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Typical soils of loess hilly lands in Western Slovakia J)
(Soil classification according to WRB, 1994) e T e

Luvi-Haplic Chernozem Calcic Luvisol Calcaric Regosol

Original s ol | s Final stage of erosion
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Tunnel erosion
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Fallout radionuclide methods used in soil erosion research

Methods for soil erosion assessment

Pedomorphic method (estimation based on the changes of soil horizonation)
Volumetric method (measuring the volume of rills and gullies).

Geodetic method (measuring the changes in soil surface as referred to stable points).
Erosion measurements at experimental plots (total collection of soil sediments)
Hydrological methods (suspended sediment load)

Rain simulation (use of artificial rainfall to create erosion: a) in field, b) in laboratory)
Erosion models (USLE, EPIC, WEPP, EUROSEM ...)

Fallout radionuclide methods (*¥’Cs, 21%Ph, "Be)

6a. Rain s,;r\n‘u
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USLE, Slovakia)

enecosey, ) Feranes

7. Modelling (
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8. Fallout radionuclide methods
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Direct measurement of erosion rates and sediment accumulatlon
" surveying methods
" erosion plots
" indirect methods (e.g. suspended sediment monitoring)

nuclear technigques
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Erosion plots e




Hydrological profile with suspended sediment sampler




Erosion plots (Japan)
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Erosion pins
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measure soil accumulation or loss along pins e €

precision low: £ 1 mm => 12t ha

point values




Rainfall simulation
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reproduces impact of natural rain with known KE b s
control on experimental conditions
investigate quickly varied systems

limitation of slope length




Field rain simulator (:)/ S0
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Laboratory rainfall simulator
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Fallout radionuclide methods

Origin of fallout radionuclides

137Cs (half-life of 30.2 years) originated from (a) atmospheric bomb
tests (fallout from 1954 to mid-1980s with peak in 1963) and from
(b) the Chernobyl power plant accident in 1986.

210ph (half-life of 22.8 years) has geogenic origin. It is a product of
222Rn decay taking part in both soilscape and atmosphere. 21°Pb
originating in atmosphere deposits on land surface and enriches
the soil upper layer (**°Pb,,)

'Be (half-life of 53,3 days) is a cosmogenic radionuclide produced by
the bombardment of the atmosphere by cosmic rays causing
spallation of O and N atoms.
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Overview of Environmental Radionuclides

Radionuclide

Be

134Cs

210pp

137CS

239py

90Sr

Origin

Natural: cosmogenic

Artificial: Chernobyl

Natural: geogenic

Artificial: Atmosferic bomb tests and Chernobyl

Avrtificial; Atmosferic bomb tests

Artificial: Atmosferic bomb tests

Half-life

53 days

250 days

22 years

30 years

24000 years

Emission

Gamma (10,3)

Gamma (98,0)

Gamma (4,06)

Gamma (85,0)

Alfa

Energy

477 keV

604 keV

46 keV

661 keV



Origin of fallout radionuclides (FRN)

Three radionuclides (*"Cs, *Pb and "Be) falling with precipitation from atmosphere (hence termed
“falloutradionuclides™) can be used to measure the soil erosion rates

¥7Cs — antropogenic origin: ’Be — cosmogenic

release of “'Cs by nuclear weapon tes orlgin:

Wk spallstion of Oand N, release of "Be

Be fallout with

release of ¥'Cs by ivitati
ipitation

nuclear power plant
accidents
210 2 - - - -
global circulation Pb — geogenic origin:
of ¥'Cs

3y of “Rn 1o *Pbin
) 5 -

SUNOSPNErs

49Phb fallout with precipitation

“Cs fallout
with
precipitation
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Origin of fallout radionuclides:
137Cs, 210Pp and 7Be
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Global distribution of bomb-derived 13’Cs \y s
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Fallout records of 137Cs
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Fallout Radionuclides: atom bomb testing

Global fallout (clear time-scale)
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(Playford et al., 1990)

@ Food and Agrnculture Organization of the United Mations Internatiomal Atomic Energy Agency
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Geographical distribution and
spatial variability of radionuclide deposition
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Origin of 21°Pb and "Be

decay  Pb-210

Half-life: 22.3 years

Origin: MNatural geogenic

CliphnardﬂSh”“”-’” f!;’f!!!ﬁ!ff!fﬁﬁfﬁ;?{ﬁ.

chaca
Ra-226 ——» RN-222 ——2+ PB-210

Cosmic Rays
'
Half-life: 53.3 days el
Origin: Natural cosmogenic a..r//‘/
Walling, 2004
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Origin of 21%Pb and "Be

decay  Pb-210

Half-life: 22.3 years

Origin: Natural geogenic
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caca
Ra-226 — ' RAn-222 — 2+ Pb-210

Cosmic Rays
'
Half-life: 53.3 days o2
Qrigin: Natural cosmogenic Bﬂ‘/f//
Walling, 2004
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Principle of 3’Cs method (:)/J o

137Cs and soil erosion
137Cs fallout with precipitation (P)

e B e B B

e —— 4
- s cce e 0 e &

Strong bounding of
“Cs to soil
particles

\ Deposition of

\ soiland ='Cs

™ Do
\
: Deposited
Undisturbed soil 2
(reference site): Erosion site: ¥'Cs < P Deposition site:

SiCs=P SiCs>p



Principle of 13’Cs method

i ""Cs circulating in stratosphere

e e,

¢, 0 M

Wet fallout of ' Cs

2




Depth distribution of $3’Cs method

0.0

Cs-137 Aclivity (Bg.kg™)
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Cs-13T Activity (Bg.kg™)
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Distribution of 137Cs in soils

Cs-137 activity
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Soil sampling for FRNs determination e
Recording of site and sample information Sample distribution
Single transects
Sampling approach Multiple transects
The depth incremental sampling (Bq kg?) Regular grid
The bulk sampling (Bq m2) Irregular grid

Incremental depth sampling using the mechanical core sampler



Principle of 13’Cs method
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Bulk core sampling for $3’Cs method
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Depth incremental sampling
(scraper plate)

Source: Li, 2004
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In situ measurements of 3’Cs method using portable (V;J &
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gamma detector
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Sample preparation

Air drying, grinding and sieving
Weighting and bulk density determination



Sample measurement

Laboratory measurement using HPGe gamma
spectrometry. Low background shielding

Use of appropriate software for data acquisition
Quality assurance/ quality control

Stabllity of detectors background

Stability of detector efficiency and calibration
Participation on inter-comparison exercises
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FRNs determination

The deposited 137Cs, ?10Pb, and "Be can be
measured using the Gamma-ray
spectrometry

The FRN quantity can be expressed as
concentration (Bq kg1) or as total
inventory or total areal activity (Bq m?)

Fig 2. Gamma spectrometer, Soil Science Unit, IAEA
Laboratories, Seibersdorf
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Measurements of 137Cs e e

65536

AQABD A e i | Livll Lo i e e s e

32768_ A R e R L N S S AN S S W E ............................................................................................................. A s

syl e st e s L el B B LS SO, Al ) LR | |0 S0 O Y PR, — SRRSO o MR |

500 662 1000 1500 2000



Principle of FRN conversion models:
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- Models for non-cultivated land
- Models for cultivated land

40 cm

S0 cm

» 60 cm

70 cm
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Determination of soil erosion rates with aid of conversion
models

Models for cultivated sites:
Proportional model
Simplified mass balance model
Standard mass balance model
Tillage mass balance model

Models for non-cultivated sites:

Depth distribution model
Incremental model



MODELS INCLUDED IN THE SOFTWARE

o (Cs-137
Proportional model
MBM1, MBM2, MBM3
Profile distribution model
Diffusion and migration model
« EXxcess Pb-210
MBM2, MBM3
Profile distribution model
Diffusion and migration model
 Be-7
Profile distribution model
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Conversion models (Walling et al., 2005)

Proportional Model

Ar—A)

r Y - mean annual soil loss (t hal y1)
B - soil bulk density (kg m-3)
107P d - plow depth (m)
Ar - reference 13’Cs inventory (Bq m-2)
A - ¥Cs inventory of eroded point (Bq m-2)
T - time since the beginning of 137Cs fallout (y)
P - particle size parameter

Bd(lOO

Model hypothesis :
m 137Cs fallout is completely mixed within the cultivation layer

= Soil loss is directly proportional to the amount of 13’Cs removed from the soil profile
since the beginning of the fallout

Advantages :
= Simple to use, needs only tillage depth and 137Cs inventories
Limitations :

= Overestimates erosion if fallout is removed before being incorporated in the soil
profile

= Underestimates erosion by not accounting for gradual dilution of 3’Cs concentration by
incorporation of subsoil



Proportional model

Bd (100 Al Aj
Ar

Y= 10TP

Y - mean annual soil erosion rate (t ha-1 rok-1),

B - soil bulk density (kg m-3),

d - thickness of plowed horizon (m),

Ar - reference 137Cs inventory (Bq m-2),

A - 137Cs inventory of investigated point (Bg m-2),
T -137Cs fallout time (year),

P - particle size factor for eroded point

P' - particle size factor for accumulated point
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Mass Balance Model | v _ 10Bd 1_(1_ Ar — A) 11963 Ll A
P Ar

Model hypothesis :
= 137Cs fallout occurred entirely in 1963

= progressive reduction of 137Cs in the soil of the plow layer due to loss by erosion
and incorporation of subsoil

Advantages :

= easy to use, requires few parameters

= considers the gradual inclusion of 13’Cs poor soil material in the plow layer
Limitations :

= considers all fallout occurred in 1963

= does not consider potential removal of fresh fallout before incorporation in the soil

Y - mean annual soil loss (t ha? y1),
B - soil bulk density (kg m3),

d - plow depth (m),_ W, \
Ar - reference 137Cs inventory (Bq m2), AV J
A - _137Cs inventory of (_eroded point (Bg m), r \\? f) R Yy
t - time of 13’Cs sampling (y), - / -
P - particle size parameter Nl %

| A=A

IOTMUEAUNAC A TOUTETTIG
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Mass Balance Model Il
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Model hypothesis :
» 137Cs fallout variable in time

» integrates fate of FRN deposition before incorporation in soil by cultivation
Advantages :

= s0il redistribution estimates more realistic than with MBm1
Limitations :

= potential difficulty to establish the value of some parameters

y - mean annual soil loss (t ha* rok?)
(1 — r)](l‘)d M dA(Z‘)d I - proportion of deposited 13’Cs removed before ploughing
= — — I(t) - annual *¥7Cs fallout (Bq m rok1)
PA(Z‘) P A(l‘)dt d - weight of lowed layer (kg m2)
P - particle size factor
A(t)- total 137Cs inventory in year t (Bq m2)
A - decay constant for 13’Cs (y)
t - time since the beginning 1¥7Cs fallout (y)

=
AL

IOTMUEAUNAC A TOUTETTIG

B e o e
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Mass Balance Model 2
Parameters Required

Local Reference Inventory

Annual fallout input record

Year of tillage commencement
Proportion Factor

Relaxation depth of Initial Distribution
Tillage Depth

Particle Size Correction



Profile Distribution Model

« Assumes current depth distribution established in 1963

« Assumes exponential depth distribution and uses the
reduction in inventory to estimate the depth of soil loss
and thus the mean annual rate of soil loss

« A relatively simple model to apply



Profile Distribution Model
Parameters Required

« Local Reference Inventory
 Profile shape factor — relaxation depth



Diffusion and Migration Model
Parameters Required

Local Reference Inventory
Fallout input record (synthesised)

Diffusion and migration parameters (calculated from
Cs-137 depth distribution obtained for reference site)

Relaxation depth of Initial Distribution



Software for FRN conversion models

i | e D M
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Inventories conversion
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Calculate inventories now
Model Choice
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World-wide application of the
13/Cs technique

Assessment of medium
term rates and Spatial 137Cs estimated soil redistribution (t ha-1yr-1)
distribution patterns of
both erosion and
sedimentation at the
catchment scale.

