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THE EFFECT OF FERTILIZERS ON THE PRODUCTIVITY AND
PERSISTENCE OF LUCERNE (MEDICAGO SATIVA) AT
NANANGO, SOUTH-EAST QUEENSLAND

R. M. JoNEs*

ABSTRACT

The effect of phosphorus, potassium, molybdenum, lime and lime pelleting on
the productivity and persistence of lucerne (Medicago sativa cv. Hunter River) was
studied in three experiments on a podzolic soil at Nanango, south-east Queensland.
Annual average rainfall is 750 mm and summer dominant.

Lucerne yield increased with up to 48 kg phosphorus per ha as superphosphate,
with no further response to higher rates. Either lime pelleting or lime application
improved lucerne nodulation and in one experiment lime significantly Increased
Iucerne yield. There was no response to sulphur, potassium or molybdenum. Lucerne
density declined in all experiments. Fertilizer application is unlikely to be a major
factor in improving lucerne persistence.

INTRODUCTION

A programme of soil nutrient and pasture species evaluation was started in
1965 at Nanango, south-east Queensland, on a podzolic soil derived from grano-
diorite. These soils support a woodland vegetation with species such as narrow leaf
ironbark (Eucalyptus crebra) and occupy considerable arcas in the South Burnett
and West Moreton regions of Queensiand. For the most part they provide only
extensive cattle grazing with relatively little pasture improvement or development
for cropping.

A preliminary pot trial on soil from the Nanango site showed a marked
phosphate deficiency, using phasey bean (Macroptilium lathyroides) as a test species.
There were also interactions between yields from calcium, sulphur and potassium
treatments and an increase in plant nitrogen percentage with molybdenum (Roe,
unpublished data). Field experiments were obviously required to define fertilizer
requirements. ‘

Pasture studies at this site have shown that lucerne is a productive legume,
although it persists for only about five years (Jones and Rees, 1972). Cameron
(1968) and Jones (1972) have also recorded a limited life span of lucerne elsewhere
in subcoastal south-east Queensland. Grazing management, competition, diseases,
soil moisture and soil characteristics are all factors that may affect lucerne
persistence, but there is little data relating lucerne persistence to experimental
variables within this region (Cameron, personal communication). .

Consequently the fertilizer experiments at Nanango described in this paper
examined the effect of phosphorus, potassium, sulphur, molybdenum, lime and
lime pelleting of seed on both the productivity and persistence of lucerne.

MATERIALS AND METHODS

The site has an average rainfall of approximately 750 mm, two-thirds falling
from October to March. The podzolic soil has a sandy loam topsoil of approxi-
mately 20 cm depth overlying a sandy clay subsoil. All trials were sown on land
cieared and ploughed two years previously, and lucerne seed was inoculated with
Rhizobium strains U45 4 AH2 using cellophas sticker. The fertilizer treatments
grp%llied are listed in Table 1 and rainfall data over the experimental period in

able 2. _

* Division of Tropical Agronomy, C.5.L.R.O., St. Lucia, Queensland, 4067.
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TABLE 2
Seasonal Rainfull at Nanango from 1965-1971 (mm)

{a) Winter (April-September)

Average 1966 1967 1968 196% 1970 19711
254 326 305 191 214 132 648

(b) Summer (October-March)

Average 1965/66 1966/67 1967/68 1968/69 1969/70 1970/71
508 585 674 506 303 598 930

Experiment 1—Rates of phosphorus

Six phosphorus rates were applied at sowing to a pasture of lucerne (Medicago
sativa cv. Hunter River), siratro (Macroptilium_atropurpureum) and scrobic (Pas-
palum commersonii) sown in January 1966. The experiment was grazed as a separate
unit over four days approximately six times a year for five years. Yields were
measured once a year during a period between successive grazings, usually in
spring, when there was good lucerne growth and little growth of other species. At
the same time twenty-five lucerne stems per plot were plucked for chemical analysis.
Available soil phosphorus was measured three years after sowing on the 0~7.5 em’
depth by the technique of Kerr and von Stieglitz (1938). Annual maintenance
dressings of all fertilizers were one-quarter the iitial rate, except that no further
molybdenum was applied.

