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ABSTRACT: The aim of the present study is to investigate the status of
total and available contents of nitrogen, phosphorus and potassium in some
soils of South Nile Valley. This study also includes the effect of some soil
properties on the levels of nitrogen, phosphorus and potassium. Forty nine
soil samples represent seventeen soil profiles were taken for this study. The
present data indicate that the total N varies from 190.0 to 1035.0 ppm, while
the available N differs from 97.5 to 441.0 ppm. The study indicates that the
values of total N are affected by the clay and sand fractions, while the
available N values are influenced by the organic matter and calcium
carbonate contents.

The present data indicate that the total phosphorus values are relatively high
and range from 258.0 to 9116.0 ppm. This may be due to the geological
nature of the sedimentary source rocks which have considerable amounts of
phosphate minerals. The available P is affected by clay and calcium
carbonate contents in the studied soil profiles and it was found also, that
53.06, 16.34, 22.44, and 8.16 % of the studied soil samples contain very high,
high, medium and low amounts of available P, respectively, according to the
critical levels of P.

The results show that the values of total and available K vary from 869.0 to
9405.0 and the studied soil reveal higher K contents than both N and P. The
available K ranged from 28.61 to 650.6 ppm and it was found that 8.16, 22.44,
69.4 of the studied samples are belonging to low, medium and high levels of
available K respectively, according to the critical levels of K. Data also reveal
that these soils contain amounts of total nitrogen less than that of total
phosphorus and total potassium. However the available nitrogen and
potassium are more than the available phosphorus. There are positive
relationships between the available NPK and the clay contents of the studied
soils; however, there are negative relationships between the available NPK
and calcium carbonate contents of soils.

Key word: Total and available NPK; South Nile Valley Soils, and Soil
propertjes.

526



A. M. Abd Alla, M. K. Abdel El-Gaffar and M. H. Khider

INTRODUCTION

The challenge for agriculture over the coming decades will be to meet the
world’s increasing demand for food in a sustainable way. Declining soil
fertility and mismanagement of plant nutrients have made this task more
difficult. Plant growth is the result of a complex process whereby the plant
synthesizes solar energy, carbon dioxide, water, and nutrients from the soil.
In all, between 21 and 24 elements are necessary for plant growth. The
primary nutrients for plant growth are nitrogen, phosphorus, and potassium
(known collectively as NPK). When insufficient, these primary nutrients are
most often responsible for limiting crop growth.

Nitrogen, the most intensively used element, is available in virtually
unlimited guantities in the atmosphere and is continually recycled among
plants, soil, water, and air. However, it is often unavailable in the correct form
for proper absorption and synthesis by the plant. Nitrogen is one of the basic
plant nutrients and is essential for all life processes in plants; lack of N often
limits plant growth in nature and in agriculture (Mortor-Gaudry, 1997). The
principle forms of N in soils are (NH,"), nitrate (NO3") and organic substances.
Most soil N is contained in organic matter; this is slowly converted by
microbes to (NHs), then other microbes converted (NH,*"), rapidly to (NO;),
which is the main mineral N form in most soils (Laegried et al., 1999).

Phosphorus in nature exists mainly as phosphate, Phosphorus
deficiencies retard plant growth and tillering and reduce product quality and
storage properties. Animal manures and mineral fertilizers are applied to
ensure an adequate and sustained supply of P to crops (Laegried et al.,
1999). Effective management of P fertilizers is not only critical to economics
of crops production, but also to reduce the risk of eutrophication of surface
waters (Sims et al., 1998 and Ziardi et al., 2001). Phosphorous extracted by
different methods is significantly correlated to plant growth and P uptake
under controlled conditions (Simard et al.,, 1991 and Tran et al., 1992).
Organic junction matter groups dissolved in the soil solution competes with
phosphate for binding sites on clay, counteracting the P adsorption and
increasing the list availability (Mengel, 1997). Rahman et al., (1994) indicated
that the stability of phosphorus-organic matter is complexation at high pH.

