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Abstract 
 
Nowadays, water deficit is one of the major environmental stress issues affecting sugarcane crops around the world. It has been 
causing significant production decrease due to the increased mortality rates generated by water stress in sugarcane plantations. 
The aim of the current study is to assess sugarcane morphological and yield responses during different phenophases of sugarcane 
varieties when plants are subjected to drought stress in the fields of a tropical region. Six sugarcane varieties, namely: SP79-1011, 
RB855113, RB92579, RB867515, RB72454, and RB855536, were subjected to water stress. The herein adopted water regimes were 
(i) irrigated crop and (ii) crop subjected to natural drought in the field. Plants were cultivated under water stress imposition 
throughout three phenological stages (i) tillering, three months after planting; (ii) intense growth, seven months after planting; and 
(iii) ripening, eleven months after planting. The irrigation treatment consisted of supplementing the crop with 50 mm of water per 
month during the dry season, whereas non-irrigated plants were naturally grown under water stress conditions throughout the 
experiment. Water stress mostly affected the sugarcane crop during the intense growth phase. Varieties RB72454 and RB855536 
presented smaller green-leaf number, as well as narrower leaf width and smaller leaf area under water stress; besides, they 
showed low productive potential and high stress susceptibility index (SSI). Stalk height maintenance and the larger number of tillers 
in RB92579 plants subjected to water stress helped balancing yield rates. This variety also showed the best drought tolerance (DTI) 
and yield/tolerance indices (YTI); moreover, the principal component analysis evidenced that leaf area, plant height and yield were 
important factors to distinguish the most tolerant varieties. Such results show that RB92579 is more drought tolerant and has 
better physiological acclimation potential than the other five varieties; therefore, it can be recommended for crops subjected to 
drought periods. 
 
Keywords: Saccharumspp., stalk, leaf area, yield, drought, phenology. 
 
Introduction 
 
Sugarcane is grown in more than 90 countries distributed in 
tropical and subtropical regions and its crops cover 26 
million hectares worldwide (FAO, 2016); however, Brazil and 
India hold the largest sugarcane production sites in the 
world (Waclawovsky et al., 2010). The area in Brazil planted 
with sugarcane crops for sugar and ethanol production in 
2016 covered more than 9 million hectares, which were 
mostly concentrated in the South-Central and Northeastern 
regions. Sugarcane production in the country (658.7 million 
tons) resulted in 34.61 million tons of sugar and in 29.21 
billion liters of ethanol (FAO, 2016).  

The growing demand for ethanol and sugar has been 
forcing the sugarcane culture to expand to other Brazilian 
regions such as the Midwestern, which is covered by 
Savanna vegetation, (Campos et al., 2014), as well as to 
marginal areas of the Northeastern region. However, these 

areas are known for being more exposed to water deficit 
than the traditional producer regions (Guimarães Cardoso et 
al., 2015). Nowadays, water deficit is one of the major issues 
faced even by traditional cropping regions; it affects many 
sugarcane crops worldwide and is the main yield-limiting 
factor for them (Endres et al., 2010;, Inman-Bamber and 
Smith, 2012; Gentile et al., 2015; Silva et al., 2015). Besides, 
stronger drought effects are expected to come due to 
climate changes and to increased water scarcity, which may 
further worsen the problem (Zhao and Li, 2015). 
Northeastern Brazil, which is the traditional sugarcane 
producer region in the country, has been facing temperature 
and evapotranspiration rate increase, fact that has been 
reducing water availability in the soil (Carvalho et al., 2015). 
The low rainfall rates and poor rainfall distribution in this 
region led to reduced crop production and to mortality in 
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sugarcane crops (Farias et al., 2008; Silva et al., 2013). 
Therefore, it is worth developing varieties capable of 
adapting to prolonged drought in order to increase 
sugarcane production. 

