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Fig. 1. The potassium cyele in soils.
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Fig. 2. Distribution of fixed K fertilizer over time and distance from the injection point in Hoytville
and Avonburg soils following injection of KC1 or anhydrous ammonia (AA) + KCL

Adapted from (and redrawn): Stehouwer and Johnson, 1991: Seil Science Society American Journal

55:1374.
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Fig. 3. Exchange isotherm for NH4+-K
exchange in bulk soil of peach seedling at
solution ionic strength of 0.02. The dotted line
is non-preference line.

Adapted from (and redrawn): Chung and
Zasoski, 1994; Soil Science Society
American Journal 58:1368-1375.
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Fig. 4. The effect of N source on K concentration in the soil solution of a citrus orchard. Adapted
from (and redrawn): Erner et al., 2011, submitted.
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Fig. 5. Effects of NH,* on high affinity K* uptake in plants
grown with or without NH,* in the absence or in the

presence of NaCl.

Adapted from (and redrawn): Nieves-Cordones et al., 2007;

Plant Science 172:273-280.

After K* starvation for seven days, K* depletion experiments
were performed in the absence of NH,* (closed symbols) or
in the presence of 1 mM NH,* (open symbols). One group

of plants received the NaCl treatment (50 mM final NaCl
concentration) (triangles) and the other remained in the

NaCl free solution (circles).
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Fig. 6. The time course of NO; uptake by
maize seedlings from solutions, containing Ca?*
K* (1); Ca?* Mg?* (2); Ca®* Na* (3); Ca?* (4) as
accompanying cations.

Adapted from (and redrawn): Ivasshikina &
Feyziev, 1998; Plant Science 131:25-34.
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K% E Bk (<1mM) , &% f

KR4 35 R gp e BIEA; AT Y
SN KR E B E R (>1mM) , &
FRK R AL LATS T H F

¥ # + 21 (Maathuis, Snaders,

1997; Hirsh, 1998) . ¥ £H =+
£8, K#IEKRWE 2R Rk H %
#2448 | #11\ (Szczerba, 2009) .

NH, 44 %l & Efn KRl
R4, MKEM KRK IS 7 5005
NH,” 48 % T # B ( Hirsh,1998;
Nieves-Cordones,2007 #u £, i
LES) . B—HE, Y4 KIKE
B B, ol NO, 1 4 72 VB 45 40 i
W KR E TRk NH, 8 1

(Szczerba, 2006) .

EHIAETF NO, TIEH KH R
S B T, RZI# (Abdolzadeh,
2008; Guo, 2007; Jarvis, 1990; Lu,
2005; Mathuis, 2007; Pettersson,
1984 ) . Ivasshikina #n
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co,
Shoot PEP NH,
MALATE«————
¢ — |
KNO,
-
K*MALATE
Root l
K e— K*MALATE-
HCO;y" «— PYRUVATE?
K —f K
NO, —f NOJ

Fig. 7. NO; uptake by roots as regulated by
NO; reduction products of the shoot and K*
cycling in plant.

Adapted from (and redrawn): Ben Zioni et al.,
1971; Physiolgia Plantarum 24:288-290.

Z % (Marschner,1995) . 47 & i
o B A fE NO, AR 332 4 B TR
HHWIBRTREFFTEENMEAR
(Maathuis, 2007) . # % 4 £ & 31
1 NO; R Wt W #E A P AL &1 Ben
Zioni £ 1971 42 H R F X AMEE,
L4 K'HRGH T, NO; #AR AR

Feyziev (1998) %3, &
# A ca’t, Mg®, Na'4%
EETAEL, SWAEAR
ST K, EXYHHE
R NO, (E6) » A&
K KF8HERRFHH
EHERD T X NO; R
¥ (Subasnghe 2006) . T
HEKEAXTTHRERBFH
HEGENERT K%
ol ik R A a KTy E A,

Rl i & IR
e B E A, BT R A
Btk BEERENE D
Mo FHEMEE T4, F
BT EILASBMMMRA IR
MM T, (EH A2 H Kb
HEFRNEHE, FHILE
AHBEHFE TREBNE

K cone. (% in shoot)

K conc. (% in root)

Adapted from (and redrawn):
Kafkafi, 1980; Agronomy Journal 72:762-766.

L] A o o

NO;3~ meq! 100 15 50 00

NHy* meq-! 00 25 50 100
Max S.E., ]

8 16 24 34

Temperature C

Fig. 8. Nutrient solution temperature and percentage
NO,-/NH* effect on percent K in the tomato plants. a.
shoot; b. root.
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e, 3SR BRI E R TR . EE A
T, NO, FH# FI L A A 641
i, T K5 72 A o5 R B 3T 4
FEpzmERET (WE D . A5
RABWE £ NO,, AMEEHEA
WA ETREFMAELES, o
Wit HCO, RT U E £ K ks
B AR TR ST B IR R e D
REREE, RATAZHHVA. &5
NO,—N A #E A, i NH, —N
2B JEE (Lu 2005) #1 & #
( Ganmore-Neumann, Kafkafi,
1980) xf 47 & H R R o T JE 1B F,
5 NO,—N A th, 23 NH, -N
2ERELHFRETR T HES. (£
A,
Kafkafi(1980) 4 # , i & NO,/ NH,"
H R a8 0, FHERR I A g
HETRECHEME R (LE 8,
5 NO, K E KB AL AR th, NO, WK B
75 B AL TR o A R bk R ROk A R AR
F 41 (PRb) K, x—4ib5 %%
¥ & B3 % % — 2 (Pettersson,
1984; Zsoldos, 1990 )
Ganmore-Neumann  fr  Kafkafi
(1980) # A& F, HiE M 8C LFF
E 34°CH, HEHRIHT S EZ 4R
A, MIMEHF & EZHE M, XEH
A Fim R 2 T 47 K Ak TUER e a2
# (L& 8).Engles # Krikby(2001)
WA, BEE RN A K E TR
B, KB 1E 7 A A R A R T 38
fm, X—% 5 Ben Zioni (1971)
REWMAMBEREES. HHA
K'& & 72 40 Fu 200mM 2 J&] & 1k,
Bk T K4 f A £ WA (NO,
AEANH,), ®KBT TRAEERAAN
ERANFRZNESENAEERERD
.

