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The present study was aimed to evaluate the effects of different sources organic matter along
with various level nitrogen fertilizations on nutrient dynamics and physicochemical variation
of soil at different incubation periods in the research field of department of soil science,
BSMRAU. RS, VC, RHB, CD and PM were used @ 2 t C ha* along with N rates 0, 100 and 150
kg hatin a factorial randomized complete block design. Combined application of VC and RHB
with N100 dose significantly reduces soil bulk density. PM-treated plot resulted the highest
amount of TN at 90 DAT, while RHB treated plot at 45 DAT. N fertilized plot showed maxi-
mum TN content at 75 DAT with N150 treatment. Significant interaction effects of OM and N
on TN content of soil were exhibited at the incubation period 15, 30 and 45 DAT. Different
organic amendment showed a dissimilar nutrient release pattern. Significantly higher phos-
phorus content was detected in VC treated soil while the S content was in the CD-treated soil.
The RHB treated plots provide a significantly higher exchangeable K content in post-harvest
soil. The available P, S and exchangeable K contents in post-harvest soil increased positively in
all treatments as compared to initial soils. Organic manures and N fertilization had no signifi-
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cant effect on different chemical properties like soil pH, TN, available S and exchangeable K.
Significant P enrichment was occurred in organic and N treated soil. Thus, organic and
inorganic fertilization had a significant positive influence on the enrichment of physiochemical
properties of wetland paddy soil.
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INTRODUCTION

and becomes an urgent demand for replenishment with
judicious application of manures and fertilizer.

Rice (Oryza sativa L.) is the most imperative main foodstuff in the
world. Cereal grain rice meets about 1/5" of the daily dietary
energy demand of half of the world’s population (Timmer et al.,
2010). In Bangladesh, about 75% of the total cropped areas and
over 80% of the total irrigated areas are intensified under rice-
based cropping pattern (Hossain and Deb, 2003). The demand
for production of rice will endure rising in the near future due to
shrinkage of cultivable land and over population growth.
Farmers are highly interested in increasing cereal grain produc-
tion by applying excessive amounts of chemical fertilizer.
Nonetheless, extensive crop farming degraded the soil fertility

Rice-based cropping pattern in Bangladesh paid little attention
on replenishes of degraded soil fertility. Integrated nutrient
management along with an organic amendment would provide
the congenial crop production ecosystem. The use different
organic amendment substantially improved physical and
chemical properties of soils (Rahman, 2010). Conversely, the
combined application of both organic and inorganic fertilization
might be enhancing the carbon sequestration in agricultural soil
(Zhu et al., 2015). Nitrogen is the major limiting nutrient for rice
production, while its application will further be increased in the
next three decades to produce 60% more rice than today's
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global production (Ladha and Reddy, 2003). Organic matter
contributes significant release of soil nitrogen through N miner-
alization. However, organic matters content in Bangladesh soil
is very poor, ranges from 1-1.5%.

The crop growing process is included a series of complex
nutrition translocation mechanisms. Exogenous applications of
organic materials can reduce the amounts of chemical fertilizers
used and compensate for soil C losses caused by land-use
changes (Almagro and Martinez, 2014; Aula et al., 2016; Islam et
al., 2016). The nutrient release dynamics of different organic
matter play a major role in fertility of natural ecosystems.
Organic amendments along with mineral fertilization have a
potential for acting as a nutrient reservoir, improving physical
properties, thereby maintain agricultural sustainability and
enhance crop yield (Zhong et al., 2014). Soil OM plays a key role
in nutrient cycling and can help to improve soil structure such as
bulk density of soil. Bulk density of a soil is significantly influ-
enced by the amount of organic matter, texture and mineral
constituents.
important for evaluating nutrient dynamics as well as planning
of modern farming techniques (Chaudhari et al., 2013;
Zhengchao et al., 2013). Soil organic matter is known as a revolv-

Information regarding bulk density is very

ing nutrient fund that supplies mainly carbon, nitrogen,
phosphorus and sulfur. Decomposition of organic residue plays
a major role in global carbon and nitrogen cycling (Manzoni et
al., 2008; Ren et al., 2014). The quantity and quality of carbon
input, cropping intensity, soil and crop management practices
affect carbon and nitrogen dynamics and carbon sequestration
at different soil depth (Marland et al., 2004; Tong et al., 2009)

