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ABSTRACT |

In this study the effects of crop species, amendments, and water quality(SAR) on
alteration of selected physical properties of a silty clay soil were compared. Crops grown in
lysimeters and compared with -a noncropped control were Berseem (clover) (Trifalium
alexandrinum) cv. Giza 6, wheat {Trficum aestivum L.) cv. Sakha 8, and maize (Zea mays
L. in the single cross hybride variety (Giza 10). Soil amendments included a check, gypsum (
CaS04 . 2 Hy0 ), phosphogypsumYCaS0, . 2 Hz0 with < 1% (W/W) P], and Mg Cl, .
Ly51meters were irmgated with water having either a total dissolved soils (TDS) ooncentratlon
of 0.75gL." and a sodium adsorptlon ratio (SAR) of 1.15(WQ, )or TDS of 1.65 g L and SAR
of 7.01(WQz ) until three wheat crops were successively grown. The presence of a crop
caused a significant increase in bulk density in all lysimeters and a significant decrease in
total porosity, compared with the uncropped control treatments. Wheat caused the greatest
decrease in total poromgy followed by Berseem (clover), then maize. Total porosity
decreased nearly 0.1 m°m™. The result showed a significant increase in number of
micropores (< 0.149 x 10> mm radius) and a disproportionately greater decrease in number
of macropores (<1.49 x 10 mm radius). Sail water release characteristics differed among
the different crop treatments. Neither amendment treatment nor irrigation water quality had a
significant effects on either porosity, pore-size distribution, or bulk density. Results of this
study indicate that crop selection and rotation may affect the significance of surface applied
amendments used for reclamation and teaching of Na* in salt affected soils.

INTRODUCTION

Soil salinization is occurring on a global scale. Throughout the
northern great plains, saline seep development has increased in dryland
agricultural areas, while some irrigated soils have solinized. Landowners
continuously seek methods to. reclaim -salt affected soils. Proposed
methods include tile drainage and leaching of excess salts, application of
amendments to displace exchangeable Na®, use of crop rotations, and
management of recharge areas. Various crops have been reported to
improve permeability and promote the removal of Na* and salt from the soil
(Robbins, 1986 and Daoud, 2005). This approach may be the only efficient
and economically feasible soil reclamation strategy for dryland farmers or
those with limited available water resources.

Cropping can play a.significant role in reclamation of saline and
alkali soils. Besides crop varieties, proper crop rotations are essential for
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achieving continued improvement of saline and alkali soils (Yadav, 1975
and El-Sayed, 1997a). Saraswat ef al. (1972) and El-Ashtar (2005)
suggested that alternating crops such as barley and rice will accelerate the
reclamation process. Ayers et al. (1951) and El-Sebsy (2004) suggested
that barley, can be one of crops planted on land that is being reclaimed
from excess salts or alkali.

Beneficial effects of plants in reclamation are not well understood
but appear to be related to : i) the physical action of plant roots, ii) the
addition of organlc matter, iii) the increase in dissolutioh of CaCOs, and iv)
crop uptake of dalts (Hoffman, 1986 and Saad and Sinha, 2005).

L|m|t_ed work has been conducted on the influence of root activity on
the physical structure of- soil or the subsequent effect on water
movement. Gibbs and Reid (1988) and Mohamed and El-Sayed (2003)
reported that crop species can cause significant alterations in soil structure.
Several works found improvements in structure under ley and pasture
grasses (Skidmore et al., 1975; El-Sayed et al., 2001 and Abdel-Mawly and
El-Sayed, 1999a and c). Deterioration of structure has been reported to
occur under arable crops such as wheat (Trificam aestivum L.), barley
(Low, 1972), Soybean [Glycine max (L.} Merr.], and corn (Zea mays L.)
(Witson and Browning, 1954; El-Sayed, 2002 and Ghaly and El-Sayed,
1997b).

