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U N S OLVED PROBLEM S RELATED TO THE 
I N O CULATI O N  O F  LEGU M E S  

LEWIS w. ERDMAN 

A lmost forty years have passed since Hellriegel and \Vil farth 
solved the nitrogen problem in soil fertil ity, by giving a compre
hensive explanation of how legumes, with the aid of bacteria 
liv ing in the nodules on their roots, could grow in a medium 
devoid of any combined nitrogen. During this time considerable 
advancement ha s been m ade in our knowledge of the subj ect o f  
soil  bacteriology, particularly with reference . t o  i noculation, but , 
a l l  soi l  bacteriologists wil l  agree that there yet remain many 
unsolved problems related to the inoculation o f  legumes . The 
purpose of this  paper is  to call  attenti.on very briefly to some o f  
these important problems that await solution .  

In  the fi n a l  report o f  the committee o f  the Society o f  American 
B acteriologists on characterization and classification of bacterial 
types,  the genus R hi:::o b iu m was proposed to include the nitrogen 
fixing organisms that produce nodul es on the roots of leguminous 
plants .  The type species for  this genus was given the name 
R hi:::o b iu m leg umi11osaru m. Although this report was adopted at 
the society meeting December 29, 19 19, new l iterature on the 
legume organisms is  continually being published in  our scientific 
j ournals ,  and in the maj ority o f  cases the old name B a cillus radi

cicola is given for this organism. "This name is not recognized by 
the committee referred to above chiefly because the genus B acil lus 
at the present time includes aerobic  rods producing endospores.  
The legume organism never produces endospores,  and hence the 
name B acillus radicic ola i s  incorrect . The unanimous adoption o f  
the correct name f o r  this organism seems t o  b e  the first real prob
lem for the soi l  bacterio logists to  solve before much progress wi ll 
be made with studies on this organism. · \Ve should insist upon 
the use of the name Rhi:::ob ium legumin osarum by our students 
and co-workers and all  others whose results are to be  published . 

Under normal conditions o f  growth all legumes will  contain 
nodules o n  their roots. Over 7000 species of legumes have been 
described but only a comparatively few of this number are culti
vated . Now are all  legumes inoculated by the same organism , 
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Rhizo bium leguminosaru m ?  Can the genus Rhizo bium be split 
up into a number of species ? There is  evidence available to 
make one believe that it can. Several investigators have a lready 
suggested the existence of more than one species. Others have 
placed the different legume organisms in two or more so-called 
groups either depending upon morphological, physiological and 
serological differences, or upon their ability to cross inoculate 
on members of the same group . At the present time sufficient 
data are lacking for the description and naming of new species o f  
legume organisms. Fundamental information about this organism 
will only be obtained after a thorough systematic study of this 
organism is completed . Such a study will involve a large amount 
of work ; it will necessitate the use of a number of organisms 
isolated from many different legumes grown under different soil 
conditions. 

If more experimental data were available about the hydrogen 
and hydroxyl-ion concentration or the critical pH limits for the 
bacteria which produce nodules on all of our cultivated legumes, 
it would be possible to answer more o f  the questions which arise 
concerning the behavior o f  legumes on acid and basic soils .  
Generally speaking very acid soils fail to support legume growth 
and inoculation l ikewise is unsuccess ful .  Some few legumes wil l  
grow in medium acid soils, and, nearly all legumes wil l  grow in  
slightly acid soils .  But  just how acid can soils under different 
conditions be before different legumes fail to grow and their 
corresponding bacteria are killed ? What i s  the effect of  acidity 
on the growth of legumes and on Rhizobium leguminosarum ? 
Is it due to a toxic hydrogen-ion concentration, the lack o f  suffi
cient calcium carbonate in the soil solution, or the soluble alumi
num salts ? Would it be possible to develop strains o f  acid
loving bacteria for the inoculation o f  legumes on acid soils ? Why 
should l ime benefit the legume bacteria ? Is it because they pro
duce acids ? If time permitted many other questions might be 
asked here that have a direct bearing on this acidity problem which 
is  one o f  the most important from the standpoint of  inoculation. 

When knowledge concerning the food requirements o f  bacteria 
in general is  made more exact, it will be much easier to determine 
just how this factor affects Rhizo b iu m legu minosarum. The state
ment is generally made that bacteria require the ten essential 
elements for their growth just the same as i s  the case with higher 
plants .  But what i s the function of each of these elements in 
the l i fe  processes of bacteria ? As an example, take iron . O f  
what value i s  i t  t o  the legume organism ? Does i t  serve as a 2
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catalyst and thereby aid in the reaction i nvolving the fixation of 
atmospheric nitrogen ? Progress has been made in the improve
ment of different media for the s tudy of this organism, but there 
i s still much to be learned which will help to solve some of these 
problems. 

