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Two separate investigations were carried out. The first experi-

ment on subterranean clover (Mr. Barker) was conducted in the field

and greenhouse on the Steiwer soil. The second experiment on alfalfa

(DuPuits) was conducted in the greenhouse on selected eastern Oregon

soils.

The purposes of the first experiment were to determine the

growth response of subterranean clover as influenced by different

levels of applied N-S-S, and to examine the performance of subter-

ranean clover inoculated with three different rhizobia strains.

In experiment I, Rhizobium strains TS-1, TA-1 and NZ-29

were used to inoculate subterranean clover. The fertilizer treatments

included two levels of applied phosphate and sulfate fertilizer (20

pounds and 80 pounds P205/acre; 10 pounds and 40 pounds S/acre)

both with and without applied nitrogen (33 pounds and 66 pounds N/

acre). Treatments in the greenhouse and field trials were similar.



There were no significant differences between subterranean clover

yields inoculated in turn with each of the rhizobia. strains. Results

from the field trial indicated subterranean clover yield increase due

to the highest rates of applied phosphate and sulfate (80 pounds

P 205/acre and 40 pounds S/acre over the 20 pounds P 205/acre and

10 pounds S/acre) were not statistically significant. The number of

effective nodules decreased with the addition of nitrogen fertilizer,

while nitrogen applications did not significantly influence subterranean

clover yield.

No significant difference in subterranean clover yield resulting

from inoculation with either rhizobia strain (TS-1, TA-1 and NZ-29)

was shown in the greenhouse experiment.

There was a highly significant response to phosphate and sulfate

applied at rates equivalent to 80 pounds P2O5 /acre and 40 pounds

S/acre over the 40 pounds P 205/acre and 10 pounds S/acre. Nitrogen

application did not significantly increase subterranean clover yield.

The purpose of the second experiment was to determine the

Ritsal agents responsible for "sick alfalfa" in selected Oregon soils.

Inoculated and non-inoculated alfalfa was grown in the green-

house in both sterilized and unsterilized soil with and without applied

nitrogen. Both dry matter yield (grams/pot) and nodule character-

istics were observed.

Alfalfa responded significantly to inoculation on sterilized soil

absence of applied nitrogen on four of the seven soils studied.



In contrast, there was no significant increase in alfalfa yield resulting

from inoculation of plants grown on the unsterilized soil. However,

alfalfa yield increased significantly when nitrogen was applied to

inoculated plants grown in unsterilized soil.

The laboratory investigations indicated that there were

antagonists (likely bacteria and actinomycetes) which inhibited the

inoculated Rhizobium meliloti strains in agar, in all seven studied

soils. Slight yellowing of the leaves and slight reduction in the

amount of alfalfa growth were observed in the testing of antagonists

for ability to inhibit nodulation of alfalfa grown under sterile condi-

tions. These symptoms suggested inhibited symbiosis. A plausible

explanation for the "sick alfalfa" condition observed in plants growing

in the field on these soils is offered.
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NODULATION PROBLEMS WITH ALFALFA AND SUBTERRANEAN
CLOVER ON SELECTED OREGON SOILS

INTRODUCTION

The successful growing of forage legumes like subterranean

clover and alfalfa requires not only a suitable inorganic environment

ensuring ample available plant nutrients but also a favorable soil_

plant biological interrelationship.

Oftimes field observations in Oregon have indicated that

problems associated with effective nodulation of legumes and problems

are associated with infertility. Legume response to phosphate and

sulphate in the Pacific Northwest are widespread. Moreover, not

infrequently ineffective or partially effective nodules have precluded

the legumes full utilization of applied fertilizer phosphate and sulfur.

Resultant unhealthy clover and alfalfa stands at best yield poorly and

on occasions the legume is lost entirely.

Relatively little research has been conducted to study Rhizobium

strain x soil fertility interactions. That is legume growth response

surfaces to different levels of fertility and different Rhizobium strains

have seldom been studied. On the other hand, while "sick alfalfa"

fields have been occasionally associated with ineffective nodulation,

the causal relationships for this condition have not been fully

elucidated.

The following experiments were therefore conducted to examine
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the effect of different strains of rhizobia inoculated subterranean

clover grown under different fertility reg -imes and to determine

causes for ineffective nodulation of alfalfa on selected soils.

Specifically the objectives for these studies were as follows:

Objectives

The objectives of the present investigations were:

1. To determine the growth response of subterranean clover

as influenced by different levels of applied nitrogen, phosphorus and

sulfur.

2. To examine the performance of subterranean clover inocu-

lated with three rhizobia strains and grown under different fertilizer

treatments.

3. To determine the causal agents responsible for "sick

alfalfa" in selected eastern Oregon soils.
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REVIEW OF LITERATURE

Nutritional requirements of a legume are important both to the

host plant and Rhizobium (8, p. 130). Moreover, Rhizobium strain-

host plant relationships have been reported by numerous researchers

to influence invasiveness, kind, number and weight of nodule tissue

and ultimately the nitrogen fixing ability of the legume plant.

The following review concerns firstly investigations related to

the effect of nitrogen, phosphorus and sulfur upon nodulation and

nitrogen fixation and secondly, microbiological antagonism of

Rhizobium bacteria.

The Effect of Nitrogen on Rhizobia
and Nitrogen Fixation

The effect of nitrogen on nodulation has been investigated by

several workers. Thornton (70, p. 173-188) reported that the nitrate

ion had a specific effect in inhibiting nodulation of legumes.

The studies of Gibson and Nutman (27, p. 420-433) indicated

that as little as 6 p. p. m. nitrogen as nitrate in the medium might

have significant effects on nodulation of clover.

Wilson (82, p. 1-48) showed that if the root system of an inocu-

lated plant was divided so that one half only was exposed to the action

of nitrate, nodulation could be completely inhibited on the half
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exposed to nitrate without affecting the development of nodules on the

other half.

Although it is well known that soil nitrate can have a strong in-

hibitory effect on nodulation the fixation of N by legumes is not neces-

sarily seriously affected by application of fertilizer N up to moderately

high amounts (17, p. 108). Nelson and Robin (51, p. 72) in Washington

State showed that while Ladino white clover supplied 99 pounds N/acre

to Dactylis glomerata when no N,fertilizer was applied, N uptake in

the grass resulting from growing in association with the clover de-

creased with increasing N application of 50-200 pounds N/acre.

Al los and Bartholomew (3, p. 182) using 15N in pot studies

with lucerne and white clover found that the proportion of N derived

from nodules was reduced by N additions, but that there was rela-

tively little reduction in the quantities of N fixed. In their later work

they actually claim some cases of increased N fixation from added N.

They made the point that fixation never supplied sufficient N for

maximum growth.

Bryan referred to the work of Richardson and Jordan (60, p.

205-214) in Canada who reported nodulation in lucerne was inhibited

at high levels of combined N, while a small amount of combined N

appears to promote nodulation.

McAuliffe et al. (47, p. 334) used 15N in a study of the influence

in inorganic N on N fixation in white clover and lucerne. Young
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seedlings were unaffected by N applications, but there was a marked

depression of N fixation at 10 weeks and with established plants.

Richardson, Jordan and Garrard (60, p. 205-214) have shown

that supplying nitrogen at the rates of 0.5 and 12 ppm, increased

nodulation markedly in Ontario Variegated lucerne, when supplied as

ammonium ion, but decreased nodulation when supplied as nitrate.

The other two varieties of lucerne showing a slight stimulus with both

these levels of nitrogen as ammonium and a marked response to the

low,-st level of nitrate. The highest level of nitrogen supplied, 6.0

ppm. , reduced nodulation with all three varieties, the effect being

more marked when supplied as nitrate.

It would consequently appear that nodulation cannot be simply

related to the physiological conditions in the root but that there is a

range over which the nitrogen supply to the plant can be varied without

adversely affecting the infection process. At high levels of nitrogen

supply, however, both the extent of nodulation and the efficiency of

the nodules for nitrogen fixation are adversely affected (17, 0. 147-

(60) .

Most results reported in the literature lead to the conclusion that

fixation tends to be reduced as the supply of combined nitrogen is

increased. This is especially true when nitrogen is supplied in the

nitrate form.



The Effect of Phosphorus and Sulfur
on Rhizobia and N Fixation

Phosphorus

6

It has not always been easy to isolate Rhizobium phosphorus

and sulfur requirement from those of the host legume plant. Numerous

researchers report legumes response to applied phosphate and sulfur

(7, p. 431-449; 21, p. 664).

It is reasonable to assume that phosphorus will seriously affect

nodulation and subsequent production of nitrogenous compound.

Several workers have reported the effect of phosphorus on nodule

numbers and also on growth of nodules (8, 13. 138). Several investiga-

tions have reported on capacity of nodules to fix N and concluded that

phosphorus stimulated the fixation of N per unit weight on nodule

tissue (8, p. 138),

Krantz et al. (42, p. 171) compared different forms of fertilizer

and showed that shortly after application, the effect of superphosphate

on corn, potatoes, soy bean and cotton was greater than calcium

metaphosphate, tricalcium phosphate and dicalcium phosphate.

In southern Australia, under conditions of phosphate deficiency

Donald and William (21, p. 664) have shown a relationship between

soil N (due to the growth of Trifolium subterraneum L.) and the amount

of phosphate added. They found that, on the podzolic soils of the
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Southern Tablelands of New South Wales, for each cwt. of super-

phosphate applied there was a gain of 85 pounds Nacre in the top

four inches of soil.

Stivers and Ohlrogge (68, p. 618-621) obtained large yield

increases with alfalfa due to P fertilization. The rates of phosphorus

used were 0 to 200 pounds of P2O5 per acre as 20 percent super-

phosphate.

Nowosad (56, p. 57-69) studied the effect of some commercial

fertilizers on the botanical composition and yield of permanent

pastures. He found that phosphorus fertilizer increased growth and

the percentage of clover in all plots studied.

Brown (16, p. 129-145) found that the portion of phosphorus in

the forage of clover-grass pastures was markedly increased by the

application of superphosphate, the average increase for two years was

60 percent.

Ellis (24, p. 1-48) studied the effect of phosphorus and sulfur on

the yield of subterranean clover in some soils in western Oregon. He

found that phosphorus significantly increased clover yield at three of

the five harvested sites.

Sulfur deficiency greatly restricts growth and nitrogen fixation

by legumes (Pumphrey and Moore, 57, p. 364-366). With adequate

sulfur, nitrogen fixation increases as does total nitrogen and protein

nitrogen. Sulphate may accummulate in large quantities when high
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rates of sulfur are applied (24, p. 1).

Anderson and Spencer (7, p. 431-449) showed that sulfur

deficiency might strongly affect the growth of subterranean clover.

They also concluded that sulfur deficiency limited nodulation through

its effect on the host plant.

Mc Naught (50, p. 177-195) reported that responses of the host

plant to nitrogen fertilizer could not take place in the absence of

sulfur because this was essential for protein formation and there-

fore for growth.

Sulfur deficient plants, even when inoculated with an effective

strain of Rhizobium, show symptoms characteristic of nitrogen

deficiency, being pale green to yellow and stunted. Nodules are

fewer and, in general, smaller than on healthy clover (54, p. 102-

119). However, the effect of the sulfur deficiency is on the host

legume, which is unable to synthesize protein; its demand for nitro-

gen is decreased and hence nodulation is directly affected (54). The

application of combined nitrogen to a sulfur-deficient clover plant

produces no improvement in growth or color (54).

Andrew (8, p. 140) reported that while sulfur was important

in nitrogen metabolism, there was no evidence that it had a direct

role in the symbiotic nitrogen fixation. He also reported that in some

instances sulfur had increased the size of nodules.

Wilson (82, p. 1-48) tested 21 sulphate compounds and found
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that they generally depressed nodule production. However, others

reported that sulphates in general were beneficial to the growth of

legume plants (8).

Total sulfur in plants may approach, or even exceed, the con-

centration of phosphorus. Walker et al. (79, p. 290-300) found that on

the average sulfur was more important than phosphorus but both were

needed to get good establishment and clover growth on some New

Zealand soils. Sulfur deficiency occurred almost as frequently as

phosphorus deficiency in field work conducted by McLachlan (49,

p. 673-684) in Eastern Australia.

Lammerink (24, p. 5) reported studies on subterranean clover

in New Zealand in which sulfur alone gave annual yield response of

930 pounds dry matter per acre, and phosphorus alone had a yield re-

sponse of 970 pounds. When both sulfur and phosphorus were applied

together, a combined annual yield response of 4,680 pounds dry mat-

ter per acre was obtained. Begg (13, to. 17-19) reported subterranean

clover grown on sulfur deficient soil responded to sulfur applied in

the form of sodium sulphate (Na2So4). Jones (24) reported that 20

pounds of sulfur per acre applied as gypsum increased the yield of

subterranean clover in the green house,

Walker et al. (78, p. 470-482) reported field trial results from

New Zealand in which the application of gypsum increased Mn uptake;

this interfered with the role of molybdenum in N-fixation and reduced
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yield. The application of more molybdenum might further stimulate

N-fixation and production of dry matter and effect a reduction in the

plant Mn content.

