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ABSTRACT

A field experiment was conducted during agricultural
growing season of 2005-2006 on three sites of newly
reclaimed loamy sand soils irrigated with low qualities of
irrigation waters derived from Bahr Wahbey water, Bats
drainage water and blending water of Bats mixing station
at Fanos Village, Tamia district, Fayoum Governorate.
The experimental treatments were designed to study the
negative effects of the used low water qualities on both the
newly reclaimed soils and sugar beet characteristics as
well as to clarify the optimized rate of the used farmyard
manur e (FYM) which was integrated with local gypsum as
soil amendments to alleviate the hazar dous effects of these
irrigation water on soil properties and both sugar beet
yield and its quality. The applied rates of the tested soil
amendments were 0, 15, 30 and 45m®FYM ffed and 0, 2, 4
and 6 ton gypsum/fed, and thoroughly mixed with the
tested soil plots before planting sugar beet, which their
root yields were harvested after 180 days from planting.
Soil physical and chemical properties were determined for
each of the studied treatments after sugar beet harvest,
thereafter, root yield and its quality were also measured

The obtained results showed that the short-term use
of the low water qualities for irrigating sugar beet plants
left their negative footprints on the tested soil propertiesas
well as root yield and its quality parameters under study,
particularly in case of soil plots received Bats saline
drainage water. However, the values of soil bulk density,
hydraulic conductivity, available water were tended to
decrease vs. an increase in each of soil pH, ECe and ESP,
besides a noticeable reduction in the vegetative growth,
root yield and its quality parameters of sugar beet, taking
into consideration that the changesin the majority of these
characteristics reached the level of significance. On the
other hand, application of FYM and local gypsum as solely
or together was associated with an ameliorated effect on
each of the aforementioned characteristics concerned with
either the experimental soil or sugar beet, with a
significant positive effect being at the combined
treatments.

That was true, since the treatments of (30 m3 FYM
ffed + 4 ton gypsum /fed) and (45m° FYM /fed + 6 ton
gypsum /fed) gave the best improvement efficiencies on
root yield of + 43.90 and + 44.60 % with sitel; + 45.80 and
+ 46.50 with site |l and + 21.10 and + 21.5 with site |1l
over the control treatment, respectively, but the difference
between these two treatmentsin the studied characteristics
of both soil and plant didn’t reach the level of significance.
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Such ameliorated effects in soil properties were positively
reflected on root yield and its quality of the grown sugar
beet plants. Thus, it is noteworthy to mention that the
treatment of (30 m® FYM /fed + 4 ton gypsum/fed) is
considered the best one from the economical point of view.
So that, it could be recommended that organic manure
integrated with gypsum should be applied to alleviate the
hazardous effects of long-term use of low qualities of
irrigation waters on soil properties and to achieve
sustainableroot yield of sugar beet.
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INTRODUCTION

The Egyptian strategy for horizontal and vertical
expansion in agriculture needs more water resources
than the currently exists. The Nile River is the main
source of irrigation water as total supply to Fayoum
Governorate is about 2.3 x 10° m*/year, of which 66 %
consumed by crops evapotranspiration, 3% by open
water surface evaporation, 11% drainage to Wadi
Rayan lakes and 20 % drainage to Lake Qarun (Hegazi,
1999 and Van-Zov and Jeans, 1992). In facts, Ministry
of irrigation (1977) estimated the total annua discharge
of drainage water in al agricultural area of Egypt by
more than 16 billion cubic meters. It was suggested that
a part of this drainage water could be reused for
irrigation purposes to partially satisfy the crops demand
to irrigation water. According to the national plan target
in Egypt, the official drainage water reuse in all of the
country, as targeted by the years 2007 and 2017 are
6591x10° and 8631x10° m*/year, respectively (National
Water Resources Plan, 1999). Meanwhile, of which 396
x 10° m*/year are targeted for reuse at the year 2007 and
up to 2017 for Fayoum Governorate.

The newly reclaimed soils in Fayoum area are till
suffering from shortage in irrigation water, especially at
the end tails of irrigation canals during the summer
season. This shortage in irrigation water could be partly
balanced by the reuse of drainage water after mixing
with water from Bahr Wahbey canal. The composition
and concentration of drainage waters in Fayoum vary
from one location to another as well as during the
months of the year (El-Banna et al., 1982 and Shehata
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et al., 1983). El Shakweer and Abdel Hafeez (2008)
showed that the salinity levels of drainage waters of
some drains in Fayoum are generaly ranged between
“high” to “very high”, denote a salinity hazardous as
well as such waters are categorized as “low-medium
sodicity hazardous”. Actuadly, at the Bats mixing
station, waters from Bahr Wahbey are mixed with
waters from Bats drain to produce the blending water at
Bats mixing station. At this area, some farmers use
waters from Bahr Wahbey, Bats drain directly and/or
those produced from the Bats mixing station. Total salts
of waters from Bahr Wahbey, Bats drain and Bats
mixing station are 614.4, 1292.8 and 1132.8 mg L™,
respectively (EI Shakweer and Abdel Hafeez, 2008).
The used waters either from Bats mixing station or from
the Bats drain before mixing are categorized between
“high” to “very high” of salinity hazardous and
categorized as “low-medium sodicity hazardous”.

