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ABSTRACT

The present study is an attempt to assess the growth and biochemical responses of Pongamia pinnata grown
under elevated levels of CO, supply. Saplings (18 months) maintained in the nursery were brought to
experimentation in two growth chambers having controlled supply of air and air- CO, mixture, for a period
of 15 days. The control and treated chambers were retained at an average CO, concentration of 505.28+
17.39 ppm and 1053.85+ 24.99 ppm respectively. Day and night fluxes of CO, within the chambers were
analysed daily, along with a periodic assessment of the growth and biochemical responses associated with
the plants. A standardization study, excluding plants, was also attempted to assess the resultant flux of
CO, associated with the growth chambers. The day flux of CO, in the control and treated chambers was
different from that of the night flux in both experimentation and standardization studies. Higher CO,
assimilation by the plants in the CO, enriched system during the day time has also resulted in increased
plant height, stem thickness, leaf area and also in the assimilation of carbohydrates, sodium and potassium.
Increased Carotenoids and phenol are implications of the stress to which the plants are subjected to under
elevated levels of CO, supply. The present study confirms that, despite certain signs of stress, Pongamia

pinnata can be an ideal candidate for carbon offset planting.

Key words : CO, controlled chambers, Elevated CO,, Pongamia pinnata, CO, flux, Growth and biochemical responses.

Introduction

Global warming and climate change, attributed by
greenhouse gases (GHGs), are the most serious en-
vironmental concerns of the present millennium.
Atmospheric CO, which accounts for 70 to 80 % of
the total emissions (IPCC, 2007) is responsible for
the disturbances in atmospheric chemistry. In the
1960s, the global annual increase in atmospheric
CO, was 0.6 ppm, which in the last decade was
close to 2.3 ppm (Dlugokencky et al., 2018).
TheEarth’s average surface temperature has in-
creased by 0.8°C over the past 100 years and about

0.6°C over the past three decades (IPCC, 2001). The
projected concentration of CO, in the atmosphere
can vary from 540 ppm to 970 ppm in 2100, com-
pared to 280ppm in the pre-industrial era and 416.82
ppm in 2020 (Lindsey, 2020).

Afforestation and reforestation are considered as
one among the effective ways to curb atmospheric
CO, levels. Stimulation of productivity under in-
creasing CO, levels in forest ecosystems (CO, fertili-
zation effect) has been demonstrated in various field
experiments (Norby et al., 2005; Karnosy et al., 2006).
The potential role of forests in mitigating climate
change by confiscating CO, from the atmosphere has
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been demonstrated in integrated assessment models
(IPCC, 2018). In all these attempts, CO, assimilation
potentials of tree species are significant.

Responses of tree species to elevated CO, levels
have been attempted by many. Trees are character-
ized by their potential for acclimatization, adaptabil-
ity and longevity (Caulemans and Mousseau, 1994).
Study by Rey and Jarvis (1997) reported that el-
evated CO, has resulted in 58% increase in biomass
in Betula pendula. FACE experimental studies on
Acer saccharum, Betula papyrifera, and Populus
tremuloid srevealed that the biomass production of
these trees increased under elevated levels of CO,
(Kallarackal and Roby, 2012). Pine trees grown un-
der elevated CO, accumulated 55% more dry mass
than trees under ambient CO, (Jach and Ceulemans
2000). According to Bohre et al. (2014), the net biom-
ass production and carbon sequestration of
Pongamia pinnata increased with the age of planta-
tions. The changes in biomass production were asso-
ciated with increased photosynthetic rate, which
was reported in Prunus avium (Centritto et al., 1999),
Fragaria ananassa (Bunce, 2001), Poplars (Bernacchi et
al., 2003), Fagus sylvatica (Lotfiomran et al., 2016),
and Spinach (Jain et al., 2007). Study by Superales
(2016) revealed that saplings of Swietenia mahagoni
captured more CO, in the wood, compared to leaves
and bark. Lamani et al. (2016) reported a positive re-
sponse in Santalum album with increase in seedling
height due to increased use of CO, for carbon as-
similation and reduced photorespiration. Carbon
sequestration potential of Shorea robusta, Eucalyptus
tereticornis, Populus deltoides, Tectona grandis were
studied by Kaul et al. (2010) using dynamic growth
model CO2FIX. In a study conducted by Maji et al.
(2017), 10 tree species were compared and found
that Ficus religiosa was with highest sequestration
efficiency and Melia dubai with lowest. CO, enrich-
ment studies were conducted in tomato (Ho, 1977),
strawberry (Campbell and Young, 1986), mungbean
(Sharma and Sengupta, 1990) and reported increase
in carbon exchange rate in all the experiments.
Meta-analysis revealed that the fast-growing species
have a greater growth response to elevated CO,,
compared to slow growing ones (Zhang et al., 2008).

