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Early days for potash production at Dead Sea

Subject 2
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December 1958

The dependance of the use of fertilizers on the costs
of the means of production and on the prices
of the agricultural products

A theorelical investigotion

By H. Ruthenbarg
Agrarwirsschaft 5, Me. 8, 323 (1735)

Early days in Soligorsk, Belarus.
Works, Israel. http://www.kali.by/english/history.html

http://www.iclfertilizers.com/Fertilizers/Pages/

1930: “Soyuzkali” decided to construct the Second
Potash Mining Complex in Berezniki, later to

OurHistory.aspx

Photograph showing the removal of ore using a
horse to pull a train of wagons loaded with salt

become Uralkali’s Berezniki 1. and potash. Alsace, France.

http://www.uralkali.com/about/history/ http://www.geowiki.fr/index.php?title=Les

Mines de Potasse d'Alsace au fil du temps
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Table 1. Global potash deliveries in the
early years 1880-1938.

Year Potash deliveries
————— mt K,O-----
1880 69,000
1890 122,000
1900 304,000
1910 858,000
1920 914,000
1930 2,000,000
1938 2,460,000

Source: Cowie, 1951 and Turrentine, 1943.

120 - r 12
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S
E 80 - 08
g |—n E
% 60 | — P,0; 0.6 Z
2 K,0 S
2 2
§ 40 | —K,0/N ratio _\,’_/,\/ 0.4
g
(5]
E 20 - 02
=
Z
0 e 0
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Year

Fig.1. N, P,0, and K,0 consumption 1938-2010; K,0/N ratio. Source: Cowie, 1951;
FAOSTAT,; and IFA for data from 1960.
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Russia; 175,000

US; 26,167

Israel; 12,000
Spain; 121,372

Poland; 72,960

France; 347,300

Germany;
1,320,000

Fig. 2. Global potash sales (mtK,0) in 1935. Source: Turrentine, 1943.

Table 2. Crop production and nutrient consumption (metric tonnes) during
the last 50 years.

1961 2010 Increase
mt %
Crop production
Oil crops 25,752,797 168,444,789 554

Vegetables and melons 222,591,949 965,650,533 333
Sugarcane 447,977,518 1,685,444,531 276
Fruit (excl. melons) 175,029,853 609,213,509 248
Cereals 876,874,902  2,432,236,739 177
Pulses 40,783,485 67,652,942 66
Roots and tubers 455,331,211 727,303,077 59
Nutrient consumption
Nitrogen (N) 11,851,000 103,700,000 775
Phosphorous (P,05s) 11,037,000 40,900,000 270
Potassium (K,0) 9,068,000 27,500,000 203
Source: FAOSTAT.
35,000 4 L
35%
3 30,000
' - 25%
g 25,000 -
E o, o
£ 20,000 - 5% §
£ vsono [l | I, i = %
I~ () _—
z 15,000 | | U I|| | | 1, ||| 1 | ..h | || 1 &
£ e v 2
S 10,000 - - 5%
Z
£ 5000 - 15%
=9
0 T T T T -25%
1961 1971 1981 1991 2001 2011
Year

Fig. 3. Potash consumption (line, mt K,0) and yearly change (bars, %) from 1961 to
2011. Source: FAOSTAT and IFA.
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V. lvanov, Director General, JSC Belarusian Potash Company, Belarus.
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Table 1. Consumption of nutrients in China (‘000 mt).

Year Total’ N P,0s K,0 N:PIESZ‘:‘I’(ZO
‘000 mt nutrient
1949 13
1950 39
1952 78
1962 630
1970 3,512 2,497 991 24 1:0.40:0.010
1980 12,694 9,425 2,382 387 1:0.31:0.041
1990 25,903 17,480 6,452 1,971 1:0.37:0.113
1995 35,936 22,347 9,950 3,640 1:0.45:0.163
1999 41,245 24,811 11,004 5,430 1:0.44:0.219
2010 55,617 32,000 14,000 9,500 1:0.44:0.297

1949-19624F A0 IR S B rp LU

STATEN. PO, K, OFC R B 4E [T 22 A SRR A B it

BRI Lietal 2001; FEEZ SR, 20110

e[ 27 5 R L SR 5
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Map 1. Predominant K bearing minerals and K potential supply in soils of
China. Source: Xie and Li, 1990.
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Table 2. Distribution of soils according to their readily available K content in the ploughed layer in
different regions of China.

K content (mg kg™)

Region Soil group
>200 150-200 100-150 50-100 <50
%

Nottheast China 22k ourozem, black 19.8 17.6 39 21.0 1.7
soils, chernozems

North China Burozem, cinnamon 14.2 16.4 323 322 44
soils, fluvo-aquic soils
Catanozems, brown

Northwest China  pedocals, gray desert 27.7 25.1 25.5 18.3 35
soils, brown desert soils

Southwest China  _ plish soils, yellow 14.6 103 279 413 5.8
earths
Paddy soils, yellow

East China brown earths, cinnamon 6.2 13.8 27.1 40.1 12.8
soils

Central China L R, prellon 12 12.8 21.4 56.0 9.2
earths, paddy soils

South China Latosols, lateritic red 2.6 3.8 9.9 336 522

earths

Source: Xie et al., 2000.

Table 3. K-supplying potential (slowly available K) in major soils of China. See also Map 1.

K-supplying

Level of slowly

Soil type

potential available K (mg kg™)

Very low <66 Latosol, latosolic red soil, calcareous soil and related paddy
soil (Guangxi and Guangdong)

Low 60-166 Red soil, yellow soil and related paddy soil (Hunan and
Jiangxi)

Medium-low 166-330 Paddy soil around Taihu lake and Zhujiang river, sandy soil
around Yangtze river

Medium 330-500 Paddy soil in Dongting lake and Ganjiang river, yellow-
brown soil, boggy soil, sandy fluvo-aquic soil (Hubei,
Guizhou and Sichuan)

Medium-high 500-750 Purple soil (Sichuan and Hubei), chestnut soil, meadow soil
(Heilongjiang and Inner Mongolia)

High 750-1,160 Dark-brown soil, black soil, brown soil, clay fluvo-aquic
soil, mountain soil (Heilongjiang, Jilin, Shanxi, Shandong,
Hebei and Henan)

Very high >1,160 Grey desert soil, brown desert soil (Xingjiang and Inner

Mongolia)

Source: Xie et al., 2000.

Table 4. Statistical data of slowly available K in four southwestern and northwestern provinces

Slowly available K (mg kg™)

. Number

Province

of samples  <g¢ 66-166 166-330  330-500  500-750  750-1,160  >1,160

0u

Sichuan 940 0.85 11.91 26.28 26.28 25.85 6.70 1.60
Guizhou 758 5.41 36.62 38.65 14.12 4.75 0.79 0.66
Shanxi 497 - - 1.41 1.61 13.88 52.31 30.78
Gansu 210 - - - 0.95 18.10 44.76 36.19

Source: Xie et al., 2000.
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Table 5. Average effect of K application on maize in seven locations in the North China Plains (NCP) and
efficiency indicators (adapted from Niu ez al., 2011). CP: conventional practice; HP: high yielding practice.
The locations were in Shandong (Shuitun, Laiyang and Dajin) and Hebei (Qingyuan (3 locations) and
Zhengding). K1 and K2 levels were different between locations (120 and 240; 75 and 150; and 90 and 180 kg
K,O ha™', respectively).