Harmonised application
through two CRPs.

Height (m)

(w) WbeH



Harmonising the 3/Cs technique

Assessment of medium
term rates and spatial
distribution patterns of
both erosion and
sedimentation at the
catchment scale.

Harmonised world-wide
application through two
CRPs

137Cs estimated soil redistribution (t ha-1yr-1)




The 13’Cs technique

Assessment of medium
term solil erosion and
deposition rates as well
as spatial distribution Soil redisrbuton_°

patterns at the o) & \
Bl o38- 100

catchment scale.
Harmonised worldwide

application through two g
CRPs.
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Measuring soil erosion and
sedimentation

The 13’Cs technique |
provides medium term =iz
soil erosion and
sedimentation rates as
well as their spatial
distribution patterns at
the catchment scale.

Harmonised world-wide
application through two
CRPs




Fallout (PBq)

Sediment dating

Radio-isotope content
Chemical composition
Magnetic properties

Mixing models
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Soil redistribution inventorz at plot scale at
Bohunice site, Slovakia

Emil Fulajtar
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Results from Bohunice site e e

A Transecl

* Sampling points
// Conture lines
/\/ Parcel boundary |

0 100 m

Multiple transect gril“

\.‘.'.-
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Tab. 12. Jaslovské Bohunice - Erosion and deposition rate
calculated by
selected calibration models

137Cs ) R
ST0E Position activity Soil STOSION -
point (Bakg?) deposition (t.ha’|
Lyear?)
Proportional NEED e
- ballance ballance
model | model 11
Transect A
Al ESS 2455,7 - 20,67 - 28,88 - 9,01
A2 VB 4615,7 58,08 88,96 24,18
A3 WCcS 3932,0 33,15 50,77 15,98
A4 WSS 2038,8 - 35,89 - 54,59 - 17,56
A5 WCvS 2069,9 -34,75 - 52,50 - 16,84
A6 WP 2989,8 - 111 - 3,30 - 0,90
Transect B
B1 VB 4490,7 53,52 70,32 22,75
B2 WSS 2898,0 - 4,56 - 5,88 - 1,80
B3 WCvS 2762,4 - 9,50 -12,55 - 3,85
B4 WP 2687,9 -12,13 - 14,50 - 8,20
Transect C
Cc1 ECvS 1078 -64,34 -127,06 -94,23
Cc2 ESS 3910 29,34 59,26 42,21
c3 VB 4539 50,15 101,28 72,14
C4 WCcS 4548 50,45 101,88 72,57
C5 WSS 1783 -41,02 -65,51 -41,90
(o] WCvS 2526 -16,44 -22,40 -12,81
c7 MP 2738 -9,43 -12,36 -6,90
c8 ESTV 2182 -27,82 -40,57 -24,31
Cc9 TVB 2836 -6,19 -7,97 -4,41
c10 WSTV 3063 1,32 2,24 1,45
c1l1 WP 2979 -1,46 -1,83 -1,00

""-l_:h"t. ’f '.'I.
N0 VR Y
C’ \{3, J ) _//
Transect D N J » -3 __'
D1 ECVS 1538 49,12 -83,68 56,07 AR
D2 ESS 1117 -63,05 -122,75 =N T AUTTRERPTOgTamme
D3 ECcS 4801 58,82 110,33 75,3810 TR Ie «iF
D4 VB 4310 42,57 79,86 54,56
D5 WCcS 3244 7,31 13,71 9,37
D6 WSS 3226 6,72 12,60 8,61
D7 WCvS 1936 -35,96 -55,36 -34,48
D8 MR 1910 -36,82 -57,03 -35,67
D9 ESTV 1409 -53,39 -94,42 -64,97
D10 TVB 3150 4,20 7,40 4,88
D11 WSTV 1733 -42,67 -69,01 -44,54
D12 WP 2630 -13,00 -17,37 9,82
Transect E
El ECVS 1328 -56,07 -101,66 71,19
E2 ESS 2967 -1,85 2,34 -1,28
E3 ESS 1797 -40,56 -64,55 -41,18
E4 VB 2502 -17,23 -23,58 -13,53
E5 WSS 2641 -12,64 -16,85 9,51
E7 ESTV 2744 9,23 -12,09 -6,74
E8 TVB 3666 21,27 34,61 21,82
EQ WSTV 3059 1,19 1,94 1,22
E 10 WP 3812 26,10 42,47 26,77
Transect F
F1 EP 2391 -20,91 -29,22 -17,01
F2 ECVS 2593 -14,22 -19,14 -10,86
F3 ESS 2292 -24,18 -34,47 -20,34
F4 VB 4532 49,92 70,14 39,95
F5** WSS 2290 -24,10 -34,46 -20,20
F6** MR 1424 -52,96 -93,09 -63,86
F7 ESTV 2117 -29,97 -44,31 -26,82
F9 WSTV 2081 -31,16 -46,43 -28,26
F10 WP 1931 -36,12 -55,68 34,71
Transect G
Gl EP 2381 - 23,39 -33,14 - 10,39
G2 ECVS 2436 -21,39 - 29,98 - 937
G3 ESS 2281 - 27,04 - 39,08 -12,33
G4 ECcS 4036 36,95 52,93 20,14
G5 VB 3608 21,32 30,54 11,62
Transect K
K1 EP 3117 3,11 491 =302
K2 ECvS 3020 -0,09 -0,12 AT\ -oldz /T (
K3 ESS 2259 -25,27 -36,27 N A -'J V.
K4 ECcS 2864 -5,26 -6,75 PN | v
K5 VB 5304 7545 106,96 L 6431 ) — _,—‘/
K6 WCcS 2362 -21,87 -30,74 _-1~7¢i >
K7 WSS 1580 47,73 -80,38 'H.._—ﬂ_ ] A= 0
K8 WCVS 1597 4717 -79,06 -52,36 P i
K9 WP 2266 -25,04 -35,89 L 22425
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A37Cs inyentor

Transect
H
H1 EP 3031 0,26 0,38 0,22
H2 ECVPP 2945 -2,568 -3,27 -1,79
H3 ECvS 2440 -19,29 -26,70 -15,44
H4 ESS 2402 -20,54 -28,65 -16,65
H5 ECcS 3835 26,86 37,33 21,13
H6 VB 4000 32,32 44,92 25,42
H8 WSS 2034 -32,72 -49,26 -30,20
H9 WCvS 2707 -10,45 -13,78 -7,72
H 10 WP 2380 -21,27 -29,79 -17,37
Transect |
11 EP 2812 -6,98 -9,04 -5,00
12 ECVPP 2823 -6,62 -8,55 -4,73
13 ECvS 1481 -51,01 -88,31 -59,86
14 ESS 1848 -38,87 -61,10 -38,63
15 ESS 2853 -5,62 -7,23 -3,99
16 ECcS 3380 11,81 19,09 11,95
17 VB 3416 13,00 21,02 13,16
18 VB 3954 30,80 49,80 31,17
19 WCcS 3817 26,27 42 47 26,58
110 WSS 2797 -7,48 -9,70 -5,38
111 WCvS 1995 -34,01 -51,65 -31,86
112 WP 2381 -21,24 -29,74 -17,34
Transect
L
L1 EP 2786 - 8,63 -11,35 - 3,48
L2 ECvS 2310 - 25,99 - 37,34 -11,76
L3 ESS 2011 - 36,91 - 56,58 - 18,22
L4 ECcS 3922 32,92 48,90 15,67
L5 VB 4852 66,71 98,95 30,88

Fig.3 137Cs distribution along transects
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Fig. 5 Spatial distribution of  Cs

“cs inventory
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Spatial pattern of erosion/deposition processes (1:10 000), Jaslovské Bohunice, soil
erosion rates (t ha! y1) calculated by mass balance model
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Total ¥3’Cs inventories and soil erosion/deposition rates calculated by conversion models

Soil redistribution Soil redistribution
Sl Sample Slope ) s : Mass Mass Sample Sample Slope ) e : Mass Mass
X depth positio inventory Proportion balance balance 2 depth positio inventory Proportion balance balance
protilc (cm) n (Bg.m) al model model I model 11 ot (cm) n (Bg.m?) al model model | model 11
that that

Transect A Transect C
Al 0-40 ridge 10326 33 51 3,0 C1 0-40 slope 5216 -48,9 -82,9 -54,8
A2 0-40 slope 11404 14,4 21,8 12,9 Cc2 0-35 slope 7339 -27,2 -39,6 -23,4
A3 0-40 slope 7747 -23,0 -32,7 -19,0 C3 0-35 slope 8990 -10,3 -13,7 -7,6
Ad 0-35 slope 9801 -2,0 -2,6 -14 C4 0-35 slope 6519 -35,6 -54,7 -33,6
A5 0-35 slope 13810 39,0 55,2 31,1 C5 0-35 slope 11029 10,5 16,7 10,1
A6 0-35 slope 14186 42,8 60,6 34,2 C6 0-50 valley 10607 6,2 9,8 6,0
A7 0-40 slope 9844 -1,6 -2,0 -11 Cc7 0-35 slope 5622 -44.8 -73,4 -47,4
A8 0-40 slope 9486 -5,3 -6,8 -3,7 Cc8 0-35 slope 7796 -22,5 -31,9 -18,5
A9 0-40 valley 13734 38,2 53,0 29,6 c9 0-40 ridge 9913 -0,9 -1,1 -0,6
A10 0-40 slope 13627 37,1 51,5 28,7 Transect D
All 0-35 slope 10590 6,0 8,4 4,7 D1 0-35 ridge 9770 -2,4 -3,0 -16
Al12 0-35 slope 7678 -238 -33,8 -19,7 D2 0-35 slope 10448 4,6 58 3,1
Al13 0-35 slope 11040 10,6 15,0 8,4 D3 0-50 valley 8681 -13,5 -18,2 -10,1
Al4 0-35 ridge 10662 6,8 9,5 54 D4 0-40 slope 8226 -18,1 -25,0 -14,2

