Webinar: Soil organic matter,
biology and mineralisation

The challenges & complexity of
estimating mineralisation rates Crop
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Soil Management

Improving Soil Health |/
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Acidity
e e e All of these need to be in balance using simple rules:
e i = Minimum soil dsturbance - noill contralledtraffic
- hg !g ;ig ;H !! i! kiaa « 100% ground cover 100% of the time - pasture and crops
= + Mirimal arimal impact - long recovery periods
« Cormrecting pHand nutriert problems for plant growth
+ Active plant growth - crops and pastures

Cation Exchange Capacity

Soil Organic Matter Components

30 33 40 43 30 33 40 A% 0 7S 40 &5 90

. (ach)
Exchangeable
Amount percentage | Desired level
Catlax (me/100g)

Ca 159 614 65 -70%

Mg 6.3 24 3 15 - 20%
Na 0.8 3.0 ES’) Nil but 4%

K 2.9 11.2 3-10%
Al (pH <5 0) na Nil but <3%
Cotion Bxdhesgs 259 100% 100% approx.
Cepaocity
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Relatively easy & accurate (chemical & physical)
Relatively difficult & dynamic (biological)

e Water extractable carbon (0O.M.)

e Soil respiration (critical) e Total Fungi (functional groups)

e Bulk density, compaction e Total Bacteria (functional groups)

(penetrometer) ® Protozoa

e Water Aggregate Stability e Predator:Prey ratios

e C:Nratio e Macrofauna — earthworms, ants, etc.

e Organic N

e pH, minerals, Inorganic N
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organic-N

A = N munerahzation
8 = nigrification {autotrophic)
C = nitrification theterotrophic)
D = plant uptake of ammonium
£ = plant uptoke of nitrate

B

J

/// 5
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mycrobial diomass-N

F = immobiiization of ammonium

G = immobiiization of nitrate
M = plant detrital inputs
! = microbral detrital inputs

SoilWealth
Denitrification
FOM
& Co, . Mineralisation Mineral-N
or - .
o Immobilisation NH,—»NO-
BIOM — HUM
e
L & Co, Leaching

FOM — Fresh Organic Matter (stubble, compost)
BIOM - Labile Fraction

HUM — humus

Note the evolution of CO, when decomposing fresh
OM and labile OM to humus.

Balance act of N additions and losses
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e Mineralisation is the main process where soil organic matter is converted by microorganisms into plant available N
forms.
® Itis a continual process (dynamic, constantly changing) and dependent on
—  Soil temperature (warm vs cold soils)
— Water content
— Soil type & physical properties: eg compaction, waterlogging
— The amount of organic matter and residues (Total N content)

—  pH —mineralisation is slower in acidic soil (below 5.5 caci)
® Peak plant N demand often does not match peak mineralisation periods.

® In mid spring mineralisation in a loam soil is about 1 kg/ha/day in a soil with 1% OM. For many Australian soils,
between 50 and 150 kg N is mineralised annually from organic matter & crop residues.
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e Mineral Soil tests
— Best if done within a few weeks before planting the crop
— Know stubble (residues) amounts & condition (net immobilisation vs net mineralisation)

— 1% organic carbon vs 2% organic carbon?

e Biological Activity tests
- Calico method

- Respiration method
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® Cover Crops (legumes vs non-legumes vs mixed)
e Compost, organic fertilisers

e Tillage
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e Estimate or calculate dry matter per
hectare.

e Mixed species need dried & weighed
separately to find % of biomass.

® Test for N % & Carbon (C:N ratio)




Carbon to Nitrogen (C:N) of crop residues

Organic matter material

Ryecorn straw (grain harvested)
Corn stalks (no cobs)

Ryecorn cover crop (anthesis)
Pea straw (peas harvested)
Ryecorn cover crop (early jointing)
Lucerne hay - old (stems)

IDEAL Microbial Diet

Rotted feedlot manure

Legume hay

Cow manure

Lucerne hay - young (leaves)
Vetch cover crop

Soil microbes (average)

C:N ratio

80:1
60:1
40:1
30:1
26:1
25:1
24:1
20:1
17:1
17:1
13:1
11:1
8:1

oW ® Release of N from cover crop residues is
a function of C:N ratios (+ environment)
I e Plant Available N is a % of Total N
® Increasing soil carbon
Decomposition High C:N ratio stubble will immobilise soil N
e which reduces total soil N, therefore more
nitrogen is required!
- Low C:N ratio stubble have lower
immobilisation rates, therefore less N
FASTER requirement.
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Ryegrass 2.5 t/ha dry matter X 4% N (mid jointing stage) C:N ~ 20:1

