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THE RANGE IN COLOUR OF THE FLOWERING GLUME OF

CYNOSURUS CRISTATUS L. AND ITS RELATION TO

THE GERMINATION CAPACITY OF THE"SEED"*,

&, £ Corkhill
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F o of Crested Dogstail (Cynosurus crestatus L.) often

It is well known that commercial lines of séed

E;\ exhibit marked differences in colodr, some samples in
‘§5§L bulk being canary yellow while others are almost black.
f;} There is often great variation within a line in the
éi.' colour of the individual seeds which may vary from

greenish yellow through various shades of yellow, orange,
and brown to almost a black colour. In some samples,
however, the range in colour is more restricted, such

samples naturally exhibiting a more uniform appearanceas-

~~ It is important to understand at the outset

.',“ ;p E e

o o2 the commercial attitude towards the colour of a sample.
" Until recently the great demand by farmers was for seed

of a bright yellow colour, which, although of a lower
T bushel weight than darker seed, was nevertheless more
attractive in appearance. As a general rule the germina-
tion was good so that as far as utilisation in New Zealand
was concerned this type was satisfactory.
With an extension of exports it was found that
< the New Zealand samples, although regarded in England with
favour because oftheir bright clean appearahoe, wefe 4
generally of indifferent germination. It was found,
moreover, - that samples of darker colour could stand trans-
shipment much better than those of lighter colour. o
It is known in the trade that a very dark colour -
may be imparted Lo seed by heating in the sack, the stripped

seed being very liable to this unless care is taken to

*¥ The term "seed" is in this work used in the wide
sense meaning "caryopsis".

-



_prevent 1t. Farmers generally loock upon & dark sample
vy ; s :
¢ with suspicion and prefer the lighter coloured yellow
i ~ |
samples.

General observations, however, have shown that
there are distinet differences between plants. in regard
b ¢ to the colour of the seeds at comparable stages in growth,
==y . It was considefed that any data which could throw light on
Y colour development and give further facts on its probable
utility would be useful.

The investigations recorded in Part 1. were

SR

carried out with the object of attempting to ascertain
whether the darkness in colour of Crested Dogstail seed

is due to maturity alone, or whether there are other factors
' concerned, The question to which answers have been

sought are:-

G 1., Do fully mature seeds of different plants

differ in intensity of colour?

2, Does earliness or lateness of flowering
exert any effect on the depth of colour

{
f : attained by the seeds?

3. Do short period changes in the weather
during ripening exert any effect on the
ultimate oolour.of the seeds?

é 4, Is there>any«oorrelat10n between dark-

i - ness in colour of fully mature seeds and

| the presence or absence of pigmentation

in such parts of the plant as the flower-

f ing stem or sterile spikelets?

L In Part 2. of the work (page 49) an attempt has

been made to ascertain:-

- 13 Whether there'are'differences in ghe ger~

mination capacity of seeds of differeny

colour groups from any single plaﬁir
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Whether seeds of the same colour:
group but from different plants
exhibit variation in germination

capacity.
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PART 1.

Mateérials and Methods.

Selection was made from spaced plants nine
inches apart grown in rows eighteen inches wide.
There was thus ample room for the full development
of each plant, competition and the'shade féctor hav-
ing been eliminated.,

Twenty-eight piants from both commercial
and local strains were chosen. Plants were selected
over a wide range of date of flowefing in order to
ascertain whether earliness of lateness of flowering
produced any effedt on the seed.oolour. It was
noticed that different plants showed wide variation
in the amount of purple colouration develoﬁed on the -
seed=stalk, rachis, sterile spikelet, flowefing glume, -
and palea. The selection included plants as diverse
as possible in this respect.

The plants were identified by means of
nuribered pegse

At flowering time each plant was examined,
and those heads which bloomed at approximétely the same
time were retained while the reméinder were clipped off, '
On a small number of the plants only seven heads
remained, but usually it was possible to retain from eight .
to twelve. By naked eye and with a X12 hand lens. & ‘
close‘examination was then made of the stalk,rachis,
gterile spikelets, and, where visible, the flowering
glume and palea, with special reference to the amount of
purple colouration developed, . As the amount of purple
in the seed=stalks increased  w#ith maturity , they were
examined at fortnightly intervals, and the amount and
position of the colour recorded.

A few days after the completion of blooming
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of each plant one of thenseed—heads Was clipped off,
placed in a labelled seed .envelope, and taken to the
laboratory for further examination., * At three-day
intervalé, one seed-head from eaéh plant was-removed
and examined. The length of time between'oollecting
the first and last head of a plant ranged from three
to five weeks depending on the numbef of seed-heads.

If the selected heads of the same plant bloomed sim-

ultaneously, it would naturally be supposed that ex-

amination of seeds from heads harvested at three day
intervals would serve to show differences due to
maturity. The possibility that pronounced changes
of weather during the ripening period might exert an
effect on the colour of the seed and modify the re-
sults of maturity was also kept in mind.

To obviate the effects of any after-ripening,
the seed-heads were examined in the laboratory as soon
as possible after being removed from the plant. A
dissecting microscope with a magnification of twenty
diameters was used for these observations .which were
made in reflected daylight against a white background.
As depth of colour depends so much on intensity of
light, examinations were made only during uniform and -
favourable periods of the day. Artificial light was
found ﬁo be unsuitaBle for complete differentiation. -

Before removing the seeds, the head was ex-
amined under the microscope to determine the amount and
position of the purple and green pigments in the rachis
and sterile spikelets. The seeds were then removed .
from the head and about two hundred (i .e. usually about
one-third to one-half) were examined under the microscope.

To expedite examination the seeds were placed in rows



e

]

so. that there was little likelihood of any escaping

observation or being examined more than once.

