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ABSTRACT 
	Background: A member of the Poaceae family, rice is utilised both for grain consumption and as forage or biomass for energy. It is one of the world’s most important cereal crops, serving as a staple food for over half of the global population. 
Aims: Identify high-yielding, stress-tolerant rice varieties suited to saline and non-saline soils in Taita Taveta County, and develop site-specific varieties and optimum Nitrogen dose to improve rice productivity and reduce reliance on rice imports.
Methodology: A split-plot Randomised Complete Block Design with three replications, tested five rice varieties as the main factor, and seven nitrogen doses as sub-factor, with blocks and plots separated by 2m and 1m wide pathway, respectively. Each subplot measured 5m2 and they were separated by Polythene barriers to prevent nutrient leaching between subplots. Five rice varieties (NERICA 1, CSR 36, KOMBOKA, 17KH090014B, and AT058) were assigned randomly to main plots, while seven nitrogen rates (0-control, 17, 34, 51, 64.5, 83.4, 101 kg N ha⁻¹) formed the subplot treatments. Leaf length, leaf width, and number of leaves were measured at 45 days after transplanting (DAT) from five randomly selected plants per plot, excluding border rows and the central 1 m² area (8), while grain yield, 1000grain weight and dry biomass weight were determined from the middle 1 m² at crop maturity stage.
Results: Soil type, genotype, and season significantly (p ≤ 0.05) affected dry biomass, grain yield, 1000-grain weight, leaf area index (LAI), and harvest index. Non-saline non sodic soils supported higher yields for most varieties, with NERICA 1 (1.76 t ha⁻¹) and 17KH090014B (1.35 t ha⁻¹) outperforming others, while AT058 consistently yielded the lowest. On slightly saline soils, 17KH090014B (1.50 t ha⁻¹) and KOMBOKA (1.20 t ha⁻¹) achieved the highest yields. Across soil types, 17KH090014B recorded the greatest biomass (10.21 t ha⁻¹), 1000-grain weight (24.16 g), and grain yield (1.43 t ha⁻¹). Higher yields in NERICA 1 and 17KH090014B were linked to greater LAI and heavier grain weight. 17KH090014B was the most stable variety, especially during the long rains
Conclusion: Among the five upland rice varieties used in this study, NERICA1 and 17KH090014B attained higher yields in non-saline soils, attributed to higher LAI and heavier grain weight. Nonetheless, further research to validate these findings across other regions and seasons, and to develop location-specific recommendations that support national rice development goals, is critical.
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1. INTRODUCTION 
Rice (Oryza sativa L.) is one of the world’s most important cereal crops, serving as a staple food for over half of the global population. It ranks second after maize in global cereal production and is central to food and nutritional security, particularly in developing countries (1). A member of the Poaceae family, rice is utilised both for grain consumption and as forage or biomass for energy. It is recognised as the most consumed food in the world, and therefore is indispensable in the fight against food insecurity, especially in countries with weak economies. Over half of the world’s population depends on rice for food security. Thus, rice production should be improved to meet the ever-increasing demand for rice in view of the growing population in these countries and the change in eating habits. By 2030, the global rice output is expected to increase from 58 to 567 million tons (2). Archaeological evidence indicates that Oryza sativa and Oryza glaberrima were independently domesticated in East Asia and West Africa, respectively (3). Modern rice cultivars are derived from these species and their hybrids, cultivated across diverse agro-ecosystems including irrigated, rain-fed lowland, upland, and flood-prone systems (4). Techniques such as marker-assisted selection (MAS), quantitative trait loci (QTL) mapping, genomic selection, high-throughput phenotyping, and precise genome editing technologies like CRISPR/Cas9 are revolutionising rice variety improvement (5).  In Kenya, rice is the third most important cereal crop after maize and wheat. National consumption has more than doubled between 2016 and 2020, making rice the fastest-growing staple in terms of demand (6). However, local production meets less than 20% of national needs, resulting in over 80% dependency on imports. Recognising this gap, the Kenyan government has prioritised rice development through the National Rice Development Strategy (NRDS), aligning with Sustainable Development Goal 2 (Zero Hunger) and Vision 2030 objectives for food and nutrition security. Rice grows well between 0–1700 meters above sea level, with optimal temperatures ranging from 25°C to 31°C. Temperatures above 31°C can lead to early maturity and spikelet sterility, while those below 20°C can inhibit germination, booting, heading, and grain filling (7). The crop requires 750–2000 mm of rainfall annually, especially during the tillering and grain-filling stages. Ideal soils range from sandy loam to clay, with a slightly acidic to neutral pH of 4.5–6.5 (7, 8).
