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Grenache Noir and Syrah are two of the grapevine (Vitis vinifera L.) cultivars used to a great extent worldwide. 
They have very different leaf morphologies from an ampelographic (botanical) point of view. This might 
also be related to differences in the anatomy and micro-morphology of their leaves. The goal of the present 
work was to compare these cultivars’ leaf anatomy and morphology. Adult leaves from both cultivars 
were characterised using a range of microscopy techniques. Grenache Noir had a significantly smaller leaf 
surface area, but a significantly thicker leaf blade, than Syrah. It also had significantly larger stomata and 
a larger stomatal index than Syrah. The distribution of mesophyll tissues was similar in both cultivars, but 
the upper epidermis was significantly thicker in Grenache Noir, and the palisade parenchyma cells were 
longer in Syrah. The mesophyll tissues of both cultivars contained abundant idioblasts carrying crystals of 
calcium oxalate and mucilage. This work reveals quantitative and qualitative differences in the anatomy 
and morphology of mature Grenache Noir and Syrah leaves. Further work is needed to determine how these 
anatomical and morphological differences may be connected with different responses at the functional level.

INTRODUCTION
The grapevine (Vitis vinifera L.) cultivars Grenache Noir 
and Syrah (synonym Shiraz) occupy the seventh and sixth 
places respectively in the world ranking of area given over 
to grapevine cultivation and wine production (Anderson & 
Aryal, 2013). Both cultivars have been used as parentals 
in producing segregant populations for constructing the 
grapevine genetic map (Vezzulli et al., 2008), and as model 
cultivars for studies on grapevine ecophysiology and 
resistance to biotic and abiotic stress (Schultz, 2003; Boso et 
al., 2010; Coupel-Ledru et al., 2014). 

In recent years, V. vinifera has been used as an example 
for the study of the cultivar effect on ecophysiological 
responses and stomatal control under conditions of water 
stress (Schulz, 2003; Lovisolo et al., 2010; Tombesi et 
al., 2014; Hochberg et al., 2018). Tardieu and Simonneau 
(1998) classified grapevine cultivars as iso/anisohydric, 
based on their ability to regulate leaf water potential (ΨL), 
and other authors later classified Grenache Noir as isohydric, 
i.e. when little water is available, its leaf water potential 
(ΨL) is maintained via the increased regulation of stomatal 

conductance (gs). For this reason, the Grenache Noir cultivar 
is therefore considered drought resistant (Hugalde & Vila, 
2014). Syrah, in contrast, has been classified as anisohydric, 
since its ΨL falls under water stress conditions and the 
stomata are not regulated much (Schultz, 2003; Santesteban 
et al., 2009). However, this dichotomy between iso/
anisohydric has been long questioned (Martínez-Vilalta & 
García-Former, 2017; Hochberg et al., 2018). According to 
these authors, an implicit assumption of describing specific 
grapevine cultivars as being iso/anisohydric is that plant 
hydraulic behaviour is determined solely by the genotype 
and does not take into consideration the large effect of the 
environment (Hochberg et al., 2018) and key tissue traits of 
the rhizosphere or xylem in water relations (Martínez-Vilalta 
& García-Former, 2017).

 It has been shown in different plant species that 
the anatomical characteristics of the leaf epidermis and 
mesophyll have a direct bearing on the capacity to adapt to 
the environment (Ennajeh et al., 2010; Ben Salem-Fnayou 
et al., 2011; Liu et al., 2015; Doupis et al., 2016). However, 
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while the differences in the behaviour of Grenache Noir and 
Syrah under water stress conditions have been studied from 
a functional response/physiological standpoint, no studies 
have compared the anatomical and morphological features 
of their leaves. In previous work (Gago et al., 2016), our 
group reported microanatomical differences between other 
grapevine cultivars related to their trichomes. The present 
work extends this study by examining, using different 
microscopy techniques, the differences in the anatomy and 
morphology of Grenache Noir and Syrah leaves. Knowledge 
of such differences may throw light on these cultivars’ 
different responses to water stress.