B 14 B R E R

RAREVAZAZHEREKZT
fEEWEERT. EARSARR

Ganmore-Neumann ##
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#, AT N—NH,: N—NO,
b 51 7T 98 0 M Ak 2 KA 5 R FE
BF R, fE ARG A A A
Mty R TR R (Kriby,

Mengel, 1967; Ganmore-Neumann,
Kafkafi, 1980) ., Bar-Tal (2001b)

FH A N—NO, : N—NH, Lf,
M 0.25 ¥ wZE 4.0, kst ca’ A
K'eR i E—krsk (LED .
TRk KT HESET ik
% NH, —N B 7dk, {B 248 o 2 T 47
# 7 5 NO,—N # k. EBFE
., BB T oF R o Al R 2k 4 R By
#7571 (NRA) o H L, R NH,
—N B, HEREERSE TR
NO;—N 70 2 & & 75 71 89 NRA
(Ali,1991) . K'8E#7E % 5 NH,
W EEEE A EBR N R
(Hagin,1990) . FrbA, %[ & A
AR ASHMEREN, #HEEs K
THRE NH, 8 F R =, 5%y -
E, DHEMBEIELHBRIARLFR
B 2 A (Erner,1993) . X2 H #,
154 B Ak A R A &
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RAFEEWNEERAZE T, LHE
T+ #¥% (Silber, Bar-Tal.2010) #n
X -t AFEWHEE
(Bar-Yosef,1999) . iX £ FH H &
F&, ERHE,N—NO, : N—NH,"
bR P g, %M F %K
(Bar-Tal, 2001a,b; Krikby, Mengel,
1967; Neilsen,1995) , LLK B #
4 32 4 K (Kirkby, Mengel, 1967;
Mengel, Kirkby, 2001) . {8 &, # it
WS E R RN AR &
AEMREFEMRELIRERAZ
w1 (Erner 2011, &HHK) . HAK
— 45 b VT RE R R R A NH,
K AR B AR IR AR 4 W
B, — 7 WA B R E Y NH, 45
FEER N KERE (H4 ,
%— 48 NH, #n K 2 8 #9 % % 5
T AR KoK

#h

RERHAMFREAER, EH
WERETRBEM, KHET LR
B R R A, B LEFHERAATH

B KRR M o -
H oA E T,
AT R TN,
Bk & R AR 100 -
( Marschner,1995
) o 4 T HBKE NO,
WA A A
W, FHEEZRMEW
M® T, Wi NO,

Relative uptake (%)

A B R 3 A 4L 2R o111

R BN T A&
( Marschner,1995

80 9 +

— —(Ca

40

) . FTL, K8 NO, i

X AR FR R fe RS
R R A R A
H M FE W W
(Serna,1996) .

pepper plant.

36:1252-1259.

NH,": NO, th %

Fig. 9. The Effect of the mineral N form on K and Ca uptake by

Adapted from (and redrawn): Bar-Tal et al., 2001. HortScience

NO;/NHy* ratio
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WE

(N . B (P) . 4 (K
BMPONEMEFEEZNEE S,
CMNEEMFHREERLRT 2
BFRERINRESTEMFEE L. £
R F, BANERT ABEREK
WELN, P, K, Mg YLk 4& 0 T &
B T E . N fn P R Z &
BT A MEREEET AR EAL N
o P HBRZ A T AR EL, T
K f1 Mg #8241 TR 5t 2 8/
. K A1 Mg Bk = #5503t - 30 2
HPEE FHRE. WA, KIEER
FRKEFRTEEESEHATE .,
#if RT-PCR 4T BRE HRELZ
Bet MR PR EZ G T XL
BRHZEFNER. KUK TARBR
e EMAE FHEAE OsHAKL
o TR B4 B T4 12 £ H OsMGT &
REE AT HEH TR EEER,
IANERETEEWNERTEHZ
B A A AP IR R
AXFHRNBERERERE TN
A3z VT DU R Ut SR AR A 1
TACHTE SR S T W4 FALE,
BlE

(N . B (P) . 4 (K
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% & & % B # & (Hermans et al.,
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b, RREBEEOREENME AL, &
EH AR AR E. faAEH,
P &Y 4 F B9 R BT & Bl st R
1’22, B 2 3% 5 47 5T DNA f2 RNA
WEEM R A5, HEENH
RERMFALS FEABETFERE
Z £ A (Maathuis, 2009).

54/, #At, FLREyeE
EFHEREEHH NI RE R, R
E—FEET, ESEYEEE TR
E # WA & & (Karley and White,
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S5 R RN T (R
& 1 R o R F M 4 K 4 4B (Karley
and White, 2010), HE# &5 255 F
REMEMS R R ENEE,
A LR B B, DR R
£ % F & (Tuncay et al., 1999), Mg
B — R T R ARk A 1E R W
EAEHRTE. A, BLERUEY
X 51 B B 59 %07E 7 (Berkowitz and
Wu, 1993).

