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BRIEF HISTORY OF PROJECT

Grant 701-15-64, "Alternative Carrier Materials for Rhizobium
phaseoli Inoculants," was awardéd April 18, 1977; the original
termination date was April 17, 1980. Becausc of promising resul ts
with coal-based inoculants, permission was granted on July 25, 1978
to largely restrict further rescarch to coal--provided that peat
controls were included in more critical experiments. Gront 801-15-
97, "Aternative Carrier Materials for Rhizobium phaseoli Inoculants,"
was awarded September 26, 1978 to allow for the study of the applica-
tion of coal-based inoculants to sced. The termination date Tor grant
801-15-97 was September 30, 1981; the sime terminalion date was also

established for grant 701-15-54.
INTRODUCTION

In order to obtain the full benefits of biological dinitrogen
fixation in developing countries, high-qualiiy inoculants must be
used. It is important, therefore, to adapt inoculant technology to
the conditions in different geographical regions. Inoculants are
usually prepared by mixing broth cultures of appropriate rhizobia
with a carricr material. Although peat is recognized as the most
desirable of the relatively few carriers examined, peat suitable for
use in inoculants is not universally available. One objective of this
rescarch was to identify carriers which may be substituted for peat in
R. phaseoli inoculants.

Although the results of several investigations have suggested that
coal has potential as a carvier material, ne comprehensive study had
been porformed up Lo Lhe Siwie of the proaent rescarch preject. Becausoe

our results with eight different coals and three strains of R. phaseoli
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were promising, the scope of the project was expanded to include methods
for the application of coal-based inoculanis to seed and a study of the

survival of the rhizobia on seed.
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MATERTALS AND METHODS

Bacteria

R. phaseoli strains 127K17, 127K26, and 127K35 were provided by
Dr. J. C. Burton, The Nitragin Company, Milwaukee, Wisc. Cultures were
maintained on mannitol-yeast extract (MYE) agar, pH 5.5-5.8; MYE agar
contains: mannitol, 10.0 g; yeast extract (BBL Microhiology Systems,

Cockeysville, Md.), 1.0 g; KiL,PO -3H20, 0.66 g; MgSO4-7H 0, 0.2 g;

2 1 2
NaCl, 0.1 g¢; agar (Difco Laboratories, Detroit, Mich.), 15.0 g; and

distilled H,0, 1000 m1. Stock cultures were grown on MYE acar slants,

2
in 20 X 150 mm screw-capped tubes, for 72 h at 30°C, and then stored at

4°C.  Fresh stock cuitures were prepared every 3 months.
Preparation of Coal-Based Inoculants

One anthracitic, three bituninous, two subbituminous, and two 1ig-
nite coals (Table 1) were supplied by the United States Department cof
Energy. A1l coals were ground in a hamwer mill, sifted to pass an 80-
mesh sieve, and dried for 4 h at 160°C. The pH of each coal was deter-
mined by sheking & mixture of 10 g of coal dust and 50 m1 of distilled
HZO for 20 min, and then clectrometrically measuring the pH of the mixture.
The moisture-holding capacity (MHC) of cach coal was determined by measur-
ing the amount of HZO required to saturate a 25.0-g sample.

Inoculants were prepared by mixing samples of each coal powder with
MYE-broth cultures, grown for 30 h at 30°C, of R. phaseoli 127K17, 127K26,
or 127K35 in sterile metal canisters (one coal and one strain per inocu-
Tant). Portions (50-65 g) of ihe rhizobia-coal mixtures vere packaged
in G-o0z polycethylene (2 wi1) Whivl-Pab Lo Oaoco, Fort Atkineon, Yinc.).

These packages were incubeted at 307C Tor & weeks, and then stored.



