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　　W ith the mo re and m o re in2dep th re sea rche s on globa l

environm en t change , the m anagem en t s tra teg ie s fo r ca rbon
seque s tra tion in c rop land have been w ide ly g iven a tten tion.
Curren t re sea rche s show tha t the m iss ing of ca rbon mo st

p robably exis ts in the te rre s tria l eco system
[ 1 - 2 ]

. A lthough
the re a re m any lite ra ture s focus on the ca rbon seque s tra tion
o f te rre s tria l eco sys tem in Ch ina

[ 3 - 4 ]
, re sea rche s on ca rbon

cyc le in c rop land a re re la tive ly few. The m anagem en t m ea s2
ure s fo r ca rbon seque stra tion in c rop land affec t the dynam ic

change s of so il o rganic ca rbon ( SO C ) to a grea te r exten t.
The exce ss ive rec lam a tion and im p rope r m anagem en t w ill
g rea tly reduce the SO C am ount of c rop land so a s to cause the

m a ss ive em iss ion of CO2 .
O p tim iza tion o f agricu ltu ra l m anagem ent m ea sure s can

no t only inc rea se the so il ca rbon seque stra tion, imp rove the
so il qua lity and enhance the agricu ltu ra l p roduc tivity, bu t a lso
reduce the so il and wa te r lo ss, p ro tec t the b io tope landscape ,

e tc. It should be no ticed tha t the po ten tia l of ca rbon seque s2
tra tion in the top so il is no t only influenced by the vege ta tion
cond ition, environm enta l tem pe ra ture , the com po s itions o f

so ilm ine ra l, w ea the red laye r dep th, so il d ra inage , the ava ila2
b ility o f wa te r and a ir, e tc. , bu t a lso is contro lled by the

chem ica l compo s ition of so il o rganic m a tte rs and the ir re s is t2
ance to the m ic rob ia l degrada tion

[ 5 ]
. W hen po ten tia lof ca rbon

seque s tra tion in top so il is ca lcu la ted, the em iss ion o f CO2

shou ld be cons ide red due to consum ing fo ss il ene rgy in the
p roce ss of fe rtilize r p roduc tion, w a te r d ive rs ion irriga tion, agri2
cultu ra lm ach ine ry wo rk, e tc. The refo re , m o re and mo re re2
sea rch effo rts shou ld be m ade to exp lo re the seque s tra tion
m echanism and po ten tia l o f SOC conten t in the top so il, and

to fo rm ula te the op tim a l ag ricu ltu ra l m anagem ent m ea sure s
unde r loca l cond itions so a s to imp rove the po ten tia l of ca rbon

seque s tra tion in c rop land and m itiga te the im pac ts from c li2
m a te change in China

[ 6 ]
.

Inc rea s ing the ca rbon s to rage of ag ro 2eco system is gen2
e ra lly taken m ea sure s from two a spec ts: O ne is reduc ing the

ca rbon lo ss, w ho se m a in m ea su re s conta in im p roving the en2
e rgy u tiliza tion ra tio , reduc ing the w a te r and so il lo ss and im 2
p roving the w a te r2fe rtilize r u tiliza tion ra tio; and the o the r is in2
c rea s ing SO C con ten t, w ho se m a in m ea sure s conta in ad jus2
ting the fa rm ing sys tem , app lying the o rganic fe rtilize rs, us ing
the deep 2roo t c rop s and inc rea s ing the con ten t of m ic ro 2ag2
grega te s in so il

[ 7 ]
. A im ing a t above a spec ts, som e scho la rs

put fo rw a rd m any m anagem ent s tra teg ie s fo r ca rbon seque s2
tra tion in c rop land ( Table 1). Seve ra lm anagem en t m ea sure s

fo r ca rbon seque s tra tion in c rop land to be extended ea s ily
we re de sc ribed in th is pape r.

Ta b le 1　Managem ent s tra teg ie s to inc rea se SOC con ten t in c rop2
land

Managem ent s tra teg ie s Fea s ib ility
Re la tive inc rea sing

amount of ca rbon

M in im um tillage o r no 2tillage High M iddle
Ground cove r High Low

Reduc ing summ e r fa llow M idd le M iddle
Ro ta tion M idd le M iddle
Imp roving va rie tie s High M iddle
O rgan ic fe rtiliza tion M idd le M iddle
Irriga tion Low High

Da ta a re adap ted from J in e t a l (2000 ) in which a little modifica tion

wa s m ade.

