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ABSTRACT 

Two field experiments were conducted at Sids AgricuHural Research Station 
Farm during 2010 and 2011 seasons to investigate the effect of two nitrogen fertilizer 
sources, namely ammonia gas (83% N) and urea (46.5% N) with three levels, i.e. 60, 
90 and 120 kg N/fed as well as rock phosphate as phosphorus source under two 
levels (0.0 and 300 kg rock P/fed) on growth characters ,yield and its_components,net 
income and N, P and K concentrations and uptake of maize (Zea mays L.) as well as 
soil fertility. The results show that 120 kg N/fed as ammonia gas recorded the highest 
values of plant height, dry weight/plant, ear length and diameter, 100-seed weight, 
grain and stover yields, net income, N, P and K concentrations and uptake and 
nitrogen availability, while number of rows and kernels/ear and P and K availability not 
affected by either nitrogen sources or levels. Application of rock phosphate 
significantly increased plant height, dry weight/plant, 1 00-seed weight, grain and 
stover Yields, net income, N and P concentrations and N, P and K uptake as well as P 
availability, while ear length and diameter, number of rows and kernels, K 
concentration and the availabiliW of N and K in soil after harvesting not affected. 
Phosphorus concentrations in both grains or stover and N and P availability in soil 
after harvesting were affected by increasing nitrogen levels only under ammonia gas 
application. 
Keywords: Maize, growth characters, yield and its components, net income, NPK 

concentration and uptake, ammonia gas, urea, soil fertility. 

INTRODUCTION 

Maize (Zea mays L.) is one of the most important cereal crops grown 
principally during the summer season in Egypt. Maize grain is widely used for 
human and animal feeding. Grain yield could be increased by increasing new 
high yielding hybrids which will be adapted to different cultural practices such 
as nitrogen and phosphorus. 

Nitrogen is the most important nutrient for plant production, which 
represents a vital element in all biological processes in plant life. Among the 
great number of nitrogenous fertilizers, ammonium sulphate, ammonium 
nitrate and urea used in Egypt. Recently, nitrogen added to plants, especially 
maize, as ammonia gas by injected in the soil before planting using especial 
apparatus. The influence of inorganic nitrogen fertilizer sources on plant 
growth is mainly due to its effect on soil reaction and nutrients availability. 
Some fertilizer materials leave an acid residue in soil, others are of basic, and 
still others seemingly have no influence on soil pH (Tisdale and Nelson, 1975; 
Kanwar, 1978; Stecker et al. (1993) and Hassanein, 1996). The superiority of 
ammonia gas as nitrogen source than others especially urea were reported 
by many workers such as Abdel-Aziz eta/. (1986), Morsy (1994) and Abd EI
Hameid et a/. (1996). On the other hand maize responded to great extent to 
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increasin~ N-fertilization level because of its nature as a heal N feeder cror, 

as well as the deficit in soii-N. (Genaidy et a/., 1992; Ismail et a/., 
2006;Mansour,2009; Sadik eta/., 2009 and Ali eta/., 2012). 

Supply of adequate phosphorus is an essential factor for plant 
growth. Quite high rates of soluble P fertilizers are required to increase soil P 
levels to sufficiency for economic crop production. The use of high rates of 
such fertilizer increase the costs of agricultural production. Rock phosphate 
may be desirable alternative to high cost of soluble P fertilizers. In this 
respect Jena eta/. (2004), Kifuko eta/. (2007), Franzini eta/. (2009), Phiri et 
a/. (2010) and El Sheref (2012) stated that maize growth and yields 
responded to rock phosphate application. 

The objective of the present investigation is to evaluate the effect of 
nitrogen sources and levels as well as using some natural P fertilizer, namely 
rock phosphate on maize productivity and some soil properties. 

MATERIALS AND METHODS 

Two field experiments were conducted at· Sids Agric. Res. Station 
(Beni-Swif Governorate) during the two successive growing seasons 2010 
and 2011 to study the effect of two nitrogen fertilizer sources, i.e. ammonia 
gas (83% N) and urea (46.5% N) under three levels (60, 90. and 120 kg/fed) · 
as well as rock phosphate application under two levels (zero and 300 kg rock 
P/fed) on growth characters, yield and its components and NPK 
concentrations and uptake of maize (Zea mays L.) as well as soil fertility. 
Soli samples: 

A representative soil sample was collected from the experimental site 
at the depth of 0.0-30 em before planting. Also, representative soil samples 
were collected after harvesting from each experimental plots to determine soil 
available N, P and K. Some chemical and physical properties of experimental 
soil before planting are determined according to Jackson (1973) and listed in 
Table (1). 

Table (1}: Chemical and physical properties of experimental soil before 
I . . planting. 

