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Abstract. Khamid MBR, Junaedi A, Purnamawati H, Aswidinnoor H, Prasetyo LB. 2023. Genotypes assessment for developing varieties
on multi-canopy rice cultivation system. Biodiversitas 24: 1175-1185. The Multi-Canopy Rice Cultivation (MCRC) system is a
promising cultivation technique that adopts the advantages of cultivar mixture with different canopy vertical dispersion. This system
may increase productivity by optimizing vertical space and more efficient input resources. This study aimed to assess the genotype
derived from the IPB breeding line for suitability in the MCRC system by combining the short and the tall rice plants. Seed material
used four genotypes of the short plants and four genotypes of the tall plants as promising breeding lines of IPB University and three
released varieties as the control for productivity evaluation. The results showed morphological and physiological performance as good
as in the mono-genotype on the variables of the flag leaf shape, plant height, Soil Plant Analysis Development (SPAD) value, and Crop
Growth Rate (CGR). Some genotype combinations achieved productivity higher than 1.00 Land Equivalent Ratio (LER) compared to
the mono-genotype, indicating that increasing rice productivity is possible using the MCRC system. The result indicates that the suitable
combination of the short-tall genotypes in the MCRC system may be considered to deal with the criteria of plant height, grain yield, and
LER in the MCRC, as well as grain index and related grain quality.

Keywords: High productivity, intensification, resources efficiency, rice canopy, vertical space

INTRODUCTION

Rice (Oryza sativa L.) is the most essential and major
food crop globally. Rice is the staple food for nearly 4
billion people worldwide (Fukagawa and Ziska 2019).
Meanwhile, the rice farming system is the largest consumer
of freshwater resources (Nawaz et al. 2022) and land users
in the food sector production (Becker and Angulo 2019).
Land availability has been the main limiting factor for rice
production over the last 50 years in several countries, such
as Indonesia (Becker and Angulo 2019). In line with the
increase in population and the decrease in agricultural land
(Wei et al. 2020) and its quality, it is necessary to continue
to increase the production of food crops, especially rice.
Increasing rice yield potential is the main objective of
breeders and cultivators engaged in rice improvement
programs (Makino et al. 2021). Theoretically, increasing
rice production can be achieved by adopting technological
innovations  correctly and adequately, site-specific
production strategies, and breeding new high-yielding
varieties. The multi-canopy rice cultivation (MCRC)
system is one of the potential technological innovations to
increase rice production.

The MCRC adopts the vertical agriculture system,
which seeks to utilize the harvest space vertically by
forming a system using tiered plants in limited lands

(Beacham et al. 2019; Baumont De Oliveira et al. 2021).
The utilization of vertical harvesting space is one of the
approaches that can develop in rice plants because vertical
agriculture has been successfully practiced on vegetable
commaodities through the verticulture system (Widyastuti et
al. 2020). The MCRC system is designed by planting rice
with different plant heights using the short and the tall
genotypes on the same hill. These panicles and canopy's
formation of the short and the tall genotypes mutually
stratified is then referred to as multi-canopy to take
advantage of the vertical harvesting space (Widyastuti et al.
2020; Hidayah et al. 2022).

The MCRC will construct the architectural canopy of
rice plants that can take advantage of photosynthetic active
radiation (PAR) interception, increasing the biomass and its
portion in the components of rice yields, resulting in
increased productivity. The potential for photosynthetic
productivity in rice plants was highly dependent on the
interception of PAR and the conversion efficiency of
available photosynthetic radiation from radiant energy (Lu
et al. 2018). The photosynthetic capacity of the leaves and
the entire canopy determines the yield (Gu et al. 2014). A
robust plant architectural structure could form an optimal
light distribution within the canopy, increasing light energy
utilization and yield (Gu et al. 2017). Stem height, leaf
length, width, and angle are essential in rice plants' canopy
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architecture that increases the absorption of solar radiation
for optimizing photosynthesis (Song et al. 2013).

MCRC system may differ from the cultivar mixture
cultivation system in terms of the plant height of the
combining cultivar. The cultivar mixture system generally
has relatively the same canopy height, so there will be
competition for light, water, nutrients, and CO, absorption
(Aschehoug et al. 2016), which are the primary resources
for plant metabolism and photosynthesis. The MCRC
system may eliminate light and CO; competition by
different canopy levels. According to Widyastuti et al.
(2020) and Hidayah et al. (2022), MCRC affects several
rice growth characteristics and increases the yield by 0.54 -
0.64 t ha* compared to the mono-genotype so that the plant
breeding process to develop suitable varieties for the
MCRC system could be a potential target. Agronomic
research may contribute to assess suitable genotype
combinations for the MCRC system. This study aimed to
assess the genotype derived from the IPB breeding lines for
suitability in the MCRC by combining the short and the tall
plants.

