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e&. Bluviation of substances from the furrow slice of a paddy soil
occurs chiefly during the irrigation season. Under flooded conditions, reduced
conditions predominate in the soil of thée furrow slice. In the scil of the
B horizon, the plow sole and subsoil, it is' believed that oxidized conditions
exist, Morita's investigations at the experimental faxrm of Kyoto University
show this cleariy. ;Q/ If it is shown definitely that such a situation generally
does exist in a flooded paddy soil the nature of eluviation and illuviation of
substances in p&ddy soils can be expliained easily. Also, if the scil of the
B horizon remairs in an oxidized condition after flooding,the organic substances
in it will contribute little as a source of nitrogen for rice prOdhCulonn

b. Observations in the field have indicated that the B horizon of
a well-drained paddy soil usually remains in an oxidized sfate under ficoded
-conditions. In order to confirm this observation, the charaeterist*c& of the
various layers of the profiles of fice soils when air-dried were inv P“tlgaued
as shown in Table 18. Sample A was obtained from a paddy field of average
productivity at the Agricultural Experiment Station, Konosu, Saitama Prefecture.
Organic fertilizer was applied each year to this field. Sample B ané C are of
alluvial origin (2lluvial deposits of the Chikuma River) and were oblained from
two neighboring peddy fields at Takagaware, Nagano Prefecture. The fieid from
which sample B was obtained is of very high productivity due to special cultura.
treatments practised by its owner, while the field from which sample C was
obtained is of fairly high productivity. Samples D and E were obtained from
two neighboring fields and both originated from lake deposits near Lake Suwa,
Nagano Prefecture. The field from which sample D was obtcined is of high
productivity due to the efforts of the farmer cultivating that soil. The field
from which sample E was obtained is of average productivity.

c. In cne series the samples were incubated without prior air-drying,
and in the other series the sempl®S were incubated after they were air-dried,
The depth of the soil vas about 9 cm and the depth of the surface water was
about 1 cm. The temperature of incubation was 30° C.

‘d, The res »ltn-of this investigation, which are given in Table 18,are
summarlzed s follows. After flooding, the soil samples of the B horizon
whxch.were‘not air-dried remained in an oxidized state eand ammonium-nitrogen
production in them wAs insignificant. The only exceptions were the soils of
the plow sole of both samples from Takagawara, Nagano Prefecture, which became
more or less reduced, but the production of ammonium-nitrogen also was insigni-
ficant. The soil sampWes obtained near Lake Suwa showed rather strong reaction
to alr-dMywng, but, when flooded without prior air-drying, these samples also -
remained in an oxi dlzed state.

e. The results of this investigation, which prove that the B horizon
of paddy s0ils is in a state of oxidation under flood on conditions confirm
the observations made of paddy fields at many localities.
_ The reduced conditions in the A horizon and the oxidized conditions
in the B horizon may be responsible for the accumulation of iron'compounds in
the B horizon.

3. Eluviation,of ammonium-nitrogen in the profile of flooded paddy soil.

8., In addition to being absorbed by the rice piant, the disappearance
of ammonium-nitrogen added to the furrow slice can be attributed To several
causes such as (1) lateral flow of surface water containing ammonium-nitrogen
to drainage ditches, (2) absorption by autogenetic (maturally living) hydrophytes
growing in the surface water, (3) denitrification in the uppermost surface of
the furrow slice, and (4) eluviation into the subsoil.
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b. The loss of ammoniuvm-nitrog lateral flow of the surface \
water into drainage ditches is not serions if the surface water is not drained |
within a few days after fertilization. In the c&se of absorption by anioge- V!
netic hydrophytes, there is no actual loss of nitrogen since these organismév 7
will be sooner or later incorporated inte the soil by cultivation. g§/ If

this is true, the loss of ammonivm-nitrogen from the furrow slice cen be .

attributed lergely to either denitrification or eluviztion or to both. The

resuits of a field experiment (Table ) show clearly thet, when ammonium sulfate

is incorporated deep into the furrow slice, rice production is larger than when .
shallow incorporation was done. '"his has heen nxoven oy mény field experiments i
conducted throughout Japan. e ' |

c. It is obvious .thet mere ammonium-nitrogsn will be lost through - ° =
leaching if it is applied deep iz the furrow.siice than if it is applied in
the surface. However, the fact that rice yields: tually lower when shallow
nitrogen applications ere mede $han when deew & ions are made <indicates
strongly that'dénitrific&ticn is.&.more dmportant-factor thon eluvietion in the

loss of aemmonium-nitrogen in paddy £isld under- floodel néitioms. In order

:

to determine the sseriousness of the loss oft 2mmoniung-nitros g
into the subsoil, ths following.e¥psriment was perdormed in the paddy field
at the Agricultvral Ezperiment Station, Fonosu, Saitama Prefecture.

