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Investigating the formation of leaf gas film to improve flash-

flooding tolerance in Thai rice varieties
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Abstract

The objective of this study is to investigate the impact of flash flooding to leaf gas
films, the growth and some physiological parameters at tilling stage. The experimental design
was conducted in 2 x 6 factorial in Completely Randomize Design (CRD). The first factor was
growth conditions which was consist of control and submergence. The second factor was rice
varieties including Chonlasit, Phitsanulok 2 {PSL2), Pathum Thani t (PT1), RD51, RD61 and
KDML105. The results showed that flash flood condition had affected on growth and
development to all rice varieties by increasing plant height and %elongation which presented
differently depending on the variety. Leaf gas films of all six varieties were observed after 6
hrs of submergence. Chonlasit and PSL2 presented much volume of leaf gas films in
comparison with other varieties. Leaf greenness (SPAD unit) and maximum quantum efficiency
of PSIl photochemistry (Fv/Fm) values decreased significantly after submerged for 10 days in
the tolerance and moderate tolerance varieties in comparison to the control condition. For
the high tolerance varieties such as Chonlasit and RD51, there was non-significant difference
in the decreasing of SPAD unit and Fv/Frm values. PSL2, PT1 and RD61 were categories as
tolerate variety. Whereas, KDML105 was moderate tolerance variety. The results presented
here suggested that chlorophyll fluorescence measurement can be used as a technique to

evaluate flash flood tolerance in Thai rice variety.

Keywords: Rice, flash-flooding, leaf gas film, quantum yield efficiency of PSII
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Figure 2 The average of plant height (cm) of six varieties under control and submergence condition
{a). The percentage of plant elongation from original (relative to control) of each varieties (b). Data
present mean SE, n=5. **, *** indicates significant differences at p < 0.05, and p 5 0.01, respectively
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Table 1 The statistical results of SPAD value and Fv/Fm of six rice varieties grown under
control and submergence condition. P-value are given for “variety”, “condition”, and

“variety vs condition”; n.s. = not significant; * = p-value < 0.05; ** = p-value < 0.01.........11

Table 2 Submergence tolerance and % death of tiller of six rice varieties after

SUDMEIZEd TOr 10 days. .o er et st ses et ee s s ens bbb seneenan 12
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Figure A 2 Journal of Advanced Agricultural Technologles (JOAAT) Volume 7, Number 2. 25
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Figure 2 The average of plant height (cm) of six varieties under control and submergence condition
(a). The percentage of plant elongation from original (relative to control) of each varieties (b). Data
present mean 5E, n=5. **, *** indicates significant differences at p < 0.05, and p = 0,01, respectively
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Table 1 The statistical results of SPAD value and Fv/Fm of six rice varieties grown under control
and submergence condition, P-value are given for “variety”, “condition”, and “variety vs
condition; n.s. = not significant; * = p-value < 0.05; ** = p-value < 0.01,

SPAD Fv/Fm
Variety F-test F-test

Control  Submergence Control  Submergence

Chonlasit 38.30+0.76 37.03+2.19 ns.  0.72:0.02 0.68+0.04 n.s.

Psi2 36.96+2.26  36.03+0.69 ns.  0.73:001 0.58+0.04 ¥
PT1 36.53+2.49  33.72+2.36 ns.  0.73x0.04 0.56+0.08 *
RD51 37.63x1.92  34,54+0.35 ns. 0.70+0.02 0.64+0.07 n.s.
RD61 34.16+1.12 ~ 32.51+1.75 ns.  0.71x0.06 0.62::0.02 *
KDML105 38.17+1.50 33.92+2.6 * 0.70+0.05 0.70+0.01 n.s.
F-test
Variety % n.s.
Condition e **
Varlety x Condition n.s. *
CV% 4.82 4.86