M a n a g em e n t o f L a n d U s e Tra n s fo rm a tio n
Land use transfo rm a tion w ill cause the change s of vege2

ta tions and so il ca rbon s to rage , w h ich m ake s the m anage2
m ent o f land use transfo rm a tion becom e one of im po rtan t
m ea sure s to inc rea se so il ca rbon seque s tra tion. In o rde r to
coo rd ina te the re la tionsh ip be tw een inc rea s ing the po ten tia l fo r
ca rbon seque s tra tion in c rop land and leaving enough land a re2
a to deve lop agricu ltu re a t reg iona l exten t, it needs to rea son2
ably p lan the d is tribu tion o f d iffe ren t land use pa tte rns and sc i2
entifica lly and rigo rously contro l the land use transfo rm a tion
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be tw een cu ltiva ted land and o the r type s of land use.
Am ong the land use type s inc lud ing c rop land, gra ss land

and fo re s t, the ca rbon seque s tra tion func tion from fo re s t is
the s tronge st, e spec ia lly the na tura l fo re s t eco sys tem ha s
s tronge r p ro tec tive com ponent o f ca rbon so a s to have s trong
ca rbon seque s tra tion s tab ility ( Table 2 ) ; the w a te r and so il
lo ss is the m a in p roce ss to cause the lo ss o f SOC , and the
deg raded land ha s low e r SO C sto rage , then the w a te r and
so il lo ss can be contro lled th rough fo re s ta tion o r p lan ting pe2

rennia l p lan ts so a s to recove r the degraded land, thus im p ro2
ving the SO C con ten t in the top so il

[ 8 ]
. The refo re , th rough the

change s of so il u se type s like transfo rm ing the low 2yie ld and
deg raded c rop lands in to gra ss land o r fo re s t, in tens ive m an2
agem en t of c rop land, ca rrying out the m anagem ent m ode s o f
agro 2fo re s try and fo re s t2gra ss com pound, transfo rm ing the
s ing le land use type in to m ultip le land use type s, e tc. , the
s to rage and s tab ility o f SO C can be im p roved, thus inc rea s ing
SO C and the ca rbon seque s tra tion in c rop land.

Ta b le 2　S to rage s of b iom a ss and debris ca rbon, SOC and its frac tions and ca rbon poo l unde r va rious land use type s t/hm
2

Land use type s
Na tura l secon2

da ry shrub
Na tu ra l seconda ry

pop la r fo re st
C rop land Gra ss land

132yea r seconda ry
la rch fo re st

252yea r seconda ry
la rch fo re st

B iom a ss ca rbon 21. 44 33. 02 1. 32 2. 71 18. 45 53. 03
F ine debris ca rbon 7. 89 7. 41 0. 73 1. 99 5. 54 7. 71

Coa rse debris ca rbon 1. 03 1. 09 0. 10 0. 41 0. 92 0. 30
To ta l of debris ca rbon 8. 92 8. 51 0. 83 2. 40 6. 46 8. 01
So il o rgan ic ca rbon 156. 68 158. 50 96. 75 134. 99 106. 62 143. 93

Ac tive o rganic ca rbon 15. 39 16. 13 8. 44 12. 87 10. 97 14. 82
L igh t frac tion o rganic ca rbon 39. 08 46. 90 30. 58 46. 82 44. 04 50. 69
Pa rticula te o rgan ic ca rbon 28. 88 32. 04 25. 78 29. 84 32. 30 44. 55

Non2p ro tec tive o rganic ca rbon 35. 56 35. 43 28. 42 37. 68 33. 76 43. 94
P ro tec tive o rganic ca rbon 107. 31 110. 33 60. 12 83. 79 57. 48 81. 49
Non2s tab le o rganic ca rbon 99. 10 83. 87 60. 67 67. 12 60. 08 86. 10
S tab le o rgan ic ca rbon 55. 35 70. 72 35. 86 65. 60 45. 34 59. 13

To ta l of sys tem ca rbon poo l s to rage 187. 03 200. 02 98. 89 140. 10 131. 53 204. 97

Da ta a re adap ted from Campbe ll e t a l (1991) in which a little modifica tion wa s m ade.

A d ju s tm e n t o f C rop p in g S ys tem
C ropp ing system ha s grea t influence on the ca rbon s to r2

age in c rop land, fo r exam p le , tillage can re su lt in a ca rbon
lo ss of 8 ×10

11
kg eve ry yea r g loba lly

[ 9 ]
. The m a in m ea sure s

to ad jus t the c ropp ing system conta in p rom o ting no 2tillage
p rac tice s, expanding the ro ta tion p rac tice s and imp roving m ul2
tip le 2c ropp ing index.
P rom o tio n o f n o 2tillag e p rac tic e

No 2tillage p rac tice is a tillage m e thod w ith the m inim um
so il d is tu rbance , w hich can im p rove the SO C in c rop land ef2
fec tive ly. No 2tillage p rac tice no t only can im p rove the quantity
o f so il aggrega te s and stab ility so a s to reduce the decom po s i2
tion o f o rganic m a tte rs w ith in aggrega te s

[ 10 - 11 ]
, bu t a lso can

inh ib it the exce ss ive ae ra tion o f so il and reduce the oxida tive
deg rada tion o f o rganic ca rbon so a s to p reven t the so il
e ro s ion

[ 12 - 13 ]
. In addition, the ave rage seque s tra tion tim e fo r

o rgan ic ca rbon in no 2tillage so ilw ill doub le than the tim e spent
in conven tiona l tillage so il

[ 14 ]
. So the con ten t o f o rganic ca r2

bon in no 2tillage so il is gene ra lly h ighe r than tha t in conven2
tiona l tillage so il. Acco rd ing to the re sea rche s by W e s t e t
a l

[ 15 ]
, the s to rage capac ity of o rganic ca rbon in so il ha s an av2

e rage annua l increa se of (57 ±14) g /m
2

afte r taking no2tillage
p rac tice s compa red w ith ins is ting on the conventiona l tillage.

