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1. Introduction

The concentration of
greenhouse gases (CO2, CHa
and N2O and halocarbons) has
increased since the pre-
industrial revolution years due
to human activities. The
atmospheric concentration of
CO2 has increased from 280
ppm in 1750 to 379 in 2005,
and N20O has increased from
270 ppb to 319 ppb during the
same time period, while CH4
abundance in 2005 of about
1774 ppb is more than double
its pre-industrial value of 750
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1. Gi6i thi¢u

Nong do khi nha kinh (COy,
CHs va N2O va Halocarbons)
da ting 1én ké tir trudc cach
mang cong nghi€p do hoat
dong cua con ngudi. Nong do
CO; trong khi quyén ting tur
280 ppm vao nam 1750 Ién
379 ppm nim 2005, va noéng
d6 N20 tang tir 270 ppb dén
319 ppb trong cung thoi gian,
con khi CH4 trong nam 2005
rat nhiéu, vao khoang 1774
ppb, ting hon gap d6i nong dod
cia n6 ¢ thoi ky tién cong
nghiép 1a 750 ppb (Solomon

419



ppb (Solomon et al., 2007).
These gases absorb light in the
infrared regions and thus, trap
thermal radiation, which in
turn results in global warming.
The Global Warming Potential
(GWP) is a useful metric for
comparing the potential
climate impact of the emissions
of different GHGs by
expressing CHs and N2O in
CO: equivalents. The global
warming potential of N2O is
298 times, while CHs is 25
times that of CO: in a 100-year
time horizon (Forster, 2007
Solomon, 2007).

At present, 40% of the Earth’s
land surface is managed for
cropland and pasture (Foley et
al., 2005). The most important
cropping systems globally, in
terms of meeting future food
demand, are those based on the
staple crops rice, wheat and
maize. Rice and maize are each
grown on more than 155
million hectares (FAOSTAT,
2009). In addition, rice is the
staple food of the largest
number of people on earth. The
geographic distribution of rice
production gives particular
significance to Asia where
ninety percent of the world’s
rice is produced and consumed.
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et al., 2007). Cac chat khi nay
hap thu anh sang trong ving
hong ngoai va do do, gitr cac
birc xa nhiét, ddn dén tinh
trang hdm noéng khong khi
toan cau. T1em nang ham
néng toan cau (GWP) 1a thude
do htru ich cho viéc so sanh
tac dong cua sy phat thai cac
khi nha kinh khac nhau nhu
CHs va N20 quy vé tuong
duong CO,. Tiém ning ham
noéng toan cau cua NoO 1a 298
lan, trong khi ciia CHq 12 25
lan so voi kha ning d6 cua
CO2 sinh ra trong thoi gian
100-nam  (Forster, 2007;
Solomon, 2007).

Hién nay, 40% dién tich dat cta
hanh tinh nay dugc st dung
cho canh tac ndéng nghiép va
dong co (Foley etal., 2005). H¢
thong cdy trong quan trong nhét
trén pham vi toan cAu, nhim
dap tmg nhu cau luong thuc va
thyc pham trong twong lai, 1a
cay luong thyc nhu lia, laa mi
va ngd. Lua va ngd modi loai
duoc tréng trén hon 155 triéu
ha (FAOSTAT, 2009). Ngoai
ra, lua 1a lvong thyc chinh cua
bd phan dan cu 16n nhét trén
trai dat. Su phan bd dia Iy cta
viéc san xut lta cd ¥ nghia dic
biét v6i chau A, noi san xuat
90% san luong dugc san xut
va tiéu thu.



Although the literature
provides ample evidence on the
technical feasibility of
mitigation options in wheat,

maize and rice  systems
(Matson et al, 1998;
Dobermann et al., 2007,

Wassmann et al., 2007), there
are as of now no mitigation
projects implemented outside
of experimental farms in the
developing world. In part, this
may be attributed to the
exclusion of the land use sector
in the Clean Development
Mechanism (CDM) projects.
This  stipulation of the
Marrakesh Accord may or may
not be overturned at the
forthcoming COP15 in
Copenhagen (see below), so
that this review can also be
seen as a timely contribution to
the discussion on potentials
and constraints of mitigation
projects in the land use sector.
2. Rice systems: CHs; and
N20O mitigation

Rice requires special attention
in terms of GHG emissions due
to the unique semi-aquatic
nature of this crop. About 90%
of the rice land is — at least
temporarily — flooded. The
flooding regime determines
effectively all element cycles
in rice fields and represents the

Mic du cac tai liéu da cung cap
nhiing bang ching phong phu
ve tinh kha thi vé mat ky thuat
dé giam thiéu lua chon trong hé
thong laa mi, ngd va lta nudc
(Matson et al, 1998,
Dobermann et al., 2007;
Wassmann et al, 2007), hién
nay c6 vé nhu khong c6 mét du
an giam nhe nao dugc thuc
hién bén ngoai cac trai thuc
nghiém trong thé giéi dang
phat trién. Piéu ndy mot phan
6 thé 1a do sy loai trir ctia khu
vuc st dung dat trong cac du
an Co ché phat trién sach
(CDM). Quy dinh nay cua
Accord Marrakesh c¢6 thé co -
hoic co thé khong - bi lat
nguoc tai COP15 sip téi &
Copenhagen (xem bén dudi),
dé dé xuét nay c6 thé dugc xem
nhu dong gop kip thoi cho cac
cudc thao luan vé tiém nang va
han ché cua du éan giam nhe
trong viéc sir dung dat.

