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Changes of Water Retention in Rice Soil Amended with Organic Manures
under Irrigation by Saline and Sodic Water

Enas M. Soliman
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ABSTRACT

The quality of irrigation water may affect soil water retention properties, especially in arid areas such as Egypt. Evaluate such an
impact plays a vital role in the achieving of effective development of soil and water maintenance and management practices. Therefore,
a field trial was performed to evaluate the effects of irrigation water qualities and organic manures amendment on the soil water potential
as a limiting factor of crop production. The treatments consisted of all possible combinations of three types of organic manures (2 t fed™
rice straw compost, 5 t fed™ farmyard manure (FYM), and 2 t fed* rice straw compost + 5 t fed™> FYM) beside the control and three types
of irrigation water differed in salinity (EC) and sodicity (SARag), that were industrial wastewater, agricultural drainage water and
freshwater. The investigated treatments influenced the shape of the soil-water characteristic curves (sorption and desorption) and had
considerable effects on the aggregate stability as indicated by the patterns of hysteresis phenomena. The variation of irrigation water
quality had the strongest effect on modifying soil properties, especially agricultural drainage water having the highest SAR,g; then
industrial wastewater with the highest EC. In addition, mixing compost with FYM is considered the best improver for soil irrigated with
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poor quality water under these experimental conditions.
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INTRODUCTION

Nearly all Egyptian agriculture depends on irrigation
water because of its arid climate. Unfortunately, Egypt's
renewable water resources are limited only to its share of the
55.5 billion cubic meters of Nile water annually. It is
therefore imperative to explore non-traditional water
resources to meet the needs of agriculture, industry and the
increasingly growing civilian needs with Egypt's massive
population growth. Utilization of wastewater in irrigation
can reduce the gap between existing water requirement and
supply, as well as saving freshwater resources. Furthermore,
many farmers utilize poor quality water because it is
abundant and free, especially for irrigating rice crop during
drought periods (Jeong et al. 2014). In addition, wastewater
acts as an efficient fertilizer because of its content of plant
nutrients such as nitrate, phosphates and organic matter
(Gibbs et al. 2006 and Carlos et al. 2015). This practice by
farmers will not disappear and it can’t be negligent or dealt
with by imposing a prohibition on its use (Scott et al. 2004).

Many researchers have shown that the rice crop is
successfully cultivated under conditions of salt-affected soils
and irrigation with poor quality water. Girdhar, (1988)
observed that the rice plant gives a satisfactory yield even
when the dissolved salts 20 to 25 dSm™ in the upper layers.
Furthermore, the high tolerance of rice to exchangeable
sodium percentage (ESP) arises mainly because of its
capacity to resistant and its need for a head of water on the
field during the growing season. In additions, the high pH of
sodic soils (caused by high SARag of irrigation water)
reduced under continuous flooding. These advantages of rice
plant due to the flooded system of agriculture which
including conservation of standing water nearly during the
growing season perform a significant depression in the root
zone alkalinity and salinity by dilution and leaching of the
dissolved salts.

The salinity of irrigation water has been shown to
affect the physical and chemical properties of submerged
rice soil. For example, Ragab (2000) found that soil salinity
values increased with increasing irrigation water salinity and
decreased soil water availability (increased soil water
retention). The increasing of dissolved salts in irrigation
water from 0.58 to 3.67 dSm™ increased soil salinity from
1.87 to 24.83 dSm™. Thus, the accumulation of soil salts was

widely related to the salt concentrations of irrigation water.
Water quality for agricultural purposes is fixed based on the
influence of water on the yield and the quality of the
different crops, as well as, its effect on the characteristic
changes in the paddy soil (Ayers and Westcot 1985).

The major problems occurred by soil salinization are
lowering of osmotic potential (ys) of the soil solution (which
decreases the water availability for plants) and the toxicity of
certain ions (Rhoades et al. 1992). When dissolved salts
exist that are not uniformly distributed, osmotic effects
occur. The soil water potential () tends to be lower where
the concentration of the solutes is higher. Consequently, the
presence of dissolved salts influences the water
thermodynamic properties. In particular, dissolved salts
minimize the vapor pressure of soil water (Hillel, 2004).
Meantime, poor quality irrigating water leads to changes in
the soil physical properties, such as water infiltration rate,
permeability, hydraulic conductivity, structure, clogging of
soil channels and pores for water flow (Tedeschi and
Dell’ Aquila, 2005), pH and nutrient availability for plants.

Primarily, the budget of soil water is impacted by
soil water dynamics (infiltration, redistribution, hydraulic
conductivity, percolation, evaporation, transpiration by
plants), which are adjusted by the soil water potential yw
(the soil water energy state). Understanding of the (y,) may
be used to describe the hydraulic conductivity and
distribution of solutes from the rhizosphere into the
groundwater, as well as for planning alternative cropping
systems based on the plant's response to water stress.
Clearly, v, is a significant parameter that can be applied to
improve the irrigation water use efficiency (Timlin et al.
2001). The movement of water, its retention, and its
availability are governed by physical and chemical
properties of soil, irrigation water quality, crop type and its
management. It provides an outstanding supply of water to
plants between irrigation intervals to allow their continued
survival, growth, and production. Soil water dynamic has a
deciding role in the soil chemical and physical properties,
microflora, and nutrient dynamics.