1A
A

20124F11 H 5

I
s

geatmen " Yield PFPN PFPK AEK REK
CP Increase HP Increasss CP HP CP HP CP HP CP HP
mt ha”! % mt ha'! % g e e, e %9-----
KO 6.46 6.58 37.7 284 - - - - -
K1 7.10 9.9 7.62 15.7 414 329 81.1 872 7.1 11.8 0.18 0.30
K2 7.42 14.9 7.96 21.0 4377 344 429 461 62 84 021 025
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TE12.1%, MRS 7732.3%, 21 172008

SE LRI TR 1A18.3%, MR RS 1Y 77 ik

37.2% (Tang et al, 2011) o HRAEHEZR

e eo6 iR Buit, /KR35

658 kg/hm? P38 =3 M11.7%, B2

JTK O Fi437.5kg (Xie,2000) o [PNI

PR I H R S5 R R, RO

BAVEYI B A 22 3R S 1980 AR

MR KR & T (KR7) o BEER5E

TR BRI HET I, s R

T e e L A RS i ) e RS 2

HIRALFBEN . PrLd, BEE R ER &

Table 6. Long-term effect of K fertilizer input in three different soil types.

J&, B ARSUR MOR B ., R Bk
T JEE HOR ™

Zhang et al. Qo1 )M T/NEFN
FEARAE155 (1990-2005) B & 184F
(1990-2008) HATR]HE 5> Al A 25
I XA A AR AU O o 105G e R
AEAGNE A 2 i 74-288mg/ kg, AR AS Hutk:
B4 Hi487-1764mg/ kg PR T (%
LT, A R SR RSN A
A, BT IR ABRH S AN, R
TR AT-221-226kg K2 [ #RPH &
AR 2Rt FH A AR H A Y, B2
FIAALIE (OM) fHI R R I N IE-F
o FEFTA RN, NPALBRAS L XT
JE S T L o P R R P AR
FPEHI SR, T A PUIE R Ik

Period of Soil K content Fertilizer rate K effect
. €r10d O . . .
Location : Soil type Readil Slowl Rotation (Comparison between NP and
experiment y owly
P gl available  available N P>0s K0 NPK treatment)
gkg’! mg kg kg ha'!
Effective immediately; the
Early rice 150 90 120 average annual yields of early
Changsha Red paddy Double rice and late rice increased by
cliy s, O AT o sl 523 R , 15.2% and 17.2%,
Late rice 180 90 120 respectively, during each of
the 27 years
. Effective after 12 years; the
Fenggqiu s Wheat.  Wheat 150 75 150  average annual yields of
county 1990-2009 aquic soil 18.6 82.9 797.5 corn wheat and corn increased by
Henan ! Corn 150 60 150 12% and 17%, respectively,
from 2002 onwards
Yangling _ Wheat-  Wheat 165 576 685 _
county 19912010  Loess soil 21.6 200 1,500 corn No effect in 20 years
Shanxi Corn 187.5 24.6 71.8

Source: Data from ISSAS field experiments and other sources.
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Table 7. Agronomic efficiency of K in main cereal crops in China.

Crop Agronomic efficiency of K
1980-1983 2002-2007
Whole country North South Whole country
ke kg
Rice 4.9 7.5 7.8 7.7
Wheat 2.1 7.0 8.3 7.3
Corn 1.6 9.4 7.5 9.2

Source: IPNI unpublished data.

RN 2o X TR T, B3RP A A LAY s
i BERTAR Sk B BB M, R $F I BOA AT e B
WIERIEIER, AL, #E-P A Do A A

TR A 2 ]

B RS AR R = A 52 55, VRO AL
SRS P Hp AR FH Bty O 4 3R A B A R B 2
NI RFS LSRR A 7 RE 7, X L A A 1 R a2
FREATE . BMA LU, X EM AR B I AT 21 1 il
AIART, A2 PROR XA T AT, 20 o B 28 1 il FH et B 48
1o SR, 20128 K104 AR, FRACAHA% B9 L35k, 51& TA
MR REFF A AR A SR o A REFT 20 FH 8 i 1R k1
HOMERE , (HRSFT IS R $F R F e i, @R |
TR T LRI R.

TRELLAHT, MRS s SRRt 1 I
MR FERTA VIS TR LR, BRI R —H,
POAFENIEER, T LI PR IC Z AR A HUALR A B A
ihore FAL L, A s BT AT ATUAE XS [ Ik Y
KJEEE] T ERHIVE] B REFT IS 5 2R BUE 2 B4
AR, B IEINTT S RN BEENAE A5 T, Y
IBURF AR B o S8R PR RS RT3 PRI b 10 I e 0 2% e fi
TFIIHIBI T BrLA, AR, BUFRIUT ¥ 2 16 )

HFFEHEAR, BRI T REFF AR B R AP IE T 4,
LA T it P AL A 2l P o

AR 220l A2 A5 S AL IXCRR 3R IR H 4 35 Bk
iﬁﬁﬁﬁﬁ%mﬁﬁﬁ-mkgiﬂ-wskg K ,O/hm* (Jianmin et al,
2004) o VEE EEUCA2 M EZ B H R BHEAT AR, RITEY)
HFTAREWE AR o B3 B AT B — DR B2 1 S AR SR BURS AT i
HH A 5 A A e B (BB SR 1 Wang, 5118 % Tianmin et al,
2004), St B A B 2RS4 - 528k /hm, T B it #40 IES
MFEFF R AL PR, $2R-F 4-166kg/hm?e 1X— 25 R 1T
B, OR3P A 2 LA A R0 B I ) 5 22 11
2, /0 AR AE AR RS AR 48 it e — MR YT
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R, ML A RS AT IE AL BER, VP> W8 T, e A
Py AL BRI tL S Yo

Jianmin et al. (2004,83E51H Xu et al,, 1998) 5T
27w, BFAE R K RN 7K A B 28748 43 731 STk Tk 2
20-35kgMiskg K,O/hm?, 44K, SIL[RT, $3 ih TE e
SRR IR R B B A R BB o i R 2 A Y ]
RFEEEN, B TENIE (Fom) , FFERLN10-17kg
K O/hm?

AR I, A E Al IEAE BE A R BT f
BHRAI AR B R R TR A S L3 S 2P A5
b B, tht i, 2SR UORE (LINRSF) Aigs
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HY RIS AN o L HEFR 705 BRAN LS L IR

i S
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FMA(Zhou and Wang, 2008)0 7522 FH T4 77 0 HEA #
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EL PG AOL L AR T S, 20064 H (8 A E PG R4
TERME (GNP) HJ23%), J& I K304 H P A5 B K Y5 A
(Lopes and Daher,2008) o SEUfO DY I — AR
HERE R, 15 HIE YRR ORI R C0E R 42 ™
B0 XA LAM 19924F ZE 201 14E Y G0 LS I EIHIE, 1X
1) LG B AR B AR PRI 356073 28 B _E T E114860 /7 A
(_ETF40%) , FE™= i 68307 i E 2160107 W (BT
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Map 2. Soil map of Brazil and the Cerrado region (marked in red). Source: Embrapa solos.

