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ABSTRACT

Multi-canopy rice cultivation is a cropping approach that combines tall and short rice genotypes within the same
planting system to optimize vertical canopy space and improve land-use efficiency. This study aimed to evaluate the
growth, physiological responses, yield components, and land equivalent ratio (LER) of tall and short rice genotypes
under monoculture and multi-canopy cultivation systems. This experiment was conducted between December 2024
and May 2025 at the Sawah Baru Experimental Farm, IPB, using a randomised complete block design comprising a
single factor: the combination of plant varieties and multi-canopy systems. The treatment combinations comprised
short-statured varieties (IPB202-F-1, IPB201-F-1) and tall-statured varieties (IPB197-E-1, IPB200-F-51) and the
multi-canopy intercropping systems (Intercropping 1 and Intercropping 2) as well as monoculture. The results of the
study indicate that the cropping system and genotype combinations have a significant effect on the number of
productive tillers and the number of grains per panicle, but do not have a significant effect on most physiological
traits, panicle length, and 1000-grain weight. The highest number of productive tillers was obtained in the IPB201
monoculture, whilst the highest number of grains per panicle was obtained in the IPB202—-IPB200 combination in the
two-row interplanting system. All multi-canopy combinations produced an NKL value greater than one, indicating
higher land-use efficiency compared to the monoculture system. The IPB201-1PB200 combination in the double-row
system yielded the highest NKL value of 1.59. The results of this study indicate that the appropriate combination of
tall and short rice genotypes, particularly in the double-row system, can improve land-use efficiency and has the
potential to support the sustainable intensification of rice cultivation on limited land.
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INTRODUCTION

Rice is the main source of carbohydrates for the
Indonesian people and a source of livelihood for millions
of farmers in Asia (Henny et al. 2021). The rice harvest
area from January to April 2024 is estimated at 3.52
million hectares, representing a decrease of 0.69 million
hectares (16.48%) compared to the previous period.
Rice production also decreased by 18.59 million tonnes
of grain equivalent in January to April 2024, compared to
last year's rice production, which decreased by 3.95
million tonnes of grain equivalent (17.54%) (BPS 2024).
The ability to produce food is not proportional to the
increase in population (Juliyanti and Usman, 2018). With
the increase in harvested land area, agricultural
production also tends to increase, with land availability
and quality greatly determining agricultural productivity
(Suryadi and Rusastra 2021).

Land area has a significant influence on rice
production levels (Henny et al. 2021). Although
population pressure has led to increasingly limited
agricultural land, rice production can still be increased
through the development of modern cultivation
techniques, the use of high-yield rice varieties, and the

optimisation of production inputs (Xin et al. 2022). Given
the rapid population growth and declining quality of
agricultural land, intensive efforts to increase rice
production are essential to meet food needs (Nakano et
al. 2023). There is an innovation in rice cultivation to
increase production, namely the multi-canopy cropping
system. This method is an alternative to the monoculture
system. The multi-canopy system involves planting two
rice genotypes with different plant heights and close
planting distances. The difference between tall and short
rice genotypes will form tiered panicles so that vertical
harvesting space can be utilised, thereby increasing
grain yield per unit area (Widyastuti et al. 2020; Hidayah
et al. 2022). The multi-canopy cultivation system can
influence plant characteristics and produce better rice
compared to monovarietal cultivation (Lazzaro et al.
2018). According to Reiss and Drinkwater (2017), the
increase in rice production in the multi-canopy cultivation
system reached 2.2% of the harvest yield compared to
the monovarietal cultivation system. According to
Widyastuti et al. (2020), the multi-canopy planting
system affects several components of rice yield and
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growth characteristics, as well as increasing rice
production by 0.54 t ha™* compared to monoculture. The
use of a multi-canopy planting system for rice also has a
significant effect on the total number of tillers and
productive tillers, as well as the total number of filled
grains (Sholehah et al. 2024).

Placing short and tall characters in one place does
provide many benefits, but it also has a negative impact,
namely competition for nutrients caused by the same
root space. In addition, the multi-canopy -cultivation
system also affects plants in obtaining sunlight
(Widyastuti et al. 2020). Optimal light availability will
increase  plant  productivity through increased
photosynthesis rates. (Yang et al. 2019). Optimisation of
planting space use is greatly influenced by rice variety
diversity, which includes differences in root morphology,
plant height, vegetative structure, and canopy size (Joshi
et al. 2020). Rice variety differences are a determining
factor in optimising cultivation land, particularly in relation
to root morphology characteristics and soil pH
preferences (Cossani and Sadras 2021).