2. Hé thong lua: Giam thiéu
CHs va N2O

Cay lua doi hoi su cha y dac
biét vé su phat thai khi nha
kinh do tinh chét dic tha canh
tac ban ngdp nudc cua loai
ciy trong nay. Khoang 90%
dién tich dat trong lua - it nhat
la thinh thoang - bi ngadp nudc.
Ché do ngép nuoc xac dinh
hiéu qua cua tat ca cac yeu t6

421



pre-requisite for emissions of
the major GHG methane. The
specific role of rice fields in
the global CH,4 budget has also
led to several detailed reviews
on this subject (Yan et al,
2005, Li et al, 2006,
Wassmann et al., 2004,
Wassmann et al., 2007) so that
this review emphasizes on
some new insights derived
from recently published data,
namely on up scaling and
mitigation.

Flooding of fields is innate to
irrigated rain fed and deep
water rice, but duration and
depth of flooding varies over a
wide range in these
ecosystems. Irrigated lowland
rice is grown in bunded fields
with assured irrigation for one
or more Crops per year.
Usually, farmers try to
maintain 5-10 cm of water
(“floodwater”) on the field.
Rainfed lowland rice is grown
in bunded fields that are
flooded with rainwater for at
least part of the cropping
season to water depths that
exceed 100 cm for no more
than 10 days.
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chu ky trong rudng lua va dai
dién cac diéu kién tién quyét
cho su phat thai khi nha kinh
chinh l1a metan. Vai tro dac
bi¢t ciia ruong laa trong cung
cap qui CHs toan cau di dan
dén nhiéu danh gia chi tiét vé
chu dé nay (Yan et al., 2005,
Li et al, nam 2006,
Wassmann et al.,, nam 2004,
Wassmann va ctv., 2007) dé
tong quan nhan manh dén mot
s6 nhimg hiéu biét méi bat
ngudn tir nhitng dir liéu xut
ban gan ddy, cu thé 1a dé tai
nang cap va giam nhe.

Tinh trang ngip nudc cua céac
ruéng lta 1a dwong nhién ddi
vo1 lba co tudi, lha nho nudc
tro1 va la ngdp sau, tuy nhién
thoi gian va d6 nong sau cua
muc nudc ngdp thay doi trén
mot pham vi rong trong cac hé
sinh thai. Lua co6 tudlr duoc
tréng & nhirng thtra rudng cé bo
bao bao dam c6 du nudc cho
mot hodc nhiéu vu trong nam.
Thong thuong, ndéng dan cb
gang duy tri mirc 5-10 cm nudc
(“ngap nudc”) trén rudng. Laa
nho nudc tro1 vung triing duoc
canh tac trén nhirng thira rudng
c6 bo bao, bi ngap nudc mua it
nhat mot thoi gian trong subt
vu gieo tréng, ¢ thé téi 100 cm
trong khoang thoi gian khong
qua 10 ngay.



Worldwide, there are about 54
million ha of rainfed lowland
rice. In both irrigated and

rainfed lowlands, fields are
predominantly puddled with
transplanting as the

conventional method of crop
establishment. In flood-prone
ecosystems, the fields suffer
periodically from excess water
and uncontrolled, deep
flooding. About 11-14 million
ha worldwide are flood-prone
lowlands. In  many rice
production areas, rice is grown
as a monoculture with two
Crops per year.

3. Fertilizer and GHG

emission s

3.1. Organic fertilizer and
CHj4 emission

The magnitude and pattern of
CHa emissions from rice fields
Is mainly determined by water
regime and organic inputs, and
to a lesser extent by soil type,
weather,  management  of
tillage, residues and fertilizers,
and rice cultivar. Flooding of
the soil is a pre-requisite for
sustained emissions of CHa.
Mid-season drainage, a
common irrigation practice
adopted in major rice growing
regions of China and Japan,
greatly reduces CH4 emissions.
Similarly, rice environments

Thé gi6i c¢6 khoang 54 triéu ha
lua nho nudce troi viung tring.
Trong c4 hai hé thong c6 tudi
va nuoc troi, ruong laa phan
lon duge cay, bua roi ciy theo
phuong phap c6 truyén. Trong
hé sinh thai ngdp ung, rudng
lua hirng chiu ngép dinh ky do
qué nhiéu nudc va khong thé
kiém soat, ngap sau. Thé gidi
c6 khoang 11-14 triéu ha dét
ngap ung. Nhiéu vung  san
xuat loa, ngudi ta trong lua
doc canh véi hai vu mo1 nam.

3. Phan bon va phat thai khi
nha kinh

3.1. Phén hiiu co va phadt thai

khi CH4

Cuong do va cach thuac phat
thai khi CH4 tr rudng lua chu
yéu dugc xac dinh boi ché do
nudc va luong hitu co bon
vao, va & mot muc do thip
hon 1a do loai dat, thoi tiét,
cach quan 1y 1am dat, phé phu
pham, phan bon, va gidng lua.
Tinh trang ngap ung cua dat 1a
diéu kién tién quyét dé duy tri
luong phat thai khi CHa. ROt
nudc gitta vu, thuc tién tudi
nuée duge ap dung pho bién &
cac vung canh tac lua chinh tai
Trung Qudc va Nhat Ban da
lam giam manh lugng khi thai
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with an insecure supply of
water, namely rainfed rice,
have a lower emission potential
than irrigated rice. Organic
inputs stimulate CH4 emissions

as long as fields remain
flooded. In addition to
management  factors, CHys

emissions are also affected by
soil parameters and climate

In spite of a growing number
of field experiments on CHs
emissions from rice fields, the
estimates are still attached to
major uncertainties. Intensive
field measurement campaigns
have clearly revealed the
complex interaction of water
regime as the major
determinant of emissions on
one hand and several other
influencing factors on the other
hand. Given the diversity of
rice  production  systems,
reliable up scaling of CHgs
emissions requires high degree
of differentiation in terms of

management  practices and
natural  factors.  Modeling
approaches have been

developed to simulate CHa
emissions as function of a large
number of input parameters,
namely, modalities of
management as well as soil and
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CHs. Tuong tg, mdi trudng
tréng laa khong c6 ngudn cung
cap nudc bao dam, cu thé 1a
ngudn nude mua, ¢ tiém ning
phat thai khi thap hon so voi
cac rudng co tuoi. Nguyén li€u
htru co boén vao kich thich su
phat thai khi CHa khi rudng laa
bi ngap ung. Ngoai cac yéu to
quan ly, phat thai CHs cling bi
anh hudng boi cac chi tiéu vé
dat dai va khi hau.

