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ABSTRACT

Two phosphorus carriers; Phosphogypsum (PG) and Superphosphate
(SP) ) were added to loamy soil at 4 fevels (0, 15, 30 and 45 ppm
phosphorus). Two experimenis were conducted; a wetting and drying
experiment up to 20 cycles using fresh and saline water (EC = 1.55
and 3.2 dS/m respectively, and a pot experiment where comn seedlings
(Hybrid sweet corn) were grown and irrigated with fresh and saline water.
Chemical properties of soil were determined in both experiments. Dry
weight, average length and P-concentration in plants were determined. In
wetting and drying experiment, EC increased markedly with increasing the
number of cycles and was more pronounced on samples treated with saline
water. Concentrations of water soluble— and available-P were rcduced
steady with increasing number of of wetting and drying cycles in all
treatments, but slight increase was noticed by superphosphate treated
samples. Dry weight of plants irrigated with fresh water were higher than
those irrigated with saline water. Phosphorus concentration in plant tissue
was relatively higher in the superphosphate treatments than
- phosphogypsum.
Key words: Phosphogypsum, superphosphate, iitigation, fresh water, saline
water, corn.

‘ INTRODUCTION

-‘Phosphogypsum (PG) is a by-product of the phosphate industry. It is
produced through the manufacture of phosphoric acid and superphosphate
fertilizers by wet process. Eacii ton of P2Qs in the acid form is associated
with the production of 3.5-5.5 tonnes of phosphogypsum (Ferguson, 1988
and Mays & Morvedt, 1986). The phosphoric acid compeomnent of
phosphogypsum is of direct benefit as a phosphate fertilizer in addition to its
beneficial acidic effect particularly in calcareous soils (Oster, 1982). It was
found to be efficient as soil conditioner for saline-sodic soil. The major
concern however, in using PG is that it may contain trace elements,
particularly metalls, carried over from primary processing, and which
release may contaminate soil and ground water (Mays & Morvedt, 1986 and
Liang et al.,1995). Phosphogypsum was more effective than mined gypsum
in preventing crust formation, because of its higher rate of dissolution,
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which is as much as 10 foIds more soluble “than gypsum (Keren &
Shamberg, 1981). The primary salt that limits plant growth on irrigated land
in arid and semi-arid regions is sodium chloride (Staples & Toennissen, 1984).

In the Mediterranean area, where the fresh water resources for
agricultural use are rather limited, the extension of irrigated agriculture is
mainly possible by using saline water. Two factors contribute to the
increasing interest in the use of saline water, namely, the worldwide
increasing water requirements and competition between human, industrial
and agricultural use (Van Hoom et al., 1997). Only few crop plants ¢can
grow under high levels of salts that may accumulate due to fertilizers
practices or the use of saline water for irrigation (Shannon, 1985). The
deterious effect of saline water on the soil properties may be prevented by
application of phosphogypsum with the irrigation water or on the soil
surface. (Agassi et al., 1986).

The objective of the present work is to study the interaction between
phosphogypsum and superphosphate as two different phosphorus carriers

‘with Gaza soil and their relation to the quality of the applied 1mgat10n water

under different conditions.
MATERIALS AND METHODS
Experimental Conditions :

Two .types of irrigation water were used; fresh water (EC=1.55
dS/m) from local well at University farm and saline water (EC=3.2 dS/m)
brought from Ministry of Agriculture experimental farm in Gaza City, their
chemical compositions are shown in Table 1. The soil used was takern from
the top layer (0-20 cm) of agricultural soil from middle area of Gaza Strip.
The soil was air-dried and passed through 2mm sieve for the taboratory
investigations and through a 5mm screen for the pot experiment. Two
phosphorus carriers; superphosphate (25% P»0s) and phosphogypsum (1%
P,0s) brought from Abo-Zabel near Cairo/ Egypt were thourghly mixed
with the 50il at 4-similar rates: control (no P carriers were added) 15, 3G, 45
mg P/ kg soil and named, P9, P,, P, and Ps, respectively.

Table (1): Composition of soil and irrigation water used for experiment

- PH | EC | Na { Ca | M CI' | CaCO
Type | 7 | dS/m | mel | meft | melt | men | % @ |SAR

Sandy 53
oYy 78 | 21 | 59 1112 66 | 124 | 47 |

~Fresh - 595
water — 1.55 | 547 | 3.82 | 3.86 6.7 .
%3;;2? _ 32 1 213 | 445 ] 442 F 198 - 10.1
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Wetting And Drying Experiment

The treated P soil was filled in plastic cups (240 gm soil /cup) and
divided into two main treatments; the first was wetted with fresh water and
the second-with saline water. The cups were first saturated with irrigation
water and were dried in open area. The process was repeated for 5,10 and 20
wetting and drying cycles. Each cycle durated 4 days, beginning with
addition of irrigation water at field capacity rate until the soil began to
crack. At the end of each wetting and drying cycle, soil samples were air-
dried. EC-and pH-values in (1:1) soil-water extract were measured using
EC- and pH- meters. Sodium was measured by flame photometer method.
Available—P was extracted using 0.5 M NaHCO; adjusted at pH=8.5 (Clsen
et al. 1954). Available-and water-soluble-P -were determined by
spectrophometer using ammonium molybdate blue method at 880 nm
(LUFA, 1997).
Pot Experiment

