
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.

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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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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content of different company’s micronutrient fertilizers available in markets accessed by 
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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 
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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).
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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 
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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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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.
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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 

All of the urea, TSP, DAP, MoP fertilizer samples were fully compliant with their 
government-approved speci�ications. Of the gypsum samples 96% were standard while 1 out 
of 24 collected was non-compliant. It is notable that in Bangladesh production, import and 
maintaining quality of urea, TSP, DAP, MoP fertilizers are regulated by different Government 
organizations. Therefore, the adulteration of macronutrient fertilizer was almost absent. It is 
suspected that sometimes dolomite or calcite are sold as gypsum by misbranding or 
mis-bagging which explains the low frequency of non-compliant gypsum (Table 2).

3.2 Micronutrient fertilizer quality
Among the micronutrient fertilizers available at farmer level, Zn sulphate monohydrate, Zn 

sulphate heptahydrate, Chelated Zn, Solubor B and boric acid were collected from eight 
localities during 2018 to 2022. Micronutrient fertilizer samples were collected on the basis of 
the availability during the study period. Therefore, the sample size was inconsistent among 
the hub areas (Table 3).
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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 

3.2.1 Zinc sulfate monohydrate
During 2018-2022, SRDI collected 244 Zn sulfate monohydrate samples from 90 

marketing company from the study localities. Out of 244, Zn sulfate monohydrate fertilizer 
samples, 33% sample contained only 0-5% Zn, while 26% zinc sulfate monohydrate fertilizer 
samples contained 30-35% Zn. Only 3% samples maintained the Government minimum 
requirements which is 36.0% Zn and 17.5% S, respectively (Table 4). There was no 
consistency in the Zn and S content in Zn sulfate monohydrate fertilizer samples. Zinc sulfate 
monohydrate fertilizers were non-complaint not only in the shortage of Zn and S but also 
excessive presence of undesirable toxic heavy metal like lead, cadmium and nickel. The 
maximum allowable limit of unwanted heavy metal, like 100 mg lead (Pb) /kg, 10 mg 
cadmium (Cd) /kg, 500 mg chromium /kg (Cr) and 50mg Nickel (Ni) /kg, respectively. It was 
found that 19% Zn sulfate monohydrate samples contained above the maximum allowable 
limit of Cd with concentrations ranging from 11 mg/kg – 251 mg/kg. In case of Pb, 2 % Zn 
sulfate monohydrate samples contained above the maximum allowable limit with ranges from 
107 mg/kg – 184 mg/kg and in case of Ni, 11 % of Zn sulfate monohydrate samples contained 
above the maximum allowable limit with ranges from 52 mg/kg – 1420 mg/kg (Table 5). It 
might be concluded that 97% of Zn sulfate monohydrate fertilizers were adulterated to some 
degrees.  The adulteration trend of Zn sulfate monohydrate fertilizers was almost unchanged 
throughout the study period (Fig. 1). 

Notwithstanding the overall �indings, some micronutrient fertilizer companies like 
Cingenta Bangladesh Ltd, Pesticide unit of square pharmaceuticals Ltd, Eon Agro Industries 
Ltd, Intefa, ACI fertilizer Ltd produced Zn sulfate monohydrate fertilizers that contained 30% 
to 33% Zn but some of their product failed to maintain consistency in its Zn content (Fig.2). It 
is suspected that micronutrient fertilizers from an unregistered company are re-branded as 
that from another company.
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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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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 

3.2.2 Zinc sulfate heptahydrate
A total of 72 Zn sulfate heptahydrate fertilizer samples were collected during the study 

period comprising products from 31 marketing companies. Among the Zn sulfate 
heptahydrate fertilizers, 31% were complaint with more than 20 % Zn while 33% of samples 
contained only 0-5% Zn (Table 6). The Government speci�ication for Zn sulphate heptahydrate 
fertilizer is a minimum of 21% Zn and 10.5% S, respectively. In addition to the lack of a 
desirable amount of Zn and S concentration, undesirable toxic heavy metal like cadmium (Cd), 
nickel (Ni) and chromium (Cr) exceeded the allowable limit. Overall, 21% of Zn sulfate 
heptahydrate samples contained above the maximum allowable limit of Cd with ranges from 
14.3 mg/kg – 47.7 mg/kg. Lead concentrations were all within the maximum allowable limit. 
For Ni, 10 % of Zn sulfate heptahydrate samples contained above the maximum allowable limit 
with concentrations ranging from 51.3 mg/kg – 150 mg/kg. Chromium concentration was 
much higher than the maximum allowable limit in only one sample that contained 4043 
mg/kg where the maximum allowable limit was 500 mg/kg (Table 7). It was concluded that 
31% of Zn sulfate heptahydrate fertilizer samples were complaint while 69 % were 
non-complaint due to different degrees of adulteration. It was observed that the adulteration 
trend of Zinc sulfate heptahydrate fertilizers declined over time (Fig. 3). During the last two 
years, Zn sulfate heptahydrate fertilizers had a crystalline appearance. Government of 
Bangladesh made some changes in the physical speci�ication of Zn sulfate heptahydrate 
fertilizer. In the earlier speci�ication there was no physical properties mentioned for this 
fertilizer. It is not easy to make a low-grade crystalline Zn sulfate heptahydrate fertilizer hence 
the changed speci�ication appears to have improved the quality of this fertilizer.

