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ABSTRACT 
 

The present investigation was conducted to study the effect of foliar application of boron with 
different concentrations (0.00; 0.05; 0.10; 0.15; 0.20 and 0.25 g/L) at two different times of foliar applications 
(80 days and twice at both 80 and 110 days after sowing) on quantity and quality traits of sugar beet in El–
Fayoum, Egypt during 2011/2012 and 2012/2013 seasons. The results showed that application of boron 
showed significant increase for most traits, increasing boron fertilizer up to (0.20) g /L resulted in the highest 
recoverable sugar in the first season, the highest  recoverable sugar was 15.84% with an increase of 15.82 % in 
the first season compared with the control but in the second season gave significant highest recoverable sugar 
16.1% (0.25 g/L), corresponding to an increase of 17.62 % as compared with the control thus, lead to increase 
sugar yield as follows, the highest sugar yield was 7.516 tons/fedden with an increase of 65.17% in the first 
season but in the second season  gave significant highest sugar yield 9.422 tones/fedden corresponding to 
increase of 46.14% as compared with the control. Sucrose, recoverable sucrose and juice purity percentages 
were also increased by adding high level of boron rate. 
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INTRODUCTION 
 

Sugar beet is one of several types of cultivated beets, all of which are included in a single species, 
Beta vulgaris, L. (family of chenopodiaceae). The diversity of plant forms with this species is large, as it includes 
the familiar red or yellow table beet, leafy foliage beets such as chard, eaten as vegetables or salads greens 
and fodder beets or mangles, grown for cattle feed. 
 

In Egypt, sugar cane was considered to be the main source for sugar industry up to 1981 season and 
the cultivation of sugar beet was not known economically before 1982 season. Nowadays, sugar beet became 
an important crop for sugar in Egypt. Sugar beet contribution to sugar production increased largely from 2.5 % 
in 1982 to about 48.1% of the total sugar production in 2012. Sugar beet crop has been an important position 
in Egyptian crop rotation as a winter crop not only in fertile soils, but also in poor, saline, alkaline and 
calcareous soils [1]. 

 
The low availability of micronutrients represents the main problem affecting agricultural development 

in arid and semiarid regions. Boron deficiency is the second most widespread micronutrient problem and 
dicotyledon species tend to be more sensitive to boron deficiency than graminaceous crops as well as boron 
deficiency is a particular problem on alkaline and heavily limed soils and on highly leached sandy soils [2]. 
Boron is properly more important than any other micronutrients to produce high yield quality of sugar beet. 
The optimum fertilization with minor elements such as boron is important for sugar beet plants grown in saline 
soil [3]. Boron is by far the most important trace element needed sugar beet because, without an adequate 
supply, the yield and quality of roots is very depressed [4]. However, foliar sprays have the advantage that they 
enable an existing deficiency problem to be treated rapidly [2]. Therefore, the present investigation was to 
study the effect of foliar application of boron with different concentration at two different times of foliar 
application on quality and quantity traits of sugar beet.  

 
MATERIAL AND METHODS 

 
The present study was carried out at the experimental farm of the Etsa region at El Fayoum 

Governorate , Egypt, during the two successive growing seasons of 2011/2012 and 2012/2013 to study the 
effect of foliar application of boron element (different rates of boron ) and (different times of applications). 
Boron was used in form of boric acid. The multigerm sugar beet variety used in this study was (Top). Physical 
and chemical analyses of the soil were carried out before planting as showed in (Table 1). Planting dates were 
on 20

th
 October in the two seasons. 

 
Table 1: Physical and chemical analysis of soil (0-30 cm) of experimental farm of Etsa region. 

 

Physical analysis Chemical analysis 
Available nutrients 

(mg/kg soil) 
Cations (meg/L) 

Sand% 14.6 
EC (dsm

-1
) 2.29 

Phosphorus 29.7 Na+ 19.7 
pH 7.92 

Silt% 28.9 Organic Matter % 2.1 Potassium 217 Ca+ 2.2 

Clay% 56.5 Total Nitrogen % 0.82 Boron 0.46 Mg++ 0.6 

Texture Clay CaCO3% 11.6 Total Boron 42 K+ 0.4 

 
Layout of the experiments: 
 
      The two variables investigated in this study were: 
 

 Time of foliar application of boron (A): foliar spray of boron, one at 80 day after sowing (A1) and 
foliar spray of boron twice at both 80 and 110 days after sowing (A2). 

