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ABSTRACT: One way to minimize the impacts caused by water deficit (WD) in agriculture is the use of 

tolerant cultivars. The physiological evaluation of plants through the potential quantum efficiency of photosystem II 
(Fv/Fm) and estimated chlorophyll content (SPAD index) can be an effective tool in the selection and recommendation of 
water deficit-tolerant cultivars. Within this context, the aim of this study was to evaluate the physiological responses of 
sugarcane cultivars classified as tolerant or susceptible to water deficit. The experiment was carried out near the city of 
Jaú, SP, Brazil in a greenhouse, between July and December 2013. The experimental design was completely randomized 
in a 4 x 2 factorial arrangement, with four replications. We studied four sugarcane cultivars: RB72454, RB855453 (prone 
to WD), SP81-3250 and SP83-2847 (WD-tolerant) in two water management regimes (with and without deficit). WD 
reduced stems dry mass of all cultivars, however, the greatest decreases were observed in susceptible cultivars to WD, 
where the decrease was 58.3 and 74.5% for cultivars RB855443 and RB72454, respectively. As for the SP81-3250 and 
SP83-2847 cultivars (tolerant), the reduction was 44.1 and 47.7%, respectively. For water deficit-tolerant cultivars, there 
was lower reduction in potential quantum efficiency of photosystem II and SPAD index; therefore, the physiological 
characteristics (Fv/Fm and SPAD index) are features that can aid the identification and selection of water deficit tolerant 
cultivars, and also help the recommendation of these cultivars for harsh environments, minimizing the effects of water 
deficit on stem yield on the sugarcane crop.  
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INTRODUCTION 
 

Brazil is the largest producer of sugarcane, 
and the cultivated area was approximately 8.9 
million hectares in 2015/16 (CONAB, 2015). The 
national average productivity of sugarcane in the 
2014/15 harvest was 70.49 t ha-1, quite below the 
genetic potential of the crop, which can reach 212 t 
ha-1, according to Waclawovsky et al. (2010). Water 
deficit is one of the several factors that limit 
sugarcane yield. A number of authors have reported 
that sugarcane yield is reduced by water stress 
conditions, as well as changes in the morphological 
characteristics of the plant, such as leaf area, 
number of green leaves, stem elongation and 
diameter (INMAM-BAMBER et al., 2005; 
MACHADO et al., 2009; PINCELLI; SILVA, 
2012; ZHAO et al., 2013; SILVA et al., 2014a). 

Reduction in photosynthetic rate is the main 
cause of reduced growth and yield of sugarcane 
plants under water deficit conditions, due to 
reduction of leaf expansion, stomatal closure 
(causing increase of temperature and reduction of 

internal CO2 concentration) and change in carbon 
allocation (GRACE et al, 2010; SATO et al., 2010; 
ZHAO et al., 2013; SILVA et al., 2013; BARBOSA 
et al., 2015). The limitation of photosynthesis under 
water deficit conditions can be caused by 
photoinhibition, which is a complex set of 
molecular mechanisms that promote inhibition of 
photosynthesis by light excess (ALMENARA, 
1998). According to Baker (1993), plants subjected 
to water deficit often have a marked photoinhibitory 
effect, characterized by a significant decrease in 
quantum yield. In this case, water stress in 
combination with high levels of irradiation may 
cause a significant decrease in photosynthesis.  

The intensity of the photoinhibition can be 
measured by the reduction of the potential quantum 
efficiency of photosystem (PS) II (Fv/Fm) (LONG 
et al., 1994). This index represents the energy 
transmitted to the PSI by the electron transport 
chain and is converted into chemical energy 
(PIMENTEL, 2014). The Fv/Fm ratio can vary 
within a range of 0.75 to 0.85 for normal plants in 
optimum conditions (KRAUSE; WEIS, 1991). The 
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decrease in this ratio is an indicator of the 
photoinhibitory effect when plants are subjected to 
stress (BJÖRKMAN; POWLES, 1984). 

The photosynthetic pigments are often used 
to estimate the photosynthetic capacity of plants, 
since their contents can vary between species, as 
well as between genotypes of the same species 
(CIGANDA et al., 2008). The SPAD index is one 
physiological parameter that can help identify 
plants that are photoinhibited. According to Torres 
Netto et al. (2005), the indirect determination of 
leaf chlorophyll content can be used as a tool to 
diagnose the integrity of the photosynthetic 
apparatus, when plants are exposed to 
environmental adversities.  

In order to make the selection of water 
deficit tolerant and/or susceptible cultivars, several 
studies have been recently conducted on analysis of 
Fv/Fm and SPAD index in sugarcane under water 
deficit. Advantages of this analysis include speed of 
data collection and use of non-destructive samples 
(SILVA et al., 2011, 2014b).  

