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Abstract 6 

Rice (Oryza sativa) is a principal staple food crop in Kenya. However, its production in still low due to 7 

inherently low and declining soil fertility. This has resulted into food and nutritional insecurity and low 8 

living standards. The situation has been compounded by the ever escalating fertilizer prices which has 9 

made it unaffordable to most small holder farmers. Although some studies have been done on fertilizer 10 

application on some rice varieties, the Mwea upland rice (MWUR) varieties were bred under low fertilizer 11 

input environment while other authors have indicated that the New Rice for Africa (NERICA) varieties give 12 

high yields under low input conditions. The objective of the research was to establish the yield 13 

performance of eight promising improved rice varieties under four nitrogen (N) levels and identify the 14 

variety that gives high yields at relatively low N fertilizer rates. Field experiments were carried out at Alupe 15 

in Western Kenya under rainfed upland condition. The experiment layout was split plot factorial in a 16 

Randomized Complete Block Design with three replicates. The main plot treatments were four rates of 17 

nitrogen fertilizer which were; 0 (control), 40 kg ha-1, 80 kg ha-1 and 120 kg ha-1 applied as urea in two 18 

equal splits, sub-plots consisted of four MWUR and four NERICA varieties. The parameters measured 19 

included panicle length, yield at 14% moisture content, filled grain ratio percentage and yield components. 20 

The measured parameters increased significantly with increase in the level of nitrogen fertilizer. Varietal 21 

difference was significant and MWUR varieties recorded higher panicle length and yield component at low 22 

nitrogen levels (0N and 40N) as compared to the NERICAs with MWUR 1 and 2 recording higher values.  23 

The NERICAs out-yielded the MWUR varieties at higher nitrogen levels. NERICA 4 recorded highest yield 24 

among the NERICA varieties regardless of the N level. Results from our study suggested that MWUR 1 25 

and 2 and NERICA 4 were more tolerant to low nitrogen soil as compared to MWUR 3 and 4 and NERICA 26 

1, 10 and 11, because of higher panicle length, higher filled grain ratio percentage and higher yield 27 

component and may be suitable for soils deficient in nitrogen. 28 
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 31 

Introduction 32 

Rice (Oryza sativa L.) is the most important food crop, being the primary food source for more than one 33 

third of the world’s population and is grown in 11% of the world’s cultivated area. Upland rice has high 34 

production potential in Kenya and can be grown by most farmers at low input level [1]. Kenya has a 35 

potential to bring 1,000,000 ha under upland rice production [2]. However, currently the area under 36 

rainfed rice is 13,000 ha [3] hence the national rice development strategy (NRDS) focus is expanding and 37 

increasing yields by exploiting existing opportunities on a sustainable basis [4]. Nitrogen (N) is one of the 38 

most important nutrients for plant growth and a major factor that limits agricultural yields [5,6]. It is 39 

required in adequate amount at early, mid tillering, panicle initiation and at ripening stage for better grain 40 

development. It has played a major role in the global food production over the past 60 years [7]. Nitrogen 41 

(N) requirements of rice crop are met from both the soil and fertilizers. Usually due to acute N deficiency 42 

in most rice soils, fertilizer N must be applied to meet the crop demand [8] and yet excessive N 43 

application would lead to increased production cost and negative physiological effects due to excessive 44 

growth. This might block agricultural sustainability and cause environmental pollution.  45 

 46 

The amount of N required and management of the N varies depending on variety, soil conditions, cultural 47 

practices, crop rotations, and other factors. The majority of smallholder farmers who form the bulk of 48 

agriculture in Kenya are faced with low soil fertility problems. Rice yields decline due to  low input system, 49 

for example, rice yields of  less than 2.0 tons/ha against a potential of 5.0 tons/ha [3] has been reported. 50 