Transect B D5 0-35 slope 7910 -21,4 -30,0 -17,3
B1 0-40 ridge 9347 -6,7 -8,7 -4,7 D6 0-40 slope 7993 -20,5 -28,7 -16,5
B2 0-40 slope 11360 13,9 18,1 9,7 Transect E
B3 0-40 slope 7448 -26,1 -37,7 -22,2 E1l 0-40 ridge 8853 -11,7 -15,6 -8,7
B4 0-40 slope 5883 -42,1 -67,7 -43,0 E2 0-35 slope 8901 -11,2 -14,9 -83
B5 0-40 slope 7793 -22,6 -32,0 -18,5 E3 0-35 slope 5556 -45,5 -74,9 -48,5 -
B6 0-50 valley 13249 33,2 50,3 29,7 E4 0-35 slope 9234 -7,8 -10,2 -5,6 i -'r
B7 0-35 slope 5177 -49,3 -83,9 -55,6 =5 0-35 slope 9140 -8,8 -11,6 -6,4 r_.j | I__
B8 0-35 slope 9151 -8,7 -11,4 -6,3 E6 0-50 valley 17571 774 117,0 69,4 l"_.-
B9 0-40 ridge 9369 -6,5 -84 -4,6 E7 0-35 slope 5126 -49,9 -85,1 -56,6 i :

E8 0-35 slope 7728 -23,2 -33,0 -19,2 Pow
E9 0-40 ridge 6824 325 -48,9 29,6 A !
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Forest ‘ . Spatial distribution of soil erosion and
‘ i @ deposition at Mochovce site, Slovakia
...° ‘2 . .'. 3 The erosion rates at the steepest central
Lo B/ 8 e parts of the slopes are between 17 and 63 t
Ve WA . .. . _ ha! y-1 with an average of 39 t ha! y1 (Mass
D r - . Balance Model 11).
= o B . .. “¥ The deposition rates in the valley bottom
e s, ° range from 3 to 69 t ha! y! with an average
. of 32thalys

/\/ Water flow
/\/ Conture lines
® Multiple transect sampling grid
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Comparison of soil erosion rates obtained by *’Cs method at Jaslovské Bohunice and Mochovce sites

UEIOELS overall on-site
Bohunice . 40 ha soil 1954-1998 | 80m 4-8° ArL 26.1tha" | 551 | 11,4544 | 70 points
Fulajtdr redistribution
(2003)
overall off-site 39.0tha
Mochovce cca 50 ha sediment 1954-1998 | 100 m 4-12° F+ArL 1 39,0 17,0-63,0 | 88 points
transport
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Soil erosion rates measured at experimental plots

JOTTUEAUTIAERAR TOYTATTITE:

ikt Rl ool ol Jci il

Cegejovee total 25x2 m sheet and 1981-82 485
Stasik et al collection (50m?) initial rill (growing 25m 6-7° OR, WW (g.m?) 4,85 2.9-6.8 2
(1983) erosion seasons) 9.
Stak¢in, Ubla sheet and 1986-88 294
st e LU initial rill | (growing | 1om | 6100 | WWYWRO gm2) | 204 | 087 8
collection (50m°) . SM, P
(1988) erosion Seasons)
SB, SF, 925
0 -2
Osikov, Kodin, 4-6 GM,WW, | @m? | 925 0-75 12
Gbely shB
S0 sheet and 1994-96
Smolinské, total N
- 20x2m initial rill (whole 20m WW. ShB
Risnovce collection . ) , 1.384
Fulajtr, Jansk§ erosion years) 8-10° WR, SB, (g. ) 138 0-75 34
(2001) GM, SF, ' '
AL, OR
Lukacovee, i | qooxtom | Seetand | 199799 | WW, WR, | 42.4 ;
ra LU Pping M| maturerill | (whole 4-12° SB,OR, | (kgha') | 004 | 0032 0 |
Gajdova et al buckets (1000m?) erosion cars) m oM
(1999) y
A P o
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Compound Specific Stable Isotope Analyses (CSSlI) ( »;
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S13C of coniferous forest
(Source 3)

813C of deciduous forest
(Source 4)

813C of maize
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013C of wheat (Source 2)»—
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313C of sediment
(Mixture of Sources 1-5)



Assessment of long term impact of soil erosion under the (e,j“ S/
large scale mechanized agriculture using remote sensing =
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Data from individual transect sites

Legend

eroded soils
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Mathematical classification of SPOT PAN Image

Procedure comprise of four steps:

1. Land typization

2. Uncontrolled mathematical classification
3. Uncontrolled aggregation

4. Expert aggregation

Three land types:

1. winter wheat

2. stubble

3. bare soils

Four classes of electromagnetic
reflectance (1, 2, 3, 4)

Legend
Crop cover type
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Eroded soils of Levice district
(1:50 000)
(vectorization of aerial photographs)

Explanation:

Agricultural land
Moderately eroded soils
Strongly eroded soils

Forests

BELCE

Urban areas

(31% of agricultural
land) in loess hilly lands
of Levice district are
strongly eroded.



Achievements of the technical cooperation in Africa: ReR
Example of TC project in Uganda (UGA5037) e
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Lionel Mabit - William Blake Editors

Assessing Recent
Soil Erosion Rates
through the Use of
Beryllium-7 (Be-7)

@ Springer Open

Methodological handbooks

IAEA TECDOC SERIES

Guidelines for Using Fallout
Radionuclides to Assess
Erosion and Effectiveness of
Soil Conservation Strategies

SYIAEA

e Aot Eaays dguzy

‘E &&%\) il ]

USE OF**7CS FOR SOIL EROSION
ASSESSMENT

IAEA TECDOC SERIES

Guidelines for Sediment
Tracing Using the Compound
Specific Carhon Stable
Isotope Technique
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Success stories: awareness rising articles on web site

)
B
k International Alomic Energy Agency

TOPICS v SERVICES v RESOQURCES v NEWS & EVENTS

ABOUTUS v Search

Press centre Employment Contact

Home / News / Combatting Soil Erosion to Help Achieve Zero Hunger and Clean Water: IAEA Commemorates World Soil Day

Combatting Soil Erosion to Help Achieve Zero Hunger and Clean Water: IAEA

Commemorates World Soil Day

Joanne Liou, IAEA OFff

DEC

5

2019

Over 45 billion tons of soil are lost to erosion every year. Farmers in several
countries have succeeded in slowing down erosion with the help of nuclear
techniques. Here are their stories from Zimbabwe, Argentina and Sri Lanka.

All over the world, the Earth's fine soil particles are losing ground to erosion.
As 95 percent of food is cultivated in soil, the health and availability of Earth’s
living surface impacts the quality and quantity of the food we produce.
“Agricultural landscapes lose valuable soil mainly through soil redistribution
processes,” said Emmanuel Chikwari, Head of the Chemistry and Soil
Research Institute in Zimbabwe. “Once the soil resource is lost, it cannot be
replaced for generations.”

Related Stories

World Soil Day: How Can
Nuclear Techniques Be the
Solution to Soil Poliution and

Increased Productivity?
¥ Nuclear Techniques Help
1 Reveal High Rate of Soil
““ Erosion in Benin
How to Win a Fight Against
 Soil Erosion: Nuclear Science
Helps Farmers in Morocco

Isotope Techniques Trace
Erosion Source to Sri Lanka's
Terraced Tea Plantations

Related Resources
7 World Soil Day 2019

% Joint FAO/IAEA Division of Nuclear
Techniques in Food and
Agriculture

% Soil erosion control

& Guidelines for Using Fallout
Radionuclides to Assess Erosion
and Effectiveness of Soil
Conservation Strategies

B Studying Erosion with the Help of
Radionuclides
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IAEA

TOPICS v SERVICES v

International Alomic Energy Agency

RESOURCES v NEWS & EVENTS+

Home / News / Nuclear Techniques Help Reveal High Rate of Soil Erosion in Benin

ABOUTUS v Search

Press centre Employment Contact

Nuclear Techniques Help Reveal High Rate of Soil Erosion in Benin

Emil Fulajtar, 1A
Joanne Liou, IAE

NOV

12

2019

Harmless traces from nuclear testing more than half a century ago are
helping researchers assess soil erosion rates. In Africa, about 65 percent of
the continent's farm land is affected by erosion-induced losses of topsoil and
soil nutrients, according to the Food and Agriculture Organization of the
United Nations (FAO). Benin is among those countries severely impacted by

soil erosion, which poses a major problem for economic development since
agriculture represents approximately 35 percent of the country’s GDP and 80
percent of its export income. A recent study applied a nuclear technique to
assess rates of soil erosion and support land conservation in Benin.

“Evidence shows that over 90% of soils in Benin have a high level of
degradation,” said Pascal Houngnandan, Director of the Laboratory of Soil
Microbiology and Microbial Ecology at the Faculty of Agricultural Sciences,

Atoms for Food and Agriculture: Meeting the Challenge

Related Stories

How to Win a Fight Against
Soil Erosion: Nuclear Science

Helps Farmers in Morocco

Isotope Techniques Trace
Erosion Source to Sri Lanka's

Terraced Tea Plantations
Viet Nam Tackles Soil Erosion
With Nuclear Techniques

Related Resources

% Soil erosion control

& Guidelines for Using Fallout
Radionuclides to Assess Erosion
and Effectiveness of Soil
Conservation Strategies

% Food and agriculture

B Studying Erosion with the Help of
Radionuclides

% Joint FAO/IAEA Division of Nuclear
Techniques in Food and
Agriculture
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Home / News / World Day to Combat Desertification: Using Nuclear Technology to Strengthen Soil and Water Conservation Strategies

World Day to Combat Desertification: Using Nuclear Technology to Strengthen
Soil and Water Conservation Strategies

JUN

17

2014

Soils are critical for all life-they act as a water filter and growing medium,

supply nutrients for plant growth and contribute to biodiversity. Yet, despite
the universal importance of healthy soil, we continue to lose approximately 5
to 7 million hectares each year through soil degradation - 24 billion tons of
this non-renewable resource have been lost over the last century from the
world's arable land. Today, land and soil degradation affect approximately 1.5

billion people, and not just in arid or dry environments. '—" f,( : i."
|
June 17 is World Day to Combat Desertification, and this year's theme is 'Land ‘f{iz
Belongs to the Future - Let's Climate Proof'. The International Atomic Energy -
-
Agency (IAEA), through its technical cooperation programme and the Joint J ;..‘; - ;.1
FAO/IAEA Division, is helping Member States to address this goal by JOIMEAUTTAERYT DYTamme
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Home / News / On solid ground: IAEA celebrates World Soil Day

On solid ground: IAEA celebrates World Soil Day

DEC

2015

More than 50% of the Earth's land is moderately or severely affected by soil
degradation. Without sustainable practices, this trend will unfortunately

continue, jeopardizing biodiversity, threatening global food prices, and
endangering more than 2.6 billion small-scale farmers whose livelihoods
depend on healthy soil. Although the challenge is great-both in size and
complexity-the UN celebration of World Soil Day on 4 December reminds us
that we have the tools to confront, and eventually resolve, the challenge.