Table 1. Coals used in inoculants

Moisture-holding Particle size (%)
capacity
Tvpe Source pH % Moisture fmi/100 q) 100-Mesh Z00-Mesh
Anthracite PA 7.5 1.6 48 25 39
Eituninous it 5.0 10.0 a0 160 82
Situminous PA 6.5 0? 60 100 74
3ituminous uT 7.5 3.4 56 93 69
Lignite ND 6.4 26.3 92 a9 60
Lignite X 4.7 18.4 80 97 38
Subbituminous i 6.8 2.0 64 gg 51
Subbituminous WY 7.3 20.6 92 53] 69

E’.T. .

his coal was oily.
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Plate-Count Procedure

The number of viable rhizobia in cach inoculant was determined
by plate counts. One gram of incculant was aseplically transferred
to 9.0 ml of sterile saline (0.5% NaCl). After mixing, the suspen-
sion was serially diluted in saline and plated, in duplicate, on MYE
agar supplemented with congo red (25 mg/1iter; Harleco, Philadelphia,
Pa.); colonies were counted after the plates were incubated for 72 h

at 30°C.
Plate-Inoculation Procedures

Pinto beans (Ul 1113 provided by Dr. A. Schneiter, Department of
Agronomy, MNorth Dakota State University) wore treated by rinsing in 95¢
ethanol, soaking for 5 min in 0.2% HgC]Z (acidificd with 5l of concen-
trated HCT per Yiter), and rinsing with distilled HZO. The scads were
incubated on water agar for 48 h at 30°C to achieve germination. Sced-
lings were planted in 60-ml scrum vials or 150-m1 wide-mouth Tlasks
containing sterile, choppod vermiculite saturated with a nitrogen-free
plant nutrient solutien; the nutrient solution (pH 6.5) contained: KC1,
0.5 g; KM PO,, 0.2 g; M9504‘7H20, 0.2 g CaSO4-2H20, 0.2 g; H3803, 1.0 mg;

2 4
ZnSO4-7H20, 1.0 my; CU204-5H20, 0.5 mg; HnC12-4H20, G.5 mg; ¢a2M004-2H 0,
0.2 mg; Fe-[DTA, 1.0 my; and distilled HZO’ 1000 m1.  After the seedlings
were planted, the conlainers were wrapped with foil, and seedlings were
covered with a sterile plastic bag. The plants were grown at 22°C with
18~h photoperiods provided by 40-watt plant Tights (F40-PL, General
Electric) which provided approximately 1200 Tumens.  As the secdlings
grov, the plastic bags wore voooved and cotion was packed around the
Sbewne Phants were meintain Lwith nutrient solulion as necded (about

30 m1 per plant per week).
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To characterize the infectivity (ability to induce nodule forma-

tion) and effectiveness (ability to fix R,) of a given R. phascoli
isolate, two weck-old plants were inoculated with cells qrown in 10
mt of MYE broth for 40 h at 30°C. The cells were pellcted by centrifu-
gation and resuspended in 2 ml of nutrient solution, and 1 ml of this
suspension was used for inoculation. Approximateiy 18 days after
inoculation, effectivencss was assayed by the acetylenc-veduction
technique.  The stoas of plants growing in 60-m1 serum vials were cut,
and tho vials were tightly stoppered and partially evacuated.  Then,
5ml of acetylene wes injected into each vial. After incubation of the
vials for 2 h at 22°C, 0.5 ml of the gas phase wes removed from each
vial and analyzed Tor cthylene with a Beclinan GC-45 {lame ionization
chromatograph, eauipped with a 1.8 X 2 mn glass column packed with
Porapal. R (Applied Scienze Laboratories, Inc., State College, Pa.).
Operating cond*tions were:

InTet temperature © 0 0 0 0 o o o . . . . . . 70°C

Colunn temperature. © . o . . . . . . . . .. 35°

Detector Tine temperature . . . . . . . . . . 90°C

Detector tempera:ure. . . . . . . . . . . . . 120°C

Carrier gas flow (NZ) C e e e e e e e e e . 50 ml/min

H2 gas flow . . . v . v o o 0. .o . 45 m/min

Air flow. . . o o 0 . o o s s . ... 250 ml/min

Column flow . . v v v v o v v o o o o .. 20 ml/min

Carrvicr make-up . v . v . . . . . . . . ... 70 ml/min

Following the acetylene-reduction assay, roots fram cach vial were

examined for the presonce and appearance of nodules: roots of plants

groun dn wideemouth flasks wore inspeated 3 weeks after inoculalion.
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Seed-Inoculation Procedure

