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schoenoprasum ll. Experimental populations
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Experimental populations were set up in the glasshouse in order to investigate the factors respon-
sible for the increase in B-chromosome frequency between the seed and seedling stages of Allium
schoenoprasum at the River Wye, Powys, S. Wales. Both the density of sowing (100, 250, 500 and
1000 seeds per pot) and the availability of moisture (normal, waterlogged and drought) were varied
in the experimental system, which involved growing plants in small plastic multipots. Sowing density
had no effect on the B-chromosome constitution of survivors, but the effect of moisure on the
proportion of B-containing plants amongst the survivors was significant at the 5 per cent level
Moisture also had a significant effect on the proportion of non-standard B-types amongst the
survivors. Drought conditions had the most pronounced effects, and the significance of this is
discussed in relation to the conditions encountered by A. schoenoprasum at the River Wye.
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Introduction

The role of B-chromosomes has been the subject of
considerable discussion and speculation for many
years (Darlington, 1956; Jones, 1975; Jones & Rees,
1982). A widely favoured view is that B-chromosomes
have no adaptive role but are maintained in popula-
tions as a result of accumulation mechanisms which
serve to balance the negative selection that operates
against individuals or gametes that carry them (Oster-
gren, 1945; Nur, 1977; Matthews & Jones, 1983). This
view takes little account of cases where B-chromo-
somes appear to be associated with selectively advanta-
geous effects. We have described recently a situation in
Allium schoenoprasum at the River Wye, Powys where
B-chromosomes confer a selective advantage to the
survival of individuals during the early stages of the
life-cycle (Holmes & Bougourd, 1989). A highly signi-
ficant increase in the frequency of B-containing indi-
viduals was found to occur between the seed and
seedling stages; approximately 64 per cent of seedlings
collected from the sample area contained B-chromo-
somes compared with only about 55 per cent of indi-
viduals grown up from a seed sample collected from
the same area earlier in the season. We proposed that
this selective advantage of B-containing individuals
during the crucial early stages of the life-cycle may be
sufficient to maintain the B-chromosome poly-
morphism at the River Wye despite the apparently
deleterious effects of Bs on adult plants and the

absence of an effective accumulation mechanism
(Bougourd & Parker, 1979a).

It is difficult to define precisely the conditions at the
River Wye that are responsible for the differential
survival of B-containing individuals. However, it is
clear that only a very small proportion of the seeds
produced by plants at the River Wye survive as seed-
lings until the autumn, and one of the most important
factors influencing survival appears to be the avail-
ability of moisture for early germination and sub-
sequent establishment of the seedlings before the
dramatic rise in the river level at the end of the summer
(Holmes & Bougourd, 1989). In the work described
here, experimental populations were set up in the glass-
house in which both the density of sowing and the
availability of moisture were varied in order to investi-
gate the factor or factors responsible for the increase in
B-chromosome frequency between the seed and seed-
ling stages at the River Wye. The experimental system,
which involved growing plants in small plastic multi-
pots, was similar to that devised by Rees & Hutchinson
(1973) in their studies of the fitness of individuals with
B-chromosomes in Lolium perenne and Secale cereale.

Materials and methods

Materials

Fruiting umbels of A. schoenoprasum were collected at
random from populations at the River Wye that had
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previously been shown to have high B-chromosome
frequencies (populations ‘B’ and ‘S’, Bougourd &
Parker, 1979b). Only apparently viable seeds, chosen
on the basis of their firmness, were used in the experi-
ments.

Density experiments

Seeds were sown in Levington Universal compost in
4 cm diameter pots at densities of 5, 25, 50, 100, 250,
500, 750 and 1000 seeds per pot. There were two
replicates of each sowing density (A and B), each
replicate consisting of 10 pots sown at the appropriate
density to boost the numbers of seedlings surviving in
any one replicate.

Watering regimes

The density experiments were subjected to each of
three watering regimes: normal, waterlogged, and
drought.

Normal. Approximately 2 cm® of water per pot was
delivered once a day via an automated mist spray unit.

Waterlogged. Pots were placed in polystyrene con-
tainers which were kept filled with fresh water. The
container was subdivided from the rim of the pot
upwards to prevent seeds floating to neighbouring pots.