Soil properties First season Second season 
Particle size distribution: 
Clay (o/o) 55.16 57.73 
Silt (o/o) 26.67 30.11 
Sand (o/o) 18.17 12.16 
Texture grade Clay loam Clay loam 
pH (1 :2.5 soil water suspension) 8.06 8.21 
EC, dsm·• (soil paste) 0.83 0.92 
Organic matter (o/o) 1.72 1.79 
CaCOa (o/o) 3.11 2.83 
Available N (mg kg"') 25.3 26.8 
Available P(mg kg"') 13.3 12.5 
Available K (mg kg"') 169 173 
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Fertilizer treatments: 
1. Nitrogen: ammonia gas (~% N) at rate of 60, 90 and 120 kg Nlfed were 

applied in the main split plot which injected directly into moderately 
moisture soil at 15 em depth with 30 em spacing between points of 
injection before sowing. While, urea (46.5% N) was applied at the above 
mentioned levels to the soil in two equal doses, one dose was applied 
after the thinning and the second after one month later. 

2. Rock phosphate (about 8.7-9.6% P) at two rates (without and 300 kg rock 
phosphate) were added to experimental plots before sowing. 

Experimental design: 
The experimental design was split-split in completely randomized 

blocks with four replication. Nitrogen sources were located in the main plot 
and its levels were randomized distributed in sub plots, while rock phosphate 
treatments were added in the sub-sub plots. The experiment included 12 
treatments and 48 plots in both seasons. 
Field experiment,;, 

Maize grains c.v. Three Way Cross 310 were sown in ridges during 
the first week of June in the two seasons. The plot area was (3.0 x 4.5 m = 
1/267 fed). Each plot consisted of five rows, 4.5 meters along and 70 em 
apart. Planting was done in hills, 30 em apart using two kernels for each. 
Thinning was done before .-first irrigation to get one plant/hill resulting 
a plant population of 20000 plant/fed. The plants were harvested at maturity 
at 120 days after planting in both seasons. All other agronomic practices 
without nitrogen and superphosphate fertilizers application were followed 
using the technical package of growing mage in district 
Plant samples: 

Two plant samples were taking from each plot. The first sample was 
taken during tasseling-silking stage (about 60 days age) from the inner rows 
to measure plant height (em) and plant dry weight (glplant). The second 
sample was taken at harvesting time to estimate some yield components [ear 
length (em), ear diameter (em), number of rows/ear, number of kernels/row 
and 100-seed weight (g)]. Finally, each grain and stover yields were 
determined and recorded as ardablfed and ton/fed, respectively for each plot. 
N, P and K concentrations in both grains and stover were determined 
according to Chapman and Pratt (1961) and its uptake by both grains and 
stover were calculated. 
Net income (L.E.): 

The net income of yielded maize grain due only to the cost of the 
studied treatments, where other agronomic practices were constant, was 
calculated as: Net income (NI) in Egyptian pound (L.E.) =Price of the weight 

of grains - price of added fertilizer treatments in kg/fed. 
Where, the average price of grains/ardab was 250 L.E. in the two 

seasons and the average price of the fertilizer treatments were 3.66 and 3.25 
L.E.Ikg N for urea and ammonia gas, respectively and 120 L.E./300 kg rock 
phosphate . 
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Statistical analysis: 
The data were subjeCted to statistical analysis according to Snedecor 

and Cochran (1980). Significant of differences among treatment were compared 
using the least significant differences. ' 

RESULTS AND DISCUSSION 

1- The growth characters: 
Data in Table (2) show that both plant height and dry weight/plant 

were significantly affected by nitrogen sources. The tallest and heaviest 
plants were recorded with the addition of N as ammonia gas in both seasons. 
The increasing percentage in plant height and dry weight due to ammonia 
gas comparing with urea were 3.4 and 5.0%, respectively in the first season. 

Table (2): Effect of nitrogen sources and levels- and rock phosphate 
r tl al wth t Iasser sta app11ca ononsomem ze gro a mg 1ge. 

Nsources N levels RockP Plant height (em} Dry weight (QI1)1ant} 
(A) (B) (C) 2010 2011 2010 2011 

