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Abstract

This study was conducted to assess the effects of different dates of sowing and genotypes on root yield and quality traits in sugar
beet. The experimental material consisted of five sugarbeet genotypes viz; Calixta, Magnolia, Cauvery, Shubra and Indus grown in
randomized block design with plot size of 6 rows of 6m x 0.75m over nine environments involving three sowing dates at three loca-
tions namely Ludhiana, Kapurthala and Faridkot, Punjab during Rabi season 2014 - 2015. Analysis of variance revealed significant
differences among locations for the traits like initiation of root swelling, number of leaves at maximum growth stage, root length,
root diameter, root fresh weight, root dry weight at harvest, whole plant weight, root yield, sucrose (%), juice purity (%) and sugar
yield. Date of sowing showed significant effect on traits like initiation of root swelling (DAS), whole plant weight, root dry weight, root
yield and sugar yield. 30th October sowing had highest root fresh weight while sucrose (%) was highest on 15th November sowing.
Similarly, the effect of locations was significant for number of leaves at maximum growth and Brix (%). Kapurthala location was found
earliest to initiate root swelling (DAS) and possessed highest mean value for root length, sucrose (%), juice purity root yield and sugar
yield. Highest means of dry root weight, sucrose (%) was recorded by genotype Calixta while genotype Magnolia recorded highest
juice purity (%). The highest means of whole plant weight, root fresh weight and root dry weight was recorded at Faridkot on 15th
October sowing date. Kapurthala was adjudged the best location for sugarbeet cultivation followed by Faridkot. 15th October was

ideal sowing date for sugarbeet cultivation as it recorded earlier root swelling, higher root yield and higher sugar yield over locations

under Punjab conditions.
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Introduction

Sugarbeet (Beta vulgaris L.) belongs to the family Chenopodia-
ceae, is considered as the second important sugar crop all over the
world after sugar cane. Nearly 70% of sugar produced in the world
is from sugarcane and about 30% of sugar is produced from sugar-
beet [1].Itis a biennial, cross pollinated plant commercially grown
for sugar production, especially in temperate countries. Sugarbeet
cultivation in India was introduced in 1914 while its commercial
cultivation started in Sriganganagar district of Rajasthan (India) in
1968 after producing first beet sugar by Sriganganagar sugar mill.
Punjab state has favourable climatic conditions where sugarbeet
can be successfully cultivated. Though, it is a short season Rabi
crop (sown in October-November and harvested in April-May), its
yields are equivalent to that of sugarcane with comparable sucrose
content (16 - 22%) [2]. Additional advantage of its cultivation is
that it matures is ready to harvest during the period, when the
cane-crushing season is already over. Thus, supply of sugarbeet
can extend the crushing season of sugar mills in Punjab state.

Sugarbeet crop growth is influenced by a multitude of factors

such as climate, soil texture, nutrient availability, occurrence of

pests and diseases and their interactions. It has been demonstrat-
ed that the yield potential of sugarbeet depends primarily on site
and year effects, whereas the influence of agronomic practices is
much lower. Effect of the site can be attributed mainly to its con-
stant characteristics of soil and climate and their interactions. He
further suggested that effect of the year reflects the weather condi-
tions during the vegetation period, which directly influence plant
growth and the dates of sowing and harvest and thus, the length of
the growing season. In another study, the impact of weather on the
growth of agricultural crops has been reported to be essential for
optimizing agronomic measures [3]. The genotype x environment
interaction (G x E) is very important for plant breeding, mainly con-
cerning the development of improved and superior genotypes [4].
Environmental factors cannot be controlled but may be adjusted to
a positive direction for good crop performances in terms of yield
and plant characters through sowing in optimum time. Campbell
and Kern [5] determined the presence and magnitude of cultivar x
environment interactions for yield and quality data from five loca-
tions and four years in sugarbeet and reported that cultivar x loca-
tion interaction for root yield ranked cultivars differently during
testing at all locations.
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In addition to location or environment, date of sowing is also a
very important variable for determination of appropriate growth
period required for proper growth and productivity. Sowing time
for a crop is a non-monetary input but plays a significant role in
increasing the yield of sugarbeet. Therefore, identification of geno-
types/variety and specific sowing date are essential for obtaining
economic yield of the crop. Thus, planting sugarbeet on suitable
date according to environmental conditions of region is best meth-
od to maximize sugarbeet yield and quality. So, it is crucial to find
out a genotype specific optimum sowing date with a view to obtain
maximum root yield in sugarbeet. As a matter of example, Amin.,
et al. [6] had reported that early sowing of sugarbeet during Oc-
tober month gave higher beet root yield as well as higher sucrose
content.

