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19'19. Studies microflon1 

and 
of Thailand was and 

l'vlicroflora of soils was found to be different from that of temperate soils. 
Microflora showed marked variations among great soil groups, and was found to show seasonal 
variations. between and soil chemical and 

were discussed. The farm soils contained 
nnnc."pJ·,,,, with strong protease and celiu!ase activities and this trend was evident 

soils with low carbon content. In the field of ammonia oxidizer and 
lower values in Brackish Water Alluvial Soils than in Low Humic 

season. Methane gas was 
,, .. ~",, ..... ~ or rice straw (6 

detected in the control plot of the former 
with and without N-fertilizers affected 

related to the 
either or rice 
increased in both soil groups. 
Index words: microflora of 

and methane in soilrJ"aS 

of soil gas 
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I soils 

Materials and methods 

case, no crops were cultivated. total of about of 
field eliminate fluctuations. 

denitrifier 
aecomr)o,;er were in the literature. "n Ammonifier 

reagent after two weeks' incubation in a 20.0 g 
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Fig. 1. Sites of soil samples taken in Thailand. 



reagent 

· 2H,O and of 
Dist. W 

indicates the presence of ammonia oxidizer, oxidizer; A solution is the same 
A solution of ammonia oxidizer except for the absence of NaC!03. B solution 6 mg Dist 

\;Vater 100 mL Mix A and B solutions 
ammonia oxidizer the formation of of nitrite oxidizer. 

nonsulfur bacteria and Azotobacter were 
agar medium, 72 ' KurnH.\~IlJ 's 

blue green 

meclium 47 ' 

Results 

in top and subsurface soils 

As shown in Table 1, among aerobic bacteria, anaerobic bacteria, ac.cul\HllJ 

the level of aerobic bacteria was 
cmlv<·pt·•·Q (1 0" to 10') and anaerobic bacteria (1 while that of 

ammonia oxidizer. nitrite oxidizer and denitrifier 
denitrifiers showed the 

while ammonia oxidizer showed the lowest level, 10'. 
blue green purple nonsulfur bacteria and Clostridium 

which are nitrogen Clostridium showed the largest population to 1 0 4), 

while in the other three groups a level of 10' recorded. 
Populations of all twelve groups examined were in the oxidized top soil which contains a 

amount of nutrients than that in the subsurface soiL , the populations of nitrite 
oxidizer and purple nonsulfur bacteria in the top soil were more than 4 times higher than those in 
the subsurface soiL The of aerobic bacteria and nitrogen-fixing blue green in the 
top were also twice as high as those in the subsurface soiL 

2 Comparison of the population level of microorganisms between the ~ainy and dry 
season 
As shown in Table 1, among the twelve groups of microorganisms investigated, the 

population of cellulose decomposer increased in the dry season. The population of the 
other microorganisms decreased in the dry season though the range of the decrease showed some 
variations among microbial groups. 

The largest decrease was recorded in the population of nitrite oxidizer which dropped to the level 
of 1/26 especially in the top soil, but only to 115 in the subsurface soil, and was follmved the 
population of purple nonsulfur bacteria (1/15 in the top and 1/ll in the subsurface soil). The 
population of ammonifier largely decreased also in the dry season to the level of 1110 in the top soil 
and 1/9 in the subsurface and populations of both denitrifier and ammonia oxidizer noticeably 
decreased in the dry season. Populations of aerobic bacteria and actinomycetes decreased slightly 
in the season, while those of anaerobic bacteria decreased significantly in the season. 



Table 1. Comparison of population of microorganisms in paddy soils betwel;n rainy logged-condition, 

growth) and dry season (dry condition, no crop) 

Microorganisms 

Aerobic bacteria 
(x 1 

Anaerobic bacteria 
(x 105) 

Actinomycetes 
(x 1 05) 

Cellulose decomposer 
(x 103) 

Ammonifier 
(x 103) 

Ammonia oxidizer 
(x 103) 

Nitrite oxidizer 
(x 103) 

Denitrifier 
(x 103) 

Nitrogen-fixing blue 
green algae (x 103) 

Azotobacter 
(x 103) 

Purple nonsulfur 
bacteria (x 103) 

Clostridium 
(x 10') 

Sampling 
depth (em) 

0- ] 
1--10 

0- 1 
1--10 

0-- 1 
1-10 

0- 1 
1-10 

0- 1 
1-10 

0-- 1 
1-10 

0- 1 
1-10 

0- 1 
1-10 

0- 1 
1-10 

0- 1 
1-10 

0- 1 
1-10 

0- 1 
1-10 

Soil 

101 
100 

100 
99 

101 
100 

100 
100 

101 
101 

101 
101 

100 
101 

91 
91 

100 
73 

101 
74 

100 
73 

101 
74 

season 

S.D. Difference 

127 
~)0.4 

4.68 
3.78 

1 3 
50.8 

1 
4.40 

47.0 31. 
:)6.0 60.1 

27.7 89.4 
19.3 35.0 

112 224 
72.5 95.5 

2.95 6.30 
2.68 5.77 

53.3 135 
13.4 43.6 

917 1910 
57:3 1310 

8.63 12.3 
3.58 6.41 

1.58 8.96 
1.26 7.51 

4.05 7.93 
1.18 3.88 

178 165 
95.4 140 

103 
103 

103 
103 

103 
103 

10:3 
lO:i 

103 
]03 

103 
103 
102 
102 

103 
103 

10:3 
103 

103 
103 

103 
103 
103 
103 

1 

4.92 
4.15 

7.9 
6.6 

1.87*** 
1.:38** 

74.] 1 
36.1 8.3 

62.2 22.1 * 
53.1 14.7* 

16.4 101 ***** 
8.20 12.8 64.3***** 

0.748 1.98 2.20**** 
0.879 3.20 1.80* * * 
2.08 4.08 51.2***** 
2.60 5.28 10.8** 

238 807 711 * * ** 
129 730 435* ** 

5.45 6.37 3.18** 
2.75 4.22 0.83 

0.202 1.01 1.38 
0.3"72 1.92 0.89 

0.261 1.19 3.79**** 
0.100 0.303 1.08** 

120 191 58** 
97.2 144 1.8 

*, **, * * *, ****and * ** * * mean significant at 5o/o, 2.5o/o, 1 o/o, 0.5%, 0.1% level, respectively. 

1.30 

10.3 
8.84 

3.94 
:3.05 

25.6 
5J5 

4.:37 

1.58 

11.8 

.48 
0.98 



top soil. The 

3 Variations in the 
groups 

blue green and 

great soil 

As shov,rn in Table 2, the of twelve groups of excent 
anaerobic in the top. nitrite oxidizer and nonsulfur bacteria recorded the 
value in Fresh Water Alluvial Soils followed Low l1umic ;vhile the smallest value was 
generally recorded in Brackish Water Alluvial Soils. The which is 
typical example of the above fact, showed very small values in Brackish Water Allmnal Soils. The 
populations of aerobic nitrite oxidizer were largest in Low Humic 
matter content, followed by Fresh Water Ailuvial Soils. 

low 

On the other hand, the population of value 
Brackish Water Alluvial Soils where the of other smalL The 
population of ammonifier noticeably recorded a high level in the subsurface soils of Brackish Water 
Alluvial Soils with high organic matter content with those in other great groups. The 
populations of aerobic bacteria. anaerobic bacteria 
among great soil groups. 

As described above, the populations of each microorganism shm,ied different levels among the 
great soil groups owing to variations in soil properties. Each great soil group a charac· 
teristic microflora both in the rainy and season. 

Table 2. Population of each microorganism group in great soil groups of paddy 

fields in Thailand in the rainy season 
per gram of dry 

·-----·--··--~~<-< 

0-1 em l-10 em 
Sample Average S.D. Sample S.D. number number 

--·-·------~ 

Aerobic bacteria (x 105) 

A) LH.G. 56 102.0 80.2 55 35.9 37.6 
B) F.WA 30 167.0 144.8 30 71.0 63.8*** 
C) B.WA 4 88.3 77.8 4 32.2 34.2 

Anaerobic bacteria (x 105) 

A) LH.G. 55 4.79 5.86 54 3.09 4.02 
B) F.W.A. 30 4.75 3.80 30 4.90 5.05 
C) B.W.A. 4 3.23 3.92 4 2.88 2.44 

Actinomycetes (x 10') 
A) LH.G. 56 42.5 27.9 55 23.9 19.9 
B) F.W.A. 30 57.9 38.4 30 57.3 99.9 
C) B.WA 4 37.0 19.1 4 30.5 12.9 

Cellulose decomposer (x 10') 
A) L.H.G. 56 19.4 43.7 55 18.0 35.4 
B) F.W.A. 30 50.7 149.3 30 24.8 40.6 
C) B.WA 4 10.4 9.14 4 8.30 5.32 
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0-1 

-----------· 
Ammonifier (x 103 ) 

A) L.H.G. 56 108.8 
F.W.A. :30 151.1 
RW.A. tJ 32.0 

Ammonia oxidizer (x 103) 

A) LH.G. 56 2.41 
B) F.\V.A. 30 3.86 
C) B.W.A. 4 1.55 

Nitrite oxidizer (x 
A) LH.G. 56 74.8 
B) F.\V.A. 29 19.7 
C) B.WA 4 2.68 

Denitrifier (x 
A) LH.G. 50 941 
B) F.W.A. 27 1077 
C) B.W.A. 4 134 

Nitrogen-fixing blue green (x 10') 
A) LH.G. 55 6.45 
B) F.W.A. 30 12.8 
C) B.W.A. 4 7.52 

Azotobacter(x 10') 
A) LH.G. 56 0.12 
B) F.W.A. :30 4.06 
C) B.W.A. 4 0.005 

Purple nonsulfur bacteria (x 1 0') 
A) LH.G. 55 4.84 
B) F.W.A. ao 2.50 
C) B.W.A. 4 8.68 

Clostridium (x 103) 

A) L.H.G. 56 151 
B) F.W.A. 30 240 
C) B.W.A. 4 a5.5 

S.D. 

2:38.1 
240.7 

:30.6 

6.81 
5.11 
2.68 

162 
65.7* 

2.47 

2290 
1377 

88.2 

10.:3 
15.0* 
13.0 

0.298 
15.2 
0 

9.58 
4.3a 
6.21 

151 
161** 

54.7 

30 82.9 
4 307 56 

56 1.65 4.09 
ao 4.19 6.74 

4 OJ 0.202 

56 13.9 
30 11.6 110.9 

0.33? 0.:38? 

50 564 1600 
27 559 759 

4 1:12 125 

43 2.24 
20 7 8.79*** 

4 0.26'7 

44 
20 

4 

43 
20 

4 

44 
20 

4 

3.81 
0.004 

0.648 
1.40 
6.14. 

63.0 
169 
26.0 

0.097 
13.7 

0 

3.00 
2.81 

10.3 

71.7 
207* 

9.6'7 

*, * *, * * * and * * * * mean significant betvveen populations in Fresh Water Alluvial Soils and Low 
Humic Gley Soils, at 5o/o, 2.5o/o, 1 o/o, 0.5o/o level, respectively. 
LH.G., Low Humic Gley Soils; F.W.A., Fresh Water Alluvial B.W Brackish Water 
Alluvial Soils. 



Table 3. Comparison of microflora in paddy soils between Thailand and Japan 

of dry soil) 

(A) 

Soil condition at site Water-logged Dry condition condition 
(Rainy season) (Dry season) After drainage (Before irrigation 

in autumn) in spring) 

Rice plant Growing No No No 

Microorganisms Average S.D. Average S.D. Average S.D. Average S.D. 
-·----~~-----~-~ 

Aerobic bacteria (x 10') 59.3 53.6 52.2 87.2 292 151 318 168 
Anaerobic bacteria (x 10') 3.86 4.26 2.47 4.16 21.5 11.1 12.1 7.48 
Actinomycetes (x 1 0') 37.1 55.0 29.4 37.2 26.6 25.6 32.9 35.5 
Denitrifier (x 1 03 ) 606 1350 142 664 286 334 200 327 
Azotobacter (x 1 0') 1.34 7.82 0.364 1.89 0.389 1.16 0.047 0.089 

Number of soil samples were as follows; (A) Aerobic bacteria and Actinomycetes: 100 each, 
Anaerobic bacteria: 98, Denitrifier: 91, Azotobacte1~ 74, (B) All groups: 103 each, All groups: 
21 each, (D) All groups: 10 each. 
a) Each microbial count shows the value per gram of dry soil, adjusted to a soil depth ranging 
from 0 to 10 em. 
b) IsHIZAWA, S. and T(WODA, H. (1964c) 

Table 4. Difference in the ratios of aerobic bacteria to actinomycetes among 
paddy and upland soils in Thailand and Japan under different soil 

conditions 

Thailand 
Water-logged 

condition Dry condition 

Japana) 

(Rainy season) (Dry season) (After drainage (Before irrigation 

Number of soil samples 
Paddy soils 
(Aerobic bac./Act.) 

Number of soil samples 
Upland farm soils 
(Aerobic bac./ Act.) 