MATERIALS AND METHODS
Plant material

The analysed leaves belonged to five plants each of the 
Grenache Noir clone 344MT6 and Syrah clone ENTAV73. 
Non-grafted plants of these two cultivars are maintained in 
a sandy soil under a ‘cordon trained to an espalier’ canopy 
system (3 300 plants/ha plant density) with irrigation at the 
Montpellier SupAgro Domaine du Chapitre Experimental 
Plantation (Hérault, France). All leaves (n = 10 per cultivar 
[two per plant]) were collected from nodes 8 to 9 of a fruiting 
cane growing from the present year’s wood, after fruit-setting 
and before véraison (when leaf development is complete). 
The areas of the leaf lamina selected for stomatal and 
anatomical examination and morphometric measurements 
(Fig. 1) were chosen according to the recommendations of 
D’Ambrogio de Argüeso (1986) and Scienza and Boselli 
(1981).

Leaf variables studied
Total leaf surface area 
Digital images (black and white; 600 ppi) were obtained 
for five leaves per cultivar, and the mean surface area of the 
blades was determined. 

Density of stomata and stomatal index
Using nail polish, three prints of the same area of the lower 
side of the leaf were taken from three of the five leaves per 
cultivar sampled, as described previously (Fig. 1). When 
the polish had completely dried at room temperature, it was 
pulled off with the help of adhesive tape and placed on a 
microscope slide. These preparations were then photographed 
(magnification X 20) in two different places using a Leica 
DM4500 microscope (Leica, Germany) equipped with a 
Retiga 2000R camera (QUIMAGING, Canada) (performed 
at the Montpellier Imaging Facility, www.mri.cnrs.fr) 
running Volocity® image capture software (Improvision, 
UK). The number of stomata and epidermal cells in the 
two photographs were then counted and the stomatal index 
determined according to Wilkinson (1979): 

SI = (NS*100)/(NC+NS)                                                    [1]

where
SI = stomatal index
NS = number of stomata in the field of view (unit area)
NC = number of epidermal cells in the same field of view 
(unit area)

Finally, stomatal length was measured for all the stomata 
visible in each of the nail polish prints.

1

1

FIGURE 1
Parts of the leaf blade from where samples were taken for microanatomy studies: (1) for the determination of stomatal density, 
(2) for the determination of stomatal index. The sampling areas were chosen according to the recommendations of D’Ambrogio 

de Argüeso (1986) and Scienza and Boselli (1981).
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Leaf anatomy
Immediately after collecting the leaves, the petiole was 
wrapped in a wet paper towel and put in a plastic bag and 
inside a cooler. They were transported to the laboratory and, 
on the same day, a 0.3 x 1 mm sample was taken from the 
area of the leaf, as shown in Fig. 1, and immediately fixed 
in formaldehyde; this was performed for five leaves per 
cultivar. Each sample included a portion of vein L2 and some 
of the blade from either side. These samples were fixed, 
dehydrated and embedded in resin, as previously described 
in Gago et al. (2016), and the blocks were cut transversally 
and longitudinally using a Leica RM2255 microtome (Leica, 
Germany) to provide 3.5 µm sections. The latter were double-
stained for carbohydrates and proteins using periodic acid 
Schiff reagent (PAS) and naphthol blue-black reagent (NBB) 
(Fisher, 1968; Buffard-Morel et al., 1992), and mounted in 
Isomount (Labonord, France). Digital images (magnification 
x 20) were then acquired using a NanoZoomer 2.0 HT digital 
slide scanner (Hamamatsu, Japan) at the same Montpellier 
Imaging Facility and viewed using NDPview software. The 
same preparations were also viewed by epifluorescence 
microscopy using a Leica DM 6000 microscope (Leica, 
Germany) under bright field conditions and employing the 
A-type filter (450 to 490 nm). Images were recorded at 
different magnifications using a Retiga 2000R (QIMAGING, 
Canada) camera running Volocity® software (Improvision, 
UK).

