

washed 217.5 c 
non-washed 210.5 c 

low density = target population of 50 plants/lineal meter, 
high density = target population of 150 plants/lineal meter. 

5% level of significance for Duncan's Multiple Range Test. 
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Table 5.2. Effect of seed washing on root size distribution and beet 
weight for table beets from single plants. Field Experiment 2. 

Seed   Undersize 
Treatment  < 25mm 

Root Diameter 

 Beets/100 Seed Locations  

Grade 1 Grade 2 Grade 3 Oversize 
25-44mm 44-70mm 70-95iimi  > 95mm Total 

washed 5.58 10.58 19.15   8.45 0.95 44.73 

non- 
washed 4.95 12.50 15.95 9.08 0.83 43.2 

LSD .05 ns 1.90 2.20 ns ns ns 
LSD .01 ns ns 2.93 ns ns ns 

washed 

non- 
washed 

8.7 

8.5 

 Weight/Plot in grams  

151.6   1071.6  1136.3   224.3 

162.5 

2592.8 

889.3  1202.1   220.2   2482.6 

LSD .05 ns ns 131.2 ns ns ns 
LSD .01 ns ns 174.5 ns ns ns 

washed 

non- 
washed 

3.9 

4.3 

 Weight/Root in grams  

35.8 139.9        335.9 585.6 

32.5 139.5   331.6   660.7 

ns not significant 
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Table 5.3. Root size distribution for beets from single plants as 
influenced by seed washing and harvest date. Field Experiment 2. 

Root Diameter 

Harvest 
Date 

Undersize 
Seed Trt. < 25iiim 

Grade 1 
25-44mm 

Grade 2 
44-70mm 

Grade 3 
70-95mm 

Oversize 
> 95ram 

44 days washed 
non-washed 

34.8%dz 

26.6 d 
53.0%c 
59.0 c 

12.2%a 
14.4 a 

0.0%a 
0.0 a 

0.0%a 
0.0 a 

52 days washed 
non-washed 

5.8 b 
12.4 c 

12.2 a 
19.4 b 

67.1 d 
48.4 c 

14.8 b 
19.8 b 

0.0 a 
0.0 a 

69 days washed 
non-washed 

2.5 a 
1.3 a 

7.8 a 
8.8 a 

45.3 cb 
35.6 b 

38.4 c 
47.3 d 

5.9 b 
7.1 b 

2 
values represent Duncans Multiple Range Test for each size 
grade on the arc sin values at the 5% level. 
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Table 5.4. Effect of seed washing and seed type on number of beets in 
various size grades from single plants. Field Experiment 2. 

Root Diameter 

Seed Typey Seed Trt. 

monogerm   washed 
non-washed 

multigerm  washed 
non-washed 

idersize Grade  1 Grade 2 Grade 3 Oversize 
< 25nmi 25-44inm 44-7Omm 70-95mm > 95nnn 

10.1%aZ 26.8%b 43.8%b 18.0%a 1.4%a 
8.3 a 28.3 b 41.9 b 20.0 ab 1.5  a 

18.7  b 21.9 a 39.4 b 17.5 a 2.6 a 
18.6 b 29.8 b 23.7  a 24.7 b 3.2 a 

monogerm seed type = 'Mono-King Explorer' 
multigerm seed type = 'Detroit Dark Red Short Top' 

values represent Duncan's Multiple Range Test for each 
size grade on the arc sin values at the 5% level. 
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Chapter 6 

CONCLUSIONS 

Even though seed size did not have an effect on yield there is 

still a benefit to the commercial grower. This benefit is the 

advantage of planting a uniform seed size which can produce a more 

uniform plant stand as compared to unsized seed. 

Seed size 8 can produce a single plant that is as vigorous as a 

single plant from size 11 seed for both monogerm and multigerm seed 

types. There was no difference between double plants from size 8 and 

11 seed of multigerm 'Detroit Dark Red Short Top' in root size 

distribution. This helps support the conclusion that there is no seed 

size effect with either multigerm or monogerm seed on plant stand or 

yield in table beets. 

Before 100 days after planting, plant density had the greatest 

effect on total yield while after 100 days total yield varied slightly 

but the root size distribution varied considerably between densities. 

