
A. PRIMARY,.SUBJECT Food production and nutrition AF60-1930-0000
 
FCAT:ON G. SECONDARY

Plant physioloy and biochemistry--Feed grasses
 
2. TITLE AND SUBTITLE 

Response of pearl millet inbreds arid hybrids to inoculation with Azospirillum
 
brasilense
 

3. AUT4OR(S)Bouton,d.H.; Smith,R.L.; Schank,S.C.; Burton,G.W.; Tyler,M.E.; Littell,R.C.: 

Gallaher,R.N.; Quesenberry,K.H. 
4,. OMENT DATE 5. NUMBER O,°AGES 6. ARC NUMBER 

ARC
I 6p. 
7. REFERENCE ORGANIZATION NAME AND ADDRESS 

Fla.
 

8. SUPPLEMENTARY NOTES (Sponsaring Organizatfion, Publisheras, Availability) 

(InCrop Science, v.19, 1979, p.12-16)
 

9. ABSTRACT 

10. CONTROL NUMBER I1. PRICE OF DOCUMENT 

12. DESQUP 

M et 
Yield 
Grasses 

o. PROJECT NUMBER 

931100400 
14. CONTRACT NUMBER 
AID/ta-C-1376 Res. 

I1s. TYP 
f! OF DOCUMENT 

AID 505-I (4,74) 



Reprinted from CROP Science
 
Vol. 19, Jan-Feb, 1979, p. 12-16.
 

Response of Pearl Millet Inbreds and Hybrids to Inoculation with 

Azospiri:um brasilense' 

J. H. Bouton, Rex L. Smith, S. C. Schgnk, G. W. Burton, M!. E. Tyler, R. (.. Littell, 

R. N. Gallaher, and K. H. Quesenherry2 

ABSTRACT 	 l ow and Doberetiier () %creened maite (At a tna,. 1. ) 
I'l.ant Iield and acetqlene reduction were measured on for N2-fixizg abhilit h% the ,acetNIcne rt'dli lOn a.,i 

,as asbrids and 15 tubreds (indaudang the hhartd parents) ,rtri reported si'itihi Iht, , bctseen S, Ii ne% of the rust
,,* lat mIllnt, 'enisenieim nmericanm (L.) K. Slium, resistant %artet-\, I 1 estimated fl lt linesUR lic btt 
.aItar helhl inoculation with 4:osptrilluin braatens, Sp to fix up to 2 kg lia, dav and N2 ixing .1zm ipt ill, n 
fi (i etl.a isfaed front Sparlaunm lto.erum tleijennch).
Iliiillt: tibe first year of testing, inoculatao., responses 	 stirli ,(vre ISol it ie from these it ttue, pl.anlts litle. 
UtIt tistogated antong all plant genotpir. :)y measuring icia I ro loit i/atiota of grass rot)ls h, hlactera could be
Il) int dry %eight, % N, total N, and aceialene reduction a %.,hlle platt brettliug criterion i (d 5.51,ranis fur 
.t41 asat 't unaller population of genotir,.ks ".e tested a th.r itacstiton. 
.uu(iad 'eJr for rrpeaabalatv of Inocuumn respor t The 
it.i sioar, one h,hu-ad. Tift 23DA v Tift 186 ('Gahi 3), Inoctilaton tif legltnes is,ath Rhtobtu u mltciieia i 
t:ist satantrantl hit:her pl.mat drN .eailht anal total N cilita5es tleir experttncntA ,i ll tu tlturaa utst like.
It reonase to inmKtl.jionn Inarulatcd (ahi 3 produced wa~e, colslmiltion of gcass.:l.ZO/)tntullutn N fit\iug ai s 

