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ABSTRACT

A field experiment was conducted at the farm of El- Serw experimental station
(ARC), Domiatta governorate, Egypt in 2002/2003 seasons. This study aims to
avaluate the effect of added Gypsum (B ton fed™) or FYM (20m' fed) oc Gypsum +
£YM on some chemical and physical eharacteristics of the clay soil and on the yield of
wheat under the conditions of irrigation with drainage or Nile water.

The cobtalned data revealed that:

{1) Wheat grains yield and wheat straw yeld significantly decreased because of
jrrigation with drainage water, but application of any experimental amendment
significantly increased them in comparing with the control {nct-amended) under
irrigation with drainage or Nile water, with the highest increment with a mixture of
Gyps + FYM. The beneficial effect of the added amendments was more obvious
on straw yield irrigated with drainage water, whereas increasing in relative yield
(%) of straw yield was the highest under irrigation with drainage water.

{2) Treated soil with FYM or Gypsum either in a single orin a combine form caused
improving in EC (dS/m), O.M % and available P, K, Fe, Mn and Zn {mg/kg) of soil
comparing with the untreated soil (control) under irrigation with Nile or drainage
water. Generaliy, the treatment of FYM + Gypsum occupied the first order in
improving the previous characteristics,

{3 Bulk density (BD, gmfcm'), regardiess the type of irrigation water, decreased
with application of different amendments and the highest decrement noted with
Gypsum+ FYM treatment. While it increased in sub-surfaces layers than in
surfaces layers.

Total soil porosity (TP %) increased in the two studied soil depths because of
application of FYM or Gypsum+ FYM to soil irrigated with Nile water, but under
irrigation with drainage water it increased in soil treated with solo gypsum in
comparing with the corresponding values in the untreated centrol soil.

Total soil aggregates (%) values, under irrigation with Nile water, generaily
increased in the surface and sub-soil layers of scil treated with any used amendments
in comparison with the corresponding values of the control treatment. While, in soils
irrigated with drainage water, their values decreased only in sub-soil layers because
of amendments application comparing with the control treatment.

Keywards: Farmyard manure {FYM), Gypsum,Clay soil, Drainage water, Wheat yield,

Soil properties.

INTRODUCTION

Because of the shortage in good quality water resources for crop
irrigation and the huge amounts of annual discharge of drainage waters, =
11.8 X 10 ° m’® (Amer and De Ridder 1989), therefore the use of drainage
water for irrigation crops becomes very necessary. However, the highly saline
nature of these waters, T.0.5 ranged between 7000-8000 mg/L (Wagdi and
Hamdi, 1974), restricted their fully exploiting. Many investigations were used
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different soil amendments, such as organic manures, mineral fertilizers, sulfur
and gypsum to avoid the risks of irrigation with drainage water on growing
crops (Draz et al., 1993, Farh ef af, 1887, and £l-Banna ef ai., 2004). Also
the roles of these amendments on amelioration of some chemical and
physical properties of different soils were investigated by many scientists
such as Mukhiar et al {1974), ismail and £} Shall {1978) Wahadan ef al,
(1999), EI- Maghraby (1997) and Laila {1893).

The current work aims o assess the improving role of FYM and
Gypsum whether added solo or in a mixture form on the characteristics of
clay soil, irrigated with drainage water, and on the yield of wheat which grown
on this soil.

MATERIALS AND METHODS

This experimental work was conducted at El- Serw experimental
station (ARC), Domiatta governorate, Egypt in 2002/2003 season. Some soil
properties and tested irrigation water were carried out as described by
Jackson (1973), and the results are shown in Table 1 and 2

The experimental field was divided into two splits, one of them
irigated with Nite water and the other irrigated with drainage water (chemical
analyses, as Jackson 1973, are shown in Table 2. The plots, in every s3lit
were treated, before sowing of wheal, wnth one amendment of: No
amendment (control) Gypsum at rate 6 ton fed , Farmyard manure (FYM ) at
rate 20 m’ fed' and Gypsum (6 ton fed )+ FYM (20 m® fed™. The
experimental ptot area was 21 m? and replicated three times. The main
characteristics of the used FYM and chemical compasition of gypsum were
carried out according to the methods recorded by Bilack, 1965 and shown in
Table 3

