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questions that here confront us a clear crease the intracellular activity of the pro- 
recognition that sol~~tions toplasm and may readily disturb the bal- are chemical in 
nature ~vill  be of greatest service. ance of the metabolic processes so that the 

LOIJISKAHLENBERG production of a larger amount of excreted 

ON T n f l  NATURE OP REsPONS% 

CZEEYIC'AL STIYUIJATION 


I N  its last analysis we may readily 
enough suppose that the response of organ- 
isms to any s t imu l~~s  is indirectly, at  least, 
a result of chemical stimulation. That is 
to say, we may suppose that any change 
of environmental or internal conditions, 
whether i t  be of a chemical nature or of 
what is ordinarily called a strictly physical 
nature, awakens response by reason of 
chemical changes which are induced by its 
action, and these chemical changes are 
themselves the starting point for the chain 
of reactions which eventually evince them- 
selves as the response. 

A factor lilre increase of temperature 
very likely depends for its effect consider- 
ably, if not very largely, lnpon the them-
ical readjustments which i t  causes within 
the protoplasm. We have of Course in the 
first place what might be called the pri- 
mary or immodified effect of increased tem- 
perature-the general acceleration of chem- 
ical processes which innder S I I C ~conditions 
is axiomatic in both inorganic and organic 
reactions and which does not necessarily 

waste products will further accentuate or 

perhaps even modify the response by reason 
of a purely chernical stimulation caused by 
these very waste substances. Again, i t  is 
well known that one of the critical points 
of protoplasm as regards temperature -
the coagulation point-depends upon the 
amount of water held by the protoplasm, 
inch~ding without doubt chemical as well 
as physical constitution of water. The less 
water, the higher the coagulation point, or 
in other words, the less water the less read- 
ily the final chelnical reaction of proto-
plasm to beat takes place. The longer the 
organism is subjected to new conditions 
of temperature the more permanent the 
changes become, as is shown by the phe- 
nomena of acclimatization; and the more 
gradual these changes are, the less liliely 
are they to result in the destruction of the 
plant. 

I n  the response of protoplasm to light 
tve have another instance where an external 
physical factor affects the chenlical struc- 
ture within the organism and thereby sets 
up reactions which are traceable to &em.. 
ical stimuli. Without referring to the 
action of the red-orange rays in photo- 

imply any change in the chemical c~nst i tu-  synthesis, I may call your attention in this 
tion of the protoplasm. But  we should not 
assume too readily that the case is as simple 
as this, for organisms do not respond in the 
manner in which they would were their 
protoplasm a In short, 
we are justified in supposing that certain 
changes a more Or less profound nature, 
due to altered chemical constitution, are 
the net result of rise in temperature. For 
instance, a change of temperature will in- 
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regard to the action of light as a whole as 
a formative stimulus in tissue differentia- 
tion, In the absence of light, as is now 
well known, the of the more 
elaborate prosenchymatic tissues is, to a 
largeextent, if not wholly, inhibited. N~~ 
we can suppose that light rays alone 

are directly rclponsille for, let us say, the 
lignification of the mechanical tissue in  a 
stem, but their action is to cause certain 
chemical changes which Constitute the stim- 
ulus which enables the living tissue to 



build up this particular form of cell wall. 
I t  is interesting too to note in this connec- 
tion that certain poisons of a purely chem- 
ical nature have the same effect in retard- 
ing tissue differentiation as does the absence 
of light. This would seem to indicate that 
this particular phase, at  least, of the re- 
sponse was due to a form of auto-intoxica- 
tion of the normally illuminated tissues 
when grown in the absence of light. 

It is, however, not necessary to dwell 
further on this aspect of the question. 
Few, if any, physiologists would to-day be 
inclined to d'eny the ultimate chemical na- 
ture of the response of protoplasm to any 
form of stimulus. I t  is the purpose here 
to limit the examination of chemical irri- 
tation more especially to actual concrete 
chemical substances brought into relation 
with living protoplasm, and to inquire 
somewhat more particularly into their 
mode of action and the nature of the 
changes which they induce. The impor- 
tance and fundamental nature of these 
reactions can not be doubted. 

For this purpose we may include in the 
list all those substances which i t  may rea- 
sonably be believed induce, by their chem- 
ical action, constitutional changes in proto- 
plasm. These substances may be mineral 
salts, organic compounds of great diver- 
sity of structure, including anesthetics 
which have been perhaps wrongly placed 
in a special class, and even gases of a 
simple constitution. They may be crystal- 
loidal, electrolytes or non-electrolytes, or 
perhaps even colloidal. 

