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ABSTRACT

Four groundnut (Arachis hypogaea L.) genotypes- Narayani, Dharani, K-6 and K-9 were
assessed for growth and yield responses at elevated temperature of 3.0 £ 0.5°C above ambient canopy
temperature (eT) and its interaction with elevated CO, of 550 + 50ppm (eT+eCO,) under Free Air
Temperature Elevation (FATE) facility. The study revealed that eT significantly decreased photosynthetic
rate (A,,) of all groundnut genotypes whereas eT+eCO, condition ameliorated the ill effects of eT. The
impact of eT on A,_, was higher than transpiration rate (Tr) and this reflected in decreased WUE with all
genotypes. WUE improved significantly at eT+eCO, with increased A, ., and decreased Tr. Increase in
canopy temperature (eT) resulted decreased relative water content (RWC), cell membrane stability and
increased osmotic potential, Malondialdehyde (MDA) content and accumulation of proline. Elevated CO,
along with eT (eT+eCO,) facilitated these parameters to recover to that of ambient controls, revealing the
ameliorative effect of eCO,. Similar responses were recorded for biomass and yield parameters. Among
the selected groundnut genotypes, superior performance for seed yield at high temperature of >40°C by
K-9 was due to ability to maintain better reproductive capacity and Dharani was responsive to elevated
CO, even athigh temperature, indicating the genotypic variability.

Keywords: CO, elevation, temperature stress, photosynthetic rate, transpiration rate, water use efficiency, biomass,

seed yield

Global climate change is a serious challenge to crop
production across the world. Temperature is one of the most
important environmental factors controlling the agro-
ecological distribution of crop species and their productivity.
The increasing risk of global warming due to climate change is
already having a substantial impact on agricultural production
as heat waves are causing significant yield loss with great risks
for future global food security. The mean annual global surface
temperature is projected to increase by 1.8°C - 5.8°C by the
end of this century, depending on the greenhouse emission
scenario (IPCC,2013).

Fluctuations in temperature take place naturally during
plant growth as plants experience variation in diurnal
temperature as well as at different phenophases. Change in
temperature to below or above the optimum range of the
specific crop species often result in loss of yield due to rate-
limited photosynthesis or reduced vegetative and reproductive
growth (Siebers et al., 2015). Elevated temperatures can
disrupt metabolic processes involved in plant growth and
development. Decrease in soybean and corn yield by 17% in

the United States was reported with rise in every 1°C growing
season temperature (Lobell and Asner, 2003).

The atmospheric carbon dioxide concentration has
increased from 300 to 402 ppm (NOAA 2016) and is likely
continue to double from the current level by the year 2100
(IPCC 2013). The responses to elevated CO, range from least
to four fold increases in biomass and yield as compared with
current CO, concentration (Kimball, 2016; Yadav ez al., 2016).
Various studies revealed that plants have better ability to
tolerate abiotic stresses like high temperature, drought,
salinity, and pollutants under CO,enriched conditions (Vu and
Alen,2009).

Groundnut (Arachis hypogaea L.) is an important
edible oil seed crop grown mainly in arid and semi-arid areas
of the world. Globally India ranks first in area and second in
production (FAOSTAT 2014) with 31% of the cultivated area
(24.6 mha) and 22% of the total production (41.3mt).
Temperatures during flowering and pod filling stages are
critical for yield realization in groundnut and temperature
effect on crop yield varies with genotypes. In groundnut crop
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threshold high temperature is 34°C at the stage of pollen
production (Prasad et al., 2000) and the simulated studies of
Mote et al. (2018) revealed that the pod yield of groundnut will
be compensated by elevated CO, of 500ppm if maximum
temperatures increase by 2°C. The present study was
formulated to quantify the impact of elevated canopy
temperature (+3°C) and its interaction with elevated CO,
(550ppm) on performance of physiological, biochemical,
biomass and yield parameters of groundnut crop as well as
variability within genotypes.

