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Mechanisms of bicarbonate induced iron-deficiency chlorosis of peanut on

calcareous soils
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Abstract : Dicotyledonous plants are prone to iron-deficiency chlorosis when grown on calcareous soils. This nutritional disorder
problem occurs widely and can be a limiting factor for crop yield and quality. The main reasons for the disorder are high pH and
high bicarbonate (HCO; ) concentration in soil solution. It has been shown that HCOj; induces chlorosis by suppressing iron
uptake and/or translocation in plants, although the relationship between HCO; accumulation, iron-deficiency chlorosis and
rhizosphere properties remains unclear. The objectives of the present study were to investigate (i) the effect of HCOj3 and Fe
supply on chlorosis and iron nutrition of peanut (Arachis hypogaea 1. , Luhua c.v. ), (ii) the relationship between chlorosis,
apoplastic iron concentration in roots and the activity of Fe (I ) reductase in roots, (iii) the effect of chlorosis on the properties
of rhizosphere and bulk soil. Peanut was grown in a two-chamber pot, with the top chamber being filled with a calcareous soil
and the bottom one with nutrient solution. The two chambers were separated by a plastic film membrane, which allowed roots
to penetrate but not the exchange of solutes. Plants were grown in this system under four treatments: (CK) no additions of
HCO; or Fe to either soil or nutrient solution, (I ) additions of 1500 mg « kg™ HCO; to soil and 0. Immol + L™! Fe to
nutrient solution, but no addition of HCO7 to nutrient solution, ( T ) additions of 10 mmol « L~ HCO; and 0. immol » L™! Fe

to nutrient solution but not to soil, and (I ) addition of 10 mmol « L™ HCOj but not Fe to nutrient solution and no addition to
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soil.

The results showed that the Fe nutritional status was influenced significantly by the HCO; and Fe treatments to parts of
the root system. No chlorotic symptoms were observed in CK. Addition of HCOj to soil (treatment ( I ) induced chlorosis
initially, but the symptoms disappeared once the roots penetrated into the nutrient solution supplied with Fe. Additions of both
HCOj and Fe to nutrient solution (Treatment I ) did not induce chlorosis. In treatment I , plants were normal initially, but
later young leaves became chlorotic after roots reached the nutrient solution. The occurrence of chlorosis or the re-greening of
young leaves coincided with the changes in the active and total Fe concentrations. However, Fe concentration in roots
(collected from the soil chamber) did not decrease in the chlorotic plants, whereas the concentration of root apoplastic Fe
increased. Addition of HCO; to either soil or nutrient solution decreased the aftivity of-on Fe (1) reductase in the roots
collected from the nutrient solution chamber, but not in those from the soil chamber. Iron-deficiency chlorosis induced in
treatment I was found to increase the concentration of HCOj3 in the rhizosphere soil. It is concluded that HCOj inhibited Fe
translocation from roots to shoots, and iron-deficiency chlorosis could also lead to a higher HCOj; concentration in the
rhizosphere soil, thus exacerbating the iron-deficiency disorder.

Key words :peanut; iron nutrition; HCOj regulation; calcareous soil
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AKRELEENFHHEYBRERRE-THANNERESNE, AEEREYT-ENGRENEERRZ —  EREY
HABHEEFRAL WA HCO; MR/, MW H HCO; 8 i3 5 Wi 8k 76 1 4 44 79 9 R 0 43 B2, A T 68 R AE 4 Bk
BREGET, ERNTFHEYTEARKIERS EREIT BGEARRNEIMES REEFAE RE EHEFENBENSHEA
MEEA. MASENRELRT AERENK (D EEBEHEAYREENIBRFEEERR . FREWH HCO; BREK
YRR CDEREEEC MRS ERHETREC HRARFHHCO, ¥R BERGERAK(EFEMBEEZ R
MERERMDEEROIERSRE ACRA L E-EFRRESORITIRG S B3 E 4TS R RN HCO: it
RAFREEMBRAETEAMEEERERAZALEBEERAGE N, SEFETHYENENER AR SRE L EERY
RRHEEERE L B YRS RS E R BN
1 HREFE
1.1 ik EAEY