100 

1.60 

Autumn 
(Rainy season) 

28 

1.70 

a) lSHIZAWA, S. and TOYODA, H. (1964b, 1964c) 

103 

1.78 

in autumn) in spring) 

21 10 

11.0 9.7 

Autumn 

26 

4.9 
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are cultivated without 
Therefore, the level of 

content. + 
On the other hand, the soil and that 

in the top soil was 
variations among the great soil groups, the number of nitrite oxidizer shov;ed the value in 
Low Humic Gley Soils which are characterized the Eh value and the thickest oxidized-

among the three great soil groups. In contrast, a small number of nitrite oxidizer was obtained 
in Fresh Water Alluvial Soils with organic matter content, rather low Eh value and 
thin oxidized while the of oxidizer in Brackish Water Alluvial Soils with 
low pH value and low available content were the smallest. From the above phenomena 

corrE:sp,on.ded to the development of oxidized 
Among groups, the of Clostridium showed a high leveL Mxrscct·cnt ct 

al. 591 reported also that the number of Clostridium was high in tropical paddy soils and contributed 
to the fixation in these soils. with the value recorded in 

japanese soil,'' 1 the number of Clostridium in tropical soil was high. The count of 
Clostridium as in the case of anaerobic bacteria, was in Fresh Water Alluvial Soils where 
reduced conditions riAmYI,noArl and was followed Lmv Humic Soils in which oxidative 
conditions tended to smallest in Brackish \Vater Alluvial. Soils 
'l.fith strong acid and lcnv fJll'U»f.Hl<Jl content. The reasons for a of Clostridium in 

paddy with the small number of anaerobic were 



Clostridium survi\•es the season lasts six months because it i:; 
a vvorldwide di;.;tribution. j Therefore. though the 

number of Clostridium was found to be 
have an 

n•·n'"~"''" that the mineralization matter <lehieved anaerobic 
to the existence of a reduced condition and the correlation 

umtent and the number of anaerobic bacteria in the 'iUiis 
n,,,n,-tPrl that Clostridium isolated from paddy soils, 

and ammonia and acid 
As a high level of of nitrogen-

assimilate was found in tropical soils. 
in those soils with reduced condition, it would be to know the population 

level of Clostridium which can assimilate nitrogen and their role in the mineralization of soil 
in the soils. In this connection, the count of ammonifier paralleled 

matter content in soils and was in Brackish Water Alluvial Soils followed 
Fresh Water Alluvial Soils. It was low in Low Humic Soils. The population lewl of 
ammonifier was several times as high as that of Clostridium in Brackish Water Alluvial Soils and 
was about 112 of that of Clostridium in Fresh \Vater Alluvial Soils, while the count of ammonifier in 
Lov: Humic Gley Soils was similar to that of Clostridium. These results suggest that the com

of ammonifier was different among great soil groups. The results reported in this paper are 
in agreement with the of K.\llPO\ A 4 " who demonstrated that the counts of Clostridium 

crour·w;·w·,,.., and ammonifier relating to the decomposition of organic matter increased by the 
application of organic matter. 

nnrmrN>tP flora differed between upland farm soils of Thailand and Japan as shown in part V. 
There was also a difference between the species of Clnslridium 6 ') present in upland soils of the cold 
and of the warm areas of USSR, and between those found in upland soils of low and high elevations. 
Furthermore, isolates of the same species of Clostridium have been reported 6 ') to show differences 
m properties depending on soils where they were sampled. and thus their 
physiological properties appear to ref1ect the soil properties. 

The number of Azotobacter was higher in the top soil than in the subsurface soil like in the case of 
aerobic bacteria, but in Brackish \Vater Alluvial Soils their population level was very lovv. 
reported that the population of Azotobacter was very small in the soils with a pH value lower than 
6.0. The low pH value (average, 4.3) of Brackish Water Alluvial Soils is thought to be responsible 
for the small number of Azotobacter in these soils. Furthermore, the growth of Azotobacter which 
requires a fairly large amount of phosphorus is delayed in soils where the available phosphorus 
content is less than 10 ppm. 4 " As the value of available phosphorus content in Brackish \Vater 
Alluvial Soils averages 18.9 ppm only, 65 ) such low content of phosphorus, in addition to low pH, is 
thought to be responsible for the small number of Azotobacter observed in such soils. 

Although the count of each microbial group was generally small in Brackish Water Alluvial Soils 
because of their low pH value and low available phosphorus content, that of purple nonsulfur 
bacteria was high. As purple nonsulfur bacteria can utilize simple fatty acids as hydrogen donor. 
and can use butyric acid as the carbon source for the constitution of the cell, 49 ' the formation of 
organic acid in Brackish Water Alluvial Soils is worth noticing. 

The accumulation of acetic acid and propionic acid was also reported in Brackish Water Alluvial 
Soils. 9 ) As shown in part VIII, the formation of organic acid was also assumed to take place in 
tropical Brackish Water Alluvial Soils because methane gas formation was not obsen-ed though a 



amount of orgamc matter wa:; dNected in these soils. The high level of 
nonsulfur bacteria in Brackish Water i\lluvial Soils is considered to be due to 

of light, because the water in the fields of Brackish Water Alluvial Soils with 
of an anaerobic condition due 

of anaerobic 
nonsulfur bacteria. The existence of a nonsulfur bacteria in the sub· 
surface soil can be as follows: usually move to the 
subsurface soil where acid as energy source under dark con-
ditions. and they also are to m.ove downwards with the percolation of wateL As shown in 
Tabll' 1. thl' count of nonspore-forming nitrite oxidizer decreased in the dry season. MoTmll RA 65 ) 

that the moisture content of field soils (0-15 em) in the middle of the dry season averaged 
unly 15.9% in 74 samples of Low Humic Gley Soils and 18.3% in 28 samples of Fresh Water 
Alh.tYial Soils. whill' that of Brackish vVater Ailuvial Soils with heavy clay content was rather high, 

28. 7%. on the average for 9 soil samples. The count of nitrite oxidizer in the dry season 
parallell'd the moisture content of soils. Its maximum decrease in the dry season was observed in 

of Low Humic Soils and was followed that in Fresh Water Alluvial Soils and 
Brackish Water Alluvial Soils. 4 ' As shown in Table 1. the sharp decrease in the count of nitrite 
oxidizer in the top soils in the dry season can be attributed to the fact that drought condition 
developed more in the top than in the subsurface soiL Next to the number of nitrite 
oxidizers, the populations of purple nonsulfur bacteria decreased largely in the dry season and 
during the preservation of soils. KoBA Y\Slll eta!. ••) suggesting that purple nonsulfur bacteria were 
sensitive to the drought in the dry season. 

On the contrary, only the number of cellulose decomposer increased in the dry season, 
to the increase in the amount of substrate originating from the crop residues and soil 

organic matter. Furthermore. one of the factors affecting the increase in the number of aerobic 
cellulose decomposer could be the fact that aerobic soil condition tended to prevail in the dry 
season. The count of cellulose decomposer was repmied 47 ) to increase by the addition of organic 
matter. The decomposition of cellulose in soils is generally performed by aerobic microorganisms 
but under anaerobic conditions. sporogenous bacteria whose number was small in the soil are 

responsible for such function 25 ). In the case of paddy soils in Thailand, yellow-pigment 
producing bacteria were found to be widely distributed, and were considered to belong to 
Sj)omc:vtuj>haga and C)tophaga 25'. As for cellulolytic actinomycetes, a large number of 
Micromonospora which is usually found in paddy soils32) was detected in tropical paddy soils. 

The markedly low ratio of aerobic bacteria to actinomycetes in the tropical paddy soils, as 
compared with that in japanese paddy soils may be attributed to the low number of nonspore
forming bacteria which are unable to tolerate the conditions prevalent in the dry season, while 
spore-forming actinomycetes are able to survive. 

Summary 

Paddy soil samples were collected from top (0-lcm) and subsurface (1-lOcm) soils in 103 sites of 
Thailand. Collections were made twice, in the middle of the rainy season (rice cultivation under 
submerged condition) and in the middle of the dry season (no cultivation, dry condition). The counts 
of twelve groups of microbes related to the nitrogen cycle were determined. 

In the soils sampled in the rainy season the population level of aerobic bacteria per gram of dry 
soil ranged from 10 7 to 1 0". The levels of other microorganisms, were as follows: actinomycetes-(1 0 6 

to 1()5), anaerobic bacteria-(10'), cellulose decomposer-(10 4), denitrifier-(10'), ammonifier-(10 5 to 



l0 4l. nitrite blue 
green Azotobacter and of all twelve 
groups examined were larger in the oxidized top soil than in the subsurface soil and, in 
the of aerobic nitrite oxidizer and were more 
than 4 times higher than those in the subsurface soil. 

The populations of except for decreased in the 
season compared with those in the rainy season. The decrease was recorded in the 
population of nitrite oxidizer which dropped to the level of 1126. especially in the top soil. but to 
1/5 in the subsurface soil, and was followed by the population of purple nonsulfur bacteria. 

The of twelve groups of microorganisms, except those of nitrite oxidizer and purple 
nonsulfur bacteria, recorded the largest value in Fresh Water Alluvial Soils with rather high 
matter content and heavy clay followed by Low Humic Gley Soils with low organic matter content, 
while the smallest value was generally recorded in Brackish Water AlluYial Soils with low available 

content and low pH value. The population of nitrite oxidizer was m Humic 
Soils where the oxidized layer developed, while that of nonsulfur bacteria showed 

value in Brackish Water Alluvial Soils. 
The ratio of aerobic bacteria to actinomycetes in the tropical soils showed a small value, 

1.78 in the dry season, while that of Japanese soils was about 9.7 before in spring. 
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n vertical change of microbial populations in the paddy soils 

It is well known that the counts of each group of soil decrease with m 
different ways.' 30 · so) The vertical change of microflora can be ascribed to the difference 

physical and biological properties of soils in each layer. The of 
the lower layer exert some effects on the properties of surface soil, for~"''"'"'"'· 
the nitrogen content through denitrification. On the other hand, as 
microorganisms in the surface soil of the tropical paddy soils showed characteristic properties 
described in the previous part, it was deemed important to study the vertical change in the 
populations of microorganisms in the tropical paddy soils. 

In this part, microorganisms related to the nitrogen cycle were examined in the soil samples 
collected from each layer of paddy soils in Thailand during the dry season. 

Materials and methods 

Soil samples were collected from 12 sites of paddy fields. Three sites representing each of the 
major great soil groups namely, Fresh Water Alluvial Soils, Low Humic Gley Soils, Marine Alluvial 
Soils and Brackish Water Alluvial Soils, were selected for this study. Soil samples were collected in 
the dry season when crops were not cultivated. A total of 43 soil samples were collected from each 
layer at 12 sites. After passing soil samples through a 2 mm sieve, microorganisms were analyzed 
by the same methods as those described in part I. As shown in Table 5, some chemical and 
soil properties of each layer were reported by Mcno:lll RA. 65 ) 

Table 5. Some chemical and physical properties of each soil layer 

in each location 

Location Depth Texture Total-C Total-N Available-PzOs 
(em) (o/o) (o/o) (ppm) 

1. Low Humic Gley Soils 
1) Banphot Phisai 0-46< CL-HC 0.82-0.32 0.07 -0.04 20.9 
2) Songkhla Rattaphum 0-37< SCL-LiC 0.70-0.39 0.062-0.030 11.0 
3) Lampang Ngao 0-65 SiC-SiC 1.25-0.45 0.12 -0.044 20.1-10.5 

2. Fresh Water Alluvial Soils 
4) Phetchabun, Muang 0-57< LiC-HC 1.71-0.80 0.15 -0.06 65.3-51.0 
5) LomSak 0-52< HC-HC 1.81-0.55 0.15 -0.04 46.1-39.1 
6) Payuhakiri 0-60< HC-HC 1.38-0.34 0.11 -0.04 39.4-18.5 

3. Brackish Water Alluvial Soils 
7) Ongkarak 0-90< HC-HC 1.90-0.47 0.17 -0.05 13.5-14.8 
8) WangNoi 0-52 HC-HC 1.65-1.01 0.15 -0.09 18.0-20.7 
9) Songkhla, Muang 0-33< HC-HC 3.16-0.40 0.20 -0.038 19.5 

4. Marine Alluvial Soils 
10) Nakhon Chaisi 0-60 HC-HC 1.64-0.34 0.15 -0.04 19.6-27.2 
11) Phetchaburi, Muang 0-30< HC-HC 1.14-0.30 0.09 -0.03 28.5-28.8 
12) Thon Buri, Nong Khaem 0-55< HC-HC 1.21-0.27 0.13 -0.04 15.5-37.6 

MOTOMURA, S. (1973) 



Results and discussion 

Aerobic bacteria: It is well known that the number of aerobic bacteria in soil decreases with 
in fertile Phetchabun and Lomsak values as a~ l 0' were recorded even in 
as shown in Fig. 2, suggesting a high activity of in this fn 

Marine Alluvial Soils. the number increased slightly in the lower The number of aerobic 
bacteria in Brackish Water Alluvial Soils was as low as 104 to 10' in the top soil. In Ongkarak soil 
the number did not decrease even at a depth of 60 em and increased again at a depth of about 80 em. 
Aerobic bacteria in Low Humic Gley Soils with sandy texture except Lampang, showed a rapid 
decrease with depth as compared with other great soil groups. 
Anaerobic bacteria: The number of anaerobic bacteria decreased with 
somewhat different manner than in the case of aerobic bacteria. 
Actinomycetes: Their counts decreased also with depth, though the trends were not 

in a 

similar to those of aerobic bacteria. In the case of Brackish Water Alluvial Soils. the number of 
actinomycetes was conspicuously higher than that of aerobic bacteria whose number was extremely 
low. 

As shown in Fig. 3, ratios of aerobic bacteria to actinomycetes (Bac./Act.) in Low Humic 
Soils and Fresh Water Alluvial Soils were smaller in the second than in the first and became 
slightly larger again in the third layer. In the case of Brackish Water Alluvial Soils, the ratios were 
slightly larger in the second than in the first layer. On the other hand, in the case of Marine Alluvial 
Soils, vertical change was not evident. 

As shown in Fig. 3, the ratios of aerobic bacteria to actinomycetes in paddy soils of Thailand 
were smaller in all layers as compared with those in Japanese paddy soils which were sampled in 
spring. 30 ) The ratios did not show marked changes in the soils of Thailand, but those in ] apanese 
soils exhibited large variations. 
Ammonifier and denitrifier: Ammonifier tended to decrease with depth, whereas denitrifier 
increased slightly or remained at the same level and hence, the number of denitrifier was fairly 
higher than that of ammonifier in the lower layer in many cases. Counts of ammonifier and 
denitrifier in the first layer did not follow any specific pattern. 
Ammonia oxidizer and nitrite oxidizer: The counts of ammonia oxidizer in each layer were 
lower than those of ammonifier. The vertical change of ammonia oxidizer showed variations among 
soils. 

In general, the number of nitrite oxidizer was rather higher or similar to that of ammonia 
oxidizer. The number of nitrite oxidizer showed often unexpectedly a rather high level in the lower 
layer. In such cases, it may be suggested that nitrite oxidizer was severely affected by dryness in 
the surface soiL 
Cellulose decomposer and its activity: As a rule, the number and activity of cellulose 
decomposer decreased with depth. In the case of Brackish Water Alluvial Soils, however, a rather 
high peak was found at a depth of about 30 em. Furthermore, the high microbial count which was 
similar to that in the surface soil was also observed even in the deep layer, whereas the activity in 
Low Humic Gley Soils decreased sharply in the second layer. 

