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The yields and supply of rice have continuously remained low despite increase in demand. A study was carried out using Randomized Complete Block Design to determine the indigenous nutrient supply (INS) of lowland rice soils and the nutrient use efficiency of fertilizer in order to develop a site specific nutrient management option for eastern Uganda. Indigenous nutrient supply was determined by the omission plot technique using five treatments; control (no fertilizer), NPK, PK (-N), NK (-P) and NP (-K) with NPK rates of 58.2 kg N ha-1, 13.2 kg P ha-1 and 49 kg K ha-1. A total of 27 omission experiments were set up over a two-year period with each farmer acting as a replicate.The grain yield ranged from 1.1- 8.7 t ha-1 with the mean of 3.8 t ha-1. The full NPK treatment yielded significantly higher than PK and control treatments (NPK plots= 4.83 t ha-1). The yield in NPK treatment was 73, 40, 23 and 25% higher than control, PK (-N), NK (-P) and NP (-K) treatments, respectively. There was no significant difference between treatments for agronomic efficiency of N.The mean RE was 31% N, 9.9% P and 59% K with NPK treatment recording an average RE for N of 46.9%. The RE for P was low at 19% (for NPK), 9.9% (for control and NK), 9.3% for NP and 1.4 for PK. Average IUE was 36.9 kg grain kg−1 N, 270 kg grain kg−1 P and 28 kg grain kg−1 K, respectively. The average indigenous nutrient supplies for nitrogen (INS), phosphorus (IPS) and potassium (IKS) were 52, 9.7 and 87.2 kg ha–1, respectively. The Gross return over fertilizer cost (GRF) for the full NPK treatment was $1,275.3 ha–1 with gains of $270 ha-1 when compared to the control. The calculated respective N, P and K doses were 63, 12.6 and 24.5 kg ha–1 indicating a saving of 49, 74 and 59% on applied NPK respectively. This study has shown that fertilizer use in eastern Uganda is profitable and SSNM has demonstrated big savings on fertilizer N, P and K.
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1 Introduction


Rice (Oryza sativa L.) is a key nutritional crop and it is a staple to almost a half of the world’s population (Fan et al., 2016). In order to face the increasing demand for food and to meet the needs of a growing population, the production of rice must be enhanced up to 70% by 2050 (Awio et al., 2022; Godfray et al., 2010). In Uganda, rice is one of the most important cereal crops (Bua and Ojirot, 2014). It is mostly grown by smallholder farmers in eastern and northern parts of the country for income, although some of the household production is retained for consumption (Akongo et al., 2017). Rice is also the most traded food commodity across borders in the East African Community (EAC) region, compared to traditional staples like bananas. According to Oonyu (2011), rice is second to maize as the food commodity most imported into, as well as most exported from the EAC. Over the last decade, the consumption of rice in the EAC has increased by 360% owing to the change in eating habits with urbanization (Nanfumba et al., 2013). As a result, supply of rice in Uganda and other EAC Partner States cannot keep-up with the rapidly expanding regional market demand.


Uganda produces up to 350,000 MT of rice annually which is equivalent to import substitution of about 104 million USD per year. The Government of Uganda set a target to produce 680,000 MT of rice by 2020 and generate at least USD 73 million worth of exports (MAAIF, 2016). Farmers in Uganda and sub-Saharan Africa (SSA) in general harvest on average 1–2 t ha-1 paddy rice, about 33% of the potential yield of 6 t ha-1 (Awio et al., 2022). The low yields and rice supply gap can be attributed to climatic constraints, poor seed quality, weeds, pests and diseases, low soil fertility, mineral toxicities and inadequate water supply (Dobermann and Fairhurst, 2000). Therefore, Uganda is still a net importer of rice, since domestic demand exceeds its supply/production (Barungi and Odokonyero, 2016).


