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ABSTRACT

Two field experiments were conducted during winter seasons of 2000-2001
and 2001- 2002 to exarnme the effect of elemenia! sulphur applied at the rates of 0,
500 and 1000 Kg ha™ on the ut|||zanon efficiency of nitragen terlilizer as urea at the
rates of 0, 100, 200 and 300 Kg N ha' by wheat grown on sandy soils using sprinkier
irmigation system under the arid conditians in the central region of Saudi Arabia (Al-
Qassim region).

The obtained results indicated that he straw and grain yields of wheal were
signiﬁcantly increased as the nitrogen dose Increased and more pronounced
increases were producd with applying nitrogen with sulphur as compared to lhe
application of nilrogen alone. The oplimum ecanomic Ievel of nitrogen with sulphur at
the rate of 500 or 1066 Kg ha"' was 200 Kg N ha™. The protein content of wheat
grains increased significanlly with increasing nitrogen and sulphur application rales
when they were applied either alone or in combination and it was significantly
correlated with the nitrogen content in wheal grains. N, P and K contents of wheat
straw and grains were significantly increased with increasing nitrogen and sulphur
application rates when they were applied either alone or in combination .

Saoil salinity (ECe) was increased significantly due to the application of 300
Kg N and 1000 Kg sulphur ha', while soil pH was significantly decreased. Available
soil N and P increased stgnlﬂcanlly with increasing nitrogen and sulphur application
rates during the two seasons, while Available soit K was significantly incteased with
increasing sulphur leveis in the first season and with nitrogen at the rales of 200 and
300 Kg N ha' inthe second seascn. It can be concluded Ihat application of sulphur
has apparently promoled the utilization efficlency of nitrogen fertilizer as urea in sandy
soils under arid environment.

Keywords: Sulphur. nitrogen fertilizer, wheal, yield, protein content, nulrient conlent
and uptake, soil chemical properties.

INTRODUCTION

The sqils in the central region of Saudi Arabia are predominantly
calcareous and sandy soils (Al-Omran and Shalaby,1992), These soils are
poor not only in essential plant nutrients but also in organic matter content
which is a storehouse for many nutrients especially nitrogen. Moreover, the
less availability of nutrients to plants is common under these conditions
(Awad,1998 and Koreish ef &f,1998). Unfortunately, such prevailing
conditions may stimulated the loss of nitrogen as ammonia from the surface
of soil applied N fertilizers (Shahin et af.,1999). Hargrove (1988) and Watscon
{1990) found that most of the NH, volatilization occurred with calcareous and
sandy soils Mcst of the reported work had been focused urea (Reddy et
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2 ; Al-Kanani et al,1990 and Grant ef al.,1996). Several approaches

been used to minimize NH; volatilization especially from urea applied 1o
soi-. One is to apply coatings of inert materials to urea granules (Prasad et
al, 1971). Bonding urea to acid anions which lower the pH in the vicinity of
urea granules (Stumpe et al 1984). A third approach is to use urease
inhibitors  (Abdel-Monem, 1991 and Abdel-Sabour ef a/,1993). The
application of elemental sulphur to soils due to its favourable effects in
promoting nufrient availability in soils (Mostafa et a/,1990 and EI-
Fakhrani,1995 1996 and 2001). Boswell and Friesen (1983) reported that
elemental sulphur is currenlly used to coat urea granules to increase its use
efficiency by plants. The blending of N fertiizers with elemental sulphur
slowed down their transformation and NH; volatilization was reduced by 30%
of their corresponding original values (Shahin et al., 1999).

The objective of this study is to examine the effect of elemental
sulphur on the utilization efficiency of N fertiizer as urea applied to wheat
grown on a sandy soil under arid conditions in the central region of Saudi
Arabia (Al-Qassim region).

