
Plant physiology

Seasonal patterns of water relationships,
photosynthetic pigments and morphology

of Actinidia deliciosa plants of the Hayward
and Tomuri cultivars

R Savé C Olivella1 C Biel1 J Adillón2 R Rabella3

1Departament de Tecnología Hortícola;
2Unitat de Suport Técnic, Centre de Cabrils, Institut de Recerca i Tecnologia Agroalimentàries (IRTA),

Carretera de Cabrils, s/n E08348 Cabrils, Barcelona;
3Servei de Desenvolupament Rural, Diputació de Barcelona, C/Urgell, 187, E08036 Barcelona, Spain

(Received 7 July 1993; accepted 4 January 1994)

Summary. - Plant water relationships, photosynthetic pigments, osmotic solutes and several morphological
parameters were measured on leaves of 6-yr-old pistillate (Hayward) and 6-yr-old staminate (Tomuri)
cultivars of kiwifruit grown under Mediterranean climate conditions, in order to evaluate physiological dif-
ferences between them, and whether a good discriminatory parameter can be obtained between rooted
cuttings. The staminate cultivar had higher leaf turgor and losses turgor at lower leaf-water potential than
the pistillate cultivar. This was related to the lower osmotic potential at full turgor in Tomuri compared with
Hayward, together with the elastic properties of leaf tissue. Seasonal patterns of water potential components,
cuticular water loss, proline, soluble sugars, photosynthetic pigments, cutin, turgid weight/dry weight ratio
and specific leaf weight were all similar in both cultivars, whereas the hemicellulose/cellulose ratio differed.
Thus, leaf-tissue elasticity is important in determining the drought-resistance strategy of both cultivars, and
the chemical composition of the cell walls, which is strongly related to tissue elasticity, could provide a
good discriminatory parameter.

cell wall composition/leaf water losses/leaf water potential components/volumetric modules of
elasticity

Résumé - Valeurs saisonnières des rapports hydriques, des pigments photosynthétiques et de la
morphologie d’Actinida deliciosa cultivars Hayward et Tomuri. Les rapports hydriques, les pigments
photosynthétiques et quelques paramètres morphologiques ont été mesurés sur des plantes de kiwi de 6
années cv Hayward et Tomuri, cultivées sous des conditions de climat méditerranéen. Le cultivar Tomuri
a une turgescence foliaire supérieure et il la perd à des potentiels hydriques plus négatifs que le cultivar
Hayward. Ce comportement peut être dû aux basses valeurs du potentiel osmotique et aux caractéristiques
d’élasticité des tissus foliaires de ce cultivar. Les valeurs saisonnières des composants du potentiel hy-
drique, la transpiration cuticulaire, la proline, les sucres solubles, les pigments photosynthétiques, la cutine,
les poids spécifique foliaire et poids de turgescence/poids sec sont semblables pour les 2 cultivars. Et

seuls sont différents les rapports hémicellulose/cellulose. Par conséquent, les caractéristiques physio-
logiques et morphologiques des feuilles sont importantes pour définir la stratégie de résistance à la sé-
cheresse des 2 cultivars de kiwi, spécialement l’élasticité des tissus et la composition chimique des parois
cellulaires.

composition des parois cellulaires / composants du potentiel hydrique foliaire / module volumétrique
d’élasticité / pertes d’eau foliaire
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INTRODUCTION

Although kiwifruit (Actinidia deliciosa Chev)
flowers are hermaphroditic, they are physio-
logically unisexual. For this reason, the

presence of staminate and pistillate plants is
essential in a kiwifruit orchard to guarantee
adequate pollination and fertilization of the fe-
male flowers (Biasi and Costa, 1984).
When cultivated under Mediterranean cli-

matic conditions, kiwifruit commonly experi-
ences periods in which plant water deficits

develop in response to high atmospheric
evaporative demand (Savé et al, 1984; Savé
and Adillón, 1990). Strong summer droughts
are common in the Mediterranean coastal
area of Catalunya, in the northeast of Iberian
Peninsula. The potential for growth and/or
survival during drought, depends on the ca-
pacity and properties of plants for avoidance
or tolerance of injury to tissues and desicca-
tion (Morgan, 1984; Turner, 1986).

