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1. Scope and Objectives of the Research Topic Review

This topic review aims to summarise knowledge and expegief Nitrogen supply and management in organic
farming systems, including : Nitrogen fixation; Nitrogen @iyg; the effect of the length of the fertility
building phase or ley and the effect of green cover manadgegreen manures — type and management; soil
management; the impact of undersowing; seasonalityopgand the impact of manure use and management. It
is based on a review of the organic research commiskibpeDefra and that undertaken elsewhere and
incorporates field experiences in the conclusions.

2. Summary of Research Projects and the Results

2.1 N Prediction & Nitrogen fixation

In typical organic farming systems Nitrogen is accumulatethgwa fertility building phase of a rotation or
from leguminous green manures or cash crops, where bcisnalated in the soil and in unharvested crop
residues. Although recycled plant residues and animal mahelg$o maintain the overall nutrient balance on
the farm, the only true import of N (to compensaterénoval in sold products and losses to the atmosphere
and in leaching) comes from imported manures from outsideedfiolding and by fixation of atmospheric N2
by legumes (Briggs et al 2005).

Nitrogen exists in two main forms: organic and inorgafrorganic N is readily available to plants in fbems

in which it commonly occurs (mostly ammonium and nitratiewever, over 90% of the N in most soils is held
in organic forms which must first undergo mineralisatidirpugh the action of soil microbes, to release
available N. Nitrogen represents about 5% of the dighteof soil organic matter (SOM) and so the content
SOM will largely determine the N supplying capacity afs¢Briggs et al 2005).

The amounts of N that can be accumulated by a green manaréey will not only depend on how well the
legume grows, but also where it gets its N from, slegemes tend to prefer to obtain N from the soiheat
than fix N from the atmosphere. In an N rich soil, dngount of N a legume fixes from the atmosphere is much
reduced compared to that of a legume in a soil with lowdeseN (Briggs et al 2005).

2.2 Soil Organic Matter (SOM) and influence on Nitrogen

Soail fertility is linked intrinsically to soil organimatter (SOM), because it is important in maintainingdgsail
physical conditions (e.g. soil structure, aeration water holding capacity), which contribute to soil fetyili
and it is an important nutrient reserve. Organic mat®y abntains most of the soil reserve of N and large
proportions of other nutrients such as P and sulphur (Stte@b82). Typical ranges for SOM are from as little
as 1.5% (of dry soil weight) in sandy soils under arablévation, to as much as 10% in clay soils under
permanent pasture. At the upper end of this range, thiaroaunt to between 5 and 15 t organic N/ha in the top
15 cm (Briggs et al 2005) Peat soils can have upward of 15%iongatter.

Stolze et al. (2000), in their review of the environmkattects of organic farming, concur with the view that
soil organic matter, biological activity and soil sture are all important aspects of soil quality (chemstatus
not specifically mentioned), but also include susceptytiiitsoil erosion.

SOM also plays a pivotal role in soil structure managgmYoung SOM is especially important for soil
structural development, improving ephemeral stabiitpagh fungal hyphae, extra cellular polysaccharides, etc
(Shepherd et al 2002). To achieve better soil structuoekability and soil aggregate stability and the
advantages that this conveys, frequent input of fresh rgaatter is required. Practices that add organic
material are routinely a feature of organically farnseds and the literature generally shows that, comparin
like with like, organic farms have at least as good andetimes better soil structure than conventionally
managed farms (Shepherd et al 2002).

With regular additions of fresh organic residues, lilght fraction SOM that is important for soil structural
development will improve. It can be argued that it is tha farming system per se that is important in
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promoting better physical condition, but the amount antitguwd organic matter returned to a soil (Shepherd et
al 2002).

Generally, organic farming practices are reported to havesitive effect on soil microbial numbers, procgsse
and activities. Research has made direct comparisongdietorganic and/or biodynamic and conventionally
managed soils and the evidence generally supports theofigmeater microbial population size, diversity and
activity, and benefits to other soil organisms t8bépherd 2003). However, little is currently known altbat
influence of changes in biomass size/activity/diversity soil processes and rates of processes. Ndr is i
possible to conclude that all organic farming practicegehbeneficial effects and that conventional prastic
have negative effects. Pasture is the main elemegrultural systems where least difference would ke

to be seen in soil quality between organic and conventgystééms, since both will accumulate organic matter.
The majority of literature showing no benefit tocnobial activity from organic systems is found in studiés
pasture. In the few arable comparisons where lack @rdifces or greater activity in conventional systems
were found, this might be related to greater residuen®tarthe conventionally fertilised systems. If gos
provides a pointer to the key factor that differentiatgsvben conventional and organic systems as being return
of organic matter.

This correlates with the observation that aggregatslisfais greatest under grass, where there is naotis
production of these components, and decreases rapidly uradde aucltivation. This suggests that optimal
aggregate stability requires the frequent turnover ofstemt organic matter residues, although humic
substances also offer some long-term stabilisaticstratture. Therefore, a ‘biologically active’ sail better
predisposed to better aggregate stability (Shepherd 2002).

Crop rotation also modifies the physical charactesstf the soil both directly and indirectly. The acwlation

of organic matter during the ley phase plays a majortdiode in soil structure formation (Clement & Williams
1967; Grace et al. 1995). This results from the productiongafnic binding agents, such as polysaccharides, by
microorganisms breaking down organic matter, and theeshimg effects of the clover and grass roots and
fungal hyphae (Wild 1988; Breland 1995). Conversely, soil oogamitter and aggregate stability decline
during the arable phase (Tisdall & Oades 1982). Thetanthral characteristics of the root systems of diffier
crops included in the rotation also influence soil stmecfarmation (e.g. Chan & Heenan 1991). Indirectly, the
timing and use of different cultivation techniques and mamam@ication at different points in the rotation
influence soil structure.

Rotation design modifies both the size and activity ofsiemicrobial biomass. Indicators of biomass atyivi
such as basal respiration and enzymatic activity sugjgesthere is a more active microbial biomass asteatia
with grass-clover leys than with arable cropping (Watsbal. 1996; Haynes 1999), which is in turn linked to
the decomposition of organic matter and nutrient mireatdin (Haynes 1999). Currently the possibilities for
manipulating individual components of the soil microbianbass using agricultural practices are limited by our
understanding of the functional significance of differegianisms or groups of organisms.

2.3 Soil biology

The soil hosts complex interactions between vast eusnf organisms, with each functional group playing an
important role in nutrient cycling: from the macrofauna (@arthworms) responsible for initial incorporation
and breakdown of litter through to the bacteria with sfecdles in mobilising nutrients. Earthworms have
many direct and indirect effects on soil fertility, fboh terms of their effects on soil physical propst(e.g.
porosity) and nutrient cycling through their effectsroitro-floral and -faunal populations (density, diversity,
activity and community structure). Thus, although miarganisms predominantly drive nutrient cycling,
mesofauna, earthworms and other macrofauna play a keynresoil organic matter turnover. Factors that
reduce their abundance, be it natural environmentibria (e.g. soil drying) or management factors (e.qg.
cultivation, biocides), will therefore also affecttrient cycling rates. Organic farming’'s reliance soil
nutrient supply requires the presence of an active naesbmacro-faunal population.

The soil microbial biomass (the living part of thé snsganic matter excluding plant roots and fauna larger than
amoeba) performs at least three critical functiorsoihand the environment: acting as a labile souraadfon

(©), nitrogen (N), phosphorus (P), and sulphur (S), anddiate sink of C, N, P and S and an agent of nutrient
transformation and pesticide degradation. In additignro-organisms form symbiotic associations with spot
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act as biological agents against plant pathogens, cotgriowards soil aggregation and participate in soil
formation.

Generally, organic farming practices have been reportédite a positive effect on soil microbial numbers,
processes and activities. Much of the cited literaba® made direct comparisons between organic/biodynamic
and non-organically managed soils. The evidence genetgilyorts the view of greater microbial population
size, diversity and activity, and benefits to othat erganisms too. However, little is currently knowbout

the influence of changes in biomass size/activity/ditgron soil processes and rates of processes. isNor
possible to conclude that all organic farming practiee®tbeneficial effects and non-organic practices negat
effects (Shepherd 2002).

2.4 Earthworms as indicators

Earthworms have many direct and indirect effects onfeuility, both in terms of their effects on sgihysical
properties (e.g. porosity) and nutrient cycling through tleéfects on micro-floral and -faunal populations
(density, diversity, activity and community structureshdépherd 2003). Thus, although microorganisms
predominantly drive nutrient cycling, mesofauna, earthwoamd other macrofauna play a key role in soil
organic matter turnover. Factors that reduce their almaedabe it natural environmental factors (e.g. soil
drying) or management factors (e.g. cultivation, biocides) therefore also affect nutrient cycling rates.
Organic farming’s greater reliance on biological preoes of minerals for soil nutrient supply, benefits fram
active meso- and macro-faunal population. These effeetsamplex, though many of the resultant effects are
beneficial:

* reduction of plant parasitic nematodes and pathogenic fung
* increased enzymatic activities

* increased nutrient release

« spread of biocontrol agents

« spread of mycorrhiza and Rhizobium species

Although micro-organisms predominantly drive nutrient il earthworms play a key role in soil organic
matter turnover. Factors that reduce their abunddreed, natural environmental factors (e.g. soil dgyiror
management factors (e.g. cultivation, biocides), widréfiore also affect organic matter turnover (Shepherd
2003). Simple measurements of organic systems have showed earthworms under the organic systems
(compared with conventional) and generally more wormsiédiately after a ley compared with later in the
rotation. Greater populations of beneficial nematodes halso been found in organic systems. (Shepherd
2002).

There is no straightforward relationship betweei m@nagement and earthworm populations because there
tends to be an interaction between several factams.ekample, fertilisers can reduce worm populations,
Edwards & Lofty (1982b) and white clover has been found tdbihlworm activity (Lampkin, 1992) but,
overall, organic rotations tend to favour earthwormsabse of the other beneficial effects of management:
organic matter additions, leys, no biocides, etc. Raraeah (1997) has linked low populations of earthworms
to lack of adequate moisture in the soil surface, intensesticide use, frequent tillage, and absence of ground
cover.

