
JOURNAL OF APPLIED SEED PRODUCTION, VOL. 7, 1989 
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ABSTRACT 

Previous studies have demonstrated that seed of 
broadleaved birdsfoot trefoil (Lotus comiculatus L.) produced 
in northern latitudes of the USA have better quality and vi
tality than seed produced in southern latitudes. The objec
tives of this study were to determine species and frequencies 
of seedborne microorganisms associated with birdsfoot trefoil 
produced in northern and southern latitudes of the USA and 
describe their possible relationship to seed viability. Mi
croorganisms were isolated from birdsfoot trefoil seed col
lected from 25 genotypes grown in the field at Columbia, MO 
and. Rosemount, MN in 1984. Five genotypes produced seed in 
Minnesota that were free of microorganisms while all seed 
produced at Missouri possessed seedborne microorganisms. 
Surface-sterilized seed produced in Missouri exhibited signifi
cantly higher (P=0.0001) levels of seedborne microorganisms 
and significantly poorer (P=0.0001) germination relative to 
those produced in Minnesota. Of the bacterial cultures iso
lated from seeds produced at both locations, the most fre
quently identified species was Envinia herbicola (Lohnis) Dye. 
Some of the bacterial isolates (13%) were potentially phy
topathogenic. Fungi isolated from birdsfoot trefoil seeds were 
limited predominantly to the genera Altemmia and Fusan'um. 
It is suggested that the consistent association of both bacteria 
and fungi with birdsfoot trefoil seeds may contribute to de
creased seed viability and seedling vigor. Commercial seed 
production in southern .locations for dispersal to other loca
tions should be discouraged, in part due to the higher level of 
seedborne microorganisms, many of which exhibited 
pathogenic potential. The llresence of potential seedborne 
phytopathogens in seed produced in Minnesota for commer
cial distribution suggests treatment of the seed to reduce 
pathogenic risk to seedlings. 

Additional index words: Lotus comiculatus L., seed viabil
ity, seedling vigor, seedborne · microorganisms, microbial 
ecology. 
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INTRODUCTION 

Eighty-three percent of the certified broadleafed 
birdsfoot trefoil (Lotus comiculatus L.) seed production 
in the USA occurs in Michigan, Minnesota, and Wiscon
sin (AOSCA, 1986). High seed yield achieved in com
mercial areas is encouraged by a short period of profuse 
flowering and cool temperatures. McGraw et al., (1986) 
demonstrated a reduced seed production capability for 
birdsfoot trefoil when grown in Missouri (38° 52'N Lat) 
compared to Minnesota (48° 51'N Lat). In addition, seed 
produced in Missouri was of lower quality and quantity. 
Variable seed quality and seedling vigor among cultivars 
are major limiting factors in successful field establish
ment. Seed size and quality affect seedling vigor 
(McKersie and Tomes, 1982; Beuselinck and McGraw, 
1983) and seedlings require good vigor and competitive
ness to establish and maintain stands (Twamley, 1967). 
Seed production of birdsfoot trefoil is critical in southern 
latitudes to ensure long-term persistence (Beuselinck et 
al., 1984). Although we have identified several parame
ters accounting for variabilities in seed quality and 
seedling vigor between northern versus southern lati
tudes, the influence of seed-associated microorganisms 
of birdsfoot trefoil has received little attention. Diverse 
groups of microorganisms are associated with the seeds 
of plants making it difficult to ascertain which aspects of 
seed quality and seedling vigor are due to the seed alone 
and which are microbially induced (Halloin, 1986). 

The objectives of this study were to determine quan
titatively the seedborne microorganisms of birdsfoot 
trefoil genotypes grown at two locations, a site of com
mercial seed production versus a seed use site, and to de
scribe the possible relationship of microorganism pres
ence to seed viability. 

MATERIAL AND METHODS 

Twenty-five randomly chosen genotypes of the birds
foot trefoil germ plasm MU -81 (Beuselinck and McGraw, 
1986) were vegetatively propagated by stem-cuttings, 
then established in the field at two locations in the spring 
of 1983. The locations were Columbia, MO and Rose
mount, MN. Soil types were Mexico silt loam (fine, 
montmorillonitic, mesic Udollic Ochraqualf) at 
Columbia and Waukegan silt loam (fine-silty, over sandy 
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or sandy-skeletal, mixed, mesic Typic Hapludoll) at 
Rosemount. In 1984, mature pods of the open-pollinated 
genotypes were hand harvested. Pods were considered 
mature when they were brown in color. Pods were 
stored in sealed glass vials at 8 C prior to conducting the 
study. Three treatments were used to assay seed viability 
and the presence of microorganisms. The control treat
ment was comprised of seeds aseptically removed from 
surface-sterilized, intact pods from the Minnesota-grown 
genotypes. A second treatment was comprised of sur
face-sterilized seeds. Surface-sterilized, then mechani
cally scarified seed comprised the third treatment. All 
surface-sterilization procedures were conducted and re
sults tested using the methods described by Kremer 
(1987). Removal of surface contaminants was deter
mined to be effective. 

