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Abstract

The productivity of existing rice varieties has
plateaued, while the area of rice fields continues
to decline and the population continues to grow.
Efforts to develop higher-yielding rice varieties
have been made, one of whichis the development
of the multi-canopy rice system. This study
aimed to assess the agronomic performance of
tall and short rice genotypes in a multi-canopy
(MC) system across two planting seasons. This
study evaluated 22 MC combinations and two
monoculture checks (‘Inpari 32’ and ‘Ciherang’)
using a randomized complete block design with
3 replications, across dry and wet seasons at IPB
University’s Babakan station. The results of the
study showed that a significant CxS interaction
was found only for the number of filled grains
(NFG) trait. A better performance is generally
observed in the dry season. The best performing
combination was D15 (IPB200-F-60 and
IPB200-F-12), which produced the highest grain
yield of 7.27 tons/ha, outperforming the check
varieties. Total number of tillers (TNT), number
of productive tillers (NPT), and number of filled
grains (NFG) were positively and significantly
correlated with yield. MGIDI analysis identified
multi-canopy combinations D15, D6, D20, D19,
D1, D12, and D9 as potential based on six
traits. These combinations should be tested
across a wider range of environments to further
elucidate the effect of genotype-by-environment
interaction.
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Introduction

Rice (Oryza sativa L.) is the staple food
for more than 50% of the world’s population
(Muthayya et al., 2014) and is one of the main
food commodities for the Indonesian population.
The lack of rice production in Indonesia remains
an issue that requires attention (Uwiringiyimana
& Antriyandarti, 2025). This is because the area
of land available for rice cultivation, particularly
the lowland rice ecosystem, is rapidly decreasing.
Rice-producing countries face various threats,
such as land shortages and environments that
are unsuitable for rice growth. Consequently,
these countries suffer losses due to declining
incomes. According to the Statistic Indonesia
(2025), Indonesia’s rice production in 2024
reached 53.14 million tons, a decrease of 1.55%
compared to 2023.

Considering Indonesia’s relatively high
populationgrowthrate and theincreasingdemand
for rice, this level of production is worrisome
compared with other countries (Fitrawaty et al.,
2023; Rozaki, 2020). This continues to drive
efforts to increase rice productivity to meet food
needs. The stagnation in production growth
can be overcome by developing innovations
for sustainable rice production, as well as new
superior rice varieties to maintain food security
in Indonesia (Abdelrahman et al., 2022; Omar et
al., 2019; Samsuddin et al., 2023).

The multi-canopy rice system is an
innovative breakthrough that focuses on a
planting pattern for rice, which is a special version
of a varietal mixture involving the simultaneous
cultivation of both tall and short genotypes.
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Consequently, the tall and short rice genotypes
form tiered canopy strata, resulting in two
panicle strata within a single plot. This approach
aims to utilize the vertical space above the field,
thereby increasing the yield per unit area of land
(Hidayah et al., 2022; Widyastuti et al., 2020).

The factors that significantly influence
rice productivity include genotype, environment,
and the interaction between genotype and
environment (GxE). However, rice yield is also
affected by agroecosystems and agroclimates.
GxE interaction occurs when the responses of
genotypes to different levels of environmental
stress are inconsistent and can be identified
using procedures that evaluate genotypes
across multiple environments (Blanche et al.,
2009; Sharifi et al., 2017).

Interaction analysis is an approach used
to measure the level of genotype response to
environmental changes. This is important for
further evaluating whether a variety can be
recommended for a particular region (Gupta
et al., 2022; Saltz et al., 2018; Smith et al.,
2021). GxE interaction analysis is generally
independent among growth traits and often
focuses solely on grain yield per hectare (Brown
et al., 2020; Hilmarsson et al., 2021; Roy et al.,
2022; Yang, 2014).

