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ABSTRACT: Two field experiments were carried out in Senouris, Fayoum Governorate, 
Egypt (latitude of 30.82o N and longitude of 29.40o E) in 2014/2015 and 2015/2016 seasons to 
find out the optimal sowing date, methanol and boron fertilization levels to get the highest yield 
and quality of sugar beet. This work included two sowing dates (15th September and 15th 
October), three foliar concentrations of methanol (0, 10 and 20 %) and three foliar 
concentrations of boron (0, 0.5 and 1.0 g boric acid "17%B"/l). At each sowing date, the nine 
combinations of methanol and boron levels were randomly distributed in a randomized 
complete block design with three replications. Thereafter, a combined analysis between the two 
sowing dates was done. Sugar beet Sara multi-germ variety was sown in both seasons.  
The results revealed that sugar beet sown earlier on the 15th of September over-passed that 
planted on 15 October in root length, diameter and fresh weight/plant, leaf area index (LAI), net 
assimilation rate (NAR), photosynthetic pigments, polyphenol, sucrose%, extractable sugar% 
(ES), purity% and top, root and sugar yields/fed, while Na, K, α-amino nitrogen, fiber and sugar 
lost to molasses% (SLM) were decreased. 
Spraying methanol at 20% and/or boron at 1.0 g boric acid/l led to significant increments in root 
length, diameter and fresh weight/plant, LAI, NAR, photosynthetic pigments, polyphenol%, 
sucrose%, ES%, purity% as well as top, root and sugar yields/fed, while Na, K and α-amino N 
contents, fiber% and SLM% were significantly decreased in both seasons.  
The combination between sowing on 15 September and raising concentration of the sprayed 
methanol solution to 10 and 20% attained the highest root length, LAI, NAR, chlorophyll "a", 
carotenoids and yields of top and root compared to sowing on 15 October in both seasons, as 
well as root fresh weight/plant and chlorophyll "b" in the 1st season only, and sucrose%, ES% 
and sugar yield/fed in the 2nd one.  
The interaction between sowing dates and boron significantly affected SLM%, purity%, Na 
content and root yield, in the 1st season, as well as root length and fresh weight/plant, 
chlorophyll a, fiber%, α-amino N and top yield/fed, in the 2nd one. Purity%, LAI, NAR and 
polyphenol were significantly influenced by the interaction between methanol and boron levels 
in the 1st season, as well as chlorophyll "b", Na and K contents, in both seasons. 
Based upon the obtained results, sowing sugar beet earlier on the 15th of September, sprayed 
with 20% methanol and 1.0 g boric acid/l can be recommended to attain the highest root and 
sugar yields/fed as well as the best juice quality characteristics under conditions of the present 
work. 
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INTRODUCTION 

Since 2014 sugar beet (Beta vulgaris, 
var. saccharifera) has become the main 
source for sugar production in Egypt due to 
the expansion of its area in a wide range of 

soils, i.e. saline, 2Talkaline and calcareous. 
Nowadays, it occupies 2Tan important position 
among winter crops in the Egyptian crop 
rotation2T. Greater biomass of plant depends 
on the supply with environmental factors 
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such as water, air temperature and carbon 
dioxide concentration in the canopy (Zbieć 
et al., 2003). The suitable sowing date of 
sugar beet in each region is influenced by 
the preceding crop, climate of the region, the 
convention contracted between farmers and 
sugar factory, in addition to the sown variety 
(Leilah et al. 2005). Osman et al. (2007) 
indicated that the earlier sowing date on 
September 15th significantly attained the 
highest total soluble solids, sucrose and 
purity percentages, while juice impurities% 
was significantly reduced. Mosa (2009) 
revealed that early sowing sugar beet on 15 
September increased root dimensions, 
sucrose and purity percentages, while 
impurities% and sugar lost to molasses% 
were decreased. Also, yields of top, root and 
sugar were gradually decreased due to 
delaying sowing. Hemayati et al. (2012) 
showed that the highest root and white 
sugar yields were obtained by early sowing 
in September compared to delaying sowing. 
Ilkaee et al. (2016) reported that varying 
sowing date significantly affected root sugar 
%. 

 

Little attention has been directed for the 
role of carbon fixation in higher plants. 
Today, in order to achieve this goal, 
compounds such as methanol are sprayed 
to increase crop capability in CO2 fixation 
per unit area. Benson and Nonomura (1992) 
and Zbiec et al. (2003) found that methanol 
application had increased root yield by 23% 
compared to zero application (control). They 
added that the application of methanol at 20-
30% (v/v) increased root yield by 10%. Abd 
El-Maged et al. (2004) found that sugar beet 
plants treated with methanol increased 
photosynthesis and yields of roots and 
sugar. Nadali et al. (2010) indicated that the 
application of 21% methanol solution 
increased fresh weights of root and leaf as 
well as sugar yield. However, foliar 
application of 14% methanol resulted in a 
maximum white sugar yield. Abido (2012) 
indicated that foliar application of 30% 
methanol solution led to significant 
increases in length and diameter of roots, 

foliage and root fresh weights, total 
chlorophyll, leaf area/plant, sucrose%, 
purity% and yields of root, top and sugar. On 
the contrary, Khazaei et al. (2015) found that 
foliar application of methanol with 0 and 
20% had insignificant effect on any 
measured traits of sugar beet.  

 

The requirement of boron for plant 
growth was first discovered in the beginning 
of the 20th century, and nowadays it is widely 
known that boron is an essential element for 
all vascular plants whose deficiency or 
toxicity causes impairments in several 
metabolic and physiological processes 
(Nable et al., 1997 and Blevins and 
Lukaszewski, 1998). Root dimensions, root 
fresh weight, sucrose %, purity% and root, 
top and sugar yields were significantly 
increased by increasing boron levels up to 2 
kg/acre (Gobarah and Mekki, 2005). 
Dordas et al. (2007) reported that foliar 
application of 0.5 kg B/ha increased B 
concentration in leaves of sugar beet and 
hence led to the best quality and yields. 
Mohammad and Mohammad (2011) 
mentioned that spraying beets with 12% 
boric acid led to achieve a significant 
increase in yield and quality. Also, Abido 
(2012) cleared that increasing the 
application of boron significantly improved 
root yield and quality attributes of sugar 
beet. Armin and Asgharipour (2012) found 
that increasing boron levels up to 1.22 kg 
B/ha led to increases in root yield and 
sucrose%, while K, Na, α-amino-N, while 
molasses sugar were decreased compared 
to the control. El-Geddawy and Makhlouf 
(2015) found that increasing boron levels up 
to 210 ppm caused significant increases in 
length, diameter and fresh weight of roots, 
sucrose%, purity%, yields of root, top and 
sugar/fed and boron content in root. 

 

This work was conducted to find out the 
optimal sowing dates, methanol and boron 
levels to attain the maximum root and sugar 
yields with the best quality traits of sugar 
beet crop grown. 
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MATERIALS AND METHODS 
Two field experiments were conducted in 

Senouris, Fayoum Governorate, Egypt 
(latitude of 30.82o N and longitude of 29.40o 

E) in 2014/2015 and 2015/2016 seasons to 
find out the optimal sowing date, methanol 
and boron fertilization levels to get the 
highest yield and quality of sugar beet. This 
work included two sowing dates (15th 
September and 15th October), three foliar 
concentrations of methanol (0, 10 and 20%) 
and three foliar concentrations of boron (0, 
0.5 and 1.0 g boric acid"17% B"/l). Each 
solution of methanol contained 0.2% glycine 
to avoid the probability of methanol toxicity 
according to Nonomura and Benson (1992). 
Methanol solution was sprayed on sugar 
beet foliage three times. The 1st dose was 
applied after 60 days from sowing, while the 
other two ones were applied at 15-day 
intervals. Boron levels were sprayed with the 
last methanol application. The volume of 
each solution was 300 l/fed "fed-1=0.42 ha-1". 
At each sowing date, the nine combinations 
of methanol and boron levels were randomly 
distributed in a randomized complete block 
design with three replications. Thereafter, a 
combined analysis between the two sowing 
dates was done. Plot area was 21 m2 

including 6 ridges of 50 cm in width; which 

were 7 m in length, where beet seeds were 
sown in hills of 20 cm. Sugar beet Sara 
multi-germ variety was sown in both 
seasons. The preceding summer crop was 
sorghum in both seasons. Recommended 
doses of NPK were added. Nitrogen fertilizer 
was applied at 80 kg N/fed as urea (46.5% 
N) in two equal doses, after thinning and 
month later. Phosphorus fertilizer was 
applied in form of calcium superphosphate 
(15% P2O5) at 30 kg P2O5/fed during 
seedbed preparation, whereas potassium 
fertilizer was added at 24 kg K2O/fed in form 
of potassium sulphate (48% K2O) with the 
2nd nitrogen dose. Harvesting took place 210 
days after sowing in both seasons. The rest 
of agricultural practices were followed as 
recommended by Sugar Crops Research 
Institute.  