Rice is not the very most important crop in Kenya, yet its cultivation and importance have shown a remarkable increase in recent decades. It is often said that rice is not a new crop in Kenya, and its production can be traced as far as decades (9). Approximately 80% of Kenya's rice is grown in irrigated lowlands (10). However, rain-fed upland systems, important globally for smallholder farmers, remain underutilised. Expanding rice production into high-potential but underexploited areas such as Taita Taveta County could significantly improve national output (10). Within the county, areas like Kimorigho and Bura possess favourable agro-ecological conditions for upland rice cultivation. Nonetheless, productivity remains low due to multiple constraints, including high soil salinity/sodicity (11), poor soil fertility, reliance on recycled seeds, limited fertiliser use, and a lack of site-specific varietal and nutrient recommendations (12). The average yields of rice grains in Kenya average only 1.0 t ha-1, far below the global average of 7 t ha-1 (13). To meet projected demand by 2030, Kenya must increase annual rice production by 9.3%. The country has an estimated 1 million hectares suitable for irrigation and 500,000 hectares for rain-fed rice cultivation (13). Upland rice is cultivated under aerobic conditions in well-drained soils, unlike wetland rice, which is grown in flooded fields (14,15). These contrasting environments require specific varietal adaptations and management practices. Genotypic differences among rice varieties influence tolerance to abiotic stresses, nutrient uptake, and overall productivity. Genotype × environment (G×E) interactions, along with agronomic practices, strongly determine yield outcomes (16). The objective is to identify high-yielding, stress-tolerant varieties suited for saline and non-saline soils under rainfed conditions. Findings will support the development of site-specific varietal and nutrient recommendations to enhance sustainable rice production and reduce the current production-consumption gap filled through imports.
2.  Methods
2.1 Weather data during the study period
The field experiments were conducted at Kimorigho and Bura in slightly saline and non-saline non sodic soils, respectively. Kimorigho is situated at geographic coordinates 3°28ʹ22ʹʹ S and 37°41ʹ44ʹʹ E, with an elevation of 794 meters above sea level, whereas the Bura experimental site is located 3°29ʹ24.8ʹʹ S, 38°18ʹ44.8ʹʹE at an altitude of 949 meters above sea level. The experiments were implemented during the 2022 short rain season (October-December) and the 2023 long rain season (March-May). Annual rainfall ranges from approximately 341mm to 1,200 mm, with a mean temperature of 18°C to 25°C. Soils in Taveta are classified as Vertic Luvisols, characterised by deep, dark reddish-brown to dark brown cracking clays that are slightly saline and moderately sodic. In contrast, Bura soils range from loose, coarse sands to friable sandy clay loams and are classified as Rhodic Ferralsols, with inclusions of Ferralic Arenosols and Ferralo-chromic Luvisols.
Before land preparation, six soil samples were collected from each experimental field using a systematic random zigzag transect, with auger sampling to 30 cm depth. Subsamples were homogenised into a 1 kg composite for laboratory analysis of physical and chemical properties. Baseline soil data for both seasons are shown in Table 2. Rainfall, temperature, and humidity data were obtained from Voi and Mlughi Meteorological Stations to characterise experimental climate conditions.
2.2 Experimental Design, Layout and Treatments
The experimental design was a split-plot, arranged in a randomised complete block design (RCBD) with three replications. The main plot treatments consisted of five rice varieties: NERICA1, CSR 36, KOMBOKA, 17KH090014B and AT058, while the subplot comprised seven Nitrogen levels (0, 17, 34, 51, 67.5, 84.3, and 101 kg N per Ha). Individual subplots measured 2 m x 2.5 m, and the subplots were separated by a one-metre pathway.  Treatments in the experimental sites were assigned randomly in both main and subplots as described by (15). 
Table 1. Agronomic characteristics and sources of rice varieties evaluated in the study
	
