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Historical Crop Yield Progress in the United States Long-term wheat yields in Europe

(Source USDA NASS) Wheat yields across selected countries in Europe, measured in tonnes per hectare.
co,
180 " often>75%
160
o / crop
fre G residues
S c/ g
e 7
@ g % —
o — ) )
20 I I T
g L . = y Ve /
1870 1890 1910 1930 1950 1970 1950 2010 () - i crobi
by Living Plant
compounds

obal Change Bi

logy

RESEARCH REVIEW

Carbon input by roots into the soil: Quantification of
rhizodeposition from root to ecosystem scale

Plant age (days afer planting)

\
:
1
1
1
h 4

018). doi: 10.1111/gch. 13850

© Joel Williams | www.integratedsoils.com



on sustainability

Modern Wheat Varieties as a Driver of the
Degradation of Spanish Rainfed Mediterranean
Agroecosystems throughout the 20th Century

* Carranza-Gallego, G., et al., (2018). doi: 10.3390/5110103724
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Global meta-analysis of the relationship between soil
organic matter and crop yields
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10 32% of the projected yield gap f and

OC 0 crop y yields. Furher
and local data, coupled with experimental work to disentangle
W vice versa, is needed 1o provide practical prescriptions to incentivize soil

#RootsNotShoots

* A growing body of evidence highlights the contribution of root
litter/residues as more important sources of C to the soil
organic carbon pool when compared to shoot residues.

- Rasse et al (2005) - Jackson et al (2017)
- Schmidt et al (2011) - Poirier et af (2018)
- Clemmensen et af (2013) - Wood & Bradford (2018)
- Mazzilli et al (2015) - Sokol & Bradford (2018)
- Kong & Six (2010) - Berhongaray et al (2018)
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Microbial necromass on the rise: The growing focus
on its role in soil organic matter development

‘ ‘ ...it had long been believed that remnants of decayed plant matter were the main components
of the persistent C in soils.

... increasing evidence has led to the intellectual paradigm shift — dead microbial mass is the
dominant component of the long-lasting SOC, rather than decayed plant matter.

Accordingly, this evidence is shifting the research from focusing on “humic” matter to the
microbial contribution.

However, the microbial controls of biomass formation and necromass stabilization remains
uncertain and elusive. , ’

* Liang, C., et al, (2020). doi:10.1016/} soilbio.2020.108000
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Plant- or microbial-derived? A review on the molecular composition of

stabilized soil organic matter

Chao Liang . Wl Amelung, Johannes Lehmann, Matthas Kistner

Abstract
Soll carbon transformation and sequestraton have received sgnficant ntrest n

Insoll Divect
of an overlapping
use & comprehens

eculr signature with nonmicrobial organc carbon, Here, we

i o existing biomarker amino sugar dita publshed
between 1996 and 2019, combined with novel appropritin using an ecoogicsl
systems approsch, elementa carbon-nirogen stolchiometry, and biomarker sca-

Brastand, and foret ccosystems. We show that mcrabial necromass can make.
b more than half o sl organic carbon. Hence, we suggest that next generation
fied management requirs promoting microbia bomass formation and necromass
preservation to maintain heathy s, ecosystems, and climat. O
important impications or improving curent climate and carbon movel,and hel

develop managerent pracices and polcie

* Liang, C, et al. (2019). doi: 10.1111/gcb.14781

What about
Root Exudates?
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Quantitative assessment of microbial necromass contribution to
soil organic matter

Necromass-C/SOC (%)

Necromass-C/sal (mg/g)
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Evidence for the primacy of living root inputs, not root or shoot
litter, in forming soil organic carbon

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

Summary
= Soil organic carbon (SOC) is primarily formed from plant inputs, but the relative carbon (C)
contributions from living root inputs (.. rhizodeposits vs ltter inputs (.. root + shoot itter)
are poorly understood. 5 Tiving,

infiuence on SOC formation, but few field studies have explicitly tested this by separately
tracking living root vs litter inputs as they move through the soil food web and into distinct

a manipulative field experiment with an annual C, grass in a forest understory to
track its iving root vs litter inputs into the soil and to assess net SOC formation

ol
« We show that iving root inputs are 213 times more efficient than litter inputs in forming
both slow-cycling, mineral-associated SOC as well as fast-cycling, particulate organic C. Fur-
thermore. we demonstrate that living root inputs are more efficiently anabolized by the soil

