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Abstract

Soil organic matter is the most often reported indicator of soil quality and productivity and an evidence of previous soil management.
Therefore, in 2017, a laboratory incubation study was carried out in the experimental filed of Bangladesh Institute of Nuclear Agriculture
(BINA), Mymensingh, Bangladesh under control condition at 25°C for 104 days to investigate the influence of long term manuring and
fertilization on soil respiration by means of C mineralization. Soil samples were collected from floodplain soil with rice-rice cropping
pattern at Bangladesh Agricultural University (BAU) experimental farm having eight treatments. Long term (33 years) application of
fertilizers and manure resulted in significant differences in soil organic carbon, total N content, and soil pH KCI between the treatments.
The soil organic carbon and total N content varied among the different treatments from14.9 g OC kg-1 to 17.0 g OC kg-1 and1.60 g N
kg-1 (control) to 1.78 g N kg-1 (application of NPK). The soil pH varied among the different treatments from 5.65(application of NK) to
4.89 (application of N). This result indicates that more stable organic carbon was formed in NPK treated soil which is less prone to de-
composition if present crop management has been changed.
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1. Introduction

Soil organic carbon (SOC) is of importance for maintaining soil fertility and to sustaining the productivity. SOC is also the source and
sink of atmospheric CO2 and plays a key role in global C cycling. For an example, globally soils contain 1500 Pg of soil organic carbon
(SOC). Therefore, keeping a satisfactory level of SOC is significant for ensuring food security and mitigating climate warming. Soil
carbon mineralization and the CO:2 evolution has been paid great attention for its important effect on the global carbon cycle and terres-
trial ecosystem functioning (IPCC, 2001; Valentini et al., 2000; Jenkinson et al., 1991). Any changes in mineralization rate could signifi-
cantly impact the size of the atmospheric CO2-carbon (C) pool that has been estimated as 800 Pg.

Organic manuring and inorganic fertilizer application are the most common agricultural practices. Many studies reported that inorganic
fertilizer application resulted in significant increases in SOC and its fractions due to the positive effects of the fertilizer on crop growth
and in turn crop C return (Gong et. al., 2009). However, in other studies, inorganic fertilizer application, either balanced or unbalanced,
showed no significant effects on SOC or its fractions. These inconsistent results may be related to the additional rate and balance status
of fertilizer, crop residue management, tillage regime and experimental duration (Su et. al., 2006). Organic manuring, either alone or in
combination with inorganic fertilizer, has been widely shown more effective in increasing SOC and its factions than inorganic fertilizer
alone mainly due to the significant increase in C input with the manure application.

Fertilization had a significantly beneficial impact on soil microbial properties, and, in particular, continuous compost fertilization im-
proved markedly soil microbial properties compared with chemical fertilization only. The importance of fertilization and manuring of our
land is increasing day by day and farmers are supposed to use these inputs intensively for sustained crop production. Practices of inten-
sive fertilization and manuring undoubtedly bring some changes in the physical and chemical properties of soil as well as biological
properties.

2. Materials and methods

The long term experimental soil used in this study was established in 1978 at the Department of Soil Science, Bangladesh Agricultural
University (BAU), Mymensingh (24°43" N, 90°25" E), and Bangladesh on loamy, mixed, nonacid Aeric Haplaquepts (Soil Taxonomy)
developed from old Brahmaputra alluvium. Soil samples were collected from long-term field experiments in May-July 2017. The soil
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texture was silt loam (19, 63 and 18% sand, silt and clay, respectively). The treatments all have a yearly boro rice-fallow-aman rice crop-
ping pattern and included an unfertilized control, six treatments with application of mineral fertilizer (control, N, NP, NS, NK, NPK,
509%N+FYM and NPKSZn) and one treatment with application of mineral N and farmyard manure (50%N+FYM). The application rates of
N, P, K, S, and Zn per crop were 90, 20, 19, 30, and 5 kg ha, respectively applied as urea, triple superphosphate, muriate of potash,
gypsum, and zinc oxide, respectively. Cowdung mixed with rice straw was applied as farmyard manure at a rate of 5 Mg ha™* fresh mate-
rial and once a year. Chemical fertilizers were applied to every crop and were incorporated to soil during final land preparation preceding
rice transplantation, except for N which was applied as basal-dressing and two times as top-dressing in three equal doses. The experiment
was conducted in a randomized block design with three replicate plots (12mx6m). The cropping pattern was rice-fallow-rice as high
yielding Boro rice and high yielding T. Aman rice.

Surface soil samples (0-15 cm) were collected from 15 locations per replicate plot by means of an auger (2.5cm). These samples were
bulked into one composite sample and were thoroughly mixed. The field moist soil was gently broken apart by hand and was air-dried
and ground to pass a 2-mm sieve prior to soil incubations, determination of soil properties and other studies.

The total carbon and nitrogen content of soil samples were analysed with a Variomax CNS-analyzer (Elementar Analysesysteme, Ger-
many). Sub-samples of 0.8 g were used for analysis. The CNS analyzer works according to the principle of catalytic tube combustion
under excess oxygen supply and high temperatures (850°C to 1150°C). The pH (KCI) was determined for all soils with a pH-electrode.
Means separation analysis was used to calculate parameters from cumulative C mineralization data in SPSS. One-way ANOVA with
Duncan’s multiple range post-hoc tests was used for statistical analysis. Correlation study was also performed between soil parameters, C
mineralization parameters, enzyme activities and previously collected crop yields. All statistical analyses were carried out with SPSS 17.

