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Abstract

This study investigated the variation in leaf traits of Sal (Shorea robusta
Gaertn.) by collecting leaf samples from the natural populations of Sal
distributed in Madhupur National Park, Cumilla and Dinajpur areas of
Bangladesh. Soil samples were collected at 0 - 10 cm depth near the base of the
tree trunk of the respective plants selected for the collection of leaf samples. Soils
were analyzed for moisture content, pH, electrical conductivity, available N, total
P, and organic C contents. Data showed a range of variation in the responses of
leaf traits of the three populations. However, none of the morphological and
physiological traits showed significant differences except chlorophyll content (p
= 0.0047). Conversely, significant difference appeared in most of the leaf
anatomical properties such as stomatal pore index (p = 0.0369), open-close
behavior (p = < 0.0001) and stomatal density (p = 0.0008) among the three forests.
Stomatal density, pore index, and percent open stomata were higher in the
Madhupur forest, while closed stomata were significantly higher in the Dinajpur
forest. Thus, the present study indicated that although all leaf traits did not show
a similar trend of response, leaf stomata were more responsive to different
geographical distribution, which could be attributed to the variation in soil
moisture conditions.

Introduction

Plants show various strategies to adapt to their environment. Among these strategies,
leaf traits are important since they vary significantly in different environmental
conditions and indicate climate change®2. To adapt to the environmental changes, plants
adjust leaf traits, including morphological, physiological, and anatomical properties
showing more remarkable plasticity, reflecting the adaptability and indicating the role of
plants to the external environment®. Therefore, study on plant leaf traits is critical
because they reflect the adaptation of plants and help link global climate changes with
the dynamic changes of plant population.
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Under the family Dipterocarpaceae, Sal (Shorea robusta Gaertn.) is the dominant tree
species in the deciduous forests of the tropics. The species is found in dry and moist
deciduous forests in the south and south-eastern Asia®. Sal forests show a patchy
distribution in Bangladesh, with the main occurrence in the central and north-western
parts with varying soil and climatic conditions“%. The variation in the climatic and
edaphic features of these regions is likely to be reflected by the leaf traits of Sal plants.
However, there has been limited data on the leaf traits of Sal in the deciduous forests of
Bangladesh®). Therefore, the objective of the present study was to investigate whether the
leaf traits (morphological, physiological, and anatomical) of Sal differed among
populations selected from different regions with different soil and climatic conditions of
Bangladesh.

Materials and Methods

Description of study sites: Leaf samples were collected from three natural populations
of Sal situated in Madhupur National Park (24° 45’ 00" N and 90° 05’ 00" E), Dinajpur (25°
37'0.12" N and 88° 45' 0.00" E) and Cumilla (23° 27' 0.0036" N and 91° 11' 59.99" E) (Fig.
1). A total of nine locations, each three from these forests, were selected to collect leaf and
soil samples. The average precipitation, humidity and temperature of the three forests
sites were 124.4 mm, 71% and 27°C for Madhupur National Park, 103.0 mm, 79%, and
26°C for Cumilla and 149.6 mm, 79%, and 25°C for Dinajpur®.

Collection of leaf and soil samples: Fully expanded youngest fresh leaves were collected
from Sal plants to study leaf properties. The soil sample was collected at 0 - 10 cm depth
near the base of the tree trunk of the Sal plant which was selected for the collection of leaf
samples. Leaf and soil samples were collected into separate plastic bags and then labeled.
For analysis, collected samples were brought to the Ecology and Environment
Laboratory, Department of Botany, University of Dhaka. For the analysis of leaf properties
such as fresh leaf weight, dry leaf weight, turgid leaf weight, leaf length, leaf breadth,
leaf area, specific leaf area (SLA), 5 fresh leaves were used from the samples collected
from each plot. For the measurement of leaf length and breadth, each leaf was spread
over a plain sheet, and then a millimeter-scaled ruler was placed along the mid-rib to
determine the leaf length and breadth. Dry leaf weight was measured after drying the
leaf in the oven at 80°C for 24 hours. Leaf chlorophyll content was determined by using a
chlorophyll meter (SPAD-502Plus, Minolta, Japan). Specific leaf area (cm?/g) was
calculated as the leaf area of the sampled leaves divided by the dry weight of the leaf.
Leaf dry matter content (mg/mg) was calculated as leaf dry mass divided by fresh leaf
mass; leaf water content per unit area (mg cm-2) as fresh leaf mass minus dry mass,
divided by leaf area. Stomatal length (um) was measured using five randomly selected
stomata in each leaf of five leaves per plot. For measuring stomatal density (mm?-), the
number of stomata per unit area was counted from the images at a magnification of 40 by
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impression technique. Stomatal pore index (SPI) was calculated by following the
formula, SPI = Stomatal density x Stomatal pore area. Soil properties such as pH,
electrical conductivity, moisture content, available N, total P (%), and total organic C (%)
were determined immediately after collection from the field. Soil pH was determined
from soil suspension: water (2 : 1, v : w) using a pH meter (Hanna pH meter, pHeP). Soil
conductivity was determined in suspension with distilled water (5 : 1, v : w) using a
conductivity meter (Hanna conductivity meter). Soil moisture content (%) was
determined from 10 g fresh soil after oven-drying at 80°C for 24 hrs. Organic carbon
content (%) was determined by Walkley and Black method using 1.0 g soil®. Total N
content was determined by the Kjeldahl method following extraction from 1.0 g soil with
conc. H2S046. Soil P was determined by following the colorimetric method®.
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Fig. 1. Map of Bangladesh showing the distribution of Sal (Shorea robusta Gaertn.) forests selected
for the present study.

