
Life stand the nlen of +this little tvorld-the fully 
developed, the underd:?e, and the unbaked, in one 
struggling, seething mass. On the other side, 
and on a level but one step lower doan, stands 
the vanguard of the long procession of "Lower" 
Animals, leci by the chimpanzee, the orang and 
the gorilla. The natural bridge that almost 
spans the chasm laclrs only the keystone of the 
arch. . . . . 

The great Ape3 have traveled up the River of 
Life on the opposite side from Van, but they are 
only one lap behind him. Let us not deceive our- 
sehes about thnt. Remembel. tihat truth is inex- 
orable in its demands to be lieard. 

1n:o this book Dl.. I-Iornaday has p u t  nzuch 
of his philosophy of life as well a s  the choicest 
of his ob3ervations on the behavior of wild 
animals in nature and i n  captivity. The moral 
purpose which impelled the writer to expres-
sion is the defense of ilumb creatures. Our 
author takes special pains to humble Inan by 
dwelling on The reader his > I I ~ I . ~ I . v I I I ~ ~ I : - .  is 
told that, thougl~ etlrlo\\ ell i iehly with mind 
and gifts of expression and therefore capable 
of noble achievement rn service and self-
development, man a t  his worst is the most 
bestial of animals and more brutal than the 
so-called brutes. 

"The minds and manners of wild animals" 
mill disappoint not a few scientific students 
of animal behavior because i t  is not a n  exact 
systeinatic and analytic clescription of animal 
experience and action. I t  will delight almost 
everyone else by its directness, sincerity and 
natul*alness. For  the tens of readers who may 
get next to nothing from the book because of 
the "experimentalist bias7)--to which the re-
viewer must plead somelvhat guilty-there will 
be thousands who gain useful knowledge, 
insight ancl a inore intelligent appreciation of 
wlld animals. 

The book should be taken, i n  the opibnion of 
the reviewer, as  a notable codtribution to nat- 
ural history, not as a scientific treatise on  com- 
parative psychology. 11 contains a wealth of 
amusing, interesting, thrilling and enlighten-
ing inudents and personal observations, a 
somewhat biographical assemblage of reflec-
tions and conclusions and a unique thought- 
provoking collection of brief chal*acterizations 
of animal intelligence and temperamen~t. Such 

is thc contribution to animal behavior and 
rights which Dr. ITomaday has made from his 
almost unexampled wealth of experience as  
zoologist, hnnter ancl scientific director of 
zoological galdens. The information pl-esentecl 
should be of very considerable practical value 
to all milo have lo do with wild animals. 

'It woulcl be a profitless task to discuss i n  
SCIENCEthe scientific grounds of dissatisfaci-
tion with a book which is primarily a n  account 
of personal experiences with wild animals. 
Conspicuous among them are te'minologg, def-
inition, canons of judgment, inferences and 
generalizations. Snch matters every scientific 
render will note, but will he nevertheless be 
able, as the layman almost certainly will, to 
enter into and profit by the author's lifetime of 
intimate contact with wild anim213? Let us  
hope so. 

Afore to the point 'than a recital of the con- 
tent of this volume is the injunction, '(Read it 
and thus entes into the author's knowledge, 
syniparhetic appreciation and insights." Truth 
is great. The ways of observing i t  are as rariecl 
as human intellect and temperament. It were 
a pity ro lose the value 'of the naturalistic i n  
our praieewolithy attenipts to exalt the expe- 
rimental study of animal behavior and ex-
perience. 

ROBERT&I.PERKES 

SPECIAL ARTICLES 

PROOF OF T H E  POWER .OF T H E  WHEAT 


PLANT TO FIX ATMOSPHERIC 

NITROGEN 


Is a series of wheat cultuses i n  solutions, we 
have recently proved conclusively that wheat, 
plants, even in only six weeks of growth, can 
fix large yuanlities of nitpogcn from the a x .  
They posess  t l i s  power whether nitlrogen is 
supp!ied to the ~ o o t s  o r  not. 