AT EIBER L, RAL AT A EHE HEFAEAERY:-FURE 0.42%. £ & 0.032% . & % B (Olsen-P)
3.2 mg « kg™'. B (NH,OAc-K)42. 9 mg « kg ' . A48 (DTPA-Fe)2. 7 mg » kg ' A B (DTPA-Zn)0. 46 mg * kg '\ FH
M4 (DTPA-Cu)0. 76 mg * kg™ ' A % 4E (DTPA-Mn)3. 2 mg « kg~ ' .pH(H,0) A 8. 3 }& CaCO, 8. 65% . ikt 4L, &
REI 12,

1.2 J&iEit

ABREESETHREGE D&% 13+, HRHITF
B —ERERZHE, AR LF B A LS 2 P EK
RSB FARES. BLEXT, i 2. 5mm 5, 50K 7S
BEUBHRAEL. 3g - cm P EAZK  BRAERNT L 1. 2kg. I
& (mg * kg™'):N150(Ca (NOy), * 4H,0, P200(KH,PO,),
Mg50 (MgSO, « 7H,0), Cu5 (CuSO, + 5H;0), Mn5 (MnSO, * A1l +HE-EREBEAEREER
H,0) & Zn5(ZnS0, * 7TH,0) . Ms A1 KHCO,1500, #hék 2 % Fig.1 The diagram of soil-solution culture equipment
BRI B L, HEHF R :K,SO, 0. 75X 107* mol » L~',MgS0, 0. 65X 10 3 mol + L™*,KCI 0.1X107* mol + L™1,Ca(NO;), 2
X107 *mol « L7, KH,PO, 0. 25X 10 *mol « L™!,H;BO; 1. 0X 10 ° mol + L™},MnSO, 1. 0X10 ® mol +« L™!,CuS0O, 1. 0X 1077
mol + L™!,ZnS0, 1. 0X 10 °mol « L', (NH,)sM0,03 5. 0X 10 ° mol « L™}, B A il HCO; (KHCO;) 10X 10 * mol « L™",Fe-
EDTA 0.1X10"*mol » L™!, EFH#E 3d E#H 1 K.

BRI 4 M4EE,CK: 2P A HCO; , ERWPBEAI HCO; A4tk ;48 1. £l A HCO: , BEFW P A
HCO;7 ,it8k ;438 1 . + e HCO; , BB P 4R HCO; Mgk 4b3 U . L3P A K HCO; , B W i A HCO; EAR#E
Rk .

1.3 MYBFRERRE
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KA ERTFRA SKHO, B 30min HH RAFHEEFKGESE ARABEEHERNERED ERBPHRE TR
ERALED . BE 4k, SEARBOIRRILAZNE 25 BERBATARLIE, ALK 55d FWIR, B B E PRI
LRI T 6%, 00 3 WA AR ATRERAME EREBEENSKESE. R EHEEN T ERERS, AR L 5"%
BALMEN T RERBE  IRFL ZEBREAMN LR AERFE L BRRUS. BEEEKRNE RS0, HPHEm
PN RIS A B E E RS &, LR RIET B MR RAR.

1.4 BEGSH

OHEEEHR FIH SPAD-502 Bt 48 U 2 46 4E B i R IT it iy SPAD .

(OB IEHEESE BUEERF M S, B8R, HRER 2. 00g, A 1mol « L™ '#58R 20ml,#& % sh, 388, AR T R4
FRE I (PE-2100B) M ERBHPHETE.

(DK LHEETE RBEMTHESHIER 0.4 EH ELSW/P P 550CTF KA 7~8h, KA 1+ 1 BRI 4D E
fi# , ] Perkin-Elmer Optima 3300DV B /BABE&EEFHEMNNEEHSE.

