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Abstract

The efficient use of fertilizer
N for rice (Oryza sativa L.)
involves adjusting the time of
fertilizer N applications to
match crop needs for N and
adjusting the rate of fertilizer
N to match the expected yield
gain from applied N. This
yield gain can be determined
from the difference between
the yield attained with N
fertilization and the vyield

attained without added
fertilizer N.
An eight-year experiment

with irrigated rice in the
Philippines  showed that
water regime during the
fallow, between harvest of
one rice crop and land
preparation for the next crop,
affected the supply of
indigenous N and yield gain

Tom tit

Hiéu qua sir dung phan N doi
voi lia (Oryza sativa L.) bao
gom viéc diéu chinh thoi gian
bon phan N phu hop véi nhu
cau cua cdy va diéu chinh
lwong phan phu hop voi nang
sudt du kién sé dat. Nang suadt
nay dwoc xdc dinh tir sy chénh
léch gitta nang sudt dat dwoc
do c6 bon N va ndng sudt dat
duoc do khéng bon N.

Thi nghiém tién hanh trong
tam nam trén l0a co twoi o
Philippines cho thdy ché b
nude trong thoi gian chuyén
vu (tir khi thu hoach vu trudc
toi khi Xudng giong vu sau)
anh hwong dén kha nang cung
cap N ban dia (N c6 san trong
dat) va nang suat 0a dat dwoc
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from applied N for the next
rice crop.

Estimated optimal rates of
fertilizer N varied by 95 kg N
ha™ among fallow
management practices. The
retention rather than the
removal of rice residue, on
the other hand, had no effect
on yield gain from applied N.

Conventional soil analyses
are unlikely to predict the
influences of such water and

residue management
practices on fertilizer N
requirements. Rice vyields

attainable with full
fertilization in the dry season
in the Long-Term Continuous
Cropping Experiment
(LTCCE) have fluctuated in
the past 20 years between 6.5
and 9.5 t hal. The vyields
tended to parallel the
potential yield determined
with the Oyrza2000 model
using daily climate data and
phenological characteristics
of the rice varieties.

This highlights the strong
dependence of rice yield and
optimal fertilizer N
requirements on climate. In
such case, an increase in the
efficiency of fertilizer N use
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tr lwong phan N bon vao cho
vu tiép theo.

Udc tinh lwong phan dam khac
biét dao dong khoang 95 kg
N/ha do bién phap xir ly trong
thoi gian chuyén vu. Mdt khdc,
Viéc giir lai CAC ton dw rom ra
trong ruong, khong anh huong
t6i ndng sudt gia tang tir viéc
bon phan N.

Phdn tich dat theo phirong
Phdp truyén thong khdng co
kha nang dy dodan anh hwong
ciia nudc twéi va qudan Iy ton
dw rom ra téi nhu cau phan N.
Khi dwoc cung cdp day di
phan bon trong mua khé o thi
nghiém dai han tién hanh lién
tuc (LTCCE) trong 20 nam
qua, ndang sudt hia dao déng
trong khodng tir 6,5 den
9,5t/ha. Nang sudt thuc té co
khuynh hwong song song voi
nang sudt tiéem nang drgc Xac
dinh boi md hinh Oyrza2000
bang cach sir dung Cac s6 liéu
khi hdu thoi tiét hang ngay va
dac diém hinh thai cia cdc
giong l0a.

Piéu nay minh chimg c6 sur
lien quan giita nang sudt lGa
Véi lwong phan N 16i hdo phu
thugc vao Khi hdu thoi tiét.
Trong truong hop do, thuc
hién sy gia tang hiéu qua cua



might be possible through use
of anticipated climate to
estimate climate-adjusted rice
yields and fertilizer N rates
for the upcoming crop
season.

The climate-adjusted fertilizer
rates would then need to be
rapidly  disseminated to
farmers and fertilizer
distributors.

Extractable soil P increased
with P fertilization in long-
term experiments reflecting a
greater addition than removal
of P. Exchangeable soil K
declined with continuous rice
cropping when rice residues
were removed even with
application of some fertilizer
K.

The retention of rice residues
did not reduce fertilizer N
requirements or increase rice
yield on flooded clay soils
with relatively large soil K
reserves; but the retention of
residues could markedly
reduce  requirements for
fertilizer K in the longer term.

1. Introduction

Soil, crop residues, irrigation
water, and biological N2
fixation supply most of the

phan N bang cach dw doan khi
hdu toi tiét dé woc tinh nang
sudt lia do khi hdu thay déi va
lieong phan bon N cho vu sdp
to1.

Luong phan bon theo do diéu
chinh theo sir thay déi thoi tiét
can dwoc thdong bao nhanh
chong cho nbéng dan va cac
nha phdn phéi phan bon biét.

Trong mot thi nghiém dai han,
ngueoi ta thay rang luong P dé
tiéu gia tang khi phan P bon
Va0 trong ddt, diéu ndy phdn
anh lieong P b6 sung Ién hon
luwong P ldy di. Lirong K trao
doi giam dan theo thoi gian
canh tac, khi ton dw rom ra
dwoc ldy di, ngay ca khi c6
bon phan K.

Viéc luu giir ton dw rom ra
khéng lam giam nhu cau phan
N hodc ting néing sudt lia trén
ddt sét ngap nuoc voi lwong K
trong dat twong doi 1om, nhung
viéc giit lai ton dw rom ra vé
|au dai c6 thé lam giam dang
ké nhu cau phan K.