Sugarcane phenological stages are characterized by four 
phenophases, namely: germination, tillering, intense growth, 
and ripening (Gasho and Shih, 1983). Water deficit impact 
on the species yield does not depend on water stress 
intensity, alone; but also on the phenological stage (Inman-
Bamber and Smith, 2005). Sugarcane can endure short 
drought periods in the ripening stage; however, long-term 
drought can lead to significant yield and technological-
quality losses (Oliveira et al., 2011; Basnayake et al., 2012; 
Campos et al., 2014). However, the water deficit effect on 
sugarcane crops is more severe during the other stages (Smit 
and Singels, 2006; Begum and Islam, 2012; Inman-Bamber et 
al., 2012; Zhao et al., 2013). Most drought-stress studies are 
carried out in pots (Uehara et al., 2009; Thiebaut et al., 2013; 
Guo et al., 2014; Santos et al., 2015); therefore, it is crucial 
to better understand the responses of plants subjected to 
real field conditions. 

The principal component analysis (PCA) is a multivariate 
statistical technique that allows analyzing quantitative 
variables in different treatments (Bailey, 1959). Studies on 
different crops such as corn (Sousa Guimarães et al., 2014; 
Ali et al., 2015) and cocoa (Santos et al., 2014) have applied 
this statistical method to select the morphological and 
physiological variables that better classify the factors able to 
help selecting the most water-stress tolerant genotypes. 
Therefore, it can be an important tool to assess growth 
characteristics suitable to classify different varieties 
according to their drought-tolerance rates. 

The yield rate of varieties living in environments subjected 
to water deficit is a good starting point to identify the 
genotypes presenting the best potential in sites undergoing 
rainfall shortage (Anwar et al., 2011; Menezes et al., 2014). 
Similar to studies with beet (Ober et al., 2004), wheat 
(Menezes et al., 2011; Anwar et al., 2011) and sorghum 
(Menezes et al., 2014), stress susceptibility (SSI), drought 
tolerance (DTI) and yield/tolerance indices (YTI) were the 
variables chosen to select the most stress tolerant sugarcane 
varieties. They were useful for the current study to help 
characterizing the most drought-tolerant sugarcane varieties. 
The aim of the present study was to assess the 
morphological and yield responses of sugarcane varieties 
subjected to water stress in the field during different 
phenophases. 
 
Results 
 
Morphological characterization of varieties subjected to 
drought conditions  
 
Stalk height was different in the assessed sugarcane varieties 
in all phenophases (Fig 3A, 3B, and 3C). Water deficit led to 
mean plant height reduction by 44.5% in the intense growth 
phase (Fig 3B). Variety RB855113 recorded the highest 
reductions (54.0%) in this phenophase, whereas SP79-1011 
presented the lowest reduction (34.8%) in the same 
phenophase. 

The number of green leaves did not change much in 
irrigated varieties (Fig 3D, 3E, and 3F); on the other hand, 
water deficit reduced the number of leaves in the three 
phenophases, when the mean of all the assessed varieties 

was taken into account. The number of plants per meter 
reached its maximum in the intense growth stage, but it 
decreased afterwards (Fig 3G, 3H, and 3I). Variety RB92579 
produced the largest number of plants per meter in all 
phenophases, whereas RB72454 generated the smallest 
number of plants. Another interesting result regards the 
negative effect water stress had on the number of plants per 
meter in the tillering and intense growth phenophases, as 
well as its positive effect during the ripening stage. 

The leaf length reached its maximum in the ripening stage 
(Fig 4A, 4B, and 4C), but water stress had negative effect on 
leaf length during the tillering and intense growth 
phenophases. There was 29.7 and 27% reduction in the leaf 
length of SP79-1011 and RB855536 during the intense 
growth phenophase, respectively. 

The leaves did not reach their full width at the tillering 
phenophase (Fig 4D, 4E, and F4). Water deficit affected leaf 
width in the intense growth phenophase of all the assessed 
varieties.  The greatest leaf width reduction was recorded in 
RB72454 (29.2%) and RB92579 (25.1%); there was no effect  
of this variable on the tillering or ripening stages.There was 
leaf area index (LAI) decrease in all the phenophases due to 
water deficit (Fig 4G, 4H, and 4I). Only RB92579 presented 
statistically significant LAI decrease in the ripening 
phenophase due to water stress. This variety recorded 55.1% 
and 53.2% LAI decrease due to water stress during the 
tillering and intense growth phenophases, respectively; 
however, it presented the highest LAI rates in all 
phenophases. 