When survival of R. phascoli on sced was monitored, spontancous
streptomycin-resistant mutants of stirains 127K17, 127K26, and 127K35
were used. Pinto beans were randomly separated into 100-bean aliquots
and stored in 18-0z Whirl-Pak bags. Approximately 2 g of inoculant
containing a streptomycin-raosistant R. phaccoli strain and 10 ml of 30%
gun arebic (flakes; Mallinkrodt, Inc., St. Leuis, Mo., were added 1o
each bag. The bags were shoken for 10 scconds to facilitate cven coating
of sceds, and the sceds weve transferrcd to sterile 10-mesh sieves. These
vere shalien for 10 scconds to raneve excess inoculant, and the sceds were
removee and stored at 20-22°C in 18-0z Whirl-l'ak bags. [ach inoculated
sample was held for 1 month, with subsenples taken woekly. Ten seeds
were aseplically trausferred to 25 X 150 mn scrow-capped tubes containing
10.0 ml of sterile saline and 10 glass beads (3 ma). After 10 seconds of
vortexing, the resulting suspension was scrially diluted in saline and
plated in duplicate on MYE agar containing congo red, dihydrostreptomycin
sulfate (50 yig/ml; ICN Pharmeceuticals, Inc., Clevelond, Ohioj, and
cycloheximide (56 ug/at; Sigma Chamical Co., St. Louis, Mo.) The plates

were incubated for 72 h at 30°C befora the colonics were counted.
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RESULTS

In initial experiments, North Dakota lignite obtained from the
power plant at North Dakota State University was used. After the
Tignite was ground and sifted, 877 of the particles were smaller than
100-mesh, and 552 were smaller than 200-moesh.  The pH of the coal was
7.6, and the moistive content was 20~ by weight.,  When the dust was
dried at 160°C for 4 h, contaminating microorganisms were virtually
eliminated. The dried dust had an MHC of 89 11/100 q.

“To cetermine if the Tignite contained any products which would be
toxic to rhizobia, water extracts of the Tiguite dust were preparced hy
soaking €0 ¢ of dust in 200 111 of distilled HZO Tor 24 k. The coal
suspension was then filtered through wuslin and filter paper, and the
filtrate wes used in place of distilled H20 to prepave MYE broth.

R. phosenli straing 127K17, 127826, and 127635 grew in the coal extract-
MYE broth as well as they did in norael HYE broth in a 48-h period at
30°C; therefore, the Tienite did not appear to be toxic to the rhizohia.

Because saline may adverscely affecl some strains of Rhizobium,
saline and MYL broth were compared as diluents in the plate-count proce-
dure. Counts oblained with the two dilucnts were comparahle. Rhizobia
could be held in salinc at lcast 45 min without detrimental cffects.

Tnoculants having final moisture contents of 30, 40, 50, 60, and
70% of MHC were prepared by adding approvriate amounts of @ broth culture
of R. phaseoli 127K17, grown for 30 h at 30°C, to 100-g samples of Tig-
nite dust. After packaging, the inoculant preparvations were incubated
at 307C for 2 weeks and then ctored at 22°C. The results shown in Table 2
indicaled thel vhizeliol survival was hoot in incculanls preparved at  G0-70
of BHC. Aaditions) cape et nts whiich coamined ahizobiol smrvival in IR

Tants prepaved at 60, 70 and &0 of KHC also showed that GO-707 was optimal,
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‘at @ higher moisture level the Tiquid and solid components of the inocu-
Tant separated, and rhizobial survival was not as good. Therefore, all
further inoculants were preparved by adding broth culture to carrier to
achieve 60-707 of MiIC. Also, inoculants were packaged in 50- Lo 65-g
portions because smaller quantitics desiccated move rvapidly.

To determine if heat of welting weuld have any detrimental effect
on rhizobial viability, inoculants werve preparved with Tignite and a broth
inoculum of R. phasceli 127K17. When dnoculants were prepered wilh ingre.
dients equilibroted 1o b or 22°C, the temporatures rose to 35 and 18°C,
respeclively, within 5 win.  These inoculants were incubated at 30°C for
2 wieeks and then stored al 229C. The rhizobial nembers were comparvable
in both inoculunts. Appareatly, the hcat produced by mixing the carrier
and broth dincoulum quickly dissipated and had ne deleterious effect on
rhizobial survival,