It iswell known that gypsum is a source of calcium
ions and the exchangeable sodium percentage (ESP) can
be lowered by replacing the sodium ions that adsorbed
to the surface of soil particles with calcium ions
(Bauder, 2001). Application of organic materias
(organic manure) as a soil amendments is of a direct
relevance that it has drastic effects on some soil
properties which reflect positively on the existed crops,
in particular, their growth, yield and quality (Sandhya et
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al., 1994; Celik et al., 2004; Ertli et al., 2004 and Abdel
Hafeez, 2008).

Sugar beet crop is one of the most important sugar
crops throughout most countries in the World. The crop
has been grown under wide range of climates, soils and
environmental conditions. The crop characterized by
early ripening, long growing season and tolerance to
drought and salinity (Abdel Razik, 2005). Different
efforts aimed to introduce more areas to sugar beet
cropping in Fayoum, as the soil types, irrigation waters
and climatic factors are suitable to such crop.

The main purpose of the present work is to study
the improvement efficiency of some soil amendments
(i.e, gypsum and organic manure (FYM)) added at
different rates on some soil physical, chemica
properties, root yield and quality of sugar beet crop
under the applied different qualities of irrigation waters
derived from Bahr Wahbey, waters, Bats drainage water
and blending waters produced from Bats mixing station
for irrigation purposes aiming to introduce the best rates
of soil amendments application with each of the tested
three qualities of waters.

MATERIALSAND METHODS

A fiedd experiment was conducted during
agricultural growing season of 2005-2006 on three
newly reclaimed loamy sand soils irrigated with low
qualities of irrigation waters derived from Bahr Wahbey
water, Bats drainage water and blending water at Fanos

Table 1. Initial soil propertiesof the studied three sites at a surface depth of (0-60 cm)

Sail characteristics Sail site(l) Soil site (11) Sail site (111)
Particle size distribution %:
Sand 82.10 82.20 82.10
Silt 10.50 10.70 11.30
Clay 7.40 7.10 6.60
Textural class Loamy sand Loamy sand Loamy sand
Bulk density (g cm™) 1.50 1.49 1.48
Hydraulic conductivity (cm h™%) 11.95 12.52 12.10
Available water % 6.60 6.70 6.00
CaC0O;% 4,50 4.42 4.19
Organic matter % 0.09 0.10 0.11
Gypsum % 0.09 0.14 0.10
CEC (C mole kg™ soil) 8.10 7.70 7.20
ESP 7.79 7.46 6.71
Soil pH 7.94 7.97 7.96
ECe (dS.m™) 3.95 4.22 4.00
Chemical analysis of soil paste extract (ionsin m mole L™):
Ca” 11.85 12.66 12.00
Mg 9.68 10.34 9.80
Na" 17.78 18.99 18.00
K* 0.19 0.20 0.20
COs” 0.00 0.00 0.00
HCOs 1.98 211 2.00
Cr 33.58 35.87 34.00
SO~ 4.31 4.60 4.36
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Village, Tamia district, Fayoum Governorate. Soils of
the studied three sites are surveyed as newly reclaimed
ones. The first soil site (1) irrigated from Bahr Wahby
water; the second site (I1) irrigated with saline drainage
waters directly from Bats drain, while the third site (111)
irrigated with blending waters after the Bats mixing
station. Data of the initial physica and chemical
properties of the studied soils at the chosen three sites,
which are presented in Table (1), show that the selected
three soil sites have the same textural class as well as
approximate similar physical and chemical properties.

The field experiment comprised 3 sites x 16
treatments x 4 replicates = 192 field plots, with an area
of 3 x 3.5 m? for each one, separated by a polythene
sheets to a depth of 1.0 m to avoid lateral salt and water
movement. Each plot had a non-vegetated bund of 0.5
m. Table (2) shows chemical characteristics of the three
irrigation water sources used in the chosen three soil
sites. Also, data in Table (3) show analysis of the used
gypsum (local gypsum enriched shale) and the organic
manure (farmyard manure, FY M).