 Concentration of boron (B): B1, 0.00g/L (control); B2, 0.05g/L ; B3, 0.10 g/L ; B4, 0.15 g/L ; B5, 
0.20 g/L  and  B6, 0.25g/L. 

 
At the harvest, (after 210 days from sowing) a random sample of four guarded plants in each sub-plot 

was taken. Samples were carried immediately to laboratory where roots washed to remove the soil particles. 
Plants were separated into tops and roots. The following growth characters were determined at harvest: root 
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length (cm), root diameter (cm), root fresh weight per plant (g) and top fresh weight per plant (g). For 
determining root and top dry weights per plant (g), such parts (tops and roots) were cut into small pieces, and 
a representative samples were taken from each treatment weighed and dried quickly in an oven at 105 °C till 
constant weight was reached.  
 

The juice of another representative samples from fresh roots was extracted to determine the 
following characters: sucrose percentage was determined by using Sacharometer on a lead acetate extract of 
fresh macerated root according to the procedure of the El-Fayoum Sugar Company [5]. Sucrose percentage, 
sodium (mEq/ 100 gm of beet), potassium (mEq/ 100 gm of beet) and alpha amino nitrogen (mEq/ 100 gm of 
beet) were determined by using Analyzer –HG in reception laboratory in El -Fayoum Company. 

 
Sugar loss to molasses percentage=0.343(Na +K) -0.094 (alpha- amino –N) -0.31, according to [6]. 

 
Recoverable sugar percentage (RS %) (Corrected sugar %) was determined by using the following formula 
according to [6]: 
 

RS% =Pol% -0.029 – 0.343(Na+ K) – 0.094 (alpha –amino-N). 
 
Where:  Pol% = sucrose %, K, Na and amino –N in Milliequivalent /100 gm in beet  
 

At harvest, plants of all ridges from each subplot were harvested, cleaned, topped and weighed in 
plus weight of four plant sample and then it was converted to estimate: Root and top yields 
(ton/fed.).Apparent or gross sugar yield per feddan = (root yield ton/fed x sucrose %). 
 

Statistical analysis: all collected data were statistically analyzed according to technique of analysis of 
variance “M STAT- C.” Treatments were arranged in a split –plot design with four replications. Time of foliar 
application of boron was allotted to the main plots and different rates of boron to the sub-plots. The 
differences among treatment means were detected by LSD test at 5% level of probability [7].  

 
RESULT AND DISCUSSION 

 
Root characters 
 
Table 2: Effect of different boron concentrations and time of foliar application on root length and root diameter of sugar 

beet 
 

Concentration of Boron (B) 

Time of  Foliar Application (A) 

Root length (cm) Root diameter (cm) 

1
st

 2
nd

 1
st

 2
nd

 

A1 A2 A1 A2 A1 A2 A1 A2 

B1 33.35 33.35 35.88 35.88 11.66 11.66 11.66 11.66 

B2 35.25 36.00 36.56 39.31 12.00 11.98 11.64 12.64 

B3 35.87 34.06 36.94 34.50 12.08 12.15 11.99 13.23 

B4 37.25 37.75 38.69 39.88 12.43 12.37 12.68 13.49 

B5 37.44 38.69 39.56 41.88 12.89 12.49 12.83 13.77 

B6 38.31 39.06 40.31 43.88 13.02 13.06 12.81 13.39 

LSD0.05 

A N.S N.S N.S 0.59 

B 3.52 3.10 0.96 0.79 

AXB N.S N.S N.S N.S 

N.S: Not significant 

 
There was significant difference between boron concentrations and not significant difference (P ≤ 

0.05) between two times of foliar boron application on root length and root diameter. The interaction 
between two variables concentrations of boron (B) x time of foliar application (A) had no significance. 
However, Data in Table (2) showed that, the rate of 0.25g B/L give higher values of root length as compared 
with 0.00 g B/L. The average were 38.68 and 42.09 cm for the treatment of 0.25 g B/L in the first and second 
seasons, respectively, this lead to an increase in the average of root length by 15.98% and 17.31% in the first 
and second season, respectively as compared with 0.00g B/L. The averages obtained were 36.27 and 36.51 cm 
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during 2011/2012 season for 80 day after sowing and 80&110 days from sowing, respectively. The respective 
root lengths during 2012/2013 season were 37.99 and 40.00 cm. The increase  in  root  length  accompanying  
higher concentration of foliar  application of  boron  maybe  due to its  role  in enzymes  activity  which 
facilitate  carbohydrate  transportation  as well  as  protein  synthesis [8-13] clarified that increasing the 
concentration of boron significantly increased root length. 

