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Abstract: Rice is Nepal's most important 

staple crop, occupying over 1.5 million 

hectares of cultivated land and providing a 

major source of food and livelihood for the 

population. It contributes significantly to 

the country's agricultural GDP and food 

security. The diverse agro-ecological 

zones of Nepal support a variety of rice-

growing conditions, from lowland Terai to 

mid-hill regions. This study evaluates six 

rice genotypes for yield stability across 

three locations in the Dadeldhura district 

of Nepal over two consecutive years (2016 

and 2017). The trials, conducted in 

collaboration with the District Agriculture 

Development Office (DADO) and 

supported by the Agriculture and Food 

Security Project (AFSP) and the Food and 

Agriculture Organization (FAO), aimed to 

identify high-yielding, climate-resilient 

rice varieties suitable for marginal 

environments. Key agronomic traits 

measured included grain yield (GY), 

heading days (HD), maturity days (MD), 

plant height (PH), tillers per square meter 

(TI/M²), and thousand-grain weight 

(TGW). Genotype IR98786-13-1-2-1 

demonstrated a 40% yield advantage at 

Site 2 (Ajaimeru Rural Municipality, ward 

no. 6- Ghodsela, GPS 29.36°N, 80.45°E) 

and stable performance across all sites. A 

comprehensive economic analysis suggests 

its large-scale adoption could significantly 

improve food security and farmer incomes. 

Further trials across diverse agroecological 

zones are recommended to confirm these 

results. 
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Introduction: 

   Rice plays a critical role in food security, 

particularly in regions like Nepal’s mid-

hill areas where it is a staple food and a 

primary source of livelihood (Khush, 

2005; IRRI, 2010; Lobell et al., 2011). 

However, productivity in these regions 

remains well below its potential due to 

erratic rainfall, poor soil quality, and 

limited access to improved seed varieties 

(Virk et al., 2005; Fischer et al., 2014; 

Peng et al., 2000). 

   To address these challenges, this study 

evaluates six rice genotypes through 

farmer-managed field trials in the running 

farmer field schools (FFS), with the 

objective of identifying high-yielding, 

climate-resilient varieties that can thrive in 

marginal environments (Fukai & Cooper, 

1995; Lobell & Burke, 2008). These trials 

aim to fill the gap in identifying stable 

genotypes that can withstand fluctuating 

environmental conditions, a factor 

increasingly critical in the face of climate 

change (Zhao et al., 2006; Fischer et al., 

2014). The research also builds on past 

studies that highlight the necessity for 

participatory breeding efforts and 

agronomic trait improvements to enhance 

food security in marginal areas (Bernier et 

al., 2007; Gollin, 2006). 

 

Materials and Methods: 

Study Area and Experimental Design: 

   The trials were conducted over two years 

at three farmer-managed locations in 

Dadeldhura District, each characterized by 

distinct environmental conditions (Fukai & 

Cooper 1995; Lobell & Burke 2008). Site 

1 (Navadurga Rural Municipality, ward 

no. 3-Dada Ban, GPS 29.33°N, 80.70°E) 

had fertile soils, consistent rainfall, and 

perennial irrigation. In contrast, Site 2 

(Ajaimeru Rural Municipality, ward no. 6- 

Ghodsela, GPS 29.36°N, 80.45°E) and 

Site 3 (Ganayapdhura Rural Municipality, 

ward no. 1- Veta, GPS 29.22°N, 80.65°E) 

experienced lower fertility and more 

erratic rainfall patterns (Lobell et al. 

2011). 

   The study followed a Randomized 

Complete Block Design (RCBD) with 

three replications per site (Zhao et al. 

2006). The six genotypes tested were: 

IR25L1065, IR14L537, IR98786-13-1-2-1, 

IR90020-122-283-13-4, IR12L353, and 

Ghaiya 1. Environmental parameters such 

as soil pH, nutrient content (NPK), organic 

matter levels, rainfall, and temperature 

were recorded throughout the growing 

season (Singh et al. 2011; Sheehy et al. 

2007). 

