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American yellowwood is indigenous to
small areas of the midwestem United States
(Preston, 1989) and is grown in nurseries for
use as an ornamental tree. Unlike the majority
of species in the Papilionoideae subfamily of
the Leguminosae, roots of American yellow-
wood have never been, observed to nodulate
in association with rhizobial bacteria (Allen
and Allen, 1981; Wilson, 1939).

We have attempted to achieve nodulation
by using two approaches that have not been
attempted previously for this species. First,
we tested whether rhizobia recently isolated
by Batzli et al. (1992) from nodules on
Maackia amurensis Rupr. & Maxim., also
in the Papilionoideae and previously consid-
ered a species of Cladrastis (Allen and Al-
len, 1981), evoke nodulation of American
yellowwood. Our second approach was to
determine whether inoculating the root zones
of American yellowwood seedlings with
samples of soil collected near roots in a na-
tive stand of American yellowwood would
cause nodulation. We found no reports of
nodulation of American yellowwood in na-
ture, but we do not know of any attempt to
observe the roots of trees in their native hab-
itat or to use soil from these areas as inoc-
ulum. Batzli et al. (1992) used this method
to isolate the first rhizobia found to be ef-
fective on M. amurensis.

Inoculation with rhizobia (Expt. 1). Seeds
of American yellowwood were scarified 45
min in 18 M sulfuric acid, soaked in 10%
sodium hypochlorite, and rinsed in sterile
water. They were placed on petri plates con-
taining soft agar and kept at 4C until radicles
were visible. Fifteen plastic containers (12
cm each side) were disinfected with a bac-
tericide (Roccal II, National Laboratories,
Montvale, N.J.), rinsed three times in sterile
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water, and filled with sterile vermiculite. One
seedling was planted aseptically in each con-
tainer and irrigated to container capacity with
sterile, quarter-strength, N-free nutrient so-
lution (Hoagland and Amon, 1950). Each
container was placed on a sterile plastic tray
that collected leachate after subsequent irri-
gations.

Cultures of four rhizobial isolates (USDA
4341, 4345, 4349, and 4351; U.S. Dept. of
Agriculture Rhizobium Culture Collection in
Beltsville, Md.) were grown in modified ar-
abinose gluconate liquid medium (van
Berkum, 1990) in test tubes shaken at 100
rpm until there were ≈ 10 8 cells/ml. These
bacteria were originally isolated by Batzli et
al. (1992) from nodules on roots of seedlings
of M. amurensis that were inoculated with
soils from Washington, D.C. (USDA 4341
and 4351), and Nanjing, China (USDA 4345
and 4349). Biochemical characterization of
the isolates indicated that they are Brady-
rhizobium sp. (Batzli et al., 1992). Twelve
of the 15 containers were inoculated by drib-
bling 1.7 ml of bacterial culture on the sur-
face of the vermiculite in a 3-mm radius of
the hypocotyls. Three containers were in-
oculated with each of the four cultures, and
the three remaining containers were not in-
oculated.

The seedlings were arranged randomly in
a growth room at 22C with 80 µmol·m -2·s-1

photosynthetically active radiation in 16-h
photoperiods from cool-white fluorescent
lamps. All surfaces in the room were disin-
fected with the bactericide before the exper-
iment. Plants were irrigated every 2 days to
container capacity with sterile, N-free nu-
trient solution. Roots were examined for no-
dulation 6 weeks after planting.

Inoculation with soil (Expt. 2). Samples
of soil were collected from the upper 20 cm
of soil near the trunks of indigenous trees of
American yellowwood at the Wolf Creek
Botanical Area in the Shawnee National For-
est, Alexander County, Ill. Fifteen samples,
each from the root zone of a different tree,
were taken. They were kept in separate ster-
ile plastic bags during transport and were
stored at 10C for 5 weeks before use.

Forty-eight containers were prepared using
the materials and methods described for Expt.
1. A 5-g sample of soil was placed in a fur-
row in the vermiculite in each container. Three
containers were inoculated with soil from each
of the 15 samples, and three containers were
not inoculated. Two seedlings of American
yellowwood were planted in each furrow such
that roots were in direct contact with soil.
Containers were arranged randomly in the
growth room and irrigated as in Expt. 1. The
smaller of the two seedlings in each con-
tainer was removed with surface-sterilized
tools after 2 weeks. Roots of the remaining
plants were observed for nodulation 6 weeks
after planting.

No nodules were found on the roots of
seedlings grown in medium inoculated with
any of the USDA isolates. Wilson (1939)
also had shown numerous rhizobial isolates
to be ineffective on American yellowwood.
This test with isolates from M. amurensis is
important because of the close taxonomic re-
lationship of these two species (Allen and
Allen, 1981). These findings represent new
evidence that American yellowwood does not
form N-fixing symbioses with rhizobia.

Inoculating root zones of seedlings with
soil collected near roots of American yellow-
wood in their native habitat also failed to
elicit nodulation. Because effective rhizobia
might be most likely to occur in soils where
indigenous trees are found, these results rep-
resent additional evidence that roots of
American yellowwood do not nodulate. Al-
though it is possible that effective rhizobia
were present in the soil but perished during
transport and storage, we feel this is unlikely
because no nodules were seen on the roots
of trees of American yellowwood excavated
during the collection of soil. Also, in an an-
cillary study in which seedlings of M. amu-
rensis were grown using procedures identical
to those described for American yellow-
wood, nodulation occurred among plants
grown in medium inoculated with these soil
samples, while plants in medium that was
not inoculated did not nodulate.

Our findings are consistent with the con-
clusion of Allen and Allen (1981) that, among
genera in the Papilionoideae subfamily,
Cladrastis is one of the few in which all
species apparently do not nodulate. Al-
though American yellowwood is a iegume,
growers of this species cannot rely on sym-
bioses with rhizobia to provide plants with
N.
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