FOR AID USE ONLY

AGENCY FOR INTERNATIONAL DEVELOPMENT
WASHINGTON, D. C. 20823

BIBLIOGRAPHIC INPUT SHEET

A, PRIMARY

. sussecr | Food production and nutrition AF60-1930-0000
FICATION | SECONDARY

Plant physiolog¥ and biochemistry--Feed grasses

2. TITLE AND SUBTITLE
Response of pearl millet inbreds and hybrids to inoculation with Azospirillum
brasilense

3. AUTHOR(S)

outon,J.H.; Smith,R.L.; Schank,S.C.; Burton,G.W.; Tyler,M.E.; Littell,R.C.:
' Gallaher,R.N.; Quesenberry,K.H.

4 ch}tbuzw DATE 5. NUMBER &F PAGES 6. ARC NUMBER
p' ARC

7. REFERENCE ORGANIZATION NAME AND ADDRESS

Fla,

8. SUPPLEMENTARY NOTES (Sponsoring Organization, Publishers, Availability)

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

9. ABSTRACT

10, CONTROL NUMBER 11, PRICE OF DOCUMENT
PN-ARG-Y3]
'ZN; Eﬁ?@??ﬁ xation 600 o=
veti S e
18, TYPT OF DOCUMENT

AlID 8251 (4-74)



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

Response of Pearl Millet Inbreds and Hybrids to Inoculation with

Azospirillum brasilense'

J. H. Bouton, Rex L. Smith, S. C. Schenk, G. W. Burton, M. E. Tyler, R. (.. Liutell,
R. N. Gallaher, and K. H. Qucsenberry?

ABSTRACT

"ant vield and acetylene reduction were measured on
siv hnhiruds and 15 inbreds (indduding the hvhrd parents)
of pearl mllet, Pemvusetum americanum (L. R, Shum,
ater dield anoculation with dzospirillum braulense, Sp
I tredassified from Sperdllum lipoferum  Dergenine).
e the first year of tesung, inoculation responses
were investigated among 3l plant genotypes by measuning
plant dry weight, o N, total N, and aceit iene reduction
activity A unaller population of genotynes ~.cre tested a
sceond vear for repeatability of noculam resporee The
fuitst vear, one hvbhnid, Tt 23DA v Taift 186 (‘Gah 3%,
give ugmilicanthy higher plant dry weight and total N
in response to sanculation Tnoculated Gahe 3 produced
H T more drv weight and 3747, more total plant N
when compared to autedlaved noculum contrals No
inbred was found to respond  Acetviene reduction values
were low among all genntypes (range 054 nmole {g dry
toat < hour] and did not support vield effects or confum
moculum treatments.  Inoculation responses were found
to be repeatable for all genotypes tested during the «woond
vear (posinve or negative) but not of a uvatistically sig
mificant magmitude  Of the granotypes tested both years,
a combined anabvus of the 2year yields revealed sgnify
cant drv weaght increases alter noculation of 192 and
Feu, with Gahe 3 and the inbred, Bil 3B, respectivels.
\zan, acetvlene reduction values did net explain any
data. v N balance study was conducted sn greenhouse
contamers on anocuicted Gahe 3 plants in an attempt
to repeat the vield di”  ero s obsened in the field and
to momiter anputs of [ into the sotl plant system. No
sigmiliant vield increase of  into the soil-plant system
was found due to inoculation. Samplwg crror posmibly
negated an accurate measurement of all N.

tdditional wtndex words: Acetylene reduction, Grass N,
fixation, Pennisctum amerwcanum (L.) k. Shum, Plant
yield, Plant N, and Spirtlium lipoferum.

