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Abstract The present study was undertaken to determine
soil respiration and its relation with some soil or weather
variables under pine plantation forest located at Atoizu town
(Zunheboto district), hamboo plantation a1 Khensa village
(Mokokchung district) and rubber plantation in Yongam vil-
lage (Longleng district) of Nagaland. The maximum soil
respiration was recorded during winter while the minimum
value was exhibited during the rainy season both from rub-
ber plantation. Soil respiration was posiuvely correlated
with armospheric temperature, soil tlemperature and pH in all
the sites. Among all the parameiers, only soil bulk density
was significantly different between the three plantation sites
(Pine-rubber, pine-bamboo and rubber-bamboo). Overall,
the results obtained from the experiments provided a better
understanding of soil respiration affinity with soil or weather
variables under pine, bamboo and rubber forest which would
ulumately help researchers in improving the efforis 10 quan-
tify the carbon sink potential in these pockets of ecosystem

Keywords Plantauon forest - Soil respiration - Soil
properties - Weather variables

Significance Statement: Different types of forests impart
diverse ecosystems and play o significant role in carbon
seguestrabion including global climate regulation Thus. the
study highlighis the variation of soil respiration in respect 1o
sume environmental variables under pine. bamboo und rubber
plantation forest stands in Nagaland
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Introduction

With the exception of gross photosynthesis, carbon diox-
ide emissions from soils (soil respiration) outnumber all
other terrestrial-atmospheric carbon exchanges [1]. Every
year, over ten percent of the CO, in the atmosphere flows
through soils: this is more than ten times the CO, released
by fossil fuel combustion. Because of the magnitude of the
soil-to-atmosphere CO, lux and the large pool of poten-
tially mineralizable carbon in soils [2], any increase in soil
CO, emissions in response 10 environmental change has the
potential to exacerbate rising atmospheric CO, levels caus-
ing worldwide global warming. In order to analyze the possi-
ble repercussions of environmental changes, it is required o
first identily the environmental parameters that govern soil
CO, emissions and their effects on emission rates Abiotic
vanables such as soil temperature and moisture conditions
of 4 region play an important role in determining the rates
of soil respiration [3]. It is estimated that climatic differ-
ences generale variations in soil respiration rales among
distant sites and soil microclimate plays an important role
in redefining seasonal changes in soil CO, emissions within
sites [4]. Soil respiration rates vary greatly between major
hiome types, and comparisons of different plant commu-
nities usually reveal variances in soil respiration rates | 1).
Such findings indicate that vegetation type is an important
determinant of soil respiration rate, and therefore, changes
i vegetation structure have the potential 0 modify the
responses of soils respiration 1o environmental factors. Vani-
ous researchers have worked on soil CO, flux in different
ecosystems of the world viz., temperate forest [5], tropical
lorest [6], sub-tropical montane forest | 7], ropical savannahs
[8], bamboo forest ecosystems [9] and grassland ecosystem
[10]. Northeast India, in particular, Nagaland. though situ-
ated in Indo Burma biodiversity hotspot, still has a notable
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lack of studies on soil respiration in relation to pine, bamboo
and rubber plantation forest. Given the importance of soil
respiration in quantifying net ecosystem productivity and
forest carbon sequestration, an attempt has been undertaken
to evaluate monthly and seasonal dynamics of soil respira-
tion in pine, rubber and bamboo plantations, to investigate
the physicochemical properties of soil and to determine the
factors affecting the relationship between soil respiration and
some selected soil or weather variable in the three forest
stands.

