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15 cm on 01 August 2015 and 02 August 2016. Fertilizer N-P-K-S-Zn-B were supplied from 
urea, TSP, MoP, gypsum, zinc sulphate and boric acid, respectively. All PKSZnB and one-third 
of N were applied at the time of �inal land preparation. The remaining two-thirds of N were 
added as top dress at 25 and 45 days after sowing. Three irrigations and other intercultural 
operations were done as and when required. 

Crops were harvested i.e. maize on 03 May 2015 and 24 April 2016, mungbean on 15 June 
2015 and 20 June 2016 and T. aman rice on 04 November 2015 and 30 October 2016. Data on 
the yield and yield contributing characters were recorded and statistically analyzed. MSTATC 
and Statistics 10 were used to determine the signi�icant differences between the treatments. 
DMRT & LSD were used to determine the signi�icant differences between treatments (Steel 
and Torrie, 1960). Plant samples and post-harvest soil samples were collected from each plot 
for chemical analysis.

N and K in this cropping system (Saleque et al., 2006; Timsina et al., 2006a, 2006b). 
Over-exploitation and poor replenishment deplete soil nutrients, which arti�icial fertilization 
can't fully restore, leading to an imbalance in the nutrient pool (Paramesh et. al., 2014, 2020).

Maize is now becoming diversi�ied with many other crops including legume, potato etc. 
Leguminous crop is important for soil fertility concern because of its nitrogen �ixation ability 
and subsequent adding to the soil. After the �irst picking of mungbean pod, incorporation of 
brown biomass may lead to improved soil fertility and supply of available nutrients to the 
growing plants. Organic matter through adding mungbean biomass may exert subsequent 
effect on succeeding T. aman rice. In addition to that soil test based (STB) fertilizer 
management is deemed great signi�icance for improvement of soil health and sustainable crop 
yield. Therefore, the present study was undertaken to explore the bene�its of IPNS approach 
in terms of improvement of soil health as well as crop productivity. 

2. Materials and Methods
The �ield experiment was conducted in the Tista Meander Floodplain (AEZ 3) at Sherpur, 

Bogura during 2014-2015 and 2015-2016. The initial soil samples collected from 0-15 cm 
depth was analyzed in the laboratory following standard methods. The analytical results are 
presented in Table 1. The different nutrient status of the cowdung (CD) and poultry manure 
(PM) used in the experiment are shown in Table 2.

     
The experiment was laid out in a randomized complete block design with three 

replications. The different fertilizer treatments were T1: Control (no use of manure or 
fertilizer), T2: 75% soil test based (STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 

poultry manure (PM), T5: 3 t ha-1 PM + IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 

CD + IPNS and T8: 125% STB; for the manure + fertilizer treatments, the amount of nutrients 
release from cowdung and poultry manure were subtracted from 100% chemical fertilizers 
dose (FRG, 2012). The unit plot size was 3m × 4m. Tested crops and varieties were maize (var. 
BARI hybrid maize 5), mungbean (BARI mung 6) and T. Aman rice (BRRIdhan 57). Maize 
seeds were sown in line with 60 cm row to row and 25 cm seed to seed spacing on 24 
November 2014 and 25 November 2015. Two seeds were placed in each hole and thinned out 
to one when the seedlings were established. Seeds were treated with vitavex prior to seeding. 

      
The legume crop, mungbean, was cultivated after maize had been harvested. Except the 

native fertility plot, all mungbean plots received 20 kg N ha-1 from urea, not any other 
fertilizers. Mungbean seeds were sown in line with 30 cm row to row on 24 March 2015 and 
20 March 2016. After two picking of pods, the green biomass was ploughed down into the soil 
and left for decomposition until the T. Aman was transplanted.

         
Seedlings of T. Aman rice were transplanted in line to line with 20 cm and row to row with 
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1. Introduction
Integrated lant nutrition system (IPNS) enhances soil productivity through a balanced use 

of local and external sources of plant nutrients in a way that maintains or improves soil 
fertility and supports sustained crop productivity. INM techniques minimize nutrient losses 
and maximize ef�iciency while enhancing soil properties to boost agricultural production 
(Zhang et. al., 2012). We need to understand more about the extent and rate of nutrient 
depletion and soil physical degradation in these intensifying maize-rice systems and 
formulate amelioration strategies. Research work to sustain the cropping system by 
addressing soil mineral and organic fertility and maintenance of soil structure is required (Ali 
et al., 2009). Maize-T. aman rice is a major cropping system and now it becomes widespread 
in Bangladesh. Maize is a high nutrient demanding crop. An emerging issue is how to sustain 
the productivity of maize-rice cropping systems through integrated nutrient management 
(INM) strategies. Nutrient depletion-replenishment studies have shown negative balances for 
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Abstract
A pot experiment with Boro rice (BRRI dhan29) was conducted at the net-house of 

Sher-e-Bangla Agricultural University (SAU), Dhaka. The experiment was carried out with six 
soils (�ive polluted by industrial ef�luents and 1 non-polluted soil) and three fertilizer 
treatments (control, 100% RDF and 70% RDF; RDF means recommended dose of fertilizers). 
The effects of polluted soils and fertilizers on yield and metal accumulation in rice grain were 
determined. The highest organic carbon (2.26%) and available P (18.19 ppm) was observed in 
S6 soils and the lowest in S1 soil (non-polluted). The highest level of Cd, Pb and Zn was found in 
S4 (1.26 ppm), S5 (18.2 ppm) and S6 (227 ppm) soils, respectively; these soils are located 
relatively near to waste carrying canals. The non-polluted soil S1 contained lower 
concentrations of those elements. Boro rice yield was signi�icantly in�luenced by different 
types of industrially polluted soils and fertilizer treatments. The highest grain yield (132.9 g 
pot-1) was found in S4T2 and the lowest in the S1T0 treated pots. Application of lower amount of 
fertilizers to  polluted soils increased the grain and straw yields. Similarly, the highest Pb 
accumulation in rice grain was found in S5T1 (1.305 ppm), and the lowest Pb (0.697 ppm) in 
S4T2. The highest rice Cd (0.495ppm) was noted in S1T1 which was close to that of S6T0 and the 
lowest grain Cd was observed in S3T2. These results indicate that higher levels of Pb and Cd 
were accumulated in rice grown on polluted soils. Higher level of grain S, K & Zn 
concentrations was observed in non-polluted soil receiving 100% recommended dose of 
fertilizers. 
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1. Introduction
Heavy metals, whether from natural or human sources, can pollute soil, water, plants, and 

ecosystems, impacting human health. Heavy metal pollution of agricultural soil and crops is 
one of the most severe ecological problems on a world scale, especially in developing 
countries like Bangladesh (Ahmad and Goni, 2010). Industrial ef�luent contains waste 

Madhupur Tract. Soil texture, pH, %OC, nutrient and metal concentrations were determined. 
Soil pH was measured by glass electrode pH meter (McLean, 1982), organic matter by wet 
oxidation method (Nelson and Sommers, 1982) and total N content by micro-Kjeldahl method 
(Bremner and Mulvaney, 1982). Cadmium (Cd), Pb and Zn contents were determined by 
HNO3/HClO4 digestion method (Lindsay and Norvel, 1987). Phosphorus was extracted by 
sodium bicarbonate (0.5 M, pH 8.5) according to Olsen et al. (1954). Available S was 
determined by 0.15% CaCl2 extraction method (Page et al., 1982). The exchangeable 
potassium was extracted with 1N ammonium acetate and determined using the Flame 
photometer (Jackson, 1973). The soil texture, pH, %OC, nutrient and metal concentrations are 
mentioned in Table 1.

High yielding variety of Boro rice (BRRI dhan 29) was used in the experiment. Required 
amounts of fertilizers viz. TSP, MoP, gypsum, zinc sulphate and one-third urea were applied 
during �inal land preparation based on the fertilizer treatments and weight of pot soil. Two 
seedlings of rice was transplanted on 05 January 2021 and the crop at maturity was harvested 
on 27 May 2021. The yield and yield components were measured. The grain samples from 
every pot were determined for N, P, K, S, Cd, Pb, and Zn contents following standard methods. 
HNO3/HClO4 (87/13 v/v) (Jones and Case, 1990) digestion was followed for determining all 
the elements except N. The K, Cd, Pb, and Zn concentrations of the digests were determined by 
an atomic absorption spectrophotometer (Model: novAA400P, Brand: analytic jena). The 
collected data were analyzed using a two-way analysis of variance (ANOVA) and the signi�icant 
differences between treatments were symbolized by different alphabetical letters according 
to DMRT at p < 0.05 using MStat-C software. 

3. Results and Discussion

3.1 General soil properties and heavy metal contents of industrially polluted lands
Soils were collected from six different agricultural �ields under industrial areas of Bhaluka, 

Mymensingh (AEZ 28). There soil were analyzed for different soil properties including some 
heavy metals. The results are displayed in Table 1.

materials from manufacturing, often with toxins and chemicals. When released into the soil, it 
harms soil quality, fertility, and biological activity. This pollution leads to issues like reduced 
fertility, increased pest attacks, skin diseases, and lower yields (Afrad et al. 2020). Industrial 
ef�luents, particularly from textile industries, often contain harmful heavy metals. 

In countries like Bangladesh, poor management and disposal worsen the problem. 
Untreated ef�luents pollute water and soil, impacting crops, pests, animals, and humans 
(Hossain et al. 2010). Bangladesh has rapid growth in textile and dyeing industries. Bhaluka in 
Mymensingh district is a signi�icant area with industrial clusters, mainly textile 
manufacturing, including dyeing and printing units (Chowdhury and Clemett, 2006). Textile 
industries release untreated ef�luents into the ecosystem, affecting local livelihoods and soil 
quality due to trace metal accumulation (Chen et al. 2005).

Industrial wastewater contains toxins, including trace elements like Cu, Mn, Ni, Se, and Zn, 
which are essential in small amounts for organisms. However, high concentrations can be 
toxic. Industrial ef�luent carries harmful substances, polluting water, soil, and air, disrupting 
ecosystems (Hossain et al., 2010). Trace metals in soil are of growing concern for ecosystems, 
agriculture, and human health. Unregulated industrial ef�luent deposition contributes to the 
accumulation of elements like Cd, Cu, Zn, Cr, Ni, Pb, and Zn in surface soils (Mapanda et al. 
2005). This metal buildup can impact food quality and safety (Sharma et al. 2007), potentially 
posing health risks when crops absorb and accumulate them. In Bangladesh, information of 
trace metal contamination in soil and its transfer to crops near industrial areas are limited. 
Hence, a study was undertaken to evaluate changes in soil chemical properties in the soils of 
industrially polluted areas, (ii) Assess the in�luence of polluted soils along with or without 
fertilizer management on rice yield and metal & nutrient accumulation in rice grain.

2. Materials and Methods
The experiment was conducted at the net-house of Sher-e-Bangla Agricultural University 

(SAU), Dhaka. The experiment was laid out in Randomized Complete Block Design with 18 
treatment combinations (3 fertilizer treatments x 6 soils) having three replications. Six 
different soils were collected from Bhaluka industrially polluted areas considering the soil 
pollution intensity. 

There were 54 pots [6 soils (5 industrially polluted and 01 non-polluted) x 3 fertilizer 
treatments) x 3 replications] altogether. An amount of 17 kg soil was taken into each pot. The 
initial soil samples were analyzed for different nutrient contents along with physico-chemical 
properties following standard methods. There were three fertilizer treatments, namely T0: 
Control, T1: 100% RDCF, T2: 70% RDCF in combination with 6 soils (S1: Non-polluted soil, S2- S6 
polluted soil . Traditional irrigation i.e., continuous �looding (2-3 cm water) was imposed 
during whole crop growth period. The industrially polluted soils belong to the AEZ No. 28, 

15 cm on 01 August 2015 and 02 August 2016. Fertilizer N-P-K-S-Zn-B were supplied from 
urea, TSP, MoP, gypsum, zinc sulphate and boric acid, respectively. All PKSZnB and one-third 
of N were applied at the time of �inal land preparation. The remaining two-thirds of N were 
added as top dress at 25 and 45 days after sowing. Three irrigations and other intercultural 
operations were done as and when required. 

Crops were harvested i.e. maize on 03 May 2015 and 24 April 2016, mungbean on 15 June 
2015 and 20 June 2016 and T. aman rice on 04 November 2015 and 30 October 2016. Data on 
the yield and yield contributing characters were recorded and statistically analyzed. MSTATC 
and Statistics 10 were used to determine the signi�icant differences between the treatments. 
DMRT & LSD were used to determine the signi�icant differences between treatments (Steel 
and Torrie, 1960). Plant samples and post-harvest soil samples were collected from each plot 
for chemical analysis.

N and K in this cropping system (Saleque et al., 2006; Timsina et al., 2006a, 2006b). 
Over-exploitation and poor replenishment deplete soil nutrients, which arti�icial fertilization 
can't fully restore, leading to an imbalance in the nutrient pool (Paramesh et. al., 2014, 2020).

Maize is now becoming diversi�ied with many other crops including legume, potato etc. 
Leguminous crop is important for soil fertility concern because of its nitrogen �ixation ability 
and subsequent adding to the soil. After the �irst picking of mungbean pod, incorporation of 
brown biomass may lead to improved soil fertility and supply of available nutrients to the 
growing plants. Organic matter through adding mungbean biomass may exert subsequent 
effect on succeeding T. aman rice. In addition to that soil test based (STB) fertilizer 
management is deemed great signi�icance for improvement of soil health and sustainable crop 
yield. Therefore, the present study was undertaken to explore the bene�its of IPNS approach 
in terms of improvement of soil health as well as crop productivity. 

2. Materials and Methods
The �ield experiment was conducted in the Tista Meander Floodplain (AEZ 3) at Sherpur, 

Bogura during 2014-2015 and 2015-2016. The initial soil samples collected from 0-15 cm 
depth was analyzed in the laboratory following standard methods. The analytical results are 
presented in Table 1. The different nutrient status of the cowdung (CD) and poultry manure 
(PM) used in the experiment are shown in Table 2.

     
The experiment was laid out in a randomized complete block design with three 

replications. The different fertilizer treatments were T1: Control (no use of manure or 
fertilizer), T2: 75% soil test based (STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 

poultry manure (PM), T5: 3 t ha-1 PM + IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 

CD + IPNS and T8: 125% STB; for the manure + fertilizer treatments, the amount of nutrients 
release from cowdung and poultry manure were subtracted from 100% chemical fertilizers 
dose (FRG, 2012). The unit plot size was 3m × 4m. Tested crops and varieties were maize (var. 
BARI hybrid maize 5), mungbean (BARI mung 6) and T. Aman rice (BRRIdhan 57). Maize 
seeds were sown in line with 60 cm row to row and 25 cm seed to seed spacing on 24 
November 2014 and 25 November 2015. Two seeds were placed in each hole and thinned out 
to one when the seedlings were established. Seeds were treated with vitavex prior to seeding. 

      
The legume crop, mungbean, was cultivated after maize had been harvested. Except the 

native fertility plot, all mungbean plots received 20 kg N ha-1 from urea, not any other 
fertilizers. Mungbean seeds were sown in line with 30 cm row to row on 24 March 2015 and 
20 March 2016. After two picking of pods, the green biomass was ploughed down into the soil 
and left for decomposition until the T. Aman was transplanted.

         
Seedlings of T. Aman rice were transplanted in line to line with 20 cm and row to row with 
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soils (�ive polluted by industrial ef�luents and 1 non-polluted soil) and three fertilizer 
treatments (control, 100% RDF and 70% RDF; RDF means recommended dose of fertilizers). 
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S6 soils and the lowest in S1 soil (non-polluted). The highest level of Cd, Pb and Zn was found in 
S4 (1.26 ppm), S5 (18.2 ppm) and S6 (227 ppm) soils, respectively; these soils are located 
relatively near to waste carrying canals. The non-polluted soil S1 contained lower 
concentrations of those elements. Boro rice yield was signi�icantly in�luenced by different 
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pot-1) was found in S4T2 and the lowest in the S1T0 treated pots. Application of lower amount of 
fertilizers to  polluted soils increased the grain and straw yields. Similarly, the highest Pb 
accumulation in rice grain was found in S5T1 (1.305 ppm), and the lowest Pb (0.697 ppm) in 
S4T2. The highest rice Cd (0.495ppm) was noted in S1T1 which was close to that of S6T0 and the 
lowest grain Cd was observed in S3T2. These results indicate that higher levels of Pb and Cd 
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concentrations was observed in non-polluted soil receiving 100% recommended dose of 
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1. Introduction
Heavy metals, whether from natural or human sources, can pollute soil, water, plants, and 

ecosystems, impacting human health. Heavy metal pollution of agricultural soil and crops is 
one of the most severe ecological problems on a world scale, especially in developing 
countries like Bangladesh (Ahmad and Goni, 2010). Industrial ef�luent contains waste 

Madhupur Tract. Soil texture, pH, %OC, nutrient and metal concentrations were determined. 
Soil pH was measured by glass electrode pH meter (McLean, 1982), organic matter by wet 
oxidation method (Nelson and Sommers, 1982) and total N content by micro-Kjeldahl method 
(Bremner and Mulvaney, 1982). Cadmium (Cd), Pb and Zn contents were determined by 
HNO3/HClO4 digestion method (Lindsay and Norvel, 1987). Phosphorus was extracted by 
sodium bicarbonate (0.5 M, pH 8.5) according to Olsen et al. (1954). Available S was 
determined by 0.15% CaCl2 extraction method (Page et al., 1982). The exchangeable 
potassium was extracted with 1N ammonium acetate and determined using the Flame 
photometer (Jackson, 1973). The soil texture, pH, %OC, nutrient and metal concentrations are 
mentioned in Table 1.

High yielding variety of Boro rice (BRRI dhan 29) was used in the experiment. Required 
amounts of fertilizers viz. TSP, MoP, gypsum, zinc sulphate and one-third urea were applied 
during �inal land preparation based on the fertilizer treatments and weight of pot soil. Two 
seedlings of rice was transplanted on 05 January 2021 and the crop at maturity was harvested 
on 27 May 2021. The yield and yield components were measured. The grain samples from 
every pot were determined for N, P, K, S, Cd, Pb, and Zn contents following standard methods. 
HNO3/HClO4 (87/13 v/v) (Jones and Case, 1990) digestion was followed for determining all 
the elements except N. The K, Cd, Pb, and Zn concentrations of the digests were determined by 
an atomic absorption spectrophotometer (Model: novAA400P, Brand: analytic jena). The 
collected data were analyzed using a two-way analysis of variance (ANOVA) and the signi�icant 
differences between treatments were symbolized by different alphabetical letters according 
to DMRT at p < 0.05 using MStat-C software. 

3. Results and Discussion

3.1 General soil properties and heavy metal contents of industrially polluted lands
Soils were collected from six different agricultural �ields under industrial areas of Bhaluka, 

Mymensingh (AEZ 28). There soil were analyzed for different soil properties including some 
heavy metals. The results are displayed in Table 1.

materials from manufacturing, often with toxins and chemicals. When released into the soil, it 
harms soil quality, fertility, and biological activity. This pollution leads to issues like reduced 
fertility, increased pest attacks, skin diseases, and lower yields (Afrad et al. 2020). Industrial 
ef�luents, particularly from textile industries, often contain harmful heavy metals. 

In countries like Bangladesh, poor management and disposal worsen the problem. 
Untreated ef�luents pollute water and soil, impacting crops, pests, animals, and humans 
(Hossain et al. 2010). Bangladesh has rapid growth in textile and dyeing industries. Bhaluka in 
Mymensingh district is a signi�icant area with industrial clusters, mainly textile 
manufacturing, including dyeing and printing units (Chowdhury and Clemett, 2006). Textile 
industries release untreated ef�luents into the ecosystem, affecting local livelihoods and soil 
quality due to trace metal accumulation (Chen et al. 2005).