PLAE 72 5ZMAR B 12007 TG IFI90007 W 22 4F A=A 47
i (Macedo, 1995; Lopes and Guilherme, 1994).
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vegetation in Brazil.

Table 1. Chemical properties of 518 composite samples (0-15 cm) of top-soil under Cerrado

BSRHE I R Se BER, B s R

Properties

Cerrado area  Properties Cerrado area

TR (IR E BORAIH ) | X LeHE

% %
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AR ATERN, RAEERTE Ca cmol, /dm® <1.5 96 Zn mg/dm® Mehlich 1 <1.0 95
™. JCN B} ) 3 3 .
[N N Mg cmol,, /dm’ <0.5 90 Cu mg/dm” Mehlich 1 <1.0 70
2 H 2y >z [z e
B ERAE B A b 0 Ll 77 B K cmol, /dm’ <0.15 85 Mn mg/dm® Mehlich 1 <5.0 5
SRR AR EENEM, b, A Al cmol,, /dm® >1.0 15 N deficiency 32
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Source: Adapted from Lopes and Cox, 1977; and Malavolta and Kliemann, 1985.
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Fig. 1. Growth of N, P,0, and K,0 consumption in Brazilian agriculture from 1970
to 2011, plotted together with the expansion of the no-till area in Brazil from 1973
t0 2006.
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Fig. 2. Brazilian fertilizer market share by crop in 2011. Source: ANDA.
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Table 2. Economic balance of the liming effect on three crops in Brazil.

Production increase after liming

Lime rate in the first year First year Period under review
mt ha! kg ha!

Five years of corn

3.0 422 7,877
6.0 600 11,619
9.0 1,250 13,777
Three years of soybean

1.5 473 1,746
3.0 513 2,357
45 645 2,610
Four years of cotton

1.5 32 1,072
3.0 245 2,609
6.0 442 4,092

Source: Raij and Quaggio, 1984.

AF i (kg/hm?) =50 X KR 93 %0% , HiSousa
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VEPIIR R FHLETE, LRIk FIFR D IR R
ATEFR, M AT RO E Ok /N K S IIHEF
SIS, HASA RIS TR E72%- 59%- 14%- 30%H]
80% o F3 A1, AR T2 5 A A A HRE LA AR R 3G 7 R

(Sousa, Lobato and Rein, 1995) o A1 & E AL T A K60K
Foo R it H, HIG R TR L5 4E 2] 154F

A it FH B SR AR

TR L8 A RO B AR RAIR, T ABE AR A
[N 3RAG G R 507 i, #h7e R AR B,
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PR A 268K 2 B0k 6 148 B B AYE RS 0, BT
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ORI S, T LA SR [ B RE Tk AR L A2
FURG A WA 4 S o el e AT R b T T
HHRe FT AR EAL D) &5 13X Se (2 3F T X Jifi ACerrado
g rb AR R A EVE
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Photo 1. Cotton root development in depth without (left) and with (right) application of 3 mt gypsum ha™'.

Each square is 15 cm by 15 cm. Photo courtesy of D.M.G. Sousa. Source: Sousa and Rein, 2009.

Table 3. Recommended application rate for total build-up of P fertilization for the Cerrado region
based upon clay percentage.

5 SN BT A1) AL A

Extractable soil P level

;& E/\] s R j\] E@g@j( £ ;}:ﬁ Tk E}— Clay Upland systems Irrigated systems
ya E/:J R E ‘I‘_HE «;jfﬂg il {E& iz e F IIIEEI g %ﬁ Very Low Low Medium Very Low Low Medium
N e 2 " % kg P,0sha*
TEH T B (90 39 15 s R 70 i 60 30 5 e 4 20
PEAEY A B4 i (Smyth and 16-35 100 50 25 150 75 40
36-60 200 100 50 300 150 75
Sanchez, 1982; Goedert and Lobato, . - . - o - e

1984; Goedert and Lopes, 1988).
N FA A 2 PR ARRARR S S ™ £ 19
ARSERER, B LA, LI DLT, £

*For acidulated phosphates: P,Os soluble in neutral ammonium citrate plus water. For thermal
phosphates and basic slags: P,Os soluble in 2% citric acid (1:100 ratio). For reactive natural
phosphates: total P,Os.

Source: Adapted from Sousa and Lobato, 2004.

BTN IEH R 25% (Lopes  and
Guidolin, 1989).

PHAE it P ) 2R A

FE R IO A 8 B e R T Sy e
PR e B ARt R AR I pH A T 7.0 B CECREA T4
B (£4) o THEpH7.00 +HECECL T4.0cmol./dm?,
RN PRI R A A (Mclean and Watson, 1985). iX
FEHL R, KT 40kg/hm & 1, #3273 1K St i
A o TR e 90 ek B - A 2R R AR ZKP I, tumr LA
R pHE T 7.0 CECHI3% ~5% H #HAFE (Lopes  and
Guidolin, 1989).
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25007/ i(IBGE, 2012).

P& SacramentofIRosolem (1998)
ORI ST, B 20 R S A U 7 ikt
BRI EEAVER], RO A E
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A e Ko AR SR AT DR A A e
PRER R A AR AR (Pettigrew
and Meredith, 1997). HREFI-SECA T 4
P TR, 2 RN E AR R = 1 5%
fFF, KSR ERAK/NFFE(Lana

etal., 2002)o

N TR BB ARG e R 7

e-ifc BEE | 2012411 H 5
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Table 4. Recommendation of build-up K fertilization for the Cerrado region.

Extractable soil K Interpretation Total build-up Gradual build-up
mg/dm® 170 G0 Y R —
CEC at pH 7.0 less than 4.0 cmol/dm®

<15 Low 50 70

16-30 Medium 25 60

31-40 Adequate' 0 0

>40 High? 0 0

CEC at pH 7.0 more than or equal to 4.0 cmol/dm®

<25 Low 100 80

26-50 Medium 50 60

51-80 Adequate' 0 0

>80 High® 0 0

'For soils with adequate level of extractable K, rates of K,O are recommended according to expected
yield.

*For soils with high level of extractable K, rates of K,0 of 50 percent of the maintenance fertilization
or expected/estimated K extraction are recommended in the last production.

Source: Adapted from Sousa and Lobato, 2004.

T R K O, Rl 2 AE
CerradoMli DX ) T4 IR ixX . REZBEFEEREW], i K O
AR KR E W= H, Lana et al. (2002) K3, iiAEE K
P A TR, A R A it A R A e TR S BRI
JEB, AT LAHE S IR B A 1 1 RN 3 2 BILAE it 4
AT AR K SR 4K 22 B 7 A R 3R He ik e 2K
(Lana et al.,, 2002)~ BUf7 EE (Serafim et al.,2012)« F-26K 5 5
FREIHURE AL (Novo et al., 1999)0 iXFE, FFRAMUEEIR MK E
R R KA VIR e, I RESE miX e T 5 5K
RAPHIRES), WIMTAR RA 2RI RETR, (2 BEAR I I TE ik
FRITFAN2 B [ 3 (Armstrong,1998) s 734b, fECerrado 14
H, JKGRE R GRS 7 Y T BRI R R o B R A T 4 A
REARFORT IR FIVE , ATTRT LAZZ MR /K 53 A i o