The aim of the present study, which is in-

cluded in a larger research project on the
ecophysiology of kiwifruit in Catalonia (Savé
et al, 1984; Savé and Serrano, 1986; Savé
1988; Savé and Adillón, 1990), was to assess
the contribution of osmotic adjustment, tissue
elasticity, morphological characteristics and
cell-wall composition to drought-resistance
mechanisms in both staminate and pistillate
kiwifruit cultivars along a crop cycle. This
work should lead to a discriminatory par-
ameter between these economically import-
ant cultivars, which could allow the
determination of the sex of rooted cuttings
before establishment in the field.

MATERIALS AND METHODS

This study was carried out in 1989 in a 6-yr-old
orchard of kiwifruit, Actinidia deliciosa cv Hayward
(pistillate) and Tomuri (staminate) located in El

Maresme, Catalonia, in the northeast of the Ibe-
rian Peninsula (41 ° 25’ N, 2° 23’ E). The climate is
classified as Mediterranean (hot, dry summers
and cold, wet winters). The kiwifruits were planted
at a density of 333 plants ha-1, and were sup-
ported with a T-trellis with the cross-beam approxi-
mately 1.8 m above the ground.

Irrigation provided 150-60-200 kg ha-1 of (N:
P2O5: K2O) and was applied when the soil matric

potential reached -0.015 MPa. In winter 2-2.5 kg
m-2 of manure was applied.

The soil matric potential was determined with
Soilmoisture 2725 tensiometers (Soilmoisture,
Santa Barbara, Ca) located at a depth of 10 and
40 cm and at 20 cm from the emitter.

A pressure-volume (P-V) technique described
by Tyree and Richter (1981, 1982) was used to

compare the tissue water relationship of Hayward
and Tomuri cultivars during spring (May 5, 1989),
summer (July 13, 1989) and autumn (October 2,
1989). Several fully developed south-facing leaves
were randomly selected from roughly the middle
canopy height in the early morning (Savé et al,
1993).

The leaves used for the P-V curve analysis
were analyzed for determination of the saturated
weight/dry weight ratio (TW/DW) and specific leaf
weight (SLW). The values obtained by difference
between distinct fresh weights in the time interval
below the point of zero turgor were considered as
cuticular water losses (Araus et al, 1991).

Chlorophyll a,b and total were determined by
extraction with dimethylformamide and read in a

UV-VIS spectrophotometer, Shimadzu 260, ac-

cording to Inskeep and Bloom (1985). Carotenoids
were extracted simultaneously with the chlorophyll
and determined using the equations proposed by
Lightenthaler and Wellburn (1983) for the deter-
mination of carotenoids in a 80% acetone/water

extracting solution.

Proline was determined according to a modifi-
cation of the method of Bates (1973) with a Shi-
matzu 260 spectrophotometer at 560 nm. Soluble
sugars were determined in dry samples according
to Wristler and Wolform (1962).

At the summer sampling, the leaves of pistillate
and staminate kiwifruit cultivars were harvested in
order to analyze their cellulose, hemicellulose, lig-
nin and cutin compositon (G&oelig;ring and Van S&oelig;st,
1970). 

Values were compared by one-way ANOVA
test. All means were compared at the 0.05 level
of significance.

RESULTS AND DISCUSSION

The osmotic potentials at full and zero turgor
were always lower and the values of the vol-
umetric modulus of elasticity were always
higher in Tomuri than in Hayward cultivar

(table I).
The decrease in osmotic potentials at full

and zero turgor suggests some degree of os-
motic adjustment by net accumulation of so-



lutes in response to water deficits promoted
by the evaporative demand of the atmos-

phere as shown in figure 1 (Morgan, 1984;
Turner, 1986). This decrease could be partly
caused by the concentration of solutes

(Ackerson and Hebert, 1981; Sobrado, 1986),
which can be deduced from the reduction of
the TW/DW ratio and the increase in SLW

throughout the season, which probably pro-
vided thicker walls and reduced cell volume

(Jensen and Henson, 1990). The reduction in
TW/DW observed throughout the season

could be due to accumulation of fibrous con-
stituents in the leaves, particularly hemicel-
lulose. These cell-wall components have

important properties such as ion-binding ca-
pacity and water-holding capacity (Rascio et
al, 1990).