Industrial wastewater contains toxins, including trace elements like Cu, Mn, Ni, Se, and Zn, 
which are essential in small amounts for organisms. However, high concentrations can be 
toxic. Industrial ef�luent carries harmful substances, polluting water, soil, and air, disrupting 
ecosystems (Hossain et al., 2010). Trace metals in soil are of growing concern for ecosystems, 
agriculture, and human health. Unregulated industrial ef�luent deposition contributes to the 
accumulation of elements like Cd, Cu, Zn, Cr, Ni, Pb, and Zn in surface soils (Mapanda et al. 
2005). This metal buildup can impact food quality and safety (Sharma et al. 2007), potentially 
posing health risks when crops absorb and accumulate them. In Bangladesh, information of 
trace metal contamination in soil and its transfer to crops near industrial areas are limited. 
Hence, a study was undertaken to evaluate changes in soil chemical properties in the soils of 
industrially polluted areas, (ii) Assess the in�luence of polluted soils along with or without 
fertilizer management on rice yield and metal & nutrient accumulation in rice grain.

2. Materials and Methods
The experiment was conducted at the net-house of Sher-e-Bangla Agricultural University 

(SAU), Dhaka. The experiment was laid out in Randomized Complete Block Design with 18 
treatment combinations (3 fertilizer treatments x 6 soils) having three replications. Six 
different soils were collected from Bhaluka industrially polluted areas considering the soil 
pollution intensity. 

There were 54 pots [6 soils (5 industrially polluted and 01 non-polluted) x 3 fertilizer 
treatments) x 3 replications] altogether. An amount of 17 kg soil was taken into each pot. The 
initial soil samples were analyzed for different nutrient contents along with physico-chemical 
properties following standard methods. There were three fertilizer treatments, namely T0: 
Control, T1: 100% RDCF, T2: 70% RDCF in combination with 6 soils (S1: Non-polluted soil, S2- S6 
polluted soil . Traditional irrigation i.e., continuous �looding (2-3 cm water) was imposed 
during whole crop growth period. The industrially polluted soils belong to the AEZ No. 28, 

15 cm on 01 August 2015 and 02 August 2016. Fertilizer N-P-K-S-Zn-B were supplied from 
urea, TSP, MoP, gypsum, zinc sulphate and boric acid, respectively. All PKSZnB and one-third 
of N were applied at the time of �inal land preparation. The remaining two-thirds of N were 
added as top dress at 25 and 45 days after sowing. Three irrigations and other intercultural 
operations were done as and when required. 

Crops were harvested i.e. maize on 03 May 2015 and 24 April 2016, mungbean on 15 June 
2015 and 20 June 2016 and T. aman rice on 04 November 2015 and 30 October 2016. Data on 
the yield and yield contributing characters were recorded and statistically analyzed. MSTATC 
and Statistics 10 were used to determine the signi�icant differences between the treatments. 
DMRT & LSD were used to determine the signi�icant differences between treatments (Steel 
and Torrie, 1960). Plant samples and post-harvest soil samples were collected from each plot 
for chemical analysis.

3. Results and Discussion
Maize

The information regarding yield and yield contributing characters of maize as affected by 
the treatments are summarized in Tables 3 and 4. Treatment effects were signi�icant for both 
years. The highest plant height was observed in T5 treatment (T5: 3 t ha-1 PM + IPNS). 
Signi�icantly the shortest plant was found in the control. The highest cob length was observed 
in T5 treatment (27.0 cm in 2014-2015 and 28.1 cm in 2025-16) which was statistically similar 
to the cob length against T4, T6 and T7 treatments. The lowest cob length was attained in the 
native nutrient treatment i.e. control treatment. The highest cob diameter of 5.80 cm and 5.87 
cm in two consecutive years was noted for T5 treatment in the two years, respectively. This 
cob diameter is statistically similar with T4, T6, and T7 treatments. The lowest cob diameter of 
3.82 and 4.76 cm was obtained from T1 treatment (control) during 2014-2015 and 
2015-2016, respectively. Like cob length, the highest number of grains cob-1 were recorded 

N and K in this cropping system (Saleque et al., 2006; Timsina et al., 2006a, 2006b). 
Over-exploitation and poor replenishment deplete soil nutrients, which arti�icial fertilization 
can't fully restore, leading to an imbalance in the nutrient pool (Paramesh et. al., 2014, 2020).

Maize is now becoming diversi�ied with many other crops including legume, potato etc. 
Leguminous crop is important for soil fertility concern because of its nitrogen �ixation ability 
and subsequent adding to the soil. After the �irst picking of mungbean pod, incorporation of 
brown biomass may lead to improved soil fertility and supply of available nutrients to the 
growing plants. Organic matter through adding mungbean biomass may exert subsequent 
effect on succeeding T. aman rice. In addition to that soil test based (STB) fertilizer 
management is deemed great signi�icance for improvement of soil health and sustainable crop 
yield. Therefore, the present study was undertaken to explore the bene�its of IPNS approach 
in terms of improvement of soil health as well as crop productivity. 

2. Materials and Methods
The �ield experiment was conducted in the Tista Meander Floodplain (AEZ 3) at Sherpur, 

Bogura during 2014-2015 and 2015-2016. The initial soil samples collected from 0-15 cm 
depth was analyzed in the laboratory following standard methods. The analytical results are 
presented in Table 1. The different nutrient status of the cowdung (CD) and poultry manure 
(PM) used in the experiment are shown in Table 2.

     
The experiment was laid out in a randomized complete block design with three 

replications. The different fertilizer treatments were T1: Control (no use of manure or 
fertilizer), T2: 75% soil test based (STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 

poultry manure (PM), T5: 3 t ha-1 PM + IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 

CD + IPNS and T8: 125% STB; for the manure + fertilizer treatments, the amount of nutrients 
release from cowdung and poultry manure were subtracted from 100% chemical fertilizers 
dose (FRG, 2012). The unit plot size was 3m × 4m. Tested crops and varieties were maize (var. 
BARI hybrid maize 5), mungbean (BARI mung 6) and T. Aman rice (BRRIdhan 57). Maize 
seeds were sown in line with 60 cm row to row and 25 cm seed to seed spacing on 24 
November 2014 and 25 November 2015. Two seeds were placed in each hole and thinned out 
to one when the seedlings were established. Seeds were treated with vitavex prior to seeding. 

      
The legume crop, mungbean, was cultivated after maize had been harvested. Except the 

native fertility plot, all mungbean plots received 20 kg N ha-1 from urea, not any other 
fertilizers. Mungbean seeds were sown in line with 30 cm row to row on 24 March 2015 and 
20 March 2016. After two picking of pods, the green biomass was ploughed down into the soil 
and left for decomposition until the T. Aman was transplanted.

         
Seedlings of T. Aman rice were transplanted in line to line with 20 cm and row to row with 
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with T5 treatment (505 & 601 in 2014-2015 and 2015-2016, respectively) which were 
statistically similar to T6 and T7 treatments. Like others, the lowest number of grains cob-1 was 
attained in the control. Unlike others, weight of grains cob-1 was not signi�icantly in�luenced by 
the treatments, although like others T5 treatment demonstrated the highest result. Signi�icant 
results happened for the case of 500-grain weight as in�luenced by the different treatments. 
The highest 500-grain weight of 166g and 186g were found with T5 treatment during 
2014-2015 and 2015-2016, respectively. These results were statistically similar with T3, T4, 
T6, & T7 treatments. The lowest 500-grain weight of 105g and 121g were noted from T1 
treatment (control) in the years 2014-2015 and 2015-2016, respectively. 

Similar trend of in�luence of the treatments were observed with the stover and grain yields 
per hectare (Table 4). The highest stover yield of 11.95 t ha-1 in 2014-15 and 18.0 t ha-1 were 
obtained with T5 treatment in both years. The highest stover yield of 18.0 t ha-1 in 2015-16 was 
observed with T5 treatment which was statistically similar to all treatments except control. 
The lowest stover yield of 7.10 and 11.3 t ha-1 were obtained from T1 treatment (control) 
during the year 2014-2015 and 2015-2016, respectively. Similarly, grain yield of maize was 
signi�icantly in�luenced by the different treatments. The highest grain yield of 8.11 t ha-1 in 
2014-15 and 9.67 t ha-1 in 2015-16 were observed in T5 treatment. These grain yields were 
statistically similar with T4, T6, T7 and T8 treatments. Rahman et al., (2012) found that the 
application of FYM alone with inorganic fertilizer applied for HYG produced the maximum 
grain and straw yields of maize. These results are also in close agreement with the �indings of 
many other researchers (Rahman et al., 2013). The lowest grain yield of 4.27 and 5.67 t ha-1 
were obtained from T1 treatment (control) during the year 2014-2015 and 2015-2016, 
respectively. 

Abstract
A �ield experiment on maize-mungbean-T. aman cropping pattern was conducted in the 

Tista Meander Floodplain Soil (AEZ 3) at Sherpur, Bogura during 2014-2015 and 2015-2016 
with an objective to evaluate the effect of integrated use of manure and fertilizers on soil 
fertility and crop yield. There were eight treatments viz., T1: Control, T2: 75% soil test-based 
(STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 poultry manure (PM), T5: 3 t ha-1 PM 
+ IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 CD + IPNS and T8: 125% STB. The 
experiment was laid out in a randomized complete block design with three replications. Data 
revealed that the T5 (3 t PM + IPNS) treatment produced the highest grain yield of maize (8.11 
t ha-1 in 2014-2015 & 9.67 t ha-1 in 2015-2016) and the highest grain yield of mungbean (1.04 
& 1.06 t ha-1 in two years, respectively). For T. aman rice, T5 (3 t PM + IPNS) treatment 
produced the highest yield which was 4.81 t ha-1 in 2014-2015 and 5.40 t ha-1 in 2015-2016. 
Most of the chemical properties of post-harvest soil were improved due to application of 
organic manure through integrated nutrient management (INM) approach.
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1. Introduction
Integrated lant nutrition system (IPNS) enhances soil productivity through a balanced use 

of local and external sources of plant nutrients in a way that maintains or improves soil 
fertility and supports sustained crop productivity. INM techniques minimize nutrient losses 
and maximize ef�iciency while enhancing soil properties to boost agricultural production 
(Zhang et. al., 2012). We need to understand more about the extent and rate of nutrient 
depletion and soil physical degradation in these intensifying maize-rice systems and 
formulate amelioration strategies. Research work to sustain the cropping system by 
addressing soil mineral and organic fertility and maintenance of soil structure is required (Ali 
et al., 2009). Maize-T. aman rice is a major cropping system and now it becomes widespread 
in Bangladesh. Maize is a high nutrient demanding crop. An emerging issue is how to sustain 
the productivity of maize-rice cropping systems through integrated nutrient management 
(INM) strategies. Nutrient depletion-replenishment studies have shown negative balances for 



Abstract
A pot experiment with Boro rice (BRRI dhan29) was conducted at the net-house of 

Sher-e-Bangla Agricultural University (SAU), Dhaka. The experiment was carried out with six 
soils (�ive polluted by industrial ef�luents and 1 non-polluted soil) and three fertilizer 
treatments (control, 100% RDF and 70% RDF; RDF means recommended dose of fertilizers). 
The effects of polluted soils and fertilizers on yield and metal accumulation in rice grain were 
determined. The highest organic carbon (2.26%) and available P (18.19 ppm) was observed in 
S6 soils and the lowest in S1 soil (non-polluted). The highest level of Cd, Pb and Zn was found in 
S4 (1.26 ppm), S5 (18.2 ppm) and S6 (227 ppm) soils, respectively; these soils are located 
relatively near to waste carrying canals. The non-polluted soil S1 contained lower 
concentrations of those elements. Boro rice yield was signi�icantly in�luenced by different 
types of industrially polluted soils and fertilizer treatments. The highest grain yield (132.9 g 
pot-1) was found in S4T2 and the lowest in the S1T0 treated pots. Application of lower amount of 
fertilizers to  polluted soils increased the grain and straw yields. Similarly, the highest Pb 
accumulation in rice grain was found in S5T1 (1.305 ppm), and the lowest Pb (0.697 ppm) in 
S4T2. The highest rice Cd (0.495ppm) was noted in S1T1 which was close to that of S6T0 and the 
lowest grain Cd was observed in S3T2. These results indicate that higher levels of Pb and Cd 
were accumulated in rice grown on polluted soils. Higher level of grain S, K & Zn 
concentrations was observed in non-polluted soil receiving 100% recommended dose of 
fertilizers. 
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1. Introduction
Heavy metals, whether from natural or human sources, can pollute soil, water, plants, and 

ecosystems, impacting human health. Heavy metal pollution of agricultural soil and crops is 
one of the most severe ecological problems on a world scale, especially in developing 
countries like Bangladesh (Ahmad and Goni, 2010). Industrial ef�luent contains waste 

Madhupur Tract. Soil texture, pH, %OC, nutrient and metal concentrations were determined. 
Soil pH was measured by glass electrode pH meter (McLean, 1982), organic matter by wet 
oxidation method (Nelson and Sommers, 1982) and total N content by micro-Kjeldahl method 
(Bremner and Mulvaney, 1982). Cadmium (Cd), Pb and Zn contents were determined by 
HNO3/HClO4 digestion method (Lindsay and Norvel, 1987). Phosphorus was extracted by 
sodium bicarbonate (0.5 M, pH 8.5) according to Olsen et al. (1954). Available S was 
determined by 0.15% CaCl2 extraction method (Page et al., 1982). The exchangeable 
potassium was extracted with 1N ammonium acetate and determined using the Flame 
photometer (Jackson, 1973). The soil texture, pH, %OC, nutrient and metal concentrations are 
mentioned in Table 1.

High yielding variety of Boro rice (BRRI dhan 29) was used in the experiment. Required 
amounts of fertilizers viz. TSP, MoP, gypsum, zinc sulphate and one-third urea were applied 
during �inal land preparation based on the fertilizer treatments and weight of pot soil. Two 
seedlings of rice was transplanted on 05 January 2021 and the crop at maturity was harvested 
on 27 May 2021. The yield and yield components were measured. The grain samples from 
every pot were determined for N, P, K, S, Cd, Pb, and Zn contents following standard methods. 
HNO3/HClO4 (87/13 v/v) (Jones and Case, 1990) digestion was followed for determining all 
the elements except N. The K, Cd, Pb, and Zn concentrations of the digests were determined by 
an atomic absorption spectrophotometer (Model: novAA400P, Brand: analytic jena). The 
collected data were analyzed using a two-way analysis of variance (ANOVA) and the signi�icant 
differences between treatments were symbolized by different alphabetical letters according 
to DMRT at p < 0.05 using MStat-C software. 

3. Results and Discussion

3.1 General soil properties and heavy metal contents of industrially polluted lands
Soils were collected from six different agricultural �ields under industrial areas of Bhaluka, 

Mymensingh (AEZ 28). There soil were analyzed for different soil properties including some 
heavy metals. The results are displayed in Table 1.

materials from manufacturing, often with toxins and chemicals. When released into the soil, it 
harms soil quality, fertility, and biological activity. This pollution leads to issues like reduced 
fertility, increased pest attacks, skin diseases, and lower yields (Afrad et al. 2020). Industrial 
ef�luents, particularly from textile industries, often contain harmful heavy metals. 

In countries like Bangladesh, poor management and disposal worsen the problem. 
Untreated ef�luents pollute water and soil, impacting crops, pests, animals, and humans 
(Hossain et al. 2010). Bangladesh has rapid growth in textile and dyeing industries. Bhaluka in 
Mymensingh district is a signi�icant area with industrial clusters, mainly textile 
manufacturing, including dyeing and printing units (Chowdhury and Clemett, 2006). Textile 
industries release untreated ef�luents into the ecosystem, affecting local livelihoods and soil 
quality due to trace metal accumulation (Chen et al. 2005).

Industrial wastewater contains toxins, including trace elements like Cu, Mn, Ni, Se, and Zn, 
which are essential in small amounts for organisms. However, high concentrations can be 
toxic. Industrial ef�luent carries harmful substances, polluting water, soil, and air, disrupting 
ecosystems (Hossain et al., 2010). Trace metals in soil are of growing concern for ecosystems, 
agriculture, and human health. Unregulated industrial ef�luent deposition contributes to the 
accumulation of elements like Cd, Cu, Zn, Cr, Ni, Pb, and Zn in surface soils (Mapanda et al. 
2005). This metal buildup can impact food quality and safety (Sharma et al. 2007), potentially 
posing health risks when crops absorb and accumulate them. In Bangladesh, information of 
trace metal contamination in soil and its transfer to crops near industrial areas are limited. 
Hence, a study was undertaken to evaluate changes in soil chemical properties in the soils of 
industrially polluted areas, (ii) Assess the in�luence of polluted soils along with or without 
fertilizer management on rice yield and metal & nutrient accumulation in rice grain.

2. Materials and Methods
The experiment was conducted at the net-house of Sher-e-Bangla Agricultural University 

(SAU), Dhaka. The experiment was laid out in Randomized Complete Block Design with 18 
treatment combinations (3 fertilizer treatments x 6 soils) having three replications. Six 
different soils were collected from Bhaluka industrially polluted areas considering the soil 
pollution intensity. 

There were 54 pots [6 soils (5 industrially polluted and 01 non-polluted) x 3 fertilizer 
treatments) x 3 replications] altogether. An amount of 17 kg soil was taken into each pot. The 
initial soil samples were analyzed for different nutrient contents along with physico-chemical 
properties following standard methods. There were three fertilizer treatments, namely T0: 
Control, T1: 100% RDCF, T2: 70% RDCF in combination with 6 soils (S1: Non-polluted soil, S2- S6 
polluted soil . Traditional irrigation i.e., continuous �looding (2-3 cm water) was imposed 
during whole crop growth period. The industrially polluted soils belong to the AEZ No. 28, 

15 cm on 01 August 2015 and 02 August 2016. Fertilizer N-P-K-S-Zn-B were supplied from 
urea, TSP, MoP, gypsum, zinc sulphate and boric acid, respectively. All PKSZnB and one-third 
of N were applied at the time of �inal land preparation. The remaining two-thirds of N were 
added as top dress at 25 and 45 days after sowing. Three irrigations and other intercultural 
operations were done as and when required. 

Crops were harvested i.e. maize on 03 May 2015 and 24 April 2016, mungbean on 15 June 
2015 and 20 June 2016 and T. aman rice on 04 November 2015 and 30 October 2016. Data on 
the yield and yield contributing characters were recorded and statistically analyzed. MSTATC 
and Statistics 10 were used to determine the signi�icant differences between the treatments. 
DMRT & LSD were used to determine the signi�icant differences between treatments (Steel 
and Torrie, 1960). Plant samples and post-harvest soil samples were collected from each plot 
for chemical analysis.

3. Results and Discussion
Maize

The information regarding yield and yield contributing characters of maize as affected by 
the treatments are summarized in Tables 3 and 4. Treatment effects were signi�icant for both 
years. The highest plant height was observed in T5 treatment (T5: 3 t ha-1 PM + IPNS). 
Signi�icantly the shortest plant was found in the control. The highest cob length was observed 
in T5 treatment (27.0 cm in 2014-2015 and 28.1 cm in 2025-16) which was statistically similar 
to the cob length against T4, T6 and T7 treatments. The lowest cob length was attained in the 
native nutrient treatment i.e. control treatment. The highest cob diameter of 5.80 cm and 5.87 
cm in two consecutive years was noted for T5 treatment in the two years, respectively. This 
cob diameter is statistically similar with T4, T6, and T7 treatments. The lowest cob diameter of 
3.82 and 4.76 cm was obtained from T1 treatment (control) during 2014-2015 and 
2015-2016, respectively. Like cob length, the highest number of grains cob-1 were recorded 

N and K in this cropping system (Saleque et al., 2006; Timsina et al., 2006a, 2006b). 
Over-exploitation and poor replenishment deplete soil nutrients, which arti�icial fertilization 
can't fully restore, leading to an imbalance in the nutrient pool (Paramesh et. al., 2014, 2020).

Maize is now becoming diversi�ied with many other crops including legume, potato etc. 
Leguminous crop is important for soil fertility concern because of its nitrogen �ixation ability 
and subsequent adding to the soil. After the �irst picking of mungbean pod, incorporation of 
brown biomass may lead to improved soil fertility and supply of available nutrients to the 
growing plants. Organic matter through adding mungbean biomass may exert subsequent 
effect on succeeding T. aman rice. In addition to that soil test based (STB) fertilizer 
management is deemed great signi�icance for improvement of soil health and sustainable crop 
yield. Therefore, the present study was undertaken to explore the bene�its of IPNS approach 
in terms of improvement of soil health as well as crop productivity. 

