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Evaluation of morphological, yield and quality performance of sugar beet genotypes under different soil pH levels 


ABSTRACT

The study examined the production and quality of different sugar beet genotypes under the cultivable soil pH range of Bangladesh. The field experiment was carried out between October 2021 and March 2022 on the central farm of Sher-e- Bangla Agricultural University, Dhaka, in a Split plot Design with three replications. Twelve sugar beet genotypes were cultivated in field and tested for soil liming at three levels: i. control or no liming (pH 5.5), ii. Liming as CaCO3 at 2t/ha (pH level 6.5±0.5) and iii. Liming as CaCO3 at 4.5 t/ha (pH level 7.5±0.5). The results revealed that the genotype SV889 has the highest root length, SPAD value, sugar yield, TSS and sucrose content (15.90 cm, 46.80, 22.67 t/ha, 20 °Brix and 16.15%, respectively) in T1 (soil pH level 6.5±0.5; liming at 2 t/ha). SV894 has maximum leaves number/plant and purity in T2 (soil pH level 7.5±0.5; liming at 4.5t/ha). Out of the twelve genotypes, the results indicated that four (KWS Allanya, SV 894, BA2 and HI0044) with liming at 4.5 t/ha and seven (KWS Danicia, KWS Serenada, KWS Gregoria, Sakata red beet, SV889, SV 982 and HI473) with liming at 2 t/ha with the necessary rate of inorganic and organic fertilizer performed better for sugar beet growth and yield. Results indicated that the SV889 sugar beet genotype with 2 t/ha liming performed better in terms of root length, SPAD value, yield, total soluble solids, and sucrose content. Conversely, the SV894 sugar beet genotype is advantageous for the highest number of leaves and purity percentage of sugar beet when liming is applied at 4 t/ha.
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1. INTRODUCTION
Sugar beet (Beta vulgaris L.), a member of the Chenopodiaceae family, is used to make sugar because of its high sucrose content (Pan et al., 2019). In the world, it is the second-largest source of sugar. In Mediterranean regions, sugar beet was regarded as a good rotation crop that was productive, and its growth began in the northern coastal areas as well (Sánchez-Sastre et al., 2020). The 18th century saw the beginning of sugar production from fodder beets with high sugar content, which was a significant agricultural accomplishment. Sugar beet currently accounts for 20% to 25% of global sugar production (Wimmer, 2020). 
The weight of a sugar beet root can get as high as 2 kg, and it typically contains 75–85% water and up to 21–22% sucrose (Fasahat et al., 2018). More than 98% of the sugars in roots are sucrose, although minor amounts of fructose and glucose are also found (Hoffmann and Kenter, 2018). They can be used as a raw material for the direct extraction of other carbohydrates, even though sugar beet roots are mainly thought of as a raw material for the manufacturing of sugar. Hardly ever used as a raw material, sugar beet roots are also processed into white sugar, pulp, and molasses for use in food, feed, or industry. Sugar that is extracted from sugarcane and sugar beet is used as a sweetener in our home cooking and as a component in the food industry to make sweet-tasting products. 
