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ABSTRACT 

Government policies in sub-Saharan Africa is geared towards intensification of rice production to 

reduce import. Intensification of production requires the use of inorganic fertilizers.  Although the 

amount of nutrient lost through leaching has not been quantified to guide fertilizer use, briquetted 

formulations of chemical fertilizers are now being used to address nutrient leaching. This study is 

aimed at quantifying nutrients’ loss in different formulations and how it influences growth and yield 

of rice.  The field experiment was conducted using clay-filled 0.28 m diameter passive wick 

lysimeters to collect leachates for laboratory analysis. The treatments consisted of urea super 

granule (USG), granular urea, briquetted NPK, granular NPK in two split applications using NPK 

and SA, all applied at 57.5- 22.5-11.3 kg ha-1. An untreated control was also kept. For the urea and 

USG, TSP and Murriate of potash (MOP) were added to supply P and K. The treatments were 

arranged in completely randomized design. Four rice seedlings were transplanted per lysimeter. 

Data collected on growth and reproductive parameters as well as nutrient content of the leachates 

were subjected to analysis of variance using Genstat Edition 18.  Urea-based fertilizers recorded 

higher tiller and panicle number than NPK-based fertilizers. Grain number was not affected by the 

treatments. The USG and briquetted NPK lost 5% of N applied while granular urea and NPK lost 

15% of N applied within 8 weeks after application. Phosphorus was the least leached nutrient, less 

than 0.2 kg/ha, whilst Potassium recorded the highest nutrient loss (3.7- 9.2 kg/ha). The study 

recommends the use of USG and briquetted NPK to address nutrient leaching in rice fields. 
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INTRODUCTION 

Rice (Oryza sativa L.) is important cereal which serves as dietary staple for more than half the 

world’s human population. It is critical to the lives of billions of people around the world, providing 

21% of global human per capita energy and 15% of per capita protein (ODI, 2003). According to 

Statistical, Research and Information Directorate of MoFA (SRID/MoFA) (2017), 412, 814 Mt of 

milled rice was produced locally in 2016 and 697,391 Mt was imported during the same period. Per 

capita rice consumption in Ghana hovers around 35 kg/annum (SRID/MoFA, 2017). 
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Low inherent soil fertility has been identified as a major cause of low rice yield in sub-Saharan 

Africa (USAID, 2011). The problem is compounded because farmers are not able to purchase 

fertilizer due to relatively high cost and therefore rely mostly on natural soil fertility. Moreover, 

under flooded conditions, most of the applied nutrients are lost through different path ways (Kokare 

et al., 2015). Deep placement of fertilizers may be more efficient and farmers can benefit more 

from this compared to broadcast method (Rahman et al., 2016). The use of briquetted fertilizer may 

help to reduce the loss of nutrients under flooded conditions. Farmers in Vietnam and Cambodia 

obtained 25% higher yields with deep placement of NPK briquettes over the broadcasting of 

fertilizer (IFDC, 2007). In Bangladesh, yield of rice was increased by 15-25 %, while expenditure 

on commercial fertilizer was decreased by 24-32 % when briquetted fertilizers were used as the 

source of plant nutrients. Deep placement of briquetted fertilizer has been reported to have 

environmental and economic benefits (IFPRI, 2009). 

Rice yields recorded by small holder farmers in Ghana have been declining over the years due to a 

number of factors. Most important among the factors is the decline in soil nutrients. Various efforts 

have been made to address yield decline chief among them being the use of organic manure. Ibrahim 

(1985) is of the view that chemical fertilizer remains an attractive economic alternative to the use 

of organic fertilizer in rice cultivation. The challenge however has to do with making sure that the 

applied nutrients are available to the plant, whilst minimizing the loss of the nutrients through 

leaching and volatilisation. Regular granular fertilizers, though useful, have been proven to result 

in nutrients leaching beyond the reach of crops, especially in flooded lands. As a result, more of the 

fertilizer has to be applied in order to achieve the desired effect. Predotova et al. (2011) have 

reported N leaching of 2.2-7.3 kg/ha while Goenster et al. (2015) reported N losses of 53-45 kg/ha 

per year. Weimer et al (2019) also reported less than 1 kg N/ha in maize farms in Tamale in northern 

region of Ghana. Information on losses of nutrients on clayey soils used for rice production in 

Ghana is lacking. This study would provide information on N, P and K quantities that are leached 

out in soils when briquetted and granular fertiliser are used in stimulated rice field condition. 

