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Abstract

Climate change and reduced crop yields caused 
by drought stress have increased the demand 
for drought-tolerant varieties. The anther culture 
technique allows the production of improved varieties 
with high homozygosity in a short time. The study 
aimed to select the drought-tolerant double haploid 
lines at the seedling stage. This research was 
conducted in the greenhouse of the Indonesian 
Center for Agricultural Biotechnology and Genetic 
Resources Instrument Standard Testing (BBPSI 
Biogen), Bogor, from August to November 2023. The 
drought-tolerant selection of 12 doubled-haploid rice 
lines (AE1-AE12) and four check varieties, i.e., two 
commercial checks (“Inpari 18” Tadah Hujan Agritan 
or AE13, “Bioni63” Ciherang Agritan or AE14), one 
drought-tolerant check (“Salumpikit” or AE15), and 
one drought-sensitive check (“IR20” or AE16). The 
research used a randomized complete block design 
with three replications. The characters observed 
were leaf rolling, leaf drying, recovery ability, and 
plant fresh and dry weight. The Friedman test results 
showed that the lines with the lowest rankings, three 
lines (AE2, AE5, and AE12) with mild tolerant criteria 
for leaf rolling, five lines (AE1, AE2, AE5, AE8, and 
AE12) with mild tolerant criteria for leaf drying, and 
three lines (AE1, AE5, and AE12) with tolerant criteria 
for recovery ability. The selection index for drought 
tolerance at the seedling stage identified seven lines 
with positive values. Based on the Friedman test, 
selection index, and heatmap visualization, AE12, 
AE1, AE5, and AE8 exhibited a tolerance similar to 
“Salumpikit” and were deemed suitable based on 
drought tolerance characters.
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Introduction

Rice is cultivated in over 100 countries, and 90% of 
the total production comes from Asia (Fukagawa and 
Ziska, 2019). Rice is a major staple food in the Asian 
region, including Indonesia. Based on data from 
the Central Bureau of Indonesian Statistics (BPS, 
2024), there have been fluctuations in Indonesia’s 
rice production from 2020 to 2024. In 2024, there 
was a decrease of 1.64% and 2.45% in dry milled 
rice production and harvested area, respectively, 
compared to the previous year (BPS 2024). Therefore, 
it is crucial for Indonesia to keep sustainable rice 
productivity to avoid a further potential deficit.

Various factors affect rice production, including 
climate change (Ndikuryayo et al., 2023; Rajan, 
2023). Drought is an impact of climate change where 
the dry season period is longer (Kumar et al., 2019; 
Botahala et al., 2021), thus affecting plant growth and 
yield (Baniya et al., 2020; Oo et al., 2020; Panda et 
al., 2021). The El Niño can also exacerbate drought 
conditions by delaying rainfall and decreasing 
rice planting in Indonesia’s rice-growing regions 
(Naylor et al., 2007). Furthermore, the long dry 
season in Indonesia has resulted in limited rice 
planting, drought, and crop failure (Sukarman et 
al., 2018). Based on data from the Indonesian 
Ministry of Agriculture and the Indonesian Agency for 
Meteorological, Climatological and Geophysics from 
2016 to 2023, rice fields have experienced drought, 
with an average area of 255,974 ha, and 29.39% 
of them failed to harvest (Kementan, 2021; BMKG, 
2024). Climate change and drought stress that cause 
reduced yields (Bhandari et al., 2023; Malau et al., 
2023) have increased the need for drought-tolerant 
rice varieties (Sabouri, 2022). Hence, it is important 
to develop rice varieties that adapt to climate change 
to maintain yields while minimizing the harmful effects 
of abiotic stress (Hassan et al., 2023).
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Plant breeding can be done to obtain new superior 
varieties of rice based on desired characteristics. 
This effort can be achieved quickly through anther 
culture technique (Dewi and Purwoko, 2012). The 
anther culture technique can reduce the breeding 
process duration by up to 8 generations compared to 
conventional methods (Purwoko et al., 2010). Based 
on the research findings of Hadianto et al. (2023), 
the selected doubled haploid (DH) irrigated rice lines 
demonstrate favorable agronomic traits and high yield 
potential. Therefore, further testing, such as drought 
stress evaluation, is required for these lines.  The 
selected DH lines were derived from KP4 × “BioNL 
6-1” (AE1-AE6) and “Inpari 45” × KP4 (AE7-AE12). 

Drought tolerance evaluation can be conducted at 
the vegetative and generative phases. Rice has three 
growth stages most sensitive to drought stress: early 
seedling, vegetative, and anthesis (Singh et al., 2012). 
Rapid testing in selecting drought-tolerance lines at 
the seedling stage based on the Standard Evaluation 
System (SES) of rice from IRRI has been carried out 
by other researchers and can provide an overview 
of how the tolerance of the tested lines (Opalofia et 
al., 2018; Kartina et al., 2019; Susanto et al., 2019; 
Herawati et al., 2021; Tirtana et al., 2021). According 
to Ambikabathy et al. (2019), some lines identified 
as tolerant to drought stress in the seedling stage 
are also tolerant to drought stress in the generative 
phase. This study aims to determine the tolerance 
of DH rice lines to drought stress and select tolerant 
lines at the seedling stage.

Materials and Methods

Study Sites and Design

This research was conducted in the greenhouse of the 
Indonesian Center for Biotechnology and Agricultural 
Genetic Resources Instrument Standard Testing 
(BBPSI Biogen), Bogor, from August to November 
2023. The climate data during the experiment is 
presented in Table 1. The drought-tolerant test was 
conducted using a completely randomized block 
design with three replications. Fourteen seeds per 

line were planted in rows on a planting trough (3 m × 
0.6 m × 0.8 m) at a spacing of 5 cm × 5 cm. Nitrogen, 
phosphorus, and potassium fertilizers were applied at 
200 kg.ha-1 in a 16:16:16 ratio, dissolved in water, and 
given seven days after planting (DAP).

Genetics Materials

In the present study, 12 DH rice lines (AE1-AE12) 
and four check varieties consisting of two commercial 
checks (“Inpari 18” or AE13 and “Bioni63” or AE14), 
one drought-tolerant check (“Salumpikit” or AE15), 
and one drought-sensitive check (“IR20” or AE16) 
were used for drought screening. Lines AE1-AE6 
were derived from KP4 × “BioNL 6-1”, whereas lines 
AE7-AE12 were derived from “Inpari 45” × KP4.

Observation and Measurement

The crop was irrigated until 14 DAP and left without 
irrigation until the drought-sensitive check plants 
showed leaf drying at a score of 9. The doubled 
haploid (DH) rice lines were visually screened for 
drought-tolerant variables: leaf rolling, leaf drying, 
and recovery ability. Assessment of the plant 
responses to drought stress was conducted based on 
the Standard Evaluation System (SES) of rice from 
“IRRI” (2014) (Table 2-4). The assessment of leaf 
rolling in the tested DH lines was conducted when the 
leaves of the “IR-20” had completely rolled (score 9). 
The evaluation of leaf drying in the tested DH lines 
was conducted when all the leaves of the “IR-20” had 
dried entirely (score 9), which occurred at 48 DAP.  
The tested DH lines were then rewatered for 10 days, 
and the recovery ability assessment was conducted.

Other growth responses measured in this study were 
the fresh and dry weights. Plant fresh weight data 
were collected by weighing all plant parts (leaf, stem, 
and root). The root part had been cleaned from the 
soil. Plant samples that had been weighed fresh were 
put into separate envelopes for each experimental unit 
and dried using an oven at 60oC for 3x 24 h. The dried 
plant samples were then weighed with an analytical 
balance to obtain the dry weight of the plants.

Table 1. Climate data of the study area 

Months Precipitation  
(mm per month)

Minimum temperature
(°C)

Maximum temperature
(°C)

Humidity
(%)

August 144.7 20.3 34.4 75.5
September 62.2 19.6 35.8 72.0
October 102.1 21.6 36.0 74.9
November 1068.0 22.2 34.8 85.1
Mean 344.3 20.9 35.3 76.9

Source: BPS (2024)
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Data Analysis

Data from the scoring of the drought-tolerant test 
of doubled haploid (DH) rice lines were calculated 
based on the Friedman test (Conover 1999; Pereira 
et al. 2015; Liu and Xu, 2022):Data from the scoring of the drought-tolerant test of doubled haploid (DH) rice lines were 

calculated based on the Friedman test (Conover 1999; Pereira et al. 2015; Liu and Xu, 2022): 
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If the Friedman test showed differences among the tested lines, then the LSD test was 
conducted on the drought-sensitive and drought-tolerant checks (Conover, 1999; Pereira et al., 
2015): 

|𝑅𝑅����� � 𝑅𝑅�����| � ���� �� ��������������𝑥𝑥�
2�𝑏𝑏𝑥𝑥𝐴𝐴 �  ∑𝑅𝑅���
�𝑏𝑏 � 1��� � 1�  

𝑅𝑅����� = Average number of ranks of line a, 𝑅𝑅����� = Average number of ranks of line b, 𝑅𝑅� = Sum of 
ranks of values of each line in the whole block, 𝑏𝑏 = Blocks, k = Number of lines, t = t table value, 
A = Sum of squares of each observation value. 