MATERIALS AND METHODS

Two field experiments were carried out during the two successive
winter seasons viz. 2000- 2001 and 2001-2002 under sprinkler irrigation
system at the Experimental Station of the College of Agriculture and
Veterinary Medicine, King Saud University, Al-Qassim Branch, Saudi Arabia.
Data of Table 1 show some characteristics of the soil of the experimental site
as determined according to Page et al.(1982). Twelve treatments were
examined during both seasons resulted from the combination of four N
fedtilizer rates ( 0, 100, 200 and 300 Kg N ha'' ) and three sulphur levels {C,
100, 200 and 300 Kg N ha"! ). Treatments were arranged according to the
completely randomized_block design in three replicates. Plot area for each
trealment was 3 x2 m-. Wheat seeds (anfcum aestivum , CV. Yeccra Rojo)
at the rate of 120 Kg ha™' were sown in 23" of November 2000 and 2001 for
the first and second seasons, respectively and irrigated immediately. Wheat
was drilled in the dry soil in rows 20 cm apart. One week before sowing, the
trealment materials of sulphur and phosphorus fertilizer as triple
superphosphate (20% P) at the rate of 60 Kg P ha'" were applied and mixed
with the top 10 cm of the soil surface. Then the plots were lightly irrigated to
encourage oxidation of sulphur 1o sulphate ions {SQ4 ). The chemical
composition of water used for irrigation is shown in Table 2. Nitrogen fertllizer
as urea (46% N) was added to soil in three equal doses, while patassium
fertilizer as potassium sulphate (40% K) was added to soil at the rate of 80
Kg K ha" in two equal doses during the growth period. Four weeks after
sowing, the first dose of both N and K fertilizers was applied. The second
dose of both N and K fertilizers was applied at the tillering stage ( one month
after the first dose ) and the third dose of N was added at the headind stage
(one month after the second dose).
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Table 1: Some characteristics of the experimental soil

Particle size | Tex- - - CaCO, [Organic| Soil available
Distribution | Tural pH NESC:‘J) fon c:(:rrr:;:nlt.{’auon (%) | Matter Nutrieqnts
(%) class {%} | (mgXg" soil
Sand] Silt [ Cla Sand |B.55| 2.86 HCDy | Cf [SO,[Ca™|Mg" [ Na NTPTK
90.6] 5.4 | 4.0 > ) 2.70 |13.5/9.35[9.82[3.50{12.2] 4.21 | 0.32 [47.a[20.1]80.0]

* Measured in saturation paste extract,

Table 2: Chemical analysis of water used for irrigation

] 4 ]

PH dgCe_f lon concentration (meql™) SAR |

L eSO Eey T SF [ S0. [Cat Mg | _Na' K |
[692] 1.39 | 195 |575] 618 [417]1.73] 7.78 0.19 4.53

At maturity, approximately 5 months ( 153 days ) after sowing the
straw and grain yields per hectar of wheat crop were recorded in both
seasons. Straw and grain samples were taken from each treatment and
analyzed for N, P and K according to Chapman and Pratt (1961). The
protein content in grains was calculated by multiplying N% x 6.25. Disturbed
surface soil samples {0 — 30cm) were collected from all treatments after
harvesting to determine the pH, electrical conductivity (ECe) and available
macronutrients of N, P and K according to Page ef a/., {1982).

RESULTS AND DISCUSSION

Straw and grain yields

The results presented in Table 3 show the effect of nitrogen and
sulphur applications on straw and grain yields of wheat in the two seasons.
Apparently, the straw and grain yields of wheat were significantly increased
with increasing N application rate from 0 to 300 Kg N ha”' in both seasons.
This increase may be attributed to that N increased photosynthetic area and
consequently increased photosynthates (Abd El-Gawad et al.,1997). These
findings are in agreement with those reported by Ibrahim et af. (1987), Omran
et al. (1891) and El-Fakhrani (1999) who stated that N fertilization promoted
the growth and yield of plants. The highest yields of straw and grain at the
two seasons were obtained by using 200 K3 N ha’ during toth seasons. The
results in Table 3 indicate also that sulphur application at the rate of 1000 Kg
ha'' caused significant increases in the straw and grain yields in the first
season and only in the straw yield in the second season as compared 1o the
control. This may be due to the influence of sulphur on lowering soil pH and
consequently increasing the availability of plant nutrients (Shahin et a7,1999
and El-Fakhrani, 2001). Similar results were obtained by Sotiriov and Kick
{1983) and E\-Fakhrani (1996) with wheat and Ei-Fakhrani (2001) with sugar
beet.