Carbon offset planting envisions the selection of
ideal species with higher sequestration efficiencies
and their strategic planting in ideal locations. Only
a limited number of tree species have been subjected
to efficiency studies and a sizable number are re-
maining. Assessment of the effects of elevated CO,
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on plant growth is difficult under field conditions
and efficient CO, fumigation requires shielding the
plants from environment using constructed struc-
tures like Open Top Chambers (OTC), Controlled
Growth Chambers, Free Air CO, Enrichment
(FACE) systems and Screen Aided CO, Control
(SACC) systems (Kimball, 2010). With this back-
ground, the present study was attempted to assess
the responses of P. pinnata to elevated levels of CO,,
under controlled growth conditions.

In the present study, changes in the growth and
biochemical responses in Pongamia pinnata saplings
under elevated CO,supply in a controlled Chamber
was assessed. Pongamia pinnata belongs to the
fabaceae family, and is used widely in oil industries.
P. pinnnata is a deciduous tree and one of the widely
employed species in afforestation programmes. It is
a fast-growing leguminous tree species and hence
can be employed in carbon mitigation programmes
(Scott et al., 2008). Despite the considerable impor-
tance of this species in various sectors, especially
bio-energy and oil content, the information on car-
bon content and carbon sequestration efficiency is
scanty (Bohre et al., 2014). This medium-sized tree is
indigenous to the Indian subcontinent and south-
east Asia, and has been successfully introduced to
humid tropical regions of the world as well as parts
of Australia, New Zealand, China and the USA. His-
torically, this plant has been used in India and
neighbouring regions as a source of traditional
medicines, animal fodder, green manure, timber,
fish poison and fuel (Reddy et al., 2015).

Materials and Methods

Plantlets of P. pinnata were raised from certified
seeds procured from the Seed Centre of Kerala For-
est Research Institute, Peechi, Thrissur, Kerala, In-
dia. They were then raised in grow bags of size
35x20x20 cm having potting mixture (soil, sand and
organic manure) in the ratio 2:1:1. They were then
maintained in a polyhouse for 18 months, with ad-
equate supply of water and nutrients and periodic
monitoring of growth parameters.

Carbon dioxide- controlled chamber

The experiment was conducted in two controlled
growth chambers, each with a size of 1.8 m x 1.8 m
x 2.4 m of length, breadth and height, respectively.
The chambers were made with PVC pipes, covered
with polyethylene sheets. The control chamber was
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equipped with the facility for the supply of ambient
air through an air compressor, whereas the treat-
ment chamber was equipped with a CO, cylinder
and an air compressor for the supply of CO, - air
mixture in specific doses. Both the chambers were
fitted with the facility for the analysis of CO, (ppm),
temperature and humidity, together with an exhaust
facility for controlling the micro climatic conditions
within the chamber, if required. The chambers were
also fitted with a semi-automated facility for the ir-
rigation of plantlets during experimentation. The
experimental setup is given in Figure 1.

Fig. 1. Pongamia pinnata inside control and CO, treated
chamber

CO, supply and monitoring of micro climatic
conditions

Two sets of plants (four each), of 18 months old
were selected, of which one set was taken to the con-
trol chamber having ambient air supply and the
other to the chamber having elevated supply of CO,.
The chambers were then sealed to prevent the ex-
change of air into or out of the growth system. To
the treatment chamber, CO, mixed with air has been
supplied for about 15 minutes, every day in the
morning, maintaining a mean CO, level of approx.
1000 ppm. Similarly, the control chamber was sup-
plied with ambient air daily, for 15 minutes. The
magnitude of temperature, humidity and carbon
dioxide concentration associated with both the
chambers were monitored twice a day at 9 am and 6
pm. Estimation of CO, associated with both the
chambers were carried out through an automated
CO, analyzer (NDIR type Infrared Gas Analyzer,
Fuji Electric, Japan). Temperature and humidity in
both the chambers were monitored using Billion bag
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digital wireless electronic Hygro-thermometer. The
experimentation was carried out for 15 days.

