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Abstract 
 

Submergence has been a great abiotic stress in rice cultivation. In this study, fifteen rice genotypes and IR64-Sub1 as control 

were evaluated under submergence at vegetative stage, which imposed for 14 days after 20 days of germination. Morpho-

physiological traits such as change of chlorophyll content (CCC), elongation percentage (EP), coleoptile length (CL), survival 

rate (SR), photosynthesis rate (PR) and percentage of non-structural carbohydrate (NSC) were recorded before and after 

submergence imposition and analysed. The IR64-Sub1 showed the highest SR (88.89%) followed by UKMRC2 (67.22%) and 

UKM-2 (65.93%) while MR264 had the lowest SR (8.89%). In most cycles, SR was positively correlated with CL and PR but 

negatively correlated with EP and CCC. Only NSCC showed significant correlation with SR (p < 0.05), however the 

correlation was inconsistent across cycles. EP plays a major role in affecting SR under submergence. Genotypes with high EP 

consumed high amount of NSC, causing them unable to recover after submergence. The best three genotypes (IR64-Sub1, 

UKMRC2 and UKM-2) adopted the quiescence strategy to survive under submergence by limiting their growth as shown by 

the low EP. Genotyping using Sub1 closely linked markers found that no single genotype possess the Sub1 locus. This 

suggests the existence of gene/s or QTL/s other than Sub1 need to be discovered and survive under submergence of high 

yielding genotypes, UKMRC2 and UKM-2. UKMRC2 and UKM-2 can be recommended for submergence prone rice 

cultivating areas in Malaysia. © 2019 Friends Science Publishers 
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Introduction 
 

Rice (Oryza sativa L.) is the main staple food consumed by 

almost 90% of the Asian countries’ population. According 

to Malaysia’s Rice Statistics 2014 (Department of 

Agriculture, 2015), 74% of total rice yield was from 59% of 

the planted areas, which are the eight granary areas 

across Peninsular Malaysia. However, the growth of rice 

was disrupted due to massive flood which covered 

almost whole granary areas and ruined the crop. Replanting 

is possible but most farmers cannot afford due to high cost 

involved for land preparation and seeds. 

Drastic submergence will reduce the oxygen 

absorption and carbon dioxide, therefore will affect the 

whole process of photosynthesis despite of its semi-aquatic 

traits (Xu et al., 2006; Bailey-Serres et al., 2010; Gao et al., 

2018). In order to solve this matter, prioritizing the 

production of high yielding and submergence-resistant 

genotypes is important to enhance the stability of the paddy 

industry in the country. Xu and Mackill (1996) reported that 

rice is able to tolerate submergence with the presence of 

locus Submergence 1 (Sub1) located on chromosome 9. 

Sub1 is a polygenic locus that encode three ethylene 

responsive factor (ERF) genes, which are Sub1A, Sub1B 

and Sub1C. Sub1A gene provides the highest tolerance to 

submergence (Xu et al., 2006; Septiningsih et al., 2009). 

Several submergence tolerant rice varieties, such as 

Swarna-Sub1, Thadokkham1-Sub1 and IR64-Sub1 have 

been developed, by cross-breeding method with the 

assistance of molecular markers (Septiningsih et al., 2009). 

IR64-Sub1’s percentange of survival rate (SR) is 80–87% 

compared to the parent IR64 with survival percentage of 

20–30%. Plant is unable to elongate and enlarge due to 

Sub1-mediated suppression of elongation which blocks the 

elongation of the shoots to conserve energy. The study at 

International Rice Research Institute (IRRI) also showed 

that the variety with high elongation rate such as IRRI 

119-Sub1 is capable of surviving and tolerate better than 

other relatively short Sub1 varieties in floods with a water 

depth of 20–60 cm for consecutively 50 days (Septiningsih 

et al., 2009). This indicate that there is a positive interaction 

between Sub1 locus and other morpho-physiological traits. 

