NOTE TO USERS

This reproduction is the best copy available.

®

UMI

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



UNIVERSITY OF NEBRASKA LIBRARIES
MANUSCRIPT THESIS

Permission to use this thesis has been given by the author or department under whose
direction it was written. !

Approved by department....... ... ..o

It is expected that proper credit will be given for any quotations taken from this work.
Extensive copying or publication of the thesis in whole or in part requires the written
consent of the author or department.

This thesis has been used by the following persons, whose signatures attest their accept-
ance of the above restrictions.

A library which borrows this thesis for use by its patrons is expected to secure the
signature of each user.

NAME AND ADDRESS DATE

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



’
THE GEOGRAPHIC DISTRIBUTION OF AZOTOBACTER AND RHIZOBIUM MELILOTI IN

NEBRASKA SOILS IN RELATION TO CFRTAIN ENVIRONMENTAL FACTORS

by

Howard B, Peterson

A THESIS
Presented to the Faculty of
The (raduate College in the University of Nebraska
In Partisl Pulfillment of Requirements
. Por the Degree of Doetor of Philosophy

Department of Agronomy

Lincoln, Nebraska
1940

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



UMI Number: DP13631

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform DP13631

Copyright 2006 by ProQuest Information and Learning Company.
All rights reserved. This microform edition is protected against

unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, Ml 48106-1346

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



'amsmwquWm%ﬁnmmwqummﬂmmmtu
mr.mm}mhmmammm

| Weldam, Dry By Pe Rhoadss, Dre Ge Le Pedtior,

| DPe O B Osorgl, snd Dre By Ay Downs for thelr
nelpful advice and cwnstructive oviticlsmy smd
to Heury Smith, Neuriee Eiller, Orvia ¥elerhanty,
u&&mﬂammm&ﬂwmwwummnmmmun
uwmmMMM¢uwﬂmﬂv

373425

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



FABLE OF

m‘mm’y‘tq"~‘."»“q‘v§‘ﬁAﬂhiﬁﬁi"bi@f‘ﬁﬁi&l!“#*"‘ﬁ&"&ﬁiﬁ'ﬂ#

3 A R g S R I CPe g g

‘M)s&"dq‘gﬁhﬁ'%lléi\‘wmt#ﬁ:h“«itil(~ii¢4,6nifﬁ!ﬁifﬂw,&k!tqﬁntﬂ#iﬂt#ﬂll!
Dedermination of Asotobuober Prasenot..coseisirsrosssrsvivssnse
Eﬂﬁﬂm&'hm ﬂf &iﬁﬁkm m‘mﬂﬁgﬂulbﬁbqnwftt;sﬁx&&4“m;’rut!
SO8) RontBioB. serevsissssscusssrssarassbainarbnsrnysansraanshn
&1\&%&' %@ﬁkﬁmﬂnt«imwaw%qwmrbm»iiog’q@»«,iu&*@ug.y-‘o,Q-fywcqo:».u¢
Base Rxchange Oapscity snd Exohengeadle Oalelum..........ce.es
Emm% HESULTE. oo vnssssnannconsns i sasansvsensnninrusssenes
ﬁﬁl”‘mgm of #%MWM‘&O:'“,uu“s.uu“.u.u”““n.n
ﬁi#ﬁ!’ﬁmm OF Bhlsoblume e o rnenssnrinanurnnnsvonssrssnannn
.aimwxm»&baiﬁ@&*&ﬂv;oqu’rptav»u«;minﬁ-ni&n‘u‘ikmiitw‘iﬁv‘ﬁ%'nntbn»wyu
W AXD %ﬂmﬂﬁﬁﬁ..“num.,.»,m.m..«“..n.w“..;,.,.,...“,.
ﬁlﬁm 6‘”9.;»;.?4»-1»’«,fu‘p‘hn¢gmuam;suq&«‘ut*;»naA*»..a»;waxﬁ»@n;