How eve r, the re a re som e d ispute s abou t the enhance2
m ent effec ts fo r ca rbon seque s tra tion by taking no 2tillage p rac2
tice s. Re sea rche s show ed tha t the con ten t of o rgan ic ca rbon
in the top so ilw a s inc rea sed s ign ifican tly

[ 10 ]
, bu t w en t aga in s t

roo ts to g row deep ly
[ 11 ]

. Campbe ll e t a l
[ 16 ]

he ld tha t no 2tillage
could no t a lw ays im p rove the so ilo rganic m a tte r conten t unde r
the poo r so il. The re sea rche s by Do ran e t a l

[ 18 ]
sugge sted

tha t no 2tillage could a lso re su lt in the ca rbon lo ss of surface
so il unde r the w hea t/ fa llow pa tte rn, fu rthe rm o re only by im 2
p roving the m ultip le c ropp ing index, dec rea s ing the fa llow fre2
quency and inc rea s ing the o rganic ca rbon input to the top so il,
cou ld the dec rea se ra te of the conten t o f so il o rganic m a tte rs
be s low ed dow n, o the rw ise , con ten t o f so il o rganic m a tte r

m igh t inc rea se in the top so il.
Exp an d in g ro ta tio n p rac tic e

Ro ta tion can im p rove the effic iency of ca rbon seque s tra2
tion in so il, and is an im po rtan t p rac tice to keep and imp rove
the s tab ility o f c rop land eco sys tem. The influx of so il o rgan ic
m a tte rs can be im p roved by adding legum e c rop s o r legum i2
nous gra ss during the ro ta tion p roce ss, m a in ly because the
legum e p lan ts can p lay the func tion of b io log ica l n itrogen fixa2
tion, the ra tio of ca rbon to n itrogen (C /N ) in roo ts and re s i2
due s of c rop s is low and the decom po s ition is speeded up ,
and then can imp rove the con ten t o f so il o rganic m a tte rs

[ 19 ]
.

B e s ide s, o the r re sea rch show ed p lan ting c rop s w ith h igh re s i2
due ra tio can reduce the su rface evapo ra tion of wa te r in so il
and s treng then the ability of ho ld ing and keep ing w a te r in so il
so a s to p rom o te the seque stra tion o f SO C

[ 20 ]
. A long2te rm

re sea rch, la s ting fo r th irty2five yea rs, conduc ted by G rego rich
e t a l

[ 21 ]
show ed tha t c ropp ing sys tem had a la rge r effec t on

so il ca rbon than fe rtiliza tion, furthe rmo re the con ten t o f so il
ca rbon unde r the ro ta tion of m a ize and legum e crop s wa s 20
m g C / ( hm

2· a ) h ighe r than tha t unde r the m a ize m onocul2
tu re. Huggins e t a l

[ 17 ]
a lso found tha t adding the pe rennia l

he rb o r legum e p lan ts to ro ta tion sys tem w a s benefic ia l to the
s to rage of SO C. Guo e t a l

[ 22 ]
s tud ied the re sponse of SO C in

sem i2a rid a rea to the ro ta tion sys tem in Changw u County,
S haanxi P rovince , and conc luded tha t the ro ta tion sys tem af2
fec ted the inpu t o f so il ca rbon s ign ifican tly, furthe rm o re the re
wa s s ign ifican t linea r co rre la tion be tw een the ca rbon seque s2
tra ted in so il and the cum ula tive inpu t o rganic ca rbon in so il
p roved by an e ighteen2yea r expe rim en t. The refo re , the ad2
jus tm ent of c rop 2gra ss ro ta tion is an effec tive w ay to imp rove
the so il qua lity and rea lize the po ten tia l o f ca rbon sto rage o f
so il.

How eve r, Campbe ll e t a l
[ 16 ]

found tha t w hen w a te r w a s
no t suffic ien t and the fo rage b iom a ss w a s low , the influx o f
so il o rgan ic m a tte rs w a s no t obvious afte r adding fo rage in ro2
ta tion; on ly w hen the c lim a te cond ition w a s o f benefit to vege2
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ta tive g row th, the influx of so il o rganic m a tte rs could be in2
c rea sed. Through long2te rm re sea rche s on the effec ts o f agri2
cultu ra l m anagem ent m ea su re s on the quantity and d is tribu2
tion o f SO C conten t, Po tte r e t a l

[ 23 ]
found tha t the c rop ro ta2

tion had grea t effec ts on the con ten t o f SO C , how eve r, the
SO C accum ula ted by one c rop in ro ta tion system could be lo s t
due to the low e r b iom a ss of ano the r c rop in th is sys tem.
Im p ro v in g m u ltip le 2c rop p in g in d ex