 

Measured Agronomic Traits 
Key agronomic traits measured were: 

 Heading Days (HD): Days to 50% 

flowering. 

 Maturity Days (MD): Days from 

planting to physiological maturity. 

 Grain Yield (GY T/ha): Grain 

yield in tons per hectare. 

 Plant Height (PH): Height from 

the base of the plant to the tip of 

the panicle. 

 Tillers per Square Meter 

(TI/M²): Number of productive 

tillers per square meter. 

 Thousand-Grain Weight (TGW): 
Weight of 1,000 grains (g). 

 

Statistical Analysis: 

   Data were analyzed using Analysis of 

Variance (ANOVA) to assess significant 

differences among genotypes for each 

agronomic trait (Yoshida 1981). A Least 

Significant Difference (LSD) test at a 5% 

probability level was used to determine 

statistical differences. Additionally, the 

Additive Main Effects and Multiplicative 

Interaction (AMMI) model was applied to 

evaluate genotype yield stability across 

varying environments (Bernier et al. 

2007). GGE Biplot analysis was conducted 

to visualize genotype performance and 

stability across environments (Peng et al. 

2000), and Principal Component Analysis 



International Journal of Global Science Research          ISSN: 2348-8344 (Online) 

Vol. 11, Issue. 2, October 2024, pp. 2451-2465         DOI: https://doi.org/10.26540/ijgsr.v11.i2.2024.281 

Available Online at www.ijgsr.com  

© Copyright 2014 | ijgsr.com | All Rights Reserved 

 

Under auspices of Environment & Social Welfare Society, India  2453 

 

(PCA) was employed to identify the 

agronomic traits that significantly 

contributed to yield stability (Fischer et al. 

2014).  
 

Table 1: Analysis of yield and ancillary characters of selected rice genotypes   

(Year 2016/Site 1) 

EN Genotypes HD MD GY 

T/H 

PH PL TI/M2 FG TGW 

1 IR25L1065 76 106 3.5 118.7 27.33 190 90.6 23 

2 IR14L537 82 112 3.3 107.3 25.67 220 103.4 25.34 

3 IR98786-

13-1-2-1 

77 107 4 120.3 27.33 147 123.4 21.66 

4 IR90020-

122-283-

13-4 

69 99 3.3 124.7 24.33 187 98.4 23.34 

5 IR12L353 76 106 3 107.3 27 210 119 24.34 

6 Ghaiya 1 68 98 3.8 114.3 25.33 181 98.2 20.66 

Grand 

Mean 

 74.66 104.66 3.48 115.43 26.16 189.16 105.5 23.05 

P-value  0.05 0.04 0.5 0.08 0.02 0.8 0.68 0.3 

F-Test  * * ns ns * ns ns ns 

LSD0.05  9.3 8.5 1.2 13.6 1.9 135.7 255.5 5.2 

CV%  6.9 7.2 19.2 6.5 4 39.9 26.6 23.1 

 

Table 2: Analysis of yield and ancillary characters of selected rice genotypes   

(Year 2016/Site 2) 

EN Genotypes HD MD 

GY 

T/H PH PL TI/M2 FG TGW 

1 IR25L1065 80 110 4.43 103 24 200 97 17 

2 IR14L537 84 114 4.39 118 25 225 117 22 

3 

IR98786-

13-1-2-1 80 110 5.72 106 25 225 123 20 

4 

IR90020-

122-283-

13-4 84 114 5.36 122 25 200 107 19 

5 IR12L353 81 111 5.56 112 24 225 161 20 

6 Ghaiya 1 79 109 4.73 97 25 200 154 19 

Grand 

Mean 

 

81.3 111.33 5.03 109.66 24.66 212.5 126.5 19.5 

P-value  <.001 <.001 0.005 <.001 <.001 0.838 0.3 0.158 

F-Test  ** ** ** ** ** ns ns ns 

LSD0.05  2.01 2.01 1.22 7.08 1.79 2.177 60.77 3.18 

CV%  1.5 1.1 10.9 3.7 4.3 15 28.2 9 
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Table 3: Analysis of yield and ancillary characters of selected rice genotypes   

