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ABSTRACT

Two successive field experiments were carried out in Sakha Agric. Res. Stat.,
using maize {Zea maize L.} var. third hybrid 323. The experiment design was split-split
plot. Nitrogen sources were added to the maln plots as urea (U) and ammonium
sulfate (AS) fertilizers at a rate of 90 kg N fed”. Organic manure was added to the
sub-sub-plots at 3 tevels (0, 4 and 8 MG fed"'). Phosphogypsum was added at 4
levels (0, 3, 6 and 9 Mg fed™). All the treatments were replicated four times. The N
fertilizers, OM and PG were added in two equal doses.

Mean value of grain vield W|th U fertilizer was slightly higher (3.89 Mg fed™)
than with AS fertilizer (3.54 Mg fed™) in 1998 season. A significant increase was
obtained in grain yield due to PG application. In 1998 season, A increase % was 8.1,
11.3 and 17.3% with PG,, PG; and PG, respectively. The corresponding values in
1999 were 2.4, 7.5 and 13.7%. However, OM treatments led to slight decrease in
grain yield with the two seasons.

Combination of PG and OM had improved corn grain yield in both seasons
with U or AS and enhanced OM ef‘Fcnency The highest grain yield was obtained with
N + OM; + PG treatment {4.55 MG fed ) in 1998 with U fertilizer. The interaction of
U, PG and OM significantly increased 100-grain weight of corn as compared with
control treatment (N alone) in 1999 seasons, but not, in 1998 season.

The combination of PG and OM treatments in the two seasons with both U
and AS fertilizers led to a significant increase in N content of comn grains as compared
with control treatment (N alone) Addition of PG, PGz and PG; increased P content to
8.81,11.52 and 12.31 kg P fed”', respectively, as compared with the control treatment
(7.57 kg P fed™") with U fertilizer in 1998. When OM was increased, P content in grains
increased with U or AS fertilizers in both seasons.

All PG and OM treatments, in the two seasons with U or AS fertilizer led to a
significant increase in available P and N as compared with the control treatment (N
alone).

INTRODUCTION

Agriculture production is generally dependent on N fertilizers. Thus
available N loss from agriculture systems is expensive waste of the resources
and environmentally increasing NO’; in the environment. Phosphogypsum
(PG).is a by-product of phosphoric acid fertilizer inexpensive, strongly acidic
materials (pH = 2.5) and have a high calcium, iron and manganese content.
So it is postulated that PG might be used to lower soil pH and provides Ca,
Fe, and Mn (Bayrakli, 1990). Also, PG is used as a soil amendment to
improve soil structure and water penetration and to reduce the amount of
runoff and erosicn by 50 and 60%, respectively (Warrington ef a/., 1989). A
positive yield response to PG in field and green house siudies were found for
several crops, including com, potatoes, cantaloupes and watermelons
(HundeT 1996). Abou-Youssef (2001) showed that, PG application on loamy
soil increased pepper fruits yield with increasing PG rate up to 906 kgffed and
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total S uptake by plants was greater at PG rate of 9.6 kg/plot. Isableo and
Rechcigl (1993) reported that PG appears to be as good as, if not better than,
mined gypsum as a source of S and Ca for crops. Jack (1997) showed that
PG is a potential low cost source of S and Ca for forages. Therefore, an
insight view is needed to evaluate the use of phosphogypsum in the Egyptian
soils and its impact on nutrition status of soil.

The main target of this study was to evaluate the influence of applied
phosphogyssum (PG) and organic manuré (OM) to soil in combination with
urea (U) or ammonium sulfate (AS) on corn yield components, mineral
contents and availability of N and P in soil under field experiment.

MATERIALS AND METHODS

Two field experiments were carried out at Sakha Agriculture
Research Station Farm, Kafr El-Sheikh Governorate, Northern Delta, Egypt
during two successive seasons 1998 and 1999. Some soil characteristics are
presented in Table (1}. '

Table (1):Some chemical and physical soil characteristic of the soils
used in field experiments.

