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BRIEF HISTORY OF PROJECT
 

Grant 70-15-64, "Alternative Carrier Materials for Rhizobium
 

phaseoli Inoculants," was awarded April 18, 1977; the original
 

termination date was April 17, 1980. Because of promising results
 

with coal-based inoculants, permission was granted on July 25, 1978
 

to largely restrict further research to coal--provided that peat
 

controls were included in more critical experiments. Gv,'nt 801-15­

97, "Alternative Carrier Materials for.-- ii phaseoli Inoculants," 

was awarced September 26, 1978 to allow for the study of the applica­

tion of coal-based inoculants to seed. The termination date for grant
 

801-15-97 was Septenber 30, 1981; the smie termination date was also
 

established for grant 701-15-54.
 

INTRODUCT I ON 

In order to obtain the full benefits of biological dinitrogen
 

fixation in developing countries, high-quality inoculants must be
 

used. It is ihportant, 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 carrier material. Although peat is recognized as the most
 

desirable of the relatively fe,, carriers examined, peat suitable for 

use in inoculants is not universally available. One objective of this
 

research 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 po ontial as a c 'r ImI.riill, no comp reh',nsive study hid 

been purforam !d up to i:t I, esearchth- "F t,, r projet. ecan, 

our results witLh eight diifurenL coals5 and three strains of R.plapseal i 
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were promising, the scope of tihe project was expanded to include methods 

for the application of coal-based inoculants to seed and a study of the 

survival of the rhizobia on seed. 
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MATERIALS 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 Microbiology Systems,
 

Cockeysville, Md.), 1.0 g; KH 2 P04 31120, 0.66 g; MgSO 4 . 7H20, 0.2 g; 

NaCI, 0.1 g; agar (Difco Laboratories, Detroit, Mich.), 15.0 g; and
 

distilled H20, 1000 ml. Stock cultures were grown on MYE apar slants,
 

in 20 X 150 rm screw-capped tubes, for 72 h at 30"C, and then stored at
 

4C. Fresh stock cultures were prepared every 3 months.
 

Preparation of Coal-Based Inoculants
 

One anthracitic, three bituminous, two subbituminous, and two lig­

nite coals (Table 1) were supplied by the United States Department of 

Energy. All coals were ground in a hammer mill, sifted to pass an 80­

mesh sieve, and dried for 4 h at 160C. 
 The p1H of each coal was deter­

mined by shaking a mixture of 10 g of coal dust and 50 ml of distilled
 

H20 for 20 min, and then electrometrically measuring the pH of the mixture.
 

The moisture-holding capacity (iIIC) of each coal was determined by measur­

ing the amount of 1120 required to saturate a 25.0-g sample. 

Inoculants were prepared by mixing samples of earh coal powder with 

MYE-broth cultures, grown for 30 h at 30C, of R.phaseoli 127K17, 127K26, 

or 127K35 in sterile metal canisters (one coal and one strain per inocu­

lant). Portions (50-65 g) of th e rhizoh ia-coo l mixtures were packaged 

in 6-oz jolyethl' (A m 1) ,hirl.Pk ( N ALLinqn, K.* o, 

These pack ages were i cu Ldted at 30"C for K weeks, and thn stored. 



Table 1. Coals used in inoculants
 

Type Source pH 

Anthracite PA 7.5 

Bituminous iL 5.0 

itumi nous PA 6.5 

Bituminous UT 7.5 

Lignite ND 6.4 

Lignite TX 4.7 

Subbi tumi nous M. 6.8 

Subbituminous WY 7.3 

aThis coal 
was oily.
 

Moisture 


1.6 


i0.0 


0a 


3.4 


26.3 


19.4 


9.0 


20.6 


Moisture-holding

Capacity
 
,nii!00a)10-,esh 


48 


80 


60 


56 


92 


80 


64 


92 


Particle 

36 


100 


100 


99 


99 


97 


98 


99 


size (%) 

200-Mesh
 

39
 

82
 

74
 

69
 

60
 

38
 

51
 

69
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Plate-Count Procedure 

The number of viable rhizubia in each inoculant was determined 

by plate counts. One gram of inoculant was aseptically transferred
 

to 9.0 ml of sterile saline (0.5Z NaCI). After mixing, the suspen­

sion was serially diutd in saline and plated, in duplicate, on [YE 

aga r supplemented with congo red (25 mg/liter; Harleco, Philadelphia, 

Pa.); colonics were counted after the plates were incubated for 72 h 

at 30C.
 

Plate-Inoculation Procedures
 

Pinto beans (UI 111; provided by Dr. A. Schneiter, Department of
 

Agronomy, North Dakota State University) were treated by rinsing in 95% 

ethanol, snaking fur 5 min in 0.2% HyCl 2 (acidified with 5 il of concen­

trated HC] per liter), and riising with distilled H120. The seeds were
 

incubated on w.ater agar for 48 h at 30C 
to achieve germination. Seed­

lings were planted in 60-ml serum vials or 150--ml wide-mouthI flasks 

containin steriIl1, chopped vermiculiLu saturatel with a nitrogen-free
 

plant nutrient solut:ion; the nutrient solution (pH 6.5) contained: KCI,
 

0.5 g; KH2PO4 , 0.2 g; MGSO4"7120, 0.2 g; CaSO 4 .2120, 0.2 g; 13B0 3 , 1.0 rg;
ZnSO4'7H20, 1.0 mg; Cuso4 .5H20, 0.5 rg; MnC12.4H120 , 0.5 rg; Na2moo4.2H20 ,
 

0.2 mg; Fe- FDTA, 1.0 mg; and distilled IH20, 000 ml. After the seedlings 

were planted, the containers were wrdpped with foil, ard seedlings were 

covered with a sterile plastic bag. The plants were grown at 220'C with
 

18-h photoperios(1 
 provicled by ,0-.,at{t plant lights (F40-P.L, General 

Electric) which provided app,,xima:s:aelvy 120)0 lmens. As the seedlings 

grew, tL.q lcAi (;oiLM i P:r' dinund thelul. bay wte r ,'.v.urn packed 

sW o . Plinit:, w i:iImI , r: with n .rie t :;olul n as. n lud (a t: 

30 ml per plIant per we. 
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To characterize the infectivity (ability to induce nodule forma­

tion) and effectiveness (ability to fix N2) of a given R. .haseol i 

isolate, two weuk-old plants were inoctilated with cells grown in 10 

ml of MYE broth for 10 h at 30'C. The cells were pelleted by centrifu­

gation and resuspended in 2 ml of nutrient solution, and I ml of this 

suspension was used for inoculation. Approxilately 18 days after 

inoculation, effectiveness was assayed by the acetylene-reduction 

techn.ique. The stems of plants growing in 60-r' serui vials were cut, 

and the vials were tightly stoppered and pa rti ally evacuated. Then, 

5 ml of acetylene was injected into each vial. After incubation of the 

vials for 2 h at 22"C, 0.5 ml of the gas piahae was removed from each 

vial and analy:ed for cth','lene witlh a Beckmn ,C-- 5 flame ionization 

chromatogylaeph, e,.uip.ppd with a 1.8 X 2 my glans column packed with 

Porapak R (Applied Science Laboratories, Inc., State College, Pa.). 

