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Abstract

The regulatory functions of soil are getting attention among the scientists and Soil Organic Carbon
(SOC) is an important indicator of soil health. The impact of differential use of land on SOC and
other edaphic properties were analysed in three important Land use land cover (LULC) system of
Tripura, northeast India. Soil cores were divided into four depth profiles (0 - 10, 10 - 30, 30 - 50
and 50 - 100 cm) to observe the changes of edaphic properties into the soil depth gradient. Our
results suggest that SOC in the top profile of Managed Plantation (MP) and Jhum Fellow (JF) was
51.68% and 48.55%, less than Natural Forest (NF). From 0 - 10 to 10 - 30 cm soil depth, 43.3%, 8.4%
and 39.4% decrease in NF MP and JF found. Total stock of SOC (Mg C-ha-1) was found highest in JF
(121.87), followed by NF (117.12) and MP (85.34). In top profile, conversion of NF into MP and NF
into JF led to 39% and 11% decrease in SOC. The significant variation in SOC stock was found
among different LULC under this study (Fz,12 = 16.94, P < 0.001). In 0 - 10 cm soil depth, maximum
value of bulk density (gm-cm-3) was found in MP (1.39) followed by JF (1.27) and NF (1.23). In top
profile, significant variation was found among LULC (p < 0.001). Soil pH and moisture content sig-
nificantly varied (p < 0.05)in 0 - 10, 10 - 30 and 50 - 100 cm soil depth. In contrast to that signifi-
cant change in soil temperature was found at 30 - 50 cm (p < 0.001) and 50 - 100 cm (p < 0.001). It
was observed that JF had highest overall SOC stock than NF and MP. Conversion of NF into MP and
JF results significant loss of SOC at 0 - 10 and 10 - 30 cm depth profile. We also found that NF con-
version had significant impact on the change in the soil C pool.
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1. Introduction

The Land use land cover (LULC) is the common term to describe natural or manmade feature on earth, where
land use describes how a piece of a land is managed or used by humans and land cover is the observed physical
and biological cover of the land such as vegetation or man-made features [1]. To meet demand of food and tim-
ber, the growing population has drastically changed the land use pattern in tropical forests [2]. Over the last
decade there has been increasing interest in the impact of differential LULC on tree diversity and other ecosys-
tem properties. This rapidly accelerating change in the LULC is associated with a wide variety of issues, in-
cluding declining biodiversity [3], global climate change and food security, and land degradation as it applies to
soils, vegetation and water. Regulation function of tropical soil is receiving much interest by the scientific
communities as it is an important part of the biosphere and has a higher potential to store carbon compared to
vegetation and atmosphere [4]. Since, about 14% of the world soil carbon is located in the soils of tropical for-
ests [5]. It has been estimated at approximately 3.3 times the size of the atmospheric pool and 4.5 times the size
of the biotic pool [6] [7]. The soil Carbon (C) pool mainly comprises Soil Organic Carbon (SOC) estimated at
1550 Pg (1 petagram = 10" g = 1 billion ton) and Soil Inorganic Carbon (SIC) of approx. 750 Pg, occurred up to
1m depth [8]. In fact, two-thirds of the carbon in terrestrial ecosystems comes from SOC [9]. It has been esti-
mated that an increase in SOC by 0.01% could lead to the C sequestration equivalent to annual increase of at-
mospheric Carbon-dioxide Carbon [10]. The land-use changes in the tropics are estimated to contribute about 23%
to human-induced CO, emissions [11]. Rapid and unprecedented changes in land uses for increasing demand of
food, water, energy and space to meet the demands of increasing population has drawn the keen interest of many
ecologists [12]. Land use land cover (LULC) change causes perturbation of the ecosystem and can influence the
C stocks and fluxes. Since the 19th century, around 60% of the C in the world’s soils and vegetation has been
lost owing to land use change [13].