Table 1: Some characteristics of the experimental soil, at different soil
depths under different irrigation.
Particle size distribution | Soil available nutrients

| JDepth

ion

(em}]| o (%) mg kg
EE4- 854
&ﬁg:&_ L= N o T
= SE1 TluBl__(%) Sit {Clay|5| K { P | Fe { Mn|Zn
= @ |4 Afcoarse[Fine | (%) | (%) |5
! =
0-10 | 1.55 {7.7712.75| 0.10 |15.38(21.52|63.00] | 87.3 (6.5 5.0 | 3.5 (1.8
¢|10-20| 201 |7.8712.64| 0.38 19.93/13.4466.25| 5/ 121.6 25 | 5.5 | 5.8 (1.4
220-30( 155 {7.892.38] 0.51 |15.69|23.82/50.98/3(111.6{ 50 | 6.0 | 5.5 1.4
ﬁso.m 1,36 |7.97 |1.95| 1.32 (40.78(11.05 (48.85|°|121.6| 3.0 | 75 | 6.6 |16
140-60] 1.08 |8.01 }1.65( 0.52 |18.14|19.67 |61.67| [101.4{6.5|7.0 |85 ][22
0-10 .06 [7.65 4.40[0.34 [10.00 15.65 [74.01| [108.4 3.0 [6.0 .9 [1.6
gm-zo 01 [7.74 416035 22,95 3312 #3.58/,11295 5.5 |75 6.9 (16
£20-3011.31 7.79 8.93(0.24 [15.325.72 [78.72{2129.535 7.5 [7.5 1.0
53040 1.90 (788 [3.17(0.81 (.56 [17.86 [71.77|°129.5 45 [75 [ria b4
194060 2.09_|7.92 [3.52/0.47 }12.17 [13.44 [r3.02] ho7.4 5.0 fs0 1 b2
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Table 2 Some chemical compositicn of irrigation water.

Chemical I Sources of irrigation water

‘ Characteristics Nile Water Brainage Water
EC, d8/m 0.69 2.34

ations:(me./ L}

* 2.83 343

Mg’ 1.69 5.11

a 3.23 17.99
K’ 0.24 0.39

nions: (me./L)

Oy 0.32 1.04
HCO5 323 3.53

I . 2.40 17.69

04 2.04 4.66
N (mg/L) 0.66 0.70
P (mg/L) 0.59 0.78
Fe  (mg/L} 0.50 0.19
Mn  {mag/l) Q.27 0.32

n  (mg/L) 0.05 0.03

All the experimental plots were received the recommended doses of
nitregen fertilizers (100 kg Nfed'. as ammonium sulphate, 20.5% N) at three
equal doses at 15,45 and 60 days from planting, potassium ferilizers (48
kg.K;Offed. as K:S8Q,, 48 % K;0) at two equal doses with the first and the
second doses of nitrogen and phosphorus ferilizers (30 kg P;Os/fed. as
super phosphate, 15.5% P,0:) applied before planting. Wheat grains
(Triticum aestivum L.,Giza168 variety) had been sown in 25/11/2002,

At the harvesting stage, disturbed and undisturbed soil, samples
were collected from five soil layers, each of 10 cm followed by one layer of 20
cm deep. Some soil physical determinations were carried oul on these
selecled samples, bulk gensity (BD, gm cm"‘) by using the core method
(Vornocil, 1985), soit stable aggregates (%) by wet sieving accerding to
(USSL staff, 1954), sail moisture retention curve by the pressure cooker
(Stakman and Vander, 1962), then pore diameter by volume were calculated
from the moisture ¢etention curves at the different tenssion.

Table 3 a: Some characteristics of the used Farmyard manure (FYM).