Soil properties 1998 1999
pH (1: 2.5) soil: water ratio 8.03 8.06
ECe (dSm' at 25°C) 2.11 1.83
S.P (saturation percentage) 75.8 76.5
OM% 1712 1.66
C.E.C. (cation exchange cap) Cmol; kg 40.46 37.88
Available N and P (mg_kg")
N {KC! 1.0 N extract) 315 33
P (NaHCOs-extractable P). 8 | 9
DTPA-extracted Fe, Zn and Cu (mg kg™
Fe 8.86 8.6
Zn 1.43 2.2
Cu 5.84 4.7
Water soluble ions, (mmole/L)"
Ca~ 0.9 1.00
Mg~ 0.8 1.1
Na* 2.7 23
K Q.18 0.19
CO!3 n.d nd
HCQ, 3.00 25
ci 2.50 2.0
507, 0.14 1.1
Particle size distribution:
Clay % 58.1 56.2
Silt % : 30.3 305
Sand % 11.7 13.5
Texture Clayey Clayey
CaCO; (%) 4.22 4.20

* Measured in 1: 5 soil water extract
kin.d. = not detected

Maize grains (Zea mays L.), variety third-hybrid 323 was used.
Sheep manure was used as OM (total N = 0.7%, pH = 748 in 1: 25
suspension C/N ratio= 22%). Phosphogypsum (PG) is a by-product of
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phosphoric acid manufacture at Abu-Zaable. Some chemical composition of
PG are: P;0, = 0.7-1.0%, Si0O; = 11.68%, Ca0 = 31.5%, SO, = 55.1%, NaO
= 0.2%, Zn = 2.66 mg/kg, Mn = 16.22 mg/kg, Cu = 0.28 mg/kg, Ni = 0.66
mgfkg, Pb = 1.74 mg/kg, pH in 1. 2.5 soil: water = 2.84 and EC in 1:
2.5extract = 4.2 dS/m (El-Saady, 2002}.

Nitrogen fertilizer was applied as urea {U 46% N} or ammeonium
sulphate (AS, 20.5% N) a dose of 90 kg N fed™, This N dose was applied at
two equal a parts; the first part was applied after 20 days from planting
(before the first irrigation) and the second part was added before the second
irrigation.

Treatments of organic manure were 0, 4 and 8 Mg fed™'. Each rate
was splited into two equal doses.

Four treatments of phosphogypsum were used as follows: 0, 3, 6 and
9 Mg fed™'. Each rate was splited into two equal doses.

Nitrogen fertilizers, organic manure and phosphogypsum, at their
given levels, were thoroughily mixed to be ready for application in the various
treatments as follows:

1 u. 13. AS,
2. U+PG, 14. AS + PG,
3 U+PG, 15. AS +PG,
4. U+ PG; 16. AS + PGa.
5. U + OM, 17. AS + OM,
8 U+ PGy + O.M, 18. AS + PG, + OM,.
7 U+PG,+ OM,, 19. AS + PG, O.M,
8 U+PG; + O.M,. 20. AS +PG; + OM,
9. U+ OM, 21. AS + OM,
10. U +PG; +O.M;. 22. AS + PG, + OM;
11. U+PG,+0OM, 23. AS+ PG, + OM,
12, U+PG;+OM, 24. AS + PG, + OM,
Where ‘ ]

PG, = 7.5 kg/plot equivalent 3 tonffed.

PG, = 15 kg/plot equivalent 6 toneffed.

PG; = 22.5 kg/plot equivalent 9 tonifed.

O.M, = 10 kg/nlot equivalent 4 ton/fed.

o.M = 20 kg/plot equivalent 8 ton/fed.

The plot area was 10.5 m” The grains of maize were sown on 23
May, 1698 and 28 May 1999. to represent 40 plants/plot, (2000 plants/fed.).
Combinations of fertilizers, organic manure and phosphogypsum were added
as band application in two equal doses. The first and second doses were
appliéd after thinning of plants that preceded 1% ang 2™ irrigation. The
potassium fertilizer and the agricuture practices commonly used in the
- Research Station were carried out. No phosphorus fertilizer was applied in
this study. Scil samples were collected during the growth pericd for the
chemical analysis (available N and P). Plant samples (three ear leaves at
silkking stage, 70-75 days after planting) were also collected for analysis
{Chapman and Pratt, 1961)}.

