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Abstract 

The sugarcane (Saccharum spp.) is a species of the Poaceae family extremely important for commercial 
cultivation in different parts of the world. This study aimed at evaluating the influence of applying different 
doses of gypsum in morphophysiological parameters of sugarcane. The experiment was conducted at 
Dracena Plant, located in Dracena, São Paulo in October 2007 in the fourth cycle of ratoon sugarcane. The 
experimental design was a randomized blocks with four replications. The treatments were five rates of 
gypsum: 0, 1, 2, 4 and 8 t ha

-1
 applied in the total area of the plot at the experiment installation. After 

harvesting the stems, leaves were collected to perform morphological analysis. The application of gypsum 
resulted in an increase in the number of stomata on the abaxial surface of the sugarcane leaves. The 
application of gypsum in the soil caused favorable changes in morphophysiology of ratoon leaves of 
sugarcane. 
 
Additional keywords: plant morphology; plant physiology; Saccharum spp. 
 
Resumo 

A cana-de-açúcar (Saccharum spp.) é uma espécie pertencente à família Poaceae, extremamente impor-
tante para o cultivo comercial em diferentes partes do mundo. O presente trabalho teve como objetivo ava-
liar a influência da aplicação de diferentes doses de gesso agrícola nos parâmetros morfofisiológicos da 
cana-de-açúcar. O experimento foi conduzido na Usina Dracena, localizada em Dracena, Estado de São 
Paulo, em outubro de 2007, em cana de soqueira de quarto ciclo. O delineamento experimental foi em blo-
cos casualizados, com quatro repetições. Os tratamentos foram cinco doses de gesso agrícola: 0; 1; 2; 4 e 
8 t ha

-1
, aplicadas em área total da parcela na instalação do experimento. Após a colheita de colmos, foram 

coletadas folhas para realização de análises morfológicas. A aplicação do gesso agrícola resultou em 
aumento no número de estômatos na face abaxial das folhas. A aplicação de gesso agrícola no solo 
proporcionou modificações favoráveis na morfofisiologia das folhas da soqueira de cana-de-açúcar. 
 
Palavras-chave adicionais: fisiologia vegetal; morfologia vegetal; Saccharum spp. 
 
 
Introduction 

 
The sugarcane (Saccharum spp.) is a spe-

cies of the family Poaceae, extremely important for 
commercial growing in different parts of the world. 
Particularly, Brazil has a production history that refers 
to more than four centuries (Martins & Castro, 1999), 
strongly influencing the economy and social aspects 
of the country. 

Since the 1970s, when the Brazilian 
government introduced the Pro-Alcohol, sugar and 
ethanol industry took a prominent position in the 
production of sugar derived from sugarcane and 

searching alternatives to fossil fuel, being it nowadays 
at the forefront of technology, thanks to the improved 
technology used over the years, notably with the 
development of new cultivars, machine and 
equipment optimization, use of pesticides, among 
many others.  

The increased supply of sugarcane is 
extremely important to the growth of the sugar-energy 
sector. However, the demand for renewable products 
often encourages the use of areas hitherto marginal 
to agriculture, such as the Dracena region, State of 
São Paulo, which have low natural fertility and high 
sand content soils. 
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The observation of plant anatomy is an 
important tool to assess the effects of culture condi-
tions in plants (Castro et al., 2009). It can be modified 
by the presence of phytoregulators such as ethephon 
and gibberellins, which promote changes in bulliform 
cells in the vascular bundles and in the sclerenchyma 
fibers in leaves and stem (Martins & Castro, 1999). 
The leaf anatomy of sugarcane plants can still be 
modified in salinity stress conditions, which changes 
the size of the midrib, mesophyll, the distance 
between the vascular bundles, the leaf epidermis and 
the area of vascular bundles (Akhtar et al., 2001). The 
anatomical characteristics of the sugarcane can also 
assign different levels of tolerance to the genotypes 
for drought conditions (Neufeld et al., 1992). 