0.M.% 0.C.% C/N ! Totalelen;entals (%) .
10.50 6.09 12.18 0.50 0.29 3.76

h: Chemical composition of gypsum in saturated extract (= 30me./L).
H EC Soluble lons {me./L)
p

(dS/em) | Ca™ [Mg | Na | K | COa | HCOy | CI [ S04
7.37 2.63 20774211101 023 T 011 [ 120 | 4502050
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aftc- plants harvesting, the grains and straw yields of wheat plants
were recorded and soil samples were taken from the five soil depths
mentioned above and air dried ,saved through a 2 mm and chemically
analyzed for Electrical Conductivity (EC) of soil paste (dSm’") and soil organic
matter (%) using the modified Walkley method according to Jakson, 1973,

Available P, K, Fe, Mn and Zn of the taken soil samples were
extracted by NH,HCO4-DTPA (AB-DTPA) extraction method (Soltanpour and
Schwab, 1977). Phosphorus was calorimetrically estimated using ascorbic
acid method (Herget, 1970), potassiumn by flame photometer and Fe, Mn an
Zn were measured using atomic absorplion spectrophotometer (Dewis and
Freits, 1970).

The obtained data were exposed to proper statistical analysis of
variance {ANOVA) by using the Minitab program (Barbara and Brain, 1894),
and the least significant differences {(LSD, at 5%) were calculated.

RESULTS AND DISCUSSION

1} Wheat yield of grains and straw:

Data presented in Table 4 showed that the soil experimental plots
irigated with drainage water achieved lower grains and straw yield than
those plots that irrigated with Nile water. However, under irrigation with
drainage or Nile water, treated soil with FYM or gypsum either in solo orin a
mixture form gave obvious increment in grains and straw yield comparing
with untreated soiis (control). The mixture treatment of FYM + Gypsum was
the first treatment in this trend.

Table 4 Dry vyield of Wheat plants (Grains and Straw) under different
irrigation water and soil amendments addition.

Treatments Wheat grains Wheat straw |
- Yield Relative Yield Relative
t’"‘g"‘t'”‘ Amendments|  » jabited) | Yield (%) |(Ardabifed)| Yield (%) |
1 . [Control 10.81 100 264 100
2 8  |Gypsum 11.76 109 276 105
22 [Fym 11.98 111 2.82 107
; Gyps + FYM 13.84 126 2.98 113
@ [Control 8.71 100 2.04 100
Sg Gypsum 9.10 104 2.18 108
dz |FYM 9.56 110 2,42 118
Q JGyps +FYM 10.34 119 2.73 134
L.5D (5%) :
Irrigation 0.07 0.02
lAmendment 0.10 0.03
lrrig. X Amend. 0.11 0.03

* {Ardab = 150 Kg)

On the other hand, under the conditions of irrigation with drainage
water, the beneficial effect of the added amendments was more obvious on
straw yield. Whereas increasing in relative yield of straw (%) was more under
irrigation with drainage water than under irrigation with Nile water,
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The positive role of amendments on soil was possibly due to their beneficial
effects on the physicochemical properties {e.g. soil structure, available water,
soil salinity & acidily and availability of nutrients in soil), and then plants will
be grow better even under saline stress (El-Maghraby et al, 1996 and EI-
Maghraby, 1887).

2) Soil Salinity:

Electrical conductivity (EC, dSm™) of soil paste was used to express
soif salinity and resuits are shown in Table 5. In general, in all treatments the
values of EC significantly decreased in soils irrigated with Nile water than
those irigated with drainage water (Selem ef al, 1989-a and Sakr ef al,
1995).

It can also noticed, in the {reatments of control, gypsum and
FYM+Gypsum, that the EC mean value (3.51 dSm’™") of the sub-layers of soil,
30-60 cm, was higher than the corresponding value of the surface layers, 0-
30cm, (2.08 dSm“'). This may be due to gypsum allow continuous calcium
supply replacing sodium from soil matrix and forming new stable aggregates
led to increase hydraulic conductivity and encourage the water to flow down
leaching the sait out {Llyas ef al, 1983). As well as increasing the amount of
rainfall during the growing season in the location of experiment, allow to
removal amounts of salts to down layers. Contrary trend was observed in soil
trealed wilh FYM, whereas EC vatues were markedly higher in surface layers
(0-30 cm) than in the sub- surface layers (30-80 cm). This could be referred
to the high ability of FYM mixed with the surface layers to chelate different
cations and anions by chemical agents products from their decomposition
{Draz ef al,, 1993 and El-Maghraby et af, 1997).

