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Non-uniform, patchy stomatal closure
of a plant is a strong determinant of
plant growth under stressful situation
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The stomatal response of cassia (Cassia streata L.) and
dhaincha (Sesbania rostrata L.) to a coalmine over-
burden (OB) substrate was studied with a view to re-
habilitate such areas. Plants raised in unmined soil
were used as controls. The mine OB induced signifi-
cant increase in stomatal index (SI) with diminished
stomatal size and a stomatal closure in the test plants.
The leaf water status measured as water content was
significantly enhanced, while the relative growth rate
was markedly reduced. This is indicative of slow but
sustainable growth of the species in mine OB adverse
conditions.

Keywords: Cassia streata, coalmine overburden, leaf
water content, Sesbania rostrata, stomata.

NEARLY hundred years ago Francis Darwin showed that
stomata on leaves respond to environmental stimuli. Now
much information on the mechanisms of stomatal open-
ing and closing and on stomatal response to varying envi-
ronmental conditions has been generated'. Yet there are
still unanswered questions surrounding stomatal behav-
iour in response to the environment. The basic function of
stomata is to regulate CO,, O, and water vapour exchange
between the plant and the environment®. Stomata are suf-
ficiently sensitive to respond to changes in the environment,
and either open or close in an effort to acclimatize®™,
Changes in the degree of stomatal opening reflect the
cumulative effect of many physiological responses by a
leaf to its environment®’. Measurements of the degree of
stomatal opening on a leaf surface provide a convenient
visual indication of stomatal responses to environmental
conditions®’. The dimensions of stomatal pores have a
great effect on the rate of gas exchange for the entire leaf,
determined by the response of all stomatal pores on a leaf
to ambient environmental conditions’. The ecological im-
plications of stomatal response are the focus of current
research. Information on stomatal response in many spe-
cies to typical opencast mining areas is not easily acces-
sible. The present investigation was carried out to
investigate the stomatal behaviour of cassia (Cassia
streata) and dhaincha (Sesbania rostrata) species grown
on a coalmine overburden (OB) substrate. C. streata and
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S. rostrata were selected on the basis of their perform-
ance under high sulphur containing coalmine OB as ob-
served in a prescreening test. Therefore, understanding of
this behaviour should help attempts to rehabilitate col-
liery-devastated areas in Assam, India.

Mine tailings/OB samples. together with unmined soil
taken from areas growing natural vegetation, were col-
lected from the Tirap colliery area in Assam. The mine
tailings and unmined soil were manually broken to a fine
Lilth and used as separate substrates in earthen pots (bot-
tom diameter 10cm, height 18.5 cm) for plant-growth
experiments. The characteristics of the substrates are
given in Table 1. Nitrogen and total organic carbon of the
substrates were estimated according Kjeldhal digestion
and potassium dichromate oxidation'™"", and phosphorus
spectrophotometrically'®. The particle size distribution of
the substrates was determined using a laser diffraction
particle size analyser (model CILAS 1180) using sodium
carbonate and hexametaphosphate as the dispersing agents.

Seeds of two drought-tolerant plant species, C. streata
and S, rostrata, were sown in a nursery bed (40 ¢cm X
60 cm) under polyhouse conditions. The seedlings were
allowed to grow in the nursery bed for a period of 21
days. Uniform-sized seedlings from the bed were trans-
ferred to experimental pots prepared with mine OB and
unmined soil. The seedlings were raised under standard
polyhouse conditions for a period of 90 days. Intermittent
irrigation was used to simulate a moderate moisture stress
situation.

The relative water content (RWC) was determined tak-
ing the fully expanded topmost leaf of the main shoot at
30, 60 and 90 days of plant growth'. The fresh weight of
the sample leaves was recorded and the leaves were im-
mersed in distilled water in a petri dish. After 2 h, the
leaves were removed, the surface water was blotted-off
and the turgid weight recorded. Samples were then dried
in an oven at 80°C to constant weight. RWC was calcu-
lated using the formula:

Fresh weight —dry weight %

RWC (%) = - : :
Turgid weight —dry weight

100

To compute the relative growth rate (RGR), the plant dry
weight (shoots) was obtained at weekly intervals'!. Sam-
ples were dried at 70°C to constant weight. RGR was cal-
culated using the equation:

RGR = log W, — log Wi/(t> - 1,),

where Wy and W, are the plant dry weight (g g week™)
at times 7, and 1, respectively.

Light intensity during the experiments was recorded
using a Guarda FF-101 lux meter (Figure 1).

