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Too dry? - Pastures in the wheatbelt:

Nitrogen fixation by pastures in dryland farming systems
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Summary: Estimates of N2 fixation by pastures in dryland farming systems range from 5 1o 240
kg N/halye for annual legumes and from 35 10 170 kg N/halvr for perennial species such as lu-
cerne. The amounts of N2 fixed are primanly regolated by the legume content and herbage vield of
pastures. As a general rule-of-thumb, 25 kg N/ha are fixed for every tonne of legume dry matter
produced regardless of the species or the environment in which they are grown. Strategies which
favour high legume biomass and N2 fixation inputs include:

s rhizobial inoculation the first time a new legume species is sown

= -maintenance of a dense legume stand

e applications of superphosphate or lime w ameliorate nutritional problems
e -herbicide applications to remove grasses in annual pasiures in the year prior o cropping
e rrowing lucerne Lo overcome the year-io-year variabihity experienced with annual legumes.

However, pasture response to these management treatments may be modified by grazing manage-
ment through livestock effects on nutrient eyeling, pasture productivity and botamical composition.

Role for nitrogen fixation by pastures in
the wheat-belt

In the southern cropping zone {(South Australia,

Victoria and MNew South Wales), some two-thirds of

the arable land is occupied by pasture (largely self-
regenerating annual pastures, Wilson and Simpson
1993). Given experimental evidence that symbiotic
nitrogen fixation (N2 fixation) in legume-based pas-
tures can substantially enhance soil nitrogen (N re-
serves (Peoples er al 1995a), the area under pasture
should theoretically be able to supply ample N for
following crops: However, there is evidence that the
inability of many Australian soils to supply suffi-
cient N 15 a widespread constraint to cereal produc-
tion and grain quality (Hamblin and Kyneur 19593),

Although the use of pastures containing subter-
ranean clover (Trifolium subterraneum) or annual

medics (Medicdgo spp.) has long been considered
o be a sustainable and profitable means of main-
taining soil fertility in ley-farming systems. there
has been a trend over the past two decades towards
shorter pasture phases in pasture-crop rotations and
continuous cropping. This in pan reflected the rela-
tive economic returns from livestock enterprises and
crop production (McCown et al. 1988) and the per-
ceived shortcomings in the ley system associated
with problems of pasture decline and soil acidifica-
tion (Carter er af, 1982; Hochman er af. 199€), The
consequence of a shortened pasture phase and more
intensive cropping in the southern cereal-livestock
belt has been a general neglect of pastares, in-
creased grazing pressure, a depletion of legume
seed reserves, and difficulties for pasture regenera-
tion {Carter er al. 1982; Hamblin and Kyneur 1993).
Residual effects of crop herbicides on pasture leg-
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umes, particularly the effect of sulfonyl ureas on
medics have also accelerated pasture decline. Many
pastures are now characterised by poorly productive
swards dominated by weedy annual species, con-
taining little elover or medic (Wilson and Simpson
1993). The net result has been suboptimal inputs of
hixed N2,

This paper describes the relative impact of im-
proved management of annual pastures or the use of
perennial species such as lucerne (Medicago sativa)
on the potential contributions of fixed N during a
pasture phase. Much of the information presented
comes from a senes of GRDC-funded experiments
in ley-farming systems of NSW and Victoria, How-
ever, research findings from permanently prazed
pasiures containing either subterranean clover or
white clover (Trifolivm repens) in the higher rainfall
zones will also be included; the management objec-
tives for pastures used primarily for animal produc-
tion or milk may require different approaches (o
pasture-crop rotations; however, the principles re-
main the same.