Summary 

The change of microflora related to the nitrogen cycle was examined using 4~i soil samples 
collected from each layer of paddy soils belonging to the major great soil groups during the dry 
season (no cultivation) in Thailand. 



of aerobic bacteria. anaerobic 
decreased with depth. The counts of clenitrifier in 

oxidizer 
showed 

. r\itrite oxid1zer counts did not follow any 

with other great soil groups. the numbers of aerobic bactena 
of Low Humic Soils 

Brackish 
observed at a depth of about 30 em and that the number of 

with other microbial groups. The fertile soils showed 

in the second 
level of cellulose 

and cellulose 

as 
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content in soils 
between mineral content and 

the 

<} 61 so far 

Materials and methods 

the method of microbial were the same as those in part L 
and nitrate contents were Co:\WAY's method 9 "J 

400 ml of N KCl of nitrate 
used. 

Results and discussion 

1 Ammonium 
season 

and nitrate content in the paddy soils in the dry 

As shown in Table 6, ammonium content amounted to 3.04 mg per 100 g of 
on the average the top (0-1 em) and L35 mg in the subsurface soils (1-10 em), r.o,,n,r-huo!u 

On the other hand. the nitrate content was ;).12 mg per 100 g of dry soil on the average in 
the top soils and 2.46 mg in the subsurface soiis. the ratio of nitrate 

to ammonium was 2.:n on average in the top soils and 2.69 in the subsurface 
soils. 

From above results, both the ammonium and nitrate contents were in the top 
soils than in the subsurface and the nitrate content was more than twice as high as 
the ammonium content both in the top and subsurface soils. This difference in ammonium 
and nitrate content, and the ratio of nitrate nitrogen to ammonium nitrogen content bet-
ween the top and subsurface were significant at the level of 0.1 o/o. 

reports have been published so far on the transformation of mineral in the soil, 
but rather few have been concerned with tropical paddy soils under field conditions. 
The of mineral nitrogen is affected such many factors as the quantity and quality of 
soil matter, soil temperature. pH, oxidation-reduction potential, soil moisture, nutrient for 
related microorganisms 2 m as well as population of microorganisms related to the nitrogen cycle. 
Therefore, the amount of ammonium and nitrate nitrogen shows variations depending on the dif
ferences in crop, soil type, soil management etc. and is known to change daily661 and 

• 741 As a matter of course, the vertical change in the amount of ammonium and nitrate 
has also been ~'"~A'"'"'·" 

The amount of ammonium m in case of absence of crop, is affected by the 
ammonification of soil matter and is also negatively correlated to the rate of nitrification. 73 ) 

The amount of nitrate nitrogen is also largely affected by the ammonification of soil organic matter, 



Table 6. Ammonium and nitrate nitrogen content and rate of nitrate nitrogen to ammonium nitrogen content in 

the great soil groups of paddy soils in the dry season 

Soil Number Nl!;-N 
of + NH:-N NO:;-N NO:;-N/NH~-N 

Great soil group depth soil NO;-N 
(em) samples 

Average S.D. Average S.D. S.D. 
_,~------·-----"~-------------------------·----"·---------

A) Low Humic Gley Soils 0- 1 52 7.69* 7.22 3.07* 3.38 4.57* 4.15 1.99 .93 
1-10 52 3.55 5.29 1.40 2.43 2.15 2.96 

B) Fresh Water Alluvial 0- 1 24 10.22 11.92 3.55 5.27 7.49 
Soils 1-10 24 4.65 3.05 1.52 1.13 ~t13 2.31 

C) Brackish Water Alluvial 0- 1 4 5.19 2.66 1.54 0.95 3.65 2.06 
Soils 1-10 3 1.07 0.21 0.38 0.1:3 0.69 0.22 .20 

D) Marine Alluvial Soils 0- 1 3 5.11 1.89 2.34 0.95 2.78 0.96 
1--10 3 2.09 0.50 0.77 0.32 L31 0.18 

E) Hydromorphic Non- 0- 1 3 5.51 3.46 2.37 1.8:3 :iJ 
calcic Brown Soils 1-10 3 2.82 0.43 0.72 0.12 210 0.44 3.01 0.85 

F) Other soil groups 0- 1 3 10.08 6.27 1.58 0.59 6.86 
1-10 3 6.90 1.65 1.26 5.64 1.92 

Total 0- 1 89 8.18 8.56 ::l.04 3.84 Ed2 5.36 
1--10 88 3.76 4.48 1.35 L98 2.73 

-·--------·----
*mg per 100 g dry soil 
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because ammonium is an substrate for nitrite formation and of 

formation is the most factor for the nitrate formation. 
The reason the total amount of mineral 

soils can be ascribed to the factors: 
because the amount of and small animals which season are 
restored to the top soii in the season \Yhen no crops cultivated. 
temperature is in the top soil in the daytime. This is favourable for ammonification which 
increases with temperature at a maximum of with a decline at 60°C. "'" 

In addition, the higher amount of nitrate nitrogen in the top than in the subsurface soils can be 
as ammonification is more extensive in the top soil than in the subsurface soil, 

and (B) nitrate is accumulated in the top soil because in the rainy season nitrate was leached down 
but moved with the of water from the lower in the 
season. 7L 77 sa) 

Furthermore, the reason why nitrate content was lhan ammonium 
content is considered to he due to the development of nitrification in the 

season, when the soil became more aerobic. The high amount of nitrate 
lost or denitrification in the next rainy season. 

Comparing the value of ammonium nitrate nitrogen content and the ratio of the latter 
to the former among great soil groups, ammonium nitrogen content showed the highest value in the 
Fresh Water Alluvial Soils both in the top and subsurface soils. This result is explained their 
high organic matter and high clay mineral content and moreover, better preservation of soil 
moisture in the season. 96 ; Conversely, the lowest value of ammonium nitrogen content in the 
Brackish Water Alluvial Soils is clue to the low pH value (about which is not favourable 
for the growth of ammonifier. 

In case of the nitrate nitrogen content, the highest value was found in other soil groups follmvecl 
by Fresh Water Alluvial Soils, whereas lower values were found in Brackish Water Alluvial Soils 
and Marine Alluvial Soils. The optimum pH value of ammonia oxidizer ranges from 7 to 9, and that 
of nitrite oxidizer approximates neutrality to slightly alkaline reaction.'; Therefore, the low nitrate 
nitrogen content may be ascribed to the low pH value in Brackish Water Alluvial Soils. Fur
thermore, the adaptation of nitrite oxidizer to the low pH value, ' 11 the presence of heterotrophic 
nitrite oxiclizer' 6 ; and non-biological oxidation of nitrite to nitrate in the top soil may play a role in 
the formation of nitrate. The low value of nitrate content in Marine Alluvial Soils, suggests that 
chloride exerts an inhibitory effects on the nitrification process. ''1 

The correlation coefficients of nitrate nitrogen to ammonium nitrogen contents were positively 
significant at the level of O.lo/o both in the top (r=0.776***) and subsurface soils (r=0.808***). 
Comparing the correlation coefficient of nitrate nitrogen to ammonium nitrogen contents among 
great soil groups, those of Low Humic Gley Soils and Fresh Water Alluvial Soils were both 
significant at the level of 0.1 o/o (r = 0.841 * * *, r = 0. 736 * * *) in the top soil, and at the level of 0.1 o/o 
and 5o/o (r=0.921 ***, r=0.505*) in the subsurface soils. The fact that the correlation coefficient 
was higher in Low Humic Gley Soils than in Fresh Water Alluvial Soils, could be ascribed to better 
homogeneity of the former soils compared with that of the latter ones. 

2 Relationships between the mineral nitrogen content and the populations of 
related microorganisms 
The relationship between ammonium nitrogen content and the population of ammonifier was 

examined. In the top soils, a significant correlation coefficient was obtained at the level of S%1 
(r = 0.261 *), unlike in the subsurface soils. 



As shown in Table 6, a part of ammonia is 
the between the total amount of ammonium and nitrate 
ammonifier was examined and the correlation coefficient in the top soils was 
of 5% (r= 0.2G3*), vvhile that in the subsurface soils, was not 
to the correlation coefficient between the ammonium 
monifier. 

The correlation coefficient between the nitrate content of nitrite 
oxidizer was examined. but no correlation was obtained either in the top or in the subsmiace soils. 
The nitrate nitrogen content in the soil showed a close correlation with the amount of ammonium 
nitrogen as described before. Therefore, the correlation coefficient betvveen the ratios of nitrate 
nitrogen to ammonium nitrogen contents, and the population of nitrite oxidizer was calculated and 
that in the top soil was significant at the level of 5% (r = 0.21 whereas that in the subsurface soil 
was not significant. 

Summary 

The relationships between the amount of mineral nitrogen and the populations of the related 
microorganisms, was examined in the tropical paddy soils collected from 89 sites of paddy fields in 
Thailand during the dry season when crops were not cultivated. The average amounts of am
monium nitrogen were 3.04 rng per 100 g of dry soil in the top soils (0-1 em) and 1.35 mg in the 
subsurface soils (1-10 em). respectively, whereas those of nitrate nitrogen were 5.12 and 2.46 mg, 
respectively. The ratio of nitrate nitrogen to ammonium nitrogen was 2 .:n on the average in the top 
soils and 2.69 in the subsurface soils. Accumulation of nitrate nitrogen was conspicuous in the 
surface soils (0-10 em) of tropical paddy soils in the dry season. Significant correlation coefficients 
were obtained at the level of So/o between ammonium nitrogen contents and the population of 
ammonifier, between the content of mineral nitrogen and the population of amrnonifier, and bet
ween the ratios of nitrate nitrogen to ammonium nitrogen contents, and the population of nitrite 
oxidizer, only in the top soils. 



fann soils 

In 
great soil groups in Thailand and 

farm 
farn1 

Materials methods 

determined 
means of the 'vVALKLEY-BL.'cCK method 87 ' 

method. Available was determined 
means of the blue method after extraction with BR"\ \ No.2 

.o"''"""'· while ammonia content in soils was determined Co:-:w.n 's method. 
determination of nitrate nitrogen, Co.'.:Wi\ i 's method was used after reduction 
Exchangeable was determined flame Chemical and 
soil used are shown in Table. 

Microbial analysis. The counts of the methods in the 
literature. 97 ' 

part I. 
of other were determined the methods described in 

Soil samples. Surface soils (0-10 

Results and discussion 

1 Microflora in farm soils in Thailand season) 

was followed 
of fungi totaled 10' to 104 • 

Among the related to the transformation of such 

fam1 soils 
Soil 

the 
soiL lt 

vvhile that 

ammonia oxidizer, nitrite oxidizer and denitrifier, the count of denitrifier showed maximum levels 
of 106 to 10', despite the existence of large variations among the great soil groups, follmved 
ammonifier. 

In the case of groups, the number of Azotobacter showed variations among the 
great soil groups and ranged from 10' to zero in Rendzinas. The level of 
blue green was high, 10' to 10 1 Compared with the count of mrrntYPn 

algae in paddy soil of the tropics in the season 3 ', which amounted to 8.6 x 1 0' in the top and 
3.58 x 103 in the subsurface soil, that in upland farm soils belonging to Alluvial Soils was unex

high. 



Table 7. Some chemical and physkal p1·op{~rties of upland farm Thailand 

Maximum 

Great soil groups 

1) Red-Yell ow Podzolic 7 40.::! 6.4 0.83 0.060 89 
Soils 

2) Regosols 5 1 6.0 0.56 0.31 
3) Gray Podzolic Soils c1 :\7.1 6.8 O.G4 0.0·15 0.33 

4) Brown Forest Soils :3 78.6 7 ') .J 2.05 0.1 0.40 L6H 

5) Non-calcic Brown Soils 2 53.1 6.1 1.48 0.091 0.49 2.1 4:'i.5 
6) Reddish Brown 2 63.5 5.9 1.12 0.089 1.00 1.07 Kl 

Lateritic Soils 
7) Grumusols 2 94.:3 6.9 2.55 0.146 .00 1.83 7 

8) Alluvial Soils 1 40.5 fi.6 0.49 o.o:n 0.25 1 13 21.:3 29 

9) Rendzinas 1 72.2 7.3 2.19 0.155 0.54 2.04 20.5 180 
10) Low Humic Gley Soils 1 35.8 6.8 O.fi8 0.044 0.80 1.63 :n 



Table 8. Populations of microorganisms in each great soil group (Rainy season) t'-2 
CJ', 

(Counts per gram of 
--------------·-----------------

Microorganisms Fungi Actinomy- Aerobic Ammon- Ammonia Nitrite 
Denitrifier Azotobacter blue green cetes bacteria ifier oxidizer oxidizer 

algae 
Great soil group (x 10') (x 10') (x 10') (x 103) (x 10') (x 1 (F) (x l(Jl) (x HP) (x 1 0') 

-----~-~--~---~~---~------~-----------~--------

1) Red-Yellow Podzolic 1.7 87 124 150 u 0.41 3400 1.7 4.0 
Soils 

2) Regosols 1.8 41 38 50 0.62 0.099 280 0 .()11 0. 
3) Gray Podzolic Soils 1.8 64 90 73 2.2 1.5 480 0.:36 3.1 
4) Brown Forest Soils 4.0 108 :320 75 6.0 2.0 1070 4.9 0.13 
5) Non-calcic Brown Soils 1.7 56 110 144 6.9 0.6:3 2'10 5.5 2.4 
6) Reddish Brown 0.70 73 87 21 3.2 0.15 560 6.5 2.1 

Lateritic Soils 
7) Grumusols 2.8 49 150 34 2.1 0.34 770 9.9 1.1 
8) Alluvial Soils 1.8 54 61 37 2.5 0.26 710 1.8 10 
9) Rendzinas 5.6 210 270 53 0.26 0.25 1200 0 0.048 

10) Low Humic Gley Soils 1.4 28 81 44 0.39 0.37 600 0.036 0.88 
Average 2.1 73 124 84 1.9 0.68 1280 i2X3 3.7 
Standard deviation 1.6 54 125 87 2.:3 1.2 3090 4.90 3.7 

-------~-------------- ----
Numbers of soil samples of each great soil group were the same as those in Table 7. 