Ojeniyi (1978) and El-Sayed and Abdel—Mawiy (1999¢) found that
barley resulted in lower macroporosity, smaller aggregates, and lower
mean void size relative to uncropped areas. Skidmore et al. (1986} and El-
Sayed (1999f) found that growing sorghum produced larger pore sizes,
faster water infiltration, and greater saturated hydraulic conductivity (Ksat.)
than growing wheat. These differences were attributed to differences in root
or microbial activities. Reid and Goss (1981) and Ghaly and El-Sayed
(1997b) postulated that differences in aggregate stability between crop
species resuit from contrasting root patterns, especially the proportion of
lateral roots, since release of organic materials occurs mainly near the root
tip. Yadav (1975) and Abdel-Mawly and El-Sayed {1999b} reported that the
extensive root system of paddy rice loosened the soil, making- it more
permeable to leaching of salts.

Sodium saturation and clay dlsperswn are frequently associated
with salinization. Soils leached with NaCl solutions had lower K and were
compacted to lower wvoid ratios than those Ileached with CaCl,
solutions (Waldron ef a/.,.1970 and El-Sayed, 1995a,b and c). :

Most reclamation efforts focus on replacing soil adsorbed Na® with
Ca'* or Mg"*, both of which contribute to -aggregate stabmty and |mproved
drainage. Many works have proposed the use of Ca™ or Mg™ rich
amendments for sodic soil reclamation (Dollhopf, 1888 and Richards,
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1954). Few investigations have been undertaken to define the interactive
effects of cropping systems, water quality, and scil amendments on soil
properties during reclamation. Works that have been completed has
reported conflicting results.

The objective of this study was to determlne the ef'fect of several
crop species and amendments combinations on some soil physical
properties, specifically total porosity, pore size distribution, bulk density,
and moisture release characteristics of an irrigated silty clay soil. Effects of
irrigation water quality were also investigated.

MATERIALS AND METHODS
Preparation of lysimeters :- :

Soil used in this study was siity clay collected from four areas of an
irrigated Berseem( clover) field (0-25 cm depth) from Kafr El-Dawar city |
Behera Governorate .

The soil was air dried, ground, and passed through a 3 mm sieve.
Sieved soil was uniformly packed to a dry bulk density of 1.07 Mg m~ into
15 cm diam. by 0.5 m long polyvinyl chloride lysimeters to which a bottom
cover with a drainage hole was attached. A 13 mm layer of washed gravel
was placed over a fine mesh nylon screen in the bottom of each column
and overlaid with a 13 mm layer of washed sand before packing the soil
into the columns .Selected physical and chemical characteristics of the soil
were measured (Table 1), Chemical analysis were performed on water
saturated paste extracts, according to procedures outlined by Page et al.
(1982).

Table 1. The main physical and chemical of the used soil .

Property Preexperiment value
Electrical conductivity 247dSm™
Sodium adsorption ratio : 5. 36
Saturation water content 068 m’ m

Bulk density 107 Mg m®

pH 8.27
Exchangeable Na' percentage 6.9%

Cation exchange capacity 24.7 ¢ molg kg"
Alkalinity ‘208 mgkg'
CaCQ; content 52 x 10'3 km1

Experimental design and treatments :-
The lysimeters were arranged as a complete factorial, randomized
block design, with three replicates. Main treatment included three crop -
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species and an uncropped treatment, three soil amendments and a control,
and two irrigation water quality treatments.

in order to minimize variability attributable to environmental
conditions within the greenhouse,Ministry of Agric.&Land reclamation, Kafr -
El-Dawar city,Behera Governorate, each block of 32 lysimeters was placed
on a wheeled platform, and each block was rotated and relocated within the
entire design prior to each irrigation.

Each of the chemical amendments was mcorporated into the top 10
cm of soil |n the lysimeter. Amendment treatments included : i} gypsum at
12 9 Mg ha”, ii) phosphogypsum at 12.8 Mg ha™, iii) Mg Cl, at 10.5 Mg ha™

' and iv) no amendment (control). Phosphogypsum a by product of the
manufacture of HsPO, from phosphate rock ore, contains < 1% (W/W) P
(from factory of superphosphate ,Mankabad ,Assiut Governorate ,Egypt)
while having a dissolution rate 10 times greater than gypsum (Keren and
Shainberg, 1981). Amendment rates were calculated from preexperiment
measurements of ESP and CEC of the soil, to reduce ESP 7% throughout
the length of the lysimeter. This reduction was selected with the intent of
the resultant ESP being equivalent to that of the same soil previously
managed under nonirrigated conditions.

