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1. Introduction

To aid summer-time thermal control in urban
areas, the creation of shade above buildings and/or
streets is highly important for a number of reasons.
First, shade can provide protection for residents and
passersby by buffering the changes in housing ther-

mal conditions inside the building and/or local cli-
mate on the streets during heat wave attacks, a seri-
ous concern as discovered in the case of the historic,
heat-related disaster in Paris in 2003 (Keller, 2013).
Second, minimizing energy consumption within build-
ings has become an important goal of architecture
and urban planning in recent years. As a result, sever-
al guidelines have been developed depending on the
climatic zones, aimed at increasing solar exposure for
buildings in cold climates and reducing solar expo-
sure for buildings in warm climates (Okeil, 2010).

Adv. Hort. Sci., 2016 30(2): 59-67  DOI: 10.13128/ahs-19130

Optical evaluation of the shading properties of climbing fern
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Abstract: Recently, thermal properties of the landscaped rooftops and walls have attracted the interest of researchers

because of the potential to minimize energy consumption in urban areas and to aid summer-time thermal control. For

this reason the creation of a plant-based shade for walls or above buildings is highly important. In this paper we evaluate

using Lygodium japonicum, one of the many ferns and fern allies traditionally used in Japanese gardening, as a compo-

nent of thermal-buffering green walls. Lygodium japonicum, the only climbing fern species in Japan, is fast-growing,

adheres easily to walls and has a climbing nature. A simple thermal analysis of the sun-shading effect of Lygodium

canopy suggested that local surface temperature above the ceramic tiles placed on the rooftop of a building can be

buffered (lowered in daytime and maintained relatively warm at night) by the presence of leafy climbing ferns covering

the tiles, possibly due to the reflection and absorbance of solar radiation. Furthermore, the presence of the plants may

also slow the night-time release of heat from the building surface. Because plants installed on tall walls or on the tops of

buildings are not easily accessed for manual care, we performed a real-time routine monitoring and control of plant

growth status using various optical sensors that could be automated and monitored remotely for large-scale applica-

tions. For this purpose, the optical properties of a L. japonicum canopy under solar incident light have been determined.

In order to evaluate the natural shading and growing properties of a green canopy, the incident solar radiation spectrum

(J), leaf canopy-filtered light spectrum (transmittance, T) and leaf-reflectivity spectrum (R) were measured. By reading

the reflectivity spectrum, concomitant chlorophyll fluorescence signals (F) from Lygodium leaves were also detected at

760 nm, which corresponds to the O2-A Fraunhofer line. Our data suggests that the daily change in photosynthetic status

(P) can be traced by monitoring the change in relative F in relation to the estimated heat loss (H) and measured J, R, and

T using a series of practical equations designed to roughly estimate the gross photosynthetic response within the plant

canopy. Using our equations, the photosynthetic capacity in the plant canopy structure could be simply simulated and

predictable by optical sensors.
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The thermal properties of greened rooftops and
walls have recently been extensively documented. A
study was performed to compare greened and non-
greened walls with and without additional covering
shade cloths using model buildings with thermal thin
walls (Yamasaki et al., 2009). By quantitatively evalu-
ating the cooling load reduction effect under/inside
the greened roof/walls, the room temperature of the
green-covered building was shown to be significantly
lower due to the sun-shielding effect of plants cover-
ing the building, and electrical power consumption
for air conditioning was also lower in the green build-
ing. According to this model, around 40 to 45% of
energy could be saved in the greened building com-
pared to the non-greened building. It is natural to
conclude that lowering total temperature inside the
model buildings is the consequence of the local tem-
perature controls on the surface of the walls or roofs.

As a lack of or excess water could drastically alter
the growth status of the plants installed, water con-
sumption by the plants needs to be understood. In
addition, the rate of water consumption and air-cool-
ing properties of plants have a close relationship
since transpiration by plant leaves plays a key role in
local heat removal. Therefore, quantitative evalua-
tion of water consumption by a model wall-greening
system is of great importance. Toward this purpose,
simple models with net-supported vine plants (such
as ivy and morning glory) have reportedly been con-
ducted (Takayama et al., 2014).

Like other forms of green infrastructure, green
façades in which climbing plants are grown either
directly against, or on support structures affixed to
external building walls, have recently been gaining
the attention of architects as a design feature aimed
at reducing internal building temperatures, reducing
building energy consumption, and facilitating urban
adaptation to a warming climate (Hunter et al.,
2014). Today, such vertical greenery systems (VGS)
are viewed as passive tools for energy savings in
buildings (Pérez et al., 2014). Accordingly, not only
the lowering of building temperature, but also many
economic, environmental and social benefits are
associated with the use of VGS (Safikhani et al.,
2014). Furthermore, various new green wall con-
struction methods have been developed to date,
although many of these technologies have yet to be
evaluated and even to be amended, mainly due to
the difficulty of maintaining the active growth and
development of plants under stressful conditions
such as forced adhesion by artificial supports, expo-
sure to thermal stresses, lack of or excess irrigation

and/or fertilization on site and on time (Tachibana et
al., 2011).

Reports on approaches for the greening of build-
ings using self-growing plants are increasing day-by-
day. For an instance, a Canadian team has designed a
prefabricated piece to be used on building envelopes,
interior partitions, façades or landscape enclosures,
in which the vegetation is integrated within the wall
construction instead of being adhered to it (Ardila et
al., 2009). Accordingly, the designed system by an
incorporated conduit system included the self-sup-
porting, self-irrigating and self-fertilizing perfor-
mance for the growing plants. An urban geographer,
Gandy (2010), has explored the work of French
botanist Patrick Blanc, who applies his knowledge of
botany and related sciences to urban wall design
with inspiration from the mur végetal (green wall)
first made in 1988. Blanc intended to transform the
urban sceneries into ravines or rainforests by cover-
ing the streets and buildings with ferns and mosses.

It is well known in Japan that, second to mosses,
many members of Pteridophytes (encompassing
ferns and fern allies) have been traditionally used in
Japanese garden design (Kawano, 2015). As encour-
aged by a French botanist, one of the authors (TK)
recently propounded that the use of Japanese fern
species on green walls and/or roofs is worth pursuing
(Kawano, 2015). For this reason, we would like to dis-
cuss the criteria for the plant components of heat
buffering green walls which should also be applied to
the fern species.

The first criterion is the plants’ adhesion to the
surfaces of walls or roofs. Among the common gar-
den ferns found in Japan, members of Polypodiaceae
such as Lemmaphyllum microphyllum Presl (Japanese
name: Mamezuta), Lepisorus thunbergianus (Kaulf.)
Ching (Japanese name: Nokishinobu), and Pyrrosia
lingua (Thunb.) Farw (Japanese name: Hitotsuba) are
epiphytic species often attached to trees and rocks.
Therefore, these plants can be effectively used to
cover walls. However, Lemmaphyllum microphyllum
is often exposed to competition on the surface of
rocks and walls with neighboring epiphytic higher
plants such as Ficus pumila L. (Moraceae; Japanese
name: Ōitabi). Therefore, we would like to empha-
size that the second criterion for plant components
of thermal buffering green walls is that they should
be fast growing. The third criterion for green wall
ferns must be an ability to not only adhere, but also
climb up the poles and nets, and cover irregular walls
of the greening structures. The last criterion is the
heat-buffering property of the greenery components.
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However, to date, studies on the influence of climb-
ing plant characteristics are still very limited, and
even fewer works have investigated the impact of
green façade design components on thermal perfor-
mance (Hunter et al., 2014).

As a candidate fern species to be listed as a green
wall component, Lygodium japonicum (Thunb.) Sw.
(Lygodiaceae; Japanese name: Kanikusa), the only
climbing fern species in Japan, is of great interest
since this plant species has a fast-growing, wall adhe-
sive, and climbing nature. The sun-tracking and rotat-
ing movements associated with the climbing growth
in two Lygodium members (L. articulatum and L.
scandens) were briefly described by Charles Darwin
(1875). In his book, he concluded that “As ferns differ
so much in structure from phanerogamic plants, it
may be worthwhile here to show that twining ferns
do not differ in their habits from other twining
plants”.

Finally, the heat buffering property under solar
radiation must be determined with L. japonicum.
Through the minimal model tests described here, we
attempt to demonstrate that local surface tempera-
ture above ceramic roof tiles of a building can be
effectively buffered, thus lowering daytime tempera-
ture and maintaining relative warmth during the
night, by the presence over the tiles of leafy climbing
ferns, possibly due to reflection and absorbance of
solar rays and prevention of the release of heat from
the building surface. However, once plants are
installed on tall walls or the top of buildings which
are far from accessible for manual daily care, real-
time routine monitoring and controls of plant growth
status should be automated using various optical
sensors. For this purpose, background data for opti-
cal properties of a Lygodium canopy under solar inci-
dent light, reflecting the thermal and growing status,
have been investigated.

2. Materials and Methods

Plant materials and experimental set up
Lygodium japonicum is commonly known as

“Japanese climbing fern”. This native fern grows very
rapidly and thus often covers neighboring living
trees, rocks and walls in gardens (Fig. 1). For orna-
mental purposes, L. japonicum has been exported
out of the country. For instance, this plant was intro-
duced in 1932 in Florida, USA (Gordon and Thomas,
1997). In the Hibikino campus of the University of

Kitakyushu (Wakamatsu-ku, Kitakyushu, Japan; 33˚
53’24’’ North latitude, 130˚ 42’ 49’’ East longitude),
semi-wildly propagating L. japonicum plants (Fig. 1A-
E) directly exposed to sunlight were sampled,
replanted in pots, and kept in the greenhouse for
three days under fluorescent light to recover prior to
experiments.
Model set-up on building roof to measure daytime

roof tile temperature with and without Lygodium leaf
canopy

The experimental was set up on the rooftop of a
building to assess the shading properties of the
Lygodium canopy (Fig. 2A). Lygodium plants were
potted and placed on the building roof-top, with
bunches of leaflets covering ceramic tiles on which
pairs of fine thermocouples (thermal sensors) were
set.