Measurements of growth parameters

Growth attributes of plants were assessed at two
stages of experimentation, one on the initial day
(0DoT) and the other on the final day of treatment
(15DoT). Morphological parameters assessed in-
clude plant height, stem thickness, number, length,
breadth and area of leaves. Plant height was as-
sessed from the level of soil to the region of active
meristem, using a measuring tape. Stem thickness
was measured at the collar level using a screw
gauge. Total number of leaves were counted and the
length of leaves together with their breadth at the
widest portion was measured. Leaf area was calcu-
lated from the measurements of length, breadth and
number of leaves.

Estimation of biochemical parameters

Biochemical parameters associated with the plants
from the control and CO, treatment sets were re-
corded at 4 stages (0DoT, 5DoT, 10DoT and 15DoT).
Parameters analysed include leaf pigments (chloro-
phyll a, chlorophyll b, total chlorophyll and caro-
tenoids), carbohydrates, phenol and protein content.
Pigments were estimated according to Shoaf and
Lium (1976). Carbohydratewas estimated following
Dubois et al. (1956). Phenol and protein contents
were estimated following Malick& Singh (1980) and
Lowry et al. (1951), respectively. Biochemical param-
eters were assessed using 1*, 3, 5%, 7, 9" and 11
leaves of different ages.

Estimation of minerals

Estimation of the mineral contents of plants was
undertaken at four stages of growth (0DoT, 5DoT,
10DoT and 15DoT). For the estimation of minerals,
plants were dried and subjected to perchloric acid -
nitric acid - sulphuric acid digestion. Titration
method was followed to determine the extent of cal-
cium and magnesium. Elements such as sodium and
potassium were estimated using a flame photometer
(Systronics, 128).

Standardization studies of growth chambers

A standardisation study was undertaken to assess
the retention percentage and daily flux of gases as-
sociated with both the empty chambers. For this, the
entire experimentation was undertaken in the re-
spective chambers in the absence of plants, with si-
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multaneous supply of air / air - CO, mixture and
subsequent analysis of temperature, humidity, and
CO, at specific time intervals of the day (9am and
6pm) for 15 days. The data generated were used to
validate the retention percentage and daily flux of
CO, associated with the chambers during experi-
mentation with P. pinnnata.

Estimation of soil characteristics

The changes in pH, organic carbon content and
moisture associated with the soil samples were also
assessed at two stages, on the initial day (ODoT) and
the final day (15DoT). Soil pH was estimated using
a pH meter. Soil organic carbon was estimated using
the Walkley and black method (Krishnan et al.,
2009). Soil moisture was measured gravimetrically.

Statistical analysis

The statistical significance of morphological and bio-
chemical parameters was evaluated by two-way
Analysis of Variance (ANOVA) at (p< 0.05) and val-
ues are expressed in mean + SD using SPSS version
27.

Results and Discussion

CO, flux in the growth chamber
Day flux of CO, is estimated as the difference in the

Table 1. Day flux of CO, in control and treated chambers
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extent of CO, supplied in the morning with that of
the CO, retained in the evening. Similarly, night flux
is assessed as the extent of CO, in the evening with
that of its extent in the next morning. The day flux of
CO, associated with the control and the CO, treated
chambers of standardisation studies and studies
with P. pinnata are represented in Table 1. In both
standardization studies and experimentation with P.
pinnata, a progressive reduction in the extent of CO,
was noticed in the evening, compared to morning.
In the case of standardisation study, the percentage
decline in day flux in the control chamber was
4.618% and that of the treated chamber was 7.56 %.
Also, the day flux in the control chamber of P.
pinnata was 0.89% and that of its CO, treated cham-
ber was 44.36%. Thus a net assimilation (decline) of
36.8% of CO, was noticed in the chamber containing
P. pinnata than that of the standardization study and
43.47% with that of its control.

