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ABSTRACT. Root promotion activity in avocado leaf extracts was determined by the
mung bean bioassay. Ten different clones representing a wide range of rooting
abilities were compared. Following chromatography of methanol extracts in 8
isopropanol:2 water (v/v), a positive correlation was found between rooting ability
of avocado cuttings and a mung bean rooting promoter at R; 0.9-1.0 of the
chromatograms. The same zone inhibited the straight growth of wheat coleoptile.

Attempts to improve rooting of difficult-to-root avocado cuttings by auxin application
have met with limited success (12). It seems, therefore, that an endogenous factor(s)
other than auxin must play a decisive role in rooting. The rooting ability of cuttings in
other plants was found to be correlated with endogenous rooting cofactors which act
synergistically with auxin (1. 4. 8, 9. 10. 11, 14. 24).

The objective of the present study was to determine whether the same situation exists
for avocado. In a previous paper, the importance of leaf retention was demonstrated for
rooting of different avocado clones representing a wide range of rooting abilities (19),
and the role of leaves as a source of carbohydrates and nutrients was discussed.

Leaves have been suggested as the source of several factors, other than auxin,
essential for rooting (5, 9, 10. 14, 22. 24). Therefore, a correlation was sought between
rooting ability of avocado cuttings and endogenous rooting cofactors extracted from their
leaves. The possibility of having a common factor associated with rooting of avocado
cuttings was studied by comparing 10 different clones. For this purpose, crude
methanolic leaf extracts were fractionated by paper chromatography and tested by the
mung bean rooting bioassay (10). The disadvantage of such imperfect fractionation is
that the response of a specific zone on the chromatogram represents the net effect of
both promoters and inhibitors moving to that zone. Further purification is necessary in
order to overcome this limitation. It was decided first to check whether rooting activity, as
measured in the mung bean bioassay at a specific zone of the chromatogram is
associated with rooting of all the avocado clones compared and then, in the 2nd phase,
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to purify this zone further. If such an association was found, it might be meaningful rather
than accidental. A second bioassay, the straight growth of wheat coleoptile (16), was
conducted to study the auxin-like activity of the same extracts in order to discriminate
between auxinic and nonauxinic effects on the rooting behavior of avocado cuttings.

Materials and Methods

PLANT MATERIAL. Leaves of 10 different avocado clones used in a rooting experiment
were sampled, dried, and stored as described previously (19). Their extracts were
paper-chromatographed following procedures for dry samples described below and
assayed by the mung bean bioassay. Fresh leaves of 2 clones which did not root
(Nahlat-7 and Maoz), 1 difficult-to-
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Whatman 3MM filter-paper strips which were chromatographed in a descending system
(8 isopropanol:2 water, v/v) to a distance of about 30 cm from the starting line, and cut
into 10 sections.

Fresh leaf samples were extracted by absolute methanol. Extracts were treated further
in one of the following ways: a) concentrated under reduced pressure at 40°C to
dryness, redissolved in methanol, and spotted on Whatman No. 3MM filter-paper strips;
or b) evaporated to the aqueous residue, adjusted to pH = 7.0 and then extracted with
petroleum ether. Preliminary checks showed that most material with rooting activity was
extracted by the petroleum ether. Therefore, the petroleum ether fraction was
evaporated to dryness, and the solid residue was redissolved in a minimum amount of
petroleum ether and spotted on chromatograms. The paper chromatograms were
developed to 20 cm from the starting line by ascending chromatography using 10
isopropanol:1 ammonia:1l water (by volume) as the solvent. Chromatograms were cut
into 10 sections, each section assayed for rooting activity as described below.

MUNG BEAN BIOASSAY. A modified version of Hess's method (10, 11) was followed as
described by Reuveni and Adato (18), except that indolebutyric acid (BA) (5 X 10°wm)
was used instead of indoleacetic acid (LAA) in the rooting solution. Four cuttings per vial



were used with 5 vials per R¢ zone. Light intensity at plant level was 100 pmol s m?,
supplied by Growlux fluorescent tubes.

WHEAT COLEOPTILE BIOASSAY. The straight growth bioassay was conducted according to
Nitsch and Nitsch (16).

STATISTICAL ANALYSIS. Correlation coefficients were calculated between the number of
roots produced in the mung bean bioassay and the rooting percentage of the 10
avocado clones as found in an earlier rooting experiment (19). Coefficients were
calculated separately for each R; value of the chromatograms; thus, for each calculation
there were 10 pairs of values (10 clones and 10 R; values).

