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Abstract
The aim of this study was to evaluate the resource use strategy of some woody plants in semi-arid
climatic condition of Quetta, Balochistan Pakistan. The plant sample were collected from eleven
selected different woody plant species namely; Fraxinus xanthoxyloides, Robinia pseudoacacia,
Ficus carica, Morus alba, Morus nigra, Ailanthus altissima, Melia azedarach, Pinus halepensis.
Malus domestica, Prunus armeniaca and Tamarix sp. during three seasons spring, summer and
autumn, in 2017-18. The resources-use strategy of the selected plant species was determined by
commonly used indicators such as Leaf Relative Water Content (LRWC), Leaf Dry Matter Content
(LDMC) and Live Fine Fuel Moisture Content (LFFMC). Data regarding annual average RWC,
LDMC and LFFMC in all the investigated plant was found in ranged between 25.12-73.89 %,
0.21-0.40 mg/g and 58.0-221.0 mg/g, respectively. The maximum annual average RWC, LDMC
and LFFMC was reported in Ficus carica, Pinus halepensis and Melia azedarach, while the
minimum was found in Alianthus altissima, Fraxinus xanthoxyloides and Alianthus altissima,
respectively. Among seasons; the highest RWC was found during spring which followed by
summer and minimum was originated in autumn season. The higher LDMC was recorded in
autumn season as compared to summer and spring, suggesting a more efficient conservation of
nutrients and the maximum LFFM contents were found in autumn followed by summer and lowest
was in spring.
Keywords: Balochistan; Plant species; Relative water content; Live fine fuel moisture content;
Dry matter content
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numerous fire model systems and it can be
calculated through leaf moisture (LM) and
live fine fuel moisture (LFFM) contents from
the leaves [11, 12]. It has been also used in
defining the aspects of explosion and
scattering of the fire [13].
Basically this investigation was conducted to
develop a method for assessing the resource
use strategy of plants under semi-arid
climatic condition and environmental
variability as well as identify production
pressures which are controlled by different
plant leaf parameters such as relative water
content, dry matter content and live fine fuel
moisture content.
The main objective of the study was to assess
the resource-use strategy of some common
woody plant species growing in semiarid
climatic condition of Quetta, Balochistan
through relative water content (RWC), leaf
dry matter content (LDMC) and live fine fuel
moisture (LFFM) contents and their seasonal
variation.
Materials and methods
Five replicate leaf samples from eleven
different woody plants species (Figure 1),
were collected from Quetta and its
surrounding during spring, summer and
autumn season. Three leaf variables such as
leaf relative water content (RWC), leaf dry
matter content (LDMC) and live fine fuel
moisture (LFFM) contents were measured
from selected plant leaves throughout the
study period. Leaf samples were taken from
well grown plants and from that portion of the
canopy subjected to indirect daylight during
sampling period. The fully expended and free
of pathogen leaves with petioles were
detached from the plant stems as the method
used by Garnier et al. [10]. The number and
weight of the sampling leaf from each
individuals were different according to their
size and shape. The samples were together
between 11AM to 2PM as the method used
by Leghari et al. [1].