The two successive field experiments were conduced in split-split
plots design with four replicates. The main plots were randomly assigned to
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the nitrogen treatment and the sub plots, were randomly assigned to the

three organic manure levels. While, the sub-sub-plots were randomly

assigned to the four phosphogypsum levels.

Yield and yield components:

« 100 grains weight was counted and their weights were measured.

s Grain yield: Grains of each plot were collected and their weights were
measured (Mg fed).

Soil analysis: y

e Organic matter of the soil was determined using the wet digestion
method, Walkley and Black’s {Jackson, 1958).

+ Soil pH was measured in 1: 2.5 soil: water suspension according to Page
et al. (1982).

e Mechanical analysis was determined by the Pipette method: (Piper,
1850).

s Electrical conductivity (EC} was measured in the soil paste extract using
conductivity meter according to Jackson (1958).

e Water soluble ions Soil was extracted 1: 5 soil: water extraction to
determine soluble cations and anions (Na®, Mg®, K*, Ca®*, CO%3, HCO,
CI and SO%,) as described by Page (1982). )

e Available nitrogen was exiracted by using 1.0 M KCI according to
Cottenie et al. (1982) and determined by micro Kjeldah! apparatus.

e Cation exchange capacity (CEC) was determined according to Page
(1982).

s Available-P was extracted with 0.5 M NaHCQ. solution at pH 8.5
according to Olsen gt al. (1954) and determined specrophotemetricaily by
ascorbic acid method {(Murphy and Riley, 1962). Total calcium carbonate
was determined volumetrically using Collins calcimeter and calculated as
total CaCO; percent, according to Richards {1954).

Plant analysis:

The collected plants the first washed by tap water then by distilled
water, dried in an oven at 65°C for 48 hrs, ground in skinless mill. The over
dried plant material was wet digested wth HCIO, and H,SQO, according ta
Chapman and Pratt (1961).

Nitrogen and phosphors were determined in the digested solution
and expressed percentage. Nutrients uptake were calcuiated by multiplying
their concentrations by grain yield on dry matter basis.

Nitrogen was determined using Kjeldah! method as described by Page

(1982). Phosphorus, was determined colorimetrically, using the hydroquinone

method as described by Snell and Snell (1967).

RESULTS AND DISCUSSION

Grains yield:

Table 2 showed that the mean values of grains yield of maize plants
fertilized with urea were slightly higher s3.89 Mg fed") as compared with
those fertilized with AS (3.54 Mg fed™) in 1998 season. However, this
increase was not significant. There was also o difference between U and AS
in the second season {1999). Similar results were obtained by El-Baisary et
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al. (1980) they reported that increasing nitrogen supply improved maize yield
and N uptake, but N sources had no significant differences.

Statistical calculations showed a significant increase in grain yield
due to PG appllcatlon For instance, the mean grains- yield in 1998 season
was 3.35 Mg fed”’ with the check treatment {no PG was added), which
increased to 3.62, 3.73 and 3.93 Mg fed” when PG was added at PG,, PG,
and PG; tevels respectively. The corresponding values in 1999 season were
3.35 Mg fed' (check treatment) and 3.43, 3.60 and 3.81 Mg fed’,
respectively. Extra increase of grain yield over the control may be expressed
by A increase % to evaluate the relative influence of added PG. In 1998
season, A increase % was 8.1, 11.3 and 17.3 with PGy, PG, and PG;,
respectively. The corresponding values in 1999 were 2.4, 7.5 and 13.7%. it
was observed that the mean grains yield as well as the increase in 1999 was
less than that of 1898 season. These results agree with those obtained by El-
Saady (2002), who reported that increasing PG rates caused a gradual
reduction in NHa-volatilization, thereby more nitrogen derived from fertilizer
was saved in the soil system reflecting on the relative increase of grains yield.
Moreover, PG material provides phosphorus and some trace elements in
available form which may enhance growth and grains vield of corn. Such
results are confirmed by the work of Hunter (1989) who reported that, PG
would be more effective for increasing plant yield when it is mixed with ather
fertilizer materials such as urea. It is clear from Table 2 that growth rates
were 17-72% less than in the soil with PG, Field tests were made using
various rates and placements of PG in conjunction with optimum amounts of
other elements as determined by the greenhouse tests. Yield increases
attributed to PG ranged from 6% from tomatoes to 107% for corn yield
{Hunter, 1989).