Material and Methods
Study Area

Nagaland. a state in North-castern India, has a sub-tropical
monsoonil type of climate with annual rainfall varying from
100 to 300 ¢m [11]. The types of forest in Nagaland are trop-
ical moist deciduous forest, tropical semi-evergreen forest,
sub-tropical broadleaved hill forest, sub-tropical pine forest
and montane wet-temperate forest. For the present study, the
seasons are categorized into summer, rainy and winter. The
pine (Pinus roxburghii) plantation forest is located at Atoizu
town under Zunheboto district (Latitude 26” 06.508' N and
Longitude 094° 31.160' E) with an elevation of 1723 m
above the sea level. Based on the geographical location, cli-
mate, topography and the types of dominant plant species,
the study area falls under the tropical deciduous and mixed
bamboo forest. The average age of pine plantation was about
20 years, and the litter thickness on the forest floor has been
measured at around 10 cm. The experimental site of bamboo
(Dendrocalamus giganteus) plantation is located in Khensa
village under Mokokchung district at an altitude of 1035 m
above mean sea level with coordinates of 26° 20.932' N
latitude and 94° 29.039' E longitude. The forest falls under
the Northern tropical semi-evergreen forest system. Rubber
(Hevea brasiliensis) plantation site is geographically located
at 26° 33.313" N latitude and 094° 51.097" E longitude, with
an elevation of 510 m above the mean sea level in Yongam
village, Longleng district. The region is characterized by
sub-tropical mixed forests with broad-leafed evergreen and
deciduous trees.

Estimation of Soil Produced Carbon Dioxide

CO, production from the forest floor soil under the three
plantations forest was measured monthly during the time
period 8.30 to 9.30 AM from September 2018 to May 2019
by using the Alkali trap method [ 12]. Original and duplicate
readings were taken from ten randomly chosen sites in each

plot of the plantations and their arithmetic means were used
for the present study.

EX oo

Soil or Weather Variable Analyses

The Walkley and Black [13] titration method was used
to measure organic carbon and matter. The core sampler
approach, as described by Blake and Hartge [14], was used
to estimate bulk density. A sampling core with a height of
10 ¢cm and a diameter of 5.5 cm was used to measure the
bulk density from 0 to 10 cm layer soil depth. By using
a hygrometer (model HTC-2), the record of atmospheric
temperature and relative humidity was noted down at the
spot. Soil pH was determined using a digital pH meter (u pH
system 361, Serial no: 6835). Soil temperature was taken at
the spot from a depth of 0-10 cm by using soil thermometer
(Omsons, Narindra Scientific industries). Pearson’s Cor-
relation matrix was computed to find out the level of sig-
nificance and correlation between soil respiration and other
soil or weather variable. A sample paired r test was also
statistically assessed between pine-rubber, pine-bamboo and
rubber-bamboo plantation sites to determine any significant
difference between the means of each parameter. Both of
the statistics were performed using the software SPSS ver-
sion 16.0.

Results and Discussion

Soil Respiration Under Pine, Rubber and Bamboo
Plantation Forest

Table | represents the monthly variations of soil respiration
and soil or weather variable in pine, rubber and bamboo
plantations forest. Soil respiration, the carbon dioxide (CO,)
emission from the soil surface, is an important component
of carbon balance in terrestrial ecosystems. Soil respiration
originates from the products of both autotrophic respiration
(root respiration) and respiration of root exudates by rhizos-
pheric microbes as well as the heterotrophic respiration by
soil microorganisms that decompose the organic matters
[15]. During the study period, monthly variation of soil res-
piration was recorded maximum in October (279.44 mg CO,
m~? h™') at the bamboo plantation and minimum in May
(80.10 mg CO, m~? h™") from rubber plantation. Seasonal
variation of soil respiration varies significantly in all the
sites (Table 2). The average rate of soil respiration followed
the trend ‘pine plantation (184.71 mg CO, m™2h™")> rub-
ber plantation (153.44 mg CO, m~ h™')>bamboo planta-
tion (146.70 mg CO, m~? h™')". Both the maximum and
minimum soil respiration rates were obtained during winter
and summer in rubber plantation with values of 225.85 and
101.32 mg CO, m™ " h™', respectively. Soil respiration rate in
pine pluntation was positively correlated with atmospheric
temperature (r=+0.500), soil temperature (r=+0.545), rel-
ative humidity (r=+0.369) and bulk density (r=+0.348).
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Table 2 Secasonal variatons in soil or weather variables at pine. rubber and bamboo plantation
Parameters Pine Rubber Bamboo

