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SUMMARY 

Many of the cropping and tilla ge practices that a farme r u ses 
are effec tive in crop pro du ctiv ity because of the ir influ ence on mi ­
crobial activity. For exampl e, whe n th e soil is till ed , aeration is im ­
proved an d aeration is favorable for th e growth of the nitrogen, sul ­
fur, and iron oxidi zing or gani sms. When the soil env ironme nt lack s 
oxygen, it is unfa vora ble as an environm ent for man y plant s. L egum es 
are inoculated, plant ed and turn ed back into th e soil to incr ease 
available nitrogen for the followin g crop. Every pra ctice or man­
agement system influ ences microbial activity which in turn influe nces 
the decomp osition of plant re sidu es, th e availab ilit y of nutri ent s and 
th e soil structur e. Th ese all influenc e crop growth and th e growt h of 
th e crops de term ines the soil cover and th e erosion prot ection afforded . 
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EA CH SPO ON F UL of an arable Nebraska soil conta ins b illions of living 
m icroscopic organisms . M ulti ply th is by th e nu mber of spoo nfu ls 

of soil in an acre and you have figu res th at are as tron omical. T h e 
ba cteri a in an acre o( soil of average fert ili ty would weigh as mu ch as 
a med ium-site d dairy cow. Th is seethi ng mass of micro or gan isms con­
stiLUtes a crop of 3 Lo 5 ton s per acre-foot of soil that the farmer 
grows benea th the surface in ad di t ion to th e crop that h e grows above 
the ground. If thi s crop of mi croorganism beneat h the sur face is not 
fed adeq uately, the crop above gro und may suff er from comp etition , 
di sease, or other adverse effects of th e mi croo rga ni ms. Without th e 
mi cro org an ic li fe th e soil woul d not be the d yn am ic, p erp etual sys­
tem that sustains all p lant s and indir ectly all anim al lif e. 

To carr y ou t a successful farm ing system using the good featur es 
of soil con erva t ion , ferti lit y and crop rot at ion pra ctices, pro vision 
m ust be made for th e gro win g crop s o ( micro orga ni sms. When com­
p ared with the hi gh ly di ver se popul a tion of microscopic org anisms. 
th a t live in th e soi l, cult iva ted crops l ike corn an d soybean can be 
con sidered as p ure cul tu res. 

It is the pu rpose here to point ouL the ma in kin ds o( mi croscop ic 
orga ni ms in th e soil and som e ways of ma naging and feed ing th em 
th at wi ll re ult in bett er land use and crop yields. Th i will r e ult 
in bett er soil conserva tion by fu rni shin g addi t ional cover for the 
lan d. 

1 Cont ribut ion o f th e Dep a r tm ent of Agronom y, Nebraska Agri cu l tur a l Ex peri ­
m ent Statio n , in coopera tion wi th the Soi l Conservat ion Service O ffi ce of R esear ch , 
U. S. D epar t ment of Agr icultu re , Li n coln , ehr aska. 

2 Bacte r iolog ist , Soil Con ser vatio n Service Offi ce o f R esea r ch , and Profes sor o f 
Agr on om y, U ni vers it y o f Ne br aska , res pecti vely. 
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KINDS OF ORGANJSMS IN THE SOIL 

Ther e are m any kind s and weig h ts of orga ni sms in th e surf ace 
foot of so il and ther e are large .numb ers of each kind , as shown in 
Tabl e J. Each kind of orga ni sm pl ays ome significa nt ro le in th e 
decompo sition of pl ant and anim a l re idues, l ibera tion of plant nu­
trient s, or in th e deve lop m ent o( soil tructur e. Many grou ps ar e 
dep end ent on each oth er; conse qu entl y one kind ma y tend to fo llow 
anoth er. Th ey set up a cr ies of react ion in th e o il that follow one 
another in an organiz ed sequ ence. In size th e orga ni sms vary from 
form s in visibl e with th e ordina ry mi crosco pe but visible with th e 
electron micro cope to tho e that can be een with th e naked eye. 
In shape they vary from tin y dot to we ird twisted form s. Th ey have 
th e capacity to di gest th e mat er ia ls in 1h c soil because th ey produc e 
enzyme whi ch in di ffere nt mi crob ial gro up s form a giga n ti c, comp lex 
enzymati c system that ex tend s throu ghout th e oil. T here are few 
thin gs in th e so il-eve n such res istant ma teri als as h air and h orn ­
th a t escape di ge Lion. 

