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and Cardamine asarifolia (several plants along the course

of the stream) ; and in the woods , Epipactis latifolia, Vera-

trum, &c. After a while , where the valley turns rather

sharp to the right, we had to ascend by a path through the

woods to the left, which leads over into the Lima Valley,

about a couple of miles below Boscolungo, and were soon

back to our inn again . We drove back early next morn-

ing to the Baths of Lucca ; for having come to the end

of our drying paper we were anxious to lose no time in

preserving our specimens.

III.-On the Fertilisation ofthe Cereals. By ALEXANDER

STEPHEN WILSON.

The present paper refers to observations and experiments

made upon wheat, rye, barley, and oats, during 1873, and

corrects one or two mistakes into which the writer had fallen

in a previous paper on the subject. (Bot. Soc. Tr. xi. 506.)

1. Before Fertilisation .-From the time at which the

ears, or part of the ears , of the four European cereals appear

above the sheath, till the time of flowering , the styles and

the anthers remain in nearly the same position . During

this time the filaments are of such length as to place the

lower ends of the anthers in contact with the upper part of

ovary, while the styles lie embraced by the anthers ; the

whole being straight and running in the same direction as

the axis of the closed pales. (See figs. 1 , 3 , 5 , 7.)

In each of these four cereals the ovary is of a different

form ; and it may be noticed in passing that the embryo

originating in each has well-marked distinctive characteris-

tics. The styles of the oat also differ from those of the

wheat, and these again fromthe styles of the rye and barley.

The anthers ofwheat, spelt, barley, and oats , nearly resemble

each other in length and form. Their upper ends extend

nearly half way to the apex of the pales. But in the rye.

floret the anthers are much longer, and reach very nearly

to the termination of the upper pale. The flower cup, or

space enclosed by the pales, is smaller and narrower in rye

than in the other cereals.

2. Opening of the Flower. " Many authors," says

Darwin (Origin of Species, p . 316) , " maintain that impreg-
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nation [of Wheat] takes place in the closed flower, but I

am sure from my own observation , that this is not the case,

8

2

1, 3, 5, 7, Oat, Wheat, Rye, and Barley florets . before fertilisation ; 2, 4, 6 ,

8, the same after fertilisation ; d, point where spontaneous discharge takes place.

Scale, four times natural size. A. S. W. , delt.
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at least with those varieties to which I have attended ."

We shall see that Darwin and the authors he alludes to are

easily reconciled . When we speak of the opening of a

flower, we usually mean the obvious distension of the

corolla, and the exposure of the anthers and pistil . But in

regard to the cereal and other grass flowers, opening is of

various degrees. It usually begins about the middle of the

spike in wheat, rye , and barley, and at the top of the

panicle in oats, while a week or ten days may frequently

elapse between the flowering of one part and another.

With what is called the Italian form of two-rowed barley

(which is probably the Achillean barley of some of the

ancient writers) , all the opening necessary for fertilisation,

and all that ever takes place , consists in such a mere effort

at opening as distends the pales sufficiently to enable the

anthers to be pushed up the sides of the flower-cup. If a

floret is held up between the eye and the light before fer-

tilisation has taken place, the anthers will be seen through

the pales lying in their original position, and if the flower

is then opened and inspected , it will be found that the

anthers are still unopened , and still retain their bright

yellow colour. But if, on looking through the semi-trans-

parent pales, the anthers are seen in the upper part of the

cup, fertilisation has taken place ; and if the floret is opened

the anthers will be found open, with the pollen scattered

about on the feathers and inner surfaces of the pales, and

the bright colour of the anthers passing away. The inner

pale in this form of barley is so tightly embraced by the

overlapping edges of the outer pale as prevents further

opening. The intra-palear space, however, is sufficiently

large to permit of the pollen grains falling down from the

discharging slits upon the styles ; for the barley in question

maintains an upright ear even when ripe.

