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ABSTRACT

Triacontanol ICH.(CH2)2sCH2OHI increased growth in vitro of cell
cultures of haploid tobacco (Nicotiana tabacum). The fresh weight of cell
cultures of tomato (Lycopersicon esculentum), potato (Solanum tubero-
sum), bean (Phaseolus vulgaris), and barley (Hordeum vulgare x H.
jubatum) was also increased. The increase in growth of tobacco callus
seems to have been due to an increase in cell number. Another long chain
alcohol, octocosanol ICH(CH2)2fiCH2OHI, did not increase the growth of
tobacco cell cultures.

Coarsely chopped alfalfa hay used as a band application in-
creased growth and yield of cucumbers, lettuce, tomatoes, and
wheat (13). Several other crops accumulated dry wt more rapidly
following applications of small amounts of alfalfa under green-
house and growth chamber conditions. Triacontanol, a straight
chain, 30-carbon, saturated alcohol [CH3(CH2)2sCH20H], was
isolated from alfalfa (15). Applications of 10 ,tg/l triacontanol
increased the dry wt and leaf area of rice plants in nutrient
cultures. Both triacontanol isolated from alfalfa and synthetic
triacontanol (Analabs) were active at extremely low concentrations
(23 nM). Several long chain alcohols exhibit growth-regulating
activities on A vena coleoptiles (4). Other alcohols promote growth
of excised wheat roots (8). The objective of this study was to
determine if triacontanol affects the in vitro growth of plant cell
cultures in the hope that cell cultures would provide a system for
studying the mode of action.

MATERIALS AND METHODS

Growth of Cell Cultures. Cell cultures were grown in plastic
disposable Petri dishes on the basic medium of mineral salts
described by Linsmaier and Skoog (11), except for bean cultures
which were grown on the basic medium of Gamborg et al. (7).
Vitamins and hormones were varied for each tissue in order to
maintain the tissues in an undifferentiated state. For haploid
tobacco (Nicotiana tabacum cv. Wisconsin 38) these were thiamine
(I mg/l), IAA (3 mg/l), and kinetin (0.3 mg/l); for bean (Phaseolus
vulgaris cv. Seafarer) thiamine (10 mg/l), pyridoxine (1 mg/1),
nicotinic acid (1 mg/l), and 2,4-D (2 mg/i); for tomato (Lycoper-
sicon esculentum cv. Marglobe), potato (Solanum tuberosum cv.
Advera), and barley (Hordeum vulgare x II. jubatum) thiamine
(1 mg/l), pyridoxine (0.5 mg/l), nicotinic acid (0.5 mg/l), 2,4-D
(0.5 mg/l), IAA (5 mg/l), and kinetin (0.3 mg/l). Inositol (100
mg/l) was used in all cultures. Agar was used at a concentration

' Michigan Agricultural Experiment Station Journal article No. 8112.

of 1% and sucrose was used at 3%, except for the bean which was
2%.

Callus of tobacco, potato, and tomato was produced from pith.
Bean callus was produced from hypocotyl sections and barley
callus from immature ovarian tissue. Subcultures were maintained
on the appropriate media in the dark at 25 to 27 C.

Experimental Procedures. Because of the low solubiity of
triacontanol and octocosanol in aqueous solutions the following
procedure was devised for treatment application. Stock solutions
(100lOg/l) of triacontanol and octocosanol were prepared in glass-
distilled benzene. Lower concentrations were obtained by serial
dilution. Aliquots (100lO) were applied to sterile Whatman No. I
filter paper discs (diameter 4.5 cm); controls received 100 ,il of
glass-distilled benzene. The solvent was allowed to evaporate for
approximately 15 min, then the papers were placed on the agar
medium. Callus tissue was broken into pieces of approximately
the same size in each experiment and one piece was placed on the
filter paper in each dish.
A randomized complete block design was used for all experi-

ments with at least four replications. For experiments conducted
in the light, the intensity at the growing surface was approximately
2 ,uw/cm2 supplied from fluorescent bulbs. Tissue weights were
measured after 10 to 15 days. Preliminary studies showed that
fresh wt and dry wt responded similarly for both treated and
nontreated tissue, therefore, only fresh wt data are reported in the
figures. Studies on differentiation were carried out for 30 days.
Total N was determined by the automated micro-Kjeldahl pro-
cedure of Ferrari (6), and converted to protein using the conver-
sion factor of 6.25. Fresh callus was sectioned by hand and cell
diameter was examined with wet mounts.