Concerning the interaction effect between nitrogen and sulphur, data
in Table 3 reveal more pronounced increase in the straw and grain yields in
the two studied seasons due to the interaction of nitrogen and sulphur than
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that of each of them applied alone. It can be concluded that application of
sulphur with nitrogen fertilizer has apparently promoted the utilization
efficiency of nitrogen fertilizer and consequently wheat yield. Shahin et
al.(1999} reported that addition of sulphur to sandy soils increased N fertilizer
efficiency and reduced NH, volatilization. This reflects the relative beneficial
effects of sulphur on soil properties as well as on nutrient availability. The
maximum straw and grain yields were obtained by using 1000 Kg sulphur and
200 Kg N ha™' in beth seasens.

Table 3 : Straw and grain yields (t ha"') of wheat as affected by nitrogen
and sulphur applications in the two seasons.

[ Nitrogen | __Sulphur levels (Kg ha”
Levels 0 [ 500 | 1000 | mean ¢ [ 500 [1000] mean

{Kg ha) Straw Grains
First season
0 461 | 482 | 4.91 ‘ 478 | 460 | 469 [4.78] 4.69
100 524 | 543 558 542 501 | 520 (533] 5.18
200 585 | 6.14 §.39 813 573 1 546318.13) 593
300 567 | 588 628 594 537 | 574 |6.03| 5.71
mean 535 ! 857 . 679 518 | 5391557
Second season
O 484 | 506 5.08 5.03 479 | 484 |1504| 492
100 538 | 567 5.75 5.60 530 | 5863|572 5.55
200 562 | 5.B7 5.04 5.e4 551 | 57115680, 571
300 2.33 5.45 571 5.50 521 | 539|564 | 5.41
mean 532 | 5.51 565 520 | 542 |558
First season Second season
LSD{p=0.05) : Straw Grains Straw Graing
Nitrogen etfect : 0.45 0.34 0.16 0.48
Sulphur effect : 0.39 0.29 0.0 0.42
interacticn : 078 0.58 0.62 0.83

Nutrient content

The nutrient contents ( % ) of wheat straw and grains as affected by
nitrogen and sulphur applications during both seasons are shown depicted in
Tables 4, 5 and 6. Contents of N and P in grains were greater than that in
straw. Conversely, content of K in straw was higher than that in grains.
Moreover, the N content in straw and grains in the second Sseason was
greater than thatin straw and grains in the first season {Table 4). The results
presented /n Table 4 show that he addition of N al the rates of 200 and 300
Kg N ha" caused a significant increase in the N content in straw in the two
seasons., While the M content in grains was siqniﬁcantly increased with
increasing N application rate from 0 {o 300 Kg N ha" in the first season and at
the rate of 300 Kg N ha’ in the second season. These results are in
agreement with those obtained by Ibrahim et af.,(1987); Omran et af,(1991)
and El-Fakhrani {1999 and 2000) who reporied that the application of N to
soil increased N content in wheat plants.
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Table 4 : Nitrogen content {%) in straw and grains of wheat as affected
bynitrogen and sulphur applications in the two seasons.

Nitrogen Sulphur levels {Kg ha' )
Levels 0 | 500 {1000] mean 0 500 [ 1000 | mean
{Kghat) Straw Grains
First season
0 0.38 | 0.52 064 | 051 227 2.42 2.44 2.38
100 0.47 (0.77 | 0.B4 | 0.69 2.51 2.71 3.00 2.74
200 050 |0.81)089 | 0.73 2.53 2.72 3.03 2.76
300 053 108709 079 2.66 3.22 3.53 J.14
mean 047 |0.74|0.87 249 277 3.00 |_
Second season
0 069 | 0.76 | 088 | 0.78 2.40 3.12 3.61 3.04
100 078 | 083102 088 2377 3.50 3.68 3.32
200 0B6 | 050103 093 3.03 3.64 3.78 3.48
300 1.04 [ 105|106 ] 1.05 3.16 4.0 4.70 396
mean 084 |0.85 100 2.84 3.57 3.94
First season Second season
LSD|p=10.08) Straw Gralns Straw Grains
Nitrogen effect : Q.20 0.35 0.12 0.86
Sulphur effect : 0.18 0.1 a1 075
Interaction 0.35 0.61 0.21 1.49

