
2010     brazilian society of plant physiology

RESEARCH ARTICLEDOI 00.0000/S00000-000-0000-0

Physiological parameters in sugarcane 
cultivars submitted to water deficit

José Perez da Graça1,2, Fabiana Aparecida Rodrigues2, José Renato Bouças Farias2, Maria 
Cristina Neves de Oliveira2, Clara Beatriz Hoffmann-Campo2* and Sonia Marli Zingaretti3

1	 Universidade Estadual Paulista “Júlio de Mesquita Filho”, Via de Acesso Prof. Paulo Donato Castellane, s/n, 
14884-900, Jaboticabal, SP, Brasil.

2	 Embrapa Soja, Caixa Postal 231, 86001-970 Londrina, PR, Brasil.
3	 Universidade de Ribeirão Preto, Avenida Costábile Romano, 2201, 14096-900, Ribeirão Preto, SP, Brasil.

*	Corresponding author: hoffmann@cnpso.embrapa.br. Tel. +55 43 3371 6214; fax: +55 43 3371 6100.

Received: 21 June 2010; Accepted: 29 October 2010

Abstract

To investigate the processes involved in the susceptibility of sugarcane plants to water deficit, several physiological parameters 
were evaluated in drought tolerant (SP83-2847 and CTC15) and sensitive (SP86-155) cultivars. The water deficit affected the 
photosynthetic apparatus of all the plants in different ways, within and among cultivars. The photosynthetic rate and stomatal 
conductance decreased significantly in all cultivars submitted to water deficit. In control plants of the tolerant cultivars (SP83-2847 
and CTC15) the photosynthetic rate was higher than in the sensitive cultivar (SP86-155). Cultivar CTC15 showed the highest relative 
water content during the dry period. The quantum efficiency photosystem II of cultivar SP83-2847 was more stable in the last days 
of the experimental treatment, suggesting that the decline in relative water content stimulated an adjustment of photosynthetic 
capacity to tolerate the changes in water availability. As a whole, the tolerant SP83-2847 and CTC15 cultivars exhibited a better 
photosynthetic performance than the sensitive SP86-155 cultivar. The data suggest that these physiological parameters can be used 
in the evaluation and distinction of drought tolerant and sensitive sugarcane genotypes.
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Resumo

Parâmetros fisiológicos de cultivares de cana-de-açúcar submetidas ao déficit hídrico. Para investigar o processo envolvido na 
susceptibilidade de plantas de cana-de-açúcar ao déficit hídrico, diferentes parâmetros fisiológicos foram avaliados em cultivares 
tolerantes (SP83-2847 e CTC15) e sensível (SP86-155) ao déficit hídrico. O déficit hídrico afetou o aparato fotossintético de 
todas as plantas de forma diferenciada dentro e entre as cultivares. A taxa fotossintética e condutância estomática diminuíram 
significativamente para todas as cultivares submetidas ao déficit hídrico. Nas plantas controle das cultivares tolerantes (SP83-
2847 e CTC15) a taxa fotossintética foi maior do que a cultivar sensível (SP86-155). A cultivar CTC15 apresentou O teor relativo 
de água mostrou que a cultivar CTC15 apresentou o maior teor relativo de água durante o período de déficit hídrico. A eficiência 
fotossintética da cultivar SP83-2847 foi mais estável nos últimos dias do tratamento experimental, sugerindo que o decréscimo 
do teor relativo de água estimulou o ajustamento da capacidade fotossintética para tolerar as mudanças da disponibilidade hídrica. 
De modo geral, as cultivares tolerantes SP83-2847 e CTC15, apresentaram melhor desempenho fotossintético do que a cultivar 
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sensível SP86-155. Os dados permitem sugerir que tais parâmetros fisiológicos podem ser usados na avaliação e distinção de 
genótipos de cana-de-açúcar tolerantes e sensíveis ao déficit hídrico.

Palavras-chave: Eficiência fotossintética, teor relativo de água, Saccharum, estresse hídrico, seca.