Ruzek and Powers (63, p. 1-20) studied the Red Hills soils of

western Oregon. They found that top dressing of 50-80 pounds of

calcium sulphate per acre gave profitable responses. These soils

were low in sulfur and little or none had been added in the system of

farming used.

Loqa (46, p. 1-70) found that when subterranean clover was

grown in nutrient solution a significant yield response to each incre-

ment of added sulfate (SO 4-S) occurred in 15, 30, 45 and 60 day old

plants. Yield response to SO 4-S fertilized Steiwer soil also occurred

at each rate of applied gypsum except in the 15-day-old plants.

Most results reported in the literature lead to the conclusion

that symbiotic nitrogen fixation in legumes tends to increase when

either or both phosphate and sulphate are added to inorganic soils defi-

cient in these nutrients. Moreover, deficiency of phosphorous and

sulfur will inhibit nodulation. Somewhat conflicting results appeared

in the literature relative to the influence of the form of sulfur applied

to the soil and its resultant effect on nodulation and nitrogen fixation.

Instances where sulfate sulfur had been less stimulatory than elemental

sulfur on nitrogen fixation, though reported, were not common. Nodule

weight and numbers as well as fixation capacity in legumes had all
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been influenced by the addition of phosphate to P deficient soils.

Nitrate nitrogen tended to supress nodulation more readily than did

the ammonium. Several investigators reported stimulatory effects

on legume growth and N fixation resulting from relatively low applica-

tions of ammonium nitrogen fertilizer.

Antagonism of Rhizobium Bacteria

Rhizobium bacteria behavior and performance towards the host

legume is profoundly influenced by the complex interactions imposed

by the entire soil microbiological ecology.

Several investigators have studied the importance of antagonism

as the factor responsible for decline in effectiveness of the legume

bacteria in the soil. Bacteriophage has been emphasized in recent

years (4, 6, 20, 30, 31, 32, 33, 37, 41, 43, 44, 61, 65, 66, 73, 74).

Numerous organisms (6, p. 59-73) have been identified as

exhibiting antagonistic tendency towards Rhizobium. Thus Aspergillus

wentii, Bacillus mesentericus, Aspergillus fungatant and several

species of Pseudomonas, Penicillium, Actinomyces and Streptomyces

have been reported to be antagonistic towards rhizobia in pure culture.

Anderson (6) has also shown how some antagonists affect the plant

rhizobia association resulting in poorer plant weight or nitrogen

content. Organisms responsible for this phenomena include Bacillus

i.o,niosua, B. coli B. mesentericus, and Aspergillus wentii. Still
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other microorganisms have been reported to interact with Rhizobium

and either increased plant weight or nitrogen content, e. g., Azoto-

bacter, Penicillium glaucum, Bacillus radiobacter, B. mycoides,

Pseudomonas and Achromobacter, or affect nodule number, e. g.

Pseudomonas, Azotobacter and Actinomycetes. Numerous micro-

organisms (Bacillus mycoides, B. fluorescens, B. radiobacter,

Azotobacter, B. prodiginosium, B. mesentericus, B. subtilis,

Actinomycetes and Streptomyces) appear to cause no change in plant

weight or nitrogen content.

Bacteriophages or viruses would seem to be the dominant causal

organisms which act antagonistically towards rhizobia in either cul-

ture or in the soil. The importance of rhizobiophage in agriculture

was recognized in the early thirties. Razumovskaya (2, p. 280)

was the first to show that despite the subsequent development of

resistant forms of rhizobia, the addition of phage to soil accounts

for a decrease in population of alfalfa rhizobia, as evidenced by

depressed nodulation and subnormal yields of alfalfa.

Demo lon and Dunez (2, p. 280) emphasized the phage as the

major cause of "alfalfa fatigue. " Liard (44, p. 159-193) found that

Rhizobium phage was nonspecific. He found that another complicating

factor in the Rhizobium phage problem was the unequal susceptibility

of different strains of the same species of Rhizobium.

Kleczkowska (39, p. 673-675) found that alternative hosts for
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the phage of clover bacteria were pea bacteria and vice versa. He

also found that the bacteria and the phage were heterogeneous in the

sense that only a proportion of strains of clover bacteria and of pea

bacteria were susceptible to lysis by a given race of the phage. The

longevity of phage in soil or in a soil-like medium such as vermicu-

lite mixture was relatively short and the effect of phage could be

localized. However, as long as the phage was present, phage resist-

ant bacterial mutants were usually present also. But phase-resistant

mutants might also be mutants in other respects such as the effective-

ness in nitrogen fixation (41, p. 171-180).

Webster, Khan and Moore (80, p. 37-41) conducted greenhouse

experiments by using Alberta soils (in Washington) which had grown

alfalfa. They found that liming and nutrient solution increased yields

for all soils, but failed to promote nodulation or produce healthy

plants in soil sampled from areas of very poor growth. They con-

cluded that these poor soils contained an agent, toxic to alfalfa,

that was probably of biological origin.

Allen and Allen (2, p. 273-330) found that the most generally

active antagonists of rhizobial culture were among the aerobic spore-

forming group. Their action upon rhizobial species was apparently

not selective.

In general, the streptomycetes most active in antibiosis tend to

be the most versatile in their ability to inhibit the greatest number
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of rhizobia (1, p. 93-96).

Most bacterial antagonists of rhizobial cultures were found in the

rhizoplane; actinomycetes were found in adjacent root free soil (32,

p. 180); and bacteriophages were frequently found in root nodules,

roots and sometimes stems of all old legumes, especially lucerne,

and also in the soil surrounding the root (41, p. 171-181).

Vandecaveye and Katznelson (73, p. 365-477) found that the most

common source of bacteriophage was the soil from fields occupied by

alfalfa off and on for many years and carrying 3- and 4-year old

stands (73). It appears that phage was present only where lime and

certain soil amendments had been added (37, p. 59-63).

Katznelson and Wilson (37, p. 59-63) found that there was no

apparent correlation between age of alfalfa stand, soil type, or

reaction, and phage incidence.

Effects of Antagonists

Schreven (66, 281-302) found that antagonistic actinomycetes

resulted in production of no nodules, a small number of nodules, less

effective nodules or ineffective rhizobia on the host. He also claimed

that the cells of Rhizobium trifolii and Rhizobium meliloti sometimes

produced branched forms when they were exposed to the action of an

actinomycete. It was found that each kind of rhizobia reacted with

a certain number of actinomycetes.
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Robinson (61, p. 237-240) explained the mechanism of

antagonism as follows: (a)numerous organisms that produced meta-

bolic products which were inhibitory to legume bacteria existed in the

soil; (b)these secretory substances did not necessarily kill the legume

bacteria. It was necessary only to block or repress the growth of the

legume bacteria long enough to allow other factors which influence

their ability in the soil to operate.

Kleczkowska (40, p. 298-308) explained about the fates of

phages. Phages might directly destroy the nodule bacteria, or might

increase the proportion of ineffective strains in the soil.

Demo lon and Dunez (37, p. 171-180) claimed that bacteriophage

destroyed the bacteria in the root nodules and in the surrounding soil,

and this interfered with nodulation and with nitrogen fixation.

In an investigation into the cause of poor nodulation of sub-

terranean clover on a yellow podzolic soils by Hely, Bergersen and

Brockwell (33, p. 24-44) they indicated that the influence in the

rhizosphere might be directly antagonistic, or due to competitive

inhibition, might affect nodule bacteria (Rhizobium trifolii)

especially, or influence a wider section of the rhizosphere population.

Control Methods

Hely, Bergerson and Brockwell (33) found that greater rhizo-

sphere populations were obtained by the use of increased rates of
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inoculation or with normal rates on the sites of log fires. The latter

effect was attributed to the presence of charcoal. They also indicated

that soil factors responsible for microbial inhibition slowly decayed

and disappeared during the progress of pasture improvement.

The success of Beggs' treatment (14, p. 529-535) of partially

sterilized soil with formalin (1 gallon of 20 percent formalin solution

per square yard), showed that the complete soil sterilization is not

necessary and suggested that the inhibitory factors could be in the

top layer of the soil.

Four remedial measures for alfalfa fatigued soils were sug-

gested by Demo lon and Dumez (20, p. 89-111): (a) Temporary

abandonment of alfalfa culture in the same field, (b) the substitution

of a different crop (a non-leguminous one), (c) the selection of a phage

resistant alfalfa variety or species, (d) the application of inocula con-

sisting of polyvalent resistant rhizobia strain.

Vandecaveye, Fuller and Katznelson (74, p. 15-27) suggested

that it was possible that certain bacterial wilt resistant varieties of

alfalfa might also be phage resistant.
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MATERIALS AND METHODS

Two separate irivestigations were carried cut. The first experi-

ment was conducted in the field and greenhouse to examine the effect

of applied N-P-S fertilizer on the nodulation of subterranean clover

inoculated with three Rhizobium trifolii strains (TS-1, TA- 1 and

NZ-29).

The second experiment concerns a study to determine the causal

agent of "'alfalfa sickness"' in some eastern Oregon soils and one south

central Oregon soil. The investigation was conducted in both the

greenhouse and in the laboratory.

Experiment I

Subterranean Clover Field Experiment

The field experiment was established in Summer, 1967, on the

McGuire farm. This location was chosen because it was located on

a soil representing large acreages of subterranean clover land in

western Oregon and because it had been under suspect of harboring

partially effective rhizobia.

Description of Site

The experiment was conducted on a gentle slope about 1000 feet

northeast of the paved road just below the tree line on the McGuire
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farm. The soil was classified as belonging to the Steiwer series.

A description of the location is given in Table I. The Steiwer soil

has been described in detail by National Cooperative Soil Survey USA

(Appendix 1). The Steiwer has a dark brown A horizon and dark brown

to dark yellowish brown B horizon. The A horizon ranges in texture

from a silt loam to a silty clayloam. The texture of the B2 horizon

is a silty clay loam or clay loam with an average of clay ranging from

27 to 35 percent. The reaction of the solum is usually moderately

acid but also includes strongly acid subsoils. The A1 or Ap is fre-

quently only slightly acid,

The soils occur on low rolling hills and are at 250 to 650 foot

elevations. They are well drained with medium surface runoff and

moderate internal drainage. Permeability is moderately slow.

Soil test data presented in Table 2 were obtained from samples

taken at 0"-6" depth on the experimental site.

Experimental Design

The experiment consisted of a 2 by 6 factorial in split block

design with 3 replications. The 2 by 6 factorial consisted of two

Rhizobium strains and six fertilizer combinations of N-P-S. Treat-

ments included in this study appear in Table 3.

There were eighteen treatments in each replication. Six plots

of rye-grass (Lolium perenni) with identical fertilizer treatments



Table 1. Description of Soil,

Soil No.
Farm

Location County Legal Description Soil series

1 Curry Union T1 S, R38E, Sec. 15 NE 1/4, SW 1/4 Emily gravelly
silt loam

2 Doughter Union T1S, R38E, Sec. 10 NW 1/4, SW 1/4 Emily gravelly
loam

3 Fick Union T1S, R38E, Sec. 9 SE 1/4, NE 1/4 Emily gravelly
silt

4 Carlson. Union T1N, R38E, Sec. 34, SW 1/4, NW 1/4 Emily gravelly
silt loam

5 Waggoner Union T1N, R38E, Sec. 27, NE 1/4, SW 1/4 Emily silt loam
(deep soil)

6 Simpson Union T1N, R38E, Sec. 28, SE 1/4, NE 1/4 Emily gravelly
silt loam

7 Schell Klamath Fordney loamy
fine sand

8 McGuire Polk TlOS, R5W, Sec. 10, SW 1/4 Steiwer



Table 2. Soil test data from "sick alfalfa" fields and the subterranean clover site.

Soil No. Soil series
pH P K Ca Mg B Na

me / me / me/ me /
ppm ppm100g 100g 100g 100 E

1 Emily gravelly 6. 2 42. 8 1. 31 11. 6 3. 1 0. 37 0. 39
silt loam

2 Emily gravelly 6. 2 1. 57 1. 20 14. 9 3. 8 0. 46 0. 30
loam

3 Emily gravelly 6. 1 28. 6 1. 31 12. 7 3. 4 0. 37 0.35
silt

4 Emily gravelly 6. 1 39. 3 1. 41 13. 5 3. 4 0. 42 0. 35
silt loam

5 Emily silt loam
6 Emily gravelly

silt loam

7 Fordney loamy
fine sand

8 Steiwer

6. 2 67.9 1. 36 9. 5 2, 1 0, 42 0. 30

6.4 37. 1 1. 59 11.0 2. 9 0. 37 0.30

6. 4 14.3 1. 31 7. 8 3. 1 0. 62 O. 48

5.7 3.00 0.56 8.70 4. 60 0. 42



--Table 3. Treatments used for subterranean clover field experiment on the Steiwer soil (Experiment II).

