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Abstract

Natural grasslands cover around 40% of the Earth’s surface and play an important role as a 
source of ecological goods and services. By sequestering around 30% of terrestrial global 
carbon, grasslands play a critical part in the alleviation of climate change. Despite their 
ecological significance, grasslands have been reduced to a fraction of their original extent. In 
Canada, up to 70% of grasslands have been destroyed, making it the most endangered 
ecosystem in North America. What remains is often intensely grazed and a diverse ecosystem 
of wild animals is replaced by domestic livestock. The continuous application of poor grazing 
management by ranchers is one of the main causes for the depletion of natural grasslands, 
resulting in the release of stored soil carbon back into the atmosphere. Fortunately, 60-70% of 
the depleted carbon can be re-sequestered through the adoption of improved grazing 
management, thus improving grassland ecosystems. The Adaptive Multi-Paddock (AMP) 
grazing system is an example of improved grazing management. AMP grazing is a system in 
which livestock is frequently rotated between multiple fenced paddocks. Compared to 
conventional grazing practices (Non-AMP), the AMP system is a favorable solution which can 
improve carbon sequestration in world wide grasslands soils– and in turn, contribute to the 
mitigation of climate change. By regenerating grassland ecosystems, AMP grazing could 
potentially aid in creating a more sustainable, resilient agroecosystem. Our goal is to study the 
effect of AMP grazing on soil organic carbon (SOC) sequestration in Canadian grasslands. First, 
we collected soil cores from 30 study sites located throughout the grassland ecoregions in 
Canada. Each site consisted of a pair of ranches: one AMP and one Non-AMP. Second, we 
analyzed the soil cores for total carbon using an elemental analyzer. There does not seem to be 
any substantial difference in total carbon between AMP and Non-AMP systems, however we 
have yet to differentiate between soil organic carbon and soil inorganic carbon. Once we 
distinguish the two variables we will be able to confirm the effectiveness of the AMP grazing 
system in increasing carbon sequestration in Canadian grasslands.

Cite as: Breitkreuz S., Sobrinho L.S., Stachniak L., Chang S. 2019. Can the adaptive multi-paddock 
grazing system increase carbon sequestration in Alberta’s grassland soils? Alberta Academic 
Review, Vol 2 (2) 13-14, WISEST Special Issue (non peer-reviewed), DOI 10.29173/aar52.

ISSN 2561-5327 (print)
ISSN 2561-5335 (online)



Pa
ge

 1
4 

/ W
IS

ES
T 

Sp
ec

ia
l I

ss
ue

  /
 V

ol
um

e 
2 

/ D
O

I: 
10

.2
91

73
/a

ar
52

 

albertaacademicreview.com

C
an

 th
e A

da
pt

iv
e 

M
ul

ti-
Pa

dd
oc

k 
G

ra
zi

ng
 S

ys
te

m
In

cr
ea

se
C

ar
bo

n 
Se

qu
es

tra
tio

n 
in

 A
lb

er
ta

’s
 G

ra
ss

la
nd

 S
oi

ls
?

Sa
ra

h 
B

re
itk

re
uz

, L
ai

o 
Si

lv
a 

So
br

in
ho

, L
ea

h 
St

ac
hn

ia
k,

 S
co

tt 
C

ha
ng

D
ep

ar
tm

en
t o

f R
en

ew
ab

le
 R

es
ou

rc
es

, U
ni

ve
rs

ity
 o

f A
lb

er
ta

C
on

cl
us

io
n

A
ck

no
w

le
dg

em
en

ts

Li
te

ra
tu

re
 C

ite
d

o
I w

ou
ld

 li
ke

 to
 th

an
k 

D
r. 

Sc
ot

t C
ha

ng
 fo

r a
llo

w
in

g 
m

e 
to

 w
or

k 
in

 h
is

la
b.

Th
an

k
yo

u
to

m
y

su
pe

rv
is

or
La

io
 S

ilv
a 

So
br

in
ho

 fo
r h

el
pi

ng
 m

e 
th

ro
ug

ho
ut

 m
y

pr
og

ra
m

, a
s w

el
l a

s m
y 

pa
rtn

er
 L

ea
h 

an
d 

th
e 

re
st

 o
f

m
y 

la
b.

