
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 

nutrient uptake of diverse rice cultivars, aiming to enhance productivity while preserving 
genetic resources for sustainable rice production in Bangladesh.

2.  Materials and Methods

2.1 Experimental site and soil properties
The �ield experiment was conducted at the Field Laboratory of Soil Science Department of 

Bangladesh Agricultural University (BAU), Mymensingh from December 2022 to April 2023. 
Geographically, the site is located at 24°43'21"N latitude and 90°25'24"E longitude, with an 
elevation of 18 meters above sea level. The soil at the experimental site belongs to the Sonatala 
series within the Old Brahmaputra Floodplain (AEZ-9) (UNDP, 1988). To comprehensively 
understand the study conditions, the detailed physicochemical characteristics of the soil at the 
experimental �ield are outlined in Tables 1.

2.2 Experimental design and treatments 
Thirty rice varieties (23 BRRI, 3 indigenous, 3 BINA, and 1 BAU) were evaluated as 

treatments (Table 2) using a randomized complete block design with three replications. Each 
variety was randomly assigned within blocks, with a single line of 20 hills.

2.3   Crop management
The recommended doses of fertilizers for BAU farm  soil was 180 kg N, 24 kg P, 76 kg K, 12 

kg S, and 1.5 kg Zn ha−1 which were supplied as Urea, TSP, MoP, Gypsum, and Zinc sulfate, 
respectively (Ahmmed et al., 2018). According to Fertilizer Recommendation Guide-2018, all 
the fertilizers except urea were applied before transplanting. Urea was applied in three equal 

23). With the country's population projected to grow from 169 million to 220 million by 2050 
(UNFPA, 2022), the importance of enhancing rice production becomes even more critical. 
Rising population pressures continuously challenge farmers to increase rice yields to meet 
escalating food demands (Banoc and Garcia, 2020). 

The potential for increasing rice production in Bangladesh largely depends on integrating 
improved crop management practices for different varieties into existing cultivation systems 
(Chowhan et al., 2017). Variety selection is a key genetic factor that directly in�luences the 
growth and yield attributes of rice (Zhang et al., 2022), with each variety possessing unique 
characteristics and nutritional composition (Shozib et al., 2018). Indigenous rice varieties 
traditionally yield less (Rahman et al., 2021; Nayak et al., 2022), whereas HYVs, with larger 
panicles and heavier seeds, achieve higher yields (Wahyuni et al., 2024; Akhter et al., 2023). 
These varieties also offer additional advantages, including shorter growth cycles, improved 
tolerance to heat and salinity, and greater resistance to pests (Nayak et al., 2022). As a result, 
farmers have progressively replaced traditional, low-yielding indigenous varieties with HYVs 
which provide 20-30% higher yield per unit of land (Chowhan et al., 2017). However, the shift 
towards HYVs monoculture has led to a notable reduction in rice biodiversity, with a 
signi�icant number of indigenous varieties disappearing (Dwiningsih, 2023).

Despite lower yields, local rice varieties excel in resilience, resisting biotic and abiotic 
stresses while maintaining quality traits. Their unique physiology enables adaptation to 
adverse conditions, ensuring stable yields (Zainol et al., 2023; Islam et al., 2023). Local 
varieties also retain higher nutrient levels compared to polished HYVs, which lose essential 
vitamins and minerals during processing (Akhter et al., 2023). Additionally, their distinctive 
taste and texture are often preferred by consumers, increasing their market demand (Matsue 
et al., 2024). Furthermore, local rice farming practices promote biodiversity and reduce 
dependence on chemical inputs (Tonapha et al., 2024). Several studies have shown that 
indigenous rice cultivars exhibit signi�icant genetic diversity in ecological, 
morpho-physiological characteristics, nutritional attributes, and disease resistance 
(Fatamatuzzohora et al., 2023; Krishnan et al., 2023). Though not speci�ically targeted for 
stress adaptation, local rice varieties often possess valuable genes against adverse conditions 
such as cold tolerance and blast resistance (Shanmugam et al., 2024). These traits could be 
pivotal in varietal improvement programs aimed at increasing resilience and productivity. 
Indigenous cultivars provide diverse parental selections for enhancing yield components and 
overall crop characteristics (Velprabakaran et al., 2020). Incorporating the advantageous 
traits of local varieties into HYVs could signi�icantly boost the productivity of modern 
varieties. Therefore, a comparative study on the various traits of local and HYV rice is 
essential. While HYVs have signi�icantly boosted rice yields, the alarming decline in genetic 
diversity and nutrient uptake ef�iciency poses a major challenge to long-term sustainability. To 
address this, the present study comprehensively evaluates the agronomic performance and 
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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, 
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1. Introduction
Rice is the second leading cereal crop and a staple food for half of the world’s population, 

contributing to over one-�ifth of global calorie intake. Around 90% of the global production, 
totaling 645 million tons, is cultivated by Asian farmers across 114 countries (FPMU, 2023). In 
Bangladesh, rice occupies approximately 75% of the total cropped area and more than 80% of 
the total irrigated land (BRRI, 2024). The global average rice yield is 3.18 t ha-1, with 
Bangladesh slightly surpassing this at 3.25 t ha-1. However, Bangladesh's yield still lags behind 
countries like Japan (5.00 t ha-1) and China (4.74 t ha-1) (BRRI, 2023). During Boro season of 
2022-23, rice was cultivated on 4.85 million ha in this country, with an estimated yield of 4.28 
metric t ha-1, an increase of 2.07% compared to 4.19 metric t ha-1 in the previous year (BBS, 
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splits at 10, 30, and 53 DAT. For better growth and development of  rice seedlings, various 
intercultural operations viz. gap �illing, irrigation, weeding, and pest control using Brifer 5G 
insecticide @ 2 kg ha-1, were accomplished. Depending upon the maturity of each cultivar, 18 
hills of each variety were harvested manually, with the produce individually bundled to 
facilitate precise yield assessment.  Grain yield was recorded as t ha-1, adjusted to a 14% 
moisture basis, and straw yield was determined as t ha-1 on a sun-dry basis. Five hills for each 
variety from each block were taken to measure the yield components.

2.4 Analysis of grain samples
Grain samples, digested with 1.1 g of catalyst mixture (K2SO4: CuSO4.5H2O: Se powder = 

100: 10: 1), 3 ml of 30% H2O2 and 5 ml of conc. H2SO4 was used for the analysis of grain N 
content and nitric-perchloric acid digested grain samples were used for the determination of 
P, K, and S contents following standard methods. 

2.6 Statistical analysis
The experimental data were analyzed using R programming software (version 4.2.2). 

Analysis of variance (ANOVA) was performed to determine the signi�icance of treatment 
effects, and Tukey’s Honest Signi�icant Difference (HSD) test was used for pairwise 
comparisons at the 5% signi�icance level, following the methodology outlined by Gomez and 
Gomez (1984). Graphical representations of the results were created using the ggplot2 
package in R. Moreover, Principal Component Analysis (PCA) was done by the factoextra 
package. 

3. Results  

3.1 Growth and yield contributing characters of rice varieties
Statistical analysis showed signi�icant varietal effects on growth parameters (Table 2). 

Speci�ically, BRRI dhan50, statistically similar to BRRI dhan59, was the tallest, growing 46% 
taller than Begunbichi, the shortest variety. Likewise, panicle length varied, ranging from 
17.99 cm in BRRI dhan67 to 23.68 cm in BR9. Furthermore, Deshi Boro produced the highest 
number of tillers, which was 73% more than Kalizira, the lowest producer. However, despite 
its lower tiller count, Kalizira had the heaviest grains, weighing 48% more than those of 
Binadhan-10, the lightest.
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varieties also retain higher nutrient levels compared to polished HYVs, which lose essential 
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taste and texture are often preferred by consumers, increasing their market demand (Matsue 
et al., 2024). Furthermore, local rice farming practices promote biodiversity and reduce 
dependence on chemical inputs (Tonapha et al., 2024). Several studies have shown that 
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stress adaptation, local rice varieties often possess valuable genes against adverse conditions 
such as cold tolerance and blast resistance (Shanmugam et al., 2024). These traits could be 
pivotal in varietal improvement programs aimed at increasing resilience and productivity. 
Indigenous cultivars provide diverse parental selections for enhancing yield components and 
overall crop characteristics (Velprabakaran et al., 2020). Incorporating the advantageous 
traits of local varieties into HYVs could signi�icantly boost the productivity of modern 
varieties. Therefore, a comparative study on the various traits of local and HYV rice is 
essential. While HYVs have signi�icantly boosted rice yields, the alarming decline in genetic 
diversity and nutrient uptake ef�iciency poses a major challenge to long-term sustainability. To 
address this, the present study comprehensively evaluates the agronomic performance and 
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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, 
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totaling 645 million tons, is cultivated by Asian farmers across 114 countries (FPMU, 2023). In 
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facilitate precise yield assessment.  Grain yield was recorded as t ha-1, adjusted to a 14% 
moisture basis, and straw yield was determined as t ha-1 on a sun-dry basis. Five hills for each 
variety from each block were taken to measure the yield components.
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100: 10: 1), 3 ml of 30% H2O2 and 5 ml of conc. H2SO4 was used for the analysis of grain N 
content and nitric-perchloric acid digested grain samples were used for the determination of 
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2.6 Statistical analysis
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Analysis of variance (ANOVA) was performed to determine the signi�icance of treatment 
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Gomez (1984). Graphical representations of the results were created using the ggplot2 
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3. Results  

3.1 Growth and yield contributing characters of rice varieties
Statistical analysis showed signi�icant varietal effects on growth parameters (Table 2). 

Speci�ically, BRRI dhan50, statistically similar to BRRI dhan59, was the tallest, growing 46% 
taller than Begunbichi, the shortest variety. Likewise, panicle length varied, ranging from 
17.99 cm in BRRI dhan67 to 23.68 cm in BR9. Furthermore, Deshi Boro produced the highest 
number of tillers, which was 73% more than Kalizira, the lowest producer. However, despite 
its lower tiller count, Kalizira had the heaviest grains, weighing 48% more than those of 
Binadhan-10, the lightest.



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 

nutrient uptake of diverse rice cultivars, aiming to enhance productivity while preserving 
genetic resources for sustainable rice production in Bangladesh.

2.  Materials and Methods

2.1 Experimental site and soil properties
The �ield experiment was conducted at the Field Laboratory of Soil Science Department of 

Bangladesh Agricultural University (BAU), Mymensingh from December 2022 to April 2023. 
Geographically, the site is located at 24°43'21"N latitude and 90°25'24"E longitude, with an 
elevation of 18 meters above sea level. The soil at the experimental site belongs to the Sonatala 
series within the Old Brahmaputra Floodplain (AEZ-9) (UNDP, 1988). To comprehensively 
understand the study conditions, the detailed physicochemical characteristics of the soil at the 
experimental �ield are outlined in Tables 1.

2.2 Experimental design and treatments 
Thirty rice varieties (23 BRRI, 3 indigenous, 3 BINA, and 1 BAU) were evaluated as 

treatments (Table 2) using a randomized complete block design with three replications. Each 
variety was randomly assigned within blocks, with a single line of 20 hills.

2.3   Crop management
The recommended doses of fertilizers for BAU farm  soil was 180 kg N, 24 kg P, 76 kg K, 12 

kg S, and 1.5 kg Zn ha−1 which were supplied as Urea, TSP, MoP, Gypsum, and Zinc sulfate, 
respectively (Ahmmed et al., 2018). According to Fertilizer Recommendation Guide-2018, all 
the fertilizers except urea were applied before transplanting. Urea was applied in three equal 

23). With the country's population projected to grow from 169 million to 220 million by 2050 
(UNFPA, 2022), the importance of enhancing rice production becomes even more critical. 
Rising population pressures continuously challenge farmers to increase rice yields to meet 
escalating food demands (Banoc and Garcia, 2020). 

The potential for increasing rice production in Bangladesh largely depends on integrating 
improved crop management practices for different varieties into existing cultivation systems 
(Chowhan et al., 2017). Variety selection is a key genetic factor that directly in�luences the 
growth and yield attributes of rice (Zhang et al., 2022), with each variety possessing unique 
characteristics and nutritional composition (Shozib et al., 2018). Indigenous rice varieties 
traditionally yield less (Rahman et al., 2021; Nayak et al., 2022), whereas HYVs, with larger 
panicles and heavier seeds, achieve higher yields (Wahyuni et al., 2024; Akhter et al., 2023). 
These varieties also offer additional advantages, including shorter growth cycles, improved 
tolerance to heat and salinity, and greater resistance to pests (Nayak et al., 2022). As a result, 
farmers have progressively replaced traditional, low-yielding indigenous varieties with HYVs 
which provide 20-30% higher yield per unit of land (Chowhan et al., 2017). However, the shift 
towards HYVs monoculture has led to a notable reduction in rice biodiversity, with a 
signi�icant number of indigenous varieties disappearing (Dwiningsih, 2023).

Despite lower yields, local rice varieties excel in resilience, resisting biotic and abiotic 
stresses while maintaining quality traits. Their unique physiology enables adaptation to 
adverse conditions, ensuring stable yields (Zainol et al., 2023; Islam et al., 2023). Local 
varieties also retain higher nutrient levels compared to polished HYVs, which lose essential 
vitamins and minerals during processing (Akhter et al., 2023). Additionally, their distinctive 
taste and texture are often preferred by consumers, increasing their market demand (Matsue 
et al., 2024). Furthermore, local rice farming practices promote biodiversity and reduce 
dependence on chemical inputs (Tonapha et al., 2024). Several studies have shown that 
indigenous rice cultivars exhibit signi�icant genetic diversity in ecological, 
morpho-physiological characteristics, nutritional attributes, and disease resistance 
(Fatamatuzzohora et al., 2023; Krishnan et al., 2023). Though not speci�ically targeted for 
stress adaptation, local rice varieties often possess valuable genes against adverse conditions 
such as cold tolerance and blast resistance (Shanmugam et al., 2024). These traits could be 
pivotal in varietal improvement programs aimed at increasing resilience and productivity. 
Indigenous cultivars provide diverse parental selections for enhancing yield components and 
overall crop characteristics (Velprabakaran et al., 2020). Incorporating the advantageous 
traits of local varieties into HYVs could signi�icantly boost the productivity of modern 
varieties. Therefore, a comparative study on the various traits of local and HYV rice is 
essential. While HYVs have signi�icantly boosted rice yields, the alarming decline in genetic 
diversity and nutrient uptake ef�iciency poses a major challenge to long-term sustainability. To 
address this, the present study comprehensively evaluates the agronomic performance and 
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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, 

Abstract
Rice is the backbone of Bangladesh’s agriculture and food security, yet its productivity 

remains lower than that of other leading rice-producing countries. High-yielding varieties 
(HYVs) have signi�icantly enhanced grain output which otherwise concerns over declining 
genetic diversity and nutrient uptake ef�iciency that necessitates a comparative evaluation of 
modern and indigenous cultivars. Therefore, a study was done at the Soil Science Field 
Laboratory of Bangladesh Agricultural University (BAU), Mymensingh, during Boro season of 
2022-2023 to compare the agronomic traits and nutrient content of 30 Bangladeshi rice 
varieties. The experiment followed a randomized complete block design with three 
replications. The �indings revealed that modern varieties outperformed local cultivars in most 
of the traits. Notably, the maximum plant height, panicle length, tillers hill-1, grains panicle-1, 
and 1000-grain weight were recorded in Begunbichi, BR9, Deshi Boro, BR17, and 
Binadhan-10, respectively. Additionally, BAU dhan3 yielded 68% more grain yield than the 
low-yielding Begunbichi, while Kalizira produced 49% more straw yield than BR2. The highest 
content of nitrogen, phosphorus, potassium, and sulfur was observed in BRRI dhan68, BR16, 
BRRI dhan69, and BAU dhan3, respectively. Findings suggest that while HYVs with superior 
nutrient content potential serve as valuable genetic resources for yield improvement and local 
varieties with resilience to environmental stresses could also contribute to breeding programs 
aimed at enhancing both productivity and sustainability in rice cultivation.

