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The effect of flooding on gene expression of four tomato genotypes was studied under a controlled environment. 
Four different flooding treatments (0, 2, 4, and 8 days) were used for flooding tolerance in four tomato 
genotypes. The experiment was laid out in a randomized split plot design with flooding treatment as main plot 
and the genotypes subplot. Treatments were replicated five times. The results show that with each flooding 
treatment, alcohol dehydrogenase (ADH) was up- regulated in genotypes CLN2498E and LA1579 compared to 
the control CA4. The activity of ADH was four times higher in LA1579 than in CLN2498E. In LA1579, as the 
days of continuous flooding increased, the sucrose synthase decreased. The death of LA1579 plants for 8 days 
of flooding might be due to the production of toxic substance. There was a significant difference (P<0.05) in 
plant height of CA4 and LA579 for 8 days of flooding. Although there was no difference in plant height of 
LA1421 but no fruits were recorded for 4 and 8 days of flooding because its plants dropped off their flowers. No 
significant difference in plant height of CLN2498E was recorded and it produced the highest yield (P<0.05). For 
these above reasons, CLN2498E and CA4 were the tolerant genotypes while LA1579 was the sensible 
genotype.  
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INTRODUCTION 
 
Flooding is among the environmental stressors that will 
increase with the change in climate. Environmental 
stresses (salinity, flooding, heat, drought, cold, etc.) have 
been a big challenge for plants to produce high yield 
(Ismond et al., 2003). The screening of plant genotypes 
which have prominent characteristics such as high 
tolerance to lack of oxygen is one way to contribute to the 
development of tolerance to flooding. Many plants expos- 
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ed to flooding and oxygen deprived conditions cannot 
grow and will die within a few days (Harada et al., 2005). 
Many factors contribute to tolerance of plant crops to 
flooding stress; it is only in rice (Oryza sativa) that 
selection has been performed for flooding tolerance 
where a genetic mapping approach was used to identify 
major and minor genes involved in it (Sripongpangkul et 
al., 2000; Xu et al., 2000; Ismond et  al., 2003). Tolerance 
in flooding involved the coordinated actions of several 
metabolic processes (Fagerstedt and Crawford, 1987) 
and alcohol dehydrogenase (ADH) activity increases in 
tomato during flooding stress (Tanksley and Jones, 1981), 
and  contribute  greatly  to  the  survival  of  plants   under 
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Figure 1. Response of tomato variety CA4 to 
different days of flooding. 

 
 
 

stress. Many studies reported that under flooding condi-
tions, ADH increase its activities in many plants such as 
maize (Hageman and Flesher, 1960) and tomato (Tanks-
ley and Jones, 1981). 

Sato et al. (2002) reported that more sucrose is synthe-
sized under anoxia than is synthesized in air; the content 
of sucrose in the stems of turions (it is resistant plant bud 
that is found in certain aquatic plants, and can allow plant 
to survive winter in the vegetative state) decreases rapid-
ly within 1 day of anoxia, but remains constant thereafter. 
These results indicate that turnover of sucrose is active-
ted by anoxia. The activities of invertase, sucrose phos-
phate synthase and sucrose synthase have been shown 
to increase under anoxia and potentially the increase of 
this enzyme being especially notable (Harada and 
Ishizawa, 2003). 

The aim of the present study was to investigate four 
tomato genotypes for flooding tolerance using the activity 
of ADH, sucrose synthase, and physiological traits. 
 
 
MATERIALS AND METHODS 
 
Seeds of four tomato genotypes: LA1579, CA4, CLN2498E, and 
LA1421 were used in this study and were obtained from the 
AVRDC gene bank. Seeds of these genotypes were sown in seed-
ling trays filled with peat moss and watered daily. Growing plants 
were fertilized [fertilizer (Foliar Nitro-Phoska) containing nitrogen, 
phosphorus, potassium, magnesium (20-19-19-0.5)] at a rate of 2 g 
per pot at 3 weeks intervals. A mixture of pesticide (Pymetrozine 
25% WP; Benlate 50% WP; Trigard 75% WP; Adjuvant and Chlor-
fuazuron 5% EC) was sprayed weekly to prevent the invasion of 
disease and insect infestation. 