Each drought test character and plant weight were subjected to correlation analysis. The 
correlation between characters was calculated based on Spearman's rank correlation 
(Spearman, 1904; Zar, 2005): 

𝑟𝑟� � 1 �  6∑𝑑𝑑��
���� � 1� 

𝑟𝑟�= Spearman's rank correlation coefficient, 𝑑𝑑��= The square of the difference in the rank of the 
observation of characters x and y, n= Number of genotypes. 
 

The degree of relatedness between the characters analyzed can be determined based on the 
correlation coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 indicates a high correlation, 0.4 < r ≤ 
0.7 indicates a medium correlation, 0.2 < r ≤ 0.4 indicates a low correlation, and r ≤ 0.2 indicates 
no correlation (Djarwanto and Subagyo, 1993). 
 
The weighted selection index ranks the DH lines based on the character of rice plants against 
leaf rolling, leaf drying, and recovery ability after drought. The determination of the weighted 
selection index was based on the following Falconer and Mackay (1996) and Zhang and Amer 
(2021): 

𝐼𝐼 �  �𝑏𝑏�𝑧𝑧� � 𝑏𝑏�𝑧𝑧� � 𝑏𝑏�𝑧𝑧� ���  𝑏𝑏�𝑧𝑧� 

𝐼𝐼 = Selection index, 𝑏𝑏� = Weight of the character, 𝑧𝑧� = Standardized phenotypic value (leaf rolling, 
leaf drying, and recovery ability), i = 1, 2, 3, …, n where n = number of traits. 

𝑧𝑧� � �𝑥𝑥� � 𝑥̅𝑥�
�𝜎𝜎������  

𝑧𝑧�  �  Standardized phenotypic value, 𝑥𝑥� = Phenotypic value in original scale, 𝑥̅𝑥 = Mean of 
character, 𝜎𝜎������  = Variance of character 
 

 

Data from the scoring of the drought-tolerant test of doubled haploid (DH) rice lines were 
calculated based on the Friedman test (Conover 1999; Pereira et al. 2015; Liu and Xu, 2022): 

𝑅𝑅� �  � 𝑅𝑅�����
�

���
 ;𝐴𝐴 �� ��𝑅𝑅�������

�

���

�

���
 ;𝐶𝐶 �  𝑏𝑏��� � 1��

4   

𝑇𝑇� � �� � 1�
𝐴𝐴 � 𝐶𝐶  𝑥𝑥 ��𝑅𝑅��

�

���
� 𝑏𝑏𝑥𝑥𝐶𝐶�  ;𝑇𝑇� � �𝑏𝑏 � 1�𝑇𝑇�

𝑏𝑏�� � 1�𝑇𝑇� 
𝑅𝑅� = Sum of rank values of each line in the whole block, 𝐴𝐴 = Sum of squares of each observation 
value, 𝐶𝐶 = Correction factor, 𝑇𝑇� = Friedman test statistic based on chi-square distribution, 𝑇𝑇� = 
Friedman test statistic based on F distribution, 𝑏𝑏 = Blocks, k = Number of lines, i = 1, 2, 3 (block), 
j = 1, 2, 3, ..., n (lines). 

If the Friedman test showed differences among the tested lines, then the LSD test was 
conducted on the drought-sensitive and drought-tolerant checks (Conover, 1999; Pereira et al., 
2015): 

|𝑅𝑅����� � 𝑅𝑅�����| � ���� �� ��������������𝑥𝑥�
2�𝑏𝑏𝑥𝑥𝐴𝐴 �  ∑𝑅𝑅���
�𝑏𝑏 � 1��� � 1�  

𝑅𝑅����� = Average number of ranks of line a, 𝑅𝑅����� = Average number of ranks of line b, 𝑅𝑅� = Sum of 
ranks of values of each line in the whole block, 𝑏𝑏 = Blocks, k = Number of lines, t = t table value, 
A = Sum of squares of each observation value. 

Each drought test character and plant weight were subjected to correlation analysis. The 
correlation between characters was calculated based on Spearman's rank correlation 
(Spearman, 1904; Zar, 2005): 

𝑟𝑟� � 1 �  6∑𝑑𝑑��
���� � 1� 

𝑟𝑟�= Spearman's rank correlation coefficient, 𝑑𝑑��= The square of the difference in the rank of the 
observation of characters x and y, n= Number of genotypes. 
 

The degree of relatedness between the characters analyzed can be determined based on the 
correlation coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 indicates a high correlation, 0.4 < r ≤ 
0.7 indicates a medium correlation, 0.2 < r ≤ 0.4 indicates a low correlation, and r ≤ 0.2 indicates 
no correlation (Djarwanto and Subagyo, 1993). 
 
The weighted selection index ranks the DH lines based on the character of rice plants against 
leaf rolling, leaf drying, and recovery ability after drought. The determination of the weighted 
selection index was based on the following Falconer and Mackay (1996) and Zhang and Amer 
(2021): 

𝐼𝐼 �  �𝑏𝑏�𝑧𝑧� � 𝑏𝑏�𝑧𝑧� � 𝑏𝑏�𝑧𝑧� ���  𝑏𝑏�𝑧𝑧� 

𝐼𝐼 = Selection index, 𝑏𝑏� = Weight of the character, 𝑧𝑧� = Standardized phenotypic value (leaf rolling, 
leaf drying, and recovery ability), i = 1, 2, 3, …, n where n = number of traits. 

𝑧𝑧� � �𝑥𝑥� � 𝑥̅𝑥�
�𝜎𝜎������  

𝑧𝑧�  �  Standardized phenotypic value, 𝑥𝑥� = Phenotypic value in original scale, 𝑥̅𝑥 = Mean of 
character, 𝜎𝜎������  = Variance of character 
 

 

= Sum of rank values of each line in the whole 
block, 

Data from the scoring of the drought-tolerant test of doubled haploid (DH) rice lines were 
calculated based on the Friedman test (Conover 1999; Pereira et al. 2015; Liu and Xu, 2022): 

𝑅𝑅� �  � 𝑅𝑅�����
�

���
 ;𝐴𝐴 �� ��𝑅𝑅�������

�

���

�

���
 ;𝐶𝐶 �  𝑏𝑏��� � 1��

4   

𝑇𝑇� � �� � 1�
𝐴𝐴 � 𝐶𝐶  𝑥𝑥 ��𝑅𝑅��

�

���
� 𝑏𝑏𝑥𝑥𝐶𝐶�  ;𝑇𝑇� � �𝑏𝑏 � 1�𝑇𝑇�

𝑏𝑏�� � 1�𝑇𝑇� 
𝑅𝑅� = Sum of rank values of each line in the whole block, 𝐴𝐴 = Sum of squares of each observation 
value, 𝐶𝐶 = Correction factor, 𝑇𝑇� = Friedman test statistic based on chi-square distribution, 𝑇𝑇� = 
Friedman test statistic based on F distribution, 𝑏𝑏 = Blocks, k = Number of lines, i = 1, 2, 3 (block), 
j = 1, 2, 3, ..., n (lines). 

If the Friedman test showed differences among the tested lines, then the LSD test was 
conducted on the drought-sensitive and drought-tolerant checks (Conover, 1999; Pereira et al., 
2015): 

|𝑅𝑅����� � 𝑅𝑅�����| � ���� �� ��������������𝑥𝑥�
2�𝑏𝑏𝑥𝑥𝐴𝐴 �  ∑𝑅𝑅���
�𝑏𝑏 � 1��� � 1�  

𝑅𝑅����� = Average number of ranks of line a, 𝑅𝑅����� = Average number of ranks of line b, 𝑅𝑅� = Sum of 
ranks of values of each line in the whole block, 𝑏𝑏 = Blocks, k = Number of lines, t = t table value, 
A = Sum of squares of each observation value. 

Each drought test character and plant weight were subjected to correlation analysis. The 
correlation between characters was calculated based on Spearman's rank correlation 
(Spearman, 1904; Zar, 2005): 

𝑟𝑟� � 1 �  6∑𝑑𝑑��
���� � 1� 

𝑟𝑟�= Spearman's rank correlation coefficient, 𝑑𝑑��= The square of the difference in the rank of the 
observation of characters x and y, n= Number of genotypes. 
 