Thus, one way to minimize the impacts 
caused by water deficit is the identification and 
selection of water deficit tolerant and susceptible 
cultivars through these physiological variables. 
However breeders are still looking for traits that are 
suitable for screening sugarcane germplasm for 
characters affecting plant water relations under 
drought conditions. Besides, this information may 
help the recommendation of tolerant cultivars for 
production environments that have a higher risk of 
water stress during the crop growing season.  

Based on this context, this research aimed 
to evaluate how four sugarcane cultivars classified 
as tolerant or susceptible, deal with water 
deficiency according to some physiological 
characteristics.  

 
MATERIAL AND METHODS 

 
The experiment was carried out at the 

Research and Development Unit of the São Paulo 
Agency for Agribusiness Technology (APTA) in 
the city of Jaú/SP in the greenhouse, between July 
and December 2013. Air temperature was 
monitored through a portable hygrometer (Acurite, 
China), with average maximum air temperature of 
24.4 ± 3.7 °C and average minimum temperature of 
16.4 ± 2.5 ºC. Irradiation was monitored by a 
quantometer (Apogee Model QMSS-E Quantum 
PAR Meter, Logan, UT, USA), with a mean of 
820.0 µmol m-2 s-1. 

 The experimental design was completely 
randomized in a 4 x 2 factorial arrangement, with 

four replications. We evaluated four sugarcane 
cultivars (RB72454, RB855453, SP81-3250 and 
SP83-2847) in two water regimes (with and without 
deficit). The experimental plot consisted of 22.0 L 
plastic pots. The cultivars SP81-3250 and SP83-
2847 were used as tolerant to the water deficit 
(GONÇALVES, 2008) and cultivars RB72454 and 
RB855453 were used as susceptible (DEDEMO, 
2006). 

Three mini-stalks of sugarcane were 
planted in each pot, filled with sterile substrate 
comprised of expanded vermiculite and organic 
material mixed with 55.0 g of formulated fertilizer 
NPK 08-28-16. After sprouting, only one plant was 
maintained per pot; during development, tillers 
were cut, and only the primary tiller was left.  

Substrate humidity was monitored three 
times a day (7 am, 12 pm and 4 pm) through an 
ECH2O meter (Decagon, Pullman, WA, USA). Up 
to 84 days after planting (DAP), plants were 
irrigated properly, and substrate humidity remained 
around 22% (corresponding to 100% of field 
capacity). Treatment with water deficit began after 
84 DAP, and in this treatment the moisture 
substrate was maintained at 11% (50% of field 
capacity); for the control treatment, moisture 
remained at 22% by the end of the experiment (140 
DAP), according to the methodology used by Silva 
et al. (2013).  

Evaluations of chlorophyll and chlorophyll 
fluorescence occurred at 0, 28 and 56 days after 
onset the treatments (DAT) on the middle third 
between the central rib and the edge of the  leaf +1 
(first fully expanded leaf with apparent ligule). To 
evaluate the estimated chlorophyll content (SPAD 
index), a SPAD-502 chlorophyll meter (Minolta 
Corp., Ramsey, NJ, USA) was used. The average of 
the plot (pot) was considered for three readings in 
the +1 leaves. The SPAD index corresponds to leaf 
pigment content, and its value is equivalent to the 
amount of light transmitted through the leaf at two 
wavelength regions where chlorophyll absorption is 
different (MALAVOLTA et al., 1997).  

Potential quantum efficiency of 
photosystem II (Fv/Fm) was determined in the 
leaves +1 with a portable fluorometer (model OS-
30p, Opti-Sciences, Inc., Hudson, NH, USA). In 
order to obtain Fv/Fm readings, special clips were 
used to pre-dark the leaves for about 30 minutes. 
The variable Fv/Fm was determined following the 
procedures of Maxwell and Johnson (2000), where 
Fm is the maximum fluorescence intensity in all the 
reactions of photosystem II (PSII) are closed; F0 is 
the minimum fluorescence intensity when the PSII 
reaction centers are open, and Fv is the variable 
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fluorescence (Fv = Fm - F0). The reading was held 
at 10 am. 

Chlorophyll content (Chl, µg cm-2) was 
estimated using a spectrophotometer (model DU 
720, Beckman, Fullerton, CA, USA), and two leaf 
discs (0.69 cm2 each one) extracted with a puncher, 
between the edge and the central rib from the 
middle third of the leaf +1. Chl was determined 
according to the methodology of Damn et al. 
(1989); the method is based on the use of 1 mL of 
chlorophyll extract obtained by extraction from the 
solvent dimethyl formamide (DMF). The solution 
was kept sheltered from light for 24 h to complete 
the extraction. Immediately after that, absorbance 
reading was performed using a spectrophotometer 
at wavelengths of 647 and 664 nm; the reading was 
performed on 1 mL of chlorophyll extract diluted in 
1 mL of deionized water. Results for chlorophyll 
content were obtained in the following 
combinations: Chl a, Chl b, Chl a + b (total) and 
Chl a/b.  

