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Herbaceous 3408 1761 8123 13 292
Evergreen shrub 869 506 705 2 081
Deciduous shrub 3089 1824 6 488 11 402
Sparse 5 301 1445 7 077 13 824
Shrub/herbaceous

TABLE 1: Extent of the different grassland types (1 000 ha) (Chapter )

Polar 7.7 15.0 8.2 6.3
Boreal 104 16.0 8.8 8.7
Temperate 5.6 9.2 5.5 4.3
Mediterranean 3.6 4.1 4.4 2.9
Subtropics 3.3 5.1 4.8 5.4
Tropics 3.8 6.0 3.8 4.3
Deserts 2.9 3.6 2.5 2.7

TABLE 2: Average stock of organic carbon (0-30 cm) in different grassland types
(kg/m?) (Chapter Il)

Deciduous shrub 211 76 255
Evergreen shrub 122 37 49
Herbaceous 233 77 334
Sparse 340 63 247
Shrub/herbaceous

TABLE 3: Total stock (0-30 cm) of organic carbon in different grassland types (Mt C)

(Chapter 1)
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CLIMATE GASSLAND TYPES NATURAL DEGRADED IMPROVED
Deserts - 1.00 0.97 1.05
Tropics - 1.14 0.97 1.17
Subtropics Shrub 1.02 0.75 1.10
Humid Grasses 1.14 0.85 117
Sparse grasses 1.02 0.75 1.05
Subtropics Shrub 1.02 0.56 1.07
Drylands Grasses 1.02 0.80 1.10
Sparse grasses 1.02 0.70 1.10
Mediterranean Shrub 1.00 0.70 1.07
Humid Grasses 1.05 0.56 1.06
Sparse grasses 0.93 0.55 1.06
Mediterranean Evergreen shrub 0.98 0.56 1.07
Drylands Deciduous shrub 0.98 0.56 1.10
Grasses 0.95 0.60 1.10
Sparse grasses 0.90 0.60 1.01
Temperate Shrub 1.12 0.95 1.14
Humid Grasses 1.10 0.95 1.14
Sparse grasses 1.05 0.95 1.14
Temperate Shrub 1.12 0.95 1.09
Drylands Grasses 1.05 0.95 1.09
Sparse grasses 1.01 0.95 1.07
Boreal - 1.12 0.95 1.14
Polar - 1.00 0.71 1.05

TABLE 4: Sequestration factors for organic carbon as a function of grassland

typology, management status and climatic zones (Chapter II)
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(i)

TYPOLOGY OF GRASSLANDS NATURAL DEGRADED POTENTIALLY
IMPROVED

Deciduous shrub 0.06 -0.02 0.03

Evergreen shrub 0.13 -0.05 0.07

Herbaceous 0.03 -0.02 0.02

Sparse Shrub/herbaceous 0.02 -0.02 0.02

(i)

TYPOLOGY OF GRASSLANDS NATURAL DEGRADED POTENTIALLY
IMPROVED

Deciduous shrub 157.46 -33.30 159.29

Evergreen shrub 110.47 -22.76 37.34

Herbaceous 90.90 -37.71 190.47

Sparse Shrub/herbaceous 99.91 -27.42 105.57

TABLE 5: (i) Mean (kg C/m?) and (ii) total (Mt C) carbon sequestration (0-30 cm)
as a function of grassland typology and management level (Chapter /i)

: 2
Annual mean of carbon sequestration on grassland (kg/m~)
excluding degraded areas
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million ha %

Grazing 430.0 56.0
Minimal use (mostly desert) 121.0 15.7
Protected areas 102.6 13.4
Nature conservation 49.9 6.5
Dryland and irrigated agriculture 42.4 5.5
(incl. ~50 percent sown pasture)

Forestry 15.2 2.0
Built environment 2.4 0.3

TABLE 7: Area of land uses in Australia (Chapter Il

Source: from Australian Natural Resources Atlas (http://www.anra.gov.au/topics/land/landuse/index.html,
last update 7 june 2009)
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AREA IN CLASS

(MILLION HA) FRACTION IN CLASS
Area

Pasture type (million ha) | Class A Class B Class C A B C
Aristida/
Bothriochloa 31.9 15923 10 381 5593 | 0.50 | 0.33 | 0.18
Mitchell grass 29.8 17 128 9977 2728 | 0.57 | 0.33 | 0.09
Black speargrass 22.9 7 167 11 986 3743 | 0.31 | 0.52 | 0.16
Spinifex 19.2 9 927 6 631 2619 | 052 | 0.35 | 0.14
Mulga 18.4 3672 9 355 5331 | 0.20 | 0.51 | 0.29
Schizachyrium 8.7 1900 5729 1035 | 0.22 | 0.66 | 0.12
Brigalow 8.5 3430 3156 1923 | 040 | 0.37 | 0.23
Seasonal
riverine plains 5.4 2170 2170 1085 | 040 | 0.40 | 0.20
Bluegrass-
browntop 4.9 991 3718 248 | 0.20 | 0.75 | 0.05
Gidgee 2.7 939 866 879 | 0.35 | 0.32 | 0.33
Queensland
bluegrass 2.4 617 854 901 | 0.26 | 0.36 | 0.38
Bladygrass 2.0 326 1253 415 | 0.16 | 0.63 | 0.21
Georgina gidgee 1.6 1119 320 160 | 0.70 | 0.20 | 0.10
Plume sorghum 0.9 835 46 46 | 0.90 | 0.05 | 0.05
Former rain forest 0.9 345 431 86 | 0.40 | 0.50 | 0.10
Ribbon grass 0.6 600 32 0| 0.95 | 0.05 | 0.00
Saltwater couch 0.8 722 40 40 | 0.90 | 0.05 | 0.05
TOTAL 161.6 67 811 66945 | 26832 | 0.42 | 0.41 | 0.17