Regarding to the effect of added OM treatments on corn grains yield
(Table 2), the data showed slight decrease in grains yield of 1998 season and
moderate decrease in 1999 season. Mean of grains ¥Ie|d decreases from
3.35 Mg fed (N treatment) to 3.34 and 3.26 Mg fed” after OM had been
applied in 1998 season with OM, and OM;, respectively. Expressing such
decreases on the form of A increase, values were -0.3 and -2.7%. Similar
trend was exhibited in 1899 season but with further reduction in grains yield.
Values of A increase were -7.5 and -18.5% with OM, and OM,, respectively.
This could be attributed to that application of OM to the soll increased NH;-
volatilization and therefore, may reduce the amount of readily available N
causing reduction of corn grains yield in both seasons. Generally, it was
suggested that both NH;-volatilization and N-immobilization processes had
reduced available N and caused N stress. In these circumstances, additional
N fertilizer is required to enhance biological decompeosition and minimize
plant N stress. Similar findings were reported by Mamo et al. (1999), who
found that compost treatment without N fertilizer resulted in lower grains yield
sompared with one time application and the opposite effect was found with
another compost. They added that C/N ratio of the composts plays a great
role and may cause the contradiction that would appear. Beyrouty et al.
(1988) found that hydrolysis rate was found to be greater when urea was
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applied directly to corn residue than to soil. In both field trials, urea hydrolysis
was more than 2 times faster when urea was added to a residue.

Table (2):Effect of nitrogen sources phosphogypsum (PG) and organic
sheep manure (OM) on corn grains yieid (Mg fed").

Treatments 1998 1999
u AS Mean A% u AS Mean A%

N 3.29 3.41 3.35 - 3.30 34 3.35 -
N+ PG, 3.67 3.57 3.62 8.1 3.48 3.37 3.43 2.4
N + PG, 3.84 3.61 3.73 11.3 3.78 3.42 3.60 7.5
N + PG, 3.97 3.89 3.93 17.3 4.21 3.40 3.81 137
N + O, 3.38 ian 3.34 -0.3 2.68 3.50 3.10 7.5
N + OM, + PG, 3.67 3.53 3.60 7.5 134 3.76 3.55 6.0
N+ OM + PG, 4.12 3.89 4.0t 19.7 3.52 3.83 3.68 9.9
N+ OM, + PG, 4.55 4.06 4,31 277 3.72 3.86 3.79 131
N+ OM; 4.42 3.09 3.26 2.7 2.60 2.85 3.73 -18.5
N+ OM; + PG, 3.85 3.42 364 87 3.78 3.40 3.59 7.2
N+ OM; + PG; 3. 335 3.63 8.4 3.93 3.80 3.87 15.5
N+ OM; + PG, 3.99 3.39 3.69 10.0 3.90 3.96 3.93 17.3
Mean 3.89 3.54 - - 3.52 3.55 - -
LSDNO0.05 NS NS
OM 0.05 NS NS
PG 0.05 0.45 0.51
N x OM x PG NS NS -

NS = Not significant
PGy, PG; and PG; = 3, 6 and 9 MG fed™ of phosphoqypsum, respectively.
OM,; =4 MG fed’, OM, =8 Mg fed”, N =90 kg N fed”, AS = ammonium sulphate, U = Urea
OCpposing to the effect of OM added to N-fertilizers on reducing grains
yield, application of PG at three rates named PG,;, PG, and PG; had
improved corn grains yield in both seasons with varied extent when combined
with the two levels of OM, (4" Mg fed™) and OM, (8 Mg fed"). Mean of corn
grains vield increased from 3.35 Mg fed™ ‘N fertilizer alone) to 3.60, 4.01 and
4.31 Mg fed™" with OM, plus_PG,, PG; and PG; combined with N source, in
1998 season, respectively. The corresponding mean values of A increase
were 7.5, 19.7 and 27.7%: Similar trend was obtained in 1999 season but
with slight increase over the control, (9.9, 13.1 and 13.1%). it seems that the
superior treatment that produced the highest grains vield as well as A
increase was N + OM, + PG; treatment (4.55 Mg fed™) in 1998 season with
urea fertilizer and 4.06 Mg fed™ with (AS) fertilizer.