INTRODUCTION

Sugarcane (Saccharum spp.) is an important source 
for the production of sucrose and ethanol in many tropical 
regions. Brazil is the major world producer of sugarcane, 
followed by India, China and Thailand. In the 2009/2010 
season, Brazilian enterprises processed around 612 million 
tons, and the 2010/2011 production is estimated at 664 
million tons (Conab, 2010).

It is well known that the actual productivity of crops 
in many regions is only partly of the genetic potential of 
the plants (Taiz and Zeiger, 2006). Water deficit is one 
of the main factors reducing production for many crops 
(Bray et al., 2000), and sugarcane is especially affected 
by drought (Venkataramana et al., 1986). One alternative 
to mitigate water deficit in sugarcane is irrigation (Inman-
Bamber, 2004); however, water is limited in some regions, 
and equipment costs make this strategy expensive (Boyer, 
1996; Silva et al., 2007). The selection of genotypes that are 
tolerant to water deficits and their introduction in genetics 
breeding programs is one means of reducing these costs 
(Silva et al., 2007).

The stress caused by water deficit affects the entire 
plant, from root hairs to stomata. Morphological alterations 
including reductions in leaf area and root growth and stomatal 
closure when the plant is acclimating to drought are the main 
symptoms of water deficit (Davies et al., 2002; Gomez-Del-
Campo et al., 2002; Taiz and Zeiger, 2006; Lopez et al., 2008). 
Physiological responses can vary according to plant genotype, 
but in general, modifications related to water deficit include 
lower water potential in the soil and in the leaves (Steudle, 
2000; Liberato et al., 2006), increases in osmoprotectors such 
as proline and sugars (Molinari et al., 2007; McCormick et al.; 
2008), reduction in photosynthetic efficiency photosystem II 
(Angelopoulos et al., 1996; Silva et al., 2007), reduction in the 
relative water content in leaves (Silva et al., 2007; Wahid and 
Close, 2007; Lobato et al., 2008), and decrease in stomata 
conductance and the photosynthetic rate (Brestic et al., 1995; 
Du et al., 1996; Davies et al., 2002; Azevedo Neto et al., 2004; 
Smit and Singels, 2006).

In plants, the hydric balance is controlled by foliar 
transpiration and water capitation from the soil, which in 
adverse conditions such as water deficit, reduces the relative 
water content and photosynthetic activity (Lawlor and Cornic, 
2002; Azevedo Neto et al., 2004; Smit and Singels, 2006). 
Quantum efficiency photosystem II and stomatal conductance 
are also rapidly reduced during water deficit (Miyashita et al., 
2005).

Different methods can be used to distinguish water 
deficits between tolerant and sensible genotypes. Our research 
group has carried out molecular studies to investigate gene 
expression in sugarcane plants that are tolerant or sensitive 
to water deficit (Rodrigues et al., 2009). Thus, the objective 
of this study was to investigate the water deficit tolerance and 
sensibility process during the vegetative stage in sugarcane 
cultivars submitted to water deficit conditions.

MATERIALS AND METHODS
Experiment installation: Sugarcane plants were 

obtained from the “Centro de Tecnologia Canavieira” (CTC) at 
Piracicaba and the “Usina Santa Adélia” at Jaboticabal, both 
in the state of São Paulo. The evaluations were performed on 
the water deficit tolerant SP83-2847 and CTC15 cultivars and 
the SP86-155 water deficit sensitive cultivar. These cultivars 
were evaluated in field experiments and classified according 
to their productivity during long drought periods (Copersucar, 
1999; CTC, 2007).

The experiment was performed in a greenhouse with 
temperature of 26 ± 2ºC and relative humidity of 60 %. The 
plants were irrigated by automatic sprinklers, four times a day 
(10h, 12h, 15h and 17h) for all cultivars. Plants were cultivated 
individually in 4 L pots, using oxysoil substrate.

For each cultivar, 72 plants were arranged in randomized 
blocks in the greenhouse. The experimental procedure consisted 
of 12 data collections (under water deficit conditions), using 
three replicates for control (irrigated) and three for treated 
(water deficit) plants. The water deficit treatment consisted 
of no irrigation, and the plants were analyzed on days 1, 2, 
4, 5, 7, 8, 9, 10, 11, 12, 13, and 14 after the beginning of 
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water deficit. The control plants were irrigated daily during the 
experiment.

