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PHYS ICOCHEMICAL CHARACTEZRIZATION OF IRON-TOXIC SOILS IN SOME ASIAN OOUNTRIZSL/

ABSTRACT

High Fe(1l) levels caused dy low pH and relatively
high asmounts of active iron and eggraveted by a
continuous Pe eupply f(roe upwelling or lateral
seepage froa adjscent hills have been bdismed for
excessive iron uptske. If fron toxicity 1e {nduced
directly or indirectly by onc or msore constrasinte,
the same astrcesces should be shared by sofls that
show Dbronzing and/or ycllowing. To ecxesaine this
hypothes{s, physicochcalical snalysca of sotls (up
to 40 ca depth) and Intoxificd lesves wverc made at
different altes in the Phillppincs, Sr! Lonks,
Indonestia, China, and Liberia. Soil and plant dats
vere correlated and sitce were grouped by princi-
pel coaponent and cluster snalysis. The following
conclusions were drewn:

® Although 1iron-toxic soils were usually
slightly acid, there wvas no correlstion
betveen pH and high Fe concentrstions (n
the leasves.

o The negative correlations between Pe in the
{ntoxified lesves and soctive Fe in the
solle {ndicete indirect relationshipe.

e Significant correlstions between firon (n
the rice lesves and cstion exchange capacti-
ty (CEC) or exchangeadble Cs and lov P and
exchangesble K valucs are characterietics
shared by the solls, fudicating the impor-
tance of eoil nmutrient status 8s & pre-
trequisite for {ron toxicity.

The effect of & asultinutritionsl soll etress on
{nteractions between lronreducing bacteris (the
sein {ron-reducing agents in rhizosphere and soil)
and rice roots (iron-excluding pover and meabranc
permeadility) are discusscd and s aechsnisa for
iron intoxificstion ie ,roposed.

l/by C. Benckiser, postdoctorsl fellow; J.C.C. Ottow, visiting soil eclentiat, from the Institut fur
Bodenkunde und Standortelehre, Universitat Hohenheim, D-7000 Stuttgsrt 70 (Hohenheim), Federal Repudlic
of Cermsny; S. Santiago, research sssistsnt; and 1. Watsnabe, head of the Depsrtament of Soil
Microbiology., The Internstionsl Rice Research Institute, Los Balos, Laguns, Philippines. TIhis
resesrch was supported by the Cerasn Research Foundation (DFC), Bonn, Federal Republic Cermany.
Subaitted to the IRRI Research Paper Series Comaittee July 1982.



PHYSICOCHEMICAL CHARACTERIZATION OF IRON-TOKIC SOILS IN SOME ASIAN COUNTRIES

In the densely populated region: of South  d
Southeast Asia millions of hectares of potentially
srable lsnd ressin idle becsuse agriculture 1is
limited by one or more soil stresses (scidicy,
slkalinity, sslinity, toxicities, snd/or excess
organic wmatter) (Ponnamprrusa et sl 1980). Con-
atraints in wmerginal soils =msy comprise several
growth-lisiting factors. For {instance, negative
effects associated with lov pH in lesgched eoils
msy be csused by low fertility rather than actusl
pH. In scid sulfate soils, for exsaple, Al and Te
toxicity may be the growth-restricting factcrs,
rather than the high acidity itself. Although {ron
toxicity might be alleviated by amendments auch as
compost, lime, or Mn0j-powder (Nhung and
Ponnasperume 1966, Sshu 1968, Tanska and Taedano
1972, Howeler 1973), lfttle {s known about the
csuse and mechanisa of the intoxification. So far,
excessive Fe uptalie has been cxplained by:

o a relatively high smount of mobile (mainly
reduced) Fe caused by high soil acidity and
a relatively high amount of “active™ {iron
(Howeler 1973, Ponnamperums 1977), often
cosbined with

e & continuous supply of Fe {nto the soll
from upwelling groundwater or lateral see-
page from adjacent hills (Van Breemen and
Moormann 1978; Moormenn and Van Breemsn
1978), and/or