Im p roving m ultip le2c ropp ing index and dec rea s ing fa llow
frequency can imp rove c rop yie ld and a lso inc rea se the o rgan2
ic m a tte r input from crop re s idue s and roo ts in top so il so a s to
inc rea se the SO C con ten t. W hen the o rgan ic m a tte r input is
inc rea sed, the deg rada tion ra te of m ic roo rganism is a lso im 2
p roved , bu t the conten t o f so ilo rgan ic m a tte rs is s till im p roved
to a ce rta in deg ree gene ra lly due to tha t the inpu t SO C is
mo re than the lo s t SO C during the hum us decom po sition
p roce ss

[ 24 ]
.

Mo s t re sea rche s sugge sted tha t the so il ca rbon influx w a s
d irec tly re la ted to the fa llow frequency. Re sea rche s show ed
tha t ne t ca rbon lo ss o f w hea t fa llow p lan ting pa tte rn w a s 20 to
25 g /m

2
highe r than tha t of w hea t con tinuous c ropp ing in con2

d itions of the sam e ca rbon input
[ 25 ]

, w hich m eans tha t de2
c rea s ing the fa llow frequency can re la tive ly s low down the de2
com po s ition ra te of so ilo rganic m a tte rs ( SOM ) so a s to m ake
mo re ca rbon seque s tra ted in so il. He e t a l

[ 26 ]
a lso found tha t

rape m ultip le cropp ing can p ro long the cove ring tim e of surface
green, reduce w ind e ro s ion and wa te r e ro s ion, dec rea se the
wa te r evapo ra tion of so il effec tive ly, inc rea se SOM , and im 2
p rove the so il fe rtility afte r the decay of unde rground re sidue s.

M o re In te n s ive F ie ld M a n a g em e n t
R e a s o n a b le ap p lica tio n o f fe rtilize rs

App lica tion o f fe rtilize rs in fie ld can affec t the supp ly o f
so il ca rbon by influenc ing the b iom a ss of s tanding vege ta tion,
the so il m ic robia l ac tivity and the so il re sp ira tion ra te , so
change o f the in tens ity of fe rtilize r use can cause the ca rbon
seque s tra tion in top so il of c rop land to change

[ 27 ]
. The long2

te rm expe rim ent sugge s ted tha t app lica tion of o rganic fe rtiliz2
e rs cou ld imp rove the conten t of SO C significan tly

[ 28 - 29 ]
.

How eve r, the re a re no co inc iden t conc lus ions about the
effec ts of app lying chem ica l fe rtilize rs on the con ten t o f so il
ca rbon. M a ss ive long2te rm expe rim ents ind ica ted tha t the
long2te rm app lica tion o f fe rtilize rs in the c rop fie ld w a s benefi2
c ia l to inc rea s ing the conten t of SO C , e spec ia lly app lying e2
nough fe rtilize rs in to the so ilw ith low e r conten t of o rgan ic m a t2
te rs had a s ign ifican t and po s itive effec t on im p roving the con2
ten t of SO C , bu t the re w a s a ce rta in lim it in the effec t o f
chem ica l fe rtilize rs on SOC

[ 27 ]
. The re a re a lso som e oppo site

conc lus ions. Fo r exam p le , Yu
[ 29 ]

found tha t app lica tion of fe r2
tilize rs cou ld re su lt in the dec rea se of SO C con ten t and reduce
the in te rcep tion o f so il ca rbon; the effec ts of va rious kinds o f
fe rtilize r com bina tions would re su lt in va rious re su lts, and the
com bina tion of n itrogen and pho spho rus fe rtilize rs had m o re
s ign ifican t effec ts on reduc ing SOC con ten t than the s ing le
fe rtiliza tion from us ing nitrogen fe rtilize r and the com bined fe r2
tiliza tion o f n itrogen, pho spho rous and po ta ss ium fe rtilize rs.

The re a re som e d iffe rence s in the effec ts o f d iffe ren t fe rti2
liza tion mode s on SO C com po s ition. M a e t a l

[ 30 ]
he ld tha t ap2

p lying o rganic fe rtilize rs a lone o r toge the rw ith ino rgan ic m ine r2
a l fe rtilize rs could input the o rgan ic ca rbon and imp rove the
so il phys ica l p rope rtie s so a s to inc rea se the to ta l amoun t o f
SO C the conten t of ac tive o rganic ca rbon. Re sea rche s by Xu

e t a l
[ 31 ]

ind ica ted tha t long2te rm app lying the ino rgan ic m ine ra l
fe rtilize rs only, e spec ia lly ino rgan ic n itrogenous fe rtilize r,
could p rom o te the roo t grow th, inc rea se the re s idue s of p lan t
roo ts, e tc. ; how eve r, due to the dec rea se o f w (C ) /w (N ) in
top so il and the im p rovem en t of so ilm ic robia l ac tivity so a s to
acce le ra te the decompo s ition and m ine ra liza tion of the o rig ina l
ca rbon and fre sh o rgan ic ca rbon in top so il, the to ta l am ount
o f SO C w a s dec rea sed, the dec rea se of ligh t frac tion o rgan ic
ca rbon grea tly exceeded tha t o f heavy frac tion o rgan ic ca r2
bon, re su lting in the conten t inc rea se of SO C w hich is d ifficu lt
to be oxid ized and the p rom o ted aging p roce ss o f SOC.

