
AN ABSTRACT OF THE THESIS OF

ARTHUR DUANE NELSON for the degree of MASTER OF SCIENCE
(Name) (Degree)

in Botany & Plant Pathology presented on
(Major department)

7 7-

(Date)

Title: NITROGEN FIXATION ASSOCIATED WITH GRASSES AND

OTHER SPECIES IN OREGON

Abstract approved:
Redacted for privacy

r. HarOtal4-.-7Evans

Nitrogen fixation in both natural and domestic grasslands of

Oregon was studied using the acetylene reduction assay. A substan-

tial number of these tests made gave positive acetylene reduction

activity. Rates in the range of 60 g fixed/ha/day were observed

for some Agrostis species. Assuming that this rate proceeds for 100

days during a year, 6 kg of nitrogen/ha/year would be made available

for plant growth. It is concluded that this quantity of nitrogen

would be of considerable importance in the maintenance of this species

under natural conditions. Anaerobic or facultatively anaerobic nitro-.

gen fixing microorganisms were isolated from the surfaces of roots.

Pure cultures of Bacillus macerans, Bacillus polymyxa, and Entero-

bacter cloacae were isolated from wheat roots. Two other nitrogen

fixing microorganisms were also isolated and characterized, but

these have not been assigned a specific taxonomic classification.



Nitrogen Fixation Associated with Grasses
and Other Species in Oregon

by

Arthur Duane Nelson

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Master of Science

June 1975



APPROVED:

Redacted for privacy

Professor of Botany
in charge of major

Redacted for privacy
Head of Department of Botany

Redacted for privacy

Dean of Graduate School

Date thesis is presented 74;

Typed by Susie Kozlik for Arthur Duane Nelson



TABLE OF CONTENTS

INTRODUCTION

REVIEW OF THE LITERATURE

Dinitrogen Fixation Under Temperate Field Conditions
Dinitrogen Fixation by Tropical Grassland Associations
Dinitrogen Fixation by Some Marine and Freshwater

Angiosperm Associations
Dinitrogen Fixation by Rotting Wood

MATERIALS AND METHODS

Page

2

8

9

10

Sources of Chemicals 10

Field Surveys 11

Areas Surveyed 11

Methods for Removing Plant and Soil Cores 11

Exposure of Cores to Acetylene 17

Collection and Analysis of Samples 18

Calculations 19

Cultural Methods 19

Other Methods 21

RESULTS 22

N2 Fixation by Cereal and Feed Grains 22
Willamette Valley 22
Basin Research Station 28
Frequency of N2 Fixation Rates 31

N2 Fixation by Non-Cereal Grasses 31

Willamette Valley 31

Basin Research Station 35

Sisters, Oregon Area 41

Frequency of N2 Fixation Rates 41

N2 Fixation by Non-Grass Species 41

N2 Fixation by Soil Cores 48
Characterization of Bacterial Isolates 48

Taxonomic Information 48
N2 Fixation by Isolates 53

DISCUSSION 61

LITERATURE CITED 66



LIST OF FIGURES

Figure Page

1 Time Course of C2H2 Reduction by Cores Containing
Triticum aestivum Yamhill 25

2 Time Course of C2H Reduction by Cores Containing
Triticum aestivum N2ugaines 26

3 Time Course of C2H2 Reduction by Cores Containing
Triticum aestivum Nugaines 27

4 Frequency Distribution of N2 Fixation by Cores
Containing Cereal and Feed Grains 32

5 Time Course of C2H2 Reduction by Cores Containing
Agrostis pratense 36

6 Time Course of C2H2 Reduction by Cores Containing
Agrostis pratense 37

7 Time Course of C2H2 Reduction by Cores Containing
Bromus inermis 38

8 Time Course of C2H2 Reduction by Cores Containing
Festuca elatior 39

9 Time Course of C2H2 Reduction by Cores Containing
Hordeum jubatum 42

10 Frequency Distribution of N2 Fixation by Cores
Containing Non - Cereal Grasses 45

11 Rate of C2H2 Reduction by Bacillus polymyxa 55

12 Rate of N2 Fixation by Bacillus polymyxa 56

13 Rate of C2H2 Reduction by Bacterial Isolate 1-34-5 57

14 Rate of N2 Fixation by Bacterial Isolate 1-34-5 58

15 Rate of C2H2 Reduction by Bacillus macerans 59

16 Rate of N2 Fixation by Bacillus macerans 60



LIST OF TABLES

Table Page

1 Descriptive InformationConcerning Field Surveys
Cereal and Feed Grains 12

la Descriptive Information Concerning Field Surveys-
Non-cereal Grasses 13

lb Descriptive Information Concerning Field Surveys-
Other Species Sampled 16

2 Estimates of Rates of N2 Fixation by Cereal Grains
in the Willamette Valley 23

3 Control Cores (Without C2H2) for the Cereal Grains
in the Willamette Valley 24

4 Estimates of Rates of N2 Fixation by Cereal and Feed
Grains on the Basin Research Station 29

Control Cores (Without C2H2) for the Cereal and Feed
Grains on the Basin Research Station 30

6 Estimates of Rates of N2 Fixation by Non-Cereal
Grasses in the Willamette Valley 33

7 Control Cores (Without C2H2) for Non-Cereal
Grasses in the Willamette Valley 34

Estimates of Rates of N2 Fixation by Non-Cereal
Grasses on the Basin Research Station 40

9 Control Cores (Without C2H2) for the Non-Cereal
Grasses on the Basin Research Station 40

10 Estimates of Rates of N
2

Fixation by Non-Cereal
Grasses from the Sisters, Oregon Area 43

11 Control Cores (Without C2H2) for the Non-Cereal
Grasses from the Sisters, Oregon Area 44

12 Estimates of Rates of N2 Fixation by Non-Grass
Species from Various Locations 46



Table Page

13 Control Cores (Without C2H2) for the Non-Grass
Species from Various Locations 47

14 Estimates of Rates of N2 Fixation in Soil Cores
Collected in the Willamette Valley 49

15 Description of N2 Fixing Bacterial Isolates from
the Roots of Wheat 50



NITROGEN FIXATION ASSOCIATED WITH GRASSES
AND OTHER SPECIES IN OREGON

INTRODUCTION

In the past few decades the world's population has grown rapidly

and as a result scientists have become very concerned about how to

produce enough food to prevent mass starvation. Considerable effort,

time, and money has been devoted to study the ways in which one might

increase world food production. Since nitrogen is an essential element

for all living organisms, being exceeded in concentration in most

living tissues only by carbon, oxygen, and hydrogen, it is important

that it be studied if food production is to be increased. Nitrogen as a

diatomic gas makes up about 78% of the volume of dry air in the earth's

atmosphere, but is unavailable for direct use to all but a few micro-

organisms. Consequently, it must be converted to a form that is

readily usable by the majority of living organisms. The biological

process which accomplishes this conversion is termed "biological

nitrogen fixation." This is the capacity of an organism to reduce N2

to NH3 (ammonia) either individually or in some association with a

higher plant. Recently attention has been focused on studies of nitro-

gen fixation by the microflora of the rhizospheres of various grasses,

some domestic and some native. Some of the grasses that have been

studied are of considerable economic importance.



REVIEW OF THE LITERATURE

Dinitrogen Fixation Under Temperate Field Conditions

Two sets of investigators, namely Paul, et al. (1971) and

Vlassak, et al. (1973) have used undisturbed soil cores to measure

the rate of N
2

fixation in temperate grasslands. Using the acetylene

reduction assay, these investigators found that N2 fixation under native

grassland conditions was low, amounting to 1 to 2 kg N/ha/season.

Less N2 fixation was found to occur in cultivated soils. Other types

of soils were also tested and found to be capable of fixing 1 kg N/ha/

season or less.

Paul, et al. (1971) found that Nostoc species were active N2

fixers when the surface of the soil was moist. Sixteen nodulated

legumes were found in the native grassland, the three most common

being Vicia americana, Thermopsis rhombifolia, and Oxytropis sericea.

They are thought to contribute about 10 percent of the nitrogenase

activity found in the native grassland. Elaeagnus commutata and

Shepherdia argentea were identified as the major nodulated non-

leguminous representatives. They were limited to specific habitats

such as waterways and ditches. Clostridia were the major hetero-

tropic asymbiotic bacteria present in the soil. Their rates of fixation

increased under waterlogged field conditions.



