
Soil Sca Plant Nutr., 43 (4), 811-818, 1997 811

Changes in Microbial Biomass after Continuous
 Application of Azolla and Rice Straw in Soil
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A model experiment was conducted under tropical conditions with a view to
evaluating the changes in microbial biomass and nutrient dynamics in upland
soil through the continuous application of azolla and rice straw (2 g C kg-i soil
per each application). Flush decomposition of C was observed immediately after
each application and the rate of mineralization did not change appreciably
during this period. After flush decomposition, the rate of C mineralization from
azolla was higher than that from rice straw until 9 to 13 weeks after each
application and thereafter the mineralization rate was similar. The amount of
inorganic N released from azolla increased following each application, whereas
inorganic N in rice straw plot was immediately immobilized and the rate of
immobilization increased until the 3rd application and did net increase further
after the 4th application. The amounts of biernass C and N increased immedi-
ately after residue incorporation, reached the maximum level one week after
each application and declined thereafter. Maximum biornass formation in-
creased until the 2nd application and then the level remained constant.
Maximum biomass N formation was higher in azolla than in rice straw after
the lst application, but after repeated applications, the difference became less
pronounced: Continuous increase in biornass in a certain week after each
application was observed, probably because of the cumulative effects of the
previous applications. The increase suggests that continuous application of
organic materials may enable to improve the amount of soil microbial biomass.

Key Wortls: azolla, C and N mineralization, continuous application, microbial
biomass, rice straw, tropical soil fertility.

   Microbial biomass has been used as an index of soil fertility (Marumoto 1984; Hassink
et al. 1991). Available nutrients for plants are mostly derived from the soil microbial
biomass, and the amount of microbial biomass and microbial activities depend on the
supply of organic materials (O.M.) in soil. Therefore, regular addition of O.M. to soil is
essential for the maintenance and improvement of soil fertility. However, soils in the tropical

region such as in Bangladesh are not regularly amended with a suficient amount of O.M.
Moreover, the turnover rate of organic matter in tropical soils is higher than in temperate
soils due to the high temperature and variable moisture level (Killham 1994). The contents

i Present address: Bangladesh Rice Research Institute, 6azipur 1701, Bangladesh.
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RESULTS AND DISCUSSION

C mineralization pattern
    Figure 2 shows that the amounts of C02-C evolved from azolla and rice straw-treated
soils were significantly larger than those from the control soil (unamended soil). A fiush

decomposition of C was observed immediately after each incorporation of O.M. and the
amounts of C02-C during the flush decomposition were similar in the azolla and rice
straw-treated soils (Fig. 2). After the flush decomposition, the rate of C mineralization was

higher in azolla than in rice straw until 9 to 13 weeks after each application (Fig. 3),
presumably because the amount of easily decomposable substances such as hexoses and
proteins was higher in azolla than in rice straw (Table 2). Thereafter, the rate ofmineraliza-

tion in the azolla and rice straw-treated soils became similar.

N mineralization pattern
    The amount of inorganic N released in the
through the continuous application of azolla (Fig.

azolla-treated soils increased regularly
4), whereas in the rice straw-treated soil
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Fig. 2. C mineralization after continu-
ous application of azolla and rice straw in

soiL AZ==azolla, RS=rice straw. The
numbers (1), (2), (3), and (4) indicate the

frequency of application of azolla and rice

straw. Standard errors are indicated by
bars or within each symbol.
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Fig. 3. Rate of C mineralization of azolla and rice straw. C
mineralization rate was calculated by subtracting the amounts
of C02-C evolved in the control soil from those evolved in the

amended soils. AZ=azolla, RS= rice straw. The numbers (1),
(2), (3), and (4) indicate the frequency of application of azolla

and rice straw. Standard errors are indicated by bars or within

each symbol.
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a limitation in the amount ofmaximum biomass formation was observed in this study (Figs.

6 and 7).