e a poor and i{mbalanced crop nutrient status
csused by uwmlscellsneous nutrient {nter-
actions (Ota and Yazads 1962),

e nutrient-scaverging activity of FPey03-
coot costiigs (Howeler 1973, Tsdano 1976)
and/or to different toxins (H2S and hara-
ful orzanic substances) (Tedano and Yoshids
1978), or

e a lov oxidizing power of the roots result-~
ing frow potassiua deficiency (Tenaks and
Tadsno 1972, Trolldenier 1977).

1f tron toxicity is casused by one or more envirtron
sental constrainte, these stresses and conditions
should be found in most soils that show bronzing
and/or yellowing.

METHODS

Mixed soll ssmples (up to 40 cm depth) and rice
leaves clearly ahowing bronzing snd/or yellowirg
tros different sites in Southeast Asias (Table 1)
were collected and analyzed rhyaicocheaically
(Tables 2 and 3). Data were eveluated by oulti-
variate analyeis. Sites were grouped by principal
component snd cluster analyais.

RESULTS

Occurrence in the lsndscape

The iron-toxic sites exsained (acid sulfate soils
were excluded) were a) located in sasll, poorly
drained inland valleys, often with lateral seepage
end/or upvelling Fe-containing water; b) recorded
in pesty and/or alli-isl, inland or coastal,
plains; c) recognizable by a red-brown, oily scunm
on the surfsce of stignant vwater, most pronounced
et the lowvest el..ations; and d) restricted to
saall aress vwithin the sites.

Philippine inland valleys with typical fron-toxic
sites were: Bangkatan, Mindoro; Labo, Cazarines
Norte; Lapv-lapu, Palawan; and San Dionisio,
Panay. All fron-toxic sites exsnined in Sri Lanka
and some (Tansh Jaabu) in Brunel belonged to this
type (Table 1). Iron toxic{ty occurred alaso rels-
tively widewpread in some alluvial plains of the
Philippines (Abuyog), Brunei (Sinaut and Mslaut),
Indonesia (Ciseeng and Cihea), and in Liberis. The
{ron-toxic sofls in Liberis were boggy. Fleld
observations suggest that permanent  water
saturat‘on during the crop ie the only festure
shared oy sll affected sites.

Root properties of affected hille

Pe-intoxified rice plants had poorly developed
roots. Seriously affected roots were black, de-
caying, and dying. Preshly uprooted hille, de-
pending on age snd degree of toxicity, had irre
gular dark-brown to gray roots rather than the
usual smooth, light red-brown Fep03-costings.
Hilla were most severely affected in the older,
central part of the root syatem. Microscopic exam-
{nations of carefully cleaned and washed roota
showed thick iron-coated roots mixed with partisl-
ly bleached roots without the characteristic light
brown Fe303 micro-rhizotubules.

Physicocheaical properties of grouped soils

Twenty-five {ror-toxic soils were evaluated using
cluster and principal component asnslysis. Ward's
method vas used to cluster distance aatrix. Three
principsl comporents (CEC, Fe+, Mn and organic
matter ) were used. The wmecaning of principal
components was alzost equal to that obtsined by
Kawaguchi and Kyuma (1979), and placed in four
groups (Vable 4). Moat soils froa the Philippines,
Brunei{, China, snd Liberis are in Croup I. Group
I1 includes Sri Lankan soils and Croup 111 coo
prises oolls froa aites in Jave snd the Philip~
pines. Grecup IV includes only two soils, one fros

5
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Teble 1. Llocation of selected iron-toxic sites and the varieties that shoved bronting and/or yellovln;.!