,;1 7' more drl ..eaght and 37 1% more total plant N timIli(om5 throlgh lltllitltOn cotIlal he .ty , ill|t
',hn rompartal to autitatitl inoculum coittols No 
Ittrid .as found in roepod lceavlene reduction %alum Wiahr ud as inaffa t i t thfe ftiu -I braub'nm 
utre low among all genotipei (range 0 54 naunic fg dry (strain Sp 13t) prodliaced signiftctnt Is higher )iclds
tasaa hoItur ata duid not support areid eftect or conftim of dr , tiattter thlan tid tIlOt ttlat-dc (otltrils in ftld 
aiotnlun treatenets. Inocai.ation resn',r %ere found To;, ligla, fertlhicil pearl illlet, P rtrl
 
to he repeatable for all gents parstested during the ira nod 
 n (I fKd ahrt arl inet, I'art o n 
%ear qaaamotue or nt-gatle) but not of a iaatrstaIall 14t urriesrktit (l) K ltlll. and gultleagrtss. i'anhcunz 

ianta magnitude t)f the grnotspri tested ith year,, 111tt1ttt ta ,it I (II) Rcgie slon ,almitidses proecttl
- atoltn- d analsIs ol the 2 sear iarldls revealed sagnafl 12 ain( l kg \ hi %sas Sp Iluap to t relplarcel hs ilo( it 
(ant dir %etght anrreava .after tnncul.itnon of 192 and lut in Illese t'.*.ti rc5Iccti5e grasses Work in O)it..u

%ih 3 Hl1I atI01(abi anal the inbred, 3B, respectivels. .' lh ran Sp 81 tltil oIlae sht'ts.d less tlall 
%q.an, atttalen reduction values tid not explain any

alata. i N balance %tndv was conducted in greenhouse I g N haIu das fixed lileltl and N tollte C 110 
aaltai rs on inosui.atcl Gaht 3 plants in an attempt increased, thllus pros td ing 11o evidence of a ppreciable 

to repeat the steld dt* eros obsened in the field and N:-flxatton (1)
to monitor inputs of into the sml plant system. No The purpose of is studs was to measofe diker. 
iaignifitant 'teld increase of N into the soil-plant system 
was found due to inoculation. Sampling error possably ences iit plant steld antl ,tctIticne it(ltllon anilonlg
negaird an accurate measurement of all N. pearl millet h britls anld ilnbieds ito tniding the hy. 

Iddiital idev ,ords- Acetylene reduction, Grass N,- brid parents) after field Inoculation with Sp 13t Re
fixation. i'ennsistum amertcanum (L.) k. Shum , Plant peatabilit% of inoitlham iespollse %%as ,11o teteld. .\
)ield, Plant N, and Spaealurm lipoferum. 	 N balance studs %as conducted to nonitor inputs of

N into the soil-plat systetn of an nocutlatet i)brid. 

S IGNIFICA NT acetylene reduction (nitrogenase
Sttstxtv) in 'Transsala' digitgrass, DIgitaria decurn. MATERIALS 'AND METHODS 

blen Stent , led to the isolation of strains of the bac- Inbred%and hsbrtds of pearl millet aa're 'crtcmdt,r micu 
teilutn, Azofprdlun bnulense (reclassified from Spi- laaun resptn.e The h'.hrd. 23 D%X P\111004. %as%otaied 
rilluim llpofrfrum Beijerinck I101) from the roots of t, cuotates -it Jamm, Bather. North \meraircan I'lant Ba-aeikrs 
this forage grass (7) Strains of this bacterium were tlchiiint. kan . and s%is the a-lle at theto hattertil t e 1111,ho ~u r sp ond to inoclainn,t In ttt, fiesuLa%ld (141founal to fix N in pure culture as evidenced by acety- Theseat eih ani hrhri l l in I ki arc td table The (i 4i 

tlene leduction, kjeldahl total N, and N2 incorpora- are cttoplasti. male sterile an1 It tefCs.tre maaitaiLtr% imt 
tnon (7, 12). them I he I) loas cart', :he dsarf gtne Varietal , atntes ot caia 

Differences in acet,Jene reduction were round among mertial hsbrods are towat t parrntta'.%,
culhtiv,lrs ot Parpalrtmand D aa(7, 13). Votl Bo- Inoculm of strata %pfSt (recaeisat irtma dgilari (7	 Dr l,,ianua Do , 3). V B wreiner, Empres" ilrataleira Ile 1eifst-ats 	 \grop, auota. Rio de 

2janetro, Brazil) Auas gron a tlh acratai In 1itr glass coat
Journal paper No. 1G.2 trom 1'lorida Agricultural Exp Sits tataers .n Ncoantaaitg laquad mettan ftelat folluiag toan