2. Materials and Methods
The �ield experiment was conducted in the Tista Meander Floodplain (AEZ 3) at Sherpur, 

Bogura during 2014-2015 and 2015-2016. The initial soil samples collected from 0-15 cm 
depth was analyzed in the laboratory following standard methods. The analytical results are 
presented in Table 1. The different nutrient status of the cowdung (CD) and poultry manure 
(PM) used in the experiment are shown in Table 2.

     
The experiment was laid out in a randomized complete block design with three 

replications. The different fertilizer treatments were T1: Control (no use of manure or 
fertilizer), T2: 75% soil test based (STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 

poultry manure (PM), T5: 3 t ha-1 PM + IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 

CD + IPNS and T8: 125% STB; for the manure + fertilizer treatments, the amount of nutrients 
release from cowdung and poultry manure were subtracted from 100% chemical fertilizers 
dose (FRG, 2012). The unit plot size was 3m × 4m. Tested crops and varieties were maize (var. 
BARI hybrid maize 5), mungbean (BARI mung 6) and T. Aman rice (BRRIdhan 57). Maize 
seeds were sown in line with 60 cm row to row and 25 cm seed to seed spacing on 24 
November 2014 and 25 November 2015. Two seeds were placed in each hole and thinned out 
to one when the seedlings were established. Seeds were treated with vitavex prior to seeding. 

      
The legume crop, mungbean, was cultivated after maize had been harvested. Except the 

native fertility plot, all mungbean plots received 20 kg N ha-1 from urea, not any other 
fertilizers. Mungbean seeds were sown in line with 30 cm row to row on 24 March 2015 and 
20 March 2016. After two picking of pods, the green biomass was ploughed down into the soil 
and left for decomposition until the T. Aman was transplanted.

         
Seedlings of T. Aman rice were transplanted in line to line with 20 cm and row to row with 

with T5 treatment (505 & 601 in 2014-2015 and 2015-2016, respectively) which were 
statistically similar to T6 and T7 treatments. Like others, the lowest number of grains cob-1 was 
attained in the control. Unlike others, weight of grains cob-1 was not signi�icantly in�luenced by 
the treatments, although like others T5 treatment demonstrated the highest result. Signi�icant 
results happened for the case of 500-grain weight as in�luenced by the different treatments. 
The highest 500-grain weight of 166g and 186g were found with T5 treatment during 
2014-2015 and 2015-2016, respectively. These results were statistically similar with T3, T4, 
T6, & T7 treatments. The lowest 500-grain weight of 105g and 121g were noted from T1 
treatment (control) in the years 2014-2015 and 2015-2016, respectively. 

Similar trend of in�luence of the treatments were observed with the stover and grain yields 
per hectare (Table 4). The highest stover yield of 11.95 t ha-1 in 2014-15 and 18.0 t ha-1 were 
obtained with T5 treatment in both years. The highest stover yield of 18.0 t ha-1 in 2015-16 was 
observed with T5 treatment which was statistically similar to all treatments except control. 
The lowest stover yield of 7.10 and 11.3 t ha-1 were obtained from T1 treatment (control) 
during the year 2014-2015 and 2015-2016, respectively. Similarly, grain yield of maize was 
signi�icantly in�luenced by the different treatments. The highest grain yield of 8.11 t ha-1 in 
2014-15 and 9.67 t ha-1 in 2015-16 were observed in T5 treatment. These grain yields were 
statistically similar with T4, T6, T7 and T8 treatments. Rahman et al., (2012) found that the 
application of FYM alone with inorganic fertilizer applied for HYG produced the maximum 
grain and straw yields of maize. These results are also in close agreement with the �indings of 
many other researchers (Rahman et al., 2013). The lowest grain yield of 4.27 and 5.67 t ha-1 
were obtained from T1 treatment (control) during the year 2014-2015 and 2015-2016, 
respectively. 
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Abstract
A �ield experiment on maize-mungbean-T. aman cropping pattern was conducted in the 

Tista Meander Floodplain Soil (AEZ 3) at Sherpur, Bogura during 2014-2015 and 2015-2016 
with an objective to evaluate the effect of integrated use of manure and fertilizers on soil 
fertility and crop yield. There were eight treatments viz., T1: Control, T2: 75% soil test-based 
(STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 poultry manure (PM), T5: 3 t ha-1 PM 
+ IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 CD + IPNS and T8: 125% STB. The 
experiment was laid out in a randomized complete block design with three replications. Data 
revealed that the T5 (3 t PM + IPNS) treatment produced the highest grain yield of maize (8.11 
t ha-1 in 2014-2015 & 9.67 t ha-1 in 2015-2016) and the highest grain yield of mungbean (1.04 
& 1.06 t ha-1 in two years, respectively). For T. aman rice, T5 (3 t PM + IPNS) treatment 
produced the highest yield which was 4.81 t ha-1 in 2014-2015 and 5.40 t ha-1 in 2015-2016. 
Most of the chemical properties of post-harvest soil were improved due to application of 
organic manure through integrated nutrient management (INM) approach.
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1. Introduction
Integrated lant nutrition system (IPNS) enhances soil productivity through a balanced use 

of local and external sources of plant nutrients in a way that maintains or improves soil 
fertility and supports sustained crop productivity. INM techniques minimize nutrient losses 
and maximize ef�iciency while enhancing soil properties to boost agricultural production 
(Zhang et. al., 2012). We need to understand more about the extent and rate of nutrient 
depletion and soil physical degradation in these intensifying maize-rice systems and 
formulate amelioration strategies. Research work to sustain the cropping system by 
addressing soil mineral and organic fertility and maintenance of soil structure is required (Ali 
et al., 2009). Maize-T. aman rice is a major cropping system and now it becomes widespread 
in Bangladesh. Maize is a high nutrient demanding crop. An emerging issue is how to sustain 
the productivity of maize-rice cropping systems through integrated nutrient management 
(INM) strategies. Nutrient depletion-replenishment studies have shown negative balances for 

M.R. Khatun et al.



Abstract
A pot experiment with Boro rice (BRRI dhan29) was conducted at the net-house of 

Sher-e-Bangla Agricultural University (SAU), Dhaka. The experiment was carried out with six 
soils (�ive polluted by industrial ef�luents and 1 non-polluted soil) and three fertilizer 
treatments (control, 100% RDF and 70% RDF; RDF means recommended dose of fertilizers). 
The effects of polluted soils and fertilizers on yield and metal accumulation in rice grain were 
determined. The highest organic carbon (2.26%) and available P (18.19 ppm) was observed in 
S6 soils and the lowest in S1 soil (non-polluted). The highest level of Cd, Pb and Zn was found in 
S4 (1.26 ppm), S5 (18.2 ppm) and S6 (227 ppm) soils, respectively; these soils are located 
relatively near to waste carrying canals. The non-polluted soil S1 contained lower 
concentrations of those elements. Boro rice yield was signi�icantly in�luenced by different 
types of industrially polluted soils and fertilizer treatments. The highest grain yield (132.9 g 
pot-1) was found in S4T2 and the lowest in the S1T0 treated pots. Application of lower amount of 
fertilizers to  polluted soils increased the grain and straw yields. Similarly, the highest Pb 
accumulation in rice grain was found in S5T1 (1.305 ppm), and the lowest Pb (0.697 ppm) in 
S4T2. The highest rice Cd (0.495ppm) was noted in S1T1 which was close to that of S6T0 and the 
lowest grain Cd was observed in S3T2. These results indicate that higher levels of Pb and Cd 
were accumulated in rice grown on polluted soils. Higher level of grain S, K & Zn 
concentrations was observed in non-polluted soil receiving 100% recommended dose of 
fertilizers. 

Keywords: Industrial pollution, Chemical properties, Boro rice, Plant nutrients, Heavy metal 
pollution.

1. Introduction
Heavy metals, whether from natural or human sources, can pollute soil, water, plants, and 

ecosystems, impacting human health. Heavy metal pollution of agricultural soil and crops is 
one of the most severe ecological problems on a world scale, especially in developing 
countries like Bangladesh (Ahmad and Goni, 2010). Industrial ef�luent contains waste 

Madhupur Tract. Soil texture, pH, %OC, nutrient and metal concentrations were determined. 
Soil pH was measured by glass electrode pH meter (McLean, 1982), organic matter by wet 
oxidation method (Nelson and Sommers, 1982) and total N content by micro-Kjeldahl method 
(Bremner and Mulvaney, 1982). Cadmium (Cd), Pb and Zn contents were determined by 
HNO3/HClO4 digestion method (Lindsay and Norvel, 1987). Phosphorus was extracted by 
sodium bicarbonate (0.5 M, pH 8.5) according to Olsen et al. (1954). Available S was 
determined by 0.15% CaCl2 extraction method (Page et al., 1982). The exchangeable 
potassium was extracted with 1N ammonium acetate and determined using the Flame 
photometer (Jackson, 1973). The soil texture, pH, %OC, nutrient and metal concentrations are 
mentioned in Table 1.

High yielding variety of Boro rice (BRRI dhan 29) was used in the experiment. Required 
amounts of fertilizers viz. TSP, MoP, gypsum, zinc sulphate and one-third urea were applied 
during �inal land preparation based on the fertilizer treatments and weight of pot soil. Two 
seedlings of rice was transplanted on 05 January 2021 and the crop at maturity was harvested 
on 27 May 2021. The yield and yield components were measured. The grain samples from 
every pot were determined for N, P, K, S, Cd, Pb, and Zn contents following standard methods. 
HNO3/HClO4 (87/13 v/v) (Jones and Case, 1990) digestion was followed for determining all 
the elements except N. The K, Cd, Pb, and Zn concentrations of the digests were determined by 
an atomic absorption spectrophotometer (Model: novAA400P, Brand: analytic jena). The 
collected data were analyzed using a two-way analysis of variance (ANOVA) and the signi�icant 
differences between treatments were symbolized by different alphabetical letters according 
to DMRT at p < 0.05 using MStat-C software. 

3. Results and Discussion

3.1 General soil properties and heavy metal contents of industrially polluted lands
Soils were collected from six different agricultural �ields under industrial areas of Bhaluka, 

Mymensingh (AEZ 28). There soil were analyzed for different soil properties including some 
heavy metals. The results are displayed in Table 1.

materials from manufacturing, often with toxins and chemicals. When released into the soil, it 
harms soil quality, fertility, and biological activity. This pollution leads to issues like reduced 
fertility, increased pest attacks, skin diseases, and lower yields (Afrad et al. 2020). Industrial 
ef�luents, particularly from textile industries, often contain harmful heavy metals. 

In countries like Bangladesh, poor management and disposal worsen the problem. 
Untreated ef�luents pollute water and soil, impacting crops, pests, animals, and humans 
(Hossain et al. 2010). Bangladesh has rapid growth in textile and dyeing industries. Bhaluka in 
Mymensingh district is a signi�icant area with industrial clusters, mainly textile 
manufacturing, including dyeing and printing units (Chowdhury and Clemett, 2006). Textile 
industries release untreated ef�luents into the ecosystem, affecting local livelihoods and soil 
quality due to trace metal accumulation (Chen et al. 2005).

Industrial wastewater contains toxins, including trace elements like Cu, Mn, Ni, Se, and Zn, 
which are essential in small amounts for organisms. However, high concentrations can be 
toxic. Industrial ef�luent carries harmful substances, polluting water, soil, and air, disrupting 
ecosystems (Hossain et al., 2010). Trace metals in soil are of growing concern for ecosystems, 
agriculture, and human health. Unregulated industrial ef�luent deposition contributes to the 
accumulation of elements like Cd, Cu, Zn, Cr, Ni, Pb, and Zn in surface soils (Mapanda et al. 
2005). This metal buildup can impact food quality and safety (Sharma et al. 2007), potentially 
posing health risks when crops absorb and accumulate them. In Bangladesh, information of 
trace metal contamination in soil and its transfer to crops near industrial areas are limited. 
Hence, a study was undertaken to evaluate changes in soil chemical properties in the soils of 
industrially polluted areas, (ii) Assess the in�luence of polluted soils along with or without 
fertilizer management on rice yield and metal & nutrient accumulation in rice grain.

2. Materials and Methods
The experiment was conducted at the net-house of Sher-e-Bangla Agricultural University 

(SAU), Dhaka. The experiment was laid out in Randomized Complete Block Design with 18 
treatment combinations (3 fertilizer treatments x 6 soils) having three replications. Six 
different soils were collected from Bhaluka industrially polluted areas considering the soil 
pollution intensity. 

There were 54 pots [6 soils (5 industrially polluted and 01 non-polluted) x 3 fertilizer 
treatments) x 3 replications] altogether. An amount of 17 kg soil was taken into each pot. The 
initial soil samples were analyzed for different nutrient contents along with physico-chemical 
properties following standard methods. There were three fertilizer treatments, namely T0: 
Control, T1: 100% RDCF, T2: 70% RDCF in combination with 6 soils (S1: Non-polluted soil, S2- S6 
polluted soil . Traditional irrigation i.e., continuous �looding (2-3 cm water) was imposed 
during whole crop growth period. The industrially polluted soils belong to the AEZ No. 28, 

15 cm on 01 August 2015 and 02 August 2016. Fertilizer N-P-K-S-Zn-B were supplied from 
urea, TSP, MoP, gypsum, zinc sulphate and boric acid, respectively. All PKSZnB and one-third 
of N were applied at the time of �inal land preparation. The remaining two-thirds of N were 
added as top dress at 25 and 45 days after sowing. Three irrigations and other intercultural 
operations were done as and when required. 

Crops were harvested i.e. maize on 03 May 2015 and 24 April 2016, mungbean on 15 June 
2015 and 20 June 2016 and T. aman rice on 04 November 2015 and 30 October 2016. Data on 
the yield and yield contributing characters were recorded and statistically analyzed. MSTATC 
and Statistics 10 were used to determine the signi�icant differences between the treatments. 
DMRT & LSD were used to determine the signi�icant differences between treatments (Steel 
and Torrie, 1960). Plant samples and post-harvest soil samples were collected from each plot 
for chemical analysis.

N and K in this cropping system (Saleque et al., 2006; Timsina et al., 2006a, 2006b). 
Over-exploitation and poor replenishment deplete soil nutrients, which arti�icial fertilization 
can't fully restore, leading to an imbalance in the nutrient pool (Paramesh et. al., 2014, 2020).

Maize is now becoming diversi�ied with many other crops including legume, potato etc. 
Leguminous crop is important for soil fertility concern because of its nitrogen �ixation ability 
and subsequent adding to the soil. After the �irst picking of mungbean pod, incorporation of 
brown biomass may lead to improved soil fertility and supply of available nutrients to the 
growing plants. Organic matter through adding mungbean biomass may exert subsequent 
effect on succeeding T. aman rice. In addition to that soil test based (STB) fertilizer 
management is deemed great signi�icance for improvement of soil health and sustainable crop 
yield. Therefore, the present study was undertaken to explore the bene�its of IPNS approach 
in terms of improvement of soil health as well as crop productivity. 

2. Materials and Methods
The �ield experiment was conducted in the Tista Meander Floodplain (AEZ 3) at Sherpur, 

Bogura during 2014-2015 and 2015-2016. The initial soil samples collected from 0-15 cm 
depth was analyzed in the laboratory following standard methods. The analytical results are 
presented in Table 1. The different nutrient status of the cowdung (CD) and poultry manure 
(PM) used in the experiment are shown in Table 2.

     
The experiment was laid out in a randomized complete block design with three 

replications. The different fertilizer treatments were T1: Control (no use of manure or 
fertilizer), T2: 75% soil test based (STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 

poultry manure (PM), T5: 3 t ha-1 PM + IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 

CD + IPNS and T8: 125% STB; for the manure + fertilizer treatments, the amount of nutrients 
release from cowdung and poultry manure were subtracted from 100% chemical fertilizers 
dose (FRG, 2012). The unit plot size was 3m × 4m. Tested crops and varieties were maize (var. 
BARI hybrid maize 5), mungbean (BARI mung 6) and T. Aman rice (BRRIdhan 57). Maize 
seeds were sown in line with 60 cm row to row and 25 cm seed to seed spacing on 24 
November 2014 and 25 November 2015. Two seeds were placed in each hole and thinned out 
to one when the seedlings were established. Seeds were treated with vitavex prior to seeding. 

      
The legume crop, mungbean, was cultivated after maize had been harvested. Except the 

native fertility plot, all mungbean plots received 20 kg N ha-1 from urea, not any other 
fertilizers. Mungbean seeds were sown in line with 30 cm row to row on 24 March 2015 and 
20 March 2016. After two picking of pods, the green biomass was ploughed down into the soil 
and left for decomposition until the T. Aman was transplanted.

         
Seedlings of T. Aman rice were transplanted in line to line with 20 cm and row to row with 

Mungbean
The seed yield of mungbean ranged from 0.43 t ha-1 in the control treatment to 1.06 t ha-1 

in the T5 treatment where 3 t ha-1 PM with IPNS basis nutrient was added (Table 5). There was 
a signi�icant effect of different treatments on green biomass and grain yield of mungbean 
in both years. The highest grain yield of mungbean 1.04 t ha-1 in 2014-15 was found in T5 
treatment. In 2015-16, the highest mungbean grain yield 1.06 t ha-1 was obtained in T5 
treatment which was statistically similar to all other treatments except control 
treatment. Similar trend was found in green biomass, the highest green biomass 11.7 t 
ha-1 in 2014-15 and 13.3 t ha-1 in 2015-16 was noted in T5 (3 t ha-1 PM + IPNS) treatment 
which was statistically similar to that of T4 (75% STB + PM) treatment in both years. 
Anower et al. (2012) reported the highest green biomass, grain and stover yields of 
mungbean produced by the IPNS basis chemical fertilizer for HYG treatment. 
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Abstract
A �ield experiment on maize-mungbean-T. aman cropping pattern was conducted in the 

Tista Meander Floodplain Soil (AEZ 3) at Sherpur, Bogura during 2014-2015 and 2015-2016 
with an objective to evaluate the effect of integrated use of manure and fertilizers on soil 
fertility and crop yield. There were eight treatments viz., T1: Control, T2: 75% soil test-based 
(STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 poultry manure (PM), T5: 3 t ha-1 PM 
+ IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 CD + IPNS and T8: 125% STB. The 
experiment was laid out in a randomized complete block design with three replications. Data 
revealed that the T5 (3 t PM + IPNS) treatment produced the highest grain yield of maize (8.11 
t ha-1 in 2014-2015 & 9.67 t ha-1 in 2015-2016) and the highest grain yield of mungbean (1.04 
& 1.06 t ha-1 in two years, respectively). For T. aman rice, T5 (3 t PM + IPNS) treatment 
produced the highest yield which was 4.81 t ha-1 in 2014-2015 and 5.40 t ha-1 in 2015-2016. 
Most of the chemical properties of post-harvest soil were improved due to application of 
organic manure through integrated nutrient management (INM) approach.