Day flux are indications of the sequestration effi-
ciencies of plants (Lahive et al., 2018). In the present
study, plants within the CO, treated chamber con-
sumed a higher share of CO, compared to control
and that of the standardization studies. The higher
accumulation and resultant flux in CO, within the
treated chamber can be attributed to the efficiency of
P. pinnata plants growing within it.

Day flux

Control

Treated

Standardization studies Pongamia pinnata

Standardization studies Pongamia pinnata

Day Morning Evening Day Morning Evening Day Morning Evening Day Morning Evening Day
flux flux flux flux
1 602 617 15 488 484 -4 1025 955 -70 1057 590 -467
2 660 622 -38 516 489 -27 996 938 -58 1044 605 -439
3 685 622 -63 490 498 8 999 942 -57 1075 593 -482
4 650 622 -28 494 493 -1 1020 947 -73 1080 574 -506
5 653 627 -26 518 499 -19 1026 941 -85 1015 581 -434
6 647 625 -22 506 502 -4 1005 929 -76 1050 583 -467
7 658 641 -17 493 522 29 1030 949 -81 1041 604 -437
8 670 637 -33 481 503 22 1001 945 -56 1048 543 -505
9 671 639 -32 503 507 4 1025 929 -96 1073 566 -507
10 687 646 -41 498 499 1 1045 936 -109 1007 638 -369
11 680 644 -36 504 496 -8 1009 941 -68 1053 580 -473
12 673 654 -19 519 510 9 1030 936 -94 1090 591 -499
13 680 638 -42 515 525 10 1025 930 -95 1085 611 -474
14 694 646 -48 549 484 -65 1022 961 -61 1036 550 -486
Avg 665 634.28 -30.71 505.28 500.78 -4.538 1018.42 941.35 -77.07 1053.85 586.35 -467.53
Sd 23.26 11.56 17.94 17.39 12.3 22.73 14.22 9.52 16.83 24.99 24.59 37.86
% change -4.62% -0.89% -7.56% -44.36%




SREEKUMAR ET AL

Night flux is estimated as the difference in the
amount of CO, in the evening with that of the next
morning. The night flux of CO, attributed by P.
pinnata in the control and treated chambers with that
of the standardisation studies are represented in
Table 2. The results showed an increase in night flux
of CO, in both control (4.39%) and treated chambers
(17.88%) having P. pinnata, and this might be due to
the respiration of the plants during night. With an
increase in CO,, night flux is increased in some
cases, but decreased in others (Amthor, 1991). Ac-
cording to Wang et al. (2001) and Edward et al.
(2002), plants grown in elevated CO, have higher
respiration rates than control, which substantiates
the findings of the present study. However de-
creased respiration rates under augmented CO,jis
supposed to be due to reduction in leaf nitrogen as-
sociated with photosynthetic down regulation and
lower metabolic demands (Loreto et al., 2000; Crows
et al., 2012; Ayub et al.,, 2014). Regarding
standardisation studies the night flux values were
5.7% and 2.39% in control and treatment chambers,
respectively.

Microclimatic conditions in the growth chamber
Micro climatic conditions like temperature and hu-

midity experienced within the control and carbon

Table 2. Night flux of CO, in control and treated chambers
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dioxide treated chambers of standardization studies
and studies with P. pinnata are given in Tables 3 and
4 respectively. The results showed variations in mi-
croclimatic conditions over a range and can be at-
tributed to the varying concentrations of CO, inside
the chambers. In the standardisation studies, morn-
ing temperatures in the control and treated cham-
bers (°C) were 40.3 + 1.9 and 40.78+1.8 and those of
evening temperatures were 35.3+1.78 and 35.12+
1.55, respectively. However, the morning and
evening temperatures in the control chamber having
P. pinnata were 38.74+3.16 and 35.68+1.45 and that
of the treated chamber was 37.79+2.34 and
35.62+1.19, respectively. Carbon dioxide, as a green-
house gas, absorbs and emits radiation in the ther-
mal infrared range and can greatly influence tem-
peratures which are in line with the present study,
where stimulation in CO, showed a slight deduction
in temperature. Photosynthetic acclimation of
Medicago sativa to elevated CO, is reported to be
temperature dependent (Ziska and Bunce, 1994).
According to Cernusak et al. (2013), Amthor (1991)
higher temperatures increased CO, assimilation in
plants.

