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ABSTRACT
Rice hull and saw dust at rates of 3, 6 and 9 t ha-1 (designated as T1, T2 and T3 
for rice hull and T4, T5 and T6 for saw dust, respectively) were applied separately 
to Bajoa and Dumuria soils to evaluate their reclamation potentiality of salinity 
through estimation of physico-chemical attributes of the soils. The pH of both 
soils was not significantly influenced by the amendments. The EC values of both 
the soils were significantly (p≤0.05) decreased and the reductions were more 
pronounced in the Bajoa soil. The values of sodium adsorption ratio (SAR) were 
found to decrease for all the treatments in both the soils and followed the order of 
T6 >T3 > T5> T2 > T4>T1 in the Bajoa soil and T2 > T3 > T6 > T1 > T5 > T4 in 
the Dumuria soil. Sodium removal efficiency was reduced significantly (p≤0.05) 
at the highest dose (9 t ha-1). The treatments showed significant (p≤0.01) effects 
on exchangeable cations at different periods of incubation. During the incubation, 
the concentration of Na showed a remarkable decrease while K, Ca and Mg 
concentrations showed an increasing trend in both soil types. 
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INTRODUCTION
Salinity is a major threat to irrigated agriculture because many of the soils and 
irrigation waters contain significant amounts of dissolved salts. Salt-affected 
soils are widely distributed throughout the world, and about 20% of the world’s 
cultivated land is salt-affected (Sumner 2000). An estimated 1.056 million ha of 
salt affected soils (SRDI 2001) occur in Bangladesh which have high agricultural 
potential if they were to be cultivated after proper reclamation (Khan 2015). It 
is inevitable that marginal and problem soils  be used or to improve the yield 
potential for rice per unit of land under various soil stresses. The reclamation of 
the problem soils is a very important goal throughout the world, especially in the 
case of saline soils. There are many effective ways of improving salt-affected 
land such as water leaching, chemical remediation and phytoremediation (Khan 
et al. 2008). The amelioration of saline soils with chemical amendments is an 
established technology which is costly for subsistence farmers in the developing 
countries because of increased use by industry and reductions in government 
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subsidy to farmers (Qadir and Oster 2002). The influence of organic matter on crop 
growth and productivity is not just a matter of nutrient supply; it also influences 
the physical characteristics and chemical properties of the soil. In this regard, 
Abdurrahman et al. (2004) reported that the application of compost decreased soil 
pH (from 9.75 to 8.22), electrical conductivity (EC) (from 12.35 to 2.25 dS m-1) 
and exchangeable sodium percentage (ESP) (from 44.75 to 6.61 %). Cláudio et al. 
(2007) found that the efficiency of compost depends on compost characteristics 
as well as on the rate and time of application. The selection of reclamation agents 
should take into account, not only for their influence on the soil itself, but also 
their price and environmental hazards. The application of rice hull and sawdust 
increases organic matter content in the soil which increases N in soil as well 
as in plant tissues (Kaniz and Khan 2013). Furthermore, the adverse effects of 
salinity on soil physical properties e.g. water movement, may be improved by 
the application of rice hull and sawdust. Besides this, cellulose, hemicelluloses 
and lignin may be released from rice straw to the soil through the mineralisation 
processes which may be available for subsequent crop growth (Byous et al. 2004). 
The aims of the present research were: (1) to evaluate the potential of different soil 
amendments for the reclamation of saline soils and (2) to evaluate the efficiency 
of organic amendments in relation to the improvement of the physico-chemical 
characteristics of saline soils.

MATERIALS AND METHODS
Bajoa and Dumuria soils were collected from Raingamari and Fultala of 
Batiaghata upazila in Khulna district (both of which were Typic Endoaquepts 
according to USDA soil taxonomy) at a depth of 0-10 cm and then air-dried and 
sieved through a 2-mm sieve prior to incubation and soil analysis. Sub-samples 
of the air-dried soil were used for estimation of pH (soil: water ratio of 1: 2.5) as 
suggested by Jackson (1973), EC (USDA 2004) and organic carbon by Walkley 
and Black’s wet oxidation methods as outlined by Jackson (1973). Organic matter 
was determined by multiplying the percentage of organic carbon with conventional 
Van-Bemmelen’s factor of 1.724 (Piper 1950). Exchangeable sodium and cation 
exchange capacity (CEC) was determined by 1M NaOAc method (Rhoades 
1982). Particle size distribution was determined by the hydrometer method (Day 
1965). ESP and sodium adsorption ratio (SAR) were calculated as described by 
Brady and Weil (2017). Sodium removal efficiency (RSE) in percentage of Na-
removed from soils at end of the experiment was calculated as:

 RSE = [(ESPi – ESPf)/ESPi] × 100

where ESPi = exchangeable sodium percentage before the soil amendments 
application 
ESPf = exchangeable sodium percentage after the soil amendments application at 
the end of the experiment
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 Rice hull and saw dust as soil amendments were well-mixed after the 
application with 2 kg soil in each pot giving rise to seven treatments such as T0 
(control), T1 (3 t ha-1 rice hull), T2 (6 t ha-1 rice hull), T3 (9 t ha-1 rice hull), T4 
(3 t ha-1 saw dust), T5(6 tha-1saw dust) and T6 (9 t ha-1saw dust). Each treatment 
was replicated three times and pots were arranged in a completely randomised 
way. Total incubation period was 180 days and data of respective parameters were 
taken at 30, 90 and 180 days. The level of significance of the different treatment 
means was calculated by two way ANOVA technique. The main properties of the 
soils are shown in Table 1.

TABLE 1
Characteristics of the soils and amendments used
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TABLE 1 
Characteristics of the soils and amendments used 

Parameter Bajoa soil series Dumuria soil series Rice hull Saw dust 
Location N 22º 48.233΄ 

E 89º 29.832΄ 
N 22º 42.740΄ 
E 89º 31.476΄ 

-- -- 

pH (H2O) 7.83 ± 0.005 7.95 ± 0.15 7.46 ± 0.02 7.37 ± 0.01 
ECe (dSm-1) 6.34 ± 0.04 13.34 ± 0.03 0.09± 0.01 0.12± 0.03 
CEC (cmolckg-1) 12.56 ± 0.20 13.32 ± 0.03 -- -- 
Clay (%) 28 ± 2.65 42 ± 2.0 -- -- 
Silt (%) 51 ± 3.61 33 ± 1.73 -- -- 
Sand (%) 21 ± 3.21 25 ± 5.19 -- -- 
Texture Silty Clay Clay Loam -- -- 
Organic C (%) 1.28 ± 0.09 1.31 ± 0.06 29.21±0.69 27.47±1.10 
Organic Matter (%) 2.21 ± 0.01 2.26 ± 0.07 -- -- 
Available N (mgkg-1) 46.12 ± 0.84 54.51 ± 5.60 -- -- 
Available P (mgkg-1) 2.68 ± 0.03 2.16 ± 0.04 -- -- 
Total N (mgkg-1) -- -- 118.16±2.11 74.98±1.33 
Total P (mgkg-1) -- -- 53.11±0.83 43.19±1.07 
Total K (mgkg-1) -- -- 688.37±8.59 797.07±12.72 
SAR (%) 19.16 ± 1.76 26.14 ± 1.11 -- -- 
ESP (%) 12.56 ± 2.84 15.61 ± 0.12 -- -- 
% water content at field 
capacity (%) 

