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ABSTRACT: To investigate the effect of fertilizers on calcareous soils of experimental field research
was conducted in Meshkin-shahr to study the effects of different rates of nitrogen (143, 214 & 285 kg N
ha-1) and potassium (0, 57 & 114 kg K20 ha-1) fertilization on yield, quality and nutrient contents of
sugar beet grown on sandy calcareous soil. In this split plot design, the main plots were assigned to
levels of N fertilizer and K levels were arranged to random as the sub-plots. The results showed that
increasing N and K rates significantly increased root and foliage fresh and dry weight and sugar yield
(ton ha-1) of sugar beet plants. Adding the highest level of K (114 kg K20 ha-1) under different rates of
N significantly increased sucrose contents, recoverable sugar yield (ton ha-1) and some quality traits.
Adding the highest level of N (285 kg N ha-1) under different rates of K significantly increased sugar loss
(ton ha-1) and increased content and uptake of N and K in both root and foliage of sugar beet over two
seasons. Increasing N level up to 285 kg N ha-1 (under 0.0 kg K20 ha-1) significantly increased
impurities (Na, K & a-amino-N) and sugar loss percentage. In crux, N fertilizer at a level of 285 kg N/fed
accompanied with 114 kg K20 ha-1 were the most effective in improving yield, quality and nutritional
status of sugar beet grown in a sandy calcareous soil.
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INTRODUCTION

The purpose of this paper is to give a brief taxonomy of an important group of programming problems which
Sugar beet (Beta vulgaris L.) is one of the most important crops in Ardebil. It is classified as a plant of high
potassium (K) requiring crop (Johanson and et al, 1971). Sugar beet is one of the most important industrial plants
in Ardebil province. Products derived from this plant have been used.Due to the increased use of chemical
fertilizers are used too much product. Therefore, it is important to know the proper use of supplements
To protect farmland and prevent poisoning Soil is important Fertilizer is considered as a limiting factor for obtaining
high yield and quality (Ouda, 2002) Thus, application of suitable fertilizers, such as nitrogen (N) and potassium (K)
may be one of the favorable factors for the production of sugar beet. Many investigators have confirmed the role of
N and K in increasing the yield and quality of sugar beet by enhancing the biosynthesis of organic metabolites and
improving nutritional status (Etemadi, 2000; O'shea and et al, 2009). Ibrahim et al. (2002) found that the highest
sucrose percentage and juice purity were achieved with K application up to 228.5 kg K20 ha-1. The beneficial
effect of K fertilization on growth, yield and quality of sugar beet was emphasized by previous studies (Abdi and
Sanati, 1992; Sobhani and et al, 1992; Etrat abd et al, 1998; Etemadi, 2000; Ouda, 2002). Sugar beet yield and
quality are dramatically influenced by the level of available N. Residual and fertilizer N levels allowing adequate top
growth and maximize root growth and extractable sucrose concentration are desired. However, sucrose yield
decreases by over-fertilizing sugar beet with more N than needed for maximum sucrose production (Hassanin and
Elayas, 2000). An adequate supply of N is essential for optimum yield but excess N may result in an increase in
yield of roots with lower sucrose content and juice purity. Yield increased with applied but TSS, sucrose%, purity%
and recoverable sugar yield per ha were significantly decreased as N level increased (Lauer, 1995; Attia, 2004,
sarabi and ahmadi, 1996 & Attia, 2004; Cooke and Scott, 1993). Contrary to this, Horn and Firstenfeld (Horn and
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Firstenfeld, 2001) showed that the uptake of N by sugar beet plants increased by increasing the application level
of N, while the sugarcontent and juice purity decreased. The direct effect of K on yield is less marked than of N,
which itself constitutes a part of the organic matter synthesized during growth. Also, K uptake is much affected by
N level and in most cases; K is more effective at higher N level, which is the case especially to modern high
yielding varieties (Etemadi, 2000; Mack and et al, 2007). The interaction between N and K were small at low rates,
but became more important at high rates and the best returns from one nutrient were obtained at high rates of
others. Root crops especially, have a high K requirement. It is commonly observed that root or tube enlargement is
depressed relatively more than leaf development, when K is in shor supply (Inal, 1997). In Egypt many
investigations revealed that 214-262 kg N ha-1 exhibited the highest root quality, technological characters, root
and sugar yields and minimized sugar losses to molasses (Hassanin and Elayas, 2000; Moustafa and Darwish,
2001; Ashraf, 2007; Hilali, 2005). The aim of the present study was to determine the effect N and K fertilization on
growth root yield and quality as well as nutrient content of sugar beet plant grown on a sandy calcareous soil.