MATERIALS AND METHODS

Time and location

The research was conducted from June to September
2021 at the Babakan Sawah field experiment station,
Department of Agronomy and Horticulture, IPB
University, Bogor, West Java, Indonesia (6°33'52.7"S,
106°44'06.4"E). Observations of crop yields were carried
out at the Plant Production Laboratory, Department of
Agronomy and Horticulture, IPB University, Dramaga,
Bogor, Indonesia.

Plant materials

The genetic material consisted of eight genotypes (the
short and the tall) from the rice breeding program of IPB
University and three national varieties as comparisons. The
seeds produce in IPB's field experiment station in the
previous season. The short rice genotypes consisted of
H56, H71, H88, and L39. The tall rice genotypes consisted
of FK18, FK22, AR18, and AR27. Meanwhile, the
comparison varieties consisted of Ciherang, IR64, and IPB
3S.

Procedures
Experimental design

This study was conducted using a randomized
completely block design (RCBD). There were 27
treatments combination of genotype and their mono-
genotype and three varieties as control. Each treatment was
replicated three times, so there are 81 experimental units.
The research was carried out in irrigated rice fields that
have been processed twice by plowing and harrowing. The
rice seedlings were transplanted 18 days after sowing
(DAS). The seedlings were planted at 25 cm between rows
and 20 cm inside the rows. Two seedlings per hill were
transplanted for the mono-genotype system. The MCRC
system was done by planting two seedlings per hill for each
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genotype (Widyastuti et al. 2020). The tall genotypes were
planted in the primary row, while the short genotypes were
planted on the same side (south side) as the tall genotypes
and were spaced 4-5 cm apart. Plant maintenance was
carried out by fertilizing three times using a basic fertilizer
of 37.5 kg N ha?, 36 kg P,0s ha?, and 60 kg K,O ha?
given the first week after transplanting (WAT) and for the
second and third fertilization, 37.5 kg N ha* was given at 5
and 9 WAT (Indonesian Ministry of Agriculture 2020).
Pest and disease control are carried out as needed in the
field. Irrigation is carried out until before harvest by
maintaining the water level.

Data observation

Variables observed in this study include morphological
characters consisting of plant height (cm) measured from
the soil surface to the tip of the panicle in the main stem;
stem length (cm) measured from the soil surface to the
panicle base of the main stem; panicle length (cm)
measured from the panicle base to the tip of the main stem
panicle; flag leaf length (cm) measured from the ligule to
the tip of the leaf; flag leaf width (cm) measured at the
widest portion of the flag leaf; and flag leaf angle (%)
calculated by the angle of attachment between the flag leaf
blade and the main panicle axis (International Rice
Research Institute 2013). Physiological characters
consisting of Soil Plant Analysis Development (SPAD)
values measured at 9 WAT (panicle initiation) and 13
WAT (grain filling); shoot dry weight (g), a destructive
variable, was carried out when the plants were 8 WAT and
10 WAT using an oven at 80°C for 48 hours; and CGR was
determined by weighing the plant dry weight with the
formula described by Gardner et al. (1985) as follows:

CGR (g day™) = (W2-W1)/(T2-T1) 1)

Where: W2: plant dry weight at time T,, Wi plant dry
weight at time Ty, T1: time unit at first sampling (8 WAT),
T,: time unit at next sampling (10 WAT).

Yield and yield components characters (harvest at 85%
grain condition in yellow ripe panicle, harvest time
depends on variety) consisting of grain weight per clump
(9), panicle number per clump, and 1000 grains weight (g).
Land Equivalent Ratio (LER) was calculated to determine
land productivity and efficiency value from MCRC
compared to mono-genotype (Mead and Willey 1980) As
follows:

LER = (YA/SA) + (YB/SB) @)

Where: YA: yield of A genotype grown in multi-
canopy, YB: yield of B genotype grown in multi-canopy,
SA: yield of A genotype grown in mono-genotype, and SB:
yield of B genotype grown in mono-genotype. If the LER
value is higher than 1.00, then the productivity of multi-
canopy land is higher than the mono-genotype, whereas the
LER value is less than 1.00, then the productivity of multi-
canopy land is lower than the mono-genotype (Kamara et
al. 2019).
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Data analysis

The results of these observations are then processed and
analyzed with Analysis of Variance (ANOVA) at an error
level of 5%. If the treatment effect is significant, it is
continued with Tukey's HSD test (Tukey's Honestly
Significant Difference Test). Data were analyzed using
SAS software version 9.0 for windows.

