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 The present study was conducted to determine the effect of Nitrogen fertilizer sources 

on growth, yield and mineral status of sugar beet plants grown under different water 

regimes, two field experiment in the experimental station of the National Research 
Centre in Nobaria Governorate (North west of Nile Delta) during the two successive 

seasons of the 2013 and 2014 winter seasons. The investigation included nine 

treatments which were the combination of three water regimes 50%, 75% of the ETc 
(water stress treatments) and 100% of the ETc (control), corresponding to 1890, 2835 

and 3780 m3/fed., respectively, and plant fertilized by urea and ammonium nitrate in 

rate of 100 Kg N/fed, split in three portions more than without N fertilizers as a control 
and grown under 100, 75 and 50% ETc irrigation regimes. The results revealed that the 

highest values of all growth parameters were obtained by irrigation sugar beet plants 
with 75% of the ETc.  On contrary, the lowest values of all growth parameters were 

gained under the highest treatment of water stress (50% of the ETc,). In to decrease 

with 50% ETc water irrigation treatment Yield decreased as the water quantity 
decreased. All growth character was increased by nitrogen fertilizer if their compared to 

the control, but the differences between urea and ammonium nitrate were not 

significant. The highest water use efficiency (WUS) values, the best quality parameters 
(N, P, K, Na and Protein) were determined in the treatment of the 75% ETc and 

ammonium nitrate fertilizer. It be concluded that sugar beet cultivar is more tolerant to 

water deficit and N fertilizer under semi-arid condition. 
 

 
© 2015 AENSI Publisher All rights reserved. 

To Cite This Article:  Hussein, M.M ; Mehanna H.; Hanan S. Siam; Safaa A. Mahmoud, and A. S. Taalab  Mineral Status, Growth and Yield 

Response of Sugar Beet (Beta Vulagaris L.) to Nitrogen Fertilizer Sources and Water Regime Adv. Environ. Biol., 9(27), 1-11, 2015 

 

INTRODUCTION 

 

Water scarcity is considered one from the main challenges of crop production in the arid and semi-arid 

regions. The production of sugar in Egypt now not sufficient to face the recent demand or the continuous 

increases of population [1]. The optimum water use in agricultural production is especially important as one of 

the most important environmental factors affecting plant growth and development, particularly in arid and semi-

arid regions and weather conditions of Iran [2]. Therefore, irrigation water plays a significant role in agricultural 

practices and particularly in sugar beet cultivation [3]. Water shortages, especially in arid and semi-arid climate 

conditions, are a major barrier in agriculture development. Without optimizing use of water resources, 

agriculture production is impossible [4]. Sugar beets can be grown in a wide range of climatic conditions and are 

noted for tolerance to soil salinity [5,6]. Sugar beets are drought resistant plants that can produce economic yield 

even with declined irrigation [7]. Ober et al. [8] considers relative tolerance of sugar beet to drought as one of 

the important properties for most of arid and semi- arid regions, and stated that recently drought effect has been 

known as main factor of decreased yield in sugar beet. The water requirement of sugar beet cultivation is 

strongly dependent on weather conditions, irrigation management, growth period, plant density, genotype, and 

nitrogen application [9]. An adequate supply of nitrogen is essential for optimum yield. However, excessive 

nitrogen decreases sugar content and increases impurities (Na, K, and amino-N)[10,11]. Expressed that 

increased N amount to certain and optimum level, increased root yield, although net and gross sugar amount 

decreased with increasing N before root yield reaches to its maximum level. High amount of N increased 

sodium, potassium and amino N concentrations in root. Armestrong[12] concluded that increased N in soil 
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increased root yield, N uptake by plant and also dry mater percentage of root. Application of fertilizers is one of 

the successful ways to increase the ability of crop plants to tolerate the adverse effect of abiotic stresses [13]. 

Therefore, controlled irrigation and fertilization to increase plant yield is of vital importance [14]. The main 

purpose of deficit irrigation is to raise the water use efficiency (WUE) and to obtain the highest yield per unit 

water[15]. Fertilizer is considered as a limiting factor to obtain high yield and quality. Vomucka and 

Pospisilvoa[16] reported that water use efficiency in plants under low stress was more than 80%, in mild-stress, 

65 to 80% and in very severe stress below 65%[17]. The current study is designed to investigate the effect of N 

fertilization on ameliorate the adverse effect of drought by omitting of irrigation growth and yield of sugar beet 

crop. 

