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ABSTRACT 

A field study was conducted at the Experimental Farm of Sakha Agriculture Research Station (31°07′ 
33″ N latitude and 30°57′ 53″ E longitude) during the winter seasons (2012/13 and 2013/14) to evaluate the 
impact of applied different N-fertilizer sources (urea, ammonium nitrate, ammonia gas at 100 kg N fed-1, farm 
manure (10 m3 fed-1 )+ urea or ammonium nitrate at 50 kg N/fed on nitrate losses and sugar beet yields and its 
N-uptake.   Results indicate that the water tables level nearly the same in all treatments. Drains discharge were 
higher with planting irrigations than the other irrigations. Total cumulative drains discharge varied from 515.17 
to 525.68 m3fed.-1. Nitrate concentrations were low before fertilizer application and increased after fertilizer 
application, then reduced with the latest irrigations. The highest concentration of NO-

3 in drainage water were 
found with 100 kg N fed-1 ammonium nitrate (48.55 ppm) and 100 kg N fed-1 urea (43.51 pmm) while the 
lowest one was 100 kg fed-1 ammonia gas (23.18 pmm) in the first season. The same trend was observed in the 
second season. Ammonium nitrate at 100 kg Nfed-1 increase total losses of NO-

3 (kg Fed-1) (25.30and 25.87) 
followed by urea (22.65 and 21.98) more than the other treatments in both seasons respectively. A significant 
differences in sugar beet roots yield between treatments were found. Aammonia gas was the best one in 1st and 
2nd seasons followed by farm manure + urea treatment in root yield and its N-uptake. 
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Introduction 

Farmers growing different crops in the Mediterranean areas traditionally apply high rates of both water 
and nitrogen fertilizers. It is difficult to maintain the balance of available nitrogen required satisfying crop needs 
and the same time minimizing leaching losses, even though fertilizers combined with soil mineralization can 
provide large amounts of inorganic nitrogen. The use of an excessive amount of nitrogen fertilizers increase the 
partially leach nitrate. Leaching occurs if an excess of water flow through drainage system.The considerable 
variation in NO-

3 concentration in drainage water may be ascribed to several factors including soil properties, 
amount of irrigation water, temperature of the air and evaporation rates, drainage system and forms of applied 
fertilizers, uptake by growing plants and adsorption and fixation of NH+4 on the 2: 1 type clay minerals 
(Nasseem, 1991 and Dinnes et al., 2002). Also, Gheysari et al., (2009) indicated that the movement of nitrate 
out of the root zone depends on the soil hydraulic properties, the amount of irrigation, nitrogen applied, the 
nitrogen form and time application. 

To decide the amount of fertilizers to apply, the farmer usually considers the crop requirement and 
sometimes the nitrogen stored in the soil at beginning of the crop cycle, but there is no evaluation of the soil 
capability to provide minerals nitrogen from its organic pool. Anhydrous ammonia is one of the most efficient 
and widely used sources of nitrogen for plant growth. The advantages of ammonia relatively easy application 
and ready availability have led to its increased use as a fertilizer. Zalat et al. (2011) considered that ammonia 
gas is good and cheaper source of nitrogen fertilizer compared with any other N source and gave the maximum 
economic return from sugar beet cultivation. Mostafa and Darwish (2001) concluded that injected ammonia gas 
at level (102 kg fed-1 .) gave the highest root, sugar and top yields compared with other levels under study ( 0, 
45 and 75 kg fed-1) as well  as N , P , K and Na content than urea fertilizer. Abd El- Kader (2002) reported that 
when the anhydrous ammonia injected before sowing, gave higher yield and minerals uptake than other nitrogen 
sources 

 Soil degradation and nutrient depletion have become serious threat to agricultural productivity, 
especially in clay soil. Nowadays, it is recognizing the importance of improving soil fertility to ensure efficient 
crop production. Applying organic manure and gypsum to a clayey soil are an important practice in sustaining 
soil fertility and agricultural productivity. Dutta et al. (2003) reported that the use of organic fertilizers together 
with chemical ones, compared to the addition of organic fertilizers alone, had a higher positive effect on 
microbial biomass, and hence soil health. Also, zhang et al. (2009) reported that application of organic manure 
tends to increase the grain yield of maize.  

