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Abstract 
Under flooding conditions, plants exhibit morphological and physiological characteristics that indicate that the 
plant is undergoing stress. In this sense, the objective of this work was to evaluate the gas exchange of cocoa 
(Theobroma cacao L.) seedlings submitted to different times of flooding. The study was carried out at the 
experimental farm of the Capixaba Institute for Research Technical Assistance and Rural Extension, in Linhares, 
North of the State of Espírito Santo, Brazil. The experimental design was completely randomized. The 
treatments consisted in the flooding of the seedlings on days 0 (without flooding), 1, 2, 4 and 8. The seedlings 
were evaluated for gas exchange by characteristics: liquid assimilation of CO2; stomatal conductance; 
transpiration rate; water use efficiency. The gas exchange of cocoa seedlings were influenced by the flooding 
period in which they were submitted with a decrease in the values liquid assimilation of CO2, stomatal 
conductance and transpiration rate after the fourth day of flooding, after this period the seedlings developed 
morphological modifications that allowed them to adapt the flooding conditions, improving the liquid 
assimilation of CO2.  

Keywords: Theobroma cacao L., water stress, oxygen deficiency 

1. Introduction 
Cocoa (Theobroma cacao L.) is a species with a center of origin in the Amazon, belongs to the Malvaceae family, 
being a dicot that can reach up to 20 m high in wild conditions, but under cultivation it is between 3 and 5 m of 
height. The seeds extracted from the fruits are of great economic importance, being raw material for the 
manufacture of chocolate (Brasil, 2014). Brazilian cocoa production is distributed in the North, Northeast, 
Southeast and Midwest regions and in 2017 totaled 214,348 tons. Among the main producing states are Pará, 
Bahia and Espírito Santo with 54.36%, 39.12% and 3.12%, respectively, of the national production (IBGE, 
2018). 

The crop develops well in areas with annual rainfall between 1,500 and 2,000 mm, but both water scarcity and 
excess (flooding) are detrimental to crops. In some cocoa producing regions subject to periodic flooding, this has 
been a limiting factor for the initial growth and establishment of the crop (Gomes & Kozlowski, 1986). Most of 
the cocoa planted in the northern region of Espírito Santo is cultivated in alluvial soils that are suitable for 
flooding in the summer (Souza et al., 2005). 
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In the present study, the plants in the treatment without flooding showed higher values of stomatal conductance 
(gs). However, the gs values did not differ statistically as the days went by in flooding (Table 1). These data 
corroborate with those found by Bertolde (2007), who when evaluating the TSH 1188 clone under flooding also 
observed a greater stomatal opening in a non-flooded environment.  

Stomatal conductance is influenced by excess water. Flooding leads to stomatal closure by reducing the supply 
of CO2 to chloroplasts, promoting the overproduction of reactive oxygen species, causing damage to plant cells 
(Kalaji et al., 2017). In response to soil flooding, tolerant and non-tolerant plants reduce stomatal conductance. 
In a few weeks after this stress tolerant species tend to recover stomatal conductance values, coming close to the 
control (Kozlowiski, 1997; Mielke et al., 2005).  

The reduction of the stomatal conductance may lead to a reduction of the photosynthesis process by the plants. 
However, the stress generated by the flooding is independent of the stomatal conductance values, since the flood 
may influence the photosynthetic apparatus directly (Oliveira & Gualtieri, 2017). This is due to the limited 
regeneration capacity of the ribulose enzyme 1,5-biphosphate carboxylase (Rubisco) under such conditions, 
reducing the photosynthetic rate of plants (Parolin & Wittmann, 2010; Pareek et al., 2010) 

The transpiration rate (E) was affected by soil flooding, and the treatment without flooding was statistically 
superior to the others. This decrease in transpiration rate is expected in species considered sensitive when 
exposed to water stress (Kozlowisk, 1997; Wittmann, 2010). This occurs initially due to the stomatal closure, 
caused by the decrease of oxygen in the soil resulting in the decline of CO2 absorption (Pezhsky, 1993; 
Kozlowowski, 1997; Larcher, 2004).  

In flooded environments, the level of oxygen in the roots decreases drastically due to the displacement of water 
in the soil, under these conditions fermentation what is a less efficient process than breathing is increased and 
can lead the plant to the exhaustion of energy, besides intoxicating them with the excessive accumulation of 
ethanol. These conditions can lead to cell lysis in a few hours or days, depending on the adaptation of each 
species (Taiz et al., 2017).  

For water use efficiency (WUE) there was no significant difference between treatments. This condition can be 
explained by the fact that the plants have been submitted for a short time to flooding. Bertolde et al. (2012), 
evaluating the resistance of clones of Theobroma cacao L. under the effect of flooding, noting that the cacao tree 
presented a reduction in the efficient use of water only after 40 days after flooding, corroborating the results 
found in this study. 

In summary, the liquid assimilation of CO2, stomatal conductance and transpiration rate showed a decrease in the 
cacao tree grafting of the genotype CCN 51 on the TSH 1188 genotype, and the results were felt in only two 
days of flooding. On the other hand, the seedlings showed mechanisms of tolerance to stress with a gradual 
increase the liquid assimilation of CO2 eight days after flooding. 
4. Conclusion 
The gas exchange of cacao plants were influenced in relation to the flooding period in which they were 
submitted. On the fourth day after flooding, the seedlings underwent stress with a decrease in the values liquid 
assimilation of CO2, stomatal conductance and transpiration rate. Above this period the seedlings developed 
morphological modifications that allowed them to adapt to the conditions improving the liquid assimilation of 
CO2. 
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