HHRET, EYHEFTEGH
%A B W E S ALE . Lee (1982;
1993)iF L AZ X N, P 5# S M
R B R IUR K, B R4
W R ZER D EER . 1994 4,
Cakmak %% 7 £ P. K fr Mg #&
ZEBTAEW TR E AL
AMERYRF M EH 0o F
o N A IR < B N Al i 3

(Arabidopsis) BT 5T & B, 4760

Z N. P, K #1 Mg &35 A&
Fu ¥E By # 12 1~ [/ (Hermans et al.,
2006), fE& N IERT, AL A
MEEMA N Ly B, MRAE
RURRE L ENE . ERHEN
Z M T Hrfa 7% (Arabidopsis)
EHH R, GltR, Eear
R RBT K, BANEWE LN
B AR BT B AR Z N A P
i 78 4 % (Hermans et al., 2006).
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BT EMEFRLSHZ FHTHE
Wy B E MR R A4, Hermans
FAEWMET| SN EH, AXEHERE
R BN RIASHE TH. A
tm, A E R o REAE A AR AR K A
Bz P BN T 18 RE K
4 77 fk,(Hermans et al., 2006), i %
KV, EAE YR A KR
+ E & KA Y A (Hayashi and
Chino, 1990), 4 [F & & 37 98 & &
W % 348 Fo A 4 & KO LB 2 5
(Li et al., 2003; Gibson, 2005). ¥ %
BT XV AT A L L AR I K e )
SR R, SUTIC % B 78 4= 4| &
YR i X EE Z R E A (Stadler
et al.,, 1995; Barker et al., 2000;
Matsukura et al., 2000; Barth et al.,
2003; Carpaneto et al., 2010). 7 7k
Bt EEREAKEERNRTRT
Mok, XSEFARSF. LHRE
B & By % 35 1 [ (Matsukura et al.,
2000; Hirose et al., 2010; Sun et al.,
2010; Eom et al., 2011), X A F 2
GHEERGZHEMH TS5 EEN
IR AN BB AL, RS R BA B
HEUT, BEMKE FHTZERNR
% 1A 1% 3| 5% 1. (Okada et al., 2008;
Qi et al., 2008; Horie et al., 2010),
AR, EFHEM AR, 25F
BT R85 K (Arabidopsis) —# x4 A~
Fl LR EFRGFZAMEUNEKIL, UK
EHRELNEMESHBEEEIW
EERMN, XLEMELKFLEN,

# Arabidopsis ¥, # 2 k&£ F
MRS Mg WRBE X, — k=
AtMGTs ¥, @& Mg #3z H T
EBMEMEE TR REEENN 10
A FH K (Lietal., 2001). »—J&
£ AMHX ], 5% 2 TrEy
EaRBAAEH H. Mg™ B F1
F e #% 35 H F(Galili, 1999; Shaul et
al.,1999). i i # K AEH AMHX
o AIMGT WA AR HEE, RI1K
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Table 1. Primer pairs for amplification of sucrose AT R B 3 BT A E
transporters, Mg transporters OsMGT, OsMHX and K E-T0°CHEF .,
transporter OsHAK{1, respectively.
Gene Sequence B
Sucrose transporters
0sSUTL F:  CAGCCCTCCCAACAAAATCAA REAE 4 B (&
0sSUT?2 r TrecraacconccTeacoene | AR 3 R) BER
s : ]
R: CACCAGCCCACCGATAAAAGA BAEM. REFEE
0sSUT3 F. TCTGTTCTTGGATGGCATTAGG | F A% 3 . bl
R GCACGACGATGGAGATGTTGA \ )
0sSUT4 F: TTGGCTTTGTGGACCTATT &H E#FRS, £ T0C
R:  GTCCCATCCAGTCAGTATCAA T 45 AT 48 NBH £
Mg transporters " =
OsMGT F:  TCACCCACAGAATCACGG AN EWE. THRH
R:  TCAACAGCGTAGACGACAAT MR, R B
OsMHX F: TGGCAGATACTGTTCCTT
R:  CCTCCCATTTGTTCTTTA 0.005g /il 5mI98% &y
K: transporters H,SO, # 1mI30% H,0,
OsHAK1 F:  TCTACACCCTCATCATCATCCC e
R:  TACACCTGCCCCTCGTACTTCT | # 270°Ci& /& T,

KA fE, A BE R

I, OSMGT #1 OSMHX 2 4 {11%F 57
FElURFEA, K, AR 24E
BRekmZ gD,

ERFRE, HABEET TR
FEUGTAREHENABEELN
B, BEMETREFEENE SR
NEMMERELZ MWHEEL LR,
MNENT REFREELNT .

ARF T

HERF
& # (Oryza sativa L. ssp
japonica)# F i 10% % 4 Kk E & 30
a8, BHRSREERNEBTK, B
NBEEHH 24 NBF. AREM T HE
N FE WA T FREF, F 14 /NE/10 /)
Bt OE PR B 4 PR AL A i KA iR
& 32°C122°C. %% 15 R/a7 3L #
HERE B, F UL 12 F0eE xR
BRI (REETABIEEE
(Yoshida et al., 1976). ##H—1-A
JE, MATHREE . . BAE, MHA
REBELEFRBS EK—BAREHAT.
AR % 42, NaNO,, KHPO,,
KCI #1 MgSO, 44l # % it & /&K & 1)
NaCl, KCl,f= CaSO, % K4 % 4
(BrAAHE 3 D . Mtk RNA R E

Al Z A8 A % 2] 100ml,
P. K. Mg & E 247 A ICP (Perkin
Elmer Optima 2100DV)4-#7 . N % &
¥ & B F & % W o 4 A
(AutoAnalyser 3, Bran+Luebbe,
Germany), RRAW T ER T #HEZ%E
# P # % (2006) .

