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Abstract

Climate change threatens rice production, making early-maturing rice varieties an important adaptation strategy.
However, information on optimal technology packages for maximizing the productivity of these varieties remains
limited. This study aimed to assess the effects of different technology packages on yield and yield components
and to determine which package showed the most favorable performance across early-maturing rice varieties.
A nested split-plot design was employed, consisting of two planting patterns (Jajar Legowo and square planting),
three early maturing rice (Cakrabuana, Inpari 13, and M70D), and five fertilizer management packages. Analysis
of variance revealed that fertilizer management significantly affected plant height, panicles per clump, weight
per panicle, number of total grain, weight of 1000 grain, and yield. Planting pattern significantly influenced total
tiller number and panicles per clump, whereas varietal effects were significant only for the number of total grain.
Yield showed strong positive correlations with weight per panicle (r = 0.65**), number of total grain (r = 0.59**),
and weight of 1000 grain (r = 0.51**). The highest yield under the Jajar Legowo was achieved by Cakrabuana
supplied with 100 kg ha™! trichocompost, 3.3 mL L™ biofertilizer, 100 kg ha' non-subsidized urea, and 300 kg ha!
subsidized NPK fertilizer, reaching 6.67 t ha™', whereas the highest yield under square planting was recorded in
M70D receiving 100 kg ha™! subsidized urea and 300 kg ha™! subsidized NPK fertilizer, reaching 5.89 t ha™'. Overall,
the Jajar Legowo combined with 100 kg ha™ non-subsidized urea and 300 kg ha' subsidized NPK fertilizer, with
or without 100 kg ha™' trichocompost, represented the most suitable technology package for improving the
productivity of early-maturing rice varieties, particularly Cakrabuana.
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Resumo

As mudangas climaticas ameacam a produgdo de arroz, tornando as variedades de ciclo precoce uma estratégia
importante de adaptacdo. No entanto, as informacgdes sobre pacotes tecnolégicos ideais para maximizar a
produtividade dessas variedades ainda sdo limitadas. Este estudo teve como objetivo avaliar os efeitos de diferentes
pacotes tecnolégicos sobre o rendimento e seus componentes, além de determinar qual pacote apresentou o
desempenho mais favoravel em diferentes variedades de arroz de ciclo precoce. Foi utilizado um delineamento
de parcelas subdivididas em faixas, composto por dois arranjos de plantio (Jajar Legowo e plantio em quadras),
trés variedades de arroz de ciclo precoce (Cakrabuana, Inpari 13 e M70D) e cinco pacotes de manejo de adubagao.
A andlise de varidncia revelou que o manejo de adubagdo afetou significativamente a altura de planta, o nimero
de paniculas por touceira, o peso por panicula, o niimero total de grdos, o peso de 1000 graos e a produtividade.
0 padrao de plantio influenciou significativamente o nimero total de perfilhos e paniculas por touceira, enquanto os
efeitos varietais foram significativos apenas para o nimero total de graos. A produtividade apresentou correla¢des
positivas fortes com o peso por panicula (r = 0,65**), nimero de graos totais (r = 0,59**) e peso de 1000 graos
(r =0,51**). O maior rendimento no sistema Jajar Legowo foi alcangado por Cakrabuana, com o fornecimento de
100 kg ha™' de tricocomposto, 3,3 mL L™ de biofertilizante, 100 kg ha™' de ureia ndo subsidiada e 300 kg ha' de
adubo NPK subsidiado, atingindo 6,67 t ha™!, enquanto o maior rendimento no plantio em quadras foi registrado
em M70D recebendo 100 kg ha™! de ureia subsidiada e 300 kg ha™! de adubo NPK subsidiado, atingindo 5,89 t ha™'.
De modo geral, o sistema Jajar Legowo, combinado com 100 kg ha™' de ureia ndo subsidiada e 300 kg ha™' de adubo
NPK subsidiado, com ou sem 100 kg ha™' de tricocomposto, representou o pacote tecnolégico mais adequado para
incrementar a produtividade de variedades de arroz de ciclo precoce, especialmente Cakrabuana.

Palavras-chave: arroz de ciclo precoce, dosagem de fertilizante, Jajar Legowo, padrdo de plantio, rendimento.
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1. Introduction

Climate change poses a substantial threat to global
rice production through increasing temperatures, altered
rainfall patterns, and more frequent extreme weather
events, which can disrupt crop productivity and agricultural
stability (Saleem et al., 2025; Samarasinghe et al., 2025).
These challenges are particularly important for Indonesia,
where rice serves as the primary staple food and plays a
central role in national food security. As the world’s fourth
most populous nation, Indonesia faces increasing pressure
to sustain rice production to meet growing domestic
demand (Abid et al., 2024; Alam et al., 2024; Jukanti et al.,
2025) (Fadah et al., 2024; Yaseen et al., 2025; Guo and
[slam, 2025). Although Indonesia remains one of the major
rice-producing countries in Asia, production growth must
continue to keep pace with population growth and future
food requirements (Setiawati et al., 2025). This challenge is
compounded by climate-induced shifts in planting seasons
(Wangetal., 2025; Ismail et al., 2020), which have rendered
traditional crop varieties increasingly ineffective under
current environmental conditions (Hussain et al., 2020;
Saud et al., 2022), necessitating a shift toward varieties
whose growth characteristics align with the new seasonal
windows imposed by a changing climate.