Experiment 2—Lime, molybdenum and lime pelleting

Lime was broadcast and incorporated into the topsoil by rotary hoeing five
weeks before the experiment was sown to Hunter River lucerne in July 1968.
Twenty lucerne seedlings were taken from each plot two months after emergence
and scored for presence of pink nodules. Lucerne yield was measured as in experi-
ment 1, at 4, 12 and 26 months after emergence and shoots were plucked for
chemical analysis at the last two samplings. Lucerne plants were counted at 1, 12
and 36 months after emergence. Five soil cores per plot, taken from the 0-7.5 cm
depth four weeks after sowing, were bulked, subsampled and analysed for pH
using a 1:5 soil/water suspension. The experiment was fenced with experiment 3
and grazed over four days approximately five times a year. Annual maintenance
dressings of variable and basal fertilizers were half the initial rate, except that no
further molybdenum was applied.

Experiment 3—Lime, phosphorus, sulphur and potassium

The two phosphorus rates were above and below that required to maximise
yield in experiment one. Lime application, sowing date of lucerne, maintenance
fertilizers and measurements taken were as for experiment two.

RESULTS

Rainfall conditions were about average from 1966 to 1969 except for the dry
1968/69 summer. The 1970 winter rainfall was low but the 1970/71 summer rain
was well above average (Table 2).

Experiment 1—Rates of Phosphorus

There was an increase in lucerne yield with increasing phosphorus rate
(P < 0.001) in all years (Figure 1). Lucerne comprised over 907, of total yield
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FIGURE 1
Yield response of lucerne to varying phosphorus rates at four sampling dates.

during the sampling periods which were in winter and spring. There was usually
& marked yield increase up to 48 kg P/ha initial application with 12 kg maintenance,
but negligible increase thereafter. Regular grazing and dry spells in summer pre-
vented sufficient siratro build up to give a reliable sirairo or scrobic response
curve, Siratro only dominated after late 1970 when grazing was less frequent and
summer rainfall good. Scrobic did not persist after three years.

Application of phosphorus increased both lucerne phosphorus percentage and
soil available phosphorus (Table 3.

: TABLE 3
The effect of fertilizer phosphorus on lucerne phosphorus perceniage and topsoil available phosphorus.

Phosphorus rate kglhajannum

Phosphorus level Initial: 0 12 24 48 96 144

- Maintenance: 0 3 6 12 24 36

Lucerne phosphorus % 22-11-66)* 0.18 018 018 9021 022 024

. " » {24~ 9-68) 617 020 020 020 024 0326

v . » ((9- 7-69) 018 020 021 021 023 026
Soil available phosphorus (ppm)f 8 12 7 23 64 80

*L.S.D.atP < 0.05 = 0.02, other samplings bul.ked over replicates,
110 ppm is a typical available phosphorus level for this soil type—unpublished data.
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Phosphorus rate had no significant effect on the densities of lucerne and siratro
which were 9.1 and 3.6 plants/m? five years after sowing (1970). After a further two
years lucerne density had decreased to 1.5 plants/m® and siratro density increased
io 14.0 plants/m’.

Experiment 2—Lime, molybdenum and pelleting

Nodulation was significantly improved either by application of lime to the soil
or by lime pelleting of seed, both of these treatments giving near complete nodula-
tion (Table 4). Both lime rates significantly increased topsoil pH (Table 4).

TABLE 4
The effect of lime and lime pelleting on lucerne nodulation and topsoil pH.

% plants nodulgted

Topsoil

Lime rate LS.D.
pelleted  not pelleted (P < 0.01) pH
0 93 79 9 5.5
1250 kg/ha 100 97 6.2
5000 kg/ha 100 99 6.8
L.8.D. (P < 0.01) 10 0.5

Lime, which increased lucerne yield at all three harvests (Table 5), was the
only treatment to significantly affect yield. The low yields from the first sampling
five months after sowing were due to poor rainfall.

Aluminium and manganese levels in lucerne shoots never exceeded 200 ppm
and 120 ppm respectively, were not affected by lime and were below threshold
toxicity levels (Jones, 1967; Andrew and Hegarty, 1969). Calcium levels on nil
lime plots never fell below 1.55%.

Mean lucerne density decreased from 50 plants/sq. m in 1969 to 9 plants/sq. m
in 1971 when density was significantly increased by lime application (Table 5).
The main decline in [ucerne density occurred during the wet 1970/71 summer.