Treatment No. Key Treatment Description

1

3

4

5

6

7

8

9

10

11

12

NoF11.1

NoF2I1

N1F 1'1
N1F211

N 2F III
N 2F2I1
NoF

1.12

NoF2I2

N1F
112

N1F212

N 2F112

N2F212

No nitrogen, 20 lbs P205/A and 10 lbs S/A, inoculated with strain TS-1/
No nitrogen, 80 lbs P205/A and 40 lbs S/A, inoculated with strain TS-1
33 lbs N/A, 20 lbs P205/A and 10 lbs S/A, inoculated with strain TS-1
33 lbs N/A, 80 lbs P205/A and 40 lbs S/A, inoculated with strain TS-1
66 lbs N/A, 20 lbs P 205/A and 10 lbs S/A, inoculated with strain TS-1
66 lbs N/A, 80 lbs P205/A and 40 lbs S/A, inoculated with strain TS-1
No nitrogen, 20 lbs P205/A and 10 lbs S/A, inoculated with strain NZ-29/21
No nitrogen, 80 lbs P205/A and 40 lbs S/A, inoculated with strain NZ-29
33 lbs N/A,

33 lbs N/A,

66 lbs N/A,

66 lbs N/A ,

").0 lbs P205/A and 10 lbs S/A,

80 lbs P205/A and 40 lbs S/A,

20 lbs P205/A and 10 lbs S/A,

80 lbs P 205/A and 40 lbs S/A,

inoculated with

inoculated with

inoculated with

inoculated with

strain
strain
strain
strain

NZ-29

NZ -29

NZ-29

NZ-29

aTS-1. An apparent partially effective Rhizobium strain isolated from the nodule of subterranean
clover at the experimental site.
bNZ-29 is the effective Rhizobium trifolii strain obtained from Dr. J. Vincent, University of Sidney,
Australia.
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were included in the experiment. The purpose of using a non-legume

was to measure the available soil nitrogen. Unfortunately, due to the

presence of volunteer subterranean clover that grew in the rye grass

plots, they could not be used in this study.

A 5' x 10' plot size was used with a 5 feet spacing between

plots and 10 feet spacing between replication. The plan of the field

experiment is given in Figure 1. It consisted of a split block design

Field Preparation and Procedure

An area sufficient for the field trial was plowed, disced, har-

rowed and rolled into a firm seed bed.

Molybdenum was blanket applied as a spray at the rate of

4 oz /acre on the entire experimental area. Nitrogen was broadcast

on appropriate plots in the form of granular ammonium nitrate.

Phosphorus and sulfur was broadcast at designated rates in the form

of single superphosphate.

The single superphosphate was supplied at approximately 20

Pounds of P
2
0

5
and 10 pounds of S per acre, for F

1
treatment, and

approximately 80 pounds of P2O5 and 40 pounds of S per acre for F2

treatment.

The rye grass and subterranean clover seed was broadcast on

appropriate plots at rates equivalent to 30 pounds and 5 pounds per

acre respectively. The Mount Barker subterranean clover seed was
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inoculated by immerging the seed in a Rhizobium suspension (at 1011

cell/m1) of either strain Ts-1 or NZ-29. The cultures of

these Rhizobium strains were obtained from the experimental site

(TS-1) and from Dr. Vincent (NZ-29), Microbiologist, University of

Sidney, Australia.

Immediately after inoculation, the still moistened seeds were

shaken in a jar containing a little lime. The pelleted seeds so formed

protected Rhizobium bacteria from light and dessication. The pel-

leted seeds were sown at indicated rates. After emergence the entire

experimental area was fenced.

Harvest Procedure

The first harvest was taken in May 1, 1967, and the second in

June 21, 1968. An area of 3.5 feet by 10 feet was harvested from the

center of each plot with a conventional plot mower. The fresh har-

vested plant material was weighed. Clover samples for moisture

determination were taken from each plot and yields were reported in

terms of grams of dry matter per plot. The statistical model used

in the analysis is presented in Appendix IV, Table 1.

The type, size and location of the nodules from N0F2 and N2F2

plots for each strain were determined about two months after planting.

The total number of effectively nodulated plants was determined.
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Subclover Greenhouse Experiment (Soil-core Method)

Since disturbing the soil confuses the spatial relationship be-

tween soil and its rhizobial population (which may be localized),

undisturbed soil cores were used.

Clean commercial food cans (4" x 7, 5" size) were capped and

opened at both ends with a cutter that turned the edge of the tin in-

wards. The soil sample was taken, from an area bordering the plots,

by driving the can into the soil. The can containing the soil core was

then lifted with a garden spade. A close fitting clean plastic bag was

then used to secure the sample in the can and minimize contamina-

tion or dessication. These soil cores in plastic bags were taken into

the greenhouse. The bottom of the plastic bag was pierced to permit

drainage. The soil core was placed in such a way as to fit into the

opening of a drainage plastic jar. The top of the plastic bag was

closed initially to provide maximum protection and opened as growth

developed.

Experimental Design

The greenhouse experiment consisted of a 3 by 6 factorial in

randomized blocks with 3 replications. The 3 by 6 factorial included

three Rhizobium strains (TS-1, TA-1, NZ-29) and six fertilizer

treatments similar to those used in the field trial. The treatments
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used in the greenhouse subterranean clover experiment are presented

in Table 4.

Nitrogen was supplied as urea, P and S were supplied as

KH2PO4 (Potassium diphosphate) and Na2SO4 (Sodium sulfate)

respectively. The above nutrients were applied in solution at planting

and three weeks after emergence sterilized subterranean clover seeds

were inoculated with the appropriate strain using the method outlined

in the field experiment. About 30 seeds were planted in each core

and covered by about 1 cm. of sterilized coarse sand. The seedlings

were thinned to about 15 plants per pot. Plants were watered as

required with distilled water, applied to the top of the core until

drainage water began to appear into the lower plastic container.

Four harvests were taken. The first, harvest one month after

planting, was not used for statistical analysis. The harvested plant

material was dried and yields were reported in grams per pot. The

statistical model used in this experiment is presented in Appendix IV,

Table 2.

Senility of root nodules at the fourth harvest precluded nodule

count.

The thermostatically controlled coolers and heat were used to

maintain the daytime temperature at approximately 75.80°F. and

night temperature at 55-60°F. The lower limit was achieved; how-

ever, on several hot days the temperature rose to above 80°F.



Table 4. Treatments Used for Subterranean Clover Greenhouse Experiment.
Treatment

Ng Key Treatment Description
1

2

NoF iIi

NoF2I1

No nitrogen, 20 lbs P205/A and 10 lbs S/A, inoculated with strain TS-J.
No nitrogen, 80 lbs P205/A and 40 lbs S/A, inoculated with strain TS-1

3 NiF iii 33 lbs N/A, 20 lbs P205/A and 10 lbs S/A, inoculated with strain TS- 1
4 N1F2I1 33 lbs N/A, 80 lbs P205/...4, and 40 lbs S/A, dnoculat .'d with strain TS-1

N2F1I1 66 lbs N/A, 20 3_bs P?05/A and 10 'Jibs S/A, inoculated with stnstrain TS- 1
N2F2l i

NoF11-2,

1 -' N/A, 80 lbs P2OVA and 40 lb 3 S /A, i 1:,.'. i th 2 a ', TS-1
r- ' t*sd wNo 1_ 9. g,.;:) 20 lb s P 05/A and 10 lb s SiA, -ain TA -1

8 N_,F2I2 No nitrc,gen, 80 113s; P20 ;-./A and 40 lbs S/A, ;natsd with strain TA-
9 N -F, ,,,,, ::,,,s.sui ted with strain TA -133 lbs N/A, 20 lib, P-205/A and 10 lbs S/A,

l 0 NiF212 33 lbs N/A, 80 lbs P7t05, A and 40 lbs S/A, cula,cd wig r in. TA-1

N2F112 66 lbs N/A, 20 lbs P205/A. and 10 lbs S/A, inoculated with s t -in TA-1
12 N2F212 66 lbs N/A, 80 lbs P205/A and 40 lbs S /A, inoculated with strain TA-1
13 NoF113 No nitrogen, 20 lbs P205/A and 10 lbs S/A, inoculated with strain NZ-29
14 NoF213 No nitrogen, 80 lbs P205/A and 40 lbs S /A, inoculated with strain NZ-29
15 N1F1I3 33 lbs N/A, 20 lbs P205/A and 10 lbs S/A, inoculated with strain NZ-29
16 N1F2I3 33 lbs N/A, 80 lbs P205/A and 40 lbs S/A, inoculated with strain NZ-29
17 N2F1I3 66 lbs N/A, 20 lbs P205/A and 10 lbs S/A, inoculated with strain NZ-29
18 N2F2I3 66 lbs N/A, 80 lbs P205/A and 40 lbs S/A, inoculated with strain NZ-29

TA-1 is an effective Rhizobium trifolii strain obtained from Dr. J. Vincent, University of Sidney,Aust.--1
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Supplementary lighting was provided through the use of 40 watt

daylight type and cool white type fluorescent bulbs, spaced six inches

apart and about 18 inches above the bench. This supplied a light

intensity of approximately 500 foot candles for 16 hour day length.

Experiment II

Greenhouse Experiment

Soil samples were taken (0 to 8 inches depth) from six sick

alfalfa fields in eastern Oregon (La Grande) and one from south central

Oregon (Klamath Falls). These soils were air dried and appropri-

ately treated for subsequent potting and planting in the greenhouse.

All soils from eastern Oregon are currently classified as Emily

although they were previously mapped Springdal series. A descrip-

tion of this soil is given in Table 1. The Emily soil series has been

described in detail by National Cooperative Soil Survey USA (Appendix

II). Typically, these soils have a thin dark brown A horizon and a

dark brown clay loam B horizon over very cobby or gravelly sub-

strata. The profiles are slightly acid. The thickness of the A horizon

is from 5 to 15 inches. The texture ranges between a loam and silt

loam with 5 to 25 percent pebbles. The thickness of the B horizon

varies from 6 to 15 inches. The color varies from dark brown to dark

reddish brown. Subangular blocky structure characterize the
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subsoil. The texture of the B horizon varies from a heavy loam and

clay loam to a gravelly loam with 25 to 35 percent pebbles and cobbles.

The Emily soils occur on the alluvial toe slopes of fault block moun-

tains. The slopes range from 2 to 15 percent. Elevation ranges

from 2, 700 to 3, 200 feet. They have formed in mixed alluvium of

basaltic origin, loess, and volcanic ash. This series is somewhat

excessively drained, they provide slow surface runoff and moderate

permeability. Most of the area is used for production of timber and

grass seed.

The soil from south central Oregon (Klamath Falls) is classified

as a Fordney series. The Fordney series has been described in

detail by National Cooperative Soil Survey USA (Appendix III). They

typically have dark grayish brown, neutral, loamy fine sand A

horizons and grayish brown, neutral, loamy sand or sand C horizons.

Fordney soils occur on nearly level basins and gently to moderately

sloping higher terraces at elevations from 4, 050 to 4, 300 feet. The

regolith consists of very deep, sandy, stream alluvium and lacustrine

sediments derived from basalt and volcanic tuffs. It is an excessively

drained soil. Internal drainage is rapid and runoff is very slow. Most

areas are irrigated. Crops include barley, alfalfa, pasture and

potatoes.
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,mpilr_and Soil Preparation

Quantities of soil sufficient for the est:ablishmend of the green-

house experiments (50 pounds per location were taken from the upper

8 inches, 10 to 15 spots of each "sick alfalfa" field. The soils were

then air dried and screened through a 1/4 inch mesh screen to re-

move large gravel and other extraneous material.

Each soil was separated into two equal parts--one for steriliza-

tion, the other part left unsterilized. Approximately 25 pounds of each

soil was steam sterilized at a pressure of 12 to 15 pounds per square

inch for one hour.

A blanked application of single superphosphate and lime at rates

equivalent to 50 pounds P per acre and one ton per acre respectively

were applied to all soils.

Experimental Design

The greenhouse experiment was designed as a 7 by 8 factorial

in randomized blocks with 3 replications. The 7 by 8 factorial con-

sisted of 7 soils and 8 treatment combinations as indicated in Appendix

IV, Table 3.

Five alfalfa plants (DuPuits var. ) were grown from seed in each

pot. There were 56 pots in each block or replication made up of 7

soils x 2 sterilizations x 2 inoculations x 2 nitrogen levels. Each pot
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within a block was consecutively numbered and arranged on the green-

house table according to a random number system.

Approximately 700 gm of limed sterilized and unsterilized soil

were placed in individual plastic pots and appropriately labeled. The

actual treatments used in this experiment are shown in Table 5. A

1/8" hole was drilled in the lower bottom edge of each pot to facilitate

drainage of the soil and maintain field capacity. The single super-

phosphate was applied to each pot and covered with 200 gm soil (about

1 inch depth). Regular watering with distilled water was carried out

and the excess water supplied was caught in a small Dixie cup and

reapplied to the pot to prevent leaching losses.

DuPuits alfalfa seeds were sterilized by soaking for 1 to 1.5

minutes in 50 percent ethyl alcohol, followed by 5 minutes in mercuric

chloride solution. The seeds were then rinsed 5 times in sterilized

distilled water. In the inoculated treatments sterilized seeds were

inoculated with commercial inoculant "Nitragin AB." Initially about

20 seeds were planted in each pot. These were later thinned to 5

plants per pot. Sterilized coarse sand was used to cover the seed in

each pot to a depth of 1 cm. This reduced evaporation and seed con-

tamination.