(Year 2016/Site 3) 

EN Genotypes HD MD 

GY 

T/H PH PL TI/M2 FG TGW 

1 IR25L1065 76 106 3.5 118.7 27.33 190 91 23 

2 IR14L537 82 112 3.3 107.3 25.67 220 103 25.24 

3 

IR98786-

13-1-2-1 77 107 4 120.3 27.33 147 123 31.66 

4 

IR90020-

122-283-

13-4 69 99 3.3 124.7 24.33 187 98 23.34 

5 IR12L353 76 106 3 107.3 27 210 119 24.34 

6 Ghaiya 1 68 98 3.8 114.3 25.33 181 98 20.66 

Grand 

Mean 

 

74.66 104.66 3.4 115.4 26.16 187.5 105.33 24.7 

P-value  0.05 0.04 0.5 0.08 0.02 0.8 0.68 0.3 

F-Test  * * ns ns * ns ns ns 

LSD0.05  9.3 8.5 1.2 13.6 1.9 135.7 255.5 5.2 

CV%  6.9 7.2 19.2 6.5 4 39.9 26.6 23.1 

 

 

Table 4: Analysis of yield and ancillary characters of selected rice genotypes   

(Year 2017/Site 1) 

EN Genotypes HD MD 

GY 

T/H PH PL TI/M2 FG TGW 

1 IR25L1065 73 103 2.4 110 25 290 96 21.97 

2 IR14L537 83 113 2.1 104 27 380 86 22.09 

3 

IR98786-

13-1-2-1 78 108 1.4 86 24 245 139 20.14 

4 

IR90020-

122-283-

13-4 72 102 1.08 83 21 278 81 18.43 

5 IR12L353 75 105 1.4 88 20 285 90 17.78 

6 Ghaiya 1 71 101 1.2 107 23.3 450 83 20.4 

Grand 

Mean 

 

75.33 105.33 1.59 96.33 23.38 321.33 95.83 20.13 

P-value  <0.001 0.001 0.6 <0.001 0.04 0.7 0.04 <0.001 

F-Test  ** ** ns ** * ns * ** 

LSD0.05  8.1 7.6 1.7 10.1 2.5 140 197 2.3 

CV%  6.7 4.5 48.6 5.5 6.2 24 25.8 6 
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Table 5: Analysis of yield and ancillary characters of selected rice genotypes  

(Year 2017/Site 2) 

EN Genotypes HD MD 

GY 

T/H PH PL TI/M2 FG TGW 

1 IR25L1065 87 117 4.4 95 23 290 124 21.7 

2 IR14L537 87 117 4 98 22 286 106 22.09 

3 

IR98786-

13-1-2-1 90 120 5.2 108 25 304 92 21.1 

4 

IR90020-

122-283-

13-4 89 119 5 100 21 297 136 19.5 

5 IR12L353 89 119 3.4 104 24 312 53 17.4 

6 Ghaiya 1 88 118 3.2 113 23 293 86 21.3 

Grand 

Mean 

 

88.33 118.33 4.2 103 23 297 99.5 20.51 

P-value  <0.001 <0.001 <0.001 <0.001 <0.001 0.9 0.8 0.003 

F-Test  ** ** ** ** ** ns ns ** 

LSD0.05  2.4 2.4 1.2 8.4 1.67 86 202 2.8 

CV%  1.6 1.2 17.6 4.7 4.4 17.7 25.9 7.4 
 

 

Table 6: Analysis of yield and ancillary characters of selected rice genotypes  

(Year 2017/Site 3) 

