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ABSTRACT: For sugarcane (Saccharum spp.) crops, the effects of an environmental stress, especially water
deficiency, may cause severe productivity reduction, inferring negatively in the sugarcane industry. The tolerance of
two sugarcane cultivars to a lack of water was made by analyzing the levels of the osmoprotectors, trehalose and
free proline, and the biometrical variables of their initial growth. Biochemical and physiological responses of the
cultivars, when subjected to water stress, were assayed to determine how these plants tolerate drought. The study
was conducted in an acclimatized greenhouse (29.7 ± 4.3ºC and 75.0 ± 10.1% relative humidity) during 100 days
and was divided into random blocks using a factorial 2 × 3 × 2 design (sugarcane cultivars × water availability ×
time periods) with four replicates. Forty days after germination, sugarcane was planted in pots (12 dm3) containing
topsoil material taken from a medium textured Rhodic Ferralsol, submitted to three levels of water availability
(WAS): 55% (control), 40% (moderate stress) and 25% (severe stress), for 60 days. The effect of the WAS on the
accumulation of trehalose and free proline was detected in both cultivars, although it was found to be more
distinctive for the cv. IAC91-5155. Trehalose and free proline are biochemical and physiological indicators of
water deficiency. The cv. IAC91-5155 had altered growth and allocation of biomass when subjected to severe
water stress conditions. The univariate and the multivariate analysis of the biochemical and physiological responses,
presented by the IAC91-5155 cultivar, indicate relative tolerance to drought conditions.
Key words: Saccharum spp., drought, trehalose, proline, initial growth

Introduction

Sugarcane (Saccharum spp.) is an important industrial
crop in Brazil and has been especially cultivated for the pro-
duction of sugar and biofuel. In the last few years, sugar-
cane productivity has noticeably suffered from many abiotic
types of stress, including water deficiency in the soil which
causes irreparable loss to the industry (Maule et al., 2001).

The demand for sugarcane cultivars that present high levels
of tolerance to long and severe periods of drought has in-
stigated the interest of the scientific community to investi-
gate biochemical and physiological mechanisms used by these
plants to respond to different types of stress (Ashraf and
Foolad, 2007). Osmotic adjustment is an important mecha-
nism of tolerance to lack of water where osmoprotectors are
accumulated in plant vacuoles or in the cytosol to maintain
the water balance and preserve cellular integrity of protein,
enzymes and cell membranes (Jaleel et al., 2007). Many sub-
stances act as osmoprotectors: the disaccharide, trehalose, and
the amino acid, proline, are the most prominent and the ac-
cumulation of these compounds in plant tissues is described
as a method to establish osmoprotection in cultivars that are
found to be resistant to drought conditions (Bartels and
Sunkar, 2005; Paul et al., 2008).

The study of physiological tools that facilitate the devel-
opment of sugarcane cultivars more adapted to distinct man-
agement conditions and to specific areas of cultivation is of
utmost importance to maintain yield and productivity levels

(Queiroz et al., 2008; Silva et al., 2008; Queiroz and Santos,
2009; Carlin and Santos, 2009).

A multivariate analysis is an exploratory method that
characterizes the interaction of data in the comprehension
of the mutual influence of biochemical and physiological
responses in plants to adverse conditions. This study would
differ from a univariate study who analyzes phenomena sepa-
rately (Fukusaki and Kobayashi, 2005). The present study
aimed to verify- for two contrasting sugarcane cultivars- their
tolerance levels to drought conditions in addition to the re-
sponse of their biochemical and physiologic indicators to
water stress by assessing the levels of osmoprotectors, tre-
halose and free proline, and the biometric variables of their
initial growth.