Seventeen yeaTs ago, Jamiesonl made the 
startling annoancemen!t, baJecl on experiments, 
that all green plants possess the power of fix- 
ing atmospheric 13itrogen. R e  supplenlenteit 
this annoul~cement by another to the effeat that 

1 Report of Agv. Bes. Assn., Aberdeen, 1905, 
eC sen. 



special o'gans exist on the young leaves of 
plants w h ~ s e  function it is to fix the air niliw- 
gen and he called thebe organs "alknmen gen- 
erators." This supplement (to Jamieson's iiwt 
an~~ouncementand the somewhat loose state- 
ment of his proffered evidence on the n i tmpn  
fixation, coupled with the indelible impression 
of Lawes and Gilbert's and Boassignan!t's ex-
peri~enl-s and conclusions, caused the scienti- 
fic world as a vhole to scout or ignore Jamie- 
son's evidence and the earlier contentions of 
Ville and a few others to the same effect. I n

P

1911, Mameli and Poilacei3 p~~blished a stak-
men: of esperin~ental ~~esulia wliicli were not 
subject to the criticisma pertinent in Jamie-
son's case and -which pro.c-ed conclusire1y that a 
variety of green plants po:sess the power of 
h b g  atmospheric nitrogen. Later statements 
by them3 only eonfirn~ed their earlier assey-
Ilons. They did not accept da~nieson's supple- 
rncnbary statement relative to the mechanism of 
the fixation in question. 

Evan the world of science is so con5ervative 
as not to have caused a general acceptance of 
the contentions of Jamie-oil and Jf~uleii  and 
Pollacci, despite the fact thn t :,loore :in(l TYe1)-
ste?4 and Moore, %Tebster and T$Thitley,"s 
well as Wann,G have nlore recently furnishecl 
m q l e  confirmatory evidence with fmsh water 
and marine alga as matesial. I n  order to fur- 
nish further evidence for securing a n  accep-
tance of this new -view of nitsogen fixation 
v h ~ c his dil%ct!y opposed to the old established 
view and to obtain data for lthe wlleat 
plant which has not been studied in that 
regard, the writers have recently carried 
out an experiment resulting as indicated in the 
general wnclu.sion introducing this brief note. 
Whsat plants were grou-n in "Shive's best" 
solution of a n  osmotic pzessure of 1.3 atmos-
pheres. These solutions I\-ere so constituted as 

2 A t t i  delZ'I?zstituto Bota.i?~codella B. Univer-
sdtn de Pa~ia,Vol. 13, p. 351. 

3 Ibid., Vol. 14, p. 159, and Val. 16, p. 197. 
<jProo. Rog. Soc. Lond., Series B, Vol. 91, p. 

201 (1920).,. 
5 Ibid., Vol. 93, p. 51 (1921). 
edmer.  Jour. Bot., Vol. 8 ,  pp. 1-29, January, 
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to have approximately #the same concentration 
throughout, regardless of whether or  not nitro- 
gen was present. The containers for the solu- 
tion were quart Mason fruit jars and the usual 
technique was employed. Five wheat seed-
lings per jar, and six jars of each kind of 
solution were employed, thus testing thirty 
plants with each solution. I n  the ease of the 
solution containing no nitrogen, twelve jars 
were employed, six of them being kept in the 
greenhouse until seeds were formed. All the 
other plants were grox-n for a period of six 
weeks only. It is impossible now t o  go into 
the many interesting features of this and 
other experinlents which we a.re condurtting on 
the important subject of nilrogen fixation. 
Snffice it to say that in  a number of series of 
wheat plants gmwn without nitrogen and with 
varying quantities of nitrate, definite eviclence 
was adduced that all the wheat plants fix nibtro-
gen from the air. Even excluding the nitso- 
gen content of the culture solutions at  the end 
of the experiment, because of some irregular 
data in the analyses, there is a gain of nitro- 
gen from the air which varies in  differmt 
sci-ies from 13 (to 21 per cent. of the total 
amount of nitrogen found in the plant. With 
the nitrogen in the solutions taken into ac-
count, these values will be much larger. 

A series of experiments with barley is now 
being eompleted, and promises to yield similar 
results to those obtained with wheat. Legumes 
and other plants will now be studied, and 
many athey featurqs d $the subject investi-
gated. These can be no question now, how-
ever, that the teaching of all our books, and 
nearly all our teachers on the subject to-day 
are erronaous and mnst be changed completely 
(to accord with the facts presented by us, and 
by the other investigators 3%-born u-e have cited 
above. As Xoore and nTebster have put it, 
authority has too long held sway over logic and 
experimental fact. I t  is high time to let those 
considerations rule. A full, theoretioal and 
Izisturical illcussion of this pmblern will he 
given in the detailed account of our experi-
merits. 