Mic du sd thi nghi¢m vé su
phat thai khi CHs tir cac rudng
lua dang tang 1én, cac udce tinh
vé van dé nay van chua chic
chan. Chién dich do luong
tich cuc di xac dinh mbi
tuong tac phuc tap cia ché do
nudc, mot mat, nhu la yéu tb
chinh tac dong dén lugng khi
thai va mit khac 1a nhiéu yéu
t6 khac c6 anh huong. Do su
da dang cuia hé thong san xuét
lua, muc do tang thém cua
phat thai khi CHa doi hoi sy
khac biét Ve thue tién quan ly
va cac yéu to tu nhién.
Phuong phap tiép can mé hinh
hoa di dugc phat trién dé mo
phong CHy phat thai nhu chire
ning ctia mot s 16n cac thong
s6 dau vao, cu thé 1a, phuong
thirc quan 1y ciing nhu dat va
khi hau. Mic dur ¢6 sy tién bo
dang ké trong nhiing nam gan
day, cac mo hinh c6 san vé



climate parameters. In spite of
considerable progress over
recent years, the available
simulation models for GHG
emissions from rice fields need
region-specific validations
before they can be used for
reliable computation of
emissions.

All rice-growing nations have
signed and ratified the United
Nations Framework
Convention on Climate Change
(UNFCCC) and as part of their
commitments; all signatories
are submitting national
inventories of GHG emissions
(NIG) as part of their National
Communications. The
UNFCCC has commissioned
the Intergovernmental Panel on
Climate Change (IPCC) to
define guidelines that allow
countries to compute emissions
in a comparable fashion. The
IPCC published the original
guidelines (in 1994) and revised
them in 1996 (IPCC, 1997) and
2006 (IPCC, 2007); it has also
published  Good  Practice
Guidance and  Uncertainty
Management  in  National
Greenhouse Gas Inventories
(IPCC, 2007). In these efforts to
streamline reporting of NIG’s,
the land use sector proved to be
especially challenging.

lugng khi nha kinh phat thai
tir nhirng rudng lua can duoc
danh gia boi cac phuong phap
danh gia theo vung dic thu
trude khi ho co thé duge su
dung cho cac tinh todn dang
tin cay cua lugng khi thai.

Tat ca cac qudc gia trong lua
da ky két va phé chuan cong
wéc khung LHQ vé bién doi
khi hau (UNFCCC) nhu mot
phan cua cam két cua ho; Tat
ca cac bén ky két duoc dé trinh
dinh kém bao cdo vé luong
phat thai khi nha kinh toan
quéc (NIG) nhu mot phan cta
truyén thong qudc gia cta ho.
UNFCCC di uy thac cho Uy
ban lién chinh phu vé bién d6i
khi hau (IPCC) d& xac dinh
nguyén tic cho phép cac nudc
tinh todn luwong khi thai theo
phuong phép c6 thé so sanh
duge. IPCC xuat ban hudng
dan ban dau (ndm 1994) va stra
d6i vao nam 1996 (IPCC,
1997) va 2006 (IPCC, 2007);
T4 chirc nay ciing da xuit ban
cubén hudng dan thuc hanh tét
va cach quan 1y dit liéu dé thay
doi trong diéu tra lugng khi nha
kinh quéc gia (IPCC 2007).
Trong nd luc sip xép bao cdo
ctia NIG, linh vuc sir dung dat
to ra 1 thach thirc nhét.
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The entire IPCC guidelines are
conceived as fairly simple
protocols that allow countries
(called  ‘Parties’ in  the
UNFCCC context) to compute
emission rates even if the level
of information on the different
sectors, e.g. land use, may not
be all that detailed. Thus, it
should be stated that these
guidelines cannot be deemed
per se as a scientific approach,
but more like a standardized
accounting scheme for
emissions. Nevertheless,
effectively, all countries have
formed national groups of
experts to compile their NIG
who have used the most
reliable statistics, e.g. on land
use, available in the respective
country.

The IPCC guidelines
distinguish between activity
data, emission factor, and
scaling factor (see Table 1).
The emission factors
distinguish between Tier 1 (a
global default value; to be used
as long as there are no regional
measurements available) and
Tier 2 Dbased on emission
measurement conducted in the
respective country.

426

Toan bd cac hudng dan cuia
IPCC duoc hinh thanh nhu la
nghi thirc kha don gian cho
phép cac nudc (goi la 'Bén'
trong cac van ban cua
UNFCCC) tinh toan ty 1¢ khi
phat thai ngay cd ¢ muc do
thong tin trén cac linh vuc
khac nhau, vi du nhu stir dung
dat, co thé khong c6 duoc tat
ca & mirc chi tiét. Vi vay, cac
huéng dan nay khong thé
duoc coi la mot cach tiép can
khoa hoc, nhung thién vé tiéu
chuan hoa tinh toan cho lugng
khi phat thai. Tuy nhién, tat ca
cac nudc da thanh 1ap nhoém
chuyén gia qubc gia dé bién
dich NIG cua ho, nhitng nguoi
dd st dung cac sd liéu thong
ké dang tin cdy nhét, vi du
nhu trén dién tich dat su dung,
dat c6 san trong quoc gia
tuong ung.