Siegrist et al. (1998) and Gerhardt (1997) found greaterveamin abundance and activity on the organic farms.
Although Whalen et al. (1998) found earthworm populationdirsegt during 5 years of continuous cereal
production. Arable soils usually contain a smaller @emof earthworms than pasture soils, unless thassoil
given regular applications of FYM (Newman, 1988). It seeimsrefore, that cultivation in some way reduces
earthworm populations. Larger populations under direct

drilled crops (Edwards, 1983) suggest that the physical gdbofhing reduces the population. Thus, because
organic rotations tend to plough less frequently (becausieedertility building stages) this is likely to be an
advantage for earthworm populations. However, converiedye is less scope for reduced cultivation systems
in organic farming, which would work against earthworm pdjra (Shepherd et al 2003).

2.5 How much N is fixed?

Nitrogen in legumes comes from the uptake of both s@ht fixation of N from the atmosphere. The amount
of N fixed by different legumes is determined by how welldiambiotic association is functioning between the

3
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N-fixing bacteria (Rhizobia) and the legume host. Theieficy with which N is fixed will depend on the
crop’s growing conditions (e.g. soil, climate, disgaseop management and length of time for which it is
grown. Consequently, the influence of all of theseof@cineans that a wide range of values have been reported
However, for a particular legume species there is usuallgsz relationship between yield and the quantity of
N fixed. Figure 1.0 indicates the range of fixation estasauoted for a number of leguminous crops.

[ I Lucerne (silage)
[ | Red clover (silage)
— | I White clover/grass (silage)
- | I White clover/grass (grazed)
[ | Field bean (grain crop)
' I Forage peas
il I Lupin (grain crop) % E fi;(ed i
[ | Vetch (cut & mulched arter harve:
N——— ( ) (including roots
== Soya(grain crop) | ‘
0 100 200 300 400 500 600
kg N/halyear
Figure 1.0 Ranges for quantities of N fixed and remaiaftey harvest (Briggs et al 2005)

A small supplementary boost of N during the fertility-deplgtphase may be obtained by growing a
leguminous cash crop, such as field beans or peas. Ip@tant to remember that harvesting forage or grain
will remove much of the fixed N and reduce the beneffbtlowing crops (see Figure 1.0). The benefit will be
further reduced if straw and other crop residues are reanfoem the field. However, if the crop is retained and
fed on-farm the nitrogen can be effectively recycled lzetefit subsequent crops.

Predicting the actual amount of nitrogen fixed is notoliodsficult as it depends on many factors including
legume species and cultivar, proportion of legume indfierhanagement, weather conditions and the age of the
ley (Ledgard & Steele 1992; Watson et al. 2002). White cigvass leys can fix up to 250 kg N ha-1yr-1
(Kristensen et al. 1995), red clover leys up to 240 kg N hd-Igchmidt et al. 1999) and lucerne up to 500 kg
N ha-1yr-1 (Spiertz & Sibma 1986). Field beans have betmaged to fix up to approximately 200 kg N ha-1
yr-1 (van Kessel & Hartley 2000). In terms of increasing) nitrogen, grain legumes are of limited value since
only 50% of their N requirement is derived from fixatieorfipared with >80% in forage legumes) and much of
the fixed N is removed in the grain harvest. This can some result in net removal of nitrogen from the soil
(van Kessel & Hartley 2000).

The values of annual accumulated nitrogen from a year’slogdr green manure have been reported at similar
levels by a number of researchers i.e 250-292 kg N ha-37inkig N ha-1 (Bulson et al.,

1996; Stopes et al., 1996 and Sparkes et al 2003, respectivdlyp-year red clover green manure has been
reported to accumulate up to 660 kg N ha-1 (Cormack, 1999)/41 kg N ha-1 (Stopes et al.,

1996); both values are far higher than those measurechéy ratsearchers. Sparkes et al (2003) concludes that
these figures are somewhat misleading, in that they tlaaeount for the cycling of nitrogen within the plant-
soil system, especially in systems containing leguminaastgl that can lead to nitrogen being counted more
than once, and thus an over-estimate of net nitrogetiaddi



Institute of Organic Training & Advice: Research Review:

Nitrogen Supply and Management in Organic Farming
(This Review was undertaken by IOTA under the PACA iRegect OFO347, funded by Defra)

2.6 Where is the Nitrogen?

In cut or grazed swards of grass/clover, large amourtterbige, stubble and roots are not harvested and return
to the soil to be incorporated in the SOM. This canasgmt more than the amount of organic matter actually
consumed by grazing animals. At the end of the ferfilitifding phase, there are also large amounts of N in
unharvested plant material and in roots (including noduledawer roots which can represent over a third of
the total root weight) which are returned when the leghased sward is ploughed in (Briggs et al 2005).

N accumulation will vary widely between sites (i.e betw 150 - 450 kg N/ha/yr) and a large proportion of this
N is found below ground in the rooting system. Not all kheontained in the plant residues is immediately
available to a following crop. As the plant residues brd@avn over time the N is released. The time to break
down is determined by the C:N ration of the materiad, fological activity of the soil and local climate.idt
important to ensure that the N released is held in ther wodeprofile so that it is within reach of the nexop,
rather than being leached out of the rooting zoneaoftpl

2.7 N Supply & Nitrogen recycling

Nutrient supply to crops depends on the use of legumes to tiddemi to the system and limited inputs of
supplementary nutrients, added in acceptable forms. Manurkgrap residues are carefully managed to
recycle nutrients around the farm. Management of sgardc matter, primarily through the use of short-term
leys, helps ensure good soil structure and biologicabityctimportant for nutrient supply, health and
productivity of both crops and livestock. Carefully planned rdig#eotations help reduce the incidence of pests
and diseases and allow for cultural methods of weeddadf¥atson et al 2002).

When managing legumes for N supply, we need to consider ‘eaffixation) and ‘use’ of N: both have to be
managed effectively. Many factors can affect N fixatie.g. levels of N in the soil or cutting and removal
versus cutting and mulching. Efficient use of N by tblko#ing crops relies on management practices and
cropping patterns that make best use of the N releasmihieyalisation of the residues (Briggs et al 2005).

Although nutrient management in organically managed soflsndamentally different to soils managed non-

organically, the underlying processes supporting sotllifgrare not. The same nutrient cycling processes
operate in organically farmed soils as those that aneefdmon-organically although their relative importance
and rates may differ. Nutrient pools in organically fadnsoils are also essentially the same as in non-
organically managed soils but, in the absence of reguldistarinputs, nutrient reserves in less-available pools
might, in some circumstances be of greater signific@8lcepherd 2002).

2.8 N Use

The amount of N which is built up by fertility building agly part of the challenge of good N management.
Good management of the soil, crop and rotation is of parammportance to maximise the efficient use of the
N built up. How effectively the N is used by the subsequsemyis in the rotation will depend on many factors,

including: the rate of release (‘mineralisation’); #fficiency of uptake by crops; the N removal in harvested
products; the N return in plant residues; losses of N; ¢roincropping (spring vs winter); timing and type of

cultivation and location and rainfall of the sitd€Trate of depletion will be reduced if manure is appbied

the rotation includes further legumes during this phasggB et al 2005).

The factors affecting N release from the soil, iat&ion with crop uptake and loss processes, and thieodse

of predicting N release are complex. After a ley is ipooated and before the next crop can use the
accumulated N, it has to be converted (‘mineralisedd plant available forms (nitrate and ammonium). 8om
will already be in this form; most will need to be mralised by microbial action after cultivation. Genlgral
the organic forms of N associated with the fertibtydding crop are termed ‘residue N'. It should also bed
that not all of the residue N will necessarily be d@iX¢ — some will have derived from uptake of (a) N reldase
from the native soil organic matter, some will be fratmospheric N deposition and some will be from (c) soil
mineral N in the soil at the time of establishmenthef fertility-building crop. The proportion of non-fixéd

will depend on many factors as described above.

The release of Nitrogen via mineralisation is perfednby soil micro-organisms when they use organic N
compounds as energy sources. Plant available N is eobdwgirof this microbial degradation.
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The rate at which they undertake the mineralisatiaffécted by many components including ; soil temperature
and moisture; soil biological ‘health’; Soil texturgpil physical condition; Soil disturbance; and the tgbe
residue (described in crop and green manure residue section)

Temporal patterns of N uptake by the crop may be partigutaportant in organic systems where N is released
gradually by mineralisation of organic matter. For eglemnmaximum uptake of N by winter wheat occurs in
spring when soils are only beginning to warm and minextidis is still slow (see Figure). This is likely to Itm
the supply of N at a critical time for wheat crops on pigdarms (Shepherd 2002). Mycorrhizal fungi have
been shown to absorb and translocate some N tdalse plant, so maintaining good mycorrhizal fungi
populations can be beneficial in N utilisation.

2.9 Nitrogen use by crops

Conventional crop production uses highly soluble and radtitrogen fertilisers, matched the demand of crop
growth and late spring leaf production. Leaves are rniwst nitrogen-rich tissue in a higher plant and

consequently there is a relatively sudden heavy requirefmenitrate to produce leaf protein for chloroplasts

and photosynthesis. The vegetative reserves laid dovimgdecanopy expansion help provision the seeds when
they form. Therefore maximal seed yields are likelfpéoobtained only when the provision of soil nitrate and
the associated crop requirements for leaf productionyaehsonised. This temporally uneven requirement for
N in springtime is matched by the application of high leeé very soluble fertiliser in conventional productio

In organic production N release is governed by biologioal chemical processes, deriving N from

material which is only slowly degraded over many month&wen years. These processes are less able to
release minerals in the short intense burst requinedapid plant growth. The provision of nitrogen by decay of
organic material (mineralization) throughout the seasay pnoduce nitrate when it is little needed if the soil is
tilled and oxidation and mineralisation occurs, whendhsrno plant or only a young plant with a low N
requirement present. Therefore ploughing months aheae ¢iittle required for planting and well ahead of the
main N requirement for crop development should be avoidddeasiineralization that occurs with cultivations
well ahead to crop growth can lead to N loss.