We previously reported the real-time measure-
ment of rapid and accurate temperature changes in
the micro-environments within a plant cell culturing
system (Lin et al., 2006). The real-time thermo-sens-
ing units employed here have similar set-ups. The
units consist of fine thermocouples (KFT-25-200-100,
ANBE SMT Co., Japan), an AD/DA 8 channel converter
(MR-500, Keyence, Japan), and a PC with a display
(Fig. 2 B-D). Each sensory unit, calibrated immediate-

Fig. 1 - The semi-wildly propagating Japanese climbing fern,
Lygodium japonicum, used in this study. (A) Vegetative
leaflet. (B) Reproductive leaflet. (C) Semi-wild plants sur-
viving in the gaps between stones (as indicated by
arrows). (D) Aggressive growth of L. japonicum winning
the competition with other standing plants. (E) Climbing
growth of L. japonicum on the concrete and aluminum
walls, thus naturally greening the building. (F) Even
though it came after, L. japonicum plants are growing on
the concrete wall by rapidly covering over the pre-exist-
ing vines of Ficus pumila L. Plants were found on
Hibikino campus of the University of Kitakyushu,
Wakamatsu-ward, Kitakyushu, Japan (A-E), and a private
garden in Miyazaki Prefecture, Japan (F).



Adv. Hort. Sci., 2016 30(2): 59-67 

62

ly before the experiment, possesses small heat
capacity, thus enabling immediate and accurate mea-
surements.

Solar spectra, canopy-filtered light spectra and leaf-
reflectivity spectra

To measure solar and leaf canopy light spectra, a
CL-500A Illuminance Spectrophotometer (Konika
Minolta, Tokyo, Japan), which covers the range
between 360 nm and 780 nm, was used.
Spectroscopic analyses of reflectivity on the surface
of leaves were carried out using a portable near-
infrared (NIR) field spectro-radiometer, FieldSpec

HandHeld 2 (ASD Inc., Atlanta, GA, USA), designed for
spectral measurements (ranging from 325 nm to
1075 nm) on site (Fig. 2E). In figure 2F and G, the fate
of incident solar light illuminating plant leaves and
generalized modes of energy transfer by short wave-
length (blue) light and long wavelength (red) light
after illumination of chlorophylls are illustrated.
Based on the experimental design described here,
spectroscopic data on incident light (J), reflection by
leaves (R), transmittance through leaves (T), light
energy captured by leaves (j) and chlorophyll fluores-
cence (F) can be non-invasively and remotely moni-
tored.

3. Results and Discussion

Effects of Lygodium japonicum canopy on ceramic
roof tile surface temperature 

The heat-blocking or buffering action by the leafy
canopy of L. japonicum was assessed by monitoring
the changes in local temperature on the surface of
model ceramic tiles with and without L. japonicum
coverage (Fig. 3). Comparisons were made on a
cloudy day (2 October 2014) (Fig. 3, top) and a sunny
day (3 October 2014) (Fig. 3, bottom). In both cases,
daytime temperature was higher on the control tiles
without plant canopy. Data clearly suggest that the
fluctuation of temperature due to direct exposure to
naturally changing solar light intensity could be
buffered.

Fig. 2 - Experimental set up to assess the shading properties of
the Lygodium japonicum canopy on the roof of a build-
ing. (A, B) L. japonicum plants set up on the roof. (C) One
of the fine thermocouples placed on the ceramic tiles.
(D) Composition of the monitoring units. (E)
Measurement of reflection spectra on the surface of
plant leaves using a portable NIR field spectro-radiome-
ter. (i) PC control booth beneath the solar panels.
Arrows (ii) and (iii) indicate the positions of the thermo-
couples. (iv) A note PC, (v) an AD/DA 8-channel convert-
er, (vi) connecting cables. (F) Fate of incident solar light
illuminating plant leaves. J, incident light; R, reflection;
T, transmittance; j, captured light energy; H, local heat
loss; F, fluorescence; and P, photosynthesis. Optically, J,
R, T, j and F can be determined. (G) Energy transfer by
short wavelength (blue) light and long wavelength (red)
light after illumination of chlorophylls.

Fig. 3 - Assessment of the sun-shading effect of L. japonicum
canopy by monitoring of the surface temperature.
Typical data, recorded on 2 and 3 October 2014, are
shown.
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In addition to the action of the plant canopy in the
daytime, the nighttime changes in local temperature
were also buffered by the presence of the L. japon-
icum leaves, possibly by minimizing the bulk flow of
heat-removing air reaching the tile surface, and also
by blocking the heat transfer out of ceramic tiles
through the highly reflective nature of the leaves in
the NIR region. These hypotheses will be the subject
of critical experimental examination in future studies.

Filtering of solar rays through Lygodium japonicum
leafy canopy

Solar radiation above and under the L. japonicum
leafy canopy were monitored with a hand-held
Spectrophotometer (Fig. 4). By subtracting the level
of radiation under the canopy from that recorded
above the plants, total light filtering performance by
L. japonicum canopy could be calculated (Fig. 4, bot-
tom). Data from two nearby experimental sites, each
with its independent plant, indicated that a majority
of solar radiation was filtered by the leaf canopy,
possibly through absorption and reflection of light.

Reflection of solar rays by Lygodium japonicum leaves
Reflectivity of L. japonicum leaflet surface was

measured under sunlight (Fig. 5) (3 October 2014).
Due to the presence of chlorophylls, there was
always a pair of valleys of reflectivity in the blue and
red regions (in the range below 450 nm and around
660 nm), which correspond to the absorbance by
chlorophyll a and its related metabolites (Kawano et
al., 1999). In the range of visible light, green-colored
light (peaking at around 550 nm) was most highly
reflected as expected by the presence of chlorophylls
in the leaves. Since green light was also the major
light component of the under-canopy radiation (Fig.
4), absorption of green light by plant pigments was
shown to be negligible.

In the NIR region, a high rate of solar radiation
was reflected upwards (Fig. 5), suggesting that the
decrease in NIR radiation below the plant canopy is
largely due to reflection. A steep increase in reflectiv-
ity spanning from the red region to NIR region repre-
sents the so-called “red edge” of reflection. This is a
phenomenon commonly observed in various green

Fig. 4 - Spectrometric analysis of solar radiation and its filtering
by L. japonicum canopy. Typical data, recorded on 3
October 2014, are shown.

Fig. 5 - Analysis of leaf reflectivity using the leaves of L. japon-
icum plants covering ceramic roof tiles. (A) Typical
reflectance spectra from L. japonicum leaves recorded at
9:00, 12:00, 15:00 and 18:00 on 3 October 2014 are
shown. (B) An example of processed reflectance spec-
trum. Relative signal intensity was determined after the
first order differentiation of the spectral data. (C)
Changes in the normalized chlorophyll fluorescence sig-
nal. Signals corresponding to reflectance in the green
and red-to-NIR regions are labeled as “Green reflection”
and “Red edge”, respectively. Chlorophyll-dependent
fluorescence signals detected at 760 nm and 679 nm,
corresponding to O2-A and O2-B Fraunhofer lines,
respectively, are labeled.
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leafy plants, suggesting that most green plant
canopies are capable of creating shade, minimizing
the NIR radiation allowed to reach ground level, thus
blocking the heating radiation to reach beneath the
leaves. In this context, a L. japonicum canopy fulfills
one of the key criteria as a thermal buffering plant
canopy.

Detection of chlorophyll fluorescence signals in the
reflectivity spectra

At 760 nm, the wavelength corresponding to the
O2-A solar Fraunhofer line (telluric absorption band)
near 760 nm, a spike of signal corresponding to
chlorophyll fluorescence was observed especially
under morning solar radiation (Fig. 5A) (labelled as
O2-A). However, chlorophyll signal at O2-B near 687
nm solar Fraunhofer line could hardly be detected
since 687 nm coincides with the steep increase in
“red edge” reflectance by leaves (Fig. 5A). After first-
order differentiation of the reflectance spectra, the
red edge reflectance signal no longer interferes with
the reading of chlorophyll fluorescence at 687 nm
(Fig. 5B) (labelled as O2-B). In this way, quantification
of chlorophylls and estimation of the spread and den-
sity of vegetative plant tissue can be non-invasively
and even remotely monitored as plant vegetation
performance mapped by remote-sensing satellites
(Meroni et al., 2009; Guanter et al., 2010; Mazzoni et
al., 2012). However, we have to be cautious about
the handling of fluorescence data to assess the area
of leaf coverage since fluorescence signals can poten-
tially report the status of gross photosynthesis (with-
out considering the rate of respiration) and there-
fore, it may be altered over the course of the day.
The fate of light energy reaching the plant leaf sur-
face can be expressed as follows:

J= R+T+H+F+P [1]

j= J-R-T [2]

where J, R, T, H, F, P, and j stand for incident light,
reflection, transmittance, heat loss, fluorescence,
photosynthesis, and captured light energy, respec-
tively. Then, the fate of j can be traced as follows:

j= H+F+P [3]

P= j-H-F [4]

In this study, we directly and fully monitored J
(Fig. 4) (solar spectrum), R (Fig. 5A), and T (Fig. 4)
(canopy spectrum), and partial F, the intensity of
which is proportional to the total F (Fig. 5A, B). By
definition, j can be readily estimated from recorded J,
R and T. Therefore, the rate of gross photosynthesis

(P) under constant or known j should be negatively
proportional to the rate of heat loss (H) + fluores-
cence (F). Assuming that H is constant (actual
changes in local heat loss in the leaves should be
determined in future experiments), changes in F indi-
cate the photosynthetic status of the plants. In fact,
quantification of fluorescence signal and monitoring
of its temporal changes can be readily performed
after normalization with green reflection (Fig. 5B, C).
Taken together, the data in figure 5C suggest that L.
japonicum plants are fully ready for photosynthesis
only after midday.

Need for the evaluation of photosynthesis
We have recently proposed a series of practical

equations designed to describe the collective gross
photosynthetic response within the plant canopy
(Okamoto et al., 2016). Using our equations, the pho-
tosynthetic capacity in the plant canopy structure
can be simply simulated based on minimal sampling
of a single top-positioned leaf through measurement
of (i) PI-curve in a horizontally placed single leaf, (ii)
state of dark respiration in a single leaf, and (iii)
transmittance through a single leaf.

As pointed out by Monsi and Saeki (2005), T
through layer of leaves can be expressed according
to the definition by Beer-Lambert law as follows:

T=e-ax [5]

where a and x are absorption coefficient and length
of the path within the leaf layer, respectively. For
simplification of the model, we assume that the
canopy structure consists of uniform leaves. By
experimentally determining the value for T in a single
leaf, we can approximate the total light used for pho-
tosynthesis within the canopy structure as follows:

[6]

where i is the number of leaves (i=0 is initial light
intensity above the leaves). Today, Michaelis-
Menten-type photosynthetic equation proposed by
Platt and Jasby (1976) is widely accepted by the plant
research community to describe the nature of gross
photosynthesis as below:

[7]

Recently, we proposed that photosynthetic light
response curves can be generated based on a limited
number of experimental data points through applica-
tion of Platt-Jasby equation by determining Pmax val-
ues and Kj values from least-sized experiments
(Nagasawa et al., 2015).