Cac nguyén tic IPCC phan
bi¢t gitta dir liéu hoat dong,
yéu to phat thai va yéu t6 ti 16
(Bang 1). Cac yéu to phat thai
phan biét gitra Tier 1 (mot gia
tri mac dinh toan cau; duoc sir
dung khi khong c6 san nhing
phuong thitc do luong khu
vuc) va Tier 2 dua trén su do
ludng khi phat thai duoc tién
hanh tai qudc gia twong tng.



Table 1. Terminology of IPCC guidelines for emissions from land use

CHa/rice

N20/crops

Activity data

Area of rice land in the
respective country

Amount of N
fertilizer used in
respective country

Emission factor

Tier 1.  global
default value

Tier 2:  regional
values

Amount methane emitted
per area unit

Percentage of N
fertilizer emitted as
N2O

Scaling Factor

Specific factors for water
management, organic
inputs etc.

Some specifications
in 2006 guidelines

3.2. Chemical fertilizer and
N2O emission

According to the latest IPCC
summary (Denman et al.,
2007), arable lands emit
about 2.8 TgN of N2O per
year, about 42% of the
anthropogenic N2O sources,
or about 16% of the global
N.O emissions, but rice
paddy fields are not
distinguished from upland
fields. Early studies found
N20 emission from paddy
fields to be negligible (e.g.
Smith et al., 1982). However,
later studies suggested that
rice cultivation was an
important anthropogenic
source.  of not only
atmospheric CHs4 but also
N20 (e.g. Cai et al., 1997).

3.2. Phan bon hoa hec va sw
phat thai khi N2O

Theo ban tom tit moi nhit cia
IPCC (Denman et al., 2007),
dat canh tac phat ra khoang 2,8
TgN khi N2O mdi nim,
khoang 42% lugng N20 do
con nguoi gay ra, hodc khoang
16% luong khi thai N.O toan
cau, nhung & day phat thai tur
rudng lta nude chua dugc tach
riéng khoi dat cdy trong can.
Nghién ctru ban dau cho thiy
N20 phéat thai tr rudng lua
khong déng ké (Smith et al,
1982). Tuy nhién, nghién ctru
vé sau cho rang trong lua la
mdt ngudn quan trong khong
chi thai vao khi quyén khi CHa
ma con c¢6 ca N20. (Cai et al.,
1997).

427




The initial IPCC guidelines use
a default fertilizer-induced
emission factor (EF) of 1.25%
of net N input (based on the
unvolatilized portion of the
applied N) and a background
emission rate for direct
emission from agricultural soil
of 1 kg N/ha/ yr (IPCC, 1997).
Later, IPCC 2006 (2006)
revised the EF for N additions
from mineral fertilizers,
organic amendments and crop
residues, and N mineralized
from mineral soil as a result of
loss of soil carbon to 1%.

In the guidelines, rice paddy
fields have not been
distinguished  from  upland
fields, but Bouwman et al.
(2002) reported on the basis of
data published before 1999 that
mean N>O emission from rice
paddy fields (0.7 kg N2O-N/
ha/ yr) was lower than that
from upland fields, including
grasslands (1.1 to 2.9 kg N2O-
N/ ha/ yr). Yan et al. (2003)
reported on the basis of data
published before 2000 that the
EF for rice paddy fields, at
0.25% of total N input, was
also lower than that for upland

fields, and a background
emission of 1.22 kg N20-N/
ha/ yr for paddy fields.
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Ban huéng din ban dau cia
IPCC di sir dung mot yéu to
mac dinh phan bon gay ra su
phat thai (EF) 1,25% cua
luong N thuin dau vao (dwa
trén phan khong bay hoi cua
lugng N bon vao) va do phat
thai co s& cho sy phat thai truc
tiép tir dat nong nghiép 1a 1 kg
N/ha/nam (IPCC, 1997). Sau
d6, IPCC 2006 (2006) sta doi
EF cho bd sung N tir phan
khoang, chat hitu co duge xur
ly va tan du thuc vat va N
dugc khoang hoa tur dat nhu 1a
mot két qua cua mat mat
carbon trong dat xudng 1%.

Trong cac huéng dan, rudng
lua nudc da khong dugce phan
biét vo1 cac thtra rudng cay
trong can, nhung Bouwman et
al. (2002) bao cao trén co so
cac dit litu duoc xuit ban
trudc nam 1999 c6 nghia la
N2O phat thai tor ruong laa
(0,7 kg N20-N/ha/nam) thap
hon so voi tir cac thira ruong
cay trong can, bao gom ca
ddng co (1,1 dén 2,9 kg N,O-
N/ha/nam). Yan va cdng su
(2003) bédo cao trén co so dir
liéu duge xuit ban trude nam
2000, cho rang EF cho rudng
laa, & muc 0,25% téng s6 N
dau vao, cling thép hon so voi
cac thira rudng cdy trong can,
va do can ban cua sy phat thai



Akiyama et al. (2005) reported
on the basis of data (113
measurements from 17 sites)
published before the summer
of 2004 that mean N20
emission + standard deviation
and mean fertilizer-induced
emission factor during the rice-
cropping season were,
respectively, 0.341 + 0.474 kg
N/ ha /season and 0.22 =
0.24% for fertilized fields
continuously flooded, 0.993 +
1.075 kg N/ ha/ season and
0.37 £ 0.35% for fertilized
fields with midseason
drainage, and 0.667 £ 0.885 kg
N/ ha/ season and 0.31 =
0.31% for all water regimes.
The estimated whole-year
background  emission  was
1.820 kg N/ ha/ season.

