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Abstract

A survey of the numbers of viable Rhizobium meliloti recoverable
from lucerne seed ‘after  inoculation by conventional methods with
commercial inoculants has been carried out. Several batches of
inoculant  from manufacturers in New Zealand and Australia have
been examined and, although all packs had high viable counts, in
a number of cases very few live rhizobia could be recovered from
seed one hour after inoculation.

It is suggested that poor survival of rhizobia on the seed surface ’
is a cause of reported failures to establish luceme in both conven-
tional sowings and oversowing trials.

I N T R O D U C T I O N

IN RECENT YEARS there has been increased interest in oversow-
ing lucerne, particularly in South Island hill country (Douglas,
1970; Nixon, 1971; Jansen and White, 1971). In conjunction
with field. trials on this subject the level of Rhizobium meliloti
inoculant on the seed has ,been monitored to aid in the ‘inter-
pretation of the field results. On several occasions nodulation
failures in the field were related to low counts crf  viable rhizobia
in laboratory tests. In some situations, even though 30 to 40 times
the recommended rate of inoculant was used, 101~ numbers of
viable rhizobia were recovered from the seed a few days after
inolculation.  Reports of nodulation failure in conventionally sown
lucerne have also been received from farmers and farm advisory
officers.

Following these results some doubt was cast on the efficiency
of the lucerne inoculants used, a view also held by Ja.nsen and
White (1971). To investigate this problem, experiments were
commenced at Ruakura to test the viability on seed of Rhizobium
meliloti  from some of the commercial inoculants available in
New Zealand and Australia.

‘Present address: Levin Horticultural Research Station, Levin.
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MATERIALS AND METHODS

Inoculants of Rhizobium me2iloti  from three manufacturers,
two in New Zealand and one in Australia, were purchased from
retailers throughout New Zealand or directly from the manufac-
turers. Each pack of inoculant made up in a peat base was sus-
pended in sterile distilled water and ‘agar cultures were suspended
in reconstituted skim milk at the rate recommended by the manu-
facturers.

Samples were taken for counting the initial number of viable
rhizobia in the inoculant as soon as an even suspension was at-
tained. A further sample was used to inoculate 454 g elf a single
line of Wairau lucerne  seed at the rate specified by the manufac-
turer. Immediately after mixing with inoculant the seed was
spread to dry in a thin layer, kept shaded at all times and ,at  a
temperature of 18 to 20“  C. Inoculated seed was stored in the
dark at room temperature.

All counts were made on duplicate samples of seed or inocu-
lant. Counting: Each sample, 1 ml oJ suspended inoculant or 100
seeds, was suspended in 100 ml of sterile distilled water and
shaken vigorously on a wrist action shaker for 20 minutes (Rad-
cliffe et al., 1967) . From this suspension a tenfold dilution series
was prepared and four plant tubes at each level inoculated with
1 ml of suspension (Date and Vincent, 1962). Plants were grown
on for 6 weeks to allow nodules to develop and the number
of viable rhizobia in the initial suspension estimated from a table
of most probable numbers. All values given are average figures
from the duplicate samples and duplicates never differed by more
than one plant tube.

Dilution series were prepared so that numbers of rhizobia
up to 1’73 x lo6 for inoculant and 17.3 x IO3 per seed could
be counted. In one experiment glass beads were used in place
of seeds: in this case inoculation and counting methods used
were the same as for seed.

RESULTS

In the initial survey, packets of peat-based inoculant and agar
cultures produced by one firm were obtained from various sources
and the number of viable rhizobia initially present in the inocu-
lant and on the seed after drying for one hour were determined
(Table 1).

In all the samples tested the inoculant had a high level of
viable rhizobia including the sample tested two months after its



RHIZOBILJM  SURVIVAL 2 5 5

T A B L E  1
__-  --__-

Batch
No.

Expiry Date
Date Counted

x llY/mli
Inocutant

No. of Viable
RhizobiojSeed

7011 Jan. 1971
7006* May 1970
7015 Jan. 1971
7026 Feb. 1971
7122 May 1971
7203 May 1972

Agar culture -
Agar culture -

Jul. 1970
Jul. 1970
Aug. 1970
Sep. 1970
Apr. 1971
Mar.  1972
Aug. 1970
Oct. 1970

163
103
581

17 300
17.3

17300
4 245

2 2 0
-

*Tested after expiry date.

expiry date and would be expected to provide at least 10 000
viable rhizobia on the seed surface. However, in five of the eight
packs examined, recovery of viable bacteria from the seed surface
was much lower than expected.

A comparison was made between a batch of New Zealand
inoculant and four packs from an Australian manufacturer
(Table 2).