Reddish Brown Lateritic Soils. the counts of 

of denitrifier and ammonifier were 

described above, 
groups and hence 
Therefore, the amounts of 
as seen in 'Iable 

microbial 
matter. available 

Relationships between 
physical properties 

well iur-
contents. T'herefore the counts of 

those in Brown Forest 

\vas not 

(Iv) and (Y) which lack in some nutrients 
ln the case of !\on-calcic Brown Soils with 

content of a number of both am-

of 

denitrifier were observed. In the case of 
ammonifier and nitrite oxidizer were low, while 

were generally 

variations among the great soil 
too. in each soil group, 
on the great soil groups 

and soil chemical and 

As the abundance of microbes is affected many chemical and of soils 611 it 
JS difficult to define the between the microbial population and each soil property. The 

matter in soils and the microbial population was 
(r 0.551) Such findings may be 

matter decomposition as 
73) 

On the other hand, thc correlation between the amount of available phosphoms in the 
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soil and the microbial population \vas at the level of 0.1% only in the case of .4zotobacter 
(r=O.fi82L It was reported 41 ) that in soiis of temperate regions Azotobacter are seldom observed 
below a pH level of 6.0. according to their behavior in vitro. Below pH 6. they are usually few in 
number and are not displaying active even when suitable energy material and mineral 
nutrients are In soils there is some indication of a more 

representation in acid soils. 5 ) As the pH value of soil in this report was above 
6.0. its effect on the number of Azotobacter would be negligible. J E.'iSE:'\ 41 ) reported that the growth of 
Azotobacter which requires a fairly large amount of phosphorus is retarded in soils where the 
available phosphorus content is less than 10 ppm. Therefore, phosphorus could be the major factor 
affecting the abundance of Azotobacter in these soils. 

The relationships between the total nitrogen and the microbial population, and between the 
exchangeable potassium and the microbial population were not significant in any microbial groups. 
In addition, the relationships between the amount of NH~-N and the count of amrnonifier. between 
the amount of NH;-N + NO:; and the count of ammonifier, and between the amount of N01-N and 
the count of denitrifier showed no significance. SoRIA-:o and W~cLKER 75 > reported that the soil con
ditions that were favourable to NH 3 oxidizing autotrophic bacteria reflect their nutritional 
requirements, namely a supply of C02, NH 3 , 0,, traces of certain inorganic salts including Fe and 
pH value of 7 to 8.5. Furthermore, in Barnfield and Broadbalk soils of Rothamsted with pH values 
ranging between 7 and 8, the highest counts were found in plots that had received farmyard manure 
or some other organic fertilizer. 

In this experiment. a significant correlation between the amount of NH:-N and the population of 
ammonia oxidizer was not obtained, presumably due to many factors affecting the count of am
monia oxidizer in soils. The count of nitrite oxidizer was high in such soil groups with high organic 
matter contents as Brown Forest Soils and Non-calcic Brown Soils, while in Rendzinas in spite of 
the high organic matter content, it was low. Among the soil groups with low organic matter content 
such as Alluvial Soils, Gray Podzolic Soils, Regosols, Low Humic Gley Soils and Red-Yellow 
Podzolic Soils, Gray Podzolic Soils showed high population level of nitrite oxidizer. Therefore 
population levels showed no significant correlation with the organic matter content in soils. 

As NH:-N and NO:;-N in soils are partly absorbed by the plant and partly lost through 
denitrification and leaching, the correlation between the amount of NH:-N or NO;-N in soils and 
population related to the nitrogen cycle is not considered to be significant. 

Maximum water-holding capacity is considered as an index of the moisture condition of soils. A 
significant positive correlation (r = 0.905) was obtained between the maximum water-holding 
capacity and the organic matter content, while a significant positive correlation was found only 
between the maximum water-holding capacity and the fungal population at the level of 5o/o 
(r= 0 .426). The reasons for the significant correlation between the maximum water-holding 
capacity and the fungal population were interpreted as follows; i) the population of fungi tends to 
increase under high moisture conditions, as compared with that of other microorganisms. 90> ii) as 
demonstrated before, a high significant positive correlation was observed between the maximum 
water-holding capacity and the organic matter content, and on the other hand, as a significant 
positive correlation was also observed between the organic matter content and the fungal 
population, the organic matter content of soil could be indirectly involved. iii) apart from the above 
consideration, it is also conceivable that a difference in fungal flora may exist among soil groups. 

3 Comparison of microflora in upland farm soils between Thailand and Japan 
All of upland-fam1 soil samples used in this report were non-volcanic soils. Therefore as shown 

in Table 9, in contrast with the population of microbes found in the non-volcanic upland farm soils of 
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29 ' the of , but that of aerobic 
bacteria was about half. while each count of actinomycetes and aerobic bacteria in Thailand 
was similar to those in upland farm soils of Yolcanic ash in Japan. 28 ' As volcanic ash soils are 
smaller in volume weight than non·\·olcanic upland farm soils in the harbour a 
larger number of microbes per volume of soil than volcanic upland farm soils in 

On the other hand, the counts of microbes relating to the such as denitrifier and 
Azotobacter showed striking differences between the soils in Thailand and those in Japan. The count 
of denitrifier in upland farm soils of Thailand was 9 times as high as that in non-volcanic upland 
farm soils of Japan and was 23 times that in volcanic ones, though the level of significance of dif
ference between the soils of the two countries vvas low because of the large variations among great 
soil groups. 

In the case of nitrogen-fixing Azotobacter, the count recorded in upland farm soils of Thailand 
averaged 2,800 per 1 g of dry soil, while that in non-volcanic upland farm soils of japan was 77 on 
the average. Azotobacters were not detected in volcanic upland farm soils. 281 The occmTcnce of 
Azotobacter in the upland fann soils was more frequent in Thailand (61 lf?o of the samples) than in the 
non-volcanic ash soils of Japan (27o/o of the samples). The percentage of Azotobacter detected in 
Japanese soiJs29l was smaller than the average, if compared with the data obtained in other coun· 

411 while that in Thailand was similar to the average in the world. In the case of non-volcanic 
ash soils of Japan, Azotobacter was reported to be found in the soils of high pH (above 6), though not 
without exception. 29 1 

Table 9. Comparison of microflora in upland farm soils between 

Thailand (Rainy season) and Japan 

Thailand 
Non-volcanic 

(n=28) 
Microorganisms Average S.D. 

Fungi (x 10 5) 2.1 1.6 
Actinomycetes (x 10') 73 124 
Aerobic bacteria (x 105) 124 125 
Denitrifier (x 103) 1280 3090 
Azotobacter(x 103) 2.8 4.9 

(Counts per gram of dry soil) 

Soils 
japana) 

Non-volcanic Volcanic 
(n=26) (n=29) 

Average S.D. Average S.D. 

2.5 1.5 2.4 0.98 
47* 33 85 55 

233**** 136 165 85 
144 140 55* 69 

0.077* * * 0.30 0***** 

*, * * *, * * * * and * * * * *: Significant at 5o/o, 1 o/o, 0.5% and 0.1 o/o level, respectively. 
a) lSHIZAWA, S. and TOYODA, H. (1964a, 1964b) 

As shown in Table 10, each ratio of aerobic bacteria to actinomycetes, aerobic bacteria to fungi, 
and actinomycetes to fungi in upland farm soils of Thailand was similar to that recorded in volcanic 
upland farm soils of Japan. The ratio of aerobic bacteria to actinomycetes in upland farm soils of 
Thailand was 2.31, while that of non-volcanic ash soils of Japan was comparatively larger averaging 
7.28. On the other hand, the ratio of actinomycetes to fungi in the former soils was 51.8. while that 
in the latter soils was 22.0. The difference in the ratios was significant at the level of 0.1 o/o. 
Therefore the microflora in tropical upland-farm soils consists mainly of actinomycetes as com
pared with that in temperate upland-farm soils. 
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and Regosols with low content of organic matter, available phosphorus and available the 

between the organic matter content and the microbial of soils was 
positively significant at the level of 1 (Yo in the case of fungal population (r= O.i:i51), while the 
relationship between the available phosphorus content and the microbial population was 
significant at the level of 0.1 o/o only in the case of = 0.682) 

The relationships between the total nitrogen. the exchangeable the amount of 
NH~-N, the amount of NO;-N, or the amount of NH~-N + NO:;-N and each microbial 
were not significant in any microbial group. 

The count of denitrifier in upland farm soils of Thailand was 9 times as high as that in non 
volcanic upland-farm soils of japan and was 23 times that in volcanic ones. In the case of 
Azotobacter, the count in upland farm soils of Thailand averaged 2,800 per 1 g of :'oil. while that 
in non-volcanic upland farm soils of Japan was 77 on the average. 

The ratio of aerobic bacteria to actinomycetes in upland farm soils of Thailand was 2.31, while 
that of non-volcanic ash soils of Japan was 7.28. 



V Comparison of 
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to be maintained the seasons 

As there is a difference between temperate and soils, flora is estimated to 
be different in the two regions, On the other hand as shmvn in part IV, the ratios of the number 

in temperate ones, 

the literature, 

farm soils were very 
of 

to various great soil groups was 
characteristics of 

Among the main 
the plow-sole during the 

Materials and methods 

28 soil 
of crop cultivation the 

soil sample was gathered from 3 to 4 areas in the same field a 
!luctuations. Soil samples were through a 2 mm sieve. 

Some chemical and physical properties of soil used were 
as those described in part IV. Exchangeable calcium \vas detem1ined 
spectrophotometer method after extraction with ammonium acetate solution 
shown in Table 11. After two weeks' incubation at 28°( on albumin agar, "'l 

were obtained random selection from each soil 
properties were analyzed by the same methods as those described in the 

Results and discussion 

iS 

the same methods 

1 Comparison of actinomycete flora on the basis of physiological characteristics 
Since all of the soil samples from the tropics belonged to the non-volcanic ash group, data non-

volcanic ash soils from Japan, 3 l were used for comparison. 
Physiological properties to produce chromogenic-pigment and protease are used as criteria for 

identification of actinomycetes. 54· 8"l Ratios of chromogenic or 
the total number of actinomycetes isolated from each soil sample were plotted in Fig. 4. From this 
figure, a significant difference in the composition of actinomycete flora between the and 
Japanese soils, and moreover marked differences among major great soil groups can be 
recognized. 

In connection with the decomposition of organic matter, ratios of or protease-
positive actinomycetes to the total number of actinomycetes were :). From this 
figure, marked differences in ratios of cellulase-positive to the total isolates were 
found between the tropical and Japanese soils. The ratios of cellulase-positive in 
tropical upland fam1 soils were obviously higher than those in Japanese farm soils. But there 





5. Non-calcic Brown Soils 
Prachuapkirikhan, K uiburi 0.061 
Suphanburi, 6.2 

Reddish Brown Lateritic 
7.1 

7. Grumusols 
24) Lopburi, Phattananikhorn 17.2 2.65 0.169 
25) Lopburi, Chaibadan 

8. Alluvial Soils 
26) Phetchaburi, Thayang 0.031 21 

9. Rendzinas 
27) Lopburi, Phattananikom 

10. Low Humic Gley Soils 
28) Chaiyaphum, Chatturat 0.044 2.43 
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Fig. 5. Actinomycete flora in the tropical and Japanese upland farm soils, on the basis of cellulase and protease 
production. 

difference was significant at the level of 0.1 o/o. In the case of Japanese volcanic·upland farm soils 
with higher organic matter content, the percentage of chromogenic actinomycetes was 20.9o/o, 
whereas that in Australian upland soils was 22.6o/o. ••l On the basis of these data, the percentage in 
tropical upland farm soils was considered to be very high. A high proportion of chromogenic 
streptomyces has been reported in grassland but their proportion was found to be much lower in 
compost samples and soils to which manure had been applied. ' 7 ) 

The percentage of protease·positive actinomycetes to the total isolates in the soils of Thailand 
was while that in the soils of japan was 46.1 o/o. The difference in the percentage was 
significant at the level of 2S7o. ln the case of Japanese volcanic·upland farm soils, the percentage of 
protease·positive actinomycetes was 44.7o/o and was similar to that in non·volcanic ash soils, while 



Table 12. Percentage of isolates positive for each physiological 

upland farm soils of Thailand (Rainy season) and Japan 

---------------------------

Chromogenesis 
Protease 
Cellulase 

* * * * * and * *: 

% 
52 A 
60.1 
77.3 

Thailand 
(n= 

Standard 
deviation 

20.1 
2n.5 

8.3 

Soils 

at 0.1 o/o and 2.5% level, 

11.9 
46.1 
29.1 

Standanl 
deviation 

8.0 
10.6 
13.9 

that in Australian soils was 32.1 %. 36 ' The value observed in 
the highest ever recorded. 

*** 
14.0* * 

* 

farm soils 

On the other hand, the percentage of to tbe total isolates in the 
soils of Thailand was very high, amounting to 77.3%. while that in the soils of was 29.1 o/o. 
The percentage in each soil of Thailand was The percentage of 
cellulase-positive actinomycetes in farm soils was 24.6% and 
Australian soils 36 '. 37 .5o/o. Soils with low matter content showed per· 
centage of cellulase-positive actinomycetes to the total isolates. 

Among the factors contributing to soil fertility and hence to crop an important one is 
generally considered to be the nitrogen content either in upland farm soils or in 
irrespective of climatic zones. 95 ' There is also a parallelism between and carbon contents 
of soils. 

The nitrogen content in tropical upland fann soils is generally low with that in tem-
perate soils, though there are some variations among the great soil groups. It was reportecl 40 ) that 
the nitrogen content in the soils of Canada and of the USA decreased from the north to the south, 
corresponding to the increase in the yearly mean temperature in these areas. Furthermore. as the 
amount of organic matter supplied to the soils was conspicuously affected the yearly mean 
temperature, the variations in soil nitrogen contents have been reported to be caused by the 
difference in the effect of temperature on microbial activity. The decomposition of organic matter 
which is enhanced by high temperature, proceeds at a much faster pace in the tropical than in the 
temperate region. 39 ) 

However. it is also considered that the microflora related to the decomposition of organic matter 
may be different in tropical and temperate soils. In the case of upland soils, actinomycetes is an 
important agent responsible for the decomposition of organic matter. As shown in Fig. 5, a dif
ference in the ratio of cellulase-positive actinomycetes to the total isolates was dearly demonstrated 
between tropical and temperate upland farm soils. Moreover the ratio of protease-positive ac· 
tinomycetes to the total isolates was also higher in tropical soils than in temperate soils though some 
variations were found among the great soil groups. Actinomycete flora in tropical upland fam1 soils 
was found to be constituted mainly by isolates with cellulase and protease activities. 

