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Abstract

In the past 20 years, reports on micropropagation and rooting in vitro of avocado shoots, with
diverse origins and treatments, have been published. However, none of them reached the level required
for large scale propagation of the species. It is considered that, in the first place, the micropropagation
of avocado requires an efficient system of rooting. Therefore, a system to induce the rooting in vitro of
avocado shoots, based on indole-3 -butyric acid (IBA) pulses and some treatments based on
thidiazuron (TDZ) was tested, using 40 explants per treatment. The treatments with TDZ did not
succeed in rooting shoots. Some treatments with pulses of IBA induced the following rooting results:
without growth regulators, 16%; 4,000 mg L'1 of IBA for 5 seconds, 8.3% rooted; 100 mg L"1 for 72
hours, 20%; 50 mg L"1 for 72 hours, 15.4%; 150 mg L"1 for 24 hours, 5% rooted. It is considered
possible to improve these results by adjusting the range of IBA concentrations as well as in the time
range of pulse applications. Finally, it is easier to establish in vitro explants derived from mature seeds
or embryos germinated in vitro.

1. INTRODUCTION

According to the FAO, 75% of worldwide production of avocado in 1989 was in the
American continents. Mexico produces 25% of the total amount, occupying first place
worldwide in avocado production [1]. The avocado is one of the most important fruit bearing
species in Mexico, evidenced by harvested surface areas of 99533 ha as well as by their
production of 766404 tons in 1993 [2].

In Mexico, the main problems agriculture faces are lack of water for irrigation, salinity
and high concentrations of calcium carbonates in the soil due to misuse of soil and irrigation
water. At present, approximately 30% of the country's five million irrigated hectares have
different degrees and classes of drainage and/or salinity problems [3].

There are no well defined rootstocks in Mexico adapted to the diverse soil conditions
where this crop is cultivated and where it has a potential. They are generally obtained from
seeds that are collected from leftover fruits produced under open pollination in orchards or
fields, or are obtained in the markets. Rarely are they produced from selected trees. The
rootstock genetic nature can affect the scions with different intensity in some agronomic
characteristics, such as vigor, productivity, quality of fruit, tolerance or susceptibility to pests
and diseases, as well as the ability to develop in diverse soil conditions. Thus, a procedure for
vegetative propagation of rootstocks and their selection is required.

The formation of the rootstock clones with interesting agronomic characteristics is
hampered by the difficulty in inducing roots during vegetative propagation. Some less
efficient rootstock vegetative propagation techniques than those desired have been developed
and are used with a certain cost and labor factor by means of etiolation and other technical
support [4, 5, 6, 7].

A highly useful tool in programs of genetic improvement, as in vegetative avocado
propagation, is in vitro tissue culture in order to recover genotypes that might be lost under
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natural conditions [1]. In vitro tissue culture is a plant propagation technique that has given
good results in other species, for example Cupressus, Ficus and Photinia. But, on the other
hand, the findings published on avocado in this regard, including those that report apparently
acceptable results, do not facilitate commercial propagation of avocado by in vitro culture.
The present study presents results of trials showing that it is necessary to adjust a set of
factors until the establishment of a system that permits the cloning of avocado in vitro.

With these precedents, the objective of the present work was to establish a basic
methodology of mass propagation in vitro of native avocado using different reported
methodologies. Thus, to take advantage of available genotypes that tolerates marginal soil
conditions.

2. MATERIALS AND METHODS

The current study took place in the Laboratory of Tissue Culture at the Institute of
Agricultural Sciences of the University of Guanajuato, during 1994—1997, using vegetative
material of the Mexican race (Persea drymifolia Ness.) and the medium of Murashige and
Skoog (MS) [8]. Diverse growth regulators in different concentrations were tested utilizing
different parts of the plant or explants taken from tender tree shoots germinated in vitro and
greenhouse seed shoots.

2.1. Tender tree shoots

Using some avocado trees in orchards and fields close to the Institute, tender shoots, 6
to 7 cm long, were cut from semi-hard wood. They were subsequently washed in sterile
containers with sterile distilled water containing 20% commercial sodium hypochlorite plus
0.1% of Tween 20, for 30 min with intermittent manual agitation. Then, the hypochlorite
solution was poured out and substituted by sterile water with 2% Benlate for 30 min with
intermittent manual agitation. The Benlate liquid was then poured off and once again 20%
commercial sodium hypochlorite was added for a 10 min period. The hypochlorite was then
poured off and the shoots were washed four times with sterile distilled water. After the last
washing process, the bases of the shoots were cut, reducing their length to 4—5 cm, and they
were placed in the culture medium.