Introduction
The study of RWC, LDMC and LFFM
dynamics are important to understand the
water use/resources use efficiency, cause of
the flammability of flora and to assess
fluctuations in measured wetness inside the
background of variations both in real water
content of leaf and in dry weight of leaf. The
amount of moisture contents in the leaves of
wild terrestrial plants change with the
varying season. The moisture contents and
growth behavior of the plant not usually
increase or decrease smoothly, it mostly
depend on the climatic condition of the local
area. There are many reasons behind these
unevenness, which contains the changing
demand in food manufacturing, weather
alterations and variability in soil moisture [1].
However, within the individual leaf, moisture
retained within a manageable limitations
during the developing season, because the
plant leaves have capability of opening or
closing the stomata through which it regulate
the rate of transpiration in the atmosphere.
Larcher [2] and Teulat et al. [3] stated that the
Leaf relative water content estimates plants
water status. The decrease in leaf RWC lead
to reduce in the rate of photosynthesis and
conductance of stomata [4]. Ogunkunle et al.
[5] observed that RWC varied considerably
across the sites. Garnier et al. [6] reported
that the Leaf dry matter content (LDMC) is
the main indicator of resource use ability of a
plant. This feature is linked with the leaf
lifecycle and it is also involved in a major
interchange between immediate production
of biomass and an effective conservation of
the nutrients [7-9]. Garnier et al. [10]
reported that the relative water content, leaf
dry matter content (it is a proportion of the
leaf dry mass to fresh mass) and live fine fuel
are the vital plants ecological traits because
they are related to several critical phases of
plants development and existence. So the
living fuel moisture content is utilized in
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Figure 1. Eleven woody plant species of Quetta Balochistan selected for study
1832

Jaffar et al.

(mg g-1) were calculated by using following
formula:
LDMC=Md/Mt
LDMC is the quantity of the leaf matter
content without water which is associated
with the mass of the leaf with maximum
content of water.
LFFM= [(Mf-Md)/Md] x 100
LFFM indicates the quantities of the water in
leaves under fields’ environment in relative
to its dry mass.
Statistical analyses of the Data
The dependent variables (RWC, LDMC and
LFFMC) of the leaf samples were
statistically analyzed and each value is mean
of three replicates. The differences between
the means were tested by using repeatedmeasures analyses of variance (ANOVAs)
through SPSS software program version 16.
Results and discussion
The consequences of present study highlight
the significance of periodical RWC, leaf dry
matter contents variations and LFFM
differences in 11 woody plant species grown
in semi-arid climatic condition of Quetta
Baluchistan Province of Pakistan. The
current investigation also establishes that the
plant species with different climatic
condition showed diverse conduct in the
expression of periodic scarcity once likened
with seeders. However the region with semiarid type of climate, the whole plant species
are expectable to bear summer drought. So,
plant species exhibited dissimilar useful
properties inside the ecosystem [16].
Relative water contents during spring,
summer and autumn were found in ranged
between 33.21-86.99 %, 24.55-71.83 % and
17.60-62.86% respectively. The highest leaf
RWC was recorded for Ficus carica and
lowest for Ailanthus altissima in all the three
season. Among season the highest RWC was
noted in spring which followed by summer
and lowest was found in autumn season
(Table 1). The highest RWC in spring season