In other forms of two-rowed and six-rowed barley , all

degrees of opening are common, from a mere inflation of

the pales to such complete opening as permits the anthers

to be pushed partially or wholly out of the cup . But it

frequently happens, even in florets which have fully opened,

that all the anthers have not been thrown out ; they have

simply been pushed up to the edge of the pales , and these

coming together again have enclosed them, as if the floret



the Fertilisation of the Cereals.
87

had not opened at all. This fact must be kept in view by

any one who, opening the pales after fertilisation , and find-

ing the anthers still inside, is disposed to contend for the

non-opening of such floret. In an ear of Bere (Hordeum

vulgare) eleven florets on the main rows had thrown out

the anthers while three had not ; in another, all the florets

on the main rows except one had expelled the anthers ; in

another, all the six rows were opened after fertilisation , and

none of the anthers was found enclosed . Delpino contends

that opening and non-opening are explained by difference

of construction in the florets . There is probably no

essential difference in florets of the same rows ; but it is

quite certain that in some the overlapping of the outer

pale is stronger and closer than in others, and that, there-

fore, the more tightly closed will be least ready fully to

open. Observation also proves that the plant is growing

more rapidly in one state of the weather than another ; and

the question presents itself, Has the degree of opening in a

given floret any dependence on the current vigour of general

growth ? None of the rows in the six-rowed varieties

seems to have any normal peculiarity in respect of open-

ing ; one floret on a row will open fully and fling out its

anthers, while another on the same row will retain its

anthers till they are pushed out by the ripening fruit.

The different varieties of wheat, so far as known to the

writer, observe conditions of opening the flower similar to

those of the barleys. Notwithstanding the strength and

ultimate rigidity of the pales of spelt, they open even

more fully than those of the ordinary wheats. In samples

of spelt from Germany, procured by the writer, none of the

third florets of the spikelet are fertilised, while in the

plants grown by him from these seed many of the third

florets are fertile . Many wheat florets never open so far as

to give room for the egress of the anthers, some open so far

as to allow one or more anthers to get half out , in which

position they are caught and held by the reclosing of the

pales. In many the anthers are wholly retained , but the

general rule is for the floret to open so far as to throw out

the anthers.

The rye floret is much longer in proportion to its breadth.

than the floret of wheat, barley, or oats . The anthers
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occupy almost the whole length, and the whole enclosed

space above the ovary. In order, therefore , to fertilisation.

it is an absolute necessity that the rye floret shall fully

open. This is also the case in wheat-grass (Triticum

repens) , and other grasses, in which the anthers are nearly

conterminous with the pales . Cases sometimes occur in

which the recurved edges of the inner pale so tightly em-

brace the anther that it cannot be pushed out even when

the flower fully opens.

Amongst the oats, very many florets never open their

pales so far as to discharge the anthers. In a great num-

ber of cases complete opening seems to be prevented in the

lower or main floret by the want of sufficient force of sepa-

ration in its pales, to push aside the secondary floret which

it embraces. Another reason why the anthers of oats are

so frequently left inside is, that in general the locusta hangs

with its apex downwards, so that even when the bracts

open wide, the anthers, hanging perpendicularly, are re-

enclosed when the flower shuts. But probably there are

other causes obstructing full opening ; for the lower floret

of the fly oat ( Avena sterilis) , although having very stiff

pales and closely hugging three or four secondary florets ,

opens widely in almost all cases . Wide opening is also

the general rule with the wild oat (Avena fatua) . The

cultivated oats open, from a slight dilatation of the valves,

to a separation at the points of a quarter of an inch . Cases

are to be seen in which the anthers of the oat have dis-

charged the necessary part of their pollen almost in their

original position, the inference here being that almost no

degree of opening has taken place. If a number of florets

are opened after fertilisation has occurred , the anthers will

be found either absent, or in all sorts of positions corre-

sponding with the degree of opening ; they will be found

peeping from between the pales, or somewhere betwixt the

edges and their original place.