WOBRFRFMEGKERY BHEYBEMAKESR,BF 1.0X107 mol » L™'# CaSO, W H R 30min, AFBAZTH 1.0
X 107% mol » L™'CaS0, 5 1.5X 10 *mol « L' 2,2’ -~ Bk ML IE IR &, A B Smin, K5 1A % = I B (Na,S,0;)
BWH.EHEBABFRAWEN7.5X 10  mol « L™, 4k4E58 A KK Smin MR AREE , K S HAE 520nm T H 60 E RGHE,
2,27 - RO BE A PR SR W S6{E M 8. 65L ¢+ mmol ™! s cm ™!, .

GIRREEBERED BEEBRRELS, B TEA CaSO, BB P RM 30min, BALE FRKSESR, BEAST 2,27- 28Kt
ML BRRMEF 6 2,2 - ZBKMkiE M EDTA-Fe( T A E 53514 0.4X 10 mol « L7'#1 0. 1 X107 mol « L™, KA 1h f&
EHBRUBRERABREZNRNBESTA, 2,27 -ZBILEAE/RKEMEH 8. 65 L « mmol ™!« cm™!,

(6)MPr 3% pH 1 HCOy &8 RABRMBEE". R imm MK RTF L8 10.00g, A 50ml & CO, HEBEF
K& 3min, i 3§, WEX 20ml 38 . W pH {8, R /G R ta#E H,SO, & = pHS. 2,30 T BT A H,SO, AR vV, (mD) , k5L
% pH3. 8,32 F V.(ml), 42 3& BT A9 H,SO, { A1 B ik i i HCOs FI¥ I (cmol » kg™, HHE AR T :HCO; = (V,-2V,)
(2¢X1000/m)/10 . X i ¢ FF5dE H,SO, MR (mol « L) sm W B g8 40 24 59 + 3 B 8 (20/50X 10) (g) 51000 F1 10 Ky #k
BRI RAL.

(DEWAEKESED KRBT lmm A LB 15g, A 30mIDTPA B# 7,35 2h, o 18, R F RIS 85 B i (PE-
2100B) W E BB T EH &,

2 ERESH
2.1 WABARBMN HCO; REMBARERNEW 50

X+ N HCO; A, ZEAE #T 4 it B9 SPAD HIH B
PR (B 2),3F BLBE & 76 4 W02k K 57 A4 i /Y SPAD {8 i sk 1K
LA K 39d J§ SPADEUHXT BRI 1/2, 258 5. Wity
HEBFRBRPOBIBRBE NS 2 RE FHREFHMHH K E
AAEFEHE,HERANTRUSEHESZ . T HEDPAM
HCO; M-8, A KBS 39 Kid, W PR 47 A B
AR, RIE . EFRP A B A HCO W, 46 4 37 4 i
SPAD {E R F& & (CK) ; 24 8 57 ¥ o [ B 46 R % F1 HCO; A, K 3 Py 02y 90)

SPAD i SPAD value

54(16)
SPAD fH 1% A FEAK (1 ); T %4 & 5% ¥ = {4 HCO; Wi A 8% WA KR Days of peanut growth (d)

Bt O ), Bl B AR AR R R B 38 L B4 vt R (9 SPAD {8 2 ¥ 1%
ECRRA 1), ) 54d B, L0 H 8 SPAD (AU Ry 1/3, B2 HCOs REGKIEXZELHRIT o 1t KK T RAL W

£ 1LREW, RRAEEA L KREHSHEW, B Fig. 2 Effects of HCOjz and Fe treatments on SPAD value in young
WA o A IR, 2 2 TN B A Ay (oS Of peenet A
S L B8 B S A A o ay TR R ERERREA e e
BN P REEKRMK, TELK EA RIRBERFER. EF o
WHRHEUEE 1, IDHERT, %4 HCO; FEGE DRFETMMATHEETEEERK. LB 1 XHHLEEEE
EZRE TUEPHESESHEEFETH SPAD HEHBATE B, P HHNSKEREFRLABSIREBEEER B P

RO SRS BZEFBPHERABER, YEFBP KN, KPR S ERAR.
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Table 1 The effects of different treatments on dry weight and iron nutrition of peanut