Ph ages and viruses. Th ese arc th e sma llest for ms of li ving matt er 
in th e soil. Some investigators do not cla ss vir uses as I iving. Th ese 
minut e orga ni sms ar e so sma ll that th ey are in the twili ght zone be­
tween th e li ving and the non I i,·ing mate ri als. Th e ph ages cause 
di seases of ba cte ria and th e viru ses in th e soil cau se di seases of hi gh er 
plant s. · 

Bacteria. Th ese arc the m icroo rgani m that accounL for th e larg­
est numb er s in th e soil. Ther e are m any diff ere nt types. In sh ape 
they r esemb le ba lls, cylind ers, or cor kscrews. Bacteria in th e r esting 
tage are r esistant to hea t, dr yne s, and ot her adverse environm ent al 

condition s. Th e por e forme rs, wh ich constitut e about 10 p er cent 
of th e oil bact eria , ar c hi ghl y res istant when in th e spor e or rest ing 
sLage. Hi gher p lant s can comb in e carbon dio xid e and wate r in th e 
pre sence of sunli ght and chlo rop hyll to ma ke th eir ow n food, but 
bacteri a are mu ch lik e anima ls in that mo st of th em m ust get their 
energy from ca rboh ydrat es, fat , prot e ins or ot her comp ounds syn­
th esized in pl an t or an ima l bodi es. In th e pro ce of obta inin g th eir 
food fr om plant and anim al res idu es, bacte ria in the so il bring abou t 
the decomposition of th ese mat e ria ls. 

Som e of th e imp ortant soil bacter ia arc th e ones that convert u n­
ava ilable nitrog en of the so il organi c m at ter to ammoni a, and tho se 
that conve rt ammonia LO nitrit es an d then to nitrat es. Oth ers are 
th e bacte ria in th e roo t nodule · of legu mes that fiix ni tro gen. Io t 
of th e ni trogen th at is return ed to th e o il fro m sourc es out side th e 
soi l is fixed by the legume bact eri a. Ma ny o th er bact eri a p lay imp ort ­
ant ro les in the so il. Th ey mak nutri ent s availabl e or un ava ilable, 
modi[ y so il stru ct ur e, and change th e a ir rela tion of the so il. 
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TABLE 1.- The microorgani sms in th e soil may vary from a very few up to very 
large numb ers in some cases. Cenain organism s occur in re latively small num -
bers. (From El izabeth McCoy, niver sity of Wisconsin.) 

Average numb er 
Average weight in 

Kind pounds per acre -foo t 
per gram of soil of soil 

Bacteria 1,000,000,000 500- 1,000 

Actinomycetes l 0-20,000,000 800-1 ,500 

Fu ngi 1,000,000 l ,500-2, 000 

Protozo a 1,000,000 200- 400 

Yeasts 1,000 

Algae 100,000 200- 300 

Worms and in sects 800- 1,000 

Close ly related to th e bacteria is a large group of or gani sms call ed 
Actin omycetes. Th ese organis ms arc mor e complicat ed in stru ctur e 
than th e bacter ia. T he charac teri stic odor that is evide nt in newly 
plow ed soil in the sprin g is due to sub stanc es produced by th e Act in ­
omycetes. Some of the organisms belong ing to this group produce 
plant di seases, such as potato scab . Many car ry on th e essen tial ac­
tivities of decompo sing organ ic matte r and making mineral nutri ent s 
ava ilabl e for hi gh er pl ant s. A good soil may hav e 100 to 1,000 mi lli on 
bacteria in a gram of soil. Fi ve per cen t or more of thi s numb er are 
genera ll y Actinom ycetes. The growt h of Actin omycetes on a cu l tural 
medium in the laborator y is usually of a leathery n ature. 

Yeasts. Th ese single -cell ed organ isms are lik e ba cter ia exce pt th ey 
are larg er and their stru ctur e is mo re hi gh ly developed. Th e yeasts 
make up only a sma ll per cent of the total organi sms in the soil. The 
import ance of yeasts in the soil is not kn own. 

Fungi . Th e fungi ar e an essent ia l part of the soil n1icrob ial flo ra. 
Although fung i may be outnumb ered by bacteria p er gra m of soi l, 
the y ha ve a grea ter ma ss of gro wth. Th ese org ani sms form a maze of 
tiny threads call ed mycelium th at may enmesh soil particl es into 
gra nul es. Fun gi grow best in an aerated soil. Many of th em cause 
plant di seases. How ever, th ey decompo se orga nic matt er mai nly and 
durin g the decompos ition of plant and anim al r esidu es the y synth e­
size som e orga ni c matter as cell tissue. 

Algae. T hese are microscopic plant s th at form chl orop hyll in the 
pr esence of sunli gh t. Th ey are found in surfa ce layers of soil that is 
moi st, and whe re ligh t is avai lab le th ey grow as green plant s. In the 
absence of light th ey grow as other soil mi croo rgani sms. Alg ae change 
carbon dioxid e from th e air into organ ic matter in the pr esen ce of 
sunl igh t. They take th eir nitro gen and min era l nutri ent s from th e 
soil. Th ere ma y be as ma ny as 100,000 algae per gram of soil und er 
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optimum conditions. Th e development of algae ma y result in the 
soil turning green at th e surface in moi st, shad y areas. This is not in ­
jurious to plant s. 