We can conclude that,
although there remains large
uncertainty in N2O emissions,
midseason drainage has the
potential to be an effective
option to mitigate the net
GWP from rice fields when
rice residue is returned to the
fields. However, there is a
risk that N2O emission offsets
reduction of CHa emission or
moreover brings higher GWP
than CH4 emission when rice
straw IS not returned to the
fields and when N fertilizer is

1,22 kg N20-N/ha/nam cho
ruong lua. Akiyama et al.
(2005) bao cdo vé co so dit
litu (113 lan do tir 17 khu
vuc) duoc cong bd trude mua
heé nam 2004, c6 nghia la phat
thai N2O + d6 léch chuan va
c6 nghia 12 hé s6 phat thai do
phan boén gay ra trong vu lua
dang canh tac, twong Ung
0,341 = 0,474 kg N/ha/vy va
0,22 + 0,24% d6i voi céc thira
rudng dugc bon phan va ngap
nuée lién tuc, 0,993 £ 1,075
kg N/ha/vu va 0,37 £ 0,35%
cho cac thtra rugng dugc bon
phan va rit nudc gitra vy, va
0,667 = 0,885 kg N/ha/mua va
0,31 = 0,31% cho tat ca cac
ché d6 nudc. Ca nam udc tinh
phat thai nén 1a 1,820 kg
N/ha/vu.

Chung ta co thé két luan réng,
mic du van con nhiéu van dé
khong chic chin vé luong khi
thai N2O, hé théng thay loi
thoat nudc gitra vu c6 tiém
nang la mot lya chon hi¢u qua
dé giam thiéu cac GWP thuan
tir rudng laa khi ton du rom ra
dugc tra lai cho cac rudng lua.
Tuy nhién, cO mot nguy co la
su phat thai N2O lam giam
hiéu s6 phat thai caa CHgq hodc
hon thé nita mang lai GWP
cao hon lugng phat thai CH4
khi rom ra khong dugc tra lai
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applied at a high rate.

Annual global consumption of
N fertilizer was expected to
exceed 100 Mt in 2007-2008
(Heffer and Prud’homme,
2007), while in 1965 it was
only 20Mt. During 2006
approximately 70% of that was
applied in developing countries
(IFA, 2009). In 2006-2007
wheat and maize  Dboth
contributed 17.3% of world
uses, followed by rice with
15.8%. Together wheat, maize
and rice consume 50% of all N
fertilizer produced around the
world (Heffer, 2009).
However, only half of the N
fertilizer that is applied in any
given field is recovered in the
crop or soil (Matson et al.,
1997). The remaining N can
take on many forms, with
various  consequences  for
ecosystems and public health,
before it is  ultimately
denitrified (the conversion of
inorganic N forms to N2). One
of the forms of N that is lost to
the atmosphere is N2O and it is
closely associated with N
fertilized agriculture.

Most N>O originates as an
intermediate product from soil
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cho cac rudng lta va khi phéan
N dugc boén & mirc cao.

Luong phan bon N tiéu thu toan
cau hang nam da duoc dy kién
s€ vuot qua 100 triéu tan vao
2007-2008 (Heffer va
Prud’homme, 2007), trong khi
vao nam 1965, chi ¢O 20 triéu
tin. Trong nim 2006, khoang
70% sb d6 da duogc sir dung &
cac nude dang phat trién (IFA,
2009). Trong nam 2006-2007
lGia mi va ngd mdi thir dong gop
17,3% nhu cau luong thuc trén
thé gi6i, tiép theo 1a lla véi
15,8%. Gop ca ba lia mi, ngo va
laa nudce, tieu thu 50% luong
phan bon N duoc san xuit trén
thé gi6i (Heffer, 2009). Tuy
nhién, chi c6 phan nira luong
phén bén N bon vao dugc thu
gitt lai boi cay trong hodc dat
canh tac (Matson et al., 1997).
Luong N con lai ¢6 thé ¢6 nhiéu
hinh thirc, gay cac hau qua khac
nhau cho hé sinh thai va surc
khoe cong dong, trude khi né bi
khir nitrit ¢ giai doan cubi
(chuyén dbi hinh thie N vo co
sang dang khi N2). Mot trong
nhitng hinh thic cia N bi mét
vao bau khi quyén 13 N2O va n6
duoc lién két chat ché voi phan
dam bon cho nong nghiép.

Hau hét cac N20 co6 ngudn
gdc nhu la mdt san pham



microbial  nitrification and
denitrification. A soil’s
potential for N2O emissions
increases when the amount of
N available for microbial
transformation is enhanced
through N fertilizer
application, cropping  of
legumes, incorporation  of
manures and crop residues, and
mineralization of soil biomass
and other forms of soil organic
material. However, the
amounts emitted depend on
interactions  between  soll
properties, climatic factors and
agricultural practices (Granli
and Bgckman, 1994). Most
studies have shown that soil
conditions such as water-filled
pore space, temperature and
soluble carbon (C) availability
have a dominant influence on
N2O  emissions.  Fertilizer
source and crop management
factors may affect N20
emissions, but due to
interactions with soil
conditions, it is difficult to
make general conclusions
(Snyder et al., 2007).

It is well established that NOz-
N can accumulate in soils
when the N is applied before
crop uptake or when the N rate
exceeds crop demand and the

trung gian tu qua trinh nitrat
hoa va khir nitrit do tac dong
cia vi sinh vat dat. Luogng
phat thai N2O tiém ning cia
dat gia tang khi sé luong N ¢6
san cho viéc chuyén doi clia Vi
sinh vat duoc tang cuong
thong qua viéc bon phan N,
thu hoach rau qua, két hop
phan hitu co va ton du thyc
vat va sy khoang hod sinh
khéi dat va céc hinh thirc khéc
cua nguyén li¢u hitu co trong
dat. Tuy nhién, s6 luong khi
phat thai phu thudc vao su
tuong tic giita CAC tinh chat
cta dat, yéu t6 khi hau va cac
hoat dong nong nghiép (Granli
va Bgckman, 1994). Hau hét
cac nghién ctru di cho thiy
diéu kién dat dai nhu luong
nudc chira trong cac khoang
rong, nhiét d6 va luong
carbon hoa tan c6 sin 4nh
huong manh dén su phat thai
khi N2O. Ngudn phan bén va
cac yéu td quan 1y cay trong
anh huong dén lugng khi thai
N20, nhung do tuong tac vai
cac diéu kién dét dai, rat kho
dé két luan chung (Snyder et
al., 2007).