The following variables were then measured:
• Total leaf blade thickness
• Thickness of the upper epidermis, the palisade 

parenchyma, spongy parenchyma and lower 
epidermis

• Upper and lower cuticle thickness
• Area of the spongy parenchyma occupied by lacunae
•  Stomata guard cell area (measured when stomata 

transverse sections were complete)
• Distribution of idioblasts in the mesophyll and size 

of crystals carried

Image analysis
ImageJ software (National Institutes of Health, MD, USA 
http://rsbweb.nih.gov/ij/) was used to take all measurements 
and do all counts.

Statistical analysis
Means for the different variables were compared using 
Student’s t-test for independent samples. Significance was 
set at P ≤ 0.05. All calculations were done using R software 
(R Core Team, 2017).

RESULTS
Total leaf surface area
The results for the measured variable “total leaf surface 
area” (Table 1) show that the leaves of the Syrah cultivar 
were significantly larger (20 624.38 mm2 for Syrah vs 
15 079.41 mm2 for Grenache Noir) (P ≤ 0.05).

Density of stomata and stomatal index
No significant difference was seen between the cultivars 
with respect to the density of stomata (Table 2); Grenache 
Noir leaves contained 137.75 stomatal pores per mm2, 
whereas Syrah contained 148.80 pores per mm2. However, 
the Grenache Noir leaves had a significantly larger stomatal 
index (P ≤ 0.05), i.e. they possessed fewer epidermal cells per 
number of stomata (Table 2). In addition, the Grenache Noir 
stomata were significantly longer (31.40 µm in Grenache 
Noir versus 28.21 µm in Syrah) (P ≤ 0.001), and the surface 
area (in transverse section) of the guard cells was also 
significantly larger in Grenache Noir (P ≤ 0.001) (Table 2). 

The stomata were distributed in a dispersed manner on 
the underside of the leaf in both cultivars. In both cultivars, 
the epidermal cells surrounding the guard cells looked no 
different from the epidermal cells themselves (Fig. 2), while 
the guard cells were kidney shaped and lay either at the 
same level as the epidermal cells or slightly raised (Fig. 2). 
In transverse section, the cuticles of the guard cells showed 
thickenings near the stoma (Fig. 2c & 2e). 

Leaf anatomy
The total thickness of the leaf blade was significantly 
(P ≤ 0.01) greater in the Grenache Noir cultivar (Table 3) 
(245.18 µm vs 193.01 µm for Syrah). No difference was 
seen between the cultivars either in upper or lower cuticle 
thickness (Table 1, Fig. 3), but in both cultivars the lower 
cuticle was thicker than the upper cuticle (Fig. 3), and 
significantly so in Grenache Noir (3.58 µm for lower cuticle 
vs 2.69 µm for upper cuticle) (Table 1). The Grenache Noir 
leaves also had a significantly (P ≤ 0.001) thicker upper 
epidermis. The proportion of palisade parenchyma in the 

TABLE 1
Leaf area and thickness of the upper and lower cuticles in the grapevine cultivars Grenache Noir and Syrah.

Cultivar Leaf area (mm2) Upper cuticle thickness (µm) Lower cuticle thickness (µm)

Grenache Noir 15 079.41 ± 1 253.78 2.69 ± 0.29 3.58 ± 0.19

Syrah 20 624.38 ± 1 232.87 3.30 ± 0.08 3.34 ± 0.09

n 5 10 10

Sig. * ns ns
Data show mean ± SE (standard error of the mean). n = number of measurements.
Sig. = significance, ns = not significant, * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001
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total leaf blade thickness was significantly (P ≤ 0.01) thicker 
in the Syrah leaves (µm 27.67 % vs. 23.32 % for Grenache 
Noir) (Table 3). 

Examination of the transverse sections of the leaf blade 
revealed the overall organisation of the leaf tissues to be 
similar in both cultivars. The abaxial surface of the Syrah 
leaves presented two types of non-glandular trichomes: 
prostrate trichomes (were present with a medium density 
[OIV, 2009]) and erect trichomes (very low density [OIV, 
2009]), while the Grenache Noir leaves were glabrous, i.e. 
they showed neither type. In both cultivars the cuticle on the 
epidermal cells formed a protective layer over the whole leaf 
blade (Fig. 3), even covering the trichomes on the abaxial 
surface of the Syrah leaves (Fig. 4). The mesophyll of both 

cultivars was dorsiventrally orientated (with the palisade 
mesophyll adaxial with respect to the spongy parenchyma) 
(Fig. 4). The spongy parenchyma contained large lacunae in 
both cultivars, although no significant difference was seen 
between them in terms of the area occupied by these spaces. 

