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Abstract

Aim: To study the carbon sequestration process in tea based plantation system and to identify more potential carbon sequestration system amongst the
tea based cropping system by studying carbon storage in different components of the plantation system.

Methodology: The experiment was carried
out in the Experimental Garden for Plantation
Crops of Assam Agricultural University,

Jorhat, Assam. Treatments were made in an l Planting systems used for CO, sequestration
on going, long term shade experiment on

Study on the existing tea based plantation systems at Experimental Tea Garden,
Assam Agricultural University, Jorhat

mature tea bushes, adapted to three levels of |, . plantation system (mono culture) (TV1 Tea—Arecanut Tea-Albizzia spp.
shadgs viz. tea as Imonoculture; Tea based | gtandard clone selected from S1 plants) plantation system plantation system
cropping system with Areca palm and Tea

with Albizzia odoratissima. l

Results: Among different tea plantations, Physiological and biochemical characterization

tea-albizzia recorded superior performance,

followed by tea-areca palm plantation in

respect to biomass accumulation and carbon

sequestration. Similarly, higher carbon stock
was found in tea-albizzia plantations along | Highest carbon sequestration potential recorded in Tea-Albizzia plantation system due to higher
with other physiological and edaphic photosynthesis and biomass production resulting in highest carbon stock in this system
parameters related to carbon sequestration

attributed to an increase in carbon stock.

Interpretation: Tea-albizzia plantation system has maximum potential for carbon offsetting from the atmosphere as well as carbon storage both above
and below ground in the plantation ecosystem which might be helpful for future carbon management and economy as awhole.
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Introduction

Plantation crops consisting of different tree species have
gained attention in recent years due to carbon sequestering from
the atmosphere, storing as biomass and soil organic carbon
(Subramaiyam et al., 2017). Such agro-forestry systems can
pave the way to mitigate green house gas emissions by
sequestration of carbon in the biomass (Torres et al., 2017).
Plantation crops, generally raised in high density multi species
cropping system have a higher potential for sequestering carbon.
In the recent global emission trading system, emitters that are
unable to meet their targets could pay off through carbon
sequestration in plantations (Subhramaniam et al., 2017). The
biological carbon sequestration in terrestrial ecosystem is
considered as net removal of CO, from the atmosphere into long-
lived sinks/pools of carbon (Lal, 2008).

Carbon storage dynamics in forest systems have been
widely studied, however, most studies on tea emphasis on
increasing production and quality (Han et al., 2007; Zhang et al.,
2007). Studies on carbon storage in tea plantation are limited
(Kamau et al., 2008). CO, assimilation upto 50 % of atmospheric
CO, in tea biomass has been reported, of which 5.9 t0 8.6 % are
released as root exudates as organic carbon (Pramanik and
Phukan, 2020). Wang et al. (2016) reported organic that
cultivation of jasmine and tea can improve soil fertility and carbon
accumulation, thereby reducing industrial fertilizers usage and
improving product quality without loss of economical profits. In the
context of climate change, Wijeratne et al. (2016) emphasized the
importance of environmental resilience along with obtaining
higher yield by establishing and managing shade trees in tea
plantations. For sustainable management of plantation crop
ecosystems, in-depth study of its carbon storage and dynamics
needs to be understood. Such studies on specialized
ecosystems may initiate new traits in relation to carbon storage
that might change the regional carbon balance due to rapid
expansion throughout the world (FAO, 2007).

In modern day agriculture, emphasis has been made on
achieving yield sustainability along with maintenance of soil
fertility, increasing farm income and efficient utilization of
available resources (land, water, air, light) through cropping in
plantations. In Assam, areca palm plantation is a long established
traditional crop and tea is one of the predominant plantation crops
covering 420 thousand hectares area producing 1350.04 million
kg of tea. (Tea Board of India, 2018-2019). Mono cropping of
areca palm cannot generate adequate income and, therefore,
generation of additional income per unit crop area is promoted by
cash crop such as tea as well maintenance of ecological balance.
The potential of higher carbon sequestration has been reported
due to the presence of other trees in plantations (Wijeratne,
2015). Although awareness is emerging for the need of such
information to support the sustainable management of plantation
crops, carbon storage dynamics and its micro environment within
these perennial ecosystems remain poorly understood. We
hypothesize that there are opportunities on the existing tea

plantation system for contribution towards mitigation of climate
change through offsetting carbon by its regulation. In view of the
above, this study was carried out to generate a data which would
be a baseline for identification of tea along with other plantation
systems that would provide a green economy in tea growing
areas in near future along with ecosystem maintenance.