Keywords: Genetic diversity, HYV rice, Nutrient content, Rice yield

1. Introduction
Rice is the second leading cereal crop and a staple food for half of the world’s population, 

contributing to over one-�ifth of global calorie intake. Around 90% of the global production, 
totaling 645 million tons, is cultivated by Asian farmers across 114 countries (FPMU, 2023). In 
Bangladesh, rice occupies approximately 75% of the total cropped area and more than 80% of 
the total irrigated land (BRRI, 2024). The global average rice yield is 3.18 t ha-1, with 
Bangladesh slightly surpassing this at 3.25 t ha-1. However, Bangladesh's yield still lags behind 
countries like Japan (5.00 t ha-1) and China (4.74 t ha-1) (BRRI, 2023). During Boro season of 
2022-23, rice was cultivated on 4.85 million ha in this country, with an estimated yield of 4.28 
metric t ha-1, an increase of 2.07% compared to 4.19 metric t ha-1 in the previous year (BBS, 

splits at 10, 30, and 53 DAT. For better growth and development of  rice seedlings, various 
intercultural operations viz. gap �illing, irrigation, weeding, and pest control using Brifer 5G 
insecticide @ 2 kg ha-1, were accomplished. Depending upon the maturity of each cultivar, 18 
hills of each variety were harvested manually, with the produce individually bundled to 
facilitate precise yield assessment.  Grain yield was recorded as t ha-1, adjusted to a 14% 
moisture basis, and straw yield was determined as t ha-1 on a sun-dry basis. Five hills for each 
variety from each block were taken to measure the yield components.

2.4 Analysis of grain samples
Grain samples, digested with 1.1 g of catalyst mixture (K2SO4: CuSO4.5H2O: Se powder = 

100: 10: 1), 3 ml of 30% H2O2 and 5 ml of conc. H2SO4 was used for the analysis of grain N 
content and nitric-perchloric acid digested grain samples were used for the determination of 
P, K, and S contents following standard methods. 

2.6 Statistical analysis
The experimental data were analyzed using R programming software (version 4.2.2). 

Analysis of variance (ANOVA) was performed to determine the signi�icance of treatment 
effects, and Tukey’s Honest Signi�icant Difference (HSD) test was used for pairwise 
comparisons at the 5% signi�icance level, following the methodology outlined by Gomez and 
Gomez (1984). Graphical representations of the results were created using the ggplot2 
package in R. Moreover, Principal Component Analysis (PCA) was done by the factoextra 
package. 

3. Results  

3.1 Growth and yield contributing characters of rice varieties
Statistical analysis showed signi�icant varietal effects on growth parameters (Table 2). 

Speci�ically, BRRI dhan50, statistically similar to BRRI dhan59, was the tallest, growing 46% 
taller than Begunbichi, the shortest variety. Likewise, panicle length varied, ranging from 
17.99 cm in BRRI dhan67 to 23.68 cm in BR9. Furthermore, Deshi Boro produced the highest 
number of tillers, which was 73% more than Kalizira, the lowest producer. However, despite 
its lower tiller count, Kalizira had the heaviest grains, weighing 48% more than those of 
Binadhan-10, the lightest.
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Thirty rice varieties (23 BRRI, 3 indigenous, 3 BINA, and 1 BAU) were evaluated as 

treatments (Table 2) using a randomized complete block design with three replications. Each 
variety was randomly assigned within blocks, with a single line of 20 hills.

2.3   Crop management
The recommended doses of fertilizers for BAU farm  soil was 180 kg N, 24 kg P, 76 kg K, 12 

kg S, and 1.5 kg Zn ha−1 which were supplied as Urea, TSP, MoP, Gypsum, and Zinc sulfate, 
respectively (Ahmmed et al., 2018). According to Fertilizer Recommendation Guide-2018, all 
the fertilizers except urea were applied before transplanting. Urea was applied in three equal 
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intercultural operations viz. gap �illing, irrigation, weeding, and pest control using Brifer 5G 
insecticide @ 2 kg ha-1, were accomplished. Depending upon the maturity of each cultivar, 18 
hills of each variety were harvested manually, with the produce individually bundled to 
facilitate precise yield assessment.  Grain yield was recorded as t ha-1, adjusted to a 14% 
moisture basis, and straw yield was determined as t ha-1 on a sun-dry basis. Five hills for each 
variety from each block were taken to measure the yield components.

2.4 Analysis of grain samples
Grain samples, digested with 1.1 g of catalyst mixture (K2SO4: CuSO4.5H2O: Se powder = 

100: 10: 1), 3 ml of 30% H2O2 and 5 ml of conc. H2SO4 was used for the analysis of grain N 
content and nitric-perchloric acid digested grain samples were used for the determination of 
P, K, and S contents following standard methods. 

2.6 Statistical analysis
The experimental data were analyzed using R programming software (version 4.2.2). 

Analysis of variance (ANOVA) was performed to determine the signi�icance of treatment 
effects, and Tukey’s Honest Signi�icant Difference (HSD) test was used for pairwise 
comparisons at the 5% signi�icance level, following the methodology outlined by Gomez and 
Gomez (1984). Graphical representations of the results were created using the ggplot2 
package in R. Moreover, Principal Component Analysis (PCA) was done by the factoextra 
package. 

3. Results  

3.1 Growth and yield contributing characters of rice varieties
Statistical analysis showed signi�icant varietal effects on growth parameters (Table 2). 

Speci�ically, BRRI dhan50, statistically similar to BRRI dhan59, was the tallest, growing 46% 
taller than Begunbichi, the shortest variety. Likewise, panicle length varied, ranging from 
17.99 cm in BRRI dhan67 to 23.68 cm in BR9. Furthermore, Deshi Boro produced the highest 
number of tillers, which was 73% more than Kalizira, the lowest producer. However, despite 
its lower tiller count, Kalizira had the heaviest grains, weighing 48% more than those of 
Binadhan-10, the lightest.
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guidelines to ensure quality fertilizer at �ield level. Considering the above perspectives, SRDI, 
performed the fertilizer quality audit in representative localities and determined the nutrient 
content of different company’s micronutrient fertilizers available in markets accessed by 
farmers.

2. Materials and Methods
The Soil Resource Development Institute (SRDI) conducted a study to determine the 

nutrient content of different fertilizers that were applied by the farmers by the support of 
Nutrient Management for diversi�ied in Bangladesh (NUMAN) Project. In 2018 to 2019, SRDI 
analysed macronutrient fertilizer samples (urea, TSP, DAP, MoP, Gypsum, Magnesium 
sulphate) and micronutrient fertilizers (Zinc sulphate monohydrate, Zinc sulphate 
heptahydrate, Chelated zinc; solubor boron, boric acid) collected from six localities and 
determined the nutrient and heavy metal concentrations.  The fertilizer quality study �indings 
in 2018 and 2019, showed that urea, TSP, DAP and MoP were of high quality (compliant to 
Government speci�ications) as well as were low-cost fertilizer like gypsum. So, no further 
quality audits of those macronutrient fertilizers were conducted. On the other hand, 
micronutrient fertilizers continued to be sampled in the 3rd year to 5th year. Samples were 
identi�ied by different marketing companies. In the 5th year, Damuddya of Shoriatpur district 
and Saidpur of Nilphamari district were included in the study area. The fertilizers samples 
were collected from Mymensingh, Thakurgaon, Gudagari, Durgapur, Saidpur and Damuddya 
hub areas before Rabi season in January as more micronutrient fertilizers were used in rabi 
crops. On the other hand, from Dacope of Khulna district and Amtali of Barguna district 
fertilizer samples were collected before Kharif season in July-August where more fertilizers 
were used in Kharif season. On the basis of availability of the micronutrient fertilizer in the 
local market, neighbouring the fertilizer samples were collected along with trade names, pack 
size, unit price and address of the marketing companies. From 2018 to 2022 a total of 918 
fertilizer samples (Urea-24; TSP-24; DAP-24; MoP-24; Gypsum-24; Zinc sulphate 
monohydrate-244; Zinc sulphate heptahydrate-72; Chelated zinc- 196; solubor boron- 170 
and boric acid-116) were collected. Fertilizer sample collection was done following the 
‘Fertilizer Inspection Manual 2003’ approved by the Government of the People’s Republic of 
Bangladesh. Collected micronutrient fertilizer samples were analysed following the standard 
procedure ‘Manual for Fertilizer Analysis, 2003’ approved by the Government of the People’s 
Republic of Bangladesh. MS excel software was used for statistical analysis.

3. Result & Discussion

3.1 Macronutrient fertilizers quality
The key macronutrient fertilizers, Urea, TSP, DAP, MoP and Gypsum, were collected from 

six localities during 2018-2019 where sample size was equal. A total of 120 macronutrient 
fertilizers sample were collected (Table 1).

of iron and zinc. The Copenhagen Consensus (2008) ranks the alleviation of iron and zinc 
de�iciencies as a top priority (Copenhagen Consensus, 2008). Bio-forti�ication with 
micronutrients in edible parts of crop can be achieved by utilizing crop and soil management 
(Zuo and Zhang, 2011). Rice feeds almost 50-58% of the world’s population (Zeng et al., 2010), 
but it is considerably de�icient in micronutrients (Bouis and Welch, 2010). Therefore, even a 
small increase in the nutritive value of rice can be highly signi�icant for human nutrition 
(Zhang et al., 2012). 

Bangladesh agriculture has made an outstanding achievement in food suf�iciency. Even in 
the midst of the Covid-19 pandemic and made a signi�icant contribution to the country’s food 
security. High yielding varieties, hybrids and high value crops have been introduced to its 
agriculture. Bangladesh agriculture has been passing through a transition from subsistence 
farming to commercial agriculture. Crop production and cropping intensity increased several 
times during the last three decades. It is apprehended that there creates a chance of nutrient 
depletion in terms of nutrient mining. Farmers are mostly using macronutrient fertilizers like 
urea, triple superphosphate (TSP), di-ammonium phosphate (DAP), muriate of potash (MoP) 
and gypsum. On the other hand, there is very little or no use of micronutrient fertilizers like 
zinc (Zn) and boron (B). One possible reason for low use of Zn and B fertilizer is lack of 
con�idence in fertilizer quality by farmers. A long-term study �inding of Soil Resource 
Development Institute (SRDI) showed that low to very low soil Zn status in soils increased 
from 28.7% to 78.8% in arable land from 2010 to 2020 in Bangladesh and in case of boron (B) 
it was increased from 26% to 30.8% in arable land area in the same period (Hasan et al., 
2020). Add some information about Zn also Boron is a limiting factor in crop productivity in 
rice-based cropping system (Farooq et al., 2018). Various soil factors including pH, organic 
matter, clay minerals, sesquioxides (Fe and Al oxides), carbonates, and tillage signi�icantly 
in�luence the plant availability to B, the content of soil extractable B, and different B fractions 
transformations in soil (Jin et al., 1987, Tsalidas et al., 1994, Yermiyahu, 1995). 

The aim of the present study was to perform a quality audit of fertilizer used by farmers as 
fertilizer adulteration might one of the causes for yield loss and lack of farmers’ con�idence in 
fertilizer application. The fertilizer recommendations from NARS and FRG were based on pure 
and appropriate concentration of N, P, K, S, Zn and B; however, adulterated fertilizers might not 
provide expected results to the farmers, thus the farmers would deprive of the satisfactory 
yield of a crop and farmers had to buy and apply more fertilizers to their �ield for yield 
maximization. Moreover, continuous application of adulterated fertilizers might have played 
adverse effect on soil nutrient balance which affected soil health. Quality of fertilizers played 
an important role to ensure desirable crop yield as well as crop quality. It is important to 
ensure the quality of fertilizers at �ield level before establishment of crops in the selected 
cropping patterns for ef�icient nutrient management in the project hub areas and analyze the 
samples to verify the nutrient concentrations in fertilizers. It would also help on policy 

Abstract 
Micronutrient fertilizer marketing policy is not subjected to regulation in the way that 

macronutrient fertilizers are in Bangladesh. The present study investigated quality of 512 zinc 
(Zn) and 286 boron (B) fertilizers at �ield level in selected areas from 2018 to 2022. Fertilizer 
samples were collected and analyzed following standard protocols. Results revealed that most 
of the zinc fertilizers and a notable number of boron fertilizers were non-compliant to the 
speci�ication of Bangladesh Government. About 97% of zinc sulfate monohydrate were 
non-compliant with the standard where 13% of them contained <1% Zn, 20% contained 1-5% 
Zn, 26% were close to the standard (>30% Zn) and only 3% complied with the standard. 
About 69% of zinc sulfate heptahydrate were non-compliant including 15% that contained 
<1% Zn, 18% contained 1-5% Zn, while 31% were compliant to the standard. Among zinc 
chelate fertilizers, 53% were compliant but the quality was highly variable among different 
sampling locations. It was observed that about 19% of boron containing solubor was 
non-compliant, while 42% of boric acid, fertilizer was non-compliant. The �indings visualized 
poor qualities of zinc and boron fertilizers used by the farmers in Bangladesh which might 
have serious negative impacts on crop production. Government initiative is urged for 
immediate action for improving qualities of micronutrient fertilizers. This may be achieved by 
the Government through strict control during micronutrient production, import and 
marketing. 

Keywords: Adulteration, Fertilizer quality audit, Nutrient concentration, Zinc fertilizers, 
Boron fertilizers

1. Introduction
Micronutrient de�iciency is one of the emerging challenges to food and nutritional security 

particularly in developing countries (Bell and Dell, 2008). There is a growing realization of the 
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2.2 Experimental design and treatments 
Thirty rice varieties (23 BRRI, 3 indigenous, 3 BINA, and 1 BAU) were evaluated as 

treatments (Table 2) using a randomized complete block design with three replications. Each 
variety was randomly assigned within blocks, with a single line of 20 hills.

2.3   Crop management
The recommended doses of fertilizers for BAU farm  soil was 180 kg N, 24 kg P, 76 kg K, 12 

kg S, and 1.5 kg Zn ha−1 which were supplied as Urea, TSP, MoP, Gypsum, and Zinc sulfate, 
respectively (Ahmmed et al., 2018). According to Fertilizer Recommendation Guide-2018, all 
the fertilizers except urea were applied before transplanting. Urea was applied in three equal 

splits at 10, 30, and 53 DAT. For better growth and development of  rice seedlings, various 
intercultural operations viz. gap �illing, irrigation, weeding, and pest control using Brifer 5G 
insecticide @ 2 kg ha-1, were accomplished. Depending upon the maturity of each cultivar, 18 
hills of each variety were harvested manually, with the produce individually bundled to 
facilitate precise yield assessment.  Grain yield was recorded as t ha-1, adjusted to a 14% 
moisture basis, and straw yield was determined as t ha-1 on a sun-dry basis. Five hills for each 
variety from each block were taken to measure the yield components.

2.4 Analysis of grain samples
Grain samples, digested with 1.1 g of catalyst mixture (K2SO4: CuSO4.5H2O: Se powder = 

100: 10: 1), 3 ml of 30% H2O2 and 5 ml of conc. H2SO4 was used for the analysis of grain N 
content and nitric-perchloric acid digested grain samples were used for the determination of 
P, K, and S contents following standard methods. 

2.6 Statistical analysis
The experimental data were analyzed using R programming software (version 4.2.2). 

Analysis of variance (ANOVA) was performed to determine the signi�icance of treatment 
effects, and Tukey’s Honest Signi�icant Difference (HSD) test was used for pairwise 
comparisons at the 5% signi�icance level, following the methodology outlined by Gomez and 
Gomez (1984). Graphical representations of the results were created using the ggplot2 
package in R. Moreover, Principal Component Analysis (PCA) was done by the factoextra 
package. 

3. Results  

3.1 Growth and yield contributing characters of rice varieties
Statistical analysis showed signi�icant varietal effects on growth parameters (Table 2). 

