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Summary. A 10X 10 diallel of crosses involving trees in
two natural populations of A. retinodes (Leguminosae:
Mimosoideae) showed a high level of self-incompati-
bility, with ISI (Index of Self-Incompatibility) of 0.08.
In both self- and cross pollinations, pollen tubes grew
through the style to the ovules within 11 h. Tube
growth rate is approximately similar in both types of
mating: 3.3 to 4.5 um/min for the first 6 h, and 1.2 to
2.0 um/min for the succeeding 5h. Three potential
explanations for self incompatibility are proposed: (1)
an S-gene controlled system in which pollen tubes are
arrested in the nucellus of the ovule; (2) sperm: egg
interactions at fertilization and (3) action of post-
zygotic lethal genes.
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Introduction

Acacia is a nitrogen-fixing tree genus of considerable
economic importance in many countries (Roy 1956;
Sherry 1971; Hall etal. 1972; Garbutt 1980), and there
is some evidence for self-incompatibility (SI). Selfing
results in reduced seed set in A. decurrens and A. mearnsii
(Philp and Sherry 1946, 1949; Moffett and Nixon
1974). Breeding experiments involving diallels of
crosses show that high levels of SI exist in A. retinodes
(Knox and Kenrick 1983; Bernhardt et al. 1984), and
in A. terminalis (Kenrick and Knox 1984; Kenrick
etal. 1984). Seven other species have shown varying
levels of SI (see list in Bernhardt et al. 1984). However,
evidence for SI in species of Acacia from Asia, Africa
and the American continent is fragmentary and empiri-
cal (Bernhardt et al. 1984).

We have proposed that there may be a gametophytically
inherited system in A. retinodes (Knox and Kenrick 1983). In
other legumes that have a gametophytic system of SI, cytologi-
cal studies have indicated that self pollen tubes may be
arrested in the style as in Trifolium pratense (Sillow 1931;
Williams and Williams 1947), on stigma and style as in
T. repens (Atwood 1941, 1944) and even in the ovule as in
Lotus corniculatus (Wojciechowska 1963; Spiss and Paolillo
1969).

In this paper, we present detailed results of our
breeding experiments in two natural populations of a
summer-flowering species. A. retinodes, together with
quantitative cytological data that may indicate the site
of pollen tube arrest, assuming that SI involves a
prezygotic mechanism. A. retinodes is protogynous, the
style extending and becoming receptive before the
anther filaments elongate and dehiscence occurs. The
stigma is sited terminally on a long narrow style, and is
of the wet, non-papillate type (Kenrick and Knox
1981a). The stigma cup is just large enough to accept a
single polyad and 80% of pollinations are of this kind in
A. retinodes (Knox and Kenrick 1983). The unique 16
grain polyads provide a system for pollen transfer in
which all the meiotic products within an anther loculus
are retained as a single unit (Knox and Kenrick 1983).
Within 30 min of pollination, a post-pollination exudate
is secreted and pollen germination occurs soon after
(Kenrick and Knox (1981 b).

In initial experiments to monitor pollen tube
growth, we found it difficult to obtain satisfactory
visualization of pollen tubes using standard methods
(Linskens and Esser 1957; Martin 1959). This was
probably because the aniline blue fluorochrome did not
penetrate through the thick cuticle which surrounds the
long narrow style (Kenrick and Knox 1981a). However,
the technique of D’Souza (1972), which provides
simultaneous fixation and clearing in lactic acid-
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ethanol, gave good results, so that we were able to
make qualitative and quantitative analyses of pollen
tube growth using a method developed by Williams
and Knox (1982) for other systems.

Materials and methods

Ten trees of Acacia retinodes var. ‘uncifolia’ from two natural
population at Cape Schanck, Victoria (Bernhardt et al. 1984)
were used.

Estimation of pollen quality

Flowering shoots were brought back from the field in poly-
ethylene bags and pollen was examined in the laboratory
6-24 h after collection. Pollen quality was estimated by two
methods.

1 The FCR (fluorochromatic reaction) test. An in vitro test
performed according to the method of Heslop-Harrison and
Heslop-Harrison (1970) and Heslop-Harrison etal. (1984).
Polyads were shaken onto a slide and mounted in a drop of
pollen growth medium (12% sucrose and nutrients; Brewbaker
and Kwack 1963) combined with a saturated solution of
fluorescein diacetate. The slides were viewed by fluorescence
microscopy. For each treatment 100 polyads were scored from
each of six inflorescences. The 16 grain polyads were scored
into three classes — 0, 1-8 and 9-16 fluorescent grains — to
simplify analysis, since four of the eight central grains are sited
behind the other four (see Kenrick and Knox 1979). These
classes could be scored quickly and accurately to give an in-
dication of inviability resulting from segregation of pollen
lethal genes.

