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We examined monthly and seasonal changes in soil
CO, flux in the grassland, bamboo and Dipterocarpus
forest ecosystems of Manipur, North East India. Soil
CO;, flux was recorded to be highest during rainy sea-
son and lowest during cool and dry winter season. Soil
CO, flux rate was recorded to be highest in forest fol-
lowed by grassland and bamboo forest. Multiple
regression revealed that up to 92% of variation in soil
CO, flux could be explained by soil moisture, soil
temperature and soil organic carbon in three different
ecosystems. Annual amount of CO, flux from soil was
estimated at 694.86, 671.16 and 1029.25 g C my ™" in
grassland, bamboo and Dipterocarpus forest ecosys-
tems respectively. Thus the results indicate that soil
CO, flux rate is highly influenced by seasons, envi-
ronmental factors and types of vegetation in the
different ecosystems of NE India.

Keywords: Multiple regression, soil CO, flux, soil
moisture, soil organic carbon, soil temperature.

SoIL is a major biosphere reservoir for carbon containing
globally twice as much as the atmosphere and three times
as much as Vegetationl. Soil CO, emission is the second
largest terrestrial carbon flux and is attributed to climate,
vegetation type and soil properties. With the increase in
atmospheric greenhouse gases and global climate change,
soil can either be a net source or a net sink of CO; in the
future. This depends on which CO, flux prevails — the
input of carbon into the soil due to plant growth, or the
output of carbon through soil respiration.

Soil CO, flux is comprised of two major carbon fluxes,
i.e. autotrophic respiration of plants root and heterotro-
phic respiration through the soil microbial activities and
is influenced by multitudes of environmental factors®. It
provides the main carbon efflux from terrestrial ecosys-
tems to the atmosphere and is therefore an important
component of the global carbon cycle balance™.

Small changes in soil CO, flux across large areas can
produce a large effect on CO, atmospheric concentration
and provide a potential positive feedback between
increasing temperature and enhanced soil respiration that
may ultimately accelerate global warming®. Therefore,
detailed information on soil CO, flux and its controlling
factors is critical for constraining the ecosystem C-budget
and for understanding the response of soils to changing
land use and global climate change'”.
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Soil CO, flux can be characterized by its magnitude
and its temporal and spatial availability in a specific eco-
system. The rate of soil CO, flux is controlled primarily
by the rate of CO, production by biota within the soil, but
is regulated by various biotic and abiotic factors influenc-
ing CO, movement out of the soil’. Generally, soil
temperature and soil moisture are considered the most in-
fluential environmental factors controlling soil CO, flux
in the different ecosystems®'?. These factors interact to
affect the productivity of terrestrial ecosystems and the
decomposition rate of soil organic matter, thereby driving
the temporal variation of soil CO, flux. The heterogeneity
of vegetation coverage, root distribution, major environ-
mental factors and soil organic carbon contributes to the
spatial variation of soil CO, flux in the different ecosys-
tems'* "7,

Soil CO, efflux differs among ecosystems and also var-
ies with environmental conditions. Several studies on soil
CO, flux have been reported in different ecosystems
of the world — temperate forest'®'’, tropical forest'®',
agricultural ecosystem', subtropical montane forest™,
subtropical forest®*!, Mediterranean ecosystems®, steppe
semi-arid  ecosystem®, boreal forest’, tropical
savannas®, mixed forest'?, bamboo forest ecosystems%’zg,
grassland ecosystem”° and Dipterocarpus forest’'. There
is lack of information on soil CO, flux rate under the
different land-use patterns in NE India and South Asia.
Therefore, we examined the soil CO, flux in three differ-
ent ecosystems, i.e. grassland, bamboo and Dipterocar-
pus forest in NE India and its response to biotic and
abiotic factors.

The major objectives of the present study were to esti-
mate: (i) the monthly and seasonal changes in soil CO,
flux rate; (ii) variation in soil CO, flux among different
ecosystems; (iii) effect of soil variables on soil CO,
fluxes, and (iv) annual soil CO, flux rate in grassland,
bamboo and tropical forest ecosystems in Manipur, NE
India from January to December 2012.