Changes in microbial biomass after continuous application of O.M
    As shown in Figs. 6 and 7, microbia! biomass formation was considerably influenced
by the addition ofO.M. The amounts ofbiomass C and N increased immediately after O.M.
incorporation, reached maximum values after one week of each application, and declined
thereafter. A similar pattern of biomass formation was reported previously by Azmal et al.
(1996a). The amount of biomass in the unamended soil also increased and became maximum
one week after incubation, presumably due to some disturbance effect, such as mixing of the

soil.

    The level of rnaximum biomass formation reached a ceiling after the 2nd application,
at which the maximum biomass amount did not increase. Similar pattern of changes in the
number of bacteria, fungi, and actinomycetes after repeated application of rice straw was
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Pig. 6. Changes in the amount of microbial bio-

Mass C in soil amended with azolla or rice straw.
AZ==azolla, RS=rice straw. The numbers (1), (2),
(3), and (4) indicate the frequency of application of

atolla and rice straw. Standard errors are indicated
lj' y bars or within each symbol.
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Fig. 7. Changes in the amount of microbial
biomass N in soil amended with azolla or rice straw.

AZ=azolla, RS=rice straw. The numbers, (1), (2),
(3), and (4) indicate the frequency of application of

azolla and rice straw. Standard errors are indicated

by bars or within each symbol.
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reported previously by Kai et al. (1984). The finding that the amount of maximum biomass
did not increase beyond a certain level in spite of the large amount of active biomass and
continuous supply of suMcient C substrates may indicate that the soil has a certain capacity

to hold biomass. Van Veen et al. (1985) suggested that the concentration of microbial
biomass in soils is one ef the soil characteristics. For example, soils with a high clay content

generally contain larger amounts of microbial biomass than the soil's with a lighter texture

(Jenkinson 1977; Sorensen 1983). The level of maximum biomass formation in this experi-
ment may refiect the capacity for microbial biomass of the soil we used.
    Another possible reason for the limitation of biomass increase is the difference in the

maintenance energy required. Since the amount of biomass immediately before the 2nd
application of O.M. was larger than that just before the lst application (Figs. 6 and 7), a

higher level of maintenance energy until the maximum biomass formation would be needed
for the 2nd application. Thus, although the same ambunt of O,M. was applied to the soil,
a smaller amount of substrates would be utilized for the synthesis of new biomass after the

2nd application, and the maximum level of biomass did not increase.
    Inhibition by toxic substances may account for the limitation of biomass increase. Tate
(1995) reported that under acidic conditions, organic acids are toxic to microbial growth. In

the present study, a considerable amount of O.M. was applied repeatedly, which might have
led to the production of organic acids in soil. However, the soil pH values in this study
ranged from 4.5 to 5.0 throughout the incubation period. Thus, we consider that organic acid

accumulation, if any, did not influence the biomass formation.
    The amounts of biomass C and N increased continuously through the repeated applica-
tion of azolla or rice straw when compared in a certain period after each of the applications.

For example, the amount ofbiomass N six weeks after the lst, 2nd, 3rd, and 4th applications
of rice straw was 61, 72, 76, and 82 mg N kg" soil, respectively. This continuous increase is

probably due to the residual effects of the previous applications, i.e., undecomposed
components of the previously applied plant residues and microbial bodies once having been
formed and then having died had accumulated in soil, which contributed to this continuous
increase, suggesting that repeated application of O.M. increases the amount of microbial

biomass.

Effects of application of azolla and rice straw on the increase in biomass
    The amounts of biomass C were not significantly different between the azolla and the
rice straw treatment (Fig. 6), presumably because the amount of added C was adjusted in the

two treatments and was not the limiting factor for microbial growth in this experiment.
Meanwhile, in general, the amounts of biomass N were iarger in the azolla treatment than
in the rice straw treatment after the lst application, and did not differ significantly between

them after the 2nd, 3rd, and 4th applications (Fig. 7). The results suggest that the effects of

C/N ratio of added O.M. on biomass N formation disappeared after repeated application.
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