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ABSTRACT

Soil micronutrient deficiency has arisen in Bangladesh as a consequence
of soil fertility depletion with time. Increasing cropping intensity and
cultivation of modern varieties with high yield potential are the major
reasons of nutrient depletion from soil, which results in decline of crop
yield. With an objective of studying delineation of soil micronutrient
status, their depleting trend over time, relationship with other soil
variables and interrelationship among micronutrients, a study was carried
out in Old Meghna Estuarine Floodplain (AEZ 19) soils of the country. In
the present study, soil analysis of top soils (0-15 cm soil depth) shows
that availability of Zn and B declined after a decade of time. However for
other micronutrients, viz. Cu, Mn and Fe, still prevailing high status.
Micronutrient levels of subsoil (15-30 cm soil depth) were in general
lower than those of top soils. The soil Zn had significant positive
correlation with clay content (r=0.712**) and its availability was found
influenced more by clay fraction in case of higher Zn concentration
(>1.35 ug g™) than lower concentration (<1.35 ug g™*). The Cu content in
soil was positively influenced by soil clay content (r=0.267*), organic
matter content (r=0.279*), N content (r=0.579**) and Mg content
(r=0.364**), and was negatively influenced by soil pH (r= -0.347**) and P
content (r= -0.340*). Concerning interrelationship among soil
micronutrients, Cu content showed positive interaction with Zn content
(r=0.244) and negative interaction with B content (r= -0.255). In sub sail,
except soil B content, all other micronutrient contents were negatively
correlated with soil pH. Only Cu content was significantly correlated
(r=0.362**) with clay content. There exists positive relationship between
soil organic matter and Zn (r=0.269*), Cu (r=0.357**) and Fe content
(r=0.362**). The Zn, Cu and Fe content in soil was positively correlated
with soil N content, r values being 0.455*, 0.526** and 0.659**,
respectively.

“ Corresponding author email: mosharaf_srdi@yahoo.com

Received: 22.04.2018 Accepted: 28.05.2018


mailto:mosharaf_srdi@yahoo.com

36 M.M.H. Sarker et al.

Keywords: Micronutrients, status, nutrient depletion, trend, floodplain
soil, Bangladesh.

INTRODUCTION

Bangladesh has an agro-based economy blessed with its fertile soil resources. In the
recent years, huge pressure has been exerted on soil resources of the country to
ensure food security for its ever increasing population. Intensification of agricultural
land use has been increased remarkably, along with increasing use of modern crop
varieties, which in turn has resulted in deterioration of soil fertility with emergence of
new nutrient deficiencies. In 1983-84, the cropping intensity of the country was
171% whereas it was 183% in 2009-10 (BBS, 2012). Accordingly, coverage of
HYVs and hybrid varieties of only rice increased from 6499 thousand acres in 1983-
84 to 23,461 thousand acres in 2011-12 (BBS, 2012). Thus, with advancement of
time, soil fertility has declined (Islam, 2008; SRDI, 2010a; SRDI, 2010b);
chronologically N, P, K, S, Zn and B deficiency have arisen in the country’s soils
(Jahiruddin and Sattar, 2010). Declining productivity in Bangladesh due to the
decrease of soil fertility has been cited by many authors (Islam, 1990; Ali, 1991).

Thirty agro-ecological zones (AEZs) have been identified in Bangladesh on the basis
of certain information of physical environment which are relevant for land use and
assessing agricultural potential. Among the AEZs, Old Meghna Estuarine Floodplain
(AEZ 19) is one of the intensively cropped agricultural zones covering considerably
larger land area. The total land area under AEZ 19 is 774026 ha having major
coverage of 14 districts of the country (FRG, 2012).

Among the micronutrients, zinc deficiency is widely reported. In early 1980s, the Zn
deficiencies in rice were observed. In early 1990’s, the B deficiency of some crops is
reported. There is sporadic information of Cu, Mo and Mn deficiencies in crops
(Bhuiyan et al., 1998). Deficiencies of Fe and CI are not yet reported in Bangladesh.
Considering the above facts, this study was conducted in the intensively cropped area
covering AEZ 19 to search out the present status of micronutrients, their depleting
trend over time, relationship of micronutrients with other soil variables and
interrelationship among micronutrients.

