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ABSTRACT

Two field experiments were carried out at Sakha Agric. Res. Station, Kafr El-
Sheikh Governorate, Egypt during 2010/2011 and 2011/2012 seasons to study the
effect of three irrigation water quantity (3000, 2500 and 2000m* }, four nitrogen
sources (Urea 46.5% N, Ammonium sulfate 20.6% N, Ammonium nitrate 33.5% N and
Anhydrous ammonia 82% N) and three nitrogen rates (70, 80 and SCkg N/fed.) on
growth yield and quality of sugar beet c.v. Gloriuf . The experiments were laid out in
split plot design with four replications.

The obtained results indicated that decreasing amount of irrigation water
from 3000m® to 2500 and 2000m° caused reduction in root fresh weight, a ammo
nitrogen and potass:um% .On the other hand, reducing irrigation level from 3000m’ to
2500 and 2000m’ increased root length , sodium percentage as well as purity
percentage .

Sugar beet plants received anhydrous ammonia gave the highest values of
root length, root fresh weight , potassium and purity percentage , on the other hand, it
gave the lowest values of ¢ amino nitrogen and Sodium percentage. .

Sugar beet plants fertilized with nitrogen fertilizer at the rate of S0kg N/fed. gave the
highest values of root length , root fresh weight , potassium percentage and a amino
nitrogen percentage, while the highest values of sodium percentage and purity
percentage were recorded with plants received nitrogen fertilizer at the rate of 70kg
N/fed. as compared with other nitrogen fertilizer rates .

At all irrigation levels nitrogen fertilizer application in the form of anhydrous
ammonia gave the highest values of root length, root fresh weight, potassium% and
purity%, but it gave the lowest values of a amino nitrogen% and sodium percentage
At the highest water regime (2000m°/fed.) raising mtrogen fertilizer from 70 to 90kg
N/fed. increased root length , root fresh weight , a amino nitrogen% and potassium%
. on the contrary the highest Na and purity% were found with 70kg N/fed. At all
nitrogen fertilizer rates plants received nitrogen in the form of anhydrous ammonia
gave the highest values of root length, root fresh weight and purity%, on the other
hand, this freatment gave the lowest values of a amino nitrogen % percentage and
sodaum percentage .

At the highest water regime (2000m’fed.) plants fertiized by nitrogen
fertilizer at the rate of 90kg N/fed. in the form of anhydrous ammonia gave the iongest
root , heaviest roots, potassium percentage and purity percentage, on the contrary it
gave the lowest a amino nitrogen percentage ,sodium percentage.

Generally, it could be concluded that when the shortage of irmigation water
was presented, fertilizing sugar beet plants with nitrogen ferdilizer in the form of
anhydrous ammonia at the rate of S0kg Nffed. improved growth and root juice quality
of sugar beet plants at Sakha Kafr El-Sheikh Gwemorate conditions.
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INTRODUCTION

Sugar beet (Beta vulgaris, L.) ranks the second important sugar crop
after sugar cane, producing annually 45% of sugar production all over the
world. The Egyptian Government encourages sugar beet growers to increase
the cultivated area for decreasing the gap between sugar production and
consumption. This increase is likely to be obtained by increasing root and
sugar production as well as decreasing sugar losses into molasses. The aim
of sugar beet processors worldwide is to produce pure sugar at least expense
from the roots which they have purchased and which represent their major
manufacturing cost. The efficiency of processing depends on the root quality
which is by far the most important parameter affecting processing. In order to
understand the relationship between root quality and processing efficiency it
is necessary to know the chemical constituents of beet root and raw juice.
The significant of the amino acids as well as potassium and sodium has
necessarily had to be taken into account in almost all calculation aimed at
assessing the contribution of the non sugar to potential loss of sugar into
molasses.

The quantity of water required to produce maximum root and sugar yields
as well as juice quality are important as water stress limits plant growth and
consequently reduce root yield and quality (Parashar et al., 1976). Ramazan et al.
(2011) found that increasing water deficits resulted in a relatively iower white sugar
yields.

Source of nitrogen application is important management tools in this
respect because maximum nitrogen efficiency is obtained when nitrogen is
applied in the form which is available for uptake by plant needed. Leilah ef al.
(2005), revealed that nitrogen fertilizer source as ammonium sulphate had
significant effect on all growth parameters of sugar beet plants i.e. root length
and fresh weight of roots compared to control. Nemeat-Alla (2009) and El-
Sonbaty et al. (2012), declared that fertilizing sugar beet plants with urea
(46% N) improved plant growth(length and fresh weight of root) compared to
untreated plants.

