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Abstract 
Rice yields in Uganda are still low due to poor rice production methods on smallholder farms in particular poor 
nursery and nitrogen fertilizer management practices. The study was set up to investigate the effect of nitrogen 
(N) fertilizer, nursery management and age of seedlings at transplanting on the yield of four rice cultivars (WITA 
9, GSR 007, K 85 and K 5) in eastern Uganda. The nursery experiment was established with five treatments: 1) 
control (no chemical + transplanting 30-day old seedling), 2) di-ammonium phosphate (DAP) + fungicide + 
transplanting 14-day old seedlings, 3) DAP + transplanting 14-day old seedlings, 4) DAP + transplanting 30-day 
seedlings and 5) fungicide + transplanting 30-day old seedlings. Effect of split application of N on yield, was 
studied with urea (46% N) as the fertilizer source using a split-plot design with control (no fertilizer added) and 
23 and 46 kg N ha-1 applied either basally or in two splits. Applying fertilizer in the nursery and transplanting 
14-day old seedlings increased yields by 23-30% relative to the control, while using 30-day old seedlings did not 
result in any yield gain irrespective of the treatment. Splitting N applications increased yields by 0.1-0.3 t ha-1 
and increased agronomic efficiency marginally. Applying 23 kg of N in two splits gave the highest return over 
fertilizer cost (US$ 855/ha). This demonstrates that lowland rice production in Uganda can be increased by a 
combination of nutrient management in the nursery, transplanting young seedlings and splitting applications of 
nitrogen fertilizer and represents a simple and economical option for farmers to increase rice yields. This is 
especially important considering that fertilizer use among smallholder farmers is restricted by high prices and 
limited availability. Improving N- and nursery management has great prospects for increasing rice yields on all 
cultivars in smallholder farms at minimal costs.  

Keywords: lowland rice production, seedling vigor, small farms, East Africa 
1. Introduction 
Rice (Oryza sativa L.) is an important food and cash crop in Uganda. The major rice growing areas in Uganda 
include the districts of Pallisa, Butalejja, Iganga, Bugiri (eastern Uganda), Lira (northern Uganda) and 
Bundibujjo (southern Uganda) (Hainesh et al., 2013). Rice production has increased in the recent past from 
72,000 ha producing 109,000 t in 2000 to 92,960 ha producing 260,786 t in 2018 (FAOSTAT, 2020). Despite the 
increase in rice production, rice yields are still low in the lowland rice ecosystem averaging 1.5 t ha-1. One of the 
reasons for the low rice yields is that many farmers cultivate the crop without applying appropriate production 
and management practices (Balasubramanian et al., 2007). For instance, the majority of the farmers practice 
continuous rice cropping without fertilizer application leading to soil nutrient mining (Sanchez, 2002). The poor 
crop establishment methods practiced by farmers result in plant populations that are suboptimal and these do not 
support high yields. Furthermore, farmers who practice transplanting utilize old seedlings from poorly managed 
nurseries (Kijima et al., 2010) where they do not apply either manure or organic fertilizers thereby reducing the 
yield potential. Hainesh et al. (2013) found that only few farmers use inorganic fertilizers and other 
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25-30 and 40-50 days after transplanting (DAT) and by spraying with Satunil 60EC™ (40% theobencarb and 
20% propanil at a rate of 200-500 l/ha 2-3 weeks after transplanting. Rice blast was managed by spraying with 
Orius (250g l-1 tebuconazole) at 750 l ha-1 once a season. Each treatment plot was bunded to maintain a uniform 
water depth and also to ensure that fertilizer treatments did not mix. Bird scaring was done to prevent damage of 
the crop.  

2.3 Data Collection and Analysis 

Data from experimental plots were collected according to the standard evaluation system of rice. Data was 
collected on plant height at 89 and 105 days after sowing (DAS), number of tillers at 89 and 105 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 on an area of 0.0625 m2. 
Plants were harvested from 12 hills in each plot at physiological maturity and used to determine percentage of 
filled grains, harvest indices and nutrient concentrations in plant tissue. Grain yields were obtained from a 
central 5 m2 harvest area in each plot at harvest. Grain yields and total biomass (grain + straw yields) were 
adjusted to 14% moisture content.  