The study site of bamboo forest is located at
24°18'12.5" N and 94°15'52.9"E at Sibong Khuthengthabi
105 km from Imphal city in Chandel district, Manipur near
Myanmar border; the grassland site is located at
24°54'50.5"N and 94°06'16.8"E at Shabungkhok Khunou
around 20 km from Imphal city in Imphal East district,
Manipur and tropical forest site is located at 24°22'N and
94°29'E near Myanmar border in Chandel district, Ma-
nipur about 110 km from Imphal city. Bamboo forest site
is dominated by Schizostachyum pergracile and grassland
site is dominated by Imperata cylindrica. The vegetation
of tree forest is dominated by Dipterocarpus tuberculatus.
The soil properties in the three ecosystems are shown in
Table 1.

The study area experiences monsoon climate with warm
moist summer (March—May) and cool dry winter (Novem-
ber—February), with rainy season during June—October.
The mean maximum temperature varied from 22.48°C
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Table 1.

Physico-chemical properties of soils in bamboo, grassland and Dipterocarpus forest ecosystems of Manipur,

North East India (mean + SE)

Parameter Grassland site Bamboo forest Dipterocarpus forest site
Soil texture

Sand (%) 34.57 £0.09 39.74 £0.13 70.26 +0.82

Clay (%) 32.28+0.10 37.17+£0.12 17.20 £ 0.23

Silt (%) 33.15+0.08 23.09 +0.11 12.54 £ 0.59
Soil pH 5.6+0.23 5.7+0.10 5.7+0.16
Soil temperature (°C) 27.77+0.18 21.23+0.15 24.60 +1.15
Soil moisture (%) 13.83 £ 0.62 14.50 £0.9 17.41 £0.38
Organic carbon (%) 1.86 £0.10 1.60 £0.15 1.52£0.10
Bulk density (g cm™) 1.25+0.16 1.32+0.15 1.20£0.20
Total soil nitrogen (%) 0.24 £0.05 0.25 £0.01 0.28 £0.01
Available soil phosphorus (%) 0.22 £0.05 0.31 £0.08 0.35+0.05
C : N ratio (%) 1.86:0.24 1.60:0.25 1.52:0.28
Annual litter fall (gm? year ™) 736.25 683.83 620.00

(December) to 30.19°C (May) and the mean minimum
temperature ranged from 4.97°C (January) to 22.94°C
(August). Annual rainfall was 1166.80 mm and 65% of
this was received in rainy season. The mean monthly
rainfall ranged from 15.35 mm (December) to 200.66 mm
(June). The average relative humidity of air varied
between 72.91% (March) and 85.97% (July).

Soil samples were collected from three study sites, i.e.
bamboo, grassland and forest randomly at monthly inter-
vals from January 2012 to December 2012 for analysis of
physico-chemical characteristics. Soil texture was deter-
mined by soil hydrometer (15zH5/60 g/l 68F Zeal). Soil
pH was measured by a pH meter in 1:5 ratio of
soil : water suspension. Bulk density was determined by
dividing the dry weight soil sample by its volume and soil
moisture content was determined by gravimetric method
(oven dry at 105°C for 24 h).

The soil organic carbon was estimated by Walkley—
Black method®. Total soil nitrogen was measured using
2100 Kjeltec system and available soil phosphorus was
determined following the method given by Bray and
Kurtz (1945). Five replicates were undertaken for analysis
from each site.

Leaf litter was collected at monthly intervals through-
out the study by laying 10 trays of 1 m x 1 m size at each
study site. Thereafter, it was oven-dried and weighed.
Annual carbon input was estimated assuming carbon con-
tent of dry weigh to be roughly equal to 50% of annual
litterfall.

Soil CO, flux was measured by alkali absorption
method®. Open-ended aluminium cylinders, 13 cm dia-
meter and 25 cm height, were inserted into the soil up to
15 cm depth. The surface area enclosed in each experi-
mental cylinder was 132.7 cm”. Five cylinders each of the
same size were used in each of the study sites, i.e. bamboo,
grassland and tree forest, of which one cylinder each was
used as blank in all the three study sites. Next 50 ml of
0.25 N NaOH solution was kept in 100 ml plastic vials
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and the cylinder was made airtight with anchor grip and
placed for 24 h to absorb the CO, released. The carbon
dioxide absorbed was then determined by titrating the
NaOH solution with 0.25 N standard dilute HCI solution
using phenolphthalein as an indicator. Carbon dioxide
absorbed from the soil was calculated using the following
formula

mg CO, =V x N x 22,

where V is the volume of the acid and N is the normality
of the acid.