The topmost fully expanded leaf from the main shoot
was considered for stomatal studies. Peelings of leaf epi-
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Table 1. Characteristics of coalmine overburﬂen (OB) and unmined soil substrates

Component (%)
Substrate pH G N P K Silt Sand Clay Microbial biomass (mg kg™")
Unmined soil 6.5 9.29+23 1.47+0.21 0561023 =002 7731 .27 H 8l S G (I PR e, 30545
Mine OB 25 1.32+1.1 0.002+0.001 0.025+0.001 0.005+0.001 39.99+28 3994+2.6 21.93+35 6433122

Data are mean + SD (n = 5).
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Figure 1. Light intensity: free ambient, inside the polyhouse and at
the base of dhaincha (Sesbania rostrata) and cassia (Cassia streata)
plants grown in coalmine overburden (OB) and in unmined soil.

dermal layers were taken at 2 h intervals between 04:00
and 16:00 h. The number of stomata and epidermal cells
was counted in microscopic fields using a Leitz micro-
scope at 40x magnification. Measurements of stomatal
components such as guard cells, stomatal pores and sto-
mata were carried out using ocular and stage microme-
ters. Photographs were taken using a Leitz Orthomate E
digital camera attached to the microscope (Figure 2). The
stomatal index (SI) was calculated by dividing the num-
ber of stomata in a microscopic field by the combined
number of epidermal cells and stomata in the same field,
expressed as a percentage’”.

Data generated in the experiments were analysed using
the Analysis Tool Pack in Microsoft® Excel 97 SR-1.
Analysis of variance (ANOVA) was carried out to test the
null hypothesis'® that the sample means were signifi-
cantly different from each other at a significance level of
P >0.01. The standard errors of simple means were com-
puted at a 95% level of confidence.

Plants grown on mine OB substrate showed higher
stomatal frequency, as indicated by greater SI values
(Table 2). The increase in SI under mine OB was greater
in cassia (17.04%) than in dhaincha (6.78%) plants.
However, dhaincha recorded greater SI values than cassia
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Figure 2. Typical photographs of stomata of C. streata (a) and S. ros-
trata (b). The photographs were taken using the Leitz Orthomate E
digital camera at 40x exposure, connected Lo a microscope.

for mine OB and unmined substrates. Stomata are the
gateway of plants to obtain resources for the vital proc-
esses of photosynthesis and respiration, as the epidermis
is almost impervious to gases and water vapour. Stomatal
behaviour is directly related to plant-water relations and
is also closely associated with plant growth'’. Stomatal
frequency and size of the stomatal pores are significance
in this regard'®. However, stomatal frequency as well as the
geometry of substomatal cavities and the length of the
stomatal pore, can be regarded as more or less fixed and
invariant for the leaves of a given plant species'. In the
present study, the mine OB caused a variation in SI, with
a greater response in cassia than in dhaincha plants. The
potential for water loss increased in proportion to in-
crease in the number of stomata on a leaf.
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The mine OB also influenced the dimensions of sto-
matal components such as guard cells, pores and stomata
in both cassia and dhaincha (Table 3). The greatest effect
of the mine OB was on pore size, with a 22.46% reduc-
tion for cassia and a 19.68% reduction for dhaincha. The
guard cell diameter was 18.84 and 19.68% lower and
stomatal diameter was 17.77 and 9.45% lower in cassia
and dhaincha respectively, compared to plants grown in
the unmined soil. The mine OB induced closure of stomata
per unit leaf area in both cassia and dhaincha plants (Fig-
ure 3). In cassia, stomatal closure was 14.29% higher for
mine OB plants than the unmined control plants. In
dhaincha, this increase was 11.80%. The internal resis-
tance to outward movement of water vapour for a leaf
primarily depends on stomatal pores, with a smaller aper-
ture resulting in greater resistance. The mine OB induced
significant changes in pore size in cassia and dhaincha
plants. This must have reduced transpirational water vapour
loss from the leaves. A concomitant shrinkage of guard
cells was observed in the stomata, contributing to the di-
minished stomatal size in both cassia and dhaincha plants
grown on mine OB substrate.

RWC was higher in plants raised on mine OB substrate
(Figure 4). A 4.52% increase was recorded in cassia,
while the increase in dhaincha was 0.65%. The percentage
of closed stomata per unit leaf area is a significant feature
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Figure 3. Percentage of closed stomata in leaves of plants grown in
coalmine OB and in unmined soil. @, C. streata; b, S. rostrata. Data are
mean of three observations at 30, 60 and 90 days of plant growth. Error
bars represent standard deviation of observed values.
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of plant adaptation. Higher percentage of stomatal closure
was observed for cassia and dhaincha plants raised on
mine OB compared to unmined soil. Plant RGR was con-
siderably lower when grown on mine OB substrate, as
assessed on a per-week basis (Figure 5). A 65.51% reduc-
tion was recorded for cassia. For dhaincha, the reduction
was 62.21%. When the water status of these leaves was
assessed, higher RWC was recorded. Despite better water
status, the biomass production rates of cassia and dhain-
cha plants were considerably reduced by the mine OB
substrate.

Guard cells are continuously in motion and thus regulate
stomatal pores. By varying the stomatal pores, the plant
controls resource exchange; at any point in time, not all
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Figure 4. Relative water content (RWC) of plants grown in coalmine
OB and unmined soil. a, C. streata; b, S. rostrata. Data arc mean of
three observations at 30, 60 and 90 days of plant growth. Error bars
represent standard deviation of observed values.

