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Abstract. Anatomical and histochemical studies were carried
out in order to identify the main tissue components of kiwifruit
stem scar and to determine if a process of wound healing
took place on kiwifruit previously inoculated with Botrytis
cinerea. Fruits were incubated for 2, 4, and 6 days at 0 and
10°C; for 2 and 4 days at 20°C; and for 2 days at 30°C. Then,
stem scars of these fruits were longitudinally hand sectioned
to blocks about 1 to 2 mm and fixed in a solution of formalin,
acetic acid, and alcohol. In general, it was observed that the
stem scar tissue is composed by two main systems:
fundamental and vascular. At 10°C, it was observed a
thickening of  parenchyma cell walls in contact with conidia
of B. cinerea. Histochemical tests showed differences of
reaction intensity (colour) among fruits incubated at 0, 20 or
30°C, and those incubated at 10°C, but the only difference
among times of incubation was with the suberin test.
Histochemical reactions also showed suberin deposition in
xylem vessels of fruit stored at 10 or 20°C for more than 2
days.

Additional keywords: Curing, wound healing, Actinidia
deliciosa.

Resumen. Se llevaron a cabo estudios anatómicos e
histoquímicos con la finalidad de identificar los principales
componentes tisulares del pedúnculo del kiwi, y para
determinar si algún proceso de cicatrización se llevó a cabo
en kiwi previamente inoculado con Botrytis cinerea. La fruta
se incubó durante 2, 4 y 6 días a 10°C; 2 y 4 días a 20ºC; y 2
días a 30ºC. Luego, los pedúnculos de la fruta se seccionaron
manualmente en forma longitudinal en bloques de 1 a 2 mm
aproximadamente y se fijaron en una solución de formalina,
ácido acético y alcohol. En general, se observó que el sistema
tisular está compuesto por dos sistema principales:
fundamental y vascular. A 10ºC, se observó engrosamiento

en el parénquima de las paredes celulares en contacto con
esporas de B. cinerea. Pruebas histoquímicas mostraron
diferencias en la intensidad de la reacción (color) entre la
fruta incubada a 0, 20 ó 30°C y en la incubada a 10°C, aunque
la única diferencia entre los tiempos de incubación fue con la
prueba de suberina. Las reacciones histoquímicas también
mostraron deposiciones de suberina en los vasos xilemáticos
de la fruta almacenada a 10 ó 20°C durante más de 2 días.

Palabras clave adicionales: curado, cicatrización, Actinidia
deliciosa.

It is well established that in many diseases of fruits and
vegetables, pathogens gain entrance through wounds. It is
well known that wounds have the ability to heal by different
mechanisms (Bostock and Stermer, 1989). One of the main
objectives of curing is to encourage the repair of wounded
areas as soon as possible, thereby rebuilding the mechanisms
of defense such as structural barriers and/or production of
antifungal substances near to the damaged site. The faster
the curing process the more chance of avoiding pathogen
attack or arresting further invasion from incipient infections.
Structural changes have been reported as the most important
aspects involved in wound repair as a mechanism of defence
against plant pathogens (Ride, 1975; Passam et al., 1976;
Biggs, 1986). For example, response of the host to infection
by different pathogens such as Phytophthora spp.,
Verticillium spp. or Ceratocystis ulmi, include: alterations in
the vascular system (gum duct formation in Citrus trees), cell
wall multilayering and tyloses development (in American elm,
Ulmus americana L.), and vessel coatings and plug formation
in leaves of various vegetables (snapdragons, Anthirrhinun
majus L., eggplants, Solanum melogena L., and potatoes)
(Ouellette 1978, 1981; Robb et al., 1978, 1982; Phillips et al.,
1987). Periderm development, cellular suberization, and
lignification have been also reported as a response to damage
by mechanical activities and to infection by pathogens such
as Fusarium roseum f. sp. sambucinum, Cladosporium
cucumerinum, Colletotrichum lagenarium, in various
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vegetables such as potatoes, yams, sweet potatoes, leaves
and seedlings of cucumbers (Passam et al., 1976;
Hammershmidt and Kuc, 1982; Hammershmidt, 1984; Dean
and Kuc, 1987). Additional histochemical studies on onions
(Moon et al., 1984), carrots (Garrod et al., 1982), in a range of
avocado rootstocks (Phillips et al., 1987), cucumber (Walter
et al., 1990), and in some wheat varieties (Ride, 1975) have
demonstrated the activation of suberin, lignin or phenolic
compounds, when plants were artificially wounded and/or
inoculated by various pathogens. On inoculated apples,
peaches, and almond bark, similar histochemical components
were observed to develop in response to infection by
pathogens such as Leucostoma cincta L. persooni,
Phytophthora spp., Botryosphaeria obtusa, B. dothidea
(Biggs, 1986; Doster and Bostock, 1988; Biggs and Britton,
1988). In kiwifruit, preliminary anatomical studies on fruit stem
scars infected by B. cinerea and incubated at various
temperatures showed no apparent evidence of structural
changes of the vascular and surrounding tissues (Poole and
McLeod, 1991; Sharrock and Hallet, 1991). Similar studies in
kiwifruit suggested the presence of antifungal compounds
such as tannin, phenolics, and alkyl aldehydes as a mechanism
of defense against B. cinerea in the stem-end of the fruit
(Poole and McLeod, 1991). The process of wound repair is
closely linked to external factors such as temperature, relative
humidity, light, oxygen, carbon dioxide production, and
harvesting period. Biggs (1993), also considered that
temperature is one of the most important environmental factors
to influence the rate of wound healing in woody plant species
and fruit trees. Morris et al. (1989) reported a temperature/
relative humidity combination of 25°C and 98% relative
humidity as optimum for wound healing to induce resistance
against Fusarium oxysporium and Erwinia carotovora pv.
carotovora. They also found that temperature was more
important for wound repair than relative humidity. The
objectives of this research were to identify the anatomical
components of stem scar, and to ascertain whether physical
barriers and/or histochemical reactions develop on inoculated
kiwifruit stem scars stored at different temperatures.