All the statistical analyses were carried out using the
software, IBM SPSS 20. ANOVA was used to determine
the differences in soil CO, flux in different months and
seasons of the year. Multiple regressions were used to
find out relationship between soil CO, flux rate and
abiotic and biotic factors.

Soil CO, flux was between 124.33 + 1.33 and 586.03 +
6.39 mg CO, m > h' in grassland and 163.49 + 1.50 and
382.13 £ 1.55 mg CO, m~2h! in bamboo site; in forest
site it ranged from 158.50 £0.42 to 504.90 £ 1.52 mg
CO,m>h"' in different months throughout the year
(Figure 1). Soil CO, flux attained peak value in August/
September during the rainy period and was quite low in
the dry and cool winter season.

ANOVA indicated a significant difference in soil CO,
flux between the sampling months in summer (P < 0.01),
rainy season (P <0.01), winter (P <0.01) and annually
(P<0.01).

Soil CO, flux showed remarkable seasonal variation in
all the three study sites. It was highest during rainy
season followed by summer and minimum in winter in
the three different ecosystems, which may be due to simi-
lar climatic condition prevailing in the region in all the
study sites (Table 2). Maximum soil CO, flux during rainy
season results from spurt mineralization of the labile soil
organic matter that has accumulated during the dry period
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Table 2.

Seasonal variation in soil CO, flux in all three study sites (mg CO, m2 h™")

Season Grassland site

Bamboo forest Dipterocarpus forest

248.06 +16.81
427.25 £33.66
15322 £ 11.57
291.11 £ 11.96

Summer (March—May)

Rainy (June—October)

Winter (November—February)
Annual

270.75 £ 5.05 353.86 +47.88
33453 +11.78 562.69 +9.84
22230 +10.84 318.57 +£3.82

281.18 +4.99 429.11 £11.25
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Figure 1. Monthly variation of soil CO, flux in the three different
ecosystems.
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Monthly variation in litter fall in the grassland, bamboo and

and which is available to microorganisms after rewetting
of the soil®. The moist soil condition promoted the
physiological activities of soil microbes and root respira-
tion resulted in the increase of soil CO, flux. A similar
seasonal trend has also been reported in temperate
forest'®, subtropical forest®, warm temperate forest*,
tropical rainforest'’, mixed forests'>'”, Afromontane
forest’ and bamboo plantation®”.

The mean monthly soil CO, flux was recorded to be
281.18 £4.99, 291.11£11.96 and 429.11+11.25 in
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bamboo, grassland and Dipterocarpus forest respectively.
The amount of CO, released from soil into the atmos-
phere was highest in tropical forest followed by grassland
and bamboo sites. This may be attributed to the high mi-
crobial activities and soil organic matter which was high-
est in tropical forest followed by grassland and bamboo
ecosystem. Besides this, soil nutrient (N and P) was also
higher in Dipterocarpus forest than grassland and bam-
boo due to faster rate of litter decomposition in the broad-
leaved forests than that of grassland and bamboo litter.
Thus higher soil resources in the soil component also re-
sulted in greater rate of soil CO, flux in Dipterocarpus
forest. Thus the study shows that broadleaved Diptero-
carpus forest soil contributes more CO, emission to the
atmosphere than those of grassland and bamboo vegetation.
High rate of soil CO, flux in broadleaved forest is also
reported in China®', compared to other types of forests.

A comparative account of soil CO, flux in different
ecosystems of world is given in Table 3. The present rate
of soil CO, flux in bamboo forest is comparable with
bamboo stand of Japan®. Grassland rates are comparable
with grasslands of Kurukshetra, India’” and present forest
soil CO, flux rates are comparable to tropical forest of
Brazil®™® and tropical forest of Costa Rica®’.

