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What is a healthy soil?

Chemical

Physical ¢«— Biological

Healthy Soils

minerals cover crops

PH microbes
CEC aeration organic matter
aggregation
drainage

The Soil Food Web

7%

Waste, and
metabotites from
plants. animals and Bacteria
microbes.
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Mutuaicte Prodators prodators predators
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What drives a healthy soil?

Chemistry Biology

Physics

Nutrient Acquisition

Soils contain significant reserves of nutrients
but they locked up and unavailable to the
plant.

Biology is the key to unlocking these soil
nutrient reserves.

Yes plants can do it themselves, but microbes
can do it much better.

Microbes release acids and enzymes to cycle
nutrients — diversity of microbiology yields
more diverse acquisition of nutrition.
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- Root exudates
- Crop residues
- Compost/Manures

Cover Crops/Green manures

Mycorrhizosphere
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B eVPRODUCTS oLUE Mycorrhiza and Aggregation

BY-PRODUCTS GLUE
SOIL PARTICLES TOGETHER

« Soil structure is influenced by many factors!

« A long term study found a highly significant #)“
correlation with AMF abundance and soil ‘
2 ()

O D

< { § aggregation.
000 & - i

O I - * Cultivation breaks apart these precious

(= i ’ aggregates.
SOIL IN SOIL IN * They also found fungicide applications
DISPERSED STATE AGGREGATED STATE reduced AMF and water-stable
macroaggregates.

Enhancing AMF - Inoculation

Enhancing AMF - Environment

* Direct inoculation onto plants is most effective:
—Seed treatment
— Liquid Inject
—Seedling drench
* Within a rotation, two ideal times to inoculate:
—When rotating from a non-AMF crop to an AMF-
dependent crop.
- At start of a pasture or cover crop rotation if you want
to speed up establishment (esp in no-till).

* Soil Cover — always maintain host plants and
a flow of root exudates (food source) for
AMF.

* Avoid fallows or keep them as tight as

possible if unavoidable — plant green?
* Intercrop an AMF dependent plant (eg
legume) with a non-host (Brassica,
Chenopods etc).
* More plant diversity.

* Don’t wait until after establishment!

-0
-0
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48

§§ + tillage § No-till §§ +tillage
l !

* Grow

* Protect

« System Re-Design

e-
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Increasing SOC

* Apply Carbon

— Compost
— Livestock Manure

— Biochar
— Mulch

') \ — Biostimulants
b \

N \
¢

4

Increasing SOC

* Grow Carbon

= Photosynthesis (root exudates)
~“Cash-crops
+ Cover Crops
— Rerennials
+ Agroforestry
= Livestock

b Encc;urage Bio N Fixation

| — Soil Biology (fungi)

Increasing SOC

System Redesign
—Polyculture

—Cover crops

—Intercrops
—Livestock integration

—Diverse pastures

—Grassland rotations
-Trees

—Agroforestry

~Silvopastures
—Rooting/Associating Varieties
—Integrated Nutrient Management

@ e

t v modern durum
sown same day, soil and conditions hmm

Design with Diversity

* Begin the transition from
monocultures to polycultures
—Intercropping
—Cover crops
—Green Manures
- Diverse pastures and herbal leys
- Agroforestry
- Silvopasture
—Field margins for wildlife
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DIVERSIfy: Designing InnoVative plant
teams for Ecosystem Resilience and
agricultural Sustainability

DIVERSIfy

Meet the Team

ORGANIC  Researcher ) . 0 ° 0 ° o
5 how?

RESEARCH  Institution

e home why? who? activities links & resources
Centre

I ing In Arable ELM

' ouesesszss
" Clean air and water, a diversity of animal and plant species, soil

Interestin has amongst " 3 ! "

organic farmers for some time. This field tab will look at how gt ookl and mineral resources, and predictable weather are annuities that

use intercropping to make their arable systems more sustainable and ﬁ;’“,,_‘“m e will pay dividends for as long as the human race survives - and may

productive.

even extend our stay on Earth. ”

Showless A - Alex Steffen

V]
Intercropping
Group

2 ¢
g
St

.