3. Results

3.1. Organic carbon

Long term (33 years) application of mineral fertilizers and manure to floodplain soil resulted in significant differences (P<0.01) in soil
organic carbon content between the treatments (Table 1). The highest SOC content was observed in NPK plot and the lowest in NS treat-
ed plot. Different fertilizer and manure application resulted in a significantly accumulation of SOC compared to the control. This is in
line with some previous studies (Huang et al., 2010) who reported that continuous fertilizer application increased the concentrations of
SOC, TN and other nutrients in plough layers compared with the initial value at the beginning of the experiment. In the present study, it
is observed that, soil organic carbon increases with the increase of N-fertilizer application. However, in few experiments soil organic C
did not increase until N was applied at rates in excess of that required for maximum yield. For an example, Yadav (1998) found an in-
crease in organic C, available N and total N content in two locations out of four in 16 years long-term fertilizer experiment under rice
wheat cropping pattern.

3.2. Total N

Similar to observations for SOC, long term (33 years) application of mineral fertilizers and manure to the BAU floodplain soil resulted in
significant differences (P<0.01) in soil nitrogen content between the treatments (Table 1). This study shows that total N low in control
and high in NPK. That total N content was significantly greater in the fertilized field than in the non-fertilized field. Total N content in the
NP, NK, NPK, N+FYM and NPKSZn treated plots was not significantly different. Consequently, long term application of P, K or FYM
in combination with N had a significant influence on soil N content. Addition of fertilizer and manure resulted in a significantly higher N
content compared to the control. This is in line with Ramulu (1990) who observed that total N content of soil was higher in NP, NPK and
cattle manure plots compared to other treatments. Total N content of soil was significantly increased with the increase of N-fertilizer application.
This could be due to the fact that part of the applied N fertilizer immobilized particularly manure amended plots due to wider C:N ratios
of exogenous organic matter. Most of this immobilized N remain in the soil profile and contribute to the buildup of soil total N.

3.3. C: Nratio

The C: N ratios of the soil varied among the different treatments from 9.0 (NP) to 9.5 (NPK). Narrow range in C: N ratios of the soils
indicating proportional increase in C and N in the fertilizer treatments. Addition of fertilizer manure resulted in a decline in soil C: N
ratios compared to the control but the differences were insignificant (Table 1). Molkonen (1991) stated that nitrogen fertilization decreased
C: N ratio of the humus layer.

Table 1: Influence of Long Term Application of Mineral Fertilizers and FYM on Soil Properties

Treatments Organic carbon (g kg™) Total N (g kgh) C:N ratio (-) pHkci ()
N 15.3bcd 1.64bc 9.3 5.85a
NP 15.8abcd 1.75ab 9.0 5.67¢c
NS 14.9d 1.64bc 9.1 5.67¢c
NK 16.5abc 1.76ab 94 5.65¢
NPK 17.0a 1.78a 9.5 5.70bc
N+FYM 16.6ab 1.77a 9.4 5.74bc
NPKSZn 16.0abcd 1.73ab 9.3 5.79ab
ANOVA *x *x NS *x

*+* Significant at P<0.01 & P<0.05, respectively. NS, not significant. Treatment indicated by different letters are statistically different (P<0.05) from each
other according to Duncan’s multiple range post hoc test.

3.4. Soil pH

Long term (33 years) application of mineral fertilizers and manure to floodplain soil resulted in significant differences (P<0.01) in soil
pH between the treatments (Table 3.1). The soil pH varied among the different treatments from 5.65(application of NK) to 4.89 (applica-
tion of N). The highest soil pH was observed with the application of N followed by other treatments. The soil pH was decreased to a
certain extent with different fertilizer treatments. In this study pH is high in N+FYM than NPK. Suwara and Kulesza (1990) reported that FYM



International Journal of Advanced Geosciences 141

had stronger effect on pH than of NPK fertilizer. However, this finding is in contrast with many others (Bajpai et. al., 1980) who observed that
repeated application of manure or FYM to the soil reduced the soil pH. It is hypothesized that application of organic matter to the soil
decreases the pH due to production of organic acids during decomposition of organic matter.

4. Discussion

Application of mineral fertilizers and manure to the BAU floodplain soil resulted in significant differences in soil organic carbon, total N
content, soil pH and insignificant differences in C:N ratio of soil between the treatments. The soil organic carbon content varied among
the different treatments from 14.9 g OC kg™ to 17.0 g OC kg™. Organic carbon content was only significantly different between NS and
NPK application treatments. The highest SOC content was observed in NPK plot and the lowest in NS treated plot. Different fertilizer
and manure application resulted in a significantly accumulation of SOC compared to the control. The total soil N content varied among
the different treatments from 1.60 g N kg (control) to 1.78 g N kg (application of NPK). Consequently, long term application of P, K
or FYM in combination with N had a significant influence on soil N content. Addition of fertilizer and manure resulted in a significantly
higher N content compared to the control. C:N ratios of the soils ranged narrowly between 9 and 9.5,indicating proportional increase in C
and N in the fertilizer treatments. Addition of fertilizer manure resulted in a decline in soil C:N ratios compared to the control but the
differences were insignificant. The pH of soil was significantly influenced by the application of different fertilizer treatments instead of
no remarkable differences between the treatments. The highest soil pH was observed with the application of N followed by other treat-
ments.

5. Conclusion

The results showed that long term fertilization in paddy soil would result to variable properties of soil. Long-term application of fertilizer
enhanced the essential properties in soils which may be favorable to sustain soil productivity and soil health. In case of long term fertili-
zation, additional application of N, P and K will be suggested. These three elements ensure essential amount of total N and organic car-
bon on soil.
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Significance statement

Long term application of fertilizer increases the sustainability of essential nutrients in soil which provide favorable condition for crop
production. Even after long term fertilization, additional N, P, K should be applied to enhance the more required nutrients.
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