For all the variables, Shapiro-Wilks test (P < 0.05) (Shapiro & Wilk, 1965) and visual inspection of their 
respective histograms and box plots showed that they were approximately normally distributed across seasons 
and treatments with their standard errors in normal range (Cramer, 1998). Data was analyzed using Genstat 12th 
edition using a generalized model for analysis of variance (ANOVA). Means were separated using fishers LSD at 
P < 0.05.  

Agronomic N use efficiency (AE), the increase in yield per unit of applied fertilizer N was used as a measure of 
N use efficiency (Linquist & Sengxua, 2003). AE was calculated as: 

AE	=	Yield kg 	in+N plots – Yield kg 	in-N plots 
Amount of Fertilizer applied kg

                              (1) 

Internal Use efficiency (IEN) (kg grain per kg N taken up) was also calculated: 

IEN = GYN/UNN                                   (2) 

Where, GYN is the grain yield in a treatment with N application (kg ha-1), UNN is the total plant nutrient 
accumulation measured in above ground biomass at physiological maturity (kg ha-1). 

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

GRF = PRYR – TFCN                                 (3) 

Where, TFCN = total fertilizer cost of N fertilizer (US$/ha), PR = price of rice (US$0.36/kg paddy), and YR = 
rice yield (kg/ha). TFCN = PNFN; where PN = price of N fertilizer (US$1.94/kg N), FN=amount of N applied 
(kg N/ha) 

3. Results  
3.1 Effect of Fertilizer and Fungicide Application and Age of Seedlings on Yield 

Application of DAP, fungicide and transplanting young seedlings (14-days old) resulted in significantly higher 
yield than in the control treatment (Table 1). Applying DAP and transplanting young seedlings resulted in the 
most yield gain of 800 kg ha-1 compared to the control.  
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Table 1. Average grain yield number of panicles and tillers, harvest index and percentage of filled grains for four 
varieties under different treatments of fertilizer and fungicide in the nursery in 2014 

Trt 
Yield (t ha-1)  Number of tillers Number of panicles  % filled grains 

2014A 2014B Mean  2014A 2014B Mean 2014A 2014B Mean  2014A 2014B Mean

Control  1.2 3.1 2.6  434.0 712.5 573.4 282.5 507.5 395.0  84.1 81.1 82.6 

F+DAP+14D 3.1 3.3 3.2  602.5 610.5 606.5 507.0 513.0 510.0  81.8 82.8 82.3 

DAP+14D 3.2 3.5 3.4  650.0 668.0 659.0 525.0 540.5 532.7  76.1 77.1 76.6 

F+30D 1.6 3.1 2.4  511.5 626.5 569.0 384.5 501.0 442.8  87.5 81.0 84.3 

DAP+30D 1.9 2.9 2.4  602.0 635.0 618.5 443.0 516.6 485.0  83.9 84.9 84.5 

Mean 2.2 3.2   560.0 650.5  428.4 551.7   82.0 81.4  

LSD0.05 Trt 0.8  145.7 112.5  8.5 

LSD0.05 S 0.2  33.4 24.7  8.2 

LSD0.05 Trt × S 0.9  152.4 117.3  1.6 

CV (%) 19.1  4.5 15.4  15.6 

Note. Trt: Treatment; Control: No fertilizer + no chemical + transplanting 30-day seedlings; F: fungicide; DAP: 
Diammonium phosphate; 14D: transplanting 14-day-old seedlings; 30D: transplanting 30-day old seedlings; S: 
season.  