We aim to bring stakeholders together with an interest in this area and
determine knowledge gaps and research priorities, in part building on an
Agricology field day held on June 7th at Shimpling Park Farm
(https://tinyurl com/LGZACDB). The group will explore opportunities for
and pping in arable systems, including.

Fourvded 13 Septrmber 2037 Meet the team in our new videos
e
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Photosynthesis

6CO, +6H,0 > CeH 1,06 (sugar) + 60,

minerals/enzymes
* Complex sugars
* Carbohydrates
« Amino Acids, Proteins

CeHi1206 (sugar) _> ° Fats&Oils

* Hormones

* Vitamins

* Phyto-nutrients

* Protective Compounds

minerals/enzymes

Partitioning Photosynthates

* Photosynthates are excreted as
root exudates:
- Cereals: 20-30%
— Pastures: 30-50%

* Understanding the function and
fate of these root exudates is
currently a hot spot of scientific
endeavour.

Energy Water Minerals Life

Hundreds of root exudates...

Table 1. Classes of compounds released in plant root exudates

Class of compounds Single components*

c Arabinose, glucose, galactose, fructose, sucrose, pentose, thamnose, rafinose, ribose, xylose and mannitol
Amino acids All20 amino acids, L-hy homoscrine, m i acid

Organic acids Acetic acid, succinic acid, L-aspartic acid, malic acid, L-glutamic acid, salicylic acid, shikimic acid, isocitric acid,

chorismic acid, sinapic acid, caffeic acid, p-hydroxybenzoic acid, g
protocatacheuic acid, p-coumaric acid, mugineic acid, oxalic acid,

cid, tartaric acid, ferulic acid,
acid, piscidic acid

Flavonols Naringenin, kaempferol, quercitin, myricetin, naringin, ruti 4 and their substitutes with
sugars.

Lignins Catechol, benzoic acid, nicotinic acid, phloroglucinol, cinnamic acid, gallic acid, ferulic acid, syringic acid,
sinapoyl aldehyde, chlorogenic acid, coumaric acid, vanillin, sinapyl alcohol, quinic acid, pyroglutamic acid

Coumarins Umbelliferone

Aurones Benzyl aurones synapates, sinapoyl choline

o

Anthocyanins Cyanidin, delphinidin, pelargonidin and their substitutes with sugar molecules

Indole compounds Indole-3-acetic acid, brassitin, sinalexin, brassilexin, methyl indole carboxylate, camalexin glucoside

Fatty acids Linoleic acid, oleic acid, palmitic acid, stearic acid

Sterols Campestrol, sitosterol, stigmasterol

Allomones Jugulone, sorgoleone, 5,7,4"trihydroxy-¥', 5"-dimethoxyflavone, DIMBOA, DIBOA

Proteins and enzymes PR proteins, lectins, proteases, acid phosphatases, peroxidases, hydrolases, lipase

1800000

1600000

1400000

1200000

1000000

Cumulative secretion level (peak area)

——Sugars

«==Amino acids

~—Sugar alcohols

«===Phenolics

740 1447 2124 2831
Exudate collection time point (days)

Microbial
Recruitment
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SCIENTIFIC REP{*;}RTS

OPEN Root biomass and exudates link
plant diversity with soil bacterial
and fungal blomass

Recened:01 L
Accapted: 13 February 2017 Madhay P. mnlrur“ &Liesje. Mw\m«‘
Published:05 Aprd 2017

Although
tal
Plant
root bi bacterial
biomass,
exudates.

