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ABSTRACT

The goal of this work was to walk a wide step on that road arrives to the optimum
demand of nitrogen, potassium and manganese for sugar beet. This work was done in Abis
area for two seasons (2005-2006 and 2006-2007). Nitrogen fertilization showed a significant
effect on the growth of sugar beet piant where increased the yield of the whole plant, root,
shoot and sugar, also increased the percentage of scluble salts solids, sugar and amino N in
tuber tissues, especially with the highest rate of N application (150 mg N/ kg soil) where
increased the sugar yield as the main product 41.4 and 39.7% for the first and second
seasons, respectively. The rate of 100 mg K/ kg soil was the best rate of potassium addition
with most of studied parameters especially the sugar production where increased it by 16.8
and 19.8% for the first and second seasons, respectively . The addition rate of Manganese
(0.2 mg Mn/kg soil) was the best rate where, promoted the root weight and consequently the
sugar vield where increased it by 31.5 and 33.4% for the first and second seasons,
respectively.

INTRODUCTION

In recent years, there has been rapid development in sugar beet
cultivation in the new reclaimed soils (calcareous soils) to minimize the gap
between the production and consumption of sugar. Most of researches
were conducted in that new reclaimed soil. The soil of Nile Delta (Alluvial
soil) needs more research to get the optimum demand of the macro and
micro nutrients.

Sugar beet contains 4 to 7 g N per kg of fresh beet produced
(Carter et al., 1974 and Halvorson et al., 1978). Compared with other crops
such as corn {Zea mays L.), deep-rooted sugar beet scavenges the sail
profile for residual N and recovers considerably more soil N and relies less
on fertilizer N (Hills et al., 1983). Also, because of the negative effects of
high soil N level on sucrose concentration and recovery, optimum soil N
levels for sucrose production are usually lower than for beet yield (Adams
et al., 1983; Anderson and Peterson, 1988).

In Montana, the greatest sucrose yield was obtained with 112 kg N
fertilizer ha™' and NO; accumulated in the soil when more than 168 kg N ha”
' was applied (Halvorson and Hartman, 1975). Sucrose yields in Montana
were near maximum when spring soil NO, plus added N was about 200 to
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225 kg ha”' (Halvorson et al., 1978). In Texas, sucrose yield did not
respond to fertilizer N when NO:, in the top 1.2 m of the soil profile was 180
kg ha™ at planting (Winter, 1990). In Nebraska, when 35 to 45 kg NO; ha”
was avaulable in the top 1.8 m of the soil at planting, 160 to 220 kg N
fertilizer ha' was needed to optimize sucrose yield (Anderson and
Peterson, 1988). In Wyoming, when soil NO; at 0.3 m was about gmg kg™,
sucrose yletd was at maximum with 170 kg N fertilizer ha™ (Lauer, 1995).
Carter et al. (1974) in southern Idaho found that sucrose yield was
maximum when NO; plus mineralized N at the top 0.4 m of the soil was
about 250 to 300 kg ha™.

The effect of potassium fertilization on the sugar beet yield was
studied carefully through those studies conducted to get the optimum
combination of NPK. The studies of K as independent factors showed the
necessary application of K to sugar beet. Orlovius (1986) showed that
application of mineral K fertilizer; 450 Kg K,O / ha increased the sugar beet
yield by 5% regardless of residue supply.

Cumakov (1996) found that K had a positive effect on sugar beet
and sugar yields. Brandenburg (1931) showed that manganese deficiency
causes small angular chiorotic spots on the sugar beet leaves and the
leaves grow upright and roll in wards. Draycott and Parley (1973) found that
manganese sulphate in aqueous solution sprayed on sugar beet leaves can
greatly increase their manganese concentration and within a few days-
decrease the severity of deficiency symptoms.

MATERIALS AND METHODS

The experiment was carried out in Abis area in the same spot for
two seasons (2005-2006 and 2006-2007). Soil of the experimental area
was well prepared and divided into 3 replicates with spht-sp!lt plot design.
Each replicate contained 48 plots (plot area = 10.5 m?) as 4 main plots
fertilized with 4 levels of N as ammonium nitrate (75, 100, 125 and 150 mg
N/ kg soil), 4 sub-plots fertilized with 4 levels of K as potassium sulphate
(50, 75, 100 and 125 mg K/kg soil) and 3 sub-sub-plots were fertilized with
3 levels of foliar applied Manganese (0, 0.1 and 0.2 mg Mn/kg soif). Sub-
sub plot size was 1 m2. During soil preparation 100 mg P/kg soil
(superphosphate) were added to the experiment soil. Monogerm sugar beet
(Beta vulgaris L.) (Plino. Var) seeds were cultivated and all agricultural
practices were applied as usual during growing seasons.

The soil was chemically analyzed for pH, EC, soluble cations and
anions in the soil paste (Table 1) according to standard methods edited by
Black (1965) and Mulvaney (1996) for the two seasons.
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Table 1. Some chemical properties of the used soil.