TABLE 8: The area and fraction of Queensland pastures in each of three classes

of degradation (A = no significant deterioration, B = deteriorated,
C= severely degraded). The assignment to classes A, B or C was the

subjective judgements of local experts (data derived from Tothill and
Gillies, 1992, Table 3a) (Chapter Ill)

Integrated Crop Management



MAPS, TABLES AND FIGURES

[4

D |10s puej|sselb ‘() aduejeq Xnjj D :SPOYIaW Juaidyip buisn sayis pue|ssesb e (SON) 96el01s I 18U 4o AdAINS ainjelarT :6 I19VL

(In 491dey)) aeaks,wi/d b ul aae saxnyy ||V
*swa1sAs0da pue|sselb ul uolle|NWINIOE UOGIED MBU € s310uap SN dAnIsod v "walsAsoda ay) wody adjerdn J mau e spuasaidal
4 aanpisod v *(Q) sjuswiainseaw xnj} ajeds wJey pue ‘(D) yuswabeuew puessesb ur abueyd e isyje abueyd J [10s ‘(g) A10jusAaul

Jeafrey/N £L00C /e 32 UelIBAOD cl 123 08 0c¢ LLL 08L ol spuejiayla | (3nd> pue meEmm
puejssed
63 00€ euessnog Appa aylL 3AISUBIUJ
Jeafjey/N L00C /e 32 dUelIeAod Ve 8G¢E 0 0 09 | 00ClL | €9 Aley | samsed pazeib
63 06 euessnos Appa snsusPa
addass £00Z /e 12 SdueleAOd vz 89 0 0 69 00S S0l Aebuny | ainysed pazeib
Aip !N ou euessnos Appa snsuspa
800z A1iag olles uamoq | syiuow ‘pru ‘pru pu e6EC | 06€ Sl e1odeq YuoN | einised pazeib
9AISU91IX]
pue sddijjiyd 9X0l J3AII INOSSIIN :

QY3 JO 1S9\
800z A1iag olles uamoq | syiuow ‘pru ‘Pu pu e/l€ €8l Sl ejoyeq YHoN | aJmysed pazeib
i 9AISUd1IX]

pue sddijjiyd 9X0l JOAII 1INOSSIA|

QY3 jo 1seg
1os yead S00¢ /e 32 UElIBAOD cl 01— ‘pru 619 Sv— | L8t Sl puejesaz ainysed
. -jead pazeip

pauleip UDAIIIN Apps MIN ‘01edIeAn
[1os djuebio 800¢ /e 19 OUELIBAOD cl GGE- 0 €81 L= 166 '8 pueIazims mopeaw Aey
6 £ pue ainised
pauleip sia160y ppa |eJsauad SAISUDIX®
161y 3uno auid|y
ayuejeq xn|4 'y

(yruow) (1eak/zwy/> 6) (ww) | (30)

INJWIDVNVIN
JYNNVIN 1S3IA¥VH [{en} ANV 3dAL
S31ON FEBLEREEELR] QOHILIN Nollvina SON 4 4 E] dVIN 1VIN NOILVD01 ANVISSVYD

295

11-2010

Vol.



GRASSLAND CARBON SEQUESTRATION: MANAGEMENT, POLICY AND ECONOMICS

(In 493dey)) aeak/,wi/d b ul a1e saxnyy ||V

*'swa)sAs0da pue|sselb ul uolle|nNWNIdE UOQJed Mau e sdlouap SHN dAnIsod v "walsAsodra ayy wouy axerdn ) mau e spuasaidal

4 annsod v *(Q) SsuswiaInseaw xnjy d|edS Wwiey pue ‘(D) Juswabeuew pue|ssesb ul abueyd e sayye abueyd J |10s ‘(g) A1ojuanul
D |10s pue|sselb ‘() dduejeq xnj} D :Spoyiaw Jua13)4Ip Buisn salis pue|ssedb 1e (SON) abelois ) 19u Jo AsAins aunyelarl] 6 319VL

axejur lewiue | 9007 Ao 9dUelIeADD ) ve- 0 8zz | 691 | 0sL | 621 N | (3> pue pazeib)
10} Pa1I8LI0d Kppa ﬂmw_ww%
‘puejssesb 1m aAISuUdIU|
Jeak/ey/N L00C /e 39 9duelIenod 9€ Ll S'[9 89¢€ L9V 00L L 9’6 SSIMS (and)
63 002 uueWWY Appa wﬁmwwwu__
19z1|1394 L00C /e 39 9duelIenod 9€ LS~ 0 LLE 4T4 00L L 9’6 SSIMS (and)
ou uuewwy App@ ww\,_mmwmwxcm
1eak/ey/N|  £00Z je 39 adueleAod og (8 0 0 66 |00zl | ¢ adueld | (pazeib) sinysed
63 5L1 pae||y Appa e
192Z1[1494 /00T ‘[e 12 aouRIIBAOD 9¢ 69 0 0 s/ | oozl / 9dueld | (pazeib) sinysed
ou pae|y Appa srstera
Jeakrey/N L00C /e 39 9duelienod 144 xx00L L [ xx00% L €€E sl LEL 6 JJewusg (3nd)
63 002 euessnos Appa wﬁmwwww:_
Jeaf/ey/N|  £00Z e 39 adueleAdd | T oLL- 0 vie | g6z | ves | v'6 puejal] | (3n> pue pazeh)
63 002 euessnos Appa w_\_,,_ﬂ_wwm._:m_
Jeak/ey/N £00C /e 39 9Juelienod 144 LEC € oLl eve 8€9 8'8 puejioss @an>
63 002 euessnog Appa v:mcﬂwmw
OAIsSUdlU|

