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Abstract 

A significant quantity of biogenic volatile organic compounds (BVOCs) is emitted mainly from terrestrial 

plants. Among them, isoprene is the most abundant, which is emitted in enormous quantities from various 

plant species. Their emission is temperature and light dependent. Therefore, we discuss here the variations in 

the emission rate of isoprene under different seasons along with environmental parameters such as temperature, 

CO2, relative humidity and photosynthetic active radiation (PAR). For this purpose, isoprene emission rates 

from two dominant tropical tree species (Dalbergia sissoo and Shorea robusta) were measured across different 

seasons using a dynamic enclosure chamber. Significantly high seasonal variations in isoprene emission rates 

were observed in both the tree species. A clear seasonal cycle was detected with the highest emission rates in 

summer which decreases in winter. However, a gradual increase was again observed in rainy season. 

Correlation analysis revealed that isoprene emission were mainly temperature and PAR dependent. The 

information on emission rates of isoprene is relevant for air quality modelling studies and urban forestry 

programmes and terrestrial carbon loss. Moreover, their emission pattern tied with the global climate change 

conditions may surplus the emission rates of BVOCs in future especially in tropical regions. 

 
Keywords isoprene; seasonal variations; average normalized emission rate; terrestrial carbon loss; climate 

change. 

 

 

 

 

1 Introduction 

 

 

 

1 Introduction 

Isoprenoids represent a class of heterogeneous compound consisting of a wide range of reactive volatile 

hydrocarbons (i.e. isoprene, monoterpenes, and sesquiterpenes) which are emitted by most plant species. 

Among them, isoprene is one of the main isoprenoids which is emitted from many plant species (Guenther et 

al., 1999; Kesselmeier and Staudt, 1999), in large quantities. Terrestrial plants are the main source of isoprene. 
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The estimation of annual global emission of isoprene has been conducted previously (e.g., Guenther et al., 

1995; Arneth et al., 2008; Dunn-Johnston et al., 2016; Dani et al., 2017), according to which the estimated 

value is about of 400-600 TgC yr-1. Moreover, the emissions of isoprene from plants contribute significantly to 

the global carbon budgets and provide an idea for the estimation of carbon stock especially at forest levels (Dar 

and Sahu, 2018). 

  Isoprene emissions are largely affected by seasonal cycles of environmental conditions such as 

temperature, light, and water availability. However, the effect of seasonality and water availability paid a little 

attention. The emission of isoprene from plants is dependent on environmental factors, such as light and 

temperature (Guenther et al., 1991; Guenther et al., 1993; Sharkey and Singsaas, 1995; Penuelas and Llusia, 

2001; Guenther et al., 2006; Grote and Niinemets, 2008; Niinemets et al., 2010). This ubiquitous trace 

constituent of VOC in atmosphere from plants plays an important role in atmospheric chemistry. For instance, 

the emission of isoprene from plants get oxidized in the atmosphere to form one of the most ubiquitous volatile 

compound HCHO (Palmer et al., 2003, 2006) which promotes the formation of photochemical smog 

(Chameides et al., 1988; Claeys et al., 2004), and secondary organic aerosols (SOAs) which plays a significant 

role in cloud formation and precipitation (Andreae and Crutzen, 1997; Poschl et al., 2010; Niinemets et al., 

2011; Sun et al., 2012; Waked et al., 2012; Tuankrua et al., 2014). An increase in aerosol concentration may 

lead to an increase in cloud condensation nuclei (CCN) which ultimately affects the cloud properties 

(Tuankrua et al., 2014).  

 Some previous studies demonstrated that the seasonal changes may have impact on isoprene emissions by 

influencing relative difference in environmental variables (such as temperature and light differences) which 

changes the emission capacities (Schurgers et al., 2011; Hantson et al., 2017). Thus, the emission of isoprene 

from the tropical plants in Indian sub-continent provides a general idea for predicting the seasonal effect on 

their emission (Singh et al., 2007; Saxena and Ghosh, 2015). Only two reports are available regarding the 

seasonal variations of isoprene emission from Indian tropical plant species was studied (Singh et al., 2007; 

Saxena and Ghosh, 2015). To our knowledge, no study have been performed to date in the present two tropical 

tree species (Dalbergia sissoo and Shorea robusta) of central India. Therefore, the present study of isoprene 

emission in relation with seasonal changes during different seasons from two selected tropical plants species 

are important to improve the further information of isoprene emission. In addition, we have characterized the 

monthly variations of isoprene emission from the same plant species. The objective of the present study was to 

study isoprene emission rates from two dominant plant species(Dalbergia sissoo and Shorea robusta) over 

four seasons in order to evaluate variation in isoprene emission rates due to the environmental factors 

(temperature, PAR, RH and CO2) during distinct seasons. 