EN Genotypes HD MD 

GY 

T/H PH PL TI/M2 FG TGW 

1 IR25L1065 79 109 2.46 118 23.67 283 76 23.3 

2 IR14L537 76 106 2.53 109.3 25 282 105 22.3 

3 

IR98786-

13-1-2-1 75 105 2.77 122 25.33 245 111 21.4 

4 

IR90020-

122-283-

13-4 86 116 2.49 115.7 25.67 242 100 22.3 

5 IR12L353 82 112 2.46 113.3 25 246 79 21.3 

6 Ghaiya 1 72 102 2.3 106.7 20.67 179 84 22.1 

Grand Mean  78.33 108.33 2.5 114.16 24.22 146.16 92.5 22.11 

P-value  0.28 0.25 0 0.83 0.9 0.26 0.82 0.9 

F-Test  ns ns ** ns ns ns ns ns 

LSD 0.05  12.97 11.33 1.04 15.34 4.7 88.8 199 5.5 

CV%  9.6 8 0.02 8 11.5 21.3 25 11.5 

 
Results and Discussion: 
Yield Performance and Site-Specific 

Variability: 

   The analysis of data show that IR98786-

13-1-2-1 consistently exhibited the highest 

grain yield across all sites, particularly at 

Site 2 in 2016, where it achieved a yield of 

5.72 T/ha—a 40% yield advantage over 

other genotypes (Peng et al. 2000; Sheehy 

et al. 2007; Fischer et al. 2014). This 

makes IR98786-13-1-2-1 the strongest 

candidate for broader adoption in marginal 
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environments. In contrast, IR25L1065 

performed well at Site 1, with a shorter 

maturity period of 73 days, making it 

suitable for areas with shorter growing 

seasons (Singh et al. 2011).  

 

Statistical Comparisons of Traits: 

   The updated ANOVA results indicate 

significant differences in Heading Days 

(HD) and Maturity Days (MD) (p < 0.05) 

across the tested genotypes, reflecting their 

varying adaptability to growing seasons. 

However, no significant differences were 

observed in grain yield, suggesting that 

environmental conditions heavily 

influenced yield variation across sites 

(Peng et al. 2000; Fischer et al. 2014).  

 

Correlation Between Traits: 
   A positive correlation between Plant 

Height (PH) and Grain Yield (GY) was 

observed in the updated data, indicating 

that taller plants tended to yield more grain 

(Fukai & Cooper 1995; Zhao et al. 2006). 

However, there was a negative correlation 

between Tillers per Square Meter (TI/M²) 

and Grain Yield, implying that increased 

tiller density did not always result in 

higher grain yields (Yoshida 1981; Sheehy 

et al. 2007).  

 

Table 7: The correlation matrix showing the relationships between the various 

agronomic traits 

Traits 

Heading 

Days 

(HD) 

Maturity 

Days 

(MD) 

Grain 

Yield 

(GY 

T/ha) 

Plant 

Height 

(PH) 

Tillers 

per m² 

(TI/M²) 

Thousand-

Grain 

Weight 

(TGW) 

Heading Days (HD) 1 1 -0.35 -0.22 0.61 0.8 

Maturity Days (MD) 1 1 -0.35 -0.22 0.61 0.8 

Grain Yield (GY 

T/ha) -0.35 -0.35 1 0.23 -0.86 0.18 

Plant Height (PH) -0.22 -0.22 0.23 1 -0.4 0.07 

Tillers per m² (TI/M²) 0.61 0.61 -0.86 -0.4 1 0.23 

Thousand-Grain 

Weight (TGW) 0.8 0.8 0.18 0.07 0.23 1 
 

 
Figure 1: Heatmap of correlation matrix of agronomic traits 
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AMMI and GGE Biplot Analysis for 

Yield Stability: 
   The AMMI analysis confirmed that 

IR98786-13-1-2-1 showed the most stable 

performance across all environments, 

making it the most promising candidate for 

large-scale adoption (Bernier et al. 2007). 

The GGE Biplot further supported this, 

showing that IR98786-13-1-2-1 adapted 

well across all locations, while IR25L1065 

performed better in regions with shorter 

growing seasons (Peng et al. 2000).  
 

Table 8: AMMI analysis table showing the grain yield across the various sites for each 

genotype. 