Operating conditiions were: 

Inlet tempyrature ..... .. ............. 70°C
 

Colutn temperature................. ... 350 C
 

Detector line Lunerature ............ ... 900 C
 

Detector tempIerazure ................ .120 0 C
 

Carrier gas flow (N2)... ........... 50 ml/min
 

H2 gas flow ...... ................. 45 ml/min
 

Air flow ..... ..................... 250 ml/min
 

Col umn flow ..... ................. 20 ml/mi n 

Carrier ma ke-up .... ............... ... 70 il/min 

Following tihe acetylvne-reductiion assay, roots from each vial were 

exarni ned for the presa:ice and appeat:an:e of nodules; roots of plants 

1/i(n.. ( Jtou .r. in inoculation.g'o.n i w d - h fl , Ti.pp: tud 3 w,k after 
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Seed-Inoculation Procedure 

When survival of R.. phaeol-i. on seed was monitored, spontaneous 

streptomycin-resistant mutants of strains 1274]7, 127K26, and 127K35
 

were used. Pinto beans were randomly sepa ra Ltd into 100-b ean aliquots 

and stored in I 8--oz Whirl-Pak bags. Approximately 2 g of inoculant 

containing a strelptomycin-rsistant _R.pbace_1 i sLrain and 10 ml of 30% 

gum arabic (flales; Ilallinkrudt Inc., St. luis, Mo.; were added to 

each bag. The bags were shaken for 10 scconds to facilitate even coating 

of seds, and the seeds wee transferrcd to sterile 10-mesh sieves. These 

were shaken for 10 seconds to r r:ove ex>;c(.ss inoculant, and the see(s were 

removed End stored at 20-22"C in 18-oz Wh irl-lak bags. Each inoculated 

sample .a held for I month, with suLsa.ple; taken weekly. Ten seeds 

were aseptically 'ransferrcd to 25 X 150 mm scrc;w-.capped tubes containing 

10.0 ml of sterile saline and 10 glass beads (3ma). After J0 seconds of 

vortexirig, the resu]tinig suiepnsion was scrially diluted in saline and 

plated in dupilica e on MYE agar conLainri n: congo rpd, dihydrostreptomycin 

sulfate (50 g/mnl; ICi Pharmaceuticals, Irc., Cleveland, Ohio), and 

cyclohinx imide (50 oglni; Sigma Chcmical Co., St. Louis, Mo. ) The plates 

were incubated for 72 h at 30:C befora the colonies were counted. 

http:ex>;c(.ss
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RESULTS
 

In initial experiments, NorLh DaLota lignite obtained from the 

power 	 plant at North Dalkota State Unive'sity was used. After the 

lignite was ground and sifted, 87' of the particles were smaller than 

100-mesi , and 552 were smaller than 200-ms h. Tie p11 of the coal was 

7.6, and the miiist:ure cont:ent was 20-' by weight. When the dust was 

dried at 160"C for 4 h, contaminaLing microorganisms were virtually
 

elimildL(. The dried dust h:od an N. C Af 0 ml/100 g.
 

To aetermnine 
 if the lignite contai ned any products which would be 

toxic 	to rhizobia, water extracts of the lignlitite dust were preparod by 

soaking 60 g of dui-; in 300 iAl of distilled 1120 for 24 . The coal 

suspensiul ('was then filte.redI tl'oiqh muslin and filter paper, and the 

filtrate was used in place of distilled H?_0 to prepare MYE broth. 

?.h 	 i st ina;iis 127K17, 12.7K26, and 12-70,5 grew in the coal extract­

.Y[ broLh as well as tlhey did in nornal .NYE broth in a 48--h period at 

30'C; 	therefore, the lieni te did not appear to he tozic to tie rhizobia. 

Becaluse 5, inp iy ad\rsely affect so,,e strains of..... 

salirie and MYE broth were compared as diluents in the plate-coun L proce ­

dure. Counts obLa-ined with the two dilucnts were comparhiable. Fhizobia 

could 	be hield i a saline at least 45 iin without detEr"imental effects. 

Inoculants having firIal moisture conL nts of 30, 40, 50, 60, and 

70Z of MI C were pre;pa red by adding appro;iate amouits of a broth culture 

of Rj.phasejli 127KI7, grown for 30 h at 30"C, to ]00--g samples of lig­

nite dust. Af Ut.r pactagingj, the inioculant preparations were incubated 

.toredat 30rC for 2 weeks and then at 22'C. The results shown in Table 2 

indicc IML rf i , l ru;vivl wa', h rt in inrculan ; prp :rPd at 6(i-70 

.Ki'r:y1 HK which a 	 rvivol in i,of 2f1(, aL0,7 yjind hniubilh 

1amiL. prqore 70nWAt 	60, and 80 of M alsosOhwod~ tht 60-.707 wa optimal, 



2 Survival- of R. chaseoli 127'177K1, at 2222,,CC, in -­h Dakota atlionite atdifferent moisture levels 

o LOa, col .v-.o.-in c aae 
re-hcldinq 

...c, 2 h 2-k lm. 2 zo 30 __- c-C 7 Smo ro Frio 

6.11 <5.0 

7.51 <5.0 

50 8.20 6.72 8.91 3.77 9.20 8.43 8.23 7.60 6.95 6.76 6.34 5.78 

60 3.80 8.76 9.71 9.C 9.26 9.1S 9.11 9.91 8.53 8.66 7.34 7.00 

70 9.51 6.73 7.75 8.64 9.15 9.3 9.04 8.90 3.74 8.43 8.i 7.88 
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at a higher moisture level the liquid and solid components of the inocu­

lant separated, and rhizobial survival was not as good. Therefore, all 

further inoculnts were prepared by adding broth culture to carrier to 

achieve 60-707 of NitC. Also, inoculants were pa(;:aged in 50- to 65-g 

portions because smalle:r quantit.ies desiccated more rapidly. 