By substituting J in equation [7] with the total
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light used for photosynthesis within the canopy as
shown in equation [6], we can obtain the following
equation:

[8]

where Pn stands for P in the nth leaf in the canopy.
Since the collective light yield rapidly converges, k
can be replaced with ∞ in a practical sense. This
equation can be rewritten to modify the apparent
Michaelis constant as follows:

[9]

By accurately determining P or total P in the
canopy through a model experiment, we can more
accurately estimate the local heat loss (H) on the leaf
as:

H= j-F-P [10]

Climbing plants
It is well known that climbing plants, as represent-

ed by the tendril-bearing plant families, chiefly
belong to higher flowering plant families such as
Vitaceae, Bignoniaceae, Passifloraceae and
Cucurbitaceae (Fabre, 1855; Darwin, 1875; Gerrath et
al., 2008), many of which are agriculturally and eco-
nomically important (Kawano et al . ,  2012).
Interestingly, only a few climbing species can be
found among the seedless vascular plant lineages,
including ferns (Darwin, 1875). Many more climbing
fern species may have been lost in the course of evo-
lution, since it is believed that there was a dramatic
drop in the diversity and abundance of most fern
species, inversely-proportional to the burst of diversi-
fication in angiosperms during the Cretaceous period
(Schneider et al., 2004).

Timing of model experiments

We planned to examine the slowing effects of L.
japonicum canopy on both local heating during day-
time and local cooling during nighttime; for this pur-
pose, early October (2014) was chosen as the timing
for model experiments. Although the attempt pre-
sented here provides preliminary data in support of
the thermal buffering capacity of L. japonicum
canopy, further model experiments taking place
under two extreme conditions, namely in mid-sum-
mer and mid-winter, are required in order to fully
assess the thermal buffering capacity of this species.
Finally, there is great interest in assessing the quanti-

tative heat balance and the radiation balance on the
surface of walls or roofs based on the larger scale
experiment with special reference to the thermal
buffering effect of L. japonicum in all seasons in
Japan.

Future environmental studies

Green components covering buildings and walls in
urban areas are exposed not only to natural environ-
mental stresses but also to artificial stressful condi-
tions, chiefly exposure to polluted air containing
ozone (Kadono et al., 2006; Tran et al., 2013) and
related oxidants (Yukihiro et al., 2012). Most plants
exposed to such oxidative stress readily develop visi-
ble symptoms on the leaves reflecting the onset of
programmed cell death (Kadono et al., 2010). The
sensitivity and/or tolerance of L. japonicum to such
stressful conditions must be studied prior to its wider
application in urban greening projects.

4. Conclusions

The minimal thermal analysis of the sun-shading
effect of L. japonicum canopy was performed by
monitoring changes in tile surface temperature. In
order to optically monitor the natural shading and
growth properties of a green canopy consisting of
the leaves of a climbing fern, the following optical
approaches have been performed for the first time:
here, optical properties of L. japonicum under solar
incident light, namely, the natural shading and grow-
ing properties of green canopy were studied. The
incident solar radiation spectrum (J), leaf transmit-
tance (T) spectrum, and leaf-reflectivity spectrum (R)
were measured. In the reflectivity spectrum, con-
comitant chlorophyll fluorescence signal (F) was
detected at 760 nm, corresponding to the O2-A
Fraunhofer line. Data suggests that the daily change
in photosynthetic status (P) can potentially be traced
by monitoring the change in relative F in relation to
the estimated heat loss (H) and measured J, R, and T.
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1. Introduction

Tuberose (Polianthes tuberose L.) is one of the

most important cut flowers in tropical and subtropi-

cal areas and as cut flowers they are among the most

important for flower bouquets, baskets and wreaths

(Kendirli and Cakmak, 2007). The florets have a very

sweet fragrance and are widely cultivated in India

and France as a source of essential oils for the per-

fume industry. Polianthes is also a common garden

plant in the spring and it flowers during the summer

and early autumn (De Hertogh and Le Nard, 1993).

Two major cultivars, white-colored ‘Single’ and

‘Double’, are for commercial production (Shen et al.,

2003). In tuberose, fewer than 50% of the buds nor-

mally open after harvest and florets and buds usually

drop off after a few days in vase. Postharvest perfor-

mance is worse in tuberose which has been shipped

to distant markets (Waithaka et al., 2001). Keeping

quality of spikes is only three days for florets and

vase life of flowers is only a few days. Since it has del-

icate flowers and sellers and customers are keen to

extend its vase life, it is necessary to improve its

postharvest life (Anjum et al., 2001). Senescence in

cut flowers is affected by three main parameters: the

water balance, the supply of carbohydrates, and sus-

ceptibil ity to ethylene (Cortes et al . ,  2011).

Treatment with gibberellic acid has also been shown

to enhance postharvest life and quality of gerbera cut

flowers. Using GA3 at different concentrations

improved membrane stability index, leading to better

flower vase life of gerbera cut flowers (Emongor,

2004). Similar effects on membrane stability index

have been reported in gladiolus with BA and GA3

(Singh et al., 2008). GA3 treatment of sandersonia

flowers delays the senescence-associated increase in

protease activity, which by implication delays the

breakdown of senescence-associated proteins

(Eason, 2002). Calcium (Ca) is an important element

which is found in 3% of the earth’s crust. It is essen-

tial to living organisms and to plant growth and

development. Some of these benefits include

stronger cell walls, increased postharvest life of flow-

ering plants, and increased disease resistance

(Robichaux, 2005). Calcium spray increased the life of

rose petals by increasing the relative water content

(RWC), maintaining turgidity of leaf cells, avoiding

cell wall deformation, and decreasing electrolyte

leakage from cells of cut flowers by increasing cell

Adv. Hort. Sci., 2016 30(2): 69-74 DOI: 10.13128/ahs-19131

Some characteristics of tuberose as affected by 

pre-harvest application of calcium chloride and

gibberellic acid

S.N. Mortazavi (*), F. Bagheri, M. Bahadoran

Collage of Agriculture, Department of Horticulture, University of Zanjan, Zanjan, Iran.

Key words: bulbous plant, cut flower, ethylene, longevity, postharvest.

Abstract: In the present study the effect of gibberellic acid (GA3) and calcium chloride (CaCl2) sprays (0, 150, 300 and 450

ml L-1), applied 25 and 15 days before harvesting, on physiological and morphological characteristics of tuberose ‘Pearl

Double’ was studied. Cut flowers were harvested and transported to the laboratory where they were placed in distilled

water. The experiment considered some parameters for evaluation, such as relative water content of leaves and petals,

water intake, percentage of open florets, electrolyte leakage, ethylene production, chlorophyll and carotenoid content.

Results indicate that the best treatment was the combination of 150 ml L-1 CaCl2 and 450 ml L-1 GA3 for most of parame-

ters.

(*) Corresponding author: mortazavi46@gmail.com

Received for publication 20 January 2016

Accepted for publication 1 April 2016

Copyright: © 2016 Author(s). This is an open access article distributed under the terms of the Creative Commons

Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and 

reproduction in any medium, provided the original author and source are credited.



Adv. Hort. Sci., 2016 30(2): 69-74 

70

wall integrity and stability (Mortazavi et al., 2007).

Floret abscission and short vase life of tuberose are

common problems, thus the aim of this study was to

determine the effect of foliar application of gibberel-

lic acid and CaCl2 treatments on some morpho-physi-

cal parameters that affect the vase life of cut

tuberose.

2. Materials and Methods

This experiment was conducted in summer 2012

at the commercial tuberose (double cultivar) farm

located in Tarom county of Zanjan province, Iran; lati-

tude 36° 57΄ North and longitude 48° 54΄ East. About

500 m2 of this farm is used for experimental treat-

ments. The plants received as foliar spray CaCl2 (from

Merck), with molar mass 147.01 g M-1, and gibberellic

acid (from Merck), with molar mass 346.37 g M-1, 15

and 25 days before harvest of flowers. CaCl2 (0, 150,

300 and 450 ml L-1) (0, 1, 2 and 3 mM) and gibberellic

acid (0, 150, 300 and 450 ml L-1) (0, 0.4, 0.8 and 1.2

mM) were used. Before application, leaves of plants

sprayed with distill water, one hour after distil water

spired, CaCl2 treatment (four liters) and two hours

after that gibberellic acid treatments (four liters)

were done until runoff. When most of the two or

three lowest inflorescence florets opened, flowers

were harvested and immediately transferred to the

postharvest laboratory at the Department of

Horticulture, Faculty of Agriculture, Zanjan

University. Flowering stems then were cut to 65 cm,

weighted (fresh weight) and placed in 400 ml distilled

water. All experiments were performed in a posthar-

vest room equipped with a controlled environment

maintained at 22±1°C, 45±5% relative humidity and

light intensity for 12 h/day by cool-white fluorescent

lamps.

The following parameters were measured: fresh

weight of flowers and numbers of open florets of

inflorescences before being placed in distilled water,

rate of opening and abscission of florets every three

days, water uptake every four days, relative water

content (RWC) of leaves and petals, cell membrane

injury (CMI) of petals, chlorophyll and carotenoid

content of plant tissue, and ethylene production of

flowers. Vase life longevity was recorded when at

least four open florets on the inflorescence were pre-

sent.

To measure the RWC, 1 g of petal tissue (fresh

weight, F.W.) was immersed in distilled water for 24

h and weighed again (turgid weight, T.W.), then dried

at 80°C inside an oven for 48 h (dry weight, D.W.).

RWC was calculated using the following equation

(Turner, 1981):

RWC= (F.W.-D.W.)/(T.W.-D.W.)×100

Cell membrane injury was measured following the

Isacc and Urban (1995) method; after seeing the first

flowers of inflorescence, measurements were done.

One g of petal tissue of top open bud flowers weight-

ed of each plant and washed with distilled water,

then were immerged in glass container containing 10

ml of distilled water and were placed inside a ben-

mary (Gemmy Ind. Corp., Taiwan) at 30°C for 60 min

and EC was measured (EC1), then were placed inside

a autoclave at 120°C for 20 min, and EC was mea-

sured again (EC2), and CMI was calculated using the

following equation:

CMI =1-(EC1/EC2) ×100

Ethylene production of flowers 3, 6, 12 and 24 h

after placement in 500 ml distilled water at 23oC was

measured by an Ethylene biosynthesis bioconserva-

tion device model ICNA56. Treated flowering inflo-

rescence was in distilled water in the laboratory with

the same conditions inside the container and packag-

ing (Volume 2.5 liters) were (Almost all the flowers

were the same size). Flowers in the tank without

meeting with any special hole for injection or sam-

pling were used and thus ethylene concentrations

were prepared by flowers. Chlorophyll and

carotenoid content were determined by spectropho-

tometeric method (Arnon, 1949).