Physiological parameters analysis: All analyses were 
performed at the Ecophysiology Laboratory at Embrapa 
Soybean, Londrina, Paraná, Brazil, from March through May 
2008. The third totally expanded leaf (McCormick et al., 2006) 
at each collection date (days 1, 2, 4, 5, 7, 8, 9, 10, 11, 13, 
and 14 of water deficit) was used to evaluated as follows: 
difference between leaf temperature and air temperature (ºC), 
transpiration rate (E), photosynthetic rate (A) and stomatal 
conductance (gs). All variables were analyzed in the Portable 
Photosynthesis System (LICor, model LI-6400, “IRGA”) with 
photosynthetically active radiation 1000 µmol m-2 s-1. In these 
analyses, all values were taken considering a coefficient of 
variation less than 1%.

Quantum efficiency photosystem II (PSII) and relative 
water content (RWC) were determined in all experimental 
treatments. PSII was estimated using a Plant Efficiency 
Analyser portable system (PEA, Hansatech Instruments, 
Norfolk, UK). The RWC was measured based on Matin et al. 
(1989), with some modifications. Three leaf fragments were 
collected from the second totally developed leaf (McCormick 
et al., 2006) and immediately placed in a covered glass 
container to measure fresh sample weight. The turgid weight 
was obtained with rehydrated tissue by using deionized water 
(Milli-Q, Millipore) for 48 h, at room temperature in the absence 
of light. After rehydration, the turgid weight was measured, and 
the samples were then placed in 80 ºC for 48 h to obtain the 
dry weight. The RWC was calculated according to Matin et al. 
(1989), using the formula: (fresh weight – dry weight)/ (turgid 
weight - dry weight) *100. During the experiment, we also 
evaluated the capacity of cultivars to recover physiological 
parameters after being kept under water deficit and rehydrated 
on days 8 and 10.

Statistical analyses: The experiment was performed 
in a randomized block with factorial arrangement, with three 
blocks, and three replicates per treatment in each block, as 
follows: three cultivars, two irrigation levels (irrigated and 
water deficit), and sampling time under water deficit, totaling 
216 plants. Stomatal conductance data were converted to 
square root (x+1) for analyses. After the ANOVA, the means 
were compared by Tukey test multiple comparison at the 5% 
probability level. All analyses were performed by means of 
the SAS - Statistical Analysis System (SAS Institute, 1996) 
statistical package.

RESULTS
Relative water content and foliar temperature: Tables 1 

and 2 show the ANOVA values between the different treatments, 
which indicated highly significant differences. The results 
showed a significant difference in relative water content (RWC) 
in the stressed plants compared to the irrigated plants (Figure 
1). According to the Tukey test (P<0.05), the RWC showed 
significant differences between collecting times throughout the 
water deficit experiment, especially from day 7 on, for all the 
cultivars. Also at day 7, cv CTC15 showed a reduction of 10.52% 
in RWC in the water deficit plants. Reductions of 19.55% and 
23.12% were observed in SP83-2847 and SP86-155 RWC, 
respectively, in the same day. The tolerant and sensitive cultivars 
were rehydrated at days 8 and 10 during water deficit and at 
the first rehydration (day 8) the plants showed alterations in the 
leaf water status, where cultivars under water deficit showed 
RWCs similar to the control plants. However, in the second 
rehydration period on day 10, the responses of the plants were 
not observed. A notable increase in RWC was detected in the 
stressed plants that were rehydrated on day 8. These plants 
behaved differently on day 10, suggesting that a critical point 
for the recuperation capacity of these plants is at a maximum of 
approximately 8 days (Figure 1).