Vlassak, et al. (1973) also found that fixation by legumes repre-

sented a substantial fraction of the N2 fixation occurring in grassland

sites. Phyllospheric samples of the moss Ceratodon purpureus were

reported to reduce acetylene at appreciable rates and Nostoc species

were reported to be associated with the moss. Clostridia were iden-

tified as the major asymbiotic bacteria present in the grassland soil.

The relationship of the number of these bacteria present to measured

rates of N2 fixation was not significant. Some species of Klebsiella

were also isolated from the soil and use of the acetylene reduction

assay and Kjeldahl analyses indicated that representative cultures were

capable of fixing 30 mg N /liter of media during an eight day laboratory

incubation period.

Steyn and Delwiche (1970) obtained soil samples from various

California environments and N2 fixation by these was determined at

monthly intervals over a period of one year. Annual fixation rates of

2 to 5 kg N/ha were observed.

Line and Loutit (1971) conducted an investigation on native tus-

sock-grassland soils in the Rock and Pillar Range of Central Otago,

New Zealand. The general cover is dominated by Festuca novae-

zealandiae from 300 m andby Chionocloa rigida at higher altitudes

above 1200 m. Sampling was at altitudes of 500, 700, and 1000 m.

In this study species of Azotobacter and Beijerinckia were found in

isolated areas and only small numbers of N2 fixing Clostridia were



identified. The major N2 fixing isolates included Bacillus circulans

(tentative identification), Bacillus polymyxa, Enterobacter aerogenes,

Klebsiella pneumoniae, and Escherichia intermedia. Estimates indi-

cated that the species contributed low amounts of fixed nitrogen to the

s oil.

A field survey inthe Broadbalk Wilderness at Rothamstead Ex-

perimental Station by Harris and D rt(1972) indicated considerable

nitrogenase activity associated with the rhizospheres of Stachys

sylvatica and several other dicotyledenous plants. This experimental

area had been left untouched since 1882. Prior to 1964, when the area

was last tested, an average of 55 kg N/ha/year had accumulated. Use

of soil cores and work with litter samples indicated that non-rhizo-

spheric fixation could account for 4-5 kg N/ha/year. Legumes were

ruled out as a major source of fixation because they were essentially

absent. Considerable nitrogenase activity was associated with the

roots of Heracleum sphondylium L. (hogweed), Mercurialis perennis L.

(dog's mercury), Rumex acetosa (sorrel), Viola canina (dog's violet),

Anthriscus sylvestris Hoff. (cow parsley), and Convolvulus arvensis L.

(bindweed).

An assay of the effects of 02 on the nitrogenase activity of S.

sylvatica roots shaken free of loose soil showed that the highest activity

was obtained at a p02 of 0.04 atm. Acetylene reduction rates by whole

plants in pots of soil were higher than either excised roots or
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rhizosphere soil. N2 fixing bacteria were isolated from the root and

rhizosphere soil of S. sylvatica and their N2 fixing capabilities were

confirmed by Kjeldahl analysis. These organisms have not been

identified.

An investigation by Raju, Evans, and Seidler (1972) into the

rhizosphere system of unusually green corn plants (Zea mays, Pioneer

3773) led to the isolation and identification of the facultative anaerobe

Enterobacter cloacae. The unusually green corn plants' roots system

reduced from 578 to 689 nmoles C
2
H2 in 42 hours while their chlorotic

counterparts reduced from 43 to 85 nmoles C2H2. Although E. cloacae

was the major N2 fixing bacterium identified, it has not been estab-

lished that the bacterium was responsible for the N2 fixation in the

rhizosphere system.

Dinitrogen Fixation by Tropical Grassland Associations

Dommergues and associates (1973) have made studies of the

nitrogenase activities in the rhizospheres of rice, maize, and other

tropical grasses. The most interesting results were obtained when

rice was grown under laboratory conditions. These investigators es-

timated the activity of the rhizosphere of rice plants, to be 2000-6000

nmoles C
2 H 4hlg

-1 dry root weight. They pointed out that this activity

was about 10 percent of that of symbiotic systems. In some of the

other grasses cultured in growth cabinets, as little as 10 nmoles



C2 H4 h
-1

g
-1 dry root weight was observed. An influence of soil type

on nitrogenase activity was noted but the specific soil conditions that

caused the effect were not determined. Increase in light intensity

caused an increase in the rhizospheric nitrogenase activity. It was

concluded from the results of these experiments that waterlogged soil,

sunny climates, and plants with root systems which exude large

amounts of carbon material contributed toward increases in nitrogenase

activity of the rhizosphere.

Dobereiner, Dart, and Day (1972a) found that the roots of sugar

cane had a considerable amount of nitrogenase activity. Beijerinckia

indica was reported to be abundant on the roots of sugar cane and in

the soil where the sugar cane was grown. Soil samples taken mid-way

between rows showed more C
2
H2 reducing activity than samples taken

20 cm from the rows. This was attributed to drippings between rows

during and after rains. This conclusion was supported by the obser-

vation that the addition of wash water from sugar cane leaves resulted

in increased numbers of B, indica. A p02
of 0.04 atm was reported

to be optimum for nitrogenase activity. The activity of washed roots

was more than 50 percent of the activity found with unwashed roots.

Nitrogenase activity was also detected with root systems of Cynbopo_gon

citratus, Panicum maximum and Pennisetum purpureum.

Dobereiner, Dart, and Day (1972b) have also investigated the N2

fixing capability of Paspalum notatum. The roots of the cultivar



'Batatais' produced 1 to 32 nmoles C2H4 per gram dry weight per hour

while comparable roots of the cultivar 'Pensacola' produced less than

0.5 nmoles C2H4 per gram dry weight per hour. A lag time of 12-14

hours was noted before the maximum rate of acetylene reduction was

observed. A p0
2

of 0.04 atm was shown to produce the highest acety-

lene reduction rate with washed roots. Soil cores with plants showed

little sensitivity to varying the p02. When cores with plants were

exposed to 16 hour days, no diurnal fluctuations were observed in the

acetylene reducing capacity. When long dark periods were initiated,

however, the activity gradually decreased, but then increased when the

next light period began. The largest numbers of Azotobacter were

found on or underneath a mucilagenous sheath on the root surface.

Washing the roots removed less than half the activity. The aerial

parts of the plants exhibited no activity and very low activity was

observed in soils without roots. This association is estimated to

account for about 90 kg of N fixed/ha/year.

In a recent investigation, Dobereiner and Day (1974) have dis-

covered high nitrogenase activity on the roots of certain cultivars of

Digitaria decumbens. The organism responsible for the fixation was

identified as Spirillum lipoferum. The bacterium seems to exhibit the

highest N
2

fixing activity when growing on media containing 0. 05%

lactate in an atmosphere with a p02 of 0.04. The use of tetrazolium

dye indicated that the bacteria were localized within the root cells;



thus the bacteria possibly form a primitive type of intracellular root

symbiosis. This work could be economically important since

Digitaria decumbens is an important pasture grass in South America

and other tropical areas.

Dinitro en Fixation b Some Marine and
Freshwater Angiosperm Associations

Patriquin and Knowles (1972) have studied the acetylene reduc-

tion activity of the rhizomes of several marine angiosperms. Those

studied were Thalassia testudinum, Syringodium filiforme, Diplanthera

wrightii, and Zostera marina. They estimated that N2 fixation by

Thalassia testudinum is sufficient to meet the nitrogen requirements

of the plants. The numbers of N2 fixing bacteria were about equal

to the numbers of heterotrophic aerobes. The nitrogen fixing micro-

organisms observed were 30 to 500 times more abundant in the

rhizosphere soil than in the non-rhizosphere soil. Organisms respon-

sible for the N2 fixation have not been identified.

Bristow (1974) investigated the acetylene reduction by bacteria

found in the rhizosphere of the freshwater a,ngiosperms Glyceria

borealis and Typha sp. When samples of roots and rhizomes were

incubated anaerobically with rhizosphere sediments, rates of reduction

of acetylene were 3711 moles g -1 1
day for the Glyceria and 3.611

moles g -1day-1 for the Typha. From these experiments they estimated
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N2 fixation in the rhizosphere of the Glyceria could account for 60 kg

of N/ha/year.