 

MATERIALS AND METHODS 

 

In order to investigate the effect of Nitrogen fertilizer resources on growth, yield and mineral status of sugar 

beet plants grown under condition of drip irrigation systems. Two field experiment in the experimental station of 

the National Research Centre in Nobaria Governorate (North West of Nile Delta) during 2013 and 2014 winter 

seasons. Plant fertilized by urea (46.5%) and ammonium nitrate (33.3%) in rate of 100 Kg/fed split in three 

portions more than without N fertilizers as a control and grown under 100, 75 and 50% Etc irrigation regimes 

corresponding to 1890, 2835 and 3780 m
3
/fed., respectively. 

The experiment included nine treatments three treatments of nitrogen sources and three irrigation regimes 

which the irrigation regime lied in the main plots and nitrogen sources were distributed randomize in the 

subplots. The design of the experiment was split plot in sex replicates.                                                                

Physical and chemical characteristics of the experimental site soil are shown in Table (1). Particle size 

distribution and moisture of the soil sample, Soil CaCO3, EC and pH were determined according to [18]. 

 
Table 1: Some physical chemical properties of El-Nobaria soil. 

Particle size distribution 
Field capacity (%) 

Sand (%) Silt (%) Clay (%) Soil Texture 

70.8 25.6 3.6 Sandy loam 20.1 

Chemical properties 

EC dsm-1 pH 

(1:2.5) 

CaCO3 

(%) 

O.M 

(%) 

0.12 7.9 3.57 0.23 

Soluble cations (meq L-12) Soluble anions (meq L-1) 

Ca++ Mg++ K+ Na+ CO3
- HCO3

- Cl- SO4
- 

2.4 2.0 0.162 1.87 - 1.50 0.65 4.28 

Total N (mg/100g) 
Available (mg/100g) 

Available micronutrients 

(ppm) 

P K Fe Mn Zn Cu 

15.1 13.0 21.0 4.47 2.61 1.44 4.0 

 

Seeds of sugar beet (Beta vulgaris L.) variety were sown at November, 15 during two winter seasons. Plants 

thinned twice, the 1
st
 after 15 days from sowing and the 2

nd
 two weeks later. Calcium super phosphate (15.5 % 

P2O5) and potassium sulphate (48.5 K2O) were broadcasting before sowing. Nitrogen was added in two equal 

portions, the 1
st
 after three weeks of sowing and the 2

nd
 two weeks later. 

All other agricultural practices were done as in the province. Two plants were picked from every sub plot 

and measure root length, root diameter, No. of leaves, leaves weight and mean weight of a total of the sugar 

beets per fed. Then cleaned, dried in electric oven at 70°C and ground. Digestion and determination of macro 

(N, P, K, Na, Ca and Mg) were done using the methods described by [19]. In addition, the value of water use 

efficiency was calculated according to the following equation: 

Water use efficiency (WUS): Yield kg/fed /quantity of water used m
3
/fed All collected Data were subjected 

to the proper statistical analysis as described by [20]. 

 

RESULTS AND DISCUSSION 

Growth and yield: 
Water regime: 

Data in Table (2) showed that a significant effect at of level of water stress on all plant characters. The 

depression in calculated evapotranspiration (ETc) caused contentious depression in plant height and root length, 

this reduction to top yield as a result to non-abundance soil moisture in root zone may be reflect the reduction in 

top length, leave are index and net assimilation rate [21], however, root diameter as well as leaves weight/plant 

increased significant with 75% ETc and tended to decrease with 50% ETc water irrigation treatment. sugar beet 

plants irrigated with 75% water stress gave the highest plant height (23.89cm),root length (23.89cm) ,root 

diameter(2.63cm) and 1262kg/fed for productively. These results may be due to fodder beet plant are capable to 

development an extensive root system which enables them to extracts water from deeper water soil layers , 
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which in turn increased their adaptability to grow in inadequate soil moisture content and reflected on root 

plasticity improvement under water stress conditions, this resulted agreement with[21,22]. However, increasing 

water stress at 50 % decreased significant of all mentioned parameter, this reduction may be due to non- 

abundance soil moisture in root zone may be refer to the reduction of all mention parameter. Concerning to 

irrigation levels, a significant reduction was observed in leave weight and leave no. as water stress levels, under 