ANOVA shows a significant difference in soil CO,
flux among the three different ecosystems (Table 4).
Therefore, it indicates that land-use pattern has strong
influence on the emission of CO, from the soil into the
atmosphere.

Plant litter ranged from 21.40 to 110.12, 12.42 to
133.49 and 12.63 to 86.76 gm ™ in different months
throughout the year in grassland, bamboo and forest sites
respectively (Figure 2). The litter fall was maximum in
cool and dry winter months and minimum in rainy
months.

Significant negative relationship between soil CO, flux
and litter fall in different months in all the ecosystems
(Figure 3) shows that CO, emission from soil was low
during cool and dry winter period, coinciding with low
microbial activities in spite of heavy litter fall in winter
compared to rainy season. Therefore, it shows that soil
CO, flux is insensitive to the amount of plant litter fall in
different ecosystems.

Soil temperature and soil organic carbon were highest
in Dipterocarpus forest followed by grassland and bam-
boo, though soil moisture was highest in bamboo fol-
lowed by forest and grassland sites (Figure 4).
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Table 3. Soil CO, flux rate in different ecosystems of the world
Vegetation/location Soil CO, flux (mg CO, m > h™") Reference
Bamboo stand/Japan 166-1295 36
Mixed grassland ecosystem/Canada 0-433 29
Tropical grassland/India 44-448 37
Pasture/Brazil 183-1162 38
Dry dipterocarp forest/Thailand 200-700 31
Warm temperate forest/India 368.00-634.23 16
Tropical forest/Brazil 216-510 38
Tropical forest/Costa Rica 430-675 39
Tropical(primary forest)/Malaysia 948 18
Tropical(primary forest)/Malaysia 707 18
Subtropical forest/ Manipur, India 138.49-250.94 8

Bamboo forest/Manipur, India
Grassland/Manipur, India
Dipterocarpus/Manipur, India

163.49-382.13
124.33-586.03
158.50-504.90

Present study
Present study
Present study

Table 4. ANOVA table of soil CO, flux for grassland, bamboo and forest sites (P < 0.01)
Source of variation Sum of squares df Mean square F Level of significance
Between sites 492,424.798 2 246,212.399 18.285 P<0.01
Within sites 1,413,884.435 105 13,465.566
Total 1,906,309.233 107

Table 5. Annual soil CO, flux (g CO, m” year') in
the three ecosystems

Site Annual soil CO; flux
Grassland 2550.12
Bamboo 2463.14
Forest 3759.00

Table 6. Annual organic carbon input as litter fall (g C m? year ')
and soil CO, flux rate output (g C m™ year') in the three ecosystems

Site Input Output
Grassland 368.13 694.80
Bamboo 341.50 671.16
Forest 310.00 1029.25

The relationship between rate of soil CO, flux (mg CO,
m2 h™") and soil properties, i.e. soil temperature (X;), soil
moisture (X;) and soil organic carbon (X3) has been ana-
lysed by multiple regression in all the study sites and is
summarized as follows:

Grassland site
Y =-683.446 + 1.229X; + 3.557X, + 498.496.X;,
(r1=0.81; r,=0.68; r3=0.97) at P <0.01.

Bamboo forest site
=-104.406 + 4.301X, + 0.393X, + 163.729.X;,
(r1=0.93; ,=0.95; 3= 0.90) at P < 0.01.
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Dipterocarpus forest site
Y =-20.479 + 52.440X, + 24.329X, — 5.629.X;,
(rn=0.57,r,=0.97, r;=0.84) at P <0.01.

The study shows that significant positive relationship
between soil CO, flux rates and variables: soil moisture,
soil temperature and soil organic carbon has strong influ-
ence on the release of CO, into the atmosphere from the
soil in the three ecosystems. The 68% to 92% variation in
soil CO, flux rate is explained by these three variables.
Similar findings have also been reported in different eco-
systems by several workers®®!'!17:18:3440

Annual soil CO, was the cumulative soil CO, flux rate
from daily mean monthly values (Table 5). Annual soil
CO, rate in the study sites was highest in Dipterocarpus
forest followed by grassland and bamboo sites. These
values are comparable with the reported data (2936-
3694 g CO, m 2 year') in deciduous broadleaved
forest in northern Japan®' and higher than the value of
2000 g CO, m ™ year ' in mixed broadleaf and conifer
forest of USA** and lower than the value of 3915-
4235 g CO,m* year ' of teak plantation in Thailand®.

