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was given to circumstances possibly leading to increases 
in the availability of nutrients for the growth of rhizobia. 
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A . TIIUII(oi rhiobia s: common inhabitants of wil. 
evidence that they grow in this environment is 

s4nty This is surprising because of the importance of 
these bacteria to the growth of lcgumcs and the nitrogen 
economy of many -.oil% IIowcvcr. ('howdhury (4) dem. 
onstrated that two sporeis oif H,:obeum responded it)
carbon and nitrogen additions to soil. but no growth was 

evident in unamcndcd, nonstcrile soil (hotel et al (2. 
3)sh iwed that H lupin ierstetod lngcr and was abetter 
coloniter of sandy soil% thain N ita/e-lit. ind they found 
corsidcrable lifrcnncs in the .iilitq of %trains of N 
cif/-lit to .oloniolc soils (irolh r.itco in -.oil were deter. 

mined b) Ilohhlol nnd St.hmidt (I) and Schmidt (16). 
who estimated that the doubling times of a strain of H 

tamo oils wre 15 h Growth ofIwo 240 and 
aW U in , ,1, 4 n h r husecd 
J ihsi:eum alsuoi w.ur, in the rhi/mnphcre, of legumcs a% 
well as nonlcguminou pl.inl (I). 
Wataniabe (20) showed that rhuubi, 
inoculation groups were prcscnl in 
plants the hlctriai ,,uld nit infct.1 
R meldlwi has been eljvcrted hot Jie 
the clover rhi,,phcrc (14) 
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The soilst used were I tma iii; a.jm (fine loamy. mized. mcsic 
(Ins-.soboric lHapludailf. pill 7 2.4 2'1 organic maltter) from Au
r.i. N Y . Williamson sill loam (coarse silty. n,,ed. mesic 

Fragiochrcpt. pit 6 . 2 9 organic maltter) from Ithaca. 
N Y . an unclassified histosol (ill 6 2. 31% organic matter) 
from Seneca Vall. N Y .Iklopaw sand no I (lsm. siliceous. 
h)lprthcrmit: (rossareolic Chraqualf. pll 6 8. 0 62% organic 

imatter) from a pasture in .itra. la . and Holopaw sand no 2 
(pil 6 4. 6 4'9 organic matte) from a hardwood forest in Cuia ' 
I Ia The uils wcte collicted from the surface 15 cm and passed 
through a 2.mm sieve 

Spontaneous mutainis of N japonium ATCC 10324. R mel
tha )DO&20. and Rlzohium S57. the last bring an isolate 
fror. Trinidad that nodulatcs cowpeas. freistant to I 0 mg of 
streptomy, i and 50 g| of erythromycin per mL were *ealined 
byth¢ methodofDansoctal (5) RAuob ulmophaueolM/K17. 
which was obtained from C Ramiraz Martinez. was already 
resistant to these antibiotics The hoctcria were grown in yeast 
eStract mannitol (YEM) broth or agar 21) To count Rhi
:oblium. YEM alar wat amended wit. 5 eL of 95% ethanol 
containing 0 5. bromthymol blue. I 0 mg of streptomycin sul
fate. 50 ,i of eryihromycin. 300 oig of cyclohcimide. and t00 

o,11of nystaln per ml. 
To study the effect of dryiiig ard -ubequ.nt wetting . the 

bacteria wcre added so lO. portions (dry weight) of Lima silt 
loam contained in I 20-mL milk dilution bottles The soil was 
allowed to dry at 29C with the bottles ina horizontal poition. 
After 21 d. the soil was moistened with 20 ml. of sterile water. 
and the bottles were cloed with a rubber stopper and incubatedvcrticalllv for to 4 d Counts of rhizobia were performsed .in 

iriplicate siod samples A similar proccdurc was used for other 
soil types, but the length of the dry fertod was in d and 90 
ml. of waetr was added to the hittos)l 

Corn (lia mAna I. ). oats (.4vtma jaiva I. ). wheat (ltill
,'irm alvisa).cupuas ( V .-. ,,,aleulata It. I Welp ) (var.