By considering the above facts, the present research work was
designed to find out the magnitude of effect of different locations,
dates of sowing and genotypes on yield and quality attributes in
sugarbeet in Punjab representing sub-tropical conditions.

Materials and Methods

The experiments of this study were conducted at three locations
viz; Punjab Agricultural University Ludhiana, Research Station
Faridkot and Regional Research Station Kapurthala during the Rabi
season of 2014-15 using five sugarbeet genotypes namely Calixta,
Magnolia, Cauvery, Shubra and Indus with three dates of sowings
(15% October, 15" November and 30th November). The experiment
was laid out in split-split plot design with three replications with
each genotype in six rows of 6m length with inter-row spacing 75
cm and intra-row spacing of 15 cm. Thinning was done to keep one
plant per hill after 7 days of germination. Irrigation frequency was
enough to prevent significant plant water stress. The data were re-
corded on five representative plants of each genotype (leaving the
border rows) at each sampling and averaged to per plant in each
replication in all the nine environments for different characteris-
tics viz; germination (%), initiation of root swelling (DAS), num-
ber of leaves at root swelling, number of leaves maximum growth
stage, root length (cm), root diameter (cm), top fresh weight (kg),
root fresh weight (kg), root dry weight (kg), whole plant weight
(kg), root yield ( t/ha) and quality characters Brix (%), sucrose
(%), juice purity (%) and sugar yield (t/ha).

Statistical analysis

Data recorded for the above traits were subjected to statistical
analysis as per the analysis of variance for split-split plot design
using SAS software ver. 9.2 [7] and interpretations were made ac-
cordingly.

Results and Discussion

Analysis of variance revealed that traits like root fresh weight,
root dry weight, whole plant weight, sucrose (%), juice purity and
sugar yield were significantly effected by all the sources of varia-
tion i.e. location, date of sowing and genotypes (Table 1). Mean
sum of squares for interactive effect between locations and dates
of sowing were found significant for various traits in sugarbeet like

initiation of root swelling, number of leaves at maximum growth
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stage, root diameter, top fresh weight, root fresh weight, root dry
weight, whole plant weight, root yield and quality traits like su-
crose (%), juice purity and sugar yield. While interaction between
dates of sowing and genotypes were significant for root dry weight,
root yield, sucrose (%) and sugar yield. Interactions based on lo-
cation and genotypes were found to be significant for initiation of
root swelling, root diameter, whole plant weight, sucrose (%) and
juice purity. Only yield attributes like germination (%), root fresh
weight and root dry weight showed significant effects for three-
way interactions among locations, dates of sowing and genotypes
indicating no variable effect on quality parameters. These findings
are in accord with the results reported by Winner [8] and Al-Jbawi
and Entessar [9] in sugarbeet.

Germination forms the basis for optimum plant population nec-
essary for securing better yield of any crop. Though there were no
significant differences for germination due to different factors and
their two way interactions, however, the genotype Indus recorded
high germination (90%) on 15" November sowing at Ludhiana, fol-
lowed by Calixta (89.33%) at Kapurthala. Initiation of root swelling
determines the earliness in beet root metabolites accumulation.
The root swelling initiation among genotypes ranged from 34.89
to 37.04 with a mean of 35.82 days after sowing (DAS). The geno-
type Calixta was the earliest while Indus was the last to initiate the
root swelling (Table 2). The location Faridkot was earlier (35.71
DAS) than Kapurthala and Ludhiana to initiate the root swelling.
However, interactive effect among locations and dates of sowing
revealed that 30" October sowing was the earliest (35.70 DAS) in
root swelling initiation over all the locations (Table 3). The results
obtained also finds a mention by Lee., et al. [10], Ghonema [11] and
Abd EL-Gawad,, et al. [12] in sugarbeet.