 
Regarding of root diameter, the averages of root diameter were 13.04 and 13.37 cm for treatment of 

B6 in the first and second seasons, respectively, corresponding to increase in root diameter by 14.66 and 
13.21% compared to the control. These values of root diameter were 13.12  and 12.74cm for the two times of 
applications (at 80 day from sowing one spray and twice spray at 80 &110day from sowing), respectively. 
Significant increase in root diameter in the second season and combined analysis by 6.93 and 3.49%, 
respectively at spraying at 80 and 110 days from sowing compared with spraying alone at 80 days from sowing. 
Such effect of boron might be attributed t o  the increase in activities of certain enzymes essential for cell 
division and the regulation of potassium / calcium ratio in plant [9,12-15] clarified that increasing the 
concentration of boron significantly increased root diameter. Moreover, [11] reported that dates of spraying 
were significantly different in root diameter (cm). 

 
Root and top fresh weights 
 

Significant differences (P ≤ 0.05) were observed between boron treatments applied on root fresh 
weight in the first season and top fresh weight in the two seasons. While, not significant differences (P ≤ 0.05) 
were observed between two times of foliar application on root fresh weight and significantly on top fresh 
weight in second season. The interaction between concentrations of boron and time of foliar application had 
no significance. The results in Table (3) revealed that, the average values of root and top fresh weights were 
1401.56 and 1561.71 gm in the first season and the combined data for B6 (0.25), respectively these values 
correspond to increase in root fresh weight by 54.12 and 42.18%, respectively. On the other hand, decrease 
the concentrations of boron to 0.00 g B\L resulted in the lowest mean values of root fresh weight in both 
seasons and combined analysis. 

 
Table 3: Effect of different boron concentrations and time of foliar application on root and top fresh weights of sugar 

beet 
 

Concentration of Boron (B) 

Time of  Foliar Application (A) 

Root fresh weight (g) Top fresh weight (g) 

1
st

 2
nd

 1
st

 2
nd

 

A1 A2 A1 A2 A1 A2 A1 A2 

B1 909.37 909.37 1287.50 1287.50 271.88 271.88 400.00 400.00 

B2 931.25 1090.62 1312.50 1343.75 284.38 315.63 403.13 606.25 

B3 993.75 1243.75 1422.00 1587.50 304.75 365.63 546.88 681.25 

B4 1050.00 1337.50 1475.00 1690.62 365.63 387.50 512.50 679.75 

B5 1062.50 1368.75 1546.87 1746.87 325.00 328.13 534.38 687.50 

B6 1184.37 1618.75 1578.12 1865.62 406.25 406.25 578.13 765.63 

LSD0.05 

A N.S N.S N.S 87.95 

B 216.49 N.S 75.81 107.35 

AXB N.S N.S N.S N.S 

N.S: Not significant 

 
The data in Tables showed that, the increasing the concentrations of boron fertilization from 0.00 to 

0.25 g B\L gave the highest top fresh weight 406.250 g with an increase 49.43 % in the first season but in the 
second season and combined analysis gave significant highest top fresh weight 671.875 and 539.063 g 
corresponding to 67.97 and 60.47% increase respectively as compared with the control.  
 

The positive effect of the boron element on the top fresh weight of sugar beet could be explained 
because of its essential role for the activity of enzymes involved in photosynthesis and respiration systems. 
Also this element is essential for the formation of new leaves. Moreover it has an active role in translation 
of assimilation product. Similar results were reported by [10], [12] and [13] also the positive effect of 
boron may be due to the boron role in cell elongation where, in case of boron deficiency, plant leaves were 
smaller, stiff and thick, [16]. 
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The highest top fresh weight were 636.729 and 491.282 g corresponding to 28.42 and 19.51% 
increase, respectively at double spraying at 80 and 110 days from sowing compared with spraying at 80 days 
from sowing only. On the other hand, average values of this trait were not significantly affected by time of 
foliar application of boron in the first season [11,12,14] reported that dates of spraying were not significantly 
different in top fresh weight. 