MATERIALS AND METHODS

The bench mark information of fertility status in soils of the study area has generated
and published by the Soil Resource Development Institute in respective Upazila
Nirdeshikas (Adorsho Sadar and Burichong of Comilla district). For delineating the
present fertility status, soil sampling was done from the representative sites of the
study area in 2011-2012. The sampling sites were selected based on the land type and
soil series. The corresponding previous sampling spots cited in respective Upazila
Nirdeshika were also in consideration. Highest efforts were given for selecting closer
spots to the previous sampling spots maintaining the other above mentioned criteria.
GPS (Geological Positioning System) reading was recorded for each site. Fifty five
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sampling sites were selected, and from each site two samples were collected at two
soil depths (0-15 cm and 15-30 cm). Maps showing the locations of selected soil
sampling sites have included in figures 1 & 2.

The collected soil samples were spread on a brown paper in the laboratory for air-
drying. After removing the plant roots and other debris, the air-dried soil was ground
and passed through a 2-mm sieve for lab analysis. The processed samples were kept
in polyethylene bags. Subsequently, the soil samples have been analyzed for basic
soil properties (pH, organic matter and texture), macronutrients and micronutrients
(Cu, Fe, Mn, Zn and B) status.
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Figure 1. Location of study area in Figure 2. Study area showing sampling

Comilla, Bangladesh points

Soil pH was measured by glass electrode pH meter (McLean, 1982), texture by
hydrometer method (Gee and Bauder, 1986), organic carbon by wet oxidation
method (Nelson and Sommers, 1996), total N by micro-Kjeldahl method (Bremner
and Mulvaney, 1982), available P for neutral and alkaline soil by Olsen method
(Olsen and Sommers, 1982), available P for acidic soil by Bray and Kurtz method
(Bray and Kurtz, 1945), exchangeable K, Ca & Mg by 1N CH;COONH, extraction
(Knudsen et al., 1982), available S by 0.15% CaCl2 extraction (Tabatabai, 1996),
available Zn, Fe, Mn & Cu by DTPA extraction (Lindsay and Norvell, 1978) and
available B by hot water-0.02M CaCl, solution (1:2) extraction followed by
determination using azomethine-H method (Keren, 1982).

Based on the analytical results of each micronutrient, soil samples were categorized
into very low, low, medium, high and very high status (FRG, 2012). Relationship of
each micronutrient with basic soil characteristics (clay content, pH and organic
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matter content) and macronutrients, and also interrelationship among different
micronutrients were examined by correlation statistics (Gomez and Gomez, 1984). A
comparison was also made between present soil test value and previous soil test
values obtained from Upazila Nirdeshika. The analytical results derived from
collected soil samples and Upazila Nirdeshika is denoted in this manuscript as
present and previous status, respectively. The soil samples for preparing the
respective Upazila Nirdeshikas were collected by SRDI in 1997-2002. Standard
statistical tools were used in comparing the data.

RESULTS

Present status of soil micronutrients and comparison with respective previous
status

A summary statistics of soil data with the information of maximum, minimum, mean
and standard deviation for each micronutrient is presented in Table 1. For easy
comparison, previous status of the micronutrients in top soil only is also provided in
the same table. Present status of each micronutrient was compared with their previous
status, as depicted in Upazila Nirdeshika, 1996-2003 (SRDI, 1999; SRDI, 2000;
SRDI, 2006). Thus there was almost a decade of time gap between present and
previous results. The comparative features between present and previous status of
different micronutrients are shown in figures 3-7.

Table 1. Summary statistics of zinc, boron, copper, iron and manganese levels (mg
kg™) of soils at two depths (n = 55)

a) Present status

. . 0-15 cm depth 15-30 cm depth
Micronutrients - -
Min. ‘ Max. ‘ Mean ‘ sd Min. ‘ Max. ‘ Mean ‘ s.d
Zn 0.62 4.41 1.48 0.754 0.37 2.45 0.82 0.450
B 0.10 0.57 0.291  0.090 0.07 0.32 0.19 0.061
Cu 1.12 7.62 2.56 1.066 0.55 9.46 2.19 1.600
Fe 44.0 428 215 81.40 11.0 375 79.0 66.70

Mn 3.00 141 24.8 26.91 3.95 100 20.0 20.90
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b) Previous status

Micronutrients 0-15 cm soil depth
Min. Max. Mean s.d
Zn 0.80 6.20 1.83 1.210
B 0.04 1.33 0.37 0.235
Cu 0.85 4.70 2.25 0.797
Fe 35.0 470 201 68.90
Mn 4.00 148 41.2 335