Diéu ma moi ngudi hiéu mot
cach rd rang 12 NOs-N co thé
tich lity trong dat khi phan N
duoc bon trude khi cdy trong
hép thu hodc khi lugng N vuot
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point of crop response (Legg
and Meisinger, 1982). This
accumulation of NOs and NHa,
particularly when this occurs
with little or no crop
competition for N uptake,
tends to favor the production of
N20. Therefore, management
practices that avoid or
minimize the accumulation of
inorganic N, mainly when
there is no uptake competition
from the crop, may contribute
to lower emissions of N2O. In
this section, we will discuss
some of those practices. Granli
and Bgckman (1994) and more
recently Snyder et al. (2007)
reviewed management
practices that can help mitigate
N2O emission. We are using
those reviews as our basis for
this  section and  have
complemented them with other
literature.

3.3. Factors affecting N20
emissions  from  fertilizer
application

e N rate, timing, source and
placement

In a number of studies
examining spatial variability,
researchers have found that
optimal N fertilizer rates vary
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qua nhu cau cia cay trong va
qua ngudng phan ung cua cay
trong (Legg va Meisinger,
1982). Su tich lay NOs va
NHs nay, dic biét 1a khi diéu
ndy xay ra voi cay trong it
hoic khong c6 canh tranh hap
thu N, c6 xu huéng hd tro su
san sinh N2O. Do do6, bién
phdp quan ly thyc hanh nén
tranh hodc giam thiéu sy tich
tu ctia N vO co, chi yéu khi
khong c6 canh tranh hép thu
tir cdy trong, cO thé gop phan
giam lugng khi thai N20.
Trong phan nay, chung to1 s&
thdo ludn vé mot s6 nhiing
thuc thuc tién nay. Granli va
Backman (1994) va gan day
hon Snyder et al. (2007) danh
gia thuc tién quan 1y co thé
gitip giam thiéu phat thai N2O.
Chung t6i dang su dung
nhimg tai liéu tong quan nay
lam co s& cua ching toi cho
phan nay va bo sung chlng
vO1 cac tai liéu khac.

3.3 Nhirng yéu t6 anh huong

toi su phat thai khi N2O tu

viéc bon phan.

e Luong N, thoi gian bon,
ngudn goc va cach bon.

Trong mét s6 nghién ctru thay
d6i theo vi tri, cac nha nghién
ctru da tim thay lugng phan N
t6i wu khac nhau theo ting



widely from field to field
(Cerrato and Blackmer, 1991;
Schmitt and Randall, 1994;
Bundy and Andraski, 1995).
What is probably  most
important about N
requirements in cereal crop
production is that the demand
changes drastically from field
to field and from one year to
the next. Of all the information
that should be communicated
to farmers in any locale is that
this temporal and spatial
dependency influences
optimum N fertilizer rates
(Raun et al., 2009).

The current evidence suggests
that N.O emissions are not so
much a direct function of the
rate of N applied. Instead,
emissions of N2O seem to be
more closely related to N rates
that exceed the N uptake
capacity of the crop overtime
(Matson et al., 1998:
IFA/FAO, 2001; Snyder et al.,
2007). However, there seem to
be some exceptions to this
observation. Zebarth et al.
(2008) made N applications
that were at or in excess of
crop N requirement, however,
N  fertilizer  management
practices that reduced rates or
tested split applications did not
reduce N2O emissions. This

thua rudng (Cerrato va
Blackmer, 1991; Schmitt va
Randall, 1994; Bundy va
Andraski, 1995). Co 1& diéu
quan trong nhat vé nhu cau
phan N trong san xuét ngii coc
la nhu ciu thay d6i manh mé
tr canh dong nay dén canh
ddng khac va tir nim nay sang
nam khac. Tat ca cac thong tin
nén duoc chuyén ti cho nong
dan ¢ dja phuong rang su phu
thudc vao thoi gian va khong
gian anh huong dén liéu luong
phan N toi vu (Raun et al.,
2009).

Bang chimg hién tai cho thay
luong N bon vao khong phai
la nguyén nhan truc tiép mot
cach ning né cia su phat thai
khi N2O. Thay vao do, su phat
thai khi N2O duong nhu lién
quan chit ché hon dén lugng
N vuot qua kha ning hap thu
ciia cdy trong theo thodi gian
(Matson et al, 1998;
IFA/FAQ, 2001; Snyder et al.,

2007). Tuy nhién, hinh nhu:
van c6 mot sO truong hop
ngoai 1¢ vé nhitng khdo sat
nay. Zebarth et al. (2008) da
thuc hanh bon N & mirc dung
voi nhu ciu hodc vuot qua
nhu ciu cta cdy trong, tuy
nhién, thyc tién quan 1y bon
phan N bang cach giam luong
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study provides evidence that N
rate  reductions and split
applications may not result in
direct reductions of N0
emissions under some

conditions  (Snyder et al.,
2007).
When trying to identify

optimum N fertilizer rates,
soil-testing  procedures  for
NHs-N  and NO3-N are
valuable but they have their
limitations. For example when
taken at or near planting they
cannot compensate for
subsequent effects of the
environment, especially in
winter wheat that usually
encumbers over 240 days in its
growth cycle. Sensor based N
management in wheat and
maize is a new technology that
uses an optical sensor, which
measures  the  normalized
difference vegetative index
(NDVI) from wheat and maize
canopies. The wuse of this
vegetative index in conjunction
with an N rich strip (a well
fertilized part of the field) and
a crop algorithm, can be used
to establish the optimum N
fertilization rate (Ortiz-
Monasterio and Raun, 2007
and Raun et al., 2009). This

434

hogc chia 1am nhiéu lan bén
da khong lam giam su phat
thai khi N2O. Nghién ctru nay
cung cép bang chimg cho thiy
giam lugng phan N va chia ra
bén nhiéu 1an khong dan dén
giam truc tiép luong khi thai
N2O trong mét s6 diéu kién
(Snyder et al., 2007.).