2 Pollen tube counts in styles. Pollen quality was estimated by
cytological analysis of pollen tubes in the styles using the
aniline blue fluorescence method described below.

Pollination methods

Open flowers and green buds were trimmed from shoots with
predominantly yellow buds (Newman 1933). The shoots were
then enclosed in cellophane bags to prevent contamination.
Three to four days after bagging, the bags were removed, male
phase flowers were removed for use in pollen collection and
the remaining female phase flowers were pollinated using
pollen collected on the inner face of polyvinyl chloride
specimen vials (Bernhardt et al. 1984) with either self (pollen
from the same tree) or cross pollen (pollen from other trees).
The crosses were labelled, rebagged and the time of each cross
was recorded.

Fixation and staining methods

Pollinated inflorescences were havested at regular intervals
between 6 and 48 h after pollination and fixed immediately.
Whole inflorescences were fixed in lactic acid:ethanol, 1:2
(D’Souza 1972) and stored at 3°C for 24 h or longer. Pistils
were then dissected into water, rinsed well, and mounted in
decolorized aniline blue (Martin 1959) containing 20% glycerol
and stored in a refrigerator for at least 2 h before microscopic
examination. Squash preparations were examined with a Zeiss
Universal fluorescence microscope, using epi-illumination with
BGI2 exciter filter, FT460 chromatic beam splitter and LP478
barrier filter combination.
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Estimation of rate of pollen rube growth

The numbers of pollen tubes in transects of the stigma, style
and the ovary were scored according to methods of Williams
and Knox (1982).

Results and discussion
Estimation of pollen quality

A. retinodes polyads were quite variable in their FCR
scores (Table 1). Inflorescences sampled from two of
the trees used for breeding tests showed about 40% of
polyads were apparently completely inviable, while the
four other trees had significantly reduced pollen
quality. Tree 1 had only 12% of polyads of the highest
pollen quality class, while trees 2 and 23 had over 70%
with more than nine viable grains (as judged by the
FCR test, Table 1A). Within each tree, inflorescences
were fairly consistent in their quality scores, with
standard error values less than 6.5, except for trees 3
and 6 in which the highest quality polyad class (i.e.
9-16 fertile grains) had SE values more than double
most of the others.

Table 1. Estimation of pollen quality in Acacia retinodes: A by
the fluorochromatic reaction (FCR) test; data are mean no. of
fluorescent grains/ polyad & SE. B by comparison of FCR data
and cytological monitoring of pollen tube growth. In B, only
those polyads judged as viable (i.e. containing fluorescent
grains by FCR test) have been included in analysis in (i), since
in (i) sterile polyads do not adhere to the stigma, and are lost
during cytological processing

A Tree % polyads with FCR — positive grains
0 1-8 9-16
1 432%6.5 43.3+43 120+ 3.0
2 6.5+1.2 225%3.0 71.2+ 34
3 17.0t6.4 293163 543+114
6 38.0+5.8 35553 285+ 94
23 6.0+17 21228 740x 4.6
34 215+54 268+%1.5 52.0% 5.6
B Tree Polyad quality
(i) FCR test (ii) Cytological analysis
of pollinated pistils
No.of % of total no. No. of % polyads
polyads of polyads with  polyads with 9-16
scored  9-16 positive (pistils) tubes in
grains style

1 344 21 132 (129) 15

3 502 62 76 (71) 67
6 384 45 99 (94) 46
23 571 78 29 (28) 72
34 473 66 38 (35) 82

Total 2,274 58 374 (357) 45
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When polyad quality was estimated by an in vivo
test, i.e., monitoring tube growth through styles, the two
methods agreed, regarding pollen quality to within 6%
in four out of five comparisons (Table 1 B). From these
tests, we concluded that the pollen quality of all six
trees sampled was adequate for controlled pollinations,
and was unlikely to have been a cause of any self-
incompatibility detected. The FCR test depends on a
laboratory-based facility, fluorescence microscopy, and
for these experiments it was necessary to transport in-
florescences considerable distances from field to
laboratory for testing. There is a need for the develop-
ment of a reliable field test, as proposed by Stanley and
Linskens (1974).

