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THE experiments reported in this paper form a continuation of those already
described [Acharya, 1935, 1, 2] and comprise a comparative study of the rate
and course of decomposition of rice straw under anaerobic, aerobic and partially
aerobic (e.g. water-logged) conditions.

The. procedure and analytical details adopted were the same as those
previously reported except for the modifications noted below. Ammonium
carbonate equivalent to 1 % N on the straw, 0 5 g. K2HPO4, 0'05 g. MgSO4,
7H20 and 10 ml. of an extract from a rice soil were added to 20 g. portions of
chaffed rice straw. The aerobic decomposition was carried out in open dishes,
keeping the mass at a straw: water ratio of about 1: 4 by additions of water
from time to time. Water-logged conditions were obtained by having about an
inch of water above the straw which was kept in beakers. Every few days the
mass was stirred and fresh water added to replace evaporation losses. De-
composition under anaerobic conditions was carried out in stoppered bottles as
already described [1935, 1, 2]. It was observed that abundant fungal growth
accompanied decomposition under aerobic conditions and that even under
water-logged conditions a thin fungal layer formed on the surface of the water
when the mass was not stirred.

In addition to the above comparisons the effect of a regulated admission of
air was tested by incubating samples in stoppered bottles and bubbling air
through them at weekly intervals, after the accumulated gases had been tapped
off for analysis. In one set of bottles a current of air was drawn for 5 minutes
through the bottles just over the surface of the liquid; this is termed "mild
aeration." In another set, air was bubbled through the liquid for 5 minutes so
as to replace the dissolved gases by air and this is termed "strong aeration."

The results obtained are given in Table I. They show that the rate of
decomposition is highest under aerobic conditions and lowest under anaerobic
conditions, the partially aerobic (e.g. water-logged) systems occupying an inter-
mediate position. At the end of 6 months the losses in ash-free insoluble dry
matter are 65*0, 47*5 and 55.5 % for aerobic, anaerobic and water-logged fermen-
tations respectively. The relative ease with which the cellulose and hemicellulose
fractions of straw are attacked varies, however, in the different cases. Under
anaerobic conditions, the hemicelluloses are the first to be attacked; at the end of
one month 26-8 % of the amount originally present has been decomposed as
against 9*8 % of the cellulose. At the end of the same period under aerobic
conditions the loss of hemicelluloses is 62-4 % and of cellulose 56-2 %; the water-
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DECOMPOSITION OF RICE STRAW1

logged straw loses 38*0 % 'of hemicelluloses and 32-0 % of cellulose. The water-
logged system thus resembles the aerobic system in the relative proportions of
cellulose to hemicellulose destroyed, though the actual losses are much lower in
the former case. The greater loss of cellulose in the early stages in these two
systems, as compared with the anaerobic system, is probably due to the activity
of cellulose-decomposing fungi.

The greatest loss of lignin occurs in the water-logged straw, whether deter-
mined on the material without any treatment or after a preliminary hydrolysis
with 5 % H2SO4 [Norman and Jenkins, 1933, p. 826]; the losses are 39-6 % and
33-1 % of the initial value by these two methods. The corresponding losses under
anaerobic conditions are 28-5 % and 28*5 %, and under aerobic conditions
33.5 % and 29-8 % respectively.

A striking difference between the three methods of fermentation lies in the
protein content of the insoluble residue. In the aerobic system this rises from
2-88 g. per 100 g. straw at the start to 5-45 g. at the end of 6 months, whereas
under anaerobic and partially aerobic conditions losses of this constituent are
found. Of these two latter residues, the anaerobic contains less protein (2.01 g.)
than the water-logged (2-69 g.); this difference is probably associated with the
more intense reducing conditions present in the anaerobic system which help to
bring more of the protein into solution.

The loss of added ammonia is most rapid under aerobic conditions, about
46 % of it being lost by volatilisation in a fortnight. The loss is less rapid from
the water-logged straw, about 18 % being lost during the same period. The
added ammonia is much better conserved under anaerobic conditions, the loss
over a period of 6 months amounting to only 15 %; this no doubt is due to the
closed nature of the system and the limited number of occasions on which the
accumulated gases are let out for analysis.