Sugar beet (Beta Vulgaris L.) was planted in
8/12/2005. Plots were arranged in split split plot design

with four replicates. Before planting phosphorous
fertilizer was added at alevel of 200 kg super phosphate
(15.5 % P,0Os) /fed. Nitrogen was added at alevel 90 kg
N/fed as ammonium nitrate (33.5 % N) in three equal
doses, i.e., after thinning, two and four weeks after
thinning. The applied rates of gypsum were 0, 2, 4 and
6 tong/fed, while that of organic manure was 0, 15, 30
and 45 m%fed. The applied amounts of gypsum shale
and organic manure were added at the designed rate in
one dose before cultivation.

The applied irrigation system was normal flooding
irrigation as practiced in the area. Harvesting of the
sugar beet yield was after 180 days from planting
(9/6/2006) as its yield and total soluble solids in roots
were recorded. After harvesting the sugar beet roots,
soil sample were taken at a depth of 0-60 cm for
laboratory analysis. Soil physical properties were
determined according to Klute (1986) and soil chemical
ones were determined according to Page et al. (1982).
The obtained results of sugar beet response to the tested
treatments were subjected to statistica analysis
according to Snedecor and Cochran (1980).

Table2. Chemical characteristics of the studied irrigation water sources

Water characteristics Bahr Wahbey water Bats drainage water Blending water
pH 7.45 7.87 7.80
EC (dS.m™) 0.95 3.90 1.76
Solubleionsinmmole L™
Ca™ 3.38 7.43 221
Mg™ 1.66 2.64 2.07
Na" 5.25 28.42 12.66
K* 0.21 0.51 0.66
COs~ 0.00 0.00 0.00
HCO; 2.15 2.78 3.27
cr 451 23.20 9.75
SO, 3.10 13.72 4.83
SAR 3.70 12.70 8.70

Table 3. Chemical characteristics of the used local gypsum and farmyard manure
Properties Value
Local gypsum

pH (1:2.5 water suspension) 7.10

ECin 1:2.5 water suspension (dSm™) 6.13

CaCO;% 1.10

Gypsum % 75.62

Farmyard manure

pH (1:2.5 water suspension) 7.20

Organic matter % 43.20

Organic carbon % 25.12

Tota nitrogen % 1.15

CIN 21.84
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RESULTSAND DISCUSSIONS

The effective role of the tested soil amendments,
i.e., local gypsum enriched shale and farmyard manure,
for minimizing the hazardous effects of the used low
qualities of waters on both soil properties of the selected
three sites, Tables (4 and 5), and the grown sugar beet
root yield and quality could be discussed throughout the
following items.

I. Soil physical and chemical properties as affected
by the applied treatments:
a. Soil physical properties:

The short term uses of the irrigation waters varying
in their qualities left their footprints on the tested soil
properties after harvest of sugar beet, however, their
changes depend mainly on both initid soil
characteristics and the quality of the used irrigation
water. Table (4) shows the obtained results of bulk
density, hydraulic conductivity and available water after
sugar beet harvest as affected by the tested treatments,
which could be discussed as follows:

Bulk density:

Soil bulk density is closely related to the properties
of solid phase and pore space, which their changes
depending upon soil texture, water quality and other soil
factors including soil sdinity (Farrag, 2000).
Accordingly, data presented in Table (5) revea that soil
bulk density value tended to increase slightly in the sites
irrigated with Bats saline drainage and/or blending
waters as compared to those irrigated with Bahr
Wahbey waters. The increment in soil bulk density is
probably due to its negatively affected by salinity levels
of either irrigation water or irrigate soil as well as the
specific ions that are dominated. That is true, since the
influence of Na-salt accumulations was enhanced the
dispersion of soil particles and create a renewed soil
bulk volume that accompanied by fine pores. So that,
applying organic manure and gypsum shale resulted in a
significantly decreased in soil bulk density, which
reached minimum values at the combined treatments of
soil plots received (30 m*fed organic manure + 4 ton
gypsum) and (45 m¥fed organic manure + 6 ton
gypsum), with insignificant differences between the two
treatments. This is confirmed by the calculated
improvement efficiency, which could be expressed as
decrease by -9.70 and -11.70% with site | ; -2.7 and -
4.7 % with site Il and — 6.8 and -8.2 % with site 111 less
than the control, respectively.

Hydraulic conductivity:

Data presented in Table (4) show that values of
hydraulic conductivity were decreased in the sites

irrigated with low quality waters (Bats saline drainage

water) as compared to those irrigated with Bahr
Wahbey water. This refers to the degradation effect of
Na-salts on soil aggregation as well as lowering the
values of hydraulic conductivity. In this connection, the
additions of organic manure and gypsum especialy
with increasing the applied rates, showed a clearly
improvement on soil permeability, with a significantly
positive effect and improvement efficiency for
hydraulic conductivity of — 18.75 and - 28.75 % with
site | ; -15.83 and -18.25 % with site |1 and -26.5 and -
30.0 % with site 111 at the applied two treatments of (30
m°/fed organic manure + 4 ton gypsum) and (45 m*/fed
organic manure + 6 ton gypsum), respectively, as
compared with the control treatments.