Mixturces of lignite ard various materials were prepared to determine
if amended coriiers were superior to coal alone in promoting rhizobial
survival. The mixtures included: 807 coul: 20% vermiculite, 807 coal:
20% corn meal, coal plus 19 sucrose, coal plus 15 yeast exiract, and coal
plus 17 catalace (Sigra Cheical Co., St. Louis, Mo.) The results in
Table 3 show that the additives examined did not improve rhizobial survi-
val as compared to thet in inoculants without supplementation. A two-way
analysis of variance performed on the data at the G-month sampling time
Cindicated no significant differcnce in rhizobial survival in inoculants
containing enended coal or coal alone (« = 0.01). Also, the incidence of
contamination was higher when corn meal, sucrose, or yeast extract was
present. in Lhe dnoculant.

Torenity-four dnoculants were propovod using cight dilfferent coals

(Table 1) and three strains of R, phaseoli (one coel and one strain per



fable 3. Survival of R. phaseoli 127KX17 in North Dakota licnite and ame-.dad Tignite

Carrier Log10 colony-forminc units per g after:

2 h 2wk lmo 2wm3 3o 0 Smo 6mo 7
Cozi 7.95  7.63 8.26 &.54 2.30 °2.00 9.02  g£.20
Zho Coal: 207 vermiculite 9.13 7.77 7.9 8.i3 B.08 2.56 38,42  5.25
GO Coelt 207 corn neal 8.46  B.84 9.51 9.67 i0.11 92.75 8.51 B.83
Ceal + 15 sucrose - 7.84 7.43 3.80 9.04 8.61 2.04 8.67 2.42
Coal + 17 veast extract 3.52 8.83 6.84 8.61 .73 9.04 8.62 7.9%0

Ccal + 1% catalas 3.86 -
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inoculant). These inoculants we' @ incubated at 30°C for 2 weeks and then
stored at 22°C. Tables 4, 5, and 6 show that all coals, except bituminous
coal from I1linois and Texas ligpite, supporied the growth and survival ol
all strains of R. phaneoli.  The numbers of rhizobia in 111inois bituninot
coal and Texas Tignite decreased to less than 1 X 105/g in the first 2 woe
the Tow pH's of these coals (5.0 and 4.7, respectively) may have adversely
affected the rhizovial viebility. The numbers of rhizobia in the other of
coals were at least 1 X 107/9 aiter & months.  Two-way analyses of varianc
(a = 0.05) parformed on Lhe survival data at 4 ond & months indicated thet
there were significent differcnces in rhizebial survival among the six cos
however, these differences could not be corvelated with the grade of coal.
Two-way analyses of variance aleo indicated no signilicant difforcncos ame
strains as to survival; that i+, survival was not strain-dependent.

The influence of stovage {euperature on rhizobial viability was studi
by comparisens of rhizobial survival in inoculants stored at 4, 22, and 3C
The results in Table 7 show comparable vhizebial survival (»1 X 107 rhizob
per g) in six coals storcd at 4 and 22°C afte~ 10 months. A two-vway analy
of variance (= = 0.05) indicated no significant difference in survival al
two temperatures. However, the data in Teble & indicate that rhizobial su
vival is significantly better at 22°C ~han at 30°C after only § months of
storage (two-vay enalysis of variance, . = 0.05). Also, when one set of
inoculants was held at 37°C, rhizebial death was rapid.

Inoculants were prepared in which the initial rhizebial populations

9 . . .
7 to 1 X 107 coleny-forwing units per g, After 2 months

varied from 1 X 10
the rhizobial counts were couparatle in all inoculants (Table 9); thorefor
within Timits, the initial number of rhizobia in coal-bascd inoculants doe

not scesn criticel Lo Uie cuadios o the 7001 product.,
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Tacie &. Survival of R. phaseoli 12717 in coal

Coal LOglO colony-ferming units per g after:

L 2 n Cwk imo  2m0 3m0 4mo Smo 6o 7mo Bwo 9mo 10mo 1limo 12 mo
- £.76 8.96 2.60 2.83 B8.57 &8.24 8.52 3.i5 3.68 2.26 8.53 7.38 7.89 7.28%

zl .32 <5.0 -- -- -- - -- -= -- -- -- -- -- --

zF 8.41 8.86 38.67 8.8 B8.34 8.32 8.08 8.04 2.11 7.58 7.75 7.4% 7.45 ’ £.73

gy .42 9.2% 8.8¢ g2.91 8.93 8.90 8.46 8.84 S.45 9.32 2.64 8.76 5.72 g.20

L .75 9.23 G615 9.04 9.15 2.92 3.92 S.41 8.74 Q.42 8.63 8.67 8.65 g.51

LT 7.08 <5.0 -- -- -- -- -- -~ -- -~ -- -- -- --

SO .65 2.5 9.57 9.51 9.32 9.45 9.11 9.20 8.53 8.64 8.60 8.57 8.63 7.21

Ny 8.38 8.54 8.69 8.43 9.08 8.48 98.54 8.2 8.15 8.4i 8.04 8.57 £.04 7.89
ayiations usad A?, anthracite from Pennsylvaria; 28I, bitumincus cecal from I1iincis; BP, bitu-
i frem Pennsylvania; BU, bituriincus cozl from Utah: LN, lignite from Nerth Dakota; LT, ligrite
v SH. sudbituminous coal from Hew Mexico; S, subbitumineus coal frem Wyoming.

€1
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Table 7. Survival of R. phascoli 12717 in coal at 4 and

2? c after 10 months

Coa] LogIO colony- fonn1ng units per g at:
e
Anthracite, PA 7.64 7.38
Bituminous, PA 7.58 7.46
Bituminous, UT 8.64 8.76
Lignite, HD 8.72 8.067
Subbituminous, WM 7.84 8.57
Subbituninous, WY 7.92 8.57

Table 8. Survival of R. pbrcomlx 127817 in coal at 22

»4and 30° ( aft(r Sowonth

Coa] loqlo (nlony—-ﬂ\mlnq unaL‘ per g at
S 2 S X S
Anthiacite, PA 8.459 7.586
Bituminous, PA 8.08 4.00
Bitwninous, UT 8.46 8.97
Lignite, ND 8.98 5.45
Subbi tuminous, NM 9.11 7.15
Subbwtum1v0us, WY 8.54 7.20

To confirm the results of the long-term survival studics using the

eight coals and three sirains of R. phaseoli, 24 inoculants were again

preparved. Howevor,

the eight coals (which had been stored & months hy

this tine) had Towerved pH's< due, most probadly, to spontancous oxidation

of aliphatic groups.

Table 10 chow, the »H'e of the (ool after storann









Survival

of R. phaseoli 127K17 in ¢

Ccal Log,, coicry=Torming uniis per g after:
[,
2 h 2wk 1mo 2o ke L 7o 5 Mo 6 mo 7 me 3 mc

r.-a - == ~ om0 - n (e g - o] \
AR 7.77 8.85 .52 £.250 8,46 £.72 .23 3.23 2.03 a.04
5% 6.58 <5.0 -- - - -- -- -- -~ --
3P 3.04 2.94 8.74 8.84 9.11 8.13 8.11 3.11 7.49 .11
BY 7.56 g.66 10.18 2.35 6.32 G.15 2.80 G.23 8.59 8.67
I 8.23 7.74 7.73 7.85 7.20 7.55 6.85 5.75 £.69 6.52
LY 6.15 <5.0 - - - - - -- - -
Sh 8.18 10.15 9.53 2.54 8.20 2.13 8.15 2.51 c.Ca g.70
s 2.45 7.79 3.46 8.33 €.55 g.7¢ g.51 .82 5.51 3.28

a" h g n e . - . -~ oy ~ - - L

Atbreviations used: AP, anthracite from Pennsylvania; ZI, bitunirous coal from I11linois: 8P, bitu-
minous ceal frem Pennsvivanias EiY, bituminous ccal freom abg i iignite freom fHlorin Dakota: LT, licnite
trom Texas: SN, subbituminous coal From Hew Mexico; Si, 0 21 from Yyoming.
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fable 14. Survival of R. phaseoli 127K35 in coal {second trial)

E:z; Loglg colcny-foruing urits per g afier:

. 2 N 2wk 1 mo ale 2mo < mo 5 mo S o 7 mo € md
ge® 8.41 6.78 5.00 7.36 7.61 £.22 $6.83 £.82 5.92 6.04
g1 £.73 <5.0 -~ -- -- -- -- -- -- --
37 2.38 <£.0 6.67 7.45 7.92 8.38 7.74 7.49 6.58 6.59

