Effect of liming on soil chemical properties under tista meander floodplain soil in Bangladesh
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Abstract: A study was conducted to evaluate the effects of liming on soil chemical properties at Gabtali Upazila in Bogra district during
the period from October 2013 to February 2014. There were five lime treatments namely T;: control (no lime), T»: 0.5 ton lime ha™ Ts:
1.0 ton lime ha™, Ta: 1.5 ton lime ha” and Ts: 2.0 ton lime ha™. The design of the experiment was Randomized Complete Block Design
(RCBD) with four replications. Dolochun was used as the liming material. The application of different levels of lime in soil
progressively increased soil pH, P, Ca, Mg, S and OM; and decreased the micronutrients (Zn and B). Nitrogen and Potassium availability
were independent of liming. The treatment T4 produced highest positive impact on soil properties and statistically different from others
those found in Ti, T», Ts and T5 treatments. Therefore, the application of 1.5 ton ha™ lime appeared to be optimum for the desired soil pH
(pH 6-7) which ultimately increased availability of nutrients in the study area.
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Introduction

Bangladesh is an agriculture economy based country.
More than 70% of her population directly and the rest 30%
of her population indirectly depend on agriculture.
Farming systems are basically subsistence in nature but
still important from the national economic point of view.
Agriculture contributes 16.33% of the total GDP (BBS,
2014). Crop sector alone contributes about 12% of the
GDP. Bangladesh is a highly populated country and its
population density is increasing day by day. Scarcity of
food has become a chronic problem of this country. To
mitigate the food shortage, measures should be taken to
increase the total food production. Soil is an important
natural resource for crop production. In order to produce
high yield and quality crops, soil reaction (pH) and
nutrients must be present in sufficient amounts, and in
balance. But, acid soils are an important challenge for
Bangladesh because of their adverse effect on soil fertility,
crop productivity and food security. At present very
strongly acid (pH<4.5) and strongly acid (pH 4.6-5.5) soils
comprise 27% of the country and are gradually increasing
in area and intensity over time. It is estimated that soils of
0.25 million ha lands are very strongly acidic (pH <4.5),
3.70 million ha lands are strongly acidic (pH 4.6-5.5) and
2.74 million ha lands are slightly acidic (pH 5.6-6.5) in
Bangladesh (BARC, 2012). The potential of acid soil for
crop production is limited due to less availability of
phosphorus and toxicity of aluminum. Generally,
availability of macronutrients and Mo increases as soil pH
increases and reverse is true for micronutrients except Mo.
In most cases, pH 6-7 is optimum for adequate availability
of nutrients in soils (BARC, 2012).

Soils in the Tista Meander Floodplain are naturally acidic.
Periodic applications of agricultural lime help to keep the
soil's pH level within an acceptable range. Liming should
be practiced in soils having pH below 5.5 (BARC, 2012).
Liming raises soil pH, P, Ca and Mg contents and reduces
aluminum concentration (Fageria and Stone, 2004). To
solve this acidity problem of soil for quality crop
production and increasing the yield of crop, liming is very
essential. But in Bangladesh, a little research work has
been done in this aspect. Keeping this in view, a study was
undertaken in a strongly acidic soil of Tista Meander
Floodplain to evaluate the effect of liming on soil
chemical properties.

Materials and Methods
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The study was conducted at Mouza-Deonai, Village-
Deonai under Gabtali upazila in Bogra district during
winter season of 2013-2014. The experimental field is
located at 24°46’ & 25°01'N latitude and 89° 24’ & 89° 31"
E longitude at an elevation of 25.0 meters. The soil
belongs to the Jamun soil series of Non-calcareous Grey
Floodplain Soil (Brammer, 1971 and Shaheed, 1984)
under Tista Meander Floodplain. The experiment was laid
out in Randomized Complete Block Design (RCBD) with
four replications. There were altogether 20 unit plots, each
plot measuring 5 m x 4 m. Five different levels of lime
were as treatment viz. Ti: Control (no lime), T,: 0.5 t lime
ha', Ts: 1.0 t lime ha™', T4: 1.5 t lime ha™', Ts: 2.0 t lime ha-
!. Dolochun (20% Ca and 10% Mg) used as liming
materials in this experiment. The liming material was
applied to the soil on 26 October 2013 and incorporated in
soil by spading. Soil sample was collected at 30, 60,
90and 120 days after liming (DAL) from each treatment
then chemical analyzed for soil pH, organic matter, total
N, available P, K, S, Zn, B, Ca and Mg. The initial
composite soil sample was also chemically analyzed to
know the soil characteristics. All soil samples was
collected from 0-15 cm and analyzed as per standard
methods. Soil pH was measured with the help of glass
electrode pH meter using soil water suspension of 1:2.5
(Jackson, 1962). Organic carbon in soil was determined by
wet oxidation method (Walkley and Black, 1934). Total
nitrogen of soil was estimated by micro kjeldhal method
(Bremner and Mulvaney, 1982). Available soil phosphorus
was measured by Bray & Kurtz method and available
sulphur was determined by turbidimetric method.
Exchangeable K, Ca and Mg of soils were determined by
flame photometer on the neutral ammonium acetate extract
(Barker and Surh, 1982). Available soil Zn was determined
by DTPA extraction method and boron was determined by
Calcium chloride extraction method using atomic
absorption spectrophotometer (Petersen, 1999). Finally the
data were analyzed statistically by using MSTAT-C
package program. The mean comparisons of the
treatments were evaluated by Least Significant Different
(LSD) Test.