RESULTS AND DISCUSSION

Morphological characteristics of the MCRC system

The performance of flag leaf length, width, and angle at
10 WAT on MCRC combination genotypes, mono-
genotypes, and comparison variety are shown in Table 1.
MCRC treatment significantly affects the flag leaf length,
width, and angle character. In general, the length, width,
and angle of the flag leaf of plants in the MCRC system
decreased. Only a small number of genotype combinations
experienced an increase compared to the mono-genotype.
Widyastuti et al. (2020) also reported that using different
genotypes in MCRC affects the length and width of the flag
leaf. There are differences between genotypes, whereas
within the same genotype, either in combination or mono-
genotype, there are no differences. This result indicates that
the MCRC system does not affect the morphological
characters of the flag leaves of each genotype combination
when planted in a multi-canopy system. Leaves are the
main structure of plants that play a role in photosynthesis
(Wu et al. 2017) and make leaf morphology one of the
essential traits in rice plant architecture (Zhu et al. 2020b).
Rice plants with longer and erect leaves will increase yield
potential per plant by decreasing shade by panicles, thereby
increasing leaf light transmission and the rate of flag leaf
photosynthesis (Hikosaka 2014).

The most extended leaf length and largest leaf width
were observed in the H88 genotype combined with AR18
compared to other MCRC combinations, which were 39.58
cm and 2.53 cm, respectively. Although in all the combined
genotype treatments, there was no significant decrease or
increase in leaf size compared to the mono-genotype.
Morphological characteristics such as the area of leaves
could regulate plant absorptivity by changing the optical path
of radiation energy. The leaf morphology of the plant will
change according to the light conditions in the surrounding
environment. The genetic character of the plant plays a vital
role in this development. Leaf morphology development
that affects the efficiency of light absorption consists of
elongation, widening, and changes in leaf area. Low light
reflectivity in dense populations caused light transmission
to the lower layers at the beginning of the heading phase
(Wu et al. 2017; Zhu et al. 2020a; Zhu et al. 2020b).

In addition to leaf size, the leaf angle is also an essential
trait in the architectural structure of rice plants (Zhao et al.
2013). All genotypes in the combination treatment, mono-
genotype, and comparison varieties had leaf angles that
were erect or less than 45° (International Rice Research
Institute 2013). The leaf angle on the H88 genotype
combined with FK18 was the narrowest compared to other
MCRC combinations and mono-genotype. The angle of the
leaves, especially the flag leaf, greatly affects the yield
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because it is directly involved in capturing light and
supporting the efficiency of photosynthesis. In an ideal
high-yielding rice variety, the erect upper leaves reduce
light saturation in the upper layers of the canopy and
increase light transmission in the lower layers to reduce the
loss of light energy (Zhang et al. 2013; Gu et al. 2017).
Meng et al. (2018) and Wei et al. (2018) stated that a lower
leaf angle delays leaf senescence in the lower canopy and
maintains root activity after heading.

Table 1. Flag leaf length, flag leaf width, and flag leaf angle at 10
WAT on MCRC combination genotypes, mono-genotypes, and
comparison variety

« Flag leaf length ")Flag leaf width™ Flag leaf

Genotypes (cm) (cm) angle™ (°)
H56(FK18) 28.70 (77) 1.96 (87) 11.94
H56(FK22) 32.00 (86) 2.07 (92) 13.33
H56(AR18) 34.53 (93) 2.22 (99 12.80
H56(AR27) 33.35 (90) 2.13 (95) 12.51
H56 mono 37.18 (100) 2.25 (100) 12.63
H71(FK18) 25.70 (83) 1.93 (103) 12.20
H71(FK22) 32.22 (104) 1.97 (105) 16.50
H71(AR18) 28.77 (93) 1.97 (105) 16.37
H71(AR27) 24.18 (78) 1.77 (94) 15.44
H71 mono 31.07 (100) 1.88 (100) 16.80
H88(FK18) 36.72 (81) 2.23(87) 7.38
H88(FK22) 33.93 (75) 2.38(93) 8.86
H88(AR18) 39.58 (87) 2.53(98) 7.97
H88(AR27) 38.67 (85) 2.30(89) 8.76
H88 mono 45.42 (100) 2.57 (100) 9.70
L39(FK18) 35.48 (85) 1.93 (93) 14.82
L39(FK22) 34.70 (83) 1.98 (96) 14.70
L39(AR18) 29.58 (71) 1.98 (96) 12.78
L39(AR27) 37.53 (90) 1.97 (95) 13.64
L39 mono 41.87 (100) 2.07 (100) 14.23
(H56)FK18 30.30 (94) 1.95 (100) 10.00
(H71)FK18 26.98 (84) 1.75 (90) 11.66
(H88)FK18 24.27 (75) 1.58 (81) 7.43
(L39)FK18 24.63 (77) 1.75 (90) 13.12
FK18 mono 32.18 (100) 1.95 (100) 11.01
(H56)FK22 30.87 (87) 2.10 (96) 17.73
(H71)FK22 32.03 (90) 2.05(94) 16.71
(H88)FK22 36.70 (103) 2.25(103) 17.37
(L39)FK22 34.58 (97) 2.17 (100) 17.42
FK22 mono 35.58 (100) 2.18 (100) 13.51
(H56)AR18 33.42 (94) 2.27 (101) 16.47
(H71)AR18 37.38 (105) 2.25 (100) 19.54
(H88)AR18 31.30 (88) 2.18 (97) 13.88
(L39)AR18 29.30 (82) 2.06 (92) 15.34
AR18 mono 35.70 (100) 2.25 (100) 15.27
(H56)AR27 25.77 (83) 2.18 (96) 14.47
(H71)AR27 35.10 (113) 2.27 (100) 17.11
(H88)AR27 34.20 (110) 2.43 (107) 13.12
(L39)AR27 34.20 (110) 2.42 (107) 16.80
AR27 mono 30.98 (100) 2.27 (100) 16.76
Ciherang 23.40 1.73 8.73
IR64 24.97 1.48 15.70
IPB 3S 37.70 2.18 11.97
HSD test 15.88 0.62 7.83