 
 
Experimental design and treatment details   

 
The experiment was laid out in a randomized split plot design with 
flooding treatment as main plot and the genotypes subplot. Treat-
ments were replicated five times and 16 plants were used per 
replication. 45 day old tomato plants were then subjected to flood-
ing stress of different durations (0, 2, 4 and 8 days) by placing plant  

 
 
 
 
pots inside larger plastic pots, then irrigating with an excessive 
quantity of tap water at 25°C so that the level of water above the 
surface of soil was 15 cm throughout the flooding period. At the 
bottom of each plastic pot, a drilled hole allowed complete drainage 
of the pot after flooding. The plants growing in the greenhouse 
under normal non-flooded conditions served as a corresponding 
control. The experiment was conducted till reproductive stage. 
 
 
Phenotypic measurements 
 
On weekly basis, physiological parameters: plant height, number of 
leaves, leaf length and yellowing of leaves were measured. 
 
 
Tissue collection 
 
The leaves of the plants were collected in micro centrifuge tubes 
and immediately snapped frozen in liquid nitrogen. Tissue samples 
were stored at -80°C until required for extraction. 
 
 
RNA isolation and cDNA synthesis 
 
Total RNA was extracted from leaves with a GenMark Plant Total 
RNA Miniprep Kit (Hopegen Biotechnology) following the manufac-
turer’s instructions. Total RNA was then treated with RNase-free 
DNase I to remove any genomic DNA contamination. RNA was 
then quantified using a Quibit fluorometer (Invitrogen, USA). First 
strand cDNA was synthesized using SuperScript III reverse trans-
criptase (Invitrogen) from 1 µg of total RNA in a 20 µl reaction. As a 
negative control, cDNA template was synthesized without Super-
Script III reverse transcriptase.   

Real time PCR reactions were performed with SYBRE Green 
Master Mix in a corbet6000 rotorgene; 6 µl of SYBRE Green and 
0.8 µl primers to a final concentration of 15 µl. Cycling conditions 
were 45 cycles of : 95°C for 10 s, 60°C for 15 s, 72°C for 20 s.  
Solanum lycopersicon Actin (U60482) was used to normalize the 
genes. Primer sequences were as follows; Actin forward: 
aatgatcggaatggaagctg, actin reverse; atcctccgatccagacactg, 
sucrose synthase forward aagggtggccttaagcgtat sucrose synthase 
reverse, acagccaatgggacaagttc, alcohol dehydrogenase (ADH) 
forward, cctcgttcggatattccttg, AHD reverse, gtttagtccgccatggtgat. 
Primer PCR products were sequenced to confirm specificity. Three 
biological replicates were assayed for each genotype and each 
reaction was performed in duplicate. Quantifying the relative chan-
ges in gene expression was performed using 2

-∆∆CT
 method accor-

ding to Livak and Schmittgen (2001) with the control plant CA4 as 
the calibrator (Figure 1).   
 
 
Statistical analysis 
 
The data collected were subjected to an analysis of variance using 
statistical analysis system (SAS) to determine the differences 
among treatments. Means separation was performed by Turkey’s 
test. 
 
 

RESULTS 
 
Phenotypic analysis 
 
There was no significant difference (P<0.05) in plant 
growth of tomato genotypes CLN2498E and LA1421 
compared to their respective controls before during and 
after flooding (Figures 2, 3, 7 and 8). Significant difference 



 
 
 
 

 
 

Figure 2. Response of tomato variety CLN2498E to 
different days of flooding. 

 
 
 

 
 
Figure 3. Response of tomato genotype LA1421 to 
different days of flooding. 

 
 
 

 
 

Figure 4. Response of tomato genotype LA1579 to 
different days of flooding 

 
 
 

(P<0.05) was recorded in plant height of CA4 and 
LA1579 (Figures 1, 4, 5, 6 and 9). 
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Figure 5. Wilting of (A) variety CA4 and (B) variety 
CLN2498E. 

