Tropical Grasslands Vol, 9, No. 1, March 1975 37

THE EFFECT OF LIME AND RHIZOBIUM STRAIN ON THE NODULATION
OF GLYCINE WIGHTII AND MACROPTILIUM ATROPURPUREUM ON
ACID SOILS ‘

HELEN PHILPOTTS*

ABSTRACT

The effects of low rates of lime and two Rhizobium strains on n‘odulation and
early growth of Glycine wightii and Macroptilium atropurpuredm (Siratro) were
measured in field trials on two soil types. .

Glycine had fewer nodulated plants and made less growth than Siratro, and the
difference was more pronounced on krasnozem soil, where nodulation and early
growth were poor. Lime, mixed with superphosphate and banded with the seed,
increased the percentage of plants nodulated and the number of nodules per nodu-
lated plant, for glycine, but did not influence Siratro. The two Rhizobium strains
(QA922 and CB756) did not differ in the percentage of plants nodulated but the
number of nodules per nodulated glycine plant was higher with strain 0A922, Plant
weights were not affected by the treatments, but large differences occurred between
sites. The influence of the high manganese content of the krasnozem soil is discussed.‘

INTRODUCTION

Glycine wightii (glycine) is a useful perennial legume for the coast of northern
New South Wales and” Queensland. However on certain_ soil types, particularly
krasnozems, the young plant often lacks vigour and is slow to nodulate (Thomas and
Whiteman 1971; Diatloff and Luck 1972).

Glycine is more sensitive than most other tropical legumes to low pH, low
exchangeable calcium, and high manganese (Andrew 1970; Andrew and Hegarty
1969), properties which arc common to many coastal soils, particularly krasnozems,
Responses by glycine to high rates of broadcast lime have been obtained (Diatloff
and Luck 1972). Low rates of lime, in a mixture with superphosphate, drilled with
the seed, proved successful for establishing clover on krasnozem problem soils
(Vincent and Waters 1957), but lime plus ammoniated superphosphate when banded
with glycine seed gave variable results (Luck, Mears and Pulsford 1971 ).

The Rhizobium strain QA922 was used in commercial inoculants for glycine
until 1965 but was then replaced by the wide spectrum strain CB756 (Date 1969).
Field comparisons of these two strains on glycine have not been reported and there is
some evidence that CB756 is a poor soil coloniser (Cloonan and Vincent 1967; Date
1973).

An experiment was carried out to see if carly nodulation and growth of glycine
could be increased by the use of (1) low rates of lime banded with the seed and (2)
the Rhizobiwg strain QA922. Macroptilium atropurpureum cv Siratro was sown for
comparison.

METHODS

The experiment was sown at three sites east of Lismore, New South Wales,
where the average rainfall exceeds 1600 mm (65% summer-autumn). Two sites (1
and 2) were on krasnozem soils of the Wollongbar clay loam type (Nicholls, Colwell
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and Tucker 1953}, which are developed from basalt and are high in free sesqui-
oxides. The other (site 3), called a yellow earth by McGarity (1956), is derived
from phyllite and is a fine sandy loam changing gradually with depth to a compact
sticky clay. Both soil types are acid throughout the profile. All sites had supported a
mixed sward of Axonopus affinis and Paspalum dilatatum for many years prior to
their caltivation about 8§ weeks before sowing.

The number of native cowpea rhizobia in five soil samples of 6 sub-samples
(cores 2.5 cm x 7 cm) was counted, using a plant infection method (Siratro seed-
lings), just prior to sowing.

The design was a factorial of two species, Tinaroo glycine and Siratro; three
inoculum treatments, uninoculated, strain CB756, and strain QA922, and two
fertilizers, Mo superphosphate at 250 kg ha-', and Mo superphosphate plus lime in a
ratio of 1 : 1 (premixed at least 4 weeks) at 500 kg ha-'. An additional fertilizer
treatment of Mo superphosphate plus lime in a ratio of 1 : 2 at 750 kg ha! was
applied to glycine with strain CB756. The 13 treatments were sown in randomised
blocks with 3 replications at each site. Plots were 1.5 m by 10 m and contained two
rows 30 cm apart; the fertilizer and seed were hand sown in drills and covered.