Measurement of M2 fixation

The amount of Nz fixed by a lecume in any
farming system is determined by the amount of leg-
ume N accumulated and the proportion (Pfix) of
that legume's N derived from Nz lixation:

Amount of N fixed = (legume N) % (Phix)

Therefore, any factor which improves legume N
andfor Pfix will increase inputs of fixed N into pas-
lures (Peoples ef af. 1995h),

Determination af legume N

Measures of legume N are calculated from deter-
minations of legume biomass and tissue N content:

Legume N = (legume dry matter) x (%N

The information used in the following sections
to illustrate the effect of management on legume dry
matter production and N2 fixation refer to changes
measured in above-ground biomass during a grow-
ing season. This 1s usually determined by per-
odically cutting all pasture foliage inside a series
guadrat areas of konown dimensions (from within
stock exclusion cages if grazing animals are pre-
sent) and then separating the harvested shoot mate-
rial inte legume and non-legume components which
are subsequently dried, weighed and analvsed for N.
It is important to recognise that such measurements
will underestimaite the total contributions made by
N2 fixation to pasture systems since there is evi-
dence that nodulated roots can play a key role in the
N-cconomy of legume pastures (Gaull er @l 1995;
Peoples er al. 1997). Recent research has indicated
that the below-ground component of pasture leg-
umes may contain 4(0-50% of the total plant N
(McNeill et al, 1997). Therefore, the absolute
amounts of N2 fixed could be twice that measured

in shoots.
Determination of Pfix

An estimate of Pfix represents a measure of a
legume's reliance upon Nz fixation for growth. In
other words, 1t provides i means ol partitioning leg-
ume N into that proportion arising from N2 fixation,
or assimilated from soil N, This can be cbtained by
analysing pl:ﬂt material for the two stable isolopes
of nitrogen, "N and 15N, using a mass spectrome-
ter. To calculate Phx, il is necessary for the (wo
sources of W used by the legume for growth {fe, soil
N and atmospheric N2) to differ in isatopic concen-
trations. The heavier isotope "N occurs in atmos-
Phcm N2 at a constunt abundance of 0.3663 atom%

N (fe. for every 100 atoms of N m atmospheric
Nz, 99, 633? will be in the form of "N and 0.3663
will be as "N). The levels of '™N which oceur natu-
rally in many agricultural soils are usually measur-
ably higher than this. The technique most
commenly used to estimate Pfix in Australian pas-
tures eompares the natural levels of N in the leg-
ume with other non-Nz-fixing reference plants (eg.
grass or broad-leal weeds) also growing the same
sward (Unkovich e al. 1997). Since the reference
plants are totally rf:[iunl upon the assimilation of
soil N for growth, their "N composition is laken as
a measure of the cnnccnuaunn of plm}t a»zul
able N in the soil. [L is assumed that the “N: PN
composition of a legume will be the same as the ref-
crence when the legume is unnedulated, fixes no at-
maspheric N2 and draws all of its N from_the soil
{fe. Plix = 0). As the legume fixes N2 |, its "IN con-
lent declings from the level in the reference plant
and approaches the N composition of atmospheric
M3 as Plix approaches 100%,

Levels of N2 fixation observed in com-
mercial pastures

Using the above isotope dilution technigue,
comprehensive surveys of levels of PAix in commer-
cial annual and perennial pastures have been under-
taken in southern Western Australia, south-western
and north-castern Victora and southern New South
Wales, These on-farm surveys indicated that on av-
erage 67 to 84% of legume N was derived from N2
fixanon (Table 1), Yel a sizeable pereentage of the
pastures examined i each region contained leg-
umes recording Pfix values 65%. Poor N2 fixation
in these pastures has been attributed to nutritional
constraints (high levels of tissue aluminium indica-
tive of suil acidity, Sanford et al. 19945 high soil N,
lew available phosphorus and sulphur, Quigley er
al, 19963, or to environmental stress such as drought
(Peoples er al. 1997).

A measure of Pfix indicates the legume’s capac-
ity to fix N but, provided adequate rhizobia are pre-
senl in soil, Phix does not often change much in
response to management, and by itself is only a lim-
ited guide o symbiotic performance (Peoples et al,
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Table 1. Comparison of the eapacity of pasture legumes from different regions of Australia to fix N based on their

relative dependence upon N2 fixation lor growth (Phix)”

Region Legume Pastures Mean Percemage of pastures in each class:
sampled Plix Poor fixation  Adequate fixaton  Excellent fixation
{5e) (0-645) (65-B0%) (B1-100%%)
WA Subclover 184 T2 2% 2 45
Vic While clover il 7 I8 3 51
WVic/NSW Subclover 8 18 41 a2 &0
Lucemne 39 &7 i3 a1 26 |

