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Keywords: growth, yield, and yield attributing characters. The experiment
Crop Productivity, employed a one-factor randomized complete block design (RCBD) with
Genotypic Variation, seven genotypes, including local varieties (Hardinath Hybrid I,
Growth Attributes Chaite-5, CH 45, Salijudi) and pipeline genotypes (IR16L1919,
Phenology, ’ IRIONI1S8, IR86515), and replicated three times. Results indicated
Rice Genotypes, significant variations among genotypes in response to similar growing
Yield conditions and nutrient availability. Notably, CH 45 exhibited the

highest plant height (113.50 cm), while IR1I6L1619 demonstrated the
longest panicle length (28.56 cm) and the highest number of effective
tillers (23.10). IR16L1619 also displayed the highest number of leaves
(97.27 leaves) and leaf area index (8.00). Chaite-5 had the longest flag
leaf (33.13 cm), while IR16L1619 recorded the highest panicle length
(28.56 cm) and number of grains per panicle (270.10). Salijudi
exhibited the lowest sterility percentage (7.52 %), and CH 45 displayed
the highest thousand grain weight (26.40). Moreover, IR16L1619
demonstrated superior performance in terms of grain yield (8.19 t/ha),
straw yield (7.12 t/ha), and biological yield (15.25 t/ha). The findings
underscored the genotype-specific responses to environmental
conditions, highlighting the importance of tailored varietal selection
for optimal productivity.

Introduction

Agriculture stands as the cornerstone of Nepal's economy, providing sustenance and
livelihoods to the majority of its population (Ghimire et al., 2023a; Ghimire et al., 2023b).
Cereals, in particular, contribute significantly to the Gross Domestic Product (GDP) of the
country, with rice alone accounting for a substantial portion of both the nation's food supply
and daily calorie intake (NPPR, 2015; Tripathi et al., 2019). However, despite its critical role,
traditional subsistence farming practices predominate among Nepalese farmers, making it
challenging to meet the burgeoning food demand associated with a rapidly growing
population (Gairhe et al., 2018). In a global context, Nepal faces the grim reality of being
ranked 73rd in the Global Hunger Index (GHI) with a score of 19.1, underscoring the urgency
of enhancing food production and security (Swinnen & McDermott, 2020).

Rice (Oryza sativa) stands as the staple food not only for Nepalese people but also for more

than half of the world's population, particularly across Asian countries. In Asia, where rice is
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predominantly cultivated, it plays a pivotal role in ensuring food security (Chauhan et al.,
2012). In Nepal, rice constitutes over 50% of the total caloric intake of the population, further
emphasizing its significance (Kharel et al., 2018). Within the global context, rice ranks as the
third most important staple crop in terms of production. However, the success of rice
production in Nepal is intricately tied to the vagaries of the monsoon season, which can
significantly impact rice yields and productivity. The country's total rice cultivation area is
substantial, covering approximately 1,469,545 hectares, with an annual production of
5,151,925 metric tons (MoALD, 2021). In Gorkha district, rice is cultivated twice a year,
during the rainy and spring seasons, with spring rice cultivation covering an area of 589
hectares and yielding 4.51 metric tons per hectare (MoALD, 2021). Several factors have
contributed to improved cereal crop productivity in Nepal, including the availability of
quality seeds, timely access to fertilizers and other inputs, improved irrigation infrastructure,
and enhanced agricultural knowledge (Gairhe et al., 2018). In the context of Nepal, spring
rice has emerged as a promising crop. Spring rice is characterized by its short growth
duration, resistance to various pests and diseases, photoperiod insensitivity, and high yield
potential. It thrives in areas with sufficient irrigation facilities that help control weed
infestation. Additionally, the relatively intense sunlight during the spring season contributes
to higher yields. Furthermore, spring rice can be cultivated in areas prone to flooding and
landslides during the rainy season, making it an adaptable and resilient choice for farmers
(IRRI, 2018).

Despite the pivotal role of rice in Nepal, only small portion of farmers cultivate spring rice,
and there exists a significant yield gap between potential and actual production. Factors
contributing to this gap include a lack of access to high-yielding rice genotypes, limited
availability of quality seeds from formal sources, and inadequate varietal recommendations
from agricultural authorities (Krupnik et al., 2021). These challenges have created knowledge
barriers for rice farmers, impeding their ability to optimize production and productivity. To
address these issues and bolster food security, there is a need for rigorous scientific research
in rice varietal selection and evaluation. Such research can provide invaluable insights to
farmers and promote the supply of high-quality seeds. The choice of rice variety is among the
foremost decisions made by rice growers each season, bearing significant implications for
their annual yield.

Quality seed alone can augment crop productivity by up to 25% while simultaneously
reducing production costs. In Gorkha district, spring rice already demonstrates a higher yield
potential compared to the main season rice (MoALD, 2021). Resolving issues related to
varietal selection in spring rice cultivation can represent a viable solution to improving both
farmer incomes and regional food security. Conducting scientific research in this domain
holds the promise of delivering crucial information that can help ensure a consistent supply of
high-quality seeds to farmers. The research objectives encompass a comprehensive
assessment of phenological characteristics, growth, and yield attributes of these genotypes,
offering a nuanced understanding of their performance in this unique context. The objective
of identifying superior genotypes holds practical significance, enabling farmers to make
informed decisions about varietal selection, potentially leading to increased yields, food
security, and improved livelihoods. Furthermore, the research hypothesis, which posits
significant differences among the genotypes, sets the stage for a rigorous scientific
investigation challenging conventional practices. In practical and empirical terms, this
research has the potential to mitigate knowledge barriers faced by farmers, contribute to
agricultural science, and inform policy and extension services, ultimately benefiting both
local farmers and the broader agricultural community. Moreover, the findings contribute to
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the broader understanding of rice genotypic responses, offering a foundation for future
research endeavors aimed at unraveling the genetic mechanisms governing key agronomic
traits.