(yauow) (1eah/zw/> 6) (ww) | (30)
INJINIDVNVIN
S31ON SIDONIYILIY QOH1IN NolLv¥Na | SON | MMy | Sy g gyn | v NOILYDO1 o,._na_._mmuo_mw

Integrated Crop Management

296



MAPS, TABLES AND FIGURES

D |10s puejsseub ‘(y) aduejeq XNnj} D :SPOYISW JuIdIp Buisn sayls puejsselb e (SON) ab6elols ) 38U jo A3AINns ainjesar 6 379V.L

(In 491dey)) aeak/,wi/d b ul ase sexnyy ||V
*swa3sAsoda pue|sselb Ul uole|NWNIIE UOgIed M3U B S3)0Udp SIN dAIIsod Y "walsAsodd ay3 wouy ayerdn J) mau e syuasasdal
¥4 aAnisod vy *(Q) sluswiainseaw xnjj ajeds waey pue ‘(D) yuswabeuew puejsselb ul abueyd e Jayje abueyd J [10s ‘(g) A103usAul

Jawwns 2002 ‘e 19 9dUeIBAOD 4 ‘pru 0 0 8l— | §'sLZ | sl epeue) pue|sseb
£p 6 £ . paxiw 1siow
Jp ‘0002 uebeue| ppa eHeqlv pauopueqy
Jawwns 200Z /e 19 9dUeIBAOD 4 ‘pru 0 0 1z RS el epeue) pue|sseb
6 . 6 £ . paxiw 1siow
abeiane ‘6661 uebeue|4 ppa e aq|y pauopueqy
Jawwns 200Z e 19 ERIVI-IF=7ob) zl ‘pru 0 0 601 8y | €951 epeued pue|sseb
! 6 A . paxiw jsiow
19M ‘8661 uebeue| ppa eHRqlv pauopueqy
Bujuing ou ‘N 002 2c3uelenod 124 ‘pru 0 0 N7 €€6 6 puejeaz maN puejssesb Aip
. . . yd0ssny asieds
ou “eak 1om /e 19 JunH App@ pue|s| ynos
Buluing ou ‘N 002 9dUeIBAOD vz ‘pru 0 0 6— Y% 66 puejeaz maN puejsseab Aip
' . ' )possny asieds
ou “eak Aup /e 19 JunH App@ pue|s| ynos
wing | 100Z BWIdA 9OUeIBAOD 0z ‘pru 0 0 8 5898 1| vl vsn auread
) sseibjje} anneN
paqusaid pue Ja34ng Appa ewoyepo
‘pazeub Jou |eJIuad-ypou
ainysed S00C ‘/e 19| syuswainsesw 4} *x8€ ‘pru 0 8¢ (JA ol puejaJ| (g aus)
jusuewlad QuJAg Jaqueyd uJayinos wﬂﬂ_”%.%
aealkey/N 40D Ayunod
63 oog
a4nised maN 5007 ‘/e 19| syuawainseaw 4 xxSl p'u 0 Sl ol L ol puejal| (v 211s)
aeakey/N QuJAg Jaquieyd uJayinos ﬂ.m_:mm_wmmmh:m
63 oo€ 40> A&1unod .
(yauouw) (1eak/zw/> B) (ww) | (30)
INJINIDVNVIN
ANV 3dAl
SALON SIDNIYIAIY QOHLIN NoILv¥Nd | SON | ™3 | My 4 | gy | v NOILYD01 dNVY1SSV¥D

297

11-2010

Vol.



GRASSLAND CARBON SEQUESTRATION: MANAGEMENT, POLICY AND ECONOMICS

D |10s pue|sseb ‘() @duejeq Xnj} D :Spoyiaw juaiap Buisn sails puejsselb e (SON) abesois ) 19u jo AsAins ainjelddl] :6 319VL

(In 491dey)) aeaks,wi/d b ul aue saxnyy ||V
*swa)1sAs0da pue|sselb ul uolle|NWNOE UOQGJEd MBU € sd10Udp SN dANnIsod v "walsAsoda ay) wody aderdn J mau e syuasaidal
¥4 annsod v *(Q) siuswiainseaw xnjy d|eIs waey pue ‘(D) Juswabeuew pue|ssesb ur abueyd e isyye abueyd J (10s ‘(g) A1ojuanul

S00T /e 39 | wd GL-0 dbueyd | siedk gz | gLe- s3e M\ puesseb
Awe|jag| uoeIUDUOD ‘pue|bul pueidn
J |los
5007 /e 19 | wd g-0 abueyd | sieah gz G- S9eAN pue|sseib
Awejjag| uoneIUDUOD ‘pue|bul pusueuisd
J |los
S9110}UdAUI
Ios "9
sieak| 100z sebng ollel uamoq | syiuow ‘pru 0 0 v6 8LY ‘pu vsn ssedb paxip
¥ :pozeub 1se| pue yuel4 LX1 ‘N uepuepy
‘Buruing ou
19z1[13494 ON
700C OUElIBAOD ve ‘pru 0 0 8¢ 08LL | T9l vsn ainysed
. ) -1ead pazeip
e 19 nxX Appa ejuiojled
Jeak L661 | syuswainseaw 8y ozl ‘e'u ‘e'u ‘e'u ‘e'u ‘e'u 3N pue|ssesb
i youi-sapads
Jad synd G- /e 19 Janl4 Jaqueyd
€00¢ olnel usmoq 8 ‘pru 0 0 Sel- | 9S€ Ll VSN ‘euozuy sseb paxin
yoswwg uJ9315e9Y1Nos
(yruow) (1eak/w/> B) (ww) | Qo)
INIINIDVNVIN
JUNNVIN 1SIN¥VH [4{en} °z< NL>-—.
S311ON S3IDNIYI4FY dOH1IN NoOlLvina SON 4 4 4 dVIN 1VvIN NOILVYDO1 ANVISSViD