A rapid laboratory test to distingui sh d ifferent strains o f  legume 
organisms would be very acceptable to all  soil bacteriologists .  At 
the present time the only positive method of testing the purity 
or efficiency of a culture i s  to inoculate the legT1me seed or  the 
culture medium, and grow the plants to see if the organism i s  
capable o f  producing nodules .  This method i s  n o t  only laborious 
but time consuming as well . It  is  necessary to wait from three to 
six weeks be fore the plant routs are examined. Another obj ection 
i s  the difficulty of grmving plants under absolutely sterile condi
tions.  S and cultures have proved to be the most satisf actory for 
this test and it  i s  necessary to grow the plants in the greenhouse, 
where chances for contamination are great. In  the case of those 
legumes whose bacteria cross inoculate, even in t li i s  mcthrnl it i s  
impossible to determine whether or not t h e  organism came f r o m  a 
specific legume or some other member o f  the same group which 
cross inoculates . From the practical stand po:nt this is not an 
obj ection to the method,  but from the scientific point o f  view it i s .  
For example, i f  the a lfa lfa  and sweet clover organism are not  
intentical in every way,  the  investigator needs a test that wi l l  en
able  him to id en t i fy absolutely the organism with which he is  
working. 

M any of the problems connected with the inoculation of legumes 
could undoubtedly be solved if the factors which influence the 
penetrabil ity o f  the cells  of the plant roots were more clearly 
understood . To what extent do conditions o f  i solation and culti
vation o f  the organisms on d ifferent media in the laboratory affect 
their physiological efficiency ? '\'hat e ffect cloes pliysical condition 
and chemical composition o f  different soils hav e on the invading 
power o f  Rhi:::obium leg11111 inosaru 111 ? In wl iat way does the 
stage development o f  plants,  the rate of growth of roots ,  the 
number o f  root hairs, and the character of the root t issue a ffect the 
number and size of the nodules on different legumes ? 

Very closely related to the physiological efficiency o f  this  organ

ism is the problem of its longevity in the soil and on culture 

media in the l aboratory. The working out o f the l i f e  cycle o f  
Rhizobium leguini11osarum, starting with i ts  introductio n  into 
the soi l ,  then fol lowing with its  growth and activity and various 

changes on through the Ii fe o f  the plant and back to the soil 
3
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agam, would make a most interesting study. Ho\\" long can 
it !in in the soil \v ithout the presence o f  t h e  host plant ? YVhat 
effect · cloes longevity have on the physiological efficiency o f  this 
organism ? Recent experiments have shown that the yield and 
quality of canning peas are increased hy inoculation e•;en on so i l s  
containing the pea organism. '\' oukl the same practice prove 
beneficial  on old al fa lfa  or clover fields  or  other legumes ? I t  has 
been observed that certai n  commerci al cultures kept in the lab
oratory from six to ten years were able to produce nodules on 
legume plants .  l s  i t  possible that there i s  a definite resting stage 
in  the l i f e  h istory of this organism which enables it  under favor
able conditions to l ive over a period of years ? A study of a l l  
the factors \vhich i nfluence the longevity o f  N.hizobiu m  lryu niinos
aruni in the soi l ,  on the seeds ,  and in the culture medium would 
make a valuable contribution to our present lrnowledge concern
ing this organism.  

A considerable amount of experimental cbta i s  to he found in 
the l i terature showing the amount o f  ni trogen that is fixed in the 
soi l  under specific cond itions by different legumes . These data 
do not necessarily hold true for all concl it ions,  and hence i t  is  
des irable to learn how much nitrogen legumes fix in  the so i l  uncler  
d i fferent conditions. How much o f  the combined nitrogen in the 
soil do plants uti l ize,  and how much is actually taken from the 
atmosphere ? I s there any gain in  nitrogen to the so i l  if the 
entire legume crop i s  cut for hay and removed f rom the land ? 
These questions are d ifficult to answer because o f  the fact that the 
gain i n  n itrogen i s  so smal l that o ften times the amount which 

. i s  reported as an increase may well  be within the limit of error 
for the method used in determining the total nitrogen in  the 
crop. If sati s factory answers are to be found for  these questions 
i t  wi l l  necessitate additional studies on the fixation of nitrogen 
by different legumes under di fferent soil and climatic conditions 
and over a long period of years . 

Finally another problem of primary interest to soil bacteriolo
gists is concerning the rnecb anism o i  ni trogen fi xation by micro
organisms.  "''hat is the first product of nitrogen fi xation . and 
how i s  it  accompl ished by bacter ia ? If this question could he 
answered correctly i t  would be of far reaching importance not 
only to the bacteriologist, but to the industrial world as well .  
Manu facturers of commercial nitrogenous ferti l izers would wel
come a clear conclusive explanation of how microorganisms can 
fix nitrogen f rom the atmosphere with apparently remarkable ease , 
whereas w ithout them electricity must be employed to bring about 
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the same results .  Probably no other field in the subj ect o f  soil 
bacteriology offers more wonderful possibilities for research than 
this question o f  nitrogen fixation by bacteria. 

Enough has been said to point out some of the more important 
problems connected with the inoculation of legumes by Rhizobium 
lcgum i11 osarum. The task of  solving these problems can not be 
accomplished by one or several investigators working over a period 
of one or two years . The efforts of all  soi l  bacteriologists, few 
in number a s  they are, must be enlisted with a v iew of coordinat
ing their experiments and results in the hope that sati sfactory 
abstractions and conclusions may be reached. 

LABORATORY oF S orL BACTERIOLOGY, 

IowA AcR1CUL'l'uRAL Ex PERn r ENT STA'l'J O N .  
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