Re sea rche s on the fe rtiliza tion m ode s unde r va rious kinds
o f so il type s, c lim a te conditions and land use pa tte rn s show ed
tha t app lying o rganic fe rtilize rs a lone o r toge the r w ith chem ica l
fe rtilize rs cou ld imp rove the conten t o f SO C significan tly

[ 28, 32 ]
,

wh ich shou ld be the p rio rity se lec tion in the enhancem ent
m ea sure s fo r ca rbon seque s tra tion in the top so il o f c rop land.
Im p ro v in g w a te r c o n d itio n s in top s o il

The w a te r condition in top so il of c rop land is one of the
dec is ive fac to rs fo r c rop land so il to d ischa rge o r abso rb the a t2
mo sphe ric g reenhouse ga s, so im p roving the w a te r cond itions
o f so il is a m a in w ay to change the em iss ion and com po sition
o f so il g reenhouse ga s. The w a te rlogged so il d ischa rge s CH4

to a tm o sphe re , wh ile the c rop land so ilw ith good dra inage oxi2
d ize s CH4 in a ir. B e s ide s, the w a te r cond ition in c rop land is
a lso an im po rtan t fac to r to affec t the decompo s ition ra te o f
SOM and the em iss ion of CO2 .

A rtific ia lly chang ing w a te r cond ition of c rop land can ad jus t
the to ta l, com po s itiona l and po ten tia l em iss ion effec t of g reen2
house ga s d ischa rged by the top so il in c rop land. No rm a l so il
ha s the s tronge st oxida tive ability w hen its w a te r con ten t ac2
coun ts fo r 15% to 40% of fie ld mo is ture capac ity, bu t the pad2
dy so ilm a in ly oxid ize s the CH4 gene ra ted in so il, so the em is2
s ion of CH4 is c lo se ly re la ted to the w a te r conten t in so il. The
com po s ition and to ta l amoun t of g reenhouse ga se s ( like CO2 ,
CH4 , e tc. ) d ischa rged by paddy so il a re affec ted by the wa te r
type s o f so il, fu rthe rm o re the re a re s ign ifican t d iffe rence s in
the em iss ion ra te s of va rious greenhouse ga se s a s the incu2
ba tion tim e changing. Re sea rche s showed tha t the em iss ion
ra te of CO2 inc rea sed in the long2te rm flooding so il bu t de2
c rea sed in the good ga s so il g radua lly a s the tim e p ro longing.
The in te rm itten t irriga tion can be ca rried out to reduce the e2
m iss ion of greenhouse ga s in c rop land, wh ich is an effec tive
m ea sure to reduce the em iss ion o f CH4 in paddy fie ld. B e2
s ide s, im p roving the groundw a te r leve l du ring the p rope r
g row th pe riod is a lso benefit to the em iss ion reduc tion of CH4

in paddy fie ld. An expe rim ent conduc ted in J apan in 1991
p roved tha t if the re w a s a 102day em iss ion o f wa te r a t the tille2
ring s tage and head ing s tage re spec tive ly, the to ta l em iss ion
o f CH4 in grow ing sea son wou ld dec rea se by 1 /2

[ 33 ]
.

P e rfe c tio n o f th e c rop re s id u e u tiliza tio n

The dynam ic change s in SOM conten t a re d irec tly re la ted
to the qua lity of o rgan ic m a tte rs inpu t to so il, and the change s
o f SOM a re affec ted by c rop re s idue input in a la rge deg ree.
The dec rea se of o rgan ic ca rbon inpu t in c rop land afte r c rop
ha rve s t is an impo rtan t rea son fo r the dec rea se of ca rbon
s to rage in c rop land. In trad itiona l agricu ltu ra l m anagem ent
sys tem , tillage and c lea ring c rop re s idue s w ill re su lt in the lo ss
o f SOM and the dec rea se of the p ropo rtion o f m ic ro 2aggre2
ga te s in so il. Re sea rche s by Hugg ins

[ 17 ]
sugge s ted tha t the

conten t of SO C decrea sed rap id ly w ith the ca rbon inpu t de2
c rea s ing; furthe rm o re the sho rt2te rm inc rea se o f SOC m a in ly

631 Agricultu ra l Sc ience & Techno logy Vo l. 10, No. 5 , 2009



depended on mo re ca rbon inpu t and the fixing effic iency of un2
s tab le ca rbon seque s tra tion, and re tu rn ing c rop re s idue s to
fie ld can a lso p rom o te the ca rbon seque s tra tion in top so il.