1. Gioi thiéu

Pat, ton du thuc vat, nudc
twdi, va vi sinh vat ¢ dinh N2
cung cip hau hét cac chat dinh
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nutrients taken up by rice; but
these indigenous sources of
nutrients are typically not
sufficient to sustain high rice
yields and profits for rice
farmers. Rice production
consequently relies on the use
of fertilizer as a supplemental
source of nutrients. Nitrogen
(N) is the nutrient typically
required in largest quantity
from fertilizers, but
inefficient management of
fertilizer N can lead to loss in
yield arising from both an
insufficient supply at critical
crop growth stages and an
excess supply resulting in
luxuriant growth and
associated disease and pests.

Research in the 1970s and
1980s showed that about one-
third of the fertilizer N
applied by  conventional
farmers’ practices to irrigated
lowland rice in Asia can be
lost as gases to the
atmosphere. Only about one-
third of the fertilizer N is
taken up by the rice crop. The
remaining one-third of the
fertilizer N remains in the soil
unused by the crop (Buresh et
al., 2008). Research on N
management during the 1970s
and 1980s largely focused on
increasing N fertilizer use
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dudng cho cay laa hip thu,
nhung nguén dinh dudng co6
san trong dat thuong khong
da dé duy tri nang suat lua va
lgi nhuan cao cho néng dan
trong lGa. San xuét lua do do
dya vao phan bon nhu mét
nguén bo sung cac chat dinh
dudng. Pam (N) 1a chat dinh
dudng cay lGa st dung véi sb
lugng 16n nhat, nhung viéc
quan ly phan N khong hiéu
qua c6 thé din dén that thu
ning suit do cung cap khong
da cho cdy ¢ cac giai doan
ting truong quan trong Va
cung cap du thira dan dén lda
bi 16p d6 tao diéu kién thuan
loi cho sdu bénh tan cong.

Nghién ctru trong nhitng nam
1970 va 1980 & chau A cho
thiy khoang mot phan ba phan
N dugc néng dan ¢ vung c6 hé
théng tudi tiéu bon theo
phuong phap thong thuong,
dam c6 thé bi mat mat dudi
dang khi bay vao khi quyén.
Chi khoang mot phan ba lugng
phan N bon vao dugc cay lua
hap thu va mot phan ba con lai
nam trong dat khéng duoc cay
trong st dung (Buresh et al.,
2008). Nghién ctru vé quan 1y
phan N trong nhiing nam 1970
va 1980 chu yéu tap trung VAo
viéc tang hi¢u qua st dung



efficiency through ‘reducing
N loss’. The aim was to
increase the portion of
fertilizer N taken up by the
rice crop. A key parameter for
success was the ‘recovery
efficiency of fertilizer N’ or
the percentage of applied N
taken up by the mature rice
crop. During the past 20
years, emphasis has evolved
from increasing recovery
efficiency to increasing the
agronomic  efficiency of
fertilizer N (AEn), which is
the increase in grain yield per
unit of fertilizer N applied.
This emphasis on the output
per unit of input without
compromising on the need for
high yield acknowledges the
importance  of  ensuring
increased profit for farmers
(Buresh, 2007).

The greatest opportunities for
widespread improvements in
AEnN in farmers’ fields exist
with optimizing fertilizer N
rates to match the yield gain
to applied fertilizer N and
with splitting the application
of fertilizer N to match crop
needs for supplemental N at
critical crop growth stages.
This will require a
transformation from fertilizer
recommendations  with a

bang cach lam giam luong N
bi mat mat. Muc tiéu 13 ting
luong phan N cho cay la hap
thu. Mot thong sb quan trong
la “hiéu qua thu hoi phan N”,
noi cach khac la luong phan N
bon vao duoc cay lta hap thu.
Trong 20 ndm qua, tap trung
nghién ctru phan N nhim gia
taing hiéu qua thu hdi da
chuyén sang gia tang hiéu qua
nong hoc (AEn), d6 1a su gia
ting nang sut trén mot don vi
phan N bén vao. Piéu d6 cho
thiy gia ting ning sudt trén
mot don vi phan N dau tu quan
trong hon gia ting ning suat
lGa, 1a d& dam bao gia ting loi
nhuan cho nguoi ndng dan
(Buresh, 2007).

Co hoi 16n nhat dé nang cao
hiéu qua nong hoc AEn duoc
lan rdng ngay trén rudng nong
dan véi liéu lwong phan N bon
t6i wu hoa dé dat ning suit
nhu da dat duoc khi bon phan
N chia lam nhiéu lan, bon dap
tmg nhu cau dam bo sung tai
cac thoi ky sinh truéng quan
trong. Diéu nay doi hoi mot su
chuyen d6i khuyen cao tu bon
phan c6 dinh vé luong gidng
nhau cho cd vung rdng 16n

379



preset, uniform rate of N
across  vast areas to
recommendations with
greater flexibility in adjusting
fertilizer N rates and timings
to the site-specific and growth
stage-specific needs of the
rice crop.