Early-maturing rice varieties represent a promising
adaptation strategy, as they complete their growth cycle before
the onset of late-season drought and heat stress (Anshori et al.,
2024a; Noviana et al., 2021). By maturing in under 100 days
(Vo et al., 2024), early-maturing varieties not only reduce
climate risk but also enable higher cropping intensity within
asingle season (Bin Rahman and Zhang, 2023) (Anshori et al.,
2024a).Recognizing this potential, the Ministry of Agriculture
has introduced several early-maturing varieties, such as Inpari
13 (Anshori et al., 2024b; Baharuddin et al., 2025), Inpari
19 (Musa et al., 2025), Cakrabuana (Anshori et al., 2024a),
and Padjajaran (Noviana et al., 2021; Musa et al,, 2025), while
private enterprises have also released varieties such as M70D
(Sutrisna et al., 2024; Bahrun et al., 2025). Despite their
diffusion, however, a critical agronomic challenge persists:
Indonesian farmers continue to apply cultivation practices
developed for traditional varieties to early-maturing rice
(Sitaresmi et al., 2025). Conventional varieties practice are
not suitable for early maturing rice, because these varieties
exhibit a vegetative growth pattern that prioritizes tiller
formation (Vakeswaran et al., 2025), which affects their
generative growth and requires distinct cultivation methods
(Musa et al., 2025).

The cultivation of early-maturing rice is heavily reliant
on the plant’s ability to produce productive tillers, as this
directly impacts the number of panicles (Sandhu et al., 2021)
and the potential yield (Kalaitzidis et al., 2025; Musa et al.,
2025).The planting pattern is closely related to determining
the density of planting within a field; therefore, it plays a
crucial role in the development of these tillers (Yuan et al.,
2024). When rice plants have adequate space to grow,
they typically produce a higher number of uniform tillers
(Zhangetal., 2023). In contrast, excessive planting density
leads to increased competition for light (Tang et al., 2025),
nutrients (Haque et al., 2025), and space (Dong et al., 2025),
resulting in fewer productive tillers and suboptimal growth.
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Two common methods for managing planting patterns
are the tile system (square grid) (Yuliawan et al., 2023)
and the jajar legowo system (Sulaiman et al., 2025). The
tile system, a traditional approach, involves arranging
plants with consistent spacing between and within rows
(Komalawati et al., 2023). Although easy to implement,
this method often does not maximize growing space and
can create a humid and crowded environment, increasing
the risk of pest and disease issues. Conversely, the jajar
legowo system is an innovative method based on the edge
effect (Beding et al., 2023) concept, which enhances the
productivity of rows that receive more sunlight. This system,
with its wider and more adaptable spacing between rows,
offers improved air circulation, optimal light exposure,
and facilitates agricultural activities such as weeding and
fertilization (Wahid and Subagio, 2021; Tang et al., 2025).
Additionally, it increases the plant population per unit
area, reduces micro-humidity that fosters disease, and
decreases competition among plants in the outer rows
(Beding et al., 2023).

Optimizing the performance of early maturing rice
varieties necessitates precise nutrient management
to further improve the effect, particularly through the
combined use of nitrogen fertilizers and biofertilizers
(Musaetal.,, 2025). These varieties are characterized by a
shortened vegetative phase, during which the initiation
and development of tillers occur at an accelerated pace,
making them acutely sensitive to nutrient availability
(Anshori et al., 2024a), especially nitrogen, during the
initial growth stages (Yun, 2023; Musa et al., 2025).
Nitrogen is indispensable for the synthesis of chlorophyll
(Qi et al., 2025), amino acids (Chen et al., 2022b), and
structural proteins (Liang et al., 2022), all of which are
essential for robust tillering and determining the number
of productive stems (Yuan et al.,, 2024). Due to the
limited timeframe for early maturing varieties to recover
from nutrient deficiencies, they are more vulnerable to
suboptimal nitrogen management compared to their
medium- or late-maturing counterparts (Xiong et al.,
2018; Yun, 2023; Suriyagoda et al., 2020). The utilization
of biofertilizers offers a supplementary mechanism that
augments nutrient acquisition beyond the capabilities
of nitrogen fertilizer alone (Gulshan et al., 2022).
Beneficial microorganisms, including nitrogen-fixing
bacteria, phosphate-solubilizing microbes, and plant
growth-promoting rhizobacteria, enhance soil biological
activity, increase nutrient mineralization, and improve
nitrogen uptake efficiency (Wei et al., 2024). This is
particularly crucial for early maturing varieties, as their
abbreviated growth period restricts root expansion,
thereby limiting their ability to access nutrients in deeper
or less accessible soil layers (Fujii 2024). Biofertilizers
address this limitation by mobilizing nutrients within
the root zone and promoting physiological processes
that stimulate root growth, thus enhancing plant vigor
under variable environmental conditions (Misu et al.,
2025). Such an approach is vital for fully exploiting
the genetic potential of early maturing rice varieties,
particularly in the context of climate change, shifting
planting periods, and declining soil fertility in numerous
rice-producing regions.
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While numerous studies have explored early maturing
rice, the predominant focus has been on the development
of new varieties and yield assessment, with comparatively
less emphasis on the specific agronomic practices required
to optimize their productivity, such as planting patterns
and fertilization management. Research into innovative
planting patterns, such as the jajar legowo system,
has demonstrated improvements in light interception
(Maghfiroh et al., 2023), plant density (Minarsih et al.,
2023; Sulaiman et al., 2025), and microclimate regulation
(Rawung et al., 2021; Maghfiroh et al., 2023); however,
these findings are generally based on medium- or long-
duration varieties. Although Chen et al. (2022a) compared
the performance of early- and long-duration rice varieties
under different planting densities, these investigations
primarily focused on plant density rather than evaluating
the effect of planting pattern within a field. Similarly,
investigations into nitrogen fertilization and biofertilizer
application have revealed significant benefits for tiller
production (Zhou et al., 2021, 2022) and nutrient uptake;
however, the responses of early maturing varieties to
fertilizer management and planting patterns remain
inadequately documented. Given that early maturing rice
possesses a shorter vegetative phase (Musa et al., 2025)
and relies heavily on rapid and efficient tiller formation
(Vakeswaran et al., 2025), recommendations derived from
older varieties cannot be directly applied.

