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ROM PREVIOUS studies on calcareous soil conditioning, a

conclusion was drown that materials which trn the sotl
hydrophobic such as bitumen emulsions, polyvinyl acetate emulsions
and ureaformaldhyde were more effective tor conservation practices
while these give the soil hydrophilic nature (polyacrylamides) were
for increasing water retentively. It is expected that applying both types
of soil conditioners together to highly calcareous soi! will overcome
most of the obstacles related to their hydro-physical properties besides
improving their chemical properties and nutritional status. With this
respect a polyvinyl acetate emulsion (PVYAc) as a cheap and safe
(hydrophobic) and an acrylamide hydrogel (hydrophilic) soil
conditioners were examined. Both are locally prepared.

A completely randomized field experiment was conducted in a
new reclaimed farm at El-Gharbaniat, Bourg El Arab, 30 km west the
Cairo Alexandria Desert Road, where Bucalyptus (Eucalyptus Sp.) the
common windbreak trees in the area was chosen as the indicator plant.
The soil is sandy clay loam, highly calcareous. The following
treatments for the soil of each plant pit {Skg} were examined: a)
untreated soil, b and ¢) soil treated with a locally preparcd PV Ac
emulsion 50 % active material at the rates of 0.5 and 1.0 % w/w active
material, i.e. 50 and 100 g of the emulsion plant pit. d and e} soit was
treated with PVAC as in treatment b and c¢. After drying, the soil was
retreated with 0.2 % w/w of a polyacrylamide potassium polyacrylate
gel (PAMG). ie. 10 g of the hydrogel crystals / plant pit. Eucalypius
seedlings of 6 months old were transplanted. Normal irrigation at 7
and 14 days intervals in summer and winter months, respectively was
adopted. Fertilization and pest control were the normal treatments for
the soil and the plant. After 12 months from transplantation, soil
samples were collected from the plant pits to express the conditioning
effect of examined treatments. Dry matter production and water and
fertitizes use efficiency by growing plants were also evatuated.
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The possibility for nawral structurization in untreated soil 1s
limited. Treating the soil with PV Ac enhanced the formation of water
stable structural units, and significanlty increased both MWD of these
structural units and erosion index. Positive changes in void rativ, total
porosity, drainable pores, water holding pores, hydraulic conductvity
and mean diameter of soil pores were recorded revealing an
improvement in soil aeration, water retention and movement through
soil profile. Mechanical strength particularly at fow soil moisture
tensions was improved and surface crackilng was reduced to a grea
extent. More improvements in the aforementioned properties of the
soil were obtained by treating PV Ac conditioned soil with PAMG.

Growth response and both water and fertilizers use effictency by
plants indicate that conditioning the soil with PVAc +PAMG can
furnish adequate conditions for crust forming highly calcareous soil
plantation.

Under the conditions of conducted experiment, conditioning the
plant pits of windbreak transplants for one teddan (30-60 plant pits)
needs 3-6 kg PV Ac and 300-600 g PAMG that costs 10.5-33.0 L.E.

Keywords: Calcareous soils, Soil conditioners, Hydrophilic polymer,
Hydrophobic polymer, Eucalyptus, Soil properties. Piant
growth, Water use efficiency, Fertilizer
use etficiency.

Highly calcarecus soils are widely spread in Egypt. They cover vast areas that
can help in solving the shortage in food production. High calcium carbonate
content-particularly the active fraction with high specific surface area-in these
soils distinctly affects their hydro-physical, and chemical characteristics, their
fertility status and water use for crop production. Reclamation and land
utilization of these soils are faced by several obstacles namely: 1) The particular
structure of such soils and changes in hydro-physical properties according to
their water content. With irrigation, they become muddy, less pervious and
highly erodible. Besides, heavy cracks that appear when drying out can damage
roots. 2) Crusting on the surface and its effect on infiltration and soil acration
from one side and seedling emergence and crop stand on the other side. 3) The
high Ca CO4 content and its effect on soil fertility and nutrients availability. This
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includes: a- High pH level, low organic matter and available N. b-Low
availability of phosphorous and applied P quickly reverts to insoluble forms. c-
Problems of K and Mg nuirition as a result of the nutritional imbalance between
these ¢lements and calcium. d- Problems of micronutrients availability especially
Zn, Fe, Mn and Cu. Deficiencies of these micronutrients result in chlorosis of
varying severity.4) Problems of water availability. Besides, the cemented
condition of the sub-soil layers(El-Hady, 1979).