After N, phosphorus (P) and
potassium (K) are the
nutrients typically
recommended in  largest
amounts from fertilizer. The
recovery efficiency of
fertilizer P in farmers’ fields
usually averages about 15%
to 30% for irrigated rice. The
non-recovered P is typically
not mobile and adds to the
indigenous P in the soil. The
recovery efficiency of
fertilizer K can average about
50% to 60%, but it can also
be markedly lower when the
gain in yield to applied K is
negligible. As a general
principle, a recovery
efficiency of about 30% can
be targeted for P and a
recovery efficiency of about
60% can be targeted for K in
rice-growing  environments
with ample water and good
crop management practices.
Target efficiencies for rainfed
environments could be lower
(Gregory et al., 2010).
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sang khuyén céo linh hoat c6
su diéu chinh luong phan N va
thoi diém bon phan phu hop
tuy thudc vao vung dic thu va
nhu cau cu thé cia ting giai
doan tang trudng cua cay lua.

Sau phan dam (N), phan lan
(P) va kali (K) 1a cac chét dinh
dudng cay trong st dung voi
s6 luong 16n. Hiéu qua su
dung phan lan (P) trén rudng
lua c6 tudi cua nong dan dat
trung binh vao khoang tir 15%
dén 30%. Luong P khong
dugc hap thu thuong khong di
chuyén ma duoc tich liiy vao
luong 1an (P) ban dia sin c6
trong dat. Hiéu qua st dung
phan K trung binh c6 thé dat
khoang 50% dén 60%, nhung
cling c6 thé thap hon nhiéu khi
gia tang ning suit do bon K
khong thé hién. Nhu mot
nguyén ly chung, hiéu qua thu
héi khoang 30% duoc coi la
muc tiéu d6i voi P va khoang
60% duoc coi 1a myc tiéu doi
v6i K trong didu kién moi
truong canh tac lda dugc cip
nude day du va quan ly cay
trong tot. Hleu qua muc tiéu
cho ving trong lta nhd nudce
troi co thé thap hon (Gregory
et al., 2010).



Fertilizer P and K
requirements for a specific
field can be determined with
principles derived from site-
specific nutrient management
(SSNM). When the yield gain
to applied P or K is
negligible, fertilizer P or K
requirements are derived
from an estimated nutrient
balance (i.e. nutrient inputs
relative to nutrient removal
by the crop). When a vyield
gain to applied P or K is
certain, fertilizer P or K
requirements can be
determined from a
combination of the nutrient
balance and the anticipated
yield gain from nutrient
application (Buresh et al.,,
2010).

We report recent findings
from several medium- and
long-term  experiments at
IRRI in the Philippines to
provide insights into factors
affecting variations among
fields and seasons in fertilizer
requirements for irrigated
rice. This will highlight how
further increases in fertilizer
use efficiency require flexible
fertilizer guidelines
accommodating local
management and climatic

Nhu cau phan P va K cho mot
thira rudng cu thé c6 thé duoc
xac dinh dua theo nguyén ly
bon phan theo vung dac thu
(SSNM). Khi gia tang nang
suat do bon P hodc K duoc ghi
nhan 1a khong dang ké, thi nhu
cau phan P hodc K dugc tinh
toan ra tir can bang dinh dudng
(tic 13 luong chat dinh dudng
bon vao lién quan dén luong
chat dinh dudng cay trong lay
di). Khi gia ting ning suat do
bon P hoac K dugc ghi nhan
dat & mac d6 nao do thi nhu
cau phan P hodc K ¢ thé duge
xac dinh boi sy két hop giira
can bang dinh dudng va ning
sudt dy doan do bon phan
(Buresh et al., 2010).

B40 c&0 phat hién gan day tir
cac thi nghiém trung va dai
han tai IRRI ¢ Philippines
cung cap cho chlng ta cac yéu
t6 anh huong dén sy khac biét
gitta Cac thira rudong va gilra
cadc mla vu vé nhu cau phan
bon cho ving lda c6 tudi. Pidu
d6 s& lam sang to viéc lam thé
nao dé gia ting hiéu qua su
dung phan bon hon nita doi
hoi huéng dan bon phan can
phai dé cap toi dicu kién khi
hau thoi tiét va k¥ thuat quan
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conditions rather than blanket
recommendations with fixed
fertilizer rates across large
areas.

2. Nitrogen management for
rice
The efficient management of
fertilizer N for irrigated rice
in the tropics depends on
e Optimizing fertilizer N
rates to match the
expected yield gain from
applied fertilizer N, and
e Splitting the application of
fertilizer N to match crop
needs for supplemental N
at critical crop growth
stages.
The importance of N timing
to match critical crop growth
stages has been  well
documented (IRRI, 2012),
and tools such as the leaf
color chart (Buresh, 2007)
and the Nutrient Manager for
Rice  (www.irri.org/nmrice)
are available to guide farmers
in more efficient timing and
distribution of fertilizer N for
tropical rice. We will
consequently  focus on
optimizing fertilizer N rates.

With the SSNM approach, the
fertilizer N required by a rice
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ly cdy trong cua dia phuong
hon 1a khuyén cao mot lidu
luong phan bon ¢b dinh cho ca
vung rong 16n.

2. Quan ly bon dam cho laa
Viéc quan ly bon phan dam cho
lta c6 tudi vung nhiét déi phu
thudc vao:

e T4i wu hoa luong phan N
phu hop voi nang suat du
kién do bén phan N, va

e Chia nho lugng phan bon
lam nhiéu 1an dap tng nhu
cau bo sung N vao cac thoi
ky sinh truédng quan trong.

