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Cuticle and cuticular wax development in the sunflower (Helianthus annuus L.) 
pericarp grown at the field under a moderate water deficit

Desarrollo de la cutícula y ceras epicuticulares en el pericarpo de girasol (Helianthus annuus L.) 
bajo déficit hídrico moderado en condiciones de campo

Franchini1 MC, LF Hernández2, LI Lindström3  

Abstract. Wax in the sunflower (Helianthus annuus L.) pericarp 
is an important morphological feature that interferes with oil qual-
ity and varies with crop management and environmental conditions. 
We studied the effect of a moderate water deficit (MWD) gener-
ated from early to late anthesis on quantitative development of the 
cuticle, and qualitative and quantitative development of the cuticular 
waxes (CW) of the pericarp in two hybrids grown under field condi-
tions. The experiment was repeated during two consecutive seasons 
(Exp-I and Exp-II). At harvest maturity (HM), plants grown under 
a MWD showed higher CW content (31 to 47%) and thicker cu-
ticles (13%) in both experiments compared to controls. Epicuticular 
wax (ECW) crystals showed a granular morphology. Also a gradient 
of CW grain accumulation was observed along the pericarp surface, 
being higher in the exposed upper region. We determined a reduc-
tion of CW of 29% (mg CW/g pericarp), during the development 
of the fruit, from reproductive stage R6 (stage when ray flowers have 
lost their turgidity) to HM (stage when water content of the fruit 
was 11%) in Exp-I. This CW reduction reached 11% from R6 to R9 
(physiological maturity) in Exp-II. This was very likely caused by 
an erosive action on the surface of the pericap by particulate solids 
carried by wind or rain. These results show how internal mechanisms 
and external variables regulate pericarp wax content, and that fruit 
dehydration affects both the quantity and quality of wax formation 
from the time of fertilization to maturity.

Keywords: Cuticular waxes; Oil quality; Crop management; 
Hull; Anthesis; Harvest Maturity; Hybrid;  Helianthus annuus L.

Resumen. La presencia de ceras en el pericarpo de girasol (He-
lianthus annuus L.) es un carácter morfológico que interfiere en la 
calidad del aceite y varía con las condiciones de manejo del cultivo. 
Se estudió el efecto de un déficit hídrico moderado (MWD) sobre 
el desarrollo del espesor de la cutícula y el contenido de las ceras 
cuticulares en el pericarpo de girasol de dos híbridos, desde la antesis 
temprana hasta la antesis tardía. El ensayo fue repetido durante dos 
años consecutivos (Experimentos I y II, respectivamente). En ambos 
experimentos, a la madurez de cosecha (HM), las plantas que crecie-
ron bajo MWD presentaron mayor contenido de ceras cuticulares 
(31-47%) y mayor espesor de cutícula (13%) respecto de las plantas 
control. Los cristales de ceras epicuticulares presentaron morfología 
granular. Asimismo se observó sobre la superficie del pericarpo, un 
gradiente decreciente en la acumulación de ceras epicuticulares en 
sentido basípeto del fruto. Se determinó una reducción de ceras cu-
ticulares (CW) del 29% (mg CW/g pericarpo) en el fruto desde el 
estadio reproductivo R6 (flores liguladas no turgentes) hasta la HM 
(11% de contenido de humedad en el fruto) en el Experimento I, y 
del 11% desde R6 a R9 (madurez fisiológica) en el Experimento II. 
Esta reducción fue atribuida al efecto erosivo ocasionado por las par-
tículas transportadas por el viento y la lluvia durante la maduración 
del fruto. Estos resultados muestran de qué forma los mecanismos 
internos y las variables externas pueden regular el contenido de ceras 
en el pericarpo, y cómo la deshidratación del fruto afecta la calidad y 
cantidad de ceras desde la fertilización hasta la madurez.

