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Abstract . Uniconazole reduced growth of etiolated mung bean seedlings
and increased lateral root formation . Ethylene production for whole seed-
lings was reduced by 80% within 24 h after treatment and 1-aminocyclo-
propane-l-carboxylic acid concentrations were reduced by approximately
40% in 12 h . Uniconazole treatment increased spermine levels by 100% by
day 4, whereas spermidine and putrescine levels were not affected . Uni-
conazole, by inhibiting ethylene synthesis, may be increasing spermine
levels, which in turn stimulate formation of root primordia .

The triazoles, a group of potent fungitoxic and plant growth regulatory com-
pounds, increase hardening against several stresses (Fletcher and Hofstra
1985 ), and it has been established that they inhibit ergosterol and gibberellin
biosynthesis in fungi and higher plants, respectively (Fletcher and Hofstra
1988, Graebe 1987) . Contradictory results have been reported with respect to
triazole-induced changes in ABA levels ; results range from continued in-
creases (Li rssen 1987), to a transient rise in ABA (Asare-Boamah et al . 1986),
to no change (Izumi et al . 1988), and to decreases in ABA concentrations
(Norman et al . 1986, Grossmann et al. 1987, Wang et al . 1987) . The inconsis-
tencies may reflect differences in plant species or time of measurement after
triazole treatment . It has been suggested that ABA is involved in the cross-ad-
aptation of plants to various stresses (Boussiba et al . 1975) . Furthermore, in-
creases in cytokininlike activity have also been reported (Fletcher and Arnold
1986, Grossmann et al. 1987, Izumi et al . 1988). Subsequently, it has been
Proposed that the triazoles appear to affect plant responses, at least in part,
through changes in the growth regulators produced by the isoprenoid pathway
(Pletcher and Hofstra 1985, 1988) .
Compounds produced by other metabolic pathways have also been impli-
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cated in the stress response . A plant's ability to withstand conditions of envi-
ronmental stress has been related to changing polyamine concentrations (Shen
and Galston 1985, Ormrod and Beckerson 1986) . The levels of ethylene, pro-
duced from the same substrate as polyamines, are also drastically affected by
environmental stresses such as drought and chilling (Yang and Hoffman 1984) .
The triazole, paclobutrazol, prevented stress-ethylene production, the accu-
mulation of 1-aminocyclopropane-l-carboxylic acid (ACC) and 1-malonylami-
nocyclopropane-1-carboxylic acid (MACC), and the rise of putrescine and
spermidine in water-stressed apple leaves (Wang and Steffens 1985) .

The triazoles also stimulate rooting in both cuttings and intact plants (Sankla
et al. 1985, Fletcher et al . 1988) . Polyamines have also been shown to stimulate
rooting (Fletcher et al . 1988, Jarvis et al . 1983) and to increase with the initia-
tion of root primordia (Schwartz et al . 1986) and active cell division (Walker et
al. 1985) .

Since the triazoles affect the levels of both ethylene and polyamines, two
biochemically linked growth regulators, as well as associated physiological
processes, this study was undertaken to determine the effects of a potent tri-
azole, uniconazole (S-3307), on the levels of polyamines, ACC, MACC, and
ethylene in mung bean seedlings, and to determine the relationship of these
changes to the stimulation of rooting .

Materials and Methods

Plant Material and Uniconazole Treatment

Mung bean seedlings were grown in sectioned plastic flats in vermiculite . 00
the day of planting, vermiculite was moistened with distilled water and flats
were placed in an unlit growth chamber at 21°C . After 24 h, seedlings were
treated with 0.5 p,g/ml uniconazole . Treatment solution was applied as a soil
drench. It was not required that plants be rewatered past this point .

Ethylene Quantifcation

At various time intervals seedlings were weighed, placed in 20 ml vials with
2-3 drops of distilled water, and immediately sealed with rubber serum
stoppers. Whole seedlings were used to eliminate the production of stress eth-
ylene from cutting of the tissue . After 3 h a 3 ml gas sample was injected for
ethylene quantification into a gas chromatograph fitted with an automatic sam-
pling valve, 1 .8 m x 3 mm Porapak Q column (60/80 mesh), and a flame ioniza-
tion detector.

