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ABSTRACY

A field experiment was conducted in the experimental station of the Faculty of Agriculture
{Saba Basha), Alexandria university at EL-Nozha during 1998 growing season of sunflower
{Helianthus annuus L). The objective of this work was to investigate the combined effect of
superphosphate and elemental sulfur on soil phgsiml and chemical characteristics. The
experimental soil has a clayey texture. All plots (10 m) cultivated with sunflower received 60 kg
Nffed in the form of ammonium nitrate (33.5 % N} and 30 kg KoOffed in the form of potassium
sulfate {48% K20} as recommended. Soil application of superphosphate, SP (15 % P,Os) at rates
of 0, 15, 30 and 45 kg of P>Os/ feddan and elemental sulfur (S) at rates of 0, 150, 300 and 600
kgfieddan were used in the present study. The superphosphate and elemental sulfur were mixed
with 30 cm top layer of the soil before planting. The obtained resuits revealed that application of
both superphosphate and elemental sulfur significantly altered the physical properties of soit. 1t
decreased the soil buik density and medium (meso-) pores, but increased the total porosity, large
and fine pores. Also, mean weight diameter (MWD) and optimum size of soil particles (OP) were
significantly increased. Also, application of both SP and S significantly improved the soil moisture
retention and availabie water. Basic infiltration rate was significantly increased through increasing
the macro pores . The results indicated that both SP and S were more effective in improving the
soil physical characteristics. A positive correlation relationship was found between soil physical
properties and the rates of SP and S. The electrical conductivity {EC) was significantly increased,
while the soil pH and exchangeable sodium percentage (ESP) were decreased as a result of SP
and S applications. Results showed also a significant effect of SP and S inimproving the
available soil nutrients ie N, P, K Fe, Mn, Cuand Zn, in which it increased significantly with SP
and S application at all rates. Generally, application of SP and S by mixing them with top 30-cm
soil layer, was found 1o be more effective in improving the soil physical and chemical properties
and decreasing the ESP. The most important result from the present paper is clarifying the
important role of SP and 8 application in modifying soil physical and chemical properties of sodic
soil that enhance the plant production (growth and yield) and more utilization of soil nutrients by
plant that will be illustrated in the part H of the present study.

INTRODUCTION

Sulfur (S), like nitrogen, phosphorus, potassium and calcium could be
regarded as a major nutrient, which is needed in relatively large amounts for
optimal plant growth. Sulfur has important metabolic functions for plant; it is a
component of amino acids and proteins and the SH (sulphydryl or thiol) group
plays an important role in many physiological reactions, aiso S is a constituent
of CoA and of the vitamins biotin and thiamine (Mengel and Kirkby, 1987).
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Acid forming sulfur compounds such as elemental sulfur and gypsum
(CaSQ0,) has been used for many years in the reclamation and improvement of
alkaline soils. in this process, sulfur oxidized by soil microorganisms to sulfuric
acid, which in tum lowers soil pH, improves soil structure and increases the
availability of certain plant nutrients notably P, K and several of micro-nutrients
(Hassan and Olson, 1966). Also, Stromberg and Tisdale (1979) stated that the
undesirable properties of sodic soils can be comected by the use of several
acid-forming sulfur compounds, which increase water penetration, lower soil pH
and consequently increase nutrients availability (Abdel-Nasser and El -Shazly,
2000 and Abdel-Nasser and Harhash, 2000).

As the S is oxidized to SO,2 and sulfuric acid, CaCQO; undergoes
dissolution and Ca*? ions are released to the soil solution which can replace
exchangeable Na, thereby lowenng the exchangeable sodium percentage
(ESP), (Anter et al, 1972; Ayers and Westcat, 1985; Abdel-Nasser and
Harhash, 2000 and Abdel-Nasser and EL-Shazly, 2000). Also, Electrical
conductivity (EC) was affected by eiemental S applications (Yousry ef al., 1984
and Abdel-Nasser and EL-Shazly, 2000).

Several investigators reported the importance of S in increasing growth
and yield of fruit trees; Abo-Rady et al. (1988) on date paim, Kassem ef al.
(1995) on gauva, Cummings et al. (1981), Peterson et al. (1987) on blueberries;
Hening ef al. (1991) on pecan; EL-Shazly and Abdel-Nasser (1999) on Bailady
Mandarin and Abdel-Nasser and EL-Shazly (2000) on Balady orange .

