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Abstract: Semiarid regions forced to use saline water whether from agriculture drainage water and salinized well
water which is a significant factor that affecting not only the agricultural productivity but also extended
reclamation projects. Treating saline water by acid to improve its quality is investigated under loamy sand soil.
Column experiment was conducted in the greenhouse of National Research Centre, Cairo, Egypt, to study the
effect of acidifying water differs in salt content ( fresh water 0.46 (SW ), 2.18 (SW ) and 3.30 dSm  (SW ) on0 1 2

1

some  soil  physical  characteristics.  Sulfuric  acid  (H SO )  was used as acidifying material at rates 0.01 and2 4

0.05 %. Water added to the soil column once a week as well as leaching requirement relative to water treatment.
At the end of the 1  and 2  period (3 and 6 months) soil columns were divided into 6 layers (5 cm each) andst nd

tested in lab for saturated hydraulic conductivity (HC) and soil resistance (SR). Results showed that some
success may be achieved by acidification of salinity irrigation water to influence on the studied properties after
1  and 2  season. Acidification process has value in treating SW  than SW  and SW . Increasing acid rate helpsst nd

0 1 2

in decreasing SR values of soil column. Water movement was improved under acidification treatment except
under SW  with 0.05 % acid. When the soil columns were leached with tape and SW  water the soil HC2 1

increased significantly either relative to soil layers or acidification rate which indicating improving to soil
structure and hence pore size distribution. Soil resistance was improved under acidifying tape water more than
SW , while SW  has the opposite trend. As well as increasing salinity in water tend to accumulate salts in soil1 2

as in case of SW .2
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INTRODUCTION cause of salinity development in soils, largely because of

One  of   the    primary    objectives    of   agriculture two major approaches to improving and sustaining
production is to provide the food and fiber needs of productivity under saline water condition: modifying
human beings. These needs increase as the population water quality through changing ionic balance, pH and
increases. These growth rates will require an increase in availability of fresh water to leach out excess salts in soil
agricultural production through increase utility from profile. Both these approaches have been used, either
marginal soils either salt affected soils or low water quality singly or in combination [3], but the first approach has
conditions. The salinity of irrigation water does not been used more extensively through acidification of
directly affect soil physical properties. Instead, the irrigation water because it enables the plants to respond
presence of increase salts hinders the plant’s ability to better not only to water but also to other production
extract  water  from  the soil and is a concern if the salt inputs such as soil physical and chemical properties[4].
level is high enough to affect soil hydro-physical Acidification of the water can result in immediate
characteristics [1]. With careful management and suitable changes, though often of short duration, in the soil water
crops, water with EC ranging from 4.0 to7.5 dSm  has pH. Common ways of acidifying the irrigation water are to1

been used successfully for irrigation [2]. Salinity of water inject sulfuric or phosphoric acid. Without acidification,
is more common than that of the land and it is often the some irrigation water is capable of damaging soil structure

the misuse of salty water for crop production. There are
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by disruption the ratio of Na  to Ca  and Mg  in soil. root distribution and vice versa. They added also that the+ ++ ++

Where superintendents must work with such low quality soil texture play an important role in water flow after
water, acid injection is an appropriate tool [5]. salinity water used where the macro pores were preferred.

Considerable amounts of such water are available in According to FAO [10] sodium absorption ratio (SAR)
various places. Waters generally classified as unsuitable values were classified into non-saline (0.7), moderately
for irrigation can, in fact, be used successfully to grow saline (2-10) and highly saline (> 10), so plant will suffer
crops without long-term hazardous consequences to from salinity stress induce by using this water. 
crops or soils, with the use of improved farming and The  aim  of the  present  work  was  to  study  the
management practices. The reuse of saline for irrigation effect  of  acidifying  water differs in salt concentrations
will also help to conserve water and to minimize the on some soil physical characteristics such as hydraulic
hazardous effects of irrigation on the environment and conductivity, soil resistance and germination % of
ecology [6]. cowpea.

