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			Abstract

			A study was performed to investigate the effects of waste materials on soil microbial communities and methane (CH4) emission in Boro rice season (December 2015 to April 2016) at Environmental Science Field Laboratory of Bangladesh Agricultural University, Mymensingh, Bangladesh. The field experiment comprised of 5 treatments: T1 (control i.e., no fertilizer), T2 (100% chemical fertilizer), T3 (50% well decomposed farm waste + 50% chemical fertilizer), T4 (50% well decomposed kitchen waste + 50% chemical fertilizer), T5 (50% well decomposed municipal solid waste + 50% chemical fertilizer). The experiment was laid out in randomized complete block design (RCBD) with three replications. Population of bacteria, fungi and nematode was counted from post-harvest soil. CH4 emission, plant height and leaf area index (LAI) were recorded at active tillering stage, flowering stage, and mature stage. The bacterial, fungal and nematode populations were much higher in waste materials treated plots compared to un-fertilized and 100% chemical fertilizer applied plots. The CH4 emission was higher at active tillering stage in treatment T5 (51.20mg m-2 h-1) and then T4 (44.8mg m-2 h-1) while the lowest was in T1 treatment at all stages of rice growth. Growth and yield were also higher under combined organic waste and chemical fertilizer applied plots over control and no significant variation was found among waste materials. This study revealed that well decomposed farm waste along with chemical fertilizers could be more effective in improving microbial populations, growth and yield of rice and for decreasing CH4 emission.
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			Introduction

			Bangladesh is an agro-based country where agriculture is considered as backbone of her economy. However, the fertility status of soil has been declining continuously due to intensive cropping and imbalanced use of chemical fertilizers to meet up growing demand of food. Continuous use of chemical fertilizers like urea deteriorates soil properties and causes nutrient imbalance of soil in addition to causing micronutrient deficiency. Nutrient mining, depletion of soil organic matter, reduction of soil microbes (e.g., bacteria, fungi, protozoa, algae etc.) have been identified as important factors for declining soil productivity [1]. On the other hand, waste management is considered to be one of the most serious environmental problems in Bangladesh [2]. Waste volumes continue to rise with increasing population, which leads to loss of resources and increase environmental risks. As waste materials are rich sources of macro and micro nutrients, soil quality may improve by the addition of several kinds of waste materials (e.g., household waste, municipal waste, sewage sludge, agricultural and industrial wastes, animal manure etc.) in agricultural land [3-4].

			Soil microorganisms (e.g., bacteria, algae, fungi, protozoa etc.) play an important role in decomposing organic matter, nutrients and carbon cycling and maintaining soil fertility. Changes in the composition of soil microbiota have been taken as sensitive indicators of soil health and ecosystems [5]. Microbial communities in the soil are enhanced and stimulated by the addition of organic waste due to the presence of high levels of macronutrients such as N, P, K, Ca and micronutrients such as B, Zn and Mn [2]. However, some composted waste materials have been found to influence essential soil organisms and can be added to the soil without any risk [6-7], whereas some others can produce toxic and depressant effects on plants and the microbial communities [8]. In addition, microbial decomposition of waste materials will lead to production of greenhouse gases (CO2, N2O or CH4). Since the increasing concentrations of greenhouse gases contribute to the enhancement of greenhouse effects as well as to climate change [9], there is a growing interest in quantifying the significant sources and sinks of these trace gases. The objectives of this study were: 

			
					to investigate the effect of waste materials on soil microbial communities, 

					to quantify the effect of waste materials on the rate of CH4 emission and 

					to assess the effect of waste materials on growth and yield of crop.

			

			Materials and Methods

			Study area

			The experiment was set up at Environmental Science Field Laboratory of Bangladesh Agricultural University, Mymensingh, Bangladesh. The farm is situated at the latitude of 24.75° N and longitude of 90.5°E. 

			Experimental design

			The experiment was laid out in Randomized Complete Block Design (RCBD) with 5 treatments: T1: No chemical fertilizer and no waste materials (Control); T2: 100% chemical fertilizer; T3: 50% well decomposed farm waste + 50% chemical fertilizer; T4: 50% well decomposed kitchen waste + 50% chemical fertilizer and T5 = 50% well decomposed municipal solid waste + 50% chemical fertilizer. The experimental area was divided into 3 blocks representing the replications to reduce soil heterogeneity effects. Thus, total numbers of unit plots were 15. The unit plot size was 4×2.5=10m2 and plots were separated from each other by dike (50cm). 

			The recommended chemical fertilizer doses were: Urea: 267gm / plot; TSP: 109gm / plot; MOP: 134gm / plot; Zinc Sulphate: 10gm / plot and Gypsum: 59gm / plot. The chemical properties (N, P, K, S) of farm waste, kitchen waste and municipal waste were analyzed and the amount of waste materials for each plot was calculated. Based on the nutrient content of waste materials, 4kg farm waste, 6kg kitchen waste and 5kg municipal waste was applied at treatment T3, T4 and T5, respectively.