Therefore, the present study was camied out to clarify the combined
effects of superphosphate and elemental sulfur rates on soil physical and
chemical properties cultivated with sunflower plants.

MATERIALS AND METHODS

A field experiment was conducted in the Experimental Station of the
Faculty of Agriculture {Saba Basha), Alexandria University at EL-Nozha during
1998 growing season of sunflower.

The experimental site has a clayey texture; some physical and chemical
characteristics were determined at the beginning of the growing season before
application of superphosphate and elemental sulfur. The analysis of soil
samples coliected from the plough layer (30 cm depth) was done according to
the methods outlined in Carter (1993) and the data are shown in Table (1).

Soil application of superphdsphate, SP (15 % P,0s) at rates of 0, 15, 30
and 45 kg of P,Osffeddan and elemental sulfur (S) at rates of 0, 150, 300 and
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Table 1. Some physical and chemical characteristics of the
experimental soil.
Soil depth, cm
Parameters Bt

0-30 30-60 60 -90

Particle —size distribution. %

Sand 270 265 262
St 31.8 33.0 319
Clay 411 40.5 419
Texture class Clay Clay Clay
Bulk density , Ma/m® 1.33 1.31 1.31
Saturation water content ,m*/m? 0.498 0.505 0.506
Field capacity , m*/m® 0.343- 0.347 0.350
Permanent wilting point ,m*/m?> 0.216 0.218 0.220
Saturated hydrauiic conductivity ,cm/hr 022 0.22 0.21
Organic matter content, % 1.75 1.78 1.77
CaCO;, % 8.61 9.84 9.84
Cation exchange capacity, cmol {(+)/kg 42 .4 416 42 1
Exchangeable cations, % :
Ca 298 322 342
Mg 378 34.9 321
Na 26.9 27.4 281
K 55 53 5.6
pH ( 1: 1 water suspension ) 8.4 85 85
Electrical conductivity, dS/m 3.12 3.25 3.30
Soluble Cations, meqg/l
Ca* 0.75 0.81 0.79
Mg>* 0.62 0.70 0.72
Na* 1.64 1.60 1.64
K 0.07 0.10 0.09
Soluble Anions, megll
COs + HCOy 0.71 0.80 0.75
cr 1.87 1.79 1.96
S04 0.45 0.55 0.51
Availabie soil nutrients, mg/kg
N 356 379 372
P 18.1 18.3 18.0
K 425 432 436
Fe 39 38 37
Mn 28 29 27
Cu 1.0 1.1 1.0
Zn 1.5 1.6 1.4
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600 kgffeddan were used in the present study. The superphosphate and
elemental sulfur were mixed with 30 cm top layer of the soil before planting.

Sunflower (Helianthus annuus L) variety was planted at 30 cm apart
between hills in the prepared plots on May 21, 1998. Each plot has an area of
10 m? (65 cm between rows that have a 5 m long). The experiment was
conducted in a Split Plot Design with 3 replications. The main plots contain the
superphosphate treatments, while the subplot were devoted to the elemental
suffur treatments. All plots were received the 60 kg Nfed in the form of
ammonium nitrate (33.5 % N) and 30 kg K-Offed. as recommended. The N- and
K-fertilizers were added in two equal doses during the growing period. The first
dose was applied with the first irrigation (21 days after planting) and the second

one, 4 weeks later. Sunflower was harvested at maturity stage (October 28,
1998).

At harvest time, undisturbed and disturbed soil samples to a depth of
30-cm were collected for physical and chemical analysis. Soil bulk density (BD),
field capacity (FC) and permanent wilting point (PWP) were  determined
according to the standard methods outiined in Klute (1988). The pore-size
distribution (PSD) as percentage of total porosity was calculated by the capillary
theory (Jury et al., 1991) using water retention data from the formula:

d (um) = 300/h
Where h is the tension applied in kPa and d is the diameter of pores in pm.

