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ABSTRACT

Field experiment was carried out in three locations, Agricultural
Research Stations in governorates of Ismailia (latitude of 30° 58'N and
longitude of 32° 26'E), Faiyum (latitude of 29°18’ N and longitude of
30° 35'E), and Alexandria (31° 21'N latitude and longitude of 29°
91'E), Egypt in 2016/2017 and 2017/2018 seasons. The present work
included thirty six treatments, twelve sugar beet varieties
(Beta vulgaris, L.) namely Beta 303, LP 1003, Beta 273, Pyramid,
Sible, Beta 401, Beta 302, Univers, Nancy, Bairac, Oscar poly and LP
016 and three locations to evaluate them under Egyptian conditions
and select the best in terms of suitability to environmental conditions
and the extent of their superiority in yielding, technological traits and
stability. The experiment was carried out in a randomized complete
block design (RCBD) with three replications.

Results showed that Ismailia location surpassed the other two
locations, producing roots with high content of sucrose% and less
content of impurities compared with Faiyum and Alexandria.

Results indicated that varieties significantly differed in the
studied traits except Quality index and impurities%. Pyramid variety
exhibited the superiority over the other tested varieties which recorded
the highest values of root vyield (ton/fed.) Differences between
Pyramid variety and Beta 273, LP 1003 and Beta 303 varieties did not
reach significant level. With regard, in sugar yield Pyramid variety in
1st season and LP 1003 variety in 2™ season surpassed the other
varieties without significant difference with Beta 303.


https://tools.wmflabs.org/geohack/geohack.php?pagename=Alexandria&params=31_12_N_29_55_E_region:EG_type:city(5200000)
https://tools.wmflabs.org/geohack/geohack.php?pagename=Alexandria&params=31_12_N_29_55_E_region:EG_type:city(5200000)
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Variety Beta 303 had the highest values of root yield at Ismailia
location in the first season only 29.17 ton/fed while in second season
Pyramid variety get the maximum root yield 28.89 ton/fed at same
location. Meantime, Pyramid and Beta 302 varieties gave the highest
values in sugar yield (4.52 and 4.64 ton/fed) at the same location in
the first and second season, respectively.

The stability parameters b; and S°d for root and sugar yields
revealed that, the varieties Pyramid, LP 1003 and LP 016 were stable
in root yield. However Beta 303 variety was stable in sugar yield
revealed near unity regression coefficient (b;) and non-significant
deviation from regression "Sd" and it considered as a stable varieties
to varying environments with a broad adaptability across the studied
environments.

Key words: Locations, sugar beet, stability, varieties.

INTRODUCTION

Breeding for high yielding and stable cultivar has always been an
important objective of all plant breeding programs. Yield is a complex
character and sensitive to environmental changes. Plant breeder aimed
to produce high yielding and stable varieties. Variety x environment
interactions are often described as inconsistent differences among
varieties from one environment to another especially when varieties
are compared across series of environments. Hereby, the relative
ranking of a variety, usually differ as a result of edaphic variation
between locations and changes in the environmental circumstances.
Thus, a large GXE interaction led to reduce any actual progress from
selection reference. The analysis of variance procedure is useful for
estimating the magnitude of GXE interaction, but fails to provide
information on the contribution of individual variety to environment.
To obtain reliable estimates concerning the response of individual
varieties across a range of environments, several methods of stability
analyses have been developed as adopted by Eberhart and Russell
(1966).

In this connection, all sugar beet cultivars sown under
Egyptian conditions are imported from global breeding sources.
Therefore, evaluation of these varieties is required locally is very
important to select the best ones, in terms of suitability to
environmental conditions and extent of their superiority in yield and
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quality traits. Also, when varieties are compared in such environments
(predictable and/or unpredictable), their, relative performance may be
not the same. For example, one variety may have the highest yield in
some environments and a second variety may excel in other. In this
connection Shalaby (2003) showed that Kafr EI-Sheikh location gave
the highest average of root weight, sucrose%, root, sugar yields/fed,
quality and extractability percentages. However, Dakahlia location
gave the highest values of root length and alpha amino nitrogen
percentage. On the other hand, under Faiyum location, the highest root
diameter has been detected. Further, potassium and sodium root juice
contents were insignificantly differed among locations. Abd El-Aal
and Mohamed (2005) studied the interaction between variety and
environment (GE) at 12 environments. They found that mean squares
due to seasons, locations were highly significant for all the studied
characters of ten sugar beet varieties. Abd Elrahim, et al. (2005)
reported that high significant differences among varieties Del 937, Del
938, Del 939 in root yield/fed, sodium content, sucrose, sugar and
quality percentages, while these differences in potassium, amino
nitrogen contents, sugar recovery and sugar loss to molasses
percentages were insignificant. Del 939 variety was superior
compared to the other two varieties in root, top yields/fed and quality
traits. Aly (2006) showed that beet varieties differed significantly.
Marathon variety surpassed significantly the other varieties in root
length, root diameter, root weight, root and sugar vyields/fed.
Kawemira variety had the highest mean values of sucrose, Quality
index, extractable sugar and extractability percentages. The highest
values of alpha amino nitrogen % and sodium % were produced from
Del 936 variety, while Athos poly variety gave the maximum mean
values of potassium % and sucrose loss to molasses. Enan, et al.
(2011) revealed that the five tested sugar beet varieties differed
significantly in their yield potential capacity. Cleopatra variety
recorded the highest sucrose%, while Florima and Heracule varieties
produced the highest root and sugar yields/fed due to the difference in
their gene make-up, which plays an important role in plant structure
and morphology. Hozayn, et al. (2013) recorded significant
differences among the tested cultivars in all studied characters of
sugar beet grown under newly reclaimed soil.