As density increased, there were more grade 1 beets and less grade 3 

beets. At 100 days there was little difference between densities in 

tonnage of grade 2 beets. By controlling density and harvest date a 

commercial processor can significantly affect the root size 

distribution and value of the crop. 

The number of undersize cull beets varied with density and harvest 

date but was a considerable percentage of the total plant number. At 
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in-row spacings of 30 cm between seed locations, undersize cull beets 

were still present at final harvest dates. Therefore the presence of a 

large number of undersize cull beets at conventional plant spacings 

could be due to plant competition in the row or variability in 

germination time. 

Plant mortality increased with density and harvest date. Both 

plant mortality and number of undersize cull beets affected the number 

of useable beets. The number of useable beets (grades 1+2+3) increased 

only slightly after 100 days from planting. At densities greater than 

2 
100 pits/lineal m of row (164 plts/m ) there was little difference 

in number of useable beets after 100 days. 

At low density undersize cull beets changed into grade 1 beets at 

nearly the same rate as grade 1 beets changed into grade 2 beets, 

leaving the number in grade 1 unchanged. Beets appear to remain in the 

grade 2 category the longest before finally changing into grade 3 at a 

much slower rate than grade 1 beets changed into grade 2. 

Beets from monogerm 'Mono-King Explorer' had a different growth 

rate than multigerm 'Detroit Dark Red Short Top'. This was probably 

due to a cultivar difference and possibly a seed type difference. 

'Mono-King Explorer' had more smaller beets and less larger beets than 

'Detroit Dark Red Short Top*. 

Seed washing increased plant stand for size 8 seed at the high 

planting rate. At harvest there was no seed washing effect on plant 

stand or root size distribution of beets at conventional plant 

densities. However, under wet conditions seed washing has been shown 

to increase germination (18,20). 
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Table A.l. Seed size, plant density and harvest date effects on plant 
stand of 'Detroit Dark Red Short Top' table beets by root diameter, 1978 
Field Experiment. 

Plants/lineal m of row 

Undersize  Grade 1 • Grade 2   Grade 3 Oversize 
<25 mm   25-44 mm 44-70 mm  70-95 mm >95 mm 

population mean 34.0 20.5 12.8 1.9 0.1 

seed size  8 33.1 19.6 12.9 2.1 0.1 
9 34.3 21.2 12.0 1.9 0.1 

10 33.6 20.0 12.6 2.0 0.1 
11 34.7 20.0 13.5 1.8 0.1 
cs 34.3 21.5 12.9 1.8 0.0 

level of 
X 

sig. ns ns ns ns .05 

density low 22.2 15.9 9.6 1.7 0.1 
med. 36.8 21.6 13.7 2.0 0.1 
high 45.2 24.7 15.6 2.1 0.0 

level of sig. .01 .01 .01 .01 ns 

w 
harvest 1 41.9 22.7 7.7 0.4 0.0 

2 37.1 21.1 13.4 1.6 0.0 
3 30.6 20.2 15.8 2.5 0.1 
4 21.6 16.3 15.4 4.0 0.2 

level of sig. .01 .01 .01 .01 .01 

composite seed sample of 4.6% size 8, 28.4% size 9, 
67.0% size 10. 

low density = 50 pits/lineal m of row (82 plts/m ), 
medium = 77 pits/lineal m of row (126 plts/m ), 
high = 100 pits/lineal m of row (164 plts/m ). 

w 
harvests 1-3 included all three densities, harvest 4 included 
just low and medium densities. 

based on ANOVA, ns = not significant, .05 significant at 5%, 
.01 significant at 1% (analysied across density by matrix 
inversion). 
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Table A.2. Effects of seed size, plant density and harvest date on yield 
of "Detroit Dark Red Short Top' table beets by root diameter, 1978 Field 
Experiment. 