As stated in a previous paper, opening of the cereal

flowers takes place at all hours of the day. I have ob-

served that it also takes place in all kinds of weather, wet

or dry. I have observed that spelt flowers open in the

morning before the sun touched them. I have also seen

them open in a dead calm after sunset (9 P.M. ) , many of
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them had opened and closed within an hour previously. I

have likewise seen wheat and spelt flowers open during

heavy rain, and in dull cloudy weather. Fertilisation

seems to take place when the flower is ripe , independently

of any particular state of the weather. In respect of all

florets which do not open so far as to eject their anthers,

the falling of rain or the blowing of the strongest wind is

perhaps a matter of indifference. In respect also of all

florets which open pendulously, the falling of rain is obvi-

ously a matter of indifference. But when we see, as

below, that even in upright, fully opening florets , the fer-

tilising discharge takes place inside the cup, the question

occurs, Will not a drop of rain carry the pollen grains down

towards the ovary and assist fertilisation ?

In wheat, barley, oats, rye, wheat-grass, and probably

many other grasses, opening of the flower may be induced

by handling the ear in a gentle way when the natural time

of flowering has nearly arrived . In rye especially this

would form a beautiful lecture-room experiment. I have

seen eleven rye florets throw out their bright yellow anthers

at the same time on one spike, by simply drawing them

through the hand : indeed, the mere transfer of a cut bunch

of rye culms from the open air into a warm room will

instantly bring out a fine display. Barley and wheat flowers

also open from the same causes , though not so freely. The

force exerted by some of the grass florets in opening is so

considerable that when , for instance, the lowermost inner

floret of a spikelet of darnel opens, the spikelet is held

apart from the rachis by a tension which counterbalances

110 grains.

Whether the sudden opening of grass flowers upon being

touched is to be regarded as a kind of irritability, must at

present be passed over. Probably the continued growing

of the pollen grains keeps the filaments of the anthers qui-

escent, until these grains becoming mature, the rising sap

is dammed back into the filaments. These are then forced

into the sudden growth which takes place. The handling

of the spike may simply antedate this process , since it may

sometimes be brought about before the pollen is matured ,

when the anthers are pushed up and tumbled out without
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rupturing. But in general dehiscence follows artificial

opening in the same way as it follows natural .

3. Fertilisation .-A knowledge of the fact that flower-

ing may be artificially anticipated gives great facilities for

observing the methods of fertilisation . These methods

may be seen and studied either in the field or in the house,

since the ears will blossom well and readily after being cut

from the plant and carried home. Indeed, single florets

broken from the axis and placed under the microscope,

have still so much life and force left in them as to go

through in a mournful way the beautiful process of fertilisa-

tion , and the botanist may thus perpetrate a little furtive

act of vivisection , painful only to the poetic imagination .

Break off a barley floret from an ear which is just com-

ing into blossom ; open the pales gently, and put it under

a low magnifying power. Presently a slight tremor takes

place. The anthers begin to move upward. The fila-

ments are visibly growing before the eye at the real rate of

six inches an hour. The anthers get more and more dis-

tended. They are now half way up the unpretending green

chalice. Observe the little slit commencing near the apex

of the more advanced. Out darts a little spurt of tiny

bullets. Presently the next and the next opens. Instantly

another and another spurt of tiny bullets are sent dancing

from each half-open suture over the enclosing sides of the

pales, or down upon the spreading feathers . Now and

then a solitary ball bounds out of the opening cavity over

the plain in front of it, as if it had relieved the elastic

pressure of those contiguous to it. But spontaneous pro-

jection ceases, apparently on the relief of the internal pres-

sure , although the slit continues to extend into an elliptical

pore. Still the anthers move upward. A point inside

the pale catches the foremost end of one while the filament

is growing and pushing from behind, and it falls over on

the round orifice, tumbling out by mere gravity a little

heap of grains. Another falls out between the pales , and

discharges its remaining contents in the air. The third gets

entangled in an overlap, and its unnecessary treasure remains

inside. (Compare figs. 2 , 4, 6, 8, with figs. 1 , 3 , 5, 7.)

