Dwyer, F. P, Garvan, F., Inorg. Syn. 6, 193 (1960).

Eadie, G. S., J. Biol. Chem. 146, 85 (1942).

Easley, J. F., Shirley, R. L., Hyacinth Contr. J. 12, 82 (1974).

Haller, W. T., Sutton, D. L., Hyacinth Contr. J. 13, 48 (1975).

Holm, L. G., Welson, L. W., Blackburn, R. D., Science 166, 699
(1969).

Long, R. W, Lakela, O., “A Flora of Tropical Florida”, University
of Miami Press, Coral Gables, Fla., 1971.

Martin, D. F., “Marine Chemistry”, Vol. 1, 2nd ed, Marcel Dekker,
New York, N.Y., 1972.

Martin, D. F., Doig, M. T, III, Millard, D. K., Nature (London)
226, 181 (1970). ’

Martin, D. F., Doig, M. T., II1, Millard, D. K., Hyacinth Contr.
J. 9, 36 (1971).

Martin, D. F., Reid, G. A., Jr., Environ. Lett. 6, 47 (1974).

Martin, D. F., Victor, D. M., Dooris, P. M., Water Res. 10, 65
(1976).

National Research Council, “Nutrient Requirements of Beef
Cattle”, 4th revised ed, ISBN 0-309-01754-8, National Academy
of Science, Washington, D.C., 1970.

National Research Council, U.S., and Department of Agriculture,
Canada, “Atlas of Nutritional Data on United States and
Canadian Feeds”, ISBN 0-309-01919-2, National Academy of
Science, Washington, D.C., 1971.

AVOCADO RESPONSE TO GROWTH REGULATORS

Reid, G. A,, Jr., Martin, D. F., J. Inorg. Nucl. Chem. 37, 2359
(1975).

Reid, G. A., Jr., Martin, D. F., Doig, M. T., IlI, Hyacinth Contr.
J. 12, 5 (1974).

Reid, G. A,, Jr., Martin, D. F., Kim, Y. S., J. Inorg. Nucl. Chem.
37, 357 (1975).

Smith, G. F., Anal. Chim. Acta 8, 397 (1953).

Smith, G. F., Analyst (London) 80, 16 (1955).

Smith, G. F., “The Wet Chemical Oxidation of Organic Com-
position Employing Perchloric Acid”, G. Frederick Smith
Chemical Co., Inc., Columbus, Ohio, 1965, p 37.

Society for Analytical Chemistry, Analytical Methods Committee,
Analyst (London) 84, 214 (1959).

Solymosy, S. L., Gangstad, E. G., Hyacinth Contr. J. 12, 3 (1974).

Sutton, D. L., Hyacinth Contr. J. 12, 66 (1974).

Thomas, B., Holmes, W. B., Clapperton, J. L., Empire J. Exp.
Agric. 23, 101 (1955).

Undergood, E. J., “The Mineral Nutrition of Livestock”, F.A.O.,
The Central Press, Ltd., Aberdeen, Scotland, 1966.

Received for review October 2, 1975. Accepted June 25, 1976.
Financial support provided by Florida, Department of Natural
Resources, Bureau of Aquatic Weed Research and Control.

Response of Harvested Avocado Fruits to Supply of Indole-3-acetic Acid,

Gibberellic Acid, and Abscisic Acid

Itzhak Adato and Samuel Gazit*!

Satisfactory penetration and distribution of growth regulators in harvested avocado (Persea americana
Mill.) fruits were achieved by infusing growth regulator solutions through the pedicel. Indole-3-acetic
acid (IAA) greatly accelerated ripening and inhibited abscission of the ripe fruit but only when applied
at a very high dosage (102 M). Gibberellic acid (GAs) had no influence upon abscission and ripening
processes even though it seemed to inhibit the ethylene production of the fruit at abscission. Abscisic
acid (ABA), when given in a 100-ppm solution, accelerated abscission but not ripening, while a 1000-ppm
solution accelerated both. The rate of ethylene production at abscission time was in all cases much

lower than in control fruits.

