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Introduction:-

The flooding of the soil is a worldwide problem; it is considered that the 6.0 % of terrestrial surface is occupied by
flooded areas or prone to a temporary flooding (Maltby, 1991). Flooding may be due to excessive rains, drainage
deficiency, filtration from watering channels, rivers flooding, etc. (Magalhdes et al., 2000). In soils with these
characteristics the diffusion of the gases to the atmosphere is seriously affected (Armstrong et al., 1994). On the
other hand, the aerobic breathing of plants and microorganisms reduce the oxygen levels quickly in the soil solution,
favoring the formation of a hypoxic and anoxic environment (Gomes de Moraes et al., 2001), that ends with the
disappearance of the sensitive vegetation (Crawford and Braendle, 1996). Some plant species are able to survive to
flooding because they have developed, along the evolution's long process, morphological, metabolic and anatomical
mechanisms of adaptations (\Vartapetian and Jackson, 1997; Jackson and Colmer, 2005).
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Plant anatomical structures with important physiological functions are stomata, which respond quickly to the
fluctuations produced in the environment. Variations in the stomata density, size and in the opening and closing are
due to environmental changes.

The stomata are plant structures through which the necessary CO, penetrates for the photosynthesis process, they
also facilitate the transpiration, which generates a tension that is transmitted towards the xylem, creating a suction
that facilitates the entrance of water and mineral salts to the plant (Chaves, 1991). A very usual form of measuring
the distribution of the stomata in the leaf surfaces is through its density or frequency (Croxdale, 2000). This
frequency or density is under genetic control, but can be modified by environmental changes (Kouwenberg et al.,
2004).

The aim of this work was to evaluate if the soil flooding induces morphological changes in the stomatal density and
length in the sugarcane varieties C86-456, C90-469, C86-12, C87-51, C1051-73 and C120-78 in plant cane and first
ratoon cycles

Material and methods:-

The experiment was developed in the Sugar Enterprise “Grito de Yara", located in Rio Cauto municipality, Granma
County, Cuba. The region is called The Valley of the Cauto River. The soil is a Typic Haplustert according with the
Soil Taxonomy (Soil Survey Staff, 2003). The experiment was carried out following the Norms and Procedures of
the Program of Genetic Improvement of the Sugarcane in Cuba, of the National Institute of Sugarcane Research
(INICA, 1987, 2002). It was an experimental split plot design at random in complete blocks of 48 m? (4 furrows of
7.5 m length and 1.60 m of distance among them) with five repetitions. Each plot was separated 50 m from the
others to avoid lateral water infiltrations and in this interval 10 gutters of 0.50 m depth separated 1 m, were built
with the same purpose.

In the plot without flooding, all the measures cropping farm were adopted, so that the factor flooding was null. The
plot with flooding was prepared by building a dike 50 cm high bordering the plot, to avoid the free movement of the
water, and adding a plate of water of 40 cm at the 120 d of planting the plant cane and starting from its harvest for
the first ratoon, every 10 d, 3 d of flooding, until the 300 d or 10 mo, except when the precipitations raised up the
plate of water until 40 cm. In the first 120 d [the most susceptible stage to flooding (Van Dillewijn, 1951)], both
plots were surface irrigated with a partial net norm of 237 m® ha®, every 12 d, in order to guarantee homogeneity in
the harvest and the final quantity of stalks. This irrigation was applied in the non flooding experiment until the 10
mo.

Sugarcane genotypes used (parentals are among parenthesis) were: C86-456 (PR980 x Ja60-5), C90-469 (Ja60-5 x
C87-51), C86-12 (Unknown), C87-51 (Co281 x POJ2878), C1051-73 (B42231 x C431-62) and C120-78 (Co421 x
C87-51) (Bernal et al., 1997; Jorge et al., 2004). Stalks coming from the Seed Basic Bank of the Granma province
were selected as material of plantation. This material had been previously thermal and chemically treated to prevent
potential diseases. Two stalks of three buds of each genotype were planted in the furrows, in order to guarantee a
density plant population of 98.0 % in the experiment. Plots were planted in January 2002.

The farming practices carried out in the plots were: irrigation as previously mentioned, six manual cleanings, and
fertilization following the Recommendations Service of Fertilizers and Amendments (SERFE) of the Cuban
National Institute of Sugarcane Research. The evaluated crop cycles were the plant cane crop and the first ratoon
crop.