The soil water characteristic curve (SWCC) and the
unsaturated hydraulic conductivity relationships are the most
significant hydraulic functions of the studied soil.
Fredlund et al. (1998) proved the ability of SWCC in
unsaturated soil properties estimation. Also, the SWCC is
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considered an important function of soil relating the water
content (0) to its retention (y) and is a representation of the
amount of water content in different pores under different
soil water suctions. Furthermore, the SWCC is a main
hydraulic property required for modeling water flow,
irrigation management and many applications related to the
water behavior predicting in the porous media (Warrick,
2002). This interprets why studies that model water flow and
solute transport in the unsaturated zone are increasingly
becoming an essential issue of water resources management
and prevent groundwater contamination (Rumynin, 2011).
Hysteresis is evident that the two soil water
characteristic curves do not follow the exact same reversible
path. Soil moisture hysteresis plays a vital role in
understanding the soil behavior as a porous system, as well as
it provides us with an idea to soil moisture retention and
release characteristics. In addition, it shown to significantly
influence solutes transport and water flow under saturated
conditions. The major causes of hysteresis phenomena
produced by several physical and physicochemical
mechanisms of soil aggregates collapse by water, such as (1)
the contact angle variation at different drying and wetting
cycles, (2) entrapped air in a recently wetted soil, (3)
temperature, (4) shrinking and swelling, (5) ink-bottle effect
because of non-uniformity in sizes and shape of both
individual pores and interconnected pore networks and (6)
physico-chemical dispersion as a result of osmotic potential
upon wetting with low water salinity (Bachmann and van der
Ploeg, 2002; Magsoud et al. 2004 and Le Bissonnais, 2016).
To overcome the adverse effects for irrigating by
low quality water, it should be added any soil improver i.e.,
organic matter. Hence, the soil functional properties such
as (soil structure, porosity, and hydraulic properties) are
modified when integrating organic matter in it. In addition,
it reduces the negative effects of low quality water and
lowers the soil water potential values. Accordingly, the
understanding of the relationship between water, soil, and
plants is required essentially to fulfill the effective
management of poor quality irrigation water resources and
crop production, especially under puddled soil. The aim of

this study was to demonstrate to what extent organic
manuring can reduce the harmful effects of irrigation water
salinity and sodicity on the soil water retention
characteristics after rice cultivation under flooding
conditions through testing of soil water potential state,
hysteresis effect and some soil properties.

MATERIALS AND METHODS

A field experiment was conducted at the Res., Farm
of Fac. Agric., Mansoura Univ., Mansoura, Dakahlia, Egypt,
to evaluate the variation of water quality and organic
manures on soil water retention properties of rice field. The
soil was amended with three types of organic manures (M)
(rice straw compost @ 2 t fed™, FYM @ 5 t fed™, and rice
straw compost @ 2 t fed™ + FYM @ 5 t fed™), and the rice
crop was irrigated with three types of water quality have a
different salinity and SARag (I) (untreated industrial
wastewater, agricultural drainage water and freshwater). The
experiment was laid out in strip plot design with three
replications in plot size 5.5x2.25 m?. A drain nearby the way
out of Delta Company for Fertilizers and Chemical
Industries, Talkha District, Dakahlia was the source of the
industrial wastewater. While the agricultural drainage water
was collected from an agriculture drain near Mit Khames
Village, Mansoura District, Dakahlia. These waters were
collected every five days and put in a polyethylene tank.

The initial analyses of the experimental soil and
irrigation waters are presented in Tables (1 and 2). The
representative surface soil samples (0-20 cm) were collected
from each plot (140 day after transplanting), air dried,
grinded and passed through a 2 mm sieve. The different
analysis of the studied soil before applying treatments and
water samples were done by the standard methods describe
by Piper (1950), U.S.S.L.S (1954), Black et al. (1965),
Hesse (1971), Hillel (1980) and Singh (1980). The
micronutrients and heavy metals in water samples were
measured using Qtegra ISDS Data Processing Algorithms
for ICAP 7000 Series ICP-OES (Ammann, 2007).
In addition, the statistical analysis was done according to
Panse and Sukhatme (1985).

Table 1. Initial values of some physical and chemical properties of the tested soil.

Physical properties Value  Chemical properties Value
Mechanical analysis pH (in soil paste) 8.57
Sand (%) 11.69  EC dSm™ (in soil paste extract) 0.65
Silt (%) 37.17  CaCO; (%) 1.03
Clay (%) 51.14 OM (%) 0.84
Texture class Clayey Soluble cationst (mmole L™)
SP (saturation %) 68.00 Na’ 3.48
FC (%) 3200 K 0.80
WP (%) 15.00 Ca™ 1.70
AW (%) 17.00 Mg*™ 0.90
Ks (ms™) 5x10®  Soluble anionst (mmole L™)
pb (Mg m™) 1.14 COs5* 0.00
ps (Mg m™) 219  HCOy 0.23
Total porosity (%) 48.00 CI 4.29
Air porosity (Ea%) at FC 30.25 SO,* 1.89
Void ratio (e) 0.923  Available macro nutrients (mg Kg™)

