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Root Yield and Quality of Sugar Beet (Beta vulgaris L.) 
In Response to Biofertilizer and Foliar Application with Micronutrients
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Abstract: Many agronomic  practices  may need to be adjusted to maximize yield and quality of sugar beet.
Thus agronomic package must be always modified. The present study was conducted in strip-split plot design
at El-Khattara Agricultural Research Station, Faculty of Agriculture, Zagazig University, Egypt during two
successive winter growing seasons 2011/2012 and 2012/2013 to study the effect of biofertilizer (rizobacterin and
phosphorine) and chemical fertilizer (nitrogen and micronutrient) on root yield and quality of sugar beet cv.
Farida. The results revealed that application of nitrogen fertilizer at the rate of 100kg/faddan (one faddan =
0.42ha) or spraying of mixture of micronutrients twice recorded the highest values in root length and diameter,
dry matter per plant as root, top and sugar yields. The effect of biofertilizer mixture application was insignificant
in all studied characters. While, root and sugar yields were significantly affected. On the other hand, application
of high rates of macro or micronutrients significantly decreased total soluble solids (TSS %), gross sugar, white
sugar and purity percentages in the 1 and 2  seasons. Generally, it could be recommended that fertilizing sugarst nd

beet plants with 100 kg/faddan inoculated with a mixture of biofertilizer (rizobacterin + phosphorine) and
sprayed with micronutrients twice increased productivity and quality of sugar beet plants under this study.
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INTRODUCTION of application from macro  and micro nutrients to produce

Improving sugar beet yield and quality are the main Therefore, nitrogen fertilization biofertilization and number
goals of the governmental policy to increase sugar of application of micronutrients are very important and
production in order to gradually cover gap between sugar become target to many investigators. Abd El-Gawad et al.
consumption and production. Recently, sugar beet crop [2],  Ismail and El-Ghait  [3] and Nemeat-Alla et al. [4]
has been an important position in Egyptian crop rotation reported that root dimensions significantly affected by
as a winter crop not only in fertile soils, but also in poor, nitrogen levels and gave maximum root dimensions with
saline, alkaline and calcareous soils. Approximately 66 % high N levels. Aboushady et al. [5] concluded that the
of our local needs are produced locally from sugar beet maximum dry matter was obtained when sugar beet
and sugar cane while, the rest (34 %) is imported from fertilized with micronutrients. The highest top yield was
foreign countries. Increasing cultivated area and sugar obtained with application nitrogen at 90kg/faddan [6, 7].
production from unit area and water is considered one of Ramadan and Nassar [8] reported that application of high
the important national targets to minimize gap between N rates and micronutrients produced the highest root
sugar consumption and production. Improvement of yield in sugar beet plants. On the other side, the high
sugar beet production can be achieved through levels of nitrogen or micronutrients produce the lowest
application of traditional and nontraditional methods [1]. values  of quality  characters  such  as  sucrose, total
Fertilization is limiting factor for sugar beet production. soluble solids and purity percentages as reported by
Thus, its favorable to choose the optimum rate and times Nemeat-Alla et al. [4] and Ramadan and Nassar [8].

the maximum yield and quality for sugar beet crop.



Sucrose %QZ = 100
Alpha-amino N
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The objective of this study was to investigate the which converse the insoluble tricalcium phosphate to the
effect of chemical and biofertilization on root yield and (Bacillus megatherium) soluble  mono-calcium
quality of sugar beet plants. phosphate and supplying the plants  with  its  needs

MATERIALS AND METHODS treatments  include:  without inoculation (served as

Two   field   experiments   were  carried    out   at El- inoculation with phosphorine (0.9 kg/faddan) and
Khatara Research Station, Faculty of Agriculture, Zagazig inoculation with Rizobacteren (0.8 kg/faddan) +
University, Egypt during two successive winter seasons phosphorine(0.9 kg/faddan)
2011/2012 and 2012/2013 to study the effect of different At harvest time (210 DAS) the plants of each plot
levels of nitrogen fertilizer, four inoculation treatments were taken for determining root length and diameter (cm),
with biofertilizer and three spraying foliar nutrients on dry weight/plant (g), root/top ratio and root and top yields
root yield and quality of sugar beet. Seeds (Multigerm) of (t/faddan). Total soluble solids (TSS %) was determined
sugar beet cv. Farida were sown on October, 10 in the 1 by using the hand refractometer. Sodium, potassium andst