As a starting point it is necessary to ad- 
mit that there are certain chemical elements 
which must be supplied to the plant for 
what is considered its normal development. 
Ordinarily these elements are supplied to 
the autotrophic plant in the form of oxy- 
gen, carbon dioxide, water and solutions of 
certain mineral salts, with the substitution 

in the case of heterotrophic forms of some 
suitable organic compound of carbon. For 
all of these necessary simple substances 
there is supposedly an, optimum tonic point 
of concentration, though experience shows 
that i t  may vary somewhat, and the same 
is true of the more complex organic food 
supplied to the plant devoid of chlorophyll. 

Moreover, not only must these sub-
stances be prwented in an acceptable form 
and in the proper concentration, but there 
must also be a proper physiological bal- 
ance in the mixture of the raw foodstuffs. 
The relation of the plant to the so-called 
normal food supply is not the question 
which i t  is here specifically our purpose to 
discuss, and we may assume that the plant 
is supplied, under the most favorable con- 
ditions, with sources of raw food material 
and is under the influence of favorable ex- 
ternal conditions. 

However, there are some points in re-
gard to the normal food supply which have 
a direct bearing upon the question of chem- 
ical stimulation, as defined even in its re- 
stricted sense, which should be referred to 
before passing on to the main subject. I n  
the case of some of the necessary food ma- 
terials the concentration may vary within 
relatively wide limits before the eEects of 
a lack or excess of these substances are ob- 
servable. I n  such cases the increase neces- 
sary to produce a reaction may readily be 
so great as to involve a material increment 
in the isotonic coefficient of the solution 
and thus confuse any result produced by 
any direct chemical stimulue with those 
initiated by the change in osmotic pres- 
sure. Potassium salts, for example, will 
fail to elicit any response in the growth of 
fungi until the concentration is so in-
creased as to raise the osmotic pressure by 
several atmospheres. It is known, how-
ever, that some of the necessary salts which 
are required by the plant in relatively 
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small quantities may, if the concentration 
be raised above the normal point, cause a 
secondary stimulation of growth and even- 
tually, if the increase be continued, become 
inhibitory after the manner of poisons. 
Iron salts accelerate the growth of certain 
fungi f a r  above the normal, when present 
in even slight excess, although the increase 
in concentration is nowhere nearly suffi-
cient to raise measurably the osmotic co- 
efficient of the solution. It has likewise 
been shown that under certain conditions 
calcium and magnesium salts seem to stim- 
ulate growth in a nianner which may be 
considered strictly chemical, although with 
some plants the added concentration makes 
necessary a consideration of possible osi 
motic changes. It should also be said that 
in the case of the relation of calcium and 
magnesium the question of physiological 
balance between the two appears to be es- 
pecially important, though this of course 
would not apply to fungi where magnesium 
alone is required. The question of the r81e 
of the elements which are needed in only 
very small quantities, especially in the 
case of iron, is a highly interesting one 
and it is strongly suggested that they are 
in their normal relation to the protoplasm 
of the nature of chemical stimulants rather 
than of necessary food elements. Calcium 
would not indeed collie under this head if, 
as some believe, certain calceo-proteids are 
essential constituents of the living sub- 
stance, but for iron and to a lesser extent 
magnesium and perhaps even potassium a 
purely chemical relation is highly likely. 
Iron salts a t  least may simulate the action 
of a catalytic agent, a point of view which 
mill be more fully explained later. 

In  any event, in speaking of necessary 
raw food material, the question must be 
regarded as a purely relative one, and one 
should not cling too closely to the conven- 
tional idea of what a plant must be pro- 

vided with. A multitude of special cases 
show that the relation of protoplasin to the 
so-called necessary elements inay be very 
different in different cases. Anaerobic bac- 
teria, for instance, are exceedingly sensi- 
tive to free oxygen, the presence of infini- 
tesimal quantities of which in the case of 
certain Spirilla acts as a stimulus to in-
duce a vigorous negative tactic response. 
Again, among the nitrifying bacteria forins 
are known where the presence of sugar, 
usually so acceptable to non-chlorophyllous 
plants, acts unfavorably. Instances of this 
sort might be multiplied, but it is the pur- 
pose at  this time simply to call attention to 
the fact that chemical stimulation and 
eventually even toxic action may result 
from the presence of substances ordinarily 
regarded as necessary to sustain life. 

I t  is iridecd the case, then, that any sub- 
stance whose presence inay influence the 
behavior of a plant either nornially or ab-
normally is of the nature of a chemical 
stimulus and therefore belongs to the topic 
under discussion. Since, however, our 
knowledge along these lines is very scanty 
and since we can from ocular evidence rec- 
ognize what may be fairly termed a normal 
growth in a plant, I prefer to assllnie for 
the tirne, as has already been stated, that 
a plant furnished with the necessary food 
inaterials to produce its typical morpho- 
logical development and witli these sub-
stances in optimum concentration, is in a 
state of equilibrium as fa r  as chemical 
stimulation in its restricted sense is con-
cerned. 