MATERIALS AND METHODS
Tissue preparation for anatomical and histochemical study.
Samples of stem scar tissue from five fruits were longitudinally
hand sectioned to blocks about 1 to 2 mm (Fig. 1) and fixed by
vacuum infiltration overnight in a solution of formalin: acetic
acid: and alcohol (FAA). Samples were washed with water 4-
5 times to remove excess fixative before dehydration. By the
modified procedure of Feder and O’Brien (1968), samples were
then dehydrated and infiltrated with paraplast, and sectioned
5-8 µm thick with a Jung rotary microtome. After paraffin
removal by xylene and passage of slides through an ethanol
series (Bautista-Baños, 1989), a double stain of 1% methyl
violet and 1% eosin and a safranin-aniline blue combination
(Johansen, 1940) were used as general procedures to highlight
different tissues. Specific tissue stains were: a) Phloroglucinol-

HCl and Toluidine Blue for lignin (Johansen, 1940); b) Safranin
and Fast Green for lignin and cellulose, respectively
(Johansen, 1940); c) Sudan IV and Sudan Black B for suberin
and cutin, respectively (Johansen, 1940); and d) Glycerine-
ferricyanide for reducing compounds (Sherwood and Vance
1976). Slides for histochemical studies were mounted in a 2%
CaCl2 and glycerine solution (Herr, 1992); specimens for
anatomical studies were mounted in Canada Balsam. Light
micrographs were taken with a Nikon fx-35wa camera mounted
on a Reichert Diapan phase contrast microscope, and on an
Olympus dissecting microscope.
Preparation of treatments. Fruit were harvested at the Massey
University Fruit Crops Unit. For cured fruit, only B. cinerea
was applied to the kiwifruit stem scars as 17 µl droplets each
containing as 125,000 spores (equivalent to 7.4 x 106 spores/
ml). To carry out both the anatomical and histochemical
studies, five inoculated fruits were incubated for 2, 4, and 6
days at 0 and 10°C, for 2 and 4 days at 20°C, and for 2 days at
30°C. Inoculated fruits were placed in commercial kiwifruit
trays stem scars uppermost, and exposed to each temperature
for each of the three incubation periods.