103

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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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 

noncompliant due to inadequate Zn and 1% of chelated Zn fertilizers contained unwanted Cd 
at levels that exceeded the maximum allowable limit. It is established that Sulfur is a plant 
immobile nutrient element when it is present in Chelated zinc it restricts the easy mobility of 
Zn as well as reduced its use ef�iciency. Finally, it might be concluded that 53% chelated zinc 
fertilizers were found complaint and rest 47% were non- complaint marked in the eight-hub 
area (Table 8). 

Out of 91 companies marketing chelated Zn fertilizer in the study areas very few 
companies like Square Pharmaceuticals Ltd, Sea Trade Fertilizer company marketed 
consistently compliant quality Chelated Zn fertilizers. For most of company’s product, quality 
was inconsistent varying from compliant for some samples or non-compliant in others. This 
inconsistency was observed among the study areas and also among the study periods. Some 
company’s chelated Zn fertilizers were devoid of Zn. In 2018-2019 it was observed that the 
purity percent was higher when the sampling intensity increased, but the percent of 
non-complaint Chelated Zn fertilizers increased. It was observed that 51% cases the 
noncompliance of Zinc chelate happened due to the absence of Zn at desirable level and 47 % 
cases happened due to the presence of undesirable S (Fig. 4). During 2021 and 2022 the 
sampling intensity was increased where 52% and 47 % Chelated Zn were found 
non-complaint, respectively (Fig. 5).

3.2.3 Chelated zinc
A total of 196 chelated zinc samples were collected from six localities during 2018- 2022. 

There were the products from 91 companies. The highest percent of compliant chelated zinc 
fertilizer were found at Damuddya (100%) while the lowest percent were collected at 
Godagari (46%). At Durgapur, Mymensingh, and Thakurgaon, the percent of compliant 
chelated Zn products was 54%, 53% and 48%, respectively. The Government speci�ication 
for Chelated zinc fertilizer is a minimum of 10% while S will be absent. Some chelated zinc 
fertilizer samples contained more than 10% Zn but the presence of undesirable S in the 
sample indicated they were adulterated. Among the non-complaint chelated Zn products, 
those which contained 47 % Chelated zinc also contained S while the rest were 
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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 

noncompliant due to inadequate Zn and 1% of chelated Zn fertilizers contained unwanted Cd 
at levels that exceeded the maximum allowable limit. It is established that Sulfur is a plant 
immobile nutrient element when it is present in Chelated zinc it restricts the easy mobility of 
Zn as well as reduced its use ef�iciency. Finally, it might be concluded that 53% chelated zinc 
fertilizers were found complaint and rest 47% were non- complaint marked in the eight-hub 
area (Table 8). 

Out of 91 companies marketing chelated Zn fertilizer in the study areas very few 
companies like Square Pharmaceuticals Ltd, Sea Trade Fertilizer company marketed 
consistently compliant quality Chelated Zn fertilizers. For most of company’s product, quality 
was inconsistent varying from compliant for some samples or non-compliant in others. This 
inconsistency was observed among the study areas and also among the study periods. Some 
company’s chelated Zn fertilizers were devoid of Zn. In 2018-2019 it was observed that the 
purity percent was higher when the sampling intensity increased, but the percent of 
non-complaint Chelated Zn fertilizers increased. It was observed that 51% cases the 
noncompliance of Zinc chelate happened due to the absence of Zn at desirable level and 47 % 
cases happened due to the presence of undesirable S (Fig. 4). During 2021 and 2022 the 
sampling intensity was increased where 52% and 47 % Chelated Zn were found 
non-complaint, respectively (Fig. 5).