56.49 48.59 -- -- 

CaCO3 (%) 1.83 1.61 -- -- 
 

RESULTS 

Changes in Soil pH 
Changes in soil pH are shown in Table 2. The data revealed insignificant differences 
among the treatments of the soils used. The pH of Dumuria soil was less affected 
than the  pH of Bajoa soil after the application of organic amendments. pH 
decreased from 8.11 to 7.70 in Bajoa soil and 8.26 to 8.04 in Dumuria soil after 
180 days of incubation. RSE or percentage of sodium removed from the soils at 
the end of the experiment (Table 2) indicated 52.71% reduction in sodium from 
the exchange site of Bajoa soil for rice hull and 55.51% for saw dust application 
whereas in Dumuria soil it was 44.33% and 50.48% respectively. The results 
showed that rice hull was an effective amendment for sodium removal in both the 
soils studied which was confirmed by the values of ESPf of the soil that reached 
a value lower than the critical value (>13) for saline soils with all the treatments 
except for control and T1 treatment in Dumuria soil (Table 2). However, the 
changes in soil pH was statistically insignificant with time.
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Changes in Soil ECe 
Figure 1 shows that a significant (p≤0.05) decrease in the electrical conductivity 
of the saturated soil paste extract (ECe) occurred with the increased rates of 
amendment and with the days of incubation in both the soils compared with the 
control where no amendment was applied. Initially, the ECe value of Dumuria 
clay loam soil was twice than that of Bajoa silty clay soil. After the amendment 
application, the ECe value was reduced from 6.34 to 2.29 dSm-1 in Bajoa soil 
and 13.30 to 3.7 dSm-1 in Dumuria soil. The reduction was greater in Dumuria 
(reduced up to 72.18%) soil than in Bajoa soil (63.88%) which was prominent at 
90 days of incubation period. At the end of the experiment, the reduction was not 
significant among the treatments though it showed lower values compared to the  
90 days incubation period. 

TABLE 2
pH, exchangeable sodium percentage (ESP), and amount of exchangeable sodium 

removed following application of amendments to the soils 
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Bajoa soil (ESPi = 12.56) Dumuria soil (ESPi = 15.61) 

Treatment pH ESPf Na removed (%) pH ESPf Na removed (%) 
T0 8.11±0.03 13.09 ± 0.05 5.92 8.26±0.04 16.60 ± 0.31 2.09 
T1 7.75±0.03 10.25 ± 0.31 25.48 8.23±0.03 13.29 ± 0.54 21.60 
T2 7.72±0.02 8.02 ± 0.18 41.73 8.20±0.02 11.33 ± 0.09 33.17 
T3 7.72±0.04 6.51 ± 0.11 52.71 8.15±0.01 9.44 ± 0.15 44.33 
T4 7.72±0.03 10.17 ± 0.11 26.13 8.26±0.01 12.85 ± 0.27 24.19 
T5 7.70±0.04 8.77 ± 0.08 36.29 8.12±0.02 11.67 ± 0.12 31.20 
T6 7.70±0.05 6.12 ± 0.05 55.51 8.04±0.04 8.40 ± 0.06 50.48 
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Note:T0 = Control; T1, T2, T3 = 3, 6 and 9 t ha-1 rice hull respectively; T4, T5 and T6 = 
3, 6 and 9 t ha-1 saw dust respectively.
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Soil Sodicity 
The sodium adsorption ratios (SAR) of the soils are shown in Figure 2. The SAR 
significantly decreased with the application of the amendments used in the soils. 
The result showed that the highest SAR was found in control which was 23.87 in 
Bajoa soil and 32.23 in Dumuria soil respectively. The lowest SAR was found at 
T3 and T6 treatments in Bajoa soil which were 10.85 and 10.0 respectively and 
in Dumuria soil the lowest SAR was 10.96 at T2 and 13.18 at T6. The results 
indicated that the highest rates of the amendments were effective in reducing the 
SAR for both the soils.
   

Fig. 2: Effect of rice hull and saw dust at different incubation times on SAR 
in the soils. 
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Changes in Exchangeable Sodium and Potassium 
Figure 3 shows that the initial amount of sodium in both soils was very high due 
to their high salinity. At the end of the experiment, sodium content in Bajoa soil 
was reduced from 350 mg kg-1 at control to 150 mg kg-1 at T3 and T6 treatments. 
On the other hand, in Dumuria soil sodium content was reduced to 200 mg kg-1 at 
T2 treatment which was 475 mg kg-1 at control. 
 The exchangeable potassium showed an increasing trend for both the 
soils after the addition of amendment throughout the incubation period (Figure 
4). In Bajoa soil, the highest K content found was 236.33 mg kg-1 and 243.45 mg 
kg-1 in soil amended with rice hull and saw dust respectively whereas rice hull and 
saw dust amended Dumuria soil had K values of 358.78 mg kg-1 and 349.98 mg 
kg-1 respectively.