Sp
ec

ia
l t

ha
nk

 y
ou

 to
 T

hr
es

ho
ld

 Im
pa

ct
 a

nd
th

e 
Fa

cu
lty

of
A

LE
S 

fo
rs

po
ns

or
in

g 
m

y 
la

b
pl

ac
em

en
t. 

A
dd

iti
on

al
ly

, I
 w

ou
ld

 li
ke

 to
 th

an
k 

W
IS

ES
T 

fo
r o

rg
an

iz
in

g 
th

is
 p

ro
gr

am
.

o
Th

is
 p

ro
je

ct
 is

 b
ei

ng
 fu

nd
ed

 b
y 

th
e A

gr
ic

ul
tu

ra
l G

re
en

ho
us

e 
G

as
es

 P
ro

gr
am

 (A
G

G
P)

, a
 fe

de
ra

l
in

iti
at

iv
e 

by
 A

gr
ic

ul
tu

re
 a

nd
 A

gr
i-F

oo
d 

C
an

ad
a 

(A
A

FC
).

05010
0

15
0

20
0

25
0

30
0

3.5
4
5
6
7
8
9

9.5
10
11
12
13

13.5
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
32
33
35
36
38
39
41
42
47
48
54
63
85

TotalCarbon(tons/hectare)

A
h 

L
ay

er
 D

ep
th

 (c
m

)

TC
an

d
A

h
la

ye
rd

ep
th

in
 A

M
P

an
d

N
-A

M
P

gr
az

in
g

sy
st

em
s

A
M

P
N

-A
M

P

Fi
gu

re
 6

:R
el

at
io

ns
hi

p 
be

tw
ee

n
TC

an
d

A
h

la
ye

r d
ep

th
 in

 A
M

P 
an

d 
N

on
-A

M
P 

gr
az

in
g 

sy
st

em
s.

o
So

m
e 

tre
nd

s t
ha

t c
an

 b
e 

se
en

 in
 th

e 
da

ta
 a

re
 a

s f
ol

lo
w

s:
o

Fi
gu

re
 3

:
o

TC
va

rie
s b

et
w

ee
n 

ec
or

eg
io

ns
 a

nd
 so

il 
zo

ne
s. 

Th
er

e 
do

es
 n

ot
 se

em
 to

 b
e 

su
bs

ta
nt

ia
l d

iff
er

en
ce

in
 T

C
be

tw
ee

n 
A

M
P 

an
d 

N
-A

M
P 

sy
st

em
s, 

ho
w

ev
er

 w
e

ha
ve

ye
t t

o 
di

ffe
re

nt
ia

te
 b

et
w

ee
n 

SO
C

an
d 

SI
C

 w
ith

in
 th

e 
da

ta
.

o
TC

ap
pe

ar
s t

o 
fo

llo
w

 a
 p

os
iti

ve
 c

or
re

la
tio

n 
w

ith
 n

or
m

al
iz

ed
 M

A
P 

[F
ig

.5
] a

nd
 a

 n
eg

at
iv

e
co

rr
el

at
io

n
w

ith
no

rm
al

iz
ed

M
AT

[F
ig

.4
].

Th
is

in
di

ca
te

st
ha

ti
n

re
gi

on
so

fh
ig

he
ra

ve
ra

ge
te

m
pe

ra
tu

re
 a

nd
 lo

w
er

 a
ve

ra
ge

 p
re

ci
pi

ta
tio

n
–

su
ch

 a
si

n 
th

e 
M

ix
ed

G
ra

ss
la

nd
 e

co
re

gi
on

–
TC

in
 so

il 
is

 re
du

ce
d.

o
Fi

gu
re

 6
:

o
A

s t
he

 A
h 

la
ye

r i
nc

re
as

es
 in

 d
ep

th
, t

he
 a

ve
ra

ge
 T

C
 in

cr
ea

se
s.

o
M

ov
in

g 
fo

rw
ar

d:
o

Fu
rth

er
 so

il 
an

al
ys

is
 w

ill
 a

llo
w

 u
s t

o 
se

pa
ra

te
 S

O
C

 a
nd

 S
IC

 fr
om

TC
.