Materials and Methods

The study was conducted in a greenhouse (internal tem-
perature of 29.7 ± 4.3ºC, and relative air humidity of 75.0
± 10.1%) located in Jaboticabal, state of São Paulo, Brazil,
from October to December, 2005. Random blocks in a 2 ×
3 × 2 factorial design were used, which were composed of
two cultivars; three levels of water availability in the soil
(WAS): control (WAS1), moderate stress (WAS2) and severe
stress (WAS3), with, respectively, 55%, 40% and 25% of
their pores filled with water; and two time periods of water
stress (P), 30 days (P1) and 60 days (P2), which encompassed
the initial stages of growth: 70 days (P1) and 100 days (P2)
with four replicates.
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To verify the effect of water deficiency in the soil, young
sugarcane plants of IAC91-2195 (C1) and IAC91-5155 (C2)
cultivars were used. These cultivars contrast in their tolerance
levels to water deprivation: IAC91-2195 is sensitive while
IAC91-5155 is tolerant to drought conditions (Queiroz et
al., 2008; Queiroz and Santos, 2009; Carlin and Santos, 2009).
Mini cane sets from a bud, nine months of age, were col-
lected from a 3rd cut sugarcane crop (ratoon) cultivated at in
Jaú, state of São Paulo, Brazil (22º17’ S; 48º34’ W, 580 m
a.s.l.). Twenty-four hours after collection, the cane sets were
planted in pots of 0.20 dm3 capacity containing topsoil
samples (0-20 cm) taken from a medium textured Rhodic
Ferralsol (FAO, 2006). Chemical and particle size analysis pre-
sented the following results: pH 0.01 M CaCl2: 4.9; organic
matter: 13 g dm–3 ; P (resin method) : 5 mg dm–3; K: 2.6
mmolc dm–3; Ca: 20 mmolc dm–3; Mg: 10 mmolc dm–3;
H+Al: 31 mmolc dm–3; Al: 1 mmolc dm–3; sum of basis:
32.6 mmolc dm–3; CEC: 63.6 mmolc dm–3; base saturation:
51%; sand: 650 g kg–1, silt: 50 g kg–1 ; clay: 300 g kg–1; particle
density of 2.73 g cm–3. Plants were maintained for 40 d with-
out restriction of water until being transferred to 12 dm3 pots
containing the same substrate. After being transplanted,
plants were cultivated under the levels of water availability
(WAS) mentioned before during 60 d. The WAS volumes,
in the 12 dm3 pots, corresponded to the following levels of
water: 3.07 dm3, 2.22 dm3, and 1.36 dm3 for 55%, 40% and
25% of WAS, respectively. The water levels in the soil were
monitored by weight comparisons with the mass of the pots
being assessed daily by a digital scale that had a 25 kg maxi-
mum capacity and a ± 0.005 kg precision. Water supplemen-
tation was done daily to maintain the soil water content ac-
cording to each treatment.

Sugarcane growth rate was verified at the 30th and 60th

days after the plants were subjected to water stress; this was
made by assessing the leaf lengthening rate (RLL), the dry
mass of blade leaf (DML), the dry mass of the stalk +
sheath (DMS), the root density (RDS), the mean root diam-
eter (MDR) and the dry mass of roots (DMR). In order to
determine the RDS and MDR, the imaging analyzing sys-
tem Delta-T SCAN was used as recommended by Bidoia et
al. (2006). During the last ten days before harvesting (P2),
the length of a young expanding leaf (with its ligule not yet
evident) was measured daily (always at the same time of the
day) from the entire experimental plot to calculate the rate
of leaf lengthening. The daily lengthening rate was found
by the difference between the measurement of the current
day and that taken on the previous day. The rate of leaf
lengthening was obtained by the mean value of the mea-
surements.

Determination of trehalose and free proline levels was
made on the blade (leaf+1): the first completely expanded
leaf from the apical “dewlap” or visible auricle (Dillewijn,
1952) which is ideal for assessing biochemical compounds.
To determine the levels of trehalose, 1 g of fresh leaf tissue
was assessed by the enzymatic method described by Neves
et al. (1994) and adapted by Queiroz and Santos (2009). The
hydrolysis reaction was incubated in a water bath for 1 h at
60ºC. Each mol of glucose represented 0.5 mol of treha-

lose. Quantification of free proline was determined using 0.5
g of fresh leaf tissue assessed by the method developed by
Bates et al. (1973).