Palabras clave: Ceras cuticulares; Calidad del aceite; Manejo del 
cultivo; Cáscara; Antesis; Madurez de cosecha; Helianthus annuus L.
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INTRODUCTION
Sunflower (Helianthus annuus L.) is one of the most widely 

cultivated oil crops in the world (Putt, 1997) and it is consid-
ered highly adapted to a wide range of environmental con-
ditions (Connor & Hall, 1997). However, oil quantity and 
quality in sunflower can change when climate variables such 
as temperature, solar radiation and soil water availability are 
limiting (Connor & Hall, 1997; Aguirrezábal et al., 2003; 
Lindström et al., 2007; Rondanini et al., 2007).

Crude sunflower oil can have a range of wax content from 
200 to 3500 ppm (Morrison, 1983; Brevedan et al., 2000). In 
cold oil, waxes crystallize generating turbidity, a physical con-
dition that affects its stability and diminishes its marketing 
properties (Rivarola et al., 1988; Givon & Tirtiaux, 2000). As 
a result, waxes have to be removed from the oil adding an ex-
tra financial cost to the overall industrial oil extraction process 
(Givon & Tirtiaux, 2000).

Oil waxes in sunflower are derived mainly from the fruit’s 
hull (pericarp). Wax development occurs within and outside the 
pericarp’s epidermis cuticle (intracuticular or ICW and epicu-
ticular wax or ECW, respectively). From the total amount of 
cuticular waxes (CW), 83% derives from the pericarp (Martin 
& Juniper, 1970; Morrison, 1983), 16% from the teguments and 
1% from the embryo (Morrison et al., 1984; Franchini, 2008). 

Wax content can vary between hybrids, locations and with 
environmental conditions (Morrison, 1983; Morrison et al., 
1984). Thermal or water stress can trigger and enhance cuticu-
lar wax synthesis in several plant organs (Martin & Juniper, 
1970; Premachandra et al., 1992). The level of response is phe-
notypically sensitive and genetically controlled (Koornneef et 
al., 1989; Kerstiens, 1996, 2006; Jenks, 2002). 

Although ECW morphology is consistent with the organ 
and botanical family (Barthloot et al., 1998), ECW amount can 
increase in plants subjected to mild water or heat stress condi-
tions (Patumi et al., 2002), and the magnitude of this increment 
can be affected by the level of the stress applied. Even though 
significant water stress can diminish wax development due to 
the negative effect on the synthesis and storage of assimilates 
(Vidaver et al., 1989; Moon et al., 2003), a moderate water stress 
can enhance cuticle thickness and wax development (Bengston 
et al., 1978; Weete et al., 1978; Samdur et al., 2003).

There are no comparative studies on cuticle development, 
and content and morphology of ECW in dry fruits of an-
giosperms grown under different soil water contents (Patumi 
et al., 2002; Moon et al., 2003; Kerstiens, 2006). Exposure 
of sunflower crops to short periods of water stress, especially 
during the fruit filling period, reduce fruit oil content and 
increase pericarp proportion (Hall et al., 1985). Nevertheless, 
there is no information on the variability in cuticle thick-
ness or CW content among sunflower hybrids or the effects 
that different environmental and agronomical practices could 
have on CW genesis. A more complete understanding of the 

ontogeny and morphology of sunflower fruit waxes would 
contribute to increase effectiveness of future breeding efforts 
aimed to produce higher quality sunflower oil.

In this paper, we have analyzed the cuticle thickness and 
CW content of the pericarp through various developmen-
tal stages of two sunflower hybrids grown under a transitory 
moderate water deficit (MWD). This MWD was generated 
from a reproductive stage close to first anthesis to late anthe-
sis. Possible mechanisms of fruit dehydration from the time 
of fertilization to maturity are discussed.

MATERIALS AND METHODS
Plant material. Two commercial sunflower hybrids, Deka-

lb Dekasol (DK) 3900 and DK4030 (Monsanto, Argentina), 
were sown on 14 November 2003 (Exp-I), and on 8 Novem-
ber 2004 (Exp-II) at the experimental field of the Department 
of Agronomy, UNS, Bahía Blanca, Argentina (38°43’21.06” 
S; 62°15’45.84” W). The crop was grown under drip irriga-
tion and managed according to recommended conventional 
agronomical practices (Díaz-Zorita & Duarte, 2002). Plant 
density was adjusted to 5.6 plants/m2. The phenology referred 
to here corresponds to that defined by Schneiter & Miller 
(1981) (Table 1).