RESULTS
Anatomical components of stem scar tissues. The kiwifruit
stem scar is a circular area of broken tissue about 3-4 mm
diameter surrounded by a raised shoulder of suberized skin
(Fig. 1A). The surface consists of parenchyma cells with a
small number of vascular bundles arranged in a circular pattern.
Vascular bundles contain lignified xylem vessels that spread
out over a woody, sclerified plug. The main kiwifruit body is
composed of a central core, an inner pericarp where the seeds
are formed, an outer pericarp, and hairy skin (Fig. 1A). The
pedicel attachment is narrow at the point where it is snapped
off the fruit. The central vascular core of the pedicel diverges
into three vascular bundles just above this point (Fig. 1B),
and these in term, are further subdivided to give five or six at
the level of the tip of the sclerified plug (Fig. 1C). The upper
surface of the sclerified plug is not smooth, but it is formed
by a number of irregular ridges. The vascular tissues consist
of a large number of small units. Part way down the plug, the
vascular is intimately associated with the stem plug, but
branches spread out and ramify between the inner and outer
pericarp (Fig. 1D). After this point, vascular strands separate
from the plug and continue through the fruit between the
core and the inner pericarp (Fig. 1E). Side branches of these
vascular strands supply the developing seeds. The kiwifruit
stem scar above the sclerified plug consists of two main tissue
systems: Fundamental or ground tissue and vascular tissue.
The ground tissue consists of parenchyma; collenchyma,
and sclerified cells were the main cellular components (Fig.
2A). Idioblasts containing depositions of elongated calcium
oxalate crystals (raphides) were particularly distributed among
parenchyma cells and along and parallel to the xylem vessels
(Fig. 2B). In general, the vascular tissue system was composed
by xylem (with helical thickening), phloem and cambium.
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Anatomical reactions after incubation periods. For the
inoculated stem scar stored at 20 or 30°C, spore germination
and penetration of hyphae of B. cinerea through xylem
vessels of kiwifruit were observed (95%) after 2, 4, and 6 days
of incubation (Fig. 2C). By contrast, after 2 days (Fig. 2D) at
0 or 10°C, most spores scattered on the surface of xylem
vessels and parenchyma tissue had not germinated (75%).
Hyphae growth had occurred from spores with little
germination. After 4 and 6 days at 10°C germination was still
rare but was common at 0°C. There was no development of
tyloses from neighbouring parenchyma cells at any
temperature. At 10°C, there was evidence of cellular
thickenings of parenchyma cell walls in contact with conidia
of B. cinerea which started germination (Fig. 2E).
Histochemical reactions after incubation periods.
Histochemical tests showed some differences between fruits
incubated at 0, 20 or 30°C, and those incubated at 10°C, but
the only difference between incubation periods was with the
suberin test (Table 1). a) Lignin. Phloroglucinol and Toluidine
Blue tests produced a deeper colour reaction in xylem vessels
and in parenchyma cell wall thickening of samples at 10°C,
and a faint colour in the axial parenchyma of the vascular
system. The double staining procedure with Safranin and
Fast-Green stained lignified tissue in xylem vessels and
scleroids red, and cellulose in parenchyma and phloem cells
green, but with no distinction between treatments. b) Suberin.
Using Sudan IV, a positive reaction was found in cell walls of
vascular vessels in the stem scar of fruit incubated at all
temperatures. Sudan Black B indicated the presence of suberin
only in samples incubated at 10°C; it was concentrated in
vessel walls and in thickenings where parenchyma cell walls
were in contact with Botrytis hyphae or spores. c) Reducing
compounds. The glycerin ferricyanide test produced light
staining in tissues at all curing temperatures until 6 days,
when a deep green colour developed in vascular vessels of
fruit incubated at 10°C.

DISCUSSION
The cellular components of stem scars from the two tissue
systems, i.e., fundamental and vascular were as described by
Essau (1965). In this study, vessels and cells in the area where
the stem scar was snapped from the pedicel were irregular
with broken cells, as previously reported by Poole and McLeod
(1991). The anatomical descriptions of kiwifruit (Hopping,
1976) and vascular system (Habart, 1974) showed similar
cellular components of fruit tissue and similar arrangement of
parenchyma cells, xylem vessels, scleroids, and vascular
bundles. The basic parenchyma tissue above the sclerified
plug was composed of small, rectangular cells-the densely
packed tissue of Hallet et al. (1991). The vascular strands by-
passed the sclerified plug 2-3 mm below the surface of the
stem scar; branches repeatedly divided over a small distance
to spread out into the inner and outer pericarp. In the present
study, there were no major anatomical changes in the vascular
system of fruit infected with B. cinerea. However, the presence