The present study was carried out in a complete

randomized design with factorial arrangements

including 16 treatments and three replications. Data

were analyzed by MSTATC software and means were

compared using LSD test at 5% level.

3. Results and Discussion

Effect of CaCl2 and gibberellic acid on relative water

content of tuberose leaves (RWCL) and florets (RWCF)

Results indicated that interaction of 450 ml L-1 gib-

berellic acid and 150 ml L-1 CaCl2 had a significant

effect at 5% level on the relative water content of flo-

rets compared with the control (Table 1). Our results

agree with those of Cortes et al. (2011) on Rosa x

hybrid cv. Grand Gala, Mortazavi et al. (2007) on

Rosa x hybrida cv. Iliona and Abdolmaleki et al.

(2015) on cut rose cv. Dolce Vita. Gibberellic acid

reducing water loss via transpiration, increase water
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uptake in plant tissues (Emongor, 2004). Calcium

spraying increased the life of petals by increasing the

RWC, maintaining leaf cell turgidity and avoiding cell

wall deformation. Gibberellic acid application togeth-

er with CaCl2 might increase the efficiency of Ca use

in plants.

Effect of CaCl2 and gibberellic acid on water uptake of

tuberose (WU)

Results indicated that 450 ml L-1 CaC2 + 450 ml L-1

gibberellic acid gave maximum water uptake (Table

1). These results agree with results of Vijaya et al.

(1999) on cut tuberose, Cortes and et al. (2011)

regarding Rosa hybrid cv. Grand Gala, Dansheng

(2003) on cut rose, and Sosa Nan (2007) on sun-

flower. Calcium interacts with polygalacturonic acid

(PGA) groups, forming a structure known as an “Egg

box”, which causes the contraction of pectins in the

pit borders, increasing the diameter and, conse-

quently, water flow (Cortes et al. ,  2011). The

increased reducing sugars in flower heads and stems

of gerbera cut flowers may increase the osmotic

potential of flower head and stem, thus improving

their ability to absorb water and maintain their

turgidity (Emongor, 2004). Water uptake improved in

tuberose by foliar application of gibberellic acid and

CaCl2.

Effect of CaCl2 and Gibberellic acid on opening florets
of tuberose (OP)

Interaction of 150 ml L-1 CaCl2 and 450 ml L-1 gib-

berellic acid yielded the maximum amount of open-

ing florets (Table 1). This result concurred with

Halevy et al. (2001) who reported that CaCl2 treat-

ment promoted bud opening and delayed senes-

cence in rose cut flowers. The treated flowers stayed

turgid and continued their initial postharvest growth

for longer periods. Treatment with GA3 is useful for

improving the vase life of cut N. tazetta var. chinensis

flowers (Ichimura and Goto, 2000). Spraying with 200

ml L-1 GA3 increased plant height, early flowering,

spike length and number, rachis length, flower

weight and length, and total flower yield in a study

carried out by Bharathi and Kumar (2009), which was

the same as our results. Gibberellins increase hydrol-

ysis of starch, fructans and sucrose into glucose and

fructose which are utilized by the flowers for disc flo-

ret opening (Emongor, 2004).

Effect of CaCl2 and Gibberellic acid on floret abscis-

sion of tuberose (AF)

The lowest percentage of floret abscission (9.83%)

was found at 300 ml L-1 gibberellic acid while the

highest (23.45%) was found at 150 ml L-1 CaCl2 (Table

1). Our results were similar to those of Uthairatanakij

(2005) who reported CaCl2 significantly reduced the

postharvest dropping of orchid buds flower com-

pared to control. Calcium treatment probably

increases the strength of cell walls. The abscission of

leaves, flowers, and fruits is presumed to be brought

about through the weakening of the cell walls in the

abscission zone. This weakening may have two com-

ponents: a solubilizing of the cell wall cementing sub-

Table 1 - Means of interaction of CaC2 and gibberellic acid on relative water content (RWC) of leaves and florets (%), water uptake (mL),
opening and abscission of florets, number of florets, fresh weight of flower (g), vase life (day), chlorophyll content a, b and
total chlorophyll content (mg), and carotenoid content (µg) of cut tuberose (Polianthes tuberosa L.) after first flower opening
of inflorescence

CaCl
2

(ml L-1)

Gibberellic

acid 

(ml L-1)

RWC of

least

(%)

RWC of 

floret

(%)

Water

uptake

(ml)

Opening 

florets 

(%)

Abscission of

florets 

(%)

Number 

of

florets

Fresh weight

of flower

(g)

Vase life

longevity

(day)

Chlorophyll

content b

(mg)

Total 

chlorophyll 

content 

(mg)

Carotenoid

content

(µg)

0 0 82.48 g* 76.12 de 111.7 bc 20.77 g 12.24 fgh 35.33 ab 78.46 ef 8.50 h 0.04600 bcdef 0.03267 efg 0.01300 g

150 92.67 b 70.54 fg 105.6 bcdef 29.43 def 11.14 fgh 32.67 bcd 78.28 ef 9.30 g 0.03767 cdef 0.04867 cde 0.02333 cd

300 87.51 def 76.66 de 98.89 f 30.15 def 09.83 h 36.33 a 88.27 ab 9.77 def 0.05400 bcdef 0.03567 defg 0.01300 g

450 94.91 a 91.58 b 112.2 b 37.66 ab 10.70 gh 32.67 bcd 82.46 cde 11.37 b 0.07333 bc 0.01037 a 0.01900 de

150 0 79.39 h 85.82 c 110.6 bcd 31.02 def 23.45 a  33.00 bcd 78.64 def 10.80 c 0.03133 def 0.01733 g 0.01000 h

150 96.66 a 70.73 fg 103.9 cdef 36.27 abc 18.75 bc 34.00 abc 79.74 def 9.43 fg 0.02100 f 0.02367 fg 0.01267 g

300 82.27 g 73.75 ef 110.6 bcd 34.50 bcd 16.70 cde 32.00 cd 88.75 a 9.57 efg 0.04600 bcdef 0.03500 defg 0.01833 e

450 73.99 i 96.10 a 113.3 b 40.74 a 13.72 efg 35.33 ab 82.01 cde 11.83 a 0.16260 a 0.05933 c 0.02233 ab

300 0 86.55 ef 79.45 d 103.9 cdef 30.74 def 20.92 ab 35.00 ab 80.92 def 10.13 d 0.06767 bcd 0.03333 efg 0.01067 h

150 85.58 f 77.06 de 100.0 ef 27.94 ef 20.22 b 34.67 ab 83.57 bcd 9.90 de 0.03300 def 0.04700 cdef 0.01967 de

300 89.02 cd 73.29 ef 110.0 bcd 29.82 def 14.23 def 36.00 a 77.50 ef 9.53 efg 0.04233 bcdef 0.05700 cd 0.02133 bc

450 90.27 c 86.30 c 113.3 b 32.40 cde 13.75 efg 31.00 d 77.77 ef 11.00 bc 0.08000 b 0.08100 b 0.02367 a

450 0 86.48 ef 74.44 ef 103.3 def 29.83 def 17.16 cd 31.00 d 79.24 def 9.47 fg 0.06700 bcde 0.01700 g 0.01333 g

150 88.33 cde 68.17 g 106.1 bcdef 26.56 f 16.61 cde 35.00 ab 75.88 f 8.70 h 0.02933 ef 0.02533 efg 0.01300 g

300 87.68 def 71.28 fg 107.8 bcde 30.32 def 12.33 fgh 36.33 a 86.15 abc 9.30 g 0.04333 bcdef 0.03167 efg 0.01667 f

450 89.49 cd 90.72 b 123.3 a 40.70 a 11.54 fgh 33.67 abc 86.35 abc 11.30 b 0.04833 bcdef 0.03433 defg 0.01633 f

Means in the same column followed by the same letter are not significantly different using LSD test level 5%.
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stances, and a hydrolysis of the structural compo-

nents of the wall. A major part of the cementing

properties of walls is presumed to be through the

binding of pectic substances by double salt formation

with Ca ions (Poovaiah and Leopold, 1973).

Gibberellic acid delays flower abscission by decreas-

ing the amount of dry matter (Khan and Chaudhry,

2006).

Effect of CaCl2 and gibberellic acid on number of

tuberose florets (NF)

Our results indicate that the interaction of 300 ml

L-1 gibberellic acid and 450 ml L-1 CaCl2 yielded the

maximum number of florets, while the interaction of

300 ml L-1 CaCl2 and 450 ml L-1 gibberllic acid gave the

fewest (Table 1). Our results were similar to those

found by Parmar et al .  (2009) on spider l i ly,

Mukhopadhyay and Bankar (1983) on tuberose, and

Singh et al. (1991) on African marigold (Tagetes erec-

ta L.), who reported an increase in number of florets

because of role of gibberellic acid on cell elongation

and division.

Effect of CaCl2 and gibberellic acid on fresh weight of

tuberose florets (FW)

Our results show that the interaction of 150 ml L-1

CaCl2 and 300 ml L-1 gibberellic acid led to the maxi-

mum fresh weight of florets (Table 1), findings which

are in agreement with those of Cortes et al. (2011)

and Dansheng (2003) regarding rose, Sosa Nan

(2007) working on sunflower, and Vijaya et al. (1999)

tuberose. The effect of gibberellic acid on the fresh

weight of florets may be a result of its role on

increasing cell division (Arun et al., 2000).

Effect of CaCl2 and gibberellic acid on vase life of

tuberose (VL)

Application of 150 ml L-1 CaCl2 and 450 ml L-1 gib-

berellic acid had significant effect on vase life para-

meter of tuberose (Table 1). Cortes et al. (2011)

found that using CaCl2 in the vase water of rose cv.

Grand Gala gave maximum fresh weight. Loss of cell

membrane integrity is characteristic of senescence in

plants. Calcium protects the membranes from lipid

degradation probably through several mechanisms.

