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       INTRODUCTION 

 

                Sugar beet is one important of the most efficient converter of solar energy into 

chemical energy and has the potential for augmenting sugar production at a lower cost 

(Ahlawat et al., 2002). In Egypt, it is the second sugar crop after sugarcane. The Egyptian 

Government imports large amounts of sugar every year to contribute to reducing the sugar 

deficiency gap. The area of sugar beet 720000 feddan it was productive 14409160 ton (The 

Ministry of Agriculture and Land Reclamation (2021). 

               Ridge width: 50cm widthx20cm between hills (42000plants/fed) significantly 

produced the highest root and sugar yields/fad, but the increasing ridge width from 60cm 

widthx20cm between hills (35000plants/fed) to 40 cm row width x15cm between 
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Two field experiments were carried out at Itay El-Baroud Experimental 

station in El-Beheira Governorate, Agriculture Research Center, Egypt in the 

2019/2020 and 2020/2021 winter seasons to study the effect of four different 

systems to display the ridge in the planting of sugar beet (ridge width 110 cm 

(Rw1), ridge width 100 cm (Rw2), ridge width 90 cm (Rw3) and ridge width 

80 cm (Rw4), four nitrogen fertilizer levels (75 kg N /fed (N1), 90 kg N /fed 

(N2), 105 kg N /fed (N3) and 120 kg N /fed (N1) and three systems of boron 

foliar spray (zero boron (B0), foliar spray once of boron at 95 days from sowing 

(B1) and Foliar spray twice of boron at 95 and 125 day from sowing (B2) on 

growth, yield and quality characters of sugar beet. Results showed that planting 

sugar beet on a wider ridge of 110  cm recorded the highest chlorophyll content 

and crop growth rate while planting sugar beet on a narrow ridge of 80cm 

resulted in the highest leaf area index. Grown sugar beet on a narrow ridge of 

90cm resulted in the highest root yield, sugar yield /fed and quality in both 

seasons. Increasing nitrogen fertilizer levels from 75 to 90, 105 and 120 kg N 

/fed significantly decreased root yield, sugar yield/fed and quality in both 

seasons. Whereas increasing foliar spray of boron from zero to one and twice 

foliar spraying increased root yield, sugar yield/fed and quality. It could be 

concluded from these results that planting sugar beet on ridge narrow of 90 cm, 

75 kg N/fed and twice foliar spraying of boron are the suitable recommendation 

to maximize sugar beet productivity and quality.  
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hills(70000plants/fed) decreased root length, root diameter and fresh weight of the individual 

roots, while sucrose and purity percentages increased (Nassar, 2001). The highest yield was 

obtained by planting 111111 plants per hectare, compared to the number of plants per hectare 

of 55,555 plants (Ramazan, 2002). Cultivation sugar beet at a plant density of 100000 plants 

ha-1 gave significant increases in root diameter, but it did not affect the root length and total 

soluble solids (Nemeat-Alla et al., 2007).  

              Regarding nitrogen fertilizer, increasing nitrogen doses from 69 up to 119 kg/fad 

significantly increased root diameter, root fresh weight and root yield, but decreased sucrose 

percentage by 12.50 % (Ismail and Abo El-Ghait, 2005). The optimal use of nitrogen 

fertilizer has a positive effect on production. However, excessive nitrogen fertilization does 

not always lead to higher yields, and may in fact result in reduced growth and yield. 

Excessive nitrogen fertilization not only delays plant maturation but also limits the formation 

of storage organs, especially for tuberous crops (Najm et al., 2013). 

            Boron is by far the most important spraying boron foliar or in the soil has the same 

efficacy, hence the fresh weight of the rootstock, and sucrose significantly increased by 

increasing the levels of boron (Jaszczolt, 1998). The highest root, top, sugar yields/fed and 

root quality were produced with 140 (N2) kg N/fed and 120 (B4) and/or 150 (B5) ppm boron 

(Mekdad, 2015). 

           The aim of this study is to evaluate the performance of some planting systems to show 

the width of the ridges under different N fertilizer levels with the efficiency of boron foliar 

spraying that achieves the highest productivity and quality. 