of cellular thickening in parenchyma cell walls in contact with
hyphae indicate that the fungus influenced the structure of
the host cell walls with which it came into contact. This is
contrary to another study of inoculated kiwifruit using
scanning electron microscopy, where no cellular modification
of stem scar tissue was observed in fruit incubated for up to
7 days at 0 or 7°C (Sharrock and Hallet, 1991). Results similar
to those found in the present study were reported for other
commodities. For example, tissue response in apricots to latent
infections of Monilinia fructicola consisted of periderm
formation and suberization of living cells, which surround
the infection site together with accumulation of phenolic
compounds (Wade and Cruickshank, 1992a; 1992b). In this
study, the positive reaction to Sudan B in samples incubated
at 10°C suggested a process of lignification and/or suberization
in kiwifruit stem scar tissues in response to infection by B.
cinerea. Although the Sudan IV test showed a positive
reaction of stem scar tissue of fruit held at all temperatures,
the Sudan Black B test appeared more sensitive, since
extensive suberization was detected in xylem vessels of
samples incubated at 10°C. Suberin synthesis is widely known
as a barrier that protects plant tissue against pathogens.
Nielsen and Johnson (1974), reported differences in the rate
of suberization on wounded sweetpotato roots after exposure
to various temperatures (4.5, 38, and 45°C for 2 h) and a curing
period of 29°C for 7 d. They found that temperatures at 38°C
gave the highest suberization index in samples excised 3 or 6
days after wounding. Morris et al. (1989) reported an increase
in the number of suberized cells (detected with Sudan III and
IV) when potato tubers were inoculated with Erwinia
carotovora pv. carotovora or with Fusarium oxysporum and
incubated at temperatures between 10 and 25°C or relative
humidities of 50 and 90%. In the present study, incubation
for 2, 4 or 6 days did not have any effect on suberization,
while a temperature of 10°C did compare with 20 or 30°C.
Another possible explanation for the staining difference
between Sudan IV and Sudan B could be the different light
absorption spectrum of each dye as reported by Conn’s and
Lillie (1969). The colour density of Sudan Black B is within a
wavelength of 596-605 nm, while Sudan IV is observed
between 520-523 nm. Perhaps in the present study, there were
more newly synthesized suberin components detected only
by Sudan B in samples incubated at 10°C. Except for the
Sudan B reaction, there was no apparent differences between
treatments in the histochemical staining reactions found in
the stem scar tissues. It seems unlikely that the large
difference in infection rates at different temperatures were
caused by physical barriers developed during the curing
period. This is in contrast to the extensive studies on potato
and sweetpotato previously mentioned, where development
of a physical barrier lignin/suberin appears to be a major
response to wound healing during curing. The detection of
an extra staining reaction with Sudan B in xylem vessels of
fruit cured at 10°C, indicates that extra physical barrier could
play some defense role. Hallet et al. (1991) considered that
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conidia of B. cinerea could enter the stem scar through broken
xylem vessels and any extra barriers in the vessels would
help to prevent infection. Results with Sudan Black B in the
xylem, and the increased intensity of glycerin ferricyanide
stain of fruit incubated for six days at 10°C, indicates that
future work in this area could produce an advance in our
understanding of the resistance mechanisms in kiwifruit stem
end to B. cinerea. Phenolic compounds have been implicated
as resistance factors in many host-parasite combinations
(Rohringer and Samborsky, 1967). Other studies in Valencia
oranges showed the presence of several compounds with
antifungal activity, when fruits were artificially wounded and
inoculated with P. digitatum (Stange et al., 1993). In this
study, the lower proportion of germinated spores on kiwifruit
stem scar cured at 10°C, compared with those at 0, 20 or at
30°C, combined with the positive reaction to Sudan B and the
more intense colour observed in the test for phenolics,
suggested that host defense based on antifungal materials is
also more active at 10°C. Although analytical tests for
reducing compounds were not carried out in this study,
previous reports of antifungal compounds in kiwifruit have
shown the presence of such materials in water, 70% methanol-
water, and petroleum ether extracts of fruit infected with B.
cinerea (Poole and McLeod, 1991). The current state of
knowledge of kiwifruit stem scar resistance to infection by B.
cinerea indicates that physical barriers are probably not the
major resistance mechanism, and that there are many
potentially anti-fungal materials in the stem scar. The relative
importance of each of these materials is highly speculative at
present, and a considerable amount of research will be required
before there is an accurate picture of the dynamics of infection
in and on the kiwifruit stem scar.
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