* Diata from Sanford e ad (1994), Quigley ef al, (1996 ), and Peoples er af, (19973
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Fipure 1. Relationships between the amounts of N2 fixed
in annual and perennial pastures and lepume dry mat-
ter. Subterranean clover (m) and locerne (1) data were
collated from experimental and on-farm pasture sites in
north-eastern Victoria and southern NSW as described
by Peoples ef al. (1997),

1997y, Legume biomass is closely related to total
amounts of N2 fixed (Figure [} However, direct
comparisons of pastures solely on this basis can be
misleading because differences in legume dry mat-
ler in pastures are often unrelated 1o N2 fixation. A
more uselul measure of efficiency is available if
amounts of N2 fixed are expressed per unit of leg-
ume dry matter produced. Such determinations pro-
vide a benchmark by which N2 fixation can be
compared across management treatments, locations,
legume species and growing seasons,

Tahle 2 summarises experimental and on-farm
estimates of Nz fixation caleulated in this way for
pastures at various localities around New South
Wales and Victoria. The data came from pastures in
which botanical composition varied from <10 % to
>95% legume and covered a range of productivities
across different rainfall zones. Yet, despite these in-
herent differences there was remarkable uniformity
in the efficiency of Nz fixation for both annual (sub-
terranean clover or medic) and perennial-based pas-
tures (lucerne in the cropping zone, white clover
under permanent grazing) across most sites cxam-
ined (Table 2). Relatuvely few estimates of N2 fixa-
tion fell below 15 kg fixed-Nftonne legume dry

-

matter. Determinations for most pastures were in
the range 20 to 30 kg fixed-N/ionne legume. It ap-
peared to make little difference whether pastures
were based on annual or perennial legumes, were
under permanent grazing or came from ley-farming
systems. In all cases the average efficiency with
which N2 was fixed represented around 25 kg fixed-
N for each tonne of legume herbage produced (Ta-
ble 2}, Since similar relationships have been
observed for pastures in cropping zones in South
Australia (Butler 1988) and Western Australia (Bol-
ger er ai, 1995), it may be possible to use this value
as a rule-of-thumb to predict likely inputs of fixed
N.

Factors influencing legume biomass and
Nz fixation - strategies to overcome con-
straints

A pasture legume such as lucerne can be grown
over a wide range of environments. However, the
amounts of Nz fixed can vary considerably between
different localities (Table 3), Regional limits to N2
fixation are primarily regulated by climatic con-
straints to lucerne growth imposed by to1al rainfall,
rainfall distribution, or temperature, but pasture
management practices can also play an important
riole. Potential productivity and Nz fixation can be
raised by removing constraints such as an insuffi-
cient or unreliable water supply by growing lucerne
with irrigation (Table 3). While this is not an option
for most farmers, there are other strategies which
can be imposed to manipulate and manage Nz fixa-
tion by dryland pastures,

Presence of effective rhizobia / inoculation

Frior o European seltlement, Australian soils
contained no root-nodule bacteria (rhizobia) for the
majority of agricuiturally useful legumes. Since
then a great many strains of nodule bacteria have
been introduced accidenially or deliberately. Today.
the numbers of naturalised rhizabia in most soils are
usually adequate to induce nodulation and N2 fixa-
tion by most pasture legumes. Nevertheless, there a
number of conditions under which soils may be de-
void of effective rhizobia. This can limit the poten-
tial for N2 hxavon in pastures (Brockwell er all
1995), The most common hostile soil factor is soil
acidity. Low  soil pH affects the wviability of
Mesorhizobiwm (formerly Rhuizobium) melilod, the
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Tahle 2. Estimates of amounts of N2 fixed for each tonne of lepnme herbage produced.

