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This work was undertaken as part of a program of experimental 

embryology on sobb selected Oyanosperms. Qinkgp bilfi^i generally 

regarded a* among the most primitive of the Gymnesperms, was selected 

for study because of mechanical convenience mainly, and not for phylo-
X

genetic reasons, nevertheless, its priaitivenese was also thought to 

be of significance because post-zygotic ontogeny in this form is simple, 

and organ Initiation is not deferred or complicated by the secondary 

imposition of an elaborate suspensorial system which the higher Oymno-

sperme possess.

There is now support for the view that post-zygotic ontogenetic

pattern can be somewhat manipulated by modification of environment. (15)
r

Yet the ultimate explanation for this is not available. Probably the 

main reason for this is that no one has yet devised an approach to the 

understanding of change in the immediate environment of the very young 

embryo; indeed that there is change in the normal environment is really 

only an assumption. The establishment of validity for this assumption 

is of ooncern in the present work.

I would like to express thanks and sincere appreciation to Dr.

H. W. Eadforth, Professor of Botany, McMaster University, for his

guidance and enthusiastic suggestions.
* * «

Also, I a® indebted to McMaster University for awarding me a

Research Assistantship without which this work would net have been

undertaken.
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KTEOBUCTIQB

A scarcity of knowledge about fundamental sechanisms of growth 

control on small groups of calls of the higher plants suggests the em­

pirical purpose of thia investigation.

It has long been known that wherever new protoplasa is produced^ 

high respiratory and growth rates go hand in hand. In spite of this com­

monly known fact there ie surprisingly little evidence linking respira­

tion with growth. (2). However, two sets of experiments in particular 

do much to convince us that a close correlation between respiratory rate 

and growth exists, firstly, in an extensive study on Avena coleoptiles 

Bonner reports a ho and 30 per cent stimulation of growth and respiration 

respectively. (2). Hickel observed that O2 consumption was stimulated 

hO to 60 per cent while growth attained with this, is 20 per cent over 

control. These experiments were carried out with varying concentrations 

of growth hormones. In yet another experiment 02 consumption increased 

by 20 per cent and greatest growth was also 20 per cent above control. (1).

Using a wide range of plants, Stiles and Leach have made deter­

minations of the changes in the respiratory quotient (R. Q.) during the 

early stages in the germination of seeds which contain different food 

reserves, for example, starch, hemlcellulose, and fatty oil. (16). They

found that in each species examined, the quotient changed during develop­
' * I

- - I
sent. These changes were attributed to the fact that different food re­

serves were used at different stages in development. Thue with maise,

which contains little sugar, such starch and some fat, they found that 
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the quotient fell from an initial value of unity to 0.75 and later rose 

to unity once more. It was suggested that initially sugar acted as the 

respirable substrate, that fat was oxidised later and finally that starch 

was consumed. Similar experiments were done by f. H. Craig on Luuinus 

albua. by Leach on wheat, iy Merry and Goddard on barley grain and 

seedlings, and by Mayer on lettuce seeds (3,4,10,13,12) Their investi­

gations explain the significance of respiratory quotient. They do not 

specify for stages far in advance of the germination period.

W. 0. James describes experimentation with germinating seedlings 

of the grass family which follows normal growth and respiratory rates as 

the embryos develop. (7). The present work bears some resemblance to that 

of James in that considerations of respiratory values pertinent to em­

bryonic environment are also of concern. However, this investigation 

focuses on early, rather than late, development of the embryos and here 

no fundamental approach for respiratory comparisons has been established. 

Although experiments on respiratory drift are to be anticipated, the main 

theme will of necessity be on the development of method that will lead 

to an understanding of biological principles at present out of reach.

In a literature survey on plant embryo growth If. K. Ziebur sum­

marizes by saying that the field is relatively underdeveloped. (19) *A 

number of workers have had a variety of results with different materials, 

and it is difficult to draw from their data any conclusions as to the im­

portant factors which la general influence the growth of plant embryos."
♦ I .