			Crop establishment 

			The land was first opened on December 2015. Each experimental plot was fertilized following their doses. Half dose of urea and full doses of the other fertilizers (TSP, MOP, Gypsum, Zinc Sulphate) and waste materials were applied to the field during final land preparation. The rest of urea fertilizer was applied to the land after 40 days of transplanting.

			Forty days old seedlings of BRRI dhan28 were transplanted in the experimental plot on 20 January 2016 maintaining two seedlings per hill with 25cm × 25cm row and hill spacing. Necessary intercultural operations were done for maintaining the normal growth and development of the crop. 

			Data collection

			Collection of soil sample: Post-harvest soil sampling was done plot wise accordingly at plough depth (15cm) level. Soil samples were analyzed in the Laboratory of Soil Science Division, Bangladesh Institute of Nuclear Agriculture (BINA), Mymensingh for counting bacteria, fungi and nematode populations as well as for chemical properties.

			Analysis of soil samples: The total soil nitrogen (N) was determined by semi micro-Kjeldahl method [10]. Available phosphorous (P) was diagnosed from the soil following the method of Olsen [11]. Exchangeable potassium (K) and sulphur (S) was analyzed using flame photometer [12] and spectrophotometer [13], respectively.

			Ten gm soil from each sample was taken into 250ml erlenmeyer flask contained 90ml sterile water and made volume 100ml and shaken well on electric rotary shaker for half an hour. From that suspension 1ml was transferred to 9ml sterile water containing wide mouth vial. Dilution of the suspension up to 10-7 was made using serial dilution technique. A 0.1ml of suspension from each dilution was spread out on Nutrient Agar medium containing petriplates and incubates at 30°C for 3 days. Well separated single colonies showing characteristics of bacteria from each dilution were counted using plate count method. Methodology of counting fungi is same as bacterial count where Potato Dextrose Agar medium was used.

			Two hundred fifty gm soil sample was placed in a plastic bucket and was stirred with hand and broken up clumps of soils while adding tap water (approx. 3/4 full). After 30 minutes when suspension became uniform, the suspension sieved through 20 mesh sieves at one time (leaving the settled sediment at the bottom of the bucket). Then 20 mesh sieves were discarded, and cysts and large eel shaped forms collected from 60 mesh sieve by back washing into 250ml beaker. Other eel shaped forms were collected from back washing of 325 mesh sieve in separate 250ml beaker. A 3% formaldehyde fixative solution (8 parts medium and 92-parts water) was used to kill the nematode. Then nematodes were counted. 

			Gas sampling and analysis 

			Gas samples were collected by the modified closed-chamber method [14] at different growth stages (active tillering, flowering and mature stage) to get the average CH4 emissions during the cropping season. A rectangular chamber (60×60×90cm) was placed over the rice planted plot. Immediately after setting the chamber, air sample was collected with an empty 50ml syringe from inside the chamber and was injected into 50ml air-tight vials. Again, the sample was collected in 50ml air-tight vials at 15- and 30-minutes intervals. The concentration of CH4 gas was determined by gas chromatograph (Shimadzu 2014, USA) equipped with a Flame Ionization Detector (FID).

			According to Rolston [15], CH4 flux was calculated using following formula:

			[image: ]
Where, F = CH4 flux (mg m-2 hr-1); ρ = CH4 gas density (0.714mg cm-3); V = volume of the chamber (m3); A = surface area of the chamber (m2); Δc / Δt = rate of increase of CH4 gas concentration in the chamber (mg m-3 hr-1); and T= 273 + mean temperature of the chamber (oC).

			Growth and yield of rice: Two growth indicators (plant height and leaf area index) were measured at active tillering stage, flowering stage and mature stage. Rice was harvested plot-wise at maturity (28 April 2016). Yield of rice and straw per plot was recorded at final harvest.

			Results and Discussion

			The study was conducted at the Environmental Science Field Laboratory of Bangladesh Agricultural University, Mymensingh to evaluate the effects of farm waste, kitchen waste and municipal waste on soil microbial population and methane gas emission from rice field.

			Physicochemical properties of soil

			The soil of the experimental field belongs to the Sonatola soil series of noncalcareous dark grey floodplain under the Old Brahmaputra Alluvial Tract which is more or less neutral in reaction with 1.80% organic matter content and pH value 6.5. The experimental field was medium high land with well drained condition. The soil texture was silty loam. 