Nitrogen is a major nutrient element and its needed in farge amount
for high yield of sugar beet and it considered the most factor affecting the
growth and productivity of sugar beet. Tsialtas and Masalris (2005) showed
that non sugar impurities (K, Na and alpha amino nitrogen } were positively
related to the increasing nitrogen rate. El-Sarag (2009) and Nemeat, Alla
(2009) found that increasing nitrogen up to 120kg N/fed increased root length
and root fresh weight of sugar beet. Fathy and Attia (2009) reported that
increasing nitrogen level up to 285kg N/ha increased impurities (Na, K and
alpha amino nitrogen) in juice of sugar beet. Abd- El-kader (2011) found that
average potassium and sodium % were significantly affected by nitrogen
fertilizer rates .Increasing nitrogen fertilizer rate from 0 to 110kgN/fed.
increased potassium % , on the other hand decreased sodium % .

The aim of the present investigation is to study the effect of irrigation
water quantity, nitrogen sources and nitrogen rates on sugar beet growth and
juice quality at Sakha, Kafr EIl-Sheikh Governorate conditions, Egypt.

538



J. Plant Production, Mansoura Univ., Vol. 4 (4), April, 2013

MATERIALS AND METHODS

Two field experiments were carried out at Sakha Agricultural
Research station, Kafr El-Sheikh Governorate, Egypt during 2010/2011 and
2011/2012 seasons, to study the effect of irrigation water quantity, nitrogen
sources and rates on growth and juice quality of sugar beet, cv. Gloriuf.

Soil samples were randomly taken from the experimental sites at
depth of 0 to 30cm from soil surface and were prepared for physical and
chemical properties in 2010/2011 and 2011/2012 seasons according to
Chapman and Pratt (1961). Physical and chemical properties of soil at the
experimental sites in both seasons are shown in Table (1). The preceding
summer crop was rice in both seasons.

The experiments treatments were as follows:
I-irrigation water quantity

Three irrigation water quantity were applied as follows:
1.Applied 2000 m” water/fed.
2.Applied 2500 m®water/fed.
3.Applied 3000 m’ water/fed.

All irrigation treatments were received the same sowing irrigation in
both seasons. The irrigation water quantity were contained water amount of
rainfall in both seasons as shown in Table (2). The irrigation treatments were
started at 30 days from sowing.

Table 1: Physical and Chemical Properties of the experimental Soil:

. . eason
Soil Properties 2010/2011 - 201172012
A. Physical analysis (soil fraction)
Sand % 19.5 17.9
Sit % 24.5 23.6
Clay % 56 58.5
exture Class Clay Clay
Sp % 64 65
[BJ.!Chemical analysis
PH(1:2.5) 7.9 8
EC (dS/m) 0.99 0.98
CaCO:% 4 3.89
oluble anions in extract :
HCO3 (med/lL 4 3.7
Cl(meg/L 254 3.38
SO meqg/L 3.42 2.79
Eoiuble cations in extract
Na~ meg/L. 5 4.58
., _(meg/L 04 0.57
Ca” — (meg/l 31 285
meg/L) 1.46 1.7
otal N % 0.17 0.16
vailable N (ppm 14 13
P (ppm 8.2 7.9
K {(ppm 420 413
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Table 2 : Quantity of seasonal irrigation water (IW) and rainfall water (R)
applied to sugar beet in both seasons .

[ Irrigation regime (m’ 2010/2011 season 2011/2012 season
J ffed.) W R_ W R
2000 1844.6 155.4 1470.5 §29.5
2500 23446 155.4 1970.5 529.5
3000 2844.6 155.4 24705 529.5

li-Nitrogen sources

Four nitrogen sources studied were as follows:
1-Urea (46.5% N).

2-Ammonium sulphate (20.6% N).
3-Ammonium nitrate (33.5% N).

4-Anhydrous ammonia (82% N).

Anhydrous ammonia fertilizer (82% N) was injected into the soil at
four days sowing using ammonia applicator device, while depth of injection
was 20cm in soil containing 15% moisture content.

lli- Nitrogen fertilizer rates

Three nitrogen rates were applied as follows:
1-Applied 70kg Nffed.

2-Applied 80kg N/fed.

3-Applied 90kg Nffed.

The three nitrogen rates from urea, ammonium sulfate and
ammonium nitrate were added in two equal split doses, one at 45 days from
sowing and the second at 75 days from sowing.