IGNIFICANT acetylene reduction  (nitrogenase
actnaty) in ‘Transvala’ digiegrass, Digitaria decumn-
beny Stent, led 1o the 1solauon of strains of the bac-
tertum, Adzospunllum basilense (reclassified from Spi-
ridlum lipoferum Beyjerinck | 10]) from the roots of
this forage grass (7)  Strains of this bacterium were
found o fix N pure culture as evidenced by acety-
lene 1eduction, kjeidahl total N, and '*N2 incorpora-
uon (7, 12),
Differences in acetylene reducuion were found among
cultivars ot Paspalum and Digutaria (7, 13). Von Bu-
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low and Dobereiner (1) sereencd maze (Zea mays L)
for No-fixang abihty by the acetylene reducnion dssay
and reported vartabihty between Sy hines of the rust
resistant vaniees, UR T They esumated the host Lines
to fix up to 2 kg ha, dav and Nz foang Azovpnilhon
strains were solated from these acuve Sy plants Benee
taal colonzation of grass roon by hacterta could be
a valuable plant brecding criterion and warrants fur
ther investigation,

Inoculavon of legumes with Rhuzobium buacienia ta
alitates therr expertmental and agrniculturad use  Like.
wise, constitnuon of grass-dzospollum Na iy as
coctations through mocutation could be aapostant
When awed as inoculunt i the hield, A4 brasdense
(strarn Sp 136 produced sigmficantly hugher yiclds
of dryv matter than did uninoculat~d controls 1n ficld
grown,  hghtly fernhved pearl millet, Penntsetum
amevtcantm (1) K Shum, and guimeagrass, Pantcum
rmaximum Jawg (1) Regression analsses projected
up o £2and 19 kg N haowas replaced by Sp 1'% inocu
lum i these two respective grasses Work i Orezon
with stram Sp 81 inoculum on maize showed less than
Pg N ha dav fixed Yield and N content weie nor
increased, thus providing no evidence of appreciable
Na-fixauon (1)

The purpose of this study was to measure dafter-
ences 1in plant vield and acenvlene vcduction among
pearl mullet hyvbrids and inbieds gnauding the hy-
brid parents) after field noculation with Sp 13t Re-
peatability of 1noculum tesponse was also tested, A
N balance study was conducted to monitor 1nputs of
N into the soil-pldnt system of an inoculated hybrid.

MATERIALS AND METHODS

Inbreds and hybnds of peari millet were scrcencd for imacu
lation response The hvbrid, 23 DA 5 PMB0OM. was obtaned
by courtesy of Jimmy Batber, North American lant Breeders
Hutchunwon, han. and wis the wemale of the diie way cioss
chown 10 respond to bacternd ineculauon i the field [§ET]
These inbieds and hiybrds are isted i rable ' The \ nnes
are cvtoplasaue male stenile and B lines are mamntamers o
them The D lines carry the dwarf gene Varetal aames ot eom
meraal hybrids are snown i parcntiews

Inoculum of stram Sp 1%t (recenned trom D Junanna Do
brreiner, Empress Brazleira de Pesquisa \gropceuina, Rio de
Jjanciro, Braal) was grown with acravon i 2 liter glass con
tamers o Ncontaning hquid meanan o e followang com
postion 5 g DI, malic acie, 91 g Nac,, 02 g Mphd, . 7H,0.
002 g CaCly, 00t g FeCuy, 60 g nHPO, 4 g nel PO, 0002
g NaMoO2H,0, 10 g NHJL 005 g yeast txtract 50 g
Trypticase 1169, N), | hiter H,0

Throughout these studtes, all {erulizer was appiied at a cali.
brated per hectare rate of 60 kg N (as NH,NO,), 20 kg P, 70
kg K, and 9.0 kg of fritted trace elements (9 g 3. 9 g Cu, 47 g
Fe. 20 g Mn, 05 g Mo, and 18 g Zn). Ferthizer rates and Sp
13t were seiceted on the baws of previous success of enhancing
growth in pearl millet with these two paramecters as saniables
(14).
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Standardized Procedures

Increased plant dry weight, pereent N, total N, and acetylene
rductnn were used as indicators of response to inoculation
Data were statistically analyted by analyus of varniance and
unnpansons hetween means were made by LSD,

Dry weight measurements were determined on soil and plant
tssue dited at 60 €. for 48 hows 1n a forced ar drier. Dried
matenial was prepared for N analyses by screcning soil four
umcs through 2 3 mm screen and grninding plant tssue through
4 1 mm mesh screen an a2 Wiley mill or a Chnisty Nornis dis-
mtegrator (Christy Norns LTD, Chelmsford, England)  Mate-
nal was stored 1n scaled, plastic bags in a freerer (=12 )
until ready for usc.