The study aimed to compare the effect of split application of granular NPK and urea with single 

application of briquetted form on growth and yield of rice. Secondly, it sought to compare nutrient 

losses in granular fertilizers with their corresponding briquetted ones during the vegetative stage.  

 

MATERIALS AND METHODS 

Experimental site 

This research was carried out at the experimental field of the University for Development Studies, 

Tamale, Ghana. The experimental site is located on longitude 0o 58' 42'W and latitude 9o 25' 14' N 

with an altitude of 183 m above sea level. The area experiences a unimodal rainfall pattern ranging 

from 1000 mm to 1200 mm. Rainfall starts late April and reaches a peak in July to September; there 

is a sharp decline or absolutely no rain in November (SARI, 2007). The research spanned the period 

of April - October, 2017. 
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Construction of lysimeter 

The experiment involved the use of passive wick lysimeter (Plate 1) adapted from Siemens and 

Kaupenjohann (2004) and Werner et al. (2019). The passive wick lysimeters is made up of two 

chambers (buckets) placed on top of each other and sealed together with epoxy. The top chamber 

with inner diameter of 0.28 m and depth of 0.50 m was filled with clay soil leaving the top 6 cm as 

a receptacle for irrigated water and to prevent run-off water from entering the bucket. The second 

chamber with the same dimension as the top chamber was designed to collect leachates. The two 

chambers were connected to each other by means of a 0.4 m length glass fiber wick of 10 mm 

diameter used to create a hanging water column and draw water from the soil in the upper chamber 

into the lower chamber. A PVC pipe housing a rubber tube was connected to the second chamber. 

Holes of 0.6 m diameter and height of 1.2 m were dug and the lysimeters placed into them, the soils 

augured out were used to fill the sides of the bucket to make it firm in the soil. The buckets were 

grounded in an area where run-off water will not run over them. Water was added to the top 6 cm 

and it was ensured that water was most often up to a height of 4 cm till senescence. Leachates were 

drawn out of the second chamber through the tube using a vacuum pump of 40-kPa every two weeks 

on four occasions.  

    

   

Plate 1: Lysimeter construction. Plate 1(a) shows the upper and lower buckets linked by fibre wick. 

Plate 1(b) shows the two buckets assembled together ready to be grounded. 

Treatment and Experimental design 

Urea super granule was applied to 4 plants by placing it in the midpoint of four plants in order to 

reduce fertilizer application. Triple Super Phosphate (TSP) and Muriate of Potash (MOP) were 

added to the USG to provide P and K respectively. The quantities of USG, TSP and MOP applied 

to four plants informed the 57.5- 22.5-11.3 kg ha-1 used for the other treatments in the study. The 

lysimeters were arranged in a complete randomized design with six replications. Rice variety 

Jasmine was nursed in buckets and transplanted three weeks after emergence.  The treatments were 

(a) (b) 
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applied 2 weeks after transplanting (WAT) and top dressing with sulphate of ammonia (SA), where 

required, was done at four weeks later. The treatments consisted of Urea Super Granule , Urea 

granular, Briquetted NPK, NPK (split application of nutrients in treatment 3 using granular NPK 

and SA), and Control (untreated control).  

  

Plate 2: Briquetted NPK fertilizer 

 

Data Collection 

Growth and yield data collected were plant height at two weeks for eight weeks, shoot dry weight 

at harvest, tiller number at two-week intervals, panicle number and weight, and number of seeds 

per panicle. 

The leachate was sampled every two weeks after the treatment application during the vegetative 

phase. The volume of the leachate was measured and a sample transported to the lab in an icebox. 

All samples were acidified (pH ~2) and stored in a fridge at 4 ºC until they were analysed.  Analysis 

of NO3-N was done photometrically following the methods of Cataldo et al. 1975, NH4-N as per 

Koroleff, 1976 and PO4 P according to Ohno and Zibilske 1991.  Light absorption at the specific 

wavelengths was measured with an UV/VIS pectrophotometer (Pharo 300 Spectroquant, Merck 

GmbH, Darmstadt, Germany). The amount of K was determined by the flame emission photometric 

method.  