However, in the tropical agriculture system prevailing high
temperature accelerate the decomposition of organic input and
disrupt nutrient balance. There is great variability in organic
matter and its nutrient release dynamics of pudding and dry
land agriculture. The nutrient release patterns of soil organic
matter are the directly interlinked with the physicochemical
environment (aerobic vs. anaerobic, soil structure) and the
quality of carbonaceous sources that controlled the regulation
of decomposer community (Heal et al., 1997). Several studies
reveal that degradation of soil fertility and decline in physical,
chemical and biological properties is more prominent in tropical
upland production system than wetland rice soils (Sahrawat,
2005). Wetland system might have ameliorative effects on
physicochemical fertility and accumulation of organic matter.
Scanty empirical data reveal that soil and crop management,
enhanced the SOC content in intensive rice-rice cropping
pattern (Islam et al., 2016). However, little information is availa-
ble in organic amended reduced soil system series impact on
physicochemical properties motion. At present, it is certain to
evaluate the effects of organic and inorganic amendments on
soil fertility of degraded wetland soils (Liu et al., 2017). There is a
big knowledge gap about the dissimilarity of various organic and
inorganic amendments nutrient release dynamics and its effects
on physical properties in the wetland paddy soil system. Thus,
the present study was lead to investigate effects of different
sources organic matter and nitrogen levels singly and in combi-

nation on the nutrient dynamics and physicochemical health of
wetland paddy soil system.

MATERIALS AND METHODS

Study site

The study was conducted in an agricultural field located in the
Field Laboratory of the Department of Soil Science,
Bangabandhu Sheikh Mujibur Rahman Agricultural University
(BSMRAU), Gazipur 1706, Bangladesh. The experimental site is
situated at 24°09'22" N latitude and 90°25'45" E longitudes and
8.2 m above the sea level. The soil has been classified as Shallow
Red Brown Terrace soil in Bangladesh classification and
Inceptisols in USDA classification (Brammer, 1996), having silt
clay loam soil within 50 cm from the surface and acidic in nature.
The pH of the initial soil was 6.2 having organic carbon 0.78 %,
total nitrogen 0.09 %, available phosphorus 7.0 mg kg?,
available sulphur 15.87 mg kg™ and exchangeable potassium
0.10 cmol (+) kg'™. The climate of the area is sub-tropical, wet
and humid.

Experimental design

The experimental design of the study was in a factorial random-
ized complete block design with two replications. The factorial
experiment included five different organic materials treatments
(application of rice straw (RS), poultry manure (PM), vermin-
compost (VC) and cow-dung (CD) and rice husk biochar (RHB) @
2t C ha™) and three nitrogen treatments (0, 100 and 150 kg N
ha™). Each plot had an area of 12 m? (4m x 3m) and was separat-
ed by 30 cm wide well-structured and polyethylene lined bound-
ary. All of the organic matter except RHB were collected from
locally available sources and incorporated with soil during final
land preparation. RHB was prepared through the pyrolysis
process in an oxygen deficient condition at 350°C temperature.
The study was conducted in T. Aman season 2016. The moisture,
C and N contents, C: N ratios of the studied organic constituents
were presented in Table 1.

One week after proper paddling the field, thirty days old rice
seedlings of BINA Dhan 7 were transplanted maintaining a spac-
ing of 20 cm x 20 cm. Soil test based fertilizer doses of P, Kand S
were applied as triple super phosphate (TSP), muriate of potash
(MoP) and gypsum at the rate of 55, 68 and 56 kg ha™, respec-
tively (FRG, 2012). The whole amount of TSP, MoP and gypsum
was applied during final land preparation. Urea was applied in
three equal splits at 15 days after transplanting (DAT), at
maximum vegetative stage and panicle initiation stage.