The objectives of the present work were to evaluate the impact of applied N-fertilizer sources on N 
losses into drainage water as well as yield and N-uptake of sugar beet in clay soil.  The current study aims to 
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evaluate the impact of applied different N-fertilizer sources on nitrate losses and sugar beet yields and its N-
uptake.  
 
Material and Methods 

A field study was conducted at the Experimental Farm of Sakha Agriculture Research Station (31°07′ 
33″ N latitude and 30°57′ 53″ E longitude) during the winter seasons (2012/13 and 2013/14). The field was 
provided by tile drain spaced at 30 m and 1.2 m depth with 0.1 % slope. Distributed soil samples were collected 
at depths of 0.9 m before experiment and they subjected to chemical analysis according to Page et al. (1982). 
Some soil properties for the studied area are presented in Table (1). The experiment was laid out in randomized 
complete design and three replicates. 

The treatments were different forms of organic and inorganic nitrogen fertilizers or both as follows: 
a- Urea at 100 kg N fed-1. 
B-Ammonium nitrate at100 kg N fed-1. 
c- Ammonia gas 100 kg fed-1. 
d- Farm manure (10 m3 fed-1  ) + Urea at 50 kg N fed-1. 
e- Farm manure (10 m3 fed-1 ) + ammonium nitrate at 50 kg N fed-1. 
     Water table depth at midway between tile drain during on irrigation interval (14 day) were recorded through 
observation wells (19 mm. diameter and 1.75m length) Ritezma (1994). The discharge rate was measured volumetric 
per time at the end of drain pipe according to Dieleman and Trafford, (1976).  

Drain water samples were collected daily and analysis for NO-
3 concentration using Kjeldahl method 

according to (Cottenie et al., 1982). In the winter season 3 sugar beet seeds (pleno) in hill 20 cm apart and 50cm 
distance between rows. The hills were thinned to one plant before the 1st irrigation. All cultural management 
practices for growing sugar beet were conducted following the recommendation of the Egyption Ministry of 
Agriculture. Farm manure was added before tillage operation while ammonia gas was injection from 10 to 30 
soil depth cm before cultivation for both seasons. The mineral nitrogen fertilizers were divided into two equal 
doses and applied to the soil before the 1st and 2nd irrigation. 

Sugar beet plants were harvested on 2th and 5th of April in 2013 and 2014, respectively. Sugar beet yield 
and its sucrose percentage were determined for each treatment. Gross sugar yield (ton fed-1) was calculated by 
multiplying root yield (ton/fed) by sucrose %. Root and shoot samples for beet were taken and dried at 70oC, 
grounded and its total N content was determined using Kjeldahl digestion (Cottenie et al., 1982). N-uptake (Kg fed-1) 
was calculated by multiplying root or shoot yields (Kg fed-1) by N %.  
    The obtained data of root and shoot yields were subjected to statistical analysis according to Snedecor and Cochran 
(1980). 
 
Table 1. The initial of some soil properties for the experimental field 

Soil depth 
(cm) 

Particle size distribution 
Textural 

grade 
EC (dS/m) 

OM 
(%) 

Available N 
(mg kg-1 soil) Sand% 

Silt 
% 

Clay 
% 

0-15 13.14 35.75 51.11 Clay 2.03 1.92 35.2 
15-30 13.55 35.14 51.31 Clay 2.52 1.41 33.6 
30-60 12.98 38.49 48.53 Clay 2.82 0.84 33.6 
60-90 13.21 39.05 47.74 Clay 3.42 0. 54 8.4 
Mean 13.14 35.75 51.11 Clay 2.7 1.18 25.2 

 
Results and Discussion 

 
Depth of water table level (cm): 
         The recorded data of water table depth as affected by nitrogen fertilizers sources through irrigation interval 
are shown in Fig.(1). In general, upon irrigation, water table level raised rapidly close to soil surface and then 
receded gradually. Also, its noticed that there evident for nitrogen fertilizers sources effect on water table depth 
since the recession of water table were congratulant in all treatments for both seasons. However, after one week, 
the water table level went to about 105 cm soil depth and it went to about 121 cm soil depth at the end of 
irrigation interval (after 14 day). 
 