Philippines Sri lantas N Brune, Indonesia (Javse) China {Cuandong) Liber{a

Sites va.lety" Sites Variety— Sites Variety— Sites Varicty Sites Variety Siteo Varfety
San Dioni- 1R36 Sosbuvcla 3C401  Tanah Jaebu Caloh- (iseeng Cisadanc Cancheng n.k.S Suakoko nk.S
sio | (Panay) Pays Commune
San Dioni- 1R36 Bombuwvels- Hondu- Sinaut SMl Keran- Cisadanc Pendal) nk.£
sio 11 (Psnay) Polgaha- ravals wvangi

Lidusulla

Lado (Cama- [R&2 Horana BC346  Malaut Sopok Cihea Semtru Bong Mines nk.S
rines Norte)
Barcenaga, 1R50 Padukka Kaha- VARDA Nur- n.k.S
Nauhan vanu sery Parm
(Mundoro) Suskoko
Bankatan 1RG2 Pussael- PLLS
(Mindoro) lave
Lapulapu Djere-
(Palawvan) LYY )
Natividad IR3b
(Central
Luzon)
Abuyog 1RG2
(Sorsogon 1)
Abuyog 1R&2

(Sorsogon 1)

251tes vith leaves contents (330 ppe Fe except the sofls of Jave) are listed. !Accord!n; to farmers. Sn.k. = not known.

the Philippines and one froa Bruneli. Tables 5-7
describe the physicochemical properties of these
so{l groups. The following list describes the pri-
sary differentiating characteristics of the sofils:

Croup I: low CEC (7.2 meq/100 g dry sofl) and
lov exchangeable cations (K, Mg, Ca);

Croup II: very low CEC (3.4 meq/100 g dry so1l),
very low exchangcable cations (K, Mg,
Ca) and basc saturation, very low P
and relatively low 2n;

Group III: relatively high CEC (25.3 =eq/100 g
dry soil) but very low exchangeable K
(0.08 =meq/100 g dry soil), high Mn
(3,921 ppm) and Fe, lov available Zn;
and

Group [IV: relatively high organic matter (121
C¢) end CEC (27.7 meq/100 g dry
soil), but had lov base eaturation
(26.4%), and relatively low available
P and Zn.

Group 1 sofl properties werc compared with those
of fertile Mashas clay (IRRI, Los Banos), and
average tropical paddy sofl threshold Ilevels
(Tables 5-7). Croup 1 soils were in the acid range
with pH values around 5. Cation exchange capacity
smounts to 25X, the base saturation 46X, and the
exchangeable bases like X, Ca, and Mg 6.5, 10.5,
and 141 respectively of those recorded {n Mashas
clay. lron and mangancse contents of Group 1 soils
wvere much lower than {n Maahas clay or average
tropical paddy soil, and P and Zn may act as
grovth-limiting factors in some sites within this
cluster.

Group II soils had losay-sand texture thst indi-
cates poor nutrient atatus. CEC was extremely low
a8 were total exchangesble bases, base saturation,
and P content. Avaflsble Zn was usually low. Dry
soil pH was ~ 4.9, and total and oxalate soluble
(“szorphous” easily reducible) fron and totsl
msnganese were only 32.9, 31.6, or 3.3X, respec-
tively of those in Mashas clay.

Croup 11l soils have relatively low P and Zn con-
tent and cxtresely low smounts of exchangeable K
cozpared with Maghas clay. They are relatively
high {n {iron and vcry high {in manganese, with
higher pH (5.2 to 7.4), and & slight organic mat-
ter accumulustion.

Group 1V soils have relatively high organic matter
content. Texture {s sandy loam, CEC {s relatively
high, but base saturastion {s low. Exchangeable Ca
and Mg may limit growth as much as P. Compared
with other groups, Group IV soils have lowest pH
and highest percentage of oxalate soluble fron.