Keywords:  Cowdung, Crop yield, IPNS, Poultry manure, Soil health  

1. Introduction
Integrated lant nutrition system (IPNS) enhances soil productivity through a balanced use 

of local and external sources of plant nutrients in a way that maintains or improves soil 
fertility and supports sustained crop productivity. INM techniques minimize nutrient losses 
and maximize ef�iciency while enhancing soil properties to boost agricultural production 
(Zhang et. al., 2012). We need to understand more about the extent and rate of nutrient 
depletion and soil physical degradation in these intensifying maize-rice systems and 
formulate amelioration strategies. Research work to sustain the cropping system by 
addressing soil mineral and organic fertility and maintenance of soil structure is required (Ali 
et al., 2009). Maize-T. aman rice is a major cropping system and now it becomes widespread 
in Bangladesh. Maize is a high nutrient demanding crop. An emerging issue is how to sustain 
the productivity of maize-rice cropping systems through integrated nutrient management 
(INM) strategies. Nutrient depletion-replenishment studies have shown negative balances for 

INM in maize-m.bean-rice



Abstract
A pot experiment with Boro rice (BRRI dhan29) was conducted at the net-house of 

Sher-e-Bangla Agricultural University (SAU), Dhaka. The experiment was carried out with six 
soils (�ive polluted by industrial ef�luents and 1 non-polluted soil) and three fertilizer 
treatments (control, 100% RDF and 70% RDF; RDF means recommended dose of fertilizers). 
The effects of polluted soils and fertilizers on yield and metal accumulation in rice grain were 
determined. The highest organic carbon (2.26%) and available P (18.19 ppm) was observed in 
S6 soils and the lowest in S1 soil (non-polluted). The highest level of Cd, Pb and Zn was found in 
S4 (1.26 ppm), S5 (18.2 ppm) and S6 (227 ppm) soils, respectively; these soils are located 
relatively near to waste carrying canals. The non-polluted soil S1 contained lower 
concentrations of those elements. Boro rice yield was signi�icantly in�luenced by different 
types of industrially polluted soils and fertilizer treatments. The highest grain yield (132.9 g 
pot-1) was found in S4T2 and the lowest in the S1T0 treated pots. Application of lower amount of 
fertilizers to  polluted soils increased the grain and straw yields. Similarly, the highest Pb 
accumulation in rice grain was found in S5T1 (1.305 ppm), and the lowest Pb (0.697 ppm) in 
S4T2. The highest rice Cd (0.495ppm) was noted in S1T1 which was close to that of S6T0 and the 
lowest grain Cd was observed in S3T2. These results indicate that higher levels of Pb and Cd 
were accumulated in rice grown on polluted soils. Higher level of grain S, K & Zn 
concentrations was observed in non-polluted soil receiving 100% recommended dose of 
fertilizers. 

Keywords: Industrial pollution, Chemical properties, Boro rice, Plant nutrients, Heavy metal 
pollution.

1. Introduction
Heavy metals, whether from natural or human sources, can pollute soil, water, plants, and 

ecosystems, impacting human health. Heavy metal pollution of agricultural soil and crops is 
one of the most severe ecological problems on a world scale, especially in developing 
countries like Bangladesh (Ahmad and Goni, 2010). Industrial ef�luent contains waste 

Madhupur Tract. Soil texture, pH, %OC, nutrient and metal concentrations were determined. 
Soil pH was measured by glass electrode pH meter (McLean, 1982), organic matter by wet 
oxidation method (Nelson and Sommers, 1982) and total N content by micro-Kjeldahl method 
(Bremner and Mulvaney, 1982). Cadmium (Cd), Pb and Zn contents were determined by 
HNO3/HClO4 digestion method (Lindsay and Norvel, 1987). Phosphorus was extracted by 
sodium bicarbonate (0.5 M, pH 8.5) according to Olsen et al. (1954). Available S was 
determined by 0.15% CaCl2 extraction method (Page et al., 1982). The exchangeable 
potassium was extracted with 1N ammonium acetate and determined using the Flame 
photometer (Jackson, 1973). The soil texture, pH, %OC, nutrient and metal concentrations are 
mentioned in Table 1.

High yielding variety of Boro rice (BRRI dhan 29) was used in the experiment. Required 
amounts of fertilizers viz. TSP, MoP, gypsum, zinc sulphate and one-third urea were applied 
during �inal land preparation based on the fertilizer treatments and weight of pot soil. Two 
seedlings of rice was transplanted on 05 January 2021 and the crop at maturity was harvested 
on 27 May 2021. The yield and yield components were measured. The grain samples from 
every pot were determined for N, P, K, S, Cd, Pb, and Zn contents following standard methods. 
HNO3/HClO4 (87/13 v/v) (Jones and Case, 1990) digestion was followed for determining all 
the elements except N. The K, Cd, Pb, and Zn concentrations of the digests were determined by 
an atomic absorption spectrophotometer (Model: novAA400P, Brand: analytic jena). The 
collected data were analyzed using a two-way analysis of variance (ANOVA) and the signi�icant 
differences between treatments were symbolized by different alphabetical letters according 
to DMRT at p < 0.05 using MStat-C software. 

3. Results and Discussion

3.1 General soil properties and heavy metal contents of industrially polluted lands
Soils were collected from six different agricultural �ields under industrial areas of Bhaluka, 

Mymensingh (AEZ 28). There soil were analyzed for different soil properties including some 
heavy metals. The results are displayed in Table 1.

materials from manufacturing, often with toxins and chemicals. When released into the soil, it 
harms soil quality, fertility, and biological activity. This pollution leads to issues like reduced 
fertility, increased pest attacks, skin diseases, and lower yields (Afrad et al. 2020). Industrial 
ef�luents, particularly from textile industries, often contain harmful heavy metals. 

In countries like Bangladesh, poor management and disposal worsen the problem. 
Untreated ef�luents pollute water and soil, impacting crops, pests, animals, and humans 
(Hossain et al. 2010). Bangladesh has rapid growth in textile and dyeing industries. Bhaluka in 
Mymensingh district is a signi�icant area with industrial clusters, mainly textile 
manufacturing, including dyeing and printing units (Chowdhury and Clemett, 2006). Textile 
industries release untreated ef�luents into the ecosystem, affecting local livelihoods and soil 
quality due to trace metal accumulation (Chen et al. 2005).

Industrial wastewater contains toxins, including trace elements like Cu, Mn, Ni, Se, and Zn, 
which are essential in small amounts for organisms. However, high concentrations can be 
toxic. Industrial ef�luent carries harmful substances, polluting water, soil, and air, disrupting 
ecosystems (Hossain et al., 2010). Trace metals in soil are of growing concern for ecosystems, 
agriculture, and human health. Unregulated industrial ef�luent deposition contributes to the 
accumulation of elements like Cd, Cu, Zn, Cr, Ni, Pb, and Zn in surface soils (Mapanda et al. 
2005). This metal buildup can impact food quality and safety (Sharma et al. 2007), potentially 
posing health risks when crops absorb and accumulate them. In Bangladesh, information of 
trace metal contamination in soil and its transfer to crops near industrial areas are limited. 
Hence, a study was undertaken to evaluate changes in soil chemical properties in the soils of 
industrially polluted areas, (ii) Assess the in�luence of polluted soils along with or without 
fertilizer management on rice yield and metal & nutrient accumulation in rice grain.

2. Materials and Methods
The experiment was conducted at the net-house of Sher-e-Bangla Agricultural University 

(SAU), Dhaka. The experiment was laid out in Randomized Complete Block Design with 18 
treatment combinations (3 fertilizer treatments x 6 soils) having three replications. Six 
different soils were collected from Bhaluka industrially polluted areas considering the soil 
pollution intensity. 

There were 54 pots [6 soils (5 industrially polluted and 01 non-polluted) x 3 fertilizer 
treatments) x 3 replications] altogether. An amount of 17 kg soil was taken into each pot. The 
initial soil samples were analyzed for different nutrient contents along with physico-chemical 
properties following standard methods. There were three fertilizer treatments, namely T0: 
Control, T1: 100% RDCF, T2: 70% RDCF in combination with 6 soils (S1: Non-polluted soil, S2- S6 
polluted soil . Traditional irrigation i.e., continuous �looding (2-3 cm water) was imposed 
during whole crop growth period. The industrially polluted soils belong to the AEZ No. 28, 

15 cm on 01 August 2015 and 02 August 2016. Fertilizer N-P-K-S-Zn-B were supplied from 
urea, TSP, MoP, gypsum, zinc sulphate and boric acid, respectively. All PKSZnB and one-third 
of N were applied at the time of �inal land preparation. The remaining two-thirds of N were 
added as top dress at 25 and 45 days after sowing. Three irrigations and other intercultural 
operations were done as and when required. 

Crops were harvested i.e. maize on 03 May 2015 and 24 April 2016, mungbean on 15 June 
2015 and 20 June 2016 and T. aman rice on 04 November 2015 and 30 October 2016. Data on 
the yield and yield contributing characters were recorded and statistically analyzed. MSTATC 
and Statistics 10 were used to determine the signi�icant differences between the treatments. 
DMRT & LSD were used to determine the signi�icant differences between treatments (Steel 
and Torrie, 1960). Plant samples and post-harvest soil samples were collected from each plot 
for chemical analysis.

N and K in this cropping system (Saleque et al., 2006; Timsina et al., 2006a, 2006b). 
Over-exploitation and poor replenishment deplete soil nutrients, which arti�icial fertilization 
can't fully restore, leading to an imbalance in the nutrient pool (Paramesh et. al., 2014, 2020).

Maize is now becoming diversi�ied with many other crops including legume, potato etc. 
Leguminous crop is important for soil fertility concern because of its nitrogen �ixation ability 
and subsequent adding to the soil. After the �irst picking of mungbean pod, incorporation of 
brown biomass may lead to improved soil fertility and supply of available nutrients to the 
growing plants. Organic matter through adding mungbean biomass may exert subsequent 
effect on succeeding T. aman rice. In addition to that soil test based (STB) fertilizer 
management is deemed great signi�icance for improvement of soil health and sustainable crop 
yield. Therefore, the present study was undertaken to explore the bene�its of IPNS approach 
in terms of improvement of soil health as well as crop productivity. 

2. Materials and Methods
The �ield experiment was conducted in the Tista Meander Floodplain (AEZ 3) at Sherpur, 

Bogura during 2014-2015 and 2015-2016. The initial soil samples collected from 0-15 cm 
depth was analyzed in the laboratory following standard methods. The analytical results are 
presented in Table 1. The different nutrient status of the cowdung (CD) and poultry manure 
(PM) used in the experiment are shown in Table 2.

     
The experiment was laid out in a randomized complete block design with three 

replications. The different fertilizer treatments were T1: Control (no use of manure or 
fertilizer), T2: 75% soil test based (STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 

poultry manure (PM), T5: 3 t ha-1 PM + IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 

CD + IPNS and T8: 125% STB; for the manure + fertilizer treatments, the amount of nutrients 
release from cowdung and poultry manure were subtracted from 100% chemical fertilizers 
dose (FRG, 2012). The unit plot size was 3m × 4m. Tested crops and varieties were maize (var. 
BARI hybrid maize 5), mungbean (BARI mung 6) and T. Aman rice (BRRIdhan 57). Maize 
seeds were sown in line with 60 cm row to row and 25 cm seed to seed spacing on 24 
November 2014 and 25 November 2015. Two seeds were placed in each hole and thinned out 
to one when the seedlings were established. Seeds were treated with vitavex prior to seeding. 

      
The legume crop, mungbean, was cultivated after maize had been harvested. Except the 

native fertility plot, all mungbean plots received 20 kg N ha-1 from urea, not any other 
fertilizers. Mungbean seeds were sown in line with 30 cm row to row on 24 March 2015 and 
20 March 2016. After two picking of pods, the green biomass was ploughed down into the soil 
and left for decomposition until the T. Aman was transplanted.

         
Seedlings of T. Aman rice were transplanted in line to line with 20 cm and row to row with 

2015-2016 from T5 treatment but in the year 2014-2015, 1000-grain weight did not differ 
signi�icantly between the treatments. The lowest 1000-grain weight, 18.73 g & 15.53 g in 
the respective two years were recorded with the control treatment. Howlader et al. (2020) 
found that the 1000-grain weight of rice was increased by the application of PM at the rate of 
3 t ha-1 in combination with 94:19:18:2 kg N: P: K: Zn ha-1. 

The straw yield of rice signi�icantly differed with the treatments. The highest straw 
yield, 7.02 t ha-1 in 2014-2015 was noted in T5 treatment that was statistically similar to 
all treatments except control treatment. In the year 2015-2016, the highest straw yield of 
7.81 t ha-1 was found  in T4 treatment which was statistically similar to all the treatments 
except control.  The lowest straw yields 4.35 and 6.90 t ha-1 were obtained from control 
treatment during the two years, respectively. Similarly, the grain yield of rice was 
signi�icantly in�luenced by the different treatments. The highest grain yield of 4.81 t ha-1 and 
5.40 t ha-1 were found in  T5 treatment (3 t PM + IPNS)) during  2014-2015 and 2015-2016, 
respectively. These grain yields were statistically similar with T4, T6 and T7 treatments. The 
lowest grain yield, 2.44 t ha-1 in 2014-15 and 3.32 t ha-1 in 2015-16 were obtained from T1 
treatment (control). The higher grain yield recorded from the use of organic manure 
especially poultry manure at the rate of 3 t ha� 1 might have effect of continuous supply of 
suf�icient nutrients to support growth and reproductive organs of the crop. Rahman et al. 
(2013) reported that, the grain and straw yield of T. aman rice was signi�icantly increased due 
to mungbean residue incorporation with STB chemical fertilizers. Saha et al. (2016) observed 
that the grain and straw yields of T. aman rice was signi�icantly increased by application of 3 t 
ha-1 PM with IPNS basis chemical fertilizers which supports the result of the present study. 

T. Aman rice
The yield as well as yield contributing characters of T. aman rice were signi�icantly 

in�luenced by different IPNS treatments in both 2014-2015 and 2015-2016 (Tables 6 and 
7). The tallest plant of 86.8 cm and 104.2 cm were obtained from T5 treatments during 
2014-2015 and 2015-2016, respectively. Growing of mungbean after maize cultivation 
would reduce 14 kg N ha-1 to the subsequent rice crop (Rahman et al., 2013). Signi�icantly the 
shortest plant, 82.8 cm & 97.0 cm were noted for the control treatment in 2014-2015 and 
2015-2016, respectively. Like plant height, the highest number of tillers hill-1 (17.43 in 
2014-2015 and 16.37 in 2015-2016) were obtained from T5 treatment. This result was 
statistically similar to all treatments except control treatment across the years. The 
lowest number of tillers hill-1 i.e. 12.1 & 14.2 were noted for the native nutrient treatment 
(T1) in both years. The highest panicle lengths were 29.7 cm in 2014-2015 and 22.7 cm in 
2015-2016 as observed in T5 treatment. The lowest panicle lengths were 27.4 cm in 
2014-2015 and 16.7 cm in 2015-2016 which noted for T1 (control) treatment. These results 
are in agreement with the �indings reported by Bilkis et al. (2017). Rahman et al. (2009) 
observed that, poultry manure at the rate of 3 t ha-1 applied with 80 kg N ha-1 in rice crop 
produced the longest panicle. The number of grains panicle-1 signi�icantly varied among the 
treatments. The highest number of grains panicle-1 (102.5 in 2014-2015 and 116.7 in 
2015-2016) were found in T5 treatment which were statistically similar to all other 
treatments except control in both years. This result might be due to the adequate availability 
of nutrients from manure and fertilizers (T5) throughout the growing period. The lowest 
number of  grains panicle-1 of 85.5 & 95.33 were observed with  native nutrient treatment (T1) 
during the year 2014-2015 and 2015-2016, respectively. Different treatments signi�icantly 
in�luenced the 1000-grain weight, showing the maximum 1000-grain weight of 19.19 g in 
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Abstract
A �ield experiment on maize-mungbean-T. aman cropping pattern was conducted in the 

Tista Meander Floodplain Soil (AEZ 3) at Sherpur, Bogura during 2014-2015 and 2015-2016 
with an objective to evaluate the effect of integrated use of manure and fertilizers on soil 
fertility and crop yield. There were eight treatments viz., T1: Control, T2: 75% soil test-based 
(STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 poultry manure (PM), T5: 3 t ha-1 PM 
+ IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 CD + IPNS and T8: 125% STB. The 
experiment was laid out in a randomized complete block design with three replications. Data 
revealed that the T5 (3 t PM + IPNS) treatment produced the highest grain yield of maize (8.11 
t ha-1 in 2014-2015 & 9.67 t ha-1 in 2015-2016) and the highest grain yield of mungbean (1.04 
& 1.06 t ha-1 in two years, respectively). For T. aman rice, T5 (3 t PM + IPNS) treatment 
produced the highest yield which was 4.81 t ha-1 in 2014-2015 and 5.40 t ha-1 in 2015-2016. 
Most of the chemical properties of post-harvest soil were improved due to application of 
organic manure through integrated nutrient management (INM) approach.

Keywords:  Cowdung, Crop yield, IPNS, Poultry manure, Soil health  

1. Introduction
Integrated lant nutrition system (IPNS) enhances soil productivity through a balanced use 

of local and external sources of plant nutrients in a way that maintains or improves soil 
fertility and supports sustained crop productivity. INM techniques minimize nutrient losses 
and maximize ef�iciency while enhancing soil properties to boost agricultural production 
(Zhang et. al., 2012). We need to understand more about the extent and rate of nutrient 
depletion and soil physical degradation in these intensifying maize-rice systems and 
formulate amelioration strategies. Research work to sustain the cropping system by 
addressing soil mineral and organic fertility and maintenance of soil structure is required (Ali 
et al., 2009). Maize-T. aman rice is a major cropping system and now it becomes widespread 
in Bangladesh. Maize is a high nutrient demanding crop. An emerging issue is how to sustain 
the productivity of maize-rice cropping systems through integrated nutrient management 
(INM) strategies. Nutrient depletion-replenishment studies have shown negative balances for 
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Abstract
A pot experiment with Boro rice (BRRI dhan29) was conducted at the net-house of 

Sher-e-Bangla Agricultural University (SAU), Dhaka. The experiment was carried out with six 
soils (�ive polluted by industrial ef�luents and 1 non-polluted soil) and three fertilizer 
treatments (control, 100% RDF and 70% RDF; RDF means recommended dose of fertilizers). 
The effects of polluted soils and fertilizers on yield and metal accumulation in rice grain were 
determined. The highest organic carbon (2.26%) and available P (18.19 ppm) was observed in 
S6 soils and the lowest in S1 soil (non-polluted). The highest level of Cd, Pb and Zn was found in 
S4 (1.26 ppm), S5 (18.2 ppm) and S6 (227 ppm) soils, respectively; these soils are located 
relatively near to waste carrying canals. The non-polluted soil S1 contained lower 
concentrations of those elements. Boro rice yield was signi�icantly in�luenced by different 
types of industrially polluted soils and fertilizer treatments. The highest grain yield (132.9 g 
pot-1) was found in S4T2 and the lowest in the S1T0 treated pots. Application of lower amount of 
fertilizers to  polluted soils increased the grain and straw yields. Similarly, the highest Pb 
accumulation in rice grain was found in S5T1 (1.305 ppm), and the lowest Pb (0.697 ppm) in 
S4T2. The highest rice Cd (0.495ppm) was noted in S1T1 which was close to that of S6T0 and the 
lowest grain Cd was observed in S3T2. These results indicate that higher levels of Pb and Cd 
were accumulated in rice grown on polluted soils. Higher level of grain S, K & Zn 
concentrations was observed in non-polluted soil receiving 100% recommended dose of 
fertilizers. 

Keywords: Industrial pollution, Chemical properties, Boro rice, Plant nutrients, Heavy metal 
pollution.

1. Introduction
Heavy metals, whether from natural or human sources, can pollute soil, water, plants, and 

ecosystems, impacting human health. Heavy metal pollution of agricultural soil and crops is 
one of the most severe ecological problems on a world scale, especially in developing 
countries like Bangladesh (Ahmad and Goni, 2010). Industrial ef�luent contains waste 

Madhupur Tract. Soil texture, pH, %OC, nutrient and metal concentrations were determined. 
Soil pH was measured by glass electrode pH meter (McLean, 1982), organic matter by wet 
oxidation method (Nelson and Sommers, 1982) and total N content by micro-Kjeldahl method 
(Bremner and Mulvaney, 1982). Cadmium (Cd), Pb and Zn contents were determined by 
HNO3/HClO4 digestion method (Lindsay and Norvel, 1987). Phosphorus was extracted by 
sodium bicarbonate (0.5 M, pH 8.5) according to Olsen et al. (1954). Available S was 
determined by 0.15% CaCl2 extraction method (Page et al., 1982). The exchangeable 
potassium was extracted with 1N ammonium acetate and determined using the Flame 
photometer (Jackson, 1973). The soil texture, pH, %OC, nutrient and metal concentrations are 
mentioned in Table 1.