Three plant hormones are usually considered to interact
or influence the production and effects of ethylene: auxin,
gibberellin, and abscisic acid (Dilley, 1969; Leopold, 1971).
The effect of auxins on accelerating endogenous ethylene
production in plant tissues has been established (Burg and
Burg, 1968; McGlasson, 1970). Thus, induction of flow-
ering (Burg and Burg, 1966) and of fruit ripening (Hansen,
1946; Mitchell and Marth, 1944) was achieved indirectly
by auxin treatments. On the other hand, auxin delayed
ripening of pears in spite of the increased production of
ethylene (Frenkel and Dyck, 1973). The gibberellin effects
were shown to be antagonistic to those of ethylene (Babbitt
et al., 1973; Dostal and Wilcox, 1971; Scott and Leopold,
1967; Sharples, 1973), although in some cases gibberellin
application accelerated ethylene production and abscission
(Becka, 1973; Wittenbach and Bukovac, 1973). Exogenous
ABA promoted ethylene production in fruits (Cooper and
Henry, 1971; Cooper and Horanic, 1973; Cooper et al.,
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1968) and disks of orange peel (Gertman and Fuchs, 1972),
while it inhibited ethylene production in cut flowers
(Mayak and Halevy, 1972) and pea seedlings (Gertman and
Fuchs, 1972).

When studying fruit response to exogenously supplied
growth regulators, one of the main problems is its pene-
tration and distribution within the fruit. Insufficient
penetration and uneven distribution of an auxin, applied
by immersion to banana, accelerated the rate of ripening;
however, application by vacuum infiltration to banana
slices, a method providing even distribution, inhibited
ripening (McGlasson, 1970; Vendrell, 1969, 1970).

In the present work we used an infusion method through
the pedicel (Adato and Gazit, 1974a) to achieve satisfactory
penetration and distribution of plant hormones in the fruit.
Using this method we have attempted to clarify the effect
of three hormones on ethylene production, abscission, and
ripening behavior of avocado fruits.

MATERIALS AND METHODS

Plant Material and Infusion Method. Ten-
month-old mature Hass avocado (Persea americana Mill.)
fruits were used for the experiments with indole-3-acetic
acid (IAA) and gibberellic acid (GA3); 7-month-old mature
fruits of the same variety were used for the abscisic acid
(ABA, R,S, cis—trans) experiment.
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Table I. Effect of Indole-3-acetic Acid Infusion through Pedicels to Harvested Hass Avocado Fruits, and the Rates of
Ethylene Production, Abscission, and Ripening (Results Are Averages of Ten Fruits (Replications) + Standard Error)

Treatment

Time from beginning

Abscission in

IAA penetration Ethylene relation to the
IAA conen in into fruit during of treatment, days production at peak day of
the treatment 9 days, umol/kg To To peak of abscission, ul/kg ethylene
soln, M of fruit abscission ethylene production of fruit h™! production, days
0 0 10.7+ 0.8 12.5 + 0.8 93 + 37 -1.8
10 0.1 10.7+ 0.6 12.3+ 0.6 80+ 18 -1.6
10°¢ 10 109z 0.7 12.0+ 0.9 111+ 19 -1.1
1072 870 11.9+ 1.7 4.0+ 1.5% 40 + 19% +7.9

@ In this case only, the day of peak ethylene production was determined by subtracting 2 days from the date of complete
softening (cf. Adato and Gazit, 1974b). P Fruits were soft and post-climacteric at abscission time.