o
A

dd
iti

on
al

ly
, o

nc
e 

SO
C

 a
nd

 S
IC

 a
na

ly
si

s i
s c

om
pl

et
e 

fo
r s

am
pl

es
 fr

om
al

l o
fo

ur
 st

ud
y 

si
te

s, 
w

e
w

ill
 b

e 
ab

le
 to

 c
on

fir
m

 th
e 

ef
fe

ct
iv

en
es

s o
f t

he
 A

M
P 

gr
az

in
g

sy
st

em
in

 in
cr

ea
si

ng
 C

 se
qu

es
tra

tio
n

in
 C

an
ad

ia
n 

gr
as

sl
an

ds
.

o
In

 te
rm

s o
f a

gr
ic

ul
tu

ra
l a

pp
lic

at
io

n,
 o

ur
 re

su
lts

 c
ou

ld
 su

pp
or

t t
he

 c
re

at
io

n 
of

 p
ol

ic
ie

s a
nd

m
ec

ha
ni

sm
s t

hr
ou

gh
 w

hi
ch

 ra
nc

he
rs

 c
ou

ld
 b

e 
gi

ve
n 

m
on

et
ar

y 
co

m
pe

ns
at

io
n 

fo
r a

do
pt

in
g 

im
pr

ov
ed

gr
az

in
g 

pr
ac

tic
es

 su
ch

 a
s t

he
 A

M
P

sy
st

em
[8

] .

[1
]D

er
ne

r, 
J. 

D
., 

&
 S

ch
um

an
, G

. E
. (

20
07

). 
C

ar
bo

n 
se

qu
es

tra
tio

n 
an

d 
ra

ng
el

an
ds

: a
 sy

nt
he

si
s o

f l
an

d 
m

an
ag

em
en

t a
nd

 p
re

ci
pi

ta
tio

n 
ef

fe
ct

s.
Jo

ur
na

l o
f s

oi
l

an
d 

w
at

er
 c

on
se

rv
at

io
n,

62
(2

), 
77

-8
5.

[2
] G

au
th

ie
r, 

D
. A

., 
&

W
ik

en
, E

. B
. (

20
03

). 
M

on
ito

rin
g 

th
e 

co
ns

er
va

tio
n 

of
 g

ra
ss

la
nd

 h
ab

ita
ts

, P
ra

iri
e 

Ec
oz

on
e,

 C
an

ad
a.

En
vi

ro
nm

en
ta

l M
on

ito
ri

ng
 a

nd
As

se
ss

m
en

t,
88

(1
-3

), 
34

3-
36

4.
[3

] S
am

so
n,

 F
., 

&
 K

no
pf

, F
. (

19
94

). 
R

ou
nd

ta
bl

e:
 p

ra
iri

e 
co

ns
er

va
tio

n 
in

 N
or

th
 A

m
er

ic
a.

Bi
oS

ci
en

ce
,4

4(
6)

, 4
18

-4
21

.
[4

] K
ra

us
, D

. (
20

16
). 

W
hy

 C
an

ad
a’

s P
ra

iri
es

 a
re

 th
e 

W
or

ld
’s

 M
os

t E
nd

an
ge

re
d 

Ec
os

ys
te

m
. R

et
rie

ve
d 

fr
om

:
ht

tp
://

w
w

w
.n

at
ur

ec
on

se
rv

an
cy

.c
a/

en
/b

lo
g/

ar
ch

iv
e/

gr
as

sl
an

ds
-th

e-
m

os
t.h

tm
l#

.X
U

ns
E-

hK
i7

0
[5

] L
al

, R
. (

20
02

). 
So

il 
ca

rb
on

 d
yn

am
ic

s i
n 

cr
op

la
nd

 a
nd

 ra
ng

el
an

d.
En

vi
ro

nm
en

ta
l p

ol
lu

tio
n,

11
6(

3)
, 3

53
-3

62
.

[6
] T

ea
gu

e,
 W

. R
. (

20
18

). 
Fo

ra
ge

s a
nd

 p
as

tu
re

s s
ym

po
si

um
: C

ov
er

 c
ro

ps
 in

 li
ve

st
oc

k 
pr

od
uc

tio
n:

 W
ho

le
-s

ys
te

m
 a

pp
ro

ac
h:

 M
an

ag
in

g 
gr

az
in

g 
to

 re
st

or
e 

so
il

he
al

th
 a

nd
 fa

rm
 li

ve
lih

oo
ds

.J
ou

rn
al

 o
f a

ni
m

al
 s

ci
en

ce
,9

6(
4)

, 1
51

9-
15

30
.