The culture medium employed was MS [8], supplemented with 80 mg L"1 of adenine
sulfate plus 2 mg L"1 of benzyladenine (BA). The explants were incubated in a growth
chamber with a photoperiod of 16 hours light/8 hours of darkness; the daylight was given by
fluorescent lamps, 35 |o,mol m"2 s"1; at a temperature of 25 ± 2°C and they were maintained
under these conditions for 30 days.

2.2. Mature embryo shoots

Shoots obtained from plants from the field generally present contamination problems. In
order to obtain uncontaminated shoots for in vitro propagation, mature in vitro avocado seed
embryos were germinated. For this, fruits that were washed with running water were used.
Subsequently, the seed was extracted in a laminar air flow bench. The seeds were disinfected
by the methodology described in 2.1 above. After disinfecting two types of explants were
tested, one constituted of complete seeds, incubating them in flasks with a volumetric capacity
of one liter and with 100 mL of medium MS. The second consisted of the utilization of the
seed embryos. For this, the cotyledons of each seed were separated taking care not to harm the
embryo and afterward, cutting the major part of the cotyledon, leaving approximately 1 to
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1.5 cm3 of the tissue with the embryo. That embryo was sown as complete seed in MS
medium in 240 mL flasks containing 40 mL of MS medium. The culture medium of both
types of explants was enriched with 0.3 mg L'1 of indolbutyric acid (IBA) and 3.0 mg L"1 of
kinetin to accelerate germination. They were placed in the dark for two weeks at a
temperature of 25 ± 2°C.

Also, to test the shoots propagated in soil, avocado seeds were sown in sterile substrate
under greenhouse conditions. The emerging stem was pruned to induce the proliferation of
new shoots originating from the base of the stem. Before being cultivated in vitro these shoots
were disinfected with the methodology described for tender tree shoots (2.1).

Of the shoots that were obtained from the seeds germinated in soil or in vitro, 3 to 4 cm
segments were cut and given different treatments as shown in Table I. The shoots from
treatments 2 to 18 described in Table I were planted in MS medium, supplemented with
0.3 mg L"1 of IBA and 3.0 mg L"1 of kinetin, establishing four explants per flask with 10
replications. Therefore, for every treatment 40 shoots were employed. Treatments 19 to 23
remained in the medium described in Table I for 30 days and from then on were subcultured
in the same medium every 30 days. The evaluated variables were percentage of explants that
form callus and percentage of explants with induced rooting.

TABLE I. TREATMENTS EMPLOYED TO INDUCE SHOOT ROOTING IN THE MEXICAN
AVOCADO RACE CULTIVATED IN VITRO"

No. No. Treatments
1 Control
2 Alcohol 95%/5 sec
3 6000 mg I/1 IBA in WES/5 sec
4 5000 mg I/1 IBA in WES/5 sec
5 4000 mg I/1 IBA in WES/5 sec
6 3000 mg L'1 IBA in WES/5 sec
7 2000 mg I/1 IBA in WES/5 sec
8 1000 mg L'1 IBA in WES/5 sec
9 1000 mg I/1 IBA in WES/30 sec
10 1000 mg I/1 IBA in WES/60 sec
11 100 mg L'1 IBA in MS/3 hours
12 100 mg L"1 IBA in MS/12 hours

13
14
15
16
17
18
19
20
21
22
23

100 mg L"1 IBA in MS/24 hours
100 mg r 1 IBA in MS/72 hours
50 mg L"1 IBA in MS/12 hours
50 mg L'1 IBA in MS/24 hours
50 mg L"1 IBA in MS/72 hours
150 mg V1 IBA in MS/24 hours
0.0001 mg L"1 Thidiazuron in MS 30 days
0.001 mg L"1 Thidiazuron in MS 30 days
0.01 mg L"1 Thidiazuron in MS 30 days
0.1 mg L'1 Thidiazuron in MS 30 days
1.0 mg L"1 Thidiazuron in MS 30 days

aWES = water: ethanol solution, 50%

In the same way, with shoots derived from germinated seeds in vitro a new experiment
was conducted, applying CO2 into the culture flask, by means of sodium bicarbonate, citric
acid and distilled water. To this end, a volume of 180 mL was prepared with 20 mL
MS medium. A small flask with distilled water was placed inside each flask containing
MS medium. After sterilization and cooling, the small flasks containing the distilled water
were held by the solidified MS medium. After disinfection in the laminar air flow bench, the
shoots derived from germinated greenhouse seeds were planted, one per flask in the culture
medium. Subsequently, a solution of 375 mg NaHCC>3 + 125 mg of citric acid was prepared, a
solution that had previously been placed in an aluminum envelope and sterilized in an oven at
140°C. Upon contact with the water, the mixture began to bubble, releasing CO2. The flask
was covered quickly to prevent CO2 from escaping. Five subcultures were made every
30 days using the same procedure. A total of 50 plants were treated, one per flask.
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3. RESULTS AND DISCUSSION