In  this connection attention may he 
called to what appears to be an error in 
the point of departure of some investiga- 
tors who have endeavored to determine the 
relative stimulatory value of certain sub- 
stances, whether these be necessary or not 
to the plant. The mistake comes in the 
reference to distilled water as the medium 
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in which control cultures are grown, the 
variant being the same distilled water plus 
the substance under investigation. It is 
obvious that metabolic processes and con-
sequently growth can take place only in 
such plants or plant parts in which elabo- 
rated food material is stored. It is equally 
obvious that the osmotic relations must be 
disturbed. Besides the lack of chemical 
balance there is also a lack of physiological 
balance. Plants under experimentation to 
determine the effect of chemical stimula- 
tion should be referred for comparison to 
those grown under conditions which are as 
nearly as may be the ones which can be 
recognized ax producing opportunity for 
what experience shows is the natural 
morphological development of the organ- 
ism. The physiologist should no more 
neglect the morphological aspects of his 
investigations than should the morpholo- 
gist the physiological. 

I n  its restricted sense, then, chemical 
stimulation may be said to deal with the 
effects of chemical agents which are not 
only not necessary, but which may be posi- 
tively deleterious to the organism-poisons 
in short. It has been established that 
many, if not all, classes of substances 
which exert a toxic action on protoplasm 
will become stimulatory if presented to the 
cells in suficiently small doses. Some-
where between an infinitesimally weak so- 
lution which produces no reaction, to the 
toxic dose which Bills there is a slimulative 
optimum which gives the maximum of re-
action. Experience shows that this is true 
of widely different substances-a poison-
ous gas like carbon monoxide, a poisonous 
metallic salt like copper sulphate, a simple 
organic compound like chloroform or a 
more complex one like an  alkaloid, all come 
under this head. The question which con- 
cerns this paper is not the possible ulti- 
mate letlial effect of these poisons, but how 

far  they may serve to excite the protoplasm 
to extraordinary activity. The amount re- 
quired to effect the latter result will natu- 
rally vary with the substance, certain mild 
poisons possibly never affecting the plant 
beyond the stage of stimulating growth, no 
matter how high a concentration was em- 
ployed. 

From the work of Raulin and others, i t  
is known that metallic salts in themselves 
toxic to protoplasm will, if presented to i t  
in minimal doses, accelerate vegetative 
processes in s variety of plant forms. 
Certain fungi may be made to develop 
their vegetative hyphze much more lux-
uriantly by the addition to their nutri-
ient substratum of quantities as small 
as .0005 normal of zinc sulphate, and 
the increase of dry weight of cell substance 
produced may exceed by 200 per cent. or 
more that which is formed by similar cul- 
tures without stimulation. Nor is this 
limited to salts of the heavy metals, nor in- 
deed to inorganic substances, for organic 
substances such as glucosides and alka-
loids, or even simpler ones like chloroform, 
produce a similar if not so marked result. 

I n  the concentration necessary to pro- 
duce the characteristic reactions there is 
great diversity. As would be expected, not 
only are different substances very un-
equally stimulatory or toxic, but also the 
same substance varies greatly in the 
amount required to stimulate different or- 
ganisms. Copper sulphate, one of the most 
violent of poisons to plant protoplasm, 
does not inhibit the growth of Penicillizwn 
until a concentration of nine per cent. is 
reached, yet the effect of the same salt is 
so enormously poisonous to many algze 
that an infinitesimally weak solution will 
speedily cause death. What is true of the 
toxic point is true also of the stimulatory 
optimum. In  the attempt to explain such 
disparities stress has been laid by some on 
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the probable impermeability of the cell 
membranes to this highly toxic salt in the 
case of the resistant forms. I am inclined 
to believe myselC, however, that it is prob- 
ably not so much due to such causes as 
to specific differences in the constitution 
of the protoplasm itself, which renders the 
usually poisonous substances relatively in- 
operative. There hardly seems enough evi- 
dence to support the idea of any very highly 
specialized qualitative selective power on 
the part of the cell membranes in the mat- 
ter of dissociable and diffusible salts. On 
the other hand, there are many reasons for 
looliing upon protoplasm not as a uniform 
substance, but as difl'ering considerably in 
different plants. The fact that some plants 
can riot thrive except in the complete ab- 
sence of oxygen is enougl~ to illustrate this 
point. The condition of the stimalated 
plant may itself cause a variation in the 
optimum concentration of the stimulant, as 
is shown by the effect of rise in tempera- 
ture on the lowering of the toxic or stimu- 
latory dose. It is not only among lowly 
organized plant,% like fungi that stimula- 
tion follows such conditions, but among the 
higher vascular plants as well. We can not 
suppose that these stimulants react directly 
upon tlie protoplasm or themselves supply 
the energy necessary Lor the changes which 
they induce wit11 a possible reservation in 
the cases of those salts whose valency may 
be subject to change. I n  the first place, 
they fall in very different groups of toxic 
substances, if we take Loew's well-known 
classification, and yet there is a great simi- 
larity in the reaction produced. Therefore 
it is reasonable, Lor the time being, to dis- 
regard to a considerable extent the ques- 
tion of the chemical nature of the stimu- 
lating substance as far as its effects in ac- 
celerating the life processes of the organ- 
ism are concerned. This does not mean, 
however, that the ultimate effect on the 