Discharge rate (m3fed.-1): 

  The discharge rate as affected by nitrogen fertilizers sources is shown in Fig (2). In general, the 
discharge rate was concurrently with water table level since water table head creates a pressure it on water that 
make it flows through pipe drain. Also, the amount of water discharge was bulk in the beginning then decreased 
gradually as the time proceeded. Drain discharge rats varied from 27.37 to 44.86 m3/fed/one day after irrigation 
then decreased to be about 1.4 m3/fed./4 days later in both seasons. 

Data in Table (2) showed that the cumulative discharge was higher in the planting irrigation than that in 
other irrigation. Total cumulative water discharge throughout six irrigation interval was almost the same in all 
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treatments for both seasons being around 520 m3fed.-1. Moustafa (1984) and Antar (2007 and 2013) found that 
in clay soil, the majority of discharge water is from water is from water movement through soil cracks and 
macro pores. The water flow decreases sharply when the clay swells after a few days of irrigation.   
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Fig (1): Water table level (cm) after irrigation for the treatments of study.
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Nitrate concentrations in drainage water (ppm): 

Nitrate concentrations in drainage water as a result of applied different nitrogen fertilizers through 
irrigation intervals are shown in Fig. (3 and 4). In general there was obvious effect of applied nitrogen fertilizers 
on nitrate concentration in drainage water. Also, the amount of leached nitrate in beginning higher through three 
consecutive irrigation intervals than that in the 4th and  5th irrigation intervals for both seasons. This may be 
attributed either to the decrease of N concentration in the soil solution and/or to the increasing demand of sugar 
beet plant to N during this growth stage. Similar results were obtained by Maija et al. (2012), El-Hawary (2012) 
and Antar, (2013).  The leached amount of nitrate could be arranged in descending order of ammonium nitrate > 
Urea > farm manure + ammonium nitrate > farm manure + Urea > ammonia gas. It is also noticed that the 

amount of leached nitrate (  20 ppm) is almost constant through sugar beet growing seasons under ammonia 

gas treatment that injected in the soil. Eileen et al. (2010) found that the anhydrous ammonia used during the 
earlier period had to be nitrified in the soil, before it could be leached into tile drains in a form of nitrate. By the 
time this process had accrued, the crop was growing and there was also little drain flow, both of which would 
minimize any losses nitrate. However, the urea and ammonium nitrate have a significant portion of the N that is 
immediately available to be leached, and thus a spike in nitrate-N concentration can occur if there is any 
preferential flow after N application. Also, data indicated that the mixing organic with inorganic nitrogen 
fertilizers caused obvious reduction in leached nitrate compared with mineral fertilizer alone. The average 
values of leached amount of NO3

- throughout the six irrigation cycles (Table, 3) were 43.51, 48.55, 23.18, 31.66 
and 33.59 ppm for  urea, ammonium nitrate, ammonia gas, urea + farm manure and  ammonium nitrate + farm 
manure, respectively in the first season. The corresponding values were 42.41, 49.21, 23.07, 31.84 and 33.72 
ppm in the second season, respectively. Nitrogen losses in drainage water are mainly in the form of nitrate, but 
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may also in the form of ammonium because although ammonium readily absorbed by the colloids it is rapidly 
oxidized into nitrates. Chowdary et al. (2005) revealed that NO3 anion is highly soluble maker and it is very easy to 
leach out of soil, while the NH4 cation may adsorb on clay exchange sites. Furthermore, ammonium fixation could 
have taken place in the inner layer of the clay minerals. Nitrate is soluble and negatively charged, thus has a high 
mobility and potential for loss from the unsaturated zone by leaching.   Similar results were obtained by Ramadan et 
al. 2004 and 2009, Maija et al. (2012), El-Hawary (2012) and Antar, (2013).  