2 Relationship between carbon content of soils and chromogenic actinomycetes 
As shown in Fig. 4. high ratios of chromogenic actinomycetes to the total isolates were found in 

great soil groups with low organic matter contents, while low ratios were observed in great soil 
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Fig. Correlation between carbon contents and the ratio of chromogenic actinomycetes the 
actinomycetes in tropical upland fann 

number of 

groups with high the correlation between carbon contents in 
actinomycetes to the total ones was examined as shown in 6. 

A correlation significant at 1 a!t1 level was obtained, that the 
were a dominant group especially in soils with low carbon content. 

From Fig. 6. it was assumed that the chromogenic actinomycetes might possess a strong ability 
for decomposing organic matter. Subsequently, the physiological properties to produce protease 
and cellulase in chromogenic and non-chromogenic actinomycetes are shown in Table 13. Ratios of 
each of protease· and isolates to the total ones were 
group than in the non-chromogenic group. It was also noticed that the 
high percentage of isolates positive to both protease and 
chromogenic group 



Table 13. Percentage of colonies producing protease, cellulase, or 

and cellulase in chromogenic and non-chromogenic actinomycetes 

Chromogenic actinomycetes 

Non-chromogenic actinomycetes 

Total of 
colonies 

674 
606 

Protease 
positive 

These results indicate that tropical soils contain predominantly 
strong protease and cellulase activities and this trend is evident in soils 
shown in Fig. 6. 

In the case of Japanese upland farm soils, the ratio of to the total 
ones was larger in volcanic ash soils with high organic matter content than in non-volcanic The 
ratio was 20.9% in the former ones and 11.9':Vo in the latter, 
accord with that recorded in Thailand. The factors causing this 
follows; i) the difference in the quality of matter between volcanic 
ones in Japan 52 ) ii) the difference in soil physical properties between them. 63 ) 

On the other hand. melanin (chromogenic substance) fulfills a 
digestion by lytic enzymes. e.g., chitinase. E-glucanase from bacteria and streptomycetes. 
wall and cytoplasm of an unnamed melanin fungus were more resistant to than those 
of non-melanin hyaline fungus. 24 ' The protective effect is to be 
polyaromatic compounds, precursors of melanin formation. which cover the 
polysaccharides. or to the melanin itself which inhibits the function and of the enzymes 
involved. ' 4 ' 

The dominance of chromogenic actinomycetes in tropical upland soils where among 
microorganisms is severe may be ascribed partly to the inhibitory role of melanin. 

Summary 

Actinomycete flora in upland farm soils was compared between and tem-
perate (Japan) areas. The percentage of chromogenic actinomycetes to the total isolates was 52.4% 
on the average in the soils of Thailand and 11.9% in the soils of Japan with a significant level of 
0.1 o/o, while that of protease-positive actinomycetes was 60.1 o/o in the former soils and 46.1% in the 
latter with a significant level of 2.5%. The percentage of cellulase-positive actinomycetes to all 
isolates of actinomycetes in the soils of Thailand was very high, amounting to 77.3%, while that in 
the soils of Japan was 29.1 o/o. The percentage in each soil of Thailand was higher than that in any 
soils of Japan. A significant difference in the composition of actinomycete flora between the 
and temperate soils, and moreover marked differences among major tropical great soil groups were 
recognized. 

A correlation between carbon contents in soils and the ratios of chromogenic actinomycetes to 
the total isolates was obtained with a significance at 1 o/o level. It was also noticed that the 
chromogenic group contained high percentage (70%) of isolates with both protease and cellulase, in 
contrast to the non-chromogenic group (24%). These results indicate that soils in Thailand (Rainy 
season) contain predominantly chromogenic actinomycetes with strong protease and cellulase 
activities and this trend is particularly evident in soils with low carbon content. 



40 

VI 

Materials and methods 

and antibiotic of 
were the same as those used in part . The method of 

identification of genus was the same as that in the literature.' 81 An indication of the an-
tagonistic property of isolates was obtained method as shown in the 

paper. 31) 

Test for antibiotic of were as follows: Rhizoctonia 
solani Pi-63, Fusarium oxysporum F cucumerinum OwE:\, Bacillus cereus var IAM 1 
Bacillus IAM 1030, Bacillus subtilis IAM 1069 (ATCC 66~~3), 5'arcina !utea IAM 1099, 
Enterobacter aero genes lAM 1063 Pseudomonas 

IAM 1239. 

2 Experiment on a relationship between population of Gram-negative bacteria and 
antibiotic production of actinomycetes 
Red-Yellow Podzolic Soils (No.6), Regosols (No.12) and Gray Podzolic Soils (No.16) were 

selected as representative soils in which actinomycetes antagonistic to Gram-negative bacteria 
among all actinomycete isolates showed a low percentage, while Brown Forest Soils 
Grumusols (No.24) and Rendzinas (No.27) were selected as representative soils containing a high 
percentage of such actinomycetes. The soils in parentheses are the same as those in Table 17, and 
their maximum water-holding capacity, organic carbon contents and percentages of actinomycetes 
antagonistic to Gram-negative bacteria among all actinomycete isolates, are shown in this table. 
The determinations of maximum water-holding capacity and organic matter content in soils \Vere 
made in using the same methods as those described in part IV. Some other chemical soil properties 
were outlined in part V. 

Each soil was incubated at 28°C for one week after adjusting the moisture content so as to reach 
a level of 20, 40 and 60% for maximum water-holding capacity. Population of Gram-negative 
bacteria was counted after growth on crystal violet medium, 981 while that of Gram-positive bacteria 
was obtained by subtracting the number of Gram-negative bacteria on crystal violet medium from 
the bacterial number on albumin agar medium, 981 The population of was counled 
after growth on albumin agar medium. 
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accounted fur 94% of all i;-;olates. followed by 
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lower percentage of 

observed in paddy 

the value of the per-
centage of and the lower that of non-aerial mycelium 
(without some variations in the were observed among 

soil groups. Sz.\Bo ct '") who found that in deeper (B-

horizon), while types occur more frequently in the A-horizon. suggested that this 
phenomenon \vas caused by better aeration and of the upper layers compared with the wet 
B-horizon. Similar result was reported by the author. 'J The low percentage of actinomycctes 

non--aerial spores) in the soil;; of savanna and desert may be 

ascribed to of soils. vVruJ \\I' et a!. also that the growth of all actinomycete 
strains tested was limited or absent at tensiiJns greater than 4.0 but that spores of 

survived for a long period in the dry season and furthermore that their tolerance of 

moisture tensions was greater than that of their own vegetative hyphae. 
On the other hand as shown in Table 14, forms of amounted to 38.8°1\, in the 

soils of Thailand and showed low value, namely ll.S 1lih, in the non-volcanic ash soils of Japan. 31 ) The 
difference was at the level of 0.1 o/'" Differences in the ol enabled 

to distinguish in the two 
The species composition of Streptomyces has been reported to vary depending on ,;oil types.' ''J 1 ' 

"l KesTER found that malachiticus was detected only in tropical soils, while in the 
tropical desert soils, S. aburabiensis and S jJseudogriscus were reported to be the dominant 
species. 161 The dominant species of S/ rcptomyccs in non-volcanic ash upland farm soils of Japan were 

S /avendulae and S. 3 ' 

As shown in part V, actinomycete flora in such soils with high organic matter contems as 
Grumusols, Rendzinas and Brmvn Forest Soils was similar to that of japanese non-volcanic ash soils 
on the basis of chromogenic-pigment and protease production. But as seen in Table 14, the genus 
composition of actinomycete flora of the above three great soil groups differed from that of 
Japanese soils. In the case of Grumusols, the percentage of StrcjJiomyccs was lower. and that of 



Table 14. Percentage distribution of actinomycete genus in upland farm soils of Thailand (Rainy season) t-:: 

-·--------··--------·--·--------~------ ---~--

Great soil groups Number of .Streptomyces Strcptosporanf[ium Nocardia l'vlicrrJinonospom Unidentified 
isolates spiral straight * 

·-------~~~---~-~~-----·-~------

1) Red-Yell ow Podzolic 312 54.5''lh 29.8% 2.2% 2.2"/r) 0.3'0, D.O'X1 1.9% 
Soils 

2) Regosols 204 48.0 38.2 1.4 2.9 0 7.4 2.0 
3) Gray Podzolic Soils 181 42.0 30.4 2.2 12.7 0 8.8 :u 
4) Brown Forest Soils 138 26.8 51.5 0.7 2 ') ... 0 18.8 0 
5) Non-calcic Brown 81 23.5 48.1 3.7 2.5 1.2 19.8 1.2 

Soils 
6) Reddish Brown 97 29.9 47.4 5.2 2.1 0 8.2 7.2 

Lateritic Soils 
7) Grumusols 91 15.4 20.8 1·1.3 7.7 16.5 2:U 2.2 
8) Alluvial Soils 46 32.6 32.6 2.2 6.5 0 26.1 () 

9) Rendzinas 41 19.5 41.5 2.4 14.6 2.4 19.5 0 
10) Low Humic Gley Soils 49 30.6 42.9 2.0 0 2.0 22.4 0 

Average 38.8 36.6 3.2 4.8 1.5 13.0 2.1 

* Actinomycetes producing non-aerial mycelium (without spores) 
** Actinomycetes producing aerial mycelium (without spores) 
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as follows: 
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streptomyces isolates was in soils rich in organic 
matter than in poorer soils, whereas in the case of tropical upland farm soils as shown in Tables 17 
and s;,;.ch correlation was observed for Gram-negative bacteria.The ""'"'hmP 

coefficients between the organic carbon content in soil and the percentage of an-
to Erlf. aerogencs, Eru·. aroidea, Ps. orE coh were 0.6689, 0.6532, 0.6393, 

The former three were significant at 0.1% while the last one was 

3 Difference in antibiotic beh'I"Ccn tropical and temperate upland farm 
soils 
As all upland farm soils used to non-volcanic ash groups, the comparison with 

Japanese farm soils was also made in soils of non-volcanic ash groups. As shown in 
Table 16, significant differences in the percentage of antagonistic actinomycetes among all ac
tinomycete isolates were observed in the cases of R. solani and all four Gram-positive bacteria. All 
the percentage of actinomycetes in tropical soils showing significant differences with 
Japanese soils were higher than those of Japanese soils, and in particular the difference in B cereus 
showed the highest significant level, namely 0.1 o/o. In the case of other test organisms, except for 
Ps. the percentage was higher in the troP.ical soils, though not significantly. 

Compared with each percentage of actinomycetes antagonistic to R. solani or Gram-positive 
bacteria in Japanese upland farm soils of volcanic ash, .l!) or peat group,-''l the percentage in tropical 



Table 15. Difference in percentage of actinomycetes antagonistic to each test organism among great soil groups 

upland farm soils in Thailand (o/o to all isolates) 

Antagonistic to Rhizoctonia Fusarium Bacillus Bacillus En.cinia 
Great soil groups solani oxysporum cereus subtilis aroidea 

Red-Yell ow Podzolic Solis 47.9 16.9 12.6 23.9 6.0 
Regosols 39.1 15.0 24.4 24.4 6.9 
Gray Podzolic Soils 53.0 15.3 43.2 39.8 2.8 8.5 
Brown Forest Soils 34.4 12.5 46.0 49.0 19.2 2() (\ 

"'.-1 

Non-calcic Brown Soils 36.3 17.5 32.8 37.0 8.9 
Reddish Brown Lateritic 34.0 18.7 25.1 26.9 2.1 5.3 
Soils 
Grumusols 26. 28.1 28.3 :32.7 11.8 10. 
Alluvial Soils 42.9 16.7 31.0 31.0 16.7 11.9 
Rendzinas 40.4 23.4 :iL9 40.4 255 17.0 
Low Humic Gley Soils 40.8 40.8 42.9 38.8 8.2 

.j:. 
,l:.o. 

70.0 
7 
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Table 16. Percentage of actinomycetcs antagonistic to each organism in 

upland farm soils of Thailand (Rainy season) and Japan (% to all ac

tinomycete isolates) 

Soil 

Test organisms 

Rhizoctonia so !ani Pi-63 
2) Fusarium 

Owen 
3) Bacillus cneus uar 

IAM 1190 
4) Bacillus mv·Prlwn 

IAM 
5) Bacillus subtilis 

IAM 1069 (A TCC 
6) Sarcina lutea 

IAM 1099 
'?) Entembacter aerogenes 

cucumerznz1m 

IAM 1063 (A TCC 8303) 
8) E'rwinia aroidea 

(Townsend) Holland 
9) Pseudomonas 

(Brown) Stezmes 
1 0) Escherichia coli najjar strain 

IAM 12:39 

* *, * • *, * * * * and * * * * *: Significant at 

·-·-·-~~--~-·-~·•·-·~---o-••- -•e- ~•· ~-·--·-• 

Thailand 
(n= 

S.D. S.D. Difference 
·-------~-----~----·-----

41.5 15.0 28.9 16.4 12.6 * * 
17.9 9.2 13.6 7.7 4.3 

28.5 Ei.3 H.O 4.6 14.5***** 

3L4 15.2 18.0 9.2 13.4**** 

32.0 13.3 20.8 9.0 11.2* * * * 

31.0 14.3 22.2 5.6 8.8 * * * 

4.6 5.9 2.2 2.:3 2.4 

8.5 7.4 6.1 6.1 2A 

3.4 4.3 '1.7 3.3 -1.3 

7.7 7.7 4.5 4.~:3 :3.2 

1 o/o, 0.5% and 0.1% levels, respectively. 