Morpho-physiological traits are also linked with the 

ability to increase rice productivity in flooding areas 

besides the presence of the Sub1 locus. According to Singh 

et al. (2011), improvement to submergence tolerance 

require a combination of Sub1 locus and other morpho-

physiological traits to produce more submergence 

tolerant variety in order to maintain the rice yield. 

The current situation of massive flood in Malaysia is 

expected to be in a further extreme stake, causes the 

breeders to prioritize the submergence tolerant rice despite 
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of the preliminary level in studies. Although many high 

yielding rice genotypes have been successfully developed in 

the world and especially in Malaysia, but most of these 

genotypes are susceptible to abiotic stresses such as flood 

and drought (Shamsudin et al., 2016a; Swamy et al., 2017; 

Mohd Ikmal et al., 2018). Therefore, identification of 

promising parents and evaluation of morpho-physiological 

traits related to submergence is substantial prior to breeding. 

The objective of this study is to understand the interaction 

between morpho-physiological traits and rice genotypes 

survival mechanisms under submergence at vegetative 

stage. This study will provide more information on 

beneficial rice genotypes for cultivation in submergence 

prone areas and to discover potential genotypes as donor for 

breeding programmes, genomics and phenomics study.  

 

Materials and Methods 
 

Plant Materials and Experimental Design 

 

Total of 16 rice genotypes comprising of traditional varieties 

(Langsat and Campa), modern cultivars (MR142, MR219, 

MR253, MR263, MR264, MR284, MRQ74) generated by 

Malaysia Agricultural Research and Development Instutute 

(MARDI), transgressive backcross lines (UKMRC2, 

UKMRC8, UKMRC9 and UKMRC11) derived from Oryza 

rufipogon (IRGC105491) × Oryza sativa cv. MR219 (Sabu 

et al., 2006), drought tolerant pyramided lines (UKM-2 and 

UKM-5) developed through marker assisted QTL 

pyramiding technique as described by Shamsudin et al. 

(2016b) and a control cultivar, IR64-Sub1 that highly 

tolerant to submergence (Septiningsih et al., 2009) were 

used in this study. Genotypes were arranged in randomized 

complete block design with three replications. Rice seeds 

were germinated on 15 cm height moistened soil in a pot 

measuring 20 cm height and 10 cm diameter. After 20 days 

of germination, seedlings in each pot were thinned to ten 

individuals. Trials were repeated for three times, where each 

repetition refered as “Cycle” and data were averaged. 

 

Submergence at Vegetative Stage 

 

On the 21
st
 day after germination, pots were placed in a 63 

cm height water tank and submergence was imposed. 

Protocols used to impose submergence were based on the 

previous study methods by Singh et al. (2014) and 

Iftekharuddaula et al. (2015) with slight modification. 

Submergence was maintained at full tank capacity for two 

weeks before desubmerged on the 15
th
 day. Dissolved 

oxygen concentration and temperature of water were taken 

at 0800 on day 3, 7 and 13.  

 

Data Collection and Analysis 

 

Coleoptile length (CL) was recorded after five days from the 

first day of submerging seeds in test tubes. The lengths were 

measured in milimiter (mm) using vernier calipers. Survival 

rate (SR) was taken after ten days of de-submergence using 

formula used before by Ranawake et al. (2014). The 

elongation percentage (EP) was calculated as difference in 

seedling height (cm) before (PHB) and after (PHA) 

submergence (Yoshida et al., 1976). Chlorophyll content 

(CC) and photosynthesis rate (PR) was measured using 

SPAD-500 meter and LI-COR 6400XT respectively after 

two days of desubmergence. Change of chlorophyll content 

(CCC) calculated using formula below: 
 

CCC (%)  
CC  efore su mergence   CC after su mergence

CC  efore su mergence
     

 