Rocha (2008) verified increases in the 
percentage of sucrose (pol) and total recoverable 
sugar (TRS), when applying mineral gypsum in 
sugarcane. However, it did not happen the same with 
the yield of stems, which did not have significant 
changes, corroborating with results obtained by Lima 
et al. (2010), who verified significant positive effects 
only in TRS and pol. 

The application of agricultural gypsum is 
effective in reducing aluminum saturation (Bakker et 
al., 1999), reducing acidity in depth, increase of base 
saturation (Morelli et al., 1987) and improvement of 
the root system of cultivated plants (Prado, 2003). In 
addition, it contributes to the nutritional supply of 
calcium and sulfur (Caires et al., 2002), as well as to 
the distribution of bases along the soil profile 
(Demattê, 2004).  

In Brazil, the most widely used gypsum in 
agriculture has residual origin, internationally known as 
phosphogypsum or fosfogesso, derived from the 
production of phosphoric acid, used in the manufacture 
of phosphate fertilizers, such as triple superphosphate 
(Malavolta, 1979). On average, it contains 180 and 
150 g kg

-1
 of calcium and sulfur respectively, as well as 

impurities beneficial to agriculture, such as 7.5 g kg
-1 

of 
P2O5 and 6.3 g kg

-1
 of fluorides (Vitti et al., 2008), as 

well as traces of the elements zinc, copper and boron 
(Malavolta, 1992). It stands out also by promoting an 
increase in foliar contents of magnesium, potassium 
and phosphorus (Saldanha et al., 2007). 

Saldanha (2005), working with particle sizes 
and doses of agricultural gypsum of mineral origin in 
sugarcane, verified significant effects on productivity. 
Foltran (2008), working with gypsum, silicates and 
limestone, verified that the agricultural gypsum gave 
positive responses when applied together with other 
inputs. 

Fernandes et al. (2007) found differences in 
productivity according to the application of gypsum, 
corroborating Morelli et al. (1987) and Corrêa et al. 
(1999), in contrast with results of Azeredo et al. 
(1996), who found no significant effects of gypsum in 
yield of sugarcane. 

Using agricultural gypsum as a source of 
calcium and sulfur for sugarcane, Fernandes (1985) 

concluded that small amount applied in the planting 
row (50 kg ha

-1
) provided better plant growth. At 

higher doses, like 500 kg ha
-1
, the increase in 

productivity was significant. Fernandes et al., (2007), 
working with the application of agricultural gypsum at 
different doses, found significant increases in the 
yield of sugarcane. 

Calcium is an extremely important nutrient for 
the root growth of plants (Ritchey et al., 1980). 
Deficiency symptoms first appear in the meristematic 
regions, due to their presence in the composition of 
the cell wall, being therefore essential for the cell 
elongation and division (Epstein & Bloom, 2004). The 
supply via calcium liming in deficient soils, fertilization 
or gypsum, becomes vital to the good development of 
root system. Due to its immobility in phloem, which 
prevents the internal movement of the nutrient to the 
growing points of the roots, there is the need for its 
presence so that there is an adequate cell elongation 
and division in this region (Epstein & Bloom, 2004, 
Malavolta, 2006). The agricultural gypsum provides 
the nutrient calcium to the deeper layers with no need 
for incorporation, due to its greater mobility in the soil, 
increasing its content and base saturation, but does 
not act as a pH corrective (Caires et al., 1998, 
Demattê, 2004).  

The deeper morphophysiological knowledge of 
plants and transformations motivated by the envi-
ronmental variations, or the very nature of cultivars, is 
essential because the changes visible to the naked eye 
are derived from structural changes in dermal, 
fundamental and vascular tissues (Castro et al., 2009). 

The plant anatomy may indicate features 
that give tolerance to different environmental conditions 
for crops such as drought, flood or quality and intensity 
of the radiation falling on the leaves, and can promote 
changes in the thickness of the mesophyll, vascular 
tissues, thickness of the epidermis, cuticle thickness 
and stomatal density (Gardoni et al., 2007, Castro et 
al., 2009, Ribeiro et al., 2012, Pincelli & Silva, 2012). 