·1 Relationship between populations of Gram-negative bacteria and antibiotic 
production of actinomycete::; 
Of all actinomycete the percentage of those antagonistic to Gram-negative bacteria 

showed low values as by other ' 5 · 561 As shown in Table 17, however, the 
percentage differed largely among great soil groups. Brown Forest Rendzinas and Gmmusols 
with high organic matter content and maximum water-holding capacity, showed high percentage of 
actinomycetes antagonistic to Gram-negative bacteria, while great soil groups with low organic 
matter content and maximum water-holding capacity showed low percentage. Soil aggregates in the 
former three soils were well developed, unlike those in the latter ones. Gram-negative bacteria have 
been reported"' to be found in abundance inside soil aggregates because their population density is 



a ]ow percentage of 

isolates.'' The dilfcrcnce in 

bacteria among all actinomycete isolates and maximum 
as an index of moisture condition of soils, was examined. 
O.S97D (En!. acro{!cncs), 0.5108 (Erzc. amidea), 0.5725 (Ps. 

\\·as carried out at three moisture levels. As shmvn in T;:ble 

bacteria in Recl·Yellow Podzolic Soils, and 
those in Brown Forest Soils, Grumusols and Rendzinas. The ratio of 

ones. and the ratio of 

intense bacteria 

centage. These data also suggest that antibioric 

the factors among 

Table 17. Organic matter content and maximum water-holding capacity of 

upland farm soils in Thailand (Rainy season) and percc;ntage of ac

tinomycetes antagonistic to Gram-negative bacteria in each soil 

Organic Maximum water- _________ T_:,st -------·-·--·---------------
Soils carbon holding Enterobacter En!Jinia Pseudomonas Eschrrichia 

(o/o) aerogene:; aroidea coli 
-----------------.----···-

Red-Yellow Podzolic 
Soils 

(1) 1.62 45.2 4.3(Vo* 14.9%* 0"/i,* t "'G'' ' ,,) lG 

(2) 0.54 41.2 () 2.2 0 0 
(3) 1.49 52.1 2_1 12.8 L3 2.1 
(4) 0.62 38.9 2.0 4.0 0 2.0 
(5) 0.48 41.1 0 4 ,, 

,,) 2.1 0 
(6) 0.34 27.0 0 2.0 0 0 
(7) 0.75 36.7 4.1 2.0 2.0 2.0 

Regosols 
(8) 0.54 37.6 0 2.2 2.2 0 
(9) 0.32 28,3 2.0 8.2 2.0 2.0 



\I 

Test 
Maximum water- ----------~-~--~----~---------~---~-~-----····-

Soils 

0) 
(11) 

Podzolic Soils 
(1:3) 
(14) 
(15) 
(16) 

Brown Forest Soils 
(17) 
(18) 

(19) 

Non-calcic Brown 
Soils 

(20) 
(21) 

Reddish Brown 
Lateritic Soils 

(22) 

(23) 

Gmmusols 
(24) 

Alluvial Soils 
(26) 

Rendzinas 

0.77 
0.56 
0.62 

0.78 
0.76 
0.55 
0.47 

1.98 
2.31 
1.85 

0.81 
2.14 

0.70 
1.54 

2.65 
2.44 

0.49 

(27) 2.19 

Low Humic Gley 
Soils 

(28) 0.68 

39.0 
39.3 
36.4 

36.2 
34.2 
31.7 
46.4 

86.9 
81.3 
67.6 

46.;) 

59.6 

<W.5 
86.5 

98.4 
90.1 

40.5 

72.5 

35.8 

*Percentage to all actinomycete isolates 

Enlcmbacler Enrinia Pseudomonas Esrhcrirh ia 
acnJ,I!:t'nes art)idca r'r)!i 

2.:3 
n 
0 

4.4 
0 
6.7 
0 

20.:) 
20.4 

8.9 

2.9 
6.3 

4.3 
0 

4.3 

4.8 

19.2 

2.0 

' ') i-1- .... ) 

4.4 
0 
6.7 
0 

13.6 
:m.6 
13.3 

2.9 
10.4 

2.1 
2.0 

15.0 
8.5 

16.7 

25.5 

8.2 

2.3 
0 
0 

c}_,J 

2.'1 
2.2 
0 

9.1 
20A 

8.9 

2.9 
±.2 

2.1 
0 

7.3 
2.1 

2.4 

8.5 

2.0 

{) 

Ll 
:_:>. 1 

g,7 

9.5 
13.3 

25.0 
:32.7 
lLl 

llA 
6.:3 

8.5 
2.0 

15.0 
f-i.4 

lUl 

17.0 

1 0.2 



Soil 

Test 

maximum water-holding capacity of soils (% 

isolates) 

content 

Enterobactr:r acmgene.1· IA.\1 106:3 (ATCC 8303) r = 0Hi89* 
0.6532** 
0.6393* 
0.5657* 

Erwinia aroidaz 
Pseudomonas Steuncs 
Rsrherich ia o.J/i 

*and**- at 1% and 0. l %1 leveis, 



Table 19. Effect of soil moisture on the populations of Gram-negative bacteria, Gram-positive bacteria and 

actinomycetes in upland farm soils of Thailand 

Moisture Gram-negative Gram-positive 
Actinomycetes bacteria Gram(-) 

Soils level bacteria bacteria bacteria I Actinomycetes 
(x 10') (x 10') (x ]0') 

Red-Yellow Podzolic Soils (No.6) 20* 8.3** 169** 398** 0.049 
40 18.0 215 285 
60 24.3 273 35:l 0.089 (),()69 

Regosols (No. 12) 20 2/.:i 217 268 0.126 0.104 
40 32.5 208 :J()(J 0.156 0.108 
60 38.5 212 278 0.182 0.139 

Gray Podzolic Soils (No. 16) 20 44.:{ :168 U. 120 O.O:l9 
40 53.5 292 1040 (U83 0.051 
60 80.3 220 1090 0.365 

Brown Forest Soils (No.18) 20 88.8 4'12 388 (1188 
40 234 216 .08 
60 172 198 308 0.869 

Grumusols (No.24) 20 302 283 1.07 () 720 
40 121 4.94 0.245 0.690 
60 217 146 .49 

Rendzinas (No.27) 20 91.3 96 0.460 
40 267 128 2.09 
60 134 364 

----~---~-- ------------------------·-------
• Moisture level refers to 20,40 and 60% of moisture content for maximum water-holding capacity. 

**Counts per gram of dry soiL 
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VH Effect of rice straw on the of 
microflm·a in the paddy field 

areas \Vherc soils are lov-'" in nutrient content, 
been clarified."'· '"' 

soil has been 
fertilizer in the unknown. 

reports on the effect of rice straw soils have been 
but the of its effect on soil conditions is very 

In this part, the effects of rice straw with and without fertilizer a!Jic-''"··c,ucvn 

volatile soil gas released into the 
of rice were studied to get more information about 
of rice straw in the fields. 

Materials and methods 

was carried out at the Khok 
Pvn""'"'"''t was as follows: a) m c) 

25 x 25 em e) 15, '72 f) Harvesting: Dec. 9, '72 g) Soil: Low 
Humic Soils. Texture CL. Total-C Total-N 
21.1 ppm, Total KzO 0.0327%, Available KlJ 316 ppm, pH(HzO) as shown 
h) Soil gas collection method: Bottles vvhose bottoms (6.4 em in diameter) were 

black in order to inhibit the algal inside the bottle. Six bottles were 
top of the filled up with water, was covered with a The 
bottoms were placed 1 em above the soil surface were inside the surface water. Gas 
were taken periodically from the top of the bottle with a syringe and transfeJTed into a gas 
syringe. i) of soil gas: HITACHI 063 TCD gas was used. (1) N2, CH 4· 

Molecular sieve 5A, 30-60 mesh, was packed in the 3 mm x 200 em stainless steel column. 
C02 : Activated charcoal washed with O.lN H 2SO, and rinsed again in water. was packed in the 3 
mm x 150 em stainless steel column. j) Microorganisms investigated: ammonifier, ammonia 
oxidizer, nitrite oxidizer, denitrifier, purple nonsulfur bacteria, Azotobacter, Clostridium, cellulose 
decomposer. Medium composition and incubation method used are the same as those described in 
part I. k) Treatment of field experiment: 9 treatments were designed as 

Treatment 
Without rice straw N Rice straw 
(A) Control 
(B) Phosphate 40 
(C) Ammonium sulfate + Phosphate 32 40 
(D) Ammonium chloride + Phosphate 32 40 
(E) Ammonium phosphate 32 40 
With rice straw 
(F) Phosphate + Rice straw 40 
(G) Ammonium sulfate + + Rice straw 40 6.iJOO 
(H) Ammonium chloride + Phosphate + Rice straw :32 40 
(I) Ammonium +Rice straw 32 40 6,000 



1 Amountand 

in the lom1 of KCL. 
and 

under 

Results and discussion 

of volatile soil gas 
As shown in 7, there were marked variations in the amount of volatile soil 

without rice straw. The amount of volatile soil gas 
to 6 tons per hectare. 

with N-fertilizer 
volatile soil gas. 
than that in the control . In the latter case the amount of gas 
N-fertilizers and the differences were enhanced 
amount of volatile soil gas was obtained in the with ammonimn 
stra\v. 

bet1veen 
0 

The rate of gas formation in the without rice straw showed the maximum value one to three 
weeks after (~) to 5 weeks after whereas that in the with rice 
straw remained very high until 7 weeks after (9 weeks after of rice straw). 

As shown in Table among the components of volatile soil gas in the control plot, the 
value was recorded for molecular nitrogen followed by molecular oxygen, other gases, carbon 
dioxide and methane, respectively until two weeks after transplanting. whereas 35 to 65 after 
transplanting, their order was changed to molecular nitrogen, other gases, molecular oxygen, 
carbon dioxide and methane. Percentage distribution of molecular n•t..-ncmn gas in the control 
ranged from 41 to 62o/o until 65 days after transplanting. BELL"' that more than 92% of the 
gas found in untreated soil was molecular nitrogen until 98 days after and 49% bet-
ween 98 and 126 days after submergence. H.\~Rhot' et a!. 2 '' reported that molecular made 
up more than 70% of the gas phase in the planted soil at the later Per-
centage of molecular nitrogen in volatile soil gas of the sandy soil with lmv nitrogen content 
studied in the present investigation was lower than values reported befor2. 

As shown in Table 20, methane gas formation in the control plot was low and was found only 
during the middle stage of rice growth in sandy soil with low organic matter content Following 
phosphate application. the percentage of methane gas especially until 5 weeks after 
transplanting due to the enhancement of microbial HI soil 
with low phosphate content In the case of plots with rice straw, methane was the gas most abun-
dantly found until 7 weeks after transplanting. Molecular was found to be the most 
abundant gas during the later stage of rice It was that when peptone or cellulose 
was added to the most of the gas present in the soil was methane and carbon dioxide about 20 to 
40 days after submergence with only a small percentage of nitrogen gas. 6 ' 

Unexpectedly high percentage of molecular oxygen was supposed to be transported rice 
plant, 94 ' and to originate from the activity of and weeds, because the bottom of the bottle >,;,-as 
near the surface of paddy soils. 

* Volatile soil gas in this report means soil gas released into the atmosphere. 
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Fig. 7. Volume (1 atm. 25 °C) of volatile soil gas released into atmosphere from a surface area of 193 em' in each 
plot during the growing period of rice plants. 



Table 20. Percentage distribution of Yolatile soiJ gas comJlOr~e 

during the growing period of rice plants 

Treatment 

\Yithout rice straw 
Control N 2 56.()% 62,3°1~) 

CH" trace trace 
CO, 0. r; "> 

~.;) 

0, ')C: ~ 
.._).).;) 31.1 

others 7.8 4.:3 

N1. 38.5 46.4 
CH4 11.6 
CO, 2.1 1.7 

28.1 19.0 
others 19.7 23.4 

(C) Ammonium sulfate, N 2 27.6 31.0 
CH4 trace trace 
CO, 0.7 lL2 
0, 60.0 51,3 

others 11.7 17.5 

With rice straw 
Rice straw N, 17.9 16.5 

CH4 45.8 45.1 
CO, 6.5 8.0 
0, 10.1 6.9 

others 19.7 23.5 

(G) Ammonium N, 20.1 21.6 
Rice straw CH4 44.6 44.7 

CO, 6.3 9.3 
0, 5.8 6.0 

others 23.2 18.3 

1() c.v 

41 15.6 
10.0 0.5 
3.8 

18.4 24.6 

14.4 
45.4 

8.9 8.8 
1.4 18.8 13.6 

29.9 9.2 26.8 
--------· ·-----·-"_>_M_" _____ ,~ 

(D), (E), (H) and were abbreviated. 

under anaerobiosis. Other gases are supposed to be hydrogen gas, 91 ' 

esters and sulfur compounds.'"' Nitrous oxide was not detected in any 

2 Amount of molecular nitrogen and methane in volatile soil gas 
1) Molecular nitrogen 

alcohols. 

As shown in Table 21. 42.1 mg of molecular nitrogen was volatilized into the air from a 
surface of 193 em' in the case of control plot, and phosphate application (P zO,- 40 Kg/ha) 
increased the amount of molecular nitrogen. As shown in Fig. 8-h, application of phosphate led to 
the increase of the population of microorganisms, especially cellulose decomposer which was 
thought to play a role in the mineralization of soil organic matter. 



Table L Amount of molecular nitrogen volatile soil gas during 

period of rice plants 

Treatment 

Without rice straw 

U'~.) Control 

(B) Phosphate 

(C) Ammonium sulfate, Phosphate 

(D) Ammonium chloride, Phosphate 

(E) Ammonium phosphate 

With rice straw 

(F) Phosphate 

(G) Ammonium sulfate, Phosphate, 
Rice stra\v 

(H) Ammonium chloride, Phosphate, 
Rice straw 

(I) Ammonium phosphate, 
Rice straw 

* N mg/day evolved from 193 em' 

0-7 

0 7()')* 
·I VU 

1.31 

2.19 

2.20 

2.13 

8.38 

9.59 

12.5 

• *Total N mg evolved from 193 em' during 58 days 

IJays after transplanting 

0.535* 1 "~* ,,)/ 0.279* 

:uo 1.28 L05 

1.69 0.863 0.486 

2.78 U'7 0.684 

2.10 145 0.91 

5.07 6.25 12.8 

15.4 7.77 15.5 

12.9 2.17 6.36 

15.9 :3.63 5.99 

grmving 

0.671 * 

0.591 

0.668 

0.34'7 

086 

6.41 

5.97 

4.i2 

2A9 

Total 

42.1 * 
?4.8 

56.6 

69.5 

76.5 

606 

377 

On the other hand, in the case of plots with phosphate N-fertilizer. the amount of 
molecular nitrogen was insignificant compared with that in the phosphate plot, and in the case of 
plots with ammonium sulfate or ammonium chloride, the amount of molecular nitrogen rather 
decreased. 