3.1. Tender tree shoots

The establishment in vitro of explants originating from trees is difficult because
contamination kills most of the explants. To overcome this problem, antibiotics were applied
after the disinfection described above, employing in the culture medium three antibiotics:
25 mg L'1 of rifampicine, 25 mg L"1 of tetracycline and 1 mL L'1 of garamicine. These
antibiotic treatments prevented the contamination of the culture media. However, it was not
possible to induce root or shoot production, which was the main objective in these
experiments. After more than four months, the explants produced only callus in the basal part,
i.e. the part that was in touch with the culture medium.

Pliego-Alfaro and Bergh [1] mention that callus cultures can be established from almost
any avocado explant. However, adventitious bud regeneration has not been observed so far.
Probably the semi-hard wood of the tree shoots did not permit the initiation of other tissues. It
has already been cited that adult avocado shoots proliferate poorly in tissue culture [9]. Also,
Mora-Aviles [10], using microcuttings (1.5 cm) of Mexican race avocado trees, succeeded in
promoting bud development and their elongation in a MS medium with several combinations
of benzyladenine (0.5, 1.0 mg), indolbutyric acid and indolacetic acid (0.1, 0.5, 1.0 mg);
however, roots were not induced in the explants.

Several researchers have reported success in the establishment in vitro of shoot
proliferation and the subsequent rooting of the same [11, 12]. However, as the reported results
show, these treatments are not sufficient to resolve the problems of the commercial
multiplication of clones of agricultural interest. Future projects with this system should study,
as Raviv and Reuveni [13] indicated, new and different growth regulators or substances
affecting rooting of explants, not only auxins and sugars, which have been used up to now in
solving the problem of propagation in vitro of avocado.

3.2. Mature embryo shoots

Germination commenced on the tenth day after the complete seeds were sown, hi the
case of the embryos, these initiated germination two or three days after being sown.
Contamination with the utilization of complete seeds was 3%, and was absent in the case of
the embryos. The percentage of embryo oxidation was 5%, it was not a problem in the case of
the seeds. As observed in Table II, the percentage of germination of seeds and embryos was
high. It was reached in a relatively short time, with low percentages of contamination of the
culture medium and of oxidation of the explants. Oxidation was avoided by adding to each
liter of culture medium antioxidant compounds, viz. 1.8 mg of thiosulfate and 6.0 mg of silver
nitrate.

This procedure of using seeds or mature avocado embryos to obtain clean explants to try
to carry out propagation by tissue culture, is acceptable. Germination is rapid and time can be
gained in experimentation, however the costs are higher.

The main objective of culturing seeds or mature avocado embryos in vitro was the
attainment of noncontaminated shoots with which to initiate the propagation process,
including growth, multiplication and rooting of the new shoots. It was considered necessary to
induce the rooting of the shoots that served as explants for their subsequent growth with the
formation of new leaves and internodes and from then on to propagate them using segments
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of the elongated shoots. The effects of the rooting treatments listed in Table I can be observed
in Table EH. It can be seen that none of the treatments with thidiazuron led to the formation of
callus or to rooting. On the other hand, in the treatments with EBA callus was formed in most
cases, and four of those treatments plus the control induced rooting.

TABLE II. CULTURING IN VITRO OF MEXICAN RACE MATURE AVOCADO EMBRYOS

Criteria Mean
Germination of complete seeds
Germination of embryos
Days to seed germination
Days to embryo germination
Contamination rate (in seeds)
Oxidation rate (of embryos)
Length of the radicle 15 days after germination
Length of the radicle 30 days after germination
Length of the stem 30 days after germination
Plants with secondary shoots 15 days after germination

94.0%
99.0%
10 days
3 days
3.0%
5.0%

2.5 cm
3.5 cm
2.5 cm
60.0%

TABLE III. FORMATION OF CALLUS AND ROOTS IN AVOCADO SHOOTS OF THE
MEXICAN RACE WITH GROWTH REGULATORS' TREATMENTS LISTED IN TABLE 1

Treatment
No.