Vegetable crop planted 15 days post termination of cover crop using strip till
Cowra NSW: Oct Nov Dec ... Overhead irrigation — 200 mm

Crop Removal (75 day crop 45 t/ha x 3.3 kg N per tonne) 150 kg N
Harvest Index (nitrogen) = 90% 170 kg N
Bulk density=1.1 0O.C.=1% pH=55 CEC=7

Soil test N post CC: 0-15 cm =10 mg/kg 15-30 cm =5 mg/kg 25 Kg N

e N budget ?
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= -4 ST .
§ 92 day post "early" termnation
of ryegrass + clover




N budget following ryegrass cover crop

e Total N requirement 170 kg N/ha
® Soil test (rooting depth of crop) 25 kg N/ha
e Mineralisation estimate (0.5 kg/day X 70 days) 35 kg N/ha
Ryegrass recycled N (2500 kg X 4% X 0.6) 60 kg N/ha
e N budget 170-25-35-60 = 50 kg N/ha norganicn = o3/ ia
Apply early --- 50-60kgN/ha

Residual soil nitrogen should be less than 50 kg/ha following vegetable crops
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e |deal pH, soil temperatures, soil
moisture, soil texture reflect our
0.5 kg (average) for 70 dayS estimate.

e Ryegrass net mineralisation estimate:
2500 x0.04 =100kg Nx0.6 =60 kg N

D.M x N% = organic N x PAN% = Net N from CC




Soil nitrogen

(kg/ha of nitrate and ammonium)

150
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247

B Winter fallow

W Ryecorn cover crop

134
Cover crop 88
Termination
50
RYSCOM COver Crop Rolled residues Cucumbar crop
____________ -
Fallow

Jul-18 Aug-18 Sep-18 Oct-18 Nov-18 Dec-18 Jan-19 Feb-19

Mar-19
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O pastures o o @

&°
® crops O
o’ e Roughly 20 kg of N is fixed per

tonne of dry matter (alarge
portion is in roots — approx. 30 — 60%)

240

0]

£ 180

) e Aslow release of N compared to
° inorganic fertiliser

< 120

z ® Legume species, Soil pH,

Rhizobia, soil N status all effect
actual result!

60

0 3 6 9 12 15
Legume shoot dry matter (t/ha)
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AMOUNT

C/N RATIO

Net immaobilization

TIME
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C:N ratio @ 60 will initially be net IMMOBILISATION

C:N ratio @ 25, immobilisation is less, and time period
for mineralisation is less

CO2 evolution (soil respiration) is microbial activity and
mineralisation of soil organic matter




Compost — understand what you’ve applied

Wet weight Dry weight
Compost 10t/ha 5t/ha

Nitrogen % 1.5 75 kg Total N
Carbon:Nitrogen (C:N) 15

Organic Matter % 45

Total Organic Carbon% 25

Labile Carbon % 5.6

Moisture % 50

Nitrate-N mg/kg 400 2 kg Nitrate
Ammonium-N mg/kg 35 .2kg Ammonium
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Compost mineralisation

e Compost N mineralisation starts fast,
then slows over time.

e After 6 — 12 months, the remaining
compost N behaves much like soil
organic matter.

SoilWealth
N mineralization over time :

0O 0-8 weeks
m 8-16 weeks
B 16-24 weeks

% N mineralized

= B

manures manure composts

N mineralization starts fast, slows over time

By the end of one season after field application the remaining
compost N behaves much like soil organic matter




Fairly balanced nutrition, mostly slow release.

Buffers soil acidity (& alkalinity)

Improve soil structure (density, aggregates, infiltration, whc)
Increased organic matter reduces plant pest & disease pressure

Good source of microbes
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Tillage reduces soil organic matter
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One Final Comment
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e |Itisimpossible to observe a system in its natural condition because the mode of observation alters the
systems state to some degree — Werner Heisenberg’s Uncertainty Principle

e There is no method for assessing soil N transformations to provide an unequivocal estimate.

e This is despite the many methods (Process Based Models) available for estimating/measuring N
transformations and availability (APSIM, CROPSYST, DAISY, FASSET, HERMES and STICS).

e Don’t despair it will occur and can be maximised with
Good soil health — high soil OM
Optimum soil moisture, temperature and aeration

Good soil microbial activity

Provision of good low C:N compost or cover crops as food source

Source - N Mineralization, Immobilization and Nitrification — S. Hart, J. Stark, E. Davidson and M. Firestone - Methods of Soil Analysis Part 2 Microbiological and Biochemical Properties — SSSA Book
Series no.5, 1994
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e EXCESS N causes lower antioxidants.

