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ABSTRACT

Hybrid production under Egyptian conditions comes in the first order for
Plant Breeding and Conservation Program of Desert Research Center (DRC). A
Line x Tester design was used to evaluate heterosis for growth, yield, and quality
traits. Three parents (monogerm) with one taster (multigerm) and three hybrids of
sugar beet were evaluated during season 2023-2024 at Kafer El-Sheikh governorate.
The experimental design was randomized complete block design with three
replicates. The results indicated existence of significant differences for most studied
traits of sugar beet genotypes. Ps and P4 were the best in most of traits. Heterosis
was present for root yield and quality traits of hybrids. P3 x P4 expressed highly
significant and positive heterosis to mid parent for root length and root diameter
(7.62 and 3.62%, respectively). P2 x P4 expressed highly significant and positive
heterosis to mid parent for sucrose percentage (3.19%). Heritability in broad-sense
was high for all studied traits, except sucrose percentage was moderate.
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INTRODUCTION

Sugar beet (Beta vulgaris L.) is resulted from the plant breeding
effort, and is one of the few crops that did not exist in the ancient times
as the age of sugar beet in the world is only about 200 years. The sugar
beet grew up in Europe by selection of plants that had higher sucrose
content from strains of fodder beet (Poehlman1979).

Today, sugar beet represents about 45% of the total sugar
produced in the world, and is considered the main source of sugar in
Europe. Sugar is one of the most important strategic commodities in
Egypt, and sugar beet is the first source for the production of sugar in
the country before the sugar cane. (Report of the Board of Sugar Crops;
January 2023).

Line x Tester technique is an important tool to calculate both
specific and general combining ability (GCA and SCA) and to estimate
gene actions in both parents. It is an efficient technique for evaluation of
inbred or pure lines. This technique also helps the breeder to isolate the
segregating genotypes and to select best genotypes for hybridization
procedures (Kempthorne, 1957). Ghura (1995) evaluated some sugar
beet monogerm lines and estimated the general and specific combining
ability. She found that significant heterosis for root yield and sugar
yield. Stancic (1995) studied the heterosis in root yield, sugar content
and yield of polarized sugar in triploid hybrids. He revealed that crosses
involving multigerm pollinators and CMS line 51-60 were the best.
Ghura et al. (1997) studied broad and narrow sense heritability for some
characters of sugar beet and found that high values of narrow sense
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heritability were obtained for total soluble solids percent (T.S.S.%) and
root diameter, which were suggested to be controlled by additive gene
effects, while moderate narrow sense heritability was estimated for root
length, root weight and T.S.S.%, and it was influenced by the effect of
non-additive genes. Ahmadi and Assad (1998) estimating genetic
parameters of agronomic and quality traits in a diallel cross of sugar
beet and found that mean squares of GCA were significant for all traits.
However, SCA mean squares were significant only for root yield, sugar
percentage, impure sugar yield, recoverable sugar yield and white sugar
yield. A significant ratio of GCA/SCA mean squares for sugar
percentage indicated that additive variance was most important in
determining this trait. Broad-sense heritability values ranged from 0.38
for white sugar yield to 0.73 for potassium percentage. Ogata et al.
(2003) found that narrow sense heritability value of root weight was
42.0%. On the other hand, narrow sense heritability for sugar content
and K were 92.1% and 90.4%, respectively. Ghura (2006) studied
characters of five sugar beet crosses. She found that, narrow sense
estimate for total soluble solids was proven to be very high for the two
crosses Sp22-ox C46/2 and Sp22-ox C39, since they recorded 99%.
Kikindonov (2011) found that all the tested semi-sugar beet hybrids
have positive values of the heterosis effect. Bayomi (2013) carried out a
study on natural flowering and seed production of sugar beet and found
that the mean squares of seven genotypes were significant for seed
characters and root characters in both seasons. Line FC723cms recorded
the highest sucrose % (17.07% and 18.60%) in two locations. Three
crosses for root length showed positive and highly significant heterosis
over the mid-parents and the better parent. All the crosses for root
diameter and root weight showed positive and significant or highly
significant heterosis over the mid-parents. Only, one cross for total
soluble solids percentage showed positive and significant or highly
significant heterosis over the mid-parent and the better parent. Only, one
cross for alpha-amino nitrogen showed negative and significant
heterosis over the mid-parents. He found that heritability estimates in
broad sense were moderate for all studied traits and heritability
estimates in narrow sense were low for some traits. The objective of this
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study was the evaluation of seven genotypes of sugar beet (4 parents + 3
hybrids) for some root and quality traits.