For leaf relative water content (RWC), we 
determined fresh mass (Mf), turgid mass (Mt) and 
dry mass (Md) in leaf discs (0,69 cm2 each) 
extracted from the middle third of the leaves +2. 
Leaf disk fresh weights were determined within 2 h 
after excision. The turgid weight was obtained after 
rehydration in deionized water for 24 h at room 
temperature. After rehydration, leaves were quickly 
and carefully blotted dry with lint-free tissue paper 
before determining turgid weight. Dry weights were 
recorded after oven-drying leaf samples for 48 h at 
80ºC. RWC was calculated following the method of 

Matin et al. (1989) with the equation: RWC = [(Mf  
–Md) x (Mt  – Md)-1]  x  100. 

Whole plants were harvested at 140 DAP to 
obtain separate samples of stems, leaves and roots. 
Leaf dry weight, root dry weight and stem dry mass 
were measured after dried at 65 °C to constant 
weight. 

For data analysis, we used the statistical 
treatment of individual characteristics. Analysis of 
variance was performed followed by multiple 
comparison test applying the Tukey's HSD with a 
significance of p < 0.05 to compare the means. 
When the interaction between the factors was 
significant, the analysis was performed after the 
unfolding.  

 
RESULTS  
 

There were no differences among cultivars 
for biometric variables (leaf dry weight, root dry 
weight and stem dry mass) (Table 1). It was 
observed that water deficit reduced leaf dry matter, 
root dry matter and stem dry matter in all cultivars. 
However, it should be noted that the greatest 
reductions in dry matter of leaf and stem occurred 
in cultivars considered as prone to water deficit. 
The reductions for these cultivars were 46.1 and 
40.4% and 58.3 and 74.5% for leaf and stem, 
respectively (RB855453 and RB72454, 
respectively), while for water deficit-tolerant 
cultivars (SP81-3250 and SP83-2847), reductions 
were 31.2 and 23.0% (leaf) and 44.1 and 47.7% 
(stem) (Table 2). 

 
Table 1. Analysis of variance for biometric variables, dry matter of leaves (g) (Leaf DM), roots (g) (Root DM), 

stem (g) (Stem DM), of four sugarcane cultivars under two water regimes.  
Treatment   Leaf DM   Root DM   Stem DM 
Cultivar 

 RB855453 (S) 
 

246.75   55.00   455.62  
RB72454 (S) 

 
223.25   68.75   412.62  

SP81-3250 (T) 
 

221.75   67.87   499.00  
SP83-2487 (T)   249.25   75.87   623.50  
Water regime 

 
     

Control 
 

287.45 a  87.81 a  696.12 a 
Deficit   182.75 b  45.93 b  229.25 b 
F 

 
     

Cultivar (C) 
 

1.29 ns  1.67 ns  2.64 ns 
Water regime (W) 

 
65.31**  38.92**  50.24** 

C x W   1.59 ns  2.15 ns  0.54 ns 
CV (%)   15.62  28.39  31.82 
Averages followed by different letters indicate differences in each characteristic (Tukey’s test: p <0.05). S and T mean water deficit 
susceptible and tolerant cultivars, respectively. ns = Not significant. ** Significant at the 0.01 probability level. 
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Table 2. Average values of dry matter leaves (g), roots (g) and stem (g) of four sugarcane cultivars under two 
water regimes, and difference (∆, %) of dry matter between without and with water deficit treatments. 

Cultivar 
           Dry matter of leaf (g)  
             Water regime 

∆ (%)  
100% 50% 

RB855453 (S) 320.0 172.6 46.1 
RB72454 (S) 279.7 166.6 40.4 
SP81-3250 (T) 262.6 180.7 31.2 
SP83-2847 (T) 287.7 210.7 23.0 
         Dry matter of root (g)  
RB855453 (S) 80.7 46.0 43.0 
RB72454 (S) 98.2 37.4 61.9 
SP81-3250 (T) 83.8 48.9 41.6 
SP83-2847 (T) 95.9 41.6 56.6 
     Dry matter of stem (g)  
RB855453 (S) 631.4 263.0 58.3 
RB72454 (S) 652.2 166.6 74.5 
SP81-3250 (T) 651.0 364.1 44.1 
SP83-2847 (T) 791.5 413.7 47.7 

 

S and T mean water deficit susceptible and tolerant cultivars, respectively. 
 

The analysis of variance showed effect of 
cultivars in five (Fv/Fm, SPAD index, chlorophyll 
a, chlorophyll total and chlorophyll a/b ratio) out of 

seven physiological variables; moreover, the effect 
of water deficit was observed in all physiological 
variables evaluated (Table 3 and 4).  

 
Table 3. Analysis of variance for the potential quantum efficiency of photosystem II (Fv/Fm), SPAD index and 

relative water content of four sugarcane cultivars under two water regimes. 