To determiro,, if heat of wettinq would have any detrimental effect 

on rhizobial via ili Hv, inoculants were prepared jith lignite and a broth 

inoculumn of R. ph,-suii 1'YK17. When ino-ulants were rprco; red wi Lh ingre. 

dients equili britLd o 5 or 22"C, the tmypcratures rose to 35 and .,*,C 

respecLively, within 5 mlin. These inoctlants wei' incubAted at 300C for 

2 weeks and then stcred at 22'C. The rhi zohial ni ibers were comparobl 

in both i ncotsl-.. Apparently, the heat produced by nixinug the cirrier 

i neul,. - noand broth ui ckly di ssatd and had d(leterious effect on 

rhizobial survival. 

[Mixture; of l igni te ard va riou'; materials were prepared to determiiinE 

if amended care. erswere superior to coal alone in promoting rhizobial 

survival. Fhe mixtures included: 803 coil: 201 vermiculite, 80% coal: 

20% corn meal, coal plus ]% sucrose, coal plus Vi yeast extract, and coal 

plus 1: catalive (Sig.;a Che;ni cal Co., St. Louis, Mo.) The results in 

Table 3 show that the additives examined did not improve rhizobial survi.­

val as compared to that in inoculants wi thout supplemertation. A two-way 

analysiso of variance performed on lth data at. the 6-month sampliIg time 

indicated no sign ificant difference in rhizubial su-rvival in inoculants 

contai inng a :ended coal or coal alone ( = 0.02). Also, the incidence of 

contmina,lion was higher when corn meal, sucrose, or yeast extract was 

presenit in th, inoculant. 

l,.i '-f inoculdni n . t r, i 'r" d ni eig,I t diff r t c al. 

(Table J) and three strains of .. _h-seoi (onu cou I an(1 one strail per 



Table 3. Survival of R. phaseoli 127K17 in North Dakota lignite and amc',ed lignite 

Carrier Log 10 colony-fo:r'n unts per g after: 

2mh 2"k 1mo 2 ma 3 ;3o 'T o 5 mc 6 mo 7 mo 8 mo 9 mo 

coi 7.95 7.63 8.26 8.54 8 . 0 0 9.08 .30 3.60 8.0 7.90 

f:Coal: 20Z venniculite 9.13 7.77 7.94 8.13 8.08 8.56 8.42 8.25 8.26 8.03 7.79 

ED- C : corn meal 8.46 8.84 9.91 9.67 10.11 9 75 8.51 8.63 8.28 8.24 7.81 
Cc.-.,', sucrose 7.84 7.43 8.80 9.04 8.61 9-04 8.67 8.48 7.70 7.49 7.26 

y+ i' ,east extract 8.52 8.83 9.84 9.61 9.73 9.04 8.62 7.90 7.51 7.12 6.85 

'cal + 1, catala-.e 8.86 -- 9.33 9.23 9.48 8.80 8.83 8.72 8.59 -- -­
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inoculant). These inoculants we . incubated at 30'C for 2 weeks and then 

stored at 22C. Tables 4, 5, and 6 show that all coals, except bituminou 

coal from Illinois and Texas li ipit,, suppomted the growth and survival ol 

all strains of _. pho .gl. The numbers of rhizobia in Illinois bituminot 

coal and Tcxas lig.rrito deci'as.d to less than i X 10 5/g in the first 2 wee( 

the low pH's of these coaIs (5.0 and 4.7, respemctively) may Live adversel 

affected the rhizobial viahiliLy. TLe numbers of rhizobia in the other s 

coals were at least I X ]07 /g afl.r 6 monLths. Two-way analy:es oF varian( 

(a = 0.05) perforo::d onl the survival data at 4 01n(d 8 months inodica ted that 

there were siglifil-cant differenccs in rhi;oial survival among the six ((c 

however, these differece s could not be correlat.ed with th?: gr de of coal. 

Two-way analyses of vai ce al.o indicnted no signiFicailt diffFe rcn cs ,mc 

strains as to survival; that iP, survi\,l was not strin--depende t. 

The influence of storage .,eip2ara ture on rhizub ial viability was studi 

by colparisons of rhiazo, i al sunrvival in inoculants stored at 4, 22, and 3C 

The results in Table 7 shu;.' comparable rhizobial survival (.! X ]07 rhizoil 

per g) in six coals stored at 4 and 22"C afte" 10 months. A two-way anaQy 

of va riance ( . C.05) indicated no significant difference in survival at 

two temperat ures. Howvc\'er, the doita in Toble 8 indicate that rhizobial su 

vival is signi fican tly better at 22'C >-nn at 30"C after only 5 montlis oF 

storage (two-Way analysis of variance, • - 0.05). Also, when one set of 

inoculants was held at 3O'C, rhizhial death was rapid. 

Inoculants were prepared in which the initial rhizobial populations 

varied from I X I0 7 to I X 10 9 colony-fo iYing units per g. After 2 month; 

the rhizobial counts were coi.wp.:ra ,le in all in oculants (Table 9); therefor 

within limits, the initial number of lhizbia in coal-based inocula nts doe 

not scu ,, cri ic ,l Lo th ,, , i .. . . 1nilP t 

http:correlat.ed


-- -- -- --

Table 4. Survival of R. phaseoli 127K17 in coal 

Logjo colony-forming units per g after: 

2 h N-k I mo 2mo 3;7o- 4 mo mo 6 -.o 7 moi 3 ro 9 mo 10 m imo i2 m01 
.- 96 3U 8.83 8.57
8.60 
 8 .5 B.68 . 6 8 

D .3jS- 0. 7.383 .1 7.0, 

i' " ," i5. -- - --

2 8.41 3.86 3.67 3.86 8.3- 8.32 8.08 8.04 8.11 
 7.50 7.76 7.46 7.45 6.78
 

3.40 9.39 3.39 8.91 8.9o 8.90 8.46 8.64 8.45 9.2, 8. 8.76 
 8.72 8.20 

8.7S 0 . ?q 9015 Q.04 q.15 8.92.... '. ....... 
 3.74 ... .3.65 

LT 7.08 <5.0 ...............--

0 91 .. - 8 .63 .67 8.51 

-- --. 

L.45 9.58 9.57 9.51 9.32 9.45 9.11 9.20 8.08 8.64 8.60 3.57 8.49 7.31 

35",5 . .69 8.43 9. 08 8.48 8.54 8.26 8.1 8.41 .4 .57 3.04 7.89 

-Abbreviations from Peinsylvar:ia; _ bituminous coal fiom Illinois; SP, b-tl­used: AP, anthrac'te 

mnous coal frm Pennsylvania; BU, bitu inous coal 
 I fromfrom Utah; LIN, -,,te North Dakota; LT, lignite


S., asubitumnous coal from Ne' Mexico; SW, subitumnous coal fro. Wyoming. 
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Table 7. Survival of R. phaseoli ]27K7 in coal at 4 and 
22 0C after 10 moiN, 

Coal Logyl colo(ry-forming units per g at: 

.. . . 4C 22 0 C 

Anthracite, PA 7.64 	 7.38 

Bituminous, PA 	 7.58 
 7.46 

Bituminous, T' 8.64 8.76
 

Lignite, ND 8.72 
 8.67
 

Subbi tumi nous, NM, 7.84 	 8.57
 

Subbi tnTmi Ions, WY 7.92 	 8.57 

Table 8. 	Survival of R. plqsyqli 127K17 in coal at 22 
and 30"C af Ler 5 onwths 

... . .. . . .-. .
. .. . .. . .. ... . .. . . .... . . . .. . . .. .. . . . . . -	 . . . . . ... 