On the other hand, data improved that treated soil with the different
amendments significantly decreased soil salinity, regardiess the type of
irigation water, comparing with the control treatment (no- amendment). FYM
+ Gypsum gave the best effects in this trend, because of the reasons
mentioned above as well as, the role of manure in improving the status of soil
salinity (Sadek et al., 1993 and El-Maghraby et af., 1997). While, the
treatment of gypsum in solo form was the latest effect in decreasing soil
salinity, because of it added relatively iittle soluble salts to soil (Table3: b) and
to ions resulting from the reactions of gypsum with the soil. The previous
findings were in agreement with Wassif ef af,, (1995), Farh et ai, (1987),
Mohamed et al., (1997) and Wahdan et af., (1999).

3) Organic matter content of soil (%}

Data in Table 5 reveal that the values of soil organic matter (%) were
higher in soil irrigated with drainage water than that irrigated with Nile water.
These trends could be due to the role of high soil salinity levels in preserving
the organic matter and in decreasing their decomposition rate (Sadek 1978).

In addition, O.M % was higher in the surface layers (0-30 c¢m) than in
sub-surface layers (30-80 cm. This due {0 accumulate the residues of
previous crops as well as the amounts of organic manures, added as
experimental treatment, to the surface layers.

3483



Abou El-Defan, T.A. et al,

'nder th: use of any irrigaiion waler, soils treated with FYM and
FYM + Gypsum were higher in their O.M %, due to FYM (Sadek ef al., 1993).