and 2  growing seasons, respectively. The experiments alpha amino nitrogen (meq/100g beet) were determined bynd

were laid out in strip split plot design with three replicats; Sugar Delta Company using Automatic Sugar
the vertical plots were devoted to the nitrogen fertilizer, Polarimentric. Sucrose % was determined by Sugar Delta
while the micronutrients and biofertilzer treatments were Company according to McGinnus [9] Juice purity
randomly distributed in sub-sub plots of the horizontal percentage (QZ) was calculated as following equation:
plots. The plot unit area was 21m   (7m  long  and 3m2

width and 60 cm apart). The preceding crop was maize.
Physical and chemical properties of experimental soil site
in both seasons are presented in Table 1.

Nitrogen Fertilizer and Micronutrients Treatments: calculated by multiplied sucrose % x root yield (t/faddan).
Nitrogen fertilizer  treatments was applied at the rate of 50,
75 and 100 Kg N/faddan (one faddan = 0.42 ha) in the form Statistical Analysis: The  analysis of variance was carried
of Urea (46% N) in two equal portions, the 1  at 40 days out according to Gomez and Gomez [10]. Treatment meansst

after sowing (DAS) and the 2  at 60 DAS. At 60 DAS the were compared by Duncan's multiple range test Duncannd

mixture of micronutrients (Iron sulphate, ammonium [11].
molybdate, zinc sulphate, manganese sulphate, boric acid
(at the rate of 1.09g/l for each) and copper sulphate (at the
rate of 0.5g/l) was applied once as foliar spray, while the RESULTS AND DISCUSSION
micronutrients foliar application was applied twice at 60
and 75 DAS in addition the control treatment (sprayed Effect of Nitrogen Fertilizer: Data presented in Table 2
with distilled water). indicated that sugar beet plants received 100 kg N/faddan

Biofertilizer Treatments: Seeds of sugar beet was as, root diameter (13.01cm) however, the lowest nitrogen
inoculated with two commercial biofertilizer (Rizobacterin rate 50 kg N/faddan gave the lowest values of root length
and phosphorine). Rizobacterin is a commercial (32.48 cm), as well as, root diameter (11.61cm) compared
biofertilizer contain active bio-nitrogen fixation bacteria with the other treatments. The increase in root length and
(Azospirillum spp.) and phosphorine also is a commercial diameter resulted from increasing the nitrogen rate might
biofertilizer contains a highly active dissolving bacteria, be attributed to the nitrogen element plays  an  important

during  different  growth stages. The   inoculation

control),  inoculation  with  Rizobacteren (0.8 kg/faddan),

Sugar yield (t/faddan) sugar yield per faddan was

gave the highest values of root length (36.73cm), as well

Table 1: Physical and chemical properties of soil sites.

Physical properties Chemical properties
----------------------------------------------------------------------------------------------------------------------- ------------------------------------------

Season pH Coarse sand% Fine sand% Silt % Clay % Texture OM% N (ppm) P (ppm) K (ppm)

2011/2012 7.6 56.9 32.2 4.8 6.1 Sandy 0.28 18.0 3.2 57.2
2012/2013 8.0 57.3 31.8 4.9 6.0 Sandy 0.30 18.3 3.4 58.5



World Appl. Sci. J., 27 (11): 1385-1389, 2013

1387

Table 2: The effect of biofertilizer and foliar application micronutrients on root yield and quality in sugar beet (combined analysis of two seasons). 