To study individual features, analysis was performed us-
ing the F test with Tukey test applied to compare mean val-
ues of the quantitative factors (C and P). The analysis of
the polynomial regression was used to unfold the degrees
of freedom of the quantitative factor, WAS (Banzatto and
Kronka, 2006). When analyzing all the data together, a study
of the main components was used. This analysis is a trans-
formation that is applied to the amassed data in an attempt
to reduce the number of correlated variables — named main
components — to retain as much of the original informa-
tion as possible. These orthogonal components are linear
combinations of the original variables (Manly, 1994).

Results and Discussion

Levels of trehalose were enhanced by the reduction of
WAS in the two sugarcane cultivars (Table 1; Figure 1A). This
was observed after the 60th stressed day and this increase was
found to be 12% higher for cultivar IAC91-5155 when com-
pared to IAC91-2195 (Figure 1). Carlin and Santos (2009)
evaluated the sugarcane variety IAC91-5155 under water
stress and observed a trehalose accumulation of 25.9% (in-
crease of 0.54 µmol g–1 fresh mass weight) at the 60th day
under stress, reaching concentrations of trehalose of 2.54
µmol g–1 of the fresh weight. There is a distinction among
cultivars regarding the ability of trehalose biosynthesis, re-
gardless of the level of soil moisture and period under stress
(Queiroz and Santos, 2009). This difference may be an evi-
dence of tolerance to adverse conditions among different
botanical materials. The osmoprotectant effect of the treha-
lose is highlighted, which is an important trait of acclimati-
zation, which promotes benefits to plants under water re-
striction (Garg et al., 2002). Among the disaccharides, treha-
lose has specific properties by replacing the water removed
under conditions of dehydration, allowing the hydrophilic
structures to remain hydrated (Crowe, 2007). In fact, there is
no passage of the fluid phase to the gel phase of the mem-
brane with the replacement of water molecules by trehalose,
maintaining the integrity and fluidity, and thus, the cell vi-
ability (Wingler, 2002; Patist and Zoerb, 2005).

This enhancement is caused by an increase in non-struc-
tural carbohydrates. Therefore, it is supposed that the increase
in trehalose in the leaf limbus under conditions of low wa-
ter availability in the soil could be related to modifications
in the metabolism of carbohydrates (Bartels and Sunkar,
2005). These polymers, which are mostly compartmentalized,
would suffer a decrease in their levels because of their role
in preserving plasmatic membranes, which would be un-
stable because of the dry conditions. Therefore, the demand
for these carbohydrates would also be increased (Patist and
Zoerb, 2005; Paul et al., 2008). However, trehalose accumu-
lation in superior vascular plants under adverse conditions
is not common, which suggests that, in order to preserve
these structures in most species, sucrose would be more ac-
tive than trehalose. In superior plants, the concentrations of
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Figure 1 – Data referring to biochemical-physiological responses of young plants of sugarcane cultivars, IAC91-2195 and IAC91-5155, subjected
to water availabilities in the soil during 30 or 60 days. The means of each factor: cultivar, water availability in the soil  and periods, as
well the factories interactions denote 0.95 confidence intervals. (A) trehalose content, (B) free proline content in blade leaves (leaf+1),
(C) leaf lengthening rate; (D) dry mass of blade leaf of sugarcane plants. The data are means of four replicates ± SD.

Table 1 – Factorial analysis of variance: data referring to biochemical-physiological responses of young plant blade leaves (leaf+1)
of sugarcane cultivars subjected to different water availabilities in the soil during 30 or 60 days. Data (F-test): leaf
lengthening rate (RLL), the dry mass of blade leaf (DML), the dry mass of the stalk+sheath (DMS), the dry mass of
roots (DMR), the root density (RDS), the mean root diameter (MDR), trehalose content (TRE) and free proline content
(PRO).

F-test: **significative (p ≤ 0.01); *significative (p ≤ 0.05); nsnot-significative (p > 0.05). The data are means of four replicates.

