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Summary 

Seeds of arum lily (Zantedeschia aelhiopica 
(L.) Spreng.) have a low tempera ture opti­
mum for germination and are unaffected 
by exposure to light. Experimental removal 
of the outer layer of the testa caused the 
majority of seeds to die before germinalion 
could occur. Viability declined rapidly 
during dry storage in the laboratory. In the 
field, no viable seeds were recovered from 
soil under dense infestalions when sampling 
was conducted several months before shed­
ding of the seed crop. 

Seed production can be prevented com­
pletely by spraying plants with chlorsul­
furon before the inrructescence begins to 
expand. Success in local eradication of 
arum lily can be attributed 10 the effective­
ness of single spot-spray applications of 
chlorsulfuron, and the absence of a persis­
tent seed bank . 

Introduction 

Arum lily (Zantedeschia aelhiopica (L.) 
Spreng.: Araceae), native to Natal a nd the 
Cape Province of South Africa, has 
become natura li zed throughout much of 
Australia, but it is a problem weed only in 
the wetter areas of soulh-western Western 
Australia . Here it invades native veget,ation 
a nd achieves do minance in swampy 
pastures which would ot herwise provide 
fo rage during the dry summer months 
(Parsons and C uthben son, in press). Arum 
lily has been held responsible for deat hs in 
cattle, presumably because of the high con­
tent of calcium oxalate in its leaves (Everist 
1974). In addi tion, a nitrogenous base of 
an alkaloidal nature has been isolated from 
the inflorescence and flower stem (Watt and 
Breyer-Brandwijk (962). 

Over much of its range, propeny owners 
are required to eradica te this weed. Unti l 
recently, infestations o f a rum lily were 
treated with either es ter or a mine formul­
at ions of 2,4-0 . Because it was necessary 
to spray for a minimum period of 3 yea rs 
in order to exha ust the rhizomes (Parsons 
and C uthbert son, in press) , land ho lders 
have not favoured this regime. However, 
single spot-spray applications of chlo rsul­
furon no w generally eradicate the veget­
a ti ve population (R. Madin, unpublished 
result s). 

Seeds are the major means of spread, 
although local spread also occurs th ro ugh 
the proliferation o f a rhizome network. 
Seeds a re produced by cross-pollination, 
since plants are protandrous (pollen is shed 

before the stigma becomes recept ive) (Mar­
lo th 1915). When ma ture, the seeds are 
presented in succulent orange berries 
(F igure I ). Birds assist their dispersal, as 
evidenced by the appea rance o f seedlings 
along fence lines, under roosts and in the 
fork s o f trees. Because nothi ng has been 
reported about the seed biology of this 
species, a series o f studies was undertaken 
to investigate aspects of seed production, 
germina tion requirement s a nd seed 
lo ngevit y. 

Materials and methods 

Seed production 

Ripe infructescences (compound fruit ing 
structures) were co llected from arum lily 
populations at Won nerup (33 °38'S., 
I 15 ' 26'E.), Margaret River (33' 57'S., 
11 5 ' OO'E.) a nd Denm ark (34 ' 57'S .. 
I 17' 21 'E.) on t3 and 14 January 1986. 
From each co llect ion, 15 infructescences 
were selected encompassing the range o f 
avai lable sizes. The number of developed 
and undeveloped berries per infructescence 
and the number of seeds per developed 
berry were recorded. 

In order to assess the effects of t iming o f 
chlorsulfuron applicati o n upo n seed 
production, an experiment was conducted 
a t locat ions near Margaret River and Duns­
borough o n 5 and 6 November 1986. Four 
stages o f flowering/fruit develo pment were 
recognised: stage I , amhesis; stage 2, 
immediately post-anthesis; stage 3, infruc­
tescence 33- 50010 final size; stage 4, infruc­
tescence fully expanded, yet still green. Five 
plams from each stage were marked and 
sprayed to run-off with a mixture of 0.02 
g I- I chlorsulfuron with I :500 wetting 
agent. At each location the experiment was 
conducted at both a Iwet' (depression) a nd 
a 'dry' (hillside) site. In fru ctescences were 
collected when fu ll y mature and the 
numbers of seeds per infructescence were 
counted. Seed viabili ty was determined by 
staining wit h a J 010 so lutio n of tet razolium 
chloride. 