Season EC pH Cations (meg/L) Anions (meg/L} msg;;g

dSm'  Ca* Mg® Na* K' HCO; COs* Cr SO N

1st 27 8075 69 102 12 15 00 246 16 110
2nd 29 81 80 69 120 11 14 01 255 15 113

The yield was harvested at 186 days age and the whole plants,
roots and shoots were weighed for the first and second seasons (Tables 2
and 3). The tuber yield of each treatment was analyzed for sucrose
according to the method described by Le Docte, 1927, and amino N
contents according to the method described by Brown and Lilliand (1964).
The data of sugar yield of all freatments were calculated and the data of
plant growth (whole plant, shoots, roots and sugar yield as ton/faddan) and
the quality parameters (dry root, dry shoot, T.5.S_, sucrose, Amino N as a
percentage) were computed and statistically analyzed for testing the

significance of the tested factors and the possible interaction between
them.

RESULTS AND DISCUSSION
Effect of nitrogen fertilization

The obtained data (Tables 2 and 3} showed a significant positive
effect of applied nitrogen rate on the studied parameters (growth and
quality parameters).The data of the second and third levels (N2 and N3) of
applied N for all studied parameters were, more or less, closed to each
other and cleared a significant enhancement in the yield of whole plant,
root, shoot and sugar in tonffaddan and in the percentage of dry root, dry
shoot, total soluble salts, sucrose and amino acids. The highest level of N
application 150 mg N/kg soil was the best in its positive effect on the
studied parameter especially on the guality parameter, where the whole
plant was raised 31 and 31.9% comparing with the lowest level of N
addition for the first and second seasons, respectively. The rising extents
were 26.4 and 22.8% for roots, 43.5 and 58.2% for shoots, 41.4 and 39.7%
for sugar, 26.5 and 26.5% for dry root, 31.3 and 31.3% for dry shoot, 26.1
and 26.2% for total soluble salts, 18.4 and 13.2% for sucrose and finally
1347 and 133.5% for amino N for the first and second seasons,
respectively. The data mentioned demonstrated the strong effect of applied
N at 150 mg N/kg soil on the sugar yield due to the combination between

Vol. 12(4),2007 695



J. Adv. Agric. Res. ( Fac. Ag, Saba Basha)

the two positive effects of the root yield and sucrose percentage at the
same time. Also, amino N percentage were much hugged besides the dry
root and dry shoot which makes the leaves and roots after sugar extracting
are more useful in animal nutrition. The results obtained here, did not agree
with that obtained by Halvorson et al., 1978; Winter, 1990; Carter et al.
1974 and Anderson and Peterson, 1988, where they announced that sugar
yield did not response to more addition of mineral N when spring soil N plus
added N was about 200 to 225 kg ha”, 180 kg ha™', 250 to 300 kg ha™ and
160 to 220 kg N fertilizer ha™, respectively. As known the Egyptian soil -in
general- is poor in soil N whlch means more need to mineral N to be
applied to reach the maximum sugar yield.

Effect of potassium

The obtained data (Tables 2 and 3) showed that potassium as an
essential plant nutrient affected significantly on all plant items studied in
both seasons. The data of both seasons were closed to each other as
shown in Figures 2a and 2b. The third level of K added to soil (100 mg K/kg
soil) increased significantly the whole plant weight 14.2 and 11.7% for the
first and second seasons, respectively. The beet fubers weight also,
enhanced dramatically with the third K level where increased it 15.4 and
16.5% for the first and second seasons, respectively. Shoots did not show
significant effect with the second and third levels of K, where the highest
level showed significant negative effect for both seasons. Whiie the dry
mater percent of root and shoot in both seasons were enhanced with
application levels up to 100 mg K/kg soil. The higher level of 125 mg K/kg
soil continued in rising this percent for dry root only and went {o make it
less than the lowest addition level. The resuits of sugar production and
sucrose percentage in both seasons showed that, there was significant
effect of potassium fertilization rate. The sugar yields were promoted 16.8
and 19.8% for the first and second seasons, respectively with the second
rate of K added. The second level of added K increased significantly the
sucrose concentration as percentage. More added K pushed the sucrose
concentration down where, the highest level converted the effect from
positive to negative. More added K caused more soluble salts and amino N
percent up to the highest level of added K (125 mg K/kg soil).

Effect of manganese

The data of Manganese effect (Tables 2 and 3) cleared the
significant positive effect on the whole plant, root and sugar yield. Dry
matter percent of root, total soluble salts and amino N were also affected

Vol. 12 (4), 2007 696



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

positively with more addition of manganese up to 0.2 mg/kg soil. Sucrose
concentration did not affected by manganese addition. In spite of the
positive significant promotion of whole plant, the leaves yield were affected
negatively, which means that the added manganese not only supported the
growth of beet root but also inhibited the leaves growth (Figure 3a).
Generally, manganese foliar application up to 0.2 mg/kg soil was enough to
keep the plant heaithy and promoted the sugar yield where increased it by
31.5 and 33.4 % for the first and second seasons, respectively.

Table 2. Effect of nitrogen, potassium and manganese fertilization rate on the
weight of plant, root, shoot and sugar yieid and the percentage of

dry root, dry shoot, total soluble salts, sucrose and amino
nitrogen (first season).