The possibility of using synthesized soil conditioners to improve the
hydrophysical, chemical and biological properties of crust forming calcareous
soils, to obtain better conditions for seedling emergence and plant growth and for
more effective conservation praciices were investigaied. The response to
treatments varied with conditioners used and their application rates. All
examined conditioners increased aggregate stability, soil aeration, water
movement under saturated conditions and mean pore diameter. Soil mechanical
strength was improved and surface cracking was reduced with conditioning. On
the other hand, the changes in the characteristics of solid- water system and in
turn water retention in the soil and available water to plants due to conditioning
differ according to the hydrophilic or the hydrophobic nature of the soil after
conditioning. In other words, conditioners with hydrophobic effect on the soil
such as bitumen emulsions, polyvinylacetate emulsions and urea formaldehyde
were more effective for conservation practices while hydrophilic ones
{polyacrylamides) for increasing water retentivity (El-Hady, 1979 and 1988;
El-Hady &Tayel, 1981; El-Hady & Abou Saif, 1984; El-Hady & Lotfy, 1986
and 1987; Khattab er al., 1989; El-Hady ef al., 1991 and Arafai & El-Hady,
2000).

It 1s expected that applying both types of soil conditioners (hydrophobic and
hydrophilic) together to highly calcareous soils will overcome most of the
obstacles related to hydro-physical properties of such soils besides their chemical
properties and nutritional status. With this respect, a polyviny! acetate (PVAc)
emulsion as a cheap and safe (hydrophobic) and an acrylamide hydrogel
{hydrophilic) soil conditioners were examined. Both are locally prepared.
Eucalyptus as the common windbreak trees in the studied area was chosen as the
indicator plant. Effect of examined treatments on the dry matter production as an
indication for the growth response - and both water and fertilizers use efficiency
by Eucalyptus plants after 12 months from transplantation were investigated.
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Material and Methods

A completely randomized field experiment with four replications for each
treatment {Cochran and Cox, 1957 and Snedecor & Cochran, 1980) using
Eucalyptus transplants as indicator plant for each treatment was conducted in a
newly reclaimed farm at EI-Gharbaniat, Bourg El-Arab, 30 km west on the Cairo
Alexandria Desert Road. This experiment can be summarized as follows:

1. Soil
The soil is sandy clay loam, and highly calcareous. Its main analytical data
are shown in Table 1.

2. Soil conditioners

a) Poly vinyl acetate (PAVC) emulsion

50% active material was prepared by emulsion polymerization of
vinylacetate. Polymerization conditions were: a) polymerization was carried out
under nitrogen atmosphere, i in the absence of air, b) initiator used was the
redox pair initiator system, i.e. Sodium bisulphite (Na HSO3) and potassium

TABLE 1. Some analytical properties of the Bourg El- Arab calcareous soil.

a)Mechanical analysis

Cowsesand | Finesand | S |  Cly @ Textre © CaCO: | OM
X o | { i
2000*200 B 20200% | a0k <% Sandy clay % Fo%
‘ loam R _
(750 375 178 A6 12 K
i e

Distribution of carbonates as % CaCO5 content equivalent 31.4 sand 43.5 silt, and 25.1 clay.

b)Hydro-physical analysis

r‘&r Vold | Total Woisture refaned 6 w % at Hydraukic Wewt | Madmum !

denslyg | ratio | pornsty conductivity m | diameter | strengthof |

Ly % Walar Field Witing day! of soil ] soil surface |
holdng | capacity , percentage | pore{y) , kgem?

capachy | | | ; |

3% | W ws S - BT ‘t FY TN R

1 . 1 . -

C) Chemical analysis

Amons in sodt seste exdracT maq 7100 g Catione in soul pasie exiracl meq CEC Exchancable calions |

soil 1100 g sod mey meg/i00 g 30l !