The pore—size distribution was differentiated to large (> 30 ym), medium
{30-9 um), fine (9-0.2 ym} and very fine (< 0.2 uym) pores as recommended by
Richards (1972), Kohnke (1982) and Kiute (1986). Mean weight diameter
(MWD) was determined according to the method described in Carter (1993).
Optimum size of soil particles (OP) was determined according to Kohnke
(1982).The basic infiltration rate was determined with single-ring infiltrometer
according to Eirick ef al.(1995).

Soil samples were mixed thoroughly and sieved through a 2-mm mesh
screen and air-dried prior to soil chemical analysis. Soil organic carbon was
determined according to the modified Walkliey-Black method described in
Nelson and Sommers (1982). The soil organic matter content (OM) was
calculated using the comrection factor 1.724. Electrical conductivity (EC) was
measured in 1. 1 soil: water extract using a conductivity meter (Rhoades, 1982).
Soil pH was measured in 1:1 soil: water suspension using pH meter (Rhoades,
1982). Exchangeable sodium percentage (ESP) was determined according to
the method described in Richards (1972). Soil available nutrients: N, P and K
were extracted using a 0.5 M NaHCO; extraction method (Schoenau and
Karamanos, 1993), then determined spectrophotometrically (Carter, 1993). The
Fe, Mn, Cu and Zn were extracted using DTPA—extraction method (Lindsay and
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Norvel, 1978), then determined photometrically by Atomic Absorption
Spectrophotometer (Carter, 1993).

The collected data throughout the course of the present study were
subjected to statistical analysis of variance according to Steel and Torrie (1982).
Correlation coefficient and linear regression were done using the methods
outlined in Draper and Smith (1981) .

RESULTS AND DISCUSSION

l. Soil physical characteristics:
Bulk density (BD)

Data in Table (2) present the values of soil bulk density (BD) as related to
the rate of superphosphate (SP) and sulfur (S) under. The data clearly indicate
that addition of SP or S significantly decreased the soil bulk density. The
reduction in BD was more pronounced with S. This effect may be due to the
exchangeable Ca*? produced from the solubility of CaCO; in soil (MclLean,
1971). These results suggested that the addition of SP or S enhanced the
formation of large soil aggregates and increased the sofid volume (Abo-Soliman
et al, 1992). In contrast, El-Sersawy (1998) stated that S material caused 3%
increase in bulk density comparing with control. The effect of SP in reducing
the soil BD may be attributed to Ca*? ion released from SP that contain CaSQ,
in its compaosition.

The interaction effect clearly indicate that high rates of bothSPand S
resulted in more reduction in soil BD (Table, 2).

Total porosity (TP)

Total porosity (TP) as illustrated in the same Tabie (2) showed the
importance of SP and S materials in increasing total pore spaces (TP) as
compared with check treatment The highest pore spaces were comrelated with
high level of SP and S materials.

The superiority of S than SP in increasing soil porosity is rendered miainly
to the exchangeable Ca*? resulted from solubility of soil CaCOsor Ca*?ions
released from SP. The Ca*? enhance the formation of soil aggregates and
increasing the pore spaces due to the reduction in soil BD. It is means that
sulfur materials were able to modify soil porosity (Pagliai ef al., 1981).

Pore-size distribution (PSD).

Regarding the effect of S matenals on pore-éize distribution, the data
in Table (5) showed different trends.
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Table 2. Bulk density, total porosity and pore size distribution of soil as
affected by superphosphate and sulfur applications.

Treatments Pore-size distribution, %
Bulk Total
densi rosit
P rate ity porosity
kg Eg;tg Mg/m Large Medium Fine \éﬁg
P2Osffed
0 1.31 0.505 54 240 305 401