The experiments were carried out in split plot design with four
replications. The irrigation treatments were randomly distributed in main plots,
while nitrogen sources and rates were allocated at random in sub plots. The
area of sub plot was 21m? (7rows x 0.6m width x 5m length). Main plots
(irrigation treatments) were isolated by ditches 1.5m in width to avoid lateral
movement of water.

The experiment soil was prepared as usually and potassium as
potassium sulphate 48% K,O as well as phosphorus as superphosphate
15.5% P,05 were added at the rate of 100kg fed™" from both the two fertilizers
before planting for all plots. Seeds were hand sown on 16 and 25 August in
2010/2011 and 2011/2012 seasons, respectively. Plants were thinned to one
plants/hill after 35 days from sowing. Other cultural practices were done as
recommended for sugar beet crop usually followed in the region.

The collected data in the experiment involved the following traits:
Data recorded

At harvest time five plants were chosen randomly from each sub -sub
plot and the following traits were measured .
1-Root length (cm).
2-Root fresh weight (g).
3-Potassium percentage in juice .
4-Sodium percentage in juice .
5-Alpha amino nitrogen in juice .

540



J. Plant Production, Mansoura Univ., Vol. 4 (4), April, 2013

6-Purity percentage .
Statistical Analysis

The analysis of variance was carried out according to Gomez and
Gomez (1984).

RESULTS AND DISCUSSION

Average root length (cm), root fresh weight (g), a amino nitrogen
percentage, potassium percentage, sodium percentage and purity
percentage in root juice of sugar beet as affected by irrigation water quantity,
sources and rates of nitrogen fertilizer as well as their interactions in
2010/2011 and 2011/2012 seasons are shown in Tables 3-8.

Results recorded in Tables 3-8 indicate that the effect of irrigation
water quantity was significant on all studied trants in both seasons,
Decreasing amount of irrigation water from 3000m® to 2500 and 2000m’
caused reduction in root fresh weight by 8.05 and 16.40%, a amino hitrogen
by 0.37 and 0.67% as well as potassium percentage by 0.13 and 0.44% in
2010/2011 season, respectively, while in 2011/2012 season the
corresponding values were 7.63 and 11.22%, 0.27 and 0.48% as well as 0.12
and 0.30% ln the same respect. On the other hand, reducing irrigation level
from 3000m” to 2500 and 2000m’ increased root length by 6.79 and 15.13%
as well as 8.50 and 16.58%, sodium percentage by 0.13 and 0.19% as well
as 0.12 and 0.20% and purity percentage by 1.05 and 2.70% as well as 1.63
and 2.95% in 2010/2011 and 2011/2012 seasons, respectively. The reduction
in root fresh weight caused by decreasing irrigation water level may be
attributed to the deleterious effect of water deficit on cell elongation and
division as well as cell number which led.to produce the smaller root having
the slight weight. On the contrary, the increase in purity% due to the lowest level
of irigation was might be attributed to the increase in sucrose% and k% as well as
the reduction in a amino nitrogen percentage, thus impurities decreased and
increasing purity% in root juice of sugar beet. These results are in harmony with
those of Parashar et al. (1976) and Ramazan et al. (2011)

Results recorded in Tables 3 to 8 show clearly that all measured
characters were significantly affected by nitrogen sources in both seasons.
Sugar beet plants received anhydrous ammonia gave the highest values of
root length 35.3 and 32.62cm, root fresh weight 828.89 and 843.00g,
potassium percentage 6.01 and 6.22% and purity percentage 83.53 and
84.81%. on the other hand, it gave the lowest values of a amino nitragen
percentage 1.55 and 1.50% and Sodium percentage 1.67 and 1.77%
compared to all other nitrogen sources in 2010/2011 and 2011/2012 seasons,
respectively. The superiority of anhydrous ammonia of growth and quality
than other nitrogen sources may be due to it had maximum nitrogen
efficiency and available for uptake by plants as well as it gave the highest
values of growth traits and the lowest values of a amino N therefore, it gave
the higher values of growth and juice purity% of sugar beet. These results are
in harmony with those of Nemeat-Alla (2009) and El-Sonbaty et al. (2012).
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Results presented in Tables 3 to 8 show clearly that the effect of
nitrogen rates was significant on all studied characters in both seasons.