In a detailed examination of mineral availability, Beet al. (2002) determined that the amount of N in organic
soils should be equivalent to 300 kgN/ha based on soil @asalfowever, organic wheat plants act as though
there is only about 50 kgN/ha available for growth and $eenation. Berry et al. (2002) also indicate that the
common practice of applying manure or slurries to égyimes simply diminishes the amount of N fixed by the
legumes resulting in a waste of manure. More cruciblgé measurements indicate that the analysis of total N
in organic soils is misleading when such a mismatchdsrwnavailable and available N is so clear.

2.10 Seasonality of crops and N use

The mismatch of N mineralisation in the soil and cuppake requires careful management to avoid N losses
and optimise utilisation. A good example of this is thatter wheat develops slowly during the autumn, and

significant levels of nitrate may be lost by leachindot® the spring, when the main demand from cereals
occur. This is shown in figure 2.
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Figure 2 Soil N mineralisation and uptake by W Wheat (Sourc&hepherd M)

Adopting systems utilising spring cultivations and plantinguutumn cultivations followed by catch crops and
then spring planting, or potentially catch crops intercroppéld winter wheat could improve the utilization of
N for crop performance (Thorup-Kristensen 2006, Shepheaatd2002).

However the research did suggest that winter wheat hadth deeper root system (c. 2.0 m) than spring wheat
(c. 1.0 m), and that the N loss from the winter whealps therefore became smaller than expected. A
combination of using catch crops and spring wheat i®nateal for N resource utilisation and subsequently has
the potential to improve the baking quality charactessti wheat (Thorup-Kristensen 2006).

Organic systems have the potential to supply adequate anub@avisilable N to meet crop demand through the
incorporation of leys, N rich cash crop residues and egpplianures. However, this is seldom achieved because
leys are only incorporated once every few years agdnically produced crop residues and manures tend to
have low N contents and slow mineralization rates. Milability could be improved by delaying ley
incorporation until spring, applying uncomposted manuareshe start of spring growth, transferring some
manure applications from the ley phase to arable cpypsenting cover crops from reaching a wide C:N ratio
and better matching crop type with the dynamics of Nliabity (Berry et al 2004).

2.11.1 Nitrogen leaching and loss

If the available N is not utilised or its availaljlis mismatched to crop demand, losses may occur. The mai

loss of N in drainage is by leaching of nitrate: amiam is less mobile. Leaching occurs when water drains

through the soil, taking with it nitrate from the soil plafiConsequently, most nitrate leaching occurs during

the autumn/winter drainage period, though nitrate cdogdbet anytime if there is sufficient rain to fullyetmhe

soil (Shepherd et al 2003). Thus, the amount of nitcetiedepends on soil-type and rainfall, and is modified by

management practices. In short, to minimise nitratgekgsmanagement practices that minimise the amount of
nitrate in the soil during the main drainage event mustdopted. Goulding (2000) produced a thorough review

of the main techniques.

Nitrate leaching can be split into ‘direct’ and ‘inditdosses’. Direct loss results from adding nitrate (o
materials that are quickly converted to nitrate) whenindige is occurring: late summer/early autumn
applications of slurries, for example. Indirect lossurs when nitrate has accumulated in the soil in the autumn
as a result of crop/soil/management activities in tlegipus growing season. Examples are:

* A crop is supplied with too much nitrogen for its needs (&an fertiliser and/or manure, or from
ploughed out grass)

» Lack of synchrony between N supply and crop uptake, epioufghed grass residues are mineralised after
the crop has matured.

Farming systems therefore need to manage nitrogen cgyéfutlvoid these circumstances wherever possible.

Nitrogen is difficult to manage and control in any farmingtesn given its mobility in soils as nitrate and the
huge amount of potentially oxidisable organic nitrogenditss Losses depend on many factors, not all of
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which are under the control of the farmer. Weathayphn important role. Practices that minimise ofsloss
must be adopted, and it must be recognised that it is ifbfss avoid some loss. Since nitrogen is often the
limiting nutrient in organic systems and is expensiveeplace, it seems sensible that growers aim tadavoi
losing as much as possible to the wider environmeniptiird 2002).

It is estimated that direct soil N losses by dendgifion can vary between system type with approximately 35,
120 and 70 kg N ha-1 yr-1 lost from upland farms, lowland damms and stockless arable farms, respectively
(Goulding 2000). Whilst these figures may be low, when addedottupt sales at the farm gate, the efficiency
of N use is reduced to about 40% and an N deficit of 30 kgymatls found in stockless arable farms. An N
deficit suggests net mineralization and the mining ibfreserves.

Organic farming aims to adopt many of the practicesghauld minimise loss — maximising green cover (leys,
cover crops), use of straw-based manure or compost appligalower stocking rates. Therefore, it might be
expected that nitrate losses would be less than from ctiowahsystems. The evidence, on balance, supports
this. However, it must be said that there are fewprefmensive studies making the comparison. Under UK
conditions, a study by Stopes et al. (2002) perhaps providdsett evidence. However, even this study tended
to compare organic and conventional farms at the sansdsle¥ intensity, i.e. low intensity conventional
systems. It is known that nitrate losses are eveatgr from the more common highly intensive converatio
farms and so it could be argued that the differential woalidiger.

Variation in leaching losses from individual fielddasge both in organic and conventional agriculture. Many
organic systems operate at a lower level of nitrogemsitiethan conventional systems, with nitrogen inputs

from fixation by legumes, or from importation of animaldemto the farm. Organic farming adopts many of

the practices that should decrease losses: maximisif@paf green cover, use of straw-based manure, lower
stocking densities. Losses after ploughing the fertiityding leys are one area where losses can be edpecial
large (Shepherd 2002).

2.11.2 Leaching from grassland systems

Nitrate leaching losses from cut grassland, wheredgeris removed from the field, are generally smallomys

et al. (1996) reported annual leaching losses of 13 kg N/hagraned grass/clover

pastures on a heavy clay soil in Devon and 50 kg/ha émuvalent grass swards receiving

200 kg fertiliser N/ha. Greater losses occur where pastume grazed because of the large returns of N in
excreta (Shepherd et al 2003). Urine deposition fromirggaanimals, though limited to only a proportion of the
pasture area, can provide the equivalent of up to 1000 kgitNdwéne patches . Much of the nitrate leached
from grazed grassland originates from these localisetispots’, irrespective of whether N is supplied as
fertiliser or by biological fixation.

The productivity of grass/clover pastures is considecethet broadly equivalent to fertilised grass swards
receiving 100-200 kg N/ha (Davies & Hopkins, 1996). At theseldeof fertiliser input, leaching losses from
grazed swards are typically in the range 1-12 kg N/ha éBlaugh et al., 1992) and are similar to those reported
for grass/clover swards. Eriksen et al. (1999) reportet I&aehing losses were greater from second year
grass/clover leys than in first-year leys on an orgaamimfin Denmark, presumably as N accumulated in the
system.

2.11.3 Leaching from arable and horticulture rotations

Much emphasis is always placed on the ley-ploughing phsasee ‘danger point’ for N leaching in cultivated
organic systems. Indeed, nitrate losses can be large aftumn ploughing and further research needs to
examine other options. However, because organic produdsioa ‘farming system’, rather than the
management of a limited set of variables, nitrate f%#n the whole rotation need to be considered, not jus
this one aspect of the system. Because organic sysigenate at a lower level of N input, losses are géyer
less — but this is not always guaranteed (Shepherd 2002).

There are many factors which influence the fate oélased from the ploughing of the ley. The transitiomf
ley to arable cropping in the organic rotation is generdbiociated with the highest N loss (Philipps et al 1998
& Johnson et al 1994).



Institute of Organic Training & Advice: Research Review:

Nitrogen Supply and Management in Organic Farming
(This Review was undertaken by IOTA under the PACA iRegect OFO347, funded by Defra)

Research has shown that nitrate leaching can be suakyargduced by delaying the initial cultivation of the
ley from the autumn until the spring and that this caradesignificant as a four-fold reduction in leaching
(Philipps et al 1995).

Spring cultivation of legume based pastures/leys and croppitikely to release nitrogen in synchrony with
demand, without the leaching risk associated with autplomghing and sowing of winter crops (Philipps et al
1995, Watson & Younie 1995). Other research has also shwatrthte rate of nitrate leaching was reduced
when cultivation of the ley was delayed from Octobebéaember, especially in high rainfall areas (Watson et
1993, Gustafson 1987). This was attributed to the lower sopératures and reduced nitrogen mineralization
in December. In response, mineralization only inedas the spring, by which time nitrate leaching
approached zero as drainage volumes fell and both erapgpiration and plant nitrogen uptake increased in
the spring.

When looking at the annual nitrate leaching over the theaeperiod, comparing an initial spring cultivation of
the ley to that of autumn cultivation and planting, théeathing after spring cultivation was almost half that
observed after cultivation in the autumn.

Nitrate leaching from newly established swards of gck®ager vs ryegrass have been shown to be similagtbut
increasing sward age between 4-7 years old, nitrate fepdlam the fertilized ryegrass has been shown to
increase dramatically compared to a constant low leeen the unfertilized organic grass-clover situations
(Eriksen and Vinther 2002). This was attributed to theetlaomponent of grass-clover being able to equalize
differences in soil nitrogen availability in swards offeliént age (Shepherd et al 2001).

The timing of sward establishment also has a sinitiimpact on Nitrate-N leaching. Losses during theewin
months following autumn incorporation of a clover lep cange between 60 and 350 kg N ha /yr , depending
on soil type, sward management history and rainfdlereas reseeding in spring had little effect on leaching
losses in the following autumn, compared with undistunbasture. Similarly, leaching losses from autumn
reseeds in the second winter after cultivation wereséimee as undisturbed pasture (1-19 kg N ha—1). The effect
of ploughing grassland for reseeding was relatively sieon, in contrast to the effect of repeated annual
cultivation associated with arable rotations (Shegleeral 2001)

Trials by Olesen J. E. & Askegaard. M (2001) in Denmaetevben 1997-2001 looking at N leaching from
cropped soils under three factors (1) crop rotation, (@hoerop (with and without) and (3) manure (with and
without animal manure applied as slurry), showed thataiditleaching declined with increasing soil clay
content and with decreasing rainfall and nitrate leachingegisced by

catch crops on the sandy soils.