	Variety
	Description
	Owner/year released


	1
	NERICA 
	A widely adopted rice variety known for its drought resistance and blast resistance tolerance. High yields 4.5t/ha, early maturity 95-100days. Rain fed ecosystem
	Kenya Agricultural and Livestock Research Organization (KALRO). 2008

	2
	KOMBOKA
	High yields 6.5 to 7t/ha, adaptable across diverse ecological zones. Tolerant to drought and saline conditions. Maturity 110 to 120 days. Rain fed / irrigated ecosystem
	KALRO/International Rice Research Institute (IRRI).  2008

	3
	17KH090014B
	
	Afritec seeds limited. 
Experimental lines from KALRO

	4
	CSR36
	A salt tolerant line, bred specifically for saline environments.
	

	5
	AT058
	Suitable for both lowland and upland ecology. Hybrid. Moderately tolerant to blast. Maturity 100 days.
	Afritec seeds limited. 
Experimental lines from KALRO


Source: (17) Commercially available and experimental breeding lines

2.3 Crop husbandry 
Before planting, plots were hand-dug and levelled to a uniform seedbed. Seedlings of the selected rice varieties (Table 1) were raised in a nursery and transplanted at 28 days after sowing (DAS), spaced 20 × 10 cm with one seedling per hill. A uniform basal application of NPK (17:17:17) supplied 11.05 kg P₂O₅ ha⁻¹ and 11.05 kg K₂O ha⁻¹ to ensure adequate phosphorus and potassium availability for root establishment and early vegetative growth. Nitrogen was top-dressed according to treatments. Weeding was carried out at 15, 30, 45, and 60 DAT. Supplemental flood irrigation was applied from about 70 DAT to maturity, and bird nets were installed before heading to protect against quelea birds
2.4 Variable measurements and field Data collection 
Leaf length, leaf width, and number of leaves were measured at 45 days after transplanting (DAT) from five randomly selected plants per plot, excluding border rows and the central 1 m² area (8akula). Crop maturity was recorded when more than 90% of spikelets turned golden yellow At physiological maturity, plants within a 1 m² area at the centre of each plot were harvested at ground level using a sickle. The harvested biomass was oven-dried at 70°C for 72 hours and weighed to determine above-ground biomass. The dried biomass was then threshed to separate grain from straw, with both components weighed to obtain grain and straw yields
Additionally, 1,000 grains were randomly sampled from the grain yield of each plot and weighed to determine the 1,000-grain weight (18).
Leaf Area Index (LAI) and Harvest Index (HI) were calculated as follows:

 Harvest Index (HI) % = Grain yield (kg/ha)/ (Grain yield (kg/ha)+ Straw yield(kg/ha) × 100 (19) 
Leaf Area Index (LAI) = (L × W × N × 0.72),
Where L = leaf length (cm), W = leaf width (cm), N = number of leaves per plant, 0.72 = constant for rice LAI estimation (20) 
2.5 Data Analysis
For each variable studied, data were subjected to Analysis of Variance (ANOVA) using Statistical Tool for Agricultural Research (STAR). Means were ranked using the Tukey's Test Honest Significant Difference HSD test. All statistical analysis was performed at alpha=0.05.
3.  RESULTS AND DISCUSSION
3.1 Weather data during the study period
Meteorological data, including rainfall, temperature and humidity, were obtained from Voi and Mlughi Meteorological Stations to characterise the climatic conditions during the experimental period. Rainfall data indicate that the long rain season March to June, exhibited higher rainfall amounts with Bura having favourable rainfall distribution throughout, while Kimorigho received good amounts only during the initial three months, supporting early crop establishment and vegetative growth (Figures 1 and 2). However, the short rain season experienced suboptimal rainfall. The highest amount of rainfall experienced in a month in both short and long rainy seasons was 180 mm and 270 mm, respectively, while the lowest amount (0mm) was experienced in several months during short and long rains in Kimorigho, and 2 months in short rains in Bura. The total amount of rain during the cropping period was 460mm and 870mm in Kimorigho and Bura, respectively, indicating a higher amount for Bura than for Kimorigho. Successful rice cultivation requires 750-2000mm of rainfall.
Temperatures were constant, with the highest 26.5 °C and the lowest 21.3 °C (Figure 3 and 4). This falls within the optimal temperature requirement 25-31oC for rice growth. High relative humidity was experienced during the experiment, with the highest being 81% in June 2023 at Kimorigho, while the lowest was 57% in February at the same site (Figures 3 and 4).
 