Sugar beet plants fertilized with nitrogen fertilizer at the rate of 90kg
N/fed. gave the highest values of root length 32.46 and 30.48cm, root fresh
weight 810.25 and 833.83g , a amino nitrogen percentage 1.99 and 1.85%
and potassium percentage 6.23 and 6.33% , while the highest values of
sodium percentage 1.88 and 2.01% and purity percentage 82.60 and 84.00%
were recorded with plants received nitrogen fertilizer at the rate of 70kg
N/fed. as compared with other nitrogen fertilizer rates in 2010/2011 and
2011/2012 seasons, respectively.

The increment of root fresh weight owing to raising nitrogen rate might
be attributed to the active effect of nitrogen in increasing photosynthesis and
net assimilation rate trans located and stored in roots which led to increasing
root length resulted in increasing root fresh weight. On the other hand, the
increase in purity% caused by the lowest nitrogen rate may be due to the
reduction in root length and root fresh weight resulted from smaller roots which
have the lowest wetted, therefore increased sucrose concentration, thus
increased purity%. These resuits are in agreement with those of Fathy and
Attia (2009) and Abd-El-kader (2011).

The obtained resulted show that the interaction effect between
irrigation water amounts and nitrogen sources was significant on all studied
characters in both seasons. At all irrigation levels nitrogen fertilizer
application in the form of anhydrous ammonia gave the highest values of root
length, root fresh weight and potassium%, but it gave the lowest values of a
amino nitrogen% and sodium percentage as compared with all other
interaction treatments in both seasons. However, at the lowest irrigation level
(2000m°ffed.) plants received anhydrous ammonia gave 7.56 and 5.17%
increase in root fresh weight compared to Urea ,also it gave the highest purity
% 85.60 and 87.10 % in 2010/2011 and 2011/2012 seasons, respectively.

Results tabulated in Tables 3 to 8 exhibited that the interaction effect
among irrigation water quantity and nitrogen fertilizer rates significantly
affected all measured studied in both seasons. At all irrigation levels,
increasing nitrogen fertilizer rate significantly increased values of all studied
traits in both seasons. At the highest water regime (2000m°fed.) raising
nitrogen fertilizer from 70 to 90kg N/fed. increased roat length by 10.61 and
12.91%, root fresh weight by 11.81 and 10.24%, a amino nitrogen% by 0.35
and 0.35% and potassium% by 0.67 and 0.53% as compared with other
treatments in 2010/2011 and 2011/2012 seasons, respectively. The highest
Na% 1.96 and 2.08% and purity% 83.95 and 85.20% were found with plants
grown on the lowest irrigation level (2000m3/fed.) and 70kg NAed. fertilizer
compared to all other interaction treatments in 2610/2011 and 2011/2012
seasons, respectively.

Results recorded in Tables 3-8 show that all studied traits
significantly affected by the interaction between nitrogen sources and
nitrogen rates in both seasons. At all nitrogen fertilizer rates plants received
nitrogen in the form of anhydrous ammonia gave the highest values of root
length, root fresh weight and purity%, on the other hand, this treatment gave
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the lowest values of a amino nitrogen acids percentage and sodium
percentage compared to all other this interaction treatments in both seasons.

The obtained results indicated that the interaction effect between irrigation
levels, nitrogen sources and nitrogen rates was significant on all studied
characters in both seasons. At the highest water regime (2000m*/fed.) plants
fertilizer by nitrogen fertilizer at the rate of 90kg N/fed. in the form of
anhydrous ammonia gave the longest root 39.7 and 37.0cm, heaviest roots
820.00 and 860.09g9 and potassium percentage 6.11 and 6.35%, on the
contrary it gave the lowest a amino nitrogen percentage 1.10 and 1.04% and
sodium percentage 1.63 and 1.74% , while this treatment gave the highest
purity % 86.20 and 88.10 % as compared with all other this interaction
treatments in 2010/2011 and 2011/2012 seasons, respectively.

Generally, it could be concluded that when the shortage of irrigation
water was presented, fertilizing sugar beet plants with nitrogen fertilizer in the
form of anhydrous ammonia at the rate of 90kg N/fed. improved growth and
root juice quality of sugar beet plants c.v.Gloriuf at Sakha Kafr El-Sheikh
Governorate conditions.

Table 3 : Average root length (cm) of sugar beet as affected by irrigation
regime, nitrogen sources, nitrogen rates and their interactions
in 2010/2011 and 2011/2012 seasons.