Treatment 
  Days after implementation of treatments 
  0   28   56 

                                                          Potential quantum efficiency of photosystem II (Fv/Fm) 
Cultivar 

 RB855453 (S) 
 

0.78  0.71 B 0.75  
RB72454 (S) 

 
0.79  0.67 C 0.74  

SP81-3250 (T) 
 

0.79  0.75 A 0.75  
SP83-2487 (T)   0.77    0.77 A   0.75  
Water regime 

 Control 
 

0.79  0.78 a 0.77 a 
Deficit   0.77   0.66 b   0.73 b 
F 

 
Cultivar (C) 

 
5.0 ns 32.9 ** 0.5 ns 

Water regime (W) 
 

24.7 ns 225.6 ** 15.7 ** 
C x W   0.8 ns   22.7 **   2.6 ns 
CV (%)   1.44   3.04   3.19 
                                                                                          SPAD index 
Cultivar 

 
RB855453 (S) 

 
56.62  32.63 C 34.36 B 

RB72454 (S) 
 

51.66  40.60 B 36.71 B 
SP81-3250 (T) 

 
49.35  45.33 A 48.00 A 

SP83-2487 (T)   54.51  47.85 A 49.40 A 
Water regime 

 
Control 

 
52.82  51.10 a 47.85 a 

Deficit   53.25 32.10 b 36.39 b 
F 

 Cultivar (C) 
 

6.3 ns 78.4 ** 27.3 ** 
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Water regime (W) 
 

0.1 ns 631.9 ** 60.9 ** 
C x W   2.6 ns 56.9 ** 11.0 ** 
CV (%)    6.78    5.14    9.85 
                                                                                Relative water content (RWC) 
Cultivar 

 
RB855453 (S) 

 
92.45  86.03 87.29 

RB72454 (S) 
 

91.07  85.36  85.57 
SP81-3250 (T) 

 
90.40  89.85  88.49  

SP83-2487 (T)   90.54  88.64  86.29  
Water regime 

 
Control 

 
92.07  93.79 a 92.06 a 

Deficit   90.16  81.15 b 81.76  b 
F 

 
Cultivar (C) 

 
0.5 ns 1.4 ns 1.0 ns 

Water regime (W) 
 

2.2 ns 49.6 ** 71.2 ** 
C x W   0.2 ns 0.2 ns 0.4 ns 
CV (%)    3.95    5.80    3.97 
Averages followed by different letters indicate differences in each characteristic (Tukey’s test: p <0.05). S and T mean water deficit 
susceptible and tolerant cultivars, respectively. ns = Not significant. ** Significant at the 0.01 probability level. 
  

 
Table 4. Analysis of variance for chlorophyll a and b content (Chl a and b), total chlorophyll content (total 

Chl) and chlorophyll a/b ratio (Chl a/b) of four sugarcane cultivars under two water regimes. 

Treatment 
  Days after implementation of treatments 
  0   28   56 

                                                  Chlorophyll a (Chl a) 
Cultivar 

 
RB855453 (S) 

 
54.89   41.26  33.39 B 

RB72454 (S) 
 

50.56   42.85   45.18 AB 
SP81-3250 (T) 

 
55.15   48.06   52.74 A 

SP83-2487 (T)   48.38   43.58   43.24 AB 
Water regime 

 
     

Control 
 

48.96  49.95 a  52.34 a 
Deficit   55.53  37.92 b  34.93 b 
F 

 
     

Cultivar (C) 
 

4.60 ns  1.95 ns  6.10 ** 
Water regime (W) 

 
17.92 ns  33.33 **  29.17 ** 

C x W   2.14 ns  4.05 *  0.91 ns 
CV (%)   8.39  13.42  20.88 
                                                                                           Chlorophyll b (Chl b) 
Cultivar 

 
RB855453 (S) 

 
18.44   14.62   15.25  

RB72454 (S) 
 

16.27   14.18   15.59  
SP81-3250 (T) 

 
19.52   15.76   17.68  

SP83-2487 (T)   16.67   15.54   16.40  
Water regime 

 
     

Control 
 

17.36   16.60 a  17.95 a 
Deficit   18.09  13.45 b  14.51 b 
F 

 
     

Cultivar (C) 
 

5.13 ns  0.89 ns  2.27 ns 
Water regime (W) 

 
1.18 ns  16.63 **  23.07 ** 

C x W   2.06 ns  2.18 ns  2.66 ns 
CV (%)   10.71  14.95  12.49 
                                                                                Total chlorophyll content (Chl total) 
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Cultivar 
 

RB855453 (S) 
 

73.34   55.88   48.65 B 
RB72454 (S) 

 
66.84   57.03   60.77 AB 

SP81-3250 (T) 
 

74.67   63.83   70.42 A 
SP83-2487 (T)   65.06   59.12   69.64 AB 
Water regime 

 
     

Control 
 

66.33   66.55 a  70.29 a 
Deficit   73.62   51.38 b  49.45 b 
F 

 
     