150 1.29 0.513 5.6 232 30.9 40.3

0 300 - 125 0528 5.9 215 317 409
600 120  0.547 6.1 198 328 413
0 1.30  0.509 57 220 318 405
150 127 0521 59 208 324 409
15 300 124 0532 6.2 196 329 413
600 118  0.555 6.5 179 337 419
0 128 0517 6.9 188 332 411
150 125 0528 7.6 172 338 414
30 300 121 0543 8.1 155 346 418
600 116 0562 8.7 137 353 423
0 127  0.521 7.9 160 342 419
150 123 0536 83 144 349 424
45 300 120 0547 87 131 355 427
600 115 0566 94 107 368 431
Mean effect of superphosphate, kg P;O:/fed
0 1262 0523 575 2213 3148 4065
15 1250 0529 608 2008 3270 4115
30 1230 0538  7.83 1630 3423 4165
45 1210 0543 858 1305 3535 4253
LSD o 0.027" 0.025 0.3  0.69" 025" 0.16™
Mean effect of Sulfur, kgifed
0 1290 0513 648 2020 3243 4090
150 1260 0525 685 1890 3300 4125
300 1230 0537 723 1743 3368 4168
800 1170 0558  7.68 1553 3465 4215
LSD goe _ 0190022 018 032 _ 020 _ 039 _
interaction P X S .
LSD o0s 039% 0043 036 084" 0.39° 078"

** significant at 1% probability level
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The large pores > 30um (aeration drainable porosity)took the priority of
increase compared with the other pore fractions, as a result of SP and S
materials application. The increasing percent in such macro- pores reiative to
the control reached to 49.22 and 18.52% associated with elemental SP and S,
respectively. The improvement in large pores, particularly under alkali clay soil
condition is considered of great importance for air exchange, water movement
and reducing soil evaporation rate and its refiection on plant growth (Kohnke,
1982 and Russell, 1989).

The second group of pores is the medium pores (30-9 um diameter). It
seemed to be decreased with the addition of SP and S materials. The effect
might be more pronounced with SP than elemental S.increasing the S rate
reduced the presence of such size of pores. The decreases present in such
meso-pores relative to the control reached to 31.99 and 23.12 % related to SP
and S, respectively.

Regarding the fine pores (9-0.2pm), which is very important for soil
moisture retention (storing availabie water), the data showed an increase in this
group with addition of SP or S materials. The increasing percent relative to the
control treatment were 12.29 and 6.85% related to SP and S, respectively.

in respect with very fine pores {< 0.2 um), the results indicated the
increase of very fine pores as a result of SP or S applications. The increase in
such pores, has a same magnitude for SP and S (4.62 and 3.08 %,
respectively).

Generally, taking the all pore size divisions into consideration, the data
showed that S took the priority of increasing soil pore space followed by SP
(8.77 and 3.82%,respectively). The alteration of pore-size distribution as a result
of S materials addition, is considered of good changes because of many factors
related to plant growth, such as root penetiration, aeration, water and solute
movement and water retention of soil, depending mainly on pore-size
distribution (Hili and Cruse, 1985; Russell, 1989 and Tester, 1990).

Mean Weight Diameter (MWD) :

Application of SP and S significantly increased MWD as compared with
control treatment (Table, 4). Such effects were more pronounced at higher rates
of both SP or S materials., (Abdel-Nasser and EL-Shazly, 2000 and Abdel-
Nasser and Harhash, 2000). This effect may be due to the exchangeable Ca*?
produced from the solubility of CaCOs; in soil (McLean, 1971) or applied through
SP. This led to formation of large soil aggregates and increased the MWD
(Marshalli and Holmes, 1979, Abdel-Nasser and EL-Shazly, 2000 and Abdel-
Nasser and Harhash, 2000).
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Optimum Size of soil particles (OP):

The optimum size of soil particles (OP) as affected by SP and S
application is presented in Table (4). The data clearly indicate a significant effect
of both SP and S, especially at highest rates. The OP percent increased by
about 16.50 and 14.64%, respectively over the control freatment. Such
results were in agreement of Abdel-Nasser and EL-Shazly (2000). As reported
by Kohnke {1982), the optimum size of peds for good plant growth lies between
0.5 and 2.0 mm, the present study confirmed this concept.

Soil moisture retention.

Table (4) showed the soil moisture content at different tension 33 kPa
(FC) and 1500 kPa (PWP) as a result of SP and S materials, as well as soil
available water (AW). The SP and S materials increased the soil retainability
as compared with control treatment but the S was better than SP. The increase
was mostly associated with field capacity and permanent wilting point (33 and
1500 kPa). The addition of SP or S introduced higher values of moisture
retention compared with control. The increasing soil water retention related to
SP and S matenals may be attributed to  increasing of fine pores as mentioned
before and increasing the aggregation effect (Hill and Cruse, 1985, Russeli,
1989 and Abdel-Nasser and EL-Shazly, 2000).