 

       MATERIALS AND METHODS  

 

                Two field experiments were carried out at Itay El-Baroud Experimental station in 

El-Beheira Governorate, Agriculture Research Center, Egypt in 2019/2020 and 2020/2021 

winter seasons to study the effect of four systems for ridge width (growing sugar beet on 

ridge width 110 cm (Rw1), growing sugar beet on ridge width 100 cm (Rw2), growing sugar 

beet on ridge width 90 cm (Rw3) and growing sugar beet on ridge width 80 cm (Rw4), four 

nitrogen fertilizer levels (75 kg N /fed (N1), 90 kg N /fed (N2), 105 kg N /fed (N3) and 120 

kg N /fed (N1) and three systems of boron foliar spray (Foliar spray of water (B0), Foliar 

spray once of boron at 95 days from sowing (B1) and Foliar spray twice of boron at 95 and 

125 days from sowing (B2) on growth, yield and quality characters of sugar beet (Beta 

vulgaris, L.) Kawemira cv. as follow: 

                Sowing sugar beet on the two sides at 20cm between hills (one plant/hill) for all 

planting systems. In the system of ridge 110cm width was 38181plant /fed, in the system of 

ridge 100cm width was 42000 plant /fed, in the system of ridge 90 cm width was 46666 plant 

/fed and in the system of ridge 80cm width was 52500 plant /fed. 

                Nitrogen was added in the form of urea (46.5% N). In the level, 75 kg N/fed has 

added 161.29 kg urea /fed, in the level 90 kg N/fed has added 193.55 kg urea /fed, in the 

level 105 kg N/fed was added 225.81 kg urea /fed and in the level 120 kg N/fed has added 

258.06 kg urea /fed, which were added on the two equal doses, immediately before the first 

and second irrigation. Phosphorous was added to 100 kg /fed from calcium super phosphate 

(15.5% P2O5) when preparing the land for planting and Potassium was added to 50 kg/ fed 

from potassium sulfate (48% K2O), before the first irrigation direct. The three systems of 

boron foliar spray in the form of boric acid at a rate of 1 liter/fed. The foliar solutions volume 

was 200 L/fed conducted by hand sprayer.  
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Table 1: Mechanical and chemical analysis of experimental soil was carried out before 

planting in 2018/2019 and 2019/2020 seasons.  

Soil 

properties 

Soil 

texture 

Sand 

% 

Silt 

% 

Clay 

% 
PH 

Organic 

matter% 

Available 

N mg/kg 

Available 

P mg/kg 

Available 

K mg/kg 

EC 1:2, 

water 

extract) 

2019/2020 Clay 28.3% 38.oo% 33.7% 7.8 2.25% 21 31mg/kg 300mg/kg 1.13 ds/m 

2020/2021 Clay 28.53% 37.83% 33.64% 7.81 2.24% 22 30mg/kg 301mg/kg 1.14 ds/m 

 

              A split split-plot design with three replications. Four systems of ridge width were 

allocated in the main plots, four nitrogen fertilizer levels were distributed at random in the 

sub-plots and three systems of boron folia spray were arranged at random in the sub-sub-

plot. The area per sub-sub-plot is fixed in all plots (3 ridges, 3.30 ridges, 3.67 ridges and 

4.11 ridges in 110 cm, 100 cm, 90cm and 80 cm ridges width, respectively) the length was 

3.50 m (plot area was 11.55 m2). All the other culture treatments were done according to the 

recommendation of the Ministry of Agriculture and Land Reclamation. 

              The preceding crop was maize in the first and second seasons, while sugar beet was 

planted on 15th and 17th Oct. and harvested on 15th and 17th May in the first and second 

seasons, respectively. 

Studied Characters: 

Growth Parameters:1- Chlorophyll content, at the age of 90 days, determined according to 

the method described by (CCM-200). 

              After 60, 90 and 120 days from planting, was taken a sample of each subplot to 

estimate the percentage of:2- Crop growth rate (CGR), (g / plant/day). CGR was calculated 

according to the following formula.  