HIZE XS IR ZAE R AR AT LARRE = H i T (Usherwood,
1985)0 Tanaka et al. (1995)&F, K S hE4PA] LA+ B Sobr AT
. REIEEA BRI, AMBANZXEEYL
BRI AR A 2. YinFlVyn (2004)H5E, K
it B AT DA e b S B 1

Tt TC R MR ) R R

$& 5 Cerrado THE LS AKF L BB ST B F7 - £
R TCZE (Zn, Cu, B, Mn, and Mo) BIAS a HEFEAR I 13
b, AT DA AR B AR . AES T AR L3 b AT
LIS A2, 2, 6, 0.4FH6 kg/hm?® KB, Cu, Mn, MoFHZn.
TR, XA it A ] PR — A 3 ISR Mt e ARG TT
RE P AER I b R A L P 259 ARG
TR G R E b AR R TR IR

TEEA LR

Cerrado M 3 & A BARTE MR R & 1. TS A ML
AR IR CECE &, Bid70% I CECK B THEA L
WKLo FEFAE B G BHEFI T A A RIE BRI B T, A
MR AR B, BHER S REUEE, ALK
MBI AR LA X FEOL T, AR R 2
TN AR S A B i, 8 S 1A B R
P TR

WS S R AN R E AR 208, DBkl
Sk IEREY REFAEAE S (RS FT AL 2555, #E
FEAE B BRI AR, % X B RO P &
J&, RG] R B M K R PR S A TR 2R

TSI HI PR

R Sy R HETR O PR G AL 2R, & R IR o -
HIREAETT 58, XA i AR 35 L AL R w
F G BT RS, H Ay S8 BT
Fbm i el
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Z51e
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BAVHIG TECerrado M X A MV s ML FG ERA H H S8 7%
AT AR A7) HEbR R N — DA RS2 2R 77 R
G, IX LSRN ELIE XS Ax 22 B A 20 1a) 7 ) AT 5 B 5%
77, EER LA I E R B i [ o A BR )22 b DXl e
R R R ZE b, AW A S Bl 15 it 2 18 A
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Mo XFCerradodiit, IX— i 2 G HEL KIAIZ X AR 4L
FRYEE 7, A2 i AR AR O A5 A i o RH R R AL J5 Y

F i A
Photo 2. Brachiaria as a cover crop in maize field.
Source: Courtesy of R. Trecenti.
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Fig. 1. Medium variant projections of population growth for various regions of the
world. Source: Collated from UNDP, 2010.
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Fig. 2. Nutrient consumption (NPK) in regions, 1961-today. The term “Africa”
includes North African countries, sub-Saharan Africa and South Africa. Source:
IFA.
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Map 1. Major soil types of Africa.
Source: http://eusoils.jrc.ec.europa.eu/library/maps/africa_atlas/images/COVER.pdf
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Fig. 3. Fertilizer use (kg ha"') for various regions and markets, 2010. Source: IFDC, Fig. 4. Cereal yields in various parts of the world, 1961-2010. Source: Compiled

derived from FAOSTAT.
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Map 2. Agro-ecological zones for sub-Saharan Africa based on FAO/IIASA methodology.
Source: HarvestChoice/IFPRI, 2009.

Table 1. Changes in yield, land area and production for various commodity groups in SSA from 1961-2010, and world average yields for commodity

groups, 2010.
Change 2010 relative to 1961 A el of
Commodity group Year Yield Area Production Yield Land area Production food crop area
mt ha'! ha mt Z
Cereals SSA 1961 0.73 39,400,000 28,740,000 54
SSA 2010 1.22 81,070,000 98,520,000 167 206 343 49
World 2010 3.23
Oil crops SSA 1961 0.25 13,640,000 3,370,000 19
SSA 2010 0.33 24,190,000 7,900,000 132 177 235 15
World 2010 0.63
Roots and tubers SSA 1961 5.7 8,070,000 46,340,000 11
SSA 2010 9.0 22,810,000 206,190,000 157 283 445 14
World 2010 13.9
Pulses SSA 1961 0.48 6,090,000 2,940,000 8
SSA 2010 0.61 20,370,000 12,470,000 127 334 425 12
World 2010 0.88
Fruits SSA 1961 5.05 3,420,000 17,270,000 5
SSA 2010 6.30 8,640,000 54,420,000 125 253 315 5
World 2010 10.92
Vegetables SSA 1961 4.68 1,470,000 6,890,000 2
SSA 2010 5.90 4,960,000 29,240,000 126 337 426 3
World 2010 18.98
Tree nuts SSA 1961 0.61 330,000 200,000 0.5
SSA 2010 0.72 2,130,000 1,540,000 117 645 758 1.3
World 2010 1.33
Total 72,420,000
164,170,000 227

Source: Compiled from FAOSTAT.
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75 e FT Stoorvogel and Smaling (1990, 1993, 1998) % +-14
TR BB 5T %R | Henao and Baanante (2006)%]3FM
(- HEFE o P ELR DU T TR A EIEEAORL 7
PURIVEPIRE FTRI A FRME S R [T g AR, Tt
LA I W FEA FVEYINOR A R FR 5

%2 (5|HHenao and Baanante, 2006) 78 T AR Z A
RMb A ZS I IR RN IR0 6 0 2i& 2. EEN
KRG b XAER 7 R A T RSO T, VEMISORFI RS iy 2
MIFE HFR MR K Z9349% N ZE. 87% P E F1739%
K& o X1 B 3A U4 g st DR ER AR P B IX, JX
S 3 X8 T SSA DY, T HL AR AR Ay 48 FH v o 342 Ak
H 33 IR ER K. BEE & B AL R A = F 42
&, ATLATIEE, TR MR B R o 10 6 B e S kb
TAEYIBCRFIRE T8 73 E IR 46 2 5

REEHE T3 n, 328 TYEMIRI R H CRFRCAN 2R
Prte) , AT R T BR 18 IMEASM I b o RN AESS A MY
XAV AR F AR BB A GRS, B A A= 4

SR, T 2 B RS T4 R REAE FH [B) B T B [ 2 R
VEPIRG FEAT S X ORAP 36 LR, ORFF LA LR AR
FRIME R AR A TEER, #R AR

EYH I R it

F BRI S RS 20, B NRES XS RN £
AR SR AR R T EE, (R AT S AL T i AR
TR AA RO ZR A BT R ZOR, R
{7 B M 7 e, R I TR S R F ) A AR A G i
J7 AR R4S B FIMehlich3 R & i BRI BR IR TR 4R 45
HATTER SRS BER) AN T e Booker vy
THEFIE (1984) $R AL TRE L HEA RS AR T RAEE
SRR o MR AT BRI ARIE S H4E £ <0.20 meq/100g
+o FEEIE<0.25 meq/100gt, FPYHE<0.50 meq/100g+,
P /£<0.15 meq/100g o AT EUT AP AOHEFTNLZIER
Rl E SR, BREFFRIE ST H2H0.054 0,105 0.15 meq/100g
+o Maria and Yost (2006)f3E , SR EECRPI S ARG T
FIEERAII AR H0.15 0.24 0.4 meq/100gto

Table 2. Estimated nutrient losses and gains in various agro-ecological zones of Africa.

Region/nutrient Annual nutrient losses (2002-2004 average) Annual nutrient gains and inflows (2002-2004 average) Total

Harvest Residues Leaching Gaseous Erosion Manure Deposition Fixation Sediments Fallow Fertilizer

kg ha'! yr!