MATERIALS AND METHODS

To study the effect of nitrogen and potassium fertilizers on sugar beet 3 replications in a randomized block
experiment Meshkin-shahr research scholar in the field In the 2011-2012 crop year was done. The study consisted
of two experiments in which research field season was conducted in Meshkin-shahr to study effect of three levels
of N (143, 214 & 285 kg N ha-1) and three levels of K (0, 57 & 114 kg K20 ha-1) on growth, yield, quality and
nutrient content of sugar beet plant grown on a sandy calcareous soil. Some physical and chemical properties of a
representative soil sample used in the experimental soil were determined before preparation according to Jackson
(Hassanin and Elayas, 2000) (Table 1). The recommended dose of phosphorus fertilizer was applied at a level 476
kg calcium superphosphate ha-1 (15.5% P205) during preparation. A split- plot design with three replications was
used. The main plots were assigned to 3 levels of nitrogen fertilizer (143, 214 & 285 kg N ha-1) with three
potassium levels (0, 57 & 114 kg K20 ha-1) were arranged at random as the sub-plots. The area of each plot was
10.5 m2 (3.5 m length x 3 m width), with six ridges 50 apart, 3.5 m in length. Sowing took place on 2nd and 5th,
respectively. Seeds of multigerm (Montebianco cv.) were sown in hills 25 cm apart at using 3-4 seeds per hill.
Plants were thinned to one plant per hill after 40 days from planting (at 4-6 leaf stage). Nitrogen fertilizer in the
form of ammonium nitrate (33.5%N) with the abovementioned levels were added in two equal doses. The first one
was applied after thinning and the other one 21 days later. Potassium fertilizer in the form of potassium sulphate
(48% K20) with the abovementioned levels were applied in one dose after thinning. The other cultural practices
were carried out as recommended. At maturity stage (195 days from sowing), ten plants were taken at random
from each plot. The foliage and roots were separated dried at 700C for 3 days and at 1050C for 2 h in air forced-
draft oven, to determine their dry weight. Dry plant samples were ground and chemically analyzed for nutrient
content. Total N was analyzed by semi-micro Kjeldahl procedure (Jackson, 1958). Phosphorus and K were wet-
digested in a 2:1; nitric: perchloric acid mixture and were determined by colorimetry and flame photometry methods
(Jackson, 1958), respectively. Iron and Mn were determined in the digests using a GBC model 300 atomic
absorption spectrophotometer. At harvest (205 days from sowing), plants of each plot were harvest to determine
roots and foliage yield (ton ha-1). A sample of 25 kg of roots were taken at random from each plot and sent to the
Beet Laboratory at Abo-Korkas Sugar Factory to determine root quality. Alpha amino nitrogen (a- amino N), sodium
(Na) and potassium (K) concentrations were estimated according to the procedure of sugar company by auto
analyzer described by (Bhador and et al, 2010). Sucrose (expressed as Pol %) was estimated in fresh samples of
sugar beet root by using Saccharometer according to the method described by A.O.A.C. (Ahadi and Sobhani,
2005). Sugar loss was calculated using the following formula: Sugar loss % = 0.29 + 0.343 (K + Na) + 0.094 a-
amino N. Sugar recovery % (SR %) was calculated using the following equation according to (Bhador and et al,
2010). Sugar recovery % (SR %) = sucrose % - sugar loss%. Recoverable sugar yield (ton ha-1) (RSY) was
calculated using the following equation of Mohamed (Mohamed, 2002): Recoverable sugar yield = root yield (ton
ha-1) X sugar recovery. Quality index was calculated as (sugar recovery % X 100)/sucrose %. Gross sugar Yyield
(ton ha-1) = root yield (ton ha-1) X sucrose %.Sugar loss yield was computed as: root yield (ton ha-1) X sugar loss.
Nutrient uptake was determined as: nutrient concentration X root or foliage dry weight. The analysis of variance
was carried out according to Gomez and Gomez (1984) using MSTAT computer software, after testing the
homogeneity of the error according to Bartlett's test. Means of the different treatments were compared using the
least significant difference (LSD) test at P<0.05.
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RESULTS AND DISCUSSION