60 without 165.5 167.5 66.1 66.9 
wHh 166.6 169.9 69.0 69.3 

Milan 166.9 168.7 67.6 68.1 

90 Lwithout 171.2 173.7 71.7 72.0 
Urea I wHh 175.7 178.2 75.1 75.6 

-Mean 173.5 176.0 73.4 73.8 

120 I without 177.6 180.1 77.3 78.1 
I wHh 180.3 182.5 80.9 81.5 

Mean 179.0 181.3 79.1 79.8 
Mean 173.1 175.3 73.4 73.9 

60 I without 170.2 172.9 70.8 71.2 
I wHh 173.9 175.7 72.6 73.4 

Mean 172.1- 174.3 71.7 72.3 

Ammonia 90 _I without 177.3 180.3 76.1 76.7 
I wHh 181.6 184.1 80.3 80.9 gas 

Mean 179.5 182.2 78.2 78.8 

120 I without 180.2 183.5 79.6 80.2 
I wHh 184.3 188.6 82.9 83.3 

Mean 182.3 186.1 81.3 81.8 
Mean 178.0 180.9 77,1 77.6 

Mean of I 60 168.6 171.5 69.7 70.2 

levels I 90 176.5 179.1 75.8 76.3 
I 120 180.7 183.7 80.2 80.8 

Mean of rock P without 173.7 176.3 73.8 74.2 
wHh 177.4 179.8 76.8 77.3 

LS.DatO.OS A 3.35 3.13 1.72 1.91 
B 4.11 4.26 4.23 3.01 

c 2.07 2.10 2.19 2.35 

AB NS NS NS NS 
AC NS NS NS NS 

BC NS NS NS NS 

ABC NS NS NS NS 

The same trend was obtained in the second one. The superiority of ammonia 
gas on the vegetative growth may be due to continuous and slow release of 
N beginning of sowing to maize plants. These results are in conformity with 
the findings of Abd EJ-Hameid et a/. (1996) and Ismail et a/. (1996). On the ' 
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other hand, EI-Sayed (2001)·and.Sarhan (2006) stated that the hydrolysis of 
urea was more rapid than other nitrogen fertilizers resulted in more loss by 
leaching. 

As for nitrogen levels, the data in the same Table show that plant 
height and dry weight were significantly increased as increasing nitrogen 
levels from 60, 90 and 120 kg/fed. These results are mainly due the vital role 
of nitrogen in plant growth, as it necessary for protoplasm formation and 
photosynthesis in all plants, it also necessary for cell deviation and 
merestimatic activity in plant organs. These results are similar to those 
obtained by Ismail et a/. (1999), Oraby and Sarhan (2002), Sarhan (2006) 
and Sadik eta/. (2009). 

With regard to rock phosphate fertilization, the data show that maize 
plant height and dry weight were significantly responded to application of 300 
kg/fed rock phosphate in both seasons. Hence the highest and heaviest 
maize plants were achieved by plants received rock phosphate (177.4 em 
and 77.3 g/plant) in the first growth season, respectively. On the other hand, 
the plants without rock phosphate fertilization recorded 173.7 em and 73.8 gl 
plant in the second one, respectively. This may be due to the role of applica
tion of natural elemental mat~rials as source of phosphorus which enhancing 
the metabolic process. These results are in harmony with those obtained by 
Aknade ·eta/. (2005), Hellal eta/. (2009) and EI-Sheref (2012). 

As for the interaction between treatments, the data show that the 
growth characters not responded to the interactions between any of two 
treatments or to the interaction among them. Those means that the greatest 
values for maize plant height and dry weight were obtained for the plants 
received 120 kg Nlfed as ammonia gas and supplied with 300 kg/fed rock 
phosphate. While, the plants fertilized with 60kg N/fed as urea and without 
rock phosphate application recorded the shortest and lightest maize plants. 
2- The yield components: 

The results reported in Table (3)clearly indicate that all studied maize 
yield components except number of rows/ear and number of kernels/row 
were significantly affected by nitrogen sources. The application of nitrogen as 
ammonia gas produced the highest ear length and diameter as well as seed 
index in both seasons. The increments of ear length and diameter and seed 
index due to ammonia gas application as comparing with urea are mainly due 
to the effect of ammonia gas on growth parameters as mentioned before 
(Table, 2) which in turn improved ear length, ear diameter and 100-seed 
weight. On the other hand, · both number of rows/ear and number of 
kernels/row were not affected by nitrogen sources which mainly due to these 
parameters have a gentic affect. Similar results were obtained by Mansour 
(2009). 

As for nitrogen level, the data show that increasing nitrogen level up 
to 120 kg/fed was significantly increased maize yield components, except 
number of rows/ear and number of kernels/row in the two seasons. The 
relative increasing of ear length, ear diameter and seed index yielded by 
adding 120 kg N/fed were 4.1, 4.6 and 3.3% as compared with adding 60 kg 
N/fed in the first season, respectively. Similar trends were obtained in the 
second season. It is quite evident from the results that, nitrogen fertilization is 
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required for optimum or better building up of vegetative growth and 
reproductive plant organs. These results are in,harmony with those obtained 
by Gebraiel et at. {2005) and Abd EI-Lattif (2012). 

Table (3): Effect of nitrogen sources and levels as well as rock 
h h -.. "ld t PI ospl ate app11cat1on on some y1e componen s. 