® EXCESS N causes thin cell walls, lush canopy - blocks air & light (isease).
e EXCESS N delays maturity, increases days to harvest (exposure).

e EXCESS N depresses benefits of other minerals.

e EXCESS N with low K & Zn increases sucking insects.

Keep nutrients in balance: N:K N:Ca N:P

Beware of toxicities and deficiencies




Soil Organic Matter Fractions

of organic material (largely particulate) by the action of soil biota and microbes
e Four soil organic matter pools:

Fresh organic substances — plant residues, organic fertiliser, compost

Fast decomposable - particulate organic matter — labile fraction

Slow decomposable — humus — stable fraction and major N source

Inert — unavailable SOM eg. Charcoal, calcium carbonate concretions/nodules or as diffuse carbonate.
Also mafic parent materials (limestones, basalts) and dolomite or magnesium carbonate.
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Soil Organic Matter (Carbon) Facts
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e SOM is made up of carbon, oxygen, hydrogen and the nutrients such as nitrogen,

phosphorus, sulfur, potassium, calcium. and magnesium. (Carbon averages about 58% of
this mass).

e Soil organic carbon is the carbon component of soil organic matter - measuring organic
carbon in soils is relatively easy and effective.

Soil organic matter is about 58% carbon, - SOM = SOC *1.72

(Specifically C% can range from 40 to 58%, (1.72 to 2.5) depending on the source and age of
the OM.)

® Organic Matter N - 10000 P-833 K-200 S -143 ratio for organic C

>X




Measuring Soil Organic Carbon

e Soil organic carbon - mineral fraction the less than 2.0 mm - organic materials in the soil, such as
large pieces of root, leaves and stubble, are NOT included in the measurement of soil organic carbon

e Measuring Soil Carbon

Soil Organic Carbon Concentration - grams of organic carbon per 100 grams of oven dry soil —
usually bulk sample from 0 -10 cm. An indicator if C going up or down

Soil Organic Carbon Stocks - tonnes of organic carbon per hectare measured over 30cm with bulk
density. Tradable carbon but costly and complex process to determine

Soil Inorganic Carbon - not included in the determination of the soil organic carbon levels

>X
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Table20.3 Estimated rates of soil carbon sequestration under a range of land management changes s 0 i l. w ea lth
*Expected in early years of adoption before SOC reaches equilibrium levels NURTURING CROPS
Source Land management Depth Rates of change in soil
change (m) carboqlsto_rlzks L. . . .
£C hatyrs » This is change in soil C stocks not carbon concentration
Dontal | Crop b sroplbasturerota- | 003 | +022 often reported e.g. % OC or SOM % on soil test
Crop to crop/pasture rota- | 0-0.3 +0.25
tion (50% pasture) )
o gt e ot | 003 ) 2040 « Over many land management systems in a range of
e to mmoved s 0.0 T #6.16 soils and climate sequestering C on average is
i i
Sanderan | Crop roaion o |70 approximately 0.44 t C per ha per year
etal. (2010) | (crop/pasture rotation)
Stubble re_tention 0-0.15 +0.19
Cropo pastis e « Obviously going from crop to pasture and pasture to
(2012 | s singwaterponing | | improved pasture is the best means of sequestering C
Y S— T - but implementing conservation cropping techniques is
Cropresite R also a positive management practice — less soil
Able o gasind 1003 11717 disturbance.
Stockmann | South Africa— CTto NT | 0-0.3 zero
etal. 2013 | Brazil CTtoNT cropro- | 0-0.3 0.04-0.88
] .-
Canads CTGNT. 003 (0016 « Compost addition
Canedawheatfallowto | 0-03 1 0.20-030 Chapter 20 — Soil Carbon Sequestration as an Elusive
Canada annuals to peren- | 0.0.3 | 0.45-0.77 Climate Mitigation Tool — Brian Murphy

THtats >O<
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Assuming roots are 20% of this amount we end up with - 1.82 t/ha + 9.1 = 10.92 t/ha of biomass or 10,920
kg/ha

Assuming the C content of material is 40% this is 4368 kg/ha of C

Assuming a conversion factor 10 to 20 % of plant matter to soil carbon - 436 — 872 kg C/ha carbon fed into
soil.