Integrated Crop Management

298



MAPS, TABLES AND FIGURES

[4

(In 491dey)) aeaks,wi/d b ul aie saxnyy ||V

*swa1sAs0da pue|sselb ul uolle|NWINIOE UOQGIE) MBU B sd10uap SHN dAnIsod v "walsAsodra ay) wody aderdn J mau e syuasaidal
“4 aansod v *(Q) sjuswiainseaw xnj} ajeds wJey pue ‘(D) yuswabeuew puejsseb ul abueyd e isyje abueyd J [10s ‘(g) A10usAul

D |10s puej|sselb ‘() aduejeq Xnj} D :SPoylaw 1uaiayp buisn sayis pue|ssesb e (SON) 96el0ls I 18U 4o ASAINs ainjelad ;6 I19VL

600¢C /e 19 sbueyd | sieah g| Lol eulyd pue|sseln
oeld | UOI1LJIIUIUOD
D |los

qso0c ‘/e 19 wd> | siesh oL | (0L) 06~ wnibjag pue|sseln
susua1| 00L-0 abueyd
uoI1eJ3uU3dU0d
D |los

BS00C ‘/e 39 | wd 0g-0 dbueyd | sieak op [44 wnibjag puejssein
SU91197| uUOneJUIDUOD
D |los

£00Z | wd 0g-0 dbueypd | siedk og 44 wnibjag puejssein
‘|9BWISSAN [ UOIIRIIUDIUOD
uen pue D |los

SIPI05
S00Z ‘/e 39 | wd gL-0 dbueyd | sieak gz 1'Z- s9|eAN | ssedb [euoniejoy
Awejjag| uonesuaduod ‘pue|bu3
D |los
(yruow) (1eak/wy/> 6) (ww) (Do)

INJINIDVNVIN

JUNNVIN 1SIN¥VH 00 °z< WL>.—.

S31ON FERLEEEEL] dOHL1IN Nollvina SON E| El El dVIN 1VIN NOILVDO1 ANVISSVYD

299

11-2010

Vol.



GRASSLAND CARBON SEQUESTRATION: MANAGEMENT, POLICY AND ECONOMICS

D |10s puejsseub ‘(y) aduejeq XNnj} D :SPOYISW JuIdIp Buisn sayls puejsselb e (SON) a6el0ls ) 38U jo A3AIns ainjesar 6 379V.L

(In 491dey)) aeak/,wi/d b ul ase sexnyy ||V
*swa3sAsodd pue|sselb ul uole|nWNIIE UOgIed M3U B S3)0udp SHN dANIIsod Y "walsAsodd ay3 wouy ayerdn H mau e syuasaidal
¥4 aAnisod vy *(Q) sluswiainseaw xnjj ajeds waey pue ‘(D) yuswabeuew puejsselb ul abueyd e Jayje abueyd J [10s ‘(g) A103usAul

L00Z ‘Je 19 abueyd gse syujod eyep juswabeuew
6 6
1ueuo) 32035 D |10S aAI}-A1104 vm>_“v_._Namh__
L00Z ‘Je 19 abueyd qliol syujod eyep pue|sseib 0}
£ pue| paieAnnd
1ueuo) 32035 D |10S 2aJy3-Auam| BunIanuoy
L00Z ‘Je 19 abueyd qo0€ syujod eyep 1921|1394
1ueuo) 32035 D |10S om1-A1104 m_>mmmmﬁwm
S00T /e 19| wd g-0 dbueyd | siedh |z €l 8¢ ‘pru VSN ‘AM Buizeib 1yb1|
91nbaluen 320315 D |10S ‘auuahayd 03 sinsopx3
S00T ‘e 19| wd g-0 dbueyd | sieah |z 8€l 8¢ ‘pru VSN ‘AM 5 ucﬂ_mmmmm
a1nbaluen 32035 D |10S ‘auualkayd :_N,H_ >nw_m__._
8007 /e 19 wd| sieshg 062 0z 10 epeue) pue|sseb
, 2103531 0}
Uos|aN 0£-0 abueyd 01 o€ XNEed10d m:wvﬁgz_:u

320315 D |10S 1ANOSSIIA
6661l /e 19 wd sieahk Sy vsn d|qese
wou 9119AUO0)
191104 09-0 8bueyd | 099 40} ‘'sexa] |eJauad) 4 ﬂ:am_mmﬁm
320315 D |10S |eruuaiad
abueyd
juawabeuepy D

(yzuow) (1eak/,w/> B) (ww) | (20)

LINIWIDVNVYIN
JUNNVIN 1SIN¥VH 00 nz< NL>.—.
S31ON FEBLENEEEL] dOH1IN Nollvina SON 4 4 4 dVIN 1VIN NOILVDO1 ANVISSVYD

Integrated Crop Management

300



MAPS, TABLES AND FIGURES

D |10s puej|sselb ‘() aduejeq Xnjj D :SPoylaw 1uaiayp buisn sayis pue|ssesb e (SON) 96e101s I 18U 4o ASAINSs ainjeladT ;6 I19VL

(In 491dey)) aeaks,wi/d b ul aae saxnyy ||V
*swa1sAs0da pue|sselb ul uoile|NWINIIE UOQGIEd MBU € sd10uap SHN dAnIsod v "walsAsodra ay) wody aderdn J mau e syuasaidal
3 aAnisod v *(Q) syuswainseaw xnjj ajeds waey pue ‘(D) yuswabeuew puejsselb ul abueyd e Jsyje abueyd J [10s ‘(g) A103usAul

