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OT EXPERIMENT was carried out to study the impact of different

phosphatic fertilizers, sources and rates, on availability of N,P and
K nutrients and some heavy metals in soil and their uptake by Sorghum
plant.

-0Data revealed that phosphatic fertilizers positively affected the
dry matter of sorghum plant grown on clay loam soil and the response
was dependent on P-fertilizer sources and rates. The results indicate
that the highest values for dry matter content were obtained when
(DAP) was applied at either lower or higher rates of application.
Meanwhiie the lowest values of plant growth were found with (5SP)
fertilizers and increase with plant age.

The analytical analysis of the soil samples after each cut show that,
increasing rates of P-fertilization increase the availability of N P and K
nutrients and Cd and Pb in the extraction solutions.

Data representing the uptake of N P K and Cd or Pb metals by
sorghum as affected by different applications of sources and rates of P-
fertilizers showed positive responses compared to control. Values
being higher for Cd and Pb in the highest rate of (SSP) fertilizers
compared to TSP and DAP fertilizers.

Keywards: Di-ammonium phosphate (DAP), Single super phosphate
(SSP), Triple super phosphate (TSP), Heavy metals (Cd,
Pb), Sorghum.

Compared with other macronutrients, phosphorus is by far the least mobile and
available to plant in most soil conditions especially in arid and semiarid regions.
It 1s therefore, frequently a major or even the prime limiting factor for plant
growth in such regions. It was estimate that 5.7 billions of hectares worldwide
contain too little available phosphorus for sustaining optimal crop production.
The poor mobility of soil inorganic phosphorus is due to the large reactivity of
phosphate P-ions relative to numerous soil constituents such as clay, active
calcium, calcium carbonate contents and to the consequent strong retention of
most of soil phosphorus onte those. Therefore, only a marginal proportion of soil
phosphorus is present as P-ions in the soil solution. Although P- ions can reach
larger concentrations in highly fertilized soils, their concentration in the soil
solution is in the micro molar range, ranging between 0.1 and 10 pM (Mengel &
Kirkby, 1987; Raghothoma, 1999 and Frossard er al., 2000).
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Most Egyptian soils have very low levels of natural available phosphorus.
Therefore, P-fertilizer applications are essential for the establishment and
maintenance of most crops and horticultural plants. Gouda et al. (1990} stated
that increasing P level up to 300 kg triple super phosphate per fadden in sandy
soil causes a highly significant increase in groundnut pod vield and yield
components.

Water soluble phosphate fertilizers such as Single super phosphate (SSP),
with phosphorus content of 16% as phosphorus pentoxide {P,0;), Triple super
phosphate with 48% P,0s (TSP) and diammonium phosphate (DAP) with 48%
P,0s and 21% N, are produced by converting unavailable P in phosphate rocks
PR (apetite rocks). The plant available P obtained by treating the PR with acids
(sulfuric acid for SSP and phosphoric acid for TSP, moreover, when ammonia
passed through phosphoric acid, ammonium phosphate fertilizers are produced
(World Bank Group 1998). Single super phosphate has been the most widely used
P fertilizer for agricultural purposes in Egypt. It contains around 15.5% P,0s,
11.9% sulfur and 20.4% calcium.

Increased Egyptian agricultural productivity, to meet the demands of the
explosive population, was associated with excessive application of chemical
fertilizers containing certain micronutrients and hazardous heavy metals. An
accumulation of these heavy metals are likely to occur due to intensive
application and repeated use of commercial fertilizers conforms a serious
environmental problem which should be reflected on plant growth and crop
quality (Kandil, 1997).

Increased environmental concern is frequently express nowadays about the
concentration of heavy metals especially Cd and Pb in soils and their possible
effect on human beings after entering into the food chain through the food crops
raised in such heavy metal contaminated soils (Palaniappan et al, 2002).
Cadmium is a biologically non-essential element, whick is a most dangerous
environmental poliutant because of its diverse toxic effects. When it enters into
the food chain of higher animals, it is stored in the liver and kidney and causes
bone deformities and kidney damage in human beings. Lead is another heavy
metal that also finds its way to the soil through phosphatic fertilizers in addition
to the major poilution sources like petroleum emission from motor vehicles
(FAO, 1984). El-Dewiny (2001} added that amounts of Cd in phosphatic
fertilizers are dependent on the source of rock phosphate and the concentration of
Cd in phosphate fertilizers, values being generally variable from 10 to 91 ppm.
On the other hand, lead content of phosphate fertilizers was about 7 to 225 ppm
(Senesi & Polemio, 1981).