Drought. Approximately 2 cm® of water per pot was
delivered twice weekly via a second automated mist
spray unit.

The 16 groups of 10 pots (two replicates each of
eight sowing densities) in the normal and drought
regimes were arranged in trays at random around their
respective mist spray units. Each group of 10 pots in
the waterlogged regime was placed in a separate poly-
styrene container, and the 16 containers randomized
within the glasshouse.

Germination and survival rates

The numbers of seeds that had germinated in each pot
were recorded at regular intervals, and the numbers of
survivors throughout the experiment were scored by
counting the sheathing leaf bases visible above the
compost. At the end of the experiment, a final count of
survivors was made by counting the number of bulbs
present in the pot. Very few bulbs had evidence of
rhizome remains, so it can be assumed that surviving
bulbs represented individual genets.

Chromosome counts

On the basis of relative survival rates after 38 weeks, it
was decided to examine cytologically a random sample
of 25 genets from each pot sown with 100, 250, 500
and 1000 seeds from each watering regime. Where
there were less than 25 survivors per pot, all the indivi-
duals were examined. The plants chosen for analysis
were potted up individually in Levington Universal
compost. Root tips were pretreated with 0.05 per cent
colchicine for 2 h, fixed in 1:3 acetic—alcohol and
stained by the Feulgen method.

Results

Survival

The data for the relative survival of seedlings after 38
weeks under the density and watering regimes chosen
for analysis are given in Table 1. The percentage
surviving under normal watering conditions, decreased
with increasing sowing density, from a maximum of 35
per cent at 100 seeds per pot to about 16 per cent at
1000 seeds per pot. Similarly, in waterlogged condi-
tions, the percentage surviving fell from about 34 per
cent at 100 seeds per pot to less than 10 per cent at
1000 seeds per pot. The number of survivors remained
more or less constant after the first 2 weeks, which
suggests that under these conditions it is germination
and early establishment of seedlings that is important
in determining the longer-term survival of individuals.
In drought conditions, a very limited amount of
germination occurred over a longer period of about 8
weeks, and a correspondingly low number of seedlings
(<3 per cent) were present in the pots at all sowing
densities after 38 weeks, with the same trend of lower
survival at higher sowing densities.

B-chromosome constitution of survivors

The percentage of plants containing B-chromosomes
amongst the survivors for each density and moisture
level is also given in Table 1, together with the distribu-
tion of B-chromosome number and the mean number
of B-chromosomes per plant. The types of B-chromo-
somes amongst the survivors are given in Table 2.

The data were analysed using the GLIM Statistical
Package (Royal Statistical Society, London, 1989).
Logit analysis was used to compare the frequency of
B-containing plants amongst the survivors of the
various regimes (Table 3). Whereas sowing density had
no effect on this frequency, the effect of moisture was
significant at the 5 per cent level. Ninety-five per cent
multiple confidence intervals showed a significant
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Tab'le 1 B-chromosome constitution of survivors at four densities (100, 250, 500 and 1000 seeds per pot) and three watering
regimes (normal, waterlogged and drought). A and B are replicates