Note: *genotypes measured are written without parenthesis. The
genotype in parenthesis following the first genotype is the tall
plants; the genotype in parenthesis before the second genotype is
the short plants; **number in the parenthesis indicates the
percentage of the mono-genotype system
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Table 2. Plant height, stem length, and panicle length on MCRC
combination genotypes, mono-genotypes, and comparison variety

« Plant height™ Stem length™ Panicle length™

Genotypes (cm) (cm) (cm)
H56(FK18)  110.77 (98) 82.08 (98) 28.69 (98)
H56(FK22)  110.77 (98) 81.53 (98) 29.24 (100)
H56(AR18) 110.87 (98) 83.05 (99) 27.81 (95)
H56(AR27) 109.76 (97) 81.03 (97) 28.73 (98)
H56 mono 112.80 (100) 83.61 (100) 29.19 (100)
H71(FK18) 100.44 (94) 73.11 (95) 27.33 (91)
H71(FK22) 98.56 (92) 71.40 (93) 27.16 (91)
H71(AR18) 100.75 (95) 74.44 (97) 26.31 (88)
H71(AR27) 104.61 (98) 76.25 (100) 28.36 (95)
H71 mono 106.59 (100) 76.61 (100) 29.97 (100)
H88(FK18) 103.23 (92) 73.39 (93) 29.83 (88)
H88(FK22)  106.08 (94) 77.63 (99) 28.45 (84)
H88(AR18) 10441 (93) 75.69 (96) 28.72 (84)
H88(AR27) 105.73 (94) 75.31 (96) 30.42 (89)
H88 mono 112.70 (100) 78.71 (100) 33.99 (100)
L39(FK18) 99.09 (94) 73.01 (95) 26.08 (91)
L39(FK22) 99.88 (95) 72.95 (95) 26.93 (94)
L39(AR18) 102.63 (97) 76.40 (99) 26.23 (92)
L39(AR27)  100.90 (96) 72.89 (95) 28.01 (98)
L39 mono 105.43 (100) 76.79 (100) 28.64 (100)
(H56)FK18 11847 (96) 91.09 (95) 27.39 (99)
(H71)FK18  116.42 (94) 90.15 (94) 26.27 (95)
(H88)FK18  119.09 (96) 93.26 (97) 25.83 (94)
(L39)FK18  109.47 (89) 83.13 (87) 26.34 (95)
FK18 mono 123.65 (100) 96.04 (100) 27.61 (100)
(H56)FK22  113.15 (93) 86.98 (94) 26.17 (90)
(H71)FK22  114.85 (94) 88.57 (96) 26.28 (90)
(H88)FK22  116.67 (96) 89.19 (96) 27.48 (95)
(L39)FK22  115.37 (95) 88.59 (96) 26.78 (92)
FK22 mono 121.59 (100) 92.54 (100) 29.05 (100)
(H56)AR18  113.21 (95) 85.94 (96) 27.27 (94)
(H71)AR18  112.35 (95) 84.39 (94) 27.96 (96)
(H88)AR18  111.97 (94) 85.38 (95) 26.59 (92)
(L39)AR18  111.81 (94) 83.88 (93) 27.93 (96)
AR18 mono 118.79 (100) 89.75 (100) 29.04 (100)
(H56)AR27  106.51 (100) 81.63 (101) 24.87 (99)
(H71)AR27  104.26 (98)  79.92 (98) 24.34 (97)
(H88)AR27  102.89 (97) 78.74 (97) 24.15 (96)
(L39)AR27  105.40 (99) 80.05 (99) 25.35 (101)
AR27 mono  106.36 (100) 81.18 (100) 25.18 (100)
Ciherang 107.79 83.74 24.05

IR64 97.43 71.96 25.47

IPB 3S 120.31 90.17 30.14

HSD test 9.96 9.32 4.32

Note: *genotypes measured are written without parenthesis. The
genotype in parenthesis following the first genotype is the tall
plants; the genotype in parenthesis before the second genotype is
the short plants; **number in the parenthesis indicates the
percentage to the mono-genotype system