The mesophyll of both cultivars contained needle-
shaped calcium oxalate crystals called raphides, lying within 
specialised cells or idioblasts (Fig. 5). Positive periodic 
acid-Schiff (PAS) staining in all cells containing raphide 
bundles indicated that the calcium oxalate crystals were 
totally covered in mucilage polysaccharides (Fig. 5). The 
idioblasts were more common at the interface between the 
two types of mesophyll parenchyma (Fig. 5), although they 
were also seen in both cell layers. The Syrah leaves showed 
significantly (P ≤ 0.05) more idioblasts per unit of cross-

TABLE 2
Stomatal density and size of Grenache Noir and Syrah leaves.
Cultivar Stomatal density Stomatal index (%) Stomatal length (µm) Guard cell area (µm2)

(No. stomata mm-2) Guard cell 1 Guard cell 2

Grenache Noir 137.75 ± 6.26 13.89 ± 1.71 31.40 ± 0.68 113.16 ± 4.56 114.15 ± 4.70

Syrah 148.80 ± 7.36 8.24 ± 0.81 28.21 ± 0.51 79.39 ± 1.95 80.45 ± 1.94

n 6 6 60 30 30

Sig. ns * *** *** ***
Guard cell area (µm2) measured in transverse sections; stomatal length measured from nail polish prints.
Data show mean ± SE; n = number of measurements. Sig.= significance, ns = not significant, * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001

1

1

FIGURE 2
Stomata on the abaxial side of the leaves: (a) print of Grenache Noir; (b) print of Syrah, (c and e) bright field image of a 
transverse section of a stoma stained with PAS+NBB [c = Grenache Noir; e = Syrah]; note the curved thickening of the guard 
cell outer wall; (d) bright field image of a longitudinal section of a stoma stained with PAS in Grenache Noir. GC = guard cells, 

S=stomata.
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sectional area (5.70 idioblasts per mm2) than the Grenache 
Noir (3.75 idioblasts per mm2). The length of the raphides 
was similar in both cultivars, but they were significantly 
(P ≤ 0.01) wider in Grenache Noir (Table 4).

DISCUSSION
The present results reveal anatomical and morphological 
differences between the leaves of the studied cultivars. Both 
stomatal anatomy and density have been well studied in Vitis 
leaves, since they appear to be related to resistance to drought 
and certain fungal infections (Boso et al., 2010; Gerzon 
et al., 2015). However, different authors have recorded 
different stomatal density values for both Grenache Noir and 
Syrah (Gómez-del-Campo et al., 2003; Rogiers et al., 2009; 
Monteiro et al., 2013; Gerzon et al., 2015). This might be 
explained by differences in experimental conditions: some of 
these reports examined plants in pots, while others examined 
plants in greenhouses and in the field. Scienza and Boselli 
(1981) reported clear differences in the stomatal density of 
rootstock cultivars grown in pots and in the field. Gerzon 
et al. (2015) reported the differences in stomatal density 
between Grenache Noir and Syrah plants grown in pots to be 
greater than between plants grown in the field. In addition, 
they reported the stomatal density of Grenache Noir to be 
significantly higher, with no differences seen in terms of 
stoma length. In the present work, no difference was seen 
between the cultivars in terms of stomatal density, but the 
stomata of Grenache Noir were significantly longer and wider. 
In addition, the stomatal index of the present Grenache Noir 
plants was significantly greater than that of the Syrah plants. 
However, caution should be taken when comparing stomatal 
density data collected by different authors; discrepancies 
in these results may be due to differences in the stage of 
development of the plants and the environmental conditions 
under which they were grown (Yan et al., 2017). Stoma size 
would appear to be a genetically controlled trait, but further 
work is needed to determine whether this variable is affected 
by ecophysiological features, while stomatal index (SI) is a 
direct measure of the proportion of epidermal cells that have 
differentiated into stomata. Therefore, SI measurements 
allow a normalisation of the effects of epidermal cell size, 
whereas stomatal density is influenced by epidermal cell 
size, which could be modified by environmental factors (Yan 
et al., 2017).