N 58.76

P 12.34

K 350.00

+ Soluble cations and anions were determined in soil paste extract.
The soil water retention was estimated by the

technique of soil water vapor pressure relationships

(015 - 1.00 P/Py) with two replicates according to

Danielson (1980) and as used by Enas-Soliman (2008,
2013). The pF of hygroscopic water was calculated from
the equation: pF = 6.5 + log (2 - log RH), where RH is the
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relative humidity in percent. The solutions of salts were
used to obtain the different percentages of RH, which
mentioned in Table (3) as described by Schofield and
Botelho Da Costa (1935). All chemicals used in the present
study were of AR grade and manufactured by Merck
KGaA. This method was used to determine soil water
characteristic curves (sorption and desorption) for each
treatment.

Table 2. Analysis of the used irrigation water types.
Mean Valuest

Parameter Industrial Agri(':ulture' Eresh Recomr;xe'nded
Waste  drainage irrigation Concentration+
water water water

pH 6.90 9.50 7.12 6.5-8.4

EC (dSm™) 4.52 292 0.46 0-3

SARg, 8.71 20.79 1.72 6-24

RSC 0.00 3.00 0.00 1.25-2.50

SO, (meg/l) 2421 7.20 0.00 0-20

NO;3 0.24 0.11 0.00 0-10

NH, 0.21 0.06 0.00 0-5

Zn 2.56 0.20 0.01 2.0

Fe 5.53 1.15 0.05 5.00

Cu 0.22 0.06 0.00 0.20

Mn Ppm 0.65 0.01 0.01 0.20

Pb P 6.86 2.07 0.02 5.00

Cd 0.42 0.05 0.00 0.01

Ni 0.36 0.10 0.00 0.20

Cr 0.59 0.24 0.00 0.10

Co 0.01 0.01 0.00 0.05

Sr 0.98 0.14 0.00 0.10

+ The mean values of the number of irrigation during the season.
++ Adapted from National Academy of Sciences (1972) and Pratt (1972).

Table 3. The saturated salts solutions and their relations
to relative humidity and pF values.

pattern should be studied. The soil water potential ()
versus soil water content (0) relationship is important for
characterizing water release and retention of the soil and its
hydraulic properties. Knowledge of the soil water content
at different suction can allow us to assess the factors acting
on soil moisture in all directions and to mark how far the
moisture in a soil system is at equilibrium. These relations
could be determined by the studying of soil water retention
curve shape, where the curve is formed as a result of soil
properties changes and it shows that as the water potential
(yw) decreases (becomes more negative), more and more
soil pores become empty, and therefore the soil water
content (0) decreases.

The amount of water remaining in the studied soil
at equilibrium is a function of the suction value, the pore
sizes filled with water and the amount of water adsorbed to
the reactive soil particles surfaces and its content of
dissolved salts, consequently, it is a function of the matric
(wm) and osmotic () suctions.

1. Sorption Curve of Soil Water.

The relationship between the different vapor
pressures expressed as pF values ranged between 6.5 and
3.5 and the percentage of gravimetric water content (6,,%)
of the rice soil is illustrated in Table (4) and Figs 1, 2, 3
and 4. Under high suctions (6.42 - 5 pF), the results show
that the use of industrial saline wastewater (l3) registered
the highest mean values of maximum hygroscopic water
(MHW) at most points of the sorption curve at all the
treatments. However, the agricultural sodic drainage water
(I) recorded the lowest mean values of MHW as
compared to fresh water (l,). These findings are obvious,
whether rice soil treated with organic manures or not.

Sat. solutions of salts p/pet  RH (%)t pF
LiCl 0.15 15 6.42 1 2 —-e-1
CrO; 0.35 35 6.16 40
NH;NO; 0.65 65 5.77 35 |
NaCl 0.75 75 5.60 30 |
KCI 0.84 84 5.38 55 |
NH4H,PO, 0.93 93 5.10 £ 0 |
H,0 (distilled) 1.00 100 - &
+p is the vapour pressure of saturated salts solutions, po is the vapour 15 1
pressure of pure water and ++RH is the relative humidity (%6). 10 |
5 4
The local and average degrees of hysteresis data were 0 , , , ,
calculated according to the equation given by Lu and 2.0 4.0 5.0 6.0 7.0
Khorshidi (2015): The local degree of hysteresis phenomena PF
(Dr) assess the hysteresis effect at a point (i) in the relative ~ Fig. 1. The water sorption curves of rice soil as affected

humidity (RH) or matric potential, it is defined as:
Dhi = (Wi - Wi} Wy
where Wy = water content (0) at point (i) during
desorption, w,; = water content (0) at point (i) during
sorption, wy; = average water content at the same point
between the sorption and desorption states. Accordingly,
to the local degree, the average degree of hysteresis (Dy,) over
the extent of RH or matric potential between point (j) and
point (k) can be defined as:
Dh =YX (Wgi- W)/ Wi/ (K - j) +1

RESULTS AND DISCUSSION

To evaluate the suitability of water for irrigation,
several criteria and certain effects on soil properties,
especially retention properties must be investigated.
Accordingly, the influence of different qualities of
irrigation waters on the soil water characteristic curves

by irrigation water salinity and sodicity in the
check manuring plots (without adding OM).