SCIENTIFIC REP{*;}RTS

OPEN Root biomass and exudates link
plant diversity with soil bacterial
and fungal biomass

‘The investigation of root exudates is challenging, and we had to accept some limitations of our approach.
First of all, we were able to identify only a fraction of the compounds detected in the HPLC; nevertheless we
used identified plant products only, because organic compounds in the soil will always contain soil microbial
products™ that were not in the focus of this study Thus, the measures of root exudate amount and diversity

should be regarded as proxies i relauve among exp rather than abso-
lute measures. Dcsp\te those caveats, thep de irical evidence for the significant role of root
mldamln' king and belowground ..__lﬂumdﬂudivuﬂtyofplmtwmmunlﬂuwlﬂnheﬁlm
tional ion of soil microbial iti future work on the mechanisms of rhizosphere
interactions®2+,

exudates.

Arbuscular mycorrhizal fungi respond
to increasing plant diversity

Rhoda L Burrows and , Francis L Pfleger

% Plant cover

Canadian Journal of Botany, 2002, 80(2): 120-130, hitps:/doi.0ro/10,1139/b01-138

Abstract: The ¢

wbuscular mycorrhizal fungi (AMF) was assessed at ot

t of plant diversity (1, 2, 8, or 16 spe

Nitate (s9/0)

midscason soil NO. e . . o

Wisp Bup Do Bl

'm.!

_r-B\ ol
Evidence for the primacy of living root inputs, not root or shoot
litter, in forming soil organic carbon

Noah W. Sokol' (3, Sara. E. Kuebbing'*, Elena Karlsen-Ayala’ and Mark A. Bradford"

kgl et gl Q1) 010011 /oo s3]

Treatment 1 Treatment > Treatment 3
Living Reots + Litter {root + sheot) Living Roots Only Litter Only (root + shoot)

Microstegium-derived MBC (59 C dey g s0il-')
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/ ANNUAL REVIEWS

For Librarians. s

Home / Annual Review of Ecology, Evolution, and Systematics / Volume 17 / Jackson, pp 419-445

The Ecology of Soil Carbon: Pools,

Vulnerabilities, and Biotic and Abiotic
Controls

Abstract

Soil organic matter (SOM) anchors global terrestrial productivity and food and fiber
supply. SOM retains water and soil nutrients and stores more global carbon than do plants
and the bined. SOM s also by microbes, returning C0,, a

gas, to the soil carbon stocks have been widely
...... lost or degraded through land use changes and unsustainable forest and agricultural
practices. To understand its structure and function and to maintain and restore SOM, we
need a better appreciation of soil organic carbon (SOC) saturation capacity and the
retention of above- and belowground inputs in SOM. Our analysis suggests root inputs are
approximately five times more likely than an equivalent mass of aboveground litter to be
stabilized as SOM. Microbes, particularly fungi and bacteria, and soil faunal food webs
strongly influence SOM decomposition at shallower depths, whereas mineral associations
drive stabilization at depths greater than ~30 cm. Global uncertainties in the amounts and
locations of SOM include the extent of wetland, peatland, and permafrost systems and
factors that constrain soil depths, such as shallow bedrock. In consideration of these
uncertainties, we estimate global SOC stocks at depths of 2 and 3 m to be between 2,270
and 2,770 Pg, respectively, but could be as much as 700 Pg smaller. Sedimentary deposits
deeper than 3 m likely contain >500 Pg of additional SOC. Soils hold the largest
biogeochemically active terrestrial carbon pool on Earth and are critical for stabilizing

i global ls continue from

changes in land management, including the need for increasing bioenergy and food
production.

EWS

' ANNUAL REVI
i e

Aboveground
carbon inputs

retained in SOM
Vegetation type or treatment Ratio Reference
Conventional agriculture 74 Kong & Six 2010
Low-input agriculture 132 Six 2010
Organic agriculture 256 Six 2010
Mixed C; and Cy crops 90 Ghafoor et al. 2017
Mixed Cy 8 Ghafoor etal. 2017
Maire 122 Mazilli et al. 2015
Soybean 267 Mazzilli et al. 2015
Ryc cover crop, § months 5.0 Austin ctal. 2017
Rye cover crop, 12 months 77 Austin etal. 2017
Rye cover crop. ] Austin etal
Maize 17 Bolinder et
Maize 55 Balesdent & Balabane 1996
Maize 51 Clapp ctal. 2000
Maire, fertilized 36 Clapp ctal. 2000
Verch 37 Puget & Drinkwater 2001
Maize 43 Barber 1979
Mix C; and Cy crops 23 Kitterer ctal. 2011
Average, median 46%,39% 51,50

Soil Health and Nitrogen
Management

Part 2: Integrated Nitrogen
Management

www.integratedsoils.com
Y @integratedsoils

In Summary

* We must integrate all 3 — chemistry, physics and biology intc
our ‘soil health’ thinking.