Khi ¢6 xac dinh lwong phan N
tdi wu, cach thirc kiém tra dat
vé NHs-N va NOs-N ¢6 gia tri
nhung ciing ¢ nhirng han ché.
Vi du nhu khi ldy mau tai noi
hodc gan noi trong ho khong
thé bu dap c4c anh huong ké
tiép cua moi truong, dac biét
la lta mi mua dong thuong
lam tré ngai hon 240 ngay
trong chu ky tang truong cua
nd. Cam bién dya trén su quan
ly N trong Ita mi va ngé la
mot cong nghé modi st dung
mot bd cam bién quang hoc,
do luong cac chénh léch da
binh thuong hoa cia cac chi
s6 thuc vat (NDVI) tir tan cay
la mi va ngd. Viéc str dung
cac chi sb thuc vat nay két
hop v6i mot dai cay trong giau
N (dai cdy trong dugc bon
phan diy du trong rudng) va
thuat toan ciy trong, co thé
duoc st dung dé thiét 1ap mot
chi s6 t6i vu vé lugng phan N
dugc bon (Ortiz-Monasterio
va Raun, 2007 va Raun et al.,



technology, which intends to
optimize N rates, minimizes
the risk of over fertilizing. In
addition because the
diagnostics is done mid-
season, N is applied at the time
of high demand by the crop,
which in turn reduces the
probabilities of  generating
favorable conditions for N2O
emissions. An example of the

potential impact of this
technology to identify
optimum N rates will be

discussed in the Yaqui Valley
case study section of this

chapter.

e Slow release, controlled-
release or encapsulated
fertilizers

Snyder et al. (2007) in a
review of the literature on
mitigation, looked at slow-
release and particularly
controlled-release as well as
stabilized fertilizers that delay
the initial availability or
extended time of continued
availability and controlled
release of fertilizers through a
variety of mechanisms. They
found that many of the results
in the literature indicate that
controlled-release  fertilizers
are useful for the reduction of
N20O emissions from fertilized
soils. However, there are cases

2009). Cong nghé¢ nay, dugc

du dinh dé t6i vu hoa lugng

phan N, giam thiéu nguy co
bon phan qua lugng cay can.

Ngoai ra, Vi cac chan doan

dugc thuc hién gitta vy, N

duoc boén vao thoi diém cay

trong c¢6 nhu cau cao, do d6
lam giam xé4c suat tao ra diéu
kién thuan loi vé khi thai NO.

Mot vi du vé tac dong tiém

niang cta cong nghé nay dé

x4c dinh luong toi wu phan N

s¢ duogc thao luan trong phén

nghién ctru trudng hop cu thé
tai Thung liing Yaqui cua
chuong nay.

e Cac loai phan bon phong
thich cham, phong thich c6
kiém soat va phan bon
vién nang

Snyder et al. (2007) trong mot

danh gia cac tai lidu vé su

giam thiéu, dd quan sat loai
phan phong thich cham va dac
biét quan tam t&i loai phan
phong thich c¢6 kiém soat ciing
nhu loai phan bon 6n dinh da
tri hodn tinh trang san sang ban
dau hodc kéo dai thoi gian sén
sang va phong thich co kiém
soat cua cac loai phan bon
thdng qua mot loat cac co ché
khac nhau. Ho phat hién ra
nhiéu két qua trong cac tai liéu
cho thiy ring loai phan bon
phong thich dinh dudng cé
kiém soat rat hitu dung trong
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where  emissions  seemed
higher when emissions were
measured for longer periods.
This area merits more research.

e Balanced fertilization
The most promising factor for

immediately  reducing  N-
fertilization IS balanced
fertilization, namely through
Site-Specific Nutrient

Management (SSNM). Only a
fraction of the fertilizer N
applied to rice is taken up by
the crop. Hence, the total
amount of fertilizer N required
for each ton of increase in
grain yield depends on the
efficiency of fertilizer N use by
rice, which is defined as the
increase in yield per unit of
fertilizer N applied (Buresh,
2007). An efficiency of
fertilizer N use of 18 or 20 is
often achievable with SSNM
and good crop management in
farmers’ fields in tropical Asia.
In high-yielding seasons with
very favorable climatic
conditions, an efficiency of
fertilizer N use of 25 is often
achievable with good crop
management. The plant-based
approach of SSNM enables
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viéc giam thiéu sy phét thai
khi N2O trong nhing loai dat
duoc bon phan day do. Tuy
nhién, c6 nhirng truong hgp khi
thai duong nhu cao hon khi
luong khi dugc do trong thoi
gian dai hon. Khu vyc nay xtng
dang duoc nghién ctru thém.

e Bon phan can dbi

Yéu t htra hen nhat dé 1ap tirc
giam luong phan N la bén
phan can d6i, c6 tén goi la
Quan ly dinh dudng theo vung
dac thu (SSNM). Chi mot
phan phan N bén xudng rudng
dugc cay trong hap thu. Do
do, tong luong phan N can
thiét dé ting ning suat mdi tan
hat phu thudc vao hiéu qua
cua phan N do cay lua su
dung, dugc dinh nghia la su
gia ting ning suat trén mot
don vi phédn N bén vao
(Buresh, 2007). Mtc hiéu qua
st dung phan N thuong dat
dugc 18 hoac 20 voi rudng ap
dung SSNM va rudng cua
nong dan c6 su quan ly cay
trong t6t & vung nhiét déi
chau A. Trong cac mua vu cO
ning suit cao voi diéu kién
khi hau rat thuan loi, hiéu qua
sit dung phan bén N thuong
dat dugc 25 voi sy quan ly cay
trdng tét. Phuong phap tiép
can cay trong theo SSNM cho
phép nong dan ap dung phén



farmers to apply fertilizer N in
several doses to ensure the
supply of sufficient N is
synchronized with the crop
need for N at critical growth
stages (Buresh, 2007).