During water deficit conditions, the RWC on day 7 in 
the tolerant cv CTC15 was reduced to 88.29%, to 78.56% 
in the tolerant SP83-2847 and to 76.37% in the sensitive 
SP86-155. Comparing the RWC among the cultivars under 
water deficit (Figure 1), a significant variation was observed 
between the cultivars on days 7, 10 and 13; cv CTC15 
showed the highest RWC in most evaluations. In the control 
plants, significant differences among cultivars were not 
observed, and the RWC remained between 95 and 100 % 
(data not shown).

Table 1. Analysis of variance resume (degrees of freedom (DF) and F value) 
for quantum efficiency photosystem II (PSII) and relative water content (RWC) 
estimated on three sugarcane cultivars under water deficit conditions.

Variation DF
F value

PSII RWC
Irrigation level (IL) 1 172.75*** 775.31***

Cultivar (CV) 2 8.92** 3.46*

Days (DS) 11 12.46*** 51.98***

IL × CV 2 4.80** 5.96**

IL × DS 11 15.79*** 61.45***

CV × DS 22 3.91*** 9.59***

IL × CV × DS 22 3.96*** 9.41***
Residual 142 - -

*P<0,1, **P<0,01, ***P<0,001
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Table 2. Analysis of variance resume (degrees of freedom (DF) and F value) 
for temperature (°C), transpiration rate (E), photosynthetic rate (A) and 
stomatal conductance (gs) of three sugarcane cultivars under water deficit 
conditions.

Variation DF
F value

°C E A gs

Irrigation levels (IL) 1 185.66*** 289.37*** 306.04*** 161.01***
Cultivar (CV) 2 7.89** 29.96*** 12.63*** 22.45***
Days (DS) 10 67.40*** 107.18*** 28.17*** 45.39***
IL × CV 2 7.53** 10.77*** 9.24** 5.19**
IL × DS 10 8.02*** 10.11*** 12.20*** 10.22***
CV × DS 20 2.45** 3.43*** 2.70** 2.13**
IL × CV × DS 20 3.00** 4.44*** 2.96** 4.07***
Residual 130 - -

**P<0,01, ***P<0,001
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Figure 1. Relative water content (RWC) in sugarcane cultivars SP83-2847, 
CTC15 and SP86-155 (lower case letters) under water deficit. Comparison 
RWC among cultivars under water deficit (capital letters). Means followed by 
the same letter on day are not significantly different by the Tukey’s test at 5% 
probability level.

The results obtained on seventh day showed a significant 
increase in foliar temperature in the tolerant SP83-2847 and 
sensitive SP86-155 cultivars (Figure 2). In cv CTC15, the 
increase in leaf temperature occurred earlier, on day 4. On 
rehydration, the stressed plants on days 8 and 10 showed a 
lower temperature. During the same period, the transpiration 
rate differed statistically from day 7 for tolerant SP83-2847 
and sensitive SP83-2847 cultivars and on day 3 for cv CTC15 
(Figure 3).
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Figure 2. Difference between foliar and air temperature. Temperature variation 
within sugarcane cultivars SP83-2847, CTC15 and SP86-155 (lower case 
letters) under water deficit. Temperature comparison between cultivars under 
control conditions (capital letters in control plants bar) and under water deficit 
conditions (capital letters in water deficit plants bar). Positive values indicate 
foliar temperature higher than the room temperature. Means followed by 
the same letter on day are not significantly different by Tukey’s test at 5% 
probability level.
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Figure 3. Transpiration rate (E) within sugarcane cultivars SP83-2847, CTC15 
and SP86-155 (lower case letters). Comparison between cultivars control 
conditions (capital letters in control plants line) and among cultivars under 
water deficit conditions (capital letters in water deficit plants line). Means 
followed by the same letter on day are not significantly different by Tukey’s 
test at 5% probability level.

Quantum efficiency photosystem II: Tolerant cultivars 
SP83-2847 and CTC15 showed a decline in PSII from day 7 
of water deficit, especially in cv SP83-2847 (Figure 4). With 
the rehydration of plants on days 8 and 10, the PSII of the 
stressed plants showed a recovery, as observed on days 8, 
9, 10, and 11. In sensitive cv SP86-155, a less accentuated 
decrease in PSII was observed on day 12. At both rehydration 

periods, days 8 and 10, the plants submitted to water deficit 
showed a PSII value very close to that of the control plants.