Pasture type Annual Number of __Annual legume” _Perennial legume®
| and localities® rainfall pasiures Range Mean Funge Mean
(i) (kg M-Mxed) thg N-fixedd)
Permanently grazed
Timtoon, Vic H20-15400 7 [ {30 27
257 i2-53 2
Braidwood, NSW 159 L3 421 17
Oieange, NSW 900 4 22-3 27
Beechwarth, Vic 820 13 20-38 27
Bungendare, NSW Tl 13 2031 25
| Wass, MNSW 642632 4 23-30 0
Goulbum, NSW a3l 2 18-21 20
Canberra, ACT a3l ki 13.32 24
Crverall 325 i 27
Renared with crap
Canberea, ACT 631 4 1324 0
Cootamundra, NSW 525 I 27 27
2 19.25 22
Rutherglen, Vic B 19 I8-36 27
Il 19-31 24
Wagza Wagga, NSW 560 L6 9-34 26
7 13-31 24
Jupes, NSW 504-535 26 B-34 26
k3 5-33 2]
Lockhart, NSW 487 ] 14-32 22
£ L7-36 27
Trangie, NSW 479 14 15:34 27
Haorsham, Vic 423 3 24-31 27
3 19-30 25
Orveralll 24 26 24
Aadapted from data of Feoples eral {1995c, 1997 and includes unpublished findings of Bewman, Guol, Bemp, MeCallum, Chaigley and
Hiffan: PAL data refer (o subtermanean clover exeept for Horsham where the pasiure contained annual medic: W hie clover collected from

dairy postures o lucems grown in rotation with ¢rop

root-nodule bacteria for lucerne and annual medics
{Brockwell et al. 1991), and the persistence and dis-
tribution of Rhizobivm lepumingsarum by, trifolii
(formerly R. erifolii), the organism that nodulates
subterranean  clover (Richardsen and Simpson
L 98a).

Selection of elite strains for rhizobial inoculants
or use of legume host-rhizobial strain combinations
more tolerant of hostile soil environments may im-
prove the potential establishment of well nodulated
pasture legumes (Howieson and Ewing 1986). Bul
typically, responses to inoculation are most likely o
oceur when appropriate thizobia are absent from the
soil {such as the first time & new legume species is
s0%Wn in a pasture) or are present only in small num-
bers, and when soil nitrate is low (Brockwell er al.
1995). If populations of infective rhizobia are al-
ready resident in soil, they may present a formidable
competitive barrier to the establishment of inoculant
strains. Inoculation response may be impeded by as
few as 10-100) naturalised rhizobia per gram of soil,
although 1000 per gram is generally regarded as the
threshold above which inaculation is futile. A natu-
rally oceurring population of 100 pgy gram of soil
{0-10 cm) is equivalent to 1.5x10°" rhizobia per
hectare. In contrast, white clover seed mmoculated at
the commercially recommended rate and sown at 5

kg introduces only 5.0 10" thizobia per hectare.
In other words, inocalant rhizohia are outnumbered
threefold by a soil population of merely 100 per
gram and even that assumes no mortality of the in-
oculant afier it has been applied to the seed. Analy-
ses of soils collected from 6 dairying areas of
Victoria and New South Wales showed that the ma-
jority of sites contained between 2,000 and 900,000
rhizohia per gram of soil able to nodulate white clo-
ver (Riffkin, unpublished).

Choice of legume genotype

It is clear that foliar or rool diseases will affect
plant vigour and depress growth potential, and
hence influence Nz fixation. Productivity losses
from 10 10 =%0% resulting from disease have been
reported for pasture legumes. The use of tolerant or
resistant legume cultivars is one approach to con-
trolling disease outbreaks (Dear e al. 1993) which
will contribute to the persistence of a legume com-
panent in & pasture and stabilise Nz lixation inputs,
Similarly any varietal or species difTerences in toler-
ance to soil acidity or other nutritional constraints (o
erowth and nodulation will influence N2 fixation
(Howieson and Ewing 1986; De Marco er al. 1995;
Unkovich er af. 1997). Regurdless of the mecha-
nism for genotypic differences in growth potential,
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Table 3. Comparisons of productivity and Nz fixation by lucerne grown in different environments.

