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Abstract 
A study was conducted for one year to record live fuel moisture contents 
(LFMC) of dominant tree species of tropical thorn forest ecosystem in 
Tirunelveli, Tamil Nadu. Standard methods and protocols were followed 
for the sample collection, processes and analyses. The mean live fuel 
moisture values showed that all the dominant tree species of the tropical 
thorn forests possess high fire behaviour (LFMC values ranged from 101% 
to 125%). The LFMC had relationships with environmental factors (rainfall, 
temperature, humidity, rainy days, hours of sunlight availability). The tree 
species had the uppermost LFMC in the wettest month and the lowermost 
in the peak summer. The needs for further studies has been emphasized.
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Introduction 
Live fuel moisture content (LFMC) was defined as 
the water content of a leaf or shoot relative to its dry 
mass.1 The vegetation with high LFMC tends to have 
a low fire frequency, the water present in the plant 
tissue serves as a heat sink.2 It has been shown 
that the information on live fuel moisture content 
(LFMC) is useful for understanding the occurrence  
of wildland fire, fire behaviour and ecosystem 
health.3-5 Recently, Yebra et al. (2019)4 published a 
Globe-LFMC database, which comprises 1,61,717 
on-field measurements from 1383 sampling points 
located in 11 countries. Wildfires widely occur in 
tropical and subtropical biomes where resources 
for the fire are available throughout the year, 

whereas wildfires are less frequent in resource-
poor ecosystems such as deserts.6 The resources 
such as dead and live biomasses, suitable weather 
and climatic conditions, ignition through lightning or 
human activities are basic needs for a successful 
wildfire event.7 It has been observed that man-made 
fires are common during the peak dry season in 
Indian dry tropical forests, there are relationships 
between fire events and environmental factors 
(rainfall, temperature and relative humidity).8 The 
global dry tropical forests experience two to ten 
months of dry periods annually,9 the frequency of 
fires is high during the dry period in which LFMC is 
generally low.10 Weather condition of the habitat and 
an array of biochemical mechanisms affect moisture 
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and dry matter contents of plant tissue.11 Among 
the countries of the global south, India has been 
recognized as the second most vulnerable countries 
prone to forest fires.12 The state of Tamil Nadu has 
been recognized as a moderately fire-prone forest 
area.13 Throughout the world, forest fires damage 
a sum of 400 million hectares of forests annually.14 

There are about 31000 forest fires occurred in India 
during 2018.15 Information on live fuel moisture 
contents of Indian plants and ecosystems are scarce, 
thus, the current study was intended to find LFMC 
of dominant tree species flourishing in tropical thorn 
forest ecosystem, one of the neglected ecosystems 
in India.

Materials and Methods 
Study area 
The tropical thorn forest system has been classified 
under the Greater Deccan-Sri Lankan forests & 

dry lands (IM8) bioregion (https://www.oneearth.
org/ecoregions/deccan-thorn-scrub-forests/). 
Forests of this bioregion possess low-canopied 
vegetation, trees with thorns and short stature.16 
Earlier, this bioregion had dry deciduous forests, 
due to human activities most of them have been 
converted into agricultural farms and low-lying 
scrubby vegetation.17 A sum of 4000 km2 of this 
bioregion have been declared as protected areas.18 
The present investigation was done in a Reserve 
Forest (“Uthumalai Reserve Forest, URF”) located in 
a southern district of Tamil Nadu, namely Tirunelveli. 
The study area was categorised as a reserve forest 
by the Government of Tamil Nadu. The current study 
concentrated on ten dominant tree species of the 
tropical thorn forest ecosystem recorded by Evitex-
Izayas and Udayakumar (2021).19 The ten dominant 
tree species constituted 94.17% of tree community, 
while remaining 16 species formed just 5.83%.19

Fig. 1: Location of study area wherein information on LFMC of dominant tree species was 
collected (the map has been retrieved from Evitex-Izayas and Udayakumar, 2021).19

