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Abstract Inorder b dealwith the global change and t reduce emission of greenhouse gas, a number of countries have strengthened studies
on carbon sequestration in cropland Carbon sequestration in cropland is not only an mportant component for the global carbon siock, but also
is the most active part o sequestrate the carbon in soil from amosphere In this sense, it is of necessity and significance o strengthen the study
on management of carbon sequestration in cropland Based on the main factors affecting carbon cycle in agro-ecosystems, this paper summari-
zes the relevantmanagementmeasures o strengthen the capacity of reducing emission of carbon and increasing the carbon sequestration in
cropland, and evaluates the effects of these measures after being mplemented at a regional extent
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W ith the more and more in-depth researches on gbbal
enviommment change, the management strategies for carbon
sequestration in cropland have been widely given attention
Current researches show that the missing of carbon most
probably exists in the terrestrial ecosystem' ?. Although
there are many literatures focus on the carbon sequestration
of terrestrial ecosystem in China® *, researches on carbon
cycle in cropland are relatively few. The management meas-
ures for carbon sequestraton in cropland affect the dynamic
changes of soil organic carbon (SOC) to a greater extent
The excessive reclamaton and mproper management will
greatly reduce the SOC amountof cropland so as o cause the
massive emission of CO,.

Optm ization of agricultural management measures can
not only increase the soil carbon sequestration, mprove the
s0il quality and enhance the agricultural productivity, but also
reduce the soil andwater bss, protect the biotope landscape,
etc It should be noticed that the potential of carbon seques-
traton in the p soil is not only influenced by the vegetation
conditon, envimmmental temperature, the compositons of
soilmineral, weathered layer depth, soil drainage, the availa-
bility of water and air, etc , but also is controlled by the
chem ical compositon of soil organic matters and their resist-
ance b the microbial degradationls]. W hen potential of carbon
sequestration in top soil is calculated, the emission of CO,
should be considered due © consuming fossil energy in the
process of fertilizer production, water diversion irrigation, agri-
culturalmachinery work, etc Therefore, more and more re-
search efforts should be made t explore the sequestration
mechanign and potential of SOC content in the bp soil, and
o fomulate the optmal agricultural management measures
under bcal conditons so as b mprove the potential of carbon
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sequestration in cropland and mitigate the mpacts from cli-
mate change in China'®.

Increasing the carbon storage of agro-ecosystem is gen-
erally taken measures from tvo aspects. One is reducing the
carbon loss, whose main measures contain mproving the en-
ergy utilization rato, reducing the water and soil bss and m-
proving the water-fertilizer utilizaton rato; and the other is in-
creasing SOC content, whose main measures contain adjus-
ting the faming system, applying the organic fertilizers, using
the deep-root crops and increasing the content of micro-ag-
gregates in soif’’. Aiming at above aspects, some scholars
put fomward many management strategies for carbon seques-
tration in cropland (Table 1). Severalmanagementmeasures
for carbon sequestration in cropland o be extended easily
were described in this paper

Table 1 Management strategies © increase SOC content in crop-

land
M anagement strategies Feasibility Relative increasing
amount of carbon

M inmum tillage or no-tillage High M iddle

Ground cover High Low

Reducing summer fallow M iddle Middle

Rotation M iddle M iddle

mproving varieties High Middle

O rganic fertilization M iddle M iddle

Irrigation Low High

Data are adapted from Jin et al (2000) in which a little modification
was made

M anagement of Land Use Transfom ation
Land use transfomation will cause the changes of vege-
tatons and oil carbon storage, which makes the manage-
ment of land use transformation become one of mportant
measures © increase il carbon sequestraton In order ©
coordinate the relatonshp betveen increasing the potential for
carbon sequestration in cropland and leaving enough land are-
a o develbp agriculture at regional extent, it needs o reason-
ably plan the distribution of different land use patterns and sci-
entifically and rigorously control the land use transformaton
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betveen cultivated land and other types of land use

Among the land use types including cropland, grassland
and forest, the carbon sequestraton function from forest is
the strongest, especially the natural forest ecosystem has
stronger protective component of carbon so as o have stong
carbon sequestration stability (Table 2); the water and soil
loss is the main process o cause the lbss of SOC, and the
degraded land has bwer SOC strage, then the water and
il bss can be contolled through forestation or planting pe-