Humid Central
N -11.3 -3.4 -4.7 9.3 -18.8 0.2 2.8 4.2 0.1 1.9 1.1 -37.2
P,0s 4.2 2.9 -1.4 0.1 0.9 0.1 1.9 0.8 -4.7
K,0 -10.1 -3.7 4.4 2.9 0.3 2.4 0.1 1.9 1.1 -15.3
Humid and Sub-Humid West
N -16.3 -6.1 -3.2 -4.6 -18.8 1.4 3.6 4.7 0.8 0.7 2.9 -349
P,0s -6 2.7 -1.4 0.7 1.3 0.3 0.7 1.5 -5.6
K,0 -12.6 -6.2 -33 2.9 2.8 2.8 0.8 0.4 1.1 -17.1
Mediterranean and Arid North
N -31.5 -7.6 2.7 -4.3 -17.3 0.9 1.7 3 0.7 1.3 41 -14.8
P,05 9.1 3.1 -1.3 0.5 0.6 0.3 1.3 10.2 -0.6
K,0 -13.3 -33 -3 2.1 0.8 1.3 0.4 0.7 5 -13.5
Sub-Humid and Mountain East
N -17.4 -6.5 -3.6 5.2 -13.5 1.2 2.7 3.6 0.6 0.6 7.3 -30.2
P,0s -6.9 -3.2 -1 0.6 1 0.3 0.6 3.1 -5.5
K,0 -13.5 -6.2 2.7 2.1 1.4 22 0.5 0.3 0.9 -19.2
Sudano-Sahelian
N -13.5 -3.7 4.2 =13 -18.4 1.7 2.4 42 0.7 1.4 3 -33.7
P,05 -5.3 2.1 -1.4 0.8 0.8 0.2 1.4 0.7 -4.9
K,0 -10 -3.8 4.8 2.5 3.1 1.8 0.4 0.7 0.5 -14.6
Sub-Humid and Semi-Arid Southern
N -24.4 -6.6 -5.3 -7.6 -19 1.6 3.1 49 0.7 1.7 23.8 -27.1
P,05 -10.5 -4.4 -1.5 0.6 0.1 0.1 1.7 8.8 -5.1
K,0 -17.5 -6.6 -3.8 -3 3 2.5 0.6 0.8 7.2 -16.8

Source: Summarized from Henao and Baanante, 2006.
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K i 1l i AE P AR 20 7 AR 122 8 BT LR T AR 2221 T 402

Ali Sassi, Imran Khan, Anne-Aliénor Véry and Hervé Sentenac!”

55

TP KA B ] Sk A T E A 10% . KRS AR
VR RS AR B A 1 5 8 0 45 A A A A R o 4
LY - et s N B B 1o AE AL ZKOF, KR 458 B Al
H, B0 A B 7 H T AR AR R F L dE AR R
BT FEEEE (Clarkson and Hanson, 1980; Maathuis
and Sanders, 1996)o F*E%Z%HUJ(%, K IWREW K 8 2
FRAEEGTEIRE, Fin5 HZ 5L 6T, K
LEIR IS B E R TLANMIS 3 75 T A AR VE, RS (2 it
18 A LA N T AL IR Ao KX LE L)
RE BV AT AR N A2 00 K B i A P 5 T 6 5t %of
HAWEFRITTE B TR, WM& 2 (WH5) SRR
BUBTEAY ) 02 5 B X AL, HA K A Bl s i A
WL HMEFTTRE T, #EEm R AE M)
BB 1B 1 B

IR BATTRS KA R A A 2 s B TR o B AR
AP AU SR IS PRI Y o TR RAE R IR A5 M8 2
FERERECH |, BP0 R e 3z BB R SR AE = S
e AR ST o SR, HK TSRS AN, XA SR N AT
RES A AR Y T RIB R K BB PR N o X225

NN (BRI R E A Ko A SR EBORTI B
im0 (R K58 P HK THE i AR YA
IR E D

HR A H BT A FERE, LR 7 2 R4 4w 5 1) K £927,000
MEATEDA3S NSRBI KIS 6 % (Miser et al.,
2001), EfIA K T2 M KHHE K AZK R : ShakerfITPK, 4
RSB IIL; 2 MK B HAE AR HAK (8L
KT« Kup) FIKEA, 70 50& A 13D Fl6 il o 0 rg I+ i
—— PMHKTH B ERE A R A IE B A Na e 5
(Uozumi et al., 2000). M Z T, KFEH L4 TMHKTH
IBER R KT A GO K B 185 1 (Corratgé-Faillie et
al., 2010). Shakers HKT#; i H R G 2/ E8 7 HAKH
KEA RGHML T ARG b, HpTPRIEIE ARG A KRR

% 1 18 I Y A o R PR A AR OR AR . AR TSCZRIA
H B R AE AR BB LA 2 S MR P A B
I RN s K s R H

ARSCHGA 28 E TR I B8 T S S JE

JFA AR N TP A2 SR — 2o ol RTE; S8
J A 235 H BT BRAE O 1 K68 R G 0 TR
TNIR, A fE Shaker KOEIEE AR HELLLHAK HKTHIKEA
AR HRER RN, BB XX L RS AEAEY AR T REVE
TR B I ) LR K AR 38 4B KR AT R
B R BE Bz, KRR R R LK s
Fr, Wbk A i slofR AN LIS SR ZE IS R FH K 5k i
HECH

TR A 8 o i R 0 4 S )

FAE20tH 206045 AR 70 2 AR AR FI VAL e B3 B 14 2 2
RS, (26 T3 A F BE H L& 197 4 (Maathuis and
Sanders, 1996)0 24— A HEAT A VAT (ANHT 28 ) B A
ST o B O 28 T 20 e e N A T i AR SR
R FERREE, ISR BBV AL T RV VA s IR T
BB 23X e im I R PR E 8 iati. M, VR A
R AR B W FR I sh i, inohFva B =T A
PR BTHIIR R BB AR, VA BT LY (140
BFILERT K SO, BNO,) , B AR FI 5% 12
WA R T AL B P AR BERREE, 11 ELIE A T 2 1Y
FLATRRIEE, 91100 - v RN 200 o ) 342 o

2R S AR AL S, FRAT S K B R SR
— FAE-50F1-250mv2 (8], HOR/NBURTF AN 13095 (=
EORpHIEMKIKEL) o BHBCYE Sz, I 435 1
Peu R AR, T E AR BB AL S AL AT RE AL,

(®Biochimie et Physiologie Moléculaire des Plantes, Institut de Biologie Intégrativ
des Plantes, UMR 5004 CNRS /UMR 0386 INRA / SupAgro Montpellier / Univer-
sité Montpellier 2, F-34060 Montpellier Cedex 2, France
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1E AN NernstZs 20 EA AR I | L=yt RTIn(C) + zF¥], CfFR
BETIKEE, oSBT, WA, o, R, T
MPREREATEFE RIS L, 20l 73 FARSA
WA T AR SR A . SRR, A A S A B
FEhism. i ERE, FahsiasdERE R, X HH -
ATPRGAEANNAEE _ERIREAC SR AL o JX LEMGAS B AT PZK AR
P AR RE T AL AN, TS B BT A 20 i B ) ER 3
FpHAREE, M b A-S A A H AL A