The yield gap is attributed mainly to effects of drought and low soil fertility, the most prominent of which is 51 

nitrogen deficiency. As a result, rice farmers are unable to harness the potential of rainfed rice to meet 52 

their food and nutritional demand. Lack of identification of improved varieties adaptable to low fertility soils 53 

in rainfed conditions and the ever escalating fertilizer prices have made this important input unaffordable 54 

to most small-holder farmers who are resource poor hence  low rice production [9]. However, some 55 
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varieties can perform well under low nitrogen input [10]. There is therefore need to evaluate the response 56 

of the MWUR viz a viz the NERICA varieties to identify the superior rice varieties that are adaptable to low 57 

nitrogen levels. Identification of low nitrogen adaptable rice varieties is thus crucial in sustaining 58 

production in areas where low soil fertility prevails. 59 

 60 

[11] reported that nitrogen is the most important nutrient that limit crop production. They argued that this 61 

loss can be mitigated by exploiting varieties well adapted to low soil N conditions in order to increase farm 62 

yields. According to [12], selection of the most appropriate level of nitrogen fertilization is a major concern 63 

of economic viability of crop production and the impact of agriculture. Given the importance of nitrogen 64 

fertilization on the yield in grain from the rice plant, it is necessary to know what the best dose is for each 65 

variety as well as its influence on components of yield. Yield studies that will help in identifying varieties 66 

that have either specific or general adaptation to low nitrogen which can be exploited for varietal 67 

recommendation hence address the soil fertility problem in the region. The identified low nitrogen 68 

adaptable varieties would have a substantial impact on rice productivity in terms of soil nutrient supply, 69 

nutrient use efficiency, improved food security and livelihood/income of rural households in the region. 70 

Therefore advanced farming systems research can contribute to the nutritional well-being and food 71 

security of the communities.  Incorporating a high yielding variety, which is tolerant to low soil nitrogen is 72 

important. Studies have shown that application of N fertilizer to rice leads to increase in panicle length, 73 

spikelet number, and grain yield [10,13]. However, the response of rice varieties to increasing N levels 74 

has not been studied or documented in Kenya currently. This information is of importance in any rice 75 

breeding programme in Kenya because there is little knowledge on the response of improved rice 76 

varieties to increasing levels of N fertilizer [9]. The main objective of this project was to establish and 77 

document data on the yield performance of eight promising high-yielding improved rice varieties to 78 

various nitrogen levels as well as to identify the variety that gives high yields at relatively low N rates. 79 

These objectives were set against the hypotheses that improved rice varieties in Kenya are not 80 

responsive to increasing N rates as the existing NERICA varieties and that they are not low nitrogen use 81 

efficient. 82 

 83 
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 84 

MATERIALS AND METHODS 85 

Site Description   86 

Field studies were conducted to assess the effect of nitrogen fertilizer rates on Panicle length and yield 87 

component of eight improved rice varieties under rainfed upland conditions between August 2012 and 88 

April 2013 at Alupe farm of Lake Basin Development Authority (LBDA) in Western Kenya. Geographically, 89 

the experimental area is located at latitude 0° 30' 0 N; longitude 34° 7' 50 E and at t he elevation of the 90 

1170 m above sea level. Precipitation ranged between 680.5 – 860 mm and temperature ranged from 16-91 

34°C during the growing period. The soils at Alupe have been characterized as Ferralo-orthic Acrisol with 92 

pH of 5.0 as determined in H2O (1:1) [14]. Specific soil chemical characteristics of the location were 93 

determined according to the analytical procedures of [15] and are presented in Table 1. Soil samples 94 

were collected at depth of 20 cm using a soil auger from all corners of the plot and between diagonals 95 

and the middle part. This was done at the start of the experiment to assess the initial chemical status of 96 

soil in each of the plots. The soil was thoroughly mixed together to form a composite sample which was 97 

then air dried and passed through 2.0 mm sieve for soil texture and sub samples ground through 0.5 mm 98 

sieve for chemical analyses. The field was ploughed and harrowed to a suitable tilth before sowing. 99 

 100 

Experimental Design and Treatments 101 

The experiment layout was split plot factorial arrangement in a Randomized Complete Block Design 102 

