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SUMMARY

The results of ficld experiments conducted with millet cultivars inoculated with different

' nitrogen-fixing bacteria at the ICRISAT Centre, Hyderabad, India are described. Significant
interactions were observed between host cultivars and bacterial strains, but some cultivars
showed consistently increased grain and dry matter yields, suggesting the possibility of exploit-
ing suitable plant and nitrogen-fixing bacterial associations for increasing grain yield. Inocula-
tion also resulted in increased nitrogen uptake up to 14.9 kg ha™', and larger grain nitrogen:
contents,

INTRODUCTION

The association between cereal plants and nitrogen-fixing bacteria, as shown by
increased nitrogenase activity, is well established (Dart and Wani, 1982; Wani
et al., 1983, 1984) and Azospirillum and Azotobacter either singly or in com-
bination have been used to study inoculation responses with various cereals
(Wani et al., 1976; Baltensperger et al., 1978; Bouton et al., 1979; Kapulnik et
al., 1981). In a few experiments cultures of nitrogen-fixing enterobacteriaceae
were used to study inoculation responses (Wood et al., 1981; Wright and
Weaver, 1982). Inoculation with Azospirillum increased yield and nitrogen con-
tent in several crop species in the field (Smith et al.,, 1976; Kapulnik et al.,
1981; Subba Rao et al., 1982). Such effects are of particular interest with pearl
millet which is grown on nutritionally poor soils in the semi-arid tropics, often
without added mineral nitrogen. In this paper we report the response of field
grown pearl millet (Pennisetum americanum (L.) Leeke) cultivars to inocula-
tion with different nitrogen-fixing bacteria.

MATERIALS AND METHODS

Mulet cultivars

Two supposedly high nitrogenase stimulating millet cultivars, cv. 1P 2787
and cv. ICMS 7819, a synthetic variety developed from an Ex-Bornu popula-
tion, were selected for Experiment L. Millet cv. ICMS 7819 did not respond to
inoculation in this experiment and was replaced in Experiment II by two
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ICRISAT cvs, WC C 75 and ICMS 7703. Experiment HI was conducted in the
same scason as Experiment 11 with three hybrid cultivars: BJ 104 and MBH
110, commonly cultivated in India, and MEBIT 23/81 which had yiclded well
in imitial trials. These three cultivars were also used in Experiment 1V,

Bactenal cultures

The cultures of J1zospirillum hpoferum (1) and A, brasilense (SP 7) ATCC
No. 29145 were obtained from Dr J. Bakandvean, CNRS, Nancy, France and Dr
J. Dobereiner, Brazil, vespectively. A lpoferum (ICM 1001) was isolated
JCRISAT from the rhizosphere of sorghum cv. €SH 1, grown in vermiculite
and inoculated with Napicr bajra root extract (NBRE) culture. Azotobacter
chroocaccum (ICM 2001) was isolated from the rhizosphere of Cenchrus
ctliaris plants grown in the licld. NBRE was a mixed culture prepared by
macerating 25 g of roots and the rhizosphere soil of field grown forage grass,
Napier bajra hybrid 21 (Pennisetum americanum X P. purpureum), in 500 ml%
nitrogen-free sucrose medium using a mechanical blender. Fhe macerate in a
sucrose medium was incubated for 24 h at room temperature (28 2°C) on a
rotary shaker with a speed of 150 rpm.

Preparation of inoculants

The cultures of azospirilla and Azotobacter were multiplied in nitrogen-free
malate and sucrose broth media, respectively, containing 100 mg yeast extract
per litre. After inoculation, the media were incubated at 33°C for three days on
an incubator-cum-rotary shaker at 150 rpm. Peat inoculants were prepared by
injecting 30 ml of culture broth, with a count of 108 cells ml"? (except NBRE
which had 10° cells ml™"), into a packet containing 40 g gamma irradiated peat
(supplied by Agriculture Laboratories Pty Ltd, Australia). Inoculated peat
packets were cured for 10-12 days at 33°C in an incubator. At the time of ficld
inoculation all the inoculants had 108 bacterial cells g of peat, except the
NBRE-peat culture which had 10° cells g™! peat. For control treatments, the
peat packets were inoculated with sterile N-free sucrose medium. Peat inocu-
lants of pure bacterial cultures were free from contamination at 107 * dilution.