Proline showed higher values in the spring
samples than in the summer and autumn

samples, which had similar values (table II).
This may be caused by a large seasonal vari-
ation in the concentration of macronutrients
and micronutrients in the leaves of kiwifruit

(Smith et al, 1985).
The soluble sugar values did not show dif-

ferences between cultivars, but showed a sig-
nificant decrease in the summer values, which
could be attributed to increased translocation
for plant growth (Munns, 1988) (table II).

The higher values of the volumetric elastic
modulus observed in the staminate compared
with the pistillate cultivars seem to indicate
a lower tissue elasticity, which provides a
smaller contribution to osmotic adjustment
(Myers and Neales, 1986; Robichaux et al,
1986). According to Robichaux et al (1986),
although the basic mechanism of the varia-
tion in tissue elastic properties is unknown,
some evidence suggests that several factors
may be involved, eg, cell size, age of leaf

tissue, cell-wall composition and apoplasmic
water loss.

Thus, the cultivars studied had the same
age, had no significant differences in TW/DW
ratio and SLW, which may provide an indirect
measure of cell size (Jensen and Henson,
1990), and apoplasmic water loss might only
affect the calculated value of elastic modulus

(Robichaux et al, 1986). For this reason, de-
tected differences in tissue elasticity can be
attributed to cell-wall composition. There
were thus significant differences in the hemi-
cellulose/cellulose ratio of leaves between



cultivars. Thus, values of the ratio were sig-
nificantly higher in Hayward than in Tomuri
cultivars (table II), which is in agreement with
Robichaux et al (1986) who stated that an
increase in the ratio of pectin (in our case
included in the same fraction as hemicellu-

lose) to cellulose in the cell wall could result
in an increase in wall elasticity.

On the other hand, results shown a non-

significant tendency to a decrease in tissue

elasticity with age, which can be related to

the higher plasticity of young growing cells
and tissues (Zimmermann, 1978).

Cuticular water loss rates and cutin (tables
I and II) do not show significant differences
between kiwifruit cultivars throughout the

study, but a significant decrease was ob-
served throughout the season. This can be
attributed to leaf ontogenic changes (Soláro-
vá and Pospísilova, 1983; Torrecillas et al,
1988), together with hardening in response
to environmental drought stress (Martin et al,
1987).

Photosynthetic pigments, chlorophylls and
carotenoids showed no significant differences
between the cultivars, and have similar sea-
sonal patterns. The pigments had higher
values during the spring with a slight de-
crease throughout the season, which can be
associated with phenomena of leaf develop-
ment and senescence (Solárová and Pospísi-
lova, 1983).

From our results we concluded that the Hay-
ward cultivar had a mechanism of drought toler-
ance based on high tissue elasticity (Levitt, 1980;
Morgan, 1984). Tissue elasticity is important in

determining how much of a change in turgor
potential will occur for a given change in relative
water content (Roberts et al, 1981; Robichaux
et al, 1986). The high elasticity of tissues permits
a greater utilization of assimilates and nutrients
for growth (Munns, 1988) and turgor-mediated
processes, such as elongative growth or photo-
synthesis (Bradford and Hsiao, 1982), are less
affected than under lower elasticities.

The Tomuri cultivar presented a different
mechanism of drought tolerance. This was
based on an active accumulation of solutes,
osmotic adjustment (Levitt, 1980; Morgan,
1984), together with less elastic tissues, and
allows more negative water potentials to be
reached for a given change in water volume,
facilitating continued water uptake for drying
soils. Low tissue elasticity may be an import-
ant characteristic which permits the attain-
ment of low water potentials without the

development of detrimental water deficits

(Bowman and Roberts, 1985).
Furthermore, from our results, we have de-

duced that tissue elasticity is a good discrimi-
natory parameter of studied cultivars, and,
consequently, the simple analysis of the
hemicellulose/cellulose ratio could provide an
interesting discriminatory test between these
economically important cultivars.
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