L i
[ 34 ]

found tha t the use pa tte rns o f top so il and the in ten2
s ity of fie ld m anagem en t w e re m a in rea sons fo r va rious dy2
nam ics o f agricu ltu ra l so il ca rbon seque s tra tion be tw een China
and Am e rica , am ong which, the m o s t s triking diffe rence w a s
the trea tm ent m e thods of c rop aboveground re s idue s ( and
s traw ) be tw een China and Am e rica , fo r exam p le , the re tu r2
n ing ra te o f s traw s w a s up to 90% o r so in Am e rica but le s s
than 20% in Ch ina , so im p roving the re tu rn ing ra te of s traw s
is one of effec tive m eans to enhance the ca rbon seque s tra tion
in c rop land in China. Zhu e t a l

[ 35 ]
conduc ted a ca se s tudy on

the conten t of SO C in Rugao Coun ty of J iangsu P rovince , and
conc luded tha t re tu rn ing s traw to fie ld wa s the m a in rea son to
d rive the change s o f SOM con ten t in recen t 20 yea rs judged
from the gene ra l trend o f change. F rom the ea rly 1980 s to
1997, re tu rn ing m a ize s traw s to fie ld w a s popula rized and ap2
p lied in la rge 2a rea p roduc tion in Rugao , and the re turn ing a rea
wa s inc rea sed yea r by yea r, e spec ia lly in the centra l and
we s te rn reg ions such a s Mo tou system and Guoyuan sys tem
d is tribu tion a rea , w he re the m o s t s traw s o f summ e r dry c rop s
such a s m a ize we re re tu rned to fie ld so a s to inc rea se the
conten t of SOM rap id ly during the s tage , furthe rm o re the re
we re s ign ifican t d iffe rence s among them.

The inc rea se of re s idue s and SOM seque stra tion can im 2
p rove the wa te r use effic iency and nutrien t recyc ling ab ility o f
p lan ts so a s to reduce the nu trien t lo ss and enhance the ca r2
bon influx. B ut the re is a ba lance be tween ca rbon inpu t and
SO C , and when the ba lance is reached, the po ten tia l of im 2
p roving SOC conten t by inc rea s ing ca rbon inputw ill dec rea se.
Add ing c rop re s idue s in to so il can im p rove p rope rtie s of the
so il, fu rthe rm o re the re a re d iffe ren t effec ts of d iffe ren t tillage
m ea sure s w ith c rop re s idue m anagem ent on the componen ts
o f SO C. A s fo r the so ilw ith low c lay con ten t o r m ic robia l de2
com po s ition done ea s ily, the SO C w ith uns tab le s to rage m ay2
be m a in ly depend on inc rea s ing c rop re s idue s re turning to fie ld
and dec rea s ing the tillage. The addition of re s idue s can imp rove
the so il m ic roenvironm ent and p romo te the sto rage of so il ca r2
bon, but the re a re diffe rent effec ts of c rop re s idue m anagem ent
on SOC unde r the diffe rent tillage m ea sure s

[6 ]
.

In d isp e n s a b ility o f th e Te c h n o lo g ic a l P ro 2
g re s s

The re a re m any o the r w ays to enhance ca rbon seque s2
tra tion and reduce em iss ion of ca rbon from crop land eco sys2
tem , such a s im p roving c rop va rie tie s and cultiva ting va rie tie s
re s is tan t to the extrem e c lim a te event ( e. g. h igh tem pe ra2
tu re , drought, e tc. ) a s w e ll a s d isea se s and pe s ts, so a s to
inc rea se c rop yie lds continuous ly in the new eco logica l envi2
ronm ent and the abso rp tion s to rage of ca rbon. It is e s tim a ted
tha t reduc tion of CH4 em iss ion can reach 20% to 30% by se2
lec ting adap tive rice cu ltiva rs, m eanwhile adop ting m e thane
inh ib ito rs is a lso an effec tive w ay to reduce the em iss ion o f
m e thane. The re a re two m e thane inh ib ito rs, AM1 and AM2
deve loped by Institu te o f Agricu ltu ra lM e teo ro logy, Chine se A2
cadem y of Agricu ltu ra l Sc ience s, who se m a in raw m a te ria l is
hum ic ac id capable of transfo rm ing o rganic m a tte rs in to hu2
m us so a s to inc rea se rice yie ld and reduce the subs tra te from
which m e thane w ill be p roduced.

In addition, u s ing new ene rgy2saving pa rts of agricu ltu ra l
m ach ine s to refit agricu ltu ra l m achine s ( like trac to rs, e tc. )

can a lso reduce the em iss ion of ca rbon in c rop land and in2
c rea se the po ten tia l of ca rbon seque s tra tion in c rop land.