Materials and Methods

The experiment was carried out in the Experimental
Garden for Plantation Crops, Department of Tea Husbandry and
Technology, Assam Agricultural University. The research was
conducted in various tea based plantation systems existing in the
garden. Tea plants, TV1 (an Assam-China hybrid) clone, is a
standard clone with moderately high yielding ability and good
quality. It is characterized by a compact dense frame having
medium erect type leaves and medium sized shoots. This clone
was released by Tocklai Experimental Station in 1949. Tea was
planted at a single hedge spacing of 1.05m x 0.60 m during 1995.
Areca palm plants collected from Horticultural Research Station,
Kahikuchi, were planted at a spacing of 3.6m x 3.15m during
1996. Shade trees (Albizia odoratissima) were planted in the
conventional tea plot at 12m x 12m spacing during the year 1995.
The above and belowground tree biomass values were quantified
for each of the three planting systems. Each tree was felled; the
above ground biomass was separated into leaves, large
branches (that was greater than 4 cm diameter), small branches
(that was less than 4 cm diameter), dried branches and tree
trunks. In case of below ground biomass, 1.4 and 6.25 m’ areas
was dug out around each tree stump up to adepth of 1m.

The roots were separated from soil, followed by hand
picking, sieving and finally washing. They were then separated
into the root stump, primary roots, lateral roots and loose roots.
Fresh weight of each component (above and below ground)
was taken separately in the field. Sub-samples of 500 g fresh
weight for each component were taken and used for further
laboratory analyses. The plant samples were dried at 60°C il
they reached a constant weight, and fresh biomass was
determined. For estimation of biomass from selective tree
species, mathematical models i.e., measuring diameter at
breast height (DBH) directly and girth at DBH (Ravindranath and
Ostwald, 2008). The above ground biomass (all living biomass
above the soil) was calculated by multiplying the volume of
biomass and wood density. The calculation of volume was
based on diameter and height. Values for wood density for
species were obtained from web (www. worldagroforestry.org).
AGB (g) = Volume of biomass (cm3) x wood density (g cm®);
Volume of biomass = DBH x H (diameter at breast height x
height); DBH = GBH/1 (3.14) (Shinde etal.,2015)

Below ground biomass (all biomass of live roots
excluding fine roots having <2 mm diameter) was estimated as
per Chavan and Rasal (2012). The belowground biomass (BGB)
was calculated by multiplying above-ground biomass taking 0.26
as the root to shoot ratio (Cairns et al. 1997; Ravindranath and

& Journal of Environmental Biology, May 2021 ¢



S. Alom et al.: Carbon sequestration in tea based plantation system 689

Ostwald, 2008). Total biomass was according to Sheikh et al.
(2014), which is the sum of above and below ground biomass.
The calculation of carbon stock as biomass consists of multiplying
the total biomass by a conversion factor that represents the
average carbon content in biomass. In order to account for
variations in carbon content of different biomass components, the
coefficient of 0.5 was used for conversion of biomass to carbon
stock (Patterson, 2012). Carbon content was estimated by wet
digestion following the modified method of Walkley-Black (1934).
Nitrogen content in plant parts was measured by Kjeltec Auto
Analyzer. (Model: Kelplus distilled EM). Leaf chlorophyll was
extracted by non-maceration method using dimethyl sulphoxide
(Hiscox and Israrelstam, 1979) and optical density of extract was
read at 663 and 645 nm using spectrophotometer (model:
(GS571055, EC India Itd). Chlorophyll content was determined by
the formula given by Amon (1949) and expressed as mg g” f.wt.
The rate of photosynthesis, stomatal conductance, leaf
temperature was measured on leaves using a portable Infrared
GasAnalyzer (IRGA).