Dinitrogen Fixation by Rotting Wood

Seidler, Aho, Raju, and Evans (1972) isolated N2 fixing bacteria

from areas of decay found in white fir trees. The samples of decayed

wood were taken from white fir trees which had basal injuries or conks

of Echinodontium tinctorium and/or Phellinus pini. Samples from the

decayed areas were cultured on three media and purified isolates

tested for facultatively anaerobic N2 fixers by use of H-tubes (Campbell

and Evans, 1969).

A total of 130 gram negative bacterial isolates were obtained

from the major decays in white fir trees. Of these 68 were shown to

be capable of fixing N2 as determined by use of the acetylene reduction

technique. The bacterial isolates were characterized and identified as

Enterobacter agglomerans, E. aerogenes, Klebsiella pneumoniae, and

other atypical Enterobacter sp. (Aho, et al. , 1974).
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MATERIALS AND METHODS

Sources of Chemicals

Nitrogen and other gases used in the various experiments were

obtained from Industrial Welding, Inc. of Albany, Oregon. Acetylene

was obtained from the same source or was generated by the addition of

calcium carbide (Van Waters and Rogers Corp. San Francisco) to

distilled water (Fishbeck, 1973). Acetylene from the commercial

source was scrubbed through concentrated H 2504 to remove impurities.

The chemicals used for the preparation of media included: sucrose,

MgSO4. 7H20, NaCI, FeSO4. 7H20, K2HPO4, and KH2PO4 as "Baker

Analyzed" reagents from J. T. Baker Chemical Company, Phillipsburg,

New Jersey. The Na2Mo04. 7H20 and CaC12 as "analytical Reagent"

grade were purchased from Mallinckrodt Chemical Works, St. Louis.

The para-aminobenzoic acid was purchased from Eastman. Organic

Chemicals, Rochester, New York and the biotin from Sigma Chemical

Company of St. Louis.

A modified microkjeldahl method (Umbreit, et al. 1972)was used

to determine the total nitrogen in the bacterial samples. Analytical

grade H
2
SO4 and KOH were purchased from Mallinckrodt Chemical

Works, 30% reagent H202 from Allied Chemical, General Chemical

Division, Morristown, New Jersey, and copper selenite from

Matheson, Coleman, and Bell, Norwood, Ohio. Analytical grade Hg12



11

and KI which were used for the preparation of Ness ler' s reagent were

obtained from J. T. Baker Chemical Company, Phillipsburg, and gum

ghatti for the Nessler's reagent was purchased from Scientific Supplies

Company of Seattle.

Field Surveys

Areas Surveyed. Three general areas were sampled in the field

surveys. The first area was designated as the Willamette Valley, but

most samples were taken from areas around the city of Corvallis. The

second area surveyed was the Basin Research Station
1 located ten

miles northeast of Pendleton, Oregon. Most samples were taken on

the Experiment Station property. The third area surveyed was located

in the Cascade Mountains near Sisters, Oregon and the headwater area

of the Metolius River.

The descriptive information concerning the field surveys con-

ducted in this investigation are presented in Tables 1, la, and lb.

Detailed information regarding the source of samples tested (Tables 2

to 14) may be obtained by reference to the appropriate laboratory num-

bers in Tables 1, la, and lb.

Methods for Removing Plant and Soil Cores. For the purpose of

removing plant and soil cores a core driving device was constructed to

'Columbia Basin Research Center.



Table 1. Descriptive Information Concerning Field Surveys - Cereal and Feed Grains.

General area Location where
samples were collected

Species sampled Date
sampled

Laboratory No.

Basin Research Station

tl

Willamette Valley

1_1

Basin Research Station

10 mi NE of Pendleton,
Or. , on Hwy. 11

OSU Botany Farm,
Powelson's Field Plot

11

11

It

10 mi NE of Pendleton,
Or. , on Hwy. 11

Sorghum

aestivum

204

Metzger

Kiss 6

6TA 476

6TA 204

Nugaines

Yamhill

Kirac 66

Bezotaya

McDermid

Nugaines

Kharkov

Hyslop

6-19-74

6-19-74

6-19-74

6-19-74

6-19-74

5-7-74

5-7-74

5-7-74

5-7-74

5-7-74

5-23-74

5-23-74

6-19-74

3- 7 -(17, 18, 19,20)*

3-6-(5,6,7,8)

3-6-(9) and
3-7-(10,11,12)

3-7-(13,14,15,16)

3-7-(21,22,23,24)

1- 91 -(2, 3)

1-91-(4,5,6)

1-91-(7,8,9)

1-91-(10,11,12)

1- 91 -(13, 14, 15)

3-1-(37,38,39,40,41)

3-1-(42,43,44)

3-6-(1,2,3,4)

Triticali

Triticum

11

11

it

*Numbers in parenthesis such as {18, 19, 20) refer to 3-7-18, 3-7-19, and 3-7-20. The first two numbers were omitted to conserve space. This

system was used in similar tables throughout this manuscript.



Table la. Descriptive Information Concerning Field Surveys - Non-Cereal Grasses.

General area Location where
samples were collected

Species sampled Date
sampled

Laboratory No.

Willamette Valley Belfountain Rd. 5 mi S.
of Phi lomath Rd.

Agrostis pratense 4-26-74 1- 86 -(2, 3)

10-30-74 3-36-(b,c,d)

11-4-74 3-37-(C,D,E,F)

It 11-11-74 3-39-(4,5,6,7)

OSU Botany Farm 1 mi E
of Corvallis on Hwy. 34

Echinocloa crusgalli 6-26-74 3-9-(1,2,3)

Basin Research Station 10 mi NE of Pendleton,
Or., on Hwy. 11

6-20-74 3- 7 -(31, 32)

Willamette Valley Hal Pritchett Development Bromus inermis 4-30-74 1- 87 -(5, 6)

N of Philomath on West
Hills Rd.

3.5 mi SW of Philomath
on Hwy. 34

4-30-74 1- 87 -(11, 12)

Sisters, Meto lius R. 3 mi N of Hwy. 20 on 11 7-17-74 3 -18- (9,10)

Camp Sherman Rd.

Willamette Valley Peavy Arboretum 5 mi Festuca bromoides 4-23-74 1- 82 -(10, 11)

N of Corvallis on Hwy. 99W

1 mi E of Hyslop Farm on
wide road ditch S side of

" 5-2-74 1- 89 -(11, 12)

Hwy. 20

Festuca elatior 4-19-74 1- 80 -(1, 2)

4-23-74 1-82-(2)



Table la. Continued.

General area Location where
samples were collected

Species sampled Date
sampled

Laboratory No.

Willamette Valley 3 mi N of Corvallis on Hwy. Festuca elatior 4-23-74 1- 82 -(13, 14)

99W at Junction of Mt. View
Dr.

Willamette River near 4-26-74 1-86-(4,5,7)
Corvallis Sand & Gravel

2 mi N of Philomath on 4-30-74 1- 87 -(2, 3)

West Hills Rd.

East Botany Farm 6-26-74 3-9-(4,5)
Kronstad Plot

Sisters, Metolius R. 1 mi E of Santiam Festuca idahoensis 7-17-74 3- 18 -(1, 2)

Pass on U.S. Hwy. 20

3 mi N of Hwy. 20 on 7-17-74 3-18-(5,6)
Camp Sherman Rd.

Basin Research Station 1 mi W of Hermiston, Or. ,
1-80 interchg. on E side
of Rec. Area

Hordeum lubatum 6-20-74 3- 7 -(33, 34)

Willamette Valley S of Adair AFB along Arrhenatherum elatius 5-2-74 1-89-(2,3,5,6,11,
Ryal's Ave. 0.5 mi E
from 99W intersection

12,13,14)

11 2.5 mi NE of Hyslop Farm
on Hwy. 20 at public boat
launch on Willamette R.

4-18-74 1-80-(4,5)

Hyslop Farm S mi NE of 4-18-74 1- 80 -(6, 7)

Corvallis off Hwy. 20
(-N fertilizer plot)



Table la. Continued.

General area Location where
samples were collected

Species sampled Date
sampled

Laboratory No.