The beneficial effect of N fertilizer that mixed with PG at varied rates
and OM have been reported by El-Saady (2002) who obtained in lab.
experiment that a consistent amount of available N was maintained and
saved by using this treatment. Therefore, the practice of this combination in
field experiment may result in consistent and adequate N supply and cause
grain yieid to increase.

The set of treatments that contain OM, plus PG rates did not much
vary as compared with OM,; treatments. It is also clear that vailues of A
increase showed slight difference in the two seasons {Table 2). ?

9746



J. Agric. Sci. Mansoura Univ., 32 (11}, November, 2007

100-grain weight:

Table 3 showed a significant increase in 100-grain weight of corn
grains in plant grown in 1999 season only due to the treatments as
compared to the controi treatment (N alone). However, in 1998 season,
there were only marked but not significant increases in 100 grain weights.
This was a general trend with all PG and OM treatments in the two seasons
with either U or AS fertilizers. For example, as PG rates increased, 100-
grain weight showed gradual increase in case of U treatments since, values
increased from 38.8 gm with U treaiment alone to 39.0, 39.23 and 44.37
with PG, PG; and PG, in 1998 season, respectively. Similar trend was
obtained with U in 1999 season. On the other hand 100 grain weight
increased with PG, only in both seasons with AS fertilizer and then
decreased with increasing PG.

When OM, was added with U, values of 100-grain weight
increased from 38.0 gm to 44.37 gm in 1998 season. Also, 100-grain weight
showed gradual increase due to PG increase combined with OM,. Such
increase was high when compared with the treatment of U and PG alone
(39.0 gm). This indicates that OM; had a beneficial effect on 100-grain
weight. Similar results were obtained with U, PG and OM; in 1999 season
when compared with N + PG, treatment (38.07 gm). Using OM; level, 100-
grain weight recorded lower values, in 1998 season (36.6 gm) then it
increased upon further addition of PG. it seems that OM, combined with PG
produced the superior 100-grain weight with combinations of N as AS with
PG and O.M showed that value of 100 grain weights were not much varied in
the two seasons.

Table {3): Effect of N-sources, phosphogypsum (PG) and organic sheep
manure (OM} on 100 grains weight.

100 grains weight {gm}
Treatments 1998 1999
U AS U AS

N 38.80 42 63 37.93 40.05
N+ PG, 39.00 43.60 38.07 43.91
N+ PG, 39.23 36.47 38.76 41.33
N+ PG, 44.37 39.67 44.68 39.73
N + OM;, 44.37 42.70 38.58 40.33
N + OM, + PG, 44 .90 40.80 38.42 43.62
N+ OM + PG; 4473 38.10 38.24 43.07
N + OM, + PG, 41.00 40.70 41.61 41.45
N + OM; 36.60 43.00 36.63 37.0%
N+,0OM, + PG, 38.70 41.03 43.30 37.50
N + OM; + PG, 37.30 44.60 43.09 32.75
N+ OM; + PG; 37.70 37.40 43.66 43.52
L.S.D. 0.05

N NS NS

OM NS NS

PG NS 505
N x OM x PG NS - 10.52

NS = Not significant
PG,, PG; and PG, = 3.6 and 9 MG fed™ of phosphogypsum, respectively.
OM, = 4 Mg fed™, OM, = 8 Mg fed”, N = 90 kg N fed”, AS = Ammonium sulphate, U = urea
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The statistical analysis revealed that the interactions beiween
nitrogen, OM and PG rates were not significant in 1988 season, but were
significant in 1999 season. These results are in agreement with those
obtained by Saied {(1997) who found that increasing N-fertilizer levels caused
significant increase in weights of 100 grain.