 

Genotype 

Site 1 

(2016) 

Site 2 

(2016) 

Site 3 

(2016) 

Site 1 

(2017) 

Site 2 

(2017) 

Site 3 

(2017) 

IR25L1065 3.5 4.43 3.5 2.4 4.4 2.46 

IR14L537 3.3 4.39 3.3 2.1 4 2.53 

IR98786-13-1-2-1 4 5.72 4 1.4 5.2 2.77 

IR90020-122-283-

13-4 3.3 5.36 3.3 1.08 5 2.49 

IR12L353 3 5.56 3 1.4 3.4 2.46 

Ghaiya 1 3.8 4.73 3.8 1.2 3.2 2.3 

  

 

  
Figure 2: AMMI analysis chart showing yield performance across the sites 

 

Table 9: GGE Biplot analysis table showing the mean yield of each genotype across all 

sites and years.  

Genotype Mean Yield 

IR25L1065 3.448 

IR14L537 3.27 

IR98786-13-1-2-1 3.848 

IR90020-122-283-13-4 3.422 

IR12L353 3.137 

Ghaiya 1 3.172 
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Figure 3: GGE Bipot showing Mean yield vs Stability 

 

PCA and Trait Correlation Analysis: 

   The Principal Component Analysis 

(PCA) identified Thousand-Grain Weight 

(TGW), Plant Height (PH), and Tillering 

Capacity (TI/M²) as the key traits 

contributing to yield stability. Early 

Heading Days (HD) and high tillering 

capacity were positively correlated with 

higher grain yield, particularly under 

drought stress (Fukai & Cooper 1995).  

 

 

Table 10: PCA analysis showing the distribution of genotypes based on their agronomic 

traits. 
 

Genotype PC1 PC2 

IR25L1065 -0.23 -0.78 

IR14L537 3.33 -0.09 

IR98786-13-1-2-1 -0.55 2.64 

IR90020-122-283-13-4 -1.54 0.28 

IR12L353 1.22 -0.74 

Ghaiya 1 -2.23 -1.3 
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Figure 4: PCA analysis of the agronomic traits 

 

Genotype-by-Environment Interaction: 

   The Finlay-Wilkinson regression 

analysis revealed that IR98786-13-1-2-1 

consistently performed well across both 

favorable and marginal environments 

(Gollin 2006; Fischer et al. 2014). In 

contrast, IR25L1065 showed better 

adaptation to more fertile regions like Site 

1, which had consistent rainfall (Singh et 

al. 2011).  

 

Table 11: Grain yield information from Tables 1 to 6 (in Tons per Hectare):  

Genotype 

Site 1 

(2016) 

Site 2 

(2016) 

Site 3 

(2016) 

Site 1 

(2017) 

Site 2 

(2017) 

Site 3 

(2017) 

IR25L1065 3.5 4.43 3.5 2.4 4.4 2.46 

IR14L537 3.3 4.39 3.3 2.1 4 2.53 

IR98786-13-1-2-1 4 5.72 4 1.4 5.2 2.77 

IR90020-122-283-13-4 3.3 5.36 3.3 1.08 5 2.49 

IR12L353 3 5.56 3 1.4 3.4 2.46 

Ghaiya 1 3.8 4.73 3.8 1.2 3.2 2.3 

 

Table 12: Table showing the calculated environment means for each site 

Environment 

Site 1 

(2016) 

Site 2 

(2016) 

Site 3 

(2016) 

Site 1 

(2017) 

Site 2 

(2017) 

Site 3 

(2017) 

Mean Yield 3.48 4.86 3.48 1.76 4.2 2.5 
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Table 13: Finlay-Wilkinson Regression analysis table generated after plotting 

environment mean in X asis and the grain yield of each genotype across environments 

in the Y axis 
 

Genotype Slope Intercept 

IR25L1065 0.77 0.86 

IR14L537 0.77 0.68 

IR98786-13-1-2-1 1.4 -0.9 

IR90020-122-283-

13-4 1.39 -1.29 

IR12L353 1.14 -0.73 

Ghaiya 1 1.02 -0.28 
 
 

 
 

 
Figure 5: Visual figure showing the how each genotype reacts to changes in 

environmental conditions. 

 
 

Interpretation:  

   IR25L1065 and IR14L537 have slopes 

less than 1, indicating they perform 

relatively better in lower-yielding 

environments, showing more stability. 