Statistical analysis: One-way ANOVA was performed to compare soil properties as
well as leaf morphological, physiological and anatomical traits among the three Sal
forests selected in the present study. Tukey-Kramer HSD tests were done to compare the level
of significant difference among the sites. Analyses were done by using JMP 4.0 software
(SAS Institute, Carry, NC, USA).
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Results and Discussion

Soil properties: The soil physico-chemical properties of the three forest sites were
shown in Fig. 2. The soil of the three forest stands showed significant difference in
electrical conductivity (p = 0.04), moisture (p = 0.038) and phosphorus (p = 0.026)
contents. The highest values were recorded for electrical conductivity (uS/cm) 20.66 £ 2.09,
moisture content (%) 25.9 + 1.56 and P contents (%) 0.22 + 0.004 in Madhupur, Cumilla, and
Dinajpur, respectively. On the other hand, the lowest values of electrical conductivity and
moisture content were in Dinajpur (12.03 £ 1.32 pS/cm and 19.82 + 1.78 %, respectively) and
that of P (%) was in Madhupur (0.012 + 0.001). Although there were no significant
differences in pH, organic C and available N among the three study areas, Dinajpur
showed the highest value for pH (6.03 £ 0.02). In contrast, the lowest was found in Cumilla
(5.41 £ 0.09), indicating that the soil of Cumilla is slightly more acidic than Dinajpur soil.
The highest amount of soil organic carbon was found in Dinajpur and the lowest in
Madhupur forests. However, the values for soil nitrogen content varied slightly between
Cumilla (0.021 + 0.0052 %) and Dinajpur (0.021 + 0.0028 %).
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Fig. 2. The physico-chemical properties of soils collected from Madhupur National Park, Cumilla
and Dinajpur Sal forests; pH (a), electrical conductivity (uS/cm) (b), moisture (%) (c), nitrogen
(%) (d), organic carbon (%) (e) and phosphorus (%) (f).

Leaf morphological properties: Fig. 3 showed the mean values of leaf length, leaf
breadth, leaf area, and SLA of Sal plants among the three study sites. Although there was
variation in mean values, significant differences did not appear among the three forest
sites. The highest leaf length (19.37 = 0.23 cm), leaf breadth (10.55 + 0.49 cm), and area
(154.293 £ 9.75 cm?) were recorded in Cumilla. On the contrary, the lowest leaf length
(18.47 £ 0.92 cm), leaf breadth (10.39 = 0.63 cm), and leaf area (146.317 + 16.15 cm?) were
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recorded in Madhupur. The lowest value of SLA (150.862 + 3.061 cm?/g) was found in
Dinajpur.
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Fig. 3. The morphological properties of the leaf of Sal of Madhupur National Park, Cumilla and
Dinajpur Sal forests; leaf length (cm) (a), breadth (cm) (b), area (cm?) (c),and specific leaf area
(cma/g) (d).
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Leaf physiological properties: Except for leaf chlorophyll content, none of the leaf
physiological properties showed significant differences among the three Sal populations
(Fig. 4). The highest amount of chlorophyll content (33.76 + 1.16 pg/cm) was in Dinajpur,
and the lowest (26.77 = 1.23 pg/cm) was in Madhupur forest. Chlorophyll content was
widely influenced by environmental conditions®9. Other studies also showed that
chlorophyll was significantly associated with temperature and moisture.), However,
greater soil P content might also influence the higher chlorophyll content in the leaf of Sal
plants in the Dinajpur site.