There is a paucity of comprehensive studies examining
the specific interactions between planting pattern technology
and nutrient management in early-maturing rice varieties.
This gap highlights the need for an optimal technology
package that aligns with the unique growth dynamics of
early-maturing rice. In this study, the technology package
consisted of a combination of planting patterns and fertilizer
management packages, including inorganic fertilizers, organic
amendments, and biofertilizers. Therefore, this study aimed
to assess the effects of different technology packages on yield
and yield components and to determine which package
showed the most favorable performance across the early
maturing rice varieties.

2. Materials and Methods

2.1. Experiment details and treatments

The study took place in Maradekaya Village, Bajeng,
Gowa Regency, South Sulawesi, from April to July 2025.
The experiment was arranged in a nested split-plot design.
Planting pattern was treated as the nested factor, with
three replications nested within each planting pattern.
Rice varieties were assigned as main plots within each
replication, and fertilizer packages were assigned as subplots
within each variety main plot. A schematic representation
of the experimental design is presented in Figure 1.

Nested Split-Plot Design Schematic Diagram
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Figure 1. Schematic representation of the nested split-plot design used in this study.
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Two planting patterns were tested: Jajar Legowo (40-20-10)
(pp1) and a square pattern of 20 x 20 cm (pp2). The
main plots featured three varieties: Cakrabuana (v1),
Inpari 13 (v2), and M70D (v3). The subplots consisted of
five fertilizer packages: (f0) no fertilization; (f1) 100 kg
ha™ of subsidized urea and 300 kg ha™' of subsidized
NPK fertilizer; (f2) 100 kg ha™ of non-subsidized
urea and 300 kg ha™' of subsidized NPK fertilizer; (f3)
100 kg ha™ of trichocompost, 100 kg ha™' of non-subsidized
urea, and 300 kg ha™' of subsidized NPK fertilizer; and (f4)
100 kg ha™! of trichocompost, 3.3 mL L™ of biofertilizer,
100 kg ha™ of non-subsidized urea, and 300 kg ha™ of
subsidized NPK fertilizer. Each treatment combination was
repeated three times, leading to a total of 90 experimental
plots. Each plot spanned an area of 12 m?.

2.2. Rice varieties and subsidized and non-subsidized
fertilizer sources

The varieties used in this study were selected because
they represent early maturing rice varieties that are
currently available to Indonesian farmers from both
public and private breeding programs. Their inclusion
was intended to represent the various diversity of early
maturing rice germplasm in Indonesia. Inpari 13 is a
nationally released variety with broad farmer adoption.
Cakrabuana is a newly developed climate-adaptive early
maturing variety, and M70D is a commercially distributed
private-sector variety. All three varieties have a growth
duration of less than 100 days and are recognized foNon-
subsidizedial to support higher cropping intensity (CI).
In addition to their broad relevance for the Indonesian
rice agroecosystem, the selected varieties have distinct
genetic backgrounds, allowing the evaluation of potential
differences in varietal response to planting patterns and
fertilizer management.

In this study, there are subsidized and non-subsidized
fertilizer sources commonly available to Indonesian rice
farmers thus it is utilized in this study. In Indonesia,
subsidized urea and NPK fertilizers are government-
regulated products distributed at controlled prices to
eligible smallholder farmers. These fertilizers meet national
quality standards and generally provide the basic nutrient
composition required for rice cultivation, including NPK
(Fahmid et al., 2022). In contrast, non-subsidized fertilizers
are commercially available products sold at market prices
and are often formulated to provide enhanced agronomic
performance (Rahmadani et al., 2024).

2.3. Fertilizer application

Chemical and organic fertilizers were applied in two
split applications at 7 and 22 days after transplanting
(DAT), with 30% and 70% of the total fertilizer dose applied
during the first and second applications, respectively. For
the f4 treatment, biofertilizer was applied separately as
a liquid suspension at a concentration of 3.3 mL L™ of
water (50 mL diluted in 15 L of water), following the
manufacturer’s recommendation. The solution was applied
using a 15-L knapsack sprayer and uniformly distributed
across the designated treatment plots, corresponding to an
application volume of approximately 1.67 L plot™ (12 m?)

4/13

per application. Biofertilizer applications were conducted
at 9 and 25 DAT. To preserve microbial viability, the
biofertilizer was applied separately and was not mixed
with chemical fertilizers or pesticides during application.

2.4. Research procedure

The procedural approach utilized a modified version of the
conventional field cultivation method outlined by Anshori et al.
(2024a), Musa et al. (2025), and Sulaiman et al. (2025). The
process began with plowing and stockpiling the land. Plots
measuring 3 m?by 4 m? were set up, with a 1 m? space separating
them. Seeds were soaked for a day before placement in a
nursery bed. After 15 days, seedlings were transplanted into the
field according to treatment spacing guidelines. Maintenance
included replanting, weeding, fertilization, irrigation, and pest
control. Weeding was performed manually and chemically
30 days after planting. Seven days after weeding, dead or
damaged seedlings were replaced. Following mechanical
weeding, pesticides were applied using a sprayer. Fertilizers
were applied according to treatment. Pesticides were selected
based on the pest type and infestation level.