Germination requirements 

Using the seeds collected from Wonnerup, 
Margaret River and Denmark , the effects 
upon germination of temperature, light , 
and partial removal of the testa were inves­
tigated . The experiment was a 5 x 2 x 2 
factorial, comprising combinations o f tem­
peratu re regimes, light availabili ty and 
presence of the outer portion of the testa. 
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When seeds were removed from Ihe berries 
they were enclosed by a delica te testa , 
approx imately 0 .5 mm thick. Since this 
layer did no t appear to survi ve passage 
th rough the d igestive tracts o f birds (F. D. 
Panetta, personal observations), removal 
of it s outer po rtion was effected by gentle 
abrasion, leaving the tegmen (inner coat o f 
the testa) intact (see Figure I ) . 

(a) 

(b) 
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Drawings of (a) infructescence and 
(b) longitudinally sectioned seed 01 
arum lily (Irom Engler (19 15»). 

Replicates o f seed (n = 20) were held in 
Petri dishes. The seeds were placed upon 
watchglasses, covered with fi lt er paper. 
which drew water from an excess in the 
bottom of the dishes. The temperature 
regimes, established in cabinets, were 5/ 15, 
10120, 15125, 20/ 30 a nd 27 / 35 ' C, with a 
12-h thermoperiod and a photoperiod of 
simi lar duration which coincided with the 
period of higher temperature. Darkness 
was main tained by enclosing the dishes in 
three layers of aluminium foi l. 

Each treatment was replicated Lhree 
times and the experiment commenced on 
19 Februa ry 1986 (seed age = 5 weeks). 
With the exception of the treatments which 
were main ta ined in darkness, replicates 
were checked several times a week, at which 
times newly germin ated seeds were 
removed. At the end of 8 weeks, ger­
minated seeas in the dark trea tments were 
counted and all ungerminated seeds from 
a ll treatments were tested fo r viab ilit y as 
before. 

Effects 0/ seed storage 

At the beginning of the previous experi­
ment , seed lots from each o f the three 
populations were divided in half a nd stored 
in paper bags in cabinets, ma intained in 
darkness either a t 25 °C or at a lternating 
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IS / 4Q°C, with a 12-h thermoperiod . After 
15 weeks, replicates (3 x 20) of seeds with 
intact testae were set to germinate under a 
12-h photoperiod at either 5/ 15, 10/20 or 
ISI25°C. This experiment ran for 8 weeks 
when the viability of ungerminated seeds 
was assessed as before. 

Seed longevity 

During 2S and 26 November 1985, prio r to 
the maturation of the current season's seed 
crop at Wonnerup, Margaret River and 
Denmark, soil samples (20 x 20 x 15 cm) 
were taken within dense popu lations of 
arum lily. The soil lypes at the th ree sites 
were a loam, coarse sand and sandy loam 
respectively, all with a high content of 
organic matter . A total of 15 samples was 
taken per site. Samples were returned to the 
laboratory where they were washed and/ or 
sieved and the residua l organic maller 
examined for seeds . 

Statistical analysis 

Except for the resu lts from the seed 
lo ngevity study, the significance of a ll main 
effects and their interactions was deter­
mined through analysis of variance, follow­
ing data transformation when necessary. 

Results 

Seed production 

Only small differences were apparent be­
tween populations in the parameters of seed 
production (Table I). The consistently high 
proportions of developed berries indicated 
that successful pollination was associated 
wit h low levels of fruit abortion. 