To achieve potential rice yields, modern cultivars of rice require large amounts of fertilizers (Fazli et al., 2019). Among all fertilizers, nitrogen (N) is the most essential for plant development, growth and grain quality (Davies et al., 2020; Kichey et al., 2007). However, in developed economies, N use efficiency (NUE; defined as grain dry matter per unit of N available from the soil, fertilizer included), is very low and estimated to be approximately 33% of the applied N source (Saito et al., 2019; Raun and Johnson, 1999). Improved nutrient management can help reduce the yield gap as well as mitigating the negative impacts of excessive fertilizer applications. According to Hameed et al. (2019) citing Cassman and Harwood (1995), over-utilization of N regularly initiates pest destruction and lodging, bringing a decrease in quality and quantity of rice yield. Relatedly, excessive use of N may induce the acidity of the soil (Guo et al., 2010), water contamination and encourage nitrous oxide (N2O) emission (Hameed et al., 2019). However, the greatest benefit for improved nutrient management is found on farms with good crop management and few pest problems (Dobermann et al., 2002). Farmers in rainfed lowlands in Uganda and other parts of SSA grow a rice crop with minimal use of fertilizers and pesticides. For example, a survey in eastern Uganda found only 12% of lowland rice farmers using inorganic fertilizer albeit applying low rates of about 50 kg urea per hectare (Kyalo, 2016). Few farmers who apply fertilizers have insufficient knowledge about fertilizer use and recovery efficiencies hence they do not achieve maximum benefits from use of fertilizers (Saito et al., 2019). However, fertilizer application can increase the rice yield matching the indigenous N supply (Chivenge et al., 2021; Jing et al., 2007). There is therefore need to develop a framework for improved soil fertility management for lowland rice systems in Uganda. Nutrient use efficiency was described using agronomic indices namely partial factor productivity (PFP, kg crop yield per kg nutrient applied), agronomic efficiency (AE, kg crop yield increase per kg nutrient applied) and apparent recovery efficiency (RE, kg nutrient taken up per kg nutrient applied), physiological efficiency (PE, kg yield increase per kg nutrient taken up) and internal efficiency of N (IEN) (kg of grain per kg of nutrient taken up) (Cassman et al., 1998).


According to Dobermann et al. (2002), applying fertilizers on a field specific and cropping season specific basis also known as Site specific nutrient management (SSNM) improves rice yields, profit, plant nutrient uptake and N- use efficiency. The SSNM strategy aims to achieve sustainable, large, and economic yields through proper nutrient and crop management achieved through making efficient use of all available nutrient sources, following plant based N-management strategies, determining indigenous nutrient supply of the soil using omission plots and providing a crop with a balanced supply of nutrients. Dobermann et al. (2003) defined indigenous nutrient supply (INS) as the cumulative amount of that nutrient originating from all indigenous non-fertilizer sources that circulate through the soil solution surrounding the entire roots system during one complete crop cycle. Indigenous nutrient supply (INS) can be estimated by plant nutrient accumulation in a nutrient omission plot or estimated from grain yield measurements in small N, P, and K omission plots embedded in farmers’ fields if other nutrients are fully supplied and the harvest index is approximately 0.5. The use of SSNM has been shown to be a simple and effective way to increase nitrogen use efficiency. Adoption of SSNM requires an understanding and quantification of the indigenous supply of nutrients. Considering the growing importance of rice as cash and food crop, and the growing need to increase productivity, there is a quick need to understand some aspects of the soil nutrient status including soil indigenous supply and fertilizer use efficiency of the soils which will ultimately lead to fertilizer recommendations for farmers. The objective of this research was to determine the indigenous nutrient supply and nutrient use efficiency of lowland rice soils in eastern Uganda.