Irrigation management was standardized across all
treatments and conducted according to crop growth stages
rather than treatment type. Irrigation was initiated six days
after the first fertilization, and water was maintained at
approximately 5 cm above the soil surface during the early
vegetative stage. One day before each fertilizer application, the
water level was temporarily lowered to improve the fertilizer-
soil contact and nutrient absorption. Irrigation was resumed
two days after fertilization and maintained at adequate levels
to support plant growth. Following the second fertilization,
irrigation was temporarily suspended and resumed five days
later to maintain optimal soil moisture and favorable soil
physical conditions. During the panicle initiation (primordial)
stage, the water depth was increased to approximately 10 cm
to support reproductive development and suppress excessive
tiller formation (Feng et al., 2021; Yuan et al., 2024).

Continuous flooding was maintained from panicle
initiation until the late grain-filling stage. Irrigation was
terminated approximately two weeks before harvest
to promote grain maturation, reduce lodging risk, and
facilitate field drying prior to harvest. Data collection
began at physiological maturity and continued through
harvest to gather all observational parameters. Harvesting
occurred when grains at the panicle base solidified and
two-thirds of the panicle reached physiological maturity,
shown by straw yellowing.

2.5. Observation parameter

The observed parameters included plant height (PH)
(cm), number of total tillers (NTT), flag leaf length (FLL)
(cm), flag leaf width (FLW) (cm), panicle per clump (PPC),
weight per panicle (WPP) (g), number of total grains (NTG),
weight of 1000 grains (W1000G)(g), and yield (Y) (ton ha™").

2.6. Statistical analysis

The analysis began with variance testing at 5%
significance to assess treatment effects, followed
by two-way Pearson correlation analysis of traits to
investigate the relationships between observed traits.

Braz. ]. Biol., 2026, vol. 86, 307582
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Data showing significant single and interaction effects were
further assessed using the Duncan Multiple Range Test
(DMRT) at 5% significance to evaluate the effects. Analyses
were performed using STAR 2.0.1, software developed by
the International Rice Research Institute (IRRI).

3. Results

The performance of early maturing rice varieties under
different technology package combinations was assessed
based on vegetative growth, yield components, and yield.

As presented in Table 1, substantial variation in agronomic
traits and yield was observed among technology package
combinations. Yield generally increased with fertilizer
application compared with the unfertilized control (f0).
Under the Jajar Legowo planting pattern (pp1), the highest
yield (6.67 t ha™') was obtained from Cakrabuana supplied
with 100 kg ha™ trichocompost, 3.3 mL L™ biofertilizer,
100 kg ha™' non-subsidized urea, and 300 kg ha™! subsidized
NPK fertilizer (f4). Under the square planting pattern
(pp2), the highest yield (5.89 t ha™') was recorded in M70D
receiving 100 kg ha™ subsidized urea and 300 kg ha™
subsidized NPK fertilizer (f1) (Figure 2).

Table 1. Mean performance of agronomic traits and grain yield under different technology package combinations.

Planting . .oy ~ Fertilizer TechnologyPackage o\ nNpp gy pw PPC WPP  NTG W1000G Y
Pattern Management Treatment

Jajar Legowo Cakrabuana fo pp1vifo 91.33 11.73 2912 131 6.78 847 333.67 2487 3.55