-—-13

40_
35 A
30 A
25
20
15 4
10 4
5 |
0

Bm%

3.0 4.0 5.0 6.0 7.0

Fig. 2. The water sorption curves of rice soil as affected
by irrigation water salinity and sodicity under
amendment with straw rice compost.
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Table 4. The Sorped water content of rice soil irrigated with saline and sodic waters and amended with different

organic manures.

Mean values of moisture content (0m%b) at pF points

Treat.

3.50 5.00 5.38 5.60 5.77 6.16 6.42
Without adding OM (M)
Iy 35.57 22.31 19.23 14.78 12.95 10.15 6.92
I, 31.56 22.22 21.69 14.29 13.16 10.14 6.27
I5 35.98 2241 18.78 15.58 14.69 10.32 6.86
Rice straw compost (M;)
Iy 35.62 20.39 18.23 16.98 13.34 11.76 7.19
I, 33.02 19.29 16.98 15.87 12.41 10.10 6.54
I3 36.26 20.33 18.51 14.84 13.63 11.93 7.35
FYM (M,)
Iy 36.80 21.27 19.73 16.09 13.22 10.68 7.06
I, 33.15 18.22 17.42 15.86 11.67 9.79 5.95
I5 37.66 2141 19.78 16.98 13.71 10.96 7.34
Rice straw compost + FYM (M,)
Iy 37.80 21.25 19.45 16.13 13.73 11.13 7.19
I, 33.82 19.66 18.23 15.40 12.41 9.60 6.74
I3 39.70 22.16 20.64 15.99 13.76 11.23 7.44
1;: freshwater, 1,: industrial saline wastewater and |3: agricultural sodic drainage water.
- of organic manures has a slight effect on mean MHW
0 - 1t o--l2 mme- B values of soil irrigated with agricultural drainage water (1).
35 | These results offered in Figs. 5, 6 and 7.
30
25 20
BE 20 |
D
15 - 30 4
10 -
51 BE 20
0 . . . . D
3.0 4.0 5.0 6.0 7.0 10 4
pF
Fig. 3. The water sorption curves of rice soil as affected 0 . . . .
by irrigation water salinity and sodicity under 3.0 4.0 50 6.0 7.0
amendment with farmyard manure (FYM). pF
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p

Fig. 4. The water sorption curves of rice soil as affected

by irrigation water salinity and sodicity (under

manuring with rice straw compost + FYM).

On the other hand, the application of organic
manures as soil improvers have obvious effects, which
caused increases in the mean values of MHW as compared
with the values obtained in check manuring plots (without
adding OM). This result demonstrates once again the
importance of organic manuring in alleviating the
hazardous effects of irrigation with poor quality water on
soil properties and then the criteria of its water retention.
The treatment M; (rice straw compost + FYM) is the best
one where it increased the mean values of MHW at most
points of pF curve, followed by application of FYM alone.
These effects were clearer when using the industrial
wastewater (l3) then the fresh water (I;). Whereas, the use

Fig.5. The water sorption curves of rice soil irrigated
with fresh water as affected by the addition of
organic manures.

M2 — & — M3
40 -
30 -
SE 20
o
10
D T T T 1
3.0 4.0 5.0 6.0 7.0
pF

Fig. 6. The water sorption curves of rice soil as affected by
the addition of different organic manures under
irrigation with agriculture sodic drainage water.

The obtained data clearly shows that the salinity
and sodicity (SAR,g) of the used irrigation waters have a
great effect on changing the MHW values of sorption
curve. The increase of salinity or decrease in sodicity
(SARpg) caused an increase in the mean values of MHW.
The presence of dissolved salts in irrigation water may
have the ability to absorb high amounts of soil water,
especially industrial saline wastewater (I5) with low Na*
content. These results are confirmed by Hammad, (1985)
who reported that soil soluble salts might arise from
several sources, such as irrigation water and mineralization

850



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 9 (12), December, 2018

of organic matter. Consequently, these solutes increase the 1 12  —-e-13
sorption of water and the moisture contents of the 80 p
chernozem soil. Also, Enas-Soliman, (2013) and Hammad
et al. (2013) concluded that the structural degradation of 60 -
soils is a function of both low salinity and high sodicity. .
&% 7 -~
0 - MO oo M1 ===@=== M2 — m= — M3 20 |
0 1 0
0.0 20 40 6.0 8.0
2 30 oF
S 20 Fig. 9. The water desorption curves of rice soil as affected
10 4 by irrigation water salinity and sodicity under
amendment with straw rice compost.
0 . . . .
3.0 4.0 %E 6.0 7.0 100 1 -2  —-x-13

Fig. 7. The water sorption curves of rice soil as affected
by the addition of organic manures under
irrigation with industrial saline wastewater.