To obtain non-structural carbohydrate (NSC) data, leaf 

samples were taken before submergence and a day after 

submergence. Protocols for obtaining NSC and its calculation 

followed method by Yoshida et al. (1976). Percentage of 

change in NSC (NSCC) was calculted by accounting the 

percentage of NSC before submergence (NSCB) and NSC 

after submergence (NSCA) using formula below: 
 

 SCC (%)  
 SC  efore su mergence    SC after su mergence

 SC  efore su mergence
 100 

 

All data were analyzed using PBTools version 1.4 and 

Statistical Tools for Agricultural Research (STAR) software 

provided by IRRI freely on http://bbi.irri.org/. Correlation 

values were obtained using Minitab 17 to identify the 

relationship that exist between those traits. RStudio was 

used to compute correlation and produce the graphical 

correlation matrix by utilising the Corrplot package 

(https://cran.r-project.org/web/packages/corrplot/index.html). 

 

Genotyping 

 

Fresh leaf samples for each genotype were collected and 

extracted using cetyltrimethyl ammonium bromide (CTAB) 

protocols (Murray and Thompson, 1980) with some 

modifications. Agarose gel 1% was used to determine the 

DNA concentration that had been extracted by comparing 

D A  and with the standard marker λHindIII.  anodrop 

spectrophotometer was also used to get more accurate 

estimation of DNA concentrations and purities. The stock 

solution of the DNA samples were diluted to concentration 

of 25 ng/μL by adding distilled water (dH2O).  

Polymerase chain reactions using primers were done 

using Mastercycler gradient (Eppendorf, Germany) (Table 1). 

Each PCR mixture in each well contained 1.5 µL of 10× 

Free MgCl2 buffer, 1.0 µL of MgCl2, 1.5 µL of 10 mM 

dNTPs, 1.0 µL each of 10 mM forward and reverse primers, 

1.0 µL of 25 ng DNA template, 7.0 µL of dH2O and 1.0 µL of 

1U/µL Taq polymerase. Standard PCR profile was used except 

for the annealing temperature that varied among primers. 

PCR products obtained were subjected to 

electrophoresis using 8% polyacrylamide gel at 110 V for 

one to two hours dependent on expected product sizes. 

Polyacrylamide gel then stained using RedSafe Nucleic 
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Acid Stain and exposed under ultraviolet (UV) light. 

Amplicon sizes were estimated in comparison with the 100 

bp ladder loaded into wells at both ends of the gel.  

 

Results 

 

Phenotypic Analysis 

 

All genotypes showed wide range of genetic variation in 

respect to these traits. Coefficients of variation (CV) for all 

traits in this study were between 18.21% to 96.6%. Plant 

height before (PHB) submergence had lowest CV (18.21%) 

while survival rate (SR) showed the highest CV (96.66%) 

than other traits. Three traits with medium CV were PHB 

(18.21%), plant height after (PHA) (19.26%) and 

chlorophyll content before (CCB) (18.93%). The remaining 

nine traits showed very high CV (>30%) (Table 2). 

 

Abiotic Parameters 

 

Concentration of dissolved oxygen in the water decreased 

from the first day to the last day of submergence (Fig. 1). 

The mean water temperature recorded was 31°C while pH 

was 7.80. Temperature of water ranged from 27–31°C 

during early morning, while 29–32°C in the afternoon.  

 

Performance of Genotypes under Submergence 

 

Initial measurement of plant height showed that PHB of all 

genotypes were around 24.00 cm to 32.00 cm. As observed, 

UKM-2 had the highest PHB of 32.86 cm while MR264 had 

the lowest (24.08 cm). For PHA, UKM-2 and MR264 were 

also the highest and lowest respectively. MR264 had the 

lowest elongation percentage (EP), which was 16.69 cm 

followed by the tolerant control, IR64-Sub1 (21.25 cm) 