The use of cultivar mixtures plays a positive role in
increasing rice yields. Rice cultivation using a cultivar
mixture system also increases the competitiveness of
rice and reduces weed biomass production (Jareen et al.
2019). However, adding tall plants among short plants
will cause the population to increase, thereby limiting the
growing space for plants, especially due to intense
competition for sunlight absorption between tall and short
plants as a result of differences in canopy structure
(Hidayah et al. 2022). The effect of the multi-canopy
cultivation system on plants is very interesting to study,
because changes in the characteristics of each variety
will also affect rice production. To study this cultivation
system, research is needed on the right combination of
varieties so that rice production can be increased as
expected. This study aims to analyse the growth and
productivity responses of tall and short rice genotypes in
a multi-canopy cultivation system.

MATERIALS AND METHODS

The research was conducted from December 2024 to
May 2025 at the Sawah Baru Experimental Farm,
Babakan Dramaga, Bogor Regency, West Java.
Observations of the yield components were carried out
at the Plantation Laboratory, Department of Agronomy
and Horticulture, Faculty of Agriculture, Bogor
Agricultural University. The equipment used included Li-
Cor 6800ct, SPAD, oven and digital scales, while the
materials used were rice seeds, chicken manure, urea
fertiliser, SP-26 and KCL. This study employed a
Randomized Complete Block Design (RCBD). The
treatment consisted of a single factor, namely the
combination of plant variety and multi-canopy system.
The treatment combinations comprised ‘short’ plant
varieties (IPB202-F-1, IPB201-F-1) and ‘tall’ plant
varieties (IPB197-E-1, IPB200-F-51). The cultivation
systems consisted of monoculture, single-insertion multi-
canopy, and double-insertion multi-canopy systems.

Soil preparation was carried out prior to planting by
ploughing and harrowing using tools available at the
research site. Rice was planted using a 4:1 spacing (30
cm x 15 cm x 60 cm). In the single-intercropped multi-
canopy system, tall plants were intercropped between
the second and third rows of the main crop. Meanwhile,
in the two-intercropped multi-canopy system, tall plants

are inserted between the first and second rows and
between the third and fourth rows of the main crop. The
monoculture system uses a single crop as a control.
Crop maintenance includes weeding, irrigation, and pest
and disease control. Fertiliser is applied at a dose of 200
kg of urea ha™, 100 kg of SP-26 ha™1, and 100 kg of KCI
ha™. Urea fertiliser was applied three times, namely at
planting, 21 days after planting, and 42 days after
planting; SP-26 was applied once at planting; while KCI
was applied twice, namely at planting and 21 days after
planting. Harvesting was carried out when more than
90% of the panicles had turned yellow, then the harvest
was collected according to the experimental plots and
threshed for further observation.

Observations of rice plant growth include: the number
of tillers, the age at flowering calculated from the time of
planting, and the measurement of photosynthesis rates
using Li -Cor by selecting the flag leaf, bending it and
placing it in the measuring device, observed during the
heading phase; measurement of leaf greenness using a
SPAD device by measuring the top, middle and bottom
thirds of the leaf during the heading phase; and the
length and width of the flag leaf (cm). Yield observations
include: number of productive tillers, panicle length (cm),
number of grains per panicle, weight of 1000 grains (g),

and the Land Equivalence Ratio calculated using the
Yb

formula LER = % +t o Ya = yield of genotype A in the
multi-canopy system Ma = yield of genotype A in the
monoculture system Yb = yield of genotype B in the
multi-canopy system Mb = yield of genotype B in the
monoculture system, rice yield calculated using the
formula, and dry grain yield. Observation data for each
variable were tabulated using Microsoft Excel 2019 and
then analysed using an F-test at a significance level of a
5%. If any variable showed a significant effect, an LSD
test was conducted at a significance level of a 5%. The
software used for data analysis was SAS ODA online.

RESULT AND DISCUSSION

The number of tillers is a component of vegetative
growth that determines the potential number of panicles
and rice productivity. In Table 1, the number of tillers at
2—-4 WAP did not show any significant differences, but at
5-6 WAP, there were significant differences because the
plants entered the peak tiller formation phase (active
tillering stage). In the early phase (2—-4 WAP), plants still
focus on primary root and leaf formation and adaptation
to the environment. This is in line with Yuan et al. (2024),
who stated that tillering is most active in the 4th to 6th
week after planting. The IPB 201 cultivar showed a
higher number of tillers compared to IPB 202, IPB 197,
and IPB 200, with the highest number in the monoculture
treatment, namely 19 tillers. Shade conditions in mixed
systems can inhibit tillering through changes in growth
hormone balance, such as increased strigolactone and
decreased cytokinin, as well as increased competition
between plants, which reduces tillering dynamics due to
reduced nitrogen availability for meristem growth (Yuan
et al., 2024; Wang et al., 2024).