4hEE FHEDW(g » pot™1) 1E % AFe(mg * kg7 1FW) 28 & & Total Fe content (mg « kg™!)
Treatment gy | 3% Sh WTFH R oM YL WA PL O Fi4EM YL W4 PL E St THIH RS  BHR RN
CK 6.61+0.72a 0.4340.04a 8.8+0.8b 15.4%£1.7b 90+£5b 141+£15b 76+ 15a 1049+ 146a 179+ 42¢
I 7.96+1.02a 0. 74%0. 25a 16.9+4.7a 29.3%+5.2a 163+32a 204+27a 76+ 7a 1286+232a 2843+427a
8.5440.87a  0.67%0.20a 14.1+2.9a 17.6+0.4b 106+9b 161+2b 841 4a 1495+ 287a 7811 80b
| 10.00+2.45a 0.9040.47a 6.41+0. 6b 18.4+1.5b 83+4b 134+6b 51+11b 15514 385a 46+ 4c

DW-dry weight, Sh-shoot, R-root, AFe-active Fe, YL-young leaves, PL-primary leaves, St-stem, RS-root in soil, RN-root in nutrient
solution; * F—F|HHFAERNERLEF AR EE (LSD #)The data with the same letters in a column were not significantly different by LSD
test (p=C0.05)

2.2 ARABEHFMAHCO; MM EESBIVRBIMGEENY R

K 3 REHW HCO; BIIBEARRTIMELRR, M FLPR . CK LB INERBFHBEASTHR HAYHNLEFR
Wk BT TP HCO; ARE EBAFHHIIMEKAREE S F CK WRIIMAK S &, 48 | i #H 1 EFBPH
BREME, MR 1 1 EP HCO; S8R LB | BRABMMKETERSERTLE T NFESMEKERE. M THRPR.EE
FRPHRENEHTEE T MLHE 1), WA HCO; (ME DEFEFIMESTEREEERS.

£a § 600 - 0 X448 Root in soil

2 g 3000 - o + 48 Root in soil a E 2 s00]- i #7412 Root in nutrient solution

3 S 2500 - § B Root in nutrient solution %ﬂ =

%, : 3 400} b

2 Y

ﬂ .8= gé 300 |- b

] g

g-g g? 200 | c

=5 x 2 a a a

B g, & 100 - a

W & W% ]

®< L3 0 . . ) )

CK 1 II m
A R4t 2 Different treatments A R4t Different treatments
B 3 HCOj7 # Fe AL X R R BRAME B K R 1 4 HCOz FMEALE A ZIMARREIRBE W

Fig. 3 Effects of HCOj and Fe treatments on apoplastic iron Fig. 4 Effects of HCO7 and Fe treatments on root reductase
content of splitting roots of peanut activity in different splitting roots of peanut

2.3 KRB I0A HCO; #1458 R Mg 15 1 1 22 i

EBEFWA B P HCO; 3764 H R B IR BRI 15 1 8200 (5 ) i b i B & BHEk I 57 . ZEBRBR 44 F L i i HCO; 88 B & FR K
AT RS CE TETF CK), ARk HCOS EMR AWML R EET S (BT B TLE 1D, M FLPHR, &
MEEZERAFESR R REEE TSP RN HCOr LH 1), iF B i THEYIAE m5 MR R L8 HCO; §EA R ULHE
1), #ARETE L PRI (I E FEBMEENEL, B, HCO; X+ AR (I )i RS T mE 0.
2.4 BREKKRGITIEA MR L3 pH B HCO; AR S B HP MW

HEJiin HCOy o , B4 ME L MIERE LM HCO; S RFEEAS  FARFLHE TEREL(E 2. MELHEF
AHE HCO; MBRT, HEFM| PN HCO; B (1), B4 SRR R, LMP K HCO; SBAA®. Bl B, RNA
B HCO; BB SBIELESRG RS, M HAEERGERGRBETUSHLESHHN HCO; SRFAR. YL HCO;
B, AR PR A IEMRER L 89 pH EH B EF &, W L WP AM M HCO: B, REIME FRAEEMEAERRAIERF L pHERX
B, TP HERESR YEERBTREN . BRELERESEEEARET LB 1), 5CKHLAE I HREL
MERGFTEARETELREZR. FHEMEREIHAREKSEMS TIERR L.
3 itig
3.1 HCOj7 *7EA4 &9 o B R

