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ABSTRACT 
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A total of 200 Rhizobium meliloti isolates were sampled from 

alfalfa (Medicaao sativa L.) nodules in five uninoculated fields through

out Arizona. Dominant strains (> 20% nodule occupancy at each site) were 

identified using plasmid profile analysis and intrinsic antibiotic resis

tance patterns. The major dominant strains and a commercial strain 

(102F77b) were evaluated for their N fixing effectiveness in a Leonard 

jar study. All strains were highly effective, and no significant dif

ferences were found (p > 0.05) in shoot weight, root weight, nodule 

weight, acetylene reduction and total N content among the strain treat

ments. These effective dominant R. meliloti strains indigenous to 

Arizona soil probably contribute to the state's high alfalfa yield. 

Furthermore, indigenous strains AZTCYJ, AZSC, and AZY have potential as 

inoculants for arid lands due to their high effectiveness and unique 

resistances to extreme abiotic stresses present in arid land soils. 
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Alfalfa, Medicaqo sativa L., is an economically important crop in 

Arizona, ranking only behind cotton and wheat in total acreage. Because 

alfalfa has proved to be well-suited the warm, dry climate of the state, 

all of 15 Arizona counties produce high annual yields, ranging from 8.1 

to 19.7 metric tons/ha in contrast to the national average of 7.6 metric 

tons/ha (USDA, 1987). The high productivity of alfalfa in Arizona is due 

to the state's favorable climate and soil conditions, intensive irriga

tion, and the use of improved alfalfa cultivars (Tickes, 1987). Alfalfa 

cultivation is also known to be beneficial to other crops in a crop rota

tion due to its ability to fix nitrogen (N) in association with the 

bacterium Rhizobium meliloti. This biological N fixation allows most 

alfalfa production to occur without N fertilization. 

Biological N fixation has been estimated to fix 80 million metric 

tons of N annually from the vast supply in the atmosphere. Leguminous 

crops account for around 35 million metric tons, while non-legumes in 

meadows, grassland and forests fix about 45 million metric tons. In con

trast, fertilizer manufacturers produce at a high cost only 50 to 60 

million metric tons of N annually (Nitrogen Fixation for Tropical 

Agricultural Legumes Project, 1984). The increasing demand for N 

fertilizers, the cost of fertilizers, and pollution problems related to 

N fertilization have raised interests in improving the utilization of the 

biological N fixation. In fact, N fertilizer is seldom recommended for 

alfalfa production in Arizona. 
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Effectiveness on N fixation varies with Rhizobium strains, and 

is, therefore, an important criterion to select commercial inoculants 

(Halliday, 1984). However, the success of introduced Rhizobium strains 

depends on their survival in the new environment and competitiveness with 

indigenous strains (Alexander, 1984). Effective commercial inoculants 

are not always efficient at fixing N under specific field conditions 

(Brown, 1976), probably due to their inability to survive in the soil 

and/or compete with indigenous Rhizobium strains. 

Stresses to plants in arid and semi-arid lands including heat, 

salinity and desiccation may hinder the activity of inoculant rhizobia as 

well. Indigenous rhizobia, however, would likely be adapted to such 

environments. The competitiveness of a Rhizobium strain reflects the 

strain's dominance in nodule occupation. Therefore, the dominant strains 

indigenous to a particular area would be expected to be competitive. An 

evaluation of the effectiveness of dominant strains would give an idea of 

the biological N fixing potential of the area. Yet, no previous studies 

of the dominant R. meliloti strains indigenous to Arizona soil have been 

conducted. Lowther et al. (1987) reported a wide range of symbiotic N 

fixation effectiveness of indigenous R. meliloti isolates from the 

rangeland soils in the intermountain west of the United States, in which 

48 % were classified as inferior N fixers with significantly lower plant 

yields. Since the yield of alfalfa in Arizona is quite high but varies 

widely, it is of interest to investigate the distribution and effective

ness of dominant R. meliloti strains indigenous to Arizona soils. 

The objectives of the present study were to: (1) determine the 

dominant R. meliloti strains indigenous to Arizona soils where alfalfa is 
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grown, (2) evaluate possible factors influencing the distribution of these 

dominant strains, and (3) assess the symbiotic N fixing effectiveness of 

those indigenous strains on a locally adapted alfalfa cultivar. 
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Alfalfa Cultivation in Arizona 

Alfalfa (Medicago sativa L.) has historically been a major crop in 

Arizona ranking behind cotton and wheat in total acreage. The crop was 

introduced to the southwestern United States from Mexico around 1850, and 

it proved to be well-suited to the warm, dry climate and the irrigated 

soils of the area. Since then, alfalfa production has increased steadily. 

It it now grown in Arizona at elevations ranging from near sea level at 

Yuma to over 1,500 m in the northern counties, and accounts for 18 to 20 

percent of the total irrigated cropland. According to USDA Agricultural 

Statistics (1987), almost one and a quarter million metric tons of alfalfa 

were produced in Arizona in 1986 to return more than 85 million dollars 

to producers. The average annual yield of alfalfa in the United States 

was 7.6 metric tons/ha in contrast to 17.0 metric tons/ha in Arizona, 

which ranked first in the nation. 

Within the state, annual yields of alfalfa range from 8.1 to 19.7 

metric tons/ha, depending on the length of growing season as influenced 

by elevation and latitude, cultivar, irrigation practice, harvest manage

ment, temperature, water quality, and soil fertility (University of 

Arizona Bulletin, 1977). More than three quarters of the state's 

production occurs in the central and southwestern counties. The mild 

winter and spring climate combined with the development of non winter 

dormant, pest-resistant cultivars and intensive irrigation management, 

make this region one of the foremost production areas of alfalfa in the 

world (Tickes, 1987). 
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Alfalfa - Rhizobium Symbiosis 

Alfalfa is a member of the Leguminosae family which has long been 

known for their ability to biologically fix N in a specific symbiotic 

association with bacteria of the genus Rhizobium. According to 9th 

Bergey's Manual of Determinative Bacteriology (1983) Rhizobium meliloti 

is the species of rhizobia that can form a symbiotic relationship with 

Medicaao. Melilotus, and Triaonella. 

During the development of new legume roots, Rhizobium infection 

occurs and the formation of nodules is initiated. This nodule formation 

process is the result of a complex sequence of interactions between the 

Rhizobium and the plant roots. 

Initially, the plant root exudes unspecified compounds that attract 

bacteria to the rhizosphere and allow the bacteria to proliferate. Dazzo 

et al. (1984) proposed the theory of initial rhizobia attachment to the 

root hair of the host plant, where lectins react specifically at 

glycoprotein-polysaccharide binding sites on the surface of appropriate 

bacterial cells. Thus, lectins may play a role as specific mediators of 

the attachment of Rhizobium to susceptible root hairs. During the 

attachment process, tryptophan secreted from the plant roots is oxidized 

to indoleacetic acid (IAA) by the rhizobia, and this IAA with perhaps 

plant originated unknown co-factors causes root hair curling. Polygalac

turonase produced by the Rhizobium then softens and disrupts the cell 

wall, and allows the bacteria to invade the plant tissues (Ridge and 

Rolfe, 1985). 

The infection proceeds via the development of an infection thread, 

which penetrates through and between the root cortex cells. The thread 
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branches into the central portions of the developing nodule, and bacteria 

ultimately are released into their host's cytoplasm, and multiply. 

Following the release, a period of rapid cell division takes place in the 

plant's cells. The final structure of the nodule consists of a central 

core containing modified rhizobia known as bacteroids and a surrounding 

cortical area in which the plant vascular system is found (Alexander, 

1977). 

Nodules vary widely in shape, size, color and location. Shape and 

location of effective nodules are largely determined by the host plant. 

Nodules produced by a strain of Rhizobium on one legume host may have no 

resemblance to nodules produced by the same strain on another host in the 

same cross-inoculation group (Nitrogen Fixation for Tropical Agricultural 

Legumes Project, 1984). On the other hand, the size, color and distribu

tion of nodules on the roots of leguminous plants reflect the status of 

the Rhizobium-legume association and its N fixing efficiency. Effective 

nodules are generally large, clustered on the primary and upper lateral 

roots, and characterized by an internal red-brown color to the presence 

of leghaemoglobin, whereas ineffective nodules are small, and white, green 

or pink colored. The leghaemoglobin controls the oxygen necessary to 

activate the bacteroids and to protect the oxygen-sensitive N fixing 

enzyme known as nitrogenase (Atlas and Bartha, 1987). 

If environmental conditions are favorable, effective nodules fix 

atmospheric nitrogen and convert it to nitrogenous compounds, which are 

available to the host plant and aid in its growth. The plant, in turn, 

provides carbohydrates needed by the bacteroids in the nodules as an 
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energy source. Therefore, both the plant and bacteria benefit from this 

mutualistic relationship, or symbiosis. 

Although the amount of N fixed by the nodules is affected by many 

factors including host genotype, Rhizobium strain efficiency, and soil 

and climatic conditions, several researchers agree the alfalfa-R. meliloti 

symbiosis can fix more than 200kg of N per hectare per year (Alexander, 

1977; Donahue et al., 1977; LaRue and Patterson, 1981). 

Alfalfa - Rhizobium Research in Arizona 

The first inoculation study of alfalfa in Arizona was probably done 

by Hawkins (1923). A commercial inoculum available to farmers at that 

time was tested at two experiment sites. At one site, the Salt River 

Valley, there was no difference in alfalfa yields between inoculated and 

non-inoculated plots in contrast to this a 15% yield increase due to 

inoculation was demonstrated at the Sulphur Spring Valley-Dry Farm. 

According to Hawkins' observations, nodulation was less abundant during 

the hot summer months than during the cooler weather. He also reported 

the results of a pot study using sterilized soils in which inoculation 

increased the weights of plants and hastened the plant maturity. 

Brown (1976) conducted a study evaluating six alfalfa cultivars and 

a commercial R. meliloti inoculant in Tucson, Arizona. No significant 

differences in forage production, root nodule formation and percent 

protein in the forage were found among cultivars, or between inoculated 

and non-inoculated treatments. He suggested that the reason for the lack 

of response was due to the inability of the commercial rhizobia to adapt 

to the arid southwestern environment, and concluded that it was necessary 
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to use rhizobia strains that were tolerant of saline-alkali soils, and 

were compatible with the alfalfa cultivars bred and adapted to the hot, 

desert environment. 

