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VIABILITY OF NODULE FO .ING BACTERIA ON STORED 

I OCULA'l'ED Ll!l UMINOUS oEED 

INTRODUCTION 

It is generally aoeepted that legumes should be inocu-

lated with their specitic nitrogen fixing bacteria tor good 

nodulat1on and nitrogen fixation (7. pp 247-249). Soil upon 

which legumes have recently been grown may contain a small 

number ot Rhizobia. The seed naturally have small number 

ot the bacteria on them. but the organisms are either poor 

nitrogen fixing strains or are present in too s all numbers 

to insure sutt1o1ent nodulation. It is therefore necessary 

to add superior eo ercial strains to obtain maximum nodula-

tion and nitrogen fixation. 

Although the benet1oial results ot seed inoculation 

has been established, it is diftioult in practice to get the 

planter to cooperate in making such inoculations. Not only 

ls there a great ignorance among farmers concerning s ed 

inoou.latlon or legume seed, but there is also a lack ot con-

ridenc in its use. In some instances where 1noculants are 

used, the most beneficial nodulation is not obtaina~ because 

the inooulum is improperly applied. Yet not all the trouble 

originates with the tar er. The co eroial inoculants otten 

vary as to pur1 ty and numbers of organisms ( 10) • ('There is, 

however, an attempt on the part ot three or four states to 
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rigidly control the identity and numbers of organisms ot 

such cultures tor co ercial use.) Some cultures contain 

the proper numbers o.t organisms but have poor nitrogen fix-

ing ability. any are not dated or are lett on the market 

after the expiration date (11). It the planter buys these 

interior ·1noculants, he will not get tull benefit ror his 

added labors. 

From this it can be seen that some means is needed to 

control the lack ot uni.tormity. l!:ttective batoh inoculation 

by the commercial seed companies would indeed be a solution. 

It the seed distributor controlled this process, it would be 

possible to have all seed sold properly inoculated. It would 

save both time and trouble on the part ot the .planter. The 

seeds ould be uniformly inoculated with pure cultures ot 

good strains ot Rh1zob1a. 

It batoh inoculation is to be possible, the Rh1zob1a 

must remain Tiable on the seed ror a sutticient length or 
time to be efteotive -atter distribution. This period ould 

probably be tro six to nine months at the most. 

Some remarkable reports ot the longevity ot Rhizobia 

have been made. Edwards (5) reported on the viability ot 

clover and alfalta organisms grown on wood ash maltose agar 

and sealed. '!'hey were round to produce nodules at 16 a.nd 10 

years respectively. Jones (12) also reported organfsm.s al1"Ye 

after 15 years when stored at room temperature on Ash.by' a . 

agar in sealed tubes. Even in water suspension under certain 
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conditions Rh1zob1a y re in 1 ble tor some time, shown 

in the work ot Albrecht and M.cCalla (2). It was tound that 

viable nodulat1ng organisms were alive in the tap water (which 

was rich in mineral salts) atter three and one-halt years ot 

storage at room te perature. Rogers (18) found l,000,000 

organisms per gr or dried ilk powder att r storag tor six 

months at roo temperature. ccording to Albr oht {l) Rhizob1a 

were found to be vi ble atter s ven years in o1st soil under 

tiel conditions without the presence or their symbiont . 

Previous to 1918 there had be n no work done on the prob-

le ot batch inoculation . It 1 usu lly r co ended that 

inoculated s ed be planted as soon as po sible in order that 

the baoteri may not die. Fellers (6) inoculated sterile 

altalta d soybean seed with Rhizobium cultures. He touna 

the greatest loss ot organisms occurred in the first tew 

hours , tter ioh t ey d or ased ore lowly. The org 

is s in very small numbers were vi ble after six months. 

Richmond (17) inoculated s ed with muddy water pre-

pared trom soil upon h1oh the leg e crop he.4 grown. Seed 

inoculated ith ddy ater rro acid soil re fr ot 

hizobia within a week, while seed inocul ted with muddy 

ater from neutral soil retain d vie.bl organis s tor 

alJ:lost a year. 

In 1926 Allicante (3} made sugar, soil, and glue su -

pensions or the nodule bacteria for inoculation on legume 

s ed. At the en of two months, when the experi ent ter inated, 
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nodules were ob -rv on th lants with th s su n ion 
treat nt in reat r n er then on th pl ta 1th the soil 

A oordt to Al1oent • g r prot ct 

aln t es1ooat1on beoau ot it oistt.U'8 tberin 

oh re.ct r:tst1c. oil wa next b t bee us ot the ti ot 

moisture aurroun41 t 11 partiole • 

In a . 1lar ~ riJnents Loohhead (13) u d et k 

ilk to suspend o~ an1 s tor lnooul tion. B tou.n4 tb t e 

oould get no4ulat1on art r six onth& and th t retri erat1on 
t 50 e t vored longevity ot tbe baoter1a after drying. 

Por • '(15) haa don the o t rao nt ork prob bly with 

the et result to date. Be exp r1 anted 1.t.h vetch nd 

s et cl ver, 1no ulatln. th · ter1l se d it pl t 

auspenaion ot the or ani e. He tound t t organi 
suapeade with lant ap tor 1lloculat1on ere viable t th 

and ot twettt7-tour .ka 1n re t r num er than ho us-
pende in mil or the inooul alone w n all were stored 

t 50 c. Por es ent1oned th po sibil1t1e or co rc1al 
d1str1 t1on ot 1nooulat d eed but did not reco nd such 

stor a. 
Fellers (6) used both a w t r and tr. acantb 

su p n ion ot th orgnni tor th inoculation or the soy-

bean and altal.t s ed. It had een shown by Giltner and 

Lo ewortby ( ) th t in air-dry 

soil becau e the oi ture t1lln surround1ng th soil psrticl 

as ll s the gum produced by the o~gnnisms th elv e 



helped to protect them. Since organi s naturally produce a 

gum capsule lch h lp protect the cell against adverse con-

d1 t1 ons, it 1 reasonable to think that it the organisms w re 

imbedded in a coat ot g , there woul be greater prot ction 

tor the organisms enabling them to surv1v storage tor longer 

periods. ell rs (6) did not t1nd an appreciable dif'!erenoe 

between the effects of the ater and gum 1noculants. E'fen . 

though there 1 so e evidence as inst the use of the gu to 

help protect the organisms, it was thought advisable to rein-

vestigate the proble again using gum trag canth. 