The degree of relatedness between the characters analyzed can be determined based on the 
correlation coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 indicates a high correlation, 0.4 < r ≤ 
0.7 indicates a medium correlation, 0.2 < r ≤ 0.4 indicates a low correlation, and r ≤ 0.2 indicates 
no correlation (Djarwanto and Subagyo, 1993). 
 
The weighted selection index ranks the DH lines based on the character of rice plants against 
leaf rolling, leaf drying, and recovery ability after drought. The determination of the weighted 
selection index was based on the following Falconer and Mackay (1996) and Zhang and Amer 
(2021): 

𝐼𝐼 �  �𝑏𝑏�𝑧𝑧� � 𝑏𝑏�𝑧𝑧� � 𝑏𝑏�𝑧𝑧� ���  𝑏𝑏�𝑧𝑧� 

𝐼𝐼 = Selection index, 𝑏𝑏� = Weight of the character, 𝑧𝑧� = Standardized phenotypic value (leaf rolling, 
leaf drying, and recovery ability), i = 1, 2, 3, …, n where n = number of traits. 

𝑧𝑧� � �𝑥𝑥� � 𝑥̅𝑥�
�𝜎𝜎������  

𝑧𝑧�  �  Standardized phenotypic value, 𝑥𝑥� = Phenotypic value in original scale, 𝑥̅𝑥 = Mean of 
character, 𝜎𝜎������  = Variance of character 
 

 

 = Sum of squares of each observation value,  

Data from the scoring of the drought-tolerant test of doubled haploid (DH) rice lines were 
calculated based on the Friedman test (Conover 1999; Pereira et al. 2015; Liu and Xu, 2022): 

𝑅𝑅� �  � 𝑅𝑅�����
�

���
 ;𝐴𝐴 �� ��𝑅𝑅�������

�

���

�

���
 ;𝐶𝐶 �  𝑏𝑏��� � 1��

4   

𝑇𝑇� � �� � 1�
𝐴𝐴 � 𝐶𝐶  𝑥𝑥 ��𝑅𝑅��

�

���
� 𝑏𝑏𝑥𝑥𝐶𝐶�  ;𝑇𝑇� � �𝑏𝑏 � 1�𝑇𝑇�

𝑏𝑏�� � 1�𝑇𝑇� 
𝑅𝑅� = Sum of rank values of each line in the whole block, 𝐴𝐴 = Sum of squares of each observation 
value, 𝐶𝐶 = Correction factor, 𝑇𝑇� = Friedman test statistic based on chi-square distribution, 𝑇𝑇� = 
Friedman test statistic based on F distribution, 𝑏𝑏 = Blocks, k = Number of lines, i = 1, 2, 3 (block), 
j = 1, 2, 3, ..., n (lines). 

If the Friedman test showed differences among the tested lines, then the LSD test was 
conducted on the drought-sensitive and drought-tolerant checks (Conover, 1999; Pereira et al., 
2015): 

|𝑅𝑅����� � 𝑅𝑅�����| � ���� �� ��������������𝑥𝑥�
2�𝑏𝑏𝑥𝑥𝐴𝐴 �  ∑𝑅𝑅���
�𝑏𝑏 � 1��� � 1�  

𝑅𝑅����� = Average number of ranks of line a, 𝑅𝑅����� = Average number of ranks of line b, 𝑅𝑅� = Sum of 
ranks of values of each line in the whole block, 𝑏𝑏 = Blocks, k = Number of lines, t = t table value, 
A = Sum of squares of each observation value. 

Each drought test character and plant weight were subjected to correlation analysis. The 
correlation between characters was calculated based on Spearman's rank correlation 
(Spearman, 1904; Zar, 2005): 

𝑟𝑟� � 1 �  6∑𝑑𝑑��
���� � 1� 

𝑟𝑟�= Spearman's rank correlation coefficient, 𝑑𝑑��= The square of the difference in the rank of the 
observation of characters x and y, n= Number of genotypes. 
 

The degree of relatedness between the characters analyzed can be determined based on the 
correlation coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 indicates a high correlation, 0.4 < r ≤ 
0.7 indicates a medium correlation, 0.2 < r ≤ 0.4 indicates a low correlation, and r ≤ 0.2 indicates 
no correlation (Djarwanto and Subagyo, 1993). 
 
The weighted selection index ranks the DH lines based on the character of rice plants against 
leaf rolling, leaf drying, and recovery ability after drought. The determination of the weighted 
selection index was based on the following Falconer and Mackay (1996) and Zhang and Amer 
(2021): 

𝐼𝐼 �  �𝑏𝑏�𝑧𝑧� � 𝑏𝑏�𝑧𝑧� � 𝑏𝑏�𝑧𝑧� ���  𝑏𝑏�𝑧𝑧� 
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 = Correction factor, 

Data from the scoring of the drought-tolerant test of doubled haploid (DH) rice lines were 
calculated based on the Friedman test (Conover 1999; Pereira et al. 2015; Liu and Xu, 2022): 
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Friedman test statistic based on F distribution, 𝑏𝑏 = Blocks, k = Number of lines, i = 1, 2, 3 (block), 
j = 1, 2, 3, ..., n (lines). 

If the Friedman test showed differences among the tested lines, then the LSD test was 
conducted on the drought-sensitive and drought-tolerant checks (Conover, 1999; Pereira et al., 
2015): 
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ranks of values of each line in the whole block, 𝑏𝑏 = Blocks, k = Number of lines, t = t table value, 
A = Sum of squares of each observation value. 

Each drought test character and plant weight were subjected to correlation analysis. The 
correlation between characters was calculated based on Spearman's rank correlation 
(Spearman, 1904; Zar, 2005): 
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𝑟𝑟�= Spearman's rank correlation coefficient, 𝑑𝑑��= The square of the difference in the rank of the 
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The degree of relatedness between the characters analyzed can be determined based on the 
correlation coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 indicates a high correlation, 0.4 < r ≤ 
0.7 indicates a medium correlation, 0.2 < r ≤ 0.4 indicates a low correlation, and r ≤ 0.2 indicates 
no correlation (Djarwanto and Subagyo, 1993). 
 
The weighted selection index ranks the DH lines based on the character of rice plants against 
leaf rolling, leaf drying, and recovery ability after drought. The determination of the weighted 
selection index was based on the following Falconer and Mackay (1996) and Zhang and Amer 
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Data from the scoring of the drought-tolerant test of doubled haploid (DH) rice lines were 
calculated based on the Friedman test (Conover 1999; Pereira et al. 2015; Liu and Xu, 2022): 
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conducted on the drought-sensitive and drought-tolerant checks (Conover, 1999; Pereira et al., 
2015): 
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Data from the scoring of the drought-tolerant test of doubled haploid (DH) rice lines were 
calculated based on the Friedman test (Conover 1999; Pereira et al. 2015; Liu and Xu, 2022): 
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Each drought test character and plant weight were subjected to correlation analysis. The 
correlation between characters was calculated based on Spearman's rank correlation 
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𝑟𝑟�= Spearman's rank correlation coefficient, 𝑑𝑑��= The square of the difference in the rank of the 
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correlation coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 indicates a high correlation, 0.4 < r ≤ 
0.7 indicates a medium correlation, 0.2 < r ≤ 0.4 indicates a low correlation, and r ≤ 0.2 indicates 
no correlation (Djarwanto and Subagyo, 1993). 
 
The weighted selection index ranks the DH lines based on the character of rice plants against 
leaf rolling, leaf drying, and recovery ability after drought. The determination of the weighted 
selection index was based on the following Falconer and Mackay (1996) and Zhang and Amer 
(2021): 
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 = Blocks, k = 
Number of lines, i = 1, 2, 3 (block), j = 1, 2, 3, ..., n 
(lines).

If the Friedman test showed differences among the 
tested lines, then the LSD test was conducted on 
the drought-sensitive and drought-tolerant checks 
(Conover, 1999; Pereira et al., 2015):

Data from the scoring of the drought-tolerant test of doubled haploid (DH) rice lines were 
calculated based on the Friedman test (Conover 1999; Pereira et al. 2015; Liu and Xu, 2022): 
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value, 𝐶𝐶 = Correction factor, 𝑇𝑇� = Friedman test statistic based on chi-square distribution, 𝑇𝑇� = 
Friedman test statistic based on F distribution, 𝑏𝑏 = Blocks, k = Number of lines, i = 1, 2, 3 (block), 
j = 1, 2, 3, ..., n (lines). 