The number of leaves at initiation of root swelling stage among
different sugarbeet genotypes ranged from 6.11 to 7.33. The maxi-
mum number of leaves was recorded in Indus (7.33) genotype
closely followed by Calixta (7.00) (Table 2). Significant differences
for location and interaction between location and date of sowing
were recorded for number of leaves at maximum growth stage (Ta-
ble 1) indicating that date of sowing may be adjusted depending
upon the location. The number of leaves at maximum growth stage
over locations showed better plant growth at Kapurthala (19.73)
followed by Ludhiana (17.57) (Table 2). The trait was greatly influ-
enced by the location and date of sowing in combination. Among
the dates of sowing tested, 15 October recorded the highest num-
ber of leaves at maximum growth stage (18.60) over locations.
Root length, an important trait in sugarbeet was found maximum
at Kapurthala (29.20 cm) followed at Ludhiana (28.07 cm) indicat-
ing the differential response of locations for the expression of this
trait (Table 2). Among the dates of sowing, 15" October exhibited
better performance for this trait having a root length of 29.43 cm.
The effects of location and date of sowing on root length in sugar-
beet have been reported by Abo El-Ghait [13]. The significant effect
of locations, genotypes, location x date of sowing and location x
genotypic interactions on manifestation of root diameter in sugar-
beet was evident from the variable response of this trait in differ-
ent environments. It ranged from 8.98 cm at Ludhiana to 9.94 cm
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Source of Variation Location (L) | Date of Sowing (D) | Genotypes (G) LXD DXG LXG LXDXG
S.No. | Traits | d.f. 2 2 4 4 8 8 16
1 Germination (%) 8.60 1.40 29.21 6.07 12.65 17.41 22.72%
2 Initiation of root 1.09** 2.82%* 19.80 1.78** 7.89 3.49* 2.95
swelling (DAS)
3 No. of leaves at root 1.09 0.47 6.80* 1.36 1.60 3.12 1.57
swelling stage
4 No. of leaves at maxi- 86.94* 39.21 7.92 23.12* 4.37 7.47 8.05
mum growth stage
5 Root length (cm) 53.38* 60.62* 5.69 6.95 6.72 5.65 5.28
6 Root diameter (cm) 38.57* 1.79 9.60* 27.61** 1.94 9.74** 2.55
7 Top fresh weight (kg) 14.80* 0.15 0.27 0.58** 0.10 0.21 0.12
8 Root fresh weight 208.99** 30.94** 2.37** 13.79** 0.48 0.61 0.91**
(kg)
9 Root dry weight (kg) 11.49** 0.72%* 0.51** 0.28** 0.08** | 0.28** 0.12**
10 Whole plant weight 319.47** 22.63** 2.27 13.03** 1.19 2.36** 0.68
(kg)
11 Root yield (t/ha) 1235.08** 5605.05** 1241.60* 1462.78* | 522.07* | 325.93 322.23
12 Brix (%) 80.32 19.07 5.89 3.66 1.78 3.89 2.38
13 Sucrose (%) 43.09** 30.64** 5.80** 13.03** 2.08* | 3.50** 2.81
14 Juice purity (%) 67.94** 123.89** 29.94** 82.77* 23.97 | 55.65* 29.44
15 Sugar yield (t/ha) 47.90** 71.21%* 7.72 55.55*% | 13.17** | 3.33 6.67

Table 1: Mean sum of squares for locations, date of sowing, genotypes and their interactions on different traits in sugarbeet.
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Germination (%) 86.80 | 86.46 | 8593 | NS | 8653|8646 | 862 | NS |86.89|84.70 | 87.33 | 86.15 | 86.93 | N.S
Initiation of root 36.00 | 35.75| 35.71 | 0.21 | 36.66 | 35.68 | 34.11 | 0.21 | 34.89 | 35.15 | 36.19 | 35.85 | 37.04 | N.S
swelling (DAS)
No. of leaves atroot | 6.61 6.55 | 6.84 N.S 6.75 | 675 | 655 | NS | 7.00 | 630 | 6.11 | 6.59 | 7.33 | 0.62
swelling
No of leaves at 19.53 | 17.57 | 16.84 | 0.74 | 18.62 | 1844 | 1691 | N.S | 1796 | 17.22 | 18.48 | 17.74 | 1852 | N.S
maximum growth
Root length (cm) 29.20 | 28.07 | 27.02 | 1.10 | 29.43 | 27.40 | 27.45 | 0.61 | 28.28 | 27.72 | 28.80 | 28.02 | 30.84 | N.S
Root diameter (cm) | 9.94 898 | 982 | 0.70 | 9.65 | 9.64 | 945 | NS | 998 | 957 | 944 | 9.11 | 9.82 | 0.30
Top fresh weight 1.27 0.38 1.45 0.36 1.08 1.04 | 0.97 N.S 096 | 1.12 1.16 1.02 092 | NS
(kg)
Root fresh weight 3.11 094 | 525 | 049 | 3.00 | 3.14 | 226 | 049 | 293 | 3.26 | 343 | 2.69 | 3.24 | 041
(kg)
Root dry weight 0.88 0.21 | 1.20 | 025 | 090 | 0.74 | 066 | 0.25 | 092 | 086 | 0.81 | 0.65 | 0.62 | 0.21
(kg)
Whole plant weight | 5.22 1.53 6.72 0.64 | 5.25 4.35 385 | 0.64 | 455 | 447 | 4.85 4.04 | 451 | NS
(kg)
Root yield (t/ha) 81.48 | 69.48 | 76.14 | 3.52 | 88.08 | 73.13 | 66.25 | 3.52 | 80.86 | 73.48 | 75.48 | 75.68 | 73.62 | 1.44
Brix (%) 18.83 | 16.17 | 17.66 | NS | 16.81 | 17.99 | 17.86 | NS | 17.71 | 16.73 | 17.73 | 17.81 | 17.82 | N.S
Sucrose (%) 16.20 | 14.28 | 1491 | 0.63 | 14.19 | 14.47 | 15.73 | 0.63 | 15.43 | 14.31 | 15.39 | 15.31 | 15.23 | 0.21
Juice purity (%) 8597 |83.55| 8441 | 1.64 | 82.73 | 85.57 | 85.63 | 1.64 | 83.01 | 84.22 | 85.67 | 85.53 | 84.71 | 1.37
Sugar yield (t/ha) 12.25 | 10.27 | 10.73 | 0.99 | 12.53 | 10.52 | 10.22 | 0.99 | 11.96 | 10.59 | 11.17 | 10.96 | 10.76 | N.S