Plant rhizodeposition: A key factor for soil organic

matter formation in stable fractions

Soil organic carbon formation remains poorly understood despite its importance for human
livelihoods. Uncertainties remain for the relative contributions of aboveground, root, and
rhizodeposition inputs to particulate (POC) and minerak-associated (MAOC) organic carbon
fractions. Combining a novel framework with isotope tracer studies, we quantified POC and
MAOC formation efficiencies (% of C-inputs incorporated into each fraction). We found that

(9%) or aboveground inputs (7%). In addition, rhizodeposition unexpectedly reduced POC
formation, likely because it increased decomposition rates of new POC. Conversely, root
blomass inputs have the highest POC formation efficiency (19%). Therefore, rhizodeposition
and roots appear to play opposite but complementary roles for building MAOC and POC
fractions.

microbial community en route to the mineral-associated SOC pool (dubbed ‘the in vivo
microbial tumover pathway).

« Overall, our findings provide support for the primacy of iving root inputs in forming SOC. Srootoon
However, we also highiight the ps fiving root

which may deplete SOC pools despite greater SOC formation rates.

R Vilaring SH_cto

particulate > ’ mineral-associated
organic matter N\ organic matter

microscoplc
fragments organic molecles

Mrethme ) lifetime ~ slow
= st =
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N inputs and SOM - Burn or Build?

Soil carbon storage informed by particulate and
mineral-associated organic matter

* Both!

* Mixture of studies show N inputs can
—Increase SOM: greater residue input into the soil

- Decrease SOM: increased mineralisation (N mining)
- No effect
* The impact of N on SOM depends.

o4
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Maximum soil organic carbon storage in
Midwest U.. cropping systems when crops .
are optimally nitrogen-fertilized Global Change Biology
[—

Along-term nitrogen fertilizer gradient has lttle effect on soil
organic matter in a high-intensity maize production system

Plant and Environment Intracion | 0 opeaAccess | 0 0 0 O

Synthetic Nitrogen Fertilizers Deplete Soil Nitrogen: A Global

Dilemma for Sustainable Cereal Production

E Pl and Envrcnment meracuon

The Myth of Nitrogen Fertilization for Soil Carbon Sequestration

trontiers

e

Nitrogen Fertilizer Suppresses
Mineralization of Soil Organic Matter
in Maize Agroecosystems
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Carbon input by roots into the soil: Quantification of
rhizodeposition from root to ecosystem scale
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N fertilization (kg N ha~")

* Pausch,J. & Kuzyakoy, Y. (2018). doi: 10.1111/gcb.13850
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Insufficient and excessive N fertilizer input reduces maize root mass across
soil types [E——

Highlights

+ Root mass was maximized near the agronomic optimum N rate.

N fertlizer affected root traits in only the top 30 cm soil lyer.

Soil texture effects on root mass depend on soil moisture.

‘The root to shoot ratio decreased with increasing yield levels.

“Root mass was maximized at 168 kg/ha N; zero and excessive N
fertilization decreased root mass by 33 and 17 %, respectively”

w0 W %0 %o
MRt g

= Ordéfez, R, et ol (2021). doi:10.1016/j1cr.2021.108142
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Applied Soil Ecology