Further, Hozayn, et al. (2014) found that all sugar beet
varieties showed diversity behavior with respect to sucrose %, fresh
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root and sugar yield/fed under the three locations. The highest root
fresh weight/plant was produced by Monte Rose in sandy clay soil and
DS-9004 and R-Hist in sandy soil. Similar trends were recorded for
gross sugar yield. Moreover, Toro, DS-9007 and DS-9004 recorded
the highest sucrose percentage in clay, sandy clay and sandy soil,
respectively. Aly, et al. (2015) found that sugar beet varieties (Top,
Sultan and Kawemira) significantly differed in root length, diameter
and root fresh weight g/plant, as will as sucrose%, Quality index %
and yields of root and sugar/fed. Enan, et al. (2016) indicated that the
tested three beet varieties differed significantly in the studied traits.
They added that Polat variety showed the superiority over the other
two tested varieties and recorded the highest values of root diameter,
fresh and top weights/plant in both seasons. Meanwhile, insignificant
differences were found between Polat and Henrike varieties in root
diameter and top fresh weight/plant in the 1% season; root fresh
weight/plant in the second one. Moreover, insignificant differences
among varieties were detected in their impact on gross and corrected
sugar yields/fed.

The aim of this investigation is to evaluate twelve sugar beet
varieties under three locations (Agricultural Research Stations in
governorates: Ismailia, Faiyum and Alexandria - Egypt) for yield and
yield components along with technological traits. Also, both genotypic
and phenotypic stability were investigated.

MATERIALS AND METHODS

Field experiment was carried out during 2016/2017 and
2017/2018 seasons under three different locations in the farms of
existing Research Stations, Agric. Res. Center, Ismailia Governorate
(latitude of 30° 58'N and longitude of 32° 26'E), Faiyum Governorate
(latitude of 29°18" N and longitude of 30° 35'E), and Alexandria
Governorate (31° 21'N latitude and longitude of 29° 91'E). The
present work included thirty six treatments, which were the
combinations of twelve imported sugar beet varieties (Beta vulgaris,
var. saccharifera L.) namely Beta 303, LP 1003, Beta 273, Pyramid,
Sible, Beta 401, Beta 302, Univers, Nancy, Bairac, Oscar poly and LP
016 to evaluate them under the three mentioned locations, to select the
best ones in terms of suitability to environmental conditions and
superiority in yielding, technological traits. The experiment for each


https://tools.wmflabs.org/geohack/geohack.php?pagename=Alexandria&params=31_12_N_29_55_E_region:EG_type:city(5200000)
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location was carried out in a randomized complete block design
(RCBD) with three replications. The plot area for each experimental
site was 21 m? including 7 ridges of 5-m in length and 60-cm in width,
with 20-cm hill spacing. Phosphorus fertilizer was applied in the form
of calcium super phosphate (15 % P,0s) at the rate of 30 P,O5 kg/fed
at seed bed preparation. Nitrogen fertilizer was applied as ammonium
nitrate (33%) at rate of 80 kg N/fed in two equal doses after thinning
and one month later. Potassium fertilizer was applied in the form of
potassium sulphate (48% K,O) at the rate of 48 kg K,O/fed, which
was added at the second dose of nitrogen. Other cultural practices
were performed as recommended in each location. Sowing of sugar
beet varieties took place during the 2" week of October, while
harvesting was done 7 months later in both seasons. Soil physical
properties were analyzed using the procedure described by Black, et
al. (1981). Soil chemical analysis was determined according to the
method described by Jackson (1973). Physical and chemical analyses
of the soil (the upper 30-cm) of the experimental site are given in
Table 1. The monthly temperature (C°) for each season and location
are illustrated in Table 2.

Table 1: Soil physical and chemical properties of the experimental
soil in each location
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Table 2: Monthly, maximum and minimum temperature (C°) for
each location

Location | Ismailia | Faiyum | Alexandria

2016/2017 season

Month Max Min Aver Max Min | Aver Max Min Aver

October 275 234 2535 244 243 243 323 173 249
November 240 19.8 219 210 210 | 210 270 12.7 199
December 194 153 174 155 155 155 204 92 148
January 17.0 124 147 136 136 136 210 7.6 143
February 19.7 138 16.7 142 142 142 22132 59 141

March 210 149 18.0 16.3 16.2 16.3 250 24 16.7

April 248 176 212 124 183 183 286 13.1 200

2017/2018 season

Months Max Min Aver Max Min | Aver Max Min Aver

October 272 229 250 204 154 | 218 310 16.3 238

November 230 195 217 2390 10.2 16.2 258 12.1 19.0
December 184 140 162 209 g4 13.7 19.3 g3 141
January 169 120 144 183 47 10.7 201 73 137
February 174 126 150 243 99 16.2 212 5.6 134
March 201 143 172 252 10.1 17.7 2390 g0 159
April 224 162 193 203 118 | 2086 273 12.3 199

The recorded data:

At harvest, sample randomly (20 root) from each plot were

uprooted randomly, topped and weighed to determine:

1. Root length and diameter (cm).

2. Root fresh weight/plant (kg).

3.Impurities of juice, i.e. Na and K (meq./100 g beet) were determined
in the lead acetate extract of fresh macerated root tissue using
“Flame photometry” method described by Browen and Lilliand
(1964) while o-amino N was determined using “ninhydrin
hydrindantin” method according to Cooke and Scott (1993).

