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Abstract: Soil acidity is a major problem when it comes to improving crop productivity and nutrient
uptake. This experiment was therefore conducted at a farmer’s field—Nalitabari Upazila under AEZ
22 (northern and eastern Piedmont plains) to evaluate the effects of lime and organic manure (OM)
amendment on crop productivity and nutrient uptake of the wheat–mungbean–T. Aman cropping
pattern in acidic soils of northern and eastern Piedmont plains. The experiment was laid out in a
randomized complete block design with three replications. There were nine treatments applied,
varying doses of lime (dololime at the rate of 1 and 2 t ha−1), OM (cow dung at the rate of 5 t ha−1,
poultry manure at the rate of 3 t ha−1) and a lime–OM combination to the first crop; T. Aman and its
residual effects were evaluated in the succeeding second crop, wheat, and the third crop, mungbean.
Results demonstrate that application of lime and organic manure to soil had significant effects on the
first crop. However, the effects of lime and organic manure were more pronounced in the second
and third crops. The increase in grain yield over control ranged from 0.24 to 13.44% in BINA dhan7.
However, it varied from 10.14 to 54.38% in BARI Gom30 and 40 to 161.67% in BARI Mung6. The straw
yields of the crops also followed a similar trend. The N, P, K, and S uptake by grain and straw of
T. Aman, wheat, and mungbean were influenced significantly by the combined application of lime
and organic manure. Sole or combined application of lime and manure amendment significantly
improved nutrient availability and soil quality. Therefore, application of lime in combination with
manure can be practiced for uplifting the crop productivity and improving soil quality in acidic
Piedmont soils of northern and eastern Piedmont plains.

Keywords: dololime; organic manure; cow dung; poultry manure; grain yield; straw yield; nutrient
uptake nutrient content

1. Introduction

Acidic soils have toxic concentrations of A13+, Fe3+, and Mn2+, lower concentrations
of P, and low availability of bases, which cause reduction in crop yield [1–3]. Legumes are
highly affected due to soil acidity. Acidity limits the survival and persistence of nodule bac-
teria in soil, and the process of nodulation is hampered. Acidic soils (pH < 5.5) affect plant
growth directly or indirectly by influencing the availability of plant nutrients, particularly
phosphorus, secondary nutrients (Ca, Mg), and micronutrients (Mo, B, and Zn), reducing
microbial activity, and creating toxicity of Fe and Mn (Al in some cases) [4]. Soil acidi-
fication may intensify and affect crop production if effective management strategies for
amelioration are not implemented [5].
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The liming materials contain carbonates, oxides, hydroxides, and silicates of Ca and
Mg. The most common liming agents are calcite (CaCO3) and dolomite (CaCO3–MgCO3).
Liming reactions start with the neutralization of H+ in the soil solution by either OH- or
HCO3

− originating from the liming materials. Dolomite, which is called dololime, is now
commonly used in Bangladesh. Liming is the most economical method for rectifying
soil acidity. Lime requirement depends on the soil pH profile, lime quality, soil type,
farming system, and rainfall. Proper liming is beneficial for crop growth and development.
Lime is a source of calcium and magnesium (if dolomitic limestone is applied). Nutrient
solubility is also improved, so plants have a better nutrient supply. Lime also improves soil
quality, such as soil pH, P availability, cation exchange capacity (CEC), and base saturation,
while lowering Al concentrations [6]. Furthermore, lime can improve the availability of
Ca and Mg in soils [7]. The nodulation process of legumes is enhanced, which improves
nitrogen fixation. Liming also increases soil pH and changes soil properties, such as pH,
OM, and some plant nutrient availability, which is beneficial to sustain high yield [8].
Increases in soil pH caused by proper liming aid in the release of P anions from Al- and
Fe-(hydr) oxide surfaces [9]. Because liming enhances microbial activity, it frequently
promotes the mineralization of agricultural wastes and organic manure in the soil [10],
which can improve soil accessible plant nutrients, particularly P. Liming, on the other
hand, may limit soil P availability by causing more P to precipitate as Ca-phosphate at
higher pH [11]. Liming can also help with other nutritional shortages (such as N) [12,13].
Rahman et al. [14] conducted field trials with a wheat-rice cropping pattern and found that
applying 2.4 t lime ha−1 boosted crop yields adequately.

Optimum crop growth and efficient use of fertilizer in acid soils require an addition
of lime and organic matter to obviate the toxic effects of Fe, Al, H, and Mn. Addition
of lime and organic matter in soil is needed to attain a soil pH level at which available
Fe, Al, or Mn (non-toxic) are present. Regular application of well-decomposed organic
matter in acid soils is effective to prevent sudden fluctuation of soil pH as it ameliorates
the buffering capacity of soils. Moreover, it increases the availability of P and reduces
the toxicity of Fe and Al in acid soils. Poultry manure (PM), cow dung (CD), compost,
and lime may be applied to increase crop yield, maintain soil fertility, and ameliorate soil
acidity. It is essential to identify the exact amount of manure to increase the soil pH, fertility,
and productivity of acidic soils. Integrated use of lime with organic and chemical fertilizers
is considered a good approach for sustainable crop production in acidic soils.

Soil organic matter (SOM) is a key ingredient in ensuring long-term soil fertility
because it regulates biological activities that affect nutrient availability. Organic amend-
ments, such as CD and PM, serve to preserve soil fertility by acting as alternate sources
of plant nutrients to chemical fertilizers, especially in rice production [15,16]. CD and PM
improve the physical, chemical, and biological qualities of the soil, increasing nutrient
availability [17–19].

In acidic soil regions, a combined application of lime and organic manure may be
a preferable alternative for boosting soil fertility. In the old Himalayan Piedmont plain
(AEZ-1) and northern and eastern Piedmont plains (AEZ-22), Sultana et al. [20] reported
that soil amendment with dololime at the rate of 1 t ha−1, combined with poultry manure
at the rate of 3 t ha−1 or FYM at the rate of 5 t ha−1, could be an efficient practice to
achieve higher crop yield, due to optimization of soil acidity and nutrient uptake by
plants (AEZ-22). In Bangladesh, the wheat–mungbean–T. Aman cropping pattern is the
most widely used. However, there are insufficient data on the management of acid soils
in northern and eastern Piedmont plains. As a result, the objectives of the study are to
(i) evaluate the effect of lime and manure amendment on yield of the wheat–mungbean–
T. Aman cropping pattern; (ii) assess the influence of lime and manure amendment on
nutrient uptake by the grain and straw of crops; and (iii) see the changes in soil properties
due to the application of lime and manure amendments. We attempted to figure out an
effective management strategy for profitable crop production in the acidic Piedmont soil



Agronomy 2021, 11, 1595 3 of 15

of Nalitabari Upazila in the northern and eastern Piedmont plains. This research will aid
farmers in increasing crop yields in acid-prone locations.

2. Materials and Methods
2.1. Experimental Site and Soil Properties

The experiment was carried out at the farmer’s field of Ramchandrakura Union, Nal-
itabari Upazila, Sherpur (25◦11′ N, 90◦15′ E) from July 2017 to May 2018. The experimental
site belongs to the agroecological zone, northern and eastern Piedmont plains (AEZ-22).
According to general soil type classification, the site falls under grey terrace soil [21,22].
Topographically, the experimental site was medium-high to high. Before starting the
experiment, 20 initial composite soil samples (0–15 cm depth) were collected from the
experimental plots and analyzed using standard methods. The soil was sandy loam in
texture and strongly acidic in nature, with a pH of 4.66, organic C 0.89%, total N 0.12%,
available P 6.99 ppm, exchangeable K 22.94 ppm, and available S 1.67 ppm.