The nitrogen treatments received 400 pounds of nitrogen per

acre in the form of NH4NO3 (0. 05 gm/pot). This was applied at

rates equivalent to 100 pounds nitrogen/acre at four different periods



Table 5. Treatments Used for Each Soil in Alfalfa Greenhouse Study (Experiment I).

Treatment No. Key Treatment Description

1 UINo Unsterilized, Inoculated with No Nitrogen

2 UIN
1

Unsterilized, Inoculated with 400 lbs Nitrogen/A

3 UIoNo Unsterilized, Non-inoculated with No Nitrogen

4 UIoN
1

Unsterilized, Non-inoculated with 400 lbs Nitrogen/A

5 SINo Sterilized, Inoculated with No Nitrogen

6 SIN
1

Sterilized, Inoculated with 400 lbs Nitrogen/A

7 SIoNo Sterilized, Non-inoculated with No Nitrogen

8 SIoN1 Sterilized, Non-inoculated with 400 lbs Nitrogen/A
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during the trial. The first nitrogen application was not given until

seedlings were some 2 inches high. Later applications were made at

3 weeks intervals. All nitrogen was applied in solution.

The greenhouse conditions which prevailed during the duration

of this trial resembled closely those in earlier experiments pre-

viously reported.

Color and height of the plants were determined before harvest-

ing. Three harvests were taken each at early bloom stage. Dry

weights from the first two harvests were statistically analysed. The

statistical model is presented in Appendix IV, Table 3. The harvest

material was dried, in oven at 72°C. for 24 to 48 hours, prior to

weighing and yields were reported in grams of dry matter per pot.

Nodulation counts were made after the third harvest which was

about 12 weeks after planting. The amount and color of nodule, and

color and density of root were determined. Nodulated plants were

identified by lifting the whole plant in a pot, washing the soil from the

roots (carefully washed to avoid loosing of nodules and roots), and

inspected for the presence of nodules.

Laboratory Investigations

Laboratory investigations consisted of three main trials:

1) Isolation and assay of rhizobia from nodules of greenhouse

experiment.
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2) Isolation of microorganism antagonistic to Rhizobium

3) Assay for comparative numbers of antagonistic micro-

organisms in all 7 soils.

Isolation and Assay of Rhizobia

Several cultures of Rhizobium were isolated from nodules on

alfalfa inoculated with a commercial inoculant, "Nitra.gin AB"

(Nitrogen Co., Milwaukee, Wisconsin). These cultures were obtained

from nodules of the SIN o treatment (soil number 3) in the greenhouse

experiment in order that laboratory tests for antagonism could be

made with some of the same rhizobia involved in the soil trials. The

nodules were surface sterilized by immersing in 50 percent alcohol

for one minute and washing two times with sterile distilled water or

saline. The nodules were then crushed in 0.1 ml of 0.9 percent

saline. One loopful of suspension was streaked on GSY (1.5 percent)

agar. The agar plates were incubated for two days at 29°C. Five

different single colonies were separately increased on agar for use

as stock cultures.

In order to test the effectiveness of each isolated clone of

rhizobia, about 15 alfalfa seedlings, later thinned to 5 per jar, were

grown in sterile vermiculite in small glass jars. Each Rhizobium

clone was used to inoculate 2 jars at about 106 cell/jar. Nodule type

and plant response were determined 17-18 days after inoculation.
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Isolation of Microorganism Antagonistic to Rhizobium meliloti

About 5 grams of nodules and adhering soil from UIN0

(unsterilized, inoculated and no nitrogen) pots of three suspected

alfalfa sick soils (soil No. 1, soil No. 4 and soil No. 6) were separately

ground in SB nutrient solution in a mortar. These samples were called

"original crude" samples. Half of each "original crude" sample was

added to GSY broth containing added cells of Rhizobium meliloti

(clone No. 1, 2, 3, 4, 5 and M3) to allow any rhizoboiphage in the

sample to be increased to a detectable level. These samples, called

"increased crude" samples, were grown overnight on a shaker at

29°C. Half of each increased crude sample was separately filtered

with a millipore filter (HA type, 0.45 pore size). These samples

called "millipore-filtered increase", were to be assayed for phage.

Sample of "'original crude" (about .2 ml) was put into wells in

the center of GSY hard-agar (2. 5% agar) plates on which the 6 clones

of Rhizobium meliloti (clone No. 1, 2, 3, 4, 5 and M3) had been

streaked radially, as shown in Figure 2. For phage isolation, sample

of "millipore filtered" was spotted on agar surface plate with individual

Rhizobium clone (clone No. 1, 2, 3, 4, 5 and M3). Hard agar was used

to reduce overgrowth of the agar by some rapidly growing, spreading

type of bacteria in the samples.

Growth of antagonists in the well, or the agar surface, and at



SB solution

nodule + adhering
soil from unsterilized
soil #4, or #1, or #6

cl. #1
(rhizobia)

2 ml.

d
"Increase,Crude"
20 ml. of GSY broth
containing Rhizobium
(clone #1, . . . 5)
at ca. 107 cell /m1

"Original Crude"

36

millipore
filter

well

Test for antagonism and for selection
of best indicator strain of Rhizobium

heaped growth

"clear", flat growth

Figure 2. Isolation of Antagonists.

Spotted on M3 Indicator

Test for phage alone



37

the bottom of the agar strongly inhibited the growth of the Rhizobium

meliloti clones. Six antagonists (isolated No. I, 2, 3, 4, 5 and 6)

were isolated from 6 apparently different antagonist colonies in the

plates.

Testing of antagonists was done in order to determine their

comparative effect on several clones of R. meliloti. Each isolated

antagonist was spotted on the center of GSY hard-agar plates on which

the 6 clones of R. meliloti had been streaked radially. Antagonists

apparently produced inhibitory substances (antibiotics) inhibiting the

growth of rhizobia.

Testing for Inhibition of Nodulation

Microbial cultures showing definite antagonism to growth of R.

meliloti in agar were later tested for antagonism of nodulation of

alfalfa plants grown under sterile condition. DuPuits alfalfa seedlings

were grown in the following sterile media: vermiculite, finely ground

vermiculite plus sand, ground vermiculite only, and sand only. These

substrates were intended to provide different growth conditions,

ranging from aerobic to relatively anearobic. Seedlings were

inoculated at six days after planting with cells of the antagonist sus-

pended in a solution of dextrose plus sodium glutamate. Final con-

centration (in the jar) of dextrose and sodium glutamate were 0.4

percent and 0, 04 percent. The final concentration of the antagonist
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(Isolate No. 1) was approximately 106 cell/mi. The low level of

nutuient was added to encourage rapid growth of the antagonist for

two days prior to inoculation with Rhizobium. At eight days after

planting, the jars were again inoculated, this time with an effective

clone of Rhizobium, clone No. 4. This clone was used because it was

inhibited by all the antagonists in the agar test. Two levels of inocula-

2 4
tion (10 and 10 cell/ml of jar volume) were used to reduce the clones

so that a large surplus of rhizobia might allow nodulation to develop

even in the presence of antagonism. The nodulation test was similar

to those used for assay of rhizobia for effectiveness. Nodule type and

plant response were observed 17 to 18 days after inoculation.

Assay for Comparative Numbers of Antagonistic
Microorganisms in All Seven Soils

Whereas the procedure above involved testing of a few selected

antagonists for ability to inhibit normal nodulation, additional experi-

ments were designed to compare the total number of possible antago-

nistic microorganisms in the seven soils. The results of the latter

experiments could then be related to the differences in plant growth

response as observed in the greenhouse tests of the same soils.

Rhizobium clones No. 3 and 4 were used as "indicators" because the

results of previous tests showed that these were susceptible to every

isolated antagonist.
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Root-free soil from the UINo pots of each soil sample was

shredded, screened, and mixed thoroughly. Ten grams of each soil

was suspended in 95 ml of SB solution, stirred vigorously for 1

minute, and allowed to settle for about 1 hour. The supernatant was

filtered through Whatman No. 3 filter paper and the filtrate diluted
-1 -2 -3

10 , 10 , and 10, Aliquots (0, 2 -0. 4 ml) of each dilution plus

0.2 ml of indicator bacteria (ca. 108 /m1) were then surface-plated

on GSY hard agar (2. 5 %) as described previously (Figure 2). In this

procedure, however, 4 ml of hard agar was used for the surface layer

as well as for the basal layer, and the water bath containing the agar

tubes was maintained at 60°C to permit more uniform surface layer-

ing. Hard agar was used here instead of the usual soft agar (0.9%)

for surface plating to limit spreading growth by motile organisms

and to allow addition of another agar layer. After the first surface

layer (containing rhizobia and soil organisms) of agar had hardened,

a second 4-ml layer of agar was added as a cover layer to compel all

soil microorganisms to form colonies of more uniform size, within

the agar. This was done because in preliminary experiments it was

noted that without the cover layer of agar there was more variation in

colony size, with some colonies growing in the agar and others break-

ing through the surface to form larger colonies under more aerobic

conditions. It was anticipated that such variation in colony growth

habit might affect the level of antibiosis, as indicated by size of halos
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of inhibition.

The agar plates were kept in an incubator at 25°C for three

days. Colonies which produced clear halos in the turbid indicator

layer were counted as antagonists. Observations were made on size

and clarity of halos as well as on number of halos (Figure 3).



10 gm soil in
95 mi. S solution

indicator
clone #4 R. meliloti
108 cell/ml.

i4L
basal layer of
hard agar (20 ml. )
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0.2 ml.

1 ml. 1m1.

water bath water bath

Antagonist

indicator layer cover layer of
of hard agar (4 ml. ) hard agar (4 ml. )

incubate 3 days at 25°C

Non-antagonist

Figure 3. Diagram of assay for comparative number of
antagonistic microorganisms in the soil.
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RESULTS AND DISCUSSION

Experiment I

Subterranean Clover Field Experiment

The average dry matter weight of subterranean clover for each

treatment in grams per plot is presented in Table 6.

In the following narrative the variously treated plots will be

referred to symbolically where NoF
1

= no nitrogen, 20 pounds P205/

acre and 10 pounds S/acre; NoF
2

= no nitrogen, 80 pounds P 205/acre

and 40 pounds S/acre; N
1
F

1
= 33 pounds N/acre, 20 pounds P 205/acre

and 10 pounds S/acre; N1 F2 = 33 pounds N/acre, 80 pounds P205/acre
and 40 pounds S/acre; N2F1 = 66 pounds N/acre, 20 pounds P2O5 /acre

and 10 pounds S/acre; N
2

F
2

= 66 pounds N/acre, 80 pounds P 205/acre

and 40 pounds S/acre.

The analysis of variance of the first cutting and the second

cutting are presented in Appendix IV, Table 4 and 5 respectively.

Figure 4 compares average yields of each treatment.

The analysis of data from both cuttings (Appendix IV, Table 4

and 5) revealed that the inoculation with proven inoculant was not

significant from treatment inoculated by the soil indigenous Rhizobium.

Figure 4 shows that there was no significant difference between two

Rhizobium strains (TS-1 and NF-29) in each treatment level.



Table 6. Average dry weight of subterranean clover for each treatment of field experiment in gramsper plot (Experiment II).

Treatment
TS-1 NZ-29

First cutting Second cutting First cutting Second cutting

NoF
1

NoF
2

N
1
F

1

N
1
F2

N 2F 1

N
2F 2.

454.

614.

422.

592,

520.

590.

5

4

4

3

3

1

224.

321.

284.

195.

246.

289.

7

4

6

1

2

0

473.

530.

409.

555.

351.

577.

9

4

6

7

2

1

156.

240.

266.

305.

245,

305.

5

2

2

4

2

3
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Figure 4. Average yield of subclover from the field.
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Table 6 shows that the average yield of subterranean clover

decreased in every treatment of the second cutting. In cutting (1)

the yields under the highest phosphorus and sulfur levels (NoF2,

N
1
F2 and N

2
F2) regardless of source of inoculant (TS-1 and NZ-29)

yielded more than those treatments receiving lower phosphorus and

sulfur levels. However, this increase in yield was not significant due

to replication variability. Subterranean clover yields for treatments

NoF2, N1F2 and N
2
F2 of TS-1 strain were 614.4, 592.3 and 590.1

grams per plot respectively.

Table 7 records nodule characteristics from selected treatment.

It is of interest to note that NoF
2

treatment (strain TS-1) produced

less total nodules but there were a greater number of effective nodules.

The number of effective nodules and total nodule number decreased as

more nitrogen was applied (treatment NoF2 vs treatment N2F2).

Table 7. Nodule Type and Number from Selected Treatments (15
Subterranean Clover Plants Randomly Sampled).

Treatment

Nodule Type
Total

Nodules

Average
Nodules

Per plantI
a PEb Ec

TS-1 NoF
2

138 29 39 206 14

N
2

F2 115 47 43 205 14

NZ-29 NoF2 151 38 35 224 15

N
2

F2 139 18 8 165 11

b
a I = ineffective nodules
PE = partial effective nodulescE = effective nodules
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These results suggest that the indigenous TS-1 rhizobia strain

is at least as effective as the proven NZ-29 strain. Furthermore,

significant clover responses were associated with higher levels of

applied phosphate and sulphate fertilizer. Since growth response to

these two nutrients was similar for clover plant inoculated with either

Rhizobium strain, fertility-rhizobia strain interaction was absent.