CGR ═  
𝐷𝑟𝑦 𝑚𝑎𝑡𝑒𝑟

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑡𝑜 𝑝ℎ𝑦𝑠𝑖𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 𝑚𝑎𝑡𝑢𝑟𝑖𝑡𝑦
      g/plant/day. 

3- Leaf area index, (L.A.I.) was determined according to the following formula. 

 

Leaf area index = 

 

Yield Attributes: 

1- Root yield (ton /fed), 2- Top yield (ton /fed) and 3-Biological yields (ton /fed) were taken 

at random from the whole sub-sub-plot. 4-Sugar yield (ton /fed): it was computed according 

to the following formula: White Sugar yield (ton/fed.) = root yield (ton/ fed) x (Z B) white 

sugar percentage.                                                                                                     

where, ZB= pol –{0.343(k+Na)+0.094 and N+ 0.29}. 

Chemical Components and Quality:1- Total soluble solids percentage (T.S.S. %) of roots, 

was measured in the juice of fresh root using a hand refractometer according to (A.O.A.C. 

1990), 2- Sucrose %, which was used saccharimeter according to Le-Decote (1972), 3- Juice 

purity %, it was calculated according to Carruthers and Oldfield (1961) as follows: 

Juice purity% ═ 
Sucrose%

T.S.S.%
x100    ,4- Sugar extractable%.  Extracted sugar (white sugar) from 

beets: was calculated from non-sugar beets K, Na and α-amino N (expressed as equivalent 

of a mill / 100 g of beets) according to Lee Harvey and Dutton (1993) as follows: 

ZB = pol- [0.343 (K + NA) + 0.094 AmN + 0.29] 

where: ZB = extractable white sugar, Pol = Gross sugar % and AmN = α-amino-N 

determined by the “blue number method” and 5-Alpha amino nitrogen (α- amino N), sodium 

(Na) and potassium (K) concentrations in juice (mill equivalent / 100 g of beets) according 

to Lee Harvey and Dutton (1993). 

 

 

 

Leaf area /plant (cm2)  

Ground area/plant(cm2) 
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Statistical Analysis:   

            The obtained data were analyzed according to Snedecor and Cochron (1988). The 

treatment means were compared by using the least significant differences (L.S.D.) at 5% of 

probability. was computed using CoStat V 6.4 (2005) program.  
 

      RESULTS AND DISCUSSION 

 

1- Growth and Yield Characteristics of Sugar Beet: 

1.1. Ridges Width.           

              Growth characters were significantly affected by ridges width in the two growing 

seasons as shown in Table (2). The highest values of chlorophyll leaf content and crop 

growth rate (54.21 and 55.35 as well as 1.76 and 1.78 g/day) were obtained by planting sugar 

beet on 110 cm ridge width (Rw1), while the lowest values (49.88 and 50.74 as well as 1.60 

and 1.64 g/day) were recorded by sugar beet on 80 cm ridge width (Rw4) for these characters 

in both seasons, respectively. Increasing plant densities decreased fresh weight (Nassar, 

2001). The highest leaf area index (6.41 and 6.54) was achieved when planting sugar beet 

on 80 cm ridge width. Meanwhile no significant difference between the planting sugar beet 

on ridges 90cm or 80cm in width. While the lowest leaf area index (5.59 and 5.55) resulted 

from planting sugar beet on 110 cm ridge width in both seasons, respectively. The number 

of shoots and stems per m2 in the triple-row planting was found to be higher than in the 

double-row planting and the difference between them was significant at a 5% level 

(Dehkordi, 2016). 

            Yield traits were significantly affected by ridges width in both seasons. Data in Table 

(2) obtained that, the highest values of root yield, top yield, biological yield and sugar yield 

(ton/fed) (30.390 and 31.127, 12.165 and 12.001, 41.989 and 43.153 and 5.120 and 5.092 

ton) were revealed by planting sugar beet on 90cm narrow ridges, whereas grown sugar beet 

on ridges 110cm (Rw1) recorded the lowest values for these characters in both seasons, 

respectively. Takada et al. (1993) found that 50 cm row width increased sugar beet root yield 

by 1% as compared to 60 cm row width. 