Measurement of Relative water content
(RWC)
RWC was determined by the methods as
used by Leghari et al. [1] and Munne-Bosh
and Pinellas [14]. Leaves samples from the
selected plant species were brought to
laboratory of Botany Department University
of Balochistan, Quetta for different further
process. Fresh weight of the sample leaves
were determined by using electrical balance
and then they were kept inside the plastic jars
filled with water for saturation. A separate
plastic jars full of water were used for each
individual leaf sample and the sample was
kept in jar for 6-9hrs [15]. After the
saturation, turgid weight of the leaves were
determined. To reduce the loss of water these
plastic jars were conserved in ice-box
condition. So as to get saturated weight of the
leaves they were weighed outside the jar with
precision of 0.01g. Finally, they were
dehydrated in oven for 48hrs at 70 oC and
weighed.
The RWC (%) was determined by the
following formula:
RWC= (Mf-Md)/ (Mt-Md) x100
Where Mf is a fresh mass of leaf, Mt is a
turgid mass of leaf after rehydrating the
leaves and Md is a dry mass after being oven
dried. LDMC and LFFM were achieved with
the same process as of RWC.
Leaf dry matter content (LDMC) and live
fine fuel moisture (LFFM)
For LDMC and LFFM determination the
leaves samples from selected eleven plant
species were collected individually for each
parameter. These leaves sample were closed
in airtight plastic bags and kept in ice-box
condition so the loss of water during journey
from the field to laboratory remains within
the plastic bag. Then they were weighed.
Then the leaf samples were dehydrated in an
oven for 48hrs at 70 oC and again weighed
(f.wt and d.wt) with electrical balance by the
accuracy of 0.01g. The LDMC and LFFM
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was also reported by Leghari et al. [1] in
significant different with respect to their leaf
Pinus halepensis Miller., Eucalyptus
RWC at P<0.05 significant level during three
tereticornis L. and Elaeagnus angustifolia L.
seasons (Table 1). Calculated annual mean
The reduction in leaf moisture contents of the
value of leaf RWC in examined plant species
plant species during spring to autumn is not
were found in ranged 25.12-73.89 % (Figure
same, however a rough series of up and down
2). Highest annual average RWC was
in water contents is noted. These fluctuations
recorded from the leaves of Ficus carica and
might be due to many factors, such as
lowest was found in Ailanthus altissima
differences in weather, disparities in
leaves. Observation recorded by Leghari et
obtainable soil moisture and episodic
al. [1] was also in agreement with these
variations in food formation requirements.
results. The height and feature mark, native
Inside the detached foliage, though, wetness
micro-climate, produce reginal variations in
is sustained within acceptable bounds
periodical developments of several plant
throughout the rising period by aptitude of
species. For example in mountainous
the foliage to opening and closing of the
landscape, the southern introductions and
stomata and therefore controls the rate of
lower elevations support the earlier start of
transpiration in the air [1]. Leaf moisture
the growing season. Generally the moisture
contents might be change in the sequence of
contents in newly developed leaves found
the day. In current study the statistical
highest at emerging time. Alike opinion was
analysis indicated that out of 11 plant species
also stated by Saura-Mas and Lloret [17],
7 species (Ficus carica, Morus alba, Morus
who found that diverse plants species had
nigra, Ailanthus altissima, Tamarix sp,
different RWC by highest variations among
Robinia pseudoacacia, Melia azedarach)
season to season and specie to specie. They
showed highly significant variation between
also noted that the RWC was meaningfully
different seasons, three other species
great in steady plant species than that of
(Fraxinus xanthoxyloides, Malus domestica,
seeder species. The higher water content was
Prunus armeniaca) were found with
also reported in A. indica in spring season by
significant variation and remaining one
Paulsamy et al. [18]. Earlier studies also link
(Pinus halepensis) displayed slightly
the seasonal subtleties of RWC, LFMC,
significant at P<0.05 significant level.
LDM contents in different plant species in
Statistical investigation also indicated that all
different environments [1, 17, 19, 20].
the examined plant species were found highly
Table 1. Relative water content in 11 woody plants species of Quetta Balochistan
Plants Species
Fraxinus xanthoxyloides
Ficus carica
Morus alba
Morus nigra
Ailanthus altissima
Pinus halepensis
Malus domestica
Prunus armeniaca
Tamarix sp
Robinia pseudoacacia
Melia azedarach
P value

RWC
Summer
35.26
71.83
60.09
63.98
24.55
52.86
56.71
47.71
29.96
57.32
64.04
0.000