 

Soil samples were taken at random from 
the experimental sites at a depth of 0-30 cm 
from soil surface. The analyses of soil 
samples are presented in Table 1, which 
were done according to Piper (1950), 
Chapman and Pratt (1961), Jackson (1967), 
Markus et al. (1982) and Soltanpour (1991). 
Some metrological data of the experimental 
sites are presented in Table 2. 

 
Table 1: Soil physical and chemical properties of the experimental sites 
 

Seasons 
Particle size distribution 

Soil texture 
EC 

(dsm-1) 

pH 

(1:2.5) 
SP% 

Sand % Silt % Clay % 

2014/15 24.1 36.6 39.3 Clay loam 3.43 8.31 70.0 

2015/16 25.5 37.6 36.9 Clay loam 3.71 8.29 60.0 

Seasons 
Soluble cations (mq l-1) Soluble ions (mq l-1) B 

ppm 

Available nutrients 

(mg/1kg soil)) 

Ca++ Mg++ Na+ K+ HCO3
- Cl- SO4

-- N P K 

2014/15 9.8 5.55 18.3 0.65 2.5 26.1 5.7 0.022 52.3 5.17 142 

2015/16 11.3 5.64 19.7 0.42 2.8 29.2 5.1 0.038 54.6 5.42 148 
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Table 2: Some metrological data of the experimental sites. 
 

Months 

2014/2015 2015/2016 

Air 
temperature oC Relative 

humidity % 

Air 
temperature oC Relative 

humidity % 
Max. Min. Max. Min. 

September 38.4 24.4 45.9 37.7 23.4 47.0 

October 34.8 21.5 47.7 32.7 20.7 57.0 

November 29.3 17.2 45.4 26.9 15.7 46.0 

December 26.1 12.6 45.8 21.6 9.9 64.7 

January 22.5 10.3 45.9 19.6 8.3 60.3 

February 23.6 10.5 49.0 24.4 10.4 54.0 

March 28.8 14.9 47.9 27.3 13.1 43.3 

April 32.8 15.7 45.0 33.5 16.5 38.3 

May 37.9 21.9 46.6 35.4 18.1 42.1 
 

Source: Agro-meteorological Station, Agric. Res. Center, Giza, Egypt. 
 

The recorded data: 
Ten plants were taken at random from 

the guarded ridges of each plot during the 
growth period, after 20 days from the last 
foliar application to determinate the following 
traits: 
1. Leaf area index (LAI) was determined 

using the disk method, using 10 disks of 
1.0 cm diameter according to the method 
described by Watson (1958) and then the 
following equation was used: 
LAI = leaf area per plant (cm2) / plant 
ground area (cm2). 
 

2. Net assimilation rate (NAR) was 
measured according to the method 
shown by Radford`s (1967) using the 
following equation: 

 

NAR=
))((

)log)(log(

1212

1212

AATT
AAWW ee

−−
−−  g/m2/day 

Where: W 1, A1 and W 2, A2, respectively 
refer to dry weight and leaf area of plant 
at sampling time T1 and T2. (30-day 
interval). 
 

3. Photosynthetic pigments were determined 
in the fresh leaves according as shown 
by Wettestien (1957) using the following 
equations: 

Chl. "a" mg/g.f.w. = 9.684 (A 662) – 0.99    
(A 644). 

Chl. "b" mg/g.f.w. = 21.426 (A 644) – 4.65  
(A 662). 

Carot.    mg/g.f.w. = 4.695 (A 440) – 0.268   
( chl. "a" + chl. "b").  

Where; chl. "a", "b" and carot. = 
concentrations of chlorophylls "a", "b" 
and carotenoids, respectively, and A = 
optical density at the wave length 
indicated. 

 

At harvest, ten plants were taken at 
random from the guarded ridges of each plot 
to determine the following characteristics:  
1. Root length (cm).  
2. Root diameter (cm).  
3. Root fresh weight (g/plant). 
4. Sucrose % was determined as reported 

by Le Docte (1927). 
5. Purity % was calculated according to the 

equation of Deviller (1988) as follows: 
Purity % = 99.36 – [14.27 (Na + K +           

α–amino N) / sucrose%]. 
6. Sugar lost to molasses (SLM) was 

calculated according to the equation of 
Deviller (1988) as follows: 

 

SLM = 0.14 (Na+K) + 0.25 (α–amino N)+ 0.5 
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7. Extractable sugar% (ES%) was calculated 
according to Dexter et al. (1967) as 
follows: ES%= sucrose % – SLM – 0.6 

8. Potassium, sodium and α-amino N 
concentrations of juice were determined 
in Fayoum Sugar Company Laboratories. 

9. The concentration of phenolics in leaves 
extracts was determined using 
spectrophotometric method (Singleton et 
al., 1999). 

10. Crude fiber was determined as 
described in A.O.A.C. (2005). 
 
Plants of each plot were uprooted, 

topped, cleaned and weighed to determine 
the following parameters: 
1. Root yield (ton/fed).  
2. Top yield (ton/fed).  
3. Sugar yield (ton/fed) =  

extractable sugar% x root yield (ton/fed). 
 
Statistical analysis: 

The collected data were statistically 
analyzed as illustrated by Snedecor and 
Cochran (1981). Least Significant Difference 
(LSD) was used to compare the differences 
between means at 5% level of probability as 
mentioned by Waller and Duncan (1969). 

 
RESULTS AND DISCUSSION 
A. Agronomical and physiological 

criteria: 
1. Root length, root diameter and root 

fresh weight/plant:   
Results in Table 3 clear that sugar beet 

sown earlier on September 15th significantly   
surpassed   that   planted   later on October 
15th in root length, diameter and fresh 
weight/plant, in both seasons. The 
superiority of planting sugar beet on 15th 
September with respect to root fresh weight 
may be due to favorable weather conditions 
during the growing season, which ensured 
rapid growth and formation a good canopy 
of beet plants, reflected on an efficient 
photosynthesis and hence resulted in 
maximum growth and storage of dry matter 
in roots. These results are in harmony with 
those obtained by Mosa (2009). 

Regarding methanol effect, data in Table 
3 pointed a significant and positive response 
of these traits to the sprayed methanol 
levels. These results are in line with those 
confirmed by Nadali et al. (2010) and Abido 
(2012). Increasing the concentration of 
methanol solution to 20% caused an 
increase in root length amounted to 2.52 
and 2.84 cm, corresponding to 1.94 and 
0.62 cm in root diameter as well as 259 and 
120 g in root fresh weight/plant, in the 1st 
and 2nd season, respectively, compared to 
the check treatment. These increments may 
be due to the effect of methanol in 
increasing photosynthesis with delaying leaf 
senescence and affecting rate of ethylene 
production, which finally participated in 
increasing root size.  

 

Data in Table 3 show that the gradual 
increase in the sprayed concentrations of 
boron on sugar beet foliage up to 1.0 g boric 
acid/l significantly increased root dimensions 
as well as root fresh weight/plant. These 
observations were true in both seasons. The 
positive effect of boron may be due to its 
effective role in cell elongation of root. 
These results are in harmony with those 
obtained by Gobarah and Mekki (2005) and 
El-Geddawy and Makhlouf (2015). 