The presence of trichomes in the abaxial surface of the 
leaves of the Syrah cultivar agree with the results reported by 
Boso et al. (2010) and Gago et al. (2016), and the trichome 
type (erect and/or prostrate), their microanatomy and 
distribution on the abaxial epidermis are consistent with that 
reported previously by Gago et al. (2016). Also, the structures 
recorded for the two epidermises and the organisation 
of the mesophyll tissues agree with results reported by 
Boso et al. (2010) for different cultivars of V. vinifera and 
the species V. riparia. Monteiro et al. (2013) describe the 
palisade parenchyma of several red grape cultivars to be 
‘pluristratified’, with up to three layers of compact cells. 
In the present work, however, the palisade parenchyma of 
both Grenache Noir and Syrah was composed of just one 
layer. In some transverse sections, however, an intermediate 
layer of very compact cells was seen at the palisade/

TA
B

LE
 3

A
na

to
m

ic
al

 tr
ai

ts
 o

f G
re

na
ch

e 
N

oi
r a

nd
 S

yr
ah

 le
av

es
. 

C
ul

tiv
ar

L
ea

f b
la

de
 th

ic
kn

es
s 

(µ
m

)
U

pp
er

 e
pi

de
rm

is
 (%

 
le

af
  b

la
de

 th
ic

kn
es

s)
L

ow
er

 e
pi

de
rm

is
 (%

 
le

af
 b

la
de

 th
ic

kn
es

s)

Pa
lis

ad
e 

pa
re

nc
hy

m
a 

(%
 le

af
 b

la
de

 
th

ic
kn

es
s)

Sp
on

gy
 p

ar
en

ch
ym

a 
(%

 le
af

 b
la

de
 

th
ic

kn
es

s)

%
 In

te
rc

el
lu

la
r 

sp
ac

es
 in

 to
ta

l s
po

ng
y 

pa
re

nc
hy

m
a

G
re

na
ch

e 
N

oi
r

24
5.

18
 ±

 1
1.

57
11

.2
9 

± 
0.

64
a

8.
63

 ±
 0

.3
5b

23
.3

2 
± 

0.
93

56
.7

6 
± 

1.
29

24
.6

9 
± 

1.
91

Sy
ra

h 
19

3.
01

 ±
 1

0.
55

7.
76

 ±
 0

.3
6a

8.
87

 ±
 0

.4
2a

27
.6

7 
± 

1.
16

55
.6

9 
± 

0.
75

19
.9

3 
± 

2.
20

n
5

10
10

10
10

10

Si
g.

**
**

*
ns

**
ns

ns
D

at
a s

ho
w

 m
ea

n 
± 

SE
; n

 =
 n

um
be

r o
f m

ea
su

re
m

en
ts

. S
ig

.=
 si

gn
ifi

ca
nc

e,
 n

s =
 n

ot
 si

gn
ifi

ca
nt

, *
 p

 ≤
 0

.0
5,

 *
* 

p 
≤ 

0.
01

, *
**

 p
 ≤

 0
.0

01
. L

et
te

rs
 d

en
ot

e s
ig

ni
fic

an
t d

iff
er

en
ce

 b
et

w
ee

n 
up

pe
r a

nd
 lo

w
er

 ep
id

er
m

is
 

w
ith

in
 c

ul
tiv

ar
s.



Grapevine Leaf Anatomy

S. Afr. J. Enol. Vitic., Vol. 40, No. 2, 2019DOI: https://doi.org/10.21548/40-2-3031 

137

spongy parenchyma interface – cells considered here as not 
belonging to the palisade parenchyma. Rather, this layer 
appears to be made up of apoptotic cells that eventually give 
rise to lacunae. The apoptosis gradient begins close to the 
lower epidermis; the cells closest to the palisade parenchyma 
are the last to experience any apoptotic events. This gives 
rise to fewer lacunae among these cells and the creation of 
this intermediate layer of cells.