They were placed with the flowering glume* uppermost,

and twenty diagrams were painted to depict the range
in colour. (See Plates i.ii.and iii, pages 9-11 )
The number of seeds corresponding to each colour
group was noted, enabling the percentage of the diff-
erently coloﬁred seeds in the'head to be obtained.
Each colour diagram was identified by a letter :-
a.b.c.etc. These groups are arbitréry but serve:the
purpose of classifying the seeds. With such a large
number of colourbgroups the majority of the seeds

approximated closely to the diagrams.

*  When speaking of the colour of the seed reference is
strictly being made only to the colour of the flowering
glume °
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Results:

Of the twenty-eight plants under examina-
tion four were omitted from the results because of
the very high percentage of undeveloped group y seeds.

The figures relating to the remaining twenty-four are
given in Tables 1 - 9 ( pages 12-21 )

| The colour groups range in order from the
lightest at the top to the darkest at the base of the
column. Groups x and y have been separated and placed
at the bottom of each table as these seeds must be con-
sidered apart from seeds of the other groups. The
straw coloured seeds of group y are usually poorly de=
veloped, consisting only of "husk", while those of
group X ,though often well developed, have lost any
bright colouration they may have possessed.

Seeds which resembled a colour diagram except
that they had two-thirds or more of the area of the
flowering glume straw coloured have been identified in the
tables by means of an asterisk.

In order to stress any difference in the final
colour of the seeds of different plants,.graphs have been
prepared by plotting the darkest colour group in each
head against the maturity of that head (pages 28-36)*
The graphs shown in Figs.l - 7 (pages 28-34) are plotted with
mantessae of the same colour groups. Plants A 13, A 16,
and A 18(Fig.8, page 35 ) and A 4. (Fig. 9, page 36)
contain some different colour groups and have been

plotted separately.

* The darkest colour group comprising at least 5% of the
seeds in the head (excluding group y) was used for the
construction of the graphs, as figures lower than this
were not regarded as significant.
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Groups y and x have been omitted from the graphs.

With the exception of Plants A 13, A 16, A 18 and

A 4, graphs of plants which flowered at approximately the

same time are grouped together, but allowance must be made
for the fact that the first heads were not necessarily
collected on the same date. At the base of each graph
the\date when the first head was collected is showne This
grouping does not apply to graphs of Plants A 13, A.ls, and
A 18:(Fig.8 page 35 which are grouped together as they
resemble one another in having certain colour groups not
occuring in the other graphs. Furthermore, Plant A 4 has
some different graphs from all the foregoing plants and has
therefore been plotted separately.

| For ease of reference the groupihg of the plants

in the tables has been made comparable with that of'the_

graphs.



e e = e =

{ ., ﬁ‘ e

e I

et e S e




LU

-

e




P 1 [

PLATE 1iii.

o) s &




Heads: -
Groups.

@ QA @ T

H e -4 500 H

<“MBODOS

TABLE 1.

FROM HEADS COLLECTED AT 3 DAY INTERVALS.

COLOUR GROUPS OF SEEDS

Plant A l. Plant A 8.
1 2 3 4 5 6 7 8 9. 1 2 3 4 5 6 7 8 9 10.
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TABLE 2.

COLOUR GROUPS OF SEEDS FROM HEADS COLLECTED AT 3 DAY INTERVALS.

Plant. A 7. , Plant A 6. JPlant & 12
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COLOUR GROUPS OF

ABLE 3.
SEEDS FROM HEADS COLLECTED AT 3 DAY INTERVALS.

Plant A 10.

Heads:- 1 2 3 4 5 6 7 8 9 10
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Plant A 21.
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TABLE 4.

COLOUR GROUPS OF SEEDS FROM HEADS COLLECTED AT 3 DAY INTERVALS.

Plant A 15 Plant A 3.
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TABLE 5.
COLOUR GROUPS OF SEEDS FROM HEADS COLLECTED AT 3 DAY INTERVALS.
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COLOUR GROUPS OF

SEEDS FROM HEADS

COLLECTED AT 3 DAY INTERVALS.
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TABLE 7.

COLOUR GROUPS BF SEEDS FROM HEADS COLLECTED AT 3 DAY INTERVALS.
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Heads: - L2 & 4 5 &%
Groups. % % % % % % %

a LP ' i

b 15 19F

c

g8* 5% zp%*e*

d 29* 6% g6*

e 7¥

T

g

h

i

J

kK

1

29%

m g* 6

n

o)

P

q 3

T

X 15 9 o) %

J

68 48 67 69 47 100 56

o U@

joF

= Rcn e 50 Ho

SMHRrROQTOBRE

Plant A 27
1. & 3 4 5 6 7
T % % 4 ¢ g ¢
18 64
5 11 20
a5 & 3 3
1I¥
21 3 7 .85 1%
W :
21 20 14
9 2
1
5
TN
2 3
2
10
Pk
12
18 < = o

39 50 14 44 35 62 40

= Wc_:.A He 33’0 HH O

Qo o®

jon

M RBQco B3HE

Plant A 28.
1 8 & 4 "5 "6 7
% % % % % % %
i Ty 26
26 23
6™
14 35 18 3
13 30
8*
8 9%
15
9
15
10¥ 2*
) 6 7
b Sk

43 52 33 66 74 23 80




TABLE 8.
COLOUR GROUPS OF SEEDS FROM HEADS COLLECTED AT 3 DAY INTERVALS.

Plant A 13. Plant A 16. Plant A 18.
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Diseussion of Results:

In considering the colour of the caryopsis we have
examined only the flowering glume, which should be consider-
ed as a part of the mother plant. The most widely accepted
view on the phylogeny of the grasses is that they have
originated by reduction and modification from lily-like
plants. The palea is commonly assumed to represent the
outer perianth whori, and the flowering glume is considered
as being a bract. In fertilization the characters of thé
.embryo.and-endosperm are influenced by the charaetsfs of
the pollen parent, but there is no evidence that this '
influence would extend to the flowering glume and palea.

It is not necessary, therefore, to consider the pollen
parent when studying characters of the flowering glume and
palea. :

The results shown in Tables 1 to 9 will be dis-
cussed under three headings, viz.

l. The range in colour of the seeds of

a single head.