Table 2. Cumulative discharge (m3fed.-1) of drainage water for six irrigation cycles under different treatments. 

Season Treatments  
Cumulative discharge of drainage water (m3fed.-1) 

Total 
)1-fed.3(m  

Planting 
irrigation 

First 
irrigation 

Second 
irrigation 

Third 
irrigation 

Fourth 
irrigation 

Fifth 
irrigation 

  
First 

  
   

Urea  111.14 82.25 81.53 84.27 80.85 80.54 520.58 
Ammonium nitrate  109.09 80.77 83.61 82.76 83.68 81.19 521.10 
Ammonia gas 110.71 78.63 84.51 82.14 81.34 79.74 517.07 
Urea + farm manure  110.06 82.44 82.22 81.20 84.71 80.93 521.57 
Ammonium nitrate + farm manure  113.86 83.48  82.83 81.33 81.53 79.45 522.48 

  
  

Second   
  
  

Urea  106.95 81.07 82.94 83.93 83.65 79.80 518.34 
Ammonium nitrate  105.02 82.26 87.82 82.64 87.10 80.83 525.68 
Ammonia gas 106.89 82.90 79.51 83.15 84.63 79.89 516.97 
Urea +  farm manure  109.43 84.27  83.85 78.04 82.93 76.65 515.17 
Ammonium 
 nitrate + farm manure  111.10 83.45  81.37 83.88 79.40 77.75 516.95 

 

Fig(3). Concentrations of NO-3 (ppm)after irrigation for the treatments of study 

in the first season
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Table 3.Average NO-
3 concentration (ppm) of drainage water for six irrigation cycles under different treatments 

Season Treatments 

concentration (ppm) of drainage water 3
-Average NO  

Mean (ppm) Planting 
irrigation 

First 
irrigation 

Second 
irrigation 

Third 
irrigation 

Fourth 
irrigation 

Fifth 
irrigation 

 
 

First 
 

Urea 22.80 53.36 53.09 49.22 43.83 38.77 43.51 
Ammonium nitrate  22.86  61.45 63.19 56.67 44.83 42.29 48.55 
Ammonia gas 24.76 24.82 23.75 23.33 22.50 19.93 23.18 
Urea +farm manure 22.35 38.51 38.15 35.43 29.90 25.62 31.66 
Ammonium nitrate + farm manure 23.11 40.52 39.69 38.04 33.29 26.92 33.59 

 
Second  

 
 
 

Urea 21.80 51.98 52.69 47.36 41.25 39.38 42.41 
Ammonium nitrate 22.82  60.59 62.27 59.26 46.35 44.00 49.21 
Ammonia gas 24.83 25.26 23.98  22.99 21.89 19.51 23.07 
Urea + farm manure 22.76 39.21 38.21 36.46 29.49 24.89 31.84 
Ammonium nitrate + farm manure 23.17 41.37 42.12 37.39 32.05 26.20 33.72 

         
Total nitrogen losses (kg Fed-1): 

      Data in Fig 5 show the total estimated amount of nitrogen losses as influenced by N-fertilizer 
sources treatments. The highest total losses of NO-

3 and N-NO-
3 were found with  ammonium nitrate and  urea 

while, the lowest total losses of NO-
3 and N-NO-

3 were found with  ammonia gas, through both growing 
seasons. The mixing of farm manure with mineral fertilizers caused reduction of total losses of NO-

3 and N-NO-
3 

comparing with mineral fertilizers alone. Total losses of NO-
3 through the six irrigation cycles (Fig, 5) were 

22.65, 25.30, 11.99, 16.51 and 17.55 kg Fed-1 for urea, ammonium nitrate, ammonia gas, urea + farm manure 
and ammonium nitrate + farm manure, respectively in the first season. The same trend was observed with the 
second season. Total losses of N-NO-