Rainy Winter  Summer  Rainy  Winter  Summer  Rainy Winter  Summer

Atmaspheric temperature (°C) 19.15 1641 16.33 219 12.7 23.02 21.6 17.00 22.03
Soil temperature (°C) 18.25 13.12 237 25 16.75 18.02 21.5 16.00 16.25
Relanve humidhty (%) 80.00 54.75 55.62 94 1125 69.25 955 83.12 57.00
Bulk density (g cm™") 1.76 1.63 177 277 262 2.58 220 2.25 251
Soul pH 5.60 5.51 599 6.4 6.86 6.69 6.5 6.7 6.6
Orgamc carbon (%) 282 1.95 193 09 1.63 1.06 1.2 1.5 1.8
Organic matter (%) 4 86 335 33 1.55 281 1.83 2.06 264 10
Soil respiration (mg CO, m™ h™" 11925 16837 21741 7227 22585 10132 12600 22550 12325

In rubber plantation, it was positively correlated with
atmosphenic and soil temperature (r=+0.595; r=+0.536)
whereas in bamboo plantation significant positive

correlation values was obtained with atmospheric tempera-
ture (r=+0.639), organic carbon (r=+0.334), soil tem-
perature (r=+0.178) and relative humidity (r = +0.157).
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According to Kukumag: et al. [16], soil temperature was
the most important element controlling seasonal dynamics
of soil respiration, accounting for up to 75% of overall vari-
ation in soil respiration. Soil temperature and soil moisture
are two of the most important environmental factors driving
the seasonal and diurnal changes of soil respiration [17],
and soil respiration is relatively sensitive to soil temperature
[18]. This study is consistent with the results of Liu et al.
[19] and Tang et al. [20], who observed a strong relationship
between soil respiration with soil temperature in the Moso
bamboo forests of sub-tropical China. As shown in Table 3,
the sample paired  test exhibited no significant difference
in soil respiration between the three plantation sites at the
p<0.05 level.

Soil or Weather Variable Under Pine, Rubber
and Bamboo Plantations Forest

Bulk density is an important physical property of soil and is
an index of soil compaction, which affects site productivity
and forest growth. In the present study, bulk density was
recorded maximum (2.77 gem™>) in rubber plantation dur-
ing February and minimum in pine plantation (1.57 gem™)
during the month of December. The averaged values of bulk
density in pine, rubber and bamboo plantations were 1.71,
2.63 and 2.50 gcm ™3, respectively. Seasonally, variation of
bulk density was recorded maximum during rainy season

(2.77 g cm ) in rubber plantation and minimum during the
winter season in pine plantation (1.63 g em™?). Our obser-
vation of bulk density was comparatively higher than the
value obtained by Bhaishya and Sharma [21] where they
recorded an averaged value of 1.32 g cm™ in rubber planta-
tion. Plants and litter components present over the plantation
floor play a major role in the formation of humus soil and
tend to increase the bulk density of the soil. Bulk density in
pine forest was found to be negatively correlated with soil
temperature, atmospheric temperature, organic carbon and
organic matter at p <0.01. Bulk density in bamboo planta-
tion was found to be negatively correlated with soil respi-
ration, soil temperature, relative humidity, pH and organic
matter at p <0.01 and positively correlated with atmospheric
temperature and organic carbon at p<0.01 level. The 1 test of
bulk density provided a significant difference between pine-
rubber (p=0.001, r=— 18.57), pine-bamboo (p=0.001,
t=— 8.30) and rubber-bamboo (p=0.003, r=3.52) exhibit-
ing that different type of forest stands affects bulk density
in its specific area.

Soil pH was recorded maximum in rubber plantation dur-
ing February (7.62) and minimum was recorded in Novem-
ber (5.02) from pine plantation. Seasonally, the average pH
was recorded highest during rainy season (6.86) in rubber
plantation and minimum during winter in pine forest (5.51).
The average values of soil pH in pine, rubber and bamboo
plantations were 5.73, 6.73 and 6.6, respectively. A similar

Table 3 T test presenting overall mean value (+S.E), r and p value of soil or weather variables between different plantation sites

Parameters Mean (£ S.E)