According to the effect of water salinity levels on
germination rate under the studied soil textures, the MATERIALS AND METHODS
highest and lowest values of germination rate were 6.6
(clay) and (loamy sand) under 0.5 dSm  water salinity. A column experiment was carried out on greenhouse1

One  can notice the increase water salinity level from 0.5 of Water Relations and Field Irrigation Dept., National
to 11.7 dSm  increased germination rates of barley grains Research Centre, Dokki, Giza, Egypt to fulfill the present1

until 5.8 dSm  then great decrease was observed [7], who study objectives. Water differs in salt concentrations1

added that increase water salinity from 0.5 to 3.2 dSm [0.46 (SW ), 2.18 (SW ) and 3.30 dSm  (SW )] acidified1

associated with increasing in germination  rate of barley with sulfuric acid (H SO , 78 %) at rates 0.01 and 0.05 %
grains  by about  8,  0,  10, 18 and 10 % in clay, sand, and each treatment was triplicated. Water applied to the
loamy and clay loam soils as compared with control one columns once a week as well as leaching requirement
(0.5 dSm ), respectively. While water salinity less than relative to water treatment. Some physical and chemical1

5.8 dSm  under clay loam soil texture was only increased properties of the studied soils and water use are present1

germination  rate of barley grains by about 7%. This in Table 1 and 2. Ploy ethylene plastic sheet were inserted
means that salt stress increased the intake of toxic ions into the column before filed with soil so as to facilitate its
which may altered certain enzymatic or hormonal activities exit at the end of the experiment. Columns (8 cm in
of the seeds during germination [8]. Klute and Dirksen [9] diameter and 40 cm in height) were filled by the soil under
stated that salinity of water can be affect directly and/or investigation. The columns were occupied by the soil for
indirectly on the water flow in the soil profile and hence 30 cm, closed in the bottom by cloth and rubber and
decrease the time of passing followed by and decrease in placed in funnel to drain the excess of water.

0 1 2
1

2 4

Table 1: Some chemical and hydrophysical properties of the studied soil

Property Value Soluble cations and anions (meq l ) Value1

pH (1:2.5) 8.05 Ca 12.00 CO 0.00++ =
3

EC dSm * 5.0 Mg 3.50 HCO 1.751 ++ -
3

CaCO  (%) 4.5 Na 26.7 Cl 23.753
+ -

Sand (%) 81.3 K 0.26 SO 16.96+ =
4

Silt (%) 14.2 Saturation (%) 23.7
Clay (%) 4.5 Field capacity (%) 13.1 ESP % 33.73

Texture (%) Loamy sand Wilting point (%) 10.6 CEC meq/100 g soil 7.47

*: soil paste extract

Table 2: Chemical characteristics of the used irrigation water

Soluble cations and anions (meq l )1

--------------------------------------------------------------------------------------------------------------------------------
Water treatments pH EC dSm Ca Mg Na K CO HCO Cl SO SAR1 ++ ++ + + = - - =

3 3 4

SW 7.13 0.46 1.60 0.90 1.96 0.16 0.00 1.20 0.60 2.82 1.750

SW 7.34 2.18 7.52 3.52 9.82 1.00 0.00 3.51 10.20 8.15 4.181

SW 7.58 3.30 11.39 5.33 14.87 1.51 0.00 6.02 15.30 11.77 5.142

SW : Fresh water 0.46, SW :2.18, SW : 3.30 dSm , SAR: sodium adsorption ratio0 1 1
1
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Cowpea (Pahseolus vulgaris L.) were sown a rate of the effect of water salinity regardless acidification of
10 seeds per column 1  layer to estimate germination column depth, the highest penetration resistance wasst

percentage. At the end of the 1  and 2  period of the measured at the layers > 15 cm and 20 cm at the 1  and 2st nd

experiment (3 months each). Column were divided into 6 period, respectively. The greatest aggregate stability is
layers 5 cm each, which used in estimating of soil associated with a dominance micro-aggregates size
resistance according to El-Hady and Saif [11] and fraction and may be due to duration of the drying-wetting
saturated  hydraulic  conductivity  (HC) according to cycles, in the treated soil column [16], who added that
Klute and Dirksen[9]. Some soil constituents such as when Na  is a dominant one soil physical properties is
particle size distribution, CaCO  % and soil organic matter expected relative to breakdown the structure and hence3

were determined according to methods described by decrease soil porosity which affect negatively on the SR.
Rebecca [12]. Moisture content at field capacity and Data of SR values revealed that the maximum values
wilting point were determined according to Klute [13]. were detected at the 25-30 cm depth under all water
Soluble anions and cations were determined according to salinity conditions and acidification rate except in 0-5 cm
Cottenie et al. [14]. (SW ; Ac ) and SW , Ac ), while the lowest ones were