2.2. Plant Materials and Treatments

Three crops: T. Aman rice, wheat, and mungbean were grown in the wheat–mungbean–
T. Aman cropping pattern under the field experiment. The crop varieties were Binadhan 7
for T. Aman rice, BARI Gom30 for wheat, and BRRI Mung6 for mungbean. T. Aman rice
was grown from July to October (mid monsoon to late monsoon) followed by wheat from
mid-November to February (winter), and then mungbean was grown from March to May
(late winter to pre-monsoon season). There were nine treatments comprising two levels
of lime (dololime at the rate of 1 and 2 t ha−1) and two kinds of organic amendment (cow
dung and poultry manure). The following treatments were used in the experiment: T1:
control (no lime and organic amendment), T2: Lime-1 (dololime 1 t ha−1), T3: Lime-2
(dololime 2 t ha−1), T4: OM-1 (cow dung 5 t ha−1), T5: OM-2 (poultry manure 3 t ha−1), T6:
Lime-1 OM-1 (dololime 1 t ha−1, cow dung 5 t ha−1), T7: Lime-1 OM-2 (dololime 1 t ha−1,
poultry manure 3 t ha−1), T8: Lime-2 OM-1 (dololime 2 t ha−1, cow dung 5 t ha−1), T9:
Lime-2 OM-2 (dololime 2 t ha−1, poultry manure 3 t ha−1). Nutrient compositions and
source of the organic manures and dololime used in the study are presented in Table 1.

Table 1. Nutrient compositions and source of the organic manures and dololime used in the study.

Manure C
(g kg−1)

N
(g kg−1)

P
(g kg−1)

S
(g kg−1)

Ca
(g kg−1)

Mg
(g kg−1)

pH
(Water) Source

Cow dung 331.4 12.7 4.96 2.8 4.2 16.2 7.6 Local household
Poultry manure 335.4 30.8 23.3 5.6 6.2 18.5 8.1 Local poultry farm

Dololime - - - - 201 107 8.3 Local market

2.3. Preparation of Experimental Plots and Growing Crops

With a power tiller, the land was prepped by ploughing and cross ploughing. The soil
was then laddered using traditional methods. Before final land preparation and laying out,
all weeds and stubbles were removed from the field. To limit the heterogenic effects of
soil, the experiment was set up in a randomized complete block design (RCBD), with the
experimental area separated into three blocks representing the replications. Each block
was subdivided into nine plots and the treatments were randomly distributed to the unit
plots in each block. Thus, the total number of unit plots was 27. Each plot was 4 × 2.5 m in
size and was separated from the others by ails (30 cm). There was a 1 m drain between
the blocks (i.e., it separated the blocks from each other). The fertilizers were applied as per
treatments following the Bangladesh Agricultural Research Council (BARC) [23] Fertilizer
Recommendation Guide (2012). The recommended doses (RDs) of chemical fertilizers were
90 kg N, 10 kg P, 35 kg K, 8 kg S and 1 kg B per ha for T. Aman rice; 120 kg N, 30 kg P,
60 kg K, 15 kg S, and 1.3 kg Zn for wheat; and 18 kg N, 18 kg P, 24 kg K, 12 kg S, 2 kg
Zn, and 1.2 kg B for mungbean. The sources of N, P, K, S, and Zn were urea, triple super
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phosphate, muriate of potash, gypsum, and zinc sulfate, respectively. The full doses of
chemical fertilizers were applied in all the treatments, including the control. All of the
chemical fertilizers, except urea, were applied during final land preparation. The urea was
applied in three equal splits for T. Aman rice and two equal splits for wheat and mungbean,
respectively. Dololime, cow dung, and poultry manure were applied before 2 weeks of
planting crops and mixed with soil. Lime, cow dung, and poultry manure were applied to
the first crop and their residual effects were evaluated in the succeeding second and third
crops. Seedlings were grown in a nursery bed and 30–35-day old seedlings were carefully
uprooted and transplanted in the plots, maintaining a spacing of 20 × 20 cm in the case
of T. Aman rice. Three seedlings were transplanted at each hill. Wheat and mungbean
seeds were sown after final land preparation. Intercultural operations, such as irrigation,
weeding, and pest control were done when necessary, to ensure and maintain a favorable
environment for normal growth and development of the crops.

2.4. Harvesting and Data Recording

The crops were harvested at maturity. An area of 1 m2 was harvested from each
plot and the harvested crop was bundled separately. Then the bundles were brought to
the threshing floor and threshed. The grain yield was obtained on a 14% moisture basis
while the straw yield was recorded on a sun-dry basis. Grain and straw samples were
analyzed for total nitrogen concentration following the semi-micro Kjeldahl method [24],
phosphorus was determined by the Olsen method [25], potassium was determined by the
flame photometer method, and sulfur was determined by the spectrophotometer method.

The N, P, K, S uptake by grain and straw was determined from grain and straw yield
data. The nutrient uptake was determined by formula [26]:

Nutrient uptake =
Nutrient content (%)× Dry mass production (kg/ha)

100

2.5. Analysis of Soil Samples before and after the Experiment

The initial and post-harvest soil samples were used to determine the properties of
the soil, including soil organic matter (SOM) content, soil total nitrogen (STN), available P,
exchangeable Ca and Mg, pH, electrical conductivity (EC), and cation exchange capacity
(CEC). SOM content was calculated by multiplying organic carbon (OC) by 1.73, as sug-
gested by Ghosh et al. [27] and OC was determined titrimetrically following the Walkley
and Black method [28]. STN was determined by the semi-micro Kjeldahl method [24];
available P was extracted from the soil by shaking with 0.03 M NH4F—0.025 M HCl solu-
tion at pH < 7.0 following the Bray and Kurtz method [29]. The exchangeable calcium (Ca)
and magnesium (Mg) contents were extracted by the ammonium acetate extraction method
and determined by ethylene-di-amine tetra acetic [30]. The pH of the samples was assessed
in a soil: water ratio of 1:2.5 with a glass electrode pH meter [30]. The EC of collected soil
samples was determined electrometrically (1:5 = soil:water ratio) by a conductivity meter
using 0.01 M KCl solution to calibrate the meter following the procedure described by
Ghosh et al. [27]. CEC was determined by the NH4OAc extraction method, as suggested
by Chapman [31].

2.6. Statistical Analysis

The data were analyzed statistically by the F-test and the mean differences were
adjudged by Duncan’s new multiple range test (DMRT), as outlined by Gomez and
Gomez [32].
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3. Results
3.1. Effect of Lime and Organic Manure Amendment on Yield of Wheat–Mungbean–T.
Aman Cropping Pattern
3.1.1. Grain and Straw Yield of T. Aman

The grain yield of first crop (Binadhan 7) responded significantly to the application
of dololime, cow dung, and poultry manure, although there was a little difference in
grain yield among the treatments (p < 0.05) (Table 2). The grain yield ranged from 4.24
to 4.81 t ha−1. The highest grain yield (4.81 t ha−1) was observed in T7 (Lime-1 OM-2,
dololime 1 t ha−1, poultry manure 3 t ha−1) and the lowest value (4.24 t ha−1) was recorded
in T1 (control). Based on grain yield, the treatments may be ranked in order of T7 > T8 > T5
> T9 > T4 > T3 > T2 > T6 = T1. The increase in grain yield over the control ranged from 0.24
to 13.44% where the highest increase was obtained in T7 (13.44%) and the lowest one was
obtained in T6 (0.24%).

Table 2. Effect of lime and manure amendment on grain and straw yield (mean ± SE; n = 3) of wheat–mungbean–T.
Aman cropping pattern.

