
This is an open access article distributed under the terms of Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License,
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original author and source are credited.

J. Hortic. Sci.
Vol. 19(1), 2024

https://doi.org/10.24154/jhs.v19i1.2216

Original Research Paper

Growth and physiological response of mango (Mangifera indica L.) cv. Alphonso
under elevated CO2 conditions

Shivashankara K.S.*, Laxman R.H., Geetha G.A., Rashmi K. and Kannan S.
ICAR-Indian Institute of Horticultural Research, Bengaluru - 560089, India

*Corresponding author Email : Shivashankara.KS@icar.gov.in

ABSTRACT
Atmospheric CO2 concentration is expected to reach 460-560 ppm by the year 2050 with an increase of
3.2-4.0°C in temperature. Elevated CO2 and temperature affect fruit crops to a greater extent by affecting
flowering, yield and quality of fruits. In the current study, the effect of eCO2 on mango cv. Alphonso was
examined under open top chambers (OTC), with ambient CO2 (380 ppm) and elevated CO2 (550 ppm) levels,
which were compared with the plants grown outside OTC under ambient conditions. The results revealed that
the maximum number of vegetative shoot emergences was observed in OTC under both eCO2 and aCO2
conditions. The photosynthetic rate declined by 25% inside OTC due to increased air and leaf temperature
compared to ambient plants placed outside the chambers. Significantly higher reproductive shoots emerged under
aCO2 conditions, whereas, no reproductive shoots were observed in aCO2 under OTC, however, few reproductive
shoots were observed under eCO2 in OTC. The stomatal number was increased inside OTC chambers under
aCO2, but the same was not observed under eCO2 conditions. The other physiological parameters, such as specific
leaf weight, chlorophyll content, relative water content, stem girth and total wax content were appeared to be
better in eCO2 conditions compared to aCO2 inside OTC and ambient conditions outside OTC. The increase in
stomatal number and complete repression of flowering inside OTC at aCO2 was mainly due to higher temperatures
compared to outside and this effect of temperature was reduced by eCO2. The results of the study indicated
that eCO2 may improve growth rates, flowering and reduce water loss in mango plants.
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INTRODUCTION
Carbon dioxide (CO2) is the prominent greenhouse gas
found on earth. Atmospheric CO2 concentration is
expected to reach 460-560 ppm by 2050, with a raise
in the temperature range of 2.6-4.8 °C (IPCC, 2013).
Leaf photosynthetic rate is greatly influenced by
temperature, light, and CO2 concentrations. Among
them, elevated CO2 has a positive effect on
photosynthesis, but the rise in temperature can nullify
this effect of elevated CO2. Increased temperature will
also lead to more rapid growth and development of
plants, and it may delay the growth cessation of
perennial plants at the beginning of the winter. Whiley
et al. (1989) also reported that the mean leaf mass of
trees grown under 30/25°C (day/night temperature)
was 300% bigger than that of trees growing at
20/15°C. Whereas, Dambreville et al. (2013) did not
observed significant effect of temperature on leaf mass
in the mean daily temperature range of 20-28°C. There
are no published works available on the effect of

elevated CO2 and temperature on mango cv. Alphonso;
therefore, the present study was undertaken to
understand the growth and physiological response of
mango plants.

MATERIALS AND METHODS
The study was carried out at ICAR-Indian Institute
of Horticultural Research, Bengaluru (13°582  N
latitude, 78° E longitude, and 890 m above mean sea
level), India during 2017 to 2019. The mango
cv. Alphonso, one of the highly commercially
important cultivars considered for current study and
a total of five uniformly grown plants were used for
each treatment. The treatment consists of elevated CO2
(550 ppm), ambient CO2 conditions (380 ppm) inside
the open top chamber (OTC) and ambient conditions
outside the OTC. The observations such as vegetative
and reproductive flushes, photosynthetic rate, specific
leaf weight (SLW), chlorophyll content, relative water
content (RWC), stem girth, total wax and stomatal
density (SD) were monitored continuously.
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Structural feature of OTC

