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HE EFFECTS of several soil amendments (sand, FYM and

gypsum) on soil chemical properties were investigated in a field
experiment conducted at Gammalia district, Dakahlia Governorate,
Egypt. There were 10 treatments.: control, Sig, S1, G135, Gs, FYM,,,
FYN’:U. SIO+GZ.5: Sm"’FYMm and FYMm + Gz_s ton/fed with 3
replicates. Two crops (cowpea, potato} were cultivated.

The results indicated that soil amendments decreased pH in all
treatments under cowpea and potato and also decreased EC, but sand
addition mixed with FYM has increased EC. FYM and gypsum, alone
or incombination showed increase in OM% while sand, alone or
coupled with gypsum decreased in OM. Soil atnendments have good
effect on the soluble cations and anions. Results revealed that the soil
amendments addition to the studied soil decreased SAR value in all
treatments compared with control. Also, all treatments decreased GR
compared to the control.

Soils in the northern Nile Delta have been deposited under the conditions of
Mediterranean Sea or saline lakes, thus they are characterized with heavy texture
surface accumulation of soluble salts and low concentration of organic matter
(Abbas et al., 1967).

Armstrong & Tanton (1992} stated that gypsum application was highly
efficient as a treatment for reducing the amount of exchangeable sodium and
inhibiting clay dispersion in highly structured saline sodic clay top soils.

El-Fakharani (1997) mentioned that the effect of gypsum on soluble Ca*" in
soil significantly increases the concentration of Ca’" in the soil sotution. This is
not strange since addition of gypsum promotes the availability of Ca™* in soil and
that liberation of CO; as a results of biodegradation of poultry manure leading to
the formation of carbonic acid (H;CO;) which encourages the dissolution of
gypsum (CaSO,-H,0) in soil as a result of reducing the soil pH.

Studying the effect of gypsum and poultry manure on soluble HCO; and
CaCQ; concentration in soil, El-Fakharani (1997} reported that soluble HCO;
concentration in the soil solution significantly decreased, while the CaCO; in the
sotl significantly increased as a result of increasing gypsum level to 8 tha. This
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may be attributed to the probable reaction between Ca™ and HCO; to form
Ca(HCO:;}), which is precipitated as CaCO3 in the soil. - '

The aim of the present study was to evaluate the effect of different levels of
soil amendments on soil chemical properties of heavy textured soil.

Material and Methods

The research entitled "lmproving Heavy Textured Soil Properties" was
conducted in the Soil Science Dept., Faculty of Agric., Mansoura Unijversity,
Egypt. The study field is located in Gammalia district, Dakahlia Governorate,
Egypt. A randomized completely block design (RCB) was used with 10
treatments and 3 replicates. The treatments were: control, sand 10, sand 20, FYM
10, FYM 20, gypsum 2.5, gypsum 3, sand 10+FYM10, sand 10+gypsum 2.5, and
gypsum 2.3 + FYM 10 t/fed, The study included two crops (cowpea and Potato).
The whole experimental area was 540 m’,

The amendments were added before planting both of the crops (cowpea and
potato) to the surface of soil and then ploughed to mix in the surface and sub surface
layers. '

After harvesting each crop, soil pH was measured in the 1:2.5 soil paste
extract using Beckman glass electrode pH meter (Black, 1965). Soluble carbonate
and biocarbonate were determined by the titration with standard HCI solution,
while soluble calcium, magnesium and sulfate in 1.5 soil to water extract by the
titration with a standardized versenate solution, also soluble standard silver nitrate
solution (Jackson, 1967). Organic matter was determined according to Walkley
and Black method (Black, 1965).

Some physical and chemical properties of the studied soil before planting are
presented in Table 1.

TABLE 1. Some physical and chemical properties of the soil.