[7
] T

ea
gu

e,
 R

.,
Pr

ov
en

za
, F

.,
K

re
ut

er
, U

., 
St

ef
fe

ns
, T

., 
&

 B
ar

ne
s, 

M
. (

20
13

). 
M

ul
ti-

pa
dd

oc
k 

gr
az

in
g 

on
 ra

ng
el

an
ds

: w
hy

 th
e 

pe
rc

ep
tu

al
 d

ic
ho

to
m

y 
be

tw
ee

n
re

se
ar

ch
 re

su
lts

 a
nd

 ra
nc

he
r e

xp
er

ie
nc

e?
.J

ou
rn

al
 o

f E
nv

ir
on

m
en

ta
l m

an
ag

em
en

t,
12

8,
 6

99
-7

17
.

[8
] M

an
ni

ng
, L

. (
20

19
). 

M
on

ta
na

 R
an

ch
er

s C
an

 N
ow

 G
et

 P
ai

d 
to

 S
eq

ue
st

er
 C

ar
bo

n 
U

si
ng

 R
ot

at
io

na
l G

ra
zi

ng
 P

ra
ct

ic
es

. R
et

rie
ve

d 
fr

om
:

ht
tp

s:
//a

gf
un

de
rn

ew
s.c

om
/ro

ta
tio

na
l-g

ra
zi

ng
-p

ay
s-

m
on

ta
na

-r
an

ch
er

s.h
tm

l

R
es

ul
ts

0102030405060708090

A
sp

en
Pa

rk
la

nd
Fe

sc
ue

G
ra

ss
la

nd
M

ix
ed

G
ra

ss
la

nd
A

sp
en

Pa
rk

la
nd

B
or

ea
lT

ra
ns

iti
on

B
la

ck
B

ro
w

n
G

ra
y

Total Carbon (tons /hectare)

E
co

re
gi

on
s

an
d

So
il 

Z
on

es

TC
 fr

om
 A

M
P 

an
d 

N
-A

M
P 

st
ud

y 
si

te
s i

n 
di

ffe
re

nt
 g

ra
ss

la
nd

 e
co

re
gi

on
s a

nd
 so

il
zo

ne
s

A
M

P
N

-A
M

P

Fi
gu

re
 3

:T
C

 in
th

e
di

ff
er

en
tA

lb
er

ta
 g

ra
ss

la
nd

ec
or

eg
io

ns
 a

nd
 so

il 
zo

ne
s f

ro
m

 w
hi

ch
 th

e 
so

il 
co

re
s w

er
e 

co
lle

ct
ed

.

0

10
0

20
0

30
0

40
0

50
0

60
0

A
sp

en
Pa

rk
la

nd
Fe

sc
ue

G
ra

ss
la

nd
M

ix
ed

G
ra

ss
la

nd
A

sp
en

Pa
rk

la
nd

B
or

ea
lT

ra
ns

iti
on

B
la

ck
B

ro
w

n
G

ra
y

Average MAP

E
co

re
gi

on
s

an
d

So
il 

Z
on

es

N
or

m
al

iz
ed

 M
A

P
in

di
ffe

re
nt

 g
ra

ss
la

nd
ec

or
eg

io
ns

 a
nd

so
il 

zo
ne

s

0

0.
51

1.
52

2.
53

3.
54

4.
55

A
sp

en
Pa

rk
la

nd
Fe

sc
ue

G
ra

ss
la

nd
M

ix
ed

G
ra

ss
la

nd
A

sp
en

Pa
rk

la
nd

B
or

ea
lT

ra
ns

iti
on

B
la

ck
B

ro
w

n
G

ra
y

Average MAT

E
co

re
gi

on
s

an
d

So
il 

Z
on

es

N
or

m
al

iz
ed

 M
AT

in
di

ffe
re

nt
gr

as
sl

an
d 

ec
or

eg
io

ns
an

d
so

il
zo

ne
s

Fi
gu

re
 4

:N
or

m
al

iz
ed

 m
ea

n 
an

nu
al

 te
m

pe
ra

tu
re

 (M
AT

) i
n

di
ff

er
en

t A
lb

er
ta

 g
ra

ss
la

nd
ec

or
eg

io
ns

 a
nd

 so
il 

zo
ne

s.

