Nitrogen fixation and cycling of pasture legumes — a review
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Pasture legumes provide high qualiy feed for animals
1 grazing svarems. They also B3 nitrogen ™) and
add orgame N 1o the soils in which they grow; therely
testonng the chemueal and phvsical quabice of the soil
In the Austraban prraing belr, pastire J‘r;__{umc.* are
resrated with cereal and arher gra cre sy owith the
prsture phase countering the deprrdanon of the
ceopping phase [Reeves 1991; Peoples and Baldock
20015

Pasture legume N fixation in Australia

Pastire legunmies i Avseralia are estimated o fix L3
5 million tonnes of N anaually | Anus 20015
Unkowvich 2002) Reporred pasoure areas 1n which
lepumes are u ssgraficant consponent range hierween
L0-and 35 million heceares (Angus 2001 Peoples and

Baldeck 2007, Unkowvich 2002, With large differences
in the reported areas of pastute lemormesyac s lnde
wonder thar the N fixanon esumates vary so gredtly

At the paddock level, caleulating M, fRanon s more
strightforward, A substanbal bodv of work has
shown that, on avernpe: 25 kg N 18 fised 1o chie sliooes
ol pasiare legumes for cvery wane of shoot binmass
produced (Peoples arid Baldack 2001, It should e
noted that the authors reporeed wide variadons for
chis value, ranging 8-53 kp stioot W fixed/r <hant
Liomuss: Such venaton would have been eaused by
differences i sonl nitrate levels and pasture vigour,
as well as expernmiental trearment and expenmental
eredr, Assuming S0% ol pasture légume ™ 5 below
prousgd  MeMall ee afl 1997, Penples and Baldock

Ak then rhe overall averaoe for N fxation b
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Table 1. Mirrooen fixaton of pasture legumes in Adscealia, Values summarnise o large number of Auscealian stedics in
12 55 2 Be

which ™ fixation by pastre legumes was quantifice (Peoples and Baldock 2001), "aNdfa is the percentage of legume

M derived from N: fixation

Species /group "M

Mean Range
suahrerranean clyver Ha - Lo
Anoual medics 67 (el
Lucerne 2 23493
Fropical lepumies Rl 0-55
el T G-t

Sl ™ e bz Toral ™ fine] g ihing

hean Rangzo M Range
92 2 T3H 144 4476
A2 2- M} T 424
a7 4167 134 B-33d
03 2240 13 -4
H 2-24) 1501 4-4811

pasture legumes is 50 kg N fixed /1 shoot biomass,

Within the Australian grains belt, the average
percentage of pasture legume N denved from N,

fixarion (YaNdfa) is T0% (Tahle 1, Peoples and
Haldock 2001). The average shoot N fixed is 73 kg
N/ha and toral N fixed 15 150 kg/ha: These values
variell enormously with €ie and season, and with
experimental treatment. The latter would have
provided much of the vananon because expenmental
rrearments ase often designed o provide differences
and extremes, T would be reasonable to assume,
however, that the average values for species, as well
as the overall average values, are tepresentative of
wedl-managed pasture legnmes in the Australinn graing
beltin an avenye ranfall season,

Nitrogen cycling in pasture legume
systems

The fate of the fised N 15 just s impertant, and has
as much relevance to producovity issues for grazing
and eropping systems, as the amount fixed, What
happens o the fised N2 How much stavsin theplane
soil system and how much is exported
and lost from the system as harvested
product and through the various loss
mechanisms? Below are 2 diagrams
describing X flowws for u hvpotheneal,

]

averape pasture lesume in the
] P 2 Valatilisatio

Auseralian grains belr, Figure 1 shows
the N flow during # 12-month penod
of active growth, e the sccond or
third vear of the pasture. The second
M -flow diageam (Figr 2) covers the final
vear of the pasture before the land s
rerurned 1o cropping. Data 1o Plant’

uptake of
Figure L N-flow diagram for the pastre gellniiraty
legume component of a well-managed
pasture in the Australian grains belr in
an wverage rainfall season. The period
ecovered i5 12 months during the active
phase of the pasture.
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construct the X budgets were taken largely from the
review articles of Peoples and Baldock {2000 and
Fillery (2001).

It should Te noted rhar the hyporhetical pasouree is
intensively grazed; Le. heavily stocked with animals
forr short penods: Such management means that more
of the N is cveled through the animal, Pastures that
are ot heavily stocked, but grazed tor longer periods
muty have more of the ™ evele through plant residues:
The uneven distribution of dung and urine patches
in i paddock creates a problem aath lirge pains in
sitl N in small areas of the paddoeck and losses from
the remainder (Fillery 2001}, 1 have assumned spatial
unitormiy of ™ cyeling,

Cither assumptions arc:

- Mot Ea 15 T{Pn.

