Influence of Leaching With Gypsum and Compost of Rice Straw on Improvement of
Salt Affected Soil and Rice Growth
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ABSTRACT

A study was couducted to investigate the efficiency of
leaching process with gypsum, and compost, and their
combination on improvement an unproductive salt affected
soil, the rice growth and nutrient uptake. Columns were
packed with the salt affected soil collected from northern
Nile Deita. The treatments were gypsum in rates of 0, 3, 6,
and 9 Migagrame/feddan ( Mg fed.'), compost in rates of
10 and 20 Mg fe.”! and combination of 3 gypsum with
compost 10 Mg fed.”. The columns were saturated with tap
water, and transplanted with rice. Successive lenching was
done with same volume of irrigation water. The percolated
water volume and its electrical conductivity (EC,) were
measured. Soil physical and chemical properties and plant
analysis were done.

The results indicated that absolute differences in
leachate volumes, due to leaching process, were relatively
small for no amended soil and increased with gypsum
application rates. The percolation of water through the
gypsum treated soil columns was much faster than control
indicating that gypsum was the main factor to percolate
process, Compost with gypsum was more effective than
compost alone. Electrical conductivity of percolated water
(EC, ) values had a sharply decreasing then after the third
leaching a slight decreasing was recorded with gypsum
treatments. However, the EC, values had the same trend,
but the slight decreasing was retarded wntil the 4™
leaching with compost treatments. The mean value of EC,
in leachate was reduced from 32.83 to 4.63 dSm™. This
decrease was a function of the leaching numbers of the soil,

Consequently, leaching the soil treated with gypsum
was more effective in removing the total soluble salts
{TSS). Leaching with compost did not create a sodification
hazard and ESP obtained values at the end of leaching
were lower than the control. As expected the increasing
gypsum rates decreased ESP. Moreover, a high degree of
soil improvement was realized when leaching began with
gypsum+ compost and ESP value was decreased to 11.49.

The results revealed that the rice shoot dry weight was
increased from 9.29 to 29.01 g/column as gypsum rates
increased from zero to 9 Mg fed™ The corresponding value
for compost was 25.03 g/column at 20 Mg fed.". The
combined effect of compost and gypsum was greater than
individual (40.05 g/column). Nitrogen and phosphorus
content in rice dry matter was increased with compost
application while they were not significantly affected by
gypsum application rates. In addition K content was not
significantly affected. The Na content was lower, however
Ca and Mg content was higher in gypsum compared with
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compost treatments. Thus, it can be said that leaching the

salt affected soil with gypsum plus compost was entirely

safe. This treatment is more profitable than the leaching

with water only.
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INTRODUCTION

Soil degradation in terms of excess of saits is one of
the problems in the arid region in general and Egypt in
particular. The rapid expansion of irrigated agriculture,
together with the presence of inadequate drainage
systems led to an unproductive soil environment. Hamdi
et al. (1996) prepared soil salinity maps for the Nerthern
part of the Nile Delta. They found good fertile soils as
well as salt affected ones having different levels of
salinity. Since quite a portion of the Narthern part of the
Nile Delta soils are saline or saline sodic affected to
variable degree, gypsum comes into consideration. lts
application ahead of rice planting would be better than
ahead of any crop because of inundation condition. In
the Nile Delta rice is the main crop and occupies
annually about 0.6 million hectares, (Tantawi, 2004).
The agriculture practices in this region are to remove or
burn its straw. These practices led to air pollution and
losses of nutrient elements and organic matter,
Composting rice straw and additing to soil may increase
the moisture holding capacity, maintains sufficient pore
spaces to permit good air circulation and drainage of the
excessive water and dilution of salt concentrations in the
soil solution, (Luken , 1962, T.ttaswamygowda and
Pratt ,1973, Gupta er al., 1984, El Etreiby, 1992 and Et
Etreiby er al. 1996). Moustafa and Shabassy (1959)
pointed out that both organic matter as wheat straw and
gypsum ameliorated the black alkaline soil
characteristics, but they recommended that addition of
decomposed organic matter might be better than wheat
straw. Massoud et af (1989) found that yield of rice
increased by all treatments of gypsum and manure, but
the combination of gypsum and manure have more
effective. Sharma and Singh (1984) studied the effect of
additions of gypsum, urea, super phosphate and zinc
sulphate to sodic soil, and found that grain and straw of
rice were increased by all treatments. Moreover,
Richards (1954) and Kaddah (1963) cleared that the
tolerance of rice to salt ranged from 6 to 10 dS.m™", El
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Ghamry et al. (1979) found that the highest yield of rice
obtained in the clay loam soil at ESP equal to 15.74,
while the lowest one was obtained at 27.81. Kovda
{1961) suggested that use of about 2-3 times the field
capacity of fresh water to remove the excess soluble
salts. In the reclamation of saline and sodic soils, the
primary objective is to reduce the concentration of
soluble salts and exchangeable sodium in the profile to a
non-injurious level by leaching. Reduction of
exchangeable sodium invoives its replacement on the
clay complex by another cation such as calcium, before
it is leached, (Richards, 1954, Dutt, 1964, Balba and
Ellaithy, 1968, Elgabaly [975, Balba ,1979 and
Massoud et al., 1989).