MATERIALS AND METHODS

The trial was set up during two seasons. The first (2022/2023)
for hybrids production to four genotypes of sugar beet was carried out at
garden local community in protected Saint Catherine of South Sinai.
The second (2023/2024) to evaluated seven genotypes of sugar beet (4
parents + 3 hybrids) was carried out at Kafer EI-Sheikh governorate.

Sugar beet genotypes obtained from plant breeding and
conservation program of Desert Research Center (DRC) were three
monogerm (SKC59-5/3/3, SKH43-5/1/3 and FC723-6/1/3) and one
multigerm (SKT48-5/3/3). Three single crosses were made under St.
Catherine condition by using three monogerm genotypes as females,
namely SKC59-5/3/3(P1), SKH43-5/1/3(P2) and FC723-6/1/3(P3), while
the multigerm genotype SKT48-5/3/3(P4) was used as tester.

Sugar beet genotypes (4 parents + 3 hybrids) were planted in a
randomized complete blocks design with three replications. Each
replicate contained 7 experimental plots. Plot area was 7.5 m? including
3 rows (5 m long and 50 cm wide) and 20 cm between plants. Seed
drilling was done in the 15th of September 2023 in Kafer El-Sheikh
location. Normal agricultural treatments were applied. Harvesting was
occurred after 210 days (15th of April 2024). Data of root characters
(Root length (cm), Root diameter (cm) and Root weight (g)) and quality
characters (Sucrose %, Potassium, Sodium, Alpha Amino nitrogen and
Purity%) were recorded on five randomly selected plants from each
plot. Sucrose percentage was determined using Saccharimeter on a lead
acetate basis according to the procedure of Delta Sugar Company (Le-
Docte, 1927). Potassium and sodium were determined using Flame
photometer according to Brown and Lilliand (1964). Alpha-amino
nitrogen was determined according to Pergl (1945). Purity % was
calculated according to the following equation: Purity% =
Sucrose%/T.S.S.% x 100. Analysis of variance was done according to
Cochran and Cox (1957). The treatment means were compared using
least significant difference test at 5% and 1% levels of significance
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(Steel and Torrie, 1980). The phenotypic and genotypic coefficients of
variation were estimated by using the formulae developed by Burton
(1952). Heritability estimates were obtained as described by Burton and
Devan (1953). Heterosis was expressed as the percentage deviation of
the F1 hybrids mean (/) from the average of the two parents (M.P.)

and better parent (B.P.) as heterobettiosis (Sinha and Khannal975).

RESULTS AND DISCUSSION

Mean performance

The results presented in Table (1) indicate that, average root
length was 35.7 cm. Parent P3 gave the highest value of root length
(41.5cm). While, Parent P> was record the lowest value of root length
(28.8cm). The average root diameter was 13.0 cm. Parent P4 gave the
highest value of root diameter (13.9cm). However, Parent P> was record
the lowest value of root diameter (10.8cm). The average root weight
was 1801.2g. Parent P4 gave the highest value of root weight (2017.0g).
While, Parent P, was record the lowest value of root weight (1047.8g).

Table 1. Mean performance for some root and quality traits of
seven (4 parents + 3 hybrids) sugar beet genotypes under
Kafer EI-Sheikh conditions, season 2023/2024.