The information in the literature on the 
effects of gypsum on leaf morphology of sugarcane 
are scarce. In this sense, this study aimed to evaluate 
the morphophysiological parameters of sugarcane 
leaf in response to the residual effect of agricultural 
gypsum on the ratoon. 

 
Material and methods 

 
The experiment was installed in sugar-etha-

nol unit of Dracena Plant, located in Dracena, State of 
Sao Paulo, with geographical coordinates 21º32'31" S 
and 51º41'47" W and 322 m altitude, in October 2007, 
in fourth cycle ratoon cane, newly harvested from 
third cycle. 

The climate of the city is characterized as 
Cwa, according to Köppen, mesothermal, with rainy 
summers and average air temperature, in the 
warmest month, greater than 22 °C. The average 
temperature is 24 ºC, with maximum of 31 ºC and 
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minimum of 19 ºC. The average rainfall in the last 10 
years was 1510 mm, with the higher rates in the 
months of November, December, January and 
February. 

The soil was classified as dystrophic Red-
Yellow Latosol (dRYL), of sandy loam texture and 
gently rolling relief (Embrapa, 2006). A soil sample 
was collected by the time of the experiment and the 

depths of soil sampling along the profile were 0-0.2 
and 0.2-0.4 meters. 

The major chemical attributes of the soil were 
determined, such as pH, M.O., P, S, K, Ca, Mg, Al, 
H+Al, T, V, M, B, Cu, Fe, Mn and Zn, before applying 
treatments in different layers up to 0.4 m deep, 
according Raij et al. (1996). Data are shown on Table 1. 

 
 
Table 1 - Chemical soil parameters before application of treatments, in October 2007.  

Layer pH M.O. P S K Ca Mg Al H + Al T V M B Cu Fe Mn Zn 

(m)  (g dm
-3

) (mg dm
-3

) ............. (mmolc dm
-3

)............ ….(%).... …....…...(mg dm
-3
)……..... 

0.0-0.2 4.5 17 3 9 0.7 7 4 4 18 29.7 39 25 0.6 0.5 19 4.5 0.3 

0.2-0.4 4.0 13 2 8 0.2 3 1 6 22 26.2 16 59 0.5 0.6 14 3.0 0.1 

 
The experimental design was in randomized 

blocks with five treatments and four repetitions. The 
used treatments were five doses of agricultural gyp-
sum as follows: 0; 1; 2; 4 and 8 t ha

-1
, applied to the 

total area of each plot in the experiment installation 
in October 2007. 

The plots, or experimental units, were com-
posed of eight rows of sugarcane spaced 1.40 
meters by 12 meters in length, totaling 134.4 m

2
. To 

obtain the useful area, 84.0 m
2
 were considered, 

being discarded one row on each side of the plot 
and 1.0 meter of each end.  

The agricultural gypsum used in the experi-
ment was from residue of the manufacture of phos-
phoric acid by the company Copebrás from 
Cubatão, State of São Paulo. It had branny 
granulometry and yellowish color, with a concentra-
tion of 204.5 g kg

-1
 of Ca and 162.3 g kg

-1
 of S. The 

Chelatometric method was used to determine the 
calcium content and the method of Turbidimetry of 
Barium Sulphate, for S (Lanarv, 1988). 

In the sugarcane plantations, the cultivar 
chosen for the installation was the RB 86-7515, 
because of its rusticity to environments of medium 
and low fertility and good adaptability to sandy and 
medium textured soils. It shows good ratoon emer-
gence (Hoffmann et al., 2008). 

The choice of the area was due to the 
possibility of reply to the application of agricultural 
gypsum, according to the uniformity of the ratoon; 
soil type; area size; homogeneity of the field; proper 
distance from the terrace; absence of anthills; slope 
for water draining and easy access. Specific herbi-
cides were used for weed control. 

At the stem harvest in October 2009, ie, two 
years after the application of the agricultural gyp-
sum, leaves were collected to perform the morpho-
logical analysis.  