If the Friedman test showed differences among the tested lines, then the LSD test was 
conducted on the drought-sensitive and drought-tolerant checks (Conover, 1999; Pereira et al., 
2015): 
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𝑅𝑅����� = Average number of ranks of line a, 𝑅𝑅����� = Average number of ranks of line b, 𝑅𝑅� = Sum of 
ranks of values of each line in the whole block, 𝑏𝑏 = Blocks, k = Number of lines, t = t table value, 
A = Sum of squares of each observation value. 

Each drought test character and plant weight were subjected to correlation analysis. The 
correlation between characters was calculated based on Spearman's rank correlation 
(Spearman, 1904; Zar, 2005): 
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𝑟𝑟�= Spearman's rank correlation coefficient, 𝑑𝑑��= The square of the difference in the rank of the 
observation of characters x and y, n= Number of genotypes. 
 

The degree of relatedness between the characters analyzed can be determined based on the 
correlation coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 indicates a high correlation, 0.4 < r ≤ 
0.7 indicates a medium correlation, 0.2 < r ≤ 0.4 indicates a low correlation, and r ≤ 0.2 indicates 
no correlation (Djarwanto and Subagyo, 1993). 
 
The weighted selection index ranks the DH lines based on the character of rice plants against 
leaf rolling, leaf drying, and recovery ability after drought. The determination of the weighted 
selection index was based on the following Falconer and Mackay (1996) and Zhang and Amer 
(2021): 
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𝑧𝑧�  �  Standardized phenotypic value, 𝑥𝑥� = Phenotypic value in original scale, 𝑥̅𝑥 = Mean of 
character, 𝜎𝜎������  = Variance of character 
 

 

Data from the scoring of the drought-tolerant test of doubled haploid (DH) rice lines were 
calculated based on the Friedman test (Conover 1999; Pereira et al. 2015; Liu and Xu, 2022): 
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value, 𝐶𝐶 = Correction factor, 𝑇𝑇� = Friedman test statistic based on chi-square distribution, 𝑇𝑇� = 
Friedman test statistic based on F distribution, 𝑏𝑏 = Blocks, k = Number of lines, i = 1, 2, 3 (block), 
j = 1, 2, 3, ..., n (lines). 

If the Friedman test showed differences among the tested lines, then the LSD test was 
conducted on the drought-sensitive and drought-tolerant checks (Conover, 1999; Pereira et al., 
2015): 
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𝑅𝑅����� = Average number of ranks of line a, 𝑅𝑅����� = Average number of ranks of line b, 𝑅𝑅� = Sum of 
ranks of values of each line in the whole block, 𝑏𝑏 = Blocks, k = Number of lines, t = t table value, 
A = Sum of squares of each observation value. 

Each drought test character and plant weight were subjected to correlation analysis. The 
correlation between characters was calculated based on Spearman's rank correlation 
(Spearman, 1904; Zar, 2005): 
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𝑟𝑟�= Spearman's rank correlation coefficient, 𝑑𝑑��= The square of the difference in the rank of the 
observation of characters x and y, n= Number of genotypes. 
 

The degree of relatedness between the characters analyzed can be determined based on the 
correlation coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 indicates a high correlation, 0.4 < r ≤ 
0.7 indicates a medium correlation, 0.2 < r ≤ 0.4 indicates a low correlation, and r ≤ 0.2 indicates 
no correlation (Djarwanto and Subagyo, 1993). 
 
The weighted selection index ranks the DH lines based on the character of rice plants against 
leaf rolling, leaf drying, and recovery ability after drought. The determination of the weighted 
selection index was based on the following Falconer and Mackay (1996) and Zhang and Amer 
(2021): 
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𝑧𝑧�  �  Standardized phenotypic value, 𝑥𝑥� = Phenotypic value in original scale, 𝑥̅𝑥 = Mean of 
character, 𝜎𝜎������  = Variance of character 
 

 

 = Average number of ranks of line a, 

Data from the scoring of the drought-tolerant test of doubled haploid (DH) rice lines were 
calculated based on the Friedman test (Conover 1999; Pereira et al. 2015; Liu and Xu, 2022): 

𝑅𝑅� �  � 𝑅𝑅�����
�

���
 ;𝐴𝐴 �� ��𝑅𝑅�������

�

���

�

���
 ;𝐶𝐶 �  𝑏𝑏��� � 1��

4   

𝑇𝑇� � �� � 1�
𝐴𝐴 � 𝐶𝐶  𝑥𝑥 ��𝑅𝑅��

�

���
� 𝑏𝑏𝑥𝑥𝐶𝐶�  ;𝑇𝑇� � �𝑏𝑏 � 1�𝑇𝑇�

𝑏𝑏�� � 1�𝑇𝑇� 
𝑅𝑅� = Sum of rank values of each line in the whole block, 𝐴𝐴 = Sum of squares of each observation 
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Friedman test statistic based on F distribution, 𝑏𝑏 = Blocks, k = Number of lines, i = 1, 2, 3 (block), 
j = 1, 2, 3, ..., n (lines). 

If the Friedman test showed differences among the tested lines, then the LSD test was 
conducted on the drought-sensitive and drought-tolerant checks (Conover, 1999; Pereira et al., 
2015): 

|𝑅𝑅����� � 𝑅𝑅�����| � ���� �� ��������������𝑥𝑥�
2�𝑏𝑏𝑥𝑥𝐴𝐴 �  ∑𝑅𝑅���
�𝑏𝑏 � 1��� � 1�  

𝑅𝑅����� = Average number of ranks of line a, 𝑅𝑅����� = Average number of ranks of line b, 𝑅𝑅� = Sum of 
ranks of values of each line in the whole block, 𝑏𝑏 = Blocks, k = Number of lines, t = t table value, 
A = Sum of squares of each observation value. 

Each drought test character and plant weight were subjected to correlation analysis. The 
correlation between characters was calculated based on Spearman's rank correlation 
(Spearman, 1904; Zar, 2005): 
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𝑟𝑟�= Spearman's rank correlation coefficient, 𝑑𝑑��= The square of the difference in the rank of the 
observation of characters x and y, n= Number of genotypes. 
 

The degree of relatedness between the characters analyzed can be determined based on the 
correlation coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 indicates a high correlation, 0.4 < r ≤ 
0.7 indicates a medium correlation, 0.2 < r ≤ 0.4 indicates a low correlation, and r ≤ 0.2 indicates 
no correlation (Djarwanto and Subagyo, 1993). 
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 = The 
square of the difference in the rank of the observation 
of characters x and y, n= Number of genotypes.

The degree of relatedness between the characters 
analyzed can be determined based on the correlation 
coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 
indicates a high correlation, 0.4 < r ≤ 0.7 indicates 
a medium correlation, 0.2 < r ≤ 0.4 indicates a low 
correlation, and r ≤ 0.2 indicates no correlation 
(Djarwanto and Subagyo, 1993).

The weighted selection index ranks the DH lines 
based on the character of rice plants against leaf 
rolling, leaf drying, and recovery ability after drought. 
The determination of the weighted selection index 
was based on the following Falconer and Mackay 

Table 2. Drought tolerance categories based on leaf rolling
Scale Categories Description

0 Highly tolerant The leaves are healthy
1 Tolerant The leaves start to fold (shallow)
3 Mild tolerant The leaves are folding (deep V-shape)
5 Moderate The leaves are fully cupped (U-shape)
7 Mild sensitive The leaf margins are touching (0-shape)
9 Sensitive The leaves are tightly rolled

Source: IRRI (2014)

Table 3. Drought tolerance categories based on leaf drying
Scale Categories Description

0 Highly tolerant No symptoms
1 Tolerant Slight tip drying
3 Mild tolerant Tip drying extended up to 1/4 length in most leaves
5 Moderate One-fourth to 1/2 of all leaves dried
7 Mild sensitive More than 2/3 of all leaves are fully dried
9 Sensitive All plants are dead

Source: IRRI (2014)
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(1996) and Zhang and Amer (2021):

Data from the scoring of the drought-tolerant test of doubled haploid (DH) rice lines were 
calculated based on the Friedman test (Conover 1999; Pereira et al. 2015; Liu and Xu, 2022): 
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value, 𝐶𝐶 = Correction factor, 𝑇𝑇� = Friedman test statistic based on chi-square distribution, 𝑇𝑇� = 
Friedman test statistic based on F distribution, 𝑏𝑏 = Blocks, k = Number of lines, i = 1, 2, 3 (block), 
j = 1, 2, 3, ..., n (lines). 

If the Friedman test showed differences among the tested lines, then the LSD test was 
conducted on the drought-sensitive and drought-tolerant checks (Conover, 1999; Pereira et al., 
2015): 
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𝑅𝑅����� = Average number of ranks of line a, 𝑅𝑅����� = Average number of ranks of line b, 𝑅𝑅� = Sum of 
ranks of values of each line in the whole block, 𝑏𝑏 = Blocks, k = Number of lines, t = t table value, 
A = Sum of squares of each observation value. 