2. The ococurence of different colour

groups in different plants.

3. The anomalous groups X and ys

The graphs which have been constructed from data
in the tables show some results more clearly. These will
be considered later ( page 37) under the following headings:-

1. The trend in seed colour with increase :

in age of the seed-heads, and the final
colour attained by seeds of different
plants.

2. The .rate of increase in the colour

intensity of the seeds.

1. The Rangg in Colour of the Seeds of & Single Head:

In any one head the different seeds cannot usually

all be included in the same colour group. Just after
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blooming all the seeds of a head are green, but in a «
few days some begin to show a yellow tint. As the
head becomes more gature_some take on a deeper yellow
colour while otherémay be still green, and others again
will be intermediate. With further maturity, as the-
yéllow in some of the seeds gives place to various shades
of brown, the number of colour groups present usually
increases. In the final heads collected the range
may be maintained but in some cases it decreases and in
others actually increases. s

It may be thought that the range in colour of
the seeds of a single head is due to the difference in
the dates of blooming of the flowers. As there is- anaver z
of 'four ‘to fivé days between the blooming of the terminagl
and basal flowers.of the same spikelet and an average'of
about eight days beﬁween the opening of the first énd'I
lasﬂ flower in the head,'tha above contention without
further evidence, would tend to carry weight, On this
hypothesis, the seeds from the flowers which bloomed first -
would beAﬁhe ﬁostvmdture and would therefore be the darkestA
in colour, while the seeds from flowers which bloomed

last would be lighter until the final stage of develop-

. ment when. colour increase ceased. When all of the seeds

had reached this stage they would be uniform in colour.
This, however, is found to be the case only in two of the
twenty-four plants studied.

Since fourteen heads of Plant A 7,(Table 2 page 13)
have been'collected and analysed, it will serve as a good.
example to illustrate the diversity of seed colour of the

most mature heads. The darkest colour present, group q,

_appears first in head 8 and some seeds of this group are

present in each of the heads collected later. As head 14
was collected eighteen days later that head 8 and thirty-

nine days after the yellow colour began to develop in



some of the seeds it seems reasonable to assume thet all
the seeds of this head should have reached their final
colour. But in head 14, as in the other heads, there are
some seeds which are mucﬁ lighter in colour than group q.
Looking at this from a slightly different standpoint, it
can be assumed that as the final colour was first

present in head 8 (twenty-one days after the first head
was collected), then the addition of the average period of
flowering of a head (eight days) to this should give the
approximate time when all seeds were of the same colour,
As has been shown previously, however, even after thirty-
nine deys, that is eighteen days after the final ooiour
first made its appearsnce, the head still showed yeliow o~
seeds with only a tinge of brown, VIt is apparent, therefore,
that age is not solely responsible in determining the

degree of darkness of colour attained by the seeds.

The position in the spikelet my exert some in-
fluence in determining the degree of darkness of the seeds.
In plents where the dark colour group q ocecurs, some
evidence has been collected which indicates that the terminal
seed of a spikelét is often eventually darkér in colour
than the other seeds of the same spikelet, even although
the terminal flower is the last in the spikelet to bloom.
This seed can be recognised by its withered,rachi;la or by a.
rudimentary sterile flower attached to tlie rachilla.

Although it is usually quite well filled it is always smaller
than the other seeds. In head 10 of - Plant A 16 (Table 8
page 20} 758 of the terminal seeds were classified as

group q, the rest being placed in groups p and n, but only

. 22¢ of the "non-terminal” seeds were included under group

d. Although similar counts have not been made with seeds
of other plants, in a number of eases it has been noted that

the mejority of the group q seeds were terminsl.




Observations, as far as they go, appear therefore to
indicate that the effect of age alone on the darkness of
the seed colour may be modified by the position of the
seed in the spikelet.

2. The Occurrence of Different Colour Groups in Different
Plants:

Although the lighter coloured groups are very
similar in different plants, this cannot be said of the
darker groups. With increase in age of the seeds there
is a uniform trend from group a through group b and ¢ to
group d, but sfter this stage is reached there is remarkable
diversity in the colours attained by seeds of different
plants. There is markéd difference, for example, between
plants in the degree of reddish colouration developed ih
some of the more mature seeds, Some plants contain seeds
of such reddish coloured groups as q, 1 and o, while others
contain none of these groups. Reference to the analysis of
Plant A 16, given in Table 8 (page20 } shows that a large
number of the seeds have a decided reddish tint. Plant A 4
(Table 9, page 21) on the other hand, has no trace of red
in any of the seeds, the darker seeds in this case having
a very slight purple tint. The seeds of the other plants
examined are intermédiate between Lhese twe exiremes; such
differences of colour in the seeds of different plants lead
to the conclusion that the colour of the darker seeds is .
associated with different strains.

In support of this conclusion reference will be
made to seed size and shape. During examination it was
noticed that at a comparable stage of ﬁaturity, seeds of an
individual plant showed a fairly marked uniformity of shape
and sige. In some cases the shape or size was so characteristi

that a mere glance at the seed was sufficient to indicate



the plant from which they were derived. It seems,
therefore, that within the species, there are strains
which are recognisable by the size, shape, and colour

of the more mature seeds.

3, The Seeds of Groups y and X.:

In these two groups the bright pigmentation so
characteristic of the seeds of the other groups is absent.

Seeds of group y are usually very poorly
developed, consisting almost entirely of "husk", but
occasionally development may be normal. Immediately
after flowering, all of the seeds in a head are green
in colour, but as they become more mature some take on a -
vellow tint while others become totally straw coloured.
Thereafter, each head contains some of these straw coldured
seeds of group y.

Although the seeds of group x lack the bright
colour development of most  of the groups, they are darker
than those of group y and ofter exhibit a greyish colour.
Usually they are fairly well developed. They always
appear at a later date than the first appearance of the
group y seeds.

