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SUMMARY

Image-based phenotyping in selecting drought- and salinity-tolerant rice lines is a potential approach
to complement other selection criteria. This study aimed to determine tolerance response and
selection criteria on drought and salinity stresses based on a morphological and image-based
phenotyping character. The experiment, set up in a screen house of the Department of Agronomy,
Faculty of Agriculture, Hasanuddin University, Indonesia, consisted of a nested randomized complete
group design. The nested replication included stressed environments with two factors and three
repetitions. The level of environmental stresses comprised the first factor, i.e., normal (without NaCl
and PEG), salinity (60 and 120 mM NaCl), drought (10% and 20% PEG), and combination of drought-
salinity (10% PEG + 60 mM NaCl). The second factor entailed the rice genotypes. Observations of the
morphological and image-based phenotyping characters ensued. The results indicated that salinity
stress had a wider diversity than drought stress, while the multiple stresses had a relatively stable
variety compared with single stress. Morphological and image-based phenotyping character increased
precision in assessing the tolerance or adaptability of rice to drought stress, salinity, and its
combination. The morphological characters that can serve as rice selection criteria in a combination of
drought-salinity stress included the shoot and root fresh weights and the root length. As for the
image-based phenotyping character, the shoot phenotype width can serve as the selection criterion.
Image-based phenotyping characters, especially the shoot phenotype area, were recommended as
criteria for precise selection in assessing rice genotypes’ potential tolerance and adaptability to
drought stress, salinity, and its combinations.

Keywords: Rice, adaptability, drought, salinity, image processing, multiple stresses

Key findings: The results showed that the most promising criteria for efficient rice selection under
salinity-drought stress consist of the morphological characteristics, i.e., fresh shoot weight, root
length, and fresh root weight. Meanwhile, the image-based phenotypic trait criterion consists of the
shooting area phenotypes. The study also recommended that combining image-based morphological
and phenotypic characters could improve rice tolerance or adaptation to drought, salinity, and
combined stress.
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INTRODUCTION

Rice is a strategic commodity that plays a vital
role in the global economy and food security,
especially in Indonesia. In 2025, national rice
demand estimates will reach 65.8 million t.
However, rice production is still at 54.4 million
t (Statistics Indonesia, 2021). This condition
indicates the need for more efforts to increase
rice production and make it a top priority. Yet,
population growth and vast land conversion
caused ineffective agricultural extensification
(Rumanti et al., 2018). Thus, effective
production per area or intensification becomes
the prime solution to increase rice production.
Indonesia’s potential as an archipelago
has its challenges in food stability, policy, and
natural challenges. The ever-dynamic climate
changes impact the environment and result in
environmental stresses. It causes the inability
of plants to grow and produce (Forster, 2011).
Drought is an environmental stress that causes
a huge impact globally (Akbar et al., 2018;
Fadhli et al., 2020). However, its effects on
archipelagos will be more severe with
additional stress, such as, salinity. Sea level

rise caused by global warming indirectly
increases the soil salinity in coastal areas
planted with rice (Rumanti et al., 2018;

Anshori et al., 2019). According to Rad et al.
(2012), the increase of salinity up to 6 dS m™
could decrease up to 50% of rice productivity
and 100% at 12 dS m'. Therefore, the
drought and salinity stresses, especially on rice
plants, become the main issue to be solved.
Selection of rice-tolerant cultivars
against drought and salinity can be done
artificially or directly on the target environment
(Safitri et al., 2016; Akbar et al., 2018;
Anshori et al., 2019). The most common
approach conducted for this research was
artificial selection. It easily controls the
artificial environment that provides focus on
the targeted tolerant characteristics (Ali et al.,
2014; Anshori et al., 2018), especially in the
early vegetative phase. The vegetative phase
has a shorter duration compared with the
reproductive phase (Ali et al., 2014; Mondal
and Borromeo, 2016), with a more complex
metabolism (Mondal and Borromeo, 2016;
Anshori et al., 2020). It becomes more
efficient and effective in the selection process,
specifically in the hydroponic culture
(Kashenge-Killenga et al., 2013). However,
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artificial screening requires selection criteria to
determine tolerant genotypes (Anshori et al.,
2018, 2019).

Selection criteria development can be
done through morphology, biophysical, and
OMICS approaches (Horgan and Kenny, 2011;
Sopandie, 2014). Generally, morphological
characters are the common criteria used to
determine tolerant genotypes. However, the
environment heavily influences these criteria,
needing detailed observation and experience
(Anshori et al., 2019) to avoid increased bias
in the selection. Hence, the need to combine
these selection criteria with other approaches,
one of which is image-based phenotyping.

Image-based phenotyping allows the
selection process to be more precise. This
approach minimizes the time required in
determining tolerant plants toward drought
and salinity stress (Siddiqui et al., 2014). This
imaging technique has increased observation
precision and objectivity (Asaari et al., 2019).
Various researches have reported the
effectiveness of image-based phenotyping
(Hairmansis et al., 2014; Siddiqui et al., 2014;
Asaari et al., 2019). Despite wide reports of
the application, none of these studies
described its use for selection criteria on
drought and salinity stress in rice. Also, there
are still very few of its development in
Indonesia. Therefore, selection criteria based
on conventional morphological characters and
image-based phenotyping is crucial. This
research aimed to determine the tolerance
response of the traits to identify promising
selection criteria on drought and salinity stress,
as well as, their combination.

MATERIALS AND METHODS

The research was conducted from July to
August 2020 at the screenhouse facility of
Plant Breeding and Tissue Culture Laboratory,
Department of  Agronomy, Hasanuddin
University, Indonesia. The average maximum
temperature and humidity were 40°C and
66.28%, respectively, and the minimum
temperature and humidity were 24.34°C and
42.96%, respectively. The experiment, set up
in a nested randomized complete group design,
consisted of nested replication of stressed
environments with two factors and three
replications. The first factor comprised the
level of environmental stresses, i.e., normal
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Table 1. Rice genotypes used in the study.

Genotypes Origin and Crossing

Inpari 34 Salin Agritan BR41XIR61920-3B-22-2

Inpari 29 IR69502/KAL9418 // Pokkali/ Angke

IR 29 Salinity susceptible check

IR 20 Drought susceptible check

Salumpikit Drought tolerant check

Pokkali Salinity tolerant check

Ciherang IR18349-53-1-3-1-3/IR19661-131-3-1//IR19661-131-3-1-///IR64/////IR64
Jeliteng Ketan Hitam /Pandan Wangi Cianjur

IR
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Figure 1. Rice plants in static hydroponic culture.