Mineral contente of affected leaves

Mineral contents of intoxified leaves are grouped
according to the sofl clusters in Table 8. Despite
Lt wide varietal range (Table 1) and the differ-
ent growth stages of rhe collected rice plants,
the leaves clearly reflect the constraints of the
soil groups (Tables 5-7). When compsred to the
mineral composition of rice lcaves grown in Maahas
clay (greenhousc, pot experiment), potassius {s
lowv in all samples, and nitrogen is surpriaingly
high. Soil analysifa (Table 7) showed P deficiency,
but {t {is not indicated by leaf data, although



Prageria (1976) suggested that critical levele
vary significently with plant sge (criticsl PX/
plant age: 0.70-0.80/25 days, 0.17-0.26/50 days,
0.26-0.37/75 dayas).

Most Ca and Mg values range just sbove the aversge
critical thresholds, which osy be csused by accu-
aulation and lowv translocation of Ca, Mg, and Fe
in older leasves. Except for the leaves in Croup
111, the tron content of the collected leaves vas
such higher than the generally accepted critical
level of )00 ppa. Leaves froa Croup 111 showed
relstively high Mn accusulstion and lov Zn values,
thus reflecting soll propertics (Tadble 7). 2n
seexs to he asesociated with fron toxicity as was
suscested by Haque ct ol (1979, 1981).

When average iron content of the lecaves of Croups
1-1V i{s coepared with thc soll properties of the
groups (Tedbles $-7), there 1s an espparent rela-
tionship between the so!l nutrient status (tex-
ture, CEC, exchangcable bases) and the asount of
fron {n the leceves. Soil {fron content and pH
velues do not sppear to bc related. The highest Fe
sccuaulation 1s 1n °he leaves of Croup Il plants
(Sri Lanks soils) followed by lesaves of Croup I,
Croup 1v, and Croup I11.

Figure 1| ashove the elgnificant correlations bde-

tveen lesf Fe and different soil properties. No

Table 2. Physicochemical methcds used to character-
1z¢ 1ron-ioxic soil saaples.

So1il Methods end
saaples instruments—
Texture (clay Pipette method sccording to Kdhn
si1lt, send)
pH (H0) end EIL 7030-pH-meters in 1:1 w/v H20
1 {ef 4 or 1:1 w/v in 1 N K¢
Ce Walkley and Black method (reduc-
tion of K-dichromate)
Ne Kjeldahl

Electroconduc~ Phil ips model PW 9501/01
tavicy (EC)
Cation exchenge Colorimetric method with Indophenol
capacity (CEC) Bluc (Technicon asutoanslyzer)
Exchange cstions Extraction with szmONiuDd acetate;
(Ca, Mg, X, and Ca snd Mg by stomic sbeorption spec-
Na) troscopy by AAS (Perkin-Elaer 303),
K and Na by cmiss.on spectroscopy
(Perkin-Elmer 303)

Fey and Mng Perchloric scid digestion; AAS

Feo, (smorphous Extraction vith acid ssmonium oxa-
essily reduci- late (darkness; Sciwertzenn 1964)
ble Fe)

Aveilable 2n Extractio: by 0.05 N HLL (Kstyal and
Ponnamp: ma 1979)

Polgen Extractiou with 0.5 M NoHCOj (pH
8.9) colorimetricelly by molybdate
blue

?Br.y Extraction by 0.03 N NH,F and 0.1
N HCL colorimetrically by molybdate
blue

SAccordlng to Analytical Services Laboratory (ASL),
IRRI, if not stated differently.

IRPS No. 85, December 1982  §

Table 3. Methods used ty deteraine macroelements and
microelenents in rice leaves from iron-toxic soils.