Fi
gu

re
 5

:N
or

m
al

iz
ed

 m
ea

n 
an

nu
al

 p
re

ci
pi

ta
tio

n 
(M

A
P)

in
di

ff
er

en
tA

lb
er

ta
 g

ra
ss

la
nd

ec
or

eg
io

ns
 a

nd
 so

il 
zo

ne
s.

In
tro

du
ct

io
n

M
et

ho
ds

o
So

il 
co

re
s w

er
e 

co
lle

ct
ed

 fr
om

 3
0 

st
ud

y 
si

te
s l

oc
at

ed
 th

ro
ug

ho
ut

 th
e

gr
as

sl
an

ds
 e

co
re

gi
on

si
n 

C
an

ad
a

[F
ig

. 2
]. 

Ea
ch

 si
te

 c
on

si
st

s o
f a

 p
ai

r o
f r

an
ch

es
: o

ne
 A

M
P 

an
d 

on
e 

N
on

-A
M

P 
lo

ca
te

d 
w

ith
in

 1
 k

m
 o

f
ea

ch
 o

th
er

.

Fi
gu

re
 1

:a
) A

M
P 

gr
az

in
g 

is
 a

 sy
st

em
 in

 w
hi

ch
 li

ve
st

oc
k 

ar
e 

fr
eq

ue
nt

ly
 ro

ta
te

d 
be

tw
ee

n 
m

ul
tip

le
 p

ad
do

ck
s

[7
] .

b)
N

on
-A

M
P 

(N
-A

M
P)

 g
ra

zi
ng

sy
st

em
 (i

.e
. C

on
ve

nt
io

na
l).

o
15

 so
il 

co
re

s (
1m

 x
 5

cm
) w

er
e 

co
lle

ct
ed

fr
om

 e
ac

h 
ra

nc
h 

us
in

g 
a 

hy
dr

au
lic

 so
il

pr
ob

e.
 T

he
 c

or
es

 w
er

e 
th

en
 se

ct
io

ne
d 

in
to

ap
pr

ox
im

at
el

y 
4 

de
pt

h 
ra

ng
es

 (i
.e

., 
0-

15
cm

;
15

-3
5c

m
; 3

5-
60

cm
; 6

0-
10

0c
m

).
o

A
fte

r b
ei

ng
 a

ir-
dr

ie
d 

fo
r 4

 d
ay

s a
t r

oo
m

te
m

pe
ra

tu
re

, s
oi

l f
ro

m
 e

ac
h 

co
re

 se
ct

io
n

w
as

 si
ev

ed
 (2

m
m

) t
o 

re
m

ov
e

vi
si

bl
e 

ro
ot

s
an

d 
gr

av
el

.
o

So
il 

w
as

 th
en

 g
ro

un
d 

to
 0

.1
m

m
 in

an
el

ec
tri

c 
ba

ll 
m

ill
, w

ei
gh

ed
 o

n 
a 

m
ic

ro
sc

al
e,

an
d

fin
al

ly
an

al
yz

ed
 fo

r t
ot

al
 c

ar
bo

n 
(T

C
)

by
 d

ry
 c

om
bu

st
io

n 
in

 a
n 

el
em

en
ta

l
an

al
yz

er
.

o
C

ur
re

nt
ly

, w
e 

ar
e 

w
or

ki
ng

 o
n

di
st

in
gu

is
hi

ng
TC

 in
to

 S
O

C
 a

nd
 so

il
in

or
ga

ni
c 

ca
rb

on
(S

IC
).