The length and diameter of internode +3 were not 
affected by water stress during the ripening phenophase (Fig 
5A, 5B); there was soluble-solids concentration increase 
when the mean of all the assessed varieties was taken into 
account (Fig 5C). 
 
Sugarcane yield and technological quality 
 
Drought significantly affected the yield of all the assessed 
varieties, its mean reduction rated 31.5% when it was 
compared to the yield of plants grown under irrigation 
(Table 1). Varieties RB855536 and RB72454 were the most 
affected by water stress, their yield reached 60.2 t/ha

-1
 and 

54.3 t/ha
-1

, which corresponds to 35% and 50% reduction, 
respectively. 

Varieties RB92579 and RB867515 recorded the highest 
mean yields under irrigation and water deficit, respectively 
(Table 1). Variety RB92579 presented stalk yield 128 t/ha

-1
 

under irrigation, and 98.2 t/ha
-1

 under water stress 
conditions; whereas RB867515 had stalk yield 125.7 t/ha

-1
 

under irrigation, and 88.5 t/ha
-1

 under water stress. 
Most varieties emerged as high-quality raw materials, 

even when they were under water stress (Table 1). Variety 
RB855113 was the only one showing decreased total soluble 
solid (Brix) and total recoverable sugar (TRS) rates 
(approximately 9%) under water stress conditions during the 
harvest season (Table 1). 
 
Drought tolerance index of the assessed varieties 
 
Varieties RB92579 and RB855113 recorded the highest 
drought-tolerance index (DTI), whereas RB72454 and 
RB855536 presented the lowest DTI (Table 2). Variety 
RB92579 had the highest yield/tolerance index (YTI); it was 
followed by RB867515 (Table 2). 
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Multivariate analysis of morphological variables in 
different phenophases 
 
Leaf area index, green-leaf number and plant height strongly 
contributed to factor-1 formation during the tillering 
phenophase (55.8% PC1 variation) (Fig 6A). Leaf area was 
the morphological characteristic mostly contributing to 
variety classification according to water-deficit tolerance. 
The principal component analysis showed grouping trend in 
plants subjected to water stress (Fig 6B); however, RB72454 
and RB855536 detachment can indicate drought sensitivity 
during the tillering phenophase. The leaf area index and 
plant height were the most important variables to factor-1 
formation during the intense growth phenophase (70.26% 
PC1 variation) (Fig 6C); there were groupings during the 
phenophase of most of the tolerant varieties. However, 
RB855536 was outside the group (Fig 6D); therefore, this 
variety was more sensitive to water stress during this 
vegetative stage. 

The yield and leaf area index were the greatest 
contributions to factor-1 formation during the ripening 
phenophase (37.80% PC1 variation) (Fig 6E). The grouping 
analysis applied to varieties subjected to water stress 
evidenced that RB72454 and RB855536 presented the 
longest distance from the main axis in SYH and leaf area (Fig 
6E and 6F), and it indicates that they were the least 
productive varieties under water deficit. 
 
Discussion 
 
The aim of the current study was to understand the 
phenological dynamics of different sugarcane varieties 
subjected to water deficit conditions in the field, as well as 
to assess how the adaptation to this environmental stress 
leads to energy losses in detriment to yield. According to 
Hemaprabha et al. (2013), sugarcane response to water 
stress is a complex mechanism because of genetic variations 
within cultivars, as well as of plant growth stage, stress 
duration and severity. 

The studied sugarcane varieties proved to be more 
susceptible to drought during the intense growth and stalk 
elongation phenophases, since they recorded stalk height, 
leaf length, width and area reduction during these 
phenophases. The sugarcane tillering and intense growth 
stages (also known as formation phase) have been 
characterized as critical water-demand periods in the 
phenological stages (Ramesh and Mahadevaswany, 2000). 
According to Larcher (2004), plants reach their metabolic-
activity peak in the intense growth stage; the phenotypic 
plasticity characteristics, which feature the adaptation to 
habitat conditions, manifest themselves at this stage. 