GxE interactions can produce diverse
responses depending on the capabilities of
the genotypes used and the environmental
conditions of the cultivation site; the presence of
suitable genotypes in a particular environment
is indicated by significant GxE interactions.
Previous studies have focused on grain yields
in different environments. A limited number of
studies have reported that GxE interactions
indicate that changes in environmental conditions
influence each genotype’s response to specific
traits (He et al., 2017; Jayaningsih et al., 2020;
Satoto et al., 2016; Sharifietal., 2017). This study
aimed to evaluate the agronomic performance of
selected tall and short rice genotypes in a multi-
canopy system to identify potential combinations
across two planting seasons.
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Materials and Methods

This study was conducted at the Sawah
Baru IPB Experimental Farm, Babakan Village,
Dramaga District, Bogor. Planting season one
was carried out from April 2024 to July 2024 (dry
season), and planting season two was carried
out from October 2024 to January 2025 (wet
season). The research materials consisted of 11
talland 8 shortrice genotypes, along with 2 check
varieties, ‘Ciherang’ and ‘Inpari 32’, planted in
monoculture. These two check varieties were
used because they are known to be broadly
adaptable across lowland agroecosystems in
Indonesia (Sitaresmi et al., 2025).

Tall plants comprised 11 genotypes, and
8 short genotypes resulted in 22 multi-canopy
combinations. This study was conducted using
a randomized complete block design with 3
replications, plot size of 1.2 x 5 m?, (four rows
with 20 plants per row). The pairs of multi-canopy
rice genotypes used in this study were selected
randomly (Table 1). The single factor, genotype,
consisted of 22 rice lines planted in a multi-
canopy system and 2 check varieties planted
in @ monoculture system. Thus, there were 72
experimental units. From each experimental
unit, 5 plants of each short and tall genotype
were sampled.

The experiment involved soil preparation,
plowing, harrowing, leveling, and labeling.
Before sowing, the seeds were selected by
soaking them, and then the selected seeds were
planted in seedbeds. Transplanting was carried
out when the seedlings were 18-21 days old
after sowing (DAS). Seedlings are planted at a
spacing of 30 cm x 25 cm (Figure 1). The spacing
between tall and short plants in the multi-canopy
system is 10 cm. Each planting hole contains 1
seedling. The first fertilization is carried out using
a dose of 75 kg/ha urea and 150 kg/ha NPK. The
second fertilization is done using a dose of 125
kg/ha of urea and 100 kg/ha of NPK. Seedling
thinning is done at 7-14 days after transplanting
(DAT). Pest and disease control is done based
on symptoms and intensity in the field. During
the generative phase, bird netting is installed in
the planting area. Harvesting is done after 90%
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of the panicles in a plot have turned yellow and
the grains have hardened, followed by threshing
and drying.

Data analysis includes a combined
analysis of variance over seasons (Sharma,
2003). Post-hoc tests used Tukey’'s HSD test
at a significance level of 0.05. Further analysis
included estimation of variance and heritability,
phenotypic correlation analysis between traits,
and simultaneous selection using the Multi-trait
Genotype-ldeotype Distance Index (MGIDI)
(Olivoto & Nardino, 2021). Data analysis were
performed using Microsoft Excel 2019, SAS
On-Demand for Academics (welcome.oda.sas.
com), and R-Studio.

Observations were made on the agronomic
traits, yield components, and production.
Agronomic traits and yield components were
recorded from five sampled plants of each plot,
whereas production was measured from the
whole plot. The total yield was calculated by
adding up the total yield of tall and short plants
in each plot, then weighing and measuring the
moisture content using the following formula:

(10000

ps % GW)x (

1000

Where GY is grain yield (tons/ha), PS is
plot size (m?), GW is grain weight per plot (kg),
GMC is grain moisture content at harvest (%),
and 14 is the final adjustment of 14% grain
moisture content.

The observed traits are: (1) grain yield
(GY), (2) total number of tillers (TNT), (3) number
of productive tillers (NPT), (4) number of filled
grains (NFG), (5) total number of grains (TNG),
and (6) percentage of empty grains (PEG). For
the multi-canopy combination data, GY, TNT, and
NPT are the sums of tall and short genotypes,
whereas for the traits, NFG, TNG, and PEG are
the averages of tall and short genotypes.