IR98786-13-1-2-1 and IR90020-122-283-

13-4 have slopes greater than 1, indicating 

they are more responsive to high-yielding 

environments but less stable in poorer 

conditions. 

Ghaiya 1 has a slope close to 1, indicating 

average stability and responsiveness. 

 

Results: 

   Here is the Finlay-Wilkinson regression 

plot for the genotype-by-environment 

interaction. Each line represents the 
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performance of a genotype across varying 

environmental means: 

   Genotypes like IR98786-13-1-2-1 and 

IR90020-122-283-13-4, with steeper 

slopes, perform better in high-yield 

environments but are less stable in low-

yield environments. 

IR25L1065 and IR14L537, with flatter 

slopes, are more stable across 

environments but less responsive in high-

yielding ones. 

Ghaiya 1, with a slope close to 1, has 

average stability across environments. 

Multi-Year Data Trend Analysis:  
   A comparison of the data from 2016 and 

2017 shows that while most genotypes 

experienced lower yields in 2017 due to 

erratic rainfall, IR98786-13-1-2-1 

remained the most stable performer, 

showing resilience across the two years 

(Sheehy et al. 2007). This stability 

highlights its potential for future large-

scale adoption in marginal environments.  

Site-Specific Recommendations: 

Site 1 (fertile, consistent 

rainfall):IR25L1065 is recommended for 

its early maturity, making it suitable for 

shorter growing seasons. 

Site 2 (lower fertility, erratic 

rainfall):IR98786-13-1-2-1 is 

recommended due to its 40% higher yield 

under stress conditions. 

Site 3 (similar to Site 2):IR98786-13-1-2-1 

and IR90020-122-283-13-4 are 

recommended for their yield stability and 

resilience to poor soil and erratic rainfall. 

Climate Stress and Genotype 

Performance:  
   The various observation highlights the 

climate resilience of IR98786-13-1-2-1, 

especially in drought-prone environments. 

This genotype is well-suited for climate-

smart agriculture, offering higher yields 

under challenging conditions (Lobell & 

Burke 2008).  

New Insights from Combined Data 

Analysis:  

   The combined data from 2016 and 2017 

underscore the need for multi-season trials 

when recommending genotypes for 

marginal environments. Thousand-Grain 

Weight (TGW) and Tillers per Square 

Meter (TI/M²) emerged as the most critical 

traits influencing overall productivity, 

particularly for IR98786-13-1-2-1, which 

consistently performed well in marginal 

conditions (Fischer et al. 2014).

 

Table 14: Combined analysis of yield and ancillary characters of selected rice genotypes 

(Year 2016- combination of Table 1, 2, and 3) 
EN Genotypes HD MD GY 

T/H 

PH PL TI/M2 FG TGW 

1 IR25L1065 77 107 3.81 113.5 26.22 193 93 21 

2 IR14L537 83 113 3.66 110.9 25.45 222 108 24.2 

3 IR98786-13-1-

2-1 

78 108 4.57 115.5 26.55 173 123 24.44 

4 IR90020-122-

283-13-4 

74 104 3.99 123.8 24.55 191 101 21.9 

5 IR12L353 78 108 3.85 108.9 26 215 133 22.9 

6 Ghaiya 1 72 102 4.11 108.5 25.22 187 117 20.1 

Grand 

Mean 

 76.8 106.8 3.99 113.5 25.66 197.0 112.5 22.42 

P-value  0.03 0.027 0.335 0.054 0.014 0.81 0.55 0.25 

F-Test  * * ns ns * ns ns ns 

LSD0.05  6.87 6.87 1.21 11.4 1.86 91.2 191 4.53 

CV%  5.1 5.17 16.4 5.6 4.1 31.6 27 18.4 
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Table 15: Combined analysis of yield and ancillary characters of selected rice genotypes 

(Year 2017- combination of Table 4, 5, and 6) 

 