But the same phenomena may be observed in the field

with an eye-glass. In order that all the processes may be
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seen according to the usual method of nature, watch the

ears of awny wheat on a calm day until a floret is caught

just beginning to separate the point of its awn from the

spike. Gently push back the inner pale a little , and the

anthers will be seen rapidly moving upward. Generally,

by the time their discharging or upper ends have advanced

half way up the cavity of the floret , the slits open , and the

discharge consequent apparently on the internal pressure

of the swollen pollen grains has taken place . The anthers

continue to be pushed upward, dropping out a little pollen

here and there. But all discharge after the first one or

two spurts arises solely from gravity and the downward

position ofthe slits .

As it is a tedious pastime to watch for the natural open-

ing, the opening which is brought about by handling the

ear may always be substituted . For while you are examin-

ing one floret, others are sure to begin to swell out and

give symptoms of opening, so that the essential process

may be watched in any number of cases . The opening of

an oat flower with a pincers, when near the time of flower-

ing, will bring on the process of fertilisation under the eye ,

and the same phenomena may be seen as in the case of

barley and wheat. Discharge of pollen takes place before

the anthers get outside the corolla.

It is thus seen that in those florets of oats , wheat, spelt ,

and barley, which even fully open, a discharge of pollen

takes place before the anthers get outside . Only from

three to five minutes elapse from the time when the anthers

begin to move until the filaments attain their final length.

After extension these filaments are slightly reduced in

thickness.

In the case of rye, which is next to be considered, several

of the facts are different. As the anthers in the immature

position extend almost the whole length of the pales, the

least extension of the filaments pushes the upper end of

the anthers, where the discharging slit first opens , out of

the flower cup altogether. This is also the case in wheat-

grass and others. From a single observation , it is probable

that the long anther of the feather-grass (Stipa pennata)

opens first near the lower end. Were this the case in rye,

its fertilisation would be better secured than it is. But as
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the rye anthers do not open till beyond the flower cup,

certain compensations, as compared with the other cereals,

come into play. The quantity of pollen in the rye floret

is about ten times greater than in that of wheat, barley, or

oats ; and on its opening the feathers spring out in curves

on both sides.

In various wheats and spelts the points of the feathers

are frequently thrown outside, where they are sometimes

fixed permanently by the reclosing of the valves, and some-

times they are retracted on the closing of the flower. But

the rule in wheat, oats, and barley is, not to expose the

feathers. Now, are these precautions taken to fertilise the

rye floret successful ? We shall see that they are not. We

shall see that 24 per cent. of the perfect rye florets in a

field are never fertilised .

It thus seems to be the case that wheat, barley and oats,

whether they fully or but partially open their flowers, are

fertilised before the anthers are visible outside. The coming

of their anthers outside , or discharging a remnant of pollen

in that position is an accidental circumstance of no essen-

tial importance ; while with rye an exterior discharge is

always essential but frequently a failure . The flowers are

seldom open above half-an-hour ; and seldom are there

more than three or four florets open at one time on a

spike.

66

"It is generally believed ," says Mr Alfred W. Bennett

(How Flowers are Fertilised, a Lecture, 1873 , p. 11)

though on this point further experiments are still wanting

-that our cereal crops , especially wheat, rye, and barley,

are fertilised exclusively by the agency of the wind. The

flowers are small and uncoloured , without calyx or corolla ;

the anthers are hung lightly on the end of long slender

filaments ; the pollen is very fine and powdery ; and insects

are hardly ever seen to visit them. Favourable weather

(fine and sunny, with light breezes, and yet not so strong

a wind as to disperse the pollen to too great a distance, so

that it will not perform the purpose for which it was de-

signed) at the time when the plants are in flower-i.e. , in

the early part of June-is therefore of very great import-

ance for the insuring of heavy crops ." But we have seen

that the rule which applies to wheat, barley, and oats, does
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not apply to rye. We have seen also that the wind is

entirely unnecessary to the fertilisation of wheat, barley,

and oats. The Belgian farmers who trailed ropes over their

flowering wheat to insure complete fertilisation , were doing

that which the very appearance of the anthers told them

in whispers, not yet heard , had already been accomplished .