u lWhip°twill). kidney bcsi.s (Phauolu S ar l ol . ) (var Red 
Klod). red clover (Tdulhum plewaero I. ) (var. Arlington). 
and soybeans (;I/€lo max It .1 Mert ) (var (orsoy) were 

to study the response of R ,*oasoll and N japosluns to 
Iermintin I seweds and growing toots l.ima silt loam (0 ) 
contained in a plastic container (6 containcrs/plant species). 
20 cm top dimircter and 20 cm in height. was thoroughly mixed 
with a cell suspension of RAitoblem. and the r.isturt content 
was adjusted to 231%(wl/wI) with sterile at.r The surfosac 
of the seeds were stersiihcr by the method of Vincent (21). and 
I1 seeds were planted o.ach c ntaincr at a depth of 2 cm. 
rhe soils were incubated at 24 ih: 26C. and counts were made 

(if three seedlings at rclos.ir intervals .fore making the di. 
luimns. the plant material was shaken for I min In ssolution 
cintaining 0 011'1 KIIIP). and 0021 KIIIPO The toot sys
icin and adhering stil were dried at 105"C for 24 h. and couants 
atessisresfcs per unil weight of dry material Counts of bac
telli in sill ic ali elpressed on the basis of dry weilht. 

fI stud) she duratiton of the rhilmphere effect. cuwepas and 
u)l5ns were Ihe in the greenhouls underbeans prwn in sunmr 
naturil Ilht I oma soit loom mixed with vermiculite ( '. vi') 

wa% added to plasill, guis (211 cm topdiameter. 21 cm in height). 
20 lix/piu. and iniuulaitI wilh a cll suspension of the ho
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mologous Rhizobium. The inoculum was thoroughly mixed In RESULTS 
the soil using a dry blender (Patterson Kelly Co., East Strouds
burg. Pa.). and two surface.sterilized seeds were planted in each [)r)ing and subsequent rcwetting of soil hat different 
pot. The temperatures were 27"C during the day and 21 "C .t effects on the four rhizobia. The dry soil was recmoistened 
night. At regular intervals, the root systems in three pots sclected on day 21, at which time R. japonicunh and the cowpea 
at random were removed a.d gently shaken for I min In ;a Rhi:obiun grew, the former increasing in numl'cr about 
solution containing 0.08% K,11P0 and 0.02q KII2PO,. and fivefold and the latter about 15-fold in the Ist day after 
then counts were made. the dry soil was moistened (Table 1). This higher count 

To assess the effect of defoliation. cowpeas -Acre rown for was then maintained in the moist soil. In contrast, no 
4 weeks in Lima silt loam that had been inoculated as dcscribcd giowth of R. neliloti was evident when the soil was re
above. The aerial port.)ns of some of the plants were then cut m 
off. At regular intervals thereafter, counts were made of the motstened. Rhi:biun phaseoli was particularly sensitive 
antibiotic-resistant rhizobia on the root system, in three pots to desiccation, and the number of cell. surviving the drying 
of soii using both defoliated and nondcfoliatcd plants. period was below the sensitivity limits of the counting 

In studics of the survival of rhizobia derived from nodules, procedure.
approximately Sg of fresh nodule tissue from 4-wcck-old ))bean Soils varying in organic maitter content were inoculated 
plants was crushed with a mortar and pestle in 50 ml. of a with the .owpea Rhi:obiur ( lIU cells per g) and allowed 
sterilc solution containing 0.081 K2I1POJ and 0.02%- KIIP0, to dry. On day 10. water was added to bring the soil to 
This homogenate (I 0 nil.) containing the antibiotic-rcistant lield capacity. An appreciable incrcasc in cell number 
R. japoncum was added to bottles containing moist Lima .oil was not detected in the histosol or in the sample of Hol
or sterile sand cquivalcnt to 10 g of dry material. The moisture opaw sand (no. I) with the low organic matter content 
content of the svid and sand after inoculation Aas 23 and 12rq opaw 2an (ow. wthe thelo oa mar cnten 
(wt/w t). respeoctivel) The bottles were incubated at 29"(. and (Table 2). Iowever, the numbers rose by more than three
counts were made on triplicate bottlcs at different times. A and sevenfold in Williamson silt loam and Ilolopaw sand 
similar procedure was ued in tests with uncrushcd so)bcan no. 2, respectively (significant at (v = 0.05). these soils 
nodules, in which case nodule tissue or approximatcl) three having organic matter contents of 6.3 and 6.4%, respcc
nodules (containing about 0.29 g of tissue) were added per tively.
bottle. A study was conducted of the effect of freezing and 

thawing because freezing-thawing cycles increase the 
availability of organic nutrients in soil (18). A sample ofona tin.gf lto 	 lima silt loam was mixcd with the inoculum, stored at 
-29"C for 14 d, and then incubated at 20"C. Under