The increasing percent in field capacity (33 kPa) were 3.52 and 3.80%
relative to SP and S, respectively at high rate of application. While, the
increases in PWP were 3.30 and 5.21%, respectively.

Regarding to soil available water, the effect of SP and S materials has a
slight effect on increasing water retention of soil.

Basic infiltration rate.
Values of basic infiltration rate (cm/hr) as affected by the SP and S
materials are presented in Table (3).

As a general trend, values of basic infiliration rate significantly increased
as a result of increasing SP or S application rate.

The infiltration rate is a good tool for expressing the factors affecting water
movement through soil pores and the conductive capacity of such soil, but the
infiltration rate of the surface soil layer can be improved and controlled by soil
management (Ghazy et al., 1984 and Talha et al., 1979). The present results
showed a superiority effect of SP in improving the basic infiliration rate. The
addition of S matenals especially SP as well as increasing, its mixing depth
resulted in enhancing the macro-pores formation and consequently increasing
the basic infiltration rate (Abo-Soliman, 1984).
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Table 3. Mean weight diameter, optimum particle size, water retention and
saturated hydraulic conductivity of soil as aﬁected by super- phosphate
and sulfur applications

Treatments Water retention, m®m™

Mean . Basic

. Optimu . )
P rate weight . infiltration
kg :te diamete, ™57 Field ';f;'w“gg; Availabl  rate
Pze%slf kgfed mm capacity boint e water cm/hr
0 0.451 485 0362 0208 0154  0.165

150  0.498 492 03866 0211 0155 0171

0 300  0.532 596 0371 0214 0157 0178
600  0.569 524 0377 0218 0158  0.182

0 0.462 404  0.365 0209 0156 0472

150  0.492 516 0370 0213 0157  0.178

15 300 0557 538 0376 0217 0159  0.183
800  0.614 562 0382 G220 0162 0195

0 0.493 516 0370 0212 0158 0181

150  0.562 532 0374 0214 0180  0.187

30 300 0617 564 0380 0218 0162  0.198
600  0.662 503 038 0225 0166 0211

0 0.524 532 0376 0215 0161 019

45 150 0573 567 0382 0219 0163  0.212

300 0.645 60.6 0.386 0.221 0.165 0.232
600 0.721 64.5 0.393 0.222 0.171 0.245

Mean effect of su hosphate, kq P ed

0 0.513 50.43 0.389 0.212 0.158 0.174

15 0.531 52.75 0.373 0.215 0.159 0.182

30 0.583 5513 0.377 0.217 0.162 0.184

45 0.616 58.75 0.382 0.219 0.165 0.221
LSD ooz 0025 062 0004 0003 __ 0004  0.004

Mean effect of SuEuri kgl/fed

0 0.483 50.68 0.3568 0.211 0.157 0.178

150 0.531 52 .68 0.372 0.214 0.159 0.187

300 0.588 5560 0.378 0.218 0.161 0.197

600 0.642 58.10 0.382 0.222 0.164 0.208

— - —— B —
LSD gos 0.012 0.35 0.002 0002 0003 0.046

Interaction PXS_ —

3

— iSDow 0025 070" 0004 0004 00O7® 0005 _

** significant at 1% probability Ievel
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The application of SP combined with S led to decrease the values of ESP
(Exchangeable Sodium Percentage) in soil due to the exchange reaction
between Ca*? ion (from the solubility of CaCOs) and Na adsorbed on soil matrix,
accordingly enhanced the downward movement of water, consequently
increased the basic infiltration rate (Abo-Soliman, 1984 and Abo-Soliman ef al.,
1992, Abdel-Nasser and Harhash, 2000 and Abdel-Nasser and Hussein, 2001).

ll. Soil chemical properties.
Soil pH

Data presented in Table (4) show the effects of SP and S materials
application on soil chemical properties.