* More plant diversity is good for ecosystem benefit.

* More plant diversity (via root exudates) drives microbial
processes and hence SOC sequestration (farm resilience).

* Root exudates are emerging as a critical piece of the puzzle
which for the most part are overlooked.
* We need to redesign our production systems so ecological

processes support plant production, ecosystem services anc
farm profitability.

Key Functions of Essential Nutrients

* N— Chlorophyll, AA, P * B - sugar translocation,

* P— Energy, root development reproductive processes

* K- Enzyme production, sugar + Cu- disease protection
movement, N utilisation * Zn - auxin production, leaf size
* Ca - Cell wall strength

* Mg — Chlorophyll

* Mn - reproductive processes

* Fe - chlorophyll production

* S— N utilisation, root
development

* Mo - N utilisation

* Co - N fixation

* Si — cell wall strength « Ni- urease enzyme

© Joel Williams | www.integratedsoils.com




MULDER'S CHART

Essential Plant Nutrients

Primary

Secondary

Antagonism

Tertiary

Stimulation

Nutrient Efficiency

* How efficient are we at delivering nutrients to crops?
* How much of our applied nutrients are actually being

taken up by plants?

* N~40-50% of applied N
* P~10-20% of applied P
* K~ 40% of applied K

LOST OPPORTUNITIES

Exchangeable a
(medium term) Unavailable ~——
A ~a A
X

Biology
5

Soil Nutrient Supply
AN
Total Extractable K*K* VA |
(long term) SolidRocks ) 3 L4 b pt o+l pt
o . K*K'K* K°AK |
Minerals K*$  Soil Colloid |
K* K* K* /
CKur K K]
:‘ / Readily
Available

Biology
Slowly Available »———
Fixed

50-60% N
80-90% P ' \

60% K 7
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Integrated Nutrient Management

* INM simply integrates as many tools as possible to manage fertility
to reduce dependency on artificial inputs.
* The INM strategy is broadly about combining organics with
inorganics but it also places importance on nutrient recycling via:
- Crop residues
- Other biosolids such as manure and compost
- Increasing biological N fixation (BNF) through leguminous cover crops
- Using biofertilisers/microbial inoculants

- Integrating livestock

Chelation
NUTRIENT CHELATOR CHELATION

s
)
k-1
£
2
]
=

Brown coal-urea fertiliser

Urea fertiliser

Integrated Nutrient Management

* INM — carbon protects biology.
« Research findings investigating soil life recovery
after:
—Fumigant application vs
-Fumigant + composted manure
* Fumigant: little recovery of soil function 12
weeks later.
* Fumigant + compost: normal biological activity
observed within 8-12 weeks.

INM: Fertilisers — with or without C base?

* 200 kg/ha of nitrogen was added to the soil in the form of:
—Ammonium nitrate, or
—Dairy manure
« Soil respiration and enzyme activity were higher in the organically
amended soil”.
* Increasing carbon in your fertiliser program will increase microbial
health irrespective of nutrient content.

© Joel Williams | www.integratedsoils.com




Carbon Sources

Liquid Carbon Dry Carbon
—Molasses —Compost
—Fulvic acid & —Manures

Humic acid —Raw Humates
—Fish Emulsions —Humic & Fulvic
-Seaweed/Kelp granules/powder

Extracts —-Green Manures &
-Plant Teas/Extracts Cover Crops

Compost vs Manure?

* Aerobicdécomposition of organic materials into humus.

« Originalmaterials are unidentifiable in well humified (humus rich)
compost .