Nitrogen content of grains:

Table (4) show a significant increase in N content of corn grains with
increasing PG and OM as compared with the control treatment (N alone).
This was a general trend with all PG and OM treatments, in the two seasons
with either U or AS fertilizers. Increased values were attributed to the
combination of PG and OM treatments. For exampie, as PG rates increased,
nifrogen content showed gradual increase in corn grains. In case of U
treatments, values increased from 38 49 kg N fed”, with N treatment alone,
to 48.38, 50.3 and 51.04 kg N fed*, with PG,, PG, and PG; in 1998 season,
respectively. Similar trend was obtained with AS treatments in both 1998 and
1999 seasons, but the magnitude of values were high in 1999 season than in
1998 season.

When OM was added with N fertilizers, the values of N content in the
grains were higher than N treatment alone and slightly less than N + PG
treatment values. As OM, level was added to N + PG levels, N content
increased when PG level increased with comparable high values. These
treatments recorded the high amount of N content in corn grains when
compared with rest of treatments. Such trend was contained with OM; and N
+ PG treatments with either U or AS fertilizer, in both seasons. In general,
these findings are confirmed with those of lab. experiment which showed a
beneficial effect on available N due to PG and OM application to the soil {El-
Saady, 2002).

Phosphorus content of grains:

This field experiment was carried out without addition of phosphate
fertilizer to all treatments, because phosphogypsum contains P in
considerable amounts in the form of orthophosphoric acid. Analytical data of
PG showed that the percentage of P,Os ranged between 0.7-1.0% and wnth
assuming the mean value of 0.85%, P content of PG, treatment (3 MG fed )
would equal 25.5 kg P,Os. The corresponding values of P,Os with PG, and
PG, are 51.0 and 78.5 kg, respectively. This means that PG has easily and
readily P form that maintain a considerable amount of P to meet com
requirements and gave promising grain yield as well as gram P content,
therefore no need to P fertilizer application.

As shown in Tabie (4) addition of PG at different rates increased P content in
grains when compared. with the treatment that received N fertilizers only and
no PG. This trend was obtained with all PG and OM treatments, but the
extent of increases was much depended on both PG as well as OM rates.
When OM was increased, P content in grains increased with the two N
fertilizers and in both seasons {1998 ad 1999). Addition of PG,. PG, and PG,
increased P content to 8.81, 11.51 and 12.31 kg P fed', respectively, as
compared with the control treatment (7.57 kg P fed '} with U fertilizer in 1998.
The values of P contents in 1999 season, as well as values of AS fertilizer
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were similar to those of U. It can be concluded, from economical point of
view, that PG, alone or plus OM; when added with N fertilizers would be
considered the most promising treatments. It is clear therefore, that PG due
to its enrichment with P and some trace elements had been proved its value
as inexpensive amendment that create conditions in soil system making
nutrition status more available to plant.

Table {4): Effect of N-sources, phosphogypsum (PG) and organic sheep
manure {OM) on N and P contents of corn grains {Kg fed ™).

N content (kg/fed.) P content {(kg/fed.)
Treatments 1998 1999 1998 1999
U AS 1] AS U AS U AS
N 38.49 | 41.26 | 38.61 | 42.84 7.57 7.50 8.9 8.86
N + PG, 48.38 | 4246 | 4211 | 49.30 8.81 a.10 10.09 3.5
N + PG: 50.30 1 43.68 | 49.52 | 54.46 | 11.52 975 10.96 | 11.29
N + PG, 51,04 | 4551 | 4968 | 57.95 | 12.31 13.23 | 1474 | 11.40
N + OM, 49,98 | 43.36 | 39.27 | 49.00 8.21 8.28 6.16 7.7
N + OM,; + PG, 5438 | 4742 | 41.08 | 50.76 | 1064 | 10.84 | 10.75 8.53
N+ OM + PG, 61.39 | 47.07 | 4118 | 5407 | 11.95 | 10.89 | 11.38 | 10.19
N + OM, + PG, 63.70 | 4950 | 55.4863 | 57.43 | 1365 | 11.77 | 13.80 ! 10.88
N + OM; 43.09 | 38.93 | 41.34 | 43.89 | 10.26 .89 8.32 8.84
N + OM, + PG, 49,44 | 44.80 | 48.01 49.30 1117 9.58 9.83 9.18
N+ OM; + PG, 50.27 | 4458 | 56.56 | 5852 | 1212 ) 1005 | 1258 9.1
N + OM,; + PG, 50.27 i 1841 | 58,65 | 59.00 | 12.37 | 10.51 12.09 9,88
L.S.D. 005
N x OM x PG 1.69 2.26 2.02 1.49

PG,, PG; and PG; =3,6and 9 Mg fed' of phosphogypsum respectively.
OM, =4 MG fed”, OM, = 8 Mg fed”, N =90 kg N fed”, AS = Ammonium sulphate, U = Urea.