The differences in the nature of the products obtained under aerobic and
anaerobic conditions have been dealt with in a previous communication [1935, 1].
The formation of organic acids and the evolution of combustible gases charac-
teristic of anaerobic decomposition are absent in the former case, where inter-
mediate products if any are rapidly oxidised to C02. Water-logged conditions
resemble the anaerobic system in the rapid accumulation of organic acids in the
early stages, but these are decomposed much more rapidly than in the latter case.

The influence of partial aeration on anaerobic decomposition is shown in
Tables I and II under the heads "mild aeration " and "strong aeration." The
significance of these terms has been explained already.

With " mild aeration" the anaerobic conditions in the liquid portion are not
appreciably disturbed as shown by the accumulation of organic acids and the
evolution of methane and hydrogen. There is a marked increase in the amount
of C02 evolved, presumably due to the admission of air, and a decrease in the
amount of CH4 formed. The amount of H2 evolved shows a great increase as
compared with anaerobic conditions. This difference, it is suggested, is associated
with the oxidation-reduction potential of the system under these conditions.

The decomposition with " strong aeration " resembles that under aerobic con-
ditions as shown by the small amount of organic acids, CH4 and H2 formed and
the large amounts of C02 evolved (Table II). The high proportion of free
nitrogen contained in the gases evolved in both aeration treatments is derived
from the air passed through the bottles.

The nitrogen relationships under the different treatments are of special
interest. It has already been noted that the amount of protein in the insoluble
residue is lowest in the anaerobic system and highest in the aerobic system.

1117



0 'A Q O (M s mt-00~~~~~~~~~~~O( 'im 0

C> 00smt -m $

to=

0 ~ C~

UD~~~~~~~~x CDi "qm0 Co
O00 04 l

A 0cq O Et- Eo-

)q cl -
m C- 0

1000O (JZm1C

- -

o cq t o

0

Ca
000 t-

0 .
C)

4-4
a 0

tO 60l-o t-

0 0 -1

d4Q o00C -+0

C) O
't0°00* 0C01

0_, d U: Co00 t- +t> Cl

CB

xO 0t +00

100 Ow0 ~00

0~~~~

p_4 ~~ ~ ~ ~ ~ ~ & -

C)0

¢ A > b O X X b aCa 4X

to*

C +

E-i4

C)

J ~o C)

C)

0

c3

*-4

C1)
C4()

o 0 0 0

-o

6o 0o00 6666 6

o - OCOO -00~ C 1 _ 01CO

Xce0 ZCO 1 0 - t
r o orOCo6666 6

O6o 0 606ooO

101OO 1iO E oO _

Xni < C 0 00C>

O >o oOi oo

- ~000 66C66 -:

0010: c),-,00 to00001o00 M 00~ 00a

to 17.0000

6o or~b o oo0000
00 C ~ 0t-O~C

o4 ,>1 C: X Cl -7

0 c100ooO 0O

00 - It 0001 10_
° o C01 CI09 -

00 01

C)10 .") 1 ~ 0

o o cq o

~00C)01 ~00C)OC

aqco to< ( C

oo o Noo

Coo o 00- 00000o 6

100 0CO

000 - 0m

Ool 01 01C o

666~ 0&,Ou0X,Q E Qz6666

Z010 0CO 0 °AH

C)C9
C,~~~~~~~~~~~C

~Ca
Ca

~ 0

C)
01._
0

.;_

A3

Q.)

co

E--i

*0s

*C)s

C.

*.0

C)

*CO

C)

C.

0s

CO
0

0

C.)