Annual carbon input and annual carbon output were
estimated by annual soil CO, flux rate (g C m ™~ year ';
Table 6). The input and output of CO, in the different
sites show that the annual output of CO, flux is almost
three times than the input in Dipterocarpus forests and
twice in other two sites, i.e. grassland and bamboo (Table
6). The difference between input and output of CO, may
be due to root respiration rate and CO, emission by root
decomposition or root exudates or underestimates of litter
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fall. Besides, litter decomposition rate is higher in broad- Thus the present study shows that seasons have a
leaved Dipterocarpus forest than that of grassland, and strong influence on the soil CO, flux with highest rate in
bamboo is also related to low C/N ratio of forest soil as  rainy season and lowest in cool and dry winter season in
microbes attack the rich nitrogen resources compared to  three ecosystems. Soil temperature, soil moisture and soil
grassland and bamboo sites. Thus it shows that output of  organic carbon are the predominant variables controlling
CO, is maximum in forest and minimum in bamboo eco-  soil CO,; flux in all the three ecosystems. Annual soil CO,
system. Further studies are needed to analyse the role of flux was highest in forest followed by grassland and
microorganisms and the activities of vegetation types for bamboo ecosystems. It shows that forest soil emits more
estimation of soil CO, flux in different ecosystems.

The study indicates that conversion of forests into
grassland or bamboo ecosystem would result in reduction
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Figure 3. Relationship between soil CO, flux and plant litter in
different months throughout the year in (a) grassland, (b) bamboo and  Figure 4. Monthly variation of (&) soil temperature, (b) soil organic
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CO, into the atmosphere than that of grassland and
bamboo ecosystems. These findings will enable us to accu-
rately estimate regional carbon fluxes and carbon budget
by taking into the consideration the biotic and abiotic
variables in different ecosystems of NE India.

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

104

Han, G., Zhou, G., Xu, Z., Yang, Y., Liu, J. and Shi, K., Biotic
and abiotic factors controlling the spatial and temporal variation of
soil respiration in an agricultural ecosystem. Soil Biol. Biochem.,
2007, 39, 418-425.

. Zhou, Z., Zhang, Z., Zha, T., Luo, Z., Zheng, J. and Sun, O. J.,

Predicting soil respiration using carbon stock in roots, litter and
soil organic matter in forests of Loess Plateau in China. Soil Biol.
Biochem., 2013, 57, 135-143.

Buchmann, N., Biotic and abiotic factors controlling soil respira-
tion rates in Picea abies stands. Soil Biol. Biochem., 2000, 32,
1625-1635.

. Schlesinger, W. H. and Andrews, J. A., Soil respiration and the

global carbon cycle. Biogeochemistry, 2000, 48, 7-20.

. Tufekcioglu, A., Raich, J. W., Isenhart, T. M. and Schultz, R. C.,

Soil respiration within riparian buffers and adjacent crop fields.
Plant Soil, 2001, 29, 117-124.

Qi, Y. and Xu, M., Separating the effects of moisture and tempera-
ture on soil CO; efflux in a coniferous forest in the Sierra Nevada
mountains. Plant Soil, 2001, 237, 15-23.

Li, H. J., Yaa, J. X, Yue, X. F. and Wang, M. B., Significance of
soil temperature and moisture for soil respiration in a Chinese
mountain area. Agric. For. Meteorol., 2008, 148, 490—503.

. Devi, N. B. and Yadava, P. S., Emission of CO; from the soil and

immobilization of carbon in microbes in a sub-tropical mixed oak
forest ecosystem, Manipur, NE India. Curr. Sci., 2009, 96, 1627—
1630.

Yohannes, Y., Shibistova, O., Abate, A., Fetine, M. and Guggen-
berger, G., Soil CO, efflux in an Afromontane forest of Ethiopia
as driven by seasonality and tree species. For. Ecol. Manage.,
2011, 261, 1090-1098.