N N Rock Ear length Ear Number of Number of 10D-seed 
sources levels p {cm1 Diameter( em) rows/ear kernels/ear weight(g) 

(A) (B) (C) , 2010 2011 2010 2011 2010 2011 2010 2011 2010 2011 

60 without 20.11 20.21 5.01 5.05 12.61 12.62 35.12 35.11 33.16 33.21 
with 20.15 20.26 5.03 5.05 12.60 12.63 35.17 35.10 33.51 33.58 

Mean 20.13 20.24 5.02 5.05 12.61 12.63 35.15 35.10 33.34 33.40 
(without 21.32 21.41 5.16 5.19 12.62 12.61 35.07 35.09 34.00 34.07 

Urea 
90 I with 24.29 21.35 5.16 5.18 12.61 12.62 35.11 35.10 34.62 34.69 

Mean 21.31 21.38 5.16 5.19 12.62 12.62 35.09 35.10 34.31 34.38 

120 without 22.41 22.47 5.24 5.29 12.61 12.63 35.01 35.08 35.31 35.40 
with 22.45 22.63 5.23 5.28 12.62 12.61 35.00 35.13 35.90 35.99 

Mean 22.43 22.55 5.24 5.29 12.62 12.62 35.01 35.11 35.61 35.70 
Mean 21.29 21.39 5.14 5.18 12.62 12.62 35.08 35.10 34.42 34.49 

60 lwithput 20.22 20.31 5.07 5.10 12.60 12.61 35.11 35.14 34.32 34.37 
I with 20.26 20.33 5.06 5.11 12.62 12.61 35.07 35.08 34.76 34.98 

Mean 20.22 20.32 5.06 5.11 12.61 12.61 35.09 35.11 34.54 34.68 

Ammonia 90 without 21.35 21.46 5.21 5.27 12.61 12.62 35.12 35.13 34.60 34.71 
with 21.40 21.47 5.20 5.27 12.61 12.62 35.11 35.13 34.91 35.00 gas 

Mean 21.38 21.47 5.21 5.27 12.61 12.62 35.12 35.13 34.76 34.86 

120 without 22.39 22.42 5.29 5.31 12.63 12.60 35.11 35.11 35.82 35.89 
with 22.42 22.40 5.30 5.31 12.61 12.60 35.09 35.12 36.07 36.10 

Mean 22.41 22.41 5.30 5.31 12.62 12.60 35.10 35.12 35.95 36.00 
Mean 21.34 22.40 5.19 5.23 12.61 12.61 35.10 35.12 35.08 35.18 

Mean of 60 20.18 20.28 5.04 5.08 12.61 12.62 35.11 35.11 33.99 34.04 
90 21.35 21.43 5.19 5.23 12.62 12.62 35.11 35.12 34.54 34.62 levels 

120 22.42 22.48 5.27 5.30 12.62 12.61 35.06 35.12 35.78 35.85 

Mean of rock P without 21.30 21.38 5.16 5.20 12.61 12.62 35.09 35.11 34.54 34.61 
with 21.33 21.41 5.16 5.20 12.61 12.62 35.09 35.11 34.96 35.06 

LS.Dato.os A 0.03 0.03 0.05 0.07 N.S N.S N.S N.S 0.43 0.40 
B 0.98 1.03 0.08 0.07 N.S N.S N.S N.S 0.50 0.48 
C N.S N.S N.S N.S N.S N.S N.S N.S 0.05 0.06 

AB N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S 
AC N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S 
BC N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S 

ABC N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S 

Regarding rock phosphate fertilization, the data revealed that the 
natural fertilizer, namely, rock phosphate had a markedly effect only on 100-
seed weight in both seasons, While other maize yield components were not 
affected by rock phosphate application. The plants supplied with rock 
phosphate yielded 34,96 and 35.06 grams of 100-seed weight of maize 
grains compared with 34.54 and 34.61 grams without rock phosphate 
application in the two seasons, respectively. These results agree with those 
obtained by Rajput eta/. (2007). 

Concerning the interaction between treatments, the results clearly 
show that, all studied maize yield components were not affected by the 
interaction between treatments or among them. These resu,ts mBan~ that 
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combined 120 kg Nlfed as ammonia gas with 300 kg rock phosphate/fed 
produce better yield components for maize. 
3- Grain and stover yields and net income: 

