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Abstract

The perpetuation of legumes in rangeland pasture plantings is
dependent upon natural seeding and nodulation of the seedlings by
naturalized soil rhizobia. This study determined the distribution
and effectiveness of Rhizobium meliloti Dang. isolates in mature
stands of rangeland alfalfa (Medicago sativa L.). Five sites in
northern Utah and southern Idaho were studied. At each site, soil
samples were taken from beneath the crown area of 10 plants and
also at 50 and 100-cm intervals downslope and at right angles to the
slope. Populations of R. meliloti ranged from 1.7 X 102 to more
than 1.7 X 105 per g of soil in all soil samples taken from within the
crown area of established plants. The distribution of R. meliloti in
soil adjacent to established plants differed with site and sampling
position. R. meliloti were present in all the interplant spaces
sampled on 1 site while the percentage of interplant samples with
R. meliloti varied from 20% to almost 1060% on the other 4 sites.
Movement of R. meliloti downslope was detected only on 1 site. It
was concluded that failure of R. meliloti to spread into the inter-
plant spaces in rangeland alfalfa stands may limit natural reseeding.
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Alfalfa (Medicago sativa L. and M. falcata L.) is widely recom-
mended for range improvement (Kneebone 1959, Townsend et al.
1975). Alfalfa has been shown to live up to 23 years in semiarid
environments (Kilcher and Heinrichs 1965, Rumbaugh and Pedersen
1979) and is capable of self-perpetuation through reseeding at sites
with as little as 28 cm of precipitation (Rumbaugh 1982). However,
stand decline was identified as a major problem in a survey con-
ducted in Montana (Gomm 1974).

Little is known of the influence of the Rhizobium/host symbio-
sis on the productivity and longevity of rangeland alfalfa, even
though this symbiosis is known to play an important role in other
environments. In acid soil, survival of rhizobia is a major limita-
tion to alfaifa nodulation (Rice et al. 1977), while the presence of
ineffective rhizobia has been attributed as a cause of poor alfalfa
growth in Washington (Weber and Leggett 1966). In Oregon,
Bottomley and Jenkins (1983) found high proportions of ineffec-
tive rhizobia in nodules on alfalfa plants over a wide range of soil
pH (5.9 to 8.8).

Adequate populations of effective R. melilotiare required in the
host rhizosphere to ensure continued nodulation and symbiotic
N-fixation in established alfalfa plants on rangelands. In addition,
adequate populations of rhizobia are required in the interplant
spaces for nodulation of seedlings established by natural seeding.
Natural seeding is important in perpetuating the stand and in
increasing stand density where initial alfalfa establishment was
low.

In the present study, 5 rangeland alfalfa stands between 7 and 31
years old in northern Utah and southern Idaho were sampled to
determine the spread and symbiotic effectiveness of R. meliloti.
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Materials and Methods

Field Sampling

A description of the 5 alfalfa sites sampled is given in Table 1.
Annual precipitation at the sites was estimated to range from 280
mm at the Curlew Valley site to 460 mm at the Logan Canyonsite,
At the Snowville, Curlew, and Logan sites, seed had been drilled
into soil while at Orem and Pocatello seed had been broadcast onto
the soil surface. No conclusive information is available on seed
inoculation at any of the sites. However, the absence of R. meliloti
from adjoining areas (Lowther et al. 1987) indicates that inocula-
tion would have been necessary for nodulation.

Sampling was conducted during July and August 1985. At each
site 10 plants were selected at random and soil samples were taken
within the crown of the plant. In addition, samples were taken at 50
and 100 cm from the outer edge of the crown at right angles to the
slope and also downslope from each plant. Each sample consisted
of 5 cores of soil, each 1.5 cm in diameter and 10 cm deep. Sampling
corers were sterilized between samples by flaming. Samples were
placed in plastic bags and stored at 4° C until processed, normally
within 7 days.

Rhizobia Distribution

The 5 cores of each soil sample were thoroughly mixed in the
plastic bag and a subsample of 10 g taken for rhizobia counts.
Enumeration of R. meliloti was done by the plant infection method
using the N-free seedling agar of Jensen (Date and Vincent 1962).
The soil subsample was added to 90 ml of the 1/4 strength solution
of McKnight (McKnight 1949) containing glass beads, and the
solution was shaken for 15 minutes. A 10-fold dilution series to 107
was prepared and a 1-ml aliquot at each dilution was used to
inoculate each of 2 tubes (20 X 150 mm) containing a sterile
seedling of Spredor 2 alfalfa growing on sloped seedling agar
(Jensen 1942). The dilution series enabled detection of a minimum
population of 6 rhizobia per gram of soil. Detection of numbers
lower than this by increasing the amount of soil added to the test
tubes is not reliable (Thompson and Vincent 1967). After 6 to 8
weeks, the most probable numbers (MPN) of R. melilotiin the soil
samples were calculated from the number of plants forming
nodules.