Effect of nitrogen fertilization rates

With the application of fertilizers, the roots and foliage fresh and dry weights and sugar yield were significantly
increased with increasing N fertilizer rates over two seasons (Table Il). The increase of root and sugar yield with N
fertilizer may be attributed to increased size and number of leaves, which led to increasing leaf area and
photosynthetic activities. This was reflected in greater root and sugar production per unit area (Zaifi zadeh and
Amijadi, 2001; Elaheii, 2010; Malnou and et al, 2008). Higher rates of N fertilizer (214 & 285 kg N ha-1) had
significantly effect on Na and a- amino-N content (mg 100 g-1 beet paste) (Table Il). These may be due to the
reason that high rate of N increased soluble non-sugar in root juice (impurities) and they interfere with sugar
extraction. This was reflected by raising the percentage of sugar losses to molasses and consequently reducing
sugar recovery

Table 1. Some physical and chemical properties of a representative soil samples in the experimental site before sowing (0-30 cm depth) in
2008-2009 and 2009-2010 seasons

Soil property 2008-2009 2009-2010
Patrice size distribution
Sand (%) 85.4 87.2
Silt (%) 8.7 7.2
Clay (%) 5.9 5.6
Texture grade Sandy Sandy
EC (1:1 extract) (dS m-1) 1.59 1.77
pH (1:1 suspension) 8.12 8.43
Total CaCO3 (%) 19.96 21.15
Organic matter (%) 0.091 0.098
Soluble Cattions
Ca2+ (meq L-1) 8.11 8.86
Mg2+ (meq L-1) 5.49 5.99
Na+ (meq L-1) 1.97 1.89
K+ (meq L-1) 0.19 0.21
Soluble Anions
CO3 2- + HCO3 - (meq L-1) 8.65 7.89
Cl- + HCO3 - (meq L-1) 7.56 5.99
NaHCO3-extractable P (ppm) 4.87 6.95
NaOAC-extractable K (ppm) 58.65 63.41
Total nitrogen (%) 0.019 0.022
KCl-extractable N (ppm) 31.04 29.16

Data presented in Table Il indicated that N and K fertilization rates had highly significant effect in sugar beet
quality except for sugar loss percentage. The contents and uptake of N and K in the foliage and roots were
significantly increased by increasing N fertilizer up to 214 kg N ha-1 over two seasons. However, Fe and Mn
content of roots and foliage were significantly decreased by increasing of N fertilization rates (Table IV & V). This
was expected as high N rate enhanced vegetative growth and consequently the absorption of other nutrients (K) to
meet the growth demand. A significant decrease in Fe and Mn content of foliage and roots with increasing of N
fertilization rates may be attributed to the dilution caused by the high vegetative growth in the presence of the high
N fertilization rates (Euroi and et al, 2002; Attia, 2004).

Effect of potassium fertilization rates

Application of K fertilizer at the rate of 114 kg K ha-1, significantly increased all growth attributes and sugar
yield (Table 1), which could be attributed to the stimulatory effect of K on rate of photosynthesis, as well as,
transport of the photosynthetic product from the leaves to the storage root (Ahadi and Sobhani, 2005; EI-Ramady,
1997; Bondok, 1999; Ohadi and et al, 2002; Attia, 2004; Elaheii and et al, 2010). Most quality characteristics
[sucrose percentage, quality index, SR percentage, RSY & sugar loss yield (ton ha-1)] of sugar beet were
significantly increased by increasing nitrogen fertilization rates, except for sugar loss percentage over two seasons
(Table 1lI). The highest sucrose percentage (16.86%) was obtained when 114 kg K20 ha-1 was applied with
different rate of N fertilization. Only at the highest level of K fertilization (114 kg K20 ha-1), Na and a- amino- N
content were significant decreased over two seasons (Table Il). These results are agreement with those obtained
by Eskandarzadeh (Eskandarzadeh, 1999) and El-Yamani (El-Yamani, 1999). An increase in recoverable sugar
yields might be due to the role of K in nutrients uptake and nutritional balance, which increase the biosynthesis of
photosynthates (Milford and et al, 2000; Attia, 2004). Data of Tables (IV & V) showed that N and K content and
uptake of roots and foliage were significantly increased by increased K fertilization over two seasons. On the other
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hand, N and K fertilization rates had no effect on P content of roots and foliage over two seasons. The data showed
markedly that, the all studied nutrients (N, K, P, Fe & Mn content) of foliage were higher than roots that are related
to the essentiality of K to improve photosynthesis. Also, K helps in maintaining a normal balance between
carbohydrates and proteins (Moustafa and Darwish, 2001; Monreal and et al, 2003).