Calcium can stabilize the plasma lemma by binding to

the negatively charged head groups of PL, which

become less prone to degradation by lipolytic

enzymes (Cheour et al., 1992). Analogous results

were found by Uthairatanakij et al. (2005) regarding

spraying CaCl2 on Dendrobium orchid, and by

Robichaux (2005) regarding the effect of calcium

chloride, sulfate or nitrate spray on the vase life of

rose and poinsettia. Gibberellic acid increases water

absorption and relative water content, resulting in

vase life longevity. Our results also agree with the

findings of Su et al. (2001) on tuberose and Emongor

(2004) on gerbera flower.

Effect of CaCl2 and gibberellic acid on cell membrane

injury of tuberose (CMI)

Results reveal that the minimum cell membrane

injury was at 300 and 450 ml L-1 gibberellic acid and

with interaction of 450 ml L-1 CaCl2 and 450 ml L-1 gib-

berellic acid (Fig. 1). The enhancing effect of the

application of Ca can be explained on the basis of its

role in cell membrane structure. It may be noted that

Ca stabilizes cell membranes by connecting various

proteins and lipids at membrane surfaces, influences

the pH of cells and prevents solute leakage from

cytoplasm and increase shoot elongation (Al-Whaibi

et al., 2010). If low Ca makes the membrane more

permeable, it should follow that elevated concentra-

tions make the membrane less permeable (Hepler,

2005).

Effect of CaCl2 and gibberellic acid on ethylene pro-

duction of tuberose

The lowest values of ethylene production after 3 h

were found in 450 ml L-1 gibberellic acid and in of 300

ml L-1 CaCl2 + 450 ml L-1 gibberellic acid; these values

were significant compared to control and most of the

other treatments. Ethylene production after 6 h of

treatment with 300 ml L-1 gibberellic acid and after

12 h with 300 ml L-1 CaCl2 combined with 150, 300

and 450 ml L-1 gibberellic acid, respecitvely, showed

the lowest values. After 24 h of treatment, the lowest

levels were found with 450 ml L-1 CaCl2 + 150, 300

Fig. 1 - Means of interaction of CaCl
2

and gibberellic acid on cell
membrane injury (CMI) of leaves of cut tuberose.
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and 450 ml L-1 gibberellic acid. Highest ethylene pro-

duction was found at 3 and 12 hours with treatments

of 150 ml L-1 CaCl2 + 150 ml L-1 gibberellic acid, at 6

hours with treatment 150 ml L-1 CaCl2, and 150 ml L-1

CaCl2 + 150 ml L-1 gibberellic acid at 24 hours (Fig. 2).

Pre-harvest treatment of CaCl2 decreased ethylene

production, which agrees with the results of

Uthairatanakij et al. (2005) on orchid and Cortes et

al. (2011) on rose. Calcium decreased activity and

effect of ethylene on cell walls and affected senes-

cence with inhibition of cell membrane injury. The

application of calcium spraying gave the result to

improve the strength of plant cell wall and delayed

the senescence processes by inhibition of ethylene

synthesis. In addition, calcium ions also seem to

affect ethylene action on cell membranes by inhibit-

ing ion leakage and reducing the effect of ethylene

on senescence (Asfanani et al., 2008). Gibberellic acid

treatments decreased ethylene production com-

pared with the control, findings that agree with the

results of Ichimura and Goto (2000) on Narcissus and

Lers et al. (1998) on parsley. Inhibition of ethylene

production by gibberellic acid is related to the ethyl-

ene production enzyme. Gibberellic acid inhibited

ACC enzyme activity and resulted in inhibition of eth-

ylene production (Ben-Arie and Ferguson, 1991).

Effect of CaCl2 and gibberellic acid on chlorophyll and

carotenoid of tuberose

Results of this study indicate that the interaction

effect of 300 ml L-1 CaCl2 and 450 ml L-1 gibberellic

acid on chlorophyll a content was significant. Also

150 ml L-1 CaCl2 and 450 ml L-1 gibberellic acid had a

significant effect on chlorophyll b content. The low-

est chlorophyll b content was found in treatment

with 150 ml L-1 of gibberellic acid and CaCl2. Total

chlorophyll content was highest with 450 ml L-1 gib-

berellic acid. The maximum carotenoid content was

recorded at 300 ml L-1 CaCl2 and 450 ml L-1 gibberellic

acid, with the lowest level was found at 150 and 300

ml L-1 CaCl2 (Table 1). Calcium treatment caused the

leaves to grow greener in color and the stems to

grow more (Asfanani et al., 2008). According to the

results of Aharoni (1989), Lers et al. (1998), Ichimura

and Goto (2000), Ferrante et al. (2002), and Khan and

Chaudhry (2006), yellowing of leaves destruction and

decrease of chlorophyll can be delayed by gibberellic

acid treatments. Our results reveal that using CaCl2

and gibberellic acid together was better at increasing

chlorophyll a, b, and total content than using each

one alone. The same results were observed for the

content of chlorophyll a, b, and total of faba bean

(Vicia faba L.) cv. Taraby (Al-Whaibi et al., 2010).

4. Conclusions

Pre-harvest treatments with CaCl2 and gibberellic

acid improved some morphological and physiological

parameters as well as vase life of cut tuberose.

Combining CaCl2 and gibberellic acid had significant

effects on some parameters. Floret abscission and

low vase life of tuberose are common problems that

can be improved by using CaCl2 and gibberellic acid

before harvest.
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1. Introduction

Ethylene gas (C2H4) is the ripening hormone of
several fruits and vegetables (Hussain et al., 2011;
Keller et al., 2013). Ethylene is used to promote the
uniform ripening of immature fruits such as bananas,
but in most cases it doesn’t work as beneficial ele-
ment both in food and horticultural industries. Few
ppm of ethylene in the storage atmosphere induce
very fast ripening in postharvest which causes unde-
sirable product losses (Keller et al., 2013). Thus it is
desired to remove or degrade ethylene from the
storage environment in order to preserve the
postharvest products and keep them fresh for a
longer time period. The important role of ethylene as
growth regulator of climacteric products was inten-
sively investigated in the last 50 years and now the
ripening process associated to high ethylene produc-
tion is well known. Various methods to remove ethyl-
ene have been developed: ventilation, or controlled
atmosphere, ethylene oxidation using potassium per-

manganate. The photocatalytic ethylene oxidation
thus represents an innovative way to extend posthar-
vest life of the climacteric fruits and vegetables (Park
et al., 2009; Keller et al., 2013; Ye et al., 2013).
Among the catalysts able to induce ethylene photo-
oxidation, TiO2 is promising and attractive due to low
cost, non-toxicity and high efficiency. The photocat-
alytic properties of nanostructured TiO2 have already
been highlighted in several applications, such as pho-
tocatalytic degradation of both air and water organic
pollutants, and self-cleaning surface protection (Pal
et al., 2014).

Anchoring TiO2 nanocrystals on suitable meso-
porous substrate brings relevant practical advan-
tages. The immobilization on support materials slows
or totally inhibits nanoparticles coarsening, preserv-
ing their higher surface area. Secondly, the substrate
greatly improves handling, processing and recover of
TiO2 nanopowder. Mesoporous silica, as a catalyst
support over nano-sized TiO2, represent a good
choice due to high specific surface area and
improved thermal stability of the TiO2 anatase crys-
talline phase. Some recent works also demonstrated
higher photocatalytic activity of TiO2/SiO2 mixed
oxide composites (Fu et al., 1996; Zhan et al., 2014).
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The mesoporous SiO2 is able to reduce the recombi-
nation of photogenerated electron-hole pair, while
higher surface area increases the efficiency in the
heterogeneous photocatalysis.

Over the past thirty years a successful synthetic
strategy, named liquid-crystal template, leading to
mesoporous materials has been developed allowing
to finely tune the porosity (Corma et al., 2006; Xiao
et al., 2008). This methodology involves supramolec-
ular aggregates of ionic surfactants that act as tem-
plating agents, which are able to direct and control
the crystallization of the inorganic nanoparticles
(Beck et al., 1992). After the surfactant removal by
thermal annealing, mesoporous solids with high sur-
face area can be obtained. The morphological and
structural properties of the products can be finely
tuned by varying process parameters such as pH,
temperature, reagent concentrations, surfactants
and silica sources.

In this work, TiO2/SiO2 binary composites
obtained through a liquid-crystal template methodol-
ogy have been tested as catalyst in UV light assisted
ethylene oxidation at room temperature for the
application in modified atmosphere packaging of cli-
macteric fruits and vegetables. A titania precursor
was added in the reaction medium containing the
surfactant and the silica source allowing the one-pot
formation of TiO2 and SiO2. Structure and morpholo-
gy of the obtained TiO2/SiO2 binary composites with
several weight ratios were investigated by using
Brunauer-Emmett-Teller (BET) surface area, X-ray dif-
fraction (XRD), Fourier transform infrared spec-
troscopy (FTIR) and Field emission scanning electron
microscopy (FESEM) measurements.

2. Materials and Methods

Synthesis of TiO2/SiO2 binary oxides
All the reagents involved in the catalyst synthesis

were purchased from Sigma Aldrich and were used
without any further modification. The starting col-
loidal solution was obtained by dissolving 28 g of
Pluronic F127 (EO106 PO70 EO106) in 150 g of distilled
water through vigorous stirring. The complete poly-
mer dissolution was reached after addition of a solu-
tion of 2M HCl (600 g). Then the required amount of
tetraethoxysilane [Si(OC2H5)4, TEOS] was added drop
wise and continued to stirring for an hour. At this
stage, titanium tetraisopropoxide [Ti(OiPr)4, TTIP] was
slowly added and stirred for overnight. The obtained
reaction mixture was heated at 100°C for 24 h and

after that, a xerogel was obtained by centrifuging.
The xerogel was then dried and calcined at 550°C for
6 h with the heating and cooling rate of 1°C/min to
remove the organic content. Following this proce-
dure, binary oxide with the TiO2/SiO2 weight ratio of
9/1, 8/2, and 7/3 were prepared. For comparison, a
sample of pure TiO2 was also prepared with the same
experimental condition. Throughout the text, these
samples are represented as TSBA-10, TSBA-91, TSBA-
82, and TSBA-73, respectively.

Characterization
Crystalline phases of the TiO2/SiO2 powder sam-

ples were characterized by X-ray diffraction (XRD)
performed on a Rigaku Ultima X-ray diffratometer
using CuKα radiation (λ=1.5406 Å) operating at 40
kV/30 mA with the step size of 0.02°. FTIR spectra of
the obtained composites were carried out with a
JASCO FTIR-6300 over the range 4000-400 cm-1 with
a resolution of 4 cm-1 and accumulating 256 scans for
each measurement adopting KBr disc method.
Specific surface area of the samples was measured
by BET method using a Quantachrome NOVA 2200e
surface analyzer. FESEM measurements were per-
formed with a Zeiss scanning electron microscope.