Table 2: Effect of locations, dates of sowing and genotypes on growth, yield and quality traits in sugarbeet.
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i Locations (L) CD (P=0.05)
Traits DOS (D)
Kapurthala | Ludhiana | Faridkot | Mean L D LxD
Initiation of root swelling (DAS) 15-Oct 36.20 35.33 35.47 36.20 0.81 0.78 091
30-Oct 35.87 35.53 35.67 35.70
15-Nov 35.93 36.40 36.00 36.10
Mean 36.00 36.00 36.00
No. of leaves at maximum growth 15-Oct 21.13 17.60 17.07 18.60 1.07 N.S 1.2
30-Oct 20.60 18.07 16.67 18.40
15-Nov 16.87 17.07 16.80 16.90
Mean 19.50 17.60 16.80
Root diameter (cm) 15-Oct 10.28 8.10 10.58 9.94 0.36 N.S 0.40
30-Oct 9.79 9.46 9.12 9.46
15-Nov 10.58 9.76 9.12 9.81
Mean 9.94 8.98 9.81
Top fresh weight (kg) 15-Oct 1.15 0.47 1.64 1.10 0.36 N.S. 0.10
30-Oct 1.48 0.42 1.24 1.00
15-Nov 1.19 0.25 1.48 1.00
Mean 1.30 0.40 1.50
Root fresh weight (kg) 15-Oct 4.16 1.16 6.43 3.90 0.49 0.37 0.55
30-Oct 4.00 0.96 4.49 3.20
15-Nov 1.19 0.73 4.86 2.30
Mean 3.10 1.00 5.30
Root dry weight (kg) 15-Oct 0.98 0.27 1.48 091 0.25 0.18 0.28
30-Oct 0.98 0.22 1.03 0.74
15-Nov 0.70 0.17 1.12 0.66
Mean 0.89 0.22 1.21
Whole plant weight (kg) 15-Oct 6.23 1.46 8.07 5.30 0.64 0.58 0.71
30-Oct 5.72 1.60 5.73 4.40
15-Nov 0.98 0.27 1.48 091
Mean 0.98 0.27 1.48
Root yield (t/ha) 15-Oct 95.60 86.91 81.73 88.08 3.52 2.94 2.79
30-Oct 69.98 69.00 80.43 73.14
15-Nov 79.96 52.53 66.27 66.25
Mean 81.85 69.48 76.14
Sucrose (%) 15-Oct 15.76 12.72 14.09 14.19 0.63 0.47 0.71
30-Oct 16.43 14.08 1591 15.47
15-Nov 16.43 16.04 14.73 15.73
Mean 16.21 14.28 1491
Juice purity (%) 15-Oct 85.78 78.70 83.71 82.73 1.64 1.72 1.83
30-Oct 86.08 85.14 85.49 85.57
15-Nov 86.08 86.82 84.01 85.64
Mean 85.98 83.55 84.40
Sugar yield (t/ha) 15-Oct 15.03 11.12 11.45 12.25 0.99 1.07 1.11
30-Oct 9.16 11.32 11.05 10.28
15-Nov 12.56 8.40 9.71 10.74
Mean 12.25 10.28 10.74