158 N B |« o1 T SN _i
P T ST 777w (G TN TF

wa | P ‘ Mg~ |

COY, | HCO3 | ot | SOU | Ca | Mg | Ma ; K J i

= o | i

0% |82 |~ 08 |68 [17 Ti0 06 |44 03 [¥6a 79 [ie Tl ]

—t B I — —

Egypt. J. Soil Sci. 43,No.3 (2003)



- -

HYDROPHOBIC (POLY VINYL ACETATE)-HYDROPHILIC (POLY ACRYLAMIDE GEIy 307

persulphate (K5S,0g) at the ratio of 1 :2.5. Initiator: monomer (w/w) was (L5%.
¢) emulsifying agent was 0.5% polyvinylalcohol solution of b.p 1207C and Mol.
WI. 700,000 and d) temperature used and time of polymerizalion were 60°C and
8hr with continuous stirring, respectively,

b. Polyacrylamide hydrogel (PAMG)

Polyacrylamide K polyacrylate hydrogel was prepared in the Polymer and
Pigments Depl, NRC (Abd El-Hady er al, 1997) Main constituents and
propertes of the prepared hydrogel are shown in Table 2.

3. Soil treatments

Five treatments were examined namely:

a. Unueated soil; b and ¢, the soil of the plant pil 13 kg) was trewed wath
PVAc at the rates of 0.5% and 1% (active material) w/w. ie. 30 and 100 ¢
emulsion (50% active material). respectively. The optimal conditons  [w
conditioning process such as. initial and final soil moisture content and
appropriate conditioner dilution were taken into consideration to obtain oplimal
soil aggregation and stability (El-Hady and Tayel, 1981). d and e. the soil of the
plant pit was ueated with PVAc at the aforementioned rates. After drving. the
soil was re-treated with 0.2% (PAMG). i.e. 10g of hydrogel crystals/plant pit.

4. Transplanting
Eucalyptus seedlings of six months old (bar reoted secdlingsy were
wansplanted.

3. frvigation
Normal 1wreigation at 7 and 14 days intervals in summer and winter monthe
respectively was adopted.

6. Fertilization and pest control
Fertilization and pest control were the usual treatments for the soil and the
examined planL.

After 12 months from plantation. soil samples were collected from the plant
pits. The following indices were determined to evaluate the improving eifect of
the conditioning treatments. The size distribution of waier stable structural units
and their mean weight diameter (Black. 1982).

b) Erosion index (Vadvetde er ¢f. 1974).

c)Bulk density, void ratio. lotal porosity and pore size distribution (Hiilel.
197} and Loveday, 1974).

Egypt. J. Soil Sci. 43, No. 3 (2003,
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d) Hydraulic conductivity of 2-Imm fractions after perculation for three
hours under constant water heat (Azzam and El-Hady, 1983). Data of hydraulic
conductivity were vsed in calculating the mean diameter of soil pores (El-Hady,
1979). ‘

e) Soil water equilibrium values over a range for 0.0 to 15 bars (moisture
characteristics) and available moisture in the soil (Loveday, 1974) .

f) Soil resistance to a penetrating probe, as an index for soil mechanical
strength, was measured during drying process (EI-Hady and Lotfy, 1986}

Growth response (dry weight of roots stem and leaves) and both water use
efficiency (expressed as the dry matter produced in kg by m3of irTigation waler)
and fertilizer use efficiency (expressed as the dry matter produced in kg by units
of added nutrients (N, P205- and K»0)). After 12 months from transplantation
were evaluated.