Treatments 2010/2011 season 2011/2012 season
. N-Rates (kg Nifed. ") N-Rates (kg NAed. )
frrigation |N-Sources
o (m;ﬂ[ 70 | 80 | 90 |[Mean| 70 | 80 | 90 | Mean
Urea 2490 [ 2510 ] 2750 [ 2583 | 23.00 | 23.20 | 25.30 | 23.83

Amm. Sulphate | 23.90 | 24.40 | 28.20 | 25.50 | 22.00 | 23.40 | 26.30 | 23.90
3000 [Ammonium nitrate| 27.40 | 28.60 | 31.20 | 29.07 | 25.20 | 26.80 | 29.00 | 27.00

Anhydrous | a4 76 | 3200 | 34.60 | 32.77 | 29.40 | 20.50 | 31.80 | 30.23

Ammonia
Mean 26,08 | 27.53 | 30.38 | 28.29 | 24.90° | 2573 [ 28.10 | 26.24
Urea 26.50 | 27.00 | 29.50 | 27.67 | 26.40 | 26.80 | 29.60 | 27.60
Amm. Sulphate | 25.50 | 26.00 | 30.00 | 27.17 | 23550 | 24.90 | 27.80 | 25.40
2500 |Ammonium nitrate] 29.30 | 30.50 | 33.10 | 30.97 | 27.00 | 28.10 | 3020 | 28.43
“X‘mh{‘?;g;f 34.00 | 34.10 | 37.00 | 35.03 | 31.20 | 31.50 | 34.60 | 32.43
Mean 78,83 | 20.40 | 32.40 | 30.21 | 27.03 | 27.83 | 30.55 | 28.47
Urea 2870 | 29.20 | 32.10 | 30.00 | 27.50 | 29.10 { 33.30 | 20.97

Amm. Sulphate | 28.00 | 28.10 | 31.20 | 29.10 | 25.00 ] 25.90 2860 | 26.50
2000 JAmmonium r\i(rat% 31.20 | 32.60 | 35.40 | 33.07 | 29.60 | 30.20 | 32.30 | 30.70

Anhydrous | 57 56 | 37.40 | 39.70 | 38.10 | 34.10 | 34.80 | 37.00 | 35.20

Ammonia
Mean 31.28 | 31.83 | 34.60 | 32.57 | 29.05 | 29.93 ] 32.80 | 30.59
Grand mean 29.03 | 29.59 | 32.46 26.99 | 27.83 ] 30.48

59 Urea 2670 | 2710 [ 29.70 | 27.83 [ 2563 | 2637 | 29.40 | 27.13
g Amm. Sulphate | 25.80 | 26.17 | 20.80 | 27.26 | 23.50 | 24.73 | 27.57 | 25.27
53 1Ammonium nitrate] 29.30 | 30.57 | 33.23 ] 30.03 [ 27.27 | 28.37 | 30.50 | 28.71
o9 Anhydrous
=2 Ammonia 34.30 | 3450 | 37.10 | 35.30 | 31.57 | 31.83 | 34.47 | 3262
S0 at 0.05:
Irrigation 1.53 1.78
N-Sources 2.15 2.25
N- Rates 1.87 1.99
Irrigation x N-Sources 2.25 2.51
Irrigation x N-Rates 143 2.18
N-Sources x N-Rates 2,01 1.87
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Table 4: Average root fresh weight (g) at harvest of sugar beet as
affected by irrigation regime, nitrogen sources, nitrogen rates
and their interactions in 2010/2011 and 2011/2012 seasons.