* Good quality compost contains all macro and micro nutrients, all
in stabilised, slow release form.

» Compostisalso rich in beneficial humic substances which
condition se@il,improve nutrient uptake and feed s@il microbes.

Manure Management

* The'bengfits of manure to soil health can be greatly enhanced by
composting the manure first.

« Compasting stabilises the nutrients in manure and improves its
biological'qualities.
* Manure and Compost are not the same thing.

Compost

* But mostgmportantly, compost is alive! It is a living fertiliser
(biofertiliser).

* Qualityeompost is teeming with beneficial microbes (many of which
are same species as found in soils).

« Qrganic carbon in compost is also a ‘house’ for microbes, being both
a house anda food source for them.

* Therefore, compost is an ideal way to inoculate soilswith beneficial
microbes.

Compost

* Compost quality depends on:
—Food sources (C:N)
—Moisture
—Temperature
—Oxygen
—Turning
—Maturation

© Joel Williams | www.integratedsoils.com




C:N Ratio

* Balance of ingredients is important:
—carbon-rich woody materials (browns)

—nitrogen-rich green leafy matter or manures
(greens)

Unfinished Compost?

* Unfinished compost will scavenge nutrients from the soil (esp
N) to finish its decomposition before it releases anything back
to the soil.

—must be balanced = C:N Ratio.

* Browns — stubble, straw, dry grass,
woodchips/shavings, autumn leaves, newspaper, tre|
prunings.

* Greens — manures, chicken litter, fresh grass, green

Free Nitrogen

* Mineral constraints to Biological N Fixation?
—Mo: Mo-nitrogenase, nodule function
- Fe: Fe-nitrogenase, Leghemoglobin, Fe-hydro,
- Ni: Ni-hydrogenase
- Co: nodule initiation
-B: nodule development & maturation
- Ca: low multiplication of rhizobia

Argon gases
0.90%
Other gases

0.17%
Carbon dioxide
0.03%

* O'hara, G, Boonkerd, N. & Dilworth, .. 108:93.
“ Weisany, Weria & Raei, Yaghoub & Haii Allahverdipoor, Kaveh. (2015). Role of Some of
Sciences. 2. 71-84.

) PLOS | BIOLOGY

FIFTEENTH ANNIVERSARY

Ammonium vs Nitrate

AMVONIUM REACTION WITHN THE PLANT NTRATE REACTON THN THE PLANT

Nitrogen fixation in a landrace of maize is supported by a
mucilage-associated diazotrophic microbiota

Abstract
Plants icrobiota it
plant growth, N
region of Oaxaca,
Mexico.
Analysis of
taxa for y hed f
08 o

Sierra Mixe using b § years indi-
categ hat St o :

Sierra Mixe maize.
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Root Exudates
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Microbial Biomass

Trends in Plant Science

How Plant Root Exudates Shape the Nitrogen Cycle

Do Cosken - Dev T Bt - Weiming SH - Herbert . Ks

Publihed: June 07, 2017 * DOL: i J plants 2017.05.004

Although the global nitrogen (N) cycle is largely driven by soil microbes, plant
root can p y modify soil microbi ies and i

their N A detailed ing is now inning to emerge
regarding the control that root exudates exert over two major soil N processes -
nitrification and N, fixation. We discuss recent breakthroughs in this area,

the of root as ibi and as
ilitating N- isiti i We indicate gaps in
current knowledge, including questions of how root exudates affect newly
discovered microbial players and N-cycle Abetter i
of these processes is urgent given the wi i iciencies in

N use and their links to N pollution and climate change.