and MR219 (22.69 cm). The traditional variety, Langsat 

showed the highest EP (57.59%) among all genotypes all 

the value was significantly different from IR64-Sub1 (p 

< 0.05). Another traditional variety, Campa also 

exhibited higher EP than IR64-Sub1 but statistically 

insignificant (Table 3). UKMRC8, which derived from a 

cross between a modern cultivar, MR219 and a wild species 

of rice, Oryza rufipogon (IRGC105491) showed the second 

highest EP (43.58%) after Langsat. The modern cultivars 

namely MR142, MR263, MR284, MRQ74, UKMRC2 and 

UKMRC9 recorded EP between 27.00 to 33.00%. CCB of 

all genotypes were from 15.00 to 23.85 while for 

chlorophyll content after (CCA), the values varied from 

the lowest, 8.00 to the highest, 20.77. All genotypes had 

reduced chlorophyll content as shown by positive values 

of CCC except IR64-Sub1, which was the only genotype 

with increased chlorophyll content after submergence. 

UKMRC recorded the highest reduction of chlorophyll 

content (55.38%) and significantly different from IR64-

Sub1 (-4.74%). Campa and MR142 also expressed high 

values of CCC and were similar to UKMRC2. Apart of that, 

UKM-5 had apparently low CCC (12.22%) compared to 

other genotypes, which showed CCC values between 

20.00 to 55.00%.  

After submergence, all genotypes had reduced 

percentage of NSC compared to prior to submergence. 

The lowest reduction in NSC was seen for UKMRC9 

with 46.60%, followed by UKMRC2 (49.60%) and 

IR64-Sub1 (48.80%). Meanwhile, MRQ74 had the 

highest NSCC of 94.16% tailed by Langsat (89.77%) 

and MR263 (88.37%). Post-submergence photosynthesis 

rate (PR) showed that MR263 had the lowest PR (0.96 

µmol m
-1

 s
-1

) while UKMRC2 had the highest PR (8.36 

µmol m
-1

 s
-1

), which was significantly different from 

IR64-Sub1. As expected, IR64-Sub1 had the highest 

percentage of SR (88.89%) compared to other genotypes. 

Table 1: Markers used for genotyping of Sub1 locus 

 

Marker Distance (cM) Size (bp) Annealing temperature (°C) 

RM23662 0.4 149 55 

RM5688 1.7 150 55 
ART5 2.6 124 60 

SC3 6.8 217 55 

RM23877 6.3 327 55 

cM =centimorgan, bp =base pair 

 

Table 2: Descriptive statistics for all traits studied 

 

Variable Min Max Mean ± SE Range CV (%) 

PHB 12.90 38.50 27.28 ± 0.41 25.60 18.21 
PHA 18.34 56.80 35.74 ± 0.57 38.46 19.26 

EP 1.80 116.85 32.31 ± 1.70 115.05 63.12 

CCB 11.80 29.65 20.34 ± 0.32 17.85 18.93 
CCA 3.87 25.00 12.60 ± 0.41 21.13 39.46 

CCC -86.72 82.07 36.32 ± 2.32 168.8 76.67 

SR 0.00 100.00 38.14 ± 3.07 100.00 96.66 
CL 4.06 41.55 24.33 ± 0.85 37.49 41.93 

NSCB 1.10 19.60 11.00 ± 0.42 18.50 37.21 

NSCA 0.08 9.56 2.90 ± 0.27 9.48 92.35 
NSCC -20.82 98.86 70.28 ± 2.74 119.68 38.15 

PR 0.36 9.61 4.56 ± 0.38 9.25 57.15 

Min =minimum, max =maximum, SE =standard error, CV =coefficient of variation, 

PHB =plant height before, PHA =plant height after, EP =elongation percentage, CCB 

=chlorophyll content before, CCA =chlorophyll content after, CCC =chlorophyll 

content change, SR =survival rate, CL =coleoptile length, NSCB =non-structural 

carbohydrate before, NSCA =non-structural carbohydrate after, NSCC =non-structural 

carbohydrate change, PR =photosynthesis rate 

 

 
 

