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        1) The mineralization of several kinds of rnicrobial cells added to soil were accelerated

    considerably by the drying effect.

       2) When microbial cells were roughly divided by rnechanical procedure into two parts,
    i.e., cytoplasmic and cell wall substances, and separately added to soil with or without drying

    previously, the former was mineralized very quickly both with and without clrying previously
    and its mineralization was not accelerated by the drying effect. [[Ihe latter without drying previ-

    ously was mineralized rather slowly, and the latter with drying previously was mineralized very

   quickly and remarkably. Furthermore, the forrner with and without drying previously left
   hardly any residual matter in soil, but the latter without drying previously loft considerable

   residua! matter because of making a complex resistant to microbial decomposition with colloid

   materials such as clay minerals and hurnus, and mineralization of the residual matter was remark-

   ab!y accelerated by the drying effect.

       3) From the results mentioned above, it may be concluded that microbial cell wall sub-

   stances remaining in soil clearly contribute as a source of soil organic matter becoming decom-

   posable due to drying.

    From the results of previous papers (9, 10), it was assumed that microbial cells
and their cell walls contributed as a source of soil organic matter becoming decompos-

able due to drying (hereinafter referred to as the decomposable soil erganic matter).

In this paper, therefore, several experiments were carried out as to the effect of drying

on mineralization of microbial cells and their cell walls added to soil.

EXPERIMENT 1 MINERALIZATION OF FRES}{[ ANTD DRIED MICROBIAL CELLS IN SOIL

Matejials and methods

    Ten g of artificial soil (8 g of sea sand, O.25 to O.50 rnm in diameter+2 g of mont-

*Present address : Faculty of Agriculture, Yamaguchi University, Yamaguchi, Japan.
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Table 3. Preparation of cytoplasrnic and cell wall substances.

         Cells
          ;
 - Ultrasonictreatment
         19,5 kHz
    Ar. simPlex, B. subtilis :20 min
    S. cerevisiae : 25 min

          ,
    Centrifuge
      3,OOe-4,OOO rpm, 20 min
          1

   ss -ppt. sp.(Undestroyed cells)

                   Centrifuge
                   IO,Ooo rpm, 10 min
                        1

              lt
             ppt. sp.       (Cell wall substances) (Cytoplasmic substances)

             B. subtilis S. eerevdsias
Fig. 1. Electron rnicrographs of cell wall substances after ultrasoniÅë treatment (Å~ 1O,OOO),

ment are shown in Fig. 1. These substances were added to soil respectively and in-

cubated as mentioned above.
    Regarding cell wall substances from B.subtilds, the air-drying effect (air-dried at

room temperature for 1 week) on their mineralization in three soils (Table 4) was
examined. Tota1 carbon evolved in the experiment was calculated as follows: carbon
evolved as C02 during the air-drying treatment was determined and added to carbon
mineralized during the incubation period. Carbon and nitrogen mineralized from
cell wall substances were calculated as follows: carbon and nitrogen mineralized from

soil without addition of cell wall substances was determined, and these values were
subtracted from those ofsoil with such additions. Though a little carbon and nitrogen

were mineralized from the soil without such additions during the incubation period,



Characteristics of Readily Decomposable Organic

   Table4. Propertiesofsoils.

Matter in Soil 13

Soil Texture iMajor clay
 rnineral

 aay
content

Total
 c

Total
 N Mineral N CEC

Ushiro-

  kawachi
Isahaya

Choyo

Lic

Lic

L

Kaolin

.Mont-
  morillonite

Allophane

40.2

".2

14.5

(o/o)

O.23

o.4e

O.47

O.04

O.06

e.ol

(rngi 100 g soil)

     8.2

    l2.0

     6.2

(me/1OO g
    11.8

    31.9

    11.5

soil)

Soils were treated wi

repeated four times.
th H202 solution and
After washing with

 soil organic matter was removed. These treatments were
distilled water, soils were air-dried and ground in a rnortar.

Table 5. Drying effect on the mineralization of cells (Ar. simPtex, B . subtilis).

Mineralization of cells

Amounts
   of
cells addecl

Treatment for 2 weeks for 4 weeks

 Amounts
mineralized

Drying
effect

 Amounts
mineralized

Drying
effect

Carbon
Ar. Sand

Soil

 50

1oo

IOO

Control
Oven-dried
Control

Oven-dried
Control
Oven-dried

(mg CilOe g sandi) or soi12))

28 230 (4.0)52 456 (4.0)52 355 (3.0)

39

oo

M
68

60
64

 1
(2.0)

 4
(4.0)

 4
(4.0)

B. Soil  71

l42

Control

Ovendried
Control
Oven-dried

41

43
72

76

 2
(2.8)

 il,

(2.8)

51

53
85
89

2

(2.8)

 4
(2.8)