TABLE 5
The effect of lime on dry matter yields and density of lucerne—experiment 2,

Lucerne Yield (kg/ha) Density (plts/sq.m}

Lime rate (kgtha)

18.12.68 14.7.6% 22,10.70 4.9.69 9.9.71

0 247 602 452 46 5.3
1250 344 848 576 51 78
5000 365 898 635 48 12.5
LS.D. (P < 0.05) 73 123 125 n.s. 3.5
(P < 0.01) 100 167 170 n.s. 4.7

Experiment 3—Lime, sulphur, potassium and phosphorus on lucerne

Lucerne yield was increased at the higher phosphorus rate by 457 in the first
sampling (P < 0.01), 50% in the second (P < 0.001) and 25% in the third
(P < 0.01). There was never a significant increase in lucerne yield with lime
application and there was only one slight lime/phosphorus interaction (P < 0.05).
There was no yield response to potassium or sulphur,

Lucerne density declined from 78 (+1.6) plants/sq. m in 1969 to 24 (+1.2)
in 1971, but the density of surviving plants in 1970 varied both within and between
plots with extreme plot densities of 46 and 5 plants/sq. m. Use of numerical analysis
techniques could not relate lucerne survival to microtopography, treatments or to
number of topsoil and subsoil properties.
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DISCUSSION

Yield response to fertilizers

Phosphorus application gave an approximate four fold increase in lucerne
yield, with 500 kg basal superphosphate/ha (48 kg P/ha) and 125 kg annual
maintenance/ha giving maximum yields. Results of Brockman, Shaw and Wolton
(1970) suggest that this result would not be appreciably affected by the grazing
technique used.

The current recommendation for establishing pastures on this soil type (Anon,
1970), 250 kg superphosphate/ha (24 kg P/ha), only gave about two-thirds of the
maximum yield. The desirability of applying a higher rate would largely depend
on the individual farm situation.

Lucerne phosphorus contents of below 0.19 % were associated with a yield
response to phosphorus, contents of 0.19-0.21% indicated a critical range and
contents of 0.22 7] or above were associated with maximum yield (Table 3, Figure 1).
This critical range is slightly below a suggested critical level of 0.23% phosphorus
in lucerne, based on pot experiments (Andrew and Robins, 19692). At maximum
lucerne yield, under these experimental conditions, there was a topsoil available
phosphorus content of 23 ppm or above.

Lucerne yield did not respond to sulphur, molybdenum or potassium applica-
tion. Lucerne sulphur levels were always high (0.30-0.40%) and were not changed
by sulphur application. It is therefore unlikely that common grazing could have
masked a sulphur deficiency. A severe molybdenum deficiency would presumably
have shown up under common grazing but a marginal deficiency could possibly
have been masked. Potassium levels in lucerne tops at times equalled the critical
level of 1.2 77 (Andrew and Robins, 1969b). Consequently this element may become
limiting with time, especially as this soil has poor ability to supply potassium once
initial reserves are exhausted (Fergus, personal communication).

Lime increased lucerne yield in experiment 2 but not in experiment 3. This
could be partly a result of a topsoil pH of 6.0 in experiment 3 compared with 5.5 in
experiment 2.

Nodulation

. As rain fell immediately after sowing experiment 2, scil moisture conditions
were favourable for rhizobium survival on the inoculated seed. Consequently
although 90-100 77 of plants nodulated with either lime pelleting or lime application,
there was still 80% nodulation in the unpelleted nil lime treatment. Under less
favourable rainfall conditions the effect of lime pelleting could well be greater as
found in a similar soil by Mannetje (1967).

The slightly lower nodulation level in the unpelleted nil lime treatments was
not sufficient to lower lucerne yields, which were the same in both pelleting treat-
ments even in the absence of lime. Consequently the yield increase with lime
measured in experiment 2 cannot be attributed to improved nodulation.

Lucerne Survival

Phosphate application did not affect the decline in lucerne density in experi-
ments 1 and 3. Lime reduced the decline in lucerne density in experiment 2 but not
in experiment 3. In a preliminary trial at Nanango 5,000 kg lime/ha reduced the
decline in lucerne density but only increased effective lucerne sward life from five to
seven years (Jones and Rees, 1972).

At other sites where lucerne fertilizer trials have been laid out in south-east
Queensland, lucerne yield increased with application of sulphur on a black earth
(site 1—Jones, 1970) and with lime, molybdenum and sulphur on a prairie soil
(Rees 1972). However, on both sites lucerne has subsequently died regardless of
fertilizer treatment.-Even where there has been a marked initial effect of lime on
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lucerne petsistence (Roe and Jones 1966, Douglas 1962), limed lucerne still had an
effective life span of some four years (Roe, Douglas, personal communications).
Presumably factors other than nutrition, 1.¢. summer waterlogging, pathogens,
limiting subsoil moisture and competition from other species, are usually more
important in limiting lucerne persistence in south-east Queensland even under
rotational grazing. . :
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