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NITROGEN FIXATION AND LEGUME TNOCULATION

The attached Technical MWote prepared by J. W, Turelle, Hegional
Agroncomist of the Technical Service Center in Portland, entitled
nSymbiotic Nitrogen Fixation and Incculation of Most Legumes in
Western Region," has application in the State of California, It
ig being issued as prepared, realizing that not all specles will
be used din every loeaticn. &g it is to be used as reference ma-
terial, rather than for distribution, this should not detract
from its wvalue,

Fred A. Haughton
State Soll Conservationist
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SYMBIOTTIC NITROGEN FIXATTON AND INOCULATION
OF MOST IEGUMES IN WESTEEN EEGION

Most soils lose nitrogen by erosion, crop removal, drainage water,
nitrate leaching, and presumebly nitrogen gas and nitrous oxides. The
nitrogen content of soils must, therefore, be increased to compensate
for these losses. Ameong the processes for restoring nitrogen in soils
is the use of legume inoculants. This is the most important natural
process for increassing the nitrogen content of soils. Legume inocula-
tione are essential in establishing grasses and legumes for conservation
uses such as controlling soll losses, runoif, and converting cropland
for pastures, hay and recreation.

Other than the addition of & few leguminpus gpecies by Dr. Hafen=
richter and me, the material below 1s from an Arizona Agronomy Note
brepared by Leon W. Kimberlin, Conservation Agronomist, SCS, Phoenix.

All of the following species, of course, are not adapted or used
in each of the Western Region states. It is suggested this material be
localized in each work unit by deleting the species not used.

Legumes perform more efficiently when properly inoculated. Through
an effective partnership of plants and bacteria, legumes can produce
betler yields and play a more satisfactory role in soil maintenance and
improvement.

Some facts conecerning the why and how of legume inoculation are
outlined as follows:

Importance of Legume Bacleria in Nitrogen Transformation

1. There are 35,000 tons of elemental nitrogen in the air sbove
each acre of land; in a form usable by plents, this would
have a value of $TJGGD,GGO per acre at current fertilizer
prices.

2. Elemental nitrogen (an inert gas) must combine with other
elements to be useful to plants. It can be changed to a
plant-available form by lightning, electrical arec processes,
or soil micro-organisms. When nitrogen from the &ir is
changed to & form which can be used by plants it is =aid to
be "fixed."
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Symbiotic Nitrogen Fixation.

Most legumes and some non-legumes benefit from a symbiotie
or partnership relation with certain bacteria whieh are
capable of changing atmospheric nitrogen to forms which
the plant can use. The bacteria use carbohydrates from
the host plant for energy and depend upon the host plant
for certain minerals. In turn the bacteria supply the
host with nitrogen in & usable form. Bacteria of the
penus FRhizobium are capable of infecting legumes, causing
nodules to form on the plant roots, and through symbiotic
sctivity, fix nitrogen which can be used by the plant.

The amounts of nitrogen fixed, has been estimated as

follows:
Average Amount of
Nitrogen Fixed
L& gume Per Acre (pounds)

Alfalfa - = = = = = = = = = = = = 14l
Ladino clover = = = = = = = = = = 179
lupings = = = = = = = = = = = = 151
Sweetelover = = = = = T 119
Asike clover = = = = = = = = = « 119

Red clover = = = = = = = = = = = 11k .
Fudzu = = = T T l':l'_rr
Legumes in pastures = = = = = = = 106

White clover = = = = = = = = = = 103
L’Eﬂ'tilS ———————————— 1D3
SOUrcloVEr= = = = = = = = = = = = o5}
Crimson clover= = = = = = = = = = ol
COWPRBE = = = = = = = = = = = = 90
Lespedezas (annusl) = = = = = = = 85
Fenugreek = = = = = = = = = = = 8o

Vetehl = == = = = = = = = = = = = 5{}
Pur=clover = = = = = = = = = = = 78

Pegg = = w = m m m m = = = m = = 70
Velvethesans = = = = = = = = = = = 67
GArbanzy = = = = = = = = = = = = 56
Soybeans = = = = = = = = = = = = 58