Nittogen determinations wore conducted by digesung 2 g
of the screened soil or 0} g of the ground plant tisue in 10
ml concentrated HSO,, 2 m! concentrated H,0. and 35 g
catabyst salt mixture (%09, K,50,. 107, CuSO,) with three bmi-
ing chips for 1.5 hours on an aluminum block heated o 400
¢ % 9 The digested liquid was then diluted to 75 ml with
dntilled water and analvzed by 2 Technicon@ N autoanalyzer

Acctylene reduction asays were conducted on root soil cores
or prancubated cxcised washed ronts  Preincubation denotes
that e before acetvlene 1s introduccd into the chamber con-
tuning the roots  \cetviene reductton in freshly washed roots
v characterized by 4 1ag penod 1n mitrogenase actinity, Prein-
cubation of washed toots has heen used to overcome this lag
fr but 13 reported 10 overestimate nitrogenase activity (1)
Lhe core method allows a reasonable esumation of nitrogenase
dchvity oasting at samphing (15) and was used to overcome
the problemy created by preincubation

Washed roots were scaled in plastuic bags, then preincubated
overmght sn an atmosphere of 3¢, 0,959 N, at 30 C The
plistic bags comtamed rubber septa taped on their sides to
allow <xchanging of gases  After preincubation, the atmosphere
was replaced with a fresh O, N, mixture and 10, acetrvlene
added * After 3 hours incubation a1 30 C, samples (11 cc) were
withdrawn and placed in 8 cc evacuated tubes The ethylene
was subscquently measured by gas chromatography

(ore samples were prepared as follows: The topy of pearl
mulict plants were cut away at ground level. A soll core con-
taming the roots was removed by nserting a metal cvhinder
'mide by removing both ends of a soft drink can and sharpen-
g the bottom nmj over the plant, forcing the cvlinder into
the sail, and then removing the soil core along with the cy-
linder The intact soil core with the metal cylinder was sealed
1 3 glasy jar  Each metal hd of the jars contained a rubber
wptum for gas exchange The atmosphere was replaced with
%3 comaining partial pressures of 086 atm N, 005 atm O,
and 0109 aum acetylene  After a 4-hour incubation at %0 C,
samples were taken and analyzed as described 1n the washed
root procedure

Field Screening Trials

In 1976, all inbreds and’ hybrids shown in Table | except
ADN ¥ Bil 33 were tested 1n a field nursery for increased
plant dry weight, nitrogen, and acetviene reduction due to Sp
15t 1noculauon  Soil was an Arredondo loamy tine sand, a
member of the loamy, siliceous, hvperthermic family of Gross.
aremic Paleudults, pH 63  Ferulizer nutrients, except N, were
applied beiore planting  Sceds of each genotype were planted
"% six row main plots, replicated three times. The 2.7-m rows
were planted at the rate of 05 g seed/m of row  After seedling
emcrgence, .1 was applied and’ subplots of Sp 13t inoculum
or autaclaved inoculum drenched onto the secund or fifth row
with 2 watering can. The plots were then lightly irrigated 1o
wash the bacteria into the soil Inoculum was wn under
standard conditions in N-containing medium angmapplied at
the rate of 4 x 10" cells/cm of row. Inoculum treatments
were reapplied 2 weeks later with a2 small push plow rigged
with 2 CO, constant delivery sprayer. This device injected the
liquid umformiy into the plant's o0t zone through a noule
behind the furrow opener. This injection method avoided the
need o urmigate as with the drench method,

Genrral mainienance of hand weed control, irrigation, and
inwet pest comtrol with Lanate were used as needed. Between
antheus and harvesung (70 o 85 days) plots were ampled
{uus imes for acetylene reduction by core and excised washed

Table 1. Pear! mullet inbreda and hybrida used in acreening for
respouse to Azospinllum brasilense, Sp 13t, inoculum 1n field
studies,

{Inbreda
Tift 23DA Tift 186 Tift 131
Tift 23DB Tift 219D Tt 123
Tift 23A TifL 183 Ti{t 18DB
Tift 23B Tiltlate Tt 13
Tift 239A Tt 2258 Bd 38
Hybnds