For the most p rt th work mentioned in the literature 

to date has been done aseptically. his as done with the 

purpose ot destroying all Bb.izobia and other organis s on 

the seed coat so that the det !nation ot organis put on 

the a ed ooat would not be complicated by these contaminating 

organi a. The proces ot seed coat sterilization generally 

involves ercury and chlorine co pounds. Whil both or these 

sterilize the surf' ce of' th seed effeotiv ly, they co bine 

cbe ioally with the organic atter on the seed coat so that 

it is practically i possible to entirely remove the by re-

peated washing. In certain cases the investigators have 

ttempted to t st for residual ounts or th sterilizing 

agent and found them to be negative. Such tests, however, 

would not detect these materials in the combined form. or 

than likely the organic mercury and chlorine oo pound would 

have considerable etteet on the longevity ot the Rhizobi 



- 6 -

when in contact t th m over the storag period. Jar this 

reason it is felt th t the prob b111ty ot co erciallf inocu-

lating the seed in large batches ould be re-examined. 

Froa Perkins' (14) ork on eoyb an it was tound that at 

least 25 to 50 organisms must be present on the seed to pro-

duce maximum nodul tion tor th plant. A more limited number 

ot organis s were shown in turn to 11 t the number of nodules 

per plant. In a comparison of plate counts or bacteria on 

the seed with nodules on the plants, Hofer (10) sho ed that 

bet &en 5 and 40 baot ri l cells re r quired tor the inocu-

lation or an ind1vidu l alt lfa and clover seed. 

Fro such investigations it 1 apparent that larger num-

bers or organisms on the seed does not increase nodulat1on. 

herefore, it at the end or nine onths or a year there are 

at 1 a t 50 vi ble acteria per eed, maximum nodulat1on will 

prob bly take place the a as it it had just been treated 

1th heavy inoculum or organis • Consequently the object 

ot this work is to reinvestigate the possibility ot nitrogen 

fixing baoteri surviving on the eed in numbers gre tly ex-

oeedi those required tor good nodulation tor a p riod of at 

le st ix to nine onth • Ir ~hi can be shown to be true, 

co ercial inoculation ot the legume se ds would be feasible. 
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ETH ODS 

Two ethods were used in the treatment or the seeds, , the 

second being a modification of the first. The methods will be 

described as peri ent I and Experiment II. 

Experiment I 

Seed and orsan1s .-The seed ot red clover, alfeJ.ta, 

h iry w1. ter veto , and soybean (both ilson and anchu vari-

eties) were used in this experiment. The respective nitrogen 

tixing e bionts, Rhizobium trifolii 205, Rhizobium. el1lot1 

100 and 109, Rhizob1um lesuminosarum 301 and 302, Rhizobium 

Japonicu 504, ere taken from the V.P.I. stook cultures of 

pro,ven strains. All f'our kinds of the abo e m ntioned seed 

ere treated in the same ay, 17here two tr in of one 

sp cies ot organ1s are enti oned, mixture of the t o ere 

used 1n the experi ent. 

Preli inary treatment.--The legume seed ere t1rst 

tre ted with 70 p r oent alcohol tor :ti e inute :roll owed by 

t o washi s ith sterile distilled at r. The loo ol r -

move so ot th lipid aterial on the see so th re is a 

better contact b tween the inooulum and the seed itself. 1th 

'this removal of the lipid coating m.any of the contaminating 

organisms re also removed. Each kind or se d 

into six sets of at least 250 seeds. 

Inoculation.--The six sets or seed_ { 1n1 

s .t en divided 

o:r 250 seeds 

per set) were covered with r ter suspensions of their specific 
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nitrogen-rixing b oteria. Th se 1nooul contained approx1-

matell'" one billion organisms per 1. ot water as a.et ined 

by comparison 1th a barium ul:t'at turbidity standard. The 

baoteri l su p nsion was r oved tro two sets ot seed ithin 

thirty seconds, rrom the second t o .s ts in twenty-tour hours , 

and as not re o ed tro the third two sets until the tourtb 

day ot contac,t. 

Dr71ng. - A1r was filter d througb cotton to r v dust 

particles tu re oving baot r1a and old spore (Fig. lA). 

or thirty minutes this tilter d ir as drawn over th s d 

vmioh l y in the bottom ot a glass suction .rlask ( ig. lB). 

Stor se. --After drying, th seed were transterre 

asaeptia lly to glass bottles. One et of each ot the three 

inoculated treatments was placed at 5° C, and th duplicate 

sets ere held at roo temper tur ( pprox. 23° C). 

Oontrola. -- or each ot he four inds or s ed (olover, 

vetch , lfalt • and so7bean} three controls ere kept. The 

t1rst control 1as untreated s ed hich wa' kept t roo 

te perature. he eoond w s an alcohol washed, uninooulated 

seed , k pt at o0 o and 

roo temperature. 

duplicate ot th latter ept at 

Medium.--Th medium used for plate and dilution counts 

was ·· eaium 119 as listea in Fred nd Waks en, L boratorz Man-

~ 2! General iorobiolos1 (8). 
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Vacvvm pvmp Tr op B 

Diagram of the Drying Apparatus (Experment I) 

Figure l 
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Medi 79 

annitol 
Dipo·tassi phosphate 

agnesi sulphate 
sodi chloride 
Y ast wat r ( ingle strength) 
Distilled ater 

S1ngle str ngtn yea t xtract 

Y st (dried st roh tree) 
Distilled water 

The broth s us d tor dilution counts. 

l .o gm. 
.5 gm. 