Protozoa. Th ese orga n isms ar c the simpl est form belo nging to th e 
anim al gro up . Although they are uni cellular and microscopic in 
size, they are lar ger than most bacteria and mo re complex in th eir 
activities. Soil ma y cont ain as many as 1,000,000 per gram. Protozoa 
obtain th eir food from organic matter in the same way as bacteria. 

Larger organ isms. In additio n to these microscopic forms th ere 
are larger organisms in the soil such as n emat od es, eart h worm s, and 
in sects. All of these pl ay an impo rt ant p art in ch ang·ing the soil con­
dition and in promoti ng or hind erin g crop prod uction. 

NUTRIENTS NEEDED BY MICROORGANISMS 

Soil mic roorganisms have very diversified growth requireme nt s. 
Some organisms such as the nitrif yin g bacteria can use ammonia and 
nitrit es for sourc es of energy and can synth esize new protoplasm in 
a sim ple m ineral medium. Most soil microorganisms · require organi c 
sub stances such as crop resi du es or certain orga ni c compo un ds in th e 
crop residues in add ition to inorganic nutrients for bu ilding n ew cell 
material. Hig h er plant s bu ild th eir own orga ni c sub stances from car­
bon dio xide an d water in th e presence of sunl ight and min era l n u tri­
ent s. Th e orga nic substances requir ed from crop res idu es by the dif ­
ferent soil microorgan isms vary consi derabl y. Some orga ni sms use 
cellu lose. Others can not use cell ulose un til it is conver ted to su gar. 
Thu s i t is necessa r y for certa in organisms to prepare the food for 
other organisms . 

Soil microorga nisms need about the same mineral nut r ient s as do 
crop plants. Impo r tant elemen ts tha t may be deficient in the soil 
are nitr ogen, pho sphoru s, potassium and calciu m. These are frequently 
suppli ed to de ficient soil s as commerc ial ferti li zer and lim e. A few 
oth er min era l nutrients are need ed in sma ller amo unt s. These are 
magnesium, su lfur , iron , manganese, copper, zinc, and molybden um. 
These are present in suffi cient qu antit y in ma ny soils. 

Somet im es there may be comp eti tion betwee n the mi croo rgan isms 
and p lant s for th e mineral n utri en ts in the soi l. The plant may suff er 
because of this comp et it ion. 

SOIL ENVIRONMENT 

Ma ny fac tor s in Lhe soil environ ment influ ence the numb er and 
act ivity of soil mi croor gani sms. Factors of considera ble importance 
are temperature, moisture, aera tion and acidi ty or alkalinit y. 
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Temperature. Durin g a N ebra ska wint er m icrobial acti vit y in th e 
soil is largely at a stand still. In th e spring , after temp eratur es reach 
50° to 60° F. , microbi al ac tivit y begins to pi ck up. Th e optimum 
temp eratur e for a hi gh stat e of activity is ab out 85° to 90° F. In ord er 
for mi croor gani sms to decay plant ma teri al and develop nitr a tes a t 
a r apid rat e th e soil mu st b e warm . Microbi al growth is r etard ed a t 
hi gh as well as at low soil temp eratur es. T emp eratur es hi gh er than 
100° F ., re tard or stop th e ac tivity of many soil mi croorg an isms . 

Moisture. Moi stur e influ ences th e decomp osition of pl ant and 
anim al residu es. When the soil is too dr y there is littl e or no microbi al 
acti vit y. Wh en the soi l ha s optimum moi stu re th e benefi cial group s 
of mi croorg anisms are mos t ac tive. In a we t soil unfa vorabl e groups
such as ana erobic 3 or gani sms may be ac tive . Th ey may con vert ni ­
trat es to gaseou s nitro gen, sulfat es to sulfid es, and u se up all th e 
ox ygen in th e soil. Sometim es we t soil s are unfavorabl e for certain 
plant s because of thi s typ e of und esirabl e mi crob ial activit y. 

Aeration. Generall y a well-ventilat ed soi l support s th e growth of 
ben eficial mi croor gani sms that con ver t nu tr ient s to availabl e form s 
essenti al for high crop productiv ity. Soil s po ssessin g good str uctur e 
ar e usually well aerat ed. Soil aera tion may b e impro ved by good t illage 
practic es. In a soil n ot adequ a tely aerat ed, micr oor gani sms comp ete 
with each oth er for th e oxyge n and some may conv ert ox idi zed com­
po un ds such as nitrat es into a for m no t availabl e to p lan ts. Sulfat es 
ma y be convert ed to h ydro gen sulfid e, an d iron ma y be con vert ed 
to a re du ced form. To o mu ch moi stur e may int ensify th e sh orta ge 
of oxygen by slowin g down th e movement of a ir th rou gh th e soil. 