The tendency for high nitrogen rates to supress nodule number

and effectiveness has been noted by other investigators (27,p. 420-

433; 70, p. 173-188).

Greenhouse Experiment (Soil-Core Method)

The average subterranean clover dry -weight for each treatment

and for each cutting is presented in Table 8 as grams per pot.

Analysis of variance for the three cuttings is shown in Tables 9, 10

and 11,

The analysis of data revealed that there were highly significant

differences among replications, within treatments, within nitrogen

treatments and within phosphorus and sulfur treatments in the first

cutting. Also there was significant interaction between phosphorus-

sulfur regardless of Rhizobium strain used.

In the L. S. D. test (Appendix IV, Table 7), treatment NoF1 with

strain TS- 1 was assumed as a check or control. Data in Table 8 for

the H rst cutting indicates that treatment N2F1 with strain TS.- 1



Table 8, Average dry weight of subterranean clover for each treatment of greenhouse experiment ingrams per pot,

Treatment

TS -1 TA -1 NZ-29
Cutting Cutting Cutting

1 2 3 1 2 3 1 2 3

NoF1

NoF
2

N1F
1

N
1
F2

N2F 1

N
2
F

2

2.

2.

2.

2.

2.

2.

08

43

00

17

55

67

4.

5.

4,

4.

4.

5.

18

42

35

63

42

04

5,

9.

5.

8.

5.

9.

59

28

18

95

33

85

2. 15

2. 18

1.98

2. 60

2, 42

2. 82

4.

5.

4.

5.

4.

6.

94

26

31

41

37

13

4,

9.

5.

8.

4.

9.

66

00

13

56

67

61

1.

2.

2.

2.

2.

2.

90

15

27

55

11

42

4.

5.

4.

5.

4.

5.

11

29

28

60

21

80

6.

9.

5.

9.

5.

8.

04

66

99

95

64

58

Key: NoF1 No nitrogen, 20 lbs P205/A and 10 lbs S/A.
NoF

2 No nitrogen, 80 lbs P905/A and 40 lbs S/A.
N 1F 1

33 lbs N/A, 20 lbs P
2

ED5/A and 10 lbs S/A.
N

1
F2 = 33 lbs N /A, 80 lbs P 0 /A and 40 lbs S/A.

N
2
F

1
= 66 lbs N /A, 20 lbs P 2205/A and 10 lbs S/A .

N 2F2 = 66 lbs N/A, 80 lbs P
2

055 /A and 40 lbs S/A.
S. D. Values:

First cutting: L, S. D, . 01 = . 52, L, S. D. . 05 = 0. 39.

Second cutting: D. 01 = 1. 15, L. S, D, 05 = 0. 86.

Third cutting: L, S, D, . 01 = 1.91, L. S, D. 05 = 1. 42.
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Table 9. Analysis of Variance of Dry Matter Yield of Subterranean
Clover, First Cutting, of the Greenhouse Experiment.

D. F. S. S. M. S.

Replications (R) 2 0.69 .345 6. 39**

Treatments (T) 17 3.51 .206 3.81**

Nitrogen (N) 2 1. 12 56 10. 37**
Phosphorus & Sulfur (F) 1 1.06 1.06 19.63**
Rhizobium (B) 2 0.15 .075 1.39
N x F 2 0.05 .025 0.46
N x B 4 0.83 .21 3.89*
F x B 2 0.04 .02 .37
NxFxB 4 0.28 .07 1.3

R x T (error) 34 1. 8 5 .0 54

Total 53 6.0 5

Significantly different at the 1% level of probability.
Significantly different at the 5% level of probability.

Table 10. Analysis of Variance of Dry Matter Yield of Subterranean
Clover, Second Cutting, of the Greenhouse Experiment.

D. F. S. S. M. S.

Replications (R) 2 1.32 .66 2.46

Treatments (T) 17 20.66 1.215 4.53**

Nitrogen (N) 2 .49 .245 0. 91
Phosphorus & Sulfur (F) 1 14.80 14.80 55.22 **
Rhizobium (B) 2 1.41 .705 2. 63
N x F 2 .52 .26 0.97
N x B 4 .63 .157 0.59
F x B 2 .95 .475 1.77
NxFxB 4 1.86 .46 1,74

R x T (error) 34 9.11 .268

Total 53

"Significantly different at the 1% level of probability.
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Table 11. Analysis of Variance of Dry Matter Yield of Subterranean
Clover, Third Cutting, of the Greenhouse Experiment.

D. F. S. S. M. S. F.

Replications (R) 2 .11 .055 .075

Treatments (T) 17 219.31 12.90 17, 50 **

Nitrogen (N) 2 .09 .045 .06

Phosphorus & Sulfur (F) 1 206.46 206.46 280.13**

Rhizobium (B) 2 4,57 2,285 3.1

N x F 2 .40 .20 .27

N x B 4 3.77 .94 1.27

F x B 2 1.26 .63 . 85

NxFxB 4 2.76 .69 0,93

R x T (error) 34 25.05 .737

Total 53 244.47

Significantly different at the 1% level of probability.

produced a mean yield (2.55 grams per pot) significantly higher than

check (2.08 grams per pot). High fertilizer rates (66 pounds nitrogen/

acre, 80 pounds P205/acre and 40 pounds S/acre) with either

Rhizobium strain (TS-1 or TA-1) produced a highly significant

response, 2,67 and 2.82 grams, respectively, over the control

(2.08 grams). Moreover treatment N1F2 (33 pounds Nacre,

80 pounds P205/acre and 40 pounds S/acre) with either Rhizobium

strains (TA-1 or NZ-29) gave a highly significant response (2.60

grams and 2.55 grams respectively) over the control.

Data in Table 8 indicates that high phosphate and sulphate rates
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(NoF2) gave a highly significant response when clover was inoculated

with strain TS-1 (5.42 grams). A significant response over control

was also noted with plants inoculated with either strains TA-1 or

NZ-29 (5.26 grams and 5.29 grams respectively).

It is of interest to note that for the second cutting the application

of nitrogen (33 pounds/acre) in the N
1
F

1
treatment did not increase

clover yields significantly over the control with any of the three dif-

ferent rhizobia strains under study when only 20 pounds P2O5 and 10

pounds S/acre were supplied. However, when nitrogen (33 pounds/

acre) was added together with high phosphate and sulfphate applica-

tions (N1F2) clover inoculated with either strain TA-1 or NZ-29 gave

highly significant responses over the control. At the high rate of

applied nitrogen clover inoculated with either of the three rhizobia

strains gave significant responses over the control if high rates of

phosphate and sulphate were also supplied. The outstanding feature

in the second harvest undoubtedly was the response from levels of

phosphate and sulphate fertilizer (80 pounds P 205/acre and 40

pounds S/acre) which overshadowed any nitrogen response. Indeed,

for two of three Rhizobium strains nitrogen (N2F2 treatments) did

not increase clover yields significantly over the high phosphate and

sulphate treatments (NoF 2). Only when clover was inoculated with

strain TA-1 did the application of nitrogen in the presence of high

phosphate and sulphate increase clover yield over the NoF
2

treatment.
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The yields of the third cutting (Table 8) markedly follow the

results obtained in the second cutting. Highly significant clover

responses were obtained to high phosphate and sulphate (NoF2, N1F2

or N
2

F2 treatments) applications regardless of the strain of inoculant

used. Moreover, there was no instance in the third harvest where

the application of nitrogen increased clover yield provided high

phosphate and sulphate was also applied. The average yield of

subterranean clover for the three cuttings is shown in Figure 5. It

is readily apparent that in treatments receiving high applications of

phosphate and sulfate the yields were considerably increased. More-

over, the application of nitrogen, even at a rate equivalent to 66

pounds Nacre did not increase subterranean clover yields provided

phosphate and sulfate were applied at rates equivalent to 80 pounds

P 205/acre and 40 pounds S/acre.

Since all Rhizobium strains appeared equally effective in nodulat-

ing subterranean clover (Figure 5) and in subsequent N fixation they

behaved similarly to the different fertilizer treatments.

Experiment II

Alfalfa Greenhouse Study

The response of alfalfa to different soil treatments was measured

as dry weight and expressed in grams/pot, amounts of nodules per
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Figure 5. Subterranean clover yields from the greenhouse experi-
ment (average yield from three cuttings).
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plant and plant vigor (color of leaf and height). For sake of brevity,

in the following narrative the various treatments imposed on each soil

will be referred to symbolically: where U = unsterilized soil and

S = sterilized soil; Io = non-inoculated seed and I = inoculated seed;

No = no nitrogen and N1 = applied nitrogen.

Analysis of variance was performed on the dry matter yields.

Hypotheses concerning the effects of levels of nitrogen fertilizer,

sterilization and inoculation were tested with the fixed model of the

analysis of variance. When an analysis of variance indicated that

there was a significant response (s) to a given treatment the multiple

range test was used to identlfy significant differences.

Alfalfa Yield

The mean yields (grams of dry matter per pot) for each treatment

at the respective sites are presented in Table 12 with the analysis of

variance presented in Appendix IV, Table 9.

The analysis of variance on both cuttings indicated that differences

within the treatments, among the soils , within the sterile and unsterile

treatments, within inoculated and non-inoculated treatments and within

nitrogen treatments were all highly significant. They also show that

there were highly significant interactions between soil x sterilization,

soil x nitrogen, sterilization x inoculation, sterilization x nitrogen,

inoculation x nitrogen and sterilization x inoculation x nitrogen. While



Table 12. Average dry weight of alfalfa for each treatment of each soil in grams per pot (Experiment I).

Treatment

LOCATION

Curry Doughter Fick Carlson Waggoner Simpson Schell

a
UINo-

/ 0.88 1.83 1.02 1.74 1.08 1.94 1.06 0.86 1.03 1.93 0.86 1.12 1.34 1.92

UIoN
1

2. 18 3. 61 1. 94 3. 05 2. 00 3. 00 1. 77 3. 04 1. 80 2. 99 1. 63 2. 86 2.04 2. 89

UI N 0.87 1.00 1.04 1.68 1. 20 1. 99 1.30 0. 71 1. 21 1. 96 0. 90 1. 16 1. 29 1. 86

0 0
UIoN1 2. 14 3.05 1.78 2. 84 1. 88 2. 91 1. 70 2. 75 1. 19 3.01 1. 71 2. 84 2. 02 3.04

SINo 1. 90 3. 53 2. 30 3. 66 1. 93 3. 79 1. 87 3. 75 2. 02 3. 33 1. 60 3. 13 2. 00 3. 29

SIN
1

2. 38 3. 69 2. 83 3. 98 2. 34 3.85 2. 28 4. 09 2. 74 4. 10 1. 87 3.94 2. 41 3. 92

SIoNo 1. 16 0.68 2. 32 3.65 1. 67 3. 30 1.68 3. 09 1. 54 1. 70 0. 86 0. 94 1. 76 2. 83

SIoN
1

2. 41 3. 73 3. 10 3. 92 2. 54 3. 49 2. 53 3. 72 2. 39 3. 62 2. 11 3. 71 2. 52 3. 75

aU = Unsterile, Io = Non-inoculated, No = No nitrogen, S = Sterile, I = Inoculated, N1 = 400 lbs N/A.
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there was no significant interaction between soil x inoculation in the

first cutting, this interaction was highly significant in the second

cutting.

The multiple range test was used to analyze the treatment yield

means at each site for each cutting (Tables 13 and 14),

While alfalfa tended to respond similarly to the various treat-

ments in both the first and the second cutting (Table 12) some inter-

esting differences were noted. In treatments receiving nitrogen, for

example LTIoNi,SIoNi, U1N1, SIN1, alfalfa yields were universally

higher in the second cutting. However, in both inoculated and non-

inoculated treatments on the unsterilized (UINo and Uio No) soil No, 4

(the Carlson field), alfalfa yield declined in the second cutting in the

absence of applied nitrogen. Moreover, a similar observation was

noted in the uninoculated alfalfa grown without applied nitrogen on the

sterilized Curry soil (soil No. 1).

Curry Site (Soil No. 1)

First cutting yields obtained from alfalfa grown on the Curry field

soil gave a highly significant response to applied nitrogen (Table 12),

for example, treatment SIoNo = 1.16 g and SIoN1 = 2,41 g. Soil

sterilization increased alfalfa yield significantly (Table 13) with and

without applied nitrogen (UIoNo 0.87 g; SIoNo = 1.16 g, and

UIoN1 = 2.14 g; SIoN1 = 2.41 g; see Figure 6). However, inoculation



Table 13. Results of testing for significant differences among the mean yields (gram/pot) of each treatment with the multiple range test at each
field of the first cutting.