Plant and sof
December 2015, Volume 397, ssue 1-2, pp 147-162 | Clte as Plant
Wheat roots efflux a diverse array of organic N compounds and ol

and are highly proficient at their recapture

Authors Authors and affiliations

Charles R. Warren =]

Abstract

Background & aims: Small organic N compounds could contribute to N nutrition, but an alternative view is that root uptake may

serve to recapture compounds that efflux out of roots. Howeve

undlear if plants can recapture leaked organic N compounds

because no studies have examined quantitative relationships between efflux and uptake at sub-micromolar concentrations.
Methods: This study examines efflux and uptake of  broad suite of small organic N compounds by wheat (Triticum aestivum L)
YSN-labeling and capillary electrophoresis-mass spectrometry were used to estimate efflux and uptake. Results: One hundred and
ten organic N compounds were detected in exudates. Amino acids were abundant but accounted for less than half of organic N.
Other abundant compound classes were amines and pol quaternary and

nueleosides, Uptake occurred simultaneously with efflux for all 45 compounds for which rates of efflux could be reliably
determined, even though concentrations were 0.01 to 0.5 uM. Conclusions: These findings indicate that wheat is highly proficient

at recapturing much of the diverse array of organic N compounds in root exudates. The ability to salvage effluxed compounds

present at very low concentrations means that wheat might also be able to take up organic N compounds from the soil solution. ©

Maize \ . 4" z Faba bean
(Zeamays L) W7 WiafabaL)

Myc
factors

-« Coskun et o (2017), dol:10.1016/1tplants.2017.05.004
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Maize Faba bean Maize \ \\‘l’,/ Faba bean
(Zea mays L.) W l/’ (Vicia faba L.) (Zea mays L) 1 N nutrition \‘\\ 1/’ (Vicia faba L.)
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N t Biomass N
\ I \
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LSses PGPR/CB — LSses PGPR/CB — =
symbiosis mmma\ PGPR/CB symbiosis Rhizobial PGPR/CB
wmb-osvs symbiosis = symbiosis symbiosis
o%% & S
Myc &” S My Myc f Ly
(CExudates ) (CExudates ) 'mm e, / Exudates

Y < T -

0“‘

Sy, P

- Coskun et f (2017), do:10.1016/j plants 2017.05.004 * Coskun et f (2017), do:10.1016/j plants 2017.05.004

Urea as Foliar

« Soil applied urea is lost via volatilisation or
converted into leachable nitrates.

* Plants contain a specific absorption channel for
the urea molecule.

« Urea is readily absorbed via foliar tissues —
urea > ammonium > nitrate.

* Foliar applied urea improves NUE via rapid

absorption and efficient utilisation/conversion
into amino acids/proteins.

Urea as Foliar Nickel

* Nickel [Ni] was classified essential for plant
growth in 1978.

* Ni is part of the urease enzyme which splits the
urea molecule liberating the N for plant

A range of evidence highlights effective
response of foliar urea solutions at:
-10, 20 or 80 kg/ha urea
-3, 4,5 and 7% urea solutions

metabolism.
* Timing « Without Ni/urease, urea can build up in plant
- Cereals: at anthesis + 2 weeks tissues and become toxic.
—OSR: mid-end of flowering * Plants specifically fed urea without Ni can be
— Pulses: 2% solution at pod set ‘functionally N deficient’
« Spray pH — 6.5 considered optimum * Nickel sulphate at 0.2% solution in barley — also

50-100 mg/ha on pastures.
I

© Joel Williams | www.integratedsoils.com



Ammonium vs Nitrate

AMVONIUM REACTION WITHN THE PLANT

Rhizosphere link to Foliars...

Foliar applying nutrients is actually all about indirect
microbial stimulation.

When calculated back, the amount of nutrient applied
via foliar applications is very small.

Effective foliar applied nutrients prime photosynthesis.

Products of photosynthesis are exuded to feed soil
microbes.

* Soil microbes in return, solubilise much more nutrient

\- / from the soil and feed the plant.

Plant Response to Foliars?

* Formulation
- pH, EC, adjuvants, carbon
* Application Considerations

—Nozzle, pressure,

rop Characteristics
- Crop stage, leaf surface, abiotic & biotic stresses

* Environment
—Time of day, humidity, temperature, light
* F-A-C-E

Nitrogen Synergists

N Utilisation N Fixation
* Sulphur * Molybdenum
* Molybdenum Yy * Iron
* Magnesium « Cobalt
* Nickel * Boron
* Calcium
* Nickel

- Do we consider all of these synergistic minerals along with rhizobium or
nitrogen inputs in our attempts to optimise N fixation or N utilisation?