Tift 23DA x Tiflate

Tift 23JDA x Tult 18DB

Tt 23DA x Tt 186 (Gahu 5)
Tt 23DA x Tuft 383 (Tiflead)
Tift 22DA x PMB0O4

Tt 23DA x Bil3B

Tift 2JA x Bil3B

root asavs  Full antheas was reported by von dulow  and
Dobereiner to ne the best time 0 ample for haghest acendone
reduction activity in maize {(4)  \t hainvestung  four plants poy
traatment 10w were tandomly taken for N detcrminatons |he
complete row was harnvssted avtth 3 Bal harvester anid tond
wet forage weighad  \ subsample of the forage was dind for
dry weight calculatons

To test repeatability 1 1977, the bllowing genatspes e
selected and ficld tested for response to imeculation with Sp
13 Tift 23DA ¢ Tult 186 (Gahe 3) Tift 23D\ [afe isu,
and Bil 3B The hvbnd, Tift 23D\ s Bid 3B was alw used
tn 1977 to test the effects of common parentage  The nurwn
area was on land adjacent 0 the 1976 narety Manting for
uhration, inoculation, maintenance, and harvestiig  schedules
were the same as 1n 1976 A amilar expenmental dcsign was
used except genotype main plots were teplicated 10 times

N Balance Study

Gaht . which responded to innculation with mercased vicin
in the field was <ubjected to 2 N balance study 0 monitor
inputs of nitrogen nto the plant sl svstem

Glazed, ceramic containers 23 cm in diam and '), om
deep. with a drain for catching leacnable hguint were aaed an
this: studv  Nonautoclaved. bulk ntixed wnl fiom the teud
nurery area was weighed for each contamer nd a ampl
taken for soil dry weight determmatton  Feornlizer wae el
to the soil and mixed 1n a clean cement mixer for 15 mun oer
contamer  Two uniform seedlings of Gahi were transterred
into cach container and 100 mi of mocuium or auteclaved
inoculum njected into cach contatner with wonge and needls
Innculum was grown under standard conditions to 107 coils, inl
in N containing medium  After fernlization and inneulation
fise soil subsamples were t hen through (he profile of (aeh
container to give the imual N determinauons [ he experimen
thus conusted of two treatments, live inacuium ana autoclas e
noculum, as pairs within each of 18 blockt  Thioughout the
study, each pair was rotated weekly within 1ty binck to overcome
10catinn effects in the greenhouse At the ena.of the day, hiyght
was supplemented with incandescent and fluorescent woursces to
achieve 3 13.5-hour photoperiod  Prants were hand waicred
daily to completely wet the soil prefile  Any Icachabie liquid
was collected and returned 1o its Tespective container

\iter 42 days growth, five soit subsampies were taken as
before, Plants’ were then removed from their container and
washed Iree of remaining so1l  Roots were excised from pland
tops and each separately ried, weighed, and ground for N
analyss.

RESULTS AND DISCUSSION
Field Screening Trials

Plant dry weight, percent N, and total N values for
all hybrids tested in 1976 are presented in Table 2,
The 23DA X 186 (Gahi 3) hybrid was the only hybrid
to give a significant yield response. Dry weight in-
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Table 2, Plant yield in dry weight, percent nitrogen, and total nitrogen of pesrl millet hybrids after field inoculation with live end auto-

claved Azospinllum brasilense, Sp 31t, during 1976.

Dry matter N Total N
Difference Difference Difference
Live Auto (live i1noc- Live Auto {live inoc- Live Auto (ive inoc
Hybnd ' 1noc inoc auto 1noc) inoc noc suto inoc) inoc noc 8ULO Inoc)
kgiha % ——kgha
ift 23DA x
Tift 1.DB 11,234 10,900 +334 1.73 174 -001 194 191 +3J
Tt 23DA x
Tiflate 17.858 19,588 -1,730 158 143 +016 282 280 .l
Tt 23DA x
Tift 383 10.112 11,623 -811 2.02 20t +001 215 231 -18
Tt 22DA x
Tift 186 17,269 13,118 +4,183 1567 150 +007 272 198 +74
TiHL2IDA x
PMB 004 11,241 11,791 ~-660 162 166 ~003 160 195 -15
Tift 23A x 4 .
B 38 9,229 8,978 +261 160 168 ~-008 51 151 0
LSD,p=005 +2,372 =031 £ 54
C.V (%) 116 102 ‘ 144

Table 3 Plant yield in dry weight, percent nitrogen, and total nitrogen of pear} millet inbreds after field inoculation with ive and suto-

claved Azospinllum brasilense, Sp 13t, dunag 1976.