BT 05 1 BETO JE B ST

Ak o AR 2 W] R M AR AR R B
W 7 3% % A Hansen and Mgller
(1975)#y 2 W 77 % (Ding et al.,
2006)
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AT EWNES R EENMEH®
A, R R B A At AT A
B, Ak REAEE, HOEREAN
TO%NMEREFET, UERTEE.
®E, A AE A E(0.5% KI+0.1%
1,)5 /NET

R R IE 17 BRI E

R ES LR ERRTE
MERERUAREERE MRS 2R
ARBRAL KRB, RABERE
MERREETUEMIIRATE
FTHXE, FARGETEE TET
FHETHEHNARFTNIR, RAFE
M & E A K R TR S A B T
(1994 ) , AT ¥ ¥ 3 &
(C16H1gN,SCIe3H,0) % i # 1 & %
. MEWEEERELZHKENT
FEAERRZ, AL PTIFEEE
B, XA LU AR AR T
Z0THE, NIREBRRLFEY
ZOUTHEERRBEUERENR, AFER
REMFEEINEERZT, EANE
48 10ml 2mM 89 T F AR . FE
GNEPHEERZS 4. Bk, A
GEAFFERE 1ml FFHBEE 10ml,
1¢ J7] 18 JF B 47 X (SpectraMax  M5)3l|
EH 660NM(Aggo) IR L . 1 3T

Fig. 1. Morphological comparison of rice plants grown in a complete nutrient solution or different
nutrient-deficient solutions for three or four weeks. Period of N-deficiency treatment was three weeks;
for P-, K- and Mg- deficiency four weeks. In the right panel, plants were stained with iodine solution
(0.5% KI+0.1% 1) for five hours to visualize starch accumulation. Before iodine solution staining, plants
were incubated in 70% ethanol overnight to remove chlorophyll. From left to right: Control; -N; -P; -K;

-Mg, respectively.
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Fig. 2. Root and shoot biomass (fresh weight) and root to shoot biomass ratios of rice plants grown
in a complete nutrient solution or in nutrient solutions deficient in N for three weeks or deficient in P,
K and Mg for four weeks, respectively. Columns are means (+SD) of mass determined from four

replicates.
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£ — % & & RNA £ BUR A
(Invitrogen) xf 4 A~ 5k & 4 2 g 1R £
fuet i 3 BB 6 H9 & RNAs, A

DNAsel(TaKaRa)# % & RNAs # #y
%4 DNA. % —% cDNA #1 5ug &
RNA A ik 4 B A W B & 8k &
T R In A R IR, B EE KRG SUT
BEEFE (L& 1 &RERE
(Os03g 07480; Osl2g 44380;
0s10g26470; Os02g 58080; Os02g
36700, 4 7l % fr T SUTL1-5).
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RT-PCR & IL-FAT 1 4 IE % e FE4& 1
TR, EREENSE A
(OsRacl, %5 AB047313) A T
& H AT B PCR 3| F1E A A AR
& W Mg # & £
OsMHX(0s11G43860),  OsMGT
(Os06944150), L 47 #y 4 1z &
OsHAK1(0s04G32920) 3 % #8 il
(L&D .

&x

HENREEHRAEWE I F AR
TE IR F A BR BT
FREFRBFHAERI A, P,
K.MgE# 4, SEFEREKM
b, B £ =8, BERRTA (H
1) . 8% NP & KH Mg %t
HHhEKEHEA (H1AE2) ,
BE, INMNCENRANEENEZ
AAK (H2) . REFH LI EY
EHERETHEN, RE N F P
HEE A, BF K Mg, Hi
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Fig. 3. Active root surface area (m?) and percentage of active root surface Fig. 4. Soluble sugar and starch concentrations in shoots and roots of rice
area of rice plants grown in a complete nutrient solution or plants (expressed on a dry weight basis) after growth in a complete nutrient
nutrient-deficient solutions for three weeks (N-deficiency) or four weeks solution or a nutrient solution deficient in N for three weeks, or deficient in
(P-, K-, Mg-deficiencies), respectively. Columns are means (+SD) of active P, K or Mg for four weeks, respectively. A: Soluble sugar; B: Starch.
root surface or percentage of active root surface determined from four Columns are means (+SD) of soluble sugar or starch concentrations
replicates. determined from four replicates.
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Fig. 5. N, P, K, Mg concentrations of rice plants (expressed on a dry weight
basis) after growth in a complete nutrient solution or nutrient-deficient
solutions for three weeks (N deficiency) or four weeks (for P-, K-, Mg-
deficiencies). Columns are means (xSD) of ion concentrations determined
by ICP-emission spectrometer (Perkin Elmer Optima 2100DV) from four
replicates. N concentration was determined by colorimetric continuous flow
analysis (AutoAnalyser 3, Brank Luebbe, Germany).

T (B2 .

(]
o
ps
=
i
)
o
i
=
w

OsSUT1

OsActin

0sSUT2

OsActin

0sSUT3
OsActin

0sSUT4
OsActin

Fig. 6. Rice SUT genes expression detected by RT-PCR for a
complete nutrient solution or deprived of different nutrients for three
days. RT-PCR was performed in triplicate with a housekeeping gene,
Actin (OsRacl, accession number AB047313) in parallel as their
internal control.
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Fig. 7. Several rice K+ and Mg2+ transporter genes expression
detected by RT-PCR under complete nutrient solution or deprived of
K+ or Mg2+ for three days. RT-PCR was performed in triplicate with a
housekeeping gene, Actin (OsRacl, accession number AB047313) in
parallel as their internal control.
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WA TR R A B H
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K #7Mg 7 7 5 < #7 K,
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Fig. 8. Photosynthetic parameters including photosynthetic rate (a),
transpiration rate (b), stomatal conductance (c), and intercellular
CO, concentration (Ci) of rice plants (d). Rice plants were
measured with a portable infrared gas exchange system (Li-6400)
according to the manufacturer's instruction. The measurements
were performed between 10 and 11 am in rice plants grown in
nutrient deficient solutions for three weeks (for -N treatment) or four
weeks (for control and -P, -K, -Mg treatments). The measurements
were made in three repeated experiments. Different letters in large
case in the figure indicated statistical differences among means by
Duncan's multiple range test (p<0.01).
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TABEFRIBNKE M XEE
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HREME
BRTE AL RN REA A %
A