Concerning the effect of sulphur application on the N content in straw
and grains of wheat, results in Table 4 reveal that the N content in straw and
grains significantly increased as a result of increasing sulphur levels from 0 to
1000 Kg ha'' in the first season and at the sulphur level of 1000 Kg ha™ in the
second season. This reflects the role of sulphur in improving chemical
properties and ferility status of the studied soil (Tables 11 and 12). These
results are in agreement with those obtained by El-Fakhrani (1996 and
2001). Regarding the interaction effect of nitrogen and sulphur on the N
content of straw and grains, the abtained results{Table 4) indicale that there
are significant interactions between nitrogen and sulphur in increasing N
content in straw and grains in the two seasons.

With respect to the effect of nitrogen and sulphur applications on P
content of wheat straw and grains in the two seasons, the obtained results
(Table &) show that P contents in straw and grains were significantly
increased due to the highest levels of nitrogen and sulphur compared to the
control in both seasons.This may be due to increasing the solubility and
availability of P in soil as a result of reducing soil pH {Table 11). Similar
results were obtained by EHGala ef al {1989); Faiyad et al. (1991); E-
Maghraby et al. (1996) and ENFakhrani (1995, 1996, 1999 and 2001). In
addition, the results in Table 5 show thal P contents of straw and grains were
affected significantly by nitrogen fertilization when interacted with sulphur at
the highest levels of nitrogen and sulphur in boih seasons.

6431



Alromian, F, M. and Y. M. El - Fakhrani

Table 5 : Phosphorus content (%) in straw and grains of wheat as
affectad by nitrogen and sulphur applications in the two

$eason
[ Nitrogen | Sulphur levels [ Kg ha”’
Levelsi 0 | 500 | 1000 [ mean | 0 500 | 1000 | mean
(Kgha) Straw | Grains
, First season
0 | 0.08 ‘ 008 | 008 | 008 [ 0.16 [D18] 0.17 | 0.16
100 0.08 0.08 0.09 0.08 016 |017] 0.18 0.17
200 0.08 0.09 0.10 0.09 016 [ 0.18| 0.18 0.17
300 0.08 0.1 0.12 0.10 017 | 019 0.19 0.18
mean 0.08 0.09 010 | 016 | 0.18 | 0.18
B Second season
0 0.06 0.06 0.07 0.08 019 (019 | 020 0.19
100 008 0.07 0.07 0.07 019 | 020! 0.21 0.20
200 0.07 0.08 0.08 0.08 020 (021 0.1 0.21
300 0.09 0.09 0.09 0.09 021 1021 Q22 0.21
mean 0.07 0.08 0.08 C2¢C | 0.20] 0.21 J
First season Second season
LSO{p=005) : Straw  Grains Straw Grains
Nitrogen effect : 0.017 0.013 0.013 0.011
Sulphur effect : 0.015  0.012 0.011 0.010
Interaction 0.030 0.023 0.022 0.020

Regarding the effect of nitrogen and sulphur applications on K
content of straw and grains of wheat in both seasons, results in Table 6
indicate that K contents in straw and grains were increased as nitrogen and
sulphur aprlication levels were increased, and the effect was particularly
significant with the highest nitrogen and sulphur levels. These resulls are in
good agreemen! with those obtained by El-Gala et al. (1989), Faiyad et al.
(1991}, El-Maghraby et al. (1996); E~Fakhrani and Abde! Magid,(1997) and
El-Fakhrani (2001) who reported that application of ritrogen and sulphur
increased K content in plants. With respect to K content as funclions of
nitrogen and sulphur interacticn. the obtained results in Table 6 indicale that
there were significant interactions between nitrogen and sulphur at the
highest levels on the K content.