High yielding variety of Boro rice (BRRI dhan 29) was used in the experiment. Required 
amounts of fertilizers viz. TSP, MoP, gypsum, zinc sulphate and one-third urea were applied 
during �inal land preparation based on the fertilizer treatments and weight of pot soil. Two 
seedlings of rice was transplanted on 05 January 2021 and the crop at maturity was harvested 
on 27 May 2021. The yield and yield components were measured. The grain samples from 
every pot were determined for N, P, K, S, Cd, Pb, and Zn contents following standard methods. 
HNO3/HClO4 (87/13 v/v) (Jones and Case, 1990) digestion was followed for determining all 
the elements except N. The K, Cd, Pb, and Zn concentrations of the digests were determined by 
an atomic absorption spectrophotometer (Model: novAA400P, Brand: analytic jena). The 
collected data were analyzed using a two-way analysis of variance (ANOVA) and the signi�icant 
differences between treatments were symbolized by different alphabetical letters according 
to DMRT at p < 0.05 using MStat-C software. 

3. Results and Discussion

3.1 General soil properties and heavy metal contents of industrially polluted lands
Soils were collected from six different agricultural �ields under industrial areas of Bhaluka, 

Mymensingh (AEZ 28). There soil were analyzed for different soil properties including some 
heavy metals. The results are displayed in Table 1.

materials from manufacturing, often with toxins and chemicals. When released into the soil, it 
harms soil quality, fertility, and biological activity. This pollution leads to issues like reduced 
fertility, increased pest attacks, skin diseases, and lower yields (Afrad et al. 2020). Industrial 
ef�luents, particularly from textile industries, often contain harmful heavy metals. 

In countries like Bangladesh, poor management and disposal worsen the problem. 
Untreated ef�luents pollute water and soil, impacting crops, pests, animals, and humans 
(Hossain et al. 2010). Bangladesh has rapid growth in textile and dyeing industries. Bhaluka in 
Mymensingh district is a signi�icant area with industrial clusters, mainly textile 
manufacturing, including dyeing and printing units (Chowdhury and Clemett, 2006). Textile 
industries release untreated ef�luents into the ecosystem, affecting local livelihoods and soil 
quality due to trace metal accumulation (Chen et al. 2005).

Industrial wastewater contains toxins, including trace elements like Cu, Mn, Ni, Se, and Zn, 
which are essential in small amounts for organisms. However, high concentrations can be 
toxic. Industrial ef�luent carries harmful substances, polluting water, soil, and air, disrupting 
ecosystems (Hossain et al., 2010). Trace metals in soil are of growing concern for ecosystems, 
agriculture, and human health. Unregulated industrial ef�luent deposition contributes to the 
accumulation of elements like Cd, Cu, Zn, Cr, Ni, Pb, and Zn in surface soils (Mapanda et al. 
2005). This metal buildup can impact food quality and safety (Sharma et al. 2007), potentially 
posing health risks when crops absorb and accumulate them. In Bangladesh, information of 
trace metal contamination in soil and its transfer to crops near industrial areas are limited. 
Hence, a study was undertaken to evaluate changes in soil chemical properties in the soils of 
industrially polluted areas, (ii) Assess the in�luence of polluted soils along with or without 
fertilizer management on rice yield and metal & nutrient accumulation in rice grain.

2. Materials and Methods
The experiment was conducted at the net-house of Sher-e-Bangla Agricultural University 

(SAU), Dhaka. The experiment was laid out in Randomized Complete Block Design with 18 
treatment combinations (3 fertilizer treatments x 6 soils) having three replications. Six 
different soils were collected from Bhaluka industrially polluted areas considering the soil 
pollution intensity. 

There were 54 pots [6 soils (5 industrially polluted and 01 non-polluted) x 3 fertilizer 
treatments) x 3 replications] altogether. An amount of 17 kg soil was taken into each pot. The 
initial soil samples were analyzed for different nutrient contents along with physico-chemical 
properties following standard methods. There were three fertilizer treatments, namely T0: 
Control, T1: 100% RDCF, T2: 70% RDCF in combination with 6 soils (S1: Non-polluted soil, S2- S6 
polluted soil . Traditional irrigation i.e., continuous �looding (2-3 cm water) was imposed 
during whole crop growth period. The industrially polluted soils belong to the AEZ No. 28, 

15 cm on 01 August 2015 and 02 August 2016. Fertilizer N-P-K-S-Zn-B were supplied from 
urea, TSP, MoP, gypsum, zinc sulphate and boric acid, respectively. All PKSZnB and one-third 
of N were applied at the time of �inal land preparation. The remaining two-thirds of N were 
added as top dress at 25 and 45 days after sowing. Three irrigations and other intercultural 
operations were done as and when required. 

Crops were harvested i.e. maize on 03 May 2015 and 24 April 2016, mungbean on 15 June 
2015 and 20 June 2016 and T. aman rice on 04 November 2015 and 30 October 2016. Data on 
the yield and yield contributing characters were recorded and statistically analyzed. MSTATC 
and Statistics 10 were used to determine the signi�icant differences between the treatments. 
DMRT & LSD were used to determine the signi�icant differences between treatments (Steel 
and Torrie, 1960). Plant samples and post-harvest soil samples were collected from each plot 
for chemical analysis.

N and K in this cropping system (Saleque et al., 2006; Timsina et al., 2006a, 2006b). 
Over-exploitation and poor replenishment deplete soil nutrients, which arti�icial fertilization 
can't fully restore, leading to an imbalance in the nutrient pool (Paramesh et. al., 2014, 2020).

Maize is now becoming diversi�ied with many other crops including legume, potato etc. 
Leguminous crop is important for soil fertility concern because of its nitrogen �ixation ability 
and subsequent adding to the soil. After the �irst picking of mungbean pod, incorporation of 
brown biomass may lead to improved soil fertility and supply of available nutrients to the 
growing plants. Organic matter through adding mungbean biomass may exert subsequent 
effect on succeeding T. aman rice. In addition to that soil test based (STB) fertilizer 
management is deemed great signi�icance for improvement of soil health and sustainable crop 
yield. Therefore, the present study was undertaken to explore the bene�its of IPNS approach 
in terms of improvement of soil health as well as crop productivity. 

2. Materials and Methods
The �ield experiment was conducted in the Tista Meander Floodplain (AEZ 3) at Sherpur, 

Bogura during 2014-2015 and 2015-2016. The initial soil samples collected from 0-15 cm 
depth was analyzed in the laboratory following standard methods. The analytical results are 
presented in Table 1. The different nutrient status of the cowdung (CD) and poultry manure 
(PM) used in the experiment are shown in Table 2.

     
The experiment was laid out in a randomized complete block design with three 

replications. The different fertilizer treatments were T1: Control (no use of manure or 
fertilizer), T2: 75% soil test based (STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 

poultry manure (PM), T5: 3 t ha-1 PM + IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 

CD + IPNS and T8: 125% STB; for the manure + fertilizer treatments, the amount of nutrients 
release from cowdung and poultry manure were subtracted from 100% chemical fertilizers 
dose (FRG, 2012). The unit plot size was 3m × 4m. Tested crops and varieties were maize (var. 
BARI hybrid maize 5), mungbean (BARI mung 6) and T. Aman rice (BRRIdhan 57). Maize 
seeds were sown in line with 60 cm row to row and 25 cm seed to seed spacing on 24 
November 2014 and 25 November 2015. Two seeds were placed in each hole and thinned out 
to one when the seedlings were established. Seeds were treated with vitavex prior to seeding. 

      
The legume crop, mungbean, was cultivated after maize had been harvested. Except the 

native fertility plot, all mungbean plots received 20 kg N ha-1 from urea, not any other 
fertilizers. Mungbean seeds were sown in line with 30 cm row to row on 24 March 2015 and 
20 March 2016. After two picking of pods, the green biomass was ploughed down into the soil 
and left for decomposition until the T. Aman was transplanted.

         
Seedlings of T. Aman rice were transplanted in line to line with 20 cm and row to row with 

2015-2016 from T5 treatment but in the year 2014-2015, 1000-grain weight did not differ 
signi�icantly between the treatments. The lowest 1000-grain weight, 18.73 g & 15.53 g in 
the respective two years were recorded with the control treatment. Howlader et al. (2020) 
found that the 1000-grain weight of rice was increased by the application of PM at the rate of 
3 t ha-1 in combination with 94:19:18:2 kg N: P: K: Zn ha-1. 

The straw yield of rice signi�icantly differed with the treatments. The highest straw 
yield, 7.02 t ha-1 in 2014-2015 was noted in T5 treatment that was statistically similar to 
all treatments except control treatment. In the year 2015-2016, the highest straw yield of 
7.81 t ha-1 was found  in T4 treatment which was statistically similar to all the treatments 
except control.  The lowest straw yields 4.35 and 6.90 t ha-1 were obtained from control 
treatment during the two years, respectively. Similarly, the grain yield of rice was 
signi�icantly in�luenced by the different treatments. The highest grain yield of 4.81 t ha-1 and 
5.40 t ha-1 were found in  T5 treatment (3 t PM + IPNS)) during  2014-2015 and 2015-2016, 
respectively. These grain yields were statistically similar with T4, T6 and T7 treatments. The 
lowest grain yield, 2.44 t ha-1 in 2014-15 and 3.32 t ha-1 in 2015-16 were obtained from T1 
treatment (control). The higher grain yield recorded from the use of organic manure 
especially poultry manure at the rate of 3 t ha� 1 might have effect of continuous supply of 
suf�icient nutrients to support growth and reproductive organs of the crop. Rahman et al. 
(2013) reported that, the grain and straw yield of T. aman rice was signi�icantly increased due 
to mungbean residue incorporation with STB chemical fertilizers. Saha et al. (2016) observed 
that the grain and straw yields of T. aman rice was signi�icantly increased by application of 3 t 
ha-1 PM with IPNS basis chemical fertilizers which supports the result of the present study. 

T. Aman rice
The yield as well as yield contributing characters of T. aman rice were signi�icantly 

in�luenced by different IPNS treatments in both 2014-2015 and 2015-2016 (Tables 6 and 
7). The tallest plant of 86.8 cm and 104.2 cm were obtained from T5 treatments during 
2014-2015 and 2015-2016, respectively. Growing of mungbean after maize cultivation 
would reduce 14 kg N ha-1 to the subsequent rice crop (Rahman et al., 2013). Signi�icantly the 
shortest plant, 82.8 cm & 97.0 cm were noted for the control treatment in 2014-2015 and 
2015-2016, respectively. Like plant height, the highest number of tillers hill-1 (17.43 in 
2014-2015 and 16.37 in 2015-2016) were obtained from T5 treatment. This result was 
statistically similar to all treatments except control treatment across the years. The 
lowest number of tillers hill-1 i.e. 12.1 & 14.2 were noted for the native nutrient treatment 
(T1) in both years. The highest panicle lengths were 29.7 cm in 2014-2015 and 22.7 cm in 
2015-2016 as observed in T5 treatment. The lowest panicle lengths were 27.4 cm in 
2014-2015 and 16.7 cm in 2015-2016 which noted for T1 (control) treatment. These results 
are in agreement with the �indings reported by Bilkis et al. (2017). Rahman et al. (2009) 
observed that, poultry manure at the rate of 3 t ha-1 applied with 80 kg N ha-1 in rice crop 
produced the longest panicle. The number of grains panicle-1 signi�icantly varied among the 
treatments. The highest number of grains panicle-1 (102.5 in 2014-2015 and 116.7 in 
2015-2016) were found in T5 treatment which were statistically similar to all other 
treatments except control in both years. This result might be due to the adequate availability 
of nutrients from manure and fertilizers (T5) throughout the growing period. The lowest 
number of  grains panicle-1 of 85.5 & 95.33 were observed with  native nutrient treatment (T1) 
during the year 2014-2015 and 2015-2016, respectively. Different treatments signi�icantly 
in�luenced the 1000-grain weight, showing the maximum 1000-grain weight of 19.19 g in 
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Abstract
A �ield experiment on maize-mungbean-T. aman cropping pattern was conducted in the 

Tista Meander Floodplain Soil (AEZ 3) at Sherpur, Bogura during 2014-2015 and 2015-2016 
with an objective to evaluate the effect of integrated use of manure and fertilizers on soil 
fertility and crop yield. There were eight treatments viz., T1: Control, T2: 75% soil test-based 
(STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 poultry manure (PM), T5: 3 t ha-1 PM 
+ IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 CD + IPNS and T8: 125% STB. The 
experiment was laid out in a randomized complete block design with three replications. Data 
revealed that the T5 (3 t PM + IPNS) treatment produced the highest grain yield of maize (8.11 
t ha-1 in 2014-2015 & 9.67 t ha-1 in 2015-2016) and the highest grain yield of mungbean (1.04 
& 1.06 t ha-1 in two years, respectively). For T. aman rice, T5 (3 t PM + IPNS) treatment 
produced the highest yield which was 4.81 t ha-1 in 2014-2015 and 5.40 t ha-1 in 2015-2016. 
Most of the chemical properties of post-harvest soil were improved due to application of 
organic manure through integrated nutrient management (INM) approach.

Keywords:  Cowdung, Crop yield, IPNS, Poultry manure, Soil health  

1. Introduction
Integrated lant nutrition system (IPNS) enhances soil productivity through a balanced use 

of local and external sources of plant nutrients in a way that maintains or improves soil 
fertility and supports sustained crop productivity. INM techniques minimize nutrient losses 
and maximize ef�iciency while enhancing soil properties to boost agricultural production 
(Zhang et. al., 2012). We need to understand more about the extent and rate of nutrient 
depletion and soil physical degradation in these intensifying maize-rice systems and 
formulate amelioration strategies. Research work to sustain the cropping system by 
addressing soil mineral and organic fertility and maintenance of soil structure is required (Ali 
et al., 2009). Maize-T. aman rice is a major cropping system and now it becomes widespread 
in Bangladesh. Maize is a high nutrient demanding crop. An emerging issue is how to sustain 
the productivity of maize-rice cropping systems through integrated nutrient management 
(INM) strategies. Nutrient depletion-replenishment studies have shown negative balances for 

INM in maize-m.bean-rice



Abstract
A pot experiment with Boro rice (BRRI dhan29) was conducted at the net-house of 

Sher-e-Bangla Agricultural University (SAU), Dhaka. The experiment was carried out with six 
soils (�ive polluted by industrial ef�luents and 1 non-polluted soil) and three fertilizer 
treatments (control, 100% RDF and 70% RDF; RDF means recommended dose of fertilizers). 
The effects of polluted soils and fertilizers on yield and metal accumulation in rice grain were 
determined. The highest organic carbon (2.26%) and available P (18.19 ppm) was observed in 
S6 soils and the lowest in S1 soil (non-polluted). The highest level of Cd, Pb and Zn was found in 
S4 (1.26 ppm), S5 (18.2 ppm) and S6 (227 ppm) soils, respectively; these soils are located 
relatively near to waste carrying canals. The non-polluted soil S1 contained lower 
concentrations of those elements. Boro rice yield was signi�icantly in�luenced by different 
types of industrially polluted soils and fertilizer treatments. The highest grain yield (132.9 g 
pot-1) was found in S4T2 and the lowest in the S1T0 treated pots. Application of lower amount of 
fertilizers to  polluted soils increased the grain and straw yields. Similarly, the highest Pb 
accumulation in rice grain was found in S5T1 (1.305 ppm), and the lowest Pb (0.697 ppm) in 
S4T2. The highest rice Cd (0.495ppm) was noted in S1T1 which was close to that of S6T0 and the 
lowest grain Cd was observed in S3T2. These results indicate that higher levels of Pb and Cd 
were accumulated in rice grown on polluted soils. Higher level of grain S, K & Zn 
concentrations was observed in non-polluted soil receiving 100% recommended dose of 
fertilizers. 

Keywords: Industrial pollution, Chemical properties, Boro rice, Plant nutrients, Heavy metal 
pollution.

1. Introduction
Heavy metals, whether from natural or human sources, can pollute soil, water, plants, and 

ecosystems, impacting human health. Heavy metal pollution of agricultural soil and crops is 
one of the most severe ecological problems on a world scale, especially in developing 
countries like Bangladesh (Ahmad and Goni, 2010). Industrial ef�luent contains waste 

Madhupur Tract. Soil texture, pH, %OC, nutrient and metal concentrations were determined. 
Soil pH was measured by glass electrode pH meter (McLean, 1982), organic matter by wet 
oxidation method (Nelson and Sommers, 1982) and total N content by micro-Kjeldahl method 
(Bremner and Mulvaney, 1982). Cadmium (Cd), Pb and Zn contents were determined by 
HNO3/HClO4 digestion method (Lindsay and Norvel, 1987). Phosphorus was extracted by 
sodium bicarbonate (0.5 M, pH 8.5) according to Olsen et al. (1954). Available S was 
determined by 0.15% CaCl2 extraction method (Page et al., 1982). The exchangeable 
potassium was extracted with 1N ammonium acetate and determined using the Flame 
photometer (Jackson, 1973). The soil texture, pH, %OC, nutrient and metal concentrations are 
mentioned in Table 1.

High yielding variety of Boro rice (BRRI dhan 29) was used in the experiment. Required 
amounts of fertilizers viz. TSP, MoP, gypsum, zinc sulphate and one-third urea were applied 
during �inal land preparation based on the fertilizer treatments and weight of pot soil. Two 
seedlings of rice was transplanted on 05 January 2021 and the crop at maturity was harvested 
on 27 May 2021. The yield and yield components were measured. The grain samples from 
every pot were determined for N, P, K, S, Cd, Pb, and Zn contents following standard methods. 
HNO3/HClO4 (87/13 v/v) (Jones and Case, 1990) digestion was followed for determining all 
the elements except N. The K, Cd, Pb, and Zn concentrations of the digests were determined by 
an atomic absorption spectrophotometer (Model: novAA400P, Brand: analytic jena). The 
collected data were analyzed using a two-way analysis of variance (ANOVA) and the signi�icant 
differences between treatments were symbolized by different alphabetical letters according 
to DMRT at p < 0.05 using MStat-C software. 

3. Results and Discussion

3.1 General soil properties and heavy metal contents of industrially polluted lands
Soils were collected from six different agricultural �ields under industrial areas of Bhaluka, 

Mymensingh (AEZ 28). There soil were analyzed for different soil properties including some 
heavy metals. The results are displayed in Table 1.

materials from manufacturing, often with toxins and chemicals. When released into the soil, it 
harms soil quality, fertility, and biological activity. This pollution leads to issues like reduced 
fertility, increased pest attacks, skin diseases, and lower yields (Afrad et al. 2020). Industrial 
ef�luents, particularly from textile industries, often contain harmful heavy metals. 

In countries like Bangladesh, poor management and disposal worsen the problem. 
Untreated ef�luents pollute water and soil, impacting crops, pests, animals, and humans 
(Hossain et al. 2010). Bangladesh has rapid growth in textile and dyeing industries. Bhaluka in 
Mymensingh district is a signi�icant area with industrial clusters, mainly textile 
manufacturing, including dyeing and printing units (Chowdhury and Clemett, 2006). Textile 
industries release untreated ef�luents into the ecosystem, affecting local livelihoods and soil 
quality due to trace metal accumulation (Chen et al. 2005).

Industrial wastewater contains toxins, including trace elements like Cu, Mn, Ni, Se, and Zn, 
which are essential in small amounts for organisms. However, high concentrations can be 
toxic. Industrial ef�luent carries harmful substances, polluting water, soil, and air, disrupting 
ecosystems (Hossain et al., 2010). Trace metals in soil are of growing concern for ecosystems, 
agriculture, and human health. Unregulated industrial ef�luent deposition contributes to the 
accumulation of elements like Cd, Cu, Zn, Cr, Ni, Pb, and Zn in surface soils (Mapanda et al. 
2005). This metal buildup can impact food quality and safety (Sharma et al. 2007), potentially 
posing health risks when crops absorb and accumulate them. In Bangladesh, information of 
trace metal contamination in soil and its transfer to crops near industrial areas are limited. 
Hence, a study was undertaken to evaluate changes in soil chemical properties in the soils of 
industrially polluted areas, (ii) Assess the in�luence of polluted soils along with or without 
fertilizer management on rice yield and metal & nutrient accumulation in rice grain.

2. Materials and Methods
The experiment was conducted at the net-house of Sher-e-Bangla Agricultural University 

(SAU), Dhaka. The experiment was laid out in Randomized Complete Block Design with 18 
treatment combinations (3 fertilizer treatments x 6 soils) having three replications. Six 
different soils were collected from Bhaluka industrially polluted areas considering the soil 
pollution intensity. 