To evaluate the performance of horticultural crops
under elevated CO2 concentrations, OTC was used.
The whole chamber is fitted with transparent,
polyvinylchloride (PVC) sheet (150-micron gauge)
measuring 3 m x 3 m x 2.4 m (l x b x h) to provide
the maximum amount of sunlight to the plants. The
top portion of the chamber is left open to avoid
excessive build-up of temperature and CO2 is pumped
into these chambers continuously to raise CO2
concentration, which was monitored using Delta T
CO2 monitoring systems. The temperature and
humidity sensors (Kestrel Drop D2, NK Kestrel, USA)
were installed outside and inside the OTC to record
temperature and humidity at a 5-minute interval and
stored them in a data logger.

Once the plants were shifted to OTC, vegetative and
reproductive flushes were recorded continuously. The
dates of the emergence of new flushes were recorded
as and when they emerged. Gas exchange
characteristics like the net photosynthetic rate were
measured from the fully matured, recently emerged
leaf between 09.30 h and 11.00 h using portable
photosynthesis system, LICOR LI-6400XT, Lincon,
USA. The PAR of 1000 µmol m-2 s-1 using the light
source and the ambient CO2 concentration of 400 μ
mol mol-1 were maintained during the measurements.
Specific leaf weight (SLW) is a measure of leaf weight
per unit leaf area. The dry weight of a known area of
leaves was recorded and the SLW was calculated by
dividing the total dry weight by its area and expressed
as g cm-2 as suggested by Pearce et al. (1969). Stem
girth is a measure of the growth rates of a plant. For
each treatment, five plants were used to record the
girth of primary branches at a fixed position on the
stem. Relative water content was measured by
following the Gao (2006) method with slight
modifications and the results were expressed in terms
of percentage reduction. Epicuticular wax was
estimated using the chloroform method as suggested
by Ebercon et al. (1977) with a slight modification.

The concentration of leaf wax was calculated from a
standard curve prepared using Nonadecane and
expressed as µg/cm2. Total chlorophyll in mango cv.
Alphonso leaf was measured by following the
traditional method of Hiscox & Israelstam (1979) with
slight modifications. Stomatal density was estimated
by the leaf impression method, where nail polish
imprints obtained directly from the abaxial side of
mature leaves were observed under a light microscope
(Olympus BX61). The results were expressed as the
number of stomata per mm2 of leaf area.

Statistical analysis

Data were subjected to the analysis of variance using
ANOVA and means were compared with the critical
difference at P 0.05.

RESULTS AND DISCUSSION
Mango cv. Alphonso plants were grown under eCO2
(550 ppm) and aCO2 (380 ppm) conditions inside OTC
and compared with plants grown under ambient
condition outside OTC (Fig. 1). Daily mean maximum
and minimum temperatures under OTC with eCO2
conditions (550 ppm) were increased by 3-4°C. The
mean maximum and minimum temperatures during the
experimental period are presented in Table 1 and it was
also found to increase from 2017-18 to 2018-19.

Table 1 : Minimum and maximum temperature and relative humidity data during experimental period

Year Elevated CO2 Ambient CO2 Ambient
Max (°C) Min (°C) Max (°C) Min (°C) Max (°C) Min (°C)

2017-18 47.83 13.01 48.67 12.42 34.16 12.28
2018-19 48.03 13.92 49.18 13.01 35.09 13.02

Vegetative and reproductive flushes were recorded
from 2017 to 2019 (Fig. 2a). Significantly higher
numbers of reproductive shoots emerged under

Fig. 1 : Control (A) and elevated CO2
(B) mango plants during ‘on’ season
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ambient conditions outside OTC, and no reproductive
shoot was observed in aCO2 under OTC; however, a
few reproductive shoots were observed under eCO2 in
OTC (Table 2). Biomass improvement under eCO2
conditions has also been reported in many previous
studies (Van der Kooi et al., 2016). The maximum
number of vegetative shoot emergences was observed
in both eCO2 and aCO2 conditions under OTC (Fig.
2b). High temperatures under OTC conditions
completely repress reproductive growth; however, CO2
may promote reproductive growth if temperature is
normal, as observed by the limited number of
reproductive shoots under eCO2 conditions inside
OTC.