One main characteristic that increases the potential for
rice yields is plant height (Wang et al. 2016; Zhang et al.
2017). Plant height is a crucial agronomic character in
selecting genotypes combined in the MCRC system
(Hidayah et al. 2022). In our study, only plant height and
stem length in genotype FK18 (109.47 cm and 83.13 cm,
respectively) combined with L39 were significantly lower
than in mono-genotype (123.65 cm and 96.04 cm,
respectively). Likewise, with panicle length, only the H88
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genotype combined with the FK22 and AR18 genotypes
(28.45 cm and 28.72 cm, respectively) was significantly
lower than the mono-genotype (33.99 cm) as the genotype
with the longest panicle than others. However, plant height,
stem length, and panicle length in other combination
genotypes were not experienced a significant decrease
compared to the mono-genotype (Table 2).

These results indicated that the MCRC system did not
affect plant height growth, stem length, and panicle length
in almost all combined genotypes. Previous research also
showed no significant effect of the MCRC system on rice
plant height and stem length (Widyastuti et al. 2020). The
genetic differences of each genotype strongly influence
plant height, stem length, and panicle length (Widyastuti et
al. 2020; Hidayah et al. 2022). Another study stated that
phytohormone  Gibberellin  and gene  regulation
OsMADS57 (Chu et al. 2019), OsMPH1 (Zhang et al.
2017), OsRPH1 (Ma et al. 2020) influenced plant height
and stem elongation. Other researchers reported a
relationship between panicle length, the number of grains
per panicle, grain density, and rice quality (Wang et al.
2019).

Physiological characteristics of the MCRC system

MCRC significantly affected shoot dry weight
parameters at 8 and 10 WAT (Table 3). Significant effects
of MCRC were generally seen between genotypes, only
slightly occurring within one genotype combined compared
to their mono-genotype. Shoot dry weight varied from
11.24 to 31.66 g per plant in 8 WAT and from 22.56 to
59.39 g per plant in 10 WAT, depending on genotype. The
significant decrease in shoot dry weight occurred in the
L39 genotype combined with FK18 compared to the mono-
genotype at both 8 and 10 WAT by 53% and 52%,
respectively. At 10 WAT, there was a 58% decrease in the
L39 genotype combined with AR18. In addition, in the
H88 genotype at 10 WAT, the mono-genotype treatment
had significantly greater shoot dry weight than the
combined genotype with FK18, FK22, and AR18.
Meanwhile, in the H56 genotype, the shoot dry weight of
mono-genotype plants was significantly higher than that in
the MCRC plants.

Each genotype increased in shoot dry weight in line
with the plant growth stage. Shoot dry weight can be
influenced by the genetic diversity of each genotype
(Fageria et al. 2013; Ji et al. 2022) and plant growth
hormones such as IAA and GA (Chang et al. 2013). Shoot
dry weight can also be influenced by environmental
conditions such as the physicochemical properties of the
growing media (Mongon et al. 2014; Tian et al. 2017;
Wang et al. 2021) and irrigation conditions (Hidayati et al.
2016; Pinta et al. 2018). This study's environmental and
irrigation conditions were relatively similar, so the effect of
MCRC on the same genotype was relatively lower than the
differences between genotypes.

However, several combinations of genotypes grown
using the MCRC system produced a higher shoot dry
weight than the mono-genotypes (Figure 1). For example,
combining the short genotype H88 with all the tall
genotypes resulted in a higher shoot dry weight than the
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mono-genotype. This result indicates that the right
combination of the MCRC system can maintain or increase
the shoot’s dry weight. A high shoot dry weight will
significantly affect growth and support an increase in rice
yields (Xin et al. 2021).

SPAD values ranged from 31.86-41.81 at 9 WAT and
decreased to 27.74-37.97 at 10 WAT (Table 3). MCRC
significantly affects SPAD parameters at 9 and 13 WAT.
There are differences between genotypes, whereas within
the same genotype, either in combination or mono-
genotype, there are no differences. This result indicates that
the MCRC system does not affect the physiological
characteristics of the SPAD value of each genotype
combination when planted in an MCRC system. Soil Plant
Analysis Development (SPAD) is the most commonly used
diagnostic tool to estimate crop chlorophyll levels (Ghosh
et al. 2013) and nitrogen status (Yuan et al. 2016). The
SPAD value can be used to determine the N content in rice,
regulate the level of N fertilization and increase N use
efficiency (Hou et al. 2021). In addition, chlorophyll
content can predict the physiological condition of plant
leaves (Zhao et al. 2016).

SPAD value can be influenced by several factors, such
as nutrient adequacy, especially nitrogen (Singh et al.
2020), growth stadia (Ata-Ul-Karim et al. 2013), cultivar
genetic differences (Barutcular et al. 2015), thickness, and
observed leaf position (Yang et al. 2014). In our study,
SPAD measurements were carried out at the same growth
stage, leaf position, and level of nitrogen fertilization. The
difference in the influence between genotypes is possible
because of the genetic differences of each genotype being
tested.