Sugar beet is a temperate crop and is successfully grown on a commercial scale for sugar production. In order to cultivate sugar beets in the Indian subcontinent, temperate-climate sugar beet varieties must be adapted to warmer, tropical climates. As a result of breeding improvements, "tropical sugar beet" types that are suited for places like Bangladesh, Pakistan, and India have been created. In Bangladesh, about 25% of the country's sugar needs are met domestically by sugarcane, with the remaining 75% coming from imports (Rahman et al., 2019). One of the primary crops grown for sugar processing is sugar cane. As an alternative to sugar cane, sugar beet is a crop with a shorter growing period (6–7 months) than sugar cane (10–12 months), meaning it produces more material per unit of time. 16–19% sucrose with a recovery of 12–14% is found in sugar beet root. Furthermore, beet crops can adapt to a variety of climatic conditions, and their input requirements, such as water and fertilizer, are 30–40% lower than those for sugarcane cultivation (Mioduszewska et al., 2020). Therefore, sugar beet has potential in the subtropical sugar sector, particularly in Bangladesh. 
Soil management is a critical component of increased and sustained sugar beet production. The two most important factors in crop production are pH range and soil fertility (Mahapatra et al., 2020). Applying lime helped to improve crop quality and output. In the near term, calcium ions' flocculation and cementing action can be used to explain the impacts of liming. Increasing soil pH, available phosphorus, cation exchange capacity, basic cations, microbial activity, organic carbon, and total nitrogen, as well as decreasing nutrient leaching, exchangeable aluminum, and acidity, are all long-term benefits of increased productivity brought about by liming (Abdi, 2024). 
To improve soil pH and yield, ensure nutrient availability, and solve acidity-related difficulties with soil fertility, lime and fertilizer is frequently applied (Tshiabukole et al., 2022). Since soil liming brings the pH of the soil into the ideal range for growth and nutrient uptake, it is also essential for the production of sugar beets. Hasan et al. (2020) state that the pH ranges of cultivable soils in Bangladesh is typically 5.8 to 7.0. But in other places, the soils could be somewhat alkaline (pH >7.0) or extremely acidic (pH < 5.5). In order to increase the productivity of slightly acidic soil, lime can be applied with ease. However, sugar beet is not widely used in tropical and subtropical farming systems (Tayyab et al., 2023). This is mostly because sugarcane production technology has been around for a long time, and local growers are less familiar of sugar beet cultivation. There isn't much literature readily available right now to help us comprehend how sugar beet is grown and adapted on a wide scale on various types of soils to meet the growing population's demand for sugar 
Therefore, the goal of the study was to observe how various sugar beet genotypes perform and produce within Bangladesh's cultivable soil pH ranges in order to inspire farmers and boost sugar production. 
2. MATERIALS AND METHOD
2.1. Experimental site and weather
The study was carried out at the Sher-e-Bangla Agricultural University's central farm in Dhaka, within the Madhupur Tract's Agro-ecological zone (AEZ-28) and Shallow Red Brown Terrace Soil during October, 2021 to April, 2022. The trial site was located at latitude 23°47′ North and longitude 90°35′ E, 8.6 meters above sea level. The geographical location of the experimental area was under the sub-tropical climate characterized by high temperature, high humidity and heavy rainfall with occasional gusty winds in kharif season (April-September) and less rainfall associated with moderately low temperature during the Rabi season (October- March) demonstrated in Table 1. Top soils were clay loam in texture, olive-gray texture with widespread common fine to medium sized, distinct dark yellowish-brown mottles. Samples of soil were taken from the experimental field at depths ranging from 0 to 25 cm for testing the quality level. The initial soil physicochemical status was explored in the laboratory of SRDI represented in Table 2. 
Table 1. Weather data during the experimental period
	Month
	Temperature 0C(mean)
	Rainfall (mm)
	Relative humidity (%)