(RCBD) with three replicates. The main plot was fertilizer N source and different rice varieties as sub-103 

plots. The main plot treatments were four rates of nitrogen fertilizer which were; 0 (control), 40 kg ha-1, 80 104 

kg ha-1 and 120 kg ha-1 applied as urea in two equal splits i.e. 14 days after sowing (DAS) and at panicle 105 

initiation (46 DAS) as recommended by [16].  Sub-plots consisted of eight rice varieties i.e. four MWUR 106 

rice varieties namely Mwea upland rice 1, 2, 3 and 4 (MWUR1-4)that were bred and selected by KARI-107 

Mwea under low fertilizer input environment and four New Rice for Africa (NERICA) varieties namely 1, 4, 108 

10 and 11 that have been released to farmers in Kenya. Drill sowing was done in 5 m x 1.2 m plots, 20 109 

cm between rows and within rows at a depth of 3 cm and four seeds per hill. The seedlings were thinned 110 
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to 1 plant per hill 15 days after sowing. In between the plots, trenches of 0.5 m depth and 1 m in width 111 

were constructed, to avoid seepage between plots. A basal dose of triple super phosphate (TSP) was 112 

used as the source of phosphorus, applied at the rate of 30 kg P ha-1. The fertilizer granules were placed 113 

at the bottom of the hole and covered with about 1 cm of soil before sowing the seeds to avoid fertilizer 114 

burn to the rice seeds during dissolution of triple superphosphate. The rice seeds were covered with 115 

roughly 2 cm of soil. The sowing date coincided with onset of the long rainy season.  Normal cultural trial 116 

practices such as weeding and bird scaring were carried out. 117 

 118 

Table 1. Chemical characteristics of soils at LBDA Alupe farm (0 - 20 cm depth) 119 

Soil chemical properties  

pH1:1 soil:water 4.69 

ECe (Electrical conductivity) 0.18 

Total  N g kg-1 0.73 

Available P (ppm) 0.14 

Extractable-Zn (ppm) 1.75 

Extractable-Cu (ppm) 5.66 

Extractable-Mn (ppm) 48 

Extractable-Fe (ppm) 479 

 120 

Sampling and Measurements 121 

Panicle lengths 122 

This was determined using a metre rule at physiological maturity. Measurements were done from the 123 

panicle base to the tip of five hills in each plot.  124 

 125 

Yield components  126 

At physiological maturity, a 1 m-2  quadrat was placed in each plot leaving out the border rows and border 127 

plants. The plants within the quadrats were harvested to determine yield components and rice grain yield. 128 
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The number of grains per 5 g, and filled grains per panicle were determined and yield calculated 129 

according to [1]. The yield was extrapolated in kilograms per hectare as follows: 130 

       Yield (Kg ha-1) = Number of panicles m-2 x Number of grains/panicle x % filled  131 

        grains x (Weight of 1,000 grains ÷ 1,000) x 10,000    132 

 133 

Yield at 14% Moisture Content 134 

This was determined from an area of 1m-2 by measuring the moisture content of the grains immediately 135 

after harvesting using a grain moisture tester (model number AF 34086, Japan) and converting the yield 136 

of the grains to 14% moisture content and extrapolating to Kg ha-1 as described by [1]. 137 

 138 

Filled Grain Ratio Percentage 139 

Grains harvested from the 1 m-2   in all the plots were put in different buckets of water where poorly filled 140 

grains together with empty grains floated, while the well filled grains settled at the bottom. Filled grains 141 

were then separated from empty and poorly filled grains. The grains were dried and later weighed but 142 

each was handled separately. The percentage of filled grains was calculated according to [1].  143 

 144 

Statistical data analysis 145 

Factorial analysis of variance (ANOVA) was carried out on the data for the variables measured to 146 

determine the significance of the effects of nitrogen fertilizer levels on the rice varieties using a statistical 147 

computer package (SAS software version 9.2) [17]. Significant means were separated using least 148 

significance difference test (LSD) at 5% level for comparing the treatment means. Linear regression curve 149 

was used to show and define the nature and strength of the relationships between nitrogen levels, rice 150 

varieties and grain yield.  151 

RESULTS 152 

Panicle Length 153 

Nitrogen levels had a highly significant effect on panicle length. Increase in nitrogen level caused a 154 

significant increase in panicle length (P ≤ 0.05). The plants subjected to 0N had the shortest panicle 155 
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lengths (Figure 1). Varietal differences were also significant (P ≤ 0.05). At 40 N, MWUR 1 had significantly 156 

higher panicle length than MWUR 2, 3 and 4 and the NERICAs (P ≤ 0.05). NERICA 4 recorded 157 

significantly higher panicle length at 0N as compared to NERICA 1, 10 and 11. At 80N, MWUR 1 and 158 