Regarding the 1st order interaction effects 
between the studied factors, results in Table 
3 pointed out that root length was 
significantly influenced by the interaction 
between sowing dates and methanol 
concentrations in both seasons. The same 
interaction had a significant effect on root 
fresh weight/plant, in the 1st season only. 
The interaction between sowing dates and 
boron concentrations significantly affected 
both root length and fresh weight in the 2nd 
season. It was generally noticed that sowing 
sugar beet earlier on 15 September 
combined with raising the concentration of 
the sprayed solution of each of methanol 
and boron resulted in higher values of root 
length and fresh weight. 
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Table 3: Root length, diameter and fresh weight/plant of sugar beet as affected by 
sowing date, methanol and boron foliar application in 2014/2015 and 2015/2016 
seasons 

Treatments 
Root length (cm) 

2014/2015 2015/2016 
Sowing 
dates 

Methanol 
levels 

Boron levels (g boric acid/l) 
0 0.5 1.0 Mean 0 0.5 1.0 Mean 

15th 
September 

0 23.67 24.67 26.67 25.00 22.89 24.00 26.22 24.37 
10 % 25.00 26.78 28.11 26.63 23.11 24.78 26.67 24.85 
20 % 25.11 26.33 28.56 26.67 24.83 26.78 29.22 26.95 

Mean 24.59 25.93 27.78 26.10 23.61 25.19 27.37 25.39 

15th  
October 

0 20.11 22.11 24.78 22.33 20.89 22.89 23.33 22.37 
10 % 22.67 23.11 25.89 23.89 21.67 25.33 25.56 24.19 
20 % 23.67 25.33 28.11 25.70 23.78 25.45 27.22 25.48 

Mean 22.15 23.52 26.26 23.98 22.11 24.56 25.37 24.01 
Methanol  

x  
Boron 

0 21.89 23.39 25.72 23.67 21.89 23.45 24.78 23.37 
10 % 23.83 24.94 27.00 25.26 22.39 25.06 26.11 24.52 
20 % 24.39 25.83 28.33 26.19 24.31 26.11 28.22 26.21 

Mean 23.37 24.72 27.02  22.86 24.87 26.37  
LSD at 0.05 level for: 
Sowing dates (A) 0.36 A x C NS A 0.43 A x C 0.75 
Methanol levels (B) 0.44 B x C NS B 0.53 B x C NS 
Boron levels (C) 0.44 AxBxC NS C 0.53 AxBxC NS 
A x B 0.63   A x B 0.75   

 Root diameter (cm) 

15th 
September 

0 11.00 11.44 12.45 11.63 10.78 11.67 11.92 11.46 
10 % 11.44 12.56 13.33 12.44 11.67 12.00 12.29 11.99 
20 % 12.44 13.67 13.67 13.26 11.56 12.11 12.45 12.04 

Mean 11.63 12.56 13.15 12.44 11.33 11.93 12.22 11.83 

15th  
October 

0 9.07 9.68 10.57 9.77 9.89 10.00 10.44 10.11 
10 % 10.23 11.01 11.68 10.97 9.89 10.67 11.14 10.57 
20 % 11.68 12.01 12.57 12.09 10.11 10.72 11.42 10.75 

Mean 10.33 10.90 11.60 10.94 9.96 10.46 11.00 10.48 
Methanol  

x  
Boron 

0 10.03 10.56 11.51 10.70 10.33 10.84 11.18 10.78 
10 % 10.84 11.78 12.51 11.71 10.78 11.33 11.72 11.28 
20 % 12.06 12.84 13.12 12.67 10.83 11.42 11.94 11.40 

Mean 10.98 11.73 12.38  10.65 11.20 11.61  
LSD at 0.05 level for: 
Sowing dates (A) 0.32 A x C NS A 0.30 A x C NS 
Methanol levels (B) 0.39 B x C NS B 0.37 B x C NS 
Boron levels (C) 0.39 AxBxC NS C 0.37 AxBxC NS 
A x B NS   A x B NS   

 Root fresh weight (kg/plant) 

15th 
September 

0 0.951 1.007 1.057 1.005 0.750 0.927 0.997 0.891 
10 % 0.985 1.058 1.143 1.062 0.695 1.062 1.072 0.943 
20 % 1.167 1.223 1.280 1.223 0.876 1.037 1.162 1.025 

Mean 1.034 1.096 1.160 1.097 0.774 1.009 1.077 0.953 

15th  
October 

0 0.663 0.765 0.922 0.784 0.660 0.851 0.937 0.816 
10 % 0.842 0.913 0.980 0.912 0.798 0.950 0.940 0.896 
20 % 0.997 1.083 1.167 1.082 0.877 0.941 0.951 0.923 

Mean 0.834 0.921 1.023 0.926 0.778 0.914 0.943 0.878 
Methanol  

x  
Boron 

0 0.807 0.886 0.990 0.894 0.705 0.889 0.967 0.854 
10 % 0.914 0.986 1.062 0.987 0.747 1.006 1.006 0.920 
20 % 1.082 1.153 1.223 1.153 0.877 0.989 1.057 0.974 

Mean 0.934 1.008 1.092  0.776 0.961 1.010  
LSD at 0.05 level for: 
Sowing dates (A) 0.024 A x C NS A 0.037 A x C 0.064 
Methanol levels (B) 0.030 B x C NS B 0.045 B x C NS 
Boron levels (C) 0.030 AxBxC NS C 0.045 AxBxC NS 
A x B 0.042   A x B NS   
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2. Leaf area index (LAI) and net 
assimilation rate (NAR): 

Data in Table 4 clear that planting sugar 
beet earlier on 15 September significantly 
resulted in higher values of LAI and NAR 
than that sown on 15 October in the 1st and 
2nd seasons. The distinct effect of earlier 
sowing dates on these traits is mainly due to 
the favourable climatic conditions especially 
the temperature degree and light intensity 
which accelerated vegetative growth, 
formation of good canopy capable to 
increase photosynthesis process. These 
results were partially agreed with those 
reported by Mosa (2009). 

Increasing methanol concentrations from 
zero up to 20% led to significant, gradual 
and positive increases in LAI and NAR. 
These results could be referred to the role of 
methanol in delaying senescence of leaves 
and influencing ethylene production in plant, 
which may increase photosynthesis activity 
(Zbiec et al., 1999). 

 

There was a significant and continuous 
response in LAI and NAR with increasing 
the applied dose of boron fertilizer. Foliar 
spraying of boron at 1.0 g boric acid/l 
recorded the highest values of these traits, 
in the two growing seasons. The advantage 
of boron application may be due to the 
function of boron in increasing plant 
metabolism, development and growth 
(Abido, 2012).  

The interaction between sowing date and 
methanol application significantly affected 
LAI and NAR, in both seasons. Sowing 
sugar beet on 15 September achieved the 
highest values in LAI and NAR compared to 
sowing on 15 October, when plants were 
sprayed with 20% methanol solution in both 
seasons. The interaction between the levels 
of methanol and boron significantly affected 
LAI, in the 1st season and NAR, in the 2nd 
one. 

 
3. Photosynthetic pigments: 

Leaf  pigments  substances  refer  to  the 

contents of chlorophyll "a", "b" and 
carotenoids. Data in Table 5 affirmed that 
the sowing dates attained significant effects 
on chlorophyll "a" in both seasons, as well 
as chlorophyll "b" and carotenoids in the 1st 
season only. Results pointed out that earlier 
sowing of sugar beet on 15 September 
significantly increased the photosynthetic 
pigments. The increments in photosynthetic 
pigments accompanied the earlier planting 
might be ascribed to more suitable weather 
conditions in respect to temperature and 
light intensity, which assured better 
establishment and growth criteria. 

 

Significant effects on photosynthetic 
pigments were noticed, in both seasons 
(Table 5). Results showed that increasing 
methanol levels up to 20% led to significant 
increases in chlorophyll "a" and "b" as well 
as carotenoids. Benson and Nonomura 
(1992) explained that the stimulatory effect 
of methanol on the growth of plant biomass 
is based on the increase in chlorophyll 
pigments substance activity, which results in 
efficient use of photosynthesis for energy 
storage into biomass. 

Table 5 showed that increasing boron 
levels up to 1.0 g boric acid/l led to 
significant increases in chlorophyll "a" and 
"b" as well as carotenoids in both seasons. 
The advantage of boron application may be 
due to its important function in increasing 
plant metabolism, development and growth. 
These results are in line with those 
confirmed by Abido (2012). 

The interaction between sowing dates 
and methanol applications caused 
significant effects on chlorophyll "a" and 
carotinoids in both seasons. Raising 
methanol levels up to 20%, when sugar beet 
was planted on the 15th of September led to 
the highest chlorophyll "a" and "b" as well as 
carotinoids compared to sowing on 15 
October. Meantime, the combination 
between methanol and boron applications 
caused significant effects in the values of 
chlorophyll "b" in both seasons.  
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Table 4: Leaf area index and net assimilation rate as affected by sowing date, methanol 
and boron foliar application and their interactions in 2014/2015 and 2015/2016 
seasons 

Treatments 
Leaf area index (LAI) 

2014/2015 2015/2016 

Sowing 
dates 

Methanol 
levels 

Boron levels (g boric acid/l) 
0 0.5 1.0 Mean 0 0.5 1.0 Mean 

15th 
September 

0 3.30 3.39 3.67 3.45 2.84 3.47 3.79 3.37 
10 % 3.44 3.55 3.43 3.47 3.60 3.67 3.85 3.71 
20 % 3.64 3.60 3.76 3.67 3.69 3.86 3.93 3.83 