Tam quan trong cua thoi diém
bon phan N phu hop véi giai
doan sinh trudng cua ciy trong
da dugc ghi trong tai liéu rat
bai ban (IRRI, 2012), va trén
cac bang so mau la (Buresh,
2007) va phan mém Quan ly
dinh dudong cho cay lua
(www.irri.org/nmrice) cé san
dé huéng din ndéng dan mot
cach hiéu qua hon vé thoi
diém thich hop va cung cap
phan dam cho cay lua vung
nhiét doi. Do d6 chdng toi s€
tap trung vao viéc toi uu hoa
lugng phan N.

Vé6i  viec bon phan theo
(SSNM), nhu cau phan N cua


http://www.irri.org/nmrice

crop (FN, expressed in kg N
ha™) to achieve an attainable
target vyield is determined
from the anticipated yield
gain to application of
fertilizer N:

FN = (GY —
GYon)/(AEN/1000)

[Equation 1]

where GY — GYon is the
increase in grain yield due to
fertilizer N, which is the
difference between the
attainable target yield (GY)
expressed in t ha? and the
yield without fertilizer N
(GYon) expressed in t ha™.
The GYon is the N-limited
grain yield, which reflects the
yield attainable from only
non-fertilizer sources of N.
The amount of N taken up by
a mature crop without added
fertilizer N is referred to as
the indigenous N supply.

The targeted AEn is estimated
from results of field trials
conducted across Asia in the
development and verification
of SSNM principles. The AEn
measured in field trials can
vary among countries and
with crop response to applied
N. The targeted AEn typically
ranges from a 16 to 25 kg
Increase in grain yield per kg
applied fertilizer N (Witt et

mot vu laa (FN, duoc thé hién
bang kg N/ha) dé dat duoc
nang suat muc tiéu dugc xéc
dinh tir ning suat dy kién do
bon phan N:

FN = (GY -
(AEN/1000)
[Phuong trinh 1]

GYon)/

trong d6 GY - GYon la gia
tang nang suat do phan bon N,
la su khac biét giira ning suit
muc tiéu co thé dat duge (GY)
thé hién bang t/ha va ning suét
khdng bon phan N (GYon) thé
hién bang t/ha. GYon la ning
suat do N bi gi6i han, 1a ning
suit dat dugc do khéng bon
phan N tir cac ngudn phan
bon. Luong N cay trong hap
thu trong truong hop canh tac
khong bon dam duoc xem nhu
N cung cap cho cay trong 1 co
san trong dét ban dia.

Hiéu qua néng hoc muc ti€u
cia phan dam (AEn) duoc tc
tinh dua vao cac két qua thi
nghi¢m d@)ng rudng trién khai
0 chau A trong qua trinh phat
trién va klem tra nguyén ly
SSNM. Chi s AEn trong céc
thi nghiém dong rudng duoc
ghi nhan la kh&c nhau gitra cac
nudc va phan Ung cua cay
trong voi phan N. Chi sé AEn
muc tiéu dao dong tur 16 to1 25
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al., 2007). This corresponds
to fertilizer N rates of 40 to
60 kg for a 1 tonne increase
in grain yield.

3. Variations among fields
in optimal fertilizer N rates
We first examine the effect of
management practices on
GYon because as shown in
equation 1 differences in
GYon  would lead to
differences in fertilizer N
requirements (FN) at similar
target yields (GY) and AEn.
We start with a medium-term
experiment at IRRI
examining the effect of water
management and tillage
during the fallow, between
harvest of one rice crop and
land preparation for the next
rice crop, on yield of the next
rice crop. Results show
management  during  the
fallow strongly affected GYon
within five years with two
rice crops per year (Fig. 1).
Within  five  years of
continuous soil flooding, the
GYon increased by about 2 t
ha. This increase was
attributed to increased
indigenous N supply arising
from increased biological N>
fixation and increased
mineralization of organic N.
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kg lda trén mdi kg phan N
(Witt et al, 2007). Tinh ra,
twong ng voi lugng phan N
ter 40 dén 60 kg dé gia ting
mdi tin nang suat hat.

3. Bién dong lwong phan N
tdi hao & cac thira rudng
Trude tién phai xem xét anh
huéng cta thyc tién quan ly
cdy trong téi GYon Vi nhu thé
hién trong phuong trinh 1,
khac nhau GYon dan dén khac
nhau vé nhu cau phan N (FN)
dé dat ngang bang nhau vé
ning suat muc tiéu (GY) va
AEn. Bit dau voi thi nghiém
trung han tai IRRI, chdng ta
xem Xét anh hudng cua quan
1y nudc va lam dat trong thoi
gian chuyén vu (thoi gian tir
thu hoach vu trudc dén khi
lam dat cho vu ké tiép) toi
ning suat lda trong vu tiép
theo. Két qua cho thay quan ly
déng rudng trong thoi gian
chuyén vu anh huéng manh
mé té1 GYon trong vong nam
nam voi canh tac hai vu lua
mdi nam (Hinh 1). Trong thoi
gian nam nam cho nudc ngap
lién tuc, GYon tang khoang 2
t/ha. Su gia tang nay la do tang
lugng N ban dia cung cap tir
viéc ¢d dinh N sinh hoc gia
tang va tr qua trinh khoang
hoa chat hiru co N gia ting.