00Z '/e 39 | wd og-0 @bueyd | sieak gL 0z- 008 6 aduel4 sAa| uoneanp
winipsw o3}
euessnos 3D03s D |10S u:w_nﬁm
jusaueuwliad
#00Z "/e 33 | wd pg-0 dbueyd | sieak gL 00L- 0oL L L duely s|1os >juebio
uo puejsseb
euessnos 3015 D |10S 100d jusiiinu jo
uolledijisualuj
00Z '/e 19 | wd og-0 @bueyd | sieak g} 0z 008 6 2duel4 pue|sseib
jusuewsad jo
euessnos 3015 D |10S uonedIISUBIYJ
002 '/e 39 | wd gg-0 @bueyd | siedh gL | 0S-0€ 008 6 2duel4 ainixiw
awnbaj-ssesb
euessnos 3015 D |10S 03 Aa|-sseib
uoneinp }oys
}O uoIsIdaAuU0)
#00¢ ‘/e 39 | wd 0g-0 dbueyd | siedk gL 0€ 008 6 ddueld | induiuszijiiay
N }0 uondnpay
euessnos 3015 D |10S
6661 | (M 0g< suompesy 08-09 aduely| |1os [essuiw uo
puej|sseib umos
euessnos INO) @bueyd
pue neasio 3203s ) [10S
1002 abueyd 0L1-08 sutejd | spue| papeibap
. JO uoljelol}say
/e 19 119||04 320315 D |10S 1eaib sn
L00C /e 19 abueyd avoe sjuiod sapads
sseab panosdwy
jueuo) 320315 D |10S elep aAl4
(yruow) (1eak/zw/> 6) (ww) | (30)
INJINIDVNVIN
JUNNYIN 1SIN¥VH [{en} ﬂz< NL>.—.
S3LON PEBIVENEEED] dOHLIN NoOllvina SON 4 4 4 dVIN 1VIN NOILVDO1 ANVISSVid

301

11-2010

Vol.



GRASSLAND CARBON SEQUESTRATION: MANAGEMENT, POLICY AND ECONOMICS

(In 491dey)) aeaks,wi/> b ul aue saxnyy ||V

*swa1sAs0da pue|sselb ul uolle|nWNE UOQIEd MBU € Sd10UdP SN dANIsod v "walsAsoda ay) wody aderdn J mau e syuasaidal

¥4 annsod v *(Q) siuswiaANseaW Xn|y d|eIS Wiey pue ‘(D) Juswabeuew pue|ssesb ur abueyd e sayye abueyd J |10s ‘(g) A1ojuanul
D |10s pue|sseb ‘() @duejeq Xnj} D :Spoylaw Juaiap Buisn sayls puejsselb e (SON) abelols ) 19u jo AsAns ainjeldd] :6 319VL

“(¥002) ‘e 32 3|60 Aq pue (L007)'|e 32 JueuO) Ag SM3IASI BY} Ul PUNOS 8Q UED SAIPNIS [eUOIHIPPY

‘ueaW Ul PAPN|PUI IO0Nxx

"BILBWY 4O S3)B1S PANUN By} pue |izelg ‘epeue) ‘puejedz maN ‘wopbuly palun 8y ‘eljelisny Wolj 819m sa1pnis 8y} 4o Juadiad /8 g
‘uoseas buimoub jo sbessae v

‘paUIBP 10U = "P U ‘WB)SAS By} WIS (S1S9AIRY) pariodxa aie ydiym saxnjy D dlueblo |essie| = My fwayshs

ay3 wouy (uonedijdde ainuew) pariodwi aie YIIYM saxnjy D dlueblo |esate| = 7" 4 labueydxa walshsods ‘0D 10U = 4 ‘uonendpaid [enuue ueaw = dy ‘2intesadwia) [enuue ueaw = |y

Jeakrey/N 900¢ /e 19 SoxXN|} wiey cl 68 ‘pu 0ol 8¢ 8Ll ol puejaJ | (3n> pue voum‘_mmv.

63 00€ yisoer ‘aduelieA0d 1S9/ Yy1nos wﬂﬂwmwm._:_
eak Aip App@

Jeakrey/N 900¢ /e 19 SoxXN|} wiey cl 144 ‘pu 0L €6l 8.1 oL puejaJ | (3n> pue von‘_mmv.

63 00€ yisoer ‘aduelieA0d 1S3/\ Yy1nos wﬂ_mm_wmmm.r_
1eak 1om App@

pazeib sjned L00C /e 19 soxn|} wuey cl S0¢ ‘pu veL 06¢ orvel ol puejaJ| puesseb

eak £ ) 1nd> pue pazeib

“1eakrey/N suiAg 3dUeLIeAOD uJay3Inos aAIsULILl

63 00€ Appa 402 Ayunod

ajeds wuieq 'q

¥00¢ ‘/e 1o wd | sieak 0ol oy 008 6 Qdueld puej|sseib

6 juauewsad

euessnos 0€-0 abueyd 01 0€ 01 5o

V_UOPW D __Om uoljeinp jioys

00¢C ‘/e 1° wd | siesh gL 0S 008 6 dxuely shs| ssesb

6 J0O uoieinp

euessnos 0€-0 abueyd 0107 oy Buiseanul
3P03s D |10S

(yruow) (1eak/zw/> 6) (ww) | (20)

LINIWIDVNVYIN

JUNNYIN LSINUVH 203 ANV 3dAL

S31ON S3IDONIYIIFY dOH1IN NolLviNna SON E| 4 4 dVIN 1VIN NOILVDO1 ANVISSViD

Integrated Crop Management

302



MAPS, TABLES AND FIGURES

(In 421deyd) (L00T)
‘Je 10 euessnos Aq paipnis sayis puejsseab ueadoiny pabeuew jo seak/,w/syusjeAinba ‘0> ul saxnjy asnoyuaalb jenuue ued\ 0L I19VL

*swa1sAs0da pue|sselb ayy Jo AJIAIE Huls e $910USP DHON-1IV PUe DHON ‘SON-1V ‘SON JO anjea saisod