Figure1: Monthly rainfall distribution (mm) recorded at Bura experimental site from August 2022 to August 2023 during the rice cultivation period. 


 
Figure 2: Monthly rainfall distribution (mm) recorded at Kimorigho experimental site from August 2022 to August 2023 during the rice cultivation period. 

 
Figure 3: Monthly trends in mean air temperature (°C) and relative humidity (%) recorded at the Bura experimental site from July 2022 to July 2023 during the rice growing period.


 
Figure 4: Mean air temperature (°C) and relative humidity (%) recorded at the Kimorigho experimental site from July 2022 to July 2023 during the rice growing period
3.2 Analysis of soil chemical and physical properties of the study sites 
The soil at Kimorigho experimental plot are alkaline (pH =9.01), inadequate micronutrients and %total Nitrogen (0.17), with high sodium (3.92 Meq %). The Exchange sodium percent ESP 13.03 % (<15) and Sodium Absorption ratio SAR 1.08 (<13) was below the sodic range. However pH above 8.5 and Electric conductivity of 4 categorized the soil as slightly saline. Bura soils had adequate macro and micro nutrients, approximately neutral pH of 6.27, with EC<4, and sodium (0.74 Meq). ESP 8.59 % (<15) and Sodium Absorption ratio SAR 0.37 (<13), therefore Bura soils categorized as non-saline non sodic (21). Taveta soil texture classification was clayey while Bura was sandy clayey loam with percentage particle size distribution of % sand: clay: silt as 36: 52: 12 and 62: 30: 8 respectively (Table 2). Successful upland rice growth requires heavy clay to sandy loamy soils with pH 4.5-6.5. Both Bura and Kimorigho soil texture was adequate for rice production. 
Table 2: Physico-chemical characteristics of experimental soil before sowing at Bura and Kimorigho
	Chemical property
	                  Kimorigho
	                      Bura


