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Abstract

Two experiments were carried out, a laboratory
experiment and a field one to study the effect of seed size,
variety and their interaction on seed viability, germinability,
yield and juice quality of some sugar beet varieties(Beta
vulgaris L.). The effect of temperature, variety, seed size and
their interaction on sugar beet seed germination was also
investigated. The field experiment was conducted in Tameya
district, El Fayoum governorate. Both experiments were carried
out during the two successive seasons 2001/2002 and
2002/2003. Sugar beet seeds of the three tested varieties
(Samba, Gazilla and Helious) were divided into three seed
diameters (<5, 5-7 and >7 mm).The experimental design used
was a randomized complete blocks with three replications. The
obtained data revealed that Gazilla variety surpassed the other
two varieties in weight of 1000 fruits (33.31 g), weight of 1000
true seeds (12.63 g), mean number of the true seeds/fruit
(2.25), root vyield (27.75 t/fed.) and sugar yield (4.46 t/fed.).
Samba variety was superior in germination percentage
(65.60%) and Helious variety gave the maximum value for
monogermity percentage (31.43%). Larger seeds (>7mm) gave
the highest value for weight of 1000 fruits (49.12 g), weight of
1000 true seeds (22.42 g), mean number of true seeds/ fruit
(2.45), emergence percentage(68.89%), germination
percentage (68.17%)and speed of germination at 25 C° (0.93).
Smaller seeds (<5mm) were superior in  monogermity
percentage (48.79%). Germination percentage was maximum
at 25 C° which gave (56.48%). Variety, seed size and their
interaction did not affect sugar percentage, alfa amino nitrogen
(ml.Equ.), sodium (ml. Equ.), potassium (ml.Equ.), purity%,
sugar lost to molasses % , sugar extractable% nor
extractability.

INTRODUCTION

Sugar beet (Beta vulgaris, L.) is a biennial crop. It is the second sugar crop of
the two main crops responsible for sugar production, the other crop is sugar cane.
Yield and quality of sugar beet are dependent on a number of important factors such
as variety, weather, soil characters, plant population...etc. Sugar beet is an

indeterminate plant, therefore, harvested seeds will have different seed sizes, the
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earl.ier flowers emerge and give larger and mature seeds. This gives seed size an
important role in determining the number of plants per area and affect germination,
emergence and plantlet vigor, which could, be reflected in the final yield. Blaesdale
(1966) concluded that with most crops, early growth is related to seed size but final
yield is seldom-affected. Tekrony and Hardin (1969) claimed that the major cause of
variable and poor seedling emergence in sugar beet is the occurrence of seedless
fruits and those containing undeveloped seeds, which might be less frequent in large
seed grades. On the other hand, Bornscheuer (1972) reported that while field
emergence invariably improved with increasing seed size within the same seed bulk,
large seeds from one seed lot is not necessarily better than small seeds from another
lot. Francois and Goodin (1972) tested germination of two multigerm varieties Us-H2
and Us-H6 and two monogerm one Us-H5 at 10, 15, 20, 25, 30, 35 and 45 C°. They
found that seed germination for all varieties was maximum at 25 C%, near maximum at
10 to 15 C°, markedly depressed when germinated over 25 C° to 35 C° range and
nearly completely inhibited at temperatures greater than 40 C°. They added that large-
seeded multigerm variety Us-H2 germinated significantly better than the other three
varieties at the lower temperatures of 10, 15 and 25 C°. Farag (1978) found a strong
positive relation between seed size and the weight of 1000 seeds. Large seeds
produced large seedlingé which consequently were able to emerge from greater soil
depth and generally considered to be adaptive under harsh establishment. There has
been some differences in the review concerning the optimum constant temperatures
required for the germination of sugar beet. Chamberland (1974) reported that a range
of 15-25 C° was the optimum temperature for sugar beet germination. Brown (1980)
and Cuddy (1960) found that 20 C° was the optimum degree for sugar beet
germination. This investigation aims to study the effect of seed size, variety and their
interaction on seed quality, germinability, yvield and juice quality of some sugar beet
varieties. This study was carried out to investigate the effects of sugar beet variety,
seed size and their interaction on seed viability, yield and yield components of Beta

vulgaris, L.
MATERIALS AND METHODS

In this study seeds of the varieties Samba, Gazilla and Helious were used. The
three varieties were introduced from Netherlands, Germany and Denmark,
respectively. Two experiments were executed.

The first experiment was carried out in the laboratory using petri dishes to study
germination parameters and performance of sugar beet seeds. The laboratory

experiment was conducted to study the effect of seed size (<5, 5-7, and >7mm) of
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the three sugar beet varieties (Samba, Gazilla, Helious) on seedling characters and
quality under controlled conditions. Seeds were screened using screens with suitable
mesh diameters.

The second experiment was conducted in the field during two successive
seasons 2001-2002 and 2002-2003 in Tameya district — El-Fayoum Governorate to
study the effect of variety and seed size on sugar beet yield and yield components.
Physical and chemical properties of the experimental soil are shown in Table (1).