Analysis of the breeding system

Cytological analysis of controlled pollinations between
two of the trees in our study showed that less than half

Table 2, Success of pollination in controlled crosses of Acacia
retinodes

Mating No. of % stigmas with
inflorescences  adhering polyads
(pistils) scored
A Self pollination
34%x34 2(57) 56
23%x23 4(110) 24
B Cross pollination
23x%34 2(58) 45
34x23 2(61) 3%

Table 3. Analysis of the breeding system of A cacia retinodes
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of the available pistils in any one globose inflorescence
were successfully pollinated (Table 2). In the breeding
experiments, only 1 out of 4 cross-pollinated inflores-
cences developed into an infructescence and only 1 out
of 60 when self-pollinated (Table 3). All 10 trees in-
volved in the diallel of crosses set significantly lower
numbers of infructescences (Table 3), and thus were self
incompatible. The levels of SI varied between trees.
This is reflected in the degree of significance of the
individual chi-squares (Table 3) and is also demon-
strated in the values for the ISI (Index of Self In-
compatibility, Zapata and Arroyo 1978). With the
exception of tree 23, trees must be considered highly
self incompatible, on the basis of the yield of infructes-
cences from self/cross pollination; the composite chi-
square based on the differences between observed and
expected values for self pollination was significant,
P<0.001, '

The crossing relationships of the individual trees to
one another, judged by an analysis of the number of
pods per inflorescence showed some variation. The
result of the diallel of crosses (Table 4) is typical for a
self-incompatible species (Nettancourt 1977) and the
pattern is quite consistent with the interpretation of a
gametophytically controlled system, governed by a
single S-gene with multiple alleles (see also Knox and
Kenrick 1983).

Pathway of pollen tube growth

1 Compatible crosses. The style of A. retinodes is approx
1.6 mm in length and 80 pm in width. In the earliest

A Cross pollination B Self pollination 7 Chi 8 IS1°
square
I Tree 2No.infl 3 No.infr® 4No.infl 5No.infl 6Expected  df=1
poll® poll® poll® no infr?
1 462 134 65 0 18.9 17.0%** 0
2 44 11 43 0 10.8 7.8%* 0
3 378 79 94 1 19.7 15.4%%* 0.05
4 69 27 30 1 11.7 7.1% 0.08
5 161 40 44 2 109 5. 4% 0.09
6 379 117 117 0 36.1 32.6%%* 0
20 1,136 315 275 2 76.3 67.0%** 0.03
22 152 24 77 0 12.2 10.1%* 0
23 730 110 125 7 18.8 5.8% 0.37
34 664 129 96 3 18.7 11.2%** 0.16
Total 4,175 986 966 16 228.1 0.07

Chi square = 205.6***
df=9

* No. of inflorescences pollinated

* No. of infructescences, i.e. inflorescences that set 1 or more pods

¢ Expected no. of infructescences (based on cross-pollination data =(3Xx4)/2
4 ISI (Index of Self-Incompatibility)=(5/4)/(3/2) i.e. self/cross yield of infructescences (Zapata and

Arroyo 1978)
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Table 4. Diallel of controlled pollinations between ten trees of
Acacia retinodes; data are percentage of pollinated in-
florescences that set pods. 0, < 5% inflorescences set pods; %,
5-9% inflorescences set pods; +, >10% inflorescences set
pods; ., not tested

Treeno. 1 2 3 4 5 6 20 22 23 34

1 0 + 4+ + + -+ o+

2 + 0 + e :

3 + + 0 . + + +

4 + -+ 0 :

5 + 4+ - + 0 ‘ ‘ .

6 + + + o + - + +
20 + £ + 0 + + 0 + + +
22 S o+ 0+
23 + + + *x *x + + = * +
34 + + = + + - + 0

fixations after pollination (Fig. 1A), pollen tubes had
grown between the grains of the polyad adjacent to the
stigma surface and into the transmitting tissue of the
style. Pollen tubes were usually bunched into a rope-
like formation as they emerged from the polyad, and
generally could not be visualized individually in squash
preparations until after they had passed into the trans-
mitting tissue of the style (Fig. 1A, C, D).

Within the ovary, pollen tubes followed a route
along glandular hairs to the ovules. The path of in-
dividual pollen tubes were difficult to observe in
squash preparations since they tended to break and
pull away from the ovules. However, pollen tubes were
detected entering ovules in pistils fixed as early as 18 h
after pollination (Fig. 1 D).