In Table 2, the leaf greenness values showed no
significant  differences between treatments. This
indicates that the multi-canopy system has not yet
caused significant changes to the chlorophyll status of
the leaves. SPAD values are closely related to leaf
chlorophyll and nitrogen content, but are also influenced
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Table 1. Number of tillers in rice plants with different cultivation systems and rice genotypes

Number of tillers

Treatment 2 WAP 3WAP 4 WAP 5 WAP 6 WAP
Cultivation System
Monoculture
IPB 202 411 8.87 10.94 16.23 ab 17.33 ab
IPB 201 4.66 9.87 12.44 19.89 a 19.00 a
IPB 197 5.05 7.89 10.28 12.22 bcdef 12.94 bcde
IPB 200 4.50 7.72 10.33 13.22 bcde 14.33 abcde
Single insertion
(IPB 202) IPB 197# 3.88 9.66 11.00 13.00 bcdef 14.22 bcde
IPB 202 (IPB 197) 4.78 9.33 9.00 8.88 f 12.89 bcde
(IPB 202) IPB 200* 4.55 9.11 10.33 12.89 bcdef 12.55 cde
IPB 202 (IPB 200) 4.89 8.77 9.55 12.11 bcdef 10.44 e
(IPB 201)IPB 197# 4,78 9.00 9.44 13.33 bcde 15.22 abcd
IPB 201(IPB 197) 5.33 7.99 9.00 11.44 cdef 14.33 abcde
(IPB 201) IPB 200# 4.33 8.66 8.66 12.33 bcdef 14.22 bcde
IPB 201(IPB 200) 4.66 8.89 9.55 11.55 cdef 12.44 cde
Double insertion
(IPB 202) IPB 197# 4.89 12.44 13.11 15.22 bc 17.00 abc
IPB 202 (IPB 197) 5.55 10.66 10.86 13.00 bedef 13.11 bede
(IPB 202)IPB 2007 3.55 7.33 7.89 9.44 ef 11.66 ed
IPB 202 (IPB 200) 5.44 9.78 8.66 10.66 def 11.33 dc
(IPB 201)IPB 197# 3.67 7.22 8.44 11.67 cdef 13.22 bcde
IPB 201(IPB 197) 4.11 6.99 8.66 10.44 def 12.44 cde
(IPB 201)IPB 200# 4.89 8.00 9.77 14.11 bcd 11.47 de
IPB 201(IPB 200) 5.22 7.89 8.22 11.44 cdef 9.78 e
Pr>F 0.5677ns 0.3201ns 0.1348ns 0.0042* 0.0377*
KK (%) 22.02 23.50 19.74 20.31 21.21

Description: Multicanopy 1 consists of tall rice plants (IPB 197/IPB200) planted between short rice plants (IPB202/IPB201);
Multicanopy 2 is two rows of tall rice (IPB 197/IPB200) planted between short rice (IPB202/IPB201); Data is considered short
when planted with tall varieties (in parentheses) #) Data is considered tall when planted with short varieties (in parentheses).
Numbers followed by different letters in the same column indicate significant differences based on LSD tests at the 5% level; WAP

= Week After Plant.

by leaf thickness, leaf age, and the position of
measurement. Thus, the relatively uniform SPAD values
indicate that the plants are still able to maintain their
physiological status despite differences in planting
patterns and canopy structure. These findings are
consistent with those of Kim et al. (2024), who state that
SPAD can be used as an indirect indicator of leaf
nitrogen and chlorophyll status.

Flowering time showed significant differences
between treatments, but the range of variation was
relatively narrow. These differences are thought to be
influenced more by genetic factors than by the multi-
canopy cropping system. In rice, flowering time is
controlled by the interaction between flowering-
regulating genes and the environment, particularly
photoperiod and temperature. However, as the
differences in flowering time were relatively small, their
effect on grain yield is not expected to be significant.
Yield differences are more strongly influenced by the
number of productive tillers, the number of grains per
panicle, and grain-filling efficiency. This is supported by
Song et al. (2024) and Wang et al. (2024), who explain

that the flowering age of rice is strongly influenced by
genetic regulation and environmental adaptation.

The length of the flag leaf does not show any
significant differences, as the length of rice leaves is
more strongly controlled by genetic factors than
environmental influences. Leaf length is determined in
the early stages of leaf primordium, before the leaf enters
the full expansion stage. Because its control is more
genetic and less plastic, treatment changes such as
multi-canopy, tall-short variety differences, or light
variations are not strong enough to modify leaf length
(Singh et al. 2024).