50% highest water stress where, the lowest values (2.94, 8.22) were obtained when irrigation at 50% ETc 

treatment. This reduction with increasing water stress levels may be due to the in cell division and expansion, 

which in turn reduced photosynthetic surface of sugar beet plants cultivars [21]. Also, this reduction may be 

attributed that lower radiation interruption as lower number and leaf area per plants under low available soil 

water content [23]. Abuomi and Wright [24] observed that drought had been shown to decrease the leaf 

initiation and leaf expansion which produced leaves by small area. This affected leaf area index, and leaves area 

ratio of sugar beet plants. Korshid and Rajab[25] observed the leaf length and leaf width decreases with water 

deficit in different breeding populations in Iran.WUE was the highest in DI25 irrigation conditions and the 

lowest in full irrigation conditions. According to the averaged values of 2 years, yield response factor (ky) was 

0.93 for sugar beet. Also, Data showed that yield decreased as the water quantity decreased (Table 1). Water 

stress treatments had significant effect on root yield, growth sugar yield and water use efficiency. This may be 

related to the effect of water deficit on water potential, stomata closure and iterance of Co2which intern affected 

photosynthesis which led to alter growth and yield. Esmaeili[26] indicated that there was high positive 

correlation between transpiration and root yield of sugar beet. Topak, et al., [27] noticed that, by drip irrigation 

system, increasing deficits resulted in a relatively lower root. They found a linear relationship between 

evapotranspiration and root yield of sugar beet. Furthermore, sugar beet root quality parameters were influenced 

by drip irrigation levels in both years. The results revealed that irrigation of sugar beet with drip irrigation 

method at 75% level (DI 25) had significant benefits in terms of saved irrigation water and large WUE, 

indicating a definitive advantage of deficit irrigation under limited water supply conditions. In an economic 

viewpoint, 25% saving of irrigation water (DI 25% from full irrigation) caused 6.1% reduction in the net income 

[27]. 

Nitrogen Source: 

All growth character was increased significantly affected by nitrogen fertilizer compare to the treatment 

without nitrogen fertilizer but the differences between urea and ammonium nitrate were not significant (Table 

2).Results indicated that N forms significant effect on root weight in both seasons. The increase among to (85% 

to 61%) as ammonium nitrate and urea addition as compared to control. This increasing in root weight 

(productivity) is mainly due to the role of N in stimulating the meristematic growth activity which contributes to 

the increase in number of calls in addition to cell enlargement. Similar findings were reported by [28]. 

Nitrogenous fertilization is one from the important step in sugar production. Sugar beet growth and yield 

lowered under without fertilization or non-sufficient nitrogenous fertilizers. The use of any nitrogen source 

depends upon N percentage, price type of crop and soil and solubility. However, nitrogen fertilizer forms as 

ammonium nitrate or urea increased significantly leaves weight and leaves no. as compared to control, the 

highest values were obtained when addition of urea fertilizer, these values were (5.71 gm and 11.44 leaves). 

These increases may be due to the positive effect of nitrogen on number and size of leaves which gave more leaf 

area in relation to ground occupied by these leaves and the accumulation of leave area in the weeks after 

planting is a key to success growing fodder beet[29]. While the highest values recorded when addition of 

ammonium nitrate (13148.1 kg/fed) for root productivity. Concerning to nitrogen fertilizer increased all yield; 

i.e. plant height and root length as well as root diameter. The positive response of sugar beet top and root to 

nitrogen application me be due to nitrogen fertilization enhanced plant capacity in protein synthesis and 

encouraging cell division,, where sugar beet responded positively to these building up roles of nitrogen the 

positive response of root diameter and other yield attributes to fertilizer of nitrogen supports the findings of 

[30,29]. Abd El-Mtagaly and Attia[31] pointed out that increasing rate of nitrogen fertilizer increased foliage, 

sugar and root yields in calcareous soil. Esmaeili[26] found that root yield increased as nitrogen increased up to 

the highest level used. The lowest yield was (50.28 t/h)   with 0 N while the high yield was (61.45t/f) by 150 N 

Kg/h.  Wilhelm [32] concluded that an adequate nitrogenous fertilizer in the early periods of growth is very 

useful for growth and yield and its quality through initiation of leaves. Nitrogen is very important for beet which 

plays important roles in protein building, enzymes and vitamins in plants [33]. 