When the cultivars were compared under water deficit 
conditions (Figure 4), a decrease in photosynthesis efficiency 
(PSII) was observed at days 13 and 14 for cv CTC15, and at 
days 12, 13 and 14 for SP86-155. Cultivar SP83-2847 at day 12 
showed lower efficiency. In sensitive cv SP86-155, the PSII values 
decreased to approximately 0.40 at day 12, dropping to 0.36 at 
day 13 of water deficit; whereas the tolerant plants showed values 
of approximately 0.60. In general, tolerant cultivars SP83-2847 
and CTC15 submitted to water deficit showed better PSII than 
cv SP86-155 (Figure 4). Comparing cultivars, the PSII of control 
plants was not different (data not shown).
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Figure 4. Quantum efficiency PSII (Fv/Fm) within sugarcane cultivars SP83-
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are not significantly different by Tukey’s test at 5% probability level.

Photosynthetic rate: The photosynthetic rate was 
significantly different between irrigated and water deficit plants 
for cultivars SP83-2847 and SP86-155 from day 7, and for 
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cv CTC15 from day 4 (Figure 5). After rehydration at day 8, 
the plants exhibited a small increase in photosynthetic rate for 
cultivars CTC15 and SP86-155, as observed from the second 
rehydration, at day 10, for all cultivars. In general, all cultivars 
were affected by the imposition of water deficit conditions; as 
shown in Figure 5, cultivars SP83-2847 (1.7 µmol m-2 s-1) 
and SP86-155 (2.12 µmol m-2 s-1) exhibited a photosynthetic 
rate higher than cv CTC15 (0.38 µmol m-2 s-1) at day 14. 
A significant difference among cultivars was observed at 
days 4 and 7 in plants submitted to water deficit (Figure 5). 
Photosynthetic rate also varied in the control plants. Tolerant 
cultivars SP83-2847 and CTC15 exhibit better performance 
compared to sensitive cultivar SP86-155 (Figure 5).
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CTC15 and SP86-155 (lower case letters). Comparison among cultivars control 
conditions (capital letters in control plants line) and among cultivars under water 
deficit (capital letters in water deficit plants line). Means followed by the same letter 
on day are not significantly different by Tukey’s test at 5% probability level.

Stomatal conductance and transpiration rate: Stomatal 
conductance values during the entire period of water deficit 
treatment are presented in Figure 6. The water deficit of cv 

SP83-2847 plants was higher (1.16 mol m-2 s-1) at day 5 
compared to control plants (1.11 mol m-2 s-1); however, on 
day 7 this value decreased and remained at 1.009 mol m-2 s-1 
during the remaining experimental period. From day 4, stomatal 
conductance in cv CTC15 plants submitted to water deficit 
differed significantly from control plants, and these differences 
continued during the entire experimental treatment. However, cv 
SP86-155 plants submitted to water deficit differed statistically 
from control plants at days 9, 11, 13, and 14.

Comparing the stomatal conductance of plants submitted 
to water deficit, the tolerant cultivars (SP83-2847 and CTC15) 
and the sensitive cultivar (SP86-155) showed significant 
differences (P<0.05) at days 1, 4 and 5 (Figure 6). In control 
plants, cv SP83-2847 differed from SP86-155 at days 7 and 
8, and in general, throughout the experimental treatment, 
cv SP83-2847 performed best for stomatal conductance, 
followed by cv CTC15.
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CTC15 and SP86-155 (lower case letters). Comparison among cultivars 
control conditions (capital letters in control plants line) and among cultivars 
under water deficit (capital letters in water deficit plants line). Means followed 
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by the same letter on day are not significantly different by Tukey’s test at 5% 
probability level.