Symbiotic Effectiveness

Rhizobia were isolated from nodules formed in the distribution
tests at the lowest dilution of soil samples taken under alfalfa
crowns and at 50 and 100-cm distances at right angles to the
crowns. The 50 and 100-cm samples were combined. Sampling at
the lowest dilution allows for the possibility of host-plant selection
(Masterson and Sherwood 1974). After excision, arandom sample
of 20 nodules was taken for rhizobia isolation. Nodules were
surface sterilized by immersion momentarily in 969 ethanol, in 3%
calcium hypochlorite for 5 min, and then rinsed in sterile water
(Somasegaran and Hoben 1985). Nodules were crushed in 1/4
strength nutrient solution, streaked on congo red yeast mannitol
(YM) agar (Vincent 1970), and incubated at 20° C. After a second
streaking, single colony isolates were streaked on YM agar slopes
and stored at 4° C after incubation. Inoculant suspensions were
prepared by streaking isolates on 9 ml of sloped agar in 20 X
150-mm culture tubes, incubating for 7 days at 20° C, and then
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Table 1. Characteristics of the 5 sites sampled.

Year Elevation Soil General vegetation type
Name seeded (m) pH before seeding! Land use
Snowville 1954 1,420 7.4 Sagebrush steppe Livestock grazing
Orem Bench 1959 1,750 7.6 Mountain mahogany-oak scrub Soil conservation
Logan Canyon 1973 1,540 7.1 Douglas fir forest Revegetation of highway
right-of-way
Pocatello Valley 1974 1,800 6.1 Sagebrush steppe Livestock grazing
Curlew Valley 1978 1,580 79 Juniper-pinyon woodland Wildlife forage

'From Kiichler (1964).

suspending in 12 ml of 1/4 strength nutrient solution. Each Spre-
dor 2 alfalfa seedling growing on sloped seedling agar in 20 X
150-mm test tubes was inoculated with 1 ml of inoculant suspen-
sion. Each isolate was replicated 10 times. Isolates were compared
with commercial inoculant strains 102F51 and 102F77 obtained
from the Nitragin Co.! (Milwaukee, Wis.), an uninoculated con-
trol, and an uninoculated combined-N control which received 3 ml
of 18 mM KNOs solution 14 d and 28 d after sowing (Bottomley
and Jenkins 1983). At 28 d after sowing, each inoculated seedling
received 3 ml of sterile deionized water. Plants were grown in a
randomized complete block design in a shaded greenhouse with
day/night temperatures maintained at approximately 30/15° C.
At 52 or 54 d after sowing, plants were harvested and weighed. The
symbiotic effectiveness of the isolates was expressed as a percen-
tage of the mean yield of the 2 commercial inoculant strains.

The homogeneity of the sites and of the sampling positions with
respect to the frequency of samples containing or not containing
rhizobia was tested by Chi-square analysis of appropriate contin-
gency tables. Differences among the sites and positions in symbio-
tic effectiveness of the isolates were evaluated by analysis of var-
iance procedures. Effectiveness of each isolate also was compared
to that of the commercial inoculant strains by means of Student’s ¢
test.

Results

The pattern of occurrence and size of populations of R. meliloti
are presented in Figures 1 and 2. A Chi-square test of the presence

'Mention of a trademark, proprietary product, or vendor does not constitute a
guarantee or warranty of the product by the U.S. Department of Agriculture, and does
not imply its approval to the exclusion of other products or vendors that may also be
suitable.
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Fig. 1. The effect of site and sample position around alfalfa plants on the
percentage of samples with detectable (>6 per gram of soil) Rhizobium
meliloti.
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Fig. 2. The effect of site and sample position around alfalfa plants on the
number of Rhizobium meliloti per g of soil.

or absence of R. melilotiindicated heterogeneity among the 5 sites
and among the 5 sampling positions (P<0.001; Table 2). R. meli-
loti were found within the crown area of all established alfaifa
plants, and populations ranged from 1.7 X 102 to more than 1.7 X
105 rhizobia per gram of soil. On the Logan Canyon site, R.
meliloti were present in all samples taken at right angles and
downslope from established alfalfa plants; the minimum popula-
tion was 5.8 X 103 rhizobia per gram. On the Snowville site, R.
meliloti were detected in the majority of samples (80 to 100%)
although there were as few as 6 R. meliloti per gram in some
instances. On the remaining 3 sites, the percentage of samples with
detectable populations of R. melilotivaried widely. As fewas 20 to
309% of the samples from some positions on each site contained the
bacterium. Orem was the only site where the occurrence of R.
meliloti varied with sampling position. Rhizobia were present in
90% of the samples taken at 50 cm downslope from the plant
compared with only 30 to 409 of samples taken at right angles or
100 cm downslope.

Site, position, and a site by position interaction were signifi-
cantly (P<0.01) related to the symbiotic effectiveness of the iso-
lates. The mean symbiotic effectiveness of the isolates was lower on
the Orem site (80%) than on the other 4 sites (106% to 1219%; Table
2) due to a higher percentage of isolates classified as inferior
N-fixers. On the Orem and Snowville sites, the mean effectiveness
of isolates from areas adjacent to alfalfa plants was higher than
from soil under the crown. This pattern reversed on the other 3
sites.
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Table 2. Symbiotic effectiveness of isolates of R. meliloti from soil under the crown or adjacent to established aifalfa plants on 5 rangeland sites.