Leachate analysis 

The nutrients content of leachates measured in mg/l was converted to kg/ha using the formula 

applied by Werner et al. (2019).  Leaching losses in kg/ha = concentration of the nutrient in leachate 

(mg/l) x the volume of leachate pumped out (l) x 0.162. The factor 0.162 was used to account for 

the area of the lysimeter (0.28 m in diameter). 

Effective nitrogen loss during the period was computed by summing up the total nitrogen losses in 

nitrate and ammonium. Nitrogen loss from the untreated control was subtracted from the fertilizer 
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treatments in order to cater for indigenous nitrogen in the soil. Effective nitrogen loss of the 

fertilizer treatment t was calculated as 

: ∑(𝑁𝐻4𝑁𝑡 + 𝑁𝑂3 𝑁𝑡) − ∑(𝑁𝐻4𝑁𝑐 + 𝑁𝑂3𝑁𝑐) 

where NH4
+Nt is ammonium N lost in treatment t, NO3

- -Nt is nitrate N lost in treatment t, NH4
+Nc is 

ammonium N lost in control treatment and NO3
- -Nc is nitrate N lost in control treatment.  

 

Data analysis  

The data collected were subjected to analysis of variance (ANOVA) using Genstat Statistical 

Package software, Teaching and Learning version, 18th edition. All tests of significance were 

assessed using an alpha of 0.05 unless otherwise stated. 

 

RESULTS 

Plant height 

The fertilizer and week interaction did not have significant interaction effect (P=0.358) on plant 

height however the main effect of the fertilizer treatment had significant effect on plant height 

(P=0.001).  The plant height was fairly similar among the fertilizer treatments. The fertilizer 

treatments however, recorded significantly higher plant height than the untreated control (Figure 

1).  

  

Figure 1: Effect of fertilizer treatments on plant height. Error bars represent standard error of means 

(SEM) 
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Dry shoot weight 

The fertilizer treatments had significant influence on dry shoot weight (P<0.001). The USG 

produced 14.8 % more shoot weight than the briquetted NPK, and it increased to 18.5 % when 

compared with NPK (Figure 2).  The urea treatment also performed significantly better (15 %) than 

the NPK treatment. The briquetted treatments performed about 4% better than the granular 

applications though the differences were not significant. The untreated control produced the least 

dry shoot weight (Figure 2). 

  

Figure 2: Effect of fertilizer treatment on dry shoot weight per lysimeter. Bars represent SEM 

 

Tiller number 

The fertilizer treatments were significantly different (P=0.047) at the three periods (4, 6 and 8 

WAT) tiller numbers were counted. The urea treatment recorded significantly higher tiller number 

than all the other fertilizer treatments in the fourth week (Figure 3). In the later weeks, the USG 

induced more tiller number than the NPK-based fertilizer treatments (Figure 3). The differences in 
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Figure 3: Effect of fertilizer treatment on tiller number. Error bars represent SEM 

 

Panicle number and weight 

The fertilizer treatments had significant influence on the number of panicles per plant (P<0.001). 

The urea super granule treatment produced significantly higher number of panicles than the NPK 

treatment.  The fertilizer treatments significantly increased panicle number more than the untreated 

control (Figure 4). The briquetted NPK and USG induced more panicles than their granular forms 

though the difference was not significant. The fertilizer treatments had significant influence on 

panicle weight (P=0.004). The trend observed in panicle number was similar to what was observed 

in panicle weight (Figure 5). 

  

Figure 4: Effect of fertilizer treatment on panicle number per plant. Bars represent SEM. 
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Figure 5: Effect of fertilizer treatment on panicle weight. Bars represent SEM. 

   

Number of grains per panicle 

The fertilizer treatments had no significant influence on the number of grains per panicle (P=0.099). 

However, all the treatments that received fertilizer produced more grains than the untreated control. 

The USG treatment produced 12 .8% more grains than the untreated control (Figure 6). 
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Figure 6: Effect of fertilizer treatments on number of grains per panicle. Error bars represent SEM. 