The data obtained from the experiment were analyzed
through RBD by following the Fisher’'s method of “Analysis of
Variance” (Panse and Sukhatme, 1978). The significance and
non-significance of given variance was determined by
calculating the respective values of ‘F’.

Results and Discussion

The beneficial effects of plantation along with tea
cultivation have been documented by FAO (2016) improves the

Table 1: Plantbiomass under different tea plantation (kg per plant)

quality and other physiological processes in tea (Sano et al.,
2020). In tea cultivation, importance of other trees as a
component provides a better microclimate (Huxley, 1983)
besides, they help in enhancing the carbon pool of soil that can
provide 50 percent to 70 percent of diffused solar insulation to the
tea cultivation area (Sana, 1989). In the present study besides the
carbon sequestration potential in various plantation systems, we
tried to elucidate the growth, physiological and soil parameters
thatinfluence the carbon sequestration process.

A significant difference was observed in terms of total
biomass as well as total carbon stock per kg of plant in different
tea plantation systems (Table 1 and 2). The conventional Tea-
Albizzia plantation showed highest total biomass, followed by
Tea—Areca palm whereas tea grown as monoculture showed the
lowest biomass. The maximum total carbon stock was recorded in
Tea-Albizzia plantation system, followed by Tea—Areca palm. Tea
grown as monoculture showed the lowest total carbon stock. The
results of the present study revealed 79.39 and 20.63 per cent of
total carbon stock being contributed from the above and below
ground fraction of the system, respectively. Similarly, 79.06 percent
of total biomass was contributed by above ground biomass as
compared to 20.62 percent by below ground biomass. Tree along
with other plantations have been reported to facilitate nutrient
recycling in agro-forestry systems and helped in the production of
large quantities of easily recyclable nutrient rich biomass.

Trees along with cash crop like coffee are periodically
lopped or pruned to reduce shade and to transfer nutrients from

Above ground biomass

Bolow ground biomass

Total biomass per plant Total biomass

Plantation of plantation

system Tea Arecanut/  Total Tea Arecanut/  Total Tea Arecanut/ system
Albizzia Albizzia Albizzia

Tea 7.2 None 7.2 2.1 None 2.1 9.3 None 9.3

Tea-Arecanut 8.4 11 19.1 2.8 1.4 4.2 11.2 12.4 23.6

Tea-Albizzia 9.1 39 48.1 35 9.6 13.1 12.6 48.6 61.2

Mean 8.23 16.67 2.80 3.67 11.03 20.33

SEd+ 1.18 0.22

Ccbh 2.7 0.50

Table 2: Carbon stock under different tea plantation (kg per plant)

Above ground

Below ground

Total carbon stock per plant Total carbon

Plantation stock of
system Tea Arecanut/  Total Tea Arecanut/  Total Tea Arecanut/ plantation
Albizzia Albizzia Albizzia system
Tea 3.96 None 3.96 1.16 None 1.16 5.15 None 512
Tea-Arecanut 4.62 6.05 10.67 1.54 0.77 2.31 6.16 6.82 12.98
Tea-Albizzia 5.01 21.45 26.46 1.92 5.28 7.21 6.93 26.73 33.66
SEd+ 1.18 0.07 0.62
CD 2.71 0.16 1.55
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Table 3: Physiological parameters under different tea plantation
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Plantation system Tea Tea-arecanut Tea-albizzia Mean SEd+ CD 5%
Photosynthetic rate 9.18 10.98 14.80 11.65 0.130 0.300
(umol CO, m’s")

Leaf temperature (°C) 40.54 40.03 35.68 38.75 0.0021 0.004
Stomatal conductance 0.013 0.060 0.140 0.071 0.0005 0.001
(umol m-"s”)

RLWC (%) 40.83 42.098 42.76 41.90 0.9912 2.287
Light incidence (%) 7277 66.82 54.26 57.95 0473 1.08