Varieties RB855113 and RB855536 were the most affected 
by water deficit during the intense growth stage and it may 
have led to yield reduction during the ripening stage. 
Varieties RB867515 and RB92579 recorded growth rates 
higher than those of other varieties during the ripening 
stage, besides achieving yield maintenance, and it suggests 
that these varieties withstood water stress and had the best 
development under prolonged drought periods. Silva et al. 
(2008) subjected 78 sugarcane varieties to water deficit in 
the field and found that the most tolerant cultivars 
presented the lowest height reductions. Besides, they 

observed association between these reductions and high 
yield rates; according to them, plant height is the variable to 
be used as sugarcane water-deficit tolerance or 
susceptibility indicator. The significant height reduction in 
the most water-stress susceptible sugarcane varieties was 
also recorded by other authors (Inman-Bamber and Smith, 
2005; Machado et al., 2009; Begum and Islam et al., 2012; 
Hemaprabha et al., 2013). 

Water stress caused intense green-leaf number decrease 
in RB72454 and RB855536 from the tillering to the intense 
growth stage, and it may indicate their drought sensitivity. 
This result meets that recorded by Machado et al. (2009), 
Pincelli and Silva (2012), and Santos et al. (2015), who found 
significant leaf-number reduction in plants more sensitive to 
drought in experiments carried out in pots. Furthermore, the 
rapid leaf senescence observed in sugarcane plants 
subjected to water stress has been classified as the plants’ 
mechanism to “escape” drought in many studies (Inman-
Bamber, 2004; Inman-Bamber et al., 2012). Leaf number 
reduction was observed in other studies with sugarcane 
plants subjected to drought in the field; it is part of the first 
adaptive plant defense mechanism against water stress 
(Sinclair et al., 2004; Inman-Bamber et al., 2012). 

The number of stalks per linear meter increased in 
RB855113 and SP79-1011 during the ripening stage when 
these varieties were under water stress. These results 
suggest that RB855113 and SP79-1011 became overloaded 
and could not produce enough energy to grow stalks 
because their energy was used in tiller formation. Such 
process may have led to delayed sucrose accumulation in 
the stalk and, consequently, to decreased yield. According to 
Inman-Bamber et al. (2009), high sugarcane tillering rates 
generate a large amount of new leaves and it may cause 
photoassimilates displacement to new plant structures, low 
sucrose production, delayed accumulation in the stalks and 
reduced plant yield. 

The larger number of RB92579 plants per linear meter and 
their high yield depicts their good vigor, even under water 
deficit conditions. Oliveira et al. (2010) studied the growth 
and yield of 11 sugarcane varieties subjected to full irrigation 
and found higher tillering rates in the RB92579 variety. Zhao 
et al. (2013) also showed that this variety was the most 
tolerant to drought and the one presenting the best tillering 
rates under water stress. According to these authors, 
tillering and stalk length can be useful indicators to early 
detect water stress and to assess the most water-stress 
tolerant sugarcane genotypes. 

The ability of a certain species to develop in dry soils can 
be determined by its efficiency to adjust its morpho-
physiological behavior, e.g., higher sugarcane leaf-area 
indices indicate high photosynthetic efficiency (Sinclair et al., 
2004; Oliveira et al., 2004). Variety RB92579 recorded the 
biggest leaf area in all the assessed phenophases in all the 
herein analyzed varieties; moreover, this variety kept the 
same records when it was under water stress, although it did 
not differ from the other varieties. According to Endres et al. 
(2010), RB92579 has a good water absorption system even 
when it is subjected to water deficit, thus this variety has a 
tolerance mechanism to withstand drought rather than to 
prevent it. Varieties RB855536 and RB72454 recorded the 
smallest leaf areas, mainly when they were under water 
stress  during  the  intense  growth  stage.  Such low leaf area  
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Table 1. Stalk yield in tons per hectare (SYH), quality of sugar raw material, total soluble solids (BRIX), fiber content (FIBER) and 
total recoverable sugar (TRS) in sugarcane varieties subjected to two water regimes: irrigation and drought. 