Coal Lo.g10 cl ony-forumi ng uni ts per g at: 

...... .. 22.C 30C 

Anthracite, PA 	 8.59 
 7.08
 

Bituminous, PA 8.08 4.00
 

Bituminous, UT 	 8.46 
 8.97 

Lignite, ND 8.98 5.45 

Subbi tini nnus, NM 9.11 	 7.15 

Subbituhoi nous, WY 8.54 
 7.20
 

To confinn the results of the long-term survival studies using the 

eight coals and three s.rains of Ihna 24 werep. enli, inoculants again 

prepared. liowevcr, the ei ght coals (whi(hI had been stored 83mon ths by 

this timne) hod 1( i.' pH' chc, was L pro)ly , to spntanlou; oxida tion 

of ali phat.ic qrOwul . TW N 10 ,l.n, th, ', ; f i.- ,. 1.s after sirr, 
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STable 9. 	 Effect of inoCUllievel on the resuil tant number of 
rhizobia in the inoculant 

Co0al1 	 Log,, colony-forming units per g after: 

0jOh 2 h 2wk 1imo 2 m6.'1\ 

9.08 8.16 8.79 8.81 8.87
 

.Bituminous, 
 UT 8.08 	 6.92 FW93 10.30 8.*76 

7.08 6.04 M~7 8.95 8.92
 

9.11 8.72 9.46. 9.18 9.11 

SUbbit.Uiinous, NM 8.11. 7.62 9.38 8.96 9.20 

7.11 6.52 9.04 9.04 8.69 

A 
S.jAA ' ,A4 AX S j A 

, 

4" , ".A . < 

Table 10. 

Coal 
- .. 

A 4 A JV" < ; 5 . ,< 

Coqal1pHL after 
'. ' t ,, 

, 

' > '' J - , " , : -' 

8 and 
, 

W , l . 

13 months of storage 

p 
D < . ,+ !. , , 

- = , / , . <, , , - , , .< , 

_ 
., : 

, , q v ' :., -i = - '7x: i , ' 

Initial After 8 mo After 13 mio 

Anthracite, PA 7.5 6.7 6.7 

Bi tuminous , IL 5.0 -­ 4.5 

Bitumlinous, PA 6.5 5.8 5.8 

KBi tumi!nous, UT 7.5 6.6 6.6 

Lignite, ND 6.4 5.8 5.8 

Lignite, TX, 1.7 -­ 3.4 

.2. .' Subbituld'hOUS, NM 6.8 6.3 6.3 

Subbituminous, WY 7.3 6.6 6.6 

for 8 and 13 months. Virtually all oxidation seems to have occurred 

within the 'first, 8 months. Coal pHl does not. appear to be, affected by 

Storage with 'R.phso~.(al611); Lhe inoculaiit pHl's were cowpardbl c 

to the pHl's of the coals alone after' 13 months. 
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'Tabl7. ' e 11. Inoculant pH after,13 months 

Coal pH
 

___________________127K17 127K26 1?7K35
 

Anthracite, PA 6.7 6.9 6.9 

* ..~.Bituminous, PA 4.8 4.3 4.2
 

Bituminous, UT 6.7 6.5 6.6
 
Lignite, ND 5.8 5.7 5.5
 

Subbitumi nous; NM 5.9 5.7 5.9 

SubbitmnuW 6.8 6.5 6.7 

Tables 12, 13, and 14 indicate that rhizobial survival in the second 

trial was similar, to that in the first, except that sonie of the coals 

having more acidic pH's after 8 months of storage (Pennsylvania bituminous 
coal and North Dakota lignite) did not..............maintain rhizobial viability as
..... ...... 'p 

*well as they had previously.~ Two-way analyses of variance (a 0.05) per­

formed on the second trial results at 4 and 8 months indicated significant 

differences in rhizobial survival among the six coals that allowed long­

term viabil ity. Survivals of the three strains within each of the six 

coals were again comparable-, two-way analyses of variance (C4 0.05) at 
4 and 8 months indicated that survival was not strain-dependent. The . 

fore, the results of the second trial strongly supported those of the 

first. 

U 

Vf 


In order to confirm that colonies enumerated in 
< 

plate counts of 
'' 

* "p '. .. ", 

difrne nrizba uvvlaon h i ol ta loe og
ino0CUlants stored for prolonged periods were dlue to 
: 

r, iblt.Sriaso hetresriswti R. jfraseoli, plantjaho
 

Inoculation tests were perfo,'ed on isolates from inoculants prepared 

With R. Laeoli strains127K17, 127K26 and 127K35 after 8 monthsof
 

storage; all isolates were infective. In addition, acetylene reduction
 
assays wore perfoied on the R aseo inh an 127K26 isolates, and
12 7 K 17 nd 

they were al effective. 



Teale 12. Survival of R. phaseoli 127K!7 in coai (second trial) 

C:: ~ Loc... cc- cmo Ufit cer a after: 

2hj 2wk 1o ,: To me o 6 m 7 ,c 3 mc 
,qa7.77 3.35 3.53

,7. LS ., 8.10 8.4A0 3.2 
3 . 2o 3.03

n;0 3.048.04 

.4, 6.58 <5.0 
3.04 3.94 8.74 8.84 9.1i 3.13 8.11 3.11 7.49 3.11 

7.56 3.96 10.18 8.35 9.32 9.15 8.80 9.23 8.59 8.67 

8.23 7.74 7.73 7.85 7.20 7.56 6.95 6.75 6.69 6.52 

LT 6.15 <6.0 __ 

SN 3.13 !0.13 9.53 9.54 9.20 9.18 9.15 3 9.C 8.70 

.40 7.79 8.46 8.33" .59 8.76 _ 8.50.. 2 
A,reviations used- AP, athracite frorm
0

Pennsylvania " b-.i 
; 7 4,-,!, ...S C_; 

,:.us c.al from Per nsvi vania .. bi--tuminous cc r;tv a n,-EU, 4r 
from, Te;-as; SN. subbituminous coa ram Ne.. .exico; 

m Ilno i­from Il in is: BP. b,u­
h....,orthota: _ .
 