Maier, M., Schack-Kirchner, H., Hildebrand, E. E. and Schindler,
D., Soil CO, efflux vs soil respiration: implications for flux
models. Agric. For. Meteorol., 2011, 151, 1723-1730.

Li, L. J., You, M. Y., Shi, H. A., Ding, X. L., Qiao, Y. F. and Han,
X. Z., Soil CO, emissions from a cultivated Mollisol: effects of
organic amendments, soil temperature and moisture. Eur. J. Soil
Biol., 2013, 55, 83-90.

Chen, W. et al., Soil respiration in a mixed urban forest in China
in relation to soil temperature and water content. Eur. J. Soil Biol.,
2013, 54, 63—68.

Epron, D. et al., Spatial and temporal variations of soil respiration
in a Eucalyptus plantation in Congo. For. Ecol. Manage., 2004,
202, 149-160.

Tang, J. and Baldocchi, D. D., Spatial-temporal variation in soil
respiration in an oak—grass savannah ecosystem in California and
its partitioning into autotrophic and heterotrophic components.
Biogeochemistry, 2005, 73, 183-207.

Kosugi, Y. et al., Spatial and temporal variation in soil respiration
in a Southeast Asian tropical rainforest. Agric. For. Meteorol.,
2007, 147, 35-47.

Laishram, I. D., Yadava, P. S. and Kakati, L. N., Soil respiration
in a mixed oak forest ecosystem at Shiroy Hills, Manipur in North
Eastern India. Int. J. Ecol. Environ. Sci., 2002, 28, 133—137.
Oishi, A. C., Palmroth, S., Butnor, J. R., Johnsen, K. H. and Oren,
R., Spatial and temporal variability of soil CO, efflux in three
proximate temperate forests ecosystems. Agric. For. Meteorol.,
2013, 172, 256-269.

Adachi, M., Bekku, Y. S., Rashidah, W., Okuda, T. and Koizumi,
H., Difference in soil respiration between different tropical eco-
systems. Appl. Soil Ecol., 2006, 34, 258-265.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

. Takahashi, M.

et al., Topographic variation in heterotrophic
and autotrophic soil respiration in a tropical seasonal forest in
Thailand. Soil Sci. Plant Nutr., 2011, 57, 452—465.

Chang, S. C., Tseng, K. H., Hsia, Y. J., Wang, C. P. and Wu, J. T.,
Soil respiration in a subtropical montane cloud forest in Taiwan.
Agric. For. Meteorol., 2008, 148, 788—798.

Wang, B., Jiang, Y., Wei, X., Zhao, G., Guo, H. and Bai, X.,
Effects of forest type stand age, and altitude on soil respiration in
subtropical forests of China Scandinavian. J. For. Res., 2011, 26,
40-47.

Almagro, M., Lopez, J., Querejeta, J. I. and Martinez-Mena, M.,
Temperature dependence of soil CO, efflux is strongly modulated
by seasonal patterns of moisture availability in a Mediterranean
ecosystem. Soil Biol. Biochem., 2009, 41, 594-605.

Rey, A., Pegoraro, E., Oyonarte, C., Were, A., Raimundo, J. and
Escribano, P., Impact of land degradation on soil respiration in a
steppe (Stipa tenacissima L.) semiarid ecosystem in the SE of
Spain. Soil Biol. Biochem.,2011, 43, 393-403.

Laganiére, J., Paré, D., Bergerson, Y. and Chen, H. Y. H., The
effect of boreal forest composition on soil respiration is mediated
through variation in temperature and C quality. Soil Biol. Bio-
chem., 2012, 53, 18-27.

Richards, A. E., Dathe, J. and Cook, G. D., Fire interacts with
season to influence soil respiration in tropical savannas. Soil Biol.
Biochem., 2012, 53, 90-98.

Geng-ping, Y. E., Juan, L. I. U., Pei-Kun, J., Guo-Mo, Z. and Jiao-
sen, W. U., Soil respiration during the growing season with inten-
sive management of Phyllostachys pubescens. J. Zhejiang
For. Coll., 2011, 28, 18-25.