Sisters, Metolius R. 3 mi N of Hwy. 20 on Camp Sitanion hystrix 7-18-74 3- 18 -(7,8, 11)

Sherman Rd.

11 Blackpine Campground .11 7-18-74 3-18-(12,13,15,16)
Fire Rd. 2, Forest Rd.
1534 S of Sisters, Or.

Road ditch S mi S of it 7-18-74 3-18-(17,18)

Sisters, Or. , on Forest
Rd. 1534

3 mi. N of Hwy. 20 on 7-18-74 3-18-(22)

Camp Sherman Rd.

Basin Research Station On Hwy. 11 near Agri- Elymus cinerus 6-20-74 3-7-(25,26,27,28)

Chem. Corp. Adams, Or.

Willamette Valley OSU Botany Farm 1 mi E
of Corvallis on Hwy. 34

Panicum capillare 6-26-74 3 -9 -(6, 7)

11 2.5 mi SW of Philomath
on Hwy. 34

Lolium perenne 4-30-74 1-87-(8,9)

Sisters, Metolius R. 3 mi N of Hwy. 20 on {Unidentified) 7-18-74 3-18-(19,20)

Camp Sherman Rd.

Cyperus esculentus 7-18-74 3-18-(23,24)

Phleum alpinum 7-18-74 3-18-(21)



Table lb. Descriptive Information Concerning Field Surveys - Other Species Sampled.

General area Location where Species sampled Date Laboratory No.

samples were collected sampled

Willamette Valley Near Adair AFB 5 mi N of Iris tenax 4-23-74 1- 82 -(5, 6, 7)

Corvallis on Hwy. 99W

5-2-74 1-89-(7,8,9)

Sisters, Metolius R. Blackpine Campground Arctostaphylos patula 7-18-74 3-18-(14)
Fire Rd. 2, Forest Rd.
1534 S of Sisters, Or.

3 mi N of Hwy. 20 on Sedge (not identified) 7-18-74 3- 18 -(3, 4)

Camp Sherman Rd.

Willamette Valley 1 mi E of Hyslop Farm
on Hwy. 20 S side of Rd.

Salsola pestifer 4-19-74 1-80-(8)
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force a steel cylinder into the ground around plants selected for test-

ing. A steel sample cylinder (15 cm dia. x 20 cm long) was used to

obtain the sample cores. This cylinder was attached to the end of a

"driver cylinder" (15.5 cm dia. x 84 cm long) which was constructed

of heavy gauge rolled steel and reinforced with pieces of angle iron.

The sample cylinder attached to the "driver cylinder" was forced into

the soil by use of a sledge hammer. When the top edge of the sample

cylinder was flush with the soil surface, soil was removed around the

core by use of a shovel and the core was removed with minimal dis-

turbance of the plant material. Soil cores as control samples were

taken in close proximity to the sites where the plant species were

obtained.

Exposure of Cores to Acetylene. Many sample cores were ex-

posed to C
2
H2 in large polyethylene containers using the procedure

described by Fishbeck (1973). Those core samples that were collected

near Corvallis were placed in large plastic bags for protection and

transported to the laboratory for analysis. Cores were placed

directly into the polyethylene containers and after sealing were ex-

posed to 0.025 atm of C2H2 as described by Fishbeck (1973). In the

surveys conducted at the Basin Research Station and the Sisters,

Oregon Area (Tables 1 to lb) soil and plant cores were exposed to

C2H2 at locations near the sampling sites. In some of these experi-

ments soil and plant cores (with paper plates underneath to prevent
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soil loss) were placed in Saran bags (14" x 24"). Each bag was ad-

justed to the approximate dimensions of the sample core. A piece of

polyethylene tubing (1 cm dia. x 8 cm long) was fitted into the opening

of each Saran bag and was held firmly in place by use of rubber bands.

One end of the polyethylene tube contained a rubber serum stopper for

injection and removal of gasses.

Collection and Analysis of Samples. The air-acetylene mixture

around the core samples was mixed repeatedly by use of a large

syringe prior to the time the samples were removed. Gas samples

were removed at zero time and after the desired incubation periods

by use of a 1.0 ml syringe. At each time period, replicate samples

were taken. Samples in syringes were held for short periods (no

more than 30 min.) by placing the syringe needles in large rubber

stoppers. Gas samples collected at field sites near the Basin

Research Station or the Sisters, Oregon Area were placed in Bectin-

Dickinson Vacutainers following the procedure described by Alexander

(1970). In all cases measurements were corrected for C2H4 that was

evolved from the containers at zero time.

Gas samples removed from the incubation vessels were assayed

for ethylene production by use of a Varian-Aerograph model 600D gas

chromatograph equipped with a hydrogen flame ionization detector.

Nitrogen was used as the carrier gas at a flow rate of 25 mi./minute.
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The gas chromatograph is equipped with a column (6 ft. x 1/8 in.)

of Poropak R, 80-100 mesh manufactured by Waters Associates, Inc.

and was operated at 47. 5 °C. Peak areas for the ethylene and acety-

lene were directly proportional to their respective concentrations over

the range utilized in all assays. Retention time for ethylene was about

58 seconds and that for acetylene was about 78 seconds.

Calculations. The experimental rate of C2H2 reduced/core/day

was established from the initial 12 hour incubation period and was

multiplied by 2 to convert to a 24 hour day. In those cases where lag

periods were observed, the 12-hour rate immediately following the

lag period was used to establish the C2H2 reduction rate.

The surface areas of the soil cores were measured and the

nmoles C2H2 reduced/core/day was convertedintog N2fixed/ha/day.

In this calculation it was assumed that 3 moles of C
2
H2 were reduced

per mole of N2 reduced. Also, on the basis of the work of Fishbeck

(1973), it was assumed that rates of C2H2 reduction at 0.025 atm

were 33 percent of rates at 0.1 atm of C2H2. It is realized that the

conditions used by Fishbeck (1973) may not apply to the variety of

soil and environmental conditions encountered in this survey.

Cultural Methods

Attempts were made to isolate the major microorganisms re-

sponsible for acetylene reduction rates in some of the most active
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core samples that were measured. For these experiments small

roots (approx. 3 mm x 5 mm) with adhering soil were placed into a

modified Hino-Wilson medium that has been described by Raju, et al.

(1972). The medium was placed in one arm of an H-tube and made

anaerobic by use of a mixture of alkaline pyrogallol as described by

Campbell and Evans (1969). Detailed description of methods for

inoculation, gassing, and removal of samples from these types of

cultures have been described by Raju, et al. (1972). When appre-

ciable growth was observed in the H-tubes, acetylene was introduced

and after exposure for 12 hours, rates of acetylene reduction were

measured. In addition, some root samples from cultures were placed

in Burk's (Wilson and Knight, 1952) medium and also in Dobereiner's

(Dobereiner, et al. , 1974) malate medium under aerobic conditions.

The majority of the N2 fixing isolates were obtained by use of the

anerobic conditions in the modified H and W medium. When positive

acetylene reduction was established in H-tubes, an aliquot of the

enrichment culture was prepared and a series of dilutions was made.

Plates of H and W medium were streaked from these dilution tubes

and were incubated under anaerobic conditions. Individual colonies

growing on these plates were again tested for acetylene reduction in

H-tubes. The positive cultures were diluted and replated through at

least three cycles to insure purity of isolates. After N2 fixing isolates

had been obtained, their biochemical and morphological characteristics
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were established by Professor Ramon J. Seidler and Dr. Lynn Barber,

Departments of Microbiology, and Botany and Plant Pathology

respectively.

Other Methods

The nitrogen content of cells was determined by a microkjeldahl

procedure described by Umbreit, et al. (1972). Turbidities of cul-

tures were measured in a Baush and Lomb Spectronic 20 at a wave-

length of 540 nanometers.
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RESULTS

N2 Fixation by Cereal and Feed Grains

Willamette Valley. Estimates of rates of N2 fixation by cereal

grains in the Willamette Valley are presented in Table 2 and the rates

of C
2
H4 production for the corresponding control cores (without C

2
H )

are presented in Table 3. The calculated rates of N2 fixed for the

various wheat cultivars ranged from 1.6 to 23.8 g N2 fixed/ha/day.