B-chromosome number Mean B per
' Perc_entage Total Percentage @ MeanB B-containing
Density survival 0 1 2 3 4 S 6 7 8 9 10+ plants of +Bplants perplant plant
Normal
100A  35.0 101 59 42 20 12 7 3 1 202 249 594 1.41 2.37
B 34.8 112 50 45 16 12 5 4 3 030 250 55.2 1.33 2.41
250A 333 117 52 38 17 17 3 4 0 100 249 53.0 1.18 223
B 32.7 120 39 45 20 12 6 6 1 100 250 52.0 1.27 2.45
500A 310 110 42 41 19 18 7 8 3 110 250 56.0 1.50 2.67
B 22.6 112 52 27 26 16 6 3 2 411 250 55.2 1.44 2.62
1000A 135 104 57 33 24 17 9 2 1 111 250 584 1.42 2.43
B 18.9 106 55 38 23 1211 3 2 000 250 57.6 1.34 2.33
Totals 882 406 309 165 116 54 33 13 10 6 4 1998 55.9 1.36 244
Waterlogged
100A  37.0 99 54 38 27 13 9 5 1 211 250 60.4 1.52 2.52
B 30.8 105 44 26 21 13 4 5 1 310 223 529 1.35 2.55
250A 276 100 58 36 18 17 9 3 3 330 250 60.0 1.55 2.58
B 32.0 107 49 33 32 14 5 4 2 101 248 56.9 1.43 2.51
500A 154 72 47 17 16 10 5 3 1 112 175 589 1.46 249
B 18.8 94 56 42 25 14 8 4 5 011 250 62.0 1.55 2.49
1000A 9.6 71 36 29 12 8 7 6 3 100 173 59.0 1.51 2.57
B 5.5 83 22 17 16 5 5 4 1 001 154 46.1 1.23 2.68
Totals 731 366 238 167 94 52 34 17 11 7 6 1723 57.6 1.46 2.54
Drought
100A 2.0 6 S5 2 4 1 1 0 0 001 20 70.0 2.00 2.86
B 21 g8 5 3 2 2 1 0 0 00060 21 619 1.43 231
250A 22 24 10 8 2 5 4 1 0 00O 54 55.6 1.44 2.60
B 1.5 10 14 6 4 1 2 0 0 000 37 73.0 1.41 193
500A 0.7 16 8 8 4 1 0 0 0 00O 37 56.8 1.08 191
B 1.0 12 11 14 6 5 1 2 0 000 51 76.5 1.84 2.41
1000A 0.6 27 11 5 9 4 2 3 1 100 63 57.1 1.70 297
B 0.5 18 13 7 6 3 1 1 0 010 50 64.0 1.54 241
Totals 121 77 53 37 2212 7 1 111 333 637 1.56 244

difference between the normal and drought regimes
(55.9 per cent cf. 63.7 per cent B-containing), but not
between normal and waterlogged (55.9 per cent cf.
57.5 per cent B-containing); the difference between
waterlogged and drought (57.5 per cent cf. 63.7 per
cent B-containing) was nearly significant.

Analysis of variance, weighted for sample size, was
carried out to examine the effect of sowing density and
moisture treatment on the mean number of B-chromo-
somes per plant in the survivors. No significant effects
were detectable (Table 4). Using log-linear analysis,
the frequency distribution of the number of B-chromo-
somes per plant was also shown to be independent of
sowing density and moisture treatment (Table 5).

Thirteen different types of B-chromosome were

recorded amongst the survivors (Table 2). None of
these have been described previously (Bougourd &
Parker, 1975; Bougourd & Parker, 1979a; Holmes &
Bougourd, 1989). The four novel B-types included two
metacentric Bs of approximately 1.6 and 5.8 um in
length, designated B™~* and B™"?, and two submeta-
centric Bs of approximately 2.0 and 6.1 um designated
BSM-2 and BSM~5, By far the most frequent B type,
accounting for 89 per cent of the B chromosomes, was
the standard Bt~! of the non-standard Bs, B™~! (4.6
per cent), B2 (3.1 per cent), B'™3 (2.2 per cent) and
Bt~4(0.6 per cent) occurred most commonly; the other
non-standard B-types were represented only occasion-
ally.