£ HCO; BT AYHFAENRERR, L HHESERET ", BRUAHFRRARGHHAWREBAERER T
FHggteel B BUBRR R B VT. B, HCOS XHE Y 8 E 57 B9 50 1R AT BB R I 1 T AR R Bk ) IR MO B gk E R AMAE R R
BRUe) R REBTHRMRR A LMD, AT EREEYH A PREDY. ARRNEREY, RGMENS L
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BN AEFETMIETHESEESENSESE URETHLARSEREERRE D, ML P BYRIIMEGEE
MG SREBER(E LA B, ERRBAH T HCO; EERMHKHRAMM LMEH EHEFETFERENL
BERBETMERBE%ES. X5 Nikolic and Romheld™ 08—,

%2 FREAEMEEREHIERRLMERORT

Table 2 Effects of different treatments on properties of peanut rhizosphere and buck soil

HCO3; & & (cmol « kg™!) pH & A %4 DTPA-Fe(mg » kg™!)
hb3

Treatments RER e R ER RER El:£::373 REx JEWBR
Rhizosphere Bulk soil Rhizospher Bulk soil Rhizosphere Bulk soil
CK 0.8940. 01bc 0.85+0.13b 7.6240.02b 7.5340.17b 3.04+0. 06¢ 2.9040.13b

I 1.4140. 40a 1.10+£0. 05a 8. 0540. 06a 7.93+0. 05a 3.59+0. 05a 3.14+0. 13ab
0.7940. 04c 0.8240. 00b 7.6240.09b 7.42+0.07b 3.2640.09b 3.20+0.10a
I 1. 36+0. 38ab 1. 08+0. 05a 7.6940. 25b 7.41£0.06b 3.0940. 15bc 2.91+%0. 23b

YO E AR R - ERMEESR R ZEROZW LI T EYX RGBS HARRZARER L5
Mk (DR RS IG Y YDA 26 . (R Fo 38 T LA 76 9 MR R D A R R A 1 T 0 % 07 #2780 LA 3838 X Sk iy i JR U220, T 4
R I HCO; SRR R M A R B8k (1 ) E SR B A 00 30 AR 945 7, 16 SRR BUR Bk B9 & 44 T, HCO5 BE 2 2 40
AR F BB O DI TR I8 7 o WA T R 10K AR 2R X 2 A Wi 2%, T 7 75 3 0 i HCO; o BRAMA TH B R B 8k (T SR SR A 0
HEE W, ARXB A REE HCO; MR RS ()5 B IS v 05 i AR R 89 KA BT 5L FE SRR/ 4 7, HCO: fiE
M IRV AR A (DS B TS ¥ . T £ P RS (D BB RFIE R 2 HCOs IR m (B 4. —J7 | ol B iy TR 8RO A R 16 A%
WOEABRAMNSK(DEFEMEE SN RFHETEE X", Lopez-Millan™" % [y BF 55 11 K 91 , B BR 45 X il 5 1R R 34 R BB 1S
YE BB W 5 A B PR BWK B R O6, TE SRR AR BK AR AF T L I BR PR S BB S AR AR OF JRUBE I M Y R, T X A0 BT P B KA B
10pmol « L7'LA BB, R R M R E R RIS W . 55— 7 W BB B SR T AR E BRSO ARAR , T £ PR
ARBTG5 R B AR R BN BUR Zouari ™ S BF R R ZE S R B T, B ARARAR 2R I 8 (1) 3F SR B I 1 bE
Fot RS E AR, FERRMEEE T2REHE.