 
 
 

           

                                                Pre-post flooding (days)   
 
Figure 6. Plant height (cm) of CA4 grown under  flooding 
conditions. 

 
 
 

 

 Pre-post flooding (days)   
 
Figure 7. Plant height (cm) of CLN2498E grown under 
flooding conditions. 

 
 
 

Genotypes CA4 and CLN2498E (Figures 1 and 2) sho-
wed  no  sign  of  leaf  senescence; the leaves from these 
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                Pre-post flooding (days)   
 
Figure 8. Plant height (cm) of LA1421 grown under flooding 
conditions.  
 
 
 

 

 Pre-post flooding (days) 
 

 
Figure 9. Plant height (cm) of LA1579 grown under flooding 
conditions.  

 
 
 

genotypes were green demonstrating that its chlo-rophyll 
has not been altered by the deleterious effect of flooding. 
Advanced senescence of leaves from geno-types 
LA1421 and LA1579 was recorded (Figures 3 and 4); 
death of plants were even observed in LA1579 (Figure 4). 
Leaf epinasty was recorded in CA4. 

Flowers and fruits were recorded in CA4 and CLN-
2498E (Figures 1 and 2) as genotype CLN2498E bore 
more fruits than CA4. LA1421 did not bear; neither flo-
wers nor fruits (Figure 3) because as the flowers set in 
place they dropped immediately. The effect of flooding on 
LA1579 did not allow the genotype to bear flowers and 
fruits (Figure 4). 

Figure 5 shows that genotypes CA4 and CLN2498E 
wilted under flooding conditions but recovered from wilt-
ing some days later. 

 
 
 
 
ADH and sucrose synthase gene expression 
 
With each flooding treatment, ADH was up- regulated in 
genotypes CLN2498E and LA1579 compared to CA4 
(Figure 10); as the flooding duration increases, ADH 
gene expression increases especially in LA1579. The 
relative gene expression in LA1579 was 25, 40, and 
100% respectively for 2, 4, and 8 days of continuous floo-
ding. For genotype CLN2498E, 3, 25, and 30 relative 
gene expression was recorded. There was low gene 
expression in genotype LA1421. 

Figure 11 shows the expression of sucrose synthase; 
after two days of continuous flooding there were no 
genotype differences in it, but after 4 days of continuous 
flooding, sucrose synhtase was down regulated in 
LA14213 compared to genotypes CA4, CLN2498E and 
LA1579. After eight days of continuous flooding, 
CLN2498E sucrose synthase gene expression was up- 
regulated compared to CA4 whilst LA14213 was down 
regulated.  
 
 

DISCUSSION 
 

As a measure for anaerobic metabolism of the leaves, 
the gene expression of the alcohol dehydrogenase (ADH) 
and sucrose synthase were determined. In the present 
study, the high level of gene expression of ADH in 
LA1579 genotype for 8 days of continuous flooding might 
have led either to high production and accumulation of 
ethanol or accumulation of toxic ions. The accumulation 
of ethanol or toxic ions in root of the plants resulted in the 
death of LA1579 plants. It has been proposed that the 
accumulated ethanol may have a “self-poisoning role” in 
flood intolerant plants. Originally, it was assumed that 
flood-sensitive species responded to hypoxia with higher 
ADH activities than tolerant species (Crawford, 1967; 
McManmon and Crawford, 1971). Several studies sup-
ported this relationship (Pezeshki, 1991; Naidoo and 
Naidoo, 1992; Baruch, 1994; De Simone et al., 2002). 
However, many authors came to the opposite conclusion 
(Mendelssohn et al., 1981; Parelle et al., 2006; Keeley, 
1979). In general, flood-tolerant species seem to avoid 
ethanol accumulation in the roots, whereas flood-sensi-
tive species sometimes accumulate this potential cell 
toxin (Crawford, 1967; McManmon and Crawford, 1971; 
Monk et al., 1984). Genotypes CA4 and LA1421 produ-
ced low ADH meanwhile ADH activity in genotype 
CLN2498E was reasonable for the genotype to withstand 
the deleterious effect of flooding even for 8 days of 
continuous flooding. In a similar study, Johnson et al. 
(1994) reported that only a small amount of ADH was 
sufficient for acclimation. Our results is also consistent 
with that of Benz et al. (2007) who reported that geno-
types from flooded habitats did not substantially elevate 
levels of ADH activity. It is well known that very low O2 
causes accumulations of ethanol and acetaldehyde in 
fruits and vegetables (Ke et al., 1990). 
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Figure 10. The activity of alcohol dehydrogenase (ADH) for 2, 4, 8 days of continuous flooding (15cm 
above soil surface) 