The data clearly show that pH values significantly decreased as a result of
increasing SP or S materials. The reduction in pH was more pronounced at high
S rate (600 kgfeddan). The reduction in soil pH may be attributed to
acidification resulted from S oxidation (Starkey, 1966 and El-Shazly and Abdel-
Nasser, 1999, Abdel-Nasser and EL-Shazly, 2000). Similar trend was obtained
with S sources but the elemental sulfur was relatively more effective than
gypsum (Hassan and Olson, 1966).

Soluble salts

Soluble salts in soil solution as expressed by electrical conductivity (EC)
were significantly increased as SP or S rate increased. The higher values of EC
were related with higher rates of SP or S materials..

The relative higher values of EC for soil receiving sulfur appiication could
be attributed to acidity produced through oxidation of S by microorganisms, this
acidity was an efficient soivent (Kriem and Zaid, 1992, El-Shazly and Abdel-
Nasser, 1999 and Abdel-Nasser and EL-Shazly, 2000).

Exchangeable Sodium Percentage (ESP)

With regard to Exchangeable Sodium Percentage (ESP), it is noticed that
both SP or S materiais significantly decreased the ESP, but 8 was more
effective than SP. Such result can be explained on the basis that S when
applied to soil exposed to oxidation through the activity of microorganisms. lt
produces free Ca* ions which replace the Na adsorbed on soif complex, thus
reduced the ESP by about 26.06 and 58.33% relative to SP and S, respectively
(Richards, 1972).

increasing S rate significantly decreased the ESP to the critical limit of
sodicity (15%). The higher reduction in ESP was correlated with high S rate i.e.
600 kgffeddan. Decreasing Na adsorbed as a result of exchangeable Ca* can
increases water holding pores and improves the water movement in soil profile.
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‘able 4. Some chémical properties of soil as affected by super-phosphate-and

sulfur applications
nt Macronutrients, % Micronutrients,
3POsffed _kgffed :
0 862 321 342 1300 141 4301 40 30 08 17
150 853 324 301 1345 158 4412 42 33 09 1.9
0 300 834 328 253 1405 171 4621 47 37 13 21
600 805 330 174 1495 199 4831 51 43 17 24
0 853 325 336 1340 148 4382 42 32 08 19
150 843 327 272 1390 161 4483 46 37 12 22
15 300 825 328 221 1460. 183 4781 52 42 16 24
600 7.88 331 148 1560 212 4994 55 49 19 2.8
0 835 328 328 1375 157 4464 44 35 11 20
150 814 330 243 1455 17.3 4582 49 40 14 2.3
30 300 806 332 187 1575 194 4915 54 47 18 27
600 761 331 125 1615 232 5168 58 56 22 3.1
0 824 330 312 1405 160 4523 45 38 13 | 22
150 804 332 215 1530 182 4684 53 43 17 25
45 300 792 332 162 1605 208 5036 57 49 22 28
600 7.44 335 102 1690 245 5368 64 61 24 33
an effect of superphosphate, kg P2Osffed .
0 830 320 2675 1386 167 4541 45 36 12 20
15 825 328 2443 1438 176 4563 49 40 14 23
30 804 328 2208 1505 189 4782 51 45 17 25
45 701 332 1978 1558 201 4905 55 48 19 27
D oos 003 O01% 137 175~ 046 207 007 009 005 005
2an effect of Sulfur, kg/ffed
0 8.44 326 3295 1355 154 4418 43 34 10 20
150 820 328 2578 1430 169 4545 48 38 13 22
300 8.44 328 2058 1511 189 4838+ 53 44 18 25
600 775 332 1373 1580 222 5000 57 52 21 2.9
3D nos 003 000° 074 28 053 1818 008 01 006 oon
teraction P X S .
D oos 0.06 0.18%° 148 56° 105 3637 016 02 011 010

** significant at 1% probability level
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Available soil nutrients:

As regard to available soil nutrients, the data in Table (4) revealed that
both SP and S have a significant effect on soil available nutrients i.e. N, P, K,
Fe, Mn, Cu and Zn, but S is more effictive than SP.

Increasing S rate significantly increased the available nutrient contents.
The high values were attained at higher S rate. The obtained results can be
explained on the basis that the oxidation of sulfur applied to soil by
microorganisms to SO, ions. The SO, ions can dissolve some clay minerals
and release these nutrients or due to the reduction in the soil pH, which affect
the sclubility, and availability of soil nutrients (Yousry et al., 1984 and Mengel
and Kirkby, 1987).