1 value p value
Pine Rubber Bamboo Pine-rubber Pine-bam-  Rubber- Pine-rubber Pine-bam-  Rubber-
boo bamboo boo bamboo
Soil respira- 18471 £23.51 1423042141 16942003 133 509 —.909 201 618 377
tion (mg
CO,m™*h
- I}
Atmos- 16.68+1.21 21,17+ 1.95 19754153 =195 -1.57 574 68 136 574
pheric
lempera-
ture (°C)
Soil tem- 13.36+1.02 1823+ 1.84 16.72+1.40 =231 =193 652 034 072 524
perature
(*C)
Relative 57.94+569 76.44 +3.61 7289+689 -274 -1.67 457 014 114 654
humidity
(%)
Soil pH 5.73+0.18 6.73+0.15 6.61+£009 —-424 -432 698 001 001 495
Organic car- 2044020 1.30+0.18 1.60+0.14 2.67 1.75 =1.31 017 099 210
bon (%)
Organic 3.51+£0.35 224 +0.31 2752024 2.67 1.76 1.27 m7 097 223
matter (%)
Bulk 1.71+£0.03 263003 2.36+£0.06 -18.57 -8.30 3.52 001 001 003
density (g
em™)
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observation was made by Tripathi et al. [22] in the sub-
tropical pine forest of Meghalaya. Several workers reported
that the soil for most of the pine forests of the world was
acidic in nature [23]. The canopy leachates, microorgan-
isms’ activities and the formation of humus due to decay of
various forest litters may increase the acidity of the forest
soil. Sample ¢ test indicates that soil pH was significantly dif-
ferent between pine-rubber (p=0.001, r=— 4.24) and pine-
bamboo (p=0.001, r=— 4.32) but no such valid difference
was observed for rubber-bamboo.

Organic carbon content was maximum during Septem-
ber at pine plantation (2.82%) and minimum in February
at rubber plantation (0.60%). Seasonal soil organic carbon
was highest during rainy season (2.82%) in pine plantation
and lowest during rainy season (0.9%) in rubber plantation.
The average values of soil organic carbon in pine, rubber
and bamboo plantations were 2.04, 1.30 and 2.04%, respec-
tively. Organic carbon was found to be si gnificantly positive
with soil temperature at p <0.05 and negatively correlated
with pH and bulk density. The maximum rate of organic
carbon during rainy season in pine plantation may be due
to favorable temperature, sufficient rainfall and higher rate
of litter and root decomposition [24]. The direct effect of
the poor soil organic carbon in rubber plantation may be
due to reduced microbial biomass activity and nutrient
mineralization because of the shorlage of energy sources.
It may also be due to soil erosion which removes the top
soil containing the bulk of soil organic matter. While the
high value of soil organic carbon in pine plantation may
be due to microbial activity and the humus content in the
topsoil. No significant correlation exists between organic
carbon and organic matter with soil respiration in rubber
plantation while in bamboo plantation, organic carbon was
negatively correlated with relative humidity (r=+10.567)
and pH (r=—0.364) and positively correlated with soil res-
piration, atmospheric temperature and soil temperature at

p<0.01 level. Soil organic carbon variability was observed
in all three plantations which could be due to the burning
or clearing of forest litterfall and debris by local inhabitants
at different intervals of time. These activiues might have
affected the organic matter present in the plantation forest
soil and since organic carbon is directly proportional to the
amount of organic contents in the soil its concentration may
have fluctuated periodically. The 1 test exhibits pine-rubber
plantation site to have a significant difference of p=0.017;
{=2.67. However, pine-bamboo and rubber-bamboo showed
no such indication at the p <0.05 level of difference.

Soil organic matter enhances soil physical properties
including soil aggregate stability, water holding capacity
and soil bulk density [22]. Moreover, it serves as a substrate
for soil respiration, and environmental parameters such as
soil temperature and moisture are largely dependent on the
energy released by soil organic matter decomposition [18].
Soil organic matter in pine forest was recorded maximum
(4.86%) in September and minimum (1 .03%) in February at
rubber plantation. Seasonally, soil organic matter followed
the same trend as organic carbon and recorded maximum
during rainy season (4.86%) in pine plantation (4.86%) and
minimum during rainy season in rubber plantation (1 55%).
The averaged values of soil organic matter in pine, rubber
and bamboo plantations were 3.53, 2.23 and 3.53%, respec-
tively. McElligott [25] reported that the organic matter con-
tent was 5.43% at 010 cm soil depth in 25 age stand of
Loblolly pine which was higher than our recorded value.
Organic matter does not show a significant correlation with
soil respiration in pine forest. However, in bamboo forest, it
was positively significant with soil respiration (r= +0.471)
and organic carbon at p <0.01 level while negatively cor-
related with relative humidity and pH at p <0.01 level
(Table 4). In a bamboo plantation, rigorous bamboo shoot
harvesting can speed up the decomposition of bamboo litter
and the humification of the soil organic matter. Furthermore,

