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Biosphere-2. -

A parable about soil organic matter
and the carbon cycle.




Biospherians in Biosphere2
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‘Increase SOM levels by:

» Soil conservation

« Cover crops
High plant productivity
~+ Return of plant residues
Controlled grazing
: . . .
-+ High soil moisture
-+ Surface mulch
- Composts & manure
|

"« Appropriate N leve

{
i
4% * Intensive tillage P
S u\ Low plant productivity
—1I* Whole plant removal
|- High temperatures
Overgrazing
Dry soil conditions
High temperature/direct sun
Fire
Reliance on inorganic
fertilizers

"

% « Excessive mineral N
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; Typical fate 1
\| year after 100
~{ grams of plant
e residue C
added to a soil
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Organic residues:
100 grams

CO,
60 to 80% of

C respired

— 60-80 ¢

Biomass of
microorganisms |

Protected,
stabilized

Labile, non-living
Carbon

15 to 35% of C incorporated
Into soil is stabilized
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Soil organic matter

| | 1

Living Identifiable Nonliving,
organisms; dead tissue: nontissue;
BIOMASS DETRITUS HUMUS

HUMIC NONHUMIC
SUBSTANCES SUBSTANCES
Extracl’rk I
Insoluble with alkali - go|ple
organic (NaOH) organic
Treat with acid F‘ 1t
eH O Traditional
Precipitated bcrluhle soll organic
! S matter
Humic FuIV|c concepts
acids acids , - --
molecular wi. Fig. 12.11 from
(up to 300,000) Brady & Weil,

14t edition,2007
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Conventional

| tillage with
potato/wheat/bean [ ! Aggregate stabil |ty

ﬁtatlon | orslaking of tilled |
. - & and untilled soil

% 30 years

‘.ﬂ In grass
and trees
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Organic C in 2 Midwest agricultural soils as

= b » ‘
: influenced by crop gesidue inputs =
SE 59 : 1 oX v R K
| ‘EU .EU 35 " ' ‘ b BT L "
52 52 5. -
- 52 5= o
B S 25
@ 03}
| 20
|
i Aboveground inputs Aboveground inputs
| (Mg-ha™'-yr™) (Mg-ha="-yr=’)
' 65
S & 45f -
&= - wl :
o< o< v
£ £O ®r '
- e o< L -
5= g= 0
5 S 25F -
A & A
i Eﬂ ] 1 1 1 1 1 1
1 2 8 4 5 1 2 3 4
Belowground inputs Belowground inputs g 25
(Mg-ha™"-yr™) (Mg-ha "yr') i e

Russell et al.(2009). Nitrogen fertilizer effects on soil carbon balances in
Midwestern U.S. agricultural systems. Ecological Applications 19:1102-1113.
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Nltrogen mputs are necessary to maintain or increase SOqi
’
i

organic carbon in corn-based cropping systems.

— Continuous Corn Corn-Soybean
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Soil organic C change (Mg ha'1yr'1)
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Nitrogen fertilizer input
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‘ it’ crops are optimally nitrogen-fertilized. PLOS ONE 12(3): e0172293.
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Soil organic matter (Mg/ha)

100

* Changes in soil organic matter

Start of cultivation . h . c
fractions due to cultivation and soil
management

90 Plant residues

80
Active Organic Matter
(labile, unprotected C)

70 Cultivation ceases or
improved agricultural
60 practices are adopted
Total soil organic matter
50
40
30

Passive Organic Matter
(stabilized and protected humus)

20

10

O 10 20 30 40 50 60 70 80 90 100 110 120 130
Time after start of cultivation (years)

From: Weil & Brady. 2017.The Nature and Properties of Soils. 15% edition. Pearson.
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Laiage:"¢. 8- 2. O% SOC

I increase in SOC.,

Vi ‘c Ily.Zve at)easta 10% errpf :
-SON d_Qe:me\as ifed asQ 9% or
B *‘>ﬁ \r /‘/, oW ”‘“\ j&\ /' \ _\)\ -

% of/ mlIIIOn Ibs/acre or 46/ OOO Ibs acre (cto 7ftn-
i R Y o

To be de/ cted SOC would ha\4e to increase by > 4, OOO Ibs/acre
If 75% of added organic C |}1 residues is respired within a year,
4,00/0.75 = 16, OOO Ibs of re5|due\C are needed for detectable

h,;

e S

At about 40% C, 40 (0]0]0) Ib"s of dry matter additions are needed.

This could be accomplished with about 5 years of really heavy
(8,000 Ib/acre DM) %over crops,

But it would take 40 years of the typical 1,000 Ibs/acre cover crops
often reported on farms in the Corn Belt.



iSyn’erg'istic effect on soil health when cover crops and
no -til] management are combined.

\‘ "
9 _ 12-year study , southern IL.
R W corn—soybean rotation
no-till, NT;
chisel plow, disk, CP;
moldboard plow, disk, MP
moderately well-drained soill

Carbon change in 0-75 cm soil,

—0.2 4
Cover crops?—

,-'»"-~ - % 5 Tillage system—3

l,.dataﬁfr‘éﬁidlspn etal. (2014)
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|+ Feeds the Biomass
Soil Food Web

Releases Nitrogen,
Sulfur, Phosphorus,

etc.

Promotes and
Stabilizes Aggregate
Structure
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Easily OXidized Organic C
(e.g. POXC)
Particulate Organic

Matter (POM)

Light Fraction Organic
Matter

Soluble Carbon

Fungal sugar-proteins
and bacterial
polysaccharides




ISoiI active C(kg/ha)

NC-0

Active carbon
in 0-100 cm
soil layer

Based on data from :
Wang, F., R. Weil,
and X. Nan. 2017.
Soil & Tillage

R'O NC'100 R-100 Research 165:247-
Treatments _