Soil sampling and analysis

Soil samples from each plot were collected from 0-15 cm depth
at different incubation period at 15 days interval (0O, 15, 30, 45,
60, 75, 90 and 105 days) from a T-Aman rice field. Bulk density
of the soil also determined at the initial and at crop harvest.
Chemical properties of soil and different organic materials were
analyzed using standard methods such as soil pH by glass
electrode using a soil and water ratio of 1: 2.5 (Jackson, 1958),
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the total N content by Micro Kjeldahl method (Black, 1965),
available P by Olsen’s method (Olsen and Sommers, 1982),
sulphur was estimated by turbidimetric method (Chesnin and
Yien, 1950) and K by ammonium acetate extraction method
(Barker and Surh, 1982).

Statistical analysis

Data were statistically analyzed using Statistix version 10.0
statistical software. ANOVA and univariate analyses were
performed to test all parameters. Treatment means were
separated by least significant difference (LSD). Different graphs
were prepared using Microsoft Excel (Office 2007).

Table 1. Physical and chemical properties of organic materials used in the experiment.

Properties of organic materials

Organic materials

Moisture (%) Organic carbon (gkg™?) TotalN (gkg™) C:N ratio
Rice straw 8.54 362.0 44 82.27
Rice husk biochar 9.25 313.0 3.7 84.59
Vermicompost 17.64 121.5 9.8 12.39
Cowdung 13.76 137.5 12.2 11.27
Poultry manure 29.69 83.7 10.9 7.67

RESULTS AND DISCUSSION

Bulk density of wetland soil

Effects of different organic materials and nitrogen levels on bulk
density of soil at initial and after harvest in a wetland paddy
system are summarized in Figure 1. Different organic matters
significantly lower the bulk density of soil. A significantly higher
reduction of bulk density was observed in PM treated plot
followed by VC and RHB, compared to the initial one. Bulk
density of paddy soil was not influenced by Poultry manure. In
contrast, only N100 treated wetland soil showed a slight decline
in bulk density. The study clearly indicated that organic matter
has a significant effect on soil bulk density as compared with N
fertilizer application. The results explain significant changes in
soil quality by addition of different organic and inorganic N
amendments in a wetland system. Both organic matter and
inorganic nitrogen had significant effects on bulk density of a
wetland paddy soil. There is a strong negative relationship
between soil organic amendment and bulk density. The degrees
of decomposition of organic matter predominantly synchronize
the bulk density and nutrient release pattern in the soil. During
the decomposition process of organic matter, microorganism
release polysaccharides and raise aggregate stability by enhanc-
ing soil particles inter-cohesion and decrease the bulk density
(Marland et al., 2004). Among the different organic amend-
ments, RS treated paddy soil showed a significantly higher
reduction of bulk density. This result might be due to RS has
high a C: N ratio and lower mineralization rate with a steady
effect. Moreover, the readily decomposable organic amendment
has a strong and a transitory effect on the aggregate stability
while more stable lignin and cellulose-containing matter have
less but consistent effects. Meanwhile, nitrogen treated plot
showed an unequal change of bulk density, might be due to
nitrogen further enhanced the microbial activity and decompo-
sition rate. Celik et al. (2004; 2010) found alike information that
compared to mineral fertilization, different organic amendment
reduced the bulk density at 0-15 cm soil depth.

N dynamics in soil at different incubation periods
The total-N increased progressively in soils from 15 to 75 DAT
and then declined almost in the similar fashion towards 105

days in both organic and inorganic treated soils (Figure 2). The
PM treated plot resulted in the highest amount of TN (more
than 0.4%) at 90 DAT. The RHB treatment showed the highest
total nitrogen (0.35%) content at 45 DAT. The highest TN
content at harvest was observed at 75 DAT with N150 dose. Soil
treated with O kg ha™? N contains 0. 23% TN at 75 DAT, while, the
soil receiving 100 kg ha™ N contains 0.25% TN at 30 DAT, respec-
tively. Apart the physical properties, nitrogen dynamics in soil are
one of the most important factors in crop production. With
increasing plant age TN of soil increased as N dose was applied in
splits. Added OM shows a continuous variation of releasing N in
wetland soil might be related with their variations in mineraliza-
tion potentials. Nutrient dynamics of different organic matter
unequivocally variable in different soil and crop management
practices, largely due to their C type, microbial breakdown re-
sistance, soil temperature, water content, alternate wetting and
drying conditions (Cabreraetal., 2005).