Table 5; Some soil characteristics as affected by different experimental

treatments.
Treaimenis woil characleristics
ltrig. || goi | EC ] Avallable nutrlents {mgikg) Total Totai
\?at%r é Depth dfn’:“ %e; ggg*‘ forosity | Aggregate
e | Z | (em) ta P K Fe | Mn | Zn | ¥ (TP,%) (%)
0-10 | 262 | 2358 | 603 | B8.42 | 5.72 | 5. 0| 124 | 6122 7817
10-20 | 290 | 239 | 248 | 9526 | 602 |[635] 16 | 126 | 6141 74.55
_ | 20-30 | 157 | 243 | 495 [ 109.48] 590 |550] 1.0 | 1.29_| 68.02 70.83
© 030 | 2.36 | 240 | 4.79 | 97.72 | 6.68 [5.78 [1.20 | 1.26 | 63.65 74.53
€1 3040 | 247 | 216 | 6,93 [119.47 | 6.96 | 550 | 1.20 | 1.29 | 5495 | 6088
§ 14080 | 3.95 | 1.06 | 6.44 [130.00]| 786 {6.63 (146 1.32 | 97.99 47.70
3060 | 290 | 1.43 | 6.60 |126.49 | 7.56 | 6.25 | 1.37 | 1.31 63.64 52.09
0-10 | 1. 3.49 | 0.90 | 97.37 | 865 | 7.60 | 1.55| 1.14 | 57.60 76.50
g [ 10-20 | 266 | 2.34 |11.52 10368 8.79 | 7.35[1.85{ 1.16 | 63.56 80.98
« | 3[28-30] 157 | 1.84 | 8.84 |114.21] 800 | /.35 [1.56 | 1.17 | 60.58 74.29 -
& | 2020 | 207 [ 256 [10.09 105,09 8.48 | 743 [1.68 1.15 | 60.50 77.26
2 | (33040 | 260 | 1.49 | 15.26 (124.74| 8.08 | 8.25 [ 1.40 | 1.18 | 6360 60.76
@ 40-60 | 282 | 1.33 | 11.44 | 124.74 8.70 | 7.00 [ 1.80 | 1.18 | 67.15 4386
Z 30-60 | 2.76 | 1.38 [12.71 |124.74]| 849 | 742167 118 65.97 6280 |
0-10 | 1.75 | 3.12 | 594 |131.58 [ 10.07 | 7.75]1.80 | 1.14 | 62.60 72.44
10-20 | 261 | 275 | 644 (121581257 | 7.80 (200 115 | 7084 76.72
= [20-30 | 154 | 334 | 545 | 87,37 |10.13| 7.70 | 1.20] 1.16 | 63.08 64.53
> [ 030 [ 197 | 3.07 | 594 |113.61 1082 | 7.6 (1.67 | 115 | 85.51 71.73
Y 730-40 | 150 | 1.82 | 6.58 | 170.53 | 12.65| 7,50 | 1.70 | 118 | 72.76 55389
40-60 | 149 | 165 | 891 | 121581012 | 800181 | 115 | 62.00 5828
30-80 | 1.49 | 1.71 | 8.12 |137.90 | 10.96 | 7.83 | 1.77 | 1.16 | 65.65 57.45
0-10 | 2.05 | 2.34 | 644 [121.99|10.17 | 8002201 1.10 | 6463 | 7103
& [50-20 [ 113 | 2.4 | 548 | 11558 | 15.00 | 8.02 | 2.80 | 111 | 66.80 7756
i [20-30 | 115 | 259 [ 548 (115931500 | 80211201 1,10 | 67.56 74.43
+ 030 | 144 | 2.42 | 5.80 [117.83 | 13.43 [ 8.01 [2.07 | 110 | 66.33 74.54
8 [30-40 | 165 | 207 | 7.5 | 112,63 | 11.20 | BA7 | 2.00 | 1.5 | 6487 57.66
@ 1 40-60 | 170 | 1,84 | 9.39 |127.72 | 1464|013 | 220 [ 1.15 | 78.00 62,77
30-60 | 1.68 | 1.92 | B.74 | 122.60 | 1249 | 8.81 | 213 | 1.5 | 73.62 61.06
0-10 | 302 | 293 | 3.97 | 7947 | 7.63 | 6.0011.00| 1.24 | 68.68 75.20
10-20 | 3.7 | 2.49 | 407 | 97.87 | 7.56 | B.00 | 1.60] 1.28 | 7059 70.27
_[[20-30 [ 4.16 | 2.05 | 3.52 | 9263 | 7.56 | 6.00 | 1.60 | 127 | 67.3a 72.43
S 030 | 345 | 245 | 3.83 | 8982 | 7.58 | 6.67 | 1.80 | 1.26 | 68.86 72.63
| | E30-40 | 403 [ 1.78 | 3.53 | 99.53 | 8.05 {6.75]1.40 | 1.33 | 67.34 6516
S 4060 | 472 [ 1.55 | 461 | 101.68)| 8.56 | 7.13 | 1.60 | 1.27 | 66.02 76.1¢
3060 | 449 | 163 | 4.25 |100.96 | 8.39 | 7.00 | 1.53 | 1.29 | 66.58 72.48
0-10 | 408 | 3.08 | 6.74 | 106.37 | 1544 | 7.90 | 62| 1.09 | 70.26 8397
g | 10-20 7267 [2.94 [ 863 [ 99.68 | 1040 8.05 [ 1.82 A8 | 6322 73.79
3 [ 20-30 | 364 | 234 | 695 | 89.27 | 536 | 7.30 | 1.62 | 1.20 | 73.78 76.92
[ 030 | 346 | 279 | 744 | 99.44 | 10.40 | 7.55 | 1.69 | 1.16 | 69.75 78.21
@ | 3040 | 330 | 2.02 | .45 | 87,05 | 1140 | 6.54 [1.42 | 123 | 69.27 43.70
40-60 | 3.86 | 1.93 | 0.41 [101.39] 9.86 | 6.04 | 1.82 | 120 | 76.02 57.48
% 3050 | 3.70 | 1.96 | 9.09 | 96.561 | 10.38 | 7.54 | 1.69 | 1,21 73.77 55.88
& 0-10_| 4.58 | 497 | 4.93 | 124.21 1260 | 8.00 | 200 | 1.09 | 6058 | 7539 |
=z 10-20 | 3.6 | 4.94 | 3.97 | 107.37 | 1260 842 | 1.60 | 1.18 | 61.04 70.88
e |=[2030] 376 477|397 |121. 0081742200 119 | 74.08 73.74
8 || 030 [ 363 [ 485 429 [117.72[11.76 | 7.56 [1.87 | 1.18 | 5.23 73.33
£ 30-40 | 3.04 | 436 | 592 [12521|10.08]7.83[1.40| 111 [ 70.51 67.76
=5 40-80 | 254 | 4.45 | 6.41 [114.68 | 12.76 | 8.75 | 220 | 1.20 | 76.55 52.72
30-60 | 2.71 | 442 | 6.25 |118.19 | 11.87 | 5.44 [1.93 | 1.17 | 74.54 52.73
, | 010 | 287 [400 | 2.07 | 9158 12.068.75 | 2.00 03 | 64.97 73.28
10-20 | 268 | 3.81 | 6.44 | 79.47 | 15091 1.00 [2.20 | 1.12 | 69.59 72.71
20-30 | 2.70 | 363 | 4 107.37 ] 15.09 | 9.25 [2.20 | 1.18 | 62.60 62.30
w L 030 | 274 | 381 | 4.66 | 9281 [14.08 [ 9.33 [2.13 | 1.11 85.70 69.80
&=30-40 | 3.44 35 | 597 [100.53 [ 12.05| 925 | 3.00 | 1.10 55,32 §5.38
&' 4060 | 3.83 | 3.18 | 6.53 | 138,60 16.64 | 9.53 [ 4.10 | 1.16 59.64 56.32
3060 | 9.70 | 3.24 | 6.38 [125.91 | 15.11 | 9.50 | 3.73 | 1.14 68.20 5934
LSO (E%) ImigW | 001 | 0.01 | 0.01 | 3.95 | 0.02 | 0.08 | 0.07
Amend 002 | 001 (001 | 168 | 0.02 |0.11]0.10
_Depth 002 | 001|002 | 188 | 0.03 | 0.13]0.1%
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4) Available nutrients of soil:
Available P and K:

As snown in Table (5) using drainage water for irrigation caused
decreasing in the values of scil available-P and soil available-K when
compared with that irrigated with Nile water. In addition, in general, available-
P and available-K were higher in the sub-surface iayers (30-60 ¢m) than in
the surface layers (0-30 cm). These results were in agreement with Selem et
al., 1989-a.

As for the role of amendments, data show that, under irrigation with
drainage or Nile water, added amendments to s0il led to significant increasing
in the amounis of available-P and available-K in soil comparing with the
control (untreated) soit.

The highest values of available-P were achieved in soil treated with
gypsum amendment. The favorable effect of gypsum might be due 1o either
increasing the availability of phosphorus in seil because of reducing soil pH
(Wahdan ef al., 1999) or to release of phosphate ions from soil colloids by
sulfate ion (SO, 7). In addition, Mahours ef al, (1983) concluded that
available-P increases due to an increase in solubility of calcium phosphate
under high carbon dioxide parlial pressure and the lowering of soil pH by
fiooding.

On the other hand, highest available — K values were noticed in the
soils {reated with solo FYM. This may be due to the beneficial role of FYM on
the physicochemical properiies of soil and to the role of chelating agents,
induced during FYM decomposition, in increasing the availability of potassium
in soil (El-Maghraby ef al, 1997). Meanwhile, soils amended with solo
gypsum achieved the lowest increment in available-K, due to the role of
gypsum in reducing soil pH which causes reduction in the amounts of
available - K by precipitation or fixation (El- Shall ef al., 1988). It is worthy to
mention that decreasing the soil pH will led o the dissoiution of Fe-oxides
and calcium carbonates which occurred as a coating and for cementing agent
of soil. Consequently, new retention sites will take place and more K will be
retained (Saieh and Khalied, 1983).