Percentage humidity (table 4) also showed varia-
tions, which are attributed to varying concentrations
of CO,. In the standardisation study, morning and

Night flux

Control

Treated

Standardization studies Pongamia pinnata

Standardization studies Pongamia pinnata

Day Evening Morning Night Evening Morning Night Evening Morning Night Evening Morning Night

flux flux flux flux
1 617 656 39 484 530 46 955 973 18 590 850 260
2 622 680 58 489 496 7 938 970 32 605 646 41
3 622 649 27 498 506 8 942 978 36 593 647 54
4 622 660 38 493 490 -3 947 949 2 574 620 46
5 627 649 22 499 521 22 941 960 19 581 646 65
6 625 671 46 502 498 -4 929 940 11 583 573 -10
7 641 670 29 522 495 -27 949 962 13 604 583 -21
8 637 676 39 503 516 13 945 973 28 543 673 130
9 639 687 48 507 538 31 929 959 30 566 670 104
10 646 687 41 499 525 26 936 955 19 638 705 67
11 644 672 28 496 536 40 941 963 22 580 737 157
12 654 674 20 510 534 24 936 953 17 591 726 135
13 638 690 52 525 570 45 930 976 46 611 754 143
14 646 671 25 484 565 81 961 984 23 550 847 297
Avg 63429 67085 36.57 500.78 522.85 22.07 94135 963.92 2257 58635 691.21 104.85
Sd 11.55 13.31 11.54 12.3 2498 26.62 9.52 12.36 11.2 24.59 85.26 91.52
% Change 5.70% 4.39% 2.39% 17.88%
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evening humidity in the control chamber was
51.08+3.65 and 57.57+ 6.02, whereas it was 54+ 3.8
and 68.64+ 6.01 respectively in the treated chamber.
The humidity in the control chamber having P.
pinnata was 90.5+£10.9 (morning) and 93.2+5.14
(evening), whereas in the treated chamber, average
morning humidity was 95.64+10.47 and that of
evening was 98.43x1.60. Present study showed
slight increase in humidity under stimulated CO,
which is consistent with the results of Elvira and
Vasenev (2020). It is postulated that the metabolic
status and resultant evapo-transpiration by the
aerial and belowground biomass of plants, evapora-
tion from soil, activity of soil microorganisms etc.
can attribute humidity to external environmental
conditions.

Growth responses of Pongamia pinnata under
CO,treatment

Data regarding the growth attributes of P. pinnata,
subjected to experimental conditions are presented
in Table 5. Mean values of growth parameters such
as plant height, stem thickness, length, breadth,
number and leaf area increased with elevated CO,.
After 15 days of experimentation, an increase of
6.05% in height was noticed in plants under treat-
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ment with CO,. Ainsworth et al. (2002) reported a
14% increase in plant height after prolonged expo-
sure to a higher concentration of CO, in Glycine max.
In a study conducted in cassava plants, Ruiz-Vera et
al. (2021) noticed an increase in plant height under
elevated CO,. On the contrary, there were no appre-
ciable differences in stem thickness under enhanced
CO,. Pal et al. (2004) and Lahive et al. (2018) ob-
served an increase in stem thickness in Trifolium
alexandrium and Theobroma cacao exposed to elevated
conditions of CO,. In the present study an increase
of 2.8 % in leaf length, 0.17% in leaf breadth, 49.58%
in leaf number, 44.4% in leaf area was observed un-
der elevated CO,. Pal et al. (2004) observed an in-
crease in leaf length and breadth in Trifolium
alexandrium exposed to elevated conditions of CO,
The present study showed a substantial increase in
leaf number, which is in accordance with the study
of Kull et al. (2003) and Lahive et al. (2018), where an
increase in number of leaves were noticed in Betula
pendula and Theobroma cacao, respectively.
Ainsworth et al. (2002) reported an 80% increase in
the number of leaves after prolonged exposure to a
higher concentration of CO,in Glycine max. 43.75 %
increase in leaf number under enhanced CO, was
reported under elevated CO,. The increased leaf