Although there are at present
no studies that have measured
directly the effect of a balanced
fertilization in the emission of
GHGs, it seems obvious — and
also in line with the IPCC
methodology — that lesser
amount and more efficient use
of N fertilizer will reduce N.O
emissions.  The  beneficial
effects will even become more
prominent as long as emissions
are calculated per crop vyield
(kg CO2eq./ kg rice) — and not
per area unit (kg CO2eq./ ha).

Conclusions

Increasing food production —
especially in the developing
world — is imperative for the
well-being of the present and
future generations of poor
farmers  and consumers.
Although we do not deny the
urge for curtailing GHG
emissions, the authors are
convinced that any conceivable
program on mitigation of GHG
emission from the agricultural

bon N véi nhiéu lidu lugng dé
dam bao viéc cung cap day du
phan N duoc déng bo theo
nhu cau phan N cua ciy & cac
giai doan tang trudng quan
trong (Buresh, 2007).

Midc du hién nay chua co
nghién ctru nao do truc tiép
tac dong cua viéc bon phan
can doi v6i sy phat thai khi
nha kinh, c6 vé nhu rd rang -
va cling phu hop vdi Ccac
phuong phap IPCC — do la
giam lugong va tang hiéu qua
sit dung phan bon N sé lam
giam sy phat thai khi N20.
Céac tac dung co lgi tham chi
s& trd nén nodi bat hon khi
luong khi thai dugc tinh theo
ning suat cdy trong (kg
CO2eq/kg lta) chir khong phai
cho modi don vi dién tich (kg
CO2eqg/ha).

Két luan

Tang cuong san xudt luong
thuc - dac biét Ia & cac nudc
dang phat trién - 1a bat budc
dbi v6i phuc 1oi cua cac thé hé
hién tai va tuong lai ctia néng
dan ngheo va nguoi tiéu dung.
Mic du ching toi khong tur
chbi cac yéu ciu giam bot
phat thai khi nha kinh, cac tac
gia tin rang bat ctr chuong
trinh nao co thé tudng tuong
vé giam nhe phat thai khi nha
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sector has to be based on the
premise of higher food
production. As for a future
agreement to be reached in
Copenhagen and beyond, it
will be crucial to converge the
legitimate goals of increasing
food security and reducing
GHG emissions.

As long as food security is not
compromised by GHG
mitigation, the  common
denominator for mitigation
options is the increase in
resource-use efficiencies. This
paradigm applies to all three
cereal systems discussed in this
review and — arguably — to the
agricultural sector as a whole.
The adoption of currently
available best management
practices for N management
should be a good guideline for
practices that reduce N2O
emissions. However, what is
regarded as a good agricultural
practice varies somewhat from
region to region, reflecting
variations in local soils and
climatic conditions.

We can conclude that, although
there remains large uncertainty
in N2O emissions from paddy
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kinh tr nganh ndéng nghiép
phai dugc dya trén tién dé cua
san xuat luong thyc cao hon.
Pé mot thoa thudn trong
tuong lai dat duogc tai
Copenhagen va xa hon ntra, s€
|la rat quan trong dé hoi tu cac
muc tiéu hop phap tang cuong
an ninh lewong thuc va giam
phat thai khi nha kinh.

Chirng nao an ninh lwong thyc
khong dugc bao dam bdi su
giam thiéu khi nha kinh, mau
) chung cho cac chon lya céac
giai phap lam giam thiéu khi
phat thai 1a su gia tang hiéu
qua cua viéc st dung tai
nguyén. M6 hinh nay ap dung
cho ca ba hé thong ngii coc
dugc thao luan trong danh gia
nay va cho ca linh vuc nong
nghiép nodi chung. Viéc chap
nhan hé thdng quan 1y tét nhat
hién dang san c6 cho viéc
quan 1y N dugc coi 1a mot
hudng dan cho cac thuc hanh
nham giam phat thai N2O. Tuy
nhién, nhitng gi dwoc coi la
mot thye hanh nong nghiép tot
van thay d6i chimg muyc tir
ving nay dén viing khac, phan
anh su thay do6i trong dat va
diéu kién khi hau dia phuong.

Chung ta c6 thé ket luan rang,
mac du van con ton tai nhitng
diéu khong chac chan trong su



fields, midseason drainage has
a potential to be an effective
option to mitigate the net GWP
from rice fields when rice
residue is returned to the fields.
However, there is the risk that
N20 emission offsets reduction
of CH4 emission or moreover
brings higher GWP than CH4
emission when rice straw is not
returned to the fields and when
N fertilizer is applied at a high
rate.

phat thai N2O tir rudng laa, rut
nudc gitra vu la mdt Iya chon
hiéu qua tiém ning dé giam
thiéu GWP thuan tir ruong lua
khi tan du rom ra dugc tra lai
cho dong rudng. Tuy nhién, c6
nguy co su giam phat thai khi
N2O sé& lam giam hiéu s phat
thai cia CHas hodc hon thé nira
mang lai GWP cao hon su
giam phat thai CH4 khi rom ra
khong dugc tra lai cho dong
ruong va khi phan N dugc ap

dung & muec cao.
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