Each drought test character and plant weight were subjected to correlation analysis. The 
correlation between characters was calculated based on Spearman's rank correlation 
(Spearman, 1904; Zar, 2005): 
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𝑟𝑟�= Spearman's rank correlation coefficient, 𝑑𝑑��= The square of the difference in the rank of the 
observation of characters x and y, n= Number of genotypes. 
 

The degree of relatedness between the characters analyzed can be determined based on the 
correlation coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 indicates a high correlation, 0.4 < r ≤ 
0.7 indicates a medium correlation, 0.2 < r ≤ 0.4 indicates a low correlation, and r ≤ 0.2 indicates 
no correlation (Djarwanto and Subagyo, 1993). 
 
The weighted selection index ranks the DH lines based on the character of rice plants against 
leaf rolling, leaf drying, and recovery ability after drought. The determination of the weighted 
selection index was based on the following Falconer and Mackay (1996) and Zhang and Amer 
(2021): 
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𝐼𝐼 = Selection index, 𝑏𝑏� = Weight of the character, 𝑧𝑧� = Standardized phenotypic value (leaf rolling, 
leaf drying, and recovery ability), i = 1, 2, 3, …, n where n = number of traits. 
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𝑧𝑧�  �  Standardized phenotypic value, 𝑥𝑥� = Phenotypic value in original scale, 𝑥̅𝑥 = Mean of 
character, 𝜎𝜎������  = Variance of character 
 

 

 = Phenotypic 
value in original scale, 

Data from the scoring of the drought-tolerant test of doubled haploid (DH) rice lines were 
calculated based on the Friedman test (Conover 1999; Pereira et al. 2015; Liu and Xu, 2022): 
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𝑏𝑏�� � 1�𝑇𝑇� 
𝑅𝑅� = Sum of rank values of each line in the whole block, 𝐴𝐴 = Sum of squares of each observation 
value, 𝐶𝐶 = Correction factor, 𝑇𝑇� = Friedman test statistic based on chi-square distribution, 𝑇𝑇� = 
Friedman test statistic based on F distribution, 𝑏𝑏 = Blocks, k = Number of lines, i = 1, 2, 3 (block), 
j = 1, 2, 3, ..., n (lines). 

If the Friedman test showed differences among the tested lines, then the LSD test was 
conducted on the drought-sensitive and drought-tolerant checks (Conover, 1999; Pereira et al., 
2015): 
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𝑅𝑅����� = Average number of ranks of line a, 𝑅𝑅����� = Average number of ranks of line b, 𝑅𝑅� = Sum of 
ranks of values of each line in the whole block, 𝑏𝑏 = Blocks, k = Number of lines, t = t table value, 
A = Sum of squares of each observation value. 

Each drought test character and plant weight were subjected to correlation analysis. The 
correlation between characters was calculated based on Spearman's rank correlation 
(Spearman, 1904; Zar, 2005): 
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𝑟𝑟�= Spearman's rank correlation coefficient, 𝑑𝑑��= The square of the difference in the rank of the 
observation of characters x and y, n= Number of genotypes. 
 

The degree of relatedness between the characters analyzed can be determined based on the 
correlation coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 indicates a high correlation, 0.4 < r ≤ 
0.7 indicates a medium correlation, 0.2 < r ≤ 0.4 indicates a low correlation, and r ≤ 0.2 indicates 
no correlation (Djarwanto and Subagyo, 1993). 
 
The weighted selection index ranks the DH lines based on the character of rice plants against 
leaf rolling, leaf drying, and recovery ability after drought. The determination of the weighted 
selection index was based on the following Falconer and Mackay (1996) and Zhang and Amer 
(2021): 
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Data from the scoring of the drought-tolerant test of doubled haploid (DH) rice lines were 
calculated based on the Friedman test (Conover 1999; Pereira et al. 2015; Liu and Xu, 2022): 
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𝑏𝑏�� � 1�𝑇𝑇� 
𝑅𝑅� = Sum of rank values of each line in the whole block, 𝐴𝐴 = Sum of squares of each observation 
value, 𝐶𝐶 = Correction factor, 𝑇𝑇� = Friedman test statistic based on chi-square distribution, 𝑇𝑇� = 
Friedman test statistic based on F distribution, 𝑏𝑏 = Blocks, k = Number of lines, i = 1, 2, 3 (block), 
j = 1, 2, 3, ..., n (lines). 

If the Friedman test showed differences among the tested lines, then the LSD test was 
conducted on the drought-sensitive and drought-tolerant checks (Conover, 1999; Pereira et al., 
2015): 
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𝑅𝑅����� = Average number of ranks of line a, 𝑅𝑅����� = Average number of ranks of line b, 𝑅𝑅� = Sum of 
ranks of values of each line in the whole block, 𝑏𝑏 = Blocks, k = Number of lines, t = t table value, 
A = Sum of squares of each observation value. 

Each drought test character and plant weight were subjected to correlation analysis. The 
correlation between characters was calculated based on Spearman's rank correlation 
(Spearman, 1904; Zar, 2005): 
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𝑟𝑟�= Spearman's rank correlation coefficient, 𝑑𝑑��= The square of the difference in the rank of the 
observation of characters x and y, n= Number of genotypes. 
 

The degree of relatedness between the characters analyzed can be determined based on the 
correlation coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 indicates a high correlation, 0.4 < r ≤ 
0.7 indicates a medium correlation, 0.2 < r ≤ 0.4 indicates a low correlation, and r ≤ 0.2 indicates 
no correlation (Djarwanto and Subagyo, 1993). 
 
The weighted selection index ranks the DH lines based on the character of rice plants against 
leaf rolling, leaf drying, and recovery ability after drought. The determination of the weighted 
selection index was based on the following Falconer and Mackay (1996) and Zhang and Amer 
(2021): 
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leaf drying, and recovery ability), i = 1, 2, 3, …, n where n = number of traits. 
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𝑧𝑧�  �  Standardized phenotypic value, 𝑥𝑥� = Phenotypic value in original scale, 𝑥̅𝑥 = Mean of 
character, 𝜎𝜎������  = Variance of character 
 

 

 = 
Variance of character

In this study, there are differences in the weighting of 
characters observed in the drought test experiment 
based on the importance of a character in selection 
activities. Weighing on the recovery ability character 
is given a value of 2x greater than the character of leaf 
rolling and leaf drying, which aims to maximize the 
selection index model with the aim of plant breeding, 
because recovery ability is an important character in 
plant adaptation to drought stress. The direction of 
selection on these three drought test characters is 
left, so the index model is given a negative sign.

In addition to the selection index, the results were 
visualized with heatmaps using R software with the 
package “pheatmap” to illustrate the tolerance of 
each line of the three characters (leaf rolling, leaf 
drying, and recovery ability) and the grouping of lines 
and characters. Data analysis in the experiment was 
conducted using Microsoft Excel, SAS OnDemand 
for Academics, and R Studio.

Results and Discussion

Fourteen doubled haploid (DH) rice lines and four 
check varieties were screened for drought stress at 
the seedling stage based on the Friedman test (Table 
5). Each of the observed drought-related characters 
had significant effects. Based on the value of the chi-
square test (
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𝑟𝑟�= Spearman's rank correlation coefficient, 𝑑𝑑��= The square of the difference in the rank of the observation of 
characters x and y, n= Number of genotypes. 
 

The degree of relatedness between the characters analyzed can be determined based on the correlation 
coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 indicates a high correlation, 0.4 < r ≤ 0.7 indicates a medium 
correlation, 0.2 < r ≤ 0.4 indicates a low correlation, and r ≤ 0.2 indicates no correlation (Djarwanto and 
Subagyo, 1993). 
 
The weighted selection index ranks the DH lines based on the character of rice plants against leaf rolling, leaf 
drying, and recovery ability after drought. The determination of the weighted selection index was based on the 
following Falconer and Mackay (1996) and Zhang and Amer (2021): 
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𝐼𝐼 = Selection index, 𝑏𝑏� = Weight of the character, 𝑧𝑧� = Standardized phenotypic value (leaf rolling, leaf drying, 
and recovery ability), i = 1, 2, 3, …, n where n = number of traits. 
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𝑧𝑧�  �  Standardized phenotypic value, 𝑥𝑥� = Phenotypic value in original scale, 𝑥̅𝑥 = Mean of character, 𝜎𝜎������  = 
Variance of character 
 

In this study, there are differences in the weighting of characters observed in the drought test experiment based 
on the importance of a character in selection activities. Weighing on the recovery ability character is given a 
value of 2x greater than the character of leaf rolling and leaf drying, which aims to maximize the selection index 
model with the aim of plant breeding, because recovery ability is an important character in plant adaptation to 
drought stress. The direction of selection on these three drought test characters is left, so the index model is 
given a negative sign. 