Acidity or alkalinit y. Certain or gani sms become in active in acid 
soil s. Th e bacteri a th at occur in the root nod ul es of legum es and Azo­
tobac ter wh ich fix ni tro gen ind epend entl y of legum es may lose th e 
abilit y to fix nitrog en in an acid soil. Where lim e is deficient , nodula ­
t ion of legumes is oft en di ff icult to obt ain u n ti l lim e is add ed to th e 
soil. In general , fun gi are mor e active in acid soil s th an ar e bacteria . 
In more al kalin e soil s th e Actinom ycetes become active. Soil s that
ar e ex cessively alkalin e may be devoid of the prop er kind s of mi cro ­
org ani sms or th e activit y of th e mi croor ga ni sms may be limit ed or 
dir ected alon g lin es th a t are un favor able for plant growth . 

LEGUME BACTERI A 

In mos t instan ces legum e bacteri a are minu te, rod -shap ed or gan ­
isms tha t live in th e root nodul es. Th e ba cteria in associa tion with 
the plant tissue take nitro gen from th e air and convert it int o a form 

3 An aero bic re fers to m icroorga n isms tha t grow in the abse nce of a tm osph er ic 
oxyge n . 
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that can be used by th e plant. Thi s pro ces is term ed nitro gen fixation . 
Millions o[ bacte ria in each nodul e are engag ed in fix in g n it roge n . 

ncler favorable conditi ons th e ba cter ia in th e nodul es of legumes 
ma y f ix as much as 200 p ound s o f nitro gen p er acre annu ally (Fig ­
ur e 1 ). 

FIGURE 1.- Wcll -nodulat cd swectclover will su ppl y large amo u nts of organic mau cr 
containin g nitrogen taken from the air. It ma y be necessary to inocu late the 
seed lim e t he soi l, and add other fertilizers in order to get maximum nitrogen 
fixation in the nod u le. (Photo courtesy of F. L. Dul ey.) 

Inocul ation import ant. In obta inin g th e mo L be nefit from le­
gum es in Neb ra ska it ma y be necc ar y to ino cul ate th e seed with the 
right kind of orga nisms, in addit ion to addi ng lime and ph o phor us 
to certain o ils. If the soil has not grown nodulate cl legum e in rece nt 
yea rs, or if th e soil ha s not had a rec ent appli cation o[ lime, iL is 
desirabl e to in ocu late th e eed at pl ant in g tim e. Jn Nebra ka, prob ­
abl y all mall-s eeded legume s sho uld be inoculat ed excep t in a ro ­
tat ion where th ey arc grown frequ entl y. Thi s is cheap insura nce that 
th e righ t kind of orga ni sms of hi gh nitr oge n-fix ing abi lit y will be 
prese nt. Pr ecautio ns set forth in th e manu facturer' di rection shoul d 
be ob served carefull y. Ino culat e with a de irab le tra in o( bac teria. 
Legum e ba cter ia a re usuaily d ivid ed into ino culat ion gro up s. Use 
only th e inoc ulation th at includes th e bacter ia for th e legum e to be 
ino culat ed. 
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Without bac teria of the prope r kin d th e legum e will increase fer­
ti li ty no more than a nonlcgume uch as oats or whea t. Some stra ins 
of legum e bacter ia arc und esirabl e and h ave been show n to produc e 
nodul es in whi ch Jiul e, if any, ni lrogen is fixed (Figu re 2). Th ese 
und esirab le strain s pr od uce small nod ules cattered over the entir e 
root system. odu le developed by des ir ab le str ains are fewer in num ­
ber and arc loca ted on th e tap root and fir st lat eral roo ts of the ho st
plane. 

PARTRIDGE 
PFA 

REGULAR "E:

FIGURE. 2.- Jn (luence of inocu lation on partridge pea. Pl ant s grow n in sand watered 
with nutrient solution. Culture 318A J produced nodules that did not improve 
the growth much over the uninoculatcd (control ) . Culture 318A I and Regu ­
lar "E" produced good nod ulation of the desirab le type (Photo courtesy of 

itragin Compa ny.) 

L egum e bacter ia inf ect the ro ot hair s a t early cedling tage. By 
th e tim e th e plant s are on e to two week s old the y may h ave a num ­
ber of nodules fixi ng nitrog en. A legume plant noclulated wi th a de­
sirab le strain of bacter ia ha a dark gree n color and mak e v igorou s 
growth 'provided the soil supp lies o ther necessary nu tri en ts. Soil fer ­
tilit y conditi ons, with re pect to a lJ cleme nt exce pt nitro gen, should 
be cor rected before the legume is plant ed. ome times a small amo unt 

9 



of suppl emental nitro gen may be n ecessary for carr ying th e plan t 
throu gh th e seedlin g stage unti l it is capabl e of fixing its own ni tro­
gen suppl y. 