Grenache Noir and Syrah have shown different stomatal 
control behaviour under water stress conditions (Schultz, 

2003; Santesteban et al., 2009), and for this they have been 
classified as either isohydric (Grenache Noir) or anisohydric 
(Syrah). Differences in the anatomy of the petioles, green 
shoots and rachis of their clusters have previously been noted 
between the isohydric Grenache Noir and the anisohydric 
Syrah (Schultz, 2003; Gerzon et al., 2015; Scharwies 
&Tyerman, 2017). In the present work, anatomical 
differences were detected in the leaves that might play 
some functional role in the regulation of leaf water potential 
(ΨL). The total thickness of the Grenache Noir leaves was 

1

1

FIGURE 3
Cuticle on the leaf epidermis: (a): epifluorescence microscopy image of a transverse section of Grenache Noir (note upper and 
lower epidermises); (b): bright field image of a longitudinal section of Syrah leaf stained with PAS. UCUT = upper cuticle, 

LCUT = lower cuticle

1

1

FIGURE 4
Leaf anatomical characteristics as seen in transverse section (staining with PAS+NBB), (a) Grenache, (b) Syrah. PAS staining 
of Grenache (c) and Syrah (d) leaves. AB, abaxial epidermis; AD, adaxial epidermis; BS, bundle sheath; I, idioblast; IS, 
intercellular space; PP, palisade parenchyma; S, stomata; SP, spongy parenchyma; T, trichome; TB, trichome base; VB, vascular 

bundle.
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TABLE 4
Idioblasts and their calcium oxalate crystal/mucilage content variables. 

Grenache Noir n Syrah n Sig.
Number of idioblasts per cross-sectional area 
of the leaf (No. mm-2)

3.75 ± 0.51 5 5.70 ± 0.46 5 *

Idioblast dimensions (longitudinal section):

Perimeter (µm) 208.61 ± 21.07 13 230.62 ± 20.27 8 ns

Length (µm) 88.09 ± 10.39 13 99.00 ± 9.32 8 ns

Width (µm) 29.77 ± 1.52 13 27.52 ± 1.85 8 ns

Area (µm2) 2 337.69 ± 346.63 13 2 475.00 ± 347.06 8 ns

Idioblast dimensions (transverse section):

Perimeter (µm) 109.87 ± 3.78 28 95.63 ± 2.45 46 **

Diameter (µm) 27.77 ± 0.82 28 25.01 ± 0.54 46 **

Area (µm2) 916.68 ± 60.69 28 694.74 ± 33.71 46 **
Data show mean values ± SE; Sig. = significance, n = number of measurements, ns = not significant, * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001.

1

1

FIGURE 5
Idioblast cells containing calcium oxalate crystals grouped in raphide bundles and mucilage. The idioblast cells are oriented 
in different directions. (a) Transverse section of Grenache Noir leaf stained with PAS: arrow No. 1 shows longitudinal section 
of an idioblast with the crystals as raphides embedded in mucilage (stained in red with PAS reagent); arrow No. 2 shows 
a transverse section of a similar idioblast. (b) Transverse section of Grenache Noir leaf stained with PAS+NBB showing 
longitudinal image of an idioblast cell containing a bundle of raphides embedded in mucilage. (c) Transverse section of a Syrah 
leaf stained with PAS showing a transverse image of idioblast containing raphides and mucilage. Mc, mucilage; Id, idioblast 

cells containing raphides (calcium oxalate crystals).
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significantly greater than that of the Syrah leaves, but the 
thickness of the palisade parenchyma was greater in Syrah. 
A thicker palisade tissue would increase the number of sites 
available for CO2 assimilation per unit area of leaf surface 
(Ennajeh et al., 2010), and may help maintain photosynthetic 
assimilation rates for some time if the stomata were to close 
in order to retain water. The Grenache Noir leaves had a 
smaller total surface area than the Syrah leaves – another 
adaptation that has been related to drought tolerance (Doupis 
et al., 2016). The leaves of these two cultivars thus show 
anatomical and morphological adaptations that might be 
related to tolerance to water stress. 