 

NH4 –N content in leachates 

The fertilizer treatment and the weekly interaction had significant effect on the amount of NH4 –N 

leached from the soil (P= 0.018). Quantity of NH4 leached was significantly higher in the urea 

treatment during the first four weeks after application (Figure 7).  By the sixth week losses from 

the soil through leaching in the urea treatment had fallen below the level of the granular NPK due 

to increases in NH4+ -N leaching as a result of sulphate ammonia top dressed to NPK treatment. 

The briquetted NPK and USG recorded NH4 quantities lower than that of the granular forms but 

the differences were not always significant.  The untreated control recorded significantly lower 

NH4 leached in the first four weeks (Figure 7).   

  

Figure 7: NH¬4 content of leachates collected from lysimeter. Error bars represent SEM 
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briquetted NPK treatments were lower than that of urea up to the sixth week. By the 8th week the 

quantities in all the treatments had declined to the level of the untreated control (Figure 8). 

  

Figure 8:  The NO3 content of leachates collected from lysimeter. Error bars represent SEM. 
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Figure 9: Effective total nitrogen loss through leaching for the eight weeks period 
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P content of leachates 

The treatment and the week interaction had significant effect on the amount of P leached from the 

soil (P= 0.05). At the second week after treatment application, the urea and the USG plots that were 

supplied with P in the form of TSP joined granular NPK treatment to leach more P than the 

briquetted NPK treatment (Figure 10). Leaching losses declined among the three treatments while 

that of the Briquetted NPK treatment increased at the fourth week. By the sixth week quantities of 

P in the fertilizer treatments had declined to the level of untreated control and remained constant 

till the eighth week (Figure 10).  

 

  

Figure 10: Phosphorus content of leachates collected from lysimeter. Error bars represent SEM. 
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Figure 11: Potassium content of leachates collected from lysimeter. Error bars represent SEM 
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the importance of fertilizer application in panicle development. They reported higher panicle 

density when nitrogen fertilizer was applied at early vegetative period. The briquetted NPK and  

USG released their nitrogen slowly and that made nitrogen available for uptake in the vegetative 

stage which promoted higher panicle development. In this study the grain number per panicle was 

not affected by the treatments even though the fertilizer treatments recorded more grains than the 

untreated control. This is in contrast to previous studies (Win, 2012; Islam et al., 2008) where 

fertilizer application had improved yield components like grain number per panicle.  

 

Nutrients losses through leaching 

Generally, nitrogen fertilizers are completely water soluble and a significant portion is lost through 

leaching. The N losses occur in the form of NO3- and NH4+. The results however showed that 

most of the N was leached in the form of NO3-. This finding is supported by (Vlek et al., 1980; 

Xing et al., 2000; Velu et al., 2001). They found that leaching loss of N occurs in the form of NO3- 

N and NH4+N from rice fields and the extent of NO3- losses is 90 % more than NH4+.  In nutrient 

losses study in Tamale, Werner et al. (2019) observed that NO3- -N loss was higher than NH4+-N 

and losses in both were below 1 kg N per ha. In this study, the initial NH4+-N loss among the 

fertilizer treatments was in the range of 1.279 – 2.218 kg N per ha while the corresponding values 

in NO3- -N was 0.999 – 3.507 kg per ha. The peak nutrient loss occurred at the fourth week after 

the fertilizer application and in that week the urea fertilizer recorded the highest NH4+-N losses. 

The difference in NH4+-N losses between urea fertilizer and its compacted form, the USG, was 57 

% while that between NPK and briquetted NPK was 31.8 %.  In the case of NO3- -N loss at the 

peak week, the highest was measured in the urea fertilizer treated plots and the difference between 

the urea and USG was about 47% while about 49% was the difference between NPK and briquetted 

NPK.  The effective nitrogen loss shows that during the 8-week period, the granular fertilizers lost 

more nitrogen than the compacted form. When the effective nitrogen losses were compared with 

nitrogen input, it was observed that USG and briquetted NPK lost 5.3 and 4.1 % within the 8 week 

after application while that of the granular urea and NPK were 13.5 and 13.3 % respectively. 