Available water :

The obtained results of Table (4) show that values
of available water were decreased with increasing
salinity levels of the used irrigation waters being in
descending order as follows. Bahr Wahbey water >
blending water at bats mixing station > Bats drainage
water. It well known that excess soluble salts in the root
zone restrict plant roots from withdrawing water from
surrounding soil and effectively reducing the plant
available water (Bauder, 2001; Bauder and Brock, 2001
and USDA, Natura Resources Conservation Service,
2002). By applying organic manure and gypsum, it is
seen that available water range was significantly
increased and reached its greatest vaues at the
combined treatments, which received (30 mdfed
organic manure + 4 ton gypsum) and (45 m*/fed organic
manure + 6 ton gypsum), with insignificant differences
between them. These findings are emphasized by the
values of improvement efficiency that could be
expressed as increases by +26.60 and +29.50 % with
site |; +16.00 and 20.70 % with site Il and by + 45.60
and +50.20 % with 111 higher than the control treatment
for the aforementioned two treatments, respectively.

b. Soil chemical properties:
Organic matter contents:

The obtained data in Table (4) show that organic
matter contents were reduced in soils irrigated with bats
saline drainage water as compared with those irrigated
with either Bahr Wahbey water or the blending water
produced from the mixing station. The changes in
organic matter contents of the experiment treatments
were clearly due to additions of organic manure being at
highest value of 0.32 % with the treatment of soil
received 45 m*/fed organic manure + 6 ton gypsum and
irrigated with Bahr Wahbey water. Mostly, the changes
were within slight range of increases.
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Table 4. Effect of treatmentson the studied soil physical and chemical properties

Treatments Physical properties Chemical properties
2 — g Z o <) o X I_E?
2 Gypsum FYM x 29 35 Bny £ odo o
2 (onfed)  (mifed) 2 8 5 585 TE®E 52 5 ER i
© = I 8 > < - O e Q

0 1.45 11.20 6.95 0.12 8.40 6.91
E 2 0 1.39 10.95 7.90 0.17 8.78 5.81
2 4 1.37 10.70 8.00 0.19 9.35 5.45
g 6 1.35 10.30 8.20 0.22 9.83 5.09
3 15 1.37 10.75 7.10 0.20 8.87 6.20
= 0 30 1.35 10.20 7.40 0.24 9.45 5.82
5 45 1.33 10.00 8.30 0.26 9.93 5.04
= 2 1.34 9.75 8.00 0.24 9.54 5.87
E 4 15 1.33 9.50 8.60 0.26 10.16 5.31
3 6 1.31 8.95 8.67 0.27 10.68 4.96
5 2 1.32 9.40 8.50 0.26 10.15 493
= 4 30 131 9.10 8.80 0.29 10.81 4.63
o 6 1.29 8.60 8.90 0.30 11.37 431
? 2 1.30 8.69 8.75 0.28 10.93 412
3 4 45 1.29 8.50 9.00 0.30 11.50 4.09

6 1.28 7.98 9.18 0.32 12.10 4.05

0 1.48 12.00 6.00 0.13 7.83 14.94
r 2 0 1.48 11.10 6.50 0.13 7.95 11.07
= 4 1.46 10.85 6.60 0.15 8.00 10.50
g 6 1.45 10.55 6.80 0.18 8.20 9.51
s 15 147 10.98 6.73 0.14 8.10 11.97
S 0 30 1.45 10.55 6.85 0.17 8.30 11.20
g 45 1.44 10.35 6.93 0.19 8.60 9.77
< 2 1.46 10.85 6.60 0.16 8.10 11.23
E 4 15 1.45 10.75 6.90 0.17 8.19 10.13
! 6 1.43 10.45 7.00 0.20 8.62 9.63
o 2 145 10.65 6.80 0.17 8.28 9.42
= 4 30 1.44 10.10 6.96 0.19 8.71 8.73
3 6 1.42 9.98 7.10 0.23 9.17 7.96
7 2 1.44 10.10 6.90 0.20 8.81 7.95
3 4 45 1.42 9.95 7.10 0.22 9.27 7.44