Another study conducted by Turley (1980) near Tucosn produced 

similar results. In his study, three alfalfa cultivars were examined in 

combination with five different rhizobia strains of which four strains 

were previously isolated from Tucson and one was obtained from a commer

cial company at Milwaukee, Wisconsin. None of the inoculated rhizobia 

coated onto seed before planting consistently increased the yield of any 

of the alfalfas in this study. Even untreated seed developed into plants 

whose roots were well nodulated and their forage yields were as high as 

those plants which were inoculated. Turley also demonstrated that alfalfa 

cultivars unadapted to Southern Arizona's climate were inferior and showed 

yield decreases due to high temperature in mid-summer. 

Survival of Rhizobium in Soil 

The survival of rhizobia in soil is of paramount importance. From 

the aspect of agricultural production, the ideal inoculant strain of 

Rhizobium is one that can survive well in soil, readily infect roots in 

the presence of other rhizobia and fix large amount of N. However, a 

number of studies have demonstrated that it is difficult to maintain the 

population of an inoculant strain of rhizobia in natural soil (Johnsen et 

al., 1965; Ham et al., 1971; Boonkerd et al., 1978; Dunigan et al., 1984). 

Rhizobium are more active in rhizosphere than non-rhizosphere soil. 

Pena-Cabriales and Alexander (1983) indicated that large numbers of 

individual strains were frequently found around roots of appropriate host 
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legumes, non-host legumes, or even non-leguminous species. Following 

harvest of viable plants, rhizobia must survive for long periods of time 

in soil without the luxury of the rhizosphere, although possibly they can 

still be associated with the plants roots until the hosts' tissues decay. 

Therefore, the inoculated strains must not only compete for nodulation 

with other rhizobia indigenous to the soil during crop cultivation but 

also interact with other indigenous soil bacteria, actinomycetes, fungi 

and bacteriophage. 

The soil's abiotic factors also affect the introduced rhizobia 

population. These include soil pH, water potential, osmotic potential, 

temperature, aeration and agricultural chemicals (Pugashetti et al., 

1982). Considerable research has been conducted to evaluate stress 

factors affecting the survival of rhizobia. Among those stress factors, 

high temperature, salinity, and desiccation are of interest in arid 

environments. Extremes for all of these factors may cause a rapid 

population decline of inoculant rhizobia. Nevertheless, the extent of 

mortality under abiotic stress varies with the stress susceptibility of 

strains, and many strains tolerant of these stresses have been found (Rai 

and Prasad, 1983; Yelton et al., 1983). 

Competitiveness of Rhizobium 

Inoculant rhizobia strains should be able to compete with other 

indigenous strains for infection of plant roots. Mechanisms of competi

tiveness are not fully understood. Amarger (1981a, b) found a positive 

correlation between the percent recovery of inoculant strains in the 

nodules and the competitiveness of the strain. However, the competitive
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ness of each strain was independent of its effectiveness on N fixation. 

Other researchers have also indicated that competitiveness is an 

independent characteristic of effectiveness (Franco and Vincent, 1976; 

May and Bohlool, 1983). The competitive ability of inoculant rhizobia 

also seems to be independent of their population size (Robert and Schmidt, 

1983; Josephson and Pepper, 1984). 

Some workers have suggested that competitiveness is affected by 

the host plant as well as a characteristic of the bacteria themselves 

(Russell and Jones, 1975; Dazzo et al., 1984). Dazzo et al. (1984) 

studied the attachment process of Rhizobium on the root hair and found 

that a specific polar attachment was regulated by clover lectin. 

Handelsman et al. (1984) studied R. meliloti strains with altered ability 

to recognize the alfalfa agglutinin. Most of the strains that did not 

recognize the agglutinin induced earlier nodule formation and were more 

competitive in nodulation in soil than were those that were agglutinated 

more strongly by the agglutinin. Thus, they suggested that one type of 

surface change of strain is responsible for earlier nodule formation and 

competitiveness of the strain. 

Strain Identification of Rhizobium 

Rhizobia are aerobic, heterotrophic, rod shaped, gram negative 

bacteria that are morphologically indistinguishable from many other soil 

bacteria by microscopic observation. Identification of rhizobia at the 

strain level is necessary to study Rhizobium ecology in soil, and thus 

many efforts have been made to find reliable techniques that can identify 

different rhizobial strains. 
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Several investigators have used serological assays to identify 

strains. This involves observing the antigenic characteristics of the 

rhizobia. Among the serological methods, the immunofluorescence 

microscopy method is more accurate than agglutination (Schmidt, 1974), 

and is suitable for use in soil provided the population is reasonably 

large and the investigator has necessary equipment for immunofluorescence 

(Alexander, 1984). The enzyme-linked immunosorbent assay (ELISA) offers 

advantages of higher sensitivity and reliability than conventional 

serological techniques for specific strain identification in legume 

nodules (Martensson et al., 1984). Nevertheless, these serological 

methods have several shortcomings including the time and resources 

necessary to prepare specific antisera, the presence of unstable antigenic 

properties, and the shared or non-specific antigens that cross react 

during analysis (Fuquay et al., 1984). 

A simple technique that does not rely on serological reactions is 

intrinsic antibiotic resistance. Antibiotic resistance has been 

successfully used by many investigators for strain identification of 

rhizobia in the field (Brockwell et al., 1977; Josey et al., 1979; 

Bromfield et al., 1982; Chanway and Hoi 1, 1986). Some investigators have 

deliberately mutated rhizobia to achieve resistance to specific anti

biotics. The use of mutants in ecological studies, however, has been 

questioned, because the mutants that are resistant to certain antibiotics 

could also be affected in their symbiotic properties including effective

ness and competitiveness (Pain, 1979; Bromfield and Jones, 1980; Turco et 

al., 1986). Jenkins and Bottomley (1985) also found ambiguities in the 

intrinsic antibiotic resistance characteristics of indigenous isolates, 
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and suggested the method should not be used on its own as a method for 

strain identification. Therefore, they recommended the use of this 

technique to differentiate and discriminate isolates of Rhizobium in 

conjunction with other methods. Several other workers have also reported 

the successful use of intrinsic antibiotic resistance to differentiate 

the strains within a group (Josey et al., 1979; Pain, 1979). 

During recent advances in the genetic engineering of micro

organisms, the roles of plasmids have been investigated. Several methods 

of agarose gel electrophoresis have been developed for the identification 

of plasmid DNA (Eckhardt, 1978; Casse et al., 1978; Rosenberg et al., 

1982). Using agarose gel electrophoreses, large molecular-weight plasmids 

of rhizobia have been identified and characterized by many investigators 

(Casse et al., 1979; Hirsh et al., 1980; Tichy et al., 1981). Plasmid 

profiles developed through electrophoresis have been used to identify 

bacterial strains (Baumgartner et al., 1984; McDonald and Pugh, 1986; 

Boyce and Morter, 1986). Pepper et al. (1988) compared three methods of 

strain identification; fluorescent antibody assay, plasmid profile 

analysis, and colony hybridization, for identification of rhizobial nodule 

occupancy. They showed that colony hybridization was reliable for the 

strain identification of Rhizobium in comparison with the other methods. 

They also suggested that the plasmid profile analysis was a useful 

technique to determine the dominant strains isolated from nodules in a 

given area. 

Gene probes, or DNA-DNA hybridization techniques have been used for 

studying the genetics of bacteria. Southern (1975) described a method of 

hybridizing fragments of DNA and radioactive DNA, which was then detected 



21 

by autoradiography. Since then, this technique has been used to screen 

for sequences in recombinant plasmid DNA. Hodgson and Roberts (1983) 

applied the concept of DNA hybridization to rhizobial colonies and found 

that the method's high degree of strain specificity allowed successful 

identification of rhizobia from nodules. 
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Location of Alfalfa Fields 

Five sampling locations were selected from established alfalfa 

production areas in Arizona. Root nodules were sampled randomly from 

grown alfalfa plants during the winter of 1987 and the summer of 1988 at 

alfalfa fields where commercial strains had never been inoculated. The 

uninoculated fields were found with aid of farmers and county agents. 

The location of these fields, the alfalfa cultivars sampled and the 

approximate annual yields for the counties are shown in Table 1. Soil 

samples from each location were analyzed at the Soil, Water and Plant 

Testing Laboratory of the University of Arizona, and McKenizie 

Laboratories, Inc. (Phoenix, Arizona). 

Bacterial Analysis of Soils 

The number of bacteria and actinomycetes of each soil collected in 

the summer were determined via a soil dilution and plating technique using 

Nutrient Agar and Actinomycetes Isolation Agar (Difco Laboratories, 

Detroit, Michigan). Ten g samples of each field soil were diluted to 10"1 

in sterile water, and shaken for 30 minutes. This suspension was 

subsequently diluted to 10'5. One ml aliquots of soil suspensions at 

selected dilutions were pipetted into petri plates. Melted and cooled 

(48C) agar was mixed with the suspensions by swirling. Plates were 

incubated for 7 days at 28C. Microscopic identification of organisms was 

based on gross colony morphology. Three samples of each soil were 

analyized with a replication of 5 plates at each dilution. 



Table 1. Locations of fields, alfalfa cultivars planted, and annual average 
county yields. 

Location Field type 
Alfalfa Annual county yield1* 
cultivar (metric tons/ha) 

Tucson 
(Southern Arizona) 

Casa Grande 
(Central Arizona) 

Yuma 
(Western Arizona) 

Safford 
(Eastern Arizona) 

USDA Soil Conservation 
Service Experimental Farm 

County Agricultural 
Extension Agent 
Experimental Farm 

University of Arizona 
Experimental Station Farm 
at Yuma 

University of Arizona 
Experimental Station Farm 
at Safford 

St. Johns Private farm 
(Northeastern Arizona) 

CUF101 12.8 (Pima county) 

Pierce 17.5 (Maricopa c.) 

CUF101 19.7 (Yuma c.) 

KX87001 13.9 (Graham c.) 

Lahontan 9.0 (Apache c.) 

1) Arizona Crop and Livestock Reporting Service, Arizona Agricultural Statistics 
(1986). 



24 

Isolation of Indigenous R. meliloti 
from Root Nodules 

Nodules were obtained from individual alfalfa roots at each 

location during a winter (December) and summer (June) sampling period. 