	
	Maximum 
	Minimum 
	
	

	Nov, 2021
	31.50
	28.80
	15.40
	72

	Dec, 2021
	23.8
	16.6
	12.80
	71

	Jan, 2022
	24.95
	18.80
	9.80
	56

	Feb, 2022
	28.10
	22.10
	9.50
	57

	Mar, 2022
	32.44
	30.30
	13.51
	55

	Apr, 2022
	32.5
	21.6
	118.48
	63


Source: Bangladesh Meteorological Department, Dhaka
Table 2. Physicochemical properties of the soil
	Particle size analysis
	Result

	Organic matter
	1.39%

	Sand (%) (0.0-0.02 mm)
	21.85

	Silt (1%) (0.02-0.002 mm)
	67.60

	Clay (%) (<0.002 mm)
	11.65

	Soil textural class
	Silty loam

	Consistency
	Granular and friable when dry

	pH
	5.3

	CEC (cmol kg-1)
	17.25

	Nitrozen
	0.28 meq/100 g soil

	Potassium
	0.17 meq/100 g soil

	Calcium
	3.80 meq/100 g soil

	Magnesium
	1.20 meq/100 g soil

	Phosphorus
	21.25μg/g soil

	Boron
	0.52 μg/g soil

	Zinc
	3.19 μg/g soil


Source: Soil Resources Development Institute (SRDI), Dhaka on August, 2021.
2.2. Seed collection, sowing, and experimental design
Twelve sugar beet genotypes were collected from Bangladesh Sugarcrop Research Institute (BSRI) (Table 3). Seeds were sown at a spacing of 50 cm × 20 cm. The experiment was carried out in split plot design with three replications. After 1 month of liming, fertilizers that were employed as sources of N, P, K, S, Zn, and B included urea, TSP, MoP, gypsum, zinc sulphate and borax. Three split applications of urea and MoP fertilizers were made: one for the base and two equal doses for the side dressing, one at 30 DAS and the other at 60 DAS. Sugar beets were harvested by hand when 70–80% of the leaves were dried. Irrigation was stopped 15 days before harvesting to allow the land to dry.
Table 3. Name, source, and type of the 12 sugar beet genotypes utilized in this investigation:
	Sl No.
	Genotypes
	Source
	Germplasm Type

	G1
	KWS Danicia
	KWS company, Germany
	Variety  

	G2
	KWS Serenada
	KWS company, Germany
	Variety 

	G3
	KWS Gregoria
	KWS company, Germany
	Variety 

	G4
	KWS Allanya
	KWS company, Germany
	Variety 

	G5
	Sakata (Red beet)
	Japanese seed company
	Hybrid 

	G6
	SV889
	SesVanderHave company, Belgium
	Line 

	G7
	SV 892
	SesVanderHave company, Belgium
	Line

	G8
	SV 894
	SesVanderHave company, Belgium
	Line

	G9
	BA1
	SesVanderHave company, Belgium
	Line

	G10
	BA2
	SesVanderHave company, Belgium
	Line

	G11
	HI0473
	Syngenta Bangladesh Ltd
	Line

	G12
	HI0044
	Syngenta Bangladesh Ltd
	Line


2.3. Treatments 
[bookmark: _Hlk204810139][bookmark: _Hlk204810744]Three soil liming treatments were used in the field experiment i.e., T0: Control/ No lime application (pH 5.3), T1: 2 t/ha (pH 6.5±0.5) and T2: 4.5 t/ha (pH 7.5±0.5). The initial soil was acidic (pH 5.3), then after application of compost and recommended fertilizer the soil pH improved and turned into 5.5, which was considered as control treatment (Table 4).
Table 4. Average soil pH level after liming throughout the growing season
	Months
	T0 (Control)
	T1(Liming at 2t/ha)
	T2(Liming at 4.5t/ha)

	
	Average
	Average
	Average

	Oct, 2021
	5.3
	6.9
	8.1

	Nov, 2021
	5.5
	6.7
	7.8

	Dec, 2021
	5.5
	6.7
	7.6

	Jan, 2022
	5.5
	6.6
	7.5

	Feb, 2022
	5.5
	6.5
	7.4

	Mar, 2022
	5.5
	6.3
	7.4

	Apr, 2022
	5.5
	6.3
	7.2


2.4. Data Collection
Morphological and physiological parameters were evaluated during sugar beet formation stage and yield and biochemical characteristics were taken during harvesting stage. 
2.4.1. Measurement of morphological parameters
Five plants in each treatment and replication were used to measure different growth parameters. The shoot length (cm), root length (cm) was measured with the help of a measuring tape and root girth (cm) measured by a slide caliper. 
2.4.2 SPAD value 
The initial fully inflated leaf content was measured using a Minolta, Tokyo, Japan, SPAD-502 chlorophyll meter. All treated and control plants had measurements made from the middle of the leaf lamina.