Location Lucerme dry matier Arnounts of N Reference

production fixed

(t/halyr) (kg Nihalyr)

Dyl
Horsham, Vie 1O - 3,30 1 -89 MeCallum, unpubl
Warra, Qld 2.92-3.35 Bi-92 Hossain et al, ( [995)
Trangie. NSW 293-583 Bl - 155 Bowman, unpubl.
Jinee, NSW 4.3 - 754 [13-167 Peoples et al (15997)
frrigated
Canberra, ACT 11.1-137 06 - 385 Ciault et al, (1995)

enhanced vigour will generally translate into in-
creased N2 fixation as illustrated in the example
presented in Table 4 for subterranean clover,

Effect of legume population

The impact of legume numbers on Nz fixation
has been investigated for subterranean clover and
lucerne (Table 5). The subterrancan clover density
study indicated that Nz fixation was improved as
clover density increased. The 20-fold increase in
amounts of N2 fixed between extremes in clover
populations arose from significant changes in both
legume dry matter production {and hence legume N}
and Pfix. Similar results were also observed with lu-
cerne where the amounts of N2 fixed rose {rom 64
to 150 kg N/ha as plani populations were increased
from 5 to 40 plants/m”, but in this ¢ase inputs of
fixed N increased without any major change in Phix
- te. amounts fixed were directly related to changes
in lucerne dry matter production, Therefore, peri-
odic resowing of pastures, or undersowing the last
crop hefore a pasture phase is often desirable (o en-
sure dense legume stands.

Legume nufrition

MNutritional constraints can control a legume’s
capacity for growth and Nz fixation. Constraints
may be in the form of phytotoxic concentrations of
nutrients which inhibit root or shoot growth, such as
excessive levels of aluminium and manganese
which develop in acid soils, and sodium chloride in
the case of saline soil. Alternatuvely, constrainis can
result from an inadequate supply of nutrients which
can affect growth of the legume host, nodule fune-
tion, and multiphcation and survival of the rhizobial
component of the symbiosis. Therefore, soil fertility
problems can contribute to the loss of legumes from
pastures and poor Nz fixation (Quigley er af 1996),
Examples are only presented for soil acidity and
phosphorus  deficiency  although  similar  results
could be expected for an imbalance of any major or
minor nuirient.

Soil acidity

Many soils under legume-based improved pas-
tures are acidifying in the winter-dominant, higher
rainfall regions (=500mm) of south-eastern Austra-
lia. The release of phytotoxic aluminium and man-

Table 4. Effect of cultivar on N3 fixation and growth by
subterranean clover.”

Cultivar Diry matter Pfix Amount of
production N fixed
(thal (%) (kg M/ ha)
Trikkala 205 65 A
Leura 345 B HA
Enfield 112 Qi Q6

*Unpublished data of Riffkin and Quigley.

Table 5. Effect of plant density on legume growth and Nz
fixation.”

Species Plant  Legume DM Phx  Amount of
population  production M nixed
iplantsm®)  (tha) (%) (kg Niha)

Subclover 24 0.35 46 3

137 231 63 39
219 275 76 59
Luacerne 5 217 a2 [£23
14 309 51 HA
20 4.02 53 117
4 454 A3 150
* Daga from Peaples er al {1997}

panese into soil solution as pasture soils acidify is
believed to be responsible for significant losses of
forage production (Hochman er al. 1990). Liming
has been shown to increase clover growth and
amounts of N2 fixed in permanently grazed pastures
with acidic subsoils (Table 6); particularly when
phosphorus nutrition was also improved (Peoples et
al. 1995¢). Responses to lime by subterranean clo-
ver are not always g0 dramatic as those depicted in
Table 6 (Peoples eral. 1997; Unkovich er al. 1997),
However, applications of lime are essential in many
soils for the successful establishment and persist-
ence of other legume species such lucerne and an-
nual medics because of their extreme sensitivity o
low pH (De Marco e al. 1993),

Phosphorus

Table 6 presents data deseribing the effect of
adding phosphate to responsive pastures where the
soils were low in available phosphorus. The ob-
served improvements in total herbage yield in re-
sponse to superphosphate resulted largely from a
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Table 6. Examples of the effect of lime and phosphoros on alleviation of constraints on sublerranean clover growth

and Nz fixation in New South Wales pastures,”