MATERIALS AND METHODS
Plant material and experimental design

A field experiment was conducted with four released
and popular groundnut genotypes- Narayani, Dharani, Kadiri-
6 (K-6) and Kadiri-9 (K-9). The genotypes were planted in
FATE facility during summer 2016 at ICAR- Central Research
Institute for Dryland Agriculture (CRIDA), located between
17.20°N latitude and 78.30°E longitude, Hyderabad,
Telangana, India. The spacing was 0.10 m within row and 0.30
m between rows. The recommended dose of fertilizers were
applied @ 20 kg N, and 40 kg P,O, and 50 kg K,O ha™ as urea,
single super phosphate and muriate of potash respectively.
Gypsum @ 500 kg ha" was applied by placement at flowering
stage. The crop was irrigated at regular intervals and
maintained pest and disease free by adopting plant protection
measures.

Free Air Temperature Elevation (FATE) facility
consisting of nine rings with 8m diameter. Among the nine
rings, six rings were fitted with 24 arrays of 2000 W capacity
ceramic infrared heaters (Elstein, model FSR-1000W) above
the canopy to maintain elevated crop canopy temperature (eT)
of ambient +3°C + 0.5°C. The heating system delivers
warming only with no photo-morphogenic effects and no
significant radiation emitted at wavelengths shorter than 850
nm. Three warming rings were also provided with CO, release
system at 0.3m height from the base of the ring to study the
interactive effects of elevated temperature and CO,
(eT+eCQO,). The polyurethane (PU) tubing with perforations
releases the CO, within ring to maintain the elevated
concentration of 550ppm. The CO, release was controlled by
solenoid valves which in turn regulated by the SCADA based
control system linked with CO, analyser, wind direction and
wind speed. The CO, concentration at the centre of the ring
was continuously monitored by IRGA based CO, analyser
(Priva, model-200821), the duration of CO,release was based
on the set CO, concentration for the specified area as well as
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wind direction and wind speed.

The canopy temperatures are monitored with infrared
sensor (Ray teck Fluke, model-RAYCMLTIJ3) fitted in each
ring. The duration and intensity of heating is regulated by
canopy temperatures of control plots and uses a proportional-
integral-derivative (PID) feedback system to maintain the
heating treatment (Kimball ez al., 2008). Signals from each
sensor are being recorded and monitored and controlled by
Program Logic Control (PLC) and Supervisory Control and
Data acquisition (SCADA) system.

Temperatures during crop growth

The maximum air temperatures during vegetative stage
of the crop ranged from 31.6 to 37.6°C with an average of
33.8°C while minimum temperature ranged from 15.2 to
20.6°C with an average of 18.5°C. During the vegetative to
pod maturity, the crop experienced maximum air temperature
from 32.4 to 42.2°C with an average of 37.9°C and minimum
temperature from 20.8 to 27.4°C with an average of 22.9°C.

Physiological and biochemical parameters

The physiological and biochemical observations were
recorded at flowering stage of groundnut plants from ambient
(aT), elevated temperature (¢T) and elevated temperature and
CO, (eT+eCO,) conditions. The photosynthetic rate (A,,),
stomatal conductance (gs), transpiration rate (Tr), relative
water content (RWC), osmotic potential (y,), total soluble
sugars, proline, Malondialdehyde (MDA) and cell membrane
stability (CMS) of all the genotypes were recorded at aT, eT
and eT+eCO, conditions.

Net photosynthetic rate (A,,), stomatal conductance
(gs) and transpiration rate (Tr) were measured with a portable
photosynthesis system (LI-6400, LI-COR, Nebraska, USA) at
flowering stage on fully expanded young leaves of three plants
of each genotype from all treatments. Water use efficiency
(WUE) was calculated as the ratio of A,, and Tr using the
formula WUE=A_ /Tr.

net

Fully expanded third leaves from the top of the main
stem were sampled from each treatment to measure the
relative water content (RWC). RWC was calculated based on
the formula suggested by Gonzalez and Gonzalez-Vilar
(2001).