Mean 3.46 3.51 3.62 3.53 3.38 3.67 3.86 3.63 

15th  
October 

0 2.84 3.00 3.08 2.97 2.25 2.49 2.94 2.56 
10 % 3.22 3.33 3.42 3.32 3.01 3.21 3.47 3.23 
20 % 3.49 3.44 3.60 3.51 3.23 3.48 3.63 3.45 

Mean 3.18 3.26 3.37 3.27 2.83 3.06 3.35 3.08 
Methanol  

x  
Boron 

0 3.07 3.20 3.37 3.21 2.55 2.98 3.36 2.97 
10 % 3.33 3.44 3.42 3.40 3.31 3.44 3.66 3.47 
20 % 3.57 3.52 3.68 3.59 3.46 3.67 3.78 3.64 

Mean 3.32 3.38 3.49  3.10 3.36 3.60  
LSD at 0.05 level for: 
Sowing dates (A) 0.06 A x C NS A 0.14 A x C NS 
Methanol levels (B) 0.07 B x C 0.12 B 0.17 B x C NS 
Boron levels (C) 0.07 AxBxC NS C 0.17 AxBxC NS 
A x B 0.10   A x B 0.24   

 Net assimilation rate (g/m2/day) 

15th 
September 

0 3.10 3.11 3.24 3.15 3.32 3.51 3.63 3.49 
10 % 3.36 3.39 3.53 3.43 3.72 3.78 3.89 3.80 
20 % 3.52 3.75 3.89 3.72 3.85 3.88 4.14 3.96 

Mean 3.33 3.42 3.55 3.43 3.63 3.72 3.89 3.75 

15th  
October 

0 2.74 2.94 3.10 2.93 2.65 2.79 3.08 2.84 
10 % 2.99 3.04 3.58 3.20 3.23 3.34 3.45 3.34 
20 % 3.05 3.18 3.46 3.23 3.40 3.42 3.54 3.45 

Mean 2.93 3.06 3.38 3.12 3.09 3.18 3.36 3.21 
Methanol  

x  
Boron 

0 2.92 3.03 3.17 3.04 2.98 3.15 3.36 3.16 
10 % 3.18 3.22 3.55 3.32 3.48 3.56 3.67 3.57 
20 % 3.28 3.47 3.67 3.48 3.63 3.65 3.84 3.71 

Mean 3.13 3.24 3.46  3.36 3.45 3.62  
LSD at 0.05 level for: 
Sowing dates (A) 0.09 A x C NS A 0.04 A x C NS 
Methanol levels (B) 0.11 B x C NS B 0.05 B x C 0.09 
Boron levels (C) 0.11 AxBxC NS C 0.05 AxBxC NS 
A x B 0.16   A x B 0.07   
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Table 5: Photosynthetic pigments as affected by sowing date, methanol and boron foliar 
application and their interactions in 2014/2015 and 2015/2016 seasons 

Treatments Chlorophyll "a" (mg/g.f.w) 
2014/2015 2015/2016 

Sowing 
dates 

Methanol 
levels 

Boron levels (g boric acid/l) 
0 0.5 1.0 Mean 0 0.5 1.0 Mean 

15th 
September 

0 4.26 4.30 4.45 4.34 3.72 3.74 4.47 3.98 
10 % 4.73 4.88 5.34 4.98 4.80 4.87 5.00 4.89 
20 % 5.59 5.66 5.78 5.68 5.32 5.50 5.87 5.56 

Mean 4.86 4.95 5.19 5.00 4.61 4.70 5.11 4.81 

15th  
October 

0 2.92 3.12 3.35 3.13 3.06 3.37 3.46 3.30 
10 % 3.97 4.10 4.18 4.08 4.39 4.49 4.59 4.49 
20 % 4.22 4.23 4.40 4.28 4.65 4.66 4.83 4.71 

Mean 3.70 3.82 3.98 3.83 4.03 4.17 4.29 4.17 
Methanol  

x  
Boron 

0 3.59 3.71 3.90 3.74 3.39 3.55 3.97 3.64 
10 % 4.35 4.49 4.76 4.53 4.59 4.68 4.80 4.69 
20 % 4.91 4.95 5.09 4.98 4.99 5.08 5.35 5.14 

Mean 4.28 4.38 4.58  4.32 4.44 4.70  
LSD at 0.05 level for: 
Sowing dates (A) 0.16 A x C NS A 0.10 A x C 0.17 
Methanol levels (B) 0.19 B x C NS B 0.12 B x C NS 
Boron levels (C) 0.19 AxBxC NS C 0.12 AxBxC NS 
A x B 0.27   A x B 0.17   

 Chlorophyll "b" (mg/g.f.w) 

15th 
September 

0 1.85 2.27 2.51 2.21 1.98 2.68 2.87 2.51 
10 % 2.81 3.05 3.25 3.04 2.77 3.03 3.12 2.97 
20 % 3.16 3.26 3.64 3.35 2.93 3.04 3.21 3.06 

Mean 2.61 2.86 3.13 2.87 2.56 2.92 3.07 2.85 

15th  
October 

0 1.52 1.81 2.04 1.79 2.00 2.24 2.72 2.32 
10 % 2.26 2.55 2.73 2.51 2.33 2.54 2.67 2.51 
20 % 2.59 2.51 2.95 2.68 2.46 2.78 2.96 2.74 

Mean 2.12 2.29 2.57 2.33 2.26 2.52 2.79 2.52 
Methanol  

x  
Boron 

0 1.69 2.04 2.27 2.00 1.99 2.46 2.80 2.41 
10 % 2.53 2.80 2.99 2.77 2.55 2.79 2.90 2.74 
20 % 2.87 2.88 3.29 3.02 2.70 2.91 3.09 2.90 

Mean 2.36 2.57 2.85  2.41 2.72 2.93  
LSD at 0.05 level for: 
Sowing dates (A) 0.05 A x C NS A NS A x C NS 
Methanol levels (B) 0.06 B x C 0.10 B 0.11 B x C 0.20 
Boron levels (C) 0.06 AxBxC NS C 0.11 AxBxC NS 
A x B 0.08   A x B NS   

 Carotenoids (mg/g.f.w) 

15th 
September 

0 0.88 0.91 1.05 0.95 1.19 1.33 1.53 1.35 
10 % 1.32 1.36 1.82 1.50 1.52 1.58 1.72 1.61 
20 % 1.95 2.13 2.25 2.11 1.97 2.16 2.33 2.15 

Mean 1.38 1.47 1.71 1.52 1.56 1.69 1.86 1.70 

15th  
October 

0 0.93 1.10 1.47 1.17 0.87 1.07 1.18 1.04 
10 % 0.96 1.08 1.57 1.20 1.16 1.18 1.30 1.21 
20 % 1.47 1.57 1.62 1.55 1.48 1.56 1.71 1.58 

Mean 1.12 1.25 1.55 1.31 1.17 1.27 1.39 1.28 
Methanol  

x  
Boron 

0 0.91 1.01 1.26 1.06 1.03 1.20 1.35 1.19 
10 % 1.14 1.22 1.69 1.35 1.34 1.38 1.51 1.41 
20 % 1.71 1.85 1.93 1.83 1.72 1.86 2.02 1.87 

Mean 1.25 1.36 1.63  1.36 1.48 1.63  
LSD at 0.05 level for: 
Sowing dates (A) 0.17 A x C NS A NS A x C NS 
Methanol levels (B) 0.21 B x C NS B 0.08 B x C NS 
Boron levels (C) 0.21 AxBxC NS C 0.08 AxBxC NS 
A x B 0.30   A x B 0.11   
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4. Fiber content in roots and poly 
phenol in leaves: 
Results in Table 6 pointed out that earlier 

sowing of sugar beet on 15 September 
significantly increased polyphenols in leaves 
in the 1st season as well as significantly 

reduced fiber in roots in both seasons, 
compared to that sown one month later. The 
favorable results of root fiber may be 
attributed to the suitable weather conditions 
during growing season.  