When bacteria of th e prop er k ind ar e app lied to th e seed of a 
legum e and the seed is plant ed in a soil suppli ed with all nutri ent s 
excep t nitro gen , nitro gen fixation will occur. Th e nitro gen fix ed will 
impro ve th e growth of the legum e crop. Wh en th e land is turn ed to 
anoth er crop , th e nitro ge n in the legum e will be re leased by decompo ­
sition and becom e avai labl e for pl ant growth . 

NITR IFYING BACTE RIA 

Man y organi sms ar e involv ed in the decompo sit ion of cro p resi­
du es and soil organi c matter befor e the nitri fyin g bac teria can go to 
work. Several group s of microor gani sms are invo lved in br eaking 
down the compl ex org anic sub stan ces in th e soil to simpl e prot ein 
nitro gen . Thi s is then broken down into ammonia nitr ogen. In 
changing ammonia to nitrat e nitro gen , two grou ps of mi croor gan­
isms participat e. Th e nitrit e bac teri a chan ge ammoni a to nitrit es. 
Th e nitr a te ba cteri a ch ange nitrit es to nitr a tes. 

N it r ifying or gani sms are wid espr ead in all culti vat ed soils. Th eir 
numb ers vary from a few up to man y thou sand s p er gram of soil. As a 
rul e th ey are confin ed to th e surfa ce 18 in ches of soil. Sometim es 
th ey are pr esent to a depth of 6 fee t in well aerat ed soils. A numb er 
of fac tor s, su ch as temp eratur e, moistur e and aera tion , influ en ce th e 
nitri fyin g bact eria. 

Temperature. Th e nitrif yin p-or gani sms are resp onsive to temp era ­
tur e chan ges. Th ey are mo st active between 70° and 100° F. Below 
70° F., th ey become pro gressively less active. At 50° or lower th ey 
produ ce very littl e availabl e nitro gen, and th eir activity pra cti call y 
ceases a t slightl y above freez in g (Tabl e 2). Since littl e or no avail abl e 
nitro gen is produc ed for growin g crop s in cool wea th er , there ma y 
be evid en ce in earl y sprin g of nitro gen defici en cy in som e crop s. 
Man agement pr ac tices th a t lower soil temp eratur e will decrease th e 

T A BL E 2.- P roduc tion o f nit ra te ni tro ge n a t d ifferent temp era tur es in soil at Lin -
coln , Nebr aska. I niti al cont en t 4 p.p. m. ; so il at m oistu re eq ui vale n t. 1 (From 
]. C. Ru ssel, Uni vers it y o f Neb raska .) 

Te m pe rature After 8 da ys After 29 days 

2 .6 2.2 
73 ° 4.9 9 .1 
94 ° 14 .4 30.1 

118° 13.8 ll.l 

Moistu re equi valent is ap p rox imatel y the m ois tu re cont ent at field ca pa city. 



activities of the nitr ifying organisms. For examp le, h eavy ap plic a­
tio ns of straw mulch will lower soil temp eratu re, which in turn wi ll 
depress the act ivity of the nitrif ying or gani sms. Light app lica tions 
of straw mulc h h ave little or no adverse effect on soil temperatur e 
or nitrate production. 

Moisture . Th e optimum moisture conLent for maximum nitrifi ca­
tion is about 60 per cent of the water-ho ld ing capaci ty of the soil. 
Ni trification 4 pr actically ceases at low moistu re content. How ever , 
if th e soil is too wet ni trates may di sapp ear from the soil by den itri ­
fication 5

• Pro lon ged period s of wet weather or over irrigation may 
result in loss of nitro gen b y denit rification. Since nitr a tes are water 
solubl e they may also be lost from th e soil by leaching. 

Aeration . N itr ification is a pro cess that takes plac e in th e presence 
of a ir. Soil conditi ons th at are not favorab le for th e movement of air 
into and out of the soil may retard th e production of nitrat es by bac­
teria . Although tilla ge of the soil is aimed at keepi n g the crop fr ee 
of weeds, good aeration of th e soil is also accomp lished an d this pro­
motes the activity of the nitrify ing ba cteria. 