AUV U A

msUssfiunnavunudsidusddlussasuonnafadinudn v 6 Wugiwefiduinde
meunneinaiy TmsﬁﬁwﬁamﬂLﬁaaéma’l&fﬁnnz%ﬁmLi‘JuL'Jm 10 74 DEEWIN 6.38% - 32.0% (LANS
1 Table 3) Tnowuiniugiifivesduddumiemerioniign Sedneglussduamumumunniign () fe
Wug Chonlasit Lag RD51 LULABIAUTIBMUATTIREVDY Siangliv et al (2003) Uay Toojinda et al (2003) i
ThinBunuhviandaiug Fr13A, IRI9830 way IR57514 raniuiunnenuzd 105 Ihduives
¥a@n8 (Chonlasit) Waw RDS1 Fefianuannsolumemaivhudundy dwiudidaeglussdunumu m
g psL2 PT1 uaw RDs1 Tailefidusimismuseuing 14.03% - 2095% aug kKomL105 Siswsi
AunuuUIungs (M1 Sidndesidudmismeiniu 32 %
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Table 2 Submergence tolerance and % death of tiller of six rice varieties after submerged
for 10 days.

Variety % death of Scale Tolerant level
titler
Chonlasit 6.38 2 HT
PsL2 14.03 2 T
PT1 20.95 3 T
RD51 336 1 HT
RD61 14.49 2 T
KDML105 32.0 4 MT
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Effects of Flash Flood on Growth and Some Physiological Changes in Thai
Rice at Tillering Stage
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foqussavivesnisfinuadel  Wednumansynureaiivhudundudenaioiuln
wazdyaeneaTTiveusUsynsvesinluszozuannauiug lnevihnsnusunmeasmuy 2
x 6 factorial in Completely Randomize Design (CRD) lngilliafunsnAasunuumsian fiaes
sefufie anmsUnil uas anmsivhy Jedefimasdediusin i 6 uf Wi Fnveuadnd
(Chonlasit), fuailan 2 (PSL2) Uvus1il 1 (PT1), n51 (RDS1), nuél (RD6) wax drivmneusd
105 (KDML105) mansvmmasnudn anmstviaiiiarediuruguasniesdudnstailuim
Wnwug weanF A sdoaluludmniug wevanmdussansnisdunseinas (Fy/Fm) geedm
Wug Chonlasit RD51 taz KOML105 sdwiivddiynivaia wesgluanmsiniudundubu
w1 10 N vnramsassseduAmuuTvolussssiannaiudl wud ddug
Chonlasit wae RD51 fiseduaminuvmutiviaudundugs luvneiiiug PSL2 PT1 uag RD61 iwame
UssvBamenumaiwinedlussdumimy tay KOMLL0S agluszduvuviudiunay wa
nsfnwadiiluandsisiuianistfimaiinnnslsiadvigoatsadur (chlorophyll fluorescence)
Woussdudnszavenmnsdansazsitaduannsaiviog annsovnssgndldifens
Uszidusugdrmuiindunduld

Andhdny: 4m, YsednBammsdaunssstias, mndvhudundy

ABSTRACT
The objective of this study is to investigate the impact of flash flooding to the
growth and some physiological parameters at tilling stage. The experimental design was
conducted in 2 x 6 factorial in Completely Randomize Design (CRD). The first factor was
growth conditions which was consist of control and submergence. The second factor was
rice varieties including Chonlasit, Phitsanulok 2 (PSL2), Pathum Thani 1 (PT1), RD51, RD61
and KDML105. The results showed that flash flood condition had affected on growth and
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development to all rice varieties by increasing plant height and elongation, whereas
decreased in leaf greenness (SPAD unit) in all varieties, and decrease in maximum quanium
efficiency of PSll photochemistry (Fv/Fmj in Chonlasit, RD15 and KDML10G5 significantly after
submerged for 10 days. Chonlasit and RD51 are grouped as high tolerance varieties, while
PSL2, PT1 and RD61 were categories as tolerate variety. The KDML105 was moderate
tolerance variety. The results presented here suggested that chlorophyll fluorescence
measurement can be used as a technique to evaluate ftash flood tolerance in Thai rice
variety.