Compacting the fertilizer reduces the surface area per unit mass (IFDC 2007, 2013) and that helps 

to reduce nutrient loss (Adu-Gyamfi et al., 2019) 

Phosphorus leaching in this study was very low when compared with N and K confirming the slow 

mobility of P in soils (Sharpley, 1997). Phosphate is very reactive and forms insoluble precipitate 

with Fe3+ and Al3+ and other elements present in soils (Klepker and Anghinoni 1996). In a study 

by Werner et al. (2019) P losses of less than 1 kg/ha was reported. In this study peak losses of P 

occurred in the second week after fertilizer application and losses were less than 0.2 kg per ha. In 

that week, both urea-based fertilizers recorded higher P levels than the NPK-based fertilizers. The 

highest P loss of 0.115 kg/ha observed in the urea treatment was as a result of TSP that was added 

to both the urea and the USG. Leached P in the briquetted NPK and granular NPK was very low 

and was similar to the untreated control. This shows that P losses in clay soils is not a worrying 

problem as nitrogen. 
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Potassium losses were relatively higher when compared to the other nutrients. Werner et al. (2019) 

reported K losses between the range of 2- 4 kg per ha. The range found in this study at the peak 

loss (3.7-9.2 kg/ha) was higher than what Werner et al. (2019) reported. In contrast to other major 

nutrients, K is almost totally water soluble + and is thus readily available (Mengel and Kirkby 

1987).  Potassium losses was high but it appeared to have less effect on rice yield.  Abel (2017) 

reported that K exclusion in fertilizer applied to rice least affected tillering and grain yield when 

compared with other nutrients excluded. 

 

CONCLUSIONS 

The urea-based fertilizers promoted tillering and panicle development better than the NPK-based 

fertilizers. At the peak of nutrient losses in the fourth week, Nitrate-N losses were higher than that 

of Ammonium-N. The granular fertilizers lost more N than the USG and briquetted NPK. The 

compacted USG and briquetted NPK respectively lost 5.3 % and 4.1 % of the nitrogen applied 

while the granular urea and NPK leached 13.5 % and 13.3 % respectively within eight weeks after 

application. Phosphorus losses were low, less than 0.2 kg/ha. Potassium losses through leaching 

were the highest among the three nutrients studied, about 3.7 – 9.2 kg/ha. It is recommended that 

rice farmers should use urea super granules and briquetted NPK to reduce nutrient loss in rice 

production. 

 

REFERENCES 

Abel, C. (2017). Effects of secondary and micro nutrients on rice (Oryza sativa L.) growth, 

development and yield. B Sc dissertation, Agronomy Department, University for Development 

Studies, Tamale, Ghana, pp 55.  

 

Adu-Gyamfi, R., Agyin-Birikorang, S., Tindjina, I.  Ahmed, S. M., Twumasi, A. D., Avornyo, V.K. 

and Singh, U. (2019). One-Time Fertilizer Briquettes Application for Maize Production in Savanna 

Agroecologies of Ghana, Agronomy Journal, 111 (6): 1-12. 

 

Cataldo, D. A., Maroon, M., Schrader, L. E., Youngs, V. L. (1975). Rapid colorimetric 

determination of nitrate in plant tissue by nitration of salicylic acid. Commun. Soil Science and 

Plant Analysis 6:71–80. 

 

Goenster, S., Wiehle, M., Predotova, M., Gebauer, J., Ali, A. M. and Buerkert, A. (2015) Gaseous 

emissions and soil fertility of home gardens in the Nuba Mountains, Sudan. Journal of Plant 

Nutrition and Soil Science, 178:413–424 

 

Horneck, D.A. (1995). Nutrient management and cycling in grass seed crops. Ph.D. Diss. Ore. State 

Univ., Corvallis. 

 



Ghana Journal of Horticulture 15 (1):59-75 

Nutrients Leaching in Briquetted NPK and Urea Super Granules and its effect on the Performance of Rice (Oryza Sativa L.)  
http://www.journal.ghih.org 

73 
ISSN: 0855-6350 

Copyright ⓒ Ghana Institute of Horticulturists 

 

Ibrahim, A.S. (1985). An Economic Analysis of Rice Response to Fertilizer Application in the 

Tamale District of Northern Region of Ghana. MSc Thesis, University of Ibadan, Nigeria, 

unpublished. 