Element Methods and instruments
N Kjeldahl
Colorimetrically by molybdate blue

K Absorption spectroscopy, AAS
(Perkin-Elmer 1)0))

Na “bsorption spectroscopy, AAS
(Perkin-Elaer 303)

Mg Absorption spectroscopys, AAS

(Perkin-Elmer 30)) after adding
1,000 ppa strontium

Ca Absorpt ion spectroscopy, AAS
(Perkin-E_aer 30)) after adding
1,000 ppas strontiua

Mn Absorption spectroscopy, AAS
(Perkin-Elaer 30))

In Absorption spectroscopy, AAS
(Perkin-Blaer 130))

Pe Absorption spectroscopy, AAS

(Perkin-Elmwer 303)

correlation between pH and iron content of the
leaves exiets. Oxalate soluble T“amorphous”
(easily reducible) {ron in the soils and the Pe (n
the leaves ore highly eignificantly negatively
correlated, as s slso true for Fe,. This sug-
gests an inverse reletionship between sofl 1ron
content and plent uptske. The highly significent
negative correlestion between the sorption capecity
(CeC, clay) end the Fe content of the leaves ond
the positive correlstion recorded with send frac-
tion may explain the iron content-plant uptake re-
lationship. Deta 8lso showed the higher the amount
of evsilable Ca, the lowver the uptske of iron by
rice plantes.

Iron-toxic sites sre gencrally deficient in P, K,
Ca, and Mg. Sotl pH (H0) values are weskly
acid, with pH ranging from 4.3 to 7.4. The firon
and msngane,e content st most sites 18 relotively
low, which, coupled with the low amount of ex-
changeable cations, {indicates highly westhered
conditions. When the physicocheasical properties of
these soils are cospsred with those of typic
pedons listed in the U.S. Soil Texonomy (USDA Soil
Conservation Service, Soll Survey Staff, 1975},
the soils of Croupu I and 1 (75% of sll sites)
cen be tentatively claseified as Aquults and/or
Aquox, the solls of Croup IV (8X) as Humox, ond
the sotlls of Croup II1 (20X) es Tropudalfs tran-
afent to Tropudults (Nitosola in FAO classifice
tion).

DISCUSSION

Iron toxicity as & multiple nutritional stress

Data shov there (s no positive relationship de-
twveen the pH and Te content of fron-toxic soile
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Table 4. Tventy-five iron-toxic soils grouped by cluster and principal component anslyais using soil
parameters listed in Tables 2 and J.

“Soil Philippines Sr{ Lanka Brunei Indonesia Chinas Lideria
1 San Dionisio 1 Tanah Jambu Cancheng Suakoko
(Panay) Commune
San Dionisio Il Sinaut Pendall
(Panay)
Lado (Camarines Bong Mines
Norte)
Barcenags, Nauhan WARDA Nurse
(Mindoro) o Para Suakok
Bankatan
(Mindoro)

Abuyog-Sorsogon 1

11 Bombuvala
Bombuvela-
Polgsha-Undumulls
Paduka
Pusseellava
111 Lapulapu Ciseeng
(Palaven)
Natividad Karanvangi
(Central Luzon) Cihes
1v Abuyog-Sorsogon 11 Malaut

SUARDA = West Africa Rice Developwment Association.

Table 5. Physicochemical properties of & groups of iron-toxic scils compared with critical thresholde
properties of average paddy soils in tropical Asis end Mashas clay (IRRI).

- . [ Average
Soil Iron-toxic soil groupe™ Msshas clay, properties Critical
parameters 1 1 111 1v 1RR] of paddy levelS
(13) (5) (5) (2) (Tropudalf) soiled
Clay (2) 28.6214.1 11.427.8 46.9218.3 12.022.8 51.0 38.4221.6 -
sile (%) $0.2222.6 $.823.0 26.0220.4 15.028.5% 12.0 27.2:13.7 -
Sand (2) 22.4215.0 82.8210.7 27.1210.2 65.5221.9 37.0 33.9226.0 -
Tcxtureg Silt loanm Losmy sand Clay Sandy loam Clay Clay loas -
pH (1,002 $.120.7 4.910.2 $.820.9 4.710.4 6.7 6.021.1 -
Ct (%) 1.610.6 1.420.4 2.020.5 12.021.8 1.3 1.421.)3 -
Nt (%) 0.1620.06 0.1120.05% 0.2220.04 0.6920.16 0.17 0.1310.11 0.2
C/N 10.5 13.2 9.9 18.4 1.6 11.2