Source D.F.
p value of  biochemical-physiological responses

RLL DML DMS DMR RDS MDR TRE PRO
Cultivars (C) 1  0.01**  0.01**  0.56ns  0.01**  0.01**  0.01**  0.01**  0.01**
Water Availability in the Soil (WAS) 2  0.01**  0.01**  0.01**  0.01**  0.17ns  0.01**  0.01**  0.01**
Periods (P) 1  0.01**  0.01**  0.01**  0.01**  0.01ns  0.15ns  0.01**  0.01**
Interaction C × WAS 2  0.06ns  0.61ns  0.01**  0.80ns  0.40ns  0.33ns  0.01**  0.15ns

Interaction C × P 1  0.26ns  0.09ns  0.73ns  0.01**  0.12ns  0.08ns  0.95ns  0.64ns

Interaction  WAS  ×  P 2  0.01**  0.02*  0.01**  0.01**  0.50ns  0.17ns  0.04*  0.87ns

Interaction C  ×  WAS  ×  P 2  0.11ns  0.94ns  0.01**  0.69ns  0.67ns  0.23ns  0.02*  0.07ns

Treatments 11 - - - - - - -
Block  0.81ns  0.96ns  0.84ns  0.61ns  0.91ns  0.88ns  0.80ns  0.77ns

Error 36 - - - - - - -
Total 47 - - - - - - -
Coefficient of  variance -  12.23  16.26  16.85  18.60  26.83  28.62  18.20  05.69
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sucrose are higher than those of trehalose because the cellu-
lar action of trehalose occurs in low levels to prevent the dam-
aging effect that its accumulation can have on the carbon me-
tabolism regulation (Wingler, 2002; Almeida et al., 2007).

Other disaccharides, such as sucrose and maltose when
compared to trehalose, partially induce cellular stability and
that the effect of this carbohydrate in stabilizing membranes
under conditions of water deficiency can be three times more
efficient than sucrose due to the molecule’s strong affinity
to hydrogen bridge type links (Patist and Zoerb, 2005). Since
the metabolism of trehalose was only recently discovered in
superior plants, there is little information that validates its
real function in plant physiology and development (El-
Bashiti et al., 2005).

An increase in the amassment of free proline was noted
when there was a decrease in WAS only in C2 after 30 d (Table
1; Figure 1B). This amino acid accumulation indicates this
cultivar´s tolerance to water stress conditions: in other Poaceae
(Fumis and Pedras, 2002; Hongbo et al., 2006), and even in
sugarcane (Ríncones, 1997; Bidoia et al., 2006), there is an
inverse correlation between the amounts of free proline and
the variation in the levels of water stress. In these aforemen-
tioned studies, the highest amounts of proline have been
found in plants who were subjected to lower WAS condi-
tions, although the amounts accumulated in the others spe-
cies or genotypes studied by these researchers were different
(Ríncones, 1997; Fumis and Pedras, 2002; Bidoia et al., 2006;
Hongbo et al., 2006), were superior to those observed in
the present study. However, this study was carried out in ac-
cordance to the ideal accumulation contents stipulated by
Bates et al. (1973) for studies of water stress in plants. Carlin
and Santos (2009) observed an increase of 13.6% (= 0.08
µmol g–1 fresh weight) in the proline content in the same
sugarcane variety with increased intensity of drought in the
initial plant growth period. This increment could be linked
to the increase in the biosynthesis of proline related to tis-
sue water potential. This is a mechanism of protection
against a water deficit since proline would help lower the wa-
ter potential by retaining water in situ and maintaining the
integrity of these tissues (Kishor et al., 2005).

Part of the studies who pertain to plants under condi-
tions of water deficiency give evidence to the fact that the
accumulation of this amino acid increases gradually accord-
ing to the imposed stress period (Yamada et al., 2005), al-
though in some wheat cultivars, this osmolyte showed a ten-
dency to stabilize and/or decrease (Fumis and Pedras, 2002).
The consistency of the amounts found during the collection
of samples from some of the cultivars could be attributed
to the acclimatization of the plant to stress characterizing a
degree of tolerance (Bidoia et al., 2006; Queiroz and Santos,
2009). This could explain the fact that the WAS did not have
a significant effect on C2P2. Besides the advantages that free
proline provides the maintenance of cellular turgescence, it
would also be an immediate accessible source of energy for
tissue growth and development (Kishor et al., 2005). For
this to occur, proline would be translocated throughout the
phloem tissue to the root system to maintain turgidity of
these cells and would also act as an energy source for growth