The conversion of land use from forest to plantation or agriculture leads to emission of carbon due to biomass
loss [14]. Further, out of total C stored in an ecosystem, 89% loses are due to loss of living biomass and it is one
of the important indicators of ecosystem services [14]. An accurate estimation of SOC and the effects of LULC
on C balance in the ecosystem are important to global climate change studies and to terrestrial carbon cycle re-
search [15]. Estimation of SOC stock in forest soil is important as approximately 70% of the C stored within the
forest ecosystem is stored within forest soil [16] [17]. According to IPCC [5] the major cause for the increase in
C in the atmosphere (90% of net release) is change in LULC in the tropics. The magnitude of decline in soil C
depends on the soil depth used for C estimations and time scale for land use change [5]. For example, agriculture,
through conversion of forests and grassland during past 140 years, has led to a net release of about 121 Gt C, of
which about 60% has been emitted in tropics and remaining 40% in middle and high latitudes [5]. The annual
flux of C from LULC changes to the atmosphere was estimated at 2.2 (20.6) Pg C/yr in the 1990s [11]. C gains
by rehabilitation of eroded and decertified soils have been estimated to be of the order of 0.1 to 0.4 t C/ha/yr
[18].

In order to estimate the change in the C stocks of soils, it is first necessary to establish baseline data. The size
of the stock of SOC at regional levels is essential information to understand the changes in C content and its
fluxes. An accurate estimation of the effects of LULC on C balance in the ecosystem is important to global cli-
mate change studies and to terrestrial C cycle research. As C stock estimation greatly help scientists to monitor
and predict ecosystem response as well as aiding policymakers, when they will take land use change and man-
agement decisions and assisting land managers to gain better access to C markets [19]. To assess the effect of
LULC, we focused our investigation mainly on the SOC in different soil horizons, which are generally less re-
sponsive to disturbances [20]. However, SOC is one of the most important indicators of soil fertility, productiv-
ity, quality and decline in SOC adversely affects the land productivity [21]. In fact, for last few years one-quar-
ter of the global land area has suffered significant decline in soil productivity and losses major portion of soil C
stock which essential for several important ecosystem services [22]. Instead of soil contains a significant part of
global carbon stock (3.5%), very few studies have taken to quantify the C and its implication. Even, most of the
C stock assessments were restricted to the above ground and estimation of below ground SOC remain poorly
understood. Since, there is growing interest of in assessing the role of soil as C sink in different land use system
including forest ecosystem. Thus, to understand the mechanisms and factors of SOC dynamics in different land
use-systems are important to identifying and estimate C sequestration to mitigate the climate change effects.
Current scientific knowledge of how local soil properties and climatic conditions affect soil C stock changes and
C fluxes is insufficient and conflicting [23]. In tropical and subtropical regions, soil ecosystem is highly fragile
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and depleted of SOC, enhancement of organic carbon is very important [24]. The SOC loss is also influence by
edaphic properties as soil respiration is influenced mainly by soil temperature and moisture. Hence, estimation
and analysis of edaphic properties like soil pH, bulk density, soil temperature and moisture content is also con-
sidered important. In background of the above information, the objectives of this study were: 1) to estimate the
edaphic properties in some selected LULC systems in Tripura, Northeast India, and 2) to examine the effects of
LULC on SOC stock potential and other edaphic properties. It was hypothise that the differential use of land has
impact on SOC and edaphic properties.

2. Materials and Methods
2.1. Study Area

Tripura is the India’s third smallest hilly state, located in the northeast part of the country. Tripura lies approxi-
mately between the latitudes 22°56'N and 24°32'N and between longitudes 91°0'E and 92°22'E in the north east
extension ranges of Himalaya. It is bound on the North West, south and south-east by Bangladesh, where as in
the east it has a common boundary with Assam and Mizoram states. It is the land of high hills, hillocks and
patches of plains interspersed with rivers and valleys having moderately warm and humid climate. According to
the census report 2010-2011 the total population of the state was 36.71 lakh. The indigenous tribal populations
living in the hills have traditionally derived their livelihood from forest resources of the state. The present study
was conducted in North, Unakoti and Dhalai Districts of Tripura (Figure 1). Three most abundant lands uses viz.
Natural Forest (NF), 25 year old Shorea robusta—Managed Plantation (MP) and one year old Jhum Fellow (JF)
were selected for the study.