Table 3: Mean performance of traits exhibiting significant interactions between locations x dates of sowing in sugarbeet.

at Kapurthala. Genotype Calixta recorded the maximum root diam-
eter (9.98 cm) followed by Indus (9.82 cm) (Table 2). Of the dates
under study, 15 October sowing recorded the highest root diam-
eter (9.94 cm) over locations. Among locations, Kapurthala was
found better (9.94 cm) for root diameter across dates of sowing
(Table 3). The mean root diameter among genotypes over locations
ranged from 9.11 cm to 9.98 cm (Table 4). Al-Jbawi and Entessar
[9] in his study also reported that genotype x location interaction
exhibited significant effect on root diameter.

Root fresh weight trait was significantly affected by all the vari-
able factors (Table 1). Maximum root fresh weight was recorded
at Faridkot location (5.25 kg) and minimum at Ludhiana (0.94 kg)
(Table 2). The 30™ October date of sowing recorded the highest
root fresh weight (3.14 kg). Therefore, the dates from 15" October
to 30t October would be ideal for sowing of sugarbeet in Punjab
to get the better yields. The superiority of sowing sugarbeet on
30" October with respect to root fresh weight may be due to the
ideal weather conditions during early growth stages of plant that
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had not only maximum growth of roots but also rapid growth and
formation a good canopy able to make efficient photosynthesis.
These results are in harmony with those of earlier reported by dif-
ferent workers in sugarbeet [14-16]. Differential response of sug-
arbeet genotypes for root fresh weight has also been documented
by Al-Jbawi and Entessar [9]. The interaction between locations
and dates of sowing revealed that highest root fresh weight was
observed on 15" October sowing at Faridkot (6.43 kg) while the
lowest was observed on 15™ November sowing at Ludhiana (0.73
kg) (Table 3). Root dry weight parameter behaved exceptionally in
a way that the individual factors viz; locations, dates of sowing and
genotypes as well as all the interactions among them affected the
trait significantly (Table 1). The maximum average root dry weight
was obtained at Faridkot location (1.20 kg). The maximum value of
dry root weight was recorded for 15" October date of sowing (0.90
kg) (Table 2). This observation paved the way for the fact that 15
October date of sowing favours enhanced root dry weight. These
results stood in agreement with those obtained by Badawi [14] and
Kandil,, et al. [16]. The maximum root dry weight was possessed by
genotype Calixta (0.92 kg) while the minimum root dry weight was
exhibited by genotype Indus (0.62 kg). Theurer [17] and Hossain.,
et al [18] also reported the differential behaviour of date of sowing
and genotype for root dry weight. The interaction between loca-
tions and dates of sowing was found to be significant for this trait
which depicted that 15% October date of sowing had the highest
root dry weight (0.91 kg) across all the locations (Table 3). Among
locations, Faridkot was superior (1.21 kg) over Kapurthala and
Ludhiana across the dates of sowing for root dry weight. The 15"
October date of sowing produced maximum root dry weight of 0.91
kg over the genotypes (Table 4). The mean performance of geno-
type Calixta was highest (0.91 kg) followed by Magnolia (0.85 kg)
across all the dates of sowing. The three-way interactions among
sources of variation studied were found to be significant for root
dry weight (Table 5). The 15" October date of sowing resulted in
highest root dry weight (0.91 kg) followed by 30" October sowing
(0.74 kg) over locations and genotypes. The mean performance of
genotypes for this trait over locations and dates of sowing ranged
from 0.13 kg to 1.63 kg. Among the genotypes, Calixta recorded
maximum root dry weight (1.97 kg) followed by Cauvery (1.45
kg) across the locations and dates of sowing. Among the locations,
Faridkot was outstanding for root dry weight (1.48 kg) while Lud-
hiana was lowest (0.01 kg). Whole plant weight had a gradual fall
from 5.25 kg when sown on 15% October sowing, to 4.35 kg on 30t
October sowing and 3.85 kg on 15" November sowing, respectively
(Table 2).