(,aaanessale, I1 52611 Work jointly supported by USID con- position i g D 1. rtalic acre, 0 1 g Nat ,. 02 g \lgSO,.71t,0. 
taact Ia C 1376 Receiaed 17 Mar. 1978 002 ; CaCl,, 001 a FtCt,. 60 g r.tHl'O,. 4 g rltl'0. 0002 

a -arnter graduate research asociate, Dep of \gronomv. g NaMoO,.21-1,O, I0 g NFI,(I. 00" g )cast astract 50 g
tne of Florida. (;anessille. now assistant profesmor of agron. rrvpticase t16% N). I later HO 
aon. l'nTa if Georgia, Athens, GA 30602; associate professor of Throughout these studies, all fertilizer was applied at a call. 
.',aattnt'. piofcisor of agronomy. Uni%. of Florida, Gainesstlle. brated per hectare rate of 60 kg N (as NH,NO), 20 kg P. 70
SI1 $2'tIl1: rese-arch geneticist, SE\, USDA.'and Unit of Georgia kg K, and 9.0 kg of fratted trace element (9 g il. 9 g Cu. 47 gta.tal Plain Lxperiment Sin., Tifton, GA 31794; prof sor of Fe. 20 g Mn. 05 g %to. and 18 gin). Fertilizer rates and Sp
inic taaltolaags, associate pmfesor ' f statistica. assoclate prtfeisor 13t were selceted on the basis of pres aus success of enhancing 
aot agtonom%,. and ansistant professor of agronomy. Univ. of growth in pearl mallet with these two parameteri as sarables 
Hiida, (,ain sille. Ft. 32611. respectsely. (14). 
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Standardized ProcedUres 
Increased plant dry weight, percent N, total N, and 2cet)leneiilctinn were used as indicators of response to inoculationItata were statistically analyzed by anahsis of 'ariance andoiinp.arisons between means were made by LSD. 

Dry %eight measurements were detCrmined on 
sill and planttisste dhted at 60 C. for 48 houts in a forced air drier. Driedmaterial waciprepared for N analyses by screening soil fourties through a 3 mm screen and grinding plant tissue through 

a I mm mc,h screen in a Wile) mill or a Christy Norris disintegrator (( Iristv Norris LIiD. Chelmsford. England) Mate-
ial sas stored in weilcd. plastic bags in a freezer (-12 C)until ready for use. 


Nitiogen determitations siLie conducted by digesting 
 2 gOf the screened soil or 01 g of the ground plant tissue in 10ml concentrated HSO,, 2 ml concentrated H,O and 35 g
catahst salt mixture t00% K75,O. 10" CuSO,) with three boil.in chips for 1.3hours on an aluminum block heated to 400 
( 4 9) The digested liquid was tmen diluted t 7" ml with
iditilltil water and anasised bv a TechniconO N autoanalszer4cetleine reduction wereassas conducted on root soil cores or pietncibated excited washed roots l'reincubation denotes
that time before acetflene is introduccd into the chamber con-uainiti the xicits \cetlena reduttion in freshly washed roots 
u,characterized h% - lag period in nitrogenase actiLity. Prein-
cuiiatiun (if washed rrwits has been used to osercome this lag
hi,taut is itporitil in oierestumate' nitrogenase activity (1)Ile ore method alliws a reasonable estimation of nitrogenaseactisit, Ilsting at sampling (II) and was used to overcome

Iih- problems created by preincubation 
%%shetl rotots were sealed in plastic hags. then preincubated
iernight in an atmosphere of 35' O,95"%N, at 30 C Theplhitc bags contained rubber septa taped on their sides to

.lliw cxchanging of gases After preuncubation. the atmospherewas replaced with a fresh O, N, mixture and 10% acetslene
added After 3 hours incubation at 30 C. samples ill cc) were 
withdrawn and placed in 8 cc evacuated tubes The ethylene
was subsequently measured by gas chromatography


(ore samples were prepared as follows-
 The tops of pearlmillet plants were cut away at groand level. A soil core con-taitting the roots was removed by inserting a metal cylinder
,mide b% remosing both ends of a soft drink can and sharpen.ing the bottom rim) oser the plant, forcing the cylinder into
the soi. and then removing the soil core along with the cy.linder The intact soil core with the metal cylinder was sealed
in a glass jar Each metal lid of the jars contained a rubberscptum for gas exchange The atmosphere was replaced with,,as containing partial pressures of 086 atm N,. 005 atma0,anti 1o.9 atm acet)lene After a 4-hour incubation at 30 C.samples were taken and analyzed as described in the washed 
ruxs procedure 