Potassium is a common element, constituting about 2.3 % of the earth's
crust. Clay minerals are the main soil source of K, but much of the soil K is
present as a part of insoluble mineral particles and is in accessible to plants,
only the slow process of weathering can liberate this K (Laegried et al., 1999).
Helal (1988) showed that soil K is generally exists in water soluble,
exchangeable, non-exchangeable and mineral phases. The Nile alluvial soils
contain sufficient amounts of K; this is due to the fact that Nile deposits and
irrigation water are rich with K (Balba, 1979; El-Toukhy, 1987 and Abd Alla,
2004). Plant availability and utilization of K was partly related to clay content,
but more closely to contain exchange surfaces associated with both mineral
and organic constituents (Singh and Goulding, 1997 and Blake et al., 1999).
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The aim of this study is to investigate the status of total and available
contents of nitrogen, phosphorous and potassium in some soils of South
Nile Valley, Egypt.

MATERIALS AND METHODS

The area of study is chosen to include essentially about half of the available
soifs of part 2 (branch 2) in Tushka depression. Therefore, forty nine soil
samples from seventeen profiles were collected to represent the main
geomorphological units in the studied area (Fig.1) as foilows:
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area,
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(1) Alluvial deposnts over sandstone: this unit is represented by ten soii
profiies (from 1 to 10). (2) Pediplain of sandstone: this unit is represented by
seven soil profiles (from 11 to 17).

Some physical and chemical properties of these soils were determined by
Azzam (2004), and shown in Table (1). Particle size distribution, Calcium
carbonate content, electrical conductivity (EC) and pH were determined
according to Page et al., (1982). Organic matter content (O.M) was
determined according to the method given by Walkley and Black (1947),
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Table (1): Some physical and chemical properties of the studied soil profiles.
Particle size .
Geomor- Prof. Depth i cerd ECe Organic N
phic unit No. (cm) E:St"bmi:n PH ds/m matter % | C3C0:%
sand silt ciay
0-25 | 69.42 | 455 | 26.03 | 7.80 7.21 0.07 10.30
1 25-50 | 66.35 | 2.60 | 31.05 | 7.76 25.63 0.03 8.71
50-100 | 57.37 | 2.13 | 40.50 | 7.80 25.89 0.07 4.36
0-25 | 68.65 | 142 | 2093 | 7.81 7.81 0.03 10.30
2 25-55 | 88.25 | 395 | 7.80 | 7.30 42.54 0.16 7.92
55-110 | 73.64 | 1.03 | 2533 | 7.20 46.10 0.20 6.73
0-25 | 75.29 | 223 | 2248 | 7.81 13.53 0.01 7.92
3 25-55 | 7562 | 1.05 | 23.33 | 7.51 10.78 0.03 7.13
55120 | 7574 | 1.38 | 2288 | 7.7 3.85 0.07 5.84
025 | 88.52 | 123 | 10.25 | 7.73 5.68 0.01 11.09
4 25-70 | 7448 | 309 | 2243 | 7.74 15.57 0.07 5.54
70-150 | 67.07 | 3.25 | 29.68 | 7.91 22.69 0.01 4,75
0-20 | 7935 | 0.70 | 19.95 | 7.81 14.77 0.07 7.92
5 20-50 | 97.10 | 1.47 | 1243 | 7.58 15.66 0.03 7.92
50-120 | 78.28 | 1.12 | 20.60 | 7.62 12.37 0.03 6.36
Alluvial 0-25 | 8505 | 142 | 1353 | 7.76 6.53 0.01 8.71
deposits over 6 25-55 | 60.57 | 4.08 | 35.35 | 7.58 20.29 0.10 7.52
sandstone 55-130 | 47.35 | 11.45 | 41.20 | 7.62 20.74 0.13 6.34
0-20 | 87.63 | 1.37 | 11.00 | 8.03 1.88 0.10 911
7 20-55 | 5715 | 2.35 | 40.50 | 8.05 8.29 0.02 3.96
55-120 | 49.70 | 9.77 | 40.53 | 7.68 17.69 0.11 1.58
0-25 | 62.97 | 3.60 | 33.43 | 7.89 11.22 0.05 7.13
8 2565 | 57.12 | 10.30 | 32.58 | 7.64 25.62 0.17 5.54
65-130 | 52.82 | 10.05 | 37.13 | 7.48 26.84 0.23 5.15
o 0-30 | 66.25 | 1.65 | 32.10 | 7.91 8.42 0.05 7.52
30-100 | 38.09 | 1.78 | 60.13 | 7.15 45.14 0.23 0.79
010 | 63.14 | 533 | 31.53 | 7.83 8.28 0.08 8.71
10 10-50 | 56.57 | 11.15 | 32.28 | 7.55 20.74 0.14 4.75
50-120 | 56.82 | 10.83 | 3235 | 7.59 36.60 0.23 3.56
040 | 69.30 | 3.25 | 27.45 | 7.92 14.85 0.07 7.13
1 40-100 | 62.10 | 7.20 | 30.70 | 8.06 54.65 0.10 3.56
100-150 | 9.05 | 842 | 82.53 | 7.60 33.02 0.07 1.56
12 0-35 | 60.82 | 11.48 | 2760 | 7.61 18.87 0.03 6.34
35-100 | 57.24 | 3.08 | 39.68 | 7.85 21.01 0.07 5.54
045 | 66.40 | 277 | 3083 | 7.71 9.35 0.01 4715
13 45.95 | 63.07 | 10.20 | 26.73 | 7.93 21,09 0.07 3.96
95-150 | 54.85 | 6.32 | 38.83 | 7.67 22.96 0.10 1.98
0-20 | 75.70 | 3.75 | 20.55 | 7.75 3.66 0.03 7.92
Pediplain 14 2070 | 76.32 | 393 | 19.75 | 8.09 5.00 0.03 5.54
deposits  of 70-110 | 58.55 | 4.55 | 36.90 | 7.61 91.66 0.67 1.19
sandstone 020 |67.82) 365 | 28.53 | 7.87 18.91 0.05 11.09
15 20-50 | 56.23 | 8.22 | 35.55 | 7.39 18.91 0.08 8.32
§0-120 | 51.97 | 11.13 | 36.90 | 7.63 11.35 0.11 8.71
0-20 | 69.85 | 425 | 2590 | 8.01 11.10 0.03 8.32
16 20-50 | 58.18 | 267 | 3915 | 7.91 1.22 0.03 475
50-120 | 54.78 | 582 | 39.40 | 7.66 9.88 0.08 7.92
0-20 | 71.56 | 2.24 | 26.20 | 7.95 10.00 0.03 7.92
17 20-45 | 59.02 | 395 | 37.03 | 7.86 12.32 0.08 347
45-100 | 52.02 | 498 | 43.00 | 7.88 5.49 0.09 1.58
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Total and available N in the studied soil samples were determined by
Semimicro-Kjeldahl procedures (Bremner, 1965). Total phosphorus was
determined according to the fusion method described by Harwood et al.,
(1969), while determination of total potassium was carried out using the
method described by Jackson (1958). Available phosphorus and potassium
were extracted according to Soltanpour and Schwab (1977) and P was
determined by using a spectrophotometric method described by Watanabe
and Olson (1965), while K was measured by flame photometer (Page et al.,
1982).