The mean whole plant weight for locations across genotypes
ranged from 1.53 kg to 8.30 kg. The maximum whole plant weight
was recorded for 15" October sowing (8.07 kg) at Faridkot (Table
3). The mean performance of genotypes for whole plant weight
ranged from 4.52 kg to 5.38 kg. The genotype Magnolia possessed
the maximum whole plant weight of 9.13 kg at Faridkot followed by
Indus (8.63 kg) at Faridkot while the minimum whole plant weight
was recorded by genotype Shubra at Ludhiana (1.41 kg) (Table 4).
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The trait of economic importance i.e. root yield indicated the
significant effects of locations, dates of sowing, genotypes and two-
way interactions among the variables (Table 1). It is evident from
data presented in table 2 that the best location for sugarbeet cul-
tivation was found to be Kapurthala having root yield of 81.48 t/
ha. The highly significant effects of locations on root yield in sug-
arbeet have also been reported in earlier studies [9,19,20]. They
showed that locations had a marked influence on manifestation of
root yield in sugarbeet. Among dates of sowing, 15" October was
ascertained to be most suitable to obtain high root yield (88.08
t/ha). The interactions among locations and genotypes indicated
that location Kapurthala had highest root yield of 95.60 t/ha on
15t October sowing while Ludhiana exhibited lowest root yield of
52.53 t/ha on 15" November sowing (Table 4). The effect of inter-
action between sowing dates and genotypes was in such a way that
genotype Cauvery when sown on 15" October gave highest root
yield (102.08 t/ha). Contrarily, lowest root yield was accompanied
with 15" November date of sowing (Table 4). These results show-
ing differential behaviour of locations, dates of sowing and geno-
types and their interactions in sugarbeet are in agreement with
those reported by various workers [11,14-16,21-23].

To start with the quality traits, Brix (%) is one of the most obvi-
ous physio-biochemical traits in sugarbeet. Mean sum of squares
among all the sources of variation and all the interactions were
found to be non-differentiating for this trait. Sucrose (%), another
important quality trait was influenced significantly by locations,
dates of sowing, genotypes and all the two-way interactions (Table
1). The location Kapurthala recorded maximum sucrose (16.20%).
However, among dates of sowing, 15" November sown sugarbeet
showed maximum sucrose content (15.73%) followed by 30% Oc-
tober (14.47%) (Table 2). These findings are exactly antagonistic
to those found for root yield in sugarbeet, in such a way that yield
and quality attributes are inversely related with each other regard-
ing sowing time. Therefore, it could be inferred that early sowing
of sugarbeet resulted in low sucrose accumulation while delayed
sowing showed promising results for enhancement of sucrose (%)
in sugarbeet. These results are in confirmation with earlier studies
by Badawi [14], Ghonema [11] and Kandil, et al. [16]. The inter-
active effects among locations and dates of sowing revealed that
mean sucrose (%) was highest at location Kapurthala (16.21%)
over different dates of sowing while it was lowest for Ludhiana
(14.28%) (Table 3). In context of interaction between locations
and genotypes, the location Faridkot recorded the highest su-
crose (16.36%) over genotypes. The genotype Shubra yielded the
maximum sucrose (16.69%) closely followed by Calixta (16.38%)
across all the locations (Table 4).