3.2 FE4AMRER pH ,HCO; MABEKKEAIKEFNE WK 1)

TP HAEREREA NG EY 0 L RPSWRTA X B SEYRORRAE X HEERKREH VAU EESH
HY . KB bk, Y e + 8 b BB R F 38 o, pH B F B B R A K ¥+ P 7 75 F H.CO,SHCO; +H il CaCO;+H' S
HCO; +Ca** B/~ 4 , HCO; 7 £ i d M 2R, KRR ZE R, Rty W mTEEMA— 25 R REL
S pH EFEE, AR B E R AWIE L EERKERGE G FRMRIE pH EHREGE2) . REMFEME pH HEESHEVRER
B ERERHEMER T EYBRKRGRAE TR pH EEA S, AMLAERRE, LEF K HCO; FRARHGR 2
L8 W), T BB+ HCO; & B TR L., B AR P+ 8 A0 HCOS R HRE KRS, M B K5k
Sk G A8 LM HCOT & BT S X ATRER i LA T 3 7 R B i 00 - 1 S0 W BBk R R 5 R AR R AT W HY i B ™,
FEA K 3R %A 80 F R BL:CaCO, +HY SHCO; +Ca®, SECEHA B S ) HCO, S RARDL R REUNFEREN
FARFEAFI S, B AW SRR LR DA G BE T B R Pt HCO: ERAILMREEY
MEPERCOMERRBE ARMSAHBRNAMEEEREED, FRTHEERR T REBR KA, L HCOy WX 40 B4R
AR, SEORIR T3 HCO; &R IH# =, Bk R BT 51 AR R WP R AR AINIRD, 7= 4 49 CO, B3, CO, £ + 3+ B
B OH AR HCO7 , HH t BB P& EMEERDEAMKMEAMTH, X &G WHHEHE pH HEEWRK,pH EE
e A6 — ™ B82S0 B . 5k VS B 0 100 %, SUELALBR 10 5 A BE 4 1000 5000 R it o A Bk o B HH IR A
MR ARG RCRATRELARETEMS TERF L. MARELBERFEE UK ERHERBRBRTHEAYR
R EARBCRE (R 2). YW P W EDTA-Fe i MY MEERTHRAEFR R LRABKRBUE 1) HEFB
ARk R ERR L RE LA MK S EBERECK MAE D),

B ARRALERIELA KL ENFrHEYRERFNERRE R HCO; FBRMEB T & EHayiai, A
Y AR A A T Rk T TS 90 AR R SRR U B R TR, R L A R R SR L 48 R HCOS SR THE AT
HYRGRRERE.

References :

[1] Coulombe B A, Chaney R L, Wiebold W J. Bicarbonate directly induces iron chlorosis in susceptible soybean cultivars. Soil Sci. Soc.



800

£ 5 % #® 25 %

L2]

L3l

[s]

L9]

L10]

f11]

[12]

[13]

(14]

L15]

[16]

[17]

[18]

[19]

[20]

[21]

L22]

[23]

[24]

[25]

[26]

Am. J., 1984, 48:1297~1301. )

Mengel K, Breininger M T, Bubl W. Bicarbonate, the most important factor inducing iron chlorosis in vine grapes on calcareous soil.
Plant and Soil, 1984, 81:333~344.

Pearce R C, Li Y, Bush L P. Calcium and bicarbonate effects on the growth and nutrient uptake of burley tobacco seedlings: hydroponic
culture. J. Plant Nutr., 1999, 22(7).:1069~1078.

Mengel K, Bubl W, Scherer H W. Iron distribution in vine leaves with HCOj induced chlorosis. J. Plant Nutr. , 1984, 7(1-5): 715~
724.

Shi Y, Byrne D H, Reed D W, et al. Iron chlorosis development and growth response of peach rootstocks to bicarbonate. J. Plant
Nutr. , 1993,16:1039~1046.

Shi Y, Byrne D H, Reed D W, et al. Influence of bicarbonate level on iron-chlorosis development and nutrient uptake of the peach
rootstock Montclar. J. Plant Nutr. , 1993, 16:1675~1689.

Grusak M, Welch R, Kochiam L, et al. Does iron deficiency in pisum sativum enhance the activity of the root plasmalemma iron transport
protein? Plant Physiol. , 1990, 94:1353~1357.

Romera F J, Alcantara E, de la Guardia M D. Effect of bicarbonate, phosphate and high pH on the reducing capacity of Fe-deficient
sunflower and cucumber plants. J. Plant Nutr., 1992, 15: 1519~1530.