 

The second best treatment was application of DAP, fungicide and young seedlings which yielded 600kg more 
than the control. No major yield gains were recorded when DAP was not applied or when it was applied and 
seedlings transplanted 30 days after seeding. Both treatments yielded only 200kg more than the control. It is 
important to note that seedlings transplanted at 14 days were harvested 7 days after harvesting the seedlings 
transplanted at 30 days after seeding. No significant differences were recorded between treatments for number of 
panicles and tillers and harvest index. However, the interaction between treatment and season was significant for 
number of tillers, number of panicles and filled grains. Overall, more tillers and panicles were produced in 
2014B than 2014A (Table 1). The highest numbers of tillers and panicles were produced when DAP was applied 
and seedlings transplanted at 14 days after sowing (average number of tillers and panicles = 659 m-1 and 532.7 
m-1 respectively). Despite recording a low yield of 3.1 t ha-1, the control treatment produced the highest number 
of tillers in 2014B. Similarly, the percentage filled grains were lower when DAP was applied in the nursery and 
seedlings transplanted at 14 days after sowing than in the rest of the treatments. Mean yields were not 
significantly different across varieties. Harvest index was similar across treatments ranging from 0.32 to 0.37.  

3.2 Effect of Split Application of N Fertilizer on Yield and Yield Components  

There were no significant differences in number of tillers, number of panicles and plant height across treatments 
(Table 2). Harvest index and percentage of filled grains were significantly different across treatments. However, 
harvest index was generally low ranging from 0.31 to 0.39. Application of 46 and 23 kg of N ha-1 at once had 
significantly lower harvest indices (HI = 0.31 and 0.32 respectively) than the control and split applications of 23 
and 46 kg of N ha-1.  

 

Table 2. Effect of splitting N application on agronomic efficiency (AE), gross return over fertilizer N (GRF), 
yield and yield components  

Treatment AE (kg kg-1) IEN kgkg-1 GRF ($/ha) No. Tillers (m-2) No. Panicles (m-2) HI % filled grains

Control 22.6 57.8 720 480 398.5 0.38 89.5 
23 (2 splits) 25.7 60.4 855.4 513 406.7 0.39 81.8 
23 (once) 27.1 79.0 819.4 502 408.8 0.31 81.3 
46 (2 splits) 19.6 65.8 846.8 555 457.8 0.34 81.3 
46 (once) 18.1 54.8 738.8 560 448.5 0.32 84.4 

Mean 22.6 63.6  522.0 424.0 0.35 83.6 

LSD - 16.1 - NS NS 0.04 4.6 
CV - 16.4 - 9.2 10.0 8.6 3.6 

Note. NS: Not significant at 5% level of probability; S: Significant at 5% level of probability. 

 

There were no significant differences in mean yield between treatments but the interaction between split N 
applications and variety was significant for yield. Average yield across treatments was 2.4 t ha-1. When 23 kg of 
N was applied at once to all varieties, GSR 0057 yielded better than WITA 9 but its yield was statistically similar 
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to K 5 and K 85 (Table 3). The agronomic efficiency (AE) of fertilizer N usage was variable registering an 
average of 22.6 kg kg-1. Split application of 46 kg of N increased AE slightly from 18.1 to 19.6. The internal use 
efficiency was highest when 23 kg of N was applied once (79.0 kg kg-1) followed by split application of 46 kg of 
N (65.8 kg kg-1). Applying 46 kg at once had lower internal use efficiency than the control. The gross return over 
fertilizer increased as the amount of N increased but it was highest ($855.4 ha-1) when 23 kg of N was applied in 
splits compared to $846.8 ha-1 when 46 kg of N was applied in splits (Table III). Compared to the control, 
applying 23 and 46 kg of N in splits had net benefits of $135 and 126 $ respectively. 

 

Table 3. Average yield of four varieties under different N split treatments 

Treatment 
Varieties

Mean 
GSR 0057 K5 K85 WITA 9 

Control 2.1 2.5 1.1 2.3 2.0 
23 (2 splits) 2.4 2.6 2.3 2.5 2.5 
23 (once) 2.9 2.1 2.8 1.9 2.4 
46 (2 splits) 2.8 2.7 2.6 2.2 2.6 
46 (once) 2.3 2.1 2.7 1.9 2.2 
Mean 2.5 2.1 2.3 2.1 2.4 
LSD0.05 (Trt)  NS  
LSD0.05 (Trt × Variety) 0.9  
CV (%) 15.6  

Note. NS: Not significant. 