Influe nce of lime. Lime and acid ity, r elat ed reciprocally, h ave an 
important effect on the activities o[ th e n itrifying orga ni sms. The 
orga nisms do not grow well below p H 5.0, which is an acid cond iti on. 
Optimum soil reaction for their activity is near n eut ra l. A grow in g 
crop may be green after lim e app li cat ion , not necessarily because 
of the effect of calcium on the crop , bu t beca u se the lime has stim ­
ulat ed th e nitri fying bacteria to pro duce nitrates (Tab le 3). The ad­
d iti on of lime may stimul a te a rap id br eakdow n of th e reserve or­
gani c matter . T hi s causes more rap id dep letion of the nitroge n in 
the soil. William A. Albrecht of the Soils Departme nt of th e Uni­
versity of Missouri h as stated tha t "ca lciu m is an agenc y to enco ur age 
compl ete comb ustion of organic matter." Any treatmen t of the soil 
ma y indir ect ly affect plant growt h and soil cover b y first affect ing 
act iviti es of th e soil microorgan isms. The microorganisms in tu rn 
may prod u ce some product such as nitrat e that pl ays an important 
role in prod ucing plant s for soil cover . 

T ABLE 3.- Production of nitrate nitrogen as milligrams of nitrogen per 50 gra ms of 
soil from Pu tnam silt loam as in flu enced by lim e treatment in the laboratory. 

Treatment 

None 
Li me 

0 

0.33 
0.37 

2 weeks 

1.13 
1.90 

4 weeks 

4.50 
7.50 

8 weeks 

2.10 
4.20 

12 weeks 

1.83 
3.70 

itrificat ion is the process of changin g ammon ia to nitrates by ba cteria. 
De nit r ification is the process of cha nging nit rates or other com bin ed forms of 

ni t rog en to gaseo us nitrogen. 
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Nitrogen "tie-up". If too mu ch str aw is add ed to th e soi l, the n i­
tra tes may largely di sapp ear for a tim e (Ta bl e 4) . Cer ta in m icro­
or gani sms consum e th e carbon in th e str aw and th e ava ilab le nitroge n 
in th e soil to obtai n a ba lanced diet . Unti l th eir activiti es slow down 
or cease, th ere ma y be li ttl e or no ava ilabl e nitr oge n left over fo r the 
pl ant. T his do es not mea n th a t th e growth of th e ni tr ifyin g bacte r ia 
is depr essed, but that th e ava ilabl e n itro gen th ey pr od uce is used by 
th e mi croo rganism s in th e decompo sitio n pro cess. 

T ABLE 4.-D isappea rance of n i trates fro m Nebraska sandy soil when wheat str aw 
is adde d .1 

Trea tment 

Wheat straw 
No ne 

2 

3 
8 

Inc u bation, weeks 

8 

1 1 
10 23 

This disappeara nce is clue to the microorganisms changing the nitrat es in to 
cell material and is onl y temporary. After a time the n iLrates thus tied up by the 
microo rganisms decomposi ng the whea t straw will again be made available for 

plant u se. 

Re sidue s. :Ma ny soil ma nagemen t practices in flu ence th e activity
of the n itr if ying bacteri a . If p lant resi d ues contain ing a larg e quan­
tity of n itroge n re la ti ve to the carbon con ten t are tu r ned back to the 
soil, they ·will produ ce up on deco mpos i t ion a sur plus of n itrates over 
th e nee ds of th e soil m icroorga ni sm s. Whe n legume res idues decom­
pose, ei the r af ter be ing pl owed un de r or left on th e sur face, they are 
exce ll en t sour ces of ava ilable nitr ogen. Th ey usu ally contain an 
appreciab le amount of n it roge n re la tive to th e carb on con tent an d 
th e n i troge n is rea dil y chan ged in tO an ava ilable form by the nit r ify­
in g bac ter ia . Cro ps follow ing on such land usuall y do no t suffer fr om 
a lac k of ava ila ble nit rogen , and yield abund an tly if mo isture is ade­
quat e and oth er fertilit y elem en ts are balanced and pr esent in suf ­
ficient qu antit y. 

Pla cement of residu es, ei th cr on th e sur face or in th e soil, influ ­
ences th e acti vit ies of th e nitrif ying org ani sms. When residu e arc left
on th e su rfac e as a m ulc h, th e n itr if yin g bac teri a arc u sually slightl y 
less ac ti ve than wh en th e r esidu es are p lowed und er. Thi s is true 
with both leg umes and non legume plant ma ter ial. If straw is used, 
plo wing it und er usuall y resul ts in a temp ora ry depr ession of nit ra tes. 
If the residu es are legum es, pl owin g th em und er in creases the avail­
abl e nitro gen suppl y of th e soil very soon aft er p lowing. 

Fallow . When land is fallowed in th e Great Pl ai ns ar ea, th e n itr i­
f yin g bacteria ma y produ ce 200 po un ds or mor e of ava ilabl e ni trogen 
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per acre in a single season. This compares with a production of 20 to 
100 pounds of ava ilable nitrogen on land in row cro ps in the Great 
Pl ains. During fa llowing Lhere is u suall y a su [( icient accumu latio n 
of moisture to stimu lat e abunda nt nitr ate production. Also th ere 
is no crop to use the avai lab le nitrogen. Th ese two factors probably 
account for the greater product ion of nitrat es under fallow than in 
crop land. 