RESULTS AND DISSCUSSION

Physical and chemical properties:

Data in Table (1) showed that the soil texture of the Alluvial deposits over
sandstone unit varies widely between loamy sand and heavy clay, where the
dominant textural class in these soils is sandy clay. Soil texture of the
Pediplain deposits of sandstone unit varies from sandy clay loam to heavy
clay indicating that these soils are rich in clay content than the former soils.

Soil reaction attains neutral to slightly alkaline where the pH values range
from 7.15 to 8.05 in soils of the Alluvial deposits. Soils of the Pediplain
deposits have pH values fluctuated between 7.39 and 8.09 representing
mildly to moderately alkaline (Table 1).

Soil salinity differs widely between 1.88 and 46.10 ds/m at 25 °C in the
soils of the Alluvial deposits exhibiting non-saline to very high saline soils. In
the same respect, ECe values of the soils of the Pediplain deposits differs
widely from 1.88 to 91.66 ds/m at 25 °C representing also non-saline to very
high saline soils. The high salinity in most of the studied soil profiles may be
attributed to the depositional conditions as well as the arid climate which the
area being subjected (Khalifa, 2001).

Calcium carbonate content (CaCO; %) differs widely between 0.79 and
11.09 % in soil of the Alluvial deposits, while it ranges from 1.19 to 11.09 % in
soil of the Pediplain deposits (Table 1).The data revealed that CaCO; content
generally decreases jwith depth in the studied soil profiles and this may be
attributed to the movement of solutions enriched with Ca-bicarbonate
upward under capillary and evapo-pumping actions. Then the CaCO; was
deposited near the surface affected by arid climate. The wide range of CaCO;
content in these soils may be attributed to the heterogeneity of the parent
rocks from which the soils had been formed. On the other hand, some soils
of high CaCO; content may be affected by the neighboring region of the
Eocene limestone plateau (Azzam, 2004).
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Organic matter content (O.M %) is very poor or absent due to the arid
climate prevailing the area and the scarce of vegetation. Generally, the
organic matter contents are relatively increased with depth in most of the
studied profiles. This may be due to the action of salts of the soil on the
organic remains (Plyasinin, 1967), where the organic matter contents are
mostly proportional with the salt content (ECe) of the studied soils (Table 1).