Metric tons/hectare 

Undersize Grade 1  Grade 2   Grade 3 Oversize 
<25 mm  25-44 mm 44-70 mm  70-95 mm >95 mm Total 

population mean 1.5 14.2 30.6 11.4 0.8 58.5 

seed size 8 1.4 13.7 31.0 12.2 0.6 58.9 
9 1.5 14.5 28.9 11.5 1.1 57.5 

10 1.4 14.1 30.2 11.6 1.2 58.5 
11 1.5 13.9 32.2 10.6 1.1 59.3 
cs 1.6 14.9 30.8 10.9 0.2 58.4 

level of 
X 

Slg. ns ns ns ns .05 ns 

density low 1.1 10.7 23.2 10.0 1.0 46.0 
med. 1.6 15.0 32.6 12.3 1.0 62.5 
high 1.8 17.6 37.4 11.8 0.5 69.2 

level of sig. .01 .01 .01 .01 ns .01 

harvest 1 1.8 14.5 16.4 2.3 0.1 35.1 
2 1.6 14.8 31.1 8.7 0.3 56.6 
3 1.4 14.8 39.2 14.7 1.0 71.2 
4 1.0 11.9 39.8 24.7 2.7 80.1 

level of 
==:=:===:= = = 

sig. .01 ns .01 
=========== 

.01 .01 .01 

composite seed sample of 4.6% size 8, 28.4% size 9, 
67.0% size 10. 

w 

low density = 50 pits/lineal m of row (82 plts/m ), 
medium = 77 pits/lineal m of row (126 plts/m ), 
high = 100 pits/lineal m of row (164 plts/m ). 

harvests 1-3 included all three densities, harvest 4 included 
just low and medium densities. 

based on ANOVA, ns = not significant, .05 significant at 5%, 
.01 significant at 1% (analysied across density by matrix 
inversion). 
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Table A.3. Effect of seed washing and watering with either a table beet 
extract or tap water on plant emergence of the cultivar 'Detroit Dark 
Red Short Top', Greenhouse Experiment. 

ANOVA 
(split plot in time) 

Source of Variation 

seed wash trt. 
watering trt. 
seed wash trt. by watering trt. 
seed wash trt. by days after planting 
watering trt. by days after planting 

F value 

0.0511 ns 
6.6341 ns 
0.0184 ns 
1.0719 ns 
5.5862 ** 

F values over time 

seed wash trt. day; s after watering trt 
F values planting F values 

0.3828 ns 5 0.1325 ns 
0.0289 ns 6 0.4509 ns 
0.0674 ns 7 0.7567 ns 
0.0323 ns 8 1.5841 ns 
0.0515 ns 9 3.8441 ns 
0.0031 ns 10 7.2433 ns 
0.0514 ns 11 7.5544 ns 
0.0726 ns 12 10.8064 * 
0.2280 ns 13 12.4026 * 
0.4787 ns 14 12.6933 * 
0.6940 ns 15 14.7983 * 
0.9418 ns 16 16.7411 * 
0.7807 ns 17 12.3222 * 
1.1315 ns 18 14.4618 * 
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Table A.4. Seed size, seed washing and harvest date effects on plant 
stand of table beets ('Detroit Dark Red Short Top') at low density (50 
pits/lineal m of row = 82 plts/m ), 1979 Field Experiment 1. 

Plants/lineal m of row 

Undersize Grade 1  Grade 2  Grade 3 Oversize Useable 
<25 mm  25-44 mm 44-70 mm 70-95 mm >95 mm  1+2+3  Total 

population 
mean 15.4 14.8 10.8 2.1 0.1 27.7 43.2 

seed size 
8  15.8 

11  15.0 
13.9 
15.7 

10.5 
11.0 

2.1 
2.1 

0.2 
0.1 

26.6 
28.8 

42.5 
43.9 

level of sig. 
ns .05 ns ns ns .05 ns 

seed washing 
w  15.0 
n-w 15.7 

14.6 
15.1 

11.0 
10.5 

1.9 
2.3 

0.1 
0.1 

• 27.5 
27.9 

42.7 
43.8 

level of sig. 
ns ns ns ns ns ns ns 

harvest 
61 day 18.8 
93 day 16.2 
142 day 11.2 

16.5 
14.2 
13.8 

7.9 
11.7 
12.8 

0.5 
1.8 
4.0 

0.0 
0.0 
0.4 

24.9 
27.7 
30.5 

43.6 
43.9 
42.1 

level of sig. 
.01 .01 .01 .01 .01 .01 ns 

based on ANOVA, ns = not significant, .05 significant at 5%, 
.01 significant at 1%. 
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Table A.5. Effect of seed size, seed washing and harvest date on yield 
of table beets ('Detroit Dark Red Short Top') at low density (50 
pits/lineal m of row = 82 plts/m ), 1979 Field Experiment 1. 