At each site and each sampling period, nodules from more than 20 plants 

were collected. From the total collection of nodules at each sampling, 

20 nodules were randomly chosen from each site. In total, 200 nodules, 

20 nodules per field-season, were collected. Each nodule was surface 

sterilized with 95% ethanol, soaked for 30 seconds to three minutes in 

0.1% acidified mercuric chloride, and then rinsed five to ten times in 

sterile water. Nodules were then crushed in a few drops of sterile water, 

and a loopful of the cloudy suspension was streaked onto a Yeast Extract 

Mannitol (YEM) agar plate (Appendix I). After 2 days, single colonies 

which were suspected to be rhizobia were transferred to fresh agar plates. 

Selected colonies were fairly circular, convex, white to off-white, and 

less than 5 mm in diameter after 2 days. All strains were fast growing. 

Gram stains were performed on pure culture of each isolate. Gram-negative 

rods which were 0.5-1.0 by 1.0-1.3 um and contained red-staining circular 

bodies at the ends were presumed to be rhizobia, and were transferred to 

YEM slants. In order to confirm that these were effective rhizobia, each 

isolate was inoculated on alfalfa seedlings grown on a N-free nutrient 

agar in aseptically controlled test tubes (Vincent, 1970). After 2 weeks, 

nodules, were recognized in all tubes and the original slants were kept 

refrigerated for future studies. Uninoculated controls showed no 

nodulation. 
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Identification of R. meliloti Strains 

Two methods were employed to identify rhizobia at the strain level: 

plasmid profile analysis and intrinsic antibiotic resistance. When a 

group of isolates showed the same pattern in both the plasmid profiles 

and the intrinsic antibiotic resistances, the isolates in the group were 

determined to be the same strain. Dominant strains were considered to be 

those showing more than 20% nodule occupancy at a particular location. 

Dominant groups isolated from each location were subsequently compared. 

Plasmid Profile Analysis 

Plasmid profiles of the nodule isolates were determined using a 

modified Eckhardt procedure (1978). Each nodule isolate was grown in 10 

ml of YEM broth from a refrigerated slant for 48 hours at 28C with 

shaking. The cells were subsequently used as a 1% inoculum for 25 ml of 

YE broth (YEM minus mannitol) without shaking at 28C. After growth for 

24 hours, cells were centrifuged at 8000 x g for 10 minutes at 4C. The 

resulting pellet was resuspended in 1 ml of 0.1% sarkosyl (N-Lauryl 

sarcosine) in TE buffer (50 mM Tris, 20 mM EDTA, pH 8.0) and again 

centrifuged for 10 minutes at 8000 x a at 4C. After the tube was 

thoroughly drained, the resulting pellet was vigorously resuspended in 

100 ul of Tris-borate buffer (89 mM Tris, 89 mM boric acid, 2.5 mM EDTA, 

pH 8.2) containing 20% Ficoll 400,000 and placed on ice. Fifty ul of cell 

suspension was transferred to a 1.5 ml microcentrifuge tube on ice and 

mixed with 844 units of lysozyme. Twenty five ul of this mixture was 

immedicately loaded into the sample well of a vertical gel (0.7% agarose) 

into which 50 ul of SDS (0.2% sodium dodecyl sulfate, 10% Ficoll 400,000 
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in Tris borate buffer) had been placed. The contents of the well were 

covered with 100 ul of overlay mixture (0.2% sodium dodecyl sulfate, 5% 

Ficoll 400,000 in Tris borate buffer) and sealed with 0.7% agarose. 

Electrophoresis was carried out at 4C at 5 mA for one hour and then 40 mA 

for 17 to 20 hours. Following electrophoresis, the gel was placed in a 

solution of ethidium bromide (1 ug/ml) in water for 15 minutes and 

photographed over 300 nm UV light. 

Intrinsic Antibiotic Resistances 

All isolates were grown on a complete YEM medium. Stock solutions 

of the antibiotics (Sigma Chemical Co., St. Louis, Missouri) were made up 

in distilled water prior to use and sterilized by mi Hi pore filtration 

(0.4 um pore size). The solutions of antibiotics were added to melted 

YEM agar that had been cooled to 48C, mixed thoroughly, and poured into 

petri plates to give final concentrations (ug/ml) of: ampicillin 10 or 30; 

novobiocin 10 or 30; kanamycin 10 or 30; streptomycin 10 or 30. 

Antibiotic test plates were inoculated with sterilized wooden 

sticks (1.5 mm dia.) allowing isolates to be replicated onto each plate. 

The inoculant of each isolate was grown in YEM broth with shaking for 48 

hours, and diluted to 10"2 with sterile distilled water. Sterile sticks 

were used to spot 25 isolates on each plate. The stick was also used to 

transfer bacteria to tubes containing one ml of sterile water, and 0.1 ml 

of the contents of these cell suspensions were plated. This allowed an 

estimate of the number of bacteria transferred by each stick 

(approximately 104 cells). Antibiotic plates were incubated at 28C for 

3 days and the growth on antibiotic media was compared with YEM control 
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plates. Each test was triplicated, and scored as positive (vigorous 

growth), weak growth, or negative (no growth). 

Effectiveness of R. meliloti Strains 

Leonard Jar Study 

Five R. meliloti strains including 4 dominant indigenous strains 

and one commercial strain, 102F77b (Nitragin Co. Milwaukee, Wisconsin) 

were used as inoculants in a Leonard jar study (Vincent, 1970). Leonard 

jars (Fig. 1) were sterilized for two hours at 120C and 15 psi proir to 

planting. Seeds of alfalfa (Medicago sativa cv. Lew) were surface 

sterilized, planted at a rate of 10 seeds per jar, and later thinned to 

6 seedlings per jar. One ml of late log-phase culture of each strain 

grown in YEM broth culture were inoculated onto the seeds. Uninoculated 

controls were treated by dripping one ml of sterile water onto seeds. 

The number of rhizobia added to each seed was determined by plating 

inoculant and found to be approximately 10® per ml. Four Leonard jars or 

replicates of each strain treatment were used in a completely randomized 

design in a growth chamber. Plants were grown with a day temperature of 

30C, night temperature of 24C and fluorescent lighting with a 12 hour 

photoperiod. To prevent seeds from drying out, jars were watered daily 

from the top with sterile water until the seed had germinated. Petri 

plate lids were placed over the Leonard jars to prevent cross 

contamination during this period. After the seedlings emerged, petri 

plate lids were removed. Mason jars containing sterilized N free nutrient 

solution (Appendix II) were replaced weekly. Plants were harvested after 

6 weeks of growth at which time inoculated plants were about 25 cm tall. 



petri dish half (removed after seedling emergence) 
perlite (added after seedling emergence) 
autoclave tape 
aluminum foil 
nutrient solution - 1/5 strength (see Appendix II) 
cotton plug 
20 grit silica sand 
inverted 'fifth' bottle with bottom cut off 
1 quart mason jar 
autoclave tape 
cotton rope wick 

1. Leonard jar assembly (modified from Vincent, 1970). 
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Roots were separated from shoots at the cotyledon scars. The acetylene 

reduction assay (Turner and Gibson, 1980) was performed on the intact root 

system including nodules to evaluate biological N fixation. Shoot, root, 

and nodule weight were also determined on a dry weight basis. All the 

parameters in this study (shoot weight, root weight, nodule weight, 

acetylene reduction, and total N content) were analyzed by an analysis of 

variance (ANOVA) for a completely randomized design. The Newman-Keuls 

range test was used to compare the means of strain treatments. All the 

ANOVAs and the Newman-Keuls range tests in this study were executed 

through CoStat Statistical Software for analysis of statistical data 

(CoHort Software, Barkeley, California). 

Acetylene Reduction and Gas Chromatography 

Mason jars (950 ml) with air-tight lids were used for acetylene 

reduction chambers. Septa were secured in lids with caulking allowing 

the introduction of acetylene and subsequent gas sampling. Excised roots 

were rinsed carefully to remove sand without losing nodules. The entire 

root system from each Leonard jar was transferred into a mason jar and 

the lids were secured. Fifty ml of acetylene was injected into the jars 

after removing 50 ml of air with a syringe. After thirty minutes a gas 

sample was taken with a double needle and a vacutainer (16 x 100 ml, 

Becton Dickinson and Co., Rutherford, New Jersey). 

From the vacutainer 1 ml samples were taken using 1 ml gas-tight 
I 

syringes (Precision Sampling Corp. Series A-2 "Pressure-lok") and injected 

into a gas chromatograph (Varian Model 3700). This gas chromatograph was 

equipped with a flame ionization detector. The stainless steel column 
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used was 2 x 3.2 mm and filled with (80-100) Porapak N. The carrier gas 

was dinitrogen and the apparatus was operated isothermally at 80C. A 

standard containing 1040 mg/kg ethylene in dinitrogen (Air Products and 

Chemicals, Inc., Speciality Gases, Tamaqua, Pennsylvania) was used to 

compare peak area and retention time of the samples. A sample calculation 

is demonstrated in Appendix III. 

Total N Content Analysis 

Total percent N in the shoots was determined by use of a N-C-S 

analyzer (Carlo Erba Model NA 1500, equipped with autosampler) which 

utilizes a high temperature combustion tube to oxidize all forms of N into 

N2. This gas was then quantified using gas-solid chromatography (Artiola, 

1988). 

Alfalfa shoots from each Leonard jar were oven dried at 60C for 2 

days and ground using a Willy Mill through a 40 mesh screen. One hundred 

mg of sample was then sealed into a tin cup and introduced into a high 

temperature (1000C) quartz furnace, packed with tungstic anhydride (W03) 

and ultrapure copper granules, via a carrousel. While research grade 

helium gas was continuously passed through the furnace, a pulse (10 ml) 

of ultrapure oxygen gas was timed to enter the furnace approximately 18 

seconds after sample introduction. In the resulting flash combustion, 

started by the oxygen introduction and catalyzed by the tin metal and 

tungsten oxide, N2 was formed. The remaining oxygen reacted with the pure 

copper granules as the gases were swept through the furnace. The helium 

carrier gas and N2 gas were subsequently passed through a moisture trap 

packed with anhydrone to remove any traces of water prior to column 
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separation. The mixture of helium and N2 gas was introduced into a 

standard Porapak QS (80-100) solid phase packed into a 2 m x 6 mm teflon 

column. Using a helium carrier flow of 100 ml per minute and an oven 

temperature of 85C, the separation of gases was achieved within 6 minutes. 