In each plot, 10 pieces of leaves + 1 distinct, 
was removed randomly collected at different points of 
the experimental plot. Each fragment was 5 cm long 
extracted from the central part of leaf blade. The 

samples were sent to the Laboratory of Vegetable 
Morphophysiology Laboratory and Forage of 
Universidade Estadual Paulista "Júlio de Mesquita 
Filho" - Campus Experimental de Dracena, located in 
Dracena, State of São Paulo. To perform the leaf 
morphoanatomical analysis all collected material was 
fixed in F.A.A. 70 solution (37% formaldehyde, acetic 
acid and 70% ethanol at a ratio of 1.0:1.0:18.0 - V/V). 
After 24 hours, they were washed in 70% ethanol and 
stored in 70% ethanol until the date of the analysis, 
according to Kraus & Arduim (1997).  

All plant tissue fragments received the rele-
vant procedures to dehydration, diaphanization, 
inclusion and embedment. With the aid of a Leica 
table microtome containing steel blade, cross 
sections of 8 µm were made on each embedded leaf 
fragment. For the assembly of histological slides the 
first cross-sections that showed the best preserved 
material, ie, without damage or injury caused by 
cutting the plant tissue, were chosen. All chosen 
sections were fixed with Mayer adhesive, stained 
with 1% safranin and mounted on slides and 
coverslips with Entellan adhesive. All slides were 
observed under an optical microscope Leica, with a 
camera attached to take photographs of the cuts. 
The photographs were used for measurements of 
anatomical parameters through the QWin image 
analysis software, calibrated with microscopic ruler 
at the same photograph increases, according to the 
methodology described by Pereira et al. (2008).  

In the abaxial and adaxial leaves faces, the 
following characteristics were evaluated through the 
method of epidermal face printing with use of 
cyanoacrylate ester: NE - number of stomata per field; 
NC - number of epidermal cells per field; POL - polar 
diameter of the stomata; QUE - equatorial diameter of 
the stomata; DE - stomatal density; FUN - stomatal 
functionality; IE - stomatal index (Segatto et al., 2004, 
Castro et al., 2009). 
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Figure 1 - Abaxial face of sugarcane leaf. NE - number of stomata per field; NC - number of epidermal cells 
per field; POL - polar diameter of the stomata; and QUE  equatorial diameter of the stomata. 
 
 

Figure 2 - Cross section of the sugarcane leaf. EAB - thickness of the epidermis of the abaxial face;          
EAD - thickness of the epidermis of the adaxial face; MF - thickness of the mesophyll; CT - thickness of the 
upper cuticle; CB - the polar diameter of bulliform cells; NCB - number of bulliform cells per mm;                 
BA - diameter of the bundle sheath cells; FL - phloem thickness; NV - number of metaxylem vessels in the 
midrib; DV - diameter of the metaxylem vessels in the midrib; IVC - vulnerability index of the vascular system 
and DF - distance between the vascular bundles in the leaf blade. 
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In cross sections of leaves following char-
acteristics were evaluated: EAB - thickness of the 
epidermis of the abaxial face; EAD - thickness of the 
epidermis of the adaxial face; MF - thickness of the 
mesophyll; CT - thickness of the upper cuticle; CB - 
the polar diameter of bulliform cells; NCB - number of 
bulliform cells per mm; BA - diameter of the bundle 
sheath cells; FL - phloem thickness; NV - number of 
metaxylem vessels in the midrib; DV - diameter of the 
metaxylem vessels in the midrib; IVC - vulnerability 
index of the vascular system and DF - distance 
between the vascular bundles in the leaf blade, 
according Carlquist (1975). 

For all characteristics, five measurements 
per slide were performed. The plots were repre-
sented by the average value obtained for each char-
acteristic. All characteristics were submitted to the 
analysis of variance by F Test (p<0.05) and the 
Scott-Knott mean test.  

 
Results and discussions 

 
In general, the different doses of agricultural 

gypsum applied to the soil promoted changes in leaf 
anatomy of sugarcane ratoon, since one of the great 
advantages of this input is the supply of sulfur, limit-
ing nutrient for the production of essential amino 
acids, such as cysteine and methionine, essential for 
the formation of proteins (Caires et al., 2002). The 
gypsum acts as a supplier of enzyme activator ele-

ments that participate in all the metabolic processes 
of the plant, especially photosynthesis, respiration, 
synthesis of fats, formation of proteins and fixation of 
N2 (Epstein & Bloom, 2004, Malavolta, 2006). 