In addition to the selection index, the results were visualized with heatmaps using R software with the package 
“pheatmap” to illustrate the tolerance of each line of the three characters (leaf rolling, leaf drying, and recovery 
ability) and the grouping of lines and characters. Data analysis in the experiment was conducted using 
Microsoft Excel, SAS OnDemand for Academics, and R Studio. 
 
Results and Discussion 
Fourteen doubled haploid (DH) rice lines and four check varieties were screened for drought stress at the 
seedling stage based on the Friedman test (Table 5). Each of the observed drought-related characters had 
significant effects. Based on the value of the chi-square test (𝒳𝒳�) and the F test, the characters of leaf rolling, 
leaf drying, and recovery ability were significant at 5% and 1% levels. This condition indicates a difference in 
ranking among the tested DH rice lines in response to the drought test. The ranking values obtained from the 
Friedman test indicated the tolerance level of the tested DH lines to drought stress. The smaller the Friedman 
test ranking value of a line, the higher its tolerance to drought stress. Based on the Friedman test, differences 
in rankings for the identified characters can be further analyzed to determine the ranking differences of DH 
lines compared to the check varieties. 

 
Table 5.  Friedman test results on drought tolerance characters in doubled haploid rice lines at the seedling 

stage with model adjustment for data with the same scoring value (adjusted for ties) 
Characters 𝒳𝒳�-value P-value 𝒳𝒳� F-value P-value 
Leaf rolling 25.68 * 0.04 2.66 * 0.01 
Leaf drying 39.19 ** <0.01 13.49 ** <0.01 
Recovery ability 29.62 * 0.01 3.85 ** <0.01 

Notes: df= degree of freedom, 𝒳𝒳�= chi-square, *= significant at 5% alpha level, **= significantly at 1% alpha 
level 

Leaf Rolling Response 

) and the F test, the characters of leaf 
rolling, leaf drying, and recovery ability were significant 
at 5% and 1% levels. This condition indicates a 
difference in ranking among the tested DH rice lines 
in response to the drought test. The ranking values 
obtained from the Friedman test indicated the 
tolerance level of the tested DH lines to drought 
stress. The smaller the Friedman test ranking value of 
a line, the higher its tolerance to drought stress. 
Based on the Friedman test, differences in rankings 
for the identified characters can be further analyzed 
to determine the ranking differences of DH lines 
compared to the check varieties.

Leaf Rolling Response

Leaf rolling is an early plant response mechanism to 
drought stress (Ali et al., 2022) and is a consequence 
of soil drying (Cal et al., 2019). This response is a 
physiological adaptation to drought that helps reduce 
water loss (Wang et al., 2023), similar to stomatal 
closure and increased oxidative stress (Yang et 
al., 2022). Leaf rolling is the plant’s mechanism to 
maintain water status. Under water deficit, leaf rolling 
may enable partial stomatal conductance (Kartika et 
al., 2020). The lines with the smallest Friedman test 
rank, equal to Salumpikit on leaf rolling characters, 
are AE2, AE5, and AE12, classified as mild tolerant. 
No DH lines are classified as tolerant for leaf rolling 
characters (Table 6).

Table 4. Drought tolerance categories based on recovery ability
Scale Categories Recovery ability (%)

1 Tolerant 90-100
3 Mild tolerant 70-89
5 Moderate 40-69
7 Mild sensitive 20-39
9 Sensitive 0-19

Source: IRRI (2014)

Table 5. Friedman test results on drought tolerance characters in doubled haploid rice lines at the seedling 
stage with model adjustment for data with the same scoring value (adjusted for ties)

Characters

4 
 

𝑟𝑟� � 1 �  6∑𝑑𝑑��
���� � 1� 

𝑟𝑟�= Spearman's rank correlation coefficient, 𝑑𝑑��= The square of the difference in the rank of the observation of 
characters x and y, n= Number of genotypes. 
 

The degree of relatedness between the characters analyzed can be determined based on the correlation 
coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 indicates a high correlation, 0.4 < r ≤ 0.7 indicates a medium 
correlation, 0.2 < r ≤ 0.4 indicates a low correlation, and r ≤ 0.2 indicates no correlation (Djarwanto and 
Subagyo, 1993). 
 
The weighted selection index ranks the DH lines based on the character of rice plants against leaf rolling, leaf 
drying, and recovery ability after drought. The determination of the weighted selection index was based on the 
following Falconer and Mackay (1996) and Zhang and Amer (2021): 
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𝐼𝐼 = Selection index, 𝑏𝑏� = Weight of the character, 𝑧𝑧� = Standardized phenotypic value (leaf rolling, leaf drying, 
and recovery ability), i = 1, 2, 3, …, n where n = number of traits. 
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𝑧𝑧�  �  Standardized phenotypic value, 𝑥𝑥� = Phenotypic value in original scale, 𝑥̅𝑥 = Mean of character, 𝜎𝜎������  = 
Variance of character 
 

In this study, there are differences in the weighting of characters observed in the drought test experiment based 
on the importance of a character in selection activities. Weighing on the recovery ability character is given a 
value of 2x greater than the character of leaf rolling and leaf drying, which aims to maximize the selection index 
model with the aim of plant breeding, because recovery ability is an important character in plant adaptation to 
drought stress. The direction of selection on these three drought test characters is left, so the index model is 
given a negative sign. 

In addition to the selection index, the results were visualized with heatmaps using R software with the package 
“pheatmap” to illustrate the tolerance of each line of the three characters (leaf rolling, leaf drying, and recovery 
ability) and the grouping of lines and characters. Data analysis in the experiment was conducted using 
Microsoft Excel, SAS OnDemand for Academics, and R Studio. 
 
Results and Discussion 
Fourteen doubled haploid (DH) rice lines and four check varieties were screened for drought stress at the 
seedling stage based on the Friedman test (Table 5). Each of the observed drought-related characters had 
significant effects. Based on the value of the chi-square test (𝒳𝒳�) and the F test, the characters of leaf rolling, 
leaf drying, and recovery ability were significant at 5% and 1% levels. This condition indicates a difference in 
ranking among the tested DH rice lines in response to the drought test. The ranking values obtained from the 
Friedman test indicated the tolerance level of the tested DH lines to drought stress. The smaller the Friedman 
test ranking value of a line, the higher its tolerance to drought stress. Based on the Friedman test, differences 
in rankings for the identified characters can be further analyzed to determine the ranking differences of DH 
lines compared to the check varieties. 

 
Table 5.  Friedman test results on drought tolerance characters in doubled haploid rice lines at the seedling 

stage with model adjustment for data with the same scoring value (adjusted for ties) 
Characters 𝒳𝒳�-value P-value 𝒳𝒳� F-value P-value 
Leaf rolling 25.68 * 0.04 2.66 * 0.01 
Leaf drying 39.19 ** <0.01 13.49 ** <0.01 
Recovery ability 29.62 * 0.01 3.85 ** <0.01 

Notes: df= degree of freedom, 𝒳𝒳�= chi-square, *= significant at 5% alpha level, **= significantly at 1% alpha 
level 

Leaf Rolling Response 

-value P-value 
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𝑟𝑟�= Spearman's rank correlation coefficient, 𝑑𝑑��= The square of the difference in the rank of the observation of 
characters x and y, n= Number of genotypes. 
 

The degree of relatedness between the characters analyzed can be determined based on the correlation 
coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 indicates a high correlation, 0.4 < r ≤ 0.7 indicates a medium 
correlation, 0.2 < r ≤ 0.4 indicates a low correlation, and r ≤ 0.2 indicates no correlation (Djarwanto and 
Subagyo, 1993). 
 
The weighted selection index ranks the DH lines based on the character of rice plants against leaf rolling, leaf 
drying, and recovery ability after drought. The determination of the weighted selection index was based on the 
following Falconer and Mackay (1996) and Zhang and Amer (2021): 
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and recovery ability), i = 1, 2, 3, …, n where n = number of traits. 
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In this study, there are differences in the weighting of characters observed in the drought test experiment based 
on the importance of a character in selection activities. Weighing on the recovery ability character is given a 
value of 2x greater than the character of leaf rolling and leaf drying, which aims to maximize the selection index 
model with the aim of plant breeding, because recovery ability is an important character in plant adaptation to 
drought stress. The direction of selection on these three drought test characters is left, so the index model is 
given a negative sign. 