Laboratory experiment:

Germination temperatures used in this experiment were 5, 10, 15, 20, 25, and
30°C. The germination was carried out in a germinator in glass petri — dishes, using
Whattman No.1 papers moistened with 2 ml. distilled water. Three replications each of
25 seeds were used for each experimental temperature. The dishes were watered
every two days or when needed. The seeds were considered germinated when
essential structures i.e. the root tip and radical just protruded from the seed coat. The
number of germinated seeds were counted every day for fourteen days since no more
germination was observed when the seeds were left in the germinator for another

week.

The experimental design was complete randomized with three replications and
the following characters were recorded.

Table 1. Physical and chemical properties of the experimental soil.

Season \

Analysis ‘

2001/2002 2002/2003 ‘

Mechanical analysis \

]

Coarse sand% 1.35 1.82 \

Fine sand% 14.6 17.18 l

Silt% 21.3 18.0 s

Clay% 60.1 62.1 ‘\
Texture Clay Clay

Cacos 14 1.6 \

Chemical analysis |

Organic matter% 1.80 2.0 T
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Available nitrogen ppm 16.25 17.3

Available phosphorus ppm 6.53 6.68
Available potassium ppm 290.36 274.35

Saturation water% 60 70

pH 8.3 8.2

EC ds/m 3.40 33

Cations & anions, meq/L

Na+ 1 6.6 6.88

K+ 0.33 0.50

Ca++ 2.20 2.70

Mg++ 2.60 2.94

HCO;™ meq/L 6.0 6.8

al- 5.6 6.00

S04 ” 0.13 0.22

1- Weight of 1000 fruits (g.)

One hundred fruits of the tested varieties were weighted separately, then the
weight of 1000 fruits was calculated by multiplying x 10 to obtain the weight of 1000
fruits.

2- Weight of 1000 true seeds(g.)

To calculate the weight of 1000 true seeds (g), the weight of 100 fruits was
determined, then the true seeds were separated carefully, after separation of true
seeds, the weight of the fruit coats of the hundred fruits were weighted. The weight of
true seeds was calculated by subtracting the weight of 100 fruit coats from the weight
of 100 fruits. The weight of 1000 true seed was calculated by multiplying the weight of 100
true seeds x 10.

3- Monogermity percentage.

Number of fruits that contains only one true seed was counted and monogermity
percentage was calculated.

No. of monogerm seeds x 100/total seed No.
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4- Mean number of true seeds per fruit.

Fruits were soaked in water for twelve hours and true seeds were separated by

needle then mean number of true seeds per fruit was calculated.
5 - Speed of germination
Speed of germination was calculated from the foliowing equation (ISTA, 996):
Speed of germination = a + (a+b) + (a+b+¢)+(------ y/n (a+b+ct------- ) where:

number of germinated seeds at the first count

]

a

b

number of germinated seeds at the second count

number of germinated seeds at the third count

1]

C
n= number of counts
Germination percentage

Germination was carried out at 25C°. Seeds were sown in the lass petri dishes (10.5
cm diameter), then covered with 2 ¢cm. fine sand. The prepared dishes were
moistened with distilled water to be just moist. The dishes were kept in complete
darkness and watered every two.days. The number of germinating seeds was counted
every day. The seed is considered to be germinated when the essential structures i.e.,
root tip and radical are protruded and developed which are indicative for normal
germination. Count was continued for 14 days. (ISTA 1996).

Effect of different temperatures, seed sizes, variety and their

interactions on sugar beet germination
Effect of different constant temperatures (°C) on seed germination:

Favorable temperature is a pre requisite to successful germination and seedling
emergence before irrigation.

To test this factor experimentally, the seeds of the three studied sugar beet
"varieties were screened into three seed diameters (<5, 5-7, and >7 mm) by using
screens with suitable mesh diameters to explain the effect of seed size on germination
percentage and the lowest temperature below which germination ceases, the highest
temperature above which germination ceases and the most suitable temperature for
highest germination percentage.

Three replications were used for each experimented temperature, 25 seeds
were sown in each dish. Observations were taken. Germination experiments were
conducted under a wide range of constant temperatures of 5, 10, 15, 20, 25 and 30 ¢°
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in a seed germinator in complete darkness for 14 days. The number of germinated
seeds were counted every day until no more germination was observed when the
seeds were left in the incubator for another week.

Field experiment (yield characters)

Sugar beet seeds of the three varieties under investigation were screened into
three seed diameters (i.e., <5, 5-7, >7mm). The experimental design was a
randomized complete blocks with three replications. Each piot was 21 m? consisted of
6 ridges 7m long and 50 cm apart. Distance between hills was 20 cm. Planting date
was on 4" of October in both seasons. All cultural practices were carried out following
the recommendations of Ministry of Agriculture. Plants were harvested at the age of
180 days in both seasons and the following data were collected:

1-Root length (cm.) was calculated from 10 random roots

2- Root diameter (cm.) was calculated from 10 random roots. Root diameter was
estimated at the upper third of the root.

3-Root yields (ton/fed.).

Root yield was calculated by inverting plot yield into fed.‘yield by multiplying plot
yield x 200.

Quality traits

They were determined in the lab of Delta Sugar Company according the following:
4- Sugar percentage.