 
 
 

Plant carbohydrate metabolism is crucially determined 
by rates of photosynthetic carbon assimilation (source) 
on the one hand, and carbohydrate consumption in sink 
tissues on the other hand (Carsten, 2008). Our previous 
study showed that there was a loss in the yield of PSII 
photochemistry as a result of reduction of photosynthetic 
rate (Ezin et al., 2010) in LA1579 genotype, at the same 
time, there was a very low activity of sucrose synthase in 
LA1579 genotype among the other genotypes, sugges-
ting decreased amounts of carbohydrates available for 
respiration, growth, and built-up. This is the reason why 
all LA1579 plants died after 8 days of continuous flooding. 
The other three genotypes demonstrated enough activity 
of sucrose synthase for them to withstand the harmful 
effect of flooding conditions. 

Plants invariably wilt within few hours of 2 - 4 days of 
imposing a flooding stress (Jackson and Drew, 1984). 
This is a consequence of higher resistance to mass flow 
of water through the root. Wilting is caused by the 
inhibition of respiration and loss of ATP synthesis in the 
roots. The results of Drew (1984) are consistent with our 
results where genotypes CA4 and CLN2498 wilted as 
part of mechanisms put in place to resist flooding condi-

tions. Wilting was also recorded in flooded tobacco (Kra-
mer and Jackson, 1954). Rapid wilting and death of 
tomato plants after a short of period flooding is usually 
observed under hot and humid conditions (Drew, 1979). 
We observed that LA1579 which did not wilt died under 8 
days of continuous flooding. This is consistent with the 
studies of Nunez-Elisea et al. (1999) and Drew (1992), 
who found that the effect of flooding on plants increased 
the mortality rates. 

Plant height from flooded genotypes CLN2498E and 
LA1421 did not differ significantly (P<0.05) when compa-
red to their control plants whereas in LA1579, there was 
a different significance in the treatments for 4 and 8 days 
of continuous flooding. The data obtained indicates that 
LA1579 genotypes were negatively affected by flooding 
conditions. The negative effect of flooding in plant growth 
from genotype LA1579 could be due to reduction of 
photosynthetic rate (Ezin et al., 2010). Significant differ-
ence (P<0.05) in CA4 was recorded only for 8 days of 
continuous flooding. Striker et al. (2007) demonstrated 
that Lotus tenuis has been tolerant to flooding and even 
showed an important reduction in plant growth. Nunez-
Elisea et al. (1999) reported that flooding effects on 
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Figure 11. The activity of sucrose synthase for 2, 4, and 8 days of continuous flooding (15cm above soil 
surface). 

 
 
 

plants vary from species to species and reduced growth, 
other authors finally mentioned that flooding significantly 
reduces plant height (Andrade et al. 1999; Striker et al., 
2008; Yeboah et al., 2008). 

No fruits were recorded in LA1579 and LA1421 for 8 
days of continuous flooding; this could be due to the fact 
that this genotype was negatively affected by flooding. 
Flooding has been a big problem for plants to produce 
high yield (Lauer, 2008). Dennis et al. (2000) founded 
that crop losses vary from 10 to 15% to even more than 
50% and further stated that waterlogging and flooding 
can seriously reduce yield. 
 