Treatments
T. Aman Wheat Mungbean

Grain Yield
(t ha−1)

Straw Yield
(t ha−1)

Grain Yield
(t ha−1)

Straw Yield
(t ha−1)

Grain Yield
(t ha−1)

Straw Yield
(t ha−1)

T1: Control 4.24 ± 0.2 f 4.51 ± 0.26 d 2.17 ± 0.13 f 3.11 ± 0.18 e 0.60 ± 0.03 f 1.15 ± 0.04 f

T2: Lime-1 4.36 ± 0.3 e 4.67 ± 0.27 bcd 2.97 ± 0.17 c 4.16 ± 0.24 c 1.03 ± 0.06 cd 2.02 ± 0.12 d

T3: Lime-2 4.39 ± 0.3 e 4.62 ± 0.27 cd 3.07 ± 0.18 bc 4.28 ± 0.25 bc 1.13 ± 0.07 c 2.23 ± 0.06 d

T4: OM-1 4.4 ± 0.25 e 4.7 ± 0.27 bcd 2.39 ± 0.14 e 3.41 ± 0.20 de 0.84 ± 0.05 e 1.62 ± 0.09 e

T5: OM-2 4.73 ± 0.27 c 4.78 ± 0.28 abc 2.62 ± 0.15 d 3.70 ± 0.21 d 0.90 ± 0.05 de 1.75 ± 0.10 e

T6: Lime-1 OM-1 4.25 ± 0.25 f 4.58 ± 0.26 cd 3.12 ± 0.18 bc 4.35 ± 0.25 abc 1.33 ± 0.08 b 2.65 ± 0.15 c

T7: Lime-1 OM-2 4.81 ± 0.28 a 4.9 ± 0.28 ab 3.16 ± 0.18 abc 4.4 ± 0.25 abc 1.43 ± 0.08 ab 2.86 ± 0.12 b

T8: Lime-2 OM-1 4.77 ± 0.28 b 4.98 ± 0.29 a 3.23 ± 0.19 ab 4.68 ± 0.27 ab 1.48 ± 0.09 ab 3.00 ± 0.17 b

T9: Lime-2 OM-2 4.54 ± 0.26 d 4.73 ± 0.27 abc 3.35 ± 0.19 a 4.79 ± 0.28 a 1.57 ± 0.09 a 3.33 ± 0.14 a

SE (±) 0.02 0.11 0.09 0.20 0.05 0.14
CV (%) 4.3 4.9 4.0 5.9 4.4 3.16

Figures in a column having common letters do not differ significantly at 5% level of significance. CV (%) = Coefficient of variation;
SE = Standard error of means; Lime-1 = Dololime 1 t ha-1; Lime-2 = Dololime 2 t ha-1; OM-1 = Cowdung 5 t ha-1; OM-2 = Poultry
manure 3 t ha-1

Straw yield of Binadhan 7 was also significantly influenced by different treatments
under study. The yields of straw ranged from 4.51 to 4.98 t ha−1 (p < 0.05) (Table 2).
The highest straw yield of 4.98 t ha−1 was obtained in T8 (Lime-2 OM-1, dololime 2 t ha−1,
cow dung 5 t ha−1) and the lowest value of 4.51 t ha−1 was noted in T1 (control). The treat-
ment may be ranked in the order of T8 > T7 >T5 > T4 > T9 > T2 > T3 > T6 > T1 in terms
of straw yield. Regarding the % increase of straw yield, maximum increase (10.42%) was
noted in T8 and the minimum one (1.55%) was found in T6.

3.1.2. Grain and Straw Yield of Wheat

The grain yield of BARI Gom30 responded significantly to the residual dololime,
cow dung and poultry manure (Table 2). The grain yield ranged from 2.17 to 3.35 t ha−1.
The highest grain yield (3.35 t ha−1) was observed in T9 (Lime-2 OM-2, dololime 2 t ha−1,
poultry manure 3 t ha−1), which was statistically similar to T8 (Lime-2 OM-1, dololime
2 t ha−1, cow dung 5 t ha−1), and T7 (Lime-1 OM-2, dololime 1 t ha−1, poultry manure
3 t ha−1) whereas the lowest value (2.17 t ha−1) was recorded in T1 (control). The increase
in grain yield over control ranged from 10.14 to 54.38% where the highest increase was ob-
tained in T9 and the lowest one was obtained with T4. Based on grain yield, the treatments
may be ranked in order of T9 > T8 > T7 > T6 > T3 > T2 > T5 > T4 > T1.

Straw yields of BARI Gom30 also responded significantly to the different treatments
under study. The yield of straw ranged from 3.11 to 4.79 t ha−1 (Table 2). The highest straw
yield of 4.79 t ha−1 was obtained in T9 (Lime-2 OM-2, dololime 2 t ha−1, poultry manure
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3 t ha−1) and the lowest value of 3.11 t ha−1 was noted in T1 (control). The treatments may
be ranked in the order of T9 > T8 > T7 > T6 > T3 > T2 > T5 > T4 > T1 in terms of straw yield.
Regarding the percent increase of straw yield, maximum increase (54.02%) was noted in T9
and the minimum one (9.65%) was found in T4.

3.1.3. Grain and Straw Yield of Mungbean

Residual effect of lime (dololime) and organic manure (cow dung and poultry manure)
showed a significant influence on seed yield of BARI Mung6 (Table 2) (p < 0.05). The seed
yield ranged from 0.60 t ha−1 to 1.57 t ha−1. The highest seed yield (1.57 t ha−1) was found
in T9 (Lime-2 OM-2, dololime 2 t ha−1, poultry manure 3 t ha−1), which was statistically
similar with T7 (Lime-1 OM-2, dololime 1 t ha−1, poultry manure 3 t ha−1) and T8 (Lime-2
OM-1, dololime 2 t ha−1, cow dung 5 t ha−1). The lowest value (0.60 t ha−1) was observed
in T1 (control). The increase in seed yield over control ranged from 40 to 161.67%, where the
highest increase was obtained in T9 and the lowest one was obtained with T4 (Table 2).
The results demonstrated that the application of dololime alone or combination with cow
dung or poultry manure increased the seed yield of mungbean to a significant extent.
The seed yields obtained from different treatments may be ranked in order of T9 > T8 > T7
> T6 > T3 > T2 > T5 > T4 > T1.

Straw yield of BARI Mung6 was also significantly influenced by different treatments
under study. The yields of straw ranged from 1.15 to 3.33 t ha−1 (p < 0.05) (Table 2).
The highest straw yield of 3.33 t ha−1 was obtained in T9 (Lime-2 OM-2, dololime 2 t ha−1,
poultry manure 3 t ha−1) and the lowest value of 1.15 t ha−1 was noted in T1 (control).
The treatment may be ranked in the order of T9 > T8 = T7 > T6 > T3 = T2 > T5 = T4 > T1 in
terms of straw yield. Regarding the % increase of straw yield, maximum increase (189.57%)
was noted in T9 and the minimum one (40.87%) was found in T4.

3.2. Effect of Lime and Organic Manure Amendment on Nutrient Uptake of Wheat–Mungbean–T.
Aman Cropping Pattern

Nutrient contents of grain and straw of all three crops were determined as depicted in
Supplementary Table S1, and nutrient uptake by crops was calculated. Nutrient uptake by
the wheat–mungbean–T. Aman cropping pattern is described as follows.