In the seeds of both of these groups there is
a loss of pigmentation. In the case of the poorly
developed group y seeds the explanation seems to be that
the loss is due to infertility and the ultimate death of
all parts of the caryopsis. In regard to the majority
of the group x seeds and the well developed ones of group
¥y, however, the explanation will not hold, as apart from
the loss. in colour, the seeds exhibit normal development.
Only the fact that this loss in pigmentation does oceur in
some seeds has been ascertained, the cause not having been

investigated.



There seems to be individuality in the plant
with rdgard to the development of group x seeds. For
example, Plants A 12 (Table 2 page 13) and A 28 (Table 7,
page 19) contsin no seeds of this group, while plant
A 25 (Table 6, page 18) contains a relatively'large number,
It appears that this fact furnishes additional evidence

to the idea of strains within the species.



m m : sdnosh 4n0)0")
/ w Yy r Y 4
i 1 / 2

—r—
H $ ST

L=

&

‘of

SpoaH



ple]
foRy

¥ wﬁuml

g
e W

of

o

4]

——r
o0 ST



*Q

"ot

A
[13Y
gV
avy

o/

"

z/

44

spo3H

L3



sdnoan)  unojon

51

Y £ 2 P 2 q 0
2
e
7 spoaj
g
9
i
sy :
g v
b
ol




L7
spooH

b

0!




33 -

U‘C:C!.c ->=c~c.r\

w y ! Y

f

)

+

ezV

ee:1:9)

ol

I

Spoo |



- D%

sdnodr) un0)on

{ Y

Ed

4] L LY

8
L
¢

3V
2y
2y

*

&OO@*.\



9

sdnoan)  unojoDd

Y b £

-

w\UUQI



J0

sdnoany unojo)

Jd w 7 2 P 0 9
¥4
¥4
LS
¥
. - ¢
r -9
4
¥V ¢

.w\OOMl



&

-...37-

Discussion of Results Shown in the Graphs:

As mentioned previously ( page 7 ) these graphs
were constructed with the object of stressing any differences
in plants in regard to the darkness of colour of the seeds
in the final stage of ripening. The darkest colour group
in each head has been plotted against the maturity of that
head. The graphs also show the rate of increase in the
intensity of colour of the seeds.

In this discussion reference will occasionally
have to be made to the tables from which the graph$MWere
constructed.

1. The Trend in Seed Colour with Increase in Age, and

the Final Colour Attained by Seeds of Different

Planté&:

For the purpose of discussion the plants of
whichfgraphs have been constructed can be grouped into
the following classes:=—

Cless 1. Flants which show a more or less general trend
in seed colour from green to the darkly colour-

ed group q.

Class 2. Plants which show a more or less general trend
of seed colour to a lighter coloured group

than group q.

Class 3. Plants which, in the more mature heads, show

a reversion to a lighter coloured group than

that of the seeds of the heads collected at a

slightly earlier date.

The graph of Plant A 4 is not included in the
above classification and will be discussed separately.

In the majority of the plants,with increased
maturity of the seed-heads there is a fairly regular trend

in seed colour, which, except in plants of Class 3 is
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maintained. However, in a number of plants this trend
is interrupted and there is reversion to a lighter
coloured group. This aspect of the trend in seed colour
will be discussed before considering the three separate
classes.

For the purpose of these graphs it appears
that the three-day interval bétween collecting the heads
of any one plant, though suitable for the observations of

change in seed colour,was in some cases too short to

cover differences in flowering dates of the selected heads.

Consequently, relatively slight reversions cannot be
regarded as significant. There are, however, reversions
which appear to be too great to be explained merely by
differences in flowering dates. One of the most merked
reversions in seed colour is that occurring in head 8 of
Plant A 9 (Fig.l page 28). The analysis of this head
shown in Table 1 ( page 12) reveals that the seeds are on
the whole rather similar in darkness of colour to those
of head 5, being lighter coloured than those of heads 6
and 7. The fact that head 8 was collected 9 days later
than head 5 seems to rule out the possibility of. any
slight variation in their periods of maximum blooming
causing this disparity. Tt seems impossible to account
for this marked reversion unless it is concluded that for
some reason the seads of head 8 increased in darkness of
colour at & slower rate than those of the 'other  heads of
this plant.

It is quite possible that a number of the
reversions in seed colour could be due to a difference in
the rate of colour development of the seeds of different

heads of the one plant, but in view of the experimental
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error introduced by the differences in flowering dates
of the selected heads it éannot be stated definitely that
this is the case. .

In the latter part of the grephs there are
sometimes reversions in colour from a dark gfoup to one
only slightily lighter in colour.such as from group p to
group n and from group q to group p as shown in Plant A 6
( Fig. 2 page 29). The difference in darkness of groups
p and n. and groups q and p respectively is only compara-—
tively slight so that no significance can be attached to
such reversions, }

These plants will now be considered on the -
basis of the colour of the darkest seeds in the final
head collected,

Class 1.

The plents of this class comprise A 9 (Fig.1l
page 23) A7, A6, A12 (Fig.2 page 29); A 21 (Fig 3 page
30); A 23, A 27, A 28 (Fig. 7 page 34); A 16 and A 18
(Fig. 8 page 35).

The final heads of these plants contain some
seeds of group @ which is the darkest groﬁp of the series
excepting perhaps group r present only in Plant A 4 which
is considered later. |

In Plants A 7, A 6, A 12, A 21, A 16, and A 18,
the group q seeds continue to be present in two or more -
heads, In these plants there does not seem to be any
tendency to reversion to a lighter colour group. Only
seven heads of plants A 23, A 27 and A 28 were coliected
and the group q seeds were present only in the last
head in each case, Thefe is a possibility that if more
heads had been collected reversion may heve been found to héve
teken place. There is sufficient evidence, however, to

justify the conclusion that very dark coloured seeds are
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produced in the field and continue to be present for
a long period,
It is interesting to note here that the number
of group q seeds may in some plants be very large. For
example, in head 12 of Plant A 6 and head 8 of Plant A 22
the percentage of group q seeds was respectively 97¢ and
84%¢ ( excluding immature group y seeds from the calculation)
It is obvious that seeds almost black in colour
may be developed under natural conditions, although it is
realised that artificial causes such as heating of

stripped seed 1in the sack may bring about this result.

