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Abstract

Rice (Oryza sativa L.) is the primary staple food crop in Indonesia and plays an
essential role in supporting food security. The cultivation of rice varieties with poor
adaptability often leads to reduced productivity. Therefore, the evaluation of superior
rice varieties under specific agroecosystem conditions is necessary to identify varieties
with good growth performance and adaptability. This study aimed to evaluate the
growth performance of ten irrigated rice varieties cultivated under the agroecosystem
conditions of Central Tapanuli Regency. The experiment was conducted using a non-
factorial Randomized Complete Block Design (RCBD) with three replications. Ten rice
varieties were evaluated, namely Inpari 30, Inpari 32, Inpari 42, Inpari 43, Ciherang,
Mekongga, Cigeulis, Padjadjaran, Cakrabuana, and Siporang. Observed variables
included plant height, number of tillers, leaf area, and flowering age. The results
indicated that rice variety had no significant effect on plant height at 20, 40, and 60
days after transplanting (DAT). However, significant differences were observed in the
number of tillers at 60 DAT, leaf area at all observation periods, and flowering age.
The Siporang variety exhibited superior vegetative growth, producing the tallest
plants (116.16 cm) and the largest leaf area (71.00 cm?) at 60 DAT. Meanwhile, Inpari
43 produced the highest number of tillers (48.58 tillers hill-?). These findings suggest
that Siporang and Inpari 43 exhibited superior growth performance and may be
considered promising varieties for cultivation under the agroecosystem conditions of
Central Tapanuli Regency.

Keywords: Adaptability, flowering age, Inpari 43, leaf area, Siporang

Introduction

Rice (Oryza sativa L.) is one of the most important food crops and serves as the primary
staple food for the majority of the Indonesian population. In addition to its role in food
security, rice cultivation contributes significantly to farmers’ livelihoods and supports
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economic, social, and national stability. As population growth continues to increase,
the demand for rice is expected to rise, necessitating continuous efforts to improve rice
productivity and production sustainability (Hutabarat et al., 2018).

One of the major challenges in rice cultivation is the widespread use of old rice
varieties that exhibit low tolerance to biotic and abiotic stresses, including drought,
flooding, salinity, extreme temperatures, pests, and diseases. These constraints often
reduce plant growth and yield potential, leading to production losses and, in severe
cases, crop failure (Paradisa et al., 2022). Therefore, the selection and utilization of
superior rice varieties with high adaptability to local environmental conditions have
become an important strategy for increasing rice productivity.

The use of improved rice varieties has been recognized as one of the most effective
technologies for enhancing rice production. Superior varieties generally possess
desirable agronomic traits, including high yield potential, tolerance to environmental
stresses, resistance to pests and diseases, and better grain quality (Siregar, 2023). In
addition, improved varieties contribute to shortening crop duration, improving
production efficiency, and supporting sustainable rice cultivation systems (Aristya &
Taryono, 2019).

Growth performance is an important indicator for evaluating the adaptability of
rice varieties under specific agroecosystem conditions. Plant height, tiller production,
leaf development, and flowering age are among the key growth characteristics that
determine plant establishment and subsequent productivity. Hadiyanti (2016) reported
that the number of productive tillers is closely associated with grain yield, where
varieties producing more tillers generally achieve higher productivity. Furthermore,
Samrin and Amirullah (2018) found that varietal differences significantly influence rice
performance under different environmental conditions, indicating the importance of

evaluating varieties across diverse agroecosystems.

Several improved rice varieties have been widely cultivated in Indonesia due to
their favorable agronomic and grain quality characteristics (Rahmayanti et al. 2025).
According to Romdon et al. (2022), Inpari 42 and Inpari 43 are preferred because of
their desirable eating quality, while Ciherang remains one of the most popular varieties
owing to its high productivity and good grain quality. Rohaeni et al. (2012) reported
that Ciherang possesses an ideal grain shape that is less prone to breakage during
milling, contributing to its acceptance by both farmers and consumers.

Although numerous rice varieties have been released and cultivated in different
regions of Indonesia, information regarding their growth performance under the
agroecosystem conditions of Central Tapanuli Regency remains limited. Differences in
environmental factors such as climate, soil characteristics, water availability, and
management practices may influence varietal responses and adaptation. Therefore,
evaluating the growth performance of rice varieties under local agroecosystem
conditions is essential to identify varieties with superior adaptation and growth
potential.

This study aimed to evaluate the growth performance of ten rice varieties cultivated
under the agroecosystem conditions of Central Tapanuli Regency and to identify
varieties exhibiting superior growth characteristics and adaptability to the local
environment.
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Methods

Study site and experimental period

The study was conducted in a rice field located in Pasar Tukka Village, Tukka District,
Central Tapanuli Regency, Indonesia, from August to November 2025. The
experimental field was situated at an altitude of approximately 12 m above sea level.