Percent of isolates classed as!

Percent effectiveness?

Site Sample position No. of isolates Superior Effective Inferior Mean Range
Orem Crown 20 0 65 35 74 -1-178
Adjacent 20 0 80 20 86 21-146
Mean 40 0 73 . 28 80 -1-178
Snowville Crown 20 5 90 5 118 74-172
Adjacent 20 10 90 0 125 64-168
Mean 40 8 90 2 121 64-172
Pocatello Crown 20 10 90 0 120 74-173
Adjacent 20 0 95 5 92 48-128
Mean 40 5 93 2 106 48-173
Curlew Crown 20 20 75 S 124 46-176
Adjacent 19 11 89 0 1 67-156
Mean 39 15 82 3 118 46-176
Logan Crown 20 10 90 0 131 68-171
Adjacent 20 15 70 15 106 50-174
Mean 40 13 80 7 119 50-174

ISuperior isolates were defined as those producing plant yields significantly (P<0.05) higher than the yield of control plants inoculated with commercial strains, effective when
not significantly different from the control, and inferior when significantly lower than the control.

Percent effectiveness defined as yield of isolate - (-N control)
yield of controls - (-N control)

X 100

Discussion

Lack of survival of R. meliloti in the rhizospere of established
plants appears unlikely to be a limitation to the long-term persist-
ence of rangeland alfalfa. We found rhizobia in the soil under the
crown of plants established for up to 31 years. The number of R.
meliloti in soil has been shown to vary during the season (Mahler
and Wollum 1982), and our samples taken during early sunmer
probably contained fewer rhizobia than would have been found
during spring when there is more soil moisture. The failure of R.
meliloti to spread into the interplant spaces in some of the range-
land alfalfa stands indicates the possibility of nodulation failure,
which may limit natural reseeding.

Factors such as wind, water, animal and insect movement may
affect rhizobial spread (Parker et al. 1977). The limited distribution
of R. melilotiin the undisturbed rangelands of the Intermountain
West of the U.S. led Lowther et al. (1987) to suggest that movement
of rhizobia in windborne dust was not a rapid means of spread.
This was attributed to the failure of rhizobia to survive on the soil
surface due to detrimental effects of high temperature and desicca-
tion (Danso and Alexander 1974, Van Rensburg and Strijdom
1980). The occurrence of R. meliloti in at least some of the inter-
plant spaces on all of the sites may be due to the survival and
persistence of rhizobia introduced at sowing or to the spread of
rhizobia from established alfalfa plants. Only on the Orem site was
there evidence of the downslope movement of R. melilotiin water.
However, movement was apparent only 50 cm downslope from the
alfalfa plants. Because rhizobia can be transported in percolating
water (Madsen and Alexander 1982) or move in soil moisture
(Hamdi 1971), the limited spread of R. meliloti downslope in the
present study is surprising. Although the sites are in semiarid
environments, rhizobia movements could be expected during the
period of favorable soil moisture in winter and spring.

The occurrence of high populations of R. meliloti in scattered
areas suggests that movement or initial establishment was limited
rather than persistence. A similar conclusion was reached after a
survey of R. meliloti in undisturbed rangelands (Lowther et al.
1987). It is not known why R. meliloti was found in interplant
spaces only at the Logan Canyon and Snowville sites, particularly
since there was limited spread at the other 3 sites with a similar
cultural history. The soil pH of all sites was above the 5.5 to 6.0
range shown to restrict multiplication of R. melilotiin soil (Rice et
al. 1977).

The difference in symbiotic effectiveness of isolates from differ-
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ent alfalfa stands is in agreement with the results of Bottomley and
Jenkins (1983). The lower mean effectiveness and higher percen-
tage of inferior isolates from the'Orem site indicate that some of the
isolates may be from populations naturalized in the Intermoun-
tains rangelands (Lowther et al. 1987). The high mean effectiveness
and the extremely low occurrence of inferior isolates from the
other 4 sites suggest that the rhizobia at these sites probably
originated from initial seed inoculation. The range of symbiotic
effectiveness of the isolates may be a result of differential symbiosis
with the test host cultivar (Burton and Wilson 1939) inoculated
with the different strains of R. meliloti found in mixed strain
commercial inoculants. The persistence of inoculant strains of
rhizobia in these rangeland situations, in the absence of ineffective
naturalized soil R. meliloti, indicates the importance of seed inocu-
lation with highly effective strains.

In view of the potential importance of natural reseeding to
improve stand density and long-term persistence of alfalfa on
rangeland, research is required to delineate and overcome the
limited spread of R. meliloti. Selection of strains of R. meliloti
better able to colonize soil (Chatel et al. 1968, Robson and Lonera-
gan 1970) should be investigated.
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