Regarding juice purity (%), all the locations were at par for this
trait ranging from 83.55% to 85.97%. Delayed sowing of sugarbeet
on 15" November favoured the juice purity than earlier sowing.
Among the genotypes tested, Cauvery recorded the highest juice
purity (85.67%) followed by Shubra (85.53%). These findings are
acceptable with those supported by Leilah and Naser [24], Gho-
nema [11] and Abo-Salama and EL-Sayiad [23]. The significance
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Interactions between Dates of Sowing and Genotypes
Genotypes (G) CD (P=0.05)
Traits DOS (D)
Calixta | Magnolia | Cauvery | Shubra Indus Mean D G DXG
Root dry weight 15-Oct 1.16 1.04 0.78 0.85 0.72 0.91 0.25 0.21 0.31
(kg) 30-Oct 0.90 0.81 0.89 0.54 0.59 0.75
15-Nov 0.66 0.69 0.72 0.52 0.47 0.61
Mean 091 0.85 0.79 0.64 0.62
Root yield (t/ha) 15-Oct 94.32 92.54 102.08 72.96 78.53 88.08 3.52 2.85 191
30-Oct 79.67 72.30 64.58 74.22 74.94 73.14
15-Nov 68.23 71.76 60.55 63.46 67.26 66.25
Mean 80.74 78.87 75.73 70.21 73.58
Sucrose (%) 15-Oct 13.56 14.67 14.13 13.51 13.87 13.95 0.63 0.21 0.76
30-Oct 14.76 13.84 13.84 13.94 13.51 13.98
15-Nov 14.18 14.49 14.24 14.49 14.18 14.32
Mean 14.16 14.33 14.07 13.98 13.85
Sugar yield (t/ha) 15-Oct 13.52 12.19 15.49 10.68 10.8 12.53 0.99 N.S 1.21
30-Oct 11.95 10.18 9.11 10.52 10.78 10.51
15-Nov 10.69 11.04 9.41 10.09 9.91 10.22
Mean 12.05 11.14 11.34 10.43 10.49
Interactions between Genotypes and Locations
Traits Location (L) Genotypes (G) CD (P=0.05)
Calixta Magnolia Cauvery | Shubra | Indus Mean L G LXG
Initiation of root Kapurthala 29.23 28.89 30.12 28.06 31.81 29.62 | 0.81 N.S N.S
swelling (DAS) Ludhiana 35.00 35.00 35.78 3633 | 3667 | 3576
Faridkot 35.56 35.11 35.78 35.44 36.67 35.71
Mean 33.26 33.00 33.89 33.28 35.05
Root Kapurthala 10.15 9.59 9.95 9.16 10.90 995 |036| NS | 044
diameter(cm) Ludhiana 9.77 8.89 8.54 825 | 949 8.99
Faridkot 10.02 10.26 9.84 9.92 9.07 9.82
Mean 9.98 9.58 9.44 9.11 9.82
Root dry weight Kapurthala 0.86 1.09 1.14 0.66 0.68 0.89 0.25 | 0.21 0.3
(kg) Ludhiana 0.23 0.19 0.14 0.14 0.13 0.17
Faridkot 1.63 1.26 1.08 1.11 0.98 1.21
Mean 0.90 0.85 0.79 0.64 0.6
Whole plant Kapurthala 4.70 5.35 6.13 4.33 5.64 5.23 0.64 | 0.53 | 0.77
weight (kg) Ludhiana 1.46 1.66 1.58 1.41 1.56 1.53
Faridkot 7.39 9.13 8.23 8.12 8.63 8.3
Mean 452 5.38 5.31 4.62 5.28
Sucrose (%) Kapurthala 12.98 13.13 13.11 13.29 12.58 13.02 | 0.63 | 0.21 | 0.76
Ludhiana 13.13 12.87 13.40 1197 | 1293 12.86
Faridkot 16.38 17.00 15.71 16.69 16.04 16.36
Mean 12.98 13.13 13.11 13.29 12.58
Juice purity (%) Kapurthala 82.86 79.83 77.86 92.31 76.39 8185 | 164 | 137 | 0.83
Ludhiana 81.69 77.78 77.67 62.76 66.56 73.29
Faridkot 77.67 79.00 71.67 55.56 77.78 72.34
Mean 80.74 78.87 75.73 70.21 73.58

Table 4: Mean performance of different traits for significant interactions among dates of sowing x genotypes