Nutrient uptake
The results presented in Tables 7, 8 and 9 show the effect of nitrogen

and sulphur applications on the uptake of N, P and K by straw and grains of
wheat during both seasons. Uptake of N and P by grains was higher than that
of straw. Conversely, uptake of K in straw was greater than that in grains.
This may be attributed to the increase in N and P contents of grains and in K
content of straw (Tables 4, 5 and §). The results obtained indicate that there
were significant increases in N, P and K uptake by straw and grains in both
seasons caused by nitrogen and sulphur applications. This is in line with the
results obtained for straw and grain yiekds and NPK contents (Tables 3,4, 5
and 6).Moreover, the combination of nitrogen fertilizer with elemental sulphur
resulted in significant increases in N, P and K uptake by straw and grains as
compared to the application of nitrogen fertlizer and elemental sulphur alone.
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Table 6 : Potassium content (%) in straw and grains of wheat as affected
by nitrogen and sulphur applications in the two seasons,

Nitrogen Sulphur levels {Kgha™ )
Levels 0 | 500 | 1000 [mean | O [500 | 1000 [ mean
{Kgha') Straw | Grains
First season
026 [0.27] 030 | 0.28

0 0.81 085 0.92 0.88
100 0.92 0.99 1.00 ¢.97 026 (028} O3 0.28
200 1.06 1.06 1.07 1.06 0.28 (028 | 032 0.29
’ 300 1.07 112 1.18 1.12 028 |029( 035 0.31
mean 0.97 1.01 1.04 027 028 | 032

Second season |

0 076 | 078 | 076 | 025 [025( 026 | 0.25 |
100 | 086 | 094 | 096 | D92 | 026 | 027 028 | 0.27
200 095 | 095 | 097 | 096 | 027 |027| 028 | 027

300 1.01 1.03 1.04 Ll £3 | 0.28 (030 031 0.3C
| mean 089 | 092 | 094 | 027 |027] 028
First season Second season
LSD{p=0.05) Straw Grains Straw Grains
Nitrogen effect : 0.13 0.04 0.13 0.02
Sulphur effect : 0.11 0.03 0.1 0.02
Interaction : 0.23 0.06 0.22 0.03

Table 7 : Nitrogen uptake {Kg ha’') by straw and grains of wheat affected
by nitrogen and sulphur applications in the two seasons.

Nitrogen Sulphur levels { Kg ha™ )
Levels 0 [ 500 | 1000 [ mean | 0 {500 ] 1000 ! mean
{Kgha') Straw Bl Graing
First season
0 174 [ 252 | 317 | 248 | 105 [ 113 ] 116 | 111
100 24.8 41.9 470 | 378 126 142 159 142
200 290 49.8 56.9 452 146 | 162 186 165
300 304 | 510 J 60.2 | 472 | 143 |185 | 213 | 180
mean 254 | 420 | 49.0 130 | 151 | 169
Second season
0 339 38.2 456 39.2 116 | 153 | 182 150
100 41.2 471 58.9 491 146 | 198 | 211 185
200 48.1 53.2 62.4 546 167 | 209 | 223 200
300 55.3 57.4 60.5 577 165 | 218 | 265 218
mean 44.6 49.0 56.9 149 | 185 | 220
First season Second season
LSD{p=0.05) : Straw Grains Straw Grains
Mitrogen effact : 13.1 26 16 44
Sulphur effect : 11.4 22 8.6 38
Interaction : 22.7 45 131 76
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Table 8 : Phosphorus uptake {Kg ha™) by straw and grains of wheat as
affected by nitrogen and sulphur applications in the two

seasons.
Nitrogen | Sulphur levels {Kgha™ )