1.2. N fertilizer Levels: 

             N fertilizer levels had significant effects on the growth of sugar beet in the two 

studied seasons. Added 90 kg N/fed (N2) resulted in the highest chlorophyll content and 

CGR, while added 75kg N/fed resulted in the highest LAI in both seasons. Similar results 

were found by Seadh et al. (2007) and Seadh (2008).   

              N fertilizer levels had a significance on the yield of sugar beet in 2019/2020 and 

2020/2021 seasons. N1 levels gave the highest values (29.253 and 29.945, 40.556 and 40.901 

and 4.707 and 4.901 ton), whereas N4 levels recorded the lowest values for root yield, and 

biological yield (ton/fed) in both seasons, respectively. While N4 fertilizer level recorded 

the highest top yield/fed in both seasons, which was (12.743 and 12.392 tons). Excessive 

applications of N fertilizers result in delayed maturity and competition between sink (tubers) 

and supply (leaves) and may lower yields (Najm et al., 2013).  

1.3. Foliar spray of boron (B). 

              Growth characters were significantly affected by foliar spray of boron in the two 

growing seasons as shown in Table (2). Foliar spraying twice with boron (B2) gave the 

highest values (54.32 and 54.31, 1.74 and 

 1.79g as well as 6.36 and 6.34) for chlorophyll content, CGR and LAI in the first and second 

seasons, respectively. These results may be due to the optimum fertilization with minor 

elements such as boron is important for sugar beet plants grown. Similar results were 

obtained by El-Hawary (1994) and El-Hawary (1999). 

              Yield characters were significantly affected by foliar spray of boron in the two 

studied seasons as presented in Table (2). Foliar spraying twice with boron (B2) gave the 
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highest values (28.954 and 29.431, 12.068 and 11.761, 40.999 and 41.191 as well as 4.878 

and 4.839 ton) for root yield, top yield, biological yield and sugar yield (ton/fed), while 

without boron (B0) recorded the lowest values of these characters in both seasons, 

respectively. Boron is by far the most important micro-elements needed in sugar beet 

because, without boron supply, the yield and quality of roots are very depressed. Similar 

results were found by Abbas et al. (2014) and Mekdad (2015). 

 

Table 2: Effect of ridges width, N fertilizer levels and foliar spraying of boron on sugar beet 

during 2019/2020 and 2020/2021 seasons. 

 
 

1.4. Interaction (RwxN): 

               Data in Table (3) discovered that all studied characters were significantly affected 

by the interaction between ridges width and N fertilizer levels, except chlorophyll content in 

the second season and biological yield in both seasons. Narrow ridges 80cm in width with 

(N4) N fertilizer level recorded the highest LAI and top yield/fed in both seasons. While no 

significant differences were found between narrow ridges 80 and 90cm under the same N 

fertilizer level (N4). Similar results were fending by (Ramazan, 2002 and Seadh, 2012).  On 

the other hand, narrow ridges, 90cm with (N1) N fertilizer level recorded the highest values 

(32.065 and 32.750, 43.644 and 43.906 as well as 5.582 and 5.460 ton) of root yield, 

biological yield and sugar yield (ton/fed) in the two growing seasons, respectively. These 

seemed to have resulted from optimal density increased in production, while at the optimum 

dose the application of too little nitrogen will result in reduced root tonnage, however, the 

application of too much nitrogen will result in reduced sugar concentrations (Abdou and 

Selim, 2008 and Hergert, 2010).   

1.5. Interaction (RwxB): 

             Data in Table (3) showed that wider ridges and foliar spraying twice with boron (B2) 

recorded the highest chlorophyll content and CGR, whereas narrowing ridges with the same 

rate of spray boron (B2) resulted in the highest root yield and sugar yield per fed in both 

seasons.  

 

 

 

 

 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Mekdad%2c+A.+A.+A.%22
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Table 3: Effect of interactions between ridges width with N fertilizer, ridges width with 

foliar spray of boron and N fertilizer levels with foliar spray of boron on sugar 

beet during 2019/2020 and 2020/2021 seasons. 

