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Abstract 
Plant growth and productivity is adversely affected by nature’s wrath in the form of various biotic and 
abiotic stress factors. Increased atmospheric temperature, water deficit condition (drought) is among the 
major abiotic stresses which adversely affect tree growth and yield. As global climate warms, plant 
growth behaviour and distributions are predicted to be influenced due to elevated seasonal temperature 
regimes. Critical to understanding potential of forest shifts is gaining a better understanding of warming 
effects on young tree seedlings, the survival and growth of which will influence future forest 
composition. The present study was conducted in controlled environmental conditions with aim to 
investigate the impact of elevated temperature (40±1.5 0C) along with drought situation on physiological 
behaviour and their adoptive nature to changing climatic situation on Terminalia arjuna's seedlings. Five 
months old seedlings with uniform size were grown in pots under controlled condition of elevated 
temperature of Open Top Chamber circumstances. A set of five seedlings were placed outside chamber 
which was considered as controlled (35±1) under natural condition i.e. ambient condition. The plant traits 
associated to physiological factors were measured. Physiological traits were found to be adoptive under 
elevated temperature and drought condition. Transpiration rate, water use efficiency, stomatal 
conductance, mesophyll efficiency, photosynthesis rate was positively responded and achieved by plants 
of elevated temperature. Under elevated temperature condition with drought, transpiration rate was 0.25 
mmol m-2 s-1, water use efficiency (Pn/E) was 28.37% more efficient under drought condition while 
stomatal conductance was 0.025 mmol m-2 s-1. In carboxylation efficiency only slight difference were 
observed under OTC. 
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Introduction 
The current global trend towards utilization of plant-derived natural remedies has created a 
dire need for accurate and up to date information on the properties and uses, efficacy, safety 
and quality of medicinal plant products. Hence, the review of traditional medicinal plant and 
their formulations mentioned in Ayurvedic classics is crucial in present era. Terminali arjuna 
(Roxb.) is one of them having enormous influence in Ayurvedic system of medicines due to its 
high value. Owing to the multipurpose value in environmental, ecological, pharmaceutical and 
economical of T. arjuna, the need for its adequate regeneration and multiplication is very 
important (Kumar et al., 2017) [20]. In the ancient India, medicinal plants were used to prevent 
various critical diseases. The plant kingdom is an important source of herbal drugs. Even in 
recent years, there has been an increasing awareness about the importance of medicinal plants. 
It is commonly known as Arjuna or Arjun tree in English, thella maddi in Telugu; Kumbuk in 
Sinhala, marudha maram in Tamil; Arjuno, Panda, and Hanjal in Oriya. In current scenario of 
climate change worldwide, climate change is an alarming and hot issue now a days which 
directly affects the population dynamics, potential growth capacity and biomass production of 
plant species. Terminalia arjuna belongs to family (Combretaceae), is one of the potential fast 
growing forest tree species having great adaptability in varying range of climatic and edaphic 
condition (Kumar et al., 2017) [20]. It may induce the growth and physiology of the different 
forest tree species positively or negatively. It can provide opportunity for medicinal tree 
species to survive successfully into new ecosystems. Temperature and atmospheric CO2 are 
considered as climatic variables that can alter plant invasiveness (Bradley et. al., 2010). In an 
effort to guide thought as to how tropical forests may respond to climate change, there have 
been several reviews over the last few years (Chambers and Silver, 2004; Clark, 
2004 and Wright, 2005) [4, 7, 32], they have concluded that CO2 is unlikely to have any positive  
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effect on forest productivity. But with other projected changes 
in the global climate system, especially increasing 
temperatures, almost certainly to result in some form of 
tropical forest decline, it seems to us that nearly all these 
reviews are, at best, conceptually inconsistent. Clark, (2004) 
[7] argued that increasing atmospheric CO2 should result in 
‘little or no enhancement of biomass production rates’, which 
is equivalent to stating that the growth of tropical forests is 
currently not carbon limited. Yet, she also cites numerous 
examples of how higher temperatures might reduce tropical 
forest productivity through declined rates of net CO2 

