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in vitro propagation, kiwifruit
Nodal segments and shoot tips of axenic shoot cultures of ‘Hayward’ Kiwi-

fruit were inoculated on modified Murashige and Skoog (MS) medium supplemented
with zeatin at 1 mg-liter*and IAA at 0.05 mg-liter*(H1) or on MS medium without
growth regulators (H2). Inocula cultured on H2 medium all developed into normal
plantlets, while those cultured on H1 medium developed into shoots, 18% of them
abnormal. Rooting of H1 shoots was induced by a 24-h immersion in a solution of IRA
at 20 mgliter’. H2 plantlets were directly transferred to soil. Statistical treatment of
the results revealed no significant differences, in terms of plant development, between
the two micropropagation methods used. However, the presence of a functional root
system on 5-week-old H2 plantlets resulted in 100% plant survival, but only 70% of
in vivo-rooted shoots from H1 survived. Nevertheless, H1 still allowed for an important
reduction of costs and manipulation. Chemical names used: indole3-acetic acid (1AA).

Kiwifruit is awoody species traditionally
considered to be resistant to disease. How-
ever, severd pathogens have aready been
found that cause severe damage in kiwifruit
orchards. Fungi and bacteria, in particular,
are problems with the traditional propagation
methods of dips or grafts (Zuccherelli and
Zuccherelli, 1981).

Micropropagation has been proposed as a
way to avoid some of the problems with the
vegetative propagation of Actinidia deliciosa
(Aldrufeu et a., 1985; Gautheret, 1980;
Harada, 1975; Kwei et ., 1978; Paiset al.,
1987; Rodriguez et al., 1985). The increas-
ing demand for kiwifruit led us to improve
the method used for the micropropagation of
this plant, to reduce callus production and
obtain stronger roots, making the acclima-
tization step easier. We present an easy and
quick method for the propagation and accli-
matization of kiwifruit, which we have been
using in our laboratory for the last 3 years.

Axillary buds, obtained from selected field-
grown plants of ‘Hayward Kkiwifruit, were
micropropagated on H medium (Pais et dl.,
1987) and shoots were maintained for 2 years
in our laboratory. All experiments were per-
formed using nodal segments and shoot tips
(3:1 ratio) from these shoots. Two micro-
propagation methods were tested using two
variations of H medium, each one containing
dithiothreitol (DTT) as anti-oxidant at 5
mg-liter*. H1 medium, supplemented with
zedtin at 1 mgliter*and 1AA a 0.05
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mg-liter’, was followed by a 24-h immer-
sion in a sterile solution of IBA at 20
mg-liter “for induction of in vivo rooting
(Pais et al., 1987). Culture on H2 medium
(H1 without growth regulators) was followed
by directly potting the plantlets obtained.
Cultures were grown a 22 + 2C under cool-
white fluorescent lights (26 pmol-m?.s”)
with a 16-h photoperiod. When shoots were
transferred to soil (5 and 8 weeks after cul-
ture initiation), the following characteristics
were evaluated: stem length, number of buds
per inoculated bud and per plantlet, presence
or absence of basal callus, percentage of
shoots that rooted, number of root primordia
per shoot, number of roots per plantlet, long-
est root length, shoot fresh weight, fre-
quency of death, and aberrant forms. In each
experiment 40 explants were used per culture
medium tested (H1 or H2), and the experi-
ments were repeated 14 times over 2 years.
Plants were potted on 0.160-liter pots con-
taining a 1 sand : 1 soil mixture (v/v). The
plants were kept in the nursery for 30 days
a 80% relative humidity with a 16-h pho-
toperiod under reduced light (8.6
umol-m*-s?). Twenty plants were tested
for each rooting method and examined 2 and
4 weeks after potting. This experiment was
repeated eight times from January to Sep-
tember. All data were analyzed by Tukey
HSD test at a = 0.05.

Micropropagation. Five weeks after cul-
ture initiation, 81% of the explants on H1
medium and 93% on H2 had survived. Shoots
regenerating on H1 developed a basal callus
and had no roots, and 18% of them displayed
aberrant forms. Those regenerating on H2
had no basal callus, developed 1.8 roots per
shoot, and all were normal.