Class 2.

The plants of this class comprise A 1, A 8 (Fig 1,

| "page 28); A 3 (Fig 4, pesge 31); A 24, A 26 (Fig. 5, pége 32);

A 14, A 25, (Fig. 6, page 33); and A 13 (Fig. 8, page 35).
With increase in age, the seeds of these plants

show a fairly reéular trend in colour up to & group lighter

in colour than that attained by the darkest seeds of Class 1.
In Plants A 3, A 24, A 26, A 14 and A 25, the

darkest coloured seeds present are group m. As can Dbe

seen from the coloured diagrams the difterence between

the eolour of this group eand that of group q is very

_mérked. The darkest coloured seeds of Plants A 1 and A 8

are group p. Thére is only a comparatively slight

difference between groups p and q so that these two plants

might have been included in Class 1. In fact there is a

small percentage of group q seeds ii. head 10 of Plant A 8.

In Plant A 13 the darkest coloured group present is group O
In Plants A 26, A 25, and A 13 of this class the

darkest group occurs only in the last head collected, while .



=R

in the other plants the darkest group ié present in the
last two or more heads. It is possible that in these
three plants the seeds may have become darker in colour
if the final head had been collected at a later date.
The evidence from these graphs and those of -
Class 1. points to the fact that there is variestion in
plants in reference to the final darkness of colour
attained by the seeds. Although the length of time
after'flowering is important up to a point in incressing.
the darkness of colour, the individuality of the plant
seems to be an important factor in determining the ultimate

colour of the darkest seeds produced.

Class 3.

The plants of this class comprise A 10, A 22,
A 11,(Fig.3 page 30 ); A 15 (Fig.4,page 31 ); and A 19
(Fig. 5, page 32 ).

The graphs of these plants show that there is
a fairly regular trend to the darkest group present in
the plant and then reversion to a lighter coloured group
in the final heads. The darkest group in the different
plants is not always the same, but in all five cases the
colour group to which reversion of the darkest seedé takes
place is group m.

It is possible that the reversion could be due to,ﬁ
a loss in intensity of the pigmentation of the darker
seeds. It is improbable, however, that this loss in'oolour
is.due _to ‘the weather after collecting the head containing.
the darker colour group. In Plents A 22, A 15 and A 19 '
the heads in which the first reversion of seed colour
occurred were collected on February 9th. while those-ef
Plant A 10 and A 11 were collected on January 3lst. The

weather of the three days immediately preseding these dates
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was not at all comparable. The meteofological charts
show that on Februsry 6th.,7th., and 8th. there were 12.3,
1.3 and 13.0 hours of bright sunshine end no rain, while
on Jesnuary 28th.,29th, and 30th. there were only 8.8,.3.4
and 9.8 hours: of bright sunshine and a total of 0.38
inches of rain, There was no marked difference in
temperature during these two periods. The evidence
shows that if there is a loss of intensity of colour of
the seeds it cannot be attkibuted to the weather at this
stage.

,It is possible that in some plants a loss in
colour of the darkest seeds is a natural process taking
place after the darkest colour has been attained. In the
other plants studied, however, there is no evidence of .this
being S0.

Another explanation is that the darkest coloured
seeds of the heads in question have been shed in the
field. 1In all of the plants of this class there was
only a relatively small proportion of dark coloured
seeds in the heads collected immediately prior to those
showing reversion. It is quite possible that a small
percentage of the darke? coloured seeds mey have previously
been present in the heads concerned but have been shed
in the field. Against this explanation it might be
pointed out that no reversion is shown in the later heads
of those of Class 1 of which a number of heads were

collected after the first appearance of the darkly

‘coloured group q seeds, But examination of the analySisv

of the seeds of these plants shown in the tables reveals

~ that, compsred with the five plants showing reversion,

there is a relatively high percentage of dark coloured

seeds, Shedding of some of the seeds of the dark
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coloured groups would still leave a fairly large

percentage of these seeds.

The evidence is not sufficiently exhaustive
to emable it to be concluded as to whether the
reversion can be definitely attributed to a natural loss
in intensity of colour of the darkest seeds of some
plants or to shedding of these seeds, I1f the former is
the case, an analogy can be drawn between these plants
and those in which a loss’in pigmentation was assumed
to produce the grdup x seeds ( page 26). If the latter
is true the five plants under consideration would
then be placed in either Class 1 of Class 2 according to
the colour group of the darkest seeds produced in each
case,

Plant A 4 (Fig. 9 page 36 ).

The graph of Plant A 4 has still to be considered.

In this case there is a fairly regular trend in seed
colour up to group r which is equally as dark as group
@ but quite distinct in colour.

There are some groups in this plant which do

" not occur in any other of the plants considered. None

of the seeds had the slightest red or copper coloured

tint often discernible in a number of other plants. The

darkest seeds were very characteristie of the plant,
supporting the evidence of various strains within the

species,

2. The Rate of Increase in the Colour Intensity of the

Seeds:

The graphs clearly reveal that, in general,

the rate of increase in intensity of colour from green
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to the darkest colour attained by the 'seeds is not
uniform, " “The ‘changes from group & upto about group -
e are rgléthély?éldw, but after this stage is reached
the dark colour inéreases more rapidly. ' A few days
at this stage may ‘Produce a marked difference in the
intensity of colour of the ‘seeds. '

‘The length of time“tgken for the iseeds to
pass from group'a to the 'darkest group-attained,
although sometimes similar in different plants, often
shows wide variation, “The 'graph of-Plant A 16 (Fig.
8 page 35) shows the very rapid increase in colour of
the seeds of this plant, which reguiréd only-9 days
to pass from group b to group q. The seeds of Plant
A 13 (Fig:8); on'the.other,h&nd, required twenty-—one
days” to" pass from group’c to group p. This dis
still another respect in which different plants are '

by no means uniform,
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In addition to the investigations that have
thus far been recorded, work was carried out on various
other lines such as:=

1s The effect on the colour of the
seeds of short period changes in
the weather durihg ripening,

2. The relation between the amount of
purple colouration developed in the
seed—-stalks and stérile spikelets
and the darkness of the seeds,

Je Date of flowering in relation to
the ultimate darkness of colour
of the seeds,

As the number of plants examined was too small

to enable accurate statistical results to be obtained

this aspect of the work will be considered very briefly.