Nitrogen

Ar. Sand

Soil

16.5

33.e

33.0

Control

Oven-dried
Control

Oven-dried
Control

Oven-dried

(mg N/1oo g sandi) or soi12))

 9.8 O.4
10.2 (2.4)
18.0 1.3
l9.3 (3.9)
15.9 O.6
16.5 (1.8)

14.2

14.6

18.4

19.4

l7.2

18.2

O.4

(2.4)

l.O

(3S)
1.0

<3.0)

B. Soil 23.6

47.2

Control

Oven-dried
Centrol

Oven-dried

11.7

l2.6

22,6

24.3

O.9

(3.8)

1.7

(3.6)

l2.5

13.2

25.3

26.6

O.7

(3,O)

1.3

(2.8)

Ar" Ar.simPlex, B: B.subtilis.
Figures in parenthesis show the rate ofdrying effect; (Drying effect)I(Amounts ofcells added) x iOO (e/o).

i} Sea sand (diameter: O.25 to O.50 mm). 2) 8 g sea sand+2 g of montmorillonite clay prepared from

paddy soil taken at Ariake, Saga Prefeeture.
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Table 6. Drying effect on the mineralization of cytoplasmic substances (Ar. simPlex. B. subtilds).

Amounts of
cytoplasmic
substances
  added

Mineralization of cytoplasmic substances

Treatment for 2 weeks for 4 weeks

 Amounts
mineralized

Drying
effect

 Amounts
mineralized

Drying
effect

Carban
Ar.  53

I06

Control

Oven-dried
Control

Oven-dried

(mg CllOO g soili))

  31 -1 30

 57 -6 51

40
re
65

59

  o

-6
B.  69

l38

Control

Oven-dried
Control

Oven-dried

43
41

75

64

-2
-11

52
50
88
77

-2
-11

Nitrogen
Ar. 2Ll

42.2

Control

Oven-dried
Control

Oven-dried

(mg N/lOe g solli))

     l1.2
     10.8
     23.8
     23.2

-O.4

-O.6

15.4

l5.3

26.2

26.1

-O.1

-O.1

B. 28.2

56.4

Control

Oven-dried
Control

Oven-dried

l4.8

l3.0

31.0

29.1

-l.8

-1.9

16.0

15.8

34.1

34.6

-O.2

 O.5

Ar: Ar.siniplex, B: B.subtilis.
i) 8 g ofsea sand+2 g ofmontmorillonite clay prepared from paddy soil taken at Ariake, Saga Prefecture.

    Table 7. Drying effect on the mineralization of oven-dried cell wall substances (B. subtilds).

  Amounts of
   cell wall
substances added
     (1)

N rnineralized
 for 2 weeks

Control
 (2)

Oven-driedi
   (3)

Drying
 effect

(3)-(2)

Rate of drying
   effect
(3)-(2)Å~zoo

  (1)

22.3

65.3

(mg N/100 g sandi))

  7.2
 24.6

 8.5

28.7

1.3

4.1

(o/o)

5.8

6.3

i) Sea saRd (diameter: O.25 to O.50 rnm).

the drying effect was not recognized. Furthermore, the fixation of ammonium during
drying treatment and the loss of nitrogen during the incubation period did not occur

under these experimental conditions.

    Analytical procedures were made according to Experiment 1.
    B] S.cerevisiae: Preparation of cytoplasmic and ce!1 wall substances of S.cerem'-
st' ae, experimenta1 conditions and analytical procedures were all made as described in

A) above.
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Table 9. Ultrasonicating effect on the mheralization of cell wal1 substances (B. subtilis).

Arnounts of
al wall
substan(2s
added
  (1)

N mineralized
 fer 2 weelrs

Utra-
sonicated
  (3)

 Ultra-
somcatmg
 effTect

(3)- (2)

Rate af ultra-

 somcatmg
   effect

(3)-(2).1oo
 (1)

N mineralized
 for 2 weeks

()cmtrol

 (2)

Oven-dried

   (4)

Drying
 efl;ect

(4) -- (2)

Rate af drying

   diect
(4)-(2).1oo

  (l)

29.4
{mg Nlloo g sandi,)

 10.7 11.6 O.9

(e/o)

3.1

(mg Nl !oo g sandi,)

  11.5 O.8
(Ole)

2.7

i) Sea sand (dmeter O.25 to O.50 mm).

Table 10. Drying effect on the mineralization of cell wall substances (S. cerevisiae).