m!xgtwtualﬁﬁtrlvaﬂtQmv»in&vccnn'i‘vyu\gt&dr»lauaﬂi*mﬁ.awsis9‘1;«qagc

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

R WM F W R N e



1
o% oF wmmm AND REIZOBIUM MELILO®Y 1N
NEBEASKA $0TLS IN RELAZION 70 CERZAIN BNVIRONMENTAL )

m GEOARAPHIC DX STRIBUTI

. §uece Winogradeky first fsolated an m&m&m nmmfbwug nitrow

mﬁu orgenisn and Hel) riwl and ﬂ:&fwﬁh mm that w&nhn on
m;mu are due %o bacterial infestion (37), m sbundance of 1iterature
has appoarsd sonserning the aﬂi’dwt ooourrenge, and distridution 4n
soils of the various n&mwmiﬁn capable ‘e# fixing ataospheris nitro-
gen. %i.g ks evidense of the kesn interest m in these organisms and
nimm $he belie? fn their Lmportance. 4s n rmm of this Interest and
wm maak evidence m. sagumulated %o m@ﬂ the opinion that fixation
éj stmsphertc attrogm in the sofl fe of mavked scomonie ixportente in
ugm; soll forsiitey. S

m this fnvestigation » snrvey of hhmm mﬁn m been made ln

wﬁw ‘M determine the aammtm of m “"i.a mﬂwﬂhuu nitrogen

s o5 well as the meredic m%iam niww fizers of the geners
Aw hﬁhr snd Ehimobiun vmuw tn

onsection with this survey,
mm a&" mo charsoteristios of these mﬂ,: wm w offoct this Alstribue
tm w:m studied,

" It 4s sstimated thet a mormally astive Flora of Asotobacter, in some
mtmm solls, may fix as high as 30 o 10@ gwmh of nitrogen per
mm» nmh year. It seemsd desivable, them, m determine thelr azamwtm :
m xmm goils, in an effort to mmum whether or not the m&l flors k

mg:mw these orgenisms snd possidly mmm Wy conkinusd falr ylelds e:.:tl
small M are reportsd on wach of the land not mmxm mﬁ nmwm L
}JW in the rotation.
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2
m yoar Nebraska farmérs plant an uxmm 3,000,000 pounds of

‘aa:m&, soed and 7,500,000 pounds of sweet nim& with very 1ittle use of
ymm mm inosulation. Large arens of the ;Mu are coming undey iwi»
mim shere legunes will be used that Bave: m boen axtensively grom
y »wm.; In addibion, 1ittle ie known abmﬁ lwam orgsaisms in aress
zmr WNV&W large acresges of IMI« N‘Wi M facts in nind (1 »m&
m«mm to deternine the pressuce of Iabsobing melilott 4a Nebreska sotls

-,7&&%% %0 eatedlish soze factual ﬁm&a ot inoculation rosonmendes
} ‘ nd weet olover or alfalfs.

a M&W is tnoluded in & ;mmmi 114 aaﬁMi'mtmlﬁ o
e & wakian Wﬂ&l&g it u&m 245 the mﬁ“l omiy m
bive siratn of Buisobium is pmmﬂ 5 gaffiotent mabers 1 prow
frictemt sodulation on all the host plants ia sarly stages of growth,
?mmm ohjentives De ammwh .2 |
Up %o this ¥ime practisally no mm m;;m veported on the mierss
ﬁw& f the mm of mm Henow m ivtle basls for mﬁ&w-»
’ mder envirvsmentsl oonditions as they
1% 4» hoped that this Ww wtli w& mlv wipply some &:mm
| agbivities, Put also mz

gMium

o m; the faull of 1938, a sotal of 315 wi& mzn wus mllmm
m: 3’6 mﬂm a0i) series in 78 of mm* n 53 mﬂn. They m
wﬁ.&@m o0 include the predominant woil mrﬁn w sach mw and. were
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3
distributed as shown in Fig, 3. None of the samples was taken from flelds

containing alfalfa or gweet clover. The majority of the samples was-
from cultivated fields containing small grain stubble or corn stalks.
Aseptic technique was employed to insure against gross contamination.
Each sample, representing a composite of about ten borings taken ‘to a
depth of six inches, was placed in a new 16 os. drug carton which had
been previously treated with a mixturs of paraffin and Opalwax®,