 

4. Discussion 
4.1 Effect of Fertilizer, Fungicide Application and Age of Seedlings on Yield 

These results are consistent with findings by Rajagopahan and Krishnarajan (1987) and Ros et al. (1997, 2015) 
who found application of fertilizers in the nursery to increase yield by 21 and 12% respectively compared to the 
control. It is not clear why the treatment without fungicide performed better than the one where seeds were 
soaked in fungicide before planting. Using healthy and vigorous seedlings with sufficient nitrogen fertilizers in 
the nursery has been shown to result in more productive tillers hence better yields (Panda et al., 1991). The yield 
increase in this case was 30%, slightly more than that reported by Rajagopahan and Krishnarajan (1987). The 
higher yields could have been caused by the high rate of DAP used (50 g/m2) compared to that used by 
Rajagopahan and Krishnarajan 1987 and others (50 kg/ha). Ros et al. (2015) achieved high yields due to 
application of N in the nursery and attributed it to the early vigour of seedlings in the nursery as indicated by 
taller plants and increased number of tillers. The current findings show that the problem of poor nursery 
management which has been cited by Balasubramanian et al. (2007), and Kijima et al. (2010) as one of the 
factors contributing to low yields at smallholder farms can be managed.  

Transplanting young seedlings resulted in better yields than transplanting 30 day old seedlings as is the practice 
for most smallholder farmers in Uganda. This finding is in agreement with Thanunathan and Sivasubramanian 
(2002) and Sarwa et al. (2011) who found that use of 10 and 25 day old seedlings had a positive impact on yield. 
The current findings however contradict those of Adhikari et al. (2013) and Bhagat et al. (1991). Adhikari et al. 
(2013) did not find statistically significant effect of fertilizer management in the nursery on yield. Besides, they 
also found that older seedlings (40 days old) had a highly significant and positive impact on yield. Similarly, 
Bhagat et al. (1991) found that 40 day old seedlings produced higher grain yields compared to 30, 50 and 60 day 
old seedlings. Experiments by Adhikari et al. (2013), and Bhagat et al. (1991) were however conducted in Nepal 
and Bangladesh respectively where there are varying seasons and climates, and different recommendations for 
age of seedlings. For example, it is recommended that farmers use 20-30 day old seedlings for the March/April 
to August, 20-35 day old seedlings for the T. Aman season (harvested during November/December) and 40-45 
day old seedlings for the Boro season (October to March) (BRRI) in Bangladesh. The current findings have 
shown that applying DAP in the nursery and transplanting young seedlings can increase yields by up to 800 kg 
ha-1.  

4.2 Effect of Split Application of N Fertilizer on Yield and Yield Components 

The effect of split application of N on yield and number of tillers and panicles contradicts that reported by Hirzel 
et al. (2011) and Kamruzzaman et al. (2013) who showed that the number of tillers, panicles and yield of rice 
increased with increasing levels of N. The low yields, panicles and tillers could be the result of the low rates of N 
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applied. Many authors (Hirzel et al., 2011; Kamruzzaman et al., 2013; Islam et al., 2009; Kaushal et al., 2010; 
Liu et al., 2016) obtained best results while applying more than 100 kg of N per ha. The fertilizer N rate used in 
this study was adopted from the average rate of 53-60 kg urea/ha used by farmers in lowland rice production in 
Uganda (Hainesh et al. 2013). Results have however showed that this rate is too low for farmers to realize 
significant yield gains. The poor performance of K85 in the control implies that variety K 85 requires 
fertilization to produce sufficient yields. The low harvest indices could have been caused by increased vegetative 
growth at the expense of reproductive growth. De Datta et al. (1988) attributed the increased yield in split 
experiments to reduced N losses and more effective crop utilization of N while Mikkelsen (1987) attributed it to 
N application at the tillering stage when crop N demand is highest. Currently, farmers will have to increase 
amounts of fertilizer they apply to get maximum benefits. Still, as Nhamo et al. (2014) has argued, balancing 
both micro and macro nutrients is necessary for sustainable management of soil fertility.  