Results and Discussion
Effects of liming on soil pH: The pH of initial soil was
4.9 (Table 1). Lime application at different rates increased
soil pH from 5.3 to 6.7 (Table 2). The highest pH changes
were recorded in treatment Ts (6.7) with lime rate 2.0 ton



ha' which was statistically similar in the treatment T, with
lime rate 1.5 ton ha’'. The lowest pH changes were
recorded in treatment T, (control). In general soil pH
should be maintained 6.0 to 7.0 to maximize plant
available phosphorus (Clif et al., 1999). So, the better pH
range was observed within treatment T, and Ts Here also
found that the pH status was increased up to 90 days after
liming (DAL) with the increased levels of lime
application, but at 120th day it was decreased. Similar
observations were also reported by Kamaruzzaman (2014)
that pH of soil steeply increased during the first 30 day s
after liming, then slightly increased and finally slightly

T, 1.55 220a 229a 2.10a 1.95b

Ts 1.55 2.05a 2.09b 1.88d 1.70d
CV (%) - 5.48 7.57 8.97 5.06
LSD 1.75 0.048 0.02 0.02

Effects of liming on soil Total Nitrogen: From the study
we found, the total nitrogen content of initial soil was very
low. After liming total nitrogen content in soil was not
remarkably increased or reduced (Table 4) ie. the
variation among the treatments were non-significant.
Similar observations were also reported by Well et al.
(1990).

Table 4. Soil N (%) status before liming and at different days after

decreased with time until the end of 120 days of liming.
experimentation. Treatment Before 30 60 90 120
Liming DAL DAL DAL DAL
) o o ) T, 1.55 1.93b 199¢  186¢ 1714
Table 1. Chemical characteristics of initial soil of the experiment T 1.55 1.97b 207b  2.0lc 1.88 ¢
field T; 1.55 204ab  211b  2.06b 1.99 a
T 1.55 220a 2292  2.10a 1.95b
Ts 1.55 205a 209b  1.88d 1.70d
Characteristics Content Interpretation CV (%) 5.48 1.57 8.97 5.06
pH (soil : water =1: 2.5) 4.9 Strongly acidic LSD 1.75 0.048 0.02 0.02
Organic matter (%) 1.55 Low
lota_lll\]il("/;)( ) (1)-5032 hvderé’_LOW Effects of liming on soil available Phosphorus: At the
vailable P (ppm . edium .. . .
Available K ( meq 100g” soil) 012 Low beginning of the experiment, the value of ayallable
Available Ca (meq 100g" soil) 1.63 Low phosphorus was 15.42 ppm (Table 5). The low available P
Available Mg (meq 100g™ soil) 0.61 Low could be explained by the low pH levels/acidity of the
ﬁvaqal];}e;(p(pm)) (1)87(]) E/[ed'um soils that leads to P fixation into unavailable forms
vailable Zn m . ow . . .
Available B (pgfn) 0.18 Low (Nurlaeny et al., 1996). Soil available P decreased in the

Table 2. Soil pH status before liming and at different days
after liming

Before 30 90 120
Treatment Liming paL  OOPAL - pap DAL
T, 4.90 490b 4906 490c  480¢
T 490 530b  550ab  570b  5.60a
T, 490 540b  570ab  590b  5.80ab
T, 490 600a  620a  650a  630a
T, 4.90 610a  630a  670a  640a
CV (%) 5.69 8.90 6.02 6.92
LSD 0.489 078 0551 0.6l6

DAL=Days after liming

Effects of liming on soil Organic Matter (OM): After
adding lime to experiment field, the status of OM was
found to change significantly and increased up to 60 days
where the highest value of OM was 2.29% in T, Treatment
but at 90 DAL it was decreasing trend up to 120 DAL
(Table 3). This was due to the liming effect which
increased pH of the initial acidic soil, as a result the
microbial activities of the soil increased. Finally due to
increased microbial activities, soil organic matter was
mineralized and decreased. These finding was also in
agreement with the observation of Curtin ef al. (1998) that
it was expected that liming will bring an increase in
microbial activity and a decreased in OM content in the
soil.