. .4, Several glass tubes, with an avercge area of 13.2 sg. om, were
inserbed: into- the soil 6f-2 flooded paddy Field. "The top ¢ cm of soiil from

the field.was replaced with the soil of the furrow siice frem ancther field

that was not fertiliged witi‘nitrogenous fertilizer during the year. Care was®

teken to cdistinguish thé 8dded-So0il from the plow sole by & thin layer of sand.

During the experiment the level of the surface water within the tube was kept
théfsémévﬁs‘the level of .the.surface water outside the tube.. On 22 June,
ammonfumjsuifate vas addec to each tube, except the check, at the mie of

15 Kg of nitrogen per'hectare and was mixed with the soil at one of the follow-

ing depths: in the surface water; 0-2 cm; 3-5 cm. Analysis was made of ammonium-
nitrogen in the soil of one tube (0-9 cm depth) from each treatment seven days,

21 days, and 52 deys after beginning of the experiment. The data are given

in Table 19, it is obvious that mere nitrogen was lost where shallow application

was made than where daep &pplication was made in spite of the greater possibili-

ties of more emmonium—hitrogen being lost by eluviation in the latter method.

It is believed that most *of the ammonivm-nitrogen leached out of the furrow

slice by the pércolating water is absorbed in the plow-scle layer where it is .
later assimiiated by ‘the roots of the rice plant. Therefore, if emmonium sulfate
is applied deep in the furrow slice, the portion utilized by the: rice crop
skould be quite large. This had been substantiated by the resulis of an experi-
ment showt in Table 20. '

2. In the experiment summarigzed in Table 20, 20 grams ammonium sulfate
was &pplied two days before the rice scedlings were transplanted. The rate of
aprlication was 0.5 grams of nitrcgsen per plot (area, 0.5 sg.mj. The follow—
ing depths were used: {1) in the surface weter, (2) mixed into the surface
s0il by hand sfter addition to the surface water which was 3 cm in depth,

(3) mixzed into the surface so0il by hand affer the surface water had been drained,
and (4) in the inner layer of the furrow slice (3-6 cm in depth). After the
Crdi)'was_h&lrvestedg its nitrogen content was analysed and the percent of the
applied_nitxpggn.obSerbed by the crop was celculated. '

f. The data in Table 20 show thel nearly 2ll of the nitrogen applied
in the inner layer of the furrow slice (3-6 cm in depth) was taken up by the
rice crop. The data also show that waere the s50il wes flooded shmoughout the
year (plot B) more of the nitrogen applied at the surfece was absorbed by the

rice crop than vhere similer surface application wes made in soil flooded only
during the rice season. A previons investigation using the soil from plot B
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‘has shown that practically no nitrogen was losh in the oxidized layer of this
soil (Table 7). Perhaps, this singular behavicr of soil B is responsible fior
the high returns from the nitrogen applied at the soil surfece.

i

F. Degraded paddy rice soils 22/
1. Charactierissics of degracded padidy soils.

8. The paddy soils of Jupan mostly are of recent alluvial origin

and generally 2are guite fertile. dowevt-, Some of these soils ere of degraded

nature corresuondinﬁ to the paddy podzols and pedzolic scils of China described

by Throp JI as being formed by uhe practices employed For rice production.

On such degraded soils the roots of the rice plants ere demeged, especially
the

o

7
during midsummer when growth is vigorcus. In edditicn, the plants usually
are aitacked by "lcaf spot dissase" a. During the later stage: le growing
season, the growth and &

reduced.

{n
o]
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gx
apperrance of the plants. are poor amd Jie g ‘gre greatly

{9}y ield observations have shown thet degraded soils are dezcribed
by the iollowurg characteristicss

_ (1) The soil of the Furrow slice .is colored grey and shows
little or no evidence of active ircn compounds.
‘ (2) The plow-sole layer is usually bleached and resembles the
A2 horizon of a tyue podzol. '
' 3) Directly below the plow sole or slightly lower is & layer
where ferric oxides accumuléata.
{4) In midsummer the reduced layer of the furrow slice emits

HoS gas.

(5) The rice plents growing on a ncrmal paddy soil have healthy
Toot as indicated by 2 reddish-brown color resulting from a coating of hydrated

. ferric oxide. The roots of rice plants growing on degraded paddy soils,however,

usually are whitish in appearence and are without any visible coatlng of ferric
oxides.

c. The process by which ferric hydroxide is precipitated on the healthy
roots of rice pleats growing on a normal soil cen be explained as follows:

.

(1) Recently K.Xumada at the author's laboratory Tokyo UniverSity
has_worked on %this obscure, but importani problem in press. This work has
thrown some light on the subject. He has pointed out the existence of a thin
seath of water of a width of aoou+ one millimeter around the root in the case
of the rice seedling grown in & heslithy paddy soil under water logged conditions.
Across this seath of water, the Toot hairs, which are formed on the unmature root
reglon where growth of elongation occurs, pencirate their tip into the soil.