0.2 gm. 
0.1 g • 

100.0 oc. 
900.0 oo. 

10.0 • 
1000.0 oc. 

ittee gr 

agar as dded to th broth tor pl te counting. 

ot 

Cou ts. - Ten to f'itte n seeds wer sh k by a echan-

1oal shaker in 100 co. ot sterile edi for thirty inutes. 

Fro t is. eu sequ nt dilutions for plating ere ad • Fig-

ur 2 is the dilution plan use in the plating ot all s eds. 

Counts or the Rhizob1a were m de on all plat s fter 

ten day i · oub tion t 30° o. Typical colonies were 

:ti h d" fro the plates and 1nooulated into lit us lk • . 
Rhizobia ill not reduce or co ulate litmus ilk while ost 

o her organis s likely to be present w!ll reduce it (7 pp 

6 -05). Ther for, if t e 11 s as not reduc d or oo u-

la.ted, and t o ooloni s w r typical or Rhizobia it was con-

sidered in this o s to be positiT check on the correct . 
identification and co nt ot only Rhizobia. 

·hen dilution count method as used, th dilutions were 

ade in nine oc. of ed1 79. The dilutions er de from 

the 100 ca. cf medium in which the seed were shaken following 
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the dilution plan in igur B. ach dilution, ade in tripl1-

eate, was sh.aken tor thr e inutes b for subsequent dilutions 

were made. They were then 1noubated tor te days at 30° C. 

All resulting growth was inoculated into litmus to check again 

tor the presence or ny contaminating organis s. 

odula.tion.-From preTlous trials it as found t at 

ther wa nearly 100 per cent er in tion of ll s ed. The 

seed wer therefore planted directly in sterile, w shed, 

whit quartz s nd. The nutrient olution aa nitro en tr e 

Crone' solution (4}. To acb. fl k ct sand as G.ded one milli-

.gram of ni trog n in th f'orm of Oni nitrate. A s all 

ount ot nitro en s been shown to pro ote better odula-

t1on (19}. A paper op was placed ov r ea-0h flask to prevent 

gross cont inat~on. At th end ot an eight-w ek period the 

plants were ashed out of the sand and the a ere.gen· er ot 

nodules per plant determined. 

periiu nt II 

Se d and 2rganisms.-- e sa e seed and organ! s ere 

us d in this experiment s re used in lttperi ent "I". 

r- liminarr treatment.-Th seea w re treated as bef'ore 

1th 70 p r oent loohol tor ti inut follo ed b7 two 

washi s or sterile distilled w terr Th y re then divided 

into eight sets, eaoh containing 250 s eds. 

Inooulation.--Two type of inooul nts ere used. Four 

sets or seet1 were covered with a water· suspension inoculwn 
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1-100 1-1001 

Plan for Dilution Count N~thod 

Figure 3 

9cc C?cc 

l-IM 1-IOM 



- 14 -

wh1c cont 1ned pprox1 tel7 one billio- organi s per • 

or w tor s et$rm1ned by oomparison witb rium sult te 
turbidity t d • Th inooulu a :r mov 4 trom t o t 

ot aeed within thirty s oond • hile th oth r two r in d 

in contact w1tb the 1noculu tor flft en 1nut s. 
he a oon roup ot rour sets ot loohol shed d 

were re t d 1m11 rl7 exoe:p't th t the t r in c l w a re ... 

placed by one por cent gum ti' _ ao nth ausp na1on or 
or ani _ 

l. 

• 
a. 

•• 

• Th tour tre ents were: 

Thirty a oond cont ct 1th w ter u pen ton ot 
orge.nl _ a 
F1tte n inute oontaot th w t r suspension or organism 
Thirty s cond cont ot with gum au p n 1on ot 
orsani 
1fte n inute cont ot with um euapensi9n ot 

org 1 

Drxty.-·It w tound th t tll 4ry1 used in 

erbtent "l" 414 not thoro bl7 dry th e d • h water 
absorb d by th seed 4ur1ns th tre ent n4 inooul tion 

s not suttloi ntly r ov in ll oas a to pr ~ t ome 
rowth or mold. S1noe tb alcohol tre tm nt did not teri-

l1ze th see , th pre enc or one v1 ble ld spore 1n 
et or ed ould b no h to oont n t th ole e t 

ith old growth. 1th the exo p~ion ot even ets 11 in 

Experim nt ~I" - were overgrown. or thi rea on the ethod 

W8 dified in favor Of the tollO 1ng procedur : 

ir s dried by passase ~hrough sulfur1o 01d-
calc1 chloride air train (Fig. 4 and B). Ase d raok ot 
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br es wire gauze oover d with two l yer or oh a cloth was 
pl o d in the middle or each dzy1ng tube (Fig. 40). For 
thirt7 minute r1e4 air dra through th tr t d d 

pl oed on the• raok • Th e e4 wer then place4 tor tw 

d 7s in oal.o1um ohlorid · esiooator whioh e bald t 

50 o. 
Storage.~·Atter drJ1n th 

o ptically to l ~ bottl s. 

eed er tran t rred 
On et ot oh ot tho tour 

treatment wa stored at so e, an4 the dupli te sets we~e 
held t roo temperature. 
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DISCUSSION OF R OL~S 

Previous work on batch inoculation, for the ost part, 

has been done asoept1cally. The resu~ts in Table l show that 

sterilization of the seed before inoculation is not necessary. 