Table II. Effect of Gibberellic Acid Infusion through Pedicels to Harvested Hass Avocado Fruits, on the Rates of Ethylene
Production, Abscission, and Ripening (Results Are Averages of Ten Fruits (Replications) + Standard Error)

Treatment

GA, concn GA, penetration : T Ethylene
it31 the int(; fruit during Time from beginning of treatment, days production
treatment 9 days, To To peak of at abscission,

soln, M umol/kg of fruit abscission ethylene production ul/kg of fruit h™'

0 0 10.7 £ 0.8 12,5+ 0.8 93 = 37

10°° 0.07 11.7 + 0.7 12,5+ 0.7 80+ 21

107 8 11.9: 0.4 124+ 0.5 77 + 17

1072 700 10.0: 0.6 114+ 0.6 34+ 14

Table II!. Effect of Abscisic Acid Infusion through Pedicels to Harvested Hass Avocado Fruits, on the Rates of Ethylene
Production, Abscission, and Ripening (Results Are Averages of Ten Fruits (Replications) + Standard Error)

Treatment

. S Ethylene
ABA conen in ABA penetration Time from beginning of treatment, days produZtion at
the treatment into fruit during To To peak of abscission, ul/kg
soln, ppm 4 days, ug/kg of fruit abscission ethylene production of fruit h™!
0 0 10.0: 0.5 11.5+ 0.4 44 + 20
100 6150 8.6 + 0.6 11.6 = 0.5 0.5:0.3
1000 26 630 6.4+0.2 8.6+ 0.2 1.0+ 0.5

Infusion was accomplished by applying the solution to
the fruit through its stalk (Adato and Gazit, 1974a). The
fruits were picked with a 25- to 50-cm length of stalk plus
branch attached. Glass tubes filled with 10 ml of the
treatment solution were attached to the branches of the
fruits with the aid of latex tubing. Air pressure of 0.5 atm
was applied through the free end of the tubes, to the
surface of the solution. Vital dyes applied to the fruit by
this method penetrated within 1 h throughout its vascular
system.

Hormone Treatments and Ethylene Determination.
The hormones were dissolved in a few droplets of 2 N
NaOH and then IAA and GAj were diluted to 1072, 1074,
and 10 M. Two ABA concentrations were tested, 100 and
1000 ppm. All of the solutions, including the control
(water), were brought to a uniform pH of 10.8 with 2 N
NaOH. Each treatment consisted of ten fruits (replica-
tions). The relative humidity (R.H.) of the ambient air
was about 40-50% and the temperature during treatments
and determinations was 21 °C,

For the determination of ethylene production, the fruits
were sealed (after their abscission) in 750-cm3 glass
containers for 15 min, after which a sample from the
atmosphere was injected into a Packard gas chromatograph
{Adato and Gazit, 1974b). The peak day of climactric
ethylene production was found to be a good and objective
index for avocado fruit ripening (Adato and Gazit, 1974b).
Therefore, the time from harvest to peak of ethylene
production was used to present ripening rate.

RESULTS AND DISCUSSION

IAA (Table I). The absolute amounts of IAA which
actually penetrated the fruits during 9 days of infusion
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were considerable and fairly well correlated with the
concentrations of the treatment solutions. Fruits re-
sponsed to IAA, either in terms of ethylene production or
by abscission and ripening rates, only at the highest
concentration, 10~2 M, which is undoubtedly a supraop-
timal one. At this concentration ripening of the fruits was
advanced by about 8 days in comparison with the control.
This finding refutes the possibility that acceleration of fruit
ripening caused by auxin is a result of uneven penetration
and dispersal within the fruit (McGlasson, 1970), as found
for banana (Vendrell, 1969, 1970). From Table I it can be
seen that abscission occurred about 1-2 days before the
fruit reached the climacteric peak in ethylene production.
It is therefore noteworthy that fruits which were infused
with 1072 M IAA abscissed about 8 days after the fruit had
reached the climacteric peak of ethylene production. This
means that the fruits infused with 1072 M IAA apparently
resisted 10 days of high levels of endogenous ethylene more
than control fruits, before they abscissed.

The 102 M concentration, which affected the ripening
rate and abscission, is presumed to be supraoptimal, and
it is therefore difficult to draw conclusions about the role
of auxins in tree-attached fruits.