I



DECOMPOSITION OF RICE STRAW11

Table II.
Anaerobic Mild aeration Strong aeration

Per 100g. straw ml. ml. ml.
CO2 evolved 10,850 17,405 32,500
CH4 evolved 10,570 6,880 2,130
H2 evolved 105 5,625 925
N2 evolved 85 12,155 14,205

Whereas under anaerobic and water-logged conditions increasing amounts of
protein dissolve with increasing periods of fermentation, in the aerobic system
there is a continued accumulation of protein in the residue, due to the synthesis
of insoluble microbial tissue.

The water-soluble protein-nitrogen is at a minimum under aerobic conditions
(0.125 g. per 100 g. straw), as compared with anaerobic (0207 g.) and water-
logged systems (0.425 g.). The high value for soluble protein-nitrogen under
water-logged conditions is noteworthy since most of it is synthesised from the
ammonia originally added. It is an index of the great microbial activity under
these conditions and is in marked contrast to the poor nitrogen immobilisation
under anaerobic conditions.

The figures for nitrogen factor [Rege, 1927] and nitrogen equivalent
[Richards and Norman, 1931] also show striking differences between the three
sets of conditions. They are highest under aerobic conditions being 0-536 and
1[11 respectively, followed by water-logged conditions (0 395 and 0-961 respec-
tively), while the anaerobic system shows the minimum values (0.069 and 0-169
respectively). Even "mild aeration" favours protein synthesis as shown by the
jump of the nitrogen factor from 0-069 to 0-265, while "strong aeration"
increases it to 0 330.

DIscUSSION.

The results indicate that partially aerated systems show the characteristics
of both the aerobic and anaerobic types of decomposition of straw and that the
degree of aeration decides which type predominates. Thus "mild aeration"
resembles the anaerobic system because of the organic acids and methane formed,
with the important difference that under suitable conditions a large amount of
hydrogen is also liberated. More CO2 is evolved than under anaerobic conditions.
With "stronger aeration," conditions approach the aerobic system as shown by
the small amount of organic acids, CH4 and H2 produced and the large amount
of CO2 evolved. Water-logged conditions occupy an intermediate position
between the above two systems.

The water-logged system resembles the anaerobic system in some respects,
viz. in the formation of organic acids, liberation of methane and formation of
soluble protein, but in others it shows differences, e.g. in the relative losses of
cellulose, hemicelluloses and lignin and in the synthesis of protein from ammonia.
These differences could be explained by the presence of a wider variety of micro-
organisms in the water-logged system able to attack cellulose and lignin.
Moreover, the lower reducing power under water-logged conditions, as compared
with the anaerobic system, permits an accumulation of proteins synthesised as a
result of microbial activity. In these respects the water-logged system more
closely resembles the aerobic system.

The admission of even limited amounts of air at weekly intervals alters the
nitrogen relationships of the anaerobic system, as shown by the synthesis of
protein from ammonia and by the rapid increase in the values for nitrogen factor
and nitrogen equivalent.
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SUMMARY.
1. The relative rates of decomposition of rice straw in decreasing order are:

aerobic, water-logged and anaerobic fermentations. Cellulose and lignin are more
easily attacked under water-logged conditions than under anaerobic conditions.

2. Partially aerobic conditions resemble anaerobic conditions in regard to
the nature of the products obtained. Smaller amounts of organic acids and
methane are, however, formed and there is an increase in the amount of C02
evolved. Under conditions of mild aeration much larger quantities of hydrogen
are obtained than under anaerobic conditions.

3. The nitrogen factor and nitrogen equivalent decrease in the order:
aerobic (0.536; 1.11), water-logged (0.395; 0-961) and anaerobic (0.069; 0-169),
showing the degree of protein accumulation in the three cases. The protein
formed under aerobic conditions is mostly insoluble in water, while under water-
logged conditions it remains in solution.

4. In most respects the decomposition of rice straw under water-logged
conditions gives results intermediate between aerobic and anaerobic decomposi-
tions.

The author's thanks are due to Sir E. J. Russell for placing the facilities of the
Rothamsted Experimental Station at his disposal, to Mr E. H. Richards for
guidance and to Dr S. H. Jenkins for helpful suggestions.
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