Table 3. Soil OM (%)status before liming and at different days
after liming

Before 60 90

Treatment Liming 30 DAL DAL DAL 120 DAL
T, 1.55 1.93b 1.99¢ 1.86¢ 1.71d
T, 1.55 1.97b 2.07b 2.01c¢ 1.88¢
T 1.55 2.04 ab 211b 2.06b 1.99a
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control treatments, while application of dolochun
increased soil available P at all sampling periods (Table 5).
However at 30, 60, 90 and 120 DAL, the effects of lime on
available phosphorus were significantly different. Lime
application increased the soil pH which helped the release
of fixed P from the oxides and hydroxides of Fe and Al
thus increased the P availability in soils. Fageria et al.
(1989) reported an increase of soil phosphorus as pH
increased from 5.0 to 6.5, due to release of P ions from Al
and Fe oxides, which are responsible of P fixation.

Table 5. Soil P (ppm) status before liming and at different days after

liming

Treatment Bef9re 30 60 90 120
Liming DAL DAL DAL DAL

T, 15.42 26.50 ¢ 2622 ¢ 25.62d 25.50 e

T, 15.42 2940 ¢ 32.25b 33.57c¢ 35.15d

Ts 15.42 33.85b 35.78 ab 37.12b 3842 ¢

T4 15.42 36.37 ab 39.59a 40.13 a 41.55b

Ts 15.42 3843 a 41.15a 42.19a 43.15a
CV (%) - 7.09 10.34 6.47 5.83
LSD - 3.587 5.574 1.912 1.603

Effects of liming on soil exchangeable Potassium:
Despite a slight increase in K saturation, the effect of
limes was not significantly different, but in all DALs, K
was higher in T, treatment (Table 6). Bodruzzaman et al.
(2014) observed that soil extractable potassium (1M
ammonium acetate) levels were unaffected by dolochun at
1 tha' and 2 t ha rates.

Table 6. Soil K (meq 100g™ soil) status before liming and at different
days after liming.

Before 60 90
Treatment Liming 30 DAL DAL DAL 120 DAL
T, 0.120 0.170 0.150 0.140 0.120
T, 0.120 0.176 0.155 0.145 0.127
Ts 0.120 0.169 0.156 0.135 0.128
Ty 0.120 0.178 0.157 0.138 0.129
Ts 0.120 0.175 0.154 0.160 0.127




CV (%)
LSD

8.35
NS

8.43
NS

8.84
NS

7.27
NS

Effects of liming on soil available Sulphur: After adding
lime to experiment field the status of Sulphur was found to
change significantly and increased up to 60 days, but it
was decreased from 90 DAL to 120 DAL (Table 7). It is
expected that liming will bring an increase in microbial
activity (Curtain et al., 1998). Clif et al. (1999) reported
that S availability is greatly influenced by the activities of
micro-organisms. After the availability of sulphur, it has
great potential to leach along with many of the bases (Ca*
*, Mg™ and K"), which leach out as sulphates (Curtain et
al., 1998). At the experiment, highest available S was
found in T, treatment for every sampling period.

Table 7. Soil S (ppm) status before liming and at different days after

liming.
Treatment ~ Defore 30DAL  60DAL  90DAL 120 DAL
Liming

T, 2191 2046b  23.15b 2120b 20304

T, 21.91 2426ab  30.17ab  26.66ab  2223a

T, 21.91 2632ab  3244ab  2921a 27.97b

T, 21.91 29.12a  35.11a 3245a 28.56a

Ts 21.91 2729ab  33.78ab __ 30.67a 29.21a
CV (%) 19.10 20.88 15.58 17.53
LSD 7.499 9.950 6.731 7.307

Effects of liming on soil available Calcium: The status
of available calcium was increased sharply with the
increased levels of lime application and the better
concentration of Ca was observed (3.01) in respect of
treatment T5 which was statistically identical with T4
(Table 8). Because of that the liming material used as
Dolochun [Dolomite, CaMg(CO3)2], which on dissolution
released a large amount of Ca and thus the available Ca
increased in soil after liming. This result also agreed to
report of Bodruzzaman et al. (2014) where observed that
exchangeable Ca increased 118%, 233%, 362% and 514%
with 1, 2, 4 and 6 t ha-1 dolochun applications. On the
other hand, the increasing trend of available calcium was
found from just after liming to 90 DAL, and then it
decreased upto 120 DAL.

Table 8. Soil Ca (meq 100g™ soil) status before liming and at different
days after liming.