Min.- Minimum, Max.-Maximum, s.d- Standard deviation

Zinc status

The available Zn (DTPA extractable) content of soil samples at 0-15 cm depth varied
from 0.62-4.41 mg kg™ with a mean value of 1.48 mg kg™ (Table 1). The previous
result of top soil Zn in this AEZ ranged from 0.80 to 6.20 mg kg™ having mean value
of 1.83 mg kg™. Based on the critical limit of Zn as 0.60 mg kg™, the soil samples
were classified into 20% low, 38% medium, 22% optimum, 5% high and 15% very
high categories (FRG, 2012) (Figure 3). The corresponding previous status was 15,
29, 31, 4 and 22%, respectively. Concerning subsoil Zn status, it ranged from 0.37-
2.45 mg kg™ having mean result of 0.82 mg kg™
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Figure 3. Changing trend of soil available Zn status over time in AEZ 19

Boron status

The available B status of top soil ranged from 0.10 to 0.57 mg kg™ and 0.04 to 1.33
mg kg™ having mean values of 0.29 and 0.37 mg kg™ in the present and previous
time, respectively (Table 1). The present B status of top soil can be grouped into 2%
very low, 58% low, 35% medium and 5% optimum against previous status of 5%
very low, 40% low, 29% medium, 11% optimum, 2% high and 13% very high,
respectively (FRG, 2012) (Figure 4). The present subsoil B status was found to vary
from 0.07-0.32 mg kg™* where the average value being 0.19 mg kg™.
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Figure 4. Changing trend of soil available B status over time in AEZ 19

Copper status

The available Cu content of top soil varied from 1.12-7.62 mg kg™ with a mean value
of 2.56 mg kg™ (Table 1). Previously this Cu value was 0.85 mg kg™ as the minimum,
4.70 mg kg™ as the maximum and 2.25 mg kg™ as the mean. The soil Cu status was of
100% very high for both present and previous cases (Figure 5). Concerning subsoil
Cu status, it ranged from 0.55-9.46 mg kg™ having mean value of 2.19 mg kg™.
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Figure 5. Changing trend of soil available Cu status over time in AEZ 19

Iron status

The soil status of available Fe was 100% very high in both present and previous
situations (Figure 6) and it ranged from 44 to 428 and 35 to 470 mg kg™ with the
mean values of 215 and 201 mg kg™, respectively (Table 1). Concerning subsoil Fe
status, the lowest, highest and mean values were 11.0, 375 and 79.0 mg kg™,

respectively.
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Figure 6. Changing trend of soil available Fe status over time in AEZ 19

Manganese status

The available Mn level of soil samples at 0-15 cm depth varied from 3.0-141.2 mg
kg™ with a mean level of 24.8 mg kg™ (Table 1). According to FRG (2012) 2% soil
had optimum Mn status, 2% high status and 96% very high status. Thus, no question
of Mn deficiency arises in this AEZ’s soils (Figure 7). On the other hand, previous
status of soil Mn was between 4.0 and 148 mg kg™ having a mean value of 41.2 mg
kg™. These results assumed to be an indication of declining Mn status in the Old
Meghna Estuarine Floodplain (AEZ 19) soils. The subsoil status of Mn was lower
compared to top soil status. It ranged from 3.95-100 mg kg™ and the average value
being 20 mg kg™.
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Figure 7. Changing trend of soil available Mn status over time in AEZ 19

Relationship of present micronutrients status with other soil properties and
interrelation among the micronutrients

Correlation statistics was performed to examine the relationship of micronutrients
with other soil variables and to see the interrelationship among the micronutrients.
This statistics was done separately for top soils and sub-soils. These data are
presented in tables 2 & 3. The number of soil samples i.e. observations for both cases
were 55.
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Figure 9. Relationship between Zn concentration (> 1.35 ppm) and clay content of
soil

Top soil characteristics

The statistical analysis shows that soil Zn had significant and positive correlation
with clay content (r=0.712**) meaning that soil available Zn content increases as the
soil clay content increases (Table 2). The Zn availability was influenced more by clay
fraction in case of higher Zn concentration (>1.35 pg g') than the lower
concentration (<1.35 pg g) (Figures 8-9). The Zn content showed no significant
relationship with any other soil variables. Among the micronutrients under study, soil
B content only exhibited significant positive relationship with soil S content (r =
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0.315**), but it did not show significant correlation with other soil characteristics.
Negative correlation with soil B was observed with clay content, organic matter, N,
K and Ca content. Unlike other micronutrients, the Cu availability in soil was
influenced by many soil variables. The Cu content in soil was positively influenced
by soil clay content (r=0.267*), organic matter content (r=0.279*), N content
(r=0.579**) and Mg content (r=0.364**), and was negatively influenced by soil pH
(r=-0.347**) and P content (r= -0.340%). The availability of Fe in soil was slightly
affected by soil pH (r= -0.251) and was highly influenced by soil organic matter
(r=0.382**) and N content (r=0.356**). Unlike other micronutrients, the soil Mn
level did not show significant relationship with any other soil properties. Concerning
interrelationship among soil micronutrients, soil Cu content showed positive
interaction with soil Zn content (r=0.244) and negative interaction with soil B content
(r=-0.255). Soil Fe or Mn content did not show significant interaction with other
micronutrients (Zn, Cu and B) in soil (Table 2).