(4(&21301‘)10) v1) fl pp1vifi 9320 1253 3072 129 722 870 36367 2603 473

f2 pp1vif2 9820 13.07 3151 142 811 903 36867 2933 597

f3 pp1vif3 96.27 12.87 3183 141 700 960 36433 2790 6.8

4 pplvifa 96.60 1240 3053 134 811 917 34233 2873 667

Inpari fo pp1v2f0 9587 8.67 3206 133 603 536 23825 1920 291

13 (v2) f1 pp1v2fl 9767 940 30.67 127 744 737 31500 2427 432

£2 pp1v2f2 103.80 10.47 29.86 138 8.44 770 34467 2847 528

3 pp1v2f3 99.67 973 3320 137 767 753 28267 2910 500

4 pplv2f4 9913 9.60 27.46 138 8.00 740 31633 2850 620

M70D (v3) fo pp1v3f0 10133 847 2577 123 611 823 23400 2563 384

f1 pp1v3fl 102.27 1120 29.60 132 6.44 637 23233 2600 414

2 pp1v3f2 10847 1140 2786 137 767 870 360.00 2897 538

3 pp1v3f3 10440 9.00 2944 119 678 740 35367 2910 527

4 pp1v3fa 105.07 1047 3092 126 678 9.03 35867 2743 617

Square  Cakrabuana fo pp2vifo 9467 1147 3041 133 733 650 27533 2417 334

Zl’gitezglgfl (v1) f1 pp2vifl 94.40 11.07 2478 136 689 670 25133 2623 330

(pp2) f2 pp2vif2 99.00 13.87 30.90 151 978 9.03 340.67 3440 473

f3 pp2vif3 9780 12.07 24.82 142 8.67 807 33400 3147 467

4 pp2vif4 99.07 1453 3036 134 944 933 37667 3097 505

Inpari fo pp2v2f0 100.00 13.00 29.88 150 9.44 6.87 32600 2607 3.78

13 (v2) f1 pp2v2fl 99.80 1213 2691 121 856 707 33533 2650 3.80

2 pp2v2f2 10547 13.07 2479 122 1033 983 399.67 2917 473

f3 pp2v2f3 10647 15.00 29.28 146 1044 830 37400 2600 4.65

4 pp2v2f4 108.20 14.87 2641 139 1056 857 41200 2897 5.77

M70D (v3) fo pp2v3f0 9853 13.53 2556 113 833 550 189.67 2647 363

1 pp2v3fl 10140 14.07 2850 117 944 7.80 327.33 2760 589

f2 pp2v3f2 10573 1533 26.84 124 1033 813 29133 3340 464

f3 pp2v3f3 104.93 15.40 28.75 131 9.67 8.83 34867 2677 5.7

4 pp2v3f4 10527 15.47 2668 130 944 790 28233 2953 551

Note: PH: plant height, NTT: number of total tillers, FLL: flag leaf length, FLW: flag leaf width, PPC: panicle per clump, WPP: weight per panicle,
NTG: number of total grains, W1000G: weight of 1000 grains, Y: yield. no fertilization (f0); 100 kg ha™! of subsidized urea and 300 kg ha™ of
subsidized NPK fertilizer (f1); 100 kg ha™! of non-subsidized urea and 300 kg ha™' of subsidized NPK fertilizer (f2); 100 kg ha™' of trichocompost,
100 kg ha™' of non-subsidized urea, and 300 kg ha™' of subsidized NPK fertilizer (f3); and 100 kg ha™ of trichocompost, 3.3 mL L' of biofertilizer,
100 kg ha™! of non-subsidized urea, and 300 kg ha™' of subsidized NPK fertilizer (f4).
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Several yield-related traits, including panicles per clump,
panicle weight, number of total grains, and weight of 1000
grain, also showed variation in each technology package.
The tallest plants were observed in M70D fertilized with
100 kg ha™ non-subsidized urea and 300 kg ha™" subsidized
NPK fertilizer (f2) under pp1 (108.47 cm), while the highest
number of total grains (412 grains panicle™) was recorded
in Inpari 13 supplied with 100 kg ha™' trichocompost,
3.3 mLL" biofertilizer, 100 kg ha non-subsidized urea, and
300 kg ha™' subsidized NPK fertilizer (f4) under pp2. Overall,
fertilizer packages integrating organic amendments,
biofertilizers, and inorganic fertilizers tended to produce
superior agronomic performance and yield.

The analysis of variance results showed that plant height
(PH) was significantly affected by fertilizer management
(F), with a mean square value of 139.65, while planting
pattern (PP) and variety (V) had no significant effect
(Table 2). The number of total tillers (NTT) showed no
effect from the treatment factors, except for planting
pattern (192.4284). As for flag leaf length (FLL) and flag
leaf width (FLW), none of the treatment factors showed a
significant effect. While panicles per clump (PPC) was highly
significantly affected by fertilizer management (9.68) and
planting pattern (90.5007), but not by variety. Weight per
panicle (WPP) was highly significantly affected by fertilizer
management (12.47), while PP and V showed no effect.
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Figure 2. Comparison of rice yield under different technology packages.

Table 2. Analysis of variance of single effect between planting pattern and fertilizer management on early maturing rice variety growth.

Mean Square

Characters

PP ' F CV(a) CV (b)

PH (cm) 75.44 472.38 139.64"* 14.00 5.15
NTT (tiller) 192.4284* 8.28 10.22 43.82 1743
FLL (cm) 127.28 18.00 2.99 28.50 12.63
FLW (cm) 0.00 0.13 0.03 32.25 11.40
PPC (panicle) 90.5007" 4.77 9.68** 16.09 16.14
WPP (g) 0.26 6.13 12.47** 31.59 16.70
NTG (grains) 314.53 13641.05" 24221.96* 15.35 15.36
W1000G (g) 58.39 27.22 108.86" 19.56 12.95
Y (ton ha') 4.18 1.03 15.04* 13.38 15.15

Note: PP: Planting pattern, V: Variety, F: Fertilizer management, PH: Plant height, NTT: Number of total tiller, FLL: Flag leaf length, FLW: Flag leaf width,
PPC: Panicle per clump, WPP: Weight per panicle, NTG: Number of total grains, W1000G: Weight of 1000 grains, Y: Yield. *Significant effect.

**Very significant effect.
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The total number of total grains (NTG) was significantly
affected by variety (13641.05) and highly significantly by
fertilizer management (24221.97). The weight of 1000
grain (W1000G) was significantly affected by fertilizer
management (108.86). Yield (Y) showed a significant effect
from fertilizer management (15.05), while PP and V did
not show any difference. The coefficient of variation values
(CV a and CV b) ranged from 5.15-43.82% depending on
the observed character.

Analysis of variance interactions showed that
most traits had no significant effects across treatment
combinations (Table 3). The PP x V interaction was
significant only for the number of total grains (NTG),
showing a highly significant effect with a mean square
value of 25,390.82**. The V x F interaction had no
significant effect on any observed traits. The PP x F
interaction also showed no significant effect on traits.
In the PP x V x F interaction, only the number of total
grains (NTG) showed a significant effect (6,108.47*), while
other traits, including plant height (PH), number of total

tillers (NTT), flag leaf length (FLL), flag leaf width (FLW),
panicles per clump (PPC), weight per panicle (WPP),
weight of 1000 grains (W1000G), and yield (Y), showed
no significant differences across treatment interactions.

Correlation analysis (Table 4) showed that panicle
per clump (PPC) was highly correlated with plant height
(0.50**) and total number of tillers (0.81**). Weight per
panicle (WPP) showed a significant correlation with total
tillers (0.38*) and a highly significant correlation with
yield (0.65**). The number of total grains (NTG) correlated
significantly with PPC(0.46%) and was highly significantly
correlated with WPP (0.78**) and yield (0.59**). The weight
of 1000 grain (W1000G) showed a significant correlation
with total tillers (0.45%), number of total grains (0.38%),
and a highly significant correlation with PPC (0.55**)
and WPP (0.55*). Yield (Y) correlated significantly with
plant height (0.39%) and highly significantly with weight
per panicle (0.65**), number of total grain (0.59**), and
weight of 1000 grain (0.51%*). Other traits did not show
significant relationships at the test level.