 

IFDC (International Fertilizer Development Center) (2007). Mitigating poverty and environmental 

degradation through nutrient management in South Asia. IFDC Report, March 2007 

https://issuu.com/ifdcinfo/docs/march_2007_english_newsletter. 

 

IFDC (International Fertilizer Development Center) (2013). Fertilizer Deep Placement. IFDC 

Solutions. IFDC, Muscle Shoals, AL 35662 USA. p. 6. 

http://issuu.com/ifdcinfo/docs/fdp_8pg_final_web?e=1773260/1756718. 

 

IFPRI (2009). Operational Details of the 2008 Fertilizer Subsidy in Ghana—Preliminary Report. 

Islam, M. S., Hossain, M. A., Chowdhury, M. A. H. and Hannan, M. A. (2008). Effect of nitrogen 

and transplanting date on yield and yield components of aromatic rice. Journal of Bangladesh 

Agricultural University. 6(2): 291–296. 

 

Islam, M. S., Rahman, F. and Hossain, A.T.M.S. (2011). Effects of NPK Briquette on Rice (Oryza 

sativa) in tidal flooded ecosystem. The Agriculturists. 9(1&2): 37-43. 

 

Khairunniza-Bejo, S., Zulkifli, Z. and Muharam, F.M. (2017). Effect of nitrogen fertilizer to 

growth, biomass and grain yield of paddy. Acta Horticulturae. 1152: 159-164 

DOI: 10.17660/ActaHortic.2017.1152.22 

 

Klepker, D. and Anghinoni, I. (1996). Nutrient uptake and maize yields as affected by way of 

fertilizer application and tillage. Pesquisa Agropecuária Gaúcha, 2:79–86. 

 

Kokare, V. G., Kasture, M. C., Palsande, V. N and Mhalshi, R. M. (2015). Effect of different 

fertilizer briquettes and organic manures on yield, nutrients uptake and chemical properties of soil 

in chilli (capsicum annuum l.) In lateritic soils of Konkan. International Journal of Agricultural 

Science and Research, 5(2):13-18 

 

Koroleff, F. (1976) Determination of ammonia. In: Grasshoff K (ed) Methods of seawater analysis.  

Verlag Chemie, Weinheim, pp 126–133. 

 

Lampayan, R.M.,  Bouman, B. A. M., de Dios, J. L., Espiritu, A. J., Soriano, J. B., Lactaoen, A.  

T., Faronilo, J. E. and Thant, K. M. (2010). Yield of aerobic rice in rainfed lowlands of the 

Philippines as affected by nitrogen management and row spacing. Field Crops Research, 116: 165‒

174. 

 

Liu, Y., Ding, Y. F., Wang, Q. S., Meng, D. X. and Wang, S.H. (2011). Effects of nitrogen and 6- 

benzylaminopurine on rice tiller bud growth and changes in endogenous hormones and nitrogen. 

Crop Science 51: 786-792. 

 

Mengel, K. and Kirby, E. A. (1987). Principle of Plant Nutrition (4th edition). International 

Potash Institute, Worblaufen-Bem, Switzerland. 



Ghana Journal of Horticulture 15 (1):59-75 

Nutrients Leaching in Briquetted NPK and Urea Super Granules and its effect on the Performance of Rice (Oryza Sativa L.)  
http://www.journal.ghih.org 

74 
ISSN: 0855-6350 

Copyright ⓒ Ghana Institute of Horticulturists 

 

 

Ohno, T. and Zibilske, L. M. (1991) Determination of low concentrations of phosphorus in soil  

extracts using malachite green. Soil Science Society of America Journal, 55:892–895 

 

Overseas Development Institute, ODI (2003). Multi-Agency Partnership for Technical Change in 

West African Agriculture: Rice production and Livelihood in Ghana. 

 

Predotova, M., Bischoff W-A, Buerkert A (2011) Mineral-nitrogen and phosphorus leaching from 

vegetable gardens in Niamey, Niger. Journal of Plant Nutrition and Soil Science 174:47–55. 