	
	Concentration value
	Description
	Concentration value
	Description

	Soil PH
	9.01
	Extreme alkaline
	6.27
	Slightly acidic

	%Org carbon
	2.09
	Moderate
	2.84
	Moderate

	%Total Nitrogen
	0.17
	Low
	0.24
	Adequate

	Phosphorus olsen (ppm)
	48
	High
	31.2
	Adequate

	Pottasium (mmol/ kg)
	1.2
	Adequate
	0.54
	Adequate

	Calcium (meq%)
	22.4
	High
	4
	Adequate

	Magnesium (meq%)
	3.77
	High
	3.87
	High

	Manganese (meq%)
	0.39
	Adequate
	0.23
	Adequate

	Copper (ppm)
	1.17
	Adequate
	8.17
	Adequate

	Iron (ppm)
	7.33
	Low
	38.7
	Adequate

	Zn (ppm)
	0.93
	Low
	7.7
	Adequate

	Sodium (meq%)
	3.92
	High
	0.74
	Adequate

	Electric conductivity mS/dm
	4.0
	Slightly-saline
	1.5
	Non-saline

	ESP (meq%)
	13.03
	Non-sodic
	8.59
	Non-sodic

	SAR (meq%)
	1.08
	Non-sodic
	0.37
	Non-sodic

	Texture
	36 %sand
	Class: 
Clay
	62 %sand
	Class: 
Clay loam

	
	52 %clay
	
	30 %clay
	

	
	12 %silt
	
	8 %silt
	



3.3 Effect of soil type, Varieties and season on Rice dry biomass, grain yield and 1000 grain weight of rice 
3.3.1. Effect non-saline non-sodic and slightly-saline soils on rice yield components
The main effect of soil type was significant (p ≤ 0.05) across all rice genotypes (Table 3), impacting key agronomic traits including Leaf Area Index (LAI), biomass accumulation, grain yield, and 1000 grain weight. Notably, non-saline non-sodic soils supported superior grain yields in all varieties except CSR36 and AT058, compared to slightly-saline soils. Performance on non-saline non-sodic soils, the mean grain yield were such that AT058 (0.89 t ha-1) < CSR (0.96 t ha-1) < KOMBOKA (1.18 t ha-1) < 17KH090014B (1.35 t ha-1) < NERICA 1 (1.76 t ha-1) representing 0, 7.3%, 24.3%, 34.1%, and 49.4% higher grain yields than the AT058. The good performance of NERICA1 and 17KH090014B was a result of higher LAI 4.415 and 3.62, respectively, representing 51.9 and 41.2% higher values above the lowest perfomer,  and higher 1000 grain weight 25.19g and 23.49g respectively, representing 25.9 and 20.6% higher test weight than lowest yielding variety CSR. In slightly-saline soils better grain yields recorded in 17KH090014B (1.50 t ha-1), KOMBOKA (1.2 t ha-1), CSR(0.99 t ha-1and AT058 (0.98 t ha-1) compared to 1.35,1.18, 0.96 and 0.89 t ha-1 respectively on non-saline non-sodic soils, suggesting differential varietal responses and tolerance to slightly-saline soils. The poorest performance under slightly-saline soils was observed in NERICA 1 for biomass (6.49 t ha-1), AT058 for 1000 grain weight (19.62 g), and AT058 for grain yield (0.96 t ha-1). While NERICA 1 performed optimally in non-saline non-sodic fertile soils, 17KH090014B demonstrated consistent performance across varying salinity levels. This highlights the potential of 17KH090014B for broader adaptation in salinity-affected upland systems and the need for site-specific genotype selection to optimise rice yield and grain quality under changing environmental conditions. These findings suggest a greater tolerance of 17KH090014B to salinity-induced stress, which may be linked to efficient biomass partitioning towards economic yield components under suboptimal conditions. Similar findings were obtained by (22), where rice grain yield significantly decreased under the combined effects of salinity and drought stress compared to either stress condition alone. Improved grain yield in wheat variety GS due to a decrease in concentration of Na+ was reported by (23) 
3.3.2 Varietal effect on rice yield components
The combined varietal effect significantly (p ≤ 0.05) influenced rice dry biomass weight, grain yield and 1000 grain weight (Table 4). Rice variety 17KH090014B obtained the highest values of dry biomass (10.21 t ha-1), 1000 grain weight (24.16 g) and grain yield (1.43 t ha-1), representing increases of 34.3%, 21% and 35.3% respectively, above the lowest yielding variety (Table 3). NERICA1 ranked second in both grain yield (1.37 t ha-1) and 1000 grain weight (23.88 g), indicating increases of 32.7% and 20.2% above the lowest yielding cultivar. KOMBOKA also ranked second in biomass (25% higher than the lowest) and third in both 1000 grain weight, 20.63g (7.6% higher) and grain yield 1.19 t ha-1 (22.3% higher). In contrast, the lowest grain yield was observed in AT058 (0.92 t ha-1), which was 10 g lower than CSR 36. The higher grain yield in 17KH090014B and NERICA 1 may have been attributed to heavier 1000 grain weight, higher Leaf area index (LAI) and Harvest Index. 
