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Availability of N from Prilled Urea, USG and Manures to Flooded Boro Rice in Bangladesh


ABSTRACT
This study was conducted of Bangladesh Agricultural University farm during Boro season of 2025 to find out the effect of prilled urea (PU), and urea super granules (USG), alone or in combination, with poultry manure or cowdung on field water properties, nitrogen use efficiency and the yield of BRRI dhan50. The treatments were: T1 (Control), T2 (78 kg N ha-1 from USG), T3 (136 kg N ha-1 from prilled urea), T4 (58 kg N ha-1 from USG), T5 (58 kg N ha-1 from USG + 3 t ha-1 poultry manure), and T6 (58 kg N ha-1 from USG + 5 t ha-1cowdung). Application of fertilizers and poultry manure (T5) significantly increased the highest grain yield of 4700 kg ha-1 as well as the highest straw yield of 5888 kg ha-1. T2 performed better than T3 which was statically significant and indicated the superiority of USG over prilled urea. Yield performances of both T2 and T5 remained statistically similar, and they both differed significantly over the rest of the treatments. In case of rice field water properties, the USG generated available NH4-N slowly but continued continuously over the entire growth period compared to prilled urea; indicating a beneficial role of USG. The other field water properties like pH, EC were also influenced by the application of prilled urea and USG. The overall results indicated that application of USG in combination with poultry manure could be considered more effective in rice production in respect of reducing N losses, conserving N and increasing the efficiency of applied N.
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INTRODUCTION
Rice (Oryza sativa L.) is the staple food for nearly half of the world’s population and the major food crop of the people of Bangladesh. It is cultivated both in the tropical and sub-tropical regions extending from 45o N to 40o S latitude. 49%, 17% and 9% of the calories consumed by humans come from rice, wheat, and maize respectively (Halder et al., 2024; Khatun et al., 2024; Asaduzzaman et al., 2024). Farhat et al. (2023) reported rice therefore makes up around one-fourth of the calories consumed worldwide. Rice is extensively grown in Bangladesh in three seasons namely, Aus, Aman, and Boro, which covers 80% of the total cultivable area of the country (AIS, 2021). The population of Bangladesh is growing by two million every year and may add at least another 30 million of new mouths over the next 20 years. Thus, Bangladesh will require about 27.26 million tons of rice for the year 2020. During this time total rice area will also shrink to 10.28 million hectares. Rice yield, therefore, needs to be increased by 53.3%. In Bangladesh, rice yield levels arefar below that of many other countries like China, Japan, Korea, and Egypt where yield values are 7.5, 5.9, 7.3, and 7.5 t ha-1, respectively (FAO, 2009).
The total area, production, and average yield of rice in Bangladesh are 11.53 million hectares, 33.7 million tons, and 2.92 tons ha-1, respectively (BBS, 2012). Besides these, the annual production of Aus, Aman, and Boro rice were 2.30, 12.7, and 18.7 million tons ha-1, respectively, where Boro rice covers about 41.7% of the total rice area and shares about 53.12% of total rice production in Bangladesh (BBS, 2023).
Nitrogen is one of the major elements required for plant growth. It plays a key role in plant growth and development. Urea has been found to be a very effective nitrogenous fertilizer especially in rice cultivation. Nitrogen absorption by rice plant from tillering to panicle initiation stage increases the panicle number and spikelet number, and tends to increase grain weight (Mae, 1997). Nitrogen is one of the most limiting nutrients for crop production in Bangladesh. In most cases, surface broadcasting of prilled urea is practiced by farmers to meet the N demand for rice crops. But by this method of application a large amount of applied N is being lost through NH3 volatilization, leaching, denitrification, and surface runoff (Dhane et al, 1989). Consequently, the efficiency of N fertilizers decreases. On the other hand, deep point placement of urea super granules (USG) at 8-10 cm depth of soil can save 30% more nitrogen than prilled urea, increase nutrient absorption, improve soil health, and ultimately increase yields (Savant et al, 1983). Continuous use of chemical fertilizers accelerates the depletion of soil organic matter and impairs physical and chemical properties of soil in addition to causing micronutrient deficiencies.
The most important role of organic matter for rice production is the supply of N, P, and S and to regulate the immobilization and mineralization of nutrients in the soil. In recent years’ poultry farms of the different sizes have been established all over the country. Poultry farm holders use concentrated feeds to feed their poultry birds. As a result, the poultry excreta are rich in nutrients. As the poultry excreta are not used as fuel, these can be a good source of manure of field crops. Poultry manure contains high amounts of secondary and micronutrients in addition to N, P, and K when poultry manure is applied to the field.
Chemical fertilizers are always expensive inputs for crop production, especially in a developing country like Bangladesh. In the near future, chemical fertilizers are likely to become even more costly. The weight of individual urea super granule (USG) commercially available in the country is either 2.7g or 1.8g. If USG is applied as 2.7 g formulation to the center of four hills (20cm × 20cm) spacing in alternate rows, the rate of N equals to 78 kg N ha-1; and 58 kg N ha-1 if applied as 1.8 g formulation. Therefore, these exact rates may not be optimal for a particular variety grown in a particular season. Therefore, the use of Poultry Manure (PM) and cowdung (CD) in combination with USG may optimize the availability of N as required by rice. The use of cowdung and poultry manure, and their proper management may reduce the need for chemical fertilizers allowing small farmers to save part of the cost of crop production. In addition, global environmental pollution can be reduced considerably by reducing the use of chemical fertilizers and increasing the use of poultry manure and cowdung.
The present study was undertaken with the following objectives: i) to study the effect of USG alone or in combination with poultry manure or cowdung on the yield of cultivar BRRI dhan50, ii) to see the effect of prilled urea and USG on rice field water properties including NH4-N, pH, and EC, and ii) to investigate the N use efficiency of rice as influenced by USG or prilled urea.