Microorganisms associated with seeds were deter
mined by aseptically placing the seeds obtained from 
each treatment on the surface of potato-dextrose agar 
(PDA, pH 6.8; Wollum, 1982) at 5 to 10 seeds per plate 
depending on the number of seeds available from each 
seed lot. Three replicates of each seed lot from each lo
cation were plated for each of two trials. Plates were in
cubated in the clark at 27 C and examined every 48 hours 
for up to 12 days. Bacterial cultures were obtained from 
outgrowth on and around seeds and seedlings, then 
streaked on nutrient agar (Wollum, 1982). Only isolates 
from surface-sterilized or surface-sterilized scarified 
seeds were characterized based on standard procedures 
(Smibert and Krieg, 1981) and classified as far as possi
ble according to Be1gey's Manual (Buchanan and Gib
bons, 1974). Fungi growing on seeds were examined fre
quently and identified directly from the plates using ap
propriate keys (Carmichael et al., 1980; Domsch et al., 
1980) or after subculturing them on Czapek-Dox agar, 
pH 7.0 (Wollum, 1982). 

Production of antimetabolite toxins by bacteria as an 
index of potential phytopathogenicity was assayed using 
an indicator technique described by Gasson (1980). 
Freshly grown cultures of bacterial isolates were stabbed 
with a needle into minimal agar medium (Gasson, 1980) 
containing ca. 108 cells of Eschelichia coli (Migula) Castl. 
and Chalm. strain B/ml. A clear zone of inhibition of E. 
coli growth after 48 hours at 27 C indicated antimetabo
lite production. 

Seed viability, a seed quality parameter, was deter
mined simultaneously during incubation for detection of 
seedborne microorganisms. Seeds with radicles of nor
mal appearance ( > 2 mm) were considered as germi
nated; remaining seeds were classed as either hard 
(nonpermeable to water) or imbibed (permeable). The 
data were transformed using the sin-1x-2, where x equaled 
the fraction of germinated seed, then analyzed as a split
plot design where treatments were considered main plots 
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and genotypes were subplots (Steel and Torrie, 1960). 
Comparisons of means were performed using the LSD at 
P < 0.05. Simple and multiple regression analyses were 
performed to aid in identifying relationships between the 
fungi and bacteria isolated from seed of each location 
and germination. 

RESULTS AND DISCUSSION 

Highly significant differences (P=O.OOOl) existed 
among genotypes and treatments for frequency of epi
phytes isolated from their seed (Table 1). Nonsterilized 
seed (control treatment) of all genotypes exhibited fungal 
contamination, while several were free of bacterial epi
phytes. Germination comparisons between the nonster
ilized seeds of the control and surface-sterilized seeds 
from Minnesota indicated a significant (P=0.0001) phy
topathogenic effect by the epiphytes on germination. 
Seeds from 16 of the 25 genotypes in the control treat
ment exhibited lower germination percentages than sur
face-sterilized seed from the same parent genotype. Re
gre~sion analyses indicated that the fungal epiphytes 
were implicated (P=0.07) to negatively affect (r=-0.45) 
the germination of the control seed from Minnesota but 
that levels of bacterial epiphytes were not implicated 
(P=0.78; r=O.OO). 

Levels of seedborne microorganisms differed signifi
cantly among genotypes and locations. Seeds produced 
in Missouri yielded significantly higher levels of bacteria 
(P=0.02) and fungi (P=0.0001) and lower germination 
percentages of scarified (P=0.0001) and unscarified 
(P=0.0001) seed (Table 1). Surface-sterilized seeds from 
three genotypes grown at Missouri were bacteria-free 
while those from 16 genotypes grown at Minnesota were 
bacteria-free. Isolations of fungi were more numerous 
among the seed lots; seed of eight genotypes grown at 
Minnesota were free of seedborne fungi while all seed 
from Missouri were contaminated. The presence and 
frequency of seedborne microorganisms among the seed 
of the 25 genotypes was not consistent between the Mis
souri and Minnesota locations. Only genotypes 19 and 
20 appeared to have similar relative frequencies of both 
microbial classes at both locations. 