4. Sucrose % (pol%) was polarimaterically determined according to
the methods of Le-Docte, (1927).

5. Sugar lost to molasses (SLM %) = 0.14 (K + Na) + 0.25 (a-amino-
N) + 0.5, Devillers (1988).

6. Extractable sugar% (sugar recovery) and extractability %were
calculated as proposed by Dexter et al. (1967).
Extractable sugar % = sucrose% — (sugar loss in molasses % + 0.6).
Extractability % = (extractable sugar % / sucrose %) x100
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7. Quality index (QI) = (Extractable sugar% =+ sucrose %) x 100

8. Root yield (ton fed™): Weight per plot before taking samples was
obtained and used to calculate root yield per fed.

9. Sugar yield (ton fed™) = root yield (ton) x Extracted sugar %.

Statistical analysis:

The collected data were statistically analyzed as shown by
Gomez and Gomez (1984). Analysis of variance was computerized
for each trait in each location and combined analysis for the three
locations . Treatments means were compared using LSD test at 5% of
probability. All statistical analysis was performed using analysis of
variance technique of (MSTAT- ¢) computer software package.

The phenotypic stability parameters were estimates using model
of Eberhart and Russell (1966). The performance of individual
variety is regressed on an environmental index (deviation of the mean
of each trait at that environment from the overall mean of each trait of
all environments). The analysis provides the linear regression
coefficient "bi", (performance response index) and the deviation from
regression mean square, S2d, (stability index).

RESULTS AND DISCUSSION

I.1. Effect on root characteristics and yield:

Results in Table 3 indicated that root length (cm), diameter
(cm), fresh weight (kg/plant) and yield (ton/fed) of sugar beet were
significantly affected by locations in both seasons. Ismailia location
gave the highest values of root length, diameter, fresh weight and
yield, followed by Faiyum location, while, the lowest values of the
above traits were obtained from Alexandria location. The variance in
growth, quality index and root yield of sugar beet at the three
locations may be attributed to differences in soil types and weather
(temperatures) conditions among locations. These results coincide
with those obtained by Aly (2006) and Aly et al., (2015).

The obtained data in Table 3 showed that the tested sugar beet
varieties differed significantly in root length, diameter, fresh weight
and root yield in both seasons with insignificant difference between
Pyramid, Nancy and LP 016 varieties in root length. However, Beta
302 variety surpassed the other varieties with respect to root diameter.
Beta 303 variety surpassed root fresh weight/plant and root yield/fed,
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in 1% season while Pyramids variety surpassed root fresh weight/plant
and root yield/fed, in 2" season compared the other varieties.
Generally, the differences among some of varieties did not reach
significant level. The variability among the evaluated varieties in the
above-mentioned traits may be due to genetic structure. These results
are in line with those obtained with Aly (2006) and Enan et al.,
(2016).

Table 3: Root length, diameter (cm), root fresh weight (kg) and

yield (ton/fed) of sugar beet as affected by locations and varieties
in 2016/2017 and 2017/2018 seasons

Root .
Treatments Rqu::.l}lgﬂl dia(;n; ;er i.:ingthir[i;;} R[:ln‘::-":il::il.:?
Season 1= | 2m | 1= | gm | qx | 2w | gx | gm
Locations
Ismailia 3050 | 2937 | 1133 |11.02 | 1.113 | 1.002 | 2806 | 27.97
Faiyum 2854 | 2823 [ 1050 | 1004 | 0952 | 0907|2699 | 2624
Alexandria | 2786 | 2816 | 9.74 | 0838 | 0842 | 0871|2598 | 25.72
LsDat5% | 13550 | 1.020 0930|0670 | 0.160 | 0080|1220 | 1320
Sugar beet varieties

Beta 303 2897 | 3009 | 1087 | 10.18 | 1.059 | 1.001 2788 | 27.24
LP 1003 19097 | 29093 | 1086 | 993 | 1.034 | 0986|2756 | 27.23
Beta 273 2806 | 2598 | 1027 |10.03 | 0996 | 0996|2765 | 26.95
Pyramid | 3027 | 3212 | 1057 [ 1032 | 0962 | 1031|2744 | 2732
Sible 2737 | 2688 | 990 | 939 | 0948 | 0939|2695 | 26.66
Beta 401 2768 | 2799 | 1036|1091 | 0936 | 0932|2667 | 26.73
Beta 302 1967 | 2859 |11.12|11.09 | 0992 |0.828 | 2694 | 26.53
Univers 2647 | 2537 | 1086 | 1030 | 0914 | 0958 | 26.17 | 26.63
Nancy 3146 | 3268 | 1049 |11.00 | 1.009 |0.799 | 2700 | 25.98
Bairac 2616 | 2523 | 995 | 9.82 | 0933 | 0914|2614 | 26.15
Oscarpoly | 29027 | 27.89 | 10.00 | 1041 | 0.863 | 0.817 | 2635 | 25.89
LP 016 3227 | 3027 | 11.03 | 1034 | 0979 | 0918|2718 | 26.38
L5D at 5% 339 | 438 | 072 | 0935 | 011 | 013 [ 103 | 084

1.2. Effect on sucrose, quality and impurities:

Data in Table (4) indicated that sucrose % was significantly
differed among locations in 1% season only. Ismailia Governorate was
superior in producing roots with high sucrose % compared with in



J. Biol. Chem. Environ. Sci., 2018,13(4), 243-264 251

other locations. Similar results were reported by Shalaby (2003) and
Enan, et al. (2016)

Data in Table (4) showed that sucrose % was significantly
affected by the evaluated varieties in the 1% and 2" seasons. The
highest values of sucrose % were recorded by LP 016 and Univers
varieties in the 1% and 2" season, respectively (17.44 and 17.75%).
Differences among Some of varieties were insignificant.