C o n c lu s io n
A t p re sen t, the m ea sure s to inc rea se the ca rbon seque s2

tra tion in c rop land m a in ly inc lude reduc ing the ca rbon lo ss and
inc rea s ing SO C. The m a in effec tive m ea sure s to reduce the
ca rbon em iss ion cons is t of im p roving the u tiliza tion ra tio of en2
e rgy, reduc ing the lo ss of w a te r and so il, and imp roving the
u tiliza tion ra tio of w a te r and fe rtilize rs w hile the m ea su re s to
inc rea se SO C in c rop land m a in ly con ta in ad jus ting the tillage
system , app lying the o rganic fe rtilize rs, g row ing the deep 2roo t
c rop s and inc rea s ing the conten t of m ic ro 2aggrega te s in the
top so il o f c rop land. B y ana lyz ing the effec tivene ss of va rious
m ea sure s and p rac tice s fo r ca rbon seque s tra tion in c rop land,
th is pape r conc lude s tha t the effec tive m ea su re s to inc rea se
the ca rbon seque stra tion in the top so il of c rop land w illm a in ly
conta in p rom o ting the m anagem en t of land use transfo rm a2
tion, ad ju s ting tillage system , app lying rea sonable fe rtiliza2
tion, im p roving the w a te r conditions of so il, pe rfec ting the
c rop re s idue m anagem ent, e tc. It is no tewo rthy tha t due to
the diffe rence s of reg iona l na tu ra l conditions and soc ia l2eco2
nom ic cond itions, the conc re te imp lem en ta tion shou ld be ad2
ap ta tion to loca l conditions and unde r the guidance of loca l e2
conom ic deve lopm en t p lann ing so a s to fu lly m ake fu ll u se o f
the advan tage s of m anagem ent m ea su re s.

C lim a te condition is an im po rtan t fac to r to affec t the SO C
dynam ic s in the top so il of c rop land. Unde r the con text o f
g loba l change s, coup ling the m anagem ent s tra tegy o f ca rbon
seque s tra tion w ith the effec ts o f c lim a te change and c la rifying
the feedback m echan ism of change s of SO C conten t in the
top so ilo f c rop land on the com p rehens ive effec t o f na tu ra l fac2
to rs ( like c lim a te , so il, e tc. ) and m anagem ent fac to rs a re o f
im po rtan t s ign ificance to p red ic t the change trend o f ca rbon
seque s tra tion in c rop land in fu tu re.

The m anagem ent s tra tegy of ca rbon seque stra tion w ill a f2
fec t agricu ltu ra l p roduc tion, so c la rifying the influence m echa2
n ism is ve ry im po rtan t to gu ide the op tim a l m anagem ent o f
c rop land in China. How eve r, the re sea rche s about the effec ts
o f m anagem en t s tra teg ie s of ca rbon seque s tra tion in the top
so il of c rop land have m ade ce rta in p rog re ss a t hom e and a2
broad, bu t few scho la rs ca rry ou t s tud ie s from the view of the
sus ta inab le deve lopm en t of agricu ltu ra l p roduc tion and the
conse rva tion of eco log ica l environm ent. The refo re , it is nec2
e ssa ry to exp lo re the com p rehens ive effec ts o f d iffe ren t com 2
b ina tions of m anagem en t s tra teg ie s o f ca rbon seque s tra tion
on enhanc ing the func tions of the ca rbon seque stra tion in
c rop land and ensu ring the deve lopm en t of agricu ltu ra l p roduc2
tion unde r the conditions of c lim a te change.

It shou ld be no ted tha t the expec ted effec ts afte r taking
the m anagem ent s tra teg ie s of ca rbon seque s tra tion have been
mo stly p roved by the fie ld expe rim ent. The refo re , on one
hand, the effec tivene ss of tho se s tra teg ie s needs to be diag2
no sed a t m o re m ac ro sca le; on the o the r hand, re sea rche s
on the m echan ism re su lting in the effec ts of ca rbon seque s tra2
tion from m anagem en t s tra teg ie s a re re la tive ly w eak unde r va2
rious kinds of so il2c lim a te2c rop be lts. La s t bu t no t the lea s t,
qu ite few mode ls used fo r ana lyz ing the effec ts of m anage2
m ent s tra teg ie s on ca rbon seque s tra tion a re no t capable o f
ca se s tudy in China , w hile the re levant mode ls deve loped out
o f Ch ina s till need to be loca lized, w h ich m eans tha t m odule s
and pa ram e te rs em bedded in tho se m ode ls need to be ta ilo red
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to the cond itions in Ch ina.
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农田碳汇管理策略及其效果评价

邓祥征 1, 23 ,韩建智 1, 3 ,战金艳 4 ,赵永宏 1　(1. 中国科学院地理科学与资源研究所 ,北京 100101; 2. 中国科学院农业政策研究中

心 ,北京 100101; 3. 中国科学院研究生院 ,北京 100049; 4. 北京师范大学环境学院水环境模拟国家重点实验室 ,北京 100875)