Metric tons/hectare 

Undersize Grade 1  Grade 2  Grade 3 Oversize Useable 
<25 mm 25-44 mm 44-70 mm 70-95 mm >95 mm 1+2+3 Total 

population 
mean  1.0 8.6 22.5 11.9 1.5 43.1 45.5 

seed size 
8   1.0 

11   1.1 
8.0 
9.3 

22.1 
23.0 

12.8 
11.0 

2.2 
0.7 

42.9 
43.3 

46.1 
45.0 

level of 
x 

sig. 
ns .01 ns ns ns ns ns 

seed washing 
w   1.0 

n-w  1.1 
8.4 
8.9 

22.8 
22.3 

10.6 
13.2 

1.3 
1.6 

41.8 
44.4 

44.0 
47.1 

level of sig. 
ns ns ns ns ns ns ns 

harvest 
61 day 
93 day 
142 day 

1.5 
0.9 
0.7 

9.1 
8.5 
8.4 

14.3 
24.3 
29.0 

2.5 
10.0 
23.1 

0.0 
0.0 
4.4 

25.8 
42.8 
60.5 

27.4 
43.7 
65.6 

level of sig. 
.05 ns .01 .01 .01 .01 .01 

based on ANOVA, ns = not significant, .05 significant at 5%, 
.01 significant at 1%. 



population 
mean 66.8 24.1 

seed size 
8  66.0 

11  67.6 
23.3 
24.9 

level of sig. 
ns ns 

seed washing 
w  67.0 

n-w 66.6 
24.1 
24.1 

level of sig. 
ns ns 

harvest 
93 day 75.9 

142 day 57.7 
24.1 
24.0 

level of sig. 
.05 ns 

95 mm >95 mm 1+2+3 Total 

1.5 0.0 36.0 102.8 

1.6 0.0 36.0 102.1 
1.3 0.0 35.9 103.6 
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Table A.6. Seed size, seed washing and harvest date effects on plant 
stand of table beets ('Detroit Dark Red Short Top') at high density (150 
pits/lineal m of row = 246 plts/m ), 1979 Field Experiment 1. 

Plants/lineal m of row 

Undersize Grade 1  Grade 2  Grade 3 Oversize Useable 
<25 mm  25-44 mm 44-70 mm ; 

10.4 

11.1 
9.8 

.05      ns      ns      ns     ns 

10.2      1.5     0.0    35.8  102.9 
10.6      1.4     0.0    36.1  102.8 

ns      ns      ns      ns     ns 

8.9      0.9     0.0    34.0  109.9 
11.9      2.0     0.0    38.0   95.7 

.01      .01      ns     .01     ns 

2£ 
based on ANOVA, ns = not significant, .05 significant at 5%, 
.01 significant at 1%. 
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Table A.7. Effect of seed size, seed washing and harvest date on yield 
of table beets ('Detroit Dark Red.Short Top') at high density (150 
pits/lineal m of row = 246 plts/m ), 1979 Field Experiment 1. 

Metric tons/hectare 

Undersize 
<25 mm 

Grade 1 
25-44 nrn 

Grade 2 
44-70 mm 

Grade 3 
70-95 mm 

Oversize 
>95 mm 

Useable 
1+2+3 Total 

population 
mean  2.4 13.3 21.1 7.5 0.0 41.8 44.2 

seed size 
8   2.3 

11   2.4 
13.0 
13.5 

22.5 
19.6 

8.2 
6.7 

0.0 
0.0 

43.8 
39.8 

46.1 
42.2 

level of 
X 

sxg. 
ns ns .01 ns ns ns ns 

seed washing 
w   2.3 
n-w  2.4 

13.4 
13.2 

20.2 
22.0 

7.6 
7.3 

0.0 
0.0 

41.2 
42.4 

43.4 
44.9 

level of sig. 
ns ns ns ns ns ns ns 

harvest 
93 day 

142 day 
2.3 
2.4 

12.6 
13.9 

17.3 
24.8 

4.2 
10.7 

0.0 
0.0 

34.2 
49.4 

36.5 
51.8 

level of sig. 
ns ns .01 .01 ns .01 .01 

based on ANOVA, ns = not significant, .05 significant at 5%, 
.01 significant at 1%. 
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Table A.8. Effects of seed size and harvest date on grade 1 table beets 
(25-44 mm) for low density (50 pits/lineal m of row - 82 plts/m ) 
and on grade 2 table beets (44-70 mm) for high density (150 pits/lineal 
m of row = 246 plts/m ) for the cultivar 'Detroit Dark Red Short 
Top', 1979 Field Experiment 1. 