3.2.3 Chelated zinc
A total of 196 chelated zinc samples were collected from six localities during 2018- 2022. 

There were the products from 91 companies. The highest percent of compliant chelated zinc 
fertilizer were found at Damuddya (100%) while the lowest percent were collected at 
Godagari (46%). At Durgapur, Mymensingh, and Thakurgaon, the percent of compliant 
chelated Zn products was 54%, 53% and 48%, respectively. The Government speci�ication 
for Chelated zinc fertilizer is a minimum of 10% while S will be absent. Some chelated zinc 
fertilizer samples contained more than 10% Zn but the presence of undesirable S in the 
sample indicated they were adulterated. Among the non-complaint chelated Zn products, 
those which contained 47 % Chelated zinc also contained S while the rest were 
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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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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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which can be obtained through a balanced diet (Brog et al., 2009). Current estimates 
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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).
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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 

3.2.4 Solubor boron
A total of 170 solubor boron fertilizer samples were collected from eight localities during 

the study period and these were the products of 36 fertilizer marketing companies. The 
highest percent of compliant Solubor B was found at Damuddya and Saidpur (100%) while the 
lowest percent was observed at Thakurgaon (73%). The Government speci�ication requires a 
minimum B concentration in Solubor boron of 20% B but 19% were non-complaint (Table 9). 
It was found that 81% Solubor boron contained more than 20% B while 14% of Solubor boron 
samples contained no B (Table 10).

3.2.5 Boric acid
A total of 116 boric acid fertilizer samples were collected from eight localities during 2018- 

2022 from 58 marketing companies (Table 3). Boron concentrations in boric acid fertilizers in 
different localities were highly variable. The highest percent of compliant boric acid was found 
at Saidpur (100%) while the lowest percent was observed at Dacope (38%). According to the 
Government speci�ication, the minimum B concentration in boric acid is 17% B. Overall, 42% 
were non-complaint (Table 10) including 35% that contained no boron (Table 11). Some 
companies like Squire Pharmaceuticals, ACI fertilizer, Sea Trade Fertilizer Ltd. supplied in the 
sampled markets consistently quality boric acid irrespective of study period and localities.
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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 

Zn sulfate fertilizers also contained excess Cd, Pb, Ni and Cr in some samples. Among zinc 
chelate fertilizers 53% were compliant but quality was highly variable among different 
localities. For solubor fertilizer only19% of samples were non-compliant. By contrast, 42 % of 
boric acid fertilizers were non-compliant. The quality of solubor boron and boric acid 
fertilizers were highly variable among different localities sampled.
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Presently, the Government of Bangladesh subsidies the cost to farmers of macronutrient 
fertilizers. In 2021-2022 �iscal year 5.6 million metric tons of fertilizer was eligible for the 
subsidy at a cost of 28 thousand crore Taka. These fertilizers are regulated for quality and the 
present survey in eight localities con�irmed that all the macronutrient fertilizers were 
compliant to Government speci�ications in terms of nutrient concentrations. On the other 
hand, only 150,000 metric tons micronutrient fertilizers were produced, imported and 
marked by the private sector. While there are Government speci�ications for micronutrient 
fertilizers, there is no provision to enforce the speci�ications in products in the markets 
accessed by farmers. A large percentage of the Zn and B fertilizers sampled failed to meet the 
Government speci�ications.  In some cases, the particular fertilizer contained none of the 
speci�ied element.  In other cases, when applied at the recommended rates to concentration in 
the fertilizer of Zn or B would be insuf�icient to alleviate a de�iciency in the crop. Hence many 
farmers and spending money on products that cannot correct crop de�iciencies. 

One solution to the poor quality identi�ied in this study is to apply similar regulation of 
quality to the micronutrient fertilizers as to macronutrient fertilizers, including the possibility 
of a subsidy on the cost of micronutrient fertilizers. Alternatively, the Government could take 
the stewardship in producing, importing and marketing micronutrient fertilizers through its 
own mechanism or channel without giving any subsidies to reduce the adulteration of 
micronutrient fertilizers. It is urgent for the sake of our soil health, farmers interest, 
food-based supplementation of micronutrients and ultimately for the safe and nutritious food 
production for the future of Bangladesh.

