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SUMMARY

Temperature manipulation experiments are effective ways for testing plant responses to future
climate conditions, especially for predicting shifts in plant phenological events. There is little available
information about the effect of elevated temperature on morpho-physiological parameters and green
fodder yield of fodder crops. To identify fodder crops with high green fodder yield suitable for elevated
temperature, proper screening technique is needed. Forage oat is an important annual forage cereal crop.
It was grown in ambient as well as elevated (>2 oC than ambient) temperatures at vegetative to reproductive
stage in open top chambers. Elevated temperature decreased oat plant height. Days to 50% flowering was
shortened under elevated temperature compared to ambient condition. Standardized Open Top Chamber
facility is more useful for screening number of varieties in oat and other forage crops for temperature
stress tolerance and to address the demand of fodder seed production at present and future as well.
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Global climate change in the coming future
will pose a serious challenge to plant growth and
development affecting crop production across the
world. One of the important components of global
climate change is increase in the Earth’s near-surface
temperatures. The mean global surface temperature
exhibited an increase over the past decade with
particularly sharp increase since the 1970’s (Gadgil,
1996). Mean annual temperature derived from 73
stations of India showed a significant warming of 0.4ºC
over the last 100 years, which is comparable to global
mean trend of 0.3ºC increase per hundred years
(Hingane et al., 1985). Temperature is a major factor
affecting seed yield and quality in legumes (Ruell and
Zachowski, 2010; Christophe et al., 2011).

Food, fodder and nutritional security depends
on quality seed. Many experiments conducted
worldwide suggested that climate has a marked effect
on fodder and fodder seed productivity and quality.
Currently, India is facing net deficit of 61.1% green
fodder, 21.9% dry crop residues and acute shortage
(64%) in availability of seeds of many forage crops.
At present seed availability of forage crops is only 15-
20%. There is high demand for fodder seed production
at present and future as well. A major challenge ahead
for those involved in the seed industry, therefore, is

to provide cultivars that can maximize future crop
production in a changing climate (Ainsworth et al.,
2008; Bruins 2009; Ceccarelli et al., 2010). Several
methods have been utilized by the Indian and
worldwide scientific community for assessing the
impact of climate variability and climate change on
agriculture such as crop growth, yield, pest and disease
dynamics, nutrient dynamics and seed production.
Controlled environment facilities, such as Open Top
Chamber (OTC) technology, Free-Air Carbon
Dioxide Enrichment (FACE)  technology,  Free
Air Temperature Enrichment (FATE)  Technology,
phytotron and green house and growth chambers are
now increasingly being used to understand the impact
of temperature, on crop growth and productivity. Open
Top Chamber is one of the best methods for studying
effect of temperature on growth, forage yield and seed
quality of forage crops. Keeping this in view and
importance of forage crops in India, an attempt has
been made to study and standardize weather
parameters like raising temperature under controlled
conditions for forage and forage seed production and
further identification of different forage crops under
different weather parameters, particularly raising
temperature could help us to find out responsive/
adoptability of forage crops to new niches for fodder



biomass and fodder seed production. In other words
identification of different forage crops for different
weather parameters will serve as immediate reservoir
to combat climate change in future. Thus there is a
need to study and standardize weather parameters like
raising temperature under controlled conditions (Open
Top Chamber) for green fodder yield and forage seed
production. Here we have designed and developed the
Open Top Chamber facility for studying the selected
temperature under controlled conditions. Oat (Avena
sativa L.) is the most important winter cereal (C

3
)

fodder crop, cultivated throughout the world as grain,
feed, forage and cover crop. Oat ranks sixth in world
cereal production following wheat, maize, rice, barley
and sorghum. Globally, it is cultivated in an area of 27
mha with production of 40 mt. In India, it is cultivated
in 0.5 mha occupying maximum area in Uttar Pradesh
(34%), followed by Punjab (20%), Bihar (16%),
Haryana (9%) and Madhya Pradesh (6%), Gujarat,
Maharashtra, Orissa, Uttarakhand etc. (Pandey and
Roy, 2011). Oat requires optimum growing
temperature, around 16-20°C from germination till
grain filling for maximum yield. Sorrells and Simons
(1992) reported an optimum temperature of 13-19°C
for high grain and straw yields. High temperature stress
during post juvenile growth and development severely
reduces grain yield and quality of oat.