NERICA varieties were bred for high grain quality and quantity, high adaptability to the prevailing environmental conditions and tolerance to Rice Yellow Mottle Virus and African Gall Midge (24). Genotypic differences play a critical role in determining rice performance under varying environmental and management conditions. Traits such as root morphology, tillering ability, and spikelet fertility influence nutrient uptake and use efficiency (16). According to (25), different rice landraces possess a wide range of variability for most morphological traits. Deep rooting is regarded as one of the essential characteristics that contribute to drought resistance as it enhances uptake of water and nutrients from deep soil layers when shallow soil layers dry up. In addition, rice also develops root systems in the soil that contain water, as a response to variations in soil moisture conditions. Similarly to this study, (26) obtained denser grains in NERICA 1 rice varieties compared to the rest. 
3.3.3 Seasonal effect on rice performance and genotype X environment interaction
Climate plays an important role in rice production, with temperature, rainfall, and relative humidity significantly influencing crop growth and yields. Weather data during the experimental period indicated favourable conditions for rice growth during the long rain season compared to the short rain season (Figures 1, 2, 3 and 4). Most agronomic parameters recorded higher values during the long rains. Among the varieties evaluated, 17KH090014B demonstrated superior performance across both seasons, registering the highest values for biomass 10.79 t ha-1, 1000 grain weight 24.93 g, grain yield 1.59 t ha-1 and LAI 3.05, reflecting substantial increases of 39.9%, 25%, 45% and 35.7%, respectively, above the lowest-performing varieties. Such performance indicates strong seasonal adaptability and efficient use of moisture conditions, particularly during the long rains. An exceptional case was noted with NERICA 1, which outperformed 17KH090014B during the short rain season in terms of grain yield (1.30 t ha-1) and 1000 grain weight (23.57 g). This highlights a significant genotype × season interaction, suggesting that NERICA 1 may be particularly well-suited to shorter growth cycles or environments with less salinity or moisture stress. Despite its high grain yield, NERICA 1 recorded relatively low biomass, likely due to its genetic design for low-input environments, which minimises vegetative growth to reduce evapotranspiration. This trait has been documented by (16), supporting its suitability for upland or drought-prone areas. The variety KOMBOKA ranked second in biomass across both seasons (9.20 t ha-1 in long rains and 8.68 t ha-1 in short rains), indicating intermediate but stable performance. In contrast, CSR36 recorded the lowest 1000 grain weight (17.6 g in short rains), while AT058 registered the lowest grain yield (0.87 t ha-1) in long rains. These outcomes could be attributed to genetic limitations in nutrient assimilation, spikelet fertility, and resource use efficiency, especially under conditions of salinity and moisture variability. According to (27), rice varieties MR232 and MR211 exhibited a significant increase in biomass compared to other varieties, which was attributed to their enhanced salt tolerance.
Despite its low biomass, NERICA 1 showed high productivity in the short rains. This may be linked to its high number of fertile grains per panicle, vigorous root system, and heavy grain weight traits previously identified by (26) as key contributors to upland rice success under challenging soil and water conditions. The superior performance of 17KH090014B during the long rains may be attributed to enhanced nutrient uptake, improved grain filling, and higher spikelet number and sink strength, aided by favourable rainfall. These factors likely boosted photosynthetic efficiency and nutrient assimilation, as also supported by findings from (15) and (16). Furthermore, in salinity-prone soils, such as those with moderate sodicity, the improved yields during the long rains may be partially explained by leaching of surface salts due to rainfall. This process enhances soil fertility and reduces ionic stress, creating a more conducive environment for root growth and nutrient uptake. The consistent performance of 17KH090014B across such conditions underscores its genotypic resilience and adaptability to rain-fed and saline-affected environments.