Whereas it may take 1,000 years for a single centimetre of healthy soil to

form, that same plot of land can be degraded or destroyed in moments. This
is the central message of World Soil Day-arable land is fragile and limited, =
which means that our land-use must be respectful and sustainable. Through j ;-3 — ;-1

its technical cooperation (TC) programme, the IAEA works closely with its OMTEAUTNTAER! ;.-ng T
[ESTERN NN TR e T T E TR T
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Home / News / Erosion in Moroccan Watersheds Can Be Reduced up to 60 Percent Through the Use of Isotopic Techniques

Erosion in Moroccan Watersheds Can Be Reduced up to 60 Percent Through the
Use of Isotopic Techniques

Nancy Hart, International Development Correspondent
Related Stories
oCT ,
1 1 s Viet Nam Tackles Soil Erosion
¢ 8 With Nuclear Techniques
2016 :

Isotope Techniques Trace
Erosion Source to Sri Lanka's
Terraced Tea Plantations

e Studying Erosion with the
Help of Radionuclides

Related Resources

% Joint FAO/IAEA Programme
highlights

9, Food safety and quality

Photo: Champa Dissanayake/Sri Lanka AEB)

%, Land and water management

The erosion that plagues Morocco’s hillsides affects more than the % Improving soil fertility

agricultural fields that are losing soil. The eroding soil that sweeps down the % Solf erosion conuol -t 4 £ 0
hillsides eventually ends up as sediment in water reservoirs, leaving them \@/ U fo {:; N/
with less water storage capacity. The Joint FAO/IAEA Division, working with ﬂ“&.‘-
Morocco’s nuclear institution and other partners, adapted and introduced a ——
package of isotopic techniques to identify the most erosion-prone areas. J;.E E ;.3
Having this information allowed for development and introduction of HFAUNTAER Crogramme
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World Soil Day: Madagascar Combats Soil Erosion with Tradition and Nuclear
Science
Nicole Jawerth, IAEA Office of Public Informat
Related Stories
DEC
5 5 Going Climate-Smart: IAEA
>, M Marks World Food Day
2016 .
T Protect the Land, Protect Our
Future: IAEA Marks World Day
to Combat Desertification
On solid ground: IAEA
celebrates World Soil Day
Related Resources
7 World Soil Day 2016 : 'Soils and
pulses, a symbiosis for life'
@ Studying Erosion with the Help of
Radionuclid
An age-old agricultural method is helping to combat soil degradation and SEREEEE
7 Joint FAO/IAEA P
protect a source of food and income for more than 75% of the population in o R }
1 3 Food and Agricul
Madagascar. Through a study using isotopic techniques on the mountainous o e A ;

island, scientists working with the IAEA, in cooperation with the Food and
Agriculture Organization of the United Nations (FAO), found that traditional

terrace farming can reduce soil erosion and run-off in the country by up to

ANNL sashan cAarmanavrad Fa vimnvabrackad aaviciilbiieal fiald-~ 4
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Home/ News/ World Soil Day: Caring for the Planet Starts from the Ground and Nuclear Techniques can Help

World Soil Day: Caring for the Planet Starts from the Ground and Nuclear
Techniques can Help

Nicole Jawerth, IAEA Office of Public Information and Communication

Related Stories

DEC
5 4 Viet Nam Tackles Soil Erosion
With Nuclear Techniques
2017

Erosion in Moroccan
Watersheds Can Be Reduced
up to 60 Percent Through the
Use of Isotopic Techniques

Studying Erosion with the
Help of Radionuclides

Related Resources

(7' World Soil Day 2017

% Soil Erosion Control

e offers ways to study and protect this finite

%, Joint FAO/IAEA Division of Nuclear
Techniques in Food and
Agriculture

Have you ever thought about soil? Thought about this vast limited resource where
your food grows? This finite, non-renewable resource is under threat worldwide.
Intensive agricultural practices, pollution and climate change threaten its health
and the life-sustaining support it offers people and the planet.

But soil has an ally: nuclear science.
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Home / News / How to Win a Fight Against Soil Erosion: Nuclear Science Helps Farmers in Morocco

How to Win a Fight Against Soil Erosion: Nuclear Science Helps Farmers in
Morocco

Nicole Jawerth, IAEA Office of Public Information and Communication
Related Stories
FEB
2 . Isotope Techniques Trace
Erosion Source to Sri Lanka's
2018 Terraced Tea Plantations

gt Viet Nam Tackles Soil Erosion
¢ 8 With Nuclear Techniques

& Erosion in Moroccan
Watersheds Can Be Reduced
up to 60 Percent Through the

Use of Isotopic Techniques

World Soil Day: Caring for the
% Planet Starts from the Ground
— and Nuclear Techniques can

Help

Related Resources

Farmer El Haj Abdeslam and his three helpers spent years fighting soil ®¢ Studying Erosion with the Help of

" ' — : o g Radionuclid
erosion that swept away their crops' fertile ground, taking their incomes with SELEAEES

; : ; g s ) Soil Erosion Control
it. Now Abdeslam and many Moroccan farmers like him are saving their soil *

o E K o Land and water management
and their source of food and money using soil-conservation methods % €

selected with the help of nuclear science.
i el e e e B e L
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How to win the fight against soil
erosion: saving fertile land and
preserving water quality with the
help of nuclear techniques

By Nicole Jawerth and Miklos Gaspar

£ JIAEA BULLETIN

INTERNATIONAL ATOMIC ENERGY AGENCY

The flagship publication of the IAEA | March 2018

Emnon eats away at fertile land, threatening food production and farmers” mncome alike. The
top layer of the soil, which is the first to go, 1s the most nutnitious, Often this autrtious soil
endz up in rivers and lakes where it encourages algae to grow, causing the amount of oxygen in
the wates to decrease. This in tum compromises water quality and harms fish populations.

Nuclear techniques can help scientists and farmers find erosion hot spots and identify the nght
201l conservation techaique to save both farmland and fresh water sources (see The Science box
on page 17). The IAEA, in cooperation with the Food and Agriculture Organization of the United
Nations (FAO), provides support to 70 countries on erosion research. Thus article profiles two

of them: Morocco, where the focus is on saving agricultural land, and Myanmar, where they are
fighting off an algae boom n the country’s second largest lake.

ATOMS FOR PEACE AND DEVELOPMENT

vealts
°

Saving farmland in Morocco

Farmer El Haj Abdeslan's son
drives a tractor to help with the
farm work while sclentists take
. soll samples from the fields.
gnergy, Pheso L Mearsaeb A

\(\dusv},

14 | IAEA Bulletin, March 2018

Farmer E1 Haj Abdeslam and lus three
helpers spent years fighting soil erosion that
swept away thewr crops' fertile ground. taking
their incomes with it

Year after year, soil erosion was making
the quality of my land worse and that made
my farm less productive,” said Abdeslam
whose 5-hectare chickpea and cereal farm
feeds his family of seven and s his sole
source of income. “Since the scientists helped
me conserve my soil, my farm has been
producing 20 to 30% more with less mput,
and my mcome has gone up.

The scientists used fallout radionuclides

and compound-specific stable isotope
techniques (see The Science box on page 17)
to pinpoint erosion-prone areas and evaluate
the effectiveness of various conservation
methods. The technique was mtroduced in
response to Moroceo's more than 100 million
tonnes of soil losses each year

Once we knew where the erosion hotspots
were, we tested several soil-conservation
methods uzing nuclear techniques to see how
we could improve the situation. We adapted
and combined different conservation methods

e -
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Egypt and Senegal Receive Gamma Detectors to Help Combat Soil Erosion

Matt Fisher, IAEA Office of Public Information and Comm
Related Stories
NOV
9 ' . How to Win a Fight Against
Soil Erosion: Nuclear Science
2018

Helps Farmers in Morocco

World Soil Day: Caring for the
&% Planet Starts from the Ground
o and Nuclear Techniques can
Help

Viet Nam Tackles Soil Erosion
With Nuclear Techniques

Related Resources

@ Studying Erosion with the Help of
Radionuclides

% Soil Erosion Control

% Land and water management
Experts in Egypt and Senegal will be better able to fight soil erosion thanks to g Guidelines for Using Fallout

two gamma spectroscopy detectors which have just been delivered through Radionuclides to Assess Erosion
: : ! and Effectiveness of Soil
the IAEA's technical cooperation programme. The detectors will be used for Conservation Strategies
soil erosion assessment in areas that have experienced severe land & Impact of Soil Conservation
degradation, a phenomenon that jeopardizes agriculture in many regions of Melasurels on Erosion Control and
Soil Quality

the world, including in arid and semi-arid lands in Africa.
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[ESTERN NN TR e T T E TR T

Atoms for Food and Agriculture: Meeting the Challenge



1IAEA BULLI

INTERNATIONAL ATOMIC ENERGY AC
The flagship publication of the IAEA | Novembe

cience & Technol

and emerging development chall

ar cells than ever before: a neww
ey

tomic balancing act to
vity and protect the
1

hat atomis in

Atoms for Food and Agriculture: Meeting the Challenge

The neutron activation analysis
e-learnsng tool was reviewed ata
workshop in September 2018 at
the IAEA Headquarters in Vieana.

“The tool is intended to be a living
book that can be constantly

and extended as this field evolves
to include different laboratory

—
——
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IAEA Updates: News

protocols and reseasch areas,”
Barradas said. The launch of the first
revision is planned for early 2019

— By Luciana Viegas

Egypt and Senegal receive gamma detectors to help combat soil erosion

Experts in Egypt and Senegal will be
better able to fight so1l erosion thanka
10 two gamma spectroscopy detectors
which were delivered in November
2018 through the IAEA’s technical
cooperation programme. The detectors
will be used for soil erosion assessment
in areas that have expenenced severe
land degradation, a phenomenon

that jeopardizes agriculture in many
regions of the world, including in arid
and semi-and lands i Africa.

Egypt and Senegal are both suffering
from severe land degradation, with soil
productivity in most of the northeast
Nile Delta in Egypt, for instance,
having decreased by more than 45%
in the last 35 years, according to
recent studies. Land degradation 1s
the result of several factors, mncluding
of land,
agricultural practices and extreme
weather events, which have occurred
more frequently in the last few
decades. Soil erosion — a major type
of land degradation caused by both
human and environmental factors —
can lead to the complete loss of the
fertile topsol, leaving the affected land
uafit for agriculture

Agriculture is an important economic
sector in most African countries,
accounting for approximately 12% of
Egypt's gross domestic product (GDP)

7K

and 17% of Senegal's GDP. Low-input
farming from svbaistence farms ron
by families represents a significant
componeat of this sector. It accounts
for a high proportion of jobs, and
provides livelithoods to subsistence
farmers and their families. As this type
of farmung typically takes place on
arid and semi-and land with marginal
agncultural potential, such as drylands
and mountams, it is particularly
susceptible to sotl erosion.