6 141 9.81 7.24 0.25 9.76 7.17

0 1.46 11.90 5.70 0.14 7.58 9.76
o 2 0 1.45 10.20 6.30 0.16 7.78 8.10
g 4 142 9.98 6.75 0.18 7.86 7.62
> 6 141 9.30 7.89 0.20 7.98 7.39
5 15 143 10.70 6.95 0.19 7.90 8.73
g 0 30 1.40 9.55 6.85 0.20 7.95 8.30
< 45 1.39 9.00 7.92 0.22 8.30 7.59
s 2 1.39 9.75 7.95 0.19 9.98 8.12
8 4 15 1.37 9.45 8.10 0.21 10.40 7.60
S 6 1.36 8.90 8.30 0.23 10.74 7.26
= 2 1.37 9.10 8.00 0.22 10.51 7.99
= 4 30 1.36 8.75 8.30 0.24 10.95 7.31
£ 6 1.35 8.66 8.50 0.27 11.30 6.90
= 2 1.36 8.90 8.20 0.24 10.95 7.03
A 4 45 1.35 8.75 8.45 0.27 11.41 6.40

6 1.34 8.33 8.56 0.30 11.89 5.90
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Table 5. Effect of treatments on ECe and soluble ions in soil paste extracts of the studied

soils
o Treatments Soil — Soluble cations (mmole L) Soluble anions (mmole L)
iz pH 8 &
> (Ct;gr'?/?’eg (n']:;/(f';/'d) pfj; 0 g cat  MgT N K*  COy HCOs  CI so,”
0 792 377 11.11 9.07 17.15 0.17 0.00 1.86 31.67 3.98
jo 2 0 791 359 10.74 8.78 16.12 0.17 0.00 1.77 29.99 4.24
§ 4 790 347 10.39 8.49 15.60 0.17 0.00 1.70 28.87 4.28
g‘ 6 790 3.38 10.11 8.26 15.17 0.16 0.00 1.65 28.02 4.30
® 15 790 343 10.26 8.39 15.40 0.16 0.00 1.69 28.74 3.79
% 0 30 788 334 9.99 8.16 14.99 0.16 0.00 1.65 27.99 3.73
§ 45 786 321 9.30 8.70 13.94 0.14 0.00 1.58 26.97 3.60
= 2 788 3.36 10.05 8.21 15.08 0.16 0.00 1.83 27.90 4.27
= 4 15 787 322 9.62 7.86 14.45 0.15 0.00 1.58 26.73 4.32
g 6 787 316 9.45 7.72 14.18 0.15 0.00 1.54 26.19 4.35
2 2 786 325 9.73 7.96 14.61 0.15 0.00 1.58 26.83 4.28
= 4 30 785 312 9.33 7.62 14.00 0.15 0.00 1.53 25.92 4.35
@ 6 7.82 298 8.92 7.29 13.39 0.15 0.00 1.46 24.73 4.37
Z 2 780 317 9.48 7.75 14.22 0.15 0.00 1.56 26.48 4.29
A 4 45 778 3.04 9.10 7.44 13.66 0.14 0.00 1.49 25.29 4.38
6 775 290 8.71 7.11 13.06 0.14 0.00 1.42 24.12 4.40
0 813 6.38 19.15 15.64 28.70 0.30 0.00 3.15 53.64 7.09
% 2 0 8.08 579 17.37 14.19 26.06 0.28 0.00 2.85 48.31 6.81
E 4 8.06 562 16.87 13.77 25.31 0.27 0.00 2.75 46.86 6.90
Q 6 805 550 16.50 13.48 24.76 0.26 0.00 2.69 45.75 7.02
% 15 812 521 15.64 12.77 23.46 0.25 0.00 2.57 43.81 5.76
E 0 30 810 510 15.31 1251 22.97 0.24 0.00 2.52 42.89 5.79
g 45 8.09 5.06 15.18 12.41 22.78 0.24 0.00 2.50 42.54 5.82
£ 2 803 515 15.46 12.63 23.19 0.25 0.00 2.54 43.00 6.90
3 4 15 8.02 504 15.12 12.35 22.69 0.24 0.00 2.37 42.00 6.98
g 6 800 497 14.92 12.19 22.39 0.24 0.00 2.43 41.00 7.06
2 2 798 510 15.31 12.50 22.97 0.24 0.00 2.42 42.74 7.00
'E— 4 30 797 496 14.88 12.16 22.33 0.24 0.00 2.43 41.34 7.10
@ 6 7.95 490 14.71 12.02 22.07 0.24 0.00 2.40 40.77 7.19
Z 2 791 501 15.03 12.28 22.56 0.24 0.00 2.46 41.90 7.10
& 4 45 789 492 14.55 12.63 21.83 0.23 0.00 241 41.03 7.21
6 785 432 12.97 10.59 19.46 0.21 0.00 2.11 35.85 7.25
0 8.04 510 15.41 12.58 23.11 0.24 0.00 2.53 41.95 6.95
. 2 0 795 486 14.58 11.92 21.89 0.23 0.00 2.30 40.70 6.79
= 4 794 475 14.26 11.65 21.39 0.23 0.00 2.30 39.50 6.85
i 6 794 464 13.93 11.38 20.90 0.22 0.00 2.27 38.60 7.00
% 15 795 473 14.20 11.59 21.29 0.23 0.00 2.34 39.77 5.70
% 0 30 794 459 13.78 11.25 20.68 0.22 0.00 2.27 38.68 5.76
< 45 793 448 13.44 10.98 20.17 0.22 0.00 2.21 37.67 5.80
= 2 793 460 13.80 11.28 20.71 0.22 0.00 2.26 38.50 6.85
g 4 15 792 451 13.53 11.06 20.30 0.22 0.00 2.20 37.50 6.96
2 6 790 443 13.29 10.86 19.95 0.22 0.00 2.10 36.80 7.04
= 2 789 457 13.72 11.20 20.58 0.22 0.00 2.21 38.30 6.97
% 4 30 787 4.46 13.38 10.93 20.08 0.22 0.00 2.19 37.10 7.08
B 6 7.86 4.39 13.18 10.76 19.77 0.22 0.00 2.10 36.40 7.15
é 2 784 450 13.50 11.03 20.26 0.21 0.00 2.20 37.61 7.09
4 45 782 441 13.27 10.80 19.85 0.20 0.00 2.16 36.70 7.20
6 780 432 12.97 10.59 19.45 0.20 0.00 2.10 35.90 7.22