2.2. Climate

The climate of the whole year of the state is mainly having four seasons. December to February is the cold sea-
son which is followed by summer season (March-May), June to September is the monsoon season and October
to November is the post monsoon period. The cold weather starts by the end of November and continues to
February with daily maximum temperature of 26°C and minimum 8°C - 4°C. During summer season (March-
May), maximum temperature is 38°C. Humidity remains high throughout the year and in summer season the
relative humidity ranges 50% - 75% while in monsoon period they are over 85%. State receives an average of
247.9 cm rains within a year. About 63% of the annual rainfall is caused by the south-west monsoon. The mean
wind speed is 7.1 km/hr, with maximum of 13.1 km/h in May and minimum of 3 km/h in December. The
monthly annual average temperature; relative humidity and precipitation recorded at Indian meteorological sta-
tion, Agartala is given in Figure 2. Due to maximum precipitation and high humidity Tripura is floristically very
rich and covered with largely evergreen and moist deciduous forests. The geology of Tripura as a whole com-
prises of sedimentary rocks which have been grouped into the suma group (further Dupitilla group). The sedi-
mentary group range in age from mid-tertiary (15 million years to recent (<1 million year old). The soil of the
state is laterite in hills and hillocks and alluvial in plains and foot hills and very rich in iron oxides.

2.3. Description of Land Use Land Covers (LULC)

For the present study we selected three different land uses in Tripura. The forests in the state are mainly tropical
semi evergreen and moist deciduous and cover 77.18% of total geographical area, where 4686 km? area under
moderately dense forests and 3182 km? areas under open forest [25]. However, actual forest area is about 60.02%
of its geographical area including Reserve Forest (66.33%), Protected Forests (0.03%) and Unclassed Forest
(33.64%) [25]. Since, NF is the most important land use land cover of the state, thus we select NF based on the
visual characteristics (Figure 3(a)). MP are having different choices of commercial timber yielding species like
Shorea robusta, Tectona grandis, Gmelina arborea, Syzygium sps., Hevea brasiliensis, Cassia sps., Lagestroe-
mia sps., Shorea robusta, Dipterocarpus turbinatus and orchard like Lichi chinensis, Anacardium occidetalis etc.
Here we selected Sal plantation in north Tripura, which managed by local forest Department (Figure 3(b)). Ac-
cording to State Forest Report, 2013, total areas under in plantation forest are 30,915 ha (1972), 55,485 ha
(1978), 2, 25,078 ha (1998) and 2, 98,851 ha [26] respectively. Jhum cultivation is the major form of agrofor-
estry practiced in the region. The entire socio-economic structure is woven around this system and farmers
maintain high species diversity. Due to shortening the period, lack of labour force and changing the source of
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Figure 1. Map showing different locations of sampling in Tripura, Northeast India (NF—Natural Forest, MP—Manage

Plantation and JF—Jhum Fallows).
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Figure 2. Showing the different meteorological parameters of the study area.

livelihood by tribal people various JF land are scattered all over the hills of state [27]. For the present study we
selected Jhum land which was fallowed for last one year (Figure 3(c)). Under rehabilitation scheme till 2013
government has given total 169,292 ha of land to 120,418 No. of Jhumias families [26].

2.4. Methods

After completion of reconnaissance survey and selection of each land use, we adopted stratified random sam-
pling method for the study. Soil sampling was done in March 2013. In three LULC, 30 permanent plots of 100 x
10 m were fixed and five equal areas of 10 x 10 m set for soil sampling. Out of 30 transects, 10 were laid in NF;
10 in MP and 10 in JF. The study of SOC contents of soil were done on unit area basis, for specific depth inter-
val. Total, 30 composite samples were taken at the upper, middle and lower slope positions of each LULC type
on the landscape. Soil cores were divided into four depth profiles of 0 - 10 cm, 10 - 30 cm, 30 - 50 cm and 50 -
100 cm. Soil was thoroughly mixed and the large fragments of plant materials, roots were removed by hand-
sorting. Field-moist samples were gently crumbled manually and sieved to remove root material. Samples were
homogenized and air-dried, ground and passed through 2 mm sieve and stored for analysis. Undisturbed soil
core samples were used for field bulk density analysis. For each depth five replicates of each composite were
analyzed. The SOC was estimated by wet oxidation method [28]. Dry soil bulk density (g cm™®) at 105°C was
estimated by the core method [29]. The stock value on mega gram per hectare (Mg C ha *) basis was calculated
by following standard method [20]. Soil pH was measured in 1 M KCI suspension of 1:5 (soil:liquid) using a
pen type digital pH meter (Hanna-Hi96107). Soil moisture was calculated on dry weight basis [30] and soil
temperature for each depth profile was measured using soil thermometer (Model 6310). The ANOVA and t-test
were done to compare the means of structural variables, C pools and other edaphic properties in different LULC.
Principal Component Analysis (PCA) based on some important edaphic factors was used to observe the changes
along different depths in all land uses. All statistical analysis was performed by PAST version 1.89 [31].