DISCUSSION

This study demonstrated variations in RWC, temperature, 
PSII, transpiration rate, photosynthetic rate and stomatal 
conductance among three sugarcane cultivars submitted 
to water deficit treatment. In general, tolerant cultivars 
SP83-2847 and CTC15 exhibited better performance under 
water deficit condition compared to sensitive cv SP86-155, 
considering physiological parameters such as RWC and PSII. 
Colom and Vazzana (2003) evaluated the recovery capacity 
of two tolerant and sensitive cultivars of Eragrostis curvula 
submitted to water deficit, and also observed a better RWC 
recovery in the drought tolerant plants.

The percentages of RWC reduction in sugarcane plants 
submitted to water deficit, in the present study, were close 
to 60% at day 10 for cv SP83-2847 (61.04%), cv CTC15 
(69.33%) and also cv SP86-155 (58.52%). In Zea mays 
plants under water deficit treatment, three days were sufficient 
to reduce the RWC to 65% (Schlemmer et al., 2005). 
However, in other plant families, RWC reduction can occur 
rapidly. In Lycopersicon esculentum, a 50% reduction of RWC 
was observed 20 hours after the beginning of water deficit 
treatment. However, after 40 hours the RWC dropped to 40%, 
suggesting that in these plants the stress effect was more 
accentuated in the first hours of water deficit (Havaux, 1992).

Under high temperature conditions, Wahid and Close 
(2007) observed that Saccharum officinarum plants showed 
a reduction in RWC. However, 72 hours after the beginning of 
water deficit, the stressed plants showed RWC values similar 
to the control plants, suggesting that plants utilize part of their 
water content to minimize damage due to high temperature. 
The values obtained in present study suggest that cv CTC15 
was able to detect a minimum reduction in the amount of 
water available for absorption, favoring water deficit tolerance, 
because this plant could preserve its water content through 
stomatal closure (Figure 6).

Because water is the principal electron donor for PSII, 
through the oxidation process, a decrease in RWC can 
decrease the electrochemical potential of ATP synthase and 
photosystem I, compromising ATP formation and NADPH 
respectively and thus negatively affecting the photosynthetic 

apparatus (Taiz and Zeiger, 2006; Lawlor and Cornic, 2002). 
This information agrees with data obtained in the present 
research, i.e., when RWC decreased in plants submitted to 
water deficit, a reduction in PSII was also observed. At day 
8, when the plants were rehydrated, the elevated RWC likely 
led to an increase in PSII. Cha-Um and Kirdmanee (2008) 
observed a significant decrease in PSII in sugarcane submitted 
to drought. These authors demonstrated reductions in PSII, 
transpiration rate, and stomatal conductance which are in 
agreement with present our observations.

A water deficit decreases foliar transpiration due to 
stomatal closure, thus increasing foliar temperature. Exposure 
of Tritium aestivum to water deficit, associated with heat 
stress, also altered the PSII, and lower PSII was observed in 
irrigated plants (control) at 35, 40 and 45 ºC (Lu and Zhang 
1999). According to authors, an antagonist effect occurs 
between water deficit and high temperature stress, the former 
being responsible for increasing PSII resistance. In the present 
study, PSII decreased significantly during water deficit in all 
cultivars. This suggests that when plants are submitted only to 
water deficit, no increase in PSII resistance occurs. Therefore, 
when RWC began to decrease from day 7, PSII also decreased 
on day 8, in plants under water deficit. Consequently, the 
observed efficiency of PSII in sugarcane under water deficit 
may be more related to RWC than to the other parameters 
evaluated.

According to Taiz and Zeiger (2006), one of the main PSII 
inhibitor agents seems to be the excess of photons leading 
to photoinhibition, which causes increases in phototoxic 
products such as superoxide (O2

-), hydrogen peroxide (H2O2), 
and the hydroxide radical (OH-) which oxidates the PSII D1 
protein. The damage caused by water deficit to sugarcane 
cultivars may have been less harmful to the PSII than to other 
physiological parameters such as the photosynthetic rate and 
stomatal conductance, considering the rapid decreases in 
plants under water deficit. In Eragrostis curvula, an African 
grass adapted to semi-arid regions, differences were observed 
in PSII in sensitive (0.2) and tolerant (0.5) cultivars, after 15 
days no irrigation. However, when rehydrated for five days, the 
stressed plants reached similar PSII levels to those observed 
in control plants, indicating the recovery capacity of plant PSII 
(Colom and Vazzana, 2003).