The results reported in Table (4) indicate that, there were significant 
differences between maize grain and stover yields as affected by nitrogen 
sources, i.e. urea and ammonia gas in the two studied seasons. The data 
indicate that ammonia gas exceeded urea fertilizer in its effect on both grain 
and stover yields by about 10.0 and 6.6%, respectively in the first season. 
The same trend .. was obtained in the second season. The positive effect of 
ammonia gas on maize grain and stover yields is mainly due to the 
enhancement of ammonia gas on both growth and yield components as 
mentioned before (Tables 2 and 3). These results are in harmony with those 
obtained by Abdel-Aziz eta/. (1986), Morsy (1994) and Abd EI-Hameid eta/. 
(1996). Concerning the effect of nitrogen sources on net income, the data 
obtained show that the net income resulted from added ammonia gas 
surpassed that gained due to urea by about 264.4 and 339.0 Egyptian 
pounds in the two studied seasons, respectively. The superiority of ammonia 
gas on grain net income th~n urea is mainly due to not only its effect on 
increasing grain yield but also to the cheaper price of nitrogen unit than that 
of urea 
As for nitrogen level, data in Table (4) show that irrespective of nitrogen 
sources, increasing nitrogen level from 60 to 90 and 120 kg/fed were 
accompanied by a significant increases in both grain and stover yields in both 
seasons. The relative increasing of grain yield due to 120 kg N/fed as 
comparing to 60 and 90 kg N/fed were 10.2 and 4.6% in the first season, 
respectively in the first season. Similar trends were obtained for the second 
season and straw yield in the two seasons. The promotive effect of the high 
nitrogen fertilization on maize grain and stover yields could be explained by 
the fact that maize plant responded to great extent to N-fertilization because 
its nature as a heavy N feeder crop, as well as the deficit in soii-N (Genaidy 
et a/., 1992). Similar results were obtained by many workers such as 
Mansour (2009) and Sadik eta/. (2009). Also, the data in Table (4) clearly 
show that increasing nitrogen level up to 120 kg/fed had a positive effect on 
net income of grain yield in both seasons. The net income gained from grain 
yield due to added 120 kg N/fed exceeded that yielded from 60 and 90 kg 
N/fed by about 317.7 and 120.7 in the first season and 325.9 and 114.0 L.E 
in the second one, respectively. These results are in agreement with those 
obtained by Ismail eta/. (2006) and Mansour (2009). 

With regard to rock phosphate application the data clearly reveal that 
adding rock phosphate as phosphorus source was significantly increased 
both grain and stover yields of maize in the two studied seasons. The maize 
plants received 300 kg rock phosphate resulted grain yield exceeded that 
without rock phosphate application by about 6.6 and 6.0% in the two 
seasons, respectively. Similar trends were obtained for stover yield in both 
seasons. This may be due to good phosphorus nutrition which increased 
maize growth and yield components (Tables 2 and 3). These results are 
similar to those obtained by EI-Hefny and Yousef (2011) and El Sheref 
(2012). The data in Table (4), also indicate that using rock phosphate as a 
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source of phosphorus significantly increased maize grain net income in both 

seasons. The net income of grains resulted from plants supplied with rock 
phosphate exceeded that not treated by aboUt 191.7 and 183.0 LE in both 
seasons, respectively. ' 

Table (4): Effect of nitrogen sources and levels and rock phosphate 
application on grain and stover yields as well as net income 
due to treatments. 

Nsources N RockP ~ Stover yield Net income 

(A) levels 
(C) 

. (tiled) JLE._l 
(B) 2010 2011 2010 2011 2010 2011 

60 without 17.39 18.11 2.56 2.61 4122.9 4307.9 
with 18.85 19.52 2.85 2.88 4372.9 4540.4 

Mean 18.12 18.82 2.71 2.75 4247.9 4424.2 
90 !without 18.39 19.42 2.81 2.86 4287.1 4535.6 

Urea with 19.80 20.81 2.98 2.98 4510.6 4763.1 
Mean 19.1 20.12 2.90 2.92 4394.4 4649.4 

120 !without 19.86 .20.70 2.92 2.96 4525.8 4735.8 
with 20.7& 21.&9 3.;12 3.17 4630.8 4853.3 

Mean 20.31 21.18 3.02 3.07 4578.3 4794.6 
Mean 19.18 20.04 2.88 2.91 4406.9 4622.7 

without 18.61 19.91 2.81 2.85 4457.5 4782.5 60 I with 19.80 20.85 2.97 2.99 4635.0 4897.5 
Mean 19.21 20.38 2.89 2.92 4546.3 4840.0 

Ammonia I without 19.73 20.90· 2.96 3.00 4640.0 4932.5 90 I with 20.73 21.77 3.11 3.15 4770.0 5030.0 gas 
Mean 20.73 21.34 3.04 3.08 . 4705.0 4981.2 

120 without 20.10 21.20 3.20 3.26 4635.0 4910.0 
with 21.60 22.91 3.35 3.39 4890.0 5217.7 

Mean 20.85 22.05 3.28 3.33 4762.5 5063.9 
Mean 20.10 21.26 3.07 3.11 4671.3 4961.7 

Mean of 60 18.67 19.60 2.80 2.84 4352.7 4603.4 

levels 90 19.67 20.73 2.97 3.00 4549.7 4815.3 
120 20.58 21.62 3.15 3.20 4670.4 4929.3 

Mean of rock P without 19.01 20.04 2.88 2.92 4443.2 4700.7 
with 20.26 21.25 3.06 3.09 4634.9 4883.7 