There were 54 pots [6 soils (5 industrially polluted and 01 non-polluted) x 3 fertilizer 
treatments) x 3 replications] altogether. An amount of 17 kg soil was taken into each pot. The 
initial soil samples were analyzed for different nutrient contents along with physico-chemical 
properties following standard methods. There were three fertilizer treatments, namely T0: 
Control, T1: 100% RDCF, T2: 70% RDCF in combination with 6 soils (S1: Non-polluted soil, S2- S6 
polluted soil . Traditional irrigation i.e., continuous �looding (2-3 cm water) was imposed 
during whole crop growth period. The industrially polluted soils belong to the AEZ No. 28, 

15 cm on 01 August 2015 and 02 August 2016. Fertilizer N-P-K-S-Zn-B were supplied from 
urea, TSP, MoP, gypsum, zinc sulphate and boric acid, respectively. All PKSZnB and one-third 
of N were applied at the time of �inal land preparation. The remaining two-thirds of N were 
added as top dress at 25 and 45 days after sowing. Three irrigations and other intercultural 
operations were done as and when required. 

Crops were harvested i.e. maize on 03 May 2015 and 24 April 2016, mungbean on 15 June 
2015 and 20 June 2016 and T. aman rice on 04 November 2015 and 30 October 2016. Data on 
the yield and yield contributing characters were recorded and statistically analyzed. MSTATC 
and Statistics 10 were used to determine the signi�icant differences between the treatments. 
DMRT & LSD were used to determine the signi�icant differences between treatments (Steel 
and Torrie, 1960). Plant samples and post-harvest soil samples were collected from each plot 
for chemical analysis.

N and K in this cropping system (Saleque et al., 2006; Timsina et al., 2006a, 2006b). 
Over-exploitation and poor replenishment deplete soil nutrients, which arti�icial fertilization 
can't fully restore, leading to an imbalance in the nutrient pool (Paramesh et. al., 2014, 2020).

Maize is now becoming diversi�ied with many other crops including legume, potato etc. 
Leguminous crop is important for soil fertility concern because of its nitrogen �ixation ability 
and subsequent adding to the soil. After the �irst picking of mungbean pod, incorporation of 
brown biomass may lead to improved soil fertility and supply of available nutrients to the 
growing plants. Organic matter through adding mungbean biomass may exert subsequent 
effect on succeeding T. aman rice. In addition to that soil test based (STB) fertilizer 
management is deemed great signi�icance for improvement of soil health and sustainable crop 
yield. Therefore, the present study was undertaken to explore the bene�its of IPNS approach 
in terms of improvement of soil health as well as crop productivity. 

2. Materials and Methods
The �ield experiment was conducted in the Tista Meander Floodplain (AEZ 3) at Sherpur, 

Bogura during 2014-2015 and 2015-2016. The initial soil samples collected from 0-15 cm 
depth was analyzed in the laboratory following standard methods. The analytical results are 
presented in Table 1. The different nutrient status of the cowdung (CD) and poultry manure 
(PM) used in the experiment are shown in Table 2.

     
The experiment was laid out in a randomized complete block design with three 

replications. The different fertilizer treatments were T1: Control (no use of manure or 
fertilizer), T2: 75% soil test based (STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 

poultry manure (PM), T5: 3 t ha-1 PM + IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 

CD + IPNS and T8: 125% STB; for the manure + fertilizer treatments, the amount of nutrients 
release from cowdung and poultry manure were subtracted from 100% chemical fertilizers 
dose (FRG, 2012). The unit plot size was 3m × 4m. Tested crops and varieties were maize (var. 
BARI hybrid maize 5), mungbean (BARI mung 6) and T. Aman rice (BRRIdhan 57). Maize 
seeds were sown in line with 60 cm row to row and 25 cm seed to seed spacing on 24 
November 2014 and 25 November 2015. Two seeds were placed in each hole and thinned out 
to one when the seedlings were established. Seeds were treated with vitavex prior to seeding. 

      
The legume crop, mungbean, was cultivated after maize had been harvested. Except the 

native fertility plot, all mungbean plots received 20 kg N ha-1 from urea, not any other 
fertilizers. Mungbean seeds were sown in line with 30 cm row to row on 24 March 2015 and 
20 March 2016. After two picking of pods, the green biomass was ploughed down into the soil 
and left for decomposition until the T. Aman was transplanted.

         
Seedlings of T. Aman rice were transplanted in line to line with 20 cm and row to row with 

Chemical properties of post-harvest soil 
The data of different nutrients in post-harvest soil as in�luenced by the different 

treatments are displayed in Table 8. Organic matter content of soil increased in the integrated 
nutrient treated plots and decreased in control plot. The highest level of soil organic matter 
(SOM), 1.21% was observed in both T5 (3 t PM + IPNS) and T7 (5 t CD + IPNS) treated plots. 
Similarly, The N content of soil increased in the INM treated plots and decreased in control 
plots. The highest N content of 0.10% was obtained in T5 (3 t PM + IPNS) treated plot. Urea-N 
along with poultry manure or cowdung increased the N content in soil for all the treatments 
except T1 treatment (control). This is closely related to SOM content. The lowest total N 
content in soil (0.05%) was noted in T1 (control). Soil pH remained unaffected by the 
treatments. The exchangeable K content in post-harvest soils increased due to the 
combined application of chemical fertilizers and organic manures (Table 8), The range of 
exchangeable soil K content was 0.16-0.26 meq 100 g-1, the lowest values being noted in 
T1 (control) treatment and the highest value in T5 (3 t PM + IPNS). It was reported that the 
application of �ly ash alone or in combination with 100% NPK + 5 t FYM + 20 t �ly ash 
increased total N, available P, exchangeable K and organic carbon content in soil 
(Ramteke et.al., 2017). The maximum available P content in soil of 19.37 µg g-1 was 
recorded in T5 (3 t PM + IPNS) treatment and the minimum P content in T1 (control) 
treatment. The available S content in the post-harvest soils varied from 15.65 to 25.50 µg 
g-1, the highest value being 25.50 µg g-1 recorded in T5 treatment. The available B content 
of the post-harvest soils ranged from 0.09 to 0.18 µg g-1, showing the highest B value being 
recorded in treatment T5. The results stated above are in agreement with the �indings of 
Hossain et al. (2008), Saha (2007) and Sandhu et al. (2020).
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Abstract
A �ield experiment on maize-mungbean-T. aman cropping pattern was conducted in the 

Tista Meander Floodplain Soil (AEZ 3) at Sherpur, Bogura during 2014-2015 and 2015-2016 
with an objective to evaluate the effect of integrated use of manure and fertilizers on soil 
fertility and crop yield. There were eight treatments viz., T1: Control, T2: 75% soil test-based 
(STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 poultry manure (PM), T5: 3 t ha-1 PM 
+ IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 CD + IPNS and T8: 125% STB. The 
experiment was laid out in a randomized complete block design with three replications. Data 
revealed that the T5 (3 t PM + IPNS) treatment produced the highest grain yield of maize (8.11 
t ha-1 in 2014-2015 & 9.67 t ha-1 in 2015-2016) and the highest grain yield of mungbean (1.04 
& 1.06 t ha-1 in two years, respectively). For T. aman rice, T5 (3 t PM + IPNS) treatment 
produced the highest yield which was 4.81 t ha-1 in 2014-2015 and 5.40 t ha-1 in 2015-2016. 
Most of the chemical properties of post-harvest soil were improved due to application of 
organic manure through integrated nutrient management (INM) approach.

Keywords:  Cowdung, Crop yield, IPNS, Poultry manure, Soil health  

1. Introduction
Integrated lant nutrition system (IPNS) enhances soil productivity through a balanced use 

of local and external sources of plant nutrients in a way that maintains or improves soil 
fertility and supports sustained crop productivity. INM techniques minimize nutrient losses 
and maximize ef�iciency while enhancing soil properties to boost agricultural production 
(Zhang et. al., 2012). We need to understand more about the extent and rate of nutrient 
depletion and soil physical degradation in these intensifying maize-rice systems and 
formulate amelioration strategies. Research work to sustain the cropping system by 
addressing soil mineral and organic fertility and maintenance of soil structure is required (Ali 
et al., 2009). Maize-T. aman rice is a major cropping system and now it becomes widespread 
in Bangladesh. Maize is a high nutrient demanding crop. An emerging issue is how to sustain 
the productivity of maize-rice cropping systems through integrated nutrient management 
(INM) strategies. Nutrient depletion-replenishment studies have shown negative balances for 
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Abstract
A pot experiment with Boro rice (BRRI dhan29) was conducted at the net-house of 

Sher-e-Bangla Agricultural University (SAU), Dhaka. The experiment was carried out with six 
soils (�ive polluted by industrial ef�luents and 1 non-polluted soil) and three fertilizer 
treatments (control, 100% RDF and 70% RDF; RDF means recommended dose of fertilizers). 
The effects of polluted soils and fertilizers on yield and metal accumulation in rice grain were 
determined. The highest organic carbon (2.26%) and available P (18.19 ppm) was observed in 
S6 soils and the lowest in S1 soil (non-polluted). The highest level of Cd, Pb and Zn was found in 
S4 (1.26 ppm), S5 (18.2 ppm) and S6 (227 ppm) soils, respectively; these soils are located 
relatively near to waste carrying canals. The non-polluted soil S1 contained lower 
concentrations of those elements. Boro rice yield was signi�icantly in�luenced by different 
types of industrially polluted soils and fertilizer treatments. The highest grain yield (132.9 g 
pot-1) was found in S4T2 and the lowest in the S1T0 treated pots. Application of lower amount of 
fertilizers to  polluted soils increased the grain and straw yields. Similarly, the highest Pb 
accumulation in rice grain was found in S5T1 (1.305 ppm), and the lowest Pb (0.697 ppm) in 
S4T2. The highest rice Cd (0.495ppm) was noted in S1T1 which was close to that of S6T0 and the 
lowest grain Cd was observed in S3T2. These results indicate that higher levels of Pb and Cd 
were accumulated in rice grown on polluted soils. Higher level of grain S, K & Zn 
concentrations was observed in non-polluted soil receiving 100% recommended dose of 
fertilizers. 

Keywords: Industrial pollution, Chemical properties, Boro rice, Plant nutrients, Heavy metal 
pollution.

1. Introduction
Heavy metals, whether from natural or human sources, can pollute soil, water, plants, and 

ecosystems, impacting human health. Heavy metal pollution of agricultural soil and crops is 
one of the most severe ecological problems on a world scale, especially in developing 
countries like Bangladesh (Ahmad and Goni, 2010). Industrial ef�luent contains waste 

Madhupur Tract. Soil texture, pH, %OC, nutrient and metal concentrations were determined. 
Soil pH was measured by glass electrode pH meter (McLean, 1982), organic matter by wet 
oxidation method (Nelson and Sommers, 1982) and total N content by micro-Kjeldahl method 
(Bremner and Mulvaney, 1982). Cadmium (Cd), Pb and Zn contents were determined by 
HNO3/HClO4 digestion method (Lindsay and Norvel, 1987). Phosphorus was extracted by 
sodium bicarbonate (0.5 M, pH 8.5) according to Olsen et al. (1954). Available S was 
determined by 0.15% CaCl2 extraction method (Page et al., 1982). The exchangeable 
potassium was extracted with 1N ammonium acetate and determined using the Flame 
photometer (Jackson, 1973). The soil texture, pH, %OC, nutrient and metal concentrations are 
mentioned in Table 1.

High yielding variety of Boro rice (BRRI dhan 29) was used in the experiment. Required 
amounts of fertilizers viz. TSP, MoP, gypsum, zinc sulphate and one-third urea were applied 
during �inal land preparation based on the fertilizer treatments and weight of pot soil. Two 
seedlings of rice was transplanted on 05 January 2021 and the crop at maturity was harvested 
on 27 May 2021. The yield and yield components were measured. The grain samples from 
every pot were determined for N, P, K, S, Cd, Pb, and Zn contents following standard methods. 
HNO3/HClO4 (87/13 v/v) (Jones and Case, 1990) digestion was followed for determining all 
the elements except N. The K, Cd, Pb, and Zn concentrations of the digests were determined by 
an atomic absorption spectrophotometer (Model: novAA400P, Brand: analytic jena). The 
collected data were analyzed using a two-way analysis of variance (ANOVA) and the signi�icant 
differences between treatments were symbolized by different alphabetical letters according 
to DMRT at p < 0.05 using MStat-C software. 

3. Results and Discussion

3.1 General soil properties and heavy metal contents of industrially polluted lands
Soils were collected from six different agricultural �ields under industrial areas of Bhaluka, 

Mymensingh (AEZ 28). There soil were analyzed for different soil properties including some 
heavy metals. The results are displayed in Table 1.

materials from manufacturing, often with toxins and chemicals. When released into the soil, it 
harms soil quality, fertility, and biological activity. This pollution leads to issues like reduced 
fertility, increased pest attacks, skin diseases, and lower yields (Afrad et al. 2020). Industrial 
ef�luents, particularly from textile industries, often contain harmful heavy metals. 

In countries like Bangladesh, poor management and disposal worsen the problem. 
Untreated ef�luents pollute water and soil, impacting crops, pests, animals, and humans 
(Hossain et al. 2010). Bangladesh has rapid growth in textile and dyeing industries. Bhaluka in 
Mymensingh district is a signi�icant area with industrial clusters, mainly textile 
manufacturing, including dyeing and printing units (Chowdhury and Clemett, 2006). Textile 
industries release untreated ef�luents into the ecosystem, affecting local livelihoods and soil 
quality due to trace metal accumulation (Chen et al. 2005).

Industrial wastewater contains toxins, including trace elements like Cu, Mn, Ni, Se, and Zn, 
which are essential in small amounts for organisms. However, high concentrations can be 
toxic. Industrial ef�luent carries harmful substances, polluting water, soil, and air, disrupting 
ecosystems (Hossain et al., 2010). Trace metals in soil are of growing concern for ecosystems, 
agriculture, and human health. Unregulated industrial ef�luent deposition contributes to the 
accumulation of elements like Cd, Cu, Zn, Cr, Ni, Pb, and Zn in surface soils (Mapanda et al. 
2005). This metal buildup can impact food quality and safety (Sharma et al. 2007), potentially 
posing health risks when crops absorb and accumulate them. In Bangladesh, information of 
trace metal contamination in soil and its transfer to crops near industrial areas are limited. 
Hence, a study was undertaken to evaluate changes in soil chemical properties in the soils of 
industrially polluted areas, (ii) Assess the in�luence of polluted soils along with or without 
fertilizer management on rice yield and metal & nutrient accumulation in rice grain.

2. Materials and Methods
The experiment was conducted at the net-house of Sher-e-Bangla Agricultural University 

(SAU), Dhaka. The experiment was laid out in Randomized Complete Block Design with 18 
treatment combinations (3 fertilizer treatments x 6 soils) having three replications. Six 
different soils were collected from Bhaluka industrially polluted areas considering the soil 
pollution intensity. 

There were 54 pots [6 soils (5 industrially polluted and 01 non-polluted) x 3 fertilizer 
treatments) x 3 replications] altogether. An amount of 17 kg soil was taken into each pot. The 
initial soil samples were analyzed for different nutrient contents along with physico-chemical 
properties following standard methods. There were three fertilizer treatments, namely T0: 
Control, T1: 100% RDCF, T2: 70% RDCF in combination with 6 soils (S1: Non-polluted soil, S2- S6 
polluted soil . Traditional irrigation i.e., continuous �looding (2-3 cm water) was imposed 
during whole crop growth period. The industrially polluted soils belong to the AEZ No. 28, 

15 cm on 01 August 2015 and 02 August 2016. Fertilizer N-P-K-S-Zn-B were supplied from 
urea, TSP, MoP, gypsum, zinc sulphate and boric acid, respectively. All PKSZnB and one-third 
of N were applied at the time of �inal land preparation. The remaining two-thirds of N were 
added as top dress at 25 and 45 days after sowing. Three irrigations and other intercultural 
operations were done as and when required. 

Crops were harvested i.e. maize on 03 May 2015 and 24 April 2016, mungbean on 15 June 
2015 and 20 June 2016 and T. aman rice on 04 November 2015 and 30 October 2016. Data on 
the yield and yield contributing characters were recorded and statistically analyzed. MSTATC 
and Statistics 10 were used to determine the signi�icant differences between the treatments. 
DMRT & LSD were used to determine the signi�icant differences between treatments (Steel 
and Torrie, 1960). Plant samples and post-harvest soil samples were collected from each plot 
for chemical analysis.

N and K in this cropping system (Saleque et al., 2006; Timsina et al., 2006a, 2006b). 
Over-exploitation and poor replenishment deplete soil nutrients, which arti�icial fertilization 
can't fully restore, leading to an imbalance in the nutrient pool (Paramesh et. al., 2014, 2020).

Maize is now becoming diversi�ied with many other crops including legume, potato etc. 
Leguminous crop is important for soil fertility concern because of its nitrogen �ixation ability 
and subsequent adding to the soil. After the �irst picking of mungbean pod, incorporation of 
brown biomass may lead to improved soil fertility and supply of available nutrients to the 
growing plants. Organic matter through adding mungbean biomass may exert subsequent 
effect on succeeding T. aman rice. In addition to that soil test based (STB) fertilizer 
management is deemed great signi�icance for improvement of soil health and sustainable crop 
yield. Therefore, the present study was undertaken to explore the bene�its of IPNS approach 
in terms of improvement of soil health as well as crop productivity. 

2. Materials and Methods
The �ield experiment was conducted in the Tista Meander Floodplain (AEZ 3) at Sherpur, 

Bogura during 2014-2015 and 2015-2016. The initial soil samples collected from 0-15 cm 
depth was analyzed in the laboratory following standard methods. The analytical results are 
presented in Table 1. The different nutrient status of the cowdung (CD) and poultry manure 
(PM) used in the experiment are shown in Table 2.

     
The experiment was laid out in a randomized complete block design with three 

replications. The different fertilizer treatments were T1: Control (no use of manure or 
fertilizer), T2: 75% soil test based (STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 

poultry manure (PM), T5: 3 t ha-1 PM + IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 

CD + IPNS and T8: 125% STB; for the manure + fertilizer treatments, the amount of nutrients 
release from cowdung and poultry manure were subtracted from 100% chemical fertilizers 
dose (FRG, 2012). The unit plot size was 3m × 4m. Tested crops and varieties were maize (var. 
BARI hybrid maize 5), mungbean (BARI mung 6) and T. Aman rice (BRRIdhan 57). Maize 
seeds were sown in line with 60 cm row to row and 25 cm seed to seed spacing on 24 
November 2014 and 25 November 2015. Two seeds were placed in each hole and thinned out 
to one when the seedlings were established. Seeds were treated with vitavex prior to seeding. 

      
The legume crop, mungbean, was cultivated after maize had been harvested. Except the 

native fertility plot, all mungbean plots received 20 kg N ha-1 from urea, not any other 
fertilizers. Mungbean seeds were sown in line with 30 cm row to row on 24 March 2015 and 
20 March 2016. After two picking of pods, the green biomass was ploughed down into the soil 
and left for decomposition until the T. Aman was transplanted.

         
Seedlings of T. Aman rice were transplanted in line to line with 20 cm and row to row with 

4. Conclusions
Combined application of organic manure and chemical fertilizers produced higher crop 

yield in the maize-mungbean-T. aman cropping pattern than the solitary application of 
chemical fertilizers. Between the two manure, performance of poultry manure was better 
than that of cowdung. Soil test-based IPNS treatment through poultry manure always 
recorded higher grain yield of all the three crops (maize, mungbean & T. aman rice that grown 
in sequence). IPNS treatment improved the soil properties. So, it can be inferred that 
integrated use of poultry manure (3 t ha-1) as IPNS basis could be an effective nutrient 
management strategy for sustained soil fertility and crop productivity of the 
maize-mungbean-T. aman  cropping pattern. 
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Abstract
A �ield experiment on maize-mungbean-T. aman cropping pattern was conducted in the 

Tista Meander Floodplain Soil (AEZ 3) at Sherpur, Bogura during 2014-2015 and 2015-2016 
with an objective to evaluate the effect of integrated use of manure and fertilizers on soil 
fertility and crop yield. There were eight treatments viz., T1: Control, T2: 75% soil test-based 
(STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 poultry manure (PM), T5: 3 t ha-1 PM 
+ IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 CD + IPNS and T8: 125% STB. The 
experiment was laid out in a randomized complete block design with three replications. Data 
revealed that the T5 (3 t PM + IPNS) treatment produced the highest grain yield of maize (8.11 
t ha-1 in 2014-2015 & 9.67 t ha-1 in 2015-2016) and the highest grain yield of mungbean (1.04 
& 1.06 t ha-1 in two years, respectively). For T. aman rice, T5 (3 t PM + IPNS) treatment 
produced the highest yield which was 4.81 t ha-1 in 2014-2015 and 5.40 t ha-1 in 2015-2016. 
Most of the chemical properties of post-harvest soil were improved due to application of 
organic manure through integrated nutrient management (INM) approach.