Table 3. Range of temperatures (Minimum, Maximum and Mean) noticed within the chambers under varying experi-

mental conditions

Experimental condition

Standardisation studies

Pongamia pinnata

Morning Evening Morning Evening
temperature °C temperature °C temperature °C temperature °C
(Min., Max. (Min., Max. (Min., Max. (Min., Max.
and Mean) and Mean) and Mean) and Mean)
Control chambers 37.5-44.0 32.3-373 30.7-42.4 32.9-37.7
40.3+1.9 35.30+1.78 38.74+3.16 35.68+1.45
Treated chambers 39.3-44.4 33.1-37.1 33.5-41.7 33.1-36.9
40.78+1.8 35.12+1.55 37.79+2.34 35.62+1.19

Table 4. Range of humidity (Minimum, Maximum and Mean) noticed within the chambers under varying experimental
conditions

Experimental condition Standardisation studies Pongamia pinnata

Morning Evening Morning Evening

Humidity % Humidity % Humidity % Humidity %
(Min., Max. (Min., Max. (Min., Max. (Min., Max.
and Mean) and Mean) and Mean) and Mean)

Control chambers 44-56 51-70 60-99 84-99
51.08+ 3.65 57.57 + 6.02 90.50+ 10.98 93.21+5.14

Treated chambers 47-59 59-79 60-99 93-99
54+3.8 68.64+6.01 95.64+10.47 98.43+1.60
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area in the present study might be due to the stimu-
lation of leaf formation, which is associated with leaf
cellular expansion. The stimulation in leaf expansion
by elevated CO, is mainly due to changes in cell wall
loosening or extensibility and not related to changes
in cellular water content, in growing leaves (Taylor
et al., 1994). Leaf area increase under elevated CO,
may be due to increased nitrogen input, increased
cell expansion, increased leaf thickness, increase in
the number of palisade cell layers (Campbell et al.,
2001; Sanz-Saez et al., 2010; Mohamed et al., 2013;
Al-Rawahy et al., 2013; Lahive et al., 2018; Ruiz-Vera
et al., 2021).

Variations in pigments and metabolites in
Pongamia pinnata under CO,treatment

Plants respond to changes in its external environ-
ment by adjusting biochemically (Janani et al., 2016).
The changes in pigments and other biochemical
components in Pongamia pinnata in response to el-
evated levels of CO,has been assessed at four stages
of growth. Mean values of pigments such as chloro-
phyll a, chlorophyll b, total chlorophyll, carotenoids
and other biochemical components like carbohy-
drates, protein and phenol contents in plants from
the control and elevated CO, supply are estimated
on the initial, 5%, 10* and 15" day of experimenta-
tion and the results are presented in table 6. It is
found that except protein, all other pigments and
metabolites increased under enhanced CO,. In the
present study, under elevated CO, chlorophyll a,
chlorophyll b, total chlorophyll and carotenoids in-
creased by 20.23%, 61.68%, 43.32%, 15.15% respec-
tively. The study conducted by Al-Rawahy et al.
(2013) in Medicago sativa reported increased chloro-
phyll content under elevated levels of CO, due to
improved substrate availability for assimilation and
reduced water loss due to lower stomatal conduc-
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tance. Carotenoids and chlorophylls play an impor-
tant role in mediating oxidative stress in plant tis-
sues and plants must be able to actively regulate
carotenoid biosynthesis under elevated levels of CO,
(Ormrod et al., 1999). The increased carotenoid con-
tent in the present study might be a stress response.

Carbohydrate content in the present study in-
creased by 38.18%, when plants are exposed to el-
evated CO, for 15 days. Aguera et al. (2006), Hendrix
et al. (1994), Urbonaviciute et al. (2006), Keutgen and
Chen (2001), Faria et al. (1996), Ainsworth et al.
(2002) reported higher carbohydrate content under
elevated CO,levels in Solanum lycopersicum,
Gossipium hirsutum, Raphanus sativus, Elaeis
guineensis, Citrus limon, Quercus suber and Glycine
max. A study conducted in Melia dubia by Janani et
al. (2016) showed a reduction in the amount of pro-
tein, since the plants lost the ability to take up soil
nitrate and convert it to protein at enriched levels of
CO,. The reduction was due to significant leaf N- re
allocation to supplemental sinks (Norby et al., 1996).
Reduced protein under CO, enrichment was also
reported by Dong et al. (2018) and Taub et al. (2008)
which is in line with the results of the present study,
where the protein decreased by 45.11% under en-
riched CO,.