Curry Field
Treatment a/

UIoNo UINo SIoNo SINo UIoNi UIN1 SIN1 SIoN1
Treatment Mean /b

0. 87 0,88 1, 16 1. 90 2,14 2. 18 2. 38 2,41

Doughter Field
Treatment UINo UIoNo UIoN

1
UIN1 SINSINo SIoNoSIo N SIN1 SIoN1

Treatment Mean 1. 02 1, 04 1. 78 1. 94 2, 30 2. 32 2. 83 3. 10

Fick Field
Treatment UINo UIoNo UIoN1 UIN1 SINo SIoNo SIN1 SIoN ITreatment Mean 1. 08 1.20 1. 67 1. 88 1. 93 2. 00 2. 34 2, 54

Carlson Field
Treatment UINo UIoNo SIo No UIoN1 UIN

1
SINo SIN

1
SIoN1

Treatment Mean 1.06 1, 30 1.68 1. 70 1. 77 1. 87 2. 28 2, 53

Waggoner Field
Treatment UINo UIoNi UIoNo SIoNo UIN1 SINo SIoN1 SIN1
Treatment Mean 1.03 1, 19 1.21 1. 54 1.80 2, 02 2. 39 2. 74

Simpson Field
Treatment UINo SIoNo UIoNo SINo UIN1 UIoNi SIN1 SIoNi
Treatment Mean 0. 86 0, 86 0. 90 1.60 1.63 1,71 1.87 2, 11

Schell Field
Treatment UIoNo UINo SIoNo SINo UIoNi UIN1 SIN1 SIoN1
Treatment Mean 1, 29 1.34 1.76 2.00 2. 02 2.04 2. 41 2. 52

aU = Unsterile, Io = Non-inoculated, No = No nitrogen, S = Sterile, I = Inoculated, N1 = 400 lbs N/A.

The meal underscored y the same line are not different at the 5% significance level.



Table 14, -R esults of testing for significar. t differences among the mean yield> (grams/pot) of each treatment with the multiple range test at each
field of the second cutting.

Treatment b/SioNo
Treatment Mean -.0. 68

Treatment
Treatment Mean

Curry Field
IIIoNo UINo UIoN1
1.00 1. 83 3, 05

SINo
3. 53

UIN1 SIN
I

3, 61 3.69

Doughter Field
IJIoNo UINo MoNi UIN1
1.68 1.74 2.84 3.05

SIoN1

3, 73

SIoNo
3. 65

SINo
3, 66

SIoNi
3, 92

SIN1

3. 98

Fick Field
Treatment UINo UloNo UIoNi UIN1
Treatment Mean 1. 94 1, 99 2. 91 3. 00

SIoNo
3, 30

SIoN I
3. 49

Carlson. Field
Treatment IlloNo UINo UlloNi UIN1
Treatment Mean 0. 71 0.86 2.75 3.04

SINo
3, 79

SIoNo
3.09

}ilia m.gL'rFie,.d
Treatment SIoNo UINo IJI,JNo UIN1
Treatment Mean 1. 70 1. 93 1. 96 2. 99

SIN1

3. 85

SIoNl
3. 72.

SINo
3. 75

SIN1

4, 09

UloNl
3. 01

SINo
3. 33

SIoN1

3. 62
SIN1

4. 10

Simpson Field
Treatment SIoNo UINo UioNo i SINo SINiUIoN1 UIN SIN SIoN1
Treatment Mean 0. 94 1.13 1. 16 2. 84 2. 86 3. 13 3. 71 3. 94

Treatment UuoNo UINo
Treatment Mean 1. 86 1. 92

Schell Field
SIoNo UIN1

2. 892. 83
UioN

1
SINo SIoNi SIN

1
3. 04 3. 29 3. 75 3. 92

aU = Non-inoculated, No = No nitrogen, S Sterile, I = Inoculated, N1 = 400 lbs N/A.
to

The means underscored by the same line are not different at the 5% significance level,
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Figure 6. Response to nitrogen fertilization on sterile and
unsterile soil No. 1.
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only increased yields significantly on the sterilized soil in the absence

of applied nitrogen (UINo 0.88 g and SINo -Li 1.90 g).

In the second cutting somewhat similar responses were noted to

applied N, soil sterilization and inoculation apart from the following

treatments. Without applied N there was no difference in yield be-

tween sterilized and unsterilized soil on the uninoculated plants.

Moreover, while applied N significantly increased alfalfa yield on the

inoculated plants grown on the unsterilized soil (UINo = 1.83 g and

UIN
1

= 3.61 g) no such response was noted to applied nitrogen on

inoculated plants grown on the sterilized soil (SINo = 3.53 g and

SIN
1

= 3.69 g).

poughter Site (Soil No. 2)

While applied nitrogen and soil sterilization increased first cutting

alfalfa yields grown on soil from this site, inoculation again only

increased yields significantly when the soil was sterilized (UINo =

1.02 g and SINo 2.30 g). Moreover, the addition of nitrogen to this

sterilized soil with inoculated plants did increase yields significantly

(SINo = 2.30 g and SIN1 == 2.83 g).

In the second cutting there was a marked increase in yield shown

by inoculated alfalfa grown on the sterilized soil over the unsterilized

soil (SINo 3.66 g and UINo = 1.74 g). On the other hand applied

nitrogen had no significant increase, on second cutting, alfalfa yield
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on sterilized soil (SIoNo := 3.65 g and SIoNi = 3.92 g). The fact that

applied nitrogen increased yields on the unsterilized soil but not on the

sterilized soil suggests that the heat treatment released available

nitrogen. Moreover, this possibility seemed ever more likely be-

cause non-inoculated plants on the sterilized soil gave similar yields

as the inoculated alfalfa (SIoNo = 3.65 g and SINo 3.66 g).

Fick Site (Soil No. 3)

First cutting alfalfa grown on the Fick soil gave a significant

response to the nitrogen application, Table 13 (UIoNo = 1.20 g;

UIoN1 = 1.67 g and SIoNo = 2.00 g; SIoNi = 2.54 g). Moreover,

alfalfa on the sterilized soil produced significantly higher yields

than unsterilized soil both with and without added nitrogen (Table 13),

However, the inoculated alfalfa only produced significantly higher

yields than the non-inoculated plants after the soil was sterilized.

This was true whether or not nitrogen was applied (UINo = 1.08 g;

SINo = 1.93 g; UINi = 1088 g; SIN, = 2,34 g).

In the second cutting both applied nitrogen and soil sterilization

increased alfalfa yield (Table 14). While inoculation did not signifi-

cantly increase the alfalfa yield in the sterilized soil as was the case

in the first cutting, the same trend was apparent (SIoNo = 3.30 g

and SE\To = 3.7 g, Figure 7).
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Figure 7. Response to sterilization and inoculation on soil
No. 1 and soil No. 4.
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Carlson Site (Soil No. 4)

Table 13 shows that in the first cutting, nitrogen fertilization

gave a significant alfalfa response in both sterilized soil and unsteri-

lized soil. This was the case whether or not the alfalfa was inoculated.

For example, treatment UR) No = 1.30 g; UIoN1 = 1. 70 g; and SINo =

1.87 g; SIN1 = 2.28 g. Likewise, sterilization increased alfalfa yields

significantly. However, inoculation only increased alfalfa yield

significantly on the sterilized soil both with and without nitrogen

(UINo = 1.06 g; SINo = 1.87 g; and UIN1 = 1. 77 g; SIN1 = 2.28 g).

In the second cutting (Table 14) it is evident that applied nitro-

gen significantly increased alfalfa yield on the unsterilized soil whether

the plants were inoculated or not. (Uio No 0.71 g; U1oN1 = 2.75 g

and UINo = 0.86 g; UIN1 = 3.04 g). However, inoculation only sig-

nificantly increased alfalfa yields when grown in sterilized soil in the

absence of applied nitrogen (SI° No = 3.09 g and SINo = 3.75 g).

Waggoner Site Soil No.

First cutting alfalfa yields obtained from the Waggoner field soil

did not increase significantly to applied nitrogen in the unsterilized

soils when the plants were not inoculated. However, applied nitrogen

3ignificantly increased alfalfa yields in all other instances. More-

over, alfalfa grown on this soil did give significant responses to



63

sterilization. For example, treatment UIoNo = 1.21 g and SINo = 2.02

g. Inoculation significantly increased alfalfa yields on the sterilized

soil both with and without applied nitrogen (SIoNo = 1.54 g; SINo = 2.02

g and SIoN
1

= 2.39 g; SIN
1

= 2, 74 g).

In the second cutting inoculation had no effect on alfalfa yield on

the unsterilized soil while on the sterilized soil it increased yield

significantly (SIoNo = 1. 70 g and SINo = 3. 33 g). Applied nitrogen

significantly increased yields of inoculated plants on both sterilized

and unsterilized soils,

Simpson Site (Soil No,

First cutting data of the inoculated alfalfa grown on the

unsterilized Simpson site soil (Table 13) indicated a significant

response to applied nitrogen (UINo = 0.86 g and UIN1 = 1. 63 g). On

the other hand non-inoculated alfalfa in the absence of applied nitrogen

gave similar yields on sterilized and unsterilized soil. No response

was noted to applied nitrogen on the inoculated plants grown on the

sterilized compared with the unsterilized soil (UINi = 1. 63 g and

SIN
1

= 1.87 g). However, there was a significant response to inocula-

tion of alfalfa grown on the sterilized soil in the absence of applied

nitrogen (UINo = 0.86 g and SINo = 1.60 g).

In the second cutting nitrogen and sterilization significantly

increased yields on non-inoculated alfalfa treatments. However, it is
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of interest to note that nitrogen applied to the non-inoculated,

sterilized soil did not increase alfalfa yields over inoculated plants,

yet on the unsterilized soil this was not the case (SINo = 3.13 g;

SIoN
1

= 3. 71 g vs ITINo = 1.13 g; UIoN1 = 2.84 g).

Schell Site (Soil No. 7)

In the first cutting (Table 13) alfalfa responded to applied nitro-

gen. Moreover, soil sterilization significantly increased alfalfa yield

with and without applied nitrogen (UIoNo = 1.29 g; SIoNo = 1.76 g;

and UIoN
1

= 2.02 g; SIoN
1

= 2.52 g). However, no response was

noted to inoculation. Similar results were noted in the second cutting

(Table 14).

General Discussion

The average alfalfa yields obtained from the various treatments

imposed on the seven soils used in Experiment II are presented in

Figure 8. Alfalfa yields were significantly increased by soil steriliza-

tion (SIoNo treatment) on four soils. On the other hand in no instance

did inoculated plants significantly increase alfalfa yield on the

unsterilized soils. In contrast, inoculated alfalfa grown on the

sterilized soil gave significantly higher yields (SL No treatment) over

non-inoculated plants (SIoNo treatment) on five of the seven soils under

study.



4

1

0

11

1 2 345 67 1 2 345 6 7 1 2 3 456 7 1 2 3 45 6 7 1 2 3 4567 1 23 456 7 1 2 3 45 67 1 2 34 5 67
UI N SI N UIN SIN UIN SIN UIN SIN0 0 0 0 0 0 1O 1 O 1 1

Treatments

Figure 8. Average alfalfa yield of the 2 cuttings.
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Alfalfa response to applied nitrogen on the unsterilized

soils resulted in significant increases in yield in almost all instances

whether the plants were inoculated or not. But the pattern of yield

response to applied nitrogen on alfalfa grown in sterilized soil varied

with the soil and in several instances whether the plants were

inoculated or not.

The beneficial effects of soil sterilization on increased alfalfa

yield could not be explained merely in terms of increased availability

of nitrogen following the heat treatment because in all soils alfalfa

responded significantly to applied nitrogen provided the plants were

not inoculated. There was considerable evidence that the sterilization

treatment improved the soil micro environment for rhizobia intro-

duced through inoculation. Perhaps the most important observation

made in this experiment was the alfalfa response to inoculation

when grown in sterilized soils. In four of the seven sterilized soils inocula-

tion of alfalfa increased yields significantly over non-inoculated plants

while no such response occurred on unsterilized soils. In all instances

ponse to inoculation in the sterilized soils occurred in the absence

of applied nitrogen. In some sterilized soils to which nitrogen was

added inoculation still significantly increased alfalfa yields.

The fact that inoculation only increased yields on the sterilized

soil and applied nitrogen usually only increased alfalfa yields of the

inoculated plants grown on unsterilized soil suggested secondary
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effects resulting from sterilization. Indeed a tentative hypothesis was

formulated that at least four unsterilized sdils contained some agent,

probably biological, which inhibited effective nodulation of inoculated

alfalfa and sterilization ameliorated this condition. This hypothesis

will be examined in the next section.