Callus
diameter

(cm)

With
callus
(%)

With
roots
(%)

Treatment
No.

Callus
diameter

(cm)

With
callus
(%)

With
roots
(%)

1
2
3
4
5
6
7
8
9
10
11
12

0.46
1.08
1.28
0.69
1.19
0.55
0.68
0.65
1.02
0.50
0.00
0.67

67.00
50.00
100.00
58.00
92.00
33.00
67.00
17.00
42.00
59.00
00.00
90.00

16.00
0.00
0.00
0.00
8.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00

13
14
15
16
17
18
19
20
21
22
23

0.73
0.32
0.50
0.78
0.27
0.92
0.00
0.00
0.00
0.00
0.00

60.00
43.00
20.00
40.00
7.00

46.00
0.00
0.00
0.00
0.00
0.00

0.00
20.00
0.00
0.00

15.40
5.00
0.00
0.00
0.00
0.00
0.00

As can be seen, the treatments with BBA did not involve continuous application of
growth regulators, as reported previously [12, 14, 15, 16, 17]. There, avocado explants were
cultured in vitro with concentrations of IB A that ranged from 1 to 10 mg L"1 in the medium,
and several of them achieved rooting. In this study treating the explants in pulses, gave
positive results. In doses of 4,000 mg L"1 in rooting difficult plant cuttings, such as Cupressus
[18], EBA pulses with doses of 3,000 and 4,000 mg L"1 [5], gave rooting of avocado cuttings.
Furthermore, in Photinia, which is a difficult rooting plant, IB A pulses of 10 to 100 mg L"1 to
explants cultured in vitro induced rooting in microcuttings [19].

Various species respond differently to different treatments of growth regulators.
Treatments based on pulses to the microcuttings of avocado confirm the difficulty of
establishing a satisfactory system for the rooting of avocado. Thus, in the control (no growth
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regulators) rooting of 16% of microcuttings was obtained (Table HI), confirming, at least
partially, the results obtained by Pliego-Alfaro [20], of 100% rooting in shoots derived from
germinated seeds in in vitro solid medium culture, without growth regulators. On the other
hand, with a pulse of IB A of 100 mg L"1 for 72 hours, 20% of the explants in treatment No. 14
rooted (Table III); yet, this rate cannot be recommended for commercial propagation of the
species. Furthermore, treatment No. 17 with a pulse of 50 mg L"1 for 72 hours induced 15.4%
of the explants to form roots (Table III). Treatment No. 5 with a pulse of 4,000 mg L"1 of IBA
induced 8.3% rooting, and treatment No. 18 with a pulse of 150 mg L"1 of IBA induced a 5%
of rooting. The rest of the treatments did not induce any rooting (Table HI). This can indicate
that more work is required, with a tighter dose range, around the concentrations of treatments
Nos. 14 and 17, before a higher rate of avocado microcuttings rooting can be reached, without
neglecting the possible reasons for the rooting achieved in the control, as Pliego-Alfaro [20]
reported. Surely, the juvenility of the explants should be stressed.

The experience of the authors trying to micropropagate avocado has proved that during
the in vitro culture of the explants not only has the development and the formation of roots
been inhibited, but also the shoots in culture did not elongate. Therefore, the objective of the
last experiment was to determine the effect of the application of CO2 upon the development of
the cultured explants. The results obtained from this experiment were: 1) The explants in
treatment grew slowly (in approximately 6 months they doubled their length from 2.5 to
5 cm), but even so this was more than other shoots had elongated in other tested treatments. 2)
The development of the shoots was more in length than in thickness. 3) None of the
46 cultured shoots which survived for 6 months formed roots. 4) The stem portion and leaves
grown in vitro in the treatment with CO2 always showed a more juvenile appearance than the
original part.

The response of the shoots may be explained by three different physiological
interrelated processes [21]: 1) Injuries and mechanical damages to the plant tissues increase
ethylene production. 2) In the majority of plant species, ethylene retards stem and root
elongation. 3) Concentrations of 5 to 10% of CO2 inhibit many of the effects of the ethylene,
above all because it reduces ethylene production. The progress in this experiment promises to
be part of the solution of in vitro propagation of avocado. This problem has not been resolved
and continued investment for this purpose is needed. As an example, the California Avocado
Society in their 1996-1997 Production Research Program, included within 15 selected
programs to be financed by industry through the California Avocado Commission, research
on avocado rootstock development by somatic hybridization and genetic engineering [22].
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