lnannev in which these poisonous substances 
may, in strong solutions, lrill the proto- 
plasm is not related to the chemical nature 
of the toxic agent. Not only are the stim- 
ulants not the sources of energy for the 
chang&q involved, but also they can not, in 
most cases at  least, be regarded in thern- 
selves a s  catalyzers, no matter how greatly 
the end result of their action might sugges-t 
their being of such a. nature. If ,  therefore, 
we are to iind any satisfactory clue to the 
answer to the question of the influence of 
these minute doses, we must loolc rather 
towards the indirect effect they may exert 
and endeavor to discover if they may not 
encourage the formation by the protoplasm 
itself of substances which do act in a cata- 
lytic fashion. I t  seems clear, then, that the 
poisonous action of a given substance may 
be, and probably corrirnonly is, very differ- 
ent from the stimulating effect of small 
doses of the same substance. 

Whether it is safe to say that all sub- 
stances ~vhich are toxic must of necessity 
act as stimulants if presented in suffi-
ciently dilute form is a question. I t  is con- 
ceivable that sorlle might p r o d ~ ~ c c  no reac- 
tion unless present in a lethal dose, but it 
seems probable that rnost substances will 
show a stimulating reaction a t  the proper 
dilution. I n  this connection it is well to 
remember that we should not confuse the 
necessarily more complicated reaction of 
higher animal forms, whose balance of 
function is so delicate and whose tissue 
structures arc so very diverse, with the 
more fundamental and presumably simpler 
and more direct reactions of the leLw inter- 
dependent cell aggregations such as are 
found in plants. It is reasonable to sup- 
pose, however, that as fa r  as the cells theni- 
selves are concerned the underlying prin- 
ciples are much the same in all organisms. 

Upon inquiring more closely into the 
effect3 of stimulants, we find that while a 
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great deal is unknown there are a number 
of important facts concerning which there 
is positive information and which throw 
considerable light on what is really taking 
place under such conditions. It is best, be- 
fore taking up the physiological reactions, 
to consider the morphological changes 
which ensue, which, if we wish to employ 
modern terminology, we may term "chem- 
omorphosis. " The information regarding 
the lower forms-particularly the fungi 
-is the fullest and will be considered 
first. 

The primal fact of the increase on dry 
weight has already been spoken of and is 
the simplest of all the reactions to demon- 
strate. By the easy process of the desicca- 
tion and weighing of a series of cultures 
the stimulation curve of the whole range 
of possible concentrations from minimum 
to maximum may be determined. Although 
i t  must be said that to obtain definite re- 
sults means which might seem to some to 
be exaggeratedly careful must be taken to 
ensure the purity of all substances entering 
into the culture medium. Not only is the 
quantity of mycelium formed greater, but 
also the form and appearance are very dif- 
ferent. Fungi commonly cease to form 
conidia under stimulation, the mycelial 
felts are buckled and knotted instead of 
being flat and even and their consistency 
is different, being tough and leathery in- 
stead of somewhat tenuous in texture as in 
the normal growth. I n  short they present 
every appearance of more luxuriant vege- 
tative activity. The cell forms are often 
different, especially among bacteria, where 
the so-called involution forms arise appar- 
ently from chemical stimulation. Among 
many of the fungi, a t  least, such conditions 
are tantamount to a state of hyperplasia, 
if we may use the term in speaking of such 
lowly organized forms. Among the higher 
plants there may be simply an increased 

rate of growth and an ultimately greater 
stature, or, in other cases, as in the local 
application of metallic salts in initiating 
local intumescences or in hastening and in- 
creasing the formation of wound tissue, 
actual hypertrophies may be induced. I n  
the stimulation afforded by parasitic fungi 
or by gall insects the great expression of 
abnormal growth is to be seen amounting 
often to relatively large outgrowths of 
tissue. The reaction in these various cases 
would seem to differ rather in degree than 
in kind, and i t  is perhaps a question not in. 
this case of a mere hastening of growth, but 
of the excitation being sufficiently violent 
to destroy the equilibrium of growth which 
exists among the cells. 