A thermal conductivity detector and a peak integrator were used to 

quantify the amount of N2 gas. From the area counts of the N2 peak, 

response factor (RF) was computed for a certified purity chemical 

standard, 5-chloro-4-hydroxy-3-methoxy-benzylisothiourea phosphate (8.13% 

N), and percent N in the shoot samples was calculated from the RF and 

their area counts. 

The RF and the total N content in shoot were computed as follows: 

RF = [Sample Wt.(g) x %N (known)]/Area Count of Standard, 

%N of Shoot = [RF x Area Count of Sample]/Sample Wt. (g), 

mg Total N/plant « [%N x mg Total Shoot]/Number of Plant. 
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Identification of Rhizobium meliloti 
Indigenous to Arizona Soil 

The plasmid profile patterns of R. meliloti isolated from Tucson 

in the winter of 1987 are shown in Figure 2. On the basis of the 

variations of electrophoretic mobility of plasmid DNA, these isolates were 

separated into 6 basic groups. The Group 1 isolates (lane A, D, E, F, G, 

I, J, K, L, N, 0, Q, R, and I) were dominant in 14 of 20 isolates. 

Chromosomal DNA and RNA (2 blurred bands) were recognized at the top of 

the each gel column and far beneath the clear plasmid bands, respectively. 

Plasmid profiles have been used to fingerprint strains of gram 

negative bacteria (Schaberg et al, 1981; Baumgartner et al., 1984; 

McDonald and Pugh, 1986; Boyce and Morter, 1986). Pepper et al. (1988) 

suggested that if one needed to determine the dominant indigenous strains 

of rhizobia in a given area, then a random sample of nodule isolates could 

be obtained and subjected to plasmid profile analysis. However, in some 

instances when isolates contain the same number of plasmids with only 

slight detectable differences in electrophoretic migration patterns, then 

differentiation between strains may be difficult. 

In these cases, identification can be confirmed by the development 

of intrinsic antibiotic resistance patterns for the same isolates (Table 

2). Four types of antibiotic resistance patterns were found in these 

isolates, and these corresponded well with plasmid profile patterns: 18 

out of 20 isolates matched exactly, i.e. isolates with similar plasmid 

profiles had similar antibiotic resistance patterns. The resistance 

patterns of Group 1 isolates were all same (Pattern 001), confirming the 



33 

A B C D E F G H  I  J  K L M N O P Q R  S T  

According to the profiles, isolates were 
identified as follows. 

Group 1: A, D, E, F, G, I, J, K, L, N, 0, Q, R, 
and T. 

Group 2: H and P. 
Group 3: B. 
Group 4: C. 
Group 5: N. 
Group 6: S. 

Fig. 2. Plasmid profiles of B. meliloti Isolated from Tucson in the 
winter of 1987. 
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Table 2. Intrinsic antibiotic resistance patterns of R. meliloti 
isolated from Tucson in the winter of 1987. 

Antibiotics (concentration in ua/mll* Resistance 
Amp. Nov. Kan. Str. pattern 

Isolate 10 30 10 30 10 30 10 30 class 

(Group 1) 
A +  - +  +/- + + / -  - 001 
D +  - +  + / - + +/- - 001 
E +  - +  +/- +  + / -  - 001 
F +  - +  +/- + +/- - 001 
G +  - +  + / - + +/- - 001 
I +  - +  +/- +  + / -  - 001 
J +  - +  + / - +  +/- - 001 
K +  - +  +/- + +/- - 001 
L +  - +  +/- + + / -  - 001 
N +  - +  +/- +  +/- - 001 
0 +  - +  +/- +  + / -  - 001 
Q +  - +  +/- + + / -  - 001 
R +  - +  + / - + +/- - 001 
T +  - +  +/- +  +/- - 001 

(Group 2) 
H +  +  +  +/- +  +/- - 004 
P +  +  +  + / - +  + / -  - 004 

(Group 3) 
B +  - + / - + +/- + / -  - 002 

(Group 4) 
C +  +  +  +  + +/- " 003 

(Group 5) 
+/- " 

M +  +  +  + +  +/- - 003 
(Group 6) 

+/- -

S +  - +  + / - + +/- - 001 

+ Resistant: growth 
- Sensitive: no growth 
+/- Weak growth 
*Amp.:Ampicillin 
Nov.:Novobiocin 
Kan.:Kanamycin 
Str.:Streptomycin 
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fact that the isolates were the same strains. Isolate S which did not 

belong to Group 1 as determined by plasmid profile analysis, did show the 

same resistance pattern of Group 1 (001). However, since the plasmid 

profile of isolate S was completely different from the other Group 1 

profile, isolate S should differ from the other Group 1 isolates. Thus, 

it can be inferred that isolates with the same antibiotic resistance 

patterns are not necessarily the same strain, as was indicated by Jenkins 

and Bottomley (1985). They suggested, therefore, that intrinsic 

antibiotic resistance characteristics should be used as a complementary 

tool in conjunction with other methods to identify and discriminate 

between isolates of B* meliloti. The identification strategy used in this 

research, which employed a combination of plasmid profile analysis and 

intrinsic antibiotic resistances is considered to be useful for the 

identification of indigenous isolates of rhizobia. 

From the results of both the plasmid profile analysis and the 

antibiotic resistance patterns, all the isolates of Group 1 were 

determined to be one strain. This dominant strain which occupied 70% of 

the nodules sampled at this site was named AZTW1, and stored as the 

"Tucson winter dominant" strain for comparison with dominant strains from 

other locations. 

Dominant strains isolated from other sampling locations were also 

similarly determined. The results of each plasmid profile analysis are 

shown in Figures 3 to 11, and corresponding intrinsic antibiotic 

resistance patterns are shown in Tables 3 to 11. Dominant strains were 

identified as occupying greater than 20% of nodules sampled at each site. 

The identity of these dominants was verified by their antibiotic 
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According to the profiles, isolates were 
identified as follows. 

Group 1: A, B, C, D, E, G, J, L, Q, and S. 
Group 2: H, I, K, 0, and R. 
Group 3: F and P. 
Group 4: M. 
Group 5: N. 
Group 6: T. 

Fig. 3. Plasmid profiles of fi. meliloti Isolated from Casa Grande in 
the winter of 1987. 
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Table 3. Intrinsic antibiotic resistance patterns of R. meliloti 
isolated from Casa Grande in the winter of 1987. 

Antibiotics (concentration in ug/ml)* Resistance 
Amp. Nov. Kan. Str. pattern 

Isolate 10 30 10 30 10 30 10 30 class 

(Group 1) 
A +  - +  + / - +  + / -  - 001 
B +  - +  + / - +  + / -  - 001 
C +  - +  + / - +  + / -  - 001 
D +  - +  + / - +  + / -  - 001 
E +  - +  + / - +  + / -  - 001 
G +  - +  + / - +  + / -  - 001 
J +  - +  + / - +  + / - 001 
L +  - +  + / - +  + / -  - 001 
Q +  - +  + / - +  + / -  - 001 
S +  - +  + / - +  + / -  - 001 

(Group 2) 
H +  - +  + / - +  + / -  - 001 
I +  - +  + / - +  + / -  "  001 
K +  - +  + / - +  + / -  - 001 
0 +  - +  + / - +  + / -  - 001 
R +  - +  + / - +  + / -  - 001 

(Group 3) 
F +  +  +  + / - + / - + / -  - 009 
P +  +  +  + / - + / - + / -  - 009 

(Group 4) 
M +  +  +  + / - +  + / -  - 004 

(Group 5) 
N +  +  +  + / - +  + / -  - 004 

(Group 6) 
T +  + / - + / - +  + / -  - 010 

+ Resistant: growth 
- Sensitive: no growth 
+/- Weak growth 
*Amp.:Ampicil1 in 
Nov. Novobiocin 
Kan.:Kanamycin 
Str.:Streptomycin 
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According to the profiles, isolates were 
identified as follows. 

Group 1: C, F, I, L, P, and R. 
Group 2: K, H, N, 0, Q, S and T. 
Group 3: A, E, and H. 
Group 4: B. 
Group 5: D. 
Group 6: G. 
Group 7: J. 

Fig. 4.  Plasmld profiles of B- meliloti isolated from Yuma in the 
winter of 1987. 
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Table 4. Intrinsic antibiotic resistance patterns of R. meliloti 
isolated from Yuma in the winter of 1987. 

Antibiotics (concentration in ua/mU* Resistsnce 
Amp. Nov. Kan. Str. pattern 

Isolate 10 30 10 30 10 30 10 30 class 

(Group 1) 
C + - + + / - + + / -  - 001 
F + - + + / - + + / -  - 001 
I + - + + / - + + / -  "  001 
L + - + + / - + + / -  - 001 
P + - + + / - + + / -  - 001 
R + - + + / - + + / -  - 001 

(Group 2) 
K + + + + / - + / - - 018 
M + + + + / - + / - - 018 
N + + + + / - + / - - 018 
0 + + + + / - + / - - 018 
Q + + + + / - +/- - 018 
S + + + + / - + / - - 018 
T + + + + / - + / - - 018 

(Group 3) 
A + + + + / - - - 013 
E + - + + / - - - 016 
H + + + + / - - - 013 

(Group 4) 
B + + + + / - + - 014 

(Group 5) 
D + + + / - +/- + + / -  - 015 

(Group 6) 
G + + / - - - + / - - 017 

(Group 7) 
J + + +/" + / - - - 011 

+ Resistant: growth 
- Sensitive: no growth 
+/- Weak growth 
*Amp.:Ampicillin 
Nov. Novobiocin 
Kan.:Kanamycin 
Str.:Streptomycin 
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Safford fmaag-fti-

According to the profiles, isolates were 
identified as follows. 

Group 1: D, E, F, G, H, I, J, L, N, 0, Q, R, 
and T. 

Group 2: B, C and S. 
Group 3: A. 
Group 4: K. 
Group 5: M. 
Group 6: P. 

Fig. 5. Plasmid profiles of £• meliloti isolated from Safford in the 
winter of 1987. 
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Table 5. Intrinsic antibiotic resistance patterns of R. meliloti 
isolated from Safford in the winter of 1987. 