5. Conclusions 
Application of DAP and fungicide combined with transplanting young seedlings has been shown to increase 
yield by up to 30% depending on variety. Given that poor nursery management practices have been cited as one 
of the factors contributing to low yields at smallholder farms, these results show potential for smallholder 
farmers to increase yield at minimal costs. Further research is however needed to ascertain the limit at which 
yield begins to decline with age of seedlings, and what other nutrients need to be added to the nursery for best 
results. It also not clear whether the available organic fertilizers would achieve the same results as the inorganic 
fertilizers. This is important considering that organic fertilizers may be more readily available than inorganic 
fertilizers. This study did not indicate gains in yield when nitrogen was applied in splits due to the low doses 
used. Further experiments should be set up with 100-125 kg of N per ha applied in two or three splits. 

References 
Adhikari, B. B., Mehera, B., & Haefele, S. (2013). Impact of rice nursery nutrient management, seeding density 

and seedling age on yield and yield attributes. Am. J. Plant Sci., 4(12C). 146-155. https://doi.org/10.4236/ 
ajps.2013.412A3017 

Ashraf, M., Khalid, A., & Ali, K. (1999). Effect of seedling age and density on growth and yield of rice in saline 
soil. Pakistan Journal of Biological Sciences, 2, 860-862. https://doi.org/10.3923/pjbs.1999.860.862 

Balasubramanian, V., Sie, M., Hijmans, R., & Otsuka, K. (2007). Increasing rice production in sub-Saharan Africa: 
challenges and opportunities. Adv. Agron., 94, 55-133. https://doi.org/10.1016/S0065-2113(06)94002-4 

Bhagat, K., Dahama, A., Singh, H., & Azad, B. (1991). Influence of seedling age at transplanting on growth and 
yield of Basmati rice. Ann. Agric. Res., 12(3), 249-254. 

Cramer, D. (1998). Fundamental Statistics for Social Research: Step-by-step Calculations and Computer 
Techniques Using SPSS for Windows. Routledge, London. 

De Datta, S. K., Garcia, F. V., Abilay Jr, W., & Alcantara, J. M. (1988). Yield constraints and fertilizer management 
in shallow rainfed transplanted and broadcast seeded lowland rice in the Philippines. IRRI Research Paper 
Series, Philippines. 

FAOSTAT. (2020). Retrieved from http:// http://www.fao.org/faostat/en/#data/QC 

Haneishi, Y., Okello, S. E., Asea, G., Tsuboi, T., Maruyama, A., Takagaki, M., & Kikuchi, M. (2013). Exploration 
of rainfed rice farming in Uganda based on a nationwide survey: Evolution, rationality, farmers and land. Afr. 
J. Agric. Res., 8(25), 3318-3329. 

Hirzel, J., Pedreros, A., & Cordero, K. (2011). Effect of nitrogen rates and split nitrogen fertilization on grain yield 
and its components in flooded rice. Chilean Journal of Agricultural Research, 71(3), 437. https://doi.org/ 
10.4067/S0718-58392011000300015 

Kamruzzaman, M. D., Kayum, M. A., Hasan, M. M., Hasan, M. M., & Da Silva, J. A. T. (2013). Effect of split 
application of nitrogen fertilizer on yield and yield attributes of transplanted aman rice (Oryza sativa L.). 
Bangladesh Journal of Agricultural Research, 38(4), 579-587. https://doi.org/10.3329/bjar.v38i4.18886 

Kaushal, A. K., Rana, N. S., Singh, A., & Srivastav, A. (2010). Response of levels and split application of 
nitrogen in green manured wetland rice (Oryza sativa L.). Asian Journal of Agricultural Sciences, 2(2), 
42-46. 



jas.ccsenet.org Journal of Agricultural Science Vol. 12, No. 8; 2020 

151 

Kijima Y., Ito, Y., & Otsuka, K. (2010). On the possibility of a lowland rice Green Revolution in sub-Saharan 
Africa: Evidence from the Sustainable Irrigated Agricultural Development (SIAD) Project in Eastern Uganda. 
JICA-RI Working Paper 25. https://doi.org/10.1007/978-94-007-1201-0_11 

Lal, M., & Roy, R. (1996). Effect of nursery seeding density and fertilizer on seedling growth and yield of rice 
(Oryza sativa). Indian J. Agron., 41(4), 642-644. 