Fig. 2: The normal monthly rainfall and temperature 
of study area
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November is the wettest month in Tirunelveli 
(average 251 mm, average of 21 years), while the 
least rainfall is recorded during February and July 
(average 32 mm). The study area receives a sum of 
968 mm annually. The mean monthly temperature 
was highest during May (29.9 °C), whereas the 
lowest mean monthly temperature was recorded in 
December (24.5 °C). The relative humidity was high 
in November (80.06%), whilst it was low in March 
(61.51%) (https://en.climatedata.org/asia/india/tamil-
nadu/tirunelveli-2784/#climate-graph) (Figure 2).

Field Sampling 
Collection of samples directly from the field and 
gravimetric analyses at the laboratory are considered 
the most direct ways for the estimation of LFMC. 
For each tree species, five to ten small terminal 
twigs (<10mm diameter) from five individuals were 
collected using a sharp knife. Plant samples were 
collected last week of every month for a year period 
(January to December 2021). The fresh mass  
of collected samples weighed in a digital balance 
(0.001g accuracy). Plant samples were kept in a 
hot-air oven at 70 °C for seventy-two hours, then the 
dried-out plant samples were reweighed and their 
dry mass noted. Finally, the LFMC was calculated 
as follows.

LFMC(%)=(Fresh mass of plant sample (g)-Dry 
mass of plant sample (g))/(Dry mass of plant sample 
(g))×100

The fire behaviour of trees was recorded as per 
the guidelines of Pollet and Brown (2007).20 They 
categorized plants into seven classes based on 
live fuel moisture values. LFMC ranged from 181% 
and above exhibit very low fire behaviour; 151% to 
180% show low fire behaviour, 126% to 150% with 
moderate fire behaviour; 101% to 125% high fire 
behaviour, 75% to 100% extreme fire behaviour, and, 
<74% advanced fire behaviour. Statistical analyses 
are carried out using freely available online tools 
(https://www.statskingdom.com/index.html). 

Results 
Live Fuel Moisture Contents of Trees 
The mean live fuel moisture values showed that all 
the dominant tree species of tropical thorn forests 
possess high fire behaviour (LFMC values ranged 
from 101% to 125%) (Table 1). The LFMC values 
of trees varied across the months. Invariably, all the 
recorded species had the minimum LFMC during 
May (the peak summer) and maximum in November 
(the wettest period of the year) (Figure 3).

Fig. 3: The mean monthly LFMC (%) of dominant tree species 
recorded from tropical thorn forest, Tirunelveli (First three 

letters of genus and species used as data labels, 
refer Table 1 for full botanical names). 

Among ten species, three had extreme fire behaviour 
values (75% to 100%), seven showed advanced fire 
behaviour values (<74%) during the peak summer. 
During the wettest month (November) eight species 

had low fire behaviour (151% to 180%), while two 
species, Acacia horrida and Dalbergia spinosa 
showed very low fire behaviour (>181%) (Table 1).
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Relationships among LFMC and Environmental 
Factors  
The LFMC had negative relationships with the 
average sun hours (r = -0.9196; p < 0.05) and mean 
monthly temperature (r = -0.8377; p < 0.05). On the 

other hand, the LFMC had positive correlations with 
mean monthly rainfall (r = 0.6204; p < 0.05), number 
of rainy days in a month (r = 0.6176; p < 0.05), and 
average humidity (r = 0.8163; p<0.05) (Figure 4).