Cation exchange capacity (CEC) and exchangeable
sodium per cent (ESP):

Comparing the values of CEC and ESP soils
irrigated with the Bahr Wahbey water and Bats drainage
water and blending water, data in Table (4) declared a
progressively increase in the ESP values in soil received
directly Bats saline drainage water on account of the
exchangeable other cations. Also, Table (4) pointed out
that the noticeable decreases in ESP values were more
related with the additions of organic manure, gypsum
shale and/or mixture of them.

The greatest decrease was more associated with
soils received treatment of (30 m*/fed. organic manure +
4 ton/fed gypsum) or (45 m*fed organic manure + 6
ton/fed gypsum) with insignificant differences and
irrigated with Bahr Wahbey water. It was also obvious
from the data presented in Table (4) that the ESP values
tend to be relatively high in the soil irrigated with
blending water.

This behavior is confirmed by relatively high
values of soluble sodium and SAR in the used low
quality waters, especially the Bats saline drainage one.
The obtained results elucidate also those additions of
organic manure, gypsum and/or mixture of them to the
tested three soil sites, which prove an amelioration
effect in both CEC and ESP values, mainly due to the
released organic colloids and soluble calcium against
soluble sodium.

Soil pH:

Soil pH may be one of the most important
parameters, which pinpoint the over all changes in soil
chemical properties. Data presented in Table (5)
indicate that soil pH values tended to increase with
insignificantly affected as salinity levels of irrigation
water increased.

On the other hand, the additions of either gypsum
shale and/or organic manure resulted in a dlightly
decrease in soil pH, being a maximum decease with
increasing thee applied rates up to the combined
treatments which received (30 m*/fed organic manure +
4 ton/fed gypsum) and (45 m*/fed organic manure + 6
ton/fed gypsum), as the changes in soil pH was from
8.13to 7.97 and 7.85, respectively, with both treatments
which receive Bats saline drainage water for irrigation.
This may be due to that H" ions are released from the
exchange complex by the influence of the dominant
soluble cations in the applied saline waters or due to
increasing solubility of the added CaSO, and the
consequence sulfate transformation, which led to
decrease in the soil pH values (Mostafa et al., 2004).

Soil electrical conductivity (ECe) and solubleions:

Due to the diversity of used irrigation waters, it is
necessary to set up particular criteria for evaluating the
quality of irrigation water. In this respect, the most
important characteristics that may be considered here in
determining water quality are salinity and sodicity status
[expressed as eectrical conductivity values (ECe) and
sodium adsorption ratio (SAR)]. Based on the criteria of
irrigation water sdinity levels after FAO (1985), the
used irrigation waters could be classified as irrigation
waters of EC ranged from 0.7 to 3.0 dS/m (i.e., Bahr
Wahbey and blending waters), which are considered
dight to moderate salinity hazardous, while that of
salinity above 3.0 dS/m (i.e., Bats saline drainage water)
is considered of high to very high salinity hazardous
(El-Shakweer and Abdel-Hafeez, 2008). The obtained
data of Table (5) show that highest ECe values were
found in the untreated soils irrigated with Bats saline
drainage water (without additions of soil amendments),
while the lowest ones were associated with those
irrigated by Bahr Wahbey water. The data elucidated
that additions of organic manure and gypsum shale,
especialy in case of combined treatments (i.e., 30
m°/fed organic manure + 4 ton/fed gypsum shale or 45
m*/fed organic manure + 6 ton/fed gypsum shae)
tended to decrease ECe values of the tested soils of the
three sites, which prove ameliorating effects due to the
effective role of applied such soil amendments.