Table 4 Pearson’s correlation matrix (r) between soil respiration and soil or weather variables in bamboo plantation forest

Parameters

Soil respiration  Soil temperature  Atmospheric Relative humid-  Organic carbon Organic matter Soil pH  Bulk density
temperature ity

Soil respiration |

Soil temperature  0.178 1

Atmospheric 0.639 0.529 1
temperature

Relative humid-  0.157 0.398 0.707 1
ity

Organic carbon  0.334 0.175 0318

Organic matter ~ 0.471 0.346 0111

Soil pH 0.281 -0.137 -(.135

Bulk density -0.619 -0.262 0.004

-0.344
-0.146
-0.257

—0.567 1
0.92]** 1
=0.364 -0.33 |
0.018 -0.036 -029 1

*Correlation is significant at the 0.01 level
**Correlation is significant at the 0.05 level
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extensive bamboo management has the potential to promote
the mineralization of labile organic carbon and enhance car-
bon dioxide emissions, i.e.. soil respiration [19]. Similar to
soil organic carbon, the organic matter showed no significant
difference between pine-bamboo and rubber-bamboo at the
p <005 level but presented u significant difference between
pine-rubber (p=0.017; 1=2.67).

In most ecosystems, soil temperature 15 the most impor-
tant abiotic factor regulating soil respiration, and it is exten-
sively employed in soil respiration models. The factor by
which soil respiration increases with each soil temperature
15 the feedback mechanism between the terrestrial carbon
cycle and climate systems [26] and several field experiments
have demonstrated that soil respiration becomes more sensi-
tive to temperature as soil moisture increases [18]. The soil
temperature is an important physical property that depends
on the size, shape, arrangement and mineral composition of
the soil and fluctuates throughout the year with the incident
of solar radiation, rainfall, seasonal vanations of overlying
air temperature and the depth of the earth. Soil temperature
in rubber plantation was recorded maximum in September
with temperature rising to 25 °C, while minimum soil tem-
perature was recorded in May at pine plantation (9.50 °C).
Significant scasonal change in soil temperature was observed
and exhibited highest during rainy season (25 °C) in rub-
ber plantation and lowest during summer (12.37 °C) in
pine plantation. The maximum recorded soil temperature
during rainy season may be due to high atmospheric tem-
perature which was in conformity with Florinsky et al. [27].
The average values of soil temperature in pine, rubber and
bamboo plantations were 18.23, 18.23 and 16.6 °C, respec-
tively. Kaspar and Bland [28, 29] reported that temperature
of the surface soil layer is influenced by the fluctuations in
air temperature near the ground and the decline in soil tem-
perature with increasing soil depth depends to some extent
on the metabolic activities of plant roots especially fine roots

and microbes inhabiting in these layers. Soil temperature
in rubber plantation was found to be positively significant
with atmospheric temperature at p <0.01; r=+0.913 and
with soil respiration (r=+0.536) as reflected in Table 5.
While in bamboo plantation soil temperature was recorded
positively correlated with soil respiration (r=+0.178) and
atmospheric temperature (r=+0.529) which was in con-
formity with Tang et al. [20]. Sampling paired f test showed
that pine-rubber (p=0.017; r=2.67) presented a significant
difference while such result was not indicated in pine-bam-
boo (p=0.072; t=— 1.93) and rubber-bamboo (p=0.524;
1=0.652).

The highest (27.90 °C) and lowest (11.90 °C) recorded
atmospheric temperature were noted in rubber plantation
during September and January, respectively. Seasonally,
atmospheric temperature was maximum in rubber planta-
tion during rainy season (27.90 °C) and minimum in pinc
plantation (16.33 °C) during summer. The average values
of atmospheric temperature conditions in pine, rubber and
bamboo plantations were 16.68 °C, 21.17 °C and 19.5 °C,
respectively. Atmospheric temperature in pine plantation
was positively significant with soil temperature and soil
respiration at p <0.01, while in rubber plantation it was
positively correlated with soil respiration (r= +0.595). On
a global scale, soil respiration rates are substantially cor-
related with mean annual air temperatures and mean annual
precipitation. The r test showed no significant difference in
atmospheric temperature at the p <0.05 level between the
plantations. Reasonably, these sites are located under a geo-
graphical region influenced by similar climatic conditions
and thus the atmospheric temperature did not vary markedly
among the plantation sites.