The obtained results in Table (4) cleared that insignificant effect
have been observed on quality index in both seasons either among
locations or varieties.

Further, data in Table (4) indicated that sodium (Na) and
potassium (K) were insignificantly affected either among locations or
varieties in the two seasons. Otherwise, a-amino-N was insignificantly
affected among locations but it was significant among the evaluated
varieties in both seasons. Pyramid attained the lowest values of a-
amino-N (1.12 and 0.83 meqg/100 g beet) compared the other varieties
in the 1% and 2" season, respectively.

Table 4: Sucrose%o, quality index and impurities (meg/100 g beet)
contents of sugar beet as affected by locations and varieties in
2016/2017 and 2017/2018 seasons

Impurities (meg/100 g beet)

Treatment Sucrose%o Quality index — — -
o-amine-N Na K
Season 1= | 2= 1= [ 2= 1= [ 2= | 1= [ 2= 1= | 2=
Locations
Ismailia 17.14 [ 1653 | 8478 | 8478 | 1.33 1.20 | 002 1.00 3.12 3.02
Faiyvum 16.84 | 1660 | 8475 | 8475 | 1.41 130 | 000 1.13 330 324
Alexandria 1666 | 1631 | B478 | 2477 [ 104 | 1.15 | 1.14 125 203 2.80
LSIDy at 5% 028 Ns Ns Ns Ns Ns Ns Ns Ns Ns
Variedes

Beta 303 1678 | 1683 | B4.7¢ | 2474 | 120 | 125 [ 1.10 136 3.24 3.21
LP 1003 1698 [ 17.74 | 8472 | 28478 | 1.17 | 1.30 | 0.83 1.05 3.26 3.00
Betal73 1676 | 1716 | 8476 | 8480 [ 127 | 091 [ 1.04 115 322 207
Pyramid 1700 [ 15359 | B478 | 28472 [ 112 | 083 [ 106 052 312 281
Sible 1670 [ 17.74 | 8477 | 8475 | 130 | 136 | 1.13 135 200 326
Beta 401 1655 [ 1670 | 8472 | 8478 [ 121 1.04 | 1.00 105 2902 305
Beta 302 1647 [ 1544 | B477 | 8475 [ 129 | 110 | 1.00 0.86 2905 312
TUnivers 1666 | 1775 | B475 | 8472 | 146 | 141 | 000 109 3.13 286
Nancy 1694 [ 1520 | B4.78 | 28473 1.21 127 | 099 1.11 306 3.01
Bairac 1724 [ 1764 | B477 | 8477 [ 132 | 121 | 090 131 3.13 3.03
Oscar poly 1704 [ 1543 | 8477 | 8472 [ 125 | 160 | 091 115 319 287
LPOL1G 1744 [ 1605 | 8478 | 8475 (119 | 1.21 | 1.13 1.10 3.14 3.06
LSD at 5% 0.57 1.53 NS M 020 | 035 M= M= Ns MNe
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Further, data in Table (4) indicated that sodium (Na) and
potassium (K) were insignificantly affected either among locations or
varieties in the two seasons. Otherwise, a-amino-N was insignificantly
affected among locations but it was significant among the evaluated
varieties in both seasons. Pyramid attained the lowest values of a-
amino-N (1.12 and 0.83 meqg/100 g beet) compared the other varieties
in the 1 and 2" season, respectively.

1.3. Effect on sugar lost to molasses %, extractable sugar %, sugar
extractability% and sugar yield ton/fed:

Analysis of variance in Table (5) indicated that locations
exhibited significant effect on sugar lost to molasses, extractable sugar
% (sugar recovery %) and sugar extractability% in first season only,
Ismailia showed highest value for extractable sugar %, while,
Alexandria had lower sugar lost to molasses than other locations.
These results may be due to the low beet contents of impurities traits
as mentioned before. The variation of juice quality among locations
supported the role of agro-climatic conditions and will assisting in
select the more suitable beet cultivars for different locations.

The data in Table (5) cleared that the tested varieties
significantly differed in sugar lost to molasses, extractable sugar %
and extractability% in both seasons. Pyramid variety exhibited the
lowest values of sugar lost to molasses in both season (1.20 and
1.01%), respectively. Meantime, the highest values of extractability%
were recorded by Pyramid and Beta 273 varieties in the 1% and 2"
season, respectively. (89.40 and 90.48%). These results may be due to
the gene makeup. Similar results were reviewed by Abd El-Aal and
Mohamed (2005) and Hozayn et al. (2014).