 
    
1.7. Interaction (RwxNxB): 

              All studied characters were significantly affected by an interaction between ridges 

width, N fertilizer levels and foliar spray of boron in both seasons, except biological yield 

as shown in Table (4). The highest chlorophyll content and CGR (57.47 and 58.60 as well 

as 1.94 and 1.91g/plant/day) when grown sugar beet on ridges 110cm apart with added (N2) 

N fertilizer level and (B2) boron rate in both seasons, respectively. When increasing the font 

width of the ridge increased the lightness of the sugar beet leaves, and leads to an increase 

in photosynthesis (El-Bakary, 2006). While narrow ridges achieved the highest LAI and top 

yield with an increase N fertilizer and when B2 boron rate in both seasons. Similar results 

were obtained by Zahoor (2007) and (Cai Baiyan and Ge Jingping, 2004)). Whereas the 

highest root yield and sugar yield (ton/fed) (32.734 and on ridges 90cm apart with N1 N 

fertilizer and B2 boron rate in the first and second seasons, respectively. These results were 

agreed upon by Kashem et al. (2015) and Sinta and Garo (2021). 
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Table 4: Effect of interaction between ridges width, N fertilizer levels and foliar spray of 

boron on sugar beet during 2019/2020 and 2020/2021 seasons. 

 

2- Quality Characters: 

2.1. Ridges Width (Rw): 

               All quality traits were significantly affected by ridges width in both seasons, except 

juice purity in the second season. Data in Table (5) showed that the highest values (22.30 

and 22.01, 18.14 and 17.62 and 16.82 and 16.36) resulted when grown sugar beet on ridges 

90cm apart in both seasons, respectively. While grown sugar on ridges 110cm recorded the 

highest purity%. These results may be due to increased sugar productivity by planting sugar 

beet on narrow ridges (Rw3). These findings are in agreement with El-Bakary (2006). 

2.2. N fertilizer Levels (N): 

             All quality characters were significantly affected by N fertilizer levels in both 

seasons, except TSS in the second season. Data in Table (5) obtained that the highest values 

(17.84 and 17.26, 16.58 and 16.15 and 81.93 and 80.54) were recorded when fertilized sugar 

beet by 75kg N/fed (N1) for sucrose%, sugar extractable% and juice purity% in both seasons, 

respectively. These results may be due to increased sugar productivity by planting sugar beet 

on narrow ridges (Rw3). These findings are in agreement with El-Sarag and Moselhy (2013) 

and Johnson (2014).  
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2.3. Foliar Spray of Boron (B):                                                               

              Regarding foliar spray of boron data in Table (5) showed that TSS, sucrose%, sugar 

extractable% and juice purity% were affected by foliar spray of boron in both seasons. Twice 

foliar spraying of boron (B2) recorded the highest values for all studied characters in the two 

growing seasons. Boron is the most important additive that is necessary for the production 

and quality of sugar beets. These results are in parallel with those findings by Hellal et al. 

(2009) and Mekdad (2015). 

 

Table 5: Effect of ridges width, N fertilizer levels and foliar spraying of boron on sugar beet 

quality during 2019/2020 and 2020/2021 seasons 

 
 

2.4. Interaction (RwxN). 

               Quality traits were significantly affected by the interaction between ridge width 

and N fertilizer levels in both seasons e as presented in Table (6). 

               The highest values (18.85 and 17.83%, 17.37 and 16 67%) were obtained when 

grown sugar beet on ridges 90cm in width and fertilized 75kg N/fed (N1) for sucrose% and 

sugar extractable%, while the lowest values resulted when grown sugar beet on ridges 110cm 

width and fertilized 120kg N/fed (N4) for these characters in both seasons, respectively. 

Increasing the width of the ridge with high N fertilization led to an increase in root weight 

and a decrease in technological qualities, as well as high N fertilization, pushed the plant to 

vegetative growth without fruiting. The obtained results were concordant with those 

obtained by El-Bakary (2006) and Seadh (2008).  