 
Root and top dry weights 
 

Significant differences (P ≤ 0.05) were observed between boron treatments applied on root dry 
weight in first season and top dry weight in both seasons. While, not significant differences (P ≤ 0.05) were 
observed between two times of foliar application on root dry weight and significantly on top dry weight in 
second season. The interaction between concentrations of boron and time of foliar application had no 
significance as shown in Table (4). However, the average of root dry weight showed significant increase in case 
of the first season and combined analysis. These average values were 467.18 and 520.60 g for first and 
combined analysis, respectively, these values corresponding to an increase 54.12 and 42.18% compared with 
control. On the other hand, decrease the concentrations of boron to 0.00 g B\L in form boric acid resulted in 
the lowest mean values of root dry weight in both seasons and combined analysis.  Supporting results were 
obtained by [17] and [18] who clarified that increasing the concentration of boron significantly increased root 
dry weight. 

 
Table 4: Effect of different boron concentrations and time of foliar application on root and top dry weights of sugar beet 

 

Concentration of Boron (B) 

Time of Foliar Application (A) 

Root dry weight (g) Top dry weight (g) 

1
st

 2
nd

 1
st

 2
nd

 

A1 A2 A1 A2 A1 A2 A1 A2 

B1 303.12 303.12 429.16 429.16 55.83 55.83 59.17 59.17 

B2 310.42 363.41 437.50 447.91 60.41 63.75 81.25 83.75 

B3 331.25 414.58 473.98 529.17 59.37 66.67 84.58 88.33 

B4 350.00 445.83 491.67 563.54 69.58 70.41 90.83 94.17 

B5 354.16 456.25 515.62 582.25 74.58 76.25 91.66 99.16 

B6 394.79 539.58 526.17 621.87 77.50 81.66 94.49 102.30 

LSD0.05 

A N.S N.S N.S N.S 

B 72.14 N.S 10.47 16.21 

AXB N.S N.S N.S N.S 

N.S: Not significant 

 
Regarding of top dry weight, the obtained values of top dry weight were 79.57, 98.49 and 89.04 g, 

respectively, these values were corresponding to an increase by 42.54, 66.47 and 54.85% respectively as 
compared with 0.0 treatment boron (control).  Furthermore, the beneficial effect of the treatments B2, B3, B4 
and B5 compared to the control (B1). Similar results were obtained by [19] and [20] clarified that increasing 
the concentration of boron significantly increased top dry weight. 
 
Sodium, potassium and alpha-amino nitrogen contents 
 

Overall results showed significant differences at the 5% level among different concentrations of boron 
applied on sodium, potassium and alpha-amino nitrogen contents. While, significant differences were 
observed between two times of foliar application on sodium and alpha-amino nitrogen contents in the second 
season only. The interaction between concentrations of boron and time of foliar application had no 
significance. However, data in Tables (5) revealed that, increasing the concentrations of boron fertilization 
from 0.00 to 0.25 g B\L gave the lowest sodium content of 1.66 mEq with a decrease 32.63 % in the first 
season but in the second season and combined analysis gave significant lowest sodium content 1.734 and 1.7 
mEq corresponding to 33.05 and 32.83% decrease as compared with the control, respectively. On the other 
hand, decrease the concentrations of boron to 0.00 g B\L resulted in the highest mean values in both seasons. 
These results were in line with those findings by [12], [15], [21] and [20] clarified that increasing the 
concentration of boron significantly decreased sodium content. However, the significant lowest sodium 
content 1.986 and 1.955mEq corresponding to decrease in impurity 4.98 and 9.03% respectively at application 
of boron at 80 and 110DAS as compared with boron application only at 80 DAS, the least accumulation of 
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sodium at 110 DAS can be due to the fact that increased leaf area in this date will facilitate the increase in 
boron absorption. Supporting results were obtained by [12] who reported that dates of spraying were 
significantly different in sodium content. 