Effect of interaction

Both N and K fertilizers had a highly significant effect on productivity traits of sugar beet i.e., roots and foliage
fresh and dry weights yield (ton ha-1) over two seasons. Roots, foliage fresh and dry weights were significantly
increased with increasing N and K fertilizers rates over two the seasons. The highest values of root and foliage
fresh and dry weights yield (69.35 & 16.15 ton ha-1), (11.32 & 2.78 ton ha-1) were obtained from application of
285 kg N and 114 kg K20 ha-1 over two seasons. Gross sugar yield was increased by increasing both N and K
fertilization up to 285 kg N with 114 kg K20 ha-1 over two seasons (Table IIl). Such effect reflects the response of
root yield to N and K fertilizer. The highest sugar yield (10.95 ton ha-1) was obtained with the application of 285 kg
N with 114 kg K20 ha-1. Similar results were obtained by Shahidi and Khalafi (Shahidi and khalafi, 2010). The
results reveal that the effect of N and K fertilization rates on growth of sugar beet plants (roots & foliage fresh & dry
weight) was similar to those effects on sugar yield. The importance of sugar beet is not confined only to the sugar
produced from it but also to its byproducts. Foliages of sugar beet are considered a good feed source for livestock.
Pectin is also produced from the pulp of sugar beet (sanatchi and et al, 2002). It could be noticed that increasing N
and K fertilizers rates significantly increased root growth and quality. These results appear to be mainly due to the
role of N in developing root dimensions by increased cell division and/or elongation. The positive effect of N
fertilizer might be due to the increased efficiency of N-fertilization in building up metabolites translocations from
leaves to developing roots, thus increases dry matter accumulation (Euroi and et al, 2002). Increasing N and K
fertilization had a significant effect on nutrients content and uptake of roots and foliage over two seasons (table IV
&V). Similar results were obtained by Zaifizadeh and Amjadi (Zaifi zadeh and Amjadi, 2001). The white sugar yield
is an important yield parameter of sugar beet, because it is final useful form of sugar that the consumers use. Most
of the quality characters i.e., sucrose percentage, quality index, SR percentage, RSY and sugar loss yield were
significantly.

Table 2. Effect of nitrogen and potassium fertilization rates on yield and impurity components of sugar beet plant grown on a sandy calcareous
soil over two seasons

Fertilizer rate Root fresh Foliage fresh weight Root dry weight Foliage dry Na content (mmol K content (mmol 100 ¢- amine-N (mmol

(kg ha) weight (ton ha?) (fon ha) (tonhal) weight (fon ha’) 100 g” beet paste) g beet paste) 100 g beet paste)
N K0
143 00 4839 1044 809 1.95 14 5.06 3.61
57 5228 11.01 9.07 199 123 517 341
114 5466 1130 943 204 110 524 31
214 0.0 55.12 9.66 212 184 511 418
57 59.83 1094 241 163 529 400
114 6050 11.10 249 134 333
285 00 6318 1091 273 189 475
57 6799 1119 279 169 425
114 69.75 1132 278 147 397
Meanof 0.0 55.56 9.56 227 172 418
K0 57 60.03 1040 240 152 388
114 6168 10.62 24 130 348
LSD N 711 4 1.0s p42 0.17 033 039
(P<0.05) K 14 141 039 0.13 007 0.08 0.06
NK 250 0.57 040 0.23 0.11 0.13 0.10

Table 3. Effect of nitrogen and potassium fertilization rates on some quality parameter of sugar beet plants grown on a sandy calcareous soil
over two seasons

Fertilizer rate Sucrose Sugar loss Quality index (%) S.R.(%) Gross sugar yield (ton Im'l) RS.Y. (ton h:\") Sugar loss yield (ton ha”)
(gha) %) %)
N K0
143 0.0 15.39 2.80 81.81 12.56 743 6.26 1.36
57 16.34 2.80 82.84 1353 8.54 7.07 148
114 16.86 276 83.63 14.09 9.23 7.38 1.50
214 0.0 14.69 3.07 79.13 11.62 8.10 6.41 1.69
57 15.77 319 80.84 12.76 9.43 7.63 191
114 16.03 292 81.97 1325 9.69 8.03 176
285 0.0 1432 3.03 78.81 11.25 9.05 7.10 1.92
57 1520 295 80.58 225 1033 833 2.02
114 15.68 2.89 81.63 1285 1095 9.15 201
Meanof 0.0 14.80 297 79.92 11.81 820 6.60 1.66
K0 57 15.77 298 81.42 12.85 9.44 7.68 1.80
114 16.19 285 8241 1340 9.95 8.18 1.75
LSD N 0.71 - 170 0.63 1.09 093 0.30
(P<0.05) K 0.46 - 0.58 0.40 0.40 0.37 0.12
NK 0.78 - 1.00 0.69 0.69 0.65 0.22