*Data within parentheses are in per cent change over tea plantation

tree biomass to the associated crop (Beer, 1998). This finding is in
conformity with our findings where increased biomass in
Tea-Albizzia plantation might be due to improved nutrient
recycling which was ascertained by higher soil carbon and
nitrogen content in Tea —Albizzia plantation system. Tea-rubber
inter-cropping system were also found to be superior to rubber
monocultures in terms of atmospheric carbon dioxide
sequestration by increasing soil organic carbon levels and
reducing the turnover rates of labile organic carbon (Zhang et al.,
2007). The increment in biomass and carbon storage in Tea
—Albizzia in the present study may be due to an increase in plant
density as compared to other plantations, i.e., tea- arecanut
where plant density was less. Even in tea monocrop minimum
biomass accumulation and carbon storage have been observed
when compared with Tea —Albizzia plantation system.

Similar observation was recorded in tea plantation
system (Wijeratne, 2014) and in cocoa (Beer et al., 1998). In other
studies, doubling of cocoa biomass has also been reported when
grown under Millletia and Albizzia as compared to sole crop
culture (Issac et al., 2007). Tea-Albizzia plantation system may
resemble an agroforestry system in the present investigation due
to its dense population and green canopy although tea is
botanically classified as a shrub, tea plants are maintained as

mChl. a

Chlorophyll content
(mg g fwt)

Tea

Fig. 1: Total chlorophyll content in different tea based cropping system.

Tea-arecanut

bushes through periodical pruning for extending its vegetative
growth stage for ease of plucking (Baruah, 1989; Pramanik and
Phukan, 2020), however, due to the presence of Albizzia, the
plantation system is modified by regulation of canopy structure
and also nutrient enhancement by both carbon and nitrogen
fixation. Presence of leguminous plants in a cropping system
facilitates symbiotic association with nodulating N,-fixing bacteria
and arbuscular mycorrhizal fungi which is an efficient strategy for
soil reclamation and initiate natural succession (Chaer et al.,
2011). In all the tea plantations, a significant difference in
photosynthetic rate and stomatal conductance of tea plants was
observed. The highest photosynthetic rate and stomatal
conductance were recorded in tea plant grown as Tea-Albizzia
plantation followed by tea plants grown in Tea-Areca palm
plantation system whereas the lowest photosynthetic rate was
observed in tea grown as monoculture. Tea-Albizzia plantation
showed 61.22 per cent increase in photosynthesis whereas Tea-
Areca palmshowed 9.61 per cent over tea grown as monoculture.

The increased photosynthetic rate in Tea Albizzia
plantation might be due to increased stomatal conductance which
helped in higher gaseous exchange in the leaves of all the
plantation systems. It has been reported that in many deciduous
and evergreen trees, there was a positive relationship between

Chl. b

Tea-albizzia
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Fig. 2: Leaf nitrogen content in different Tea based cropping system.

m |eaf carbon

14 4

Percent carbon

Tea

Fig. 3: Carbon contentin different Tea based cropping system.

photosynthesis and carbon sequestration (Weissert et al., 2017).
Some specific physical parameters determines CO, assimilation
in tea plants eg. CO, flows in leaves are mostly related to
photosynthesis, respiration and decomposition of organic matter
and are largely conditioned by physical processes ((Phukan et al.,
2018; Nunes et al. 2020). In the present study, a significant
difference was also observed in terms of stomatal conductance of
tea plants (Table 3). The highest stomatal conductance was
recorded in Tea-Albizzia plantation followed by Tea-Areca palm
plantation while the lowest was recorded in tea grown as
monoculture. The higher photosynthetic rate was possible due to
high stomatal conductance in tea leaves under Tea-Albizzia
plantation. Similar results have been reported De Costa et al.
(2007) and Wijeratne et al. (2008). Wijeratne et al. (2008) and
Rajkumar et al. (1999) reported that medium shade favored a
higher photosynthetic rate than in non-shaded and highly shaded
in tea plants. Another cause for increase in photosynthesis in Tea-
Albizzia plantation might be due to maintenance of higher level of