In this study, the MCRC treatment did not significantly
affect the CGR (Figure 2). However, in some combinations
of genotypes, the CGR can reach a higher value in MCRC
than the mono-genotype. The combination of AR27 and
H88 genotypes resulted in a CGR value of 3.61 g d?,
which was greater than the mono-genotype method of
AR27 and H88 genotypes (2.10 and 3.11 g d*,
respectively). This result indicates that MCRC can
potentially increase CGR and crop production using the
right combination of genotypes. The CGR increases with
LAI increment until the maximum level and determines
yield formation when environmental factors are not
limiting (Sandeep et al. 2016; Rajput et al. 2017).

Yield characteristic of the MCRC system

MCRC significantly affects the panicle number per
clump (Table 4). When the two genotypes are planted in
the MCRC, the panicle number of each genotype decreases
compared to the mono-genotype. The panicle number per
clump in the MCRC decreased from 19% to 56% compared
to the mono-genotype. In general, genotypes grown in
mono-genotype had a higher panicle number per clump
than these genotypes when combined in MCRC. Several
genotypes from the rice breeding program of IPB
University, which were grown in mono-genotype (H71,
L39, FK18, FK22, AR18), produced a higher panicle
number per clump than IPB 3S as national varieties. Rice
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panicles and their number are closely related to estimating
yield because they directly regulate the amount of grain
(Duan et al. 2015). However, the total number of panicles
per clump in the MCRC contributed by each short and tall
genotype showed higher in some genotype combinations,
indicating a potency to have higher grain yield per clump
(Figure 3).

Table 3. Shoot dry weight and SPAD value on MCRC
combination genotypes, mono-genotypes, and comparison variety

Genotypes” Shoot dry weight (g) ™ SPAD value
8 WAT 10 WAT 9 WAT 3WAT
H56(FK18) 13.97 (49)  29.48 (50) 34.6731.04
H56(FK22) 16.79 (59)  29.69 (50) 35.5829.02
H56(AR18) 18.60 (65)  28.46 (48) 33.3332.47
H56(AR27) 19.02 (67)  29.09 (49) 35.5430.73
H56 mono 28.44 (100) 59.39 (100) 34.5128.77
H71(FK18) 13.62 (59)  23.76 (49) 37.0932.61
H71(FK22) 17.75 (77)  32.23 (66) 36.7033.73
H71(AR18) 14.98 (65) 31.76 (65) 36.2628.53
H71(AR27) 1559 (68)  22.56 (46) 37.0727.74
H71 mono 23.01 (100) 48.58 (100) 39.9432.83
HSS(FK18) 11.24 (45)  25.38 (47) 33.1433.79
H88(FK22) 17.79 (71)  26.38 (49) 31.8632.88
HS8(AR18) 1142 (45)  26.16 (48) 32.2332.90
H88(AR27) 20.58 (82)  46.64 (86) 32.5632.01
H88 mono  25.13 (100) 54.28 (100)  35.2333.68
L39(FK18)  14.80 (47)  25.67 (48) 36.6329.60
L39(FK22) 19.61 (62)  27.58 (51) 36.6932.09
L39(AR18) 1546 (49)  22.64 (42) 37.2932.87
L39(AR27) 2146 (68)  30.68 (57) 37.8333.46
L39mono  31.66 (100) 53.69 (100)  41.7032.64
(HS6)FK18  16.63 (72)  23.75 (48) 36.0632.20
(H71)FK18 17.69 (76)  32.06 (65) 37.7532.21
(H88)FK18 20.52 (88)  37.38 (76) 39.4333.80
(L39)FK18  14.81 (64)  26.77 (55) 37.7531.14
FK18 mono 23.23 (100) 49.04 (100) 41.8135.91
(HS6)FK22  13.56 (63)  30.37 (65) 32.5131.71
(H71)FK22 1530 (71)  25.35 (54) 33.6433.10
(H88)FK22  19.59 (91)  34.36 (74) 33.5334.65
(L39)FK22  17.35 (81)  29.86 (64) 33.5632.62
FK22 mono 21.52 (100) 46.66 (100)  34.3937.97
(HS6)AR18  19.88 (91)  29.55 (67) 32.8834.61
(H71)AR18 17.13 (78)  23.63 (54) 32.6933.80
(H88)AR18 18.68 (85)  33.80 (77) 32.4734.20
(L39)AR18  17.77 (81)  31.05 (70) 33.6534.13
AR18 mono 21.91 (100) 44.16 (100)  34.1834.31
(H56)AR27  17.28 (75)  24.46 (56) 34.7628.84
(H71)AR27 15.68 (68)  31.77 (73) 33.0327.82
(H88)AR27  17.81 (77)  27.52 (63) 35.3231.17
(L39)AR27  14.94 (65)  26.27 (61) 36.6532.68
AR27mono  23.09 (100) 43.41 (100)  36.8931.20
Ciherang 20.75 47.26 34.3634.57
IR64 27.00 49.11 36.5431.86
IPB 3S 23.81 52.07 37.3436.12
HSD test 16.27 27.41 5.97 9.53