Nutrient constraint Management Total pasture
location varable praduction
ithal
Excess
Send wcidiny
Bungendore - Lime 326
+ Lime 5.07
Braidwoud - Lime 4.35
#+ Lime .50
Deficiency
Phosphorus
| Goulbum - Superphosphate 392
+ Superphesphate 5,40
Boekham - Superphosphate 2:55
+ Superphosphate 379
* Data from Peoples ef af {19%5¢, 1997),

stimulation in sublerranean clover growth and in-
creased clover content of the pasture. Levels of Pfix
{data not shown) were uniformly high (80-98% of
clover W derived from Nz fixation) and were unaf-
fected by either the botanical composition of the
pasture or application of superphosphate. Therefore,
increased N2 fixation resulted solely from improve-
ments in clover production, While similar observa-
tions have also been reported in other envirenmenis
{Bolger et ¢l 1995; Peoples et al. 1995¢) this gen-
eral pattern of pasture response to phosphorus does
not always ocour, At one site in southern New South
Wales for example, the addition of superphosphate
stirnulated clover growth and increased the amounts
of N2 fixed in only 1 year of 4 {Figures 2 and 3}, In
all other years superphosphate boosted growth of
annual grasses such as barley grass and silver grass,
The relative response of grass andfor clover growth
to additional phosphate in different pastures can be
influenced by grazing pressure, the initial fertility of
the soil and seasonal rainfall conditions (Simpson et
al, 1974; Ayreser al. 1977, Bolger et af. 1995),

Effect of removal of annual grasses with herbi-
cide

Pasture plants exposed to a herbicide such as
Paraguat as part of a 'winter-cleaning” treatment to
remove grasses become desiccated following treat-
ment. Subterranean clover and medics can sub-
sequently regencrate from the crown; grasses do
not. As a4 consequence, grass removal ireatments can
increase legume content provided the herbicide
treatment 15 applied early enough o allow recovery,
The aim is to produce an almost pure legume sward.
As well as having a big impact on the carry-over of
cereal root disease into a cropping phase, grass con-
tepl can also significantly improve amounts of Nz
fixed during spring and concentrations of mineral N
detected in soil the following autumn (by up o 100
kg N/ha, Peoples er al. 1997), Examples of the af-
fect of winter-cleaning on pasture composition and
N3 fixaticn are presented in Figures 2, 3 and 4.

Legume DM Pasture Amiount N Increase in
production  composition Frxed M Tixaesd

(tha) {5 chover) (kg Nrha} (50
v} 39 K - [
|42 ETH 5 &8

52 15 32 -
3357 a3 T2 125
1.64 43 in =
3490 flt fhy |30
N.23 4 5 .
1.93 5l 54 Q80

DHun-!EgumET
B Legume

| Annual pasture

g

Dry matter production(t ha™!)

¢ 52 9394 95 92 93 94 G5 92 &3 94 85
Mil +P Grass
control

Figure 2, Effect of different management inputs on dry
matter production by subterranean clover (black bars)
and non-legume components of annwal pastures at Junee
Reefs, NSW, between 1992 and 1995, Treatments applied
to annual pastures included addition of superphosphate
(+P) and prass-removal with herbicide (G) Adapted
from Peoples ef al. (1997,

In the skilled hands of rescarchers at Rutherglen
in north-eastern Victoria the timely application of
herbicides have routinely increased clover biomass
despite a general decrease in total pasture produe-
tion (Figure 4a). Annual amounts of N2 fixed were
impraved by 13 to 57 kg N/ha with winter-cleaning
{Figure 4b). The favourable environmental condi-
tions experienced at Rutherglen resulted in high po-
tentials for clover growth by both the nil herbicide
and winter-cleaned pastures and in excess of 100 to
200 kg Nfha was fixed during each growing season
(Figure 4b), Grass removal treatments under condi-
tons of lower growth potential at Junee Reefs in
southern New South Wales initially gave results
similar to those observed at Rutherglen (1992 and
1993, Figures 2 and 3), but there was no net benefit
from winter-cleaning in the last 2 years of the siudy.
This was attributed 1o drought in 1994 and to inva-
sion of the herbicide-treated areas by broadleaf
weeds in 19295 (Figures 2 and 3),

Grass control during winter can result in areas of
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Figure 3. Effect of different management inpuls on
amaunts of Nz fixed by subterrancan clover in annual
pastures at Junce Reefs, NSW, between 1992 and 1995,
Treatments applied to annwal pastures included addition
of superphosphate (+P) and prass-removal with herbi-
cide (G, Adapted from Peoples ef al. (1997),

bare soil al the end of spring which will allow
growth of unpalatable weeds after summer rain. But
apart from problems with pasture instability and
vuinerability of soil to erosion. winter-cleaning cre-
ates-a potential for the development of herbicide re-
sistance in grasses and difficulties with clover seed
set which may affect subsequent pasture regencra-
tion. Therefore, growers' are best advised to winter-
clean pastures only in the year immediately prior to
CTOpping.