The desoription of each socil type 4s given in the soll survey ree
ports from the various counties: (29). The soil type and legal desorip-
tion of each location is included in Table 1 of the appendix,

nation of Asotobacter Pressnge
The presence of Agotobacter was determined in these samples by the

soil plague method principally as descrided by Winogradsky (m&. 45, 46)
but with some modification. It donsisted of nixing 50 gm of godl with
2,5 gm corn starch, 0.3 gm dipotagsium phéuphata. 0.2 gn calcium carbonate
and 0,5 ml of 0.5 per cent ammonium nitrate, and eaou;@' uqiy’edaw solution,
contalning 0.5 ml of 1 psr cent smmonium molybdate per liter of water, to
make a well puddled paste. This paste was placed Into glass caster cups
11 x 42 mm inside dimensions, and smoothed on the surface with a mois$
chamber for 48 hours, at which time raised, viscous, mecroscopic colonies
on the surface indicated the pressncs of Asotobactsr. This method was
declded upon after numercus trials of several methods and combinations.
Molybdate in small concentrations was found to stimmlate the growth of

Azotobacter In accordance with the ohservations of geveral workera,

w()palvnmvl is a DuPont synthetic wax with a high melting point. It was
uged to prevent the melting of the wax mixture at high summer temperatures.
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(36, 2, 3, 6). Tho nttrets was used 0 s¥imlate the growth of larger
golonies snd bas Deen fouud mnd muxm by some {16, 47, 13} %o be dene-
rmm or at least not harmful %o mmm m present in small Qquaniie
t&m Nany of the more smndy soils failed o shw parface eolonles mﬁﬁ.
futiuna clay soil was added to the nixm. 48 suggested by Saskest
and Stewart, the addision of Emoliw (26), sllews the formasion of & wmooth
mm plague on which msacroscopio colonies m appear 1f the organisms

m ‘ :ﬁ?ﬁl“‘o

. Im order to determine the pressnce of lam baoteris o method was
mm the seme as desorided by Wilsom (4O, 1&1). The alfsifs plants
were grows in olosed tws quart frult Jars fithed with bottle rubbers and
taps eontelning an opening vhich was plugged with cotton as shows in
Fig. 1, One thoussnd grams of alr-dsy f1ae mx& was sterilized in each
Jar wnder 20 pounds steam pressure for N«Wm&m The mﬁu wore gpoarie
fled %u consentrated sulferic acid, washed fm of acld, soaked in mere |
Wia c¢hloride solution (131000) and them washed fz;uéxef chloride with
ﬂmﬁa distilled water. Ten grams of -‘kha mil % be tasted was: added
% wah Jar along with the seeds and 100 wl of & wodified Crone's solution
(3} About } fmeh of coares dry sterile sand was placed over the sesds
tn ﬂm the incldence of *damping et:t" arm&ma

W Jors were plased %0 o depth of thm Wm in tauks of mm
mﬁer naintained at a tempernture of m.w 0. These tanks wers logated
in m &resnhouse, Artificial light ml«mh& Mi@% {(rg. 1). I%
was not possible to test all the solls at one time so lights were used %o

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5
ingure & wnifors length of day during all yeasons. About 0 duys was
-umwm for the growth of the nodules in mw gane. After this period
of 4ime the plants were savefully washed out smd exemined for medules.

Plg. 1. Jars smd tanke used in growing alfsifs for the Ehisebium studiss,

m reyulds of many workers show that s.nw cuges, the resction of
m m and the presence and wﬁh of aimmﬂm orgmmimms s veyy
ﬂlﬂsﬂ? nue&tM¢ It was Belleved that m &ﬂa on these samples
M& uhw a relasiouship %o the azmﬁm@ M‘ ﬂa organiemm

After a yather axtensive shudy of &&m ;mm&u in solls ¥ilpon
{h'g *2" wnLoluded that the Mﬁ%ma a# m bwm&m from the mum
mm w be correlated with increcsing mmm He aleo fousd $hat wofls
mm M been limed contained suffislent lcm hacterda $o produce