Cultivar (C) 
 

5.31 ns  1.51 ns  6.69 ** 
Water regime (W) 

 
12.57 ns  28.19 **  36.62 ** 

C x W   2.28 ns  3.52 *  1.01 ns 
CV (%)   8.31  13.70  16.27 
                                                                                   Chlorophyll a/b ratio (Chl a/b) 
Cultivar 

 
RB855453 (S) 

 
2.98   2.83 B  2.20  

RB72454 (S) 
 

3.13   3.00 A  2.87  
SP81-3250 (T) 

 
2.84   3.04 A  3.02  

SP83-2487 (T)   2.89   2.79 B  2.62  
Water regime 

 
     

Control 
 

2.84   3.01 a  2.90 a 
Deficit   3.08   2.82 b  2.45 b 
F 

 
     

Cultivar (C) 
 

2.41 ns  8.57 **  2.82 ns 
Water regime (W) 

 
9.06 ns  20.68 **  4.37 * 

C x W   1.02 ns  1.19 ns  1.66 ns 
CV (%)   7.69  4.03  22.58 

Averages followed by different letters indicate differences in each characteristic (Tukey’s test: p <0.05). S and T mean water deficit 
susceptible and tolerant cultivars, respectively. ns = Not significant. *Significant at the 0.05 probability level.** Significant at the 0.01 
probability level. 
 

For the potential quantum efficiency of 
photosystem II (Fv/Fm), there was a significant 
interaction between cultivar and water regime at 28 
DAT (Table 3). At 56 DAT there was effect of 
water regime, i.e., water deficit decreased Fv/Fm 
(Table 3). The analysis of the effects of water stress 
showed a decrease in Fv/Fm at 28 DAT in all 
cultivars, but the largest reductions occurred in 
susceptible cultivars, with the largest decrease 
observed in RB72454, followed by cultivar 
RB855453 (Table 5).  

The SPAD index was affected by cultivar, 
water regime and the interaction between these 
factors at both 28 and 56 DAT (Table 3). At 28 
DAT, the SPAD index was decreased in all 
cultivars, but showed greater reduction in 
susceptible cultivars (Table 6). The largest decrease 
occurred in RB855453, followed by cultivar 
RB72454. At 56 DAT, only the susceptible 
cultivars had its SPAD index values reduced by 
water deficit, while the tolerant cultivars maintained 

SPAD index values similar to well-watered 
treatment.  

Suspension of irrigation reduced the relative 
water content (RWC) of plants, both at 28 and at 56 
DAT (Table 3). However, there was no difference 
between cultivars throughout the experimental 
period. 

Regarding chlorophyll a content (Chl a), it 
was observed significant effect for water regime 
and the interaction between cultivar and water 
regime at 28 DAT (Table 4). The unfolding of the 
interaction showed that Chl a was reduced in the 
cultivars RB72454, SP81-3250 and SP83-2847 
under drought, although RB855453 showed low 
chlorophyll a content even under well-watered 
treatment (Table 7). At 56 DAT, Chl a was affected 
by cultivar and water regime, in which SP81-3250 
had the highest chlorophyll a content and 
RB855453 the lowest one, and the lowest Chl a 
values were observed under water deficit (Table 4).
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Table 5. Unfolding of significant interaction between cultivar and water regime for potential quantum 
efficiency of photosystem II (Fv/Fm) of four sugarcane cultivars at 28 days after the onset of water 
regime treatments. 

Cultivar 
                       Water regime 
100% 50% 

RB855453 (S) 0.78 Aa 0.65 ABb 
RB72454 (S) 0.77Aa 0.56 Bb 
SP81-3250 (T) 0.79 Aa 0.71 ABb 
SP83-2847 (T) 0.79 Aa 0.75 Ab 
Different uppercase letters indicate differences among cultivars and different lower case letters indicate differences between water 
regime treatments (Tukey’s test: p <0.05). S and T mean water deficit susceptible and tolerant cultivars, respectively. Four replications 
per treatment. 

 
Table 6. Unfolding of significant interaction between cultivar and water regime for SPAD index of four 

sugarcane cultivars at 28 and 56 days after the onset of water regime treatments. 
                        Water regime 

Cultivar 
    28 days after implantation of treatments 
100% 50% 

RB855453 (S) 49.50 Aa 15.76 Cb 
RB72454 (S) 51.70 Aa 29.50 Bb 
SP81-3250 (T) 59.96 Aa 40.70 Ab 
SP83-2847 (T) 53.23 Aa 42.46 Ab 
     56 days after implantation of treatments 
RB855453 (S) 44.16 Aa 24.56 Bb 
RB72454 (S) 46.83 Aa 26.60 Bb 
SP81-3250 (T) 49.46 Aa 46.53 Aa 
SP83-2847 (T) 50.93 Aa 47.86 Aa 
Different uppercase letters indicate differences among cultivars and different lower case letters indicate differences between water 
regime treatments (Tukey’s test: p <0.05). S and T mean water deficit susceptible and tolerant cultivars, respectively. Four replications 
per treatment. 