1.1 Materials and methods



1.1.1 Site description


The experiments were set up in Bugiri district (034’14.66” N, 33 44’ 56.04” E) of eastern Uganda in 2013 and 2014. In 2013, the experiment was set up in farmers’ fields in Buwunga Sub county while in 2014 the experiments were set up in farmers’ fields in Buluguyi Sub county. The change in site was due to a prolonged drought at Buwunga which resulted in insufficient water at the experimental site thus leading to a shift to Buluguyi Sub county. The soils covering most of Bugiri district are mainly loamy and sand loams with fine texture and rather loose structure. The soils are laterite and ferralitic, with deep reddish brown sandy loams mixed with clay loams and overlain by clayey subsurface horizons derived from gneiss and granites (Yost and Eswaran, 1990).


Soil characteristics of experimental sites are shown in Table 1. Bugiri district has two distinct rainfall seasons per year - April to June and August to November with a dry season lasting from December to March. The mean annual rainfall for Buwungu Sub county is 1,200 mm and Buluyu Sub county is 900 mm with the mean temperatures of 22°C and 28.1°C respectively with the month of February being the hottest. For majority of the farmers, rice is grown as a monocrop either twice or once a year with no known crop rotation regimes. Second season planting of rice is normally dependent on the arrival of the rains, and for some farmers it is not planted if the rains come late.



Table 1 | Characteristics of soils in the experimental sites.


	Location
	pH
	OM
	N
	P
	Ca
	Mg
	K



	%
	Ppm





	
Buwunga Sub county
	6.0
	4.96
	0.23
	12.10
	4893.57
	1055.43
	61.65



	
Buluguyi Sub county
	5.7
	4.882
	0.252
	4.45
	1289.13
	955.20
	93.57



	
Buluguyi Sub county
	5.3
	4.91
	0.22
	19.91
	4081.28
	573.70
	40.79



	
Buwunga Sub county
	Clay loam



	
Buluguyi Sub county
	Clay loam











1.2 Experimental design and treatments


A nutrient omission trial was set up using Randomised Complete Block Design in farmers’ fields with a total of 21 farmers, 7 each in first season 2013 (2013A), first season 2014 (2014A) and second season 2014 (2014B). Consequently, a total of 21 omission experiments were set up over the two-year period. Each farmer acted as a block/replicate for each season. The experimental plots for each season were different. The trial was set up with five treatments; full N, P and K (NPK), omission of K with full N and P (NP-K), omission of P with full N and K (NK-P), omission of N with full P and K (PK-N), and a control where no fertilizer was applied. The full N, P and K applications rates used in the experiment were 58.3 kg N ha-1, 13.2 kg P ha-1 and 49 kg K ha-1, respectively. The rates were based on a yield target of 5 t ha-1 under SSNM (Fairhurst et al., 2007). Nitrogen was applied as urea (CO (NH2)2) 46% N; Phosphorus was applied in the form of triple super phosphate (TSP) 46% P2O5 (Ca (H2PO4)2H2O) while Potassium was applied in the form of muriate of potash (MOP), 50% K2O (KCL). Nitrogen was applied in three splits; 55, 35 and 35 kg ha-1 at basal, active tillering and panicle initiation stages, respectively. Potassium was applied in two equal splits (50% at basal and 50% at panicle initiation). All the phosphorus was applied basally.


In 2013B, the trial was not set up because the drought conditions persisted until November. All plots were 25 square meters (5m x 5m) and were separated by bunds to restrain water movement from one plot to another. All omission experiments were set up with farmer variety Bedinego because it was the most commonly grown variety in the area. Nurseries were sown at a rate of 100g per square metre equivalent to 5kg of seed in 500 m-2 and were transplanted at 21–28 days old. Rice plants were transplanted at a spacing of 25 cm x 25 cm with 2–3 seedlings per hill. Weeds were managed manually by hand weeding twice each season at 25–30 days after transplanting (DAT) and 40–50 DAT. In addition, all fields were sprayed with herbicides (satunil 60EC (40% Theobencarb and 20% propanil) at a rate of 200–500 l ha-1 at the beginning of the season to control weeds. All fields were sprayed with Orius (250gl-1 tebuconazole) at 750l ha-1 at panicle initiation to control rice blast. All experiments relied on rainfall for water requirements.