The majority of seedborne microorganisms were iso
lated from either germinating or imbibed surface-steril
ized seed rather than hard seed; however, microbial dis
tributions were similar among scarified or non-scarified 
surface-sterilized seed (data not presented). Although 
seed produced in Missouri exhibited a higher level of 
seedborne microorganisms and poorer germination rela
tive to seeds from Minnesota, there was no relationship 
between the percentage of surface-sterilized seed with 
seedborne bacteria (P=0.75 to 0.98) or fungi (P=0.14 to 
0.32) and the germination percentages of Missouri-pro-
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Table 1. Percent microbial infection and germination of seeds of twenty-five birdsfoot trefoil genotypes grown at two 
locations. 

Minnesota a Minnesotab Missourib 

Geno- Germi- Germi-
type Genni- Germi- nation Germi- nation 
no. Bacteria Fungi nation Bacteria Fungi nation (scar)c Bacteria Fungi nation (scar)c 

1 9.5 14.2 77.8 0 0 38.1 80.0 82.1 69.0 12.8 0 
2 0 9.5 8.1 28.3 4.7 91.9 100.0 23.6 4.7 4.7 24.4 
3 23.7 28.3 8.1 0 18.9 52.4 10.0 9.5 9.5 14.2 0 
4 14.2 28.4 0 0 0 28.4 211.7 4.7 4.7 28.9 31.0 
5 33.3 9.5 76.1 0 0 0 46.7 23.7 28.5 0 21.7 
6 28.5 28.4 0 0 4.7 13.1 25.0 4.7 4.7 25.6 0 
7 9.5 18.9 4.7 4.2 4.7 43.0 50.0 4.7 9.5 12.8 0 
8 9.5 18.9 67.4 0 4.7 100.0 100.0 0 28.5 12.8 10.0 
9 0 28.4 54.8 0 4.7 100.0 100.0 19.0 23.7 38.5 41.7 
0 28.5 33.1 35.2 0 0 33.3 50.0 4.2 9.5 0 0 

11 0 14.2 74.3 0 4.7 51.7 100.0 6.6 10.0 30.0 61.0 
12 14.2 23.7 0 0 4.7 0 10.0 4.7 4.7 10.0 10.0 
13 19.0 14.2 0 0 4.7 12.1 10.0 52.3 14.2 14.2 10.0 
14 19.0 49.7 0 4.7 0 11.4 50.0 11.8 50.0 16.6 0 
15 23.7 23.7 0 0 0 0 76.7 9.1 2.6 0 0 
16 19.0 9.5 0 0 4.7 56.7 30.0 0 4.7 0 0 
17 28.4 28.4 16.1 0 9.5 37.6 40.0 9.1 9.5 7.3 42.0 
18 42.8 28.4 45.2 0 0 12.5 100.0 18.9 81.0 0 0 
19 14.2 14.2 79.0 9.5 37.6 100.0 100.0 30.9 85.6 4.7 50.0 
20 33.3 33.1 0 10.3 18.9 0 50.0 14.2 9.5 35.7 55.0 
21 33.3 18.9 8.1 47.4 4.7 12.1 100.0 9.5 57.3 24.1 28.0 
22 57.1 37.9 0 0 0 23.7 80.0 42.7 14.2 0 0 
23 4.7 39.9 54.8 23.6 9.5 51.7 100.0 0 9.4 0 0 
24 0 38.1 0 4.7 4.7 23.5 21.7 9.1 19.0 0 25.0 
25 4.7 18.9 0 23.6 77.2 23.5 30.0 52.2 9.4 0 20.7 

Mean 18.8 24.2 24.4 6.3 8.9 37.0 59.4 18.0 22.9 11.5 17.2 
LSD 0.05 13.0 17.8 26.8 5.2 11.0 17.6 8.1 12.8 14.1 11.2 2.9 

aNonsterilized seeds aseptically removed from surface-sterilized pods. 
hSurface-sterilized seeds. 
csurface-sterilized seeds scarified prior to bioassay. 