Photocatalytic experimental set up
Photo-oxidation of ethylene gas under UV irradia-

tion in the presence of TiO2/SiO2 composite powder
samples was performed inside a photocatalytic reac-
tor consisting of a quartz tube of 3L irradiated by 4
UV light sources (Osram Puritec HNS15WG13, 15W,
emitting at 254 nm). The pictures of the catalytic
reactor have been reported in figure 1. The experi-
mental set up was equipped with flowmeters, vacu-
um pump, diaphragm pump for gas recirculation, and
thermocouples for the temperature control inside
the reactor. The TiO2/SiO2 powder samples (3 g) were
placed in the quartz tube on a rectangular quartz ves-
sel. Before filling the reactor with ethylene gas/air
atmosphere, it was kept in vacuum to ensure the
purity inside the chamber. Then a gas mixture of air
and ethylene (1 equivalent %) was introduced in the
reactor with a controlled flow system. All the experi-
ments were performed at atmospheric pressure and
the purged gas was continuously circulated in a
closed circuit while maintaining room temperature
inside the reactor. Ethylene photo-oxidation was
monitored at regular intervals by using an Agilent
Gas Chromatograph 7820 A equipped with a capillary
column (HP-PLOT/Q).
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3. Results and Discussion

To investigate the effect of silica framework and
mesoporosity in the catalyst nanostructure, BET spe-
cific surface area measurements were performed on
the powder samples. BET measurements showed an
increase in specific surface area with the increase in
silica content. The sample SBA of pure silica repre-
sents pores with an average diameters of 3.4 nm and
a specific surface area of ~553 m2/g, while the pure
TiO2 (TSBA-10) has pores with average diameter of
16.7 nm and a specific surface area of ~59 m2/g. A
great ratio of surface/volume is a crucial parameter
to optimize photocatalytic efficiency of nanostruc-
tered semiconductors. Intermediate values of specif-
ic surface area and average diameters between those
recorded for pure silica and TiO2, have been obtained
on the binary TiO2/SiO2 oxides (Fig. 2).

The phase transformation of the TiO2/SiO2 cata-
lysts was investigated by XRD and the spectra of each
sample are presented in figure 3. The average crys-
talline size was estimated according to the Scherrer’s
equation, accounting the most intense diffraction
peaks of the corresponding anatase and rutile
phases.

D= kλ/βcosθ (1)

where D is the average crystallite size, k is the shape
factor (0.9), λ is the wavelength of X-ray radiation, β
is the full line width at half-maxima (FWHM) of the
main diffraction peak and θ is the Bragg angle of the
corresponding diffraction peak (Pal et al., 2014).

The weight fraction of anatase and rutile contents
in the samples were calculated according to the fol-
lowing equations:

Fig. 1 - Pictures of the experimental set-up reactor for evaluat-
ing photocatalysis efficiency. Fig. 2 - Pore size distribution curve of (A) the mesoporous silica

(SBA) and (B) TiO2 (TSBA-10).

Fig. 3 - XRD spectra of the TiO2/SiO2 samples with different
TiO2/SiO2 weight ratio.
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WA=1/[1+1.26(IR110/IA101)] (2)
WR=1/[1+0.8(IA101/IR110)] (3)

where WA and WR are the weighted fraction of
anatase and rutile in the mixed phase, and IA101 and
IR110 are the integrated intensity of corresponding
anatase (101) and rutile (110) diffraction peaks,
respectively (Pal et al., 2014). Phase composition and
average crystallite size of the corresponding crystals
are summarized in Table 1, where it is observed that
TSBA-73, TSB-82 and TSBA-91 samples consist of
pure anatase phase whereas in case of TSBA-10,
there is a small amount of rutile phase formation
(~11 wt%). These data clearly indicate that the meso-
porous silica framework helps to stabilize the anatase
crystalline phase and prevent the thermodynamically
favoured phase transformation in to the rutile phase,
as reported by Fu et al. (1996).

FTIR measurements were carried out to investi-
gate the bonding of SiO2 and TiO2 network and they
are showed in figure 4. As a reference of pure silica,
an FTIR spectrum of SBA is also presented. All the
spectra, except for the sample TSBA-10 (100 wt%
TiO2), show intense and distinct vibrational bands at
1092, 805 and 472 cm-1 which are assigned to the
asymmetric stretching of Si-O-Si (1092 cm-1), Si-O-Si
symmetric stretching (805 cm-1), Si-O-Si bending
vibration mode (474 cm-1). The broad band around
3300-3600 cm-1 and the band at 976 cm-1 are attrib-
uted to the stretching vibration of H-bonded silanols
(Si-OH) with hydroxyl groups of the adsorbed water
molecules. Another peak of the adsorbed water is
located at the wavenumber of 1634 cm-1 due to
bending vibration of O-H groups. Furthermore, from
the spectra it can be observed that the band at 665
cm-1 is absent in SBA sample, whereas it is present in
all samples containing TiO2 and it is therefore
attribuited to the Ti-O bond. The appearance of
broad band at 450-800 cm-1 range is also attributed
to the presence of TiO2 It is also interesting to see
that the vibrational band at 1092 cm-1, due to asym-

metric stretching of Si-O-Si, is gradually decreasing
with increasing TiO2 content in the mixed composite
that confirms the variation of TiO2/SiO2 ratio.

FESEM measurements on two different samples,
one without silica support (TSBA-10) and the other
with silica support (TSBA-82) were carried out to
investigate the effect of silica insertion in the com-
posite catalyst samples. FESEM images of these two
samples are showed in figure 5. The lower magnifica-
tion images (Fig. 5 a, c) of TSBA-10 and TSBA-82 sam-
ples represent the overall structure of these powder
samples. Whereas from the images in figure 5 (b, d),
it is clearly visible the mesoporous structures. The
crystallite size as estimated from the XRD spectra
(Table 1) of the corresponding samples matches well
with the size as observed in the FESEM images (Fig. 5
b, d).

The photocatalytic efficiency of the powder sam-
ples was evaluated by the photo-oxidation of ethyl-
ene under UV light illumination. The percentage of
ethylene photo-oxidation with reaction time under
UV light corresponding to four catalysts is summa-
rized in Table 2. For a better comparison, data
reported in Table 2 have been presented as his-
togram in figure 6. From Table 2 and figure 6, it is
clear that the overall photo-oxidation efficiency of
TSBA-82 sample is higher respect to the others. It
also shows a superior catalytic activity in early reac-
tion times. The higher catalytic activity of TSBA-82
sample can be explained owing to stable anatase
crystalline phase, higher specific surface area and
having optimum amount of mesoporous silica sup-
port.

Table 1 - Anatase (WA), and rutile (WR) phase content in differ-
ent TiO2/SiO2 samples and their corresponding crys-
talline sizes calculated from XRD data 

Sample
Phase content Crystalline size (nm)

WA WR <DA> <DR>

TSBA-73 1 0 15.749 -

TSBA-82 1 0 15.998 -

TSBA-91 1 0 17.663 -

TSBA-10 0.887 0.111 17.553 13.866

Fig. 4 - FTIR spectra of pure mesoporous silica and of the
TiO2/SiO2 binary systems.
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4. Conclusions

TiO2/SiO2 catalysts, with different TiO2/SiO2

weight ratios, were synthesized by liquid crystal tem-
plate technique, being SiO2 the mesoporous support

Fig. 5  - FESEM images of (a, b) TSBA-10 and (c, d) TSBA-82 samples.

Fig. 6  - Histogram showing the ethylene oxidation efficiency of
four catalyst samples with the reaction time under UV
light exposure.

Table 2  - Percentage of oxidized ethylene for the catalysts
TSBA-10, TSBA-91, TSBA-82, and TSBA-73 as a function
of the UV light irradiation

Time (h)
Oxidized ethylene (%)

TSBA-10 TSBA-91 TSBA-82 TSBA-73

0 0 0% 0% 0%

1 2% 0% 6% 8%

2 8% 5% 15% 6%

3 16% 15% 20% 8%

4 22% 22% 25% 11%

5 26% 31% 30% 13%

24 98% 97% 99% 89%
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of TiO2 catalyst. XRD results prove that a more stable
anatase phase with silica insertion even at higher cal-
cination temperature is obtained. Increasing the sili-
ca content also leads to a higher specific surface
area. FESEM images showed the well-defined struc-
ture of the catalyst samples. The photocatalysis
experiments revealed that, after 24 hours of reaction
under UV light, total oxidation of ethylene was
achieved in case of TSBA-82 catalyst. The other cata-
lysts, such as, TSBA-0 and TSBA-91 also showed inter-
esting results but the highest activity was observed
with the TSBA-82 sample. This higher efficiency was
explained with surface area, phase stability and opti-
mum mesoporous support. Overall it can be stated
that the TiO2/SiO2, rather than pure TiO2 is a promis-
ing candidate in photocatalytic degradation of ethyl-
ene. It is therefore expected that TiO2/SiO2 can be
fruitfully used in several applications requiring the
control of ethylene to prevent ripening of fruits and
vegetables.
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1. Introduction

Mango (Mangifera indica L.) is the most impor-

tant tropical fruit and considered king of all the fruits

in India. The fruits are a rich source of iron and vari-

ous anti-oxidants. In addition, mango is a rich source

of vitamin A, E and selenium, which help to protect

against heart disease and other such related ali-

ments. Nowadays, continuous use of chemical fertil-

izer without organic manure causes problems of soil

health and fruit quality. Fruit qualities are being dete-

riorated through the use of chemical fertilizers

(Huyskens-Keil and Schreiner, 2003). Organic farming

is currently gaining gradual momentum worldwide

with growing awareness of health and environmental

issues in agriculture and consumers demanding the

production of organic fruit, thus offering an attrac-

tive source of rural income. Organic farming in India

has attracted many farmers throughout the country

and different fruit crops like banana, papaya, pineap-

ple and sapota have been successfully tested.

According to Neuhoff et al. (2011) working with

oranges and Ilic et al. (2013) tomato, organically

grown fruits are rich in various minerals such as P, K,

Ca and Mg. Soil microbes were found to increase in

organic systems compared to the conventional sys-

tem of planting (Dutta and Kundu, 2011). However,

the influence of organic, inorganic, and biofertilizer

on growth characters and fruit quality of mango and

soil properties are not well documented. Hence, a

study was initiated to evaluate their effect on fruit

quality and soil properties.