2.5. Interaction (RwxB):   

                All quality traits were significantly affected by the interaction between ridge width 

and foliar spray of boron in the two growing seasons, while juice purity% was affected by 

this interaction in the first season only as shown in Table (6). The highest values (22.75 and 

22.39, 18.54 and 18.01 as well as 17.36 and 16.83%) were obtained when growing sugar 

beet on ridges 90cm in width and the higher rate of foliar spray boron (B2) for TSS%, 

sucrose% and sugar extractable%, while the lowest values have resulted when grown sugar 

beet on ridges 110cm width and zero boron (B0) for these characters in both seasons, 

respectively. The mean yield of sugarcane and sugar content in triple-row planting was 

higher than in double-row planting (Dehkordi, 2016). While the highest value of juice purity 

(83.09%) has resulted when grown sugar beet on a ridge 90cm apart with the same rate of 
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boron foliar spray (B0). Increasing ridge width from 80 to 100 cm significantly increased 

root fresh weight (g/plant), root length, diameter and root weight in the two seasons and 

purity percentage (Abdou and Selim, 2008). Sucrose and juice purity percentages were 

increased by adding a higher concentration of boron which might be attributed to a decrease 

Na and K uptake in root juice (Kristek et al., 2009).  

2.6. Interaction (NxB): 

                Quality characters were significantly affected by the interaction between N 

fertilizer levels and foliar spray of boron in the two growing seasons, except juice purity% 

was affected by this interaction in the first season only as shown in Table (6). The highest 

values (22.44 and 21.91, 18.52 and 17.79 as well as 17.25 and 16.76%) were recorded by 

fertilized sugar beet 75kg N/fed (N1) and the higher rate of foliar spray boron (B2) for 

TSS%, sucrose%, sugar extractable%, while the lowest values have resulted when fertilized 

sugar beet 120kg N/fed and zero boron (B0) for these characters in the first and second 

seasons, respectively. Juice purity was taken the same trend. Increasing nitrogen fertilization 

leads to significantly decreased sugar beet quality when, especially without boron. 

Mahapatra et al. (2020) found that in maximizing beet and sugar yields, the knowledge of 

the management of the fertilizers or nutrition is very essential.  

 

Table 6: Effect of interactions between ridges width with N fertilizer, ridges width with 

foliar spray of boron and N fertilizer levels with foliar spray of boron on sugar 

beet quality during 2019/2020 and 2020/2021 seasons. 
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2.7. Interaction (RxNxB): 

              Data in Table (7) obtained that quality characters were significantly affected by the 

interaction between ridges width, N fertilizer levels and foliar spray of boron in the two 

growing seasons, while juice purity% was affected by this interaction in the first season. The 

highest values (23.50 and 22.87, 19.19 and 18.41 as well as 18.13 and 17.28%) were shown 

when planting sugar beet on narrow ridges (90cm) with added 75kg N/fed (N1) and twice 

foliar spraying of boron (B2) for TSS%, sucrose%, sugar extractable%, whereas the lowest 

values have resulted when planting sugar beet on ridges 110cm width with added 120kg 

N/fed and without boron (B0) for these characters in the first and second seasons, 

respectively. Whereas, the highest value of purity% (87.45%) was when planting sugar beet 

on a ridge 110cm apart with the same N fertilizer level and foliar spray of boron. Integration 

of N3 {290 kg/ha) + Zn2 (7 kg/ha) + B2 (2.4 kg/ha) improved the growth, SPAD value, 

sugar yields and their qualities, and N-use efficiency based on root yield (RY-NUE) of beet 

in a nutrients-deficient soil under semi-arid conditions (Mekdad and Shaaban, 2020). Sinta 

and Garo (2021) reported that the highest root yield of beetroot was achieved from the 

combination of 66 666, 80 000, and 10 0000 plant ha−1 with 92 kg N ha−1, whereas the lowest 

root yield of beet was obtained from the combination of 0 kg N ha−1 with a planting density 

of 133 333 plants ha−1.   

 
Table 7: Effect of interactions between ridges width with N fertilizer, ridges width with foliar spray of boron 

and N fertilizer levels with foliar spray of boron on sugar beet quality during 2019/2020 and 

2020/2021 seasons.  
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CONCLUSION 

       Based on this investigation and under the same conditions, we can recommend under 

narrow ridges 90cm, with 75 kg N/fed and foliar spraying twice with boron, which can 

increase root yield, sugar yield and quality. 
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