Methods
Experimental site

The present research was carried out at a farmer's field located in Chebetar, Gorkha district,
Nepal, during the period from mid-March to late July in 2022. The study site is situated in the
southern part of Gorkha district at coordinates 27.993°N latitude and 84.570°E longitude,
with an elevation of approximately 389 meters above sea level.

For the purpose of analyzing the physicochemical properties of the soil in this area, a
composite sample was prepared by randomly collecting soil samples from five distinct
locations, each at a depth of 15 cm. These individual soil samples were meticulously
combined to ensure a homogeneous representation of the site's soil characteristics.
Subsequently, a 500 g sample from the homogenized mixture was transported to the nearby
laboratory at the Agriculture Knowledge Center in Gorkha. In the laboratory, the soil sample
underwent a series of standard tests, including the determination of available levels of
nitrogen (N), phosphorus (P), potassium (K), and organic matter content. Moreover, the soil's
texture and pH were assessed as outlined in Table 1, providing a comprehensive account of
the soil's physicochemical attributes.

Table 1. Physical and chemical properties of soil samples collected from the research field

Soil properties | Unit | Value | Remarks
Physical properties
Structure | - | - | Clay loam
Chemical properties
Organic matter content % 0.90 Moderate
Nitrogen % 0.04 Low
Phosphorus kgha! | 458 Low
Potassium kgha! | 108.7 Low
pH - 5.7 Slightly acidic

Experimental details

The experimental design employed in this study was a one-factorial Randomized Complete
Block Design (RCBD), encompassing a total of 7 distinct treatments with 3 replications. The
treatment factors consisted of different rice genotypes, including Hardinath Hybrid 1 (HH1),
Chaite-5, CH 45, and Salijudi, which represents the local variety, while the remaining three
genotypes, IR16L1919, IR1ION118, and IR86515, were classified as pipeline genotypes. All
the seeds utilized in this experiment were sourced from the Agriculture Knowledge Center in
Gorkha.

Each replication was conducted within a single block to facilitate the systematic organization
of the experiment. Therefore, there were a total of 3 blocks, each representing an individual
replication. Each of these blocks contained 7 distinct plots, corresponding to the 7 treatment
levels. In total, there were 21 plots within the experimental setup. The spacing between
individual plants was maintained at 25 x 25 c¢m to ensure uniformity and consistency in the
plant layout. Moreover, a separation of 0.5 m was maintained between replications, and a
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distance of 0.25 meters was preserved between the various treatment plots, ensuring a
standardized and systematic layout of the experimental design.

Cultivation measures
Nursery bed preparation and main field preparation

The sowing process involved the utilization of well-prepared nursery beds, with each bed
measuring 1 m x 0.5 m, dedicated to a single rice variety. Prior to sowing, seed priming was
carried out. The timing of sowing was specifically scheduled for the fourth week of February,
2022. The seeds were evenly broadcasted on the surface of the soil layer above the dry
nursery bed. Subsequently, the main field preparation was conducted through the process of
puddling, employing a tractor for this task. In total, 21 plots were established, each measuring
2 meters in width and 3 meters in length. This comprehensive layout allowed for the
systematic evaluation of the different treatments and genotypes under study.

Manure and fertilizer

In the nursery bed, the application of manure and fertilizer was carried out according to the
specific requirements of the crop. However, in the main field, the following chemical
fertilizers were applied at the specified rates: urea (46% N), DAP (18% N and 46% P»0s),
and MOP (60% K>0). These fertilizers were applied at a rate of 100:30:30 kg NPK ha’!
(AIATC, 2021). During the transplanting phase, half of the nitrogen dose, as well as the full
doses of phosphorus and potash, were applied as a basal dose. The remaining half of the
nitrogen dose was subsequently applied as a top dressing, ensuring an effective and balanced
distribution of nutrients to support the growth and development of the rice plants.

Uprooting, transplanting of seedling, weed management, harvesting and threshing

The process of uprooting and transplanting of rice seedlings was carried out individually,
with each seedling uprooted and transplanted at the age of 21 days. The transplanting process
involved spacing the 21-day-old seedlings at a uniform distance of 25 cm x 25cm, facilitating
the establishment of a well-organized and appropriately spaced rice crop in the field.

The field management activities included two significant weeding operations. The first
weeding operation was conducted between 15 to 18 days after transplanting (DAT). The
second weeding occurred 45 DAT, and it served the dual purpose of reducing competition
from weeds and improving soil aeration and water movement. These weeding activities were
vital for optimizing crop growth and yield. For the harvesting process, manual methods were
employed, with traditional sickles used to harvest the rice crop. Within each plot, a 1 square
meter area at the center was specifically marked and harvested separately. The harvested rice
heads were subsequently left to sun-dry, and manual threshing methods were applied to
separate the grains from the husks. The grains were cleaned through winnowing to remove
any extraneous matter to determine the grain yield accurately. The grain weight was
measured using an electric balance, ensuring precise measurements. Simultaneously, the
moisture content of the grains was determined using a portable moisture meter, contributing
to the comprehensive evaluation of the crop's quality and yield.