Root diameter Dry matter Top yield Root yield Sugar yield

Treatment Root length (cm) (cm) (g/plant) Root / top ratio (ton/fed) (ton/fed) (ton/fad)

N. rate (kg/faddan) (A) 

50 32.48c 11.61c 235.48b 3.02 8.63c 28.39 3.24

75 34.47b 12.27b 261.75a 2.99 9.46b 33.97 3.75

100 36.73a 13.01a 290.47a 2.56 10.58a 38.19 4.23

LSD 0.05 0.85 0.72 2.28 0.64 1.99 0.93 1.01

Foliar spraying (B)

Control 33.66b 12.00b 253.68 2.70 8.63c 32.20 3.63

Once at 60 DAS 34.53ab 12.36ab 263.41 2.80 9.16b 34.32 3.69

Twice at 60 and 

75DAS 35.50a 12.92a 270.59 2.93 9.65a 35.97 3.85

LSD 0.05 0.73 0.52 2.12 0.18 0.77 0.98 0.02

Biofertilizer (C) 

Without

inoculation 34.26 12.13 253.94 2.61 9.15 32.26b 3.71

Rizobactren 34.52 12.22 261.73 2.81 9.98 33.86ab 3.87

Phosphorien 34.69 12.27 264.35 2.89 9.97 34.73ab 3.87

Rizobactren + 

Phosphorien 34.77 12.55 270.23 2.92 10.4 34.78a 3.76

LSD 0.05 0.28 0.34 2.93 0.15 0.732 1.30 0.09

role in increasing cell elongation and cell division. which led to raising top, root and sugar yield per faddan.
Therefore, root dimensions increases. These results are in These results are in harmony with those reported by
agreement with those obtained by Abd El-Gawad et al. Nemeat-Alla et al. [4], Ouda [6], Mohmoud [7] and El-
[2], Ismail and El-Ghait [3] and Nemeat-Alla et al. [4]. Data Sayed [13].
presented in Table 2 indicated that the effect of nitrogen Data in Table 3 illustrated that the effect of nitrogen
fertilizer rates was significant on dry weight per plant but rate had a significant effect on TSS%, gross sugar, white
it was insignificant on root/top ratio. Sugar beet plants sugar content and juice%. N nitrogen fertilizer application
fertilized with 100 kg N/faddan gave the highest dry mater to sugar beet plants tended to decrease TSS and juice
per plant (290.47g), whereas application of 50 kg N/faddan content in roots. Excessive nitrogen reduced TSS% by
gave the lowest plant dry weight (235.48g) compared with partitioning of more photosynthates to the tops than to
the other treatments. The obtained results also indicated the roots of sugar beet [14, 15]. The increase in TSS% and
that root/top ratio was increased with decreasing nitrogen sucrose % caused by the lowest nitrogen rate may be
rate but this increase did not reach to the level of attributed that it gave the lowest root size and lowest root
significance. The increase in plant dry weight due to moisture, thus increased concentration of TSS% and
increasing nitrogen rate may be attributed to synergistic sucrose% in root. Beet quality is an important issue for
effect of nitrogen on vegetative growth, number and area farmer’s income in Egypt. Recently, the main purpose to
of leaves as well as photosynthesis rate which increased cultivate sugar beet is the production of a maximum
dry matter accumulation and stored in root. These results amount of white sugar. The sucrose concentration in the
are in line with those obtained by Abd El-Gawad et al. [2], beet is the  major  factor  affecting white sugar yield.
Nemeat-Alla et al. [4] and El-Shafai et al. [12]. Data in These results are in agreement with those obtained by
Table 2 indicated that the effect of nitrogen rats was Nemeat-Alla et al. [15] and Refay [16]. Root impurities (K ,
significant on top, root yield and sugar yield per faddan Na  and -amino-N) are important factors, which influence
with increasing nitrogen fertilizer rate from 50 to 100 kg the production of white sugar yield. Nitrogen rate had no
N/faddan. The increase in top, root and sugar yield due to significant effect on non soluble sugar except the effect of
increasing nitrogen rate may be attributed to increasing nitrogen rate on Na and K + Na. Both traits were increased
vegetative growth, as well as, root length and diameter as nitrogen rate increased from 50 to 100 kg N/faddan.

+

+
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Table 3: The effect of biofertilizer and foliar application micronutrients on root quality parameters in sugar beet (combined analysis of two seasons).