Brar, M.S.®, Bijay-Singh®, S.K. Bansal®,
Ch. Srinivasarao®

WE

W& AR EN TR, 2
LHmEENAE Ry METHEY
FE (RIEFIF %, NUE) #1E £ /%
e FTENEFLRNTRAE R
F, REARAAEXHERAAE
E. ERGARAARR RS, F
e, BAREN, KApTEWF
i fn N-K =P 9 U R E AL, &
REZE AN KE. KXTBHEY LW
RAHEA R %= A4 30%~40%, A4
KEH A 50%~60%. HHEH, N
1 K WX EERAFTIEY>=EFR
Gyrsa, EHFERLMEK, N,
K < i Fl 09 # o F K 3 Bl R 3K
e EWEE. BHE. BT, EX
F i Z (minor millets) %18 % &
ML, MEEENFTMKWERE
TR A E B E Al £ %X 241
MBI EM AT R RR T, Tk
AR, . TR, #RTLYFENFRS
FIF %, FHRE 54%, T#HE D
MEHT, YFHRIFRERA
21%. HREHR, EEAFEE, &
& 7 B JL40# X (Savannah regions)
MHEANEETANEE, ANERS
TREAAE, E#A PK P
LA ERAER, ARKFRE
(AE) #BEHERE, £+, BE
€ #1 % 6.7kglkg , # %k E 4

VEEL RN A¥, ST, 141
004, E#FYE, HE

P mgasiR, H4/K, 122001,
B, HE

V2R PR, ZEAE,
FAEE, BERE 500059, HE
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&k LARGANZEMBIEAIF = (¥R B: Cassman et al., 2002)

(= HIX RE#HK RERA ﬁ%ﬂm
k= B E
Kgha' %
KA IN-RRIFER 179 117+39 31+18
TN-F 2 B2 179 112+28 40+18
NE HE - BHRA 23 145+31 18+11
HE - AFXRA 21 123+20 49+10
10.36.7kg/kg. F# i e
EEERE L H AL E 14 4 13.4
RERERAPLRE | 512 .
Vv §h 107 2.2
e g ° 7 ! 5.8
V& g 61 439
‘ c o4 3
il oy N ] ]
ARERATE, &Y = ‘ ‘ ‘ ‘
/7\% ﬁ/] ;& ﬂlﬁ é }:r_ ,% :% 1960 1570 19igﬁ0d 66390 2000 2010

B I B — A E
B, FRTAREAE
FAMK . FET R

W LD E VT X B R B TR AR P B R
¥kt 3 B . Biswas and Sharma, 2008a.

R B ZE (NUE) RIKF BN
KA. Tk, BPHAEEL M, E
B W E AR K
(Sharma fz Sharma, 2011; Benbi
and Brar, 2011) . 1960 £ 2008 #,
EVE BB AR £, BKD
HrEREREEK (E 1, Biswas
and Sharma, 2008a) . FE I, Fit
EEREZFHAZLZAREE, 5

R[EEA R R HZ+ 0 LB,

BEHNEEANNREZ ZREF
RAENHEAFE, FERXLBERK
A ARG LT R R
7~ (Regmi et al., 2002; Panaullah et
al., 2006; Ladha et al., 2003; Wang
et al., 2007b; Lal et al., 2007) . #
TRE N:K #3554 B o] LR & B 4
WEEfE . KZEWEKZE AT

F2HERBERPAAARLE LA FRAL KRR IZENTRFEER G ENEE
AR AR B AR TR

Nutrient application

Pearl millet

Wheat

Pearl millet Wheat Protein content  Protein yield Protein content Protein yield
kg ha' % kg ha'* % kg ha!
N90P60KO N120P60K0 09.85 211 10.62 426
N9OP60K30 N120P60K0 10.75 257 11.13 462
N9OP60K60 N120P60K0 11.29 282 11.74 506
N120P60K0 N150P60K0 10.01 244 10.86 451
N120P60K30 N150P60K0 10.93 297 11.45 452
N120P60K60 N150P60K0 1151 329 11.87 528
CD (5%) 0.79 0.81

% Bk B: Yadav et al., 2007
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MFEH—AREERTE. KRT #
WE £ eSS, N T HFHMEZ
HY B A% B o 4 B LR K & R
EEEEM. LEERA. ZERERK
FEIESF, KLZLFT DHE
KE, REFENE T FEFHN—
# £ Z 0% F(Marschner, 1995) .

wmAAEERREHEYEK
W—MEEFR., EEAPRAREX
e, NmREESDTE, LM
FEEmE R TR URERN, kKET
TEKEFHHEESF. ET NRK
ZEXEERASENHERKKLER
ERAWEE, Hik, Y+EFRH
M KAERTIERATER, ALK
&% RAEME B, XM N f1 K
ZEWMREER, EHRERTEEW
T ETHAREEBRZLENL, B
EXMHLEFHAALEEREFRL
B, MRAELFHMEF EXEFH
%), FEENALLERT HER
f .

REALA AR L EEF,
P, HARA. FRFEmL
IEAEERTEZ N EER,
MERR LA RER LA+ EE
( Ganeshamurthy and
Srinivasarao, 2001) . &JEF F &
ZHEZREFHEFNTH, AFEHET
A AR E . B AR, AP T R
EEL. REEY. RREEEMRS
1 F 4 A | % (Srinivasarao, 2010) ,
XUHEL®EANEERLE LR
R, HAARFARAELEREEZNY
W Flin, FAEAMRREE. FET
JE o R i R X 3 A & B M &
£ w Al A A &£ 25%-50%
(Srinivasarao et al., 2006) . 7 ¥
E A LA R X i £ & E e
REERGWEH, EHRAEEFEH
4T, B XAGFEERAER
(HP) B EXEHNTE, E5
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W07 o K0 K20 =K40 =EK60 mEKS0
350
300 4
250 4

200 1

N (mg plant!)

150 ~
100
50 4

ITTII PEV-5 C5W-15

Genotype
B2 ELETHT L RR ZMEE &M AT ESRE RN H
(% %% & Pillai and Nookaraju, 1997.)

