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Abstract 
Rice (Oryza sativa L.) is a staple food crop for over 3.5 billion people Worldwide and priority crop for 
food security in Nigeria (FAO.2022) Despite Nigeria being the largest producer in West Africa 
domestic production falls short of demand leading to heavy reliance on importation (USDA, 2024) The 
Sudan savannah agro-ecological zone of Jigawa State has favorable land and rainfall for rainfed rice 
production  yet the average production remains below 2.5 tones/ha compared to a potential of 5-6 
tones/ha under good agronomic practices. The study examined the effect of seedling age, NPK fertilizer 
and plant density on the performance of rice (Oryza sativa L.) FARO 44 conducted in Jigawa State in 
two locations, Federal University Dutse and Hantsu village in Miga local government, in 2023 and 
2024 rainy seasons.  Three levels of seedling ages were used 14,21and 28 days, four levels of NPK 
fertilizer (0kg/ha, 100 kg/ha,150kg/ha and 200kg/ha) and three levels of  plant density (1,2 and 3). The 
experiment was laid out in Split Split plot design. The result of the analysis as par the traits effective 
tillers, panicle length number of grains per panicles yield per hectar NPK fertilizer rate of 200kg/ha, 21 
days old seedlings and two plants per stand has  produced highest  number of the four yield traits 
( effective tillers, panicle length, number of grains per panicle and yield per hectar) across the locations 
and seasons, It is suggested that 21  day old seedling , 200kg/ha NPK fertilizer and 2 plant per hill  may 
be recommended to Jigawa farmers in Sudan savanna agro-ecological zone which produced an average 
yield of 4.5 - 5 tones/ha. 
 
Keywords: Plant per stand, Weeks after transplanting, Seedling age, NPK, Rice. 
  
INTRODUCTION 
Rice (Oryza sativa L.) is a staple food crop for over 3.5 billion people worldwide, and a priority 
crop for food security in Nigeria ( FAO, 2022)  Despite Nigeria being the largest rice producer 
in West Africa domestic production falls short of demand, leading to heavy reliance on 
importation (USDA, 2024)  Rice is cultivated  virtually in all agro-ecological zone (Akande 
2001) from the mangrove  and swampy ecologies of river Niger in the coastal areas to the dry 
zones of Sahel in the Northern part of the Country. The Sudan Savannah agro-ecological zone 
of Jigawa State has favourable land and rainfall for rainfed rice production, yet average yield 
remains below 2.5 tones/ha compared to a potential of 5-6 tones/ha under good management 
(Ibrahim et al, 2021).  
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West Africa is the leading producer and consumer of rice (Dauda and Dzivama, 2004). West 
Africa accounts for 64.2% and 61.9% of total rice production and consumption in sub-Saharan 
Africa. Rice is a staple food crop throughout West Africa in such countries like Cote de voire, 
Gambia, Guinea, Guinea Bissau, Liberia, Senegal and Sierra Leon with an exception of 
Burkina Faso and Niger where the River Niger drainage system become the major rice 
growing environment in the region. In West Africa, Nigeria ranks highest as both the producer 
and consumer of rice in the sub-region with figures slightly above 50% (Sakariyawo et al. 
2013). The major rice producing states in Northern Nigeria are Kebbi, Jigawa, Kano, and 
Kaduna.  
 
Good agronomic practices with integrating NPK application is a promising strategy for 
creating sustainable rice production systems, especially in soil of poor quality (Yang et al., 
2015). The maintenance of soil fertility is important for sustainable rice production.  
Application of NPK fertilizer provides essential nutrients for crop growth, supports a diverse 
and active biotic community, exhibits a typical soil structure, and allows for an undisturbed 
decomposition (Mäder et al. 2012). In addition, appropriate plant density is a very important 
component for agricultural technologies and is essential for optimizing rice yield (Faisulur- 
Rasoo et al. 2012).  
 