25011 groups (I-1V) by cluster and principal component anslyais. Numbers in pcrcnthczu are numhers of
analyzed sites. —Average of 41( tropicsl surface soils (Kewaguchi nns Kyuma 1979). —Threshold levels baese
on experiences at IRRI (Tanaks and Yoshids 1970, Jones et al 1980). —According to USDA Soil Conservation
Service, Soil Survey Staff (1975). 2n general pH (KCL) vas one unit lover.
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Table 6. Physicochemical properties of 4 groups of iron-toxic soils compared with critical thresholds
properties of average paddy soile in tropical Asia and Mashas clay (IRRI).

. - { a Average
Soil lron-toxic soil groups™ Maahas clay, properties Critic
parameters 1 11 111 1v IRRI of paddy leve
(13) (5) (5) (2) (Tropudalf) soils
EC (o mhos, HZO) 0.1420.08 0.0420.02 0.1120.04 0.4120.22 1.08 - 4-5
CEC (meq/100 g) 7.2 £3.6 3.4 1.3 25.3 23.9 27.1725.5 29.3 18.6212.0 220
TEB (meq/100 g) 2.9 22.5 0.4420.36 20.5120.0 7.321.9 26.4 4.5¢ 4.6 -
Base saturation () 41.0 12.8 " 81.1 26.4 90 23.9 >35
Exchangeable cations
(me3/100 g)
K 0.0810.04 0.04£0.03 0.0820.06 0.2520.21 1.24 0.420.3 0.20
Na 0.1 20.09 0.0310.02 0.1410.17 0.3620.14 1.26 1.523.0 -
Ca 1.5721.45 0.3010.26 11.4729.61 4.7525.59 14.9 10.429.9 ~10
Mg 1.1922.0 0.0820.07 8.81£10.02 1.9521.48 8.5 5.525.3 2-5

®for legend see Table 5. Numbers in parentheses are numbers of analyzed sites.

Table 7. Physicochemical properties of 4 groups of iron-toxic soils compared with critical thresholds
properties of average paddy soils in tropical Asia and Mashas clay (IRRI).

1 _ . il 8 Average
Soil ron-toxic soil groups Mashas clay, properties Critic
parameters I 11 111 v IRRI of paddy leve
(13) (5) (5) (2) (Tropudalf) soils
Fe, (2) 2.4021.56 2.80%3.95 8.4722.87 1.8610.36 7.3 9.9423.73 -
Fe (¢7] 0.6 $0.3 0.3720.35 1.5 20.56 0.8820.19 1.9 - -
l»‘eoll"et 0.25 0.13 0.18 0.47 0.26 - -
Mn (ppm) 1794265 76265 392123294 90185 2300 12001200 -
Available Zn (ppm) 3.62 2.7 1.5 t1.3 0.6 $0.7 1.5 10.11 2.0 - 1-2
Forsen (ppm)2 5.2 2.9 1.5 £1.0 3.6 £2.9 9.0£10.0 11.0 - ~10
Plray (ppn)g 20.5221.9 6.6 £2.9 8.8 24.4 14.024.2 10.0 8.3223.1 220

Lfor legend see Table 5. Numbers in parentheses are numbers of analyzed sites. Eﬂvailnble phosphate
extracted with 0.5 M NAHCO3 (Olsen) or 0.03 N NH‘P and 0.1 N HCL (Bray), respectively.

and the amount of Fe accumuiated in the phenotypi- Results seez to {ndicate that (it {s not

cally toxified rice leaves, and that moet firon absolute Fe(ll) level, but the efficiency of

toxic soils snd plants are deficient f{n K and P oxidizing wmechanisa at the root surface, tl
and low in Ca and/or Zn. These observations indi- prevents reduced Fe from entering free apace .
cate that iron toxicity ia triggered by a multiple passing into the root. Well-nutriffed, healt!
nutritional stress rather than by a low pH and/or actively metadbolizing roots are smoothly coated
a high level of (mobile) Fe in the sofl. In fact, uniformly brown Pe(lll)-oxides and hydroxid:
fron toxicity has been obcerved in soils at “cri- Rice hills with excessive Fe uptske, howev
tical” ferrous {ron levels ranging betwcen 30 and often diaplay {irregularly coated, partly gr.
several thousand ppm (Moormann and Van Breemen dark brown or even black roots that are of