Interaction effects on N dynamics in soil

Interaction effects of organic materials and inorganic N on
nitrogen dynamics of soil at different incubation periods are
shown in the Table 2. The significant interaction effects of
organic materials and N on TN content of soil samples were
observed from 15 days till 45 DAT. At 15 DAT, the significantly
higher amounts of TN were found in PM treated plots (0.150%)
along with 100 kg ha™® N. Similar pattern of nutrient release was
detected in PM, CD and VC treated soil in combination with 150
kg ha™* N. While RS with No dose gave the lowest TN (0.070%) at
15 DAT incubation periods. At 30 DAT combined application of
CD (0.305%), VC (0.275%) and 150 kg N ha™contributed to the
significantly higher amounts of TN in paddy soil. A similar signifi-
cant increase of TN was found in PM with O kg N ha*treated
plots (0.28%) at 30DAT, while RHB with 0 kg N ha™ treated plot
gave the lowest TN content (0.16%). At 45DAT, plot treated
with RHB in combination with 150 kg N hagave the maximum
TN content (0.44%) whereas plots treated with RS and 100 kg N
ha! attributed the lowest TN content (0.06%). At 45 DAT, N
release in all organic amendments was higher might be the most
active panicle initiation growth stage of study rice BINA Dhan7,
which favor higher microbial colonization in rhizospheric soil.
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Figure 1. Effect of Organic and different doses of N fertilizer on bulk density of wetland paddy soil; Vertical bar on the column indicates standard error.
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Figure 2. Changes of %Total nitrogen content of wetland paddy soil at different incubation periods as influenced by different organic matters and N levels;
Vertical bar indicates LSD values, while the bar on the column indicates standard error.

Effect of OM and N on chemical properties of post-harvest soil
Organic matters and N-levels have made a positive change of
different chemical properties of wetland soil, are presented in
Table 3. Among the studied chemical properties, a significant
enrichment was found in available P, while insignificant varia-
tion was observed in soil pH and total nitrogen, exchangeable K
at harvest. Organic materials did not show significant effect on
soil total N at harvest, but the contents was almost double from
initial one. Compare to initial soil, OM addition enriches availa-
ble P and S and exchangeable K contents in post-harvest soil.
The highest amount of P in post-harvest soils was found in VC,
RHB and PM along with 14.12, 12.83 and 13.26 mg kg™ soil,
respectively. Similarly, S content in post-harvest soils was
significantly higher on the CD (21.83 mg kg™, and PM (21.36 mg
kgl) treated plots. The significantly higher exchangeable K
content in post-harvest soil was found in RHB treated plots
(0.16 c-mol kg'™), while the lowest one in PM treated plot (0.12 ¢
-mol kgY). Among the studied chemical properties, the signifi-
cant interaction effect of organic matter and N level was detect-
ed only in P content at post-harvest soil. Soil microbial commu-
nities play a crucial role in bio-geo-chemical processes that is
influenced by the addition of different organic and inorganic
fertilizers in soils (Jenkinson et al., 1999). Soil pH, TN, available S

and exchangeable K showed no significant response to the inter-
action effects of OM and N-levels in residual accumulation of
post-harvest soil (Table 3), suggested that enrichment in those
attributes were not being easily detected by short-term incor-
poration. However, slight enhance of pH in PM treated soil
mainly addition of calcium from poultry manure and its buffer-
ing effect (Rahman, 2013). OM decomposition enhances organic
acid anions can also increase soil pH due to proton consumption
in the decarboxylation process (Hinsinger et al., 2003). OM and
N-levels interactions showed the most favorable increase in P
availability in residual soil might be attributed to an acceleration
of nutrient release from different manures by the addition of N
through the enhanced mineralization process. The increment in
soil P in the acid soil is really good achievement in terms of
sustainable management of the most limiting plant nutrient P in
the study soil. N addition did not significantly influence the N con-
tent in residual soil because of its instability in wetted soil through
loss process and higher uptake rate. When different organic ma-
terials applied they enhanced biological activities in soil, which
include high phosphatase activities, microbial biomass content,
and dehydrogenase activity. Microbial biomass not only contains
a labile pool of nutrients, but also drives the cycling of OM and
nutrients in soil (Jenkinson etal., 1999).
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Table 2. Interaction effects of organic materials and nitrogen on N dynamics in paddy soil at different days after transplanting.