Grain yield with sufficient
fertilizer N to meet crop
requirements (GY) was not
affected by the management
during the fallow (Fig. 1).
The yield gain (GY — GYon)
for the fallow with continuous
flooding averaged 1.3 t ha™
across year 5 and year 8,
whereas the yield gain for the
two fallow treatments with
soil drying averaged 3.2 t ha”
. The difference of 1.9 t ha™t
in yield gain between the
treatments translates into a
lower fertilizer N requirement
of 95 kg N ha™ (at AEn = 20
in equation 1) when rice
follows fallow with
continuous flooding rather
than soil drying.

In this experiment we needed
to  appropriately  reduce
fertilizer N rates for rice after
the fallow with continuous
flooding. The use of similar
high fertilizer N rates for all
the treatments risked lower
yields for rice after the fallow
with continuous flooding due
to lodging and greater disease
arising from excessive N.
These findings highlight how
differences in land
management between fields
or locations can result in
marked differences in

Khi dugc bon du phan N dap
mg yéu cau cua cay thi viéc
quan 1y dong rudng trong thoi
gian chuyén vu khoéng anh
huong gi téi nang suat (GY)
(Hinh 1). Nang suat chénh léch
(GY - GYon) binh quan cua
nghi¢m thirc 5 ndm va 8 nam
ap dung ngap nudc trong giai
doan chuyén vu hon kém nhau
1,3 t/ha trong khi d6 ap dung
phoi dat ning suat hon kém
nhau binh quén 3,2 t/ha. Khac
biét la 1,9 t/ha gilra 2 phuong
phap xur ly dan t&i nhu cau
phan N thap hon khoang 95 kg
N/ha (AEn = 20 trong phuong
trinh 1) khi thoi gian chuyén
vu ap dung phuong phap ngép
lién tuc hon 1a dé dat kho.

Trong thi nghiém nay, giam
lugng phén N cho lda mdt
cach thich hop 1a can thiét khi
ap dung ngdp nudc lién tuc
trong thoi gian chuyén vu.
Viéc sir dung phan N cung lidu
lidu lwong cao trong tat ca CAc
nghiém thic xt 1y din dén
nguy co giam ning suat do
thoi gian chuyén vu ap dung
ngap nudc giy ra 16p do va sau
bénh nhiéu hon bsi qua du
thira N. Phat hién nay lam
sang to su khac biét trong viéc
quan 1y dong rudng gitta céac
thira khac nhau tao ra sy khac
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indigenous N supply and nhau trong cung cép N ban dia

consequently  the  optimal va dan t&i nhu cau toi uu vé
requirement for fertilizer N. phan N la khac nhau.
Grain yield without fertilizer N, GY,y, (t ha"') Grain yield with fertilizer N, GY (t ha')
Continuous flooding
8.0 O Soil drying 8.0

Soil drying with aerobic tillage

6.0 - 6.0

40 % // b \ b |40

Fig 1. Effect of management during the fallow between harvest and
land preparation on rice yield without and with fertilizer N in the
dry season.

Hinh 1. Anh huong ctia quan 1y ddng rudng trong thoi gian chuyén
vu tdi nang suat lUa co bon va khong bon N trong mua kho.

Grain yield without fertilizer N, GY,, (t ha'') Grain yield with fertilizer N, GY (t ha!)

80 | 8.0 1

a
w b

6.0 - 6.0 1
40 |

20 - \

0.0

a a 4.0

§W )
0.0
Year 2 Year 5 Year 8 Year § Year 8

Fig 2. Effect of rice crop residue on rice yield without and with
fertilizer N in the dry season.

Hinh 2. Anh huéng cua ton du thuc vat déi véi ning suit laa c6
bon va khong bon phan N trong mua kho.

The retention of rice straw Gilr rom ra trong rudng lai la
has often been proposed as a dé xuat dugc xem nhu
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management  practice to
enhance soil fertility and
reduce the requirement for
fertilizer. We next examine
with a medium-term
experiment at IRRI the effect
of rice crop residue (i.e.,
standing biomass  after
harvest plus straw) on vyield
of the next rice crop. Results
show that retention of rice
residue never increased rice
yield without added fertilizer
N (GYon) in this site with no
limitation of P or K on crop
yield (Fig. 2). Grain Yyield
with sufficient fertilizer N to
meet crop requirements (GY)
was also never increased with
retention of rice residue (Fig.
2). After more than 5 years,
grain vyields tended to be
comparable with and without
retention of crop residue.
Retention rather than
complete removal of all
aboveground crop residue for
15 crops across 8 years never
reduced fertilizer N
requirement.

Nitrogen immobilization and
anaerobic compounds arising
from  decomposition  of
residue with high C-to-N
ratio might have had a
detrimental effective on crop
performance. These findings

phuong thirc nang cao d6 phi
ciia dat va lam giam nhu ciu
phan bon. Xem xét thi nghiém
trung han tai IRRI vé anh
huong cua ton du thuc vat
(tong sinh khéi luu lai sau khi
thu hoach cong voi rom ra)
dén nang suit cua vu lta tiép
theo. Két qua cho thay duy tri
ton du thuc vat khong lam
tang nang suat néu khéng bon
phan N (GYon) trong 16 véi P
hodc K khéng gidi han nang
suat (Hinh 2). Ning suét khi
duoc bon day du phan N dap
tng nhu cau cua cay (GY)
cling khong thay ting 1én do
lwu gitr ton du thyc vat (Hinh
2). Sau hon 5 nim, ning suét
lUa cO xu hudng tuong duong
nhau do luu gitr hoac khong
luu gitr cac ton du thyc vat.
Viéc gilr lai thay vi loai bo
hoan toan ton du thuc vat lién
tiép 15 vu trong 8 niam chua
bao giod lam giam nhu cau
phan N.