I n  no such case, however, have we any 
evidence that the variations in form so in- 
duced are inheritable. It is only when the 
germ cells at or near the time of their for- 
mation are directly stimulated that we get 
any changes in the offspring which are 
passed on to the succeeding generations. 
Sometime, i t  may be, means will be found 
by which an excitation of the sporophyte 
can be made in some way to influence the 
gametophytic cells and thus induce perma- 
nent variations through influences brought. 
to bear indirectly upon the gametophyte, 
though i t  is not to be supposed even in that 
case that the particular response induced 
in the original sporophyte will be repeated 
in its offspring. 

It is evident, from the effect of parasitic 
fungi upon their hosts, that not only does 
the stimulus of the parasitism of a specifie 
fungus produce more or less specific re- 
sults, but also that the condition of the 
parasitized cells themselves influence the 
result. The more primitive or meristem- 
atic are the cells the greater the result- 
ant effect in the way of a distortion, for, 
as is well known, the greatest hypertro- 
phies take place when the infeetion iin the 



growing points of the shoots and becomes 
less and less when the more stable and 
permanent tissues like leaf parenchyma are 
attacked. The same fungus which causes 
real hyperplasia in young tissue produces 
but a hypertrophic enlargement in the 
adult parenchyma. 

Such being the case, one might be war- 
ranted in reasoning by analogy that the 
still more plastic cells of the ganietophyte 
would be even more profoundly influenced 
by stirnulation and such indeed appears 
from nlacDougal's experiments to be the 
case. I t  is also not unreasonable to sup- 
pose that the inciting cause of the healing 
of wounds, of stimulus to growth after 
injary, and even of regeneration phenom- 
ena themselves, harks back to a question of 
chemical stimulation. I n  the more mas-
sive tissues, at  any rate, wounding results in 
the exposure of interior cells directly to the 
action of the oxygen of the air, and is ac- 
conipanied by increased metabolic activity. 
The more rapid growth of injured parts, 
the awakening of dormant buds, may well 
be influenced or initiated, though probably 
not eventually controlled, by chemical stim- 
ulation arising from this or similar causes. 

It ia not to be supposed in any case that 
the chemical substances in cjuestion them- 
selves constitute-by any direct union with 
the protoplasm-the modifications which 
ensue. It is only possible here to touch 
thus briefly upon the morphological re-
sponses induced by chemical stimulation, 
for the Geld is an enormous one. I n  some 
of its aspects, the study of the immediate 
effect of environment upon the external 
and internal form of a plant comes under 
this head. There is without question a 
large and inviting field for investigations 
into the nature of the changes in structure 
which are correlated with chemical stimu- 
lation. 

I t  is necessary also to pass over without 

[N. S. VOL.XXXI. NO.785 

further comment the directive effects of 
chemical stimulation upon growth and 
movement, concerning which there are 
many investigations as to the expression of 
the reaction, but very little information as 
to the intimate causes of it. 

After this brief consideration of the 
changes in the actual amount of elaborated 
substance, o l  stature and of structure 
which commonly attend chemical stimulus 
and which are the outward signs of its 
workings, we may next turn to the more 
fundamental question of what we know of 
the influence of this excitation on the 
physiological activities of the plant. 

One fact which is clearly marlxed in the 
case of certain fungi that have been in- 
vestigated is that the protoplasm, when 
stimulated, worlxs more economically in  re- 
spect to the carbohydrate food material 
supplied than when unstimulated. The 
latter produces a larger crop, as estimated 
from the dry weight, from a given amount 
of sugar than the normal culture does: 
there is less waste. Were the metabolic ac- 
tivity of protoplasm to be interpreted 
simply in terms of economy of action, one 
might be tempted to speak of such a con- 
dition as more nearly approximating a 
perfect or so-called normal; but when we 
reflect that we know so little of the chem- 
ical action and interaction of living proto- 
plasm, i t  would be uiiwarranted to assume 
that mere economy of consumption of one 
form of food material would tell the whole 
story. The plant is attuned to an average 
condition and its attunement to that con- 
dition constitutes the near& approach to 
what we may call normal. The increased 
availability of the sugar under chemical 
stimulation may be regarded as an un-
toward, fortuitous condition which, while 
i t  may be optimal for the processes in- 
volved in building up vegetative hyphee, is 
not optimal for the development of the 