Incubation period

Organic materials

Nitrogen Fertilizer (kg ha')

0 100 150
RS 0.070e 0.080cde 0.105bcde
VC 0.075de 0.080cde 0.135ab
15 DAT RHB 0.110a-e 0.120abc 0.120abc
CD 0.120abc 0.115abcd 0.135ab
PM 0.110a-e 0.150a 0.136ab
RS 0.170gh 0.185fgh 0.190fgh
VC 0.240cd 0.250bc 0.275ab
30 DAT RHB 0.160h 0.195fg 0.205ef
CD 0.265bc 0.265bc 0.305a
PM 0.280ab 0.215def 0.235def
RS 0.135g 0.060h 0.260bcde
VC 0.250cde 0.270bcd 0.300bc
45 DAT RHB 0.320b 0.305bc 0.445a
CD 0.260bcde 0.150fg 0.200efg
PM 0.215def 0.285bc 0.245cde

RS = Rice straw, VC = Vermicompost, RHB= Rice husk biochar, CD= Cow dung, PM= Poultry manure; Different letters indicate significant difference

among the values.

Table 3. Effect of organic materials and nitrogen on different chemical properties of post-harvest soil.

. . Available P Available S Exchangeable K

Treatments Soil pH Total nitrogen (%) (mgkg™) (mgkg™) (C'm0g| kg™)

Initial Final Initial Final Initial Final Initial Final Initial Final
Organic matters
RS 5.17 5.44 0.090ab 0.140 9.19 12.02b 15.87b 20.91ab  0.09 0.14b
VC 5.25 5.37 0.097a 0.137 9.12 14.12a 15.81b 19.64ab 0.10 0.15b
RHB 5.27 5.38 0.082bc 0.126  9.65 12.83ab 15.83b 19.23b 0.09 0.16a
CD 5.10 5.39 0.074c 0.141 9.66 11.80b 18.18a 21.83a 0.10 0.15b
PM 5.28 5.32 0.07%9bc  0.137  10.65 13.26ab 16.82ab 21.37ab 0.10 0.12c
S.E.(%) 0.112 0.124 0.0054 0.012 0.267 0.743 0.725 1.182 0.0051  0.0039
Nitrogen (kg ha™)
0 5.29 543 0.077 0.132 8.9%9b 11.84b 16.03 19.84 0.09 0.15a
100 5.23 5.39 0.088 0.144  9.80a 13.04ab 17.01 21.24 0.10 0.15a
150 5.12 5.31 0.089 0.133 10.17a 13.53a 16.48 20.70 0.10 0.13b
S.E. () 0.086 0.096 0.0042 0.009 0.207 0.575 0.562 0.916 0.0039  0.0030
OMxN ns ns ns ns ns * ns ns ns *
CV (%) 3.71 3.83 11.12 1510 4.80 10.06 7.62 9.94 8.96 4.70

RS = Rice straw, VC = Vermicompost, RHB= Rice husk biochar, CD= Cow dung, PM= Poultry manure; Different letters indicate significant difference

among the values.

Conclusion

Addition OM and N Fertilizer have a positive effect on physico-
chemical properties of wetland paddy soil. Significant reduction
of soil bulk density was observed in the organic matter treated
plots as compared to N-fertilization. Different sources organic
matter showed a variable detected nutrient release pattern.
Like, poultry manure treated plot exhibits the highest amount of
TN at 90 DAT, while RHB treated plot was shown at 45 DAT. N
fertilizer applied plot had shown a maximum amount of TN at 75
DAT with N150 dose. OM and N exhibited maximum influence
on the TN content of soil at 15, 30 and 45 DAT. Organic and
inorganic amendments positively increased P, S and exchangea-
ble K content in post-harvest soil. Soil pH did not vary signifi-
cantly, but increased positively. This study result suggests that
the combined addition of organic materials and N fertilizer

could provide a significant improvement of soil health in the
wetland paddy system of tropical agriculture.
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