In the abaxial or lower face of the leaves, 
the number of stomata per field increased when 
agricultural gypsum was applied in the soil (Table 2). 
Similarly, the stomatal density increased when gyp-
sum was applied, with a higher value when applied 
8 t ha

-1
 of input in the soil. The increase of this 

characteristic with the dose of 8 t ha
-1

 showed also 
an increase of approximately 16.0% as compared to 
the control treatment. The different environmental 
conditions to which the cultivated species are sub-
ject can promote changes in the anatomy and 
physiology of different organs, such as leaves and 
roots (Pereira et al., 2008, Souza et al., 2009, 
Pereira et al., 2010, Souza et al., 2010). Still in the 
abaxial face, there was no significant difference 
between treatments for the characteristics number of 
epidermal cells per field; polar diameter of the sto-
mata; equatorial diameter of the stomata; stomatal 
functionality; and stomatal index. The increase in 
stomatal density in the abaxial surface is directly 
related to the increase in the number of stomata 
observed in the treatments containing agricultural 
gypsum. According to Castro et al. (2009), the 
increase in the stomatal density is directly related to 
the capacity to incorporate CO2 in the leaves. 

 

 
Table 2 - Anatomical characteristics of sugarcane leaves (Saccharum spp.) subjected to different doses of 
agricultural gypsum applied to the soil at harvest in 2009, two years after the treatment application.  

Treatments 
Abaxial face 

1
NE 

2 
NC 

3 
POL 

(μm) 

4 
QUE 
(μm) 

5 
DE 

6 
FUN 

7 
IE 

(%) 0 t ha
-1
 11.75 b 58.50  44.84  26.09  150.89 c 1.72  0.20  

1 t ha
-1
 12.38 a 61.00  46.22  27.57  158.92 b 1.68  0.20  

2 t ha
-1
 12.50 a 58.63  45.89  25.22  160.52 b 1.82  0.21  

4 t ha
-1
 12.38 a 61.38  45.80  26.37  158.92 b 1.74  0.20  

8 t ha
-1
 13.63 a 63.00  45.44  25.62  174.97 a 1.77  0.22  

Treatments 
Adaxial face 

1
NE 

2 
NC 

3 
POL 

(μm) 

4 
QUE 
(μm) 

5 
DE 

6 
FUN 

7 
IE 

(%) 0 t ha
-1
 6.38 b 53.50  46.23  25.08  81.87 b 1.84  0.12 b 

1 t ha
-1
 6.38 b 54.00  47.11  25.49  81.87 b 1.85  0.12 b 

2 t ha
-1
 6.38 b 46.25  47.03  25.20  81.87 b 1.87  0.14 a 

4 t ha
-1
 7.13 a 46.00  46.78  25.16  91.50 a 1.86  0.16 a 

8 t ha
-1
 7.25 a 50.88  46.88  25.28  93.10 a 1.85  0.14 a 

Different means in column differ by Scott-Knott test at p<0.05. 
1
 number of stomata per field; 

2
 the number of epidermal 

cells per field; 
3
 polar diameter of the stomata; 

4
 equatorial diameter of the stomata; 

5
 stomatal density (stomata per 

mm
2
); 

6
 stomatal functionality (ratio POL/QUE); 

7
 stomatal index. 

 
In adaxial or upper face of the leaves, there 

was an increase in the number of stomata at doses 
of 4.0 and 8.0 t ha

-1
, which resulted in increased 

stomatal density at the same doses (Table 2). The 
stomatal index was increased in treatments receiv-
ing at least 2.0 t ha

-1
 of agricultural gypsum. This 

demonstrates the positive effect of higher doses of 
agricultural gypsum to the stomata in the epidermis 
of sugarcane leaves, probably due to the action of 
calcium that is directly centered on the structural 
part of the cell wall. It is worth noting that approxi-
mately 60% of this nutrient is found in the form of 
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calcium pectate, acting in the formation of pectin, 
essential for cell elongation (Tobias et al., 1993). 
However, in the adaxial face, the application of gyp-
sum did not promote significant changes in the 
number of epidermal cells per field; in the polar 
diameter of the stomata; in the equatorial diameter 
of the stoma, as well as in their functionality. 