Spring
39.56
86.99
71.95
70.13
33.21
69.04
61.60
58.30
72.83
62.02
76.44
0.002

Autumn
30.96
62.86
54.70
55.34
17.60
50.33
52.88
43.35
26.29
47.31
58.01
0.000

Statistical
variation
**
***
***
***
***
*
**
**
***
***
***

Each mean value is the replicate of five readings, * = slightly significant, ** = significant, *** = highly significant and Ns = nonsignificant
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Figure 2. Annual average RWC in different 11 woody plant species of Quetta Balochistan
Leaf dry matter contents in examined plant
species were found in ranged between 0.20 0.39, 0.22 - 0.42 and 0.23 - 0.47 mg/g during
spring, summer and autumn season
respectively. Among plants the highest leaf
dry matter contents was recorded in Pinus
halepensis
and
lowest
Fraxinus
xanthoxyloides during all the three season.
Statistical study designated that between
different seasons the 3 plant species (Pinus
halepensis, Malus domestica, Tamarix sp)
showed significant variation, other three
species (Ficus carica, Ailanthus altissima,
Prunus armeniaca) exhibited only slightly
significant and remaining 5 species (Fraxinus
xanthoxyloides, Morus alba, Morus nigra,
Robinia pseudoacacia, Melia azedarach)
were found non-significant at P<0.05
significant level. Significant test also
indicated that in between examined plant
species there was slightly to highly
significant variation in their leaf DMC during
all the seasons (Table 2). Intended annual
average value of leaf DMC in 11 examined
plant species were originated in ranged 0.210.40 mg/g. The highest annual average DMC
was noted from the leaves of Pinus
halepensis and lowest was found in Fraxinus

xanthoxyloides leaves (Figure 3). During
different seasons the highest DMC was
recorded in autumn which followed by
summer and lowest was found in spring
(Table 2). Variation in DMC during different
seasons and in different plant species were
also noted by other researchers [1, 17, 19,
20]. Significant differences in leaf dry matter
contents were also noted by Saura-Mas and
Lloret [17] between two seasons, the highest
absorption was originated during autumn
contrast to the summer season. Leghari et al.
[1], during the investigation of leaf relative
water, dry matter and live fine fuel moisture
contents in some common plant species of
Quetta, Balochistan during different season
was found variation. They found lowest
LDMC during spring and highest in autumn.
These differences may be due to leaf age as
the age increase the deposition of dry matter
also became enhance. According to Garnier
et al. [6], the leaf dry mater contents is a
factor that does not differ very much among
periods, meanwhile this factor depend on the
dry mass of leaf and the extreme water that
can be stored. Former researcher also
recorded that unlike species rising in the
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same climatic conditions showed differences
in their LDM contents [21, 22].
Table 2. Leaf dry matter content (LDMC) (mg/g) in 11 woody plant species of Quetta
Balochistan
LDMC
Statistical
variation
Spring
Summer
Autumn
Fraxinus xanthoxyloides
0.20
0.22
0.23
Ns
Ficus carica
0.28
0.31
0.36
*
Morus alba
0.27
0.28
0.31
Ns
Morus nigra
0.32
0.32
0.33
Ns
Ailanthus altissima
0.27
0.29
0.30
*
Pinus halepensis
0.39
0.42
0.47
**
Malus domestica
0.25
0.29
0.31
**
Prunus armeniaca
0.24
0.26
0.27
*
Tamarix sp
0.22
0.23
0.26
**
Robinia pseudoacacia
0.26
0.27
0.28
Ns
Melia azedarach
0.22
0.23
0.24
Ns
P value
0.031
0.041
0.017
Each mean value is the replicate of five readings, ± = standard deviation * = slightly significant, ** = significant, ***
= highly significant and Ns = non-significant
Plants Species

DMC (mg/g)

Annual average DMC
0.5
0.4
0.3
0.2
0.1
0

Plant species

Figure 3. Annual average LDMC in different 11 woody plant species of Quetta Balochistan
Live fine fuel moisture contents has been
documented as a significant cause of the
flammability of flora. So, the measurement of
LFFM indicated the capacity of any forest
how much it can caught the fire. The entire
Live fine fuel moisture (LFFM) during three
season (spring, summer and autumn) were
found in ranged between 47 - 189, 57- 218
and 68 - 256 %, respectively. Among all
investigated plant species the highest LFFM