Fig. 1: Dissolved oxygen content (mg/L) from days 3 to 13 
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UKMRC2 and the drought tolerant line, UKM-2 

recorded the second and third highest SR, which were 67.22 

and 65.93% respectively. Lowest SR was recorded by 

MR264 (8.89%), followed by MR219 (11.38%) and the two 

traditional varieties; Langsat (13.33%) and Campa 

(14.63%). For the submerged seeds, both the traditional 

varieties, Langsat and Campa recorded the longest and 

second longest CL, which were 33.94 and 30.28 mm 

respectively. The tolerant check, IR64-Sub1 recorded CL of 

26.24 mm while the susceptible check, MR219 had CL of 

17.44 mm. The shortest CL was recorded by UKMRC2 

(7.27 mm). 

 

Correlation 

 

In Cycle 1, SR was positively correlated with EP, CL, 

NSCC and PR but negatively correlated with CCC. 

However, only NSCC showed significant correlation 

(r=0.33, p < 0.05) in this cycle. Same result was observed in 

Cycle 2 and Cycle 3 where SR was also positively 

correlated with CL but negatively correlated with CCC. The 

results were inconsistent for EP and NSCC as SR showed 

negative correlation with these two traits in Cycle 2 and 

Cycle 3. CCC recorded significant negative correlation with 

NSCC in Cycle 1 but recorded insignificant low positive 

correlation in Cycle 3 (Fig. 2).  

 

Genotyping 

 

All the genotypes were tested for the presence of Sub1 by 

using SSR markers, which linked to the QTL. The results 

showed that no tested genotypes possess the Sub1 (Fig. 3).  

 

Discussion 

 

The relative variability of a population is measured by the 

coefficient of variation (CV) and desired CV for biological 

experiment is <10% (Acquaah, 2012). CV is a good tool to 

compare variation regardless of different units. High CV in 

SR and NSCA were because all these genotypes were from 

different background and have different level of 

submergence tolerance. The initial measurement of heights 

for all genotypes did not differed greatly suggesting 

identical growth rate after germination in tested genotypes. 

The elongation of shoot will be suppressed via 

mediation of Sub1 leading to the increment of SR due to 

limitation of carbohydrate usages as shown in IR64-Sub1 

(Sarkar et al., 2009; Singh et al., 2009). The rate of shoot 

elongation was one of the responses of plant to adapt during 

submergence using two different types of survival strategies 

depending on type of flood occur termed as quiescence and 

elongation (Luo et al., 2011). Elongation of shoot use 

enormous energy and carbohydrate (Voesenek et al., 2004; 

Pierik et al., 2009; Sarkar and Bhattacharjee, 2011) which 

affect recovery process after submergence and causing the 

plant to die (Das et al., 2005). The non-Sub1 genotypes in 

this study, which elongated their shoot underwater such as 

Langsat and MR253 were among the less-surviving 

genotypes. Das et al. (2005) found that the susceptible 

genotypes had greater elongation than the tolerant genotype, 

ranging from 111 to 144%. Meanwhile, Sarkar and 

Bhattacharjee (2011) reported that Swarna is susceptible to 

submergence had greater shoot elongation than the tolerant 

Swarna-Sub1. However, MR264 which found to have the 

lowest EP also had the lowest SR. This might be due to the 

low percentage of NSCB which inhibit elongation process 

during submergence and low NSCA causing MR264 to 

have less energy for growth and recovery process during 

and after submergence. The desirable traits such as medium 

elongation and high production of NSC were found to be 

correlated with submergence tolerance (Das et al., 2005).  