TABLE 2

X 10b/ml No. bj Viable Rhizobia/Seed
Source and Date Counted Inoculant lh 24 h
_.--.-I_
New Zealand Oct. 1970 - > 173 1 0 3 0 0 1 730
Australia Oct. 1970 > 173 > 17300 10300
Australia Jan. 1971 > 173 > 17300 > 17 300
Australia Feb. 1971 > 173 > 17300 > 17300
Australia Jun. 1971 28 280 0
Repeat of June batch 2 6 580 120
_ .-.

Three of the Australian inoculant packs were of high quality
but one had a lower initial count and gave poor survival on the
seed surface. Similar results were obtained wih five batches of
inoculant from a second New Zealand manufacturer (Table 3).

TABLE 3
- -  .__--- - -

No. o f  Viable Rhizobia/Seed
Date Counted X P/ml  Inoculant I hr 24 .h

Oct. 1970 > 173 > 17 300 1730
Apr. 1971 6 0 > 1 7 3 0 0 42
M a y 1971 65 1 1 5 8
Mar. 1972 > 173 > 1 7 3 0 0 > 17300
Apr. 1972 > 173 > 1 7 3 0 0 > 17300

----__-



256 PROCEEDINGS N.Z. GRASSLAND ASSOCIATION

TABLE 4
~____

Time after Inoculation No. of Viable
in hours Rhizobia/Bead

---___. -~
0 > 173aI
1 > 17 300
2 581
4 10
6 5

24 2
48 10
72 0

Initial inoculant > 173 x 10”
~-~___ ___--

Inoculant from the pack obtained in April 1971 was used to
examine the death rate of rhizobia when placed on the surface of
glass beads (Table 4).

Although the recovery of viable cells immediately after inocula-
tion and after drying was satisfactory there was again a rapid
reduction in the numbers over the following 4 hours.

DISCUSSION

While the counting methods used here may not recover every
rhizoibial  cell from th& surface of a seed, techniques used in this
study have been ,applied  successfully elsewhere (Radcliffe et al.,
1967))  and the fact that in a number of cases almost all the
lo-20 000 rhizobia/seed  calculated to be present were found sug-
gests that the counting method is reliable and the rapid reduction
in viab!e  cells shown is a real effect. There are numerous reports
in the literature of rapid death of rhizobia on various surfaces
(Vincent, 1958; Vincent et aI.,  1962; Date et af., 1965) but it is
usually considered that peat-based inoculants give a considerable
measure of protection to the rhizobia on the seed surface. It has
also been demonstrated (Vincent, 1958; Taylor and Lloyd, 1968)
that an initial high loading of rhizobia on the seed increased the
time over which viable rhizobia can be recovered.

In this survey the level of via’ble  cells in all the inoculants
tested was high enough to provide approximately 10 000 rhizobia/
seed at the rates of inoculation used. However, in a number of
cases only a few hundred organisms could be found one hour
after inoculation and in most cases studied the numbers continued
to decline for at least the next 24 hours. The reasons for this
rapid death rate do not appear to be associated with the toxic
effect of the seed coat (Thom,pson,  1960) as all seed was drawn
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from one line and the death rate of rhizobia on glass beads was
also very rapid. There was considerable variation amongst batches
of inoculum in the number elf  rhizobia recovered from seed, but,
since in no case were the numbers in the inoculant too low to
provide an adequate loading on the seed, the rapid death of
rhizobia is presumably due to lack of protection during drying.
Since other workers have found that rhizolbia on the seed surface:
can be protected by peat (Vincent, 1958),  it seems possible that
the pretreatment could have some effect on its protective ability.
Roughley and Vincent (1967) found that pretreatment of peat
had a marked effect on the viability of rhizobia during inoculant
storage but there are no reports of the type of problem encounter-
ed in this survey.

Only a small sample of Australian inoculants could be obtained
for testing in this survey and it would be desirable to conduct
further comparative tests with the New Zealand manufactured
ones. Three of the Australian packs were of very high quality and
it is desirable to know whether the poor result with the fourth
pack gave a reasonable estimate of the variability in the Aus-
tralian material.

It is difftcult to make precise statements on the number of
viable rhizobia required on seed to give adequate nodulation in
the field because this will depend on the conditions of soil and
climate to which the seed is exposed. A general recommendation
is that 100 viable rhizobia/seed  are required to ensure adequate
nodulation when planting in the most favourable conditions.
Several thousand rhizabia per seed are needed when oversowing,
and when seeds are likely to be exposed to sunlight for consider-
able periods (Date et al., 1965).

In this study, inoculant was obtained and seed inoculated in
a practical manner. The wide variation in results indicates that,
if the same inoculants had been used in field situations, some
no.du1atiot-r  failures would be expected to occur, and, until the
dificulties  reported here can be resolved, oversowing lucerne into
steep hill .country  is likely to give variable results.
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