Leaf anatomical properties: Leaf anatomical properties such as stomatal length, stomatal
breadth, % open stomata, % close stomata, total stomata, SPI and stomatal density were
shown in Fig. 5. Except for stomatal length and breadth, all other stomatal traits such as
percentage of open and closed stomata, SPI, and stomatal density showed significant
differences among the three forests. The highest % open stomata (66.06 £ 3.65 %) and the
lowest percent of closed stomata (33.93 + 3.65 %) were recorded in Madhupur. The lowest
values were recorded for SPI (0.000019 £ 0.0000045) and density (46 + 1.23) in Cumilla.
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Fig. 4. The physiological properties of leaf of Sal of Madhupur National Park, Cumilla and
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Dinajpur Sal forests; fresh weight (g) (a), turgid weight (g) (b), dry weight (g) (c), chlorophyll
content (d), leaf water content (mg cm?) (e), and leaf dry matter content (mg/mg) (f).
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5. The anatomical properties of the leaf of Sal of the forests of Madhupur National Park,
Cumilla and Dinajpur; stomatal length (um) (a), stomatal breadth (um) (b), SPI (stomatal pore

index) (%) (c), open stomata (%) (d) closed stomata (%) (e), and density of stomata (f).

the contrary, the highest values for SPI (0.000035 + 0.0000032) and stomatal density
17 £ 1.47) were found in Madhupur. Data of the present study revealed that compared to

morphological and physiological traits, leaf anatomical (e.g., stomatal) traits were more
responsive to environmental changes. Similar results were also found by other
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studies®. The highest number of closed-stomata in Dinajpur forest might be associated
with the mechanism of adaptation of this plant with the dry condition of this forest since
under dry conditions, and plants have to reduce transpiration to retain moisture content
in plant cells during the drought condition. Dinajpur Sal forest is regarded as dry
deciduous, while that of the Madhupur forest is regarded as moist deciduous in
Bangladesh. Other studies also reported the role of water in soil and plant tissues in
regulating stomatal conductance®219, Similar to the other findings, data of the present
study revealed that leaves of Sal plants responded to changing environmental conditions
by adjusting their stomatal behavior exhibiting long-term adaptations of plants through
stomatae,

Acknowledgements

The authors acknowledge the financial support given by the Ministry of Science and
Technology, Government of the People’s Republic of Bangladesh under the Special
Allocation for Research during the fiscal year 2017-2018.

References

1. Li FL and WK Bao 2014. Elevational trends in leaf size of Campylotropis polyantha in the arid
Minjiang River valley, SW China. J. Arid Environ. 108: 1-9.

2. Moles AT, SE Perkins, SW Laffan, H Flores-Moreno, M Awasthy and ML Tindall 2014. Which
is a better predictor of plant traits: temperature or precipitation? J. Veg. Sci. 25: 1167-1180.

3. Fenggiuhong, Shizuomin and Donglili 2008. Response and application of plant functional
traits to environment. For. Sci. 4: 125-131.

4. Surabhi GK, S Mohanty, RK Meher, AK Mukherjee and LNR Vemireddy 2017. Assessment of
genetic diversity in Shorea robusta: an economically important tropical tree species. J. App.
Biol. Biotech. 5(2): 110-117.

5. Jake FA, MH Rahman, MA Kashem and MZ Hossain 2020. Spatio-temporal variation in leaf
traits of Sal (Shorea robusta Gaertn.) populations in Bangladesh. Trop. Plant Res. 7(2): 452-
459.

6. Black CA 1965. Methods of soil and plant analysis, Part | and 1l. American Society of Agronomy.
pp. 42.

7. Jackson ML 1958. Soil Chemical Analysis. Prentice-Hall, Englewood Cliffs, N.J., USA. pp. 498.

Han WX, JY Fang, PB Reich, F Woodward and Z Wang 2011. Biogeography and variability of

eleven mineral elements in plant leaves across gradients of climate, soil and plant
functional type in China. Ecol. Lett. 14: 788-796.

9. Liu C, X Wang, X Wu, S Dai, J He and W Yin 2012. Relative effects of phylogeny, biological
characters and environments on leaf traits in shrub biomes across central Inner Mongolia,
China. J. Plant Ecol. 6: 220-231.

10. Yamane Y, T Shikanai, Y Kashino, H Koike and K Satoh 2000. Reduction of QA in the dark:
another cause of fluorescence for increases by high temperatures in higher
plants. Photosyn. Res. 63: 23-34.



324 SHARMI et al.

11. Yin C, F Berninger and C Li 2006. Photosynthetic responses of Populus przewalski subjected to
drought stress. Photosynthetica 44: 62-68.

12. Messinger S, TN Buckley and KA Mott 2006. Evidence for involvement of photosynthetic
processes in the stomatal response to COz. Plant Physiol. 140: 771-778.

13. Thompson MV and NM Holbrook 2003. Scaling phloem transport: water potential equilibrium
and osmoregulatory flow. Plant Cell Environ. 26: 1561-1577.

14. Engineer CB, M Ghassemian, JC Anderson, SC Peck, H Hu and JI Schroeder 2014. Carbonic
anhydrases, (EPF2) and a novel protease mediate (COz) control of stomatal development.
Nature 513(7517): 246-50.

(Manuscript received: 3 May, 2021; accepted: 30 May, 2021)