Elongation was identified as the main mechanism of 

survival for Campa, Langsat, MR253 and UKMRC8 under 

submergence. According to Metraux and Kende (1982), the 

internode length of plant will gradually increase up to three 

until five times along with the concentration of ethylene in 

Table 3: Means of all traits for each genotype averaged over three cycles 

 

Genotypes  PHB PHA EP CCB CCA CCC SR CL NSCB NSCA NSCC PR 

Campa 26.94ab 35.65bcde 32.78ab 21.13a 9.87b 54.92a 14.63d 30.28ab 7.60de 3.27ab 55.59a 6.61abc 

IR64-Sub1 24.89b 29.44de 21.25b 20.43ab 20.77a -4.79c 88.89a 26.24abcd 11.08bcde 5.75a 48.80a 6.83ab 
Langsat 30.33ab 47.69a 57.59a 21.55a 13.54b 37.16ab 13.33d 33.94a 15.89ab 1.62ab 89.77a 3.55abc 

MR142 28.81ab 37.54bcd 31.21ab 21.07a 9.34b 54.98a 26.88bcd 29.63abc 8.19de 1.28ab 83.36a 2.69abc 

MR219 26.27ab 31.70cde 22.69b 20.89ab 14.14ab 32.56abc 11.38d 17.44bcde 8.59de 2.35ab 71.93a 2.79abc 
MR253 25.78ab 36.33bcde 43.36ab 23.85a 12.70b 47.39ab 21.11bcd 13.83de 14.78abc 2.14ab 86.23a 3.33abc 

MR263 25.13ab 33.33cde 33.70ab 20.53ab 9.00b 53.99a 17.04cd 27.50abc 17.02a 2.15ab 88.37a 0.96c 

MR264 24.08b 27.90e 16.69b 20.89ab 10.46b 48.76ab 8.89d 19.14bcde 5.34e 1.12ab 52.20a 5.84abc 
MR284 27.82ab 35.15bcde 28.21ab 18.24ab 12.72b 28.05abc 35.37bcd 28.16abc 11.39abcd 4.79ab 62.50a 5.02abc 

MRQ74 24.76b 31.17cde 28.18ab 19.27ab 14.35ab 22.95abc 41.94abcd 17.21cde 12.80abcd 0.65b 94.16a 5.72abc 

UKM-2 32.86a 43.08ab 32.22ab 23.11a 15.85ab 31.75abc 65.93abc 29.59abc 13.00abcd 5.24ab 60.46a 2.29bc 
UKM-5 28.07ab 35.59bcde 29.17ab 15.23b 12.56b 12.22bc 45.00abcd 28.08abc 11.81abcd 2.25ab 76.32a 6.52abc 

UKMRC11 27.97ab 38.00bcd 37.76ab 20.58ab 12.33b 40.82ab 54.72abcd 28.13abc 9.70cde 1.77ab 81.47a 5.94abc 

UKMRC2 27.03ab 34.93bcde 31.10ab 20.49ab 8.97b 55.38a 67.22ab 7.27e 11.16abcde 5.10ab 49.60a 8.36a 
UKMRC8 27.27ab 38.55bc 43.58ab 19.15ab 13.35b 27.64abc 51.24abcd 26.00abcd 9.77cde 2.44ab 77.09a 1.53bc 

UKMRC9 28.47ab 35.80bcde 27.50ab 19.00ab 11.56b 37.34ab 46.67abcd 26.83abc 7.81de 4.55ab 46.60a 5.01abc 

Means with the same letter at every column did not significantly different  y Tukey’s test (α 0.05) 
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the internodal up to 0.02 until 1.00 μL/L during 

submergence state for at least seven days both processes 

encourage plant height. Langsat might have experienced 

the accumulation of ethylene in its tissues leading to 

elongation at rate of 1.24 cm/day, showing its 

adaptability to deepwater flood as the other rice landraces. 

Rice landraces avoid complete submergence for survival by 

elongating its shoot to reach the water surface (Setter and 

Laureles, 1996; Sarkar and Bera, 1997). Due to 

accumulation of ethylene, expression of genes named as 

SNORKEL 1 (SK1) and SNORKEL 2 (SK2) was induced, 

which lead to GA biosynthesis or promotion of GA signal 

transduction that causes elongation of leaves and internodes. 

However, Langsat failed to reach the water surface to gain 

enough gaseous exchange for physiological processes 

during submergence which further lead to death after 

submergence. 