4. Conclusions
In the study area, macronutrient fertilizers (urea, TSP, DAP and MoP) sampled from 

markets where farmer purchase fertilizers were compliant with the standards. In the same 
localities among micronutrient fertilizers available in market for farmers to purchase, there 
was a high level of non-compliance with Government speci�ications. Most of the Zn sulfate 
monohydrate fertilizers (n=244) were non-compliant with the standard (97%), including 13 
% that contained <1% Zn, 20 % that contained 1-5% Zn. While 26 % were close to the 
standard (i. e. > 30 % Zn), only 3% (i. e. 7 out of 244) ful�illed the Govt. minimum 
requirements. For Zn sulfate heptahydrate fertilizers, 69% were non-compliant with the 
standard including 15 % that contained <1% Zn and 18% contained 1-5% Zn. Both forms of 
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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 

Zn sulfate fertilizers also contained excess Cd, Pb, Ni and Cr in some samples. Among zinc 
chelate fertilizers 53% were compliant but quality was highly variable among different 
localities. For solubor fertilizer only19% of samples were non-compliant. By contrast, 42 % of 
boric acid fertilizers were non-compliant. The quality of solubor boron and boric acid 
fertilizers were highly variable among different localities sampled.
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Presently, the Government of Bangladesh subsidies the cost to farmers of macronutrient 
fertilizers. In 2021-2022 �iscal year 5.6 million metric tons of fertilizer was eligible for the 
subsidy at a cost of 28 thousand crore Taka. These fertilizers are regulated for quality and the 
present survey in eight localities con�irmed that all the macronutrient fertilizers were 
compliant to Government speci�ications in terms of nutrient concentrations. On the other 
hand, only 150,000 metric tons micronutrient fertilizers were produced, imported and 
marked by the private sector. While there are Government speci�ications for micronutrient 
fertilizers, there is no provision to enforce the speci�ications in products in the markets 
accessed by farmers. A large percentage of the Zn and B fertilizers sampled failed to meet the 
Government speci�ications.  In some cases, the particular fertilizer contained none of the 
speci�ied element.  In other cases, when applied at the recommended rates to concentration in 
the fertilizer of Zn or B would be insuf�icient to alleviate a de�iciency in the crop. Hence many 
farmers and spending money on products that cannot correct crop de�iciencies. 

One solution to the poor quality identi�ied in this study is to apply similar regulation of 
quality to the micronutrient fertilizers as to macronutrient fertilizers, including the possibility 
of a subsidy on the cost of micronutrient fertilizers. Alternatively, the Government could take 
the stewardship in producing, importing and marketing micronutrient fertilizers through its 
own mechanism or channel without giving any subsidies to reduce the adulteration of 
micronutrient fertilizers. It is urgent for the sake of our soil health, farmers interest, 
food-based supplementation of micronutrients and ultimately for the safe and nutritious food 
production for the future of Bangladesh.

4. Conclusions
In the study area, macronutrient fertilizers (urea, TSP, DAP and MoP) sampled from 

markets where farmer purchase fertilizers were compliant with the standards. In the same 
localities among micronutrient fertilizers available in market for farmers to purchase, there 
was a high level of non-compliance with Government speci�ications. Most of the Zn sulfate 
monohydrate fertilizers (n=244) were non-compliant with the standard (97%), including 13 
% that contained <1% Zn, 20 % that contained 1-5% Zn. While 26 % were close to the 
standard (i. e. > 30 % Zn), only 3% (i. e. 7 out of 244) ful�illed the Govt. minimum 
requirements. For Zn sulfate heptahydrate fertilizers, 69% were non-compliant with the 
standard including 15 % that contained <1% Zn and 18% contained 1-5% Zn. Both forms of 
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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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In particular, soils differ in their concentrations of exchangeable H+ and Ca2+ ions, which an 
electrolyte solution can exchange more readily than pure water. It is a common observation 
that adding CaCl2 lowers soil pH when compared to using water as a matrix (Miller and Kissel, 
2010). This is thought to be because the extra Ca2+ displaces H+ from soil exchange sites 
(Conyers and Davey, 1988). One effect of electrolyte addition to pH compared to water is likely 
to be, at least initially, the possibility of a double layer around a negatively charged soil surface. 
As a result, the number of H+ ions released in the suspension will increase and therefore the 
measured pH value will decrease. Another possible factor is the effect of a liquid connection 
for the low pH values obtained in the electrolyte solution compared to distilled water. The �luid 
junction effect arises from the uneven expansion of the electric charge across the junction 
between the electrolyte and the internal electrode solution. The effect is usually greater when 
measuring pH in water than using electrolyte solutions (Moore and Leoppert, 1987). 
Therefore, the pH value of the soil when water is used is higher than that measured in the 
electrolyte solution, since the charges are carried evenly across the junction. Aitken and 
Moody (1990) pointed out that pHvalues in distilled water > pH in 0.01M CaCl

2 
> pH in KCl. 