Levels 0 | 500 [ 1000 [ mean | 0 [ 500 ] 1000 [ mean

{Kgha) Straw \ Grains
First season

0 3.47 3.84 396 3.76 722 |7.64| 798 761

100 4.01 4.54 521 4.59 783 |502] 9.29 8.75

200 4.51 5.55 6.37 5.48 831 105! 108 10.2

300 4.63 6.64 7.73 6.33 511 |109| 115 10.5
mean 4.18 5.14 5.82 8.37 1952 | 9.92

Second season

¢ [7264 77323 ] 357 | 325 | 913 [939] 101 | 954

100 307 3.77 4.04 3.83 102 | 11.3 ] 121 11.2

200 3.75 4.88 5.03 4.49 11.0 |12.0| 128 11.9

300 4,62 5.09 4.95 4.89 108 [115] 122 11.5

mean 3.60 | 4.19 4.40 10.3 | 11.1) 118 |

First season Second season
LSD(p=0.08) : Straw Grains Straw Gralns
Nitrogen effect : 1.18 1.02 0.80 1.36
Sulphur affect : 1.03 0.8 0.69 118
Interaction : 2.05 1.76 1.39 2.35

Table 9 : Potassium uptake (Kg ha"} by straw and grains of wheat as
affected by nitrogen and sulphur applications in the two

S€asons.
| Nitrogen Suiphur levels [ Kg ha™ )
Levels 0 [ 500 [ 1000 [ mean 0 [500] 1000 | mean
{Kgha') Straw Grains
First season
0 37.2 414 451 412 118 | 12.7] 143 12.9
100 48 .4 54.0 56.1 52.8 13.0 | 144 | 185 14.6
200 62.9 654 /8.7 857 159 | 186 | 1986 17.4
300 60.6 66.3 74.0 87.0 148 |165| 21.3 17.5
mean 52.3 56.8 61.0 138 [151 | 179
Second season
0 361 381 39.5 37.9 120 | 125 133 12.6
100 47.6 530 55.3 52.0 136 | 151 ] 1641 14.9
i 200 53.5 558 58.5 56.1 145 | 154 | 164 15.6
! 300 539 56.2 594 56.5 146 | 164 | 17.7 16.2
{ mean 47.9 50.8 53.2 138 [1459]| 159
First season Second season
LSD({p=0.05) : Straw Grains Straw Grains
Nitrogen effect : 10.0 26 7.2 2.0
Sulphur effect : a.7 2.3 6.2 1.7
Interaction : 174 4.5 12.5 34

This shows that applicaticn of elemental sulphur promoted the uptake
of N, P and K by wheat. These firdings are in conformity with those reported
by other investigatcrs using various plant species {Ibrahim et a/.,1987; Ei-
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Gala et af.,1989; E-Maghraby et af, 1836 and El-Fakhrani 1996,1999 and
2001) who stated that application of nitrogen fertilizer and elemental sulphur
caused increases in N, P and K uptake by plants. The favourable effects of
sulphur may be due to increasing availability of nutrients {Table 12).

Protein content of grains

The results presented in Table 10 jndicate that the protein content of
wheat grains in both seascns increased significantly with increasing level of
both N and sulphur applied as compared to the conlrol The increase is more
oronounced at 300 Kg N and 1000 Kg sulphur ha™' as compared with other
nitrogen and sulphur levels. These results are in conformity with those
obtained by El-Fakhrani (2000). The combination of nitrogen ferilizer and
elemental sulphur resulted in a significant increase in protein content of
wheat graing as compared to application of nitrogen fertilizer and eiemental
sulphur alone. This reflects the improvement effect of sulphur on the protein
content in wheat grains. The results obtained show also that the addition of
nitrogen fertitizer at the highest level (300 Kg N ha—‘f} in combination with
elemental sulphur at the highest leve! (1000 Kg ha’ '} gave higher protein
content in wheat grains than nitrogen fertilizer and elemental sulphur alone in
both seasons (Table 10). The protein content of wheat grains was
significantly correlated with the nitrogen content in grains (Figure 1) since
protein content is equal nitrogen content x 6.25 (Abdel Magid,1992).

Table 10 : Protein content {%) in wheat grains as affected by nitrogen
and sulphur applications in the two seasons.