3.2.1. Nutrient Uptake by T. Aman

The overall uptake of the macronutrients N, P, K, and S by T. Aman was significantly
impacted by the use of lime and organic amendments (p < 0.05). The N uptake by grain
and straw of T. Aman rice due to application of lime and organic amendment ranged from
42.78 to 58.21 kg ha−1 and 13.97 to 19.74 kg ha−1 (Table 3). Experimental plots that had T8
(Lime-2 OM-1, dololime 2 t ha−1, cow dung 5 t ha−1) treatment took up the highest total N,
which was statistically similar to T7 and T9 in case of grain and T7 in case of straw, whereas
the lowest value was observed in T1 (control) in both cases (Table 3). The total P uptake
ranged from 8.87 to 11.94 kg ha−1 and 5.39 to 10.06 kg ha−1 in grain and straw, respectively.
The highest total P uptake was observed in T7 (Lime-1 OM-2, dololime 1 t ha−1, poultry
manure 3 t ha−1) and the lowest value in T1 (control) (Table 3). The value of K uptake by T.
Aman ranged from 11.01 to 16.92 kg ha−1 and 50.43, and 61.97 kg ha−1 in grain and straw,
respectively. The highest K uptake was recorded in T8 (Lime-2 OM-1, dololime 2 t ha−1,
cow dung 5 t ha−1), which was similar to T7 and T9, and the lowest value was observed in
T1 (Table 3). Likewise, S uptake by grain and straw ranged from 11.44 to 16.53 kg ha−1 and
8.11 to 13.08 kg ha−1, respectively (Table 3).
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Table 3. Nutrient uptake (mean ± SE; n = 3) by crops in wheat–mungbean–T. Aman cropping pattern as influenced by lime
and manure amendment.

T. Aman

Treatments
N Uptake (kg ha−1) P Uptake (kg ha−1) K Uptake (kg ha−1) S Uptake (kg ha−1)

Grain Straw Grain Straw Grain Straw Grain Straw

T1: Control 42.78 ± 2.23 f 13.97 ± 0.73 e 8.87 ± 0.46 e 5.39 ± 0.28 e 11.01 ± 0.57 f 50.43 ± 2.62 e 11.44 ± 0.59 f 8.11 ± 0.42 f
T2: Lime-1 48.09 ± 2.42 e 15.81 ± 0.80 d 10.52 ± 0.53 d 7.00 ± 0.35 d 13.57 ± 0.68 e 55.43 ± 2.79 d 12.30 ± 0.59 e 9.70 ± 0.47 e
T3: Lime-2 49.96 ± 2.51 d 15.85 ± 0.80 d 10.83 ± 0.55 c 7.84 ± 0.40 c 14.84 ± 0.75 d 55.27 ± 2.79 d 13.12 ± 0.66 d 9.77 ± 0.49 e
T4: OM-1 49.35 ± 2.47 de 17.34 ± 0.87 c 10.58 ± 0.53 cd 6.57 ± 0.33 d 13.70 ± 0.68 e 54.51 ± 2.72 d 13.35 ± 0.62 e 10.32 ± 0.52 d
T5: OM-2 55.07 ± 2.60 b 18.87 ± 0.89 b 11.14 ± 0.53 b 7.90 ± 0.37 c 15.45 ± 0.75 c 56.54 ± 2.74 c 13.40 ± 0.64 d 11.30 ± 0.54 c

T6: Lime-1 OM-1 51.86 ± 2.69 c 17.18 ± 0.89 c 10.63 ± 0.55 cd 7.69 ± 0.40 c 15.01 ± 0.77 cd 55.18 ± 2.84 d 14.07 ± 0.73 c 10.43 ± 0.54 d
T7: Lime-1 OM-2 58.07 ± 2.69 a 19.74 ± 0.91 a 11.82 ± 0.55 a 10.06 ± 0.47 a 16.28 ± 0.77 b 61.84 ± 2.93 a 16.53 ± 0.77 a 12.56 ± 0.59 b
T8: Lime-2 OM-1 58.42 ± 2.71 a 19.70 ± 0.90 a 11.94 ± 0.56 a 9.14 ± 0.42 b 16.92 ± 0.79 a 61.97 ± 2.91 a 15.61 ± 0.73 b 13.08 ± 0.61 a

T9: Lime-2 OM-2 58.21 ± 2.82 a 18.87 ± 0.91 b 11.35 ± 0.56 b 9.66 ± 0.47 a 16.09 ± 0.79 b 60.40 ± 2.98 b 16.21 ± 0.79 a 12.93 ± 0.63
ab

SE (±) 3.93 1.39 0.73 0.92 1.23 3.47 1.22 1.08
CV (%) 1.03 1.14 0.83 1.90 1.22 0.67 1.31 0.56

Wheat

Treatments
N Uptake (kg ha−1) P Uptake (kg ha−1) K Uptake (kg ha−1) S Uptake (kg ha−1)

Grain Straw Grain Straw Grain Straw Straw Grain

T1: Control 36.85 ± 1.92 h 10.25 ± 0.53 f 4.55 ± 0.25 g 2.08 ± 0.11 g 8.68 ± 0.45 g 44.17 ± 2.29 g 4.29 ± 0.23 g 4.62 ± 0.24 g
T2: Lime-1 51.54 ± 1.95 e 16.22 ± 0.61 c 8.12 d ± 0.33 e 2.81 ± 0.11 e 12.83 ± 0.50 e 60.58 ± 2.34 d 6.40 ± 0.25 d 7.50 ± 0.29 de
T3: Lime-2 55.20 ± 2.04 d 17.04 ± 0.63 c 8.68 ± 0.33 d 3.43 ± 0.13 c 13.21 ± 0.50 e 62.83 ± 2.36 d 7.35 ± 0.27 c 8.34 ± 0.31 c
T4: OM-1 42.52 ± 2.01 g 13.35 ± 0.63 e 6.43 ± 0.29 f 2.48 ± 0.11 f 9.98 ± 0.47 f 49.72 ± 2.36 f 5.06 ± 0.24 f 5.18 ± 0.24 f
T5: OM-2 47.71 ± 2.06 f 14.95 ± 0.65 d 7.79 ± 0.33 e 2.31 ± 0.10 f 12.43 ± 0.54 e 55.31 ± 2.41 e 5.66 ± 0.25 e 7.01 ± 0.31 e

T6: Lime-1 OM-1 57.34 ± 2.09 cd 19.10 ± 0.69 b 9.84 ± 0.35 c 3.18 ± 0.11 d 14.96 ± 0.55 d 66.93 ± 2.47 c 7.39 ± 0.27 c 7.50 ± 0.27 de
T7: Lime-1 OM-2 59.25 ± 2.12 bc 19.87 ± 0.71 b 10.87 ± 0.37 b 3.31 ± 0.11 cd 16.06 ± 0.58 c 69.48 ± 2.49 bc 7.72 ± 0.28 c 7.52 ± 0.27 d
T8: Lime-2 OM-1 61.33 ± 2.13 ab 20.00 ± 0.69 b 10.98 ± 0.38 b 3.70 ± 0.13 b 17.24 ± 0.60 b 71.33 ± 2.47 ab 8.38 ± 0.29 b 9.24 ± 0.32 b
T9: Lime-2 OM-2 63.10 ± 2.13 a 21.05 ± 0.71 a 12.00 ± 0.39 a 3.93 ± 0.13 a 18.37 ± 0.62 a 73.71 ± 2.49 a 9.36 ± 0.32 a 10.07 ± 0.34 a

SE (±) 5.57 2.14 1.39 0.9 1.91 6.36 0.97 1.03
CV (%) 1.69 2.11 2.71 2.11 2.34 1.64 2.37 2.31

Mungbean

Treatments
N Uptake (kg ha−1) P Uptake (kg ha−1) K Uptake (kg ha−1) S Uptake (kg ha−1)