TABLE 2. Description of the main constituents and properties of examined hydrogel*.

a — Main constituents .
and polymerization conditions
Active substance Poly acrylamide K acrylate copolymer
lonization degree 30mote %
Cross linker Th - ethanol amine
Cross finker ratio 1:104  mole/mole
Temperature used for polymerization 3035 °C
Time of polymerization ~15h
Presence or absence of nitrogen Prepared in air
Monomer content Net higher than 200 ppm
Percentage of active substance Greater than 95%
b- Properties
Appearance: White lo slightly yellow grains
Grain size : 025-1mm
Bulk density (dry). = 600 kg/m?
Solubility Insoluble in wafer and organic solvents
pH 0.1 % in distilled H.0 71
Absorplion capacity in g/g hydrogel
Deionized water = 400
0.9 % NaCl =" 5560
Saline water 2500 ppm = 85
Absorption time
Upto50% 20 mintes
Total absorption . 60 minites
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Results and Discussion

It is obvious that the possibility for natural structurization in the untreated
soil is limited. Treating the soil with PVAc enhanced the formation of water
stable structural units > 0.5 mm, 1-2 mm and > 2 mm in diameter on the expense
of the smaller ones. Formation process increased with the application rate of
PVAc. Therefore, MWD of water stable structural units was significantly
increased. Further increase in water stable strtictural units and their MWD were
attained by application of PAMG to PV Ac treated calcareous soil. Consequently,

stability of the soil against erosion was improved. Erosion indices were highly
increased (Fig. 1).
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Fig. 1. Effect of conditioner type and rate of application on the distribution of water

stable structural units and their MWD and erosion index for the Bourg
El-Arab calcareous soil.
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Positive changes in void ratio, total porosity, drainable pores, watcr hoiding
pores,hydraitlic conductivity and mean diameter of soil pores were iecorded
revealing an improvement in soil aeration, water retention and movement by
treating the soil with PV Ac. More improvements in the aforementioned properties
of the soil of the plant pit -especially those related to the moisture retention and
availability - were obtained by applying the treatments d and e, i.e. conditioning
the soil with PVAc + PAMG (Fig. 2, 3 and 4). Changes in pore size distribution
were in the side of water holding pores. Accordingly, water retentivity and
availability were also improved. As the hydraulic conductivity of the soil depends
on its pore geometry, large and stable structural units with large pores in between
{drainable pores) as a result of treating the sotl with PVAc allows water to move
through soil pores and increases its permeability. This is true whether the soil was
treated with either the hydrophobic (PVAc) or the hydrophiiic (PAMG) material
being higher with PVAc. The difference between the two treatments did not
exceed 10% for the hydraulic conductivity or mean diameter of soil pores.
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Fig. 2. Effect of conditioner type and rate of application on soil bulk density, void
ratio, total porosity and pore size distribution of the Bourg El-Arab calcureous

soil.
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Fig. 3. Effect of conditioncr type and rate of application on water retention in the
Bourg El-Arab caleareous soil.
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Although treating the soil with hydrophobic material (PVAc) did not increase
e availability of water by more than 25%, it is expected that the presence of a
15p layer of hydrophobic structural units can conserve moisture (Ei-Hady, 1979).
In soils containing sufficiently large stable and water repellent structural units,
water can easily enter through the spaces among the structural units and by -pass
the internal porosity of the structural units themselves. The structural units
remain relatively dry but allowing water to pass between them. Thus a given
amount of water can penetrate deeper and possibly more rapidly than in the
untreated soil. At the end of the infiltration (irrigation ) process, the surface zone
of the hydrophobic conditioned soil reduces water loss through evaporation
(El-Hady et al.. 1981), consequently, the amount of availabe water in the subsoil
may increase. On the other hand, the hydrophilic PAMG highly increased the
available water. This increase reached 55% by weight relative to the control.

Regarding soil mechanical strength (Table 3), its response to conditioner
treatments differs according to soil moisture tension and soil moisture content at
this tension. At Jow moisture tension, . at pF = 2, the mechanical strength of the
conditioned soil was higher than that of the untreated one. It increased with
increasing the application rate. This phenomenon is desired and beneficial. It
protects soil surface from budling after heavy irrigations. The rate of increase in
soil strength during drying in the range of available water, i.e. from pF = 2 10
pF=4.2 decreased by soil conditioning. It was 1485% in the untreated soil versus
1040, 1000, 810, and 600 % in the case of treating the sotl with PVAc 0.5%,
PVAc 1%, PVAc 0.5%+0.2% PAMG and PVAc 1%+0.2 % PAMG, respectively,
In all cases, mechanical strength of the conditioned soil at wilting percentage is
lower than that of untreated one being much lower with PAMG addition. When
conditioning with hydrophobic material (PVAc), the air dry soil has a strength
higher than that of control.