Bienfait H F, Van der Briel W, Nesland-Mul N T. Free space iron pools in roots : generation and mobilization. Plant Physiol. , 1985, 78:
596~ 600.

Zuo Y M, Li X L, Wang Q J, et @l. Study on mechanisms of improvement of iron nutrition of peanut by intercropping with maize or
wheat. Acta Ecologica Sinica, 1998,18(5): 489~495.

Yang D P. Soil Testing for soluble salts. In; Lu R K ed. Routine analytical methods for soil and agricultural chemistry. Beijing: Chinese
Agricultural Scientific and Technological Press, 2000. 90~91.

Chen C Z. Soil Testing for Micronutrients. In: Lu R K ed. Routine Analytical Methods for soil and Agricultural Chemistry. Beijing.:
Chinese Agricultural Scientific and Technological Press, 2000. 207~208.

Guardia M D, Alcantara E. Bicarbonate and low iron level increase root to total plant weight ratio in olive and peach rootstock. J. Plant
Nutr. , 2002, 25(5); 1021~1032.

Zribi K, Gharsalli M. Effect of bicarbonate on growth and iron nutrition of pea. J. Plant Nutr. , 2002, 25(10); 2143~2149.

Mengel K, Bubl W, Scherer H W. Iron distribution in vine leaves with HCOj; induced chlorosis. J. Plant Nutr., 1984, 7:715~724.
Abadia J, Nishio ] N, Monge E, et al. Mineral composition of peach tree leaves affected by iron chlorosis. J. Plant Nutr. , 1985, 8: 697
~1708.

Romheld V. The chlorosis paradox: Fe inactivation in leaves as a secondary event in Fe deficiency chlorosis; The 9 international
symposium in iron nutrition and interactions in plants: Hohenheim, Stuttgart, Germany, 1997.10.

Gharsalli M, Zribi K, Hajji M. Physiological responses of pea to iron deficiency induced by bicarbonate. In: Horst W. J. et al Eds.
Plant nutrition-Food security and sustainability of agro-ecosystems. Netherlands: Kluwer Academic Publishers, 2001. 606~607.
Gharsalli M, Zribi K, Hajji M. Physiological responses of pea to iron deficiency induced by bicarbonate. In: Horst W. J. et al Eds.
Plant nutrition-Food security and sustainability of agro-ecosystems. Netherlands. Kluwer Academic Publishers, 2001. 606~607.

Nikolic M, Kastori R. Effect of bicarbonate and Fe supply on Fe Nutrition of grapevine. J. Plant Nutri. , 2000, 23(11&12):1619~
1627.

Nikolic M, Romheld V. Nitrate dose not result on iron inactivation in the apoplast of sunflower leaves. Plant Physiol. , 2003, 132:1303
~1314.

Vizzotto G, Pinton R, Bomben C, et al. Iron reduction in iron-stressed plants of Actinidia deliciosa genotypes: involvement of PM Fe
(III)-Chelate reductase and H*-ATPase activity. J. Plant Nutr., 1999, 22(3):479~488.

Romheld V, Marschner H. Mechanism of iron uptake by peanut plants. Plant Physiol. , 1983, 71:949~954.

Romera F J, Alcantara E, de la Guardia M D. Effects of bicarbonate and anaerobiosis on both ferric reducing capacity and ethylene
production by roots of Fe-deficient cucumber plants. In: Horst W. J. et al Eds.. Plant nutrition-Food security and sustainability of agro-
ecosystems. Netherlands: Kluwer Academic Publishers, 2001. 608~ 609.

Alcantara E, Romera F J, Canete M, et al. Effects of bicarbonate and iron supply on Fe(III) reducing capacity of roots and leaf chlorosis
of the susceptible peach rootstock Nemaguard. J. Plant Nutr., 2000, 23(11&.12): 1607~1617.

Biino U, Zocchi G, Romheld V. Effect of bicarbonate in root media on pH of xylem and leaf apoplasmic fluid and on iron nutrition of

various plant species. In: Proc. 9. Intern. Symposium on Iron Nutrition and Interactions in Plants, 22-25. 7. 1997, Stuttgart-Hohenheim,



4 34

ERFF % . A KL E HCO; # S kA GREREFILH 801

Germany, 1997. 18.