Observed parameters

A systematic approach was taken for data collection. Randomly, a sample of 10 plants from
each plot was selected for observations at various critical stages of the rice crop's growth
cycle. The observations were conducted at the following time points: 15 days after sowing
(DAS), 30 DAS, 45 DAS, 60 DAS, 75 DAS, 90 DAS, and at the time of harvesting. During
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these observations, several key parameters were studied to comprehensively evaluate the
performance and characteristics of the rice plants. These parameters typically include:

Growth parameters (Plant height, number of tillers per square meter, number of leaves,
leaf area index)

Ten random plants were selected and tagged for measurement. Plant height was measured at
15-day intervals, starting from 15 DAT and continuing up to 75 DAT. The final plant height
was also measured at the time of harvest. The measurement involved recording the distance
from the ground level to the tip of the topmost leaf at early stages and up to the tip of the
main panicle at physiological maturity. The average height in centimeters (cm) was
calculated. Ten random hills were selected and tagged for observing the number of tillers.
The number of tillers was recorded at intervals from 15 DAT to 75 DAT, as well as at the
time of harvest. This data was then converted to a per square meter measurement for analysis,
providing an understanding of tiller density. From the previously selected 10 plants, the
number of leaves was counted at various time points, ranging from 15 DAT to 75 DAT. This
information offers insights into the development of the plant's leaf canopy over time. Six
random plants were chosen as samples to calculate the Leaf Area Index. Using the length and
width method, leaf length and maximum width were measured for each selected leaf. The leaf
area was then calculated for these leaves. LAI is an important parameter that reflects the
photosynthetic potential of the crop canopy.

Leaf area = K * length * width (1)

Where K is the 'adjustment factor,” K varies with the shape of the leaf, which, in turn, is
influenced by factors such as the rice variety, nutritional status, and the growth stage of the
leaf. According to experimental studies conducted at IRRI in 1972, a value of 0.75 was
applied for all growth stages, except for the seedling stage and harvest, where a value of 0.67
was used (Yoshida et al., 1976).

Yield attributes (Effective tillers per hill, flag leaf length, panicle number, panicle length,
grains per panicle, sterility percentage, filled grains per panicle, thousand grain weight)

The number of effective tillers in a row within the net plot area was recorded from sample
plants in each plot before harvesting of the crop. Randomly, 10 hills were selected and tagged
for observation of tiller number. A number of tillers were also recorded from 15 DAT to 75
DAT as well as at harvest. The number of panicles per hill was counted from 10 sampled
plants and the mean was calculated. Ten panicles were randomly selected to measure the
length of panicle and the mean was calculated and expressed in cm. The number of grains per
panicle was counted from top most panicle of each hill from 8 selected hills in the net plot
area and average was calculated. Sterility percentage was calculated by using the following
formula.

Number of unfilled grains*100%

Sterility percentage = (2)

The number of grains per panicle was counted from the top most panicle of each hill from 8
selected hills in net plot area and again filled grains were separated from unfilled and counted
separately. Finally, the average was calculated. One thousand grains were counted from the
randomly selected panicles. Their weight was measured with the help of electronic balance
and expressed in grams.

Total number of grains
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Yield and yield parameters (Grain yield, straw yield and biological yield)

Grains were harvested from each 4 square meter net plot by threshing, and the moisture
content of the freshly harvested grains was recorded. These measurements allowed for the
conversion of grain yield into tons per hectare, using a standardized moisture content of 14%.

3)

[(100—-MC)+plot yield (kg)*10000 (m?)]
[(100—14)*net plot area (m?2)]

Grain yield (%) =
Where, MC is the moisture content of fresh grain yield.

The straw from each net plot was sun-dried, and the dry weight was recorded, and then
expressed in tons per hectare after the necessary calculations were made.

Data analysis

All the recorded data was systematically organized by treatment and replicated three times,
based on various observed parameters, using MS Excel 2010. For the analysis of variance and
other related data parameters, different statistical tools including Excel and R Studio version
4.1.0 were employed.

Results and Discussion
Growth parameters
Plant height (cm)

At 15 DAT, genotype IRINI118 displayed superior plant height at 42.80 cm which was
statistically at par with CH 45 (42.11 cm), HH1 (41.32 cm), IR16L1619 (39.98 cm).
Similarly, Chaite-5 was with small plant height (34.96 cm) which was statistically at par with
IR86515 (37.96 cm). Conversely, Chaite-5 exhibited a shorter plant height at 34.96 cm,
which was statistically similar to IR86515 (37.96 cm). By 30 DAT, genotype CH 45 led in
plant height at 59.00 cm, statistically equivalent to HH1 (55.00 cm), followed by IRIN118
(54.70 cm), which was statistically akin to IR16L1619 (51.34 ¢cm) and Chaite-5 (50.81 cm).
IR86515 remained the shortest at 49.94 cm. At 45 DAT, genotype CH 45 displayed the
highest plant height at 84.29 cm, followed by HH1 (76.15 cm), which was statistically on par
with Chaite-5 (73.22 cm) and Salijudi (72.74 cm). Conversely, IR1I6L1619 exhibited the
shortest plant height at 50.49 cm. By 75 DAT, genotype CH 45 maintained the tallest plant
height, on par with HH1 (109.00 cm), while Chaite-5 was next in line. The shortest plant
height was observed in IR86515 (90.00 cm). At harvest, superior plant height was noted in
CH 45 (113.50 cm), followed by HH1 (104.68 cm), which was statistically similar to Chaite-
5(98.96 cm) and IRIN118 (99.18 cm). Meanwhile, the smallest plant height was observed in
IR86515 (90.98 cm).