  

2 Study Area and Methodology 

2.1 Sampling 

Three years old saplings of Dalbergia sissoo and Shorea robusta were obtained from a local nursery. Three 

saplings were used for each plant species. Each sapling was transplanted into a pot (15cm) containing soil 

mixed with organic manure. Samplings were watered daily and received full exposure to sunlight. All the 

emission measurements were conducted at the GGV campus under natural environmental conditions over a 

one year period (from November 2015 to October 2016). Here, there are three distinct seasons; viz. summer 

(from March to June), rainy (from July to October) and winter (from November to February). 

 Samplings were carried out by using a specific dynamic enclosure System, which were employed 

previously by Yassaa et al. (2010). The cuvette system was a cylindrical chamber having height 0.60m and 

diameter 0.35m, constructed from two acrylic rings connected with four acrylic rods and the lateral covering of 
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this system is covered with 50µm thick transparent Fluorinated Ethylene Propylene (FEP) Teflon foil. The 

upper side of the cuvette was closed with a lid whose surface was coated with FEP foil. The air inside the 

chamber (driven through inlet port) was mixed with Teflon coated fan fitted on the upper surface of lid and the 

outlet port for withdrawal of analytical samples. The cuvette enclosure was carefully fitted around the plant in 

order to prevent the disturbance of the emission from the plant while attaching with it. The single integrated 

humidity/ CO2 probe was placed inside the chamber and the upper portion of integrated Temperature and 

photosynthetically active radiation (PAR) probe (Model EGM-4, PP systems, USA, Model TRP-2 PP System, 

USA) was also placed on the upper side of the chamber having a small hole of the same size of that probe. 

These parameter values were monitored concurrently and recorded in five minute intervals for one hour. Inlet 

and outlet airflow rates of enclosure chamber were measured by calibrated rotameter. Samplings were carried 

out at a flow rate of 200 mL min–1 for 30 min. from the enclosure on to Tenax TA carbosieve II (100 mg) solid 

adsorbent ( (200 mg)/ obtained from Supelco Inc. Bellefonte, PA).  

2.2 Analysis of BVOCs 

After the sample collection, tubes were stored at 4˚C until they were analyzed. The adsorbed compounds were 

desorbed by using the thermal desorption system (Shimadzu, TD-20) interfaced with a gas chromatograph-FID 

system (GC-FID; Shimadzu, 74704, GC-2010). The desorption temperature was 240°C for 10 minutes. During 

sample desorption, the internal trap temperature was 35°C for 5 min, and then increased to150◦C at a rate of 

5°C min−1 for 5min there after temperature increased at a rate of 15°C up to 250°C and maintained for 10min. 

The gas chromatograph was equipped with a flame ionization detector (GC-FID; Shimadzu, 74704, GC-2010) 

with a DB-5MS (30 m length, 0.25 mm i.d.) capillary column (Restek, US). Isoprene was determined with the 

help of a standard calibration plot prepared from the liquid chemical standard obtained from Sigma-Aldrich, 

USA. The liquid chemical standard of isoprene were prepared by serial dilution (i.e., 10, 50, 100, 200, 500 

µmol L-1 in 1000 µmol L-1 of Methanol) in round flasks fitted with screw cap. The retention time and peak area 

detected for isoprene was used to identify and quantify the real sample. The detection limit was about below 2 

pptv. The level of precision for the analytical procedure was about 5%, and recovery rate was obtained 96% 

approximately. 

 Enclosed branches were harvested at the end of the samplings to determine the dry foliage weight. The 

weights of leaves were measured after they were dried with an oven at 50°C for 48 hours. Using this data, dry 

foliage weight based emission rate was calculated.  

 

3 Results and Discussion  

3.1 Seasonal variations in isoprene emission 

Dalbergia sissoo: The average normalized emission rate was ranged from 11.84±1.43 to 81.25±15.8 µg g-1h-1 

(based on leaf dry weight). The maximum average normalized isoprene emission rate was found in the summer 

season (81.25±15.8 µg g-1 h-1), followed by rainy (32.51±4.67 µg g-1 h-1) and winter (11.84±1.43 µg g-1h-1) 

season (Fig. 1). The high summer/winter (S/W) isoprene ratio (6.86) was observed.  