[27] Nikolic M, Romheld V. Mechanism of Fe uptake by the leaf symplast: Is Fe inactivation in leaf a cause of Fe deficiency chlorosis? Plant
and Soil, 1999, 215:229~237.

(28] Zouari M, Abadia A, Abadia J. Iron is required for the induction of root ferric chelate reductase activity in iron-deficient tomato. J.
Plant Nutr. , 2001, 24(2):383~396.

[29] Pestana M, David M, Varennes A, et al. Responses of “Newhall” orange trees to iron deficiency in hydroponics: effects on leaf
chlorophyll, photosynthetic efficiency, and root ferric chelate reductase activity. J. Plant Nutri. , 2001, 24 (10):1609~1620.

[30] Lucena J J. Effects of bicarbonate, nitrateand other environmental factors on iron deficiency chlorosis. A review. J. Plant Nutri. , 2000,
23 (11&12):1591~1606.

[31] Mengel K, Kirkby E A. Principles of plant nutrition, 5% edition. Nethelands: Kluwer Academic Publishers, 2001. 553~571.

[32] Alhendawi R A, Romheld V, Kirkby E A, et al. Influence of increasing bicarbonate concentrations on plant growth, organic acid
accumulation in roots and iron uptake by barley, sorghum and maize. J. Plant Nutr., 1997, 20:1731~1753.

[33] Lopez-Millan A F, Morales F, Andaluz S, et al. Responses of sugar beet roots to iron deficiency. Plant Physiol. , 2000, 124:885~897.

[34] Imsande J, Touraine B. N demand and the regulation of nitrate uptake. Plant physiol. , 1994, 105:3~7.

[35] Yuan K N. Iron Chemistry in Soil. In; Yuan K N ed. Soil Chemistry of Nutrient Element to Plant. Beijing: Science Press, 1983. 336~
380.

BEXMK:

[10] ZEou#s . sk, TN, F. EX DESHERERELERE RV HTRIT. £BHM,1998,18(5):489~495.

[11] HEY. LEAEEENE. L. 0% R LERWMAERMSH T E. U7 P ERL A R, 2000. 90~91.

[12] BHRETF. LRHMEBTESF. R .0 EH. LR AEF SN HE. JEE P ERL A H AL, 2000, 207~208.

£3s]

RS LEPKNAY. R RUTERE. AYE TR S, JL B2 H A, 1983. 336~380.



i€, %: EHT Kappa RHHISHTNE
— LA T A R T A N
BU Ren-Cang, et al: Measuring spatial information changes using Kappa

coefficients: a case study of the city groups in central Liaoning Province

Dynamic map

4 Legend | Legend
BN 7/ Mining arca | Bfi Cultivated land M 494t %70 Changed pixel
Bl K5 Airport | M Vegetable plot [ EAF{k% 5t Unchanged pixel
K3 Water i Forest _
[0 *5H Reed field | B Grassland HeAfl X Scale

#bH1 Sandy land B i Urban area 10 0 10 20 30 40 km
B i Marsh Bl A4 R AL Rural area !

BRR I 327 BRI B 1988~1998 SE R MARALIA
Plate I The landscape changes from 1988 to 1998 in city groups of middle Liaoning Province -

EmF, &: ARMELIE L HCO, FSHAEREKKLZNH
REN Li-Xuan, et al: Mechanisms of bicarbonate induced iron-deficiency
chlorosis of peanut on calcarcous soils

b

BRI EFRAPHN HCO, BRI AR E TR R M

Plate I Effects of iron and HCO, addition to solution on iron chlorosis of peanut

FELEPARMHACOS™ I, BEFBLERR, EEFEMKHN-GFHRNZER, YEFETINHCOy” AN 2K REAER(T), MM
HCO3™ B () sk RN A ()R, SRR RGAER

New leaves of peanut showed iron chlorosis when grown in the solution with HCO3~ but without iron (middle) and no chlorosis symptoms of peanut when grown in