Genotypes which maintain high NSC content after 

submergence (low NSCC) were able to produce new leaves 

rapidly and produce high amount of biomass during the 

recovery process after submergence (Panda et al., 2008; 

Sarkar and Bhattacharjee, 2011). Intolerant genotypes in this 

study, such as MR142, MR263 and MR219 have higher 

NSCC than the tolerant genotype, IR64-Sub1. Fukao et al. 

(2006) mentioned that under submergence, rice sucrose 

synthase genes namely Sus1, Sus2 and Sus3 and also α-

amylase genes namely Ramy3C, Ramy3D and Ramy3E 

were highly induced. Induction of these genes lead to 

increase of energy consumption during submergence. 

Meanwhile, under the same condition, submergence tolerant 

genotype had lower expression of the genes which suggest 

the role of Sub1A for negative regulation of transcription of 

the genes. 

Besides elongation, the other survival mechanism 

during submergence is quiescence applicable in short-term 

flood or flash flood. In order to enable photosynthesis in 

water, plant needs to store energy and preserve chlorophyll 

content, by that elongation will be inactivated (Ella et al., 

2003; Das et al., 2005; Nagai et al., 2010; Winkel et al., 

2013). During submergence, plant growth is the result from 

the accumulation of ethylene in tissues (Musgrave et al., 

1972; Metraux and Kende, 1982). In order to stop the 

internodal elongation, the production of ethylene will be 

restrained by aminoacetic acid and aminoethoxivinylglycin 

(Metraux and Kende, 1982). Genotypes with moderate EP 

values with no significant difference from IR64-Sub1 such 

as UKM-2, UKMRC9 and UKMRC2 are suitable for 

cultivation in areas with flood that last for less than two 

weeks. These genotypes will reduce EP to prevent energy 

loss and increase the SR after water level decreased (Sarkar 

et al., 1996; Das et al., 2005; Sarkar et al., 2009; Singh et 

al., 2009). IR64-Sub1 have the Sub1A gene, elongation of 

leaves and internodes was inhibited by the action of Slender 

rice-1 (SLR1) and SLR1 Like-1 (SLRL1) genes which 

negatively regulating GA synthesis. Limited elongation 

reserves energy to be used after water recedes and to 

recover for survival. Another genotype with limited EP, 

UKMRC2 also had good SR but it was found to have no 

Sub1 QTL. 

Rapid coleoptile and mesocotyle elongation is needed 

during flooding at germination stage for the rice seed to 

survive (Magneschi and Perata, 2009; Takahashi et al., 

2011). Anaerobic metabolic pathways such as glycolysis 

and fermentation are essential for coleoptile elongation 

(Setter and Ella, 1994; Kato-Noguchi and Kugimiya, 2003; 

 
 

Fig. 2: Graphical correlation matrices for traits studied. (A) Cycle 

1, (B) Cycle 2, (C) Cycle 3. EP =elongation percentage, CCC 

=chlorophyll content change, SR =survival rate, CL =coleoptile 

length, NSCC =non-structural carbohydrate change, PR 

=photosynthesis rate. *Significant correlation (p < 0.05) 
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Takahashi et al., 2011). Alcoholic fermentation process 

takes place through two steps i.e., pyruvic decarbonization 

to acetaldehyde by pyruvic decarboxylase (PDC) and 

subsequent reduction by acetaldehyde to ethanol by alcohol 

dehydrogenase (ADH) (Hiroaki et al., 2006). Genotypes 

with short CL such as UKMRC2 might experience 

reduction of ADH activity in coleoptile that will reduce the 

rate of elongation during the submergence (Matsumura et 

al., 1995; Hiroaki et al., 2006). Adachi et al. (2015) also 

found that genotypes which adapted to hypoxic condition 

had longer CL than the control. However, the survival of 

seedling does not directly affected by CL because the 

content of NSC and CC at vegetative stage are more 

positively associated with SR (Ella and Ismail, 2006) added 

with medium elongation (Das et al., 2005). 