Field Screening Trials 
In 1976, all inbreds and' hyLrids shown in Table I except23D% > Bit33 were tested in a field nursery for increasedplant dr? weight. nitrogen, and acetylene reduction due to Split inoculation Soil was an Arredondo loamy fine sand, amnember of the loamy, siliceous, hvperthermic family of Gross.arenic Paleuduits, pH 6 3 Fertilizer nutrients, except N. wereapplied btfore pl:tnting Seeds of each genotype were plantedsix row main plots, replicated three times. The 2.7-m rows were planted at the rate of 05 g seed/m of row After seedlingemergence, .4 was applied and subplots of Sp 13t inoculum or autoclased inoculum drenched onto the second or fifth rowwith a watering can. The plots were then lightly irrigated towash the bacteria into the soil Inoculum was grown under

standard conditions in N-containing medium and applied atthe rate of 4 X 10' cells/cm of row. Inoculum treatmentswere reapplied 2 weeks later with a small push plow riggedwith a CO, constant delihery sprayer. This deiiee injected theliquid uniformly into the plant's root zone through a nozlebehind the furrow opener. This injection method avoided theneed to irrgate as with the drench method. 
General maintenance of hand weed control. irrigation, and 

un-tt pest control with Lanate were used as needed. lTeweenar~tf"i",i and harvesting (70 to 83 days) plots were umpledI,ui times for acetylene reduction by core and excised washed 

Table I. Pearl millet inbredn and hybrids used In screening for response to Azospnllum broaslense. Sp 13t, Inoeulum in fieldstudies. 

inhrpvq

Taft23DA Tift I8A Tift 131 
Tift
23DB 
 Tift 219B Tilt 123Tift Tift j83 Tilt 18DB23A 
Taft=sB 
 Titlate 
 Tift13Tilt
239A Tft 23Sfl Bd3B 

Hyhds 
Taft23DA x Tiflate 
Tift 23DA x Tilt i8DB 
Tilt 23DA x Tilt 186 (Galu 3i
Tift23DA x Tift 383 ITiflasf)
Tift 23DA x PMB004 
Tilt 23DA x Bil3B 
Tilt 23A x Bd 3B 

rot assays lill anthesis was reported !h o, lit loA AndiDnbereiner to ne the bet time to sample farhilnist aceislii.
tetlinctitn ictinitS in maize (4) %thus cstiing four plants pittiratment tow were i.inilmls taktn for N dleti mmiautiois I hic-mplete row ivas har-siled -. ith a flail hsrister and totflwet forage .clgihd %subample of the fiiiagt was 1l11( 1i1 
(it weight calculatinns 

ro test repeatabilitv in 1977. the following getnti i .rit selectcd ani field tested for response to ii-cutlatuoii %ih SitIt Tift 25DA < lft 186 ('Gahi 3) lift 231) % tit 1.4n. 
and Bil3B The hirid. Tilt 23D Blu Ill was a.l.)n,(d
in 1977 to 
 test the effects of common paircnagi Ilie ninirs
 area was on land adjacent tn the 1976 nirirct 
 l'lant. fIr
tiliration. inoculation. maintenance, arii tharscsiniuschcthilils
%ere the same as in 1976 A similar esperimentat otsign 
 was
used except genot)pe main plots were replicatcd 10 times
 

N Balance Study

Gahi 1. which reponded to ino<nlatuot 'E t.ti, n sait sicI1t
in the field was iiibjected to a \ Isalan, 
v tud% to nmitor

inputs of nitrogen into the plant soil %itien
Glazed. ceramic container% 23 cm in dham Jnd in