(without NaCl and PEG), medium and high
salinity (60 and 120 mM NaCl), medium and
high drought (10% and 20% PEG), and
combination of medium drought and salinity
(10% PEG + 60 mM NaCl). The second factor
comprised the rice genotypes. Eight rice
cultivars were used in this research, including
popular rice cultivars and check cultivars for
drought and salinity tolerance (Table 1).

Rice screening

The hydroponic system evaluated rice on its
early vegetative phase following the previous
study (Sakleh et al., 2020; Farid et al., 2021)
with a modification. Rice seeds were sown in
the seeding trays for seven days, with the
seedling being transplanted to the nutrient
culture media by placing the seedlings on a
styrofoam tray floated in a plastic container
filled with 8 L nutrient solution. Each styrofoam
had 18 mm diameter holes and a 5 cm x 4 cm
plant spacing. The seedlings planted in
styrofoams were rolled with a thin foam layer,
enabling the seedlings to float well on the
culture media (Figure 1). The culture media
used consisted of AB mix (EC +3 ds m),
changed weekly. The solution pH was
maintained at around 5.5-6.5 by applying
NaOH or HCI 1 N. Stress was imposed on the
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10" day after transplanting (DAT). Gradual
stress was applied to avoid osmotic shock.

Salinity

Sodium chloride (NaCl) application in the first
stage was 50% of the stress concentration,
and three days after increasing the application
to full concentration based on the treatment,
NaCl 0 mM (Normal)

NaCl 60 mM (Medium stress): 30 mM NaCl +
30 mM NaCl

NaCl 120 mM (High stress): 60 mM NaCl + 60
mM NacCl

Drought

PEG (polyethylene glycol) application on the
first stage was 50% of the stress
concentration, and after three days increasing
the application to full concentration based on
the treatment,

PEG 0% (Normal)

PEG 10% (Medium stress): 5% PEG + 5% PEG
PEG 20% (High stress): 10% PEG + 10% PEG

Drought-Salinity

In the combination treatment, the use of a
concentration of 50% (5% PEG + 30 mM NacCl)
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Figure 2. Examples of the phenotyping result on sensitive and tolerant rice varieties (a) IR 20 and
Salumpikit on 10% PEG, (b) IR 20 and Salumpikit on 20% PEG, (c) IR 29 and Pokkali on 60 mM NaCl,

(d) IR 29 and Pokkali on 120 mM NaCl.

in the first stage of treatment has induced high
symptoms in rice plants, therefore,
discontinuing additional stress application.

0% PEG + 0 mM NaCl (Normal condition)

5% PEG + 30 mM NaCl (Combination drought-
salinity)

Image analysis

Figure 2 shows the captured images 14 days
after the application using a Canon EOS 1200D
camera). Image acquisition used a portable
photo studio sized 75 cm x 75 cm x 75 cm
and white background with two 8-watt LEDs in
the studio. The photos got captured with 5, 6
F-stop, 1/160 seconds exposure time, and ISO
800 without flash (Laraswati et al., 2021).
Capturing the images used a hole positioned
above the studio. The photos were then
analyzed using Image-J software.

Data analysis

Observation on the number of characters
ensued 14 days after the applications for the
following morphological characters: plant
height (cm), length of longest root (cm),
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number of tillers, number of leaves, shoot
fresh weight (g), root fresh weight (g), and
biomass fresh weight (g); and image-based
phenotyping characters: second leaf length
(cm), third leaf length (cm), fourth leaf length
(cm), shoot area (cm?), index red, index
green, index blue, red/green ratio, and green
area percentage (%).

Independent analysis for all of the
observations used the analysis of variance
between salinity, drought, and a combination
of drought and salinity. Characters significant
to the minimal interaction on two stress lines
received further analysis. The adaptability
index determined the best concentration for
selection. The adaptability index calculation
combined the responses to stressed condition
and its relative decrease, which was
normalized. The most significant deviation
between the adaptability of tolerant and
sensitive cultivars became the basis for
determining the best selection environment for
each stress. The Principal Component Analysis
(PCA) evaluated the relative decrease in
chosen concentration using RStudio extra
package. Using the Software Minitabl7, the
adaptability index data of the selected
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concentration served in the factor analyses to
obtain the selection criteria. The chosen
selection criteria evaluated the general
tolerance characteristics of cultivars from the
average adaptability index on the three
selection environments using Heatmap Cluster
Analysis (HCA) and RStudio gplots package.

RESULTS
Analysis of variance
Drought stress

The analysis of variance on drought stress
indicated that the genotype, growing
environment, and interaction variance
significantly influenced the plant height, root
length, shoot fresh weight, root fresh weight,
biomass fresh weight, second leaf length, third
leaf length, fourth leaf length, and shoot area
(Table 2). Based on the variance analysis, the
interaction variance on drought stress affected
three image-based phenotyping characters. It
indicates that image-based phenotyping can
serve to differentiate genotype characteristics
on drought stress.

Salinity stress

The analysis of variance for rice characters
under salinity stress suggested that genotype,
growing environment, and interaction variance
considerably affected root length, shoot fresh

Table 2. Analysis of variance on drought stress.

weight, root fresh weight, biomass fresh
weight, third leaf length, shoot area, and green
per area (Table 3). For image-based
phenotyping characters, the third leaf length
and width acquired an effect by the interaction
variance. Yet, the number of characters
significantly affected by salinity was fewer
compared with the ones affected by drought
stress.

Drought-salinity stress

The variance analysis on traits treated with the
combination of drought and salinity stress
showed that the genotype, environment, and
the interactions of genotype and environment
greatly affected the plant height, shoot fresh
weight, root fresh weight, biomass fresh
weight, third leaf length, and shoot area (Table
4). The analysis of variance also showed two
characteristics of image-based phenotyping
influenced by the interaction (third leaf length
and shoot area).

Considering the intersection of
interaction variance between environments in
the analysis of variance (Tables 2, 3, and 4),
the plant height, root length, shoot fresh
weight, root fresh weight, biomass fresh
weight, third leaf length, and shoot area serve
as promising candidates for the selection
criteria. An explanation of this comprised the
consistent characteristics that have at least
two types of selection environments.