 

Conclusion 
 

Generally, plants adjust its morphological, physiological 
and biochemical functions to respond and adapt to the 
environmental conditions. In the present study, we con-
clude that: flood tolerant species are able to synthesize 
macromolecules such as ADH, and sucrose, and capable 
of protection against post-flooding injury; genotype 
LA1579 died for 8 days of continuous flooding; CA4 and 
CLN2498E produced high yield compared to the two 

other genotypes; LA1579 was very sensible; LA1421 was 
moderately tolerant, CA4 and CLN2498E were tolerant to 
flooding. 
 
 

REFERENCES 
 

Andrade ACS, Ramos FN, De Souza AF, Loureiro MB, and Bastos R 
(1999). Flooding effects in seedlings of Cytharexyllum myrianthum 
Cham. And Genipa americana L.: responses of two neotropical 
lowland tree species. Bras. J. Botany. 22(2):281-285. 

Baruch Z (1994). Responses to drought and flooding in tropical forage 
grasses. Plant and Soil: 164(1):87-96. 

Benz BR, Rhode JM, Cruzan MB (2007). Aerenchyma development and 
elevated ADH activity as alternative responses to hypoxic soils in the 
Piriqueta caroliniana complex. Am. J. Botany. 94:542-550. 

Carsten Jaeger (2008). Ecophysiological studies on the flood tolerance 
of common ash (Fraxinus excelsior L.)− Impact of root-zone hypoxia 

on central parameters of C metabolism. PhD thesis, Albert-Ludwigs-
Universität Freiburg im Breisgau, Germany. p. 3. 

Crawford RMM (1967). Alcohol dehydrogenase activity in relation to 
flooding tolerance in roots. J. Exp. Bot. 18(3):458-464. 

Dennis ES, Dolferus R, Ellis M, Rahman M, Wu Y, Hoeren FU, Grover 
A, Ismond KP, Good AG, and Peacock WJ (2000). Molecular strategy 
for improving waterlogging tolerance in plants. J.  Exp. Botany. 
51(342): 89-97. 

De Simone O Muller E, Junk WJ, and Schmidt W (2002). Adaptations of 
central amazon tree species to prolonged flooding: root morphology 
and leaf longevity. Plant Biol. (Stuttgart), 4:515-522. 



 
 
 
 
Drew MC (1979). Plant responses to anaerobic conditions in soil and 

solution culture. Cur. Advance in Plant Sci. 36:1–14. 
Drew MC (1992). Soil aeration and plant root metabolism. - Soil Science 

154: 259-268. 
Ezin V, De la Pena R, Ahanchede A (2010). Flooding tolerance of 

tomato genotypes during vegetative and reproductive stages. Brazil. 
J. plant physiol. 22 (1):131-142. 

Fagerstedt KV, Crawford RMM (1987). Is anoxia tolerance related to 
flooding tolerance? Function Ecol. 1:49-55. 

Hageman RH, Flesher D (1960). The effect of anaerobic environment 
on the activity of alcohol dehydrogenase and other enzymes in corn 
seeds. Archieves of Biochemistry and Biophysics 87: 203-209. 

Harada T, Ishizawa K (2003). Starch degradation and sucrose 
metabolism during anaerobic growth of pondweed (Potamogeton 
distinctus A. Benn.) turions. Plant and Soil 253:125–135. 

Harada T, Satoh S, Yoshioka T, Ihiz K (2005). Gene expression of 
sucrose synthase in anoxic pondweeds.  Annals of Botany 96: 683–
692. 

Ismond KP, Dolferus R, De Pauw M, Elisabeth SD, Good AG (2003). 
Enhanced low oxygen survival in arabidopsis through increased 
metabolic flux in the fermentative pathway. Plant Physiol. 
132(3):1292-1302. 

Jackson MB, Drew MC. 1984. Effects of flooding on growth and 
metabolism of herbaceous plants. In: Kozlowski TT, ed. Flooding and 
plant growth. New York: Academic Press, 47-128. 

Johnson JR, Cobb BG, Drew MC (1994). Hypoxic induction of anoxia 
tolerance in roots of Adh 1 null mutant Zea maize L. Plant physiol. 