(-) not significant
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Table 4. Effect of nitrogen and potassium fertilization rate on the nutrients concentration and uptake by sugar beet roots grown on a sandy
calcareous soil over two seasons

Fertilizer rate Roots nutrients concentration Roots nutrients uptake

(kgha) N(%) K(%) P(%) Fe(mgkg’) Mn(mgkg') N(kgha') K(kgha') P(kgha') Fe(gha') Mn(gha)
N K,0
143 00 055 075 010 5250 45.00 45.70 60.81 8.10 42471 364.02
57 05 083 012 51.65 4165 52.96 7485 1083 46827 37759
114 060 087 0.1 49.15 38.65 5653 81.99 10.24 46327 364.14
2400 058 090 011 4935 3735 55.34 86.28 10.59 47600 36010
57 066 098 0.1 4835 38.50 7152 106.63 1202 52824 42078
114 068 105 010 5035 4135 7545 11651 11.07 55847 45875
25 00 074 103 0ll 4815 33.50 80.21 11246 12.02 525.62 365.69
57 078 118 010 47.00 33.50 87.23 131.97 11.19 52575 37485
14 079 12 009 45.00 3100 8949 13745 10.23 500.32 350.93
Meanof 00 062 08 011 50.00 38.60 6037 86.51 1024 47541 36331
KO 57 068 100 O0ll 49.00 37.90 7057 104.48 1131 507.42 301.04
114 060 105 010 4815 37.00 73.90 111.98 10.05 51035 301.27
LD N 005 011 - 104 172 6.94 1484 0.12 27.00 3275
(P<0.05) K 004 006 - 0.60 116 3.74 257 0.09 2515 11.95
NK 008 018 - 143 131 5.17 6.65 0.18 43.00 2928

(-) not significant

Table 5. Effect of nitrogen and potassium fertilization rate on the nutrients concentration and uptake by sugar beet foliage grown on a sandy
calcareous soil over two seasons

Fertilizer rate Foliage nutrients concentration Foliage nutrients uptake
(kgha) N(%) K(%) P(%) Fe(mgkg’) Mn(mgkg’) N(kgha) K(kgha') P(kgha’) Fe(gha’) Mn (gha”)
N K:0
143 0.0 1.96 378 0.25 236.50 130.20 3822 73.66 488 461.18 25407
57 210 3.65 028 245.15 122.35 41.69 73.19 548 487.85 24312
114 2,03 331 0.26 24370 114.20 4141 67.36 5.36 497.15 23241
214 0.0 207 347 0.26 236.80 104.50 43.88 73.19 5.60 502.02 22146
57 2.10 3.60 024 242.00 112.65 50.49 86.51 583 583.22 270.85
114 220 3 0.25 245.85 119.15 54.66 9247 6.19 612.17 206.31
285 0.0 223 3.61 0.25 231.65 97.35 60.74 98.28 6.67 632.40 265.37
57 213 3.50 023 233.15 96.50 59.29 97.34 643 650.49 268.71
114 214 3.63 023 21815 80.15 59.49 101.24 6.31 606.46 24823
Meanof 0.0 209 3.62 0.26 235.00 110.65 4733 81.76 579 53345 251.18
K,0 57 211 3.58 0.25 240.10 110.50 50.52 85.68 6.00 576.24 265.20
114 213 3.55 0.25 23590 107.50 51.85 86.99 598 575.60 262.30
LSD N 0.02 0.12 = 5.24 872 435 6.90 - 12.35 523
(P<0.05) K 0.02 0.12 - 3.25 208 247 137 - 824 324
NK 0.04 0.70 5 6.42 12.08 3.65 2.58 - 14.23 6.14

(-) not significant

Increased by increasing N and K fertilization rates over two seasons. The increased cations contents might be
associated with a decrease in the sucrose. This was further associated with an increase in water content in fresh
roots of sugar beet, which diluted the sucrose concentration. Therefore, not only sucrose %, but also juice purity
might be expected to increase as the amount of cations decrease (Follett, 1991: Hilali, 2005). Also (Emami, 1999)
reported that white sugar percentage significant increased by increasing of potassium fertilizer rates.

CONCULSION

There were significant effects of the N and K fertilization rates on the nutrient uptakes in root and foliage of
sugar beet and their highest values were always obtained at the highest N and K fertilizers applied. Moreover, the
maximum vyield and quality of sugar beet crop obtained with 114 kg K ha-1. These results suggest that the
application of both nitrogen and potassium can control impurities components leading to a good quality of sugar.
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