2.4.2. Measurement of yield and yield attributes 
Sugar beet yield 
Five plants were randomly counted from each plot, and the mean weight of shoot and root was recorded (g) using a digital electric balance. Sugar beet yield was calculated using the formula: 
Sugar beet yield (t/ha) =  X 10000
Sugar yield 
Sugar yield was calculated using the formula: 
Sugar yield (t/ha) =  X Beet yield (t/ha)
2.4.3. Measurements of quality attributes 
TSS 
By using a hand refractometer (Hanna Instruments, HI96801, Romania) at room temperature, the percentage of brix was measured after harvest. 
Sucrose % 
Pol or percent sucrose is the only sucrose content in the juice measured by polarimeter. Pol percent juice was measured by using automatic polarimeter (Model AP-300, Atago Co., Ltd., Japan). 
Purity% 
Apparent purity percentage was determined as a ratio of sucrose % divided by TSS% of roots as the method outlined by Carruthers and Old Field (1960). 
The following formula:  x 100
2.5.  Statistical analysis
The two-way ANOVA was used to examine the differences between the genotypes and liming treatments. The post hoc test was used to separate means when there was a significant effect (using LSD value). Significant values were defined as p-values <0.05. Every analysis was carried out using R by R Core Team (2014).
3. RESULTS AND DISCUSSION 
3.1 Shoot length of Sugar beet
[bookmark: _Hlk204592047]Table 5 indicated that, different genotypes of sugar beet and soil pH level after liming had a significant (P≤0.05) effect on shoot length (cm). The maximum shoot length (65.40 cm) marked from G3T1 (Gregoria in liming 2t/ha with pH 6.5±0.5), followed by 58.50 cm and 58.03cm obtained from G8T2 (SV894 in liming 4.5t/ha with pH 7.5±0.5) and G6T1 (SV889 in liming 2t/ha with pH 6.5±0.5). On the other hand, the lowest shoot length 24.2 cm was recorded in G5T0 (Sakata hybrid in no liming with pH 5.5) treatments. 
Liming can increase sugar beet growth, decrease harmful substances, and improve nutrient availability highlighted by Olsson et al. (2019). The most favorable conditions for nutrient availability, root development, and moisture retention are created by silty loam soil with a pH of 6.5 to 6.8, which is ideal for sugar beet cultivation. The proper soil texture and pH balance work together to optimize the plant's potential for growth and good production. Nduwumuremyi (2013) states that the positive benefits of liming on crop growth are frequently linked to the neutralization of Al rather than the pH shift.
3.2 Root length and girth of sugar beet
[bookmark: _Hlk192157807][bookmark: _Hlk192157845][bookmark: _Hlk207921942]The effects of different genotypes and soil pH level after liming were found to have a significant (P≤0.05) effect on sugar beet root length and root girth (Table 5). The longest root 20 cm was generated from treatment G11T1, followed by G8T2 (19.83 cm) and G6T1 (19.37 cm) treatment. The largest root girth 15.33 cm was obtained in treatment G6T1, followed by G8T2 (14.37 cm) and G11T1 (14.00 cm). Furthermore, the lowest root length and root girth (9 cm and 8.33cm) was found from the treatment G5T0.
According to Nduwumuremyi (2013), it promotes P uptake in high P-fixing soil and plant root systems while decreasing the toxicity of Al and Mn. Soil pH levels around 6.5 are optimal for plant nutrient availability; potatoes grown in soils close to pH 6.5 yields more with less fertilizer reported by Rosemary (1991). Sanghera et al. (2016) and Thalooth et al. (2019) also published comparable results, demonstrating that there were considerable differences in beet girth depending on sugar beet genotypes. Similar result was also obtained by Akter et al. (2021) who reported that when the soil environment improved from pH 5.0 to pH 9.0, the sugar beet seedlings' root area increased gradually. Sugar beet responds to acidic low pH stress by using different physiological mechanisms.  
3.3 Number of leaves 
The different sugar beet genotypes and soil pH level after liming demonstrated a significant (P≤0.05) impact on sugar beet number of leaves (Table 5). The highest number of leaves (28) was produced by the treatment of G6T1 and the lowest no of leaves 9.66 produced by G5T0 treatment. Liming acidic soil (below pH 6.0) to the ideal pH range of 6.0 to 7.2 greatly enhances sugar beet growth, especially leaf number, by boosting nutrient availability and reducing aluminum toxicity (Wang et al. 2022).
3.4 SPAD value
The effects of different genotypes and soil pH level were found to have a significant (P≤0.05) impact on sugar beet SPAD value at beet formation stage (Table 5). The SPAD value range was 40.56 to 46.80 among the treatments. The maximum value was (46.80) recorded from G6T1 treatment and the minimum value (40.56) achieved from G10T0 treatment (BA2 genotype with control). Variations in pH sensitivity among sugar beet genotypes can affect their chlorophyll concentration and overall physiological response. Additionally, some cultivars are more tolerant of poor soil pH. Moreover, there was a correlation between the decline in leaf photosynthetic rate and the decline in nutritional content and metal element accumulation (Wang et al., 2022).
