plant as a whole, as is evidenced by the sus- 
pension of spore formation. This increased 
availability of the carbohydrate food is, 
then, distinctly unusual as fa r  as the ordi- 
nary life processes of the fungus are con- 
cerned. The cessation of conidial spore 
formation which characterizes even slight 
stimulation is a morphological abnormality 
in the usual life cycle of the mostly asex- 
ual hyphomycetous fungi, and while it 
might be argued that spore formation is 
an evidence in itself of a t  least the initia- 
tion of unfavorable conditions, such con-
siderations hardly apply here. I t  would 
be true only in a very limited degree, for 
the stimulus to spore formation need not 
necessarily be inimical in any large sense 
of the word. Whether i t  is the more eco- 
nomical working of the protoplasm which 
inhibits the formation of conidia or 
whether the absence of the latter results in 
less waste of energy in metabolism is per- 
haps a question, though probably most 
would agree that the spore-forming process 
is one that demands a greater expenditure 
of energy than the mere vegetative growth 
of the hyphae. 

From what we know of the effect of 
chemical stimulants upon the eggs of or-
ganisms, i t  would look as though the proc- 
esses set up by such excitation are more 
critical for the sexual cells than for those 
of 117hat may be regarded as the sporo- 
phyte. I t  qould be exceedingly valuable 
to discover more about the relation of 
chemical stimulation to the production of 
gametes or their equivalents, and here we 
have another attractive field that has not 
been largely cultivated. It may be said in 
passing that as far  as  these non-sexual 
hyphomycetous forms are concerned there 
is not much evidence to show that such 
chemical stimulation as has been tried is 
sufficient to restore the ability, in many 
cases long lost, to produce sexual fruit. 

It has been stated that there is less waste 
as well as a greater economy in manufac- 
ture of dry substance. One would natu- 
rally suppose that the two go hand in 
hand, but i t  is well to specify more defi-
nitely in what this smdler waste consists. 
One of the characteristic products, though 
not indeed necessarily an end product of 
katabolic activity in the plant cell, is oxalic 
acid, particularly in the case of these same 
fungi which we have been considering, 
where i t  is freely excreted into the sub- 
stratum. Now the amount of this may be 
determined with relative ease, and i t  has 
been shown that with a stimulated crop 
there is a marked decrease in the ratio of 
the oxalic acid formed to the amount of 
dry substance produced in a given time. 
Together with this the carbon dioxide pro- 
duction does not appear to much more than 
parallel the increase in the weight; or in 
other words, the formation of this gas is 
approximately normal. This being the 
case, i t  a t  once becomes evident that- the 
carbohydrate represented by the differ-
ence of oxalic-acid production in the nor- 
mal and in the stimulated plants is at  the 
disposal of the organism in the construct- 
ive processes. As for the higher plants, 
it has been shown that an increase in car- 
bon-dioxide production takes place under 
stimulation, but these results are hardly 
complete, having been made without refer- 
ence to net gain in substance. This matter 
should be further investigated, since i t  ap- 
pears that the formation of wound tissue, 
when subjected to stimulation, is accom-
panied on the average by a greatly less- 
ened carbon-dioxide production as com-
pared with unstimulated growth; and this, 
too, in spite of the fact that there is ocular 
evidence that greater cell activity results 
undler conditions of stimulation. 

A highly interesting and instructive 
light on this question is thrown by the be-
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havior of Stcrigmatocystis nig+a in rela- 
tion to its assimilation of nitrogenous 
material. This fungus has the power, to a 
limited extent at  least, of assimilating free 
nitrogen from the air. Stimulation ap- 
pears to diminish this ability and to cause 
the fungus to rely more largely upon the 
nitrate fed to i t :  or at  any rate the organ- 
ism does not excrete into the liquid sub- 
stratum as large an amount of waste nitrog- 
enous proclucts as does the normal. Fur,-
therniore, the- nitrogenoils content of 
the dry snbstance of the plant is not af- 
fected one way or the other. I n  regard to 
the nitrogen supplied in combined form, 
there is less thrift in the stimulated than 
in the normal growth, but, on the other 
hand, the total amount of nitrogen in-
volved, including that excreted as waste 
into the substratum, is less in the former 
than in the latter case. This whole ques- 
tion is, of course, a hugely complicated one 
and in the light of our relatively slight 
knowledge of nitrogen metabolism one 
which should be approached with caution. 
But i t  is evident that the problem is of 
great importance. 

I n  this connection i t  is apropos to quote 
from practically the only investigation we 
have which touches on this point. 