3. Results and Discussion
3.1. Effect of Land Use and Soil Depth on SOC Stock

In all land uses SOC (%) stock decreases from top to lower layers and maximum change was noticed, when we
compared 0 - 10 with 10 - 30 cm soil depth i.e. SOC stock decreased by 60.5%(NF), 68.03%(MP) and 65.07%
(JF) (Figure 4). But in complete profile along three land uses, the % of SOC was found to low in MP (26.31),
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Figure 3. Three different land uses in Tripura, Northeast India ((a) NF—Natural
Forest, (b) MP—Manage Plantation and (c) JF—Jhum Fallows).
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Figure 4. Value (Mean + SE) of soil organic carbon (%), organic carbon stock (Mg-ha™*) and bulk density under three land
use systems (NF—Natural Forest, MP—Manage Plantation and JF—Jhum Fallows) in Tripura, Northeast India. Means
sharing the same letter are not statistically different (Tukey, p < 0.05).

NF (36.11) and in JF (37.57). In complete profile, SOC (%) ranged from 0.88 (JF) to 0.61 (MP). In top profile,
conversion of NF into MP led to 39% decrease in SOC, where as conversion of NF into JF led to only 11% de-
crease in SOC. The maximum value of SOC stock (Mg C ha™*) was found high in JF (121.87), followed by NF
(117.12) and MP (85.34) (Table 1). In top profile i.e. 0 - 10 cm soil depth, maximum value of SOC stock was
found in RF (20 * 2.73), followed by JF (17.81 £ 2.22) and MP (12.20 + 0.85) (Figure 4). There was significant
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variation in SOC stock was found among different land use land cover under the study (F,1, = 16.94, P <0.001).
Similarly in 30 - 50 cm soil profile, SOC stock significantly varied (F,1, = 6.08, p < 0.05), but in complete pro-
file again stock did not varied significantly (F,1, = 61.79, p < 0.05). When we compared the total value of stock
of each depth class, we found that conversion of NF into MP led to 27.14% decrease in stock, where as conver-
sion to NF into JF, led to increase in stock by 4%. In top profile, percent value of SOC was highest for NF (1.49)
followed by JF (1.37) and MP (0.72), where as in complete profile, maximum value was recorded for JF (0.87).
The value of SOC significantly varied in 50 - 100 cm soil depth (F,1, = 4.51, p < 0.05). In top profile again MP
had 51.68 and 48.55% less SOC than NF and JF respectively. There was sudden decrease in % SOC noticed,
when we compared 0 - 10 to 10 - 30 cm soil depth i.e. 43.3% decrease in NF followed by 8.4% in MP and
39.4% in JF. So, NF showed maximum change, but in complete profile no significant change was noticed. In 50
- 100 cm soil depth profile, the percent of SOC followed an order of NF<MP< JF. Overall MP had 26.24 and
28.60% less C than NF and JF respectively. The value of bulk density ranged from 1.47 (MP) to 1.37 (NF) and
found significantly high in NF (F,1, = 5.27; p < 0.05). The value of bulk density increased with increase in
depthin all LULC (Figure 4).