Table 5: Effects of soil pH levels on shoot length, root length, root girth and numbers of leaves/plant of sugar beet genotypes
	Genotypes
	Liming (pH)
	Shoot length
(cm)
	Root Length
(cm)
	Root Girth
(cm)
	Number of
Leaves/plant
	SPAD value

	
G1

	T0
	44.40r-t
	12.80g-l
	11.76i-k
	18.00jk
	40.83ij

	
	T1
	49.00l-n
	14.50b-e
	12.60e-h
	25.00c-e
	43.80b-h

	
	T2
	48.00m-o
	13.90d-g
	12.33hi
	22.00f
	41.76e-j

	
G2

	T0
	43.50s-u
	12.50i-n
	11.16k-m
	14.00m
	42.90b-j

	
	T1
	52.00h-j
	15.73a
	12.26hi
	21.00f-h
	45.43a-c

	
	T2
	45.20q-s
	13.63e-i
	13.50a-d
	18.00j-k
	44.90a-d

	
G3

	T0
	46.46o-q
	11.33o-q
	10.33n
	12.00n
	40.93h-j

	
	T1
	65.40a
	13.73e-h
	13.23c-e
	21.33f-h
	43.20b-j

	
	T2
	51.63h-k
	13.00f-k
	12.60e-h
	17.00kl
	41.30g-j

	
G4

	T0
	41.93uv
	11.86k-p
	11.80i-k
	15.66l
	41.10h-j

	
	T1
	46.30o-r
	12.76g-l
	11.83ij
	21.66fg
	44.40a-e

	
	T2
	49.66k-m
	14.76a-e
	12.30hi
	25.33c-e
	44.40a-e

	
G5

	T0
	24.20y
	9.00r
	8.33p
	9.66o
	40.63j

	
	T1
	26.90x
	11.43n-q
	10.06no
	18.00jk
	42.93b-j

	
	T2
	25.63xy
	10.60q
	9.50o
	12.33n
	43.80b-h

	
G6

	T0
	45.66p-r
	12.50i-n
	11.76i-k
	20.00hi
	41.76e-j

	
	T1
	58.03bc
	15.90a
	13.83a-c
	25.00c-e
	46.80a

	
	T2
	54.43e-g
	14.50b-e
	12.50gh
	22.00f
	43.70b-i

	
G7

	T0
	41.86uv
	11.56m-q
	10.63mn
	18.00jk
	41.36f-j

	
	T1
	54.36e-g
	14.26c-e
	12.56f-h
	24.33de
	43.76b-i

	
	T2
	52.73g-i
	13.10f-j
	11.00lm
	20.33g-i
	42.23d-j

	
G8

	T0
	50.80i-l
	12.00j-p
	11.30j-l
	19.33ij
	41.30g-j

	
	T1
	56.66b-d
	15.63ab
	13.66a-d
	26.00bc
	42.60c-j

	
	T2
	58.50b
	15.76a
	13.93ab
	28.00a
	44.06a-g

	
G9

	T0
	47.33n-p
	14.76a-e
	13.33b-d
	24.00e
	43.20b-j

	
	T1
	42.73t-v
	13.66e-h
	13.16d-f
	28.00a
	43.76b-i

	
	T2
	39.86w
	12.26j-o
	11.43j-l
	20.00hi
	41.80e-j

	
G10

	T0
	41.33vw
	12.36j-o
	11.20j-m
	18.00jk
	40.56j

	
	T1
	54.76d-f
	15.33a-c
	13.06d-g
	28.00a
	42.76c-j

	
	T2
	51.76h-j
	13.96d-f
	12.36hi
	26.00bc
	44.26a-f

	
G11

	T0
	52.00h-j
	11.83l-p
	10.63mn
	21.00f-h
	42.75c-j

	
	T1
	56.06c-e
	14.53b-e
	14.00a
	27.00ab
	45.80ab

	
	T2
	53.53f-h
	12.50i-n
	13.43a-d
	25.00c-e
	43.10b-j

	
G12

	T0
	43.63s-u
	11.00pq
	10.60mn
	18.00jk
	42.73c-j

	
	T1
	50.10j-l
	12.60h-m
	11.50j-l
	22.00f
	43.80b-h

	
	T2
	56.03de
	15.00a-d
	12.53f-h
	25.00b-d
	45.20a-c

	LSD
	1.99
	1.15
	0.63
	1.39
	2.94

	CV
	2.55
	5.34
	3.24
	4.06
	4.19


G1=Danicia, G2=Serenada, G3= Gregoria, G4= Allanya, G5= Sakata, G6= SV889, G7= SV892, G8= SV894, G9= BA1, G10= BA2, G11= HI0473, G12= HI0044, T0: Control (No liming pH 5.5), T1: Liming at 2t/ha (pH 6.5±0.5), T2: Liming at 4.5 t/ha (pH 7.5±0.5).
3.5 Shoot fresh weight
[bookmark: _Hlk192158095][bookmark: _Hlk192158212]The highest shoot fresh weight 438.33g was obtained from G10T2, followed by G8T2 (427g) and G6T1 (426.33g). However, the lowest shoot fresh weight (47.33g) was found in the G5T0 treatment (Fig. 1). In case of liming, the vegetative growth of different sugar beet genotypes has directly associated with soil pH level. Similar achievement was recorded by Lewis (2020), who reported that, beets grow best in a soil with a pH of 6.0-6.8. This range promotes maximal bacterial and earthworm activity, as well as high availability of essential nutrients such as potassium, nitrogen, and phosphorus. As a result, the soil generates a much more favorable environment, and the plant can absorb nutrients more effectively, allowing for rapid growth of the leaf canopy. The first canopy must be robust in order to enhance sugar beet output.