Grain Straw Grain Straw Grain Straw Grain Straw

T1: Control 21.77 ± 1.26 i 5.54 ± 0.32 e 2.40 ± 0.14 i 0.48 ± 0.03 g 8.52 ± 0.49 i 3.56 ± 0.21 e 2.40 ± 0.14 i 0.32 ± 0.02 g
T2: Lime-1 38.62 ± 2.23 f 5.99 ± 0.35 d 5.47 ± 0.32 f 0.72 ± 0.04 e 15.28 ± 0.88 f 3.70 ± 0.21 d 4.85 ± 0.28 f 0.34 ± 0.02 fg
T3: Lime-2 42.86 ± 2.47 e 6.16 ± 0.36 c 6.56 ± 0.38 e 0.79 ± 0.05 cd 16.74 ± 0.97 e 3.73 ± 0.22 d 5.88 ± 0.34 e 0.34 ± 0.02 ef
T4: OM-1 30.76 ± 1.78 h 5.55 ± 0.32 e 3.84 ± 0.22 h 0.55 ± 0.03 f 12.45 ± 0.72 h 3.80 ± 0.22 c 3.59 ± 0.21 h 0.35 ± 0.23 ef
T5: OM-2 33.65 ± 1.94 g 5.88 ± 0.35 d 4.34 ± 0.25 g 0.58 ± 0.03 f 13.75 ± 0.79 g 3.83 ± 0.22 c 4.25 ± 0.25 g 0.36 ± 0.23 e

T6: Lime-1 OM-1 50.45 ± 2.92 d 6.23 ± 0.36 c 7.43 ± 0.43 d 0.75 ± 0.04 de 20.31 ± 1.17 d 3.83 ± 0.22 c 6.90 ± 0.40 d 0.38 ± 0.23 d
T7: Lime-1 OM-2 54.75 ± 3.16 c 6.43 ± 0.37 b 8.40 ± 0.49 c 0.82 ± 0.05 c 21.96 ± 1.27 c 3.93 ± 0.23 b 7.56 ± 0.44 c 0.42 ± 0.22 c
T8: Lime-2 OM-1 57.67 ± 3.33 b 6.74 ± 0.39 a 8.85 ± 0.51 b 0.89 ± 0.05 b 23.01 ± 1.33 b 3.97 ± 0.23 b 7.97 ± 0.46 b 0.46 ± 0.23 b
T9: Lime-2 OM-2 61.67 ± 3.56 a 6.84 ± 0.42 a 9.60 ± 0.55 a 0.96 ± 0.06 a 25.02 ± 1.44 a 4.04 ± 0.23 a 8.81 ± 0.51 a 0.51 ± 0.24 a

SE (±) 0.86 0.13 0.16 0.03 0.35 0.07 0.14 0.01
CV (%) 2.41 0.76 3.04 2.14 2.44 0.44 2.91 1.67

Figures in a column having common letters do not differ significantly at 5% level of significance. CV (%) = Coefficient of variation;
SE = Standard error of means; Lime-1 = Dololime 1 t ha-1; Lime-2 = Dololime 2 t ha-1; OM-1 = Cowdung 5 t ha-1; OM-2 = Poultry
manure 3 t ha-1

3.2.2. Nutrient Uptake by Wheat

In the second crop of the cropping pattern, the residual effect of lime and organic
manure application on the nutrient uptake was more prominent. The residual effect of
lime and organic manure influenced the uptake of N, P, K, and S by grain and straw of
wheat significantly (p < 0.05). Total N uptake by wheat ranged from 36.85 to 63.10 kg ha−1

and 10.25 to 21.05 kg ha−1 in grain and straw, respectively. The T9 (Lime-2 OM-2, dololime
2 t ha−1, poultry manure 3 t ha−1) had the highest N uptake by the grain and straw and T1
(control) had the lowest (Table 3). Similarly, T9 (Lime-2 OM-2, dololime 2 t ha−1, poultry
manure 3 t ha−1) had the highest P, K, and S uptake while T1 (control) had the lowest
(Table 3). The uptake of P, K, and S ranged from 4.55 to 12.00 kg ha−1, 8.68 to 18.37 kg ha−1

and 4.29 to 9.36 kg ha−1 in grain, and 2.08 to 3.93 kg ha−1, 44.17 to 73.71 kg ha−1 and 4.62
to 10.07 kg ha−1 in straw, respectively (Table 3).

3.2.3. Nutrient Uptake by Mungbean

N, P, K, and S uptake by grain and straw of mungbean was significantly influenced
by the residual effect of lime and organic manure application (p < 0.05). The N uptake
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by mungbean grain and straw ranged from 21.77 to 61.67 kg ha−1 and 5.54 to 6.84 kg
ha−1, respectively. The highest N uptake by grain and straw was observed in T9 (Lime-2
OM-2, dololime 2 t ha−1, poultry manure 3 t ha−1) and the lowest value was observed in
T1 (control) (Table 3). Likewise, the highest P, K, and S uptake by grain and straw were
recorded in T9 (Lime-2 OM-2, dololime 2 t ha−1, poultry manure 3 t ha−1) and the lowest
value was observed in T1 (control) (Table 3). The uptake of P, K, and S ranged from 2.40 to
9.60, 8.52 to 25.02 and 2.40 to 8.81 kg ha−1 in grain, and 0.48 to 0.96, 3.56 to 4.04 and 0.32 to
0.51 kg ha−1 in straw, respectively (Table 3).

3.3. Effect of Lime and Manure Amendment on Soil Properties under Wheat–Mungbean–T.
Aman Cropping Pattern

Application of lime and manure significantly improved soil fertility and soil properties
(Table 4). SOM content ranged from 1.54 to 1.63% and 1.31 to 1.56% before and after
the experiment, respectively, exhibiting the highest value in T9 (Lime-2 OM-2, dololime
2 t ha−1, poultry manure 3 t ha−1), which was statistically similar to T7 (Lime-1 OM-2,
dololime 1 t ha−1, poultry manure 3 t ha−1) and the lowest value in T1 (control) (Table 4).
Similarly, STN varied from 0.11 to 0.16% and 0.09 to 0.19% before and after the experiment,
respectively (Table 4). STN decreased about 5–20% after the experiment where there was
sole application of chemical fertilizer and lime along with chemical fertilizer, whereas STN
increased 1 to 15% due to sole application of manure amendment or combined application
of lime and manure amendment, along with chemical fertilizers (Table 4). Available P
content in soil was 7.05 to 7.96 ppm before the experiment and 6.77 to 11.54 ppm after the
experiment. Available P content after the experiment decreased about 4% in the control,
whereas sole or combined application of lime and manure amendment increased available
P content about 15 to 45% compared to the initial state. The highest increase was observed
in T9 (Lime-2 OM-2, dololime 2 t ha−1, poultry manure 3 t ha−1) and the lowest one in T4
(OM-1, cow dung 5 t ha−1) (Table 4). Exchangeable Ca content in soil ranged from 5.20
to 5.55 cmolc/kg and 4.68 to 6.88 cmolc/kg, respectively, before and after the experiment
(Table 4). The increase in exchangeable Ca content in soil ranged from −10 to 24% after the
experiment compared to their pre-experiment condition exhibiting the highest increase in
T9 (Lime-2 OM-2, dololime 2 t ha−1, poultry manure 3 t ha−1) and a decrease in T1 (control)
(Table 4).