The pollen of these plants, which the winds disperse , is not

that which fertilises, but that which is not required for

fertilisation. It is manifest that in the Italian barley, the

largest fruited of all the varieties, and which never opens

its pales, nor disperses any pollen in flowering, cross-fertili-

sation has never taken place in all the lapse of its existence ;

while in the case of the other barleys, wheats, and oats ,

even the florets which do fully open are self-fertilised

before space is afforded for the admission of neighbouring

pollen.

Then in regard to rye. I counted at one time ten ears

taken at random from a field when nearly ripe, and found

that they contained 450 fertilisible florets . The defective

highest and lowest florets on the spike, and the middle

florets, which sometimes are fertile but more frequently

barren, were left out of the enumeration , and only the four

rows taken which are usually fertile ; of these 107 were

barren. Thus, 76 per cent. of the florets were fertile, and

24 per cent. barren. At another time I took from the

sheaf fifty ears, and counting in the same way, found 2297

florets , of which 1750 contained kernels, thus giving 76

per cent. of fertile florets, and 24 of barren , as before.

I placed a pot containing several plants of rye and barley

in an unoccupied room immediately before flowering.

Here consequently they flowered in a dead calm, unaffected

by the wind. When the plants were ripe twenty ears of rye

were counted as before , and contained 817 fertilisible florets.

Of these only 165 had produced kernels. So that in a dead

calm only 20 per cent. of rye florets were fertilised . And

if 20 per cent. are fertilised by the falling of the pollen

from the expelled anthers in a dead calm, while 76 per

cent. are fertilised amid the ordinary breezes of the field ,

56 per cent. of rye florets are fertilised by the agency of

the wind.

Counting ten ears of Chevalier Barley in the open field ,
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there were 285 florets, of which nine were barren, or a little

over 3 per cent. The barley grown in the pot was not well

attended to , and ten ears which flowered in the house had

only 191 florets, of which ten , or about 5 per cent. were

barren. The difference of 2 per cent . I believe to be due

to defective watering rather than wind ; this comparison

not having been thought of till after the plants were ripe .

But the fact that the percentage of barley fertilised amid

the ordinary motions of the air, and the percentage fertilised

in a dead calm are practically the same, proves that the

fertilisation of barley does not require the aid of wind , and

must therefore result from the intra-palear discharge ; since

the extra-palear discharge in the dead calm falls to the

ground, the specific gravity of grass pollen being much

greaterthan that of atmospheric air. It is almost needless

to say that one plant of Italian barley of four ears, which

also fertilised inside the house, was as fully fertilised as in

the field.

Counting the outer rows only of ten ears of various

wheats, the percentage of barren florets was 41.

The main florets of ten ears of Potato Oats in the field

numbered 296, of which six florets were barren, or about 2

per cent.

We see, then, that the method of oats , barley, and wheat,

more successfully fertilises the ovule than the method of

rye. As before hinted , this does not arise from the quantity

of pollen being greater in the former than in the latter, but

simply because in wheat, barley, and oats dehiscence takes

place inside the floret, where, in general, neither wind nor

rain can carry away the pollen from the vicinity of the

stigma. But barrenness frequently results, not from the

non-apposition of pollen , but from defects , or monstrosity.

An ear of bere was observed with the flowers on the main

rows gaping open, but with the anthers inside shut and des-

titute of pollen. Emptied anthers speedily get blanched and

shrivelled , and, in many grasses, the discharging sutures soon

open from end to end. Where anthers are seen hanging

outside , straight and yellow, or purple (which they some-

times are) , they will be found defective. The stigma is also

sometimes defective. An ear of bere was observed , in each

floret of which were clustered three ovaries, having two
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feathery styles each, while the anthers were merely rudi-

mentary.

4. Points of Structure.-A transverse section of a rye

anther, a little before puberty, shows four cylinders around

the connective, although structurally there are but two lobes.

Each cylinder shows about twenty-six grains attached round

the interior surface , and leaving the central part of the

loculus open from end to end. Making the necessary micro-

measurements, each anther of rye is found to contain about

20,000 grains, the three anthers together giving 60,000

grains of pollen for the fertilisation of what is usually con-

sidered one embryo, but which, perhaps, may more properly

be regarded as a cellular mass, capable of evolving fifty

embryos, one of which takes the lead in the ovary, but two

others of which may generally be therein detected .