Lysimeters were itrigated to field capacity prior to planting,weighed
immediately following the cessation of drainage to obtain estimates of
lysimeter weight at field capacity for subsequent calculations of water
application volumes.

Crop treatments mcluded “Giza 6" Berseem (clover); “Sakha 8"
wheat; and “Giza 10" maize in the single cross hybride.Seeds were planted
and covered with 10 mm of soil and the lysimeters were covered with
plastic sheet to promote gemmination. Three successive wheat crops
were grown. No additional planting of Berseem( clover) or maize was done.
All crops were harvested when wheat reached the soft dough
stage,coinciding with each fifth irrigation, for a total of three harvests.during
the experiment.

Irrigation water simulating the composition of past (low Na and satt)
or anticipated future (high Na and salt) Water was applied to lysimeters
approximately biweekly, for 15 irrigations. Water quality treatments were
designated as WQ, for past and WQ, for future water quality simulations.
lonic speciation analysis were performed to ensure that the solutions would
not be supersaturated with respect to CaCO;. Water quality criteria are
presented in (Table 2). Each lysimeter was individually irrigated, using a
supply reservoir and a -drip emitter. Different volumes of irrigation water
were applied to each crop, at each irrigation, to provide a constant leaching
fraction of =~ 0.13. Lysimeters were weighed before each irrigation and
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average evapotranspiration was calculated for each crop to determine the
amount of water necessary to achieve the desired leaching fraction.
Posttreatment soil analysis :- -

Following the crop cycle all lysimeters were sampled using a
hydraulic probe. In" addition, six intact soil cores, measuring 5 ¢cm diam. by
2.5 cm in length, were collected from the top 10 cm of each lysimeter to -
measure soil bulk density, water release characteristics, and pore size
distribution by methods outlined by Klute (1986). Chemical analysis were
performed to determine postexperimental soil saturated paste extract EC
and SAR throughout the entire depth of the lysimeters..

Table 2. lonic composition of irrigation water treatments.
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Statistical analy3|s -

Statistical analysis were performed using SAS (SAS Institute, 1987)
Analysis of variance for a three-way interaction of crop, amendment, and
water quality was performed on the data. Because of lack of significant
interactions, emphasis was placed on main-treatment effects.

RESULTS AND DISCUSSION

Effects of treatments on soil physical properties were observed after
the first irrigation. Infiltration rate appeared to decrease with each
successive irrigation of some treatments. infiltration (not measured) of
lysimeters planted in wheat and treated with either gypsum or no
amendment appeared to decrease significantly by completion of the third
irrigation. This was evidenced by prolonged ponding as the experiment
continued. Although several lysimeters treated with phosphogypsum began
to exhibit ponding, no ponding was observed in lysimeters planted in wheat
and treated with MgCl,. Water quality treatments did not appear to affect
ponding (Daoud, 2005).

Large surface cracks, macropore channels, and root binding
appeared to cause channeling of irrigation water through the soil and down
the sides of the lysimeters planted with maize. This channeling, which did
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not occur in other cropped or uncropped treatments, became evident after
the third irigation (El-Sayed, 2002).
Bulk Density:- '

Significant main-treatment effects on postexperimental soil bulk
density are illustrated in( Fig.1). Effects of the crops on bulk density were
greater than the effects of the amendments . Water quality treatments did
not show a significant effect on bulk density. Presence of a crop caused the
surface soil bulk density to increase significantly above the bulk density of
the uncropped columns. The magnitude of the effect of the crops on
increasing bulk density was ranked as follows : wheat > Berseem (clover) =
maize > no crop. '

‘ The bulk density after three successive wheat cropping was 1.24
Mg m> compared with 1.07 Mg®m™ for the original soil. Bulk density
increased from 1.07 Mg m™ prior to the experiment to only 1.09 Mg m? in
the uncropped treatment. The slight increase in bulk density in the
uncropped lysimeters relative to the original soil was probably due to
dispersion and settling of soil particles during and following each irrigation
(Mohamed and El-Sayed, 2003).