Results in Table (5) also indicated that sugar yield/fed of sugar
beet were significantly affected by locations in both seasons. Ismailia
location gave the highest values of sugar yield/fed, followed by
Faiyum location, while the lowest values of the above traits was
obtained from Alexandria location. The variance in quality and sugar
yield at the three locations may be attributed to the differences in soil
types and weather (temperatures) conditions among locations. These
results coincided with those obtained by Aly (2006) and Enan, et al.
(2011).

Results in Table (5) also indicated that sugar yield/fed of sugar
beet were significantly affected by locations in both seasons. Ismailia
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location gave the highest values of sugar yield/fed, followed by
Faiyum location, while the lowest values of the above traits was
obtained from Alexandria location. The variance in quality and sugar
yield at the three locations may be attributed to the differences in soil
types and weather (temperatures) conditions among locations. These
results coincided with those obtained by Aly (2006) and Enan, et al.
(2011).

With regard to cultivar variance, data in Table (5) showed that
the tested sugar beet varieties differed significantly in sugar yield/fed
in both seasons. However, pyramid and L P1003 varieties surpassed
the other varieties in sugar yield/fed, recording 4.24 and 4.30 ton/fed
in the 1% and 2™ season, respectively. The variability among the
evaluated varieties in the above-mentioned traits may be due to
genetic structure. These results are in line with those obtained with
Aly (2006) and Enan et al (2016)

Table 5: Sugar lost to molasses, extractable sugar, sugar
extractability percentages and sugar yield (ton/fed) of sugar beet
as affected by locations and varieties in 2016/2017 and 2017/2018
seasons

Treatment Sugar lost to Extractable Sugf_u'_ Sugar yield
molasses%o sugar % extractability % (ton/fed)
Season 1t 2nd 1st 2ud 1t 2ud 1st | 2ud
Locations
Ismailia 1.30 1.23 1524 | 15.10 | 88.93 80.16 428 423
Faiyum 1.40 1.34 14.84 | 14.65 | 88.13 88.20 4.01 385
Alexandria 1.13 1.22 1404 | 14 49 | 8064 88.81 3.88 3.73
LSD at 5% 0.15 Ns 0.18 Ns 0.89 Ns 0.23 0.28
Varieties

Beta 303 1.32 1.35 14 86 | 1489 | BR.36 88 44 4.08 4.07
LP 1003 1.22 1.34 1516 | 15.84 | 80.32 80.07 4.14 4.30
Beta 273 1.30 1.03 14.86 | 15.54 | 88.67 00.48 4.01 4.17
Pyramid 1.20 1.01 1519 | 1398 | 89.40 80.70 4.24 3.81
Sible 1.30 1.44 14.80 | 15.71 | 8861 88.52 4.05 4.18
Beta 401 1.20 1.16 1475 | 1494 | 8010 8052 4.01 4.03
Beta 302 1.26 1.19 14.62 | 13.65 | 88.73 88.10 3.92 3.67
Univers 1.41 1.34 14.65 | 15.80 | 87.89 80.00 31.86 4.14
Nancy 1.23 1.30 15,11 | 13.30 | 89.19 87.55 4.08 3.40
Bairac 1.31 1.28 1533 | 15.76 | 88.93 8027 4.02 4.12
Oscar poly 1.27 1.46 1517 | 1337 | 89.05 86.63 4.05 3.51
LP 016 1.26 1.25 1538 | 1420 | 89.34 88.39 422 371
LSD at 5% 012 0.37 0.57 145 | 0.74 1.37 0.22 0.47
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I1. Significant Interactions effect:
I1.1. Root fresh and root yield:-

Data in Table (6) indicated that the interactions between
varieties and locations affected significantly root fresh weight and root
yield/fed, in both seasons. It was cleared that most of these varieties
could grow successfully under the conditions of Ismailia to exhibit the
highest values in root fresh weight and root yield/fed. These findings
give evidence that, Ismailia agro-climatic conditions more suitable
than Faiyum or Alexandria. However, Beta 303 variety surpassed the
other varieties in root fresh weight (kg) at Ismailia location in 1%
seasons (1.209 kg and 29.17 ton/fed, respectively while in 2™ season,
Pyramid variety gave the maximum root fresh weight and root yield
ton/fed. (1.190 kg and 28.89 ton/fed) at the same location (Ismailia).
Meanwhile , at Alexandria location, Beta 303 variety surpassed the
other variety in root fresh weight and root yield in 1% season (0.977
and 26.26 ton/fad) ,while universe variety was superior in the 2™
season (0.967 kg and 26.26 ton/ fad), respectively.

For Faiyum location, it is noticed that LP1003 variety recorded
the highest values of the above mentioned traits (0.980 kg/plant and
27.27 ton/fed) in the 2" season compared to the other varieties. These
results may be attributes to the favorable agro-climatic conditions for
varieties. Similar results were reviewed by Al-Labbody (2003), Aly (2006)
and Aly and Soha (2017)
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Table 6: Effect of the interaction between locations and varieties
on root fresh weight (kg) and root yield (ton/fed.) of sugar beet in
2016/2017 and 2017/2018 seasons

Treatment Root fresh weight (kg) Root vield (ton/fed.)