Antibiotics (concentration in ua/mll* Resistance 
Amp. Nov. Kan. Str. pattern 

Isolate 10 30 10 30 10 30 10 30 class 

(Group 1) 
D +  - +  + / - +  + / -  - 001 
E +  - +  + / - +  + / -  - 001 
F +  - +  + / - +  + / -  - 001 
G +  - +  + / "  +  + / -  - 001 
H +  - +  + / - +  + / -  - 001 
I +  - +  + / - +  + / -  - 001 
J +  - +  + / - +  + / -  "  001 
L +  - +  + / - +  + / -  - 001 
N +  - +  + / - +  + / -  - 001 
0 +  - +  + / - +  + / -  - 001 
Q +  - +  + / - +  + / -  - 001 
R +  - +  + / - +  + / -  - 001 
T +  - +  + / - +  + / -  *  001 

(Group 2) 
B +  +  +  + / - +  + / -  - 004 
C +  +  +  + / - +  + / -  *  004 
S +  - +  + / - +  + / -  - 001 

(Group 3) 
A +  + / - +  + / - +  + / -  - 019 

(Group 4) 
K +  - - +  + / -  - 021 

(Group 5) 
M +  - +  + / - +  +/- * 001 

(Group 6) 
P +  - +  + / - +  + / -  - 001 

+ Resistant: growth 
- Sensitive: no growth 
+/- Weak growth 
*Amp.:Ampicillin 
Nov.:Novobiocin 
Kan.:Kanamycin 
Str.:Streptomycin 
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According to the profiles, Isolates were 
identified as follows. 

Group 1: B, C, F, J, K, L, and P. 
Group 2: A, I, M, 0, S, and T. 
Group 3: 0 and Q. 
Group 4: E. 
Group 5: G. 
Group 6: H. 
Group 7: N. 
Group 8: R. 

Fig. 6. Plasmid profiles of £• meliloti Isolated from St. Johns in the 
winter of 1987. 



Table 6. Intrinsic antibiotic resistance patterns of R. meliloti 
isolated from St. Johns in the winter of 1987. 

Antibiotics fconcentration in ua/ml)* Resistance 
Amp. Nov. Kan. Str. pattern 

Isolate 10 30 10 30 10 30 10 30 class 

(Group 1} 
B + - +/- - + +/- - 006 
C + - +/- - + +/- - 006 
F + + + +/- + +/- - 004 
0 + - +/- + +/- - 006 
K + + + +/- + +/- - 004 
L + - +/- - + +/- - 006 
P + + + +/- + +/- - 004 

(Group 2) 
A + - + +/- + +/- - 001 
I + - + +/- + +/- - 001 
M + - + +/- + +/- - 001 
0 + - + +/- + +/- - 001 
S + - + +/- + +/- - 001 
T + - + +/- + +/- - 001 

(Group 3) 
D + + + +/- + +/- - 004 
Q + - +/- - + +/- - 006 

(Group 4) 
E + - - - + +/- - 021 

(Group 5) 
G + +/- +/- - + +/- - 010 

(Group 6) 
H + +/- + +/- + +/- - 019 

(Group 7) 
N + + + - + +/- - 026 

(Group 8) 
+/- -

R + - - - + +/- - 021 

+ Resistant: growth 
- Sensitive: no growth 
+/- Weak growth 
*Amp.:Ampicil1 in 
Nov. Novobiocin 
Kan.rKanamycin 
Str.:Streptomycin 
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According to the profiles, isolates were 
identified as follows. 

Group 1: B, D, F, G, H, I, L, M, N, P, and S. 
Group 2: C, E, J, 0, and R. 
Group 3: A and T. 
Group 4: K. 
Group 5: Q. 

Fig. 7. Plasmid profiles of B« meliloti isolated from Tucson in the 
summer of 1988. 
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Table 7. Intrinsic antibiotic resistance patterns of R. meliloti 
isolated from Tucson in the summer of 1988. 

Antibiotics (concentration in ua/ml)* Resistance 
Amp. Nov. Kan. Str. pattern 

Isolate 10 30 10 30 10 30 10 30 class 

(Group 1) 
B + - + + / - + / -  - 001 
D + - + + / - + / -  - 001 
F + - + + / - + / -  - 001 
G + - + +/- + / -  *  001 
H + - + +/- + / -  - 001 
I + - + +/- + / -  - 001 
L + - + + / - + / -  - 001 
M + - + + / - + / -  - 001 
N + - + + / - + / -  - 001 
P + - + +/- + / -  - 001 
S + - + +/- + / -  - 001 

(Group 2) 
C + - + / - - + / -  - 006 
E + - + / - - + / -  - 006 
J + - + - + / -  +  007 
0 + - + / - - +/- " 006 
R + - +/- - + / -  - 006 

(Group 3) 
A + + / - + - + / -  - 005 
T + +/- + - + / -  - 005 

(Group 4) 
K + + / - + / - - + / -  +  008 

(Group 5) 
Q + + / - + - + / -  - 005 

+ Resistant: growth 
- Sensitive: no growth 
+/- Weak growth 
*Amp.:Ampicillin 
Nov. Novobiocin 
Kan.:Kanamycin 
Str. .-Streptomycin 
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According to the profiles, isolates were 
identified as follows. 

Group 1: A, B, C, D, E, G, H, I, K, P, Q, S, 
and T. 

Group 2: N and N. 
Group 3: F. 
Group 4: J. 
Group 5: L. 
Group 6: 0. 
Group 7: R. 

Fig. 8. Plasmid profiles of fi- meliloti isolated from Casa Grande in 
the summer of 1988. 
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Table 8. Intrinsic antibiotic resistance patterns of R. meliloti 
isolated from Casa Grande in the summer of 1988. 

Antibiotics (concentration in ua/mll* Resistance 
Amp. Nov. Kan. Str. pattern 

Isolate 10 30 10 30 10 30 10 30 class 

(Group 1) 
A + - + + / - + + / -  - 001 
B + - + + / - + + / -  - 001 
C + - + + / - + + / -  - 001 
D + + +/- - - - Oil 
E + - + + / - + + / -  - 001 
G + - + + / - + + / -  - 001 
H + - + + / - + + / -  - 001 
I + + + / - - - - Oil 
K + - + + / - + + / -  - 001 
P + - + + / - + + / -  - 001 
Q + - + + / - + + / -  - 001 
S + - + + / - + + / -  - 001 
T + - + + / - + + / -  - 001 

(Group 2) 
M + + + + / - + / - + / -  - 009 
N + + + +/- + / - + / -  - 009 

(Group 3) 
F + +/- + / - - + + / -  - 010 

(Group 4) 
J + - + + / - + + / -  - 001 

(Group 5) 
L + - - - - - 012 

(Group 6) 
0 + + + / - - - - Oil 

(Group 7) 
+ / -

R + - + + / - + + / -  - 001 

+ Resistant: growth 
- Sensitive: no growth 
+/- Weak growth 
*Amp.:Ampici11i n 
Nov. Novobiocin 
Kan.:Kanamycin 
Str.:Streptomycin 
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A B O D E  F G H  I  J  K L M N O  

According to the profiles, isolates were 

identified as follows. 
Group 1: A, B, C, E, F, H, I, J, K, L, M, N, 

0, P, Q and T. 
Group 2: D. 
Group 3: G. 
Group 4: R. 
Group 5: S. 

Fig. 9. Plasmld profiles of £• meliloti isolated from Yuma in the 
summer of 1988. 
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Table 9. Intrinsic antibiotic resistance patterns of £• meliloti 
isolated from Yuma in the summer of 1988. 

Antibiotics (concentration in ua/ml)* Resistance 
Amp. Nov. Kan. Str. pattern 

Isolate 10 30 10 30 10 30 10 30 class 

(Group 1) 
A + + + +/- +/- - 018 
B + + + +/- +/- - 018 
C + + + +/- +/- - 018 
E + + + +/- +/- - 018 
F + + + +/- +/- - 018 
H + + + +/- +/- - 018 
I + + + +/- +/- - 018 
J + + + +/- +/- - 018 
K + + + +/- +/- - 018 
L + + + +/- +/- - 018 
M + + + +/- +/- - 018 
N + + + +/- +/- - 018 
0 + + + +/- +/- - 018 
P + + + +/- +/- - 018 
Q + + + +/- +/- - 018 
T + + + +/- +/- - 018 

(Group 2) 
D + + + +/- +/- + 020 

(Group 3) 
G + + + +/- +/- - 018 

(Group 4) 
R + + + +/- + +/- - 004 

(Group 5) 
S + + + +/- - 013 

+ Resistant: growth 
- Sensitive: no growth 
+/- Weak growth 
*Amp.:Amp i c i11i n 
Nov. .'Novobiocin 
Kan.:Kanamycin 
Str.:Streptomycin 
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a b c d e f g h i j  k l m n o p q r  s  t  

According to the profiles, isolates were 
Identified as follows. 

Group 1: B, F, G, H, I, J, M, 0, R, and T. 
Group 2: E, K, N and P. 
Group 3: A and Q. 
Group 4: C. 
Group 5: D. 
Group 6: L. 
Group 7: S. 

Fig. 10. Plasmid profiles of ineliloti Isolated from Safford in the 
summer of 1988. 
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Table 10. Intrinsic antibiotic resistance patterns of R. meliloti 
isolated from Safford in the summer of 1988. 

Antibiotics (concentration in ua/mll* Resistance 
Amp. Nov. Kan. Str. pattern 

Isolate 10 30 10 30 10 30 10 30 class 

(Group 1) 
B + - + + / - + + / -  - 001 
F + - + + / - + + / -  - 001 
G .+ - + + / - + + / -  - 001 
H + - + + / - + + / -  - 001 
I + - + + / - + + / -  - 001 
J + - + + / - + + / -  - 001 
M + - + + / - + + / -  - 001 
0 + - + + / - + + / -  - 001 
R + - + + / - + + / -  - 001 
T + - + + / - + + / -  - 001 

(Group 2) 
E + + + + / - + + / -  - 004 
K + + / - + + / - + + / -  - 019 
N + + + + / - + + / -  - 004 
P + + + + / - + + / -  - 004 

(Group 3) 
A + + + - + + / -  - 022 
Q + + + - + + / -  - 022 

(Group 4) 
+ / -  -

C - - + / - - + + / -  - 023 
(Group 5) 

D + - + - + + / -  "  024 
(Group 6) 

+ / -  "  

L + + / - + + / - + + / -  "  019 
(Group 7) 

S + + / - + + / - + + / -  "  019 

+ Resistant: growth 
- Sensitive: no growth 
+/- Weak growth 
*Amp.:Ampicil1 in 
Nov. Novobiocin 
Kan.:Kanamycin 
Str.:Streptomycin 
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A B C D E F G H  I  J  K  L M N O P Q R S T  

Johns lis"*** ti ltu 
iV'/jl'Ctf iivî nn!'1 ijii'-llMiiini MiTii -- Ml 

According to the profiles, isolates were identified as 
follows. 