Data were subjected to analysis of variance in recorded  under  SW    (10-15 cm),   SW    (5-10,   10-15,
completely randomized design as factorial (two factors). 15-20 cm) and SW  (20-25, 10-15; 20-25 cm) at Ac , Ac ;
Correlation  and  multiple  regressions  were estimated Ac  acidification rates at the 1  period. The same trends
after  computer's  program  provided  by SAS [15]. were observed in the 2  period except under SW  which

RESULTS AND DISCUSSION According to the SR mean values of different column

Soil Resistance: Averaged across column layers, soil (24.9  and  22.5  kg/cm )  in  both  periods  except  at  SW
resistance  (SR)  to   penetration   significantly  affected (0-5 cm) (22.5 kg/cm ) at the 1st period. While the lowest
by interaction effect of acidification rate and water ones, which considered improved one, recorded in 10-15
salinity used at the 1  and 2  period of experiment (Fig. 1). cm depth in both periods. A regard to mean values of thest nd

Acidifying treatments exhibited greater SR values at all interaction between water salinity and acidification rates,
depths, except the 1  three surface layers (0-15 cm), data revealed that increasing salinity in water and/orst

however, the differences  were  not  significant  at 5% acidification  rate  associated  with increasing in SR in
level at the bottom layers  of  tested  soil  column.  One both periods. The reduction percentages were 11, 29 %
can noticed  that  differences  in  performance  on  various comparing W  to SW ; SW  and 19 % comparing SW
water  salinity  and/or  acidification  rate  can be with SW  at the 1  period and 18, 13 and 16 % at the 2
attributed to direct effect of acid on the cement materials one in the same sequence.
of  the  soil  aggregates  (CaCO  and/or organic matter) According to  the  interaction  between  soil  depth3

and accumulated  salts rather than indirect effect such and  acidification rates, results showed that a general
changes in aggregate stability and sizes development. trend most of the highest SR values were observed at the
The great differences in the SR of column layers do 25-30 cm depth at both periods. While the lowest ones
indeed indicated the importance of direct effect of the were recorded in Ac , Ac , Ac  acidification rates at layers
acidification rate and fresh water in leaching salts. 5-10, 10-15, 15-20, 20-25, 25-30 cm at both studied period

Results showed also that column layer (0-15 cm) was except the lowest one which was found in 10-15 cm at the
stopping point in the increasing SR values were obtained 2  period. Also, results noticed that SR values increased,
under SW  in both studied period, while this stopping respectively with increasing depth. 0

layer was found at 15-20 cm of the 2  period under SW Increasing SR values in the 1  layers of column at thend
1

and SW . This may be due to migration of the resulted 1  period may be due to increasing upward flow than the2

fine materials of destroying cement materials and then downward flow which led to salt accumulation in the
precipitated. Soil penetration resistance was significantly column surface. Also increasing SR values in middle and
differed in response to acidifying treatment and/or salinity bottom soil column may be due to break down of soil
water used. The effect was more pronounced at the layer aggregates and migration of resulted fine particles to clog
< 20 cm till surface of the soil column. When comparing the macro pores and hence decrease the water flow.

st nd
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were 5-10, 10-15; 10-15 cm depth.

layers, the highest values were recorded at the 25-30 cm
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1  period 2 periodst nd

Fig. 1: Effect of water salinity and acidification rate on the soil resistance

Table 3: Effect of acidification rate and water salinity treatments on the soil resistance
       1  period        2  periodst nd

--------------------------------------------------------------------------- ------------------------------------------------------------------------------
         Acid rate %

Water salinity 0.0 0.01 0.05 Mean 0.0 0.01 0.05 Mean
SW 18.2 19.3 16.7 18.1 15.1 16.0 13.9 15.00

SW 22.4 17.8 20.9 20.4 18.9 16.3 19.7 18.31

SW 23.9 25.1 26.9 25.3 20.9 20.9 23.6 21.82

LSD 5% 1.3 1.4 3.1 0.8 0.6 2.6

Table 4: Effect of acidification rate on the soil resistance in different column layers
      1  period        2  periodst nd

------------------------------------------------------------------------- -----------------------------------------------------------------------------
          Acid rate %