2. Desorption Curves of Soil Water.

These curves are adverse sorption curves, which
aims to measure the desorption of retained water at
different suctions of the rice soil as affected by irrigation
water salinity and alkalinity and organic manure sources.
These results are shown in Table (5) and Figs 8, 9, 10 and
11. The obtained results show that the irrigation with the
agricultural sodic drainage water (1,) registered the highest
mean values in the quantities of the remained water at most
points of the desorption curve as compared to the control
(1) without adding organic manures or when using rice
straw compost treatment, these results recorded at high
suction of pF values (6.42 - 5). But this trend of remaining
water (0m%) differed when the rice soil irrigated with the
industrial salinity wastewater (I3) and amended with FYM
or rice straw compost + FYM treatments at only low
suction (2.1 - 0.0 pF).

11 o--- |2 - == 13

80

60 -
T
-}

20

0 T T T 1
0.0 2.0 4.0 6.0 8.0

Fig. 8. The water desorption curves of rice soil as
affected by irrigation water salinity and
sodicity in the check manuring plots (without
adding OM).

The data in Figs. 12, 13 and 14 reveal that the
increasing of retained water of the rice soil at different
suction values of desorption curve is correlated to irrigation
by poor quality water, such as agricultural sodic drainage
water (l,) then industrial saline wastewater (I3), especially
when adding M, (FYM) or M3 (compost + FYM) as
compared to control (ly).

0.0 20 4.0 6.0 8.0
pF

Fig. 10. The water desorption curves of rice soil as affected
by irrigation water salinity and sodicity under
amendment with farmyard manure (FYM).

11 *--- |2 - == 13

0.0 20 40 6.0 8.0

Fig. 11. The water desorption curves of rice soil as affected
by irrigation water salinity and sodicity under
manuring with rice straw compost + FYM.

0.0 2.0 4.0 6.0 8.0
pF

Fig. 12. The water desorption curves of rice soil

irrigated with fresh water as affected by the

addition of organic manures.

The quality of water refers to the degree of suitability
for irrigation and it mainly depends on its physicochemical
composition and nature of the dissolved salts. For matric
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potential below (-10 MPa), the only adsorption water can
remain in the soil due to its surface hydration and cation
hydration. Consequently, the soil water cannot flow as a
liquid, and thus, evaporation and condensation are the
sole transport mechanisms for water movement
(Croney and Coleman 1961 and Richards 1965).
According to He et al. (2015) field capacity (FC) for

different soils increased with decreasing EC
and increasing sodicity (SARpg). Across all sodicity
(SARag) values, the electrical conductivity (EC) greater
than 4 dSm™ was required to prevent swelling. Because
of the high salt content and the presence of calcite in soil
may have reduced the potential for water retention and
may have lower FC.

Table 5. Desorpted water content of rice soil amended with different types of organic manures and irrigated with
saline or sodic waters.

Mean values of Moisture Content (Am%) at pF points

Treat 0.00 2.10 5.00 5.38 5.60 5.77 6.16 6.42
Without adding OM (M)

Iy 72.92 34.32 28.57 26.23 17.96 14.64 12.28 9.03

I, 74.32 38.18 35.65 30.40 22.44 19.24 16.35 1351

I3 73.38 37.87 33.41 27.99 20.72 18.04 14.08 10.19
Rice straw compost (M,)

Iy 73.31 34.96 30.47 2752 24.84 16.42 12.28 8.88

I, 74.02 35.79 31.49 28.69 26.77 17.83 14.75 9.72

I3 73.98 33.34 30.41 27.93 24.92 16.91 14.69 9.87

FYM (M,)

Iy 73.15 35.92 30.95 28.40 24.71 14.93 11.27 8.56

I, 76.03 37.06 32.71 28.94 26.25 15.26 12.18 9.66

I5 77.02 39.58 30.70 26.98 25.90 15.09 11.40 8.10

Rice straw compost + FYM (M,)

Iy 75.23 38.00 30.54 27.97 26.44 15.48 11.56 8.47

I, 77.66 38.98 33.96 30.13 27.27 17.14 11.43 7.64

I3 78.99 40.56 33.95 27.91 26.62 15.54 12.21 157

1;: freshwater, 1,: industrial saline wastewater and |3: agricultural sodic drainage water.

,,,,,, e MO — = = M1 — 4 — M2 —+— M3

0.0 2.0 4.9 6.0 8.0
p

Fig.13. The water desorption curves of rice soil as

affected by the addition of different organic

manures under irrigation with agriculture

sodic drainage water.

0.0 2.0 4.0 6.0 8.0

Fig. 14. The water desorption curves of rice soil as affected
by the addition of organic manures under
irrigation with industrial saline wastewater.

The regression equations of sorption and desorption
curves of rice soil under submergence condition (Table 6)
can be defined as:
Oiors) =2 W - by, +C
Where 84 is gravimetric water content at the point (i)
during desorption, 6 is gravimetric water content at the

point (i) during sorption, vy, is logarithm soil water (cm), a, b
and c are fitting parameters illustrated in Table (6). The
obtained data confirmed that there is a very strong negative
correlation between soil water content (8,) and water
potential () at all the treatments. Based on this finding, it
can be concluded that the industrial saline wastewater can be
used followed by the agricultural sodic drainage water instead
of the freshwater. In addition, the users of these waters should
add a high-quality organic matter to prevent soil degradation,
especially when soil cultivated by rice crop.