Tea-arecanut

= Stem carbon

Tea-arecanut

Tea-albizzia

Root carbon

Tea-albizzia

chlorophyll pigments, as evident in this study (Fig. 1). The
maintenance of higher level of pigment and photosynthetic rate in
Tea-Albizzia plantation may be due to higher level of leaf nitrogen
higher biomass and carbon in different plant parts (Fig. 2). The
nitrogen content of tea leaves under different tea plantations
differed significantly. In Tea-Albizzia plantations, tea leaves had
the highest nitrogen content. In Tea-Albizzia system, Albizzia can
fix atmospheric nitrogen by nodule formation in later stages and
during nodule senescence, they release nitrogen in the soil. The
main crop tea is therefore benefitted in this system. A prat from
providing shade, the role of shade trees in replenishing nitrogen
loss has also been reported (Pangging and Mandal, 2017).
Nitrogen-fixing tree species have larger effects on forest soils
than other species, and these effects include a consistent
increase in soil organic matter, carbon and nitrogen in
Eucalyptus foliage (Dean et al., 1989). Similarly, the role of
various plantation tree species in recycling soil nutrient has
been reported for restoring degraded lands (Faming et al.,
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2010). Anon-significant difference in RLWC was noted amongst
the various plantation systems (Table 3).

The leaf temperature of different tea plantations differed
significantly (Table 3). In Tea-Albizzia plantation, least leaf
temperature (11.99 per cent) was observed in tea grown as
monoculture. Tea grown as monoculture recorded a maximum
leaf temperature as compared to other plantation systems under
study, which indicated maximum light energy dissipation as
wasteful energy that might have disrupted the electron flow from
PSI to PSII resulting in decreased photosynthetic process.
Similar reduction in leaf temperature due to various shade
intensities of trees in plantation systems have been reported in
tea (Wijeratne et al., 2008). The favorable light intensity and leaf
temperature prevailing under Albizzia in tea might have
resulted in enhanced rate of photosynthesis in leaves and an
increase in leaf carbon content (Fig. 3) and can be directly
related to the leaf biomass. Leaf carbon content of different
plantation was also significantly different. In Tea-Albizzia
plantation, the leaf carbon content was significantly higher in
comparison to tea grown as monoculture.

Plantations under Tea-Albizzia could have facilitated
greater uptake of nutrients, higher photosynthesis and, which
favoured synthesis of carbohydrates and facilitated the
partitioning into different sinks because of optimum lightintensity.
The optimum light intensity is necessary for the plant system as
plant anatomy, morphology, chemistry, physiology, growth and
reproduction are affected by daily light integral (DLI; mol photons
m’d' ) as reported by Poorter et al., 2019. The direction and
degree of trait change adheres with responses to plant density
and vertical light gradients within plant canopies. This synthesis
provides a strong quantitative basis for understanding plant
acclimation to light, from molecular to whole plant responses, but
also identifies the variables that currently form weak spots in our
knowledge, such as respiration and reproductive characteristics
that might have brought about a significantincrease in leaf carbon
content (Pareek and Yadav, 2011, Poorter et al., 2019). Piato et
al., 2020 also reported that using shade trees might have
protected against temperature variability, erosion and excessive
radiation but there may be trade-offs in productivity and quality in
robusta coffee .Similar trend was observed in case of root carbon
content of tea plants under different plantation systems. Different
organic sources of carbon from leaf litter of tea and Albizzia might
have lead to greater utilization of nutrients resulting in proper
vegetative and root growth and an increase in the root carbon
content. Higher carbon content of both root and shoot in this study
indicates enhancement of both above and below ground
terrestrial carbon sequestration processes which ultimately
reflect the whole carbon sequestration processes in tea
plantation.

Amongst the various Tea based cropping system, Tea-
Albizzia plantation system was more efficient in terms of carbon
sequestration in north-east India, where tea is a major cash crop.
But Tea- arecanut system may also be a possible cropping
system and can be suggested where tea is grown by marginal

farmers (small tea growers) in the homestead yard. This study
may help in developing models related to carbon sequestration
for sustainable development and may provide a baseline data for
future research and pave for carbon offsetting.
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