Significant effects of location 
(P < 0.05), site type (P < 0.001) and 
developmental stage (P < 0.001) upon the 
seed numbers of sprayed plants were 
observed (Table 2a). No plants produced 
seeds when sprayed during anthes is, 
although low numbers were produced when 
plants were treated just after anthesis (stage 
2). Sprayed plants from the dry site gener­
a lly produced fewer seeds than those a t the 
wet si te, regardless of location or stage of 

Table I Seed production characteristics of unsprayed arum lily plants 

Location No. of 
berries 

(infructescence· ') 

Wonnerup 40.9 
Margaret River 53.6 
Denmark 50.6 
I. s. d . (P = 0.05) 9. 1 

development. Seed numbers of plants 
sprayed when infructescences were fu lly 
expanded (stage 4) did not differ sig­
nificantly from those of unsprayed controls 
(result s not presented). 

Seed viability was markedly reduced by 
chlo rsulfuron at every developmental stage 
(Table 2b). The viabili ty of seeds from un· 
sprayed controls was 100% at both of the 
Dunsborough sites a nd at Margaret River 
was 78 .3 and 96.7070 in the wet and dry sites 

100 

No. of No. of 070 of 
seeds seeds denloped berries 

(berry·l) (infruclescence-I ) (i nfruclescence· l ) 

4.4 181 88 .8 
4.0 217 73 .5 
3.4 176 83.5 
0.8 NS 11 .0 

respectively (F. D. Panetta, unpub li shed 
data). A significant (P < 0.05) interaction 
was observed between the effec ts of 
developmental stage and location upon the 
viabi lity of seeds produced by sprayed 
plants. When the seed viability of 
unsprayed plants was compared with that 
of sprayed stage 4 plants, all first-order 
interactions (invo lving locat ion, site type 
and herbicide treatment) were significant 
(P < 0.05). 
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Table 2 Seed production of arum lily plants sprayed with chlorsulfuron at different stages of flowering or fruit development 

Location 

Margaret River 
Dunsborough 

Margaret River 
Dunsborough 

2 

Wet site 
Stage 

3 4 

(0) Seeds infructescence ·' 

2 

Dry slle 
Stage 

3 4 

0.0 (0.0) 37.2 (1.00)A 76.6 (1.87) 355 (2.47) 0.0 (0.0) 1.0 (0. 16) 53.6 (1.65) 56.8 (1.73) 
0.0 (0.0) 45 .0 (1. 11 ) 83.6 (1.87) 470 (2.66) 0.0 (0.0) 13.6 (0.82) 67.8 (1.79) 11 9 (2 .28) 
I.s.d . (P = 0.05): Location main effect (0.24); site type main effect (0.24); stage main effect (0.29) 

(b) Seed viability (%) 

5.0 (10.4)8 40.0 (39. 1) 60.0 (51.0) 0.0 (0.0) 6.7 ( 11 .9) 
5.0 (10.4) 8.3 (13 .2) 28.3 (31.3) 0.0 (0.0) 1.7 (4.3) 

I. s.d. (P = 0.051: Location main effect (5.9); site type main effect (5 .9); stage main effect (7 .2); 
location x stage interaction (10.3) 

36.7 (36.9) 
1.7 (4.3) 

"'Values in parentheses are log (x+ I) transfo rmations. 
BValues in parentheses are arcsi n transformations. 



Germination requirements 

Highest germination o f fresh seeds was 
obtained al the lowest lest temperatures 
(Figure 2). Levels of germination decreased 
rapidly at mean temperatures exceeding 
20°C, and germination was minimal al 
27 / 3S 'C. The ava ilability o[ ligh t did not 
have a significant erfect upon seed germin­
ation (Figure 2). Low rates of germinat ion 
were observed for all collect ions at all tem­
peratures. Genera ll y. no germination 
occurred until seeds had been imbibing for 
3 weeks a nd cumulative germination then 
increased gradually over the next severa l 
weeks (Figure 3). 

The majority of seeds for which the outer 
layer of the testa had been removed roned, 
regardless of the temperature regime 
(resu its no t presented). 

