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Responses of Two Pearl Millets Grown in vitro
After Inoculation with Azospirillum brasilense'

S. C. ScHANK, REX L. SMi1TH AND GLEN C. WEISER?

ABSTRACT

Growth responses of pearl millet [Pennisctum amer-
icanum (L) K. Schum.] seedlings inoculated with
Azospirillum brasilense were studied in test tubes and
small plastic bags. Comparisons were made between a
pearl millet geirotype, *Gahi-3', which previously had
piven increased yields after inoculation in ficld tests,
and another genotype, “Titt 186°, which did not re-
spond.

Inoculation with live bacterial cells reduced top
growth and gave a lower total nitrogen content in both
genotypes. Acetylene reduction was positive but low in
live inoculation treatments and zero in the coitrols.
Imniunofluorcseent assavs indicated a high bacteria
population of Azospirillum in inoculated treatments,
whereas the controls were negztive. Neither the small
test tubes nor the plastic bags provided a suitabie en-
vironment for sereenirg bacteria-plant  associations
and predicting their responses in the field.

Additional Index Words: N fixation, Acetylene
reduction, N content, Plant yield, Root growth, Spiril-
lum lipoferum.

Ample evidence exists that N.-Bixing bacteria-grass
root associations Jdo occur (7, 8,9, 12, 14, 19, 28). Three
vears of data from Florida (20) have indicated that
vield increases are possible after inoculating new stands
of forage grasses with Azospirillum brasilense.

Similar vield increases after inoculation have been
observed in the Bahamas (21) and in India (15). A
lack of significant response after inoculation has been
reported in Oregon (%) and Wiscousin (1). In Austraha
(18). a 237 yield increase in tops and a 209% yield in-
crease in root mass were obtained alter inoculating
digitgrass with A. brasilense in a growth room experi-
ment. Baltensperger et al. (2) and Benzion and Quesen-
berry (1) have al.o noted posiiive growth responses
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growth substances by microorganisms (6, 10, 11, 22) as
well as N -fixation may cause the yield responses. In-
creoced yield and nitrogen fixation responses have been
reported when different grass genotypes are exposed to
different bacterial strains (2, 4, 5, 13, 16).

In order to further study the system, we have been
scarching for a simple, consistent, and repeatable
method that would allow the rapid evaluation of
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grass ‘bacterial associations. The objectives of this
stady were: (1) to develop an i vitro screening tech-
nigue which would predict ficld results; (2) to study
changes in root growth caused by inocnlation; and (3)
to mounitor Azospirillum populations during the ex-
periment by fluorescent antibody technique (FA).

MATERIALS AND METHODS

Two genotypes of pemr! millet, ‘Gahi-3" and an in-
bred parent, Tt 1867, were ested in two inoculation
experiments. Previously, Gahi-8 had responded to in-
oculation and 186 did not (). In one experiment, the
seedlings were grown in 15 % 200 mn: test tubes with
bty grams of autoclaved soil placed in each test tube
prior to planting. In the other, 6 oz, (170 gin) “Whirl-
Pac” plastic bags were used as containers, The soil was
Arredondo fine sand  (Grosarenic Palendult; loamy,
sificcous, hype. ihermic), pH 6.4, tow in NH; and NO,,
and with an ogganic matter content of 1.5%%.

Sceds were surface sterilized by consecutive 7-minute
dips in 707 cethanol, 509 Chlorox, and 3% hydrogen
peroxide. After therough washing in sterile water, they
were then germinated on tryptic soy agar {Difco) to
test for bacterial contamination, Sceds free of contami-
nation were transplinted into the iest tubes or “Whirl-
Pac’ plastic bags.

Three inoculation treatments were used: (1) a live
imoculum culare of dzospiritlum  brasilense strain
INMIZHA2 (a4 Florida isolate) at the high vate of 4 x 108
cells per tube; (2) a low rate of the same live bacterial
culture, 4 x 107 per tube; and (3) a conuol, autoclaved
JMI25AY2 culture at the 4 x 10 rate. The experimental
design was a split-plou with varieties as main plots and
the three inoculation treatments as sub-plots, There
were cither four or five replications of each millet
variety at each bacterial inoculation treatment.