The time interval between rehydration and the plant 
physiological response varies according to plant species, the 
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parameters evaluated, and the water deficit imposed (Liberato 
et al., 2006; Souza et al., 2004). In Olea europaea, five days 
of rehydration were sufficient to reestablish the photosynthetic 
rate, water potential of leaves, and PSII, reaching levels similar 
to control plants (Angelopoulos et al., 1996). In sugarcane, 
only RWC and PSII increased on day 8 due to rehydration. 
Silva et al. (2007) evaluated the PSII in other water deficit 
tolerant and sensitive sugarcane genotypes, and observed 
significant decreases in the PSII among them. These data 
are in accordance with the observations in this work, where 
on days 12 and 14, tolerant cultivars SP83-2847 and CTC15 
differed from sensitive cv SP86-155.

According to Chartzoulakis et al. (2002), a rapid 
decrease in photosynthetic rate is related to stomatal closure. 
In the present study, the photosynthetic rate declined rapidly 
in all cultivars, mainly in cv CTC 15, after 4 days under water 
deficit. In contrast, in Oryza sativa, photosynthetic efficiency 
decreased gradually (Yang et al., 2002).

The photosynthetic rate of Olea europaea reached zero 
under water deficit (Angelopoulos et al., 1996); however, 
when rehydrated for five days, the plants recovered their 
former photosynthetic rate. In sugarcane cv CTC 15 (9.39 
µmol m-2 s-1) and cv SP86-155 (10.47 µmol m-2 s-1) plants, 
the photosynthetic rate recovered at days 8 and 10 after 
water stress, respectively. Similar results were reported for 
Minquartia guianensis, which also did not lose photosynthesis 
and PSII recovery capacity after 35 days under water stress 
conditions (Liberato et al., 2006).

Stomatal conductance seems to be directly related to 
a reduction in RWC in plants under water deficit, as foliar 
transpiration is controlled by stomatal opening and closure 
(Taiz and Zeiger 2006). In this study, when RWC declined 
between 10% and 20%, all the sugarcane cultivars showed a 
reduction in stomatal conductance. The decrease of stomatal 
conductance in plants under water deficit is similar to the 
behavior of saline stressed plants, because both conditions 
compromise water absorption (López-Climent et al., 2008).

Decreases in the photosynthetic rate and stomatal 
conductance, in general, are related. Considering that CO2 

flux control in leaves is mediated by stomatal opening, 
photosynthesis is also mediated by regular water availability 
(Taiz and Zeiger, 2006). This explains the significant decrease 
in transpiration rate that we observed in all the cultivars during 

the entire water deficit experimental period, together with the 
increase in foliar temperature in plants under stress, likely due 
to low stomatal conductance. In Phaseolus vulgaris, stomatal 
conductance and photosynthetic rate also declined rapidly 
after two days without irrigation (Miyashita et al., 2005). The 
decline in stomatal conductance seems to be a common 
process in many plant species during water deficit, and its 
effects are observed in the lower transpiration rate as well 
as an increase in foliar temperature (Liberato et al., 2006; 
Azevedo Neto et al., 2004).

According to the physiological parameters RWC and 
PSII, tolerant cultivars SP83-2847 and CTC15 performed 
better under water deficit conditions compared to the sensitive 
cv SP86-155. Cultivars SP83-2847 and CTC15, irrigated daily, 
showed a higher photosynthetic rate, stomatal conductance, 
and transpiration rate. Contrarily, sensitive plants SP86-155 
did not show efficient physiological performance, even under 
continuous irrigation. After the rehydration period, some 
physiological parameters such as photosynthetic rate and 
stomatal conductance did not recover in any of the tolerant or 
sensitive plants. Additional studies are needed to associate the 
data on plant physiological behavior obtained here with gene 
expression, or to the action of sugar and osmoprotectors on 
the plant defense metabolism, relating these to the pathways 
involved in the response of sugarcane to drought.
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