As mentiored in & preceding section (A,4), the active forms
of iron and sulfur in the reduced leyer =zre Fe  and S™ ions. In the oxidized
layer the active forms are Fet+tand 34"“ jons. The soil of the furrow slice
of & normel paddy field usuzlly contains enough active ferrous ions to com-—
pletely precipitate the sulfide ions as ferrous Svl_lde, and probably also
precipitates soludle organic metter as ferrous compounds or complexes. When
the rice roots develop in the zeduced layer of 2 normal paddy soil, the newly
elongated parts of the roots of ebout %two centimeters in length from the tip,
including the region of the primary meristen locating at the root vip and the
region of the root hairs possessing high oxidizing power oxidize the ferrous
sulfide to ferrous sulfate, and then to ferric sulfate at the proximity of
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their peripheries. The ferric ions soon precipitate out as hydrated ferric
Bydroxife in the soil and form a layer around the roots which protects the
young roots against the action of reduced substances in the soil.solution.’ -
But in the region of the root becoming older, its oxidizing power decréases
gradually in intensity, @nd *he front line of the precipitation of hydrated
ferric oxide retards nearer Soward root surface across the seath of water at
the boundery of root 2nd soil. Thus the root ‘becomes stained reddish-brown
from a coating of the hydrzeted ferric oxide &s it grows older.

(2) In contrast, the roots of & rice plant growing in & degreded
paddy soil lacking ﬂuffic*ent amcunts of active iron oxides are not protected
by a layer of precipiiated ferric hydroxide arcund their peripheries. Con-
sequenULy, these rocts may be damaged by reduced subsiances, such as sulfides .
and organic compounds disso fed in the soil solubion. ‘

]a-

d. Pertinent information on the chemical composition and behavior
of. & highly degraded paddy soil, a weakly Cegraded paddy soil, and & normal
p2ddy soil are glveu in Table 21 and 22. The data in these ta rles, can be
summarized oriefly as follcws:

L ( )" Thie free ferric oxide and active mangan%se content in the -
furrow slice of 2 degraded paddy soil is much less:than that of a normal paddy
soil. ' ‘

(2) 1In a highly degreded paddy soil, the amount of phosphoric
acid soluble in hot, concentrated hydrochloric acid is much smaller in the
furrow slice (A horizon) than in the zone of accumulation of ferric oxide
(3 horizon). This relationshiv is the converse in the case of 2 weakly degraded
paddy s0il or a normal paddy soil. From these results it appears that in &
highly degraded paddy soil phosphoric acid is leached out from the furrew siice
into the-subsoil. Hirano has found that some of the P205 applied -as super-
phosphate in the furrow u?ic of degraded pa idy soils in Hiroshima Prefecture
was leached out and depo 24 i (a) ‘

0]

d in the subsoil.

w2

3 (a) FPrivete ccmmunication by M. Shioirxdi with 3. Hirano &t the Agri-
cul‘ba&ﬁ-1 Pprrlment -matlor %&1Jo, Hiroshima  Prefecture.

e. The soils of thae reduced layer and the olow sole of a highly
degraded paddy soil give off HEJ gas ‘under flocded condition.  No HoS gas is
emittei by the roils of the Turrow slice of & normsl paddy soil under similar
iong. It has been found:that if:fhat end B horizons of a degraded paddy
so*l a“w mixed there issno eonmission of H S. Tnig ;nf*cateé'that, vy mixing .
the soil of the furrow siic a,both the suosoil, reclamation of degraded paddy
Scils is possible. '

2.. The Yechanism of Degredation:

=g, hory “ferad en important theory explaining the mechanism
of dsgradaticn of

soils. In laserziory experiments conducted by the
writer and his a o

heg been obgerved that under flooded conditions
with uar.etr icte ge, Fe compounds, primarily ferrous sulfide, eare

leached out of the of the furrow slice by percolating vater into the.subsoil.
The dovmvwerd movement of fer}ous ioms aliso is aicded probably by dissolved orgenic
substances and LQS. Within the subsoil of paddy fields, the presence of spotty
8ggregetes of ¥nl, ofsen has been ovserved in the B horizon or in G {gley)

horizon or in botk horizons. In tke B or G horiesn, the eluviated ferrous
ions are oxidized to form insoluble ferric compounds by the Vn 10, and at

=

?
the same time, the ¥nO, is reduced to form soluble mn'* compouncs ., 132/
When the paddy field is drained well, the ¥n compounds in the soil solution
or in the ground water p1901p1tato av manganous carvontte which is easily
cxidized to Mn0,. It has been shown in Table 18 that the Fh value of: the
B horizon of well d*alﬁod paudy s0il is feirly high even after flooding.
Hence, it is possible that active iron in the B

FAO/52/7/4187