deep. with 
 a drain for catch:ng leaccable quit were iv, nthis studs Nonattoclaved. bulk mixed 'il liont tih' tiv,,
nurscry 
 area was weighed for each container iut a ruil!(taken for soil rv weight determination Irtluen was diitto the soil and mixed in a clean cement mser for I) mini aircontainer "wo uniform eedlings of (,ahi wire trimitcrredinto each container inl l0 ml f inoenlitn or sutuwlav-d
inocilum injected into cich container with stringe atitl ne td], 
Inoculum was grown under standard cindlitinns to Hr cc t, tnt
in N containing medium %(ter fertilinatinn and irnceilaiio
five soil subsamples were t ken through ,he proile if tichcontainer to give the initial N determinations I lie expertnientthus consisted of two treatments. laie inoculum ant ,iutocla ilnoculum. as pairs within cacti Of IM blocks Thnughnut tht
study, each pair was rotated weekly withti its bork to osercnImI
location effects in the greenhouse lit the en.of the day. lightwas supplemented with incandescent anti fliuorescent sources I.,achieve a 13.5-hour photoperioo Ptaits were hand wateretdaily to completely wet the soil profile Any leachafse lquidwas collected and returned to its respectse containerkfter 42 days growth, file soil sutisampies were takenbefore. Plants were then fromremoved their container and

as 

washed free of remaining soil Roots were excised from plan,tops and each separately dried, weighed, and ground for N
analysi. 

RESULTS AND DISCUSSION 
Field Screening Trials
 

Plant dry weight. percent N, and total N values
all hybrids tested an 1976 are presented in Table 

for 
2.a s s18 3) was te onlThe 23DA X 186 (Gahi 3)hybrid was the only hybridto give a significant yield response. Dry weight in
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Table 	2. Plant yield in dry weight, percent nitrogen, and totls nitrogen of pearl millet hybrids after fieldiaoculation with live end auto
claved Azospsnilum brmasense, Sp 31t,during 1976. 

Drymatter N Total N 

Difference Differene Differenae 

Ilybd 
Live 
inoc 

Auto 
anoc 

(liveanoc 
auto mod 

Live 
Inoc 

Auto 
Inoc 

tlive inoc-
auto nocl 

Live 
Inac 

Auto 
anoc 

(11%0•tim" 
auto innr) 

kgfha % - - -kpha 

rift 23DA x 
TaftIWDB 11,234 10.900 +334 1.73 174 -001 194 191 .3 

Taft23DA 
Tiflate 

x 
17.858 19.688 -1.730 1 58 143 +0 1 282 .90 * 1 

Taft23DA x 
Taft383 10.712 11.523 -811 2.02 201 +001 215 231 -16 

'rift 23DA x 
Taft 1F16 17.269 13.116 +4153 167 150 +007 272 198 -74 

Taft 23DA x 
PMB 004 11,241 11.791 -650 162 166 -003 180 195 -15 

Tift 23A x 
al3B 9.229 8,978 +251 160 168 -008 151 151 0 

L.S D,p = 005 
C.V % 

*2.372 
i1 

*031 
102 

v.54 
144 

Table 3 Plant yield in dry weight, percent nitrogen, and total nitrogen of pearl millet inbreds after field inoculation with live and auto

claved Azospirnlum bradas Sp 131. dunng 1976. 

Dry matter N 	 Total N 

Difference Difference Dtffrrencu 
Live Auto inoc Live Auto mnoc- Lisa Auto(Live abve i %einoc 

Genotype mac Inoc autoinoct thc inoc autoinoc anoc anoc auto inoci 

kgfha % 	 kg,/
 

Tilt 23DA 7.529 7.647 -118 210 189 .-021 158 145 13 
Taft23DB 6,168 7.018 -850 201 194 +007 124 136 -12 
Taft23A 7927 8,269 -342 178 1 71 +007 141 .41 0 
Tift23D 8,545 8.961 -416 166 1 59 +006 140 41 -I 
Tift 239A 6.777 6726 +61 190 191 -001 129 128 *1 
Taft 239B 7.354 6519 +835 183 1 75 +008 34 115 .19 
Taft 186 10368 11.363 -995 191 197 -006 198 224 -26 
Taft383 8.030 7.400 +630 196 205 -009 155 153 -2 
Tiftare 16.012 14,861 + 1.151 155 1 48 +007 248 220 28 
Taft23SB 9.527 10.113 -586 65 * 65 -002 55 .68 -13 
Bil3B 8023 6.831 +1.192 147 153 -006 118 105 . 13 
Taft 13 7.859 8.738 -879 152 154 -002 117 134 -17 
Talt131 9.271 8.749 .522 159 180 -021 148 155 -7
 