The photosynthetic rate did not show any significant
differences. This is due to the ability of rice to maintain
photosynthetic stability through physiological acclimation
mechanisms. Rice leaves undergo photosynthetic
acclimation by adjusting nitrogen use efficiency,
mesophyll conductance, and electron transport so that
CO, assimilation values remain within a similar range
even when light or environmental conditions differ (Yao
et al. 2025).
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Table 2. Physiological characteristics of rice plants with cultivation system treatments and rice genotypes

Harvest
Treatment Leaf Flower Age Flag Length Flag Width Rate of
Greenness (DAT) (cm) (cm) Photosynthesis
Cultivation System
Monoculture
IPB 202 38.14 62.00 abc 27.35 1.62 fg 11.58
IPB 201 34.80 61.44 cde 33.75 1.87 bcdef 13.34
IPB 197 34.79 62.00 abc 32.00 1.98 abcd 8.46
IPB 200 39.60 61.44 de 33.46 215a 9.81
Single insertion
(IPB 202) IPB 197* 35.91 62.00 abc 29.76 1.67 efg 11.33
IPB 202 (IPB 197) 33.95 6l.11e 30.83 1.97 abcd 10.56
(IPB 202) IPB 200* 33.52 62.11 ab 28.33 1.72 defg 8.36
IPB 202 (IPB 200) 32.94 62.44 a 30.73 1.78 defg 7.54
(IPB 201)IPB 197* 33.43 62.00 abc 28.52 1.53¢g 10.41
IPB 201(IPB 197) 33.07 62.00 abc 32.05 2.12 ab 12.44
(IPB 201) IPB 200* 35.88 62.33 a 30.12 1.77 defg 12.68
IPB 201(IPB 200) 33.98 62.00 abc 32.17 1.95 abcd 8.82
Double insertion
(IPB 202) IPB 197# 34.36 62.11 ab 28.66 1.76 defg 8.03
IPB 202 (IPB 197) 35.42 62.22 ab 36.74 2.09 abc 9.68
(IPB 202)IPB 200* 34.85 62.00 abc 30.16 1.83 cdef 10.44
IPB 202 (IPB 200) 32.40 62.00 abc 26.22 1.74 defg 8.69
(IPB 201)IPB 197# 33.12 62.00 abc 31.34 1.81 def 9.97
IPB 201(IPB 197) 35.88 62.00 abc 28.89 1.80 def 9.66
(IPB 201)IPB 200* 33.42 61.55 cde 33.50 1.75 defg 7.47
IPB 201(IPB 200) 28.21 61.78 bcd 31.03 1.89 bcde 7.61
Pr>F 0.9073™ 0.0043* 0.3588" 0.0012* 0.4831"
KK (%) 15.53 0.52 13.15 8.62 31.08

Description: Multicanopy 1 consists of tall rice plants (IPB 197/IPB200) planted between short rice plants (IPB202/IPB201);
Multicanopy 2 is two rows of tall rice (IPB 197/IPB200) planted between short rice (IPB202/IPB201); Data is considered short
when planted with tall varieties (in parentheses) #) Data is considered tall when planted with short varieties (in parentheses).
Numbers followed by different letters in the same column indicate significant differences based on LSD tests at the 5% level ; DAT

= Days After Transplanting.

The number of productive tillers showed a significant
difference, with IPB 202 in a monoculture system having
the highest value of 10.50 grains compared to other
varieties. Each productive tiller develops into one
panicle, so an increase in the number of tillers will
increase the potential number of grains formed and
ultimately contribute to grain yield. Productive tiller
number has a positive and significant correlation with
grain yield and other yield components such as panicle
length and number of filled grains (Kalaitzidis et al.
2025). In addition, analysis of the relationship between
agronomic traits shows that the number of productive
tillers is often a key determinant trait in yield variation
between genotypes (Carsono et al. 2025).

The panicle length in Table 3 does not show any
significant differences. This is because panicle length is
a reproductive architectural trait that is strongly
controlled by genetic regulation rather than cultivation
management factors. Panicle length components such
as panicle rachis length and primary branch length are
regulated by specific developmental genes, so their
expression is relatively stable unless there is direct
genetic modification (Agata. 2025).

The number of grains per panicle showed a
significant difference, ranging from 75 to 171. Treatment

2 with the IPB 202 and IPB 200 lines produced the
highest number of grains per panicle, namely 171.17.
This difference was influenced by the interaction
between genetic and environmental factors. Genetically,
the number of grains per panicle is a quantitative trait
with moderate to high heritability, so that variation
between lines can occur, mainly due to variation in the
gene that regulates the number of grains per panicle,
which determines the number of spikelets and grains on
the panicle (Ma et al., 2025). In addition, environmental
factors such as nitrogen availability and photosynthetic
efficiency also affect the number of spikelets per panicle,
as varieties with different panicle types show different
responses to nitrogen fertilisation, while nitrogen
restriction can reduce the number of spikelets that
develop into grains (Zhou et al., 2025; Kim et al., 2025).