Effects of nitrogen enrichment on soil microbial characteristics: From

biomass to enzyme activities Mineral nitrogen input decreases microbial biomass in soils under

grasslands but not annual crops
ABSTRACT

proc

‘ol micobes, s N enrchment on Highlights
soil microbial blomass and composition and extraceluar enzyme acivies (EEAS) remains unciear. In this
study, to evaluate the responses of soil microbial characteristics, including microbial biomass, microbial com- * We studicd the effect of N addition on soil microorganisms in a meta-
120 published papers at 125 sites that cover five types of biomes worldwide. The results showed that N en !
richmen siaificantly decreased.microbial bomas carbon (MBC) and arbuscular mycorhizal fungi (AMP)  Mineral N input decreased soil microbial biomass by 125 in grassland.
1 i, Inadditon, e N enrichment rte, ad difrent
{hreshalds (the N rate ot whic the microbial response changes) of MBC (6455 ke N b year?, micobial . The negativeeffec n grassland s ikey e o reduced plant specics
00KkgN ha " year ), s * year ), fungal bomass e
(7050 kg Nha ™" year "), kgNha~" year
0926 kg N b gour) mece s ader N enkbasen. Moo, the s of o lrsbes 0 0 + Inannual cropping systems, mineral N input increased sol microbial

cnrichment were affcted by biome type, N cnrichment rate and type.

il type. Furthermore, the results showed that N enrichment significantly <ol physical and chemical
pertics, which may N enrichment

N enrichment decreased the soil microbial biomass and showed a significant efect on soil EEAS across all

terresrial ccosystems, with more pronounced effcts observed with increasing N rate and duration. 0 ar o or o fertilized.

biomass by 13.6%.

- Soil microbes benefit from higher residue inputs when annual crops are

Response ratos

* Jia et al (2020). doi.org/10.1016/j.geoderma. 2020.114256 = Geisseler, D et al, (2016). doi.org/10.1016/}.3psoil.2016.04.015

Synthetic v Organic N

What form
@tk

Inorganic N Carbon Organic N

Soil Organic N

* Soil organic matter (95% of total soil N)

S E

) Gaseous Emissions
B s s

* Proteins
* Peptides
* Amino acids

[TeT—

* Amino sugars

Protein
+ Peptides

I Depolymerieation Ammonifcation I
Microbial Biomass
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« Converted in roots

Ammonium Nitrate

++NH,* ++NO; Nitrate

+ Converted in leaf

* Encourages above
ground biomass

[AGB] at expense

Ammonium, Urea, Org N of roots

* Encourages below
ground biomass [BGB]

* More subsequent
nutrient & moisture

scavenging; enhances
AGB later in season
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Original Article & Open Access

The carbon bonus of organic nitrogen enhances nitrogen use
efficiency of plants

Oskar Franklin iz, Camila Aguetoni Cambui, Linda Gruffman, Sari Palmroth, Ram Oren, Torgny
Nasholm

First published: 31 May 2016

The importance of organic nitrogen (N) for plant nutrition and productivity is increasingly
being recognized. Here we show that it is not only the availability in the soil that matters,
but also the effects on plant growth. The chemical form of N taken up, whether inorganic
(such as nitrate) o (such as amino acids), may sig y influence plant shoot
root growth, and nitrogen use efficiency (NUE). We analysed these effects
synthesizing results from multiple laboratory experiments on small seedlings
(Arabidopsis, poplar, pine and spruce) based on a tractable plant growth model. A key
point is that the carbon cost of assimilating organic N into proteins is lower than that of
inorganic N, mainly because of its carbon content. This carbon bonus makes it more
beneficial for plants to take up organic than inorganic N, even when its availability to the
roots is much lower — up to 70% lower for Arabidopsis seedlings. At equal growth rate,
root:shoot ratio was up to three times higher and nitrogen productivity up to 20% higher
for organic than inorganic N, which both are factors that may contribute to higher NUE in
crop production.

Y

-3

Table 2. Biochemically calculated assimilation costs for different N sources in gC
8N~ according to Zerihun et al. (1998)

N source Gross C costs Cbonus? Net N assimilation C cost
L] | 0 58

NH, 432 o 432

Gin 430 214 216

g a3 129 308

°Cbonus s equal to the molecular gC per gN.
© Calculated assuming g70ss C costs without C bonus)for N assimilaton are
equal to Gin

et al.,(2016). doi; 10.1111
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° Adamczyk (2021). doi.org/10.1007/511104-021-050:

© Joel Williams | www.integratedsoils.com



Growth Stimulatory Effects and Genome-Wide Transcriptional Changes
Produced by Protein Hydrolysates in Maize Seedlings
c

* Santi et ol (2017). dol.org/10

A holistic framework integrating plant-microbe-mineral
regulation of soil bioavailable nitrogen

‘ ‘ In agroecosystems, global fertilizer nitrogen use efficiency (NUE) remains stubbornly low at
around 40%, and must nearly double by 2050 to meet predicted food and environmental
demands.