14 -

11.61

538

—
=
1

Protein content (%0)
[wa]

0 20 40 60
Potassium apphed (kg 1,0 ha'l)
B 3. RS B0 e MR A AR £ LR R RN R E R A BN
(N 7% & % 120kg ha', P,0s 7 /Al & % 60kg hal, # #t3& E: Yadavetal., 2007)

F 3T BB 4 = B A REK R M

Yield Agronomic efficiency (AEy)
Crop Control Nalone +PK N +PK Increase
------ mt hat---- ---—--kg grain kg N2+
Pearl millet 105 124 165 4.7 15.0 10.3
Maize 167 245 324 195 39.0 195
Sorghum 127 148 175 5.3 12.0 6.7

HHF A Prasad, 2009.
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TRARR (CP) £ g4 T xmm AR %5 REAR £ RE T2 L% 7

NE R
T#EW~E (Zhangetal., RE, (%)™ NUE increase (%)
2011) . Treatment*

Range Mean Range Mean

WIETRATFEHLHE Nk,

FEFERMA, ZIART £ NK 26.7-39.5 338 9.4-22.3 148
ERANERFMEMEFTLE  NK, 38.3-42.7 405 20.7-25.1 2.2
H A, T, 2011-2012 i, 30.2-43.6 38.3 20.7-36.7 29.7
ERE (N BEHONA Ny, _ _ _ _
180 77 t, BB (P) 294 190 Nk, 29.0~38.2 293 122~251 183

Tt A KOFRBRBER ez 5. Xie et al., unpublished data; In: Zhang et al., 2011

FHORMR. XRTREME - RBUACTARENETE BFEAEHAWPAL N N2 A N #A §4 5] 195-240

KPR R TE R A B E 4 T 255~312kghat. KL, K2 K3 LAY K20 i fl &4 %% 105, 150 F# 195 kg ha'.

A 2. ARBREIEA ™ FEARE (%) Y K e 4 W R IER E-RAFR A IEE) 14 1A 81X 100

R O A 30%-40%, £i4 * REAREREEHL %) =HH N QR E 2 ] FRAE-ARARFEE AR E]
X X100

KW AR AR E A

50%~60%. 1% MMM EHHA g 5 NK 2T AR ABRIL LS E R REAEHE KT

Bl = % 15%~20% , 4 8 N A

\ K rates N rates (kg hal) N rates (kg ha'™)
60%~80%. 3 471 /i % 16 KT 5w n  w  w m @ @
it £ A, [B] B o .
Y T Z:d’ﬁ%] Wyt P R, RIS 3T Rice yield AEy Groundnut pod yield AEy
%iﬁﬁ%o -1 -1 -1 -1 1
kg ha mt ha kg ha mt ha kg ha

N-K = B 1k F & BLAR T R 0 310  3.02 1.68 1.70
GRHR. AEFRANT G2 R* 30 340 330 516 350 184 193 266 287
NH, -N &y 706, 740 %] NO;-N &y 7% 60 364 361 900 737 2,07 2.15 650  5.62
W, HEAE N, BB 90 375 383 1083 1012 2.06 223 630  6.62
A EEE (NR) EH. XXH, H Mean 348 344 1.91 2.00
Hot NH,-N sy 6, B9 EFEHR LSD (0.05): N=NS, K=0.10, NxK=0.12 N=0.05, K=0.08, NXK=NS

R g K F % Kk RIE NO;-N #Y M - Mitra etal., 2001
T, EFERT b AR L R ER Y E

(NRA) (Alietal., 1991) . K fEi#%
EEY TR A ERE
Hre € A (Hagin et al., 1990) . &
I, RERZEWK ZEERGRSLHE
WAL, EEKERZMFNZERER
e, #EEHE (Hagin et al.,
1990) . K ¥ % % T T fE47 # NH,
fo K Z B R EAE R R KT DL
FAHE NH, B9 %k, R# Cfo N &
AR BT B B A fE R, AT 82 NH,
# &= 1£H (Roosta ## Schjoerring, 0 25 58 0 30 67 0 20 40 60
2008) . NH4+5FU K* £ LAY, 22 1k A Potassium application (kg K,O hal)
FEFENE RS, RAMNELZ B 4.5 e ARG, Nk T 2 R AR £ P A B
MAERAF TR EEREANN TS (%% & : Magen and Nosov, 2008; Yadav et al., 2007)

Pearl millet

® Yield (mt hal)
PFP (kg kg!)
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F6.N-KZ B 1 2 /N & A gy 9 7= B A SRR R W R

K rates N rates (kg ha') AEy N rates (kg ha'l) AEy
0 120 0 80
Wheat yield Sorghum (f) yield
kgha' - kg hat----- kgkg! kg hat----—- kg kgt
0 1.42 1.52 0.83 5.27 5.24
50 1.89 2.12 1.85 5.48 6.72 155
Mean 1.63 1.82 5.37 5.98

LSD(0.05): N=0.16, K=NS, NxK=NS

N=0.42, K=NS, NxK=0.53

%A B Golakiya et al., 2001
(Jarvis 1987; Guo et al., 2007) .
A HFEE R R E R AL IR F R
EERF—TAHIEAE. N-KK
EERAAERLAESRG L &RAFE
( Gething, 1993; Johnston and
Milford, 2009) . A& #, & A14t N-K
X B AR R 2 A 2K 1R A AR E
BUHAT T 57
A & E —TH &R E ¥R
#, @a T TP RobhE N X EY
FEEETTER R ER N 8RR
BBV RRATEEEAN T BN
RESH. HEREYMHALARET
. AEESHE X% (Cassman et
al., 2002) %, H #it 50%# A AL
REHEMFREAR (XD . &
EHHAELET, AR AFA
R 2 BT 50%., 23K A K EM A
FEF| F £ 4 % 33%, &R & ZEF A
1IN ELAR, FEMLE 234 L%
7t (Magen and Nosov, 2008) .