Speci�ically, BRRI dhan50, statistically similar to BRRI dhan59, was the tallest, growing 46% 
taller than Begunbichi, the shortest variety. Likewise, panicle length varied, ranging from 
17.99 cm in BRRI dhan67 to 23.68 cm in BR9. Furthermore, Deshi Boro produced the highest 
number of tillers, which was 73% more than Kalizira, the lowest producer. However, despite 
its lower tiller count, Kalizira had the heaviest grains, weighing 48% more than those of 
Binadhan-10, the lightest.
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guidelines to ensure quality fertilizer at �ield level. Considering the above perspectives, SRDI, 
performed the fertilizer quality audit in representative localities and determined the nutrient 
content of different company’s micronutrient fertilizers available in markets accessed by 
farmers.

2. Materials and Methods
The Soil Resource Development Institute (SRDI) conducted a study to determine the 

nutrient content of different fertilizers that were applied by the farmers by the support of 
Nutrient Management for diversi�ied in Bangladesh (NUMAN) Project. In 2018 to 2019, SRDI 
analysed macronutrient fertilizer samples (urea, TSP, DAP, MoP, Gypsum, Magnesium 
sulphate) and micronutrient fertilizers (Zinc sulphate monohydrate, Zinc sulphate 
heptahydrate, Chelated zinc; solubor boron, boric acid) collected from six localities and 
determined the nutrient and heavy metal concentrations.  The fertilizer quality study �indings 
in 2018 and 2019, showed that urea, TSP, DAP and MoP were of high quality (compliant to 
Government speci�ications) as well as were low-cost fertilizer like gypsum. So, no further 
quality audits of those macronutrient fertilizers were conducted. On the other hand, 
micronutrient fertilizers continued to be sampled in the 3rd year to 5th year. Samples were 
identi�ied by different marketing companies. In the 5th year, Damuddya of Shoriatpur district 
and Saidpur of Nilphamari district were included in the study area. The fertilizers samples 
were collected from Mymensingh, Thakurgaon, Gudagari, Durgapur, Saidpur and Damuddya 
hub areas before Rabi season in January as more micronutrient fertilizers were used in rabi 
crops. On the other hand, from Dacope of Khulna district and Amtali of Barguna district 
fertilizer samples were collected before Kharif season in July-August where more fertilizers 
were used in Kharif season. On the basis of availability of the micronutrient fertilizer in the 
local market, neighbouring the fertilizer samples were collected along with trade names, pack 
size, unit price and address of the marketing companies. From 2018 to 2022 a total of 918 
fertilizer samples (Urea-24; TSP-24; DAP-24; MoP-24; Gypsum-24; Zinc sulphate 
monohydrate-244; Zinc sulphate heptahydrate-72; Chelated zinc- 196; solubor boron- 170 
and boric acid-116) were collected. Fertilizer sample collection was done following the 
‘Fertilizer Inspection Manual 2003’ approved by the Government of the People’s Republic of 
Bangladesh. Collected micronutrient fertilizer samples were analysed following the standard 
procedure ‘Manual for Fertilizer Analysis, 2003’ approved by the Government of the People’s 
Republic of Bangladesh. MS excel software was used for statistical analysis.

3. Result & Discussion

3.1 Macronutrient fertilizers quality
The key macronutrient fertilizers, Urea, TSP, DAP, MoP and Gypsum, were collected from 

six localities during 2018-2019 where sample size was equal. A total of 120 macronutrient 
fertilizers sample were collected (Table 1).

of iron and zinc. The Copenhagen Consensus (2008) ranks the alleviation of iron and zinc 
de�iciencies as a top priority (Copenhagen Consensus, 2008). Bio-forti�ication with 
micronutrients in edible parts of crop can be achieved by utilizing crop and soil management 
(Zuo and Zhang, 2011). Rice feeds almost 50-58% of the world’s population (Zeng et al., 2010), 
but it is considerably de�icient in micronutrients (Bouis and Welch, 2010). Therefore, even a 
small increase in the nutritive value of rice can be highly signi�icant for human nutrition 
(Zhang et al., 2012). 

Bangladesh agriculture has made an outstanding achievement in food suf�iciency. Even in 
the midst of the Covid-19 pandemic and made a signi�icant contribution to the country’s food 
security. High yielding varieties, hybrids and high value crops have been introduced to its 
agriculture. Bangladesh agriculture has been passing through a transition from subsistence 
farming to commercial agriculture. Crop production and cropping intensity increased several 
times during the last three decades. It is apprehended that there creates a chance of nutrient 
depletion in terms of nutrient mining. Farmers are mostly using macronutrient fertilizers like 
urea, triple superphosphate (TSP), di-ammonium phosphate (DAP), muriate of potash (MoP) 
and gypsum. On the other hand, there is very little or no use of micronutrient fertilizers like 
zinc (Zn) and boron (B). One possible reason for low use of Zn and B fertilizer is lack of 
con�idence in fertilizer quality by farmers. A long-term study �inding of Soil Resource 
Development Institute (SRDI) showed that low to very low soil Zn status in soils increased 
from 28.7% to 78.8% in arable land from 2010 to 2020 in Bangladesh and in case of boron (B) 
it was increased from 26% to 30.8% in arable land area in the same period (Hasan et al., 
2020). Add some information about Zn also Boron is a limiting factor in crop productivity in 
rice-based cropping system (Farooq et al., 2018). Various soil factors including pH, organic 
matter, clay minerals, sesquioxides (Fe and Al oxides), carbonates, and tillage signi�icantly 
in�luence the plant availability to B, the content of soil extractable B, and different B fractions 
transformations in soil (Jin et al., 1987, Tsalidas et al., 1994, Yermiyahu, 1995). 

The aim of the present study was to perform a quality audit of fertilizer used by farmers as 
fertilizer adulteration might one of the causes for yield loss and lack of farmers’ con�idence in 
fertilizer application. The fertilizer recommendations from NARS and FRG were based on pure 
and appropriate concentration of N, P, K, S, Zn and B; however, adulterated fertilizers might not 
provide expected results to the farmers, thus the farmers would deprive of the satisfactory 
yield of a crop and farmers had to buy and apply more fertilizers to their �ield for yield 
maximization. Moreover, continuous application of adulterated fertilizers might have played 
adverse effect on soil nutrient balance which affected soil health. Quality of fertilizers played 
an important role to ensure desirable crop yield as well as crop quality. It is important to 
ensure the quality of fertilizers at �ield level before establishment of crops in the selected 
cropping patterns for ef�icient nutrient management in the project hub areas and analyze the 
samples to verify the nutrient concentrations in fertilizers. It would also help on policy 
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2.2 Experimental design and treatments 
Thirty rice varieties (23 BRRI, 3 indigenous, 3 BINA, and 1 BAU) were evaluated as 

treatments (Table 2) using a randomized complete block design with three replications. Each 
variety was randomly assigned within blocks, with a single line of 20 hills.

2.3   Crop management
The recommended doses of fertilizers for BAU farm  soil was 180 kg N, 24 kg P, 76 kg K, 12 

kg S, and 1.5 kg Zn ha−1 which were supplied as Urea, TSP, MoP, Gypsum, and Zinc sulfate, 
respectively (Ahmmed et al., 2018). According to Fertilizer Recommendation Guide-2018, all 
the fertilizers except urea were applied before transplanting. Urea was applied in three equal 

splits at 10, 30, and 53 DAT. For better growth and development of  rice seedlings, various 
intercultural operations viz. gap �illing, irrigation, weeding, and pest control using Brifer 5G 
insecticide @ 2 kg ha-1, were accomplished. Depending upon the maturity of each cultivar, 18 
hills of each variety were harvested manually, with the produce individually bundled to 
facilitate precise yield assessment.  Grain yield was recorded as t ha-1, adjusted to a 14% 
moisture basis, and straw yield was determined as t ha-1 on a sun-dry basis. Five hills for each 
variety from each block were taken to measure the yield components.

2.4 Analysis of grain samples
Grain samples, digested with 1.1 g of catalyst mixture (K2SO4: CuSO4.5H2O: Se powder = 

100: 10: 1), 3 ml of 30% H2O2 and 5 ml of conc. H2SO4 was used for the analysis of grain N 
content and nitric-perchloric acid digested grain samples were used for the determination of 
P, K, and S contents following standard methods. 

2.6 Statistical analysis
The experimental data were analyzed using R programming software (version 4.2.2). 

Analysis of variance (ANOVA) was performed to determine the signi�icance of treatment 
effects, and Tukey’s Honest Signi�icant Difference (HSD) test was used for pairwise 
comparisons at the 5% signi�icance level, following the methodology outlined by Gomez and 
Gomez (1984). Graphical representations of the results were created using the ggplot2 
package in R. Moreover, Principal Component Analysis (PCA) was done by the factoextra 
package. 

3. Results  

3.1 Growth and yield contributing characters of rice varieties
Statistical analysis showed signi�icant varietal effects on growth parameters (Table 2). 

Speci�ically, BRRI dhan50, statistically similar to BRRI dhan59, was the tallest, growing 46% 
taller than Begunbichi, the shortest variety. Likewise, panicle length varied, ranging from 
17.99 cm in BRRI dhan67 to 23.68 cm in BR9. Furthermore, Deshi Boro produced the highest 
number of tillers, which was 73% more than Kalizira, the lowest producer. However, despite 
its lower tiller count, Kalizira had the heaviest grains, weighing 48% more than those of 
Binadhan-10, the lightest.

3.2 Yield comparison among different rice varieties
Statistical analysis showed signi�icant cultivar effects on yield parameters (Fig. 1). BAU 

dhan3 had the highest grain yield, followed by Bindhan10, both yielding almost 68% more 
than Begunbichi, which was statistically similar to Deshi Boro. In contrast, Kalizira produced 
the most straw, yielding nearly 49% more than BR2.

3.3 Nutrient concentration of grains of different rice varieties
The grain samples of various rice cultivars were analyzed for N, P, K, and S concentrations, 

revealing signi�icant variation between the varieties (Table 3). BRRI dhan68 had the highest N 
content, 68% more than local varieties. Similarly, BR16 contained the most P, around 71% 
higher than indigenous cultivars. For K, BRRI dhan69 and BRRI dhan55 had the highest levels, 
nearly 73% more than local varieties. Finally, BAU dhan3 and Binadhan-10 had the highest S 
content, approximately 75% greater than indigenous varieties.
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nutrient content of different fertilizers that were applied by the farmers by the support of 
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sulphate) and micronutrient fertilizers (Zinc sulphate monohydrate, Zinc sulphate 
heptahydrate, Chelated zinc; solubor boron, boric acid) collected from six localities and 
determined the nutrient and heavy metal concentrations.  The fertilizer quality study �indings 
in 2018 and 2019, showed that urea, TSP, DAP and MoP were of high quality (compliant to 
Government speci�ications) as well as were low-cost fertilizer like gypsum. So, no further 
quality audits of those macronutrient fertilizers were conducted. On the other hand, 
micronutrient fertilizers continued to be sampled in the 3rd year to 5th year. Samples were 
identi�ied by different marketing companies. In the 5th year, Damuddya of Shoriatpur district 
and Saidpur of Nilphamari district were included in the study area. The fertilizers samples 
were collected from Mymensingh, Thakurgaon, Gudagari, Durgapur, Saidpur and Damuddya 
hub areas before Rabi season in January as more micronutrient fertilizers were used in rabi 
crops. On the other hand, from Dacope of Khulna district and Amtali of Barguna district 
fertilizer samples were collected before Kharif season in July-August where more fertilizers 
were used in Kharif season. On the basis of availability of the micronutrient fertilizer in the 
local market, neighbouring the fertilizer samples were collected along with trade names, pack 
size, unit price and address of the marketing companies. From 2018 to 2022 a total of 918 
fertilizer samples (Urea-24; TSP-24; DAP-24; MoP-24; Gypsum-24; Zinc sulphate 
monohydrate-244; Zinc sulphate heptahydrate-72; Chelated zinc- 196; solubor boron- 170 
and boric acid-116) were collected. Fertilizer sample collection was done following the 
‘Fertilizer Inspection Manual 2003’ approved by the Government of the People’s Republic of 
Bangladesh. Collected micronutrient fertilizer samples were analysed following the standard 
procedure ‘Manual for Fertilizer Analysis, 2003’ approved by the Government of the People’s 
Republic of Bangladesh. MS excel software was used for statistical analysis.

3. Result & Discussion

3.1 Macronutrient fertilizers quality
The key macronutrient fertilizers, Urea, TSP, DAP, MoP and Gypsum, were collected from 

six localities during 2018-2019 where sample size was equal. A total of 120 macronutrient 
fertilizers sample were collected (Table 1).

of iron and zinc. The Copenhagen Consensus (2008) ranks the alleviation of iron and zinc 
de�iciencies as a top priority (Copenhagen Consensus, 2008). Bio-forti�ication with 
micronutrients in edible parts of crop can be achieved by utilizing crop and soil management 
(Zuo and Zhang, 2011). Rice feeds almost 50-58% of the world’s population (Zeng et al., 2010), 
but it is considerably de�icient in micronutrients (Bouis and Welch, 2010). Therefore, even a 
small increase in the nutritive value of rice can be highly signi�icant for human nutrition 
(Zhang et al., 2012). 

Bangladesh agriculture has made an outstanding achievement in food suf�iciency. Even in 
the midst of the Covid-19 pandemic and made a signi�icant contribution to the country’s food 
security. High yielding varieties, hybrids and high value crops have been introduced to its 
agriculture. Bangladesh agriculture has been passing through a transition from subsistence 
farming to commercial agriculture. Crop production and cropping intensity increased several 
times during the last three decades. It is apprehended that there creates a chance of nutrient 
depletion in terms of nutrient mining. Farmers are mostly using macronutrient fertilizers like 
urea, triple superphosphate (TSP), di-ammonium phosphate (DAP), muriate of potash (MoP) 
and gypsum. On the other hand, there is very little or no use of micronutrient fertilizers like 
zinc (Zn) and boron (B). One possible reason for low use of Zn and B fertilizer is lack of 
con�idence in fertilizer quality by farmers. A long-term study �inding of Soil Resource 
Development Institute (SRDI) showed that low to very low soil Zn status in soils increased 
from 28.7% to 78.8% in arable land from 2010 to 2020 in Bangladesh and in case of boron (B) 
it was increased from 26% to 30.8% in arable land area in the same period (Hasan et al., 
2020). Add some information about Zn also Boron is a limiting factor in crop productivity in 
rice-based cropping system (Farooq et al., 2018). Various soil factors including pH, organic 
matter, clay minerals, sesquioxides (Fe and Al oxides), carbonates, and tillage signi�icantly 
in�luence the plant availability to B, the content of soil extractable B, and different B fractions 
transformations in soil (Jin et al., 1987, Tsalidas et al., 1994, Yermiyahu, 1995). 

The aim of the present study was to perform a quality audit of fertilizer used by farmers as 
fertilizer adulteration might one of the causes for yield loss and lack of farmers’ con�idence in 
fertilizer application. The fertilizer recommendations from NARS and FRG were based on pure 
and appropriate concentration of N, P, K, S, Zn and B; however, adulterated fertilizers might not 
provide expected results to the farmers, thus the farmers would deprive of the satisfactory 
yield of a crop and farmers had to buy and apply more fertilizers to their �ield for yield 
maximization. Moreover, continuous application of adulterated fertilizers might have played 
adverse effect on soil nutrient balance which affected soil health. Quality of fertilizers played 
an important role to ensure desirable crop yield as well as crop quality. It is important to 
ensure the quality of fertilizers at �ield level before establishment of crops in the selected 
cropping patterns for ef�icient nutrient management in the project hub areas and analyze the 
samples to verify the nutrient concentrations in fertilizers. It would also help on policy 
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of the zinc fertilizers and a notable number of boron fertilizers were non-compliant to the 
speci�ication of Bangladesh Government. About 97% of zinc sulfate monohydrate were 
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have serious negative impacts on crop production. Government initiative is urged for 
immediate action for improving qualities of micronutrient fertilizers. This may be achieved by 
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merits of a food-based approach for addressing this issue. Micronutrients are essential for 
most living organisms, including humans who need a supply of 16 mineral microelements, 
which can be obtained through a balanced diet (Brog et al., 2009). Current estimates 
suggested that almost half of the world population suffers from mineral de�iciencies, primarily 
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2.2 Experimental design and treatments 
Thirty rice varieties (23 BRRI, 3 indigenous, 3 BINA, and 1 BAU) were evaluated as 

treatments (Table 2) using a randomized complete block design with three replications. Each 
variety was randomly assigned within blocks, with a single line of 20 hills.

