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on each other as well as on plant productivity'®. The pre-
sent study recommends the use of co-inoculants as
ecofriendly multipurpose bioinoculants. Development of
such co-inoculants not only increases the fertility of soil,
but they also act as PGPR or antagonists against phytopa-
thogens, i.e. a bioinoculant with triple action.
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The response of soil respiration (SR) to varying soil
temperature and soil moisture was studied in three-
year-old plantation sites of Dalbergia sissoo, Dalbergia
latifolia, Albizia lebbeck, Hardwickia binata and Cassia
siamea during 2005-06. Significant seasonal differ-
ences in SR rates were observed in each site (P <0.001).
The highest rates of soil CO, efflux were generally
found during the rainy season and the lowest during
summer in all the study sites. Highest SR rates were
found in D. sissoo, 9.89 £ 0.78 pmol m~ s~ in November
and December, followed by H. binata, 9.68 £ 0.45 pmol
m2s! in September and October 2005, A. lebbeck,
8.84 £0.43 pmol m~ s between November 2005 and
January 2006, D. latifolia, 7.6 £0.12 pmol m~s™ in
November and December 2005 and C. siamea, 7.3 pmol
m~Z2 s in December 2005. There was a positive and
significant (P <0.001) relationship between SR rates
and soil moisture in all the sites (+* above 0.60), except
C. siamea (r2= 0.30). A poor relationship was obser-
ved between SR and soil temperature in all the sites (r2
below 0.2). Examination of the seasonal pattern of SR
rates suggests that much of the variability could be at-
tributed to variations in soil moisture. There was a
strong indication suggesting that the soil-water deficits
served to reduce SR rates during summer and after
subsequent rain events. Overall sensitivity of SR rate
to soil moisture seems to be good for this semi-arid
ecosystem.
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ATMOSPHERIC CO, concentrations have been increasing
in response to the disruption of the global carbon cycle
by anthropogenic activities such as deforestation, agricul-
tural practices and burning of fossil fuels. This has re-
sulted in large shifts among carbon pools'. The efflux of
CO, from soil results from the combined rates of autotro-
phic (root) and heterotrophic (microbial and soil fauna)
respiration. It is often called ‘soil respiration” (SR). Glob-
ally, SR comprises a release of carbon to the atmosphere
of approximately 80 Pg C yr*, to which the largest con-
tributions come from tropical and subtropical broad-
leaved forests®. This is 3060 Pg C yr' greater than the
net primary productivity (NPP)’. While together these
and other terrestrial ecosystems show significant inter-
annual variability in gross primary productivity?, the rela-
tive variation of global SR is lower, responding (globally)
less strongly to water than to temperature’. Studies on soil
carbon have received much attention because a small
change in the soil carbon pool may significantly affect the
global carbon cycle and climate system®. Therefore, SR is a
major pathway for carbon to move from the terrestrial
ecosystem to the atmosphere and even small changes can
strongly influence the net ecosystem production (NEP)®.
It is considered likely that global warming will increase
SR, releasing more CO, that will further exacerbate
warming as a large response to small climate changes’.
Soil processes in arid and semi-arid lands have received
considerably less attention, partly because of the rela-
tively small organic C pools and fluxes in these regions®.
Arid and semi-arid lands cover as much as one-third of
the earth’s surface®, and the extent of arid and semi-arid
lands may increase in response to climate change’. While
large amounts of inorganic C are typically stored in soils
in arid and semi-arid ecosystems, organic C pools are
small'®. Since organic matter C pools are so small, West
et al." concluded that soil organic C pools are a feature
of arid and semi-arid lands that are sensitive to climate
change.

As a result of climate change and the increasingly reco-
gnized importance of the role of soils now and in the
future, more efforts are being put into making better esti-
mates of soil CO, efflux and to improve our understand-
ing of the interactions between environmental variables
and SR'?. Despite the global significance as well as con-
siderable scientific commitment to studies in this field
over the past decades, there is still limited understanding
of the factors controlling temporal and spatial variability
of SR'®. However, the relationships between SR and the
two environmental variables, namely soil moisture and
soil temperature vary in different ecosystems'. This vari-
ability calls for more measurements of SR to explore its
environmental dependence on a regional scale. Detailed
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information on soil CO, fluxes and on factors that control
these fluxes are needed to decide whether or not terres-
trial ecosystems are carbon sinks or sources'’. In semi-
arid climate soils, the establishment of a plant cover is
fundamental to avoid degradation and further desertifica-
tion processes due to global warming. Much of the semi-
arid and wastelands are converted to plantation sites' .
Many studies revealed that the SR may vary with vegeta-
tion'® and at the same time different plant communities
frequently demonstrate differences in SR'’. Uncertainties
in the factors controlling SR in semi-arid ecosystems along
with the likely increase in SR due to global warming, and
how different plantation sites respond over a period
prompted an experiment to: (i) observe seasonal variations
of SR in these plantation sites and (ii) examine the rela-
tionship of SR with temperature and moisture.

The study was carried out in 2.5 ha area consisting of
three-year-old plantations of Dalbergia sissoo, Dalbergia
latifolia, Albizia lebbeck, Hardwickia binata and Cassia
siamea. The plantation sites are located at the Biomass
Research Centre, Madurai Kamaraj University, about
13 km west of Madurai. The study area is semi-arid and
most of the rainfall occurred in November and December
during 2005-06. However, there were also a few showers
during October and rest of the study period (2005-06).
The mean maximum temperature ranged between 29.5 and
43.6°C and minimum between 25 and 27.8°C. The soil at
the site is lateric loam, with pH 8.5.