Relative increases, as percentage from controf, of available-P and
available-K were more pronounced in soils irrigated with drainage water than
that irmigated with Nile water. Whereas, these relative increases percentage
(RI%) values of available-P were 100%, 23%, 27% in soils irrigated with Nile
water and were 105%, 30 % and 36% in soils irrigated with drainage water for
soils amended with solo gypsum, solo FYM and Gyps + FYM, respectively.

The corresponding Rl % values of available-K were 3%, 12% and 7%
under irrigating with Nile water and 2%, 24% and 15% for scils amended with
solo gypsum, solo FYM and Gyps + FYM, respectively. These results
reflected the beneficial role of manures added solo or in combine with
gypsum on increasing the availability of P and K especially under saline
conditions.

Available Fe, Mn and Zn:

Data presented in Table 5 showed that available Fe, Mn and Zn of soil

significantly increased under irrigation with drainage water than Nile water
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(Rahim, 1993 and Ei-Magraby et al., 1896). Generally, they increased with
depth probably due to the translocation within the soil profile (Mayalagu and
Paramasivam, 1990).

Amended soil with the different experimental amendments increased
the contents of availabte Fe, Mn and Zn in comparing with not-amended soll
(control treatment). Soils treated with Gyps + FYM achieved the highest
increasing in their content of available-micronutrients compared with the other
treatments. The superiority of Gyps + FYM treatment in this manner may be
due to lhe role of organic manure in modifying the status of these micro-
nutrients in soil, since: it consider a source of different micronutrients in sail,
provides chelating agents protecting the micronutrients from precipitation and
decreasing their loss by leaching (EI-Maghraby, 1998). As well as the role of
gypsum appiication in increasing the availability of Fe, Mn and Zn in soil, due
to the decreasing in soil pH because of reaction of applied gypsum with the
soil (Lindsay and Norvell, 1978, Lindsay, 1879 and Mohamed et a/l., 1897).

5} Some physical propemes of soil:
Bulk density (BD, gm{cm ):

Soil buik density is a major product of the changes in the soil and
field conditions. Data in Table 5 showed that, regardiess the type of jrrigation
water, soil bulk density values at (0-30 cm) and (30-80 ¢m) depths decreased
by using the amendments in comparison with the carresponding depths of
control area. Mean vaiues of soil BD (gm cm'3) fanged from 1.29 for soil
control to 1.18, 1.16 and 1.13 under using Gypsum, FYM and Gyps + FYM,
respectively. On the other hand, BD of soil mcreased with  soil deplh
increasing, whereas thelr mean values were 1.17gm cm™ at layer 0-30 cm
depth and 1,20 gm!cm at the layer of 30- 80 cm. This may be due to the
effect af overiaying layers on the vaiues of BD (Selem et af,, 1989-b).

The maximum decreasing of soil BD values were obtained by using
the treatment of Gyps + FYM when using Nile or drainage water for irrigation
with no difference was shown between them.

Tatal poresity (TP,%):

Total porosity (%) of scil, (Table 5), increased in surface and sub-
surface layers of s0ils treated with Gyps + FYM or with solo FYM amendment
and irrigated with Nile water, and also tncreased in soil treated with solo
gypsum and irrigated with drainage water compare with the untreated soil
irrigated with the corresponding water (control). in general, TP (%) of soil
increased with soil depth, whereas the mean values of total porosity were
65.69 % and 68.99% in surface and sub-surface layers, respectively, These
findings were in agreement with the findings of Laila (1993).

Total aggregates (%):

Tabulated data (Table 5) show that total aggregates (%) increased
in both surface and sub-surface layers of soils treated with Gyps + FYM or
with solo gypsum and irrigated with Nile water, while in soil treated with solo
FYM total aggregate (%) increased only in sub-surface layers comparing with
the same values of the corresponding soil depths of untreated soil.

Under irrigation treatment with drainage water, the values of total
aggregates {%) of soil treated with Gyps + FYM decreased in the two studied
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soil depths. While in soils treated with solo gypsum or with solo, FYM total
aggregates values (%) increased in surface layers and decreased in sub-
surface iayers comparing with the same values of the corresponding depths
of untreated soil.
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