8y 8.24 8.38 8.32 8.49 8.15 8.59 8.54 8.51 3.15 - 8.13

SN 8.71 G.45 9.11 5.08

[Ne]
»
(AN
(@8]
Yo
(&)
{>
o
0
(@2 ]
el
(]
ISy
(o]
(]
[00]
co
~I
N

S .41 <5.0 7.65

<o
(@)]

<N
[ee]
w
[én}
(e}
(82}
[y
o]
4=
(%]
[
)
~No
o]
N
x
e ¢}
1+
a

2., A . . . s eqqe s .

“Abbreviaticns used: AP, anthracite from Pennsylvenia; BI, bituminous coal from I1linois; BP, Hitu-
mincus ceal from Pernsylvania: BY, bi*uminous coal frem Urah-: L, Tignite from o North Dakota; LT, lignite
vrom Texas; SM, subbitumirous coal from New Mexico; SH, suhh Zuminrgus cnnl Feom slyoming.
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Because survival of R. phascoli in 1 linois bituninous coal and
Texas Tignite was pocr, probehly doe to the Tow phi's of theo coals,
several compounds wern Lested Tor (heir ability (o vaise ool pH.
Of thes., "precipitotled” CaCOB ves beste The results in Tables 1%
and 16 show that the addition of 107 CaCOJ to I1linois bituninous
coal and Texos Tigrice substantially increascd their ph's. Long-term
rhizebial survivel experimontis wore pofurmod using bitumincus coals
from 111 incis end Pommsylvania, and Vigniios Tran North Dakota end
Texas containing 107 CcCOS. Peat, also containing 107 CaCOB, (AL
usedlas a control. The survival data are given in Table 17. In alj

APUN R :
cases, greater than 10X 107 viable . p

haseold cells par g were present
, S . . P
after 6 months,  T1Tinois biluninous conl had greater than 1 X 16
viable cells por g after 10 wanths, and Texas Tignite had groater than
, S : o N e e e e
1 X107 viable cells per g aftor 12 woaths.  Rhirobial survivel ia Teras
Tignite for 12 months was not stgnificantly differert fren thal in any

of the other coxls tested. Statistical analysis indicatcd that survival

in CaCl,~amonded conls was not strain-dependent (o -+ 0.05).
]

Table 15, Relaticn:hip bhetveen CoC0, concentration
and piof Teces Tienite Y

Amount. of Anount of “ CaCO pH
coal (g) Cat, (q)

o~

10.0 0.0 0 4.0

9.5 0.5 5 6.2
9.0 1.0 10 6.5
8.5 1.5 15 6.7
8.0 2.0 20 6.9
7.0 3.0 30 7.1
6.0 4.4 40 7.1

5.0 5.0 50 7.2
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Table 20, Survival of R. phoseoli in Pennsylvenia cnthraciie on seod

Lﬁg]” coleny-forming unils por sead after:
strein 0wk 1wk 2wk Iwk o Awk

127K17 0.

oD

— Y
(& 4]
~ o~
S
Ga —
K-S NN

C1C2 e
e .Y
el

127K26

O
N e to
H
[SaiNan ISl

NN &y
LW Lo
~ S
[$2 N &2 Nan]

127K35 6.

[ea]
=0
(Sa )
t
e}
(#2842}
jon N
[8s]
1
SRS RSy ]
[andiien]

5.0

Table 21. _Survival of R. phaseoli in 111inois bituninous coal on sead

LOﬂlﬂ colony-Torining units per seed after:

Strain - Owmk o Awk 2wk 3wk 4wk

127K17 3.4

SO
W~ DY
o)
ooy —
500 W
— oo
LW N W
oo N ual

127K26 4.7

e
=
W
w
Y
N

ww
O

(S5,

o

[pel

w
SN

127K35

.
—
Y o

w Cr >
)
[Saie Jeat
fos)
[$2 B8 =N
O
t
LW I
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Table 22, Suvvival of R phaneali in Ponnsylvania bituminous coal on

seod

LUU]O colony-Tonning units per soed after:
Strain. o Owk o Twk 2wk 3k Ak

127K17 5.7

oo
~>
o

oo
T
M . .