Root impurities (meq/100g)

-----------------------------------------------------

Treatment TSS (%) Gross sugar (%) Juice purity % White sugar % K Na - amino N K + Na

Nitrogen rate (kg/faddan) (A) 

50 19.99a 16.54a 86.87a 12.97a 5.64 2.36b 1.94 8.00b

75 19.35b 16.50a 85.60b 12.90a 5.81 2.33b 2.09 8.14a

100 18.82c 15.90b 83.89c 12.3b 5.72 2.74a 2.22 8.46a

 LSD 0.05 0.20 0.09 0.70 0.14 0.09 0.11 0.14 0.21

Foliar spraying (B) 

Control 19.66 16.31 86.18 12.73 5.73 2.35 2.02 8.08

Once at 60 days 19.38 16.21 85.35 12.66 5.62 2.48 2.01 8.10

Twice at 60 and 75 19.13 16.16 84.83 12.53 5.82 2.60 2.22 8.42

LSD(0.05) 0.270 0.083 0.726 0.091 0.096 0.120 0.133 0.220

Biofertilizer (C) 

Without inoculation 19.50 16.48 86.25 12.81 5.64 2.62 1.85 8.26

Rizobactren 19.40 16.44 85.85 12.86 5.81 2.29 2.16 8.11

Phosphorien 19.35 16.15 85.44 12.61 5.75 2.55 2.14 8.31

Rizobactren + Phosphorien 19.29 16.14 84.70 12.64 5.67 2.44 2.19 8.15

LSD 0.05 0.13 0.18 0.69 0.13 0.09 0.15 0.11 0.10

Effect    of    Foliar    Application   with  Micronutrients: The Effect of Biofertilizer: Data presented in Table 2
The obtained results in Table 2 showed that root indicated that the differences among biofertilizer
dimension was increased with increasing number of treatments were reach significant for all studied
applications with micronutrients mixture, as well as, root characters, except the root yield (ton/faddan), where the
diameter which recorded (12.92 cm) with plants sprayed effect of inoculation with  biofertilizer was also significant.
twice, while the lowest values (33.66 cm) of root length Seed inoculation with different biofertilizer treatments
and root diameter (12.00 cm) were recorded with plants increased dry matter accumulation per plant, but the
sprayed with distilled water (control). The increase in root differences in both seasons. These observations were
dimensions due to spraying with micronutrients may be found by Badr [20]. It is worthy to note that the
due to increasing the concentration of micronutrients interaction between the treatments were insignificant in
especially iron and boron. These results are harmony with most studied characters with the exception of the
those of Ouda [6] and Nemeat-Alla [17]. Plant dry weight interaction between N fertilizer rates and foliar spray
and root/top ratio  insignificantly affected by spraying treatments on root length, top yield (ton/faddan) and root
with micronutrient, while dry matter and root/top ratio yield (ton/faddan). Data presented in Table 3 indicated
tended to increase this trait, but the differences did not that the effect of number of spraying by micronutrients
reach the level of significant. Data in Table 2 also and the differences among biofertilizer treatments
indicated that number of spraying with micronutrients significantly affected for all studied quality parameters.
significantly affected top, root and sugar yield per faddan. Plants did not feeding with micronutrients and biofertilizer
The increase in top and root yield owing with increasing (control) gave the highest values TSS%, gross sugar,
of number of  applications  with micronutrients may be white sugar content and juice %. Similar results were
due to increasing boron, zinc, manganese and copper obtained Nemeat-Alla et al. [15] and Badr [20].
concentrations, which play as coenzymes and increasing
the assimilates in which reflected on growth of leaves and CONCLUSION
root and increased dry matter accumulated in root and
consequently increased top and root yields per faddan. Generally, it could be recommended that fertilizing
These results are in agreement with those obtained by sugar beet plants with 100kg N/faddan inoculated with a
Abd El-Hadi et al. [18] and Ouda [19]. mixture of biofertilizer (rizobacterin + phosphorine) and
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sprayed with micronutrients twice increased the 10. Gomez, K.A. and Gomez 1984. Statistical Procedures
productivity and quality of sugar beet plants under this for Agricultural Research. 2  Ed., John Wiley and
study. Sons. New York, pp: 680.
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