 
Table 5: Effect of different boron concentrations and time of foliar application on sodium, potassium and alpha-amino 

nitrogen contents of sugar beet 
 

Concentration of 
Boron (B) 

Time of  Foliar Application (A) 

Sodium 
(mEq/100 gm of beet) 

Potassium 
(mEq/100 gm of beet) 

Alpha-amino nitrogen 
(mEq/100 gm of beet) 

1
st

 2
nd

 1
st

 2
nd

 1
st

 2
nd

 

A1 A2 A1 A2 A1 A2 A1 A2 A1 A2 A1 A2 

B1 2.47 2.47 2.59 2.59 5.30 5.30 5.36 5.36 0.52 0.52 0.48 0.48 

B2 2.57 2.23 2.24 2.19 4.81 4.79 4.74 4.65 0.38 0.29 0.43 0.25 

B3 2.22 1.89 1.90 2.07 4.54 4.45 4.30 4.19 0.35 0.18 0.36 0.21 

B4 2.02 1.77 2.07 1.67 4.50 4.44 4.46 3.84 0.25 0.18 0.31 0.17 

B5 2.13 1.70 1.90 1.78 4.30 4.27 4.42 3.51 0.21 0.18 0.25 0.16 

B6 1.85 1.49 1.85 1.62 4.24 3.35 3.93 3.48 0.10 0.10 0.23 0.11 

LSD0.05 

A N.S 0.09 N.S N.S N.S 0.09 

B 0.35 0.38 0.38 0.44 0.25 0.12 

AXB N.S N.S N.S N.S N.S N.S 

N.S: Not significant 

 
Regarding of potassium contents, increasing the concentrations of boron fertilization from 0.00 to 

0.25 g B\L gave the highest potassium content 3.794 mEq. with a decrease of 28.45 % in the first season but in 
the second season and combined analysis gave significant lowest potassium content 3.702 and 3.748mEq, 
corresponding to 30.93% and 29.69% decrease as compared with the control respectively. On the other hand, 
decrease the concentrations of boron to 0.00 g B\L resulted in the highest mean values of potassium content 
in both seasons and combined analysis. The results found in this study are inconsistent with those of [22] who 

reported that boron application had no impact on potassium content in sugar beet root. While, [20] found 

that the effect of different concentration of boron application was significant at different concentration of 
boric acid, the only significant differences were between the concentration of 4% boric acid and that of the 
control; also [23] reported that boron fertilization and increasing levels from 0 to 0.6% significantly affected 
potassium concentration. Whereas, [12] and [15] found that potassium content significantly responded to 
applied boron fertilizer levels in only the second season. On the other hand, [24] mentioned that B application 
induced ·some increases in K% in sugar beet but most increases were clear but mostly below the level of 
significance. Moreover, [25] and [21] reported that B application increased juice quality by decreasing K content. 
Concerning alpha amino nitrogen, the increasing of boron concentrations from 0.00 to 0.25 g B\L gave the 
highest alpha amino nitrogen 0.0965 mEq. with a decrease 81.33% in the first season but in the second season 
and combined analysis gave significant lowest alpha amino nitrogen content of 0.168 and 0.133 mEq 
corresponding to a decrease of 64.85% and 73.29%, respectively, as compared with the control. On the other 
hand, decrease the concentrations of boron to 0.00 g B\L resulted in the highest mean values of alpha amino 
nitrogen in both seasons and combined analysis. Similar trend was observed by [15]. On the contrary, [12], 
[21] and [20] who reported that B application increased alpha-amino nitrogen content. Moreover, the least 
amount of alpha amino nitrogen was observed at 80 and 110 days, but significantly affect it in the second 
season and combined analysis and gave lowest alpha amino nitrogen content 0.227 and 0.214 mEq at 
(spraying at 80 and 110 days) corresponding to decrease by 33.23% and 33.12% respectively compared with 
spraying only at 80 days. Supporting results were obtained by [12] who reported that dates of spraying were 
significantly different in alpha amino nitrogen. 
 
Sucrose, sugar loss and recoverable sugar percentages 
 

Results in Table (6) indicate that, the differences among different concentrations of boron on sucrose, 
sugar loss and recoverable sugar percentages were significant at the 5% level on both seasons. While, 
significant difference was observed between two times of foliar application on sugar molasses loss percentage 
only in the first season. The interaction between concentrations of boron and time of foliar application had no 
significance. However, careful observations of data clearly showed that, the increasing the concentrations of  
boron fertilization from 0.00 to 0.25 g B\L gave the highest sucrose content percentage 17.89% (at 0.25 B/L), 
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with an increase 7.1 % in the first season but in the second season and combined analysis gave significant 
highest sucrose content percentage 18.472%  (at 0.20 B/L)  and 18.308%(at 0.20 B/L) corresponding to 
increase by  11.14% and 9.88 %  respectively, as  lowest mean values of sucrose content in both seasons and 
combined compared with the control . The present findings are in harmony with those obtained by [26], 
[10], [11], [15], [21] and [20] who reported that boron application increased sugar content .On the other hand, 
[23] and [27] reported that boron application did not affect root sugar content. Meanwhile, [24] found that 
application of B at highest level (1 kg/fed.) insignificantly increased sucrose percentage. 