The results indicate significant differences in plant height among the rice genotypes at
various stages of growth. The genotype CH 45 consistently displayed superior plant height
throughout the growth period, culminating in the highest height at harvest. The taller plants
observed in CH 45 could be attributed to genetic factors influencing internodal elongation
and overall plant development (Xing et al., 2018). This characteristic may contribute to
increased light interception and enhanced photosynthetic activity, positively impacting yield
(Ghimire et al., 2023b; Morales et al., 2020). The observed variation in plant height among
genotypes may be indicative of diverse genetic backgrounds and adaptive strategies. For
instance, Chaite-5 exhibited shorter plants, which might be attributed to its genetic makeup
favoring compact growth. Such variations in plant height can have implications for crop
management practices, especially in terms of fertilizer application, irrigation, and pest
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control. The growth patterns observed at different stages, such as the early growth advantage
of IRIN118 and the later dominance of CH 45, suggest a dynamic interaction between
genotype and environmental factors influencing growth.

Table 2. Plant height of spring rice genotypes at different days of observation

Treatments Plant height (cm)
15 DAT 30 DAT 45 DAT 60 DAT | 75 DAT Harvest
HH1 41.32% 55.00% 76.15° 90.76 109.00% 104.68°
IR16L.1619 39.98% 51.34° 50.49¢ 92.80 99.10% 93.55¢%
Chaite-5 34.96° 50.81° 73.22° 92.60 104.00°¢ 98.96"
IRIN118 42.80* 54.70% 61.05¢ 93.39 99.90 99.18"
CH 45 42112 59.00° 84.29% 114.32 113.60* 113.50*
IR86515 37.96" 49.94° 63.57°¢ 82.03 90.00°¢ 90.98¢
Salijudi 39.32% 53.96% 72.74° 91.57 94.60% 95.43¢
Grand Mean 39.78 53.54 68.79 93.8 101.44 99.47
SEm (%) 1.090 1.609 2.343 2.69 2.199 2.219
LSD (0.05) 3.358 4.959 7.221 8.30 6.776 6.838
CV% 4.7 52 59 5.0 3.8 3.9
F-test sk % skeksk skeksk sk sksksk

DAT = Days after transplanting; Data in columns with the same letters in DMRT are not
significantly different (p=0.05); SEm (£) = standard error of the mean; CV = coefficient of
variation; LSD = least significant difference; * = significant at p<0.05; ** = significant at
p<0.01; *** = significant at p<0.001.

Number of tillers per m?

At 15 DAT, genotype IRIN118 exhibited the highest number of tillers per square meter
(98.60/m?), which was statistically similar to the number of tillers observed in Salijudi
(93.60/m?), followed by IR16L.1619 (82.60/m?). In contrast, the lowest number of tillers was
recorded in IR86515 (63.47/m?). Moving to 30 DAT, the number of tillers was highest in
genotype IRIN118 (354.00/m?), which was statistically on par with CH 45 (347.20/m?), HH1
(298.40/m?), and Salijudi (260.30/m?). The fewest tillers were found in Chaite-5 (232.00/m?),
which was statistically similar to IR16L1619 (212.80/m?). At 45 DAT, genotype IRIN118
continued to excel in the number of tillers per square meter (432.80/m?), statistically
comparable to CH 45 (406.90/m?), Salijudi (359.20/m?), and HH1 (349.60/m?).

Conversely, IR86515 recorded the lowest number of tillers per square meter (266.70/m?),
which was statistically similar to IR16L1619 (279.20/m?) and Chaite-5 (284.80/m?). By 60
DAT, genotype Salijudi took the lead with the highest number of tillers per square meter
(428.00/m?), statistically on par with CH 45 (440/m2), followed by HH1 (355.20/m?) and
IR18118 (353.60/m?). Meanwhile, IR86515 displayed the fewest tillers per square meter
(275.20/m?), which was statistically similar to Chaite-5 (299.70/m?) and IR16L1619
(320.00/m?). At 75 DAT, genotype CH 45 emerged as the frontrunner with the highest
number of tillers per square meter (439.50/m?). In contrast, IR86515 exhibited the lowest
number of tillers per square meter (278.40/m?), which was statistically similar to IR16L1619
(296.50/m?), Chaite-5 (309.30/m?), HH1 (334.90/m?), IRIN118 (343.80/m?), and Salijudi
(352.00/m?).

At the time of harvest, genotype CH 45 maintained its lead in the number of tillers per square
meter (411.30/m?), statistically similar to IR16L1619 (370.40/m?) and IRIN118 (350.60/m?).

