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In the Great Lakes area , industry personnel have observed 
that a higher percentage of sugarbeet seedlings emerge from 
plantings of large monogerm fruits than from small ones. The 
implications of these observations suggested the studies reported. 

Previous research (1,2,3,4)4 has shown that fruit- and seed-size 
are correlated. Fruit diameter of a monogerm variety was cor
related (O.68 'H' ) with seed diameter (1). For a given monogerm 
seed lot, usually a greater percentage of the seeds in the larger
sized fruits germinate than those in smaller-sized fruits. Thus, 
under field conditions, when the same number of "seeds" are 
planted per unit length of row, fevver seedlings emerge from the 
smaller-sized fruits solely on this basis. However, this alone 
could not account for the large differences in field emergence 
usuall y observed. 

The positive correlation between fruit and seed size suggests 
that seedlings developed from seeds in the larger fruits may be 
larger than those from the smaller fruits. Also, the quantity of 
reserve starch may be greater in larger fruits. Seedlings from 
the larger fruits may exert a greater force during the emergence 
process. Since the hypocotyl is involved in seedling emergence, 
hypocotyl size may influence emergence . 

'When seedlings from large and small fruits of sugarbeet were 
compared, those from the larger fruits had larger diameters of 
hypocotyls and a greater percentage of emergence from sand and 
soil, particularly as the seeds were planted deeper. Depth of 
planting in sand also affected hypocotyl size. 

Methods and Materials 
Monogerm fruits (single cavity with one viable seed) of a 

given variety vvere sized in to two or three categories. 't\Then whole 
fruits were used, they were sized and then hand processed. For 
many of the experiments, commercially processed and sized fruits 
were used. Size categories were in inches/ 64. A 6Y2 -7Yz size-class 
indicated that all the fruits fell through a 7Y2 round-hole screen 
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but remained on a 6Yz round-hole screen. For the designation 
"On 12", all the fruits remained on a 12 round-hole screen. 
Hypocotyl size 

In the initial experiments, two sizes of fruits were placed on 
blotters in the germinator. Approximately 10-day old seedlings 
which had hypocotyl lengths over 1Yz cm, were selected and a 
l-cm segment of the hypocotyl was removed by means of a guil
lotine. The segments were kept on moist paper until they were 
weighed and counted. The average weight per segment was cal
culated for each fruit-size class. 

In later experiments, whole fruits of a single size-class (12-13) 
were planted in fine quartz sand « 1 to 0.1 mm) at Yz- and 
2-inch depths in covered plastic boxes. To determine the effect 
of depth of planting on hypocotyl size, we kept the seedlings in 
the dark for the lO-day experiment. The average weight of 50 
of the l-cm segments excised immediately above the transition 
zone was determined. The average weights of 50 of the intact 
hypocotyls of groups of seedlings grown in the dark and in the 
light in the greenhouse also were obtained. 
Laboratory gennination and emergence 

In some experiments, the percentage germination at approxi
mately 70 F in a germinator on two layers of blotter was com
pared with emergence from quartz sand at 72 to 74 F. Quartz 
sand, having 7Yz% moisture, was placed in covered plastic boxes 
(5X7X4 in). Approximately % in of sand was placed in the 
box; the fruits were placed, and then covered with the moist 
sand to specified depths. Twenty-seven seeds of each of two size
classes of fruits were planted in each box. A minimum of three 
replications (boxes) per experiment was used for each depth . 
Other experiments involved soaking uf the fruits and using sand 
with different moisture contents. 

Since the fine quartz sand with 7Yz% moisture will compact, 
care must be taken to apply the same amount of pressure-to all 
containers. vVhere close comparisons are desired for certain fruit 
size-classes, the experiment should be designed to place the size
classes in the same container. Reproducibility is similar to blotter 
germination. 
Field emergence 

In order to correlate laboratory germination and emergence 
from sand with emergence under field conditions, we used two 
fruit sizes, small (6Yz-7Yz) and large (9Yz-IOYz), of commercially 
processed "seed" of Lot 7334 of variety US H20. The "seed" 
was treated with a fungicide. 

Field plantings were made by two industry cooperators. Pre
cautions were taken to avoid any bias of individual planting 
units of the commercial planters. 
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Results 

Hypocotyl diameter was positively correlated with fruit size 
for each set of data listed in Table 1. In experiments involving 
emergence from sand, the hypocotyls of seedlings from com
mercially-processed, large fruits averaged larger than those of 
seedlings from small fruits. 