Gas exchange characteristics revealed that the OTC
can increase air and leaf temperatures. Plants under
eCO2 conditions showed the highest photosynthetic
rates and the lowest stomata conductance and
transpiration (Table 3). Elevated CO2 causes increased
photosynthesis in plants, which leads to greater
production of biomass (Thompson et al., 2017).
Higher temperatures decrease photosynthesis but
increase transpiration and stomatal conductance,
leading to a shorter growth period and faster
development (Lobell & Gourdji, 2012).

Table 3 : Gas Exchange parameters under elevated CO2, ambient CO2 inside OTC and ambient outside
OTC

CO2 concentration Elevated CO2 Ambient CO2 Ambient
(ppm) (550 ppm) (380 ppm)

400 ppm 7.071 7.269 7.051
600 ppm 9.239 12.732 11.803
800 ppm 11.424 15.195 14.437
Mean 9.244 11.732 11.097
CD for CO2 concentration 1.751
CD for treatments 2.145
CD for (C X T) N/A

Table 2 : Total number of vegetative and
reproductive shoots under elevated CO2, ambient
CO2 inside OTC and ambient outside OTC

Treatment Vegetative Reproductive
shoots shoots

Elevated CO2 (550 ppm) 28 5
Ambient CO2 (380 ppm) 42 0
Ambient 19 47
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Fig. 2a : Mean number of vegetative shoots emerged
under elevated CO2, ambient CO2 inside OTC and

ambient outside OTC

Fig. 2b : Shoot length and leaf number emerged under
elevated CO2, ambient CO2 inside OTC and ambient

outside OTC



Specific leaf weight increased under eCO2 compared
to aCO2 inside OTC, and ambient outside OTC and
this is probably due to the higher photosynthetic rate
under eCO2 conditions, which causes an increase in
the SLW of leaves (Fig. 3). Increased thickness is one
of the common responses to eCO2, may be due to an
increased non-structural carbohydrate and more cell
layers; sometimes both can contribute to the thickness
(Ferris et al., 2001).

(Fig. 5). This might be due to the lower transpiration
rate of the leaves under eCO2 conditions in OTC. The
effects of eCO2 concentration on the leaf water loss
dynamic responses of in vitro-produced walnut leaves
during ex vitro desiccation were investigated. Higher
CO2 concentration resulted in a lower transpiration
rate and a higher RWC during ex vitro desiccation.
This improvement was due to decreased stomatal
aperture during the first phase of water loss (Vahdati
et al., 2017).

Stem girth is the measurement of the growth rate of
trees, and in the present studies, it did not show a much
significant difference between the treatments such as
eCO2 (3.7 cm), aCO2 (3.4 cm), and ambient (2.8 cm)
(Fig. 4). Similar results were also reported by David
& Christopher (2011) and Attipalli et al. (2010), where
growth parameters, viz., height, diameter, and volume
were increased by eCO2 and were not significantly
different from the ambient control under eCO2.

Relative water content was in the range of 80-90%
with higher values in eCO2, followed by aCO2 inside
OTC, and lowest was in the ambient outside OTC

Epicuticular wax content was higher in eCO2
conditions compared to aCO2 inside OTC, and ambient
outside OTC which might be restricting the
transpiration rate during the night leading to better
RWC (Fig. 6). Shepherd & Griffiths (2006) reported
that cuticular wax content was significantly increased
under eCO2 to provide protection against UV-B.