Season I o I 2“
N Loaations) I || u|e|o|ole|s|ulels
Beta 303 1200 0.005 | 0972 1.143 [ 0.975 | 0.886| 20.17 | 27.32 | 27.16 | 28.62 | 27.18 | 25.92
LP 1003 1152 | 0.086 | 0.964 | 1.112 | 0.980 | 0.867| 28.64 | 27.18 | 26.87 | 28.67| 27.27 | 25.76
Beta 273 1128 | 1.007 | 0.855| 1.081 | 0.968 | 0.038| 20.05 | 27.72 | 26.17 | 28.32 | 26.46 | 26.08
Pyramid 101710003 | 0.877) 1.190 | 1.036 | 0.868 | 27.94 | 27.77 | 26.62 | 28.89| 27.22 | 23.83
Sihle 1.049 | 0.985 | 0.810) 1117 0.919 [ 0.781 | 27.87 | 27.00 | 25.00 | 28.38| 26.74 | 24.86
Beta 401 101310969 | 0825 1.042 | 0.850 [ 0.904 | 27.12 | 26.86 | 26.02 | 27.96| 26.50| 23.72
Beta 302 1138 0.085 | 0.852) 0.730 | 0.869 | 0.876| 28.00 | 27.75 | 24.08 | 2738 26.63 | 23.57
Univers 1121 0.843 1 0.779 | 1.049 | 0.838 | 0.967 | 27.67 | 26.40 | 24.45 | 28.06| 25.57 | 26.26
Nancy 11891 0.046 | 0.892) 0.722 | 0.836 [ 0.819 | 28.16 | 2649 | 2635 | 26.74| 25.34 | 25.86
Bairac 1156 | 0.894 | 0.749) 0.951| 0.833 1 0058 27.01 | 26.20 | 24.31 | 27.15| 25.18 | 26.11
Oscar poly 1.049 | 0.835 | 0.706| 0.885 | 0.827 | 0.739| 27.34 | 26.15 | 26.15 | 2730 | 25.11 | 25.28
LP 016 1120 0.082 | 0.825|0.993 | 0.912 | 0.840| 27.73 | 26.93 | 26.82 | 28.16 | 25.62 | 25.36

LD at 5% 0.013 0.141 0.25 043

11.2. Sucrose% and sugar yield:-

Moreover, data in Table (7) revealed that the interactions
between varieties and locations affected significantly sucrose
percentage and sugar yield ton/fed, in both seasons.

Bairac and Univers varieties gave the highest values in
sucrose%, recording 17.84% at Ismailia location and 18.86% at
Faiyum location in first season and second season, respectively.
Furthermore, Pyramid and Beta 302 varieties exhibited the highest
sugar yield ton/fed recording 4.52 and 4.64 ton/fed at Ismailia location
in first season and second season, respectively.
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Table 7: Effect of the interaction between locations and varieties
on sucrose% and sugar yield (ton/fed) of sugar beet in 2016/2017
and 2017/2018 seasons

Treatment Sucrose% Sugar vield (ton/fed)

Season I¢ b I# 2o
‘_aﬁeﬁej‘“m“‘ Ll | 12 | 13| Ll |12 |13 |11 | 12|13 |11 |L12]1L3
Beta 303 1712 | 1687 | 1635 | 1736 | 16.14 | 1700 ] 422 | 406 | 397 | 447 | 398 | 3.7
LP1003 1681 | 1730 | 1683 | 1720] 1773 [ 1843 | 418 | 414 | 410 | 437 | 433 | 419
Beta273 1753 | 1621 | 1655 | 1699 | 1673 | 1777 | 422 | 395 | 387 | 433 | 391 | 426
Pyramid 1743 | 1749 | 1608 | 1623 ] 1550 | 1504 | 452 | 432 | 387 | 413 | 377 | 333
Sible 1708 | 1657 | 1646 | 1719 | 1844 | 1760 ] 438 | 392 | 385 | 434 | 433 | 347
Beta 401 1667 | 1670 | 1627 ] 1782 ] 1685 | 1543 | 424 | 399 | 379 | 451 | 395 | 3.64
Beta 302 1640 | 1665 | 1637 1790 1437 | 1406 | 404 | 410 | 362 | 464 | 325 | 3.3
Tnivers 1700 | 1611 | 1686 | 16.12| 1886 | 1827 ] 423 | 365 | 369 | 383 | 427 | 430
Nancy 1750 | 1624 | 17.08 | 1660 | 1483 | 1417 | 437 | 382 | 404 | 397 | 326 | 3.4
Bairac 1784 | 1725 | 1664 | 1633 | 1320 | 1840 | 444 | 400 | 360 | 390 | 408 | 437
Oscar poly 1691 | 1748 | 1673 | 1700] 1483 | 1445 | 420 | 401 | 392 | 418 | 321|315
LP 016 1741 | 1716 | 1773 | 1644 | 1666 | 1506 | 428 | 411 | 426 | 404 | 379 | 330

LSDats% 030 092 012 026

11.3. Sugar lost to molasses and extractable sugar%

With respect to the interactions between varieties and locations,
data in Table (8) cleared that the interaction affected significantly
sugar lost to molasses and extractable sugar percentages in both
seasons.