Soil physical Seil sample Soit chemical 0 ’gml sample
propertics 0-20 em 20-40 ¢ properties c';‘ 20-40 cm
HW % 10.53 10.05 pH value* 7.3 7.6
S5.P. % 116.6 124.5 EC dS/m** 1.68 1.34
F.C% 47.5 45.0 OM % 1.43 1.53
PW.P % 25.2 248 OR tfed 613 5.08
H.C. emvh 0.041 0.065 v LS| Ca 1.16 1.18
BD g/em’ 1.23 1.28 5T _Mg” 1.12 1.04
RD wicm® 2.67 232 =5 g Na® 0.21 0.32
Total Porosity% 53.18 52.04 = K 1.0 1.1
Coarse sand % 11.60 11.42 =3 CO;” 0.0 0.0
Fine sand % 2.6] 2.22 7—:“ 521 HCOy 0.25 .36
Silt % 20.4 20.84 SEF Cr 1.94 1.88
Clay % 4539 6552 - 1.10 i 40
Soil iexture Clavey soil ESP 78 7.6

* In soil paste **in 1:5 extract (The soil used tn this research was heavy clay soil)
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Collected data were subjected to the statistical analysis, the technique of
analysis variance (ANOVA) for Randomized Complete Block Design (R.C.B)
according to Gomez & Gomez (1984) was used. The treatments means were
compared using least significant difference (LSD).

Results and Discussion

Effect of some soil amendments on soil pH value and EC

Data in Table 2 showed the effect of sand, FYM, and gypsum and their
combinations on soil chemical properties. Data revealed that the pH values were
reduced with the application of amendments to the studied heavy textured soil as
compared to control. This decrease was obvious for sand, FYM and gypsum at
the two application rates and the combinations between them in all treatments
under cowpea and potato crops.

TABLE 2. Effect of soil amendments on soil pH and EC under cowpea' and potato

crops .
Cowpea Potato
Treatments pH EC. dS/m oH EC, dS/m
Control 76 137 76 137
5 74 121 75 134
S20 75 17 75 34
FYM, 72 1.58 71 166
FYMay 7.2 1.67 72 168
Grs 70 0.45 6.9 0.40
G, 71 0.58 7.0 0.62
S, FY My, 74 1.40 74 147
5,,7Cas 73 0.98 74 132
FYM . +Go s 7.3 1.42 73 142

S= Sand, FYM= Farmyard manure, G= Gypsum

The decrease in pH value by adding gypsum may be attributed to rapid
leaching of soluble sodium salts and as a result for conditioning structure and
porosity of soil, also to calcium replacing the exchangeable sodium. These results
are in harmony with those obtained by Mohamed er ol (1992); Ramadan et al
(1994) and Bols'hkoov et al. (1996).

Furthermore, the results showed that FYM reduced slightly soil pH value.
These finding are in agreement with those obtained by Singh & Singh (1989);
Nazir et al. (1998) Adel - Moez et al (1999) and Zein (1996). There are
arguments that the decrease in soil pH could be atiributed to the decomposition
process of organic materials and reducing the organic acids.

Data in Table 2 revealed that EC value was reduced with application of used
amendments to the studied soil as compared to the control under cowpea and
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potato crop. This decrease in EC value may be due to the addition of gypsum,
where the percolation of water through the profile of gypsum-treated soil was
much more than without gypsum. These results are in agreement with those of
Youssef (1992) who reported that the application of gypsum caused a significant
decrease in soil EC value.

Effect of soil amendments on organic matter

Data in Fig. 1 revealed that the amendments application caused an increase in
some treatments and a decrease in the others.
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Fig.l. Effect of soil amendments on organic matter percentage under cowpea and
potato crop .

Sand application at two rates under cowpea and potato crop decreased OM%,
but the addition of sand mixed with FYM increased OM%. FYM addition
alone or coupled with gypsum increased OM%.

1t was observed that the effect of soil amendments on OM9% under potato and
cowpea crops has the same way in their effect. The organic matter was decreased
by adding FYM. It could be concluded that the soil OM content decreased with
time because the decomposition rate of applied manures was increased with
increasing decomposition period and temperature (Amer ¢f al,, 1996).