FAHRBASLA R ENER

R\ AMA R E &Y &K AN
— T R R R T A
XMHERLRERETERLRE
RIBE R LM, BREME— B, KA,
EFE. RERLZEHMRF RN
241 MKHE IR B R B, P4 A
NPK FE-FH# b L 57 0 242
& 2| 54%, MmEE N PE, #4007
I Z N R4 21% (Fixen and West,
2002) . BAEN R EHH A4
AURE RS AR, BXEER
RPAEFRE, B0 AFRTHE

¥ & 4 ( Srinivasarao and
Subbarao, 1999) .,
Y AR S 3L

Wt iR AR kR B E XA

ERDST M, RHEMAMRALREA
FEF R 2= . 7 7 47 LR e o i = E R
ABRELRATRAERS S EAXT
Fn gk B B IER B fE A (Macleod,

R 57 IEAE 24 BT L3 2 5 R o AR £ A B R

K rates (kg K hal) 90 kg N ha* 120 kg N ha!
PFPy Increase PFPy Increase
kg kgt % kg kgt %

20 23.8 20.3

40 26.6 1.7 22.6 113

60 27.8 16.8 23.8 17.3

N level 120 kg N ha!

FHEE: Yadavetal, 2007.
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1969; Blevins, 1978; Loué, 1978;
Guo et al., 2004; Bruns #u
Ebellhar, 2006; Brennan #2 Bolland,
2007, 2009) . /N A EE WA
e (112.5kg ha') B, i 47 fE
G R =&, %%Dﬁﬁ%i%
RN R ER. 4
mﬂ%ﬁﬁﬁﬁﬁ%ﬁmﬁ,ikﬁ
FEfARAREZ BHmAELXR
¥ jm ¥ £ (Nakashgir, 1992) . %,
HEwmAALFRENTEEGEE
EHESE P E .

B ANERENFAT AR
B K W L EME=FTREHR
O R R VK WSl (ke
WAEWRH, IR —MERANE
Rietn, wAEREHT URSEDT
Wi e & f AR W R CE (] 2, Pillai
and Nookaraju, 1997) . &= NK
HREIEF THREIMEREK, RZ
NK 7= - A~ #0 U0  F T 1 41 & K

(Xie, 2000; Wells and Wood,
2007) .
HRRBHAESEEREE

Il o i W A
AEIRA IRy, W T AE R
Fren7E M (Anjana et al.,, 2009) .
HTAEFAS G ENREAAEEF
W E R AR — B, KA
s @ R AR A
N, M & & eA A E,

TENZ-BDHRERERR T, BN
wRAE, ER2HREMINEZTFRT
FEARNEE/RIEN (X2 . &
K,O # 1 0 %| 60kg ha ™ 4 T,
N % 90kg ha'bt, BHEFH+E
B 48 N 9.85%% n E 11.29%,
# 8 N 4 120kg ha™ i, % % & F &
FE B R A E A 10.01% ¥ in 3|
11.51% (Yadav etal., 2007) . &
K,O # 7 0 %| 60kg ha™ 4 ¢4 T, 7 A
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N % 120kg ha™ B, I EE @ F 4 &
A 10.62%%¢ n 2| 11.74%, #F N
4 150kg ha Bf, /NE T4 FE B R
4 & M 10.86%3% i #| 11.87%. T Hr
FEARAERMAEN LKA Y
T RdRE, W5 A& AT
*xo WERREREXH, KFATE
B R, AR EREF R E,
Bl #E, R R E-F X R RR
H, EAFELEREDRETR S
EafimeE, £ E K,0 % 40kg
ha'ft, EERABHEBERERD
B (k3 . a8 (EH>”E
XEEREEY FHHFPHHEANL
FRm, X AR A O 4T RE B (R
KEAER et s, & e aEA
AE., 2hFENEAR~EMN
252kg ha # & #| 7 340kg ha™.

wmAFEAANTRE A+ &
e gfma£R4E (Yangetal,
2004; Venkatesan et al., 2004; Zou
et al., 2006b) , EEEFHWHER <M
14 & fv e 1 FI 1 & B X Al (Zou et
al., 2006b) . K FT#®m# % 10 5
(—fFEEaResn/ R
mEaBRGENEAREARE T
TEI9T (—MHREEREENNX
B . NEFRFEGREETH
ETLEH, N RWR R fodkiz 2 |5
B EMRGFWIEM XK (Zou et al.,
2006b) .

HR ST REF R E R E (REY)

EHETTREAE % A E R
Bk, FHELY T mES>E
fREAEAAE (NUE) FEHIE
HEE (K3, EREFERLEAEW
X, ARELFEE (AEY A 6%
#5 2| 20%. RAE— Lo TR
BEREH, ARKFHERE P
KRE#AEERE, RN TE
AT NEERE TH”E 6.7kg, D%
X+ ELT N RETEFE

Optimizing Crop Nutrition

R 8.4 % T KA £ 7= J1 Ao R WA A A 2 49 %

K level 2003 2004 2005 2006 2007  Average 'gsgeralf:

kg K,0 ha't o N (L] e — %

0 211 320 26.8 38.2 454 327

30 24.2 37.9 27.3 395 47,6 353 79

60 27.0 418 274 413 53.3 38.0 16.2

90 26.4 40.9 30,9 48.2 488 39.0 193
----------------------- Apparent N recovery (%)---------------===----

0 19 32 30 4 40 32

30 22 39 31 4 44 35 9.3

60 2 44 30 4 42 36 125

90 23 46 37 50 47 4 28.1

HHF E: Braretal, k& FIHKIE

10.3kg, EXEF &0 N =& T
# 7= & 19.5kg (Prasad, 2009) .