Higher CCC values indicates a greater significant 

reduction in chlorophyll content before and after 

submergence. The high values of CCC for elongating 

genotypes may be due to high amount of ethylene 

production which stimulate the gene expression and activity 

of chlorophyllase enzyme involved in the process of 

chlorophyll breakdown (Jackson, 1987). This will also 

reduce the capacity of carbon dioxide fixation during and 

after the submergence thus distrupt the photosynthesis 

process (Sarkar et al., 2001; Ella et al., 2003; Singh et al., 

2014). In this study, genotypes with lower CCC and EP 

such as UKM-2 and UKMRC8 had better SR than 

genotypes with higher CCC and EP. Sone et al. (2011) also 

found that a non-elongating cultivar able to survive after 

submergence by maintaining high chlorophyll content (CC). 

However, it was known that ethylene is important in plant 

growth process required for escape strategy to survive 

during submergence (Xu et al., 2006; Hattori et al., 2009; 

Sarkar and Panda, 2009; Bailey-Serres and Voesenek, 2010; 

Bailey-Serres et al., 2010). Therefore, genotypes such as 

Campa, Langsat and MR253 elongated their shoot rapidly 

using this survival mechanism caused higher CCC.  

The wild rice, Oryza rufipogon might possessed 

beneficial genes or QTLs for survival under submergence as 

the UKMRC lines showed higher SR compared to MR219. 

As generally known, wild species possess lots of vital genes 

for improvement of numerous traits. UKM-2 and UKM-5 

with drought yield QTLs (qDTYs) also showed higher SR 

compared to MR219 indicate that qDTYs might be useful in 

enhancing tolerance level under submergence. Fukao et al. 

(2011) proved that Sub1A enables rice to recover from 

prolonged dehydration and involved in upregulation of 

genes associated with drought tolerance.  

Survival of seedlings after submergence is likely to be 

associated with reduction of the CC. However, the 

association between these two traits was not strong for all 

three repetitions (r1= -0.23, r2= -0.23, r3= -0.27; p>0.05). 

Genotypes which able to maintain high CC after 

submergence or had low CCC will be able to survive by 

producing more photosynthates after given recovery time. In 

the first repetition where NSCC was positively correlated 

with SR showed genotypes that consumed more energy and 

elongated more than the other genotypes able to survive. 

However, contrasting result were obtained in the third cycle 

where NSCC negatively correlated with SR while 

maintaining positive correlation with EP. This suggest that 

consumption of energy during submergence for elongation 

process is bad for survival after submergence. Weak 

association between SR and PR also suggest that survival 

after submergence is not likely to be influenced by the 

plant’s a ility to do photosynthesis. These results showed 

that there are complex interactions between all traits 

underlying survival under submergence.  

 

Conclusion 

 
Each genotype had different way to survive submergence by 

having distinct morphological and physiological traits. 

 
 

Fig. 3: PCR product after amplification using Sub1 specific 

primers viewed using 3% agarose gel. (A) ART5, (B) RM8300, 

(C) RM23662, C1 =IR64-Sub1, G1 =MR219, G2 =Campa, G3 

=MR284, G4 =Langsat, G5 =UKMRC11, G6 =MRQ74, G7 

=MR264, G8 =MR253, G9 =UKMRC9, G10 =UKMRC8, G11 

=UKM-5, G12 =MR263, G13 =UKMRC2, G14 =MR142, G15 

=UKM-2 
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Excessive usage of NSC for growth and elongation process 

 rings draw acks to seedlings’ survival after su mergence. 

Meanwhile, genotypes with limited EP and less NSCC are 

able to survive better which shows the importance of these 

two related traits for survival under submergence. 

Genotypes with no Sub1, but high survival rate such as 

UKM-2 and UKMRC2 might have other vital genes or QTL 

influencing its survival and crucial for researchers to exploit 

these materials for further studies such as QTL mapping.  
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