Experimental materials

Ten superior rice varieties were used as treatments: Inpari 30, Inpari 32, Inpari 42,
Inpari 43, Ciherang, Mekongga, Cigeulis, Padjadjaran, Cakrabuana, and Siporang. Urea
fertilizer, NPK fertilizer, and pesticides were applied according to local cultivation

recommendations.
Experimental design

The experiment was arranged in a non-factorial Randomized Complete Block Design
(RCBD) consisting of ten rice varieties with three replications, resulting in 30
experimental units. The statistical model used was:

Yij=p+ti+pj+eij
where: Yij = observed value, u = overall mean, ti= effect of the i variety, 3j = effect of the

j block, &ij = experimental error.

Data were subjected to analysis of variance (ANOVA) at the 5% significance level.
When significant differences were detected, Duncan’s Multiple Range Test (DMRT) at
the 5% level was applied.

Crop establishment and management

The field was prepared through two plowing operations followed by land leveling.
Prior to planting, a seedbed measuring 1 m x 2 m was established for rice seed
germination. Seeds of each variety were sown separately, and seedlings were
transplanted at 14 days after sowing using the Legowo 2:1 planting system.
Experimental plots measured 2 m x 2 m, with a spacing of 40 cm between variety plots.
Rice seedlings were transplanted at a spacing of 30 cm x 30 cm, resulting in 24 hills per

plot. One seedling was transplanted per hill.

Fertilizers were applied at rates equivalent to 200 kg ha™! urea and 300 kg ha™* NPK.
Fertilizer application was split into three stages at 7, 21, and 45 days after transplanting
(DAT). Routine crop management practices included replanting missing hills, manual
weeding, irrigation management, and pest and disease control using recommended

pesticides.
Observed variables
The growth performance of rice plants was evaluated using the following parameters:

1. Plant height (cm), measured from the soil surface to the tip of the highest leaf at 20,
40, and 60 days after transplanting (DAT).

2. Number of tillers per hill, determined by counting all tillers produced by each
sample plant at 20, 40, and 60 DAT.

3. Leaf area (cm?), measured at 20, 40, and 60 DAT to assess vegetative growth and
canopy development.
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Table 1

4. Days to flowering (days), recorded as the number of days from transplanting until

approximately 50% of the plants in each plot had flowered.

Results and discussion

Plant height

The analysis of variance revealed that rice variety did not significantly affect plant
height at 20, 40, and 60 days after transplanting (DAT). The mean values of plant
height for the ten rice varieties evaluated under the agroecosystem conditions of
Central Tapanuli Regency, as determined by Duncan's Multiple Range Test (DMRT) at
the 5% significance level, are presented in Table 1.

Table 1 shows that although no significant differences were detected, variations in
plant height were observed among the evaluated varieties throughout the growth
period. At 20 DAT, plant height ranged from 26.25 cm to 33.58 cm, with the Siporang
variety producing the tallest plants, whereas Inpari 30 exhibited the lowest height.
Similar trends were observed at 40 DAT, with Cakrabuana recording the highest plant
height (72.41 cm) and Inpari 43 the lowest (62.25 cm). At 60 DAT, Siporang maintained
the greatest plant height (116.16 cm), whereas Cigeulis produced the shortest plants
(97.58 cm).

The absence of significant differences among varieties indicates that all tested
varieties were able to adapt well to the agroecosystem conditions of Central Tapanuli
Regency. Miao et al. (2024) said that plant height is a quantitative trait influenced by
both genetic and environmental factors, with many studies also showing significant
genotype-by-environment interactions. Across crops and growth systems, height
usually shows continuous variation, high heritability, and control by multiple loci, but

Mean plant height of ten lowland rice varieties grown in Central Tapanuli Regency. Means followed by the same letter within

the same column are not significantly different according to Duncan's Multiple Range Test (DMRT) at the 5% significance

level.

Plant height (cm)
Variety 20 DAT 40 DAT 60 DAT
V1 (Inpari 30) 26.25a 63.83 a 102.08 a
V2 (Inpari 32) 30.33 a 67.41 a 99.41 a
V3 (Inpari 42) 3041 a 6791 a 106.66 a
V4 (Inpari 43) 27.00 a 62.25 a 98.08 a
V5 (Ciherang) 30.00 a 6491 a 100.00 a
V6 (Mekongga) 31.66 a 67.83 a 106.08 a
V7 (Cigeulis) 28.50 a 65.33 a 97.58 a
V8 (Padjajaran) 29.00 a 67.41a 100.83 a
V9 (Cakrabuana) 27.08 a 7241 a 104.41 a
V10 (Siporang) 33.58 a 69.58 a 116.16 a
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the size and even detectability of those loci often change across environments and
developmental stages (Sha et al. 2026).