Treatments. They consisted of two water regimes: a moder-
ate water deficit (MWD) generated by interrupting irrigation 
from reproductive stage R4, where the ovary wall is still devel-
oping, to R6, where the pericarp has completed its development 
(Lindström et al., 2007) (Table 1). Then, irrigation was restored. 
In the control treatment, plant water status was maintained at 
optimum levels during the whole growth cycle by keeping soil 
water content at field capacity with daily irrigation.

Plant water status in both treatments was monitored by mea-
suring leaf relative water content (RWCleaf) (Barrs & Weather-
ley, 1962). With this purpose, two middle leaves from 3 plants 
per plot were measured at midday at different crop develop-
mental stages. Leaf samples were placed in polyethylene bags 
and transported to the laboratory. Measurements were taken no 
longer than 60 minutes after sampling to minimize water loss 
due to evaporation. Moderate water deficit was determined a 
posteriori on the basis of the reduction of RWCleaf compared to 
the control (C) treatment (Bissuel-Belaygue et al., 2002).

Both experiments consisted of completely randomized 
split plots, with water treatment assigned to main plots and 
hybrids to subplots, with three replicates per treatment. Each 
subplot was 6.0 m long and had four rows 0.70 m apart for 
both experiments. 

Sampling and analysis
Cuticle thickness. In both experiments, samples from 3 ova-

ries and/or fruits from the peripheral position of the capitu-
lum of 3 plants per plot were taken at the reproductive stages 
R5.2, R6, R7, R8, R9 and Harvest Maturity (HM; fruit water 
content = 11%) (Table 1).

Franchini MC et al., FYTON 79 (2010) 
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The ovaries were fixed in FAA solution (formaldehyde-
acetic acid-ethanol; Ruzin, 1999) and processed according to 
conventional histological techniques. Samples were embed-
ded in paraffin, cut (10 µm thick), stained (saffranine + fast 
green) and mounted on glass slides for microscopic observa-
tion (Ruzin, 1999). Due to the high sclerification level of the 
pericarp, additional free-hand sections of fruits were made at 
the stages R6, R7, R8, R9 and HM (Table 1). These cuts were 
mounted in glycerin:water (1:1). Cuticle thickness was mea-
sured using an eyepiece micrometric scale.

Epicuticular wax crystal morphology. Fruits from control 
plants were taken from the R6 to the HM stages, and slow-
ly dried in air using a drying chamber. Thereafter, they were 

mounted for scanning electron microscope (SEM) observa-
tions. All samples were viewed on a SEM JEOL JSM-40 
( JEOL, Tokyo, Japan) at 5 kV, and at a working distance of 
8 mm.

Pericarp cuticular wax content. Previous work (Franchini, 
2008) demonstrated that CW content in fruits of different 
capitulum positions is homogenous. Therefore, determination 
of CW content was done on fruits from the peripheral re-
gion of the capitulum. CW content was analyzed at R6, R9 
and HM in both experiments (Table 1). Twenty fruits from 3 
plants per plot were submerged in a previously weighed Petri 
dish for 2 min, using 10 ml of carbon tetrachloride (Cl4C). 
The solvent was then evaporated in hot plate at 40 °C. The 
total CW content was calculated by subtracting the initial 
weight of the Petri dish from its final weight and expressed by 
the mass of pericarp dry weight (Franchini, 2008).

Statistical analysis. Experimental results were processed 
by ANOVA to determine differences between treatments 
and hybrids, and differences between means were evaluated 
with the LSD test. The statistical analysis was performed with 
SYSTAT statistical software (SPSS, 1997). In the text, means 
are given in ± S.E.

RESULTS
Plant water status. At the end of the water interruption 

period, the RWC of MWD leaves was lower than on controls 
(39.64 ± 2.40 vs 42.24 ± 1.69 in Exp-I, and 51.63 ± 3.61 vs 
55.48 ± 5.04 in Exp-II). The mentioned RWCleaf magnitudes 
showed that, in both experiments, the procedure of irrigation 
shortage was enough to generate a suboptimal water status 
during the time of fruit development. This is based on the fact 
that the RWC threshold to define a moderate water deficit is 
12% (Bissuel-Belaygue et al., 2002).