Khakwani et al., (2005) reported that older seedlings, with the exception of root dry weight, 
could not perform well compared to young seedlings in all physiological and morphological 
aspects.  Similarly, Shen et al., (2006) noticed that the effect of seedling age on seedling quality 
and yield was predominant. The trend of grain yield reduction was obvious when seedling 
age was extended from 16 to 21 days after sowing. Rao et al., (2007) indicated that 
transplanting of 45 days old seedlings recorded significantly higher gross returns as well as 
net returns as compared to 30- and 60-days old seedlings in rice and rice-Green gram system.  
 Transplanting of a small number of seedlings reduces the number of labour required both for 
uprooting and transplanting (Pranlal, 1959).  Baloch (2005) reported that the time of 
transplanting and number of seedlings hill-1  have direct influence on plant height,  productive 
tillers m-2 , unproductive tillers m-2, panicles m-2 , spikelet  panicle-1 , sterility and normal 
kernel percentage, 1000-grain weight, paddy yield, straw yield, leaves plant-1 Tiller 
production was significantly affected with number of seedling hill , leaf area index (LAI) and 
net assimilation rate (NAR) at 45 and 90 days after transplanting (DAT). Significant changes 
in tiller number were observed between 1 and 2 seedling hill-1 and thereafter the result was 
identical. It reveals that planting excess seedlings (more than 2) in a single hill does not affect 
the tiller production in rice. When no. of seedlings hill-1 decreased leaf area decreased. It was 
due to the lower tiller number produced by lower number of seedlings hill-1 Increasing 
number of seedlings hill (Mirza et al., 2009). Decreased or increased grain yield depending on 
the season and seedling age (Sanico et al., 1999). Ashraf et al. (1999) reported that transplanting 
of 2 and 3 seedlings hill-1 of 35 day old nursery gave more promising results in terms of more 
productive tillers per unit area. On the contrary, the productive tiller percentage was 
significantly and negatively correlated with maximum tiller number per unit area (Zhong et 
al., 2001). Duration of tillering decreased with increasing number of seedlings hill-1 and that 
in the 9 seedlings hill-1 was two weeks shorter than that in the 1 seedling hill-1 Single seedling 
not only consumed more nutrients than 2, 3, and 4 seedlings but also had the benefit of low 
vegetative biomass in the initial growth stages. 
 
Low yields are largely attributed to suboptimal agronomic practices. Farmers commonly 
transplant over aged seedlings to compensate for nursery losses apply blanket fertilizer rates 
and use in consistent plant spacing ( Okwuagwu et al, 2019) seedlings age transplanting affect 
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roots regeneration and early vigor, with 21 -25 day-old seedlings generally establishing faster 
and producing more effective tillers than older age seedlings ( Islam et al, 2012) Plant density 
influences canopy structure, light interception, while NPK fertilizer supplies the primary 
nutrient required for for vegetative growth and reproductive development (Dobermann & 
Fairhurst, 2000) Most agronomic recommendations for rice in Northern Nigeria are 
extraploted from studies in the Guinea savannah or irrigated zones which may not reflected 
the soil fertility and rainfall patterns of the Sudan savannah ( Babaji et al,2024) There is limited 
site specific information on how seedling age fertilizer rate and plant density interact in 
Jigawa Sudan savannah A split split plot desgn allow efficient evaluation of such interaction 
under field condition that mimic farmer practices. Therefore, this study was conducted to 
determine the combined effect of seedling age NPK fertilizer rate and plant density  on the 
growth and yield of rice in the Sudan savannah agro-ecological zone of Jigawa State.  
 
MATERIALS AND METHOD. 
A Field experiment was conducted during 2023 and 2024 wet seasons at Federal University 
Dutse Research Farm situated (11º 70' N, 9º 34' E) 460m above sea level and Hantsu village in 
Miga local government Jigawa State (090 120N, 080 39’E)   located in the Sudan savanna Agro-
ecological zone of Nigeria. 
   