Note: *genotypes measured are written without parenthesis. The
genotype in parenthesis following the first genotype is the tall
plants; the genotype in parenthesis before the second genotype is
the short plants; **number in the parenthesis indicates the
percentage of the mono-genotype system
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Figure 1. Shoot dry weight at 10 WAT on MCRC combination genotypes, mono-genotypes, and comparison variety (The bar image of
two colors shows the data coming from the combination of the two genotypes, the short and the tall plants in the MCRC system)
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Figure 2. Crop growth rate at 8-10 WAT on MCRC combination genotypes, mono-genotypes, and comparison variety (The bar image of
two colors shows the data coming from the combination of the two genotypes, the short and the tall plants in the MCRC system)

In contrast to the panicle number per clump, the MCRC
system does not affect each genotype combination's yield
component characteristic of 1000 grain weight or grain
index compared to the mono-genotype. This fact may result
in yield potency, contributed by the number of panicles per
clump and the number of filled grains per panicle. Our
study also found that the H56 genotype planted as mono-
genotype or MCRC produced the highest 1000 grain

weight compared to any other genotype, even with the
three national varieties (>31 g). The H71 genotype
produced the lowest 1000 grain weight when combined
with FK18 (23.98 g). Li et al. (2019) stated that the size
and weight of grain as a sink are influenced, among other
things, by the molecular genetic mechanisms of the plant
(e.g., OSALMT7 (Heng et al. 2018)). In addition, the
enzyme activity level in the tissue determines the sink's



KHAMID et al. — Genotypes assessment on multi-canopy rice cultivation system

strength (Zhai et al. 2020). Cultivars with heavy panicles or
larger sink strength have an enormous vyield potential
compared with conventional cultivars (Cheng et al. 2015;
Gu et al. 2017).

MCRC significantly affects the grain weight per clump
(Figure 4). This parameter is one of the main traits for
selecting a suitable genotype for the MCRC system. When
the MCRC resulted in higher grain weight per clump
compared to the mono-genotype of each short and tall, it
could be the suitable combination of the two genotypes.
For example, the combination of AR27 and H88 genotypes
achieved a yield of 50.88 g, compared to AR27 as a mono-
genotype which only reached 31.79 g, and H88 which
could reach 47.76 g. This result may imply that even
though the AR27 genotype has a poor mono-genotype
yield, it will have a higher yield when combined with a
suitable genotype in the MCRC system. Another example
of genotypes that are not suitable for the MCRC system is
H71 and L39, which have a low weight of 1000 grains,
reflecting their relatively smaller grain size than other
genotypes. This condition will cause problems when
milling rice, where the grain size that is not uniform can
make it difficult to set the grinder and reduce the physical
quality of the rice.

The AR18 genotype combined with H56 produces a
high grain weight per clump, 50.06 g. These genotypes also
had high grain weight per clump when grown in mono-
genotype. In addition, the FK22 genotype combined with
H88 also has a grain weight per clump of 47.59 g. This
result indicates that both genotype combinations have good
adaptations and are suitable for planting in the MCRC
system. These genotypes have a grain weight per clump
greater than the three national varieties used for
comparison. Rice with high grain weight and panicle length
will produce a higher grain yield. The yield has a
significant and positive correlation with the plant height,
grain weight, filled grain percentage, filled grain number
per panicle, and grain number m? (Zhao et al. 2020).
Another study states that two traits determine yield in rice
plants: direct and indirect. Direct traits consist of panicle
number per unit area, panicle number per plant, filled
grains per panicle, and 1000 grain weight. Meanwhile,
indirect traits include growth stage, plant height, tillering
ability, panicle length, grains number per panicle, seed
setting rate, and seed length (Huang et al. 2013).

Breeding new varieties with tremendous yield potential,
enhancing crop and resource (e.g., nutrient and water)
management, and improving planting methods and density
can increase rice grain yield (Usui et al. 2016; Das et al.
2018; Zhou et al. 2019). Efficient use of natural resources
can lead to increased yields in mixed crop systems (Udhaya
and Kuzhanthaivel 2015; Mugisa et al. 2020). The LER is
usually used to decide which crop is suitable among the
intercropping components to increase crop density or
population (Habimana et al. 2019). However, in the case of
MCRC, we must also consider some other characteristics,
including the grain's suitable size and related character. In
our result, MCRC significantly affects LER parameters
(Figure 5). The AR27 genotype combined with H88
resulted in the highest LER value of 1.25. This result
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means that MCRC cultivation of both genotypes can
produce 25% higher yields than mono-genotype
cultivation. However, the seed size of AR27 is only 25.07 g
per 1000 grains, whereas the seed size of H88 is 28.0 g per
1000 grains, so this combination is unsuitable by the
criterion of grain quality. The FK18 genotype combined
with H71 resulted in the lowest LER value of 0.78, so the
genotype combination in the MCRC does not provide a
better yield than mono-genotype cultivation.