, n...........
. 



= e 13. 	 Survival of R. rhaseoli 127K26 in coo (second trial) 

. Le n co~ny-fr 	 n ,-. 

2h 	 2 k !7 o 2n 3-r 'Ho 
-7 7.o 

7.7 	 P 

7- .	 - <5.0 ................
 

7.78 	 7.46 8.53 8.08 8.45 8.13 

7.76 	 8.76 8.76 8.74 8.81 8.94 

3.58 <5.0 6.,24 7.91 8.38 8.20 

LT 	 7.23 <5.0 -- -- -- --..... 

J- 9.00 9.48 9.11 9.28 9.i 

,.34 60 - 5.9, S 7.51 7.99 
.tbrevia tions usl"AP, anthrzcite m, 	 Pe•nsylvnia;3. G. nI,-va ie 

-qnSs 
 col £; " 	 2rSvivan ;,aBU, bituminous coa' fr . U;Tah; U 
"
 rr Texas; S'!, s ub L'Lu-c:, n, ScC e~ r " ' t:I.ceX4xc-,.c - .. 

rnitsoneri fter: 

6o 

_-, 7 

7.30 7.04 

8.81 8.58 

7.38 7.75 

9.C4 3.80 

7.S0 7.73 


-c li
b~ ml -is cr,.al 	 from 

onite. frc'ii N.orth 


7 mo 

.,38 

6.98 

8.54 

7.53 

8.95 


7.86 


Illinois; 


Dakota; LT, 

. ,rc. 

8 mo 

.Uf:
 

6.95 

8.78 

7.66 

9.04
 

7.99
 

8P, bitu­
lignite 



Table 4. Survival of R. phaseoli 127K35 in coal (second trial) 

Lo-, coicry-fcm:ing units oer q after: 

2h 2.k 1 mo 2o , me m5 c 7 o 8m 

5.00 7.. . 6. 6.5 6.92 6.04 

5.73
 

8.3S <6.0 6.67 7.45 7.92 
 8.38 7.74 7.49 6.58 
 6.59
 

8.34 8.38 8.32 8.49 8.15 8.59 8.54 8. 51 8.15 8.18
 

Li' 	 8.40 7.70 <5.0 <4.0 5.32 5.98 5.76 49 6.38 5.91 

3-.15 <5.0 ..............---< 55.91	 ­

8.71 'ar 9.11 9.08 9.2323C0 	 .95 9.04 8.72 

S".! 	 8.41 <6.0 7.65 
 8.54 8.50 8.51 3.43 
 8.32 8.28 8.15 
aAbbreviaticns used: AP, anthracite frcm Pennsylvania- 2, btu:nous coal from illinois; B7f,bitu­

..- from. Pennsy!vania- BU, bitumrinous coal
ious coal 
 frm Ua LI iorth 	 Dat T,
c7-,lexas; SNo,subbitu iSc 	 '. su-'inous c,'l fom W.yomino. 
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Because survival of .R. /Ijhy ol i in 111 inuis bi uLinIous coal anl 

Texas ligIlitv, wiS po 'r, pr)ohb,1I V..duo W the ,.,, pH's (f th,;: cools, 

several cowaour. w'ere tested;For tIhir a4i iil., to Wiae coal pHl. 

Of thes., "preci pitated" (C CO3 was b(e. Tiy ru-ulk.'; in TiWIls 15 

sho, the ,fIVand 16 that adi Lion ,F ].r. CO, to Illin~ois bil umi ous 

coal and Texas ligirqie sub.;WoLiolly iceossrd their pHt's. Long-tenTl 

rhizubia 1 sur vi val e:p rimi'ini w,r p i r2:::d u;i i )i ts in ;us coals 

from 1.1 1 u i s end Pav.nsyl vni , and 1il Uct,. f rum North DAikMt; and 

Texas containing, 10' CCO.,. Peat., also chLair ig 1_ w,,
' Co a'.,',s 

used as a control. "1h- surviva 3 dt are given in Table 17. In al 

cases, gr.ator than I X 1 viable j. Pysni cells per g w:ere present 

after 6 mcnths. Illini; hi nocus col had greatr han I X 106 

viable cells par 1aftr ]0 ;ol,:M, and !',as lignit, had r::ak rthan 

I. X 1( viatle cel Is per g af t. 32 ioltis. Rhiot',ai survival ii Texas 

lignite for 12 mrnths was not si guificanLly diFifcrert frc: that in any 

of the other cool s tested. Sta tist.ical analysis indi ca .. d that survival 

in CaCO -mcnded' coals was not S.ra i n-de'dht 0.05). 

lab le 15. Relat .i o iilp lhr m C c., c ,n1 "tion 
. ri:j)J , f " ';.' . vi:o a., 

Amount of /csow t of CaCO..C pH
coal (g) CaCO (g) 

10.0 0.0 0 4.0 

9.5 0.5 5 
 6.2
 

9.0 1.0 1O 6.5 

8.5 1,5 
 15 6.7
 

8.0 2.0 20 6.9 

7.0 '3. 30 7.1 

6.0 4. 40 7.1. 

5.0 5.0 50 7.2 



_____ 

i iTble 6 . Relationship between CaCO concentration 
_____ of Illinois ___________coal 

Amount of Amounlt Of %CaCO 3 pH
coal (g) CaCO3 (g)
 

10.0 
 0.0 0 5.1-5.9
 

9.5 0.5 
 5 6.8 

9.0 1.0 10 7.1 

8.5 1.5 
 15 6.7
 

8.0 2.0 20 6.6 

7.0 3.0 30 7.2
 

6.0 4.0 40 7.4
 

5.0 5.0 
 50 7.5
 

The pH's of the 15 inoculants were determined electrometrically
 

after 13 months of storage, and the samples were also checked for
 

moisture levels. Each 
 value in Table 18 was the result of tripli­

cate deteniinations, and one-way analysis of variance 
 indicated no
 

significant differences among bacterial strains (= 0.05). Changes
 

in pH, known to be detrimental to rhizobial survival, did not appear 

to be a factor in rhizobial death in coal-based inoculants amended
 

with 10% CaCO3; all inoculant samples had p1's greater than 7.2 after 

13 month J.
 

After 13 months of storage, the moisture in all inoculants had 

decreased to approximately 30% of the original content (Table 18). 