Effect of soil amendments on soluble anions

The effect of soil amendments (sand, gypsum and FYM) on soluble
biccarbonates, chiloride and sulphate anions in the soil solution under cowpea and
potato crops are given in Table 3.

The addition of sand under cowpea and potato crops at two rates, 10 and 20
v/fed increased the soluble HCO;™ and SO, anions concentrations.
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TABLE 3. Effect of using soil amendments on soluble anions (meq/100g soil} .

Cowpea Potato

Troatments meq/100 g soil _ meq/100 g soil

CO,;” | HCOy | CI S0, | COy” HCOy | CI S0,
Control 0.00 1.02 1.99 1.40 0.00 1.25 1.59 1.43
Sia : 0.00 1.08 1.71 1.60 0.00 1.48 1.68 1.46
Sap 0.00 1.52 1.65 1.50 0.00 1.57 1.87 1.45
FYM,q 0.00 i.88 1.88 1.70 0.00 .65 1.37 2,30
FYM,, 0.00 1.90 1.53 1.70 0.00 1.55 1.45 2.40
Gas 0.00 | 0.66 0.88 2.80 0.00 0.86 0.31 2.60
Gy 0.00 | 0.57 0.73 2.80 0.00 0.68 0.32 2.80
SotFYM,, 0.00 1.68 1.78 1.88 0.00 1.90 0.98 2.40
S10+Gy 5 0.00 0.63 .28 2.20 0.00 0.78 0.83 2.70
FYM,+G,, | 0.00 | 107 1.18 | 2.60 | 0.00 128 | 096 | 2.80

S= Sand, FYM= Farmyard manurc, G= Gypsum

The FYM application under cowpea and potato crops at two rates (10 and 20
t/fed} increases soluble HCO; and SO, concentrations. While both rates of sand
decreased chioride concentration. Mixing sand with FYM affected studied anions
by raising their concentrations except for chloride which decreased . On the other
hand, mixing sand with gypsum decreased HCO: and CI' but increased SO~
anions.

Data in Table 3 showed that soluble biocarbonate concentration in the soil
solution was highly decreased by addition of gypsum. This may be attributed to
the probable reaction between Ca'" and HCO; to form Ca(HCO;), which
precipitates as CaCO; in the soil.

On the other hand, FYM caused an increase in HCO, concentration, which can be
attributed to the liberation of COj; as a result of the biodegradation of FYM and the
consequent formation of carbonic acid (H,COQ,) that promotes the dissolution of
CaCO; resulting increase in the soluble HCO; anion in the soil solution.

Effect of soil amendments on soluble cations
Results in Table 4 showed the effect of soil amendments on soluble cations
"Na’, K*, Mg"™, Ca"™" under cowpea and potato crop.

The addition of sand under cowpea and potato crops at two levels (10 and 20
t/fed) did not change the concentration of soluble cations.

FYM application under two growing crops at two rates (10 and 20 tfed)
decreased soluble cations (Na', K', Mg™") and slightly Ca’". Mixing sand,
gypsum and FYM with each other showed the same trend for each amendment
when applied alone.
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TABLE 4. Effect of using soil amendments on soluble cations (meq/100g soil} under
cowpea and potato crops.

Cowpea Potato
Treatments meq/100g soil meq/100g soil
Na® K Ca’” | Mg™ | Na” K Ca™ | Mg"”"
Control 1.40 0.73 1.26 1.02 1.05 0.77 1.43 1.02
S i.41 0.67 1.28 1.03 1.033 | 1.07 1.47 1.05
San 1.44 0.70 1.48 1.05 1.033 1.32 1.50 1.04
FYM,, 1235 | 1.44 1.75 1.03 1.040 | 1.52 1.58 1.18
FY My 1.036 t 1.32 1.72 1.05 1.031 1.45 1,72 1.20
Us s 1.025 | 0.63 1.64 1.04 1.021 | 0.09 1.60 1.06
Gs 1.022 | 0.68 1.36 1.04 1.010 | 0.12 1.64 1.03
Syt FYMy, 1.393 1.42 1.50 1.03 1.025 1.50 | 1.60 1.15
S Gas 1.028 | 0.72 1.32 1.04 1.024 | 0.65 1.54 1.10
| FYM,i+G,y s 1.430 | 1.05 1.34 1.03 1.025 1.29 1.56 1.16