Results

A promotive root activity of different rates and at different R; values of the chromatogram
was found in the mung bean bioassay when dry leaf samples of the 10 clones were
assayed. The general tendency was for a higher promotive activity in extracts of easy-to-
root clones. Two typical histograms of an easy-to-root and a difficult-to-root clone are
given in Fig. 1. The question arose as to whether the promotive activity found in the
mung bean bioassay at a certain zone of the chromatogram is associated with the
rooting ability of avocado cuttings, and whether it is common to all of the 10 clones
compared. The correlation coefficients (calculated between number of roots produced in
the mung bean bioassay and rooting percentage of the different clones) showed it to be
statistically significant only at R¢ 0.9-1.0 of the chromatograms, r = 0.76, P < 0.02.

In order to check this finding, another comparison was made between a difficult and an
easy-to-root clone using a different extraction and chromatography procedure (version a
for fresh material in Materials and Methods). The chromatograms were tested by both
the mung bean and the wheat coleoptile bioassays (Fig. 2). Again, the root-promotive
activity that was found at different R; values could not be correlated with the rooting
capability of the clones except for the section found at the end of the chromatogram (Fig.
2A). In leaves of Northrop-28/5, a clone which roots easily, very high activity was found
at R; 0.9-1.0 and at lower R; values adjacent to it, which might be explained by a high
concentration which is spread on few zones. No activity was found at R; 0.9-1.0 in
leaves of cuttings of Nahlat 7, a clone which does not root at all.

Greater growth inhibition was found in the difficult-to-root clone Nahlat-7 in the wheat
coleoptile bioassay (Fig. 2B). An exception to this general tendency was found at R; 0.8-
0.9 and was even more pronounced at Rs 0.9-1.0, where a greater inhibition was found
in the easy-to-root clone.

The finding that at a certain zone of the chromatogram a promotive activity is obtained in
one bioassay and inhibitive in another one was checked further. For this purpose, a
comparison was made between leaves of the Maoz cuttings which do not root and the
moderate- to difficult-to-root Lula-3 cuttings. The crude methanolic extracts of fresh
leaves were purified further (version b in Materials and Methods for such leaves) before
being chromatographed and tested in the mung bean and the wheat coleoptile assays.
As in the crude extracts, leaves of the easier-to-root cutting revealed higher rooting
activity at R 0.9-1.0 of the chromatogram as measured in the mung bean bioassay (Fig.
3A) and greater growth inhibition in the wheat coleoptile at this zone (Fig. 3B).
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Discussion
A relationship has been reported for several plants between the endogenous level of
auxin in cuttings and their rooting ability (17, 21), whereas in other plants no such
relationship could be found (3, 22, 24). Auxin is, therefore, only one of various
endogenous factors which are essential for rooting. It is assumed that some
substance(s) in addition to auxin and carbohydrates is produced in leaves and
transported to the base of cuttings where it stimulates root formation (5, 24, 26). In
avocado cuttings, we found a correlation between rooting ability and levels of an activity
of endogenous rooting cofactors extracted from leaves. The importance of a minimal
level of starch and a low level of manganese for rooting of avocado cuttings was
demonstrated in a previous study (19). It is suggested that for good rooting all these
requirements must be satisfied. According to Hess and others (8, 10, 11, 14, 24),
cofactor 4 is the primary substance involved in the promotion of rooting. In avocado, a
root-promoting activity at Ry zone 0.8-0.9 corresponding to cofactor 4 was found as well,
but it was not significantly correlated with the rooting ability of all the studied clones.

A significant correlation was noted with activity only at R; 0.9-1.0. The location of the
active zone at the front of the chromatogram led to the question as to whether a high
qguantity of impurities was concentrated at this zone and, though statistically significant,
might not actually be associated with the rooting ability of avocado cuttings. A brief
survey of published histograms showing cofactor activities as measured by the mung
bean bioassay, and using similar solvent systems, revealed that in other plants as well,
high activity was found at Ry 0.9-1.0 (1, 2, 4, 7, 13, 23, 25). Tognoni and Lorenzi (25)
found a root-promoting substance (3) at R; 0.9-1.0 in extracts of Picea glauca and



Chamaecyparis lawsoniana. This substance(s) showed a dose-response effect over a
wide range of concentration in the mung bean bioassay. The same zone was found to be
inhibitory in an auxin activity bioassay. Chromatograms of avocado leaf extracts
prepared in a similar procedure and assayed in these 2 bioassays also showed a root-
promoting activity at Rt 0.9-1.0 and inhibition of elongation in the same zone (Fig. 2 and
3). That the same active zone is promotive in one test and inhibitive in another was
found also by others (6, 15, 20). These findings lend further support to the possibility that
the same substance(s) is involved (Fig. 2). In summary, the avocado leaf substance(s)
found at R 0.9-1.0 calls for further detailed studies of its involvement in the rooting of
cuttings and its possible existence in other plants.
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