Rhizobia are highly susceptible to desiccation, especially in the case 

of the fast-growing strains (R. phasoli). No relationship between tho 

degrc-of moisture loss and rhizobial death was no ted. Ill nOis 

rked i, rhivzb ia1
coal , whi ch had the mostl iecrta: viabilIty afl r 

months, also had the highest remaining relative oiStre, North )akota- ,
 
-- ~ ~ emalnl, . l~vostr,,o 
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lgni te, on the other hand, had adecuate surviv of R.raeol i after
 
13 imonths, along wit h the lowest remnaining moisture relative to 1MHC.
 

The problems encountered with', low pH coals can 'apparently be ci r­

cumvented with the addition of 10% CaC- 3 as is presently done with peat.
 

However, rhizobial survival in coal during storage in apparently depen­

dent on the coal itself. Statistical analyses indicated that rhizobial
 

survival in coal-based inoculants was 
not strain-dependent.
 

Various methods of applying inoculant to seed employing I
 

lant, water plus inoculant, and an inoculant slurry were examined; due
 
to a lack of adequate adhesion 
 to seed, these methods were discarded. 

Application of coal-based inoculants using 30% gum arabic allo,'ed for
 

good numl)ers of bacteria per seed (Table 19). One-way analysis of
 

variance indicated no difference in adhesion among coals ( = 0.01), or
 

between coals and peat (c 
 0.01). Data developed from'rable 19 indi­

cated that approximately 1 mg of inoculant adheres to each seed. 

Viable cells per seed wqere, determined by plate counts. Other 

research-;,s have shown a close correlation between plate-count data 

and nodulation,,,thus supporting the reliability of this method. Seeds
 

were stored at room temperature in polyethylene bags to allow for gas 

exchange with a minimum of moisture loss. Samples were taken weekly A 

and plated on agar containing congo red, dihydrostreptomycin sulfate, 

and cyclohexiinide. Congo red, due to its slow uptake by R. phaseii­

assisted in the recognition of rhizobial colonies. While the sterility
 
of the applied inoculant can b controlled, seed-sterilization methods 

are tedious and can. affect the rhizobial survival in the applied inocu­

Ia-t. ihydrostreptomycin, which did not inhibit the resistant R.haseo] 

.. ,ost uontanlinating-microorganisms and thereby "llovwdmutants, eliminated 

accurate COun i ng. Cycloheximide prevented funga1 contami nation. When 



Tabl e:19. Average numbers of rhizobi, applied to seed using coaI based 
110inuoaantL r 30%cju,-Lm arcbic as an adhesive ___ 

Log10 a,doily fonm ng Units: 
.........2:.K 5 	 ,
Carrier 	 Strialin1i --cPer g o.f7 . .- P.1- n. 


Anthracite, Pennsylvania 127K17 9.91 6.39 
127K26 9.48 7. 

" 127K35 8.41 6..6 

Bituminous, Illinois 	 127K17 7.32 
 5.59
 
127K26 7.41 5.74 
127K35 9.79 5.70 

Bituminous, Pennsylvania 	 127K17. 9.23 7.11
 
127K26 9.45 7.15
 
127K35 	 8.78 7.09 

Bituminous, Utah 	 127K] 7 9.96 7.15 
127K26 8.53 6.88:**,
 

-- " 127K35 9.08 7.45
 

Lignite, North Dakota 	 127K17 
 8.00 	 6.23
 
127K26 	 9.34 7.241271(35 8.13 	 6.73 

Lignite, Texas 	 127K(17 8.70 5.77.
' 

127K26 8.06 6.04
 
127K(35 7.87 
 5.50
 

*Subbi tuinous, New Mexico 1271(17 8.62 	 6.66 
1271\'26 	 8.60 7.21 
127K(35 	 8.60 7.08 

Subbituminous, Wyomi'g 	 127K17 
 8.68 7.25
 
1271(26 .7.85 7.30
 
127K35 8.50 
 7.30
 

Peat, Nitragin Company 	 127K17 10.30 
 8.00 
I27K26 9.70 8.01 
127K35 11.02, 8.20 

the R. phaseoli strains were plated on both MYE agar and MYE agar containing 

di hydrostreptomycin sulfate and cyclohexinide, there were only negligible i. A 

differences in counts. 

Survival expeiments were continued for 4 weeks, and the data were~ 

Cnetdt 0athi for 	 a~iyi Tbe 20-27). 1Lach 



.TloP...!. Surv~iv_'1 P~:.rtt ,nP,?n_, ;y .;i.a-: Unici i .e on, secci2 .. c...fphv;.n.1 !.i vI.,,y 

0 28 
I~gO co1 n,.--foilir; nqi; se V':,per l ci- ..

127K17 6.2 5.4 5. 4.8 4.]
6.5 - 4.8 4.8 4.4 
6.1 5.7 4.8 4.5 4.1 

127K26 6.2 6.0 .) 5.0 5.0 
6.3 - 5.2 5.5 4.5 
6.2 6.2 5.3 5.3 4.5 

127K35 6.4 5.9 5.2 5.5 5.0 
6.3 - 5.6 5.1 
6.4 5.9 5.5 5.1 5.0 

Ta)le .21 . SUrvi-Vi l .o[_.._..jj],.c crnl i- n li in, s_h.i t_umilous cn.o.,_seed, 

to q]1 ('01 f 0 ni Uiitn per sced afier: 

Strain1. 0 . . ."k 2 w.k. 3wk 4 w 

127K17 4.6 3.1 3.43.9 3.8
 
5.7 3.6 3.0 - 2.9 
4.3 4.5 4.1 - 3.1 

127K26 4.7 3.8 3.3.4 3.9
 
5.8 3.2 3.3 ­ 2.6
 
4.5 3.4 ­ - -

127K3 4.7 4.5 4.0 4.5 4.1 
5.9 4.6 ­5.4 3.8
 
3.6 5.4 - ­ -



Table 22. 'uirvi of' I!, in 	 i i, tval P.n:Llv'm. , 	 Li cni. 

l.o(J.)o c ', .Iy- ,,; i !i if I s f , .ClSI . ...?.. 