 
. 
 

Table 7. Unfolding of significant interaction between cultivar and water regime for chlorophyll a content (Chl 
a, µg cm-2) of four sugarcane cultivars at 28 days after the onset of water regime treatments. 

Cultivar 
                        Water regime 
100% 50% 

RB855453 (S) 42.41 Aa 40.11 Aa 
RB72454 (S) 54.18 Aa 31.51 Ab 
SP81-3250 (T) 54.51 Aa 41.62 Ab 
SP83-2847 (T) 48.72 Aa 38.44 Ab 
Different uppercase letters indicate differences among cultivars and different lower case letters indicate differences between water 
regime treatments (Tukey’s test: p <0.05). S and T mean water deficit susceptible and tolerant cultivars, respectively. Four replications 
per treatment. 
 

Chlorophyll b content (Chl b) was reduced 
by water deficit at 28 and 56 DAT regardless of 
the cultivar (Table 4). There were differences for 
total chlorophyll levels (Chl total) between water 
regime, and the interaction between cultivar and 
water regime was significant at 28 DAT. The 
unfolding of the interaction revealed that the Chl 
total was reduced in the cultivars RB72454, SP81-
3250 and SP83-2847, with no difference among 
cultivars (Table 8). At 56 DAT there was 

difference for cultivars and water regime, that is, 
as observed for Chl a, SP81-3250 had the highest 
total chlorophyll content and RB855453 the lowest 
one, and the lowest Chl total values were observed 
under water deficit (Table 4). It was observed that 
the Chl a/b ratio was reduced by drought at 28 and 
56 DAT. Regarding the cultivars, there was 
difference in Chl a/b only at 28 DAT, which 
cultivars RB72454 and SP81-3250 had the highest 
values 
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Table 8. Unfolding of significant interaction between cultivar and water regime for chlorophyll total content 
(Chl a + b, µg cm-2) of four sugarcane cultivars at 28 days after the onset of water regime treatments. 

Cultivar 
                      Water regime 
100% 50% 

RB855453 (S) 57.33 Aa 54.44 Aa 
RB72454 (S) 71.50 Aa 42.55 Ab 
SP81-3250 (T) 71.74 Aa 55.93 Ab 
SP83-2847 (T) 65.64 Aa 52.60 Ab 
Different uppercase letters indicate differences among cultivars and different lower case letters indicate differences between water 
regime treatments (Tukey’s test: p <0.05). S and T mean water deficit susceptible and tolerant cultivars, respectively. Four replications 
per treatment. 

 
DISCUSSION 

 
In the present study, water deficit reduced 

stem dry matter of all studied cultivars (Tables 1 
and 2). The effects of water stress on stem 
development are well known and have been 
reported by several authors. Inman-Bamber and 
Smith (2005) observed that drought affected the 
development of plant stems, and also reported that 
there are genotypic variations when these plants are 
exposed to water deficit. Dantas Neto et al. (2006) 
and Gava et al. (2011) observed that biomass 
production and stem yield were reduced when 
sugarcane plants are under low water availability. 

As observed for dry matter of the stem, leaf 
dry matter of tolerant cultivars had a smaller 
reduction in treatment with water deficit. The 
reductions were 46.1 and 40.4% in the cultivars 
RB855453 and RB72454, and 31.2 and 23.0% in 
cultivars SP81-3250 and SP83-2847, respectively. 
The reduction of root dry matter was proportionally 
similar among all cultivars. Leaf area reduction has 
been reported in plants with water deficit and 
attributed to a strategy to reduce water loss through 
transpiration (INMAN-BAMBER; SMITH, 2005; 
SMIT; SINGELS; 2006). However, there is a 
greater reduction of the dry mass of the stem than 
the dry mass of the leaf, this is because the 
development of the stem is more affected by the 
water deficit than the leaf development, that is, 
under certain stress conditions the plant interrupts 
the development stem while leaf development 
continues (BATCHELOR et al., 1992; INMAN-
BAMBER, 2004; INMAN-BAMBER; SMITH, 
2005). 

The greatest decreases in dry matter 
production of stems are given in cultivars 
considered as susceptible to water deficit. These 
results are consistent with the classification of these 
cultivars under water deficit conditions. Several 
studies corroborate the results observed in the 
present study. Silva et al. (2011) evaluated eight 
sugarcane genotypes (four water deficit tolerant 

genotypes and four water deficit susceptible ones); 
the authors observed that the highest yield of stems 
was obtained in cultivars considered as tolerant. 
Ribeiro et al. (2013) studied the response of three 
sugarcane genotypes under water deficit (two 
tolerant and one susceptible), and observed that 
most stem dry matter was produced by tolerant 
cultivars. 