PP B H Bl T A A A 2 R S 5 e
IRBN L IE RS (B WM itchelIFEIE) MRS IR
BE AT SR AERE o AT T HAEE, X R AE R H K [
) 515 28 E A AR IE VS AL, SR IR] ) % 08 B v R
K# AT P, I RE AR 100 HL 38 S 4 4 O H e s
ARG S, 52, H-K [z %
1 A L 0 (] 380 240 AR [ 1) 6 15 2 A K R B o
R, I E IR SIS BT HAL A R R R AR Y. 18
VIR T IX OIS RE b A FH K RO 5 o ZER R A L) 4
FPEZRHE T (Cas Mg K fl Na) H, HAKTRE
AR s g sh, BHEshsiia o bk
PRI P 5 JE A 3 O e 5l BB L o

BT £ s A sis X o 25 LASR, XML 5
WP is s A5 22 B EAMEEEAED BRTHR
EHLML) (Stein,  1990)o FEFFRHCIRA T, MIEEAT LG
B — A RNL, B AT R SRR
HRUAAZ SR AT LUB XA/ N i gk f
X — N IE 1 AR T B4 T — MR R BRI
o fEIX NSRRI s 8 E % R4 & 219
M ANR R B, SR G 41— A B LA R 25 & r
SR REASUE AR, FEAE MR PR a iR e & 4
— AN FT IR G AR A4 A R 2 B A ) L
FE RTINS AN R o

L B IS HARE A s sl g (RE 1045555
PRI ) (K TSN (S 21065 i5F
PHIFYEEE) « MBETEARE T &, B in i [ i  h
STFSE AR AR A S B . M s E N
IR A 2 0 BT e i 2 I, TR A S R s i T ] 1
HIREMAER (FAEIE T e s EE) GBI A5
— AN I EAL R S E T (e - T S
HITHY) -

FERI T, K35 s i OB I 5 e 2 ) R
FE oK H Shaker 7 R B KB 18 # ) , R FIZE AU A 2401
Hh, X LEIE TE A 1 SRR S R Rl

45/54

Cell membrane
ik

AR R
external
medium

N
cytosol

H* FFATPES
proton ATPases
ATP

H* H*EXBIK thEHIZ F ( HAKZRER )
K* H*-driven K* symporters
(HAK family)

K* Na*IRB K i E iz F ( HKTZRIE )
Na*-driven K* symporters
(HKT family)

. K55 F ( HAKSRIR ; HKTRE ? )
K K* transporters
(HKT family; HAK family?)
K*5\E4I1Z B8 ( Shakers ik )
K* outward K* channels
(Shaker family)

K*AE%iziE8 ( ShakerRik )
inward K* channels
(Shaker family)

P B ALK 4 o AT )

fil(Lebaudy et al, 2007)o M TAEHA AT HHH*-K* [F[A]
B ER A H AR R G AE K R ah bt 5 BB NE
J(Gierth and Miser, 2007). W A 22K in A E
H, M EE TR PR, H Nar B A
P BB AR TR A R, S Na AT A
M (Corratgé-Faillie et al., 2010)0 XFKFIYE 1 CLIH I
IR HARE DA B KEAR IR 54/ (Gierth  and
Miser, 2007). 3L 45 [ HATA X4 M RGN

Shaker K+l jE

MW RSN EFRTTRE T HIERE LM
JrHIH92> Shaker KHBIE M H: AKTIFIKATI (5352
TFKBGEFIK IS ) |, EATRAE19924F i X —
AR (BRI BF) SEARRPEAT I RE EL AP e B 1Y, 1X 2R
RAKARBUREE, I HARRIE S KA IR B AR
(Anderson et al., 1992; Sentenac et al., 1992)o HIGHcDNA
SO NP BE RS A, SRR IR PR BN K TR Bl B 77
b, B A TR PR e A R L A AR A T AL
7o MHESHIZ KA B, EATTCIE AR 7 Bk RAE
g5 EER S B K E S A, X LS T T
Shakerf % % (Jan and Jan, 1997)o



ShankerZER ARSI 22 LS A6 B IEIX, #iln6 1 (20
MERFEIRAY) BK X, FE A DRI 25 20 5 565 PO 1 5 T
XA MEBRAT R, X &R LE T
(DRRIVAC N NN SGERIP N LR Gl i AR S
B LSRR BE A AL T AE AR Nz 30, S ECE PR
LUFE Bl E AL HIIT 5 K AT SR AN oIS I IX A — e L
PRAFI B IR-PIXALIK T B 7% 3 FLIE B P BB IR A — 38
7re T Shaker 2 KRG /KAZ R il A— I RBUREUX,
LGV, B — MHE P IR S B i £
% ShakerBiE & HH, XM KA SH— R H 2
B, XA EEEA RS G AL MR
&, Huph—/Shaker ZIKFFAREIL il — I Eh REIE . 558
&, WEARGA A R ERAR G 1, X454 B fY
AN AN R B Y Shaker 22 IRZH B, B8 /A [R] 25 (X120
T Shaker 2 IRAL o I 57 RAL I RE S BN REL FEIE (B
Jn i S SRR ) SR N, E 2, MR DA e R
[ Shaker % RIZH il 2 AN RIZE R A 18 18 AR 5

R PR I P LR o Shaker B[, Hirfis A
FERIKATI. KAT2+ AKT1s SPIK  FIAKT6 - E 2 H#4is
WL AN 24 FE K (SKORFIGORK) 2 K- i 4i i
55, VA (AKT2) dafidh— 1858 2R 1 RE L KR ORI s
HE R (ATKCL) S A T8 A5 IR0 3 52 0 57
22 JHRCAH SE R F A A AURR A (81 %o 185 I P A 5 ) Ak
) (Lebaudy et al, 2007). FzHE @ GREUFIMH)
Shaker & [ 77 [A) BR800 X R A ) R Pk, T3 Jk sz
145 B A AR AR PRI T R 42 T KRB, A AL 2250 A b
XU TR (R IR PRI ) BT AH S, T SR AT S T
FE A 1) AR T T R K b b, UM (T 48

i) 1HiE.

R L 45 R 7R ) Shaker FE R 58 1 25 MO 7E = S HE W)
HICIE R SR E (BN, PhrgTrhofy, KR Ay, A4
HA) e E 2T (BRI A B # AR <F o 1X
TR SF A R TR E BB (R T A BT — 2
ICHIKHE) HARELE (4 Shaker2& [A) FEAR PR EE % B I
TR ER o

HAK¥ 1z JARHE

MR HAR (A EE MR ERTEIRUP) SRS
PR e 3o e 21 [ IR 7 95 AR A 19, B4 200 7T K BB
BARE B (KUP) FHEL TR SR A K3 o SR 1
(HAK) (Santa-Maria et al., 1997, Rodriguez-Navarro,
2000; Gierth and Miser, 2007).