105: 61-67. 
Kramer PJ, Jackson WT (1954). Causes of injury to flooded tobacco 

plants. Plant Physiol. 29: 241-245. 
Keeley JE (1979). Population differentiation along a flood frequency 

gradient: Physiological adaptations to flooding in Nyssa sylvatica 
49(1):89-108. 

Ke D, Gorsel van H,  Kader AA (1990). Physiological and quality 
responses of “Bartlett” pears to reduced O2 and enhanced CO2 level 
and storage temperature. J. Am. Soc. Horti. Sci. 115: 435-439. 

Lauer J (2008). Flooding impacts on corn growth and yield. Field Crops  
28:49-56  

Livak KJ,  Schmittgen TD (2001). Analysis of relative gene expression 
data Using real-time quantitative PCR and the 22

-▲▲CT
 method. 

METHODS 25, 402–408; doi:10.1006/meth.2001.1262, available 
online at http://www.idealibrary.com 

McManmon M, Crawford RMM (1971). A metabolic theory of flooding 
tolerance: The significance of enzyme distribution and behavior. New 
Phytologiste 70:299-306. 

McNamara ST, Mitchell CA (1990). Adaptive stem and adventitious root 
responses of two tomato genotypes to flooding. Hortic. Sci. 25: 100-
103. 

Mendelssohn IA, McKee KL, Patrick WH (1981). Oxygen deficiency in 
Spartina alterniora roots: metabolic adaptation to anoxia. Science  
214:439-441. 

Monk LS,  Crawford RMM, Brandle R (1984). Fermentation rates and 
ethanol accumulation in relation to flooding tolerance in rhizomes of 
monocotyledonous species. J. Exp. Botany 35(5):738-745. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ezin et al.        65 
 
 
 
Naidoo G, Naidoo S (1992). Waterlogging responses of Sporobolus 

virginicus (L.) Kunth. Oecologia, 90(3):445-450. 
Nunez-Elisea R, Schaffer B, Fisher JB, Colls AM,  Crane JH (1999). 

Influence of flooding on net CO2 assimilation, growth and stem 
anatomy of Annona species. Annals of Botany 84:771-780. 

Parelle J, Brendel O, Bodénès C, Berveiller D, Dizengremel P, Jolivet Y, 
and Dreyer E (2006). Differences in morphological and physiological 
responses to waterlogging between two sympatric oak species 
(Quercus petraea [Matt.] Liebl., Quercus robur L.). Annals For. Sci. 

63:849-859. 
Pezeshki SR (1991). Root responses of flood-tolerant and flood-

sensitive tree species to soil redox conditions. Trees - Structure and 
Function, 5:180-186. 

Sato T, Harada T, Ishizawa K (2002). Stimulation of glycolysis in 
anaerobic elongation of pondweed (Potamogeton distinctus) turions. 

J. Exp. Botany 53:1847–1856. 
Sripongpangkul K, Posa GBT, Senadhira DW, Brar D, Huang N, Khush 

GS, Li ZK (2000). Genes/QTLs affecting flood tolerance in rice. Theor. 
Appl. Genet. 101:1074–1081. 

Striker GG, Insausti P, Grimoldi AA (2007). Water relations of Lotus 
tenuis under flooding Lotus Newsletter, 37(1):1-7. 

Striker GG,  Insausti P, Grimoldi AA (2008). Flooding effects on plants 
recovering from defoliation in Paspalum dilatatum and Lotus tenuis. 
Annals of Botany 102: 247–25. 

Tanksley SD, Jones RA (1981) Effects of 02 stress on tomato alcohol 
dehydrogenase activity: description of a second ADH coding gene. 
Biochem. Genet. 19: 397-409. 

Xu K, Ronald PC, Mackill DJ (2000) A high-resolution linkage map of 
the vicinity of the rice submergence tolerance locus Sub1. Molecular 
and General Genet. 263: 681–689. 

Yeboah MA, Xuehao C, Feng CR, Alfandi M, Liang G,  Gu M (2008). 
Mapping quantitative trait loci for waterlogging tolerance in cucumber 
using SRAP and ISSR markers. Biotechnol. 7 (2): 157-167. 

 
 
 
 
 
 
 
 
 
 
 
  