Table 1.--Controls -- Count ot Bacteri ·on Stored Seed 

Alfalfa Sozbean Vetch clover 
ype ot Control Bacteria Bacteria Bacteria Bacteria 

J,?•r seed Eer seed :2 r seed Eer seed 

Untreated 3.l 232 11 28 
control . 5.0 300 17 50 

Stored at 23° C 6.8 251 22 45 

Alcohol o.a 3.4 3.5 o.5 
she 0.3 .o 3.2 0.5 

Stored at 2a° C 0.5 4.6 3.0 l.O 

Alcob~i 2.5 5.0 1.0 1.1 
washed l.O 5.4 4.5 2.0 

Stored at 5° G 2.6 5.0 4.0 1.5 

late counts of th seed used in th xperiment showed no 

vid nee of Rhizobla, o the bo ta le is co po ed of the 

total n ber of cont inating organ1a • h se counts ere 

made t 1ntel'Tal over a per1o or ti e onths. Untr at d 

seeds sho ed a rel tively high contamination oount, on h1eh 

would poa ibly interter 1th the oounting ot the test 

or anis·s. The alcohol probably removed s a ot the lipid 

co ting ot the seed and at the same ti e removed t or the 

cont 1nat1 organisms. Those organis s left are in such 

small numbers that there 1s little chance that they ould 
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appear on plates above a 1 to 10 dilution. Only in a few 

cases were dilutions ot less than 1 to 100 used 1n counting 

Rh1zob1a. Correct 1dent1t1cat1on of colonies or th s 

organisms was routinely ohecked b7 inoculating tished" 

colonies into litmus milk. This kes possible the counting 

of only ahizobia.. · ith this method of ch eking and counting 

th test organisms ti.;.ere is no need tor steriliz tion ot the 

seed eo t. 

Table 2 is compiled from the results obtained in EXper1-

ment I". Various investigations ot Perkins and llofer (14, 

10). hav sho that a ximum of 50 Rhizobi p r seed are re-

quired f'or good nodulation. The initial baatarial count tor 

all four types of seed is 11 over a million. Even after 

10 months storage the lnoou1ated Rb.1zob1 remain on the ssed 

in numbers greatly exoee4ing those ~equired to~ good nodu-

lation. Atter 11 months storage all treatments ra t111 

in exees.s of this number excepting clover which t ll b low 

the required number. 

Tables 3 to 10 inclusive are oompil d fro th re ults 

ot ExP ri ent "II" .. In the third onth microscopic colonies 

ere observ d by chance on the various plates ot each treat-

ent. These colonies rang fro 0.05 to 0.15 hi le 

the typioal maoro colonies ranged fro 0.6 to e.o • 

Although the micro aolonies ar within the range of vision 

i th the naked eye, they are so small tha:t they are easily 



Table 2.--Viability of Rhizob1a on Seed Stored at 5° C, ( eriment I) 

: : Alf'alta : · Clover : : -- Vetoll- : _ soxbean 
Inoculation Time: Storage : Baoterla : Bacteria : Bacteria : BaOterla 

_ _ _ _:_ . ___ Ti,l!le ___ :_ ·-~~ -'~ttd~ -=-~~e_:r_ -~~ed __ _ ;_ .· per seed : per seed 

days l , J.00 , 000 1,300 , 000 13,500,000 122,000,000 

5 minut 10 months 3 , 250 3~0 2 , 290 l? ,.200 

ll months 1 , 300 26 ----- ll?,000 
I 

2 days 1 , 400,000 ----- 18 , 500 , 000* 169,000 , 000 
.... co 

4 days 10 months 38, 600 ----- 2 , ?10• 51,400 

ll months 36 ,100 ------ 850* 42,000 

*one day inoculation t1m' 
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o•erlook 4 or 1st k n tor all precipitat d pa t!cl in th 

e41 • or co~reot count nd id ntirio~t1 n of the e colonies 
the platos were x ined under bino ular mioro cop • Th 

ot tbe or 1 0 

ca~ion or 8 d i 

colonies. It ot o 

t.ion wit th ext~ m do si-

oau o h· cry all 

her er .o t r nl h t 

produce thes coioni po e s th 

t1x n1tro n. 
ili 7 to tor no ule nd 

a per tur at h1oh h 1 oo l ted so d 1 tor 1 n 

port t t otor in h rv1val ot ia. rom the results 

cord d ,,n bl s to l it 1 sbo th t t stored 

at 50 O h d gr ter nu ber ot via l or sni at 2, 3, 4, 5, 

nd on th than th d tor at roe te ;P ratur tor 

the length o t1 • At t1r t ance th1 does ot a peel" to 

be 0011pletelf tru ot the or an! on th vetoh ee a ot 30 

• cond 1nooula 1o ti 

th t the se et or 

(T bl• • Upo xa in tion it is seen 

50 O h d a uoh lo r initial organ1Sl:l 

count nd thet the perc nt a ot 011 ott i r all g at r 

tor thoa a de store t par tu • t t titth onth 
the see tored t oO C up rior ty of n be~a. 

e am.ount of oi tur pr nt aurin storag pparently 

is anotb r import nt r otor att ctin th urv1 ot t organ-

1 • ln almO t v ry ca a or 1 bed d in tra-

sacanth surviv d 1 e t~r um.o r than th s put on t e ea .. 

bt on1y water suspension inocul • Since t produce 
l rga 8111ount ot gu n turally, it is probabl that e bedding 

the organisms in a gum ooatlnfl" ul4 help to ,protect the Rb.izob1a 



able 3.-- V1a1:)111tr or Rhizobia on Stored Vetoh s ee4 

. . .. . . • • ... . t>er seect .. • • • . .. . . liacro • filcro • • • • • . . 
•.onths : ool.c;miea: eolonios: : colonies: oolon1 . . . . • ... • ·-. . . • • • • • • . . . . 