1.3 Data collection and analysis


In order to determine general properties of the soil, five soil cores were taken from a 0–15 cm depth in every plot and mixed to form one composite sample. The samples were analyzed at Kawanda Soil Science Laboratory using standard procedures (Okalebo et al., 2002) for pH, total carbon, total nitrogen, available P and exchangeable Ca, Mg, and K. Soil pH was measured using the glass electrode method with a soil-to-water ratio of 1:2.5 (Okalebo et al., 2002). Organic matter was measured using the potassium dichromate (K2Cr2O7) method (Nelson and Sommers, 1982). Total N was determined by Kjeldhal digestion. Available P was measured by Bray P1 method (Bray and Kurtz, 1945). Exchangeable bases were determined from an ammonium acetate extract by flame photometry (K+, Na+) and atomic absorption spectrophotometry (Ca2+, Mg2+). Particle size distribution (texture) was determined using the Bouyoucos (hydrometer) method.


Data from experimental plots were collected according to the standard evaluation system of rice (IRRI, 2002). Data were collected on plant height at 105 days after sowing (DAS), number of tillers at 89 DAT, number of panicles, grain yield and rice biomass dry weight at harvest. Panicles were counted prior to harvest. Plant height was taken on two hills per plot whereas numbers of tillers and panicles were taken from four hills (0.0625 m2 area). Plants were harvested from 12 hills in each plot at physiological maturity and used to determine % filled grains, harvest indices and nutrient concentrations in plant tissue. Nitrogen concentrations in grain and straw were measured by micro-Kjeldahl digestion, distillation and titration Bremner and Mulvaney (1982), tissue P by the molybdenum-blue calorimetric method and tissue K by atomic adsorption spectrometer after wet digestion. Grain and straw samples from the 12 hill sample were dried to constant weight at 70°C. Paddy grain yields were obtained from a central 5 m2 harvest area in each plot at harvest. Paddy yields and total biomass (grain + straw yields) were adjusted to 14% moisture content.


Optimum N, P and K doses were calculated following Driessen (1986):
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Where, YNPK =yield in NPK plots, YPK = yield in N omission plot, YNK =yield in P omission plot, YNP = yield in K omission plot, NU =N use efficiency (40% in the current study), PU =P use efficiency (18%), and KU =K use efficiency (assuming 100%).


Gross return over fertilizer cost (GRF), which is the farm gate revenue from produced rice minus cost of fertilizer N applied and provides a relative measure for the benefit derived by farmers from the use of fertilizer, was calculated as follows: TFC = PNFN + PPFP + PKFK.


GRF = PRYR -TFC Where, TFC = total fertilizer cost ($/ha), PN = price of N fertilizer ($2.1/kg N), FN=amount of N applied (kg N/ha), PP=price of P fertilizer ($2.2 kg-1 P), FP=amount of P applied (kg P ha-1), PK = price of K fertilizer ($1.4 kg-1 K), FK =amount of K applied (kg K ha-1), GRF = gross return over fertilizer ($ ha-1), PR =price of rice ($0.36/kg paddy), and YR = rice yield (kg ha-1). Economic calculations were made using U.S. dollars as standard currency.


N-use efficiencies were determined following Cassman et al. (1998):
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AEN = agronomic efficiency of applied N (kg grain yield increase per kg N applied), RE = apparent recovery efficiency of applied nutrient (kg nutrient taken up per kg nutrient applied), IEN = internal efficiency of N (kg grain per kg N taken up),


GYN is the grain yield in a treatment with N application (kg ha–1), FN is the amount of fertilizer N applied (kg ha–1), GY0 is the grain yield in the 0-N plot without N application, UNN is the total plant nutrient accumulation measured in above ground biomass at physiological maturity (kg ha–1), and UN 0 is the total N accumulation in plots that did not receive nutrients.