The treatments were made up of three levels of seedling age (14, 21 and 28) days old seedlings 
four levels of fertilizer rates (0kg/ha, 100kg/ha, 150kg/ha and 200kg/ha) three levels plants 
per stand (1, 2, and 3). The experiment was laid out in a Split Split Plot Design (SSPD) with 
Fertilizer in the main plot, number of plants per stand and age of seedlings as sub and sub sub 
plot, The treatments combination was 4×3×3 (36) which was replicated 3 times. Plot size was 
2m x 2m transplanted at a spacing of 20cm x 20cm between stands and plots were separated 
from one another by one (1) meter.  

 
Seeds of (FARO 44: medium maturing (100-120 Days) was sourced from (National Cereals 
Research Institute of Nigeria, Badegi, Niger state of Nigeria).  Transplanting was done 

manually on the same day when the seedlings are at 14, 21, and 28 days old. 
  

Weeding was done manually using hoe when the seedlings are at 3-4 leaf stage and 3-4 weeks 
after transplanting to ensure that weeds are cleared and disposed in order to avoid competing 
with rice plants.  

 
The intended dose of Fertilizer was applied at the rate of 100kg/ha, 150kg/ha and 200kg/ha 
taking into cognizance the age of the seedlings as well as number of plant per stand.  The 
fertilizer was applied in two split doses before and after weeding and the recommended rate 
per hectare was calculated and converted to per plot (2m x 2m).  Harvesting was done 
manually when the grain is firm but not brittle when squeezed between the teeth, the crop 
was harvested at 10 to 12 % moisture content when the straw was yellowish in color and the 
flag leaves were completely brown. The harvested samples were carefully marked and put in 
a well labelled paper envelope and allowed to dry for further processing. 
 
Data collection 
Data were collected from five tagged stands as samples from each plot for various 
observations at the stipulated time after harvesting. The traits whose data were collected are: 
number of effective tillers, panicle length (cm).  Number of grains per panicle and yield per 
hectar. 
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Statistical analysis 
The data were collected and analyzed using SAS version 9.4 and means were separated using 
DUNCAN Multiple Range test at 5% level of Probability. 

 
RESULT AND DISCUSSION. 
Number of effective tillers  
Effective tillers is an agronomic trait that have direct bearing on yield and  yield component 
hence considerable number of effective tillers help in grains yield formation. Effective tillers 
are  product of source and sink relationship which is as a result of nutrient uptake which is 
solidly dependent upon the rate type of fertilizer. The status of traits effective tillers (Table 1) 
as affected by the age of seedlings at both FUD  and Miga location revealed 21 days old 
seedlings records the highest number of average effective tillers at harvest with 21.47 in 2023 
and 19.39 in 2024 production season at FUD location  While at Miga location  21 days old 
seedling outperformed other treatments with a production of 18.39 and 20.86 average effective 
tillers production in 2023 and 2024 respectively  followed by 14 days old seedlings across the 
location. And the least was recorded under 28 day old seedlings. Due to probably delay of 
transplanting of seedlings causing stress thereby disrupting of the root system and time to 
recovery which result to hampering the development of tillers. (Li et al, 2015}. 
 
Application of 200kg/ha has statistically produced more number of effective tillers across the 
location and seasons, which is a product of source and sink relationship as a result of nutrient 
uptake which is solidly dependent upon the rate and type of fertilizer which produced leaf area 
expansion chlorophyll synthesis and photosynthetic rate phosphorous is critical for root 
development and energy transfer phosphorous also support tillering which increase number 
of potential sink  while potassium regulate stomata opening, water use and translocation of 
sugars from source leaves to sink (Zhang et al, 2023) Application of 200kg/ha of NPK fertilizer 
produced 28.78 and 30.70 average effective tillers/stand in 2023 and 2024 production seasons 
at FUD. While at Miga location result was 19.98 and 20.97 average effective tillers/stand in 
2023 and 2024 respectively Trailed by 150 and 100kg/ha respectively with least number of 
average effective tillers recorded under control treatment 0kg/ha which is supported by 
Dastan et al,( 2012) Fertilizer containing nitrogen is a vital plant nutrient and  while potassium 
regulate stomata a crucial input for raising crop output. 
 