Winter pess = = = = = = = = = = = 50
Peanuts e e Lo

PIEETTE i e s e el e S LQ

Approximetely one-third of the above ampunts of nitrogen is
contained in the root system of the plant. :

Some nitrogen is made available to companion ecrops ass in
the case of legume-grass pastures. Orasses benefit from
nltregen released by legume nodules. .
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How Ehizobium Bacteria and Legumes Work Together

1. Newly seeded legume germinates.

root begins to develop and exerts a chemical attraction
r the bacteria.

m
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3. The bacteria secretes a substance which causes the rooil hair
to eurl end grow toward the bacteria.

4. The bacteria penetrates the root hair and infects the plant
root.

5, Infection of the plant root causes enlargement of plant
cells forming a nodule.

§. The bacteria multiply snd live in the nodule. They draw
upon the plant and certain minerals for energy and furnish
nitrogen compounds to the plant.

7. Most Nitrogen is Fixed:

(a) In daylight when the plant is photo-synthesizing at a
moderate rate. (Excessive rates of photo-synthesis
retard nitrogen fixation)

. o, (o]

(b) At temperatures of 54 - 83 F.

{(¢) Under conditions of good soil moisture and aeration.

{(d) Waen soil nitrate levels are relatively low.

Effects of Soil Fertility and Fertilizer
on Inoculation and Symbiotic Nitrogen Fixation

1. The presence of litrates:

(a) Counteracts deformation of the root hair thus limiting
entrance of the bacteria and reducing numbers of nodules.

(o) Limits the effectiveness of nodules slready formed by
reducing the wvolume of bacterial tissue.

{(c) When the soil nitrate levels are high, the legumes use
soil nitretes in greater smounts--the bacteria fixes
less nitrogen.
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Other Nutrient Elements:

A nutrient regime favorable to the growth of the host plant is
generally desirable for the bacteria. Molybdenum is essential
for the baecteria to fix nitrogen.

Why Should lepumes be Inoculated at Time of Seeding?

1}

Legume plants are incapable of forming nodules and using
nitregen from the air without the aid of nodule bacteria
classified in the genus Fhizobium,

4 Tield may not have previously grown the legume and inoculating
bacteria may not be present in the soil.

Although the field may have previously grown the legume, the
strains of inoculating bacteria in the soil may not be best
for the plant.

Belecting the Correct Inoculant

1,

Different species of Fhizobium bacteria are needed for various
legumes. Rhizobium bacteria have been classified into groups
which are cepsble of inoculating various legumes, These groups
and the legumes which they can inoculate are listed as follows:

Common Name Selentific Name

ALFALFA GROUP (Ehizoblum meliloti)

AT TS et e e Medicago sativa
Buttonelover = - = = = = - M, orbicularis
Celifornia bur=clover = = = M, denticulets
Spotied bur-clover - - = = M. archica
Black medic¢ = = = = = = = M. lupulina
onail bur-clover- - = - = = M. scutellata
Tubercle bur-clover - - - = M, tuberculatsa
Little bur-clover - - - - - M. minima
Tifton bur-clover = = = = = M, rigidulse
Yellow alfalfa = = = = = - M. falcata
White sweetclover - - - - - Melilotus alba
Hubam sweetclover - - - - - M. alba annua
Yellow sweetelover - - = = M. officinalis

Bitterclover (sourclover) - M. indica
Fenugreek = = = = = = - - = Trigenells foenumgraceum
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Commeon Name

Seientific Name

CLOVER GROUP (Enizobium trifolii)

Alsike clover = = = = =
Crimson elover
Hop clowver
Emall hop elover - - =
Large hop clover - - -
Eabbitfooct clover - -
Fed clover
Waite clover = = = = =
Ladino clover = = = =
oub clover
ptrayberry clover-
Berseem clover = = = =
Cluster clover= = = =
digzag clover = = = =
Ball clover
Persian clover - - = -
Carolina clover= = = =