Group 1: E, F, G, J, P, Q and T. 
Group 2: A, I and S. 
Group 3: H and R. 
Group 4: K and 0. 
Group 5: L. and M. 
Group 6: B. 
Group 7: C. 
Group 8: D. 
Group 9: N. 

Fig. 11. Plasinid profiles of fi. weliloti isolated from St. Johns in the 
summer of 1988. 
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Table 11. Intrinsic antibiotic resistance patterns of R. meliloti 
isolated from St. Johns in the summer of 1988. 

Antibiotics (concentration in uq/ml)* Resistance 
Amp. Nov. Kan. Str. pattern 

Isolate 10 30 10 30 10 30 10 30 class 

(Group 1) 
E + - + +/- + +/- - 001 
F + - + +/- + +/- - 001 
G + - + +/- + +/- - 001 
J + - + +/- + +/- - 001 
P + - + +/- + +/- - 001 
Q + - + - + +/- - 024 
T + - + +/- + +/- - 001 

(Group 2) 
A + + + - + +/- - 022 
I + + + - + +/- - 022 
S + + + - + +/- - 022 

(Group 3) 
+/- -

H + + + +/- + +/- - 004 
R + + + +/- + +/- - 004 

(Group 4) 
K + +/- + - + +/- - 005 
0 + +/- + - + +/- - 005 

(Group 5) 
L + + + +/- + +/- - 004 
M + + + +/- + +/- - 004 

(Group 6) 
B +/- +/- +/- - + +/- - 025 

(Group 7) 
C + + + - + +/- * 022 

(Group 8) 
+/- * 

D + +/- + +/- + +/- - 019 
(Group 9) 

N + + + +/- + +/- - 004 

+ Resistant: growth 
- Sensitive: no growth 
+/- Weak growth 
*Amp.:Amp i c i11i n 
Nov.:Novobiocin 
Kan.:Kanamycin 
Str.:Streptomycin 
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resistance patterns, and in 94.5% cases (121 isolates out of 128) these 

agreed with the results of the plasmid profile analysis. Differences in 

plasmid profile analysis and the antibiotic resistance patterns could be 

due to spontaneous mutations during the plating process. Spontaneous 

mutations at low frequencies of approximately one cell in 10 million cells 

in culture lead to mutants that may be resistant to several times greater 

concentrations of the antibiotic than those tolerated by other cells 

(Weaver and Frederick, 1982). 

At each sample location dominant strains were identified as 

fol1ows: 

AZTW1: Tucson winter strain: 70% nodule occupancy (see Group 1 in 

Figure 2), 

AZCW1: Casa Grande winter strain: 50% nodule occupancy (see Group 

1 in Figure 3), 

AZCW2: Casa Grande winter strain: 25% nodule occupancy (see Group 

2 in Figure 3), 

AZYW1: Yuma winter strain: 25% nodule occupancy (see Group 1 in 

Figure 4), 

AZYW2: Yuma winter strain: 30% nodule occupancy (see Group 2 in 

Figure 4), 

AZSW1: Safford winter strain: 65% nodule occupancy (see Group 1 in 

Figure 5), 

AZJW1: St. Johns winter strain: 20% nodule occupancy (see Group 1 

in Figure 6), 

AZJW2: St. Johns winter strain: 30% nodule occupancy (see Group 2 

in Figure 6), 
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AZTS1: Tucson summer strain: 55% nodule occupancy (see Group 1 in 

Figure 7), 

AZTS2: Tucson summer strain: 20% nodule occupancy (see Group 2 in 

Figure 7), 

AZCS1: Casa Grande summer strain: 55% nodule occupancy (see Group 

1 in Figure 8), 

AZYS1: Yuma summer strain: 80% nodule occupancy (see Group 1 in 

Figure 9), 

AZSS1: Safford summer strain: 50% nodule occupancy (see Group 1 in 

Figure 10), 

AZJS1: St. Johns summer strain: 30% nodule occupancy (see Group 1 

in Figure 11). 

The identities of these dominant strains plus one commercial 

strain, 102F77b, were now confirmed by re-running the plasmid profile 

analysis and antibiotic resistance patterns of all strains simultaneously 

(Fig. 12 and Table 12). a)AZTWl, AZCW1, AZYW1, AZJW1, AZTS1, AZCS1, and 

AZJS1 were identical. We designated this strain AZTCYJ, and it occupied 

31.5% of all nodules analyzed. (This percent occupancy does not take into 

account nodules containing this strain when it is not dominant.) b) 

AZSW2, AZCW2, and AZSS1 were identical. This strain AZSC, occupied 14% 

of all nodules analyzed, c) AZYW2 and AZYS1 were identical. This strain 

AZY, occupied 11% of all nodules analyzed, d) AZJW1 and AZTS2 were 

identical. This strain AZJT, occupied 4% of all nodules analyzed. The 

strain percentages of all nodules analyzed are possibly a little higher 

than those shown above, because each strain percentage was counted only 

when it was a dominant at a particular sampling site. 
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According to the profiles, Isolates were 
re-1dent1f1ed as follows. 

Group 1: AZTW1, AZCW1, AZYW1, AZJW1, AZTS1, 
AZCS1 and AZJS1 (designated AZTCYJ). 

Group 2: AZCU2, AZSW1, and AZSS1 (designated AZSC). 
Group 3: AZYW2 and AZYS1 (designated AZY). 
Group 4: AZJW1 and AZTS2 (designated AZJT). 
Group 5: 102F77b (a commercial strain). 

Fig. 12. Plasmld profiles of fi. melilotl dominant strains In Arizona 
soil. 



Table 12. Intrinsic antibiotic resistance patterns of dominant 
meliloti strains in Arizona soil. 

Antibiotics (concentration in ua/ml)1* Resistance 
Amp. Nov. Kan. Str. pattern 

Isolate 10 30 10 30 10 30 10 30 class 

(Group 1)2> 
AZTW1 + - + +/- + +/- - 001 
AZCW1 + - + +/- + +/- - 001 
AZYW1 + - + +/- + +/- - 001 
AZJW2 + - + +/- + +/- - 001 
AZTS1 + - + +/- + +/- - 001 
AZCS1 + - + +/- + +/- - 001 
AZJS1 + - + +/- + +/- - 001 

(Group 2) 
+/-

AZCW2 + - + +/- + +/- - 001 
AZSW1 + - + +/- + +/- - 001 
AZSS1 + - + +/- + +/- - 001 

(Group 3) 
+/- +/- -

AZYW2 + + + +/- +/- - 018 
AZYS1 + + + +/- +/- - 018 

(Group 4) 
+/- +/-

AZJW1 + - +/- - + +/- - 006 
AZTS2 + - +/- - + +/- - 006 

(Group 5) 
102F77b } 

(Group 5) 
102F77b } + +/- +/- +/- + +/- 027 

+ Resistant: growth 
- Sensitive: no growth 
+/- Weak growth 
1) Amp.:Ampicil1 in, 

Nov. Novobiocin, 
Kan.:Kanamycin, 
Str.:Streptomycin. 

2) Groups were designated as follows: 
Group 1: AZTCYJ; Group 2: AZSC; Group 3: AZY; Group 4: AZJT. 

3) Group 5: 102F77b was obtained from a commercial company. 
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Although the plasmid profile pattern of the commercial strain, 

102F77b, was closely related to the pattern of AZTCYJ, its antibiotic 

resistance pattern was very unique (027), and thus easily distinguished 

from AZTCYJ. 

Geographical Distribution of Dominant Strains 
Indigenous to Arizona Soil 

Microorganisms, like higher plants and animals, have evolved 

strategies that enable them to survive and maintain themselves in 

particular ecosystems. Some microorganisms are particularly well adapted 

for survival in extreme habitats where other organisms cannot survive, 

such as salt ponds, hot springs, alkaline soda lakes, and desert soils 

(Atlas and Bartha, 1987). According to the results of the strain 

identification, the geographical distribution of dominant strains in both 

winter and summer samplings are shown in Figures 13 and 14, respectively. 

The soil properties (Table 13), the climatic data (Table 14), and the 

microbial data (Table 15) give background information on the locations 

sampled. 

In the winter of 1987, the strain AZTCYJ was found at every 

location sampled except Safford, where only the strain AZSC was isolated. 

The notable difference between the Safford soil and other locations is 

its high sodium content, which allows it to be categorized as a sOdic soil 

(ESP > 15%). AZSC was also found in Casa Grande in the winter, where the 

ESP was also relatively high. Thus, AZSC is suspected to be tolerant of 

high sodium and perhaps high salt content. Since sodium and salt affected 

soils are one of the major problems 1n Arizona agriculture, efforts have 

been made to develop salt tolerant alfalfa (Smith and Dobrenz, 1987). 



59 

Johns 
AZTCYJ (30%) 
AZJT (20%) 

Casa Grande Safford 
Yuma AZTCYJ (50%) 

AZSC (25%) 
AZSC (65%) 

AZY (30%) 
AZTCYJ (25%) 

Tucson 
AZTCYJ (70%) 

Fig. 13. Distribution of dominant fi. meliloti strains indigenous to 
Arizona soil isolated in the winter of 1987. 
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St. Johns 
AZTCYJ (30%) 

Casa Grande Safford 
Yuma AZTCYJ (55%) AZSC (50%) 
AZY 

Tucson 
AZTCYJ (55%) 
AZJT (20%) 

Fig. 14. Distribution of dominant R. meliloti strains indigenous to 
Arizona soil isolated in the summer of 1988. 



Table 13. Properties of soils at sample locations. 