3. Hysteresis Phenomena.

While both sorption and release of soil water (for
each investigated treatment) gives a continuous curve, but the
two curves will not be conformable. At the equilibrium of
moisture content under the studied soil, the water content is
greater in drying (desorption) than in wetting (sorption). This
equilibrium with the state of soil water and accordingly to the
direction of the process leading up to it is called hysteresis.

Figs 15-26 show a typical soil water characteristic
curve (SWCC) at high suctions and explains the hysteresis
effect in the soil water equilibrium relationship. The
difference in path diameter of pore leads to deviations in the
wetting and the drying path of the soil system. Accordingly,
to the above mention causes, the hysteresis effect produces
a different area between the two curves of soil moisture as a
result of the irrigation water quality and soil improvers. The
greatest area between moisture curves (A;) forms when
irrigating rice soil by agricultural sodic drainage water (I,)
followed by industrial saline wastewater (I3) which recorded
Ay values of 84.88 and 72.98 respectively, without adding
any organic manures as compared to control (64.84). The
treatment in which rice straw compost was combined with
the FYM (M) turned out to be the best one in decreasing the
A, values for rice soil irrigated with freshwater (I;M3) then
the industrial saline wastewater treatment (13Ms5) as illustrated
in the Table (7).
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Table 6. The fitting parameters and correlation of sorption and desorption equations of soil water for each tested

treatment.
Sorption Curve Desorption Curve
Treat. r a b [ r a b c
Without adding OM (M)
Iy -0.995 -0.552 4.445 57.990 -0.947 0.770 13.543 69.261
I, -0.963 -1.878 -9.835 20.229 -0.940 0.525 11,515 70.469
I3 -0.998 -0.617 3.796 56.815 -0.949 0.419 11.132 69.602
Rice straw compost (M,)
Iy -0.994 -0.009 9.284 68.086 -0.936 0.576 12.079 69.065
I, -0.996 -0.237 6.511 58.610 -0.933 0.594 12.043 69.754
I3 - 0.994 0.376 13.29 78.079 - 0.926 0.835 13.546 69.643
FYM (M,)
Iy -0.996 -0.247 7.634 66.477 -0.937 0.418 11.182 68.892
I, -0.991 -0.199 7.055 60.090 -0.935 0.490 11.902 71.632
I3 - 0.996 -0.149 8.745 69.982 -0.953 0.407 11.860 73.114
Rice straw compost + FYM (M,)
Iy -0.997 0.046 10.734 74.709 -0.945 0.414 11.498 71.153
I, -0.996 -0.318 6.072 58.890 -0.936 0.249 10.676 72.898
I3 - 0.996 0.124 12.163 80.703 -0.948 0.292 11.322 74.650

1;: freshwater, I,: industrial saline wastewater and l5: agricultural sodic drainage water.

The results of the average degree of hysteresis (D)
pointed out that there is a very slight variation between
organic manure treatments, as well a weak variation between
irrigation water types for each organic manure treatment.
The highest value of (Dy) recorded by using agricultural
sodic drainage water (I,). This trend may be attributed to
utilizing of the same soil texture and the effect of low quality
water on changing soil aggregates (size and arrangement),
porosity, and pore size distribution. Also, Levy et al. (2003)
and Levy and Mamedov, (2013) confirmed that the soil
aggregates wetted with freshwater were more stable because
this water reduced the effect of differential swelling on
aggregate slaking during its wetting. In additions, soil
puddling for rice planting under flooding conditions caused
some changes in pore size distribution and porosity of the
rice soil. The process of soil puddling usually takes place
under water content between field capacity (6c) and
saturation (0sp). Therefore, water movement and retention
under saturated and unsaturated conditions are extremely
affected by puddling. Puddling decreased transmission pores
(pores > 30 wm) by about 83% and increased storage pores
(pores of 0.6-30 pum) and residual pores (<0.6 um) by 7%
and 52%, respectively (Sharma and De Datta, 1985 and

Bakti et al. 2010). Destroying non-capillary pores in puddled
soil usually decrease water retention for potential above
(-0.01 MPa). Thus, an ideal soil profile of a puddled rice soil
consists of (1) a muddy layer with a small hardness of water
flow (2) a ponded water layer, (3) a compacted cruel layer
with a sizable resistance to water flow and (4) non-puddled
subsoil with high-saturated conductivity and having an
unsaturated flow of water (Gupta et al. 1984).

The results of soil pH, salinity, permanent wilting
point (PWP), available water (AW), and its relationships are
shown in Table (7). It confirmed the aforementioned results
of soil moisture curves and hysteresis phenomena. Generally,
the irrigating rice soil by (l,) increases the mean values of all
the previous parameters except AW as compared to control
(I). The decreasing in AW may be due to the increases of
both moisture content at FC and PWP because of irrigation
water composition. On the other hand, the using of (I3)
decreases the mean values of soil pH at all the treatments and
increases the moisture at PWP in all the treatments except M,
(compost), the mean values of the AW decreases at (1sMg)
and (IsM,) treatments, but it increases in (I;M,) and (13Ms,)
treatments by 21.32 and 3.74% respectively, as compared to
control (1y).