[image: ]
Fig. 1. Effects of soil pH levels on shoot fresh weight of sugar beet genotypes
G1=Danicia, G2=Serenada, G3= Gregoria, G4= Allanya, G5= Sakata, G6= SV889, G7= SV892, G8= SV894, G9= BA1, G10= BA2, G11= HI0473, G12= HI0044, T0: Control (No liming pH 5.5), T1: Liming at 2t/ha (pH 6.5±0.5), T2: Liming at 4.5 t/ha (pH 7.5±0.5).
3.6. Sugar beet yield and Sugar yield
The liming and pH level were found to have a significant (P≤0.05) impact on sugar beet yield and sugar yield. The highest sugar beet yield 141.33 t/ha was recorded from G11T1 treatment followed by G8T2 (139.28 t/ha) and G6T1 (138.05 t/ha). Moreover, the lowest beet yield (44 t/ha) was recorded from G5T0 treatment (Fig. 2). The yield and yield metrics of various sugar beet cultivars under agro-climatic conditions varied significantly (Kaloi et al., 2020). Both lime rates resulted in an increase in beet yield as compared to no lime. Besides, according to Toth et al. (2023), sugar beet yields were highest at an active pH above 7.2. The findings of this study confirmed that liming raised crop yield regardless of experimental and environmental conditions, and that the higher crop yield brought about by liming is highly dependent on soil texture, crop species, liming material, and liming application technique. 
[bookmark: _Hlk204775775][bookmark: _Hlk192163422]The study examined the performance of sugar beet genotypes under various liming treatment, with the primary evaluation criterion being sugar yield. The highest amount of sugar (22.67 t/ha) of sugar beet was obtained from treatment G6T1, followed by, 22.14 t/ha, 22.01 t/ha, 21.42 t/ha, 20.98 t/ha, were achieved from G11T1, G8T2, G6T2 and G8T2 respectively. While, the lowest sugar yield (2.29 t/ha) was gathered from the treatment G5T0 (Fig. 3). However, the average yield of sugar beet and sugar were recorded the best under T1 treatment (liming @ 2t/ha and soil pH level 6.5±0.5). Due to genetic set up the genotype's major impact on sugar output was noted. G5 was hybrid red beet genotypes which is morphologically smaller in size than white sugar beet and also content low sugar. The varying output is most likely due to the fact that the changes in the variances of the effects under investigation are caused by various soil and environmental circumstances (Okasha and Mubarak, 2018; Curcic et al., 2018). Moreover, the crop may suffer from low pH, which can also make crop more susceptible to disease by activating harmful aluminum ions in the soil. Healthy root development is encouraged, which is essential for the buildup of sugar. It was proven by Ozbay and Yildirim (2018) that increased leaf chlorophyll content and carbohydrate accumulation lead to improved beet root length, diameter, and yield. 
[image: ]
Fig. 2. Effects of soil pH levels on yield of sugar beet genotypes
G1=Danicia, G2=Serenada, G3= Gregoria, G4= Allanya, G5= Sakata, G6= SV889, G7= SV892, G8= SV894, G9= BA1, G10= BA2, G11= HI0473, G12= HI0044, T0: Control (No liming pH 5.5), T1: Liming at 2t/ha (pH 6.5±0.5), T2: Liming at 4.5 t/ha (pH 7.5±0.5).