Two seedhngs of comn (hybird sweet corn, merit Asgrow Co. Idaho,
USA) were grown in 3 liters pots having free drainage holes and filled with
the same soil used in the wetting and drying experiment. All corn seedlings
were first irrigated with fresh water for two weeks, then divided into two
main treatments.The firist was irrigated with fresh and the second with
saline water.Each treatment had 3 replicates .The two main treatments were
. the addition of 0, I5, 30,and 45 mg P/kg soil as superphosphate or
phosphogypsum P carriers. Ammonium sulfate and potassium sulfate were
‘added to all pots at ordinary recommended doses. The whole plants
(vegetative parts and roots) were harvested after 40 days, washed, air dried
and then oven dried at 65 °C. The average length of vegetatwe and root
parts and dry “elght were measured. Plant samples were ashed in a muffle
furnace. at 550 °C and acid treated using (1:3) HNO; and HCI acids and
prepared for P-determination as vanadate-molybdate yellow color
(Hohenheim, 1999). Soil samples were taken after harvesting from pots to
‘analyse EC pH and Na as above meritioned procedures.. .

RESULTS AND DISCUSSION

The used saline water (3.2dS/m) has high SAR-value (10.1),
reflecting high sodium tons and is considered as moderately saline water
according to Doorenbos and Pruitt (1992). Fresh water (FW) has low EC
(1.55 ads/m) as well as SAR (2.79).

Data presented in Tables 2 and 3 show soii composition of wetting
and drying experiment using fresh water and saline water respectively.
Application of either PG or SP had decreased soil pH. The extend of
reduction is related io the nature of added P carrier materials. For instance
pH value of soil control was 8.1, it decreased to 7.9,7.73, and 7.63 at P1, P2,
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and P3 levels with PG after one ‘wetting and drying cycle. The
corresponding values with SP were 8.02,8.01, and 7.97. It seems that PG
material is more etfective in reducing soil pH as compared to SP. Such pH
decreases were diminished upon further cycles and pH become closer to the
control treatment. In case of saline water (Table 3) soil pH reduction was
more pronounced with both PG and SP treatments and had similar trend
with wetting and drying cycles i.e. pH increased as wetting and drying
increased.

Table (2): Soil properties of wetting and drying experiment using fresh water.

= pH- EC Na Water Available-P
g (1:1) (dS/m) (me/l) soin.-P (mg/kg)
& (mg/l)
&= PG SP PG SP PG SP PG SP PG SP
1 Cycle (Cy)
Py 8.10 1.25 10.1 0.82 . 23.65
. Py 7.79 8.02 23% 099 9] 86 059 128 2930 3045
P, 773 801 278 090 92 74 684 1.65 3070 3230
P " 763 797 333 094 102 7.1 1.09 226 3505 41.15
' 5 Cyeles (Cs)
P, 8.07 - 1.63 11.6 0.34 17.40
P, 788 805 296 173 139 108 029 056 1855 19.60
P, 78 803 35t 171 147 118 034 065 2L10 -20.15
P; 779 799 341 201 127 115 041 094 2325 2470
10 C!CICS !Cm)
Po 7.97 252 15.7 0.25 13.30
P, 797 805 312 222 .164 147 020 029 1545 1556
P, 7.86 803 338 231 166 144 019 037 1620 17.60
Py 778 8.03 3.82 234 162 150 022 043 1705 1845]
' 20 Cycles (Cap)
Po 7.94 4.53 25.7 0.12 12.85
P, 790 795 470 4.18 251 23.8 009 0.15 1345 13.15
P, 7.86 795 543 443 248 242 008 017 1295 14.10
785 809 567 4.86 254 236 0.09 024 1180 1410
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Table (3): Soil properties of wetting and drying experiment using saline water.

' pH EC Na Water Available- P
Treat (1:1) (dS/m) (me/l) sofn- P (mg/kg)
' (mg/l)
PG SP PG SP PG SP PG SP PG SP
1 Cyele (C))
P, 7.84 1.42 9.6 0.81 23.35

P, 761 777 265 141 108 92 057 1.01 284C 2540
P, 7.56 7.81 313 140 114 94 079 139 33.00 33.75
P;, 751 780 316 149 106 105 108 130 3370 43.75

5 Cycles (Cs)

Py 7.85 3.53 18.3 0.314 17.40

¥, 774 798 477 352 194 184 028 039 1820 18.75
P, 774 7386 765 347 191 175 032 049 2445 2745
Py, 772 78 525 390 226 196 040 072 2690 2895

10 Cyeles (C;0)

Py 7.92 - 5.70 1 23.2 0.18 12.25

P, 785 795 621 591 278 272 011 023 1460 1595
P, 776 790 665 596 299 308 016 03] 2050 2155
P; 7.80 796 611 521 263 257 022 032 2200 2395