The Effect on the Colour of the Seeds of Short Period

Changes in the Weather During Ripening:

By study of meteorological records and the
trend of seed colour shown in the graphs, an attempt
was made to ascertain whether marked changes in the
amount of rain and sunshine over short periods during
ripening exerted any effect on the seed colour,

The results were entirely negative, no relation
being found between the amount of rain or sunshine over
short periods and the trend of seed colour, If there
were any effects caused by changes in the weather they

were concegled by the number of other factors affecting

seed colour.
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The Relation between the Amount of Purple Colouration

Development in the Seed-stalks and Sterile Spikelets

to the Darkness of the Seeds;

For this purpose the plants were arranged in groups
according to the amount of purple pigmentation in the
seed-stalks and sterile spikelets, and ﬁhey were also
grouped according to the colour group of the darkest
seeds present., From these date correlation tables were.
constructed. The numbers were too small to enable reliable
results to be obtained so that the tables have not been
included. As Tar as they go, however, the results show
no correlation between darkness of seed colour and the
amount of purple in either the sterile spikelets or the

seed-stalks.

Date of Flowering in Relation to the Ultimate Darkness

of Colour of the Seeds:

The plants were arranged into four groups
according to the time of bloominge. The interval between
the groups was about six days so that the period between the
dates of flowering of the plants of the first and last
groups was about eighteen days. The plants were also grouped
according to the colour group of the darkest seeds present,
and a correlation table was constructed.

Here again there was found to be no correlation,




0

- 47 =

Conclusions:

1.

Ze

Se

With increase in age of the seed-heads the
seeds become darker in colour, some almost
black finally being produced. There is
variation between plants, however, With
regard to the final darkness of colour
attained by the seeds. Although,up to

a point, the length of time after flowering
is impoftant in increésing the darkness in
colour, the individuality of the plant seems
to be an important factor in determining the
ultimate colour of the darkest seeds.

There is evidence here that within the
species there are definite strains, some

of which produce seeds almost black in
colour while in‘others the final colour is

decidedly light., A )

Seeds of a single head cannot usually

all be included in the same colour group.

In the earlier étages of ripening this
variation may be due to the difference

in the dates of blooming of the flowers.

In the later stages, however, this explana-
tion does not hold, There is some evidence
that the position of the seed in the spikelet
is influential in determining the degree 6f
darkness of the seeds, the terminal seed

often being eventually darker than the others.

The lighter colour groups up to about group
d are very similar in different plants. /

There may be marked difference between plants,

however, in the amount of red pigmentation.of
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the more mature seeds and in the size

and shape of the caryopsis. It is

" concluded that within the species there

are strains which are recognisable by

the siZe, shape and colour of the more

mature seeds. This conclusion is
strengthened by the fact that individuality
exists in plants with regard tofihe produc-
tion of group X seeds.

The rate of increase in the colour intensity
of the seeds takes place relatively slowly
from group a to about group e, but after

this stage ﬁhe speed +he—speed is more rapid.
The length of time taken for the seeds to pass
from group a to the darkest group attained, :
although sometimes similar in differént planté;

often shows wide variation,
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PART 2.

The Relation of the Colour of the Flowering Glume
and the Weight of the Caryopsis to the Germination

Capacity of the "Seed".

Laboratory germination tests have been
carried out by N.R.Foy of the Government Seed
Testing Station with various lines of Crested
Dogstail seed of different general colour, The
lines were graded into eleven classes according
to the general colour of the samples. On the whole,
there was a higher germination capacity in the darker
samples, the germination percentage ranging from 98%,
in the darkest to 65% in the lightest sample, More-
over, the vitality of the seeds of the darkest colour-
ed sample: was greatest as shown by the fact that after
a period of four years the germination pepcentage
of seeds from the darkest sample was 80% and from the
lightest only 6%

It should be noted that in ?oy's work the
different samples were grouped according to their
general colour, In any one class there would be a
certain amount of variation in colour of the seeds
comprising that class. In addition, the seeds of any
one line would be derived from many different plants

of probably a large number of strains.

Method: ’

For this work the seeds were selected by
infividual examination under the microscope so that
they could be allotted to their exact colour groupss
With the object of ascertaining whether the individ-
uality of the plant exerts any effect on the germihation
eapacity of the seeds, germination tests were made with

seeds of the-yarious colour groups from different plants.
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The seeds of each head of a plant were
foughly classified into colour—groups by spreading
them out on a piece of mirror and examining with a
pair of binocular lenses giving a magnificatioh of
three diameters., The mirfor enabled the flowéring
glume to be examined without the necessity of having
this surface uppermost.

After the seeds had been sorted into their
approximate colour groups they were examined under
the microscope, using the same method as in the
former work. The seeds were placed with the flowering
glume uppermost and by comparison with the colour
charts each seed was allotted to its exact colour
group. Any seed that did not coincide exactly with
the colour of one of the charts used was discarded,

As the number of seeds from each plant was limited due
to the fact that seeds from only about ten heads were
utilised, sufficient for a germination test could be
obtained from only a few of the most commonly occuring
colour groups. Plants were chosen which contained
sufficient seeds giving a range of colours ﬁsually
from group a up to gfoups h,k,p,or q. In most cases
200 seeds were used for germination tests of each
colour ;group but sometimes only 150 or even 100 of a
certain group were obtainable. The total number of
seeds used was 9010,

Germination tests were carried out with seeds
from only eight of the twenty-eight plants. The opher
plants were neglected either because sufficient seeds with
the desired range of colour groups could not be obtained,
or the proportion of straw coloured poorly developed
seeds was so high that it was impossible to obtain

sufficient seeds for tests of even one or two groups.
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After the seeds had been finally sorted into
the colour groups, each of the lots of 200 seeds was
weighed éarefully to one-tenth df a millegram.