contents was recorded in Melia azedarach
and lowest in Ailanthus altissima during all
three season (Figure 4). Statistical study
designated that 6 plant species including
Fraxinus xanthoxyloides, Pinus halepensis,
Melus domestica, Prunus armeniaca,
Robinia pseudoacacia, Melia azedarach,
showed highly significant variation between
different seasons, other three species (Ficus
carica, Morus nigra, Tamarix sp) displayed
1836
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significant and remaining two (Morus alba,
Ailanthus altissima) were found slightly
significant at P<0.05 significant level, when
it was compared between the season.
Statistical analysis also indicated that all the
examined plant species showed highly
significant variation in their live fine fuel
moisture, during spring, summer and autumn
seasons (Table 3). Deliberated annual
average LFFM in 11 inspected plant species
were recorded in fluctuation between; 58 221 %. The highest annual average LFFM
was found in leaves of Melia azedarach and
lowest in Ailanthus altissima. Variations in
LFFMC from species to species and from
season to season was also noted by Leghari et
al. [1] under same ecological condition.
Present data highlight the significance of
periodical leaf dry weight variations and
strain the required to assess fluctuations in
measured wetness inside the background of
variations both in the real water content of the
leaf and in the dry matter content of the leaf.
Moreover, they also highlighted that the
carbon and water cycles of plants are directly
influenced by LFFM contents. Earlier
research has tried to link the periodical
changing aspects of LFFMC to alterations in
climatological circumstances, such as those
are showed through several scarcity catalogs
[23- 27]. Pellizzaro et al. [27] reported solid

associations among LFFMC and drought
indices for few Mediterranean bush species
in the seasons of water strain, but then over
poor relationships as deficiency pressure was
reassured. Similar observation was also
reported
by
Dimitrakopoulos
and
Bemmerzouk [26], they found that even
though drought index strictly match the MC
of herbaceous plant species and poorly
correlated with leaf moisture contents of deep
rooted plants such as P. brutia trees. Nelson
[28] stated that the variation in total mass of
water would be most linked to the water cycle
of the tree and can be directly related to the
soil, vegetation and atmospheric conditions.
This is controlled by all the factors which
directive the rate of water uptake from the
soil, transport to the leaves and loss by the
stomata. Further that Running [29] found a
strong relation between leaf water potential
and RWC in P. contorta. In dead fuel the dry
weight is relatively determined and only
changes gradually as a results of Decay [20].
Therefore, dead fuels moisture trail, fuels
water weights differences control the direct
diffusion and capillary movement of water
into and out of fuels [30, 31]. The false idea
was set that live fuel performed equally and
that first water weight diverse over time.
Nevertheless, both dry weight of live fuel and
water weight variations diurnally [32-36].
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Figure 4. Annual average LFFM in different 11 woody plant species of Quetta Balochistan

Table 3. Live Fine Fuel Moisture (LFFM) (%) in 11 different woody plant species of Quetta
Balochistan
LFFM
Statistical
variation
Spring
Summer
Autumn
Fraxinus xanthoxyloides
55
97
116
***
Ficus carica
115
124
196
**
Morus alba
127
137
187
*
Morus nigra
132
156
183
**
Ailanthus altissima
47
57
68
*
Pinus halepensis
62
66
115
***
Malus domestica
147
164
235
***
Prunus armeniaca
112
122
172
***
Tamarix sp
56
59
109
**
Robinia pseudoacacia
133
148
198
***
Melia azedarach
189
218
256
***
P value
0.000
0.000
0.000
Each mean value is the replicate of five readings, ± = standard deviation * = slightly significant, ** = significant, ***
= highly significant and Ns = non-significant
Plant Species

in leaf RWC, leaf DMC and leaf LFFMC were
also noted among the seasons. Eventually, these
consequences proposed that even though
investigation have exposed connections among
LFFMC and arid climatic conditions, the reasons
of the real variations in noticed LFFMC are extra
multifaceted. Upcoming effort must emphasis on
independently amplification the issues that drive
periodic deviations in actual leaf water contents
and dry matter contents to improve evaluate the
causes for differences in live fine fuel moisture
contents.

Conclusion
This investigation concluded that RWC, LDMC
and LFFMC are the best way to determine the
resources use strategies of woody plants. In
addition to that the leaf dry matter content and
live fine fuel moisture contents are also an
important parameters in fire performance
forecasting in plants. Results revealed that the
different plant species growing in same
ecological condition showed variations in their
resource-use strategies. Further that the variation
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