The weight of 1000 grains in Table 3 does not show
any significant differences. This is because,
physiologically, the weight of 1000 grains is greatly
influenced by genetic factors that determine grain size,
starch accumulation capacity, and the expression of
seed growth regulatory genes, so that treatment
variations often only have a minor impact on the final

grain size without triggering significant statistical
changes. In evaluating rice genotypes in various
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Table 3. Rice crop yield components with cultivation system treatments and rice genotypes

Harvest

Treatment Number of Panicle Length Number of Grains Weight of 1000

Productive Tillers (cm) Per Panicle Grains (g)
Cultivation System
Monoculture
IPB 202 10.50 a 22.25 95.33 defg 13.33
IPB 201 9.57 ab 24.95 92.83 efg 15.67
IPB 197 7.11 bed 25.50 102.33 cdefg 16.67
IPB 200 8.72 abc 29.08 152.67 ab 18.00
Single insertion
(IPB 202) IPB 197# 7.78 bed 23.51 145.83 abc 13.00
IPB 202 (IPB 197) 6.67 cd 26.51 111.83 bcdefg 17.00
(IPB 202) IPB 200# 8.55 abc 23.66 111.25 bedefg 14.00
IPB 202 (IPB 200) 7.67 bed 23.91 101.83 cdefg 15.00
(IPB 201)IPB 197# 6.78 cd 25.83 140.67 abcd 17.00
IPB 201(IPB 197) 6.55 cd 25.08 104.00 cdefg 14.67
(IPB 201) IPB 200# 6.77 cd 25.26 105.00 cdefg 17.00
IPB 201(IPB 200) 7.22 bed 27.41 158.00 ab 15.00
Double insertion
(IPB 202) IPB 197# 8.55 abc 26.23 135.67 abcde 13.67
IPB 202 (IPB 197) 8.57 abc 25.93 117.33 bcdefg 17.33
(IPB 202)IPB 200# 8.55 abc 25.06 122.33 bcdef 13.00
IPB 202 (IPB 200) 7.33 bcd 26.65 171.17 a 16.33
(IPB 201)IPB 197# 6.67 cd 26.21 102.33 cdefg 16.33
IPB 201(IPB 197) 5.53d 29.33 129.17 abcde 15.67
(IPB 201)IPB 200* 6.22 cd 23.91 81.50 fg 15.00
IPB 201(IPB 200) 6.22 cd 25.78 75.50 g 14.33
Pr>F 0.0374* 0.0768ns 0.0073* 0.6315"
KK (%) 20.40 9.60 24.03 18.60

Description: Multicanopy 1 consists of tall rice plants (IPB 197/IPB200) planted between short rice plants (IPB202/IPB201);
Multicanopy 2 is two rows of tall rice (IPB 197/IPB200) planted between short rice (IPB202/IPB201); Data is considered short
when planted with tall varieties (in parentheses) #) Data is considered tall when planted with short varieties (in parentheses).
Numbers followed by different letters in the same column indicate significant differences based on LSD tests at the 5% level.

Table 4. LER values in rice plants with cultivation system treatments and rice genotypes

Genotypes LER Percentage (%)

IPB202 Mono 1.00 100.00
IPB201 Mono 1.00 100.00
IPB197 Mono 1.00 100.00
IPB200 Mono 1.00 100.00
IPB202 (IPB197)1 1.33 133.23
IPB202 (IPB200)1 1.24 123.87
IPB201 (IPB197)1 1.42 141.55
IPB201 (IPB200)1 1.47 146.95
IPB202 (IPB197)2 1.56 155.70
IPB202 (IPB200)2 1.44 143.75
IPB201 (IPB197)2 1.54 153.89
IPB201 (IPB200)2 1.59 159.23

Description: Monoculture (Mono); Single insertion (1); Double insertion (2) ; LER = Land Equivalence Ratio

environments, grain quality components such as grain
weight tend to be stable despite environmental variations
and other genotypes that are more responsive to growing
conditions (Aswidinoor et al. 2023).