Plants in both experiments were grown adjacent to
a window in the laboratory, where light at mid-day
wil. 30 pEm-? sec -1, and average ambient temperature
was 25 C. Miuoscope siides placed in cach test wibe
and Whid-Pac bag were removed later for fluorescent
antibody staining  (17). Plants in the test tubes were
allowed to grow for 40 days before harvest. Those in
plastic bags were set up in sufficien: numbers so that
four harvests could be made at 10 day intervals, still
maintaining four replications in each treatment. Tops
and roots were harvested, weighed, and subsampled for
microscope studies (17). Visual and microscopic ex-
aminations were made and photomicrographs were
taken to document root morphological changes due to
inocuiation. Envmeration of bacteria, acetylene reduc-
tion, and nitrogen assays were perfornined as described
previously (5, 10, 17).
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RESULTS AND DISCUSSION

Both top and root development in both experi-
ments were repressed by inoculation (P =.004 and .001).
Live inoculum reduced dry weight by about one-half
(Fig. 1). This finding was in direct conflict with previ-
ous field, greenhouse, anvd growth room data which had
shown an enhancement of dry weight after inoculation.
However, plants in these experiments were grown
under laboratory conditions in enclosed systems where
both temperature and light (25 C and 30 Em? sec )
were far from field conditions.

Acetylene reduction (AR) measured on the plants
in the test tubes after 30 days of growth and again be-
fore harvest was low. At 0 days the mean AR value
was 5 n moles of ethylene produced per tube per hour
in the inoculated tubes (range 0-29), and zero in the
contrel tubes. The plants which showed the higher AR
values did not have higher ¢ N or total N in tops or
roots. Ethylene production was linear between 0 and
24 hours of incubation in the inoculated tubes,

humunofluorescence studies from 91 contace slides
and from reisolations at the end of both experiments
verified that live bacteria persisted in the soil of all
inoculated tubes and bags (Table 1), Fluorescent anti-
body Tabelled root  (FA) preparations showed .
brastlense more prevalent on reot surfaces of Gahi-3
pearl mitlet than Fift 186. At the low inoculation con-
centration, the FA root tests showed root colonizazion
by dzospivillum in only 1 out of 5 test tubes with Tift
186, but heavy root coionization occurred in all five
replications at the higher inoculum  concentration
(Table T). All fungal spores in the soil were not killed
by autoclaving, because contact slides showed close as-
sociations between A, brasidense and fungal hyphae as
well.

The total nitrogen (N) content of uninoculated
plants averaged 5.94¢ N in the tops and 1.5 mg total N,
while the inoculated treatments averaged 5.4% N in
the tops and 0.82 g total N. Uninocwiated plant roots
were likewise higherin ¢ N (2,18 vs. 1.78) and in total
N (0.35 mg vs. 0.32 mg).

Harvest results from the Whirl-Pac bags are shown
graphically in Fig. 2. The lincar growth rate is prob-
ably due to the low light intensity, lower temperature,
and the confined system. Results from Experiment 2 at
40 days (Fig. 2) closely paralleled the 10-day harvest
from Experiment 1 (Fig. 1).

Fig. 3 shows root and shoot weight relationships.
The ratios differ from those reported by Gaskins and

40 DAY HARVEST
DRY WEIGHTS
TORS RN

20 |
[
ow 5
IN 10/ : "
MG 4
: L N
CONTROL  LOW HiGH CONTROL
INOC INOC INOC INOC

VARIETY 186 GAH! 3

Fig. 1.—Dry harvest weights of two pearl millets grown in
vitro for 46 days in the laboralory. Inoculated «~ith a Florida
isolate of A. brasilense.

TABLE 1.—MeaN Azospirillum roruLATION SCORES MADE Y FA
TECHN'UE AND MEAN ACEFYLENE REDUCTION VALUES IN N MOLES PER
TUBE PER HOUR.

FA VALUES®

Contact Soil Re- AR
Treatment Slides  Roots Isolates AR Range
186 Dead Inoc [§1] 0.0 0.5 0.0 0
Gahi-3 Dead Inoc 0.3 0.0 0.0 0.0 0
186 Low Live 2.6 0.6 3.0 12.1 0-29.9
Gahi-3 Low Live 3.0 3.0 3.0 5.2 0-26.1
186 High Live 28 3.0 3.0 0.0 0
Gahi-3 High Live 3.0 3.0 3.0 8.2 0-16.3

*Each mean in the lable is based on 5 replications. A score

beaween 25 and 3.0 is considered FA positive,
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Fig. 2.—Green harvest weights ol two pearl millets grown in
plastic bags in the laberatory after inoculation with A. brasilense,
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Fig. 3.—-Dry harvest weights of 1ops and roots of two pearl
millets grown in vitro for 40 days in the luboiatory after inocula-
tion with 4. brasilense.