100 — GMC)

Gy = 100 — 14

Results and Discussion

Combined Analysis of Variance Across
Seasons

The results of the combined analysis
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of variance for tall and short multi-canopy rice
genotype combinations planted in two growing
seasons are presented in Table 2. Traits that
showed significant differences due to season
were observed in grain yield (GY), total number of
tillers (TNT), number of productive tillers (NPT),
number of filled grains (NFG), and percentage
of empty grains (PEG). For the total number
of grains (TNG) trait, there was no significant
effect with respect to the difference in growing
seasons, indicating that this trait will produce
similar results whether planted in the wet or dry
season.

Genotype combinations had significant
effects on all observed traits (p < 0.05),
suggesting genetic variation in multi-canopy
rice, with different genotype pairings yielding
different yield performance. Combination x
season interactions (CxS) were only significant
for the NFG trait, indicating that the response of
genotype combinations to the season for that
trait is inconsistent. Significant CxS effects show
that a superior genotype in one season may not
necessarily perform well in the other season,
or that genotype rankings for certain traits may
differ across environments (Jayaningsih et al.,
2020). The coefficient of variation (CV%) for
multi-canopy genotype combinations ranged
from 13.82% to 25.14%.

Replication within the season had a highly
significant effect on the number of productive
tillers (NPT), the total number of tillers (TNT),
and grain yield (GY). This indicates variation
among blocks within a season, which could be
due to differences in drainage, soil fertility, or
other factors. In contrast, the block effect is not
significant for the total number of grains (TNG),
number of filled grains (NFG), and percentage of
empty grains (PEG).

Effects of Season on Agronomic Traits and
Yield

The average performance of multi-canopy
rice genotypes across planting seasons is
shown in Table 3. Almost all traits, except for the
total number of grains (TNG), exhibit significant
differences (p < 0.05) between seasons. The
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averagetraitvaluesinthedry seasonaregenerally
higher than in the wet season. Productivity
during the rainy season (4.04 tons/ha) was
lower than during the dry season (7.04 tons/ha)
(Table 3). Higher grain yield observed in the dry
season was mainly associated with increased
solar radiation and more favorable conditions for
photosynthesis, thereby enhancing assimilate
production and grain-filling efficiency (Yoshida,

Table 1
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1981). This contrasts with the statements of
Sution et al. (2019), who state that the dry
season tends to increase environmental stress,
which can affect grain filling and reduce vyield.
In contrast, excessive rainfall during the rainy
season likely reduced tiller formation and grain
filing by lowering radiation. The total number
of grains (TNG) traits showed no significant
differences between environments, as indicated

The Multi-Canopy Rice Genotype Pairs Used in the Experiment

Genotype pairs

Genotype pairs

Combination Combination
Short Tall Short Tall
D1 IPB201-F-2 PB187-F-40 D12 IPB203-F-3 IPB202-F-3
D2 IPB203-F-2 IPB187-F-40 D13 IPB200-F-43 IPB200-F-19
D3 IPB200-F-60 IPB200-F-46 D14 IPB201-F-2 IPB200-F-19
D4 IPB201-F-1 IPB200-F-46 D15 IPB201-F-2 IPB200-F-12
D5 IPB200-F-60 IPB200-F-48 D16 IPB201-F-1 IPB200-F-12
D6 IPB202-F-1 IPB200-F-48 D17 IPB203-F-1 IPB197-E-1
D7 IPB201-F-1 IPB200-F-51 D18 IPB203-F-2 IPB197-E-1
D8 IPB200-F-43 IPB200-F-51 D19 IPB203-F-1 IPB200-F-13
D9 IPB203-F-1 IPB200-F-52 D20 IPB203-F-3 IPB200-F-13
D10 IPB202-F-1 IPB200-F-52 D21 IPB202-F-1 IPB200-F-20
D11 IPB201-F-2 IPB202-F-3 D22 IPB200-F-43 IPB200-F-20

Note. D1-D22 = multi-canopy combination pairs, short and tall genotypes.