115
ISSN 2721-1304 (Print), ISSN 2721-1207 (online)

Copyright © 2024, Journal La Lifesci, Under the license CC BY-SA4 4.0




Conversely, IR86515 displayed the lowest number of tillers per square meter (257.30/m?),
which was statistically similar to Chaite-5 (287.30/m?) and Salijudi (316.50/m?). The results
indicate variations in the tillering patterns among different genotypes and highlight the
specific characteristics of each genotype in terms of tiller development during the growth
stages.

The number of tillers per square meter is a crucial determinant of rice productivity (Cui et al.,
2023). Genotype IRIN118 consistently exhibited higher tiller numbers, indicating its prolific
tillering ability. This characteristic could contribute to greater panicle density and ultimately
higher grain yield (Abookheili & Mobasser, 2021; Chang et al., 2020). The early tillering
advantage of IRIN118, evident at 15 DAT, may be attributed to genetic factors promoting
rapid vegetative growth (Ghimire et al., 2023b). Genotypic differences in tillering observed
in this study underscore the importance of selecting rice varieties with optimal tillering
characteristics for specific agroecological conditions. The dynamic nature of tillering across
growth stages emphasizes the need for tailored management practices, including spacing and
nutrient application, to harness the full tillering potential of each genotype.

Table 3. Tiller number per square meter in spring rice genotypes

Tiller number per m?
15 DAT 30 DAT 45 DAT 60 DAT | 75 DAT | At harvest
HH1 87.60°¢ 298.40° 349.60 355.20% | 334.90° 324.00°°
IR16L.1619 82.60°4 212.80° 279.20° 320.00¢¢ | 296.50P 370.402
Chaite-5 76.60¢ 232.00° 284.80° 299.70% | 309.30P 287.30
IRIN118 98.60* 354.00° 432.802 353.60° | 343.80P 350.602°
CH 45 77.33¢ 347.20° 382.90 406.90°° | 439.50? 411.30*
IR86515 63.47°¢ 238.40° 266.70° 275.20¢ | 278.40° 257.30¢
Salijudi 93.60% 260.30%° 359.20% 428.00° | 352.00° 316.50"¢

Treatments

Grand Mean 82.8 278.00 336.00 348.40 336.00 331.10
SEm (£) 3.24 28.7 34.5 19.12 26.7 19.54
LSD(0.05) 9.98 88.5 106.3 58.91 82.3 60.22
CV% 6.8 17.9 17.8 9.5 13.8 10.2
F_test skeksk % kK skeksk % ksk

DAT = Days after transplanting; Data in columns with the same letters in DMRT are not
significantly different (p=0.05); SEm (£) = standard error of the mean; CV = coefficient of
variation; LSD = least significant difference; * = significant at p<0.05; ** = significant at
p<0.01; *** = significant at p<0.001.

Number of leaves per hill

The analysis of variance revealed statistically significant differences in the number of tillers
per square meter among rice genotypes, except for observations made at 15 DAT, 30 DAT,
and 45 DAT. Notably, at 15 DAT, both HH1 (20.87) and IRIN118 (18.73) exhibited higher
leaf numbers. By 60 DAT, IRIN118 displayed the highest number of leaves (100.93),
statistically comparable to HH1 (95.27), IR16L1619 (92.99), CH 45 (91.07), and Chaite-5
(87.60). Conversely, IR86515 (72.47) showed the lowest leaf count, similar to Salijudi
(75.33). At 75 DAT, IR16L1619 led with 97.27 leaves, statistically comparable to HH1
(92.20), followed by IRIN118 (77.60) and CH 45 (77.47), while Salijudi recorded the lowest
leaf number (64.33), similar to IR86515 (74.80) and Chaite-5 (72.80).

116
ISSN 2721-1304 (Print), ISSN 2721-1207 (online)

Copyright © 2024, Journal La Lifesci, Under the license CC BY-SA4 4.0



The significance of leaf number in influencing the overall photosynthetic capacity of rice
plants is well-established (Zhou et al., 2021). The introduction of leaf number is warranted by
its integral role in determining rice yield, serving as the primary site for photosynthesis (Bhatt
& Ghimire, 2024). Notably, genotype IRIN118 consistently demonstrated an advantage in
leaf number, particularly at 60 DAT, suggesting sustained vegetative growth and a potential
for efficient light interception. This observation aligns with the findings of Zhou et al. (2021)
and underscores the importance of genetic diversity in leaf development and canopy
architecture, which directly impacts overall crop performance (Kakar et al., 2022).

Table 4. Leaf number of spring rice genotypes at different days of observation

Treatments Leaf number
15 DAT | 30 DAT | 45 DAT 60 DAT 75 DAT
HH1 20.872 67.132 93.632 95.27% 92.20%
IR16L1619 17.202 57.072 66.402 92.992be 97.272
Chaite-5 13.872 46.732 71.172 87.602b¢ 72.800¢
IRINI118 18.732 53.802 95.67% 100.932 77.602b¢
CH 45 14.002 56.432 96.302 91.072b¢ 77.472b¢
IR86515 11.232 42 972 64.202 72.47¢ 74.800¢
Salijudi 12.532 50.502 75.332 75.33b¢ 64.33¢
Grand Mean 15.5 53.5 80.4 88.0 79.5
SEm (£) 2.82 10.93 12.12 6.15 6.37
LSD(0.05) 8.70 33.69 37.36 18.94 19.62
CV% 31.6 354 26.1 12.1 13.9
F-test NS NS NS * *

DAT = Days after transplanting; Data in columns with the same letters in DMRT are not
significantly different (p=0.05); SEm (£) = standard error of the mean; CV = coefficient of
variation; LSD = least significant difference; * = significant at p<0.05; NS = non-significant.