LS.Dat0.05 A 0.65 0.&9 0.11 0.20 65.1 52.6 

.a 0.81 0.85 0.08 0.06 74.9 75.9 
c 0.46 0.55 0.09 0.07 86.7 89.3 

AB NS NS NS NS NS NS 
AC NS: NS NS NS NS NS 
B.- NS NS NS NS NS NS 

ABC NS NS NS NS NS NS 

Concerning the interaction between treatments, the data clearly 
reveal that grain and stover yields as well as net income of maize grain not 
affected by _the interactions between treatments. This means that the main 
factors were independed from each other. It is worthy to notice that maize 
plants received 120 kg Nlfed as ammonia gas and supplied with rock 
phosphate recorded highest values of grain and stover yields as well as net 
income of maize grain. On the other hand, plants supplied with 60 kg N/fed 
as urea and not treated with rock phosphate showed the lowest grain and 
stover yields and net income of maize grain. 
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4- Nutrient concentration: 
The statistical analysis of the obtained data listed in Table (5) 

indicate that nitrogen concentration in grains and stover of maize plants were 
significantly affected by nitrogen sources, where ammonia gas gave the 
highest values of N, P and K in grains and stover than urea in both seasons, 
except K in stover in the first one. This result could be explained by the 
promotive effect of ammonia gas on maize growth (Table, 2) consequently 
enhanced its ability to nutrients uptake. 

Table (5): Effect of nitrogen sources and levels~ rock phosphate on 
N, P and K concentration in maize -·· and~(%). 

N P K 
2010 2( 11 2010 2011 2010 2011 

N sources 
(A) 

Nlevels 
(B) 

Rock 
p 

(C) 
. ... 
.5 ~ 
I! 0 
D 1i 

. .. . ... 
c • c • 
- > - > I! 0 I! 0 

. ... . ... 
c • c • 
- > - > I! 0 ! 0 

11:11 1i D 1i 

!urea 

I Mean of levels 

Mean of rock P 

ILS.Dat 0.05 

11:11 • 11:11 • 

60 with6ut .1210.88 tn '- • '"10.1810.2510.1' P-1~ l!J!IIQ.l~!l!Jl 
with .1610.90111· \01\ 1_21 ~~ ~ l!,g!~l!Jl 

lleen !1.1410.9911.!~ 10.88 I ,.In llii'IIO 7 .. [!,TI 
I without .2!i 10.9811 i!:l !O.!MI l?AintAin?Aint: \7, 11.1810.7411.17 

90 I with !S 11 11 '!1 1 n 1"1n~1n 1-,.; !010.7411.17 
11een L1! 17 

I without t! 11. 11 :10 1 1.11 '!1 7f! !H~.74l1_.1!l 120 I with_ Ill 11 11~ 1.< ll~ 12 n M~~~ 
...... •lL ,_11.3:1 ·- ~ 171 l!J.!I 

1.2!i 11.0111.z 1.97 1.31 121 1.7411.1' 

60 
I without 
I with ...... 

.18 ).92 In~ 1n1n~ ln.,.; 1121 1.7311.11 
1.28 1011. 11.01 ·~ 17.'-lln!'Y ln.,.; 11.20 >.7411.11 

~IIL'H 
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AD"!1'4S INS NS_INS INS~-~~ l~ ~ ~ ~ 

With regard to nitrogen levels, the results reveal that, irrespective of 
nitrogen sources, increasing nitrogen levels up to 120 kglfed had a markedly 
increasing in N, P and K concentrations in both grains and stover. The 
increase of nutrients in maize grains and stover may be due to the increase in 
root surface per unit soil volume caused by increasing nitrogen level and 
accordingly increased the rate of nutrients uptake. Similar results were 
obtained by Muriffo et al (1992) and Mansour (2009). 
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As for rock phosphate, the data clearly show that rock phosphate had 
a positive action on N and P content in maize grains and stover in both 
seasons, while K content not affected. Using rock phosphate as a source of 
phosphorus led to increasing N and P in grains by about 3.2 and 25% in the 
first season, respectively. Similar trends were obtained for the second season 
and stover. It is worthy to notice that the effect of rock phosphate is more 
pronounced on P than N, which mainly due to beside the effect of rock 
phosphate on maize growth, it is a good source of phosphorus for plant. 
These results are similar to the finding of EI-Sheref (2012). 