duced seed. The inability to detect a consistent relation
ship was confounded by the variable levels and types of 
seedborne microorganisms, the quality of seed, and ratio 
of hard seed to readily germinating seed. The Min
nesota-produced seed was of a higher quality and a sig
nificant relationship between seed germination and mi
croorganism frequency was detected. Bacterial frequen
cies were found to be a significant (P=O.OOl to 0.006) 
determinant of the reduced germination ( r = -0.63 to 
-0.81) of Minnesota-produced seed, while frequencies of 
fungi were not related (P=0.20 to 0.38; -0.31 to -0.22). 
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Of the 9 genera of bacteria identified in the examina
tion of all175 isolates from the seed of the 25 birdsfoot 
trefoil genotypes, species of E1winia, Pseudomonas, 
Flavobacterium, and Enterobacter were isolated most fre
quently (Table 2). The diversity of bacterial genera asso
ciated with birdsfoot trefoil seeds indicated the seed pre
sented a suitable nutrient source for a variety of bacteria. 
The most frequently occurring bacterial culture was a 
yellow mucoid outgrowth found around imbibed seeds 
and emerging radicles from both locations. When this 
material was streaked on nutrient agar plates, it was 
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Table 2. Frequency of isolation of various genera and species of bacteria from seed from 25 birdsfoot trefoil geno
types grown at two locations. 

Minnesota 
Bacterium No. of isolates %of 

identified total 

Acinetobacter sp. 0 0 
Alcaligenes spp 5 7.4 
Bacillus spp. 6 8.9 
Enterobacter spp. 10 14.9 
Erwinia amylovora 0 0 
Erwinia herbicola 26 38.8 
Flavobacterium spp. 6 8.9 
Pseudomonas spp. 8 11.9 
Se1ratia spp. 1 1.4 

Total 67 99.6 

found to be a single type of bacteria identified as Erwinia 
herbicola. The greatest number of these isolates was 
obtained from seed produced in the Missouri location. 
Although Erwinia spp. are ubiquitous epiphytes on most 
plant species (Durbin, 1982), birdsfoot trefoil seed may 
provide a favorable environment for this bacterium, the 
growth of which may be enhanced by the warmer, more 
favorable conditions provided under the Missouri cli
mate. High humidity and temperature were implicated 
in susceptibility to root and crown rot complex and poor 
persistence of stands of birdsfoot trefoil grown in Mis
souri (Beuselinck et al., 1984). Erwinia herbicola may be 
involved in the root disease complex of alfalfa (Medicago 
sativa L.) (Shinde and Lukezic, 1974a, 1974b) and it is 
found to be commonly associated with seeds of alfalfa 
and can interfere with rhizobia! binding on seedling roots 
(Handelsman and Brill, 1985). Similar effects of this 
bacterium on the growth of birdsfoot trefoil may occur. 
Indeed, a similar association was found of Pseudomonas 
viridiflava (Burk.) Dawson isolated from diseased roots 
of alfalfa and birdsfoot trefoil (Lukezic et al., 1983). 
Berkenkamp et al. (1972) indicated that a "yellow-pig
mente.d bacterium" similar to E. herbicola often occurred 
in birdsfoot trefoil plants exhibiting crown and root rot 
symptoms and suggested that the bacterium might con
tribute to the disease. However, it was not reported if 
the bacterium was seedborne. 

Approximately 13% of the total number of bacterial 
isolates produced antimetabolites which inhibited E. coli 
growth on minimal medium. The isolates producing an
timetabolites were E1winia and Pseudomonas species. 
The highest numbers of inhibitory bacteria were associ-
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Missouri 
No. of isolates %of 

identified total 

1 0.9 
2 1.8 
3 2.8 
2 1.8 
2 1.8 

66 61.1 
16 14.8 
10 9.2 
4 3.7 

108 99.7 

ated with seeds produced in Missouri and were found 
distributed among six genotypes (Table 3). Only one 
genotype grown in Minnesota produced seeds containing 
inhibitory bacteria. 

Table 3. Inhibition of Escherichia coli growth on mini
mal medium by bacteria isolated from sur
face-sterilized seeds of seven birdsfoot trefoil 
genotypes grown at two locations. 

Genotype Minne- Miss-
no. sot a oun 

1 0/0 1 2/17 1 

12 0/0 1/1 
13 0/0 5/6 
17 0/0 2/2 
18 0/0 3/4 
24 0/1 2/3 
25 3/6 0/11 

Total 3/7 15/44 

1No of inhibitory isolates/no. tested 

These data support our contention that environment 
influences the microbe-birdsfoot trefoil seed associations. 
A cursory explanation would be that environment ap
pears to influence the genetic expression of different 
genotypes. This may explain some of the results ob
tained, but microbial populations would be different at 
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Table 4. Frequency of isolation of various genera of fungi derived from surface-sterilized seeds from 25 birdsfoot tre
foil genotypes grown at two locations. 