The application of rice straw increased the amount of volatile molecular nitrogen, 
irrespective of the application of N-fertilizer. In plots with rice straw and phosphate, an amount 
of molecular nitrogen as high as 4 70 mg was volatilized. Even in the plots with N-fertilizer, 
application of rice straw increased the amount of molecular nitrogen. Compared with the rice 
straw plot without N-fertilizer, the amount of molecular nitrogen in the rice straw plots with N
fertilizers did not show a significant difference. 

Volatile nitrogen gas may originate partly from denitrification, but as suggested by YosHm>. et 
al., 941 rice plants supply gaseous nitrogen to the rhizosphere. Unexpectedly large amounts of 
molecular nitrogen in gas sample seem to suggest the transportation of molecular nitrogen by 
rice plant. 

2) Methane 
As shown in Table 22, even in the control plot, a small amount of methane gas was found 21 to 

50 days after transplanting. When phosphate was applied, the total amount of methane gas was 5 
fold as high as that of the control plot, owing to the increase of oxygen consumption by enhan
cement of microbial growth. N-fertilizers except ammonium phosphate inhibited the formation 
of methane gas. 

This was in agreement with the experimental results obtained by several authors'" w. 911 who 
could demonstrate that nitrate prevented the formation of methane. 
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Rice straw with or without N~fertilizer increased the 
with the The 

straw to 
agent for :V!ethanobacteriaceae"'1 be formed from sulfate, 

The rate of methane formation m the control 

"'"'i""''nLuq;, whereas that in the was 
On the nther hand, the with N~fertilizer except the 

showed the maximum rate of methane gas formation 3 to 5 weeks 
the was reached the first week after 

In with both rice straw and N-fertilizec !he appearance of the 

was 
In of the rate of 

methane gas, The formittion of methane 
denitrification could be observed and 

As mentioned above, the 

Table 22. Amount of methane in volatile soil gas during 

of rice plant 

that of 
further 

3oils. 

gnnving period 

Treatment 
Days after transplanting 

0-7 7-14 <i5 35~-50 50--~65 Total 

Without rice straw 
(A) Control trace* trace• 0,085* 0,001 * trace* L21 ** 
(B) Phosphate CU68 (),288 0,195 0,006 0,007 6J3 

(C) Ammonium sulfate, Phosphate trace trace (L061 0.003 (lOll L06 

(D) Ammonium chloride, Phosphate trace ()_129 OJ04 0,033 0,009 2,99 

(E) Ammonium phosphate 0,070 0,106 OA4 OJJ36 7,93 

With rice straw 

(F) Phosphate 9,18 5,93 4,60 3,09 LOO 232 

(G) Ammonium sulfate, Phosphate, Rice straw 9,10 H7 10,5 4.07 Ul 384 

(H) Ammonium chloride, Phosphate, Rice straw 7.34 8A9 2,75 0,79 OA6 168 

(I) Ammonium phosphate, Rice straw 12,0 14,8 3J4 0,89 LOY 261 
---------- -----~--~----~·-----

* CH4-C mg/day evolved from 193 em' 

**Total CH4--C mg evolved from 193 em' during 58 days 

3 Characteristics of change in populations of microorganisms in the soil during the 
growing period of rice plants (Fig. 8) 
1) Population change in the control plot 

Populations of ammonia oxidizer and denitrifier in the subsurface soil (1-1 0 em) mostly did not 
show any change during the growing period of rice plants, On the other hand, population of 
Azotobacter in the top (0-1 em) and subsurface soils showed two peaks both at the early and 
middle stages of rice growth, 

Populations of purple nonsulfur bacteria and Clostridium of anaerobic group in the top and 
subsurface soils increased at the middle stage of rice growth when anaerobic condition 



as seen in the formation of methane (Table 22). M \TS\ ,~~ el a!. 
of nonsulfur bacteria increased at the middle stage 
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that 
the 

of nitrite oxidizer in the top soil shmved a LO at 
time. but decreased weeks after \\·h.:n the field sufferc·d from 

even the top soil submitted to anaerobic conditions flooding. a 
high level of population was recovered 7 weeks after of nitrite 
oxidizer in the subsurface soil \Vas lowE~r than that in the top soil. The population df 

nitrite oxidizer in tropical 
Japanese paddy soils. ' 4 1 

2) Effect of phosphate 

soils showed 

The application of phosphate resulted in a 

fluctuations as 

increase in the 
the top soil until 3 weeks after which was nearly 10 times as 

with that in 

control plot. Population of cellulose decomposer increased throughout rice and 

that of Azotobacter, until :3 weeks after In the case of acid sulfate soils. application 
of phosphate did not clearly lead to an increase in the 
phosphate with lim.c gave rise to an increa:;e in the population of 
photosynthetic bacteria as well as ~-fixing blue green algae. 591 

of 

On the other hand, such application led to a decrease in the popul<Jtion of nitrite oxidizer in the 
top soil except that of :3 weeks after transplanting and the populations were nearly 1/10 that of 
the control plot. This trend to a decrease was also found in the population of Azotobacter and 
nitrite oxidizer both in the subsurface soils until 3 weeks after transplanting and the population 
of the latter dropped to 1/10 that of the control plot. Other microorganisms were not con-
spicuously affected by phosphate application. 

Determination of available phosphorus content and grain yield showed that this field lacked in 
phosphoms. Although the application of phosphate vvas supposed to lead to an increase of the 
population of microorganisms, the number of some groups of microorganisms decreased 
following phosphate application. The reason for the decrease in the population of Azotobacter and 
nitrite oxidizer was attributed to the development of anaerobic conditions due to enhancement of 
microbial activity. Furthennore. it is possible to consider that phosphate application changed 
qualitatively the competition among microorganisms and hence, some groups eventually 
proliferated while the number of other groups actually decreased. 

3) Effect of N-fertilizer in the presence of phosphate 
Application of 32 Kg-N per hectare led to a decrease in the population of Clostridium 1 to 3 

weeks after transplanting as compared with that in the phosphate plot. Several im·estigators''"' 
could demonstrate high concentrations of mineral nitrogen inhibited nitrogen fixation. L1 '\I•"' 

also reported that a mixture of phosphate and potassium was especially effective for :.J.fixing 
blue green algae while ammonium nitrate was ineffective. 

On the other hand, the population of ammonia oxidizer in the top soil increased 3 to Hi week~ 
after transplanting while that in the subsurface soil increased at the middle stages. Ammoniuc1 
phosphate inhibited the growth of populations of both denitrifier and cellulose decomposer. 

4) Effect of rice straw in the presence of phosphate but in the absence of :'-/
fertilizer 
As shown in Fig. 8, comparison between plots (B) and (F) illustrates the effect of rice straw 
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application on the growth of microorganisms in the presence of phosphate. Such application did 
not exert a significant influence on the populations of nitrite oxidizer and nonsulfur 
bacteria. 

The population of Azotobacter in the top soils increased ten times that of plot 
until 5 weeks after transplanting and was still higher until 11 weeks, whereas that in the sub· 
surface soil became more than ten times higher than that of phosphate plot throughout the rice 
growing period. Incorporation of organic matter was repeatedly seen to increase the number of 
Azotobacter in upland soils. 9 ' Even in the paddy soils MATSLClT!ll et al. 59 ' also reported the same 
results. The population of cellulose decomposer (Fig. 8·h) in the top soil was larger in the 
phosphate plot to which rice straw had been added than that in the phosphate plot, 3 to 5 weeks 
after transplanting. The population of ammonifier in the top soil was larger 5 to 11 weeks after 
transplanting and that of denitrifier markedly increased 16 weeks after transplanting both in the 
top and subsurface soils (Fig. 8-d). In the case of ammonia oxidizer, the sharp increase in 
population was observed 3 to 7 weeks after transplanting in the top soil, and 1 to 3 weeks in the 
subsurface soil. It was reported that application of rice straw increased the number of aerobic 
bacteria, anaerobic bacteria, Clostridium and purple nonsulfur bacteria in the same great soil 
group.'9) 

5) Effect of rice straw in the presence of phosphate and N-fertilizer 
As shown in Fig. 8, the application of rice straw in the presence of phosphate and N-fertilizer 

either increased the number of microorganisms or did not affect it greatly as compared with that 
in the corresponding plots with phosphate and N-fertilizers. The increase was most conspicuous 
in the case of Azotobacter population 1 to 7 weeks after transplanting. The number of denitrifier 
in the top and subsurface soils, also increased 16 weeks after transplanting. As shown in Fig. 8, 
the effect of rice straw with fertilizers, depended on the nature of N-fertilizer. Application of 
ammonium sulfate with rice straw increased the number of nitrite oxidizer in the top soil and also 
that of cellulose decomposer in the top and subsurface soils, at the later stage of rice growth, 
whereas, ammonium phosphate application decreased the number of ammonia oxidizer in both 
layers and increased the number of cellulose decomposer in the top soil at the middle to later 
stages of rice growth. 

Among the populations of each microorganism in the plots with N-fertilizer. phosphate and 
rice straw, the number of ammonia oxidizer in the top soils of the plot (G) with ammonium 
sulfate, phosphate and rice straw showed a high value in the later stages of rice growth. On 
the other hand, the number of denitrifier in the subsurface soil of the plot (I) with ammonium 
phosphate and rice straw decreased 16 weeks after transplanting, but that of purple nonsulfur 
bacteria in the top soil of this plot increased at this stage. 

As described above, the application of rice straw variously affected the population of each 
microorganism, and the effect of N-fertilizer differed also. 

Summary 

The effect of rice straw (6 tons/ha) on the composition of volatile soil gas released into the at
mosphere and microflora in the tropical paddy field was studied with and without fertilizer ap
plication. 

The volatile soil gas most abundantly found in plots with rice straw was methane during the early 
stage of rice growth, while molecular nitrogen predominated in the later stages. 

The amount of molecular nitrogen in the soil gas increased following phosphate application as 
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of effects of straw on 
and microflora related to the mineral 

Brackish V\l ater Soils and Low Humic 

and 

and micro±lora 
would also show differences among great soil groups. 

Brackish Water Alluvial Soils distributed in South-east Asia, 46 ' their 
is low and needs to be 

volatile soil 
in Brackish Water Alluvial Soils with 

and microflora related 
mineral 

matter content and 
Humic 

field conditions and rmnn,rF•rl 

and had a lmv matter content 

Materials and Methods 

Field experiments were designed the same way as those described in part 
out both at Khok and Khlong Luang Rice Stations in 

Humic Gley Soils, Texture CL, Total-C 0.43°7o, Total-N 
Available PiJs 21.1 ppm, Total K20 0.033o/o Available 316 ppm, 

Water Alluvial Soils, Texture HC, Total-C Total-N 
Available P20 5 13.6 ppm, Total K20 1.29%, Available K20 193 ppm, 
MoTOMURA. 65 ' b) Ammonium nitrogen was determined in using the 

method described in part IIL c) Microorganisms investigated: ammonifier, ammonia oxidizer, nitrite 
oxidizer and denitrifier. Media and incubation methods used are the same as those 
described in part I. d) Soil gas collection method and of soil gas were the same as those in 
part VII. e) Treatment of were 
Treatment 
Without rice straw 
(A) Control 
(B) Phosphate 
(C) Ammonium sulfate + Phosphate 
(D) Ammonium chloride + Phosphate 
With rice straw 
(E) Phosphate + Rice straw 
(F) Ammonium sulfate + Phosphate + Rice straw 
(G) Ammonium chloride + Phosphate + Rice straw 

* Volatile soil gas in this report means soil gas released into the atmosphere. 

N 

32 
32 

32 
32 

40 
40 
40 

40 
40 
40 

Kg/ha 
Rice straw 

6,000 
6,000 
6,000 
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Results and 

Amount of volatile soil gas 
As shown in 9, the of volatile of 

lower than that in the enrrc,C:rlnn 

of the former of rice straw 
to 6 tons per hectare increased the amount of volatile soil gas in the of 

Low Humic while in the case of Brackish Water Alluvial Soils a marked increase in 
volatile soil gas was obtained only in the ammonium chloride, rice straw (G). The 
low of microbes Brackish Water Alluvial Soils is considered to be due mainly to the low 
pH value of about The of rice straw made the value except for that of the 
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Fig. 9-a. Volume (1 atm., 25°C) of volatile soil gas released from a surface area of 193 em' in each plot of 
Brackish Water Alluvial Soils during the growing period of rice plants. 
(A), Control plot; (B), Phosphate plot; (C), Ammonium sulfate and phosphate plot; (D), Ammonium 
chloride and phosphate plot; (E), Phosphate and rice straw plot: (F), Ammonium sulfate, phosphate and 
rice straw plot; (G), Ammonium chloride, phosphate and rice straw plot 
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abo 

in 
of Italian and far-

in the amount of volatile soil gas 
increase in the amount utilizable 

with the increase in the 
amount of volatile soil gas. 

of Low Humic 
that the dC(:OITlPOSl 

the former than in the latter group under natural because 
m 

the same amount of 
matter was presumed to be annually. As shown in Fig. 9. the of rice 

straw was in Low Humic 
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Fig. 9-b. Volume (1 atm., 25°C) of volatile soil gas released from a surface area of 193 em' in each plot of Low 
Humic Gley Soils during the growing period of rice plants. 
(A), Control plot; (B), Phosphate plot; (C). Ammonium sulfate and phosphate plot; (D). Ammonium 
chloride and phosphate plot; (E), Phosphate and rice straw plot: (F), Ammonium sulfate, phosphate and 
rice straw plot; (G), Ammonium chloride, phosphate and rice straw plot. 



was far in the former. 
The amount of molecular m 

Alluvial Soils it increased more than 4 times as 
content of both soils vvas 

factors for microbial 
The amount of molecular 

when N-fertilizer 
without rice straw. As shown 

was least in the ammonium sulfate 
in the ammonium chloride or ammonium 
an inhibitory effect on the formation of molecular in soil gas. 