Regarding the interaction effect, it is evident to notice that N, P and K 
concentration in grains and stover were not affected by the interactions 
between treatments, except the effect of the interaction between nitrogen 
sources and levels on P concentration in the two seasons, where the 
differences of P content in grains and stover between 90 and 120 kg NAed 
are significant under using ammonia gas only. In general, the highest values 
of N, P and K are recorded ·for maize plants supplied with 120 kg NAed as 
ammonia gas and applied with rock phosphate. 
5- Nutrients uptake: 

The results presented in Table (6) indicate that total N, P and K uptake 
by maize grains and stover were signifiCantly affected by nitrogen sources in 
both seasons. The highest values of total N, P and K uptake were recorded for 
ammonia gas than urea. The relative increasing of N, P and K uptake due to 
ammonia gas over urea were 8.2, 16.9 and 7.9% in the first season, 
respectively. The same trends were obtained for the second season. The 
increment in total nutrients uptake due to ammonia gas application is mainly 
due to its effect on maize growth (Table, 2) which in tum adsorbed more 
nutrients. 

Regarding nitrogen_ level, the data' show that increasing nitrogen 
doses significantly increased total N, P and K in the two studied seasons. The 
plants supplied with 60, 90 and 120 kg Nlfed uptaked 64.4, 72.4 and 81.3 kg 
N, P and Kited in the first season, respectively. The corresponding values of 
the second season were 64.9, 73.8 and 82.2. Such increments were mainly 
due to these nutrients are considered the most important nutrients for plant 
growth (Table,2).consequently its application increased both grain and stover 
yields (Table, 4), which in tum increased nutrients uptake, since it calculated 
as multiplying nutrient concentration in grains or straw by its yield. Similar 
results were obtained by Ismail eta/. (2006) and EI-Sheref (2012). 

Considering rock phosphate, the data in Table (6) pointed out that 
using rock phosphate as a source of phosphorus led to increasing N, P and K 
uptake by about 8.1, 32.9 and 7.8% over without rock phosphate application, 
respectively in the first season. The_ corresponding values for the second 
season were 9.9, 31.3 and 7.6% in the abovementioned order. The positive 
effect of rock phosphate fertilizer on nutrients uptake is mostly due to its 
effect of increasing grain and stover yields. 

As for the interaction effect, the data in Table (6) clearly reveal that 
N, P and K uptake were not affected by the interaction between treatments or 
among the three treatments in both seasons. This means that the maize 
plants received 120 Kg NAed as ammonia gas and supplied with 300 kg rock 
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phosphateAed uptaked the highest values of the studied nutrients, while the 
plants supplied with 60 kg NAed as urea without rock phosphate application 
showed the lowest values. 

Table (6): Effect of nitrogen sources and levels as well as rock 
phosphate application on total N, P and K uptake 
(kgAed). 

N sources N RockP N u'take P UJtake K Ujltake 

(A) levels (C) 2010 2011 2010 2011 2010 2011 l_B) 

60 without 56.94 56.35 13.60 13.15 36.76 37.06 
with 63.97 63.15 17.91 16.95 40.86 41.45 

Mean 60.46 59.75 15.67 15.05 38.81 39.26 

90 
without 67.91 67.90 14.85 15.37 93.72 41.11 

Urea with 72.69 74.26 18.62 19.21 42.87 43.25 
Mean 70.30 71.08 16.74 17.29 41.30 42.18 

120 without 76.28 76.31 16.61 16.09 43.45 43.31 
I with 81.17 83.25 20.65 20.86 46.72 46.89 

Mean 78.73 79.78 18.63 18.48 45.09 45.10 
Mean 69.83 70.21 17.04 16.94 41.73 42.18 

60 
(without 63.96 64.89 15.78 15.82 41.36 41.35 
I with 79.52 75.03 21.21 20.35 42.89 43.51 

Mean 68.24 96.26 18.50 18.09 42.13 42.43 

Ammonia 90 without 72.16 74.31 15.85 15.68 42.76 44.41 
with 76.99 78.56 22.69 21.98 46.61 47.31 gas 

Mean 74.58 76.44 19.27 18.83 44.96 45.86 

120 without 81.91 81.11 18.61 18.32 46.51 47.03 
with 85.72 88.25 25.50 24.66 50.10 51.15 

Mean 83.82 84.68 22.06 21.49 48.31 49.09 
Mean 75.55 77.03 19.94 19.47 45.04 45.79 

Mean of 60 64.35 64.86 17.13 16.57 40.47 40.85 

levels 90 72.44 73.76 18.01 18.06 43.00 44.02 
120 81.28 82.23 20.35 19.99 46.70 47.10 

Mean of rock P 
without 96.86 70.15 15.88 15.74 41.76 42.38 

with 75.51 77.08 21.10 20.67 45.01 45.89 
LS.OatO.OS A 3.12 3.98 1.18 2.05 2.31 2.06 