2.3   Crop management
The recommended doses of fertilizers for BAU farm  soil was 180 kg N, 24 kg P, 76 kg K, 12 

kg S, and 1.5 kg Zn ha−1 which were supplied as Urea, TSP, MoP, Gypsum, and Zinc sulfate, 
respectively (Ahmmed et al., 2018). According to Fertilizer Recommendation Guide-2018, all 
the fertilizers except urea were applied before transplanting. Urea was applied in three equal 

splits at 10, 30, and 53 DAT. For better growth and development of  rice seedlings, various 
intercultural operations viz. gap �illing, irrigation, weeding, and pest control using Brifer 5G 
insecticide @ 2 kg ha-1, were accomplished. Depending upon the maturity of each cultivar, 18 
hills of each variety were harvested manually, with the produce individually bundled to 
facilitate precise yield assessment.  Grain yield was recorded as t ha-1, adjusted to a 14% 
moisture basis, and straw yield was determined as t ha-1 on a sun-dry basis. Five hills for each 
variety from each block were taken to measure the yield components.

2.4 Analysis of grain samples
Grain samples, digested with 1.1 g of catalyst mixture (K2SO4: CuSO4.5H2O: Se powder = 

100: 10: 1), 3 ml of 30% H2O2 and 5 ml of conc. H2SO4 was used for the analysis of grain N 
content and nitric-perchloric acid digested grain samples were used for the determination of 
P, K, and S contents following standard methods. 

2.6 Statistical analysis
The experimental data were analyzed using R programming software (version 4.2.2). 

Analysis of variance (ANOVA) was performed to determine the signi�icance of treatment 
effects, and Tukey’s Honest Signi�icant Difference (HSD) test was used for pairwise 
comparisons at the 5% signi�icance level, following the methodology outlined by Gomez and 
Gomez (1984). Graphical representations of the results were created using the ggplot2 
package in R. Moreover, Principal Component Analysis (PCA) was done by the factoextra 
package. 

3. Results  

3.1 Growth and yield contributing characters of rice varieties
Statistical analysis showed signi�icant varietal effects on growth parameters (Table 2). 

Speci�ically, BRRI dhan50, statistically similar to BRRI dhan59, was the tallest, growing 46% 
taller than Begunbichi, the shortest variety. Likewise, panicle length varied, ranging from 
17.99 cm in BRRI dhan67 to 23.68 cm in BR9. Furthermore, Deshi Boro produced the highest 
number of tillers, which was 73% more than Kalizira, the lowest producer. However, despite 
its lower tiller count, Kalizira had the heaviest grains, weighing 48% more than those of 
Binadhan-10, the lightest.
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nutrient content of different fertilizers that were applied by the farmers by the support of 
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sulphate) and micronutrient fertilizers (Zinc sulphate monohydrate, Zinc sulphate 
heptahydrate, Chelated zinc; solubor boron, boric acid) collected from six localities and 
determined the nutrient and heavy metal concentrations.  The fertilizer quality study �indings 
in 2018 and 2019, showed that urea, TSP, DAP and MoP were of high quality (compliant to 
Government speci�ications) as well as were low-cost fertilizer like gypsum. So, no further 
quality audits of those macronutrient fertilizers were conducted. On the other hand, 
micronutrient fertilizers continued to be sampled in the 3rd year to 5th year. Samples were 
identi�ied by different marketing companies. In the 5th year, Damuddya of Shoriatpur district 
and Saidpur of Nilphamari district were included in the study area. The fertilizers samples 
were collected from Mymensingh, Thakurgaon, Gudagari, Durgapur, Saidpur and Damuddya 
hub areas before Rabi season in January as more micronutrient fertilizers were used in rabi 
crops. On the other hand, from Dacope of Khulna district and Amtali of Barguna district 
fertilizer samples were collected before Kharif season in July-August where more fertilizers 
were used in Kharif season. On the basis of availability of the micronutrient fertilizer in the 
local market, neighbouring the fertilizer samples were collected along with trade names, pack 
size, unit price and address of the marketing companies. From 2018 to 2022 a total of 918 
fertilizer samples (Urea-24; TSP-24; DAP-24; MoP-24; Gypsum-24; Zinc sulphate 
monohydrate-244; Zinc sulphate heptahydrate-72; Chelated zinc- 196; solubor boron- 170 
and boric acid-116) were collected. Fertilizer sample collection was done following the 
‘Fertilizer Inspection Manual 2003’ approved by the Government of the People’s Republic of 
Bangladesh. Collected micronutrient fertilizer samples were analysed following the standard 
procedure ‘Manual for Fertilizer Analysis, 2003’ approved by the Government of the People’s 
Republic of Bangladesh. MS excel software was used for statistical analysis.

3. Result & Discussion

3.1 Macronutrient fertilizers quality
The key macronutrient fertilizers, Urea, TSP, DAP, MoP and Gypsum, were collected from 

six localities during 2018-2019 where sample size was equal. A total of 120 macronutrient 
fertilizers sample were collected (Table 1).

of iron and zinc. The Copenhagen Consensus (2008) ranks the alleviation of iron and zinc 
de�iciencies as a top priority (Copenhagen Consensus, 2008). Bio-forti�ication with 
micronutrients in edible parts of crop can be achieved by utilizing crop and soil management 
(Zuo and Zhang, 2011). Rice feeds almost 50-58% of the world’s population (Zeng et al., 2010), 
but it is considerably de�icient in micronutrients (Bouis and Welch, 2010). Therefore, even a 
small increase in the nutritive value of rice can be highly signi�icant for human nutrition 
(Zhang et al., 2012). 

Bangladesh agriculture has made an outstanding achievement in food suf�iciency. Even in 
the midst of the Covid-19 pandemic and made a signi�icant contribution to the country’s food 
security. High yielding varieties, hybrids and high value crops have been introduced to its 
agriculture. Bangladesh agriculture has been passing through a transition from subsistence 
farming to commercial agriculture. Crop production and cropping intensity increased several 
times during the last three decades. It is apprehended that there creates a chance of nutrient 
depletion in terms of nutrient mining. Farmers are mostly using macronutrient fertilizers like 
urea, triple superphosphate (TSP), di-ammonium phosphate (DAP), muriate of potash (MoP) 
and gypsum. On the other hand, there is very little or no use of micronutrient fertilizers like 
zinc (Zn) and boron (B). One possible reason for low use of Zn and B fertilizer is lack of 
con�idence in fertilizer quality by farmers. A long-term study �inding of Soil Resource 
Development Institute (SRDI) showed that low to very low soil Zn status in soils increased 
from 28.7% to 78.8% in arable land from 2010 to 2020 in Bangladesh and in case of boron (B) 
it was increased from 26% to 30.8% in arable land area in the same period (Hasan et al., 
2020). Add some information about Zn also Boron is a limiting factor in crop productivity in 
rice-based cropping system (Farooq et al., 2018). Various soil factors including pH, organic 
matter, clay minerals, sesquioxides (Fe and Al oxides), carbonates, and tillage signi�icantly 
in�luence the plant availability to B, the content of soil extractable B, and different B fractions 
transformations in soil (Jin et al., 1987, Tsalidas et al., 1994, Yermiyahu, 1995). 

The aim of the present study was to perform a quality audit of fertilizer used by farmers as 
fertilizer adulteration might one of the causes for yield loss and lack of farmers’ con�idence in 
fertilizer application. The fertilizer recommendations from NARS and FRG were based on pure 
and appropriate concentration of N, P, K, S, Zn and B; however, adulterated fertilizers might not 
provide expected results to the farmers, thus the farmers would deprive of the satisfactory 
yield of a crop and farmers had to buy and apply more fertilizers to their �ield for yield 
maximization. Moreover, continuous application of adulterated fertilizers might have played 
adverse effect on soil nutrient balance which affected soil health. Quality of fertilizers played 
an important role to ensure desirable crop yield as well as crop quality. It is important to 
ensure the quality of fertilizers at �ield level before establishment of crops in the selected 
cropping patterns for ef�icient nutrient management in the project hub areas and analyze the 
samples to verify the nutrient concentrations in fertilizers. It would also help on policy 

Abstract 
Micronutrient fertilizer marketing policy is not subjected to regulation in the way that 

macronutrient fertilizers are in Bangladesh. The present study investigated quality of 512 zinc 
(Zn) and 286 boron (B) fertilizers at �ield level in selected areas from 2018 to 2022. Fertilizer 
samples were collected and analyzed following standard protocols. Results revealed that most 
of the zinc fertilizers and a notable number of boron fertilizers were non-compliant to the 
speci�ication of Bangladesh Government. About 97% of zinc sulfate monohydrate were 
non-compliant with the standard where 13% of them contained <1% Zn, 20% contained 1-5% 
Zn, 26% were close to the standard (>30% Zn) and only 3% complied with the standard. 
About 69% of zinc sulfate heptahydrate were non-compliant including 15% that contained 
<1% Zn, 18% contained 1-5% Zn, while 31% were compliant to the standard. Among zinc 
chelate fertilizers, 53% were compliant but the quality was highly variable among different 
sampling locations. It was observed that about 19% of boron containing solubor was 
non-compliant, while 42% of boric acid, fertilizer was non-compliant. The �indings visualized 
poor qualities of zinc and boron fertilizers used by the farmers in Bangladesh which might 
have serious negative impacts on crop production. Government initiative is urged for 
immediate action for improving qualities of micronutrient fertilizers. This may be achieved by 
the Government through strict control during micronutrient production, import and 
marketing. 

Keywords: Adulteration, Fertilizer quality audit, Nutrient concentration, Zinc fertilizers, 
Boron fertilizers

1. Introduction
Micronutrient de�iciency is one of the emerging challenges to food and nutritional security 

particularly in developing countries (Bell and Dell, 2008). There is a growing realization of the 
merits of a food-based approach for addressing this issue. Micronutrients are essential for 
most living organisms, including humans who need a supply of 16 mineral microelements, 
which can be obtained through a balanced diet (Brog et al., 2009). Current estimates 
suggested that almost half of the world population suffers from mineral de�iciencies, primarily 
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2.2 Experimental design and treatments 
Thirty rice varieties (23 BRRI, 3 indigenous, 3 BINA, and 1 BAU) were evaluated as 

treatments (Table 2) using a randomized complete block design with three replications. Each 
variety was randomly assigned within blocks, with a single line of 20 hills.

2.3   Crop management
The recommended doses of fertilizers for BAU farm  soil was 180 kg N, 24 kg P, 76 kg K, 12 

kg S, and 1.5 kg Zn ha−1 which were supplied as Urea, TSP, MoP, Gypsum, and Zinc sulfate, 
respectively (Ahmmed et al., 2018). According to Fertilizer Recommendation Guide-2018, all 
the fertilizers except urea were applied before transplanting. Urea was applied in three equal 

splits at 10, 30, and 53 DAT. For better growth and development of  rice seedlings, various 
intercultural operations viz. gap �illing, irrigation, weeding, and pest control using Brifer 5G 
insecticide @ 2 kg ha-1, were accomplished. Depending upon the maturity of each cultivar, 18 
hills of each variety were harvested manually, with the produce individually bundled to 
facilitate precise yield assessment.  Grain yield was recorded as t ha-1, adjusted to a 14% 
moisture basis, and straw yield was determined as t ha-1 on a sun-dry basis. Five hills for each 
variety from each block were taken to measure the yield components.

2.4 Analysis of grain samples
Grain samples, digested with 1.1 g of catalyst mixture (K2SO4: CuSO4.5H2O: Se powder = 

100: 10: 1), 3 ml of 30% H2O2 and 5 ml of conc. H2SO4 was used for the analysis of grain N 
content and nitric-perchloric acid digested grain samples were used for the determination of 
P, K, and S contents following standard methods. 

2.6 Statistical analysis
The experimental data were analyzed using R programming software (version 4.2.2). 

Analysis of variance (ANOVA) was performed to determine the signi�icance of treatment 
effects, and Tukey’s Honest Signi�icant Difference (HSD) test was used for pairwise 
comparisons at the 5% signi�icance level, following the methodology outlined by Gomez and 
Gomez (1984). Graphical representations of the results were created using the ggplot2 
package in R. Moreover, Principal Component Analysis (PCA) was done by the factoextra 
package. 

3. Results  

3.1 Growth and yield contributing characters of rice varieties
Statistical analysis showed signi�icant varietal effects on growth parameters (Table 2). 

Speci�ically, BRRI dhan50, statistically similar to BRRI dhan59, was the tallest, growing 46% 
taller than Begunbichi, the shortest variety. Likewise, panicle length varied, ranging from 
17.99 cm in BRRI dhan67 to 23.68 cm in BR9. Furthermore, Deshi Boro produced the highest 
number of tillers, which was 73% more than Kalizira, the lowest producer. However, despite 
its lower tiller count, Kalizira had the heaviest grains, weighing 48% more than those of 
Binadhan-10, the lightest.

Among the tested cultivars, BAU dhan3 produced the highest grain yield, with BRRI (2020) 
reporting over 6 t ha-1 during the Boro 2019-20 season. Similarly, it is noted that BAU dhan3 
achieved an average yield of 7-8 t ha-1, exceeding BRRI dhan28 by 1-2 t ha-1 (Daily Asian Age, 
2019). In contrast, local varieties recorded signi�icantly lower yields than HYVs. The yield 
disparity can be attributed to the superior tillering ability and enhanced nutrient uptake of 
HYVs, as evidenced by the PCA plot (Fig. 2). The yield disparity can be attributed to the 
superior tillering ability and enhanced nutrient uptake of HYVs, as evidenced by the PCA plot. 
These factors contributed to a higher leaf area index (LAI) and improved photosynthetic 
ef�iciency, ultimately leading to greater biomass accumulation (Guo et al., 2023). These factors 
contributed to a higher leaf area index (LAI) and improved photosynthetic ef�iciency, 
ultimately leading to greater biomass accumulation (Guo et al., 2023). Additionally, HYVs 
demonstrated more ef�icient utilization of water, nutrients, and radiation, resulting in yield 
improvements of over 30% compared to traditional cultivars (Lu et al., 2022). Moreover, 
unlike local cultivars, which thrived under speci�ic conditions, HYVs were bred for broader 
environmental adaptability, enabling them to perform well across diverse ecological zones 
(Islam et al., 2023).

Similarly, nutrient content and uptake varied signi�icantly among the rice cultivars, 
primarily due to genetic differences in�luencing nutrient use ef�iciency and uptake patterns 
(Nayaka et al., 2022; Vu et al., 2020). HYVs generally exhibited higher nutrient content, which 
was attributed to their advanced genetics, ef�icient nutrient utilization, and breeding 
strategies aimed at improving grain quality (Sampath et al., 2017; Vu et al., 2020; Akhter et al., 
2023).

4. Discussion
The initial soil analysis indicated that the soil had almost neutral pH, showing a favorable 

environment for optimal nutrient availability, as supported by Bedada & Abebaw (2020) and 
Sarah et al. (2024). The different rice cultivars exhibited signi�icant variations in growth and 
yield-contributing traits, aligning with the �indings of Chakrabarty et al. (2019) and Masud et 
al. (2023). These variations were likely in�luenced by genetic factors, fertilizer application, 
and environmental conditions during grain development, which collectively shaped the 
physicochemical and nutritional properties of the plants, as suggested by Aiswarya & Thomas 
(2016) and Vanlalrinngama et al. (2023).
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guidelines to ensure quality fertilizer at �ield level. Considering the above perspectives, SRDI, 
performed the fertilizer quality audit in representative localities and determined the nutrient 
content of different company’s micronutrient fertilizers available in markets accessed by 
farmers.