20 Cycles (Cop)

Py 7.93 11.52 3.3 0.08 11.80

Py 776 787 1250 893, 544 471 007 008 1215 1535
P, 786 803 1172 1045 545 477 006 011 1355 1620
Ps 792 783 1159 1127 511 5306 007 012 1600 1765

As expected soil EC increased in case of salin treatments and EC
values increased wiih increasing the number of wetting and drying cycles in
the two types of irrigation water, due to continuous salt accumulations.
These values were lower with supper-phosphate treated samples compared
with the phosphogypusum treated samples. Na concentration in the PG
treated soil is higher in most cases than in SP treated soil and increased with
increasing numbers of wetting and drying cycles irrespective to the type of
irrigation water; this can be attributed to the successive amount of applied
water with time. It is also noticed that Na accumulatxon is mdrkedly higher
in the case of saline water treatments.
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~ Behavior of both PG and SP are 50t much varied at P1 and P2 levels, since
water-soluble P as well as available P showed slight increase with SP
fertilizer. I n addition, reactivity of these materials in the used soil had sliglt
P variations when FW and SW were used as a reaction medium. Magnitude
of P variations are commenced at P3 level, with FW and SW .For instance,
available P was 23.35 mg/kg soil, it increased to 33.7 and 43.75 mg P/kg at
P3 level. In general, water soluble P and available P decreased with
increasing direct contact of P compounds and soil components through
further increase of wetting and drying cycles. Such P decrease may be
attributed to continuous transformations of the precipitated P compounds to
more basic and slight soluble compounds (Larsen, 1976 and Amer et al,
1980.) In general, fresh water treated samples show an increase in water
soluble-P concentration than the saline treated samples.

Data presented in Table 4 showed that the average length of corn
plants treated with PG and irrigated with fresh water are relatively higher
than those irrigated with saline water. Saline water has decreased drv weight
of corn plants as compared to fresh treatments .Dry weight of PG treated
soil was higher than that of SP treatments, this was irue with fresh water
treatments but not with saline water. Phosphdrus concentration in plants was
relatively higher for the superphosphate treatment than for the
phosphogypsum ones on the two types of irrigation water, but such
increase did not reach level of significance .On the other hand, P-
concentration in the plant increased with increasing phosphate applied-to
soil, this was expected effect. This is in agreement with Mallarino (1996)
who reported that nutrient concentration of young plants has been used to
evaluate fertilization effects on nutricat concentration or uptake and to
evaluate nutrient status of crops.

Table (4): Len h dry weight and P- concentration in corn plants

Len ] P%

3 lan cm Weight of plants

= PG SP PG -SP PG SpP .
Fresh water treatment :

Po 53 8.1 0.32 (0.02%)

P 69 61 14.4 9.8 0.31 (0.01 .32

P, 71 61.7 14.4 11.9 0.31 {0.01 0.37 {0.01

P; 706 64.6 146 139 0.36 (0.03 0.38
Saline water treatment

Pg 49.7 5.1 0.25 (6.02)

P 61 60 9.4 9.1 (.29 (0.02 0.31 (0.02

P, 58 01.7 8.5 8.8 0.34 (0.01 0.36 Eo.oz}

P; 623 66 99 12.3 0.35(0.01 0.40 (0.0D)
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Soil characteristics for the pots experiment using fresh and saline
irrigation water are summerized in Table 5. It is noticed that pH values were
slight higher in the case of superphosphate treated samples. EC and Na were
significantly (p<0.05) lower for superphosphate treated samples than for
phosphogypsum treated ones with the two types of irrigation water and
within the different phosphate treatments. In general, EC and Na walues
were significantly higher in the case of saline water treatment. Application
of phosphogypsum and superphosphate were found effective in decreasing
the Na concentration in soil with most cases, especially with the saline water
irrigated soil. This is in agreement with Khan et al., 1992. The statistical
analysis showed no differences in pH and EC but slight decrease in Na due
to the rate of phosphorus applied to soil. Water soluble and available--P
increased with increasing the applied phosphorus after corn plants had been
harvested. These were observed with the two phosphorus sources and varied
irrigation water. Also, it is found that water soluble-P is significantly
(2<0.05) higher for the superphosphate treatment than for  the
phosphogypsum treatment in the case of the types of applied irrigation
water.

Table (5): Soil charactceristics for pots experiment after harvest .

{)H EC Na Water Available- P
Treat. (1:D) (dS/m) (me/l) ESoi.}lI; - (mg/kg)
mg/1)
PG SP PG SP PG SP PG SP PG  SP
Fresh water treatment
Po 7.77 5.21 13.7 0.30 17.95

P, 767 781 892 439 184 148 019 048 2015 21.05
P, 763 777 814 609 166 142 025 059 2310 2205
Py 765 780 835 58 161 135 029 069 2540 2455
Saline water treatment

Po 7.66 9.21 238 033 16.65

P; 765 773 1042 908 229 187 035 054 1705 1885
P 756 769 1038 912 206 170 038 064 2040 2025
P; 758 77t 1083 978 189 173 04! 068 2135 2190
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