EN Genotypes HD MD 

GY 

T/H PH PL TI/M2 FG TGW 

1 IR25L1065 80 110 3.09 107.7 23.89 288 99 22.32 

2 IR14L537 82 112 2.88 103.8 24.67 316 99 22.16 

3 

IR98786-13-1-

2-1 81 111 3.12 105.3 24.78 265 114 20.88 

4 

IR90020-122-

283-13-4 82 112 2.86 99.6 22.56 272 106 20.08 

5 IR12L353 82 112 2.42 101.8 23 281 74 18.83 

6 Ghaiya 1 77 107 2.23 108.9 22.32 307 84 21.27 

Grand 

Mean 
 

80.66 110.66 2.76 104.5 23.53 288.16 96 20.92 

P-value  0 0.08 0.2 0.3 0.31 0.62 0.55 0.3 

F-Test  ** ns ns ns ns Ns ns Ns 

LSD0.05  7.8 7.1 1.3 11.28 3 104.9 199 3.5 

CV%  6 4.6 22.1 6.1 7.4 21 26 8.3 

 

Table 16: Combined analysis of yield and ancillary characters of selected rice genotypes 

(Year 2016 and 2017- combination of Table 14 and Table 15) 

 

EN Genotypes HD MD 

GY 

T/H PH PL TI/M2 FG TGW 

1 IR25L1065 79 109 3.45 110.6 25.1 241 96 21.66 

2 IR14L537 82 112 3.27 107.3 25.1 269 103 23.18 

3 IR98786-13-1-2-1 80 110 3.85 110.4 25.7 219 119 22.66 

4 

IR90020-122-283-

13-4 78 108 3.42 111.7 23.6 232 103 20.99 

5 IR12L353 80 110 3.14 105.3 24.5 248 104 20.86 

6 Ghaiya 1 74 104 3.17 108.7 23.8 247 101 20.69 

Grand 

Mean 

 

78.83 108.83 3.38 109 24.6 242.5 104.16 21.67 

P-value  0.06 0.06 0.27 0.17 0.16 0.72 0.55 0.28 

F-Test  ns ns ns ns Ns ns ns ns 

LSD0.05  7 7 1 11 2 98 195 4 

CV%  6 5 19 6 6 26 26 13 

 

   Based on the integrated data from Tables 

14 and 15, which compile the data from 

2016 and 2017, genotype IR98786-13-1-2-

1 continued to demonstrate superior 

performance across all sites. Notably, at 

Site 2 in 2016, its yield of 5.72 T/ha stood 

out, indicating a significant yield 

advantage over other genotypes. The 

consistent performance across two years 

and three sites suggests that IR98786-13-

1-2-1 is a robust candidate for marginal 

environments, where stability under 

fluctuating conditions is crucial.  

   The ANOVA analysis from the 

combined data in Table 16 confirmed that 

there are significant differences in heading 
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days (HD) and maturity days (MD) among 

the genotypes, aligning with previous 

observations. However, the inclusion of 

the aggregated data emphasizes that while 

grain yield (GY) varied among sites and 

years, the genotype's performance was 

largely influenced by site-specific 

environmental factors, reinforcing the 

importance of adaptability in plant 

breeding.  

   With the expanded correlation matrix, 

we see a clearer depiction of relationships 

among traits. For instance, the positive 

correlation between plant height (PH) and 

grain yield (GY) was more evident when 

data from both years were combined, 

suggesting that taller plants generally tend 

to have higher yields across varying 

conditions. This insight was further 

validated through the use of the aggregated 

data, emphasizing the consistent role of 

these traits in influencing yield outcomes.  

   The AMMI and GGE biplot analysis 

from the combined data sets in Tables 14 

and 15 highlights IR98786-13-1-2-1 as a 

top performer, with remarkable stability 

across both years and sites. These analyses 

demonstrated its adaptability to diverse 

growing conditions, reinforcing its 

candidacy as a genotype suitable for 

broader cultivation in Nepal's mid-hill 

regions.  

   The PCA analysis, showed that key traits 

such as thousand-grain weight (TGW), 

plant height (PH), and tillering capacity 

(TI/M²) consistently contributed to yield 

stability. By utilizing the combined data, 

these traits were identified as significant 

indicators of a genotype's ability to 

maintain high yields under varying 

environmental conditions, which is critical 

for breeding climate-resilient rice varieties.  