The respective control cores evolved less than 20 nmoles C2H 4/core/

day (which amounted to a correction of less than 3 percent of the total

activity). If a mean rate of 11.6 g N2 fixed/ha/day (a weighted aver-

age) for all cereal grain samples in the Willamette Valley is mulit-

plied by 100 and corrected for ethylene evolution by control samples

a rate of 1.13 kg N2 fixed per ha per 100 days is obtained. 1

Time courses of C
2

H
2

reduction of some of the most active

cores of wheat samples are presented in Figures 1, 2, and 3. As

shown in Figure 1, a core of Triticum aestivum Yamhill (1-91-6)

exhibited a near linear rate for a period of 40 hours whereas a com-

parable core that was not watered (1-91-5) exhibited a notable lag

period. Although the only known differential treatment of these two

1A value of 100 was arbitrarily selected as a reasonable conser-
vative estimate for the number of days that N2 fixation might occur
during a year.



Table 2. Estimates of Rates of N2 Fixation by Cereal Grains in the Willamette Valley.

Laboratory No. Species and cultivar Date
sampled

Soil
moisture
(% dry wt)

Air
temp.
(0C)

No. of
cores

N2 fixed/ha/day (g)

Mean Range

1- 91 -(2, 3)

1-91-(5)

1-91-(6)*

1-91-(8)

1-91-(9)*

1- 91 -(11)

1-91-(12)*

1-91-(14)

1-91-(15)*

3-1-(37,38,39)

3-1-(41)*

3-1-(42)

3- 1 -(44)*

Triticum aestivum Nugaines

Yamhill

Karac 66

Bezotaya

It

McDermid

Nugaines

Nugaines

Kharkov

5-7-74

5-7-54

5-7-74

5-7-74

5-7-74

5-7-74

5-7-74

5-7-74

5-7-74

5-23-74

5-23-74

5-23-74

5-23-74

10.7

10.9

18.9

10.9

18.4

10.6

18.6

10.8

18.5

19.8

19.8

26

26

26

26

26

26

26

26

26

16

16

16

16

2

1

1

1

1

1

1

1

1

3

1

1

1

4.5

6.4

21.4

10.2

1.6

14.0

7.0

8.9

7.6

14.5

17.8

14.0

23.8

3.0-5.9

9.5-18.1

--

ti

tf I

If

il

Triticum aestivum

These cores were subterraneously watered with distilled H20, placed in the growth chamber for 48 hrs. (80°F, 16 hr. photoperiod) and then

tested.



Table 3. Control Cores (without C2H2) for the Cereal Grains in the Willamette Valley.

Laboratory No. Species and cultivar Date
sampled

Soil
moisture
(% dry wt)

Air
temp.
(°C)

No. of
cores

C2H4 produced/core/ 24hrs
(nmoles)

Mean

1-91-(4) Triticum aestivum Yamhill 5-7-74 10.9 26 1 < 20

1- 91 -(7) Kirac 66 5-7-74 10.9 26 1 < 20

1-91-(10) Bezotaya 5-7-74 10.6 26 1 < 20

1-91-(13) ci tt McDermid S-7-74 10.8 26 1 < 20

3-1-(40) Nugaines 5-23-74 16 1 < 20

3-1-(43) I Kharkov 5-23-74 16 1 < 20
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Figure 1. Time course of C2H2 reduction by cores containing
Triticum aestivum Yamhill. Cores were incubated at
room temperature (25°C) in large wastebaskets. (See
Materials and Methods). 1-91-6 is a watered core
(See footnote Table 2).
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samples was the water addition, the factors responsible for the differ

ence in the time course experiments have not been definitely estab-

lished.

In two other time course experiments (Figure 2 and 3) initial

rapid rates of C
2

H
2

reduction were observed for the initial 10 hour

period and lower rates of C
2
H2 reduction were apparent during the

remaining part of the time courses. Reasons for these changes in

rate of fixation during the incubation period have not been elucidated

and will require further study.

Basin Research Station. Table 4 presents estimated rates of N2

fixation by cereal and feed grains that were sampled on the Basin

Research Station. The C
2

H
4

production rates by control cores (with-

out C
2 2
H ) for these cereal and feed grains are presented in Table 5.

The calculated rates of N2 fixed for the various samples of Triticali

cultivars ranged from 0.3 to 10.8 g N2 fixed/ha/day. The respective

control cores evolved less than 20 nmoles C 2
H

4
/core/day (which

amounted to a correction of less than 5 percent of the total activity).

If a mean rate of 6.23 g N2 fixed /ha /day (a weighted average) for all

Triticali samples is multiplied by 100 and corrected for the appropri-

ate control rates, a mean fixation of 0.59 kg N2 per ha per 100 days

is obtained.



Table 4. Estimates of Rates of N2 Fixation by Cereal and Feed Grains on the Basin Research Station.

Laboratory No. Species and cultivar Date
sampled

Soil
moisture
(% dry wt)

Air
temp.
(°C)

No. of
cores

N2 fixed/ha/day (g)

Mean Range

3-7-(19,20) Sorghum 204 6-19-74 14.5 32 2 14.3 0.0-29.5

3-6-(7,8) Triticali Metzger 6-19-74 11.9 32 2 40.3

3-7-(11,12) Kiss 6 6-19-74 11.9 32 2 6.6 3.4-9.7

3-7-(15,16) u 6TA 476 6-19-74 11.9 32 2 10.8 8.1-13. 5

3-7-(23,24) 6TA 204 6-19-74 12.0 32 2 7.2 S. 6-8.8

3 -6 -(3, 4) Triticum aestivum Hyslop 6-19-74 11.9 32 2 6.4 3.2-9.5



Table 5. Control Cores (without C2H2) for the Cereal and Feed Grains on the Basin Research Station.

Laboratory No. Species and cultivar Date
sampled

Soil
moisture
(% dry wt)

Air
temp.
( °C)

No. of
cores

C2H2 produced/core/24 hrs
(nmoles )

Mean

3-7-(17,18) Sorghum 204 6-19-74 14.5 32 2 <20

3-6-(5,6) Triticali Metzger 6-19-74 11.9 32 2 <20

3-6-(9) and
3-7-(10) Kiss 6 6-19-74 11.9 32 2 <20

3-7-(13,14) 6TA 476 6-19-74 11.9 32 2 <20

3-7-(21,22) 6TA 204 6-19-74 12.3 32 2 <20

3-6-(1,2) Triticum aestivum Hyslop 6-19-74 11.9 32 2 <20
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Frequency of N2 Fixation Rates. Figure 4 is a graph showing

how the total number of core samples containing cereal and feed grains

is distributed. Sixty-four percent of the samples exhibited N2 fixation

rates of 0 to 10 g N2 fixed /ha /day. Only three samples exhibited

rates between 20 and 30 g N, fixed/ha/day.

N2 Fixation by Non-Cereal Grasses

Willamette Valley. Table 6 presents estimates of rates of N2

fixation by non-cereal grasses in the Willamette Valley. The C2H4

evolution by the respective control cores (without C
2

H
2

added) for

these non-cereal grasses is presented in Table 7. Agrostis and

Festuca were the major species sampled in this group. Some of the

lowest calculated N2 fixation rates were noted for Festuca bromoides

and Arrhenatherum elatius while samples of Agrostis showed some of

the highest rates. For this group of samples the calculated rates of

g N2 fixed /ha /day range from 0.08 to 99.7. When core sample 3-9-5

was corrected for C2H4 evolution by the control core it is obvious that

little or no fixation occurred. The respective control cores for the

Agrostis samples evolved less than 25 nmoles C2H4/core/day (which

amounted to a correction of less than 0.7 percent of the total activity).

A rate of 6. 49 kg N2 fixed per ha per 100 days is obtained if a mean

rate of 65. 3 g N2 fixed/ha/day (a weighted average) for all the Agrostis

samples is multiplied by 1.00 and is corrected for the controls.
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Figure 4. Frequency distribution of N2 fixation by cores containing cereal and feed grains. This

graph includes all the core samples presented in Tables 2 and 4.



Table 6. Estimates of Rates of N2 Fixation by Non-Cereal Grasses in the Willamette Valley.