Table I.-Relation of seedling hypoco tyl diameter to fruit diameter in monogel'm 
sugal'bcet. 

Fru it size Hypocotyl segments* 

Variety 

Hybrid 

US H2O 
(Lot 6369) 

US H2O 
(Lot 6452) 

Whole 

In./64 
On J2 
8""2 -902 
On 13 
8-9 

On J2 
8-9 

Process. 

In ./64 No. 
30 
50 

33 
22 

159 
222 

A"g weight 

Mg 
4.6 
4.1 
4.5-
3.1 

4.3 
3.6 

(SLl 26 X 128) l11s X On 12 On J2 127 4.1 
SP5822 -0 10-11 8V2-10Y2 172 3.7 
(Lot 4504) 7Y2 -8V2 6Yz 205 3.0 

'* I -em segments. 

For seedlings emerging in light, the hypocotyls from "seeds" 
planted 2 in deep in sand weighed more than those from "seeds" 
planted ~ in deep (37 .4 versus 21.4 mg per hypocotyl ). T his 
weight differential occurred even though the seedlings from the 
shallow planting emerged earl ier an d photosynthesized more. For 
seedlings emerging in the dark, the hypocotyls from "seeds" 
planted 2 in dee p also weighed more (59.4 versus 52.9 mg per 
hypocotyl). T he l -cm h ypocotyl segments of seedlings grown in 
the dark from "seeds" planted 2 in deep in sand also weighed 
more than those from "seeds" planted ~ in deep (8.2 versus 
6.9 mg per segment; t-test significance at 2% level). t:he length 
of hypocotyls was more variable for the deep planting than for 
the shallow. 

Repeated experiments revealed that germination percentages 
on blotters 'were nearly identical to percentages of emergence 
from quartz sand when the fruits were covered with JI2 in of 
sand, thus the percentage va lues can be used interchangeably. 

Emergence of sugarbeet seedlings from quartz sand (seven 
experiments, total of 24 replications involving different varieties 
and seedlots) showed that: 1) Fewer seedlings emerged (18 to 
65% fewer) when fruits were planted 2 in deep than when 
planted ~ in deep ; and 2) Proportionately fewer seedlings 
emerged from the smaller fruits than from the large, when 
planted 2 in deep. 
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When small and large fruits of US H20 were placed in sand 
at Y2-, 1-, I Y2-, and 2-in depths, progressively fewer seedlings 
emerged, but the percentage emergence declined more sharply 
between the 1Y2- and 2-in depths. "When large, processed fruits 
(either soaked in water for 20-30 min before planting or planted 
in the air-dried condition) were planted 1 in deep in sa nd having 
moisture contents of 3, 5, or 7Y2%, seedlings emerged most 
rapidly from sand at 7 Yz% moisture. Soaking the fruits hastened 
emergence from sand at 3% moisture. The final percentages of 
emergence did not indicate any distinct trends or effects. How
ever, 'when whole and processed fruits were plante~ (l in deep 
in sand at 7Y2 % moisture) either in the air-dried condition or 
after soaking in water for 20-30 min, th e percentage of seedlings 
emerging from the soaked fruits averaged 10 to 15% below that 
of the dried fruits. 

Emergence of seedlings has been compared in firmly packed 
and relatively loosely packed sand. The fruits (9V2-10 Y2 size
class) were placed at a depth of 2 in. Firmly packed sand reduced 
seedling emergence to 46% of th at from the loosely packed sand. 

Field emergence study 

Both size-classes of fruits conta ined at least 98% fully de
veloped seeds. Percentages for blotter germination and emer
gence through Y2 in of sand averaged 95% for both size-classes. 
Seventy-six percent of the seedlings from large fruits emerged 
through 2 in of sand, but only 53% of those from small fruits . 

Field emergence data (Table 2) r eveal the same trends that 
were obtained in the laboratory. 'Nith the exception of 1~ -in 
depth on the Adelsperger Farm, for any given planting depth, 
fewer seedlings emerged from the small than from the large 
fruits. Also, fewer seedlings emerged as the fruits were planted 
deeper and proportionately fewer seedlings emerged from smaller 
fruits planted deeper. J. L. Brown, Farmers and Manufacturers 
Beet Sugar Association, Saginaw, Michiga n planted th e two size
classes of fruits 1 in deep". Seedlings emerged from 58% of the 
large fruits and from 37 % of the small fruits. 