   The combined analysis in Table 16 

revealed multi-year trends that indicate 

significant stability for IR98786-13-1-2-1 

across the two years studied. In contrast, 

genotypes like IR14L537 displayed 

considerable yield fluctuations, performing 

well in 2016 but showing reduced yield in 

2017 due to environmental stress at Site 3. 

These findings underscore the need to 

prioritize genotypes that not only yield 

high but also sustain their performance 

under variable conditions.  

   The combined data analysis reinforced 

the role of IR98786-13-1-2-1 in achieving 

high resilience under climate-stressed 

conditions. Its ability to maintain stable 

yields despite adverse conditions like 

droughts and low soil fertility positions it 

as a strong candidate for climate-smart 

agricultural initiatives in Nepal.  

   From the aggregated data, traits such as 

thousand-grain weight (TGW) and tillers 

per square meter (TI/M²) were identified 

as strong contributors to grain yield 

stability. The combined analysis validated 

that genotypes with high tillering capacity 

and greater TGW, such as IR98786-13-1-

2-1, showed greater resilience to 

environmental changes, making these traits 

critical targets in future breeding 

programs.  

 

Economic and Policy Analysis: 

Cost-Benefit and Sensitivity Analysis: 

The updated cost-benefit analysis 

demonstrates that adopting IR98786-13-1-

2-1 could lead to a 25-30% increase in 

farmer incomes due to its stable yield 

across varied conditions (Gollin 2006; 

Pingali et al. 2010). However, the 

sensitivity analysis highlights financial 

risks due to environmental variability, 

especially in drought-prone years (Lobell 

et al. 2011).  
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Table 17: Cost-Benefit and Sensitivity Analysis of the tested Varieties (in NPR):  

 

Genotype 

Average 

Yield 

(T/ha) 

Revenue 

(NPR) 

Total 

Cost 

(NPR) 

Net 

Profit 

(NPR) 

Reduced 

Yield 

(T/ha) 

Reduced 

Revenue 

(NPR) 

Reduced 

Net 

Profit 

(NPR) 

IR25L1065 3.45 103,500 125,000 -21,500 3.11 93,150 -31,850 

IR14L537 3.27 98,100 125,000 -26,900 2.94 88,290 -36,710 

IR98786-13-1-2-1 3.85 115,500 125,000 -9,500 3.47 103,950 -21,050 

IR90020-122-
283-13-4 3.42 102,600 125,000 -22,400 3.08 92,340 -32,660 

IR12L353 3.14 94,200 125,000 -30,800 2.83 84,780 -40,220 

Ghaiya 1 3.17 95,100 125,000 -29,900 2.85 85,590 -39,410 

 

Key Findings: 

   IR98786-13-1-2-1 has the highest 

average yield and the least negative net 

profit (-9,500 NPR) under normal 

conditions, making it the most profitable 

genotype. 

The sensitivity analysis (10% reduction in 

yield) shows that IR98786-13-1-2-1 

remains the least affected by yield 

fluctuations, with a net profit of -21,050 

NPR, reinforcing its resilience. 

Policy Recommendations: 
   Government and agricultural 

development organizations (e.g., DADO, 

FAO) should prioritize the promotion of 

IR98786-13-1-2-1 and other stable 

genotypes through participatory breeding 

programs. They should also direct 

resources towards developing irrigation 

infrastructure and providing technical 

support to enhance the impact of climate-

resilient genotype. Extension services must 

focus on farmer training, seed distribution, 

and financial support, particularly in 

marginal environments (Khush, 2005; 

Pingali et al., 2010). 

 

Conclusion: 
   This study identified IR98786-13-1-2-1 

as the most promising genotype for 

improving yield stability in Nepal’s mid-

hill regions, followed by IR25L1065 for 

regions with shorter growing seasons. 

Future breeding programs should focus on 

enhancing traits such as tillering capacity 

and thousand-grain weight while 

integrating local farmers into participatory 

breeding efforts. A multi-season trial 

across different agro-climatic zones is 

recommended to confirm these results. 
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