MATERIALS AND METHODS
Experimental Site
The study was conducted at the Soil Science Field of Bangladesh Agricultural University, Mymensingh, during January to May 2025. The experimental site is located at 24.75o N latitude and 90.5o E longitude at a mean elevation of 18 m above the sea level belonging to the Non-calcareous Dark Grey Floodplain Soils under the Old Brahmaputra Floodplain (FAO-UNDP, 1988) agro-ecological region. The total number of unit plots was 18 and the size of unit plot was 20m × 10m. The experiment comprised of six treatments including control treatments as follows: T1 (Control), T2 (78 kg N ha-1 from USG), T3 (136 kg N ha-1 from prilled urea), T4 (58 kg N ha-1 from USG), T5 (58 kg N ha-1 from USG + 3 t ha-1 poultry manure), and T6 (58 kg N ha-1 from USG + 5 t ha-1cowdung). There was a control treatment, in which no N or CD (cowdung) or PM (poultry manure) was used. A basal dose of 15 kg P, 50 kg K, 10 kg S, and 3 kg Zn ha-1 supplied from Triple Super Phosphate (TSP), MoP (murate of potash), gypsum and zinc sulphate, respectively was applied to all plots including control. The experiment was laid out in a Randomized Complete Block Design (RCBD) with three replications.
Fertilizers and Manures Application 
TSP, MoP, gypsum and zinc sulphate were applied as basal doses in all the plots at final land preparation. PU was applied in three equal splits. The first dose of urea (PU and USG) was applied at 8 days after transplanting (DAT); the second dose of PU was added as top dressing at 38 DAT (active tillering stage); the third dose of PU was added as top dressing at 68 DAT. One USG of either 2.7 g or 1.8 g weight was employed for every four plants. The granules were placed deep in the transplanted field by hand and leveled immediately after placement. For treatment T5 and T6, PM and CD were applied at 3 t ha-1 and 5 t ha-1, respectively, at 7 days before transplanting of the rice seedlings. The poultry manure and cowdung were mixed thoroughly with the soil at the time of final land preparation. 
Seedlings materials
Thirty-five days old rice seedlings were carefully uprooted from a nursery seedbed on 30 January 2025. Three seedlings per hill were placed at a spacing of 20cm × 20cm.The water samples were collected at three different times after the first split application of PU and deep placement of USG as well as the second and the third top dressing of PU. Surface water was collected from each plot. The water samples were collected before and after N fertilization to record the field water properties like pH, electrical conductivity (EC) and available NH4-N. The first water sampling was done from February 6 to 12, 2025, the second from March 7 to 13, 2025 and the third from 8 to 14, April 2025. Intercultural operations like thinning, weeding, irrigation and pest control were done as and when necessary as per treatment.
Harvesting and post-harvest processing
The crop was harvested at full maturity and the data on plant height, panicle length, effective tillers hill-1, filled grains panicle-1, 1000-grain weight, grain yield, and straw yield were recorded. The grain and straw yields were adjusted to 14% moisture. The grain and straw samples were analyzed for determination of N, P, K, and S.
Statistical Analysis
The analysis of variance for different crop characters as well as for different nutrient concentrations of the treatments were made and the mean differences were judged by Duncan’s New Multiple Range Test (DMRT) (Gomez and Gomez, 1984).
RESULTS AND DISCUSSION
Yield Contributing Characters 
Experimental results showed that the growth and yield of rice was significantly influenced by the application of USG in combination with poultry manure. The growth parameters and yield of rice as well as nitrogen content, nitrogen uptake, and nitrogen use efficiency of rice were more effective in the combination of USG and poultry manure. The tallest plant found in T5 was identical to that found in T2 and different from those found in T6, T4, and T3 from PU (Table 1). Plant height of BRRI dhan50 was significantly increased due to application of USG alone or in a combination of poultry manure which was similar to the findings of Bisas et al (2016). Results revealed that the effect of PU and USG alone or in combination with PM and CD significantly influenced the number of effective tillers hill-1 of BRRI dhan50. All the treatments caused an increasing effect on the number of effective tillers hill-1 over the control. Treatment T5 produced the highest number of effective tillers hill-1 which was identical to T2 but statistically superior to other treatments (Table 1). The maximum number of effective tillers hill-1 found in T5 which was identical of Parvez et al (2008) who found increased number of effective tillers hill-1 with the integrated use of manures and fertilizers.
