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Photograph 3.2. A close-up of an A. amoena phyllode after 2 d in distilled water. Note the prominent venation
and light colour of the phyllode, which is indicative of desiccation, compared with fresh phyllodes (Photograph

4.1) and those kept in citric acid (10 mol m-3) (Photograph 3.3).

Photograph 3.3. A close-up of an A. amoena phyllode after 2 d in citric acid (10 mol m-3). The phyllodes are a
dark green colour and no venation is prominent.
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Table 3.4

Vase life of A. an oena in distilled water and in citric acid

Treatment Vase life of Range | Vase life of Range
phyllodes (d) flowers (d)
«d) + SE? (d) + SE®

T1: Distilled water 2.4b* +0.155 2-3 2.4b* +0.155 2-3

T2: Citric acid (10 mol m3) 7.€2 +0.514 5-11 |3.22 £0.126 3-4

O Vase life is the mean of 10 replicates p:r treatment; SE = standard error.
* Within each vase life criterion, numb:rs followed by different letters are significantly different from each

other (P < 0.05).

51

The following graphs of the vase life parameters of solution uptake, transpiration, fresh weight,
stem water content and net water loss (Figs. 3.6 - 3.10) all reflect the beneficial effect obtained

with citric acid (10 mol m-3) compared with distilled water.

After 1 d, solution uptake (Fig. 3.6) was significantly greater in citric acid (10 mol m-3) than in

distilled water. Solution uptake decreased markedly in stems kept in distilled water, whereas

those in citric acid maintained their initial uptake rate for 3 d. A sudden decrease in solution

uptake occurred between days 3 and 5 in citric acid, however, these stems took 11 d to reach the
uptake rate attained by distilled water stems in 3 d.
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Fig. 3.6. The rate of solution uptake (exjressed per gram of fresh weight per day) during the vase life of A.
amoena stems kept in either distilled wa er (#) or citric acid (10 mol m‘3) (¢). Within each day, symbols

followed by letters indicate significant diffe ‘ences be:ween treatments (P < 0.05). (Where no error bar appears, the
SE was smaller than the size of the symbol )
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The transpiration rate of stems in cistilled water (Fig. 3.7) decreased rapidly from day 0-1,
whereas in citric acid, the rate rose “or the first 3 d. Transpiration of stems kept in citric acid
declined after day 2-3, and reached tt e level of the distilled water stems 2 d later, i.e. after 4-5 d.

Stems in distilled water exhibited a 11arked and sudden decline in fresh weight (Fig 3.8) during
vase life, particularly between days 1 and 2, compared with stems in citric acid. There was a
significantly slower decline in fresh weight for stems in citric acid, and these stems took 10.5 d
to reach the level of fresh weight atta ned by distilled water stems in 3 d.

There was a significant decrease ir the stem water content of stems kept in distilled water
compared with those in citric acid ()7ig. 3.9). The greatest decrease in water content occurred
between days 1 and 2 for stems in distilled water, whereas stems in citric acid exhibited an initial
rise which, for the first 2 d, was gre: ter than the initial water content. After day 2, there was a
slow and steady decline in water content for the stems in citric acid. These stems took 11 d to
reach the same level that stems in distilled water had reached in 3 d.

The net water loss of stems kept in either citric acid or distilled water (Fig. 3.10) was
significantly different for the three comparable days (stems in distilled water were all dead by day
3, so no further readings were takei). Steras kept in distilled water lost more water and at a
significantly faster rate than their cit ic acid counterparts. The amount of water lost from stems
in citric acid remained close to the day 1-2 amount for most of the 11 d.
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Fig. 3.7. The rate of transpiration (express«d per gram of fresh weight per day) during the vase life of A. amoena
stems kept in either distilled water () or :itric acid (10 mol m-3) (¢). Within each day, symbols followed by