In addition to the selection index, the results were visualized with heatmaps using R software with the package 
“pheatmap” to illustrate the tolerance of each line of the three characters (leaf rolling, leaf drying, and recovery 
ability) and the grouping of lines and characters. Data analysis in the experiment was conducted using 
Microsoft Excel, SAS OnDemand for Academics, and R Studio. 
 
Results and Discussion 
Fourteen doubled haploid (DH) rice lines and four check varieties were screened for drought stress at the 
seedling stage based on the Friedman test (Table 5). Each of the observed drought-related characters had 
significant effects. Based on the value of the chi-square test (𝒳𝒳�) and the F test, the characters of leaf rolling, 
leaf drying, and recovery ability were significant at 5% and 1% levels. This condition indicates a difference in 
ranking among the tested DH rice lines in response to the drought test. The ranking values obtained from the 
Friedman test indicated the tolerance level of the tested DH lines to drought stress. The smaller the Friedman 
test ranking value of a line, the higher its tolerance to drought stress. Based on the Friedman test, differences 
in rankings for the identified characters can be further analyzed to determine the ranking differences of DH 
lines compared to the check varieties. 

 
Table 5.  Friedman test results on drought tolerance characters in doubled haploid rice lines at the seedling 

stage with model adjustment for data with the same scoring value (adjusted for ties) 
Characters 𝒳𝒳�-value P-value 𝒳𝒳� F-value P-value 
Leaf rolling 25.68 * 0.04 2.66 * 0.01 
Leaf drying 39.19 ** <0.01 13.49 ** <0.01 
Recovery ability 29.62 * 0.01 3.85 ** <0.01 

Notes: df= degree of freedom, 𝒳𝒳�= chi-square, *= significant at 5% alpha level, **= significantly at 1% alpha 
level 

Leaf Rolling Response 

F-value P-value
Leaf rolling 25.68 * 0.04 2.66 * 0.01
Leaf drying 39.19 ** <0.01 13.49 ** <0.01
Recovery ability 29.62 * 0.01 3.85 ** <0.01

Notes: df= degree of freedom, 

4 
 

𝑟𝑟� � 1 �  6∑𝑑𝑑��
���� � 1� 

𝑟𝑟�= Spearman's rank correlation coefficient, 𝑑𝑑��= The square of the difference in the rank of the observation of 
characters x and y, n= Number of genotypes. 
 

The degree of relatedness between the characters analyzed can be determined based on the correlation 
coefficient (r) criteria. Specifically: 0.7 < r ≤ 1.0 indicates a high correlation, 0.4 < r ≤ 0.7 indicates a medium 
correlation, 0.2 < r ≤ 0.4 indicates a low correlation, and r ≤ 0.2 indicates no correlation (Djarwanto and 
Subagyo, 1993). 
 
The weighted selection index ranks the DH lines based on the character of rice plants against leaf rolling, leaf 
drying, and recovery ability after drought. The determination of the weighted selection index was based on the 
following Falconer and Mackay (1996) and Zhang and Amer (2021): 

𝐼𝐼 �  �𝑏𝑏�𝑧𝑧� � 𝑏𝑏�𝑧𝑧� � 𝑏𝑏�𝑧𝑧� � ��  𝑏𝑏�𝑧𝑧� 

𝐼𝐼 = Selection index, 𝑏𝑏� = Weight of the character, 𝑧𝑧� = Standardized phenotypic value (leaf rolling, leaf drying, 
and recovery ability), i = 1, 2, 3, …, n where n = number of traits. 

𝑧𝑧� � �𝑥𝑥� � 𝑥̅𝑥�
�𝜎𝜎������  

𝑧𝑧�  �  Standardized phenotypic value, 𝑥𝑥� = Phenotypic value in original scale, 𝑥̅𝑥 = Mean of character, 𝜎𝜎������  = 
Variance of character 
 

In this study, there are differences in the weighting of characters observed in the drought test experiment based 
on the importance of a character in selection activities. Weighing on the recovery ability character is given a 
value of 2x greater than the character of leaf rolling and leaf drying, which aims to maximize the selection index 
model with the aim of plant breeding, because recovery ability is an important character in plant adaptation to 
drought stress. The direction of selection on these three drought test characters is left, so the index model is 
given a negative sign. 

In addition to the selection index, the results were visualized with heatmaps using R software with the package 
“pheatmap” to illustrate the tolerance of each line of the three characters (leaf rolling, leaf drying, and recovery 
ability) and the grouping of lines and characters. Data analysis in the experiment was conducted using 
Microsoft Excel, SAS OnDemand for Academics, and R Studio. 
 
Results and Discussion 
Fourteen doubled haploid (DH) rice lines and four check varieties were screened for drought stress at the 
seedling stage based on the Friedman test (Table 5). Each of the observed drought-related characters had 
significant effects. Based on the value of the chi-square test (𝒳𝒳�) and the F test, the characters of leaf rolling, 
leaf drying, and recovery ability were significant at 5% and 1% levels. This condition indicates a difference in 
ranking among the tested DH rice lines in response to the drought test. The ranking values obtained from the 
Friedman test indicated the tolerance level of the tested DH lines to drought stress. The smaller the Friedman 
test ranking value of a line, the higher its tolerance to drought stress. Based on the Friedman test, differences 
in rankings for the identified characters can be further analyzed to determine the ranking differences of DH 
lines compared to the check varieties. 

 
Table 5.  Friedman test results on drought tolerance characters in doubled haploid rice lines at the seedling 

stage with model adjustment for data with the same scoring value (adjusted for ties) 
Characters 𝒳𝒳�-value P-value 𝒳𝒳� F-value P-value 
Leaf rolling 25.68 * 0.04 2.66 * 0.01 
Leaf drying 39.19 ** <0.01 13.49 ** <0.01 
Recovery ability 29.62 * 0.01 3.85 ** <0.01 

Notes: df= degree of freedom, 𝒳𝒳�= chi-square, *= significant at 5% alpha level, **= significantly at 1% alpha 
level 

Leaf Rolling Response 

 = chi-square, *= significant at 5% alpha level, **= significantly at 1% alpha level.
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Leaf Drying Response

Observations of leaf drying characters (Table 7) 
showed diverse scoring results for all tested lines. 
Leaf drying is an advanced response to leaf rolling 
(Mustikarini et al., 2022). Leaf drying is caused by 
an oxidative reaction that leads to the leaves drying 
out and aging (Krieger-Liszkay et al., 2019). The 
lines with the smallest Friedman test rank, equal 
to Salumpikit on leaf drying characters, are AE1, 
AE2, AE5, AE8, and AE12 with mild tolerant criteria. 
However, no DH lines are classified as tolerant for leaf 
drying characters. In this case, AE2, AE5, and AE12 
lines consistently responded relatively well to drought 
tolerance characteristics. Drought-tolerant lines are 
assumed to retain water more effectively and dry 
out more slowly. This mechanism includes stomatal 
closure (Shen et al., 2021) to reduce transpiration, 
increased water retention capacity in tissues (Yang 
et al., 2020), and osmotic adjustment to maintain 
cellular turgor (Yu et al., 2024).

Recovery Ability Response

Observations of recovery ability characters (Table 8) 
showed diverse scoring results for all tested lines. 
Recovery ability is a post-drought resistance response 
characterized by the growth of new young leaves 
(Hassan et al., 2023). Good recovery ability allows 
plants to survive after drought stress. The lines with 

the smallest Friedman test rank, equal to “Salumpikit” 
for recovery ability characters, are AE1, AE3, AE5, 
AE8, AE11, and AE12, a distribution ranging from 
mild tolerant to tolerant. AE1, AE5, and AE12 are 
classified as tolerant, the same as “Salumpikit”. 
AE12 exhibits recovery ability with a total Friedman 
test rank value and tolerant classification identical to 
“Salumpikit”. Plants with good recovery ability from 
drought stress were indicated by osmotic adjustment 
through increased solute activity to increase water 
diffusion into the plant and maintain high turgor 
potential (Taryono et al., 2023).