The main objectives of this research work is to investigate the impact of
different sources and rates of phosphatic fertilizers on available nutrients in soil ,
the plant growth, nutrients and some heavy metal uptake by sorghum plants.
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The study was performed at greenhouse in the National Research Centre,
Cairo Egypt. Soil sample was collected from the surface layer of the

Experimental Station at South El-Tahreir province.

Ten kilograms of air-dried soil were packed in plastic pots with a height 35 cm and
diameter 30 cm. The Physical and chemical characteristics of the sofl were determined
as described by Black er al. (1982) and the values are illustrated in Table 1.

TABLE 1. Some physical and chemical properties of the studied soil.

Soil characteristics Data
Particle size distribution %
Sand 41
Silt 30
Clay 29
Texture Clay loam
pH (1:2.5) in suspension 7.87
EC (1:5) ds m’' 0.95
CaCQ, % 424
OM % 0.52
Soluble cations and anions _(meq 100g " soil)
COy” -
HCOy 1.5
Ccr 4.5
S0, 3.4
Ca” L5
Mg™ 2.8
K' 1.3
Na* 3.8
Available macro-nutrients %
N 0.017
P 0.0005
K 0.072
Soluble heavy metals (ppm)
Cd 0.12
Pb 0.54

S

Three different sources of phosphatic fertilizers such as Single super
phosphate (SSP), Triple super phosphate (TSP) and Di-ammonium phosphate
(DAP) at three rates namely 150, 200 and 300 mg P,Os kg soil were used.
Nitrogen and potassium fertilizers were applied at normal rates, i.e., 120 kg N and
50 kg K;O per fadden in the forms of urea and potassium sulfate fertilizers
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respectively. Iron, Mn, Zn and Ca were applied at the rate of 5, 5, § and 2.5 mg
kg" soil in the forms of Fe-EDDHA and sulfate compounds respectively.
Treatments were arranged in a randomized complete block design with three
replications. Control treatment received no P fertilizer while N and K,O were
applied with the previous same rates as mentioned above.

Twenty of Sorghum (Sorghum sudanese L.) seeds were sown in each pot and
after 3 weeks the seedlings were thinned to 15 seedlings per pot. After that, two
cuts {(each fifteen days) of randomized 5 plants per pot were cut 1 cm above the
soi] surface and the fresh and the dry weight of these 5 pilants were recorded. The
result of the fresh and dry weight of each cut was statistically analysed using the
GLM repeated measures procedure according to Norusis (1994).

After each cut soil samples were collected to measure the extractable N PK
and Cd or Pb by ammonium bicarbonate-EDTPA extraction method. The wet
ashing methods were employed for digesting plant materials using a mixture of
concentrated sulfuric acid and H;(, solutions (Soltanpour, 1985). The obtained
digests were then used for determination of the selected heavy metals Cd and Pb
using the atomic absorption spectrophotometer (Perken Elmer, 2380).

Results and Discussion

Plant growth

The application of different sources and rates of phosphorus fertilizers on the
fresh and dry weight of sorghum plants are presented in Table 2. It was observed
that addition of di-ammonium phosphate (DAP) had significant increase on the
fresh and dry weight of sorghum plants at different stages of growth as compared
to control. However, the addition of single super phosphate (SSP) gave the lowest
effect on fresh and dry weight of sorghum plants than triple super phosphate
{TSP) or (DAP). Result also showed that the fresh and dry weight of sorghum
plants increased significantly with increasing rates of phosphorus with respect to
all phosphorus fertilizer sources. The lowest fresh and dry weight at different
stages of plant growth were recorded for the control and the highest for DAP
applied at 300 mg P,0; kg soil. Irrespective to P rates, the data also showed that
the addition of DAP had the highest pronounced effect on sorghum plant growth
at different stages when compared with TSP or SSP. For example, the average
percent of increase in the fresh weight of sorghurmn at first cut as compared with
control treatment were about 92, 74 and 57 for DAP, TSP and SSP respectively.