Pam cb dinh va cac hop chat
duoc hinh thanh tir phan giai
yém khi do qua trinh phan
hay ton du thuc vat co ty 16
C/N cao c6 thé anh hudng
quyét dinh t6i sinh trudng cia
cdy trong. Phat hién nay
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do not support the often held
perception that incorporation
of crop residues can reduce
the need for fertilizer N.

4. Variations among seasons
in optimal fertilizer N rates

The Long-Term Continuous
Cropping Experiment
(LTCCE) was initiated at
IRRI in the Philippines in
1963 to examine the
sustainability of continuous
cultivation of irrigated rice
using modern high-yielding
varieties with four rates of
fertilizer N. Three crops of
rice have been grown each
year since 1968. A weather
station has collected daily
temperature, precipitation,
and solar radiation from 1979
adjacent to the experiment.
We used these data and
phenological characteristics
of the rice varieties with the
Oryza2000 model to estimate
potential yield for the highest
yielding rice variety in each
season. Potential  yield
represents the  maximum
plausible yield for actual
climatic conditions in the
absence of biotic and abiotic
constraints for rice.
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khong ung ho nhan thic cho
rang VUi ton du thuc vat vao
trong dat 1am giam nhu cau vé
phan N.

4. Khéc biét cac mla vu vé
lwong phan N toi wu.

Thi nghiém dai han duy tri
lién tuc (LTCCE) béat dau
trién  khai tai IRRI &
Philippines nam 1963 dé xem
Xét tinh bén vimg cua viéc
canh tac l0a cé tudi lién tuc,
st dung gidng cao san voi
bon lugng phan bon N. Thi
nghiém 4ap dung trong ba vu
lta mot nam ké tir nim 1968.
Mot tram khi tugng thuy van
thu thap nhiét do, luong mua,
va birc xa mat troi hang ngay
duoc lép dat tr nam 1979
ngay bén canh Kkhu thi
nghiém. Ching t6i st dung
cac so liéu nay va dic diém
hinh thai cta cac gidng lua, ap
dung mo6 hinh Oryza2000 dé
udc tinh nang suat tiém ning
cho cac giong laa cd nang
suit cao nhét trong mdi vu.
Ning suét tlem nang dai dién
cho ning suadt toi da trong
diéu kién khi hau thoi tiét
thuc t& ma khong bi cac can
trd sinh hoc va phi sinh hoc
to1 cay lua.



We then compared estimated
potential yield with the
measured yield for the highest
yielding rice variety with full
fertilization (Fig. 3). For the
past 20 years, since the early
1990s, the measured vyield
with  crop  management
practices recommended for
farmers has stabilized near
the target of 80% of the
potential yield. Measured
yields prior to 1991 were
constrained by insufficient
application of fertilizer N.

Grain yield (t ha-)
12

10

—e— Measured yield
—O0— Potential yield

Sau d6 ching t6i so sanh
nang suat tiém nang udc tinh
va ning suat thuc té véi cac
gidng lia cO ning suat cao
nhat khi dugc bon phan day
da (Hinh 3). Trong 20 nam
qua, ké tir nhilng nim dau
ciia thap ky 90, ning suat
thuc té ghi nhan dat muc tiéu
gan 80% nang suat tiém nang
vo1 cach thuc quan ly cay
trong theo khuyén cdo cho
nong dan. Niang suat thuc té
trude nam 1991 bi can trd do
lugng phan N bon khdng day
du.

Yield as fraction of potential (%)
100

90

O I YA
] VM ¢ &

4 Ve 50
1979 1984 1989 1994 1999 2004 2009

1979 1984 1989 1994 1999 2004 2009

Fig 3. Measured yields relative to potential yields for the highest
yielding variety in the dry season in the LTCCE at IRRI in the
Philippines.

Hinh 3. Ning suét thyc té lién quan voi ning suét tiém nang cho
giong lta nang suat cao nhat trong mua khod cua thi nghiém dai han
tai IRRI ¢ Philippines.

Nang guét thuc té trong mua
kh6 suot 20 nam qua dao dong
trong khoang 6,5 va 9,5 t/ha.
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Measured yields during the dry
season in the past 20 years
varied between about 6.5 and



95 t hal The trend in
measured yields during the past
20 years paralleled the trend in
estimated potential yields (Fig.
3), indicating a strong affect of
climate on yield. The general
downward trend in potential
yield for the past 15 years
results from climate and a
downward trend in solar
radiation.

These findings highlight the
strong effect of climate on the
yield attainable with optimal
use of fertilizer N (GY). Grain

yields without fertilizer N
(GYon) were relatively
constant. The difference in

measured yield between 7 and
9 t ha! therefore represents a
difference in optimal fertilizer
N requirements of about 80 kg
N ha?t at AEy = 25. Use of
anticipated climate to set
preseason Yyield targets and
fertilizer N rates, and
monitoring of crop
performance such as through
remote sensing to adjust in-
season fertilizer N rates might
be explored as options for
further increasing the
efficiency of fertilizer N use.