Before

Treatment . 30 DAL 60 DAL 90 DAL 120 DAL
Liming
T, 1.63 1.63d 1.64 ¢ 1.67 ¢ 1.62d
T, 1.63 2.08¢c 2.22b 243 b 2.15¢
T 1.63 2.28 be 2.40 ab 2.55 ab 2.37b
T, 1.63 240ab 2.56a 2.80 ab 2.45 ab
Ts 1.63 2.55a 2.68 a 30la 2.56a
CV (%) - 6.63 8.65 12.27 4.93
LSD - 0.22 0.308 0.472 0.168

Effects of liming on available Magnesium: The status of
Mg changed significantly with different treatments and
different days after liming (Table 9).

Table 9. Soil Mg (meq 100g-1 soil) status before liming and at different
days after liming.

Treatment Before 30DAL 60 DAL 90 DAL 120 DAL
Liming
T, 0.61 0.61d 0.62¢ 0.63 ¢ 061d
T, 0.61 1.09 ¢ 1.20b 1310 Ll6¢
T, 0.61 121b 1.35b 1.39b 1.30 be
T, 0.61 133a 1.56a 1.63 ab 1.49 ab
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Ts 0.61 1.41a 1.63a 1.75a 1.55a
CV (%) - 4.98 10.11 16.40 10.56
LSD - 0.084 0.200 0.337 0.200

The recorded highest value was found 1.75 meq 100g soil !
in respect of treatment Ts which was statistically similar
with T4 treatment (1.63 meq 100g soil-1). The reason
behind the result was that the liming material used as
Dolochun [Dolomite, CaMg(CO3)2], which on dissolution
released a large amount of Mg and thus the available Mg
increased in soil after liming. This result agreed to report
of Bodruzzaman et al. (2014). He found that exchangeable
Mg increased 105%, 179%, 258% and 340% with 1, 2, 4
and 6 t ha-1 dolochun applications. Here also observed,
the availability of Mg in soil was increased gradually just
after liming to 90 DAL, but it decreased upto 120 DAL
with different rates of lime application.

Effects of liming on soil available Zinc: Soil available
zinc was significantly affected by different levels of lime
but it was slightly decreasing trend (Table 10). The highest
value of zinc was recorded 0.70 ppm in respect of
treatment T, (control) and the lowest was 0.57 ppm in
respect of treatment Ts treatment. The trend of decreased
availability of zinc was possibility due to increased pH
after liming. Similar observation was also reported by
Mikkelsen et al. (1994) that after liming in acid soil, the
availability of zinc decreased greatly by increased soil pH.

Table 10. Soil Zn (ppm) status before liming and at different days after

liming.
Treatment Before 30DAL 60 DAL 90 DAL 120 DAL
Liming
T 0.70 071a 072a 0.72a 0.69a
T, 0.70 0.66ab  0.63b 0.61b 0.60b
Ty 0.70 0.61b 0.60b 0.59b 0.57b
T, 0.70 0.60b 0.59b 0.59b 0.58b
s 0.70 0.59b 0.57b 0.58b 0.57b
CV (%) - 7.95 9.18 721 6.03
LSD - 0.084 0.084 0.068 0.048

Effects of liming on soil available Boron: Soil available
boron was significantly affected by different treatments.
Available boron in the initial soil was 0.16 which
decreased slighty with increased levels of lime application.
The highest value of boron was recorded 0.16 ppm in
respect of treatment T, (control) and the lowest was 0.11
ppm in respect of treatment Ts (Tablel1). The trend of
decreased availability of boron was possibility due to
increased pH after liming. Bodruzzaman et al. (2014)
reported that just like zinc, available boron levels
decreased by addition of dolochun in his experiment.

Table 11. Soil B (ppm) status before liming and at different days after

liming.
Treatment ~ BS'  30pAL 60DAL  90DAL 120 DAL
Liming
T, 016 016a _ 0.16a 0.15 0154
T 016  0.16a  0.14ab 0.13 0.13 ab
T, 016  0l4ab  0.13b 0.12 0.12b
T 016  013b  0.12b 0.13 0.12b
T, 016  0.12b  Ollc 0.12 0.11b
v (%) - 927 1123 13.17 1174
LSD - 0.02 0.02 NS 0.02

Liming with dolochun considerably influenced soil
chemical properties and raised soil pH from initially



strongly acidic to neutral reaction. Improvement of soil
acidity increased availability of P, Ca, Mg, S and organic
matter in soils which had positive impact on soil fertility
that will help to increase crop yield. Treatment Ty i.e.
application of 1.5 ton lime ha™ appeared to be optimum for
proper soil chemical properties of the study area. In future,
soil monitoring regarding soil chemical properties of the
stationary experiment is recommended, as liming have the
residual effect.
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