letters indicate significant differences betv een treatments (P < 0.05). (Where no error bar appears, the SE was
smaller than the size of the symbol.)
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Fig. 3.8. The change in fresh weight (expiessed as a percentage of the initial weight) during the vase life of A.
amoena phyllodes kept in either distilled wvater (@) or citric acid (10 mol m-3) (¢). Within cach day, symbols
followed by letters indicate significant diffe:ences between treatments (P < 0.05). (Where no error bar appears, the
SE was smaller than the size of the symbol )
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Fig. 3.9. The change in stem water content (expressed in grams of water per gram of dry weight) during the vase
life of A. amoena stems kept in either di: tilled water (#) or citric acid (10 mol m'3) (©). Within each day,
symbols followed by letters indicate signif cant diffecrences between treatments (P < 0.05). (Where no error bar
appears, the SE was smaller than the size o "the symb»ol.)
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Fig. 3.10. The rate of net water loss (expre: sed in mL per gram of fresh weight per day) during the vase life of A.
amoena stems kept in either distilled warer (#) or citric acid (10 mol m3) (¢). Within each day, symbols
followed by letters indicate significant diffe: ences between treatments (P < 0.05). (Where no error bar appears, the
SE was smaller than the size of the symbol )

3.4 DISCUSSION

Cut flowering stems of Acacia su>ulata and A. floribunda exposed to 50 and 500 pL L-!
exogenous ethylene respectively, dil not have significantly different vase lives from those of
control stems kept in distilled water without ethylene (Tables 3.1 and 3.2). Application of STS,
an inhibitor of ethylene action, did not increase longevity in the presence of ethylene.
Furthermore, there was no differerce in the visual onset of floral senescence in any of the
treatments or ethylene concentrations. Woltering and van Doorn (1988) stated that "the effects of
STS are considered to be evidence fcr the presence or absence of a role of ethylene in the natural
senescence of flowers". Therefore, from the results of the two ethylene vase life experiments,
and the lack of vase life improvemer t when two inhibitors of ethylene action (STS and ethanol)
were used (Table 3.3), floral senesce:nce in the two species of Acacia tested is not mediated by
ethylene.

In contrast, however, Jones and Tru:tt (J. Truett, pers. comm. 1993) found that the vase life of
Acacia baileyana F. Muell. was shcrtened in the presence of ethylene (50 uL L-1). No flower
drop occurred, but the flowers had :. shorter vase life after ethylene exposure. Thus, different
Acacia species may possess different ethylene sensitivities. Such variations are not uncommon in
the plant kingdom (Phan 1963; Mor ¢t al. 1589; Reid et al. 1989; Wu, Zacarias and Reid 1991).
It is now evident that sensitivity to ¢ thylene varies within the genus Acacia, so the response to
ethylene should be tested when conducting any vase life experiment with species other than those
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listed here. The response of ethylen:-sensitive Boronia heterophylla to an STS pulse revealed
that the prevention of ethylene acticn was the most important factor in improving vase life in
ethylene-sensitive species (Chapter €). Therefore, it is imperative that any preliminary vase life

experiment should determine the ethylene-sensitivity of the test species if it is not known.

In view of the differing Acacia spp. and Mimosa pudica reactions (section 3.1), as well as the
varying effects observed with rose cultivars (Mor ef al. 1989; Reid er al. 1989), it appears
unlikely that classification of the reaction to ethylene may be as simple as occurring at the family
level (Woltering and van Doorn 198¢). Nevertheless, these different effects give some scope for

breeding against, or genetic manipul:tion of, ethylene sensitivity.

No detectable ethylene was producec by A. subulata and A. floribunda during the 24 h enclosure
period. It could be argued that Acccia flowers at Stage 2 of floral development may be too
young to produce critical levels of ethylene. However, older flowers on the stem, although not
directly part of the study, might have reached a higher stage of ethylene production, and yet no
ethylene was detected. In ethylene-producing flowers, production is known to increase as the
flowers age (Whitehead er al. 1984), as does sensitivity to exogenous ethylene (Camprubi and
Nichols 1978). Camprubi and Nichols (1978), working with ethylene-sensitive carnations,
found that doses of exogenous ethylene (10 ppm) induced ethylene production and hastened
wilting. However, no ethylene was cetected in either of the Acacia experiments (Appendix D) in

which 10-fold differences in ethylene¢ concentration were used.