Pyramid and Beta 401 varieties had the lowest value of sugar
lost to molasses at Alexandria location in 1% and 2" season (0.95 and
0.68%). Regarding extractable sugar percentages Bairac gave the
highest extractable sugar (15.91%) at Ismailia location and 16.73% at
Alexandria location in 1% and 2" season, respectively compared with
the other interactions. These results may be attributes the gene makeup
over than environmental condition.
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Table 8: Effect of the interaction between locations and varieties
on sugar lost to molasses and extractable sugar percentages in
2016/2017 and 2017/2018 seasons

Treatment Sugar lost to molasses% Extractable sugar %

Season 1 20 I# 2
‘_meﬁim""“s 0|12 ||| 12| 13| 1| | w|u| L
Beta 303 142 | 141 | 114 | 127 | 091 | 1.86 | 1510 1487 | 1461 | 1549 | 1463 | 143
LP 1003 120 | 146 | 099 | 119 | 127 | 157 | 1500 1524 | 1524 | 1540 | 1586 | 1627
Beta273 139 | 137 | 104 | 090 | 136 | 082 | 15355 1424 | 1481 | 1340 | 1477 | 1633
Pyramid 134 | 134 | 005 | 120 | 105 | 078 | 1549 1555 | 1453 | 1443 | 1385 | 1366
Sible 142 | 150 | 009 | 128 | 158 | 145 | 1506 1447 | 1487 | 1531 | 16.26 | 1333
Beta 401 125 | 126 | 1.0 | 148 | 133 | 068 | 1482 [ 1483 | 1457 | 1373 | 1402 | 1415
Beta 302 120 | 128 | 120 | 078 | 157 | 121 | 1460 1477 | 1448 | 1652 | 1220 | 1225
Univers 138 | 168 | 108 | 120 | 154 | 129 | 1502 1383 | 15.08 | 1432 | 16.72 | 1637
Nancy 133 | 123 | 1103 | 151 137 | 1.01 | 1557 1441 | 1334 | 1440 | 1286 | 1133
Bairac 133 | 138 | 122 | 136 141 | 108 | 1501 1528 | 1482 | 1437 | 1619 | 16.73
Oscar poly 115 | 154 | 112 | 158 | 143 | 137 | 1516 1335 | 1501 | 1482 | 1281 | 1248
LP 016 119 | 133 | 123 | 102 | 128 | 146 | 1363 | 1323 | 13.88 | 1482 | 1478 | 1301

L3Dat5% 020 038 039 099

11.4. Quality index and extractable sugar%o:-

Data in Table (9) cleared that the interaction between varieties
and locations influenced significantly quality index and sugar
extractability percentages.

In the first season, Pyramid and Sible varieties gave the highest
quality index values (84.81 %) at Alexandria location, while in the
second season; the highest value of this trait was recorded by Beta 273
(84.85).

For sugar extractability%, it was noticed that LP 1003 variety
recorded the highest sugar extractability (90.55%) in first season at
Alexandria location, while, in the 2" season, the highest value of this
trait was recorded by Beta 302 variety (92.28%) at Ismailia location
compared to the other interactions.
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Table 9: Effect of the interaction between locations and varieties
on quality index and sugar extractability % of sugar beet in
2016/2017 and 2017/2018 seasons

Treatment Quality index Sugar extractability %

Season It nd It 2nd
variet];;mm L | 2|1 |L ||| |w|n|n|s
Beta 303 B4.76 | 84.75 | 84.76 | 84.76 | 84.77 | 84.70 | 88.19 [ 88.10 | 89.39 | 80.22 | 90.61 | 85.49
LP 1003 §4.78 | §4.76 | 84.81 | 84.80 | 84.78 | 84.77 | 80.20 [ 88.12 | 90.55 | 89.58 | 80.37 | 88.26
Beta 273 B4.77| 8475 | 84.76 | 84.82 | 84.73 | 84.85 | B8.68 | §7.87 | 8946 | 901.11 | 88.27 | 92.07
Pyramid 84.76 | 84.77 | 84.81 | 84.70 | 84.76 | 84.83 | 88.01 [ 88.93 | 90.37 | 88.80 | 80.37 | 90.83
Sible B4.77| 84.72 | 8481 | 84.77 | 84.74 | 84.75 | 88.16 | 87.32 | 90.35 | 89.04 | 88.19 | 88.33
Beta 401 §4.76| 84.79 | 8470 | 84.75 | 84.76 | 84.84 | 88.01  88.88 | 89.51 | 88.34 | 88.54 | 91.67
Beta 302 B4.78 | 84.76 | 84.77 | 84.87 | 84.66 | 84.72 | 80.04 | 88.68 | 88.46 | 02.28 | 84.00 | 8§7.13
Univers §4.771 84.70 | 84.80 | 84.80 | 84.76 | 84.80 | 88.37 [ 85.85 | 80.45 | 88.84 | 88.52 | 89.635
Nancy §4.78 | 84.76 | 84.80 | 84.74 | 84.72 | 84.75 | 88.99 [ 88.75 | 89.84 | 87.31| 86.70 | 88.63
Bairac B4.78 | 84.77 | 84.77 | 84.75 | 84.77 | 84.80 | 80.18 [ 88.53 | 80.08 | 87.99 | 88.91 | 20.90
Oscar poly B4.81| 84.73 | 8470 | 84.74 | 84.71 | 84.72 | 80.67 | 87.76 | 89.72 | 87.18 | 86.33 | 86.37
LP 016 §4.80 | 84.76 | 84.77 | 84.78 | 84.78 | 84.70 | 89.74  88.75 | 89.55 | 90.15 | 88.70 | 86.32

LSD at 5% 0.04 0.06 1.28 237

I11. Stability analysis:

Twelve varieties from sugar beet were evaluated under six
environments (Three locations and two years) for phenotypic stability
according to Eberhart and Russell (1966).