Bose clover = = = = = =

Buffalo clover - - - -
Hungarian clover - - -
Seaside clover- -
Lappa clover
Bigflower clover= - =
Puff clover

- e = e =

Trifolium hybridum
T. incarnatum

T, agrarium

T. dubium

T, procumbens
T. srvense

T. pretense

T. repens

T. repens (giganteum)
T. subterraneum
T. fragiferum
T. alexandrinum
T. glomeratum
T. medium

T. nigrescens
T. resupinatum
T. carolinianum
T. hirtum

T. reflexum

T, pannonicum
T. wormsk joldil
T. leppaceum

T. micheliamum
T. fucatum

(Baizobium leguminosarum)

PEA AND VETCH GROUP
Field pea = = = = = «
Gerden pea - - = - -

fustrian winter pea -
Common vetech
Hairy wvetch - = = = =
Horsebean
Narrowleal vetch= = =
Purple vetech = = = «

Monantha wetch
Lana woollypod vetch -
Bird wveich
Bramble wvetch

I T

- e

Sweet pea = = = = - =
Fough pes: = = = = = =
Tengler pea - = = = =
Flat pea - = = = = = =
| ey vk s oo ey A

Fisum arvense

F. sativum

P. sativum (var. arvense)
Vieia sativa

V. willosa

V. Taba
V.ooangustifolia
V., atropurpures
V. articulata
V¥, dasycarpa

V. cracca

V. tenuifolia
Lathyrus odoratus
L. hirsutus

L. tingitanus

L. sylvestris
Lens culinaris (esculenta)




Common Harme goientific Name

COWFEA GFOUP (Fhizchivm sp.)

owped = = = = = = = = = = Vipgna sinensis
feparagus=bean = = = = = = V. sesguipedalis
Gommon leapedera. = = = = =ileanedezac gliriata
rorean lespedega = = = = = L, stipulaces
pericea lespedeza - = = = = I, ciuneata

slender bushelover - - - = L. virginiea

Striped erotalaria =~ - - - Crotelaria mucronate
Sunn erotalaria = = = = = . Juncea

Winged crotalaria = = = = €, sagittalis
Floride beggarweed - = - = Desmodium tortucsum

Mielk trelfeil = = = =i=i=reiDy dlldnoense
Livary tickelover = - - - = [, canescens
[{udzn = = == o= e = = =Peraria thunbergians

Alyceclover = = = = = = = Alygicarpus vaginalis
{No common neme) = = = = = Erythrina indica

Pigeonpea = = = = = = = = = Cajanus cajan (indicus)

Guar S B Cyamopsis tetragonoloba
JEERDEATY: el i o Canavalis ensiformis

Peamii = = = = = = = = = = Arachizs hypogaes

NedSrerhe AT == et el = Stizolobium deeringianum
Limesheans  =ieinebie i = Fheseolus lunatus {macrmcarpus)
Adzuki Deal = e F. angularis

Mat bean = = = = = = = == P gognitifolius
Mung bearn = = = = =i=i=i=: B  g3reug

Tepame Beall, — == =iaii=ns P. scutifoliusg var. latifolius
Paririd@ge=-pen, sir==ei=i= Chamaeerista fasciculata
o e o S A R e de Acacia linifolia
Kangarco—thorn = = =i=i= s A, armata

Wild-indigo = = = = = ='= ="HBaptisia tinctoria
Halry Indigo == == =='="TIndigofera hirsuta

BEAN GROUP (Bhizobium phaseoli)

Garden bean, kidney hean,
Navy bean, pinto bean Phaseolus vulgaris
Searlet Runner bean P, coceineus (multiflorus)

LUPINE GROUP (Rhizobium lupini)

Llue luping = = = = = - = Tunpinus angustifolius
Yellow TUDINg = = = = = o L. luteus

White Lipinee = = = = = - L. albus

Washinrgton lupine - - - < L. polyphyllus
SURETET e e L. perennis

Texaz bluebonnet = - - < L. subcarnosus
Senradetllial s s Ornithopus sativus




Oommon Name Seientific Name

SOYBEAN GROUP (Bhizoblum jeponicum)

Soybeans Glycine sojs
Wild soybeans Glyveine Jjavonica
¥ o il

SPECIFIC STRAIN GROUP (Bhizobium sp.)