Linquist, B., & Sengxua, P. (2003). Efficient and flexible management of nitrogen for rainfed lowland rice. Nutr. 
Cycling Agroecosyst., 67(2), 107-115. https://doi.org/10.1023/A:1025592720538 

Liu, X., Wang, H., Zhou, J., Hu, F., Zhu, D., Chen, Z., & Liu, Y. (2016). Effect of N fertilization pattern on rice 
yield, N use efficiency and fertilizer-N fate in the Yangtze River Basin, China. PloS One, 11(11). 
https://doi.org/10.1371/journal.pone.0166002 

Mikkelsen, D. S. (1987). Nitrogen budgets in flooded soils used for rice production. Plant and Soil Interfaces and 
Interactions (pp. 71-97). Springer, Netherlands. https://doi.org/10.1007/978-94-009-3627-0_6 

Nakano, Y., & Kajisa, K. (2012). How does the adoption of modern variety increase productivity and income? A 
case of the rice sector in Tanzania. Paper presented at the Annual Meeting of the Agricultural and Applied 
Economics Association, Seattle, Washington. 

Nandini, D., & Singh, A. (2000). Influence of seedling age and plant density on the performance of rice. Central 
Agricultural University, College of Agriculture, Imphal, Manipur, India. 

Nhamo, N., Kyalo, G., & Dinheiro, V. (2014). Exploring Options for Lowland Rice Intensification under Rain-fed 
and Irrigated Ecologies in East and Southern Africa: The Potential Application of Integrated Soil Fertility 
Management Principles. Adv. Agron., 128, 181-219. https://doi.org/10.1016/B978-0-12-802139-2.00005-6 

Panda, M., Reddy, M., & Sharma, A. (1991). Yield performance of rainfed lowland rice as affected by nursery 
fertilization under conditions of intermediate deepwater (15-50 cm) and flash floods. Plant Soil, 132(1), 
65-71. https://doi.org/10.1007/BF00011013 

Rajagopahan, S., & Krishnarajan, J. (1987). Effect of nursery management technique on phosphorus nutrition of 
rice in mainfield. Oryza, 24, 199-209. 

Ros, C., Bell, R. W., & White, P. F. (1997). Effect of Nursery Applications of N and P on Rice (Oryza sativa L.) 
Yield. Agriculture and Natural Resources, 31(1), 96-105. 

Ros, C., White, P. F., & Bell, R. W. (2015). Nursery fertilizer application increases rice growth and yield in rainfed 
lowlands with or without post-transplanting crop stress. American Journal of Plant Sciences, 6(18), 2878. 
https://doi.org/10.4236/ajps.2015.618285 

Sanchez, P. A. (2002). Soil fertility and hunger in Africa. Retrieved from http://citeseerx.ist.psu.edu/viewdoc/ 
download?doi=10.1.1.362.6021&rep=rep1&type=pdf 

Sarwar, N., Maqsood, M., Wajid, S. A., & Anwar-ul-Haq, M. (2011). Impact of nursery seeding density, nitrogen, 
and seedling age on yield and yield attributes of fine rice. Chilean Journal of Agricultural Research, 71(3), 
343. https://doi.org/10.4067/S0718-58392011000300001  

Shapiro, S. S., & Wilk, M. B. (1965). An analysis of variance test for normality (complete samples). Biometrika, 
52, 591-611. https://doi.org/10.1093/biomet/52.3-4.591 

Shiful, I. M., Hasanuzzaman, M., Rokonuzzaman, M., & Nahar, K. (2009). Effect of split application of nitrogen 
fertilizer on morphophysiological parameters of rice genotypes. Intl. J. Plant Prod., 3(1), 51-61. 

Thanunathan, K., & Sivasubramanian, V. (2002). Age of seedlings and crop management practices for high density 
(HD) grain in rice. Crop Res., 24(3), 421-424. 

Yost, D., & Eswaran, H., (1990). Major Land resource areas of Uganda. World Soil Resources. SMSS, USAID, 
Washington, DC. 

 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