The panicle length of rice plants was significantly influenced by different treatments (Table 1). The highest panicle length was found in T5 and it was statistically similar to those found in T2, T3, T4, and T6. The largest panicle length was found in T5 and this result in agreement with that of Rahman et al (2009) who found an increase in panicle length with the application of manures and fertilizers. Filled grains panicle-1 of BRRI dhan50 was significantly increased by the application of PU and USG alone or in combination with poultry manure and cowdung (Table 1). The number of filled grains panicle-1 varied from 96.0 to 125.3. The highest value was found in T5 and the lowest value was found in T1. The number of filled grains panicle-1 found in the treatments T2, T3, T4,and T6 was statistically similar. The results reveal that urea alone or in combination with manures exerted considerable effect on the number of filled grains panicle-1. In this study, it was found that filled grains per panicle significantly influenced in the application of USG alone and in a combination with poultry manure which support the findings of Rahman et al (2009). The results are in agreement with that Islam et al. (2015). Results showed the effect of PU and USG alone or combined with PM and CD on 1000-grain weight of BRRI dhan50. The 1000-grain weight was not influenced significantly by different treatments. The range of 1000-grain weight of BRRI dhan50 was 19.25 g in T1 to 19.93 g in T5.
It was found that the highest grain yield of 4700 kg ha-1 was recorded in T5 and the lowest value of 2431 kg ha-1 was recorded in T1. The treatment T3, T4, and T6 produced the identical grain yield of 3526 kg ha-1, 3800 kg ha-1, and 3925 kg ha-1, respectively (Table 2). USG in association with poultry manure treated plot gave better grain yield than other treatments. This might be due to the optimum release of N resulting from deep placement of USG which was allowed to act for a prolonged period and to the adequate release of N and other nutrients from poultry manure. The increase in grain yield over control treatment ranged from 45% to 89.28% where the highest increase was obtained with T5 as shown in Table 2. The straw yield of BRRI dhan50 was also influenced significantly by the application of PU, USG, poultry manure, and cowdung as shown in Table 2. The highest straw yield of 5888 kg ha-1 was obtained in T5 and the lowest value of 2930 kg ha-1 was noted in T1. Application of USG and poultry manure combined had a positive effect on grain yield and straw yield which was similar to the findings of Parvez et a l (2008) and Rahman et al (2009). Moreover, Haque et al (2024) reported that grain and straw yields of rice had a positive effect by the application of PU and USG.
Nitrogen Content and Uptake by BRRI dhan50 
The N uptake both in grain and straw of BRRI dhan50 increased significantly due to application of PU, USG, poultry manure, and cowdung. The N uptake by grain ranged from 24.85 kg ha-1 to 60.19 kg ha-1 and that by straw from 13.55 kg ha-1 to 41.67 kg ha-1. The highest N uptake by grain and straw was obtained inT5 and the lowest N uptake by grain and straw was found in T1.   Islam et al (2018) reported increased grain and straw N uptake with the application of USG and poultry manure. The total N uptake by rice was also significantly influenced by different treatments (Table 3). The highest total N uptake was observed in T5 and the lowest value was found in T1. 
Apparent N recovery and N use efficiency
The apparent N recovery and N use efficiency were also found to be at a maximum for treatment T5 in Table 4. The data clearly indicate that the maximum values of grain and straw yield, total N uptake, and apparent N recovery were obtained with the application of USG in combination with poultry manure. The reasons for high recovery of applied N could be the deep placement of USG and the supplementation of poultry manure in the rice field that resulted in a continuous supply of available nitrogen during the growth period of rice plants, which ultimately resulted in maximal N uptake.
Nitrogen use efficiency (NUE) represents the response of rice plants in terms of grain yield to N fertilizer. The highest value of NUE was obtained in T5 and the lowest value was found in T3. The range of NUE varied from 8.05 to 29.85 kg grain kg-1 N applied (Table 4). This result indicates that the application of USG in combination with poultry manure in rice fields decreases the losses of N, leading to efficient uptake and utilization of applied N. Nitrogen uptake and nitrogen use efficiency increased significantly with the application of USG alone and in combination with poultry manure Akter et al (2011) and Jahan (2012) also reported the similar results.