All seed was lime pelleted, using gum arabic, peat (where applicable), and lime,
at rates equivalent to those recommended by Roughley, Date and Walker (1966).
The number of rhizobia per sced was similar for the two inoculated freatments, being
approximately 6 x 10¢,

Site 1 was sown on December 17, 1971, sites 2 and 3 one month later. Plants at
all sites were sampled for nodulation and top weights approximately six weeks after
sowing. Glycine at sites 1 and 2 was sampled again at ten weeks from sowing. At each
sampling 20 plants per plot were dug and the number of nodules on each plant, and
the number greater thag 2 mm diameter at the first sampling, and 3 mm at the later
one, were counted. )

RESULTS

The native population of cowpea type rhizobia at the 3 sites prior to sowing is

shown in Table 1. Rhizobia were detected in only one sample from the krasnozem

* soils whereas quite high numbers were found in all samples of the yellow earth. Soil
pH and chemical data are also shown in Table 1.

Germination was satisfactory at all sites and moisture was ample throughout the
experimerit. '
Percentage of plants nodulated

Table 2 shows the percentage of plants nodulated for the two samplings. As the
results from the two sites on krasnozem soils were very similar only the mean for
these sites is given.

Six weeks after sowing glycine had fewer nodulated plants than Siratro on both
soil types. The difféfence was greater, however, on the krasnozem soils, where
nodulation of both species was poorer, than on the yellow earth.

A largeresponse to inoculation was obtained for glycine on the krasnozem soils
but not on the yellow earth where nodulation was high (> 75% at 6 weeks) without
inoculation. Lime increased the number of glycine plants nodulated, when inoculum
was used, on both soil types. There was no significant difference between the two
rhizobial strains, but on glycine QA922 responded to the single rate of lime whereas
the double rate was required for a similar increase with CB756 at the early sampling.

For Siratro, lime had no effect and there were no differences between the two
inoculum strains, but on the krasnozem soil inoculation increased the number of
nodulated plants. All Siratro plants on the yellow earth were well nodulated.
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Number of nodules per nodulated plant

The number of nodules per nodulated plant is shown in Table 3. Nodules on
Siratro on the yellow earth were not counted as they were very numerous (at Ieast
ten per plant).

TABLE 3
The effect of inoculum strain and lime on number of nodules per nodulated plant at 6 and 10
' weeks
Treatments Number of nodules per nodulated plant
6 weeks 10 weeks
Inoculum iy Glycine Siratro Glycine
Strain Fertilizer (mean 3 sites) (mean sites 1 & 2) {mean sites 1 & 2)
Nil §* 1.617% 2.03 ab }1 1.36 a m
SL1i:1 2.05 196 a m 171 a
QA922 S 2.40 ab 295 b } n 7.51 cd o
’ SL 1:1 3.16 ¢ 2.83 ab 834 d
CB756 S 1.92 a 2.58 ab 448 b
SL 1:1 2.61 be } n 2.47 ab } mn 6.62 ¢ } n
SL1:2 2.62 be — 7.90 cd
*See Table 2.

tUninoculated treatments not included in the 6 weeks glycine analysis.

:lt)WitI(l)iES(;olumns, values or bracketed values, followed by the same letter do not differ (L.S.D.,

For glycine a response to lime was obtained with inoculum at both samplings.
Also strain QA922 formed more nodules than CB756 at both times.

For Siratro there was no response to lime nor any difference between the two
Rhizobium strains, but plants inocalated with QA922 formed more nodules than
uninoculated plants.

For both species there were differences between sites. Fewer nodules per nodu-
lated plant were formed in krasnozem $oil than in yellow earth.

The number of large nodules per nodulated plant was not affected by lime at the
early sampling for either species but at the second sampling of glycine, lime increased
the number of large nodules on plants inoculated with CB756 from 1.7 to 3.3 per
nodulated plant. For both species there were significantly more large nodules with
QAS22 than with CB756 at the early sampling, and the numbers were respectively,
1.13 and 0.91 for glycine, and 1.21 and 0.87 for Siratro (sites 1 and 2 only).

- Plant weights

. ,

The dry weight of plant tops was similar for all treatments within species and
sites at the early sampling, but there was a large difference between species (glycine
142 mg, Siratro 345 mg per plant) and the relative difference was greater on the
krasnozem soil, where growth was poor, than on the yellow earth. Growth of both
species was better on the yellow earth (glycine 221, Siratro 424 mg) than at site 2
(76 and 198 mg respectively). These sites are comparable as they were sown at the
same time and experienced similar weather conditions.