The presented investigation is an attempt to study the
effect of leaching with gypsum, compost rates and their
combination upon the (i) soil properties and removal of
soluble salts and (ii) on rice growth and nutrient
absorption. It is thought that the laboratory study of
leaching process simulates the process when it is carried
out under the field conditions.

MATERIALS AND METHODS

The current work was carried out in greenhouse at
Soil Salinity Lab., Alex. The soil used in this study was
a mixture of surface soil samples, 0-30 cm collected
from the Nile Delta (Egypt). The soil textural was sandy
clay loam (sand 50.9, silt 9.3 and Clay 39.8 %). The soil
total N, OC and CaCO; content were 0.25, 0.34 and
1.33%, respectively. The soil hydraulic conductivity,
bulk density and total porosity percentage were 31.20
mm day”, 1.46 g.cm” and 44.90 %, respectively. The
water chemical compositions and the main soil

properties are given in Tables (1) and (2), respectively.
Soil and Plant Analytical Methods:

Bulk density, hydraulic conductivity measurements
and mechanical analysis for sand, silt and clay were
measured (Day, P.1965). Organic carbon was
determined by Walkley-Black method, and total
nitrogen by macro-Kjeldahl method (Black ,1965).
Exchangeable cations Ca, Mg, K and Na were
determined by extraction with IN NH4QAc solution at
pH7 according to Richards (1954). Soluble cations,
soluble anions, pH and EC were determined in 1:5 soil -
water extracts according to Richards (1954). Shoot
samples of the rice plant were taken 66 days afier
transplanting, washed in 0.1N HCI followed by distilled
water, oven dried at 65 C° for 72 hr, ground, digested
and analyzed for Na, K, Ca, Mg and total N and P
according to Chapman and Parker (1961).

Experimental Procedure:

Perspex columns of 20.0 ¢m inside diameter and
120.0 cm height were uniformly filled with a mixture of
surface s0il collected from the Nile Delta, so that a bulk
density of .46 g cm™ was obtained. A 10 cm layer of
sand gravel was placed at the bottom of each column
and drainage outlet in the gravel sand layer was
connected by tubing to control the percolated water. The
columns were saturated with tap water and transplanted
with rice (Oryza sativa L.} cv. local with five seedlings
(25day-old) and thinned later to four/column. The
system used for imvigation and drainage consisted of
closing the bottom hole in each column filling it with
equal amount of irrigation water (5 cm above the soil
surface). The water was restricted for four days then all-

Tahle 1. Analyses of the tap water used in leaching process.

soluble anions (meq L™ )

soluble anions cations (meq L)

d::" pH SAR  KAR™
CO,” HCO,~ CF SO Ca* Mg”  Na' K
049 115 - 032 135 100 220  LI8 17 020 131 015

Table 2. The main characteristics of the used soil (0-30 cm).

pH EC Soluble cations Soluble anions Exchangeable cations
(5 (1:5) Na* K' Ca™ Mg” CO7y HCO, €I SO, Na* K' Ca™ Mg ESP
] -1 -
dS.m (meql™) (meql™) meq/100g
84 4.46 3792 021 250 3.79 - L10 3450 882 1540 041 895 754 4768
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-owed to drain from the botiom hole for three days. The
successive leaching process was six times during the
experimental period. The percolate was collected in a
suitable respectable and its volume (Q) and electrical
conductivity (EC, ) were measured.