Exchangeable Mg content ranged from 1.35 to 1.72 cmolc/kg and 1.22 to 2.11 cmolc/kg
before and after the experiment, respectively, exhibiting the highest value in T9 (Lime-2
OM-2, dololime 2 t ha−1, poultry manure 3 t ha−1) and the lowest value in T1 (control)
(Table 4). The change in exchangeable Mg content in soil ranged from −10 to 23% after
the experiment (Table 4). Likewise, pH of the soil varied from 4.66 to 5.34 and 4.10 to 6.69
before and after the experiment, respectively (Table 4). Soil pH increased about −12 to
26% after the experiment due to application of lime and manure amendment along with
chemical fertilizers (Table 4). Soil pH decreased when no lime or manure amendment was
applied whereas the highest increase was observed in T9 (Lime-2 OM-2, dololime 2 t ha−1,
poultry manure 3 t ha−1). EC of the soil was 0.22 to 0.38 dS/m before the experiment and
0.22 to 0.47 dS/m after the experiment. EC of the soil after the experiment increased 2
to 25% compared to the initial state due to application of lime and manure amendment
(Table 4). The highest increase was observed in T9 (Lime-2 OM-2, dololime 2 t ha−1, poultry
manure 3 t ha−1) and the lowest in T1 (control) (Table 4). CEC of the soil ranged from
34.97 to 38.22 cmolc/kg and 33.14 to 45.86 cmolc/kg, respectively, before and after the
experiment (Table 4). The increase in exchangeable Ca content in soil ranged from −6
to 20% after the experiment compared to their pre-experiment condition exhibiting the
highest increase in T9 (Lime-2 OM-2, dololime 2 t ha−1, poultry manure 3 t ha−1) and a
decrease in T1 (control) (Table 4).
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Table 4. Effect of lime and manure amendment on changes of soil properties (mean ± SE; n = 3) under wheat–mungbean–T.
Aman cropping pattern.

Treatments
SOM Content (%) STN (%) Available P (ppm) Exchangeable Ca (cmolc/kg)

Before After Before After Before After Before After

T1: Control 1.54 ± 0.01 c 1.31 ± 0.01 e 0.11 ± 0.01 b 0.09 ± 0.01 c 7.05 ± 0.04 g 6.77 ± 0.04 i 5.20 ± 0.02 f 4.68 ± 0.02 h

T2: Lime-1 1.54 ± 0.01 c 1.42 ± 0.01 d 0.12 ± 0.01 b 0.11 ± 0.01 c 7.31 ± 0.02 f 9.14 ± 0.03 g 5.36 ± 0.01 de 5.90 ± 0.02 f

T3: Lime-2 1.56 ± 0.01 c 1.44 ± 0.01 d 0.12 ± 0.01 b 0.11 ± 0.01 c 7.47 ± 0.02 de 10.08 ± 0.03 d 5.49 ± 0.01 ab 6.21 ± 0.01 c

T4: OM-1 1.58 ± 0.01 b 1.50 ± 0.01 c 0.15 ± 0.01 a 0.16 ± 0.01 b 7.41 ± 0.01 ef 8.52 ± 0.01 h 5.29 ± 0.02 e 5.71 ± 0.02 g

T5: OM-2 1.60 ± 0.01 b 1.54 ± 0.01 b 0.16 ± 0.01 a 0.17 ± 0.01 ab 7.54 ± 0.02 cd 9.42 ± 0.02 f 5.34 ± 0.01 de 6.04 ± 0.01 e

T6: Lime-1 OM-1 1.60 ± 0.01 b 1.52 ± 0.01 c 0.15 ± 0.01 a 0.16 ± 0.01 ab 7.63 ± 0.02 bc 9.92 ± 0.02 e 5.37 ± 0.01 d 6.12 ± 0.01 de

T7: Lime-1 OM-2 1.63 ± 0.02 a 1.56 ± 0.02 a 0.16 ± 0.01 a 0.19 ± 0.02 a 7.72 ± 0.02 b 10.42 ± 0.02 c 5.41 ± 0.01 cd 6.16 ± 0.01 cd

T8: Lime-2 OM-1 1.59 ± 0.02 b 1.51 ± 0.01 c 0.15 ± 0.01 a 0.17 ± 0.01 ab 7.86 ± 0.02 a 11.00 ± 0.03 b 5.47 ± 0.02 bc 6.40 ± 0.02 b

T9: Lime-2 OM-2 1.63 ± 0.02 a 1.56 ± 0.02 a 0.16 ± 0.01 a 0.19 ± 0.02 a 7.96 ± 0.01 a 11.54 ± 0.02 a 5.55 ± 0.02 a 6.88 ± 0.03 a

SE (±) 0.01 0.02 0.01 0.01 0.05 0.26 0.02 0.11
CV (%) 0.41 0.39 4.10 6.12 0.46 0.44 0.47 0.49

Treatments
Exchangeable Mg (cmolc/kg) pH EC (dS/m) CEC (cmolc/kg)

Before After Before After Before After Before After

T1: Control 1.35 ± 0.01 g 1.22 ± 0.01 h 4.66 ± 0.01 g 4.10 ± 0.01 g 0.22 ± 0.01 g 0.22 ± 0.01 g 34.97 ± 0.02 b 33.14 ± 1.43 d

T2: Lime-1 1.45 ± 0.01 f 1.60 ± 0.01 f 5.13 ± 0.01 d 5.69 ± 0.01 e 0.26 ± 0.01 f 0.29 ± 0.01 f 35.23 ± 0.01 b 38.75 ± 0.01 bc

T3: Lime-2 1.51 ± 0.02 e 1.70 ± 0.01 e 5.26 ± 0.01 ab 6.05 ± 0.01 cd 0.28 ± 0.01 e 0.33 ± 0.01 e 35.41 ± 0.01 b 40.01 ± 0.02 bc

T4: OM-1 1.37 ± 0.01 g 1.48 ± 0.01 g 4.84 ± 0.02 f 5.33 ± 0.03 f 0.29 ± 0.02 de 0.32 ± 0.02 ef 35.40 ± 0.33 b 37.63 ± 0.84 c

T5: OM-2 1.40 ± 0.01 g 1.58 ± 0.01 f 4.96 ± 0.01 e 5.70 ± 0.02 e 0.30 ± 0.01 de 0.34 ± 0.02 de 35.15 ± 0.01 b 38.53 ± 1.18 bc

T6: Lime-1 OM-1 1.55 ± 0.02 d 1.77 ± 0.02 d 5.18 ± 0.01 cd 5.95 ± 0.02 d 0.31 ± 0.01 cd 0.36 ± 0.01 cd 35.33 ± 0.01 b 40.28 ± 0.01 bc

T7: Lime-1 OM-2 1.61 ± 0.02 c 1.83 ± 0.02 c 5.26 ± 0.02 bc 6.20 ± 0.02 c 0.34 ± 0.01 bc 0.40 ± 0.01 bc 35.42 ± 0.02 b 40.38 ± 0.02 bc

T8: Lime-2 OM-1 1.66 ± 0.03 b 1.94 ± 0.03 b 5.26 ± 0.01 bc 6.36 ± 0.02 b 0.35 ± 0.01 ab 0.43 ± 0.01 b 35.54 ± 0.01 b 41.58 ± 0.01 b

T9: Lime-2 OM-2 1.72 ± 0.03 a 2.11 ± 0.03 a 5.34 ± 0.02 a 6.69 ± 0.08 a 0.38 ± 0.02 a 0.47 ± 0.02 a 38.22 ± 0.30 a 45.86 ± 0.36 a

SE (±) 0.02 0.05 0.04 0.014 0.01 0.01 0.19 0.66
CV (%) 0.99 1.12 0.55 0.92 2.97 3.34 0.69 2.86

Figures in a column having common letters do not differ significantly at 5% level of significance. CV (%) = Coefficient of variation;
SE = Standard error of means; Lime-1 = Dololime 1 t ha-1; Lime-2 = Dololime 2 t ha-1; OM-1 = Cowdung 5 t ha-1; OM-2 = Poultry
manure 3 t ha-1.