Under favorable environmental conditions, the expression of plant height may
become relatively uniform among varieties. Nevertheless, the tendency of Siporang to
produce taller plants suggests that this variety possesses greater vegetative vigor
compared with the other varieties evaluated. According to Akbar et al. (2022), plant
height contributes to efficient light interception and supports the formation of
productive tillers and panicles. Adequate plant height enables plants to capture solar
radiation more effectively, thereby enhancing photosynthetic activity and biomass
accumulation during vegetative growth.

Number of tillers

Rice variety significantly affected the number of tillers at 60 DAT, whereas no
significant differences were observed at 20 and 40 DAT. The number of tillers increased
progressively as plants developed from the early vegetative stage to the maximum
tillering stage. The mean values of the number of tillers for the ten rice varieties
evaluated under the agroecosystem conditions of Central Tapanuli Regency, as
determined by Duncan's Multiple Range Test (DMRT) at the 5% significance level, are
presented in Table 2.

Table 2 shows that the number of tillers ranged from 6.50 to 7.91 tillers hill-! and did
not differ significantly among varieties at 20 DAT. Likewise, at 40 DAT, tiller
production increased substantially, ranging from 27.25 to 38.25 tillers hill™!, but varietal
differences remained statistically non-significant. Significant differences emerged at 60
DAT, where Inpari 43 produced the highest number of tillers (48.58 tillers hill-"), while
Cigeulis produced the lowest number (29.25 tillers hill ™). The superiority of Inpari 43 in
tiller production can also be observed in Figure 1.

Mean number of tillers of ten lowland rice varieties grown in Central Tapanuli Regency. Means followed by the same letter

within the same column are not significantly different according to Duncan's Multiple Range Test (DMRT) at the 5%

significance level.

Number of tillers (tillers hill-1)

Variety
20 DAT 40 DAT 60 DAT
V1 (Inpari 30) 6.50 a 28.33 a 45.58 ab
V2 (Inpari 32) 741 a 2841a 40.25 ¢
V3 (Inpari 42) 741 a 33.33a 39.75 cd
V4 (Inpari 43) 7.00 a 38.25a 48.58 a
V5 (Ciherang) 741 a 33.00 a 36.25 de
V6 (Mekongga) 775a 3141 a 3541e
V7 (Cigeulis) 725a 29.50 a 29.25 f
V8 (Padjajaran) 7.83 a 2991 a 3391e
V9 (Cakrabuana) 7.50 a 28.75a 35.66 e
V10 (Siporang) 791 a 2725a 42.50 bc
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Figure 1

Tiller production of selected rice varieties at 60 DAT.

The absence of significant differences during the early stages of growth suggests
that all varieties exhibited similar adaptation and establishment under the
environmental conditions of the study area. However, as plant growth progressed,
varietal genetic characteristics became more apparent, resulting in significant
differences in tillering capacity. The superior tillering ability of Inpari 43 indicates its
greater potential for producing productive tillers and panicles.

Tiller production is one of the most important yield-related traits in rice because it
directly determines the number of panicles formed per unit area. Akbar et al. (2022)
reported that higher tiller production contributes to increased grain number and grain
weight. Similarly, Sembiring et al. (2023) stated that productive tillers have a direct
influence on rice yield because each productive tiller contributes to panicle formation
and grain production.

Leaf area

The analysis of variance showed that rice variety significantly affected leaf area at all
observation periods. Significant differences among varieties were observed at 20, 40,
and 60 DAT, indicating that leaf development was strongly influenced by varietal
characteristics. The mean values of leaf are for the ten rice varieties evaluated under the
agroecosystem conditions of Central Tapanuli Regency, as determined by Duncan's
Multiple Range Test (DMRT) at the 5% significance level, are presented in Table 3.

Table 3 shows that leaf area ranged from 17.58 cm? to 24.83 cm? with Siporang
producing the largest leaf area and Cigeulis the smallest at 20 DAT. Similar trends were
observed at 40 DAT and 60 DAT, where Siporang consistently maintained the largest
leaf area, reaching 71.00 cm? at the final observation. In contrast, Ciherang recorded the
lowest leaf area at 60 DAT (55.00 cm?). Differences in leaf area among varieties are
illustrated in Figure 2.
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The larger leaf area observed in Siporang indicates a greater photosynthetic surface,
which may support enhanced biomass production and vegetative growth. According to
Perez et al. (2019), leaf area is an important physiological characteristic because it
governs how much photosynthetically active radiation a plant canopy intercepts and

Table 3

Mean number of leaf area of ten lowland rice varieties grown in Central Tapanuli Regency. Means followed by the same letter
within the same column are not significantly different according to Duncan's Multiple Range Test (DMRT) at the 5%

significance level.