The roots that began to appear during the
2nd to 3rd weeks of culture on shoots re-
generating on H2 medium were thick and

covered with root hairs, and 24% of them
developed lateral roots (mean of 2.6 per
shoot). Increasing the subculture period of
H2 plantlets from 5 to 8 weeks significantly
increased thickness and length of roots, in-
creased the percentage of roots with laterals
from 24% to 64%, and increased the number
of lateral roots per root from 2.6 to 7.0.

Increasing the subculture period of H1
shoots from 5 to 8 weeks increased root for-
mation from 0% to 6.7%. However, these
roots were thin, long, without hairs, and not
functional. Repeated subcultures of H1 shoots
a 5-week intervals led to a decrease of callus
weight and, at the 14th subculture, to an in-
crease in aberrant forms from 19% to 28%.
When H2 medium was used, repeated sub-
cultures did not affect plantlet survival or
promote the devel opment of aberrant forms.
At the time of potting, H2 plantlets tended
to have longer stems, more buds, and higher
shoot fresh weights than shoots from H1,
dthough differences were not significant (Fig.
1; Table 1).

Potting. During the first 2 weeks of pot-
ting, 5-week-old H1 in vivo-rooted shoots
produced significantly more root primordia
and roots per plantlet than the controls (Ta:
ble 1). During this period of no visible growth,
one to three leaves per shoot became ne-
crotic. Four weeks after potting (9 weeks
total) significant increases of stem length
(P < 0.002) (not followed by an increase
of buds per plantlet), plantlet fresh weight
(P < 0.002), roots per plantlet (P < 0.001),
and length of the longest root (P < 0.001)
were observed. Plantlet survival was only
70%; absence of root development in soil
accounted for the loss of 30% of the potted
shoots. Between the 2nd and 4th weeks of
potting, 8-week-old H1 shoots increased in
stem length and fresh weight, but dightly
less so than the 5-week-old H1 shoots. The
increase of the subculture period from 5 to
8 weeks increased H1 plant survival and
rooting by 13%, but no significant increase
in growth was observed by 4 weeks after
potting.

Five-week-old H2 plantlets had increased
significantly in stem length (P < 0.001) dur-
ing the first 2 weeks of potting. Four weeks
after potting, al 5-week-old H2 plantlets had
survived, and there was a significant in-
crease in stem length (P < 0.002), number
of roots per plantlet (P < 0.001), length of

Fig. 1. Five-week-old kiwifruit plantlets grown
on medium with growth regulators (H1) (A) and
without growth regulators (H2) (B), at the time
of transfer to soil (X 0.89 magnification).
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Fig. 2. Vigorous H2 plants after 2 months of growth in soil ( X 0.38 magnification).

Table 1. Comparison of 5- and 8-week-old H2 kiwifruit plantlets and 5- and 8-week-old H1 shoots
rooted in vivo. The values (per H2 plantlet or H1 in vivo-rooted shoot) were calculated at potting
and 2 and 4 weeks after potting. Column values not followed by the same letter are significantly

different by Tukey HSD test at o = 0.05.

No./plantlet

Plantlet
Weeks Weeks after Stem length Root Longest root  fresh wt
Medium* in vitro  potting (mm) Buds primordia Roots (mm) (8)
H1 5 0 53a 36a 0.0 0.0 0.0 0.17 a
2 10.9 ab 36a 35b 0.7ce 10.5d 0.27 ab
4 19.8 cd 45ac 0S5a 38bf 43.7ac  0.58cd
8 0 8.2 ab 44a 0.0 0.0 0.0 0.20 a
2 153abd 4.4ab 23b 03de 11.8d 0.49 bee
4 17.4d 48ab 04ac 2.6af 46.7ce 0.72 cfg
H2 5 0 6.7a 46ab 0.1a 1.8a 30.4 a 0.29 abe
2 15.8bd  5.2b 0.4a 23a 373 ac 0.34 ade
4 248¢c 5.7bc 04a 420 62.7b 0.59 dg
8 0 11.8 ab 47ab 0.1a l4ac 37.2ae 0.35 ade
2 16.8abd 5.0ab 0.6a 1.6cd  46.6 ce 0.50 bd
4 25.0c 52ab 04a 23a 73.0b 0.97 f

zH1 with and H2 without growth regulators.