Treat. Plant Root Shoot Sugar Dry  Dry T.S.5 Sucrose Amino
root  shoot N

------------- Ton/ faddan ------e—- %

N1 23.76d 17.18d 6.58¢c 3.09d 28.23d 10.08d 26.17d 17.48c 124d
N2 2801c¢ 19.15¢ 887b 337c¢ 31.73¢ 10.74¢ 27.29¢c 17.58b 199¢
N3 2895b 2036b 8.59b 3.63b 3329b11.43b 275b 17.86b 2.65b
N4 31.15a 21.72a 944a 4.37a 3572a 13.24a 33.00a 20.07a 291a
Kl 2621d 17.84¢ 837b 3.27c¢ 30.60d11.30ab 26.88d 18.23b 1690
K2 2830b 20.02b 8.28b 3.82a 32.14¢ 11.49a 2867c 1898a 2352
K3 2694a 20.58a 935a 3.78a 32.70b 11.59a 28.75b 18.34b 2.37a
K4 2743¢ 2049a 695¢c 3.58b 33.53a11.10b 29.67a 1744c 238a
Mnl 2597c¢ 16.58c¢ 9.39a 3.02c 29.18¢11.58a 27.06c 18.20a 2.02¢c
Mn2 2839b 2099b 740¢ 3.85b 33.48b 11.06b 2835b 1826a 2260
Mn3 29.57a 21.62a 795b 397a 3407a 1147a 2988a 1831a 231a
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Table 3. Effect of nitrogen, potassium and manganese fertilization rate on the
weight of plant, root, shoot and sugar yield and the percentage of
dry root, dry shoot, total soluble salts, sucrose and amino nitrogen
(second season).

Treat. Plant Root Shoot Sugar Dry Dry T.S.S Sucrose Amino
root  shoot N

------------- Ton/ faddan ----------
— %

N1 2298d 1747d 552c¢ 3.07d 2823d 1023d 2577¢ 17.63d 1.28d
N2 2696¢ 1892c 8.04b 334¢ 32.05¢c 1091¢ 2688b 17.77¢ 203 ¢c
N3 2805b 20.11b 794b 3.74b 33.62b 11.60b 27.09b 18.02b 2.63 b
N4 30.19a 2146a 873a 42%a 36.07a 13.43a 32.51a 2021a 297a
K1 2532d 1761c 7.71a 3.18¢c 3091 d11.47ab 26.47c 1854b 1.74b
K2 2751b 1977b 7.742 3.80a 3246c11.66ab 28.24b 19.16a 2.34a
K3 28.70a 20.33a 837a 3.86a 33.03b11.77a 2832b 18.43b 2.40a
K4 2664¢ 2023a 641b 3.60b 33.86a 11.27b 2922a 17.59¢ 243a
Mnl 24.71c 1637¢ 834a 299c¢ 2974c 11.75a 26.66¢c 1825a 192¢c
Mn2 27.57b 20.74b 6.83c 3.86b 33.81b 11.23b 28.10b 18.38a 2.26b
Mn3 2885a 21.35a 7.50b 3.99a 34.41a 11.65a 29.43a 1844a 2.49a

Vol. 12 (4),2007 698



J. Adv. Agric. Res. ( Fac, Ag. Saba Basha)
e

Fig.1a: Relationship between N fertilization rates and the yield of plant, root,
shoot and sugar of sugar beet.

Fig. 1b: Relationship between N fertilization rates and the percentage of the
dry root, dry shoot, T;S.B.. sucrose and amino nitrogen.
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Fig.2a: Relationship between K fertilization rates and the yield of plant, root,
shoot and sugar of sugar beet.

Fig. 2b: Relationship between K fertilization rates and the percentage of the
dry root, dry shoot, T.S.S., sucrose and amino nitrogen.
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Fig. 3b: Relationship between Mn fertilization rates and the percentage of the dry
root, dry shoot, T.S.S., sucrose and amino nitrogen.
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Effect of interaction between studied factories

~ Sugar yield was affected significantly by the interaction between the
studied nutrients (N, K, Mn). Data represent the interactions N*K, N*Mn,
and K*Mn are listed in Table 4. The interaction between the highest level of
added N (150 mg/kg soil) and the second level of added K (75 mg/kg soil)
resulted a sugar yield 4.62 ton/faddan. The interaction between N and Mn
resulted 4.94 ton sugar /faddan with the highest levels of both. . The highest

level of added Mn and the third level of added K resulted the 4.30 ton sugar
/ faddan as the best interaction effect.

Table 4: Effect of Interaction hetween studied factors on éugar yield mean
{tonffaddan),

N1 N2 N3 N4 LSD
K1 2.6 3.03 3.4 3.68 0.576
K2 3.1 3.58 3.91 462
K3 3.4 3.6 3.93 4.52
K4 3.18 3.16 3.75 4.33
Mn0 2.77 2.901 3.01 326 0699
Mnl 3.19 3.52 4.06 4.66
Mn2 3.26 36 418 4.94

K1 K2 K3 K4
Mno 275 3.13 3.05 3.03 0.699
Mn1i 3.25 4.02 43 3.87
Mn2 3.54 4.27 4.24 3.92
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