Total chlorophyll was observed to be high in eCO2
compared to aCO2 inside OTC and ambient outside
OTC (Fig. 7). Earlier reports on total chlorophyll
content were reported to decrease under eCO2
conditions (Byeon et al., 2021).
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Fig. 3 : Specific leaf weight (SLW) under elevated CO2,
ambient CO2 inside OTC and ambient outside OTC

Fig. 4 : Stem girth in plants grown under elevated CO2,
ambient CO2 inside OTC and ambient outside OTC

Fig. 5 : Relative water content (RWC) content in
plants grown under elevated CO2, ambient CO2

inside OTC ambient outside OTC

Fig. 6 : Epicuticular wax in plants grown
under elevated CO2, ambient CO2 inside OTC and

ambient outside OTC



Stomatal density results are in line with the previous
study, which revealed that higher temperature in aCO2
increased the stomatal number (Fig. 8a), however,
eCO2 was found to nullify this effect (Fig. 8b).
Generally, eCO2 causes a reduction in stomatal density
(Teng et al., 2009), stomatal conductance (Ainsworth
& Rogers, 2007), leaf transpiration (Katul et al.,
2010), and evapotranspiration (Leakey et al., 2009).

CONCLUSION
Mango plants responded to eCO2 conditions by
decreasing the stomatal number, increased SLW, and
increasing the growth rate. Elevated temperature
completely inhibits the reproductive growth and
promotes vegetative flushes, and increases the stomatal
number. However, eCO2 may increase reproductive
shoot emergence and leaf wax content and reduce the
transpiration rate.

ACKNOWLEDGEMENT
This study was carried out under the project NICRA,
ICAR, New Delhi. The authors are grateful to the
Director, ICAR-IIHR, Bengaluru, for providing the
necessary facilities.

REFERENCES
Ainsworth, E. A., & Rogers, A. (2007). The response

of photosynthesis and stomatal conductance to
rising (CO2): mechanisms and environmental
interactions. Plant Cell Environment, 30(3),
258-270. doi: 10.1111/j.1365-3040.2007.
01641.x

Attipalli, R. R., Girish, K. R., & Agepati, S. R.
(2010). The impact of global elevated CO2
concentration on photosynthesis and plant
productivity. Current Science, 98, 1305-1319.
https://www.jstor.org/stable/24108349

Byeon, S., Kim, K., Hong, J., Kim, S., Kim, S., Park,
C., Ryu, D., Han, S.H., Oh, C., & Kim, H.S.
(2021). Down-regulation of photosynthesis to
elevated CO2 and N fertilization in understory
Fraxinus rhynchophylla seedlings. Forests,
12(9), 1197. https://doi.org/10.3390/f12091197

Dambreville, A., Normand, F., & Lauri, P. É. (2013).
Plant growth co-ordination in natura: a unique
temperature-controlled law among vegetative
and reproductive organs in mango. Functional
Plant Biology, 40(3), 280-291. doi: 10.1071/
FP12243

David, N. K., & Christopher, G. (2011). Elevated CO2
increases constitutive phenolics and trichomes,
but decreases inducibility of phenolics in
Brassica rapa (Brassicaceae). Journal of
Chemical Ecology,  37,  1332-1340.
doi: 10.1007/s10886-011-0044-z

Elevated CO2 Ambient CO2 Ambient

Fig 8b : Microscope images of stomata
under elevated CO2, ambient CO2 inside OTC and

ambient outside OTC

Growth and physiological response of mango (Mangifera indica L.) cv. Alphonso

J. Hortic. Sci.
Vol. 19(1), 2024

Fig 8a : Stomatal number in plants grown under
elevated CO2, ambient CO2 inside OTC and ambient

outside OTC

Fig. 7 : Total chlorophyll content in plants grown
under elevated CO2, ambient CO2 inside OTC and

ambient outside OTC



Ebercon, A., Blum, A., & Jordan, W. R. (1977). A
rapid colorimetric method for epicuticular wax
contest of sorghum leaves 1. Crop Science,
17(1), 179-180. https:/ /doi.org/10.2135/
cropsci1977.0011183X001700010047x

Ferris, R., Sabatti, M., Miglietta, F., Mills, R. F., &
Taylor, G. (2001). Leaf area is stimulated in
populus by free air CO2 enrichment
(POPFACE), through increased cell expansion
and production. Plant Cell & Environment,
24(3), 305-315. https://doi.org/10.1046/j.1365-
3040.2001.00684.x

Gao, J. F. (2006). Experimental guidance for plant
physiology. China Higher Education Press:
Beijing China.