0 . 16.6 u • - . . 19.8 • . - . ~ 29.l K • - •• 22.a t.~ . • • . . • . . • •• . - - - -• • • : . .. • ... • • • • . . • . . • . • . . . .. . . .. .. . • • • • • • . .. • 
l • 68 T • ·- . . 75 1 . - .. 81 T • - . . 93 T • • . . . • .. . • • . - - -• . .. • . . . .. " • • . . ·• . . . .. . .. . • • • . . • .. • • < .. . • . . • . . .. 
3 . 630 • 1100 • • - • - •• - • - .. - • ... to .. • ... • • • . •• • ..., . . .. . . . • •• . • • • • .. ... • • • • I .. . . ~ : .. .. . . • • • . . .. • . . • 
4 :<100 • 5850 . . 1670 • 2520 : :.<100 • 5650 .. '10 • 4 • • • • • • • • 

• • • • • . . .. . . . • • • • • • • • • • . 
• • . . • .. • ... • • • . . • •• • . . • 

5 • 26 .. 137 ... 3750 • 1530 . . 11 • 39 . . - . • • •• • • • • ... • . . • • • .. . .. . • • .. . • • • • . . • 

- Thousand llio 



able 4.-- Viability ot Rb.1zob·1a on S\o:red Vetch seed 
cent - -. 30 seconds lioeulation time . . • • • . . •• 

• • organ1sms • • .urgmu.sms - ~ • • •• 
:e Tilt.! . per seed :: 12or seed .. 2er seed : : ;eer seed • • • : E!cro : :*icilcro : u!cro I !doro • - i : Jiilo : uaoro • • llacro . : : .Maoro • • . 

.onths 
• • •• • . . .. •• . • ... ... . •• • .. • 

0 : 11.5 I! : - •• 12.3 !.t : - • • so 1:! • - • • 41 g • •• • # • • • • - -. • • • . ._ . • . . • . • .. • . . • • • • . . : : • •• • •• • . • .. • • . . . • 
l • &5 T . - • • $9 T • -· . . 9& T . - . . 13.S U : • . . . • • • • •• - - - -. • •• • • • . . . • .. • . .. • •• • • • • . . • • • • • . . . .. . • • • • • • • • • • 
5 : 4890 . - .. 1?86 . - •• 1696 • - ::>24 ! : -• • • • . .. . 

• .. . . • • • . ... • . • .... • . . • • • • • • ... • .. . . . • • • . .. • . . .. . . • 
4 . 1610 • 1510 . . 10'10 . 2860 •• 3720 • 2430 . . M.2 ! • - ~ • • . .. • . .. • ti • . . • ... ,. . . . .. . . ' . .. .. . .. • • • ... • . • ... . . . • . . • • • • • • " . • .. .. • 
5 . 25 . 1110 . . 4540 • 640 • • 160 . seo : : 40 T : 23 T • • • • • . . • - -.. . ... • .. . .. • • • .. • . "' • 4 I .. 

T - 'l'b.ousand 14 - Million 



Table 5.-- Vlab111~ on Stored Olover Seed 

•• organi.sms . . • • •• . . , ~er . seeg. . . . .. • • ... Uaoro : lJioro • • • • •• :oolon1es::colon1eo:colon1ea:: .. . . . •• .. : : • • • • • .. . • • 
0 • l.15 hl . - • • .95 14: - . ~ l.'14 1:1 ~ - • • 1.52 y . • • • • . " • • • • - - -• . .. . . . • . .. .. . .. . . • . . • . . • . .. • • • . . . .. • • • •• • . . • . . • 
l . 75.4 T . - ... 15.3 1 • - . . 12.4 ! • - . . 84 T • • • • • . . • •• - -• • . . . . . • • • . • • • • ., .. .. . . . • . • . .. . . . . . . . • • • • • • • • •• • . 1000 • - . . 1720 • - • • 1880 . - .. 5153 . - l • • ... • • • • • • • 

; • . . . ... . •• • • • • • • • . •• • ~ .. • ... . . . . . • • : (A • • • • . .. . • . . 
3.5 . 5 . 97 : : < 100 .. 214 . . 6 . 14i •• 690 . - I • • • • • • . . • . .. . . . . . . . . . • • • • • . . . .. • 

• • ... . • • • . . . . • • • • • • • • • . . 213 • - .. . 500 • 1770 . . 13 • 2000 ... 173 • 193 • • • • • . . • •• • . . . .. . . .. . . . .. • • . . • • • . .. . 
• .. .. . . . • .. • • . • • • .. . .. . 

5 :<100 • 98.6 . .. 253 • 840 : :<100 . 853 . .. '753 • 740 • .. . • • •• • . . . . • . . .. . . • • • . . . . . . • . . • . .. . . .. . . • .. . . • • . .. • • • .. ... .. 
6 • 1 . 116 . . t$SO • 413 • • 1.5 . 68 • • 1090 • 40 • . • • • • • • • • • . . . . • •- " • .. : . . ... • ... .. • • -
T - Thousand U - W.lllon 



bl .-- Viability Of on Stored Clov, Seed 

rnoculu .uspe 1n one per out tr, oanth 



ble 7.-- Viability ot Rh.1zob1a on Stored .Alfalfa Seed 

.. • • .. Organisms . . 
- • • •• . ;t!&r seed • • ;ner seed . . 'Der seed .. • • • ,. . • • • Macro • taoro • • 'i.aoro : ldoro . . • .. • • . . 

onths :colon1 . . . . • . . . . . • • • .. . .. . . . .. • 
0 . 832 T . - . . 850 ! . - . . go1 '? . - . . e&e T . • • • • • . . • . . • - - -• . . . . • • • . . • • • • • • • • • .. . • . . . • . . • . . • • • • • ... • . . . 
l . 16.5 '?: - . . l.6.l T: - . . 16.& '?: - : : 13.9 ~: -. • • • • - - -• . ... • . . . . . • • • . . . . . .. . . • 

• . ... • . . • .... • • • . .. • •• • .. • 
2 . 980 . - .. 2600 • - •• 2660 • - . . 3540 . • . . . • •• • ... • 