The treatments were applied as follow:

T1 = Control (leaching)

T2 = gypsum (3 Mg fed.™)

T3 =gypsum (6 Mg fed.")

T4 =gypsum (9 Mg fed.”' )

TS = compost (10 Mg fed. ')

T6 = compost (20 Mg fed.”")

T7 =gypsum (3 Mg fed. -1)+ compost {10 Mg fed.-1)

The gypsum was from EL-gharbaniat containing

about 98% CaS04.2H20 and 2% CaCO3. The gypsum
was mixed with the top 20 cm. The C/N ratic of
compost was a mean value of 12.95 and the total N and
P contents reached (.88 % and 23.29 ppm, respectively.
All columns were fertilized with the recommended rate
of N-P-K and placed on a greenhouse bench with open
climatically conditions. The experiment was arranged in
a complete randomized design with three replicates.

Statistical analysis was carried out according to
Dagnelie (1975).

RESULTS AND DISCUSSION

The data record in Table (2) show that the physical
and chemical properties of the studied soil were poor
permeability to water. The hydraulic conductivity was
31.20 mm day”. The resul agreed with that reported by
Gobran er al. (1982). The EC, of 1:5 extract was as high
as 4.46 dS.m™' with pH of 8.4. It was also found that Na
was predominated, Table (3.a.} and Fig. (1) show the
percolated volumes as a function of leaching number of
irrigation water added with different gypsum rates. The
results indicated that absolute differences in leachate
volumes, due to leaching process, were relatively small
control and increased with gypsum application rates.
Furthermore, percolation of water through the gypsum
treated soil columns was much faster than that found in
the columns without gypsum. These resulis are in
agreement with that reported by Balba and Ellaithy
(1968). As gypsum rate increases response curve
occupies a higher position; indicating that gypsum was
the main factor to percolate process. The data in Table
(3.b) and Fig, (2) illustrated that the leaching process
with compost and /or gypsum treatments had the same
trend.
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Fig.1. Effect of leaching with gypsum rates on
accumulated percolate volume from the coulmns
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Fig. 2. Effect of leaching with compost and /or

gypsum on accumulated percolate vqolume from
the couimns

Percolated water (EC,) and removal saits:

Electrical conductivity of percolated water (ECy)
was affected by leaching with gypsum and /or compost
rates (Fig.3 and 4). The EC, values sharply decreased
after the second leaching then afier the third a slight
decreasing was recorded with gypsum treatments.
However, with compost treatments the ECy values had
the same trend, but the slight decreasing was retarded
until the 4" leaching, (Fig. 4). After 6™ leaching, the
mean value of EC, in lJeachate was reduced from 32.83
to 4.63 dSm’'.
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Fig.3. Effect of leaching with gypsum rates on ECd
of drainage water from soil column.
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Fig. 4. Effect of leaching with compost and/or
gypsum on ECd of drainage water from soil
column

In the type of experiments of the solute
displacement, a check on the concentration of the solute
is always useful. A mass balance check for TSS by use
of the trapezoid rule of integration for the area under the
experimental curves of Fig. (5) and (6) was done in
each case. These calculations indicated that the total
soluble salts (TSS) in leachate had the same trend as
EC, for all treatments. The leatchates were high
concentrated in the first days of leaching. The greatest
part of salts was removed at the second leaching step,
afier which the rate was greatly reduced in the
subsequent steps. When the soil columns were mixed
with gypsum, the leaching was more effective in

removing the soluble salts, (Table 3.a.). Although,
compost addition retarded the amounts of soluble salts,
feaching the soil treated with compost did not create a
sodification hazard and ESP obtained at the end of
leaching were lower than the control. Similar results
were found by Moustafa and Shabassy (1959).
Comparison between the accumulated salts removed by
leaching with gypsum and/or compost, revealed that the
gypsum with compost was more effective in displacing
the TSS. This would be an indirect effect of compost for
enhancing good soil physical properties, which lead to
better salt leaching processes. Kovda {1961) suggested
that use of about 2-3 times the field capacity of fresh
water to remove the excess soluble salts.
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Fig. 5. Effect of leaching with gypsum rates on
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Fig. 6. Effect of leaching with compost rates and/or
gypsum on removed total solubliz salts (TSS).
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Soil salinity and ESP:

The amount of salts remaining in soil columns after
leaching process with different treatments are presented
in Table (4). The results revealed that salinity as
measured by the electrical conductivity (ECs) decreased
with increasing leaching water and was related to the
rate of amendments, Comparison between the
decreasing in the exchangeable sodium by leaching
alone and accompanied by gypsum, Table (4), shows
that the latter case was more effective in displacing the
exchangeable sodium than the former. These results are
in agreement with that reported by Dutt er /. (1972)
and Gobran et af (1982). However, leaching reduced
EC, to a mean value of 0.54 compared with initial value
of 4.46 dS.m™".

The pronounced effect of leaching on the
exchangeable sodium was higher with gypsum and
compost treatments and lower with leaching alone. In
case of gypsum treatments, exchangeable sodium
percentages (ESP) were decreased to 15.66, 11.74 and

ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL.. 27, No. 2 APRIL- JUNE 2006

10.50 at the rate of 3, 6 and 9 Mg/fed., respectively. The
corresponding values with compost treatments were
22.72 and 16.50 at the rate of 10 and 20 Mg/fed,
respectively. The combined effect of compost and
gypsum was preater than individual, (Table 3). Although
compost addition supplied amounts of Na, it did not
create a sodification effect and ESP obtained values at
the end of leaching were lower than in the control. The
leaching alone was reduced the ESP from 47.68 to
26.19. This attributed to contribute the soil CaCO,
previding an additional source for dissolved Ca. Balba
(1963) showed that the seil CaCO; was more soluble
under saline conditions and effectively participates in
the soil actions. The exchangeable potassium was
increased with compost treatments and decreased with
leaching alone. This may due to compost which
supplying the soil solution by additional amounts of
cations. E] Etreiby et al. (1996) reported that the K from
compost of rice straw was estimated to be 1.92 %.

Table 3.a. . Percolated volume (Q),EC, and removed salts (RS) from the soil columns as affected by successive

+ leaching and gypsum treatments.

syt gt oyt
Q EC RS Q EC RS Q EC RS Q EC RS
(ml) dS.m”! @® (m) dSm* @ (mbh dS.m’ ® (m) dS.m’ (®)
418 37.40 990 405 3270 848 418 3470 928 455 3700 10.77
295 16.79 320 275 1794 306 233 19.42 285 350 2100 4.70
515 8.65 285 525 7.8 241 555 826 293 532 936 3.19
292 5.79 108 367 599 141 210 721 097 352 658 1.48
313 5.15 .03 330 408 08 297 603 LIS 330 582 1.23
327 5.16 1.052 327 387 081 325 531 110 312 493 0.98

——

Table 3.b. . Percolated volume (Q), EC; and removed salts (RS) from the soil columns as affected by 6
successive leaching and compost and/or gypsum treatments.

Compost Compost Compost+ Gyps;:m
10 Mg/fed 10 Mg/fed 10+3 Mg/fed .

Q EC RS Q EC RS Q EC RS
(ml) 4S.m” ® {ml) dS.m™! ® {ml) déS.m™ ®
465.0 37.70 11.22 478.5 25.60 7.84 458.0 36.5 10.70
211.0 16.79 2.27 406.0 10.16 2.64 397.0 18.24 4.63
498.5 8.65 2.76 379.5 9.22 2.24 456.5 10.37 3.03
3320 5.79 1.23 297.0 7.21 1.37 3820 5.85 1.43
309.0 5.16 1.02 414.5 5.16 1.37 326.5 5.5 115
298.0 5.03 0.96 450.5 3.85 L1 316.0 4.5 0.91
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Table 4. Chemical characteristics of the studied soil as affected by leaching with compost and/or gypsum