and development in the root tissue. Raymond and Smirnoff
(2002) observed an increase of free proline in the phloem
of seedlings under water stress with expressive levels also in
the root apical meristem when compared to other areas of
the root system and to the aerial part of the plants. Consid-
ering this point of view, it would be important to know
how the accumulation of free proline would exert influence
on other pathways related to the production of energy and
to the metabolism of carbon during water stress (Kishor et
al., 2005). Therefore, this osmotic adjustment could also help
maintain leaf cell elongation and expansion of growth areas
under conditions of water deficiency (Ashraf and Foolad,
2007; Jaleel et al., 2007).

Intensification of this stress reduced the RLL of the sug-
arcane cultivars assessed in this study after 60 d (Table 1; Fig-
ure 1C). Thus a decrease in RLL could be explained by the
reduction in cell elongation due to a decrease in turgidity (Taiz
and Zeiger, 2009). The RLL levels depend on the pressure
exerted by turgidity, which is extremely sensible to drought.
The continuance of leaf elongation, even when this is re-
duced under conditions of severe water stress, could also be
linked to the accumulations of trehalose and free proline in
the leaf tissue of the assessed sugarcane cultivars. This vari-
able could be useful as a tool for an early evaluation of the
cultivars for conditions of water deficiency (Dias-Filho, 2011).
The accumulation of these osmotic protectors occurs to di-
minish the osmotic potential and subsequently keeps water
potential and cell turgidity close to optimal levels with the
expansion of leaf tissue being partially maintained (Serraj
and Sinclair, 2002).

WAS values lower than 42% and 42.3% caused a decrease
in DML (Table 1, Figure 1D) and MDR (Table 1, Figure 2D),
respectively, after 60 d. The DMS had the highest levels (16.63
g) when 43.4% of the pores were filled with water (Figure
2A). Considering DMR in IAC91-5155 there was an increase
of these levels after 60 days when compared to the IAC91-
2195 (Figure 2B). This last cultivar presented a DMR 44%
lower (6.36 g) than that of the tolerant cultivar (11.37 g).

In general, grasses subjected to water stress conditions
tend to decrease the allocation of dry mass to their leaves
proportionally to the reduction of water availability in the
soil giving priority to root growth (Ramesh, 2000; Dias-Filho,
2011). This tendency was verified in the present study after
the moment of maximum accumulation of DML had been
attained with almost 40% of the pores filled with water (Table
1, Figure 1D). This would be due to the tendency of the
plant aerial portion to grow until the absorption of water
by the roots becomes limiting, which means that this increase
of DMR could be attributed to the decrease in DML that
occurs under conditions under which 25% of the pores were
filled with water. In this situation, the use of carbon and
energy is diminished favoring an increase in the distribution
of photo-assimilated substances to the root system to sus-
tain organ growth (Taiz and Zeiger, 2009).

Bidoia et al. (2006) evaluated sugarcane plants in differ-
ent growth phases being subjected to drought and observed
a higher reduction in the accumulation of dry mass in the
vegetative stage with their growth reduced to 61 and 46%
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when submitted to conditions of moderate and severe water
stress, respectively. Moreover, Ramesh (2000) found differen-
tial response of five sugarcane genotypes for the number of
leaves and the division of dry mass when they were subjected
to dry conditions in comparison with irrigated conditions dur-
ing the vegetative growth phase. These results were similar to
those found in the present study. However, the response re-
garding the physiological modifications in the aerial portion
and the root system of sugarcane plants, under conditions
of water stress, is influenced by the genotypes of the cultivars
due to the vegetative state in which the plant is found, by the
severity and the periodicity of the lack of water (Ramesh, 2000;
Vasconcelos et al., 2003; Silva et al., 2008), and by the type of
soil regarding its porosity (Camilotti et al., 2005).