Property Tucson Casa Grande Yuma Safford St.Johns 

pH1> 8.1 8.2 7.5 8.3 7.9 

ECe 
(dS/m) 

1.0 1.0 1.2 3.2 1.0 

Na1> 
(meq/L) 

7.0 7.4 1.6 26.9 3.5 

Ca plus Mg1} 
(meq/L) 

4.1 2.3 9.9 5.5 5.8 

SAR2> 4.9 6.9 0.7 16.2 2.0 

ESP3> 

(%) 
5.5 8.2 0.0 18.5 1.7 

N0,-N4) 
(mg/kg) 

12 24 39 5 19 

K5' 
(mg/kg) 

248 480 343 412 69 

Texture loamy 
sand 

clay 
loam 

loamy 
sand 

clay sandy 
clay 
loam 

% Sand 76.9 37.3 82.3 48.6 69.7 

% Silt 16.5 31.4 7.3 29.9 8.3 

% Clay 6.6 31.3 10.4 21.5 22.0 

1) On saturation paste extract 
2) Sodium adsorption ratio 
3) Exchangeable sodium percentage 
4) In air dry soil 
5) Water soluble plus exchangeable K in air dry soil 
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Table 14. Temperatures and precipitations at sample locations1*. 

Tucson Casa Grande Yuma Safford St.Johns 

Average 
daily maximum 29.0 30.6 30.1 26.4 21.3 
temperature (C) 

Average 
daily minimum 
temperature (C) 

Average t 
of the wa 
month (CJ 

Average t 
of the co 
month (C) 

Annu 
prec 
(mm) 

Average 
daily minimum 9.4 11.4 15.5 7.6 1.8 

Average temp. 31.3 36.0 35.9 30.2 26.2 
of the warmest (July) (July) (July) (July) (July) 

Average temp. 7.3 6.1 10.8 3.9 -8.8 
of the coldest (Jan.) (Jan.) (Dec.) (Jan.) (Jan.) 

Annual 
precipitation 290 212 66 216 290 

1) Data from 1901 though 1982, obtained from Sellers et al.(1985) 



Table 15. Number of bacteria and actinomycetes at sample locations 

Tucson Casa Grande Yuma Safford St.Johns 

Number of 
bacteria 4.4 7.8 4.8 12.0 2.1 
(xl06/g dry soil) 

Number of 
actinomycetes 6.7 17.0 4.4 5.3 1.5 
(xl05/g dry soil) 

Ratio of 0.15 0.22 0.09 0.04 0.07 
act./bac. 
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However, salt tolerant rhizobia from Arizona have not been reported. 

Kassem et al. (1985) suggested that alfalfa and the symbiotic N fixation 

process were more sensitive to NaCl than are the rhizobia themselves. 

Along with improved salt tolerant alfalfa, however, studies on the salt 

tolerance of rhizobia and their symbiosis need to be encouraged, and 

strain AZSC may be of interest in such studies. 

The strain AZY was found only in Yuma, which is a location noted 

for its high temperature conditions. However, since the sampling site in 

Yuma was intensively irrigated, the low precipitation of the area would 

be unlikely to affect strain development. AZY was more common in the 

summer than the winter when the strain seemed to overcome competing 

rhizobia for nodule occupancy. Therefore, AZY may be more heat tolerant 

than other strains. Pankhurst and Gibson (1973) reported a rapid decline 

in nitrogenase activity and bacteroid degeneration at the warmer (30C and 

33C) temperatures, but Rai and Prasad (1983) indicated that high 

temperature adapted Rhizobium strains and host cultivars could overcome 

this high temperature disruption of N fixation. Strain AZY may be of 

interest where alfalfa is grown in areas of high temperature. 

The strain AZTCYJ was the one most commonly found in this research: 

it showed a 31.5% nodule occupancy of all isolates. This strain seems to 

be well adapted to the semi-arid environment of Arizona, except for 

extremes such as high sodicity and salinity in Safford and high 

temperature in Yuma. Broad adaptability is one of the important criteria 

for commercial inoculants, because many researchers have found it 

difficult to maintain newly introduced rhizobia strains (Johnsen et al., 

1965; Ham et al., 1971; Boonkerd et al., 1978; Dunigan et al., 1984). 
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Although the reason for the wide geological distribution of AZTCYJ is 

unknown, the strain may be interest as a possible inoculant in semi-arid 

areas. 

Desert soils with high pH and low moisture potentials, often 

promote the growth of actinomycetes relative to other microorganisms 

(Alexander, 1977). The soil bacterial analysis at each sampling location 

(Table 15) supports this observation to some extent. Thus, warmer places 

(Tucson and Casa Grande) had a higher numbers of actinomycetes than cooler 

places (Safford and St. Johns). However, agricultural management 

procedure such as irrigation and fertilization are considered to mask the 

effect of arid environment on bacterial population, especially in Yuma. 

Shoushtari and Pepper (1985) found higher intrinsic antibiotic resistances 

of desert strains than in commercial strains of mesquite (Prosopis 

iuliflora) rhizobia, and they suggested that populations of actinomycetes 

in soil may have affected the survival of rhizobia. The result of the 

intrinsic antibiotic resistance patterns in this research showed that 

dominant strains did not have superior resistance to the four antibiotics 

used, and it suggests that the indigenous strain distribution is not 

affected by actinomycete populations. Again, however, the effect of 

irrigation must be taken into account. 

Of interest was the high degree of sensitivity displayed by most 

of the indigenous strains to streptomycin. Since the success of 

monitoring inoculant strains requires the ability to distinguish 

unambiguously the inoculant from the indigenous population, the data 

suggest that streptomycin markers could be useful in strains introduced 

in Arizona. Indeed, many workers have used streptomycin markers 
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extensively in R. meliloti (Danso and Alexander, 1974; Amarger, 1981a, b; 

Hardarson et al., 1981, Amarger and Lobreau, 1982; Hardarson et al., 1982; 

Jansen van Rensberg and Strijdom, 1982a, b). 

Effectiveness of Dominant Strains 
Indigenous to Arizona Soil 

Four dominant strains indigenous to Arizona soil and one commercial 

strain were evaluated for their N fixation effectiveness in a Leonard jar 

study. 

The results of the Leonard study are shown in Table 16. A l l  

strains were effective but no significant differences were found among 

strains for the following parameters: nodule weight, shoot weight, root 

weight, acetylene reduction, and total nitrogen. However, the commercial 

strain, 102F77b, had the highest means for all parameters except for 

nodule weight, whereas the strain AZJT had the lowest means for a l l  

parameters among inoculated treatments. All the parameters of the 

uninoculated control were significantly lower than those of any inoculated 

treatment. These results imply that the dominant R. meliloti strains 

indigenous to Arizona soil are almost as effective as the commercial 

strain, at least in association with the alfalfa cultivar, Lew. 

The effectiveness of the symbiosis is affected by cultivar X strain 

interactions. Many researchers have found significant cultivar X strain 

interactions with respect to N fixation parameters such as shoot weight, 

whole plant weight, acetylene reduction and N content (Gibson, 1962; 

Gasser et al., 1972; Bordeleau et al., 1977; Ponte and Faedo, 1980; Tan 

and Tan, 1986). However, this problem may be complicated, since there 

are large numbers of cultivar X strain combinations. There are now 



Table 16. Effectiveness of dominant R. meliloti strains ingigenous to Arizona soil 

Strain 

Nodule 
weight 

(mg/plant) 

Shoot 
weight 

(mg/plant) 

Root 
weight 
(mg/plant) 

Acetylene 
reduction 
(nmol/plant.hr) 

Total N 
in shoot 
(mg/plant) 

AZTCYJ 5.71 a 118.8 a 68.1 a 635 a 4.80 a 

AZSC 5.53 a 117.3 a 60.2 a 609 a 4.77 a 

AZY 6.44 a 135.2 a 77.9 a 638 a 4.47 a 

AZJT 4.68 a 101.0 a 59.3 a 501 a 4.18 a 

102F77bZ) 5.17 a 142.6 a 82.3 a 709 a 4.98 a 

Control3) 0.01 b 30.2 b 21.6 b 14 b 0.55 b 

cv4> 21.5% 17.1% 25.9% 19.2% 19.9% 

1) Figures with differing superscripts are significantly different at 0.05 
level of the Neuman-Keuls range test. 

2) Commercial strain. 
3) Uninoculated. 
4) Coefficient of variation. 
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approximately 500 alfalfa varieties approved by the National Alfalfa 

Variety Review Board, and about 20 new varieties are released each year 

by private and public breeders (Caddel et al., 1987). In addition, the 

number of different rhizobial strains in nature is almost unlimited. 

Selection for Rhizobium strains which fix N more effectively and show 

broad compatibility with most of the locally adapted alfalfa cultivars 

would be a realistic solution to this problem. The cultivar, Lew, used 

in this experiment is well adapted to Arizona climate, and its combination 

with any of the dominant strains indigenous to Arizona showed highly 

effective N fixation. The dominant strains were isolated from different 

high yielding cultivars, and most of the dominant strains were found in 

two or more locations. Therefore, these data indicate that the dominant, 

indigenous strains examined in this experiment are compatible with at 

least several local cultivars. In fact, Brown (1976) reported no 

significant difference in N fixation among six alfalfa cultivars, 

inoculated with a commercial strain and non-inoculated control in field 

studies in Tucson, Arizona. Since the existence of effective dominant 

strains had not been identified at this time, Brown suggested that the 

commercial strain was relatively ineffective in Arizona's harsh 

environment. However, the masking of both the inoculation effect and 

variety effect by highly effective indigenous strains would have been a 

more tenable explanation for the rasults. 

High Pearson correlation coefficients were found among several 

parameters (Table 17). The relationship between shoot weight and root 

weight varies with plant species, stage of development and environmental 

conditions; however, it tends to be constant for any one species, stage 
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Table 17. Pearson correlations1' 

Parameters compared 
Correlation 
coefficient 

Nodule weight and total N 0.89 

Acethylene reduction and total N 0.85 

Nodule weight and acethylene reduction 0.91 

Shoot weight and total N 0.89 

Shoot weight and acethylene reduction 0.88 

Nodule weight and shoot weight 0.87 

Root weight and nodule weight 0.77 

Root weight and total N 0.75 

Root weight and acethylene reduction 0.76 

Shoot weight and root weight 0.92 

1) All correlations significant above 0.001 level. 
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or set of environmental conditions (Carson, 1974). Shoot and root weight 

were positively and well correlated (r = 0.92), indicating that the 

application of rhizobia did not cause the plant to extensively favor 

either root or shoot development. It is expected that shoot weight would 

be positively correlated with total N, because the percent N determina

tions were performed on shoot tissue and total N was calculated as the 

product of percent N and total shoot weight. Mytton (1978) indicated that 

the dry matter increase of the host plant has been one of the most 

relevant criterion of the biological N fixation. 