3.2. Effect of Land Use and Depth on Edaphic Properties

PCA generated eigen value of 284.18 with 99.07% variation for Axis-1 and 2.11 with 0.74% variation for
Axis-2 (Figure 5). PCA suggested significant variation of soil edaphic factors in different depths of three LULC,
where NF showing maximum moisture content almost in all depths. In fact, SOC and pH was high at the top
layer of the soil in NF. But, soil temperature and pH was high bellow 0 - 10 cm soil depths in MP. In addition,
surface soil temperature and SOC in second and third depths were high for JF. All soil samples analysed in the
present study were strongly acidic. In case of complete soil profile, we recorded maximum pH value for JF (4.40
+ 0.17) than NF (4.39 % 0.18) and MP (4.40 £ 0.17). In top profile overall soil pH significantly varied (F,1, =
4.46; p < 0.05) (Figure 6). In the 30 - 50 cm soil depth also pH significantly varied (F, 1, = 10.21; p < 0.05), but
in complete profile it did not showed any significant variation (F,;, = 0.01; p < 0.98). The value of MC (%) was
ranged between 18.82% (JF) and 15.79% (MP). Moisture content varied significantly when we compared indi-
vidual profile i.e. 0 - 10 cm (F,1, = 4.46, p < 0.05) and 30 - 50 cm (F,1, = 14; p < 0.05) soil depth. Similarly in
50 - 100 cm depth, significant variation was also found in soil moisture (F, 1, = 9.46; p < 0.05). The value of soil
temperature ("C) ranged from 26.68 + 1.01 (JF) to 23.29 + 0.39 (NF) and over all it differed significantly (F,1, =
27.63; p <0.001). In 0 - 10 and 10 - 30 cm soil depth no significant change was found. But, in 30 - 50 cm (F, 1>
=16.22; p < 0.001) and 50 - 100 cm (F,1, = 22.28 and p < 0.001) soil depth significant change in soil tempera-
ture. Soil moisture content increased with depth in NF and JF, but in MP did not show any definite trend. The
value of soil temperature showed MP < NF < JF in 0 - 10 cm soil depth, but overall the trend was different i.e. NF
< MP < JF. As per depth, soil temperature did not show any definite trend, but it increased from NF to MP and
from MP to JF for all depth profile. In 0 - 10 cm soil depth maximum value of bulk density was found in MP

Table 1. Showing different edaphic properties (mean + standard error) along different land use land cover, Tripura, North-
east India. Variations are analyzed by ANOVA (degree of freedom 2, 13).

Soil Parameter NF MP JF F-value p-value
Soil pH (KCL) 4.39+0.18 440+0.14 4.40+0.17 0.012 0.98
Moisture Content (%) 18.20+0.78 15.79+0.91 18.82+1.61 3.22 0.09

Soil Temp (°C) 23.29+0.39 23.59 £ 0.63 26.68 +£1.01 27.63 0.0001"
Bulk density (g-cm™®) 1.37 £0.081 1.47 +0.053 1.41 +0.085 5.27 0.05"
% SOC 0.85+0.18 0.62+0.1 0.87 = 3.28 0.091
SOC stock (total) 117.12 +7.99 85.34+4.41 121.87 +3.51 60.33 1.495
SOC stock (mean) 11.70 £ 0.79 8.50 +0.44 12.20+0.35 60.33 1.495
Clay (%) 29.57 £2.22 31.38+0.91 26.81+1.25 1.27 0.37

Silt (%) 2751+1.01 28.43 £29.82 27.11+1.16 3.68 0.0904
Sand (%) 42.93+0.11 40.19 + 0.66 46.88 = 0.04 342.2 3.37

(—Significant difference between LULC types at <0.05 level; (")—Significant difference between LULC types at <0.001 level.
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cm) under three land use systems (NF—Natural Forest, MP—Manage Plantation and JF—Jhum Fallows) in Tripura, North-
east India.

(1.39) followed by JF (1.27) and NF (1.23). In top profile significant variations was found in bulk density
among land use land cover classes (F,,1, = 13.83; p < 0.001).

3.3. Effect of Land Use on SOC

While discussing the impact of land use and soil depth on SOC, we assumed that, perhaps in the beginning all
land uses were NF and had similar value as we are estimating in NF. In all LULC, the value of SOC was less
than 1.5% but more than 0.5%. According to Greenland (1975) [32], 2% of SOC as the minimum requirement
for maintenance of satisfactory soil aggregates stability and above which no further increase in productivity
achieve. The value reported in our study is comparable with the other neighbourhood studies. In tropical ever-
green forest of neighbour state, 33.8 - 103.6 Mg C ha * SOC in top 1 m soil was reported from Mizoram [33]. In
another study in Mizoram, SOC value was ranged between 82.1 - 134.1 Mg C ha * [34]. From Assam [35], 115.9 -
268.7 Mg C ha * SOC was reported. However, SOC in the tropical moist deciduous forest of Mizoram was 147 Mg
C-ha™* [34] and at another site it was reported 104.3 Mg C ha * in top 1 m of soil [33]. In China [36], forest land
use change at upper 40 cm soil profile led to 37.2% variability in SOC. Similar result was also reported from
peninsular Spain [37], where land use change explains 33% of SOC variability under different land uses and
concluded that the SOC in secondary forest was higher than the plantations. Our results also suggest that the ex-
tent of land use resulted key impact on the distribution of SOC. Hence, SOC decrease with the increasing an-
thropogenic disturbance intensity (changes of LULC) and land management practices from NF to JF and NF to
25 year old monoculture i.e. Sal plantation. Similar kind of result was also reported from elsewhere [38] [39].