Lord et al. (1997) found no difference in N leaching fromumber of comparable organic and conventional
farms; all had an average loss of 50 kg N ha-1 yr-1 over@dewlotation. Using modelling approaches, the
Organic Farming Study (Cobb et al., 1999) found loss@s &iganic farms (52 kg N ha-1 yr-1) to be two-thirds
those from conventional farms (78 kg N ha-1 yr-1) (Gouldingl.e 2000). The amount of nitrate leaching was
related to the timing of cultivation, crop patterns ananagement. Data presented by (Goulding et al 2000)
suggest some cause for concern over the sustainabilitygahio systems because of their dependence on
feedstuffs and bedding for inputs of P and K, and on thewamigble fixation rates by legumes or imports of
manure or compost for N supply.

Net mineralization from soil reserves appear to cosepai large part of the N supply on some organic farms.
Losses of N from organic systems can also be as larggoae from conventional systems when the timing of
cultivations is inappropriate or when good soil managenraatipe is not followed.

Nitrogen Loss through the subsequent rotation is not umif@vith average losses of 82kg N/ha reported at the
transition from ley to arable cropping phase of thatran (Philipps et al 1998) compared to a far lower N loss
during the ley phase of an average of 21kg N/ha, regamafi¢ke age of the ley. The method of establishment
of new leys influenced the leaching loss in the firstrygith undersown leys loosing an average of 17kg N/ha
compared to an average of 66kg N/ha loss when leys werdigtstdbby drilling following cultivations to
prepare a seedbed.
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Season, timing and intensity and type of cultivationhef ley can have a substantial effect on nitrate legchin
(Philipps & Stopes 1995). Rotations relying on the ley beiritivated in the spring demonstrate a reduced risk
of N leaching.

Leaching from arable land is increased where N supplgeds the crop’s requirement

(MacDonald et al., 1989). In particular, losses areciestsml with the temporary nature of annual crops and,
sometimes, the lack of synchrony between release fobriN organic matter and crop uptake. If soils are left
bare in autumn or crops are poorly developed, there wilba@n effective rooting system to utilise the dbil
that is mineralised after harvest and this will beisit of leaching over the winter. Increasing the feytibf
organically farmed soils by building up the content of SOM &corporating organic residues and manures
increases this risk (Shepherd et al 2003).

The risk of leaching during the arable phase was dstradad in a study on 17 Norwegian farms that were
either organic or in the process of converting to org@noduction (Solberg, 1995). The potential for nitrate
leaching (determined as nitrate-N in the 0-60 soil deptddiober) increased in the order; leys (6 kg N/ha) <
undersown grain = green fodder (14 kg/ha) < turnips/vegetéblekg/ha) < grain without undersown ley (30
kg/ha) < potatoes (33 kg/ha) < fallow (100 kg/ha). Similar nregsents (0-75 cm depth) on 26 organic farms
in Denmark showed the potential for nitrate leachinmtoease in the order; grass/clover or lucerne field@s (
kg N/ha) < bare fields following cereals (48 kg/ha) < fielddivated with cereals (57 kg/ha) (Kristensen et al.,
1994). Eriksen et al. (1999) demonstrated marked differencestrate leaching at different stages of a
dairy/crop rotation on an organic farm in Denmark. Tdveest losses were from first-year grass/cloves &0

kg N/ha) and increased to 28 kg/ha for the second-year legteBrguantities of nitrate were leached (43- 61
kg/ha) during the three years of arable cropping afeerléls was ploughed. The overall annual leaching loss
from the farm was equivalent to 38 kg N/ha.

2.12 The effect of fertility building ‘ley’ length and crop rotation on N utilisation

In the UK, organic farming systems are typically lobse ley-arable crop rotations, where the ‘ley isaamual

or multi-annual green manure containing legumes whicleitiser grazed, cut for forage, mulched or a
combination of the former.

The legume component of the ‘ley’ offers a powerful medrarfor supplying nitrogen because of its potential
to harvest biologically fixed nitrogen to support both anipadduction and a subsequent phase of arable

cropping.

Watson et al (1997) calculated a range of Nitrogen input/ougtationships for different organically managed
lay/arable and stockless rotations from field trinl&€ngland and Scotland. The efficiency with which Nitrogen
inputs were converted into produce varied from 35% to 63%ndapgon crop sequence and the proportion of
legumes in the rotation. During the ‘ley’ phase of tht&tion, grazing livestock exhibit a very low efficignaf
converting grazed nitrogen into produce. Sheep retain only 23%e d\ ingested (Parsons et al 1991). Root
crops in the rotation also have a relatively low outpuhput ratio as a result of FYM applied. However, the
first cereal after the ley has a relatively highpatitto input ratio. This does however reflect the ased from

the ploughing out of the ley. Assuming three years of cropafteg a ley, N is released in a 4 : 3 : 2 ratio
(Granstedt 1992).

With approx 60kg/ha N oftake by the first cereal after ldye N loss from the system is likely. Several
researchers have focused on this loss potential (NRA 188%0n et al 1993, Phillips and Stopes 1995) and
where it is likely to occur in the ley-arable rotatiddatson et al (1997) suggest that with the greatest inputs o
N in the legume rich ‘ley’ phase of the rotation, th&krof N loss is likely to increase with an increased
proportion of ley to cropping in the rotation.

The length of the ‘ley’ or fertility building phase aitg impact on N fixation and subsequent N availability has
not been widely studied and more information is requiredignarea.

Sparkes et al (2003) showed that no more system nitrogemeasured after two years of red clover than after
one year. This finding supports earlier work showing, timaterms of nitrogen accumulation, the length of the
red clover green manure may be reduced without adverstsafife the subsequent crop (Stopes et al., 1996).

Sparkes et al (2003) demonstrated that when examining cavessiategies and crop performance, the
residues added to the soil following (a) mulching Red clawvet (b) harvesting Red clover for seed, treatment
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(b) contained the highest levels of nitrogen, and, aontio expectation, although some nitrogen was removed
in the harvest of clover seed, there was no significdfareince in nitrogen input between the two strategies
(Table 7; P=0.001).

Growing the legume in a mixture with a non-fixing plam @acrease the proportion per legume of N obtained
from the atmosphere. For example, in grass/cloves, liye grass utilises soil N and thus avoids a build-up of
soil N that might otherwise inhibit fixation from inddual plants. However, competition from a companion

crop also reduces the number of N-fixing plants per upd &y competing for space, light, water and nutrients
and would therefore reduce the total N fixed per unit area.

Growing 100% legumes will increase the N fixation per uréhasover a period of 2-4 years, until a sufficient
build-up of soil N occurs to inhibit fixation from individuplants.

Such contradictions, make for difficult management decssiBior example, cutting and mulching leguminous
green manures and leys is a standard practice in orgataitions, especially in stockless systems, but tecen
research (Shepherd et al 2006) with red clover/grassiswes shown that this can decrease the amount of N
imported into the rotation compared to cutting and remo¥ahe clover or grazing and removal, by limiting
fixation from the atmosphere (by up to 50%) and may &iad to a reduction in the clover content over time.

2.13 Green manure and catch crop use for N management

Green manures are important to add to the diversityopf types, and are often used in organic farming systems
to reduce soil N losses, help crops out-compete weedspamgrove soil structure and organic matter levels.
Green manures also provide an important ground covetifunto prevent soil erosion and minimise nutrient
losses (Briggs et al 2006).

When land is cultivated or grass-clover is ploughed tiseiehigh risk of nitrogen leaching. Catch crops are
effective at reducing nitrate leaching from what would tiee be bare soil (Stockdale et al., 1995; Rayns &
Lennartsson, 1995; Reents et al., 1997; Aronsson & Toestens998). A lysimeter study in Denmark
demonstrated that ryegrass undersown as a cover crop héthatd leaching from spring barley with average
annual reductions of 20-35 kg N/ha (Thomsen & Christensen, 1@89sandy soils in the UK, the average
leaching loss of 47 kg N/ha from bare soils following clsreas reduced to 22 kg/ha by sowing an overwinter
catch crop (Shepherd, 1999). The catch crops were ordgtie where they had become well established
before the start of drainage in autumn. The objective efstudy by Thomsen & Christensen (1999) was to
measure the effectiveness of an early catch crop in reglndrogen leaching from coarse sandy soil. Barley as
a green crop for silage was undersown with Italiamnmass in spring and harvested at the beginning of early
heading, and the Italian ryegrass was subsequently usesliffhage production in autumn.

One common assumption is that organic soil managemeds 1lean increase in levels of soil organic matter
(SOM), resulting from large inputs of organic matter frimys and animal manure (Tinker 2000). A number of
studies have measured higher levels of organic matteganically managed soils (Reganold 1995) although
other studies have failed to show this (Alfoldi et @830 Gosling & Shepherd undertook a comparative
analysis of organic and conventionally managed soils itheoutEngland in 2002 focusing on soil organic
matter and discussed them in relation to other workulBesuggested no significant difference between the
level of soil organic matter on established organic $aim Southern England and paired conventionally
managed farms. They reported that the differences wegely down to large differentials in the volume of
FYM and slurry applied in different experiments and the influence of leys on SOM may also be
overestimated. However this was from monitoring obsamarather than replicated trials. Where leys are cut
for silage large amounts of organic matter are removesty fabsh organic matter added when the ley is
incorporated breaks down very rapidly and may havee llihg-term effect on SOM levels (Campbell &
Zentner 1993).