B 5.36 5.81 0.66 1.13 2.17 2.19 
c 2.~ 3.12 2.95 3.15 2.56 2.06 

AB NS NS NS NS NS NS 
AC NS NS NS NS NS NS 
BC NS NS NS NS NS NS 

ABC NS NS NS NS NS NS 

6- Soil fertility: 
With respect to the effect of treatments on soil fertility after 

harvesting, the data in Table (7) show that nitrogen sources affected only soil 
available nitrogen in both seasons. It is worthy to notice that ammonia gas 
yielded the highest values of soil available nitrogen than urea. The relative 
increasing in soil available N due to ammonia gas fertilization reached to75.6 
and 65.7% over urea in two studied seasons, respectively. The superiority of 
ammonia gas to increasing nitrogen availability than urea after harvesting is 
mainly due to the ammonia cations are temporarily retained by colloidal 
factions of the soil, whether clay or organic matter, while a part of urea is 
leached down to ground water. 
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As for nitrogen levels, the data obtained reveal that, only available 
nitrogen was positively responded to increasing nitrogen levels in both 
seasons. Added 120 kg N/fed was increased nitrogen availability by about 
35.3 and 13.4% over 60 and 90 kg N/fed, respectively in the first season. The 
same trend was obtained in the second season. It is worthy to observe that 
the main effect of nitrogen fertilization on the nitrogen availability is mainly 
due to ammonia gas fertilizer than urea as discussed before. 

Table (7):Effect of nitrogen sources and levels as well as rock 
phosphate application on the availability of N, P and K 
(ppm ) in soil. 

N sources N Rock N p K 
levels p 

(A) 
(B) (C) 2010 2011 2010 2011 2010 2011 

60 without 19.2"1 21.13 16.19 17.75 181.3 184.7 
with 19.09 20.95 25.31 27.31 182.5 183.9 

Mean 19.15 21.04 20.75 22.53 181.9 184.3 

90 !without 19.35 20.36 16.15 17.33 182.6 184.1 
Urea I with 19.16 20.71 25.09 26.92 183.7 182.5 

Mean 19.26 20.54 20.62 22.13 183.2 183.3 

120 !without 19.61 20.66 16.81 18.03 181.9 183.9 
I with 19.53 20.31 25.19 26.71 181.2 182.3 

Mean 19.57 20.49 21.00 22.81 181.6 183.1 
Mean 19.33 20.65 20.79 22.51 181.2 183.6 

60 without 25.11 27.51 16.19 17.55 195.1 197.3 
with 25.05 26.97 25.91 26.65 195.6 196.9 

Mean 25.07 27.24 21.05 22.09 195.4 197.1 

Ammonia 90 (without 33.36 34.15 15.88 18.03 205.5 207.7 
with 33.61 . 34.61 25.19 27.11 206.1 208.1 gas 

Mean 33.49 34.36 20.54 22.57 205.3 207.9 
120 (without 40.15 41.09 16.26 17.65 210.9 211.9 

I with 40.34 41.00 24.30 26.87 211.3 213.0 
Mean 40.25 41.05 20.28 22.26 211.1 213.0 

Mean 33.94 34.22 21.96 22.07 203.9 206.0 

Mean of 60 22.11 24.14 20.90 22.31 188.7 190.7 
90 26.38 27.45 20.58 22.35 194.3 195.5 levels 
120 29.91' 30.n 20.64 22.57 196.4 198.1 

Mean of rock P without 26.13 27.48 16.25 17.72 192.9 195.1 
with 26.12 27.42 25.18 26.92 193.4 194.5 

L.S.DatO.OS A 4.13 6.92 NS NS NS NS 
8 2.72 2.96 NS NS NS NS 
c NS NS 3.11 4.65 NS NS 

AB 3.65 4.35 NS NS 3.61 4.11 
AC NS NS NS NS NS NS 
BC NS NS NS NS NS NS 

ABC NS NS NS NS NS NS 

Regarding rock phosphate, the data in Table (7) clearly show that the 
phosphorus availability only is responded to rock phosphate application, while 
N and K availability were not affected. The relative increasing of available P 
caused by added rock phosphate were 55.0 and 51.9% over without 
application in the two seasons, respectively. These results may be due to 
rock phosphate consider as a source of P through its mineralization in soil 
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(Gowda et a/., 2011 ). These results are in harmony with those obtained by 
Hellal eta/. (2009) and EI-Sheref (2012). 

Considering the interaction effect, the data obtained reveal that only 
N and K availability were affected by the interaction between nitrogen 
sources and nitrogen levels (A X B). It is obvious to notice that N or K 
availability were affected by nitrogen levels only when added as ammonia 
gas, while increasing urea doses not affected the available N or K in soil after 
harvesting. 

CONCLUSION 

The benefits of using natural and ammonia gas as a sources of 
phosphorus and nitrogen, :respectively demonstrated the validity and 
possibility of sustain agronomic performance of maize and reduce the cost of 
its production. Therefore, it could be recommend to increasing maize 
productivity and improving soil fertility fertilized maize the plants with ,20 kg 
N/fed as amlllonia gas+ 300 kg rock phosphate/fed. 
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