Treatment IPB201 and IPB200 with interplanting 2
yielded the highest LER value of 1.59. An LER (Land
Equivalence Ratio) value greater than 1 in a multi-
canopy system indicates that the combination of rice
varieties can increase land use efficiency compared to

monoculture. Conceptually, an LER (Land Equivalence

Ratio) > 1 indicates that one unit of land area in a mixed
system can produce higher yields than a single system
on the same area. Intercropping consistently increases
LER significantly and maintains an LER value > 1 in
various environmental conditions (Song et al. 2025).
Intercropping plays an important role in improving the
efficiency of resource use, such as light, water, and
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nutrients, and supports sustainable agricultural
intensification (Shahidullah et al. 2024).
CONCLUSION

The multi-canopy planting system influenced several
components of rice growth and vyield, particularly the
number of productive tillers and the number of grains per
panicle. In contrast, most physiological traits, panicle
length, and 1000-grain weight showed no significant
differences among treatments. The monoculture system
produced higher grain yield per plot compared to the
multi-canopy system, with the IPB197 genotype yielding
the highest grain and dry grain yields. However, all
genotype combinations in the multi-canopy system had
an LER (Land Equivalence Ratio) value greater than
one, indicating better land use efficiency compared to the
monoculture system. The combination of genotypes
IPB201 and IPB200 in the two-row interplanting pattern
yielded the highest LER value of 1.59. These findings
indicate that the appropriate combination of tall and
short-statured rice genotypes in a multi-canopy system
can enhance land-use efficiency and has the potential to
support sustainable rice intensification on limited land.

ACKNOWLEDGEMENT

The author would like to thank the Postgraduate
Programme of the Department of Agronomy and
Horticulture, IPB University, for the financial support and
facilities provided so that the research could be carried
out properly.

REFRENCES

Agata, A. 2025. Genetic mechanisms underlying
diverse panicle architecture in rice. Bioscience,
Biotechnology, and Biochemistry, 89, 502-507.
https://doi.org/10.1093/bbb/zbae189

Aswidinnoor, H., Listiyanto, R., Rahim, S., Holidin,
Setiyowati, H., Nindita, A., Ritonga, A. W.,
Marwiyah, S., & Suwarno, W. B. 2023. Stability
analysis, agronomic performance, and grain
quality of elite new plant type rice lines (Oryza

sativa L.) developed for tropical lowland
ecosystem. Frontiers in Sustainable Food
Systems, 7, Article 1147611.

https://doi.org/10.3389/fsufs.2023.1147611

Badan Pusat Statistik. (2024). Luas Panen dan
Produksi Padi di Indonesia 2024 [internet].
[diakses 2024 Agustus 28]. Tersedia dari:
https://shorturl.at/18Lxd

Benke K, Tomkins B. (2017). Future food-production
systems: vertical farming and controlled-
environment agriculture. Sustainability: Science,
Practice and Policy. 13(1):13-26.

Carsono, N., Sari, S., Permanaputra, G., Alfat, A,
Wicaksana, N., & Nugraha, Y. 2025. Yield
evaluation of promising rice (Oryza sativa L.)
lines. International Journal of Agriculture and
Biosciences, 14(4), 637-642.
https://doi.org/10.47278/journal.ijab/2025.048

Cossani CM, Sadras VO. (2021). Symmetric response
to competition in binary mixtures of cultivars
associates with genetic gain in wheat yield. Evol.
Appl. 14(8):2064—-2078.
https://doi.org/10.1111/eva.13265

Henny, K., Kharismawati, D., & Karjati, P. D. (2021).
Pengaruh Luas Lahan dan Jumlah Tenaga Kerja

terhadap Produksi Padi di 10 Kabupaten Jawa
Timur Tahun 2014-2018. Jurnal Economie.
03(1): 50-66.
https://doi.org/10.30742/economie.v3il1.1571

Hidayah UF, Suwarno WB, Aswidinnoor H. (2022).
Genotype by environment analysis on multi-
canopy cropping system in rice: Effects of
different types of flag leaves. Agronomy Journal.
114(1):356 365.
https://doi.org/10.1002/agj2.20959

Jareen B, Anwar MP, Yeasmin S, Islam AKM, Rashid
MHO, Sultana MT, Juraimi AS. (2019).
Evaluation of the cultivar mixture strategy as a
sustainable tool for managing weeds and
enhancing rice yield. Big Data In Agric. 1(2): 01-
09. http://doi.org/10.26480/bda.02.2019.01.09

Joshi BK, Gurung SB, Vista SP, Paneru PB, Gurung R,
Pant S. (2020). Traditional Crop Biodiversity for
Mountain Food and Nutrition Security in Nepal.
Kathmandu, Nepal. Tools and Research Results
of the UNEP GEF Local Crop Project, Nepal.
NAGRC, LI-BIRD and the Alliance of Bioversity
International and CIAT.