In both experiments, plants from the MWD treatments 
showed a transitory wilting status. However, it was back to 
normal turgidity once irrigation was reestablished.

Cuticle thickness. In both experiments, the hybrid x water 
treatment interaction was not significant (p>0.05) for cuticle 
thickness at any of the developmental stages. Therefore, the 
average results for both hybrids were used for mean compari-
son between water treatments in each sampling date. There 
were no differences (p>0.05) between hybrids in any of the 
reproductive stages studied.

In Exp-I, there were significant differences (p<0.05) be-
tween water treatments  in two out of the six stages analyzed 
(Table 2). Pericarp cuticle thickness from MWD treatment 
increased (p<0.05) 16% compared to the control at R6. At the 
same time, the observed increase (p<0.05) at HM was 13% 
(Table 2). In Exp-II, the MWD treatment increased (p<0.05) 
the thickness of the pericarp in all developmental stages by 7 
to 18% (Table 2).

Repro-
ductive 
Stages

Principal Features (Schneiter & 
Miller, 1981)

Days after anthesis
Exp - I Exp - II

R4 The inflorescence begins to 
open and the ray flowers be-
come visible

-7 -7

R5.2 The mature ray flowers are 
fully extended and 20 % of disk 
flowers  are in anthesis

2 1

R5.10 Full anthesis: all the ray and 
disk flowers are in anthesis

10 11

R6 Ray flowers have lost their 
turgidity and are wilting

12 13

R7 Back of the inflorescence has 
started to turn yellow color at 
the center of the head

19 26

R8 Back of the head is yellow but 
the bracts remain green

26 34

R9 Physiological maturity. Bracts 
become yellow and brown and 
a large proportion of the back 
of the sunflower head is brown

53 46

HM 11% water content 70 58

HM: Harvest maturity.
HM: Madurez de cosecha.

Table 1. Major features in the development of the sunflower inflores-
cence in both experiments (Exp-I and Exp-II) at the reproductive stages 
defined by Schneiter & Miller (1981). 
Tabla 1. Características principales del desarrollo de la inflorescencia de 
girasol en los dos experimentos (Exp-I y Exp-II) según los estadios repro-
ductivos definidos por Schneiter y Miller (1981).

Wax in the sunflower pericarp under water deficit
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Epicuticular wax crystal morphology. Since pericarp 
ECW crystal morphology was similar between hybrids, treat-
ments and experiments, only the observations made on hy-
brid DK4030 are shown. At stage R6 (Fig. 1A) and HM (Fig. 
1B-D), SEM revealed the presence of ECW crystals with 
granular morphology. Also, at HM there was an accumula-
tion gradient of ECW crystals in a basipetal direction on the 
fruit surface (Fig. 1B-D). Thus, the presence and size of the 
granules was higher in the upper (Fig. 1B) than in the mid 
(Fig. 1C) and lower regions of the fruit (Fig. 1D). At HM, 
pericarps from control and MWD treatments maintained the 
same crystalloid granular structure and distribution of ECW 
crystals (Fig. 1E and F). 

Pericarp cuticular wax content. Since the hybrid x wa-
ter treatment interaction was not significant (p>0.05) for 
the variable CW content, only the average results for both 
hybrids in each experiment are presented (Table 3). Also, 
no differences (p>0.05) were found between hybrids in the 
CW content. In both experiments, pericarp CW content of 
MWD plants was higher than on controls (Table 3). The 
pericarp CW content of MWD plants increased approxi-
mately 16 to 31% in Exp-I, and 35 to 47% in Exp-II as 
compared to controls (Table 3).