Determining the stomatal density and stomatal length:-

It was carried out at 10 mo of starting both experiments and crop cycles. A representative graft of each variety and
repetitions were taken at 9:00 am. The leaf +3 was selected (a leaf already formed), according to the classification of
Kuijper (1915), collected from primary stalks. Thirty clean leaves were chosen and without affectations of diseases
or pests (six varieties and five repetitions), taken to the laboratory and kept at 4.0 °C.

Stomatal density (stomata mm™) was measured: in the abaxial leaf surface and in their half section (measured with a
metric tape) or central of the collected leaves it was applied translucent polish. After 15 min, polish was removed to
evaluate the stomata density, according to Ortega and Rodes (1990). The preparations were placed in slides and 50
fields of each variety were read with a microscope, using a micrometer. Special care was taken to count the fields
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from the area that is adjacent with the central part of the leaf vein towards the border of the leaf blade, to achieve
bigger representativeness and uniformity in the sampling. The reading was made at 40x, always the stomatal number
per field of the surface abaxial of the leaf, considering that this side of the leaf in sugarcane, has approximately
double stomata that the adaxial one (Van Dillewjin, 1951).

To measure the stress tolerance the stress intensity (Sl) or relative loss of the selected variables stomatal density and
stomatal length) was calculated following Fisher and Maurer (1978) method. When the stress increased the studied
variable above the non-stressing condition, the calculations were inverted (inverted stress intensity (ISI), and was
interpreted as the increment relative to the selected variable.

Statistical analyses:-

The statistical analysis was done by using the Infostat software (Di Rienzo et al., 2013). The entire primary database
was verified in order to fulfill the premises of the analysis of variance: the adjustment to the normal distribution,
through the Kolmogorov-Smirnov test and the homogeneity of the variances, applying the Bartlett test (p < 0.05).
The total variability in the experimental sample was analysed through a split plot design at random in complete
blocks. An analysis of variance was carried out, considering the conditions of soil humidity like plots (A) and the
genotypes like sub plots (B), to detect the existence of interactions between these two factors.

The analysis of variance for the pattern of fixed effects was used for both crop cycles, in the two variables stomatal
density and stomatal length. Tukey’s range test was used, for a = 0.05. The interaction average was shown through
independent factors, with their respective standard errors (SE) which coincide with their corresponding variables. To
know the correlation level between the stomatal density and stomatal length, the Pearson Coefficient was applied.
The p values were adjusted by the Bonferroni test (Rice, 1989).

The t student test was used to know if the affectations causes by the flooding stress of the soil were significant, when
comparing each genotype individually under the two present conditions of soil humidity for the two variables. The
significance level is shown among the mean of each genotype in each condition, being the starting point for the
estimation of the SI or relative’s loss of the variable in study.

The Principal Coordinates Analysis was used as method multivariate of multidimensional scaling combined with
Minimum Spanning Trees (Gower and Ross, 1969), to demonstrate the degree of likeness between two varieties
related to the stomatal density and length in the multivariate space.

Results:-

Stomatal density and length:-

With respect to the stomatal density, there were significant differences in plant cane and first ratoon in the
interaction among the factors. Fig. 1 shows that genotypes C86-456, C90-469, C87-51 and C86-12 presented the
highest stomatal density to flooding in the soil, on the contrary to what was observed in varieties C86-456, C90-469,
C87-51, C1051-73 and C120-78, with the smallest values of stomatal density in absence of flooding of water in the
soil. This behavior was observed both in plant cane and in the first ratoon crops. The increase caused by flooding in
the stomatal density, based on the Sl Inverted, was significant in both crop cycles and in all the genotypes, with the
highest increments observed in the varieties C86-456, C90-469 and C86-12. In the case of the stomatal length (Fig.
2), the significance levels corresponded to the independent factors. The factor A or flooding of the soil in the two
crop cycles diminished significantly the stomatal length, but the varieties or factor B behaved inversely to what was
observed in the stomatal density, i.e. the varieties that showed the highest values in stomatal density, presented the
shortest stomata, this was statistically demonstrated in Table 1, where inverse correlations highly significant were
observed in both crop cycles, both in non flooding and flooding conditions. The correlation coefficients were higher
between these two variables under flooding conditions, specifically in the genotypes C86-456, C90-469 and C86-12,
that evidenced the alteration of the magnitude of these associations when the six sugarcane varieties studied were
developed in soils with anaerobic processes.
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Figure 1:- Stomatal density for independent crop cycles with statistical interaction among the factors, (a) plant cane,
(b) first ratoon. Factor A, levels of humidity of the soil (NF, non flooded and F, flooded). Factor B, genotypes (1:
C86-456; 2: C90-469; 3: C86-12(3); 4: C87-51; 5: C1051-73; 6: C120-78. It is included for each genotype the stress
intensity (SI) or relative loss of the stomata density and their significance.