Keywords:  Cowdung, Crop yield, IPNS, Poultry manure, Soil health  

1. Introduction
Integrated lant nutrition system (IPNS) enhances soil productivity through a balanced use 

of local and external sources of plant nutrients in a way that maintains or improves soil 
fertility and supports sustained crop productivity. INM techniques minimize nutrient losses 
and maximize ef�iciency while enhancing soil properties to boost agricultural production 
(Zhang et. al., 2012). We need to understand more about the extent and rate of nutrient 
depletion and soil physical degradation in these intensifying maize-rice systems and 
formulate amelioration strategies. Research work to sustain the cropping system by 
addressing soil mineral and organic fertility and maintenance of soil structure is required (Ali 
et al., 2009). Maize-T. aman rice is a major cropping system and now it becomes widespread 
in Bangladesh. Maize is a high nutrient demanding crop. An emerging issue is how to sustain 
the productivity of maize-rice cropping systems through integrated nutrient management 
(INM) strategies. Nutrient depletion-replenishment studies have shown negative balances for 

INM in maize-m.bean-rice



Abstract
A pot experiment with Boro rice (BRRI dhan29) was conducted at the net-house of 

Sher-e-Bangla Agricultural University (SAU), Dhaka. The experiment was carried out with six 
soils (�ive polluted by industrial ef�luents and 1 non-polluted soil) and three fertilizer 
treatments (control, 100% RDF and 70% RDF; RDF means recommended dose of fertilizers). 
The effects of polluted soils and fertilizers on yield and metal accumulation in rice grain were 
determined. The highest organic carbon (2.26%) and available P (18.19 ppm) was observed in 
S6 soils and the lowest in S1 soil (non-polluted). The highest level of Cd, Pb and Zn was found in 
S4 (1.26 ppm), S5 (18.2 ppm) and S6 (227 ppm) soils, respectively; these soils are located 
relatively near to waste carrying canals. The non-polluted soil S1 contained lower 
concentrations of those elements. Boro rice yield was signi�icantly in�luenced by different 
types of industrially polluted soils and fertilizer treatments. The highest grain yield (132.9 g 
pot-1) was found in S4T2 and the lowest in the S1T0 treated pots. Application of lower amount of 
fertilizers to  polluted soils increased the grain and straw yields. Similarly, the highest Pb 
accumulation in rice grain was found in S5T1 (1.305 ppm), and the lowest Pb (0.697 ppm) in 
S4T2. The highest rice Cd (0.495ppm) was noted in S1T1 which was close to that of S6T0 and the 
lowest grain Cd was observed in S3T2. These results indicate that higher levels of Pb and Cd 
were accumulated in rice grown on polluted soils. Higher level of grain S, K & Zn 
concentrations was observed in non-polluted soil receiving 100% recommended dose of 
fertilizers. 

Keywords: Industrial pollution, Chemical properties, Boro rice, Plant nutrients, Heavy metal 
pollution.

1. Introduction
Heavy metals, whether from natural or human sources, can pollute soil, water, plants, and 

ecosystems, impacting human health. Heavy metal pollution of agricultural soil and crops is 
one of the most severe ecological problems on a world scale, especially in developing 
countries like Bangladesh (Ahmad and Goni, 2010). Industrial ef�luent contains waste 

Madhupur Tract. Soil texture, pH, %OC, nutrient and metal concentrations were determined. 
Soil pH was measured by glass electrode pH meter (McLean, 1982), organic matter by wet 
oxidation method (Nelson and Sommers, 1982) and total N content by micro-Kjeldahl method 
(Bremner and Mulvaney, 1982). Cadmium (Cd), Pb and Zn contents were determined by 
HNO3/HClO4 digestion method (Lindsay and Norvel, 1987). Phosphorus was extracted by 
sodium bicarbonate (0.5 M, pH 8.5) according to Olsen et al. (1954). Available S was 
determined by 0.15% CaCl2 extraction method (Page et al., 1982). The exchangeable 
potassium was extracted with 1N ammonium acetate and determined using the Flame 
photometer (Jackson, 1973). The soil texture, pH, %OC, nutrient and metal concentrations are 
mentioned in Table 1.

High yielding variety of Boro rice (BRRI dhan 29) was used in the experiment. Required 
amounts of fertilizers viz. TSP, MoP, gypsum, zinc sulphate and one-third urea were applied 
during �inal land preparation based on the fertilizer treatments and weight of pot soil. Two 
seedlings of rice was transplanted on 05 January 2021 and the crop at maturity was harvested 
on 27 May 2021. The yield and yield components were measured. The grain samples from 
every pot were determined for N, P, K, S, Cd, Pb, and Zn contents following standard methods. 
HNO3/HClO4 (87/13 v/v) (Jones and Case, 1990) digestion was followed for determining all 
the elements except N. The K, Cd, Pb, and Zn concentrations of the digests were determined by 
an atomic absorption spectrophotometer (Model: novAA400P, Brand: analytic jena). The 
collected data were analyzed using a two-way analysis of variance (ANOVA) and the signi�icant 
differences between treatments were symbolized by different alphabetical letters according 
to DMRT at p < 0.05 using MStat-C software. 

3. Results and Discussion

3.1 General soil properties and heavy metal contents of industrially polluted lands
Soils were collected from six different agricultural �ields under industrial areas of Bhaluka, 

Mymensingh (AEZ 28). There soil were analyzed for different soil properties including some 
heavy metals. The results are displayed in Table 1.

materials from manufacturing, often with toxins and chemicals. When released into the soil, it 
harms soil quality, fertility, and biological activity. This pollution leads to issues like reduced 
fertility, increased pest attacks, skin diseases, and lower yields (Afrad et al. 2020). Industrial 
ef�luents, particularly from textile industries, often contain harmful heavy metals. 

In countries like Bangladesh, poor management and disposal worsen the problem. 
Untreated ef�luents pollute water and soil, impacting crops, pests, animals, and humans 
(Hossain et al. 2010). Bangladesh has rapid growth in textile and dyeing industries. Bhaluka in 
Mymensingh district is a signi�icant area with industrial clusters, mainly textile 
manufacturing, including dyeing and printing units (Chowdhury and Clemett, 2006). Textile 
industries release untreated ef�luents into the ecosystem, affecting local livelihoods and soil 
quality due to trace metal accumulation (Chen et al. 2005).

Industrial wastewater contains toxins, including trace elements like Cu, Mn, Ni, Se, and Zn, 
which are essential in small amounts for organisms. However, high concentrations can be 
toxic. Industrial ef�luent carries harmful substances, polluting water, soil, and air, disrupting 
ecosystems (Hossain et al., 2010). Trace metals in soil are of growing concern for ecosystems, 
agriculture, and human health. Unregulated industrial ef�luent deposition contributes to the 
accumulation of elements like Cd, Cu, Zn, Cr, Ni, Pb, and Zn in surface soils (Mapanda et al. 
2005). This metal buildup can impact food quality and safety (Sharma et al. 2007), potentially 
posing health risks when crops absorb and accumulate them. In Bangladesh, information of 
trace metal contamination in soil and its transfer to crops near industrial areas are limited. 
Hence, a study was undertaken to evaluate changes in soil chemical properties in the soils of 
industrially polluted areas, (ii) Assess the in�luence of polluted soils along with or without 
fertilizer management on rice yield and metal & nutrient accumulation in rice grain.

2. Materials and Methods
The experiment was conducted at the net-house of Sher-e-Bangla Agricultural University 

(SAU), Dhaka. The experiment was laid out in Randomized Complete Block Design with 18 
treatment combinations (3 fertilizer treatments x 6 soils) having three replications. Six 
different soils were collected from Bhaluka industrially polluted areas considering the soil 
pollution intensity. 

There were 54 pots [6 soils (5 industrially polluted and 01 non-polluted) x 3 fertilizer 
treatments) x 3 replications] altogether. An amount of 17 kg soil was taken into each pot. The 
initial soil samples were analyzed for different nutrient contents along with physico-chemical 
properties following standard methods. There were three fertilizer treatments, namely T0: 
Control, T1: 100% RDCF, T2: 70% RDCF in combination with 6 soils (S1: Non-polluted soil, S2- S6 
polluted soil . Traditional irrigation i.e., continuous �looding (2-3 cm water) was imposed 
during whole crop growth period. The industrially polluted soils belong to the AEZ No. 28, 

15 cm on 01 August 2015 and 02 August 2016. Fertilizer N-P-K-S-Zn-B were supplied from 
urea, TSP, MoP, gypsum, zinc sulphate and boric acid, respectively. All PKSZnB and one-third 
of N were applied at the time of �inal land preparation. The remaining two-thirds of N were 
added as top dress at 25 and 45 days after sowing. Three irrigations and other intercultural 
operations were done as and when required. 

Crops were harvested i.e. maize on 03 May 2015 and 24 April 2016, mungbean on 15 June 
2015 and 20 June 2016 and T. aman rice on 04 November 2015 and 30 October 2016. Data on 
the yield and yield contributing characters were recorded and statistically analyzed. MSTATC 
and Statistics 10 were used to determine the signi�icant differences between the treatments. 
DMRT & LSD were used to determine the signi�icant differences between treatments (Steel 
and Torrie, 1960). Plant samples and post-harvest soil samples were collected from each plot 
for chemical analysis.

N and K in this cropping system (Saleque et al., 2006; Timsina et al., 2006a, 2006b). 
Over-exploitation and poor replenishment deplete soil nutrients, which arti�icial fertilization 
can't fully restore, leading to an imbalance in the nutrient pool (Paramesh et. al., 2014, 2020).

Maize is now becoming diversi�ied with many other crops including legume, potato etc. 
Leguminous crop is important for soil fertility concern because of its nitrogen �ixation ability 
and subsequent adding to the soil. After the �irst picking of mungbean pod, incorporation of 
brown biomass may lead to improved soil fertility and supply of available nutrients to the 
growing plants. Organic matter through adding mungbean biomass may exert subsequent 
effect on succeeding T. aman rice. In addition to that soil test based (STB) fertilizer 
management is deemed great signi�icance for improvement of soil health and sustainable crop 
yield. Therefore, the present study was undertaken to explore the bene�its of IPNS approach 
in terms of improvement of soil health as well as crop productivity. 

2. Materials and Methods
The �ield experiment was conducted in the Tista Meander Floodplain (AEZ 3) at Sherpur, 

Bogura during 2014-2015 and 2015-2016. The initial soil samples collected from 0-15 cm 
depth was analyzed in the laboratory following standard methods. The analytical results are 
presented in Table 1. The different nutrient status of the cowdung (CD) and poultry manure 
(PM) used in the experiment are shown in Table 2.

     
The experiment was laid out in a randomized complete block design with three 

replications. The different fertilizer treatments were T1: Control (no use of manure or 
fertilizer), T2: 75% soil test based (STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 

poultry manure (PM), T5: 3 t ha-1 PM + IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 

CD + IPNS and T8: 125% STB; for the manure + fertilizer treatments, the amount of nutrients 
release from cowdung and poultry manure were subtracted from 100% chemical fertilizers 
dose (FRG, 2012). The unit plot size was 3m × 4m. Tested crops and varieties were maize (var. 
BARI hybrid maize 5), mungbean (BARI mung 6) and T. Aman rice (BRRIdhan 57). Maize 
seeds were sown in line with 60 cm row to row and 25 cm seed to seed spacing on 24 
November 2014 and 25 November 2015. Two seeds were placed in each hole and thinned out 
to one when the seedlings were established. Seeds were treated with vitavex prior to seeding. 

      
The legume crop, mungbean, was cultivated after maize had been harvested. Except the 

native fertility plot, all mungbean plots received 20 kg N ha-1 from urea, not any other 
fertilizers. Mungbean seeds were sown in line with 30 cm row to row on 24 March 2015 and 
20 March 2016. After two picking of pods, the green biomass was ploughed down into the soil 
and left for decomposition until the T. Aman was transplanted.

         
Seedlings of T. Aman rice were transplanted in line to line with 20 cm and row to row with 

4. Conclusions
Combined application of organic manure and chemical fertilizers produced higher crop 

yield in the maize-mungbean-T. aman cropping pattern than the solitary application of 
chemical fertilizers. Between the two manure, performance of poultry manure was better 
than that of cowdung. Soil test-based IPNS treatment through poultry manure always 
recorded higher grain yield of all the three crops (maize, mungbean & T. aman rice that grown 
in sequence). IPNS treatment improved the soil properties. So, it can be inferred that 
integrated use of poultry manure (3 t ha-1) as IPNS basis could be an effective nutrient 
management strategy for sustained soil fertility and crop productivity of the 
maize-mungbean-T. aman  cropping pattern. 
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Abstract
A �ield experiment on maize-mungbean-T. aman cropping pattern was conducted in the 

Tista Meander Floodplain Soil (AEZ 3) at Sherpur, Bogura during 2014-2015 and 2015-2016 
with an objective to evaluate the effect of integrated use of manure and fertilizers on soil 
fertility and crop yield. There were eight treatments viz., T1: Control, T2: 75% soil test-based 
(STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 poultry manure (PM), T5: 3 t ha-1 PM 
+ IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 CD + IPNS and T8: 125% STB. The 
experiment was laid out in a randomized complete block design with three replications. Data 
revealed that the T5 (3 t PM + IPNS) treatment produced the highest grain yield of maize (8.11 
t ha-1 in 2014-2015 & 9.67 t ha-1 in 2015-2016) and the highest grain yield of mungbean (1.04 
& 1.06 t ha-1 in two years, respectively). For T. aman rice, T5 (3 t PM + IPNS) treatment 
produced the highest yield which was 4.81 t ha-1 in 2014-2015 and 5.40 t ha-1 in 2015-2016. 
Most of the chemical properties of post-harvest soil were improved due to application of 
organic manure through integrated nutrient management (INM) approach.

Keywords:  Cowdung, Crop yield, IPNS, Poultry manure, Soil health  

1. Introduction
Integrated lant nutrition system (IPNS) enhances soil productivity through a balanced use 

of local and external sources of plant nutrients in a way that maintains or improves soil 
fertility and supports sustained crop productivity. INM techniques minimize nutrient losses 
and maximize ef�iciency while enhancing soil properties to boost agricultural production 
(Zhang et. al., 2012). We need to understand more about the extent and rate of nutrient 
depletion and soil physical degradation in these intensifying maize-rice systems and 
formulate amelioration strategies. Research work to sustain the cropping system by 
addressing soil mineral and organic fertility and maintenance of soil structure is required (Ali 
et al., 2009). Maize-T. aman rice is a major cropping system and now it becomes widespread 
in Bangladesh. Maize is a high nutrient demanding crop. An emerging issue is how to sustain 
the productivity of maize-rice cropping systems through integrated nutrient management 
(INM) strategies. Nutrient depletion-replenishment studies have shown negative balances for 

M.R. Khatun et al.



Abstract
A pot experiment with Boro rice (BRRI dhan29) was conducted at the net-house of 

Sher-e-Bangla Agricultural University (SAU), Dhaka. The experiment was carried out with six 
soils (�ive polluted by industrial ef�luents and 1 non-polluted soil) and three fertilizer 
treatments (control, 100% RDF and 70% RDF; RDF means recommended dose of fertilizers). 
The effects of polluted soils and fertilizers on yield and metal accumulation in rice grain were 
determined. The highest organic carbon (2.26%) and available P (18.19 ppm) was observed in 
S6 soils and the lowest in S1 soil (non-polluted). The highest level of Cd, Pb and Zn was found in 
S4 (1.26 ppm), S5 (18.2 ppm) and S6 (227 ppm) soils, respectively; these soils are located 
relatively near to waste carrying canals. The non-polluted soil S1 contained lower 
concentrations of those elements. Boro rice yield was signi�icantly in�luenced by different 
types of industrially polluted soils and fertilizer treatments. The highest grain yield (132.9 g 
pot-1) was found in S4T2 and the lowest in the S1T0 treated pots. Application of lower amount of 
fertilizers to  polluted soils increased the grain and straw yields. Similarly, the highest Pb 
accumulation in rice grain was found in S5T1 (1.305 ppm), and the lowest Pb (0.697 ppm) in 
S4T2. The highest rice Cd (0.495ppm) was noted in S1T1 which was close to that of S6T0 and the 
lowest grain Cd was observed in S3T2. These results indicate that higher levels of Pb and Cd 
were accumulated in rice grown on polluted soils. Higher level of grain S, K & Zn 
concentrations was observed in non-polluted soil receiving 100% recommended dose of 
fertilizers. 

Keywords: Industrial pollution, Chemical properties, Boro rice, Plant nutrients, Heavy metal 
pollution.

1. Introduction
Heavy metals, whether from natural or human sources, can pollute soil, water, plants, and 

ecosystems, impacting human health. Heavy metal pollution of agricultural soil and crops is 
one of the most severe ecological problems on a world scale, especially in developing 
countries like Bangladesh (Ahmad and Goni, 2010). Industrial ef�luent contains waste 

Madhupur Tract. Soil texture, pH, %OC, nutrient and metal concentrations were determined. 
Soil pH was measured by glass electrode pH meter (McLean, 1982), organic matter by wet 
oxidation method (Nelson and Sommers, 1982) and total N content by micro-Kjeldahl method 
(Bremner and Mulvaney, 1982). Cadmium (Cd), Pb and Zn contents were determined by 
HNO3/HClO4 digestion method (Lindsay and Norvel, 1987). Phosphorus was extracted by 
sodium bicarbonate (0.5 M, pH 8.5) according to Olsen et al. (1954). Available S was 
determined by 0.15% CaCl2 extraction method (Page et al., 1982). The exchangeable 
potassium was extracted with 1N ammonium acetate and determined using the Flame 
photometer (Jackson, 1973). The soil texture, pH, %OC, nutrient and metal concentrations are 
mentioned in Table 1.

High yielding variety of Boro rice (BRRI dhan 29) was used in the experiment. Required 
amounts of fertilizers viz. TSP, MoP, gypsum, zinc sulphate and one-third urea were applied 
during �inal land preparation based on the fertilizer treatments and weight of pot soil. Two 
seedlings of rice was transplanted on 05 January 2021 and the crop at maturity was harvested 
on 27 May 2021. The yield and yield components were measured. The grain samples from 
every pot were determined for N, P, K, S, Cd, Pb, and Zn contents following standard methods. 
HNO3/HClO4 (87/13 v/v) (Jones and Case, 1990) digestion was followed for determining all 
the elements except N. The K, Cd, Pb, and Zn concentrations of the digests were determined by 
an atomic absorption spectrophotometer (Model: novAA400P, Brand: analytic jena). The 
collected data were analyzed using a two-way analysis of variance (ANOVA) and the signi�icant 
differences between treatments were symbolized by different alphabetical letters according 
to DMRT at p < 0.05 using MStat-C software. 

3. Results and Discussion

3.1 General soil properties and heavy metal contents of industrially polluted lands
Soils were collected from six different agricultural �ields under industrial areas of Bhaluka, 

Mymensingh (AEZ 28). There soil were analyzed for different soil properties including some 
heavy metals. The results are displayed in Table 1.

materials from manufacturing, often with toxins and chemicals. When released into the soil, it 
harms soil quality, fertility, and biological activity. This pollution leads to issues like reduced 
fertility, increased pest attacks, skin diseases, and lower yields (Afrad et al. 2020). Industrial 
ef�luents, particularly from textile industries, often contain harmful heavy metals. 