Mean water treatments values for each developmen-
tal stages (R6, R9 or HM) were compared to analyze the 
change in CW content per unit of pericarp dry weight (mg 

Stage Cuticle thickness (µm)
Experiment I Experiment II

Control MWD SE Control MWD SE
R5.2 2.25 a * 2.47 a 0.10 2.34 a 2.71 b 0.08
R6 5.10 a 5.92 b 0.04 4.93 a 5.40 b 0.08
R7 6.06 a 6.06 a 0.11 5.59 a 6.00 b 0.05
R8 6.19 a 6.55 a 0.11 5.29 a 6.25 b 0.03
R9 6.68 a 7.26 a 0.25 5.48 a 6.08 b 0.03
HM 6.01 a 6.78 b 0.09 5.19 a 5.84 b 0.08
HM: Harvest maturity, MWD: Moderate water deficit.
* Within a row for each experiment, means followed by the same 
letter are not significantly different (p>0.05). SE: Standard Error.
HM: Madurez de cosecha, MWD: Déficit hídrico moderado.
* En cada fila dentro de cada experimento, los promedios seguidos 
por la misma letra no son significativamente diferentes (p>0.05). 
SE: Error estándar.

Table 2. Average values of cuticle thickness (µm) of sunflower peri-
carp (hybrids DK3900 and DK4030) at different reproductive stages 
(Schneiter & Miller, 1981) between both water treatments (Control and 
MWD) in both experiments. 
Tabla 2. Valores promedio del espesor de la cutícula (µm) del pericarpo 
de girasol (híbridos DK3900 y DK4030) en diferentes estadios reproducti-
vos (Schneiter & Miller, 1981) para ambos tratamientos hídricos (Control y 
MWD) y los dos experimentos.

Fig. 1. Scanning Electron Microscopy images of the pericarp’s surface 
of sunflower fruits (hybrid DK4030) under different treatments. (A) Epicu-
ticular wax (ECW) crystals of granular morphology at reproductive stage 
R6. Lines indicate the fruit’s longitudinal axis. ECW distribution of granular 
crystals at the upper (B), intermediate (C) and lower (D) regions of a peri-
carp at harvest maturity (HM). Arrows point to ECW crystals. Comparison 
of the accumulation and morphology of ECW crystals of the control (E) 
and MWD treatment (F) fruits at HM. Arrows show the contact zone be-
tween epidermal cells. (G) Pericarp’s surface of a fruit at HM after remov-
ing cuticular waxes with carbon tetrachloride. Note the clean cuticle and 
the contact zone between epidermal cells (black arrows). A detail of the 
basal cell of an epidermal hair is also shown (*; Seiler, 1997). Scale bar: 
A-D, E, G = 20 µm. E-F = 10 µm. cut: cuticle, ECW: epicuticular wax.
Fig. 1. Imágenes con Microscopia electrónica de barrido de la superficie del pe-
ricarpo de girasol (DK4030) bajo diferentes tratamientos. (A) Morfología granular 
de los cristales de ceras epicuticulares (ECW) en el estadio reproductivo R6. 
Las líneas indican el eje longitudinal del fruto. Se observa la distribución granular 
de cristales en la región superior (B), intermedia (C) e inferior (D) del pericarpo a 
la madurez de cosecha (HM). Las flechas indican los cristales de ECW. Com-
paración de la acumulación y morfología de los cristales de ECW en frutos de 
los tratamientos control (E) y MWD (F) a la madurez de cosecha. Las flechas 
indican la zona de contacto entre células epidérmicas. (G) Superficie del peri-
carpo de un fruto a la madurez de cosecha luego de la remoción de las ceras 
cuticulares con tetracloruro de carbono (Cl4C). Note la cutícula limpia y la zona 
de contacto entre células epidérmicas (flechas negras). También se muestra un 
detalle de la célula basal de un pelo epidérmico (*; Seiler, 1997). Escalas: A-D, 
E, G = 20 µm. E-F = 10 µm. cut: cutícula, ECW: ceras epicuticulares. 