2. Materials and Methods

The study was conducted at the University

Research station, Gayeshpur, Bidhan Chandra Krishi

Viswavidyalaya, West Bengal, India on 11 years old

tree of mango cv. Himsagar with 10×10 m spacing.

The following eight treatments were imposed:

Vermicompost at 5 kg/plant/year, FYM at 10

kg/plant/year, inorganic fertil izer (NPK at

1000:500:1000 g/plant/year), 50% Vermicompost +
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50% inorganic fertilizer, 50% FYM+50% inorganic fer-

tilizer, Biofertilizer (Azotobacter at 150 g/plant) +

PSM at 100 g/plant), Biofertilizer + 50% inorganic fer-

tilizer, and control (no treatment). Treatments were

applied separately in split doses, once at fruit set and

another at harvest The experiment was laid out in a

randomized block design with three replications.

Mature fruits were harvested and brought to the lab-

oratory for physico-chemical analyses following all

standard procedures as described by Ranganna

(2000).

Total soluble solids were determined using a hand

refractometer (0-32°brix). Total soluble sugar content

was analysed using Fehlings’ A and B solution,

according to the method described by Ranganna

(2000) and expressed as percentage. In this method,

for inversion of room temperature an aliquot of clar-

ied and diluted solution was transferred for a flask.

10 ml of HCl (1:1) was added and allowed to stand at

room temperature for 24 hrs. The solution was then

neutralized with concentrated NaOH solution and

made to volume. An aliquot was taken and the total

soluble sugars were determined as invert sugars

using Fehling’s A and B solution. Titratable acidity (%

malic acid) was estimated by titrating fruit juice (5

ml) to pH 8 against 0.1 M NaoH using phenolphtha-

lene as indicator. Total carotenoids were estimated

by the method described by Ranganna (2000). Five

grams of fresh sample were taken, a few crystals of

anhydrous sodium sulphate were added, and then

crushed in 10 ml acetone with the help of a mortar

and pestle. The supernatant was decanted into a

beaker. The process was repeated twice or thrice and

the combined supernatant was transferred to a sepa-

rating funnel out on standing. Petroleum ether (10 to

15 ml) was added in the separating funnel and

rinsed, the pigment was then transferred to the

petroleum ether phase by diluting the acetone with

water or water containing 5% sodium sulphate. The

extraction of the acetone phase with a small volume

of petroleum ether was repeated, if necessary, until

no more colour was extracted. The lower layer was

discarded and the upper layer was collected in a 100

ml volumetric flask. The petroleum ether extract was

filtered through anhydrous Na2SO4 and the volume

was made up to 100 ml with petroleum ether. The

optical density was recorded at 452 nm using petro-

leum ether as blank containing 3 ml acetone per 100

ml and expressed as µg 100 g-1 pulp. As carotenoids

are light sensitive, all steps were performed under

subdued light. Shelf life was determined at ambient

room temperature (34±1°C). The CO2 evolution of

fruits was determined by titration of residual Ba(OH)2

in the solution with standardized N/10 HCl as

described by Mitra et al. (1971). Growth characters

such as plant height, plant spread, and trunk girth

were measured after fruit harvest. Soil properties

were recorded as per the standard procedure given

by Black (1965). Soil microbial population was count-

ed using the method described by Collin and Lyne

(1985). Statistical analysis was carried out according

to the standard procedures.

3. Results and Discussion

Growth parameters

Table 1 reveals that different nutrient treatments

significantly increased plant height, canopy, spread,

and trunk girth. Biofertilizer + half inorganic fertilizer

gave maximum (6.72 m) plant height, canopy spread

(6.37×6.92 m), and trunk girth (79.32 cm), followed

by Vermicompost (2.5 kg/plant/year) + half chemical

fertilizer (RDF-NPK at 1000:500:1000 g/plant/year);

Treatments
Plant height

(m)

Canopy spread Trunk girth

(cm)
(m)

E-W N-S

1. Vermicompost (5 kg/plant) 5.99 5.49 5.12 69.72

2. FYM (10 kg/plant) 6.10 5.97 6.14 72.11

3. Inorganic fertilizer (NPK- 1000:500:1000 g/plant/yr.) 6.00 5.97 6.11 73.72

4. 50% Vermicompost + 50% Inorganic fertilizer 6.24 6.12 6.31 70.47

5. 50% FYM + 50% Inorganic fertilizer 6.11 6.00 6.09 73.15

6. Biofertilizer (Azotobacter @ 150g/plant + PSM @ 100 g/plant) 5.99 5.84 5.91 70.37

7. Biofertilizer + 50% Inorganic fertilizer 6.72 6.37 6.92 79.32

8. Control 5.97 5.82 5.90 71.41

SEM± 1.01 0.72 1.11 2.40

CD (P=0.05) 3.11 1.92 3.31 3.14

Table 1 - Growth characters of mango cv. Himsagar as influenced by inorganic and organic manures
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the lowest measurements for these three parame-

ters were found in untreated control plants. Korwar

et al. (2006) in Aonla and Shukla et al. (2009) in

guava obtained similar results. These findings may be

due to a better nutritional environment: application

of organic matter improves soil health by improving

the physico-chemical and biological activities

(Schnitizer, 1991) and biofertilizer was found to

enhance the rate of mineralization and availability of

the nutrients, further enhancing plant growth (Sahoo

and Singh, 2005).

Physico-chemical composition of fruit 

Different nutrient treatments significantly

improved the physico-chemical composition of fruits

(Table 2). Biofertilizer + half of inorganic fertilizer

produced maximum fruit weight (285.15 g), yield

(57.20 kg/plant), fruit length/breath (9.14/8.19 cm),

followed by biofertlizer alone. Also with regard to

fruits, control trees gave minimum results. Unlike the

physical characters, the bio-chemical composition of

fruits was more effected by biofertilizer alone.

Biofertilizer (Azotobacter @ 150 g/plant + PSM @

100 g/plant/year) gave maximum total soluble solids

(19.80°brix, total sugar (16.00%) and β-carotene

(6123 µg/100 g) with minimum (0.16%) acidity. Fruits

treated with inorganic fertilizers showed minimum

total solids (18.20°brix) and β-carotene (4792 µg/100

g) with maximum (0.31%) acidity. Results revealed

that fruits grown under organic manure/biofertilizer

had better fruit quality. The increase in physico-

chemical parameters in fruits due to bio-fertilizer

might be because of their role in nitrogen fixation,

production of phytohormone-like substances and

increased uptake of nitrogen as reported by Dutta

and Kundu (2012). Furthermore, micro-organisms are

an important component of soil environment (Arshad

and Frankemberger, 1992). Thus, utilization of biofer-

tilizer could be a better preposition for improving

biological attributes of soil, which in turn may

increase quality and productivity potential of various

crops as reported by Allen et al. (2002).

Soil nutrient status and soil bacterial population

Different nutrient treatments significantly

increased the soil pH and soil organic carbon (Table

3). Biofertilizer alone gave maximum (6.70) soil pH

while inorganic fertilizer-treated soil the minimum

Table 2 - Fruit quality of Himsagar mango as influenced by inorganic and organic manures

Treatments

Fruit

weight 

(g)

Yield

(kg/plant)

Fruit

length/breadth

(cm)

TSS

(°Brix)

Total

Sugar 

(%)

Acidity

(%)

β 

Carotene

(µg/100g)

1. Vermicompost (5 kg/plant) 250.00 50.95 8.40/7.29 18.70 16.12 0.14 5720

2. FYM (10 kg/plant) 151.42 50.35 8.31/7.31 18.90 15.91 0.17 5824

3. Inorganic fertilizer (NPK- 1000:500:1000 g/plant/yr) 248.43 51.75 8.00/7.44 18.20 15.33 0.31 4792

4. 50% Vermicompost + 50% Inorganic fertilizer 265.14 53.92 9.11/8.12 19.00 15.11 0.25 5012

5. 50% FYM + 50% Inorganic fertilizer 270.00 54.98 9.00/8.15 19.10 15.23 0.26 5170

6. Biofertilizer (Azotobacter @ 150 g/plant + PSM @ 100 g/plant) 270.40 54.12 8.99/85.16 19.80 16.00 0.16 6123

7. Biofertilizer + 50% Inorganic fertilizer 285.15 57.20 9.14/8.19 19.60 15.92 0.18 5814

8. Control 240.40 48.00 8.10/7.60 18.00 14.94 0.19 4914

SEM± 1.15 0.70 1.01/0.72 0.51 0.07 0.01 4.31

CD (P=0.05) 3.72 2.10 3.11/1.97 1.37 0.21 0.03 12.39

Treatments
pH

EC (1:2.5)

(dSm-1)

Bulk density

(g/cc)

OC 

(%)

Soil microbial 

population (Bacteria)

(cfug-1 soil)

1. Vermicompost (5 kg/plant) 6.57 0.263 1.21 0.90 1.6 × 106

2. FYM (10 kg/plant) 6.59 0.137 1.29 0.84 5.9× 106

3. Inorganic fertilizer (NPK- 1000:500:1000 g/plant/yr.) 6.00 0.171 1.49 0.61 4.3× 105

4. 50% Vermicompost + 50% Inorganic fertilizer 6.45 0.214 1.12 0.72 5.1× 106

5. 50% FYM + 50% Inorganic fertilizer 6.42 0.219 1.41 0.74 5.4× 106

6. Biofertilizer (Azotobacter @ 50 g/plant + PSM @ 100 g/plant) 6.70 0.198 1.31 0.78 8.3× 106

7. Biofertilizer + 50% Inorganic fertilizer 6.42 0.197 1.27 0.74 6.0× 106

8. Control 6.10 0.111 1.69 0.60 6.9× 105

SEM± 0.13 0.70 0.03 0.02 4.72

CD (P=0.05) 0.39 2.10 0.09 0.07 14.43

Table 3 - Soil characters as influenced by inorganic and organic manures
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(6.00). Organic carbon content of soil also varied sig-

nificantly. Vermicompost or FYM-treated soil gave

maximum (0.90/0.84%) content of organic carbon,

followed by biofertilizer-treated soil (0.78%). Soil

organic carbon was at the lowest level in untreated

control. The increase in organic carbon of soil may be

due to the addition of organic matter through organ-

ic manure or microbes and recycling of organic mate-

rials in the form of crop residue, which brings the soil

pH nearer to neutral and increases the nutrient avail-

ability. Our results are in close conformity with earli-

er findings (Dutta and Kundu, 2012). The effective

conductivity (EC) of soil solution depends on the

presence of soluble salts. The concentrations of these

salts affect the growth and absorption of water.