1978). growth-stunted or decaying. Microscopic
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Teble 8. Average minersl content of leaves with iron toxicity sysptoms collected from the soils charac-
tarized in Tables S5, 6, and 7 and compcred vith S unaffected IRRI varieties grown on a fertile clay at IRRI

Mineral contents/sofl .roup!-

Maahas Critical
Llement 1 1! v clayle& leveld
(9) (5) (2) (3)
N (X) 2.2¢0.75 2.87:0.71 1.54:0.47 2.3620.16 0.7310.41 2.%
P (%) 0.17:0.06 0.21120.14 0.1310.05 0.20!2.02 0.1120.08 0.1-0.2
K (X) 1.0520.56 0.6920.45 0.53:0.20 0.5920.67 2.1620.3 1-2
Cs (%) 0.4220.17 0.5920.18 0.6820.26 0.4520.08 0.55:0.08 0.2
Mg (2) 0.25:0.36 0.1420.05 0.22:0.11 0.15:0.01 0.2520.08 0.1
Na (ppe) 401.12413.2 636.62564.3 $39.82446.2 447.52399.5 375.22260.8 -
Ye (ppm) 709.02302.0 1395.82715.4 226.12101.9 $35.02275.8 355.82125.9 >300
M (ppm) 2641.7:133.) 215.22277.9 1633.8278).7 156236.8 403.82195.) 2500
Zn (ppm) 18.02%.0 22.323.75 12.923.7 16.223.1 13.425.5 20

b

on experiences st IRRI (Tanske and Yoshida 1970, Jones et al 1980).

exeminations of (ntoxified plants confiresed the
presence of hesvily sccumulated, bdut frregularly
and psrtly diseolved costings in seversl, but not
all, sftustions. These oorphologicsl changes wmay
be caused by the local collspse of the f{iron
oxidizing and {ron-excluding mcchanies of the
rhizoephere.

To understand how the rice root prevents the ex-
cessive uptake of soluble Pe (and possidly Mn), f(t
is tmportant to know thst root surface oxidization
tequires & sensitive balance between root exuds-
tion and oxidizing ability and the mecabolic scti-
vity of the rhizoflors. The latter e regulated by
the permesdbility of the root woeabrane, which
deteruines both {(nflux and efflux (saount of
organic exudates) (Trolldenter 1973).

Plants with incufficient K, P, and Ca show drams-
tic chenges in their aetadolisn. In K-deffcient
rice plants lov molecular weight compounds (eolu-
ble sugars, arides, snd asino acide) accusulate in
place of higher molecular weight aoletics because
several essential eynthetic processcs asre delayed
(lamunad Jt 1977, Beringer 1978). Cslciua and the
ratio of Mg ¢+ K (+ H) to Cs, controls meabrane
permeadility (Frageris 1976, Bangerth 1979). Lack
in efther XK or Ca thus incresses pcrmeasdility and
metsbdolic leakage (Jonce and Lunt 1967), that asy
be aggrevated by fnsufficient P that is essential
for root growth, energy tranefer, and aynthetfic
procesases.

Rice plants euffering from wmultiple nutritional
constrainte and eeneitive to lov P, K, end Ca
levels exude substantially weore lov wolecular

ZMeahss clay soil fertilized with 50 ppm ures snd 0.15% rice strev powder in e pot experiment.
values of the varieties IRS, IR8, IR22, IRJ6, and IR42, collected et heading atage.