The number of plants per stand (Table 1) have indicated that two (2) plants per stand has 
statistically influence effective tillers production at FUD location by recording 21.50 in 2023 and 
20.42 in 2024 conversely at Miga location the same treatment has outperformed others with an 
output of 19.78 in 2023 and 20.97 average effective tillers per stand in 2024 production season 
This is in conformity with  (Islam et al,  2012) and Ehsanullah et al. (2012) who also reported 
that highest effective tillers are found with two seedlings per hill. Ashraf et al. (1999) mentioned 
that transplanting of 2,  and 3 seedlings per hill gave a promising number of productive tillers 
per unit area Transplanting more number of seedlings/hill result in production of ineffective 
tillers and does not contribute to yield trait ( Hasanuzzaman et al,  2009). 
 
Panicle length (cm) 
The seedlings age has statistically influenced formation of panicle length as presented in (Table 
2) were 21 days old seedlings has recorded the longest panicle at harvest with 26.42 in 2023 and 
25.19 in 2024 at FUD location The same outcome was observed at Miga location were 21 days 
old seedling produced the longest panicle length of 25.64 in 2023 and 25.50 in 2024 research 
seasons  The longest panicles produced might be due to availability of more time for better 
development of plant traits which may result to better development of yield attributing 
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characters  (Singh et al.2004 and Xu et al,2023). The size of sink is determine by panicle length 
and number of spikelet per panicle adequate N 
 
Application of fertilizer at the rate of 200kg per hecter has significantly produced the longest 
panicle length across the season and location with 26.69 in 2023 and 26.70 in 2024 at FUD 
location while at Miga it has 27.74 and 26.74 respectively This is followed by 150kg/ha and 
100kg/ha. This is in line with Thakur et al, (2011) who demonstrated that increased in nitrogen 
and phosphorous levels significantly enhanced panicle length in both transplanted and direct 
seeded rice The size of source and sink is determine by panicle number and spkelet per panicle 
adequate N and P during tillering and panicle initiation increases sink size K and N at panicle 
initiation and flowering improves grain filling percentage and 1000 grain weight (Li et al, 2024). 
Two number of plant per hill record longer average panicle of 25.17cm in 2023 and 25.46cm 
whereas Miga has 25.31cm in 2023 and 25.64 in 2024 production season This is in accordance 
with Alam et al, (2012) and Mamun Sarkar and Uddin (2010) who reported that highest panicle 
length was recorded under two seedling/hill A positive grains /panicle in case of two 
seedlings per hill may be due to the longest length of the panicle (Faruk, Rahaman and Hassan. 
2009) also reported similar result with the highest number of filled grains per panicle at two 
seedlings/hill  (Joshi et al, 2021). Found that rice cultivation with more seedlings/hill decreased 
grains weight/panicle. 
 
The novelty of this study has a generated a site specific agronomic package for rainfed rice 
under biophysical constraints of the Sudan savannah 
 
Table 1; Effect of Seedlings age NPK Fertilizer and Number of plants per Stand on Rice (Oryza      
              sativa L.) Performance on Number of Effective Tillers and Panicles Length (PL) at FUD 

and Miga in 2023 and 2024 Wet Season. 
 FUD  MIGA  FUD  MIGA  

 ET  ET  PL  PL  

Treatment 2023 2024 2023 2024 2023 2024      2023                                                                        2024 

Seedling age         

14 21.11 19.03 18.5 20.57 26.11 24.58 24.78 24.97 

21 21.47 19.39 18.39 20.86 26.42a 25.19 25.64 25.5 

28 20.78 18 86 18.19 19.75 24.22a 24.17 24.28 24.83 

SE± 0.57 0.63 0.67 0.48 0.3 0.46 0.42 0.31 

Fertilizer level (kg/ha-1)        