The pollen of three triplets of rye anthers poured into

the pan of a delicate balance was found to weigh 37 of a

grain. Each floret, therefore, of a fair-sized spike of rye

contains 123 of a grain of pollen , and each anther 041-

so that 500,000 ellipsoids of rye pollen are required to make

1 grain weight.

Measuring and weighing the pollen of wheat in the same

way a spelt floret was found to contain 6240 grains of pol-

len , and a spring wheat floret 6864. A set of spelt anthers

(which are about the same size as those of the other wheats,

barley, and oats) , was found to contain a weight of pollen

of 016 of a grain . This is only about one-eighth of the

weight contained in a set of rye anthers. But the pollen

grains of wheat are larger and more spherical than those of

rye, so that it takes only 390,000 of these balls to weigh a

grain , and while to produce a rye kernel about one-sixth

its weight of pollen is required , to produce a wheat kernel

only one-fortieth its weight is required . It would be easy

further to show that an acre of wheat may produce 50 lb. of

pollen, and an acre of rye 2 cwt.; but such calculations are

less suited to strict science than to the gratification of popu-

lar curiosity.
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nation formed by fifty fronds, each 8 or 10 feet high.

Not inferior in size, if somewhat in grace, is the large

Chrysodium aureum, which only grows on the banks of

tidal streams. Lygodium microphyllum is a creeper , and

may be seen trailing through the reeds and water plants

for many yards, leaving everywhere a gay festoon as it

moves along. It somewhat resembles Tropaeolum cana-

riense, but is more light and delicate. Lastly, we have

three Gleichenias, with their simple rudimentary spores

at the back of each frond, ready to drop off at a touch ,

Gleichenia dicarpa, G. microphylla, G. flabellata. They

are wiry and incompressible, but eminently graceful and

light.

11th February 1875.-Professor ALEXANDER DICKSON in the

Chair.

The following Communications were read :-

I. On the Fertilisation ofthe Cereals. By ALEXANDER

STEPHEN WILSON.

To the position taken in my last paper* on the fertilis-

ation of the so-called European cereals, that these grasses

were self-fertilised ; that the act of fertilisation in those

cases in which the flower opens is probably performed in

the opening, and is necessarily confined to the twenty or

thirty minutes during which the flower remains open , cer-

tain objections were taken. It was objected that I appeared

to make the mistake that fertilisation took place when the

pollen was shed, which, as was illustrated by the case of

many plants, it was said , was not necessary.

The meaning of the word "fertilisation " is partly a

matter of convention. It may mean that act of the anthers

by which they project or discharge the pollen , which , fall-

ing directly on the pistil , shall produce the embryo ; or it

may mean the falling of the pollen on the ovule after being

carried a distance by the wind ; or it may apply to the

See ante, pp. 84-95.

TRANS. BOT. SOC. VOL. XII.
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instant in which the elements of the pollen set up that

action in the ovule which produces a new plant.

It is with the first meaning that these papers are con-

cerned. I find that many of the cereal florets never open

at all, and that in the case of those which do open , part of

the pollen is discharged inside the cup. The discharge

and the contact may be very nearly simultaneous , or the

pollen may adhere to the inner sides of the paleæ , and may

not touch the stigmas until the paleæ are again squeezed

close to the stigmas. It is the discharge, which is here.

called fertilisation, so that in florets which open and close

again in twenty or thirty minutes, this fertilisation must,

by its definition, take place in these few minutes. In

florets which do not open, but simply become more or less

inflated , the process is the same ; discharge and contact

closely follow each other, and this process is here called

fertilisation . How long the pollen may lie dormant on the

stigma, or how long it may take, in any form, to reach the

ovule, I am not aware that any one has determined. If it

be said that fertilisation does not take place till some of

the matter of the pollen has reached the ovule, the two

meanings are not contradictory, but refer to different stages

of the same process.

Last season (1874) I had opportunities of observing the

flowering of a wheat not referred to in previous notes.