Correlation Values

The correlation values ​​between drought-tolerant 
characters (Figure 1) showed significant results for 
all characters at the 1% level. It explains that each 
character has a relationship. Two characters are 
correlated if a change in one character is consistently 
followed by a change in the other character, either 
in the same or opposite direction (Bewick et al., 
2003). The direction of correlation was expressed 
as a positive (+) or negative (-) relationship between 
characters (Kiernan, 2014), while the strength of 
the relationship is indicated by the magnitude of the 
correlation coefficient (Gomez and Gomez, 1995). 
Recovery ability was an important characteristic in 
the drought test (Chen et al., 2015; Hasanuzzaman et 
al., 2022; Taleb et al., 2023). In our study, they have 

Table 6. Leaf rolling scores and total Friedman ranking of doubled haploid rice lines, and check varieties for 
the drought test

Genotypes Leaf rolling Criteria Sum of rank Friedman value
AE1 5.24 Moderate 27.00 ab
AE2 4.08 Mild tolerant 14.00 b
AE3 5.27 Moderate 27.00 ab
AE4 5.35 Moderate 29.00 ab
AE5 4.24 Mild tolerant 15.00 b
AE6 6.53 Mild Sensitive 38.00 a
AE7 5.29 Moderate 24.00 ab
AE8 4.71 Moderate 19.00 ab
AE9 5.64 Moderate 32.00 ab
AE10 5.46 Moderate 29.00 ab
AE11 5.38 Moderate 30.00 ab
AE12 3.21 Mild tolerant 13.00 b
“Inpari-18” 6.52 Mild Sensitive 31.00 ab
“Bioni 63” 5.76 Moderate 29.00 ab
“Salumpikit” (CT) 0.57 Tolerant   3.00 b
“IR-20” (CS) 8.51 Sensitive 48.00 a

Notes: CT= check tolerant, CS= check sensitive, a= significantly from the "Salumpikit" with LSD test at 5% alpha level, b= 
significantly from the IR20 with LSD test at 5% level, LSD critical value = 15.11.
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Table 7. Leaf drying scores and total Friedman ranking of doubled haploid rice lines, and check varieties for 
the drought test

Genotypes Leaf drying Criteria Sum of rank Friedman value
AE1 3.37 Mild tolerant 10.00 b
AE2 3.33 Mild tolerant 9.00 b
AE3 5.20 Moderate 31.00 ab
AE4 4.37 Mild tolerant 21.00 ab
AE5 3.80 Mild tolerant 13.00 b
AE6 5.82 Moderate 36.00 a
AE7 4.85 Moderate 26.00 ab
AE8 3.92 Mild tolerant 17.00 b
AE9 6.26 Moderate 39.50 a
AE10 5.68 Moderate 34.50 a
AE11 5.19 Moderate 27.00 ab
AE12 3.73 Mild tolerant 16.00 b
“Inpari-18” 5.59 Moderate 34.00 a
“Bioni 63” 6.72 Mild sensitive 43.00 a
“Salumpikit” (CT) 1.15 Tolerant   3.00 b
“IR-20” (CS) 9.00 Sensitive 48.00 a

Notes:	CT = check tolerant, CS = check sensitive, a = significantly different from "Salumpikit" with LSD test at α5% alpha 
level, b significantly from the IR20 with LSD test at 5% level, LSD critical value = 14.63.

Table 8. Recovery ability scores and total Friedman ranking of doubled haploid rice lines and check varieties 
for the drought test

Genotypes Recovery ability Criteria Sum of rank Friedman value
AE1 1.67 Tolerant 14.00 b
AE2 3.67 Mild tolerant 27.50 ab
AE3 3.00 Mild tolerant 21.50 b
AE4 4.33 Moderate 33.00 a
AE5 1.67 Tolerant 14.00 b
AE6 4.33 Moderate 31.50 a
AE7 3.67 Mild tolerant 28.00 ab
AE8 2.33 Mild tolerant 16.00 b
AE9 5.00 Moderate 39.50 a
AE10 4.33 Moderate 33.00 a
AE11 3.00 Mild tolerant 21.50 b
AE12 1.67 Tolerant 10.00 b
“Inpari-18” 4.33 Moderate 31.50 a
“Bioni 63” 4.33 Moderate 31.50 a
“Salumpikit” (CT) 1.67 Tolerant 10.00 b
“IR-20” (CS) 6.33 Mild sensitive 45.50 a

Notes: CT= check tolerant, CS= check sensitive, a= significantly from the "Salumpikit" with LSD test at 5% alpha level, b= 
significantly from the IR20 with LSD test at 5% level, LSD critical value = 14.59.
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a positive and high correlation with leaf rolling (0.86) 
and leaf drying (0.83), as well as a negative and high 
correlation with plant fresh weight (-0.82) and plant 
dry weight (-0.79).

The positive and high correlation indicates that when 
a line has a smaller Friedman test ranking value for 
leaf rolling and leaf drying characters, its tolerance 
to drought stress increases, and its recovery ability 
will also improve accordingly. For the characteristics 
of recovery ability, the fresh weight and dry weight of 
the plant have negative and high correlation values. 
This correlation indicates that as the plant’s fresh and 
dry weight increases, the Friedman test ranking for 
recovery ability decreases, indicating better tolerance. 
Based on this, recovery ability can be prioritized in 
selection during the seedling stage drought test.

Selection Index and Heatmap

The weighted selection index was based on the 
selection objectives and the economic value of a 
character (Oliveira et al., 2014; Cui et al., 2014; 
Sarwendah et al., 2022). The selection index values ​​
(Table 9) for measuring the drought test characters 
showed that seven lines had positive selection index 
values, namely, AE1, AE2, AE3, AE5, AE8, AE11, and 
AE12. A positive selection index value indicates that 

these lines have good tolerance to drought stress 
at the seedling stage. These lines can be utilized 
as genetic resources in rice breeding programs to 
develop drought-tolerant lines (Sabouri et al., 2022).

Visualization of selection index results with heatmaps 
can provide an overview of the tolerance of each line 
based on the three drought characters (leaf rolling, 
leaf drying, and recovery ability), as well as the 
grouping of lines and test characters. Based on Figure 
2, there were two groupings of lines based on drought 
tolerance. There are lines that are grouped with IR-
20, which is a drought-sensitive check, and there are 
lines with “Salumpikit”, which is a drought-tolerant 
check. AE12, AE1, AE5, and AE8 were clustered 
with “Salumpikit” as a tolerant check. It explains that 
the four lines have similar and good seedling phase 
tolerance based on drought testing characters.

Conclusions

The results of the drought test on doubled haploid 
rice lines at the seedling stage and the Friedman test 
revealed significant differences in the rankings of the 
tested lines for leaf rolling, leaf drying, and recovery 
ability characters.  Recovery ability showed a positive 
and high correlation with leaf rolling and leaf drying 

Figure 1. Spearman rank correlation value for drought tolerance characters of doubled haploid rice lines at the 
seedling stage. Notes: **= significantly different at α= 0.01. LR= leaf rolling, LD= leaf drying, RA= 
recovery ability, FW= plant fresh weight, DW= plant dry weight
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Table 9. The selection index values based on leaf rolling (LR), leaf drying (LD), and recovery ability (RA) 
characteristics 

Genotypes LR LRC LD LDC RA RAC Index
AE1 5.24 M 3.37 MT 1.67 T 3.35
AE2 4.08 MT 3.33 MT 3.67 MT 1.19
AE3 5.27 M 5.20 M 3.00 MT 0.38
AE4 5.35 M 4.37 MT 4.33 M -1.11
AE5 4.24 MT 3.80 MT 1.67 T 3.70
AE6 6.53 MS 5.82 M 4.33 M -2.63
AE7 5.29 M 4.85 M 3.67 MT -0.39
AE8 4.71 M 3.92 MT 2.33 MT 2.39
AE9 5.64 M 6.26 M 5.00 M -3.32
AE10 5.46 M 5.68 M 4.33 M -1.92
AE11 5.38 M 5.19 M 3.00 MT 0.32
AE12 3.21 MT 3.73 MT 1.67 T 4.34
“Inpari-18” 6.52 MS 5.59 M 4.33 M -2.50
“Bioni 63” 5.76 M 6.72 MS 4.33 M -2.68
“Salumpikit” (CT) 0.57 T 1.15 T 1.67 T 7.37
“IR-20” (CS) 8.51 S 9.00 S 6.33 MS -8.48

Notes: Index , LR= leaf rolling, LRC= leaf rolling criteria, LD= leaf drying, LDC= leaf drying criteria, RA= recovery ability, 
RAC= recovery ability criteria, S= sensitive, MS= mild sensitive, M= moderate, MT= mild tolerant, T= tolerant, CT= 
check tolerant, CS= check sensitive.

Figure 2.	Heatmap of doubled haploid rice lines based on drought test characters. LR= leaf rolling, LD= leaf 
drying, RA= recovery ability
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characters, and a negative and high correlation with 
fresh and dry plant weight characters. The selection 
index values for drought tolerance identified seven 
lines with positive selection index values, namely 
AE1, AE2, AE3, AE5, AE8, AE11, and AE12. Based 
on the heatmap visualization, four lines, AE12, AE1, 
AE5, and AE8, exhibited a seedling-stage tolerance 
level similar to the “Salumpikit” drought-tolerant 
check and were deemed suitable based on drought 
tolerance characters.
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