Crop residues can be an important source of nutrients seguént crops. It is well documented that different
guantities of N, P, K and minor nutrients are removedhf and returned to, the soil depending on the crop
species concerned (Wild 1988; Sylvester-Bradley 1993). Theityuant quality of crop residues will clearly
influence the build up of soil organic matter (JenkinsorLald 1981) and the subsequent availability and
timing of release of nutrients to following crops (Jaret al. 1996). Cereal straw, for example, containg onl
around 35 kg N ha-1 compared with more than 150 kg N ha-1 riee segetables residues (Rahn et al. 1992,

11



Institute of Organic Training & Advice: Research Review:

Nitrogen Supply and Management in Organic Farming
(This Review was undertaken by IOTA under the PACA iRegect OFO347, funded by Defra)

Jarvis et al. 1996). Residues also contain variable amoofnlignin and polyphenols, which influence
decomposition and mineralization rates (Jarvis &t96; Vanlauwe et al. 1997).

Incorporation of N rich, low C:N ratio residues leadsépid mineralization and a large rise in soil minétal
(Rahn et al. 1992), while residues low in N such as cereal san lead to net immobilization of N in the short
to medium term (Jenkinson 1985). The latter can be advansgde preventing N leaching between crops
(Jenkinson 1985; Nicholson et al. 1997). The inclusion @b<mwith a diverse range of C:N ratios can help to
conserve N within the system and, compared with monocroppagthe potential to increase the capacity of
the soil to supply N in synchrony with crop demand (Drinkwateal. 1998). Mixing residues of differing
quality also has potential to synchronize mineraliratiith crop demands (Handayanto et al. 1997) though the
practicalities of this on a farm scale are questionable.

Residues will break down and release N at differensrateich will depend on the chemical and physical
properties of the residue. A key factor is the carbortrogen ratio (C : N ratio) of the crop or green manu
residue, which influences the rate of decomposition anéenutvailability.

As outlined above, green manures planted between cropgelawinter covers or as annual covers can be used
to fix soil N (build fertility), retain soil N (holdin@nd relocation) and reduce leaching (minimise loss).nWhe
these green manures are subsequently incorporated, thanptesition stimulates microbial activity and soil N
release, which is available to the following cropeThtio of the amount of carbon (C) to the amoum @f the
green manure crop, or C:N ratio, influences the ratelegiomposition of the green manure and nutrient
availability. C:N ratios vary depending on the composibf different materials and their growth stages. pun
green material with C:N ratios of 15 will break down dipiand release N. Older more “woody” material with
a C:N ratio of about 80 will break down more slowly aelkase N over a longer period. Material with a high
C:N ratio has a low percentage of N and conversébyaC:N ratio has a high percentage of N. Generally, the
more nitrogen to carbon (a narrow C:N ratio), the nnapéd the N release.

Well-mulched young green manure residues decompose sloviheisoil because they are relatively stable,
having undergone a significant amount of decomposition alre&djdies with a C:N ratio in the mid-20’s will
make soil N readily available as they decompose. Howeature plant residues with a C:N ratio of over 40
(Table ) may cause temporary problems in the supply of N to plastsmicroorganisms immobilize
surrounding soil N to aid their growth and reproduction, ttimgnishing the amount of nitrate and ammonium
available for crop uptake. In some cases, the C:N ratght be too simplistic a measure of degradability
because it does not always reflect the accessilfithe C and N to the microbial population. For example,
residues with a high lignin content will be difficult toelbk down. Therefore, although native soil organic
matter and compost have narrow C:N ratios (and mighkpected to ‘mineralise’), these materials are well
humified and are difficult to break down further.

Material C: N ratio
Soil microorganisms 7
Soil organic matter (SOM) 10-12
Clover 13
Compost 15
Grazing Rye 36
Maize stems 60
Wheat straw 80
Fresh sawdust 400
Table 1 Typical C:N ratios in agricultural systems
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There is potential to use different green manureseatorin combination, which when incorporated decompose
at different rates, so as to release soil N atrdiffestages to the growing crop. This can be used tbtlimisize

of the soil “N flush” after leguminous green manuresiacerporated and better match the release of sod N
the demand of subsequent cash crops.

In predominantly livestock based systems, with a higherade for grazing and forage rather than combinable
crops, Nitrogen from legumes and FYM additions is oftergdéod supply and not always fully utilised by
cropping. In this situation, when grass-clover is plouglteete is a high risk of nitrogen leaching especially in
sandier soils. The effectiveness of catch crops and greemrses for reducing nitrogen leaching from coarse
sandy soil has been evaluated by a number of resesarcher

Following incorporation of 3-5 year clover leys used inyaystems, using spring barley as a green crop for
silage undersown with Italian ryegrass and harvested atthierting of early heading, can reduce leaching to a
minimum compared to spring barley not undersown and takematurity as a combinable crop (Hansen et al
2005). In addition this has the benefit of being able to subs#guese the Italian ryegrass for roughage as
autumn production.

2.14 Animal FYM - management of Nitrogen in manures

In organic farming manures are typically applied to pastgesl for conservation and root crops, although it

may be more beneficial from an N supply point of vievapply them in the spring to cash crops such as eereal
or even vegetable crops (where legislation permitshuviamanagement within the rotation has been shown to
have large effects on both yield and product qualityustioly protein levels in cereals (Stein- Bachinger 1996;

Frederiksson et al. 1997).

The quantity of nutrients in manures varies with typeawimal, feed composition, quality and quantity of

bedding material, length of storage and storage conditdeswes & Hunsche 1998; Shepherd et al. 1999). A
typical application of 25 t ha-1 of farmyard manure froouged organic cattle will contain 150 kg of N, 35 kg

of P and 140 kg of K (Shepherd et al. 1999). In organic mgsteis particularly important to conserve manure

nutrients for both economic and environmental reasons.

Animal manures are the most common amendments appliee soil. On mixed and livestock farms they are
an important means of re-distributing nutrients asiitnjgortant to ensure that excessive fertility is not buailt
some fields at the expense of others. Manure use sheysthbned with regard to both farm system and field
nutrient budgets (Berry et al. 2002). Manures play a kb irofertility building and maintenance in many
organic rotations. Understanding their nutrient composisiod nutrient availability is therefore important for
optimising their use on farm (Shepherd & Philipps 2002).

Manures are a valuable source of nutrients (and orgaaitery) and can be seen as a method of transferring
nutrients around the farm (for home produced manures$ a method of importing fertility (imported manures
or composts). Good manure management offers a ‘win-agportunity: benefits to soil fertility and benefits t
the environment (less pollution) (Shepherd & Philipps 2002)

Cattle manures from organic holdings have been shown ue $igghtly lower nutrient contents than their
conventional equivalents, but variability is large. rEfere, much of what we know about managing
conventional manures can be adapted to organic agrieufutumn application of slurry should be avoided in
order to minimise nitrate leaching loss; rapid incoaion or soil injection will minimise ammonia loger
example.

Once excreted, nutrient losses from manures (espeofdll as ammonia) can occur during housing (Pain et al.,
1998) and during manure storage (Kirchman, 1985). Additionsedtling material and/or water will also
modify nutrient content (Shepherd & Philipps 2002). One eftliygest factors influencing N retention or loss
is different approaches to manure storage across fah@samount of straw added and whether the heap is
composted or simply stacked, having a major effect on gadddosses (Shepherd & Philipps 2002). Their
results also show that cattle manures from organdirigd can have slightly lower nutrient contents than their
conventional equivalents, but variability is large.

13



Institute of Organic Training & Advice: Research Review:

Nitrogen Supply and Management in Organic Farming
(This Review was undertaken by IOTA under the PACA iRegect OFO347, funded by Defra)

Research evaluating the effectiveness of autumn, wanteispring application of straw-based FYM to a sandy
loam soil at 300 kgN ha / yr in Denmark between 1999-2001 shéwvat FYM should be applied in spring to
achieve the optimum use of nitrogen in the manure by sperlgy (Hordeum vulgare L.), followed by ryegrass
(Lolium perenne L.). Evaluating the incorporation of E¥M prior to ploughing with three different initial
tillage strategies (harrowing, rotavating or no-tillage)p yield and nitrogen uptake did not increase from
harrowing or rotavating incorporation of the manurteploughing (Hansen et al 2004).

When not applied appropriately, animal manures appliedjtcultural soils can be significant contributors to
nitrate leaching. The greatest risk is from late sunemady autumn applications of manures containing
significant proportions of ‘readily available N’ (i.the fraction that can be nitrified quickly) (Shephetdale
2003). Large amounts of N can also be lost from thersailiiface run-off when heavy rain falls in the filesivf
days after slurry application (Sherwood & Fanning, 1981 thé ‘readily available’ nitrogen fraction that is
most at risk from leaching: ammonium-N, uric acid-N (pgumanures) and nitrate-N (generally only trace
amounts in most manure) (Shepherd et al 2003).

In organic farming most manures are produced from eghgry or straw-based systems. The straw based
systems have a relatively small readily availablecdwitent, thus presenting a small nitrate leaching risk
(Shepherd et al 2003). Some manures are also compostel,teidls to reduce their ammonium N content still

further. However, it should be noted that nitrate can acateduring composting and it may be that well-

composted manures have potential to leach substantiatenifeither from an uncovered heap or after
application to land in autumn).

Another route for N loss is that of direct run-offfin leachate from manure stores (Stockdale et al., 2001).
Clearly, manures have to be managed in such a wayramimise this risk by having facilities to collect the
leachate. Covering the manure will not necessaréglieate the risk, because much of the N is containdukin t
liquor that leaks from the FYM heap in the first few dé$beepherd 1999). The N content in leachate leaving
the heap declines with time, because the readilyadblaiN becomes assimilated into the organic fraatithe
manure heap.

2.15 Compost use in organic systems - nitrogen management

Composting is recommended in organic farming as a managéookfor controlling weeds, pests and diseases.
Organic standards promote composting, anaerobic digesteration of slurry and correct storage of manure.
These treatments greatly reduce pathogen loads in manurerégsing the range of biological activity, which
helps to suppress pathogenic microbial populations, anddiypasteurisation. A well-managed aerobic digester
or aerobic compost heap will reach temperatures of 55851C, and will be maintained at this temperature for
three days to destroy weed seeds and pathogenic bacteriddiliona aerobic composting results in the
stabilisation of nutrients, giving the compost nutrieglease characteristics that are more in tune wih th
demand of crops throughout the seasons (Rees 2005).