Nn ofcell . '.o' il 	 these circumstances, no increase in cell number was de

ty R $apluom Cor.wres fh,-.,h.ii B m./,h, R pt,..g tcctcd with the two test rhizobia (Table 3). It is evident, 
0 ,30 41 .00 300 however, that t.z cowpca Rhizobium was more resistant 

21 27 s o to the freezing -thawing szrcss than R. phaseoli.
22 t4 S70 09.1 01 In tests of the influence of germinating seeds and 

.1 11321) 	 067 -012424 i,'9 304i) 	 o10 •. o emerging roots on Rhi:ohiirn. the initial counts were 2.5 

Rhiohium In mm expoaed Table 3-
drying and wetting ryrle. on Rhohium.... 

Table 2--(rowth of cowpe. If 	 to a Effect of freezing an( thawing IJImasilt loam 

Ni.,u,,I 0,q' ...,, 	 No of celli - I01"g soil 

ft AerieoliIlayitia.nd Dalay 	 Cnwpes flA11ihiurn 

414 	 310l iay sil loh t , ,l 	 N , I N o 2 
14 290 060 

IO I0 7 S 0 70 21 Ih 77 < 0 I 
It 35 q 15 IN to 32 .01 
12 4 7 79 1 11 12 t lielnis' frerting Subquent ~munta were after soil hadlthawed 

Table 4 - (rowth of /fhizabium In the presence of germinating eeds and emerging root" of different plants.t 

Ni,. oiicenll . I) jIAuteh . lii'.K N-i of crll idfHUpil nirurn x I0', 
if rooto asnl adlieri ng oil i.1 r.u, ir l i hiering it 

'ani 	 liAy 2 lily 3 tiy Ilay 7 lay 2 |YAy D Day 7tay 6 

Id rliver 216 79 22 (147 ir !M .6 .330 
(latebhr (irry .15 21 0 m1i 027 5 S I M7 41 
1hasl%%r Ailtu, I 'I 2o II3; 14.1 2411 13 21 79 
(1,wtwss 31 2"1 17 IN 22 2 2 CNM 20 
Whait var 111ii d rip 4 :4 4ii 02 0 .14) 4iD 3'. 71 18 
%heal aet II, .er I 4 I .1 11 IN 1.4100 I.;)Ni IV10 6:1 
K rllneybieent 26 I r, 0 2'1 10:13 310 .2ii 3il"1 37
.S v!wani 	 Iii Ii, 411 511 I 4 15 23 16) 

uinur 21 
Corn. IIw c ri-ee AIl3.X i14 I . 2 7 24 . 420 4M1I 4111 130 
(',rn war ('t.rwll 2 41 70 17 2(1 ;11 7411 r.1 63(10 460 
None ie.ol unlwi I 41 0 101 0 ., (142 3 I 2 N ,.11) 1.8 

(, t .onucn Iteriultoi, 	 1II N 40 I1 II 12 2 I 

srr oi1nilwsnlly diffterent 1., ito 	 l II Twi nean' 	 0 0%151 ein . lime. larger than ihe iuth-r Gr It piAuu hoan .. sftir t julunirum 
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X 103 cells of R. pha.eoli and 4.1 X 10' cells of R. 
japonicu'n per g of soil. Seed germination of all plants 
was evident 3 d after planting. The germinating seeds 
and developing roots brought about considcrable rhizobial 
growth (Table 4). Most of the increase in population sizC 
took place in the first 2d. In many instances and especially
*Vith R.phasc'li. adecline in numbers in the rhi/ospherc 
was apparent after several days. This decline was some-
times quite large. The legumes as a group and even the 
homologous host legumes were not more stiniulatory than 
the nonlegumes. 