Nitrogen Sulphur levels (Kg ha™)
Levels 0 500 [ 1000 | mean | 0 [ 500 ] 1000 | mean
(Kg N ha™) First season i Second season
0 14.2 151 153 14.9 160 | 195 | 226 19.0
10C 15.7 17.1 18.8 17.2 173 219 231 20.8
200 15.8 17.0 18.9 17.2 18.9 | 227 | 236 21.7
300 16.5 20.1 220 19.6 198 | 251 | 204 24.8
mean 156 17.3 18.8 178 | 22.3| 247 ‘
LSD {p=0.05) Firat season Second season
Nitrogen effect 2.2 41
Sulphur eflect 1.9 16
Intaraction : s 7.1

Soil reaction and soil salinity

The effect of nitrogen and sulphur applications on the pH and
electrical conductivily (ECe) of the experimental scil after wheat harvest in
the two seasons is shown in Table 11. Soil pH values in the second season
were lower than that in the first season. This may be attributed to the residual
effect of sulphur at the second season. Conversely, ECe values in the second
season were higher than that in the first season. This may be due to the
continuous  salt accumulation in soil. The results presented in Table 11
demonstrate that soil pH values were significantly decreased with increasing
sulphur application rates as compared with controfl in the two seasons.
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Table 11 : Soil pH and ECe (dS m") after harvest of wheat In the two

5asons.
Nitrogen | Sulphur levels { Kg ha™ )
Levels | © | 500 [ 9000 [ mean | © | 500 ] 1000 | mean
(Kgha) | pH | ECe
First season
8] 8.06 7.85 7.76 7.89 133 115887 2.1 167
100 8.01 7.80 7.75 7.65 142 | 183 | 2.16 1.74
200 7.87 7.78 7.73 7.83 145 [ 1.85| 235 1.88
300 7.93 7.74 7.68 7.78 184 |1.92| 247 2.01
mean 7.99 7.80 7.73 146 |1.75| 227
Second season
C 7.85 7.53 7.24 757 143 | 168 214 1.75
100 7.90 7.51 7.17 7.53 155 | 1.82 | 2.33 1.90
200 7.73 7.42 7.12 7.42 1862 | 1585| 260 2.06
300 7.55 7.30 1.06 7.30 178 | 212 | 289 2.26
mean 7.78 7.44 7.15 160 [1.689| 2.49
First season Second season
LSO (p=005) : pH ECe pH ECe
Nitrogen effect . 019 043 0.35 0.47
Sulphur effect ; 017 0.37 0.30 0.41
Interaclion : 033 0.76 0.63 0.81

Similar results were obtained by Shahin ef a/., 1999 and El-Fakhrani
(2001) who reported that application of elemental sulphur to the soil
decreased the soil pH. On the other hand, Table 11 show significant
increases in ECe values due to the sulphur application rate at 1000 Kg ha'in
the bto seasons. These findings are in agreement with those reported by
Mostafa ef al,(1980}; El-Fakhrani(1995,1996 and 2001) and Shahin et
8l.,(1999). The increase in salinity could be rendered to the oxidation of
sulphur into sulphates which may be confirmad by the significant increase in
soluble sulphate ion (SO,7) in all the investigated treatments {Shahin et
af,1989). The resulls indicate also that the soil pH values were decreased
with increasing nitrogen application rates. while the ECe values were
increased as a result of increasing nitrogen level as compared with control in
the two seascns. However maost differences were did not reach the level of
significance. These results are in conformity with those obtained by Feigin
(1985) who reported that excessive application of nitrogen fertilizers may
result in a salinity buildup in the scil due to their high sciubility and osmotic
effect. Moreover, E-Fakhrani (1999} found that the addition of nitrogen
ferilizer as urea decreased the soil pH values, while ECe values increased .
Concerning the interaction effect between nitrogen and sulphur application
rates on ECe and soil pH values, the obtained results (Table 11) reveal that
there are significant interactions between nitrogen and sulphur at the highest
tevels in decreasing soil pH and increasing ECe values.
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Available macronutrients