This was the Polish wheat (Triticum polonicum) . The

descriptions of it which I have seen are somewhat defec-

tive. The glumes or outer chaff-scales are more than an

inch in length and somewhat shorter than the outer pale of

the lowest floret, which is frequently an inch and a half in

length. The inner pale of the lowest floret is less than half

the length of the outer ; the second floret on the spikelet

is shorter than the first, the third than the second, the

fourth is shorter than the third , while the fifth and sixth

are rudimentary. Only the two lower florets are awned .

But the peculiarity which distinguishes this from all other

wheats is, that while in other wheats the inner florets of

the spike reach further up the rachis than the outer and

form a convex outline, the outer florets of the Polish

wheat reach highest, so that the spikelet has a concave

outline.
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In this wheat two of the anthers are usually enclosed

within the reflexed edges of the inner pale. They are

pushed upwards in flowering. But the outer pales of the

two lower florets are so large that the filaments of the

anthers never acquire length to carry the anthers outside.

They are not prevented from getting outside, as in some

other wheats, by the edges of the outer pale enfolding the

edges of the inner. The two pales are quite unconnected ,

and the anthers, though free to come out, are overlapped

by the great size of the outer pale. The anthers of the

third and fourth florets sometimes appear outside, when

hanging favourably for falling out between the pales. But,

from the structure of these pales , almost all the pollen

must be discharged inside ; so that cross-fertilisation seems

to be very rarely possible . And, from some peculiarity un-

known to the writer, self-fertilisation was less successfully

accomplished in this wheat than in others growing beside

it.

In order to test more fully whether self-fertilisation was

adequate, or whether foreign pollen was necessary, two clear

bottles were attached to two poles inserted in the ground ,

and into each bottle an ear of barley, near the time of

flowering, was introduced, and the bottles corked , leaving

only a notch for the culm. They fertilised and ripened in

the bottles as if no bottles had been present ; one present-

ing two barren florets , which may often be seen in ordinary

culture, the other being fully fertilised . Into each of two

other stone bottles, and therefore dark, two ears of wheat

were introduced , as in the previous case . These ears were

as fully fertilised in the dark bottles as the same wheat in

the open air. But I discovered that such experiments

were being performed in all directions through the corn

fields, and that I had only to read off the results.

In fields of barley I found here and there solitary

ears of oats ; they were as fully fertilised as the ears in

oat fields .

In a field of oats I found two spikes of spring wheat and

no others, and there was not a field of wheat for miles from

the spot in any direction ; they were both, in succession ,

fully fertilised .

In various oatfields solitary ears of various barleys were
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found, and all were as fully fertilised as if they had been

surrounded by flowering barley.

In a field of hay, which had carried oats the previous

year, a good many dwarfed panicles of oats were found ,

struggling up from the seeds which had lain through the

winter. Some of them carried but a single floret , some

two or three, some five or six . They were all fully fer-

tilised .

On roads and railways here and there dwarfish specimens

of the cereals were also found, and fertilisation in these was

as completely effected as if they had been taken from the

midst of thousands of others .

At a later period of the season, after the crops were

ripe, turnip fields threw up a green panicle here and

there, and in these also fertilisation was in no way de-

ficient.

Of course it is well known that some of the pollens may

be carried to great distances . The pollen of the cereals , in

the condition in which it is discharged, falls in air with

considerable rapidity. The flowers of wheat, barley, rye,

and oats, which do open, remain open but for a very brief

period. Only two or three florets on a spike are open at

one time. Unless, therefore, a constant stream of pollen

were passing over a spike of wheat for a week, it could not

be wholly cross -fertilised . This would require the con-

currence of a properly directed wind, and that the fertilis-

ing source should be at the same stage of maturity as the

subject to be fertilised. In the case of oats , the locusta

of which is pendulous, and the ovary of which is covered

from above, cross fertilisation could only be effected by

pollen moving first in a horizontal direction , and then

rising up into the flower against the force ofgravity . That

single ears of wheat growing miles away from all other

wheat, or panicles of oats six inches above the ground

amongst the roots of grass, or ears of barley enclosed in

bottles, should be cross-fertilised , seems impossible.