Diiking, R., Gielis, J. and Liese, W. Carbon flux and carbon stock
in a bamboo stand and their relevance for mitigating climate
change. J. Am. Bamboo Soc., 2011, 24, 1-6.

Yashiro, Y., Shizu, Y., Adachi, T., Ohtsuka, T., Lee, N., limura,
Y. and Koizumi, H., The effect of dense understory dwarf bamboo
(Sasa senanensis) on soil respiration before and after clear cutting
of cool temperate deciduous broad-leaved forest. Ecol. Res., 2012,
27, 577-586.

Redmann, R. E., Soil respiration in a mixed ecosystem. Can.
J. Soil Sci., 1978, 58, 119-124.

Mielnick, P. C. and Dugas, W. A., Soil CO, flux in a tall grass
praire. Soil Biol. Biochem., 2000, 32,221-228.

Hanpattanakit, P., Panuthai, S. and Chidthaisong, A., Temperature
and moisture controls of soil respiration in a dry dipteroocarp
forest, Ratchaburi Province. Kasetsart J. (Nat. Sci.), 2009, 43,
650-661.

Anderson, J. M. and Ingram, J. S. L., Tropical Soil Biology and
Fertility Programme, TSBF Methods Handbook. International Un-
ion of Biological Sciences, 1993, p. 77.

Singh, J. S. and Gupta, S. R., Plant decomposition and soil respi-
ration in terrestrial ecosystems. Bot. Rev., 1977, 43, 449-528.

Mo, W., Lee, M. S., Uchida, M., Inatomi, M., Saigusa, N.,
Mariko, S. and Koizumi, H., Seasonal and annual variations in soil
respiration in a cool-temperate deciduous broadleaved forest in
Japan. Agric. For. Meteorol., 2005, 134, 81-94.

Liu, J., Jiang, P., Wang, H., Zhou, G., Wu, J., Yang, F. and Qian,
X., Seasonal soil CO, efflux dynamics after land use change from
a natural forest to Moso bamboo plantations in subtropical China.
For. Ecol. Manage.,2011,262,1131-1137.

Isagi, Y., Kawahara, T., Kamo, K. and Lto, H., Net production and
carbon cycling in a bamboo Phyllostachys pubescens stand. Plant
Ecol., 1997, 130, 41-52.

Gupta, S. R. and Singh, J. S., Soil respiration in a tropical grass-
land. Soil Biol. Biochem., 1981, 13, 261-268.

Fernandes, S. A. P., Bernoux, M., Cerri, C. C., Feigl, J. and Piccolo,
M. C., Seasonal variation of soil chemical properties and CO, and
CHy flux in unfertilized and P-fertilized pasture in an ultisol of the
Brazilian Amazon. Geodermatalogy, 2002, 107, 227-241.

CURRENT SCIENCE, VOL. 107, NO. 1, 10 JULY 2014



RESEARCH COMMUNICATIONS

39. Schwedenmann, L., Veldkamp, E., Brenes, T., O’Bien, J. and
Backensen, J., Spatial and temporal variation in soil CO; efflux in
an old-growth neotropical rainforest, La Selva, Costa Rica. Bio-
geochemistry, 2003, 64, 111-128.

40. Luan,J., Liu, S., Zhu, X., Wang, J. and Liu, K., Role of biotic and
abiotic variables in determining spatial variation of soil respiration
in secondary oak and planted pine forest. Soil Biol. Biochem.,
2012, 44, 143-150.

41. Yuko, Y., Hideaki, S., Yojiro, M. and Takayoshi, K., Effects of
soil and vegetation types on soil respiration rate in larch plantation
and a mature deciduous broadleaved forest in northern Japan.
Eurasian J. For. Res., 2006, 9-2, 79-95.

42. Crill, P. M., Seasonal patterns of methane uptake and carbon dioxide
release by temperate woodland soil. Global Biogeochem. Cycles,
1991, 5, 319-334.

43. Takahashi, M. et al., Soil respiration in different ages of teak plan-
tations in Thailand. Japan Agric. Res. Quatr., 2009, 43, 337-343;
http://www.jircas.affrc.go.jip

ACKNOWLEDGEMENTS. We thank CSIR, New Delhi for providing
financial support under a research project. We also thank Prof. J. Srini-
vasan, IISc, Bangalore for constructive comments and input on the
manuscript.