 

Table 6: Fiber in roots and poly phynol in leaves as affected by sowing date, methanol 
and boron foliar application and their interactions in 2014/2015 and 2015/2016 
seasons 

Treatments 
Fiber in roots % 

2014/2015 2015/2016 
Sowing 
dates 

Methanol 
levels 

Boron levels (g boric acid/l) 
0 0.5 1.0 Mean 0 0.5 1.0 Mean 

15th 
September 

0 6.60 6.13 5.70 6.14 5.83 5.55 5.49 5.62 
10 % 5.95 5.88 5.43 5.76 5.57 5.33 5.31 5.40 
20 % 5.67 5.64 5.29 5.53 5.39 5.26 5.23 5.29 

Mean 6.07 5.89 5.47 5.81 5.60 5.38 5.34 5.44 

15th  
October 

0 5.46 5.42 5.08 5.32 5.48 5.11 5.07 5.22 
10 % 5.35 5.29 4.94 5.19 5.41 5.05 5.02 5.16 
20 % 5.19 4.89 4.64 4.91 5.36 5.00 4.98 5.11 

Mean 5.33 5.20 4.89 5.14 5.41 5.05 5.02 5.16 
Methanol  

x  
Boron 

0 6.03 5.78 5.39 5.73 5.65 5.33 5.28 5.42 
10 % 5.65 5.59 5.18 5.47 5.49 5.19 5.17 5.28 
20 % 5.43 5.27 4.97 5.22 5.37 5.13 5.10 5.20 

Mean 5.70 5.54 5.18  5.51 5.22 5.18  
LSD at 0.05 level for: 
Sowing dates (A) 0.06 A x C NS A 0.04 A x C 0.07 
Methanol levels (B) 0.07 B x C NS B 0.05 B x C NS 
Boron levels (C) 0.07 AxBxC NS C 0.05 AxBxC NS 
A x B 0.10   A x B 0.07   

 Poly phenol in leaves % 

15th 
September 

0 3.10 3.55 3.94 3.53 3.88 4.03 4.05 3.99 
10 % 3.48 3.70 4.05 3.74 4.37 4.55 5.15 4.69 
20 % 3.59 3.84 4.24 3.89 4.82 5.56 5.97 5.45 

Mean 3.39 3.70 4.07 3.72 4.36 4.71 5.06 4.71 

15th  
October 

0 2.53 2.93 3.20 2.88 3.11 3.22 3.43 3.25 
10 % 2.74 2.99 3.38 3.04 3.37 3.68 3.71 3.59 
20 % 2.95 3.22 3.52 3.23 3.23 3.79 3.86 3.63 

Mean 2.74 3.04 3.36 3.05 3.24 3.56 3.67 3.49 
Methanol  

x  
Boron 

0 2.82 3.24 3.57 3.21 3.49 3.63 3.74 3.62 
10 % 3.11 3.35 3.71 3.39 3.87 4.12 4.43 4.14 
20 % 3.27 3.53 3.88 3.56 4.02 4.67 4.92 4.54 

Mean 3.07 3.37 3.72  3.80 4.14 4.36  
LSD at 0.05 level for: 
Sowing dates (A) 0.03 A x C NS A NS A x C NS 
Methanol levels (B) 0.04 B x C 0.07 B 0.43 B x C NS 
Boron levels (C) 0.04 AxBxC NS C 0.43 AxBxC NS 
A x B NS   A x B NS   
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Methanol and boron application 
significantly affected fiber and polyphenols 
percentages. The highest doses of methanol 
and/or boron applications increased 
polyphenol% in leaves and decreased 
fiber% in roots, in both seasons. 

 

Worthy mention that the recoded fiber% 
was generally considered in the normal 
range of root fiber content, whereas sugar 
beet root contains about 75% water, 18% 
sugar and approximately 5% cell walls, the 
fiber includes three main fractions, pectins, 
cellulose and arabinose polymers. These 
findings coincided with those of Chaitanya et 
al. (2014), who noticed very close 
correlation among pectin sugars, primary 
cell walls and boron nutrition. The gradual 
increase in polyphenol ratio indicates that 
sugar beet plants were healthy under 
different concentrations of boron and 
methanol. These findings could be related to 
the fundamental role of natural antioxidants 
in general biological cells. In this respect, 
Larson (1988) reported that poly phenol is 
especially common in leaves, which is 
important in plants for normal growth and 
defense against infection and injury. 

 

The interaction between sowing date and 
methanol application had a significant effect 
on fiber% in both seasons, while the 
interaction between sowing date and boron 
application significantly affected fiber% in 
the 2nd season only. Furthermore, the 
highest values of polyphenol were recorded 
by the foliar application of 20% methanol 
solution and 1 g boric acid/l in the 1st season 
compared to the lower application levels. 
 
B. Juice quality and chemical 

constituents: 
1. Sodium, potassium and alpha 

amino-N concentrations: 
Data in Table 7 showed that sowing date 

significantly influenced K-content in sugar 
beet roots, in both seasons as well as Na 
and α-amino N contents in the 2nd season. 

Delaying sowing date exhibited an increase 
in juice impurities content in both seasons. 
These results are in line with those obtained 
by Ismail et al. (2006), who confirmed that 
delaying sowing date led to increasing 
impurities content. 

 

Results showed that increasing methanol 
levels up to 20% led to significant and 
gradually reductions in juice impurities, in 
both seasons. It could be noticed that there 
are an inverse relationships between 
methanol concentrations and root contents 
of impurities. 

 

In the same Table, data showed that 
values of impurities were significantly 
reduced with increasing boron levels, in both 
seasons. These results are in harmony with 
those obtained by Armin and Asgharipour 
(2012).  

 

The interaction between sowing dates 
and methanol applications showed a 
significant effect on K-content in the 2nd 
season. The interaction between methanol 
and boron levels attained significant effects 
on root K and Na contents in both seasons. 
The interaction between sowing dates and 
boron levels significantly affected Na, in the 
1st season and α-amino-N, in the 2nd one.   
 
2. Sucrose and extractable sugar 

percentages: 
Results in Table 8 manifest that sowing 

date had a significant effect on sucrose%, in 
both seasons and extractable sugar% in the 
1st one. Earlier sowing of sugar beet on 15 
September led to significant increases in the 
values of sucrose amounted to 1.17 and 
0.67 %, compared to delaying sowing date 
to 15 October, in the 1st and 2nd one, 
respectively, corresponding to 1.42 % in 
extractable sugar, in the 1st season. These 
results are in agreement with those 
mentioned by Osman et al. (2007) and 
Ilkaee et al. (2016). 
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Table 7: Sodium, potassium and alpha-amino N concentrations as affected by sowing 
date, methanol and boron foliar application and their interactions in 2014/2015 
and 2015/2016  

Treatments 
Sodium (meq/100 g beet) 

2014/2015 2015/2016 
Sowing 
dates 

Methanol 
levels 

Boron levels (g boric acid/l) 
0 0.5 1.0 Mean 0 0.5 1.0 Mean 

15th 
September 

0 2.90 2.42 2.47 2.60 2.59 2.49 2.20 2.42 
10 % 2.02 2.08 2.27 2.12 2.20 2.42 1.87 2.16 
20 % 2.31 2.04 1.98 2.11 2.53 2.09 1.70 2.11 

Mean 2.41 2.18 2.24 2.28 2.44 2.33 1.92 2.23 

15th  
October 

0 3.23 2.83 2.70 2.92 2.75 2.65 2.44 2.61 
10 % 2.70 2.51 2.47 2.56 2.67 2.83 2.38 2.63 
20 % 2.92 2.44 1.75 2.37 2.62 2.04 2.13 2.26 

Mean 2.95 2.59 2.31 2.62 2.68 2.51 2.32 2.50 
Methanol  

x  
Boron 

0 3.06 2.62 2.59 2.76 2.67 2.57 2.32 2.52 
10 % 2.36 2.29 2.37 2.34 2.44 2.63 2.13 2.40 
20 % 2.62 2.24 1.86 2.24 2.57 2.07 1.92 2.19 

Mean 2.68 2.38 2.27  2.56 2.42 2.12  
LSD at 0.05 level for: 
Sowing dates (A) NS A x C 0.21 A 0.14 A x C NS 
Methanol levels (B) 0.15 B x C 0.26 B 0.17 B x C 0.29 
Boron levels (C) 0.15 AxBxC NS C 0.17 AxBxC NS 
A x B NS   A x B NS   

 Potassium (meq/100 g beet) 

15th 
September 

0 5.17 4.91 4.62 4.90 5.11 4.83 4.60 4.84 
10 % 4.50 4.48 4.44 4.47 4.88 4.71 4.47 4.68 
20 % 4.40 4.37 4.31 4.36 4.61 4.36 4.16 4.37 

Mean 4.69 4.58 4.45 4.58 4.86 4.63 4.41 4.63 

15th  
October 

0 6.17 5.95 5.73 5.95 5.81 5.62 5.08 5.50 
10 % 5.67 5.63 5.57 5.62 5.28 5.11 4.98 5.12 
20 % 5.53 5.46 5.21 5.40 5.17 5.26 4.91 5.11 

Mean 5.79 5.68 5.50 5.66 5.42 5.33 4.99 5.25 
Methanol  

x  
Boron 

0 5.67 5.43 5.17 5.42 5.46 5.22 4.84 5.17 
10 % 5.09 5.05 5.00 5.05 5.08 4.91 4.72 4.90 
20 % 4.96 4.91 4.76 4.88 4.89 4.81 4.53 4.74 