Leaf area index

At 30 DAT, the LAI was not found to be statistically significant. Nevertheless, it is
noteworthy that genotype HH1 exhibited the highest LAI value (9.17), which was statistically
comparable to IRIN118 (8.72), followed by IR16L1619 (8.60). In contrast, Salijudi had the
lowest LAI value (4.67). Moving to 60 DAT, the LAI was highest in genotype IRIN118
(28.33), which was statistically similar to HH1 (24.33), and was followed by Chaite-5 (19.33)
and IR16L1619 (19.00). Conversely, the lowest LAI was recorded in Salijudi (10.67), which
was statistically similar to CH 45 (12.00) and IR86515 (18.67). At harvest, genotype
IR16L1619 displayed superiority in LAI with a value of (8.00), which was statistically
similar to IRIN118 and IR86515, both with values of 7.34, HH1 (7.00) and Chaite-5 (5.34).
In contrast, Salijudi exhibited the lowest LAI value (2.00), which was statistically similar to
CH 45 (3.34).

LAI is a key indicator of the canopy's light-intercepting capacity and, consequently,
photosynthetic efficiency (Ghimire et al., 2023b). Genotype IRIN118 displayed higher LAI
values at 30 and 60 DAT, suggesting its superior ability to capture sunlight and convert it into
biomass. The positive correlation between LAI and grain yield is consistent with the
understanding that an efficient canopy structure contributes to increased grain production
(Liu et al., 2021; Zhang et al., 2021). The observed differences in LAI among genotypes
underscore the importance of canopy architecture in rice productivity. Further research
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exploring the genetic determinants of LAI and its dynamic changes throughout the growing
season could provide valuable insights for breeding high-yielding varieties.

Table 5. LAI of different rice varieties at different days of observation

Leaf area index
Treatments 30 DAT 60 DAT Harvest
HHI1 9.172 24.332b 7.002
IR16L1619 8.602 19.00b¢ 8.002
Chaite-5 4.50? 19.33b¢ 5.34%
IRINI118 8.722 28.332 7.342
CH 45 5.67% 12.00<d 3.34b¢
IR86515 5.282 18.67b4 7.342
Salijudi 4.67° 10.674 2.00°¢
Grand Mean 6.66 18.90 5.76
SEm (%) 1.82 2.48 0.840
LSD(0.05) 5.60 7.658 2.590
CV% 47.30 22.8 253
F-test NS ** ok

DAT = Days after transplanting; Data in columns with the same letters in DMRT are not
significantly different (p=0.05); SEm (£) = standard error of the mean; CV = coefficient of
variation; LSD = least significant difference; * = significant at p<0.01; NS = non-significant.

Yield attributing parameters
Number of effective tillers per hill and flag leaf length

The analysis of variance indicates that different rice genotypes do not have a significant
effect at (P>0.05) on the number of effective tillers per square meter. However, noteworthy
observations include a higher number of effective tillers per hill observed in IR16L1619
(23.10), which is statistically similar to CH 45 (21.96), Salijudi (20.42), IRIN118 (19.67),
HHI1 (18.75), and Chaite-5 (16.34). Conversely, the lowest number of effective tillers was
observed in IR86515 (15.04).

In contrast, the analysis of variance demonstrates that different rice genotypes do have a
significant effect (P<0.001) on flag leaf length. Specifically, Chaite-5 exhibited superiority in
flag leaf length with a measurement of 33.13 cm, which was statistically comparable to
Salijudi (30.22 cm) and HH1 (29.88 cm). Conversely, the smallest flag leaf length was
observed in IRIN118 (27.50 cm), which was statistically similar to IR86515 (28.18 cm).

While the number of effective tillers per square meter did not show significant differences
among genotypes, the flag leaf length exhibited notable variations. Chaite-5 stood out with a
longer flag leaf, which is associated with enhanced photosynthetic efficiency. The positive
correlation between flag leaf length and grain yield emphasizes the significance of optimizing
this trait in rice breeding programs (Kong et al., 2023; Shahin et al., 2023). Understanding the
genetic basis of flag leaf characteristics and their relationship with yield components can aid
in the development of varieties with improved photosynthetic efficiency and, consequently,
higher grain yields.
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Panicle number, panicle length, grains per panicle, sterility percentage, filled grain per
panicle and thousand grain weight

The analysis of variance has confirmed that different rice genotypes exert a significant effect
(P<0.001) on several key traits. Genotype IR16L1619 displayed superiority in panicle
number, recording an average of 23.10 panicles per hill, which was statistically equivalent to
CH 45 (21.96) and Salijudi (20.42). Conversely, the lowest panicle count was found in
IR86515 (15.04), which was statistically similar to Chaite-5 (16.34). Furthermore, the
analysis of variance demonstrated a significant effect (P<0.001) of different rice genotypes
on panicle length. Notably, IR16L1619 excelled in panicle length, reaching an average of
28.56 cm, a performance on par with IRIN118 (27.78 cm), Chaite-5 (27.04 cm), HH1 (25.63
cm), and CH 45 (25.54 cm). Conversely, Salijudi exhibited the shortest panicle length at
24.37 cm. The number of grains per panicle was also significantly influenced by different
genotypes of rice. IRI6L1619 outperformed in this aspect with an average of 270.10 grains
per panicle, followed closely by Chaite-5 (214.30), which was statistically comparable to
HHI1 (203.20) and IR86515 (196.00). In contrast, CH 45 displayed the lowest number of
grains per panicle at 120.00, a figure similar to Salijudi (131.80) and IRIN118 (163.60).