Cuticular wax content (mg CW g/pericarp)

Stage
Experiment I Experiment II

Control MWD SE Control MDW SE
R6 5.07 a 6.24 a 0.48 5.25 a 7.08 b 0.42
R9 4.72 a 5.49 b 0.52 4.46 a 6.53 b 0.36

HM 3.49 a 4.58 b 0.52 4.24 a 6.22 b 0.38
HM: harvest maturity; MWD: moderate water deficit. Within 
rows in each experiment, means followed by the same letter are 
not significantly different (p>0.05). SE: standard error.
HM: Madurez de cosecha; MWD: Déficit hídrico moderado. 
En cada fila dentro de cada experimento, los valores promedio 
seguidos por la misma letra no son significativamente diferentes 
(p>0.05). SE: error estándar.

Table 3. Mean wax cuticular content in the pericarp of two hybrids 
(DK3900 and DK4030) for the control and MWD treatments in both 
experiments at the reproductive stages R6, R9 and HM (Schneiter & 
Miller, 1981).
Tabla 3. Promedio del contenido de ceras cuticulares del pericarpo en los 
híbridos (DK3900 y DK4030) para los tratamientos control y MWD, en los 
estadios reproductivos R6, R9 y HM (Schneiter & Miller, 1981).

CW/g pericarp). Pericarp CW content decreased from R6 
to HM. The observed reduction was 29% from R6 to HM 
in Exp-I. During Exp-II, the CW content was reduced 
(p<0.05) by 11% from stage R6 to R9, but not between R9 
and HM (Fig. 2).
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DISCUSSION
It is important to relate the adaptative response of cuticle 

and CW development in MWD plants during fruit devel-
opment to prevent unnecessary fruit dehydration that could 
put at risk the success of the seed development process. The 
epicuticular wax is the first barrier presented at the fruit-en-
vironment interface; it can protect the fruit and the physi-
ological processes within the seed against damage produced 
by ultraviolet (UV) radiation (Grant et al., 2003) and micro-
bial attack (Stephanou & Manetas, 1997). The importance of 
epicuticular wax in stems and leaves has led to its use in the 
quantification of physical attributes involved in crop improve-
ment (Beattie & Marcell, 2002; Grant et al., 2003).

In both experiments, the MWD treatment increased cu-
ticle thickness in comparison to the control in each of the 
developmental stages sampled (Table 2). We demonstrated 
that sunflower fruits showed an adaptive response to water 
deficit conditions by increasing cuticle thickness. This kind 
of adaptive response has been reported to occur in sugar beet 
leaves (Beta vulgaris L.; Luković et al., 2009) and olive fruit 
(O. europaea L.; Patumi et al., 2002). This indicates that water 
deficit applied during the ovary and fruit (stages R4-R6) de-
velopmental stages directly affects cuticle thickness.

Epicuticular wax crystal morphology. The presence of ECW 
crystals in the form of granules was the most prominent feature of 
the pericarp in the sunflower fruit from stage R6 until HM. This 

granular wax morphology, as defined by Barthlott et al. (1998), is 
characteristic of leaves from mesophytes such as Allium and Sac-
charum (Eglinton & Hamilton, 1967), and it has also been found 
in grapes (Vitis vinifera) (Casado & Heredia, 2001).

The basipetal decreasing gradient in the pericarp of the 
ECW crystal distribution at HM (Fig. 1B-D) can be a con-
sequence of the way in which fruits are inserted in the re-
ceptacle. The lower region of the fruit, in close contact with 
its neighbors, showed less accumulation of ECW crystals and 
lower relief morphology than the upper region. Conversely, 
the upper region, which is free and exposed to the environ-
ment, and possibly more sensitive to heat and/or dehydration, 
showed prominent granules of ECW crystals (Fig. 1B). An 
irregular distribution of these granules, of a quantitative and 
qualitative origin, was observed in fruits from orange trees 
[Citrus sinensis (L.) Osbeck; El Otmani et al., 1989] and 
grapes (Casado & Heredia, 2001) due to different levels of 
solar radiation intercepted by the fruits at different positions 
on the plant.