Laboratory No. Species Date
sampled

Soil
moisture
(% dry wt)

Mr
temp.
( °C)

No. of
cores

N2 fixed/ha/day (g)

Mean Range

1-8643) A grostis maltase 4-26-74 18.8 21 1 99.7

3-36-(c) It 10-30-74 22.0 17 1 12.7

3-37-(D, E, F) 11-4-74 23.4 16 3 60.1 23.8-79.4

3-39-(5,6,7) 11 11-11-74 24.6 18 3 77.6 63.5-105.7

3-9-(1,2) Echinocloa crusgalli 6-26-74 17 2 3.8 3.5-4.00

1- 87 -(5, 6) Bromus inermis 4-30-74 24.7 19 2 19.1 15.9-22.2

1-87-(11,12) ti 4-30-74 18.8 20 2 6,2 O. 4-11.9

1-82-(10) Festuca bromoides 4-23-74 16.6 19 1 23.8

1-89-(12) II 5-2-74 13.7 22 1 1.9

1-80 -(1,2) Festuca elatior 4-19-74 21.0 16 2 3.7 2.4-5.1

1-82-(2) II 4-23-74 20.2 17 1 11.4

1-82-(14) 4-23-74 17.9 19 1 34.3

1-86-(5,7) 11 4-26-74 14.1 21 2 15.1 7.9-22.2

1-87-(2,3) Festuca elatior 4-30-74 14.6 19 2 11.2 3.8-18.6

3-9-(5) II I' 6-26-74 17 1 <0.08

1-89-(3,6) A rrhenatherum elatius 5-2-74 17.9 19 2 10.6 3.6-17.5

1-89-(12,14) II 5-2-74 13.6 22 2 8.2 3.6-12.7

1-80-(4,5) fl 4-18-74 17.9 16 2 1.0 0.8-1.2

1-80-(6,7) it 11 4-18-74 18.5 19 2 0.8 0.0-1.6

3-9-(6) Panicum capillare 6-26-74 17 1 3.8

1-8748.9) jigajanl aeXelllle 4-30-74 18.4 20 2 9.7 9. 2-10.2



Table 7. Control Cores (without C2 H2) for Non-Cereal Grasses in the Willamette Valley.

Laboratory No. Species Date
sampled

Soil
moisture
(% dry wt)

Air
temp.
( °C)

No. of
cores

C2H4 produced/core/24 hrs
(nmoles)

Mean

1-86-(2) A gxostis pratense 4-26-74 18.8 21 1 < 20

3-36-(b, d) 10-30-74 22.0 17 2 < 10

3-37-(C) I, II 11-4-74 23.4 16 1 < 20

3-39-(4) ti 11-11-74 24.6 18 1 < 25

3-9-(3) Echinocloa crusgalli 6-26-74 17 1 < 1

1-82-(11) Festuca bromoides 4-23-74 16.6 19 1 < 20

1-89-(11) I 5-2-74 13.7 22 1 < 20

1-82-(13) Festuca elatior 4-23-74 17.9 19 1 < 20

1-86-(4) 4-26-74 14.1 21 1 < 20

3-9-(4) 11 6-26-74 17 1 < 5

1-89-(2,5) Arrhenatherum elatius 5-2-74 17.9 19 2 < 6

1-89-(.1,13) II II 5-2-74 13.6 22 2 < 25

3-9-(7) Panicum capillare 6-26-74 17 1 < 1
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Figures 5 and 6 show time courses of C2H2 reduction by

several core samples containing Agrostis. The curves are essentially

linear during the time course experiments.

Figure 7 presents time courses of several core samples of

Bromus inermis. Sample 1-87-11, in contrast to the adjacent core

(1-87-12), exhibits a very low C
2
H2 reduction rate.

Time courses of C
2
H2 reduction of two core samples of Festuca

elatior which were collected within eight feet of each other are shown

in Figure 8. It was noted that a much coarser textured soil was asso-

ciated with core sample 1-86-5. This may account for the difference

noted in time courses, but no conclusive evidence exists to support

this hypothesis.

Basin Research Station. Table 8 presents estimates of rates of

N2 fixation by non-cereal grasses on the Basin Research Station and

in Table 9 the C
2
H4 evolution of the respective control cores (without

C
2
H2) for these non-cereal grasses is presented. The group is small

since most core samples taken were cereal and feed grains (Tables

4 and 5). The core samples of Echinocloa exhibit no significant C2H22 2

reduction. C2H2 reduction by Elymus cinerus is comparable to the

calculated rates observed for wheat. The Hordeum jubatum sample

exhibited the highest rate of N2 fixation in this group. If the calcu-

lated rate of 33.4 g N2 fixed/ha/day is corrected for the C2H4 evolu-

tion by the control core (less than one percent of the total activity)
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Table 8. Estimates of Rates of N2 Fixation by Non-Cereal Grasses on the Basin Research Station.

Laboratory No. Species Date Soil Air No. of N2 fixed/ha/day (g)
sampled moisture temp. cores

(% dry wt) (°C) Mean Range

3-7-(32)

3-7434)

3-7-426,28)

Echinocloa crusgalli 6-20-74 12.0 19 1 0.2

Hordeum ubatum 6-20-74 11.8 20 1 33.4

Elymus cinerus 6-20-74 19 2 16.4 14.8-17.9

Table 9. Control Cores (without C2H2) for the Non-Cereal Grasses on the Basin Research Station.

Laboratory No. Species Date Soil Air
sampled moisture temp.

(% dry wt) (°C)

No. of
cores

C2 H4 produced/core/24 hrs

Mean

3-7-(31)

3-7-(33)

3-7-(25,27)

Echinocloa crusgalli 6-20-74 12.0 19 1 < is

Hordeum jubatum 6-20-74 11.8 20 1 < 20

Elymus cinerus 6-20-74 19 2 < 20
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and is multiplied by 100 a rate of 3.31 kg N2 fixed/ha/100 days is

obtained. As shown by the data in Figure 9, the core of H. jubatum

in a sandy soil reduced C
2
H2 at a linear rate for a period of 48 hours.

Sisters, Oregon Area. Estimates of rates of N2 fixation by non-

cereal grasses in the Sisters, Oregon Area are presented in Table 10

and evolution of C
2
H4 by the corresponding control cores for this area

is reported in Table 11. All calculated mean rates of C2H2 reduction

are low ranging from 0.03 to 0.8 g N2 fixed/ha/day. Multiplication

of the highest calculated rate of C2H2 reduced (as shown in Table 10)

by 100 gives a rate of less than 0.08 kg N2 fixed/ha/100 days.

Frequency of N2 Fixation Rates. Figure 10 graphically illus-

trates the frequency distribution of calculated N2 fixation rates by

samples of all non-cereal grasses (Tables 6, 8, and 10). About 86

percent of all samples in this group exhibited calculated rates of from

0 to 30 g N2 fixed/ha/day. Six samples fell in the range of 60 to 105 g

of N2 fixed/ha/day and all these relatively high rates were obtained

with Ap.ostis species.

N2 Fixation by Non-Grass Species

Table 12 presents the estimates of rates of N2 fixation of various

non-grass species. C2H4 evolution by control cores is presented in

Table 13. These plant species were sampled in various locations be-

cause they appeared to be growing vigorously in soils that were
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Figure 9. Time course of C21-12 reduction by a core containing

Hordeum jubatum. The core was incubated at room
temperature (250C) in a large wastebasket (See Materials
and Methods).



Table 10. Estimates of Rates of N2 Fixation by Non-Cereal Grasses from the Sisters, Oregon Area.

Laboratory No. Species Date
sampled

Soil
moisture
(% dry wt)

Air
temp.
(°C)

No. of
cores

N2 fixed/ha/day (g)

Mean Range

3-18-(9,10) Bromus inermis 7-17-74 11.9 22 2 0.8 0.03-1.6

3-18-(2,5) Festuca idahoensis 7-17-74 20 2 0.04 0.0-0.08

3-18-(7,8,11,22) Sitanion hystrix 7-18-74 -- 22 4 0.11 0.07-0.28

3-18-(13,15,16,18) 7-18-74 24 4 0.15 0.0-0.27

3-18-(19) (Unidentified) 7-18-74 -- 22 1 0.1

3-18-(24) Cyperus esculentus 7-18-74 22 1 < 0.03

3- 18 -(21) Phleum alpinum 7-18-74 -- 22 1 0.1



Table 11. Control Cores (without C2H2) for the Non-Cereal Grasses from the Sisters, Oregon Area.