Sugar percentage was determined following the method of Le-Docte (1927)

5- Purity percentage

Purity % = B X 100\ Polarity (Devillers, 1988)
B = Sucrose % - (0.029-0.343)(k+Na)-0.0939(alfa amino-N)
6~ Alfa amino nitrogen

Alfa amino nitrogen was determined using hydrogenation method according to
Carruthers et al. (1962).

(Na & K) sodium and potassium were determined in the digested solution using
flamephotometry- according method described by Brown and Lilliand (1964)
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7- Sucrose loss to molasses (S.L.M%)

Sucrose loss to molasses (S.L.M) % =0.14 (Na + K) + 0.25(alfa amino nitrogen) + 0.5
(Devillers, 1988)

8- Sugar Extractable %(S.EX)

Sugar Extractable % = sucrose% - (0.029-0.343)(k+Na)-0.0939(alfa amino-N)
(Reinefeld et al., 1974).

9- Extractability %(S.EX/Polarity)

Extractability % = sugar extraction/ sucrose %

10- Sugar vyield.

Sugar yield was calculated from the following equation:
Sugar yield=root yield x extractability%

Statistical analysis

All data were exposed to statistical analysis. Since there was homogeneity
between both seasons in laboratory traits, a combined analysis was performed. Least
significant difference (LSD) values at 5% level of probability according to Steel and

Torrie (1980) were used to compare treatment means.
RESULTS AND DISCUSSION

Laboratory experiment
1- Weight of 1000 fruits (g)

Data in Table (2) reveal that there were significant differences among varieties, fruit
size and their interaction in 1000 fruit weight in both seasons (2001/02-2002/03) and
their combined data. In both seasons and their combined data, Gazilla variety gave
the highest 1000 fruit weight followed by Samba and Helious (32.38, 34.23 and 33.31
- 25.56, 31.25 and 28.41 - 23.16, 24.13 and 23.65 g, respectively). The 1000 seed
weight significantly and gradually increased with increasing fruit size in both seasons
and their combined data giving the highest values with fruits which are larger than 7
mm(45.69, 52.54 and 49.12 g). The interaction of variety x fruit size gave significantly
different values in both seasons and their combined data. The biggest fruit size of
Gazilla variety gave the highest fruit weight in both seasons and their combined data
(60.27, 64.19 and 62.23, respectively). These results could be attributed to the fruit
position on the inflorescence, since fruits produced in different parts of the same
inflorescens may differ in weight.
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2-Weight of 1000 true seed

Table (2) reveals the effect of variety, seed size and their interaction on 1000
true seed weight. There were significant differences among the three seed sizes (< 5
mm, 5-7 mm and > 7 mm), for the three varieties (Gazilla, Samba and Helious) and
their interaction in both seasons and their combined data. Gazilla variety gave the
highest 1000 true seed weight followed by Samba and Helious(11.84, 13.41 and 12.63
- 9.71, 10.73 and 10.22 - 5.54, 7.04 and 6.29 g in the 1 st and 2 nd seasons and
their combined data, respectively). The largest seed size of Gazilla variety gave the
highest seed weight in both seasons and their combined data (21.20, 23.64 and 22.42
g). The weight of 1000 true seed significantly increased with increasing seed size.
Variety x seed size interaction was significant in both seasons and their combined data.
The highest 1000 true seed weight resulted from Gazilla with 7 mm size. This result is
in agreement with those obtained by Farag (1978) who reported that the weight of
true seed is related to fruit weight and how seed size grading affect this relationship.

3-Monogermity percentage

Data in Table (3) indicate significant differences among varieties, different seed sizes
and their interaction in monogermity in both seasons and their combined data. In both
seasons and their combined data, Helious variety surpassed the other varieties in
monogermity with an average of 31.24, 31.61 and 31.43% followed by Samba (26.90,
24.31 and 25.61%). Fruits which are larger than 7 mm had‘ no monogerm seeds while
those less than 5 mm seeds gave the highest values in both seasons and their
combined data (47.50, 50.08 and 48.79, respectively). The interaction between variety
and seed size was significant. Seeds less than 5 mm of Helious variety gave the
highest percentage of monogermity (59.77, 58.03 and 58.90 %) in both seasons and
their combined data, respectively.

4-Mean number of true seeds per fruit

Data in Table (3) reveal that there were significant differences among varieties
and seed sizes in both seasons and their combined data, while, the interaction of
variety x seed size was not significant in both seasons and their combined data. Gazilla
variety significantly exceeded the other two varieties in both seasons and their
combined data (2.17, 2.32 and 2.25 true seed/ fruit). Number of true seeds was
significantly increased with increasing seed size in both seasons and their combined
data (1.50, 1.44 and 1.48- 1.88, 2.07 and 1.98 - 2.18, 2.72 and 2.45 true seeds/fruit
with <5, 5-7, and >7 mm diameter, respectively).
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5- Germination percentage (25 C°)

Samba variety significantly exceeded both varieties only in the first season
(73.78) while Helious variety had the lowest values (52.89). In both seasons and their
combined data, germination percentage was increased gradually with increasing seed
size giving the highest values with seeds more than 7 mm (68.44, 69.33 and 68.89%,
respectively). The interaction between varieties and seed size was significant only in
the 1st season. The highest germination % (77.33, 76.00 and 76.67%) resulted from
Samba with seeds of >7 mm in the first, second season and their combined data
respectively.