Data also showed thai application of different sources and rates of
phosphorus feriilizers gradually increased sorghum plant growth with increasing
plant age. The average increases of plant dry weight were 5.59 and 9.00 g pot’'
for the first and second cut respectively.

Soil

The values in Table 3 indicated that the available N P X or extractable Cd
and Pb was depended on the studied factors including the source and rate of
applied phosphatic fertilizers. After the first cut, the mean values of available N,
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P and K nutrients for the three studied rates were found to be 176, 7.71 and 136
for (SSP) and 190, 7.78 and 129 for (TSP) and 219, 8.5 and 155 for (DAP)
respectively. For the investigated heavy metals Cd and Pb, the mean values were
1.4, 17.9 for (SSP), 1.06, 15.5 for (TSP), 0.80, and 15.2 for (DAP) respectively.
Indicated results reflect the high amounts of imputers in SSP when compared with
ether DAP or TSP fertilizers. Similar results were observed by Mullins e al. (1990);
El-Kassas (1996); Garica et al. (1996) and El-Dewiny (2001} whe concluded that
water insoluble P- compounds in commercial triple super phosphate (TSP)
fertilizers are less availabie than the P- in di-ammoniwm phosphate (DAP). On the
other hand, di-ammonium phosphate has an acid effect upon the soil similar to
anhydrous ammonia.

TABLE 2. Fresh or dry weight (g pot”) of Sorghum cuts (5 seedlings per cut) as
affected Dby different sources and rates of phosphatic fertilizers.

P-Fertilizer First cut Second cut
Els |21 |5 |s |3 !¢
Sources* mgP,0s | ¥ g P § § S 2 g & E & S
kot 13 1E jx |E 1% |2 |B |E
= a = a
Control 135 { - 213 } - 279} - 5.74

150 192 42 (384] 80 |503] 80 [693; 2l

SSp 200 202 50 14015 88 |3567f 103 {753 31

300 2421 79 |469| 120 (604 117 [893) 56 |

Mean {212} 57 | 418 96 {5581 100 {780| 36

150 2041 51 | 520 144 [ 558 100 (7061 23

200 243 80 5681 167 | 6231 123 | 9.15 59

TSE 300 258 91 6.71 { 215 | 699 151 10.4 82
Mean |235] 74 |586| 175 |627| 125 | 888 | 55

150 2431 B0 544 155 564 | 102 {824 44

DAP 2060 251 86 16741 216 | 6841 145 | 105 82
300 2851 111 {801 | 276 | 756 | 171 | 120/ 1i4

Mean [260) 92 673} 216 [668 | 140 | 103 | 80

LSD 5% 1.32 - 0.25 - 3.01 - 0.56 -

*SSP Signal super phosphate.

TSP
DAP

Triple super phosphate .
Di ammonium phosphate.
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TABLE 3. Status of elements (ppm) in the soil samples after each cut.

P-Fertilizer First cut Second cut
Sources ’I’(’gfzqf NlPlkladlm{Nn|Pt!klc]ep
g~ soil

Control 155 1670 | 121 {066 | 1221 111 | 376 | 86 | 0.16 { 101

150 164 { 6.83 [ 120 [ 1.04 { 154 { 100 [ 495 | 94 { 041 1 1i8
SSP 200 69 [ 7757 122 1149 1 189 [ 104 [ 544 ) 110 | 1.19 ] 126
300 195 | 856 | 165 [ 1.67 | 195 132 | 7221 115 | 134 | 134

150 172 1 684 [ 125 [ 087 | 134 1 119 1102 9 {0281 115
TSP 200 185 | 7.84 | 126 1 097 1163 ) 121 | 1.34 | 101 | 0.62 | 120
3060 1213 1867 136 (135]169 ] 123 | 153 125]073 | 128