TABLE 3. Effect of conditioner type and rate of application on the pentration
resistance during drying process of the Bourg El-Arab calcareous soil.

Treatments Atfld capacty Al witing percentage | Rar dry soil
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In this case, the strength is proportional to the concentration used. The
reverse is true when applying PAMG. A point of practical importance is the
optimal moisture condition of the soi! for each treatment-at which its mechanical
strength is suitable for reduced tillage operation without dangers of destroying
soil structure, increasing erosion and soil compaction by heavy tillage

equipments.

It should be noted that a visual difference was obvious between the surface of
conditioned and untreated soil. Due to the changes in pore geometry of the
untreated soil, subsequent wetting and drying causes the appearance of heavy
cracks. Treated soil shows normal shrinkage without any crack formation. The
aggregating effect of applied soil conditioners and the stability of the conditioned
s0il structure posses stable pore geometry. In this way, soil conditioning reduces
10 a great extent the formation of cracks during the normal shrinkage. This will
be a big advantage because it may protect young plant roots during drying out
the soil.

Significant increase in the dry weight of plants that reached 29.0% over that
of the: control -(untreated soil) - and consequently, both water and fertilizers use
efficiency by the plants were recorded by treating the soil with PVAc at the rate
of 0.5% active material (w/w). Doubling the application rate of PV Ac to be 1%
{(active material w/w) raised the aforementioned increases to be = 1.5 times that
of untreated soil. Applying 0.2% w/w PAMG to the conditioned soi! with PVAc
increased either the dry weight of growing plants or their water and fertilizers
use efficiency to be 174% and 186% that of untreated soil using 0.5% and 1%
PV Ac, respectively (Table 4) .

Taking into consideration that the preparation of one ton of PVAc emulsion
{30% active material) costs about 4000 L.E (Egyptian pounds) and the price of
the used hydrogel is about 3 dollars / kg, i.e. about 15 L.E ,costs of conditioners
needed for the plant pit (5 kg) will be = 20, 40, 35 and 55 p.t when applying the
treatinents b, ¢, d, and e, respectively (Table 5).

Since the required windbreak trees for one feddan ranges between 30-60 trees
according to the area of the farm, distances beiween trees and number of rows of

Egypt. J. Soil Sci. 43, No. 3 (2003)
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TABLE 4. Growth response and water and fertilizer use efficiency by Eucalyptus
plants {(after 12 months from transplantation) as affected by conditioner
type and rate of application for the Bourg El-Arab calcareous soil.
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Each figure is the average of 48 plants.

¢ Expressed as dry matter produced in kilogram by m> of irrigation water.

= Expressed as dry matter produced in kilogram by unit of added nutrients.

-Irrigation water used = 1.05 m3/ piant (35 irrigation x 30 L plant).

-Fentilizers used were 0.5 kg of each of ammonium sulphate 20.5% N, superphosphate 15.5% P05
and potassium sulphate 48-52% K50 / plant .

TABLE 5. Conditioners needed for plantation of ﬁrind_ break trees in one feddan of
Bourg El-Arab calcareous soil and their costs.

Condtloners needed forpiant | Costs of nesded condlionens for Costs needed for

pit (5 Kg sei)in grams piont pil {LE) _ condiioning one isddan |
— o | posopanpesLE |
PVA: PANG*  PvAc - PANMG Total ‘

PUAE 0.5% L] - (V] = 87 6-12

PVAC 1% 100 - 04 - 04 124

PVAC 059 PANG 0.2% 5 0 0z 015 03 105210

PYAC 190+ PANKG 0.2% LI B o1 | 0% 165330 ,
I I i [ S —_———

*PV Ac emulsion 50% active material .
**Crystals of polyacrylamide K pelyacrylate hydrogel.

trees needed to protect the farm against severe winds and wind velocity itself.
therefore, the highest costs of soil conditioners needed to improve mechanical,
hydro-physical and bio-chemical properties and fertility status of the plant pits of
windbreak trees in highly calcarcous soil will be only 33.0 L.E per.fedden.
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