Chemical composition of the waxes is influenced by cli-
matic conditions during fruit development. In turn, chemical 
composition determines ECW crystal morphology (Baker, 
1982; Cameron et al., 2006). SEM revealed that fruit pericarp 
from both water treatments showed an equally waxy appear-
ance with similar wax morphology (Fig. 1E and F). This agrees 
with data reported for tobacco (Nicotiana glauca L. Graham) 
(Cameron et al., 2006), where the morphological shape of 
leaf crystals on plants exposed to periodic drying remained 
unchanged compared to controls. Likewise, morphology of 
ECW crystals was maintained in leaves and bracts of cotton 
(Gossypium hirsutum L.) exposed to different water conditions 
(Bondada et al., 1996).

Pericarp cuticular wax content. In both experiments, 
plants from MWD treatment increased the CW production 
on the pericarp when exposed to water stress (Table 3). This 
has been interpreted as an adaptative plant response to avoid 
water diffusion across the cuticle (Premachandra et al., 1992; 
Patumi et al., 2002). In cherry (Prunus avium L. cv. Sam; Kno-
che et al., 2001) and tomato (Lycopersicon esculentum L.; Vogg 
et al., 2004) fruits, intracuticular rather than epicuticular wax-
es seem to be responsible for avoiding water diffusion across 
the cuticle, thus acting as transpiration barriers. 

Increased CW content, and reductions in cuticular transpi-
ration rates, have been well documented in leaves of weeping 
lovegrass (Eragrostis curvula Schrad.; Echenique et al., 1986) 
and sorghum (Sorghum bicolor L.; Premachandra et al., 1992). 
Likewise, Cameron et al. (2006) observed a higher CW content 
(Nicotiana glauca L. Graham), and a subsequent reduction in epi-
dermis conductance on the surface of tobacco leaves under water 
deficit. A similar response has been reported on leaves of peanut 
(Arachis hypogaea L.; Samdur et al., 2003) and sesame (Sesamum 
indicus L.; Kim et al., 2007), where water stressed plants during 
post-flowering had a significant increase in total wax amount. 
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Fig. 2. Cuticular Wax (CW) content per unit of pericarp dry weight (mg 
CW/g pericarp), averaged over water treatments at R6 (n); R9 (); 
HM (n) in each experiment. Within each phenological stage, different 
letters indicate significant differences (p<0.05).
Fig. 2. Contenido de ceras cuticulares (CW) por unidad de peso seco de 
pericarpo (mg CW/g pericarpo) promediado de los tratamientos hídricos 
en los estadios R6 (n); R9 (); HM (n) en cada experimento. Dentro de 
cada estadio, las barras con diferentes letras indican magnitudes significa-
tivamente diferentes (p<0.05).
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The observed reduction in CW content and HM from 
R6 to R9 in both experiments (Fig. 2) could be attributed to 
the erosive action produced by several environmental factors, 
among wich rainfall and wind are particularly common (Percy 
& Baker, 1990). They can transport abrasive particulate material 
that can remove ECW crystals from the pericarp surface. The 
same effect has been observed on leaves of Eucalyptus sp. (Baker 
& Hunt, 1986) and Fragaria sp. (Neinhuis & Barthlott, 1997). 

In both experiments, the highest content of CW occurred 
at the growth stage R6, when fruits are still young and have 
a high water concentration (Rondanini et al., 2007). This fact 
agrees with observations made by Neinhuis et al. (2001). These 
authors demonstrated that cuticular transpiration allows wax-
es attached to water molecules to move from the inner regions 
of the leaf to its outer surface. Thus, in young epidermis with a 
thin cuticle (such as that present in undeveloped fruits, with a 
lower resistance for the passage of waxes through it compared 
with mature fruits) a higher CW content can be expected.

Preliminary studies in sunflower (Franchini, unpublished), 
showed that the increase in thickness of the cuticle during 
pericarp development is accompanied by an increase in CW 
content. However, cuticular transpiration rates should be 
studied to understand how the increase in cuticle thickness 
and CW content affect transpiration rate. In sorghum ( Jordan 
et al., 1984), CW contents greater than 0.067 g CW fruit/m2 
provided an effective barrier to prevent water loss through the 
leaf cuticle under most conditions.