Minnesota 
Fungus No. of isolates %of 
genus identified total 

Altemaria 37 53.6 
Aspergillus 4 5.8 
Epicoccum 0 0 
Fusarium 26 37.6 
Mucor 0 0 
Penicillium 2 2.9 

Total 69 99.9 

the two locations, and further study is required. Al
though direct proof for phytopathogenic activity is not 
presented, the results suggest that germination and 
seedling growth of birdsfoot trefoil might be detrimen
tally affected by specific seedborne bacteria and that this 
may be influenced by origin of seed production. Other 
studies have shown that seedborne bacteria capable of 
producing phytotoxins can reduce seed viability and 
seedling vigor in various plants (Durbin, 1982; Suslow 
and Schroth, 1982; Fredrickson and Elliott, 1985). 

Fungi isolated from birdsfoot trefoil seed from Mis
souri and Minnesota were limited predominantly to the 
genera Fusarium and Altemaria (Table 4). The higher 
overall occurrence of fungi at the Missouri location com
pared to the Minnesota location reiterates the apparent 
influence of environment on associations of different mi
croorganisms and birdsfoot trefoil seeds. The associa
tion of Altemaria and Fusarium species with birdsfoot 
trefoil seed is consistent with their roles as weak seed 
pathogens (Malone and Muskett, 1964; Neergaard, 
1977). The high incidence of Fusarium spp. associated 
with birdsfoot trefoil seed suggests that this may be an 
important source of inocula in the development of the 
crown and root rot disease complex in birdsfoot trefoil 
(Berkenkamp et al., 1972). 

The association of both bacteria and fungi with seeds 
of birdsfoot trefoil indicates that these microorganisms 
should be considered in assays of seed quality and 
seedling vigor. Seed from nine genotypes grown at Mis
souri and three grown at Minnesota exhibited high fre
quencies of bacterial and/or fungal infection, and all 
seedlings subsequently died. Nearly all the fungi involved 
in seedling death were Fusarium spp. Bacteria involved 
in seedling death were largely ETWinia herbicola of which 
those isolated from genotypes 1, 13 and 24 grown at Mis
souri also exhibited potential phytopathogenicity (Table 
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Missouri 
No. of isolates %of 

identified total 

54 38.5 
2 1.4 
5 3.6 

56 40.0 
1 0.7 

22 15.7 

140 99.9 

3). These specific microorganisms may be more impor
tant in their effects on seed quality than the other com
ponents of the microbial flora of birdsfoot trefoil seed 
and their impact should be investigated further. 

CONCLUSIONS 

The levels of seedborne microorganisms isolated from 
the Minnesota or Missouri seed of birdsfoot trefoil dif
fered significantly. The microorganisms isolated from 
seed included bacteria and fungi and some exhibited po
tential phytopathogenicity. The seed from Missouri ex
hibited a higher level of seedborne microorganisms and 
poorer germination. The high humidity and temperature 
conditions of the Missouri location may enhance the 
growth of seedborne microorganisms or enhance their 
infestation of seed. Seed production in southern lati
tudes is important for long-term persistence of stands of 
herbage production, but commercial seed production for 
dispersal to other locations should be discouraged. Infe
rior quantities of seed can be produced in southern USA 
locations, but small seed size coincides with a higher in
cidence of potential phytopathogens. 

Since microorganisms isolated from seed produced in 
the Minnesota location expressed some potential for 
pathogenicity, seed treatment to reduce ·the risk to 
seedlings should be investigated. 

ACKNOWLEDGMENT 

The authors gratefully acknowledge Mr. Emiliano 
Carandang for technical assistance with the microbio
logical and seed quality analyses. 



JOURNAL OF APPLIED SEED PRODUCTION, VOL. 7, 1989 

REFERENCES 

1. Association of Official Seed Certifying Agencies. 1986. 
Report of acres applied for certification in 1985 by seed 
certifying agencies. pp 159. In AOSCA Production Publ. 
No. 38. AOSCA, Raleigh, NC. 

2. Berkenkamp, B., L. Folkins, and J. Meeres. 1972 Crown 
and root rot of birdsfoot trefoil in Alberta. Can. Plant 
Dis. Surv. 52:1-3. 