 
Table 6: Effect of different boron concentrations and time of foliar application on sucrose, sugar molasses loss and 

recoverable sugar percentages of sugar beet 
 

Concentration of 
Boron (B) 

Time of  Foliar Application (A) 

Sucrose (%) Sugar molasses loss (%) Recoverable sugar (%) 

   

1
s
 2

nd
 1

st
 2

nd
 1

st
 2

nd
 

A1 A2 A1 A2 A1 A2 A1 A2 A1 A2 A1 A2 

B1 16.71 16.71 16.62 16.62 2.43 2.43 2.44 2.44 13.67 13.67 13.69 13.69 

B2 16.82 17.06 16.80 16.94 2.15 2.03 2.14 2.10 14.07 14.38 14.06 14.24 

B3 17.10 17.31 17.11 17.38 1.96 1.79 2.11 1.93 14.29 14.91 14.49 14.84 

B4 17.30 18.06 17.39 18.35 1.85 1.63 1.97 1.89 14.85 15.86 14.82 15.87 

B5 17.09 18.60 17.85 18.10 1.77 1.49 1.84 1.77 15.32 16.36 15.42 16.73 

B6 17.99 17.79 18.80 17.80 1.69 1.40 1.80 1.41 15.71 15.79 16.41 15.79 

LSD0.05 

A N.S N.S 0.14 N.S N.S N.S 

B 0.97 0.93 0.21 0.16 0.48 0.86 

AXB N.S N.S N.S N.S N.S N.S 

N.S: Not significant 

 
Regarding of sugar loss percentage, increasing the concentrations of boron fertilization from 0.00 to 

0.25 g B\L gave the lowest sugar molasses 1.542g with a decrease of 36.46% in the first season but in the 
second season and combined analysis gave significant lowest sugar molasses 1.600 and 1.571g corresponding 
to decrease of 34.37 and 35.4 % respectively. On the other hand, decrease the concentrations of boron to 0.00 
g B\L resulted in the highest mean values of sugar molasses in both seasons and combined analysis. The 
decrease in sucrose loss to molasses accompanying higher boron rates may be due to the decrease in 
impurities in terms of Na, K and a-amino nitrogen content in beet roots. These results were in line with those 
findings by [10] who clarified that increasing the concentration of boron significantly decreased sugar 
molasses. 

 
Concerning recoverable sugar percentage, increasing the concentrations of boron fertilization from 

0.00 to 0.25 g B\L gave the highest root recoverable sugar 15.835% with an increase of 15.82% at 
(concentration 0.25g B/L) in the first season but in the second season and combined analysis gave significant 
highest recoverable sugar 16.100% (at 0.25g B/L) and 15.954% (at 0.20g B/L), corresponding to an increase of 
17.62 % and 14.43 %, respectively compared with the control. On the other hand, decrease the concentrations 
of boron to 0.00 g B\L resulted in the lowest mean values of recoverable sugar in both seasons and combined 
analysis. The increase in recovery sugar percentage may be due to the increase in sucrose percentage and 
the decrease in impurities in terms of Na, K and a-amino nitrogen percentage. This is in general agreement 
with the work done by some investigators among them [29], [30] and [31]. 

 
Root, top and sugar yields 
 

Significant differences (P ≤ 0.05) were observed between boron treatments applied on root yield in 
the first season, top yield and sugar yield in the two seasons expect root yield in second season. While, 
insignificant differences (P ≤ 0.05) were observed between the two times of foliar application on root yield, 
sugar yield and significantly on top yield in the first season. The interaction between concentrations of boron 
and time of foliar application had no significance. The results in Table (7) revealed that, increasing the 
concentrations of boron fertilization from 0.00 to 0.25 g B\L gave the highest root yield per feddan 42.050 
tones with an increase of 54.11% in the first season but for the combined analysis gave significant highest root 
yield per feddan, 46.854 tones with an increase of 42.39 % in root yield per feddan as compared with the 
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control. On the other hand, decrease the concentrations of boron to 0.00 g B\L resulted in the lowest mean 
values of root yield per feddan in both seasons and combined analysis. The increase in root yield 
accompanying boron foliar application is due to the increase in root length, root diameter and mean root 
weight as mentioned before. These results are in harmony with those obtained by [22], [9], [10], [11], [12], 
[32], [21] and [13]. 