• • . ~ . • • • . .. . t • • •• . • • .. ... • . • ... . . . • , ... • {\') • • . . • . .. • ... . 
S.5 .. ' • - . . 393 • - ... 5 • - • • 1400 • - (JI 

• • • • • • • • • • • . . . . • . . . . . . • . . •• • • • • • • • . . . . • • • . . . . • . • • • •• • • • • 
5 • 115 . 920 . . 233 . 1126 • • .. • 873 .. 853 . 1820 . . • • • . . • .. • . . • • . . . • • • • . • . . . .. . . " .. • 

• • .. . • • . -. . • . • • . . . • . . • 
6 • 1.6 . 158 . . 98 . 503 . . 78 . '19 .. 148 . 1788 • • • • . • • • . . • . . . . • • • • . . • . • • • • •• . . . • 

T - Thousand K - IA1ll1on 



Table a.-- Vinbil\t7 o on Stored .. UtaJ.ta Seed 

Inooul .u.spend 1n one r cent r cs.nth 

. .. urscan1sms ... organ1sms -... • • • • . . . . p•l' seed . . .. • • 
Micro ""Maoro ilioro ' . Uacro • ... . ... • . • • • • • ::colon1e . . . . • ... • . .. .. • . " . . . . . • • • 

0 • 918 'i' . - . . 1000 T • - • • 935 T • - . . 181 .! • • . • • • • • • .. • - - -• . .. • .. . ... • • • . . . • • • • . . . 
• . . . . . . • . . .. . • . . • . . • . . • l'O 

l . 18.5 tt . - ::85.3 '? .. - . . 20.7 1 . - .. 28.0 T • - oa • • • . . • •• • - - -. . .. . . . . . . . • . . . ., . . . • • • . • • * • .. . . . ._ • . • ... • . .. • • • • 
I . 2720 • - . . 4940 . - ... 3130 . - . .. 52&0 . -• • . . • . . • .. • . . . . . . . . . . • • . • • . •• . .. • 

• . . . • . . . . . • . • ... • . . • • • • 
3.5 • - • .. ... 1460 . - . . 693 . - .. 1650 . • • . . • • • • • • • .. .. •• .. .. . .. .. .. • . . . . . . . . • 

• • .. .. .. . . . . . • . . • . .. • • • . 
5 . 106 . 746 . . 913 . 1066 .. 580 • eeo . . 1121 • 14.f.6 • • • • • • • • . .. • 

• • . . . . . . . . • .. . •• . ... . . .. - • . . .. . • • • ... • • • .. . • • . . . • • 3 • 52 . . 196 . 1300 . . 38 . 55 .. 733 . 906 . • • • • . . • . . • . • . . . . . • . . • .. • .. .. .. .. . - -~· . • 

T - Thousant! M -M.1111011 



ble 9.-- billty ~ 0 Stored oybeen eed 

.. • • .. . . .. J29r see<l . . • • • • . . i4aoro . iaoro .-. . . . . . 
t oolonies:ooloniesi:oolonies:oolon1es:: 
• . . . . . . . .. . • . • . . . • • • . . • 

0 • 181 ! . - . . 218 ~ • - . . 159 J.l . - . . 224 L1 . • • • • • . . . • • • - - -• • . . . . . . . .. . . . .. • . . • . . • . . . . . . . .. • • . . . .. • . . • 
l • 10 M . - • • e• M . - .. 4! M • - .. . ~7 L1 . • • • • • .. • • • . - - - -. . .. . . . . . . . . . . . . . . . .. • . . . . • . . . .. • "' • • • • • •• • . . . 

~ . 69 T . 0 .. 28 '1 . 0 .. 29 I . 0 . . 36 M . 0 • - • •• • • • • .. - • . . . . • a • . .. . . • . . • . . • . . . 
• . . . . . . . . . . • . . . . . . • .. • . 40 T . 0 .. .. ., l . 0 .. 1520 . 0 • • 7500 T ~ • - • • • • . . • . . -• . . . . .. . .. . • • .. • • • . . . • 

ousand M - Million 



0 

l 

-

'l"abl 10. -- '!ability ot Rh1zob1a on Stor 

I no cul suspend• 1 one per cent .um 

. . 
Organisms • • .. . . . . . . .. :ger seed •• • • . . . ifuoro . iloro . . Llaoro • . .. . • 

Soybean seed 
acauth. 

.»aero . . l.!aoro • • . Micro . 
:oolon1es:oolon1es::colonies:oolon1es::colonies:oolonies 

• . . . . . . . .. • . . • • • . . . .. • . 162 I!! • - . . 170 I! . - .. 154 ll • - . . 119 )! • • • • • • . . • • • • . . •• . . . . . . . . . • • • .. • • • . . • .. . . . • •• • • • . . . • • • . . • 
• 16 M. . - . . 25 ~ . - • • 21 H . - .. 30 H. • -• . • • • . . • • • • . . . . . . • .. . . . .. • . . • . . • . . . • . . . . . • . . . • .. . . . • . 710 T . 0 . . 1050 T . 0 .. 881 .1 • 0 . . 9;2 T • 0 • . .. • • • • . . • - - -. . . . . .. • . . . • . .. . . . • .. • . . .. . .. • . . • • • • • .. •• . . . • 
• 98 T . 0 . . 364 T • 0 . . 166 T . 0 . . 215 T . 0 • • • • • . .. • • • • - - -. . .. . . .. . . . . . . . • . . • .. -

..-housand 1J -1!1ll1on 

I 



'able ll.-- Comparison ot Organ1sma pe_r Seed with Nodules Produced per Plant 

Inoculum : • : storage : • Suspension : Inoculation : Storage : Time . . 
~ _i~n : T1- : Te!!m. : liontbs : 