6- Speed of germination

Data presented in Table (4) reveal that seed size significantly affected
germination speed in the second season and combined data only while these
differences were too small to reach the level of significance in the 1% season. The
highest speed of germination was resulted from >7 mm seed size (1.00 and 0.93)
followed by 5-7 mm and <5 mm seeds (0.97, 0.91 and 0.87, 0.83 respectively) in a
descending order in the second season and combined déta. No significant effect of
variety X seed size on speed of germination was detected in both seasons and their
combined data.

Effect of temperature, variety, seed size and their interaction on sugar beet

seed germination

Germination % gradually increased with temperature to a maximum at 25C°.
The increase in seedling emergence above 5 C® was 42.96, 44.00 and 43.48% in the
first and second season and their combined data, respectively‘(TabIes 5,6and 7). Itis
worth to mention that severe decrease in germination percentage occurred at 30 c,
such depression was 25.04, 24.15 and 24.60% in the first and second season and
their. combined data, respectively. Samba variety gave the highest value of
germination percentage (64.96, 66.22 and 65.60%). No significant difference between
the last two varieties was revealed with respect to germination percentage in both
seasons and their combined data. Data in Table (5, 6. and 7) reveal significant effect of
seed size on seed germination in both seasons and their combined data. Seeds >7
mm in diameter gave the highest value of seed germination (66.93, 69.41 and
68.17%). This result shows that the more diameter of the seed, the more germination
it has. This may be due to the bigger embryo and storage materials in the large seed
or the more number of true seeds in the large fruits. The interaction of temperature x
variety gave the highest value from seeds germinated at 25 °C of Samba variety
(84.00 %). The interaction of temperature x seed size gave the highest value from
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seeds larger than 7 mm at 25 °C in both seasons and their combined data (90.67,
92.44 and 91.56%, respectively). The interaction between seed size and variety gave
the highest value of germination percentage in both seasons and their combined data
from seeds >7 mm of Samba variety (78.44, 79.11 and 78.79%, respectively). The
interaction among temperature, variety and seed size gave the highest value in both
seasons and their combined data from seeds germinated at 25° C with diameter >7
mm of Samba variety (96.00, 96.00 and 96.00%).

Field experiment (yield characteristics):
1-Root length

Differences among varieties, seed size and their interaction did not significantly
affect root length in the first season, as was in the second season, Gazilla variety
produced the longest roots with significant differences of Helious variety (table 8).
Differences between Samba and Helious or Gazilla and Samba in root length did not
reach the level of significance.

2-Root diameter

Table (8) represents the effect of variety, seed size and their interaction on root
diameter in both seasons. In the first season, no significant differences were detected
among varieties, seed size and their interaction. In the second season neither varieties
nor their interaction with seed size had a significant effect on root diameter. While
differences among seed sizes in root diameter were significant. Seeds less than 5§ mm
were significantly lower in root diameter (13.19 c¢m) than those of 5-7 mm and those
more than 7 mm (14.40 and 14.49 cm, respectively). However there were no
significant differences between the last two sizes. These data are in the same trend of
those of Black (1959) and Bleasdale (1966).

3-Root yield

In- both experimental seasons, there were significant differences among
varieties. Gazilla variety gave the highest root yield values (28.46 and 27.04 t/fed.,
respectively) Table (9). Seed size exhibited significant effect on root yield only in the
second season. Increasing seed size from <5 mm up to >7 mm substantially
increased root yield from-14.19 to 26.09 to/fed. The increase in root yield
accompanying higher seed size might have been due to the increase in emergence
percentage, speed of germination as well as to the increase in root size in terms of
length ’and diameter. The interaction between varieties and seed size had no
significant effect on root yield/fed in both seasons (Table 9).
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Quality traits
4- Sugar percentage.

In both seasons no significant effect was detected from variety, seed size and their
interaction on sucrose percentage (table 9). This result is logical since the sucrose
percentage is mostly affected by meteorological factors than other environmental
factors. The same result was obtained by Farag (1978) who did not find any effect of
seed grading on sugar beet sucrose percentage.

5- Impurities (Na, K, and alfa amino nitrogen)

In both seasons, no significant differences were detected among varieties, seed size
and their interactions (Tables 10 and 11). The non significant effect of the
experimental treatments on impurities have a great importance because it means that
one can use any seed size of any variety without increasing percentage of impurities
which is considered a great problem in sugar factories.

6- Purity, sugar loss to molasses, sugar extractable % and extractability
(SIm — SEX and SEX/Pol)

There was no effect of variety, seed size and their interaction on purity SLM-
SEX or SEX/POL in both seasons. This result has a great value since we may use
different seed sizes within the treatment range without having any effect on juice
technological characters (Tables 11, 12 and 13).

10-Sugar yield \fed

In both seasons, varieties differed significantly in sugar yield, where Gazilla
variety surpassed the other varieties giving 4.59 and 4.32 ton\fed followed by Samba
variety 4.16 and 4.01 ton\fed and Helious variety 3.85 and 3.63 ton\fed in the first
and second seasons, respectively). The superiority of Gazilla in sugar production may
be attributed to its large size roots and higher root yield per fed as well as higher
percentage of extracted sugar.