3.4. Correlation among Soil Properties, and between pH and Crop Yield in Wheat–Mungbean–T.
Aman Cropping Pattern

Pearson’s correlation matrix among the soil properties is shown in Table 5. The results
revealed strong significant positive correlation among the soil properties, i.e., soil fertil-
ity indices. With an increase in SOM content (%), soil macronutrients and soil reaction
increased and improved other chemical properties (Table 5). Soil reaction had significant
positive effects on nutrient availability and improvement of soil quality. With the increase
of soil pH, availability of primary and secondary macronutrients increased, and conse-
quently the EC and CEC of the soil improved (Table 5). A synergistic effect was observed
among the plant nutrients (i.e., N, P, Ca, and Mg) (Table 5). Availability of exchangeable Ca
and Mg was boosted up due to increase in soil EC and CEC.

Table 5. Relationship among soil properties as influenced by lime and manure amendment.

SOM Content
(%) STN (%) Available P

(ppm)
Exchangeable
Ca (cmolc/kg)

Exchangeable
Mg (cmolc/kg) Soil pH EC

(dS/m)
CEC

(cmolc/kg)

SOM content
(%) 1

STN (%) 0.398 * 1
Available P

(ppm) 0.790 *** 0.513 ** 1

Exchangeable Ca
(cmolc/kg) 0.817 *** 0.434 * 0.974 *** 1

Exchangeable
Mg (cmolc/kg) 0.756 *** 0.610 *** 0.980 *** 0.944 *** 1

Soil pH 0.813 *** 0.487 ** 0.985 *** 0.984 *** 0.951 *** 1
EC (dS/m) 0.854 *** 0.582 ** 0.932 *** 0.904 *** 0.948 *** 0.895 *** 1

CEC
(cmolc/kg) 0.732 *** 0.524 ** 0.916 *** 0.926 *** 0.930 *** 0.905 *** 0.886 *** 1

r value: 0.0 to 0.2—very weak fit, 0.2 to 0.4—weak fit, 0.4 to 0.7 –moderate fit, 0.7 to 0.9—strong fit, 0.9 to 1.0—very strong fit. * indicates
significant at 5% level of significane, ** indicates significant at 1% level of significance, *** indicates significant at 0.1% level of significance.
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Soil pH had significant but variable effects on grain and straw yield of all three crops
(Figure 1). In regard to T. Aman rice, the response of straw yield (R2 = 0.49) was higher than
that of grain yield (R2 = 0.43) (Figure 1). The effect of soil pH on the grain and straw yield
was more pronounced in wheat than that in T. Aman rice (Figure 1). The response of straw
yield (R2 = 0.77) was greater than grain yield (R2 = 0.62) (Figure 1). The grain and straw
yield of mungbean showed the highest responses to the soil pH (Figure 1). Straw yield
(R2 = 0.80) showed higher response than grain yield (R2 = 0.78) (Figure 1).
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Figure 1. Relationship between soil pH and crop yield in the wheat–mungbean–T. Aman cropping
pattern as influenced by lime and manure amendment.

4. Discussion

Soil acidity is a restriction of crop productivity in 30% of the earth surface and 57%
of agricultural land all over the world, including Bangladesh [33–35]. Soil acidification
can be caused by a variety of sources, including natural processes, industrial pollutants,
and agricultural output [36]. Acidified soil diminishes the availability of many essential
nutrients, and worsens the toxicity of others (e.g., Al3+, Fe2+) via modifying a variety of
chemical and biological processes in the soil [35].

Liming is one of the most essential and successful management strategies for reducing
soil acidity [37]. The influence of liming on soil pH is highly dependent on the quality of the
liming materials, e.g., particle size and material kinds [38], as well as the primary original
chemical and physical qualities, e.g., pH buffering capacity and soil organic matter [39].
Moreover, high SOM frequently results in high soil CEC and pH buffer capacity [40];
hence, the impacts of lime tended to be stronger when the original soil SOM was high.
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This is due to the intricate interactions between soil, plants, and the environment, as well
as the variability of the physical and chemical features of soil [37]. Our results showed
that the application of lime and organic amendment increased the pH about 26% after the
experiment, whereas chemical fertilizer increased soil acidity by 4% (Table 4), which is in
line with Ozlu and Kumar [41]. Any of the following processes or combinations might have
caused the rise in soil pH with the addition of lime and manure: consumption of proton by
functional groups linked to organic materials [42], decarboxylation of organic acid anions
during decomposition, specific adsorption of organic molecules by ligand exchange with
the release of OH [43], and the release of OH ions during reduction reactions associated
with localized anaerobic microsites (these are all examples of proton consumption) [44].
STN and available P content in soil increased due to increase in soil pH as a result of lime
and manure application, which was reported earlier by Van Chuong [45]. The availability
of exchangeable Ca2+ and Mg2+ increased as soil pH increased due to the application
of lime and organic amendment, which was also observed by Mosharrof et al. [46] and
Kunhikrishnan et al. [7]. Increased soil pH as a result of lime and manure amendment also
increased soil EC and CEC, which was consistent with Yagi et al. [47] and Kisić et al. [48].

Liming can also influence both transformation and uptake of nutrients by plants [49,50]
and, additionally, nutrient use efficiency [34]. It is widely accepted that liming can neu-
tralize excessive acidic ions in the soil including proton ions and other acidic mineral
cations (e.g., Al3+), while simultaneously supplying basic cations to the root zones e.g.,
Ca2+ and Mg2+ [51]. Liming can improve soil chemical properties, such as CEC and pH,
and enhance the availability and uptake of macronutrients (e.g., P and K) [52]. Liming
increases crop production primarily through direct effects on improving soil physical,
chemical, and biological characteristics, which lead to increased availability and mobility
of many essential nutrients of plants [39,53]. Liming has an active and passive positive
influence on soil pH, plant nutrient mobilization, soil aggregates and structure, and soil
biological activity [39,54]. Lime treatment in acid soils improves nutrient (NPK) availability
and creates a healthier environment in the rhizosphere zone of the plants when the soil
pH is low or the acidity is high [55–57]. Kemmitt et al. [58] found that changes in soil pH
had a substantial impact on the pace of soil C and N cycling, and that liming treatments
improved soil microbial activity by elevating the pH. Soil pH and P availability have a
considerable relationship [59], which determines how P nutrition for arable crops is opti-
mized. According to Barrow [9], the optimal soil pH for P absorption has to be re-evaluated.
However, pH is not the only factor to consider; organic matter content also influences yield
response to P [60]. In Ethiopia, Alemu et al. [61] and in Germany, von Tucher et al. [62],
the impact of P status on yield response to pH was recently revealed for barley. Our result
demonstrated that both grain and straw yield of T. Aman, wheat, and mungbean were
strongly correlated with soil pH (Figure 1). Grain and straw yields also had strong positive
correlation with other physicochemical properties of soil, as all the soil properties were
positively correlated with soil pH (Table 5).

Lime and organic manure amendment have variable effects, i.e., increase in yield
and nutrient uptake over control on three different crops of this experiment. In case of
the first crop, T. Aman (Binadhan 7) rice, the effect of lime and organic manure was less
prominent. However, a significant effect of lime or organic manure alone or in combination
was observed in wheat (BARI Gom30) and mungbean (BRRI Mung6). It is particularly
noticeable in yields of wheat and mungbean. In the instance of Binadhan 7, the increase
in grain production over control varied from 0.24 to 13.44%. Rice yields have also been
reported to rise as a result of liming [63,64]. The straw yields of the crops also followed the
similar trend. Liming raises the pH of the soil and lowers the acidity, resulting in higher
straw yields [65–67].