RWC (%) = (FW-DW)/ (TW-DW) x100

Where, FW is the sample fresh weight, TW is turgid
weightand DW is dry weight.
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The unused leaflets of the same trifoliate leaves used for
RWC measurements were excised and dipped in liquid
nitrogen. The cell sap was squeezed out to analyse osmotic
potential (Scholander et al., 1966) using a vapour pressure
osmometer (Wescor- 5500 Wescor Inc., USA) and expressed
in MPa. Cell membrane stability was estimated with
expressions of electrolyte leakage by method of Blum and
Ebercon (1981) with slight modification. The cell membrane
stability was calculated by the following formula.

CMS (%) = {[1<(T/T,)] / [1-(C,/C,)] X 100}

Where C and T refer to electrical conductivity of control
and heat treated samples and the subscripts 1 and 2 refer to
electrical conductivity readings before and after boiling,
respectively.

The lipid peroxidation was estimated with expression of
malondialdehyde (MDA) according to De Vos ef al. (1991).
The final concentration of MDA was calculated by using an
extinction coefficient (€ = 155 mM" cm™) and expressed as i
mol g' FW. Proline was extracted from 0.5g of fresh leaf
material in 3% (w/v) aqueous sulphosalicylic acid and
estimated with ninhydrin reagent (Bates et al., 1973) and
expressed as ug g’ FW. For estimation of total soluble sugars,
1.0 g leaf material was homogenized in 80% ethanol and the
clarified supernatant was used for estimation. Total soluble
sugars were estimated by the method of Dubois ef al. (1956)
and expressedinmg g"' FW.

Biomass andyield parameters

Atharvest, three plants of each genotype were up rooted
carefully from three replicated treatments of aT, eT and
eT+eCO,. The biomass of leaves and stems was measured
after drying them in hot air oven at 60°C till constant weights
were attained. The data on yield parameters such as pod
number, pod weight (g), seed number, seed weight (g) per
plant and test weight (of 100 seed weight) were recorded.
From the recorded data sets total biomass, vegetative biomass
and HI was calculated.

Statistical analysis

The analysis of variance (ANOVA) was carried out to
assess the significance of treatments, genotypes and their
interaction for the traits.

RESULTS AND DISCUSSION

The response of all the physiological, biochemical,
biomass and yield parameters of selected four groundnut
genotypes were significantly altered at both eT, eT+eCO,
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conditions. The ANOVA of physiological and biochemical
parameters was presented in Table 1, biomass and yield
parameters are presented in Table 2 and the reduction (%) of
biomass and yield parameters at eT and ¢T+eCO, over aT
condition are presented in Fig.1.

Phenology of flowering

With exposing the plants to eT, phenology of 50%
flowering was early in groundnut genotypes and it was 1.0 day
with K-9, 1.7 days with Narayani and K-6 while 2.3 days with
Dharani. No impact of eT+eCO, condition was observed on
flowering behaviour of selected groundnut genotypes. In
mungbean, shortened phenology of flowering and podding
duration was reported under eT condition (Sharma et al.,
2016).

Physiological and biochemical parameters

The variation in photosynthetic rate, stomatal
conductance, transpiration rate and WUE were highly
significant (P < 0.01) for genotypes, treatments, and
interaction of genotypes and treatments except A, was
significant (P < 0.05) for interaction of genotypes and
treatments (Table 1). The eT and eT+eCO, conditions
impacted all physiological parameters of selected four
groundnut genotypes. Among the selected four groundnut
followed by
K-6 under all conditions. The increased temperature (eT)

genotypes, K-9 recorded significantly higher A,

net

significantly reduced the A, and it ranged from 31%

(Narayani) to 35% (K-6). However, significant recovery of A,
was recorded with eT+eCO, in all the four genotypes as
compared with eT condition and it was comparable with
values of aT. This response clearly revealing that the impact of
eT on photosynthetic rate was ameliorated by elevated CO,. In
groundnut, Prasad et al. (2003) reported that elevated CO,
enhanced leaf photosynthesis by 27% and seed yield by 30%
across a range of daytime growth temperatures from 32 to
44°C. Dwivedi et al. (2015) also observed that photosynthetic
rate increased with elevated CO, and reduced with elevated
temperature across the rice genotypes and the effect of €T on
photosynthetic rate was ameliorated by elevated CO,.