The IAEA, in cooperation with the
Food and Agriculture Organization of
the United Nations (FAO), has been
assisting countries for more than 20
years in combating land degradation
by supporting the use of isotopic
techaiques to assess soil erosion.

Fallout radionuclide tracers, such as
caesium-137 (Cs-137), have been used
extennively m assesaing 301l erosion
and sedimentation. This radionuclide s
present i the atmosphere from where
it falls to the ground in precipitation
and accumsulates i the uppermost soul
layer. During erosion, the topsoil is
washed away, which can be measured
a1 decreased levels of Cs-137 At the

same time, where the eroded soil settles,

increased levels of Cs-137 are seen

The erosion assessment using Cs-137
has many advantages compared to

traditional methods, s2id Emil Fulajtar,
a soil scientist in the Joint FAOTAEA
Division of Nuclear Techaiques
Food and Agriculture. This method
provides long-term mean erosion rates,
while conventional methods provide
mostly short-term data. Using this
nuclear technique, there is therefore

00 need for loag and resource-
demanding monutonng programmes
301l redistribution can be assessed na
single sampling campaign. It also helps
to determine the spatial distnibution of
erosion, which is essential input for
s0il conservation programmes aimed
at sustainable land management and
thereby food security.

The provision of gamma spectrometers,
which are used to carry out the Cs-137
measurements, i3 part of an ongomg
mitiative by the Joiat FAOTAEA
Division to help Afncan countries
enhance their capacity to control soil
erosion; this also mncludes the trammng
of scientists on the use of the Cs.137
method and the establishment of
gamma3 spectroscopy capacities across
the continent. Another three table-top
gamma detectors — for Madagascar,
Algena and Zimbabwe — and three
portable gamma detectors — for
Morocco, Tunisia and Madagascar —
have already been delivered

“We will use the gamma detectors for
the ‘fingerprinting”’ of sedimentation
m the Nile River to trace the ongm of
contammation from different sources,
such as drainage from industrial and
agricultural bodies located on the
riverbank,” said Mohamed Kassab, a
lecturer at the Egyptian Atomic Evergy
Authority's Nuclear Research Centre
“We also plan to help other countries
in Africa to build capacity in gamma
measurements and analytical services "

— By Matt Fizher

TAEA Bulletin, November 2018
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COUNTRY IMPACTS

MOROCCO

Joint FA

O/IAEA Programme
Mestimar Twchrerpima it Feod ard Agricdber

Reducing soil erosion in Morocco

. THE CHALLENGE ' o !

Soil erosion is the mainiand degradation process in , which is affe up to 40% of its land area. About two
million hectares of Moroccan agricultural lands are affected by water erosion'. On average soil erosion ranges from 5
to 20 t/ha/year, but exceeds these magnitudes in northern and north-western agricultural basins. For example, in the
pre-Rifhills, soil erosion is exceeding 50t/ha/year"’.

Out of a total area of 20 million ha of watershed in Morocco, 50% is estimated to be subjected to very high erosion risks
with a yearly soil loss of around 100 million tons™’. This annual soil loss leads to a reduction of 75 million m* of
downstream dam water storage capacity. Each year about 0.5% of the country’s reservoir storage capacity islost. This
water loss is equivalent to an annual water volume permitting the irrigation of 10,000 ha of arable lands?,

In Morocco, reducing soll erosion and land degrad. isa | priority for | Ing soil quality and protecting
downstream water quality and quantity.

O) IR,

Through IAEA Technical Cooperation and research projects
and with the technical support of the Joint FAO/IAEA Division
of Nuclear Techniques in Food and Agriculture, the Centre
National de L'Energie, des Sciences et des Techniques
Nucléaires {CNESTEN) in partnership with the Institut

| de Recherche Ag ique {INRA), Ecole Nationale
Forestiere d'Ingénieur (ENFI), the Centre de Recherche
Forestiére (CRF) and the Institut Agronomique et Vétérinaire
Hassan Il (IAV) quantified soil erosion rates and assessed the
effectiveness of no tillage soil conservation practices. Agricubtural fiokds of the "Mowlay Bouchts™ watershed
Under no tillage soll loss was red from 14
to 10 t/ha/year in the south east of Rabat (Marchouch site)
andfrom 38 to 23 t/ha/year in the Tetouan region®.

In addi using a b of fallout radi b (FRNs) and d-specific stable isotope (CSSI)
techniques (see below), the CNESTEN estimated soil loss of 23 t/ha/year in the Moulay Bouchta watershed and
identified that around 90% of the sedi in the d Talembout water reservoir originated from the
surrounding agricultural areas indicating the effectiveness of forest plantations In protecting soll resources against
erosion. Sedi tes were lished for the d reservoir at 60t/ha/year*. o
. THE TECHNOLOGY. R '
Fallout radionuclides (FRNs} such as anth jum-137 (**Cs), geogenic lead-210 (*'°Pb), and cosmogenic
beryllium-7 ("Be), are strongly bound to fine soils particles, Therefore, these radioisotopes are very conservative soil
tracers, which can assist in establishing soil erosion and sedi ion rates and ing the efficiency of soil

conservation measures to control soil erosion and jated excess of sedi

JAZ A

Compound-specific stable isotope (CSSI) techniques are based on the measurement of carbon-13 (C) natural |1" I ;Jw I.] - al Hl J I}r e

abundance signatures of specific organic compounds (natural fatty acid biomarkers) in the soil. By linking fingerprints
i (ad |
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MADAGASCAR

Return to traditional terracing improves
farm production in Madagascar

In Madagascar, where farming has moved toward modern intensive agricultural practices in
recent decades, a study has demonstrated that the country's farmers would be much better off
if they returned to the traditional terrace farming of their ancestors, Using isotopic techniques
to study erosion patterns of the island country’s mountainous regions, where more than

30 percent of the agricultural area is already degraded, the Joint FAO/IAEA Division found that
terracing systems could reduce soil erosion by 40 percent.

Astronauts once reported that Madagascar looked as

if it were bleeding to death, Today, looking at a satellite
view of the country makes it easy to see what they
meant, The image shows reddish rivers and reservoirs —
not filled with blood but with the country’s red ferralitic
soil that is eroding down the island’s steep slopes,
leaving agricultural land barren and adding sediment
and its polluting nutrients of nitrogen, phosphorus and
potassium to water systems,

Due to deforestation and improper farming practices,
Madagascar, one of the world’s poorest countries, loses
more topsoil per hectare each year than just about

any other country in the world, The soil itself is not

particularly fertile and now it has to deal also with the
impacts of climate change, such as drought, floods and
unpredictable rainfall that further break down the soil
structure and makes it more likely to erode.

In order to help Madagascar's farmers with conservation
practices, scientists at the Institut National des Sciences
et Techniques Nucléaires (INSTN-Madagascar) in the
capital, Antananarivo, worked with Joint FAQ/IAEA
Division experts to address the problem and identify
the country’s most erosion-prone areas, The Joint FAO/
|AEA Division assists countries in quantifying soil
erosion rates and assessing the effectiveness of their
soil conservation practices. In the case of Madagascar,

Atoms for Food and Agriculture:
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Side Event at COP12 of the UN Convention to Combat Desertification (TC and Joint
FAO/IAEA Division)

Side Event at COP12 of the
UN Convention to Combat
Desertification

L

Organisation of a special IAEA event

O the occasionof the 12t sesio o the UNCCD, COPT2 at the 12™" session of the Conference of the Parties (COP) to
st ik the UN Convention to Combat Desertification (UNCCD)
Ankara, Turkey, 19 October 20-15

Soil Science for
Sustainable Land Management

Monday 19 October 2015
18:00-20:00, MECLIS room

| A=A

Celebrating : D
2015 International Year of Soils . JOTITUEA VA AN T ULT AT

ilaitebtinkid bdiclivla iyl ) P TS N T P
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IAEA emphasizes link between nuclear techniques and soil sustainability at
COP12 side event

ocT

14

2015

2015
ANKARA
TURKEY

For the world's 2.6 billion small-scale and subsistence farmers, healthy soils
can be the difference between stability and poverty, a full plate and an empty
stomach, life and death. But despite the universal value of healthy soils,
human economic activity continues to cause land erosion and soil
degradation, placing approximately 5 to 7 million hectares in danger each
year. Against this backdrop of threatened soils, and as climate change further

complicates the challenge, the IAEA has organized a side-event to highlight

A=A
the margins of the 12th session of the UNCCD Conference of the Parties CAUNAERETOUTETITE
. FRPTRT SR TRE o AP

the benefits of soil science for sustainable land management, to be held on
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Linkage of UNCCD and RAF 5063
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@ United Nations ICCD/comz)m

b a

=7 Convention to Combat Distr.- Genenl
UN Desertification 16Jaly 2015
Oxiginal: Enl
Conference of the Parties
Twelfth session
Ankara, Turkey, 12-23 October 2015
Item 3 (b) of the provisional agenda
Effective impl ion of the C ion at national, subregional and regional level

Leveraging of synergies among the Rio conventions, including land-based adaptation to climate change and

related advice from the Science-Policy Interface

Leveraging of synergies g the Rio conv

Note by the secretariat

Summary

Decision 9/COP.11 calls for a review and assessment of the progress made by the
secretanat of the Umhd Nmon:f to Combat Dx (UNCCD) m
ud g hips with other relevant conventions and

institutions and agencies. This document provides a summary
oflsehdnmbuofmﬁhlchwbﬁnﬂbghhgbﬂ!hm:ﬁcnqmmmnngnﬂ

strengthening these relationships.