Varieties Treatment SYH 
(t/ha) 

BRIX 
(%) 

FIBER 
(%) 

TRS 
(kg TRS / ton) 

SP79-1011 Irrigation 109.1a* 19.6a 14.5a 134.8a 
Drought 77.4b 19.0a 13.5a 134.2a 

RB92579 Irrigation 127.9a 20.5a 13.6a 144.7a 
Drought 98.2b 20.3a 13.3a 143.5a 

RB867515 Irrigation 125.7a 20.2a 13.9a 140.0a 
Drought 88.5b 19.5a 13.6a 135.0a 

RB72454 Irrigation 108.6a 20.6a 14.1a 144.6a 
Drought 54.3b 20.2a 13.9a 140.3a 

RB855536 Irrigation 93.0a 19.8a 14.0a 137.4a 
Drought 60.3b 19.8a 14.3a 138.3a 

RB855113 Irrigation 94.2a 21.0a 13.3a 146.7a 
Drought 72.2b 19.1b 13.8a 133.0b 

Means Irrigation 109.8a 20.3a 13.9a 141.4a 
Drought 75.1b 19.6b 13.7a 137.4b 

                  *Means followed by the same letter in the same column within each variety were not significantly different in the Tukey’s test at 5% probability. 
 
 

 
 
Fig 1. Class A pan evaporation (□), monthly total rainfall ( ), mean air temperature (♦) during the experiment (Source: Agritempo, 
2016). Arrows indicate monthly total rainfall in the months phenophases were assessed: tillering (November), intense growth 
(March) and ripening stages (November). 
 
 
Table 2. Drought tolerance index in sugarcane varieties subjected to drought and irrigation in the field: stress susceptibility index 
(SSI), drought tolerance index (DTI) and yield/tolerance index (YTI) calculated according to sugar yield. 

Variety DTI YTI 

RB72454 0.73e* 0.49e 
RB855113 1.12a 0.56d 
RB855536 0.95d 0.47f 
RB867515 1.03c 0.92b 
RB92579 1.12a 1.04a 
SP79-1011 1.04b 0.70c 
Means 0.99 0.69 

*Means followed by the same letter in the same column were not significantly different in the Tukey’s test at 5% probability. 
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Fig 2. Phenological stages of the sugarcane crop. Arrows indicate plant-development age and the herein assessed phenophases. 
Adapted from Aguilar-Rivera et al. (2015). 
 
 

 
Fig 3. Stalk height (A, B, C), green-leaf number (D, E, F) number of plants per linear meter (G, H, I) in sugarcane varieties under two 
water regimes: irrigation and drought, measured at the three phonological stages: tillering (A, D, G), intense growth (B, E, H) and 
ripening (C, F, I). Means on columns with the same color (treatment) and with the same letter are not significantly different in the 
Tukey’s test at 5% probability. Asterisks indicate that the differences between the irrigation and the drought treatments in each 
variety differ in the F test at 5% probability. 
 

Days 30 90 210 330
Tillering 

phase 
Intense Growth Period

Ripening 

phase
Germination 

phase 

0

Phenological 

development stages

d

ab

cd
bc

a
bc

ab
ab

b b

a ab

0

20

40

60

80

100

120

N
o.

 p
la

n
ts

  (
 li

n
ea

r 
m

-1
)

Varieties

*

* *
G

a
a a

a

a

a

ab ab
b

ab

a

ab

Varieties

* *
H

a
ab ab

ab
ab

b

*

a
a

a

a
a a

** ** * *

F

a a
ab

ab
ab

b

a a
a

a a a

* * **

E

a
a a a a a

a ab ab
b

ab ab

0

2

4

6

8

10

12

N
o.

 o
f 

gr
ee

n
 le

av
es

*

*

* * * * *

D

b b

a

a

a

b
bc

c

abc
a ab

c

Ripening 

C

ab c c
a ab bca b ab a ab b

0

40

80

120

160

200

240

280

320

S
ta

lk
 h

ei
gh

t 
(c

m
)

Tillering estage

Irrigated

Drought stress

A

abc
cd bcd

a ab

d

ab
c bc

a a abc

Intense  Growth 

* * * * * * *
B

b

ab
ab

ab

a

ab

b

ab ab ab

a
a

*

Varieties

* *
I



 
 

1046 
 

 
Fig 4. Leaf length (A, B, C), leaf width (D, E, F), leaf area index, LAI, (G, H, I) in sugarcane varieties subjected to two water regimes: 
irrigation and drought, measured at three phenological stages: tillering (A, D, G), intense growth (B, E, H), and ripening (C, F, I). 
Means on columns in the same color and with the same letter were not significantly different in the Tukey’s test at 5% probability. 
Means on columns in the same variety superscripted by * differed in the F test at 5% probability. 

