-9 -

4. -Although in the foregoing experiment the applicat

jon of ammonium

sulfate before flooding gave the best results for rice production, it has

been observed in other experiments that if irrigation wa
a week after the application of ammonium sulfate, the yi
then that obtained when application was made after flood

s delayed more than
eld of rice was less
ing. The reason. fo¥

this reduced yield is believed to be due to nitrification of the added

ammomium-nitrogen under the uplend condition existing in

the peddy soil prior

to irrigetion. After the field had Deen irrigated, the nitrate-nitrogen that

was formed is lost through denitrification and leaching.

5. In the past the average Japanese farmer preferred
nic nitrogenous fertilizers, such as soybean meal andé Ii

concentrated orga-
sh meal, for rice

production. TFielcd experimenis witn these fertilizers have shown that, with

the exception of applicaticns for degraded pacdy soils w
later, the effect on rice production is not superior to
sulfate., When ithese orgenic fertilizers are broadcast o

hich will be discussed
+hat of ammonium
n the water after

flooding, difficulty is experienced in mixing such materials deeply and thorough-

1ly in the soil of the furrow slice bty the ueual methods
by farmers. Consequently, large lcssas of nitrogen occu
and the results are reflected in the yields. Dete in Ta
point. :

6. On the average, & rice crop contains, a total of
in the grein and straw for every 100 Xg of brown rice ha

of harroWwing prapti%%d
r through denitrification
ble 11 illustrates this

2.4 Kg of nitrogen
rvested. With this

- information in mind, & study of the dets in fable 2 shows thet & lerge part

of the applied nitrogen is not mnsed by the rice plant.
for ammenium sulfate, but also for soybeen meal.

C. Factors influencing nitrogen transformation in fi

1. Temperature: 20/

a, The high svmmer temperatures accelerate t
nic matter in the soils, conseguently, much ammonium nit
The results of an experiment showm in Table 12 illustrat
very well. In this experiment & remarkably lerge amount
produced during the four days after the temperéiure was
400 ¢ and meintained at the latter temperature.

- . .
- b. The combined effects of high temperature
floodivig were investigated in one erperiment. The resul
*13and are summarized as follows:

(1) Productior of ammonium-nitrogen in s
temperatures of 26o ¢ end 400 ¢, reached & maximum 14 da
(2) More emmonium-nitrogen was produced
‘air-dried at both the low and high temperatures prior to
(3) Incucation at 40° ¢ resulted in larg

This is true not only

ooded paddy rice soils 22/

he decomposition of orga-
rogen is produced.
e this latter point
of nitrogen wes
raised from 30 C to

and air-drying prior to
ts are shown in Table

0il samples,incubated at

vs after flooding.

where the samples were
flooding.

s amounts of ammonium-—

nitrogen being produced in both the ajr-dried end wet samples. Production of

. . . . - ]
ammonium-nitrogen in wet samples incupated at 26 C was

2, Effect of mixing the soil of the upper nortio
with the lower portion: gg/

small.

n of the furrow slice

8. During the early stages of the rice growing season,certain aerobic

autotrophic micro-organisms, such as algée, flourish und
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er the influence of




the direct sunshine ‘on the surface of $he paddy fields. Thus, ‘he uppermost
layer, nore specifically, the oxidizcd 1%v31, of the Tloodad ra@@: SoHill A g
Q

emrichea with much eacmlv decomposeble oxgonic matter composed of -tae cells
of living and dead microorganisms. Some of the nitrogen asssimildted by these
microorganisms is believed to be fixed from gasecun niitro i)

course of the rice season

el

3 ;
1, the soil of the oxidized layer is mized or disturbed
whenever cultivetion is done. This mixing of the oxidized layer incorporates
the easily aecoﬁﬁoéahle organic matter into the reducecd loeyoer wh
quickly dacomposed by +the het terotrophl mgb*ochuﬂwo“," As a resuli, much

&mmonlum—nlkrog n is produced.