Taft123 10,050 986 +194 189 191 -002 187 187 0
 
Taft18DB 6.001 6.467 - 56 2.24 207 -017 134 33 I 

LSD.p *005 *1.917 .022 	 26
 
CV (%P 	 135 78 146
 

(p = 005) with Sp 13t hour]) during the first )ear of testing and gase no 

compared to its autoclaved control. significant support to ield tlifferences ilioculum 
creased significantly in Gahi 3 

inoculation when 
In this hybrid, inoculation with live Sp 13t enhanced treatments The mean of inoctilated plots %%as 107 

dry weight 31.7% and total N 37.4%. No inbred re. nmoles C 2H , / (g dry root X four), while the mean of 

inoculation 	 autoclaved control plots %v.,s 
Ov- dry weight yield was low the secona )ear oot X hour). Acetylene reduction was repeated the 

due in part to limited rainfall. Statistically significant second year, anti gave similar results. Due to reports 
incicases in plant dry weight were not brought about in the literature (4) anti the damage extensive assa)s 
by inoculation in any genotype kTable 4). The analy- would cause yield. sampling was conducted from 
sis of the combined 2-year yitelds in Table 5 revealed anthesis to harvest or between 70 and 85 fl,,ys after 
significant (p = 005) increases ot inoculation over planting Also, it was felt that greater statistical 
autoclaved controls of 19.201 in Gain 3 and 14 0% strength would be gained by sampling the same row 
in the Bil 3B inbred. Due to inherent variation in from which yield was taken. The possibilitv exists 

sponrI", significantly to (Table 3). 	 6.0 nnloies C2l14/ (g dry 

yield (h)brid vs. inbred) among genotypes tested for that acetylene reduction activity was not accurately 
2 years. LS.D.'s were also calculated for each geno. measured due to the limited sampling period. For 
type. The significance of the combined yield is prob- future studies, having paired rows of inoculum sub
ably due in large part to the strength of the first year's plots would allow intensive sampling all during the 
data. growing season for both acetylene reduction and yield. 

Acetylene reduction values among genotypes were It was found thar the same general responses (posi
low (range 0 to 54.3 nmoles C1 H4/[g dry root X tive or negative) were repeated among this limited 
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Table 4. Plant dry weight yield of seleted peul millet geno.
types after field inculaties with Uwe and autodawed Azospiu.
tlium bmatlra.s. Sp 13t. during 177. 

Difference 
Live Auto live InocGenotype loc auto modmnoc 

kgths 
Tift 23DA x rift 186 Gahi 3) 9.786 9.160 +626 
Taft 186 6.235 6.318 -83
Taft 23DA 5.742 5.841 -99
B1133 6.999 6.330 4669 
Tift23DA x Bd3B 11.247 10,642 +405 

L.S.D.. p = 005 1.1,392
C.V l%l 19 3 

pulation of genotypes. The probability of any-Z,-nalt gi " m a similar poz,tive oi negative responsemtlp a'.ongtw csiilaruove ega/2.Tie rspronse 
intxu7L.llatiofl two consecutive ye-Ars ;s 1/2. The proba.

b-*::t of all four genotypes responding similarly is 
I _ I or 1 16. suggestg chance alone played a limited

Though ne er of the significant magnitude of the 
N"--.tie re ponders, the repeatable negative values 

noted. nre 
Wth no significant increase in acetylene reduction 

attilatM, asit i not possible to predict that N2-fixation 
at rcascd the- growth of the responding genotypes.
.\1so, the reasons for any negatise responses are specu-
latse. Whatevei the mode of action of the inoculant, 
it is agronomically important. Pearl millet is a di. 
ploatl tropical forage and cereal grass in which selling
and h~biidization are easily achieved. Variability with-
in this grass to associate with bacterial inoculum for 
increased %reld is an important plant breeding conid. 
.'ation. However, more research is needed to clarify

,>', the nocttlant mode of action and the genetic
of the plant. 