0 12.78d 12.56c 11.93d 13.07d 22.70b 21.33c 21.81d 21.29b 

100 19.93c 14.48c 15.15c 19.11c 24.78a 24.78b 23.56c 25.78ab 

150 23.00b 18.93b 20.96b 21.63b 26.11a 25.78ab 26.48b 26.59a 

200 28.78a 30.70a 26.15a 27.89a 26.29a 26.70a 27.74a 26.74a 

SE± 0.51 0.82 0.49 0.49 0.54 0.56 0.37 0.57 

Plants/stand         

1 21.06 18.53b 18.47 20.42 24.69 24.64b 24.19b 24.83 

2 21.5 20.42a 19.78 20.97 25.17 25.46a 25.31a 25.64 

3 20.81 18.33b 18.39 19.89 25.06 24.83ab 25.19a 24.83 

SE± 0.47 0.64 0.5 0.45 0.43 0.47 0.31 0.58 

Interactions         

N x S NS NS NS NS NS NS NS NS 

N x P NS NS NS NS NS NS NS NS 

P x S NS NS NS NS NS NS NS NS 

N x P x S NS NS NS NS NS NS NS NS 

Means followed by the same letter within a treatment group are not statistically different at 5% level of 
probability using DRMT. NS = Not Significant * = Significant at 5% probability level **= Significant at 1% level of 
probability level 
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Number of grains per panicle 
The seedlings age responds to number of grain formation as the number of filled grains per 
panicles was significantly affected by age of seedlings the age of seedlings more than 25 days 
does not show significant effect on the number of filled grains per panicle (Ali et al, 2013) The 
result of the study reveals that  21 days old seedlings produced more number of grains 120.47 
in 2023 and 100.82 in 2024 at FUD Location and 99.25 and 109.11 at Miga in 2023 and 2024 
production season This may be due to better establishment of seedlings early tillering  and 
synchronised  flowering due to suitable age of seedlings transplanted. 
 
Application of fertilizer at the rate of 200kg/ha statistically produced the highest number of 
grains per panicle 137.78 in2023 and 119.07 in 2024 at FUD location while Miga records 131.63 
in 2023 and 133.44 in 2024 seasons A significant interaction was observed between fertilizer 
and seedling age at FUD in 2024 season at 5% level of probability and at 1% at Miga in 2024 
production season. The study reveals that 200kg/ha of NPK fertilizer gave the highest number 
of effective tillers longer panicle length and more number of grains per panicle  Wang et al, ( 
2024). 
 
The number of plants per hill has  also contributed to number of filled grains because 
transplanting more number of seedlings per hill increased the inter and intra plant 
competition which result to to decreased number of filled grains per panicles and increased 
number of sterile spikelets which automatically reduced the number of filled grains per 
panicles. The result of the analysis indicated that two (2) plants per stand out performed other 
treatments with 110.86 in 2023 and 95.19 in 2024 at FUD location The same treatment level 2 
plant per hill records the highest number of grains per panicle 97.89 and 109.47 at Miga 
location The number of grains per panicle decreased with increased number of seedlings 
density Kitano (2005) 
 
Grain yield kg/ha -1 

Seedlings age is an important trait for obtaining more grains yield which is statistically 
revealed from the study were the highest average yield per hectar was significantly observed 
under 21 days old seedling in both location and across the seasons with an output of 
3050.5kg/ha  in 2023 2988.6kg/ha in 2024  at FUD location and 2868..9kg/ha in 2023 and  
3210.4kg/ha  in 2024  at Miga location which represent an average value 4.5 tones/ha. This in 
line with Ali et al,( 2013) that younger seedlings establish quickly in the main field and start 
growing at faster rate compared to conventional seedlings which was delayed in the nursery 
for more than a month  competing with one another before transplanting  which suffers root 
and stem injury as a result of pulling at transplanting stage ( Ashraf et al, 1999). Transplanting 
rice at optimal age resulted in higher yields Kawatara et al, (2021). 
 