Root _ Root Rc_)ot Sucrose _ ) Alp_ha Purity
Genotypes | length | diameter | weight % Potassium| Sodium Amlno %
(cm) (cm) (9) Nitrogen
P1 32.3 125 1587.9 14.4 6.3 2.7 35 74.3
P2 28.8 10.8 1047.8 14.4 6.0 3.0 5.3 73.1
P3 415 13.7 1779.5 15.1 6.9 2.7 3.9 73.7
P4 38.2 13.9 2017.0 16.1 6.2 2.8 2.7 77.4
P1x Pa 34.1 14.0 2219.0 15.7 6.0 2.7 3.6 76.8
P2x P4 321 12.0 1617.3 15.8 6.4 3.1 3.6 76.0
P3x Pa 42.9 14.3 2339.7 15.6 6.2 3.1 2.7 76.3
Mean 35.7 13.04 1801.2 15.3 6.3 2.9 3.6 75.4
LSD 0.05 | 3.68 1.26 193.97 1.18 0.36 0.31 0.43 2.72
LSD 0.01 | 5.16 1.77 271.94 1.66 0.50 0.43 0.59 3.82
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Concerning the crosses, the highest of root length, root diameter
and root weight were detected for the cross P3 x P4 (42.9, 14.3cm and
2339.7g, respectively). However, the lowest of root length, root
diameter and root weight were recorded for the cross P2 « P4 (32.1,
12.0cm and 1617.3g respectively).The average sucrose percentage was
15.3%. Parent P4 gave the highest value of sucrose percentage (16.1%).
While, P1 and P, were record the lowest value of sucrose percentage
(14.4%). Concerning the crosses, the highest of sucrose percentage was
detected for the cross P> x P4 (15.8%). While, the cross Ps x P4 was
record the lowest value of sucrose percentage (15.6%). The average
potassium was (6.3). Parent P> gave the lowest value of potassium (6.0).
While, parent Ps was record the highest value of potassium (6.9).
Concerning the crosses, the lowest of potassium was detected for the
cross P1 % P4 (6.0). While, the cross P2 x P4 was record the highest value
of potassium (6.4). The average sodium was (2.9). Parent P1 and Ps3
were recorded the lowest value of sodium (2.7). While, parent P> was
record the highest value of sodium (3.0). Concerning the crosses, the
lowest of sodium was detected for the cross P1 x P4 (2.7). While, the
cross P2 x P4 and Psx P4 were record the highest value of sodium (3.1).
The average alpha amino nitrogen was (3.6). Parent P4 was record the
lowest value of alpha amino nitrogen (2.7). While, parent P> was record
the highest value of alpha amino nitrogen (5.3). Concerning the crosses,
the lowest of alpha amino nitrogen was detected for the cross Pz x Pg4
(2.7). While, the cross P1 x P4 and P2x P4 were record the highest value
of alpha amino nitrogen (3.6). The average purity percentage was
75.4%. Parent P4 gave the highest value of purity percentage (77.4%).
While, P> was record the lowest value of purity percentage (73.1%).
Concerning the crosses, the highest of purity percentage was detected
for the cross P1 x P4 (76.8%). While, the cross Pz x P4 was record the
lowest value of purity percentage (76.3%). In general, P3, P4 and cross
between them (P3 x P4) were the best in most of traits. The genetic
differences in most traits among sugar beet genotypes have been
reported by EI-Manhaly et al (1987), Abd Alla (1992), Younan et al
(1997), Al-Jbawi (2000) EL-Sheikh (2003),Curcic et al (2010) Bayomi
(2013), Bayomi (2018) and Bayomi et al (2022).
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Heterosis

Table (2) shows heterosis and heterobettiosis for root traits i.e.,

root length, root diameter and root weight as well as quality traits i.e.,
sucrose percentage, potassium, sodium, alpha amino nitrogen and purity
percentage.

Table 2. Heterosis (M.P.) and heterobettiosis (B.P.) for some root
and quality traits of seven (4 parents + 3 hybrids) sugar
beet genotypes under Kafer EI-Sheikh conditions, season