(a)

CIMon-legurme
M Legume
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-
o

o0
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Dry matter (t ha™1)

Iu

Grass control

Comparison of annual pastures with perennial-
bhased systems

The effect of different combinations of commion
management treatments on the productivity and Nz
fixation by an existing annual pasture was investi-
gated over 4 growing seasons (1992-1995) and
compared with the performance of perennial pas-
tures, One of the most striking observations was the
dramatic effects of year-to-vear shifts in botanical
composition, between clover dominance and grassy
pastures, on the amounts of Nz fixed by subterra-
nean clover in annual pastures (Figures 2 and 3, also
Raossiter 1966) or by clover growing in association
with perennial grasses (Figures 3 and 6). For exam-
ple around half of the N2 fixed by subterranean clo-
ver over the 4 year period was the result of a single
good growing scason. However, the lucerne or lu-
cerne/perennial grass mixiures contained greater
amounts of legume dry matter and fixed more N
than any of the annual pastures in each of the 3
years where direct comparisons were made (Figures
5 and 6). Most of lucerne’s advantage was in sum-
mer when occasional rainfall events gave immediute
growth respenses. Figure 7 compares the cumula-
tive performance of annuals over 4 growing seasons
with the achievements of lucerne in just 3 years. Al-
though the total amounts of fixed N recovered in an-
nual pastures afler 4 years (203-264 kg N/ha) were
similar to lucerne/perennial grass mixtures over 3
years (237 kg N/ha), the amounts of N2 fixed by lu-
cerne as 4 pure stand was substantially greater (383
kg N/ha, Figure 7). This largely reflected the ability
of lucerne-based pastures to maintain a consistently
higher legume component and to continue growing
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Figure 4. Comparisons of the effect of winter-cleaning 1o remove grasses on: (i) dry matter production by subterra-
nean clover (black bars) and non-legome components of grazed pasture, and (b) amounts of Nz fixed at Rutherglen,
Victoria, between 1991 and 1993, The + and - symbols indicate treatments with and without herbicide applications.

Adapted from Peoples er af. (1997).
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Figure 5. Total drv matter production by legume (black
bars) and non-legume components of perennial pastores
containing lucerne (Luc) and for perennial grasses (PG)
at Junee Reefs, NSW, between 1993 and 1995, Legume
values refer o lucerne (subterranean clover represented
<5 % of the total pasture hiomass), except in the peren-
mial grass plots where only subferranean clover was pre-
sent. Adapted from Peoples ef afl. {19497).
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Figure 6, Amounts of Nz fixed by perennial pastures con-
taining lucerne (Lue) and /or perennial grasses (PG al
Junee Reefs, NSW, between 1993 and 1995, Legume val-
ves refer (o lucerne (subterranean clover contributed <15
kg N ‘hal, except in the perennial grass plots where only
subterranean clover was present. Adapted from Peoples
efal (1997),

and fixing useful amounts of N (71-103 kg N/ha)
during the 1994 drought (Figure 6). The average an-
nual input of Nz fixed by lucerne in this environ-
ment (128 kg N/hafyr) was 90-150% greater than
neighbouring  subterranean clover-based pastures
(50-66 kg Nifhalyr).