2. Materials and Methods
The Soil Resource Development Institute (SRDI) conducted a study to determine the 

nutrient content of different fertilizers that were applied by the farmers by the support of 
Nutrient Management for diversi�ied in Bangladesh (NUMAN) Project. In 2018 to 2019, SRDI 
analysed macronutrient fertilizer samples (urea, TSP, DAP, MoP, Gypsum, Magnesium 
sulphate) and micronutrient fertilizers (Zinc sulphate monohydrate, Zinc sulphate 
heptahydrate, Chelated zinc; solubor boron, boric acid) collected from six localities and 
determined the nutrient and heavy metal concentrations.  The fertilizer quality study �indings 
in 2018 and 2019, showed that urea, TSP, DAP and MoP were of high quality (compliant to 
Government speci�ications) as well as were low-cost fertilizer like gypsum. So, no further 
quality audits of those macronutrient fertilizers were conducted. On the other hand, 
micronutrient fertilizers continued to be sampled in the 3rd year to 5th year. Samples were 
identi�ied by different marketing companies. In the 5th year, Damuddya of Shoriatpur district 
and Saidpur of Nilphamari district were included in the study area. The fertilizers samples 
were collected from Mymensingh, Thakurgaon, Gudagari, Durgapur, Saidpur and Damuddya 
hub areas before Rabi season in January as more micronutrient fertilizers were used in rabi 
crops. On the other hand, from Dacope of Khulna district and Amtali of Barguna district 
fertilizer samples were collected before Kharif season in July-August where more fertilizers 
were used in Kharif season. On the basis of availability of the micronutrient fertilizer in the 
local market, neighbouring the fertilizer samples were collected along with trade names, pack 
size, unit price and address of the marketing companies. From 2018 to 2022 a total of 918 
fertilizer samples (Urea-24; TSP-24; DAP-24; MoP-24; Gypsum-24; Zinc sulphate 
monohydrate-244; Zinc sulphate heptahydrate-72; Chelated zinc- 196; solubor boron- 170 
and boric acid-116) were collected. Fertilizer sample collection was done following the 
‘Fertilizer Inspection Manual 2003’ approved by the Government of the People’s Republic of 
Bangladesh. Collected micronutrient fertilizer samples were analysed following the standard 
procedure ‘Manual for Fertilizer Analysis, 2003’ approved by the Government of the People’s 
Republic of Bangladesh. MS excel software was used for statistical analysis.

3. Result & Discussion

3.1 Macronutrient fertilizers quality
The key macronutrient fertilizers, Urea, TSP, DAP, MoP and Gypsum, were collected from 

six localities during 2018-2019 where sample size was equal. A total of 120 macronutrient 
fertilizers sample were collected (Table 1).

of iron and zinc. The Copenhagen Consensus (2008) ranks the alleviation of iron and zinc 
de�iciencies as a top priority (Copenhagen Consensus, 2008). Bio-forti�ication with 
micronutrients in edible parts of crop can be achieved by utilizing crop and soil management 
(Zuo and Zhang, 2011). Rice feeds almost 50-58% of the world’s population (Zeng et al., 2010), 
but it is considerably de�icient in micronutrients (Bouis and Welch, 2010). Therefore, even a 
small increase in the nutritive value of rice can be highly signi�icant for human nutrition 
(Zhang et al., 2012). 

Bangladesh agriculture has made an outstanding achievement in food suf�iciency. Even in 
the midst of the Covid-19 pandemic and made a signi�icant contribution to the country’s food 
security. High yielding varieties, hybrids and high value crops have been introduced to its 
agriculture. Bangladesh agriculture has been passing through a transition from subsistence 
farming to commercial agriculture. Crop production and cropping intensity increased several 
times during the last three decades. It is apprehended that there creates a chance of nutrient 
depletion in terms of nutrient mining. Farmers are mostly using macronutrient fertilizers like 
urea, triple superphosphate (TSP), di-ammonium phosphate (DAP), muriate of potash (MoP) 
and gypsum. On the other hand, there is very little or no use of micronutrient fertilizers like 
zinc (Zn) and boron (B). One possible reason for low use of Zn and B fertilizer is lack of 
con�idence in fertilizer quality by farmers. A long-term study �inding of Soil Resource 
Development Institute (SRDI) showed that low to very low soil Zn status in soils increased 
from 28.7% to 78.8% in arable land from 2010 to 2020 in Bangladesh and in case of boron (B) 
it was increased from 26% to 30.8% in arable land area in the same period (Hasan et al., 
2020). Add some information about Zn also Boron is a limiting factor in crop productivity in 
rice-based cropping system (Farooq et al., 2018). Various soil factors including pH, organic 
matter, clay minerals, sesquioxides (Fe and Al oxides), carbonates, and tillage signi�icantly 
in�luence the plant availability to B, the content of soil extractable B, and different B fractions 
transformations in soil (Jin et al., 1987, Tsalidas et al., 1994, Yermiyahu, 1995). 

The aim of the present study was to perform a quality audit of fertilizer used by farmers as 
fertilizer adulteration might one of the causes for yield loss and lack of farmers’ con�idence in 
fertilizer application. The fertilizer recommendations from NARS and FRG were based on pure 
and appropriate concentration of N, P, K, S, Zn and B; however, adulterated fertilizers might not 
provide expected results to the farmers, thus the farmers would deprive of the satisfactory 
yield of a crop and farmers had to buy and apply more fertilizers to their �ield for yield 
maximization. Moreover, continuous application of adulterated fertilizers might have played 
adverse effect on soil nutrient balance which affected soil health. Quality of fertilizers played 
an important role to ensure desirable crop yield as well as crop quality. It is important to 
ensure the quality of fertilizers at �ield level before establishment of crops in the selected 
cropping patterns for ef�icient nutrient management in the project hub areas and analyze the 
samples to verify the nutrient concentrations in fertilizers. It would also help on policy 

Abstract 
Micronutrient fertilizer marketing policy is not subjected to regulation in the way that 

macronutrient fertilizers are in Bangladesh. The present study investigated quality of 512 zinc 
(Zn) and 286 boron (B) fertilizers at �ield level in selected areas from 2018 to 2022. Fertilizer 
samples were collected and analyzed following standard protocols. Results revealed that most 
of the zinc fertilizers and a notable number of boron fertilizers were non-compliant to the 
speci�ication of Bangladesh Government. About 97% of zinc sulfate monohydrate were 
non-compliant with the standard where 13% of them contained <1% Zn, 20% contained 1-5% 
Zn, 26% were close to the standard (>30% Zn) and only 3% complied with the standard. 
About 69% of zinc sulfate heptahydrate were non-compliant including 15% that contained 
<1% Zn, 18% contained 1-5% Zn, while 31% were compliant to the standard. Among zinc 
chelate fertilizers, 53% were compliant but the quality was highly variable among different 
sampling locations. It was observed that about 19% of boron containing solubor was 
non-compliant, while 42% of boric acid, fertilizer was non-compliant. The �indings visualized 
poor qualities of zinc and boron fertilizers used by the farmers in Bangladesh which might 
have serious negative impacts on crop production. Government initiative is urged for 
immediate action for improving qualities of micronutrient fertilizers. This may be achieved by 
the Government through strict control during micronutrient production, import and 
marketing. 
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1. Introduction
Micronutrient de�iciency is one of the emerging challenges to food and nutritional security 

particularly in developing countries (Bell and Dell, 2008). There is a growing realization of the 
merits of a food-based approach for addressing this issue. Micronutrients are essential for 
most living organisms, including humans who need a supply of 16 mineral microelements, 
which can be obtained through a balanced diet (Brog et al., 2009). Current estimates 
suggested that almost half of the world population suffers from mineral de�iciencies, primarily 
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2.2 Experimental design and treatments 
Thirty rice varieties (23 BRRI, 3 indigenous, 3 BINA, and 1 BAU) were evaluated as 

treatments (Table 2) using a randomized complete block design with three replications. Each 
variety was randomly assigned within blocks, with a single line of 20 hills.

2.3   Crop management
The recommended doses of fertilizers for BAU farm  soil was 180 kg N, 24 kg P, 76 kg K, 12 

kg S, and 1.5 kg Zn ha−1 which were supplied as Urea, TSP, MoP, Gypsum, and Zinc sulfate, 
respectively (Ahmmed et al., 2018). According to Fertilizer Recommendation Guide-2018, all 
the fertilizers except urea were applied before transplanting. Urea was applied in three equal 

splits at 10, 30, and 53 DAT. For better growth and development of  rice seedlings, various 
intercultural operations viz. gap �illing, irrigation, weeding, and pest control using Brifer 5G 
insecticide @ 2 kg ha-1, were accomplished. Depending upon the maturity of each cultivar, 18 
hills of each variety were harvested manually, with the produce individually bundled to 
facilitate precise yield assessment.  Grain yield was recorded as t ha-1, adjusted to a 14% 
moisture basis, and straw yield was determined as t ha-1 on a sun-dry basis. Five hills for each 
variety from each block were taken to measure the yield components.

2.4 Analysis of grain samples
Grain samples, digested with 1.1 g of catalyst mixture (K2SO4: CuSO4.5H2O: Se powder = 

100: 10: 1), 3 ml of 30% H2O2 and 5 ml of conc. H2SO4 was used for the analysis of grain N 
content and nitric-perchloric acid digested grain samples were used for the determination of 
P, K, and S contents following standard methods. 

2.6 Statistical analysis
The experimental data were analyzed using R programming software (version 4.2.2). 

Analysis of variance (ANOVA) was performed to determine the signi�icance of treatment 
effects, and Tukey’s Honest Signi�icant Difference (HSD) test was used for pairwise 
comparisons at the 5% signi�icance level, following the methodology outlined by Gomez and 
Gomez (1984). Graphical representations of the results were created using the ggplot2 
package in R. Moreover, Principal Component Analysis (PCA) was done by the factoextra 
package. 

3. Results  

3.1 Growth and yield contributing characters of rice varieties
Statistical analysis showed signi�icant varietal effects on growth parameters (Table 2). 

Speci�ically, BRRI dhan50, statistically similar to BRRI dhan59, was the tallest, growing 46% 
taller than Begunbichi, the shortest variety. Likewise, panicle length varied, ranging from 
17.99 cm in BRRI dhan67 to 23.68 cm in BR9. Furthermore, Deshi Boro produced the highest 
number of tillers, which was 73% more than Kalizira, the lowest producer. However, despite 
its lower tiller count, Kalizira had the heaviest grains, weighing 48% more than those of 
Binadhan-10, the lightest.

Among the tested cultivars, BAU dhan3 produced the highest grain yield, with BRRI (2020) 
reporting over 6 t ha-1 during the Boro 2019-20 season. Similarly, it is noted that BAU dhan3 
achieved an average yield of 7-8 t ha-1, exceeding BRRI dhan28 by 1-2 t ha-1 (Daily Asian Age, 
2019). In contrast, local varieties recorded signi�icantly lower yields than HYVs. The yield 
disparity can be attributed to the superior tillering ability and enhanced nutrient uptake of 
HYVs, as evidenced by the PCA plot (Fig. 2). The yield disparity can be attributed to the 
superior tillering ability and enhanced nutrient uptake of HYVs, as evidenced by the PCA plot. 
These factors contributed to a higher leaf area index (LAI) and improved photosynthetic 
ef�iciency, ultimately leading to greater biomass accumulation (Guo et al., 2023). These factors 
contributed to a higher leaf area index (LAI) and improved photosynthetic ef�iciency, 
ultimately leading to greater biomass accumulation (Guo et al., 2023). Additionally, HYVs 
demonstrated more ef�icient utilization of water, nutrients, and radiation, resulting in yield 
improvements of over 30% compared to traditional cultivars (Lu et al., 2022). Moreover, 
unlike local cultivars, which thrived under speci�ic conditions, HYVs were bred for broader 
environmental adaptability, enabling them to perform well across diverse ecological zones 
(Islam et al., 2023).

Similarly, nutrient content and uptake varied signi�icantly among the rice cultivars, 
primarily due to genetic differences in�luencing nutrient use ef�iciency and uptake patterns 
(Nayaka et al., 2022; Vu et al., 2020). HYVs generally exhibited higher nutrient content, which 
was attributed to their advanced genetics, ef�icient nutrient utilization, and breeding 
strategies aimed at improving grain quality (Sampath et al., 2017; Vu et al., 2020; Akhter et al., 
2023).

4. Discussion
The initial soil analysis indicated that the soil had almost neutral pH, showing a favorable 

environment for optimal nutrient availability, as supported by Bedada & Abebaw (2020) and 
Sarah et al. (2024). The different rice cultivars exhibited signi�icant variations in growth and 
yield-contributing traits, aligning with the �indings of Chakrabarty et al. (2019) and Masud et 
al. (2023). These variations were likely in�luenced by genetic factors, fertilizer application, 
and environmental conditions during grain development, which collectively shaped the 
physicochemical and nutritional properties of the plants, as suggested by Aiswarya & Thomas 
(2016) and Vanlalrinngama et al. (2023).
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guidelines to ensure quality fertilizer at �ield level. Considering the above perspectives, SRDI, 
performed the fertilizer quality audit in representative localities and determined the nutrient 
content of different company’s micronutrient fertilizers available in markets accessed by 
farmers.

2. Materials and Methods
The Soil Resource Development Institute (SRDI) conducted a study to determine the 

nutrient content of different fertilizers that were applied by the farmers by the support of 
Nutrient Management for diversi�ied in Bangladesh (NUMAN) Project. In 2018 to 2019, SRDI 
analysed macronutrient fertilizer samples (urea, TSP, DAP, MoP, Gypsum, Magnesium 
sulphate) and micronutrient fertilizers (Zinc sulphate monohydrate, Zinc sulphate 
heptahydrate, Chelated zinc; solubor boron, boric acid) collected from six localities and 
determined the nutrient and heavy metal concentrations.  The fertilizer quality study �indings 
in 2018 and 2019, showed that urea, TSP, DAP and MoP were of high quality (compliant to 
Government speci�ications) as well as were low-cost fertilizer like gypsum. So, no further 
quality audits of those macronutrient fertilizers were conducted. On the other hand, 
micronutrient fertilizers continued to be sampled in the 3rd year to 5th year. Samples were 
identi�ied by different marketing companies. In the 5th year, Damuddya of Shoriatpur district 
and Saidpur of Nilphamari district were included in the study area. The fertilizers samples 
were collected from Mymensingh, Thakurgaon, Gudagari, Durgapur, Saidpur and Damuddya 
hub areas before Rabi season in January as more micronutrient fertilizers were used in rabi 
crops. On the other hand, from Dacope of Khulna district and Amtali of Barguna district 
fertilizer samples were collected before Kharif season in July-August where more fertilizers 
were used in Kharif season. On the basis of availability of the micronutrient fertilizer in the 
local market, neighbouring the fertilizer samples were collected along with trade names, pack 
size, unit price and address of the marketing companies. From 2018 to 2022 a total of 918 
fertilizer samples (Urea-24; TSP-24; DAP-24; MoP-24; Gypsum-24; Zinc sulphate 
monohydrate-244; Zinc sulphate heptahydrate-72; Chelated zinc- 196; solubor boron- 170 
and boric acid-116) were collected. Fertilizer sample collection was done following the 
‘Fertilizer Inspection Manual 2003’ approved by the Government of the People’s Republic of 
Bangladesh. Collected micronutrient fertilizer samples were analysed following the standard 
procedure ‘Manual for Fertilizer Analysis, 2003’ approved by the Government of the People’s 
Republic of Bangladesh. MS excel software was used for statistical analysis.

3. Result & Discussion

3.1 Macronutrient fertilizers quality
The key macronutrient fertilizers, Urea, TSP, DAP, MoP and Gypsum, were collected from 

six localities during 2018-2019 where sample size was equal. A total of 120 macronutrient 
fertilizers sample were collected (Table 1).

of iron and zinc. The Copenhagen Consensus (2008) ranks the alleviation of iron and zinc 
de�iciencies as a top priority (Copenhagen Consensus, 2008). Bio-forti�ication with 
micronutrients in edible parts of crop can be achieved by utilizing crop and soil management 
(Zuo and Zhang, 2011). Rice feeds almost 50-58% of the world’s population (Zeng et al., 2010), 
but it is considerably de�icient in micronutrients (Bouis and Welch, 2010). Therefore, even a 
small increase in the nutritive value of rice can be highly signi�icant for human nutrition 
(Zhang et al., 2012). 

