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development of inflorescences. Response 
fering in the two strains. 

A cytological survey of inflorescences 
of Dichanthium aristatum grown under 
field conditions reveals striking changes 
in the incidence of apomixis during the 
flowering season. These changes are 
strongly associated with differences in 
photoperiod during development of in- 
florescences. Apomixis in Dichanthium 
is of the aposporous type (1), in which 
unreduced clonal embryo sacs may 
arise beside the reduced sexual mega- 
spore. Such embryo sacs can be recog- 
nized cytologically, since a unique four- 
nucleate sac is produced (2), in con- 
trast with the eight-nucleate sexual sac 
typical of the Gramineae. Dichanthium, 
a short-day plant, was selected because 
earlier experiments in controlled envi- 
ronments (3) had shown that the length 
of day at a critical phase during devel- 
opment of inflorescences controlled the 
incidence of apomictic embryo sacs. 

I used two sources of material: 
1) Strain CPI 14366, a recent intro- 

duction from South Africa, is known 
to be a versatile apomict and is grown 
from seed at six stations differing in 
latitude along the eastern coast of Aus- 
tralia. The seed was obtained from 
plants grown in controlled environments 
under conditions promoting maximum 
apomixis (3). 

2) Samples of approximately 12 in- 
florescences were collected at random 
at regular intervals from wild popula- 
tions naturalized in northern Australia; 
all were at a similar stage of develop- 
ment, just preceding stigma exsertion. 
Inflorescences were immediately fixed 
in a mixture of ethanol and acetic 
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to length of day was quantitative, dif- 

acid (3: 1 by volume) for 12 to 24 
hours and stored in 70-percent ethanol. 
The cytological processing has been de- 
scribed (3), except that the material was 
embedded in Paraplast, and adhesion 
of sections to slides was facilitated by 
the amylopectin method of Steedman 
(4). The resultant data were based on 
analysis of at least 200 embryo sacs 
from four to six inflorescences for each 
sample. The embryo sacs were classi- 
fied as sexual or apomictic according 
to earlier criteria (3). Approximately 
5 to 10 percent of sacs, particularly 
those at a stage approaching matura- 
tion, could not be classified. Experi- 
ments in controlled environments have 
established that the minimum period 
for initiation and development of in- 
florescences is approximately 40 days 
(5), and this interval was used for ex- 
traction of the relevant climatic data. 

Figure 1 shows the relative frequen- 
cy of apomictic and sexual embryo 
sacs in inflorescences from a popula- 
tion of strain 14366 at stations be- 
tween 9? and 36?S during first flower- 
ing in late summer-February 1964. 
Length of day during development of 
inflorescences strongly correlates with 
the incidence of apomixis. At the three 
southerly stations, where the day ex- 
ceeded 14 hours throughout develop- 
ment of inflorescence, the incidence 
of apomictic sacs was low: 54.82 + 
3.46, 60.69 ? 3.72, and 63.08 ? 3.30 
percent at stations A, B, and C, respec- 
tively. At the three northern stations, 
where photoperiods were less than 14 
hours, it was high: 92.96 ? 1.41, 
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where photoperiods were less than 14 
hours, it was high: 92.96 ? 1.41, 

87.45 ? 2.01, and 91.40 ? 1.50 per- 
cent at stations D, E, and F, respec- 
tively. Other climatic factors, such as 
temperature, showed no clear associa- 
tion with the degree of apomixis. 

Statistical analysis of these data indi- 
cates two quite distinct levels of apo- 
mixis, dependent on whether or not 
plants received photoperiods longer than 
14 hours during floral development. 
Data for the three stations within each 
category were homogeneous [> 14 
hours (A,B,C), x2 = 3.03, with 2 de- 
grees of freedom; < 14 hours (D,E,F), 
x2 = 5.54, with 2 degrees of freedom], 
whereas the difference between the 
two categories was highly significant 
(X2 = 209.06, with 1 degree of free- 
dom). The mean percentage of apo- 
mictic embryo sacs for longer than 14 
hours was 59.58 + 2.03; for shorter 
than 14 hours, 90.84 ? 0.94. Geo- 
graphically, this switch in the reproduc- 
tive system occurred between latitudes 
21? and 25?S, which is close to the 
latitude of origin of the race near Pre- 
toria, South Africa (25?45'S). 

The wild populations sampled were 
all tetraploid, some having a relatively 
constant high level (90 to 95 percent) 
of apomixis (see 6). In other popula- 
tions the degree of apomixis varied 
markedly during the flowering season. 
Figure 2 shows data from a ruderal 
population, Mareeba-1, from Mareeba, 
North Queensland (latitude, 17?00'S), 
where D. aristatum is known to have 
been naturalized for about 50 years. 
A sample collected in December, at the 
beginning of the flowering season in 
early summer, showed a low incidence 
of apomictic sacs (52.14 ? 4.22 per- 
cent), while a sample collected the fol- 
lowing February (late summer) showed 
an increase to 78.09 ? 2.85 percent. 
Apomixis reached a maximum toward 
the end of the season, as judged by 
the April samples for 1963 and 1964: 
90.71 + 2.45 and 92.30 + 1.98 per- 
cent, respectively. 