Characters

Mean squares

Genotypes Environments Interactions
Morphological traits
Plant height 960.03** 2070.44%** 38.53*
Number of tillers 9.78%* 38.81%* 1.94%*
Number of leaves 128.49%** 559.07** 18.92ns
Root length 70.544** 238.07* 8.45**
Shoot fresh weight 79.95** 371.00%* 23.02**
Root fresh weight 8.08** 49.,31%* 1.73*x*
Biomass fresh weight 124.11%* 613.43** 34.53**
Image-based phenotype
2" Leaf length 739.81% 3009.81%** 51.87*
3" Leaf length 682.05** 2723.02%* 69.74**
4% Leaf length 613.59%** 2206.02%* 80.58*
Shoot area 19417.14%** 115195.23** 5174.44%*
Red 409.00ns 8390.93%** 556.98ns
Green 469.97ns 3735.14%* 1037.61ns
Blue 269.63ns 3482.54** 242.62ns
Red/green ratio 0.48ns 0.29ns 0.60ns
Green area (%) 0.03ns 0.15%* 0.02ns

** >k Significant at P<0.01 and P<0.05, respectively, ns: Nonsignificant
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Table 3. Analysis of variance on salinity stress.

Mean squares

Characters Genotypes Environments Interactions
Morphological traits

Plant height 1010.01** 1445.22%* 22.98ns
Number of tillers 10.14** 34.99* 1.92ns
Number of leaves 147.14** 274.42%* 19.13ns
Root length 69.02** 46.57** 11.71%*
Shoot fresh weight 107.52** 291.42%* 18.34**
Root fresh weight 7.34%* 17.87** 1.65**
Biomass fresh weight 168.37** 451.37** 29.49%**
Image-based phenotype

2" Leaf length 869.21%* 1414.41%% 48.41ns
3" Leaf length 930.12** 1446.20** 55.16*

4" Leaf length 840.38** 840.22%** 27.03ns
Shoot area 34834.99** 94151.30** 4190.65%**
Red 1126.51ns 7550.66** 246.06ns
Green 735.24ns 2094.03* 391.17ns
Blue 337.64* 3697.94%** 103.36ns
Red/green ratio 0.66ns 0.11ns 0.02ns
Green area (%) 0.13** 2.02** 0.45*

** >k Significant at P<0.01 and P<0.05, respectively, ns: Nonsignificant

Table 4. Analysis of variance on drought-salinity stress.

Characters

Mean squares

Genotypes Environments Interactions
Morphological traits
Plant height 641.37** 3857.63** 48.62**
Number of tillers 5.33** 76.66* 4.12ns
Number of leaves 66.80ns 370.24%* 88.50ns
Root length 20.69** 223.26** 7.74ns
Shoot fresh weight 61.53** 586.74** 40.76**
Root fresh weight 4,93** 26.12** 2.61%*
Biomass fresh weight 98.16** 860.48** 62.17**
Image-based phenotype
2" Leaf length 534.16** 5032.14%* 14.09ns
3 Leaf length 604.69** 4412 .36** 87.94%*
4™ Leaf length 532.38%* 1932.81%* 68.10ns
Shoot area 15365.39** 184395.46** 9102.09**
Red 613.08ns 7764.03%* 269.45ns
Green 1338.17ns 6526.10%* 442.76ns
Blue 114.20ns 1400.22** 64.65ns
Red/green ratio 0.06ns 0.03ns 0.03ns
Green area (%) 0.01ns 0.34** 0.00ns

** k1 Significant at P<0.01 and P<0.05, respectively, ns: Nonsignificant

Adaptability index
Drought stress

The adaptability index from drought stress of
10% PEG showed that Inpari 29 and Pokkali
cultivars have a positive inclination to eight
candidates of selection criteria (Table 5). On
the contrary, Inpari 34 and Jeliteng cultivars
consistently tend to have negative adaptability
index to these eight characters. Meanwhile, the
Salumpikit cultivar relatively had a better
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adaptability index than the IR 20 cultivar at
10% PEG treatment.

Based on the 20% PEG stress, Pokkali
and IR 20 cultivars had a positive character
adaptability index. Inversely, IR 29,
Salumpikit, and Jeliteng cultivars had an
adaptability index that of a negative
inclination. Comparing the IR 20 and
Salumpikit cultivars showed that the IR 20
cultivar had a relatively better character
adaptability index value than the Salumpikit
cultivar, except for the character of shoot fresh
weight and third leaf length.
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Table 5. Adaptability index of selected characters to drought stress.

Cultivars PH RL SFW RFW BFW 3LL SA
Drought 10% PEG

Inpari 34 -4.4 -1.84 -1.2 0.51 -1.03 -2.32 -2.04
Inpari 29 1.56 -0.16 7.87 3.22 1.36 0.18 0.69
IR 29 3.17 2.34 -4.24 0.89 1.99 -4.62 0.87
IR 20 -3.43 0.27 -7.78 0.6 0.2 0.19 1.12
Salumpikit -0.79 1.94 -0.79 2 2.02 -0.03 2.81
Pokkali 7.48 1.18 6.5 0.97 0.95 2.88 0.55
Ciherang 0.66 -1.09 -2.07 -4.05 -2.29 4.86 -0.81
Jeliteng -4.24 -2.63 1.71 -4.13 -3.18 -1.13 -3.2
Drought 20% PEG

Inpari 34 -0.86 -0.87 2.28 1.92 0.11 -6.53 -3.49
Inpari 29 5.61 -2.73 -1.63 -4.87 -3.63 3 -6.02
IR 29 -3.98 -3.2 -7.19 -4.23 -3.51 0.08 5.11
IR 20 1.74 6.04 -1.96 4.6 5.42 2.05 1.33
Salumpikit -0.13 -4.09 4.9 -2.74 -3.6 4.08 -0.94
Pokkali 1.77 3.81 8.56 3.04 3.34 0.23 2.02
Ciherang -0.37 3.26 -1.85 2.85 3.3 2.75 5.58
Jeliteng -3.78 -2.23 -3.1 -0.57 -1.44 -5.67 -3.59

PH: Plant height, RL: Root length, SFW: Shoot fresh weight, RFW: Root fresh weight, BFW: Biomass fresh weight, 2LL: 2" Leaf
length, 3LL: 3™ Leaf length, SA: Shoot area.

Salinity stress

The adaptability index on the 60 mM NaCl
salinity stress showed that Inpari 34, Inpari
29, and Pokkali cultivars have a positive
character adaptability index to the eight
selected criteria (Table 6). Conversely, IR 29,
IR 20, Salumpikit, and Jeliteng cultivars tend
to have a negative adaptability index to these
eight criteria. Meanwhile, Pokkali and Inpari 34
had a relatively better adaptability index than
IR 29 at 60 mM NaCl salinity.