Note: T0=Control; T1, T2, T3=3, 6 and 9 t ha-1 rice hull respectively; T4, T5 and T6=3, 
6 and 9 t ha-1 saw dust respectively.
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Changes in Exchangeable Calcium and Magnesium
Figure 5 showed the changes in exchangeable calcium and magnesium throughout 
the incubation period with different rates of amendments. The results indicated 
that the concentration of calcium significantly (p≤0.05) increased from 332 mg 
kg-1 at control to 1023 mg kg-1 at T6 treatment in Bajoa soil while in Dumuria soil, 
it increased from 338mg kg-1 at control to 712 mg kg-1 at T6 treatment. On the 
other hand, the magnesium content in Bajoa soil increased from 97.88 mg kg-1 at 
control to 130.72 mg kg-1 at T3 for rice hull and 140.42 mg kg-1 at T6 for saw dust. 
In Dumuria soil, the magnesium increment was 172.27 mg kg-1 at T3 in rice hull-
treated soil and 168.91 mg kg-1 at T6 in saw dust-treated soil. However, at the end 
of the experiment, calcium and magnesium content did not show any significant 
change for the amendments used for both the soils.

Fig. 3: Effect of rice hull and saw dust at different incubation times on exchangeable 
sodium content in the soils. 

Note: T0=Control; T1, T2, T3=3, 6 and 9t ha-1 rice hull respectively; T4, T5 and T6=3, 6 and 9t 
ha-1 saw dust respectively.

  
Figure 2. Effect of rice hull and saw dust at different incubation times on SAR in the soils.  
Note: T0=Control; T1, T2, T3=3, 6 and 9tha-1 rice hull respectively; T4, T5 and T6=3, 6 and 9tha-1 saw dust respectively. 
 
 

Changes in Exchangeable Sodium and Potassium  

Figure 3 shows that the initial amount of sodium in both soils was very high due to their high 

salinity. At the end of the experiment, sodium content in Bajoa soil was reduced from 350 mgkg-

1 at control to 150 mgkg-1 at T3 and T6 treatments. On the other hand, in Dumuria soil sodium 

content was reduced to 200 mgkg-1at T2 treatment which was 475 mgkg-1 at control.  

 

  
Figure 3. Effect of rice hull and saw dust at different incubation times on exchangeable sodium content in the soils.  
Note: T0=Control; T1, T2, T3=3, 6 and 9tha-1 rice hull respectively; T4, T5 and T6=3, 6 and 9tha-1 saw dust respectively. 
 
The exchangeable potassium showed an increasing trend for both the soils after the addition of 

amendment throughout the incubation period (Figure 4). In Bajoa soil, the highest K content 

found was 236.33 mgkg-1 and 243.45 mgkg-1in soil amended with rice hull and saw dust 

0

5

10

15

20

25

30

30 Days 90 Days 180 Days

SA
R 

(%
) 

Treatment 

Bajoa Soil 

T0

T1

T2

T3

T4

T5

T6
0

5

10

15

20

25

30

35

40

30 Days 90 Days 180 Days

SA
R 

(%
) 

Treatment 

Dumuria Soil 

T0

T1

T2

T3

T4

T5

T6

0

50

100

150

200

250

300

350

400

30 Days 90 Days 180 Days

N
a 

(m
gk

g-1
) 

Treatment 

Bajoa Soil 

T0

T1

T2

T3

T4

T5

T6
0

50

100

150

200

250

300

350

400

450

500

30 Days 90 Days 180 Days

N
a 

(m
gk

g-1
) 

Treatment 

Dumuria Soil 

T0

T1

T2

T3

T4

T5

T6

Fig. 4: Effect of rice hull and saw dust at different incubation times on exchangeable 
potassium content in the soils. 

Note: T0=Control; T1, T2, T3=3, 6 and 9t ha-1 rice hull respectively; T4, T5 and T6=3, 6 and 
9t ha-1 saw dust respectively.

respectively whereas rice hull and saw dust amended Dumuria soil had K values of 358.78 mgkg-