Table 2

Mean Squares From the Combined Analysis of Variance of Multi-Canopy Rice in Two Planting
Seasons

Traits
Source df Grain  Total number Number_ of Total number Number of Percentage of
yield of tillers pr?ﬁlll;(r::ve of grains  filled grains empty grains
Seasons (S) 1 319.40°  291.69 281.96 1307.45"  87583.44" 0.03
Replications/S 4 12.097 20.97 15.93" 545,95" 330.04ns 0.00ms
Combination (C) 23 3.00° 14.58™ 13.10” 2973.88" 1012.46™ 0.01”
CxS 23 1.95n 6.00" 5.85" 54717 700.50° 0.00"s
Error 92 1.62 6.20 6.23 541.01 353.26 0.00
CV% 22.88 15.28 15.75 13.82 21.63 25.14

Notes. df = degrees of freedom, CV = coefficient of variation, * = significant at the 0.05 level, ** = significant at the 0.01
level, ns = not significant.
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by the use of the same letter notation. Based on
these results, it can be assumed that the total
number of grains exhibited similar performance
between the wet and dry seasons.

Estimation of Genetic Variance and
Heritability in Multi-canopy Rice
Heritability is used to estimate the

proportion of genetic variation in a trait’s total
phenotypic variation (Shrestha et al., 2021).
The magnitude of the heritability value is a
key determinant of the success of a selection
program and an indicator of the potential for
genetic gain in a specific trait (Zobel & Talbert,
1984). Heritability values are also needed to
determine whether a trait is influenced by genetic
factors or by environmental factors. Estimated
heritability values are categorized as low (H <
0.20), medium (0.20 < H < 0.50), and high (H >
0.50) (Stansfield, 1991).

Table 3
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Based on the analysis of the multi-canopy
rice traits observed in Table 4, the evaluated
traits showed medium to high heritability, with
values ranging from 0.49 to 0.83. This indicates
that genetic factors play a dominant role in
controlling the phenotypic variation of these
traits. These heritability estimates are consistent
with the findings of Sholehah et al. (2024), who
reported that the number of productive tillers,
totalftillers, filled grains, and total grains have high
heritability values in multi-canopy environments.
These results are also consistent with other
studies on multi-canopy rice by Riswanto et
al. (2025), in which the traits of yield, total tiller
number, productive tiller number, total grain
number, filled grain number, and percentage of
empty grains also exhibit high heritability values.
All multi-canopy rice traits observed in Table 4
show high heritability and can be utilized in plant
breeding programs, especially in multi-canopy
rice, to improve desired traits, particularly the

Average Performance of Multi-Canopy Rice Genotype Combinations in Each Planting Season

Traits
Environ-
Grain yield  Total number N“mbe'f of Total number ~ Number of Percentage
ments roductive of empt
(tons/ha) of tillers P tillers of grains filled grains grainF;y
Dry season 7.042 17.73° 17.73° 171.212 111.542 0.37°
Rainy season 4.04° 14.88° 14.88P 165.18¢2 62.21° 0.34b

Note. Values followed by the same letter in the same column are not significantly different based on the F test.

Table 4

Estimation of Variance Components and Broad-Sense Heritability in Multi-Canopy Rice

Traits o2 o’ o? o h?
Grain yield 1.70 1.40 3.49 1.63 0.49
Total number of tillers 10.58 3.94 16.69 6.21 0.63
Number of productive tillers 9.20 3.78 15.25 6.23 0.60
Total number of grains 2609.10 366.84 3153.19 541.01 0.83
Number of filled grains 545.46 582.75 1072.34 353.26 0.51
Percentage of empty grains 0.02 0.00 0.02 0.01 0.69

Notes. 029= genetic variance, ozge= genotype x environment variance, 02p= phenotypic variance, 0%,= environmental
variance, h? = broad-sense heritability on entry-mean basis. Values followed by the same letter in the same column are not

significantly different based on the HSD test at the 0.05 level.
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traits of total number of tillers (TNT), number of
productive tillers (NPT), total number of grains
(TNG), and number of filled grains (NFG).