‘spue|sselb

(swa1sAs uondnpoud Auep) Ajuo 1nd pue ‘(sw1shs uondnpoud Ailep pue 1eaw) pazelb pue 1nd ‘(swaisAs uoidnpoud 1eaw) Ajuo pazelb 1oy se1is ueadoing 831y} pue unoj ‘oM) JO sueaw ale eleq
‘lennualod bulwiem [eqo|b = dA\D ‘((G) uonenba ass) scue|eq seb asnoyusaib 19U painqune

= DHON-1V ‘((€) uonnenba aas) a>uejeq seb asnoyuaaib 19u = DHON ‘() uolenba aas) abelols uogsed 1ou PaINguIIIe = SON-1Y ((2) uolenbs 9as) pue|sselb sy} ul 96eiols uogued 18U = SON

Lrl- 0€¢C €9 0€ VA% 0 6S€ 6S¢C 6unind
Bfunind pue
cLe- [4an 18 79 9LV 651 89¢ €81 Buizesn

(143 0ce [44 [44 145 Svl LLy (Y44 Buizein

303

Vol. 11-2010



GRASSLAND CARBON SEQUESTRATION: MANAGEMENT, POLICY AND ECONOMICS

(I 491dey>) ;sepuy ueiquiojo) ayl JO SapIs||iy Yyl ul walsAs asn-pue| Yyoes ul SSewolq pue [10s ul uogJe) :L| 319Vl

'pasn sem walsAs0da 159104 ulel [ed1dou) pIuNyans s,ed1y e1s0D) JO 159104 dAIIRU dY) Ul paulelqo abejuadiad syl ¢
‘01°0 40 Aujigeqoud Jould ue Ypm ‘A|[ed11si1els P SI9119] JUBIDHIP YUM SUBS .

'S00Z dUN[ "y "ON UORedI|gNd [euldiu] *,20v010-0D AHAIDY dA1RI2d00) SpueHBYIaN YL - 13[01d U0REIISANbaS 3 ‘S002-200T 40 SHNSDY |

0€ ‘ST 'SEl °'as1 ‘(%) AD ‘ueap

8 144 ov v (waysAs /spurod Buyjdwes) N

9'86 - - 9l 9l - - 7’86 2.6 110s papesbaq
156 LT 9C 9C ST - - L'V6 306 yjueq abetoy
L'ShL - - LS €8 90 80 L'E6 q9€l suaquniap g
sainised papeibap jo

£l 7’0 90 [ar4 (43 €0 S0 1.6 q vl uonesauabai |einieN
[al8-14 vLE 6°€6 60 't - - ZL'19 qe qGl (p1o sieak g1) 1sa104
S'LO€E v'LE Lzl 60 9'C - - eL'19 2 98l (plo sieak ov) 1sa104
enbeq :z 9IS

8L ‘0T L9l °'as1 (%) AD ‘ueap

8 144 ot |74 (waisAs /syujod Buidwes) N

oLl €0 90 8'C 6°'€ 7’0 S0 596 J29¢€L aunjsed papeibaq
8'LEL 8l ST L€ 1374 - - 1'96 JLEL jueq abeioy
LSl - - 4 €€ 9'0 60 L6 q Lyl suaquniap °g
ryvLE L°LE 6'8€l 'l 9y - - eL’19 ® €T 158104 3A1EN

oinoq :L s

Integrated Crop Management

304



MAPS, TABLES AND FIGURES

(lin 4932dey)) \uolbas uozewy s,SeIqWIO|OD) Ul S}S3104 uled [edidoJ} Jo ssewoiq pue [10s Ul uogie) :Z| 379VL

‘pasn sem wida)sAsodd 153404 ujes [e31doJ) PIUNYQNS S,eD1Y B1SOD JO 153104 dAIIRU Y} Ul paulelqo abejuadiad ayl

‘01°0 40 Aujigeqoud Jousd ue Ypm ‘A|[ed11s11els JDIP SI9119| JUBIDHIP YLM SUBS .
"S00Z dunf “y| "ON uonedl|qnd [euldiu| *,z0r010-0D ANAIDY dAneladood spueliayiaN ayL - 193f0id uonensanbag > ‘500Z-Z00T 4O SHNSdY |

LLL vyl °'as1 (%) AD ‘uean

LT 14 x4 (waysAs / syutod Buijdwes) N

Szel - - 6'L 9'C L0 60 v'l6 p 6zl ainysed papesbag
979l - - LT Sy L0 Ll 996 2651 ejodipjwny °g
€aLl - - vl e S0 60 1’86 qzLl awnba| + suaqwndiap ‘g
7'€6¢C €8¢ vl - - - - eL’19 2181 159104 3A1EN

(Aydeabodoy s|j1iy buijjos) wieq b6

4., T 3HS

S ‘ol ‘6zl °*@s1 ‘(%) AD ‘uean

[T (174 LT (wa3sAs / syputod Buidwes) N

VELL £€'8€ 799 - - eL'19 p Lol 159104 3AnEN
6'9C1 - - 7l 8’1l 60 [ L'L6 d el susqunisp °g
v'cel - - v'e (&3 60 'l L96 J 8¢l awnb3| + suaqundap g
ain)sed papeibap

LLEL - - L'L a4 60 €l €L6 qrel jJo uonesauabai jeinieN
9'avl - - /'€ Q'S 7l (4 8’76 q 8€l awnba| + ejodpluiny g
8051 - - (&3 6t €l 6°l S'S6 & vl ejodipiwny g