Low Density-Grade 1(25-44 mm) 

pits/lineal m of row metric tons/ha 
harvest date 61 day  91 day 142 day    61 day  93 day 142 day 

seed size 
8 15.0 13.8 12.9 8.2 8.2 7.5 

11 17.9 14.6 14.6 9.9 8.8 9.2 

High Density-Grade 2(44-70 mm) 

pits/lineal m or row metric tons/ha 
harvest date     93 day 142 day 93 day 142 day 

seed size 
8 9.9    12.3 19.4    25.7 

11 8.0    11.5 15.3    24.0 
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Table A.9. Seed size, seed type (monogerm 'Mono-King Explorer' vs. 
multigerm 'Detroit Dark Red Short Top^and harvest date effects on plant 
stand of table beets at low density (50 pits/lineal m of row = 82 
plts/m ), 1979 Field Experiment 2. 

Plants/lineal m of row 

Undersize Grade 1  Grade 2  Grade 3 Oversize Useable 
<25 mm  25-44 mm 44-70 mm 70-95 mm >95 mm  1+2+3  Total 

population 
mean 23.4 13.3 9.9 2.2 0.2 25.4 49.0 

seed size 
8 23.5 13.4 9.5 
9 22.8 13.8 10.1 

11  23.9 12.8 10.2 

2.3 0.2 25.2 48.9 
2.0 0.1 25.9 48.8 
2.2 0.2 25.2 49.3 

level of sig. 
ns ns ns ns ns ns ns 

seed type 
mono  23.4     15.3     10.3 
multi 23.5     11.3      9.6 

1.3 
3.0 

0.1 
0.2 

26.9 
23.9 

50.4 
47.6 

level of sig. 
ns .01 .05 .01 .01 .01 .01 

harvest 
63 day 31.7 14.9 3.4 
86 day 22.8 13.8 10.4 
113 day 22.3 12.2 12.4 
154 day 16.9 12.3 13.6 

0.0 0.0 18.4 50.1 
1.6 0.1 25.8 48.6 
3.1 0.2 27.7 50.2 
3.9 0.4 29.8 47.1 

level of sig. 
.01 .01 .01 .01 .01 .01 .01 

based on ANOVA, ns = not significant, .05 significant at 5%, 
.01 significant at 1%. 
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Table A.10. Effect of seed size, seed type (monogerm 'Mono-King 
Explorer' vs. multigerm 'Detroit Dark Red Short Top') and harvest date 
on yield of table beets at low density (50 pits/lineal m of row = 82 
plts/m ), 1979 Field Experiment 2. 

Metric tons/hectare 

Undersize 
<25 mm 

Grade 1 
25-44 mm 

Grade 2 
44-70 mm 

Grade 3 Oversize 
70-95 mm >95 mm 

Useable 
1+2+3  Total 

population 
mean  0.9 7.8 21.1 12.3 2.0 41.2 44.1 

seed size 
8 0.9 
9 0.9 

11   0.9 

7.7 20.6 
8.1 21.3 
7.5 21.6 

13.1 2.1 41.3 44.4 
11.3 1.9 40.7 43.5 
12.6 2.0 41.7 44.6 

level of sig.' 
ns ns ns ns ns ns ns 

seed type 
mono   1.0 
multi  0.9 

8.9 
6.6 

20.5 
21.7 

7.4 
17.2 

1.4 
2.6 

45.6 
36.8 

39.3 
49.0 

level of sig. 
.01 .01 ns .01 .05 .01 .01 

harvest 
63 day 
86 day 
113 day 
154 day 

1.2 
0.9 
0.8 
0.8 

7.6 5.4 
8.3 21.1 
7.5 27.1 
7.7 31.0 

0.1 0.0 13.0 14.3 
8.3 0.5 37.6 39.0 

17.7 1.8 52.3 55.0 
23.3 5.6 61.9 68.3 

level of sig. 
.01 ns .01 .01 .01 .01 .01 

based on ANOVA, ns = not significant, .05 significant at 5%, 
.01 significant at 1%. 
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Table A.ll. Seed size, seed type (monogerm 'Mono-King Explorer' vs. 
multigerm 'Detroit Dark Red Short Top')and harvest date effects on plant 
stand of table beets at medium density (100 pits/lineal m of row = 164 
plts/m ), 1979 Field Experiment 2. 