Table 2 Storages of biomass and debris carbon, SOC and its fractions and carbon pool under varous land use types t/hm

rennial plants so as © recover the degraded land, thus mpro-
ving the SOC content in the op oif”’. Therefore, though the
changes of s0il use types like transfom ing the low-yield and
degraded croplands into grassland or forest, intensive man-
agement of cropland, carrying out the management modes of
agro-forestry and forest-grass compound, transfoming the
single land use type inb multple land use types, etc , the
storage and stability of SOC can be mpmoved, thus increasing

SOC and the carbon sequestration in cropland
2

Natural secon- Natural secondary

13-year secondary  25-year secondary

Land use types dary shrub poplar forest Cropland - Grassland larch forest larch forest
Biomass carbon 21 44 33 02 132 271 18 45 53 03
Fine debris carbon 7. 89 741 073 199 5 54 7.71
Coarse debris carbon 103 1 09 0. 10 0 41 0 92 0. 30
Total of debris carbon 8 92 8 51 0. 83 2 40 6. 46 8 01
Soil organic carbon 156. 68 158 50 96. 75 134. 99 106. 62 143 93
Active organic carbon 15 39 16. 13 8 44 12 87 10 97 14. 82
L ight fraction organic carbon 39 08 46. 90 30 58 46. 82 44, 04 50. 69
Particulate organic carbon 28 88 32 04 25 78 29 84 32 30 44. 55
Non-protective organic carbon 35 56 35. 43 28 42 37. 68 33 76 43 94
Protective organic carbon 107. 31 110 33 60. 12 83 79 57. 48 81 49
Non-stable organic carbon 99 10 83 87 60. 67 67. 12 60. 08 86. 10
Stable organic carbon 55 35 70. 72 35. 86 65. 60 45, 34 59 13
Total of system carbon pool storage 187. 03 200. 02 98. 89 140. 10 131 53 204. 97

Data are adapted fom Campbell et al (1991) inwhich a little modificaton was made

Adjustment of Cropping System

Cropping system has great influence on the carbon stor-
age in cropland, for example, tillage can result in a carbon
bssof 8 x10" kg every year gbbaly'®’. The main measures
o adjust the cropping system contain promoting no-tillage
practices, expanding the rotation practices and mprovingmul
tple-cropping index
Promotion of no-tillage p ractice

No-tillage practice is a tillage method with the minmum
s0il disturbance, which can mprove the SOC in cropland ef-
fectively. No-tillage practice notonly can mprove the quantity
of soil aggregates and stability so as to reduce the decompo si-
tion of organic matters within aggregated™® ™, but also can
inhibit the excessive aeraton of s0il and reduce the oxidative
degradation of organic carbon so as © prevent the soil
emson™ ™!, n additon, the average sequestration tme for
organic carbon in no-tillage soilwill double than the tme spent
in conventonal tilage s0if**!. So the content of organic car
bon in no-tillage soil is generally higher than that in conven-
tional tillage soil According o the researches by West et
af® | the sbrage capacity of organic carbon in il has an av-
erage annual increase of (57 + 14) g/m’ after taking no-tillage
practices compared with insisting on the conventonal tillage

However, there are some disputes about the enhance-
ment effects for carbon sequestration by taking no-tillage prac-
tices Researches showed that the content of organic carbon
in the op soilwas increased significantly’™®’ , butwent against
ots o grow deeplyt™!. Campbell et af* held that no-tillage
could not alvays mprmove the soilorganic matter content under
the poor soil The researches by Doran et af*® suggested
that no-tillage could also result in the carbon lboss of surface
s0il under the wheat/falow pattemn, furthemore only by m-
proving the multple cropping index, decreasing the fallow fre-
quency and increasing the organic carbon input o the top soil,
could the decrease rate of the content of soil organic matters
be sbwed down, othemwise, content of soil organic matter