LEP, S ety 8 G
Sy, Rt




10.

17.

PrROCEEDINGS, VorLuMe 39, 1980

Effect of C, on nitrogenase activity in the rhizosphere of
Paspalum nc. -*um. Soil Biol. Biochem, 5:157-159.

Gaskins, M. H., and ]. C. Carter. 1976. Nitrogenasc activity:
A review and evaluation of assay methods, Soil Crop Sci. Soc.
Fla. Proc. 35:10-16.

Gaski* s, M. H., and D. H. Hubbell. 1979. Response of non-
leguminous plants 1o root inoculation with free living
diazotrophic bacteria. In Soil-Root Interface. Harley, J. L,
and R. Scott Russell [Eds.]. Academic Press, London. 448 pp.

. Hubbell, D. H. 1977. Plaut roots and biological nitrogen

fixation. Soil Crop Sci. Soc. Fla. Proc. 36:37-40.

. Neal, J. L., ané R. L. Larsen. 1976, Acetylene reduction by

bacteria isolated from the rhizosphere of wheat. Soil Biol.
Biochein. 8:151-155.

. Neyra, C. A., and J. Dobereiner. 1977. Nitrogen fixation in

grasses. Adv, Agron. 29:1-38.

. Rao, V. R., P. B. B. N. Charyulu, and D. N. Nayak. 1978.

Nitrogen fixation by Spirillum sp. in rice ccosystems. In
Abstracts Proc. Steenbock-Kettering Intl. Symp. Nitrogen
Fixation. University of Wisconsin, Madison, Wisc. 87 pp.

. Ruschel, R., and A. F. Ruschel. 1979. Inheritance of N,-fixing

ability in sugarcane. Intl. Workshop on Assoc. N._,-Fixation
(Abstract). C.R.C. Press, West Palm Beach, Florida. 59 pp.
Schank, S. C., R. L. Smith, G. C. Weiser, M, E. Tyler, J. H.
Bouton, K. H. Quesenberry, D. Zuberer, J. R. Milam, and
R. C. Littell. 1979, Fluorescent antibody techniques to identify
Azospirillum brasilense associated with roots of grasses. Soil
Biol. Biochem. 11:287.295.

18

19.

20.

115

. Schank, S. C., K. L. Weier, and L. C. MacRac. 1980. Yield and
nitrogen studies ol a digitgrass after inoculation with
Azospirillum on two Australian soils. Crop Sci. (Submitted)
Smith, R. L., J. H. Bouton, S. (.. Schank, x. H. Quesenberry,
M. E. Tyler, J. R. Milain, M. H. Gaskins, and R. C. Littell.
1976, Nitrogen fixation in grasses inoculated with Spirillum
lipoferum. Science 193:1003-1005.

Smith, R. L., S. C. Schank, J. H. Bouton, and K. H. Quesen-
berry. 1978, Yield increases of tropical grasses after inocula-
tion with Spirillum liboferum. In Environmental Role N,-

fixing Bluc-Green Algae wit Asymbiotic Bacteria, (U. Gran-
hatl Edl) Ecol. Bull., 26:380-385.

. Taylor, R. W. 1479. Responses of two grasscs to inoculation
with Asospirillum spp. in a Bahamian soil. Trop. Agric. 56:
361-365.

. Tien, T. M., M. H. Gaskins, and D. H. Hubbell. 1979. Plant
growth substances prodiced by Azospirillum brasilense and
their effect on the growth of pearl millet (Pennisetum amer-
icanum L. Appl. Env. Micro, 37:1016-1024,

. Tjepkema, J., and P. Van Berkum. 1977. Acetylene reduc-
tion by soil cores of maize and scrghum in Brazil. Appl.
Environ. Microbiol. 33:626-629.

. Umali-Garcia, M., D. H. Hubbell. and M. H. Gaskins. 1978.
Process of infection of Panicum maxim an by Spirillum
lipoferum. In Euvirommental Role N, ixing Blue-Green

Algae and Asymbiotic Bacteria. (U. Granhall Fd.) Ecol. Bull.
26:373-379.