The condition of the soil at the beginning of the experiment was similar to
that which might be found in the surface horizon of a recently tilled
agricultural field. The soil was relatively well aggregated, uniformly dry, and
loosely packed, as evidenced by the initially low bulk density of 1.07 Mg m’
* Greater bulk densities are commonly found below the tillage zone under
field conditions. Because of the low initial bulk density and initially high total
porosity percentage, it is reasonabie to assume the decrease in bulk
density due to crop treatments was caused in part by seitling of the soil
within the lysimeters on wetting and should have occurred with all crop
treatments. Because the soil physical properties differed significantly
between the cropped and uncropped treatments, settling due to wetting
alone was not the sole reason for these differences, although greater
volumes of irrigation water were applied to the cropped treatments than to
the uncropped treatments. (El-Sayed and Ghaly,1996)
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Post-Experiment Soil Bulk Density (Mg m)

control  Imaize

Fig. 1. Effects of crop. x amendment (top) and crop (bottom) on post-
experiment sml bulk density, compared with pretreatment bulk density
of 1.07 Mg m™. Statistically significant differences of means indicated
by Duncan grouping, o < 0.05.

Effects of amendments on bulk density varied significantly between
maize and Berseem (clover) lysimeters. Addition of Mg Cl; resulted in
significantly lower bulk density than the control treatment within the
Berseem (clover) crop. Conversely, gypsum increased the bulk density of
soils cropped to maize. The amendments caused no significant differences
in bulk density of the uncropped or wheat-cropped lysimeters (El-Sayed,
1999f and 2005).

Numerous studies reported significant effects of gypsum in
modifying soil physical and chemical properties. Calcium, provided through
dissolution of gypsum, displaces Na* adsorbed on the soil exchange sites,
thereby leading to aggregation and simultaneous leaching of Na® in
solution. One would assume that phosphogypsum, having a much greater
surface area than gypsum, would be more effective than the latter at
displacing Na* and pmmﬂtlng aggregation. Srrmlarlgv Mg Cl;, being highly
soluble, is a source of readily available divalent Mg cations for exchange
with Na* on the exchange complex. In this study, the lack of consistently
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significant ameliorative or stabilizing effects of either gypsum or
phosphogypsum on bulk density, particularly in the uncropped lysimeters,
was probably due to the limited leaching that occurred in this treatment.
The observed effects of Mg Cl, were probably due to its high solubility and
ability to be rapidy leached and displace Na (El-Sayed, 1997a and
Mohamed,2005).

Moisture-Release Characteristics:-

Moisture-release characteristics were determlnéd using und:sturbed
soil cores and*a pressure plate apparatus. Gravimetric water content and
bulk density were used to calculate volumetric water contents from — 0.01 to
~ 0.1 MPa potential (Fig.2). All surface soils ,from cropped lysimeters, had
significantly greater volumetric water contents than the uncropped soils at
the same potential. Soil from lysimeters irrigated with (WQ;) quality water
had significantly greater volumetric water contents at a specific potential than
soil from lysimeters lmgated with (WQ,) quality water (El-Sayed, 19999 and
Mokabel,2005).

Pore-Size Dlstrlbut:on -

The pore volume occupied by selected pore-size ranges was
calculated. Macropores were defined as pores having radii > 1.49 x 107
mm and micropores were defined as pores having radii < 1.49 x 102 mm.
Figure( 3 )shows the volume of pore space occupied by macropores and
micropores. Neither total porosity nor pore size distribution differed
significantly due to amendment treatment (Table 3).

All surface soils from lysimeters in which crops were grown had iess
total pore volume and a smaller percentage of pore volume in macropores
than uncropped soil. The soil from the maize lysimeters had more
macropores than soils planted with wheat or Berseem (clover). Lysimeters
cropped with wheat had a greater volume of micropores than soils planted
with maize or Berseem (clover). Imrigation with (WQ2) quality water
decreased macroporosity below the macroporosity percentage of columns
irrigated with (WQ1) quality water, although the difference- was not
significant. '

Pore-size distributions of the postexperimental soils are presented
in (Table 3) as the percentage of total porosity occupied by pores of various
radii. The difference in volume of macropores among the crop treatments
was greater than the magnitude of differences in volume "of micropores
among the crop treatments. This suggests that changes in bulk density and
total porosity due to cfop treatments were a result of collapse of
macropores with a subsequent (but not linear among treatments) increase
in micropore volume (Knany et al., 2005).
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Fig. 2. Effects of crop (top) and water quality (WQ, and WQ;, bottom) on soil
water-release characteristics of postexperimental soil cores. Volumetric
water content at saturation was estimated. Statistically significant

differences of means indicated by Duncan grouping, « < 0.05.
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Fig. 3. Postexpeﬂment total pore, macropore (radius > 1.49 x 102 mm), and
micropore (radius < 1.49 = 102 mm) volumes of undisturbed soil as affected by crop

{top) and water quality treatment {bottom).