Generally where applying ammonium nitrate gave the maximum values (13148.1 kg/fed.) for root 

productivity while applying of urea gave the highest values 2.48, 11.44, 5.71, 26 and 26) for root diameter leave 

no. leaves weight, root length and plant height.  

The positive effect of nitrogen fertilization on sugar bed cultivars cleared that root yield augmentation was a 

consequence to positive response of root diameter, root length and increasing of metabolism efficiency from 

leaves to developing root. Mehdikhan[34] characterized the correlation between rooting morphology and rooting 

metabolites is positive and strong in sugar beet. 
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Table 2: The effect of water regimes and nitrogen source on the growth and productivity of sugar beet.  

Water regime 

(W) 

N fertilizer source 

(F) 

Plant 

height, cm 

Root 

length, cm 

Leaves 

weight, gm 
Leaves No. 

Tuber 

diameter, 

cm 

Productivity, 

kg/fed. 

100% 

Without 13.67 12.33 3.03 8.33 1.30 7582 

Ammonium Nitrate 26.00 23.67 6.00 11.00 2.20 13494 

Urea 29.67 28.00 6.37 11.67 1.97 12268 

75% 

Without 13.00 9.67 2.07 10.00 1.27 7254 

Ammonium Nitrate 29.00 28.33 6.17 14.00 3.17 16802 

Urea 29.67 34.67 6.90 14.00 3.47 13813 

50% 

Without 10.67 8.67 1.50 7.00 1.00 6262 

Ammonium Nitrate 17.67 18.33 3.47 9.00 1.70 9148 

Urea 18.67 22.00 3.87 8.67 2.00 8075 

Water regime 

(W) 

100% 23.11 23.11 5.13 10.33 1.82 11115 

75% 23.89 23.89 5.04 12.67 2.63 12623 

50% 15.67 15.67 2.94 8.22 1.57 7828 

N fertilizer 

source (F) 

Without 12.44 12.44 2.20 8.44 1.19 7033 

Ammonium Nitrate 24.22 24.22 5.21 11.33 2.35 13148 

Urea 26.00 26.00 5.71 11.44 2.48 11385 

L.S.D. at 5 % level for W 2.30 5.49 0.75 2.15 0.29 681 

L.S.D. at 5 % level for F 1.53 3.29 0.64 1.13 0.38 641 

L.S.D. at 5 % level for W X F 2.66 N.S. 1.11 N.S. 0.66 1110 

 

Water regime x N sources: 

Significant differences among nitrogen sources in root yield were recorded under water stress. Table (2), 

ammonium nitrate gave higher root yield under 75% ETc by about (13148.4 kg/fed). These increase in root 

yield accompanying addition of nitrogen fertilizers might have been due to the increase in number of harvested 

root such results are in accordance with those reported by [35,28]. 

Generally, fertilized sugar beet plants with urea or ammonium nitrate improved growth criteria under 

di8fferent water regimes. Nitrogen fertilizer and water deficit were studies by many authors:[36,37]. 

Yield of roots increased by 77.96and 61.80%, 131.52 and 90.42% and 46.09 and 28.90% when plants 

fertilized by ammonium nitrate and urea more than the control treatments, respectively. This Data concluded 

that  both N fertilizer forms gave its  positive effects under 75% ETc  Moreover, urea gave the high yield under 

100% ETc but ammonium nitrate gave higher root yield under 75 and 50% ETc. Nitrogen improved yield of 

sugar beet under different water stress treatments. Esmaeili[26] are in line with our finding.  Water requirement 

of sugar beet cultivation is strongly dependent on weather condition, irrigation management, plant density, 

growth period and genotypes [9]. Hussein, et al [38] concluded that nitrogen sources addition improved growth 

of jatropha plants. They found also that the longest plants with more green leaves was shown by addition of 

ammonium nitrate and irrigation plants in 12 days intervals and less did not affect growth parameters. 