Mean 5.24 5.13 4.98  5.14 4.98 4.70  
LSD at 0.05 level for: 
Sowing dates (A) 0.05 A x C NS A 0.05 A x C NS 
Methanol levels (B) 0.06 B x C 0.11 B 0.07 B x C 0.12 
Boron levels (C) 0.06 AxBxC NS C 0.07 AxBxC NS 
A x B NS   A x B 0.10   

 α-amino N (meq/100 g beet) 

15th 
September 

0 1.94 1.49 1.85 1.76 1.71 1.44 1.39 1.51 
10 % 1.90 1.69 1.54 1.71 1.62 1.41 1.32 1.45 
20 % 1.46 1.20 1.10 1.26 1.56 1.34 1.29 1.39 

Mean 1.77 1.46 1.50 1.57 1.63 1.40 1.33 1.45 

15th  
October 

0 2.23 2.06 1.76 2.01 1.74 1.65 1.61 1.67 
10 % 1.93 1.85 1.80 1.86 1.70 1.57 1.49 1.59 
20 % 1.67 1.57 1.21 1.48 1.54 1.45 1.41 1.47 

Mean 1.94 1.83 1.59 1.79 1.66 1.56 1.51 1.58 
Methanol  

x  
Boron 

0 2.08 1.77 1.80 1.89 1.73 1.55 1.50 1.59 
10 % 1.92 1.77 1.67 1.78 1.66 1.49 1.41 1.52 
20 % 1.56 1.39 1.16 1.37 1.55 1.39 1.35 1.43 

Mean 1.85 1.64 1.54 1.68 1.64 1.48 1.42  
LSD at 0.05 level for: 
Sowing dates (A) NS A x C NS A 0.03 A x C 0.06 
Methanol levels (B) 0.16 B x C NS B 0.04 B x C NS 
Boron levels (C) 0.16 AxBxC NS C 0.04 AxBxC NS 
A x B NS   A x B NS   
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Table 8: Sucrose and extractable sugar percentages as affected by sowing date, 
methanol and boron foliar application and their interactions in 2014/2015 and 
2015/2016 seasons 

Treatments 
Sucrose % 

2014/2015 2015/2016 

Sowing 
dates 

Methanol 
levels 

Boron levels (g boric acid/l) 
0 0.5 1.0 Mean 0 0.5 1.0 Mean 

15th 
September 

0 18.15 18.42 19.01 18.53 17.55 18.12 18.62 18.09 
10 % 18.69 18.85 19.36 18.97 17.91 18.42 18.76 18.36 
20 % 18.95 19.21 19.95 19.37 18.77 19.67 20.83 19.75 

Mean 18.60 18.82 19.44 18.95 18.07 18.73 19.40 18.74 

15th  
October 

0 17.01 17.12 18.04 17.39 16.69 17.40 18.04 17.38 
10 % 17.43 17.75 18.20 17.79 17.76 18.12 18.54 18.14 
20 % 17.83 18.00 18.66 18.16 18.20 18.80 19.09 18.70 

Mean 17.42 17.62 18.30 17.78 17.55 18.11 18.56 18.07 

Methanol  
x  

Boron 

0 17.58 17.77 18.53 17.96 17.12 17.76 18.33 17.74 
10 % 18.06 18.30 18.78 18.38 17.83 18.27 18.65 18.25 
20 % 18.39 18.60 19.31 18.77 18.48 19.24 19.96 19.23 

Mean 18.01 18.22 18.87  17.81 18.42 18.98  
LSD at 0.05 level for: 
Sowing dates (A) 0.24 A x C NS A 0.23 A x C NS 
Methanol levels (B) 0.29 B x C NS B 0.28 B x C NS 
Boron levels (C) 0.29 AxBxC NS C 0.28 AxBxC NS 
A x B NS   A x B 0.40   

 Extractable sugar % 

15th 
September 

0 15.44 15.92 16.46 15.94 14.95 15.63 16.22 15.60 
10 % 16.20 16.41 16.94 16.52 15.41 15.97 16.44 15.94 
20 % 16.55 16.91 17.70 17.05 16.28 17.33 18.59 17.40 

Mean 16.06 16.41 17.03 16.50 15.55 16.31 17.08 16.31 

15th  
October 

0 14.03 14.28 15.32 14.55 13.96 14.73 15.48 14.72 
10 % 14.67 15.05 15.52 15.08 15.12 15.52 16.04 15.56 
20 % 15.13 15.40 16.28 15.60 15.62 16.31 16.65 16.20 

Mean 14.61 14.91 15.71 15.08 14.90 15.52 16.06 15.49 

Methanol  
x  

Boron 

0 14.74 15.10 15.89 15.24 14.45 15.18 15.85 15.16 
10 % 15.44 15.73 16.23 15.80 15.27 15.74 16.24 15.75 
20 % 15.84 16.15 16.99 16.33 15.95 16.82 17.62 16.80 

Mean 15.34 15.66 16.37  15.22 15.92 16.57  
LSD at 0.05 level for: 
Sowing dates (A) 0.25 A x C NS A NS A x C NS 
Methanol levels (B) 0.30 B x C NS B 0.28 B x C NS 
Boron levels (C) 0.30 AxBxC NS C 0.28 AxBxC NS 
A x B NS   A x B 0.39   
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Data in Table 8 cleared a statistical 
positive response of sucrose and extractable 
sugar percentages to the application of 
methanol in both seasons. Raising 
concentrations of methanol application to 10 
and 20 % caused significant increases in the 
values of sucrose amounted to 0.42 and 
0.81 %, corresponding to 0.56 and 1.09 % in 
the extractable sugar, respectively in the 1st 
season, as well as 0.51 and 1.49 % in 
sucrose, corresponding to 0.59 and 1.64 % 
in extractable sugar, respectively in the 2nd 
season, compared to the check treatment. 
These results are in agreement with those 
obtained by Abido (2012). In addition, Zbieć 
et al. (2003) and Nadali et al. (2010) 
explained that the leaves of many plants 
have covered by methylobacterium bacteria, 
which are capable to grow on methanol and 
generate doubling of CO2 content, which 
lead to two folds the sucrose to be produced 
through Calvin cycle from the two source of 
CO2.  

 

Data in the same Table cleared that 
sucrose and extractable sugar percentages 
were significantly affected by the applied 
boron levels. Raising concentrations of 
boron to 0.5 and 1.0 g boric acid/l increased 
the values of sucrose by 0.21 and 0.86 %, 
corresponding to 0.32 and 1.03 % in the 
extracted sugar, respectively in the 1st 
season, as well as 0.61 and 1.17 % in 
sucrose, corresponding to 0.70 and 1.35 % 
in the extracted sugar, respectively in the 2nd 
one, compared to the check treatment. 
These results are in harmony with those 
mentioned by Armin and Asgharipour 
(2012). These results assured the 
importance of boron element in metabolic 
translocation process.  

 

All studied interactions showed 
insignificant effects on sucrose and 
extractable sugar percentages in both 
seasons, except that between sowing dates 
and methanol levels, which had a significant 
influence on these traits, in the 2nd one. 
Sowing sugar beet on 15 September 
achieved the highest values of sucrose and 

extractable sugar percentages, when plants 
were sprayed with 20% methanol solution in 
the 2nd season.  
 
3. Juice purity and sugar lost to 

molasses percentages: 
Data in Table 9 revealed that purity and 

sugar lost to molasses (SLM) percentages 
were significantly affected by sowing date. 
Earlier sowing of sugar beet on 15 
September increased the values of purity% 
by 1.73 and 1.03 %, in the 1st and 2nd 
season, respectively, compared to that sown 
one month later. These results are in 
agreement with those found by Osman et al. 
(2007) and Mosa (2009). On the contrary, 
sowing sugar beet earlier appreciably 
decreased the percentage of sugar lost to 
molasses by 0.25 and 0.16 %, in the 1st and 
2nd season, successively. The better quality 
characteristics of beets sown earlier, in 
respect to these two traits, is probably 
attributed to favorable conditions for beet 
plants, especially lower night temperature 
degrees during ripening stage before 
harvesting (Table 2), which ensured lower 
contents of impurities (Table 7) and higher 
sucrose% (Table 8). 

 

Results showed that increasing methanol 
levels up to 20 % led to significant and 
gradual increases in purity and sugar lost to 
molasses percentages, in both seasons. 
These findings are in agreement with those 
mentioned by Abido (2012). 

 

Supplying sugar beet plants with boron 
resulted in a significant and an increase in 
purity and a decrease in sugar lost to 
molasses.  