Asuats modulation.

| m‘yaa (5) found that nodule formation is influenced by the veaotion
of the mediun, In fact Fred, Beldwin and, MoGey (9) have offered munereus
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rmfomwm snd reviews o indicate how ymfmalr aserobic nitrogen fixing
armiam are affeoted by the mtim of ﬁuir mﬁmmh

© Burk et al., Galney, Pred and Davemport, Martin, and others (6, 8,
10, 11, 12, 1b, 20) have found » close relationship between Asotobaster
presence and astivity, and reaction. IKrishas (19) ma?mm that soll
veaction is the dominemt factor influeneing nitrogen fixation in :wm,
4 PE valus of six has hesn maintaiaed as being eritieal,

furk (34) found Asotobacter pressad and setive in wolls with pH
valuos s low as 5.04. He noted no m&uﬂmm%y betwoer quaniitied of
nitrogen t&m& in mevobic culture soluions amt PR mﬁm of the soils,

Iz arder to determines pH, elecirometrie mm wore wsed on m
samples, The quinhydrone method with a safurated calomel half-cell end
a Loeds snd Norshrap WWi&mm' was: a«& in al) eages where the ri
m 'bczsmi sight. & s&ma aiwtm spparats (Csmeron) was employed to
mc ﬁw samples with & move alkaline mtmn All pH deberminations

wors wade on a waterwsolil ratio of 2.5 1 1,

fhe determination of soludle phosphorus should not be overlooked
since it is an essential elemens snd m Yoo found, by T——. investi- -
g@ﬁarﬁ %0 be importsnt and intimately assoclabed with nitrogen fixers.
Trueedell (33) working with alfalfa, found phosphate bemefiolsl Yo
both plant and organisms. In MM with soybeans, Wilson (39) found
‘ that phosphates in soil gultures inarsased aMﬁ prodnetion. Hels and
’ Whiting (15) 4n 114 trisls found phosphorus Yertilisers increassd nodus
1&‘&1@ vhen used in amouvnts not inhibitery %o germination. In pot experie
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m;mmmawﬂ (32) prodused sn tﬁgxmu in m&ux of nodules on ine
osulated plants by incorporating fresh chaff with soil. fThis incresse
was mwﬁaé by further addition of phosphates. fewsll and Gainey
(28) fownd that 1n seid eoils low in saleimm, nodulstien of wlfslfs
was benefited more by superphosphate than lims. However, the ¥wo in
doubination were best. ey also fownd the mupply of svailskle phos
y&wm% be very importaat in deSermining the degree of inomlasion
obiained with alfalfa grow in » normally scld soil. Valker sd Browm
(;w} showed $hat yook phosphate suabled the wofl of Agronony Taym a¥
Anoe %o support a larger nusber of alfslfs snd red clover orgsaisms.
ﬁm:w; $he phogphorus in eombinadlon with menure, lime sto. gave a
ﬁm’l lww punber of viable legume organiasms.

ﬁpinim: as % the requirement m& amaw&ﬂw of Asokcbeoter for
Wmm.,m to e variable, /ﬁMm; ot al, (23) fousd phosphorus
uwﬁ 28 oslotum %0 be Q:@%m. Burk end Linewsaver (7) foumd phog
pxwmn a0k espential t&ar mﬂh of Axotobaoter sither in fixed or fyee
guwm ‘exospt possibly at uatested concemtyatlons bslew 0.1 %o 1 ppm.
of phosphate. A% Gomosmtretions shove ihis, 16 was very stimulating o
the rcte of growsh, Swrk (34) fownd lime, phoupnorus, snd potassium,
tiﬁm‘ alone or in sobination %o ald n&tﬂmﬁmm in moet smaes.
Wﬁm mm—. and Brows {20) in & mo«f im soils found the
wamm of Asotobaster %o be clamly mmm with pH sed avallsble
,pmmmx bud more slosely %o p8, however in e nw of Arisons moils,
amm (31) found 1ittle correlation between mtﬁﬂiy of Asotobsoter snd
mi&ahh phogphorus mmh
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