The modest success of technological solutions focused on fertilizer management reveals the
short-comings of a narrow focus on managing inorganic N.

Our model adds to calls for active management of SON and suggests that future agronomic

research should seek to develop ways to enhance N supply from POM and MAOM when plant
demand is high, but equally, to rebuild those SON pools during non-growing or fallow seasons. , ’

* Daly, A, et al. (2021). doi: 10.1007/510533-021-00793-9

High fertilizer

Potential fertilizer impacts on bioavailable N supply
from MAOM in soils with adequate MAOM-N

Low fertilizer
OO 4
N

Left: Modest, economical fertilizer application
(lighter green gradient) incentivizes plants to invest
in root ion and iatic with mye

(pink). Resulting plant-microbe-mineral interactions
in minimally fertilized soils (1) liberate more
bioavailable N from MAOM (orange); (2) increase
microbial biomass; (3) produce less microbial
ammonium waste and contribute less to N losses;
and (4) increase necromass inputs that can replenish
MAOM-N pools.

Right: Heavy fertilizer application (darker green
gradient) disrupts these plant-microbe-mineral

interactions.

* Daly, A€, et al. (2021). dor: 10.1007/510533-021-00793-9

° Santi et al (2017). doi.org/10.3389/fpls.2017.00433

Particulate
organic

Depolymerization
and solubilization

Monomer sorption-desorption

]
Microbial assimilation,
recyling, mineralization

* Daly, AE. et al. (2021). doi: 10.1007/510533-021-00793-9

Nitrogen Use Efficiency Definitions
of Today and Tomorrow

‘ ‘ For a more complete picture of measuring NUE, the entire plant should be considered—
including the roots. Roots comprise roughly 14% of total plant N in common annual crops with
4-71% of total plant N released to soil as rhizodeposits.

A conspicuous oversight in how several NUE indices are conceptualized is the neglect to
consider forms of N other than inorganic N.

To better capture all the forms of N that plants use, the reconceptualizing of NUE must [...]
include the soil organic N pool that is available to and usable by plants—as this would ’ ,
numerically reduce several traditional estimates of NUE.

© Joel Williams | www.integratedsoils.com



How do terrestrial plants access high molecular mass organic nitrogen, Sources Of Or gan icN
and why does it matter for soil organic matter stabilization?

> . Cr -
PP ———p— Crop residues
SOM root growth  C surplus SoM « Roots
decomposition +ON | stabilization
* Root exudates
* Microbial metabolites
4 . D * Dead organisms — microbes, invertebrates etc
distur-  Navail- 3 plant )
u peocos )| somy Lo S * Organic amendments — compost, manures etc

Plant
andsoil

1). doi.org/10.1007/511104-02

The legume introduction would provide the N
avoiding SOC priming for N mining
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Robbo Robinson
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Integrated N Management

 Carbon based inputs

* Intercrop with legumes
* Organic amendments
« Livestock Integration

Direct Transfer through mycorrhizal hyphac
\Qm) of plant tissues * Foliar N
Exudation Uptake * Synergistic nutrients

by living cells Soluble N

compounds « Biofertilisers — N fixers
* Plant breeding for NUE

Soil

In Summary

* Soil organic C & N dynamics are complex — many knowledge gaps T h an k VO u, Qu est | ons ?
« Emerging paradigm on soil C is challenging existing ideas — watch this space
« Ninputs should be optimised as best possible — excess N on roots and SOM?
« C-based additions to artificial N inputs creates ‘organic N’

« Use organic amendments where possible Mailing List, More info:

* Intercropping with legumes

www.integratedsoils.com
¥ @integratedsoils
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