The interaction between sowing date and 
boron levels significantly affected juice purity 
and sugar lost to molasses percentages in 
the 1st season. Concerning the interaction 
between methanol and boron levels, the 
highest value of purity% was obtained from 
beets sprayed with a 20% methanol solution 
and 1 g boric acid/l in the 1st season. 
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Table 9: Purity and sugar lost to molasses percentages as affected by sowing date, 

methanol and boron foliar application and their interactions in 2014/2015 and 
2015/2016 seasons 

Treatments 
Purity % 

2014/2015 2015/2016 

Sowing 
dates 

Methanol 
levels 

Boron levels (g boric acid/l) 
0 0.5 1.0 Mean 0 0.5 1.0 Mean 

15th 
September 

0 91.50 92.52 92.65 92.22 91.71 92.47 93.08 92.42 
10 % 92.92 93.11 93.27 93.10 92.43 92.74 93.53 92.90 
20 % 93.20 93.69 94.07 93.65 92.75 93.72 94.46 93.64 

Mean 92.54 93.11 93.33 92.99 92.30 92.97 93.69 92.99 

15th  
October 

0 89.61 90.34 91.30 90.42 90.49 91.22 92.13 91.28 
10 % 90.93 91.33 91.64 91.30 91.60 91.86 92.54 92.00 
20 % 91.26 91.85 93.07 92.06 92.04 92.71 93.04 92.60 

Mean 90.60 91.17 92.00 91.26 91.38 91.93 92.57 91.96 
Methanol  

x  
Boron 

0 90.55 91.43 91.98 91.32 91.10 91.84 92.61 91.85 
10 % 91.93 92.22 92.46 92.20 92.02 92.30 93.04 92.45 
20 % 92.23 92.77 93.57 92.86 92.40 93.22 93.75 93.12 

Mean 91.57 92.14 92.67  91.84 92.45 93.13  
LSD at 0.05 level for: 
Sowing dates (A) 0.19 A x C 0.33 A 0.14 A x C NS 
Methanol levels (B) 0.24 B x C 0.41 B 0.17 B x C NS 
Boron levels (C) 0.24 AxBxC NS C 0.17 AxBxC NS 
A x B NS   A x B NS   

 Sugar lost to molasses % 

15th 
September 

0 2.11 1.90 1.96 1.99 2.00 1.88 1.80 1.89 
10 % 1.89 1.84 1.82 1.85 1.90 1.85 1.72 1.82 
20 % 1.80 1.70 1.66 1.72 1.89 1.74 1.64 1.76 

Mean 1.94 1.81 1.81 1.85 1.93 1.82 1.72 1.82 

15th  
October 

0 2.37 2.24 2.12 2.25 2.13 2.07 1.95 2.05 
10 % 2.15 2.10 2.08 2.11 2.04 2.00 1.90 1.98 
20 % 2.10 2.00 1.78 1.96 1.98 1.89 1.84 1.90 

Mean 2.21 2.11 1.99 2.10 2.05 1.99 1.90 1.98 
Methanol  

x  
Boron 

0 2.24 2.07 2.04 2.12 2.07 1.98 1.88 1.97 
10 % 2.02 1.97 1.95 1.98 1.97 1.93 1.81 1.90 
20 % 1.95 1.85 1.72 1.84 1.93 1.81 1.74 1.83 

Mean 2.07 1.96 1.90  1.99 1.91 1.81  
LSD at 0.05 level for: 
Sowing dates (A) 0.04 A x C 0.07 A 0.02 A x C NS 
Methanol levels (B) 0.05 B x C NS B 0.02 B x C NS 
Boron levels (C) 0.05 AxBxC NS C 0.02 AxBxC NS 
A x B NS   A x B NS   
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C. Top, root and sugar yields/fed: 
Data in Table 10 demonstrated that 

sugar beet sown on 15 September 
significantly recorded higher top, root and 
sugar yields/fed than that planted on the 15th 
of October, in both seasons. The relative 
advantage of early sowing may be due to 
the appropriate meteorological factors not 
only for a rapid growth, but also for sugar 
storage by the end of the season, which 
positively resulted in higher values of root 
length, root diameter and root fresh 
weight/plant (Table 3), LAI and NAR (Table 
4), photosynthetic pigments (Table 5), lower 
contents of impurities in roots (Table 7), 
higher sucrose and extractable sugar 
percentages (Table 8) and ultimately 
participated in getting higher yields of tops, 
roots and sugar/fed, compared to late 
sowing. Likewise, Mosa (2009) mentioned 
that earlier sowing of sugar beet improved 
the recorded values of individual plants, 
which in turn affected the final crop at 
harvest in terms of top, root and sugar 
yields. Results cleared that sowing sugar 
beet on 15 September attained additional 
increases amounted to 0.93 and 0.64 
ton/fed in top yield/fed, corresponding to 
0.59 and 2.34 tons/fed in root yield/fed and 
0.44 and 0.57 ton/fed in sugar yield, in the 
1st and 2nd season, respectively, compared 
to that sown on 15 October. 

 

The results in Table 10 revealed that the 
applied concentrations of methanol and/or 
boron increased top, root and sugar 
yields/fed appreciably in both seasons. 
These findings are in line with these 
obtained by Nadali et al. (2010), Abido 
(2012) and El-Geddawy and Makhlouf 
(2015). Raising methanol levels to 10 and 
20 % led to gradual increases in root fresh 
yield amounted to 0.44 and 0.95 ton/fed in 
the 1st season, corresponding to 0.71 and 

2.45 tons/fed in the 2nd one, respectively. 
Meantime, the increases in sugar yield 
amounted to 0.20 and 0.42 ton/fed in the 1st 
season, corresponding to 0.23 and 0.78 
ton/fed in the 2nd one, successively, 
compared to the check treatment. In sugar 
beet, white sugar yield is a component of 
accumulated dry weight of the roots, and the 
maximum white sugar yield is obtained 
when dry weight of the roots is in its highest 
amount (Ranji et al., 2000). Therefore, it is 
possible to improve white sugar yield by 
increasing root yield through foliar 
application of methanol.  

 

Increasing boron levels to 0.5 and 1.0 g 
boric acid/l gave increments in root yield 
amounted to 0.39 and 0.80 ton/fed in the 1st 
season, corresponding to 0.38 and 0.74 
ton/fed in the 2nd one, respectively. 
Moreover, the increments in sugar yield 
amounted to 0.14 and 0.38 ton/fed in the 1st 
season, corresponding to 0.22 and 0.43 
ton/fed in the 2nd one, successively. In this 
respect, Hellal et al. (2009) showed that the 
application of boron significantly encouraged 
the balance of nutrients, thus getting higher 
yield in the prevailing conditions. 

The interaction between sowing dates 
and foliar spraying of methanol showed 
significant influences on top and root yields 
in both seasons as well as sugar yield in the 
2nd one. Sowing sugar beet on 15 
September achieved the highest averages 
of top, root and sugar yields/fed compared 
to sowing on 15 October, when plants were 
sprayed with 20% methanol solution in both 
seasons. The interaction between sowing 
dates and boron foliar application had a 
significant influence on root yield/fed in the 
1st season and top yield in the 2nd one, while 
the same interaction had an insignificant on 
sugar yield/fed. 
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Table 10: Top, root and sugar yields as affected by sowing date, methanol and boron 
foliar application and their interactions in 2014/2015 and 2015/2016 seasons. 

 

Treatments 
Top yield (ton/fed) 

2014/2015 2015/2016 
Sowing 
dates 

Methanol 
levels 

Boron levels (g boric acid/l) 
0 0.5 1.0 Mean 0 0.5 1.0 Mean 

15th 
September 

0 10.19 10.60 10.87 10.55 9.96 10.33 10.54 10.28 
10 % 10.96 11.09 11.33 11.13 10.49 11.07 11.23 10.93 
20 % 11.93 11.97 12.07 11.99 10.78 11.19 11.26 11.08 

Mean 11.03 11.22 11.42 11.22 10.41 10.87 11.01 10.76 

15th  
October 

0 10.15 10.17 10.13 10.15 9.32 10.06 10.30 9.89 
10 % 10.12 10.36 10.46 10.31 9.71 10.16 10.57 10.14 
20 % 10.25 10.38 10.58 10.40 9.74 10.34 10.91 10.33 

Mean 10.17 10.30 10.39 10.29 9.59 10.19 10.59 10.12 
Methanol  

x  
Boron 

0 10.17 10.38 10.50 10.35 9.64 10.20 10.42 10.09 
10 % 10.54 10.72 10.89 10.72 10.10 10.62 10.90 10.54 
20 % 11.09 11.17 11.33 11.20 10.26 10.77 11.09 10.70 