The frequency of non-standard B-chromosomes



120 D. S. HOLMES & S. M. BOUGOURD

€Cer LIS 6L £ €C € 9¢ L4 3% 4 S[eloL,
€0 9L £C [4 61 4 %Y d
SL LOT 8 I [4 S 66 V0001
I'6l +6 81 o1 9 [4 9L dq
S'L ()7 £ I [4 LE v00s
R A L 3 4 Sy d
8C1 8L 01 £ [4 S 89 Vv0se
L91T  0¢ S [4 € Y4 d
scr oy S € I I 13 V001
1ySnoi(g
801 61ST €LT I 9 [4 I [4 14 LT1 [4 €1 14 6L 9vTC s[elof,
68 061 LT I 8 I € 14 €LT dq
9CI 79T €€ [4 14 L1 [4 1 L 6CC V0001
€01 68¢ oy I I 81 I € 1] 9 6v¢ q
€€l 96T 143 4 I el [4 S IT Tzt Vo00s
€6 1433 %3 ST [4 6 L [ ¥4 d
96 L8E LE I L1 I I 8 6 0s¢ Vv0sc
0¢€r  10¢ 6¢ [4 €1 I 6 vl 29¢ q
S01T 08¢ oy I 91 I I I  ove V001
po83opIorem
€01 61LT I8¢ 1 [4 I I 1 [4 44! I 1C 9 €8  8EPC S[elo,
I'01  Sg¢ Ve 14! 0 6 IT  10¢ q
LZ1  ¥S¢ 974 01 [4 14 67 60¢ V0001
801 09¢ 6t I I I ve 1 S 9 Iz€ q
I'tl  vLE 61 I €C I S 9 1% SIS YAS V00¢$
L6 8I¢ 53 I 14! € S 8 L8C dq
CIT ¥6C %3 I ST € o1 14 19¢ VvOse
L €ee ve SI [4 14 € 60¢ d
VL 16€ 9¢ [4 L S € 6 Y4 V001
[EWION
sqg sq S ¢-wlH wH jiwlH —wd  p_wd g-wd  z-wH _wd F ,od PeE: < N ¢ | S | fsua(q
plepuels-uou |ejo], plepueis-uou
J0 o3ejua015g JO IquinN adfi1-g

pue pagopiolem ‘[ewrou) sowdor urrajem 991y) pue (3od 1od spaas 000 T pue 00S 0SZ ‘00T1)

sajeofdal are g pue v ‘(JySnoip

SOUISUSP INOJ 18 SIOAIAINS 3y} Ul sadA) dwosowonyd-g 7 3jqey,



Table 3 Logit analysis of the occurrence of B-containing
plants in the survivors of four sowing densities (100, 250,
500 and 1000 seeds per pot) and three watering regimes
(normal, waterlogged and drought)
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Table 5 Log-linear analysis to compare the frequency
distributions of B-number amongst the survivors of four
sowing densities (100, 250, 500 and 1000 seeds per pot) and
three watering regimes (normal, waterlogged and drought)

Log-likelihood Log-linear

Source* df.  ratio statistic Significance Source* df.  ratiostatistic  Significance
Density 3 1.90 ns All survivors
Moisture 2 7.54 P<0.05 Density 30 16.5 ns
Density X moisture 6 7.88 ns Moisture 20 18.4 ns

) — Density X moisture 192 198.8 ns
*Since the design is non-orthogonal, the order of inclusion of B-containing
terms is important. Only one order is shown here. All survivors only
permutations gave similar results. Density 27 14.6 ns

_ ) ) Moisture 18 11.2 ns

Table 4 Analysis of variance, weighted for sample size, to Density X moisture 174  176.8 ns

compare mean B-number in survivors of four sowing
densities (100, 250, 500 and 1000 seeds per pot) and three
watering regimes (normal, waterlogged and drought)

Source* df. 8§ MS F  Significance
All survivors
Density 3 892 297 117 ns
Moisture 2 1620 8.10 3.05 ns
Density X moisture 6 1327 221 0.83 ns
Error 12 3192 266
Total 23 7031

B-containing
survivors only

Density 3 695 232 0.76 ns
Moisture 2 1127 564 185 ns
Density X moisture 6 4026 6.71 220 ns
Error 12 36.56 3.05

Total 23 95.04

*Since the design is non-orthogonal, the order of inclusion of
terms is important. Only one order is shown here. All
permutations gave similar results.

between regimes was compared by logit analysis (Table
6). The effect of moisture was significant at the 5 per
cent level. Ninety-five per cent multiple confidence
intervals showed a significant difference between the
drought (15.3 per cent non-standard) and both the
normal (10.3 per cent) and waterloggged (10.8 per
cent) regimes, which were themselves not significantly
different.

Discussion

These experiments have shown that moisture condi-
tions, especially drought, can affect the proportion of
plants amongst the survivors which contain B-chromo-
somes, and they provide clear evidence for the differ-
ential fitness of B-containing and non-B-containing

*Since the design is non-orthogonal, the order of inclusion of
terms is important. Only one order is shown here. All
permutations gave similar results.