The review and assessment includes the various initiatives undertaken with: (1) the
other Rio and the Global Facility m!hngxdwlhede\\-wpml
of common and other -bmldm(())
oihgxemnessudnslhe?oodmdApuvlnnOrgmmnwohheUmmdeons
Water, the World M | Atomic Emgy
Asen:yonﬂrmmiofwm &ongh.ﬁonmmdwnlmmmt;md(})othn

md nrh as the G on Wetlands of &
I lly as Waterfc Hlbml(lh:ananomunon)thmnmal
Union for Conservation of Nature and the 1 jon on A on
UNCCD related collaboration

Finally, following a bnef h the d outlines for
future work priorities for p ting and gth these relationship

GE.15-120 i
LTI
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Effectiveness of soil conservation strategies on erosion in Morocco

M. Benmansour 1, L. Mabit 2, R. Moussadek ®, M. Yassin 4, A. Nouira ', A. Zouagui 1,
R. Mrabet *, H. laaich 2, 5. Hajib +

15 i st PAGHAEA EVEGR, £00

Technigues Nuckaies TEN), Ratat, Mormcco

(4] Cantre Wational de s Recherche i

1) Institut Naional e le Recherche
. Faut

Seiersaat Ausis
(INFRA), Rabat, horoeos
Flmtx aknmm&‘ﬁ‘kmmmmm

Agronomigue

0O For Moroceo, reducing soil erosion and land degradation is & national
priority for improving soil quality and protecting downstream water quality
and guantity

0O Reliable datasets on the magnitude of erosion and the effectivensss of
s0il conservation practices are required for decizion makers

O The aim of this wark is to illustrate the rale of fallout radionuclides (ie.
9ICs and ‘Be) for fing soil ion ies through case
studies in three Moroccan sites: Marchouch, Harchane (Fig.1) and
Oued Mellah (Fig.2) locatzd in R3bat (1], Tetouan (2} and Chaouia-
Duardigha (3] regions respectively (Fig.3)

Oin the Rabat and Tétouan regions, with semi-arid and
Mediterranean climates respectively, the no-till technique was tested
35 sail conservation practice and compared tg conventional tillage

O 'In the Chaouia-Ouardighs region (semii-arid climate) the efficiency
of conzervation practices based on Afriplex plantations and cereal &
fruit plantations was aszessed in  the framework of the
management of "Oued Mellah® watershed

0O Methods used: Fallout ¥"Cs for retrospective assessment of
long term [30-60 wi] soil redistribution rates and (i) fallout "Be [half-
life of 53 days] for documenting short term soil erosion

O Reference sites were investigated near the study areas. In the
agricultural studied fields, the soil sampling strategy was based on a
transect approach

0 '*'Cs and "Be were measured by gamma spectrometry using a “p
type” high purity germanium (HPGe) detector with high resolution and

i RESULLS AND DI SCULS SIONS

O Long term soil erosion rates of the three regions evaluated by the
'3'Ce method, ranged from & to 58 tha' yr'

O The net =oil erosion rates appeared o be related to the rainfall, slope
and the past land use (Tab.1}

O The "Be results indicated that seil less has been reduced significantly
under no-till a5 compared to conventional tilage in Rabat and Tétouan
regions. Indesd, soil erosion rates were lowsred by S0% for the
Marchouch site (Fig.4) and by 40% for the Harchane site (Fig.4)

O For the Oued Mellah watershed, the results highlighted that high
density Atriplex plantations have reduced scil loss by approximately 57
to 80% compared fo AtriEIEx plantations with low density while for the
site under fruit plantations and cersals, seoil erosion has been
decreased by 58% compared to bare soils (Fig.5)

— . — - -

0O This Meroccan study demenstrated the potential of the 'Cs and
‘Be techniques to estimate long- and short-term soil erosion rates

AR
JUTTUEAUIAEAETOY TR

T S e

0% efficiency and to assess the of sail s ., !
¥ !
0 Estimates of erosionideposition rates from **'Cs and 'Be data set O Isotopic tachni are i ingly applied in agri fields Wi b i i'!
have been produced using conversion models (ie. Mass Balance and watersheds in Morocco for providing useful and reliable o :“-l
Model Il and the Profile Diffusion Model) information to decizion makers \{ )
e
—
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Chikwari. E !, Mhaka. L1, Gwandu. T !, Chipangura. T%, Shumba. A! , Manyanga. A !, Matsenyengwa. 5 2, WUCTFRTL PN UWS I O0S Wi ArIcuniaTe

R‘il‘nLL“ Rabesiranana. N 4

i Chemiztry & Soil l.ssu-u Tnstirute, Deparoment of Research and. Spmm Services, Harars, Zimbatwe
% Fnseiture of. f Agriculneral Harare, Zimbatwe
“ Soil & Water Management and Crop Nutrition Laboratory, FAOTEL, Vienna Adwstria
% Institute of National Sciences and Nuclear Techrigues (INSTN). Ansananarive, Madsgascar

0 Seil formation in Zimbabwe = very low (e.9. 0.5 thalyr). whereas rates 0 The '*"Cs inventory at the reference site was 214 Byim? (CV =10%: n=10}
«of soil erosion are much higher.

radionuclide in semi-arid areas of Zimbabwe

0 The mean '*'Cs inventories for DSM, CFBM basins and DSM/IF wera 104,
O It has been estimated that in some agricultural aress, the cultivation of 180 and 214 Byim’® respecively
maize may only be possible for another 15 years bafore soils bacome too
shallow to slow any culivation
s At )
us il

a
24
=1
£5]
fa
32 | 1Cs depth profile for the reference site
i
®
Sheet and rill erosien on 1andy ssils degrade seils, hewever with approprisce cillage m
srtemss end reidee cover, 1od erasion meitigacien it porble |
- -
O Tha study’s cbjectives wara: i"ﬂ 4
(i) To test for the first time the use of fallout radionuchide based techniques ii’“ 1
fie. "Cs) for soil erosion under bt
agro-environmental conditions Em
(i) To =ssess the of icul prachces in im 1
contralling sail erasion using the ''Cs technique 2 WCs inventories for 3 CA practices

o 8

3 I NBIEAMDT N
Datanca dewnsiope m)

WO WOEM E DM CT

0 The study site is located in the Makohali research station situated 280 km
south of Harare (Zimbabwe) Heterenes vt
0 Semi-arid climate. the soils include coarse loamy sands (gleyss lasols)
0 Since 1568, the conservation agriculiure (CA) practices include (1) direct  Gross & net erosion rates, sediment delivery ratios at the
sesding with mulch (DSM), {ii) CA basing with mulch (CFBF). and () 18 gtudy site
wears dirsct szeding, l=ft fallow for seven years (DEMF) Farming Practices  Groes Erosbon  Met Eroslon Sediment
rate (tharyr)  Rals (Umatyr)  Deltvery Ratic
Direct Seadng + Mukch | 75 18 e |
(DEM) | |
Comanreation Fatneg 73 48 8%

Basins + Muich (CFEF) | |
26 0 ™

O For sach study plot and the reference site. 10 core samples were
collected along equidistant downslope transects and analysed for ''Cs O Despite low "*'Cs soil content, the ''Cs technigue has besn
content successtully tested for assessing field-seale vanations in sod loss and soil

redistribuson
D) Based on the '/Cs data set, the conversion Mass Balance Model 2 . .
{MEM Z)was used to derive soil redisirbulion rates 0 This study highlights that soil erosion can be signiicantly reduced by - )
OA full sediment budget has then been produced for the plets using proper $oil conservation strategy -..P
investigated
[« ACKNGWLEDGEMENT §- The authors The Tomic Energy Agency (IAEA) INrough RAFS06HRAFS075 for lunding fis study ]
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Terraced agriculture protects soil from erosion: Case studies in Madagascar
I

I instituf Nafiona! des Sclences ef

£y N. Rabesiranana (", M. Rasolonirina (", A.F. Solonjara "), H.N. Ravoson (", L. Mabit (2

St FABAEA Prograssse

e i o e

(INSTH- 1 3
IAEA o ja =i J5iit FAGUAEA Divisian, Saf and Water MEEGEMER! and Crop Nutiton Labaratary, Selbersaor Austis L HaSi@EEs org)

3 To produce Malagasy data on soil erosion/zedimentation
rates under various agricultural practices

¥ To assess soil conservation efficiency of traditional
agricultural practice

"STUDY SITEAND METHODS

-

O INVENTORY

» Reference site: *7Cs and #'°Pb,, inventories are 216 Bg.m?
+ 20% (Mean *+ Coefiicient of Variation) and 3073 Bg.m?® £
13%, respectively

» Sloped figld: *"Cs and 2'°Ph,, inventories vary from 110
Bg.m? to 280 Bq.m? and from 2026 Bg.m? fo 4110 Bg.m?,

Q STUDY SITE

¥ Two adjacent culfivated fields (ie. sloped field & terraced
field), located 40 km east of Antananarivo, in Madagascar
highlands

* One reference site selected close fo the 2 study sites

Terraced fizld

Sloped field

Q SAMPLING AND LABORATORY WORK

# Motorized scil corer was used for soil sampling
* Soil samples collected (n = 50)
Reference site: 18 bulk + 1 profile

Sioped field: 11 bulk +1 profile
Temaced field: 18 bulk + 1 profile

» 'TCs and ¥°Ph,, activities were d
by gamma spectrometry system with high resclution, Iow
background M-type HPGe detector

¥ Soil redistribufion rates determined by Mass Balance Models
(MBMs)

Atoms for Food and Agriculture: Meeting the Challenge

# Temaced field: **Cs and *'°Pb,, inventories vary from 145
Bq.m? to 260 Bg.m? and from 2141 Bq.m* to 4253 Bq.m=,
respectively

—acataT —a—catar

Toaraca ot el ira}

| Emuompodiion st it <4}

&

Soil redistribution ,mfg'gm?%%x T,;wwwm'::”‘:‘!}g!h‘!;
Mean erosion (tha'yr') 91 749 77 85
Grosserosion (tha'yr’) 82 72 55 6.2
Met erosion (Lha '.yr') T4 58 3.4 38
Sediment delivery ratio (%) 89 82 61 61
Erading area (%) 91 91 72 72

O SOIL EROSION RATES
¥ For the sloped field - using the '¥7Cs and #'%Ph,, methods - net
soil erosion rates are 7.4 tha'.yr' and 5.9 tha' yr', respectively

¥ For the terraced field, net soil erosion rates are 3.4 tha'yr' and
3.8tha’ yr', respectively

"CONCLUSIONS

> Timeframe discrimination shows that erosion phencmenon has
increased in the last 50 years (from *37°Cs data) compared to
the last 100 years (from #'°Pb,,, data)

> However, resulis highlight that pracfice
reduces soil erosion magnitude and therefore, provides an
efficient solufien to protect soil rescurces of the Malagasy
highlands
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Test of a new stable isotopic fingerprinting technique (i.e. Compound Specific Stable Isotope)
in a sub-catchment to establish agricultural soil source contribution to deposited sediment

M. Mbaye (1), L. Mabit @, M. Gibbs @), K. Meusburger ™, A. Toloza @, C. Resch @), A. Klik (%), A. Swales ®), and C. Alewell )

i nstitute of Applied Nuclear Technology; University of Cheikh Anta Diap, Dakar, Senegal
2i35il and Water Management & Crop Nutrition Labaratary, Joint FAQ/TAEA Division of Nuclear
“?Nauumn‘ Institute of Water and Atmospheric Research (NTWH), Bamilton, New Zealand

in Food and.

Sciences, University of Basel, Basel Switzerland

aof
“?Inmtuze of Hydreulics and Rural Weeer Manggement, University of Nozural Resources and Life Sciences, Vienne, dustria

Atomic Energy Agency, Austria

IAEA

Joint FAO/IAEA Division
o Muslese Techriques bn Focs snd Agrceitins

. Background & Objectives of the study

3 The aims of this study performed in Austria wers:

+ To test the compound-specific stable isotope (C551) approach
1o distinguish the different sediment sources which conrribuce
o the sedimentation area;

+ To distinguish the best fatty acids (FAs) indicators according
o the land use of the sources & the sedimenzation area;

v To assess the contribution of each connected source to the
sedimentation area,

Q In the Mistelbach watershed, one sediment mixrure and
four contributing sources [three agricultural fields (51, 52,
£37) & one grassed waterway [§4)] were investigated.