Cultural practices

The experiments were conducted on alfisols both during the rainy and dry
scason (Table 1) using factorial randomized block designs (RBD) with 5-13
replications at the ICRISAT Centre, Hyderabad, India (16.5° N, 78.5° K,
545 m altitude). Experiments conducted during the dry scason were irrigated
as required by furrow irrigation, cxcept in Experiment IV where plots were
irrigated fightly with sprinkiers after cach inoculation.

Liquitd inocuium was preparcd by thorcughiy mixing the peat inoculum in
unchlorinated tap water (2.3 g I™"). Each plot was inoculated at sowing and
after thinning the plants 20-25 daye after sowing, cxcept in Experiment 1V,
At each inoculation 100-105 ml culture suspension was added per metre row
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Table 1. Details of pearl millet inoculation trials
Total nitrogen in Gross
soil (ppm) E.C. plot Harvejt
Experi- Soil = -~ oc—————  (m.mhos size area®
ment Year Scason pH 0-15 cm 16-30 cm cm ') (m?) (m")
1 1982  Dry 6.5 470 445 0.60 315 169
n 1982 Rainy 8.3 479 453 0.29 18 9
m 1982 Rainy 6.2 418 490 0.06 12 9
v 1983 Dry 1.7 489 464 0.35 18 9

length, except in Experiment I where each metre of row length received 70-75
ml culture suspension. The inoculum was poured below the seed in the planting
furrow when inoculation was done at the time of sowing. Otherwisc, a small
furrow was opened by the side of the scedlings, inoculum added and the furrow
closed. '

Plant to plant spacing of 10 cm was maintained by thinning the plants 16-
20 days after sowing. Weeding and inter-row cultivations were carried out as
and when required. Plant parts above ground level were harvested from the net
plot area and the ears scparated and threshed; the plant matter was.then
chopped, dried at 70°C for twece days, and the graim and plant doy matter
weights recorded. Total nitrogen contents of powdered grain and plant dry
matter samples from cach trcatmemt were estimated by a micre-Kickdahl diges-

A basal dove of 40 kg By, ha™ as single superphorphate was applicds
crop was sovimrwmanually en vidges spaced 75 cm apart oun 31.Docombert 1 .
Each trecatment was reptiomted 12 times.

Experiment Il :

The crop was sown manually on ridges spaced 75 cm apart on 25 June 198‘2.
A basal dose of 40 kg PyOg ha™! as single superphosphate was applied. Fach
treatment was replicated 5 times.

Experiment Il

A basal dose of 20 kg N ha ! as urea and 20 kg P,O5 ha™! as single super
phosphate was applicd. The crop was sown manually in rows spaced 50 cm
apart on 19 Junc 1982. The experiment consisted of 15 treatments replicated
7 times.

Experiment [V

The ficld was fertilized with 40 kg P,O4 ha™! as single superphosphatc. The
crop was sown on 13 January 1983 on ridges spaced 75 cm apart. Each treat-
ment was replicated 13 times. The crop was inoculated 7 and 28 days after
planting and on cach occasion irrigated lightly the following day. It was top-
dressed with 16 kg N ha™! as urea 25 days after sowing.
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RESULTS

Experiment |

'Inoculation with Azospirillum lipoferum (1) and NBRE increased grain yield
of cv. IP 2787 by 11.7% and 6%, respectively, over the uninoculated control
but cv. ICMS 7819 did not respond to inoculation with any of the cultures
used ('Iablc 2). Inoculation of both the cultivars with A. brasilense resulted in
.reduced grain yield. There was significant interaction between host cultivar and
bacterial strain for plant dry matter yield. Inoculation also increased the total
dry matter of both cultivars except when cv. IP 2787 was inoculated with A.
brasilense (SP7),

There were no significant changes in the nitrogen content of grain or plant

tissues due to inoculation with nitrogen-fixing bacteria but inoculation of cv.:
IP 2787 resulted in a marginally increased grain nitrogen percentage. ‘

Expenment /4

"The mean ylelds of cultivars inoculated wnh A. lipoferum (1) and ICM 1001
were 14 and 21% greater, rcspectwcly, than that of the uninoculated control
but inoculation with A. brasilense rcduccd yield by 12% (Tablc 3). The dry
matter yields showed a similar response to inoculation as grain yield. Inocula-
tion of cvs IP 2787 and WC C 75 with nitrogen-fixing bacteria increased the
grain yields up to 26.5% and 36.8%, respectively, over uninoculated controls
but cv. ICMS 7703 did not respond favourably to inoculation.