3. Beuselinck, P.R., and R.L. McGraw. 1983. Seedling 
vigor of three Lotus species. Crop Sci. 23:390-391. 

4. Beuselinck, P.R., and R.L. McGraw. 1986. Registration 
ofMU-81 birdsfoot trefoil germplasm. Crop Sci. 26:837-
838. 

5. Beuselinck, P.R., E.J. Peters, and R.L. McGraw. 1984. 
Cultivar and management effects on stand persistence of 
birdsfoot trefoil. Agron J. 76:490-492. 

6. Buchanan, R.E., and N.E. Gibbons. 1974. Bergey's 
manual of determinative bacteriology, 8th ed. The 
Williams & Wilkens Co., Baltimore. 

7. Carmichael, J.W., W.B. Kendrick, I.L. Conners, and L. 
Sigler. 1980. Genera of hyphomycetes. The University 
of Alberta Press, Edmonton. 

8. Domsch, K.H., W. Gams, and T. Anderson. 1980. Com
pendium of soil fungi. Academic Press, London. 

9. Durbin, RD. 1982. Toxins and pathogenesis. pp. 423-
441. In M.S. Mount and G.H. Lacy (eds.) Phy
topathogenic prokaryotes, Vol. 1. Academic Press, New 
York. 

10. Fredrickson, J.K., and L.F. Elliott. 1985. Effects on win
ter wheat seedling growth by toxin-producing rhi
zobacteria. Plant Soil83:399-409. 

11. Gasson, M.J. 1980. Indicator technique for antimetabo
lite toxin production by pathogenic species of Pseu
domonas. Appl. Environ. Microbial. 39:25-29. 

12. Halloin, J.M. 1986. Microorganisms and seed deteriora
tion. pp. 89-99. In M.B. McDonald, Jr., and C.J. Nelson 
(eds.) Physiology of seed deterioration. Spec. Pub. 11. 
Crop Sci. Soc. of Am., Madison, WI. 

13. Handelsman, J., and W.J. Brill. 1985. Erwinia herbicola 
isolates from alfalfa plants may play a role in nodulation 
of alfalfa by Rhizobium meliloti. Appl. Environ. Micro
bioi. 49:818-821. 

37 

14. Kremer, R.J. 1987. Identity and properties of bacteria 
inhabiting seeds of selected broadleaf weed species. Mi
crob. Ecol. 13:14:29-37. 

15. Lukezic, F.L., K.T. Leath, and R.G. Levin. 1983. Pseu
domonas viridijlava associated with root and crown rot 
of alfalfa and wilt of birdsfoot trefoil. Plant Dis. 67:808-
811. 

16. Malone, J.P., and A.B. Muskett. 1964. Seed-borne 
fungi. Proc. Int. Seed Test. Assoc. 29:180-384. 

17. McGraw, R.L., P.R. Beuselinck, and RR. Smith. 1986. 
Effect of latitude on genotype x environment interactions 
for seed yield in birdsfoot trefoil. Crop Sci. 26:603-605. 

18. McKersie, B.D., and D.T. Tomes. 1982. A comparison 
of seed quality and seedling vigor in birdsfoot trefoil. 
Crop Sci. 22:1239-1241. 

19. Neergaard, P. 1977. Seed pathology. John Wiley & 
Sons, New York. 

20. Shinde, P.A., and F.L. Lukezic. 1974a. Isolation, 
pathogenicity, and characterization of fluorescent pseu
domonads associated with discolored alfalfa roots. Phy
topathology 64:865-871. 

21. Shinde, P.A., and F.L. Lukezic. 1974b. Characterization 
and serological comparisons of bacteria of the genus Er
winia associated with discolored alfalfa roots. Phy
topathology 64:871-876. 

22. Smibert, R.M., and N.R. Krieg. 1981. General charac
terization. pp. 409-443. In P. Gerhardt (ed.) Manual of 
methods for general bacteriology. Am. Soc. Microbiol., 
Washington, D.C. 

23. Steel, R.G., and J.H. Torrie. 1960. Principles and pro
cedures of statistics. McGraw-Hill Book Co., Inc., New 
York. 

24. Suslow, T.V., and M.N. Schroth. 1982. Role of deleteri
ous rhizobacteria as minor pathogens in reducing crop 
growth. Phytopathology 72:111-115. 

25. Twamley, B.E. 1967. Seed size and seedling vigor in 
birdsfoot trefoil, Can. J. Plant Sci. 47:603-609. 

26. Wollum, A.G. 1982. Cultural methods for soil microor
ganisms. In A.L. Page, R.H. Miller, and D.R. Keeney 
( eds.) Methods of soil analysis. Part 2. Agronomy 9:781-
801. 