150 194 1776 1 128 | 073 } 134 {151 { 113 ] 99 (0143 [ 11.]
DAP 200 | 205 [B05] 144 | 080§ 156 157 1 1.53 ] 114 1 038 | 11.9
300 ] 258 1969 | 194 | 086 | 166 | 193 | 1.94 [ 125 | 046 | 122

*¥*SSP = signal super phosphate .
TSP = Triple super phosphate .
DAP = Diammenium phosphate . .
Plant composition

With regard to the P- fertilizer sources and rates, data illusirated in Fig. 1
showed that single super phosphate addition gave the lowest value of N, P and K
uptake at different plant stages compared with other treatments. It was noticed
that the addition of triple super phosphate enhanced the utilized of N, P and K
uptake through improving the nutrient supply. Whereas, the application of di-
ammenium phosphate at high dose was more pronounced effect on the N, P and
K uptake at different stages of plant growth. This result may be due to the
effectiveness of DAP for supplying the plant with two especial mufrients ie. N
and P or may be due to that di-ammonium phosphate has an acid effect upon the
soil similar to anhydrous ammonia. Hedley er al. (1994) stated that such result
could be explained by the beneficial effect of the DAP and TSP used and
increases the solubility of DAP and TSP by the action of acid generated through
nitrification of the ammonium ions. Results also revealed that the addition of
DAP and / or TSP increase the N, P and K uptake at different stages of plant
growth.

Concerning the levels of phosphorus, it was noticed that increasing levels of
super phosphate SSP stimulate the N, P and K uptake by plant. Whereas, the
addition of TSP at high dose had a more remarkable effect on N , P and K
uptake by plant at different stages as compared with SSP. Data also showed that
increasing levels of DAP had more pronounced effect on N, P and K uptake as
compared to other treatments. This result can be explained by the interaction
between ammonia and phosphoric acid, which ephances the dissolution of
phosphorus in the soil. In general, a clear increase in the concentration of N, P
and K in the plant growth stages was observed as a result of phosphatic fertilizers
application in the order: DAP>TSP>SSP.

FEgypt. J. Soil Sci. 45, No. 1 (2005)



SORGHUM RESPONSE RATES FOR PHOSPHORUS FERTILIZERS 37

lﬂﬂ-l
o & Conrol
By B SSP
ISD]
i B TSP
= 50
2 ok ; B8 DAP
E" Firtst cut Scond cut
E 100, =3
& :E
@
.
Suci 2 10/
i
=
=
a
>

Firtst cut Smd cut Firtst cut Scond cut

K

200,
Pb

150

100

S

Fire. ——. -

Firtst cut Scond cut

Fig.1. Effect of P- fertilizers sources and rates ( mean values) on uptake of N P K
notrients and Cd & Pb heavy metals by sorghum plants at different plant growth.

Because of the potentially adverse effects of Cd or Pb human healih, the data
in the same Fig. 1 showed that positive responses compared to contral, values
being higher for Cd or Pb uptake but lower for Contents. Application of S3P
gives the higher values compared to TSP and DAP. Similar results were reported
by (Schroeder & Balassa, 1963).

Mortvedt & Giordano (1977) reported that greater Cd uptake by maize from
commercial DAP fertilizers which contained from 100- to 260 mg Cd kg ™' P than
from reagent grade DAP ( 5 mg Cd kg ' P). They added that plant uptake of Cr,
Ni and Pb was quite variable and was not directly related to their concentration in

Egypt. J. Soil Sci. 45, No. | (2005)



38 CAMILIAY. EL-DEWINY et al.

P fertilizers. Pezzarossa et al. (1990) who reported that the SSP added to the soil
contained variable amounts of heavy metals, particularly Cd, which accumulated
in the soil and increased the amounts available for plant uptake. Valsami et al.
(1998) suggested that the mechanisms for reducing Cd concentration in solution
were likely to be the formation of amorphous mixed-metal phosphates (Ca- Cd
phosphates or Ca- Pb-Cd phosphates), sorption onte apatite surfzces, or ion
exchange reactions,
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