To explain the reason for the activity of the 
organism along these lines there are these sug-
gestions: one that the fixation of free nitrogen 
and its excretion in combined form may bc a 
function connected with fructification, since stim- 
ulated fclts do not produce spores; another . . . 
is that the stimulated crop, driven to its most 
rapid metabolic activity by the stimulant, is 
forced to consume its carbohydrate more econom- 
ically and therefore finds less ener,gy t o  use in 
effecting the combination of  the relatively inert 
and difficultly combinable nitrogen, and so must 
use the more readily assimilable compound nitro- 
gen; or again i t  may he that since by the presence 
of the stimulant the fungus can consume carbo- 
hydmtc more thoroughly and with less waste, 
therefore it  finds in what would be a normal 
amount under ordinary circumstances a more than 

necessary amount under the favoring influence of 
the stimulant, which, of course, would be then 
potentially a too grcat supply, and the result 
would be over feeding in this direction and there- 
fore there would be a tendency to lessened activity 
in expending cncrgy for nitrogen combination. 
This last hypothesis is in accord with conclusions 
that have been reached on the activity of the root 
tubercle bacteria in fixing nitrogen when well 
supplied with nitrogen compounds, but not in 
accord with the results of those who find that the 
fixation of nitrogen is directly proporlional to  the 
amonnt of sugar a t  hand. 

After consideration of the whole matter, 
one is inclined to the opinion that, after all, 
since less nitrogen passes through the fun- 
gus for the arnount of dry substance 
formed, there is economy in nitrogen as 
well as in carbohydrate metabolism in a 
stimulated growth. And taking it all in 
all, there seems to be sufficient evidence for 
maintaining that under chemical excitation 
of optimum intensity the waste involved in 
mere cell formation, at  least, is not so  great 
in stimulated as in unstimulated proto-
plasm. 

I n  this connection there arises at  once 
another question of great importance, 
namely, what influence stimulation has on 
enzymatic activity. While the data on this 
point are still incomplete, it is permissible 
here to malie reference to certain results 
not yet completed which throw some light 
npon this phase of the matter. Here again 
Xtc~igmatocystis ~ i g r a  is valuable for ex- 
perimentation. I n  common with many of 
its kind, this fungus can live on a great 
variety of substrata, its ability to do so 
being due in large measure to its versatility 
in the excreting of an enzyme appropriate 
to the particular compound on which it is 
growing. Thus it will produce mal-
tase when grown on maltose, suerase 
when grown on saccharose, inulase on 
inulin, amylase on starch, etc. A quan-
titative estimation of its hydrolyzing power 



I 

SCIENCE 


would afford some clue to the enzymatic 
activity of the stimulated fungus as com- 
pared with the normal growth, and experi- 
ments seem to show pretty clearly that 
there is greater proportional enzymatic 
activity in the former than in the latter. 
The same point is even more clearly illus- 
trated by the various researches on the 
influence of chemical irritation upon alco- 
holic fermentation by yeasts. A variety of 
substances in minimal doses have been 
found to increase the fermentative activity 
of these fungi. While in such cases we 
are, of course, dealing with extracellular 
enzymes, it is not unreasonable to suppose 
that by analogy similar excitation follows 
with the intracellular enzymes. The intra- 
cellular enzymes are the ones which we may 
legitimately suppose to be connected more 
or less directly with the metabolic activity 
of the living organism. Now if anabolic 
activity is connected in any way with the 
reversible action of enzymes-as seems 
likely-we have here another link in the 
chain of evidence as to the real nature of 
chemical stimulation. We may hope in 
time to reduoe i t  entirely to a question of 
enzyme formation. In  order to do so we 
must devise more precise means for investi- 
gating the intracellular enzymes in the 
plants experimented upon and to determine 
if there is any quantitative difference as a 
result of stimulation. If i t  can be proved 
that this causes a relative increase in syn- 
thesizing enzymes in the fungus hyphae a 
long step toward a more complete under- 
standing of the processes will have been 
made. It should be acknowledged that a t  
present such considerations are in a meas- 
ure purely speculative, yet not speculative 
to the extent of being other than founded 
on the meager knowledge a t  hand. There 
is nothing improbable in such conclusions. 
The synthetic action of enzymes is a ques- 
tion which is more and more attracting the 

attention of the investigator, and while the 
results along these lines are comparatively 
new and relatively few in number, they are 
su£fi'ciently conclusive to permit of a broad 
application of the principle involved. 
will cite only one instance, and that in rela- 
tion to an extracellular enzyme, where iso- 
maltose has been synthesized from glucose 
by the action of maltase and, further, whei.e 
the same enzyme was utilized in the syn- 
thesis of the glucoside amygdalin. Grant-
ing then that we may have in enzymes 
active agents in the constructive work of 
the organism, it is possible to understand 
how an increase in enzymatic activity could 
explain many of the phenomena connected 
with the response to chemical irritation. 