Table 2. Stomatal index of Cassia streata and Sesbania rostrata
grown in coalmine OB substrate and unmined soil respectively

Plant species Substrate Stomatal index (%)

C. streata Unmined soil OS89 F 205
Mine OB 1092 31

S. rostrata Unmined soil 149028
Mine OB 15:91 + 4.1

Data are mean + SD (n = 5).
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Table 3. Dimensions of stomatal components of C. streata and S. rostrata leaves grown in coalmine OB and unmined soil substrates

C. streata S. rostrata
Guard cell Pore Stomatal Guard cell Pore Stomatal
Time (h)  Substrate diameter (1um) diameter (um) diameter (um) diameter (um) diameter (pum) diameter (um)
04:00 Unmined soil 2.45£0.27 2:22 * 236 6.55 1.58 3.30+0.12 3.37 £ 0.002 7.10 £ 0.68
Mine OB 2.45+0.03 1.37£2.04 4.80 +8.10 2012 2.46+0.01 6.10+4.73
06:00 Unmined soil 3.81£0.11 2.20 £ 1.58 5.85+483 . 3.42 £0.56 3.82+0.01 7.60 £ 1.26
Mine OB 3.00£0.16 1.22 £ 0.03 5.20%1.173 2.02£0.16 2.02 £ 0.06 6.65 £ 0.70
08:00 Unmined soil 3.6210.72 886027 75 +2.25 2.72+£0.37 2.22+3.44 7.42+0.5
Mine OB 2.45 %055 2751 0.91 5.00+2.74 237032 2.45+0.00 6.20 2.0
10.00 Unmined soil S ERa ] 15 3.4 £0.033 595+11.6 3.05%£0.13 2.45+0.01 6.52 %+ 1.80
Mine OB 3.15£0.33 2.46 £0.01 4.57 £ 0.08 277 =028 2401033 6.27+0.2
12.00 Unmined soil 4.05 £ 0.59 3.46 £ 0.07 4.10 £ 0.60 1.95 £ 0.15 2.55+0.03 4.7+0.92
Mine OB 3.15£033 8:05:510.02 3.70+0.92 195015 2.40+0.02 4.75+0.8
14:00 Unmined soil 3.97+052 241£0.23 SulOEELS T, 240 £ 0.44 3.60 + 0.00 6.52+ 0.9
Mine OB 379 236+ 1.32 5.2510.51 2.00 £ 0.06 2.60 £ 0.01 6.8£25
16:00 Unmined soil 95 +1.25 217874 6.40 + 6.40 242+0.20 2.39 £ 0.01 5.77 £ 0.56
Mine OB 2.59+041 1.84 £ 0.04 5771+5:3% 2.19.40.12 1.46 £ 0.01 4.55+2.78

Data are mean * SD (n = 5).
Data shown are the average of three observations at 30, 60 and 90 days of plant growth.
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Figure 5. Relative growth rate (RGR) of plants grown in coalmine OB and unmined soil. a, C. streata; b, S. rostrata. Error bars represent stan-
dard deviation. RGR was determined on a weekly basis by comparing the total biomass of the plant up to four weeks.

stomata are open to the same extent. This non-uniform, It was the edaphic environment created by the mine OB
patchy stomatal closure, which is more pronounced under - substrate that evoked a strong response in stomatal closure
stress situations, indicates that the mine OB substrate  of the test plants. As the silt and sand fractions were high,
represents a stressful growth condition. with only 20.07% clay, the mine OB was inefficient at

Studies have shown that leaves which grow in drier holding water, with intermittent irrigation used to simu-
environment and higher light intensity tend to have late moderate stress. The low pH and poor nutrient status
smaller and numerous stomata than those grown in wet of the mine OB might have compounded the stress, leading
and shady conditions'®. Under nutrient-deficient conditions  to effective stomatal closure. Plants regulate their diurnal
the stomata respond sluggishly’. The role of moisture water status at a favourable level by controlling the
stress and acidity in stomatal closure is now well establi-  stomatal aperture®'®, With better relative water content
shed. The light intensity and temperature fluctuation the test plants, especially cassia, exhibited strong adapta-
(minimum 28°C and maximum 34°C) during the experi- tion potential on mine OB. Although leaf photosynthesis
mental period were found to be optimal for plant growth  decreases, stomatal closure contributes towards maintain-
and were not stressful for the cassia and dhaincha plants. ing high water content and potential in the leaves®'. Cas-
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sia and dhaincha plants also showed sustainable growth,
but at a much reduced rate.

Stomatal response is undoubtedly a sensitive indicator
of plant growth under stressful situations. The greater
number of stomata per leaf with stomatal components of
reduced size clearly indicate that cassia and dhaincha are
potential candidates for rehabilitation of arcas under typi-
cal coalmine tailings.
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