Fertilizers . Fertilizers, particula rl y lim e, phosphorus , and potas ­
sium, stimula te the act ivity of the nitrif ying bacter ia. Th e response 
of a crop to a single-element fertilizer ma y oft en be comp li cated 
by th e fertil izer's stimu lu s of the ni tri (ying bacteria. For examp le, th e 
app li cation of lime ma y cause the cro p to show a deep green color 
becau se of inc reased n itrification. 

Seasonal influ ence. T he act ivit ies of the nit ri fyin g ba cteria ha ve 
b een attuned to needs of th e hi gh er gree n plants. In th e soils of N e­
braska duri ng the wi n ter there is litt le or no act ivit.y of th e nitr i fying 
bact eria. Ne ith er do the higher plants grow. As spring comes th e 
nitrif ying bacter ia start to prod uce available nit rogen slowl y. Green 
p lant s also grow slow ly ea rl y in the spring , bu t as the seaso n warms 
up growt h ta kes p lace more rapidl y. As summer approac h es th e ac­
t ivity of th e ni trify ing bact eria sl ips into hi gh gea r. Thi s coin cid es with 
th e period of maximum nutrit ional needs for the deve lopment of the 
green plant , such as cor n . If the surf ace soil becom es too dry dur in g 
dry weathe r, the activity of th e nitrif ying ba cteria practi call y ceases. 
The plant growth also slows down and comes into equi li!:>rium wit h 
t he available moistur e. 

Drainage and percolation. Nea rl y all of th e availa b le nitrogen is 
produc ed in the surface foot of soil. Sin ce ni t rates are solu ble th ey 
are carried down with the perco lat ing water. If th ere is much drainage 
of wa ter throug h th e soil, ther e ma y be considera ble loss of solubl e 
nitr ogen a nd other plant nutrien ts. The roots of a growing crop will 
absorb muc h of th e avai lable nitro gen and tra nsform it into plant 
tissue. Thus th e avai lab le nitro gen is not lost in th e percolating 
water. 

Value in a good conserva tion program. In a soil conserva tion 
program it is of vita l importa nce tha t th e eros ion contro l pra ctices 
be in harmon y with the b io logical act ivit ies of the soi l, parti cularly 
th e nitrif ying bacter ia. Practices that confli ct with th e product ion 
o f avai lab le nu tr ien ts for the plant b y these m icroo rgan isms ma y 
r esult in th e ultimat e defeat of a particular conse rvat ion me th od. 
Working with the n itrifying orga ni sms in a ma nn er th a t will pro ­
du ce suffici ent ava ilab le ni trogen fo r the crop will resu lt in an adc-
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q uat e cover for th e land , eith er as a grow ing crop or as re idu es lo 
be used lat er as a mulch (Figur e 3). Thi s will sa tisfy the fir st fund a­
mental requ iremen t of a good conservation program. 

FIGURE 3.-For stubble mulching to control erosion a good supp lv of availab le 
nitrogen is necessary for the growth of good crops, the residues of which are 
u sed as mulching material. (Photo cour tesy of F. L. Dulc y.) 

Use of legumes in regions of limited rainfall. One of the prob ­
lems in the use of legumes in regions o f limited moistur e suppl y is 
the over timulation of pl ant growth caus ed by large amounts o( ni ­
trat e pr oduce d in th e soil. Thi s excessive gro wth leads to a further 
r ed uctio n in the moi tu re suppl y. When legumes are followed by 
oth er crops su ch as corn, lar ge amount s of nutri ent s are ava ilable in 
the ea rly part o f th e season and the cor n grows lu xuri ant ly. If a 
moisture hort age comes later, the corn is too large and may "f ire," 
and often ma y not produ ce as much as on less fertile land . Any pr ac­
ti ce that will reduce thi s overstimul ation and also conserve moi sture 
followin g a legum e seems de sirable in region s of limit ed rainfa ll. 

ince th e use of stubble mulching redu es th e amount of nitr ates 
produced after a legum e, it ma y be view ed as favorabl e rather than 
oth erwi e. It ma y permit th e u e of legum es which otherwise m igh t 
be und esirable where moisture i oft en a limitin g factor in crop 
production. 

When legum es are plow ed und er th ere is mor e rapid decompo si­
tion than when the legumes are left on th e surfa ce of the soil as a 
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mulc h. itr ates are th us deve loped more slowly when legume res i­
d ues are not plowed u nder. W ith stub ble mu lch ing following a le­
gum e, suffi cient nitra tes for hi gh crop yields are usu ally develop ed . 
Thi s range in th e decomp osition of legume resid u es permits some 
cont ro l over n it rif ication. 