Photosynthesis

6CO; + 6H,0 ----------------> C¢H 1,04 (sugar) + 60,
minerals/enzymes

* Complex sugars

« Carbohydrates

* Amino Acids, Proteins

* Fats & Oils

* Hormones

* Vitamins

* Phyto-nutrients

* Protective Compounds

CeH1,06 (sugar)
minerals/enzymes

Vol 64,2018, No. 3: 138-146 Plant Soil Environ.

hitps:jdoi org/10.17221/9/2015-PSE

The effect of intercropping on the efficiency of faba bean
~ rhizobial symbiosis and durum wheat soil-nitrogen
i ina

GiLes KACI™, Dipier BLAVET?, Samia BENLAHRECH!, Exxest KOUAKOUA?,
PeTRA COUDERC?, PrLiprk DELEPORTEY, Dosinique DESCLAUX?, Mourap LATATI,
Marc PANSU?, JEaN-JacQues DREVON®, Sto1 Monamep OUNANE!

ABSTRACT

Theaim ofthisstudy
d plant in ntercropping wrvws sol cropping in biennial roation
i e fb bean (Vi faba L.) ver  thrve-year period st the INRA (Nationsl Insitoe of

al — durwm whest (Tricum durum

1 eficiency i the use of hizobia symbiosis (EURS) o the egume, itrogen nutriton index. (NNI)
forthe cereal, and N and Ju 20 were v ho were igai
P sow

between "
bean. Furthermare, by comparison with 3 weeded fallow, there was a sgaificast increase n s0d C and N content
et ot « ded h

wheat plasts,
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@ 5 C= Solecrop
== thtercrop

-]

0 Solecrop b

b = Intercrop

(t/ha)

Durum wheat grain protein

TR B O
5. Cadors a o, Publihed by EDP Scences 015
DO 10,1051 eek01 014 7 3

Re

Abstract - Mixing plant species in solution to reduce pesticides
and fertilizers while maintaining profitability. In the F.mh context, intercropping frost-sensitive legume crops with
winter oilseed rape is potentially interesting and began to be implemented by farmers. In this study we aimed at mea-
suring the services and disservices of this intercrop with three different legume mixtures, in terms of growth and yield
for rapeseed, ground cover of weeds in autumn and damage caused by rape winter stem weevil. The experiment was
carried out at four sites from 2011 to 2014. We showed higher total acrial dry weights and total acrial nitrogen contents
in the intercrops compared to sole winter oilseed rape in November. The companion plants contributed to the control
of weeds and the mitigation of rape winter stem weevil damage, notably through the increase in the total aerial weight.
In spring, after destruction of the companion plants, the intercrops had partially compensated a reduction in the N fer-
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Can legume companion plants control weeds without decreasing crop
yield? A meta-analysis ® Contants s ool S
Valentin Verret-, Antoine Gardarin, lse Peizer, S3fia Médiéne, David Makowski, Science of the Total Environment @
Muriel Valantin-Morison
A fournal homenage: www.sisevier.comlocate/scitoteny
v ) ABSTRACT
coner h L Weed control are
b ce
Tight, Satisfying the nutritional needs of a growing population whilst limi i ions will require
s . sustainable intensification of agriculture. We argue that intercropping, which s the simultaneous production of
multiple crops on the same area orland could play an essential mle in this intensification. We carried out the first
iving 30 a d e comminaons ot e s oot global lysis on the benefits of The objective of this study was to determine
crop «  agricultual practces), opping the benefits of intercropping in terms of energetic, economic and land-sparing potential through the framework
ek e o of the stress-gradient hypothesis. We expected more intercropping benefits under stressful abiotic conditions.