Treatments 2010/2011 season 2011/2012 season
N-Rates (kg Nifed.”) N-Rates (kg Nffed.”)
Irrigation N-
regime {(Sources| 70 80 90 |Mean| 70 80 90 ) Mean
(m’r’)
Urea 770 | 847 | 880 [832.33] 810 | 833 | 893 |845.33
Amm.
Sulphate 743 780 857 |793.33[ 777 817 843 |812.33
30001 Ammonium
nitrate 753 880 863 |832.00f 787 827 870 |828.00
Anhydrous
Ammonia 830 880 937 1882.33] 840 877 963 [893.33
Mean 774 1846.75)884.25)835.00)/803.50{838.50|892.25|844.75
Urea 737 763 807 1769.00( 767 787 817 }790.33
Amm.
Sulphate 607 760 783 1716.67| 660 750 773 |727.67
2500 A":"i‘;‘r"a’t“e“m 736 | 750 | 790 |758.67| 753 | 773 | 817 |781.00
Anhydrous
Ammonia 780 830 870 1826.67( 773 817 877 1822.33
Mean 715 (775.75/812.50/767.75|738.251781.75] 821 ]780.33
Urea 683 723 763 723 770 787 763 |773.33
Amm.
Sulphate 583 653 670 1635.33( 630 670 750 [683.33
2000| Ammonium | san | 55 | g83 |656.33| 683 | 727 | 780 | 730
nitrate
Anhydrous
Ammonia 730 783 820 |777.67( 777 803 860 {813.33
Mean 656.50}703.75|734.00(698.08715.00(746.75(788.25{750.00
Grand mean 715.17)775.421810.25 752.251789.00(833.83
Urea 730.001777.67|816.67|774.78|782.331802.33({824.33(803.00
2z Amm.
% g Sulphate 644.33(731.00(770.00{715.11(689.00{745.671{788.67|741.11
g 5 | Ammonium 06 33)762.00{778.67|749.00|741.00{775.67 |822.33|780.00
] nitrate
= Anhydrous
Ammonia 780.00]831.00]875.67|828.89|796.671832.33({900.001843.00
LSD at 0.05:
Irrigation 35.50 23.10
N-Sources 27.30 29.25
N- Rates 21.10 32.16
Irrigation x N-Sources 28.50 33.01
irrigation x N-Rates 30.20 28.12
N-Sources x N-Rates 41.11 3217
Irrigation x N-Sources x N-Rates 45.15 33.09
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Table 5: Average a amino nitrogen % in root juice of sugar beet as
affected by irrigation regime, nitrogen sources, nitrogen rates
and their interactions in 2010/2011 and 2011/2012 seasons.

Treatments 2010/2011 season 2011/2012 season
N-Rates (kg Nifed.”) N-Rates (kg Nifed.”)
E;';‘:’:‘:;’S‘rb SOS‘r‘ces 70 | 80 | 90 |Mean| 70 | 80 | 90 [ Mean
Urea 1802101230 | 207 {164 190|200 1.85

Amm. Sulphate | 1.91 | 2.13 [ 2.45 | 2116 [ 1.75 [ 201 | 215 | 197
3000 | Ammonium |, 451545 263 | 238 | 197|216 | 221 | 2.11

nitrate
Anhydrous
Ammonia 1711202 {206 193 { 152189 ]195| 1.79
Mean 187 | 2.18 | 236 | 214 |1.72|1.99{2.08 | 1.93
Urea 146 (1971201 181 |125})166]1185) 1.59

Amm. Sulphate | 169 (175|189 | 178 140|163 {181 ] 1.64
2500 | Ammonium 4 o0 100|215 | 188 152|191 204 182

nitrate
Anhydrous
Ammonia 135160183 159 1146|150 1.76 | 1.57
Mean 16211811197 | 1.77 {143 168 [ 187 | 1.66
Urea 14111191138 ) 123 [1.19]| 156|160 | 1.45

Amm. Sulphate | 1.50 { 1.66 1 1.90 | 1.69 | 1.41 | 1.52 | 1.73 | 1.55

Ammonium
2000 nitrate 14311991208} 183 | 1.40 178 186 | 168

Anhydrous
Ammonia 1101115118 114 | 1.04 | 112 | 1.24 | 1.13
Mean 1.29 1 150 | 164 | 147 |1.26 | 1.50 | 1.61 | 1.45
Grand mean 1.56 | 1.83 | 1.99 147 | 1.72 | 1.85
. Urea 1461751190 1.70 | 1361711182 163
"26 @ Amm. Sulphate | 170 | 1.85]2.08 | 188 | 155|172 1.90| 1.72
e Ammonium
g 3 nitrate 170 1 212 {229 | 203 [ 1631951204 | 1.87
> @ Anhydrous
= Ammonia 139 [1569)169| 155 [ 134|150 165]| 1.50
LSD at 0.05:
Irrigation 0.25 - 0.20
N-Sources 0.14 0.10
N- Rates ) 0.13 0.1
Irrigation x N-Sources 0.10 0.07
Irrigation x N-Rates 0.13 0.10
N-Sources x N-Rates 0.09 0.10
Irrigation x N-Sources x N-Rates 0.13 0.11
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Table 6: Average K % in roots of sugar beet as affected by irrigation
regime, nitrogen sources, nitrogen rates and their interactions
in 2010/2011 and 2011/2012 seasons.