Similar result was also observed by Al-Busaidi et al. (2005). They reported that average pH in 
distilled water was signi�icantly higher than the pH values in other electrolytes in calcareous 
soil. Kome et al. (2018) carried out an experiment for volcanic ash soils and found the trend in 
pH value which was pH in H2O > pH in 0.01M CaCl

2 
> pH in 1M KCl. Yusuf et al. (2015) obtained 

that the soil pH in distilled water was 7.12 and in CaCl
2 was 6.39.

4.2  Effects of mixing ratio on soil pH determination
Increased soil and matrix dilution revealed an increasing trend in soil pH, which can be 

expressed as 1:1.0<1:2.5<1:5.0. This is due to the fact that the H+ concentration in the 
soil-matrix suspension decreases with increasing suspension dilution, raising the observed 
pH. This implies that the pH value will be higher the wider the soil: water ratio. This appears 
to be due to dilution effects in agreement with the �indings of Keaton (1938). The use of CaCl2 
as a matrix caused a greater decrease in soil pH in samples with low ionic strength, which is 
also consistent with earlier research that showed a difference in pH values between water and 
CaCl2 matrix of up to 1 pH unit (Miller and Kissel, 2010; Rayment and Lyons, 2011).  However, 
for soils with high ionic strength, pH values measured on CaCl

2 
were quite close to those 

ofwater. This is in agreement with the �indings of Miller and Kissel, 2010 who reported a 
variation of less than 0.2 pH units for soils with high ionic strength. Al-Busaidi et al. (2005) 
showed similar result where the mean pH values for 1:1.0, 1:2.5 and 1:5.0 dilution ratios 
recorded as 8.12, 8.29 and 8.44, respectively. Edmeades and Wheeler (1990), reported that a 
decrease in the solution ratio increases the ionic strength of the solution and a decrease in the 
pH value of the soil. Libohova et al. (2014) found highest pH values in 1:5.0 (water) and lowest 
in 1:2 (CaCl

2
). Yu and Ji (1993) found that increasing the soil-water ratio affected the 

dissociation of adsorbed ions and ultimately increased pH of the suspension.

4. Discussion

4.1  Effects of different matrix on soil pH determination
The mean pH values of calcareous soil tested in distilled water, CaCl2, and KCl, 

respectively, showed a de�inite decreasing trend from higher to lower (distilled 
water>CaCl2>KCl). This variance occurred because different electrolytes (KCl and CaCl2) had 
a stronger ability than distilled water to liberate more H+ ions from soil colloids. Such ion 
exchange between cations contained in soil solution and on exchange sites in the soil results 
in the release of H+ in this manner.
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4.3  Effects of time duration on soil pH determination
The pH values of the surface and sub-surface soil for all matrices were impacted in the case 

of delayed reading following soil-matrix mixing. In the majority of cases, higher pH values 
were measured for RA90MM than RA30MM, and after that, the pH values for RA150MM were 
on the decline. This rise in soil pH between RA90MM and RA30MM may be caused by 
electrolytes in the soil solution �locculating over time. According to estimates by Beretta et al. 
(2014), soil pH values were higher during �irst stirring and fell to 3.91% after three minutes of 
stirring. According to Foth and Ellis (1988), stirred soil suspensions have a lower pH value 
than non-stirred soil suspensions. Typically, the pH of the soil suspension is lower than that of 
the supernatant (Tan, 1995). Similar results were also reported by Al-Busaidi et al. (2005). It 
is because soil has a supposedly larger H+ concentration.

4.4  Relationship between soil pH with other soil properties
The association between available Ca and pHW, pHK, and pHCa was shown to be strongly 

positive in calcareous surface and subsurface soil, but the link between various 
micronutrients (Zn, Cu, Fe, and Mn) and pHW, pHK, and pHCa was strongly negative. Such 
changes in the interaction between soil pH and other soil parameters in soils with diverse 
responses may be caused by the presence of distinct anions and cations in variable 
percentages.     

                                        
4. Conclusions

Due to the use of various matrices in various ratios as well as the use of various reading 
times after mixing/stirring, considerable differences in the pH of calcareous soils were 
perceived. Soil pH measured in distilled water, CaCl2 and KCl showed a distinct declining trend 
following the order pHw>pHCa>pHK, respectively. The increase in dilution of the soil and matrix 
ratio showed increasing tendency of pH which can be stated as pH1:1.0<pH1:2.5<pH1:5.0. Soil pH 
quanti�ied at different time after mixing of the soil and matrix appeared as the highest at 90 
minutes after mixing followed by 30 and 150 minutes after mixing. 
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