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The role of hairs on the wettability of grapevine (Vitis spp.) leaves
by
A. KorTEkaMmP, R, WND and Eva ZYPRIAN
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Summ ary: Hairs represent an important physico-chemical factor on abaxial leaf surfaces of grapevine and can influence the
wettability of leaves. This was demonstrated by scanning electron micrographs and monitored with a new method using a torsion balance.
Forces necessary to remove water droplets of distinct size from leaves were lower in case of pubescent (0,2-0,4 mN) compared to non-
pubescent vine leaves (0,4-1,2 mN). Depending on the number of hairs and their surface structure the deposition and distribution of
water droplets originating from dew and rain can be prevented due to weak adhesion. Thus, surface features enabling water droplets to
pearl off may reduce the probability of infection by fungal spores.
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Die Bedeutung von Haaren fiir die Benetzbarkeit von Rebblittern (Vitis spp.)

Zusammenfassung: Haare konnen als wichtiges Strukturmerkmal auf den Blattunterseiten von Reben die Benetzbarkeit
beeinflussen, was anhand von Rasterelektronenmikroskop-Bildern aufgezeigt und mit Hilfe einer neuen Messmethode ermittelt werden
konnte. Diejenigen Krifte, die notwendig waren, Tropfen einer betimmten Grofie von Blittern zu entfernen, waren geringer im Falle
behaarter (0,2-0,4 mN) und groBer im Falle unbehaarter Blatter (0,4-1,2 mN). Je nach Dichte und Oberflichenbeschaffenheit verhindern
sie die Ablagerung und Verteilung von Wassertropfen aus Tau und Regen aufgrund der schwachen Adhédsion. Oberflicheneigenschaften,
welche ein Wegrollen der Wassertropfen bewirken, kdnnen die Moglichkeit einer Infektion durch Pilzsporen reduzieren.

Introduction factors, such as leaf turgor, osmotic changes within the leaf
(FocG 1944), temperature of the solid, liquid and the gas

Usually plant-environment interactions start at the outer ~ phase and drop size (Gopp 1979; PonTER and YEKTA-FoRD
surface of plants. Both, preformed and active defense mecha-  1985). Trichomes are obvious to certain leaf surfaces and
nisms protect plants from biotic (e.g. pathogens) and abi-  there is an enormous variation in size, shape, type, frequency
otic (e.g. drought) stresses. Consequently, the physico- and distribution. Several authors have attempted to classify
chemical properties of a plant surface greatly affect survival  the type of plant trichomes (reviews: HUMMEL and STAESCHE
in a certain environment. Thus leaf surfaces of plants show  1962; Upnor 1962, and the literature therein; Jounson 1975).
considerable differences concerning water adhesion rang- Although the literature of plant ecology and evolution
ing from completely wettable to water repellent (“Lotus ef-  contains numerous references concerning the distribution
fect”, BartHLoTT and NEeiNHUIS 1997 a). Fundamental — and morphology of hairs or the possible role of hairs in the
physico-chemical factors which govern the wettability of  water balance, a relationship between hairs and plant defense
the leaf surface are the nature of the exposed chemical has been poorly studied except for the roles of hairs in the
groups, the surface roughness and leaf orientation (JunipER ~ interactions of the plant surface with insects (JuNIPER and
and JerFree 1982). Sourawoon 1986).

Usually wettability is expressed by the contact angles. Only few reports about their role in plant-fungus inter-
The test consits of depositing a drop of water on a surface  actions (especially for grapevine) exist. Nevertheless, leaf
and determining the angle between the surface and the tan-  pubescence has been considered as a mechanism of plant
gent to the drop at the solid-liquid-air meeting point. High  defense to fungal pathogens (Steapman and SHaik 1988;
hydrophobic surfaces show high contact angles and hy-  ZAILEr ef a/.1990; StaUDT and KAssEMEYER 1995).
drophilic surfaces low contact angles. Roughness (e.g. wax SHak (1985) and StEapMan and SHaik (1988), for exam-
or trichomes) increase the contact angle which varies mostly  ple, reported that a low-intensity development of rust pus-
between 150 and 160 °C (BartHLOTT and NEwHUIS 1997 b).  tules was correlated with bean leaf pubescence and that this
Wettability can be measured only indirectly through phe-  correlation was not altered by rust races. The intensity of
nomena which more or less clearly reflect the nature of mo-  rust pustule development was lowest when inoculation was
lecular interactions. Furthermore droplet contact anglemeas-  made on young, unexpanded leaves where hair density was
urements have been shown to vary depending on various  highest.
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Fig. 6: Schematic drawings of contact behaviour and distribution of

water droplets on a hairy leaf (a) and a non-hairy leaf (b}. The

forces necessary to remove the water droplets are symbolized by
arrows,

trichomes is expanding, and unless no new hairs are formed
a sparse pubescence will result in fully expanded leaves. On
the other hand, in case trichome formation keeps pace with
the expanding surface a dense¢ pubescense is always
present. Although trichomes are present during the whole
life span of leaves the fact that the number of hairs per unit
area decreases with senescence may be one reason for the
enhanced susceptibility at the end of summer.

Leaves of some susceptible varieties, e.g. Riesling, also
have hairs but the leaf surface is incompletely covered al-
lowing water droplets to get into contact with the cuticle.
Furthermore, the hairs do not seem to be water repellent,
since they became strongly wettable within a few seconds.
In general, it seems that the purely mechanical effects of the
pubescence depend on some major characteristics, such as
density, length and exposed chemical groups. Thus, the ef-
fect of hairs on disease resistance has to be viewed from
two different perspectives: the nature of the individual hairs
and the nature of the pubescence as a whole unit. A dense
layer of hydrophobic hairs, as can be seen in Fig. 5, means
that during intense rainfall these leaves remain water repel-
lent whereas varieties with a poor pubescence, such as Ries-
ling, become soon wet.

Interestingly, ¥ rotundifolia does not show water re-
pellency but is highly resistant against downy mildew and
other fungal diseases, indicating that this resistance is
caused by a cellular reaction. In addition to cell reactions or
exposed hairs, wax or compounds associated with wax may
also play a role in disease resistance. The presence of
duvatrienediols on tobacco leaf surfaces was associated
with induced as well as preformed resistance against
Peronospora tabacina (Tuzun et al. 1989).

It can be concluded that a demse pubescence on the
abaxial side of the leaves enhances the resistance features
of Vitis against downy mildew, whereas the lack of leaf hairs
does not mean susceptibility. It seems that hairs serve as an
outer line of defense by presenting a physical barrier. Within
the leaf, although physically safer on the microbe’s per-
spective, the growing hyphal tip may be impeded by the
induction of physical or chemical barriers.
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