2023/2024.
Root length |Root diameter| Root weight o
(cm) (cm) @) Sucrose%o
Cross
H.(M.P.)|H.(B.P.)[H.(M.P.)|H.(B.P.)|H.(M.P.) |H.(B.P.)|H.(M.P.)|H.(B.P.)
% % % % % % % %
P1x Pa| -3.26" [-10.73™| 5.67™ | 048 | 23.11 | 10.01 | 2.64™ | -2.69™
P2 x Pas| -4.08™ |-15.88™| -2.69™ |-13.43™| 554 | -19.82 | 3.19" | -2.11™
Pax Ps4| 7.62 | 329 | 3.62™ | 2.88™ | 23.25 | 1599 | 032 |-2.89"
. . Alpha Amin .
Potassium Sodium bha 0 Purity%o
Nitrogen
Cross
H.(M.P.)|H.(B.P.)|H.(M.P.)|H.(B.P.)|H.(M.P.) |H.(B.P.)|H.(M.P.)|H.(B.P.)
% % % % % % % %
Pix Pa| -4.17 | -4.49™ | 0.67" | -2.26™ | 17.75™ | 3.91™ | 116 | -0.84
P2x Pa| 413" | 3.01™ | 8.26™ | 4.89™ | -10.70™ |-32.83™| 1.04 | -1.79
P3x Ps| -5.85™ |-10.58"| 11.25™ | 8.93™ | -16.69™ |-29.92""| 0.91 | -1.49

* and **: indicate significant at 0.05 and 0.01, respectively.

Data presented in table 2 show Ps x P4 cross expressed highly

significant and positive heterosis effect for root length (7.62%). Also, P3
« P4 cross exhibited positive heterobettiosis. The cross Pz x P4 expressed
highly significant and positive heterosis and heterobettiosis for root
diameter (3.62 and 2.88%, respectively). All crosses expressed positive
heterosis effects for root weight. The crosses P1 « P4 and P2 x Ps4
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expressed highly significant and positive heterosis effects for sucrose
percentage. The crosses P1 x P4 and P3 « P4 expressed highly significant
and negative heterosis effects and heterobettiosis for potassium. The
cross P1 x P4 exhibited highly significant and negative heterobettiosis for
sodium. The crosses P2 x Psand Pz « P4 expressed highly significant and
negative heterosis effects and heterobettiosis for alpha amino nitrogen.
All crosses expressed positive heterosis effects for purity percentage. In
general, the cross P3 x P4 was the best for root length, root diameter,
potassium and alpha amino nitrogen. These results are in conformity
with those of Ghura (1995), Stancic (1995), Kikindonov (2011) and
Bayomi (2013).
Genetic parameters

Estimates of phenotypic coefficient of variation (PCV),
genotypic coefficient of variation (GCV), phenotypic variance (c2p),
genotypic variance (c%g), environmental variance (c%€) and heritability
in broad-sense (H?) are show in Table (3).

Table 3. Genetic parameters for some root and quality traits of
seven (4 parents + 3 hybrids) sugar beet genotypes under
Kafer EI-Sheikh conditions, season 2023/2024.

Root Root Alpha

Parameters| length | diameter Root | Sucrose Potassium| Sodium | Amino Purity

(cm) (cm) weight ()| % Nitrogen %

c’e 1.43 0.17 3961.94 | 0.148 0.014 0.01 0.016 0.78

o’ g 26.13 1.46 189123.9 | 0.306 0.071 0.03 0.709 1.96

o?ph 27.55 1.63 193085.9 | 0.454 0.084 0.04 0.725 2.74

G.CV.% | 14.32 9.26 24.14 3.61 4.234 5.89 23.38 1.86

P.CV.% | 1471 9.78 24.39 441 4.618 6.84 23.63 2.19

H? (b.s.) %| 94.8 89.7 97.9 67.5 84.1 745 97.8 715

The estimates 6?p was high for all traits. The 6%g estimates were
found greater than the c2e estimates for all traits. The higher proportion
of 62p observed on all traits was due to the larger proportion of 62g. The
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PCV and GCV were convergent for all the traits. Heritability in broad-
sense (H?) estimates was high for all traits, except sucrose percentage
was moderate. This finding in agreement with this reported by Ghura et
al (1997), Ahmadi and Assad (1998), Ogata et al (2003), Ghura (2006),
Mohsen et al (2011) and Bayomi (2013).

CONCLUSION

This study is an important step for Plant Breeding and
Conservation Program of Desert Research Center to identify the best
genotypes for hybrids production in future and suitable for agriculture
under Egyptian conditions. Pz and P4 were the best in most of traits. The
cross P3 x P4 was the best for root length, root diameter, potassium and
alpha amino nitrogen. The crosses P1 x P4 and P2 « P4 expressed highly
significant and positive heterosis effects for sucrose percentage.
Heritability in broad-sense (H?) was high for all traits, except sucrose
percentage was moderate.
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