Performance of Multi-canopy Rice Genotype
Combinations in Two Seasons

The mean values of 22 multi-canopy rice
genotype combinations and two monoculture
check varieties across two planting seasons are
shown in Table 5, revealing significant differences

Table 5
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and variability among the multi-canopy rice
genotype combinations. Combination D15
shows the highest genotype combination for the
grain yield (GY) (7.27 tons/ha), while the lowest
value is found in combination D4 (4.34 tons/ha).

The trait of total tiller number (TNT) is
highest in combinations D3 (19.26) and D15
(19.16), and the lowest in D2 (13.80) and D17
(13.80). The productive tiller number trait also
records the highest values in D3 (18.86) and
D15 (18.63), with the lowest in D2 (13.13), D17

Average Performance of Multi-Canopy Rice Genotype Combinations Across Two Planting Seasons

Traits
Cgﬁgﬁggin Grain yield Total qumber ,;;lrl:)rgssgvog Total number Number_of Percentagg of
(tons/ha) of tillers tillers of grains filled grains empty grains
D1 5.56% 16.16%° 15.93% 199.69% 106.45% 0.4220
D2 5.15% 13.80° 13.13° 223.532 120.382 0.40%°
D3 6.0220 19.262 18.862 132.29¢ 70.04° 0.3220
D4 4.34° 16.80%° 16.06% 155.71 bede 77.72° 0.342b
D5 4.88%® 16.50%° 15.96% 145.16¢°%° 69.80° 0.36%°
D6 5.70% 18.47%° 17.16% 168.49 bede 90.742b 0.392®
D7 5.582 15.132 14.70% 184.4630c 98.022 0.45°
D8 6.00% 15.26% 15.76% 172.71bcde 94.902° 0.39%
D9 5.12%0 17.10%° 16.80%° 196.25% 97.172 0.37¢2°
D10 6.95% 16.90%° 16.03% 137.88¢% 68.53° 0.382°
D11 4.73%® 14.50% 14.40% 176.42 abcce 87.42@ 0.31%®
D12 5.25% 17.30%° 16.80%° 168.51 bede 85.95% 0.412b
D13 5.53% 16.93% 16.812° 159.95 bede 83.432 0.36%°
D14 6.28%° 15.20% 14.40%° 178.18abcde 91.232 0.29%
D15 7.273 19.16%° 18.632 152.16 bede 67.82° 0.3220
D16 5.75% 15.00%° 14.73% 150.15 bede 77.12° 0.292®
D17 5.29% 13.80° 13.46%° 193.263b° 98.472b 0.38%
D18 5.48% 14.63%° 13.96% 186.5620c 93.872 0.36%°
D19 5.9920 17.032® 16.50% 177 .28 abede 96.182 0.392®
D20 5.73% 17.132 16.20% 171.69 bede 85.842b 0.46°
D21 5.55% 16.90%° 16.36% 160.35 bede 83.28% 0.272°
D22 5.692 17.76%° 17.36% 161.98 bede 89.842b 0.282°
INP 32 4.61%® 14.33% 14.33% 145.62%%° 78.91° 0.23°
CHG 4.38° 16.26%° 15.70% 138.35¢% 71.90° 0.30%°
Note. Values followed by the same letter in the same column are not significantly different based on the HSD test at the
0.05 level.
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(13.46), and D18 (13.96). Combinations D3 and
D15 show high values for both the total number
of tillers (TNT) and the number of productive
tillers (NPT), indicating that a high number of
tillers correlates with a high number of productive
tillers in these genotypes, suggesting they may
be high-yielding.