Indigenous nitrogen supply (INS), indigenous phosphorus supply (IPS), and Indigenous potassium supply (IKS) were estimated from grain yield measurements in N, P, and K omission plots.




1.4 Data analysis


Data was entered into excel sheets, cleaned and collated. It was then checked for normality and homoscedasticity and transformed if necessary to meet the assumptions of analysis of variance (ANOVA). Data was then analyzed using GenStat 18th Edition statistical package to generate means, Least Significant Differences (LSDs), F- probability and significant means were separated using Least Significant Difference (LSD) at the 0.05 probability.




1.5 Results and discussion



1.5.1 Yield and yield components for 2013 and 2014


Paddy rice yield differed significantly (p<0.05) between NPK, PK, NP, NK and control treatments. The average yield across all seasons was 3.8 t ha-1 including the control treatment. The NPK treatment had significantly higher average grain yield (average yield= 4.83 t ha-1) than control (2.8 t ha-1) and PK (-N) (3.4 t ha-1) but not NP (-K) (3.8 t ha-1) and NK (-P) (3.9 t ha-1).The NK (-P) and NP (-K) treatments significantly out-yielded the control, but yields were not significantly different from PK which had statistically similar yields with the control (Table 2). The average yield in NPK was 73, 40, 23 and 25% higher than in control, PK (-N), NK (-P) and NP (-K) treatments respectively. The NPK, NP (-K) and NK (-P) had significantly higher average tiller number, panicle number and plant height than control and PK. The latter two were not significantly different in the three plant attributes measured. Rice plants in the treatments that received N (NP, NK, and NPK) were generally taller than those plants in the –N treatments (control and PK).



Table 2 | Average yield and yield components for different omission treatments in 2013A, 2014A and 2014B.


	Treatment
	2013A
	2014A
	2014B



	Yield (t ha-1)
	Tillers (m-2)
	Panicles (m-2)
	HI
	Yield (t ha-1)
	Tillers (m-2)
	Panicles (m-2)
	HI
	Yield (t ha-1)
	Tillers (m-2)
	Panicles (m-2)
	HI





	Control
	4.2
	610
	491
	0.42
	1.9
	486
	433
	0.39
	2.7
	709
	638
	0.35



	PK
	5.3
	681
	535
	0.38
	2.3
	517
	441
	0.42
	2.9
	626
	542
	0.34



	NK
	6.2
	896
	734
	0.39
	2.9
	579
	505
	0.43
	3.7
	834
	750
	0.33



	NP
	5.7
	752
	677
	0.46
	2.9
	565
	498
	0.40
	3.8
	1006
	816
	0.35



	NPK
	6.8
	914
	802
	0.45
	2.9
	577
	535
	0.42
	3.9
	855
	763
	0.38



	Mean
	5.6
	771
	648
	0.42
	2.6
	545
	483
	0.41
	3.4
	806
	702
	0.35



	P-value
	<0.001
	<0.001
	<0.001
	0.17
	<0.001
	<0.001
	0.03
	0.17
	<0.001
	<0.001
	<0.001
	0.17



	LSD0.05
	0.6
	109
	179.3
	NS
	0.74
	115.9
	99.1
	NS
	0.95
	109
	90
	NS



	CV%
	28.4
	20.2
	7.6
	17.5
	20.4
	16
	15.3
	17.5
	23.3
	20.2
	19.7
	17.5





NS, Not significant.




Grain filling and harvest index were not significantly different (p>0.05) between treatments. Number of tillers and panicles followed the same trend and were highest in the full NPK treatment. In this study, application of nitrogen improved the tillering ability of the rice thereby increasing yield. According to Fageria et al. (2009), nitrogen is the most limiting factor in crop production in the tropics and is responsible for increasing tillering and reducing grain sterility. The high yields in NP, NK and NPK treatments can be attributed to the high numbers of tillers and panicles recorded in treatments that received nitrogen. Studies on nutrient omission in lowland rice in East Africa are scanty, however, the results obtained in this study are lower than those obtained by Meertens et al. (2003) in the rainfed lowlands in the Sukuma land and Kwesiga et al. (2019) in Kilombero, Tanzania. In that study, application of 60kg of nitrogen and 17.5 kg of phosphorus per hectare recorded rice paddy yields of 4.5 t ha-1.