The climatic data of Fig. 2 show that 
variation in photoperiod corresponds 
generally with patterns of temperature 
and rainfall, but unlike them it follows 
a precisely predictable course. Experi- 
ments in controlled environments (3, 5) 
have shown that apomixis in D. arista- 
tum is controlled by the photoperiod 
during development of inflorescence; 
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Mareeba-1 was controlled to a major 
extent by the lengths of day prevailing 
during floral development. The Decem- 
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Apomixis: Seasonal and Population Differences in a Grass 

Abstract. Changes in incidence of apomictic and sexual embryo sacs were 
detected in Dichanthium aristatum in an experimental population at six stations 
covering 27 degrees of south latitude, and during the flowering season in a wild 
population. Differences were associated with photoperiods prevailing during 
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Fig. 1. Percentages of embryo sacs classified apomictic (black columns) o: 
(white columns), from samples collected at six stations during first flow 
February 1964, correlated with climatic factors during development of infl 
(40 days before day of sampling). Photoperiods (including civil twilight), soli 
lines; mean maximum and minimum monthly temperatures, broken lines. 
with latitudes: A, Bermagui, New South Wales, 36?28'S; B, Gatton, Que 
27?33'S; C, Gayndah, Queensland, 25?38'S; D, Mackay, Queensland, 21? 
Townsville, Queensland, 19 19'S; F, Port Moresby, New Guinea, 9?29'S. 

ber sample, which showed a low level 
of apomixis, had been exposed to in- 
creasing photoperiods exceeding 13 
hours during development of inflores- 
cence. In contrast, the high values 
detected in the two April samples oc- 
curred when lengths of day were de- 
creasing below 13 hours. The longer 
lengths of day followed conditions of 
stress during the dry season, and the 
lowest incidence of apomixis was re- 
corded during this period. The samples 
showing high levels developed during 
conditions favorable for growth and 
flowering after summer rains and high 
temperatures. 

Earlier observations by Nygren (7) 
indicated similar versatility in reproduc- 
tive behavior in a Scandinavian race 
of the grass Calamagrostis purpurea, in 

4., 

which early panicles were sexu 
the later ones were apomictic 
cytologic analysis was not 
Clausen's extensive studies of fa( 
apomixis in Poa (8) led to rec 
of the potential of versatile a 
as a breeding system. Apomi 
production allows rapid duplic 
successful maternal genotypes, A 

combination with sexuality, tl 
term benefit of genetic recom 
is retained. The possibilities ofl 
environmental control have 1 
viewed (9). In 1959 Brooks 
ported that environmental fact 
influence apomixis in tetraplo 
of D. annulatum, and experime 
dence is reported (3) of control 
mixis in D. aristatum by photo 
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Year 1963 1964 

11.4 6.7 7.1 

Fig. 2. Percentages of embryo sacs classified apomictic (black columns) an 
(white columns) from samples collected during the flowering season fron 
population, Mareeba-1. Photoperiod (including civil twilight), heavy solid lir 
maximum and minimum monthly temperatures, broken lines; mean monthly 
thin solid line. 
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aristatum to a range of climatic condi- 
1"6 35 tions over 27 degrees of latitude now 

demonstrates a marked association be- 
- tween length of day during develop- 
0o g ment of inflorescence and the degree 
X a of apomixis. Furthermore, in a wild 
.. o P population of a genetically different 

o . strain, Mareeba-1, a change in the re- 
L E productive behavior of plants during the 

12 
flowering season has been observed, the 
extent of apomixis again correlating 

10 with photoperiod. Such behavior is par- 
alleled in the animal kingdom by many 
aphids (11), which undergo sexual re- 
production during the short, cold days 

r sexual of winter, and apomixis by cyclic par- 
ering in thenogenesis during long, warm, sum- 
oresence mer days 
id heavy d . 
Stations In addition, during development of 
-ensland, inflorescence in D. aristatum there has 
12'S; E, evidently been a quantitative response 

to changes in length of day, as judged 
from Fig. 2. When the incidence of 
apomictic embryo sacs is compared fur- 

al while ther for a given range of photoperiod 
,but a in the two strains investigated (Figs. 1 
possible. and 2), clear differences in response 
cultative are evident. Such variation is akin to 
:ognition the differences in the critical length of 
ipomixis day that control flowering in strains of 
ictic re- the grass Phleum pratense (12). 
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