St+rra - 0 v/'k L2~k3v 	 1w 

127K'1.7 	 5.7 5.5 4.7 4.0 3.5 
6.2 5.4 5.0 - 4.6 
6.0 4.2 	 3.9 4.4 

127K26 	 5.9 4.7 3.7 3.2 3.1 
6.1 5.6 5.2 	 5.0 
6.0 5.5 5.2 4.4 4.7 

127K35 	 5. 8 - . 4 4.6 3.8 
6.0 5., 5.0 - 4.3 
5.8 4.4 4.9 3.7 3.7
 

Table ..23. Su'rvi.'!_._of P.n f"_li i 	 , on .UL: h hi iii cyl . seed 

(:21 Or:,' i[(icy 	 r: rfcv( ioif 	 nju its-. (:.- v f, m )er rr:cd .nfTCr: 

Strain------0 wk-- 1v: - vtk 3V'k 4 w-2 

1271"17 	 6.1. 4.5 3.0 4.5 3.7 
62, 5.5 5.41 5.0 4.1 
6.0 5.4 4.6 5.2 4.5 

127K26 	 6.0 4.7 5.5 4.7 4.0 
6.1 5.4 4.7 4.6 4.3 
6.2 5.6 5.1 5.2 4.9 

1.27135 	 5.8 4.6 5. 5 4.9 ,1.2 
5.9 4.9 - 4.3 3.6 
5.8 4.8 4.3 4.3 3.5 



Table 21. Surviwl oi R. jhi;syli iii NorLh Wonkut 1nmntei on s;eerd 

Loy]O colrn'-foC jirg ""U i. pcr .oc'dod aM um 

Strairn 0 w.i , 2 . 3 ,k 4 wk 

127K17 
 5.0 3.9 3.8 5.2 3.3
 
5.1 1.2 - 4.2 4.9 
5.7 5.2 4.7 4.6 3.9
 

127K26 - 5.8 5.6 5.0 5.1 
6.4 5.4 6.2 5.8 4.6
 
6.3 6.2 5.; 5.7 5.1
 

1271(35 6.3 5.4 5.5 5.2 5.2 
6.3 5.9 6.0 5.9 4.9 
- 5.9 5.6 5.7 5.5 

Table 25. Survival aya..l inin ,Ii on ..off, lOa'; u.,I 

Lo 0 (Colmiy-foryinq uliits pcr' a "Ler: 

Strain 0 A, I ,. __ 2 33 w, 4 wI­

1271(17 5.8 4.4 4.3 3.5 ­
5.7 4.5 4.3 4.1 ­
5.6 5.,3 4.3 .'1.4 4.2 
5.6 5.6 4.A 4.3 4.0
 

127K26 
 6.0 5.8 5.3 6.2 1.7 
6.1 6.0 5.8 5.1 5.1 
6.2 6.2 5.6 4.6 5.0
 
6.1 5.5 5.) 5.4 5.3 

127K(35 5.5 4.9 5.6 4.5 1.5 
5.2 5.0 4.7 4.5 4.6
 
5.9 6.0 5.3 4.8 4.8
 
5.6 5.1 4.6 4.] 4.7
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Table 26. Sulrvival uf ,R.. s.. in.N, xic, sub th iinous coa! 
on see 

St rain 0 I k'k 2 3 v! 4 ,;,k, n,,,
_ 

127K!7 5.8 5.0 4.5 3.9 4.5 
6.3 - 5.8 4.8 4.4 

6.1 7 5.7-. 5.2
 

127K26 - 6.0 5.8 
 5.6 5.2
 
6.4 - . 5.5 4.5 

6.1 5.9 6.0 5.1 

127K35 6.2 5.5 5.8, 5. 0 5. 1 
5.0 - 5.6 4.0 4.). 

5.2 4.9 4.9 4.2
 

Table 27. Survival ( '1 in Wyc,::i j sutbitumir,oluOcual on 

Logo colory--.rm~ ing
0 up!i t. per srud aft-er:
 

S"'10w I-w 2~I... 

1.27K7 3.7 2.8 3.2 2.7 2.4 
5. - ,.3 At.0 4.4 
6.0 5.9 5.8 5.6 4.6 

127K26 5.4 3.5 4.8 3.2 3.0
 
5.5 3.5 3.6 4.5 3.6 
5.1 3.0 - - ­

127K35 
 5.3 3.9 4.6 3.7 3.9
 
4.7 3.5 3.1 2.6 2.8
 
5.4 4.9 3.1
3.4 3.0
 

http:colory--.rm


experiment was usual lyperforied -in tri i ca-to to increase statistical 

validity, Linear rogre,'siOn analysis of rhizobial survival in each coal 

yielded regression lines shon in, igs. 1-8. Two-way analyses of vai­

ance of the slopes indicated no significant differences among bacterial 

strains (c but significant differences among All0.05), coals. of the 

coals tested, except for the subbituminous coal from Wyoming, had greater 

than 600 viable cells per seed for at least 4 weeks; this includes both 

of the coals (Texas lignite and Illinois bituminous coal) that previously 

had not suppo-ted rhizobial sur'vival without the addition of 10 CaCO3. 
The peat-based inoculant, used as a control, gave significantly better 

survival on seed than did any of the coal-based inoculants tested 

(Table 28 and Fig. 9). The average logarithmic decrease in the rhizob-iiil 

Table 28. Survival of R. paseoli in peat on seed 

Loglo colony-forming units per seed after:. 

Strain OVlwk I wk 2 wk 3 wk 4 wk 

127K17 5.8 5.9 5.8 6.0
 
5.5 6.3 5.8 5.0
 

127K26 6.0 6.1 5'8 
 5.7 5.4
 
6.1 5.8 5.9 5.8
 

127K35 6.0 5.5 5.1 
 5.4 5.2
 
6.3 5.9 5.4
5.6 5.6
 

population in peat over 4 v'eeks was approximately 0.5 units. Most of 

the coal-based inoculanLs applied to seed hau between a 1- and 2-unit 

decrease in viable cells per seed in 4 weeks. 

To demonstrate the need for an inoculant carrier, a 30-h broth 

.culture of R, phaseoli was applied to seed Using 3M%gum arabic as 
an adhesive. The seeds were treoted exactly as described above, .ut 
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Fi g. 2. Regression analysis of R. phaseoli survival whjen inoctIlan1ts 
cotaining lllinois bitumin~ou coa'l wereapidtied 

R. phaseoli strains 127K17 (top), 127K26 (mid'dle) and" 
12 71',"-. o-ttoil were studied. Different sumbols indi cate

i~ii:[i,] ,different survival experiments., 
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Fig. 3. 	 Regression analysis of R.phaseoli survival when inoculants 
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Fig. 6. Regression analysis of R. phaseoli survival when inoculants 
containing Texas lignifJ ~/~1'e applied to ~.4>seed. R. .PilaSQOli
strains 127K)] (top), 127K26 (middle), and 127K35 (bottom)

were studied. Different symbols indicate differcmt survival
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were sampled more frequently. The regression line in Fig. 10 shows 

that viable cells per seed decreased i)y greater than 3 logarithmic 

units in 5 days. These data were also collected in triplicate to 

increase statistical validity. 

One of the coals tested, a subbituminous coal from Wyomiing did 

not support greater than 600 cells per seed for 4 weeks. This inability 

was probably due"to the low rhizobial count in the original inoculant. 

The regression line for this coal (Fig. 8) did not vary significantly 

from those of the other coals tested. 