Bangladesh agriculture has made an outstanding achievement in food suf�iciency. Even in 
the midst of the Covid-19 pandemic and made a signi�icant contribution to the country’s food 
security. High yielding varieties, hybrids and high value crops have been introduced to its 
agriculture. Bangladesh agriculture has been passing through a transition from subsistence 
farming to commercial agriculture. Crop production and cropping intensity increased several 
times during the last three decades. It is apprehended that there creates a chance of nutrient 
depletion in terms of nutrient mining. Farmers are mostly using macronutrient fertilizers like 
urea, triple superphosphate (TSP), di-ammonium phosphate (DAP), muriate of potash (MoP) 
and gypsum. On the other hand, there is very little or no use of micronutrient fertilizers like 
zinc (Zn) and boron (B). One possible reason for low use of Zn and B fertilizer is lack of 
con�idence in fertilizer quality by farmers. A long-term study �inding of Soil Resource 
Development Institute (SRDI) showed that low to very low soil Zn status in soils increased 
from 28.7% to 78.8% in arable land from 2010 to 2020 in Bangladesh and in case of boron (B) 
it was increased from 26% to 30.8% in arable land area in the same period (Hasan et al., 
2020). Add some information about Zn also Boron is a limiting factor in crop productivity in 
rice-based cropping system (Farooq et al., 2018). Various soil factors including pH, organic 
matter, clay minerals, sesquioxides (Fe and Al oxides), carbonates, and tillage signi�icantly 
in�luence the plant availability to B, the content of soil extractable B, and different B fractions 
transformations in soil (Jin et al., 1987, Tsalidas et al., 1994, Yermiyahu, 1995). 

The aim of the present study was to perform a quality audit of fertilizer used by farmers as 
fertilizer adulteration might one of the causes for yield loss and lack of farmers’ con�idence in 
fertilizer application. The fertilizer recommendations from NARS and FRG were based on pure 
and appropriate concentration of N, P, K, S, Zn and B; however, adulterated fertilizers might not 
provide expected results to the farmers, thus the farmers would deprive of the satisfactory 
yield of a crop and farmers had to buy and apply more fertilizers to their �ield for yield 
maximization. Moreover, continuous application of adulterated fertilizers might have played 
adverse effect on soil nutrient balance which affected soil health. Quality of fertilizers played 
an important role to ensure desirable crop yield as well as crop quality. It is important to 
ensure the quality of fertilizers at �ield level before establishment of crops in the selected 
cropping patterns for ef�icient nutrient management in the project hub areas and analyze the 
samples to verify the nutrient concentrations in fertilizers. It would also help on policy 
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1. Introduction
Micronutrient de�iciency is one of the emerging challenges to food and nutritional security 

particularly in developing countries (Bell and Dell, 2008). There is a growing realization of the 
merits of a food-based approach for addressing this issue. Micronutrients are essential for 
most living organisms, including humans who need a supply of 16 mineral microelements, 
which can be obtained through a balanced diet (Brog et al., 2009). Current estimates 
suggested that almost half of the world population suffers from mineral de�iciencies, primarily 
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2.2 Experimental design and treatments 
Thirty rice varieties (23 BRRI, 3 indigenous, 3 BINA, and 1 BAU) were evaluated as 

treatments (Table 2) using a randomized complete block design with three replications. Each 
variety was randomly assigned within blocks, with a single line of 20 hills.

2.3   Crop management
The recommended doses of fertilizers for BAU farm  soil was 180 kg N, 24 kg P, 76 kg K, 12 

kg S, and 1.5 kg Zn ha−1 which were supplied as Urea, TSP, MoP, Gypsum, and Zinc sulfate, 
respectively (Ahmmed et al., 2018). According to Fertilizer Recommendation Guide-2018, all 
the fertilizers except urea were applied before transplanting. Urea was applied in three equal 
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splits at 10, 30, and 53 DAT. For better growth and development of  rice seedlings, various 
intercultural operations viz. gap �illing, irrigation, weeding, and pest control using Brifer 5G 
insecticide @ 2 kg ha-1, were accomplished. Depending upon the maturity of each cultivar, 18 
hills of each variety were harvested manually, with the produce individually bundled to 
facilitate precise yield assessment.  Grain yield was recorded as t ha-1, adjusted to a 14% 
moisture basis, and straw yield was determined as t ha-1 on a sun-dry basis. Five hills for each 
variety from each block were taken to measure the yield components.

2.4 Analysis of grain samples
Grain samples, digested with 1.1 g of catalyst mixture (K2SO4: CuSO4.5H2O: Se powder = 

100: 10: 1), 3 ml of 30% H2O2 and 5 ml of conc. H2SO4 was used for the analysis of grain N 
content and nitric-perchloric acid digested grain samples were used for the determination of 
P, K, and S contents following standard methods. 

2.6 Statistical analysis
The experimental data were analyzed using R programming software (version 4.2.2). 

Analysis of variance (ANOVA) was performed to determine the signi�icance of treatment 
effects, and Tukey’s Honest Signi�icant Difference (HSD) test was used for pairwise 
comparisons at the 5% signi�icance level, following the methodology outlined by Gomez and 
Gomez (1984). Graphical representations of the results were created using the ggplot2 
package in R. Moreover, Principal Component Analysis (PCA) was done by the factoextra 
package. 

3. Results  

3.1 Growth and yield contributing characters of rice varieties
Statistical analysis showed signi�icant varietal effects on growth parameters (Table 2). 

Speci�ically, BRRI dhan50, statistically similar to BRRI dhan59, was the tallest, growing 46% 
taller than Begunbichi, the shortest variety. Likewise, panicle length varied, ranging from 
17.99 cm in BRRI dhan67 to 23.68 cm in BR9. Furthermore, Deshi Boro produced the highest 
number of tillers, which was 73% more than Kalizira, the lowest producer. However, despite 
its lower tiller count, Kalizira had the heaviest grains, weighing 48% more than those of 
Binadhan-10, the lightest.
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5. Conclusions
The growth, yield-contributing traits, and yield of different rice varieties showed 

signi�icant variation across the varieties. Among the HYVs, BAU dhan3 demonstrated superior 
performance in terms of yield, nutrient content, and nutrient uptake compared to other 
varieties, while BRRI dhan29 and BRRI dhan68 outperformed other BRRI cultivars. For local 
varieties, Kalizira exhibited better yield and yield-related traits, and comparing BINA 
cultivars, Biandhan-10 showed superior performance. These varieties hold great potential as 
valuable genetic resources for future varietal development. However, further extensive 
research with a broader range of cultivars and more parameters across different regions of 
Bangladesh is recommended to provide stronger data for concrete recommendations.
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guidelines to ensure quality fertilizer at �ield level. Considering the above perspectives, SRDI, 
performed the fertilizer quality audit in representative localities and determined the nutrient 
content of different company’s micronutrient fertilizers available in markets accessed by 
farmers.

2. Materials and Methods
The Soil Resource Development Institute (SRDI) conducted a study to determine the 

nutrient content of different fertilizers that were applied by the farmers by the support of 
Nutrient Management for diversi�ied in Bangladesh (NUMAN) Project. In 2018 to 2019, SRDI 
analysed macronutrient fertilizer samples (urea, TSP, DAP, MoP, Gypsum, Magnesium 
sulphate) and micronutrient fertilizers (Zinc sulphate monohydrate, Zinc sulphate 
heptahydrate, Chelated zinc; solubor boron, boric acid) collected from six localities and 
determined the nutrient and heavy metal concentrations.  The fertilizer quality study �indings 
in 2018 and 2019, showed that urea, TSP, DAP and MoP were of high quality (compliant to 
Government speci�ications) as well as were low-cost fertilizer like gypsum. So, no further 
quality audits of those macronutrient fertilizers were conducted. On the other hand, 
micronutrient fertilizers continued to be sampled in the 3rd year to 5th year. Samples were 
identi�ied by different marketing companies. In the 5th year, Damuddya of Shoriatpur district 
and Saidpur of Nilphamari district were included in the study area. The fertilizers samples 
were collected from Mymensingh, Thakurgaon, Gudagari, Durgapur, Saidpur and Damuddya 
hub areas before Rabi season in January as more micronutrient fertilizers were used in rabi 
crops. On the other hand, from Dacope of Khulna district and Amtali of Barguna district 
fertilizer samples were collected before Kharif season in July-August where more fertilizers 
were used in Kharif season. On the basis of availability of the micronutrient fertilizer in the 
local market, neighbouring the fertilizer samples were collected along with trade names, pack 
size, unit price and address of the marketing companies. From 2018 to 2022 a total of 918 
fertilizer samples (Urea-24; TSP-24; DAP-24; MoP-24; Gypsum-24; Zinc sulphate 
monohydrate-244; Zinc sulphate heptahydrate-72; Chelated zinc- 196; solubor boron- 170 
and boric acid-116) were collected. Fertilizer sample collection was done following the 
‘Fertilizer Inspection Manual 2003’ approved by the Government of the People’s Republic of 
Bangladesh. Collected micronutrient fertilizer samples were analysed following the standard 
procedure ‘Manual for Fertilizer Analysis, 2003’ approved by the Government of the People’s 
Republic of Bangladesh. MS excel software was used for statistical analysis.

3. Result & Discussion

3.1 Macronutrient fertilizers quality
The key macronutrient fertilizers, Urea, TSP, DAP, MoP and Gypsum, were collected from 

six localities during 2018-2019 where sample size was equal. A total of 120 macronutrient 
fertilizers sample were collected (Table 1).

of iron and zinc. The Copenhagen Consensus (2008) ranks the alleviation of iron and zinc 
de�iciencies as a top priority (Copenhagen Consensus, 2008). Bio-forti�ication with 
micronutrients in edible parts of crop can be achieved by utilizing crop and soil management 
(Zuo and Zhang, 2011). Rice feeds almost 50-58% of the world’s population (Zeng et al., 2010), 
but it is considerably de�icient in micronutrients (Bouis and Welch, 2010). Therefore, even a 
small increase in the nutritive value of rice can be highly signi�icant for human nutrition 
(Zhang et al., 2012). 

Bangladesh agriculture has made an outstanding achievement in food suf�iciency. Even in 
the midst of the Covid-19 pandemic and made a signi�icant contribution to the country’s food 
security. High yielding varieties, hybrids and high value crops have been introduced to its 
agriculture. Bangladesh agriculture has been passing through a transition from subsistence 
farming to commercial agriculture. Crop production and cropping intensity increased several 
times during the last three decades. It is apprehended that there creates a chance of nutrient 
depletion in terms of nutrient mining. Farmers are mostly using macronutrient fertilizers like 
urea, triple superphosphate (TSP), di-ammonium phosphate (DAP), muriate of potash (MoP) 
and gypsum. On the other hand, there is very little or no use of micronutrient fertilizers like 
zinc (Zn) and boron (B). One possible reason for low use of Zn and B fertilizer is lack of 
con�idence in fertilizer quality by farmers. A long-term study �inding of Soil Resource 
Development Institute (SRDI) showed that low to very low soil Zn status in soils increased 
from 28.7% to 78.8% in arable land from 2010 to 2020 in Bangladesh and in case of boron (B) 
it was increased from 26% to 30.8% in arable land area in the same period (Hasan et al., 
2020). Add some information about Zn also Boron is a limiting factor in crop productivity in 
rice-based cropping system (Farooq et al., 2018). Various soil factors including pH, organic 
matter, clay minerals, sesquioxides (Fe and Al oxides), carbonates, and tillage signi�icantly 
in�luence the plant availability to B, the content of soil extractable B, and different B fractions 
transformations in soil (Jin et al., 1987, Tsalidas et al., 1994, Yermiyahu, 1995). 

The aim of the present study was to perform a quality audit of fertilizer used by farmers as 
fertilizer adulteration might one of the causes for yield loss and lack of farmers’ con�idence in 
fertilizer application. The fertilizer recommendations from NARS and FRG were based on pure 
and appropriate concentration of N, P, K, S, Zn and B; however, adulterated fertilizers might not 
provide expected results to the farmers, thus the farmers would deprive of the satisfactory 
yield of a crop and farmers had to buy and apply more fertilizers to their �ield for yield 
maximization. Moreover, continuous application of adulterated fertilizers might have played 
adverse effect on soil nutrient balance which affected soil health. Quality of fertilizers played 
an important role to ensure desirable crop yield as well as crop quality. It is important to 
ensure the quality of fertilizers at �ield level before establishment of crops in the selected 
cropping patterns for ef�icient nutrient management in the project hub areas and analyze the 
samples to verify the nutrient concentrations in fertilizers. It would also help on policy 
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2.2 Experimental design and treatments 
Thirty rice varieties (23 BRRI, 3 indigenous, 3 BINA, and 1 BAU) were evaluated as 

treatments (Table 2) using a randomized complete block design with three replications. Each 
variety was randomly assigned within blocks, with a single line of 20 hills.

2.3   Crop management
The recommended doses of fertilizers for BAU farm  soil was 180 kg N, 24 kg P, 76 kg K, 12 

kg S, and 1.5 kg Zn ha−1 which were supplied as Urea, TSP, MoP, Gypsum, and Zinc sulfate, 
respectively (Ahmmed et al., 2018). According to Fertilizer Recommendation Guide-2018, all 
the fertilizers except urea were applied before transplanting. Urea was applied in three equal 
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splits at 10, 30, and 53 DAT. For better growth and development of  rice seedlings, various 
intercultural operations viz. gap �illing, irrigation, weeding, and pest control using Brifer 5G 
insecticide @ 2 kg ha-1, were accomplished. Depending upon the maturity of each cultivar, 18 
hills of each variety were harvested manually, with the produce individually bundled to 
facilitate precise yield assessment.  Grain yield was recorded as t ha-1, adjusted to a 14% 
moisture basis, and straw yield was determined as t ha-1 on a sun-dry basis. Five hills for each 
variety from each block were taken to measure the yield components.

2.4 Analysis of grain samples
Grain samples, digested with 1.1 g of catalyst mixture (K2SO4: CuSO4.5H2O: Se powder = 

100: 10: 1), 3 ml of 30% H2O2 and 5 ml of conc. H2SO4 was used for the analysis of grain N 
content and nitric-perchloric acid digested grain samples were used for the determination of 
P, K, and S contents following standard methods. 

2.6 Statistical analysis
The experimental data were analyzed using R programming software (version 4.2.2). 

Analysis of variance (ANOVA) was performed to determine the signi�icance of treatment 
effects, and Tukey’s Honest Signi�icant Difference (HSD) test was used for pairwise 
comparisons at the 5% signi�icance level, following the methodology outlined by Gomez and 
Gomez (1984). Graphical representations of the results were created using the ggplot2 
package in R. Moreover, Principal Component Analysis (PCA) was done by the factoextra 
package. 

3. Results  

3.1 Growth and yield contributing characters of rice varieties
Statistical analysis showed signi�icant varietal effects on growth parameters (Table 2). 

Speci�ically, BRRI dhan50, statistically similar to BRRI dhan59, was the tallest, growing 46% 
taller than Begunbichi, the shortest variety. Likewise, panicle length varied, ranging from 
17.99 cm in BRRI dhan67 to 23.68 cm in BR9. Furthermore, Deshi Boro produced the highest 
number of tillers, which was 73% more than Kalizira, the lowest producer. However, despite 
its lower tiller count, Kalizira had the heaviest grains, weighing 48% more than those of 
Binadhan-10, the lightest.
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5. Conclusions
The growth, yield-contributing traits, and yield of different rice varieties showed 

signi�icant variation across the varieties. Among the HYVs, BAU dhan3 demonstrated superior 
performance in terms of yield, nutrient content, and nutrient uptake compared to other 
varieties, while BRRI dhan29 and BRRI dhan68 outperformed other BRRI cultivars. For local 
varieties, Kalizira exhibited better yield and yield-related traits, and comparing BINA 
cultivars, Biandhan-10 showed superior performance. These varieties hold great potential as 
valuable genetic resources for future varietal development. However, further extensive 
research with a broader range of cultivars and more parameters across different regions of 
Bangladesh is recommended to provide stronger data for concrete recommendations.
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guidelines to ensure quality fertilizer at �ield level. Considering the above perspectives, SRDI, 
performed the fertilizer quality audit in representative localities and determined the nutrient 
content of different company’s micronutrient fertilizers available in markets accessed by 
farmers.