Mineral status: 
Water regime: 

The results demonstrate in Tables (3, 4, 5, and 6) that there was significant difference among different 

irrigation and different nitrogen fertilizers. The highest value of nitrogen content (0.82%) was  
Table 3: Minerals content in root sugar beet at different water stress and nitrogen source  

Water regime 

(W) 

N fertilizer source 

(F) 

Minerals in root 
Protein % 

N P K Na Mg Ca 

100% 

Without 0.76 0.44 0.83 0.57 0.21 0.39 4.75 

Ammonium 

Nitrate 
0.61 0.59 0.75 0.27 0.24 0.52 3.81 

Urea 0.74 0.65 1.00 0.45 0.18 0.54 4.63 

75% 

Without 0.69 0.48 0.68 0.40 0.20 0.42 4.31 

Ammonium 
Nitrate 

0.61 0.58 0.95 0.35 0.20 0.67 3.80 

Urea 0.68 0.63 1.13 0.75 0.19 0.59 4.25 

50% 

Without 0.62 0.27 0.80 0.62 0.20 0.39 3.88 

Ammonium 
Nitrate 

0.80 0.51 0.70 0.33 0.20 0.44 5.00 

Urea 1.02 0.57 2.18 0.40 0.17 0.37 6.38 

Water regime 
(W) 

100% 0.69 0.57 0.86 0.43 0.21 0.48 4.40 

75% 0.66 0.56 0.92 0.50 0.19 0.56 4.12 

50% 0.82 0.45 1.23 0.45 0.19 0.39 5.10 

N fertilizer 

source (F) 

Without 0.69 0.39 0.77 0.53 0.20 0.40 4.31 

Ammonium 

Nitrate 
0.66 0.57 0.80 0.32 0.21 0.54 4.21 

Urea 0.82 0.62 1.44 0.53 0.18 0.49 5.09 

L.S.D. at 5 % level for W N.S. 0.11 N.S. N.S. N.S. 0.039 N.S. 

L.S.D. at 5 % level for F N.S. 0.09 N.S. N.S. N.S. 0.044 0.54 

L.S.D. at 5 % level for W X F N.S. 0.14 N.S. N.S. N.S. 0.069 N.S. 
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Table 4: Minerals content in leaves sugar beet at different water stress and nitrogen source 

Water regime 
(W) 

N fertilizer source 
(F) 

Minerals in leaves 
Protein % 

N P K Na Mg Ca 

100% 

Without 0.98 0.71 3.53 3.12 2.40 4.50 6.13 

Ammonium Nitrate 1.47 0.67 3.55 2.63 3.23 5.87 9.19 

Urea 0.61 0.53 3.65 2.77 3.30 6.27 3.81 

75% 

Without 1.11 0.84 4.07 2.98 2.60 4.70 6.94 

Ammonium Nitrate 0.88 0.68 2.77 3.07 4.40 5.23 5.50 

Urea 1.04 0.84 2.57 2.45 3.63 5.33 5.25 

50% 

Without 0.56 0.55 3.70 3.05 2.30 4.27 3.50 

Ammonium Nitrate 0.82 0.69 3.32 3.15 3.40 5.47 5.13 

Urea 0.79 0.73 3.75 3.00 3.50 5.40 4.94 

Water regime 

(W) 

100% 1.02 0.64 3.58 2.84 2.98 5.54 6.48 

75% 0.92 0.88 3.13 2.83 3.54 5.09 5.90 

50% 0.72 0.66 3.59 3.07 3.06 5.04 4.52 

N fertilizer 
source (F) 

Without 0.88 0.70 3.77 3.05 2.43 4.49 5.50 

Ammonium Nitrate 1.05 0.75 3.21 2.95 3.67 5.52 6.56 

Urea 0.81 70.0 3.32 2.74 3.48 5.67 5.06 

L.S.D. at 5 % level for W N.S. N.S. N.S. N.S. 0.43 N.S. N.S. 