Reasons for crop effects on reducing total pore volume and
macropore volume can only be speculated. Presence of a growing crop
resulted in significantly greater amounts of water being added to the
cropped lysimeters than to the uncropped lysimeters (Table 4). Similarly, a
greater amount of water was removed from the cropped lysimeters.
Treatments that resulted in the largest leaching fractions (maize, no crop,
and MgCl;) caused the smallest losses of total and macropore space and
the smallest increases in bulk density. Plant consumptive use, combined
with repeated imigation and drainage, probably improved displacement of
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Na" on the exchange complex, whereas continuously high soil water
contents and prolonged wetting may have caused soil dispersion and pore
collapse or consolidation of the soil. In addition, treatments with the largest
leaching fractions may provide conditions most conductive to- Na*
displacement and removal by leaching, followed by aggregation. Previous
reclamation studies have documented the necessity of adequate leaching
to ensure reclamation effectiveness of surface-applied amendments.

Table 3. Effect of crop and water quality treatments o;i postexperiment
pore-size distribution (percentage).

Total porosity occupied by pores in radius range

Pore radius Crop Water quality -
range x 10 NOo  \wheat DBErseem e wa, wQ,
crop (%) (clover) (%) (%) (%)
(%) (%) :
> 1.49 37.8a 21.6a 25.5a 30.8a 311a 28.2a
1.49-0.45 7.6b 9.3b 9.8b 8.8b 8.3b 9.3h
0.45-0.30 2.4¢ 3.9b 29 2.7¢ 2.9¢ 3.0¢c
0.30-0.21 2.7¢c 1.7¢ 1.8¢c 1.7c 2.4c 1.6¢
0.21-0.15 2.4¢ A.Ter 2.6¢c 1.7¢ 2.2¢ 2.2¢c
<0.156 47 1a 61.9b 57.2a 543a - 53.2a 55.8a
Total 0.60c 0.53a* 0.55ab 0.57b 0.57a 0.56a
porosity,
m3m—3

*Total porosity values followed by the same letter are not significantly different
according to Duncan grouping, a < 0.05.

The apparent effect of a living crop on reducing hydraulic conductivity
was most evident in columns planted. with wheat. Aggregation seemed to
deteriorate after repeated irrigation. Significant differences due to crop may
have also resulted from differences in plant rooting patterns of the various
crops. Maize is a robust crop, which quickly developed a full canopy and
placed heavy evapotranspirational demand on the soil water. The
extensive, fibrous root system of maize may have contributed a substantial .
amount of organic matter to the soil, binding the soil particles, and
maintaining aggregate stability and greater macroporosity. j
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Table 4. Treatment effects on postexperimental soil chemical
characteristics of saturated past extracts, measured leaching
fractions, and water use durm_g three crop cycles.

Leaching

Treatment @) ET ) (SAR)  (EC)dS/m S
Fraction : _

Crop : ) .
Nocrop 0.133a 392 4.6b 4.1c 0.89¢
Wheat 0.123b 136b 4.6b 3.1b 0.67a
Berseem 0.100a* 134b 3.9a 2.8a 0.72b
Maize 0.138c 167¢ 4.6b 3.2b 0.70b

Amendment : 0.125b 119%a 5.1b 2.8b 0.55a
Control 0.113a 130a 4.0a 4.0c 1.00b
CasS0y . 2H0 0.123b 126b 3.7a 4.0c 1.08b
P-CaS0, 0.133c 123cb 4.8b 2.4a 0.50a
Mg Cl, '

Water quality : ' _
WaQ 0.117a 122b 1.6a 2.5a 1.56b
wQ, 0.131b 108a 7.3b 4.0b 0.553
Preexperiment 54 25

(3) Defined as the ratio of :mgat:on leachate volume/applied volume {dimensionless).

{b) Evapotranspiration.
* Mean values within a column followed by the same letter are not sugnlf cantly
different, according to Duncan grouping « < 0.05.