ACC and MACC Quantification

At specific time intervals 1-2 g of whole seedlings were collected for ACC and
MACC analysis according to the procedures described by Lizada and Yang
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(1979) and Mikitzel (1983) . Free ACC content was determined by chemical
degradation of ACC to ethylene followed by quantification of the ethylene pro-
duced. The MACC content was determined by acid hydrolysis of MACC to
ACC and conversion of the total ACC to ethylene . Subtraction of ethylene
produced from the free ACC, from that produced from the total ACC, yielded
ethylene produced solely from the converted MACC . Efficiency of chemical
conversion of the extracted ACC . and the hydrolyzed MACC, to ethylene was
determined, and accounted for, using internal ACC standards .

PO1Yamine Quantification

At various time intervals seedlings were collected, homogenized, and analyzed
for polyamine levels according to the method of Roberts et al . (1984). A varian
5000 liquid chromatograph with a 250 mm Whatman Partisil 10 silica gel re-
verse phase column was used for separation . A methanol : 10% acetonitrile in
water gradient eluted the benzoyl-derivatized polyamines within 20 min run-
ning from 45 to 80% methanol at 1 ml/min . A 254 nm Varian selectable wave-
length UV-5 detector was used for peak measurement . Respective retention
times and quantifications were determined using authentic benzoylated stan-
dards .

Results and Discussion

Growth Parameters

within 24 h after treatment, uniconazole applied as a soil drench to 1-day-old
etiolated mung beans significantly reduced root and hypocotyl lengths by 15%
and 35%, respectively (Table 1) . Within 48 h plant epicotyl lengths were also
reduced by approximately 20%, and by 30% in 96 h . Growth of the treated
Seedlings remained reduced throughout the duration of the experiment, and by
96 h hypocotyl length was the most severely retarded (reduced by 45%) . Thus,
growth of etiolated mung bean seedlings treated with uniconazole followed the
general pattern of triazole-induced growth retardation observed in other
Species (Fletcher and Hofstra 1988) . The number of lateral roots was also sig-
11if cantly increased in the treated seedlings, with the roots being thicker and
whiter. Similar observations have been made for other species (Sankla et al .
19$5 ) . No adventitious roots developed during the duration of the experiment .
Fresh weight results were more variable : no differences were found with

respect to cotyledon weights or the root weights ; treated epicotyls weighed
Significantly (p = 0.01) more than control epicotyls only between 48 and 72 h
after treatment ; hypocotyl weights were, however, consistently reduced (p =
0.05) compared to control values for the duration of the experiment . Etiolation
thus appears to dampen the previously observed shifts in, and distribution of,
plant fresh weight as affected by the triazole compounds (Fletcher and Hofstra1988)
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Table 1 . Effect of 0 .5 µg/ml uniconazole on etiolated mung bean root, hypocotyl and epicotyl
lengths (cm ± SE), and number of secondary roots

* Significantly different from respective control values at p = 0 .05 .

Ethylene

Applications of uniconazole significantly reduced ethylene production from
whole etiolated mung bean seedlings . Ethylene production (Table 2) was re-
duced by 17% within 6 h after treatment and reached a maximum reduction of
80% 24 h after treatment . Ethylene synthesis by the uniconazole-treated seed -
lings remained significantly below that of control seedlings for the duration of
the experiment (96 h) .

Ethylene production was high in all seedlings on the day of treatment . Beyer
(1985) reported similar trends : a peak in ethylene production by 2 days after
imbibition of pea seeds . This peak was subsequently followed by a gradual
decline. Thus, the observed production pattern may be a normal trend for ger-
minating seeds and young seedlings .

Uniconazole significantly reduced ACC levels by 12 h after treatment (Table
2), thereby chronologically preceding the observed decrease in ethylene pro-
duction. This would be expected since ACC is the immediate precursor for
ethylene biosynthesis. Maximum reductions in ACC concentrations were
reached at 12 h after treatment (40% of controls) and then, again following the
pattern of ethylene inhibition, declined with time . These trends imply that the
observed inhibition of ethylene production by uniconazole is, at least in part,
induced via a reduction in ACC synthesis .

However, the maximum reduction in ethylene of 80% was twice that of ACC
and occurred by 24 h. Therefore, it may be that the reduction in ACC synthesis
accounts for only a fraction of the observed reduction in ethylene production .
A reduced conversion of ACC to ethylene was also observed by Abbas et al .
(1988), who found that the reduction in ethylene synthesis in the roots could
not be overcome by the addition of ACC . Increased conjugation of ACC to
MACC does not appear to play a role since conjugation of ACC to MACC was
delayed in the uniconazole-treated seedlings (Table 2) .