might increase in the op soil
Expanding rotation practice

Rotaton can mprove the efficiency of carbon sequestra-
tion in soil, and is an mportant practice o keep and mprove
the stability of cropland ecosystem. The influx of soil organic
matters can be mproved by adding legume crops or legun i-
nous grass during the mtaton process, mainly because the
legume plants can play the function of biolbgical nitrogen fixa-
tion, the rato of carbon o nitogen (C/N) in oots and resi-
dues of cops is ow and the decomposition is speeded up,
and then can mprove the content of soil organic matterd ™.
Besides, other research showed planting cropswith high resi-
due ratio can reduce the surface evaporaton of water in soil
and strengthen the ability of holding and keeping water in soil
s0 as b promote the sequestraton of SOC”. A bng-tem
research, lasting for thirty-five years, conducted by Gregorich
etaf® showed that cropping system had a larger effect on
s0il carbon than fertilizaton, furthemore the content of soil
carbon under the rotaton of maize and legune cropswas 20
mg C/(hm”- a) higher than that under the maize monocuk
ture Huggins et af*! also found that adding the perennial
herb or legune plants o rotaton system was beneficial o the
sbrage of SOC. Guo et af” studied the response of SOC in
semi-arid area b the mtaton system in Changwvu County,
Shaanxi Province, and concluded that the rotaton system af-
fected the input of soil carbon significantly, furthemore there
was significant linear correlaton betveen the carbon seques-
trated in soil and the cumulative input organic carbon in soil
proved by an eighteen-year experment Therefore, the ad-
jusment of crop-grass otation is an effective way o mprove
the soil quality and realize the potential of carbon storage of
soil

However, Campbell et al™™ found thatwhen water was
not sufficient and the forage bomass was low, the influx of
soil organic matterswas not obvious after adding forage in ro-
taton; only when the clmate conditonwas of benefit o vege-
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tative growth, the influx of soil organic matters could be in-
creased Through bng-tem researcheson the effects of agri-
cultural management measures on the quantity and distribu-
tion of SOC content, Potter et al® found that the crop rota-
tion had great effects on the content of SOC, however, the
SOC accunulated by one crop in mtation system could be bst
due o the bwer biomass of another crop in this system.
mproving multiple-cropping index

mproving multple-cropping index and decreasing fallow
frequency can mprove crop yield and also increase the organ-
ic matter input from crop residues and roots in op soil 0 as
increase the SOC content W hen the organic matter input is
increased, the degradatoon rate of microorganian is also m-
proved, but the contentof soil organic matters is still mproved
o a certain degree generally due t that the input SOC is
more than the lbst SOC during the humus decomposition
process .

Most researches suggested that the soil carbon influxwas
directly related o the falbw frequency. Researches showed
that net carbon lbss of wheat fallow planting patternwas 20 ©
25 g/m’ higher than that of wheat continuous cropping in con-
ditons of the same carbon input® , which means that de-
creasing the fallow frequency can relatively sbw down the de-
composition rate of soilorganicmatters (SOM) so as o make
more carbon sequestrated in soil He et af*® also found that
rape multple cropping can probng the covering tme of surface
green, reduce wind emsibn and water erosbn, decrease the
water evaporaton of soil effectively, increase SOM, and m-
prove the il fertility after the decay of underground residues

More Intensive Field M anagem ent
Reasonable app lication of fertilizers

Application of fertilizers in field can affect the supply of
w0il carbon by influencing the bomass of standing vegetation,
the soil microbial activity and the soil respiraton rate, o
change of the intensity of fertilizer use can cause the carbon
sequestration in op soil of crop land © change[m The bng-
tem experiment suggested that application of organic fertiliz-
ers could mprove the content of SOC significantly™ *!.
However, there are no coincident conclusons about the
effects of applying chemical fertilizers on the content of soil
carbon Massive lbng-tem experiments indicated that the
long-tem application of fertilizers in the crop field was benefi-
cial © increasing the content of SOC, especially applying e-
nough fertilizers into the soilwith ower contentof organic mat-
ters had a significant and positive effecton mproving the con-
tent of SOC, but there was a certain Imit in the effect of
chem ical fertilizers on SOC™™!. There are also some opposite
conclusons For example, Yu'®' found that app lication of fer-
tilizers could result in the decrease of SOC content and reduce
the interception of soil carbon; the effects of varous kinds of
fertilizer combinationswould result in various results, and the
combinaton of nitogen and phosphorus fertilizers had more
significant effects on reducing SOC content than the single
fertilizaton from using nitrogen fertilizer and the combined fer-
tilization of nitogen, phosphorous and potassiun fertilizers

There are some differences in the effects of different ferti-
lizaton modes on SOC compositon Ma et af*’ held that ap-
plying organic fertilizers alone or togetherw ith inorganic m iner-
al fertilizers could input the organic carbon and mprove the
il physical properties so as © increase the tal anount of
SOC the content of active organic carbon Researches by Xu
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et af® indicated that bng-tem applying the inorganic mineral

fertilizers only, especially inorganic nitogenous fertilizer,
could promote the ot growth, increase the residues of plant
roots, etc ; however, due o the decrease ofw (C) /w (N) in
op il and the mprovement of soilmicrobial activity so as ©
accelerate the decompositon and m ineralization of the original
carbon and fresh organic carbon in bp soil, the otal anount
of SOC was decreased, the decrease of light fracton organic
carbon greatly exceeded that of heavy fracton organic car-
bon, resulting in the content increase of SOC which is difficult
o be oxidized and the promoted aging process of SOC.