assimilation or enhanced rates of respiration. 
In the present scenario, global atmospheric condition is 
changing rapidly. The world is getting hotter due to 
continuously growing atmospheric temperature. The process 
of economic development has resulted in large scale of 
environmental degradation across the world. Rapid 
industrialization, increases in greenhouse gases in the 
atmosphere, climate change, loss of biodiversity, 
deforestation and environmental pollution have all become 
matters of serious concern. Climate change is a global 
phenomenon, and increases in the global atmospheric 
concentration of carbon dioxide and other greenhouse gases 
beyond their natural level caused by anthropogenic activities 
are responsible for increases in the average temperature of the 
earth i.e. global warming. With the current scenario of 
increasing temperature, it is expected that the surface 
temperature of the Earth will increase on an average by 0.4- 
0.6 °C per decade throughout the 21st century (Norby, 2003). 
In addition, the Fourth Assessment Report of the UN's 
Intergovernmental Panel on Climate Change (IPCC, 2007) [14] 
estimates global temperature rises by the end of the century of 
between 1.1 °C and 6.4 °C. Atmospheric warming is 
predicted to be strongest at high latitudes, including areas 
currently occupied by the northern temperate and boreal 
forests (IPCC, 2007) [14].  
Increase in temperature and associated changes will most 
likely alter the structure and function of agroecosystem, 
affecting their productivity and their role as stable sinks to 
Carbon sequestration. It may affect the growth dynamics, 
morphological as well as physiological behaviour of plant 
systems. Rising of atmospheric temperature leads to changes 
in biochemical, physiological or morphological behaviour 
which remove or offset the initial stimulation of 
photosynthesis. Adjustments at the physiological, organism, 
and ecosystem levels have the potential to moderate the 
growth response to elevated temperature. Numerous studies 
have been conducted worldwide on impact of rising 
temperature on growth dynamics, morphological behaviour 
and physiological process of tree as well as crop species at 
seedling stage but studies on an important medicinal plant 
such as Terminalia arjuna has been neglected. The plants 
sense and react to increasing atmospheric temperature, from 
beginning to end by the changes in photosynthesis and 
stomatal conductance (gs), which is the foundation of what 
can be considered stimulatory or inhibitory effect on plant 
yield. However, such an influence might strengthen the plant 
and make them to adjust under changing environmental 
condition (Ramalho et al., 2013). 
Although, the review in respect of influence of rising 
atmospheric temperature and other associated variables of 
climate change on growth, morphology and physiology of 
Terminalia arjuna suggested that there is scarcity of literature 
related to response of this plant to changing environmental 
conditions such as elevated temperature. As, a gap was found 

while searching literature that the extensive studies at 
response of growth, physiology and biomass partitioning of 
Terminalia arjuna under changing future climatic condition, 
especially elevated temperature are not available, which limits 
understanding of adaptive behaviour of Terminalia arjuna's 
seedling in future climate change.  
 
Material and Methods 
The experiment was carried out at Climate Change and Forest 
Influence Division, Forest Research Institute (F.R.I), 
Dehradun to assess the impact of heat and water stress 
condition on physiological character of Arjun (Terminalia 
arjuna). The open top chamber facility with controlled and 
automated environmental conditions was used to carry out the 
investigation. The seedlings of Arjuna were exposed under 
elevated temperature condition maintained inside chamber 
with IR heater and controlled by SACADA system. The 
portable photosynthetic analyzer of temperature, water use 
efficiency, co2 rate, stomatal conductance, photosynthesis rate 
was used as monitor device to obtain different parameters of 
plant under heat and water stress condition. The IR based 
ceramic heater (size 910 × 120 × 90 mm with 2 KVA power 
requirements) made by Max Detect, USA is existing and was 
used to maintain the elevated temperature (40±1.5 0C). Inside 
chamber elevated temperature condition near about 40±1.5 0C 
was maintained with the help of IR based heaters and 
controlled by SACADA system. Prior fifteen days of 
harvesting, the watering was stopped to provide drought 
condition for both of the treatment i.e. elevated heat 
(temperature) and drought condition. The study was carried 
out for 80 days. The physiological parameters related to 
different internal growth dynamics such as water use 
efficiency (Pn/E), intercellular CO2 concentration, stomatal 
conductance(m mol m-2 s-1), photosynthesis rate (µmol m-2 s-

1), mesophyll efficiency (Ci/gs), transpiration rate (m mol m-2 

s-1), carboxylation efficiency (Pn/Ci) were measured using 
portable photosynthesis system as physiological response of 
plants to elevated temperature.  
 
Statistical analysis 
Completely randomised block design was used to carry out 
the study with five replication of seedling exposed to each 
treatments. The data collected were subjected to statistical 
analysis, appropriate to the design and significance of 
different sources of variations was tested by Fisher’s and 
Yate’s F-test at probability level of 0.05 (Chandel, 1984). 
 
Result and Discussion 
The results of the experiment have been presented graphically 
illustrated through bar-diagrams, wherever required, and 
discussed in the light of the findings reported by earlier 
researchers. The observations were recorded under the 
following parameters. The analysis of variance revealed 
significant differences among different treatment 
combination. A wide range of variations in different 
physiological parameters were recorded. It revealed that 
physiological parameter is mainly contributed by characters 
like stomatal conductance, water use efficiency, carboxylation 
efficiency, photosynthesis rate, Transpiration rate, Mesophyll 
efficiency etc. of plant.  
Perusal of data presented in Table: 1 and figure: 1 shows that 
rate of photosynthesis grown in proper watered condition 
under ambient atmosphere and under elevated temperature 
was higher than the drought condition. After allowing the 
plant to grow under both the condition inside OTC (elevated 
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temperature) as well as under ambient conditions, reading was 
taken at a 15 days interval with the help of Portable 
Photosynthesis Analyser. The result depicted that under 
watered condition rate of photosynthesis was higher under 
both the environment condition as compared with the drought 
condition of OTC and ambient condition. 
 