Birdsfoot trefoil Lotus corniculatus
Big trefoil L. uliginogus

Foxtail dalea Dales alopecuroides
Black locust Fobinia pseudoacacis
Trailing wild bean Strophostyles helvola
Hemp sesbania Sesbania exaltata
Kura clover Trifolium asmbiguim
Sanfoin Cnobrychis vulgaris (sativus)
Crown vetch Coronilla varis
Siberian pea=-shrub Caragana aroorescens
(arbanzo Cieer arietinum
Cicer milkyetch Astragalus clcer
Leadplant Amorpha CcEHNEsCcens

Variations or streins of bacteria hawve different abilities to
inoculate legumes and to fix nitrogen.

(a) Some strains may form nodules readily but may be good or
poor as nitrogen fixers. Some may he parasitic without
benelfit to the plent.

(b) Nodules formed by poor strains are usually small, round,
white in color, and scattered over the roct system of the
plant. Nodules formed by & good strain are usually fewer
in number, larger, somewhat elongated, pink, and located
rnear the main roots.

(¢) Strains may vary in effectiveness after succeseive passage
through host plants.

(d) Many of the strains found in their natural habitet, either
in the soil or in necdules, are of the poor type.

Selected Strains of Inoeculant ere Easily Cbtained:

Tnoculant is commercislly availasble for all commonly grown
legumes and may be purchased from most seed suppliers,

Leboratory cultures of highly effective strains of becteria are
mixed with a carrier of moist humus, agar, or liquid for storage,
transportation, and use by farmers,
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Seed which has been pre-incculated with the sppropriste strain
of bacteria is also availsble from some seed suppliers.

Costz of inoculant cultures will average about 50 cents per
buzhel of =eed. Pre=inoeulated seed usually costs about
$2.50 per hundred weight more than seed which has not been
inoculated.

To fAchieve Successful Legume Tnoculation.

1.

'Ef

When inoculating seeds on the farm:

(a} Purchase the correct strain of bacterial culture. Check
the expiration date on the container.

(b) Keep the inoculant in a cool dark place until used.
Avg;d exposure to temperatures greatly in excess of
507 I, for extended pericds.

(c) At time of seeding - mix the bacterial culture with the
seed. Use skim milk diluted with water, or a water and
sugar solution to wet the seed immediately prior to
mixing. This will cauzge the bacterie to stick toc the
seed and will supply nutrients for® the bacteria.

(d) Mix small guantities at one time; a drill box full or
whatever amount can he used in a short time (2 hours or
less). Mix thoroughly to assure that inoculant adheres
to all seeds.

(e) Keep the inoculated seed in the shade to avoid high
temperatures, and drying before seeding.

(f) Double inoculate all seed which has been chemically
treated.

(g) Make seedings in moist scil whenever possible.

When Using Pre-Inoculated Seed:

(a) Be sure that seed has been stored at temperatures of 50° T,
or less, and has not been exposed to higher temperatures
for extended periods of time.

(b) Re-inoculate seed if the expiration date on the tag has

expired or if temperature limitations have exceeded
those shown on the tag.




3. Avoid Excessive Application of Nitrogen.

Application of nitrogen fertilizers is generally detrimental
to bacterial nocdulation. However, on wvery infertile soils,
nitrogen applied in limited smounts at seeding time may be
beneficial.

Avoid direct Eantact of shemiecal fertilizers with the
inoculated seed.

Nitrogen applied after stand establishment is detrimental to
the effective activity of the nitrogen fixing bacteria.

Submitted by: Ieon W. Kimberlin
Conservation Agronomist
B8C5, Phoenix, Arizona
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