There still remains, of course, the most 
fundamental question why and in what 
manner the specific irritants used affect the 
quantitative and even perhaps the qualita- 
tive formation of enzymes, and here there 
is no ready or sufficient answer to give. 
At first glance it does not appear to be con- 
nected with their dissociation in weak solu- 
tions, for non-electrolytes like morphine 
give a reaction as well as dissociable salts, 
although i t  is to be remarked that the con- 
centration required with the former is 
many times greater than with the latter. 
If,  as is believed by some, the poisonous 
action of salts depends on the degree of 
their dissociation, it is probably equally 
true that the stimulative action of minimal 
doses of these same salts is influenced by 
this same factor. But this assumption 
does not dispose of the large class of non- 
electrolytic poisons (and consequently 
stimulants), although I venture to suggest 
that the introduction of such substances 
into the sphere of protoplasmic activity 
may result in the formation by the proto- 
plasm of by-products which are dissociable 
poisonous substances. Such an explanation 
would help to account for the large doses 
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of non-electrolytes which are necessary to 
produce a reaction on the plant organism. 

There seems to be a much greater uni- 
versality in the manner of the response to 
stimulation by poisons than in their actual 
toxic effect, a fact that has already been 
noticed, and for that reason I am strongly 
inclined to the opinion that the former does 
not depend upon the particular form wliich 
the latter may take, and so the increased 
enzymatic action may be considered to be a 
general plienomenon connected with this 
class of response. 

There at  once suggest themselves many 
very interesting problems in regard to the 
relation of chemical stimulation to morbid 
hypertrophies-using the word in its broad- 
est sense-in higher plants, and also to 
what might be called the normal hyper- 
trophies which ensue in the tissues of the 
ovary wall and surrounding parts after 
fertilization, without touching on the great 
question of the development of the fertil- 
ized egg itself. 

I n  a previous address before this section, 
attention was called to the possible en-
zymatic changes induced by untoward 
chemical stimulation of the germ cells of 
certain plants and the results of this stim- 
ulation on the offspring. I n  the light of 
my own acquaintance with the question of 
chemical stimulation I see nothing improb- 
able in such a point of view, even though 
we can not prove i t  a t  present. 

There are many other considerations in 
connection with the question wliich might 
be profitably disc~lssed and I am aware 
that I have really touched upon one side 
of the problem only, practically neglecting 
the morphogenic influence of chemical 
stimulants, but sufficient time has already 
been consumed and to open up new topics 
would be but to strain your patience fur- 
ther. The point which I have endeavored 
to develop and which 1 here repeat is that 

the chemical stimulants which have been 
discussed produce their effect indirectly 
and the nature of the response appears to 
be one of the increase of constructive en-
zymatic action over that which would take 
place under normal conditions from an 
equal and similar food supply. 

H. M. RICHARDS 
BARNARDCOL.LEDE, 

COLUIVIBIAUNIVERSITY 

I 'UBLIC LECTUI2ES A T  T l l E  l l A R V A R D  
J f E D I  CAT, SCHOOL 

T ~ Efaculty of medicine of lIarvard Uni- 
versity offers a course of free public lectures, 
to be given at the Medical School, Longwood 
Avenue, Boston, Saturday evenings at 8, and 
Sunday afternoons at 4, beginning January 2, 
and ending April 30, 1910. Doors will be 
closed at five minutes past the hour. No tick- 
ets are required. Following is a list of the 
lectures and their subjects, with dates: 

January 2-" The Influence of Mental and Mus- 
cular Work on Nutritive Processes " (illustrated), 
by Dr. F. P. Uenedict. 

January 8-"The Story of Vaccination," by 
Dr. M. J. Rosenau. 

January 9-" What the Public should lcnow 
about Patent Medicines," by Dr. M. V. Tyrode. 

January 15-" Clean Milk " (illustrated), by 
Dr. Calvin 0. l'age. 

January 16-" The Growth of School Childrcn 
and its Relation to Disease," by Dr. W. 'L'. l'orter. 

January 22-" Sprains, Strains and Fractures: 
Simple Facts of Diagnosis and Treatment " (illus-
trated), by Dr. J. B. Blalte. 

January 23-" The Glands of Internal Secretion 
and their Relations to IIealth and Disease " (illus-
trated), by Dr. W. B. Cannon. 

January 29-" Small-pox" (illustrated), by 
Dr. J. 11. McCollom. 

January 30-" Ilearing and Speech," by Dr. C. 
J. Blake. 

February 5-" Posture and Carriage as affected 
by School and Clothing," by Dr. R. W. Lovett. 

February 6-" The Care of Infants with Special 
Reference to the Prevention of Disease," by Dr. 
Maynard Ladd. 

February 12-" Voice l'roduction," by Dr. J. 
Payson Clark. 