Column depth cm 0.0 0.01 0.05 Mean 0.0 0.01 0.05 Mean
0-5 24.2 19.1 22.5 22.0 19.9 15.8 19.2 18.3
5-10 19.0 18.7 21.1 19.6 15.8 15.5 18.0 16.5
10-15 19.8 16.4 20.2 18.8 16.2 13.8 16.8 15.6
15-20 20.2 20.3 19.6 20.1 17.2 16.9 17.3 17.1
20-25 21.2 23.4 21.9 22.1 18.6 20.7 21.2 20.2
25-30 24.4 26.5 23.9 24.9 22.0 23.6 21.9 22.5
LSD 5% 1.2 1.6 1.5 1.1 1.3 1.4

Mean values of SR for different column depth were Hydraulic Conductivity: Data revealed that increasing
improved after the 2  period than the 1st one and the acidification rate in water treatments is associated withnd

changed in SR values were-17,-16,-17,-15,-9 and-10 % increasing HC values under all water salinity in both
when compare layer of the 2  period to the 1st one, investigated periods. With respect to improved HCnd

respectively (Table4). values, period two values were better than the 1  one andst
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1  period 2 periodst nd

Fig. 2: Effect of water salinity and acidification rate on the soil hydraulic conductivity

area between curves in the 2  period was greater than the 156, 122; 143, 113; 121, 107 % in same sequence at the 2nd

1  one. Also one can noticed that long period in irrigation period. Improve soil HC values after the 2  period wasst

help in increasing layer HC improvement where the better than the 1  one and the changing in the layer HC
improve  layers was decreased with increasing salt in took same trend.
water and decreased acid at the 1  period. While, at the 2 According to the effect of Ac  (0.05 %) acidificationst nd

period most of the column layers were improved till the rate was superior in both periods, whereas, the changes
last layer (25-30 cm). Also, SW  with or without acid was in soil HC were improved clearly in the 2  period. The2

the less one affected on the HC. This shown on our highest  and  lowest  HC  values  were  6.8,  3.9,  3.8  and
results with smaller HC below 20 cm in acidified treatments 2.7 cm/h at SW  (Ac ) and SW  (Ac ) at the 1  and 2
compared with untreated ones (Fig.2). period,  respectively.  The increase in HC was 30, 25 and

Data revealed that increasing rate of acid increased 15 %; at the 1  period for SW , SW  and SW  as compared
HC in the upper column layers, except 2  layer in SW Ac1  with  Ac0  acidification  rates,  respectively,  whilend

1

without acid and SW  at 0.00 and 0.05 % acidification rate, the increases in the 2  were 62, 54 and 42 % in the same2

respectively in the 1  period of water application. The sequence. Ponnamperuma [17] suggested that thest

same trend was observed at 2  period. The lowest values reduction in water flow induced by structural deteriorationnd

of soil HC of column layers were found at 1st period of in soils which caused by several factors such as
water application followed by the 2  period (Fig. 2). aggregates break down to dilution of soil solution,nd

According to the effect of leaching period, soil HC pressure of entrapped air, stress caused by uneven
was improved at the 1  two layer as follow: 84, 72; 71, 58; swelling and destruction of cementing agents underst

52, 57 % for the SW , SW and SW  as compared with reducing conditions. These finding supported that the0 1 2

latest layer (bottom of soil column 25-30 cm) in the 1 wetter the soil, the weaker aggregates and the lowerst

period, respectively, while the increase  percentage were resistance to penetration [16]. From the above mentioned

nd

nd

st

2

nd

0 1 2 0
st nd

st
0 1 2

nd
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Table 5: Effect of water salinity and acidification rate on soil HC

1  period 2  periodst nd

-------------------------------------------------------------------------- ---------------------------------------------------------------------------

----

Water treatment Ac Ac Ac Mean Ac Ac Ac Mean0 1 2 0 1 2

SW 3.0 3.9 3.3 3.4 4.2 6.8 5.0 5.30

SW 2.8 3.5 3.3 3.2 3.9 6.0 5.0 5.01

SW 2.7 3.1 2.9 2.9 3.8 5.4 4.5 4.52

LSD 5% 0.4 0.2 0.2 - 0.2 0.4 0.3 -

Table 6: Effect of acidification rate on soil HC of different layers

1  period 2  periodst nd

-------------------------------------------------------------------------- -------------------------------------------------------------------------------