Plants/lineal m of row 

Undersize Grade 1  Grade 2  Grade 3 Oversize 
<25 mm  25-44 mm 44-70 mm 70-95 mm >95 mm 

Useable 
1+2+3  Total 

population 
mean 51.4 20 .2 11 .7 1.9 0.1 33 .8 85 .4 

seed size 
8 50.9 19 .3 11 .2 2.2 0.2 32 .7 83 .7 
9 51.4 20 .7 11 .7 1.8 0.1 34 .3 85 .7 

11 52.0 20 .5 12 .3 1.8 0.1 34 .5 86 .6 

level of sig. 
ns i as i as ns ns ns i as 

seed type 
mono 57.4 23 .7 10 .8 1.0 0.0 35 .5 93 .0 
multi 45.5 16 .6 12 .6 2.9 0.2 32 .1 77 .7 

level of sig. 
.01 .( 31 .( n .01 .05 .01 .1 31 

harvest 
86 day 59.4 20 .5 8 .8 0.9 0.0 30 .2 89 .7 

113 day 57.9 21 .4 12 .2 2.1 0.1 35 .7 93 .8 
150 day 36.9 18 .6 14 .2 2.8 0.2 35 .5 72 .7 

level of sig. 

=====:= =r= 

.01 .05 .01 
=== = ====== = == = 

.01 .01 .01 
========= 

.( 31 

based on ANOVA, ns = not significant, .05 significant at 5%, 
.01 significant at 1%. 
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Table A.12. Effect of seed size, seed type (monogerm 'Mono-King 
Explorer' vs. multigerm 'Detroit Dark Red Short Top') and harvest date 
on yield of table beets at medium density (100 pits/lineal m of row = 
164 plts/m ), 1979 Field Experiment 2. 

Metric tons/hectare 

Undersize Grade 1  Grade 2  Grade 3 Oversize Useable 
<25 mm  25-44 mm 44-70 mm 70-95 mm >95 mm  1+2+3  Total 

population 
mean 1.9 11 .8 24 .3 10 .5 1.3 46 .5 49 .6 

seed size 
8 1.8 11 .1 23 .9 12 .3 1.6 47 .3 50 .7 
9 1.9 12 .3 23 .3 9 .7 1.1 45 .3 48 .3 

11 1.9 11 .9 25 .5 9 .4 1.1 46 .8 49 .9 

level of sig. 
ns i as ns i as ns ns ns 

seed type 
mono 2.2 13 .7 20 .9 5 .7 0.5 40 .2 42 .9 
multi 1.5 9 .9 27 .7 15 .2 2.0 52 .8 56 .3 

level of sig. 
.01 .( H .( 31 .( 31 .05 .01 .( 31 

harvest 
86 day 2.0 11 .7 17 .4 4 .5 0.0 33 .6 35 .7 
113 day 2.0 12 .6 25 .4 11 .3 0.9 49 .2 52 .2 
150 day 1.6 11 .0 30 .0 15 .6 2.8 56, .6 61 .0 

level of sig. 

s=s==ss3:= 

.01 .( 35 .01 .( 31 .01 
S = = =E = = = = = 

.01 .01 

based on ANOVA, ns = not significant, .05 significant at 5%, 
.01 significant at 1%. 
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Table A.13. Seed size, seed type (monogerm 'Mono-King Explorer' vs. 
multigerm 'Detroit Dark Red Short Top')and harvest date effects on plant 
stand of table beets at high density (150 pits/lineal m of row = 246 
plts/m ), 1979 Field Experiment 2. 