* ~ 1
In this work Ginkgo biloba L.. is used in the hope of elucidating implica­

tions which play a role in early growth phenomena. Specifically, these 

implications have resolved into the following several questions, the first
I■ 1 *
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of which became primary as art objective in this work with the others se­

condary but nevertheless significant as subsidiary aims.

a. Is it possible to establish an approach whereby assessment 

of change in the immediate environment of the very young embryo can be 

achieved? Hespiratory activity is used as an indication of change in 

the immediate environment because, of all factors, it is perhaps simplest 

to assess, and is usually intimately associated with other biological

events.

b. If such an approach reveals valid and pertinent results, 

what part of the total respiration of the intact gametophyte is contri­

buted by the embryo (sporophyte)?

c. What is the effect of wounding parental tissues relative to 

respiratory values, should these be obtainable?

d. Do individual gametophytes under identical circumstances
A ■

vary with respect to gaseous exchange?

e. Do light conditions significantly affect respiratory values?

With the terms of investigation designated, appropriate prepara­

tion of material for experimental purposes had to be considered.

> *, 
l
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MATJs&lALS AHI) FHOCiUXJBES

On the basis of earlier experience in an investigation with dif­

ferent purpose (Badforth 1936), ovulee were gathered, in Mount Pleasant 

Cemetery, Toronto, between mid-August and mid-October 1957. (d2*)- Fol­

lowing picking, the ovules were immediately transferred to cold storage 

at 2°C. Some 1000 ripe ovules were collected on Oct. 17 from a tree on 

Markland Street, Hamilton. These could be brought down by vigorous 

shaking of the tree rather than by a laborious hand-picking procedure.

A third group was obtained indirectly from China, having been imported 

by a Toronto merchant. This last group of seeds had been air dried. 

PAaaectiop.

The objectives direct attention to a precise locus of activity, 

the region containing the specific area of activity in which parental 

(gam®tophytic) and embx-yonic (sporophytic) tissues ©re situated side by 

side. Therefore, Isolation of all but these two kinds of tissue was a 

first requirement. In eome cases, when wounding of game to phytic tissue 

or emphasis on post-sygotic mass w&s contemplated, further dissection 

was required. In all cases the procedure of preparation first entailed 

separating the female gametcphyte from all three layers of the integument.

Care was taken to remove the inner fleshy coat which upon ripening becomes
».

a tightly clinging brown membrane enveloping the soft gaaetophyte. The 

gaasetophytes were then ready for the next step in the procedure, the 

respiratory analysis.
A
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Methods , g f Sasii,AnaIys ig,

Experimentation on respiratory analysis was carried out with the 

use of a standard Bronwtll Warburg apparatus. Two methods of operating 

this apparatus are described in the literature. The first one is called 

the indirect method of Warburg, the second the direct method. (18). The 

former depends upon differential gas absorption because of contrasting

-imounts of medium in correlated vessels, the latter affords direct ®ea-

surement of oxygen loss. Both methods as well as a third one have been 

used. Presumably no detailed explanation of the first two is necessary 

as they are well known and widely accepted.. The third method is the 

writer’s adaptation based on the principle of the direct method with this 

difference that, instead of having two vessels with two different tissue 

samples, one containing alkali, the other having no absorptive agent,

only one mass of tissue with one vessel is used. This mass is first
i

measured for 02 consumption plus C02 liberation with no alkali in the 

vessel then for 02 consumption only,with alkali in the same vessel. In 

no case does the alkali touch the tissue.

V..

The group of ovules collected for this purpose was collected on 

October 17, • 57 and kept In cold storage until January ?, *58, when the 

first drift experiment began. A second experiment was started on Febru­

ary 18, ’58. The material of this experiment differed In no way fro®

that of the first, except in time in cold storage. The second experiment
. i,

was designed to check the first.

To provide material for each experiment a large group of ovules 

was placed in vermiculite and earth,and kept in a greenhouse at roo®

M * .
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