Concerning the redistribution pattern of soluble
ions, the data presented in Table (5) points out that the
major cations and anions of the saturated extract of the
tested soils showed gradually increases with increasing
the sdt levels of irrigation water. This is due to
aternating irrigation saline water replacement of soil
solution; and thus results in different ionic
concentrations in soil solution. It is also noticed that the
redistribution pattern of soluble cations possesses a
descending trend of Na” » Ca™ » Mg™ » K* in soils
irrigated with Bahr Wahbey water, Bats drainage water
and blended water. The soluble anions of paste extract
trends were similar for al the tested treatments and
takes a descending pattern of Cl > SO,~ » HCO-a.

I1. Root yield and quality of sugar beet as affected
by the applied treatments:

a. Rootsyield:

Data presented in Table (6) show that root yield
and quality of sugar beet crop were significantly
affected by the tested irrigation water qualities and the
used soil amendments. Significant decreases of root
yield and its quality were observed in soil plotsirrigated
with Bats



Table 6. Effect of treatments on root yield of sugar beet at harvest and its content of total
soluble solids %

- Treatments Sugar beet parameters Statistical analysis
35 Gypsum FYM Root yield Total soluble
(tonffed)  (m%fed) (kg/plot) solids % Treatment L.SD.at0.05
0 43.680 20.970
o 2 0 48.045 21.34 Root yield (kg/plot)
g 4 50.499 21.53
B 6 50.687 21.66 .
% 15 50021 2117 Water quality (1) 0.0499
= 0 30 54.597 21.38 .
§ 5 5480 >1.46 Organic manure (2) 0.0289
e 2 56.775 21.187
E 4 15 59.400 21.403 Gypsum (3) 0.0256
B 6 50.623 21.483
5 2 61.709 21593 1x2 0.0516
= 4 30 62.872 21.623
o 6 62.952 21.667 1x3 0.0
‘D
o 2 61.544 21517
3 4 45 63.000 21523 2x3 0.0512
6 63.148 21.564
0 25770 23.710 Ix2x3 0.0889
T 2 0 29.635 23.76
S 4 30.408 23.82
= 6 30.540 23.92
= 15 30.924 23.66
S 0 30 32.212 23.72
5 45 32.438 23.77
< 2 32.470 23.410
3 4 15 36.305 23.470
B 6 36.592 23510 Total soluble solids %
2 2 35.809 23.210
= 4 30 37.576 23.317 .
e 6 37623 23.390 Water quality (1) 0.0556
o 2 35.978 23.223 .
f= 2 45 37.666 23.335 Organic manure (2) 0.0562
6 37.746 23.363
0 31.210 22,810 Gypsum (3) 0.0458
2 38.050 23.43
1x2 097
g 4 0 39.178 23.86 X 0.0973
= 6 39.415 23.93
£ 15 39.014 23.69 1x3 0.0793
ko) 0 30 40574 23.78
p 45 40772 23.86 2x3 0.0916
B 2 40.885 21.167
2 4 15 41.198 21.393 Ix2x3 0.1586
© 6 41.319 21513
= 2 48.258 20.813
= 4 30 49.259 20.967
£~ 6 49.504 21.067
3 2 48.377 20.797
4 45 49,555 20.517
6 49.662 20.718




saline drainage water and blending waters as compared
with those receive Bahr Wahbey water. The depressive
effect of salinity on root yield is probably due to the
effect of osmotic inhibition on water absorption as well
as accumulation of certain ionsin high concentrationsin
plant tissues caused an ateration for the mineral and
nutritional balance of sugar beet plants.

Also, the data of Table (6) show that the greatest
sugar beet roots yields were obtained with the combined
treatments of (30 m*fed. organic manure + 4 ton/fed
gypsum) and (45 m*/fed organic manure + 6 ton/fed
gypsum), with insignificant differences between the two
treatments.

b. Total soluble solids (TSS) in sugar beet roots:

The obtained data of Table (6) indicate that the
TSS in sugar beet roots showed a significant increase
with increasing the salinity levels of the used irrigation
water. The noticeable increase in TSS under high
salinity is mainly due to high concentration of solutes
which negatively affect juice purity This finding is
supported by the results obtained by Higazy et al.
(1995), Darwhish et a. (1995) and Kandil et al. (1999)
who reported that the increase in soil salinity produced
juice of high ash (impurities) and hence, leads to a
reducing in quality. The depressive effect of salinity on
total soluble solids of root yield of sugar beet is mainly
due to dteration of mineral balance of the plant
(Khafagi and El-Lawandy, 1996) and/or due to the
reduction in photosynthetic activity and carbohydrates
metabolism (Heur and Plaut, 1989).