Each pollen tube formed five or six callose plugs
throughout its length in the style. The first plugs in all
tubes from a polyad appeared at about the same
distance down the style, just below the stigmatic zone.
Subsequent plugs formed at increasing intervals apart
as the pollen tubes passed down the style (Fig. 1C).
From near the base of the style onwards no further
plugs were visible.

&

Fig. 1A-E. Cytology of pollen tube growth in pistils of Acacia
retinodes following self and cross pollination of numbered
trees. Epifluorescence illumination of cleared pistils stained
with decolorized aniline blue. A cross pollination 1X6 at 6 h;
pollen tubes have neared the style base, and show only faint
fluorescence towards their tips (arrow); callose plugs, although
visible, show faint fluorescence; B self pollination 1X 1 at 6 b
showing features similar to A. Arrow indicates pollen tube
tips; C cross pollination 1X 3 at 11 h; showing two polyads on
the stigma. Note intense fluorescence of tubes and callose
plugs; D cross pollination 1X 6 at 48 h; showing pollen tubes
in ovary, and entering ovules (f); E self pollination 1xX1 at
48 h; showing pollen tubes in ovary, and entering ovules (f).
The stigma had been pollinated by two polyads, asin C
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The intensity of aniline blue fluorescence of pollen
tubes and callose plugs varied with the time after pol-
lination at which the material was fixed, and with tube
position in the style. In material fixed 6 h after pol-
lination (Fig. 1 A) the plugs and tubes fluoresced faintly
and tube tips were not visible against the background
tissue. Fluorescence was maximal in fixations between
16 and 42 h. In pistils fixed 48 h afier pollination when
senescence had begun, tube walls showed faint fluores-
cence, although the plugs fluoresced strongly and could
be up to three or four times the length of plugs in tubes
which were fixed only 11 hours after pollination. These
observations are essentially similar to those reported by
Mulcahy and Mulcahy (1983), who monitored pollen
tubes through the styles of Petunia.

2 Self pollination. There was no apparent difference,
between tube growth in the style after self- (Fig. 1B, E)
or cross pollination (Fig. 1 A-D). In selfs, polyads ger-
minated on the stigma surface (Fig. 1B), and pollen
tubes grew through the style to the ovary (Fig. 1E) and
formed callose plugs in the same manner as after cross
pollination. Selfed tubes entered ovules and became
appressed to the nucellus (Fig. 1E).

Quantification of pollen tube growth in styles

Pollen tube growth was monitored in self and cross
pollinated pistils of seven trees (Table5). Self- and
cross pollinations gave essentially similar results with
the maximum number of tubes growing through styles
ranging from 12 to 16 in seifs and from 8 to 16 in
crosses; (16 is the maximum number of pollen tubes
from a 16 grain polyad).

In crosses between trees 1 and 6, the majority of
tubes had grown half-way down the style within 6 h,
while a few leading tubes had reached its base (Fig.
2A). By 11 h, most tubes had reached the base of the

Table 5. Maximum pollen tube number per polyad in styles
following self and cross pollinations of 4 cacia retinodes. Num-
bers in parentheses indicate number of pollinated styles scored

A Self pollination B Cross pollination
Pollina- Maximum Pollen Pollina- Maximum Pollen
tion tube tubes tion tube tubes
no. in in no. in in
style ovary style ovary
1x1 12 (113) +
23%x23 16 (26) + 23x1 12 (6) +
34x34 16 (45) + 34x1 14 (36) +
S1x51 16 (12) + 51x1 14 (30) +
50x50 15 (8) + 50x1 15 (5) +
6Xx6 14 (16) + 6x1 8 (15) +
20x20 16 (12) + 20x1 16 (21) +
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Fig. 2A, B. Quantification of pollen tubes during
growth through the pistil using the aniline blue
fluorescence method; transects at defined intervals
in the pistil scored as described in text A cross 1 X 6;
B self 1x 1. Data are expressed as mean number of
tubes per polyad. Each curve represents a different

Ovuie entry

0 r v
0 0.5 10 15

time series after pollination: 46, 011, 20, A 42
Ny and © 48 h

4stigma¢ $e——aovary

Fig, 3. Cytological monitoring of pollen tube
growth in a diallel of crosses between trees 23 and
34, fixed at 16 to 18 h after pollination. Data are
expressed as mean number of tubes per polyad.
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style, and leading tubes had entered the ovules. An in-
creased number had reached the ovary by 42h and
almost half the number of tubes recorded in the style
had entered the ovules within 48 h of pollination. Self
pollinations showed a similar progression of pollen
tubes (Fig. 2 B). Tube growth was also monitored in two
other trees (Fig.3) where reciprocal crosses were
observed. Results were similar, with no significant dif-
ference between self- and cross pollination in the
pattern of tube growth.