Table 4. Panicle number per clump and 1000 grain weight on
MCRC combination genotypes, mono-genotypes, and comparison
variety

Genotypes”) Panlcl(:eISrL:]r&E))er per 1000 gralrj*;/velght (9)
H56(FK18) 9.11 (72) 31.57 (100)
H56(FK22) 8.33 (66) 31.58 (100)
H56(AR18) 8.00 (63) 31.24 (99)
H56(AR27) 9.00 (71) 33.38 (106)
H56 mono 12.67 (100) 31.51 (100)
H71(FK18) 9.11 (50) 23.98 (88)
H71(FK22) 9.22 (50) 26.38 (97)
H71(AR18) 8.67 (47) 25.47 (94)
H71(AR27) 8.78 (48) 25.98 (96)
H71 mono 18.33 (100) 27.10 (100)
H88(FK18) 7.33 (58) 28.54 (102)
H88(FK22) 7.11 (56) 27.52 (98)
HB88(AR18) 6.44 (51) 27.12 (97)
HB88(AR27) 10.22 (81) 27.47 (98)
H88 mono 12.67 (100) 28.00 (100)
L39(FK18) 7.22 (49) 24.99 (99)
L39(FK22) 7.00 (47) 26.35 (104)
L39(AR18) 8.33 (56) 25.73 (101)
L39(AR27) 11.00 (74) 26.82 (106)
L39 mono 14.78 (100) 25.35 (100)
(H56)FK18 9.00 (53) 30.49 (102)
(H71)FK18 9.44 (56) 30.07 (101)
(H88)FK18 8.78 (52) 29.38 (98)
(L39)FK18 11.89 (70) 28.58 (96)
FK18 mono 16.89 (100) 29.84 (100)
(H56)FK22 8.67 (51) 30.79 (103)
(H71)FK22 7.44 (44) 29.39 (99)
(H88)FK22 9.78 (58) 30.20 (101)
(L39)FK22 10.44 (62) 29.90 (100)
FK22 mono 16.89 (100) 29.82 (100)
(H56)AR18 10.11 (66) 29.07 (100)
(H71)AR18 11.33 (74) 29.51 (101)
(H88)AR18 9.00 (59) 28.97 (99)
(L39)AR18 10.11 (66) 28.85 (99)
AR18 mono 15.33 (100) 29.14 (100)
(H56)AR27 8.78 (69) 26.29 (105)
(H71)AR27 7.33 (57) 25.35 (101)
(H88)AR27 7.67 (60) 24.83 (99)
(L39)AR27 8.44 (66) 24.73 (99)
AR27 mono 12.78 (100) 25.07 (100)
Ciherang 19.22 25.33
IR64 21.33 25.51
IPB 3S 13.89 27.13
HSD test 6.67 4.65

Note: *genotypes measured are written without parenthesis. The
genotype in parenthesis following the first genotype is the tall
plants; the genotype in parenthesis before the second genotype is
the short plants; **number in the parenthesis indicates the
percentage of the mono-genotype system
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Figure 3. Panicle number per clump on MCRC combination genotypes, mono-genotypes, and comparison variety (The bar image of two

colors shows the data coming from the combination of the two genotypes, the short and the tall plants in the MCRC system)
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Combining the height performances, grain weight per
clump, LER of the MCRC, and grain index, as well as
related grain quality of both genotypes, may be considered
as criteria to choose a suitable combination of the short-tall
genotypes in MCRC. In this research, the short genotype
H56 and the tall genotype AR18 show higher grain per
clump in the MCRC compared to the mono-genotype, and
its combination has a LER of 1.20, as well as a suitable
grain index considering the grain quality. Generally,
genotypes H56 and H88 may be considered the
recommended short genotypes, whereas genotypes FK22
and AR18 may be considered the recommended tall
genotypes. Candidate genotypes for MCRC would be
further investigated for agronomy field trials.

In conclusion, genotype assessment to select IPB's
breeding lines that have good phenotyping and are suitable
for planting in developing a MCRC system is promising.
The result of the system showed morphological and
physiological performance as good as in the mono-
genotype on the variables of the flag leaf shape, plant
height, SPAD value, and CGR would further imply a
potency to achieve higher productivity. Our finding
indicates that the suitable combination of the short-tall
genotypes in the MCRC system may be considered to deal
with the criteria of plant height, grain yield, and LER in the
MCRC, as well as grain index and related grain quality.
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