• "' . • . . • • • . 
l. water . ,;iO sec. : 50 -0- . 9 . 2'40 !. 39 • ll..S :t 2.3 • . .. • . . . .. .. . . . . . • 
2. " . 4 days : f>o e • 9 : 27500 :t 550 • lS.6 ± 6.8 • "' • 

" . . . .. . • • . . 
3. \f . 50 &eo • " 5° c . 3.5 . 394 !. 28 . 13.9 ±: 4.1 • • • • • . . • . • . • . 
•• ft . 15 min. : 5° c . 3.5 • 1400 :t 118 • 14.5 t 6.0 . . • • ' • • . . . • • • • • 
5. gum . 30 see • • 5° c • 3.!S • 14'60 :t 26 . 13.3 ± 2.9 t'O . • • • • cO . • .. ,. • • • • • . 

ft • 15 min. : 5° c . 3.5 . 1650 ±:" 44 . 12.l :t 5.2 • • • • • . • • . • • • • . . 
'1. water . so sec. . 23° c • 3.5 • 4 • 0 • • • . • . . • . • • • . • . e. il.lJlJ. . 30 sec. . 23° c .. 3.5 . -- . 0 • • • • • . . .. . & • • • • . 
~. . Alcohol washed control . 0 • • . • . . . • • • 

10. • Untreated control • 0 . 0 " • • • . . . . . 
* average ot tive plti.t 

•* average or S to 10 plants 
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1n t ~ location. r ot urv1v1 orsanis 1n 

Expe:r1m nt "I ~ atol"Gd tor :tour mo the 1 bout the e 

th n1 stored to.r 10 onth in 

•I~. The use ot ev r tho ot dryln (att r 1 -
ooul tion} in per1 ent "II" 1 account tor th d1tt rene • 

It p ara, therefore, that th OWlt ot oi tur 1 aJ.ao n 

port :t t otor ln th sunlval ot th organ1 during 

storage. 

The a ot a prot oti nt tor the ino ul t 

on eeed d quently store h r 1 b n e t d by 

r:loua 1nvest1 tors ( , l , 15) 11nd tound to have o be t1t. 

tr gace.Jlt • on th oth r , w ot toun o id 1n the 

aun1 v · l ot h organ1 ( 6) • 'l'h pre nt 1nv t1g t 1o , how-

ev r, own in T l to 10, de n trated that nt 

y b ct v ue 1n pro ct g t d ont 
1 e aee s. Th orgaa1 . 

r• when prot ct.a by 

p lied to the eed 

tragaoanth h 

lthou h t e 

n 

not large, t e 

with th use ot the 
end ncy tor sr t r 1 bil1t ot t e orgeni 

w rke4. 
Two treat ant 1n 1 ooulation ti 

1nute) er u e (Tabl s to 10). 

con iatant to be rel1abl , sat 

(50 seoo 

'l'he r sult 

conolu 

s nd 15 

r too n-
not b 

rawn. nte t e inocul a in cont ot 1t th d tor a 
period ot tour a1 (Table 2} consider bly hi h r total count 

of Rh11ob1a. on th o ere noted t an hen the 
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1nooul , a appl1 tor horter t • 

Dilu ion oounts made in conjunction With the pl te oounts 

ot th o 1 • on the stor d 1 oc l 1; d s ea oh eke in 

verr 0 89. r ~owi:t ot xi tely t t 

n ber tounc! by plati • (Tllis ditt r noe 1 u l p eno-
non observed in compari t e to thods.) 

.S.caua ot the extre e eeice tion ot the org 1 s n 

s ln ixper ant ~11~ t coun of Rh1gob1a p r ee d dropped 

ott oh t t r th the colJ.nt or the organ1s in ri-

m.ant "I". '1'b. ct ri on ator at sso C ( e 1 ent "II") 
r reduo t n bers too 11 tor good nodul tion. owever, 

those stored t 5° c stll1 poss 4 numb rs th t gr t17 exoe 

hat r u1r ~or 004 no4ul tion. 
The nwa r ot nod l prod oed on al.talta ben tre t-

d •• d s rout d d gro er t rtle co 1ttons s 
e n ber ot on th e d. To test 

the •1snit1oano t y d1tter nc found, a r e ot plus or 
lnua three t th pr-obabl error ns ohos n, th odd be-

in 22 to l that t true v 1 lies in !de thi r e. 
Br th r ault o 1n T bl p r hat 

the second trea n~ (tour day inooul tion tim th nine 

onths e~or e) had the big.he t count or organl per ed 

nd, therefor , th higheat nodule count. Clo r x n ton 
will sho th t th probable error ranges ot nod l c unt 

ot 11 treat ent overl p and that t e error ~or the high st 
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oount 1s large enough to ov rlap t t of t e lo st. re 

ia then no 1gnit1cant ditterenc 1 ot the odul 

count • The gr at exo s of org 1 on the s e4s ot the 

a~co~d treatment, th r . tore, h no r ier ett ct i produc-

ing nodules than doe b numb r ot organ1 ot tho th1r 

treatment (30 aeoond inoculation time with tour months storage) 

which has the low t n er ot or i per ed. 