The effect of seed size on sugar yield was significant only in the second season.
In the second season, seeds >7 mm in diameter significantly gave the highest sugar
yield\fed (4.16 ton\fed). The highest sugar yield accompanying seeds >7 mm might
have been resulted from high root yield as well as lower percentage of impurities in
terms of Na, K and amino N.

No significant effect of the interaction between variety and seed size on sugar
yield could be detected in both seasons (Table 13).
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CONCLUSION

From the obtained results, we can conclude that seed size has a significant
effect on the germination and plantlet traits put not yield and its components. So,
under good environmental conditions, we may introduce small seeds (which is
economically cheaper) but under hazard conditions, it wodld be better to import larger
seeds to avoid the decrease in plant number/area unit which may-. affect yield and
quality.

Table 2. Effect of variety, seed size and their interaction on weight of 1000 fruits
and true seeds in 2001/2002 and 2002/2003, seasons and their
combined data.

1 Weight of 1000 Weight of 1000 true
Seed
Variety fruits (g.) ) seeds (g.)
size
2001/2002 2002/2003 Mean 2001/2002 2002/2003 Mean j
’_ <5 12,37 13.43 12.90 4.13 5.31 4.72 ‘]
Gazilla 5-7 24.50 25.08 24.79 10.20 11.27 10.74 7
>7 60.27 64.19 62.23 21.20 23.64 22.42 T
Mean 32,38 34.23 33.31 11.84 13.41 12.63
<5 11.83 13.54 12.69 4.63 4.83 4.73
Samba 5-7 19.77 22.62 21.20 6.30 8.05 7.18
>7 45.07 57.60 51.34 18,20 19.32 18.76
Mean 25.56 31.25 28.41 9.71 10.73 10.22
<5 11.43 11.91 11.67 1.47 3.90 2.69
Helious 5-7 26.30 24.67 25.49 6.43 7.22 6.83
[ >7 31.73 35.82 33.78 8.73 10.00 9.37
Mean T 23.16 24.13 23.65 5.54 7.04 6.29
<5 11.88 12.96 12.42 3.41 4.68 4.05
Mean of seed
5-7 23.52 24.12 23.82 7.64 8.85 8.25
size
> 7 45.69 52.54 49.12 16.04 17.65 16.85

L.S.D value at 5% '
L

Variety 1,56 2.00 1.09 1.22 0.79 0.63

Seed size 1.56 2.00 1.09 1,22 0.79 0.63

Variety x seed size 271 3.5 1.89 2,12 1.36 1.09
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Table 3. Effect of variety, seed size and their interaction on monogermity% (Arcsin
converted data) and mean number of true seeds/fruit in 2001/2002 and 2002/2003,
seasons and their combined data.

Mean number of
Seed Monogermity %
Varie true seeds/fruit
ty size L
2001/2002 2002/2003 Mean 2001/2002 | 2002/2003 Mean
<5 33.70 47.63 40.67 1.79 1.55 1.67
Garzilla 5-7 11.50 20.10 15.80 2.20 2.37 2.29
>7 0.00 0.00 0.00 2.53 3.03 2.78
Mean 15.07 22.58 18.83 2.17 2.32 2.25
<5 49.03 44.57 46.80 1.47 1.54 1.51
Samba 5-7 31.67 28.37 30.02 1.77 2.10 1.94
>7 0.00 0.00 0.00 2.07 2.77 2.42
Mean 26.90 24.31 25.61 1.77 2.14 1.96
<5 59.77 58.03 58.90 1.27 1.22 1.25
Helious 5-7 33.97 36.80 35.39 1.68 1.72 1.70
>7 0.00 0.00 0.00 1.93 2.36 2.15
Mean 31.24 31.61 31.43 1.63 1.77 1.70
<5 47.50 50.08 48.79 1.51 1.44 1.48
Mean of seed
) 5-7 25.71 28.42 27.07 1.88 2.07 1.98
size
>7 0.00 0.00 0.00 2.18 2.72 2.45
L.S.D value at 5%
-
Variety 6.49 1.98 3.23 0.29 0.41 0.22
Seed size 6.49 1.98 3.23 0.29 0.41 0.22
Variety x seed size 11.23 3.43 5.60 N.S N.S N.S
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Table 4. Effect of variety, seed size and their interaction on germination percentage
% (sand test) and speed of germination % at 25 oC in 2001/2002 and
2002/2003 seasons and their combined data.