Genotypes and levels of humidity of soil

Note: Different letters indicate significant differences for p < 0.05, using Tukey.
* **and * * * indicate significant differences for p < 0.05, 0.01 and 0.001 respectively, using student t test.
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Figure 2:- Stomatal length for independent crop cycles, with statistical interaction among the factors: (al and a2)
plant cane (bl and b2) first ratoon. Factor A, levels of humidity of the soil (NF, non flooded and F, flooded). Factor
B, genotypes (1: C86-456; 2: C90-469; 3: C86-12(3); 4: C87-51; 5: C1051-73; 6: C120-78. For each genotype is
included the stress intensity (IE) or relative loss of the stomata length and their significance.

Note: Different letters indicate significant differences for p < 0.05, using Tukey test

* **and * * * indicate significant differences for p < 0.05, 0.01 and 0.001 respectively, using student t test.

Table 1:- Partial correlations between the stomata density and stomata length in the six sugarcanes genotypes, in
plant cane and first ratoon stages, under flooding (F) and non flooding (NF) soil conditions.

Correlation coefficient (r)
Genotypes Plant cane First ratoon
NF F NF F

C86-12 -0.66* -0.92** -0.57* -0.95**
C86-456 -0.62* -0.95** -0.62* -0.96**
C90-317 -0.72* -0.95** -0.66* -0.92**
C87-51 -0.69* -0.87** -0.66* -0.86**
C1051-73 -0.70* -0.86** -0.67* -0.88**
C120-78 -0.60* -0.85** -0.62* -0.86**

* * *and * * * indicate significant differences for p <0.05, 0.01 and 0.001 respectively
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In the Principal Coordinates Analysis (Fig. 3), the percentage of the total variability explained by the two
coordinates was in the plant cane cycle of 95.9% and of 99.3% in the first ratoon respectively, constituting a
distinctive sign of the high correlation existed among variables.
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Figure 3:- Minimun Spanning Tree in the Principal Coordinates Analysis of the six sugarcane varieties related to
stomatal density and length in plant cane and first ratoon crop cycle in flooding (F) and non flooding (NF)
conditions.

Following the Minimum Spanning Trees the C120-78 and C1051-73 varieties are very similar related to stomatal
density and length in non flooding conditions of the soil, with certain likeness with C87-51, distanced in great extent
of the group of varieties C86-456, C90-469 and C86-12. The three first varieties maintained that similarity in
flooding conditions; but visibly distanced due to the variations induced by this stress in the density and the length of
the stomas.

Contrary to the plant cane, the Minimum Spanning Trees of the first ratoon showed absence of ramifications,
indicating that in this crop cycle there is great similarity among the varieties regarding to the density and length of
the stomas. The similarity among the varieties C120-78, C1051-73 and C87-51 on one hand and between C86-456,
C90-469 and C86-12 for the other one, were coincident with the plant cane cycle and in the two conditions of soil
humidity. The biggest difference was found between C86-456 and C87-51 in both crop cycles in non flooding
conditions. A case that can be considered abnormal was the high likeness found in the density and length stomata of
the variety C86-12 in non flooding conditions and the C120-78 in flooding conditions, tendency also observed in the
plant cane cycle, although less accented.

Discussion:-

Differences in stomatal density were found in six sugarcane varieties which in many cases may be due to genetic
differences. Although, in the case of the six genotypes used in this work, they have become related process very
similar to the original genetic trait. This is due to, the nobilization process that occurs since many years in Cuba, due
to the programs of genetic improvement of the sugarcane developer.

Campa (1986), when studying the stomatal density, comparing sheets leaf of the collected leaf +1 of primary stalks
of Erianthus elegans (?); Saccharum officinarum L. (original Lahaima form); S. spontaneum L. (original Mandalay
form); S. robustum Brandes et Jesw (original NG51-55 form) and S. barberi Jesw (original Chunnee form), found
significant differences among the different genus in both epidermis, standing out for the abaxial leaf surface the
genus S. officinarum with the highest values (245.0 stomata mm™) and S. spontaneum with the lowest values (126.0
stomata mm2); the rest of the genus presented an intermediate behavior.
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In the present study, the values of stomatal density were grouped near and below those obtained by Campa (1986),
for S. officinarum, although it should be considered that for this research leaf +3 was used. The similarity between
these results is a consequence of the small genetic base which is used in the hybridization campaigns, that is
considered to be one of the biggest limitations in the sugarcane improvement in Cuba, due to the reduced number of
the original genus and shape that were used on the nobilization program as progenitors in the selected programs of
commercial sugarcane varieties (Cornide and Galvez, 1999; Cornide, 2001).