+  Shoot omass 531/ ha, with an N concenrranon
af 36,

+  Below-ground N is 50% of total plant 2.

-

About 3% of the above-ground plant material is
incorporared into the soil as residues
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+  Annual turnever of below-ground ™ is 30%

*  Unne coastiutes 70% of the dung/urnne poaol.

o Volatilisation losses of N [rom wrine are 2004,
although Fillery (2001) guestions whether such
rares, derermined noenclosed experimental
svstems, are relevant ro large grazed paddocks.

« Annual rate of fresh residue/dung decompaosition
15 25 {ner mineralisaton of 20%),

I the 12 month penod, the pasture fxes T30 kg NS/
b aned accumulates.a tonal of 215 ke N/ i inabove
anel below-grround biomass, More than half of the
onal 15 returned o the sml as plane residues, dung
anel urine (120 kg N/ ha). Only 20 ke N/ hais removed
in amimal product. Varouos loss mechanisms
fammonia  velanlisation, nitrification and
denitrification) account for-abour 25ke N/ ha,
although these could be partly offser by deposition
and re-abhsorption of N (not shesen).

The annual ncrement of soil N under the pasture
wontld be about 105 kg N M ha, with abooe 3000 added
tor the humus and merate pools and 40% remaining
in the soil as living roots and nodules. The
comribution w soll morane from the mineralisation
of natve organic marter 1% net shown, and would be
expected toadd ancther 20-30 ke N/ ha 1o the nitrate
poel,

Termination of the pasture ph:'i:h: th CoMmmence
cropping changes the N dynanues (Fig. 210 All living
ronts and nodules become plant residues, which are
subject o minerilisation, This pool includes living
roors and nodules thar acowmulared

during the life of the pasture, e, at

3

70 ke N/ ha v Thus, fora 2-vear old

pasture, there would be an exira 70

ke N/ha in the below-ground [£]

N - e

residues poal. For a 3eyear old | MH, |
| le in Fig 2) o

pasture {the example in Fig 2), an PR,

additional 140 kg N/ha is below-
ground. Assuming net rmineralisation
rates of 20040 fora G-8 manth Fallow,
the 3-vear old pasture delivers 95 ky

Figure 2, N-flow diagram for the
pasture legume component of g well-
ranaged pasture in the Ausrralian
grrains belt in an average rainfall
season, The period covered is 12
mmonths during the Ooal year of the
pasture, prior to the land being used for

cropping,

Lot
Plast’

uplake of
soil nitrate
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mitrate ™ ha at the end of the fallow, Other
::ns.sumplitms are semiilar o those of the active pasture

The

miingralisation of natve humus 15 sgain oot shiwwn

contribution o seil oitrate rom the
and would add anorher 20230 ke B/ ha 1o the aitrare
pool, Taking into aceount all 3 sources of nitrate
{current vear’s residues, previous years” residues and
native humus), net aitrate levels at the nme of sowing
a crop could be as high as 100-150 kg N /ha,
depending on the length of the pasture ley (Flossin

et @l 9960 Fillery 2001).

Pasture leys in cropping systems — a
published example

Howe weedl do the N budgers for the hypothetical
pastore legume in Figmres 1 and 2 abeowe miacch up
swith published accounts of N, fivanon and N inpurs
of pasture lepumes? Holford (1981) reported long-
term experiments at Tamworth, NEW that showed
well managed, intensivelv-grazed lucerne added abour
140 kg ™ hadve on a black earth and 110 ke N/ ha)
vron i red carth Differences in N inpurs were relared
ter procluctiviey of the lucerne. The higher soil X levels
were mantained at the black-earth site during more
than 9 yvears of wheat cropping (Ig, 3). Dar from
nther feld studies, e subterranean clover in wheat
cropping at Wiyggas Wagea (Heenan and Chan 1992),
annuwil medies und lucerne o wheat cropping in
south-castern Queensland (Hossain o @l 1996;
Weston ¢f o 20023, are also consistent with the
constructed budgets above:
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Fipure 3, Build-up of s06il N under a well-managed,
intensivelv-grazed lncerne pasture on a black carth at
Tamworth and the subsequent run-down during the
following % vears of continuous wheat cropping, Soil N
levels under the wheat monocolture are alzo shown. A
(.01 increment in soil N o 13 em depthis equivalent to
180 kg N/ ha, assmning bulk densiy of 1.2, (Redrawn
fronm Holford 1981}

I conclusion, pasture legumes play a major role in
supplving N 1o Australia’s agricultural soils. The
legumes fix atmospheric N, adding millions of
ronnes annually of organie and mineral N 1o
Australia’s agricultural sools. Amouns fixed and
associated N benefits are strongly linked to pasture
productivity with, on average, 50 kg N fixed /‘ha for
each tonne shoot biomass produced. ™
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