Combination D2 has the highest value for
total grain number (TNG) (223.53) and number
of filled grains (NFG) (120.38). The lowest values
are found in D3 (132.29) and D15 (67.82). The
percentage of empty grains (PEG) is highest in
combination D20 (0.46) and lowest in the check
variety ‘Inpari 32’ (0.23).

Yield of Tall and Short Genotypes in Two
Seasons

Figure 2 presents the average productivity
data for short genotypes, tall genotypes, and

Figure 1
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multi-canopy combinations. The short genotypes

(IPB203-F-1, IPB201-F-2, IPB203-F-2,
IPB203-F-3, IPB202-F-1, IPB201-F-1,
IPB200-F-60, and  IPB200-F-43) show

productivity variations ranging from 1.96 tons/ha
to 3.76 tons/ha in two planting seasons.

The tall genotypes (IPB187-F-40,
IPB200-F-46, IPB200-F-48, IPB200-F-51,
IPB200-F-52, IPB202-F-3, IPB200-F-19,
IPB200-F-12, IPB197-E-1, IPB200-F-13, and

IPB200-F-20) have a higher productivity range
than the short genotypes, ranging from 2.38
to 4.47 tons/ha. This is assumed to be due to
taller plants’ greater ability to capture sunlight
compared to shorter genotypes. Optimal canopy
structure can increase light interception, thus
increasing photosynthetic capacity (Cao et al.,
2021). The best performing short genotype is
IPB202-F-1 in combination D10 (3.76 tons/
ha), while the best performing tall genotype

lllustration of Multi-Canopy Rice Planting (A) and Monoculture (B)

Figure 2

Grain Yield of Short Genotype (SG) and Tall Genotype (TG) of Multi-Canopy Rice as Compared with
Two Check Varieties (‘Inpari 32’ and ‘Ciherang’) in Monoculture
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is IPB200-F-12 in combination D15, with an
average productivity of 4.47 tons/ha.

The best multi-canopy combination is D15,
with an average yield of 7.27 tons/ha, the highest
among the combinations. When compared to the
productivity of the monoculture control varieties
(‘Inpari 32’ at 4.61 tons/ha and ‘Ciherang’ at
4.38 tons/ha), the multi-canopy combinations
generally outperform the controls. The multi-
canopy system has significant potential to
increase yields, but this depends on the genotype
combinations used. Multi-canopy cultivation also
enables short plants to absorb adequate light
beneath the tall genotypes, while tall plants
continue to perform optimally above, meaning
tall genotypes achieve high productivity without
inhibiting the short ones, and short genotypes
can still photosynthesize efficiently in the shade
below (Widyastuti et al., 2020).

Correlation Among Traits in Multi-canopy
Rice

Correlation analysis aims to understand
the relationships among the observed traits.

The results of the correlation analysis also serve

Figure 3
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as a reference for determining selection traits.
Correlations among traits can help explain how
improving one ftrait can lead to simultaneous
changes in others (Shrestha et al., 2021). The
results of the phenotypic correlation analysis
presented in Figure 3 demonstrate highly
significant correlations between total filler
number (TNT), productive tiller number (NPT),
and filled grain number (NFG) and grain yield
(GY), ranging from 0.47 to 0.56. Traits with high
and significant correlation coefficients with grain
yield (GY) should be considered in trait selection.

Selection will be more effective when the
correct selection traits are used and when there
is a significant relationship among those traits
(Aryana, 2009). Traits that are significantly or
highly correlated with grain yield (GY) can be
considered when selecting traits, as itis expected
that selected genotypes will have high yields and
good performance and yield components.