crops). relay.
panion plants and the cash crop

as explanatory variables.
Intercropping with a companion plant resulted in a lower weed biomass and a higher yield (win-
win situation) than non-weeded or trol treatments, in 52% and 36, respectively, of the.
‘experimental units considered. A higher weed biomass associated with a lower yield (lose-lose) was
rved in only 13% and 26% units, and weeded
control treatments,respectively, L he comy

from companion plant intercropping were reported for maize, with yields 375 higher than those for

or weed control. Thus, the use of legume companion plants generally seems to cnhance weed control |

without reducing crop yield. but the conditions giving rise to win-win situations should be explored

From 126 studies that were retrieved from the scientific literature, 939 intercropping observations were consid-
ered. Wh fland that in in mrm produced 38% more

an relat d of 1.38) and 33% i (me d of 1.33)
on average, whilst using 23% less land (mean land equivalent ratio of 1.30). Irnganon and the aridity index in
non-irrigated intercrops did not affect land equivalent ratio, thereby indicating that uucmoppmg remams ben-

eficial, both under stressful and ful contexts ing moisture and
imercmpping patterns (rows and strips vs. mixed) did not affect land equivalent ratio. Although intercropping
offers a gre. for of existing lands, many challenges need to be tackled

by experts. rmm multiple disciplines to ensure its feasible implementation.
© 2017 Elsevier BV. Al rights reserved.
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PLANT DIVERSITY, SOIL MICROBIAL COMMUNITIES, AND ECOSYSTEM
FUNCTION: ARE THERE ANY LINKS?

DONALD R. ZAK,'* WiLLIAM E. HoLMES,' DAVID C. WHITE.? AARON D. PEACOCK,? AND DAVID TILMAN®

School of Natural Resources and Environment, Universiy of Michigan, Ann Arbor, Michigan $2109-1115 USA
“Center for Biomarker Analysis. University of Tennessee, Knoxville, Tennessee 3793
Department of Ecology, Evolution and Behavior, Universiy of Minnesola, St. Pasl. Vinnesota 55105 USA

Abstract. A current debate in ecology centers on the extent to which ecosystem function
depends on biodiversity. Here, we provide evidence from a long-term field manipulation
of plant diversity that soil microbial communitics, and the key ecosystem processes that
they medite, ae significantly akered by plant speces ichness. After seven years of plant
growth, we determined the composition and function of soil m communities beneath

plant diversity treatments cont 16 ;pecl:s Microbial community bio-
n abundance significantly increased with greater plant diversity,

8 5.
and composition largely resulted from the higher levels of plant production associated with
greater diversity, rather than from plant diversity per se. Nonetheless, greater plant pro-
duction could not explain more rapid N mincralization, indicating that plant diversity
affected this microbial process, which controls rates of ccosystem N cycling. Greater
availability probably contributed to the positive relationship between plant diversity and
productivity in the N-limited soils of our experiment, suggesting that plant-microbe in-
teractions in soil are an integral component of plant diversity's influence on ecosystem
fun
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In Summary - Part 2

* Bring all the pieces of the puzzle together in an integrated
strategy for nitrogen management.

— Complete plant nutrition and nutrient synergists. ‘

—INM (combine with carbon).

— Composting manures to stabilise N and improve bio quality.

- Consider nutrition for rhizobia and free living N fixers.

—Foliar applied nutrients (esp urea) for increased NUE.

—More plant diversity — pastures and intercrops.

—More diverse root exudates for overall soil health and cycling of
soil mineral reserves.

* Integrate all relevant strategies into your systems approach.

Plant Diversity, Plant Nutrition?

In Summary - Part 1

* We must integrate all 3 — chemistry, physics and biology intc
our ‘soil health’ thinking and go beyond this with plants.

* More plant diversity is good for ecosystem benefit.

* More plant diversity (via root exudates) drives microbial
processes and hence SOC sequestration (farm resilience).

* Root exudates are emerging as a critical piece of the puzzle
which for the most part are overlooked.
* We need to redesign our production systems so ecological

processes support plant production, ecosystem services anc
farm profitability.

Thank you

more info, mailing list etc

www.integratedsoils.com
Y @integratedsoils
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