Emergence
Speed of germination
percentage (sand test)
Variety Seed size at 25 °C at25°%C
2001/2002 2002/2003 Mean 2001/2002 | 2002/2003 Mean
<5 52.00 56.00 54.00 0.85 0.85 0.85
Gazilla 5-7 65.33 64.00 64.67 0.90 0.99 0.95
>7 69.33 73.33 71.33 0.92 1.00 0.96
Mean 62.22 64.44 63.33 0.89 0.95 ’ 0.92
<5 69.33 64.00 66.67 0.79 0.86 0.83
Samba 5-7 74.67 70.67 72.67 0.82 0.95 0.89
>7 77.33 76.00 76.67 0.85 1.00 0.93
Mean 73.78 70.22 72.00 0.82 0.94 0.88
<5 49.33 46.67 48.00 0.74 0.90 0.82
Helious 5-7 50.67 54.67 52.67 0.82 0.98 0.90
>7 58.67 58.67 58.67 0.81 1.00 0.91
Mean 52.89 53.33 53.11 0.79 0.96 0.88
<5 56.89 55.56 56.23 0.79 0.87 0.83
Mean of seed 57 63.56 63.11 63.34 0.85 0.97 0.91
size
>7 68.44 69.33 68.89 0.86 1.00 0.93
L.S.D value at 5%
Variety 6.62 N.S 2.49 N.S N.S N.S
Seed size 6.62 7.39 2.49 N.S 0.05 0.04
Variety x seed size 11.46 N.S N.S N.S N.S N.S
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Table 5. Effect of temperature, variety, seed size and their interactions on
sugar beet seed germination ( 2001/2002 season ).

Temperature
Variety Seed size
5 10 15 20 25 30 Mean
<5 13.33 25.33 30.67 40.00 49.33 20.00 29.78
Gazilla 5-7 32.00 45.33 54.67 70.66 84.00 56.00 57.11‘l
>7 42,67 52.00 61.33 76.00 90.67 64.00 64.4ﬂ
— T
Mean 29.33 40.89 48.89 62.22 74.67 46.67 50.44
<5 40.00 48.00 53.33 61.33 66.67 38.66 51.33
Samba 5-7 49.33 56.00 64.00 66.66 89.33 65.33 65.11
>7 65.33 73.33 80.00 84.00 96.00 72.00 78.44
Mean 51.56 59.11 65.78 70.67 84.00 58.67 64.96:}
<5 20.00 32.00 40.00 56.00 68.00 49.33 44.22
Helious 5-7 25.33 38.66 53.33 64.00 74.67 52.00 51.33
>7 29.33 44.00 56.00 72.00 85.33 61.33 57.8U
Mean 24.89 38.00 49.78 64.00 76.00 54.22 51.15‘]
Mean of temperature 35.26 46.00 54.82 65.63 78.22 53.18 55.52
<5 24.44 35.11 41.33 52.44 61.33 36.00 41.78
:Ieeeadns(i)zfe 5-7 35.56 46.67 57.33 67.11 82.67 57.78 57.854}
>7 45.78 56.22 65.78 77.33 90.67 65.78 66.9L]
L.S.D value at 5%
Temperature 247
Variety 1.73
™ ' 4.234[
Seed size 1.73
TxS 4.23 l
Sxv 3.00
TXSXV 7.33
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Table 6. Effect of temperature, variety, seed size and their interactions on sugar
beet seed germination ( 2002/2003 season ).
Temperature
Variety Sged
Size 5 10 15 20 25 30 Mean
<5 13.34 22.66 32.00 41.33 53.33 28.00 31.78
Gazilla 5-7 33.33 45.33 60.00 72.00 88.00 64.00 60.44
>7 44,00 52.00 66.67 80.00 92.00 69.33 67.33
Mean 30.22 40.00 52.89 64.44 78.11 53.78 . 53.19
<5 38.67 42.66 53.33 60.00 64.00 41.33 50.00
Samba 5-7 48.00 53.33 72.00 84.00 92,00 68.00 69.56
>7 65.33 72.00 81.33 86.66 96.00 63.33 79.11
Mean 50.67 56.00 68.89 76.89 84.00 60.89 66.22
<5 20.00 33.33 40.00 56.00 61.33 36.00 41.11
Helious 5-7 28.00 41.33 56.00 70.66 82.67 56.00 55.78
>7 32.00 48.00 60.00 76.00 89.33 65.33 61.78
Mean 26.67 40.89 52.00 67.56 77.78 52.44 52.89
Mean of temperature 35.85 45.63 57.92 69.63 79.85 55.70 57.43
<5 24.00 32.89 41.78 52.44 59.56 35.11 40.96
Mean of seed
size 5-7 36.44 46.67 62.67 75.56 87.89 62.67 61.93
>7 47.11 57.33 69.33 80.89 92.44 69.33 69.41
L.S.D value at 5%
Temperature 2.39
Variety 1.69
TxV 4.15
Seed size 1.69
f xS 4.15
Sxv ’ 2.39
TXxsxv 7.18
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Table7. Effect of temperature, variety, seed size and their interactions on sugar beet
seed germination (combined data of 2001/2002 and 2002/2003 seasons).