Table 1: photosynthesis rate (µmol m-2 s-1) under two environments 

 

Water 
Condition 

Temperature 35±1 (˚C) 
Temperature 
40±1.5 (˚C) 

Watered condition 11 µmol m-2 s-1 6.8 µmol m-2 s-1

Drought condition 8.8 µmol m-2 s-1 1.82 µmol m-2 s-1

 

 
 

Fig 1: Impact of drought condition on photosynthesis rate of plant 
grown under two environment 

 
The rate of transpiration was found much higher under water 
sufficient condition as compared to the drought condition. 
The transpiration rate inside OTC was found 2.2 m mol m-2s-1 
in watered condition as compared to 0.25 m mol m-2s-1 under 
drought condition which is a good adaptive sign for saving 
water under drought condition, this result shows that the plant 
under study is adaptable to heat and drought condition 
successfully. 
 

Table 2: Transpiration rate under two different environment 
condition 

 

Water availability Temperature35±1 (˚C) 
Temperature 
40±1.5 (˚C) 

Watered Condition 2.75µmol m-2 s-1 2.19µmol m-2 s-1 
Drought Condition 2.25 µmol m-2 s-1 0.45µmol m-2 s-1 

 

 
 

Fig 2: Impact of drought condition on transpiration rate of plants 
under different condition. 

 
The presented in figure: 3 and shows wide variation in 
stomatal conductance under elevated temperature and under 
watered condition and found 0.075 m mol m-2s-1 (200% 

higher) as compared to drought condition (0.025 m mol m-2s-

1) which shows higher stomatal conductance under watered 
condition than drought condition thereby plant reduces water 
loss by closing their stomatal performance (i.e. by reducing 
stomatal conductance) under drought situation as adaptive 
mechanism. 
 

 
 

Fig 3: Depicts stomatal conductance under two situation 
 
Water use efficiency (WUE) predict the productively by the 
tree crops related to water used. Experimental result shows 
that water is the major limiting factors for growth of the plant 
and increase in WUE achieved by eliminating or reducing 
non- productive water use will lead to increase in yield. Water 
use efficiency was found higher (28.37%) in plants grown 
under drought condition under the OTC (+50 c elevated temp.) 
compared to the ambient atmosphere. 
 

 
 

Fig 4: showing water use efficiency (Pn/E) 
 
Water use efficiency value in drought condition was 199.2% 
more than water available condition confirming adaptive 
potential of Arjuna’s under stress condition and make it 
suitable for plantation in different condition.  
 

 
 

Fig 5: showing water use efficiency (Pn/gs) under heat and drought 
condition 
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Carboxylation efficiency of plants grown inside OTC with 
watered condition was recorded 214% higher than that of 
drought condition and also in watered condition with ambient 
atmosphere it was 15 % higher as compared to the drought 
condition. Hence under elevated temperature condition this 
plant has higher carboxylation efficiency when same 
condition provided. 
 

 
 

Fig 6: Depicts carboxylation efficiency under two different 
temperature 

 
Mesophyll efficiency under heat and drought condition was 
also proved very adoptive although under the ambient 
condition it was recorded higher compared to watered 
condition.  
 

Table 7: showing mesophyll efficiency (ci/gs) of Arjuna seedling 
under different condition 

 

Water 
condition 

Temperature 35±1 (˚C) 
Temperature 
40±1.5 (˚C) 

Watered condition 4000 1500 

Drought condition 2000 1800 

 

 
 

Fig 7: Depicts mesophyll efficiency under heat and drought 
condition 

 
The findings presented in Table: 7 and Figure: 7 shows that 
Intercellular concentration of co2 was found higher in plants 
grown under ambient condition with water availability and 
was 26% higher than those plants which were grown under 
drought condition. On the other side, inside OTC there was 
little difference in co2 concentration under watered and 
drought condition but found adaptive to water stress and 
elevated temperature.  

 

 
 

Fig 8: shows Intercellular CO2 concentration 
 
Conclusion 
The findings of the present study showed the adaptive 
potential Terminalia arjuna for in the changing climatic 
condition. It concludes that an increase in temperature due to 
climate change will have positive effect on physiological 
condition of Terminalia arjuna. The experimental work 
revealed conformity about positive response of the 
physiological characters of Arjuna (a promising tree) under 
elevated atmosphere with drought conditions. The plant under 
the study is found to be physiologically adaptable to heat and 
drought condition thereby potential to tolerate wide range of 
temperature regimes. It is also found that this plant can 
survive even, if the future temperature rises up to 50c and 
problem of availability of water. Hence, Arjuna can be 
considered better option under such changing global 
atmospheric condition and may take the attention of the 
scientists and researchers to promote this species in future.  
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