Sterility percentage, too, was significantly impacted by the diverse rice genotypes. Chaite-5
exhibited a higher sterility percent at 14.73%, statistically similar to HH1 (14.57%) and
IRIN118 (13.55%). Conversely, the lowest sterility percent was observed in Salijudi at
7.52%, a figure statistically similar to CH 45 (7.77%) and IR16L1619 (9.66%). The analysis
of variance demonstrated a significant effect (P<0.001) of different rice genotypes on filled
grain per panicle. Chaite-5 demonstrated the highest Filled grains (182.50) whereas the
lowest filled grain per panicle was found in CH 45 (110.60). Lastly, the analysis of variance
demonstrated a significant effect (P<0.001) of different rice genotypes on thousand-grain
weight. CH 45 recorded the maximum thousand grain weight at 26.40 g, a performance on
par with Salijudi (25.26 g), IRIN118 (24.76 g), and IR16L1619 (23.91 g). In contrast, HH1
had a lower thousand-grain weight at 18.41 g, which was statistically similar to Chaite-5
(18.91 g) and IR86515 (19.02 g).

Genotypic differences in panicle number, panicle length, grains per panicle, and other yield-
related traits highlight the diverse genetic makeup of the rice varieties studied (Ata-Ul-Karim
et al., 2022; Demeke et al., 2023; Shanmugam et al., 2023). IR16L1619 exhibited superior
performance in panicle-related traits, indicating its potential for high grain yield. Conversely,
CH 45, while excelling in plant height, displayed comparatively lower values in panicle-
related parameters, suggesting a trade-off between plant height and panicle characteristics.
The sterility percentage observed in Chaite-5 emphasizes the importance of addressing
reproductive development in rice breeding programs. Understanding the genetic basis of
sterility and its interaction with environmental factors can contribute to the development of
varieties with improved reproductive success (Ouyang et al., 2022).

Table 6. Yield attributes of different spring rice genotypes

T Effective Flag leaf Panicle Panicle Grains per | Sterility Fl.“ed TGW

reatments . length length . grain per

tiller number panicle % . (2
(cm) (cm) panicle
HH1 18.75"¢ 29.88% 18.75™ | 25.63*™ | 203.20™ 14.57° 173.80™ 18.41°
IR16L1619 23.10° 29.53° 23.10* | 28.56" 270.10° 9.66" 176.60" 23.91*
Chaite-5 16.34" 33.13° 16.34> | 27.04% 214.30° 14.73° 182.50° 18.91°
IRINI18 19.67" 27.50° 19.67" | 27.78" 163.60% 13.55° 141.60% 24.76"
CH 45 21.96" 30.57* 21.96™ | 25.54% 120.00° 7.77° 110.60¢ 26.40°
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IR86515 15.04 | 28.18" | 15.04° [ 25.13" [ 196.00® [ 8.73° | 246.70° | 19.02°
Salijudi | 2042 | 30.22" [ 20.42% | 2437° | 131.80% | 7.52° | 121.90% | 25.26°
Grand Mean | 19.32 29.86 1932 | 2629 185.6 10.93 164.8 22.38
SEm (%) 1.881 1.026 1.881 | 0.936 12.92 1111 11.42 1.317
LSD (0.05) | 5.797 3.163 5797 | 2.885 39.81 3.422 35.19 4.058
CV% 16.9 6.0 16.9 6.2 12.1 17.6 12.0 10.2
F_test % % % % skesksk sksksk sksksk sk

TGW = Thousand grain weight; DAT = Days after transplanting; Data in columns with the
same letters in DMRT are not significantly different (p=0.05); SEm (£) = standard error of
the mean; CV = coefficient of variation; LSD = least significant difference; * = significant at
p<0.05; ** = significant at p<0.01; *** = significant at p<0.001.

Yield parameters
Biological, grain and straw yield

The analysis of variance underscores the significant impact (P<0.001) of different spring rice
varieties on both biological and grain yield. Notably, IR16L1619 stood out with a higher
biological yield of 15.25 t/ha, a performance on par with IR86515 (14.86 t/ha), HH1 (14.45
t/ha), Chaite-5 (14.10 t/ha), and IRIN118 (12.21 t/ha). In contrast, Salijudi displayed a lower
biological yield of 6.44 t/ha, a figure statistically similar to CH 45 (7.71 t/ha). Similarly, the
analysis revealed that spring rice varieties significantly influenced grain yield. The highest
grain yield was observed in IR16L1619 (8.19 t/ha), followed by IR86515 (7.78 t/ha), and
Chaite-5 (7.53 t/ha), with HHI1 (7.34 t/ha) and IRIN118 (6.84 t/ha) also performing well.
Conversely, Salijudi recorded the lowest grain yield at 3.53 t/ha, a figure statistically similar
to CH 45 (3.86 t/ha). When it comes to straw yield, IR86515 delivered a high yield of 7.12
t/ha, a result on par IR86515 with (7.09 t/ha) and HH1 (7.05 t/ha). Conversely, Salijudi
displayed a lower straw yield of 2.90 t/ha, a figure statistically similar to CH 45 (3.86 t/ha).
These findings provide valuable insights into the performance of different spring rice
varieties concerning biological, grain, and straw yield. These insights can assist in selecting
the most suitable rice varieties for specific agricultural goals and conditions.