Results of Laboratory Investigations (Experiment II)

Isolation and Assay of Rhizobia from Nodules
of the Greenhouse Experiment

Nodules were isolated from inoculated plants grown in steamed

soil (SINo). It was assumed that they were representative of the com-

mercial strains in peat inoculum, rather than native strains of R.

meliloti. Since commercial inocula commonly comprise mixtures of

strains it was likely that the 5 clones were not identical. In fact, it

was noted that clone No. 3 (RM3) differed slightly from the other

clones in its growth on nutrient agar. Observations were made on

nodule type and plant (Depuits alfalfa) response to inoculation by

isolated clones of Rhizobium meliloti. The plants showed good growth,

dark green foliage, and dark pink nodules typical of an effective

response. All 5 clones were therefore considered as being effective

strains of R. meliloti.
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Isolation of Microorganisms Antagonistic
to Rhizobium meliloti

An obvious mixture of microorganisms grew out on the surface

and bottom of the agar in culture plates where the various soil sample

suspensions were added to the central well (hole in agar). Growth of

the R. meliloti indicator strain (RM3) was sharply inhibited in the

vicinity of apparent antagonists. The growth habit of the latter varied

considerably, and some produced rapidly spreading, papillae type of

growth which indicated highly motile cells. Agar stabs were removed

from several areas of different growth and the organisms were then

subcultured on agar. The resulting clones (designated as Al, A2,

A3, A4, A5, A6) were then tested individually against the five R.

meliloti indicators to confirm their ability to antagonize the growth

of R. meliloti in culture. These isolates differed in the degree to

which they inhibited the growth of the rhizobia, just as the rhizobia

differed in their sensitivity. Excretion of diffusible antibiotic-like

substances was suggested by the fact that the zones of inhibition of

the rhizobia extended well beyond the border of growth of the

antagonists. From this experiment it was therefore possible to select

antagonists for further study as well as to choose the most sensitive

clones of R. meliloti as indicators for later quantitative study of all

seven soils.

Six of the antagonist clones were observed with a phase
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microscope for tentative identification as bacteria, yeast, actino-

mycetes or fungi. Some cultural and cell characteristics are given

in Table 15. Three of the clones were bacteria, three were probably

actinomycetes. Antagonistic fungi or yeasts were not encountered.

A limited spot-test assay for rhizobiophage in the soil suspen-

sions revealed the presence of phage at a barely detectable level only

in soil No. 1 and 4. The number of phage did not exceed 103 cell/ml,

even in the "increased crude" samples. Furthermore, plaques (clear,

3-4 mm diameter) were produced only on R. meliloti strain M3.

Phage from these plaques did not form plaques on any of the five RM

clones, It therefore seemed that the antagonism implied in the results

of the greenhouse nodulation experiment was probably not caused

largely by phage.

Experiments involving testing of antagonists for ability to inhibit

nodulation of alfalfa grown under sterile conditions in a growing room

(fluorescent lighting, 18-hr day; temperature 70-75°F) did not yield

conclusive results. Plants were inoculated with a mixture of the

antagonists plus the RM-4 clone. The latter clone was used because

of its sensitivity to all antagonists.

In one experiment in which vermiculite was used as the sub-

strate, the only apparent effect of the antagonists was to cause the

formation of elongated (relative to the controls) effective nodules

above the nutrient solution level in the jars and smaller nodules below



Table 15, Some Characteristics of Isolated Antagonists.

Clone
number

Soil
source Type of cells

Type of growth Level of antagonism
on agar against R. meliloti

Type of
microorganism

Al Soil #1 Rods; gram- white; papillate, very inhibitory Actinomycete
positive lobed, slow grow- all indicators (?)

ing, firm consist-
ency

A2 Soil #1 short rods; pale amber color; moderately inhibitory Bacterium
very motile; thin, fast-spreading
gram-negative layer of growth;

soft consistency
A3 Soil #4 as for Al as for Al slightly inhibitory Actinomycete

(?)
A4 Soil #4 short rods; cream color; irri- slightly inhibitory Bacterium

very motile; descent; soft to RM-3 only
gram-negative consistency

A5 Soil #1 as for Al as for Al moderately inhibitory Actinomycete
(?)

Soil #6 as for A2 as for A2 moderately inhibitory Bacterium

aTentative, general classification. No identification according to genus or species.
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this level. A possible interpretation of this result and of some varia-

tion between replicate jars was that relatively anaerobic conditions

in the root environment might favor antagonism resulting from pro-

duction of antibiotic substances, depending upon uniformity of nutrient

solution level or packing of substrate. In a second experiment, there-

fore, fine-particle sand and vermiculite, rather than coarse-grained

vermiculite, were used as substrate to favor anaerobiosis in the

rhizosphere. In this experiment there was some evidence of inhibited

symbiosis, as indicated by slight yellowing of the leaves and slight

reduction in the amount of growth (visual comparison with inoculated

controls not involving antagonists). This observation applied mainly

to plants inoculated with the lower concentration of rhizobia, io e. ,

102 cell/ml rather than 104 cell/ml. The lower level of inoculation was

probably more comparable to the population of rhizobia (from the peat

inoculum) added to the soil in the greenhouse experiment. In view of

the fact that some variation existed between replicates, it is thus pos-

sible to conclude only very tentatively that the antagonists did cause

some inhibition of the symbiosis, apparently by affecting the growth

or function of nodules rather than by reducing nodule number. More

research would be required to confirm these results with non-soil

substrates. It is considered likely that use of low-nitrogen soils

would yield more reliable information which could perhaps be applied

to field conditions of alfalfa sickness.
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Assay for Comparative Number of Antagonistic
Microorganisms in the Seven Soils

It was evident from the results already discribed that micro-

organisms antagonistic to R. meliloti occurred in considerable num-

bers in at least some of the soil samples. It seemed reasonable to

follow up this workwith a comparative assay of the number of

antagonists in all seven soils in an effort to demonstrate a correlation

with the corresponding observations on antagonism made in the green-

house experiment. Results of the plating (on agar) experiments are

given in Table 16 and Figure 9. There was no meaningful difference

between the seven soils in number or proportion of culturable

organisms which were antagonistic to RM- 3 or RM-4. Soil No. 2

showed the highest proportion of such organisms but most of these

produced only small zones on inhibition. In general, the number of

antagonists per plate was too low to detect consistent differences

between soils. At any rate, lack of any obvious difference correspond-

ing to the observed differences in the greenhouse experiment might be

explained on a number of bases. It is possible, for example, that not

all organisms (other than phage) causing antagonism in the soil can

grow and produce colonies on the nutrient agar used. Other factors

like aeration, pH, and microbial competition in the soil also are not

properly reproduced in the cultural test.

Not all colonies of microorganisms growing on the nutrient agar



Table 16. Comparative number of antagonistic microorganisms in all seven soils.

Soil
number Rep,

Number of colonies per plate
"i otal numbe of
microorganisms

1 gm soil

Percent of micro-
organisms showing
some antagonism

All
colonies

Colonies producing zones of
inhibition (halos) of given size range

1-3 mm 3 mm
1 1 18 2 - 540,000 11.1

2 15 1 2 450,000 27.0
3 9 1 - 270,000 11. 1

16.4

2 1 23 11 2 690,000 56.5
2 27 14 2 810,000 59.1
3 15 1 - 450, 000 6. 6

7 = 40. 7

3 1 25 5 4 750, 000 36. 0

2 20 6 2 600, 000 35. 0

3 35 - 2 1, 050, 000 8. 6
7 = 26,5

4 1 16 5 1 480, 000 37. 5

2 6 1 180, 000 16. 6

3 13 2 390, 000 10. 0
- 23, 2

5 1 10 1 300, 000 10, 0

2 19 7 570, 000 36. 8

3 10 1 300, 000 10. 0
18.9

6 1 16 1 480,000 6.2
2 18 7 2 540,000 50.0
3 19 1 1 570,000 10.5

= 22, 2

7 1 31 1 2 930 , 000 9. 9

2 37 2 1, 110, 000 5.4
3 45 7 1 1,350,000 17.7

= 11.0
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Figure 9. Halos formed by antagonists on the studied soils.
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were inhibitory or "neutral" to R. meliloti. Occasional colonies

produced slight stimulation of growth of RM-4, noticeable even on

the complete (GSY) medium.



76

SUMMARY

Two experiments were undertaken, the first a greenhouse and

field study, involving subterranean clover inoculated with three dif-

ferent strains of rhizobia. A second experiment was designed to

investigate the causal agents responsible for sick alfalfa, on selected

eastern Oregon soils.

Experiment I

Subterranean clover inoculated in turn with Rhizobium strains

(TS-1, TA-1 and NZ-29) was grown in both field and greenhouse on

fertilized Steiwer soil. The fertilizer treatments included two levels

of applied phosphate and sulfate fertilizer both with and without applied

nitrogen.

The results of the field trial indicated

1) No significant differences between clover yields inoculated

in turn with each of the three rhizobia strains.

2) Subterranean clover yield increase due to the highest rates

of applied phosphate and sulfate (80 pounds P2O5 /acre and 40 pounds

S/acre over the 20 pounds P 205/acre and 10 pounds S/acre) was not

statistically significant.

3) There was no significant yield increase in subterranean

clover resulting from the application of 66 pounds Nacre but the
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number of effective nodules decreased with the addition of nitrogen

fertilizer.

Subterranean clover grown in the greenhouse experiment in the

Steiwer soil indicated:

1) No significant differences in yields of subterranean clover

inoculated with either Rhizobium strain TS-1, TA-1 or NZ-29.

2) A highly significant response to phosphate and sulfate applied

at rates equivalent to 80 pounds P 205/acre and 40 pounds S/acre over

the 20 pounds P 205/acre and 10 pounds S/acre respectively.

3) At the low rate of applied phosphate and sulfate fertilizer

yield was not significantly increased by applied nitrogen.

4) Applied nitrogen (66 pounds Nacre) did not significantly

increase yield when 80 pounds P 205/acre and 40 pounds S/acre were

also added.

Experiment II

Soil sampled from the surface horizon of seven selected eastern

Oregon soils where alfalfa sickness had been observed were studied

under greenhouse conditions. Treatments in the greenhouse included

the growing of both inoculated and non-inoculated alfalfa (Depuits) in

both sterilized and unsterilized soil with and without applied nitrogen.

Alfalfa yield (grams/pot) was recorded and nodule characteristics

were observed.



78

Results of the alfalfa greenhouse experiment indicated:

1) On four of the seven soils alfalfa responded significantly to

inoculation on sterilized soil in the absence of applied nitrogen.

2) Inoculation of alfalfa (in the absence of applied nitrogen) did

not significantly increase alfalfa yield grown in the unstereilzed soil.

3) While applied nitrogen increased alfalfa yields on inoculated

alfalfa in all unsterilized soils, such response on sterilized soil was

erratic.

4) Differences in plant color and vigor were noted in alfalfa

grown in the sterilized soils where inoculation significantly increased

yields.

5) Biological antagonism which inhibited the function of rhizobia

existed in at least four of the unsterilized soils. This condition

appeared to be ameliorated upon soil sterilization.

Laboratory investigations aimed at identifying the nature of the

biological antagonism noted in the unsterilized soils were carried out .

Results from these studies indicated:

I) Three of the six observed antagonist clones were bacteria,

three were probably actinomycetes. Antagonistic fungi or yeasts

were not encountered. Rhizobiophage were observed at a barely

detectable level only in soil No. 1 and 4, but they did not form

phaques on any of the five isolated R. meliloti clones.

?) Slight yellowing of the leaves and slight reduction in the
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amount of growth, were observed in the testing of antagonists for

ability to inhibit nodulation of alfalfa grown under sterile conditions.

3) No meaningful differences among the seven soils in number

or proportion of cultureable organisms- were detected.

4) That not all colonies of microorganisms growing on the nutrient.

agar were inhibiting or "neutrar to R. meliloti. Occasional colonies

produced slight stimulation of growth of RM- 4, noticeable even on

the complete (GSY) medium.
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APPENDIX I

STEIWER SERIES

Type location: Yamhill County, Oregon. On top of hill, 1,000 feet

east and 540 feet north of the Sheridan city dump in the NW 1/4,

1/4, SW 1/4, Section 25, T. 5S. , R. 6W. , Willamette Meridian.

Typifying Pedon: Steiwer silty clay loam - pasture. (Colors are for

moist conditions unless otherwise noted).

0-6"--Dark brown (10YR 3/3) silty clay loam, brown

(10YR 5/3) dry; moderate fine subangular blocky

breaking to moderate fine granular structure; firm,

hard, sticky, plastic; abundant with very fine roots;

common very fine interstitial and tubular pores;

few very fine shale fragments; medium acid (pH

5.8); abrupt smooth boundary. (4 to 8 inches thick) .

Ts1 6-10"--Dark brown (10YR 3/3) silty clay loam, brown

(10YR 5/3) dry; moderate very fine subangular

blocky structure; friable, hard, sticky, plastic;

abundant very fine roots; many very fine tubular

pores; many very fine shale fragments; medium

acid (pH 5.8); clear wavy boundary. (3 to 8 inches

thick).
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B21 -- 10-19"--Dark brown (10YR 3/3) silty clay loam, brown

(10YR 5/3) dry; moderate very fine subangular

blocky structure; friable, hard, sticky, plastic;

common fine roots; abundant fine and very fine

pores; no clay films; few fine shale fragments;

medium acid (pH 5. 8); gradual wavy boundary.

(6 to 15 inches thick).

B22 - 19-27"--Dark yellowish-brown (10YR 3/4) silty clay loam,

brown (10YR 5/3) dry; moderate fine subangular

blocky structure; firm, hard, sticky, plastic; few

fine roots; many very fine shale fragments; medium

acid (pH 5. 6); abrupt irregular boundary. (6 to 12

inches thick).

IIR 27-40+"--Strong brown (7. 5YR 5/6) to reddish yellow (7. 5

YR 6/6) variegated shale with sandstone lenses.