Table 3. Analysis of variance of interaction between planting pattern and fertilizer management on early maturing rice variety growth.

Mean Square
Characters
PP xV VxF PP xF PP xV xF
PH (cm) 65.13 113 11.67 424
NTT (tiller) 46.22 145 5.16 1.54
FLL (cm) 5.76 23.35 9.11 9.65
FLW (cm) 0.01 0.02 0.02 0.02
PPC (panicle) 6.15 0.60 0.89 0.76
WPP (g) 8.67 0.44 1.67 3.02
NTG (grains) 25390.8174** 2809.68 919.33 6108.47*
W1000G (g) 1.22 491 9.88 13.54*
Y (ton.ha) 3.54 0.54 0.99 0.81

Note: PP: Planting pattern, V: Variety, F: Fertilizer management, PH: Plant height, NTT: Number of total tiller, FLL: Flag leaf length, FLW: Flag leaf width,
PPC: Panicle per clump, WPP: Weight per panicle, NTG: Number of total grains, W1000G: Weight of 1000 grains, Y: Yield. *Significant effect.

**Very significant effect.

Table 4. Correlation analysis of early maturing rice variety growth character.

Character PH NTT FLL FLW PPC WPP NTG W1000G Y
PH 1.00
NTT 0.29 1.00
FLL -0.28 -0.21 1.00
FLW -0.09 0.14 0.33 1.00
PPC 0.50** 0.81** -0.3 0.18 1.00
WPP 0.23 0.38* 0.07 0.21 0.34 1.00
NTG 0.29 0.34 0.15 0.30 0.46* 0.78** 1.00
W1000G 0.36 0.45* -0.19 0.20 0.55** 0.55** 0.38* 1.00
Y 0.39* 0.25 0.19 0.11 0.27 0.65"* 0.59** 0.51** 1.00

Note: PH: Plant height, NTT: Number of total tillers, FLL: Flag leaf length, FLW: Flag leaf width, PPC: Panicles per clump, WPP: Weight per panicle,
NTG: Number of total grains, W1000G: Weight of 1000 grains, Y: Yield. *Significant effect. **Very significant effect.
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The DMRT results for fertilizer management, which had
a significant effect on PH, WPP, and W1000G (Table 5),
showed that treatment f2 was not significantly different
from f4 and f3 in terms of PH, WPP, and W1000G.
Conversely, f3 was not significantly different from f1 in
terms of the PH and W1000G parameters. In contrast,
f2 and f4 were significantly different from f0 and f1 in
terms of PH, WPP, and W1000G values.

The DMRT results for the number of total grains
(NTG) character, which has significance in the PP x V x F
interaction, in the pp1 cropping pattern showed that for
the Cakrabuana variety, all fertilizer management from
f0 to f4 were not significantly different from each other
(Table 6). For the Inpari 13 variety, doses f1, f2, and f4
were not significantly different, while fO was significantly
different from the higher doses. For the M70D variety,
doses f2, f3, and f4 were not significantly different, while
f0 and f1 were significantly different from the three
higher doses. In the pp2 planting pattern, the Cakrabuana
variety showed that most fertilizer management were not
significantly different, but fO was significantly different
from several higher doses. In the Inpari 13 variety, all
fertilizer management from fO to f4 were not significantly
different, so there were no differences between doses. In
the M70D variety, doses f1 and f3 were not significantly
different from each other, while doses f0, {2, and f4 were
in different groups and therefore significantly different
from doses f1 and f3.

Table 5. DMRT test on several rice yield components.

4. Discussion

4.1. Performance of early-maturing rice under different
technology package combinations

The study demonstrated that early-maturing rice varieties
exhibited distinct growth and yield patterns in response to
variations in planting pattern and fertilizer management.
The observed variation in agronomic traits and yield
among technology package combinations suggests that
the response of early-maturing rice varieties was strongly
influenced by the interaction between planting pattern,
varietal characteristics, and nutrient management. The
generally higher yields obtained under fertilized treatments
compared with the unfertilized control indicate that nutrient
availability was a major limiting factor for growth and
reproductive development. Similar responses have been
reported in previous studies, which demonstrated that an
adequate nutrient supply significantly enhances rice growth,
yield components, and grain productivity (Paramesh et al.,
2023). In particular, the superior performance of the
integrated fertilizer package containing trichocompost,
biofertilizer, non-subsidized urea, and subsidized NPK
fertilizer may be attributed to the complementary effects
of organic and inorganic nutrient sources. Trichocompost
likely improved soil physical, chemical, and biological
properties, while biofertilizers enhanced nutrient
availability and uptake efficiency, thereby promoting greater
panicle formation, grain filling, and biomass accumulation.

Fertilizer Management PH (cm) WPP (g) W1000G (g)
fo 96.96¢ 6.82b 24.40c
f1 98.12bc 7.33b 26.11bc
103.44a 8.74a 30.62a
101.59ab 8.29a 28.39ab
f4 102.22a 8.57a 29.02a

Note: f: fertilizer management, PH: plant height, WPP: weight per panicle, W1000G: weight of 1000 grains, and not: notation by the same letter

followed by (a,b,c) are not significantly different at DMRT o 5%.