Regulation of decomposition by selection of crop residues and 
with stubble mulching or plowing . Eit h er stu bble mu lch ing or plow­
ing of legumes for a following crop allows a range of regu lati ng 
the decom posi tion of residues an d ni trate product ion. Higher or lower 
amo u nts of nitrates may be pro duced by the addition of nitr i fying 
materia l or by regulating decom p osition (Tables 5 and 6). This. 
regu lation is obtained by use of legumes or straw and by either plow ­
ing the residues under or leaving them on the surface. These al ter­
n at ives or combi nations of them allow the farmer to have some 
control over the n i trificat ion. The methods or combination of meth­
ods selected depend upon the soil and probabl e rai n fall. The use of 
stubble mulch ing, coupled with the use of a legume that fixes th e 
proper amount of nitrogen Lo be nitrifiecl, for examp le, ma y permit 
the use of legumes in dry areas tha t could not use them before because 
of "burning ." The lower nitrate product ion plus the additional mois­
ture that may be stored with the stubble mulch system may often in ­
crease crop yields in the drier ar eas of ebraska and at the same time 
afford erosion contro l. 

TABL E 5.-Production of available nitrog en in corn grown in a corn-oats -wheat 
rotation. The nitrate -nitrogen content of land about the time of maximum 
need for nitrogen by corn. 

Disposition of residue 

Su btilled, left on surface 

Plowed u nde r 

Depth in feet 

0-1 0-3 

22 

32 

Pounds per acre of 

44 

62 

0-6 

69 
95 

TABLE 6.- Pr oduc tion of avai lable n itroge n in first-year corn after first -yea r sweet­
clover. The n itrate-n it roge n cont ent of land about the ti me of m axim u m need 
for nitroge n by corn . 

Disposi t ion of residue 

Subt ill ed, left on surface 

Pl owed un der 

Depth in feet 

0- 1 0-3 0-6 

Pounds per acre of 

50 75 115 

66 97 124 
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AVAILABILITY OF NU TRIENTS OTHER THAN NITROGEN 

For every ton of straw or plant nutr ients decompo sed by m icro­
organisms, a ton and one-half of carbon dioxide is pr oduce d whi ch 
1nay form carbonic acid. This acid h as a solvent action on th e soil 
min era ls tha t may chang e nutr ien ts to an avai lable form for plant 
use. Wh en ni trogen and sulf ur are ox idi zed in the soil , ni tric and 
sulfu ric acid are produc ed. Th ese acids in locali zed areas undoubt­
edly h ave a d issolvin g act ion on th e soil. 

A large sour ce of the n utri ent s for plant s in Nebraska soils is 
bo und up in orga nic ma tt er and thi s is not avai lab le to plant s. Und er 
favorabl e condi tions for mic robi al activity mi croorgan isms ch ange 
the nu trie n ts in the organic matter to an ava ilable form. Conditio ns 
favorabl e for mi crobial act ivity usuall y coincide with cond itions favor -
abl e for plant growth. 

SOIL STR UCTURE 

In the process of decompo sing crop residu es, some microorgan isms 
such as fun gi produ ce mycelia. Th ese are threa dlik e struct ur es which 
may bind soil panicl es toget h er int o unit s or aggrega tes that per­
m it air and wa ter mov ement thro ugh the soil. Certai n decompo ­
si tio n product s such as gum s, wax es and lignin s are effec tive as 
stabilizing age nt s in aggregation Generall y, to be e ffect ive in pro ­
mot ing aggregat ion the orga ni c matt er must b e in th e pro cess of 
d ecompos iti on (Tab le 7). Aft er th e decomposi tion of crop residu es 
ha s start ed wate r percol a tion is increased. Aft er a tim e th e effect 
beg ins to decl ine becaus e th e stabili zing mate ria ls decomp ose. 

T A BLE 7.- Percolati on rat e of wa ter thro ugh Peo rian loess as influen ced by the de­
comp ositi on of straw add ed a t the ra te of 8 ton s per acre . 

Days after ad dition 
of str aw 

0 

10 

20 
26 

46 

Perco lat e. total inc hes 
for 6 ho u rs 

2 .81 

7.72 

9.54 

5.08 

Crop res idu es th at decom pose and produ ce availab le nutri en ts 
may be used for maint a ini ng soil stru ctur e. In a gra ss system of farm -
in g th e microorgani sms are being fed continu ally. T hi s help s to ma in­
tai n a desirabl e stru ctur e. Oth er systems of far min g, su ch as con­
tinuou s row cropping , are not as effectiv e in maint a ini ng structur e. 
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