[image: ]
Fig. 3. Effects of soil pH levels on sugar yield of sugar beet genotypes
G1=Danicia, G2=Serenada, G3= Gregoria, G4= Allanya, G5= Sakata, G6= SV889, G7= SV892, G8= SV894, G9= BA1, G10= BA2, G11= HI0473, G12= HI0044, T0: Control (No liming pH 5.5), T1: Liming at 2t/ha (pH 6.5±0.5), T2: Liming at 4.5 t/ha (pH 7.5±0.5).

[bookmark: _Hlk179629759]3.7 Quality attributes of Sugar beet
[bookmark: _Hlk192164175][bookmark: _Hlk192164241]The effects of different genotypes and soil pH level were found to have a significant (P≤0.05) impact on TSS (0Brix), sucrose percent (polarization sugar) and purity percent of sugar beet (Table 6). In terms of sugar beet TSS (0Brix), the genotypes with liming 2 t/ha (pH 6.5±0.5) outperformed significantly on others. The maximum amount of TSS (20 0Brix) was recorded from G6T1 treatment and the minimum TSS (7.510Brix) was recorded from the G5T0 treatment.  TSS in tropical sugar beet root juice was considerably impacted by genotypes (Yasaminshirazi et al., 2020). Again, the quality metrics of various sugar beet cultivars under agroclimatic conditions varied significantly (Mari et al., 2017).  
[bookmark: _Hlk205383889]The highest amount of sucrose 16.15% was produced from the treatment G6T1 which was statistically similar to G11T1 (16.04%) treatment. However, the lowest sucrose 7.51% and 5.69% was recorded from the G5T0 treatment (Table 6). The genetic makeup of these varieties may be the cause of its superiority at sucrose percentage. This outcome was consistent with research by Sorour et al. (2020), which found that genotypes affected sucrose content. 
Furthermore, the higher amount of purity percent 87, 86.68, 83.57, 82.52 and 80.75 were collected from treatment G8T2, G9T1, G7T1, G11T1 and G6T1, respectively. However, the lowest purity 65.74% was gathered from G12T0 treatment (Table 6). According to a study by Sohel et al. (2021), of the tropical sugar beet cultivars evaluated, the HI0044 genotype had the lowest content of sucrose and total soluble solids (Brix). The ratio of the roots' sucrose to TSS percentage was used to calculate the purity percentage. On the other hand, the sugar concentration and juice purity are positively correlated (Aly and Khalil, 2017).

