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\  survey  was  condL  w,  t  d,aim.  ihl<  ,/,  \  ,  |,  ,i|  t|l  >  from  the  Tahoe
.asin.  All  were  found  to  i  lu  it  in  i  tun  i  t  tr  ti  u  ported  for  the  first
Ir ' l! ' : 'i'"" nesp.xiesinfw'.jeneno; .m :: " - >.'ac. diesn siicciesa'c distributed n tub.-, i „-■■;-]! ■.,:■,
]enisteae,Thermopsideae, Irifoliean and Vi< km.;. Nodul dor. shape and frequency are also de-
cubed. The results supp . t imh i t, it it ' I i in filar structures to classify legumes. The

lealthy  plants  with  lu  h  |i  nt  >li  i  i  ,  u  n  I  n  u  nn,  nt  unpi  i  tint  t|

INTRODUCTION

T  are  69  genera  a
species found in California (Hickman 1993). Most legumes me indigenous while
are naturalized,  often widely so (Witham 1994).  Bacteria associated with legur
atmospheric  nitrogen and are helpful  in  improving and mult  ii  in  i  .  I  futility  I
cigiKullun  tnd  nmii  il  <  i-\  inn  Tht  n  I  I  [unm  i-i  >  ,<  laticui  pr



lation in 66 Papilionoid speues from Sauamcnto Valley, California and found that the

ever, a majority of ihe lepumos found in ( alifotuia have noi been examined for their

nodulating ability of some legume species from the Tahoe Basin of California's Sierra
Nevada Range (39° N, 1 20° W). Plants were collected from accessible areas within the
Basin, ranging from Desolation Wilderness in the wesl to the C aison Ridge in the east,
Alpine  Meadows  in  ti  t  ith  ,i  III  |<  .11  it  I  n  i  mllul  i  passes  in  the  south.

Geologic  and clima.tic  foices have mmbined lo form lahoe's unique and varied
environment (Blackwell 1 997;Graf 1 999).Tahoe's floral diversity can be attributed in part
to  its  central  location  hei  <  n  plant  (  mmuniti  ft!  i  j  Nevada  western  foot-

variety of plant species tan f either bo explained by the a tea's rapidly changing and var-
ied habitats, which have contributed to the large number of Tahoe plants with limited
geographic  ranp(  u  ti  i  1  Ith  it  i  t  ti  i  in  the  basin  is  mixed
due to variations in temperature,  precipitation and soil,  toniteious forests  dominate
(Blackwell 1997; Strong 1999).

MATERIALS AND Ml IMM'S

Legume  species  growing  under  natural  nditmu  t  n  I  lot  their  nodulating
ability. Periodic field trips were made from late sprint) to early fall in various parts of
Tahoe Basin. Observations were made as described previously (Athar 1 996a). Legumes
examined  included  indi  i  i  u  ndnm  I  iuml  in  it  ml  in  s  At  least  five  plants
of each species were examined to minimi/e eitot I  eoumes were identified by speci-
mens  of  mature  plant  ife,  ml.  ledistingu  hod  1mm.  olhei  kinds  of  morphological
modifications or pathoqenk root malformation, and Modulation (fata were recorded. In
some  cases,  nodule  sim  it  md  uodul  lm  i  ,  pamd  and  <  imined  ui  lei  th<
microscope (Somasegaran & Hoben1994).

RESULTS AND DISCUSSION

Nodulation status was examined in Ml hapiiionoid soe, ies oiowinp under natural con-
ditions  in  the  Tahoi  I  m  II  h  M  i  l  '  ^d  <  r  luCt  d  to  various  extents
(Table  1).  These  result  i  mi  i  I  ithth  i  ul  ibl  t  |oit  hi  nodulation  (Aguilar
et  al.  1994;  Allen  &  Alloi  I  thai  "oih  MMI  nt  mi  MMahmood  1  990;  Corby
1 988;de Faria et al. 1 994; Nasim et al. 1 998; Roggy & Prevost 1 999). Nodulation is reported
for the first time in mi, i ;petie< ithin five geneia if Papilionoideae. These species are
distributed  in  tribe  i  J  i  i  t  TI  i  i  i  I  1M  lieae  <md  Vicieae.  Joe

presen< i i.Thec
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compared  the  [i  1  lilt  nl  I  -I  I  i  n  i  n  II  in  I  l<  new  reports.  The
nodules observed in olhei species cotiobomte eatliei studies { Allen & Allen 1981 ; Athar
1 996a, b; Athar & Shabbir 1 997; Corby 1 988).

lateral roots, and were found in the 10 cm layer of the soil. Nodules of some legumes,
particuhtK  un  >  ft  '  tit  n  i  th  it  Ml  d  md  were  covered
by a layer of damp litter. Similai obseivaiions vveio made bv Athar (1996a) for some
logu  nes  from  tl  II  I  1  '
for  various  species  a  Ml  i  mthtli  n  tb  t  i  i  >l  th  phut-  Nodules  varied  from
semi-globose  to  globose  vvitli  sttom.ob  or  smoom,  iif  i  i  elongated  and  branched
forms  (Table  1).  They  occurred  sit  ml  m  ,,  b  I  tujut  r  ■  J'  '  morphology  strongly
coincided with the descriptions of earlier workers (Allen <b Allen 1 <)H1; Athar 1996a;Corby
1988;Pueppke&  biou  tut  i  '  M  mm  m  t  <<  i  i  latan  &  Hoben  1994).
Nodules  were  mosM  >M  i  bm  n  I'm  t  I  li  b  n  m  tmts  Nodule  morphologies  in  le-
gume  species  desenh.  d  b\  ^  ui  im  i  to  IthiMru  me  uniform  at  the  tribal



of  establishment  ol  the  -,  t  h  een  the  two  partners  (Pueppke  &  Broughton
1 999; Roggy & Prevost 1 999; Sprent 1 999).

Attempts  to  isolate  hnr  jhi  ;  at  t-  -|  m ,],  ui  <,,  activity  were not  made for  these
nodulated legumes.  Howevei,  In  .ih  1  1  >i  ihlu  h ■ imeti  f  mi  i  j.>  gtowing in  a  nutri-
ent-limited  environment  imply  that  they  were  nurtured  by  nitrogen-fixing  nodules
(Hartwig 1 998;Somasegaran & Hoben 1 994). This is supported by the generally accepted
view that nodulated legumes have an internal regulatory system to allow them to ad-
just nitrogen fixation to environmental conditions (Hartwig 1998; Sprent 1 999).

l.upinus (! upines) were the most prevalent nodulated legumes inTahoe Basin with
N  ,pt'.  ii  s  IoIId  i  (I  b\'  !"l  /"  Id  ci  J,  i  /i  /  <  ivck  h)  and  Of/  ■  ,  ,  u  -  ,  n
10, 4 and 4 species each respectively (Table 1). The soils of theTahoe Basin generally am
nutrient poor, especially near the surface where drainage greatly exceeds the rate of

poor environment of the Tahoe Basin. Physiological processes that plants undergo to
survive in the Basin help in understanding Tahoe's vegetation ecology. Nutrient limita-
tion plays an important role n plant distribution. Plants cope with nutrient deficient y
through mutualisms with mycorrhizal fungi or through associations with bacteria capable
of nitrogen fixation. Nitrogen fixation is a crucial component of many plant communi-
ties in the Sierra Nevada Range, where nitrogen is ways in si
the legume-  Rh i  /ohiu'  symbi  i  ii  nutrient  poor  environment  of  theTahoe Basin may
help improve natural ecosystem, and provide refuge and guality browse for wildlife.
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