The performance across seasons was significantly different for all parameters(p<0.05). First season 2013 (2013 A) had higher grain yield, panicle number, plant height and % filled grains than first season 2014 (2014A) and second season 2014 (2014B). The average yield was highest in 2013A (5.6 t ha-1) and lowest in 2014A (2.6 t ha-1). 2014A and 2014B were not significantly differently in yield, %filled grains and plant height (Table 2). The harvest index in 2014B was significantly different from that in 2014A and 2013A. The harvest indices in 2014B and 2013A were not different. Overall, most of the harvest indices were below 0.5. The low harvest indices could have been caused by limited soil moisture and poor performance of the local farmer variety (Benenego) used in the study. The good performance in 2013A and 2014B could have been due to presence of adequate water in the respective seasons. A total of 752 mm and 754 mm of rainfall was received in 2013A and 2014B compared to 665 mm received in the 2014A season (Kibimba weather station).


The Gross return over fertilizer cost (GRF) for the full NPK treatment was $1,275.3 ha-1. Compared with the average yields in the control, a farmer who does not apply fertilizer loses $ 270.9 ha-1 and the farmers who apply fertilizers at the same rate gains the same amount per ha.




1.5.2 Grain and straw yields and nutrient concentrations in grain and straw


Nutrient concentrations in grain and straw yields (dry weights) are presented in Table 3. Average straw yield was 3.8 t ha-1 ranging from 2.6 to 5 t ha-1. Similarly, average grain yield was 2.7 t ha-1and ranged from 1.7- 4.0 t ha-1. There were significant differences (p<0.05) between treatments for both straw and grain yields with NPK having the highest straw and grain yields of 5.7 and 4.0 t ha-1, respectively. The straw and grain yields for PK (-N) and the control were similar but low compared to other treatments. The nutrient uptake in straw were 33.2, 5.3 and 86.3 kg ha-1 for N, P and K respectively while for grain were kg P ha-1 were 38.1, 4.5 kg and 10.5 kg ha-1 for N, P, and K respectively. There were significant differences between treatments for all nutrients in both grain and straw except for the concentration of P in grain. Generally, NPK treatment had the highest nutrient concentrations; 50.5 kg N ha-1, 8.3 kg P ha-1 and 128.0 kg K ha-1 in straw and 59.0 kg N ha-1, 6.8 kg P ha-1 and 15.0 kg K ha-1 in grain. The nutrient concentrations recorded in straw and grain are similar to those presented by Haefele et al. (2003) for the Sahelian region of West Africa and Hossain et al. (2012) in Bangladesh. However, the grain concentrations are lower than those presented by Witt et al. (1999).



Table 3 | Total straw and grain (dry weight) yield (t ha-1) and nutrient uptake of N, P, K (kg ha-1) in grains and straw.