     Shorea robusta: The average normalized emission rate was ranged from below detection limit (BDL) to 

7.64±2.51 µg g-1h-1 (based on leaf dry weight). The maximum average normalized isoprene emission rate was 

found in the summer season (7.64±2.51 µg g-1 h-1), followed by rainy (3.83±0.95 µg g-1 h-1) and BDL during 

the winter season (Fig. 1). The high summer/winter (S/W) isoprene ratio (7.64) was observed.  

     There are several reports regarding the seasonal variation in isoprene emission rate (Hanson and Sharkey, 

2001; Petron et al., 2001; Kuhn et al., 2004; Funk et al., 2005; Singh et al., 2007; Meeningen et al., 2017). 

Seasonal variations in isoprene emission capacity were also described by Kuhn et al. (2004). They studied that 

the high emission capacity of isoprene was found during the summer season as compared to winter. 
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Additionally, seasonal variations in isoprene rate have been examined in four tropical deciduous plants over a 

1-year period 2002-03 (Singh et al., 2007). They noted that the maximum isoprene emission rate was occurred 

during the summer and minimum in the winter or spring. Recently, Saxena and Ghosh (2015) found the 

seasonal variations of isoprene emission rates from two plant species (Dalbergia sissoo and Nerium oleander). 

However, they reported that high emission rate was found in summer followed by winter and monsoon. In the 

present study, the emission rate was highest in summer followed by rainy and winter. This implies that factors 

such as temperature and PAR, relative humidity might be responsible for showing the high emission of 

isoprene during the summer season. 

 

 

 

 

 

 

 

    

 

 
Fig. 1 Seasonal variations in average normalized isoprene emission rates (µg g-1 h-1) from two tropical tree species. 

 
 

 To study the effect of environmental parameters (Temperature, PAR, RH and CO2) on isoprene emission 

rates of both the plant species (Dalbergia sissoo and Shorea robusta), a correlation analysis was conducted 

between isoprene emission rates vs. TEM, PAR RH and CO2. During the summer season, a very positive and 

significant correlation were observed between ISOP and TEM (r = 0.91), PAR and ISOP (r = 0.96), PAR and 

TEM (r = 0.92) at 0.001 level, RH vs. ISOP (r = 0.66), RH vs. PAR (r = 0.70) at 0.01 level (Table 1 (a)). 

During the rainy season, there were significant positive correlations between pairs of isoprene (ISOP) vs.TEM 

(r = 0.75), ISOP vs. PAR (r = 0.74), PAR vs.TEM (r = 0.79) at 0.01 level. However, its significant level is 

different compared to summer season (Table 1 (b)). Whileas, in case of winter season, the correlation between 

isoprene emissions (ISOP) vs. environmental parameters (TEM, PAR, RH and CO2) were not significant 

(Table 1 (c)). Thus, in summer season temperature, PAR, RH plays an important role for controlling the 

isoprene emission rates. During the rainy season, TEM and PAR are responsible for controlling the isoprene 

emission rate. Moreover, in winter the low emission rate was found, it is because of the low temperature and 

light intensity. However, CO2 have no role for isoprene emission in all the seasons.  

 

 
Table 1 Correlation analysis of isoprene emission with environmental parameters (PAR, TEM, CO2 and RH) of Dalbergia sissoo 
(a) Summer                                                                                (b) Rainy 

  ISOP TEM PAR CO2 RH    ISOP TEM PAR CO2 RH 

  ISOP 1.00  ISOP 1.00     
TEM 0.91** 1.00  TEM 0.75* 1.00    
PAR 0.96** 0.92** 1.00  PAR 0.74* 0.79* 1.00   
CO2 0.35 0.17 0.35 1.00  CO2 0.18 -0.15 -0.14 1.00  
RH 0.66* 0.57 0.70* 0.42 1.00  RH 0.22 -0.04 0.22 0.44 1.00 

           *Correlation is significant at 0.01 level (one-tailed)                 *Correlation is significant at 0.01 level (one-tailed) 
          **Correlation is significant at 0.001 level (one-tailed)              **Correlation is significant at 0.001 level (one-tailed)  
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(c) Winter 