Dry mattes N Total N
Difference Duffercnce Difference
Live Auto {hveinoc Live Auto jlve inoc. Live Auto thve inoc
Genotype inoc tnoc auto inoct noc tnoc 8uto tnoc) inoc inoc auto 1noc)
. kgiha % kg'ha

Tift 22DA 7.529 7,647 -118 210 189 + 00 158 145 +13
Tift 23DB 6,168 1,018 ~850 201 194 +007 124 136 -12
Taft 23A 7927 8,269 - 342 178 N +007 141 Y ]
Tt 23D 8,545 8,961 -416 165 159 +006 140 14l -1
Tt 239A 6,177 6726 +51 190 191 -00! 129 128 [
Tift 2398 7.354 6519 +835 183 175 +008 W34 115 +19
Tult 186 10 368 11,363 -995 191 197 ~008 198 224 -26
Tift 383 8,030 7.400 +630 196 205 -009 155 153 -2
Tiftlate 16,012 14,861 +1.151 155 148 +007 248 22 -28
Tift 23SB 9.527 10,113 ~586 163 165 -002 55 .68 -13
Bil3B 8023 6.831 +1,192 147 153 -006 118 105 +13
Tt 13 7.859 8,738 -879 152 154 -002 11 134 ~-17
Tult 131 9.271 8,749 +522 159 180 -021 148 155 -5
Tift 123 10,050 9856 +194 189 191 -002 187 187 0
Tt 18DB 6.001 6,457 ~+56 2.24 207 ~017 134 133 vl

LSD.p =008 =1.917 =022 26

CVi%) 1356 78 146

creased signtficandy in Gahi 3 (p = 005) with Sp 13t
inoculauon when compared to 1ts autoclaved control.
In this hybrid, inoculauon with live Sp 13t enhanced
dry weight 31.7%, and total N 37.49;. No inbred re-
sponc'~! significantly to inoculation (Table 3).

Ov- ' dry weight yield was low the second year
due in part to limited rainfall. Statisucally significant
increases in plant dry weight were not brought about
by inoculation 1n any genotype | Table 4). The analy-
sis of the combined 2-year yields in Table 5 revealed
significant (p = 005) increases ot inoculation over
autoclaved controls of 19.29% in Galu 3 and 1409
in the Bil 3B inbred. Due to inherent variation in
yvield (hybrid vs. inbred) among genotypes tested for
2 years, L.§.D.'s were also calculated for each geno-
type. The sigmificance of the combined yield is prob-
(aibly due 1n large part to the strength of the first year's

ata.

Acetylene reduction values among genotypes were
low (range 0 to 54.3 nmoles CyHq/{g dry root X

hour]) duning the first year of tesung and gave no
significant support to yield diffcrences or inoculum
treatments The mean of inoculated plots was 107
nmoles C,H,/ (g dry root X iour), while the mean of
autoclaved control plots was 6.0 nmoies C:Hy/ (g dry
coot X hour). Acetylene reducuion was repeated the
second year, and gave similar resuits. Due to reports
in the literature (4) and the Jamage extensive assays
would cause vyield, sampling was conducted from
anthesis to harvest or between 70 and 85 days after
planung  Also, it was felt that greater staustical
strength would be gained by samphng the same row
from which yield was taken. The possibility exists
that acetylene reduction activity was not accurately
measured due to the limited sampling period. For
future studies, having paired rows of inoculum sub-
plots would allow intensive sampling ail during the
growing season for both acctylene reduction and yield.