The results of a study of the duration of the root stim-
ulation by soybeans and ,.owras are presented in Table5. Cell densities of about 0 cells per g of dry soil plus 

roots were reached in the Ist week for both rhizobia. 
Thereafter, the populations of both species increasedslowly with time. Rhi:obiunt joponictim declined in 

abundance after about wcck 6.and this decline continued 
until a small number of viable cells remained by week
15. The decrease in rhizobial cells in the soybean rhi-

zosphere preceded the decline in number of nodules. By 
week 13, senesccd nodules represented about 75% of the 
total nodules, but young. small, pink nodules were also 

present throughout the roct system; at this time, all the 
leaves were chlorotic. and the pods had become brown
and dry. The cowpea Rhi:obiunu. on the other hand, did 

not decline appreciably in abundance, And its population 
remained relatively constant from week 5 to 15. at week
20, the pods and 60% of the leaves were dry and brown, 

and the total number of nodules had dcclinca even though 
the rhizobia were still abundant. However, the insides of 
most nodules were green, and only a few were still pink 

at week 20. 


Table5S-Duration of the rhizotphere effect ofmoybeanl 

and cowpeH. 
No ufctll. ,x1011olrontq


sod adherin tiod 


R Cowpea No of nxtuleiper plant 
Week ja,,,ir-m j1huwhum Soyl,,ans Cowpa, 

NI)0 2i7 2 NIt 
1 100 , NI) NI) 
2 1: If; NI) NI) 

3 240 24 NI) Nit 

4 520 2M8 6? t I15 NI)
 
5 640 1.400 96 A 21 NI) 

6 sso IMim) 7 * 7 180 2 i. 

0 NI) 9M# 20 Ni) 


i3 44 2.(KI I, SS 2,,t 4747076 2.9(I ItI it 2S0lB 

20 NI) 610 NI) 75 15 
t .NotdetrmGrowth 

MeanNt * E 

Table 6-Effect of cutting the aerial part of cowpean on the 

population of cowpea Ithizobium In the rhlzomphere. 

Aerial part removed Aerial part not removed 

Days No of c,,],x No of celli 

aftr 10'.g Nodul, Nodulesof roti 10"g of r(oti 
per plantt I-r planttCuttil.uI and adhering -oil and edhiring sioil 

0 2'A) IW) 10 3120 191 * 25 

4 740 V,7 t 12 1.7001 168 * 36 
7 1.500 iO) 14 2V0X) 17:1 l 

12 2.400 2 I 1.3M 180 *13 
IN 1.700 0 5 0.7 2.6H) 165 t 12 

tMean number per plant * ': 

After the above-ground part of 4-wcek-old cowpcas 
wcrc removcd, the rhizobial population in the rhizosphere 
increased (Table 6). The population was maintained at 
a high level for a pcriod of at least 18 d aftcr removal 
of thc aerial parts. lic number of nodules, on the other 
hand, was appreciably reduccd by rcmoving the foliage.
This decline in number of nodules was pronounced after 
the 4th day fol!owing cutting. 

After adding soybean nodules to soil or sterile sand. 
R. japonicum proliferated and reached large numbers 
(Table 7). This population was still large at (lay 30. Fol
lowing the addition of a nodule homogcnate to nonsterile 
soil, however, the population declined until only 1%ofhe initial number remained at day 30. Incontrast, much 
better survival was observed when the homogenate was 
added to sterile .,and. 

)ISISSI()N 
Because organic carbon in a form readily available to

bacteria presumably is provided in soil by drying and 

,ubs:qucnt wetting. rcezing and thawing, and root ex 
cretions. experiments were conducted to determine 
whether the nutrients thus made available could be used 

to support the proliferation of Rhi:obtium. Growth of 
certain rhizobia occurred when the soil was moistened
after a period of desiccation. It has been reported that 

the amount of nutrients made available during cycles of 
drying and wetting depends on the organic matter content 
at the soil and on the length of the drying period (17, 

1). 1lowever, following drying and rcwctting, Rhi:obium 
was not found to grow significartly in the soil with the
highest organic matter content. As a rcsu' of drying, 

moreover, not only is there presumably a gicatcr avail

ability of nutrients resulting from changes in the organicfraction of th', soil, but the surviving rhizobia face a mi

croflora somewhat smaller innumbers (19). Nevcrthelrks, 
the potential for growth of Rhizobiuni in remoistced
soils, ever with the greater availability of substrates and 

reduced number of competitors, should be intcrprcted 
with sonic caution because the magnitude of the decline 

the rhiobial populations during desiccation may ben 
greater than the increase in numbers after the soil is 
moisitncd. The marked dcclinc in rhizobia as soi, dry 
is well established (9, II). 