1 and 349.98 mgkg-1respectively. 
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Note: T0=Control; T1, T2, T3=3, 6 and 9tha-1 rice hull respectively; T4, T5 and T6=3, 6 and 9tha-1 saw dust respectively. 
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DISCUSSION
Effects of rice hull and saw dust application as organic amendments were evaluated 
in the reduction of salinity of two soils. Changes in different soil parameters such 
as pH, ECe, soil sodicity and exchangeable cations were studied. The reduction 
in pH may be due to the production of organic acids upon decomposition of 
organic amendments in soil. However, the overall changes in pH for both the 
soils were insignificant. This is due to the high calcium carbonate content which 
acted as a buffer and resisted any appreciable change in soil pH in the alkaline 
range. Hossain and Sarker (2015) observed that a decrease in pH of salt affected 
soils could be due to the addition of rice straw applied as organic amendments 
which adsorbed H+ by their specific negative surface areas. Cates et al. (1982) 
reported a decrease in soil pH after the addition of soil amendments, especially 
gypsum, during reclamation of a calcareous saline-sodic soil. The RSE or the 
percentage of Na removed from the soils at the end of the incubation study (180 
days) also showed a significant reduction after the application of amendments. 
RSE values for the highest dose of amendments showed the highest reduction 
in both soils followed by other treatments. The data obtained from  the present 
study indicate that the amendments applied have a high reclaiming capacity. 
This may due to the increase in organic matter content of both soils which upon 

  

  
 
Figure 5. Effect of rice hull and saw dust at different incubation times on exchangeable calcium and magnesium in the soils. 
Note: T0=Control; T1, T2, T3=3, 6 and 9tha-1 rice hull respectively; T4, T5 and T6=3, 6 and 9tha-1 saw dust respectively. 
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Fig. 5: Effect of rice hull and saw dust at different incubation times on exchangeable 
calcium and magnesium in the soils. 
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decomposition increases the partial pressure of CO2 and produces organic acids 
that mobilise calcium through enhancing the solubility of soil calcite. Tajeda et 
al. (2006) observed a significant decrease in ESP using organic amendments on 
saline soil. The reduction in ECe values was probably related to the increased 
soil porosity resulting from the addition of organic amendments. An increase in 
the Ca2+ concentration in the soil solution resulted in the replacement of Na+ by 
Ca2+ at the cation exchange sites on the soil particles. Meanwhile, it was found 
that the greater the total porosity, the greater the leaching of the exchanged Na+ 
and the greater the subsequent reduction in soil salinity (as indicated by the ECe 
value). A similar finding was observed by Qadir and Oster (2004). The SAR value 
reduced up to 10 units in Bajoa and 10.96 units in Dumuria soil. The highest rate 
of the respective amendments was the most effective amendment rate in reducing 
the SAR of soil (Figure 2) and had high adsorptive capacity of sodium by rice 
hull and saw dust. However, during 30 days of incubation, the  SAR value did 
not produce any significant variation with amendment application. During the 
90 and 180 days of incubation, it also showed similar  results which confirm that 
incubation with 90 days is sufficient for reducing the SAR value in both the soils. 
The positive effects of all the treatments for reducing SAR in Bajoa soil followed 
the order: T6 >T3 > T5> T2 > T4>T1. Meanwhile in Dumuria soil, the order 
was: T2 > T3 > T6 > T1 > T5 > T4. With increasing rates of organic amendment, 
the value of sodium ions decreased in both the soils studied. During the start of 
the incubation, sodium content showed an insignificant increase and with time 
the sodium ions decreased significantly compared to control for both the soils. 
This decrease in sodium content may be due to the leaching loss of sodium ions 
upon increased soil porosity after the application of organic amendments in the 
soil. The results also showed increased potassium content in the soil that may 
be a result of organic matter decomposition which released some K in the soil 
solution. Warman and Termeer (2005) observed increased available potassium in 
organic amended saline soil. Calcium and magnesium content increased after the 
addition of rice hull and saw dust with incubation time. This may be due to the 
dissolution of calcite and magnesium containing minerals in soil which results 
from the low soil pH. This calcium and magnesium ions displace the sodium ions 
from its exchange sites. A similar finding was observed by Prapagar et al. (2012).

CONCLUSION
The results of this study showed that application of rice hull and saw dust acted 
as agents for reclaiming soil salinity for both the soils under study. Both rice hull 
and saw dust performed effectively at the highest dose to ameliorate the Bajoa 
soil whereas rice hull served as  a better ameliorant than saw dust at a lower dose 
for Dumuria soil. Soil chemical properties were improved by reducing the EC, 
SAR and pH while RSE and other exchangeable cations were increased except 
for sodium, irrespective of the soil under study. However, field tests are required 
to draw a final conclusion.
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