The SR was measured using the Licor 6400-09 soil
CO, flux chamber. Before starting the measurement, am-
bient CO, concentration at the soil surface was measured.
Once the chamber was installed, the CO, scrubber was
used to draw CO; in the closed system down below the
ambient concentration. When the scrubber was turned-
off, soil CO, flux caused the CO, concentration in the
chamber headspace to rise. Data were logged while the
CO, concentration rose through the ambient level. The
measurement cycles were repeated in various plantation
sites.

A soil collar with a height of 4.4 cm and a diameter of
10.6 cm was inserted into the soil at each sampling spot.
The collars were installed 24 h prior to the start of re-
cording the measurements. The soil respiration chamber
was set on top of these collars, allowing an undisturbed
measurement of soil CO, flux rates. Soil CO, efflux was
sampled in all the sites on three consecutive days in a
month in each plot from May 2005 to April 2006. In each
plantation site, six plots were randomly selected. Each
measurement includes approximately 6—8 values.

Soil temperatures (0—-10 cm depth) were measured next
to each collar with a soil temperature probe connected to
the Li 6400, along with CO, evolution measurements.
Soil moisture was determined by gravimetric method.
Thus, soil samples (0-5 cm) were collected from the plots
in which SR measurements were made, weighed and oven-
dried at 105°C to constant weight and weighed again.
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Analysis of variance (one-way Anova) was performed
to test the significance of differences in seasonal means
of soil respiration rate, soil temperature and soil moisture.
Linear regression analysis was carried out to examine the
relationships between (i) soil CO, efflux and soil tem-
perature, and (ii) soil CO, efflux and soil moisture.

The maximum soil CO, flux was observed in the plan-
tation sites of D. sissoo, 9.89 £ 0.78 pmol m ™ s~ in No-
vember and December 2005 followed by H. binata,
9.68 £ 0.45 pmol m™ s in September and October 2005,
A. lebbeck, 8.84 £0.43 pmol m™ s~ between November
2005 and January 2006, D. latifolia, 7.6 £ 0.12 pmol m ™2 s~
in November and December 2005 and C.
7.26 pmol m™ ™ in December 2006 (Figure 1).

The minimum rates of soil CO, efflux were observed
during summer (March-May). It was 1.60 £ 0.36 pmol
m™? s~ in the D. sissoo site, followed by 2.11 £ 0.03 pmol
m? s in the C. siamea site, 2.47 £ 0.08 pmol m ™ s~ in
the A. lebbeck site, 2.64 £0.025 pmol m™ s in the H.
binata site and 3.047 £ 0.5 pmol m™ s™* in the D. latifolia
site.

D. latifolia and H. binata sites showed a slightly dif-
ferent pattern in which SR rates declined from May to
July, whereas there was an increase in SR rates in other
plantation sites.

Both soil temperature and soil moisture content varied
markedly with season. Maximum temperatures coincided
with minimum water content in the summer and mini-
mum temperatures were recorded during the rainy months
when soil moisture was maximum (Figure 1). In order to
analyse the effect of soil moisture and soil temperature,
these two parameters were regressed against soil respira-
tion (Figure 2).

Soil temperature varied in all the study sites, but was
not statistically significant. In general, soil temperature
was high during the start of the experiment in May 2005
and steadily decreased until the rainy season from Octo-
ber through December, reaching its minimum and then
gradually increased through winter season until it reached
a maximum in summer. Significant (P <0.001) but weak
correlation was observed between soil CO, efflux and soil
temperature in all the study sites: D. sissoo (> =0.16), D.
latifolia (@* =0.17), A. lebbeck (+**=0.19), C. siamea
(** =0.05) and H. binata (* = 0.009).

Soil moisture content over 0—5 cm depth ranged from
34% during the rainy season to 0.88% in summer. Soil
moisture was low during summer, and below 3% from
March until September. However, after the rains it in-
creased sharply. Significant (P <0.001) positive correla-
tion was observed between soil CO, efflux and soil moisture
in all the study sites: A. lebbeck (+* = 0.70), followed by
D. sissoo (r* = 0.67), D. latifolia (** = 0.66) and H. binata
(* = 0.61), whereas for C. siamea (** = 0.35; P = 0.043).

Soil respiration together with soil temperature and soil
moisture showed significant seasonal variations (P < 0.001)
in all the study sites. In general, soil CO, efflux declined

siamea,
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during dry summer months and increased sharply with
rainfall events and moderate fluxes were observed during
other months. The overall SR did not vary significantly
among the study sites, but significant differences (P < 0.001)
were evident in the seasonal trend in each plantation site.
Seasonal changes in soil microclimate play an important
role in defining seasonal differences in soil CO, emis-
sions within sites and climatic differences generate dif-
ferent SR rates among distant sites®. Earlier studies have
revealed that SR also varies with vegetation and among
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Figure 1. Secasonal pattern of soil CO, efflux rate, soil temperature

and soil moisture in young tree plantation sites of Dalbergia sissoo, D.
latifolia, Albizia lebbeck, Cassia siamea and Hardwickia binata meas-
ured from May 2005 to April 2006. Each point (mean = SE) represents
average of 6-8 values in six replicate measurements. Seasonal pattern
shows significant differences at P < 0.001.
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