Treatments 2010/2011 season - 2011/2012 season

N-Rates (kg N/fed.”) N-Rates (kg Nffed.”)
, re"i:qg:g?r‘; SO:’r’ces 70 | 80 | 90 | Mean| 70 | 80 | 90 | Mean
Urea 57016.19 | 650 | 613 | 5816226411 6.15

Amm. Sulphate | 5.75 | 591 | 620 | 5.95 | 5.96 | 6.00 | 6.23 | 6.06
‘3000 | Ammonium 5o 645|643 6.17 | 6.01 | 624 | 651 625

nitrate
Anhydrous
Ammonia 580]16.20)655) 6.18 | 6.1516.29 | 6.68 | 6.37
Mean 579 | 6.11)642) 611 (598 16.19 1646 | 6.21
Urea 555616 | 622 | 598 | 580|6.16 | 6.36 | 6.11

Amm., Sulphate | 5.58 | 5.85 | 6.20 | 5.88 | 569 {5.95 [ 6.17 | 5.94
2500 | Ammonium ooyt a6 1640 6.04 | 5828612 |6.39] 6.11

nitrate
Anhydrous - 1 ¢ g 1615 {632 | 6.02 | 595|6.17 | 650 | 6.21
Ammonia
Mean 561 | 6.04 | 629 | 508 | 5.82 | 610 | 6.36 | 6.0
Urea 510|570 | 610 | 563 | 575|610 | 6.30 | 6.05

Amm. Sulphate | 5.33 | 5.76 { 6.04 | 571 | 561|580 |6.12 | 5.84
2000 | Ammonium 5., | 557 | 568 | 549 | 536 | 575 | 5.88 | 5.66

nitrate
Anhydrous | 557 1 594 | 611 | 583 | 5.80|6.12 | 6.35 | 6.00
Ammonia
Mean 531 (571|598 | 567 | 563 )|594]|6.16| 5.91
Grand mean 5.57 | 5.95 | 6.23 5.81 | 6.08 | 6.33
B -Urea 54516.02 627 | 591 |{5796.1616.36| 6.10
E @ Amm. Suiphate | 555 | 584 | 6.15) 585 | 575}]5.92 | 6.17 | 5.95
[=} .
a§ | Ammonum | 5651591 |6.47 | 690 | 573 |6.04 | 526 | 601
5o nitrate
"]
S Anhydrous | 5 a6 | 605 633 | 6.01 | 5.97 | 6.19 651 | 622
Ammonia
LSD at 0.05:
Irrigation 0.11 0.10
N-Sources 0.04 0.05
N- Rates 0.17 0.13
Irrigation x N-Sources 0.06 0.03
Irrigation x N-Rates 0.19 .16
N-Sources x N-Rates 0.21 0.22
Irrigation x N-Sources x N-Rates 0.05 0.06
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Table 7: Average Na % in roots of sugar beet as affected by irrigation
regime, hitrogen sources, nitrogen rates and their interactions
in 2010/2011 and 2011/2012 seasons.

Treatments 2010/2011 season 2011/2012 season
N-Rates (kg Nifed.”) N-Rates (kg Nifed.”
re"i::?:t‘n‘:?rb S o:'r'ces 70 | 80 | 90 | Mean| 70 | 80 | 90 | Mean
Urea 180 (1721153] 168 |184({175[161] 1.73

Amm. Sulphate | 189 {176 [ 166 | 1.77 } 197 { 1.79 | 1.73 | 1.83

3000 | Ammonium | o5l 480172 170 | 208|192 | 1.81] 1.94
nitrate

Anhydrous
Ammonia 163|160 (149} 157 (1811172 |145] 166
Mean 180 | 1.72.] 160 | 1.70 | 193 | 1.80 | 1.65| 1.79
Urea 1891188 |187| 188 | 194 192|179 | 1.88

Amm. Sulphate | 1.93 | 1.83 | 1.75 | 1.84 203|185 | 1.76 | 1.88
2500 | Ammonium | 4 o4l 186 194 191 | 218|207 | 106 2,07

nitrate
Anhydrous
Ammonia 176 | 170 | 157 | 168 | 189 ]| 184|165 1.79
Mean 188 1182 1178 | 1.83 [ 2.01[192 1179 1.91
Urea 198 (18611901 195 | 202199184 195