The germination tests were carried out at the
Government. Seed Tesfﬁﬁé”ﬁéboratory under the direction
of Mr. N.R.Foy. They were thus executed under
standard seed testing conditions.v

The germination percentages were calculated
after periods of eight and eighteen days.

The résults obtained from the germination tests
are set out in Tables 10 - 17 (Pages 52-54) »

To facilitate consideration of the results shown
in these tableg graphs havg been constructed. Fig.1lQ
(page 56) shows graphs plotted for each of the eight
plants to illestrate the difference in the germination
percentage of the respective colour groups. In Fig.ll

(page 58), the relation between the colour of the

flowering glume and the seed weight is shown for each of the

eight plants, while in Fig,12 (page 60), the germination
percentage has been plotted against the weight of the seeds.
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TABLES SHOWING THE WEIGHT AND GERMINATI@N

w BE

CAPACITY OF SEEDS OF THE DIFFERENT COLOUR

GROUPS.
TABLE. 10. PLANT A 7. x
1
{
i
Colour Number of Weight in Percentage Percentage
Group. seeds mgs. of Germination Germination
Tested. 200 Seeds. After 8 Days. After 18 days.
1
a 200 54.4 6.0 Ded
b 200 75.4 190 11.5
e 200 “91.1 22.5 6845
e 200 109.0 790 98.5
h 200 120.8 94,0 9945
k 200 136.,1 98,0 100.0
q 200 116.6 97.0 9935
TABLE 11. PLANT A 4.
Colour Number of Weight in Percentage Percentage
Group. Seeds mgs. of Germination = Germination -
Tested. 200 Seeds After 8 days After 18 dayse.
a 150 b0ogl 3240 63.0
b 150 71.7 75¢5 92,0
e 200 86,6 91.8 97.5
d 200 121.6 97,0 9925
e 150 141.6 97.5 9840
i 200 127.0 93,0 98.0
TABLE l12. PLANT A 26.
Co@our:¢ Number of Weight in Percentage Percentage
Group..: Seeds mgs. of Germination Germination.
Tested, 200 Seeds. After 8 days. After 18 days.
a 200 90.2 70.0 8le5
b 150 133.9 89,0 96.5
e 180 176.7 98.0 99.0
da 200 193.2 96.5 99.0
e 150 204.3 94.5 100.0
h 200 198,9 955 97,5
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TABLE 13. PLANT A 8.
Colour . Number of Weight in  Percentage Peroehtage
GToup. Seeds mgs. of Germination Germination
Tested., 200 Seeds After 8 Days After 18 Days
a 100 654 6 9.0 45,0
b 200 91.3 27.5 5745
e 200 109.4 55,0 80.0
d 200 121.3 73.5 8840
e 200 147.1 93.0 95.5
h 200 153.8 9945 99.5
k 200 16643 98,5 99.0
P 100 157.4 100.,0 100.0
TABIE 14. PLANT A 21.
Colour  Number of Weight in  Percentage Percentage
Group Seeds mgse of Germination Germination
' Tested 200 Seeds. After 8 Days After 18 Days
a 130 67.7 34.0 47.0
c 150 94.0 81.0 8545
d 150 99,6 9645 9740
e 150 108.5 955 96.0
k 150 121,3 100.0 100.0
q 150 135, 5 100.0 100.0
TABLE 15. PLANT A 22.
Colour  Number of Weight in  Percentage Percahtage
Group. Seeds mgs. of Germination Germination
Tested. 200 Seeds. After 8 days. After 18 Daj
a 200 41,2 0 0
b 200 6749 2.0 11.0
c 200 85.2 1745 37,0
d 200 100.0 5745 66,0
& 200 121,.8 8645 90,0
k 129 88.0 98,0
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TABLE 16. PLANT A 13.

Colour  Number of Weight in Percantage  Percentage
Group Seeds - mgs. of Germination Germination
Tested. 200 Seeds. After 8 Days After 18 Day
a 200 71.6 2245 49,0
b 100 : 92.0 62.0 85.0
c 320 973 60.0 8640
d 200 1234 : 8745 96,0
e 200 12548 90.0 9745
h 100 158.0 96.0 99,0
k 100 142.8 94.0 9930
TABLE 17. PLANT A 9.
Colour  Number of Weight in Percentage Percentage
Group. Seeds mgs. of Germination Germination
Tested. 200 Seeds, After 8 dayse. After 18 Da
c 200 104.5 55.5 7040
d 150 12044 75«5 8845
e 200 ' 134.9 8545 9745
h 150 152.4 97.0 100.0
k 150 144.0 . 97.0 100.0
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Results:

The Vitality of the Seeds of the Different

Colour Groups:-

In assessing the vitality of the seeds
reference is made to the speed of germination, On
examination of the germination percentages after
eighﬂ days shown in the tables, it will be noticed that
in all bf the plantg seeds of the lighter'colouf groups
such as a,b and ¢, germinate more slowly than those of
the darker groups. In the lighter coloured seeds
the ratioof germination ¢ after eight days to
germination ¢ after eighﬁeen days is lower than in the
darker coloufed seeds, showing that the germination vigour
or vitality is greater in seeds of the darker cblour

groups.

et bt Lol i IS Sl
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The Relation of the Colour of the

Flowering Glume to the Germination

Capacity of the Seed:-

From an examination of the graphs shewn in
Fig. 10 (pages6 ), it is apparent that there are .
marked differences in germination capacity‘between
seeds of the lighter and darker colour groups. -The
graph of each plant reveals that with increase in
intensity of colour there is a corresponding increase.
in the germination capacity of the seeds up to a
maximum which is maintained in the darker groups. In
the darkest groups of Plants A 4 and A 26, however, there

is a decrease in the ¢ germination of 1.5% and 2.5%

respectively but no signifioance can be abtached to such a

relatively small difference.