Interaction between N2 fixation and grazing
animals

The amount of legume required in a pasture to
maximise herbage production, optimise animal
liveweight gain, and to provide sufficient fixed N to
balance the N removed or lost during cveling
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through the animal-plant-soil system will depend
upon Plix and the extent of lorage utilisation by
grazing animals {Thomas 1993}, However, the mosi
impertant factor determining net inputs of fixed N
in @ pasture system will be the maintenance of a
high legume content within a pasture, and the per-
sistence of that legume component. New pasturcs
tend to have a high legume content initially, fol-
lowed in later years by an increase in broad-leaved
weeds and grasses. A number of farm surveys of the
kotanical composition of pastures have concluded
that the legume compaonent is often below that re-
guired for optimum animal production or o sustiin
reliable inputs of fixed N2 (Kemp and Dowling
1991 Wilson and Simpson 19493},

Where pastures become a subsidiary o crop
production and are primarily a means of increasing
soil fertility and of providing a disease break for fol-
lowing crops, herbicides may be used 1o induce a
high legume content as discussed above. However,
stocking rate and graving svsiem {le, continuous,
rotational or deferred grazing), livestock type (cat-
tle, sheep or geats) and selective grazing can all in-
fluence legume seed set and pasture composition
{Rossiter 1966 Ledgard and Steele 1992; Conlan er
al. 1994; Thomas 1995). This may be influenced by
the relative growth responses of the various grass-
legume associatiens, different growth habits and
species palatabality, climate, and stage dunng the
growing season when grazing occurs, Because of
the prostrate growth habil ol clovers for example,
strategic heavy grazing of a grassy pasture in early
spring can shift hotanical compositien toward leg-
ume dominance. As a general rule, undergrazing en-
courages grass growth and results in pastures with
depressed legume content (Kemper al, 1993),

Giriging intensity and animal excreta also affect
nutrient cyeling and spatial variability (Simpson et
af. 1974; Ledgard and Steele 1992). Seventy-five o
95% of N ingested by livestock is returned in ex-
creta, typically 30 1o 70% as urine, depending upon
the N content of the feed. This urinary N represents
between 5 and 20 ¢ N/day/head in sheep and 40 1o
220 g Niday/head in cattle. Urine is applied to local-
ised areas of pasture a1 rates equivalent 10 up Lo 300
kg N/ha by sheep and 1200 kg N/ha by cattle. The
capacity for legumes to fix N in these urine patches
van be depressed by up o 90%, The Na-fixing activ-
ity can recover after 30-60 days, although urine
stimulation of grass, and resultant competition with
the legume, might reduce N2 fixation per unit area
for longer periods. It has been estimated that in an
intensive dairy farm, where up to 40% of the land
area may be affected by exereta and N3 fixation may
be depressed by 60%, total annual farm inputs from
Mz fixation might be reduced by 20-25% (Ledgard
et al. 1982, 1992).

General Discussion

When determining how N2 fixation during 4 pas-
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Figure 7, Effect of different management inputs on: {a} cumulative dry matter production by legume (black bars) and
non-legume components, and (b) amounts of Na fixed over four years of growth of subterranean clover-based annual
pastures and three years of pastures containing lucerne {Luc) and for perennial grasses (PG} at Junee Reefs, NSW,
Treatments applied to annual pastures included addition of superphosphate (+F) and grass-removal with herbicide

(G, Adapted from Peoples er al, (1997).

lure phase might best be enhanced, both pasture
productivity and legume content will need 1o be
considered. Provided adequate numbers of effective
rhizobia are present in soil, these factors wall be the
key determinants of the amounts of Nz fixed. Leg-
ume hiomass and N2 fixation inputs can generally
be improved with

e adense legume stand

* applications of superphosphate or lime (o ame-
liorate nutritional problems

= herbicide applications 10 remove grasses in an-
nual pastures

Adthough it is likely that both Nz fixation inputs
and pasture response o these management treal-
ments could be further modified by grazing man-
agement through livestock effects: on nutrient
cycling and soil fertility, pastre productivity and
botanical composition (Simpson et al. 1974; Steele
and Ledgard 1992, Kemp er al. 1993; Sanford er al.
1945},

High levels of N2 fixation can be achieved in
annual pastures, bul there 15 considerable vear-io-
year varighility due to extreme shifts in the inci-
dence of clover or medic present in pastures. By
contrast, pastures containing perennial legume spe-
cies such as lucerne maintain a more stable legume
conlent and continue to grow and fix N2 when sea-
sonal rainfall patterns are unsuitable for growth of
annuals. Therefore, pastures based on lucerne may
have greater potential for consistent growth and Na
fixation than annual pastures.
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