Amm. Sulphate | 1.98 | 188 | 178 | 1.88 [ 241|190 ] 1.81| 1.94
2000 | Ammonum 1505 1 195|180 | 197 | 223|215 | 1900 212

nitrate
Anhydrous
Ammonia 18311791163 175 | 197|181 {174 1.87
Mean 196 |1.90 | 1.80 | 1.89 | 2.08 | 1.99 | 1.85 | 1.97
Grand mean 1.88 | 1.81 | 1.73 2.01 190 | 1.76
2 Urea 1.89[185]1177| 184 [193]189]1175]| 1.85
% 4 Amm. Sulphate { 193 [ 1821173 { 183 | 204185177 ] 1.88
2] Ammonium
g % nitrate 195187185 1.89 | 2.16 | 2.05 1.92 2.04
2 9 Anhydrous
= Ammonia 174|170 | 156 | 167 |189]182| 161 1.77
LSD at 0.05:
Irrigation 0.05 0.05
N-Sources 0.07 0.06
N- Rates 0.06 0.05
Irrigation x N-Sources 0.09 0.06
Irrigation x N-Rates 0.03 0.05
N-Sources x N-Rates 0.07 0.07
Irrigation x N-Sources x N-Rates 0.05 0.05
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Table 8: Average purity% in root juice of sugar beet as affected by
jrrigation regime, nitrogen sources, nitrogen rates and their
interactions in 2010/2011 and 2011/2012 seasons.

Treatments 2010/2011 season - 2011/2012 season

N-Rates (kg Nffed.”) N-Rates (kg Nffed.")

[rrigation N-
regime |Sources| 70 80 90 i{Mean( 70 80 90 | Mean

Urea 83.90 81.70 | 80.30 | 81.97 | 85.30 82.80(81.20| 83.10
Amm. Sulphate] 80.00 | 78.20 | 78.00 | 78.73 | 81.40 | 79.50 | 79.10 | 80.00

3000 A":"i‘;’;’t“e""‘ 79.30 { 78.90 { 78.20 { 78.80 { 80.90 | 80.00 | 79.10 | 80.00

Anhydrous .
Amonis | 82:50 | 81.90'| 81.30 | 81.90 | 83.90 | 82.60 { 80.10 | 82.20
Mean 81.43 | 80.18 | 79.45 | 80.35 | 82.88 | 81.23 | 79.88 | 81.33
Urea 84.90 [83.10 | 82.70 | 83.57 | 86.10 | 84.20 | 83.80 | 84.70
Amm. Sulphate| 80.50 | 79.30 { 78.40 | 79.40 | 82.10 | 80.90 | 80.00 | 81.00
2500 A“:"i't‘;’t‘;""‘ 80.10 | 79.50 | 79.00 | 79.53 | 81.50 | 80.90 | 80.60 | 81.00
Anhydrous
Amononia | 84-20 | 83.90 81.20 [ 83.10 | 86.00 | 85.10 | 84.30 | 85.13
Mean 82.43 | 81.45 | 80.33 | 81.40 | 83.93 | 82.78 [ 82.18 | 82.96
Urea 86.00 | 85.10 | 84.10 | 85.10 | 87.30 | 86.30 | 85.60 | 86.40
Amm. Sulphate| 81.80 | 80.70 | 79.60 | 80.70 | 83.10 | 81.80 | 80.90 | 81.93

2000 | Ammonium | 4 a0 | 80,60 | 80.20 | 80.87 { 82.30 | 81.70 | 81.10 | 81.70

nitrate
Anhydrous
Ammonia 86.20 1 85.60 1 85.00 | 85.60 | 88.10 | 87.20 | 86.00 | 87.10
Mean 83.95 | 83.00 | 82,23 | 83.06 | 85.20 | 84.25 | 83.40 | 84.28
Grand mean 82.60 | 81.54 | 80.67 84.00 | 82.75 | 81.82

Urea 84.93 183.30 | 82.37 | 83.50 | 86.23 | 84.43 | 83.53 | 84.73
Amm. Sulphate] 80.77 } 79.40 | 78.67 | 79.61 | 82.20 | 80.73 | 80.00 | 80.98

<

s % .

2 £ A"".'t’°'t"”'" 80.40 | 79.67 | 79.13 | 79.73 | 81.57 [ 80.87 | 80.27 { 80.90
8 a Anr::;:rzus

= ~ Ammonia 84.30 | 83.80 | 82.50 | 83.53 | 86.00 | 84.97 | 83.47 | 84.81
LSD at 0:05:

Irrigation 0.75 0.80

N-Sources 0.67 0.71

N- Rates 0.90 0.81

Irrigation x N-Sources 0.01 0.80

Irrigation x N-Rates 0.68 0.70

N-Sources x N-Rates 0.83 0.90

irrigation x N-Sources x N-Rates 0.51 0.70
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