Researches on the fertilizaton modes under various kinds
of s0il types, clmate conditons and land use pattems showed
that app lying organic fertilizers albone or ibgetherw ith chemical
fertilizers could mprove the contentof SOC significantly’™ ',
which should be the priority selection in the enhancement
measures for carbon sequestration in the top soil of cropland
mproving water conditions in top soil

The water condition in op soil of cropland is one of the
decisive factors for cropland soil o discharge or absorb the at-
mo spheric greenhouse gas, so mproving the water conditons
of 0il isamainway t change the emission and compo siton
of s0il greenhouse gas The waterbgged soil discharges CH,
o amosphere, while the cropland soilw ith good drainage oxi-
dizes CH, in air Besides, the water conditon in cropland is
also an mportant factor o affect the decompositon rate of
SOM and the emission of CO,.

A rtificially changing water condition of cropland can adjust
the otal, compositional and potential emission effect of green-
house gas discharged by the top soil in crop land Nomal soil
has the strongest oxidative ability when its water content ac-
counts for 15% to 40% of field moisture capacity, but the pad-
dy soilmainly oxidizes the CH, generated in soil, so the emis-
sion of CH, is cbsely related o the water content in soil The
composition and total anount of greenhouse gases (like CO,,
CH,, etc ) discharged by paddy soil are affected by the water
types of soil, furthemore there are significant differences in
the emission rates of varibus greenhouse gases as the incu-
baton tme changing Researches showed that the emission
rate of CO, increased in the bng-tem fboding soil but de-
creased in the good gas soil gradually as the tme prolbnging
The intem ittent irrigation can be carried out o reduce the e-
mission of greenhouse gas in cropland, which is an effective
measure b reduce the emission of CH, in paddy field Be-
sides, mproving the groundwater level during the proper
grow th period is also benefit o the emission reduction of CH,
in paddy field An experment conducted in Japan in 1991
proved that if therewas a 10-day emission of water at the tille-
ring stage and heading stage respectively, the ttal emission
of CH, in growing season would decrease by 1/2"°.
Perfection of the crop residue utilization

The dynam ic changes in SOM content are directly related
o the quality of organic matters input o soil, and the changes
of SOM are affected by crop residue input in a large degree
The decrease of organic carbon input in cropland after crop
harvest is an mportant reason for the decrease of carbon
stbrage in cropland In traditonal agricultural management
system, tillage and clearing crop residueswill result in the loss
of SOM and the decrease of the proporton of micro-aggre-
gates in soil Researches by Huggins'” suggested that the
content of SOC decreased rapidly with the carbon input de-
creasing; furthemore the short-term increase of SOC mainly
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depended onmore carbon input and the fixing efficiency of un-
stable carbon sequestration, and returmning crop residues
field can also promote the carbon sequestration in op soil

Lf* found that the use pattems of top soil and the inten-
sity of field management were main reasons for varous dy-
nam ics of agricultural soil carbon sequestration betveen China
and America, among which, the most striking difference was
the treament methods of crop aboveground residues (and
straw) beween China and America, for example, the retur-
ning rate of strawswas up o 90% or so in America but less
than 20% in China, so mpmoving the retuming rate of straws
is one of effective means o enhance the carbon sequestration
in cropland in China Zhu et af*® conducted a case study on
the contentof SOC in Rugao County of Jiangsu Province, and
concluded that retuming straw © field was the main reason
drive the changes of SOM content in recent 20 years judged
from the general trend of change From the early 1980s
1997, retuming maize straws o field was popularized and ap-
plied in large-area production in Rugao, and the returning area
was increased year by year, especially in the central and
western regions such asMotu system and Guoyuan system
distribution area, where the most straw s of summer dry crops
such as maize were retumed o field so as b increase the
content of SOM rapidly during the stage, furthemore there
were significant differences among them.