-

b. To illus%rate the results of =oil mixing during cultivation, as
discussed irn the:previous paragfaph, data From an experiment are presented

in Table iAd.:tIn this eypGFiment soil samples were Wwken during the period

of rice grthn &t Two er+“° of the furrow slice from two paddy fielcs &t the
Agrlculﬁu*al Tiperiment Station, Xonosu, Saitams Drefac*uﬂpo The resulss
presented ih Table. 14 show thdt BfSer 14 deys of incuovaticn the samples cf.the
tos layer (0-5 cm in depth), with soil from both the oxi
layers, contained mere ammonium-nit &mp
(5-10 cm in depth), soil of the reduced layer oniy. The
nitrogen in *Fn'tup'lav r.0f s& a
per 100 grams of dry soil. Thi

hectiare, respectively for the top ualf of the furrow s1i

ies of the bot:omwlayer

iricre2ses in ammonium-

mplies from the twe fields re At

8 corresponés to 22 Xg and 5.5 Kg of nitrogen per
c A

is suuposed that thsse increased smounts are completely assimilated
rice plani, ammonium-nitrogen produced from tke asily deccmposable orgeni

metter of tﬂu oxidized layer merits serious consideretion in prectical rice
culiure.

jod)
o'
el
1
P

(T = i
0]

3. Effect of soil temverature on the ammonium~nitrogen content of flooded
paddy soil.

Qs Generailyispéékinv; the soil temperature of the furrow slice ig
influenced that of the surface water. At the beginning of the rice se&son
the Temperature of the surface water znd the soil of the furrcw slice are
often as low as 20° U. A% midsummer the temperatures of the water and the 5011
often rise as higk as 40° C during the dzy. Since & high temperature of 40° c
is known to increase the activity of heterotrophic microorgenisms and inhibit
the activity of nitrifying microorganisms, under a high temperature the
differentiation of the ozidized layer in the flooded soil may be de_&yed and
the loss of nitrogen through oxidation-reduction uay be reduced. On theother
hand, it is believed that a low temperature of SR delays decompcsition of
the soil organic matter, facilitates the formation of the oxidized layer in
which nitrification occurs, and results in the loss of much nitrogen through
denitrification.

b. Effect of low “emperature. ;ﬁ/

(1) In order to determine ithe effects of low temperature on nitrogen
transforrAtion in the upper leyer of flooded paddy soils, an experiment was
conducted using scil from paddy ficldsat the Agricult ural Experiment Station,
Konosu, Seitama Prefecture. zcept for the check samples, the ammcnium sulfate
or soyboag mez2)l was added to f qe goil samples and incubated at 20 C. The results
are given in Table 15. :

(2) The data given in Table 15 show a merked decrease in ammoniume

o |

nitrogen. The decrease was esveci@lly great where the s0il depth was shallow
and the ratio of the tRicimess cf the reduced layer to the thickness of the

oxidized layer wes small. MAlthough the actual loss of nitrogen was nob measured
in this experiment, from the resulss of a previous experiment Table 6 using the
same scil, incubating at 30° G, it was found that & decrease in the ammonium-
nitrogen content was accompanied by & lose of nitrogen from the soil.
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c. Effect of high tempersiurc 23/

{1) TUnder flooded conditi on, high %empe oiure promotea znot only
the denowp0"ﬂ"¢or of crganic m&tﬁe; nd the producticn oi aamonivm-ri in
paddy soil (Table 13j, bu® i% slso tends %o dnlay the decrenze of ammonium-—
nitrogen. To investigate this effect on t emnonium-nitrogen coatenty an
experiment was conducted u@*ﬂg soil samples from two paddy fields &% the
Agricultural Fxperiment Siation, Konosu, Seitame Prefecturc. The resulits are

presented in Table 15.

{2) The resalts tabulated in Tabie 16 snow clearly that, in
comparison to the lower Semperature of 30° C, the high temperature of 2070
no% oniy inereases the production of anroninm-nitrogen but it also delayed

-

the decrease of ammcnium-nitrogen in the gamples.

do Bffent of air-drying of the soil of the furrcw slice befor

fioocdin

°

(1]

(1} It hes been shown esrlier (Tables 5 and 13 ﬁhﬂ@ air-drying
peddy soil prior to irrigetion resulis in a greds inecreZse in &mmonium~nitrogen
production. Ths effect of this nitrogen transformation on rice produchion
will be discussed in a later section of this report.

i

P. PFizmtion of free nitrogen in flooded peddy rice soils 27/

1. Meny workers have claimeé that certain blue-green algae {Hostoc)
are a&ble to assimilate gduéous nitrogen. According to the results of Dp__/,
nitrogen fixation by blue greea algae in flooded paddy soil is highly prokable.’
In & previous experiment it has been shown that the upper layer,probably the
oxidized layer, of a flooded paddy soil usually becomes enriched with available
nitrogen during the summer sesson. Tc prove definitely the phenomenon of b
fization of gaseous nitrogen in flooded paddy soils, the following experiment
was carried oul using methods similar to those of De.