 
Fig 5. Internode length +3 (A), internode diameter +3 (B), and brix in internode +3 (C) in the ripening phenophase in the sugarcane 
varieties assessed under two water regimes: irrigation and drought. Means on columns in the same color and with the same letter 
were not significantly different in the Tukey’s test at 5% probability. Means on columns in the same variety superscripted by * 
differed in the F test at 5% probability. 
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Fig 6. Principal component analysis applied to six sugarcane varieties subjected to two water regimes: irrigation (◊) and drought (□), 
measured at three phenological stages: tillering (A, B), intense growth (C, D), and ripening (E, F), by taking into consideration the 
principal component analysis (CP1 and CP2), which corresponded to six physiological variables: leaf length, leaf width (LW), stalk 
height, number of green leaves (NGL), number of plants per linear meter (NPLM), leaf area index (LAI), and stalk yield in tons per 
hectare (TCH). 
 
index suggests that these varieties are more sensitive to 
prolonged drought periods than other varieties; therefore, 
RB855536 and RB72454 are able to withstand drought by 
getting rid of their own leaves. Other studies about 
sugarcane plants subjected to water deficit in the field 
(Inmam-Bamber and Smith, 2005; Farias et al., 2008; Silva et 
al., 2015) and in greenhouses (Machado et al., 2009; Zhao et 
al., 2013; Santos et al., 2015) also evidenced that varieties 
more sensitive to drought present reduced leaf mass and 
area. 

Although irrigated SP79-1011 plants did not present big 
leaf area, they recorded one of the biggest leaf areas when 
they were under water stress. This characteristic may due to 
the high ability shown by the variety to curl its leaves (data 
not shown). Such ability is a mechanism to escape drought 
and reduce water loss (Inman-Bamber et al., 2012). 

Soluble-solids concentration in internode +3 increased 
under water deficit conditions. Variety RB855536 presented 
the highest soluble-solids concentrations and one of the 

lowest height growth and sugar production rates. According 
to this result, RB855536 was strongly affected by water 
deficit conditions. 

Variety RB855113 was the only one to have its industrial 
yield affected by water deficit, and it suggests that drought 
reduced its genetic potential. Results such as reduced total 
Brix levels, corrected Pol and reduced sugar rate, mainly in 
sugar production per hectare (which evidences low raw-
material quality), evidenced sucrose accumulation in the 
stalks (Oliveira et al., 2011). The highest rates of total 
soluble-solids and sugarcane Pol evidenced that RB92579 
produced stalks of high technological quality, even when it 
was under water stress. At the same time, this variety 
presented high stalk production, which resulted in high 
sugar amounts per hectare. Studies on sugarcane plants 
grown in different regions address that the varieties 
presenting high purity and Brix rates also have high sucrose 
concentration in the stalk, fact that leads to high yield in 
industrial production lines (Oliveira et al., 2011; Guo et al., 
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2014; Silva et al., 2015). Varieties RB92579 and RB867515 
recorded the highest stalk yield per hectare, even when they 
were under water deficit conditions. Oliveira et al. (2011) 
also assumed that these varieties are the most productive 
ones in dry environments and the most water-use efficient 
species. Moreover, they are the most productive varieties in 
savanna regions where drought is common (Campos et al., 
2014). Despite being one of the most productive varieties 
under irrigation, RB72454 was the least productive variety 
under water stress. It also presented the lowest drought 
tolerance index (DTI), fact that also proved its susceptibility 
to water deficit. Sugarcane varieties sensitive to drought 
tend to present high yield decrease when they are under 
water stress (Silva et al., 2008; Begum and Islam, 2012; 
Basnayake et al., 2012). The best yield performance of 
RB92579 under water stress and irrigation led to the highest 
increase in drought tolerance (DTI) and yield/tolerance 
indices (YTI) among the assessed varieties; thus, it suggested 
that RB92579 can be grown in sites presenting systemic 
water shortage. According to Ober et al. (2004), DTI and YTI 
are associated with yield potential, which remains significant 
even when the plant is subjected to drought. According to 
these authors, genotypes presenting high DTI and YTI must 
have some characteristics, such as the ability to keep carbon 
assimilation and higher stomatal aperture under water 
stress, which prevent them from losing yield in times of 
drought. Endres et al. (2010) found that RB92579 keeps the 
stomata opened even when its leaf-water potential is lower 
than in other varieties. Their result suggests that the species’ 
root system is more developed, and that such development 
allows water absorption from deeper soil layers. 