For the sugarcane plants under conditions of low water
potential, the highest accumulation of DMS at the more se-
vere WAS is peculiar since the stalk is an organ used as a drain.
The competition between these drains determines the pat-
tern for transportation of photo-assimilated products (Taiz
and Zeiger, 2009) due to a tendency to allocate dry mass
drained from the leaves to the stalks rather than to the root
system. Besides this fact, the product of major economic in-

terest in this crop is the amount of sucrose accumulated in
stalks. Under water stress, a competition of these organs for
the photo-assimilated products occurs, which could reflect
on the effect of WAS on the DMR and the RDS (Root den-
sity system), but it was not significant (Table 1, Figure 2C).
These results go against those found in the literature since
in a study on sugarcane under water stress, the dry mass of
the roots and the density of these roots decreased when the
water available in the soil decreased for 120 days (Bidoia et
al., 2006).

Each cultivar has a different inherent root system which,
in some situations, can compete for the photo-assimilated
products and which can have a negative effect on productiv-
ity (Vasconcelos et al., 2003; Faroni and Trivelin, 2006). Fur-
thermore, as the studied cultivars have different levels of tol-
erance to adverse conditions and consequently, present dif-
ferent levels of productivity, cultivar IAC91-5155 has the best
performance and is considered the most productive and the
more resistant of the sugarcane cultivars (Silva et al., 2006).

The root distribution of a cultivar can determine, in most
part, its adaptation to the environment regarding climatic
conditions and type of soil (Vasconcelos et al., 2003). Severe

Figure 2 – Data referring to biochemical-physiological responses of young plants of sugarcane cultivars, IAC91-2195 and IAC91-5155,
subjected to water availabilities in the soil during 30 or 60 days. The means of each factor: cultivar, water availability in the soil
and periods, as well the factories interactions denote 0.95 confidence intervals. (A) dry mass of the stalk+sheath; (B) dry mass
of roots, (C) root density and (D) mean root diameter of sugarcane plants. The data are means of four replicates ± SD.
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water stress (25%) promoted growth of fine roots indicat-
ing a smaller MDR (Table 1; Figure 2D). Therefore, plants
surviving under conditions of drought would tend to in-
crease the production of absorbing hairs (thinner roots) to
optimize water absorption (Aiken and Smucker, 1996; Faroni
and Trivelin, 2006).

The growth of thin roots toward moist soil regions was
observed for plants under conditions of 25% WAS (more
severe stress). For such roots, their contact area with the soil
solution and the efficiency of water absorption are larger,
probably to establish a mechanism of tolerance to these ad-
verse conditions. Similar results were found by Bidoia et al.
(2006) in sugarcane cultivars during phases of initial growth
(up to 120 d) under conditions of water deficiency, because
a quadratic variation of the effect of WAS on MDR was de-
tected in nearly all the growth phases, except at 30 d. Bidoia
et al. (2006) also reported that maximum values of MDR
were always found between 36 and 34%, which would be a
moderate level of stress suggesting that higher levels than
these would influence MDR in the same way as the lowest
levels of water content in the soil (20%).

The best performance obtained by sugarcane plants un-
der moderate levels of water stress, in the present study as
well as in the study by Bidoia et al. (2006), could be related
to the changes in soil density due to modifications of its
structure when responding to daily replacement of water.
This could have had a negative effect on fundamental physi-
cal and water properties such as porosity. The total porosity
of the soil would be extremely sensitive to the suffered pres-
sure (Camilotti et al., 2005).

In many Poaceae, the combination of mechanisms used
by the plant to delay dehydration (growth of the root sys-
tem, decrease in mean root diameter) and tolerance to
drought (amassing and translocation of assimilated prod-
ucts and osmotic adjustment) are determinant for the capac-
ity of survival of the species during drought (Bartels and
Sunkar, 2005). A multivariate analysis of the main compo-
nents of the physiological evaluations allowed a better as-
sessment of the results (Table 2).