Based on the 120 mM NaCl stress, the
Salumpikit cultivar had a relatively consistent
positive adaptability index to eight selection
criteria. On the other hand, Inpari 34, IR 29,
and IR 20 cultivars tended to have a negative
adaptability index. Meanwhile, comparing IR 29
and Pokkali cultivars showed that Pokkali had
better character adaptability index values
compared with the IR 29 cultivar. However, the
score index differences between the 120 mM
NaCl concentration and the 60 mM NaCl
concentration are near equivalent.

Table 6. Adaptability index of the selected characters against two salinity stress concentrations.

Cultivars PH RL SFW RFW BFW 3LL SA
60 mM NaCl

Inpari 34 2.38 2.83 2.14 1.87 2.20 1.02 3.23
Inpari 29 4.58 2.47 5.62 3.39 5.16 2.62 4.52
IR 29 -6.93 -7.00 -5.28 -6.91 -5.93 -3.94 -7.59
IR 20 -2.11 -5.25 -3.88 2.62 -1.41 -5.29 -4.64
Salumpikit -0.48 -3.23 -4.69 -4.68 -5.14 -2.74 -2.81
Pokkali 3.12 1.92 5.73 4.53 5.25 4.86 7.13
Ciherang 0.58 6.43 1.59 0.33 1.24 5.65 2.07
Jeliteng -1.14 1.82 -1.23 -1.15 -1.37 -2.16 -1.90
120 mM NacCl

Inpari 34 -0.17 0.6 -5.92 -2.46 -5.26 -3.74 -2.64
Inpari 29 0.01 -0.1 5.03 1.33 3.98 6.21 6.08
IR 29 0.59 -9.37 -5.27 4.68 -0.04 1.32 -5.3
IR 20 -6.77 -2.74 -0.01 -1.63 -0.38 0.35 -3.77
Salumpikit 4.81 5.19 4.15 4.5 4,12 2.32 5.29
Pokkali 1.26 6.13 2.72 -0.4 0.92 2.47 6.03
Ciherang -0.36 -4.01 1.59 -0.93 0.66 -2.51 -1.57
Jeliteng 0.63 4.33 -2.3 -5.1 -3.99 -6.43 -4.09

PH: Plant height, RL: Root length, SFW: Shoot fresh weight, RFW: Root fresh weight, BFW: Biomass fresh weight, 3LL: 3™ Leaf
length, SA: Shoot area.
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Table 7. Adaptability index of selected characters to drought stress and salinity stress combinations.

Cultivars PH RL SFW RFW BFW 3LL SA
5% PEG + 30 mM NacCl

Inpari 34 -2.67 4.79 1.90 2.24 1.84 -5.40 0.87
Inpari 29 4.96 3.92 2.33 5.10 3.51 -0.23 5.64
IR 29 2.65 -1.45 3.42 4.19 3.80 4.68 0.88
IR 20 -4.46 -1.60 -4.39 -4.79 -4.85 -6.13 -3.94
Salumpikit -1.23 -4.73 2.06 0.41 1.56 -0.09 -0.08
Pokkali 4.51 5.67 -0.51 -2.15 -1.15 5.70 0.28
Ciherang -1.95 -0.82 0.53 0.98 0.79 1.70 2.89
Jeliteng -1.81 -5.77 -5.34 -5.99 -5.51 -0.23 -6.54

PH: Plant height, RL: Root length, SFW: Shoot fresh weight, RFW: Root fresh weight, BFW: Biomass fresh weight, 3LL: 3™ Leaf

length, SA: Shoot area.

Drought-salinity stress

The results of the adaptability index on the
drought stress and salinity combination
showed that Inpari 29, Inpari 34, IR 29, and
Ciherang cultivars tended to have a positive
adaptability index to the selection criteria
(Table 7). On the contrary, Inpari 20 and
Jeliteng cultivars consistently tended to have a
negative adaptability index to these eight
criteria. Meanwhile, Inpari 29 showed a
relatively better adaptability index than all
cultivars in the combination of drought and
salinity stress. The principal component
analysis illustrates the overall results of the
best adaptability index.

The study results revealed that the
concentrations of PEG 10% and NaCl 60 mM
seemed the optimal selection conditions for
drought and salinity stress, respectively, based

Individuals - PCA

on the differences and consistency of the
adaptability index.

Principal component analysis

The principal component analysis (PCA) of
eight cultivars in three types of selection
environment  through static hydroponic
screening showed the total variance of the PCA
biplot at 72.1% (dimension (Dim) 1 = 59.6%
and Dim 2 = 12.5%) (Figure 3). The salinity
stress showed wide variation in Dim 1, which
was the dimension with the widest variation.
The combination of drought and salinity stress
is a selection environment with a fairly
enormous and stable cultivar composition in
both dimensions. The drought stress consists
of a relatively low variance compared with
other stress environments and is concentrated
around the center of the PCA Biplot.

- Groups
" ® | Drought-Saline
Drought10

M | sSalines0

Dim1 (59 .6%)

Figure 3. Principal component analysis (PCA) of eight rice cultivars in three types of selection
environments through static hydroponic screening.
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Table 8. Factor analysis of rice based on morphological and image-based phenotyping on screening of
drought, salinity, and combination of drought-salinity through hydroponic culture.

Variables Factor-1 Factor-2 Factor-3 Factor-4 Communality
PH 0.032 -0.395 0.021 0.233 0.785
RL -0.28 0.126 0.941 0.012 0.926
SFW 0.306 -0.304 -0.539 -0.16 0.836
RFW 0.567 0.266 -0.135 0.166 0.957
BFW 0.385 0.121 -0.013 0.061 0.951
3LL -0.297 -0.749 -0.056 -0.016 0.885
SA 0.079 0.068 0.327 -0.114 0.924

PH: Plant height, RL: Root length, SFW: Shoot fresh weight, RFW: Root fresh weight, BFW: Biomass fresh weight, 3LL: 3™ Leaf

length, SA: Shoot area.

Factor analysis

The results of the factor analysis showed there
are four main factors with total diversity of
90.5% from the initial data (Table 8). The first
factor comprised the largest data diversity
compared with other factor variables. Factor 1
contains root fresh weight and biomass fresh
weight as the main characteristics that
determine the diversity of tolerance between
cultivars, based on the three stress
environments. Factor 2 indicates that plant
height and third leaf length have a large
diversity. However, both characters had a
negative response to factor 2. Factor 3 showed
that root length and area were the main
positive characters in the said factor. Factor 4
showed the same pattern as factor 2, where
the number of tillers was the main factor 4, but
with a negative value.