Although ethylene production was found in senescing carnations after O and 24 h of enclosure
(Appendix D), it is possible that the gas chromatograph was not sensitive enough to detect any
extremely low levels of ethylene tha: may have been produced in Acacia. In initial experiments
with daylily (Hemerocallis hybrid 'Cradle Song'), Lukaszewski and Reid (1989) were unable to
detect the production of any ethyle 1e, but when Lay-Yee ef al. (1992) maximised apparatus
sensitivity, they found that ethylene was produced, albeit in extremely low quantities (<1 nL g-!
h-1). However, they questioned thz role of such small amounts of ethylene, particularly as
exogenously applied ethylene and irhibitors of ethylene biosynthesis or action had no effect on

flower senescence (Lukaszewski anc Reid 1989).

In the A. floribunda vase life experiinent (Table 3.3), the two inhibitors of ethylene action, STS
(T3) and ethanol (T6), did not imfrove longevity above that of distilled water. Those two
treatments resulted in some of the poorest vase lives of the experiment, whereas ethylene-
unrelated treatments such as citric acid (12) and stabilised chlorine, SDIC (T4) improved
longevity. Thus, it is unlikely that ethylene, or the inhibition of ethylene action, is a factor in the
senescence of A. floribunda. It should be stressed that the object of the A. floribunda vase life
experiment was not to find a 'magic’ soluticn which would result in an increased vase life but,
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rather, to determine the effect of the rarious vase solutions in an attempt to elucidate the cause/s

of premature senescence in Acacia.

Accati and Sulis' solution with two clifferent sucrose concentrations (2%: T7 and 5%: T8) was
used to find out whether the beneficial results they obtained with Acacia dealbata 'Rustica’ and
'Gaulois' would occur with A. flori>unda. The solution has been recommended to increase
Acacia vase life (Sedgley 1989; Sedgley and Parletta 1993), as Accati and Sulis (1980) found
that their solution, with sucrose con :entrations of both 1% and 5%, gave the longest vase life
(6.0 d), whilst water (the quality wa; not mentioned) resulted in the shortest vase life of 2.0 d.
The beneficial effects of Accati and Sulis' solution with A. dealbata were not repeated in the
present experiment with A. floribund.1. Both T7 (containing 2% sucrose) and T8 (containing 5%
sucrose), with vase lives of 1.3 d and 2.1 d respectively, were no better than the ethanol (T6),
STS (T3), or distilled water (T1) trestments, all of which produced the poorest vase lives. Lack
of availability of material precluded ¢:xamination of the two A. dealbata cultivars used by Accati

and Sulis (1980) under standardised ‘’ase life conditions.

Accati and Sulis (1980) conducted two experiments. They determined optimal conditions for
opening at two stages of floral development (equivalent to Stages 1 and 4; section 3.2.7); and
they recorded the vase life response 0 several sucrose concentrations. Successful opening was
achieved at 25°C and 70 to 90% RE with all sucrose concentrations except 20%2. Accati and
Sulis' vase life experiment was condi cted at 18 to 20°C, but the relative humidity was not stated.
The recommended levels for determination of vase life are 20°C and 60% RH (Sytsema 1975;
Reid and Kofranek 1980). Differences in humidity levels could explain the poorer results
obtained in the present A. floribundc experiment. If a higher humidity was used by Accati and
Sulis (1980), it would have slowed down water loss from the plant, a factor which, indirectly, is
likely to be one of the major reason:. for the premature senescence of Acacia. As dry air has a
greater capacity for water vapour, evidenced by water potential differences (at 20°C) of -14.2
MPa at 90% RH and -93.5 MPa at :i0% RH (Salisbury and Ross 1985), a much steeper water
potential gradient would exist at 6J% RH compared with 90% RH. The consequences of
impaired water uptake appear only oo readily in Acacia (Table 3.4, Figs. 3.6 - 3.10), and the
results of Chapter 4 reveal that Acacia is particularly vulnerable to cavitation in distilled water.
Therefore, if water loss was minimised via a reduction in transpiration, which would occur at
high relative humidities, vase life cold well have been prolonged. Jones et al. (1993), studying
Thryptomene, a woody member o1 the Myrtaceae, found that high RH (95%) resulted in a
significantly greater vase life than ©0% RH. Water content was also significantly greater in
stems kept at 95% RH than in other t -eatments after 3 d.