In countries like Bangladesh, poor management and disposal worsen the problem. 
Untreated ef�luents pollute water and soil, impacting crops, pests, animals, and humans 
(Hossain et al. 2010). Bangladesh has rapid growth in textile and dyeing industries. Bhaluka in 
Mymensingh district is a signi�icant area with industrial clusters, mainly textile 
manufacturing, including dyeing and printing units (Chowdhury and Clemett, 2006). Textile 
industries release untreated ef�luents into the ecosystem, affecting local livelihoods and soil 
quality due to trace metal accumulation (Chen et al. 2005).

Industrial wastewater contains toxins, including trace elements like Cu, Mn, Ni, Se, and Zn, 
which are essential in small amounts for organisms. However, high concentrations can be 
toxic. Industrial ef�luent carries harmful substances, polluting water, soil, and air, disrupting 
ecosystems (Hossain et al., 2010). Trace metals in soil are of growing concern for ecosystems, 
agriculture, and human health. Unregulated industrial ef�luent deposition contributes to the 
accumulation of elements like Cd, Cu, Zn, Cr, Ni, Pb, and Zn in surface soils (Mapanda et al. 
2005). This metal buildup can impact food quality and safety (Sharma et al. 2007), potentially 
posing health risks when crops absorb and accumulate them. In Bangladesh, information of 
trace metal contamination in soil and its transfer to crops near industrial areas are limited. 
Hence, a study was undertaken to evaluate changes in soil chemical properties in the soils of 
industrially polluted areas, (ii) Assess the in�luence of polluted soils along with or without 
fertilizer management on rice yield and metal & nutrient accumulation in rice grain.

2. Materials and Methods
The experiment was conducted at the net-house of Sher-e-Bangla Agricultural University 

(SAU), Dhaka. The experiment was laid out in Randomized Complete Block Design with 18 
treatment combinations (3 fertilizer treatments x 6 soils) having three replications. Six 
different soils were collected from Bhaluka industrially polluted areas considering the soil 
pollution intensity. 

There were 54 pots [6 soils (5 industrially polluted and 01 non-polluted) x 3 fertilizer 
treatments) x 3 replications] altogether. An amount of 17 kg soil was taken into each pot. The 
initial soil samples were analyzed for different nutrient contents along with physico-chemical 
properties following standard methods. There were three fertilizer treatments, namely T0: 
Control, T1: 100% RDCF, T2: 70% RDCF in combination with 6 soils (S1: Non-polluted soil, S2- S6 
polluted soil . Traditional irrigation i.e., continuous �looding (2-3 cm water) was imposed 
during whole crop growth period. The industrially polluted soils belong to the AEZ No. 28, 

15 cm on 01 August 2015 and 02 August 2016. Fertilizer N-P-K-S-Zn-B were supplied from 
urea, TSP, MoP, gypsum, zinc sulphate and boric acid, respectively. All PKSZnB and one-third 
of N were applied at the time of �inal land preparation. The remaining two-thirds of N were 
added as top dress at 25 and 45 days after sowing. Three irrigations and other intercultural 
operations were done as and when required. 

Crops were harvested i.e. maize on 03 May 2015 and 24 April 2016, mungbean on 15 June 
2015 and 20 June 2016 and T. aman rice on 04 November 2015 and 30 October 2016. Data on 
the yield and yield contributing characters were recorded and statistically analyzed. MSTATC 
and Statistics 10 were used to determine the signi�icant differences between the treatments. 
DMRT & LSD were used to determine the signi�icant differences between treatments (Steel 
and Torrie, 1960). Plant samples and post-harvest soil samples were collected from each plot 
for chemical analysis.

N and K in this cropping system (Saleque et al., 2006; Timsina et al., 2006a, 2006b). 
Over-exploitation and poor replenishment deplete soil nutrients, which arti�icial fertilization 
can't fully restore, leading to an imbalance in the nutrient pool (Paramesh et. al., 2014, 2020).

Maize is now becoming diversi�ied with many other crops including legume, potato etc. 
Leguminous crop is important for soil fertility concern because of its nitrogen �ixation ability 
and subsequent adding to the soil. After the �irst picking of mungbean pod, incorporation of 
brown biomass may lead to improved soil fertility and supply of available nutrients to the 
growing plants. Organic matter through adding mungbean biomass may exert subsequent 
effect on succeeding T. aman rice. In addition to that soil test based (STB) fertilizer 
management is deemed great signi�icance for improvement of soil health and sustainable crop 
yield. Therefore, the present study was undertaken to explore the bene�its of IPNS approach 
in terms of improvement of soil health as well as crop productivity. 

2. Materials and Methods
The �ield experiment was conducted in the Tista Meander Floodplain (AEZ 3) at Sherpur, 

Bogura during 2014-2015 and 2015-2016. The initial soil samples collected from 0-15 cm 
depth was analyzed in the laboratory following standard methods. The analytical results are 
presented in Table 1. The different nutrient status of the cowdung (CD) and poultry manure 
(PM) used in the experiment are shown in Table 2.

     
The experiment was laid out in a randomized complete block design with three 

replications. The different fertilizer treatments were T1: Control (no use of manure or 
fertilizer), T2: 75% soil test based (STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 

poultry manure (PM), T5: 3 t ha-1 PM + IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 

CD + IPNS and T8: 125% STB; for the manure + fertilizer treatments, the amount of nutrients 
release from cowdung and poultry manure were subtracted from 100% chemical fertilizers 
dose (FRG, 2012). The unit plot size was 3m × 4m. Tested crops and varieties were maize (var. 
BARI hybrid maize 5), mungbean (BARI mung 6) and T. Aman rice (BRRIdhan 57). Maize 
seeds were sown in line with 60 cm row to row and 25 cm seed to seed spacing on 24 
November 2014 and 25 November 2015. Two seeds were placed in each hole and thinned out 
to one when the seedlings were established. Seeds were treated with vitavex prior to seeding. 

      
The legume crop, mungbean, was cultivated after maize had been harvested. Except the 

native fertility plot, all mungbean plots received 20 kg N ha-1 from urea, not any other 
fertilizers. Mungbean seeds were sown in line with 30 cm row to row on 24 March 2015 and 
20 March 2016. After two picking of pods, the green biomass was ploughed down into the soil 
and left for decomposition until the T. Aman was transplanted.

         
Seedlings of T. Aman rice were transplanted in line to line with 20 cm and row to row with 

4. Conclusions
Combined application of organic manure and chemical fertilizers produced higher crop 

yield in the maize-mungbean-T. aman cropping pattern than the solitary application of 
chemical fertilizers. Between the two manure, performance of poultry manure was better 
than that of cowdung. Soil test-based IPNS treatment through poultry manure always 
recorded higher grain yield of all the three crops (maize, mungbean & T. aman rice that grown 
in sequence). IPNS treatment improved the soil properties. So, it can be inferred that 
integrated use of poultry manure (3 t ha-1) as IPNS basis could be an effective nutrient 
management strategy for sustained soil fertility and crop productivity of the 
maize-mungbean-T. aman  cropping pattern. 
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Abstract
A �ield experiment on maize-mungbean-T. aman cropping pattern was conducted in the 

Tista Meander Floodplain Soil (AEZ 3) at Sherpur, Bogura during 2014-2015 and 2015-2016 
with an objective to evaluate the effect of integrated use of manure and fertilizers on soil 
fertility and crop yield. There were eight treatments viz., T1: Control, T2: 75% soil test-based 
(STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 poultry manure (PM), T5: 3 t ha-1 PM 
+ IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 CD + IPNS and T8: 125% STB. The 
experiment was laid out in a randomized complete block design with three replications. Data 
revealed that the T5 (3 t PM + IPNS) treatment produced the highest grain yield of maize (8.11 
t ha-1 in 2014-2015 & 9.67 t ha-1 in 2015-2016) and the highest grain yield of mungbean (1.04 
& 1.06 t ha-1 in two years, respectively). For T. aman rice, T5 (3 t PM + IPNS) treatment 
produced the highest yield which was 4.81 t ha-1 in 2014-2015 and 5.40 t ha-1 in 2015-2016. 
Most of the chemical properties of post-harvest soil were improved due to application of 
organic manure through integrated nutrient management (INM) approach.
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1. Introduction
Integrated lant nutrition system (IPNS) enhances soil productivity through a balanced use 

of local and external sources of plant nutrients in a way that maintains or improves soil 
fertility and supports sustained crop productivity. INM techniques minimize nutrient losses 
and maximize ef�iciency while enhancing soil properties to boost agricultural production 
(Zhang et. al., 2012). We need to understand more about the extent and rate of nutrient 
depletion and soil physical degradation in these intensifying maize-rice systems and 
formulate amelioration strategies. Research work to sustain the cropping system by 
addressing soil mineral and organic fertility and maintenance of soil structure is required (Ali 
et al., 2009). Maize-T. aman rice is a major cropping system and now it becomes widespread 
in Bangladesh. Maize is a high nutrient demanding crop. An emerging issue is how to sustain 
the productivity of maize-rice cropping systems through integrated nutrient management 
(INM) strategies. Nutrient depletion-replenishment studies have shown negative balances for 

INM in maize-m.bean-rice



Abstract
A pot experiment with Boro rice (BRRI dhan29) was conducted at the net-house of 

Sher-e-Bangla Agricultural University (SAU), Dhaka. The experiment was carried out with six 
soils (�ive polluted by industrial ef�luents and 1 non-polluted soil) and three fertilizer 
treatments (control, 100% RDF and 70% RDF; RDF means recommended dose of fertilizers). 
The effects of polluted soils and fertilizers on yield and metal accumulation in rice grain were 
determined. The highest organic carbon (2.26%) and available P (18.19 ppm) was observed in 
S6 soils and the lowest in S1 soil (non-polluted). The highest level of Cd, Pb and Zn was found in 
S4 (1.26 ppm), S5 (18.2 ppm) and S6 (227 ppm) soils, respectively; these soils are located 
relatively near to waste carrying canals. The non-polluted soil S1 contained lower 
concentrations of those elements. Boro rice yield was signi�icantly in�luenced by different 
types of industrially polluted soils and fertilizer treatments. The highest grain yield (132.9 g 
pot-1) was found in S4T2 and the lowest in the S1T0 treated pots. Application of lower amount of 
fertilizers to  polluted soils increased the grain and straw yields. Similarly, the highest Pb 
accumulation in rice grain was found in S5T1 (1.305 ppm), and the lowest Pb (0.697 ppm) in 
S4T2. The highest rice Cd (0.495ppm) was noted in S1T1 which was close to that of S6T0 and the 
lowest grain Cd was observed in S3T2. These results indicate that higher levels of Pb and Cd 
were accumulated in rice grown on polluted soils. Higher level of grain S, K & Zn 
concentrations was observed in non-polluted soil receiving 100% recommended dose of 
fertilizers. 

Keywords: Industrial pollution, Chemical properties, Boro rice, Plant nutrients, Heavy metal 
pollution.

1. Introduction
Heavy metals, whether from natural or human sources, can pollute soil, water, plants, and 

ecosystems, impacting human health. Heavy metal pollution of agricultural soil and crops is 
one of the most severe ecological problems on a world scale, especially in developing 
countries like Bangladesh (Ahmad and Goni, 2010). Industrial ef�luent contains waste 
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Madhupur Tract. Soil texture, pH, %OC, nutrient and metal concentrations were determined. 
Soil pH was measured by glass electrode pH meter (McLean, 1982), organic matter by wet 
oxidation method (Nelson and Sommers, 1982) and total N content by micro-Kjeldahl method 
(Bremner and Mulvaney, 1982). Cadmium (Cd), Pb and Zn contents were determined by 
HNO3/HClO4 digestion method (Lindsay and Norvel, 1987). Phosphorus was extracted by 
sodium bicarbonate (0.5 M, pH 8.5) according to Olsen et al. (1954). Available S was 
determined by 0.15% CaCl2 extraction method (Page et al., 1982). The exchangeable 
potassium was extracted with 1N ammonium acetate and determined using the Flame 
photometer (Jackson, 1973). The soil texture, pH, %OC, nutrient and metal concentrations are 
mentioned in Table 1.

High yielding variety of Boro rice (BRRI dhan 29) was used in the experiment. Required 
amounts of fertilizers viz. TSP, MoP, gypsum, zinc sulphate and one-third urea were applied 
during �inal land preparation based on the fertilizer treatments and weight of pot soil. Two 
seedlings of rice was transplanted on 05 January 2021 and the crop at maturity was harvested 
on 27 May 2021. The yield and yield components were measured. The grain samples from 
every pot were determined for N, P, K, S, Cd, Pb, and Zn contents following standard methods. 
HNO3/HClO4 (87/13 v/v) (Jones and Case, 1990) digestion was followed for determining all 
the elements except N. The K, Cd, Pb, and Zn concentrations of the digests were determined by 
an atomic absorption spectrophotometer (Model: novAA400P, Brand: analytic jena). The 
collected data were analyzed using a two-way analysis of variance (ANOVA) and the signi�icant 
differences between treatments were symbolized by different alphabetical letters according 
to DMRT at p < 0.05 using MStat-C software. 

3. Results and Discussion

3.1 General soil properties and heavy metal contents of industrially polluted lands
Soils were collected from six different agricultural �ields under industrial areas of Bhaluka, 

Mymensingh (AEZ 28). There soil were analyzed for different soil properties including some 
heavy metals. The results are displayed in Table 1.

materials from manufacturing, often with toxins and chemicals. When released into the soil, it 
harms soil quality, fertility, and biological activity. This pollution leads to issues like reduced 
fertility, increased pest attacks, skin diseases, and lower yields (Afrad et al. 2020). Industrial 
ef�luents, particularly from textile industries, often contain harmful heavy metals. 

In countries like Bangladesh, poor management and disposal worsen the problem. 
Untreated ef�luents pollute water and soil, impacting crops, pests, animals, and humans 
(Hossain et al. 2010). Bangladesh has rapid growth in textile and dyeing industries. Bhaluka in 
Mymensingh district is a signi�icant area with industrial clusters, mainly textile 
manufacturing, including dyeing and printing units (Chowdhury and Clemett, 2006). Textile 
industries release untreated ef�luents into the ecosystem, affecting local livelihoods and soil 
quality due to trace metal accumulation (Chen et al. 2005).

Industrial wastewater contains toxins, including trace elements like Cu, Mn, Ni, Se, and Zn, 
which are essential in small amounts for organisms. However, high concentrations can be 
toxic. Industrial ef�luent carries harmful substances, polluting water, soil, and air, disrupting 
ecosystems (Hossain et al., 2010). Trace metals in soil are of growing concern for ecosystems, 
agriculture, and human health. Unregulated industrial ef�luent deposition contributes to the 
accumulation of elements like Cd, Cu, Zn, Cr, Ni, Pb, and Zn in surface soils (Mapanda et al. 
2005). This metal buildup can impact food quality and safety (Sharma et al. 2007), potentially 
posing health risks when crops absorb and accumulate them. In Bangladesh, information of 
trace metal contamination in soil and its transfer to crops near industrial areas are limited. 
Hence, a study was undertaken to evaluate changes in soil chemical properties in the soils of 
industrially polluted areas, (ii) Assess the in�luence of polluted soils along with or without 
fertilizer management on rice yield and metal & nutrient accumulation in rice grain.

2. Materials and Methods
The experiment was conducted at the net-house of Sher-e-Bangla Agricultural University 

(SAU), Dhaka. The experiment was laid out in Randomized Complete Block Design with 18 
treatment combinations (3 fertilizer treatments x 6 soils) having three replications. Six 
different soils were collected from Bhaluka industrially polluted areas considering the soil 
pollution intensity. 

There were 54 pots [6 soils (5 industrially polluted and 01 non-polluted) x 3 fertilizer 
treatments) x 3 replications] altogether. An amount of 17 kg soil was taken into each pot. The 
initial soil samples were analyzed for different nutrient contents along with physico-chemical 
properties following standard methods. There were three fertilizer treatments, namely T0: 
Control, T1: 100% RDCF, T2: 70% RDCF in combination with 6 soils (S1: Non-polluted soil, S2- S6 
polluted soil . Traditional irrigation i.e., continuous �looding (2-3 cm water) was imposed 
during whole crop growth period. The industrially polluted soils belong to the AEZ No. 28, 

15 cm on 01 August 2015 and 02 August 2016. Fertilizer N-P-K-S-Zn-B were supplied from 
urea, TSP, MoP, gypsum, zinc sulphate and boric acid, respectively. All PKSZnB and one-third 
of N were applied at the time of �inal land preparation. The remaining two-thirds of N were 
added as top dress at 25 and 45 days after sowing. Three irrigations and other intercultural 
operations were done as and when required. 

Crops were harvested i.e. maize on 03 May 2015 and 24 April 2016, mungbean on 15 June 
2015 and 20 June 2016 and T. aman rice on 04 November 2015 and 30 October 2016. Data on 
the yield and yield contributing characters were recorded and statistically analyzed. MSTATC 
and Statistics 10 were used to determine the signi�icant differences between the treatments. 
DMRT & LSD were used to determine the signi�icant differences between treatments (Steel 
and Torrie, 1960). Plant samples and post-harvest soil samples were collected from each plot 
for chemical analysis.

N and K in this cropping system (Saleque et al., 2006; Timsina et al., 2006a, 2006b). 
Over-exploitation and poor replenishment deplete soil nutrients, which arti�icial fertilization 
can't fully restore, leading to an imbalance in the nutrient pool (Paramesh et. al., 2014, 2020).

Maize is now becoming diversi�ied with many other crops including legume, potato etc. 
Leguminous crop is important for soil fertility concern because of its nitrogen �ixation ability 
and subsequent adding to the soil. After the �irst picking of mungbean pod, incorporation of 
brown biomass may lead to improved soil fertility and supply of available nutrients to the 
growing plants. Organic matter through adding mungbean biomass may exert subsequent 
effect on succeeding T. aman rice. In addition to that soil test based (STB) fertilizer 
management is deemed great signi�icance for improvement of soil health and sustainable crop 
yield. Therefore, the present study was undertaken to explore the bene�its of IPNS approach 
in terms of improvement of soil health as well as crop productivity. 

2. Materials and Methods
The �ield experiment was conducted in the Tista Meander Floodplain (AEZ 3) at Sherpur, 

Bogura during 2014-2015 and 2015-2016. The initial soil samples collected from 0-15 cm 
depth was analyzed in the laboratory following standard methods. The analytical results are 
presented in Table 1. The different nutrient status of the cowdung (CD) and poultry manure 
(PM) used in the experiment are shown in Table 2.

     
The experiment was laid out in a randomized complete block design with three 

replications. The different fertilizer treatments were T1: Control (no use of manure or 
fertilizer), T2: 75% soil test based (STB) fertilizer dose, T3: 100% STB, T4: 75% STB + 3 t ha-1 

poultry manure (PM), T5: 3 t ha-1 PM + IPNS, T6: 75% STB + 5 t ha-1 cowdung (CD), T7: 5 t ha-1 

CD + IPNS and T8: 125% STB; for the manure + fertilizer treatments, the amount of nutrients 
release from cowdung and poultry manure were subtracted from 100% chemical fertilizers 
dose (FRG, 2012). The unit plot size was 3m × 4m. Tested crops and varieties were maize (var. 
BARI hybrid maize 5), mungbean (BARI mung 6) and T. Aman rice (BRRIdhan 57). Maize 
seeds were sown in line with 60 cm row to row and 25 cm seed to seed spacing on 24 
November 2014 and 25 November 2015. Two seeds were placed in each hole and thinned out 
to one when the seedlings were established. Seeds were treated with vitavex prior to seeding. 

      
The legume crop, mungbean, was cultivated after maize had been harvested. Except the 

native fertility plot, all mungbean plots received 20 kg N ha-1 from urea, not any other 
fertilizers. Mungbean seeds were sown in line with 30 cm row to row on 24 March 2015 and 
20 March 2016. After two picking of pods, the green biomass was ploughed down into the soil 
and left for decomposition until the T. Aman was transplanted.

         
Seedlings of T. Aman rice were transplanted in line to line with 20 cm and row to row with 
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