Although wheat crop quickly developed during the first crop cycle,
deteriorating soil conditions during the experiment resulted in poorer wheat
performance with each successive crop. Postexperiment electrical
conductivity of soil from the lysimeters planted to wheat was significantly
higher than postexperiment electrical conductivity of soil from lysimeters
planted to Berseem (clover) (Table 4). This elevated soil salinity level may
have been partially responsible for the poor perform- ance of wheat during
the third crop cycle. In contrast, the Berseem (clover) crop developed more
siowly, and placed little evapotranspir- ational’ demand on the lysimeters
prior to the third crop cycle. The net result was that the water use for the
Berseem and wheat crops did not differ significantly during the course of
the study, although the two crop treatments had significantly different
leaching fractions.
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The significant reduction in macropore volume caused by irrigation
with (WQ;) quality water was attributed to the relatively high Na conc-
entration and uniform dispersion throughout the soil. Previous studies have
quantified the deleterious effect of Na on soil structure (Waldron et al., 1970 -
and El-Sayed and Abdel-Mawly, 1999d and e),although it is not clear
whether swelling or dispersion is the cause of reduced permeability of sodic
soils. :

Differences in water use and leaching fractions had a sighificant
effect on soil chemical properties, particularly the EC/SAR relationship of
the postexperimental soils (Table 4). The uncropped lysimeters had a
postexp- eriment EC/SAR ratio that was significantly different from the
three crop treatments. The greater EC/SAR ratio in the surface of
uncropped lysimetérs may have contributed to a more stable soil structure
than in cropped lysimeters. Rapid leaching of salts from the columns
cropped with wheat during the first crop cycle probably created a low
electrolyte concentration and high ESP, leading to clay dispersion, swelling
and structural change (Al-Nabulsi and Sheikhany, 2004 and Othman et al.,
2004). '

CONCLUSIONS

A greenhouse experiment was ‘conducted at Kafr El- Dawar city
Behera Governorate Ministry of Agric. & Land reclamation ,to- study the
interactive effects of crop species, surface applied amendments, and
irrigation water quality on soil physical and chemical properties. Significant
differences in measured parameters were determined to be the result of
treatments and experimental methods. The most contributory factors
appeared to be variations in soil water contents and leaching fractions,
effects of plant roots and physiological characteristics of the various. crops
and quality of the applied water.

Irrigation with relatively high Na® concentration water reduced
surface soil macroporosity more than irrigation with relatively fow Na*
concentration water. Cropping caused an increase in soil bulk density and a
decrease in macroporosity. Wheat had a more adverse effect on sail
structure than did Berseem (clover) or maize. Lysimeters planted to maize
had the greatest soil macroporosity of the crop treatments. _

My hypothesize that the decrease in porosity and increases in bulk
density were the result of the combined effects of aggregate dispersion and
pore collapse, followed by. consolidation of the soil during successive
wetting and drying cycles. Treatments with well-established and rapidly
growing crop canopies had significantly greater amounts of irrigation water
applied ihan the control treatment. This probably resulted in a-greater
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amount of soil settling than in the uncropped lysimeters. Similarly, the
uncropped lysimeters, which showed little alternate wetting and drying,
maintained the greatest porosity and greatest macropore percentage.

Maize had the greatest evapotranspiration and most rapid soil
drying between irrigations. Maize quickly developed a robust plant and full
canopy. This rapid drying of the soil appeared to promote formiation of
large cracks and a greater percentage of macropores. Lysimeters
planted to maize also had the greatest leaching fraction, which may have
provided the best opportunity for Na* displacement, leaching, and soil
aggregation. This is much different from the apparent way the wheat and -
Berseem (clover) crops developed, leading to slow, uniform drying of the
soil. Because of the study design, whereby leaching fractions were
maintained at a uniform, relatively low level, leaching volumes may have
been insufficient to sustain reclamation.

Rapid soil drying appears to minimize pore collapse and consoli-
dation of the soil, whereas slow and uniform soil drying resulted in
significant greater pore loss. Results of this study suggest that uncropped
conditions, and crops such ‘as maize ,may be the best combination of
conditions to gain maximum efficiency of amendment applied to reclaim
saline or sodic soils.
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