	Treatments
	Parameters



	Straw
	Grain



	N
	P
	K
	Yield
	N
	P
	K
	Yield





	NP
	36.3
	6.2
	76.6
	4.1
	40.4
	4.9
	10.5
	2.9



	NK
	32.8
	5.1
	97.1
	3.7
	38.0
	4.6
	10.7
	2.6



	NPK
	50.5
	8.3
	128.0
	5.7
	59.0
	6.8
	15.0
	4.0



	PK
	22.5
	3.5
	73.1
	2.7
	29.5
	3.5
	9.1
	2.1



	Control
	23.7
	3.5
	56.8
	2.6
	23.8
	2.9
	7.1
	1.7



	Mean
	33.2
	5.3
	86.3
	3.8
	38.1
	4.5
	10.5
	2.7



	P-value
	0.004
	0.013
	0.002
	0.001
	0.001
	0.06
	0.0026
	0.002



	LSD0.05
	19.1
	2.9
	32.2
	1.4
	15
	2.7
	4.6
	1.0



	CV%
	26.8
	26.9
	22.0
	18.6
	32.6
	39.2
	36.5
	31.7










1.5.3 Agronomic efficiency, recovery efficiency and internal use efficiency


The average AE was 9.4 kg grain kg-1 of fertilizer and ranged from 6.7 to 18 kg grain kg-1 of fertilizer added for NK (-P) and NPK treatments, respectively. However, no significant differences were observed between treatments for AE (Table 4). The average RE was 31%N, 9.9% P and 59% K, respectively. Though not significantly different among treatments for N, RE ranged from 21.5% (NK-P) to 46.9% (NPK). There was a significant difference (P<0.05) between treatments for RE of P with the NPK treatment having the highest RE (19.9%). There was a lot of variability in the RE for P and it ranged from 1.4 to 18%. Average RE for K was 59% ranging from 30% (PK-N) to 132% (NPK). The agronomic efficiency (AE) of nitrogen in the NPK plots (18 kg N kg-1 of grain) was almost double the AE in other treatments but similar to those recorded by Hossain et al. (2012). According to Witt et al. (1999), with proper nutrient and crop management, AE of N should be more than 20 kg of grain per kg of N applied. The AE of N recorded here is therefore slightly below the expected levels. This can be due to the fact that this study was set up under rainfed conditions where farmers plant a local farmer preferred variety - Bedinego which is a poor yielder. This is evident in the low harvest indices recorded throughout 2013 and 2014. In order to improve agronomic efficiency at farmer level, adoption of fertilizer technologies will have to be accompanied by new improved high yielding rice varieties. The RE recorded here for N is similar to those recorded in the Sahelian region of West Africa (Haefele et al., 2003) and many parts in Asia but are higher than those recorded by Hossain et al. (2012) in Bangladesh.



Table 4 | Agronomic efficiency of N (AE) (kg grain kg-1), recovery efficiency RE (%), and internal use efficiency (IE) ((kg grain kg-1 nutrient) of different omission treatments.


	Treatments
	AE
	RE
	IE



	N
	P
	K
	N
	P
	K





	NK
	6.7
	21.5
	–
	73
	35.4
	–
	24.2



	NP
	9.4
	24.7
	9.3
	–
	38.3
	264
	–



	NPK
	18
	46.9
	18.9
	132
	37
	275
	29.0



	PK
	–
	–
	1.4
	30
	–
	276
	23.9



	Control
	9.4
	31.0
	9.9
	59
	35
	266
	27.0



	Mean
	9.4
	31.0
	9.9
	59
	36.9
	270
	28.0



	P-value
	0.065
	0.19
	0.022
	0.016
	0.90
	0.99
	0.04



	LSD0.05
	NS
	NS
	11.6
	75.6
	NS
	NS
	8.5



	CV%
	27.5
	42.4
	49.8
	48.3
	15.3
	20.4
	25.3





Missing values mean that the particular nutrient was not applied in the plot.

NS, Not significant.




Where RE values were low, it could have been due to poor timing of N application, poor water management or drought in the case of rainfed rice (Hossain et al., 2003). The RE for K was high across all seasons (RE for K in full NPK = 132) compared to Haefele et al. (2003). This could be because K was not found to be a limiting nutrient in most of the farmers’ fields (Kyalo, 2016). High RE recorded for K implies that K may be applied only after soil analysis because results have shown that K is not deficient in lowland rice soils in Buwunga and Buluguyi subcounties.