Seed size Temperature
Variety
5 10 15 20 25 30 Mean
1
. <5 13.33 24.00 31.33 40.67 51.33 24,00 30.78
Gazilla 5-7 32.67 45.33 57.33 71.33 86.00 60.00 58.78
>7 43.33 52.00 64.00 78.00 91.33 66.67 65.89
Mean 29.78 40.44 50.89 63.33 76.22 50.22 51.81
<5 39.33 45.33 53.33 60.67 . 65.33 40.00 50.67
Samba 5-7 48.67 54.67 68.00 75.33 90.67 66.67 67.34
>7 65.33 72.67 80.67 85.33 96.00 72.67 78.79
Mean 51.11 57.56 67.33 73.78 84.00 59.78 65.60
<5 20.00 32.67 40.00 56.00 64.67 42.67 42.69
Helious 5-7 26.67 40.00 54.67 67.33 78.67 54.00 J 53.56
>7 30.67 45.67 58.00 74.00 87.33 63.33 59.83
Mean 25.78 39.44 50.89 65.78 76.89 53.33 52.02
Mean of temperature 35.56 45.82 56.37 67.63 79.04 54.44 56.48
Mean of <5 24.22 34.00 41.56 52.44 60.44 35.56 41.37
seed size

5-7 36.00 46.67 60.00 71.33 85.11 60.22 59.89
>7 46.44 56.78 67.56 79.11 91.56 67.56 68.17

L.S.D value at 5%
Temperature 1.69
Variety 1.20
™V 2.93
Seed size 1.18
TxS 2.93
Sxv 2.07
Txsxv ' 5.22
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Table 8. Effect of variety, seed size and their interaction on sugar beet root length
and diameter in 2001/2002 and 2002/2003 seasons.

Root length (cm.) Root diameter (cm.)
£
Variety Seed size
2001/2002 2002/2003 Mean 2001/2002 2002/2003 Mean
<5 28.00 28.20 28.10 13.00 13.20 13.10
Gazilla 5-7 27.83 29.83 28.83 13.20 14.83 14.02
>7 28.50 30.30 29.40 13.33 14.77 14.05
Mean 28.11 29.44 28.78 13.17 14.27 13.72
<5 28.67 28.43 28.55 12.67 13.23 12.95
Samba 5-7 28.50 27.67 28.09 12.20 14.83 13.52
>7 30.67 29.47 30.07 13.33 14.63 13.98
Mean 29.28 28.52 28.90 12.72 14.23 13.48
<5 29.67 27.17 28.42 13.50 13.13 13.32
Hetious 5-7 28.67 27.07 27.87 13.20 13.53 13.37
>7 27.67 27.37 27.52 12.83 14.07 13.45
Mean 28.67 27.20 27.94 13.17 13.58 13.38
<5 28.78 27.93 28.36 13.06 13.19 13.13
Mean of
57 28.33 28.19 28.26 12.83 14.40 13.62
seed size
>7 28.94 29.04 28.99 13.17 14.49 13.83
L.S.D vaiue at 5%

Variety N.S 1.96 N.S N.S

Seed size N.S N.S N.S 0.95

Variety x seed size N.S N.S N.S N.S
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Table 9. Effect of variety, seed size and their interaction on sugar beet root yield
and sucrose % in 2001/2002 and 2002/2003 seasons.

Root yleld (t/fed.) Sucrose %
Variety Seed
2001/2002 2002/2003 Mean 2001/2002 2002/2003 Mean
<5 27.67 26.53 27.10 18.77 18.62 18.70
Gazilla 5-7 29.20 26.67 27.94 18.55 18.43 18.49
]
>7 28.50 27.93 28.22 18.38 18.77 18.58
Mean 28.46 27.04 27.75 18.56 18.73 18.59
_—
)
<5 27.20 23.67 2544 18.71 18.55 18.65
Samba 5-7 25.67 25.33 25.50 18.62 18.39 18.63
>7 25.93 26.87 26.40 18.50 18.33 18.51
Mean 26.26 25.29 25,78 18.61 18.61 18.59
<5 23.97 22,37 23.17 18.48 18.50 18.42
Helious 57 25.00 22.86 23.93 18.78 18.73 18.61
>7 23.90 23.47 23.69 18.82 18,57 18.49
Mean 24,29 22.90 23.60 18.60 18.69 18.51
<5 26.27 24.19 25,23 18.65 18.55 18.76
Mean of
5-7 26.62 24.95 25.79 18.65 18.52 18.70
seed size
>7 26.11 26.09 26.10 18.56 18.56 18.65
L.S.D value at 5%
Variety 145 1.28 N.S N.S
Seed size N.S 1.28 N.S N.S
Variety x seed size N.S NS NS N.S
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Table10. Effect of variety, seed size and their interaction on sugar beet alfa amino
nitrogen % and sodium % in 2001/2002 and 2002/2003 seasons.

Alfa amino nitrogen
Seed Sodium ml. EQu
Variety ge ml. Equ
size
2001/2002 2002/2003 Mean 2001/2002 2002/2003 Mean
<5 1.54 1.27 1.41 1.23 0.99 1.11
Gazilla 5-7 1.37 1.48 1.43 1.53 1.38 1.46
>7 1.45 1.49 1.47 1.1 1.08 1.09
Mean 1.45 1.42 1.44 1.29 1.15 1.22
<5 1.61 1.64 1.63 1.01 1.21 1.11
Samba 5-7 1.61 1.59 1.60 1.18 1.20 1.19
>7 1.58 1.45 1,52 1.22 1.38 1.30
Mean 1.60 1.56 1.58 1.14 1.25 1.20
<5 1.38 1.43 1.41 0.96 1.30 1.13
Helious 57 1.78 1.27 1.53 1.79 1.57 1.68
>7 1.58 0.92 1.25 1.65 1.14 1.40
Mean 1.58 1.21 1.40 1.47 1.33 1.40
<5 1.51 1.45 - 1.48 1.07 1.17 1.12
Mean .Of seed 5-7 1.58 1.45 1.52 1.50 1.38 1.44
size
>7 1.53 1.29 1.41 1.32 1.18 1.25
L.S.D value at 5%
Variety N.S N.S N.S N.S
N.
Seed size N.S N.S S N.S
Variety x seed size N.S N.S N.S N.S
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Table 11. Effect of variety, seed size and their interaction on sugar beet potassium %

and purity % in 2001/2002 and 2002/2003 seasons.