Each curve represents a different cross: Selfs A

20 34 34; O 23x 23: Crosses & 23X 34; @ 34X 23

The growth rate of the leading tubes in the styles
has been estimated (Table 6 A). For tree 1, during the
first six hours, the rate was between 3 and 4.5 um/min,
and from 6-11h, less than 2 pm/min in both self pol-
linations and cross pollinations with tree 6. In self- and
cross pollinations involving trees 23 and 34, over the
first 17.5 h the rate of pollen tube growth was between
1.5 and 1.9 ym/min (Table 6 B). Some variation in the
rate of pollen tube growth was apparent (Fig. 3). This
appeared to be associated with the pollen source, since
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Table 6. Rate of growth of pollen tubes through the style of Acacia retinodes. (A) Rate for leading
pollen tubes estimated during growth through upper style (0—6 h) and lower style (6--11 h). Numbers
in parentheses indicate number of pollinated pistils scored. (B) Mean rate of pollen tube growth in the
style following self or cross pollination. Numbers in parentheses indicate data for leading pollen tubes

A Pollination Pollen tube growth rate um/min

(a)0-6h (b)6—11h
Self 1x1 3.3(36) 1.2 9
Cross 1 X6 4.5(3D) 20010
B Cross No. of No.of  Time Distance % of Mean
pollinated  polyads of fixation travelled initial tubes  growth
pistils (nwm) in style® rate
pum/min
34x34 16 20 16 h 30 min 1,600 69 1.6
34x23 24 40 16 h 30 min 1,600 17 1.6
23%23 20 24 18 h 1,600 25 1.5
(2,000) 0.7 (1.9)
23x 34 19 21 18h 1,600 56 1.5
(2,000) (12) (1.9)

¢ Percentage of tubes counted at the top of the style which had growh the given length by the time of

fixation

tree 34 pollen tubes grew faster in styles from both
trees 34 and 23 when compared with pollen tubes from
tree 23.

A model for self-incompatibility in Acacia

There is little doubt that self-incompatibility is an im-
portant outbreeding mechanism in Acacia (see Knox
and Kenrick 1983; Bernhardt et al. 1984) and in other
Mimosoid legumes (see Arroyo 1981). In some Aus-
tralian species, including A. retinodes, trees are highly
self-incompatible. In contrast, other species, notably
A. decurrens and A. mearnsii, show moderate levels of
selfing, although seed set is depressed when compared
to cross-pollination. In these species selfed seed is of
reduced viability, and seedlings are of poor vigour,
often with chlorophyll defects (Moffett and Nixon
1974). The overall conclusion is that Acacia is a highly
heterozygous outbreeding tree species.

Because of the high levels of self-incompatibility ob-
served in A. retinodes, we have previously proposed a
gametophytic model for S-gene control (Knox and
Kenrick 1983), in accordance with the system proposed
for the Papilionoid legume, Trifolium (Williams and
Williams 1947; Atwood 1944). In Trifolium, pollen
tubes may be arrested on the stigma or in the style
following self pollinations. In A. retinodes, however,
both self and cross pollen tubes grow at similar rates
towards the ovary and apparently enter the ovules. This
situation is similar to that reported for the Papilionoid

legume, Lotus cornicularus (Spiss and Paolillo 1969;
Dobrofsky and Grant 1980a); in this system, the
balance of evidence from investigations into the types
of proteins present in self or cross-pollinated ovules,
suggests that self incompatibility is manifested prior to
fertilization (Dobrofsky and Grant 1980b; Wojcieshowska
1963).

In conclusion, there appear.to be three possible
explanations for self incompatibility in Acacia retinodes:

— a gametophytic system, in which pollen tube-ovule
interactions result in pollen tube arrest in the micropyle
or nucellus;

— gamete-gamete interactions within the embryo sac;

— the action of post-zygotic lethal genes.

To distinguish among these possibilities will require
both genetic analysis of the progeny of controlled
matings, and the application of high resolution micros-
copy to the study of pollen tube-ovule interactions,
fertilization and early seed development.
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