By acidification resulted from sulfur application, the extractable soil N was
significantly increased. The increases in extractable soil N were 17.34 % as
increasing S rate from zero to 600 kgffeddan. This result may be explained on
the fact that SO°, formed due to S oxidation can markedly reduce the NOs
losses from soil and simulated the reduction of NOs to NH," (Kowalenko, 1979),
decreasing N losses in soil ied to increase N availability and plant uptake, Table

4.

Increasing S rate substantially increased extractable soil P. Such result
may be due to that, increasing S rates resulted in an increase of soluble SO,
which lowered the soil pH, and consequently increased the extractable P. In
addition, in soil containing CaCQs;, the H* ions increased as a result of S
application, the unavailable P react with H" and become more extractable and
available to plant uptake (Yousry ef al., 1984). Moreover, the lower extractable
P in S- untreated soil could be attributed to that, when P fertilizers are applied to
soil containing high CaCOs; content, PO,> ions can be adsorb to CaCO;
grantules and precipitate to a form of unavailable P (Mattingly, 1975).

The amount of extractable K was increased significantly as the rate of S
application increased. The increase in extractable K in soil was about 15.21%
over the contro! treatment. Such results may be attributed to the factthat S
appiication can broke down the K-bearing minerals in soil, consequently release
more available K (Ali, 1874).

Also, exiractable soil micronutrients, ie. Fe, Mn, Cu, and Zn were
increased due to S applications, (Table 4). Such results could be attributed to
that, when soil treated with S, the soil pH is lowered which permits the increase
of micronutrients availability, thus, raising the plant tissue contents of these
elements. These results are in accordance with Spires (1884) and Wainwright
(1984). Regarding the effect of SP on the extractable soil nutrients, the data
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indicated that SP has a significant effect on changing the extractabiiity of soil
nutrients.

Generally, SP and S rates have a marked effect on increasing the
extractability of soil nutrient in which the higher values were obtained with higher
rates. '

Multiple linear regression of both SP and S application against some soil
physical and chemical properties were performed according to the foliowing
formula:

Y=by+by*SP+b*S
Where : Y  is any soil properties,

SP is the rate of superphosphate application, kg P,Osffed,

S is the rate of sulfur application rate, kgffed, and b, by and b, are
the regression coefficients. The regression coefficients and determination
coefficient are iliustrated in Table (5). The effects of SP and S on some soil
physical and chemical properties are shown in Figs {1 to 12) .

Generally, the most important outcome of this study is to clarify the
important role of combined application of superphosphate and elemental sulfur
in improving the soil physical properties and chemical properties of sodic soil. it
can be recommended that in case of sodic soils, the addition of S with
phosphoric fertilizers is advisable to improve soil properties that refiected in
improving the growth, yield and more utilization of soil nutrients by plants as
shown in the part Il of this study (Hussein and Abdel-Nasser, 2002),
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Table 5. Multiple linear regression of SP and S application rates against som
soil physical and chemical properties.

Reggession‘ coefficients

Parameters o ™ by R?
BD 1314375 - 0.001150 -0.0002 0.995"
TP 0.503700 0.000440 7.44E-05 0.996"
Large pores 5.001250 0.068167 0.001986 0.963"
-Medium pores 24 485000  -0.196670 -0.0078 0.993"
Fine pores 30.487500 0.087667 0.003724 0.996"
Very fine pores 40.026250 0.040833 0.00209 0.987"
MWD 0.436950 0.002413 0.000265 0.970"
oP 47 397500 0.172333 0.009952 0.889"
FC 0.361400 0.000333 2.7E-05 0.991"7
PWP 0.208750 0.000133 1.5E-05 0.957"
AW 0.152650 0.000200 1.18E-05 0.978"
Ks 0.156638 0.001018 5.0E-05 0.942"
EC 3.232500 0.001467 9.33E-05 0.943"
ESP 34.941250  -0.155170 -0.03121 0.978"
N 128.20630 0.387500 0.038976 0.976"
P 13.591250 0.076167 0.011529 0972
K 42364380 0.807833 0.116043 0.977"

** significant at 1% probability level
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