Maximum atmospheric relative humidity was exhibited in
bamboo plantation forest in September (95.50%) and mini-
mum in pine plantation (32.00%) during December. Season-
ally, atmospheric relative humidity was recorded maximum

Table § Pearson's correlation matrix () between soil respiration and soil or weather variables in rubber plantation forest

Parameters
temperature  humid-

Soil respiration Atmospheric Relative  Soil temperature  Soil pH  Organic carbon  Organic matter Bulk density

ity
Soil respiration l
Almospheric temperature 595 |
Relative humidity -.282 230 1
Soil temperature 536 913 502 1
Soil pH 260 - 316** 004 —. 798+ 1
Organic carbon =008 226 344 439 =34 1
Organic matter =009 227 344 440 —-.325 1.000** 1
Bulk density 016 565 658 762+ -.564 413 413 1

*Correlation 1s significant at the 0.01 level
**Correlation 15 significant al the 0.05 level

@ Springer
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Table 6 Pearson’s correlation matrix (1) between soil respiration and soil or weather variables in pine plantation forest

Paramelers Soil respiration  Atmosphere  Relutive  Soil temperature  Soil pH  Organic carbon  Organic matter  Bulk density
temperature  humid-
ity
Soil respiration 1
Atmospheric temperature 500 1
Relative hurmidity 369 224 |
Soil lemperature 545 Bap*H 621 1
Soil pH 076 056 465 284 1
Organic carbon 098 666 659 773* -.123 1
Organic matter .097 089 666 T13* —-.123  1.000** I
Bulk density 348 -390 318 -.113 404 =120 =119 )

*Correlation is significant at the 0.01 level
**Correlation is significant at the 0.03 level

in bamboo plantation (95.5%) during rainy season and min-
imum in pine plantation (55.62%) during winter. Atmos-
pheric relative humidity in pine plantation was found to be
positively correlated with soil temperature (r=+0.621) and
soil respiration (r=+0.369) as shown in Table 6. Kukumagi
et al. [16] revealed that humidification resulted to a dramatic
increase in below-ground biomass and the production of the
understory, while a 28% increase in the soil basal respira-
tion of microbes. However, the above-ground biomass and
root turnover rate of the understory remains almost constant.
Hence, elevated atmospheric humidity significantly affects
the carbon cycle of deciduous forest. Atmospheric humid-
ity of bamboo plantation was found to be positively cor-
related with atmospheric temperature (r=+0.707) and soil
temperature (r=+0.398) due to their tendency o influence
each other state in the environment and regulate the ther-
mal properties of the forest stands. The paired 1 test showed
a significant difference between pine-rubber (p=0.014;
{=— 2.74) while such observation was notably not detected
for pine-bamboo and rubber-bamboo at the p <0.05 level.

Conclusion

The study conducted on pine, bamboo and rubber planta-
tions sites revealed that soil and weather variables like
bulk density, soil pH, organic carbon and relative humidity
vary significantly between sites and were relatively site-
specific. Moreover, soil respiration rate in the pine stands
was formidably controlled by atmospheric temperature and
relative humidity; in the rubber plantation, it was posi-
tively correlated with atmospheric temperature while in
the bamboo plantation, the most decisive factors for soil
respiration rale were almospheric lemperature, relative
humidity and organic matter. Soil respiration showed a
pronounced seasonal fluctuation, and it was predominantly

controlled by weather variables. Alongside, soil proper-
ties also played an important role in determining spatial
variation of soil status in the three plantation stands. For
future perspectives, studies on soil heterotrophic and auto-
trophic respiration are needed for a better understanding
of soil respiration mechanisms in the context of a climate-
change scenario. Furthermore, yearly detailed information
on spatial and temporal variations of soil properties and
CO, emission in different plantation sites and land-use
systems would be necessary to construct regional carbon
budgets and the current experiment and results obtained
could be considered as a preliminary screening for such
cumulative approach.
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