Total and available NPK:
The values of total and available NPK in the studied soil profiles are
shown in Table (2). These values can be discussed hereafter as follows:

1-Total and available nitrogen:

The prevailing climate of the studied area is characterized by a long, hot
summer and low precipitation. Soils under such climatic conditions contain a
low organic fraction. The studied soils contain as little as 0.01-0.67% organic
matter; therefore, their total organic N content is also low.

The results indicate that the values of total N vary from 190.0 to 1035.0
ppm. The lowest value of N is detected in profile No.2 (25-55 cm, depth)
which may be attributed to the low percent of clay content (7.8 %) and high
contents of sand fractions. The highest value of total N is found in profile No.
11 with depth (100-150 cm). This may be due to the high amount of clay
content (82.53%) and small amounts of sand content (Table 1). These results
are similar to those obtained by El-Toukhy (1987) and Abd Alla (1999).

Table (2) shows that available nitrogen in the studied soil profiles differ
from 97.5 to 441.0 ppm. These values are detected in profile No.15 (depth 0-
20 cm) and profile No.14 (depth 70-110 cm), respectively. The lowest value of
available nitrogen may be attributed to the high amount of calcium carbonate
(11.09 %), where CaCO; causes retention of nitrogen. The highest value of
available N is due to the relatively high content of organic matter (0.67%) and
low content of CaCO; percent (1.19%);Table 1.
2-Total and available phosphorus:

Data in Table (2) show that the values of total phosphorous are relatively
high and range from 258.0 to 9176.0 ppm. This may be due to the geological
nature of the sedimentary source rocks which have considerable amounts of
phosphate minerals according to Azzam (2004).

The available phosphorus in the studied soil profiles vary from 2.16 to
44.41 ppm (Table2). The highest value is detected in profile No.11 (100-150
cm depth), while the lowest one is found in profile No.1 (50-100 cm, depth).
These results show that the values available P is affected by clay and
calcium carbonate contents in the studied soil profiles. According to critical
levels (P > 11 ppm very high; 8-11 high; 4-7 medium and 0-3 low) stated by
Soltanpour and Schawb (1977), 53.06, 16.34, 22.44, and 8.16 % of the studied
soil samples contain very high, high, medium and low amounts of available
p, respectively.
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Table (2): Total and available N, P and K (ppm) in the studied soil profiles:
Geomor- Prof. | Depth N P K

phicunit | No. | (cm) ["oi0 | Avaitable | Total | Available | Total | Available
0-25 | 1950 | 1106 | 4339.0 | 832 | 13500 | 68.9
1 25.50 | 6310 | 1840 | 26280 | 242 | 53200 | 160.9
50-100 | 980.0 | 220.8 | 2298.0| 216 | 4885.0 | 150.6
025 | 4900 | 1840 | 2504.0 36 13600 |  72.6
2555 | 190.0 | 105.0 | 2389.0 8.2 1250.0 | 60.8
55110 | 980.0 | 184.0 | 1988.0 4.8 3039.0 | 105.5
025 | 7350 | 128.8 | 4846.0 | 13.71 | 43420 | 2805
3 2555 | 7350 | 1104 | 4406.0 | 13.58 | 54280 | 56.0
55.120 | 7950 | 128.0 | 3680.0 | 13.14 | 65140 | 70.8
0-25 | 2450 | 1100 | 3871.0| 11.68 | 13200 | 69.4
2570 | 3450 | 184.0 |2590.0| 9.33 | 39000 | 230.9

4 70-150 | 490.0 128.8 1455.0 4.51 5320.0 127.7
0-20 735.0 184.0 2494.0 131 4451.0 440.1
5 20-50 | 490.0 184.0 1969.0 12.83 3149.0 118.5