*

treatments.
EC, Soluble Cations Exchangeable Cations ESP
Treat. (';_};) (1:5) (meL) (me/100g)
Ne- ) dS.m” Na K Ca Mg Na K Cs Mg
Tl 88 0.34 1.99 026 0.01 0.06 581 045 870 722 26.19
T2 8.2 0.47 201 010 003 028 312 050 950 6.80 15.66
LK} 8.3 0.40 596 011 0.03 1.02 244 055 1095 6.85 11.74
T4 8.2 0.53 533 012 047 1.05 238 050 1284 6.65 10.50
TS 85 0.97 606 174 0.05 0.58 481 062 890 684 22.72
Té 83 0.68 329 0.12 003 036 348 065 898 798 16.50
T? 84 0.39 384 009 015 027 2.55 061 10.84 7.50 11.49

Rice growth and nutrients content:

Shoot dry weight, plant height, and elements content
of rice as affected by leaching with gypsum and/or
campost amendments after 66 days following
transplanting are given in Table (5). Shoot dry weight
was increased steadily from 9.29 to 29.01 g/column as
gypsum application rates increased from 0 to 9 Mg fed™
The same trend was observed for compost, where
application of 10 Mg fed" increased rice dry weight to
20.29 g/column, further application of compost to 20
Mg fed”' gave higher yield of 25.03 g/column. The data
show that the highest dry weight of rice was recorded
(40.05 g/column), when treatment T7 (3 Mg fed’'
gypsum + 10 Mg fed”' compost) were applied to the salt
affected soil. The dry weight of rice was 15.09 and
20.29 g/column for addition 3 Mg fed”' gypsum and 10
Mg fed” compost alone (T5), respectively. The result of

plant height was not significantly affected by gypsum
and/or compost treatments.

Nitrogen and phosphorus content in rice dry matter
was increased clearly to 0.24 and 30.6 ppm, respectively
as compost application was 10 Mg fed"', (T5). The
highest N content were observed at 20 Mg fed”' (T6).
The data indicated that N and P contents in rice were not
significantly affected by gypsum application rates. In
addition K content was not significantly affected by
either gypsum or compost treatments. Sodium content
was penerally decreased by gypsum application rates.
Moreover, Na content in rice was lower in gypsum
treatments (T2, T3, and T4} compared with compost
treatments (TS5 and T6). These results led to the
conclusion that gypsum is a good source of Ca™ that
replaced Na“” on the exchange complex, which in turn
teached out by irrigation water. This was not the case in
using compost application at

Table 5. Rice dry weight, plant height and elements content as a function of treatments.

Plaat Plant Elements content
Treat No.. weight height Total 1 Na K Ca Mg
(g/column) N% mgK %
(cm)
Tl 9.29g 43.0 0.18d 15.0ab 1.52a L7 038d 0.22¢
L 15.09f 44.5 0.20c 14.9ab 0.76b 175 0.45¢d 0.36b
T3 17.59¢ 435 0.19¢ 19.3ab 0.57b 1.66 0.57b 0.38b
T4 29.01b 420 0.17d 13.6b 0.56b 1.67 0.74a 0.51a
T5 2029d 405 0.24b 30.6a 1.35a 1.81 041cd 0.29¢
Té 25.0lc 425 0.32a 38.6a 1.47a 1.84 0.48bc 0.24¢
T7 40.05a  45.0 0.25d 31.3a 0.65b 1.85 0.48bc 0.40b
L.S.Dyos) 1.55 n.s 0.02 15.30 0.24 n.s 0.84 0.06
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which Na' in soil solution was higher and as a result Na
content in rice dry matter was higher. Calcium and
magnesium were 0.74 and 0.51 % for 9 Mg fed’
gypsum compared with 0.38 and 0.22 % for control,
respectively. The same trend was observed for compost,
which increased Ca and Mg content distinctly at 20 Mg
fed”.

The results suggest that both amendments helped in
boosting the rice plant, which may be the results of
direct nutritional effect as well as indirectly through
improving soil physical and chemical soil properties. El
Etreiby e al. (1996) reported that the nutritional effect
of compost of rice plants was estimated 1o be 4.4 % N,
0.3 % P, and 1.92 % K. It is clear that the combined
effect of gypsum and compost was greater than
individual and leaching salt affected soils with both
amendments was entirely safe. This treatment was more
profitable than the leaching with water only regardless
of the amounts of water percolated and leaching period
under the experimental conditions.
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