Leaf area index, plant height, and yield were the 
morphological characteristics presenting the highest 
variability among varieties assessed through principal 
component analysis. The most sensitive plants (RB72454 and 
RB855536) in the group subjected to the worse water stress 
conditions were selected. This result is an important high-
sensitivity indicator for the aforementioned varieties when 
they are under water stress. Ali et al. (2015) studied corn 
genotypes subjected to water stress; they applied the 
principal component analysis and found that leaf number, 
plant height and leaf area were the most evident 
morphological characteristics available to select the most 
water-deficit tolerant groups. The same principal component 
analysis also showed that the biomass and relative growth 
rates were effective morphological characteristics used to 
distinguish the most drought-tolerant cocoa genotypes 
(Santos et al., 2014). 
 
Materials and methods 
 
Plant material 
 
The six most cultivated sugarcane (Saccharum ssp.) varieties 
in the region, namely: SP79-1011, RB855113, RB92579, 
RB867515, RB72454, and RB855536, were chosen to be the 
study object in the present research. 
 
Study site description and climatological characteristics 
 
The experiment was conducted under field conditions in 
Campo Alegre County, Alagoas State, Brazil ("9º45'32" S, 
36º13'09 "W), at mean altitude 170 meters. The climate in 

the region is tropical rainy with dry summer, and two well-
defined seasons: dry season with scattered showers for 
seven months (from September to March); and five-month 
rainy season (from April to August) - mean annual rainfall 
reaches 1,634.2 mm. The rainfall accumulated throughout 
the study period was 1,851.0 mm, and the mean 
temperatures ranged from 22°C to 28°C (Fig 1). Monthly 
rainfall, mean temperature and Class A tank evaporation 
(CAE) data (Fig 1) were recorded during the experiment, as 
well as the data provided by Agritempo (2016). 

The maximum monthly rainfall rate was recorded in May 
(417.5 mm), and the minimum monthly rainfall rate (0.0 mm) 
was recorded in November (Fig 1). The thermal amplitude in 
the region was low; mean temperatures ranged from 22.2 ºC 
to 27.5 ºC in the dry season, and from 22.4 ºC to 26.0 ºC in 
the rainy season (Fig 1). The rainfall accumulated during the 
sugarcane tillering–phenophase month was 0.0 mm; and 
during the intense growth phenophase, it was 53 mm, and 
0.0 mm in the ripening phenophase (Fig 1). These rainfall 
levels evidenced that the crop was under water deficit. 
 
Experimental design  
 
The present study followed a randomized block 
experimental design (6x2 factorial - six sugarcane varieties 
and two water regimes) with four repetitions per treatment 
and assessed three phenological stages. The plots comprised 
five 8-m long rows (grooves), which were spaced 1 m away 
from each other, thus totaling 40 m

2
 per plot; only the three 

central rows were considered useful for morphological 
analysis purposes. 

The sugarcane phenological stages chosen to be assessed 
during the dry season followed the description by Gasho and 
Shih (1983). Plants were assessed in three different 
phenophases after planting: 1) tillering stage and crop 
establishment (3 month-old plants), 2) intense growth and 
stalk elongation (7 month-old plants), and 3) ripening (11 
month-old plants) (Fig 2). 