Nitrogen percent of ear leaf:

Table (&) showed that PG significantly increased N percentage in comn
ear leaf when U was used in both seasons compared with the control (U
alone). The values increased from 1.26% with urea treatment alone to 2.52,
2.10 and 2.10% with PG,, PG, and PG, in 1998 season, respectively. The
corresponding values in 1999 season were 1.33% with U treatment and 1.6,
2.17 and 1.61% with PG treatments. Such trend was found with OM; and PG
rates in the two seasons. Combining OM, with PG rates had no effect on N
percentage in ear leaf in 1998 season but not in 1999 season.

AS fertilizer showed opposing effect on N percentage, since both PG
rates and organic manure levels had decreased N% in ear leaf in the two
seasons. The results also showed marked variations W|th U and AS fertilizers,
Phosphorus percent of ear leaf:

Table (5) showed a significant increase in phosphorus percent of corn
ear leaf with all treatments as compared with the controf treatment (N alone).
This was a general trend with all PG treatments in the two seasons with both
U and AS fertilizers. For exampie: as PG rates increased, P percentage
showed gradual increase in ear leaf. In case of U treatments, the values
increased from 0.26%, with N treatment alone, to 0.30, 0.30 and 0.32% with
PGy, PG; and PG, respectively in 1998 season. Similar trend was obtained
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with U treatments in 1999 season, and also with AS treatments in both
seasons. However, the magnitudes of these values were higher in 1999
season than in 1989 season.

No differences were detected in P percentage of corn ear leaf due to
OM with either U or AS fertilizers in the both seasons. When OM levels were
added to N + PG leveis, P percentage increased as PG role increased in both
seasons, but the magnitude of values were high in 1999 season especially
with OM; treatments. For example, in case of U treatments, the values
increased from 0.26% with N + OM treatment alone to 0.28, 0.30 and 0.31%
with PG,, PG; and PG; in 1998 season, respectively. Similar trend was
obtained with AS treatments in both seasons.

Maximum mean value was obtained with (N + OM; + PG;) treatment
and the lower mean value was with control (N alone). In general, these
findings are expected due to PG materiais enriched with P,0s, that led tc
increase available P and more uptake by com piant,

Table (5): Effect of N-sources phosphogypsum (PG} and organic sheep
manure {OM) on N and P percent of corn ear leaf.

N % P %
Treatments 1998 1999 1998 ) 1999
N U AS U AS U AS 1] AS
N 1.26 2.24 1.33 2.7 0.26 0.26 0.26 0.27
N+ PG, 2.52 1.54 1.61 217 0.30 0.28 0.30 0.29
N + PG, 2.10 2.10 217 1.47 0.30 0.31 0.30 0.32
N+ PG, 210 2.02 1.61 2.03 0.32 0.32 0.36 0.33
N + OM, 1.68 2.38 1.61 1.75 0.26 .25 0.26 0.28
N+ OM, + PG, 1.96 1.40 1.75 1.19 0.27 .28 0.32 0.27
N+ OM + PG, 2.38 1.78 1.89 1.47 0.28 0.30 0.30 0.34
N+ OM, + PG, 2.66 1.40 2.45 1.47 0.30 0.31 0.32 0.39
N + OM; 1.40 210 1.33 1.75 0.26 0.22 0.30 0.23
N + OM; + PG, 1.26 1.26 1.89 1.47 0.28 0.26 0.30 0.27
N+ OM; + PG, 1.26 1.40 1.80 1.75 0.30 0.28 0.36 0.33
N+ OM, + PG, 1.20 1.96 217 1.47 0.31 0.31 0.40 0.38
1LSD 0.05
Nx OM x PG 0.1 0.16 0.02 ' 0.02