The mean total nitrogen uptake was increased following inoculation with A.
lipoferum, A. “throococcum and NBRE but reduced following inoculation with
A. brasilense. There was a significant variety x bacterial culture intéraction for
grain nitrogen percentage. This largely reflected differences in grain yicld, as in
thc case of WCC 75 moculatcd w1th A. b{ranlense, but hnsh mlro;,en pcrcenta;,cs

Mgt v vy

Table' %" Grain y:eld and plint dry matter ( t ha" l) of pcarl millet cultivars

innculated with nitroven-fixing bacteria in Extériment |

A. lipoferum A. brasilense ) Uninoculated
1 SP7 NBRE control
R L TP O PR LR S ‘
Vo .. .. .. . . Grainyield .
IP 2787 0.92 .. 076 0.88 0.83
ICMS 7819 o 1.86 Y124 1.28 1.81
Mean 1.14 1.00 1.05 1.07

) . Plant dry matter
2787 0 L74 1.41 163 1.55

cMs 7819 181 13 192 1.80
Mean L8 161 L7 1.68

* P<0.05.
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Table 3. Grain yield (t ha™"), total nitrogen uptake (kg ha™') and grain nitro-
gen percentage of pearl millet cultivars inoculated with nitrogen-fixing bacteria
in Experiment 11

A. lipoferum A. chroococcum  A. brasilense Uninoculated
1 ICM 1001 NBRE ICM 2001 SP7 control SEt

Grain yield

IP 2787 2.06 2.09 1.87 2.14 1.72 1.69

ICMS 7703 2.01 2.11 1.98 2.11 1.76 2.03 0.20

WCC 75 2.31 2.56 2.07 2.11 1.45 1.87

Mecan 2.18 2.25 1.97 2.12 1.64 1.86 0.12¢
Nitvogen uptake

1P 2787 428 41.8 38.0 48.4 368 - $5.6

ICMS 7708 89.8 45.6 43.5 45.1 834 - 38.9 4.85

wWCC75 41.1 53.4 41.8 39,3 298 - 888

Mean 413 46.8 41.1 4.3 333 $7.0 2.80°

Grain nitrogen %

IP 2787 130  1.22 1.25 1.82 1.29 1.27

ICMS 7708 1.28  1.27 1.80 1.23 L1944 LI6 0.040%

wce s 121 138 1.21 1.21 CL81-5 Y 1,26 &g
y : I LR

Mean ;125 127 1.25 1.25 1.26 1.28 0.028

* P<0.05,

were observed when IP 2787 was inoculated with either 4, chroococcum or A.
lipoferum (1) and when WC C 75 was inoculated with A. lipoferum (IGM 1001).

“ ) 4

Experiments Il and IV

The grain yields of the threc varieties were ng significantly influggged by
nitrogen-fixing bacteria in either of these experiments though the inoculated
Areatments showed a trend towards larger yields (kablci} The biggest,tesponse
- was shown by cv. B] 104, which was the lowest yjelding cultivar: mengst the
uninoculated controls in both experiments. Inoculation of B} 104 with njtrogen-
fixing bacteria increased grain yield by 12-26% and 7-19% over the uninocula-
ted control during rainy and dry seasons, respectively. There was a trend
(P<0.1) towards a variety x bacterial culture interaction for grain nitrogen
percentage in Experiment 111 A larger grain nitrogen content of 1.68% in B
104 inoculated with 4. lipoferum (ICM 1001) was observed. Other treatments
in Experiment I and all the inoculated treatments in Experiment IV showed
only a marginal increase in grain nitrogen percentage over the respective unino-
culated controls. Plant tissue nitrogen contents of millet cultivars in Experi-
ment 111 were¢ not influenced by inoculation; however, in Experiment IV, plant
“tissue nitrogen contents of all the cultivars were reduced by inoculation with
“A! lipoferum (ICM 1001) and A. chroococcum (ICM 2001). Inoculation with
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Table 4. Grain yield (t ha™*) and mitrogen percemtage of pear]l millet caltivars

inoculated with nitrogen-fixing bacterna m Expernments Wl and 1V

nJ 104
M3 110
MESH 23/81

aJ 10¢
MBM 110
MEBN 2381

111@
[ b7 )]

x) 10¢
SN
WEBN 2381

sp<omm.