§= Sand, FYM= Farmyard manure, G= Gypsum

The addition of gypsum enhanced the process of reclamation by the
replacement of Na with Ca. The soluble sodium concentration was decreased as a
result of adding gypsum because of the replacement of calcium with sodium in
the soil solution. Also, Patel et al. (1990) concluded that gypsum was more
effective in reducing the Na®.

The results showed a high increase in the concentration of Ca™ by adding
pypsuwin and FYM. This happened because addition of gypsum prometed the
availability of Ca™ in soil and also for liberation of CO; by biodegradation of FYM
resulting in carbonic acid (H,CO;) which encourages the dissolution of gypsum
in soil as a result of reducing soil pH. These results are in agreement with those
reported by Khafagi & Abdethadi (1990) and El-Fakharani (1995 & 1996).

Effect of soil amendments on sodium adsorption ratio (SAR) under cowpea and
potdte crops

The sodium adsorption ratios (SAR} as affected by adding soil amendments
(sand, FYM and gypsum) under cowpea and potato crops are given in Fig .2.
Data revealed that the soil amendments addition to the studied soil decreased
SAR in all treatments compared to control.

The addition of sand under cowpea and potato crops at two rates of 10 and 20
t/fed decreased slightly SAR from 1.3 and 0.92 to 1.28 and 1.20, respectively. Also,
mixing sand at 10 t'fed with FYM at 10 t/fed or gypsum (2.5 t/fed) decreased SAR.
This reduction was more obvious with gypsum than with FYM addition.
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The addition of FYM under cowpea and potato crops at two rates (10 and 20
t/fed.) reduced SAR. from 1.3 (control) to 1.0 and 0.86, respectively. This reduction
was 23.08 and 30.77%, respectively.
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Fig. 2. Effect of using soil amendments on sodium adsorption ratio (SAR) under
cowpea and potato crops .

On the other hand, gypsum application under cowpea and potato crops at two
rates (2.5 and 5 t/fed.) sharply decreased SAR from 1.3 to 0.9 with 30.77%
lowering for both rates.

Gypsum and FYM applications and their mixing with sand reduced SAR
value. This could be explained on the base of adding soluble calcium through
gypsum and leaching sodium from the soil solution.

Effect of using soil amendments on gypsum requiremen! (GR) under cowpea and
potato crops

Data in Fig. 3 illustrated the response of gypsum requirement to the addition
of different soil amendments (sand, FYM and gypsum} after two successive
growing crops (cowpea and potato). All studied treatments decreased GR
compared to the control.
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Fig. 3. Effect of using soil amendments on gypsum requirement (GR, t/fed) under
cowpea and potato crops .

The sand application under cowpea and potato crops at two rates (10 and 20
t/fed.} decreased GR from 7.27 t0 6.46 and 6.87 t/fed.

The FYM application under cowpea and potato crops at two rates {10 and 20
t/fed.) reduced GR sharply from 7.27 (control) to 4.42 and 4.04 t/fed. This
reduction was 66.71 and 44.43%, tespectively. While FYM at 10 t/fed mixed
with gypsum at 2.5 t/fed reduced GR to 1.4 t/fed by lowering 8.74%. On the other
hand, gypsum addition under cowpea and potato crops at two rates (G2.5 and G5
t/fed) reduced GR markedly from 7.27 to 1.62 and 2.02, respectively.

Mixing FYM or gypsum with sand or together takes the same trend. The
decrease in gypsum requirements by using gypsum or FYM is due to the presence
of Ca"" in their chemical composition or improving physical and chemical
properties of studied heavy textured soil.
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