Heatmap cluster analysis

The heatmap cluster analysis demonstrates the
grouping between genotypes in the chosen
selection criteria. The heatmap analysis in
Figure 4 illustrates that the selection criteria
dendrogram (column in figure) consists of two
groups of characteristics, namely, the shoot
area and root length, and the biomass fresh
weight and root fresh weight. The cultivar
dendrogram (row in figure) also consists of two
major groups, which were divided into the
adaptive cultivars and sensitive cultivars. The
two groups each had four -cultivars. The
difference between the two groups resulted
from the character root length based on the
degradation of yellow and orange color in the
figure. Meanwhile, the characteristics of shoot
area, biomass fresh weight, and root fresh
weight divided these cultivars proportionally.
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Figure 4. Cluster heatmap analysis of eight rice cultivars on four selection criteria. SA: Shoot area,
RL: Root length, BFW: Biomass fresh weight, RFW: Root fresh weight.
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The first group consists of the adaptive
cultivars containing Inpari 29, Pokkali, Inpari
34, and Ciherang. Inpari 29 displays as an
adaptive cultivar to all selection criteria. The
second group makes up a sensitive cultivar
group consisting of the Salumpikit, IR 29, IR
20, and Jeliteng. Jeliteng had a lower shoot
area, biomass fresh weight, and root fresh
weight compared with the three other cultivars
in its group.

DISCUSSION

The ANOVA results showed that several
characters had significant consistency toward
the three sources of variance, especially the
variance of interactions. Interaction variance is
an essential factor in determining the criteria
of selection in a screening tolerance (Sitaresmi
et al., 2016; Anshori et al., 2019; Farid et al.,
2021). The notable interaction indicated the
difference in responses between the genotypes
to the normal and stressed environment for
characters that have pronounced consistency
to the three variance sources, especially
interaction variance (Kan et al., 2010; Fadhli et
al., 2020; Farid et al., 2020). Relatively
tolerant genotypes can minimize damage due
to stress, resulting in a low relative decrease or
sloped declination graph. On the other hand,
susceptible genotypes suffer severe damage,
so the decline becomes relatively large or a
steep declination graph (Anshori et al., 2018b).
Therefore, an interaction variance can be an
early indicator of selection criteria. Based on
the intersection of interaction variance
between environments (Tables 2, 3, and 4),
the plant height, root length, shoot fresh
weight, root fresh weight, biomass fresh
weight, third leaf length, and shoot area can
serve as candidates for the selection criteria.
Hence, an in-depth analysis needs attention to
determine the best selection criteria.

One of the approaches to assess the
selection criteria is to combine the potential
from relative decrease to its adaptive nature in
a stressed environment. According to Anshori
et al. (2020), the combination of relative
decrease and phenotype in the saline state will
form a heat map cluster that is directed toward
tolerance properties. The combination of the
two concepts can be done using the selection
index approach (Rajamani et al., 2016), thus,
the formed index can be expressed as a stress
adaptability index. According to the stress
adaptability index (Tables 5, 6, and 7), this
index can distinguish between tolerant and
sensitive check cultivars for several characters
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in each type and stress concentration. This
difference indicates this index serves well in
distinguishing tolerance characters. However,
determining the best selection environment
can increase the chances of choosing the best
selection criteria. Anshori et al. (2018b) and
Bakhtiar (2010) also reported a similar finding,
in which the assessment of the selection
criteria and the tolerance trait resulted from
the tolerance screening environment.
Therefore independently determining the
selection environment has previous research
indicating the best selection criteria,
particularly in drought stress and salinity
environments separately.

Determining the selection environment
for each stress type can be done by comparing
the difference in the value of the adaptability
index. A good selection environment can
differentiate between tolerant and sensitive
genotype responses (Anshori et al., 2018b).
Based on this concept, the 10% PEG
concentration stood out as the best selection
environment, with consistent differences
between the Salumpikit and IR 20 cultivars. In
contrast, the 20% PEG concentration proved
less receptive due to the instability of the
differences in characters between the two
cultivars. It is in line with the research of Farid
and Ridwan (2018), which states that the
tolerance limit for rice resistance to drought
was at a PEG concentration of 10% (-0.67
MPa). In a salinity stress environment, the 60
mM NaCl concentration resulted as the best
concentration, with the difference in index
between Pokkali and IR 29 more incredible
than the 120 mM concentration. Although
several reports also stated that the 120 mM
NaCl concentration came out as the best
selection environment (Safitri et al., 2018;
Anshori et al., 2020). This may be due to the
difference in nutrient solutions used. The
recent study used ABmix as a nutrient solution,
which differed from the research of Anshori et
al. (2020) and Safitri et al. (2018), which used
the Yoshida solution as a nutrient solution.
Based on the differences and consistency of
the adaptability index, it can be concluded that
the concentrations of PEG 10% and NaCl 60
mM stand out as the most promising selection
environments for drought and salinity stress,
respectively, in this study.

The Principal Component Analysis
(PCA) illustrated the overall results of the best
adaptability index. PCA is a statistical

technique that linearly changes the form of a
set of original variables into a smaller set of
uncorrelated ones that can represent
information from the original set of variables
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(Dunteman, 1989). This analysis can map the
variance of the initial data in the form of a new
dimension or variable (Fadhli et al., 2020;
Farid et al., 2020; Farid et al., 2021;
Widyawan et al., 2020) so that the
determination of the variance pattern of each
group can be identified. Based on this
research, all selection environments
overlapped or interacted with each other.
Salinity stress appeared to have the most
significant variance, especially in dimension 1.
Dimension 1 was the largest dimension of the
variance of the initial data, so this dimension
became the initial basis for assessing the
general variance of the existing data (Farid et
al., 2020; Jolliffe, 2002).

Salinity stress is relatively dynamic
stress. It was also stated by Ismail et al.
(2013) and Kranto et al. (2016), who reported
about the dynamics of salinity tolerance based
on the growth phase. Salinity stress harms the
entire crop cycle, especially at the pollination
and fertilization stages (Reddy et al., 2017).
Wide variation of salinity is due to the potential
for this stress which can induce several
stresses, such as, osmotic, oxidative,
homeostasis, and toxic stress. The resulting
variance is relatively diverse compared with
other stresses (Ghosh and Ali, 2016). The
combined stress includes all the variance in
each independent stress environment so that
the mapping of this variance becomes balanced
in each dimension. Therefore, determining the
selection criteria based on the variance of the
three selection environments can serve as
basis for assessing the stable genotype
tolerance trait to multiple drought-salinity
stresses. Determination of the selection criteria
can be done by using factor analysis.