Layers cm Ac Ac Ac Mean Ac Ac Ac Mean0 1 2 0 1 2

0-5 3.4 4.8 4.0 4.1 4.7 10.3 7.0 7.3

5-10 3.4 4.5 3.9 3.9 4.6 8.2 6.8 6.5

10-15 2.8 3.8 3.2 3.3 3.9 6.5 5.0 5.1

15-20 2.7 2.9 2.8 2.8 3.7 4.8 4.1 4.2

20-25 2.4 2.5 2.6 2.5 3.6 3.7 3.2 3.5

25-30 2.4 2.4 2.4 2.4 3.1 3.0 3.0 3.0

LSD 5% 0.1 0.2 0.2 - 0.2 0.4 0.3 -

data one can noticed that the period of the investigated as well. Hundal et al. [19] reported that improve porosity
experiment has a pronounced effect for improving soil HC state through modification water flow within soil profile
especially at the 2  period. Also at the 2  rate of had a greater volume of air filled pores than un-poresednd nd

acidification rate (Ac ) has a promotive effect on the same one. According to the acid rate, the improved HC was2

target. observed in the 3  layer (15-20 cm) followed by the 1
According to the interaction between acidification layer (0-5 cm) and the 2  one (10-15 cm) in both periods of

rate and column layer effect on HC values, values of the experiment.
improved HC at Ac  is superior and greater than those In case of rate of acid used, it took the same trend1

under other acid rate (Ac  and Ac ). The increases in HC mentioned above. But in case of water salinity treatment,0 2

values were 41, 32, 36, 7, 4, 0 and 11, 78, 67, 30, 3,-3 for SW  has a promotive effect on improving soil HC. The
layers of Ac  as compared with Ac  at the 1  and 2 difference in flow rate reflects the behavior of the HC of1 0

st nd

period, respectively. Also, the values of the 2  period the soil layers. This finding may be due to slight changesnd

were greater than the 1  one. The increase in the soil HC in the ponding water depth in the column according to thest

in the 1st layer in both periods was 41, 18 and 119, 49 % out flow rate. As soil columns were fully saturated during
for 1 and 0.05 % acid as compared with 0.00 acid at the 1 leaching, it was assumed that pore volume was entirelyst

and 2  period, respectively. filled with soil water. Patrick [20] mentioned that soil HCnd

Due to the lowest values of the HC of the soil column of a soil matrix depends on soil structure which can be
below 20 cm were not changed due to its ability to dry out described in terms of spatial distribution of pore spaces.
and shrink therefore, aggregates and primary particles Who added also that these hydraulic properties depends
could not bind together to form aggregates. Additionally, mainly on total porosity and pore size distribution, which
the temporal water saturation of the soil may have caused are related to soil texture, BD and secondary structure.
slaking and break down of the improved aggregates While enhanced water flow is one of important benefit of
through entrapped air spacing and thick water films. Also, acidification of irrigation water, a second benefit is
the effect of acid on the break down of CaCO  which associated decrease in soil resistance to penetrate.3

represent the cement material between soil particles led to
increase fine fraction [18]. Improvements of water flow Germination %: Data in Fig. 3 illustrated the relation
throw soil column increase the macro porosity of the soil between water salinity effect from side and the

rd st

nd

0
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acidification rate from the other one on the germination %
of  cowpea.  One can notice that increasing salt content in

Fig. 3: Effect of water salinity and acidification rate on germination %

water associated with decreasing in germination % in both reveals that relatively simple means can be useful to
studied periods. While, increasing acidification rate predict behavior acidified saline water without soil
improved germination % in both periods. But the increase deterioration.
in 2  period was more than the 1  one, except at SW  withnd st

2

Ac  was decreased compared with the 1  one. This result REFERENCES0
st

could be attributed mainly to accumulation salts from both
periods in column surface layer. The maximum and 1. Abd El-Hady, M., 2005. Relations between some soil
minimum values of the germination % were obtained a properties and soil moisture constants using path
SW , Ac ; SW , Ac  and SW ; Ac  in the 1  and 2 analysis. Egypt. J. Appl. Sci., 20(5A): 404-411.0 2 0 1 2 0

st nd
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