Experimental design, plant material and growth
conditions

This study was conducted on research field
at Seed Technology Division of ICAR- Indian
Grassland and Fodder Research Institute, Jhansi
(25°29’48.4” N, 78°33’35.6” E, and 233 m above
the mean sea level), during rabi (sown second week
of November) 2020-2021. Forage oat was grown in
soil inside Open Top Chambers. Oat seeds were
surface sterilized with 0.01% mercuric chloride (w/
v) for 10 min to avoid fungal invasion, followed by
washing with distilled water and these seeds were
used in this experiment. Seeds were sown in a micro
randomized block design and replicated thrice. Excess
seedlings were thinned. Farmyard manure at the rate
of 15 t/ha along with 25 kg N/ha and 55 kg P

2
O

5
/ha

were mixed in the soil before sowing and irrigation
was given as and when required. The following
simulated environment was created for experiment
i.e., first treatment (T

1
-Control) was Ambient and

second treatment was (T
2
- Elevated temperature >2oC

than ambient). The OTC (3 m diameter, 3 m length
and 4 m height)] lines with a multi-layered UV

protected polycarbonate (6 mm) sheets of more than
85% transparency level were used to grow oat variety
under natural conditions. Temperature sensor (Pt100
element) with RTD transmitter from H K Tempson
(Sensography) (India)  and humidity sensors
(Rotronic Switzerland) was fitted inside both OTC
chambers along with Ceramic infrared heaters.
Temperature enrichment was done with an artificially
induced temperature inside OTCs. The system
simulated warming in a small ecosystem of limited
height (162 cm height and it was adjustable upto 100
cm up and down) with uniformity of the thermal
radiation and canopy temperature across the plot.
Galvanized iron (GI) structure with infrared heating
systems and controller were used to enrich ambient
temperature up to + 2 to 4.5ºC. IR heating system is
electromagnetic radiation with wavelength between
780 nm to 1000 nm. It can increase air temperature
ambient plus 2 to 4.5ºC as it emits IR electromagnetic
waves. Monitoring and control of temperature in
OTC was fully automatic and desired level of
temperature was maintained throughout the
experimental period in OTC with the help of
supervisory control and data received from data
scanner was recorded by SCADA system in Excel
sheet. The system monitors desired parameters and
control based on the output options of various
sensors. Instruments/tools like temperature, RH
sensors, relay card, relay module, data logger were
also used for control strategy. Signals from each
sensor were obtained and transmitted to control room
through four core shielded cable for data logging and
control (The entire system was built by Genesis
Technologies, Mumbai, India). Elevated temperature
was maintained from 85 days after crop sown and
maintained up to maturity stage. As global human as
well as livestock population continue to increase,
crops yields and forage crops yields must increase
proportionally to meet the future demand for food
and fodder (Myers et al., 2017). Considering the
adverse effects of temperature stress on crop growth
and productivity, development of temperature stress
tolerant crop varieties/ genotypes/ lines and
particularly temperature stress tolerant forage oat
could play a major role in sustaining livestock
production in the semi-arid area of India and would
also be helpful in future breeding programs. Only
little information is available on forage oat tolerant to
temperature stress. Therefore, the present
investigation was carried out to study performance
of forage oat morpho-physiological parameters under
open top chambers for temperature stress tolerance.
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Reduction in performance relative to Control
(% ROC) was calculated as follows:

                 Value for Control–Value for stressed plants
%ROC = ––––––––––––––––––––––––––––––––––––– × 100

      Value for Control

Statistical analysis

Whole data were computed on Microsoft Excel

Measurements of growth parameters

Elevated temperature was imposed at 85 days
after sowing and the observations, shoot fresh weight,
50% flowering, Chlorophyll SPAD- reading, and
panicle length were recorded at 30 days after
imposition of elevated temperature.