NERICA 4 recorded slightly higher panicle length as compared to NERICA 1, 10, 11, MWUR 2 and 4. 159 

However, there was significant difference in panicle length between MWUR 3 and NERICA 1, 10, 11, 160 

MWUR 2 and 4. There was no significant interaction between the varieties and treatments (P > 0.05). 161 

 162 

   163 

Fig. 1. Effect of N rate on panicle length of eight rice varieties grown at four levels of nitrogen 164 

treatment (Means of three replicates ± SE). LSD (0.05) V = 1.06, T = 0.75. 165 

 166 

Yield at 14% Moisture Content 167 

Nitrogen application showed a highly significant (P ≤ 0.05) effect on yield at 14% moisture 168 

content. Plants treated with 120N and 80N recorded significantly (P ≤ 0.05) higher yield at 14% 169 

moisture content than plants treated with 40N and 0N. The varietal difference was also 170 

significant (P ≤ 0.05)  with MWUR 1 and 2 registering significantly higher values at 0N as 171 

compared to MWUR 3, 4 and the NERICAs. At 40N, MWUR 1 and 2 recorded significantly 172 

higher yield at 14% moisture content compared to the NERICAs however, the difference in yield 173 
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was not statistically significant in MWUR 3 and 4. The results also revealed a significant variety 174 

and treatment interaction. 175 

 176 

   177 

Fig. 2. Effect of N rate on yield at 14% moisture content of eight rice varieties grown at four 178 

levels of nitrogen treatment (Means of three replicates ± SE). LSD (0.05) V = 15.67, T = 11.07. 179 

 180 

 181 

Filled Grain Ratio (%) 182 

Generally nitrogen application caused an increase in filled grain ratio percentage in all the 183 

NERICAs and MWURs rice varieties. Plants fertilized with 120N and 80N had significantly 184 

higher filled grain ratio percentage than plants treated with 0N and 40N (P ≤ 0.05). The varietal 185 

difference was highly significant (P ≤ 0.05). MWUR 1 and 2 recorded significantly (P ≤ 0.05) 186 

higher filled grain ratio percentage at 0N and 40N compared to MWUR 4 and the NERICAs. At 187 

80N and 120N, NERICA 4, 10 and 11 had slightly higher filled grain ratio percentage compared 188 

to MWUR varieties. There was a significant (P ≤ 0.05) interaction between variety and nitrogen 189 

level. 190 

 191 
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   192 

Fig. 3. Effect of N rate on filled grain ratio (%) of eight rice varieties grown at four levels of 193 

nitrogen treatment (Means of three replicates ± SE). LSD (0.05) V = 1.2, T = 0.86. 194 

 195 

Yield Component 196 

Yield component significantly (P ≤ 0.05) increased with the increase in nitrogen rate in all the 197 

NERICAs and MWURs rice varieties with plants subjected to 120N recording the highest yield 198 

while plants subjected to 0N recorded the lowest yield. The varietal difference was significant (P 199 

≤ 0.05) with MWUR 1 having significantly higher yield component at 0N and 40N compared to 200 

MWUR 3, 4 and NERICA 1, 4, 10 and 11. Generally MWUR varieties registered higher yield 201 

components at 0N and 40N, while NERICAs varieties recorded higher yields at 80N and 120N. 202 

NERICA 4 had significantly (P ≤ 0.05) higher yield component at 0N in comparison to NERICA1, 203 