Application of 200kg/ha-1 has significantly influenced yield per hecter with an average yield 
of 3482.1kg/ha in 2023 4063.8kg/ha in 2024 representing 3.5 tones/ha-1 to 4tones/ha-1 at FUD.  
3830.9kg/ha in 2023 and 4014.3kg/ha in 2024 at Miga respectively followed by 150 and 
100kg/ha-1 Techniques of fertilizer application improves on growth output quantity and 
quality of rice Raut et al.( 2019). This is also supported by (Wang et al, 2024) who reported that 
NPK fertilizer produced the highest number of effective tillers longer panicle length more 
number of grains per panicle and finally overall result is high yield.  It is worth noting that 
the higher the number of effective tillers the higher the yield of rice plant this indicates both 
sink size and strength were improved. 
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The number of plants per stand has influenced the average yield per hectar were two (2) plants 
per hill. records the highest yield per hectar in both location and seasons of the study with an 
average output of 2945.4kg/ha in 2023 2898.3kg/ha in 2024 per hectar. At FUD location 
2851.61kg/ha in2023 and 3422.72kg/ha at Miga location representing 4.5 -5.0 tones/ha across 
the two locations. Optimum plant density of seedlings/hill significantly impact rice growth 
and grains output due to a higher number of productive tillers and more interception of light 
higher seedlings densities recorded low grain yield which was lowest at four seedlings per 
hill due to less effective tillers and fewer assimilation rates at higher seedling numbers Rasool 
et al, (2012) and Wang et al, 2025). 
 
Table 2; Effect of age Seedlings NPK Fertilizer and Number of plants per Stand on Rice (Oryza 
sativa L)  
         Performance on Number of Grains per Panicles and Yield per hecter at FUD and Miga 
in 2023 and  2024 Wet Season. 

 FUD  MIGA  FUD  MIGA  

 2023 2024 2023 2024 2023 2024 2023 2024 

Treatment NGP NGP NGP NGP YLD YLD YLD YLD 

Seedling age          

14 108.92 81.81 95.81 107.86 2748.1 2778.9 2747.6 2897.5 

21 120.47 100.82 99.25 109.11 3050.5 2988.6 2868.9 3210.4 

28 106.39 74.81 92.19 103.83 2413.2 2624.5 2723.3 2893.8 

SE± 12.21 2.82 4.82 3.71 162.81 122.65 1.07 345.05 

Fertilizer level(kg/ha-
1) 

        

0 79.07d 52.93d 75.11c 86.52c 1850.8d 1575.1d 1934.4d 1922.4b 

100 100.70c 68.56c 81.22c 90.37c 2557.4c 2326.7c 2432.6c 
2975.3a

b 

150 116.82b 78.67b 95.04b 117.41b 2966.8b 2955.7b 2921.9b 
3090.2a

b 

200 137.78a 119.07a 131.63a 133.44a 3482.1a 4063.8a 3830.9a 4014.3a 

SE± 2.51 3.22 2.61 2.47 101.32 95.46 81.79 389.37 

Plant/stand         

1 107..50 79.83b 95.06 106.72 2739 2746.52 2796.52 2796 

2 110.86 95.19a 97.89 109.47 2945.4 2898.3 2851.61 3422.72 

3 107..0 77.39ab 94.31 104.61 2658.5 2696.39 2691.53 2715.2 

SE± 2.68 1.28 3.01 1.81 89.25 57.53 59.34 307.92 

Interactions         

N x S NS ** NS * NS NS NS NS 

N x P NS NS NS NS NS NS NS NS 

P x S NS NS NS NS NS NS NS NS 

N x P x S NS NS NS NS NS NS NS NS 
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CONCLUSION AND RECOMMENDATION 
The study concludes that seedling age NPK fertilizer rate and plant density interact 
significantly to influence rice growth and yield component in the Sudan savannah zone of 
Jigawa state the combination of 21day old seedlings 2 plants per hill and 200kg/ha gave the 
highest grain yield across the locations and production seasons with an average yield of 4.5 – 
5 tones/h   Based on the outcome of the research the following are recommended as local 
agronomic package for Jigawa State farmers: 
 

1. Farmers transplant 21 day old seedling to ensure rapid establishment and  tillering 
2. Two plants per hill be adopted to balance plant population and reduced intra-hill 

competition 
3. NPK fertilizer be applied at 200kg/ha in two splits to meet crop nutrient demand. 
4. Extension services prioritize these practices in farmer field schools and 

demonstrations (Local agronomic package) 
5. Further on-farm trials be conducted across multiple locations to validate the 

recommendation. 
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