Soil

Amounts of
 ceil wall
substances
  added
   (1)

Mineralization of cell wall
 sukstances for 2 weeks

Control
 (2)

Treatment
   (3)

Drying
 effect
(3)-(2)

Rate of drying
   effect

(3)-(2)Å~!oo
  (1)

Carbon

U
I

c

tp)

747

747

747

ts

116

148

184

42

(mg C/100 g soil)

   Nr-dried
   Oven-dried
   Air-dried

   Ovendried
   Air-dried
   Oven-dried
   Ovendied

231

27e
262
313
326
330
co

115

154

114

165

142

146

-2

(o/o)

15.4

20.6
l5.2

22.1

19.0

l9.5

Nitrogen

U
I

c

Ul)

113.1

113.1

113.1

 9.2

37.2

23.6

28.8

 8.0

(mg N/1oo g soil)

   Air.dried

   Ovendied
   Air-clried

   Oven-dried
   Air`dried
   Oven.dried
   Oven.dried

42.5

45.e
29.7

37.5

32.7

35.5

 7.9

 5.3
 7.8
 6.1
 13.9

 3.9
 6.7
-O.1

 (o/o)

4.7

 7.0

5.9

12.5

3.5

5.9

U: Ushirokawachi, I: Isahaya, C: Choyo.
i) Cytoplasmic substaiices of S. cerevi'sias were added in order to compare them with cal1 wall substaiices

of S. carevisiae.

    Further, ultrasonic treatment employed in the preparation of cell wall substances

may have an acceleration effect on mineraiization of cell wall substances IR soil.
Using cell wall substances of B.subtilis, therefore, the effect of ultrasonicating on min-

eralization of cell wall substances was examined complementarily. The oven-drying
effect (80eC for 2 hr) was compared with the ultrasonicating effect (19.5 kHz for 20

min). Experimental conditions were the same as mentioned above. The result
obtained is shos•vn in Table 9. Mineralization of cell wall substances was clearly ac-

celerated by ultrasenic treatment and its effect almost equalled the oven-drying effect

under this experimental condition. From the result mentioned above, it can be as-
sumed that mineralization ofcell wall substances prepared by ultrasonic treatment was
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as described above. Ivlineralization rates were considerably high untii 3 weeks of

incubation both in "Control" and "Oven-dried" groups, but became gradually lower
from 4 to 6 weeks ofincubation, and their mineralization reached a stable level at about

6 weeks ofincubatioR. ']rhe rates at 6 weeks ofincubation were 59.7 per cent in "Con-
trol" and 79.3 per cent in "Oven-dried" respectively; namely, organic matter of 40.3

per cent and 20.7 per cent remained in "Control" and "Oven-dried" respectlvely.
Mineralization amount of decomposable organic nitrogen was larger in "Oven-dried"
than in "Contro!" during 6 weeks of incubation. Considering the difference of min-
eralization rates betsveen the two groups, it may be quite all right to consider that the

amounts of residues of cell wall substances added was larger in "Control" thaR in

"Oven-dried."

Table 1 1. Drying effect on the rnineralization of soil organic rnatter remaining

        at 6 weeks of incubation.

Treatment TotalC Treatment Cmineralized Drying
   at Remainingat at6weeksof for2weeks effect
beginning 6weeks of incubation after
         incubation treatment            (1) (3)-(2)

Rate of dry-
 ing effect

(3)-(2)
Å~ 100

Mineral Ni)
at 2 weeks

  after
 treatment

Drying
effect

(1) (b) - (a)

Control

Oven-dried

2e9
2e9
l24

124

 (rng Cl100 g soil)

Control (2) 9
Oven-driecl (3) l9
Control (2) 10
Oven-dried (3) 12

10

2

(o/o)

4.8

1.6

(mg NtlOO g soil)

(a) 42.9 3.8
(b) 46.7

(a) se.6 o.s
(b) 51.4

i) These figures include nitrogen mineralized before 6 weeks of incubation.

svall substances at beginning, C: 519 mg, N: 78.0 mg/1OO g soil.

Application amount of cell

     .The drying effect on mineralization ofsoil erganic matter remaining at 6 weeks of

 incubation is shown in Table 11. The drying effect in "Oven-dried" was clearly
b

 recognized, but it was not high as compared with that in "Control." NTamely, the
 drying effect in "Control" was considerably high and the rate of the effect was signifi-

 cantly higher in "Control" than that in "Oven-dried." This result shows that decom-
 posable soil organic matter due to drying was also newly accumulated during the
 decomposition process of cell wall substances. It was also indicated, however, that the

 drying effect of soil organic matter newly accumulated, i.e., microbial cells newly
 accumulated during the decomposition process and their residues, etc. was not higher
 than that of the residues of cell wall substances added. Frorn these results, it may be

 considered that the contribution of residues of cell wall substances added as a source of

 decomposable soil organic matter was much Iarger than that of newly formed microbial
 cells and their residues, etc, during the decompesition process of 6 weeks. Afterwards,

 however, cell wall substances and their residues newly accumulated in soil become the
 origin ofdecomposable soil organic matter. Therefore, it is likely to consider that the

 assumption described above is assured.