On the other side we have an assumption that 10 cm of soil is 1,323,000 kg/ha — (bulk density of 1.32)
So feeding 436 — 872 kg C into soil represents an increase of 0.03 to 0.06 % in soil carbon.

How much carbon is in 1% soil organic matter?

1% organic matter of 1,323,000 Kg is 13,323 kg

Of this 58% is carbon = 7720 kg C/ha

Therefore 1% organic matter in 10 cm soil 10 cm = 7720 kgs C a far cry from what you can feed back

>X




Soil Microbiology

Populations of soil bacteria change rapidly depending on moisture, time of year,
type of crop & hosts (weeds, stubble, organic matter).

The activity is greater in neutral rather than acid soils.
Application of high rate of trace elements can be toxic an inhibit mineralisation

Mineralisation is more rapid in sandy soils compared to loam or clay loam soils —
clay minerals absorb organic compounds

Soil macrofauna accelerate N mineralisation as they provide excreta, increase the
surface area of litter and redistribute litter in the soil

HEALTHY populations of soil bacteria AND fungi are encouraged by REDUCED
TILLAGE, GROUND COVER & ORGANIC MATTER

>X




Biological - Fungi : Bacteria ratio

) ) ) ) .. SoilWealth
e Bacteria tend to dominate in systems with fewer organic inputs (cover wrreme cxer

crops, crop residues, compost) leading to lower C:N ratios.

® Bacteria are more prominent in cooler seasons

e Bacteria are important in the soil ecosystem, but fungi are desired and
more often considered indicators of good soil health.

e Fungi are more tolerant of acid conditions than bacteria. Fungi
(saphrophytes) are mainly responsible for initial breakdown of organic
matter, then bacteria required to make humus.
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Just to give you an idea of the complexity and rigour T
involved in understanding soil biology
Metagenomics Comparison of: Species in common (16S rRNA) e SR

« MCM - Agricultural Land
« MCR - Undisturbed Native vegetation next door

Total richness: 8006.73

- EFM — improved pasture in another area AT Y MCR: 2332.61
1644 61 MCM: 2851.49
EFM: 3788.48
Wouldn't it be great if we could dial up a specific biological mix 2% shared

to target soil processes in different climates in different soils
using a range of management practices

We are not there yet - Watch this Space

PrnARDIRTEE | RIS
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e COMPOST
Best mineralisation scenario?
- warm soil (30C)
- moist soil
-pH=6.5
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- Most compost rates need to be at least 10 t/ha <=
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Application Rates of manures and composts to supply 150
kg/ha N
Treatment Tons per Tons per

acre hectare
Fresh Poultry Manure 11.4 28.2
Aged Poultry Manure 10.7 26.4
Standard Poultry Manure 15.6 38.5
Amended Poultry Compost 10.7 26.4
Fresh Dairy Manure 17.9 442
Aged Dairy Manure 18.1 447
Standard Dairy Compost 23.5 58.1
Amended Dairy Compost 26.4 65.2

: bW :
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300

247

250 | e Long fallow mineralised @ 1 kg N/

W Winter fallow

00 M Ryecorn cover crop d a y
£ e Rolled cover crop on surface
2 12 mineralised @ .5 kg N / day
¢
§ ‘% 100
3 Terminstion
50 50
Ryecorn cover crop Rolled residues
Fallow "o -
0
Jul-18 Aug-18 Sep-18 Oct-18 Nov-18 Dec-18 Jan-19
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 Ryecorn Cover crop
« Rapid infiltration to

e e D 20 cm after 24 mm

rain

21

12.54

i Ww 1
12 . * NO cover crop - bare soill

* No infiltration after rain
» Loss by runoff and
evaporation at surface

11.5
114
1054

104

95- :
) — M -

854

Sat 12 ' Sun ) Mon ' Tue ) Wed ' Thu
Jan 2019 13 14 15 16 7



“Turmoil of Tillage”

No tillage, Traditional tillage,
stubble retained stubble burnt

e Reduced tillage will slow the decline
in soil organic matter.

Soil organic Soil organic
carbon = 2.5% carbon = 1.5%
B Labile pool
Stable pool GRDC
~ Recalcitrant pool