Table 3: Effects of genotype and soil type on dry biomass, 1000 grain weight and grain yield of rice (Oryza sativa L.) under short and long rain seasons in non-saline, non-sodic and saline-sodic soils in Taita Taveta County, Kenya.
	
Treatme-
nts
	Biomass weigh  t ha-1
	1000 grain yields g

	Grain yields  t ha-1

	
	Non-saline
Non-sodic
	Slightly saline
	Non-saline
Non-sodic
	Slightly saline
	Non-saline
Non-sodic
	Slightly saline

	
	Short
rain
	Long
rain
	Short
rain
	Long
rain
	Short
rain
	Long
rain
	Short
rain
	Long
rain
	Short
rain
	Long
rain
	Short
rain
	Long
rain

	NERICA1

	7.24c
	6.62d
	6.63c
	6.35e
	25.77a
	24.60a
	21.34b
	23.82b
	1.55a
	1.97a
	1.07b
	0.85d

	KOMBOKA

	9.16b
	9.23b
	8.19b
	9.17b
	19.68c
	20.44c
	20.32bc
	22.09c
	1.22b
	1.13c
	1.23a
	1.17b

	17KH
	9.87a
	10.7a
	9.38a
	10.88a
	21.94b
	25.03a
	24.84a
	24.83a
	1.23a
	1.47b
	1.3a
	1.7a

	CSR36
	7.32c
	9.27b
	8.18b
	8.12c
	16.08d
	21.24b
	19.12c
	19.84d
	0.8c
	1.12c
	1.12b
	0.99c

	ATo58
	7.43c
	7.37c
	7.98b
	6.99d
	19.66c
	18.57d
	19.68c
	18.84e
	0.88c
	0.9d
	1.07b
	0.84d

	Mean
	8.20
	8.64
	8.07
	8.30
	20.62
	21.97
	21.06
	21.88
	1.14
	1.32
	1.16
	1.11

	P value
(0.05)
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	LSD
	33.36
	27.02
	42.97
	48.82
	1.41
	0.79
	1.35
	0.97
	9.22
	7.22
	7.55
	6.41

	CV(%)
	6.57
	5.06
	8.61
	9.51
	11.07
	5.83
	10.41
	7.18
	13.19
	8.85
	10.55
	9.31



Means followed by the same letter in each column are not significantly different from each other at α=0.05; CV – Coefficient of Variation; LSD – Least Significant Difference. 
3.4 Effect of soil type, Variety and season on Leaf Area Index(LAI) and Harvest Index(HI) of rice 
3.4.1. Effect of non-saline non-sodic and slightly saline soils on LAI and HI
The main effect of soil type significantly (p ≤ 0.05) influenced LAI and HI of rice varieties (Table 4). NERICA 1 attained higher values of LAI (4.4150 and HI (25.56) in non-saline non-sodic soils compared to 1.07 and 14.98 under slightly saline soils. In non-saline non-sodic soils types, the mean LAI was such AT058(2.125) < CSR(2.4) < KOMBOKA (3.21) < 17KH090014B(3.62) < NERICA1(14.98), whereas in slightly saline NERICA1(1.07)< AT058(1.11) < CSR(1.14) < Komboka(1.98) < 17KH090014B(2.2), an indication that LAI values reduced by more than 20% in slightly saline soils, with NERICA1 recording the largest reduction of above 50%. (28) demonstrated that increasing levels of irrigation water salinity led to reductions in growth and yield components, including plant height, rice grain yield and biomass weight, resulting in significantly higher plant sterility.
NERICA1 attained significantly (p ≤ 0.05) higher (25.56) and (14.98) harvest index in both non-saline and slightly-saline soils, respectively, representing 54.9% and 15.8% higher than the lower values. Similar trend observed for other varieties with 17KH090014B (13.17) taking second position, then KOMBOKA (12.77) and AT058 (12.02). The difference in nutrient uptake and use may be associated with a better root morphology, ability to take up adequate nutrients from lower concentrations, ability to solubilise nutrients in the rhizosphere, better transport, distribution, utilisation, and a balanced source-sink relationship. Improvement of nutrient uptake would also be associated with increased yield per unit area, better crop management practices, and crop genotypes having higher yield potentials. This trend is supported by findings from (28), who reported that salinity reduces biomass and Harvest index of NERICA1 rice variety. Genotypes capable of maintaining better nutrient uptake and biomass allocation under such stress, such as 17KH090014B, are therefore more promising for cultivation in saline-prone regions.
3.4.2 Varietal effect on LAI and HI
Leaf Area Index (LAI) is a critical physiological trait in crop development, as it directly influences the plant's photosynthetic efficiency by modulating the source–sink relationship. A higher LAI enhances the canopy's ability to intercept solar radiation, thereby increasing the assimilation of photosynthates essential for growth and grain development. In this study, a significant (p ≤ 0.05) varietal effect was observed on both LAI and Harvest Index (HI) of rice (Table 4). The genotypic variation in LAI ranged from 1.62 to 2.91. This corresponded to increases of 8.8%, 37.8%, 41.4%, and 44.4% for CSR 36, KOMBOKA, NERICA1, and 17KH090014B, respectively, relative to AT058, the lowest(1.6) performer. Similarly, HI differed significantly among varieties. NERICA1 1 recorded the highest HI (20.27. Hakim), representing a 39.5% increase over CSR36 (12.26). This was followed by 17KH090014B and KOMBOKA, which recorded 12.27% and 8.2% higher HI than CSR36, respectively. The observed increase in LAI can be attributed to enhanced tillering capacity, increased number of leaves per tiller, and larger leaf size, all contributing to a larger assimilatory surface area. These results align with findings by (29), who obtained a higher LAI (5.47) in rice variety NINDI, compared to nine other varieties. 
3.4.3 Effect of genotype and environment interaction on LAI and HI.
Seasonal changes affected genotypic responses, with higher LAI values (1.96–3.05) observed during the long rains, with 17KH090014B recording the highest value, while AT058 attained the lowest. Higher LAI supporting denser canopies is favourable for photosynthesis, highlighting site-specific genotype × environment interactions. During the short rains, LAI values ranged from 1.28–2.77, with 17KH090014B again, achieving the highest values, while the lowest was obtained in AT058. Similarly, HI was higher during the long rains (12.12-21.77), with NERICA 1 recording the highest in both long and short rain seasons. In contrast, AT058 and CSR36 obtained the lowest HI (12.12 and 12.32) in long and short rain, respectively. These differences may be attributed to genotypic variations in photosynthetic capacity, biomass partitioning, and stress adaptability (8). Additionally, supporting physiological traits such as leaf length correlate with overall plant vigor and yield potential. Environmental conditions such as soil nutrient status, rainfall, temperature, and solar radiation further modulate rice growth and development. Enhanced nutrient uptake and assimilation under favorable conditions can promote greater leaf development and canopy expansion, thereby improving radiation interception and crop yield (30). 
Table 4. Effects of genotype and soil type on Leaf Area Index (LAI) and Harvest Index (HI) of rice (Oryza sativa L.) under short and long rain seasons in non-saline, non-sodic and slightly saline soils in Taita Taveta County, Kenya.
	
