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Blacks soils in different classification systems
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Black soils are under threats

Soil erosion Loss of SOM
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Sustainability of black soils

The sustainability of black soils depends on the balance between
the rates of soil loss and the rates of soil formation.

Ground surface

G -
COIIUVIUI“"IJ"SOH Ps

-

[ o ]
/-f_-/-'T _Soil producum & g ©

(fom bedrock T

=7

(Heimsath et al., 1997, Nature)

Soil thickness = soil formation (e.g., rock weathering,
exogenous input) — soil loss (e.g., erosion, denudation)

> Black soils loss at average rates 0.2-0.3cm yr!
(Zhang & Liu, 2020)

> How long does it take to form 1cm black soils?

20-40 yrs (Lin et al., 1999)

~100 yrs (Song et. al., 2020)
120-400 yrs (Yan & Tang, 2005)
300-400 yrs (Liu et al., 2003)

Knowledge on the rates of black soil formation
is limited by the lack of precise soil chronology!
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Previous knowledge on black soil ages
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An open and complex system - dating soil is a challenge
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Two protocols to determine black soil ages

Protocol 1
To find closed/ semi-closed systems,
such as charcoal, or buried soils

Protocol 2
To identify signals of primary age and pedoturbation,

fine-grained soil dating, such as single-grain OSL dating and 4C
dating of SOM at molecular level

Webinar series | SUSTAINABLE MANAGEMENT OF BLACK SOILS w



Study 1 Upper age limit for black soils — charcoal
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B35, £ W eae U ~«»HL3 D A piece of woody charcoal
SO ke .fff beneath the Mollic layer aged

16.9 ka. a BP, setting the upper
age limit of black soils in
northeast China.

O It could be forest landscape
prior to the presence of black

2° slope, Hailun

soils
P e Fooom - 14C age
-~ charcoal 16897+ 161 a BP Mollisols did not form
85cm  SOM 12742419 a BP at the time (16.9 ka BP)
_ B of the formation of the
Humin 12992+100 a BP charcoal

P e

Humic acid 15870+150 a BP w
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Study 1

Buried
mollic
layer

Lower age limit for black soils — buried mollic layer

1

215cm

275¢cm

O Buried Mollic layer, fast
erosion — deposition protect
SOM from deposition

O 4C age of the buried layer =
C age prior to burial +
time elapse since the burial

SOM
Humin

Humic acid

SOM
Humin

Humic acid

5° slope, Yi’an

14C age
11873+129 a BP Well-developed black soils
12287+ a BP existed prior to 12.6 ka BP
12548+ a BP

Thus, black soils in northeast

China started to form between
16.9-12.6 ka BP. -

12571+ a BP w
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Study 1

14C and OSL dating of three soils from flat terrain
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Previous!*C dating of SOM
may have underestimated
the age of black soils.

Ages discrepancies between *C and OSL dating

» OSL ages are much older
than 4C ages, especially in

Lower boundary of

mollic layers ; 'I
eeper soils.
14C ages
- 7_9gka BP » » The OSL ages at the
bottom of the mollic layer
OSL ages » 13.5-14 ka BP, agree well
~13.5-14 ka BP with aforementioned results.

Balling-Alleragd warm period (14.7~12.7 ka BP)

» Contamination by
younger C from
roots exudates,
DOC leaching,
pedoturbation...
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Study 1 Favorable environment for black soils formation
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Study 1

Dust as a major source for parent material of black soils
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O The surface of the quartz particles shows the
mechanical impact characteristics typically
generated during the wind transport

O The primary peak at ~37um was identical with
typical loess, suggesting their aolian origin.
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Study 1

20

Variations in rates for dust accumulation
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0 Based on the depth-OSL ages, dust accumulates continuously since glacial period

O Black soils formed (dust accumulated since B-A period) at a rate of ~6 cm ka

7
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An accretionary pedogenic model for black soil formation
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A 14C age of humic acid ® OSL age

14C ages from
BACON model

Mollisols started to form extensively during
the Bolling-Allered mterstadial period;

Thick mollic layer developed by incorporating
fallen dustand accumulating SOM:

Mollisols developed at a rate of ~6 cm ka!

Aaeolian
dust

[SREEREN

7 Dust
deposition

Soils grow
upward

Mollic
layer

Loessic
material

OSL ages from
BACON model

Lower limit of
the mollic layer
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A J

e Onset of black soil
A Apparent *C age
A Inherited #C age

—> Rejuvenation of soil carbon

---> Time elapsed since burial

(Science Bulletin, 2023)

O Black soils grow upwards by incorporating the continuous dust inputs and the accumulation of SOM.
O The model explains that the *C ages are progressively younger than OSL ages with increasing depth.
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Study 2 Pedoturbation and black soils formation

The widespread Krotovinas (rodents burrow) indicate the intense bioturbation in black soils
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Study 2

Pedoturbation and black soils formation

B. Burnt Marl. C. Quartz Pebbles.

Charles Darwin Sketch of black soils by Darwin (1840s)

Krotovinas in black soils
Based on observations, Darwin
proposed that bioturbation is an :
important factor in forming soils How to quantify

pedoturbation/ soil

How deep can bioturbation reach? mixing?
Relations between intensity and depth?
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Study 2 Single-grain luminescence as a bioturbation tracer

Optically Stimulated Luminescence (OSL) dating Technical
records the time elapsed since the last exposure ' ) - breakthrough PP . I
to sunlight of soils (quartz or feldspar) 2\ e
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Study 2

Research site and soil
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Study 2
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2 peciphering black soils formation through bioturbation
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Conclusions

» The onset time for black soils was 16.9-12.5ka BP, most probably during the
Balling-Allerad period. This is much earlier than previously reported.

» Black soils formed at a rate ~6 cm ka. Black soils grew upwards by
Incorporating the continuous dust inputs and the accumulation of SOM.

» Modern bioturbation can reach 80cm, its intensity decrease exponentially.
Bioturbation intensified since 16.4 ka, which can be viewed as a starting point

for black soil formation.
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