PGy, PGz and PG: = 3, 6 and 9 Mg fed™ of phosphoqypsum, respactively.
OM, =4 Mg fed”, OM; = & Mg fed”, N =90 kg N fed”, AS = Ammonium sulphate, U = Urea

Availabie nitrogen in the soil:

Table (6) showed significant increases in the amounts of available N
with PG and OM treatments as compared with the control {N alone). This was
a general trend with all PG and OM treatments, in the two seasons with either
U or AS fertilizers. Increased values are related to the interaction of N, PG
and OM treatments. For example: as PG rates increased, the amounts of
available N showed gradual increase in the soil. In case of U treatments, the
values increased from 22.4 ug/gm, with U treatment alone to 28, 33.6 and
50.4 pg/gm with PG4, PG, and PG, respectively in 1998 season. Similar trend

_was obtained with AS treatments in the both seasons.
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When OM was added with N fertilizers, the amount of available N was
intermediate between the values of N alone and N + PG treatments. While
OM., decreased available-N. This may be due to N-immobilization with OM,.
However, OM, level with U or AS + PG, availabie N increased, especially with
PG level. Such trend was continued with OM; and N + PG treatments with
either U or AS fertilizers, in both seasons. These finding may be due to a
beneficial effect of PG and OM on available nitrogen in the soil. These data
are in agreement with the results obtained from laboratory studies where PG
reduced N-loss as NH;-volatilization. Thereby, more nitrogen derived from
fertilizer was saved in the soil system reflecting the increase of available
nitrogen in the soil.
6.Available phosphorus in the soil:

Table (6) showed a significant increase in avaliable P due to PG; and
PG; treatments as compared with the control treatment (N alone). This was a
general trend with PG and OM treatments, in the two seasons with both U and
AS fertilizers. The interaction between N sources, PG, and OM treatments led
to highly significant increase of available P in the soil. For example, as PG
rates increased, available P showed gradual increase in the soil. In case of U
treatments, values increased from 14.52 pg/gm with U treatment alone to
16.13 and 18.55 pg/gm with PG, and PG; in 1998 season, respectively.
Similar trend was obtained with AS treatments in both seasons, but the
magnitude of values were higher in 1999 seasons than in 1998 season.

Table (6): Available N and P in soil treated with N sources,
phosphogypsum {PG), and organic sheep manure (OM).

N pg/gm P pgigm
Treatments 1998 1999 19938 1999
1] AS 1] AS U AS U AS

N 22.4 28.0 26.8 336 1452 | 1290 | 19.36 | 17.74
N + PG; 28.0 28.0 26.8 39.2 14.52 | 16.13 { 21.78 | 20.16
N+ PG; 338 336 336 39.2 1613 | 16,94 | 2258 | 19.36
N + PG; 50.4 39.2 37.2 448 18.55 | 25.81 2420 | 22.58
N + OM; 28.0 33.6 26.8 28.0 1613 | 1452 | 21.78 | 21.78
N + OM, + PG, 3386 44.8 28.0 336 16.16 | 16,13 | 21.78 t 24.20
N + OM, + PG, 336 39.2 336 39.2 | 17.74 | 1613 | 24.20 | 25.81
N + OM; + PG, 39.2 50.4 44 8 44.8 2258 | 17,74 | 3210 | 2258
N + OM; 224 22.4 28.0 336 13.71 | 1452 | 2258 | 19.36
N + OM; + PG, 224 448 33.8 336 | 1452 | 1452 | 20.97 | 20.16
N + OM:; + PG, 44.8 50.4 336 39.2 17.74 | 1855 | 2258 | 20.97
N + OM; + PG, 50.4 50.4 44.8 39.2 19.36 | 20,07 | 24.20 | 28.23
LSD 0.05
N x OM x PG 3.35 3.42 279 3.84

PG4, PG: and PG; =3, 6and 8 Mg ted” of phosphoqypsum respectively.

OM,; = 4 Mg fed', OM, = 8 Mg fed”, N =90 kg N fed”, AS = Ammonium sulphate, U = urea

When OM was added with N fertilizer the values of available P were
intermediate between N treatment alone and N + PG treatment values. As
PG was increased the amounts of available P increased with comparable
high values. For example, in case of U treatments, values increased from
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