Received 5 March 2014; revised accepted 30 April 2014

Isolation of predominant bacterium
from gut of earthworm Lampito
mauritii for effective use in soil fertility

Sreejata Biswas'*, Pulak Lahiri** and
Satadal Das®

"Department of Zoology, Bangabasi Morning College, 19,
Rajkumar Chakraborty Sarani, Kolkata 700 009, India

Formerly at Department of Zoology, University of Calcutta, 35,
Ballygunge Circular Road, Kolkata 700 019, India

3Peerless Hospital and B.K. Roy Research Centre, 360 Panchasayar,
Kolkata 700 094, India

*Present address: 1 Ballygunge Place, Kolkata 700 019, India

Lampito mauritii is an anecic earthworm living in the
topsoil and it is geophytophagous in nature. This
earthworm is an important soil macrofauna as it has
the dual role of an ‘ecosystem engineer’ due to the
ability to build burrows as well as ‘keystone species’
in soil food webs because of its function in degradation
of organic wastes. The present study investigates the
gut of this earthworm to find the most predominant
bacterium harboured therein. Gut contents were regu-
larly extracted and streaked on bacteriological media.
The predominant type of colony was identified, iso-
lated and streaked separately to get pure colonies. The
microbe was subjected to several biochemical tests
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and also 16S rRNA sequencing for identification. On
the basis of these tests, the bacterium was identified as
Bacillus cereus. The microbe was used as a compost-
ing agent on solid wastes as a result of which good
amount of plant nutrients, specially nitrogen (20.3 kg/
acre), phosphate (27.4 kg/acre) and potassium (52.1 kg/
acre) were found in the resultant manure. The com-
post thus obtained was then utilized for the produc-
tion of vegetables with an attempt to protect soil
environment, thus reducing the deleterious effects of
chemical fertilizers.

Keywords: Composting, gut bacteria, Lampito mauritii,
organic waste, soil fertility.

THE living community of the soil, including both fauna
and flora, plays a major role in decomposition, humifica-
tion and litter formation'. Of the innumerable life forms
that inhabit the soil, only a small number of macro inver-
tebrates (earthworms, termites and ants) are distinguished
by their capacity to excavate the soil and produce a wide
variety of organomineral structures, such as excretions,
nests, mounds, macropores, galleries and caverns. These
organisms have been described as ‘ecological engineers’
of the soil” and their structures as ‘biogenic structures’”.
Earthworms form one of the major soil macrofauna to
maintain dynamic equilibrium and regulate soil fertility*.
The soil volume affected by earthworm activities is called
the drilosphere’, which is a major soil functional domain®.

Earthworm activity does not only mediate macroaggre-
gate formation, but also microaggregate formation’®.
Based on thin sections of the earthworm gut, casts and
control soil from earthworm microcosms, several studies
have shown that during gut transit organic materials are
intimately mixed and become encrusted with the mucus
to create new nuclei for microaggregate formation’”. On
the other hand, earthworm casts significantly affect plant
growth through their effects on microorganisms, aggrega-
tion of soil and nutrient supply'®. Casts have been shown
to have enhanced microbial and enzyme activities and
micro- and macro-nutrients''. Many authors have repor-
ted the occurrence of several species of bacteria and fungi
in earthworm casts'>">. Many cellulolytic, nitrifying and
denitrifying bacteria have been observed in earthworm
casts'. Several workers have found that microorganisms
flourish in earthworm casts. Teotia e al.'® reported that
earthworm casts had a bacterial count of 32.0 million/g
compared to 6.0-9.0 million/g in the surrounding soil.
Daniel and Anderson'® experimented with Lumbricus ru-
bellus and observed that the casts in four different soils
contained greater number of bacteria than the soils. Dur-
ing formation in the earthworm gut, the ‘would be’ casts
are colonized by microbes that begin to breakdown soil
organic matter'’.

According to Julka et al'*, in India there are 590 species
of earthworms with different ecological preferences. Lam-
pito mauritii is the most widely distributed earthworm in
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