Table 1: The mean, maximum and minimum live fuel moisture contents recorded from 
dominant tree species of tropical thorn forest, Tirunelveli, India

No  Botanical name (Family)  LFMC  LFMC  LFMC 
  (mean±SD) (minimum) (maximum)

1  Acacia horrida (L.) Willd. (Mimosaceae)  117.92±50.09  63.78  193.62 
2  Anogeissus pendula Edgew.  110.81±26.89  80.19  153.93 
 (Combretaceae)
3  Canthium coromandelicum (Burm.f.)  117.27±37.66  75.12  174.29 
 Alston (Rubiaceae) 
4  Catunaregam spinosa (Thunb.) Tirveng.  106.87±37.41  60.89  154.52 
 (Rubiaceae)
5  Commiphora berryi (Arn.) Engl.  102.87±46.52  49.18  162.98 
 (Burseraceae)
6  Dalbergia spinosa Roxb. (Papilionaceae)  120.92±44.88  71.84  181.66 
7  Dichrostachys cinerea (L.) Wight & Arn.  113.56±32.26  72.37  155.19 
 (Mimosaceae)
8  Ehretia laevis Roxb. (Boraginaceae)  108.68±37.25  64.28  152.48 
9  Erythroxylum monogynum Roxb.   103.72±40.18  55.19  152.25 
 (Erythroxylaceae)
10  Grewia flavescens Juss. (Tiliaceae)  108.62±50.52  50.04  164.85 

Fig. 4: Correlation heatmap shows Pearson’s correlation 
coefficient values for LFMC and environmental factors. 
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Discussion 
The tree species had the uppermost LFMC in the 
wettest month and the lowermost in the peak summer. 
Earlier, many researchers found the same patterns 
across the countries and ecosystems. For instance,  
Nolan et al. (2022)21 noted the relationship between 
LFMC and seasons in Australian forests. Pellizzaro 
et al. (2007)22 found the patterns in a range of shrubs  
in Mediterranean basin. Bianchi and Defosse 
(2015)23 found the relationship in forest species of 
Andean Patagonia, Argentina.

The mean LFMC (111.10±6.15%) recorded in this 
study is corroborated with studies conducted across 
the world. The global mean LFMC was 106.07% 
(range 0.21% to 549.21%). Further, the global 
database showed that just 4.41% of the total plots 
had <100% mean LFMC values. Among forest types, 
the deciduous shrubland had the lowest mean LFMC 
(50.73%, range 20.27% to 129%), while mosaic 
herbaceous cover, tree and shrub had the highest 
average LFMC (141.25%, range 76% to 300%).  
Of 11 countries, three viz., Argentina, France and 
Spain had a mean LFMC <100%, whilst, eight 
countries viz., Australia, China, Italy, South Africa, 
Senegal, Tunisia, UK, USA recorded the mean LFMC 
as >100%.1 Further, the average LFMC was 152% 
for forest species in Andean Patagonia, Argentina,23 
while it was <100% for USA’s shrubland species 
(81.75%; range, 66.59 to 137.46%).24

The tropical thorn forest had the lowest LFMC 
(70.56±11.28%) during the peak summer. In general, 
the dry seasons are suitable for the occurrence of 
wildfire events.4 Notably, Pellizzaro et al. (2007)22 
found biomasses with LFMC values of 70 to 
100% had the least ignition delay with dominant 

shrubs of Mediterranean basin. They also found 
species growing in highly seasonal areas had 
lower ignition delay in summer and higher ignition 
delay in winter. Plant physiological and biochemical 
studies demonstrated the link between tissue water 
mass, dry mass and LFMC.25 Qi et al., (2014)26 
demonstrated a strong link between season and 
LFMC in higher plants. LFMC of tree species closely 
associated with tissue age and phenology.27

Conclusions 
Most of the dominant species in the study area 
had advanced fire behaviour during the peak 
summer and low fire behaviour during the wettest 
season. The LFMC had a close relationship with 
environmental factors viz., temperature, rainfall, 
humidity, sun hours and rainy days. Information 
on variations of LFMC of a range of plant species, 
ecosystems and forest types are essential for the 
better understanding of fire ecology and prediction 
of fire frequency. This study concentrated on a 
limited number of species, further studies with large 
number of species are necessary to understand the 
fire ecology of tropical thorn forests.
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