The use of water deficit tolerant cultivars is 
an important strategy that can promote increases in 
stem yield and/or assist in the recommendation of 
sugarcane cultivars for more stressful 
environments, therefore minimizing the effects of 
water deficit on stem yield. Usually, the main 
measure for classification of cultivars as tolerant or 
susceptible to water deficit is stem yield (Silva et 
al., 2008). Inman-Bamber and Smith (2005) 
suggested that the assessment of physiological 
characteristics of sugarcane genotypes submitted to 
water deficit can lead to a better understanding of 
how this acclimatization occurs, and consequently 
lead to an increase in stem yield and the quality of 
current genotypes of sugarcane. 

In the present study, it was observed that at 
28 days after the beginning of water deficit, a 
difference was observed in the potential quantum 
efficiency of photosystem II (Fv/Fm) among 
cultivars subjected to water deficit. There was a 
decrease of Fv/Fm in RB72454 and RB855453 
cultivars, both classified as susceptible. Fv/Fm is a 
physiological characteristic that has been highly 
used in cultivar classification as water availability. 

Graça et al. (2010) evaluated the effects of 
drought on sugarcane cultivars for fourteen days; 
they observed that water deficit tolerant cultivars 
have higher Fv/Fm values. Ribeiro et al. (2013) 
studied water deficit effects on three varieties of 
sugarcane at twenty-five days after the onset of 
drought, and these authors observed that Fv/Fm 
decreased only in the cultivar considered as 
sensitive to water deficit. In a study of 78 sugarcane 
genotypes under water deficit, Silva et al. (2014a) 
observed a linear relationship of 66.4% between 
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yield and Fv/Fm. These authors also suggested that 
Fv/Fm can be a physiological characteristic used for 
selection of water deficit tolerant genotypes. 
Sugarcane varieties with ability to keep the Fv/Fm 
above 0.76 in water deficit conditions can be 
considered tolerant (SILVA et al., 2014a). 

Therefore, it can be observed that Fv/Fm is 
strongly correlated with the physiological 
characteristic of genotype tolerance to water deficit. 
This is due to the fact that water is the major donor 
of electrons to photosystem II by means of the 
oxidation process; thus, a reduction in water content 
may decrease the electrochemical potential of ATP 
synthase and photosystem I, compromising the 
formation of ATP and NADPH, respectively, and 
negatively affecting the photosynthetic apparatus 
(PIMENTEL, 2014). 

At 56 DAT, there were no differences 
among cultivars, and Fv/Fm was altered by water 
deficit in only two cultivars. The smallest variation 
of this characteristic at 56 days compared with 28 
DAT may have been due to the osmotic adjustment 
process whereby plants, under water deficit 
conditions, actively accumulate sugars, organic 
acids and ions in the cell cytosol to decrease the 
osmotic potential and therefore maintain the water 
potential and turgor of the cells near their optimum 
level (VERSLUES et al., 2014; LAKSMANAN; 
ROBINSON, 2014). 

In this study, it was observed that the SPAD 
index was reduced in cultivars considered as 
susceptible to water deficit, both at 28 and 56 DAT. 
Several studies have reported that plants under 
water deficit have lower SPAD index (ZHAO et al., 
2010; SILVA et al., 2011; SILVA et al. 2014a; 
ZHAO et al., 2013). The SPAD index is a measure 
that estimates chlorophyll content of leaves 
(MARKWELL et al., 1995; GUIMARÃES et al., 
1999). The reduction of the SPAD index in plants 
under water deficit occurs because there is 
chlorophyll degradation because of water deficit, 
which may be the result of photodegradation 
(LONG et al., 1994).  

Although the SPAD index is reduced in 
plants subjected to water deficit, Silva et al. (2011) 
observed that reduction is lesser in water deficit 
tolerant cultivars; therefore, the authors reported 
that the SPAD index can be a reliable physiological 
characteristic for classification as tolerant 
genotypes; the main advantage is that it is a non-
destructive and easy to apply technique. Silva et al. 
(2014a) reported that water deficit tolerant cultivars 
have SPAD index above 40.0; these values were 
also observed in this study, where the tolerant 
cultivars SP81-3250 and SP83-2847, in drought 

situations, showed SPAD index 40.70 and 42.46 at 
28 DAT and 46.53 and 47.86 at 56 DAT, 
respectively. Thus, water deficit susceptible 
genotypes do not have as much ability to synthesize 
chlorophyll, resulting in lower photosynthetic rates 
and lower stem yield (SILVA et al., 2014a). 

The reduction in Fv/Fm and SPAD index in 
sugarcane plants under water stress may be linked 
to the reduction of the levels of chlorophyll a of 
plants under water deficit (Table 4). However, for 
all characteristics obtained from leaf chlorophyll 
extraction the effect was greater of the water deficit 
than the cultivars. The water deficit reduced all 
characteristics of leaf chlorophyll at 28 and 56 
DAT. While in relation to cultivars, lower values of 
Chl a and Chl total were observed only at 28 DAT 
(Tables 7 and 8). 