Keywords: tice, quantum efficiency of PS5, flash flood tolerance
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Yuanaslsiiad (hand-held SPAD-502 chlorophyll meter, Konica minolta®, Japan n133@
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B Ysedupmunlnodudnumievisuuanouivig uasvdahiusnihiuit & Table
1

Table 1 Standard evaluation system of rice for submergence tolerance

Scale Submergence tolerance =
% death of tiller Tolerance tevel

1 death of tiller < 10 % high tolerance (HT)

2-3 death of titler 10-30 % tolerance (T)

4-5 death of tiller 30 -50 % moderate tolerance (MT)

6 death of tiller 50 - 60 % moderate susceptible (MS)

7-8 death of titler 60 - 80 % susceptible (S)

9 death of tiller > 80 % high susceptible (HS)

Adapted from STANDARD Evaluation System of Rice, SES (IRRI, 2002)

nsdaTeideyanieain

indayafilduiessimmusnumeaiilagiiouiivurmunninesswiedneds
#1738 Duncan’s Multipte Range Test (DMRT) #iszdutivdndy 0.05 Tneldlusunsy R uae R
Studio (RStudio Tearn, 2019)
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KDML105 ewigeagl 9165 cm sudimitfiangeiuiositamitoagluansiwiuie 11 4
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elongation) wuinfugfifiFniosiiando Chonlasit taz PSL2 Fsledidusinisdafvaddu
Wty 23.12 % uay 22.18 % mudndu w15 KOML105 Lag PT1 fwedfidudnsdafgetianfio
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37.03 SPAD Unit wanvidledudmagluanmsthviuniy Binaasiidsinansiluinanas
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Figure 1 The average of plant height {cm) of six varieties under control and submergence
condition (a). The percentage of plant elongation from orfginal {relative to control) of each
varieties (b). Data present mean SE, n=5. **, *** indicates significant differences at p < 0.05,
and p < 0.01, respectively



184  Table 2 The statistical results of SPAD value and Fv/Fm of six rice varieties grown under
185  control and submergence condition. P-value are given for “variety”, “condition”, and

186  “variety x condition”; n.s. = not significant; * = p-value < 0.05; ** = p-value < 0.01.
SPAD Fv/Fm
Variety F-test F-test
Control  Submergence Control  Submergence

Chonlasit 38.30+0.76 37.03+2.19 n.s. 0.72+0.02 0.68+0.04 n.s.

PSL2 36.96+2.26 36.0310.69 n.s. 0.73£0.01 0.58+0.0d ¥
PT1 36.53+2.49 33.72+2.36 ns.  0.73x0.04 0.56+0.08 *
RD51 37.63+£1.92 36.5440.35 n.s. 0.70+0.02 0.64+0.07 n.s.
RDé61 34,16+1.12 3251+1.75 ns.  0.71+0.06 0.62+0.02 ¥
KDML105 38.17+1.50 33.92+2.6 # 0.70+0.05 0.70+0.01 n.s.
F-test
Variety % n.s.
Condition i X
Varlety x Condition n.s. *
CV% 4.82 4.86
187
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Table 3 Submergence tolerance and % death of tiller of six rice varieties after
submerged for 10 days.

Variety % death of Scale Tolerant level
tiller
Chonlasit 6.38 2 HT
PSL2 14,03 2 T
PT1 20.95 3 T
RD51 3.36 1 HT
RD61 14.49 2 T
KDML105 320 4 MT
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Effect of Submergence at the Tillering Stage on
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Leaf Gas Films of Thai Rice
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Abstract— The maximum quantum yield efficiency of PSII
and leaf gas film production after 10 days of complete
submergence at the tillering stage was compared among six
Thai rice varieties. The treatments included two growth
conditions (normal growing condition as control and
complete submergence). The confrol group was treated with
the conventional growing method in plastic pots, while the
complefe submergence was artificially simulated and
transferred into plastic tubs at 15 days after transplanting
with I-meter depth of water. Compared with the control
group, the submexged group showed significant increases in
plant height. The flood tolerance variety, Chonlasif,
presented a small increase, but there was a non-significant
difference in plant elongation after submergence compared
with susceptible varieties, PSL2, PTT, RD51, RD61, and
KDML105. Chonlasit showed the greatest percentage of
plant survival with 91.67%, while RD61 showed the lowest
with 72.55%. Leaf gas films of all six varieties were
observed after 6 hrs of submergence. Chonlasit and PSL2Z
presented much volume of leaf gas films in comparison with
other varieties. There was little change in the maximum
quantum yield efficiency of PSII (Fv/Fm) of the flood
tolerance variety, Chonlasit. In contrast, the Fv/Fm value of
susceptible varieties decreased significantly.