Juliyanti, J., & Usman, U. (2018). Pengaruh Luas
Lahan, Pupuk Dan Jumlah Tenaga Kerja
Terhadap Produksi Padi Gampong Matang Baloi.
Jurnal Ekonomi Pertanian Unimal, 1(1): 31.
https://doi.org/10.29103/jepu.v1il1.501

Kalaitzidis, A., Kadoglidou, K., Mylonas, I,
Ghoghoberidze, S., Ninou, E., & Katsantonis, D.
(2025). Investigating the impact of tillering on
yield and yield-related traits in European rice
cultivars. Agriculture, 15, 616.
https://doi.org/10.3390/agriculture15060616

Kim, T. H., & Kim, S. M. (2024). Identification of the key
factors associated with yield reduction in rice
genetic resources under low-nitrogen conditions.
Journal of Agriculture and Food Research, 15,
100964.
https://doi.org/10.1016/j.jafr.2025.102344

Lazzaro M, Costanza A, Barberi P. (2018). Single vs
multiple agroecosystem services provided by
common wheat cultivar mixtures: Weed
suppression, grain yield and quality. Field Crops
Reser. 221: 277-297.

Ma, Z., Ming, Y., Li, J., Li, H., Wang, H., Zhu, X., Xu, Y.,
Zhao, Y., Hu, Q., Liu, R., Pan, Y., Li, D., Wang,
W., Xu, J., Sun, X,, Li, J., Zhang, H., Li, Z., &
Zhang, Z. (2025). Natural variation in GNP3
determines grain number and grain yield in rice.
Nature Communications.
https://doi.org/10.1038/s41467-025-61326-8

Nakano H, Tanaka R, Guan S, Ohdan H. (2023).
Predicting rice grain yield using normalized
difference vegetation index from UAV and
GreenSeeker. Crop Environ. 2(2):59—-
65.d0i:10.1016/j.crope.2023.03.001.

Putra AW, Supriatna J, Koestoer RH, Soesilo TEB.
(2021). Differences in local rice price volatility,
climate, and macroeconomic determinants in the
indonesian market. Sustain.
13(8).d0i:10.3390/su13084465.

Reiss ER dan Drinkwater L. (2017). Cultivar mixtures: a
meta-analysis of the effect of intraspecific
diversity on crop yield. J Ecol Appl. 28(1) :62—

55

Growth and Production of Tall and Short Rice Genotypes in Multicanopy Cultivation


https://doi.org/10.1093/bbb/zbae189
https://doi.org/10.3389/fsufs.2023.1147611
https://shorturl.at/18Lxd
https://doi.org/10.47278/journal.ijab/2025.048
https://doi.org/10.1111/eva.13265
https://doi.org/10.30742/economie.v3i1.1571
https://doi.org/10.1002/agj2.20959
http://doi.org/10.26480/bda.02.2019.01.09
https://doi.org/10.29103/jepu.v1i1.501
https://doi.org/10.3390/agriculture15060616
https://doi.org/10.1016/j.jafr.2025.102344
https://doi.org/10.1038/s41467-025-61326-8
https://doi.org/10.1016/j.crope.2023.03.001
https://doi.org/10.3390/su13084465

Agrosains: Jurnal Penelitian Agronomi 28(1): 50-56, 2026; pISSN: 1411-5786; elSSN: 2655-7339

77. https://doi.org/10.1002/eap.1629

Shahidullah, S. M., Shirazy, B. J., Sarkar, M. A. R., &
Quais, M. K. (2024). Four decades of research on
rice intercropping: A bibliometric analysis.
Journal of Agriculture and Food Research, 15,
100964.
https://doi.org/10.1016/].jafr.2024.100964.

Sholehah M, Suwarno WB, Hapsari VP, Sulistyo NN,
Marwiyah S, Aswidinnoor H. 2024. Rice breeding
for multi-canopy system: Estimations of genetic
parameters and response to selection. Agron.
J.(November 2023):1-12.
https://doi.org/10.1002/agj2.21629

Singh, G., Das Jyoti, S., Uppalanchi, P., Chepuri, R.,
Mondal, S., Harper, C. L., Elumalai, P., Mix, K.,
Wagner, N., Sanchez, D. L., Samonte, S. O. P.
B., & Talukder, S. K. (2024). Genomic regions
associated with flag leaf and panicle architecture
in rice (Oryza sativa L.). BMC Genomics, 25,
1200. https://doi.org/10.1186/s12864-024-
11037-z

Song, J., Tang, L., Cui, Y., Fan, H., Zhen, X., & Wang,
J. (2024). Research progress on photoperiod
gene regulation of heading date in rice. Current
Issues in Molecular Biology, 46, 10299-10311.
https://doi.org/10.3390/cimb46090613

Song, Y., Sun, J.,, & Li, Z. (2025). Intercropping
increases land use efficiency and reduces soill
salinity in salt-affected soils, but has minimal
effect on pH. Field Crops Research, 332, 110028.
https://doi.org/10.1016/].fcr.2025.110028