Anatomical evidence for the reduced ethylene production was seen in the

Length (cm)

Hours after uniconazole application

Tissue 0 24 48 72 96

Root Control 2 .2 5 .1 8 .2 9 .1 10.8
Uniconazole - 4.3* 6 .3* 7 .7* 8 .8*

Hypocotyl Control NA 3.4 8 .6 13 .4 16.5
Uniconazole - 2.3* 5 .2* 6 .0* 8 .9*

Epicotyl Control NA 0.2 0 .5 0 .8 3 .8
Uniconazole - 0.2 0 .4* 0 .5* 2 .6*

Number of secondary roots Control NA NA 2.9 11 .4 16 .5
Uniconazole - - 3 .8 15 .4* 23 .1 *
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Table 2. Effect of 0 .1 ©g/ml uniconazole on evolution of ethylene (per h) and the content of ACC
and MACC in mung bean seedlings
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* Significantly different at p = 0 .05 .

chronologically promoted unhooking of the treated mung bean hypocotyls
(data not reported) and the enhanced development of lateral roots (Table 1) .

Uniconazole and Polyamines

Whole mung bean seedlings initially contained relatively high concentrations
of both spermidine and spermine, each of which declined with age of the seed-
ling (Table 3) . Conversely, between days 1 and 3 putrescine levels increased by
more than two fold (Table 3) : This increase in putrescine could be associated
with the falling demand for both spermidine and spermine synthesis as the
seedlings aged . Shen and Galston (1985) and Smith et al . (1985) discussed pro-
gressively declining spermine and spermidine levels with increasing age of pea
roots and pea internodes ; the highest concentrations were found in young,
nleristematic, predominantly unelongated tissue . Dumortier et al . (1983) have
sPeclfically correlated elevated spermine levels to discrete zones of mitotic
activity in corn seedlings, with polyamine concentrations declining as the
4011es matured, whereas Schwartz et al . (1986) found a rise in spermidine
levels and a decrease in putrescine levels in the apices of corn roots . Shen and
Galston (1985) have suggested that increasing putrescine levels may be corre-
lated with a block in the conversion of putrescine to spermidine and a subse-
quent switch from cell division to elongation .
Consequently, observed trends between age and spermine or spermidine

levels may be explained via the use of whole germinating mung beans with
concentrated regions of mitotic activity, which decrease over time in impor-
tance with respect to their contribution to total plant polyamine levels .

Uniconazole significantly increased, over control levels, the spermine con-
tent of the seedlings by day 2 after treatment . Spermine concentrations in
treated mung bean increased consecutively from 68% greater than control
values on day 2 after treatment to 100% greater by day 4 . Uniconazole did not
affect either spermidine or putrescine concentrations (Table 3) .
Uniconazole also increased the number of secondary roots differentiating

Concentration (n moles/g FW)

Hours after uniconazole application
Tissue 0 6 12 24 48 72 96

Ethylene Control 0.50 0 .29 0 .18 0.19 0.09 0.13 0.09
Uniconazole - 0.24* 0 .10* 0 .05* 0.04* 0.07* 0.06*

ACC content Control - 1 .69 1 .90 1 .30 2.19 1 .71 1 .85
Uniconazole - 1 .46 1 .13* 0 .91* 1 .71* 1 .38* 1 .39*

MACC content Control - 1 .03 1 .79 1 .70 4.30 3 .33 3 .66
Uniconazole - 1 .02 1 .34 1 .71 2 .58* 3 .57 3 .95
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Table 3 . Effect of 0 .1 p.g/ml uniconazole on the levels of putrescine, spermidine and spermine in
mung bean seedlings .

* Significantly different at p = 0 .05

from the treated mung beans (Table 1) . Increases in root number and poly-
amine levels by triazoles have also been shown in apple seedlings (Wang and
Faust 1986) . Considering the times at which ethylene synthesis was inhibited (6
h after treatment) and elevated spermine concentrations were detected (24 h
after treatment), and lateral roots were first observed (48 h after treatment), it
is possible that uniconazole, by inhibiting ethylene production, stimulates
spermine synthesis (Ickeson et al . 1985), which in turn regulates RNA and
DNA levels (Cohen et al . 1984, Smith 1985) and the cellular division required
for root development and unhooking of the hypocotyls and epicotyls .
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