Index Terms— near-isogenic line, physical property,
chemical property, bacterial blight

I. INTRODUCTION

Rice is the main staple and economic food crop in
Thailand for national consumption and exportation.
According to the FAO, global food production will need
to increase by 70% by the year 2050 due to the rise in the
world population [1]. Abiotic stresses, such as drought
and flood are the major challenges which impact plants in
many ccosystems worldwide, resulting in rice yield
reduction [2, 3}, Submergence is a severe abiotic stress
for rain-fed lowland rice. Rain-fed lowland rice often
becomes submerged depending on the season. Different
genotypes vary in submergence tolerance [4, 5]. Research

Manuscript received ; revised  ; accepted
Corresponding author; TR, Email: tepsudat@nu.ac.th

has demonstrated that leaf gas film can promote
submergence tolerance of rice [6, 7].

Leaves of submerged plants greatly restrict O2 uptake
from the surrounding environment, 10,000 times slower
in watcr than in the air [8]. Photosynthetic activity occurs
during the day using dissolved COg and produces O, by
submerged leaves; whereas af night, the dissolved O in
water is the only source for photosynthesis [9, 10]. The
term ‘leaf gas film’ has been used to describe the
hydrophobic body surface trait that retains a thin layer of
gas [7, 11]. Leaf gas film (LGFI) was identified as the
responsive gene for leaf wax composition, epicuticular
wax platelet abundance, surface hydrophobicity, and,
therefore, leaf gas film retention in rice [12]. This trait is
considered a mechanism to enhance tissue gas exchange
with water [12]. In addition, leaf gas films have been
demonstrated to improve underwater photosynthesis of
rice, dark respiration, root pOa and growth by greatly
enhancing gas exchange of leaves under submerged
conditions [7, £0]. Moreover, leaves with gas films might
be able fo keep stomata open when a plant is submerged,
which would promote gas exchange [13].

Photosynthesis is the process that generates chemical
cneigy from sunlight to support plant growth and
development. Photosynthetic efficiency can be used as a
key factor for defermining plant resistance to various
stresses. In recent years, chlorophyll fluorescence
measurement has been wildly used to reveal
photosynthetic efficiency without damaging plant tissue
[14, 15, 16, 17} Generally, light energy capiured by
chlorophyll molecules is used in photochemical reactions
to drive photosynthesis or, in the case of excess encrgy, it
will dissipate as heat (non-photochemical quenching,
NPQ) or emit chlorophyll fluorescence [18]. These three
processes compete with each other; thus, by measuring
the vield of chlorophyll fluorescence, the photosynthetic
efficiency (photochemical reaction) and the degree of
heat dissipation could also be estimated. Therefore, the
current study aimed to investigate the ability of five Thai
rice varieties to produce leaf gas film and compare the
maximum photosynthetic efficiency among rice varicties
under submergence conditions.



II. METERIAL AND METHODS

A, Plant meterials and growth condition

Five rice accessions, including four Thai commercial
accessions (RD61, PSL2, PTT1, KDML105 and RD51)
and one flood tolerance accession {Chonlasit) were used
in this study. Sterilized seeds were soaked in water at 37
°C overnight to synchronize the germination, Germinated
seedlings were transferred to a seedling tray with the soil
water contenf maintained at 100%. The 2I1-day-old
seedlings were transferred info plastic pots 254 cm in
diameter and 30 cm high containing 4 kg of clay soil with
one plant per pot. The experiment was conducted in the
greenhouse at Naresuwan University, Thailand, from
December 2018 to April 2019.