Biological yield, grain yield, and straw yield are pivotal components that collectively
determine the overall productivity and economic viability of rice crops (Li et al., 2023;
Ouyang et al., 2022). The distinct characteristics of these yield parameters offer insights into
the genotypic variations in resource utilization, partitioning, and allocation (Ben Mariem et
al., 2020; Bustos-Korts et al., 2019). The significant variations in biological, grain, and straw
yield among genotypes revealed the need for careful selection of varieties based on specific
agroecological conditions and management practices. The variations in straw yield among
genotypes, with IR86515 exhibiting higher straw yield, suggest differences in the partitioning
of assimilates between aboveground and belowground biomass and indicating efficient
resource allocation to vegetative tissues. Biological yield is a critical indicator of the plant's
overall growth and vigor, reflecting its ability to capture solar radiation and convert it into
organic matter through photosynthesis (Araus et al., 2022). Grain yield is perhaps the most
crucial parameter, representing the quantity of harvested rice grains. IRI6L1619 emerged as a
high-yielding genotype, exhibiting superior performance in both biological and grain yield,
emphasizing its exceptional ability to convert assimilated resources into marketable grain.
The grain yield is influenced by various factors, including the number of panicles, grains per
panicle, and the percentage of filled grains. The observed high grain yield in IR16L1619
suggests favorable combinations of these factors, making it a promising candidate for rice
cultivation in the region. Conversely, Salijudi displayed lower yields, emphasizing the need
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for further investigation into factors influencing its yield potential. The observed trade-offs
between different yield components highlight the complex interplay of genetic and
environmental factors influencing overall yield.

Table 7. Biological, grain and straw yield of different spring rice genotypes

Treatments Biological yield (t/ha) | Grain yield (t/ha) | Straw yield (t/ha)
HH1 14.452 7.34% 7.05%
IR16L.1619 15.25% 8.19% 7.122
Chaite-5 14.102 7.53% 6.58%
IRIN118 12.212 6.84* 5.37%
CH 45 7.71° 3.86° 3.86%
IR86515 14.86° 7.78% 7.09%
Salijudi 6.44° 3.53P 2.904
Grand Mean 12.15 6.44 5.71
SEm (%) 0.97 0.598 0.512
LSD (0.05) 2.997 1.84 1.57
CV% 13.9 16.1 15.5
F-test HoAx Hokx NS

Data in columns with the same letters in DMRT are not significantly different (p=0.05); SEm
() = standard error of the mean; CV = coefficient of variation; LSD = least significant
difference; *** = significant at p<0.001; NS = non-significant.

Implications and future directions

The findings of this study contribute valuable insights into the genotype-specific responses of
rice plants to the agroecological conditions in Gorkha district, Nepal. The observed variations
in growth, yield, and yield attributing characters highlight the importance of selecting
genotypes tailored to specific environmental conditions (Ghimire et at., 2023c). Future
research endeavors should delve into the genetic and molecular mechanisms underlying the
observed phenotypic variations, enabling the development of genetically superior rice
varieties. The comprehensive analysis of biological, grain, and straw yield provides valuable
insights into the performance of different rice genotypes in the Gorkha district, Nepal. These
insights have practical implications for rice breeding programs, agronomic practices, and
crop management strategies. Genotypes exhibiting superior biological and grain yield can be
prioritized for further evaluation and potential inclusion in breeding programs aimed at
developing high-yielding varieties tailored to the local agroecological conditions (Weltzien et
al., 2019; Woldeyohannes et al., 2022).

Future research directions should focus on unraveling the genetic and physiological
mechanisms governing the observed variations in yield parameters. Molecular and genomic
approaches can be employed to identify key genes and pathways associated with enhanced
biomass accumulation, grain filling, and resource utilization -efficiency. Moreover,
understanding the genotype-environment interactions influencing yield components is crucial
for adapting rice varieties to the dynamic environmental conditions of the region.

Conclusion

The evaluation of local and improved rice genotypes has provided valuable insights into their
growth, yield, and yield attributing characters. The study encompassed crucial parameters and
shedding light on the diverse genetic characteristics and adaptive strategies of the examined
genotypes. The results revealed the significance of genotype-specific responses across
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different stages of growth. Genotype IR16L1619 emerged as a high-yielding genotype,
excelling in panicle-related traits and contributing to its superior biological and grain yield.
The observed trade-offs between different yield components underscore the complexity of
interactions between genetic and environmental factors influencing overall yield. As
agricultural systems face evolving challenges, the knowledge gained from this study can
serve as a catalyst for the development of resilient and high-yielding rice varieties, ultimately
supporting food security and livelihoods in the region. Further research into the genetic basis
of key traits and their interactions with environmental factors can contribute to the
sustainable improvement of rice production in the study area.
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