An increase of 54.5% in phenol content was ob-
served under treated conditions, compared to the
initial. Phenol content in all the plants increased un-
der elevated CO,. Increased phenol content under
elevated CO, was reported by Ghasemzadeh et al.
(2010) and Tognetti et al. (1999) in Zingiber officinale
and Quercus robur, respectively. According to CNB
hypothesis, if plants increase photosynthesis and
carbon gain under enriched CO,, the excess carbon
will be assigned to carbon-based defences, which is
evident from the increased phenol content under
elevated CO, (Bryant et al., 1983).

Table 5. Variations in growth parameters of Pongamia pinnata under control and CO, treated conditions

Parameters Control % CO, treated % P
DoT1 DoT15 Change DoT1 DoT15 Change value
Plant height (cm) 174.37+18.98 179.25+ 14.9 +2.7 181.75+£12.58  192.75+9.91 +6.05 < 0.05
Stem thickness (cm) 1.59+0.054 1.61+0.05 +1.25 1.58+0.07 1.58+0.07 nil NS
Leaf length (cm) 12.45+0.56 12.67+1.02 +1.76 11.06+1.28 11.37+1.30 +2.8 <0.05
Leaf breadth (cm) 6.29+3.18 6.29+0.3 nil 5.78+0.54 5.79+0.55 +0.17 NS
Leaf number 105.75+32.98 142.75+33.12 +34.98 149.25+81.29 223.25+35.66 +49.58 < 0.05
Leaf area (m?) 0.89+0.65 0.96+0.35 +7.86 0.81+0.55 1.17+0.42 +44.4 <0.05

(DoT - Day of treatment)
(NS- Not significant)
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Table 6. Biochemical responses of Pongamia pinnata to treatment with elevated levels of CO,

Carotenoids Carbohydrate Protein Phenol

Chlorophyll Chlorophyll Total
Chlorophyll

Day of

Experimental
condition

(mg/g) (mg/g) (mg/g)

(mg/g)

a(mg/g) b (mg/g)

Treatment
(DoT)
DoT 0

190.42+133.19

312+29.16
365.36+74.25

69.54+7.56

0.61+0.12
0.52+0.04
0.62+0.17

6.77+2.76
4.17+2.78
10.07+3.72
8.97+2.69

4.22+2.09

2.38+1.83

3.01+0.88
2.08+1.19
3.4+1.16

Control

40.6+5.76
229.3+64.94

40.32+6.54

DoT 5

327.09+49.42

41.22+3.68
52.7+16.73

7.41+2.86

DoT 10
DoT 15

188.57+13.4

84.62+30.67

0.64+0.08

6.14+2.1

3.47+0.85

-0.97
114.91+64.47
32.22+16.03

-72.87
301.22+68.54

321.01+75.01

-24.21
50.59+4.91
53.15+17.12
77.84+30.68

+4.91
0.66+0.16

+32.49
7.57+3.77
9.35+3.52
9.95+2.86
10.85+2.29

+45.49
4.62+2.66

+15.28
3.46+1.39
3.89+1.26
3.44+0.96
4.16+0.88

% Change
Treated

DoT 0

0.75+0.17
0.67+0.1

6.11+2.54
7.24+2.12

DoT 5

194.64+102.78

259.48+133.44

DoT 10
DoT 15

69.91+18.36 165.32+164.79 177.54+10.28

0.76+0.14

7.47+1.59

+38.18 -45.11 +54.5

+61.68 +43.32 +15.15

+20.23

% Change
P value

NS NS <0.05 <0.05 NS NS

NS

(NS- Not significant)
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Effect of minerals in Pongamia pinnata under CO,
treatment

Table 7 depicts the variations in minerals under el-
evated CO,. Sodium increased under elevated CO,
by 12.5 %, which is in accordance with the study
conducted in bamboo by Guo et al. (2021). Under
enriched CO, potassium increased by 15.62%, which
was consistent with the reports of Guo et al. (2021).
Calcium and magnesium increased by 30% and
108.5% respectively under enriched CO,, which is in
accordance with the study of Guo et al. (2021) where
calcium and magnesium increased in bamboo spe-
cies under excess CO,.