Table 2.-Field emergence of sugarbect variety US H20 as atfencd by planting d epth 
in northern Ohio .* 

Fruit size (inches/64) 6 (,-2 .. 7(,-2 9 (,-2 .. 10 (,-2 

Farm Depth planted (inches) I v.; 2 I V, 2 

Adelsperger 46 28 47 42 
Havens 18 13 36 34 
Damsch rader 47 70 

• Data of P. Brimhall, Northern Ohio Sugar Co. , Fremont, Ohio. 
• Helmerich Farm, Bay City, Michigan. 
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Discussion 
The technique of planting sugarbeet fruits at different depths 

in muist saHd oilers a simple procedure for diHeremiating the 
emergence potential of seedluts and particul arl y for variolls size
classes of fruits, It should be possible to standardize the emer
gerlCe from sand so that the various size-classes could be given 
all elllergence potential l'i!ting which then could be used hy 
growers to minimize emergence problems. 

The data from Ohio (Jahle 2) indicate the difTindty of trying 
to predict possible emergence for a given seedlot. However, 
where emergence tends to he a problem, seec~ with high emer
gence potential should he nude available to the grower. If the 
grower employs space-planting to get the desired stand without 
thinning, [he iolImvillg guide lines should he useful: L VVhen 
sltlaller "seeds" are space-planted, aL least one-third more should 
be plal1led than when larger "seeds" arc planted; 2. Since depth 
of planting affects the percentage of emergence much more for 
small "seeds" than for the large, smaller "seeds" should be planted 
shaJlov\' (prulnlJly always less than 1 in deep); and 3. \\There 
lack of moisture may limIt germinatIOll, particularly for later 
plantings, "seeds" probably ~h(Jllld be planted somewhat deeper. 
Tn s11ch cases, larger "seecIs" should be planted because they 
have greater emergence potential. 

In the future, sugarbeet varieties may have larger fruits and 
greater emergence potentiaL however, each seedlot will still have 
a range in emergence potential \\'hich is related ro fruit-size. 
Also, the micro-c'nvironment in which the seed cleve lops and 
matures may eHect the emcrgellce potential of the seed. 

'rhe enatic gerlllination and ('mergencc performance of soaked 
"seeds" seems to be related to the eli/Terential needs of individual 
seeds for oxygen and sensitivity to limited difIusion of oxygen 
through the moist fruit. Small increases in the moisture cont('nt 
of the fruit may impede thc rate of diffllsion of oxygen into 
the seed below that required for germination. Thus, in repetitive 
experiments, the inherent small diH'erences in IT10isture content 
may lead to relatively large diHerences in percentages of germina
tion. 

The cHeet of depth of planting on the hypocotyl was unex
pected. Since energ) is expended during the emergence process, 
the hypocotyls from a deep planting logically might be expected 
to he smaller than those from a shallow planting. The data 
suggested that the expenditure of energy was not suITicient to 
reduce the size of the hypocoryl. Perhaps the increased diameter 
of the hypocotyls from a Geep planting is related to the in
creased impedance during emergence. The restriction on elonga
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tion might exert greater turgor pressure on the lateral walls 
than would occur with unrestricted cell elongation, thus enlarging 
cell-diameters and concurrently the h ypocotyl diameter. The 
depth of planting affected the length of time the seedlings grew 
in the dark and could affect the size of the hypocotyls, since light 
retards elongation. 

Summary 
Sugarbeet fruits were separated into large and small size

classes and placed on blotters for germination. Approximately 
10 days after germination, l-cm segments of hypocotyl were 
excised. The segments of hypocotyls from the large fruits weighed 
more than those from small fruits. The size differential could 
also be observed macroscopically. 

The percentage emergence of seedlings from moist quartz 
sand was determined when fruits were placed at Yz- and 2-in 
depths. As the fruits were planted deeper, fewer seedlings 
emerged. Significantly, at the 2-in depth, proportionately fewer 
seedlings emerged from the small fruits than from the large 
when compared to the Yz-in depth. 

The trends in emergence potential obtained in sand in the 
laboratory were confirmed by emergence from soil under field 
conditions. The results indicate that seeds in large sugarbeet 
fruits have a greater emergence force and emergence potential 
than seeds in small fruits. 
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