Similar to A,
was recorded with genotype K-9 followed by K-6 under all

.« response, higher stomatal conductance
conditions. Under the eT and ¢T+eCO, conditions, reduced
values of gs were recorded with all the genotypes as compared
with aT. Stomatal conductance significantly reduced at eT and
it ranged from 48% (Narayani) to 63% (K-9). While under
eT+eCO, condition the response of gs varied with genotype.
The transpiration rate (Tr) of all the genotypes was reduced at
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Fig. 1: Reduction (%) of biomass and yield parameters of four groundnut genotypes at eT and eT+eCO, over aT condition eT-

elevated canopy temperature; eT+eCO,- combination of elevated temperature and elevated CO,. HI-harvest index

eT and it ranged from 5% (Narayani) to 28% (K-9) as
compared with aT. The eT+eCO, further reduced the Tr in all
the genotypes, revealing that elevated CO, impacting more of
Tr than gs. The response of WUE calculated as the ratio of A,
than Tr,
hence all the genotypes recorded lowest values for WUE. It is

and Tr clearly indicating that eT impacted more of A,
interesting to observe that eT+eCO, condition recorded
highest values for WUE of all the genotypes as elevated CO,
enhanced the A, and reduced the Tr. The studies of Vu (2005)
with peanut revealed that the increase in photosynthetic rate

net

under elevated CO, with near ambient growth temperature
(+1.5°C) was higher than under high growth temperature
(+6°C) and the elevated CO, grown plants recorded increased
WUE of 56%, 41% at near a high temperature conditions
respectively.

Relative water content (RWC) of groundnut genotypes
was measured to assess impact of treatments on the water
status of the plants. The RWC of all genotypes was recorded
highest at aT condition, while it reduced in plants exposed to

eT condition. Among the genotypes, K-9 was able to maintain
highest RWC in all the treatments, while Narayani was the
lowest. The extant of reduction of RWC with eT condition
varied significantly with genotypes as lowest was recorded
with K-9 (8%) and highest with Narayani (13.3%). The
e¢T+eCO, condition improved the plant water status in all the
genotypes though it was lower than that of aT revealing that
eCO, ameliorated the impact of eT to some extent. Dwivedi et
al. (2015) reported that the impact of elevated temperature on
RWC was ameliorated by elevated CO, in all the rice

genotypes.

Accumulation of compatible solutes is known to impart
high temperature stress tolerance through active reduction in
osmotic potential. The eT condition induced higher
accumulation of proline in all groundnut genotypes except K-9
and higher accumulation was recorded in Dharani (281%)
followed by K-6 (218%) and Narayani (92%) as compared
with aT, while change in proline content of K-9 was not
significant with eT. Total soluble sugars (TSS) also recorded
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higher accumulation under eT condition with K-9 (22%) and
Narayani (15%) but decreased with Dharani (11%) and K-6
(27%). The presence of eCO, lowered the content of proline,
osmotic potential and increased TSS in all four groundnut
genotypes as compared with eT. It is evident from this study
that in all the groundnut genotypes proline accumulation was
triggered with eT, while content of total soluble sugars was
higher with elevated CO,. Among the genotypes, response of
K-9 was significantly different at both eT and eCO, conditions
for these parameters. Vu (2005) reported high temperature
reduced the levels of total soluble sugars by 21% in peanut leaf
at ambient CO, while the reduction was very less under
elevated CO, as increased sucrose was recorded in elevated
CO, grown plants.

High temperature stress leads to the disruption of
cellular membranes, making them more permeable to ions by
increased solubilisation and peroxidation. Lipid peroxidation
is used as an index of oxidative damages caused by various
abiotic stresses in plants. Membrane lipid peroxidation and
electrolyte leakage can be determined by measuring
malondialdehyde (MDA) content and cell membrane stability
(CMS). The plants grown with eT+eCO, recorded lower MDA
content thereby increased CMS as compared with only eT
condition. The eT condition reduced the CMS to 69 to 73% of
all the four groundnut genotypes while it improved to above
90% with eT+eCO,. The magnitude of response of individual
genotype clearly indicates variability in their tolerance to high
temperature and their responsiveness to ¢CO,. Dharani and K-
9 has the ability to maintain relatively better membrane
stability with lower MDA content under eCO, with eT. Mishra
and Agrawal (2014) reported that lower MDA content at
elevated CO, in different mungbean cultivars as compared
with ambient CO, condition. However Koti ef al. (2007)
reported that elevated CO, moderately compensated the
injurious effects of high temperature and enhanced UV-B
radiation levels on vegetative growth and physiology in
soybean.