Pooled analysis of variance:

Eberhart and Russell (1966) model of stability analysis was
used for the assessment of environmental influence, varieties and
varieties x environmental interaction for root and sugar yields
(ton/fed.). When the varieties x environment interactions was
significant for the traits, then partitioning of total sum of squares due
to varieties x environment interactions into predictable and
unpredictable source of variations. Pooled analysis of variance Table
(10) revealed that the mean squares among the varieties were highly
significant for root yield (ton/fed.) only. Highly significant variation
for environments (root yield (ton/fed.) only) and environment linear
were observed for root and sugar yields (ton/fed.), suggesting that root
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and sugar yields (ton/fed.) in sugar beet are highly influenced by
changing in the environments. Varieties (G) x environment (E)
interactions (linear) component of variation of stability were
insignificant for the studied traits, revealing the no differential
response of the studied varieties, to various location used.

Table 10: Pooled analysis of variance for stability analysis of root

and sugar vyields (ton/fed.) in sugar beet at three locations in
2016/2017 and 2017/2018 seasons.

SOV d.f Root yield (ton/fed) Sugar vield (ton/fed)

Varieties (G) 11 4. 10%* 0.36
Environments (E) 60 3.92%* 0.37
E (linear) 1 184 87** 8.58**
GxE (linear) 11 0.37 0.44
Pooled Deviation 48 0.9g** 0.19
Beta 303 4 0.61 0.04
LP 1003 4 0.57 0.04
Beta 273 4 0.22 0.12
Pyramid 4 0.75 0.11
Sible 4 0.77 0.15
Beta 401 4 0.37 0.06
Beta 302 4 1.54% 0.29
Univers 4 1.82% 0.34
Nancy 4 1.29 0.25
Bairac 4 1.92% 0.35
Oscar poly 4 0.64 0.21
LP 016 4 1.00 0.27

Average Error 132 0.56 0.55

The obtained results showed highly significant variation for
pooled deviation with concern to root yield (ton/fed.) trait, explaining
that the major component of differences for stability in root yield may
be due to deviation from the linear function. These results are in
agreement with the finding of Liovic and Kristek (2000), EL-Refaey
et al.,, (2012), Aly and Soha (2017) and Okasha and Mubarak
(2018).

Phenotypic stability parameters

The mean performance coupled with the regression coefficient
values provides as useful parameter for studying the adaptation of
varieties. As suggested by Eberhart and Russell (1966), the varieties
with regression coefficient (bi) equal or close to 1.0 and minimum
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deviation from regression mean square (S°d=0) were considered to be
stable (adaptable to all environments); a variety with a regression
coefficient significantly greater than one and small deviation mean
square was considered as unstable, (adaptable to high-yielding
environments); and a variety with a regression coefficient significantly
lower than one and a small deviation mean square was considered as
unstable (adaptable to low-yielding environments).

The stability parameters b; and S (Table, 11) for root yield
(ton/fed) showed that the bi varieties ranged from 0.73 to 1.21. The
deviation mean square "S?d" ranged from 0.22 to 1.92 for this trait.
The varieties Pyramid, LP 1003 and LP 016 revealed near unity
regression coefficient (b;) and non-significant deviation from
regression "Sd" and were considered as stable varieties with a broad
adaptability across the studied environments. The varieties Beta 273
showed significant regression coefficient and more than unity and it
was considered as unstable with adaptability normal conditions. On
the other side, the Nancy and Oscar-poly showed regression
coefficient less than unity and it were considered as unstable with
adaptability stress environments.

Among varieties the linear regression coefficient (b;) and "S%d"
for sugar yield (ton/fed) ranged from -0.27 to 2.28 and 0.04 to 0.35,
respectively, Table (11). One variety Beta 303 showed regression
coefficient near unity and non-significant deviation from regression
"S%d" and it was considered as stable varieties with a broad
adaptability across the studied environments. The varieties Beta 302,
Oscar-poly and Nancy showed significant regression coefficient and
more than unity and it were considered as unstable with adaptability to
normal conditions. On the other side, the LP 1003, Bairac and Beta
273 showed regression coefficient less than unity and it considered as
unstable with adaptability to stress environments.
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Table 11: Phenotypic and genotypic stability parameters for root

and sugar yields/fed under six environments in sugar beet.

Root yvield (ton/fed) Sugar yield (ton/fed)
Varieties

Mean by 8d Mean by 8d
Beta 303 2756 1.08 061 4.08 1.01 0.04
LP 1003 2740 1.03 0.57 422 0.12 0.04
Beta 273 2730 121%* 022 4.09 039 0.12
Pyramid 27.38 0.95 0.75 4.02 1.49 0.11
Sible 26.81 1.1% 0.77 412 0.77 0.15
Beta 401 26.70 0.73* 0.37 4.02 1.32 0.06
Beta 302 26.73 1.06 1.54% 3.80 2.28%* 0.25
Univers 26.40 1.12 1.82% 4.00 -0.27* 0.34
Nancy 26.4% 0.75 1.29 3.78 1.68%* 0.25
Bairac 26.14 1.07 1.92% 4.07 0.15 035
Oscar poly 2622 0.85 0.64 3.78 1.88* 0.21
LP 016 26.78 0.98 1.00 396 1.17 027

Mean 26.83 3.99

LSD (0.05) 0.32 0.20
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