Table 7. Some soil parameters of rice soil and hysteresis phenomena at harvest stage.

Treat. ECt(dSm?)  pHit Ogc(mass %)  Opwe (Mass %) AW (mass%)  Area of Hysteresis (An) Dy of Hysteresis
Without adding OM (M)

Iy 1.395 8.61 34.32 20.96 13.36 72.98 1.0253

I, 3.042 8.85 38.18 26.37 1181 84.88 1.0361

I3 4.608 8.30 37.87 25.24 12.63 64.84 1.0170
Rice straw compost (M,)

Iy 1.830 8.72 34.96 23.50 11.46 63.65 1.0267

I, 4.253 8.96 35.79 24.65 11.14 66.36 1.0344

I3 4.662 8.63 33.34 2247 10.86 63.17 1.0210

FYM (M,)

Iy 1.630 8.65 30.95 24.29 11.63 63.00 1.0169

I, 3.072 8.90 32.71 25.28 11.78 63.11 1.0323

I3 4.175 8.51 30.70 25.48 1411 62.51 1.0195

Rice straw compost + FYM (M)

Iy 1.707 8.59 30.54 25.16 12.84 61.08 1.0185

I, 3.064 8.80 33.96 27.44 11.54 61.11 1.0282

I3 4.246 8.56 33.95 27.24 13.32 59.61 1.0195

+in soil paste 1+ in soil paste extract. |;: freshwater, I,: industrial saline wastewater and |5: agricultural sodic drainage water.

Data in Table (8) illustrate a very strongly positive
correlation between (pH, A;) and (pH, Dy,) at all treatments,

while, it shows a strong negative correlation between EC
and A, at M, (FYM) and M3 (compost + FY M) treatments.
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These results indicate that the high SAR,g in irrigation
water has a negative effect on soil porosity and structure,
and hence soil hysteresis phenomena. This explanation of
data confirmed with Ayers and Westcot, (1985).

---e--- Sorption —e— Desorption

pF

Fig. 15. Hysteresis effect of rice soil for 1;M, treatment.

---+--- Sorption ——e— Desorption

pF
Fig. 16. Hysteresis effect of rice soil for 1,M, treatment.

---+--- Sorption —e— Desorption

pF
Fig. 17. Hysteresis effect of rice soil for 1;M, treatment.
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Fig. 18. Hysteresis effect of rice soil for 1;M; treatment.

They proved that the increasing Na* in irrigation

water allows soil dispersion and destroying of its structure,
but only if Na" exceeds Ca*? by more than a ratio of (3:1).

Like a relatively high Na" content (>3:1) causes in a severe
water permeability problem due to soil dispersion and the
pores clogging, associated with the decreasing in water

with the soluble salts (EC) of irrigation water at all
treatments except rice straw compost treatment M;.

---#--- Sorption —e— Desorption

pF
Fig. 19. Hysteresis effect of rice soil for 1,M; treatment.
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Fig. 20. Hysteresis effect of rice soil for 1sM; treatment.
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Fig. 21. Hysteresis effect of rice soil for 1,M, treatment.

---#--- Sorption —e— Desorption

35 4
30 +
25
R 20 -
< 15
10 -

pF
Fig. 22. Hysteresis effect of rice soil for 1,M, treatment.

The soil water dynamic alteration was predictable
where salinity and sodium are involved. The irrigated soil
may have less shrinking and swelling and less drying and
wetting and these are both important physical processes for
the creation of soil water dynamic and structure (Mamedov,
2014). Generally, the variation in the soil water content
percentages under different water suction may be due to one
or more of the following factors: (1) irrigation water quality
[salinity and sodicity (SARag)], (2) soil structure and pore

salinity. Furthermore, the Opype and Ogc correlated strongly  size distribution and (3) quality of organic fertilizers.
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Fig. 23. Hysteresis effect of rice soil for 1;M, treatment.
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Fig. 24. Hysteresis effect of rice soil for 1,M; treatment.

Fig. 25. Hysteresis effect of rice soil for 1,M; treatment.

---#--- Sorption —e— Desorption

4.5 50 55 6.0 6.5 7.0
pF

Fig. 26. Hysteresis effect of rice soil for 1;M; treatment.

Table 8. The obvious relationships between soil water parameters.