One might therefore make the question of how CW and 
the cuticle control fruit moisture loss during achene matura-
tion. Franchini (2008) observed that a ripe fruit which had its 
CW removed with solvent, presented a smooth surface with 
no imperfections. Therefore, except for mechanical damage, 
there would be no other way for evaporation from the surface 
(Fig. 1G). The inner layers of the pericarp are known to be 
compressed because of seed development during fruit matu-
ration (Lindström et al., 2007), and while dehydration is tak-
ing place (Rondanini et al., 2007). Therefore, pressure against 
the inner walls of the pericarp during fruit development until 
the vascular bundles collapse (Lindström et al., 2007) could 
also act as a driving force for water expulsion through the cu-
ticle. In view of this physiological and morphological dynam-
ics acting simultaneously during the seed filling period, and 
considering the important barrier to water passage across the 
cuticle of the pericarp, an interesting question arises: what are 
the most likely ways of water loss from fruit during its matu-
ration? The sunflower pericarp can lose an average of 55 mg 
water in a period of 50-60 days from 10 DAA to harvest ma-
turity (Rondanini et al., 2009). Considering an average surface 
of the pericarp of approximately 110 mm2 (Franchini, 2008), 
and a daily period of dehydration of 10 h, the fruit would lose 
about 0.25 mg/m.s. of water.

Extreme values of cuticular transpiration (i.e., 2.5 mg/m.s.; 
Jordan et al., 1984), were found in leaves of sorghum; values 

for the epidermis of apples varieties ranged between 0.19 and 
1.84 mg H20/m.s.

Most of the outer fruit layers do not present structures as-
sociated with the physiological regulation of control of water 
loss, such as stomata (Ölmes et al., 2006). Therefore, water 
must find its way across the cuticle to evaporate. Accord-
ing to data reported for several organs of numerous species 
(Kerstiens, 2006; Schönherr, 2006), cuticular capacity to allow 
water movement across the wax matrix (permeance) is low, 
though variable. Schönherr (2006) showed that water mole-
cules can easily find their way across the cuticle but only as in-
dividual molecules. When water transport across the cuticle is 
massive, the presence of aqueous pores is required (Schönherr, 
2006). Pore opening depends on the content of environmental 
humidity. Franchini (2008) worked on the cuticle ultrastruc-
ture in achene pericarps from plants grown under optimal 
water conditions. She demonstrated the lack of structures 
similar to aqueous pores through which evaporation could oc-
cur (Schönherr, 2006). Moreover, loss of fruit water via xylem 
backflow to other capitulum tissues could make an important 
contribution to dehydration particularly under conditions of 
high evaporative demand (Lang, 1990). In this case, as well as 
during advanced maturation stages, water deficit may result 
in a reverse flow of water from the fruit to the plant through 
the fruit’s vascular bundles (Layzell & LaRue, 1982). Laxman 
& Srivastava (2000) demonstrated the capitulum capacity for 
losing water through the epidermis and also via stomata lo-
cated in the bracts and in the lower surface of the receptacle.

CONCLUSIONS 
This work showed that MWD treatments on sunflower 

plants can generate changes in the quantitative levels of CW 
development at the fruit surface. A MWD treatment on 
plants during fruit development led to an increase of 23 and 
42% in the CW content of the pericarp compared to controls 
in Exp-I and Exp-II, respectively. From R6 to HM, CW con-
tent decreased, possibly due to the erosive effect produced by 
wind and rain on the fruit surface.

ECW located at the upper region of the sunflower fruit 
can have a reflective effect, helping the fruit to avoid over-
heating and dehydration. It could also help to maintain the 
oil quantity and quality that is synthesized in the seed. So, a 
balance should exist between the amount of wax developed 
in the fruit (which can contribute to yield quality) and the 
industrial requirements that lead to its removal before the oil 
can be commercialized. 

Our results can be used as a physiological tool to define 
the dynamics of wax accumulation in the sunflower fruit 
pericarp, a variable that can be genetically modified ( Jenks, 
2002). Breeders need to be able to manipulate two charac-
ters currently antagonists in the sunflower fruit: seed oil and 
pericarp wax content. This is also the first step to the study 
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of possible mechanisms of water loss through the pericarp, 
which remain unknown. 
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