Laboratory No. Species Date Soil
sampled moisture

(% dry wt)

Air
temp.
( °C)

No. of
cores

C2 H4 produced/core/24 hrs

Mean

3-18-(1,6) Festuca idahoensis 7-17-74 20 2 < 2

3-18-(12) Sitanion hystrix 7-18-74 22 1 < 2

3-18-(17) 7-18-74 24 1 < 2

3-18-(20) (Unidentified) 7-18-74 22 1 < 2

3-18-(23) Cyperus esculentus 7-18-74 22 1 < 2
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Table 12. Estimates of Rates of N2 Fixation by Non-Grass Species from Various Locations.

Laboratory No. Area Species Date
sampled

Soil
moisture
(% dry wt)

Air
temp.
(0C)

No. of
cores

N2 fixed/ha/day (g)

Mean Range

1-82-(6, 7) Willamette Valley Iris tenax 4-23-74 19.8 20 2 23.8 12. 7-34. 9

1-89-(7, 9) II 5-2-74 17.6 19 2 3.2 1.6-4.8

3-18-(14) Sisters, Oregon Arctostaphylos 7-18-74 24 1 2.0
patula

3-18-(4) Sedge (not
identified)

7-18-74 20 1 < 0. 03

1-80-(8) Willamette Valley Salsola 4-19-74 17. 9 19 1 7. 9

pestifer



Table 13. Control Cores (without C2H2) for the Non-Grass Species from Various Locations.

Laboratory No. Area Species Date
sampled

Soil
moisture
(% dry wt)

Air
temp.
(°C)

No. of
cores

C2H4 produced/core/24 hrs
(nmoles)

Mean

1- 82 -(5)

1-89-(8)

3-18-(3)

Willamette Valley

Sisters, Oregon

Iris tenax 4-23-74

5-2-74

7-18-74

19.8

17.6

20

19

20

1

1

1

4 20

.4 20

Sedge (not
identified)
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expected to be nitrogen deficient. Two sample cores of Iris tenax

showed appreciable fixation rates (12.7 and 34. 9 g N2 fixed/ha/day).

All other samples of non-grass species showed minimal rates of N2

fixation.

N2 Fixation by Soil Cores

Table 14 presents estimates of rates of N
2

fixation in soil cores

that were collected in the Willamette Valley. These cores were

collected adjacent to plant species that were sampled. As a general

rule the estimates of g N2 fixed/ha/day are considerably lower than

the estimated rates for cores containing plant species (Tables 2, 6,

and 12). There is one exception, soil core 1-89-10 associated with

Bromus inermis shows a fairly rapid rate of fixation amounting to

1.19 kg N2 fixed/ha/100 days. There was no apparent algal growth

on the soil surface that could account for the fixation.

Characterization of Bacterial Isolates

Taxonomic Information. The biochemical, physiological, and

morphological descriptions of the N2 fixing bacteria isolated from the

roots of wheat are given in Table 15. Taxonomic characterization

of N2 fixing isolates from other plant species is incomplete. Of the

nine bacterial isolates obtained from wheat roots, three were

Enterobacter cloacae, three were Bacillus polymyxa, and one was



Table 14. Estimates of Rates of N2 Fixation in Soil Cores Collected in the Willamette Valley..

Laboratory No. Associated with: Date
sampled

Soil
moisture
(% dry wt)

Air
temp.
( °C)

No. of
cores

N2 fixed/ha/day (g)

Mean Range

1-87-(4) Bromus inermis 4-30-74 24.7 19 1 5.1

1-87-(1) Festuca elatior 4-30-74 14.7 19 1 0.5

1-82-(9) Festuca bromoides 4-23-74 16.6 19 1 4.9

1-86-(6) Festuca elatior 4-26-74 16.5 22 1 7.9

1-89-(10) Festuca bromoides 5-2-74 13.6 22 1 11.9

1-87-(7) Lolium perenne 4-30-74 18.4 20 1 5.2

1-91-(1) Triticum aestivum 5-7-74 10.7 26 1 0.2

1-82-(8) Iris tenax 4-23-74 19.9 20 1 3.2

1-86-(B) Agrostis pratense 4-26-74 18.8 21 1 4 0.3

3-36-(a) II 10-30-74 17.0 21 1 40.3

3-37-(B) Agrostis pratense 11-4-74 23.4 16 1 1.6

3-39-(2) 11 11-11-74 24.6 18 1 0.3

1- 80 -(3) Arrhenatherum elatius 4-18-74 20.3 16 1 1.2

1- 82 -(1) Festuca elatior 4-23-74 20.2 17 1 1.6

1-82-(12) if 4-23-74 17.9 19 1 7.2

1-87-(10) Bromus inermis 4-30-74 18.8 20 1 3.2

1-89-(1) Arrhenatherum elatius 5-2-74 17.9 19 1 1.5

1-89-(4) II 5-2-74 17.8 19 1 1.8

*These soil cores were collected adjacent to the various species listed (Tables 2, 4, 6, 8, 10, and 12) and serve as a measure of N2 fixation rates

in absence of the plant material.



Table 15. Description of N2 Fixing Bacterial Isolates from Roots of Wheat.

Characteristics &
differential tests 1-34-1* 1-34-2 1-34-6 1-20-4 1-34-3 1-34-4 1-34-7 1-34-8 1-34-5

Morphology ** Gram neg
rods

Gram neg
rods

Gram neg
rods

plump rods
Gram neg

** ** ** small rods
Gram neg

motility motile motile motile motile motile motile motile motile non-motile

Growth temp*** 38
oC 34-38°C 34-38°C 34-38°C 34-38°C 34-36°C 34-36°C 34-36°C 28°C

Methyl Red NT - NT NT NT NT NT

Voges-Proskauer - + + + NT + + + NT

Citrate utilization + + -

TSI Agar Slants

Butt A, G A, G A, G A, G K A A A, G

Slant K A A A K K K K

H 25 + + +

Urea hydrolysis + + +

Sugar fermentation

glucose + + + + + +

lactose + + + - + + +

galactose + + + - + + +



Table 15. Continued.

Characteristics &
differential tests 1-34-1* 1-34-2 1-34-6 1-20-4 1-34-3 1-34-4 1-34-7 1-34-8 1-34-5

glycerol + + + - + + NG

mannitol + + + + + + -

raffinose + + + + - + +

maltose + + - + + + -

cellobiose + + + - - + + NG

inositol + + + + + + NG

salicin + + + + - - + + NG

xylose + + + + + + +

dulcitol + - + + + + + -

aeseulin - + + - -

rhamnose + + - + -

sorbitol + + + + weak+ + + NG

adonitol + + + NG

arabinose + + + weak+ + + + +



Table 15. Continued.

Characteristics &
differential tests 1-34-1* 1-34-2 1-34-6 1-20-4 1-34-3 1-34-4 1-34-7 1-34-8 1-34-5

Amino acid
decarboxylase

lysine NT NT NT weak+

arginine NT + + + + NT NT weak+

ornithine NT + + + - NT NT weak+

oxidase NT - - - + + NT NT +

G & C (moles %) NT NT NT NT 67.5 NT NT NT 55.0

Identification B. E. E. E. NI B. B. B. B. NI

macerans cloacae cloacae cloacae polymyxa polymyxa polymyxa

Laboratory numbers of isolates
** Spores oval or cylindrical, sporangia distinctly swollen, gram positive spore formers
*** Approximate optimum
+ Indicates: decarboxylase positive or acid production evident in carbohydrate
NG Indicates: no visible growth
NT Indicates: not tested
A Indicates: acid
K Indicates: alkaline or unchanged pH
G Indicates: gas
NI

1 Indicates: not identified
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Bacillus macerans. Two others (1-34-3 and 1-34-5) still require

positive identification. Particular notice should be taken of bacterial

isolate 1-34-5. It was tentatively identified as an Enterobacter

species. Although some characteristics such as the guanine plus

cytosine content of its DNA are in the same range as that of Entero-

bacter species, other characteristics of this isolate are considerably

different from those reported for known Enterobacter species. Bac-

terial isolate 1-34-3 also does not fit well into the taxonomic classifi-

cations of known N2 fixing microorganisms. Additional work needs to

be done on the taxonomy of these two isolates.