‘Sedimantation rats (**'Cs)
200 50 Uhalyr

O §1C of four fatty acids (FAs) (ie. 813C;00 B1C 5 513Cs0
519 4) and 517C of the soil bulk carbon has been measured
in the sources & the mixture.

Table 1. Bulk organic carben infarmatian of the saurces & éhe sediment mixture

Bt sall Sourcel  Sewrced Sowiced  Sourced  Misters
SUCoganiccoen el TS0 3416 1489 A6 TR
Organis carbon % Loyl 138 170 153 a:2 118

Table 2. & signutures of the A5 present in the sources & the sediment mivure

FAs i 405 %) Somrcel  Sowrcr! Sewrced Somrced  Mihtmre

NA NA NA 7

e

e

2. Selection of the best isotopic tracers

O Principal Component Analysis to establish correlation among FAs & sources
0O Based on PCA results, one-way analysis of variance is used to exclude tracers

. L, . -_— 82 CrV (%)= 15 53 GV (%)= 32
which have no significant difference She
. T 1 l
10 ® 18 0, "
+
" *
En'* et T *»-h"' ¢ ‘ .
i ¥ . + " Y W ‘ ¥ i = 0 20 40 0 20 40 60 80 0 20 40
e Y w e N w wmw w a SIMMR S1CTY (%= 18 82CrV (%= 14
ratowr _ santon o (s ey Lo ea)
f‘ x n t]
] # o ¥
l ] o e +
1
+ sz gnd* w* . lh [] 20 40 0 20 40 40 60 80 0 20 40
. | |
Hp T T BY 3 W s OO $200 08 NENBEN  moVEN
54 =a a2 %
T . **‘* * ¥ n ¥
mixture i" » 5
E N{ n + n ﬁ
ol w |
uIA I:-‘:‘EIH ll!n"ﬁﬂl “L-li:?’tlllx o el - o i o 40 L 8o L 0 %
Proportion (%)
Fig.2 . process for the Fts: fa) of ali possibie

4. Results & Discussions

Fig. 3. Prabahility distributian function of the soll proportion of ach sowrce ta the misture at the hiphest eredible fterval fLe. 97.25%)
for the three miving models Le. STAR, SIMMAS, MUSIAR

&1 CA %)= 20 S4.CrV (%)= 59

souries & tracers, ] mixing polygans o selected £ canéributiag to che miszure

3. Apportioning source contribution

O Sourees contribution to the mixture using £ mixing models (ie. [so5ouree, SIAR®, SIMMRY, MixSIAR")
O (*) Bayesian approach of source apportioning is given by equation (1)

5~ Ny 0%) : o~ u(0n)

ﬁ is the isotope value, s are the source values, p are the soil
proportions and o the standard deviation.

The goal is to estimate the p and its uncertainty.

k
ya'w(Zma. 02) w

O The output from each mixing model was

p as isotopic prop:
1 These isotopic proportions were converted to soil proportions based on the bulk %€,y (Table 1)
using the linear conversion equation (2) from Gibbs (2008):

I is the mean feasible isotopic proportion of source seil n in

Table 3. Comparisan of the memn il propartian of the saurces with their respective siandard error using fzaSource, SUR, MR STHR

Hasouree s1AR MISIAR SIMMR
SOURCES i (] e " Iz ) we
SOURCE 1 428 210 008 12.10 008 11.70 007
SOURCE 2 15.43 840 =007 640 +0.07 7.0 008
SOURCED 26.47 a7 80 2004 27.60 +0.04 27.20 004
SOURCE4 5381 5390 2008 5380 +0.08 54.00 .08

Fig. 4. Past historical land use
& erop rotation of
Misteibach watershed

T
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5. Conclusion

O An alternative statistical approach for selecting the best suitable FAs as soil/sediment
fingerprints has been tested & validated

i Co% . B . . L
TRt e =™ () the mixture estimated using an isotopic mixing model and | (3 Al mixing models highlight that 4 is the main contribution to the sediment mixture
w008 148 En/Cn% €, % is the %C,,, in the source soil.
B O This study d -ates the compl ity of FRNs and CS5I techniques
il
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EFFECT OF TILLAGE AND MULCHING ON SOIL WATER EROSION IN
LINSINLIN WATERSHED, CENTRE OF BENIN

AKPLO Tobi Moriaque!, KOUELO ALLADASSI Félix!", HOUNGNANDAN Pascal’,
BENMANSOUR Moncef’, RABESIRANANA Naivo’, MABIT Lionel*, AHOGLE AGASSIN
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KEYWORDS ABSTRACT
o |
Isohypse tillage Soils degradation in Benin is most commonly reported thread for the agricultural production and this 4{ \ ;i.i
e, situation became more crucial in the Centre of Benin. This study has been carried out to evaluate the o
u - - B - - - - - - - i
E contribution of farmer’s so1l conservation practices to combat soi1l erosion mn the agricultural watershed i;’

e ST of Linsinlin. A field experiment was conducted on loamy-sand soil using Fisher Block design under
-

i \
lr-;."_' "

researcher management The factors which testified during study were tillage and mulching The

Watershed “Runoff plot™ system was installed to collect erosion data. Three rainfall episodes viz. June 15, 19 and
o 27, 2016 with 52, 27 and 57 mm of water were used for the data collection. Ramn distribution was JUINTIEAVTIA : al FLY ;J 2 e
Dpdja I TSI TGS A SIS ARSI, | TN T SN AU PSSP S
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ASSESSMENT OF THE LEVEL OF SOIL DEGRADATION IN THREE
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KOUELO ALLADASSI Félix!", HOUNGNANDAN Pascal!, AZONTONDE Hessou Anastase”.
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EEXBERDS ABSTRACT

Watershed . L . R . . N
Soil degradation is a serious problem for people living in watersheds of Benin This degradation is

Soil degradati mainly due to poor farming practices and because of this poor management annual maize production
reduced critically. This study was aimed to estimate the state of physical and chemical soil degradation

Soil properties of three watersheds of southern Benin One reference site representing sacred forest was also chosen for
comparing the results of watershed. Scil cores were also collected from these selected sites. Physical

Tl e and chemical parameters were determined from the collected soil samples. Results of study revealed that
the watershed soil is more compact and lower in nutrients than the soil of reference sites. The bulk soil

Benin density was significantly higher in Govié and Lokogba watersheds compared to their reference site. Asa

result of intensive farming and water erosion. root biomass of the soil has significantly decreased from
86 to 82% in Govié, 69 to 67% in Lokogba and 75 to 70% in Linsinlin. The total soil nitrogen of
watershed declined significantly, from 33 to 24% in Gowié, 32 to 30% in Lokogba and 38 to 25% in
Linsinlin Available scil phosphorus decreased from 10.93 ppm to 7.11 ppm in the Lokogba watershed.

The zoil phosphorus of Linsinlin watershed was reported highest from 3.5 ppm to 8.00 ppm compared to ‘1""_"'“1._ i
the reference site. The soil orgamnic matter of watershed declined from 38 to 37% in Govié and 68 to _:. ., { i N,
66% in Lokogba. Lokogha watershed is the most degraded one compared to three watersheds studied. I,

All the article published by Joumal of Expenimental
Biology and Agncultural Sciences is licensed under a
E-mail- felix keuelo@gmail com (KOUELO ALLADASSI Felix) Creative Commons Attribution-NonCommercial 4.0
Intemnational License Based on a work at www _jebas.org.

* Corresponding author

Peer review under responsibility of Joumal of Experimental Biology and |
Agricultural Sciences. 4l

CAUNTACAS TOUTAMTE

r g | aheadebodiobl kil bk e W T Ll

Atoms for Food and Agriculture: Meeting the Challenge



V) Y
N2
“-:’"

1232 2

JOTMTUEAUNAERETOYTATTITE

il e Lo i el

Journal of Environmental Radicactivity 152 (2016) 112-118

Contents lists available at ScienceDirect

Journal of Environmental Radioactivity

¥

ELSEVIER

journal homepage: www.elsevier.com/locate/jenvrad

Assessment of soil redistribution rates by *’Cs and 2'°Pbey in a typical @mmm
Malagasy agricultural field

N. Rabesiranana **, M. Rasolonirina ?, A.F. Solonjara ¢, H.N. Ravoson ?,

Raoelina Andriambololona ?, L. Mabit ®
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ARTICLE INFO

ABSTRACT

Article Fistory:

Received 14 June 20015

Received in revised form

22 October 2015

Accepted 13 November 2015
Available online 12 December 2015

So0il degradation processes affect more than one-third of the Malagasy terrtory and are considered as the
major environmental threat impacting the natural resources of the island. This innovative study reports
about a pioneer test and use of radio-isotopic technigues (Le. Cs-137 and Pb-210ex) under Madagascar
agroclimatic condition to evaluate soil erosion magnitude. This preliminary investigation has been
conducted ina small agricultural field situated in the eastem central highland of Madagascar, 40 km East
from Antananarivo. Both anthropogenic Cs-137 and geogenic Pb-210 soil tracers provided similar results

Kewwords:
Soil

Erosion
Ceasium-137
Pb-210
Madagascar

ing soil erosion rates reaching locally 18 £ ha ! yr " a level almost two times higher than the
sustainable soil loss rate under Madagascar agroclimatic condition. The sediment delivery ratio estab-
lished with both radiotracers was above 80% indicating that most of the mobilized sediment exits the
field.

Assessing soil ersion rate through fallout radionuclides in Madagascar is a first step towards an
efficient land and water resource management policy to optimise the effectiveness of future agricultural
soil conservation practices,
© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

well documented (e.g. Pimentel, 2006; UNEF, 1992; Walling, 2000).
Due to their impact on the sustainability of agricultural production,

Soil degradation induced by human activity is a major concern
in Madagascar. Its severity is very high for 21.9 percent of the area
(130 081 km?), high for 48.2 gercenr (286 007 km?), moderate for
245 percent (145 153 km®) and low for only 4.6 percent
(27 094 kn12] (FAD, 2004). To summarise, more than 30% of the
island's total soil area, covering 184 338 km?’, is degraded.

Soil erosion, the most common form of soil degradation, is
present in all its aspects: rill and sheet erosions, landslides, gully
erosion and its most emblematic form, the “lavaka”.

Soil erosion and sedimentation cause not only on-site degra-
dation of non-renewable natural resources, but also off-site prob-
lems such as downstream sediment deposition in agricultural
fields, floodplains and water streams. These impacting problems on
soil fertility and crop productivity in agricultural land, on water

Atoms for Food and Agriculture: Meeting the Challenge

there is a clear need to acquire quantitative data on the extent,
magnitude and actual rates of erosion/sedimentation as well as on
their economic and environmental consequences.