RESULTS AND DISCUSSION

Triacontanol promoted growth of tobacco callus at concentra-
tions as low as 0.01 ,ug/dish (Fig. 1). Callus cultures of four other
plant species also showed increased growth over the controls in
response to triacontanol at 10 ,ug/dish (Table I).
Although the effect of triacontanol on whole plants does not

require light (14), tobacco callus responded to triacontanol only
in the light (Fig. 1). In addition, the stage of growth of the tissue
at the time of treatment affected the response. The tissue usually
responded more to triacontanol when the stock cultures were
actively growing (log phase) than when they were in the slower
growing "plateau phase." Response of plateau phase tissue was
more variable making statistically significant differences difficult
to obtain.
Tobacco callus treated with triacontanol for 30 days did not

show any visible tissue differentiation. Neither root nor shoot
development occurred in any of the experiments and the apparent
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FIG. 1. Effect of triacontanol on the growth of tobacco callus in light
and in dark. Treatments were applied to filter paper in 100-1ji aliquots of
benzene and placed on the agar medium. Approximately 20 mg of tissue
was placed on each filter paper. Light intensity was approximately 2
jaw/cm'. Data are the mean fresh wt/dish for four replicates after 12 days
ofgrowth. Fvalue for comparison ofcontrol with treatments significantly
different at 0.05 level.

Table I. Effect of triacontanol on growth in vitro of cell cultures
of four plant species in light.

Treatments were applied to filter paper in 100 p1 aliquots of
benzene and placed on agar media. Approximately 5 mg of tiseue was
placed on each filter paper. Data are the mean fresh wt/dish for 4
to 6 replicates after 10 days growth.

Rg triacontanol/dish
Increase

Tissue 0.0 10.0 (% of control)

Fresh wt (mg/tissue)

Tomato 12.0 16.8 140
Potato 19.5 23.5 121
Barley 21.0 35.0 167
Bean 13.0 19.8 149

Table II. Effect of triacontanol on the growth of tobacco callus in
light.

Treatments were applied to filter paper in 100 p1 aliquots of
benzene and placed on agar mdia. Approximately 100 mg of the tissue
was placed on each filter paper. Data are the means of 4 replicates
after 15 days' growth.

Triacontanol Fresh wt Dry wt
(1g/dish) (mg/tissue) (mg/tissue) Dry wt/Fresh wt

0.0 1190.0 54.0 0.045

0.1 1120.0* 73.0* 0.045

Indicates F value for comparison of control with treatment signifi-
cantly different at the 0.05 level.

friability ofthe tissue remained unffcted. Greening was uniform
in treated and nontreated tissues grown in the light.
The dry wt to fresh wt ratios were similar in treated and

nontreated tissues (Table II). Studies offree-hand sections by light
microscopy showed no difference in cell size. These data suggest
that increased growth caused by triacontanol is not simply caused
by water uptake and cell enlargement but rather by an increase in
cell number.

Octocosaol, a 28-carbon analog of triacontanol and also a
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FIG. 2. Effect oftriacontanol and octocosol on the growth oftobacco
callus. Treatments were applied to filterpper in 100-gl aliquots ofbenmene
and placed on each filter paper. Approximately 20 mg oftissue was placed
on each filter paper. Light intensity ws approximately 2 gw/cm2. Data
are the mean fresh wt/dish for four replicat after 12 days of growth.
**Fvalue for comparison ofcontrol with treatments sigcantly different
at 0.01 level.

major component of leaf wax (12), did not affect the growth of
tobacco callus (Fig. 2) which suggests that a specific chain length
may be required for activity. Similar results were found with
whole plants (15).

It is generally believed that wax components of the leaf are
excreted to the leaf surface as rapidly as they are synthesized, and
reabsorption of such water-insoluble compounds is unlikely (10).
Occasionally, compounds considered to be cuticular components
are found in organeiles such as chloroplasts (9). Moreover, Chib-
nall (1, 2) stated that a group of noncuticular leaf waxes exist
which are not cuticle excretions, but constitute an integal part of
the general fat phase of leaf cells. The long chain, primary
components of the "inside wax" included C30 compounds, how-
ever, it is possible that there was contamination frm the cuticle
during extraction. Certain long chain alcohols were shown to
exhibit growth-regulating activities in the Avena coleoptile test (4),
and several long chain alkanes have been shown to have growth-
promoting effects using the pea stem assay (16).

Leaf wax appears to serve several passive functions such as
protecting the plant from desiccation, mechanical injury, patho-
gens, insects, and excessive UV radiation (5). The growth-pro-
moting effect of triacontanol, a component of leaf waxes (3), on
whole plants (14, 15) and on plant cell cultures in vitro, as reported
here, suggests that some components of leaf wax may also serve
an active role in growth-regulating activities. To what extent
endogenous triacontanol is active in controlling the growth of
plants still remains to be determined. Tissue culture, in the mean-
time, may be useful for studying the mode of action of triacon-
tanol.
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