N2 Fixation by Isolates. Figures 11 to 16 show time courses of

C
2
H2 reduction and N

2
fixation by Bacillus polymyxa, bacterial isolate

1-34-5, and Bacillus macerans respectively. These data provide

evidence that these three isolates fix N2 at appreciable rates. The lag

in the N2 fixation curve exhibited by B. macerans (Figures 15 and 16)

may be attributed to a weak inoculum.
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Legend for Figures 11 and 12. The following procedure was utilized
for each culture: A one liter aspirator bottle containing 600 ml
H and W medium was inoculated with 20 ml of a Bacillus
polymyxa culture that had been maintained anaerobically in H-
tubes. This aspirator bottle was flushed with pre-purified
sterile N2. A rubber hose (5 cm long) fitted with a glass tube
containing a sleeve type serum stopper was attached to the
outlet of the bottle. Two ml aliquots of the bacterial solution
were removed with a sterile syringe at designated times and
tested for C2H2 reduction in 21 ml serum bottles which con-
tained an 02 free Argon atm with 10 percent C2H2. The serum
bottles were incubated for one hour at 30°C in a shaking water
bath, At the end of the hour 0.5 cc gas samples were removed
from the bottles and quickly injected into the gas chromatograph.
Three aliquots were removed at each time indicated and mean
C21-12 reduction rates from these were used to calculate cumula-
tive ethylene production. At each sampling time, additional
aliquots of bacterial solution were also removed by sterile
syringe and analyzed for total nitrogen by a modified micro-
kjeldahl method. Results were corrected for the nitrogen content
of the medium and the inoculum.
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Figure 11. Rate of C2H2 reduction by Bacillus polymyxa.
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Rate of C
2
H2 reduction by bacterial isolate 1-34-5. With the exception of the bacterial

isolate the procedure is the same as that presented in the legend for Figures 11 and 12.
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Figure 14. Rate of N2 fixation by bacterial isolate 1-34-5. With the exception of the bacterial
isolate the procedure is the same as that presented in the legend for Figures 11 and 12.
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Rate of C
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H2 reduction by Bacillus macerans. With the exception of the bacterial

isolate the procedure is the same as that presented in the legend for Figures 11 and 12.
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DISCUSSION

With the exception of Agrostis samples, C2H2 reduction rates

associated with the domestic and native grasses sampled in this sur-

vey were generally low. The most active of these species exhibited

calculated N2 fixation rates comparable to those observed for

Panicum virgatum and Sporobolus heterolepis (Tjepkema, 1975), for

samples from tropical grasslands on the Ivory Coast (Balandreau and

Villemin , 1973), and for samples from temperate grasslands in

California (Steyn and Delwiche, 1970) and Saskatchewan (Paul, et al.,

1971; Vlassak, et al., 1973). These rates, generally ranging between

1 and 25 g N2 fixed/ha/day, are very low when compared to the rate

of N2 fixation reported for the Paspalum notatum and Digitaria

decumbens associations (Doberiner, et al., 1972; Dobereiner, et al.,

1974) which have been estimated to fix 1000 g N /ha /day.

Some investigators (Paul, et al., 1971) have reported a lag in

the rate of C2H2 reduction by cores containing plant roots. Some of

the core samples taken in this survey exhibited initial lag periods in

C
2
H2 reduction whereas others reduced C2H2 at fairly linear rates.

The lag period shown for a core containing wheat (Figure 1, 1-91-5)

may have been caused by a lack of equilibration of the C2H2 with the

interior of the soil core. Another possibility is that temperature

equilibrium was not attained before the experiments were completed.
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Paul and associates (1971) have noted an increase in N2 fixation rates

in waterlogged soils. Even though records were made in our experi-

ments of C
2
H2 reduction by watered versus unwatered cores (Figure

1) no conclusive evidence has been obtained to show that the lack of

linearity in time courses of C
2
H2 reduction by some of the samples

was caused by variation in soil moisture content. The conditions

responsible for deviations from linear rates of C2H2 reduction

(Figures 2 and 3) must be established by additional experiments.

Substantially greater nitrogenase activity was associated with

cores of Agrostis than with the other cores of native and domestic

grass species (Figures 4 and 10). The six samples exhibiting rates

of fixation above 60 g N2 fixed/ha/day were all Agrostis (Figure 10).

Since the soil from which Agrostis samples were obtained was fine

textured and relatively moist, one might speculate that the soil en-

vironment favored a greater number of oxygen limited microsites

suitable for N2 fixation than was provided by other cores sampled.

The bacteria on root surfaces probably depend upon the root exudates

for their energy supply and the amount available may vary with differ-

ent grass species (Quispel, 1974). It seems logical to speculate

that within a species, specimens showing more vigorous growth and

carrying out active photosynthesis may exude larger quantities of

carbohydrates and therefore provide energy for a larger number of

bacteria than those with lower available carbohydrate exudations.
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Initial studies with wheat plants revealed that plants that appeared to

be more vigorous exhibited higher C
2
H2 reduction rates than less

vigorous plants. Similar observations were made in experiments

with corn (Raju, et al. , 1972). Tjepkema (1975) observed that nitro-

genase activity increased with increasing growth of leaves of Panicum

virgatum and Sporobolus heterolepis. These observations are con-

sistent with the conclusions that photosynthetic capability and carbo-

hydrate supply may be key factors in controlling N
2

fixation activity

on root surfaces.

Many different bacterial isolates have been obtained from the

roots of the plant species sampled. Most have been purified and re-

tained in stock culture for future taxonomic classification. Unfor-

tunately the taxonomic classification of these microorganisms is

difficult because many isolates do not exhibit characteristics that fit

into recognized taxonomic categories. The most complete taxonomic

information was obtained on the N2 fixing isolates from wheat and

therefore only these are considered in this manuscript (Table 15).

Bacillus macerans and Bacillus polymyxa are two well known

facultatively anaerobic N2 fixing bacteria that were obtained from

roots of wheat plants. The characteristics of these species allowed

definitive classification (Bergey's Manual). Enterobacter cloacae also

was identified as one of the N2 fixing microorganisms from roots of

wheat plants. This organism was the major N2 fixing isolate that
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Raju, et al. (1972) identified on the roots of corn plants. Bacterial

isolate 1-34-3 from wheat roots exhibited characteristics that failed

to fit into established categories of N2 fixing species and therefore

final identification will require further research. Bacterial isolate

1-34-5 has not been definitely classified either. The DNA guanine

and cytosine content places it in the range that is reported for known

Enterobacter species but the biochemical characteristics exhibited

by 1 - 3 4 - 5 (Table 15) do not permit the classification of this isolate as

an Enterobacter.

Although we have demonstrated that C
2
H2 reduction activity

occurs to a limited extent in the rhizosphere of some of the grass

species sampled and have isolated N2 fixing microorganisms such as

Bacillus macerans, Bacillus polymyxa, and Enterobacter cloacae

from the roots of wheat, there is no evidence to' prove that these

associations are in any way comparable to those of the Brazilian

grasses Paspalum notatum and Digitaria decumbens (Dobereiner, et

al. , 1972; Dobereiner, et al. , 1974). Some preliminary results were

obtained, however, when serial dilutions from freshly washed Agrostis

roots were cultured in H and W medium (Hino and Wilson, 1958; Ra.ju,

et al. , 1972) in H-tubes (at 25°C) for 24 hours. After C2H2 reduction

tests were analyzed using MPN tables (Frazier, et al. , 1968; Meynell

and Meynell, 1970), results indicated that the wash solution contained

2.4 x 107 anaerobic and/or facultatively anaerobic N fixing
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microorganisms per gram of fresh root while 2 x 10 4 similar micro-

organisms per gram of fresh root could still be obtained from the

remaining root after it was washed and macerated. From these re-

sults one must conclude that the majority of the N2 fixing bacteria

were located in the rhizosphere rather than in the roots themselves.

It seems reasonable to assume that the few highest rates of N2

fixation ranging from 6 to 10 kg N2 fixed per ha per 100 days may be

of considerable importance in the maintenance of these species under

natural conditions. Whether or not high fixation rates such as those

for some of the tropical grasses will ever be shown for a temperate

grass must be left to future research.
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