Leaf area (cm?)

Variety
20 DAT 40 DAT 60 DAT
V1 (Inpari 30) 17.83b 31.50 bc 58.66 b
V2 (Inpari 32) 19.25b 31.33 be 56.91 b
V3 (Inpari 42) 19.83 b 33.25Db 58.58 b
V4 (Inpari 43) 1891 b 31.58 be 58.16 b
V5 (Ciherang) 21.16 ab 28.83 ¢ 55.00 b
V6 (Mekongga) 20.50 ab 34.25 ab 62.08 b
V7 (Cigeulis) 17.58 b 33.08 b 58.66 b
V8 (Padjajaran) 1941b 32.55 bc 58.91b
V9 (Cakrabuana) 18.25b 31.58 bc 59.58 b
V10 (Siporang) 2483 a 3733 a 71.00 a

A
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Leaf area development of selected rice varieties at 60 DAT. A. Siporang, B. Mekongga, C. Ciherang.

Figure 2
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how effectively that intercepted light is distributed to photosynthesizing tissues.
Varieties possessing larger leaf areas generally have a greater ability to accumulate
assimilates that support growth and development.

Differences in leaf area among varieties are primarily attributed to genetic variation
controlling leaf morphology and expansion. According to Zannah et al. (2023), optimal
light interception promotes chlorophyll formation and photosynthetic efficiency,
whereas excessive or insufficient light may negatively affect plant growth. Therefore,
the superior leaf area development observed in Siporang may contribute to its better
vegetative performance compared with the other evaluated varieties.

Flowering age

Rice variety significantly affected flowering age, indicating considerable variation in
developmental duration among the tested varieties. The mean values of flowering age
for the ten rice varieties evaluated under the agroecosystem conditions of Central
Tapanuli Regency, as determined by Duncan's Multiple Range Test (DMRT) at the 5%
significance level, are presented in Table 4.

Flowering age ranged from 51.58 to 78.33 DAT. Padjadjaran was the earliest
flowering variety. reaching flowering at 51.58 DAT, followed by Cakrabuana at 53.00
DAT. In contrast, Siporang required the longest period to reach flowering, with an
average flowering age of 78.33 DAT (Table 4). Flowering differences between
Padjadjaran and Siporang are presented in Figure 3.

Flowering-age variation among crop varieties is largely explained by genetic
differences in flowering-time pathways that integrate photoperiod, temperature, age,
hormones, and developmental (Raggi et al. 2019). Early-flowering varieties usually
have a shorter vegetative period and a faster life cycle (Nilahayati & Putri, 2015), which
can support more rapid generational turnover or more crop cycles per year, although
the benefit depends on the environment and crop type (Lin et al. 2021).

Mean days to flowering of ten lowland rice varieties grown in Central Tapanuli Regency. Means followed by the same letter

within the same column are not significantly different according to Duncan's Multiple Range Test (DMRT) at the 5%

significance level.

Days to flowering (days)

V1 (Inpari 30) 58.50 e
V2 (Inpari 32) 70.83 b
V3 (Inpari 42) 61.50d
V4 (Inpari 43) 57.75 e
V5 (Ciherang) 65.33 ¢
V6 (Mekongga) 66.16 c
V7 (Cigeulis) 65.66 ¢
V8 (Padjajaran) 51.58 f
V9 (Cakrabuana) 53.00 f
V10 (Siporang) 7833 a
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Figure 3

Flowering characteristics of Padjadjaran (A) and Siporang (B) rice varieties at 79 DAT.

The early flowering characteristic of Padjadjaran was consistent with its varietal
description, which classifies it as an early-maturing variety. According to Musa et al.
(2024), early-maturing rice varieties generally complete their growth cycle more
rapidly, enabling multiple planting seasons per year. Similarly, Barokah et al. (2021)
reported that Padjadjaran exhibited earlier flowering than several other improved rice
varieties evaluated under field conditions. In contrast, the longer flowering period
observed in Siporang reflects an extended vegetative phase that may contribute to
greater biomass accumulation before entering the reproductive stage. This
characteristic may explain the superior plant height and leaf area observed in this
variety throughout the study.

Conclusion

The growth performance of ten rice varieties differed under the agroecosystem
conditions of Central Tapanuli Regency. Siporang showed superior vegetative growth,
producing the tallest plants and the largest leaf area, whereas Inpari 43 produced the
highest number of tillers. Therefore, Siporang and Inpari 43 can be considered the most
promising varieties for cultivation under the agroecosystem conditions of Central
Tapanuli Regency.
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