 
Table 7: Effect of different boron concentrations and time of foliar application on root, top and sugar yields of sugar beet 

 

Concentration of 
Boron (B) 

Time of  Foliar Application (A) 

Root yield (ton/fed.) Top yield (ton/fed.) Sugar yield (ton/fed.) 

   

1
st

 2
nd

 1
st

 2
nd

 1
st

 2
nd

 

A1 A2 A1 A2 A1 A2 A1 A2 A1 A2 A1 A2 

B1 27.29 27.29 38.63 38.63 8.16 8.16 12.00 12.00 4.55 4.55 6.45 6.45 

B2 27.94 32.72 39.33 40.32 8.54 9.47 12.10 18.19 4.69 5.58 6.65 6.83 

B3 29.81 37.32 42.67 47.63 9.15 10.97 16.41 20.44 5.12 6.46 7.32 8.30 

B4 31.50 40.13 44.26 50.72 10.97 11.63 15.38 20.40 5.45 7.24 7.62 9.26 

B5 31.88 41.07 46.41 52.41 9.75 9.85 16.04 20.63 5.70 7.66 8.29 10.04 

B6 35.54 48.57 47.35 55.97 12.19 12.19 17.35 22.97 6.42 8.62 8.86 9.99 

LSD0.05 

A N.S N.S N.S 1.95 N.S N.S 

B 5.39 N.S 1.82 2.68 1.00 1.54 

AXB N.S N.S N.S N.S N.S N.S 

N.S: Not significant 
 

Regarding of top yield, increasing the concentrations of boron fertilization from 0.00 to 0.25 g B\L 
gave the highest top yield per feddan, 12.190 tones with an increase of 49.42 % in the first season but in the 
second season and combined analysis gave significant highest top yield per feddan 20.157 and 16.173 tones 
corresponding to an increase of 67.97% and 60.46%, respectively as compared with the control. On the other 
hand, decrease the concentrations of boron to 0.00 g B\L resulted in the lowest mean values of top yield per 
feddan in both seasons and combined analysis. The positive   effect  of  boron  on  top  yield  per  feddan  
could  be explained  according  to the fact that Boron  is essential  for  the formation  of  new cells in 
meristems and  consequently  favor leaf  formation. These results are in accordance with those obtained by 
[9], [10], [11], [12], [32], [21] and [13].   

 
Concerning sugar yield, increasing the concentrations of boron fertilization from 0.00 to 0.25 g B\L 

gave the highest sugar yield per feddan, 7.516 tones with an increase of 65.17 % in the first season but in the 
second season and combined analysis gave significant highest sugar yield per feddan, 9.422 tones and 8.469 
tones corresponding to an increase of 46.14% and 54.01%, respectively as compared with the control. On the 
other hand, decrease the concentrations of boron to 0.00 g B\L resulted in the lowest mean values of sugar 
yield per feddan in both seasons and combined analysis. Such effect of high boron rate may attributed to the· 
increase in sucrose and recoverable sugar percentages as well as roots yield. These results in general go in 
line with those obtained by some investigators among them: [26], [10], [11], [12], [15], [32], [21] and [13] 
However, [33] found that root and sugar yields were increased by increasing boron fertilizer up to 0.3 Kg/da. 
Supporting results revealed insignificant differences of foliar application times on root yield and top yield 
were obtained by [21] who reported that dates of spraying were not significantly different in top yield per 
feddan. Also, [20] who reported that dates of spraying were not significantly different varied on root yield per 
feddan. 

CONCLUSIONS 
 

Application of boron rates showed significant increase for most traits under study, the increasing  of 
boron fertilizer up to (0.20 ) g/L resulting in the highest recoverable sugar  in the first season thus lead to 
increase sugar yield. Sucrose, recoverable sucrose and juice purity percentages were also increased by adding 
high level of boron rate. Such increases of these traits due to adding high level of boron might be attributed to 
decrease of Na, K and alpha amino nitrogen uptake in root juice.  As for the effect of time of foliar application, 
the applied reminder 5 rates of boron fertilizer at 80 and 110 day after sowing showed comparable values for 
the most studied traits. The significant interactions between the two investigated variables during the two 
seasons are mostly for the traits under the study. 
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