2. Materials and Methods
The Soil Resource Development Institute (SRDI) conducted a study to determine the 

nutrient content of different fertilizers that were applied by the farmers by the support of 
Nutrient Management for diversi�ied in Bangladesh (NUMAN) Project. In 2018 to 2019, SRDI 
analysed macronutrient fertilizer samples (urea, TSP, DAP, MoP, Gypsum, Magnesium 
sulphate) and micronutrient fertilizers (Zinc sulphate monohydrate, Zinc sulphate 
heptahydrate, Chelated zinc; solubor boron, boric acid) collected from six localities and 
determined the nutrient and heavy metal concentrations.  The fertilizer quality study �indings 
in 2018 and 2019, showed that urea, TSP, DAP and MoP were of high quality (compliant to 
Government speci�ications) as well as were low-cost fertilizer like gypsum. So, no further 
quality audits of those macronutrient fertilizers were conducted. On the other hand, 
micronutrient fertilizers continued to be sampled in the 3rd year to 5th year. Samples were 
identi�ied by different marketing companies. In the 5th year, Damuddya of Shoriatpur district 
and Saidpur of Nilphamari district were included in the study area. The fertilizers samples 
were collected from Mymensingh, Thakurgaon, Gudagari, Durgapur, Saidpur and Damuddya 
hub areas before Rabi season in January as more micronutrient fertilizers were used in rabi 
crops. On the other hand, from Dacope of Khulna district and Amtali of Barguna district 
fertilizer samples were collected before Kharif season in July-August where more fertilizers 
were used in Kharif season. On the basis of availability of the micronutrient fertilizer in the 
local market, neighbouring the fertilizer samples were collected along with trade names, pack 
size, unit price and address of the marketing companies. From 2018 to 2022 a total of 918 
fertilizer samples (Urea-24; TSP-24; DAP-24; MoP-24; Gypsum-24; Zinc sulphate 
monohydrate-244; Zinc sulphate heptahydrate-72; Chelated zinc- 196; solubor boron- 170 
and boric acid-116) were collected. Fertilizer sample collection was done following the 
‘Fertilizer Inspection Manual 2003’ approved by the Government of the People’s Republic of 
Bangladesh. Collected micronutrient fertilizer samples were analysed following the standard 
procedure ‘Manual for Fertilizer Analysis, 2003’ approved by the Government of the People’s 
Republic of Bangladesh. MS excel software was used for statistical analysis.

3. Result & Discussion

3.1 Macronutrient fertilizers quality
The key macronutrient fertilizers, Urea, TSP, DAP, MoP and Gypsum, were collected from 

six localities during 2018-2019 where sample size was equal. A total of 120 macronutrient 
fertilizers sample were collected (Table 1).

of iron and zinc. The Copenhagen Consensus (2008) ranks the alleviation of iron and zinc 
de�iciencies as a top priority (Copenhagen Consensus, 2008). Bio-forti�ication with 
micronutrients in edible parts of crop can be achieved by utilizing crop and soil management 
(Zuo and Zhang, 2011). Rice feeds almost 50-58% of the world’s population (Zeng et al., 2010), 
but it is considerably de�icient in micronutrients (Bouis and Welch, 2010). Therefore, even a 
small increase in the nutritive value of rice can be highly signi�icant for human nutrition 
(Zhang et al., 2012). 

Bangladesh agriculture has made an outstanding achievement in food suf�iciency. Even in 
the midst of the Covid-19 pandemic and made a signi�icant contribution to the country’s food 
security. High yielding varieties, hybrids and high value crops have been introduced to its 
agriculture. Bangladesh agriculture has been passing through a transition from subsistence 
farming to commercial agriculture. Crop production and cropping intensity increased several 
times during the last three decades. It is apprehended that there creates a chance of nutrient 
depletion in terms of nutrient mining. Farmers are mostly using macronutrient fertilizers like 
urea, triple superphosphate (TSP), di-ammonium phosphate (DAP), muriate of potash (MoP) 
and gypsum. On the other hand, there is very little or no use of micronutrient fertilizers like 
zinc (Zn) and boron (B). One possible reason for low use of Zn and B fertilizer is lack of 
con�idence in fertilizer quality by farmers. A long-term study �inding of Soil Resource 
Development Institute (SRDI) showed that low to very low soil Zn status in soils increased 
from 28.7% to 78.8% in arable land from 2010 to 2020 in Bangladesh and in case of boron (B) 
it was increased from 26% to 30.8% in arable land area in the same period (Hasan et al., 
2020). Add some information about Zn also Boron is a limiting factor in crop productivity in 
rice-based cropping system (Farooq et al., 2018). Various soil factors including pH, organic 
matter, clay minerals, sesquioxides (Fe and Al oxides), carbonates, and tillage signi�icantly 
in�luence the plant availability to B, the content of soil extractable B, and different B fractions 
transformations in soil (Jin et al., 1987, Tsalidas et al., 1994, Yermiyahu, 1995). 

The aim of the present study was to perform a quality audit of fertilizer used by farmers as 
fertilizer adulteration might one of the causes for yield loss and lack of farmers’ con�idence in 
fertilizer application. The fertilizer recommendations from NARS and FRG were based on pure 
and appropriate concentration of N, P, K, S, Zn and B; however, adulterated fertilizers might not 
provide expected results to the farmers, thus the farmers would deprive of the satisfactory 
yield of a crop and farmers had to buy and apply more fertilizers to their �ield for yield 
maximization. Moreover, continuous application of adulterated fertilizers might have played 
adverse effect on soil nutrient balance which affected soil health. Quality of fertilizers played 
an important role to ensure desirable crop yield as well as crop quality. It is important to 
ensure the quality of fertilizers at �ield level before establishment of crops in the selected 
cropping patterns for ef�icient nutrient management in the project hub areas and analyze the 
samples to verify the nutrient concentrations in fertilizers. It would also help on policy 

Abstract 
Micronutrient fertilizer marketing policy is not subjected to regulation in the way that 

macronutrient fertilizers are in Bangladesh. The present study investigated quality of 512 zinc 
(Zn) and 286 boron (B) fertilizers at �ield level in selected areas from 2018 to 2022. Fertilizer 
samples were collected and analyzed following standard protocols. Results revealed that most 
of the zinc fertilizers and a notable number of boron fertilizers were non-compliant to the 
speci�ication of Bangladesh Government. About 97% of zinc sulfate monohydrate were 
non-compliant with the standard where 13% of them contained <1% Zn, 20% contained 1-5% 
Zn, 26% were close to the standard (>30% Zn) and only 3% complied with the standard. 
About 69% of zinc sulfate heptahydrate were non-compliant including 15% that contained 
<1% Zn, 18% contained 1-5% Zn, while 31% were compliant to the standard. Among zinc 
chelate fertilizers, 53% were compliant but the quality was highly variable among different 
sampling locations. It was observed that about 19% of boron containing solubor was 
non-compliant, while 42% of boric acid, fertilizer was non-compliant. The �indings visualized 
poor qualities of zinc and boron fertilizers used by the farmers in Bangladesh which might 
have serious negative impacts on crop production. Government initiative is urged for 
immediate action for improving qualities of micronutrient fertilizers. This may be achieved by 
the Government through strict control during micronutrient production, import and 
marketing. 

Keywords: Adulteration, Fertilizer quality audit, Nutrient concentration, Zinc fertilizers, 
Boron fertilizers

1. Introduction
Micronutrient de�iciency is one of the emerging challenges to food and nutritional security 

particularly in developing countries (Bell and Dell, 2008). There is a growing realization of the 
merits of a food-based approach for addressing this issue. Micronutrients are essential for 
most living organisms, including humans who need a supply of 16 mineral microelements, 
which can be obtained through a balanced diet (Brog et al., 2009). Current estimates 
suggested that almost half of the world population suffers from mineral de�iciencies, primarily 
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2.2 Experimental design and treatments 
Thirty rice varieties (23 BRRI, 3 indigenous, 3 BINA, and 1 BAU) were evaluated as 

treatments (Table 2) using a randomized complete block design with three replications. Each 
variety was randomly assigned within blocks, with a single line of 20 hills.

2.3   Crop management
The recommended doses of fertilizers for BAU farm  soil was 180 kg N, 24 kg P, 76 kg K, 12 

kg S, and 1.5 kg Zn ha−1 which were supplied as Urea, TSP, MoP, Gypsum, and Zinc sulfate, 
respectively (Ahmmed et al., 2018). According to Fertilizer Recommendation Guide-2018, all 
the fertilizers except urea were applied before transplanting. Urea was applied in three equal 
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splits at 10, 30, and 53 DAT. For better growth and development of  rice seedlings, various 
intercultural operations viz. gap �illing, irrigation, weeding, and pest control using Brifer 5G 
insecticide @ 2 kg ha-1, were accomplished. Depending upon the maturity of each cultivar, 18 
hills of each variety were harvested manually, with the produce individually bundled to 
facilitate precise yield assessment.  Grain yield was recorded as t ha-1, adjusted to a 14% 
moisture basis, and straw yield was determined as t ha-1 on a sun-dry basis. Five hills for each 
variety from each block were taken to measure the yield components.

2.4 Analysis of grain samples
Grain samples, digested with 1.1 g of catalyst mixture (K2SO4: CuSO4.5H2O: Se powder = 

100: 10: 1), 3 ml of 30% H2O2 and 5 ml of conc. H2SO4 was used for the analysis of grain N 
content and nitric-perchloric acid digested grain samples were used for the determination of 
P, K, and S contents following standard methods. 

2.6 Statistical analysis
The experimental data were analyzed using R programming software (version 4.2.2). 

Analysis of variance (ANOVA) was performed to determine the signi�icance of treatment 
effects, and Tukey’s Honest Signi�icant Difference (HSD) test was used for pairwise 
comparisons at the 5% signi�icance level, following the methodology outlined by Gomez and 
Gomez (1984). Graphical representations of the results were created using the ggplot2 
package in R. Moreover, Principal Component Analysis (PCA) was done by the factoextra 
package. 

3. Results  

3.1 Growth and yield contributing characters of rice varieties
Statistical analysis showed signi�icant varietal effects on growth parameters (Table 2). 

Speci�ically, BRRI dhan50, statistically similar to BRRI dhan59, was the tallest, growing 46% 
taller than Begunbichi, the shortest variety. Likewise, panicle length varied, ranging from 
17.99 cm in BRRI dhan67 to 23.68 cm in BR9. Furthermore, Deshi Boro produced the highest 
number of tillers, which was 73% more than Kalizira, the lowest producer. However, despite 
its lower tiller count, Kalizira had the heaviest grains, weighing 48% more than those of 
Binadhan-10, the lightest.
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5. Conclusions
The growth, yield-contributing traits, and yield of different rice varieties showed 

signi�icant variation across the varieties. Among the HYVs, BAU dhan3 demonstrated superior 
performance in terms of yield, nutrient content, and nutrient uptake compared to other 
varieties, while BRRI dhan29 and BRRI dhan68 outperformed other BRRI cultivars. For local 
varieties, Kalizira exhibited better yield and yield-related traits, and comparing BINA 
cultivars, Biandhan-10 showed superior performance. These varieties hold great potential as 
valuable genetic resources for future varietal development. However, further extensive 
research with a broader range of cultivars and more parameters across different regions of 
Bangladesh is recommended to provide stronger data for concrete recommendations.
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guidelines to ensure quality fertilizer at �ield level. Considering the above perspectives, SRDI, 
performed the fertilizer quality audit in representative localities and determined the nutrient 
content of different company’s micronutrient fertilizers available in markets accessed by 
farmers.

2. Materials and Methods
The Soil Resource Development Institute (SRDI) conducted a study to determine the 

nutrient content of different fertilizers that were applied by the farmers by the support of 
Nutrient Management for diversi�ied in Bangladesh (NUMAN) Project. In 2018 to 2019, SRDI 
analysed macronutrient fertilizer samples (urea, TSP, DAP, MoP, Gypsum, Magnesium 
sulphate) and micronutrient fertilizers (Zinc sulphate monohydrate, Zinc sulphate 
heptahydrate, Chelated zinc; solubor boron, boric acid) collected from six localities and 
determined the nutrient and heavy metal concentrations.  The fertilizer quality study �indings 
in 2018 and 2019, showed that urea, TSP, DAP and MoP were of high quality (compliant to 
Government speci�ications) as well as were low-cost fertilizer like gypsum. So, no further 
quality audits of those macronutrient fertilizers were conducted. On the other hand, 
micronutrient fertilizers continued to be sampled in the 3rd year to 5th year. Samples were 
identi�ied by different marketing companies. In the 5th year, Damuddya of Shoriatpur district 
and Saidpur of Nilphamari district were included in the study area. The fertilizers samples 
were collected from Mymensingh, Thakurgaon, Gudagari, Durgapur, Saidpur and Damuddya 
hub areas before Rabi season in January as more micronutrient fertilizers were used in rabi 
crops. On the other hand, from Dacope of Khulna district and Amtali of Barguna district 
fertilizer samples were collected before Kharif season in July-August where more fertilizers 
were used in Kharif season. On the basis of availability of the micronutrient fertilizer in the 
local market, neighbouring the fertilizer samples were collected along with trade names, pack 
size, unit price and address of the marketing companies. From 2018 to 2022 a total of 918 
fertilizer samples (Urea-24; TSP-24; DAP-24; MoP-24; Gypsum-24; Zinc sulphate 
monohydrate-244; Zinc sulphate heptahydrate-72; Chelated zinc- 196; solubor boron- 170 
and boric acid-116) were collected. Fertilizer sample collection was done following the 
‘Fertilizer Inspection Manual 2003’ approved by the Government of the People’s Republic of 
Bangladesh. Collected micronutrient fertilizer samples were analysed following the standard 
procedure ‘Manual for Fertilizer Analysis, 2003’ approved by the Government of the People’s 
Republic of Bangladesh. MS excel software was used for statistical analysis.

3. Result & Discussion

3.1 Macronutrient fertilizers quality
The key macronutrient fertilizers, Urea, TSP, DAP, MoP and Gypsum, were collected from 

six localities during 2018-2019 where sample size was equal. A total of 120 macronutrient 
fertilizers sample were collected (Table 1).

of iron and zinc. The Copenhagen Consensus (2008) ranks the alleviation of iron and zinc 
de�iciencies as a top priority (Copenhagen Consensus, 2008). Bio-forti�ication with 
micronutrients in edible parts of crop can be achieved by utilizing crop and soil management 
(Zuo and Zhang, 2011). Rice feeds almost 50-58% of the world’s population (Zeng et al., 2010), 
but it is considerably de�icient in micronutrients (Bouis and Welch, 2010). Therefore, even a 
small increase in the nutritive value of rice can be highly signi�icant for human nutrition 
(Zhang et al., 2012). 