Hiscox, J. D., & Israelstam, G. F. (1979). A method
for the extraction of chlorophyll from leaf tissue
without maceration. Canadian Journal of
Botany, 57(12), 1332-1334. https://doi.org/
10.1139/b79-163

IPCC. 2013. “Summary for policymakers,” in Climate
Change (2013): The physical science basis.
contribution of working group I to the fifth
assessment report of the intergovernmental
panel on climate change, eds D. Qin, T. F.,
Stocker, G. K., Plattner, M., Tignor, S. K., Allen
et al. (Cambridge: Cambridge University Press).

Katul, G., Manzoni, S., Palmroth, S., & Oren, R.
(2010). A stomatal optimization theory to
describe the effects of atmospheric CO2 on leaf
photosynthesis and transpiration. Annals
of Botany, 105(3), 431-442. https://doi.org/
10.1093/aob/mcp292

Leakey, A. D., Ainsworth, E. A., Bernacchi, C. J.,
Rogers, A., Long, S. P., & Ort, D. R. (2009).
Elevated CO2 effects on plant carbon, nitrogen,
and water relations: six important lessons from
FACE. Journal of Experimental Botany, 60,
2859-2876. https://doi.org/10.1093/jxb/erp096

Lobell, D. B. & Gourdji, S. M. (2012). The influence
of climate change on global crop

productivity. Plant Physiology, 160(4), 1686-
1697. https://doi.org/10.1104/pp.112.208298

Pearce, R. B., Carlson, G. E., Barnes, D. K., Hart,
R. H., & Hanson, C. H. (1969). Specific leaf
weight and photosynthesis in alfalfa 1. Crop
Science, 9(4), 423-426.  

Shepherd, T., & Wynne Griffiths, D. (2006). The
effects of stress on plant cuticular waxes. New
Phytologist, 171(3), 469-499. https://doi.org/
10.1111/j.1469-8137.2006.01826.x

Teng, N., Jin, B., Wang, Q., Hao, H., Ceulemans, R.,
Kuang, T., & Lin, J. (2009). No detectable
maternal effects of elevated CO2 on Arabidopsis
thaliana over 15 generations. PLoS One 4(6):
e6035. https://doi.org/10.1371/journal.pone.
0006035

Thompson, M., Gamage, D., Hirotsu, N., Martin, A.,
& Seneweera, S. (2017). Effects of elevated
carbon dioxide on photosynthesis and carbon
partitioning: a perspective on root sugar sensing
and hormonal crosstalk. Frontiers in
Physiology, 8, 578.  https://doi.org/10.3389/
fphys.2017.00578

Vahdati, N., Tehranifar, A., & Kazemi, F. (2017).
Assessing chilling and drought tolerance of
different plant genera on extensive green roofs
in an arid climate region in Iran. Journal of
Environmental Management, 192, 215-223.
doi:10.1016/j.jenvman.2017.01.027

Van der Kooi, C. J., Reich, M., Löw, M., De Kok, L.
J., & Tausz, M. (2016). Growth and yield
stimulation under elevated CO2 and drought: A
meta-analysis on crops. Environmental and
Experimental Botany,  122,  150-157.
doi:10.1016/j.envexpbot.2015.10.004

Whiley, A. W., Rasmussen, T. S., Saranah, J. B., &
Wolstenholme, B. N. (1989). Effect of
temperature on growth, dry matter production
and starch accumulation in ten mango
(Mangifera indica L.) cultivars. Journal of
Horticultural Sciences, 64(6), 753-765. https:/
/doi.org/10.1080/14620316.1989.11516018

Shivashankar et al.

(Received : 22.09.2023; Revised : 07.06.2024; Accepted :09.06.2024)

J. Hortic. Sci.
Vol. 19(1), 2024