Factor analysis plays a role to identify
the key or significant dimensions in the
multivariate domain (Acquaah, 2007). Factor
analysis aims to select specific factors that
have the same direction as the main factor and
eliminate those that do not have a relevant
effect on the main character (Mattjik and
Sumertajaya, 2011; Farid et al., 2020). Based
on Table 8, root fresh weight (0.567 in factor
1), biomass fresh weight (0.385 in factor 1),
root length (0.941 in factor 3), and shoot area
(0.327 in factor 3) proved the recommended
characters as selection criteria. The
explanation shows the four characters have a
loading factor exceeding 0.32 (Yong and
Pearce, 2013). Based on this, the four
characters can determine the nature of
tolerance to drought-salinity double stress.
One analysis that can look into the tolerance
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character is the cluster heat map analysis
(Anshori et al., 2020).

Cluster analysis is a method often used
in plant breeding. Two main functions of the
cluster analysis application include 1) the
measurement to identify outliers and 2) the
classification of sample subtypes (Zhao et al.,
2014). However, in current developments,
cluster analysis is often combined with heat
map analysis (Anshori et al., 2020; Virga et
al., 2020). The concept of heatmaps can
facilitate a graphical representation of the data
of an individual value in the form of
normalized-color gradations (Tiessen et al.,
2017). Based on the heatmap cluster analysis,
the four characteristics could specifically
identify the double-stress tolerance trait
among the cultivars. The first group has good
adaptive characteristics against multiple
stresses. Pokkali, Inpari 29 and Inpari 34 Salin
consist of the cultivars reported having good
tolerance to salinity stress (Safitri et al., 2016;
Sembiring et al., 2019; Anshori et al., 2020;
Nasaruddin et al. 2020).

Meanwhile, reports said the Ciherang
cultivar has good adaptive properties in various
environments, therefore, it was known as a
megacultivar. In contrast, other reports stated
that the IR 20 and IR 29 are control cultivars
sensitive to drought stress and salinity,
respectively (Akbar et al., 2018; Anshori et al.,
2018). The Jeliteng cultivars are known as
black cultivars with high antioxidants (Suarni
et al., 2020). The antioxidant is active during
the reproductive phase and causes a purplish
to black color on the grains (Dwiatmini and
Afza, 2018), so their tolerance to double stress
is less optimal in the vegetative phase. The
Salumpikit cultivar is a genotype only tolerant
of drought stress. However, its potential is still
better than the IR 20, IR 29, and Jeliteng.
Therefore, based on the results of the heat
map cluster, root fresh weight, biomass fresh
weight, root length, and image area have the
potential for the selection criteria in drought
and salinity multiple stress screening.

The characteristics for selection criteria
in this study proved that drought-salinity
multiple stresses affected all parts of rice
morphology during the early vegetative phase.
Several studies have shown that the response
to root growth can be a selection criterion
identical to drought and salinity stress
(Susanto et al., 2019; Salleh et al., 2020).
Although in several studies, the root character
did not have a significant interaction in
differentiating the tolerant and sensitive
cultivars to salinity stress (Yamamoto et al.,
2011; De Leon et al., 2015; Anshori et al.,
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2020). However, in this study, the root
character exhibited more dominance in
distinguishing large groups from the drought-
salinity multiple stress adaptive traits. In
contrast, the shoot characters tended to
differentiate the specific adaptability traits
between the cultivars in each group,
specifically the broad character of the shoot
image area. The shoot image area becomes a
good selection indicator in determining rice
genotypes’ adaptability to salinity stress,
drought, and multiple drought-salinity stress.
Studies by Berger et al. (2012) and Wu et al.
(2020) also supported this finding and showed
that a shoot image (crop canopy) area has a
good linear correlation in assessing plant
growth. Therefore, the broad character of the
shoot image can be recommended as a
selection criterion in identifying the adaptability
trait of the rice genotype to multiple drought-
salinity stress.

Crop canopy structure is determined by
genetic characteristics, physiological and
biochemical processes, planting patterns, and
growth status. So far, little emphasis has been
placed on understanding how canopy traits
contribute to yield differences between rice
ecotypes grown in water-stressed conditions.
This idea has long been floated as a potential
avenue for developing new rice plant cultivars.
Given that crop canopies belong to an
integrated photosynthetic and matter
production system, crop canopy structure is
critical to its function (Guo et al., 2015;
Ouyang et al., 2021). According to Ouyang
(2021), rice genotypes with different canopy
architectures may respond to water deficit
differently. Guo et al. (2015) demonstrated
that the distribution of the leaf area index is
the most critical factor in determining leaf
physiological characteristics in crop canopies.
Also, Wang et al. (2016) recently determined
abiotic stress (critical N concentrations) using
rice canopy cover information extracted from
digital images rather than aboveground dry
weight.

As an alternative to measuring the
canopy cover, the multispectral remote sensing
technology can quickly and easily measure
growth parameters in various plants. The
method, however, is sensitive to measurement
saturation caused by a dense canopy and thus
underestimates canopy growth parameters (Yu
et al., 2020). Therefore, the near-surface
hyperspectral technique is an excellent way to
estimate canopy structure parameters and
reduce measurement saturation through an
optimized vegetation index. It became the first
step to developing image-based phenotyping,
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especially in its use rice in

drought-salinity stress.

in screening

CONCLUSIONS

Salinity stress had a wider variance than
drought stress, while the combination of
drought-salinity stress had a relatively stable
variance compared with independent stress.
The combination of morphological characters
and image-based phenotyping could increase
precision in assessing the tolerance or
adaptability of rice to drought, salinity, and
combined stress. Morphological characters that
could be used as rice selection criteria in
multiple drought-salinity stress comprised the
shoot fresh weight, root length, and root fresh
weight. The image-based phenotyping
character suggested as a selection criterion
was the width of the shoot phenotype. Image-
based phenotyping characters, specifically the
shoot phenotype area, are recommended as a
character for precise selection in assessing the
potential tolerance or adaptability of rice
genotypes either to drought stress, salinity, or
the combination of both.

ACKNOWLEDGMENTS

The authors acknowledge the government of
Indonesia through the Ministry of Education and
Culture, which has offered the Master to Doctoral
Acceleration Program (PMDSU) research grant. Also,
sincere thanks to the Indonesian Center for Rice
Research (BB PADI) for providing seed materials for
this research.