摘要　目前增加农田生态系统的碳储量的措施主要有 :减少碳损失 ,包括提高能源利用率 ,减少水土流失和提高水肥利用率 ;增加土壤有机
碳 ,包括调整耕作制度 ,使用有机肥料 ,应用深根作物和增加土壤中微团聚体的含量。在分析各种策略与措施的基础上 ,笔者认为以下几种
农田碳汇管理措施有效且较容易推广。①实施土地用途转换管理 :把低产及土壤退化严重的农田变成草地或森林 ;集约管理农田 ,实行农林
复合、林草复合经营方式 ;在区域或地区尺度变单一土地利用方式为承担不同人类需要的多种土地利用方式等。②调整耕作制度 :免耕不仅
使土壤团聚体的数量和稳定性增加 ,从而减少了团聚体内部有机质的分解作用 ;还能有效地抑制土壤的过度通气 ,减少有机碳的氧化降解 ,
防止土壤侵蚀 ;此外 ,免耕土壤有机碳的平均滞留时间比常规耕作土壤增加了约 1倍。轮作能提高土壤固碳效率 ,在轮作中加入豆科作物或
豆科牧草更可增加土壤有机质汇集 ,是实现土壤蓄存碳潜力的重要途径。提高复种指数 ,降低休耕频率可以提高作物产量并增加土壤作物
残茬和根的有机质输入 ,从而增加土壤中有机碳的含量。③改善经营与管理 :有机肥或有机肥和化肥配合施用 ,能显著提高土壤有机碳含
量 ,应当优先选择 ;人为改变土壤的水分条件可以调节土壤排放温室气体的总量、组成及其产生的潜在温室效应 ;残茬和土壤有机质库的增
加 ,可以改善植物的水分利用效率和营养再循环能力 ,减少养分流失 ,加强碳汇集。④依托技术进步 :如改良作物品种 ,有计划地抓紧培育具
有对高温、干旱等极端气候及病虫害有抗性的品种 ,确保在新的生态环境中产量不断提高 ,扩大碳的吸收存储。此外 ,采用新型节能的农机
部件对拖拉机等农业动力机械进行改装 ,也可减少农田碳排放 ,增加农田碳汇的潜力。
关键词　碳汇 ;农田碳汇 ;土壤有机碳 ;碳汇管理 ;减排 ;增汇

基金项目 　国家自然科学基金 ( 70873118) ;中国科学院知识创新工程重要方向项目 ( kzcx22yw230522 ) ;国家科技支撑项目 ( 2006BAC08B03,
2006BAC08B06, 2008BAC43B01)。

作者简介　邓祥征 (1971 - ) ,男 ,山东日照人 ,博士 ,副研究员 ,从事土地系统变化与效应、区域环境变化方面的研究。3通讯作者。
收稿日期　2009207210　　修回日期　2009208225
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贵州食用蕨类植物资源分布及开发利用

云雪林 ,赵能武 ,潘炉台 ,赵俊华 3
　 (贵阳中医学院 ,贵州贵阳 550002)

摘要　实地调研结合文献资料分析 ,初步明确了贵州可食用蕨类植物共计 23科、30属、64种 (含 5变种 ) ,占贵州省蕨类植物科、属、种数的
42. 59%、19. 74%和 8. 13%。对 64种贵州食用蕨类植物区系组成特点及资源分布进行了具体阐述 ,其中在开发利用中应重点保护的贵州珍
稀及濒危物种有问荆、瓶尔小草、铁芒萁、金毛狗、桫椤、水蕨、镰羽凤了蕨、阔带凤了蕨、禾秆蹄盖蕨、短羽蹄盖蕨、中华荚果蕨 11个品种。贵
州可食用蕨类植物资源丰富 ,具有较高的开发利用价值 ,从长远发展的角度看主要应做好以下几方面工作 :深化食用蕨类植物的资源研究工
作 ;开展食品深加工技术研究 ;开展保健功效物质基础及食品毒理学研究 ;制定相应的法规及资源开发和可持续利用的长远规划等。
关键词　贵州 ;食用蕨类 ;种类 ;资源分布

基金项目　贵阳市科技计划项目。
作者简介　云雪林 (1968 - ) ,男 ,内蒙古呼和浩特人 ,副主任药师 ,从事中药教学及中药资源研究。3通讯作者 ,教授。
收稿日期　2009207214　　修回日期　2009208208

简 讯　2009年 10月 24～25日 ,本刊编委吴常信院士来安徽省农业科学院指导工作。编辑部向吴院士汇报了

刊物近两年尤其是 2009年重组编委会以后的发展情况。吴常信院士充分肯定了刊物取得的成绩 ,并对刊物今

后的发展提出了建设性的意见。

　　吴常信 ,动物遗传育种学家 ,畜牧学家 ,

浙江嵊县人。1957年北京农业大学畜牧系毕

业。中国农业大学动物科学技术学院院长、

教授。长期从事动物遗传理论与育种实践研

究。在选种理论中 ,首次提出了“数量性状隐

性有利基因”的假设 ,并通过实验得到证实。

在参数估测中 ,首次提出多胎动物“混合家

系”的概念 ,推导了计算混合家系亲缘相关的

理论与近似公式 ,这在改进遗传参数估测方

法上是一种创新 ,提高了选种的准确性。

1995年当选为中国科学院院士。
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