Parameter Correlation (r) Regression equation
Without adding OM (Mg)
WP & EC 0.76** Owp = -1.2471EC* + 8.8186EC + 11.083
FC &EC 0.84** Orc = -0.7923EC” + 5.8599EC + 27.688
pH & Ay 0.98** A, = 42.41pH* - 690.89pH + 2877.6
pH & Dy 0.99** Dy, = 0.0331pH* - 0.5336pH + 3.1629
Rice straw compost (M,)
WP & EC -0.10 Owp = -2.0495EC” + 12.943EC + 6.679
FC & EC -0.31 Orc = -2.2403EC* + 13.97 EC + 16.898
EC& A, 0.25 A, = -3.149EC* + 20.274EC + 37.095
pH & Ay, 0.99** A, = 18.056pH* - 307.93pH + 1375.9
pH & Dy 0.99** Dy, = -0.0947pH* + 1.7063pH - 6.6519
FYM (M,)
WP & EC 0.96** Owp = -0.1977EC- + 1.6124EC + 22.191
FC &EC 0.96** 0rc = 0.5903EC* - 1.9884EC + 37.595
EC & A, -0.72 Ay, = -0.2437EC? + 1.2222EC + 61.655
pH & A, 0.87** A, = -7.8462pH* + 138.14pH - 544.84
pH & Dy 0.87** Dy, = 0.2056pH* - 3.5461pH + 16.31
Rice straw compost + FYM (M)
WP & EC 0.85** Owp =-0.7286EC“ + 5.1562EC + 18.484
FC &EC 0.98** Orc = 0.2426EC” - 0.4354EC + 38.035
EC & A, -0.84** Ay, = -0.5085EC” + 2.4483EC + 58.383
pH & A, 0.61* A, = -203.57pH* + 3540.2pH — 15329
pH & Dy 0.98** Dy, = 0.3313pH* - 5.716pH + 25.669

* Correlation is significant at the 0.05 level (2-tailed).

The using of different qualities of irrigation water,
organic manures and their interactions significantly
influenced the grain and straw yields of rice crop (Table 9).
The use of freshwater registered the highest mean values of
grain and straw yield of rice crop, followed by the irrigation
of agricultural sodic drainage water and finally industrial
saline wastewater. The irrigation with industrial saline
wastewater caused a decrease in grain and straw yield of rice
crop by 49.35 and 21.41% respectively as compared with
freshwater. While, the irrigation with agricultural sodic
drainage water caused a decrease in grain and straw yield of
rice crop by 26.39 and 9.85% respectively, less the control (1,).
The addition of compost + FYM at the proposed doses in this

** Correlation is significant at the 0.01 level (2-tailed).

study induced increase in grain yield of about 47.52% over the
control (I;), but the addition of FYM recorded the highest
straw yield (34.27%) over the control (I;). The data of grain
yield indicate that the treatment compost + FYM recorded the
highest mean values for grain yield 5416 kg fed™ under using
of freshwater followed by FYM then compost + FYM under
using of agricultural drainage water. Furthermore, the results
of straw vyield indicate that the treatment FYM which
irrigated by freshwater recorded the highest mean values for
straw yield (4913 kg fed™) followed by compost + FYM
treatment then the soil which amended with compost +
FYM and irrigated by agricultural drainage water. The
industrial wastewater had a harmful effect on grain and
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straw yield, especially without adding organic manures, the
treatment compost + FYM was the less harmful treatment
for grain and straw yield, which caused a decrease by 45.86
and 17.70% in grain and straw respectively, less the control
(I). These results agree with the data obtained by
Yagd: et al. (2000) and Begum et al. (2011) where they
reported that the toxicity of heavy metals minimized plant
growth and its production. Furthermore, the reduction of
yield was 30% of rice crop as a result of the irrigating by
industrial wastewater (Yongguan et al. 2001).

Table 9. Grain and straw yields of rice crop as affected by
irrigation water salinity and sodicity and
organic manuring.

Yield (kg fed™)
Treat Grain Straw
A: Irrigation (1)
I, 4519 4599
I, 3326 4146
5 2289 3614
F - Test wx wx
LSD 5% 181 91
B: Manures (M)
Mo 2782 3446
M, 3684 4273
M, 2942 4627
Ms 4104 4133
F - Test wx wx
LSD 5% 25 13
C: Interaction (IxM)

Mo M My, M3 Mg My My Mg
I, 4050 4195 4415 5416 3509 4162 4913 4609
I, 2782 2520 3704 4292 3375 3662 4250 4296
I3 1508 2111 2604 2932 2453 3556 3655 3793
F - Test wx wx
LSD 5% 184 92

CONCLUSION

Sodium (Na®) content and soluble salt concentrations
of irrigation water were found to be two important chemical
factors influencing SWCC (sorption and desorption), an
indicator of soil water dynamic. It has been found that
SWCC generally increased as sodicity (SARag) increased
and salinity (EC) decreased. In addition, if drainage removes
soluble salts from rice soil that have a SARg greater than
(5), the SWCC may increase and thus decreases the rate of
water movement and increases hysteresis effect. The
increasing of soluble salts and sodium content in the soil as a
result of irrigation water qualities and additions of organic
manures absorbs a lot of water and increases the osmotic
potential (ys) consequently increases the soil water potential
(ww) (decreases the energy of soil water) and decreases water
availability for the plant. Furthermore, it has a harmful effect
on soil porosity and structure. Accordingly, the use of poor
quality irrigation water should be considered and adjusted to
soil properties and conditions, such as soil salinity, calcium
carbonates, sodium content, water holding capacity, and
texture. The low quality water might be used in irrigation as
long as it was treated with some improvers and adsorbent
materials in addition to organic manures. Furthermore, the
investigation needs more study, especially the changes in
soil water dynamic because of different agricultural practices
under variation of soil texture and structure combined with
irrigation water types.
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