127K26 5.

o w

S NS NN
o~
-

N RO~
1
SO W
P

o

(&e]

127K35
5.4 .
W 4.4 4.

«
(o Jam e
H
LW D> W

~ Lo

ST oY
: o

Table 23. Survivel of R._phasecli in Uteh bitvwinous coal on seed

Log]” colony=Tovining units pevy coed avrer:

0w bk 2wk Swk 4wk

Strain
.-

/
4.1
4.5

[ )
>

127817 G.1
6.2

6.0

;e o
Bel N &l
RS K
Gy
(d—‘\/“—
nNo o,

~
~

127K26 6.0
6.1
6.2

-
(62 BRSNS
—_ g o
oV
N Oy ~d

-

LN,

CT oY
<

127K35 B 4.6 5.5

(G B Sl &)
< OQ
RN
O
1
W W W

ey
5]
BN
(@8]
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Table 24. Survival of R. phaseoli in Horth Daketa Tianite on seed

I.OEIH) colony-foriing units per secd after:

strain L Qe e Bk Ak

~—
(-
20

3.8 b,

127K17 ?
2
0

e)
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(S N N3]

[ S N %}

LW >
o]

PN g —
e NS
o~
~J
BN
0

c
e

[ I G Y Sy
N > TO
N
cicr
0]
B>
— Y

127K35 6.3
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o
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=)
W

N NN
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P i re

Table 25.  Survival of R, phaseeli in Texas Tioniie on seod

I'OW]O coleny-Torming units per sced a"ler:

Strain o Owk 3k 2wk 3wk 4wk

127K17

) -

RS2l o)
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PO DS D
Q> CT

[
T R NS
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o Rte NS . NN S ]
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—_0 e O

e oot
>

IS S e

S = o

RN
ot S
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o)
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Table 26. Survival of R. phascoli din New Moxico subbituminous coal

_on sead

LU”IO colony-Torming units per cced after:

Strain 0wk 1wk

127K17 5.8 5.0
- 0.1

127Ke6 ~ 6.0
6.4 ~
- 6.1

127835 6.2 5.5
h.& -
- h,?

Table 27. Suvvival of R. phoseold
seed

Logy,

Strain - Owk o Jwk

127K17 2.8
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& —
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in Wyciing subbituminous coal on

- LD

N

-
(5
o2

4.8

3.6

4.6
3.1
3.4

2wk 3

[Sa TN
O D~

e
NS

LN W
= oy

Lo per soed after:

Wk

A vk

BN Y
. . .
[oy i N

w W
O

W NS W
[enos o]


http:colory--.rm







LOG 15 COLONY-FORMING UNITS PER SEED

34

o

6

4

2

-

}A‘.ﬁl‘ R £ ‘.;-.'.tm.m:mxrﬂ.;m\::zmwnummﬂrmfmﬁm.amuia’mn: xim:man
7%: NI ‘:‘/\
, ; \»j ""‘Q’-IL.,; ¥ "
%M
% EN}

- L )
Saa

b

| L L
""‘-i"‘a’....'.l’.ﬁm.&.iﬂ‘l'ﬂ‘” ST S R TR ATV Y7 S A R S K N R R o R L o (e AR T

‘s
HE

.
.
[
[

il i 1

l‘ RETEN S CHel s b (GRARA Lo R DYty =i L L7 et Tt wa i A v, T MRV RRITC A (U VREANCT A Sty wots € id

0 i 2 3 4

e o
it T R e N R, 2,
R, et )
ie= A R
e .
Lm:a:m

W Y %@&2

(RO oy

TIME (WEEKS)

a o~ . A oy o ;
S . IR S SRV B S S Y
-i- dJ vor \.I Wit L Lard mm et






LOGn COLONY-FORMING UNITS PER SEED

36

\' SOV £
R It
a @ 0

2 h_m
n ”
WEL A ynri oty mwm&mmﬂnmmn}m .vmmamnmm&

no. " i A

" AL MR TETTRR IS S e S N 2 AL B Sl L L S A S G 2T URIERXLITNY

(&
i e

Simes i@ e

-
: i ;:‘E‘éﬁm‘r" M
i <L Iy,
. {_ ) ﬁ ) Yy NGLE g e ] @
" t A TR, .
! ” W«%ﬁ;&n%é&

IR
o

id

H 1

’.' T Y A T P T I, IS TG T o ST DS T R f e d T R TR A TN

0 1 2 3 4
TIME (WEEKS)






0G4 COLONY-FORMING UNITS PER SEED

33

!