Sugarcane planting was performed in two stages to enable 
assessing the different phenophases during the dry season in 
the same region. The varieties were distributed in two 
experimental sites located close to each other. The first 
planting carried out in the first site was performed in August 
and its plants were assessed in November (3 months after 
planting), as well as in March of the following year (7 months 
after planting), because these months correspond to the dry 
season (Fig 1). Varieties tested in the present experiment 
were harvested 12 months after sowing, when they were at 
ripening stage; their yield was estimated after harvest. The 
second planting, which was performed in a nearby site, was 
carried out in December of the same year. The development 
of plants sown in December was followed up  until the stalk 
ripening phase (11 months after planting); the assessments 
were conducted in November, also during the dry season 
(Fig 1). 
 
Drought and irrigation regimes 
 
The water regimes were irrigation and water deficit. These 
regimes were imposed to the chosen varieties during three 
phenological stages, namely: tillering, intense growth and 
ripening. Plants were irrigated with 50 mm of water during 
the dry months in the irrigation treatment, whereas non-
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irrigated plants naturally developed under water deficit 
conditions throughout the experiment. 
 
Morphological assessments 
 
Data from randomly chosen plants located in the three 
central rows of each plot were collected. Ten plants were 
chosen to have their stalk height, green-leaf number, length 
and leaf +3 width, leaf area index (LAI) and number of plants 
per linear meter assessed. Stalk height was measured from 
the plant base (close to the ground) to ligular leaf +1. The 
leaf area index (LAI) was quantified in a Plant Canopy 
Analyzer (model LAI-2000 LI-COR). 

Internode +3 from leaf +1 insertion in the third 
phenophase (ripening) was chosen to set the length (cm), 
diameter (mm) and sugarcane juice Brix. Length and 
diameter were measured with the aid of a ruler and a 
caliper, respectively; the soluble-solids content was set in 
digital refractometer (Hanna Instruments, USA). 
 
Raw material quality and yield analysis 
 
Stalk yield in tons per hectare (SYH) was recorded 12 months 
after sowing by harvesting the plants in the three central 
rows (24 m

2
) of each plot; the weight was quantified on a 

graduated load cell scale (capacity = 200 kg). 
Ten stalks from each plot were randomly chosen for raw-

material quality analysis according to recommendations by 
CONSECANA (2006): fiber content in cane (% FIB), total 
soluble solids (BRIX) and total recoverable sugars (TRS, kg/t). 
 
Drought tolerance index 
 
The drought tolerance index (DTI) rate was similar to the 
stress susceptibility index, according to the method by 
Fischer and Maurer (1978), adapted by Ober et al. (2004). 
The DTI was calculated through the following equation: DTI = 
(YD/YI)/(ŶD/ŶI). Wherein: YD and YI are the genotype yields 
(or biomass) under drought and irrigation conditions, 
respectively; and ŶD and ŶI are the mean yields (or biomass) 
of all genotypes under drought and irrigation conditions, 
respectively. 

The yield tolerance index (YTI) was calculated according to 
Fernandez (1992), who combined the relative performance 
of a genotype under drought conditions to its potential yield 
under irrigation conditions: YTI= (YD/YI)/(ŶI)

2
 

 
Statistical analysis 
 
The results were subjected to analysis of variance and the 
treatment means were compared by Tukey test at 5% 
probability. The principal component analysis (PCA) was 
performed based on the morphological variables of the 
sugarcane variety in different phenophases (sprouting, 
intense growth, and ripening), as well as on yield. The 
analysis was applied to each phenophase and conducted in 
the Statistica v10 software.  
 
Conclusion 
 
Sugarcane varieties are mostly affected by water stress 
during the intense growth and stalk elongation phenophases. 
Plant height, leaf length, green-leaf number, and leaf area 

are potential reliable morphological indicators to select the 
most water-deficit tolerant sugarcane varieties. Moreover, 
the principal component analysis showed that yield is also 
an important indicator to distinguish the most tolerant 
varieties. 

Drought tolerance and yield/tolerance indices are suitable 
to identify the most water-deficit tolerant sugarcane 
varieties, as well as the varieties presenting the highest yield 
under water stress. 

Variety RB92579 presented the highest drought tolerance 
potential; therefore, it can be recommended as the standard 
variety for genetic enhancement programs focused on 
identifying the most drought-tolerant hybrids; moreover, it 
can be a rich source of high biotechnological potential genes. 
Varieties RB72454 and RB855536 should not be 
recommended for environments where water stress periods 
are frequent. 
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