Nitrogen content (% N) was not increased by
inoculation. Normally one expects N content to in-
crease with hetter N ntutrition of the plant. hut with 
long harestiiag thtditil I,00 da,'q I , N ha% roi 
reported not to increase in some tropical forage grasses
until N fertilization was enhanced above 200 kg N/ha 
(16). Total plant N per unit of area might be a bet. 
ter predictor of added N to a grass especially in the 
range of N inputs of any associative N2.fixation. How. 
ever, total plant N cannot be the only predictor of Nr 
fixation as bacterial incculants other than Rhizobium 
were reported by Brown (2) to enhance overall plant
yield by modes of action such as production of growth
regulating substances, suppression of plant pathogens, 
or mineralization of soil phosphates. Care should be 
taken to monitor all sources of nitrogen to the plant
before any predictions of gained nitrogen through uixa-
tion can be made. There are also reports that Sp lst 
causes denitrification (11); therefore, under anaerobic 
conditions and in the presence of excess nitrate, it has 
the potential to decrease fixed soil N. 

N Balance Study 

The 5reenhowe N balance study was conducted
increases or decreases 

to 
of N in the inoculated 

tGahi 3 plant.soil system and to verify iu field growth 
responses. 

Table 5. Two-year dry weight ),alde of selected pearl mallet 
genotypes after field Inoculation with live and autoclaved 
Azospinilum brissdnse,. Sp 13t. 

2.year avg. yield 

Difference 

Genotype 
Lave 
Inoc 

Auto 
noc 

11ve inoc 
auto inoc) 

L.S D 
p=006 C V. 

- kwU "a 

Tilt 23DA x Taft 188 
lGaha3) 

Tift 186
Tart 23DA 
Bi13B 

11,513 i0,073 
7,188 7,482
6,169 6.258 
6,483 6.655 

LSD.p=005 

+1.440 
-294 
-89 

+828 

*598 

*771 
*878
*260 
*442 

$3 
139
49 
84 

CV %)' 98 

Tabl*6. Nitrogenhbalanceecomparisonsof the 23DA x1S6lGahi3-soil eytem after lnoc,;lation with live and autoclaved 
Azospiriltum bmsiiensg;Sp13t. 

Total sod N 
- st nia,,n, 

Ilntial- Total Plant N-
Treatment Iitutal Terminal Terminal PLantN SodN lost) 

- g N 
Lve Sp 13t 75693 7 4347 01648 02977 +02332 
Auotoaved 
_Sp 13t 75228 74339 00889 03814 +02925
Xfor combined 

treatments 75460 0 128774194 03895 -)2.28 

A 3 2% increase (inoculum, 56.55 g dry wt 2 plants;
autoclaved inoculum, 54.57 g dry wt/2 plants) an total 
yield (top + root) and a 4.3% increase (inocultam,
0.3977 g N/2 plants: autoclaved inocultim, 0381.t g
N/2 plants) in total plant N (tops + roots) %ere the 
responses observed on the various plant parameters
due to inoculation. These responses -cre less than 
the increases observed in the field. but grecnhouse
conditions and root restriciotas the to the ,1its ga e 
.tit rniltoilt a,th a rlnt lon11%It dtl li1V eist \1 
teinlihiation of fits 1).l.1na e 1k 111,11tN snuh, ttt'i|,t
yellowing was observed. 'his was not toutind In the 
field trials. 

The N balance for the soil-plant system is presented
in Table 6. With low plant responses, inoculation with
Sp 13t did not increase the N content for the total 
system. An overall experimental N increase of 0.2628 
g (combining all treatments) is seen. This amount of 
N represents 3.48% of the initial soil N and might be 
viewed as the sampling error within this N balance 
study. From previous work with pearl millet (14), it 
waspredicted that Sp i3t inoctilnm would replace 42 
kg N/ha if 60 kg N/ha was added as fertilizer. This 
soil was found to contain about 0.055% N, and if one 
assumes that one ha furrow slice of soil weighs
2,241,270 kg (3). then there would be 1,293 kg N/ha,
after fertilizer addition. Therefore, 42 kg N/ha wouldbe about 3.25% of this total. It appears that this 
amount of N is near the experimental sampling errorand that total N determination may not be sensitive 
enough to show these and smaller levels of N2-fixation 
as stated by Burris and Wilson (5). As there was no 
overall decrease in N, dentrification resulting in loss
of N from the system was not observed. Sensitive 
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.says, such as 15N 2 , shouid be uied to evaluate Nrhxationinthe Gahi 3-Sp 13t system.
Sisum 
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