Stomatal density and stomatal index may 
change depending on the environmental conditions, 
according to Grisi et al. (2008), Souza et al. (2010). 
Thus, the increased stomatal density and stomatal 
index observed in the sugarcane leaves subjected to 
different concentrations of agricultural gypsum can 
give better conditions for CO2 capture and promote 
photosynthesis. On the other hand, the absence of 
changes in the size and functionality of the stomata 
in the presence of agricultural gypsum enables 
these stomata to remain functional, showing no evi-
dence of toxicity, which could lead to loss of 
stomatal functionality. 

The epidermis of abaxial and adaxial faces 
of sugarcane leaves, as well as the mesophyll, 
showed increased thickness in all treatments con-
taining agricultural gypsum, compared to the control 
treatment. The application of agricultural gypsum in 
the soil can cause changes in morphophysiological 
aspects of sugarcane leaves, providing changes in 
crop yield, since the calcium in this input comprises 
cell membranes, preventing the leakage of cyto-
plasmic contents and acts as enzyme regulator 
(Malavolta, 2006).  

There were no significant differences in the 
thickness of the upper cuticle, in the polar diameter and 
number of bulliform cells (Table 3). 

Different environmental conditions can provide 
changes in the thickness of the epidermis of sugarcane 
leaves (Akhtar et al., 2001), as well as other in species, 
such as corn (Souza et al., 2010) or even in other plant 
organs (Pereira et al., 2008, Souza et al., 2009).  

 
Table 3 - Anatomical characteristics of sugarcane leaves (Saccharum spp.) in cross section subjected to 
different doses of agricultural gypsum to the soil at harvest in 2009, two years after the treatment application.  

Treatments 
Leaf blade tissues 

1
EAB (um) 

2
EAD (um) 

3
MF(um) 

4
CT (um) 

5
CB (um) 

6
NCB 

1 (0 t ha
-1

) 16.38 b 22.50 b 355.34 b 13.36  142.09  13.50  

2 (1 t ha
-1

) 19.69 a 24.86 a 433.98 a 12.78  148.29  12.00  

3 (2 t ha
-1

) 19.85 a 26.92 a 425.29 a 12.86  149.26  12.38  

4 (4 t ha
-1

) 19.61 a 23.52 a 398.15 a 13.29  147.30  12.13  

5 (8 t ha
-1

) 20.01 a 24.94 a 370.88 a 14.88  155.55  12.25  

Treatments 
Characteristics of vascular bundles 

7
BA (um) 

8
FL (um) 

9
NV 

10
DV (um) 

11
IVC 

12
DF (um) 

1 (0 t ha
-1

) 32.10  73.78 b 21.13 d 70.77 a 3.35 a 105.30  

2 (1 t ha
-1

) 33.95  87.32 a 21.75 d 68.98 a 3.19 a 098.62  

3 (2 t ha
-1

) 35.27  79.94 a 25.13 c 62.84 b 2.54 b 108.34  

4 (4 t ha
-1

) 34.70  82.30 a 29.13 b 63.03 b 2.20 b 101.72  

5 (8 t ha
-1

) 37.84  83.73 a 34.00 a 75.52 a 2.26 b 111.94  

Different means in column differ by Scott-Knott test at P <0.05. (1) = thickness of the abaxial face epidermis. (2) = thickness 
of the adaxial face epidermis. (3) = thickness of the mesophyll. (4) = thickness of the upper cuticle. (5) = polar diameter of 
bulliform cells. (6) = number of bulliform cells per mm. (7) = diameter of the bundle sheath cells. (8) = phloem thickness. (9) 
= number of metaxylem vessels in the midrib. (10) = diameter of the metaxylem vessels in the midrib. (11) = vulnerability 
index of the vascular system (12) = distance between the vascular bundles in the leaf blade. 
 