B, Characterization of surface gas films, flood tolerance
and maxitmum quantum yield efficiency

Flooding was simulated artificially in a plastic tub
during the tillering stage (15 days after transplanting)
with t-mefter depth of tap water. Three pois per accession
were {ransferred into the submergence condition for 10
days. After flooding treatment, plant height and survival
rate were recorded.

The two youngest fully expanded leaves of an
individual plant were used to observe the formation of
leaf gas film. Surface gas film can be observed by the
naked eye as a silvery covering of the leaf. The
observations were taken on three leaf segments of 50 mm
length of the first leaf. The secand leaf was used as a
control by eliminating the leaf gas film formation by
brushing with a dilution of Triton X (0.01% v/v of Triton
X-100 in sterilized water). Measurements were taken at 0,
12 and 24 hours.

The youngest fully expanded leaves were measured for
the maximum quantum yield efficiency before and after
the flooding treatment. The maximum guantum vield
efficiency was measured using PAR-FluoPen (Photon
Systems Instruments, Czech Republic). The leaf sample
was dark adapted for 30 min prior to measuring, The
maximum quantom  yield efficiency of PSII
photochemistry F/Fy, was calculated as (F-Fo)/Fm [16,
18], where the minimum fluorescence (Fg) at open PSII
centers was obtained by measuring light, while the
maximum fluorescence (Fu) at closed PSII centers was
determined after an application of a 0.8 s saturating light
pulse (3,000 umol m?s) after being dark adapted for 30
min,

C. Statistical Analysis

Results were expressed as the mean of five replications
1SE. Data were analyzed using onc-way analysis of
variance. Duncan’s muiltiple range test at the 95%
confidence level (p < 0.05) was used to compare the
difference between genotypes. Statistical analysis was
performed using the R software [19].

III. RESULTS

A. Plant height, elongation and Ysurvival under
submergence

Rice genotypes wused in this study exhibited
distinctively variable responses to the submergence for 10
days (Fig.la). Genotype KDML105 showed greater
elongation with a highly significant difference in
comparison to before being submerged. The other
genotypes: PSL2, PTTI, RDS51, and RD61; however,
exhibited medium elongation. Plant height did not
increase much in the Chonlasit cultivar, resulting in a
non-significant  difference compared with before
submergence. Survival percentage decreased in all the
cultivars due to the imposition of 10 days of submergence
treatment (Fig. 1b). Survival percentage of Chonlasit was
91.76% which was the highest among all cultivars,
Survival percentage was significantly greater in Chonlasit
in comparison to all cultivars. Among commercial
cultivars, survival percentage was the least in RD61
(72.55%).

B.  Leaf gas films under submergence

Six Thai commercial rice varieties were investigated
for leaf gas filin refention upon submergence (Fig. 2).
The hydrophobic leaf blade surface presented
immediately after submergence was seen as a silvery
sheen on the leaf. Gas films on leaf blades of all six
varieties could be observed during the first 6 hrs of
submergence and lasted for 24 hrs, Chonlasit, RD51 and
PSL2 genotypes presented greater volumes of gas films
compared to other genotypes. Leaf gas films have been
reported fo be associated with leaf pubescence [12, 20].
Genofypes that produced much volume of gas films
initially showed high values of Fw/Fn under submerged
conditions, This result was similar to the study of Ref.
[21]. They reported that leaves with gas films could
potentially increase the carbohydrate status and increase
underwater net photosynihesis, which confributes fto
submergence toicrance in rice. Leaf hydrophobicity and
gas films on submerged leaves which related to the LGF1
gene have been confirmed to contribute to underwater
photosynthesis, leading to flood tolerance in rice [12].
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Figure 1. Plant height of 36 days-old rice plant of conirol and
submergence condition for 10 days (). Percentage of survival of six
vazieties afler submergence for 10 days. The dafa represent average
value +8E from five replications.