Reddish-brown clay coatings in the fractures;

strongly acid (pH 5. 4).



91

APPENDIX II

EMILY SERIES

Type Location: In the Lindsay Forest Demonstration tract 750 feet

east along end road and 205 feet north of road from SW 1/4 corner

NW 1/4 Section 22, T 1 5, R 38 E. Willamette Meridian, Union

County, Oregon.

Typifying pecLn: Emily gravelly loam - woodland

(Colors are for dry conditions unless otherwise

stated. )

01 1/2-0"--Duff, needles, twigs, leaves

Al 0-2"--Brown (10YR 5/3) gravelly loam, dark brown

(10YR 3/3) moist; weak fine granular structure;

slightly hard, friable, slightly sticky, slightly

plastic; plentiful roots; many very fine tubular

pores; about 10 percent pebbles; slightly acid (pH

6. 6); clear smooth boundary. (0 to 3 inches thick. )

Al2 2-7"--Brown (7. 5YR 5/3) gravelly loam, dark brown

(7. 5YR 3/2) moist; weak medium fine and medium

granular structure; slightly hard, friable, slightly

sticky, slightly plastic; plentiful roots, many very

fine and fine tubular pores; about 15 percent pebbles:
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slightly acid (pH 6. 5); gradual smooth boundary.

(5 to 12 inches thick. )

B2 7-15"--Brown (7. 5YR 5/2) gravelly clay loam, dark

brown (7, 5YR 4/2) moist; weak medium subangular

blocky structure; hard, friable, sticky, plastic;

plentiful roots; many medium and few coarse tubular

roots; about 20 percent pebbles; slightly acid; clear

smooth boundary, (6 to 15 inches thick. )

C 15-36"+--Brown (7. 5YR 5/2) very cobbly loam, dark brown

(7, 5YR 4/2) moist; massive, hard, friable, sticky,

plastic; few roots, common medium and coarse

pores; 60 percent cobbles and pebbles; slightly acid.
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APPENDIX III

FORDNEY SERIES

Type Location: Klamath County, Oregon; 1,320 feet south of the

center of Sec. 3, T. 41 S. , R. 12 E. , about 2 miles north of the town

of Malin.

Typifying Pedon: Fordney loamy fine sand - cultivated (Colors are

for dry conditions unless otherwise noted, )

Ap 0-8"--Dark grayish brown (10YR 4/2) loamy fine sand,

very dark grayish brown (10YR 3/2) moist; massive;

soft, very friable, nonsticky, nonplastic; abundant

very fine and few fine roots; many very fine inter-

stitial pores; neutral (pH 6. 6); abrupt smooth

boundary. (7 to 9 inches thick.)

C1 8-48"--iGrayish brown (10YR 5/2) loamy sand, very dark

grayish brown (10YR 3/2) moist; massive; very

soft, very friable, nonsticky, nonplastic; plentiful

very fine and few fine roots; many very fine inter-

stitial pores; neutral (pH 6. 9); diffuse smooth

boundary. (30 to 40 inches thick.)

48-50"+--Grayish brown (10YR 5/2) loamy sand or sand,

very dark grayish brown (2. 5YR 3/2) moist;

massive; very soft, very friable, nonsticky,
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nonplastic; very few very fine roots; many very

fine interstitial pores; watertable at 48 inches;

neutral (pH 6. 9).
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Appendix IV

Table 1. Statistical model for subterranean clover (field trial).

Source of variation d. f.

Replication (R) 2

Rhizobium (B) 1

R X B ---a/
2

Phosphorus and sulfur (F)
R X F b/

2

F X B

FXRXB ----c/ 2

Nitrogen (N) 2

R X N 4

N X B 2

N XRX B ----e/ 4

N X F 2

RXNXF f/
4

N XFXB 2

RXNXFXB 4

Total 35

a, b, c, d, e, f, g are error terms.
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Appendix IV

Table 2. Statistical model for subterranean clover greenhouse
experiment (soil-core method).

Source of variation d. f.

Replication (R)

Treatments (T)

2

17

Nitrogen (N) (2)

Phosphorus and sulfur (F) (1)

Strains (S) (2)

N X F (2)

N X S (4)

F X S (2)

NXFXS (4)

R X T (error) 34

Total 53
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Appendix IV

Table 3. Statistical model for alfalfa (Experiment II).

Source of variation d. f.

Replication 2

Treatments 55

Soils (A) (6)

Sterilization (B) (1)

Strain (C) (1)

Nitrogen (D) (1)

A X B (6)

A X C (6)

.A X D (6)

B X C (1)

B X D (1)

C X D (1)

AXBXC (6)

AXCXD (6)

AXBXD (6)

BXCXD (1)

AXBXCXD (1)

Replication X Treatment 110

Total 167
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Appendix IV

Table 4. Analysis of variance of dry matter yield of subterranean
clover, first cutting, of field experiment.

D. F. S. S. M, S,

Replication (R)

Rhizobium (B)

R X B ----a/

Phosphorus + Sulfur (F)

2

1

2

1

11024. 6

21983. 0

32681. 3

171616. 9

5512. 3

21983. 0

16340. 7

171616. 9

O. 337

1. 345

12. 65

R X F--b/
2 27136.8 13568.4

F X B 1 213. 2 213. 2 0.028

RXFXB----c/ 2 14761.3 7380. 6

Nitrogen (N) 2 3372. 1 1686. 1 O. 037

R X d/
4 183151.4 45787. 8

N X B 2 7866. 5 3933. 2 O. 149

R X N X e/
4 105551.9 26387. 9

N X F 2 4181. 2 2090. 6 0. 065

R X N X f
4 128488. 6 32122. 2

NXFXB 2 26477. 2 13238. 6 1. 807

RXNXFXB----/ 4 29295.9 7323.9

Total 35 767801. 8

a, b, c, d, e, f, g are error terms.
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Table 5. Analysis of variance of dry matter yield of subterranean
clover, second cutting, of field experiment.

D. F. S. S. M. S.

Replications (R) 2 130562. 3 65281. 1 5. 417

Rhizobium (B) 1 672. 5 672. 5 0. 558

R X B ----a/
2 2410. 3 1205. 1

Phosphorus + Sulfur (F) 1 14729. 9 14729. 9 12. 481

R X F - --b/
2 2360. 5 1180. 2

F X B 1 3802. 8 3802. 8 0. 616

RXFXB----c/ 2 12341. 1 6170. 5

Nitrogen (N) 2 8748. 6 4374. 3 0. 495

R X N----d/ 4 35305. 3 8826. 3

N X B 2 11166. 1 5583. 0 0. 433

RXNXB----e/ 4 51544. 5 12886. 1

N X F 2 18879. 2 9439. 6 1. 981

RXNXF----f/ 4 19057.6 4764. 4

N X F X B 2 17309.4 8654. 7 0. 967

RXNXFXB---/ 4 35776.6 8944.2

Total 35 364666. 5

a, b, c, d, e, f, g are error terms.

99



100

Appendix IV

Table 6. L. S. D. tests for subclover, greenhouse, first cutting.

Rhizobium Treatment X X2 -X1

TS -1 check 2. 08 -

NoF
2

2. 43 . 35

NI F I 2. 00 , 08

N1F
2

2. 17 . 09

N 2F 1
2.55 .47*

N 2F 2
2. 67 59**

TA -1 No F
1

2.15 ,07

NoF
2

2. 18 . 10

N1F
1

1.98 , 10

2.60 52

N 2F 1
2. 42 . 36

N
2
F2 2.82 .74

NZ-29 NoF
1

1.90 . 18

NoF 2 2. 15 . 07

NI F
1

2. 27 . 19

N1 F
2

2. 55 . 47**

N2F 1
2. 11 . 03

N 2F2 2. 42 . 34

L. S. D. .01 = .52
L. S. D. . 05 = . 39

*Significant different at the 5% level of probability.

*Significant different at the 1% level of probability.
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Appendix IV

Table 7. L. S. D. tests for subclover, greenhouse, second cutting.

Rhizobium Treatment
2-3c 1

TS-1

TA -1

NZ-29

check 4. 18 -

NoF2 5. 42 1. 244":(

N 1F 1
4. 35 . 17

N 112 4. 63 . 45

N2F1 4. 42 , 24

N
2
F2 5. 04 , 86*

NoF
1

4. 94 , 76

NoF
2

5. 26 1. 08*

N
1F1

4.31 .13

N
1
F

2
5.41 1.23**

N
2
F

1
4.37 .19

N
2
F

2
6.13 1. 95 **

NoF
1

4. 11 . 07

NoF
2

5. 29 1. 11*

N1F1 4.28 .10
N1F2 5.60 1. 42**

N
2
F

1
4.21 0.3

N
2
F

2
5.80 1. 62 **

L. S. D. . 01 = 1. 15
L. S. D. .05 = 0..86

*Significant different at the 5% level of probability.

**Significant different at the 1% level of probability.
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Appendix IV

Table 8. L. S. D. tests for subclover, greenhouse, third cutting,

Rhizobium Treatment X R
1

TS-1 check 5. 59 -

NoF
2

9. 28 3.69**

N
1
F

1
5.18 .41

N
1
F

2
8.95 3.36**

N
2
F

1
5.33 .26

N
2
F

2
9,85 4,26**

TA-1 NoF1 4. 66 . 93

NoF
2

9. 00 3. 41**

N1F1 5. 13 . 46

N1F2 8. 56 2.97**

N
2
F

1
4.67 ,92

N
2
F

2
9, 61 4. 02**

NZ-29 NoF
1

6.04 .45

NoF
2

9.66 *4.07*
N

1
F

1
5.99 .40

N
1
F

2
9.95 4.36**

N
2
F

1
5.64 .05

N
2
F

2
8.58 2.99**

D, . 01 = 1. 91
L. S. D. .05 = 1.42

**Significant different at the 1% level of probability.



103

Appendix IV

Table 9. Analysis of variance of dry matter yield of alfalfa, first and second cutting, of the
greenhouse experiment.

D. F. S. S, M. S. F.

1st 2nd 1st 2nd 1st 2nd

Replications (R) 2 0. 23 0. 58 O. 115 O. 29 3.026 1. 768,
Treatments (T) 55 53. 25 164. 31 0. 968 2. 987 25. 473** 18.213 **

Soils (A) (6) 4. 94 6. 80 0. 823 1. 133 21. 657** 6. 908**
Sterilization (B) (1) 16. 92 50. 05 16. 92 50. 05 445. 263** 305. 182**
Inoculate (C) (1) 0. 19 7.65 0. 19 7. 65 5.00 * 46.646**
Nitrogen (D) (1) 24, 35 58. 46 24, 35 58. 46 640. 789** 356. 463**
A X B (6) 2. 85 6. 98 0. 475 1. 163 12. 500** 7. 0 91**
A X C (6) 0. 38 4. 06 0.063 0. 677 1.657 4. 128**
A X D (6) 0. 86 7. 80 0. 143 1. 30 3. 763** 7. 9204
B X C (1) 0. 19 3. 34 0. 19 3. 34 5. 000** 20. 366**
B X D (1) 0. 15 2. 88 0. 15 2. 88 3, 947* 17. 561**
C X D (1) 0. 36 2. 38 0. 36 2. 38 9. 473** 14. 512**
A X B X C (6) 0. 43 2. 33 0. 072 0. 388 1. 894 2. 365
A X C X D (6) 0. 32 3. 33 0. 053 0, 555 1. 394 3. 384*
A X B X D (6) 0. 38 3. 92 0. 063 0, 653 1.657 3. 982*
B X C X D (1) 0. 90 2. 38 0. 90 2. 38 23. 684** 14. 512**
AXBXCXD (6) 0.03 1.95 O. 00 5 0,325 0.131 1.981
R X T (error) 110 4.20 18. 09 0.038 0. 164

Total 167 57. 68 182. 98

*Significantly different at the 5% level of probability.

**Significantly different at the 1% level of probability.
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Appendix IV

Table 10. Alfalfa leaves color of the three cuttings (Experiment II).

Soil
No.

Cutting
No.

UINo UIN
1

UIoNo UIoN
1

SINo SIN. SIoNo SIoN

1 1 PG G+ PG G DG DG PG+

2 PG G PG G DG DG PG

3 G° G PG G DG DG PG G°

2 1 PG DG PG DG DG DG G G+

2 PG G PG G DG DG G+ G+

3 G+ G+ G G+ DG DG DG DG

3 1 PG DG PG DG DG DG G+ G+
2 G° G G.° G DG DG G+ G

3 G G G G G+ G+ DG DG°

4 1 PG DG PG DG DG DC PG G+

2 PG G PG G G+ DG G DG

3 G G G DG DG DG DG DC

5 1 G. DG G° G DG DG G° DG

2 PG G G G G DG PG DG

3 G G+ G° G DG DC G° DG

6 1 PG DG PG G+ DG DG G° DG
2 PG G PG G G+ DC PG DG

3 PG G G G+ DG DG PG DG

7 1 G+ DG G- DG DC DG G+ DG

2 G° G PG G DG DG G+ DG

3 G° G° G G Gi- G° G G

G = green; DG = dark green; PG = pale green.