It was found that the same general responses (posi-
tive or negative) were repeatcd among this limited
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Table 4. Plant dry weight yield of selected pearl millet geno
types after field inoculatien with live and autoclaved Azospir

Table 5. Two-year dry weight yields of nelected pearl millet
genotypes after field inoculation with hive and sutoclaved

tllum brasilense, Sp 13t, during 1977. Azospinllum brasilense, Sp 13¢.
Difference 2-year avg, yield
Live Auto (live inoc Differcnce
Genotype 1noc inoe Suto inoc} Live Aute  {liveinoc LSD
kg'ha Genotyps inoc moc  autoinoe) p=006 CV.
Tilt 23DA x Tife 186 (Gahi 3) 9,786 9.160 - Sgﬁ kgha %
Tife 186 6.23% 6.318 -83 .
Tift 23DA 5.742 5.841 -99 Tift 23DA x Tt 188 .
Bu3s 6.999 6.330 +669 (Gabu 3} 11,613 10,073 +1,440 x771 43
Tift 23DA x Bu3B 1L247 10842 +405 Tl 166 T8 142 -2 +AT8 139
Tt 23DA 6,169 6,258 -89 £260 49
LSD.p=008 41,392 BilaB 6,483 6.656 +828 x442 84
cv_= 193 LSD,p=006 =598
CV (%) 98

torulation of genotypes. The probability of any
fenotvpe giving a similar positive o1 negative response
s ineculation two consecutive years is 172, The proba-
wilny of all four genotypes responding simularly is
l 21orl 16. suggesung chance alone played a limited
~'s. Though never of the significant magnitude of the
m-.ine responders, the repeatable negative values
are noted. .
With no significant increase 1n acetylene reduction
actinity, 1t was not possible to predict that Ny-lixauon
increased the: growth of the responding genotypes.
Also, the reasons for any negative responses are specu-
lanve. Whatever the mode of action of the inoculant,
115 agronomically important. Pearl millet is a di-
plowl tropical forage and cereal grass in which selfing
and hybiidization are easily achieved. Vanability with-
i this grass 10 associate with bacterial inoculum for
increased yield 1s an important plant breeding conud-
rration. However, more research is needed to clanfy
o+ the 1noculant mode of action and the genetic
2.z of the plant. .
Murogen content (%, N) was not increased by
inoculation. Normally one expects N content to in-
crease with better N natnition of the plant, hut with
long harvesting schedules (30 dave) ©4 N hae been
reported not to increase 1 some tropical forage grasses
until N ferulization 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 es ecially in the
range of N inputs of any associative Ny-fixation. How-
ever, total plant N cannot be the only predictor of Ny
fixation as bacterial incculants other tﬁan Rhizobium
were reported by Brown (2) to enhance overall planc
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 iixa-
lion can be made. There are also reports that Sp 13t
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 greenhouse N halance study was conducted to
~wzzd increases or decreases of N in the inoculated
Gahi 3 plant-soil system and to verify its field growth
responses.

Table 6. Nitrogen balaace comparisons of the 2JDA x 166 (Gahi
J)—soil system after inoculation with live and sutoclaved
Aczospirillum brasilense; Sp 13t.

Total sotl N
- Lost Ralance
{[utial- Total  (Plant N-
Treatment Imtial  Terounal Termunal) Plant N Soil N ost)
gcontainer I'd N
LiveSp 13t 75693 74347 01646 02977 +02332
Autoclaved
_Spi3t 75228 7 4339 00889 03814  +02925
X for combined
treatments 7 5460 7 4194 01287 03895 -~ 2628

A 329 increase (inoculum, 56.55 g dry wt 2 plants;
autoclaved inoculum, 54.57 g dry wt/2 plants) n tota!
yield (top 4 root) and a 4.3% increase (inoculum,
0.3977 g N/2 plants; autoclaved inoculum, 03§14 g
N/2 plants) in total plant N (tops + roots) were the
responses observed on the various plant paramecters
due to inoculation. These responses were less than
the increases observed in the ficld, but greenhouse
conchnons and root restrictions due 1o the pots wave
A emitonment vasth dittetent tom the Beld At
tesminason of this N halance study, goneial plant
yellowing was observed. Tlnus was not tound  the
field trials,

The N balance for the soil-plant system 15 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 3.489, of the iniual soii N and might be
viewed as the sampiing error within this N balance
study. From previous work with pearl miller (14), it
was predicted that Sp 13t inoculum would replace 42
kg N/ha if 60 kg N/ha was added as ferulizer. This
soil was found to contain about 0.055%, N, and «f onc
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 would
be about 3.25%, of this total. It appears that this
araount of N is near the experimental sampling error
and that total N determination may not be sensitive
enough to show these and smaller levels of N,-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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assays, such as 3Ny, shouid be used to evaluate N,
hixation in the Gahi 3-Sp 13t system.
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