  ISOP TEM PAR CO2 RH 
ISOP 1.00 
TEM 0.11 1.00 
PAR 0.21 0.41 1.00 
CO2 0.21 -0.17 -0.06 1.00 
RH -0.14 0.10 0.07 -0.31 1.00 

           *Correlation is significant at 0.01 level (one-tailed) 
          **Correlation is significant at 0.001 level (one-tailed)  

 

 
Table 2 Correlation analysis of isoprene emission with environmental parameters (PAR, TEM, CO2 and RH) of Shorea robusta 
(a) Summer                                                                                (b) Rainy 

  ISOP TEM PAR CO2 RH    ISOP TEM PAR CO2 RH 

ISOP 1.00      ISOP 1.00     
TEM 0.97** 1.00     TEM 0.70* 1.00    
PAR 0.73* 0.75* 1.00    PAR 0.93** 0.80** 1.00   
CO2 -0.16 -0.10 -0.07 1.00   CO2 -0.15 0.14 -0.04 1.00  
RH 0.48 0.44 0.54 -0.33 1.00  RH 0.38 0.59 0.40 -0.15 1.00 

          *Correlation is significant at 0.01 level (one-tailed)                 *Correlation is significant at 0.01 level (one-tailed) 
          **Correlation is significant at 0.001 level (one-tailed)              **Correlation is significant at 0.001 level (one-tailed)  

 

 

 For instance, in case of Shorea robusta, a relatively strong and significant correlations were observed in 

summer between the pairs of ISOP vs. TEM (r = 0.97), at 0.001 level, ISOP vs. PAR (r = 0.73), PAR vs.TEM 

(r =0.75) at 0.01 level However, RH and CO2 shows no significant correlations with the isoprene emission. 

(Table 2 (a)).This implies that temperature and PAR are the main environmental factors for controlling the 

emission of isoprene during the summer season. In rainy season, similar trends were observed. However, the 

significant levels were different as shown in Table 2 (b).  

 There are sufficient reports regarding the impact of temperature and light on isoprene emission rate on 

short-term basis from plant species (Guenther et al., 1991; Sharkey et al., 1996; Funk et al., 2005; Guenther et 

al., 2006). Long-term responses of isoprene emission to temperature and light during the diurnal, weakly, and 

seasonal measurements were also well defined (Sharkey et al., 1999; Geron et al., 2000; Hanson and Sharkey, 

2001; Petron et al., 2001; Singh et al., 2007). Moreover, some researchers also suggested that CO2 plays an 

important role for isoprene emission (Scholefield et al., 2004; Monson et al., 2007). For instance, recent study 

showed that plants were grown under elevated CO2 can result in high isoprene emission (Sun et al., 2012). 

However, in the present study there is no indication about the effect on isoprene emission due to CO2 

concentration. On the other hand, the leaves are present at different phenological stages in different seasons 

from these plants which can led to difference in emission rates leaf (Guenther et al., 1997; Petron et al., 2001; 

Singh et al., 2007). However, the present study does not consider the age difference (phenological stages). The 

two plants show different responses with environmental variables during different seasons, which may lead to 

different emission rates. Moreover, the different experimental approaches suggest that the plant species have 

same emission significance as per BVOCs emissions were taken into account across the seasons. However, we 

have observed that the isoprene emission rates from both the plant species (Dalbergia sissoo and Shorea 

robusta) during the entire period (three seasons) on the basis of temperature were varied significantly. The 

previous studies also revealed that the isoprene emission rate were temperature dependent (Guenther et al., 

1991; Sharkey et al., 1996; Funk et al., 2005). The emission of isoprene rate influences while increasing the 
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temperature and light because of the activation of synthesizing enzyme (isoprene synthase enzyme) (Wolfertz 

et al., 2003). Their activation energy became low on increasing the temperature (temperature sensitive enzyme) 

described by Schnitzler et al. (1997). 