Subsoil characteristics

Availability of micronutrients especially Zn, Cu and Fe in sub soils was markedly
affected or influenced by many other soil variables (Table 3). Soil B availability was
not at all affected or influenced by any other soil characteristics under study. Except
soil B content, all other micronutrient contents were negatively correlated with soil
pH indicating that micronutrient availability decreases as soil pH increases and vice-
versa. This point is very important for soil fertility concern. Only Cu content was
significantly correlated (r=0.362**) with clay content. There exists positive
relationship between soil organic matter and soil Zn (r=0.269%), Cu (r=0.357**) and
Fe (r=0.362**) content. The Zn, Cu and Fe content in soil was positively correlated
with soil N content, r values being 0.455**, 0.526** and 0.659**, respectively. Soil
P content was only associated with Zn (r=0.318*) and Fe (r=0.382**) content. The
level of basic cations viz. K, Ca & Mg was found positively associated with soil Zn
and Cu content in soil. Micronutrient availability in soil did not depend on soil S
content. Looking at the interactions of micronutrient availability in sub-soil, there
was a positive interaction of Zn-Cu, Zn-Fe, Zn-Mn and Fe-Cu. The other interactions
were not significant (Table 3).

Table 2. Correlation matrix of soil variables (soil collection at 0-15 cm depth)
a) Relationship of micronutrients with other soil variables (n=55)

Micronutrients‘ Clay ‘ pH ‘ oM ‘ N ‘ P ‘ K ‘ Ca ‘ Mg ‘ S
Zn 0.712** -0.105ns -0.002ns 0.032ns 0.227ns 0.212ns 0.206ns 0.014ns 0.188ns
B -0.090ns 0.100ns -0.111 -0.145ns 0.020ns -0.029ns -0.110ns 0.044ns 0.315*
Cu 0.267* -0.347** 0.279* 0.579** -0.340* -0.006ns 0.209ns 0.364** -0.144ns
Fe 0.101ns -0.251ns 0.382** 0.356** -0.078ns -0.229ns 0.071ns 0.024ns 0.061ns

Mn 0.176ns 0.001ns -0.116ns -0.024ns -0.012ns 0.173ns 0.189ns 0.139ns 0.184ns
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(b) Interrelationship among micronutrients in soils (n=55)

Micronutrients Zn B ‘ Cu Fe
Zn -
B -0.176ns -
Cu 0.244ns -0.255ns -
Fe -0.063ns 0.112ns 0.211ns -
Mn 0.202ns -0.181ns 0.133ns -0.136ns

* = Significant at 5% level, ** = Significant at 1% level, ns = Not significant

Table 3. Correlation matrix of soil variables (soil collection at 15-30 cm depth)
a) Relationship of micronutrients with other soil variables (n=55)

Micronutrients‘ Clay ‘ pH ‘ oM ‘ N ‘ P ‘ K ‘ Ca ‘ Mg ‘ S
Zn -0.070ns -0.397** 0.269* 0.455** 0.318* 0.422** 0.374* 0.313* 0.115ns
B -0.013ns 0.212 -0.025ns -0.147ns 01(-)0ns -0.193ns 0.017ns 0.011ns 0.119ns
Cu 0.362** -0.323* 0.357** 0.526** 0.042ns 0.573** 0.342* 0.484** -0.005ns
Fe -0.096ns -0.626** 0.362** 0.659** 0.282* 0.214ns 0.144ns A -0.007ns
0.065ns
Mn 0.009ns -0.365** 0.147ns 0.182ns 0.219ns 0.195ns 0.080ns 0.107ns 0.098ns

(b) Interrelationship among micronutrients in soils (n=55)

Micronutrients Zn B ‘ Cu Fe
Zn -
B -0.065ns -
Cu 0.381** -0.171ns -
Fe 0.402** 0.157ns 0.272* -
Mn 0.364** -0.041ns 0.188ns 0.110ns

