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5rB1U% 130,75,53 f1 35 iR, BB, XEL£BHEMERERMMBANHARR AR, 8
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BESERLBMNA 2 BYEBMSRS , pH 55134 1.0 F1 1.3 Nafr, MER EFFRH
HI7KFE L RYEE B, A BUZEAL 2.6 1 2.8 NBAfE, RULE R, BARE— AR i, B
I BARBGEATEISRAC” M B (B R FRIB AT , Flansd TRABE R, 3 EHE
TR A e T B AR B LMo

AN T

S R REIV B T, RATE e — B R & B, EAE B AR KA -+ op R v B4R
KB —AER, B RIE —R AN R, £ BB b e RRE AR
TR SRR (B E R 4 BRI SChR A , T T LA M B s AR R

X AT EICE B TR M — 5 K 5 Bot Hias i T8, REAER R MmFR S
B—NSE8, IRT, BT L RHATR A, BIEDER T — R EAR, X
FAMEIGR, AERLTREHEE S, EXFEHRKEME, BANKRAS AL
e, TER RIIAMET , TR B R A TR R R AR ), T L ANRTBTAE , RAE ML R I
HMET BB, BES—FMEROEENT S, RIBEWISE LRAWMR
A8, AE LR, TTER A TS, P AR TR AT a0 & Fh ik 7 R Sk AR 00, (R 5 —
H E AR I, 3K R R R RS IR, B4R HATARI KPR, AW S S
B, o BRI AL B A BT R s AE A, FTERA B T MK, E/0,
BRI ST AL 22 BB K A 9 T840, IR B FT AR By 7E3K/NEEM b, AT LA
TR B AR TR 2 TR TR

T EACE R A R B 4 2 M FIARE R RIS, A B T3 & R AR R
PRI T Mo BN, 5% T pH 5 Eh 893 R, BA BOARHRCD IR EL, B XX & i
FHRAR BIR R &L TA&MER AN RRITE, Exd%, SREXXBEHF A4
ST T AR T, (B AN KB R AR TARB D, Rk, % T oL XRE
BB RA 9 MBI AR B R A S BT, T Lt H b T e v — N U
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TIN5 T 6 T R, T 2 B8 e ToRm H IR e e sl SR —
SLi,
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Fh2K B ARTIB AN IR OOB E b, S0 TR R, 5 R SR B BT AR AL KR 510, B
BIE JLEREART R — 8K, BREAT R BMFR X T —L
+H TR R T R, R — R T A,
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OXIDATION-REDUCTION PROCESSES IN PADDY SOILS AND
THEIR RELATION TO THE GROWTH OF RICE

YU Tien-JEN aND Liu CHIH-KUANG

(Institute of Soil Science, Academia Sinica)

(Summary)

A series of works carried out in the Laboratory of Soil Electro-chemistry of this In-
stitute during the last ten years showed that the quantity factor (amount of the reducing
compounds) and the intensity factor (redox potential) are of equal importance in charac-
terizing the oxidation-reduction status of paddy soils in relation to its influcnces on soil
properties and rice growth. The reducing compounds were estimated by potentiometric
titration, chemical determination, and polarographic characterization. The redox potential
of a given soil is determined primarily by the nature and amount of the organic reducing
compounds, which are rather complex in composition and may range in half-wave poten-
tial from about 0.22V to 0.71V vs. calomel electrode under water-logged conditions.
Owing to the reduction of ferric oxides by the organic reducing compounds, however,
ferrous iron appears gradually and at the stage of transformation equilibrium ferrous iron
may amount to 70—90% of the total reducing compounds. The ferrous iron exists in
forms of free ions in solution, water-soluble chelates, exchangeable ions, chelates asso-
ciated with the solid phase of the soil, and precipitates as sulfide and hydroxide.

The oxidation-reduction equilibrium and the acid-alkaline equilibrium in paddy soils
arc inter-related. The redox potential is affected directly by the pH of the soil, with a
correlation factor ranging from 35 to 130 mv per pH unit depending on the naturc of the
soil. The amounts of water-soluble reducing compounds, especially ferrous iron and
sulfide ions, also increase with the decrease of pH. On the other hand, the pH of the
soil changes with the oxidation-reduction status too. For various soils ranging in pH
from 4.5 to 8.0, the final pH at the steady state of decomposition of organic matter undcr
water-logged conditions reaches to a limit of 6.3—7.5.

The oxidation-reduction processes of the soil affect the growth of rice plant through
a variety of ways. It has been established that although the harmful effects of ferrous
iron or hydrogen sulfide are not a commonly encountered problem for ordinary paddy
soils, under extremely reducing conditions large amount of water-soluble ferrous ions may
retard the growth of the rice plant, especially when large amount of fresh green manure
has been added. From the experiment with $%, the concentration of frec hydrogen
sulfide in some paddy soils seems to exceed the toxic limit established by plant physio-
logists. Direct evidences of the effect of the oxidation-reduction processes on the growth
of rice plant may be illustrated in two examples. First, the redox potential of rice leaves
was closely correlated with the oxidation-reduction status of the soil; and second, low
redox potential induced “black roots” of rice. In addition, the leaching of nutrient
cations is intensified by the appearance of large amount of exchangeable ferrous iron when
large amount of organic manure has been added, and the availability of soil phosphates
increases due to the reduction of ferric oxides and ferric phosphate, especially for paddy
soils derived from red soils.