Our results showed that residual effect of lime and organic manure significantly
increased yield (Table 2), nutrient content (Table S1), and nutrient uptake (Table 3) of wheat,
which was reported earlier by Sultana et al. [68]. The increase in grain yield over control
ranged from 10.14 to 54.38%. Caires et al. [63] observed that surface liming caused increases
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up to 140% in the grain yield of wheat. In another experiment, Arsat et al. [69] reported that
combined application of 5 t manure and 2.2 t ha−1 lime increased grain and straw yield by
279% and 187%, respectively, over the control. Kisić et al. [47] discovered that, in addition
to mineral and organic fertilization, liming resulted in considerably greater yields than
the control and considerably higher yields than mineral fertilizer treatments. According
to Jovanovic et al. [70], liming had a significant impact on field crop yields, and using
high rates in a single application was preferable to using low rates repeatedly. Similar
results were also reported by Samia [71] and Basak [72]. According to Von Tucher et al. [62],
Liming in low pH soils with barley (and wheat) boosts fertilizer usage efficiency,

The residual effect of lime and organic manure application was more pronounced in
the third crop, mungbean. Our results demonstrated that residual effect of combined appli-
cation of lime and organic manure significantly increased seed yield (Table 2), and nutrient
content and uptake (Table 3) of mungbean, which is in line with previous experimental
results [8,73–75]. Kasa et al. [76] found that application of different level of lime and
phosphorus significantly increased the yield and yield contributing characters of Haricot
bean in Ethiopia. Lime in an acid soil not only replaces hydrogen ions, elevates soil pH [8],
and increases NPK availability, but it also promotes plant growth and development in
legume crops [77]. In an acidic soil, an experiment was carried out on Sesamum, mungbean,
and cowpea with lime applications of 0.5, 1.0, 1.5, and 2.0 tons per hectare, respectively.
The greatest rate of lime treatment favored lowering soil acidity, increasing NPK availability,
neutralizing soil pH, and increasing yield [57].

The combined application of lime and organic amendment greatly boosted the total
production and nutrient uptake of each crop in the T. Aman–mustard–boro cropping
pattern, according to our findings. Sultana et al. [20] found that applying 1 t ha−1 dololime
coupled with 3 t ha−1 poultry manure or 5 t ha−1 FYM boosted crop output and nutrient
uptake in the old Himalayan Piedmont plain’s potato–mungbean–rice cropping pattern.

5. Conclusions

The overall results of the study demonstrate that addition of lime and/or organic
manure to acid soils significantly increased yield and nutrient uptake of the crops of the
wheat–mungbean–T. Aman cropping pattern. Lime or organic manure alone improved crop
yield to a significant extent. However, combined application of lime and organic manure
remarkably increased the yield and nutrient uptake of the crops as well as improved the
nutrient availability and other soil properties. Based on the findings, it can be concluded
that combined application of dololime and manure amendment (poultry manure or cow
dung) can be practiced for better crop productivity of wheat–mungbean–T. Aman cropping
pattern and improvement of soil quality in acidic Piedmont soils. However, similar research
in other acid-prone areas of Bangladesh, on the other hand, would be worth considering
for broader recommendations.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/agronomy11081595/s1, Table S1: Nutrient contents of crops in T. Aman-Wheat-Mungbean
cropping pattern as influenced by lime and manure amendment.
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The Field Crops. Cereal Res. Commun. 2006, 34, 517–520. [CrossRef]

71. Samia, B.S. Effect of Liming on Soil Properties and Yield of Wheat. Master’s Thesis, HSTU, Dinajpur, Bangladesh, 2009.
72. Basak, V. Nutrient Dynamics and Chemical Properties of Acid Soil under Different Liming Conditions in Mungbean Field

Followed by Transplanted Aman. Master’s Thesis, HSTU, Dinajpur, Bangladesh, 2010.
73. Varma, D.; Meena, R.S.; Kumar, S. Response of Mungbean to Fertility and Lime Levels under Soil Acidity in an Alley Cropping

System of Vindhyan Region, India. Int. J. Chem. Stud. 2017, 5, 1558–1560. Available online: https://www.chemijournal.com/
archives/?year=2017&vol=5&issue=4&ArticleId=851 (accessed on 3 June 2021).

74. Meena, R.S.; Varma, D. Mungbean yield and nutrient uptake performance in response of NPK and lime levels under acid soil in
Vindhyan region, India. J. Appl. Nat. Sci. 2016, 8, 860–863. [CrossRef]

75. Cifu, M.; Xiaonan, L.; Zhihong, C.; Zhengyi, H.; Wanzhu, M. Long-term effects of lime application on soil acidity and crop yields
on a red soil in Central Zhejiang. Plant Soil 2004, 265, 101–109. [CrossRef]

76. Kasa, M.; Yebo, B.; Habte, A. Effects of liming and Phosphorus levels on yield and yield components of Haricot bean (Pharsalus
vulgarism L.) varieties on Nitosols at Wolaita zone, Ethiopia. Asian J. Crop. Sci. 2014, 6, 245–253. [CrossRef]

77. Zhao, J.; Michalk, L.Y.; Wen, Y.; Kemp, K.R.; Gand, D.; Helen, N. Effect of phosphorus, potassium and lime application on pasture
in acidic soils in Yunnan province, China. New Zealand J. Agric. Res. 2007, 50, 523–535. [CrossRef]

http://doi.org/10.1081/CSS-120005764
http://doi.org/10.1016/j.soilbio.2012.08.021
http://doi.org/10.1016/S0065-211300407-0
http://doi.org/10.1007/s11368-018-2120-2
http://doi.org/10.17221/850/2013-PSE
http://doi.org/10.9734/AJEA/2015/17065
http://doi.org/10.1017/S0014479713000318
http://doi.org/10.9734/IJPSS/2017/31492
http://doi.org/10.1016/j.soilbio.2005.08.006
http://doi.org/10.1016/j.geoderma.2017.11.019
http://doi.org/10.1111/ejss.12521
http://www.ncbi.nlm.nih.gov/pubmed/29527119
http://doi.org/10.5897/ajar2017.12562
http://doi.org/10.1007/s13280-017-0970-2
http://doi.org/10.1016/j.eja.2007.05.002
http://doi.org/10.2134/agronj2002.0305
http://doi.org/10.1007/s11270-012-1293-3
http://doi.org/10.1016/S0378-4290(02)00192-2
http://doi.org/10.1080/00103620009370510
http://doi.org/10.12944/CWE.4.1.06
http://doi.org/10.11648/j.aff.20140302.15
http://doi.org/10.1556/CRC.34.2006.1.129
https://www.chemijournal.com/archives/?year=2017&vol=5&issue=4&ArticleId=851
https://www.chemijournal.com/archives/?year=2017&vol=5&issue=4&ArticleId=851
http://doi.org/10.31018/jans.v8i2.886
http://doi.org/10.1007/s11104-005-8941-y
http://doi.org/10.3923/ajcs.2014.245.253
http://doi.org/10.1080/00288230709510320

	Introduction 
	Materials and Methods 
	Experimental Site and Soil Properties 
	Plant Materials and Treatments 
	Preparation of Experimental Plots and Growing Crops 
	Harvesting and Data Recording 
	Analysis of Soil Samples before and after the Experiment 
	Statistical Analysis 

	Results 
	Effect of Lime and Organic Manure Amendment on Yield of Wheat–Mungbean–T. Aman Cropping Pattern 
	Grain and Straw Yield of T. Aman 
	Grain and Straw Yield of Wheat 
	Grain and Straw Yield of Mungbean 

	Effect of Lime and Organic Manure Amendment on Nutrient Uptake of Wheat–Mungbean–T. Aman Cropping Pattern 
	Nutrient Uptake by T. Aman 
	Nutrient Uptake by Wheat 
	Nutrient Uptake by Mungbean 

	Effect of Lime and Manure Amendment on Soil Properties under Wheat–Mungbean–T. Aman Cropping Pattern 
	Correlation among Soil Properties, and between pH and Crop Yield in Wheat–Mungbean–T. Aman Cropping Pattern 

	Discussion 
	Conclusions 
	References