O R S L T A N T P T A R .-_'mmzmcmﬂmmmsx

%m-m A ‘
R -

a“ 2R
H

i L. 8
LT AN REIRIRY H"‘lv R R TR AT L S O A LT AN R LN ARTAR IS o A tne 5N

0 2 3 4

TIME (WEEKS)

‘} 1] ey [
!‘.-)7'""‘\“" DR I B . R
- PR s AT . { .
L I R IR ¥ :

VA e .

s
Lins






LOG1O COLONY-FORMING UNITS PER SEED

.jh

40

R g g
b2y o e s e mmi:z*;.u;izsmmmzi‘amm H A T RET

!

e |

e )
TR S A u

- e, &
&) M’\
&4‘5 "".: o

4::

..nmmm‘ammh AR NSS! "ngmmwy iammﬁmmgu

2 3 4
TIME (WEEKS)

a
-,
e Pl N '*v‘\
) . B P om0
HARAR SR gV N oy oot L% THIY.
¢ . 1 e e
N ]
Gl L3 v -






LOG15 COLONY-FORMING UNITS PER SEED

42

2.

1 A n ]

STRMTER LI L5 .tlr::.m WG S RC L TS R RS2 T ST T L::mmrmmu

CRMIE oy

]
\

6 L "Q':ﬁ'l'i;g‘::rmu.n' £y i
DL s T — f'} o
“ - ‘6“‘ M.bmvd‘)ma‘?(";: ' e En-' N
: o o PR T 3
Hu W) R DR, EA-i
2
{

!
4.,

|

2,

Loanre otg JLE AZL S K3 Y .‘.‘E mmnmrzmmm‘gwr L e pe s e AL fn; AT !?anzﬂ:

0 1 2 3 4
TiME (WEEKS)






LOG 1o COLONY-FORMING UNITS PER SEED

a4

A

ol

A
0§

i

n w

o

Sy e e T

e

e
]
;

EAN

\)
mng

R n B
xm&mmaﬁmmmvm&mmmmﬁu T

1 2 3 4

o

TIME (WEEKS)






LOG{5 COLONY-FORMING UNITS PER SEED

2

.!Z::.

46

i

mmmmmﬁgww‘u LOTO R Tl LN I TS RS

R S s ‘{A -
:"‘ %u\m‘% tmr

TERLIXTE &WL! APCREURZY BLT 7 02737 m..me‘r.-mm;&p "m!mmmm:a'

¥ &
&3

ANTASIT AR swmmmmmm 2 ‘w&wr&m‘nm.ammwmtmmﬂﬂ

0 2 3 4
TIME (WEEKS)






LOG{no COLONY-FORMING UNITS PER SEED

48

.!.\..
)

b Q e e, o)
£

N
"“‘"‘?

m-qm"m {4 ..;mmmmm iﬁm‘ﬁlﬁ.ﬂ‘i?&ﬁﬁﬁﬂlﬁﬂ!ﬂﬂﬁ‘

2 3
TIME (WEEKS)





http:44~444.44

LOG{g COLONY-FORMING UNITS PER SEED

50

&

a mﬁmzmvlmﬂ um‘miwmamﬂmﬁm&

R = R g
6 a == «-AIL‘I y m%m “u%

r[

I

N

il A

T BTN w..’....\ SDREIRENIS RS TR O i SR mm;mrmmmﬂa

E{

6 . ‘ ",‘-"‘
L *‘-ﬁm?«'?_;,\f‘_ X T s . m .
Et o m"t} m‘mcvnm Le e — ; ,.'
‘].ax Q‘_) U' o
g"'.mmﬂx q‘&? mmmﬂ' ‘rmmmwumnmmma:

0 1 2 3 4
TIME (WEEKS)






Fig. 10. Regression analysis of R. phaseoli 127K17 survival when a
30-h broth culture was applicd 10 seed.
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50
remembered that adhesives such as gum arabic often have protective

qualitics which promote rhizobial survival.