L.S.D. at 5 % level for F N.S. N.S. N.S. N.S. 0.29 0.61 N.S. 

L.S.D. at 5 % level for W X F N.S. N.S. N.S. N.S. N.S. N.S. N.S. 

 

Table 5: Minerals uptake in root sugar beet at different water stress and nitrogen sources 

Water regime 
(W) 

N fertilizer source (F) 
Minerals uptake in root, kg/fed. 

N P K Na Mg Ca 

100% 

Without 57.7 33.6 63.6 43.6 15.9 29.2 

Ammonium Nitrate 82.1 79.1 102.2 35.8 32.4 69.9 

Urea 91.5 79.7 122.3 54.6 22.4 66.3 

75% 

Without 50.0 34.5 49.8 29.0 14.5 30.7 

Ammonium Nitrate 101.2 97.9 158.4 59.1 33.1 112.0 

Urea 94.1 87.1 157.8 102.8 26.1 81.3 

50% 

Without 39.1 16.9 49.9 38.9 12.6 24.4 

Ammonium Nitrate 75.2 47.0 65.6 30.3 18.2 40.2 

Urea 84.8 46.7 180.6 31.8 13.9 29.6 

Water regime 

(W) 

100% 76.1 65.1 96.0 44.6 23.5 55.2 

75% 81.8 73.2 121.9 63.6 24.6 74.7 

50% 66.3 36.9 98.7 33.7 14.9 31.4 

N fertilizer 
source (F) 

Without 48.9 28.4 54.4 37.2 14.3 28.1 

Ammonium Nitrate 86.1 75.7 108.7 41.7 27.9 74.1 

Urea 90.2 71.2 153.6 60.3 20.8 59.1 

L.S.D. at 5 % level for W N.S. 14.8 N.S. N.S. 03.36 07.6 

L.S.D. at 5 % level for F 29.9 11.3 N.S. N.S. 02.64 05.5 

L.S.D. at 5 % level for W X F N.S. 19.6 N.S. N.S. 04.57 09.4 

 

Table 6: Minerals uptake in leaves sugar beet at different water stress and nitrogen sources 

Water regime 
(W) 

N fertilizer source (F) 
Minerals uptake in leaves, g/plant 

N P K Na Mg Ca 

100% 

Without 0.030 0.021 0.111 0.096 0.073 0.136 

Ammonium Nitrate 0.084 0.040 0.210 0.156 0.195 0.354 

Urea 0.038 0.031 0.233 0.177 0.209 0.398 

75% 

Without 0.023 0.017 0.085 0.063 0.054 0.099 

Ammonium Nitrate 0.053 0.042 0.174 0.189 0.273 0.326 

Urea 0.071 0.059 0.176 0.169 0.252 0.369 

50% 

Without 0.008 0.008 0.056 0.046 0.035 0.064 

Ammonium Nitrate 0.028 0.024 0.117 0.112 0.118 0.190 

Urea 0.031 0.029 0.147 0.119 0.136 0.212 

Water regime 

(W) 

100% 0.051 0.031 0.185 0.143 0.159 0.296 

75% 0.047 0.041 0.145 0.140 0.193 0.264 

50% 0.023 0.020 0.107 0.092 0.096 0.155 

N fertilizer 
source (F) 

Without 0.020 0.016 0.084 0.068 0.054 0.099 

Ammonium Nitrate 0.051 0.039 0.167 0.152 0.195 0.289 

Urea 0.042 0.044 0.185 0.155 0.199 0.326 

L.S.D. at 5 % level for W N.S. 0.014 N.S. 0.041 0.041 0.040 

L.S.D. at 5 % level for F N.S. 0.018 0.045 0.032 0.031 0.056 

L.S.D. at 5 % level for W X F N.S. N.S. 0.079 0.056 0.055 N.S. 
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obtained with 50% Etc followed by 100% and the lowest value with 75%. While the highest value of 

phosphorus (0.57%) was obtained under 100% ETc irrigation treatment. 