3.2 Monthly variations in average isoprene emission rate 

Average isoprene emission rates from both the plants varied monthly with a maximum in summer months and 

a minimum in winter months (Table 3). The maximum emission rate (normalized emission rate at 30˚C) of 

Dalbergia sissoo was 115.16±36.18 µg g-1 h-1 in the month of June. Whileas their minimum emission rate 

(normalized emission rate at 30˚C) was found 3.25±1.72 µg g-1 h-1 in the month of February. In addition, the 

emission rate increased sharply after March and decreased rapidly (drastically) in August. During the other 

periods (September-February), the monthly emission rate variations were varied roughly. In case of Shorea 

robusta, the highest average emission rate was found in May9.8±6.25 µg g-1 h-1. In February the minimum 

emission rate was 1.5±0.56 µg g-1 h-1. The emission was below detection limit (BDL) during the month of 

November, December and January. During the other months, the emission rate varied considerably. The 

normalized emission rates in May were over 9 times higher than those in December. These results indicate that 

the monthly emission rate variations depends on the climatic variables such as temperature, light intensity, as 

other studies were also documented (Kempf et al., 1996; Lerdau et al., 1997; Kuhn et al., 2002; Palmer et al., 

2006) relative humidity, carbon dioxide concentrations and other environmental parameters. However, 

temperature and light intensity (PAR) are the main players that change the emission rate of isoprene, 

respectively. Guenther et al. (2006) also reported that the isoprene emissions were varied in a plant species 

through several factors such as leaf age, light intensity and other meteorological factors. The latter one is the 

important factor that determines the emission rate of isoprene because their synthesis is influenced by 

temperature (Sharkey and Yeh, 2001). 

 

Table 3 Monthly variations of average isoprene emission rates [average normalized isoprene emission rate (µgg-1h-1)]   from 
Dalbergia sissoo* and Shorea robusta** species  

Month   N MT PAR (µmol.m-2s-1) RH (%) CO2 (ppm) ANIER (µg g-1 h-1)* ANIER(µg g-1 h-1)** 

November 3 30 978 52.17 397 19.32±7.64 BDL 

December 3 27.1 489 53.65 399        16.52±5.42              BDL 

January 4 24.2             469 68.3 403        8.31±3.1 BDL 

February 4 31.6             654 59.7 372 3.25±1.72 1.5±0.56 

March 5 33.6 2070 60.65 384         60.21±23.84 10.8±3.61 

April 4 37.8 2457 61.1 419         70±32.71 17.37±7.95 

May 3 42.4 2317 63.5 401         85.65±31.91 19.8±6.25 

June 3 39 2589 67.6 394 115.16±36.18 13.8±4.51 

July 3 31.4 2064 85.6 371 79.47±25.98 6.42±1.25 

August 4 29.5 1962 87.5 368        52±16.35 5.96±2.36 

September 3 31.7 1566 79.95 374 48.86±13.73 6.47±2.72 

October 5 32.2 1048 69.15 365 42.45±11.55 3.71±1.12 
   N: No. of samples; MT: Mean Temperature; PAR: Photosynthetically Active Radiation; RH: Relative Humidity; ANIER: 
Average Normalized Isoprene Emission Rate; BDL: Below Detection Limit 

 

 

There is only one report discussing the seasonality or monthly of average isoprene emission rate 

(normalized at 30 ˚C) on the tropical plants of India (Singh et al., 2007). They carried out their study in other 

tropical plants across four distinct seasons. They found the high emissions during the summer and spring 
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months and low emission during the winter months. We also found high emission rate in summer and low in 

winter. In addition, in winter months (especially in January and February) the low temperature was responsible 

for the low emission of isoprene. 

 

4 Conclusions 

A distinct seasonal as well as monthly variation in isoprene emission was observed from both the tropical plant 

species. The emission rates of isoprene were the highest during the summer, followed by rainy and winter 

seasons of both the species. However, Shorea robusta had their low emission as compared to Dalbergia sissoo 

during all the seasons, respectively. On the other hand, the correlations between isoprene emission rates vs. 

environmental parameters (temperature, PAR, RH and CO2) were found different of both the plant species 

during all the seasons. The significant correlations were found between the pairs of isoprene emission vs.TEM 

and PAR. This indicated that isoprene emission from both plants is highly temperature and light dependent. 

Thus, the seasonal as well as monthly variations could affect the isoprene emissions, and indirectly changes 

the environmental carbon balance and deteriorating the air quality especially in rainy and summer months.  

Moreover, Dalbergia sissoo plant is a high isoprene emitter so they are not suitable for planting purposes 

especially in urban areas. The understanding on effects of important environmental variables such as light and 

temperature on plant’s isoprene emissions facilitates the simulation of monthly and seasonal changes in BVOC 

emissions from central India (especially AABR) and improving the global inventory. BVOCs emission may 

represent a considerable loss of photosynthetically fixed carbon. As such, they can exert a profound influence 

on the global carbon budget of terrestrial ecosystems.   
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