Table 6. DMRT test on the number of total grains character.

Fertilizer Management
Planting Pattern Variety
fo Not. f1 Not. f2 Not. f3 Not. f4 Not.
pp1 (Jajar Legowo)  Cakrabuana  333.67 ar 363.67 ar 368.67 ar 364.33 ar 342.33 ar
Inpari 13 238.25 b 315.00 ard 344.67 ar 282.67 ard 316.33 ard
M70D 234.00 b4 232.33 ba 360.00 ar 353.67 ar 358.67 ar
pp2 (Square Cakrabuana  275.33 aur 251.33 ar 340.67 abrd 334.00 apar 376.67 ar
Pattern) .
Inpari 13 326.00 ap 335.33 ar 399.67 ar 374.00 ap 412.00 ar
M70D 189.67 b 32733 ar 291.33 br 348.67 ar 282.33 bp

Note: pp: planting pattern, not = notation by the same letter in columns (a,b) and rows (p,q,r) are not significantly different at DMRT o 5%.
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These findings are consistent with reports indicating that
integrated fertilizer management can improve nutrient-
use efficiency and sustain higher rice yields than sole
inorganic fertilization (Urmi et al., 2022).

The higher yields observed under the Jajar Legowo
planting pattern, particularly in Cakrabuana, may be
associated with improved light interception, air circulation,
and resource utilization resulting from the wider spatial
arrangement of plants. Previous studies have reported that
the Jajar Legowo system increases the border-row effect and
enhances photosynthetic efficiency, ultimately contributing
to greater yield (Yuliawan et al., 2023). Furthermore, the
variation in yield components among varieties indicates
differences in genetic potential and resource allocation
strategies, as reflected by the higher grain number produced
by Inpari 13 and the greater vegetative growth exhibited
by M70D. Genotypic differences in nutrient uptake,
assimilate partitioning, and sink capacity have been widely
recognized as important determinants of rice productivity
under varying environmental and management conditions
(Vishwakarma et al., 2023). Collectively, these findings
suggest that maximizing the productivity of early-maturing
rice requires not only adequate nutrient inputs but also
the selection of appropriate variety and planting pattern
combinations that optimize the conversion of vegetative
growth into yield.

4.2. Role of vegetative growth in supporting yield formation
in early maturing rice

The vegetative performance observed in early-maturing
rice varieties may have played an important supporting role
indetermining yield. Unlike medium- to late-maturing rice
cultivars, early-maturing varieties have a shorter vegetative
growth period and must establish sufficient photosynthetic
capacity within a limited timeframe. In the present study,
treatments with higher yields generally exhibited greater
tiller production and larger flag leaf dimensions, indicating
more effective canopy development during the vegetative
stage. Increased tiller numbers provide the basis for the
formation of productive panicles, while larger flag leaves
contribute substantially to photosynthate production
during grain filling. Consequently, although reproductive
traits such as productive panicles, grain number, and grain
weight directly determine final yield, the development of
these yield components is closely supported by vegetative
traits established early in the crop cycle.

This finding suggests that successful management of
early-maturing rice should focus not only on maximizing
reproductive performance but also on promoting rapid
vegetative establishment to compensate for the shortened
growth duration characteristic of these varieties. Similar
observations have been reported by Won et al. (2020),
who found that vigorous early tillering and enhanced leaf
development were essential for maintaining yield potential
in early-maturing rice cultivars. Likewise, Mi et al. (2025)
demonstrated that flag leaf morphology significantly
influenced assimilate production and translocation
during grain filling, thereby indirectly contributing to
yield formation. Furthermore, Anshori et al. (2024a)
reported that the ability of early-maturing rice genotypes

Braz. ]. Biol., 2026, vol. 86, 307582

to rapidly accumulate tillers, especially productive tillers,
during the limited vegetative phase was a key factor
supporting subsequent reproductive development and
grain production.

4.3. Effects of planting pattern, variety, and fertilizer management
on agronomic traits

Analysis of variance was used to assess the treatment
effect on early maturing rice variety traits. Among these
factors, fertilizer management (F) emerged as the most
critical in influencing several agronomic traits, including
plant height (PH), panicle number per clump (PPC), weight
per panicle (WPP), number of total grain (NTG), and yield
(Y), which align with the research of Sulaiman et al.
(2025), who showed that fertilizer, especially nitrogen,
is the primary factor influencing production in rice.
The pronounced sensitivity of these traits to fertilizer
input underscores the reliance of early-maturing rice
varieties on optimal nutrient conditions to support
both their vegetative and reproductive growth phase
(Musa et al., 2025). These varieties, known for their
quick tiller formation and rapid panicle differentiation,
require adequate fertilization to ensure sufficient biomass
accumulation and grain development. The significant
effect of F on yield-related parameters highlights the
importance of nutrient management in achieving maximum
productivity in intensive cropping systems.

The planting pattern (PP) exerted a significant influence
exclusively on the number of total tillers (NTT) and the
panicle per clump (PPC). This observation indicates that the
spatial arrangement predominantly affects early vegetative
growth, particularly the formation of tillers, which was
supported by Yuliawan (et al., 2023), who found that jajar
legowo can increase yield higher than standard tile planting
pattern. The increased tillering capacity observed under
jajar legowo suggests that improvements in plant spatial
arrangement can enhance resource utilization efficiency
during early growth, resulting in a greater number of
productive tillers and panicles at the reproductive stage.