According to the research made with crops under this stress type (Magalhées, 2001), in general is concluded that the
flooding stress decrease the stomatal conductance of the plants, in those compared with the developed in a non-
stress environment. Specifically for the sugarcane, Humbert (1965) pointed out that under flood conditions the
transpiration decreases considerably. Glaz et al. (2004) demonstrated that the flooding in sugarcane reduced the
transpiration and the stomatal conductance. Medlyn (2001) indicated that those variations in the stomatal
conductance are owed in great measure to variations in their stomatal density. It is well known that the pattern
response of the stomatal density in the leaf surface of the plants is under the genetic control (Kouwenberg et al.,
2004). However, it can be modified by environmental variables such as the concentration of carbon dioxide in the
atmosphere (Croxdale, 2000; Glover, 2000; Kouwenberg et al., 2003; Wagner et al., 2005), or by differences in the
luminous intensity or the readiness of water (Royer, 2001).

The previous considerations in genotypes of sugarcane with bigger stomatal density and smaller stomatas, are under
better conditions in order to adapt their physiology in stress situations, that also affect the hydric balance of the
plant, as the flooding case, that induces the stomata to close. Varieties with these characteristics are able to close
their stomatas faster and they decrease the loss of water for transpiration, as a mechanism to adapt the excess water
in the soil.

The results obtained in this research are found in the ranges that Hetherington and Woodward (2003), settled down
for the length of the stomata among 10 - 80 pm and densities that are in the range of 5-1.000 mm, according with
the species and the environmental conditions, but despite of this big variation, a strong dependent relationship has
been found between the stomatal density and the size of the stomata in different plant species.

The quick response from the stomata to the environmental changes in stress seems to be the distinctive feature, so
that, the plant maintains the movement of the water from the soil towards the leaf (Raven, 2002). Some studies
carried out by Aasamaa et al. (2001), showed that the stoma size has a big importance in the response, when inverse
correlations are found between conditions of drought and the stomatal length.

In the Poaceas, where the sugarcane is included the opening and closing mechanism of the stomata is very sensitive,
which makes them more efficient than other species to the environmental changes (Grantz and Assmann, 1991). On
the other hand, it allows high photosynthetic rates with the stomata closed due to the high match for the CO, of the
enzyme phosphoenol piruvate carboxilase (Tadeo, 2000). Small stomata, can open up and close more quickly and
are associate generally to high stomatal density (Aasamaa et al., 2001), they provide to the plant the capacity of
increasing the stomatal conductance of the leaf quickly, maximizing the interior diffusion of the CO, during
favorable conditions for the photosynthesis.

The CO, penetrates for the stomata with high speed, the cause resides in the peculiarities of the process of diffusion
of gases through small holes. By virtue of that the diffusion through small holes is proportional to the diameter of
these, whenever it diminishes the diameter, the diffusion speed increases for surface unit (Rubin, 1984). In general,
the stress conditions produce increment in the stomatal density (Heckenberger et al., 1998), however, other
researches did not find answers (Centritto et al., 1999).

The increment of the stomatal density in flooding soil is related with under these conditions the leaves of the
sugarcane achieved smaller foliar expansion, tendency also found in the tobacco (Nicotiana tabacum L) by Fonseca
(2006), making vary the solar radiation intensity. It has been demonstrated that inverse correlation exists between
the stomatal density and the leaf area, due to the stomata spacing and not to the different proportion in the
development of these structures (Ticha, 1991).
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The plants can communicate from cell to cell or through signs at long distance among the upper and underground
parts (Lake et al., 2002; Dat et al., 2004). A response to the roots flood, the stomata closes are closed 2 h after the
flooding being, to avoid the dehydration, under the same premises of the epinasty (Schoeder et al., 2001).

One of the first symptoms that shows the flooded plants is the closing of the stomata (Kozlowski, 1997), inducing a
significant reduction of the stomatal conductance that shows a tendency to be accentuated with the duration of the
flooding (De Carvalho and Ishida, 2002). Although aperture is influence for guard and epidermal cell turgor
pressure (Franks et al., 1998; Buckley, 2005).