XX e R I S M SR R £ /D (B3) , sk

e-lf(’ B | 2012411 H 5
TP AZ.60 ] AF 20 AR 1]

A BHRNE A
voltage sensor pore

|

HENORZERLE ST
putative cyclic nucleotide
binding domain
MERLNE

Ankyrin domain

= KHAZ 333
KHA domain

N-ter

ARNR

B external medium

R
cytosol F]

E2A Shaker IR 2 I He M AEIIX. (FEEFP LA EIRR) o

VIR oA — DM ERERAY A R, X AR 4 a5 — 1

LRV i PES IR (L06R) (L TSRS FIER S X o I IX iy 221> 2544

WA AAE— DM HENIR I B ES 63 (Bf) |, fERZ EShakerili B

RS — R AL (L) | XS — N IR RS

AL R OSSR FIFA — M KHASS S, 2 5@ BN R
(Daram et al.,1997).

P2B 41 Shaker Z AR AR AL EE 4 o

SR IR BEER A0 NER XML T8 . 5B
= B X A i T ER(Gierth and Miser, 2007). 2 HBTHA
\EER iz AR E B B BA &K A58 7L S0
LEH

P IX L R ER AT 2 5E2E Rl
B R YA s B N TE TR e ik I AR A A |
FEATRAEFH o AR K45 B A 19 ) 5K i T TR 58 AR {4
308 RE T I Y 58 8 T IR IR I H A K/ Kup/ K TR &
e A N $E SRR R AR o MR KT RE
fEm RN K o i B R VR, T — S8 4E 22 K
WS RN EE £ I EEAE . R AL, AR 2o
EMITHAK/Kup/KTHCRFEARK S AF T, i 3 8H -k
7] 0] %% iz R R N5 3, 2 5 IR KT8z (Santa-
Maria et al, 1997 & 2000; Gierth and Miser, 2007). 1
FIITHAKSZERIRA FTREZIXFIE N (Gierth et al., 2005).
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e-ifc B | 20124FE11 H 5

1 AN g

IPLJ37.60 4740 A& ]

HK T4z #R ez

MY HK ¥ 15 8k 05 B TrickEAZ AP K e Bl
TrkHFZ IZ H AR 2% (Durell and Guy, 1999 Rodriguez-
Navarro, 2000)0 JiUAIA A B B A1 EAZ A= Pkt 28l R Tk
AR A K 8 Na*-K* [F][A) 5 s HRE 1 sl k7 455 3
REHEVEH . FEEFY, Trk iz 28RS e KB
HES 58 EMEBE/RE 25K, 808 2/
pHEHEKC, #TEE & 7% 1/FH (Rodriguez-Navarro, 2000). H
WFF 3BT TR — MBI A IX S 5% 15 B A2 FR A TR
K JE 2 TR Y, BA— e DL E 2 25 A5
TR IS B KA, B — DAL S 25 o — 15
JEELE RIS, R P HIEAN S — DS T . PO L1
BHER AR T FL(Durell and Guy, 1999) (1] 4)o

RG KL FIREI TR I T 2 MEY HK T4 15 3K
REAWRE, H— M5 0 rFI i+, H
X Na BAEEYE; 8 - AHB I R ERGFAET R T
WEAE A, X6 Nt FH K ER A0 15 1 o JX HEAl B 1 B HK T
FRAENT-IHEY H AL B R R B A B A R Y
D, BIINAE RN R SRR R A A, SRS, 7K R
FEANNEGAOARAFA101 (Corratgé-Faillie et al., 2010)o

SO Na BV HK T I AR E I ERGIESE A BY
TR ER A . | FmBUAE R IE R
GErp R IR TNa MR B A9z, ARG T A
H N B 5 di e HK TS FAER P (L BEAR i 46 ) 3
EAER IR A AR SE

ARNF

external medium

NNANNANNN

; |:| |:|
membrane

Fa &

cytosol

N-ter

(&3 18 3 e A R A& 0T 4 R AU i T 2R R (KUP) A o

FER IS PR EER (HAK) TR RIR K UP/ HAK/K T8 3,

R ARG KIET, BATATRES A0S IX. GEEARIC) FI ML

T BB AR AR, MR E L 7SI 8T, FERIRT R &80

T1I3MHAKEER , /KFE (Oryza sativa)F LRI 7261 (Miser et al. , 2001;

Amrutha etal. , 2007) o FA TRV KUP/ HAK/K TR IE ] 5342
(Bafiuelos et al.,2002).
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X Na K- #S B AT E T HK TR s AR H HAT T
fE TSR0, R, I 2RI s AR 3 A B A
FKIRFX R LR R EATE R HEHK TR s HREH
CLRIESE A 5 R 2R Ge vh A N REAS 70 24 Nt - K [A] [F] %
BHAEARIVER, BIRESS S B K T35
(Rubio et al., 1995; Haro et al., 2005) S#5L_FANAEHRH ]
FHK k> 2 REO R HK T B R E TR R IA
A3, Xt — LR THR TR IEHIER RS S 5 &
HRE BRI ST, 2 H FT A 1A R R A E
X 5E TR Nt - K A [ 9% 2 3R T 3l 85 0 BB LASE
H HI, I 5iX 8 RS SIS0 SE, LT
PR~ P R D HL KT 5 1 2 DR i 57 2 8 7 e T F
G R S NIER], BT R R

KEAI A i ER 8

BT 5MEKEASEAMFERME, MYKEAER (B8
TR IS R IB AR ) B0 & PAH K [ 3 a3
HEPWERTTRIBH (Yao et al, 1997). fERIEE T & Hl6
PREAEER, EFHATA I H AT I RE A (Miser et
al., 2001). TERMTEH, KefBFIKefCA-FHIK R ZS
BEH BRI R . FERPKEA -3 B HARE A, AH
RREE G ASFF AR E R SF, X R EYKEAL-3 58 15 4R
A RELAAN R 77 20 7 % (Gierth and Maser, 2007).
G ANFEHH K R B s AR E AR Ul ERTRead it 2
SR PRI K B Wt S0l g K b3 sl s
At T8 A o TR 8 2 e P~ 40 v e B AR

AR

external medium

Fl4 BB HK T IS TSR A HKT/(EH) Trk/ (1) KB
AR, AL MPMES AL, B— S a— BRI

(Fifn) |, HE P (G |, SRE A — MBI (FER) | X4 P
BRI HER S AL



RO - B VA TR K B

R LR I+ HARAS A (5 B R B T2 S AR K S U
KBRS Al HEH Shaker AtHAK BB W3 H FAKT1
Shakerifi i RAFIAtHAK S IZHRE N 2% (K5) o 1E
HAbP B Aok R & B TAK T URT AtH AK 5 I A4
(Banuelos et al., 2002; Fuchs et al., 2005; Amrutha et al.,
2007)-

LE AT I 2 it i [A] P B 58 A8 A e #R 31) TAR T 1L EE A
Z 5o\ P IR B EAIEYE (Hirsch et al, 1998). A
ERRE, ART MR KSR EN G L2 VA MR
IS AN, XD R T AR AT £E
ANH AEAERIEIL R, AKTISEZR AR R
MAENH AFAERIA N, ART IR AR K B RE 7 Fe
% FhFEA L RES IS0 AR TR X AR IEXTAK T
AR BB P LU AR K A BT 3073 2 AR B Bt o
FENH, FAERVHIL T, AKTUN BRI ARK & K
BB EREENVEM . IEAKTIMBUZNH, U,
RERSAENH, AR 25 M MRS K .