Water stress showed a negative effect on plant N,P,Na, Mg and Ca uptake especially at 50% Etc , Mingzh 

and Feieke[39] reported ,the drought stress had a negative effect on plant (N)(-3.73%) and plant P (9.18) and 

positive effect on plant N:P. 

Data show Potassium content change between 0.70 to 2.18 % in root of sugar beet and 2.77 to 4.1 in leaves. 

Similar results reported by [40, 41]. 

As soon from the Tables, Na uptake in root and leaves sugar beet were increased linearly with increasing 

irrigation levels [41]. 

Magnesium content did not affected by level of water stress either in leaves or root sugar beet plant. While 

the Mg content in beet leaves were slightly higher than that in roots. Similar observation was made by [42]. 

The water stress had a significantly influence on calcium content of sugar beet. The highest content of Ca in 

sugar beet leaves was observed shown with 100% water regime. Calcium in leaves more than in the sugar beet 

root. 

Data in Tables (3, 4, 5 and 6) clearly indicated that 50% ETc irrigation treatment induced the high content 

of N and K content in roots while P content increased under 100% ETc irrigation treatment. Na content in leaves 

increased with increased water stress at 50% ETc irrigation treatment but in root decreased by both 75 and 50% 

ETc More than the macronutrients which plants needed large quantities in its metabolism (essential 

macronutrients). Marschner[43]; Maathuis[44], Hansch and Mendel[45], mentioned that many physiological 

processes such as photosynthesis, fates and protein and enzymes affected by the level of macronutrients which 

play important roles in its synthesis and activity in plants. Pueke and Rennenberg[46] noticed that decreased by 

94, 94, 75 and 85 of that of the control plants. Hussein, et al [38] noticed that widening of irrigation intervals 

showed a positive effect on N, P and K content and the reverse was true for Mn and Cu but Fe and Zn 

concentrations increased by 1
st
 interval treatment and tended to decrease with the longest interval in jatropha 

leaves. Widening interval to 12 days decreased P, Fe and Cu content and the opposite was true for K and Ca 

contents. 

 

Nitrogen source: 

All nutrients content determined in leaves as well as in root increased by ammonium nitrate and urea 

addition. The increments resulted from urea application exceeded those obtained by ammonium nitrate 

application for N, P, K and Na but Ca and Mg increased when addition of ammonium nitrate. The source of N 

had significantly effect of N, P Mg and Ca uptake by root sugar beet. Ebert et al.,[47] showed that calcium 

nitrate application increased leaf K and Ca concentrations in guava leaves. However, Kotsiras, et al., [48] 

observed that K, Ca, Mg and No3- in all fruit parts higher when N added in the form of NO3- consist 75% or 

more of total applied nitrogen. Gulser, et al [49] emphasized that increasing availability of P with ammonium 

sulphate doses through decreasing the pH was more than that by urea.  Hussein, et al [38] revealed that 

ammonium sulphate showed the highest concentration of N, Ca, Na, Zn and Cu but ammonium nitrate gave the 

higher values of P and Mn. On the opposite site, the lowest of P, K and Ca with use of urea but Na obtained in 

control plants while lowest N by ammonium nitrates. Furthermore, a statistically significant impact not found on 

the N, P, K and all other nutrients content either root or leave. 

 

Water regime x nitrogen source: 

Irrigation and fertilization are the most effective factors in agricultural production .but their combined 

impacts on the crop production are more important than individual impacts. First of all, irrigation causes more 

fertilizer uptake by plants. However, fertilizers can be washed below the root zone by excessive watering. 

Therefore, controlled irrigation and fertilization to increase plant yield is of vital importance [14].   