Some relationships between the MI.fCs of the coals and their 

abilities to support rhizobial survival on seed were noted. Those 

coals with the greatest 111IC's had the greatest degree of rhizobial 

survival when applied to seed. Aside from the relationship between 

MHC and rhizobial survival, survival could not be correlated to the 

type of coal used. Peat, which has the highest MHC of any inoculant 

carrier tested, also gave the best rhizobial survival on seed. IIany 

researchers have noted the detrimental effects of drying on rhizobial 

survival and these effects would be equally pronounced on seed. 

To check nodulating ability, each inoculant was applied to seed 

and the seeds were allowed to gemninate. All resulting plants were 
nodulated when examined after 4 weeks. 

:.1
 



Fig. 10. Regression Zralysi s of R. ph, scsol_. 1271,7 Survi\al wvhen a
30-h broth cult ure was .pplied itc seed. 
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CONCLUSIONS 

Whii Ie peat ria i n the besL of all i nocul ant carri ers tested, a ' 

variety of organic powders show promise as alternatives when Su Lab] e 

peat is unavailable. The results of this research generally confi ni­

and extend previous encouraging reports on the use of coal a','dust 

a carrier. Not only does long-term survival of rhizobia in coal appear 

acceptable, but coalI seems to protect rhizobia onl seed as wellI. 

The results of this study, which used eight coals of various 

grades and from divergent locations, demonstrate the general suitability 

of coal dust, or Coal dusit containig.CaCO3 as a carrier. Most coal-based 

inoculants stored at room temperature contained more than 1 X 108 rhi ZOia 

per g for at least 8 months. It is important that R. _phaseoli survival 

was not strain-dependent, and that symbiotic properties did not appear 

affected. Additionally, no correlations were made between the grade of 
coal and rhizobial survival, 

Although R. paseoli survived best on pinto bean seeds when a peat­

based inoculant was used, coal carriers afforded considerable protec? 

to rhizobia on seed in view of the rapid death of R. jphaseoli when no 
carrier was: used. Using coal-based inoculants, virtually all seeds had 

more than 600 viable. R. phaseoli cells after 4 weeks, It should be noted 

that the amotunts of inoculant applied to seeds with 30% gum arabic were 

* comparable for peat and coal. 

t
C :,¢ . ;t a ;;f " :. " 



.it, ,, , /rq4; ;o 7kq ° 'a..:
, 
 ' s 7 h ____________, 

-~~~~~~~- - --- ---- .. 

Coal should be strongly considered dts a canrier when peat suit 
able for inoculantanufacture cannot be obtained. The grade of the 

coal does ..,. seem important, although preference should be given:":...
.. 0; to coals a '"l" : 
.
 ,, . .;.
.to : ,:. <al s having pH's near neutrality and relatively high MHC's. 

. . Should a coal be too acidic,' adjustment of the pH with "precipitated" .' 

CaCO 3 is recomuended. Other considerations when selecting a coal 

should-.include ease of milling, l ack of toxicity, and lack of spon­

taneous clumping of the coal powder. 

Coal should be processed for inoCulant use in much the same manner 

as peat. It may be desirable to employ mineral oil to control dust. 

Heat sterilization of the coal carrier will probably be required in A 

order to control contamiation; heat has the additional advantage of 
- "' reducing the moisture content of the coal and thereby allows more broth 

. .culture to be added. It is recommended that the coal po" .benmixed 

with sufficient broth inoculuni to obtain 60-70% of MHC. If the carrier 

requires neutralization with CaCO 3 , the CaCO can either be mixed in 
3 3 

with the broth or added directly to the dry carrier. The latter was 

performed in the present study because of difficulties in dissolving 

Sufficient CaCO 3 in broth. Various inoculant amendments such as sucrose 

and yeast extract should be avoided, for reasons of contamination, unless
 

demonstrably superior rhizobial survival is obtaiied by their use. Pro­

cedures for curing and storing coal-based ioculats should be those used 
for peat-based inoculants. i lou
 

The use of an adhesive for the application of coal-based inocuanits 

to seed is'rbcofl11endbd,. Although coalbased inoculants adhere to wet 

Seeds, distributionl of the inoculant is o0t unfOM. It Should also be 
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remem~ibe red that1 . adhsv-(1IIS ''udSSi as qui; t-arab ic of ton have pro tectiv 

qual iti.i osWhihcI promo1te r11i ObI al surWIval 



IMPLICATION OF I1NDINGS TO DEVELOP ING COUNTR IES 

It has been estimated thdtt the world's population will1 nearly 

double by the year 2000, anld much of this increase ill occur inl 

developing countries where food shortages already exist. . AllI food 
production is Ultimately dependent upon "fixed" llitrogel Supie ite 

by industrially produced chemical fertilizers or biological nitrogen 
fixation. Because the industrial mlanufatture of fixed ni trogen r-e­

quir-es immense capitalization, high energy co11SUMption, and fossil 

fuels, biological nitrogen -fixation ~offers the best prospects for 

providing fixed nitrogen in developing Countries. 

The Rhizobium-l egume symubiosis is the most important of the biologi­
i A- . . y M' * . . - , , . , . > < , , , , , . , . . % . - - .L - . . , . , . [ . 

'cal nitrogen-fixing syst~ems. A major constraint in exploiting the:. a ' : Q;;.' -" /:' . " ' > "'/,;' :" . - ' " '' ° -- ',; /' "'' - ' "t; . .. .'" -'°' "' " 4 'Y .. ; S i " i 'i' ' ? : " / , " " i 9 , -- , : 
a .,,- i' :,7.-',',.'.". , ,. , ,,. ,*\ ,,-"'.-' -<,,,- - ', , -,,: - i .,- .', #-symbhiosis ,.'., : ,,'. 3 ' .>is a lack of legumie inoculants for Supplying rhizobia appro­-

, CL '; *b ' ," '. ,"< ! ,': "T : ; ,- , f y > /; ;'. '\}' .. ' ; P ";,L7: i'' ,:', , ;V '': > . -,, a ; " S 

priate for the crops of a given area. Wvhile it seems best to mlanufacture{*;''.,;.<j ., .. I P A .E O , ONRIES ;'!:?' ~i. ;.' ;i . ;!. 
imiculants close to where they are used, the establisirnent of. an inoculant 

deveopi g co 
industry may be impeded due to the lack of an acceptable inoculant carrier, 

a' od sotaesa e i.t
Peat, the carrier of choice for Rhizobiu.M inoculants, is not' easily obtain­

able in all areas of the world. The present research has shown that coal, 

wihich is mined in nlumer-ous geographical areas, deserves considerati on as 

an alternative to peat inR. phaseol i inIOCL1ants. 

i" -, 
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