Potassium and magnesium are essential plant
nutrients that critically contribute to photosynthesis
and long-distance transport of photo assimilates.
Deficiency of either potassium or magnesium de-
creases the CO, assimilation. From the study of
Reddy and Zhao (2005), it was found that cotton
grown under elevated CO, was more susceptible to
potassium deficiency and it affected the photosyn-
thesis of plants.

Soil characteristics

Variations in soil characteristics under enhanced
CO, is represented in table 8. Soil pH showed varia-
tions under enriched CO, (from 5.32 to 6.6). Simi-
larly, soil carbon increased by 47.12% under el-
evated CQO,. Jastrow et al. (2005) reported that el-
evated CO, increases soil carbon. Increased soil car-
bon storage is a result of the delivery of carbon to
soil which is due to enhanced plant growth under
elevated CO, which might be due to the increased
photosynthesis (Rogers et al., 1999).

An increase of 4.88% in soil moisture was ob-
served in CO, treated chamber after 15 days, which
is in accordance with the studies conducted in grass
ecosystems (Nelson et al., 2004; Dermody et al.,
2007), where elevated CO, enhanced soil moisture,
which is a major factor attributing carbon assimila-
tion.

Statistical analysis

The results of statistical analysis depicts that there is
significant difference between the treatments in
morphological parameters such as plant height, leaf
length, leaf number, leaf area and biochemical pa-
rameters such as carotenoids, carbohydrates and
calcium, which was represented as p < 0.05.
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Table 7. Variations in minerals under elevated CO,
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Experimental Day of Calcium (%) Magnesium (%) Sodium (%) Potassium (%)

condition Treatment (DoT)

Control DoT 0 1.68+0.11 0.24+0.20 0.39+0.124 0.56+0.44
DoT 5 1.6+0.32 0.26+0.28 0.32+0.23 1.03+0.90
DoT 10 1.16+0.46 0.34+0.25 0.52+0.09 0.88+0.63
DoT 15 1.12+0.22 0.39+0.15 0.31+ 0.30 0.82+0.89

% Change -33.3 +62.5 -20.5 +46.4

Treated DoT 0 1.2+0.34 0.14+0.06 0.16+0.01 0.32+0.14
DoT 5 1.44+0.47 0.39+0.17 0.48+0.08 0.56+0.85
DoT 10 0.85+0.24 0.292 0.37+0.05 1.41+0.23
DoT 15 0.84+0.35 0.292+0.21 0.18+0.196 0.377+0.65

% Change +30 +108.5 +12.5 +15.62

P value <0.05 NS NS NS

Table 8. Variations in soil characteristics of plants retained in control and CO, treated conditions.

Parameters Control % Change Treated % Change P value

DoT 1 DoT15 DoT 1 DoT15

Soil pH 6.58+0.09 7.64+0.83 +16.1 5.32+1.36 6.6+0.94 +24.06 <0.05

Soil moisture (%) 27.37+5.33 28+4.12 +2.3 24.36+3.28  25.55+28.08 +4.88 NS

Soil carbon (%) 2.6x1.41 6.53+2.42 +151.15 4.69+1.31 6.9+1.4 +47.12 NS

(NS- Not significant)

Conclusion Acknowledgement

The percentage day flux of CO, inside the treated
chamber was higher than that of control and stan-
dardization study. However, the percentage night
flux of CO, inside the control was higher than CO,
treated and that of the standardization study. Thus,
the plants inside the treated chamber were assumed
to have consumed a higher share of CO,, but the res-
piratory attribution of CO,by them compared to
control, was less. Resultant day flux of CO, in the
treated chamber can be attributed to the plants
growing within it and is confirmed from the results
of the standardisation experiment. Uptake and as-
similation of CO, by the plants are also evident from
the increased morphological attributes of growth
like plant height, stem thickness, leaf area, higher
carbohydrate, mineral content, and soil carbon con-
tent. However increased Phenol content and caro-
tenoid content under elevated CO, are indications of
stress to which the plants are subjected to under
higher levels of CO,supply. Thus, Pongamia pinnata
can be promoted as an effective tree species in the
perspective of carbon offset planting, considering
their CO, sequestration efficiencies.
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