True composting of manures, i.e. aerobic decompositioteraperatures of around 60 Deg C, results in
fundamental physical and chemical changes to the ma@araposting results in some losses of nitrogen
through volatlisation in the form of ammonia however sbkible nutrients, partcilarly nitrogen, are stabdisle
and hence subsequently less liable to leaching. Compostedre thus has a more long-term role in building
soil fertility, and has been shown to be more effedn building soil microbial biomass and increasimt\aty
than uncomposted manure (FlieRbach & Mader 2000).

As with FYM, the storage of composts must be undertakemitomise water ingress from rainfall and
subsequent leaching. When spreading, the same approacbsaplwith FYM, matching N release to crop
demand and minimising the risk of leaching. Howeverréhatively low N content of composts (typically 1%)
reduces the potential risk of leaching significantly.

2.16 Cultivations / tillage and Nitrogen management

Cultivation has a number of purposes, including incorparatiomanures and crop residues and weed and
disease control, as well as preparation of a seedledrdps and for remediation of damaged soil structure
caused by trafficking (Wild 1988). The choice of cultivatigpet will depend on both the principle aim and the
soil type. Organic systems tend to utilise shallatiner than deep ploughing, as this retains crop residues near
the soil surface, where they break down more rapiativahere most rooting occurs, while achieving sufficien
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aeration (Lampkin 1990, Lampkin, Measures & Padel 2007). Ctttivétself leads to an increase in nutrient
availability, particularly N, as microbial activifg stimulated and organic matter breakdown occurs (Bafloni
Favalli 1987; Torbet et al. 1998; Silgram & Shepherd 199%cHhdnical weed control can thus provide a mid-
season boost to crops by stimulating mineralization adthoat other times additional stimulation of
mineralization may cause losses by leaching or dendttiific.

Tillage is known to decrease soil organic nitrogen (N)@arthon (C) pools with negative consequences for solil
quality. This decrease is thought to be partly caused by esgpas protected organic matter to microbial
degradation by the disturbance of the soil. Little is kmolowever, about the short-term effects of tillage on
mineralization of N and C, and microbial activity.

Conventional plough vs non-inverting-tillage were studiegd Kristensen et al (2003), focusing on
mineralization and microbial N and C pools in a sandy lasder organic plough-tillage management. N
release by tillage was further studied in the laborabgryse of 15N labelling of the active pool of soil N
followed by smulation of tillage by sieving through a 2 mm sieve. The two sydéferent types clarify of
tillage (ploughed vs non-inversion tillage) and #iveulated tillage had very few effects on mineralization and
microbial pools. The simulation of tillage caused, hasveva small release of N from a pool which was
otherwise protected against microbial degradation. $higyests that the microbial pool is the main source of
labile N which may be released by tillage, and thusstemportance for sustained soil fertility in agricu#tur
systems (Kristensen et al 2003).

Generally, there are some indications that invergitmughing and deep tillage reduces the numbers of
invertebrates (Mader et al., 1996a; Fuller, 1997), partiguaithworms (Edwards & Lofty, 1982; Scullion et
al., 2002) and collembola and some oribatid mites (Wakwad970). However, it may encourage small
mammals (Brown, 1997). Both conventional and organioifeg use inversion ploughing, though there is more
scope for adopting minimal tillage regimes on some tgpigs under conventional farming, where soil
conditions are suitable and weed control can be achievhdrbicide use (Shepherd et al 2003).

2.17 Nutrient budgets

On organic farms, where the importation of matetialbuild/maintain soil fertility is restricted, it isnportant
that a balance between inputs and outputs of nutrierstishigeved to ensure both short-term productivity and
long-term sustainability.

Berry et al (2003) considered different approaches tdemtitbudgeting on organic farms and evaluated the
sources of bias in the measurements and/or estimathe olitrient inputs and outputs. The paper collated 88
nutrient budgets compiled at the farm scale in 9 tempea@intries. All the nitrogen (N) budgets showed an N
surplus (average 83.2 kg N ha-1 year-1). The efficiency oé&\ defined as outputs/inputs, was highest (0.9)
and lowest (0.2) in arable and beef systems respectiMetyphosphorus (P) and potassium (K) budgets showed
both surpluses and deficits (average 3.6 kg P ha-1 year-1kd4<?ha-1 year-1) with horticultural systems
showing large surpluses resulting from purchased manure.e3tireation of N fixation and quantities of
nutrients in purchased manures may introduce signiferaats in nutrient budgets. Overall, the data illustrated
the diversity of management systems in place on orgaminsf and suggest that used together with sail
analysis, nutrient budgets are a useful tool for impgwhe long-term sustainability of organic systems (Berry
et al 2003).

The budgets calculated for case studies by Berry et 8B)Afdicated no reason for organic systems to be
inherently unsustainable with regard to N, P or K. Rotatisimowed a wide range of nutrient balances, with
differences arising from contrasting crop sequencesed/anteractions with on-farm livestock and use of
supplementary nutrients. There is therefore scope teaserthe efficiency of individual organic systems and
minimise losses to the environment. Simple rotational sdgere found to be a useful tool for farmers and
their advisors to understand and manage nutrient flows @ttonal level. Their results and literature review
clearly showed that the supply of available N must beeagad during the period of rapid crop growth to
improve arable crop productivity in organic systems (et al 2003).
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2.18 Soil analysis and use for monitoring N

As soil fertility management in organic systems isreghy term, more strategic process than in conventional
systems, soil analysis and interpretation must be adldpteeflect this. Trends in soil nutrient and organic
matter status are likely to be more important than snapstabysis.

There has been considerable discussion over whetheedifferethods of soil analysis are required for organic
farming. Conventional soil analysis for advisory purgasies on the interpretation of the chemical extacti

of different nutrient pools from the soil to predicitrient release to crops. This type of analysis is likelpe
more difficult to interpret in organic than conventiongstems where there is a much stronger reliance on
biological processes for nutrient supply.

There is much interest in the development of indisatbisoil health and quality although little agreement ove
what these should be (Doran & Zeiss 2000). Simple indsatfosoil health would help organic farmers to solve
problems on farm. Wander & Drinkwater (2000) suggest that argaaiter and organic matter dependent
properties show most promise for supporting managementatecis

3. Analysis and Conclusions

3.1 Introduction

Nutrient management is one of the main challenges falosgrganic farmer. In the short term, the challenge is
to supply sufficient nutrients to the crop at the cdrpaint in its development to achieve economically viable
yields. Whether the crop is grass, a combinable cr@pwegetable crop, the long-term challenge is to balanc
inputs and off takes of nutrients to avoid nutrient rundowenvironmental pollution. Both of these goals must
be achieved in the most part through the tricky manageofeotl Nitrogen.

Because of the fertility-building and fertility-depletintages of organic rotations, it is difficult to define the
overall fertility of an organically farmed soil fromaasurements at a single stage of the rotation.alsésmore
important to include measurements of the reserves sfréaglily available nutrients (e.g. organic P and non-
exchangeable K) in assessing fertility than with non-dogély farmed soils. Thus, it can be concluded that
although nutrient management in organically managed sofisndamentally different to soils managed non-
organically, the underlying processes supporting sotllifgrare not. The same nutrient cycling processes
operate in organically farmed soils as those that aneefdmon-organically although their relative importance
and rates may differ. Nutrient pools in organically fadnsoils are also essentially the same as in non-
organically managed soils but, in the absence of reguldistarinputs, nutrient reserves in less-available pools
might, in some circumstances be of greater signific@8lcepherd 2002).

3.2 Nitrogen prediction and fixation

The amounts of N that can be accumulated by a green manaréey will not only depend on how well the
legume grows, but also where it gets its N from. In ancN soil, the amount of N a legume fixes from the
atmosphere is much reduced compared to that of a legunsmihveth low levels of N (Briggs et al 2005). For
any particular legume species, there is usually a cldsgioreship between the success of the biomass
production, typically green matter yield, and the quamiity fixed. Therefore the success of the green manure
or ‘ley’ in terms of productivity is important for N fixan. Simply, don’t expect to get good cash crops after a
failing green manure.

A small supplementary boost of N during the fertility-deplgt phase may be obtained by growing a
leguminous cash crop, such as field beans or peas. Howeigeimportant to remember that harvesting forage
or grain will remove much of the fixed N and reduce taediit to following crops The benefit will be further
reduced if straw and other crop residues are removedtfrereld.

Predicting the actual amount of nitrogen fixed is nototiodsficult as it depends on many factors including
their successful establishment, the legume species ativacuproportion of legume in the ley, management,
weather conditions and the age of the ley.

N accumulation will vary widely between sites and @edaproportion of this N is found below ground in the
rooting system. Thus a good soil structure is importaatiéov the legume to put down deep roots so as to be
able to grow more and fix more N.
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Management factors for maximising N fixation and optimisinmgiiee management include:

N fixation by Legumes is greater in N poor soils and ile$é rich soils

N fixation by legumes is directly proportionate to the sssaef the legume development, growth and
biomass production or yield

Slurry and FYM applied to legumes reduces N fixation

Legumes fix more N when in growth mode, prior to floweramgl changing to reproduction mode — to
maximise, keep legumes in growth mode

Mulching legume crops reduces N fixation by up to 50kg/ha/yr — teimige N fixation remove the
biomass to encourage N fixation

Some seed production may be advantageous in clovers om@iohgevity in the sward and avoid dieback
Treat grain legumes as N neutral with only a smallarhof N left after harvest

N fixation tends to decrease with legume age, mainly be¢hesamount of soil N tends to increase over
time

Grow 100% legume to maximise N fix over shorter time piri®-3 years

Grow a mix of legumes and non legumes for longer periodthat the non legume utilises soil N and
reduces the build-up of soil N that may inhibit fixatioarfrindividual plants

Factors that increase the soil N pool include:

Legume and ley herbage should be cut for silage and, ifabmsen stockless farms it would be better to
remove the biomass rather than mulch

Manure applications

cutting and mulching

grazing

Practical approaches to maintaining legumes:

Correct any nutrient imbalances

Maintain soil pH above 6.0

Defoliate mixed swards regularly

Graze appropriately: avoid over-grazing in spring aretigrazing in summer

Autumn grazing of surplus forage reduces the risk of frodtirkilsusceptible regions but beware of
excessive grazing reducing stolon length in white clover