Huvial 50120 | 7350 | 165.6 | 11940 | 7.28 | 24970 | 100.0
:; L‘;"s;s 025 | 7350 | 147.2 | 53240 763 8690 | 260.0
pos! 6 | 2555 | 4900 | 1656 |34500| 659 | 45600 | 2407

o 55130 | 490.0 | 2208 [33350| 581 | 4668.0 | 106.8
020 | 2450 | 1080 | 24460 | 361 | 1411.0 | 9.4

7 | 2055 | 4900 | 1840 |[37460| 416 |42340| 3900
55120 | 980.0 | 147.2 |53050| 520 |6731.0| 360.0
025 | 7350 | 1840 | 4473.0| 971 | 5536.0 | 260.6
2565 | 980.0 | 2020 |40050| 880 | 57540 | 420.9
65-130 | 9800 | 2200 [38230| 277 | 53200 310.2
030 | 7350 | 1840 | 36130 | 12.83 | 14740 | 99.5
30100 | 1000.0 | 2250 |4358.0| 150 | 6549.0 | 620.0
010 | 7350 | 1840 |4511.0| 832 | 55360 | 560.0
10 | 1050 | 7350 | 147.0 |3689.0| 1277 | 4669.0 | 460.9
50-120 | 7350 | 165.0 | 38420 | 13.04 | 49940 | 3205
040 | 4900 | 2200 | 860.0 735 | 30400 | 1609
11 | 40-100 | 490.0 | 184.0 |1385.0 | 40.94 | 4560.0 | 280.6
100-150 | 1035.0 | 2280 |1844.0| 4441 | 6580.0 | 650.6

0-35 245.0 1104 4358.0 23.5 6297.0 270.0
35100 | 490.0 184.0 2561.0 19.7 3583.0 130.0

0-45 490.0 165.6 3320.0 15.61 2497.0 270.3
13 4595 | 735.0 147.0 3230.0 14.89 3366.0 280.6
95-150 | 490.0 165.6 2351.0 10.75 3665.0 310.0

12

Pediplain 0-20 | 7350 1840 | 91760 | 222 | 4017.0| 1000
deposits of | 14 | 20-70 | 490.0 | 1280 | 516.0 | 1875 | 5536.0 | 4209
sandstone 70-110 | 490.0 | 441.0 | 4690 | 1769 | s837.0 | 3900

0-20 200.0 ar.5 258.0 7.35 1150.0 59.5
20-50 | 490.0 1944 2953.0 18.0 6405.0 360.4

15 | sp120 | 4900 | 1392 |16630| 41596 | 59700 | 3205
020 | 7350 | 1840 | 24270 20.82 | 5103.0 | 540.7
6 | 2050 | 7350 | 1656 | 1147.0| 1348 | 43420 | 3102

50-120 | 490.0 346.6 793.0 12.65 9405.0 330.8

0-20 735.0 276.0 1663.0 14.57 5211.0 2909
17 2045 | 735.0 294.0 1400.0 14.51 4125.0 280.6
45-100 | 480.0 147.0 1395.0 10.75 4559.0 28.67
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3-Total and available potassium:

Data represented in Table (2) show that the values of total K in the studied
soil profiles vary from 869.0 to 9405.0 ppm, the studied soil reveal higher K
contents than both N and P. The highest value of total K is detected in profile
No.16 (50-120 cm depth), while the lowest value of total K is found in profiie
No.6 (0-25 cm depth).

The available K vary widely from 28.67(Profile No. 17; 45-100 cm depth}) to
650.6 ppm (Profile No.11; 100-150 cm depth). The highest value of available K
is accompanied by high amount of clay content (Table 1). According to
Soltanpour and Schawb (1977), the index values of available K in soils are as
follow: low, 0-60 ppm; medium, 61-120 ppm; high > 120 ppm. Comparing
these levels with the values of available K, it was found that 8.16, 22.44, 69.4
of the studied samples are belonging to low, medium and high levels of
available K respectively.

4- Comparison among nitrogen, phosphorus and potassium:

The present data of the studied soil profiles indicate that these soils
contain amounts of total nitrogen less than that of total phosphorus and total
potassium. However the available nitrogen and potassium are more than the
available phosphorus. There are positive relationships between the available
NPK and the clay contents of the studied soils (r = 0.3959, 0.3486 and 0.5236
respectively); however, there are negative relationships between the
available NPK and calcium carbonate contents of soils (r = -0.3446, -0.2660
and -0.4076 respectively; Fig. 2).
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