KUP/HAKZK TR I K5 18 AR 3Rk O REAS
BEAMBAINE, HIH (Santa Maria et al., 2000). fESLFG ST
H, AtHAKSFEMR R ERIAIFZ HREFE T MR A
JIKBHL (Gierth et al, 2005)e XA RETZ G JEAKTT K
BB, R IZER B (PRI ) XK FANa#B B A5
BEPERTHK TH 18 #URE B AE R ANE 4 h 0k TRt
REAS A B THRER K A HL . SRTM A B R Y, dx 2t
RGN FIEEIEATE A

KAETEYIN A PR S is 5

TEBI S8 E 2 TT ECAE L 7 878 TShaker K
1 JE H H SKORKYIEAEALE, SKORE FAE 1 HE R A
PR M P Rk FFKL500% 1Y K 1A 25 A 1 IS
(Gaymard et al, 1998) (&5) o MHAhZ SKHIZEIAR T
WP RGEEATE R

X ) AL R I B Is AL 9T AR AR 21 Saker
FIWEIHEE: AKTIRIKAT2. KAT242 N AP 15 1 16
F1, TTAKT2RERE A28 K [ BEHURI L RE AR 328 K TR b H o
X BRI RE AT VAT AR T2AE BB KA R 40 W R FIAR &6
FERA R SRR AR T— M, NI B RARAEK
SEHN IR AR T 25 B B3 i R R A
(Marten et al., 1999; Lacombe et al., 2000) (&5) « AKT27E
B SR IKAR B CO, G SR R AK T2 AE B S 4H AR
H IR ZE BT MIHIIE (Deeken etal., 2000)o AKT2L)

e-lfc A | 20124F11 H S
TP AZ.60 ] AR 20 AR 1)

1t flower RIEAL guard cells
( ~~~~~
<= SP|K > GORK

KAT1
KAT2

H leaf

18 root ¥ K EB
phloem
SKOR AKT2
—
HAKS )
AtKC1/AKT] ey
GORK <

FEl5 LR ST K E B A5 s R T R R BRI .

REB S SRR LRI KW L B 182, HHAZE
A2, WDRE T AR 55 02 50%

K+ (MINa*) 18 % HK TH S HARE R B
ik AR, IR ERFTR A, e AR ALK
B AL RE S IR BOA HAET e FO0 Na B & ME A HKT
R R A Y P AR08, 2 515 ik Nar
[ 25 R s i A AR A B RLR

AEk B B

RUEKHE S A=A =R, A2y R R
DA BEIEE LR EIE R A SR IS AR E A S
YA AR A A o AR ST, FTIT PRI Shaker 18 25
FISPIKEE A H) Rk ™ B M ALk B AR (Mouline et al.,
2002)  ([El5)0 SRV SPIK SEARMARAL Y HH 42 16T, (HAERY B
(A TG A L, RIEREAS A B A th L B A A g
PRIRZ o BEARSPIKEE AL H K N R A% ) B2
53, BB 2 B S A AN AL R IR AT RE 2 FH K 3%
BRI 18 Y o IX P b I8 S 8 M (e AN K e
147 7% B P A
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T K P A LI R s
Or A A 3R 1 )z S AT S K 45

AR A I 2 A8 Y AR B, P T L R 9 25 BT T
(R IR Bl B AR RE 93 A T T B R P AL KOAIFEMIER 251

(NO,, CI MIFERIK) /&2 5 NS E IS R AR BT
FERLS (Talbot and Zeiger, 1996; Schroeder et al., 2001).
SUME 2, HOWAH AT PR AR TN 4 _E A3 (B
JCECEHANE ) FTE S EURGERAHEE K A A
E, AR RS KR AIE AN s &S AL EI TR
M, HHH ATPRER SN (B30, # IR ABA) 2L
R FARA (G220 8 1 B 740 T8 25 RO TIESE) |, AN
S AP K B O KT R B 2SS LI D A
FERNRE I, ALY R RN FE O N ) #5023 BIAE 1093 8h
2o sh et

PLEEIF, HA—1 Shaker3E [N GOPK 4 i 41 i) 1
HE T, FETEBRE AR L A s B (KATI,
KAT2, AKTI1, AKT2 #1 AtKC1) Zhd N a1 i 5 H

(El5) , X MG E AL X KA I S i il A
FL G PRI 6 K97 ) 19 4 1 B A A R L . (R T2 i b 1)
A A [ P KA T ST I (FEAULRE I PRI B T s
ST WEREAS 73 IS I ACFL R PAFAF TN i) 5 %5
50%7F1400% (Hosy et al., 2003)o [EUNTHIAFT AL, SR i
R G SR I S BUE Y 25 K9y M8, T
[F] P K 2 PV Bl R T SO BRI 2% 1 A Bl M
JIH R AR, GIAnAE R B B A E AT R CO i, A
fENa* (EZBAE AR ACE) FEEZM T Z IS
BB (Lebaudy et al., 2008)-

sEp iR
M 19924F M FLLRE I+ H 78 B Shaker K1 i 25 FH 2 [A]
(AKTIFIKATL) FFUG, X K AE G Y o 4 35 18 1o 240 el e
MR BT TS 2 S, 2 ARG KEE &
TG 15 AR R B TR S e A v e, 6 BV 0 L Jis R ALY
AT 7% HETXS Shaker K183 & I R T TR IR HF
5%, R T IEAF R A HIRE, B R EL KR
SIS TR i ) 2530, sl AR PR IE Bl SRT, X
K38 RGHAD RGBT R 2 B b SRS —A4
X K AE A 0 P 2 3 1 B AR DR 14 7 B 2 1 5% 1 i )
HAK- HKTHIKEA R G 15 B85 AR AE A E A T
5T o [FEFEIR TR BEXTRIE I RGWE TR 5, B TPK
HIE RS
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R 2B TR AR X R R IR ST, 24
SRMIAB TP LA HOAF S, IR MR 4 AR
PRI s, Xt Shaker 2 IR AE IR I+ AR S X
HEHI I IXAFRAE AR ROV E A P i By SH 52 B
HIBRANIL, RN R TC I AR B R H S HE R ST RE
AL, R B A 5 R B R A I R G A
E, ShakerZ RAEFEY) H + 70 OR 5o BTN, B AT
THAEM B HK T s HARE AR A fos HRE A 4
FATHREIEZE A AR 225 o BRI b 22 53 14 A 3 R S
RN IREHY, R rE H iz, Fihl
R SIS AR S ERT ST R A H AR

AR TR 3 — D LR R A PR k1Y
AR 15 RS TE SRR A SR, i AEERZKF
M FACE Fan, Ktz 535 CAE REAS A 197
Shakers HAKFIHK T R L IR (B KF) o (8
A, —A> 38 TR 72 CTP UM A1 E )21 CBLAE M
RS E, KOdiE &I EMIE T Ca 5 5 I H M)
Z 5HREK L (Xu et al., 2006)-

K2, Y Shaker KB & 5 AT B\ A2 tE P 4
RSB 7S Sl RE B TR B T s R, AR =
R 2 8571 AR PR AE R AR W o Y T — BT U B T 9t —
MHISCR, PATK AR RN e a T S AL AR 2 A R A
R ZRIMEET H AT — GUS A IE B LA B BRI TR
FNIRAT BB, Xl 85 HARWT R (AT KB TR
AERE X AR P A0 A A M 3 35 1 3k o7 B 45 T AT 26 7
VAR A XS R EAR Y.
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