CONCLUSIONS
Variation was found on the effects of prilled urea (PU) and urea supergranule (USG) alone or in combination with manures including cowdung (CD) and poultry manure (PM) on field water properties, yield and use efficiency of BRRI dhan50. From the observations made in the present study, it is evident that treatments T2 and T5 were statistically at par in producing grain and straw yields of BRRI dhan50, but the use of T5 may be a better choice for rice cultivation considering the lower use of nitrogen. Moreover, application of 58 kg N from USG plus 3 t ha-1 PM (T5) may be tested in different region of Bangladesh to improve rice yield and ensure the food security.  However, more research at different agro-ecological zones (AEZs) across the nation is required to validate this finding.
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Table 1. Effect of nitrogen supplied from PU, USG, and manures on the yield components of BRRI dhan50 
	Treatments
	Plant height (cm)
	Effective tillers hill-1 (No.)
	Panicle length (cm)
	Filled grains panicle-1 (No.)
	1000- grain weight(g)

	T1
	76.3b
	10.33d
	18.98b
	96.0b
	19.25

	T2
	87.7a
	13.67ab
	22.69a
	123.0a
	19.80

	T3
	82.1ab
	11.67c
	20.74ab
	113.0a
	19.57

	T4
	84.7a
	12.33c
	22.08a
	118.7a
	19.75

	T5
	88.9a
	14.33a
	22.82a
	125.3a
	19.93

	T6
	86.9a
	12.67bc
	22.45a
	119.7a
	19.05

	SE(±)
	1.91
	0.58
	0.61
	4.34
	NS

	CV%
	5.06
	5.49
	5.06
	6.69
	6.25


Figures in a column having common letters do not differ significantly at 5% level of significance. CV% = Coefficient of variation, SE (±) = Standard error of means, PU= Prilled urea, USG= Urea super granule.

Table 2. Effect of nitrogen supplied from PU, USG, and manures on grain and straw yields of BRRI dhan50 
	Treatment
	Grain yield (kg ha-1)
	Increase over control (%)
	Straw yield (kg ha-1)
	Increase over control (%)

	T1
	2431c
	-
	2930c
	-

	T2
	4541a
	86.77
	5714a
	94.98

	T3
	3526b
	45.00
	4671b
	59.38

	T4
	3800b
	56.27
	4790b
	63.47

	T5
	4700a
	89.28
	5888a
	95.92

	T6
	3925b
	61.41
	4918b
	67.82

	SE(±)
	332.69
	-
	429.86
	-

	CV%
	6.77
	-
	7.61
	-


Figures in a column having common letters do not differ significantly at 5% level of significance. CV% = Coefficient of variation, SE (±) = Standard error of means, PU= Prilled urea, USG= Urea super granule.


Table 3. Effect of nitrogen supplied from PU, USG, and manures on nitrogen content and uptake by BRRI dhan50 
	Treatments
	N content (%)
	N uptake (kg ha-1)

	
	Grain
	Straw
	Grain
	Straw
	Total

	T1
	1.03c
	0.46c
	24.85d
	13.55e
	38.40e

	T2
	1.30ab
	0.64b
	59.09a
	36.30b
	95.39b

	T3
	1.10c
	0.50bc
	38.73c
	23.40d
	62.13d

	T4
	1.16bc
	0.54bc
	43.96bc
	25.76cd
	69.72c

	T5
	1.32a
	0.75a
	60.19a
	41.67a
	101.86a

	T6
	1.17abc
	0.56bc
	45.88b
	27.54c
	73.42c

	SE
	0.05
	0.05
	5.68
	4.78
	10.37

	CV%
	7.06
	11.95
	6.37
	4.89
	3.96


Figures in a column having common letters do not differ significantly at 5% level of significance. CV% = Coefficient of variation, SE (±) = Standard error of means, PU= Prilled urea, USG= Urea super granule.


Table 4. Effect of nitrogen supplied form PU, USG, and manures on apparent N recovery (%) and nitrogen use efficiency of BRRI dhan50  
	Treatments
	N applied (kg ha-1)
	Grain yield (kg ha-1)
	Total N uptake (kg ha-1)
	ANR (%)
	NUE (kg grain kg-1 N applied)

	T1
	-
	2431c
	38.40e
	-
	-

	T2
	78
	4541a
	95.39b
	73.06
	27.05

	T3
	136
	3526b
	62.13d
	17.45
	8.05

	T4
	58
	3800b
	69.72c
	54.00
	23.59

	T5
	76
	4700a
	110.76a
	95.21
	29.85

	T6
	73
	3925b
	73.42c
	47.97
	20.46


PU= Prilled urea, USG= Urea super granule, NUE=Nitrogen use efficiency.
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