'!'he alfalfa plants po ee sing nodul wel'e tall. althf, 
r en plants s oompal"84 1th th stunted, r d st ed, yello 

ni rogen etioi nt pl t ot t e oontrol. Th esults ehow 

ha~ 1zob1a inooulat d on see nd ator re viabl and 
atlll ha e the ability of torrnin nodules and fixin nitro en 

t\er nine month • 
1n trial exp riJaent ( econd 1noou1 ·t1on t1 ot 

a pen e 1nooUlum, month sto1• t 5 C) or bOth al.-

felt d clover, eed re 'tr th retr1gera or and 

wer plao at ~ p r tu.re tor a nth, one part 1n th 

lisht th th r in the dark. Th r sults o t t th 

or an1sms •ld tor th t roo t per ture ere t vor d 

b7 the . rk. Th ehan • ot t perature did not eee to 

ftect the e t r te ot h organ in th 4 s ot ltalta. 

e o ans to room teuperature inoro aed t de th rate tor 

t clover organisms, but did n t lower th count low the 
max 50 n 1~ d ror ood inooul tion. This a ll ount or 

videnoe is not conclusive, but the explication at th1 1s 
readily een. If t , 4 oo pany loyed b t b inooul tion 
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and tored their s d at th ore r :vorable te er tu ot 
50 c. 1t would be important to know bow long a ti e oould 
elapse tor sbipment, tor sto · e by the grower nd tor pl&nt;-

1.ng betor the ct r1a ould beoom r duced in bars too 

mall tor max noaUlation. 
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ISCUS..,IOl OF T 0 

Th• results ot thi 1nv 

ooulat~ l!lizokia :re in o the 
h t in-

l v n 
month in n bers requ1r d tor ood 

inooul tio • tel!lpersture or ato • d th ount t 

iuo1 tu~e pres nt a otb llllporta t taotore 1n the survival 
ot Co re ial b toh .1nocul ti on pp ars to 

b te a1ble, provided t e te r r and oi tur• condition 

ot a ed ator ar oontroll • it tbe kno t he 

o an1al'48 can 'be expected to urv1v l store p riods in 

, ree n . bera, furth i- work oan b undertaken to k oo · ero1al 

1nooul tton practic l, now et nde th r are 
prob blJ o h uncontrolled t c or beside th s or t• ner -
ture end b 141.ty. n h pro r control ot uoh co 1 ti on 

baa be n worked out. large so le hod or ln c l t1on could 
then be teat 4, 

01 tur • 1ch ap,ear to be av r7 portant factor, h 
ot been autticiently controlled in preaent 1n esti at1on to 

4et l'1Jl1ue uantit ti 11 the ex t r uir ment tor b long -
Yity ot Rhizgb !· Optimum h 41\7 tor e ed etor will probably 

1nore se the v1abil1t7 or the (Opt h. 1d1tr in 
uch ork might be detined as the rel tive h 1d1·ty low nougb. 

o pr vent old ro th on th d b t high nougn to a1nta1n 

vi b1lit7 or he 1nocula~ d act ri .) 
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1noe tb retriger tlo ratur or 50 c (410 1) 
a he nl low to v 11 bl ' it u d 

in t is 11"'e tig ti on. Or4 n ey 1 r house t -pe at r s 
prob bly would not be s low. :rurtber expor1 hottld 

be carried out higher than 50 c (410 ) to 
elative Tia 111ty at t 

corr spond dth tho in t 

eul sprin • 

r ture that w u d 
boua duri th 

n rl 
int r 

Anothe:r un o troll . t otor 1 t n ho ot or an 
1n th 1noo-ul and the iz o th se 4. ax n ber 
ot re ulr d or oo 

tor 11 tour or h ed 1z u ed in his exn r 
lars• t seed wo 14 earJ'f QJ' ant s. nd th 
in cul , the l rge the initial. oount per d. 

• The 

r th 

ot 1n1 um n b r or or n1 uld to 

te lne o in r no4ul tion tter t e etor period. 
e result ot ta1 th ala t1nit•lJ 1n 1o te th 

te a1b111ty or oc ero1 l 1noo l 'ion ot le • It 

ul be nee •• , owev r, o w rk out cert in d tail 

previously discuss 

ooul b tte pt d oo 

in thi p per betor 

rci 
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e 

ould :any or th ditrioultios ncounter d in .G t ing 
r na to 1 oeul t1o y 11 pl nt r • o· th r ... 

e lts Of' this invest g t1on, wh1o s to t t t e t 1b111ty 

1nooul n, th ~oll0\11 at em nt p ar to 

Ju t1t1ed. 

1. Inooul t d nJ!igo 1n on h 1r pooitic 
tor at 50 o t l ~ 11 ont in r 

sreatly o a41ng \ho require for good nodnlation. 
!. t r111zat1o ot e se d betore 1nooul t on n t 

n•oes ary in th1 exp riment be us• ot th i · tot or an1 
count on th eed and cnua pr o ution t en to oh ok 

t i 

n 

••• 
ot 1 

4ur 
ors 1 

nt1ti oo. 1 on o te t or an1 • 

• '!'hoe• treated l gwn s 4a toxaod at 50 o ha gre 

a ot •1 ble • 3, • 5, d e tl.Ont t 

rea ent tore , at roo !. mperatu:re tor the e le 
e. 
4. It l> ar t 

por 
a :resardlea 

5. he . iz,oJ'l!a on 

h ou.nt ot 1 tur pro e t 

t raotor 1 t $Ul'V1v l or th 
t ratur • 

ed 1.nooulat with a suspene1on 

ter 
the 

h 

t t e or an 1 on per cent olution 1th-
a'tioo the de&icoation and to:rage to high r gree 

ors 1 s ino ul ted onto th e suspended onl in w ter 
medium. 
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G. In the third nth ioro oopic o lon1 e ~· 1 
fl'Om 0.05 to 0.15 wer observ d on th v riou plate 
ot aoh treat nt. Th a1gn1tio oe ot th se ll ooloaies 

is not known. 
7. ea the stored 1nocul ~ed e d s prout d en 

grown under otherwiff •t rile condition • !:t waa tound. that 

al.thou.sh the average number ot or an1s p r e 4 varied co -

s14 rablJ tor th :rioue aeed trea'\ nta, ther o 

s1gn1t1can~ d1tterenoe b tween th av r e no4ule produced 
per lent tor the • o treat nta. 

The results or this thea1 etinitely 1n41o te the 
teaaibllltJ ot oo e:rolal inooulatton ot legume seed. It 
would be neoeeaarr, how•ver. t~ work out oer' in detatla 
previously disou e in th1 p per betore 8\lch 1nooul tion 
oul4 be attempted oommerc1all7. 
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