W Potassium ml. Equ Purity % .
Variety Seed size
200172002 2002/2003 Mean 2001/2002 20Q2/2003 Mean
<5 5.27 5.13 5.20 85.10 84.10 84.60
Gazilla 5-7 5.04 5.64 5.34 85.00 83.90 84.85
>7 6.40 5.52 5.96 84.00 84.20 84.10
Mean 5.57 5.43 5.50 84.70 84.07 84.38
<5 4.86 5.50 5.18 84.90 84.10 84.50
Samba 5-7 4.89 5.46 5.18 85.20 83.90 84.55
>7 5.49 5.58 5.54 84.80 83.80 84.30
Mean 5.08 5.51 5.30 84.97 83.93 84.45
<5 5.19 5.59 5.39 85.20 84.00 84.60
Helious 5-7 6.25 5.79 6.02 85.30 83.80 84.55
>7 5.82 5.40 5.61 84.90 83.90 84.40
Mean 5.75 5.60 5.68 85.13 83.90 84.52
<5 5.11 5.41 5.26 85.07 84.07 84.57
Meansicz’ Zseed 57 5.40 5.63 5.52 85.17 83.87 84.52
>7 5.90 5.50 5.70 84.57 83.97 84.27
L.S.D value at 5%

Variety N.S N.S N.S N.S

Seed size N.S N.S N.S N.S

Variety x seed size N.S N.S N.S N.S
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Table 12. Effect of variety, seed size and their interaction on sucrose lost to molasses
% and sugar extractability in 2001/2002 and 2002/2003 seasons.

Sucrose iost to
Sugar extractable %
Varlety S?Ed molasses % '
size
2001/2002 2002/2003 Mean 2001/2002 2002/2003 Mean
<5 1.80 1.68 1.74 16.10 16.11 16.11
Gazilla 5-7 1.76 1.85 1.81 16.26 15.81 16.04
>7 191 1.80 1.86 15.95 15.71 15.83
Mean 1.82 1,78 1.80 16.11 15.88 16.00
r <5 1.72 1.85 1.79 15.88 15.59 15.74
Samba 5-7 1.75 1.83 1.79 16.09 16.13 16.11
>7 1.83 1.83 1.83 15.57 15.80 15.69
Mean 1.77 1.84 1.81 15,85 15.84 15.85 i
<5 1.71 1.82 1.77 15.89 16.08 15.99
Helious 5-7 2.07 1.85 1.96 15.76 15.53 15.65
>7 1.94 1.65 1.80 15.82 15.95 15.89
Mean 191 1.77 1.84 15.82 15.85 15.84
<5 1.74 1.78 1.76 15.95 15.93 15.94
Mean of seed | o, 1.86 1.85 1.86 16.04 15.83 15.94
size
| >7 1.89 1.76 1.83 15.78 15.82 15.80
L.S.D value at 5%
ﬁ Varlety N.S N.S N.S N.S ‘\
|
Seed size N.S N.S N.S N.S
Variety x seed size N.S N.S N.S N.S
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Table 13. Effect of variety, seed size and their interaction on sugar beet
extractable/polarity(Extractability) and sugar yield in 2001/2002
and 2002/2003 seasons.
S.EX /Pol(Extractability) Sugar yield
’ Seed )
Variety size
2001/2002 2002/2003 Mean 2001/2002 | 2002/2003 Mean
<5 87.24 87.77 87.51 4.46 4.28 4.37
Gazilla 5-7 87.26 86.69 86.98 4.75 4.21 4.48
>7 86.70 87.24 86.97 4.55 4.49 4.52
Mean 87.07 87.23 87.15 4.59 4.33 4.46
<5 87.58 86.80 87.19 4.31 3.69 4.00
Samba 5-7 87.36 87.16 87.26 4.14 4,09 4.12
>7 86.83 86.74 86.79 4.03 4.24 4.14
Mean 87.26 86.90 87.08 4.16 4.01 4.09
<5 87.52 86.91 87.22. 3.81 3.59 3.70
Helious 5-7 85.77 86.93 86.35 3.94 3.55 3.75
>7 86.50 87.90 87.20 3.78 3.75 3.77
Mean 86.60 87.25 86.93 3.85 3.63 3.74
<5 87.44 87.16 87.30 4.19 3.86 4,03
Mean of . )
5-7 86.80 86.93 86.87 4.28 3.95 4.12
seed size
>7 86.68 87.29 86.99 4.12 4.16 4.14
L.S.D value at 5%
Variety N.S N.S 0.23 0.18
Seed size N.S N.S N.S 0.18
Variety x seed size N.S N.S N.S N.S
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