Table 6 Logit analysis of the occurrence of non-standard
B-chromosomes in the survivors of four sowing densities
(100, 250, 500 and 1000 seeds per pot) and three watering
regimes (normal, waterlogged and drought)

Log-likelihood

Source* df.  ratio statistic Significance
Density 3 7.01 ns

Moisture 2 9.08 P<0.05
Density X moisture 6 7.62 ns

*Since the design is non-orthogonal, the order of inclusion of
terms is important. Only one order is shown here. All
permutations gave similar results.

plants under drought conditions. Differential survival
of B-containing individuals, under extreme stress, has
previously been demonstrated in Secale cereale and
Lolium perenne (Rees & Hutchinson, 1973; Hutchin-
son, 1975; Teoh ez al., 1976; Teoh & Jones, 1978). In
Secale cereale, the frequency of Bs was found to
decrease under conditions of increasing stress, whereas
in Lolium perenne, as in Allium schoenoprasum under
drought conditions, B-chromosomes were shown to
confer a selective advantage to survival.

In A. schoenoprasum, less than 3 per cent of the
seeds germinated and survived the experimental period
of 38 weeks under drought conditions. The stress
arising from drought was considerably more intense
than that imposed by the maximum sowing density of
1000 seeds per pot, where germination and survival of
seedlings under normal watering conditions was
greater than 16 per cent. Under the drought condi-
tions, relatively few seeds germinated sporadically over
a prolonged period but, once germinated, seedlings
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tended to survive to the end of the 38-week period.
This suggests that the higher proportion of B-contain-
ing individuals amongst the survivors is due to the
superior ability of B-containing seeds to germinate
under these stringent conditions. One explanation of
this might be that seeds with B-chromosomes require
smaller quantities of water for imbibition prior to
successful germination. Seed weight has previously
been shown in A. schoenoprasum to be significantly
reduced with increasing numbers of Bs (Bougourd &
Parker, 1979b). If, as is likely, seed size depends simi-
larly on the number of Bs, the amount of moisture
necessary to break the dormancy of B-containing seeds
could be less, and the probability of B-containing seeds
germinating would be increased. There is evidence that
the germination of seeds from the River Wye is
extremely rapid compared with other British, non-
riverside populations, presumably as a consequence of
intense selection for early germination in this riverside
habitat (Bougourd, 1977). A small difference in the
speed of germination of seeds due to B-chromosomes
could, therefore, also have a significant effect on the
survival of B-containing individuals. No effect of
B-chromosomes on the rate of germination has been
detected in A. schoenoprasum in previous experiments
(Bougourd & Parker, 1979b), but these were carried
out under favourable growth-room conditions and
were not designed to pick up very small differences in
the germination rate. Further experiments on the rela-
tive ability and rate of germination of B-containing
seeds in limited amounts of moisture are clearly neces-
sary in order to establish more precisely the nature of
the advantage due to B-chromosomes for the survival
of individuals under drought conditions.

In our studies of the survival of individuals contain-
ing B-chromosomes at the River Wye, we found that
non-standard B-types were significantly less frequent
amongst the seedlings relative to the seeds (Holmes &
Bougourd, 1989). This did not seem surprising
because it is likely that the non-standard derivatives of
the standard type of B-chromosome may fare less well
than the standard Bs which have presumably evolved
over successive generations in response to the condi-
tions at the River Wye. In the present experiments, we
have again shown that drought conditions have a sig-
nificant effect on the frequency of non-standard
B-types but we were interested to note that the effect
was to increase these types at the expense of standard
B-chromosomes. The increase was almost entirely due,
however, to the greater occurrence of B*? in the sur-
vivors of the drought conditions; 7 per cent of the
B-chromosomes in the drought survivors were of this
type compared with less than 2 per cent in the normal
and waterlogged conditions. A small increase in the
frequency of B"* was also found in the seedlings in the

previous study (Holmes & Bougourd, 1989), but this
was more than offset by the marked increase in the
standard B-type. B'~? is approximately 33 per cent
longer than the standard B'~! and relatively unstable at
mitosis (Bougourd & Parker, 1979a). It will be interest-
ing to monitor the frequency of this particular B-type in
future generations in the natural populations at the
River Wye.
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