Water stress reduced RWC in all cultivars; 
however, there was no difference among cultivars. 
Sato et al. (2010) observed that water stress reduced 
RWC in cultivar RB867515. However, Grace et al. 
(2010) observed a difference in RWC for sugarcane 
cultivars subjected to water deficit. Silva et al. 
(2014a) found no correlation between RWC and 
yield in various sugarcane genotypes. The relative 
water content expresses the percentage of water 
present in plant tissues at the time of collection; 
thus, this variable can vary depending on the type 
of drought rate, time of drought and time of 
collection. 

Reduction in chlorophyll content in plants 
under water stress has been shown by several 
authors. Argenta et al. (2001) observed a positive 
correlation between SPAD index and leaf Chl a, b 
and Chl total. In sugarcane cultivars under water 
stress in the soil, there was gradual reduction in the 
content of chlorophyllian pigments; however, this 
reduction varied according to severity of stress, 
duration of stress and degree of tolerance and/or 
sensitivity of sugarcane (SILVA et al., 2011, 
2014b). Carlin et al. (2012) observed that the 
concentration of chloroplastid pigments (Chl a, b 
and total) decreased sharply in sugarcane plants 
under water deficit, and there were no changes in 
the chlorophyll a/b ratio (Chl a/b). However, Silva 
et al. (2010) evaluated the effect of water deficit in 
six sugarcane genotypes but they did not find a 
response pattern for Chl a, b, and a/b. Therefore, 
further research is necessary to investigate the 
relationship of this physiological characteristic. 

 
CONCLUSIONS 

 
Drought has affected the development of all 

cultivars and their physiological variables. 
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However, larger reductions have occurred in 
susceptible cultivars (RB855453 and RB72454). 
These differences observed are in line with the 
classification of these cultivars as regards sensitivity 
to water deficit in terms of biomass production. 
Cultivars classified as tolerant (SP81-3250 and 
SP83-2847) had higher SPAD index values at 28 
and 56 DAT, as well as the Fv/Fm of the tolerant 
cultivars was higher at 28 DAT.   

The dry matter production of tolerant 
cultivars had smaller decreases in leaf and stem 
under water deficit conditions. These physiological 
variables (Fv/Fm and SPAD index) are features that 
can assist sugarcane breeding programs in the 
identification and selection of water deficit tolerant 

cultivars, and also help the recommendation of these 
cultivars for harsh environments, thus minimizing 
the effects of drought on stem yield in the culture of 
sugarcane. 
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RESUMO: Uma forma de minimizar os impactos causados pelo déficit hídrico (DH) na agricultura é o uso de 
cultivares tolerantes. A avaliação fisiológica das plantas através da eficiência quântica potencial do fotossistema II 
(Fv/Fm) e do índice SPAD pode se tornar uma ferramenta eficiente na seleção e recomendação de cultivares tolerantes ao 
déficit hídrico. Com base nesse contexto, o objetivo deste trabalho foi avaliar as respostas fisiológicas de cultivares de 
cana-de-açúcar classificadas como tolerantes e susceptíveis ao déficit hídrico. O experimento foi realizado na região do 
município de Jaú/SP/Brasil em casa de vegetação, entre os meses de julho e dezembro de 2013. O delineamento 
experimental foi inteiramente casualizado no esquema fatorial 4 x 2, com quatro repetições. Foram estudadas quatro 
cultivares de cana-de-açúcar: RB72454, RB855453 (susceptíveis ao DH), SP81-3250 e SP83-2847 (tolerantes ao DH) em 
dois regimes hídricos (com e sem déficit). O DH reduziu a massa seca dos colmos de todas cultivares, porém, as maiores 
quedas foram observadas nas cultivares susceptíveis ao DH, em que nas cultivares RB855443 e RB72454 a queda foi de 
58,3 e 74,5%, respectivamente. Já para as cultivares SP81-3250 e SP83-2847 (tolerantes), a redução foi de 44,1 e 47,7%, 
respectivamente. As cultivares tolerantes ao déficit hídrico tiveram menor redução na eficiência quântica potencial do 
fotossistema II e no índice SPAD, demonstrando, portanto, que os parâmetros fisiológicos (Fv/Fm e índice SPAD) são 
características que podem auxiliar a identificação e seleção de cultivares tolerantes ao déficit hídrico, e ainda, auxiliar a 
recomendação dessas cultivares para ambientes desfavoráveis, minimizando os efeitos do déficit hídrico sobre o 
rendimento de colmos na cultura da cana-de-açúcar. 

 
PALAVRAS-CHAVE: Saccharum spp.. Índice SPAD. Estresse hídrico. Eficiência quântica potencial do 

fotossistema II. Pigmentos fotossintéticos. 
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