2. In ordar tc minimize the unavcidable loss of soil nitrogen under
flooded conditions, probably in the oxidized layer, the depth of the incubated
501l was purposely mads shallow. One virgin scil on Argkawa wiver z2lluviel
soil and two paddy soils frow the Agricultural Experiment Station, Konosu,
Saitama Eret e“*“?ea were used in this experiment. Samples, each weighing 2
grams \a ry), were pleced in Erlenmeyer flasks of 300 cc cepéciiy. Three
series of treatmcntg were conducted. No chemicals were sdded %o vac check
series. Tc one ssries 0«5 grams of ﬂa%oq were adGded, and to the other series
0.5 grams of CaC0y and 16.4 mg of B—af01 were saded. fhe samples were flooded
'111e€ water and then were inoculated with the surface water

v

with 100 cc of di
from 3 poddy field at the Agricultural Experiment Station, Koncsu. The flasks
conteining the soil samples were placed near a window in the light of the
afterncon sun on 2C August 1942. After a few days blue-green algae were noted
n the fiasks. Their growth during hne experiment was vigorous. Nostoc and
atorie were found %o be most abundent. Motal nitrogean in the flasks was
m;ﬂed be fore the experiment and - appreximately 50 days and 90 cdays after

= H

and KH,PO, wers 2.4 ed promoting
the fixation of nitrogen in the Soil ples used in uhls experlnﬂnt The check
sampies of & fertils s0il from a padd field a%t the Agricultural Txperiment

Staticn, Eonosu, which had received orgenic fertilizer each year (sample C),
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showed a large loss of soil nitrogen.

4e Unler actnal fieid conditions et the Agricultural Experiment
Station Konosu, investigations have shown that the uppermost layer of flooded
3dy soil is enriched with the crganic nitrogen of microorganisms even where
no lime has been applied. The explanation of this enrichment probably is due
to the fact that the plant nutrients in the surface water of the paddy fields
is replenished daily by irrigation waser and its reaction during the day becomes
scmewhat alkaline due to the assimilation of C02 during the photosynthetical
gctivities of hydrophytes. During the night the surface water becomes acid a
as a:.result of the production of qu from the respiratory processes of these
plants and also of other soil orgenismc. Thus the pH of the surface water of
& paddy field cccasionally is even greater than pH 9 dhr,.nL e clear afternoon,
and is near pH 6 early in the m C“ﬂﬁﬂEnA mlls elkaline reaction of the surface
water during the day cenables certain bine-green algée to grow vigorgusly and

0

asgimilete gaseous nitrogen wizhoun the spolication of lime.

I " Prefile uf 8 weli-drained »addy soil.

o 24 The xurrcw.slice of a pa solil eo “*éspondq to the A horizon of
an upfuri m;ilk The soil cf the furrow ceives much inorganic end

I > n mamures,and commercwal
fertallﬂe“ Thﬂ"e maserials are regularly nixed into the so_l by: tillage
pra2ctices. In addition, the 1 iz sudiected vearly to altermate periods

of flooding ené drying. ZFlcoding brings sbout reduced condition in the soil
and percolation of water into the subsotil. Drying brings about oxidative
conditions end little or no vercoletion., Thus, in a paddy soil,irrigaition
water is largely resnonsible fox eluviation.

Th the Lurrow'sl‘Z: JP“CrQllj is & layer of about 5 -cm in
thickness which is referred %o as the "plow-sole'. This plow sole is a layer
formed as a result of rice culture &nd is qardencd end compacued by eluviated

ces from the furrow slice. Be*orﬂ an upland fi:ld ie converted to a
furrow slice could well have been part of the A or B horizon.
In & nature paddy soil the plew scle generally corresp ponds to the B, horizon

except in the case of hlghlv degraded . paddy soil in which the plow sole appears .

toe have been changed iuto %he &n horizon. The plow scle usually is almost
structureless. During the latfer porsion 0* the rice growing season,the rice
-pians distributes its rcot in this Ver."

¢« The subsoil which lies below the plow sole generelly is the Bg
horizon. Except in sanéy soils, its stracture is usually prismatic or colum-
ner at its lower Gepth. Some of the substances which rass through the plow
sole are deposited in i%s interstices and oneﬂlngs mzde by plant roots. As
will be showm later, dhe subsoii ususlly ie low in aveilable nitrogen. Although
undsr laberatory conditions some 3mmoniummn1trogen'is formed through the drying
and wetting effect, under actual field conditions little or no ammonium-nitrogen
is formed during the irrigation.seaéon‘ '

d. The gley Woriwon often is found-im the lower portion of a paddy
s0il. That horizon will no%: be dlscussed any further in this report.

2. Chexoteristics of the B hordwon of & well-dreined paddy soil under
flooded conditions: 22/
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