Multi-trait Selection of
Combinations

Multi-canopy

Phenotypic Correlation Among Traits in Multi-Canopy Rice

TNT NPT
GY 0’:17 O;ig
PEG 0.02 0.03
0.35 0.36

NFG

Kk *kk

0.06  0.06
TN G ns ns

The Multi-trait Genotype-ldeotype
Distance Index (MGIDI) is a method for
TNG NFG PEG
0.13 0.56 -0.03
0.23 0.01
0.58

Pearson's
Correlation
. |

-1.0-05 0.0 05 1.0

ns p >=0.05; * p < 0.05; ** p < 0.01; and *** p < 0.001

Notes. GY = grain yield, PEG = percentage of empty grains, NFG = number of filled grains, TNG = total number

of grains, NPT = number of productive tillers.
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selecting the best genotypes across multiple
traits by comparing them to an ideal ideotype
or desired ideal genotype. Specifically, MGIDI
ranks genotypes based on their Euclidean
distance from an ideal ideotype, which is defined
by combining desirable values across multiple
traits (Olivoto & Nardino, 2021). Each genotype
is evaluated simultaneously for all traits, and
genotypes with shorter distances to the ideotype
are considered more desirable. This approach
allows for the selection of genotypes with
balanced and superior multi-trait performance
rather than optimization of a single trait (Debnath

Figure 4
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et al., 2024). The MGIDI selection results are
presented in Figure 4.

The results of the MGIDI analysis present
genotype rankings based on trait values
described in the ideotype. This selection is
expected to yield plant ideotypes with a high total
number of tillers, a large number of productive
tillers, a high number of filled grains, a high total
number of grains, high productivity, and a low
percentage of empty grains. Through selection
with MGIDI, seven genotypes have been
identified with traits closest to the ideotype: D15,
D6, D20, D19, D1, D12, and D9. The genotypes

Muilti-trait Selection of Genotype Combinations and Check Varieties Using MGIDI
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selected in two seasons indicate that they have
good vyield and agronomic performance under
both wet and dry conditions. The selected multi-
canopy combinations have productivity ranging
from 5.12 to 7.27 tons/ha. The productivity of
these selected genotype combinations is higher
than that of the check varieties, which have
an average productivity of 4.38 to 4.61 tons/
ha. The yield potential of these multi-canopy
combinations is considered promising for further
development, as they can compete with or
perform as well as the widely cultivated check
varieties in Indonesia.

The MGIDI method allows the interpretation
of the strengths and weaknesses of the selected
genotypes. The closer a factor line is to the outer
edge, the less proportion it explains and the
closer it is to the desired ideotype (Nardino et al.,
2022). The factor contribution plot (Figure 4) is
used to evaluate the strengths and weaknesses
of each genotype as well as the proportion of
each factor in the MGIDI value for each multi-
canopy genotype combination. Genotypes with
the lowest contribution are considered the best
because they most closely resemble the desired
ideotype. Factor analysis showed that factor 1
(FA1) consists of the traits total number of tillers
(TNT), number of productive tillers (NPT), and
grain yield (GY). Factor 2 (FA2) consists of the
traits number of filled grains (NFG), total number
of grains (TNG), and percentage of empty
grains (PEG). Factor 1 (FA1) shows strengths
in the D15 combination. This indicates that the
variety performs well in the traits TNT, NPT,
and GY. Factor 2 (FA2) shows strengths in the
D1 combination, indicating that this genotype
performs well on the traits NFG, TNG, and PEG.

This study provides evidence that
combining genotypes with contrasting canopy
architectures can improve yield performance.
Although this study was conducted on rice, the
multi-canopy system may be applicable to other
crops. These factors still need to be considered,
such as light interception, canopy stratification,
and competitive interactions among genotypes.
However, further studies are required to
validate these responses in different crops and
environments.
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Conclusions

The D15 combination (IPB200-F-60 &
IPB200-F-12) emerged as the highest-yielding
genotype, with the highest productivity reaching
7.27 tons/ha. Estimates of heritability were
categorized as high for all traits. Correlation
analysis identified the total number of tillers
(TNT), the number of productive tillers (NPT),
and the number of filled grains (NFG) as traits
influencing productivity. Multi-trait selection using
MGIDI placed the multi-canopy combinations
D15, D6, D20, D19, D1, D12, and D9 as the
closest to the desired ideotype, with strengths in
productivity traits and yield components.
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