o
B

y 
se

qu
es

te
rin

g 
ar

ou
nd

 3
0%

 o
f a

tm
os

ph
er

ic
 c

ar
bo

n 
(C

) i
nt

o 
th

ei
r s

oi
ls

, g
ra

ss
la

nd
s e

ffe
ct

iv
el

y 
pr

om
ot

e
th

e 
al

le
vi

at
io

n 
of

 c
lim

at
e 

ch
an

ge
[1

] .
o

D
es

pi
te

 th
ei

r i
m

po
rta

nc
e,

 g
ra

ss
la

nd
s a

re
 o

ne
 o

f t
he

 m
os

t d
eg

ra
de

d 
bi

om
es

. I
n 

C
an

ad
a,

 it
 is

 e
st

im
at

ed
th

at
 u

p 
to

 7
0%

 o
ft

he
 o

rig
in

al
gr

as
sl

an
d 

ha
bi

ta
t h

as
 b

ee
n 

de
st

ro
ye

d
[2

] ,
w

hi
ch

 m
ak

es
 it

th
e

m
os

t
en

da
ng

er
ed

 e
co

sy
st

em
 in

 N
or

th
 A

m
er

ic
a

[3
] .

o
W

ha
t r

em
ai

ns
 is

 o
fte

n 
in

te
ns

el
y

gr
az

ed
an

d 
a 

di
ve

rs
e 

ec
os

ys
te

m
 o

f w
ild

an
im

al
s i

sr
ep

la
ce

d 
by

do
m

es
tic

 li
ve

st
oc

k
[4

] .
o

Th
e 

co
nt

in
uo

us
 a

pp
lic

at
io

n 
of

 p
oo

r g
ra

zi
ng

 m
an

ag
em

en
t b

y 
ra

nc
he

rs
 is

 o
ne

 o
f t

he
 m

ai
n 

ca
us

es
 fo

r t
he

de
pl

et
io

n 
of

 n
at

ur
al

 g
ra

ss
la

nd
s, 

re
su

lti
ng

 in
 th

e 
re

le
as

e 
of

 st
or

ed
so

il 
C

ba
ck

 in
to

 th
e 

at
m

os
ph

er
e.

o
Fo

rtu
na

te
ly

, u
p 

to
 6

0-
70

%
 o

f t
he

 d
ep

le
te

d 
C

 c
an

 b
e 

re
-s

eq
ue

st
er

ed
 th

ro
ug

h 
th

e 
ad

op
tio

n 
of

 im
pr

ov
ed

gr
az

in
g 

an
d 

cr
op

 m
an

ag
em

en
t[5

] , 
th

us
 im

pr
ov

in
g 

gr
as

sl
an

d 
ec

os
ys

te
m

s.

o
Th

e A
da

pt
iv

e 
M

ul
ti-

Pa
dd

oc
k 

(A
M

P)
 g

ra
zi

ng
 sy

st
em

 is
 a

 fa
vo

ra
bl

e 
so

lu
tio

n 
w

hi
ch

 c
an

 im
pr

ov
e 

C
se

qu
es

tra
tio

n
in

 w
or

ld
w

id
e

gr
as

sl
an

ds
 so

ils
–

an
d 

in
 tu

rn
, c

on
tri

bu
te

 to
 th

e 
m

iti
ga

tio
n 

of
 c

lim
at

e
ch

an
ge

. B
y 

re
ge

ne
ra

tin
g 

gr
as

sl
an

d 
ec

os
ys

te
m

s, 
A

M
P 

gr
az

in
g 

co
ul

d 
po

te
nt

ia
lly

 a
id

 in
 c

re
at

in
g 

m
or

e
su

st
ai

na
bl

e,
 re

si
lie

nt
 a

gr
oe

co
sy

st
em

s
[6

] .

To
 st

ud
y 

th
e 

ef
fe

ct
 o

f t
he

 A
M

P 
gr

az
in

g 
sy

st
em

 o
n 

so
il 

or
ga

ni
c 

ca
rb

on
 (S

O
C

) s
eq

ue
st

ra
tio

n 
in

 A
lb

er
ta

’s
gr

as
sl

an
ds

.

O
bj

ec
tiv

e

Fi
gu

re
 2

:L
oc

at
io

n 
of

 ra
nc

he
s t

hr
ou

gh
ou

t A
lb

er
ta

,
Sa

sk
at

ch
ew

an
 a

nd
 M

an
ito

ba
.

a)
b)

Su
pp

or
te

d 
B

y:

Breitkreuz et al., 2019