After 10 weeks, plant growth was markedly better for both species on the
yellow earth than on the krasnozem soils, but it was not measured at the former site
as runners from different plants and rows were intertwined. Glycine plant weights
were not affected by treatments on the krasnozem soils,
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DISCUSSION

The soil properties at the three sites (low phosphorus, calcium and pH) are
those which, without amendment, are often associated with nodulation problems. The
application of superphosphate and lime, together with an efficient Rhizobium strain
should allow satisfactory establishment. This was achieved for both species on the
g;llow earth even without lime, although for glycine nodulation was improved where
ime was used.

On the krasnozem soils the problem of poor nodulation and grewth of glycine
was not overcome by using strain QA922, or lime although some improvement in
nodulation was caused by them. Although nodulation of Siratfo was satisfactory,
growth was restricted on this soil type.

As plant growth was not related to nodulation some factor other than nitrogen
was apparently responsible for the poor growth of both species on the krasnozem
soils. The difference in manganese content of the two soils is noteworthy and could
account for the differences observed. The levels in the krasnozem soils were high
enough for adverse effects to be expected, as 10 ppm were found by Andrew and
Hegarty (1969) to reduce the growth of Siratro and glycine by 50 per cent. Also as
glycine is more sensitive to a low calcium to manganese ratio than Siratro (Andrew
itnd White 1963) this could account for the relatively poorer growth of glycine on the

rasnozems.

Soil manganese could also have caused the poorer nodulation on the krasnozem
soils as nodule formation on glycine, particularly cultivar Tinarco, is severely
restricted by high manganese levels (Souto and Dobereiner 1970). In the present
experiment reddish purple spots were observed on leaves of some glycine plants at
site 2, and this has been noted as a symptom of manganese toxicity in glycine
(Andrew and Pieters 1970). The low rates of lime used, and premixing it with super-
phosphate, would limit its effect on manganese availability.

As a nodulation response to lime occurred on both soil types and was confined
to glycine, it was probably due to increased calcium and perhaps soil pH. These were
similar for all soils, and such that nodulation responses by glycine could be expected
(Andrew 1970). The improvement in nodulation was not as great as that obtained
for glycine when 2.5 tonne ha-! of lime was applied to similar soils by Diatloff and
Luck (1972). In their case this rate was effective in halving the manganese content
of glycine leaves, and such rates are probably required to significantly reduce soil
manganese levels.

The poorer nodulation with strain CB756 than QA922 supports the conclusion
of Nicholas and Haydock (1971) that CB756 is not 2 particularly good strain for
glycine. From the results reported here, it appears to have a higher calcium and/or
pH requirement than QA922. The difference between the Rhizobium strains, how-
ever, was not great, and seeking a more efficient strain for glycine on unfavourable
soils may be justified.

The high percentage of nodulated Siratro plants in the uninoculated treatments
on the krasnozem soils is in marked contrast to that of glycine. In view of the very
low native population found prior to sowing, Siratro apparently exerted a strong
stimulating effect on the multiplication of the ‘native’ rhizobia. Glycine either had a
much weaker effect or only a small proportion of the rhizobia formed nodules. The
latter would appear more likely in view of Whiteman’s (1972) results. Alternatively
the roots of Siratro may have explored more soil. However, this is unlikely to be the
major cause, as the roots of glycine at 10 weeks were more extensive than Siratro at
6 weeks, and yet the percentages of nodulated plants in the uninoculated treatments
were 28 and 70% respectively.
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Higher nodule numbers were not achieved at the expense of nodule size as those
treatments with more nodules also had as many or more large nodules. Hence
QA922 and the lime treatments would have had more nodular tissue and so should
have fixed more nitrogen. The lack of response in plant growth indicates that nitrogen
was not limiting and for the yellow earth, where growth was good, available soil
nitrogen was apparently adequate, at least up to 6 weeks. .

The slower nodulation and early growth of glycine than Siratro, even on the
more favourable yellow earth, agrees with other findings (Wilson 1972; Whiteman
1972) and seems characteristic of the species.

In conclusion neither low rates of lime nor an alternate Rhizobiwm strain over-
came tardy nodulation or poor early growth of glycine on krasnozem soil. As mangan-
ese toxicity is incriminated, the use of less sensitive legumes, such as Siratro and
Desmodium species, would be wise on suspect soils. Although the early maturing
glycine cultivar Clarence is better suited to such soils (Mears 1967; Diatloff and
Luck 1972), seed is not readily available. Also, as more tolerant strains of desired
maturity may be available, these should be sought. .
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