RESULTS  AND  DISCUSSION

Effect of elevated temperature on plant biomass,
50% flowering, chlorophyll SPAD- reading, panicle
length in forage oat

Plant biomass, 50% flowering, chlorophyll
SPAD- reading and panicle length were reduced at
elevated temperature compared to ambient condition
in forage oat. Reduction in shoot biomass (22.6%
ROC) and shortening the life cycle at 50% of flowering
stage (14% ROC), chlorophyll SPAD- reading (0.9 %
ROC) and panicle length (15.5% ROC) were observed
in forage oat at elevated temperature compared to
ambient condition (Table 1 and Fig. 1). Stress is an
altered physiological response of living organisms
caused by physical, chemical or biotic environmental
factors that tend to shift their equilibrium away from
its optimal thermodynamic state (Singh et al., 2010.,
Gaspar et al., 2002; Strasser, 1988). Soil or water
pollution, climate change or other anthropogenic effects
can cause severe abiotic or biotic stress for forage
crop plants and natural vegetation. Our findings showed
that active warming equipment resulted in an average
achieved warming of 2oC under OTC and that the
warming effect varied over time. It was strongly
reduced by rain and also partly influenced by air
temperature and wind. Relative air humidity in general
showed opposite patterns compared to temperature
changes. Reduction in shoot height, leaf area and
number of leaves in sensitive genotypes under drought/
saline conditions may be due to their leaves having
lower relative water content and membrane stability
index (Singh et al., 2020, Dheeravathu et al.,2021b
and 2021c., Dheeravathu et al., 2017a and 2017b).
These results corroborate with other studies that

decreased fresh and dry weight in berseem and sweet
William (Dianthus barbatus) (Azizi et al., 2011;
Dheeravathu et al., 2021a). Global warming is
predicted to have a general negative effect on plant
growth due to the damaging effect of high temperatures
on plant growth and development. Our results are in
conformity with Ali et al., (2019), Balota et al., (2008),
Bindumadhava et al., (2018) who reported that high
temperature stress decreased shoot length and shoot
biomass in wheat genotype. This standardized Open
Top Chamber technology is more useful for screening
varieties of forage oat and other forage crops to meet
the demand of fodder seed production at present and
in future if the temperature stress becomes inevitable.

CONCLUSION

The results of this study showed that forage
oat shoot fresh weight, SPAD reading, days to 50%
flowering and panicle length were reduced and the

TABLE  1
Effect of elevated temperature on Plant biomass, 50% flowering,

Chlorophyll SPAD- reading, panicle length in forage oat

S. Plant biomass SPAD Days to 50 Panicle
No. (g) reading flowering length

(in days) (cm)
stage

Ambient 106±12 51.07±5.4 114.5±16+ 50.5±8
Elevated 82±7 50.60±7 98.50±6 42.67±5.5
A-E 24.0 0.5 16 7.8
% ROC 22.6 0.9 14.0 15.5

The data are the mean + SE (5plants data), A: Ambient,
E:Elevated , % ROC: % reduction over the control.

Fig. 1. Effect of temperature stress on forage Oat morphology
under Open Top Chamber (OTC), (a) vegetative stage -
ambient (b) vegetative stage-elevated temperature, (c)
reproductive stage - ambient (d) reproductive-maturity
stage- elevated temperature.

a b

c d
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crop plant’s life cycle was shortened under elevated
temperature compared to ambient condition. The open
top chamber based innovative screening technique is
found most useful for identifying temperature stress
tolerant forage oat varieties. This technique can also
be used to screen more number of crops in a calendar
year under tropical and sub tropical conditions.
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