The epidermis, being an outer tissue, is the 
one that initially is exposed to the environment and 
receives environmental pressures. The thickening of 
the leaf epidermis can be important to reduce water 
loss and attenuate the incident radiation (Castro et al., 
2009).  Thus, the thickening of the epidermis in the 
upper and lower faces observed in the presence of 
gypsum when applied to the soil may be a favorable 
characteristic for the sugarcane plants, for partially 
reducing the effects of xeric environments, which have 
lower water availability.  

In another aspect, the sugarcane can demon-
strate changes in mesophyll according to environmen-
tal conditions (Akhtar et al., 2001). The thickening 
observed in the mesophyll is interesting because, 

according to Castro et al. (2009), it may be important 
for species subject to large radiation intensities. The 
results agree with Melo et al. (2004) who also state that 
calcium caused a significant increase in thickening of 
epidermis and mesophyll, compared to treatment 
without the addition of this element in corn plants. 

The differences in the anatomy of sugarcane 
are important for selecting genotypes tolerant to water 
stress (Neufeld et al., 1992). Thus, the thickening of 
the mesophyll in the presence of gypsum can be bene-
ficial to the cultivation of sugarcane in regions like 
Cerrado, which commonly have excess of solar radia-
tion. In addition, the benefits attributed to Cerrado soil 
by applying gypsum, as reported by Bernardes et al. 
(2007), must be considered. 
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The absence of changes in the thickness of 
the cuticle and in bulliform cells in the presence of 
gypsum may be related to the non-occurrence of 
toxicity to the leaves, since, under stress conditions, 
the bulliform cells may be modified (Martins & 
Castro, 1999). 

In the midrib, the most significant changes 
occurred in the vascular bundles, as shown on Table 
3. There was an increase in the thickness of the 
phloem in treatments containing gypsum, compared 
to the control treatment. Phloem is an essential 
tissue for translocation of photosynthates (Castro et 
al., 2009) and can be modified in different environ-
mental conditions (Pereira et al., 2008, Souza et al., 
2009). Thickening of phloem observed in plants 
belonging to the treatments containing gypsum can 
be a relevant factor for the translocation of 
photoassimilates to the stem and roots, improving 
the development of these organs, as well as the 
accumulation of sugars in the stem of sugarcane. 
Phloem is essential to the translocation of 
photoassimilates from the aerial part to the roots and 
can thicken depending on environmental character-
istics (Pereira et al., 2008, Souza et al., 2009). 

The number of metaxylem vessels in the 
midrib has changed considerably in the treatments 
containing gypsum starting at the dose of 2 t ha

-1
. 

Results were contradictory for the characteristic 
diameter of the metaxylem vessels in the midrib, with 
no significant differences between the highest dose 
and control treatment, as described on Table 3. The 
changes observed in the xylem give greater hydraulic 
conductivity to plants in treatments containing gypsum, 
due to the increase in the number of vessels, as well 
as the reduction in their diameter and in the 
vulnerability index of the vascular system, allowing the 
increase in hydraulic conductivity, by reducing the 
probability of embolism (Carlquist, 1975).  

These changes promoted a decrease in the 
vulnerability index of the vascular system in treat-
ments containing gypsum starting at the dose of 
2 t ha

-1
. No significant changes were found to the 

diameter of the bundle sheath cells, neither in the 
distance between the vascular bundles in the leaf 
blade. The reduction of IVC is a characteristic of 
tolerance for species subjected to environmental 
stress and can occur in roots and leaves (Pereira et 
al., 2008, Souza et al., 2010).  

In general, the results obtained for the mor-
phophysiological characteristics may have occurred 
due to the presence of the element sulfur, component 
of the agricultural gypsum, which probably provided 
significant foliar answers of this nutrient. The results 
are in agreement with those found by Gallo & Hiroce 
(1968), Raij & Cantarella (1996) and Malavolta (1992). 

Conclusions 
 

The application of agricultural gypsum in the 
soil provided favorable changes in the leaves 
morphophysiology of sugarcane ratoon. 
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