Suryadi, M., & Rusastra, I. W. (2021). The agricultural
land distribution and wused on various
agroecosystems in Indonesia. IOP Conference
Series: Earth and
EnvironmentalScience,892(1),012099.https://doi
.0rg/10.1088/17551315/892/1/012099

Wang, X., Zou, D., Li, C., Zhou, W., Li, K., Tang, Q.,
Zhu, X., Li, X., & Cao, L. 2024. Analysis of
characteristics of rice tillering dynamics
influenced by sowing dates based on DTM.
Heliyon, 10, Article e38443.
https://doi.org/10.1016/j.heliyon.2024.e38443

Widyastuti LPY, Suwarno WB, Aswidinnoor H. (2020).
Genotype by environment analysis on multi-
canopy cropping system towards vertical harvest
space in rice. Agron J. 112(6):4568-4577.
https://doi.org/10.1002/agj2.20405

Xin W, Zhang L, Zhang W, Gao J, Yi J, Zhen X, Du M,
Zhao Y, Chen L. (2022). Morphological and
Physiological Characteristics of Rice Cultivars
with Higher Yield and Nitrogen Use Efficiency at
Various Nitrogen Rates. Agronomy.
12(2).doi:10.3390/agronomy12020358.

Yang B, Tang J, Yu Z, Khare T, Srivastav A, Datir S,
Kumar V. (2019). Light Stress Responses and
Prospects for Engineering Light Stress Tolerance
in Crop Plants. J. Plant Growth Regul.
38(4):1489-1506.d0i:10.1007/s00344-019-
09951-8.

Yao, X., Sun, H., Zhou, S., & Li, L. (2025). Evaluating
photosynthetic light response models for leaf
photosynthetic traits in paddy rice (Oryza sativa
L.) under field conditions. Plants, 14, 23.
https://doi.org/10.3390/plants14010023

Ye, M., Wang, Z., Wu, M., Li, H., Gu, J., Yang, J.,
Zhang, H., & Zhang, Z. (2024). Optimized leaf
anatomy improves photosynthetic producing
capacity of mid-season indica rice in the Yangtze
River Basin during the genetic improvement.
European Journal of Agronomy, 158, 127196.
https://doi.org/10.1016/j.eja.2024.127196

Yuan, R., Mao, Y., Zhang, D., Wang, S., Zhang, H., Wu,
M., Ye, M., & Zhang, Z. (2024). The formation of
rice tillers and factors influencing it. Agronomy,
14, 2904.
https://doi.org/10.3390/agronomy14122904

Zhao, C., Chen, J., Cao, F., Wang, W., Zheng, H., &
Huang, M. (2025). Exploring key vyield
components influencing grain yield in ultrashort-
and short-duration rice cultivars. Agronomy, 15,
1056.
https://doi.org/10.3390/agronomy15051056

Zhao, L., Zhou, H., Tang, L., Na, Y., Duan, S., Zheng,
D., Feng, N., & Shen, X. (2024). Optimizing
nitrogen dosage and planting density to improve
japonica rice vyield. Agronomy, 14, 1738.
https://doi.org/10.3390/agronomy14081738

Zhou, N., Sun, T., Zhang, Y., Shi, Q., Zhou, Y., Xiong,
Q., Hu, J, Wang, S., & Zhu, J. (2025).
Comparative analysis of yield and grain-filling
characteristics of conventional rice with different
panicle types in response to nitrogen fertilization.
Agronomy, 15, 1858.
https://doi.org/10.3390/agronomy15081858

56

Growth and Production of Tall and Short Rice Genotypes in Multicanopy Cultivation


https://doi.org/10.1002/eap.1629
https://doi.org/10.1016/j.jafr.2024.100964
https://doi.org/10.1002/agj2.21629
https://doi.org/10.1186/s12864-024-11037-z
https://doi.org/10.1186/s12864-024-11037-z
https://doi.org/10.3390/cimb46090613
https://doi.org/10.1016/j.fcr.2025.110028
https://doi.org/10.1016/j.heliyon.2024.e38443
https://doi.org/10.1002/agj2.20405
https://doi.org/10.3390/agronomy12020358
https://doi.org/10.1007/s00344-019-09951-8
https://doi.org/10.1007/s00344-019-09951-8
https://doi.org/10.3390/plants14010023
https://doi.org/10.1016/j.eja.2024.127196
https://doi.org/10.3390/agronomy14122904
https://doi.org/10.3390/agronomy15051056
https://doi.org/10.3390/agronomy14081738
https://doi.org/10.3390/agronomy15081858

	ABSTRACT