5. Phosphorus and potassium
management
The addition of excess fertilizer
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Khuynh huéng ning suét thuc
té trong 20 nam qua chay song
song véi Xu hudng ning suat
tiém niang udc tinh (Hinh 3),
diéu d6 cho thay khi hau thoi
tiét anh huéong manh mé dén
nang suat. Khuynh huéng giam
ning suat tiém niang noéi chung
trong 15 nim qua la két qua tir
khi hau toi tiét va khuynh
hudng gidm birc xa mat troi.

Nhitng phat hién nay minh
ching anh huong manh mé cua
khi hau d6i v6i ning suat co
thé dat duoc khi str dung t6i uu
phan N (GY). Nang suat khong
bon phan N (GYon) tuong ddi
on dinh. Su khac biét giita
ning suat thyc té trong khoang
7-9 t/ha thé hién sy khac biét
vé luong phan N téi wu yéu cau
vao khoang 80 kg N/ha tai AEn
= 25. Str dung khi hau thoi tiét
du kién dé thiét 1ap ning suét
muc tiéu trude vu lla & lidu
lugng phan N, va giam sat sinh
truéng cua cay trong thdng qua
cic cam bién tir xa dé diéu
chinh luong phan N dang ap
dung c6 thé dugc coi nhu mot
su lya chon dé tiép tuc nang
cao hi¢u qua phan N hon nira.

5. Quan ly bon lan va kali

Viéc bd sung qua nhiéu phan N



N can result in detrimental
effects on rice, such as lodging
and increased damage from
disease and insects. Excess
fertilizer N not taken up by the
crop is prone to loss, especially
as gases (Buresh et al., 2008).
Nitrogen from fertilizer
consequently does not normally
built up in rice soils or have
residual benefits to subsequent
crops. Phosphorus and K, on
the other hand, added in excess
of crop uptake can remain in
the soil. The SSNM approach
with its use of nutrient balances
to determine fertilizer P and K
requirements can be used to
quickly estimate the amount of
fertilizer P and K required to
match the net removal of P and
K (Buresh et al., 2010).

Fertilizer P rates in long-term
experiments, like in many
existing fertilizer P
recommendation for rice across
Asia, often exceed the net
removal of P. Extractable soil P
in P addition plots in both the
Long-Term Fertility
Experiment (LTFE) and the
LTCCE at IRRI have built up
through time (Table 1). This
reflects greater input than
removal of P.

dan dén tac hai cho cay lua,
chiang han nhu 16p do, gia ting
sau bénh pha hai. Lugng phén
N du thira cay trong khdng hap
thu dé bi mat méat dudi dang
khi boc hoi (Buresh et al.,
2008). bam tir phan bon khdng
dong gop thém gi cho dat lua
va cling chang c6 anh huong
lru t6n cho cac vu tiép theo.
Trong khi d6 lugng 1an va kali
bén du thira sau khi cay trong
hép thu c6 thé van ton tai trong
dat. Quan ly dinh dudng theo
vung dac thu (SSNM) véi cach
str dung can doi dinh dudng dé
x4c dinh nhu cau phan P va K
dé tinh toan nhanh chéng
lugng phan P va K can thiét
phai bon can bang véi lugng P
va K ciy trong lay di (Buresh
et al., 2010).

Luong phan P trong thi nghiém
dai han, giong nhu cac khuyén
cao hién tai vé phan P cho lla
trén khap chau A, thuong vuot
qué luong P rong da dugc cay
trong 1ay di. Ham luong P dé
tiéu trong cac 16 c6 bo sung P
trong ca hai thi nghiém phéan
bon dai han (LTFE) va
(LTCCE) tai IRRI da ghi nhan
¢ tich lity thém theo thoi gian
(Bang 1). Piéu nay phan anh
lugng P bo sung 16n hon lugng
P lay di.
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Table 1. Changes in soil P and K during cropping with two rice
crops per year in the Long-Term Fertility Experiment (LTFE) and
three rice crops per year in the Long-Term Continuous Cropping
Experiment (LTCCE) at IRRI in the Philippines.

Biang 1. Nhimng thay doi luong P va K trong dat trong qué trinh
canh t&c vai hai vu lta moi nam trong cac thi nghiém bon phan dai
han (LTFE) va ba vu lta moi nam trong thi nghiém dai han canh

tac lién tuc (LTCCE) tai IRRI ¢ Philippines.

Parameter LTFE LTCCE

1985 2010 Difff 1983 2009 Diff
Bicarbonate . .
extractable P, mg kg! 1325 12 933 14
Exchangeable K, cmol 4 57 1 35 02105 096 0.22 -0.74%

kg?

*** Significant at P < 0.001. ns = Not significant at P < 0.05.
t Diff = Difference between means for two years.

Current fertilizer
recommendations for irrigated
rice in many Asian countries
merit a new examination as
soil P levels across farmers’
fields build up from continual
use of fertilizer P. A nutrient
balance as used with the
SSNM approach and now
incorporated into  decision
tools like Nutrient Manager
for Rice (www.irri.org/nmrice)
can help determine revised
fertilizer P recommendations
in locations with little or no
yield gain from applied
fertilizer P.
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Khuyén c4o phan bon hién tai
cho lta co tudi tai nhiéu qubc
gia chau A c6 uvu diém 1a tich
liiy thém P trong dat do sir
dung phan lan lién tuc. Can
bang dinh dudng dugc st dung
cung voi phuong phap Quan ly
dinh dudng theo vung dac thu
(SSNM) gi¢ day dugce tich hop
vao phan mém Quan ly dinh
dudng cho cay lua
(www.irri.org/nmrice) ¢ thé
gilp thay doi cach khuyén céo
bon phan P tai cac vung c0 it
hoic khong gia ting ning suét
tur viéc bon phén P.


http://www.irri.org/nmrice

Potassium is taken up by rice
in greater quantities than P,
and only about 15% of the K
in a mature rice plant resides
in the harvested grain. The
need of rice for fertilizer K is
consequently influenced
strongly by the fraction of the
non-grain biomass of rice (i.e.,
crop residue) retained in the
field after harvest. Irrigation
water can also contain K,
which should be considered in
the determination of fertilizer
K requirements (Buresh et al.,
2010).