Internal use efficiency was not significantly different across treatments for all nutrient elements except for K. Average IE was 36.9 kg for N, 270 kg for P and 28 kg for K. The IE for N was similar across treatments being highest for NP (-K) (38.3 kg) and least in the control (35.0 kg). The IE for P was very similar across treatments. NPK had the highest IE for K (29.0 kg) followed by the control. The internal use efficiency for N was very low (average= 36.9 kg kg-1; IE for full NPK = 37 kg kg-1) compared to that recorded in other studies (Haefele et al., 2003; Hossain et al., 2012) and the expected IE of 68 kg kg-1 of N applied under optimal nutrition (Witt et al., 1999). The IE for unfertilized plots was also lower than unfertilized plots in the Sahelian region of West Africa (Saito et al., 2019). It is still not clear why the IE for unfertilized and fertilized plots were similar but it is clear that yield in rainfed ecologies is limited by other factors apart from nutrient supply. This implies that to achieve maximum benefits from applied fertilizers, good agricultural practices have to be practiced.


The calculated N, P and K doses required to achieve 5 t ha-1 were 63, 12.6 and 24.5 kg ha-1, respectively (Table 5). Compared to the rates used for the experiment, the farmer would save 49, 74 and 59% on NPK. The average INS, IPS and IKS were 52, 9.7 and 87.2 kg N, P and K ha-1, respectively (Table 6). The INS recorded here is similar but slightly higher than that recorded in the Sahel while the IPS and IKS were slightly lower. Haefele et al. (2003) recorded INS, IPS and IKS ranging from 33–62 kg N ha-1, 9.8-13.9 kg P ha-1 and 67–169 kg K ha-1respectively. The common farmers’ practice of leaving straw in the garden and cultivating once a year ensures plenty of K in their soils. Laboratory results of soil samples from farmers’ fields recorded high levels of K confirming that K is not a limiting nutrient.



Table 5 | Calculated N, P and K doses.


	Nutrient
	Amount applied (kg ha-1)
	Farmers’ practice
	Amount to be applied (kg ha-1)
	Amount saved (%)





	N
	125
	0-60
	63.0
	49.6



	P
	50
	0
	12.6
	74.8



	K
	60
	0
	24.5
	59.2









Table 6 | Indigenous nutrient supply of N (INS), P (IPS) and K (IKS) (kg ha-1) in season 2013A, 2014A and 2014B.


	Season
	Location
	INS
	IPS
	IKS





	2013A
	Buwunga
	55.6
	8.9
	75.4



	2014A
	Buluguyi (Bubwoki)
	52.0
	9.7
	87.2



	2014B
	Buluguyi (Bufunda)
	57.7
	8.3
	61.8



	Mean
	 
	55.1
	8.9
	74.8











1.6 Conclusions and recommendations


The indigenous nutrient supply of the soils was 55.1, 8.9 and 74.8kg ha-1 for N, P and K, respectively. The INS recorded here is similar but slightly higher than that recorded in the Sahel while the IPS and IKS were slightly lower. The agronomic efficiency in NPK plots was 18 kg of grain per kg of N added, and the RE was 46.9%. The internal use efficiency for N, P and K was equally low. The AE, RE and IE were low compared to the base minimum of 20 kg grain kg-1 N, 50% and 68 kg grain kg-1 N respectively. The low nutrient use efficiency is most likely due to the fact that this is a rainfed system under farmers’ conditions where water management is not only inadequate, there are also many other factors affecting efficient use of nutrients like drought, weed problems and poor crop management. The calculated NPK rates were 63, 12.6 and 24 kg ha-1 implying a saving of 49, 74 and 59% on NPK rates used in the experiment. This study has shown that fertilizer use is still profitable and SSNM has demonstrated that big savings on fertilizer N and P can be achieved. Based on the low nutrient use efficiency observed, maximum benefits from fertilizer use will only be realized if farmers can manage their water and weeds better and also employ adequate crop management procedures as well as adopting improved high yielding varieties. The current study was conducted in Bugiri district in eastern Uganda. For more conclusive results, there is the need to widen the scope of the study by including irrigated environments, other rainfed lowland rice areas in Uganda and collect more data on farmer practices in order to explain better its impact on the study.
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