When the graphs of individual plants are com-

pared it is seen that seeds of the same colour group

but from different plants may exhibit markedly different
germination. For example, the % germination of seeds
of group a varies from 04 in Plant A 22 to 8l.5% in
Plant A 26, being intermediate between’thése two
extremes in the other plants. This difference in
germination capacity of seeds of similar colour, groups
is evident in all of the lighter coloured groups up to
group e in some cases and h in othérs. In the darker
groups there is no signifioant difference in this
respect between seeds of different plants, the
germination percentage in all casses being very highe
Those plants which exhibit a high germination
% in the light coloured group a seeds reach their
maximum germination of approximately 100% in a lighter
coloured group than do those which show a low

percentage germination in the group a seeds.
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Comparison of the Weights of Seed

of the Various Colour Groups from
Different Plants.

In Fig 11 (page 58), the different colour
groups of.the tested seeds from the eight plants are
plotted against the weights in milligrams of two
hundred seeds of the respective groups.

In each plant, as the seeds become darker
in colour there is uniform increase in weight, up
to a maximum, after which, except in Plants A 21
and A 22, the seeds become lighter in weight, In
different plants this maximum weight may be attained
in seeds of different colour groups. For example,
in Plants A 7 and A 8 the heaviest seeds are group k;
in A 9 and A 13, group h; and in A 4 and A 26, group
€e In Plants A 21 and A 22 the darkest coloured
seeds tested were the heaviest.

Seeds of the same colour groups but from
different plants often show a fairly wide range in
weight, The group a seeds of Plant A 26, for example,
are more than double the weight of an equal number of
seeds of the same group from Plant A 22. A marked differgnce
in weight also occurs between more mature seeds of

comparable colour groups from these two plants.
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"The Relation of the Weight per 200

Seeds to the Germination Capacitys

Fig. 12 (page 60), shows the relation between
the weight of 200 seeds and the germination capacity.

In eaéh plant, the inerease in weight and
germination percentage is coincident untii the maximum
germination is reached. Even after this, seed weight
continues to increase,

In different plants, seeds of similar weight
may‘exhibit very different germination figures. Fbr
example, seeds of Plant A 4 weighed 71.7 mgs., ber 200
and germinated 92%, while in Plant A 7 200 seeds weighed 
75.4 mgs. and gerﬁinated only 1le.5%. Moreover, seeds
from different plants although of the same colour group
and similar weight may show wide differences in
germination capacity. This is well illustrated by
reference to group ¢ seeds of Plant A 7,A 4, and.A 22
These seeds in each case were of approximately theAsame
weight per 200, being 91.1 mgs. in A 7, 86,6 mgs. in A 4,
and 85,2 mgs. in A 22. But the germination percentages

of these group ¢ seeds from the different plants were

not comparable, being 68.5% in A 7, 97.5% in A 4, and 37.0%

in A 22,
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Discussion of Results:

As was pointed out in Part 1l. the main factor
contributing to the increase in intensity of seed
colour of an individual plant is maturity. This is.
substantiated by the results shown in Fig 11, where the
increase in colour intensity can be correlated with an
increase in the weight of the seeds. After the maximum
weight is reached, however, there 1s usually a decrease
in weight as the colour becomes darker. This decrease coul(
be explained by assuming a loss’' in moisture content of the
seeds during the final stages of ripening -- a natural
process in the ripening of seeds. There is no decrease

in weight, however, in the seeds of Plant A 21 and A 22,

~but it is guite possible that there would have been a decrease

at a later stage even allowing for the fact that the
heaviest seeds of Plant A 21 were very dark in colour.

Wé have seen that the decrease takes place at different
stages in different plants so that this stage of decreased
weizht may have been reached in these two cases had the
seeds remained longer on the plant

In each plant studied the enhanced &itality and
germination capacity of the seeds with increase 1in weight
of the caryopsis and colour intensity of the flowering
glume can be attributed to increase in matufity of the
seeds.

When the seeds of different plants are com-
pared, however, it is obvious that germination capacity
is reflected in neither seed weight nor colour of the
flowering glume, as seeds of the same weight and
colour group from dfferent plants may exhibit entirely
different germination figures. It seems that here

again there is evidence of different strains which
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differ markedly in their capacity tb produce high- or low-
germinating seeds in the lighter coloured groups.
Although in some plants the germination percentage of seeds of
such light colour groups as ¢ and d may be very high, in
others hiéh germination capacity is present only in much
darker coloured seeds. It is apparent that in samples

of mixed origin only the darker seeds can be relied on to
give high germination figures. This is in accordance
with the present trend of the seed trade in favouring the

n

darker coloured samples.
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i Conelusions:

l 1% . With increase in intensity of flowering
: glume colour there is an increase in seed
[ -2 weight up to a maximum, after which the
seeds become lighter in weight. It is
o 2 f concluded that the main factor responsible
A } for increase in intensity of colour is
| maturity, although, as shown in Part 1., there

are other contributing factors.

; ; 2e In any one plant, as the flowering glume
increases in depth of colour there is:
(a) Increase in the germination capacity

of the seeds up to a maximum which is

maintained with further increase in

e e e o ———s
A

colour intensity,
4 | (b) Increase in the vitality of the seeds

as dssessed by the speed of germination,.

Se Within the species there appear 1o be
different strains, Seeds of comparable

colour groups from the various strains

ey

exhibit wide divergencies in weight.

4, . In differént plants neither seed weight
nor flowering glume colour is a criterion
of germination capacity. It seems that
the strains show wide difference in their
ecapacity to produce high - or low -

 ,‘ . germinating seéds in the lighter coloured

groups.

5. In seeds of mixed origin it appears that