the longest root (P < 0.001), root thickness
(»85%), leaf area, and number of latera
roots per root (data not shown). These plants
exhibited more vigorous growth throughout
acclimatization and in soil (Pig. 2) than did
H1 plants rooted in vivo. The increase of the
subculture period from 5 to 8 weeks signif-
icantly increased the fresh weight of H2
plantlets (P < 0.001) but significantly de-
creased the number of roots per plantlet and
decreased plantlet survival from 100% to 94%.
Comparison of the other characteristics did
not reveal significant differences between 5-
and 8-week-old H2 plantlets (Table 1).

Thetotal loss of plant materia during mi-
cropropagation and potting using a 5-week
subculture period was sgnificantly lower for
H2 plantlets (7%) when compared with H1
shoots (49%).

The antioxidant DTT was used in both
culture media tested instead of ascorbic acid
(Pais et a., 1987) because of DTT's bene-
ficial effect on increasing the percentage of
bud survival (22%) and increasing the num-
ber of buds per inoculated bud (1.8) (un-
published results). By favoring reducing
conditions and inhibiting oxidations, DTT has
apositive effect on cell division and reju-
venation, relative to maturation and senes-
cence (Stonier and Yang, 1981).
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The presence of a basdl callus, the absence
of roots, and the development of aberrant
forms after repeated subculturing, as ob-
served on H1 cultures, were aso reported by
others who used different media than we used
but that contained growth regulators (Rod-
riguez et al., 1985). According to these au-
thors, these responses may be due to the use
of axillary buds and nodal segments as pri-
mary explants. Based on our results, we be-
lieve that the absence of aberrant forms on
H2 medium and their presence on H1 me-
dium cannot be explained by the type of ex-
plant used, because it was identical on both
media tested. The difference may be due to
the use of growth regulatorsin H1 medium.

A 5-week subculture period proved to be
the most appropriate. Longer periods, al-
though promoting root formation on H1 shoots
while till in culture, had no significant over-
all effect on rooting, plant growth, or sur-
vival. However, on H2 cultures, increased
subculture period resulted, 4 weeks after
potting, in areduction of plant survival and
number of roots per plantlet.

Rooting of kiwifruit shoots usually has been
achieved by soaking or immersion in an IBA
solution followed by culture on a rooting
medium or by direct potting (Aldrufeu et d.,
1985; Barbieri and Morini, 1987; Harada,

1975; Monette, 1987; Pais et a., 1987; Re-
villa and Power, 1988; Rodriguez et ., 1985;
Velayandom et ., 1985).The in vitro for-
mation of hairless thin roots that died shortly
after potting, as observed on H1 medium,
has been reported previoudy and is consid-
ered a disadvantage of in vitro rooting of A.

chinesis shoots (Aldrufeu et al., 1985). The
development of H2 plantlets with a func-
tional root system led to easier and faster
adaptation to potting and a significant in-
crease in stem length and root thickness just
2 weeks after potting. This procedure also
was found to be highly efficient for shoots
regenerated from protoplast cultures (Oliv-
eira and Pais, 1991). The culture methods
reported until now required 11 to 13 weeks
for total plant recovery (Aldrufeu et a., 1985;
Harada, 1975; Pais et a., 1987; Rodriguez
et d., 1985). Using H2 medium and the de-
scribed culture conditions, total plant recov-
ery was achieved in only 9 weeks. Moreover,
the simultaneous in vitro formation of a
functional root system with plantlet produc-
tion alows an important reduction of manip-
ulation and of growth regulator costs. High
plant survival (93%) after the entire process
(micropropagation + potting) and the effect
of repeated subcultures on the increase of
rooting potential and growth after potting aso
seem to be advantages when compared with
the previoudly reported procedures.
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