Analyzing the bi-dimensional figure, the first Principal
Component Analysis (PCA1) discriminates against the
treatments as to the time period. Regarding the PCA1, the
treatments regarding P1 (30 days) tend to the right while
the treatments regarding P2 (60 d) tend to the left (Figure
3). This axis is responsible for retaining 59.33% of the
original information. The variables DML (r = -0.96), RDS
(r = -0.99), DMS (r = -0.96), DMR (r = -0.96), and treha-
lose (r = -0.45) are responsible for, in this order, the dis-
crimination of P2, while the variables RLL (r = 0.90) and
free proline (r = 0.53) are responsible for the discrimina-
tion of P1. The second Principal Component Analysis
(PCA2) was able to discriminate the cultivars C1 and C2.
The treatments referent to the variety C2 showed a tendency
to be lower when considering PCA2 while the treatments
regarding the variety C1 tended to be located above (Figure
3). This axis is responsible for retaining 18.6% of the origi-
nal information. The variables MDR (r = 0.75), proline (r
= -0.66) and trehalose (r = -0.69) are those responsible, in
this order, for the discrimination of C2 of the C1 (Table
2). When analyzing the collected data, C2 once more pre-

Table 2 – Principal component analysis (PCA) of two sugarcane genotypes subjected to different water availabilities in a soil
sample under distinct development phases. Traits belong to developmental and biochemical-physiological responses.

Principal component analysis 1 (PCA1); Principal component analysis 2 (PCA2).

Variables
Principal component analysis

PCA1 PCA2

Correlations
Leaf  lengthening rate (RLL)  0.90  - 0.28

Dry mass in the blade leaf  (DML)  - 0.96  0.05

Dry mass of  stalk + sheath (DMS)  - 0.96  0.11

Dry mass in the roots (DMR)  - 0.96  - 0.14
Root density system (RDS)  - 0.99  0.04

Mean diameter of  the roots (MDR)  - 0.03  -0.77
Proline  0.51  - 0.66

Trehalose  - 0.45  - 0.61

Accumulated percentage  60.41   20.14

Figure 3 – Biplot of Principal component analysis (PCA) of two
sugarcane genotypes under distinct development phase
and subjected to different water availabilities in the
soil material used as a substratum. Traits belong to
developmental and biochemical-physiological
responses.
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sented the best response, conferring to this variety the best
performance under conditions of water stress. This type
of assessment could differentiate, qualitatively, the perfor-
mance of sugarcane cultivars, and with the results, classify
them as being sensitive (C1) and tolerant (C2) to water
stress. Together, the two components could retain 78%
(59.33 + 18.64) of the variability of the original combina-
tion (Table 2).

Dias-Filho (2011) and Marin et al. (2006) also detected a
tendency for different degrees of tolerance to sub-optimal
environmental conditions in their assessment of physiologi-
cal responses together in plants under conditions of stress.
Therefore, quantitative and qualitative measurements of large
responses of metabolites and growth of plants thus pro-
vide a broad view of the acclimated status of sugarcane plants
that can be used to monitor and assess abiotic responses.
Principal component analysis is one of the oldest and most
widely used multivariate techniques. Plotting the data in the
space defined by the two or three largest PCAs provides a
rapid means of visualizing similarities or differences in the
data set, perhaps allowing for improved discrimination of
samples. (Sumner et al., 2003)

The increase in levels of trehalose and free proline found
in the present study confirms what many others have re-
ported: the importance of the osmotic adjustment of plant
species, genotypes and cultivars to water deficiency in the soil
(Garg et al., 2002; El-Bashiti et al., 2005; Hongbo et al., 2006).
These authors declare that this mechanism is related to the
accumulation of compatible osmolytes in plant tissue as its
response to drought, a mechanism which maintains cell tur-
gidity and facilitates physiological and biochemical processes
under these conditions. When this occurs, plants who are
more tolerant to drought conditions, usually would present
higher levels of trehalose and free proline in their tissue (El-
Bashiti et al., 2005; Bidoia et al., 2006; Hongbo et al., 2006).
However, the affirmation that these osmolytes increase in
correlation with the increase of time under which the plant
is subjected to water stress should be made with caution
since there are many biochemical reactions and physiological
modifications that interact.

Conclusions

For young sugarcane plants of the cv. IAC91-5155, the
osmoprotectors trehalose and free proline are indicators of
the effects of water stress in the soil. There are modifica-
tions in growth and in the allocation of biomass in cv.
IAC91-5155 when under conditions of severe water stress.
The univariate and the multivariate analysis of the biochemi-
cal and physiological response indicate relative tolerance to
drought for the cv. IAC91-5155.
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