2 A similar forcing procedure has been practised in France for over 30 years. The stems are kept in cold water for
48 h in a dark, warm (22 to 25°C) and humid (85 to 90% RH) room (de Ravel d'Esclapon 1962).
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The reason for the inclusion of AgNO3 in Accati and Sulis' solution is uncertain, as already in
the solution were two well-known bactericides, 8-HQC and Al»(SO4)3. Silver, in the form of
AgNOs, is a very effective bactericicle. The anti-microbial activity of the silver ion has largely
been overshadowed by its effect as ¢n inhibitor of ethylene action (Goszczynska and Rudnicki
1988), but this is in the form of STS. which has greater stem mobility than AgNO3 (see section
1.2.6.1). Nevertheless, the action of AgNO3 in Accati and Sulis' solution was not one of
prolonging vase life in the present A. floribunda experiment. In view of the very poor vase life
results obtained, as well as the toxi:ity of silver and 8-HQC, caution should be exercised in

recommending this solution as an all-ourpose Acacia floral preservative.

The reasons for the beneficial effect >f citric acid in improving Acacia vase life (Tables 3.3 and
3.4), solution uptake (Figs. 3.1 and 3.6), trenspiration (Figs. 3.2 and 3.7), fresh weight (Figs.
3.3 and 3.8), stem water content (Figs. 3.4 and 3.9), and reducing water loss (Figs. 3.5 and
3.10) will be explored more fully in Chapters 4 and 5. Suffice it to say here that citric acid is a
common component of vase solutions, used to decrease the pH and thus improve water uptake
(Durkin 1980). The low pH is also thought to inhibit the growth of bacteria (Reid 1987) and
remove air embolisms (Durkin 1986z; b). It is thus not surprising that citric acid had a beneficial
effect on longevity, although it should be noted that in some flowers, violets and primulas, it
produces an unfavourable response ( Fourton and Ducomet 1906). Nevertheless, it extends the
vase life of lupins (Mohan Ram anc Ramanuja Rao 1977), other Acacia species (Williamson
1989), maidenhair fern (Adiantun. raddianum) (van Doorn, Zagory and Reid 1991) and
improves water uptake in roses (Durlin 197%a; b).

Stabilised chlorine, in the form of sodium dichloroisocyanurate (SDIC), used alone (T4), or in
combination with STS and citric ac d (T5), resulted in longer vase lives than any of the other
treatments. This bactericide has been found to increase vase life in roses (van Doorn, de Witte
and Perik 1990), chrysanthemums and snapdragons (Halevy and Mayak 1981). Because of the
detrimental effect on longevity when STS was used alone (T3), it is unlikely that this component
of T5 played any beneficial role. Instead, the increased longevity from this solution is attributed
to the inclusion of SDIC and citric acid, since: both these solutions resulted in significantly longer

vase lives.

In the A. amoena vase life experiment, citric acid always significantly irnproved the measured
vase life parameters compared with distilled water. This was associated with a significantly
longer phyllode and flower vase life (Table 3.4) for citric acid-kept stems. The temporal
differences between vase life phyllode and flower death (Table 3.4), perhaps reflect the fragility
and ephemerality of Acacia floweis. The flowers are, most conspicuously, a collection of
showy stamens. In contrast, the fcur or five petals are small and inconspicuous, as are the

small, basally connate sepals (Willia:nson 1989).
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Percival (1965) stated that the functicn of an androecium is to produce and present the pollinator
attractants of colour and scent. The life span of stamens is shorter than any other floral organ
(unless premature petal abscission o:curs in response to ethylene), possibly because it may not
be energetically advantageous for the plant to maintain these organs once their attractive role has
been fulfilled. The termination of Acacia vase life is determined by the appearance of the
stamens which, at Stage 6 of floril development (section 3.2.7), show the first signs of
browning, desiccation and disorderbiness. Stamen desiccation is indicative of water stress, the
latter being the most common reason for the termination of vase life (Halevy 1976). It is for this
reason that the phenomenon of watcr stress in Acacia will be investigated in several ensuing

chapters.