3 were 5.11, 5.71, 2.71, 3.73 and 3.96 kg Fed-1 with the first season and 
4.96, 5.84, 2.69, 3.70 and 3.94 kg Fed-1 with the second season under N-fertilizer sources of urea, ammonium 
nitrate, ammonia gas, urea + farm manure and ammonium nitrate + farm manure, respectively (Fig, 5). Antar, 
(2013) found that the high rate of mineral N-fertilizers under wheat cultivation caused increment of nitrogen 
losses into subsurface drainage water. In this concern Balba et al. (1969) had shown that the collected amount of 
N from urea (U), ammonium sulphate (AS) and calcium nitrate (CN) applied on soil columns surfaces and using 
3 soils differing in texture, were in order: CN>AS>U. The leached N was mainly in the form of NO-

3. Leached 
N from the clay loam soil were 41, 10 and 4.5 percent of the added amount of N in the forms of NO-

3, NH+
4 and 

urea, respectively.  Similar results were obtained by Ramadan and El-Leithi, (1999) and Ramadan et al. (2004 and 
2009).  

Fig (5): Leaching losses of NO
-
3 and N-NO

-
3 (kg fed

-1
) into drainage 

water through six irrigation cycle under different treatments.
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Sugar beet yields (ton fed-1): 
  Data in Table (4) showed that there were significant differences in sugar beet root yield between 
organic and inorganic fertilizers. The average values of sugar beet root yield were 29.05, 28.54, 30.49, 30.14 
and 29.61 ton fed-1 in the first season and 28.94, 28.45, 30.33, 29.08 and 29.63 ton fed-1 in the second season for 
urea, ammonium nitrate, ammonia gas, urea + farm manure and ammonium nitrate + farm manure, respectively. 
In this connection, Atia et al (2007) found that the ammonia gas progressed than urea for root yield and gave 
maximum root yield (30.8 ton / fed.). Also, data revealed that, there was no obvious differences between shoots 
yield (ton fed-1) as well as sugar percentages of sugar beet with all treatments. However, gross sugar yield 
values were 5.04, 5.05, 5.38, 5.30 and 5.20 ton fed-1 in the first season and 4.99, 4.81, 5.24, 5.09 and 5.11 ton 
fed-1 in the second season for the corresponding treatments, respectively. 
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N-uptake (kgfed-1):  
  Moreover, data presented in Table (4) show clearly that the N-uptake (kg fed-1) by root and shoot were 
compatible with the obtained yields values. Aammonia gas was the best one in 1st and 2nd seasons followed by 
Farm manure + Urea treatment in root yield and its N-uptake. On the other hand, the farm manure + urea 
treatment in shoot yield and its N-uptake was the best one followed by ammonia gas in both season. This due to 
that, this treatments caused reduction of N losses comparing with others and consequently increasing available 
N in the soil.  
 
Table 4. Yields and gross sugar yield (Ton fed-1) and N-uptake (kg fed-1) of sugar beet plant with all treatments. 

 
The value of N-uptake by sugar beet root were 52.29, 51.37, 54.88, 54.25 and 53.30 kgfed-1 in the first season 
and 52.09, 51.21, 54.59, 53.64 and 53.33 kgfed-1 in the second one for  urea, ammonium nitrate, ammonia gas, 
urea + farm manure and  ammonium nitrate + farm manure, respectively. The corresponding values of sugar 
beet shoots were 21.82, 21.37, 22.50, 23.19 and 22.25 kgfed-1 in the first season and 22.30, 21.88, 22.73, 23.24 
and 22.43 kgfed-1 in the second season, respectively for the above mentioned treatments. In this connection, 
Yadav and Chhipa (2007) stated that the application of farmyard manure showed significant increases in 
available N, P and K contents of the soil.  

Conclusion: 
  It could be concluded that the injecting of ammonia gas or addition of farm manure with mineral 
fertilizers caused reduction of nitrate losses as well as increases of sugar beet yields. So, ammonia gas and farm 
manure are good and cheaper sources of nitrogen fertilizer, to minimize nutrients losses into drainage water and 
increasing the productivity. 
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