The stomata’s response under low restrictive oxygen in the soil, is a field of contradictory evidence, based on the
absence from a coherent state to the quick closing of these when the plant undergoes this stress and the permanent
action of this closing, a time after having disappeared the stress condition. Researches that have demonstrated the
influence of the abscisscic acid (Jackson et al., 2003), in the closing of the stomata. Dell’Amico et al (2001),
demonstrated in tomato plants (Lycopersicum esculentum M), in flooding conditions that water potential is a
physical type sign that induced the closing of the stomata and once this water potential is recovered, the stomata
stayed closed a time later, a result of the permanent action of chemical signs. In sugarcane, the researches indicate
that chemical sings that go from the roots are responsible for the control of the closing of the stomata (Inman-
Bamber and Smith, 2005).

The dissimilarity or found differences with the Minimum Spanning Trees captured between two in the biggest or
smaller distance varieties are a sample of the variability that induce the genotypes influenced by the variations that
caused the changing environment, while the similarity could have be influenced by the degree of consanguinity of
these varieties. From the most remote times, the plants have not been able to avoid the fluctuations that the
environment, guiding the phenotypic plasticity of several of their characters in correspondence with these variations
(Puijalon and Bornette, 2006; Adams, 2007). Plasticity is the property that has a genotype of producing different
phenotypes in dependence of the environment (Schmalhausen, 1949), aspect very related to the morphological
changes (de Kroon et al., 2005; Wolfe and Mazer, 2005).

The water is among the main factors of the environment that induces plasticity in correlated simple characters
(Barrilleaux and Grace, 2000), to be a crucial abiotic factor and highly variable for all the alive organisms. For the
plants the deficit or the excess of this are a characteristic example of these ends (Galen, 2000; Zhang et al., 2000),
constituting the clonal variation an important factor related to the tolerance to the stress that influences in the plants
populational structure (Howard and Rafferty, 2006).

Therefore, it is of great importance to know the morphological changes that the plants show when varying the
environmental conditions, especially, the structure of the stomas, based on that reached by Zarinkamar (2007) about
that the stomatal characteristics area a valuable research resource, allowing the identification of basic stomatal types
in plants and the facilitation of their taxonomic classification to monitor and evaluate environmental changes.
Computerized studies have shown that, the variation in the stoma structure change the gases interchange in plants
(Roth, 2007).

Pyakurel and Wang (2014), showed that the populations with larger leaf area and specific leaf area had higher hair
density but low stomatal density. These leaf characteristics provided a structural basis in reducing water loss through
leaves and increasing water use efficiency. A trade-off between stomatal area and density resulted in this study
might be a strategy of the birch to balance stomatal conductance in decreased precipitation. Leaf morphological and
stomatal studies are valuable for identifying ecologically important traits that can then be further analyzed in other
experiments (Lande. and Arnold, 1983; Wade and Kalisz, 1990).

Conclusions:-

In water relations between the soil and the sugar cane varieties studied, oxygen deficiency periods, due to excess
water in the soil triggered adaptive responses in the leaves that make increases on the stomatal density and decrease
the stomatal length, which makes more responsive opening and closing to environmental changes to reduce losses
by transpiration, but limited the entry of CO2 (g), indispensable for photosynthetic reactions at the same time. There
is a clear distinction between the studied varieties related with these two variables evaluated, which open the
possibility of the existence of interspecific phenotypic variation derived from changes and morphological
adaptations that the sugarcane genotypes has been submitted through the different periods of evolution and in
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different weather conditions especially to different levels of moisture from the soil, which can alter the aeration of
the soil, affecting the concentration of oxygen, essential to the function of breathing. This interspecific phenotypic
variation should be compared with genetics studies as possible morphological indicator in the search and selection
of tolerant sugarcane genotypes to soil flooding, considering in Cuba the 40.3 % of cultivated lands is located in
poorly drained soils, with tendency to increase, compounded by the effects of current climate change, which in this
region of Cuba are becoming with more frequency in extreme climatic events such as droughts and floods. The
Valley of the Cauto River, in the Granma province, Cuba, is an area with edaphic and climate favourable conditions
so that in certain periods of the year the soils increase the degree of saturation soil water. This valley represents 36.0
% of the river basin and 31.0 % of its soils is of the type Vertisol. The principal crop is the sugarcane in the region
and in the country.
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