From the mid-1950s, research activities on soil erosion and soil
protection have been conducted intensively in Madagascar,
resulting in more than 4200 scientific articles and technical docu-
ments (Chabalier, 2006). Studies were performed mainly using
Wischmeier erosion plots, for 6 climatic zones in 20 sites, and at the
catchment level in 11 sites. Experiments involved quantification of
erosion extent, determination of Wischmeier equation parameters
for local conditions, investigation on vegetation covering and
agricultural practice effects (Chabalier, 2006). Most of the studies
lasted 2—7 years. Long term experiments were rare because of lo-
gistic difficulties and maintenance cost
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Assessment of soil erosion and deposition rates in a Moroccan agricultural field
using fallout 137¢s and 210Pbe)(

M. Benmansour **, L. Mabit®, A. Nouira? R. Moussadek®, H. Bouksirate ¢, M. Duchemin 9, A. Benkdad?

*Centre National de 'Energie des Sciences et des Technigue Nudeaires (CNESTEN), Rabat, Moroco

® Environmental Geosciences, Department of Environmental Sciences, University of Basel Basel, Switzerland
“Institut National de la Recherche Agronomigue (INRA), Rabat, Morocco

dinstitut de Recherche en Agro-Environment {[RDA), Quebec, Canada

ARTICLE INFO ABSTRACT

Article history: In Morocco land degradation — mainly caused by soil erosion — is one of the most serious agro-

Received 15 July 2011 environmental threats encountered. However, only limited data are available on the actual magnitude of

R‘-f“:i‘"’d_ i"_“:"'is"d form soil erosion. The study site investigated was an agricultural field located in Marchouch (6742 W, 33° 47

ﬁi-l;:::jg::mly 2012 M) at 68 km south east from Rabat.

Available online This work demonstrates the potential of the combined use of '¥Cs, 2'Ph,, as radioisotopic soil tracers
to estimate mid and long term ersion and deposition rates under Mediterranean agricultural areas,

The net soil erosion rates obtained were comparable, 143t ha 'yr ' and 121 ha ' yr ! for s and

mx_ﬂ: 0ph,, respectively, resulting in a similar sediment delivery ratio of about 92%. Soil redistribution
Soil erosion patctemns of the study field were established using a ssimple spatialisation approach. The resulting maps
Radinisotopes generated by the use of both radionuclides were similar, indicating that the soil erosion processes has not
H g changed significantly over the last 100 years. Over the previous 10 year period, the additional results
P, provided by the test of the prediction model RUSLE 2 provided results of the same order of magnitude.
RUSLE 2 Based on the “'Cs dataset established, the contribution of the tillage erosion impact has been eval-
uated with the Mass Balance Model 3 and compared to the result obtained with the Mass Balance
Model 2. The findi highlighted that water ion is the leading process in this Moroccan cultivated
field, tillage ion under the al condition being the main translocation process within the

site without a significant and major impact on the net erosion,
© 2012 Elsevier Ltd. All ights reserved.
1. Introduction on-site impact of erosion on the agricultural Moroccan landscape is
the reduction of soil fertility, the main off-site impact being
With only 19% of its land arable, Morocco faces major environ- dominated by an increase of siltation processes in water reservoirs.
mental challenges and pressure on soil and water resources. This is It was estimated that out of 22.7 million hectares potentially

true for many developing countries in Africa experiencing
economic growth which is the consequence of urbanisation,
limited funds available for natural resource management and
a nascent legal and regulatory framework for environmental
protection. Due to the intensification of agricultural practices
leading to unsustainable farming practices (eg. inappropriate
tillage practices, straw exportation, overgrazing) and specific bio-
climatic conditions (e.g recurring and severe droughts), more
than 15 million hectares of the Moroccan agricultural land is under

Atoms for Food and Agriculture: Meeting the Challenge

exploitable in the Northern part of Morocco, 77% are exposed to
very high erosion risks (Belkheri, 1988). The Global Assessment of
Human Induced Soil Degradation (GLASOD) survey carried out
during the 1980's by the United Nations Environment Programme
(UNEP) and the International Soil Reference and Information Centre
(ISRIC) established that the severity of human induced degradation
has been classified as severe and very severe for more than 20% of
the Moroccan territory (FAO, 2005).

In fact, around 100 million tons yr—' of soil is lost and the
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Promoting the use of isotopic techniques to combat soil
erosion: An overview of the key role played by the SWMCN
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Abstract

The International Atomic Energy Agency (IAEA), through the Joint Division with the
Food and Agriculture Organization (FAQ) of the United Nations, assists its Member
States in applying nuclear techni to alleviate chall in food safety, food secu-
rity and sustainable agricultural development. The Scil and Water Management &
Crop Nutrition (SWMCN) Subprogramme, within the Joint FAO/IAEA Division of
MNuclear Technigues in Food and Agriculture, has made significant contributions to
the develop of i i hnig for the of soil d dation and

p

the development of efficient soil and land conservation approaches. These techniques
include fallout radionuclides such as *¥Cs, 2°Pb,,, “Be, and 2**2%py as well as **C
p by These methodol
were developed and/or refined through the work of researchers from developed
and developing countries who were selected to work within the frame of IAEA's
Coordinated Research Projects (CRPs). Internal research activities implemented in
the Joint FAQ/IAEA's SWMCN Laboratory in Seibersdorf supported the work accom-
plished in the CRPs.

The methodologies thus developed have been subseguently disseminated to develop-
ing countries by IAEA's Technical Cooperation Pr ber States to
adopt dimate-smart agriculture and reduce soil degradation that poses a threat to

stable isotope and compound-specific stable i

to assist M

food security and the environment. This review paper provides an overview of the
activities conducted in the frame of CRPs for combating soil erosion over the last
Examples of the and the
impact obtained in Morocco, Madagascar, and Vietnam in using these isotopic tech-

20 years and highlights the major achi

niques are presented.

KEYWORDS

climate change, fallout radionudlides, soil degradation, soil tracers, stable isotopes
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8.1 | Assessing the effectiveness of terraced

agriculture in Madagascar's agricultural highland:
through the use of FRNs
Soil ty due to soll is of national concern

in Madagascar. According to the FAO, arund one third of the
isand's total soil area Is degraded (Nachtergaele et al, 2011) To
establish etfective consenation strategles, trustworthy rates of sofl
erosion/sedmentation under different Mabgasy land uses are
required.

In partnership with the “Institut Nationd des Sdences et
Technk * INSTN-Mad, based in
the SWMON Subprogramme investigated soll erosion problems in
order to strengthen the reslience and abllity of the Maagasy small-
holder tarmers to ensure food security. Thus for the first time,
fallot *Cs and *Ph, methods were tested y in

WILEY

As reported by Rabesimnana et . (2016), this pioneer use of FRNs
(Le., ¥7Cs and *'°h,,) demonstrated that, in promoting the use of
traditiond terrace systems, soll erosion can be reduced by up to
40% This Malsgasy study ako highlighted that traditional teracing
could significartly limt the transfer of sediment and therefore the
downstream potentid off-site impact of the agro-ecosystems in
allowing 2 better soll redistribution within the agricultural fiekds.

8.2 | FRN techniques contribute to the improvement
of soil conservation in Moroccan agro-ecosystems

In Moroceo, reducing on-site and off-site impacts associsted with sall
erosion and land degradation & 3 major concern for improving
soll quality and

water quality and tity. Soil

Madsgascar with the objective of investigating the effects of
traditional agrcultursl practices utilized on hillslopes (Rabesirsnana
et al, 2016}

Soll erosion rates of an unprotected agricultural field and &
terraced fiekd were quantified in an experimental study area lbbcated

in the eastern central highlands, 40 km east of (Photo 1)

jonis the process in Morocco and affects at
least 13% of its land area Nachtergaele et al, 2011)

Ih partnenhip with the SWMCN Subprogramme, the Centre
Natioral de fEnergie des Sdences et Techniques Nuckaies
(ONESTEN) and Its local Moroccan partners investigited soll degrada
tionusing FRN techniques(le. ' Csand "Be) to contribute directly to

decision makdng at the rational level.

Photo 1. INSTN - Madagascar team performing soll ssmpling pror to *7Cs and *'%Ph,, determination by gsmma spectroscopy for assessing soll
erosion de (© Navo R, s L INSTN
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Special cooperation AL

Exploitation of the results of TCPs for cooperation
with international organizations and education
institutions

Cooperation with International Institute for Applied Systems
Analysis (I1IASA) and University Colleague of London (UCL)

ﬁ International Institute for "
" Applied Systems Analysis i
[TASA R,

Working with [IASA’s Resources and Environment Group.

Objectives: To test the use of soil erosion data based on FRN for validation of erosion model EPIC (USLE, RUSLE,
MUSLE, MUSS) for erosion prediction at regional level

Steps undertaken:

« Participating on the IIASA Workshop (Laxemburg, October 24", 2017)
* Presenting information on the NAFA activities related to soil erosion
» Discussing the work plan for cooperation

» Investigation of published data on soil erosion rates derived from FRN from

tropical and arid regions (South China, South Asia, Australia, Africa and Latin
America)

« Building the database, processing of metadata and data preparation for model
validation



IIASA Workshop ‘Joint Land Potential and Modeling Soil Erosion with
EPIC in Humid and sub Humid Tropical Regions, October 24th, 2017

Presentations on NAFA Activities:
e Fulajtar, E.: Principles of fallout radionuclide methods (FRN) for soil erosion assessment
with focus to Cs-137 method

Fulajtar, E.: Soil erosion rates on tropical and sub-tropical regions estimated by FRN
methods collected by IAEA and collaborating partners
Fulajtar, E.: IAEA activities at the field of soil erosion and possible cooperation with 1IASA

NUSS Water Frason. Conncnal THage 70162024
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AFRICAN NETWORK FOR 505L FROSION, FALLOUT RADIONUCLIDES AND GAMMA
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Africa, with 13% of the world’s population, is projected 1o see 34% of the '
- roi T Come 1 Conthria Ny <f 2up:
globe’s population Increase over the next S0 years. The population of the Links: Dieacky nenl Cofatter S Kiviwiog 2 ok
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African continent Is exp

cted to rise from 0.91 billion now to 1.94 billion In e e o

2050. Most of the § Phot

pulation increases will occur in the countries, where PR —

the agricullure represents a major livelihood source Tor signif

ant part of
Dowi

the population. Many African countries v arenan

ill tace challenges to achieve food

Tl s irg

ainabie manner, o«

security in a

dering their available land area per

capita, severe scarcity of fresh water urces and limited Infrastructure
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and socio-economic conditions. These challenges will further became more

Desue satizeses
difficull due 1o severe global soil degradation, in particular in Sub-Saharan Datseries. 1 oo



https://atanasovs.000webhostapp.com/
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Establishing Regional Network in Africa (11 countries): (f qi) 7)) S
African Network for Soil Erosion, Fallout Radionuclides and Gamma Spectrometry, .. ..."
Objectives:

» Exchange of experience in gamma spectroscopy laboratory works and maintenance of equipment
» Exchange of experience in field work (sampling strategy, design and sample collection)

» Exchange of experience in data processing, interpretation, geostatistics and modelling
 Building information base on erosion spatial and temporal distribution in Africa

Steps undertaken:
« Establishing the network through the communication with member states

» Establishing website
« Starting to build database on soil erosion and initiating information exchange

« Communication towards the Land degradation group of
UNEP
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