Table 6: Effects of soil pH levels on total soluble solids (TSS), sucrose and purity of sugar beet genotypes
	Genotypes 
	Liming (pH)
	TSS (0Brix)
	Sucrose (%)
	Purity (%)

	
G1

	T0
	10.12st
	7.10n-p
	70.12o-r

	
	T1
	17.54f
	13.27de
	75.63h-k

	
	T2
	14.44p
	10.45j
	73.01k-p

	
G2

	T0
	9.56vw
	7.20no
	75.04h-l

	
	T1
	16.92hi
	13.06ef
	77.17e-i

	
	T2
	15.78lm
	12.11g
	76.77f-j

	
G3

	T0
	9.91t-v
	7.01o-q
	70.77n-r

	
	T1
	16.72h-j
	13.06ef
	78.09e-h

	
	T2
	12.48q
	9.44k
	75.63h-k

	
G4

	T0
	10.04st
	7.45lm
	73.18k-o

	
	T1
	15.11o
	11.58hi
	76.64g-j

	
	T2
	16.41jk
	13.01f
	79.28e-g

	
G5

	T0
	7.51y
	5.22s
	69.5qr

	
	T1
	11.23r
	9.52k
	73.23k-o

	
	T2
	9.49w
	7.51l
	75.29h-l

	
G6

	T0
	9.96s-u
	7.33l-n
	74i-m

	
	T1
	20.00a
	16.15a
	80.75de

	
	T2
	17.38fg
	13.92c
	80.09de

	
G7

	T0
	10.32s
	7.22m-o
	69.93p-r

	
	T1
	19.01c
	15.89ab
	83.57bc

	
	T2
	16.13kl
	12.22g
	75.74h-k

	
G8

	T0
	8.91x
	6.84q
	76.79f-j

	
	T1
	16.62ij
	11.81h
	71.07m-r

	
	T2
	18.00e
	15.69b
	87a

	
G9

	T0
	10.09st
	6.94pq
	68.78rs

	
	T1
	18.40d
	15.95a
	86.68ab

	
	T2
	15.55mn
	12.30g
	79.09e-g

	
G10

	T0
	10.11st
	7.32l-n
	72.4l-q

	
	T1
	15.33no
	12.23g
	79.81d-f

	
	T2
	17.60f
	13.05ef
	74.14i-m

	
G11

	T0
	9.60u-w
	7.17no
	74.65i-l

	
	T1
	19.44b
	16.04a
	82.52cd

	
	T2
	15.59mn
	11.47i
	73.61j-n

	
G12

	T0
	9.41w
	6.18r
	65.68s

	
	T1
	17.08gh
	13.35d
	78.14e-h

	
	T2
	17.31fg
	13.50d
	77.94e-h

	LSD
	0.37
	0.23
	3.17

	CV
	1.62
	1.33
	2.56


G1=Danicia, G2=Serenada, G3= Gregoria, G4= Allanya, G5= Sakata, G6= SV889, G7= SV892, G8= SV894, G9= BA1, G10= BA2, G11= HI0473, G12= HI0044, T0: Control (No liming pH 5.5), T1: Liming at 2t/ha (pH 6.5±0.5), T2: Liming at 4.5 t/ha (pH 7.5±0.5).



4. Conclusion 
This study has demonstrated that the genotypes of tropical sugar beets can be cultivated in Bangladesh with general cultivable soil conditions. The genotype SV889 performed the best across the board in terms of root length, SPAD value, yield, total soluble solids and sucrose content. However, Sakata had the worst performance. The majority of the traits that contribute to sugar beet genotypes' growth,  yield and quality were positively impacted by soil liming at a rate of 2 t/ha with the recommended rate of organic and inorganic fertilizer. The results showed that of the twelve genotypes, In terms of root length, yield, total soluble solids, sucrose content, and SPAD value, the SV889 sugar beet genotype with 2 t/ha liming performed better. In contrast, when liming is applied at 4 t/ha, the SV894 sugar beet genotype is beneficial for the largest number of leaves and purity percentage of sugar beet..
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