Brackish Water 
As indicated 

of 

As shown in Table 23, the rate of formation of molecular 1 to 3 weeks 
after transplanting in the control of both soils. Following application, a peak ap-

earlier in Low Humic Soils than in Brackish Water Alluvial Soils, where it was ob-
served only 3 to 5 weeks after In tbe case of rice straw the of tbe 
rate of molecular nitrogen formation was observed in the first week after transplanting. The 
molecular nitrogen of the air kept inside the soil was supposed to be evolved and to fonn a part of 
molecular nitrogen in evolved soil gas. The application of rice straw and the management of water
logged condition were made 2 weeks before transplanting. Therefore a large part of the air inside 
the soil is considered to have evolved during the two weeks before transplanting. However, it is 
conceivable that the evolution of air was enhanced by the application of phosphate or phosphate 
plus rice straw as compared with that of the control plot. 

3 Amount of methane in volatile soil gas 
As shown in Table methane gas was hardly detected in the plots of Brackish Water Alluvial 

Soils without rice straw, while in tbe case of the Low Humic Gley Soils, a small amount of methane 
gas was found. 

Following rice straw application, the amount of methane gas increased largely in both great soil 
groups except the ammonium sulfate plot with rice straw in Brackish Water Alluvial Soils. 
MoRAGHAl\ and AYoTAD£991 reported differences in the effect of organic matter between acid and 
alkaline soils and observed that the addition of organic matter (0.05 g maize strawi 5 g soil) to an 
acid soil greatly reduced methane fonnation during anaerobic incubation, while in alkaline soils 
methane formation was increased. The increased methane formation observed even in acid 
Brackish Water Alluvial Soils following the application of rice straw may be related to the high rate 
of organic matter decomposition in tropical soils. 

Under field conditions, formation of methane and molecular nitrogen gas was observed 
simultaneously, as shown in Tables 23 and 24. YAMANE and SAT092 > reported that metbane fom1ation 
from flooded paddy soils does not commence until Eh falls below-200m V. BELL 61 reported that the 
Eh value dropped sharply from +200 mV, which was compatible with active denitrification. to -250 
m V. After an interval, formation of methane gas was reported to be observed and then 



Table 23. Amount of molecular nitrogen in volatile soil gas during the growing period of rice plants 

Great soil groups Low Humic Gley Soils Brackish Water Alluvial Soils 

Days after transplating 0--7 7-20 20-34 34-54 54-75 Total 0-7 7-21 21-35 3:-i-49 

Without rice straw 

(A) Control 1.80* 3.05* 1.92* 1.73* 0.36* 121** 0.09* 0.43* 0.22* 

(B) Phosphate 5.32 3.47 1.17 2.81 1.08 178 0.07 051 3.00 1.CJ2 0.32 

(C) Ammonium sulfate, Phosphate 4.29 1.58 1.11 2.70 0.06 121 0.11 0.90 0.30 0.28 0.22 

(D) Ammonium chloride, Phosphate 0.73 1.75 1.61 2.95 1.41 139 0.17 lUG ::lAO 1.()2 0.47 

With rice straw 

(E) Phosphate, Rice straw 15.4 13.8 9.29 7.00 3.43 212 2.44 0.45 CL94 L06 

(F) Ammonium sulfate, Phosphate, 16.4 10.9 7.79 11.8 552 716 0.65 0.22 0.26 0.36 0. 
Rice straw 

(G) Ammonium chloride, Phosphate, 12.1 7.77 14.3 10.5 .3.54 668 2.84 9.79 5.22 3.31 4.90 
Rice straw 

• N mg/day, 193 em' 
•• N mg/75 days, 193 em' 

* * *N mg/78 days, 193 em' 

81.7 

•'J 
N 



Table 21. Amount of methane in volatile soil gas during t.hc growing period of rice plants 

Great soil groups 

Days after transplating 

Without rice straw 

(A) Control 

(B) Phosphate 

(C) Ammonium sulfate, Phosphate 

(D) Ammonium chloride. Phosphate 

With rice straw 

(E) Phosphate, Rice straw 

(F) Ammonium sulfate, Phosphate. 
Rice straw 

(G) Ammonium chloride .Phosphate, 
Rice straw 

CH4-C mg/day, 193 em' 

CIL-C mg/54 days, 19:) em' 

** *CIL,-C mg/78 days, 193 em' 

Low Humic G!ey Soils Brackish \Vater Alluvial Soils 

0-7 7-20 20-34 34-S4 Total 0---7 7-21 21-:15 3S-49 ·19--71' 
~----~~--------~-· "- ~---------------------.. - .. -~---~ -------~--~~~-

1.()3* 1.13 * 0.25* 0.07* 26.8** 0* 0* ()* ()* [)()I* 

0.20 0.03 ().()9 0.07 4..15 0 0 () 0 0 

0.051 () () O.Hl 4.16 () 0 () () () 

0.21 0.26 0.12 0. l!l lO.:i () () 0 () () 

7.34 4.5:i 2.49 0.7:l j(j() OZl 0.05 0.'11 0.2(1 0.1 

11.8 5.56 1.61 2.26 223 0.10 () 0 () () 

11.1 :UB :l.51 0.9S 187 0 2.:) :u:i 0.72 o.:ih 

Total 

0.29*** 

() 

() 

() 

0.7:J 

10:1 

-.j 
(...~: 
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denitrification became weak. Under field conditions, as oxygen 
of the Eh values from + 200 m V to 

Hence the formation of molecular 
the same time. 

,1 Change of ammonium content of soil 
As shown in Fig. 10, the content in the control was observed 

one week after in Low Humic Soils where the of organic matter 
was rapid, while that in Brackish Water Alluvial Soils where the development of reduced condition 
was slow, was seen 5 to 7 weeks after transplanting. However the ammonium nitrogen content in 
both great soil groups, especially that in Low Humic Gley Soils presumably due to 
subsequent nitrification-denitrification process and partly due to rice plant. 

The ammonium nitrogen content in the plots with N-fertilizer became similar to that in the 
phosphate 7 weeks after application of N-fertilizer, in the case of Low Humic Soils. 

The ammonium nitrogen content in the top soils of Low Humic Soils increased the 
application of rice stravv and this increase might have contributed to the loss of molecular nitrogen 
into the atmosphere. In the case of the Brackish Water Alluvial Soils, the increase in ammonium 
nitrogen in the soils was not obvious, but in the top soils of the plot (E) with phosphate and rice 
straw and in that (G) with phosphate, ammonium chloride and rice straw, the ammonium nitrogen 
content increased at the late period of rice growth when the high rate of formation of molecular 
nitrogen was observed. 

5 Change in population of microorganisms 
Denitrification is known to be regulated by several factors such as the partial pressure of oxygen, 

organic matter content, pH, temperature. nitrate content, redox potential 121 and microorganisms 
related to denitrification, etc. 

As shown in Table 23, there were important variations in the amount of molecular nitrogen in 
volatile soil gas between Brackish Water Alluvial and Low Humic Gley Soils. The reason for this 
low value in the former group is considered, as indicated previously, to be mainly due to the low pH 
value of this soil which is responsible for the slow development of a reduced condition. The fact that 
the redox potential did not show a low value can be explained by the absence or low values of 
methane gas formation, as seen in Table 24. 

Furthermore, the change in populations of microorganisms related to denitrification was 
periodically compared between the two great soil groups. 

1) Control plot 
As shown in Fig. 11, the population of ammonifier which mineralizes organic nitrogen was 

slightly larger in Brackish Water Alluvial Soils with high organic matter content. On the other 
hand, the population of aerobic ammonia oxidizer in Brackish Water Alluvial Soils, whose 
oxidized layer was thinner than that in Low Humic Gley Soils, was smaller in the former and its 
marked increase in both great soil groups one week after transplanting was considered to be due 
to puddling at transplanting time. The population of ammonia oxidizer in the top soil of Brackish 
Water Alluvial Soils increased again 7 weeks after transplanting when the amount of ammonium 
nitrogen also showed a peak, and was at the same high level untilll weeks, which corresponded 
with the decrease of ammonium nitrogen content in the top soil. The ammonium nitrogen was 
supposed to be nitrified during this period. 

In the case of Low Humic Gley Soils, the population of ammonia oxidizer also increased 8 
weeks after transplanting and showed a high level untill6 weeks as compared with that in Low 



o. 

u 

could be 
decrease at this period, as seen in Fig. 10. 

middle stage incubation under 
the rate of ammonification decreased. and Eh in the surface 

increase of nitrifier in the 
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The of denitrifier in the control plot of Low Humic Soils where the amount of 
as that of Brackish Water volatile molecular nitrogen showed high value, was 10 times as 

Alluvial Soils throughout the growing of rice 
AYA:VAit\ and 0:vi\YtLI 51 reported that in 

microbial abundance. Soils with very high acidity (pH 
influenced 

contained the smallest number of 
populations of Nitrobactcr and denitrifier. In the case of tropical paddy soils, as 
indicated previously, the population of nitrite oxidizer at the early stage of rice growth, ammonia 
oxidizer and denitrifier showed lower levels in Brackish Water Alluvial Soils, while that of nitrite 
oxidizer during the middle and later stages was larger in Brackish Water Alluvial Soils than in 
Low Humic Gley Soils. The difference can be explained mainly by the difference in soil 
properties . 
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Fig. 11. Change in populations of microorganisms related to the change of mineral nitrogen in the control plot of 
both Brackish Water Alluvial Soils and Low Humic Gley Soils during the growing period of rice plants. 
Ammonia oxidizer: (1), in Brackish Water Alluvial Soils; (2), in Low Humic Gley Soils. Denitrifier: (3), in 
Brackish Water Alluvial Soils; (4), in Low Humic Gley Soils. Ammonifier; (5), in Brackish Water 
Alluvial Soils; (6), in Low Humic Gley Soils. Nitrite oxidizer: (7), in Brackish Water Alluvial Soils; (8), in 
Low Humic Gley Soils. 
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2) Effect of rice straw application without N-fertilizer 
the population of denitrifier increased in Brackish Water Alluvial Soils 

following the of rice straw, while in the case of Low Humic Soils such effect was 
not clear. The difference in population size between the two great soil groups became smaller 
untilll weeks after transplanting. 

On the other hand, even if rice straw was applied, the population of aerobic nitrite oxidizer 
the same level as compared with that in the phosphate plot except for the population in the 

top soil em) of Low Humic Soils where decomposition of organic matter was more 
rapid. 
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Fig. 12. Effect of rice straw application without N-fertilizers on the population change of denitrifier and nitrite 
oxidizer in both Brackish Water Alluvial Soils and Low Humic Gley Soils during the growing period of 
rice plants. 
Brackish Water Alluvial Soils: (1), Phosphate plot; (2), Phosphate and rice straw plot. Low Humic Gley 
Soils: (3), Phosphate plot; (4), Phosphate and rice straw plot. 
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Fig. 1:3-a. Effect of rice straw application with N-fertilizers on the population change of nitrite oxidizer in both 
Brackish Water Alluvial Soils and Low Humic Gley Soils during the growing period of ric·,· plants. 
Brackish Water Alluvial Soils: (1 ), l"itrogen and phosphate plot: (2). Nitrogen, phosphail' ami rice 
straw plot. Low Humic Gley Soils: (3). Nitrogen and phosphate plot; (4). Nitrogen, phosphate a till rice 
straw plot. 
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Fig. 13-b. Effect of rice straw application with N-fertilizers on the population change of denitrifier in both 
Brackish Water Alluvial Soils and Low Humic Gley Soils during the growing period of rice plants. 
Brackish Water Allm-ial Soils: (1), 1'\itrogen and phosphate plot; (2), Nitrogen, phosphate and rice 
straw plot. Low Humic Gley Soils: (3). !'<itrogen and phosphate plot: (4), Nitrogen. phosphate and rice 
straw plot. 



l behavior of soil 
paddy soils of Thailand. 
The of except for cellulose 

"lvith those in the 
decrease was recorded in the 

oxidizer. The ~uwc1v'"' of twelve groups of 
nonsulfur bacteria recorded the 

matter content and 
low matter content, while the smaliest value was 
Alluvial Soils .A.) with low available 

The 
em) \Vas 4 times as as that in the subsurface soil 
showed the value in L.RG. which are characterized the 
thickest among the three great soil groups. In contrast. a 
oxidizer was obtained in F .W .A. '-'l'ith 
and thin oxidized while the 

content were the least numerous. It "'""n":~rp 

2 Dynamic behavior of soil 
upland fa:rm soils of ThaHand 
The microbial counts in Brown Forest 

matter, available and cA'ul<lllt;ca 

Low Humic Gley Soils and Regosols vvith low content of 
available potassium, populations of microbes were 

3 Actinomycete flora of upland farm soils of Thailand (Rainy season). 

of 

The genus composition and antibiotic production of isolates (1240), from 
major great soil groups of upland farm soils in Thailand were 
total isolates belonged to Streptomyces followed by Nocardia (4.8%), and 
Micromonospora (l.5o/o). Sterile types accounted for 13.0o/o of all isolates. A 
Streptomyces and a low one of sterile types were found and were ascribed to 
genus composition of actinomycete flora varied among great soil groups. It was 
Grumusols with high maximum water holding capacity contained a 

of soils. The 
that 

Aficmmonospora (17o/o), which was generally found in such soils with moisture content as 
and peat soils. Rendzinas and Gray Podzolic Soils showed a rather percentage of Nocardia 
(13 to 14o/o). Percentage of actinomycetes antagonistic to each test organism showed variations 
among great soil groups. The soils with high percentage of actinomycete;o 
negative bacteria showed significantly high maximum water 
matter content. 

cap;o 

4 Comparison of microflora in paddy and upland fa:rm soils between Thailand and 
Japan. 

1) The largest difference in the groups of 
and temperate (Japan) paddy soils was found in the ratio of aerobic '"' 0•C•¥'~ 



at 1 (Yo 

of isolates \Vith both protease and cellulase, in 
These results indicate that soils contain 

cellulase activities and this 

of volatile soil gas and microflora related 

of volatile soil gas released into the and 
evaluated with and without fertilizer 

found in with rice straw \vas methane during the 
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