GAj; (Table IT). A good correlation was found between
the declining concentrations of GAj solutions and the
decrease in the rate of ethylene production by the fruit at
abscission. Despite this decrease in ethylene production
the abscission and ripening processes were not affected.
This fact casts doubt on the significance of the role of this
hormone in the natural abscission and ripening processes
of mature avocado fruits, especially since it was found that
its level in mature fruits is not high (Blumenfeld and Gazit,
1972).



ABA (Table III). A 100-ppm ABA solution caused
a significant promotion of abscission without marked
acceleration of ethylene production, which naturally
characterized the abscissing fruits of the control.
Moreover, the 100-ppm infused fruits ripened simulta-
neously with the control fruits, that is, abscission occurred
during the preclimacteric phase.

The 1000-ppm solution was apparently supraoptimal
and considerably advanced the ripening date. From our
work and the results of Cooper and Horanic (1973), it may
be claimed that ABA can regulate fruit abscission inde-
pendently and not necessarily through the acceleration of
ripening or ethylene production.

A more detailed elucidation of the role of ABA in the
hormonal regulation of the abscission process will be
possible after studying the level of endogenous ABA during
the abscission process of fruits, and the influence of
ethylene in such systems.

Satisfactory penetration and distribution of the plant
regulators, which we believe we achieved, help in the
understanding of their role in the natural abscission and
ripening processes of the fruit. However, this is insufficient
for drawing any conclusions about the role of the plant
regulators in tree-attached fruits.
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Biosynthesis of Aflatoxin B;. Conversion of Versicolorin A to Aflatoxin B; by

Aspergillus parasiticus

Louise S. Lee,” Joan W. Bennett, Alva F. Cucullu, and Robert L. Ory

Forty-six percent of added [!“C]versicolorin A was efficiently converted to aflatoxin B; by a resting cell
culture of wild-type Aspergillus parasiticus. The labeled pigment was isolated from [1-14Clacetate
enriched cultures of a mutant of A. parasiticus that elaborates several versicolorin pigments, but no
aflatoxins. The high level of incorporation into aflatoxin B; and the relative specific activity of 0.475
of aflatoxin B isolated from the culture of A. parasiticus enriched with [14C]versicolorin A indicate
that this C-18 polyketide-derived hydroxyanthraquinone is a precursor to aflatoxin By.

Aflatoxins, closely related secondary metabolites pro-
duced by certain strains of Aspergillus flavus and A.
parasiticus, are of considerable importance because of their
toxicity (Turner, 1971) and their carcinogenicity (Butler,
1969), but until recently little experimental evidence has
been accumulated for their biogenesis. Studies on the
incorporation of acetate by Hsieh and Mateles (1971) and
detailed degradation studies by Biollaz et al. (1968a,b,
1970) indicate that the carbon skeleton of aflatoxin B is
derived entirely from acetate. This evidence and the
similarity in structure between many anthraquinones,
sterigmatocystins, and aflatoxins led to speculation,

Southern Regional Research Center, a facility of the
Southern Region, Agricultural Research Service, U.S.
Department of Agriculture, New Orleans, Louisiana 70179.

without experimental evidence, that these compounds
share a common pathway (Holker and Underwood, 1964).
In the biogenetic scheme hypothesized by Thomas (1965)
two hydroxyanthraquinones, averufin (I, Figure 1) and
6-deoxyversicolorin A (III, Figure 1), and sterigmatocystin
(IV, Figure 1) are proposed as intermediates in the
biosynthesis of aflatoxin B; (V, Figure 1).

Versicolorin A (II, Figure 1) has specifically been pro-
posed as such an intermediate by Heathcote et al. (1973).
Versicolorin A, sterigmatocystin, and aflatoxins contain
a di- or tetrahydrofurobenzofuran group. With one ex-
ception (Bassett et al., 1970) the occurrence of this furano
group in natural products is peculiar to these or related
mold metabolites. O-Methylsterigmatocystin (Burkhardt
and Forgacs, 1968), aspertoxin (Rodricks et al., 1968),
versicolorin C (Heathcote and Dutton, 1969), versicolorin
A (Lee et al., 1975), and sterigmatocystin (Schroeder and
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