and genotypes x locations in sugarbeet
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Genotypes S CD (P=0.05)
Traits | DOS | Location G
Calixta | Magnolia | Cauvery | Shubra | Indus Mean Mean L D G LXD | LXG |DXG | LXDXG
Germi- | 15- | Kapurthala | 8533 | 85.67 8833 | 8633 | 88.67 | 86.87 NS | NS | NS| NS | NS | NS 3.15
nation | Oct | Ludhiana | 87.30 | 88.00 8833 | 84.00 | 86.33 | 86.80 | 86.47
(%) Faridkot | 86.33 | 86.33 8433 | 84.00 | 87.67 | 85.73
LMean | 87.89 | 85.44 87.44 | 8533 | 86.22
30- | Kapurthala | 89.00 | 84.00 87.67 | 86.67 | 8533 | 86.53
Oct | Ludhiana | 84.00 | 86.00 8833 | 85.67 | 87.67 | 86.33 | 85.77
Faridkot | 86.67 | 85.00 8333 | 8433 | 83.00 | 84.47
LMean | 8489 | 86.22 87.22 | 86.00 | 88.00
15- | Kapurthala | 89.30 | 86.67 8633 | 83.00 | 84.67 | 86.00
Nov | Ludhiana | 83.33 | 84.67 85.00 | 8833 | 90.00 | 86.27 | 85.26
Faridkot | 81.33 | 84.67 85.67 | 8233 | 83.67 | 83.53
LMean | 8478 | 8533 84.44 | 8356 | 84.78
Root | 15- | Kapurthala | 4.26 4.29 4.57 310 | 458 | 4.16 049 | 049 | 041 | 055 | NS | NS 0.94
fresh Oct | Ludhiana | 1.36 1.25 1.18 1.00 1.01 | 116 | 3.92
weight Faridkot | 5.70 6.78 6.92 603 | 674 | 643
(kg) LMean | 3.73 411 422 | 337 | 411
30- | Kapurthala | 3.44 4.37 5.17 331 | 372 | 4.00
Oct | Ludhiana | 0.94 0.89 0.94 083 | 119 | 096 | 3.15
Faridkot | 3.52 5.27 3.98 44 | 526 | 449
L Mean 2.63 3.51 3.36 285 | 3.39
15- | Kapurthala | 0.97 1.05 1.48 132 | 115 | 119
Nov | Ludhiana | 0.78 0.69 0.75 066 | 077 | 0.73 | 2.26
Faridkot | 5.40 4.72 5.91 357 | 471 | 486
L Mean 2.38 2.15 2.71 185 | 221
Rootdry | 15- | Kapurthala | 1.11 133 0.72 094 | 08 | 098 0.25 | 025 | 0.21 | 028 | 03 | 03 0.48
weight | Oct | Ludhiana | 0.4 0.32 0.23 023 | 018 | 027 | 091
(kg) Faridkot | 1.97 1.47 1.40 136 | 118 | 1.48
L Mean 0.86 1.09 1.14 066 | 0.68
30- | Kapurthala | 0.89 1.27 1.45 065 | 0.65 | 098
Oct | Ludhiana | 0.27 0.23 0.19 019 | 021 | 022 | 0.74
Faridkot | 1.54 0.91 1.02 078 | 092 | 1.03
L Mean 0.23 0.19 0.14 014 | 0.13
15- | Kapurthala | 0.58 0.68 1.26 040 | 058 | 0.70
Nov | Ludhiana | 0.01 0.00 0.01 001 | 001 | 0.01 | 061
Faridkot | 1.37 1.39 0.83 117 | 083 | 112
L Mean 1.63 1.26 1.08 111 | 0.98

Table 5: Mean performance of traits for significant three-way interactions between locations, sowing dates and genotypes in sugarbeet.

of interaction between locations and genotypes depicted the effect of both
of these factors on juice purity (%). Genotype Shubra behaved both ways for
juice purity in response to the locations and recorded the highest juice purity
(92.31%) at Kapurthala and the lowest (55.56%) at Ludhiana.

Sugar yield (t/ha) being the most imperative quality trait in sugarbeet re-
quires prime emphasis. Among the locations, Kapurthala was the best location
for sugar yield in sugarbeet where the highest sugar yield (12.20 t/ha) was
recorded followed by Faridkot (10.73 t/ha) (Table 2). The favourable effects

of sowing sugarbeet at Kapurthala on sugar yield may be ascribed to the sea-
sonable environmental conditions during this period such as low temperature
and relative humidity which allows rapid germination, establishment, vegeta-
tive growth, development and ripening. The highly significant effects of loca-
tion on recoverable sugar yield reported here, are in line with those reported
by Goto., et al. [19], Fronek, et al. [25], Kristek,, et al. [20] and Al-Jbawi and
Entessar [9], who showed that location had marked influence on recoverable
sugar yield in sugarbeet. Out of different sowing dates examined, 15" Octo-
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ber sowing proved to be highly beneficial to get maximum sugar
yield of 12.53 (t/ha) followed by 30" October sowing (10.52 t/ha).
Kassaby and Leilah [21], Badawi,, et al. [15], Ghonema [11], Abdou
[22], Abo-Salama and EL-Sayiad [23] and Kandil,, et al. [16]. Loca-
tion Kapurthala had the highest sugar yield of 15.03 (t/ha) for 15%
October sowing (Table 3). The interaction for date of sowing and
genotypes for sugar yield being significant revealed that the mean
effects of dates of sowing over all the genotypes ranged from 10.22
(t/ha) to 12.53 (t/ha). However, genotype Calixta had the maxi-
mum sugar yield of 13.52 (t/ha) for 15" October date of sowing
(Table 4).

Conclusion

Most suitable location for sugarbeet cultivation to obtain higher
yield and better quality could be zeroed in as Kapurthala followed
by Faridkot. Among the dates of sowing, early sowing favours high-
er root yields while delayed sowing favours better quality output.
So, a balanced approach has to be adopted to get promising yields
with better quality in sugarbeet. Among the genotypes, Calixta was
promising for various traits followed by Magnolia and Cauvery
across the locations. Based on these findings, the ideal genotypes
with respect to favourable locations and dates of sowing can be put
to use for maximum exploitation of genetic potential with respect
to yield and quality in sugarbeet in different regimes.
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