Dry matter accumulation and partitioning

The dry matter accumulation and its partitioning in four
groundnut genotypes was quantified under aT, ¢T and
eT+eCO, conditions. The variability in genotypes, treatments,
interaction of genotypes and treatments were highly
significant (P <0.01) for all the biomass parameters. AteT and
eT+eCO,, the magnitude of response differed with selected
groundnut genotypes for leaf biomass, stem biomass root
biomass, total biomass, vegetative biomass and its
partitioning. At harvest, reduced biomass of leaf and root was
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recorded with eT in Narayani, Dharani and K-6 while the
impact was not observed with K-9. The presence of eCO,
along with eT improved these components than at aT.
Significant reduction in total biomass was recorded at eT
while eT+eCO, condition improved it with all selected
groundnut genotypes and similar trend of response was also
observed with vegetative biomass. The increase in biomass of
this C3 crop can be explained by its ability to maintain elevated
photosynthetic rates at eCO, even at elevated temperature of
>40°C. The increased temperature reduced the reproductive
biomass of maize while it improved the vegetative biomass
(Vanajaetal.,2017).

Yield and yield attributes

Among the four groundnut genotypes, the pod number,
pod weight, seed number and seed weight at aT was lowest
with Narayani and highest with K-6 except for seed number. It
is interesting to observe that among the genotypes, the
reduction of all these yield components was highest with K-6
under eT and eT+eCO, conditions followed by Narayani. The
amelioration of these components due to eCO, was also high
with K-6 and Narayani showing that these genotypes are
sensitive to high temperature and responsive to eCO,. The eT
condition improved the pod number and seed weight in K-9
while eT+eCO, reduced all these yield components revealing
that this genotype has better tolerance to higher temperature of
>40°C, however it is not responsive to eCO,. The genotype K-
6 maintained its test weight at all conditions irrespective of its
seed yield response to €T and eT+eCO,, while K-9 recorded
increased test weight under these condition with reduced yield
components. The variability in seed filling ability of genotypes
is clearly evident under different conditions. Similar
observations at high temperature of >40°C at reproductive
stage on mungbean crop was reported as highly detrimental for
production of flowers and pod set, which resulted in fewer
number of pods and seeds leading to decreased seed yield
(Bindumadhava et al., 2016). In grain legume crops such as
soybean, dry bean, peanut and cowpea, improved yield with
elevated CO, due to increased photosynthesis and growth was
observed (Prasad et al., 2005).

CONCLUSION

High temperature and its interaction with elevated CO,
significantly affected physiological, biochemical, biomass
and yield parameters of groundnut genotypes. There was
significant variability between the selected groundnut
genotypes for their performance including seed yield under eT
and eT + eCO, conditions. The superior performance for seed
yield of groundnut genotype K-9 at high temperature of
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>40°C, while Dharani responsiveness to elevated CO, even at
high temperature were due to their ability to maintain better
pod and seed number as well as improved test weight
indicating their role under these conditions. The eCO,
significantly improved the total biomass and pod number and
pod weight of the selected groundnut genotypes even at high
temperature. Among the four groundnut genotypes, the better
performance of K-9 under high temperature was attributed to
its capacity to accumulate significantly higher concentrations
of osmotic solutes especially proline and total soluble sugars,
which led to better RWC and increased cell membrane
stability. The significant observation of this study was that the
presence of eCO, ameliorated the negative impacts of elevated
temperature of >40°C on this C3 leguminous oil seed crop.
The identified traits will form a base for the future breeding
programs to develop the climate ready genotypes.
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