Mean 10.60 10.76 10.91  10.00 10.53 10.80  
LSD at 0.05 level for: 
Sowing dates (A) 0.18 A x C NS A 0.12 A x C 0.21 
Methanol levels (B) 0.22 B x C NS B 0.15 B x C NS 
Boron levels (C) 0.22 AxBxC NS C 0.15 AxBxC NS 
A x B 0.31   A x B 0.21   

 Root yield (ton/fed) 

15th 
September 

0 23.58 24.07 24.46 24.04 23.09 23.60 23.99 23.56 
10 % 23.96 24.34 24.95 24.42 23.55 23.78 23.98 23.77 
20 % 24.80 25.18 25.66 25.21 25.65 26.27 26.56 26.16 

Mean 24.11 24.53 25.03 24.56 24.10 24.55 24.84 24.50 

15th  
October 

0 23.21 23.58 23.91 23.57 20.84 21.02 21.11 20.99 
10 % 23.68 24.02 24.48 24.06 21.65 22.09 22.86 22.20 
20 % 23.98 24.36 24.52 24.29 22.95 23.26 23.68 23.30 

Mean 23.62 23.99 24.31 23.97 21.81 22.12 22.55 22.16 
Methanol  

x  
Boron 

0 23.39 23.83 24.19 23.80 21.97 22.31 22.55 22.28 
10 % 23.82 24.18 24.72 24.24 22.60 22.94 23.42 22.99 
20 % 24.39 24.77 25.09 24.75 24.30 24.77 25.12 24.73 

Mean 23.87 24.26 24.67  22.96 23.34 23.70  
LSD at 0.05 level for: 
Sowing dates (A) 0.08 A x C 0.14 A 0.28 A x C NS 
Methanol levels (B) 0.10 B x C NS B 0.34 B x C NS 
Boron levels (C) 0.10 AxBxC NS C 0.34 AxBxC NS 
A x B 0.14   A x B 0.48   

 Sugar yield (ton/fed) 

15th 
September 

0 3.64 3.83 4.03 3.83 3.45 3.69 3.89 3.68 
10 % 3.88 3.99 4.23 4.03 3.63 3.80 3.94 3.79 
20 % 4.10 4.26 4.54 4.30 4.18 4.55 4.94 4.56 

Mean 3.87 4.03 4.27 4.06 3.75 4.01 4.26 4.01 

15th  
October 

0 3.26 3.37 3.67 3.43 2.92 3.09 3.27 3.09 
10 % 3.47 3.61 3.80 3.63 3.28 3.43 3.66 3.46 
20 % 3.63 3.75 3.99 3.79 3.59 3.79 3.94 3.77 

Mean 3.45 3.58 3.82 3.62 3.26 3.44 3.63 3.44 
Methanol  

x  
Boron 

0 3.45 3.60 3.85 3.63 3.19 3.39 3.58 3.39 
10 % 3.68 3.80 4.01 3.83 3.45 3.61 3.80 3.62 
20 % 3.87 4.00 4.27 4.05 3.88 4.17 4.44 4.17 

Mean 3.66 3.80 4.04  3.51 3.73 3.94  
LSD at 0.05 level for: 
Sowing dates (A) 0.06 A x C NS A 0.07 A x C NS 
Methanol levels (B) 0.07 B x C NS B 0.09 B x C NS 
Boron levels (C) 0.07 AxBxC NS C 0.09 AxBxC NS 
A x B NS   A x B 0.12   
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CONCLUSION 

Under conditions of the present work, it 
was found that sowing sugar beet earlier on 
15 September, sprayed with a solution of 20 
% methanol and 1.0 g/l boric acid can be 
recommended to get the highest root and 
sugar yields/fed.  
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 ورونالبو  المیثانول بإضافةالمنزرع فى میعادین  سُكَّرصل وجودة بنجر الاتحسین ح
 

 )2(سها رمضان خلیل ، )1(م صبحي إبراهیم مخلوفـباس
) 2( -قسم بحوث المعاملات الزراعیة ) 1(

Pسُكَّرقسم بحوث تكنولوجیا ال 
 مصر –الجیزة  –مركز البحوث الزراعیة  - یةسُكَّر المعهد بحوث المحاصیل 

 المُلخَّص العربى
 میعـادین تـأثیر لدراسـة 2015/2016 و 2014/2015 وسميم في الفیوم محافظة - سنورس في حقلیتان تجربتان أقیمت

اشـتمل كـل  .سُـكَّرال بنجـر وجـودة حاصـل علـي والبـورون المیثـانول من بكل الورقي والرش أكتوبر) 15 و سبتمبر 15( للزراعة
تركیـزات مـن %) و ثلاثـة  20 و 10تركیـزات مـن المیثـانول (بـدون ،  ثلاثـةهي التوافیق بـین  تمعاملا تسعمیعاد زراعة علي 
عـات كاملـة العشـوائیة فـي ثـلاث االمعـاملات فـي تصـمیم القط توزیـعجم حمـض بوریـك/لتر). تـم  1.0و  0.5البورون (بدون ، 

 الزراعة. لمیعادي التجمیعي التحلیل عمل وتم ،میعاد زراعة  فى كلمكررات 
أكتوبر في الطول والقطر  15عت في رِ ك التي زُ سبتمبر تفوقاً علي تل 15بكراً في مُ  المنزرعة سُكَّربنجر النباتات أظهرت 

محتوي الصبغات الضوئیة والنسب المئویة والوزن الطازج للجذر/نبات ودلیل مساحة الأوراق وصافي معدل التمثیل الضوئي و 
كیر في الزراعة إلي التب/فدان ، كما أدي سُكَّرحاصل الأوراق والجذور والو المستخلص والنقاوة  سُكَّروز والسُكَّر للبولي فینول وال

 المفقود في المولاس في كلا الموسمین. سُكَّرمحتوي الجذور من الشوائب والألیاف ونسبة ال انخفاض
 منفرداً  جم من حمض البوریك/لتر 1.0% وكذلك البورون بمعدل 20بتركیز منفرداً  بمحلول المیثانول أدي الرش الورقي

محتوي الطازج للجذر/نبات ودلیل مساحة الأوراق وصافي معدل التمثیل الضوئي و إلي زیادةٍ معنویة في الطول والقطر والوزن 
/فدان سُكَّرحاصل الأوراق والجذور والو والنقاوة  المُستخلَص سُكَّروز والسُكَّر الصبغات الضوئیة والنسب المئویة للبولي فینول وال

 المفقود في المولاس في كلا الموسمین. سُكَّرنخفاضٍ في محتوي الجذور من الشوائب والألیاف ونسبة الإ ، و 
طول الجذر في  تحقیق أعلي قیم  إلي المیثانولالزیادة المضطردة في تركیز  سبتمبر مع 15زراعة بنجر السكر في  أدت

وحاصل الأوراق والكاروتینیدات في الأوراق  "أ"تركیز الكلوروفیل ودلیل مساحة الأوراق وصافي معدل التمثیل الضوئي و 
في الموسم الأول ، والنسب المئویة  "ب"ووزن الجذر/نبات وتركیز الكلوروفیل  في كلا الموسمین ، /فدانسُكَّرر والوالجذو 

  /فدان في الموسم الثاني.سُكَّرص وحاصل الستخلَ المُ  سُكَّروز والسُكَّر لل
 المُستخلَص سُكَّرسب المئویة للالن معنویة في اختلافاتأدي التفاعل بین مواعید الزراعة والرش الورقي بالبورون إلي 

، وطول الجذر ووزن الجذر/نبات والكلوروفیل  من الصودیوم وحاصل الجذور/فدان في الموسم الأول والنقاوة ومحتوي الجذور
ولي وحاصل الأوراق/فدان في الموسم الثاني. تأثرت نسبة النقاوة والب بالجذور محتوي الألفا أمینو نیتروجینونسبة الألیاف و  "أ"

 بالتفاعل بین الرش الورقي للمیثانول والبورون في الموسم فینول ودلیل مساحة الأوراق وصافي معدل التمثیل الضوئي معنویاً 
 في كلا الموسمین.معنویاً ومحتوي الجذور من الصودیوم والبوتاسیوم  "ب"، في حین تأثر تركیز الكلوروفیل  الأول

% والبورون بتركیز 20سبتمبر والرش الورقي بمحلول المیثانول بتركیز  15 فياً ر بكِّ مُ  سُكَّرتوصي الدراسة بزراعة بنجر ال
 .و أفضل صفات جودة للعصیر /فدانسُكَّرجم حمض البوریك/لتر للحصول علي أعلي حاصل جذور و  1.0
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Improvement  of  yield  and  quality  of  sugar  beet sown  at  two  dates …………. 
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