More recently published work shows the anisohydric 
classification of Syrah may not be so certain (Rogiers et al., 
2011; Coupel-Ledru et al., 2014; Hugalde & Vila 2014; 
Gerzon et al., 2015). The existence of a relationship between 
water potential and stomatal conductance is questioned, 
since a cultivar may show isohydric or anisohydric behaviour 
depending on the degree of water stress and environmental 
conditions (Lovisolo et al., 2010). Mishra et al. (2012) 
reported that certain morphological characteristics of 
Arabidopsis thaliana leaves, including their shape and size, 
vary depending upon whether plants were grown inside or 
outside growth chambers. Experiments have been performed 
in grapevine plants grown in pots under glasshouse 
conditions, in the field, and grafted or not onto rootstocks, 
and different results were obtained for the same variables. 
For example, Hochberg et al. (2018) suggest that grapevine 
plants shift from anisohydric to isohydric depending on 
soil water potential, so for proper characterisation of the 
genotypic effect (iso/anisohydric) it is also important to 
consider the effect of the environment. In order to enable 
meaningful comparisons of different cultivars, it is also 
necessary to improve our understanding of the temporal 
dimension of drought responses and the role of anatomical 
traits related to water transport in the plant (Martínez-Vilalta 
& García-Forner, 2017).

Many idioblasts were found in the leaf mesophyll of both 
the Grenache Noir and Syrah plants. These cells accumulate 
calcium oxalate and mucilage, and were more commonly 
seen at the interface of the palisade and spongy parenchyma. 
The calcium in these crystals is of environmental origin 
and from the oxalate synthesised by the cells (Franceschi & 
Nakata, 2005). The morphology of these crystal-containing 
cells has been used in the taxonomic classification of plant 
species (Pennisi & McConnell, 2001; Coutinho et al., 2013). 
Their function is not entirely clear, but it has been proposed 
that they are involved in tissue calcium regulation, protection 
from herbivores, and heavy metal detoxification (Franceschi 
& Nakata 2005; He et al., 2013). Other authors suggest that 
these crystals, plus the mucilage found in these cells, might 
have a functional role in water stress. For example, Brown 
et al. (2013), who studied the leaflets of different Acacia 
species, reported an increase in the accumulation of these 
crystals when soil water levels were maintained at low levels. 
Liu et al. (2015) report the presence of idioblasts containing 
crystals and mucilage in mature Populus euphratica leaves 
and attribute them a function in drought resistance, with 
the mucilage at least helping in the storage of water in the 
mesophyll. Similarly, Doupis et al. (2016) reported idioblasts 

containing mucilage and calcium oxalate to increase in 
number in grapevine leaves growing under water stress 
conditions. These authors suggest that the mucilage permits 
rapid water accumulation in the leaf mesophyll that can 
be released when needed. Finally, Tooulakou et al. (2016) 
monitored the oxalate content to examine the fluctuation in 
calcium oxalate crystal volume over the course of a day in 
Amaranthus hybridus, and proposed that these crystals act 
as a source of carboxyl groups that could be turned into 
CO2 by the enzyme oxalate oxidase during times when the 
atmospheric supply of the gas is low, e.g. when the stomata 
are closed in reaction to water stress. The accumulation of 
calcium oxalate crystals may therefore provide the plant with 
a means of tolerating drought. 

In the present work, the cultivar Syrah had the larger 
number of idioblasts, but the crystals carried by those of 
Grenache Noir were bigger. However, their abundance and 
size were studied only in transverse sections of the leaves. 
To establish the relationship between the accumulation of 
calcium oxalate + mucilage and tolerance to water stress, 
further work is necessary on the size and distribution of the 
idioblasts containing them, and comparisons have to be made 
between plants subjected to different degrees of water stress.

CONCLUSIONS
Anatomical and morphological differences were found 
between the leaves of the Grenache Noir and Syrah 
grapevine cultivars, with the former showing smaller but 
thicker leaves. Differences were also detected in terms of 
the distribution of their leaf mesophyll tissues, stomatal size 
and index, and the abundance of idioblasts. The functional 
significance of these differences, however, remains to be 
determined. Indeed, further work is needed to determine how 
plastic these differences might be in plants growing under 
water stress conditions.
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