Despite these advantages, the planting pattern did
not significantly affect the yield. Nevertheless, Figure 2.
Nevertheless, Figure 2 shows a consistent trend in which
the Jajar Legowo system produced numerically higher yields
than the 20 x 20 cm square planting pattern across most
fertilizer levels and varieties. The absence of a significant
effect may partly be attributed to the experimental design.
In the nested split-plot arrangement, the planting pattern
was assigned as the whole-plot factor and evaluated
with only three replications, resulting in a relatively
large whole-plot error term compared with the subplot
factors. Consequently, the statistical power to detect yield
differences attributable to the planting pattern was lower,
even when a consistent positive yield trend was present.

In addition, the three tested varieties were selected
as early-maturing cultivars with growth durations of
less than 100 days and were specifically developed to
maintain stable productivity under intensive cropping
systems. Such genotypes often possess compensatory
mechanisms that enable reductions in one yield
component to be offset by improvements in others.
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Therefore, although square planting generally produced
fewer tillers and panicles, plants were still able to
maintain grain production through efficient assimilate
partitioning, productive tiller survival, and grain filling.
Similar compensatory responses have been reported by
Farooq et al. (2022), who found that lower tiller densities
in rice did not necessarily result in reduced yield because
of adjustments in grain filling efficiency and sink strength.
Therefore, the present findings indicate that planting
patterns influenced the yield formation process, but
its effect on final yield was moderated by both the
compensatory capacity of early-maturing rice varieties
and the inherent variability associated with the whole-
plot structure of the experimental design.

4.4. Relationships between agronomic traits and yield

Correlation analysis underscores the interconnected
nature of agronomic traits influencing yield development.
Yield (Y) demonstrated strong positive correlations with
weight per panicle (WPP), total number of grains (NTG), and
weight of 1000 grain (W1000G), highlighting the pivotal
role of reproductive traits in determining productivity.
The robust association between WPP and NTG suggests
that both the size of the sink (number of grains) and the
strength of the sink (grain weight capacity) are significant
contributors to yield performance (Gunasekaran et al.,
2023). The notable correlation between panicle per plant
(PPC), number of tillers per plant (NTT), and plant height
(PH) indicates that vegetative vigor supports panicle
formation (Mohapatra et al., 2025), although its direct
effect on yield is less pronounced compared to reproductive
traits. These findings imply that enhancing yield in early-
maturing rice varieties necessitates improving sink capacity
through optimal nutrient management rather than solely
focusing on promoting vegetative traits.

4.5. Response of early-maturing rice to different fertilizer
management packages

The DMRT results further confirmed that fertilizer
management was the most influential factor in key agronomic
parameters. Fertilizer treatments f2 and f3 consistently
produced key character values at optimal levels, reflecting
that plants require a threshold of nutrient sufficiency before
they can maximize panicle formation and yield accumulation,
which is in line with the findings of Musa et al. (2025). Once
this threshold is reached, increasing the dose no longer
significantly improves performance, and the plant response
tends to level off. Conversely, fO and f1 always showed lower
values, indicating that the limited nutrient supply could not
support the nutritional needs of rice growth (Qi et al., 2023),
especially during the reproductive phase, which is very
demanding in terms of nutrient availability.

The contrasting responses to fertilizer management
treatment among Cakrabuana, Inpari 13, and M70D likely
reflect differences in growth duration and assimilate
allocation patterns. Cakrabuana consistently produced
the highest yield under favorable fertilizer conditions,
suggesting a greater capacity to convert absorbed nutrients
into reproductive biomass and grain production. Similar
varietal differences in nutrient-use efficiency and yield
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formation have been reported by Gweyi-Onyango et al.
(2021). Inpari 13, by contrast, was characterized by a higher
number of total grains (NTG), indicating that its yield
formation strategy relied primarily on increasing sink size
through greater grain production. This finding is consistent
with previous studies showing that grain number is a major
determinant of yield potential in rice (Cheng et al., 2022).

In contrast, M70D, the earliest-maturing variety
evaluated in this study, exhibited relatively vigorous
vegetative growth but produced fewer grains than the
other varieties. M70D was developed as an ultra-early
maturing variety capable of reaching harvest maturity
in approximately 70 days after planting (Sutrisna et al.,
2024). The reduced grain production observed in this
study may therefore be associated with the shorter
duration available for biomass accumulation, panicle
development and grain filling. Similar observations have
been reported in early maturing rice, where accelerated
crop development reduces the time available for
reproductive sink establishment and grain filling (Yun,
2023). Consequently, fertilizer application in M70D
appeared to stimulate vegetative growth more strongly
than reproductive development, whereas Cakrabuana
and Inpari 13 translated improved nutrient availability
into greater grain production and yield.

5. Conclusions

Fertilizer management was the primary factor
influencing the growth and productivity of early-maturing
rice, while planting pattern mainly affected tiller and
panicle formation. Yield was strongly associated with
reproductive traits, particularly panicle weight, total grain
number, and 1000-grain weight, although vegetative
development remained important in supporting yield
formation during the shortened growth cycle of early-
maturing varieties. Among the evaluated technology
packages, Jajar Legowo combined with moderate fertilizer
management consisting of 100 kg ha™' non-subsidized
urea and 300 kg ha™' subsidized NPK fertilizer, with or
without 100 kg ha™ trichocompost (f2-f3), provided
the most favorable performance. Although planting
pattern did not significantly affect yield, Jajar Legowo
consistently produced higher numerical yields across
treatments. Among the tested varieties, Cakrabuana
showed the most favorable response to improved nutrient
management. These findings indicate that integrating
appropriate planting patterns and fertilizer management
can enhance the productivity of early-maturing rice.
Further research on this topic in various agroclimates
is needed to optimize the application of technology
packages to for early maturing rice variety.
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