(Aydesbodoy 1ej}) wuey ,esifeny e, | 9us

305

Vol. 11-2010



GRASSLAND CARBON SEQUESTRATION: MANAGEMENT, POLICY AND ECONOMICS

(A 491deyD) (ed1y B1S0) ‘210204 4O S1sa404 |edidou) plunygns sy} ul walsAs asn pue| Yyoea uj SSewolq pue [10s ul uogJe) :g| 319vL

‘pasn sem walsAs0da 152104 uled [ed1doul PIuNYQNs S,ed1Y B1S0D JO 159104 dAIJBU Y} Ul paulelqo abejuadiad ayy ¢
'01°0 40 Ajiqeqoud Jo1ia Ue Yum 'A|[BI13SIFRIS JOHIP SISN3| JUBISHIP YHM SUBSIA .
'§00Z dUN[ “yL "ON UOIedI|qNd [euldu] *,z0v010-0D AHAIDY 3Ane1ad0o0) SpueaYIaN 3YL - P3fold uonesanbas > ‘500Z-2002 4O SHNSAY

vl ‘vz '0SL °as1 (%) AD ‘uesay

174 or 124 (wa3sAs /syutod Bujdwes) N

9001 - - v'e 8¢ 9'l 9’1l 0'S6 P s6 ainysed papeibag
S'8lc €8¢ L'€8 - - - - L'19 dpEL 15210} anneN
oLl - - 80 8l [ 9'l 1’86 J8€ElL eyjuezliq g
£'€esl 0L 6'CL v'e VA% 90 o'l 006 q 99l foquid 'y + wnibuew 'y
8VLL - - Sl 8C o'l L'l S'L6 e0LL ssedb aiel1 |
9'v81 - - 80 Q'L 80 Sl 7'86 18l 1oquid ‘v + eyjueziq °g

Integrated Crop Management

306



MAPS, TABLES AND FIGURES

Million/ha | ==-=-mmmemeee- Mg/ha ------=-mnmmnn
Tropical/temperate forests 2 800 97 113 210
Cropland 2 80 82
Tropical/temperate grasslands 3500 21 160 181

TABLE 14: Summary of C stocks in forest, cropland and grasslands (Chapter Vili)

Source: IPCC, 2000

Eastern Texas "2 30 N.D. 88 + 18 57 +8 <0.01
Ten southeastern states 3 25 31+ 12 31+ 16 23 +15 0.04
Maryland * 15 N.D. 32+10 20+ 7 0.01
Alabama 56 25+6 60 + 21 48 + 26 34+8 0.03
Mississippi, Georgia 7® 25+7 47 + 2 38 22+ 6 0.08
Mean 24+ 6 499 a 474 a 31.1b

" Laws and Evans (1949); 2 Potter et al. (1999); 3 McCracken (1959); * Islam and Weil (2000); ° Fesha et al. (2002);
¢ Torbert, Prior and Runion (2004); ” Rhoton and Tyler (1990); & Franzluebbers et al. (2000).

TABLE 15: SOC stocks in different land uses in the southeastern United States

(Chapter VIl

Source: Summarized from Franzluebbers, 2005

Vol. 11-2010 |307



“ GRASSLAND CARBON SEQUESTRATION: MANAGEMENT, POLICY AND ECONOMICS

308

SOIL LEVEL OF FERTILIZATION
FRACTION DEPTH
OF SOIL (cm) Low HIGH
0-2.5 10.2 10.9
2.5-7.5 11.0 11.8
Total SOC
(Mg/ha) 7.5-15 11.0 11.7
15-30 12.8 13.1
0-30 45.0 47.6
0-2.5 5.1 5.9
2.5-7.5 4.1 4.6
Particulate organic carbon
(Mg/ha) 7.5-15 2.9 3.1
15-30 2.7 3.6
0-30 15.0 16.8
0-2.5 822 943
2.5-7.5 585 574
Soil microbial biomass carbon
(Kg/ha) 7.5-15 621 627
15-30 740 897
0-30 2769 3041
0-2.5 24.1 28.8
2.5-7.5 15.0 13.8
Basal soil respiration
(Kg/ha/d) 7.5-15 10.7 10.5
15-30 7.7 7.2
0-30 57.5 60.3

< between means indicates significance at p < 0.05.

TABLE 16: Depth distribution of SOC fractions at the end of 15 years of low

(134-15-56 kg N-P-K/ha/year) and high (336-37-139 kg N-P-K/ha/year)
fertilization of tall fescue pasture in Watkinsville, Georgia, United States

(Chapter VIIi)

Source: Schnabel et al., 2001
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SOIL FRACTION E- E+
Whole SOC (Mg/ha) 29.3 < 31.2
Macroaggregate C (Mg/ha) 31.1 << 33.6
Particulate-to-total C (g/g) 0.42 0.39
Microbial biomass-to-total C (Mg/g) 45 42
Mineralizable-to-total C (Mg/qg) 44 41

<, > and << between means indicate significance at p <0.05, p <0.05, and p <0.01, respectively.

TABLE 17: SOC and various aggregate and biologically active fractions as affected
by 20 years of tall fescue pastures with either low endophyte infection
(E-) or high endophyte infection (E+) (Chapter VIII)

Source: Franzluebbers and Stuedemann, 2005
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ECOSYSTEMS LAND USES CARBON FIXATION (REFERENCES
RATE (tonnes/
ha/year)

Brachiaria brizantha + 1.8

Eucalyptus deglupta

Panicum maximum + 2.3
Humid tropical | Eycalyptus deglupta Andrade,
forest Guapiles, —
Costa Rica Brachiaria decumbens + 1.9 1999

Acacia mangium

Panicum maximum + 2.1

Acacia mangium

Pennisetum clandestinum 5.2

monoculture
Volcanic Pennisetum clandestinum + 5.1
highlands trees Mora,
Cordillera, 2001
Costa Rica Cynodon nlemfuensis 4.8

monoculture

Cynodon nlemfuensis + trees 49

Brachiaria brizantha + 1.8
:'Umitd tropical | Fycalyptus deglupta Avila et al.,
ores
Costa Rica Brachiaria brizantha + 2.2 2001