[11. Improvement efficiencies of the used soil
amendments for minimizing the harmful effects of
the tested low qualities of irrigation water:

Long-term irrigation with low quality waters
influenced the built up of salts and ESP in the sail, as
the increase in SAR and salinity in irrigation water
increased pH, EC and ESP in soil. Under the tested field
experiment conditions and the tested three qualities of
irrigation water, application of organic manure and
gypsum at the tested rates proved different levels of
improvements efficiencies (as percentages above or less
than the control) in both physical and chemical
properties of the studied soils as well as sugar beet root
yield and its quality.

a. Improvement efficienciesin soil properties:

As seen in the obtained results of Table (7), the best
values of improvement efficiency in the studied soil
physica properties, i.e, bulk density, hydraulic
conductivity, available water, organic matter content,
pH, ECe, CEC and ESP were found with the treatments

of (30 m*fed organic manure + 4 ton/fed gypsum) and
(45 m®/fed organic manure + 6 ton/fed gypsum), with

insignificant differences between the two treatments,
followed by the other combined and solely ones under
study. It is noteworthy to mention that calculations of
improvement efficiencies gained the best values in case
of irrigation with Bahr Wahbey water, followed by
blending water and Bats drainage water.

b. Improvement efficiencies in sugar beet root yield
and total soluble solids:

Applications of organic manure and gypsum
showed an increase in sugar beet root yield vs. a
decrease in total soluble solids. The best improvement
in sugar beet root yield and decrease in total soluble
solids were found with the treatments of (30 m®/fed
organic manure + 4 ton/fed gypsum shale) and (45
m’/fed organic manure + 6 ton/fed gypsum), which
gained the greatest values of improvement efficiency
with insignificant differences between the two
treatments, followed by the other combined and solely
ones under study, as shown in Table (7). Also, it is
evident that the obtained values of improvement
efficiency for both sugar beet root yield and tota
soluble solids gained the best values in case of soil
receive irrigation water from Bahr Wahbey water,
followed by blending water and Bats drainage water.

Therefore, it could be concluded that the soils
continuously irrigated with low quality irrigation waters
for a long-term use are suffering from substantial
deterioration of soil properties, which result in
significant decline in crop yield and its quality. The
harmful effects were more pronounced due to higher
built up of salts and ESP, especially under Bats drainage
water reuse. To sustain such soils from substantial
deterioration of their properties, it should be
recommended by application of organic manure
integrated with gypsum, which was more beneficia
than each alone.

The positive effect of the applied treatments leads
to bring down the soil salinity and sodicity to achieve
sustainable soil characteristics, and positively reflected
on the grown plants. The conclusions drawn in this
study may be applicable in other types of soil and
environmental conditions, taking into consideration that
the magnitude of deterioration in soil properties upon
irrigation with low qualities waters and their
amelioration with either inorganic or organic
amendments that affect root yield and quality of sugar
beet crop may vary and optimized under field
conditions.






Table 7. Improvement efficiency of the used soil amendments for the studied soil and sugar
beet characteristics at the best two combined treatments

Improvement efficiency values %

"% Soil and sugar beet of the best two combined treatments
§ characteristics 30 m*fed. organic manure + 45 m%fed. organic manure +
4 ton gypsum 6 ton gypsum
Sail
% Bulk density -9.70 -11.70
m Hydraulic conductivity -18.75 -28.75
E= - Available water +26.6 +29.50
% *g Organic matter +141.70 + 166.7
g > pH -0.90 -215
= Q ECe -17.24 -23.10
= § CEC +28.70 +44.05
3 ESP - 33.00 -41.40
2 Sugar beet
3 Root yield +43.90 + 44.60
Total soluble solids +3.10 +2.80
Sail
2 Bulk density -2.70 - 4.70
@ Hydraulic conductivity -15.83 -18.25
§ - Available water +16.00 +20.70
'§ § Organic matter +46.2 +92.30
.% o pH -197 - 340
=C ECe -22.30 -32.30
- B CEC +11.20 +24.60
2 ©° ESP -42.20 - 52.00
2 Sugar beet
3 Root yield +45.80 +46.50
Total soluble solids -04 -2.00
Sail
- Bulk density - 6.80 -8.20
§ Hydraulic conductivity - 26.50 - 30.00
B 5 Available water + 45.60 +50.20
g § Organic matter +71.40 +114.30
g > pH -211 -.2.99
-5 ECe - 12,50 -.15.30
3 B CEC +445 +56.90
7 @ ESP -.25.10 -3950
§ Sugar beet
Root yield +21.10 +21.50
Total soluble solids - 0.90 -212
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