3.4. Effect of Depth on SOC Stock

The value of SOC decreases with depth, but C below a depth of 1 m has traditionally been regarded as inert and
presumed to be unaffected by changes in land use [40]. In fact top 20 cm of soil, the C concentration was higher
in the NF than plantations, which suggested that conversion of native forest and subsequent slashing and burning
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Natural Forest, MP—Manage Plantation and JF—Jhum Fallows) in Tripura, Northeast India. Means sharing the same letter
are not statistically different (Tukey, p < 0.05).

resulted some C loss from the topsoil. Similar results have been reported in other studies [20] [41]. Overall, the
pools of C in whole soil in this study is in the range recorded from various forests, but was also found compara-
tively low than the ranges reported for tropical region at 0 - 100 cm soils depth (130 - 160 Mg C-ha™) [42]. Pre-
sent estimation of C % is also comparable with other studies [28], where organic carbon varied from 0.54% in
slashed and burnt sites to 1.55% in forested sites. The low C% in the present study may due to slashing, burning
and replanting; which caused significant reduction of soil organic matter, as observed by other earlier investiga-
tors [43] [44].

3.5. Effect of Land Use and Soil Depth on Edaphic Properties

PCA analysis suggested that Axis -1 showed maximum variation and eigen value due to different land use sys-
tems. Although, significant difference in edaphic factors along four soil depth gradients were also confirmed by
PCA, where temperature, moisture, pH and SOC were mostly explained by PCA Axis. Although, Soil pH influ-
ences SOC by regulating microbial activities and higher pH value has a negative effect probably because of ac-
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celerated decomposition of soil organic matter (SOM) [45]. Soil texture has impacts SOM outputs through the
role of clay in the protection of SOM from decomposition. It is well known that higher SOC are contained in
finer soils and clay content has been recognized as a key factor controlling soil C dynamics [46]. Low organic
matter in the soil also reduces the soil pH [47]. Continuous standing tree may lead to reduction in the soil pH as
reported elsewhere [43]. In addition, the aids produced by the soil microorganisms and the acidic exudates from
root of higher plants also influence the soil pH [1]. Because pH influences so many biological and chemical re-
lationships simultaneously, soil pH in and of it provides little direct information as to which soil process is criti-
cally affected by it and in turn critically affects the productive capacity of a soil. In general, SOC increases with
decreasing temperature, but trend is uncertain i.e. decrease in SOC with decreasing temperature has been re-
ported in mountainous forested region of Western Oregon [46]. Heavy positive correlation between soil mois-
ture and SOC reported elsewhere [38] [39]. In MP, the value of soil bulk density was highest may be due to the
fact that the soil had least percentage of C. Many other studies have reported the inverse relationship between
bulk density and Soil C [48] Acidic soils generally have less organic C i.e. inverse relationship between pH and
organic C is being reported [48].

4. Conclusion

This study is pioneer in the approach of C storage potentiality, especially in this part of north east India. The ac-
tual C regulation potential of these land uses can only be accessed by estimating the other pools of C and know-
ing the emission and sequestration patter of C. The major outcome this study is that plantation establishment
systems may lead to declines in ecosystem carbon pool compared to native forest. The amount of carbon was
stored in the soil component indicating the need to implement soil management practices in the area to preserve
the existing C stock. The three land uses systems can store 85.34 Mg C-ha* to 121.87 Mg C-ha * of C, which is
low compare to other nearby area therefore, policy programs should promote the protection and establishment of
NF. If plantation is encouraged it should be combined with the policy of increasing C in soil. We should also
rapidly maximize total C accumulation in the system. This may be done by using of modified silvicultural sys-
tems. Soil C estimations should provide important information for forest managers and policy makers on a re-
gional scale and will also encourage adoption of restorative land uses and quantification of changes in the SOC
pool over time, so that C credits can be traded in domestic and international markets.
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