Figure 3. Leaves of six rice varies which present gas film formation at
24 hrs after complete submergence.

C. Changes in chlorophyll fluorescence under
submergence condifions

The maximum quantum yield efficiency of PSII, as
measured by chlorophyll fluorescence, was quantificd for
both before and after flooding treatment to determing
how the submerged condition affected photosynthetic

Table 1. The maximun quantum yield efficiency of PSII (Fv/Fm)
of contro} plants and submerged plants of six varieties

Variety/Treatment Control Submergence
Fv/Fm Fv/Fm
Chonlasit 0.73:0.02° 0.6810.04
PSL2 0.731:001° 6.5810. 1]
PITH 0.7320.04% 0.5940.08
RD51 0.70:0.02° 0.6410.07
RD61 0.7120.06° 0.68:0.02
KDML105 0.69£0.05% 0.6820.01
Mean 0.71 0.65
F-test
Variety * ns
CvV% 4.86 2.77
Aleans in flie same column flowed by +8D
QCunired OSalintrgence

Chonlasit P52 PTII RDE1 KDMI1035

Varety

Figure 2. Comparison of the maximum quantum yield efficiency of PSIT
(E./Fy) between the control plants and submerged plants

capacity in each variety, After 10 days of submergence,
the overall performance of photosystem IT (PSI) was
comparatively lower compared to the conirol condition.
As shown in Table 1, the changes in the maximum
quantum yield efficiency of PSII were greater in the
confrol group compared to the submergence group. A
varietal difference was observed in Fo/Fn under the
control condition which suggested that the photosynthetic
potential varies in nature by genotype and could be
genetically regulated. The Fy/Fn values of all varieties
declined at significantly different rates under the
submergence condition except for Chonlasit, RD61 and
KDML105 (Fig. 3). F/Fg values of the three varieties:
PSL2, PTT1, and RDS51 decreased significantly under the
submergence condition, Submergence at the tillering
stage which resulted in a decrease in the maximum
quantum yield efficiency of PSII can cause a reduction in
yield and yield components of rice [22].

IV, DISCUSSION

To better understand the potential genetic resources for
submergence tolerance in Thai commercial rice varietics,
chlorophyll fluorescence parameters were measured
together with the ability of the rice leaves to maintain gas
films on leaf blades. Rice leaves retained a visible gas
film layer upon submergence. The occurrence of



hydrophobic leaves with gas film retention in different
rice varieties is an important trait for rice to survive
during submergence by continning underwater
photosynthesis [12]. There was a slight but non-
significant decreased in the F./Fy value of Chonlasit,
which has been reported to have flash flooding tolerance
and non-photoperiod sensitivity [23]. This suggests that
the tolerance mechanism in this variety might support the
underwater photosynthesis which is linked to the high
percentage of survival in comparison to other varieties.
Unlike the high value of F\/F,, after the submergence of
RD61 and KDML105, this was because of the adaptation
mechanism in these two varieties as seen in the high rate
of plant elongation. The decrease of F/Fy in susceptible
varieties, such as PSL2, PTTI, and RDS51 suggests that
using the chlorophyll fluorescence analysis to measure
the maximum quantum yield efficiency of PSII is a
promising method to determine plant tolerance in flood
conditions.

V. CONCLUSIONS

Although submergence condition leads to plant
elongation, the maximum quantum yield efficiency of
PSII and leaf gas films were presented different responses
to the period of submergence in rice at the tillering stage.
Our results demonstrate that rice varieties responded
differenfly in both control and submergence conditions,
Tolerate and adapted varieties showed a small reduction
of FJ/Fn and the greater amount of leaf gas film
formation which help plants to cope with submergence.
These results should acceierate our understanding of
parameters involved in tolerance and adaptation of Thai
rice varieties to excess watcr stress,
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