			The average values of total nitrogen (N) content were 0.107%, 0.145%, 0.140%, 0.128% and 0.134% in treatment T1 (control), T2 (100% chemical fertilizer ), T3 (50% well decomposed farm waste + 50% chemical fertilizer), T4 (50% well decomposed kitchen waste + 50% chemical fertilizer) and T5 (50% well decomposed municipal solid waste + 50% chemical fertilizer), respectively. Highest was found in 100% chemical fertilizer treated plot and lowest was found in control plot. Phosphorous (P) content ranged from 6.71ppm to 7.62ppm where highest was found in T5 treatment and lowest was found in T1 treatment. The average values of exchangeable K ranged from 41.0 to 72.2ppm and it was 41.0, 72.2, 64.4, 48.0 and 60.1 ppm in treatment T1 (control), T2 (100% chemical fertilizer), T3 (50% well decomposed farm waste + 50% chemical fertilizer), T4 (50% well decomposed kitchen waste + 50% chemical fertilizer) and T5 (50% well decomposed municipal solid waste + 50% chemical fertilizer), respectively. It was highest in T2 treatment and was lowest in T1 treatment. The average values of sulphur (S) content were 10.08, 7.69, 8.87, 12.42 and 10.05ppm in treatment T1 (control), T2 (100% chemical fertilizer ), T3 (50% well decomposed farm waste + 50% chemical fertilizer), T4 (50% well decomposed kitchen waste + 50% recommended chemical fertilizer) and T5 (50% well decomposed municipal solid waste + 50% chemical fertilizer), respectively. S content was highest in treatment T4 and lowest in treatment T2.

			Effects of waste materials on soil microbial community

			The bacterial population was 0.14×106, 0.21×106, 5.0×106, 7.2×106, 5.4×106CFU/g soil in treatment T1 (control), T2 (100% chemical fertilizer), T3 (50% well decomposed farm waste + 50% chemical fertilizer), T4 (50% well decomposed kitchen waste + 50% chemical fertilizer) and T5 (50% well decomposed municipal solid waste + 50% chemical fertilizer), respectively (Figure 1a). Vertical bar indicates the standard error. Bacterial population was increased by the application of farm waste, kitchen waste and municipal solid waste in soil compared to control and chemical fertilizer application. Some researchers indicated that the application of organic fertilizers increased the bacterial population in the soil environment [16]. The highest population of bacteria was found in kitchen waste treated plot compared to farm waste and municipal solid waste applied plot. 
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			Fungal population in soil under different treatments ranged from 0.41×105 CFU/g to 6.2×105 CFU/g soil (Figure 1b). The highest fungal population was found in treatment T5 (50% well decomposed municipal solid waste + 50% chemical fertilizer) (6.2×105CFU/g) followed by treatment T3 (50% well decomposed farm waste + 50% chemical fertilizer) (5.3×105CFU/g) and T4 (50% well decomposed kitchen waste + 50% chemical fertilizer) (5.0×105CFU/g). Fungal population was lowest in treatment T1. Organic waste application had a higher effect on fungal population in the paddy field is also reported by previous study [17].

			The nematode populations were 267, 285, 385, 372 and 399 cell/g soil in treatment T1 (control), T2 (100% chemical fertilizer), T3 (50% well decomposed farm waste + 50% chemical fertilizer), T4 (50% well decomposed kitchen waste + 50% chemical fertilizer) and T5 (50% well decomposed municipal solid waste + 50% chemical fertilizer), respectively (Figure 1c). Highest population of nematode was found in treatment T5 and lowest was found in treatment T1. Decomposed waste materials application had a great effect on nematode population in the paddy field [18].

			Waste materials have positive effects on carbon mineralization [19]. The higher microbial populations in all waste materials amended plots were probably due to the contribution of waste materials for readily available organic C and nutrients to soil microorganisms. 

			Effects of waste materials on CH4 emission

			CH4 emission was recorded in different stages of rice cultivation namely active tillering stage, flowering stage and mature stage.

			At the active tillering stage, the highest CH4 emission (51.20mg m-2 h-1) was observed in the treatment T5 that contained 50% well decomposed municipal solid waste + 50% chemical fertilizer (Figure 2). The second highest CH4 emission (44.8mg m-2 h-1) was observed at treatment T4 (50% well decomposed kitchen waste + 50% chemical fertilizer). In this stage, the lowest CH4 emission (2.53mg m-2 h-1) was found in the control plot. Highest (44.47mg m-2 h-1) and lowest CH4 emission (8.39mg m-2 h-1) was observed from rice cultivation with organic and no fertilizer application in the earlier study [20], which had a great similarity with the present study.
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			At the flowering stage, the CH4 emission was highest (16.21mg m-2 h-1) with the treatment of T4 (50% well decomposed kitchen waste + 50% chemical fertilizer) (Figure 2), the second highest (13.82mg m-2 h-1) was found with the application of 50% well decomposed farm waste + 50% chemical fertilizer in T3 treatment. The lowest (7.5mg m-2 h-1) was found in control treatment T1 (Figure 2). In this stage, CH4 gas emission rate is lower than active tillering stage . Application of organic materials enhanced methane emission from rice fields is also reported by previous study [21]. 