Exchangeable soil K has not
declined significantly in fully
fertilized plots of the Long-
Term Fertility Experiment
(LTFE) at IRRI, where the
biomass standing after harvest
is retained (Table 1). The
inputs of K from the crop
residue, irrigation water, and
fertilizer appear sufficient to
approximately match the K
removed in harvested grain
and straw. But exchangeable
soil K has declined within
high N plots of the LTCCE
where all aboveground
biomass is removed after each
of the three rice crops per year
(Table 1). The inputs of K
from the crop residue,
irrigation water, and fertilizer

Kali duoc cay lta hap thu voi
s6 lugng 16n hon so véi P, va
chi c6 khoang 15% lugng K
trong cdy ton tai trong hat sau
khi thu hoach. Su can thiét cta
phan K d6i voi l0a 1a do phan
sinh khéi khong ké phan hat (vi
du nhu, ton du rom ra) luu tdn
lai trong ruong sau khi thu
hoach. Nudc tudi cling chira K,
cho nén nudc tudi can duoc dé
cap khi quyét dinh luong phan
K theo nhu cau cia cay
(Buresh et al., 2010).

K trao d6i trong dat giam
khong dang ké & cac 16 bon
phan day du, ghi nhan tir thi
nghiém phan bon dai han
(LTFE) tai IRRI, v6i ton du
thuc vat dugc gitr lai sau khi
thu hoach (Bang 1). Luong K
dua vao trong dat tr ton du
thuc vat, nudc tudi va phan
bon du dé bu luong K bi lay di
tor hat va rom ra. Tuy nhién,
ham luong K trao d6i trong dét
giam di trong nhiing 16 bon
nhiédu N, két qua cua thi
nghiém dai han LTCCE, tai do
tat ca phan sinh khoi trén mat
dat duoc 1ay di sau mdi vu véi
ba vy lGa méi nim (Béang 1).
Luong K dua vao dat tir ton du
thuc vat, nudc tudi va phan
bon khdng du dé bu vao luong
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were insufficient to match the
K removal with aboveground
crop biomass.

While medium-term
experiments across 8 years
reveal no savings in fertilizer
N and no increase in rice yield
from the retention of rice
residue (Fig. 2), the retention

of rice residue can
dramatically  reduce  the
removal of K and the need for
fertilizer K. The

approximately 5 t ha? of
retained rice residue in the
experiment shown in Fig. 2
contained about 70 kg K ha™.
The accumulated difference in
K removal across the 15
cropping seasons for the
residue removed and residue
retained treatments was about
1 tonne K ha.

6. Concluding comments
Our findings highlight the
following:

e The incorporation of rice
residue, despite its benefit
of reducing the need for
fertilizer K, can reduce
rather than increase rice
yield when N is the main

limiting  nutrient.  The
management  of  rice
residue to avoid
detrimental  effects on
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K bj lay di, khi ma sinh khoi
thuc vat phan trén mat dat
khong duogc gitr lai.

Trong khi nhitng thi nghiém
trung han trén 8 nam cho thay
khong tiét kiém dugc phan N
va cling khong c6 su gia tang
niang suat do luu gilt ton du
thuc vat (Hinh 2), nhung duy
tri ton du thuc vat co thé lam
giam dang ké luong K bi lay di
va nhu cau bon phan K. khoang
5 t/ha ton du thuc vat duoc giir
lai trong thi nghiém trinh bay &
Hinh 2 chira khoang 70 kg
K/ha. Luong K tich 1ty hoac K
mét di trong 15 vu gieo trong
do luu giir ton du thyc vat lai
trong rudng hay lay ching di
khéi rudng, tinh ra duoc
khoang 1 tdn K/ha.

6. Nhan xét két luin

Phat hién cua ching t6i lam

sang tO cac van dé sau:

e Chon Ui ton du thuc vat,
mac du loi ich cua no la lam
giam nhu cau phan K,
nhung c6 thé lam giam hon
la gia ting nang suat laa khi
N 1a chat dinh dudng chinh
quyét dinh su han ché. Viéc
quan 1y ton du thuc vat dé
tranh cac tac dong co hai
trong tham canh ting vu



intensively cultivated rice
remains a challenge.

e Current rates of fertilizer P
for irrigated rice can build
up extractable soil P. In
such cases, fertilizer P
recommendations  could
now be refined to better
match inputs of fertilizer P
with removal of P.

e The large annual variations
in attainable yield with full
fertilization in the LTCCE
at IRRI highlight the merit
of examining  whether
similar climate-related
variations in attainable
yield are occurring in
major rice production areas
of Asia.
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