The acetylene reduction assay is an extremely sensitive method of 

demonstrating nitrogenase activity (Hardy et al., 1968). Soybean, 

alfalfa, clover, and pea symbioses have all been shown to have high 

positive correlations between acetylene reduction, dry matter production 

and shoot N content (Bergensen, 1970; Schwingamer et al., 1970). The 

results of this experiment showed a high correlation between acetylene 

reduction and total N content, and thus supports previous findings. In 

addition, the theoretical fixed N amounts calculated from acetylene 

reduction values agreed well with the total N contents actually found in 

the plants (Appendix IV). Nodule weight was also highly correlated with 

other parameters including shoot and root weight, acetylene reduction, 

and total N content. Miller (1980) and Shoushtari (1984) observed similar 

relationship in cowpea and mesquite, respectively. 

Judging from both the geographical distribution of the dominant 

strains indigenous to Arizona soil and their effectiveness, these strains 

are considered to be a contributing factor to the successful cultivation 

of alfalfa in Arizona. However, the relatively large variation of alfalfa 



yields among the locations (Table 1) implies that the high potential 

production of alfalfa is regulated by other factors such as climatic 

conditions, cultivars and irrigation management, particularly in the 

northern counties. Another interesting point is the fact that several 

dominant strains which have high N fixing potential also had unique 

characteristics required for harsh environments: AZTCYJ is highly adapted 

to Arizona soils; AZSC appears to be resistant to salt and sodium affected 

soils; and AZY may be resistant to high temperatures. These three 

indigenous strains make appealing models for further ecological studies 

of the alfalfa symbiosis in arid lands. 



SUMMARY AND CONCLUSION 
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In the winter of 1987 and the summer of 1988, a total of two 

hundred indigenous Rhizobium meliloti isolates were obtained from root 

nodules of non-inoculated alfalfa plants (Medicago sativa L.), in five 

different locations throughout Arizona (Tucson, Casa Grande, Yuma, 

Safford, and St. Johns). 

Strain identification of those isolates was conducted through 

plasmid profile analysis and intrinsic antibiotic resistance patterns. 

Dominant strains (> 20% nodule occupancy) at each sampling site were 

identified, and their effectiveness was compared to a commercial strain, 

102F77b in a Leonard jar study. Strain identification by plasmid profile 

analysis agreed well (94.5%) to those obtained by intrinsic antibiotic 

resistant patterns. Four dominant strains were identified: Strain AZTCYJ 

was dominant at the both winter (70%) and summer (55%) Tucson site, the 

Casa Grande winter (50%) and summer (55%) site, the Yuma winter (25%) 

site, and the St. Johns winter (30%) and summer (30%) site; Strain AZSC 

was dominant at the Safford winter (65%) and summer (50%) site, and 

Casa Grande winter (25%) site; Strain AZY was dominant at the Yuma winter 

(30%) and summer (80%) site; Strain AZJT was dominant at the St. Johns 

winter (20%) site and Tucson summer (20%) site. 

Strain AZTCYJ was the most common indigenous strain with an overall 

nodule occupancy of 31.5% of all isolates, and was dominant at every 

sampling location except for Safford. The Safford soil showed a very high 

sodium content, and only strain AZSC was dominant at this location. 
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Strain AZY was dominant at Yuma, especially in the summer, where tempera

ture are routinely very high. 

The effectiveness of these dominant, indigenous strains and a 

commercial strain 102F77b was evaluated in a growth chamber with Leonard 

jars. No significant differences were found among the strain treatments 

in shoot weight, root weight, nodule weight, acetylene reduction, and 

total N content in the shoots at Newman-Keuls range test (p > 0.05), but 

all strains were highly effective. 

All dominant R. meliloti strains indigenous to Arizona soil were 

highly effective and are an important factor contributing to the 

successful cultivation of alfalfa in Arizona. Furthermore, the strains 

AZTCYJ, AZSC, and AZY are of particular interest as inoculants for arid 

lands due to their high N fixing abilities and unique resistance to the 

harsh environments. 
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Yeast Extract Mannitol Broth 
(Vincent, 1970) 

K-HPO, 0.5 g 
MgSO, ,7H,0 0.2 g 
NaCl 0.1 g 
Mannitol 10 g 
Yeast extract 0.4 g 
Distilled water 1000 ml 

Autoclave at 15 psi (120C) for 15 minutes. The solid medium 

(yeast mannitol agar) contains 15 g agar/1. 
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Nitrogen Free Nutrient Solution 
(Vincent, 1970) 

CaHPO, 1.0 g 
K,HP0, 0.2 g 
MgSO, .7H,0 0.2 g 
NaCl ! 0.2 9 
Iron chelate 0.05 ml* 
Distilled water 3,000 ml 
Micronutrients 1.0 ml from stock 

Stock Micronutrient Solution - 100 ml 

Bo 
Mn 
Zn 
Mo 
Cu 

0.5% (0.2864g H,B0,) 
0.5% (0.1801g MnCl2.4H20) 
0.005% (0.0220g ZnS0,.7H?0) 
0.005% (0.0075g MoOJ 
0.002% (0.0050g CuSOJ 

Fill 100 ml volumetric flask half full with deionized water. Add 

micronutrient one at a time, swirling to dissolve in between additions. 

Bring to volume with deionized water. 

*Hamp-IronTM845 5% Iron Chelate Solution, Organic Chem. Division, W. R. 

Grace & Co. Nasgua, NH 03061. 
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CALCULATION OF ACETYLENE REDUCTION 

Ethylene Standard (C2H4). 

A 0.10 ml of syringe was used. 

Concentration of ethylene in tank was 1040 ppm, and 0.1 ml of C2H4 counts 

3520 units. Thus, 

C2H4 standard (1 ml) = 30.0 uul/unit. 

To convert volumes to moles, use the equation PV = nRT. 

where: n = moles of ethylene standard (1 ml)/unit, 

P = pressure in atmosphere = 700 mmHg in Lab., 

V = 29.5 uul/unit, 

R = Gas constant = 0.08205 l.atm./mol.K 

T = 24C in Lab. - 297 K 

[(700/760) x 30.0] 
Thus, n = = 1.13 uumol/umt. 

0.08205 x 297 

Acetylene Correction Factor (C2H2). 

[Peak height x attenuation] = Total units 

Total units/Injected volume(ml) = Units/ml C2H2 

A 1.0 ml syringe was used. 

C2H2 was diluted when added as 50 ml per 950 ml mason jars, thus, 

50 Units/ml x = C,H2 units/ml in original mason jar. 
1000 

Sample Calculation. 

A 1.0 ml syringe was used. 



[(sample peak ht. x Atten.) - (Correct. Factor)] x 1.13 x 950 
(units/ml) (units/ml) (uumol/unit) (ml) 

= Ethylene (uumoles) produced or acethylene reduced (A. R.) in a 
mason jar for 30 min. 

Conventionally, the final values of A. R. were expressed 

nmol/pi ant.hr. 
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CALCULATION OF FIXED NITROGEN 

In the Leonard study, the activity of nitrogenase was determined 

directly by measurement of the fixation product, total N, and by indirect 

measurement which were based on the ability of nitrogenase to reduce 

acetylene. Theoretically, values resulted from those methods should 

meet. The following calculations show that the actual N (total N) and 

the calculated N from the acetylene reduction assay were well correlated 

in this experiment. 

Total N Content in Alfalfa Tissue. 

Example: AZTCYJ 

The plant inoculated with the strain AZTCYJ accumulated 4.80 

mg N/plant in its shoot during 42-day-cultivation. 

Assuming that the N content [%) of root is approximately 1/3 of 

that of the shoot during vegetative stage (Fishbeck et al, 1987), the N 

content of the root inoculated with AZTCYJ is 

68.1 mg Root/plant x 4.04% N x 1/3 = 0.917 mg N/plant 

in root tissue. Thus, the total N content of the plant is 

4.80 mg N in shoot + 0.917 mg N in root - 5.72 mgN/plant. 

Likewise, 

AZY: 4.47 + (77.9 x 3.36%)/3 = 5.34 mg N/plant 

AZSC: 4.77 + (60.2 x 4.03%)/3 - 5.58 mg N/plant 

AZJT: 4.18 + (59.3 x 3.87%)/3 = 4.95 mg N/plant 

102F77b: 4.98 + (82.3 x 3.73%)/3 « 6.00 mg N/plant. 



83 

2. Acetylene Reduction Assay 

Example: AZTCYJ 

The alfalfa nodules inoculated with AZTCYJ had acetylene 

reduction value of 635 nmol/plant hr. Since the reaction, 

3C2H2 + 6H+ + 6e" = 3C2H4, 

is equivalent to the reaction of 

N2 + 6H+ + 6e" = 2NH3, 

three moles of acetylene is equivalent to 1 mole of dinitrogen fixed. 

Therefore, the actual value of N-fixation by AZTCYJ was 

635/3 = 212 nmol/plant hr. 

The molar weight of N2 is 28g, 1 day is 24 hours. If the nitrogenase 

activity measured is assumed to be the mean value during cultivation, the 

N fixation per plant per 42 days is 

212 x 28 x 10'9 x 24 x 42 = 0.0598 g N/plant 

• 5.98 mg N/plant. 

Likewise, 

AZY: 6.00 mg N/plant 

AZSC: 5.73 mg N/plant 

AZJT: 4.71 mg N/plant 

102F77b: 6.67 mg N/plant. 

These values meet well to the total N analyzed from plant shoots. 

The problem in this calculation is the assumption of constant nitrogenase 

activity during the cultivation. In practice, the activity varies 

diurnally Also, the theoretical value of C2H2 : N2 - 3:1 is not 

necessarily constant. The rates vary from 1.5:1 up to 25:1 depending on 

experimental conditions, such as light intensity, temperature, moisture 
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level, acetylene concentration, period of measurement (Turner and Gibson, 

1980). Therefore, considering these unknown factors affecting the 

acetylene reduction assay, the actual total N values fixed seems to be 

reasonably equivalent to those of calculated value from the acethylene 

reduction assay in this experiment. 
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