Treat
ment
	Leaf Area Index (LAI)
	Harvest Index (HI)


	
	Non-saline
Non-sodic
	Slightly saline
	Non-saline
Non-sodic
	Slightly saline

	
	Short
rain
	Long
rain
	Short
rain
	Long
rain
	Short
rain
	Long
rain
	Short
rain
	Long
rain

	NERICA1

	4.03a
	4.80a
	1.09c
	1.05b
	21.27a
	29.85a
	16.28
	13.68

	KOMBOKA

	3.44b
	2.98c
	1.43b
	2.53a
	13.28b
	12.26b
	15.17
	12.74

	17KH
	3.74ab
	3.49b
	1.79a
	2.61a
	12.45b
	13.89b
	13.82
	15.75

	CSR36
	2.08c
	2.72c
	1.02c
	1.26b
	10.95b
	12.13b
	13.75
	12.23

	ATo58
	1.62d
	2.63c
	0.93c
	1.28b
	11.77b
	12.26b
	13.18
	12.04

	Mean
	2.98
	3.32
	1.25
	1.75
	13.94
	16.08
	14.44
	13.29

	P value
(0.05)
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	LSD
	0.44
	0.35
	0.19
	0.30
	1.11
	0.95
	1.34
	1.12

	CV(%)
	23.99
	17.44
	24.89
	27.79
	12.91
	9.52
	14.98
	13.62



Means followed by the same letter in each column are not significantly different from each other at α=0.05; CV – Coefficient of Variation; LSD – Least Significant Difference.
4. CONCLUSIONS AND RECOMMENDATIONS
Among the five upland rice varieties used in this study, NERICA1 and 17KH090014B attained higher yields in non-saline soils, attributed to higher LAI and heavier grain weight. However, in slightly saline soils, yields were lower than in non-saline non-sodic soils, with higher grain yield obtained in 17KH090014B and KOMBOKA. 17KH090014B was the most stable performer across soil types, particularly when planted during the long rainy season (March to May). NERICA1 may be more suitable for non-saline soils. Nonetheless, further research to validate these findings across other regions and seasons, and to develop location-specific recommendations that support national rice development goals, is critical.
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