Effecrs of seed slorage 
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Except for seeds collec ted at Wonnerup, 
marked decreases in dormancy and viabil­
ity occurred over the course of 15 weeks' 
storage (Table 3). The effects of storage 
temperature a nd test temperature were not 
significant. While small changes in cumul­
ative germination were observed for stored 
seeds. germinat ion ra tes were comparable 
to those of fresh seeds (results not 
presented). 

10 20 30 40 

Time (days) 

Figure 3 nme course of germlnallon of arum lily seeds collected from (0 ) Margaret River. 
(0 ) Wonnerup and (ll) Denmark and maintained under a 12·hr photoperiod at 5/15°C. 

Table 3 Changes in sta lUs of a rum lily seeds following storage fo r 15 weeks at IS/ 40°C 

Source Fresh Stored 

(a) Dorman' seeds (%)A 

Wonnerup 
Margaret Ri ver 
Denmark 

S.O (10.4)" 6.7 (14.8) 
41.7 (40.1) 3.3 (8.6) 
38.3 (37.6) 1.7 (4.3) 
l. s.d. (P = O.OS): Location main effect NS; seed age 
main effect (9.0); locat ion x seed age interaction (15.6) 

(b) In viable seeds (%) 

Wonnerup 
Margaret Ri ver 
Denmark 

8.3 (16.6) 18.3 (2S.3) 
8.3 (16.6) 81. 7 (64.8) 

28.3 (30. 1) 73.3 (S9.2) 
l. s. d. (P = O.OS): Localion main effect (12.4); seed age 
main effect (10. 1); locat ion x seed age interaction (17.5) 

" Dormanl seeds fail ed (0 germi nate during incubation for 8 wetk 5 al 5/15°C. 
BValucs in parentheses are arcsin transformalions. 

Seed longevity 

No viable seeds or recognizable seed parts 
were recovered from soi l samples taken 
from any location. 

Discussion 

Although arum lil y plants produce large 
numbers of viab le seed, these appear to be 
short -lived. The relatively low temperature 
optimum for germinat ion (Figure 2) should 
restrict germinat ion to the autumn and 
win ter months immedia tely following the 
period of seed production. For seed collec­
tions from Margaret River a nd Denmark , 
viabilit y loss occurred so quickly during dry 
storage (Table 3) t hat a significant propor­
tion o f I yea r's seed production could lose 
viability prior to the onset of the winter 
rains. The depletion of seed pools due 10 
germinmion, loss of viabi lity and, possibly, 

seed predation would accou nt for the 
failure to detect viable seeds in the soil 
several months (November) before the 
ripening of new fruits (January). Because 
seeds do not survive between years, if adult 
plants a re killed before they produce viable 
seed, a site should remain free of a rum lily 
unti l it is recolonized. This is in accordance 
with observations made fo llowing spot­
spray applica tions of chlo rsulfu ron in the 
Bussehon/ Margaret Ri ver region (M. Spar­
row, personal communication). 

In order to prevent the production of 
viable seeds, arum lily popu lations should 
be Lreated before the infructescenses of the 
most advanced plants have developed to 
any extent. The time of spraying is not as 
critical in relatively dry sites, where chlor­
sul furo n appears to be more effective 
(Table 2). This type o[ site may be regarded 
as marginal for the species, however. Since 

all plants at a location were sprayed on the 
same day, it was not possible to test fo r the 
interaction between chemical treatment, 
stage of development and time of year. 
However, it is doubtful whether the 
reproductive fates of plants would be 
great ly affected by such a n interaction, 
provided they were sprayed during the 
flowering or ea rl y fruiting stages. 

The high frequency o[ seed death follow. 
ing removal of the outer layer of the testa 
was surprising. I suspect that this resuh is 
an artefact of the experimental conditions 
(i .e. incubation with in Pet ri dishes). 
However, in o rder to define the roles of 
a nima ls in the spread of arum lily, further 
work is necessary to determine: (a) what 
proportion of a seed crop is consumed by 
birds a nd other an imals; a nd (b) how many 
seeds survive ingestion. 
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