The interaction between water regime and nitrogenous fertilizer was significantly affected N content of 

sugar beet plants but the differences in the other elements were not significant (Table 3). The differences 

between the values of Na, K and N given above may be due to the planting time, irrigation and fertilizer 

practices and irrigation technologies [50]. The nitrogen fertilization increased N content of roots compared to 

the control treatment. The increases with urea fertilizer exceeded those with ammonium nitrate. This was true 

under 50% ETc water regimes. The highest of N content increased by (64.5% and 29%) for urea and ammonium 

nitrate under 50% ETc irrigation regimes, respectively. This means that N content resulted from urea 

fertilization increased continuously as the depression on water regime ETc percentage. Meanwhile, application 

of ammonium nitrate increased the content of N under 50% ETc more than under 75% or 100% Etc In roots, 

increases by ammonium nitrate were lesser that induced by urea under 100% and 50% ETc quantity of irrigation 

water while, under 75% ETc urea increment exceeded those of urea but the value of Na content obtained by urea 

soil application take the same trend, still more than the control value. All other nutrients content in leaves did 

not showed any significant differences as responses to water regime and nitrogen fertilization interaction. N 

fertilization increased root growth and capacity under abiotic stress [51]. Hussein, et al[38] reported that, highest 
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N uptake under 4  and 12 days irrigation intervals by ammonium nitrate, while under 8 days intervals it was by 

ammonium sulphate. The improve of all macro nutrients with different sources of nitrogen under different 

irrigation intervals were observed .Plant N and non-structural carbohydrate concentrations were greater in 

drought-hardened plants, a response that has also been reported in P. halepensis[52]. 

 

Protein percentage: 

The percentage of protein in roots exceeded those in leaves Water regime as affected by water regime 

(Tables 3&4). Protein % decreased in pronouncedly in leaves with water stress compared to the control 

treatment (Table 4). However, the higher percentage of protein was by irrigated sugar beet plants with 100% 

ETc. In addition, the protein content in roots of 75% ETc treatment was lesser than that of the 50% ETc 

irrigation treatment. 

Also data in Table (3) showed that fertilization with urea increased protein % in root  as compared with 

control but the increase with urea more than that with ammonium nitrate, these values were (5.10% and 4.12%) 

for urea and ammonium nitrate respectively. 

These results attributed to N fertilization enhanced plant capacity in protein synthesis and encouraging cell 

division, where sugar beet responded positively to these building up role of nitrogen, supports the findings 

of[30,29]. 

Furth more, the interaction of water regime x nitrogen forms was noted in Tables (3&4). The responses 

differences of this interaction were not significant either in leaves or in root. 

 

Water Use Efficiency: 

Water regime: 

Water use productivity increased by 75% ETc and tended to decrease with the increase (Fig. 1) in ETc % 

(100%) while the 50% ETc treatment was in between. This Data are in Agreement with those of [25] who 

observed WUE was the highest in DI25% ETc irrigation conditions and the lowest in full irrigation condition. 

 

 

 
Fig. 1: Water Use Productivity under the interaction between water regimes and N fertilizer source (kg/m

3
). 

 

Nitrogen forms: 
Water use productivity was the higher with ammonium nitrate application compare to the unfertilized 

treatment which the lower in this phenomenon (Fig. 1). 

 

Water Regime x Nitrogen forms: 

Water use efficiency gave another point to view; it reflects the productivity management with respect of 

saving irrigation water. In case water scarcity, it is usual to irrigate plants by the lowest quantity of water and 

produce the highest quantity of productivity yield as possible. Water used efficiency of root yield (kg/m
3
) were 

draw in fig (1). The highest values of WUE of root yield were obtained by irrigation by 75% of the Etc (2835 

m
3
/fed.) and fertilizer plants with 300 kg ammonium nitrate. On the other hand, the lowest WUE of root yield 

was obtained by irrigation plants with 100% of ETc and irrigation treatment and untreated plants of nitrogen, (in 

unfertilized ones) Fig. (1). these values were 59% (kg/m
3
) under 75% of ETc with ammonium nitrate to 20% 

(kg/m
3
) under unstressed condition and in untreated ones. Results obtained from the study conducted by [53] 

showed that drought stress resulted in the reduced efficiency of the grains water consumption 
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The highest values of WUP were with ammonium nitrate (Fig. 1) and 75% water quantity (ETc %) while 

the lowest in unfertilized ones and 100 % ETc irrigation treatment. There was a significant relationship between 

nitrogen fertilization rate and irrigation [54]. Irrigation influenced WUE and the response of this trait to N rates, 

they added that and the response to N rates and 140 kg N was optimum under 80 of ETc. 
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