25011 groups 1-1V described in Tables 5-7. Numbets in psrentheses sre numbers of analyzed luvo! per samp)
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Orgonic exudotes
{hydrogen donotors )

Dehydrogenoses

v

Fe (II1) is ochng os hydrogen acceptor ( hydrogenation ):

Metobolic products + ATP + ¢ + MY

Fig. 2. Metadolism of facultative und obl-
gate anserobic bacterla in the rhizosphere
of rice using FeJ*.oxides as s hydrogen ac.
ceptor for energy conservation (sATP-for-

s groeenhouse experiament, and proved that excesaive
Fe buildup cen be reduced if fron-toxic soils are
fertilized with P, K, and Ca + Mg (Benckiser et al

~ +
Fe— OH + -
PR 0 ¢+ H Ferri - reducioses Fo (1) + HgO . mation).
rGORIVE PO Pepn/vien rmr;
:ﬁ:'c..'—':n ‘) :;-4 -,'.c:::.n) 1983).
O seope [y hgp wesege
" "'
7 10, _— (..,,., / Role of 2n {n fron toxicity
l-«nml

e \
Dy PO 4 ——
T (M N/\)-—k(l)a:

- PP arens by vorg

Ql'lﬂl \ I

fo @

AP O > NS (PG ————

Fig. 3. Model for iron intoxification of wetland rice caused by multiple
nutntional sod stress (P, K, Ca). An Insufficient and/or imbalanced supply
of P, K, and Ca increases root exudation and the activity of the rhizoflora.
Enhenced oxygen consumption and fron reduction at the root surfsce cul-
minste into s breakdown of the ironexcluding mechanism and an uncon.

trolled Fe2e influx.

veight wmetabolites than plants with adequate
nutrienta or more efficient nutrient-extracting
capacity. As a consequence of increased exudation,
rhizoflora denefty and activity {ncrease, causing
a higher demand for O and other electron ac-
ceptors  (NOy~, Hn“’. Fc”) in the rhizo-
sphere. Under such conditions, facultative and ob-
ligate anaerobic bacteria (Hammsnn and Ottow 1976)
will ewitch to Fe(IIll) and Mn(1lV)-oxides {n thelr
{emediate root enviromment {n order to contimnue
energy conscrving, ATP-synthetic rcactions (Fig.
2) (Takai and Koomurs 1966, Ottow and Glathe 1973,
Munch and Ottow 1980, Watanabe and Furusaka 1980,
Ottow 1981) Theee reductive proccsses at the root
surface will (incrcase Fez*-aupply. particularly
during growth phases of ({ntcnsive w@etadbolic
activity (tillering).

The continuous reductive dissolution of Fe(lIl) on
the {inside of Fe303-root-coatings oay cause
the {ron-oxidizing aechanism to bresk down (Pig.
J) and result {n the uncontro'led {nflux of re-
duced Fe. This hypothesia of {iron toxicity as a
aultiple nutritional atress has been confirmed {n

P, K, and Cs deficiencies are apparently essentisl
ecological prerequisites for excessive Pe uptake.
Zn deficiency s often an additional arowth-
liafiting factor in .hese eoils. 2 deficiency in
vetland rice 1s characterfized by stunted growth,
blanching at the base of the emerging leaves, and
rusty brovn diecolorfzatifon of the other lcaves
(Castro 1977). Where bronzing or yellowing {e ac-
accoapanied by retarded growth {t may have becn
csused by 2Zn deficiency. (Zn s essential for
heterosuxins synthesis and internodsl elongation).
The coabinatfon of iron toxicity, P, K, and Ca de-
ficiency, and low amounts of available Zn {s coo-
mon, because these stresses are shared by several
fron-toxic esoils (Ponnssperuma 1977; Haque et al
1979, 1981). Overbdbalanced trace clements l{ke ar-
senic (Tsutsuaml 1980) or fodinec (Watanabe and
Tensho 1970) also msy interfere with nutrient up-
take, thus stressing metabolisa and weakening the
iron-excluding power of rice plants.
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