Bangladesh agriculture has made an outstanding achievement in food suf�iciency. Even in 
the midst of the Covid-19 pandemic and made a signi�icant contribution to the country’s food 
security. High yielding varieties, hybrids and high value crops have been introduced to its 
agriculture. Bangladesh agriculture has been passing through a transition from subsistence 
farming to commercial agriculture. Crop production and cropping intensity increased several 
times during the last three decades. It is apprehended that there creates a chance of nutrient 
depletion in terms of nutrient mining. Farmers are mostly using macronutrient fertilizers like 
urea, triple superphosphate (TSP), di-ammonium phosphate (DAP), muriate of potash (MoP) 
and gypsum. On the other hand, there is very little or no use of micronutrient fertilizers like 
zinc (Zn) and boron (B). One possible reason for low use of Zn and B fertilizer is lack of 
con�idence in fertilizer quality by farmers. A long-term study �inding of Soil Resource 
Development Institute (SRDI) showed that low to very low soil Zn status in soils increased 
from 28.7% to 78.8% in arable land from 2010 to 2020 in Bangladesh and in case of boron (B) 
it was increased from 26% to 30.8% in arable land area in the same period (Hasan et al., 
2020). Add some information about Zn also Boron is a limiting factor in crop productivity in 
rice-based cropping system (Farooq et al., 2018). Various soil factors including pH, organic 
matter, clay minerals, sesquioxides (Fe and Al oxides), carbonates, and tillage signi�icantly 
in�luence the plant availability to B, the content of soil extractable B, and different B fractions 
transformations in soil (Jin et al., 1987, Tsalidas et al., 1994, Yermiyahu, 1995). 

The aim of the present study was to perform a quality audit of fertilizer used by farmers as 
fertilizer adulteration might one of the causes for yield loss and lack of farmers’ con�idence in 
fertilizer application. The fertilizer recommendations from NARS and FRG were based on pure 
and appropriate concentration of N, P, K, S, Zn and B; however, adulterated fertilizers might not 
provide expected results to the farmers, thus the farmers would deprive of the satisfactory 
yield of a crop and farmers had to buy and apply more fertilizers to their �ield for yield 
maximization. Moreover, continuous application of adulterated fertilizers might have played 
adverse effect on soil nutrient balance which affected soil health. Quality of fertilizers played 
an important role to ensure desirable crop yield as well as crop quality. It is important to 
ensure the quality of fertilizers at �ield level before establishment of crops in the selected 
cropping patterns for ef�icient nutrient management in the project hub areas and analyze the 
samples to verify the nutrient concentrations in fertilizers. It would also help on policy 

Abstract 
Micronutrient fertilizer marketing policy is not subjected to regulation in the way that 

macronutrient fertilizers are in Bangladesh. The present study investigated quality of 512 zinc 
(Zn) and 286 boron (B) fertilizers at �ield level in selected areas from 2018 to 2022. Fertilizer 
samples were collected and analyzed following standard protocols. Results revealed that most 
of the zinc fertilizers and a notable number of boron fertilizers were non-compliant to the 
speci�ication of Bangladesh Government. About 97% of zinc sulfate monohydrate were 
non-compliant with the standard where 13% of them contained <1% Zn, 20% contained 1-5% 
Zn, 26% were close to the standard (>30% Zn) and only 3% complied with the standard. 
About 69% of zinc sulfate heptahydrate were non-compliant including 15% that contained 
<1% Zn, 18% contained 1-5% Zn, while 31% were compliant to the standard. Among zinc 
chelate fertilizers, 53% were compliant but the quality was highly variable among different 
sampling locations. It was observed that about 19% of boron containing solubor was 
non-compliant, while 42% of boric acid, fertilizer was non-compliant. The �indings visualized 
poor qualities of zinc and boron fertilizers used by the farmers in Bangladesh which might 
have serious negative impacts on crop production. Government initiative is urged for 
immediate action for improving qualities of micronutrient fertilizers. This may be achieved by 
the Government through strict control during micronutrient production, import and 
marketing. 
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1. Introduction
Micronutrient de�iciency is one of the emerging challenges to food and nutritional security 

particularly in developing countries (Bell and Dell, 2008). There is a growing realization of the 
merits of a food-based approach for addressing this issue. Micronutrients are essential for 
most living organisms, including humans who need a supply of 16 mineral microelements, 
which can be obtained through a balanced diet (Brog et al., 2009). Current estimates 
suggested that almost half of the world population suffers from mineral de�iciencies, primarily 
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2.2 Experimental design and treatments 
Thirty rice varieties (23 BRRI, 3 indigenous, 3 BINA, and 1 BAU) were evaluated as 

treatments (Table 2) using a randomized complete block design with three replications. Each 
variety was randomly assigned within blocks, with a single line of 20 hills.

2.3   Crop management
The recommended doses of fertilizers for BAU farm  soil was 180 kg N, 24 kg P, 76 kg K, 12 

kg S, and 1.5 kg Zn ha−1 which were supplied as Urea, TSP, MoP, Gypsum, and Zinc sulfate, 
respectively (Ahmmed et al., 2018). According to Fertilizer Recommendation Guide-2018, all 
the fertilizers except urea were applied before transplanting. Urea was applied in three equal 
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splits at 10, 30, and 53 DAT. For better growth and development of  rice seedlings, various 
intercultural operations viz. gap �illing, irrigation, weeding, and pest control using Brifer 5G 
insecticide @ 2 kg ha-1, were accomplished. Depending upon the maturity of each cultivar, 18 
hills of each variety were harvested manually, with the produce individually bundled to 
facilitate precise yield assessment.  Grain yield was recorded as t ha-1, adjusted to a 14% 
moisture basis, and straw yield was determined as t ha-1 on a sun-dry basis. Five hills for each 
variety from each block were taken to measure the yield components.

2.4 Analysis of grain samples
Grain samples, digested with 1.1 g of catalyst mixture (K2SO4: CuSO4.5H2O: Se powder = 

100: 10: 1), 3 ml of 30% H2O2 and 5 ml of conc. H2SO4 was used for the analysis of grain N 
content and nitric-perchloric acid digested grain samples were used for the determination of 
P, K, and S contents following standard methods. 

2.6 Statistical analysis
The experimental data were analyzed using R programming software (version 4.2.2). 

Analysis of variance (ANOVA) was performed to determine the signi�icance of treatment 
effects, and Tukey’s Honest Signi�icant Difference (HSD) test was used for pairwise 
comparisons at the 5% signi�icance level, following the methodology outlined by Gomez and 
Gomez (1984). Graphical representations of the results were created using the ggplot2 
package in R. Moreover, Principal Component Analysis (PCA) was done by the factoextra 
package. 

3. Results  

3.1 Growth and yield contributing characters of rice varieties
Statistical analysis showed signi�icant varietal effects on growth parameters (Table 2). 

Speci�ically, BRRI dhan50, statistically similar to BRRI dhan59, was the tallest, growing 46% 
taller than Begunbichi, the shortest variety. Likewise, panicle length varied, ranging from 
17.99 cm in BRRI dhan67 to 23.68 cm in BR9. Furthermore, Deshi Boro produced the highest 
number of tillers, which was 73% more than Kalizira, the lowest producer. However, despite 
its lower tiller count, Kalizira had the heaviest grains, weighing 48% more than those of 
Binadhan-10, the lightest.
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5. Conclusions
The growth, yield-contributing traits, and yield of different rice varieties showed 

signi�icant variation across the varieties. Among the HYVs, BAU dhan3 demonstrated superior 
performance in terms of yield, nutrient content, and nutrient uptake compared to other 
varieties, while BRRI dhan29 and BRRI dhan68 outperformed other BRRI cultivars. For local 
varieties, Kalizira exhibited better yield and yield-related traits, and comparing BINA 
cultivars, Biandhan-10 showed superior performance. These varieties hold great potential as 
valuable genetic resources for future varietal development. However, further extensive 
research with a broader range of cultivars and more parameters across different regions of 
Bangladesh is recommended to provide stronger data for concrete recommendations.
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guidelines to ensure quality fertilizer at �ield level. Considering the above perspectives, SRDI, 
performed the fertilizer quality audit in representative localities and determined the nutrient 
content of different company’s micronutrient fertilizers available in markets accessed by 
farmers.

2. Materials and Methods
The Soil Resource Development Institute (SRDI) conducted a study to determine the 

nutrient content of different fertilizers that were applied by the farmers by the support of 
Nutrient Management for diversi�ied in Bangladesh (NUMAN) Project. In 2018 to 2019, SRDI 
analysed macronutrient fertilizer samples (urea, TSP, DAP, MoP, Gypsum, Magnesium 
sulphate) and micronutrient fertilizers (Zinc sulphate monohydrate, Zinc sulphate 
heptahydrate, Chelated zinc; solubor boron, boric acid) collected from six localities and 
determined the nutrient and heavy metal concentrations.  The fertilizer quality study �indings 
in 2018 and 2019, showed that urea, TSP, DAP and MoP were of high quality (compliant to 
Government speci�ications) as well as were low-cost fertilizer like gypsum. So, no further 
quality audits of those macronutrient fertilizers were conducted. On the other hand, 
micronutrient fertilizers continued to be sampled in the 3rd year to 5th year. Samples were 
identi�ied by different marketing companies. In the 5th year, Damuddya of Shoriatpur district 
and Saidpur of Nilphamari district were included in the study area. The fertilizers samples 
were collected from Mymensingh, Thakurgaon, Gudagari, Durgapur, Saidpur and Damuddya 
hub areas before Rabi season in January as more micronutrient fertilizers were used in rabi 
crops. On the other hand, from Dacope of Khulna district and Amtali of Barguna district 
fertilizer samples were collected before Kharif season in July-August where more fertilizers 
were used in Kharif season. On the basis of availability of the micronutrient fertilizer in the 
local market, neighbouring the fertilizer samples were collected along with trade names, pack 
size, unit price and address of the marketing companies. From 2018 to 2022 a total of 918 
fertilizer samples (Urea-24; TSP-24; DAP-24; MoP-24; Gypsum-24; Zinc sulphate 
monohydrate-244; Zinc sulphate heptahydrate-72; Chelated zinc- 196; solubor boron- 170 
and boric acid-116) were collected. Fertilizer sample collection was done following the 
‘Fertilizer Inspection Manual 2003’ approved by the Government of the People’s Republic of 
Bangladesh. Collected micronutrient fertilizer samples were analysed following the standard 
procedure ‘Manual for Fertilizer Analysis, 2003’ approved by the Government of the People’s 
Republic of Bangladesh. MS excel software was used for statistical analysis.

3. Result & Discussion

3.1 Macronutrient fertilizers quality
The key macronutrient fertilizers, Urea, TSP, DAP, MoP and Gypsum, were collected from 

six localities during 2018-2019 where sample size was equal. A total of 120 macronutrient 
fertilizers sample were collected (Table 1).

of iron and zinc. The Copenhagen Consensus (2008) ranks the alleviation of iron and zinc 
de�iciencies as a top priority (Copenhagen Consensus, 2008). Bio-forti�ication with 
micronutrients in edible parts of crop can be achieved by utilizing crop and soil management 
(Zuo and Zhang, 2011). Rice feeds almost 50-58% of the world’s population (Zeng et al., 2010), 
but it is considerably de�icient in micronutrients (Bouis and Welch, 2010). Therefore, even a 
small increase in the nutritive value of rice can be highly signi�icant for human nutrition 
(Zhang et al., 2012). 

Bangladesh agriculture has made an outstanding achievement in food suf�iciency. Even in 
the midst of the Covid-19 pandemic and made a signi�icant contribution to the country’s food 
security. High yielding varieties, hybrids and high value crops have been introduced to its 
agriculture. Bangladesh agriculture has been passing through a transition from subsistence 
farming to commercial agriculture. Crop production and cropping intensity increased several 
times during the last three decades. It is apprehended that there creates a chance of nutrient 
depletion in terms of nutrient mining. Farmers are mostly using macronutrient fertilizers like 
urea, triple superphosphate (TSP), di-ammonium phosphate (DAP), muriate of potash (MoP) 
and gypsum. On the other hand, there is very little or no use of micronutrient fertilizers like 
zinc (Zn) and boron (B). One possible reason for low use of Zn and B fertilizer is lack of 
con�idence in fertilizer quality by farmers. A long-term study �inding of Soil Resource 
Development Institute (SRDI) showed that low to very low soil Zn status in soils increased 
from 28.7% to 78.8% in arable land from 2010 to 2020 in Bangladesh and in case of boron (B) 
it was increased from 26% to 30.8% in arable land area in the same period (Hasan et al., 
2020). Add some information about Zn also Boron is a limiting factor in crop productivity in 
rice-based cropping system (Farooq et al., 2018). Various soil factors including pH, organic 
matter, clay minerals, sesquioxides (Fe and Al oxides), carbonates, and tillage signi�icantly 
in�luence the plant availability to B, the content of soil extractable B, and different B fractions 
transformations in soil (Jin et al., 1987, Tsalidas et al., 1994, Yermiyahu, 1995). 

The aim of the present study was to perform a quality audit of fertilizer used by farmers as 
fertilizer adulteration might one of the causes for yield loss and lack of farmers’ con�idence in 
fertilizer application. The fertilizer recommendations from NARS and FRG were based on pure 
and appropriate concentration of N, P, K, S, Zn and B; however, adulterated fertilizers might not 
provide expected results to the farmers, thus the farmers would deprive of the satisfactory 
yield of a crop and farmers had to buy and apply more fertilizers to their �ield for yield 
maximization. Moreover, continuous application of adulterated fertilizers might have played 
adverse effect on soil nutrient balance which affected soil health. Quality of fertilizers played 
an important role to ensure desirable crop yield as well as crop quality. It is important to 
ensure the quality of fertilizers at �ield level before establishment of crops in the selected 
cropping patterns for ef�icient nutrient management in the project hub areas and analyze the 
samples to verify the nutrient concentrations in fertilizers. It would also help on policy 
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particularly in developing countries (Bell and Dell, 2008). There is a growing realization of the 
merits of a food-based approach for addressing this issue. Micronutrients are essential for 
most living organisms, including humans who need a supply of 16 mineral microelements, 
which can be obtained through a balanced diet (Brog et al., 2009). Current estimates 
suggested that almost half of the world population suffers from mineral de�iciencies, primarily 

Nutrient content of rice varieties



2.2 Experimental design and treatments 
Thirty rice varieties (23 BRRI, 3 indigenous, 3 BINA, and 1 BAU) were evaluated as 

treatments (Table 2) using a randomized complete block design with three replications. Each 
variety was randomly assigned within blocks, with a single line of 20 hills.

2.3   Crop management
The recommended doses of fertilizers for BAU farm  soil was 180 kg N, 24 kg P, 76 kg K, 12 

kg S, and 1.5 kg Zn ha−1 which were supplied as Urea, TSP, MoP, Gypsum, and Zinc sulfate, 
respectively (Ahmmed et al., 2018). According to Fertilizer Recommendation Guide-2018, all 
the fertilizers except urea were applied before transplanting. Urea was applied in three equal 
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splits at 10, 30, and 53 DAT. For better growth and development of  rice seedlings, various 
intercultural operations viz. gap �illing, irrigation, weeding, and pest control using Brifer 5G 
insecticide @ 2 kg ha-1, were accomplished. Depending upon the maturity of each cultivar, 18 
hills of each variety were harvested manually, with the produce individually bundled to 
facilitate precise yield assessment.  Grain yield was recorded as t ha-1, adjusted to a 14% 
moisture basis, and straw yield was determined as t ha-1 on a sun-dry basis. Five hills for each 
variety from each block were taken to measure the yield components.

2.4 Analysis of grain samples
Grain samples, digested with 1.1 g of catalyst mixture (K2SO4: CuSO4.5H2O: Se powder = 

100: 10: 1), 3 ml of 30% H2O2 and 5 ml of conc. H2SO4 was used for the analysis of grain N 
content and nitric-perchloric acid digested grain samples were used for the determination of 
P, K, and S contents following standard methods. 

2.6 Statistical analysis
The experimental data were analyzed using R programming software (version 4.2.2). 

Analysis of variance (ANOVA) was performed to determine the signi�icance of treatment 
effects, and Tukey’s Honest Signi�icant Difference (HSD) test was used for pairwise 
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Gomez (1984). Graphical representations of the results were created using the ggplot2 
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package. 

3. Results  

3.1 Growth and yield contributing characters of rice varieties
Statistical analysis showed signi�icant varietal effects on growth parameters (Table 2). 

Speci�ically, BRRI dhan50, statistically similar to BRRI dhan59, was the tallest, growing 46% 
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Binadhan-10, the lightest.
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