10 and 11. There was a positive and significant correlation between yield component and filled 204 

grain ratio percentage (Figure 5). Yield component and panicle length also recorded a positive 205 

and significant correlation (Figure 6). 206 

 207 
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   208 

Fig. 4. Effect of N rate on yield component of eight rice varieties grown at four levels of nitrogen 209 

treatment (Means of three replicates ± SE). LSD (0.05) V = 99.68, T = 70.48. 210 

 211 

 212 

 213 

 214 

   215 
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   216 

Fig.5. Relationship between yield component and field grain ratio (%) of rice as affected by  217 

different varieties and  nitrogen levels 218 

 219 

 220 

   221 

Fig.6. Relationship between yield component and panicle length of rice as affected by different 222 

varieties and  nitrogen levels. 223 

 224 

Discussion 225 
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The results showed that panicle length was significantly influenced by different nitrogen application 226 

treatments. Plants fertilized with higher nitrogen levels recorded significantly higher panicle lengths than 227 

plants fertilized with lower N levels. These results are in line with those reported by [18,19,20]. The longer 228 

panicles obtained in treatments receiving higher nitrogen rates were probably due to better nitrogen 229 

status of plant during panicle growth period because nitrogen takes part in panicle formation as well as 230 

panicle elongation and for this reason, panicle length increases with the increase of N-fertilization. When 231 

absorbed during the reproductive and ripening phases, nitrogen promotes development of the panicle and 232 

stimulates nutrient absorption and assimilation as evidenced by an increase in size and number of filled 233 

grain ratio percentage [21]. According to [22], the increase in panicle length due to adequate N nutrition is 234 

explainable in terms of possible increase in nutrient mining capacity of plant as a result of better root 235 

development and increased translocation of carbohydrates from source to growing points in well-fertilized 236 

plots. The varietal difference was also significant with MWUR 1 recording higher panicle length at low 237 

nitrogen levels compared to other rice varieties. This may imply that MWUR 1 is tolerant to low nitrogen 238 

and is cell division and elongation is not greatly affected by nitrogen deficit as compared to MWUR 2, 3, 4 239 

and NERICA 1,4,10 and 11. NERICA 4 registered higher panicle length regardless of the nitrogen level 240 

as compared to NERICA 1, 10 and 11. This might imply that among the NERICA varieties under study, 241 

NERICA 4 is tolerant low nitrogen conditions in the soil but can also thrive under adequate nitrogen 242 

levels. 243 

 244 

Application of N fertilizers significantly increased field grain ratio percentage and yield at 14% moisture 245 

content. Field grain ratio percentage and yield at 14% moisture content increased in all the rice varieties 246 

with an increase in nitrogen level. These results are in accordance with those of [13,23,24]. The increase 247 

in yield at 14% moisture content with increasing N rates may be due to the high number of panicles per 248 

square meter, which is significantly associated with high grain yield in rice [23]. According to [13], the 249 

improvement in yield owing to the application of N-fertilizers might be brought about by the beneficial 250 

effect of nitrogen on nutrient uptake and physiological growth. Nitrogen nutrition influences the content of 251 

photosynthetic pigments, the synthesis of the enzymes involved in the carbon reduction and the formation 252 

of the membrane system of chloroplasts, thus the increase in growth and yield owing to the application of 253 
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N-fertilizers may be attributed to the fact that these nutrients being important constituents of nucleotides, 254 

proteins, chlorophyll and enzymes, are involved in various metabolic processes which have direct impact 255 

on vegetative and reproductive phases. Varietal difference was significant with MWUR rice varieties 256 

having higher filled grain ratio percentage and higher yield at 14% moisture content at low nitrogen levels 257 

as compared to NERICA varieties, while the NERICA varieties registered higher values at higher nitrogen 258 

levels. This may imply that the MWUR rice varieties are tolerant to low nitrogen and may out-yield the 259 