Fteezing and subsequent thawing, which also increase 
the amount of readily available carbon in soils (18), wcrc 
not associated with incrcascs in Rhizobium numbers. 
Ilowcver, the dcclincs occurring as a result of this stress 

werc different for the two rhizobia tested. 
in the presence of germinating seeds or root 

systems of even nonleguminous plants was appreciable. 
Large numbers of rhizobia have previously bccn noted 

Table 7- Numheri. of Ifh~io!itum japonicurm In tima Alit loam or 

sterile sand amended with Intact toyhean nodules or 

nodule homogenaten. 

No cll- - I' gof (,il or '-and 

Fri.m whuule ouh.,le- From nuhlui honungnatt-s 

Day Soil St , e nd Stil Sterie sand 

0 00 11; 100({ 1A0 
3 0)12 0 17 141) 120 

10 01 I(I I 110 
20 0 43 57 H9 17f) 

030 71' 1.11O14K I (1 

q
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in the rhizosphere (13, 20). In fact, it has been proposed 
to use the rhizosphere effect of nonleguminous crops to 
enhance the establishment of agiven strain of Rhizobiun 
in soils not f;,vorable to the colonization of Rhizobium 
(6). The two :;pecies of Rhizobium tested reached similar 
population leels, t the population of R. phaseoli often 
declined about the 3rd or 4th day after planting. This 
decline has been attributed to predation by protozoa in 
the rhizosphere of the host legume (8, 12). The data 
herein show that the duration of the stimulation by roots 
differs with different plant-rhizobia combinations. Thus,

the ":zobial density in association with cowpea roots was 
maitained at a high level for a hL.,g time, whereas R. 
japonicum declined markedly as the plant aged. Reyes 
and _'.hmidt (13) also noted significant declines in the 
R. japornicum populations in the :,)ybean rhizosphere as 
harvest time approached.


Nodule; represent apotential source of rhizobia in soil. 
However, the time and pattern of nodule growth, decay. 
and shedding are not the same for all legumes. For alfalfa, 
the nodules remain attached to the root system, and their 
growth occurs after each clipping of the crop. In clover,
in contrast, the nodules disappear after clipping, and new 

ones appear further down the root systcm. In soybeans, 
the nodules usually decay as the plants senesce (22). The 
loss of nodulr may result in increases in the rhizobial 
populations in s,,, as shown here. Wilson (23) also con-
sidered the nodule as a significant source of rhizobia in 
soil, and Paau et al. (10) proposed that persistent infection
threads of senescing nodules may provide rhizobia to allow 
for perpetuation of the species. In the present study, it 
was observed that additions to soil of Rhizobium with 
intact nodules led to increases in the rhizobial population, 
whereas additions of a nodule homogenate resulted in a 
significant decline of the population. This decline probably 
occurred because protozoa reduced the large numbers in 
the homogenate and had no effect on the small numbers 
derived from nodul-!s. However, the sizes of the final pop-
ulations in soil were not appreciably different, whether

derived from the homogenate or intact nodules.they were 
Defoliation appears to be a significant factor in nodule 

longevity of many legumes (7). However, when the foliage 
of nodulatcd cowpzas was removed, the rhizobial popu-

lation in the rhizosphere did not fluctuate appreciably, 
despite the marked reduction in nodule r.umber. It is

that the addition to sil of the frompossible tmatter 
nodules served to balance the numbci of bacteria in the 
rhizospherc that died because of the lack of nutrients that 
would have been provided by an actively photosynthcs-
izing plant. 

Based on the information in this study, it appears that 
Rhizobium isusually not capable of growing innonrhi-

zosphere soil, where a major stress is the lack of available 
nutrients. Drying followed by wetting may allow for pro-
liferation in some soils, however. Growth is apparently
chiefly associated with root excretions in the soils studied, 
although for brief periods, replication may bc linked with 
organic nutrients derived from germinating seeds and de-
cayin8 nodules. 

yn 
Few strains of Rhizobiurn and fcw soils wcrc investi-

gated. Hence, additional strains and soils should be stud
ied to confirm whether the conditions for growth postu
lated here are applicable under a wide range of natural 
conditions. 
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