* = Significant at 5% level, ** = Significant at 1% level, ns = Not significant

DISCUSSION

Comparison of micronutrients status from its present to past in soils under
investigation

In the current study, 80% soil samples (0-15 c¢cm) has been grouped as low to
optimum categories considering Zn status and 98% samples of same soil depth lied in
low to medium categories on the basis of B content. According to FRG (2012), low
to medium Zn status and low to optimum B status prevailed in soils of AEZ 19.
Hence, slight negative changes were observed in soil zinc and boron status of the
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study area after almost a decade of time. High cropping intensity accompanied with
cultivation of modern varieties of crop might be worsening the situation. This result
has an agreement with SRDI (2010b) where Comilla was shown as one of the most B
deficient areas in Bangladesh. There is a good agricultural practice in that area; the
crop residues especially in case of rice, maximum parts of straw are left in the field
while crop harvesting. But later on, some other needy people collect those for using
as fuel. If those crop residues could be incorporated in soil, there would be a positive
amendment of soil. Again, there is a gap of two months in between aus rice and next
rabi crops in vegetable-vegetable/maize-aus rice cropping pattern in that area. This
gap could be used for producing green manure. Besides, other appropriate fertilizer
management programs should be associated to reduce nutrient depletion from soils of
that area. In the study area, very high status of available Cu, Mn and Fe prevailed as
it was in the previous year of consideration. The soil Cu and Fe have not declined,;
moreover there was an indication of slight increased soil Fe over time. It might be
due to decreasing trend of soil pH in the study area; as pH is one of the most
influential factors of iron availability in soil. In lower soil pH, there is a tendency of
higher availability of iron in soil. Generally, micronutrient status in surface soils (0-
15 cm) was found higher compared to subsoil (15-30 cm) status. The reason behind
such condition could be attributed due to addition of fertilizers and manure to top
soil. In addition to that, the probable reason for decreasing micronutrient content with
soil depth could be due to the accumulation of biomass in the surface layer of soils
leading to higher organic matter and clay content in the top soil than sub-soils.
Similar investigation was reported by Vijayakumar et al. (2011). Typical
micronutrient soil-profile distribution was likely a result of greater decomposition of
soil organic matter and crop residues that contribute to micronutrient accumulation to
the surface layers. Secondly, root distributions and rooting depth play an important
role in shaping micronutrient profiles because nutrients taken up by deep roots are
transported into the above-ground parts and re-deposited on the soil surface through
stem flow and through fall (Garcia et al., 2014).

Relationship of micronutrients status with other soil properties and their
interrelations

Among the micronutrients Zn and Cu had significant positive relation with clay
content in top soil, while in sub soil only Cu had significant positive relation. This
might be due to the availability of binding sites for different cations on the clay
particles. Sharma et al. (2004) found that the total content of Zn, Cu, Fe and Mn
increased with an increase in soil clay content. Mustapha and Fagam (2007) also
found significant positive relation between soil Zn and clay content. Soil available B
was negatively correlated with clay content while Fe and Mn associated positively
but the relations were non-significant. Worku et al. (2016) also found negative
significant correlation between soil B and clay content (r=-0.46**). Soil pH was
negatively correlated with Zn, Cu and Fe in top soil, and Zn, Cu, Fe and Mn in sub
surface soil. Worku et al. (2016) also found weak as well as negative association (r =
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-0.16) between Cu and pH values. Njukeng et al. (2013) also reported non-significant
negative correlation between soil pH and Fe content (r = —0.04). Available Cu and Fe
had strong association with soil organic matter content. This result is in agreement
with Worku et al. (2016).

In case of interrelationship among the micronutrients, available Zn showed positive
relation with Cu and Mn in top soil. In addition to that Fe was strongly correlated
with available Zn. This finding has an agreement with Srivastava et al. (2017), who
reported positive relation of Zn with Mn (r=0.031) and Cu (r= 0.098). The available
B content had negative relation with most of the micronutrients studied, since
positive charge of micronutrients like Fe, Mn and Cu influence antagonism for the
availability of non metal B ion to the plants. These results were also supported by
Srivastava et al. (2017) and Vijayakumar et al. (2011).

CONCLUSION

Like macronutrients soil micronutrient deficiency has also arisen in floodplain soils
of Bangladesh with advancement of time. The relationships between soil
micronutrients and other soil parameters as well as soil macronutrients which were
explored through this study may help in soil management practices in the study areas.
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