The results presented in Table 12 show the effect of nitrogen and
sulphur application rates on the available soil N, P and K at harvest stage of
wheat plants in the two growing seasons. It is evident that available soil N in
the first season was more higher than that in the secend season. This may be
atiributed to the increases in N content and uptake of straw and grains in the
second season (Tables 4 and 7). In addition, Table 12 indicates that available
soil N was significantly increased with increasing N appilication rate from 0 to
300 Kg N ha''in the first season and at 300 Kg N ha™' in the second season
as compared to the control. These results are in good agreement with those
obtained by El-Sherbieny et al., (1989) and El-Fakhrani (1999} who reported
that application of urea fertitizer to soil led to raising the available soil N in the
soil. Table 12 reveals also that available soil N was significantly increased
with increasing sulphur application level as compared to the control in the two
sesons. These findings are in conformity with those obtained by Shahin ef al.,
(1999) and El-Fakhrani (2001) whe found that application of elemental
sulphur promoted availability of soil N. Combination of nitrogen fertilizer with
sulphur resulted in a significant increase in available soil N as compared to
the application of nitrogen fertilizer or sulphur alone. This indicales that
sutphur must have promoted utitization efficiency of nitrogen fertilizer in sandy
soils. Concerning the effect of nitrogen and sulphur application rates on the
availability of soil P, Table 12 indicates that available soil P was significantly
increased with increasing nitrogen and sulphur application rates as compared
to the cantrol in the two sesons. These results are in good agreement with
those obtained by other investigators (Abdel-Aziz ¢! af 1996; EI-Maghraby
et al,1996 and E~Fakhrani 2001). Combination of nitrogen fertilizer with
sulphur resulted in a significant increase in available soil P as compared to
the application of nitrogen fertilizer alone. This may be due to in¢reasing the
solubility of P in soil as a result of reducing soit pH (Table 11). The results
presented in Table 12 show the effect of nitrogen and sulphur application
rates on the availability of soil K. It is evident that available soil K in the
second season was grealer than Lhat in the first season. This may be due to
an increase in K content and uptake of straw and grains in the first season
(Tables 6 and 9). Generally, available soil K was increased with increasing
nitrogen and sulphur application rates as compared to the control. Available
soil K was significantly increased at highest levels of nitrogen fertilizer (200
and 300 Kg N ha) with sulphur at the rales of 500 and 1000 Kg ha™ as
compared o the other treatments in the two seasons. These resulls are in
harmony with those obtained by El-Fakhrani, with sugar beet (2001) who
reported that available K in soil increased as a result of application of
elemental sulphur .
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Table 12 : Available N, P and K {mg Kg ) in the experlmental soil after
harvest of wheat in the two seasons.

[ Nitrogen }» Sulphur lavels { Kg ha™ } ]
Levels 0 | 560 1000 [mean] 0 ] 500 [1000 [mean| 0 [500] 1000 Jmean
(Kgha') [ N ll P | K
First season
0 T41,3 524 647 5281173 (2311265223 |67|87| 87 | 8¢
100 B2.7,795|843 755|179 |258([273123.7|68|90] 93 | 83
200 66.1/859(924 815|181 314|318 |271|70|92| 100 | B7
300 77.5 /867 /9801874 238)31.8|322|29.3|81|97]| 100 | 93
mean 61.9 | 76.1 | 84.9 193] 290 2905 72[91] 95
Second season i
0 48 | 78 | 79 | 6.9 | 16.0(18.1 ) 27.7 | 20.6 120/121| 117 { 119
100 52 | 91 ( 95 | B0 |21.7 267 |29.1: 258 129129 127 | 128
200 65| 98] 99|87 |251|304|31.4|29.0[131]134| 131 | 132
300 93 | 116|121 | 11.0|29.5|32.0 | 355 | 32.3 |140(13¢9| 138 | 139
mean 65 | 96 | 9.8 231 26.8 | 309 130131] 129 J
First season Second season
LSD({p=0.05}: N P K N P K
Nitrogen efect : 154 62 14 2.2 4.5 ]
Sulphureffect : 134 54 12 19 3.8 8
interaction B 267 107 25 3.8 7.9 135
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