A bpeferum

1 M 1001
b3 291
8 206
312 2
287 299
143 168
1.9 1%
L9 L%
140 148

| B 2
136 ¥
136 184
P E )
[ &)
a5
e
ol £ { T B

A. ohreececcum
OM 2001 NERE

Cogin yidd

Crain nltragen %

tdvy

8 BB

1.8
143

s &

B BEb

8106
3
1%
307

149
147
133

143

Uninoalated
comral

SE:

0.11

0.05

9.03

0.02°°

A. bpoferum (ICM 1001) and NBRE seswbtod in inoreased totdl mitsagen uptake
of 71 and 63 kg ha™, vespectively, as against 56 kgiha™ iin uninoculated plants

mo

Inoculation of pearl milllet with mitrogen-fixing thacteria caused increased bio-
logical and grain yicld of some millet cuiltivars gromm wnder ffidld conditions
during the rainy and dry scasoms but there was an interaction lbetween the host
cultivar and bacterial strain wsed. All four trials were canduoted iin ifields where
millet had been growa several times hefore. Cultivars P 2787 and BJ 104
showed comsistently imorcased grain and glamt dry matter yidlds in trials but
others, such as MBH 110, did mot show a consistont sesponse to inoculation.
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The large increases in yicld sometimes seen following inoculation indicate the
possibility of exploiting suitable plant x nitrogen-fixing bacterial associations
for increascd grain and plant dry matter yiclds of millet cultivars in the semi-
arid tropics.

Significant increases in grain yield of millet plants grown in soil in pot cul-
turc have also been reported by Venkateswarlu and Rao (1983) and of field
grown cv. B] 104 inoculated with 1. brasilense by Subba Rao et al. (1982).
Increased yiclds of ficld grown Zea mays, Sorghum bicolor, Setaria italica and
Panicum miliaceum, and ol forage grasses, following inoculation with 4zo-
spirillum, have been reported by Kapulnik et al. (1981), Smith et al. (1976),
and Taylor (1979). The different responses to inoculation by different culti-
vars indicate the role played by the host plant in controlling response. This
active role of the host plant genotype in supporting associative symbiosis has
been previously demonstrated by Dobereiner (1976), Bouton et al. (1979), and
Dart and Wani (1982).

The contrast between the results obtained in Experiments III and IV may be
due to seasonal differences or to the fact that Experiment IV was conducted in
a ficld which had previously been used three times for inoculation trials using
the same cultures; this suggests that as the inoculated cultures become estab-
lished the benefits from further inoculations with the same cultures may
decline. The reduction in yield following inoculation with A. brasilense (SP 7)
may arise because this particular strain is NO3 reductase positive, resulting in
the loss of soil NO3-N by denitrification (Neyra et al., 1977).

The interaction between host cultivars and bacterial strains in yield response
was paralleled by a similar interaction in grain nitrogen percentage. Similar
increases in nitrogen content in the plant tissues of millet cultivars inoculated
with azospirilla and harvested before grain formation have been reported by
Bouton et al. (1979), and in Zea mays and Setaria italica by Cohen et al.
(1980). The increased total nitrogen uptake by inoculated millet cultivars was
the result both of increased yields and an increased nitro effipercentage in the
grains. A similar increased nitrogen uptake of 28.2 kg ‘%m"was observed by
Subba Rao et al. (1982), when cv. B] 104, grown with 10 kg }j ha™', was
inoculated with A. brasilense.

Earlier reports have shown that nitrogen-fixing azospirilla and Azotobacter
benefit the inoculated plants by fixing atmospheric nitrogen (Cohen et al.,
1980; Dart and Wani, 1982; Okon, 1982) and also by enhancing root hair for-
mation and thus root uptake by the growth hormoncs streted {Brown, 1974
Tien et al., 1979).

Increased grain and plant dry matter yields of field grown millet plants with
nitrogen-fixing bacteria and the possibility of an interaction between host
cultivar and bacterial strains cmphasize the need for screening large numbers of
bacterial strains in association with common cultivars so as to select the best
combinations of cultivars and strains. There are numerous reports indicating
possible mechanisms by which crop plants may derive benefit from inoculation
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with nitrogen-tixing bacteria. The extent to which each of these various proces-
ses contributes to mereased yield of inoculated millet plants remains to be

assessed.
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