NERICAs under low nitrogen soils while the NERICAs might perform better than the MWUR varieties 260 

under optimal nitrogen levels. 261 

 262 

Nitrogen fertilizer application had a statistically significant effect on the yield component of the studied rice 263 

varieties. There was an increase in yield component with increase in each successive level of nitrogen 264 

fertilizers. Similar results were also reported by [12,25,26]. The higher yield component under high 265 

nitrogen levels might be attributed to the vigorous and healthy growth and development of more 266 

productive tillers and leaves ensuring greater resource utilization as compared to plant that were deficient 267 

in N. Increases in yield components are associated with better nutrition, plant growth and increased 268 

nutrient uptake [27]. The crop at no nitrogen level produced the lowest grain yield which was significantly 269 

lower than all other nitrogen levels tested. This might be due to lack of supply of nitrogen into the soil to 270 

meet the required nutrients for physiological processes, which in turn lowered the yield. According to [28], 271 

the application of nitrogen improves various crop parameters like panicle length, more productive tillers 272 

and grain yield thus resulting in higher yields. There was a significant positive relationship of yield 273 

component with panicle length and filled grain ratio percentage in all the varieties. This implies that 274 

panicle length is a significant yield component for rice yield. This high capacity for sink formation was 275 

associated with their higher capacity for N acquisition and biomass production. Panicle length contributes 276 

to increment of rice grain yield indirectly by increasing the number of panicles per m2 and number of 277 

spikelets per panicle 278 

 279 

Varietal difference was significant and MWUR varieties recording superior  yield components at low 280 

nitrogen levels (0N and 40N) as compared to the NERICAs  with MWUR 1 and 2 recording higher values 281 
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while the NERICAs out-yielded the MWUR varieties at higher nitrogen (80N and 120N). NERICA 4 and 11 282 

recorded higher yield components at low nitrogen level as compared to the other NERICA varieties. The 283 

results may imply that the MWUR varieties are tolerant to low nitrogen as compared to the NERICAs and 284 

that MWUR 1 and 2 are more adaptable to low nitrogen as compared to MWUR 3, 4 and the NERICA 285 

varieties. NERICA 4 may be more adaptable to low nitrogen as compared to the other NERICA varieties 286 

that were under study. MWUR varieties were bred as low-management rice plant types targeted for 287 

resource-limited, smallholder production systems and their performance at 0N and 40N thus confirms the 288 

significant role they may play in African smallholder systems. The observed greater yield in NERICA 4 289 

compared to NERICA 1, 10 and 11 at 0N and 40N could be attributed to its higher potential for panicle 290 

production and greater ability to partition photosynthates more efficiently to the grain as indicated by 291 

higher filled grain ratio percentage, compared to the other varieties.  According to results by [10,13] 292 

NERICA 4 was tolerant to low N because of the greater yield observed especially at zero and low N. This 293 

was attributed to its high potential for panicle production and ability to partition photosynthates more 294 

efficiently to the grain as indicated by a higher harvest index compared with the other cultivars. [29] 295 

reported that NERICA 4 produced significantly higher yield and was better weed competitor than CG 14, 296 

ITA 150, WAB 56-104, and the other NERICA cultivars (NERICA 1, 10, and 11) in the dry savannas of 297 

Nigeria. 298 

 299 

Conclusion 300 

This study has shown that nitrogen levels affected panicle length and yield components of all the MWURs 301 

and NERICAs varieties studied. There was appreciable varietal difference in response to low soil nitrogen 302 

conditions. Generally MWUR varieties studied were more adaptable to low nitrogen conditions as 303 

compared to NERICA varieties. The study therefore accepts the hypothesis that MWUR varieties which 304 

had been bred to low-N management are well responsive to low N environments and are good for 305 

resource-limited, smallholder production systems. They exhibit superior yielding capacity under low 306 

nitrogen fertilized soils.  They may be important in the small-holder farming systems in Kenya. The 307 

NERICA varieties recorded higher yield at high nitrogen levels as compared to MWUR varieties, though, 308 
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NERICA 4 gave higher yield as compared to other NERICA varieties regardless of the nitrogen level. The 309 

decision on the appropriate N rates would depend on economic conditions of the farmer.  NERICA 4 310 

would fit in both low and high input fertilizer farming systems. The study suggest that MWUR 1 and 2 and 311 

NERICA 4 were more tolerant to low nitrogen as compared to MWUR 3 and 4 and NERICA 1, 10 and 11 312 

because of higher panicle length, higher filled grain ratio percentage and higher yield component and may 313 

be suitable for soils deficient in nitrogen. 314 

 315 
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