Choose appropriate white clover varieties: small-ldd@e continuous grazing; medium for set-stocked and
rotational grazingput include a greater proportion of medium and large-leaved varieties when there is
likely to be more frequent cutting for conservation

Light

Shading the legume by a companion crop will reduce photossist which in turn restricts the supply of
energy from the plant to the N-fixing nodules

Regular defoliation of a mixed white clover is advantageautsinbensive grazing (especially by sheep) can
impair the legume’s ability to persist in the sward,ntyathrough reducing the leaf area and number of
stolons, but also by removing flower heads, so that seedbers often become too low for effective
regeneration

Water

Forage legumes are more affected by a lack of water tla@seas (apart from Lucerne which is better able
to withstand drought conditions), so in dry summerggation would be beneficial to clovers in a mixed
sward and the increase in their content and N fixation b considerable, but depends largely on the
amount of stolon material that has survived

Nutrients

Legumes have a higher requirement for some macronutreegtsP (and possibly for K, Ca and S) than
grasses, especially in mixed swards. They compete lessr&bly with grasses which tend to have more

17



Institute of Organic Training & Advice: Research Review:

Nitrogen Supply and Management in Organic Farming
(This Review was undertaken by IOTA under the PACA iRegect OFO347, funded by Defra)

finely branched and denser root systems concentiratibed upper soil layer. Legumes also have a greater
need for some of the micronutrients involved direablyjndirectly in N-fixation, viz. Fe, Cu, Co and Mo
and are more sensitive to soil acidity, mainly beeafghe sensitivity of N-fixation to aluminium toxicity

3.3 Soil Organic Matter (SOM) and influence on Soil biagy and Nitrogen

Crop rotation design will modify both the size and atyiaf the soil microbial biomass and it will alscodify
the physical characteristics of the soil both diyeahd indirectly. The accumulation of organic matterirdyr
the ley phase plays a major direct role in soil stmgcformation. Soil organic matter (SOM) is intriradlg
linked to soil fertility because it is important in mainiag good soil physical conditions (e.g. soil structure
aeration and water holding capacity), and it is an impbratrient reserve. It is the regular additions ofHres
organic residues, thgght fraction SOM that is important for soil structural development.

Arable soils usually contain a smaller biomass ofreestms than pasture soils. Cultivation is widely accepted

to reduce earthworm populations. Because organic rotatgodsto plough less frequently (because of the

fertility building stages) this is likely to be an advantégeearthworm populations. However, conversely, there

is less scope for reduced cultivation systems in orgaammifg, which would work against earthworm

populations. Therefore when cultivating, aim to plouglsiaalow as is practicable in order top minimise the

disturbance to soil life. Summary points to consider are

* Regular additions of fresh organic residues are impiottamaintain healthy soil microbial activity and N
mineralization

+ Aim to cultivate as shallow as possible to reduce distute to soil microbes i.e deeper cultivations,
especially when ploughing will have a bigger impact tstaallow or non inversion cultivations.

» Consider alternative non-inversion cultivations whemgng competitive crops in weed free situations

3.4 N Supply & Nitrogen recycling
When managing legumes for N supply, many factors can afféigabibn, e.g. levels of N in the soil or cutting
and removal versus cutting and mulching.

The release of Nitrogen via mineralisation is perfednby soil micro-organisms when they use organic N

compounds as energy sources. Plant available N is sobygirof this microbial degradation. Mineralisation of

N is affected by many factors including:

» soil temperature and moisture (warmer soils will matise N more)

» soil biological ‘health’ (the effects of soil organisimis the mineralisation of organic matter)

» Solil texture (higher clay content soils have more jglaly protected organic matter which reduces contact
between residues and micro-organisms)

» Soil physical condition (good soil structure will allg@od soil aeration and minimise water logging, which
will benefit microbial activity and N mineralisatip

» Soil disturbance (cultivation practices affect SOMhtwer because of the dramatic changes to the physical,
chemical and biological interactions within the solldwing ploughing)

* Type of residue (the chemical and physical quality efrédturning residue has a large influence on the rate
of decomposition)

Matching N uptake from soil N release (mineralisatianil crop uptake is particularly important in organic
systems where N is released gradually by mineralisati@rganic matter. For example, maximum uptake of
N by winter wheat occurs in spring when soils are ongjirb@ng to warm and mineralisation is still slow . This
is likely to limit the supply of N at a critical timerfwheat crops on organic farms. Therefore ploughingtinson
ahead of the time required for planting and the N requirefioerdrop development should be avoided as the
mineralization that occurs with cultivations can léadN loss. Adopting spring cultivations and planting or
autumn cultivations followed by catch crops and then spolagting, or potentially catch crops intercropped
with winter wheat could improve the utilization of N fcrop performance.

Organic farms should seek to maximise Nitrogen recgcliithin the farming system. This should include

minimising losses via leaching by ensuring timelyigations, careful use of green manures and matching crop
demands to nitrogen availability within the rotationth€ than as cash crop sales, the export of biomas and N
rich crop residues (i.e as forage or straw) should b&led unless the export of nutrients can be balanced by
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importation of nutrients in the form of nitrogen fixatiagposition and importation in manures, composts and
slurries. Recycling should also include retention of mnes on the farm with targeted use for nutrient
utilisation.

3.5 N Leaching and avoidance from cultivated land and grasslarglystems

Nitrate leaching losses from cut grassland, whereagerbs removed from the field, are generally small.
However, in both grassland and cultivated land, if thelalle N is not utilised or its availability is mistched

to crop demand, losses may occur.

Nitrogen is difficult to manage and control in any farmingtesn given its mobility in soils as nitrate and the
huge amount of potentially oxidisable organic nitrogenditss Losses depend on many factors, not all of
which are under the control of the farmer. Weathayphn important role. Practices that minimise ofsloss
should be adopted, and it must be recognised that it is iMjgoss avoid some loss. Maximising green cover
(leys, cover crops) at all times, using straw-based neamrucomposted manures (which are generally more N
stable) rather than slurries and fresh FYM (which haeepibtential for higher N leaching), and using lower
stocking rates can all help reduce the potential forahimg.

Much emphasis is always placed on the ley-ploughing phsasee ‘danger point’ for N leaching in cultivated
organic systems. Research has shown that nitrateérigacéin be substantially reduced by delaying the initial
cultivation of the ley from the autumn until the sriand that this can be as significant as a four-fold remtucti
in leaching. Spring cultivation of legume based pastignes/and cropping is likely to release nitrogen in
synchrony with demand, without the leaching risk associaitd autumn ploughing and sowing of winter
crops.

Where autumn cultivations and autumn drilled crops are@essary part of the rotation, leaching can be
reduced when cultivation of the ley is delayed from OctdbeDecember, especially in high rainfall areas.
Reduction in leaching is likely to be greater in sandids $ban in clay based soils where nutrient retention will
be far greater.. This is attributed to the lower geihperatures and reduced nitrogen mineralization in
December. Where heavier soils are ploughed in NovembBecember and left to break down for improved
structure from frosts over winter, prior to springuging, nitrogen retention will greater on heavier daifs
than on lighter sandier soils, which are more pronedching. Reductions in leaching can be further assist
sowing a green manure (i.e Mustard or grazing rye)tmegloughed land over winter to capture and retain and
mobile soil N. This can then be subsequently incorporat#uki spring.

The method of establishment of new leys also inflaerthe leaching loss in the first year with undersiaya
loosing an average of 17kg N/ha compared to an average of 66kgosghevhen leys were established by
drilling following cultivations to prepare a seedbed. Hf@re the season, timing and intensity and type of
cultivation of the ley can have a substantial effechitrate leaching.

Organic systems should aim to utilise shallow rathan deep ploughing, as this retains crop residues near the
soil surface, where they break down more rapidly andreimost rooting occurs, while achieving sufficient
aeration. Whilst the use of inversion ploughing may bevoidable in organic systems, there is some limited
scope for adopting no-inversion or reduced tillage regime®me soil-types under organic farming, where soil
conditions are suitable and weed control can be achieved.

Practical steps to reduce Nitrogen loss include:

* Losses of N as ammonia can be large following manurecafiph (but can be controlled by rapid
incorporation of the manure). Denitrification loss@s also be large, particularly in warm moist soils
following incorporation of N-rich residues or manure

* Nitrate leaching occurs predominantly during the autumn/wirtiirate losses can therefore be large if the
fertility-building crop is ploughed in the autumn. Autumnruee applications (particularly those with a
high mineral N content) also risk substantial loss afteautumn application

* Where autumn cultivations are unavoidable, leaching caacheed when cultivation of the ley is delayed
from October to December

* Aim to utilise shallow rather than deep ploughing
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» Consider the method of establishment of new leysh witdersowing reducing N loss from reduced
cultivations

3.6 The influence of fertility building ley length andcrop rotation

In the UK, organic farming systems are typically lobher ley-arable crop rotations, where the ley is auahn
or multi-annual green manure containing legumes whicleitiser grazed, cut for forage, mulched or a
combination of the former. The legume component of ldyeoffers a powerful mechanism for supplying
nitrogen because of its potential to harvest biologidatsd nitrogen to support both animal production and a
subsequent phase of arable cropping.

The efficiency with which Nitrogen inputs can be accunadaand utilised are depending on the cropping
sequence and the proportion of legumes in the rotationleflgéh of the ley or fertility building phase and its

impact on N fixation and subsequent N availability has besn widely studied and more information is

required in this area.

Limited numbers of studies have shown that no moregeh was measured in the system after two yearslof re
clover than after one year. Showing that, in terms wbgén accumulation, the length of red clover green
manure leys may be reduced from 3-4 years to 1-2 yatrsutvadverse effects on the subsequent crops.