Acacia mangium

Natural pasture — trees 0.04

Natural pasture + 1.2

high tree density
Subhumid
tropical forest Improved pasture — trees 1.0 GEF,
Esparza, Improved pasture + 4,5 2007
Costa Rica . .

high tree density

Forest plantations 5.0

Secondary forest 7.5

Bracharia brizantha pasture 3.5
Subhumid Brachiaria brizantha + 4.1 Amézauit

i P mézquita
Emp'cal forest | Arachis pintoi pasture 9
sparza, - et al., 2008

Costa Rica Hyparrhenia rufa pasture 3.7

Natural forest regeneration 2.0

TABLE 19: Carbon fixation/year (tonnes/ha) in pasture, silvopastoral and forest
land-use systems (Chapter X)
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Degraded pasture 11.9 6.1 5.1 4.1
Natural pastures without trees 3.1 0.1 0.1 0.1
Improved pastures without trees 1.1 0.8 0.5 0.5
Natural pastures with trees 18.7 15.9 13.0 11.5
Improved pastures with trees 28.8 40.7 44.8 47.2
Fodder banks 0.4 0.4 0.6 0.6
Secondary vegetation 1.6 1.9 2.0 2.0
Forest 29.0 29.0 29.0 29.0
Other uses* 5.4 5.0 4.9 5.0

Total area = 302 ha

Tonnes CO, eq 13773.9 22 564.8 24 962.3 26 534

*Other uses include areas with different crops.

TABLE 20: Land uses in the livestock landscape of Esparza, Costa Rica (Chapter X)
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INDICATOR GROUP 2003 2006 CHANGE
(%)
Productivity Non-poor 517.1+x123.2 a 550.5+43.1 a 6.5
f milk
(kg/hafyear) Poor 585.5:252.7a | 687.9+155.7 a 175
Extremely poor 610.7+128.5 a 816.0+89.5 a 33.6
Family gross Non-poor 2 639.2+590.6 a 4921.4+1 86.5
income
per capita/ 100.0 a
?J;;?hom/year Poor 1011.8+151.4b |2 141.6+852.5b 111.6
Extremely poor 808.7+478.8 ¢ 1490.5+301.4 ¢ 84.2

TABLE 21: Productivity of milk and family gross income on farms with payment
for environmental services in different poverty groups in Matiguas,
Nicaragua, 2007 (Chapter X)

Source: Marin et al., 2007

INCREASING C INPUTS DECREASING C LOSSES

1. Increasing biomass C inputs to soil by |3. Improved management of land use

improved grazing management conversion
® Improving (reducing or increasing) d

stocking rates

Converting agricultural land use to
permanent grassland

® Rotational, planned or adaptive ® Avoiding conversion of grassland to
grazing cultivation
® Enclosing grassland from livestock ® Avoiding conversion of forest to
grazing pasture
2. Increasing biomass 4. Fire management and control

® Seeding fodder grasses or legumes
® Improving vegetation community |5. Alternative energy technologies to

structure replace use of shrubs/dung as fuel

® Fertilization

TABLE 22: Management practices with potential to increase C sequestration
or decrease C losses in rangelands (Chapter XII)

Source: Tennigkeit and Wilkes, 2008
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MANAGEMENT NO. OF MEAN CHANGE IN tones MIN - MAX
PRACTICE DATA CO,e/ha/yr OR TOTAL
POINTS* zCHANGE IN %C
31 9.39 tonnes -12.1-46.50 tonnes
Vegetation c
cultivation %: 7 CO,eg/ha CO,eqg/halyear
0.56% 0.11-1.14%
Avoided land c 65 0.40 tonnes -103.78-15.03 tonnes
cover/land-use CO,eg/ha CO,eqg/halyear
change %: 22 o o
0.87% -0.7-4.2%
55 2.16 tonnes —12.47-33.44 tonnes
Grazing c
management %: 21 CO,eg/ha CO,eg/halyear
0.13% -2.03-5.42%
27 1.76 tonnes -11.73-9.09 tonnes
C
Fertilization %: 68 CO,eg/ha CO,eqg/halyear
> 0.47% -1.23-4.8%
5 2.68 tonnes 3.67-4.11 tonnes
C
Fire control %: 1 CO,eq/ha CO,eqg/halyear
> 0% 0%

*(c = no. of studies reporting in C content; % = no. of studies reporting in %C.

TABLE 23: C sequestration potential of rangeland management practices (Chapter XII)

Source: Tennigkeit and Wilkes, 2008
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PROJECT NAME

LOCATION

MAIN ACTIVITIES

REFERENCE SOURCES

CCX Rangeland Carbon
Offsets

Mid-western
United States

Stocking rate
management,

Chicago Climate
Exchange (CCX), 2009

of America rotational and
seasonal grazing
Caribbean Savannah Colombia Silvopastoral World Bank, 2007
Carbon Sink Project .
practices
Uchindile and Mapanda | United Republic | Afforestation http://iwww.
Forest Projects .
of Tanzania forestcarbonportal.
com/
inventory_project.
php?item=282
The West Arnhem Fire | Australia Fire management | http://savanna.ntu.
Abatement Agreement . .
edu.au/information/
arnhem_fire_project.
html
Solar cooking units Bolivia: Rural energy http://Awww.
in the Andes S .
(Plurinational actioncarbone.org/
State of)
Ducks Unlimited United States Avoided Ducks Unlimited and
Avoided Grassland . . .
Conversion Project of America conversion of Eco Projects Fund,
in the Prairie grasslands 2009

Pothole Region

TABLE 24: Selected carbon finance projects in rangelands (Chapter Xii)
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