			The CH4 emission at mature stage were 1.81, 2.01, 2.92, 9.57 and 2.5mg m-2 h-1 in treatment T1 (control), T2 (100% chemical fertilizer), T3 (50% well decomposed farm waste + 50% chemical fertilizer), T4 (50% well decomposed kitchen waste + 50% chemical fertilizer) and T5 (50% well decomposed municipal solid waste + 50% chemical fertilizer), respectively (Figure 2). The highest CH4 emission (9.57mg m-2 h-1) was observed in the treatment of T4 that contained 50% well decomposed kitchen waste + 50% chemical fertilizer. The lowest CH4 emission (1.81mg m-2 h-1) was found in the control plot.

			At different stages of rice cultivation i.e., in active tillering stage, flowering stage and mature stage, the lowest CH4 emissions were found in control plots at the rate of 2.53, 7.5 and 1.80mg m-2 h-1, respectively. High rate of CH4 emissions were found at the treatments of T5 and T4. But the highest average CH4 emission was found in treatment T4. The application of organic waste increased the CH4 emission from rice field at various stages of rice production. The changes in the management of organic fertilizers have been identified as the main driving force for long term changes of CH4 emission from rice field [22]. The increment in CH4 emissions following organic fertilizer application depends on quantity, quality and timing of the application of organic fertilizer [23]. An earlier study also revealed that the CH4 emission was higher from plots applied with farm waste than plot applied only with chemical fertilizer [24].

			Researchers of previous study stated that readily mineralizable carbon is one of the main factors affecting CH4 emissions from flooded rice field [23]. As waste materials have positive correlation with readily mineralizable carbon, therefore, CH4 emissions were higher in waste materials treated plot compared to others. 

			Effects of waste materials on growth and yield

			Highest plant height was found in T5 Treatment (50% well decomposed municipal solid waste + 50% chemical fertilizer) and plant height was 46.9, 80.04, and 101.06 cm at active tillering stage, flowering stage, and mature stage, respectively. The lowest plant height was found in the treatment T1 (control) at all growth stages of rice. Some researchers reported that the application of organic waste increased the plant height [25]. The highest leaf area index (LAI) (5.02) was found in the treatment of T5 (50% well decomposed municipal solid waste + 50% chemical fertilizer). The lowest (1.08) was found in the treatment T1 (control). The order of the treatment for LAI was T5 > T3 > T4> T2 > T1. Use of organic fertilizers increased the plant growth and leaf number as LAI and combined application of NPKS and organic manures increased the leaf area of rice [26]. 

			The grain yield ranged from 3.27 to 6.20t ha-1 under different treatments (Figure 3a). All the treatments produced higher grain yield over control. The lowest grain yield of 3.27t ha-1 was obtained in control treatment (T1) and the highest grain yield of 6.20t ha-1 was obtained in treatment T4 (50% well decomposed kitchen waste + 50% chemical fertilizer). Grain yield under different treatments may be ranked in the order of T4 (6.20t ha-1) > T5 (6.13t ha-1) > T3 (6t ha-1) > T2 (5.83t ha-1) > T1 (3.27t ha-1). Application of organic fertilizer encouraged the vegetative growth of rice in terms of plant height and number of tillers per hill which ultimately resulted in the increase of grain yield [27].

			The straw yield varied from 4.5 to 8.83t ha-1 under different treatments (Figure 3b). The highest straw yield of 8.9t ha-1 was obtained in treatment T4 (50% well decomposed kitchen waste + 50% chemical fertilizer) and the lowest yield of 4.5t ha-1 was obtained in T1. Straw yield under different treatments may be ranked in the order of T4 (8.9t ha-1) > T5 (8.83t ha-1) > T2 (8.33t ha-1) > T3 (8.1t ha-1) > T1 (4.5 ha-1). Combined application of NPK and organic manures also increased the straw yield of rice [26].
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			Conclusion

			Bacterial population was higher in kitchen waste amended soil. On the other hand, fungal and nematode population was higher in farm waste and municipal waste amended plot. CH4 emission was much higher from kitchen waste and municipal waste treated plot compared to farm waste. However, there was no significant variation in growth and yield among three waste materials applied plots. From this study, it is found that farm waste is suitable for getting higher microbial population as well as growth and yield of rice with little CH4 emission. 
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Figure 2: CH, emission at different growth stages of rice cultivation under different treatments.
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Figure 1: (a) Bacterial population, (b) fungal population and (c) nematode population under different treatments (CFU- colony forming unit).
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Figure 3: (a) Grain and (b) straw yield under different treatments.

T5