A A, NEAEY L
ot A 5T R A e R R R B AL FE BT
REHENTERE, HAUAEA
FRCR R B M 4032 ) | # 3 KNO,.
5 7 KCI F 2 3 & % % A (Khan et
al., 2006) . F ¥ £ KM A LA+,
#HAEAXAT NK ExXx EERAH#RE

(Belay et al., 2002; Cai and Qin,
2006; Wang et al., 2007a) . [& Bt
J R RE Au 57 AT RE 9% & AR AN Z B
FEMFERLREA, AEERNERE

= A &R E W # (Mondal,
1982) . E KB4y L4 BE o B e %
(RE ) F A e F & 4 AR5 R,
#, K,0 4 105~150 kg ha™, N
% 195~240 kg ha (% 4) . mIEW
N-K 7 Fl t 78 Fl TrE e £k, 48
EA A AEFI R E, N-KZXEEHA
AR & & ARG Fu ft £ W9 - 28 A
(k5 , ARNZEREALERER
£,

N 1 K 2 8] 9 &2 B AE FI A 1E 4 A&
Ko gL =g vE, LGB N
e & K2 o WA A 2 R fn A

100 -
20 4
80 1
70 A
&0 A
50 1
40 A
30 4
20 1
10 1

o |

M uge efficiency (%)

100% I

¥k B . Vasuki etal., 2009)

B 5 AEEIE B /RS ME L LRGSR TR ERAH &

100% MNP 100% WFE
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MR AR R, T
R X LA M R N B9 2 B AR R A AT 45
FEMEK, ABITRIEMLE
FHAEREN TR EE KHWEEM.
mT AR R RN
e, ERFRBELHETTRRE
# £ #l A ( Marschner, 1995;
Marschner et al., 1997) . & T4 &
FHHEAEHBRRE FHF BN
MR, HEEHEIMEAERMER,
FE b, FEEAfAFEAST NO,
MR m M LS EmEEEEER
(Maathuis, 2007) , A4 2 3 F1 A
RIRTF 46 IE IR, 41 3 K B35
MEERME, BEMAETETAE
ERAWRA, W EL4H e E A
T & 4 & 1 (Jiang et al., 2001; Lu et
al., 2005) . K'#1E ¥ A B {8 i &
T HT A A K E R A T AR B 5,
X5 KA RS NO, M &
BB LR o X BT AR B B R 4T e
€ F #8 — % (Engels and Kirkby,
2001) . HE% KR E LS4
A RE F NO, %% 35 g 52w | £7 %4 AR
KREBIH R RmE, HH & T X
% (Jarvis et al., 1990) . T[4
BT, ARGRFBRENERALK £
Tk, #i K,0 % 50kgha i, &
REHAMEIHAERFRER
INEEYIE (K6 .

A R LS (PFP, &
A 1kg N REW S =&, kglkg)

ENE, RERAESHERST
. BB & P RATH T R
Z 9, XRHE AR P A E
Ao BT ERMERWHEKEA

(Bijay-Singh and Yadvinder- Singh,

2008) ., %, 1110 & T @AAEF
JH 2 B R BT B IR B A R
FAEZ B R BIH K E. #AEET
R @ ARG, NEFD TR0 =
&, AHTERSAERE> S (B
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4), Tik k% A (Yadav etal., 2007)
FRGAREHR—FHHA, TiLAHE
W FIACE, RE AR e iR E A
RlREFH (T . EARKEE
% 90 f1 120kg ha Bt, B % EHA
FeAm &£ 7= H B B4R &, & 8 M4 A
P AN A HT, AR E”
AREWE S,

F KA 4 P R 4T R X AE AR
P (A 1kg N 3% 15 89 1 4 7
£, kg/kg) HEH LA E .
FRAGT, T FH X6 EE R R
£ 1A 21.1 3| 53.3 kglkg (&
8) . & N /il &% 0. 30. 60kgha™.
K,O &% 90kg ha' £ # T, 4
R £E&FHAREF N0 A A
32.7. 35.3. 38.0 v 39.0kg/kg. #8
B Ky, &8, FE AT 5 8 R
BRI EF A 7.9%. 16.2%F0
19.3%, & Bk 5o & f ik e £
RAEFIF % H 19%3%] 50%, 7 K, Fo
Koo LEH, ARAIRAEXTHERS
32%%| 41%, X it B e A 57 AE A AT
REF R EHRE, EXLFET+i#
SR RERE, TR BT A A
ARFAE, BYEH K.

4 e Ao BRI %

AEEAREZ L EZTH, W
MM ANFRE, LTEAAERL
Wt EE T, R RAENRHHER,
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AELE-ER ARG FHHL R &
SRAFHRETSFERRL, FEHRD
WAL, HePmEARANA
£, ERFRAER APD £ T
KM RV B IR R R KA, EH
REEFEELEHT, RIRE~E
S, ARRARAEZGFIES, #5E
FHINEG T = F K 15.5%2] F fr
ARG 26.3% (k9 .

ARE A & F Bk T o4 AR
o FEEEIE B R EhAT B E £
E, AFERERARMNAE, &£
T s 44T, 20 A0 g RE AL
THEGALAF R, EHFWIL
LA, i m AT X 10%
| 90% ( Vasuki et al., 2009,
Srinivasarao 2010, & 5) .

S

HTREBALAAE, BFET
EfE4 & AR EWEA, FRAE
BT AR o R AR B A A T AT
AL, 7 URE SRS AL A
F 20%.N f1 K Z [ F & EX L
R, AT FA AR AR, A
MEREERfaEk, RAREE
M FEER G R, AR LY
FTE A RERER, TR
RUETEBHEF A&, THRIK
H 3 P A HE K AT B IR R R AL
A0l E RN,

& 9. [E PR 47 ALAT 78 B 42 Te o Ao BN I & B B 18] 0 30 o 3R 45 B9 1R 4 38 7= fu @R A R &

Crop Country N rates K rates ianigla?se lncﬁﬁf; in
kg ha %
Maize India 125 30-90 200-1300 18 (6-29)
China 150 75-180 200-1800 18 (5-29)
Ukraine 30 30 720 155
Rice Bangladesh 100 33-66 690-900 26.3 (23-30)
Wheat China 90 60-120 230-610 10-23

RICA F E= 8 aiEEE
#ALF £ Magen and Nosov, 2008
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