Experience suggests that the red clover fixes most N dthimgeriod fromgood establishment to maturity.
Once it is cut/grazed and allowed to remain at a métuet it is contributing proportionally less N comedrto

the phase between early growth and maturity. This sugytest for N fixation, shorter but more frequent Red
clover green manure breaks are advantageous. However t#hils m@ be balanced against the cost of
establishment, weed control, effect on soil structete,

Growing a legume in a mixture with a non-fixing plant (i.as®) can increase the proportion per legume of N
obtained from the atmosphere i.e in grass/clover tbgsgrass utilises soil N and thus avoids a build-umibf s

N that might otherwise inhibit fixation from individualgpits. However, competition from the grass also reduces
the number of N-fixing plants per unit area and wouktdfore reduce the total N fixed per unit area.

Growing 100% legumes increases the number of N-fixing pfatsinit area and will increase the N field per
unit area over a period of 2-4 years, until a sufficientdbup of soil N occurs to inhibit fixation from individual
plants.

Cutting and mulching leguminous green manures and leystendard practice in organic rotations, especially

in stockless systems. Research with red clover/geasis has shown that this can decrease the amount of N
imported into the rotation by limiting fixation from thénsosphere (by up to 50%) and may also lead to a

reduction in the clover content over time.

When managing rotations to maximise use of this N, conside

» Shorter green manure or ley phases used more oftebermagre N efficient

* 100% legumes may fix more N compared to legume plus-non legixhees

» Consider the timing of cultivation of ley — spring vswaah breaking of ley though this can have practical
applications

* Match crops with a high N demand with positions in thatran that supply N; green cover; use of fertility
boosting crops

* Manure use — consider if being supplied at the right pointhe rotation, e.g. not to a point with already
large N supply (unless P&K required — then use low N manure)

3.7 Green manure and catch crop use for N management

Green manures are important to add to the diversityayf types, and are used in organic farming systems to
reduce soil N losses, help crops out-compete weeds amaptove soil structure and organic matter levels.
Green manures also provide an important ground covetifunto prevent soil erosion and minimise nutrient
losses.
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Residues will break down and release N at differensyataich will depend on the chemical and physical
properties of the residue. A key factor is the carboitrogen ratio (C : N ratio) of the crop or green manu
residue, which influences the rate of decomposition anéentitrvailability.

Young green material with C:N ratios of 15 will break dovapidly and release N. Older more “woody”
material with a C:N ratio of about 80 will break downrmslowly and release N over a longer period. Material
with a high C:N ratio has a low percentage of N andresely a low C:N ratio has a high percentage of N.
Generally, the more nitrogen to carbon (a narrow @tid), the more rapid the N release.

There is potential to use different green manureseatorin combination, which when incorporated decompose
at different rates, so as to release soil N atrdiffestages to the growing crop. This can be used tbthimisize

of the soil “N flush” after leguminous green manuresiacerporated and better match the release of sad N t
the demand of subsequent cash crops. Incorporation of N ldeh,C:N ratio residues leads to rapid
mineralization and a large rise in soil mineral N, whésidues low in N such as cereal straw can lead to net
immobilization of N in the short to medium term.

In predominantly livestock based systems, with a higherate for grazing and forage rather than combinable
crops, Nitrogen from legumes and FYM additions is oftergood supply and not always fully utilised by
cropping. In this situation, when grass-clover is plougltegte is a high risk of nitrogen leaching especially in
sandier soils. The effectiveness of catch crops witlgla Nidemand such as grazing rye, grass and rape/turnips
is important for reducing nitrogen leaching. Many of theselzds® the benefit of being able to be subsequently
used for autumn forage.

When selecting green manures for use in organic systemasldition to their contribution to N management a

range of issues related to their use, management anbilgyita the system operated have to be considered:

* Use - will it be cut and mulched only, or is it required grazing or forage production?

* How long is it programmed to remain in place, between semumops? Over winter? As an annual green
manure cover?

* How rapid is the development of the green cover frowirsy?

* Will the cover be frost hardy if used over winter?

* What form of management will be required, single or mdtqltting and mulching, or grazing?

» Select green manure type in relation to other crops inoagion, weeds, usage, management and length of
time in place

» Avoid green manures of the same family as cash crdpe irotation

» Consider green manure C:N ration - generally, the mitregen to carbon (a narrow C:N ratio), the more
rapid the N release

* Match green manure breakdown characteristics to N negent and time of uptake of subsequent cash
crops

3.8 Animal FYM - management of N in manures

Organic manures are traditionally applied to silagerat crops although it may be more beneficial to apply
them to cash crops such as cereals or even vegetapke (eribere legislation permits). Manure use should be
planned with regard to both farm system and field mitteidgets. Cattle manures from organic holdings have
been shown to have slightly lower nutrient contents thain donventional equivalents, but variability is large
The application of manures not only plays an importelat in allowing targeted inputs of nitrogen to different
parts of the rotation, different crops and differenisson the farm, but also allows re-cycling of P &kound

the farm. As crops (forage and grain crops) are hadesind livestock meat and milk products sold from the
farm, N, P and K are removed from the system. Maappdications can go some way to redressing this loss.
The beneficial impact of manures on soil biologicalivéty is also an important component of their use.
Targeting manures to soils which have lower soildgaal activity can help stimulate increased biological
activity and in turn improved nutrient minersalisation.

A route for N loss that must be also considered carefililgat of direct run-off of N in leachate from manure
stores.Manures that are stored and managed in such sovessyto minimise the risk of leaching i.e by having
facilities to collect the leachate, or by covering thanure to minimise water ingress from rainfaliyehhetter
nutrient retention and are therefore more valuabtbe organic farmer.
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Good management of animal manures in organic systems sholuide:

Storage

« Cover yards and slurry tanks to prevent nutrient dilutiod Beduce the creation of dirty water — another
natural ‘waste’ that will have to be dealt with

» Cover slurry stores in order to minimise gaseous losses

* Where possible, storage and composting of manure showdnioeicted indoors, under plastic sheeting or
on hard standing where run-off can be collected. Thiispnévent leaching of nutrients during periods of
heavy rainfall

+ Steel and concrete slurry tanks and slurry lagoowsidhbe built to the British Standard BS5502 part
50:1989

Application

*  Wherever possible, use a band spreader, trailing sheadsgror injector to apply slurry. Where this is not
possible, use a broadcast slurry spreader that gives &df@etory and large droplets. Band spreaders,
trailing shoe spreaders, injectors or rapid incorpanatidl reduce odours and ammonia losses, whereas
low trajectory broadcast spreaders will only reduceesof the odour

»  After surface application of slurry or solid manure toebdand, incorporate the material into the soil withi
twenty-four hours of spreading and, where practicahiwfour hours

* Organic standards state that the total amount of meaapplied to the holding must not exceed the
equivalent of 170 kg of nitrogen per hectare of agricultarad used, calculated over the whole area of the
holding or linked units

* Avoiding autumn applications of slurry to reduce nitrate learhiss. If unavoidable rapid incorporation
will minimise ammonia loss

* When spreading, match N release to crop demand andhisiimj the risk of leaching and incorporate
rapidly

» Target manures where the greatest nutrient exportdexs identified by nutrient budgets. I.e for forage,
large exports of P & K can be balanced with manure oryshpplications

* Where forage is not produced as part of the systemjdasrtargeting applications to cash crops and leys
with low legume contents

Do not spread . . .

* within at least 10 metres of a ditch or watercourseithin 50 metres of a spring, well or borehole that
supplies water for human consumption or a farm dairy

* more than 50 m3 per hectare or 50 tonnes per hectare inen¢o reduce the risk of runoff. Reduce these
rates as necessary, so that the amount of total mitraygelied from organic manures does not exceed 250
kg per hectare per year. Poultry manure will usuallyhrélis loading at 5 to 15 tonnes per hectare. Under
organic standards, farmers are restricted to applicati@misio not exceed 170kg/ha N per year over the
entire holding. With Cattle manure this is typicallyaatapplication rate of 25t/ha (10t/acre)

» Do not spread on steeply sloping fields where thereigkaf run-off, or on land that is waterlogged or has
a compacted surface

* when soils are frozen hard, that is, frozen for 12$foulonger in the preceding 24-hour period

* when the field is snow-covered

* when the soil is cracked down to field drains or balckfil

» when fields have been pipe or mole drained, or sub-soiledexisting drains within the last 12 months

Timing of application: for optimum use of the availablgrients in manures, they should be spread as close as

possible before maximum crop growth and nutrient uptake oB®member, many people complain about

unpleasant smells from farms. Therefore, consider thening points before spreading.

* Do not spread in the evenings or at weekends, when pa@ptaore likely to be at home

» Pay attention to wind direction in relation to neighbogtiouses

* Avoid spreading under warm, humid conditions

» Use spreading systems which minimise the production ofaddiste droplets

* Do not spread between September and January wheaentutptake by growing crops is reduced and the
potential for losses is greater

22



Institute of Organic Training & Advice: Research Review:

Nitrogen Supply and Management in Organic Farming
(This Review was undertaken by IOTA under the PACA iRegect OFO347, funded by Defra)

3.9 Nutrient budgeting & Soil analysis and use for mondring N

On organic farms, where the importation of matetialbuild/maintain soil fertility is restricted, it isnportant
that a balance between inputs and outputs of nutriergshigved to ensure both short-term productivity and
long-term sustainability.

With a huge diversity of management systems in place ganar farms, used together with soil analysis,
nutrient budgets are a useful tool for improving the lt®rga sustainability of organic systems. There is scope
to increase the efficiency of individual organic sgs$eand minimise losses to the environment. Simple
rotational budgets can be used as a useful tool for famndrtheir advisors to understand and manage nutrient
flows at a rotational level.

As soil fertility management in organic systems isreghy term, more strategic process than in conventional
systems, soil analysis and interpretation must be adldpteeflect this. Trends in soil nutrient and organic
matter status are likely to be more important than snapstatysis.

* Use nutrient budgets to create a balance between iapdteutputs to ensure both short-term productivity
and long-term sustainability

* Nutrient budgets can be used to increase the efficienaygahic systems and minimise losses

* Nutrient budgets can be used to modify and plan rotations

* Use soil analysis and interpretation to support longent more strategic monitoring of soil fertility in
organic systems, particularly of P, K, Mg etc

* The use of N sampling is of limited use in organic systasN is very mobile and measurements can result
in large variations in measured total and availahleNso
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