A former paper may have given the impression that all

the florets of wheat, rye, barley, and oats close again in

twenty or thirty minutes. There are some exceptions to

this in the case of rye. Some of the florets of rye never

close after opening. Now, if it were the case that the
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spikes of rye were more fully fertilised than the spikes of

barley, this fact, coupled with the possibility of cross-

fertilisation, might be held to explain this fuller fertilisation

of rye. But further observation confirms the fact previ-

ously stated, that rye is the most imperfectly fertilised of

the four grasses under review.

Certain botanists have assumed the responsibility of

maintaining that Nature abhors self-fertilisation . If she

does, her practice falls short of her principle . But what

is self-fertilisation ? and what is cross-fertilisation ? Con-

sider a wheat plant. The seed falls into a poor soil , and

only a single stem and a single spike is produced. The

pollen and the ovule enclosed in each floret have a certain

relationship to each other ; what that relationship is, in

terms of the production of a new plant, we do not know.

But is this relationship between the pollen in one floret

and the ovule in another floret of the same spike a different

relationship from that between the pollen and ovule in the

same floret ?

Suppose, again, that the seed falls into a rich soil, and

produces fifty stems and fifty spikes ; is the relationship

between the pollen on one spike and the ovules on another,

different from the relationship between the pollen and ovule

in any single floret ?

Suppose, further, that a wheat plant of fifty tillers is torn

asunder when young, divided into ten plants, and grown in

ten different fields. Is the relationship between the pollen

ofone plant and the ovules of another, different from the

relationship between the pollen and ovule of a single floret

in the supposed single stem ?

"" ""

If what is usually called cross-fertilisation- the con-

junction of pollen from one floret with the ovule of another

-bring different elements together from those brought

together by self-fertilisation , this is a physiological differ-

ence of real value. But if in cross fertilisation the

pollen transferred contains nothing but what is contained

in the home pollen, then cross-fertilisation and self-fertilis-

ation , dealing with the same elements, are physiologically

identical. To call the process self-fertilisation when the

pollen comes half an inch to the stigma, and cross-fertilis-

ation when it comes half a dozen yards, seems to be the
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making of a distinction in advance of any real knowledge.

If a botanist, by using the word cross-fertilisation , wishes

his hearer to understand that a different vegetable element

is involved when he uses the term self-fertilisation , it is

incumbent on him to fix in his own mind what is his own

meaning.

II. Deciduous Trees in Winter. By JAMES M'NAB.

A very general belief seems to prevail that it is impossi-

ble to distinguish the various forest trees when stripped of

their foliage. But the pleasures of a country walk in winter

maybe greatly enhanced by a recognition of the bare trunks

and leafless branches that surround us, and by being able

to tell every tree as it comes into view. I shall endeavour

to describe the general arrangement of the terminal branches

and spray of some well-known forest and ornamental trees ;

more particularly as they appear in early winter. As the

season advances they become more dense, owing to the

gradual swelling of the young buds. The practised eye,

however, is always enabled, from the disposition of the

spray, to recognise them in their different stages . The Ash

tree has frequently an irregular outline of head, generally

with long undulating branches, particularly on trees stand-

ing free. The twigs are somewhat dichotomous, thickened

at their points, and project considerably beyond the second-

ary or side spray. The spray has a loose appearance, and

shows a uniform openness all over the tree . The Beech

tree has generally a well-developed and regular outline, the

main branches tapering gradually. The points , for the most

part, proceed at right angles from the branches, and have

an undulating appearance. The side spray is short, and

generally turns upwards . The extremities of the branches,

for about 3 or 4 feet all over the tree, show a uniform

lightness. The bark of the tree is smooth , and generally

of a grey or leaden colour. The Birch, when standing

free , has often a regular and graceful outline.
The points

are principally composed of small twigs of uniform thickness ,

either upright or weeping, generally showing a somewhat

netted appearance. The stem is well known by its white.

bark. The Horse-chestnut generally shows a regular out-