REFERENCES

Acquaah G (2007). Principles of Plant Genetics and
Breeding. Blackwell Publishing, Oxford,
United Kingdom, pp. 130-134.
Akbar MR, Purwoko BS, Dewi IS, Suwarno WB,
Sugiyanta (2018). Agronomic and drought
tolerance evaluation of doubled-haploid rice
breeding lines derived from anther culture.
SABRAO J. Breed. Genet. 50(2): 115-128.
Yeasmin L, Gantait S, Goswami R,
Chakraborty (2014). Screening of rice
landraces for salinity tolerance at seedling
stage through morphological and molecular
markers. Physiol. Mol. Biol. Plants. 20(4):
411-423.
MF, Bambang SP, Iswari SD, Sintho WA,
Willy BS, Heni S (2018b). Heritabilitas,
karakterisasi, dan analisis clustergram
galur-galur padi dihaploid hasil kultur
antera. J. Agron. Indonesia 46(2): 119-125.
(in Indonesian).

Ali  MN,

Anshori



Sakinah et al. (2022)

Anshori MF, Purwoko BS, Dewi IS, Ardie SW,
Suwarno WB (2018). Determination of
selection criteria for screening of rice
genotypes for salinity tolerance. SABRAO J.
Breed. Genet. 50(3): 279-294.
MF, Purwoko BS, Dewi IS, Ardie SW,
Suwarno WB (2019). Selection index based
on multivariate analysis for selecting
doubled-haploid rice lines in lowland saline
prone areas. SABRAO J. Breed. Genet.
51(2): 161-174,
MF, Purwoko BS, Dewi IS, Suwarno WB,
Ardie SW (2020). Cluster heatmap for
detection of good tolerance trait on doubled-
haploid rice lines under hydroponic salinity
screening. IOP Conf. Ser.: Earth Environ.
Sci. 484: 012001
Asaari MSM, Martens S, Dhondt S, Inzé D, Wuyts N,
Scheunders P (2019). Analysis of
hyperspectral images for detection of
drought stress and recovery in maize plants
in a high-throughput phenotyping platform.
Comput. Electron. Agric. 162(March): 749-

Anshori

Anshori

58.
Bakhtiar, Purwoko BS, Trikoesoemaningtyas, Dewi IS
(2010). Correlation and path analysis

among some characters of upland rice in
acid soils. J. Floratek 5: 86-93.

Berger B, de Regt B, Tester M (2012). High-
Throughput Phenotyping of Plant Shoots.
Jennifer Normanly (ed.), High-Throughput
Phenotyping in Plants: Methods and
Protocols. Methods Mol. Biol. vol. 918: 9-20.

De Leon TB, Linscombe S, Gregorio G, Subudhi PK
(2015). Genetic variation in southern USA
rice genotypes for seedling salinity
tolerance. Front Plant Sci. 6: 1-13.

Dunteman GH (1989). Principal Component Analysis.
Newbury Park: Sage Publications.

Dwiatmini K, Afza H (2018). Anthocyanin content
characterization on pigmented local rice as
genetic resources of functional food. Bull.
Plasma Nutfah. 24(2): 125-134. (in
Indonesia).

Fadhli N, Farid M, Rafiuddin, Effendi R, Azrai M,
Anshori MF (2020). Multivariate analysis to
determine secondary trait in selecting
adaptive hybrid corn lines under drought
stress. Biodiversitas 21: 3617-3624.

Farid M, Nasaruddin, Anshori MF, Musa Y, Iswoyo H,
Sakinah AI (2021). Interaction of rice
salinity screening in germination and
seedling phase through selection index
based on principal components. Chil. J.
Agric. Res. 81(3): 368-377.

Farid M, Nasaruddin, Musa Y, Anshori MF, Ridwan I,
Hendra J, Subroto G (2020). Genetic
parameters and multivariate analysis to
determine secondary traits in selecting
wheat mutant adaptive on tropical lowlands.
Plant Breed. Biotechnol. 8(4): 368-377.

Farid M, Nasaruddin, Musa Y, Ridwan I, Anshori MF
(2021) Effective screening of tropical wheat
mutant lines under hydroponically-induced
drought stress using multivariate analysis

698

approach. Asian J. Plant Sci. 20(1): 172-
182.

Farid M, Ridwan I (2018). Tolerance limits of

Indonesian rice varieties to drought and

salinity in germination phase using PEG and

NaCl as selection agents. IOP Conf. Ser.:

Earth Environ. Sci. 157: 012011.

H, Sterzel T, Pape CA, Monco-lain M,

Niemeyer I, Boer R, Kropp JP (2011). Sea-

level rise in Indonesia: On adaptation

priorities in the agriculture sector. Reg.

Environ. Change. 11: 893-904.

Ghosh B, Ali Md N, Saikat G (2016). Response of rice
under salinity stress: A review update. J.
Res. Rice. 4(2):167.

Guo Y, Zhang L, Qin Y, Zhu Y, Cao W, Tian Y (2015).
Exploring the vertical distribution of
structural parameters and light radiation in
rice canopies by the coupling model and
remote sensing. Remote Sensing 7(5):
5203-5221.

Hairmansis A, Berger B, Tester M, Roy SJ] (2014).
Image-based phenotyping for non-
destructive screening of different salinity
tolerance traits in rice. Rice 7(1): 1-10.

Horgan RP, Kenny LC (2011). ‘Omic’ technologies:
Genomics, transcriptomics, proteomics and
metabolomics. Obstet. Gynecol/ 13: 189-
195.

Ismail AM, Platten JD, Miro B (2013). Physiological
bases of tolerance of abiotic stresses in rice
and mechanisms of adaptation. Oryza 50:
91-99.

Jolliffe IT (2002). Principal Component Analysis,
Second Edition. New York (US): Springer-
Verlag New York, Inc.

Kan A, Kaya M, Gurbuz A, Sanli A, Ozcan K, Ciftci CY
(2010). A study on genotype x environment
interaction in chickpea Vvarieties (Cicer
arietinum L.) grown in arid and semi-arid
conditions. Sci. Res. Essays 5(10): 1164-
1171.

Kashenge-Killenga S, Tongoona P, Derera J (2013).
Morphological and physiological responses of
Tanzania rice genotypes under saline
condition and evaluation of traits associated
with stress tolerance. Int. J. Sustain. Dev.
2(2): 1457-1475.

Kranto S, Chankaew S, Monkham T, Theerakulpisut
P, Sanitchon J (2016). Evaluation for salt
tolerance in rice using multiple screening
methods. J. Agric. Sci. Technol. 18: 1921-
1931.

Laraswati AA, Padjung R, Farid M, Nasaruddin N,
Anshori MF, Nur A, Sakinah AI (2021).
Image based-phenotyping and selection
index based on multivariate analysis for rice
hydroponic screening under drought stress.
Plant Breed. Biotechnol. 9(4): 272-286.

Mattjik AA, Sumertajaya IM (2011). Sidik Peubah
Ganda dengan Menggunakan SAS. Statistika
F-MIPA IPB, Bogor, Indonesia, pp. 119-128.