Plants/lineal m of row 

Undersize Grade 1  Grade 2  Grade 3 Oversize 
<25 mm  25-44 mm 44-70 mm 70-95 mm >95 mm 

Useable 
1+2+3  Total 

population 
mean 81.4 23.7 12.5 2.1 0.1 38.3 113.2 

seed size 
8 79.0 
9 73.0 

11  72.2 

24.2 
23.2 
23.7 

12.8 
13.0 
11.7 

2.1 
2.1 
2.2 

0.1 
0.1 
0.1 

39.1 
38.3 
37.6 

118.2 
111.4 
110.0 

level of sig. 
ns ns ns ns ns ns ns 

seed type 
mono  90.7 
multi 58.8 

27.5 
19.9 

11.2 
13.8 

1.0 
3.3 

0.0 
0.2 

39.7 
37.0 

130.4 
96.0 

level of sig. 
.01 .01 .01 .01 .05 .05 .01 

harvest 
103 day 93.4 
149 day 56.1 

24.6 
22.8 

11.2 
13.8 

1.6 
2.7 

0.0 
0.2 

37.4 
39.3 

130.8 
95.6 

level of sig. 
.01 ns .01 .01 .05 

========= 
ns .01 

5======= 

based on ANOVA, ns = not significant, .05 significant at 5%, 
.01 significant at 1%. 
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Table A.14. Effect of seed size, seed type (monogerm 'Mono-King 
Explorer' vs. multigerm 'Detroit Dark Red Short Top') and harvest date 
on yield of table beets at high density (150 pits/lineal m of row = 246 
plts/m ), 1979 Field Experiment 2. 

Metric tons/hectare 

Undersize Grade 1  Grade 2  Grade 3 Oversize 
<25 mm  25-44 mm 44-70 mm 70-95 mm >95 mm 

Useable 
1+2+3  Total 

population 
mean  2.5 13.2 25.7 12.0 1.2 50.9 54.5 

seed size 
8 2.8 
9 2.4 

11   2.3 

13.4 
13.1 
13.2 

26.0 
26.0 
25.0 

12.0 
11.7 
12.2 

1.2 
0.9 
1.5 

51.4 
50.8 
50.4 

55.3 
54.1 
54.1 

level of sig. 
.05 ns ns ns ns ns ns 

seed type 
mono   3.1 
multi  1.9 

14.6 
11.8 

21.2 
30.2 

6.1 
17.9 

0.4 
1.9 

41.8 
59.9 

45.3 
63.7 

level of sig. 
.01 .01 .01 .01 .05 .01 .01 

harvest 
103 day 
149 day 

2.7 
2.2 

13.2 
13.3 

22.1 
29.3 

8.2 
15.7 

0.3 
2.0 

43.5 
58.3 

46.5 
62.5 

level of sig. 
.01 ns .01 .01 

========== 
.05 

========= 
.01 .01 

based on ANOVA, ns = not significant, .05 significant at 5%, 
.01 significant at 1%. 
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Table A.15. Average weight per beet for single plants from individual 
seed clusters as influenced by seed size, seed type (monogerm 'Mono-King 
Explorer' vs. multigerm 'Detroit Dark Red Short Top1) and harvest date, 
1979 Single Seed Location Experiment. 

Single Plants-mean wt./beet in grams 

seed        Undersize Grade 1  Grade 2  Grade 3 Oversize 
size harvest  <25 mm  25-44 mm 44-70 mm 70-95 mm >95 mm Total 

monogerm 'Mono-King Explorer' 

8 44 day 4.28 29.32 77.38 0.00 0.00 30.11 
52 day 7.89 37.19 134.93 272.24 0.00 138.95 
69 day 0.00 43.29 162.74 331.71 641.56 230.47 

11 44 day 3.53 36.75 76.39 0.00 0.00 38.84 
52 day 6.26 41.22 151.93 270.86 0.00 145.63 
69 day 3.52 38.92 165.16 358.93 870.49 282.12 

mult igerm 'Detroit Dark Red Short Top' 

8 44 day 3.39 30.69 76.50 0.00 0.00 25.21 
52 day 6.45 33.13 148.04 264.34 0.00 133.64 
69 day 3.85 48.62 163.43 387.77 391.42 288.28 

11 44 day 3.07 31.98 70.17 0.00 0.00 23.84 
52 day 3.42 35.10 107.88 260.29 0.00 109.83 
69 day 

S = = = = =3 = 

5.50 44.63 151.72 383.80 848.29 260.71 