 

Rahmann , M.M.,Samanta, S.C., Rashid, M.H. and Sukhi, K.F.N (2016). Urea Super Granule and 

NPK Briquette on Growth and Yield of Different Varieties of Aus Rice in Tidal Ecosystem.  Asian 

Journal of Crop Science, 8(1):1-12  

 

 Sakakibara, H., Takei, K., Hirose, N. (2006). Interactions between nitrogen and cytokinin in the 

regulation of metabolism and development. Trends in Plant Science 11: 440-448  

 

SARI (Savanna Agricultural Research Institute (2007).  Agro- meteorology Unit. Annual Report. 

Pp 21.  

 

Sharpley, A. N. (1997). Rainfall frequency and nitrogen and phosphorus run-off from soil amended 

with poultry litter. Journal of Environmental Quality. 26: 1127-1132. 

 

Siemens J, Kaupenjohann. M. (2004) Comparison of three methods for field measurement of solute 

leaching in a sandy soil. Soil Science Society of America Journal, 68:1191–1196 

 

SRID/MoFA (Statistical, Research and Information Directorate of MoFA) (2017). Facts and 

Figures for 2016, Ministry of Food and Agriculture of Ghana 

 

Sudhakar, P., Ladha, P., and Reddy, P. V. (2016). Phenotyping Crop Plants for Physiological and 

Biochemical Trait. BS Publication, A Unit of BSP Book Pyt Ltd., India. 

 

Tahir, M., Anther, M. N., Asif, M and Ayub, M. (2008). Growth and Yield Response of Fine Rice 

to Split Application of Nitrogen. Journal Life and Social Science, 6(1): 14-17. 

 

USAID (2011). The Global Food Security Response West Africa Rice Value Chain Analysis: 

Ghana Rice Study. 2011 Grain and Feed Annual Report 

 

Vlek, P. L. G., Byrnes, B. H. and Craswell, E. T. (1980). Effect of urea placement on leaching 

losses of nitrogen from flooded rice soils. Plant and Soil, 54: 441–449. 

 

Velu, V. and Ramanathan, K. M. (2001). Nitrogen balance in wetland rice ecosystem as influenced 

by soil type.  Madras Agricultural Journal, 87: 21–25. 

 

Werner, S., Akoto-Danso, E. K., Manka’abusi, D., Steiner, C., Haering, V. Nyarko, G., Buerkert,  



Ghana Journal of Horticulture 15 (1):59-75 

Nutrients Leaching in Briquetted NPK and Urea Super Granules and its effect on the Performance of Rice (Oryza Sativa L.)  
http://www.journal.ghih.org 

75 
ISSN: 0855-6350 

Copyright ⓒ Ghana Institute of Horticulturists 

 

A. and Marschner, B (2019). Nutrient balances with wastewater irrigation and biochar application 

in urban agriculture of Northern Ghana. Nutrient Cycle Agroecosystem, 115:249–262 

https://doi.org/10.1007/s10705-019-09989-w 

 

Win, K. K. (2012). Plot specific N fertilizer management for improved N-use efficiency in rice 

based system of Bangladesh. http://www.zef.de/fileadmin/webfiles/  

 

Xing, G. X. and Zhu, Z. L. (2000). An assessment of N loss from agricultural fields to the 

environment in China. Nutrient Cycling in Agroecosystems 57: 67–73. 

 

YARA (2017).  Fertilizer Industry Handbook 88-91pp 

 

CONTRIBUTION OF AUTHORS 

Raphael Adu-Gyamfi conceived the idea, sought for funding, implemented the idea and took part 

in the writing of the manuscript. 

Alhassan Hafiz took part in the designing of the experiment data collection, analysis and writing of 

the manuscript. 

Vincent K. Avornyo contributed to the implementation of the idea, data analysis and writing of the 

manuscript 

 

ACKNOWLEDGMENT 

Authors are grateful to IFDC- Ghana for the support received in the construction of the lysimeters 

Conflict of Interest: The authors declare that there is no conflict of interest. We are also grateful to 

Mr Isaac Asirifi for analysis the leachates for us. 

 

https://doi.org/10.1007/s10705-019-09989-