The increase of residues and SOM sequestration can m-
prove the water use efficiency and nutrient recycling ability of
plants so as o reduce the nutrient bss and enhance the car-
bon influx But there is a balance beween carbon input and
SOC, andwhen the balance is reached, the potential of m-
proving SOC content by increasing carbon inputw ill decrease
Adding crop residues into soil can mprove properties of the
sil, furthemore there are different effects of different tillage
measureswith crop residue management on the components
of SOC. As for the soilwith ow clay content or microbial de-
composition done easily, the SOC with unstable storage may-
be mainly depend on increasing crop residues retuming o field
and decreasing the tillage The addition of residues can mprmove
the soilmicroenviomrment and promote the storage of il car-
bon, but there are different effects of crop residue management
on SOC under the different tillage measures®.

Indispensability of the Technological Pro-

gress

There are many other ways © enhance carbon seques-
traton and reduce emission of carbon from cropland ecosys-
tem, such as mproving crop varieties and cultivating varieties
resistant to the extreme clmate event (e g high tempera-
ture, drought, etc ) aswell as diseases and pests, s0 as
increase crop yields continuously in the new ecological envi-
romrment and the absompton storage of carbon It is estmated
that reduction of CH, emission can reach 20% © 30% by se-
lecting adaptive rice cultivars, mearwhile adopting methane
inhibitors is also an effective way o reduce the emisson of
methane There are wo methane inhibitors, AM1 and AM2
devebped by Institute of AgriculturalM eteoro bgy, Chinese A-
cademy of Agricultural Sciences, whose main raw material is
humic acid capable of transfoming organic matters into hu-
mus S0 as b increase rice yield and reduce the substrate from
which methane will be produced

In additon, using new energy-saving parts of agricultural
machines o refit agricultural machines (like tractors, etc )

can also reduce the emission of carbon in cropland and in-
crease the potential of carbon sequestration in cropland

Conclusion

Atpresent, the measures o increase the carbon seques-
traton in cropland mainly include reducing the carbon lboss and
increasing SOC. The main effective measures © reduce the
carbon emission consist of mproving the utilizaton rato of en-
ergy, reducing the lboss of water and soil, and mproving the
utilization ratio of water and fertilizers while the measures
increase SOC in cropland mainly contain adjusting the tillage
system, applying the organic fertilizers, growing the deep-root
crops and increasing the content of micro-aggregates in the
top soil of cropland By analyzing the effectiveness of varous
measures and practices for carbon sequestration in cropland,
this paper concludes that the effective measures © increase
the carbon sequestration in the top soil of cropland willmainly
contain promoting the management of land use transfoma-
tion, adjusting tillage system, applying reasonable fertiliza-
ton, mprving the water conditons of w0il, perfecting the
crop residue management, etc It is noteworthy that due
the differences of regional natural conditons and social-eco-
nom ic conditons, the concrete mplementaton should be ad-
aptation o lbcal conditons and under the guidance of lbcal e-
conom ic development planning so as o fully make full use of
the advantages of managementmeasures

Clmate condition is an mportant factor o affect the SOC
dynamics in the tp soil of cropland Under the context of
gbbal changes, coupling the management strategy of carbon
sequestration with the effects of clmate change and clarifying
the feedback mechanian of changes of SOC content in the
top soilof cropland on the comprehensive effect of natural fac-
tors (like clmate, soil, etc ) and management factors are of
mportant significance o predict the change trend of carbon
sequestration in cropland in future

The management strategy of carbon sequestratonwill af-
fect agricultural production, so clarifying the influence mecha-
nisn is very mportant © guide the optmal management of
cropland in China However, the researches about the effects
of management strategies of carbon sequestration in the top
soil of cropland have made certain progress at home and a-
broad, butfew scholars carry out studies from the view of the
sustainable develbpment of agricultural production and the
conservaton of ecolbbgical enviomrment Therefore, it is nec-
essary b expbre the comprehensive effects of different com-
binatons of management strategies of carbon sequestration
on enhancing the functons of the carbon sequestraton in
cropland and ensuring the development of agricultural produc-
tion under the conditions of clmate change

It should be noted that the expected effects after taking
the managem ent strategies of carbon sequestraton have been
mostly proved by the field experment Therefore, on one
hand, the effectiveness of those strategies needs o be diag-
nosed at more macrmo scale; on the other hand, researches
on themechanign resulting in the effects of carbon sequestra-
tion from managem ent strategies are relatively weak under va-
rious kinds of soil-clmate-crop belts Last but not the least,
quite few models used for analyzing the effects of manage-
ment strategies on carbon sequestraton are not capable of
case study in China, while the relevantmodels devebped out
of China still need o be bbcalized, which means thatmodules
and param eters embedded in those models need  be tailbred
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o the conditions in China
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