Mondal S, Borromeo TH (2016). Screening of salinity
tolerance of rice at early seedling stage. J.
Biosci. Agric. Res. 10(01): 843-847.

Forster



SABRAO J. Breed. Genet. 54 (4) 686-699. http://doi.org/10.54910/sabrao2022.54.4.1

Nasaruddin N, Bdr MF, Musa Y, Iswoyo H, Anshori
MF, Sakinah AI, Arifuddin M, Laraswati AA,
Handayani AR (2020). Character selection
and tolerance screening effectivity on static
hydroponic method under drought stress in
rice. Agrotech. J. 5(2): 82-88.

Ouyang W, Yin X, Yang J, Struik PC (2021). Roles of
canopy architecture and nitrogen
distribution in the better performance of an
aerobic than a lowland rice cultivar under
water deficit. Field Crops Res. 271: 1-11.

Rad HE, Aref F, Rezaei M (2012). Response of rice to
different salinity levels during different
growth stage. Res. J. Appl. Sci. Eng. 4(17):

3040-3047.
Rajamani S, Sreekanth M, Naik VS, Ratham M
(2016).  Selection indices for yield

attributing character improvement in pigeon
pea (Cajanus cajan L. Millspugh). Int. J. Life
Sci. Sci. Res. 2(2): 127-129.

Reddy INBL, Kim BK, Yoon IS, Kim KH, Kwon TR

(2017). Salt tolerance in rice: Focus on

mechanisms and approaches. Rice Sci.

24(3): 123-144.

IA, Hairmansis A, Nugraha Y, Nafisah,
Susanto U, Wardana P, Subandiono RE,
Zaini Z, Sembiring H, Khan NI, Singh RK,
Johnson DE, Stuart AM, Kato Y (2018).
Development of tolerant rice varieties for
stress-prone ecosystems in the coastal
deltas of Indonesia. Field Crops Res. 223:
75-82.

Safitri H, Purwoko BS, Dewi IS, Ardie SW (2016).
Morpho-physiological response of rice
genotypes grown under saline conditions. J.
Int. Soc. Southeast Asian Agric. Sci. 22: 52-
63.

Safitri H, Purwoko BS, Dewi IS, Ardie SW (2018).
Salinity tolerance of several rice genotypes
at seedling stage. Indonesian J. Agric. Sci.
18(2): 63-68.

Salleh MS, Malek RA, Shahari R, Nordin MS (2020).
Screening rice (Oryza sativa |.) genotypes

Rumanti

for resistance against drought. Water
Conserv. Manag. 4(2): 78-82.
Sembiring H, Subekti NA, Erythrina, Nugraha D,

Priatmojo B, Stuart AM (2019). Yield gap

management under seawater intrusion
areas of Indonesia to improve rice
productivity and resilience to climate

change. Agric. (Switz.). 10(1): 1-13.
Siddiqui ZS, Cho JI, Park SH, Kwon TR, Ahn BO, Lee
GS, Jeong MJ], Kim KW, Lee SK, Park SC
(2014). Phenotyping of rice in salt stress
environment using high-throughput infrared
imaging. Acta Bot. Croat. 73(1): 149-58.
Sitaresmi T, Gunarsih C, Nafisah, Nugraha Y,
Abdullah B, Hanarida I, Aswidinnoor H,
Muliarta IGP, Daradjat AA, Suprihatno B
(2016). Pengaruh interaksi genotipe x
lingkungan terhadap hasil galur harapan
padi sawah. J. Penelit. Pertanian Tanaman
Pangan. 35(2): 89-98. (in Indonesian).

699

Sopandie D (2014). Fisiologi
Terhadap Cekaman
Agroekositem Tropika.
press.

Statistics Indonesia (2021). Statistical yearbook of
Indonesia 2021. Statistics Indonesia,
Jakarta.

Suarni S, Aqil M, Azrai M (2020). Prospects of
anthocyanin-rich  carbohydrates  sources
commodity development to support
functional food diversification. J. Penelit.
Pengembangan Pertanian. Vol 39(2): 117-
128.

Susanto U, Rohaeni WR, Prastika D, Azkia FW
(2019). Observation of root architecture at
vegetative stage of drought tolerant rice
genotypes using mini pot method. IOP Conf.
Ser.: Earth Environ. Sci. 250 012081

Tiessen A, Cubedo-Ruiz EA, Winkler R (2017).
Improved representation of biological
information by using correlation as distance
Function for heatmap cluster analysis. Am.
J. Plant Sci. 08(03): 502-516.

Virga G, Licata M, Consentino BB, Tuttolomondo T,
Sabatino L, Leto C, La Bella S (2020). Agro-
morphological characterization of Sicilian
chili pepper accessions for ornamental
purposes. Plants 9(10): 1-14.

Wang Y, Shi PH, Zhang G, Ran J, Shi WM, Wang D]
(2016). A critical nitrogen dilution curve for
japonica rice based on canopy images. Field
Crops Res. 198: 93-100.

Widyawan MH, Hasanah A, Taryono, Alam T, Sayekti
RS, Pramana AAC, Wulandari RA (2020).
Multivariate  analysis unravels genetic
diversity and relationship between
agronomic traits, protein, and dietary fiber
in yardlong bean (Vigna unguiculata subsp.
Sesquipedalis Verdc.). Biodiversitas. 21(12):
5662-5671.

Wu S, Wen W, Wang Y, Fan J, Wang C, Gou W, Guo
X (2020). MVS-Pheno: A portable and low-
cost phenotyping platform for maize shoots
using multiview stereo 3D reconstruction.
Plant Phenomics 2020: 1-17.

Yamamoto A, Sawada H, Shim LS, Usui K, Fujihara S
(2011). Effect of salt on physiological
response and leaves polyamine content in
NERICA rice seedling. Plant Soil Environ.
57(12): 571-576.

Yong AG, Pearce S (2013). A beginner’s guide to
factor analysis: Focusing on exploratory
factor analysis. Tutor. Quant. Methods
Psychol. 9(2): 79-94.

Yu Z, Ustin SL, Zhang Z, Liu H, Zhang X, Meng X,
Cui Y, Guan H (2020). Estimation of a new
canopy structure parameter for rice using
smartphone photography. Sensors 20(14)
4011: 1-17.

Zhao S, Guo Y, Sheng Q, Shyr Y (2014). Advanced
heat map and clustering analysis using
Heatmap3. Biomed. Res. Int. 2014: 1-6.

Tanaman
pada
IPB

Adaptasi
Abiotik
Bogor (ID):