Different treatments significantly influenced the EC

of soil. Application of Vermicompost led to the high-

est EC (0.263 dSm-1) in this study, whereas the con-

trol plot gave the lowest. This could be due to the

fact that Vermicompost contains salts, mostly Cl and

SO4, but not at toxic levels (Masciandaro et al.,

1998). Bulk density varied due to different treat-

ments, with the untreated control giving maximum

bulk density (1.69 g/cc) of soil. The soil microbial

population varied with the different treatments: the

maximum (8.3x106 cfug-1 soil) was found with

Biofertilizer (Azotobacter at 50 g/plant + PSM at 100

g/plant). Soil applied with biofertilizer showed more

soil bacteria, whereas least was formed by

Vermicompost (Table 3). Similar results were

obtained by Dutta et al. (2010) in litchi.

PLW, shelf life and respiration of fruit

Physiological loss in weight (PLW) of fruit varied

significantly among the different treatments (Table

4). Untreated fruit had the highest (18.95%) PLW

while the lowest was found with fruit grown in

biofertilizer (11.31%). Fruits grown in biofertilizer

showed maximum (10 days) shelf life with minimum

respiration rate (109.72 mg/hr/kg fruit) during stor-

age. Untreated control fruit recorded maximum res-

piration and PLW with minimum shelf life (5 days).

Improvement of shelf life due to application of

biofertilizer was previously reported in mango (Dutta

and Kundu, 2012).

4. Conclusions

The present study reveals that application of

organic and biofertilizer are  more beneficial for qual-

ity mango production and increase soil health.

Therefore, this approach can be spread among grow-

ers to improve the quality in mango orchards.
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1. Introduction

Kentucky bluegrass (Poa pratensis L.), a native to
Europe, is the most commonly used cool-season turf-
grass in the temperate and subarctic regions of North
America, and it is also recognized for its ability to cre-
ate a high-quality turf (Fry and Huang, 2004). Saline
soils reduce growth due to osmotic and ion stresses
(Marschner and Part, 1995; Munns, 2002). Salinity
causes stress in plants in two ways, and plants
respond in two distinct phases through time: a rapid
response to the increase in external osmotic pres-
sure, and a slower response due to the accumulation
of Na+ in leaves (Munns and Tester, 2008).

It is generally accepted that silicon can positively
affect growth and health status of plants under biotic
(Adatia and Besford, 1986; Ma, 2004) and abiotic
(Barceló et al., 1993; Ranganathan et al., 2006)
stresses. Acceptable results of silicon application
against NaCl stress have been shown in rice (Matoh
and Kairusmee, 1986; Yeo et al., 1999), wheat

(Ahmad et al., 1992; Tuna et al., 2008; Tahir et al.,
2010; Chen et al., 2014), and barley (Liang et al.,
1996; Liang, 1999). Possible mechanisms for salt tol-
erance with the utilization of silicon have been pro-
posed. These include accumulation of silicon in
leaves resulting in reduced transpiration (Matoh and
Kairusmee, 1986), turgor enhancement (Romero-
Arandaet al., 2006), formation of Na complexes in
roots (Ahmad et al., 1992), increased photosynthetic
activity and protection of plasmatic membranes and
chloroplast ultrastructures (Liang et al., 1996; Liang,
1998; Shu and Liu, 2001), protection of plant tissues
from free radicals through increasing the activity of
antioxidative enzymes (Liang, 1999; Liang et al.,
2003; Zhu et al., 2004), and alleviation of specific
ionic effects (Rafiq, 1990) by reducing Na uptake
(Liang, 1999; Epstein, 2001; Gong et al., 2003).

Gong et al. (2003) also observed improved water
economy and dry matter yield of plants with Si appli-
cation. Silicon application is reported to enhance leaf
water potential in wheat under drought stress (Liang,
1999). The authors suggested that a double layer,
comprised of silica and cuticle on leaf epidermal tis-
sue, is responsible for this higher water potential.
Silicon application enhances water use efficiency,
heat/salt tolerance, and resistance to pathogens and
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heavy metals (Yeo et al., 1999; Zwieniecki et al.,
2001; Gao et al., 2004; Liang et al., 2005 a, b; Wang
et al., 2005; Guo et al., 2007; Liang et al., 2007). It
has been highly recommended to use Si in turfgrass
management (Datnoff and Rutherford, 2003; Datnoff
and Rutherfood, 2004). In another study on Poa

pratensis L. ‘Baron’, Chai et al. (2010) reported that Si
application under salinity condition raised the trans-
fer of K+ from roots to shoots, but inhibited the
absorption and transfer of Na+, which may contribute
to better turf quality and growth with Si treatment
under saline conditions.

Chen et al. (2014) also found that Si can enhance
plant salt tolerance by alleviating the salt-induced
osmotic stress. Mateos-Naranjo et al. (2013) showed
that in wheat, the alleviative effects were more pro-
nounced in the osmotic stress phase than the ion
toxicity phase. These results clearly showed that Si
can enhance plant salt tolerance by alleviating the
salt-induced osmotic stress.

The purpose of the present study was to evaluate
the short- and long-term effects of salinity on growth
and physiological parameters of Kentucky bluegrass
with and without silicon treatment. 

2. Materials and Methods

Plant materials and growth conditions

The experiment was conducted for a period of 90
days in the greenhouse of the Department of
Horticultural Science, College of Agriculture, Shiraz
University, Shiraz, Iran. Plastic pots (20 cm in diame-
ter and 10 cm in depth) were filled with 1.3 kg of a
mixture of 1:1 sand and perlite, then seeds were cul-
tured. The field capacity and permanent wilting point
for the potting mixture were 10% and 4%, respective-
ly. During the germination stage, turfgrasses were
irrigated daily with 150 ml deionized water until
plants were adequately established. Then, irrigation
was carried out every two days with 200 ml deion-
ized water. Before treatments began, the turfgrass
was clipped to 5-7 cm every two weeks. The nutrient
solution of a commercial whole fertilizer (Cristalone)
was used weekly with a concentration of 0.1%. The
EC of the nutrient solution was 1 dS m-1. Mean rela-
tive humidity, daily temperature and light condition
of the greenhouse were categorized as 45±5%,
24±4°C and 29 Wm-2 (16/8 h day/night), respectively.

Treatments

Silicon was applied in the form of potassium sili-

cate  (K2SiO3) at a concentration of 1 mM as foliar
application weekly from 1 September to 1 December
2009. Salinity treatment began two weeks after the
silicate treatment. Different salt concentrations were
prepared by adding 1 NaCl: 1 CaCl2 (w/w) to deion-
ized water to obtain desired EC values; saline water
of 5, 10, 15 and 20 dS m-1 along with deionized water
as the control was applied (200 ml per pot) every two
days. To prevent salinity shock, salinity levels were
increased stepwise by 5 dS m-1. 

Measurements

Physiological parameters were measured twice: at
45 and 90 days following commencement of salinity
treatments. Chlorophyll content, Relative water con-
tent (RWC), electrolyte leakage and proline content
were measured.

Chlorophyll content was measured according to
the method of Saini et al. (2001). Half a gram of fresh
leaf material, taken from the youngest fully expand-
ed leaf, was extracted with 80% acetone and read
using a spectrophotometer at 645 and 663 nm wave-
lengths. Chlorophyll content was calculated using the
following formula:

mgChl/g f.w. = [(20.2(OD 645 nm) + (8.02(OD663nm)]*V/ (f.w.*1000)

where V is the final solution volume in ml and f.w. is
tissue fresh weight in mg.

Relative water content was measured using the
methods of Nepomuceno et al. (1998) and Sairam et

al. (2002). The value of RWC was determined by the
following equation: 

RWC (%) = [(f.w.-d.w.)/(t.w.-d.w.)]×100 

where f.w. is the fresh weight, d.w. is the dry weight
and t.w. is the turgid weight.

Electrolyte leakage was determined according to
the methods described by Saadalla et al. (1990).

Samples of 0.1 g of fresh leaves were weighed and
washed three to four times with deionized water and
immersed in a test tube containing 15 ml deionized
water, then maintained at 25°C for 24 h. The tubes
were then shaken for 15 min and the conductivity of
the solution was measured (EC1) using an electrical
conductivity meter (Metrohm 644, Swiss). The test
tubes were then placed in an autoclave at 0.1 MPa
for 10 min to kill the plant tissue and release all of
the electrolytes. The tubes were cooled to 25°C,
shaken, and their solution conductance measured
again (EC2). The electrolyte leakage was calculated as
EC1/EC2 and expressed as percent.

Proline content was calculated according to the
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Bates et al. (1973) method. A half gram of fresh
leaves was homogenized with 10 ml of 3% aqueous
sulfosalicylic acid and filtered through Whatmans no.
2 filter paper. Two ml of filtrate was mixed with 2 ml
of acid-ninhydrin and 2 ml of glacial acetic acid in a
test tube. The mixture was placed in a water bath at
100°C for 1 h. The reaction mixture was extracted
with 4 ml toluene, and the absorbance was measured
at 520 nm with a spectrometer (UV-120-20, Japan).
Standard curves of proline were used for the calcula-
tion of proline amount in the samples.

For fresh and dry weight determination of shoot
and root systems and further chemical analysis,
leaves and roots were washed three to four rinses in
distilled water and then dried at 70°C for 48 h. The
dried leaves and roots were ground to powder using
an electric mill (AR 10, Molinex, China) and subse-
quently stored in polyethylene bottles at room tem-
perature. One gram of leaf sample was ashed in a
furnace at 550°C for 5 h. The ash was then dissolved
in 10 ml 2N HCl and diluted to the volume of 100 ml
with distilled water. Potassium and sodium contents
were determined using a flame photometer (PFP7,
Jenway, England) (Champan and Pratt, 1982).

Statistical analysis

The experiment was conducted in a complete ran-
domized design with three replications. Data were
analyzed using MSTAT-C software. Means were com-
pared using the least significant difference (LSD) test
at (P<0.05) level. 

3. Results

The turfs treated with silicon, even at high con-
centration of salinity, maintained their visual quality
and turf performance while those without silicon at
20 dSm-1 concentration died after 45 days. During
long-term salinity exposure, either with or without Si,
Kentucky bluegrass lost turf performance at 15 and
20 dS m-1 concentrations (data not shown). Salt
stress reduced chlorophyll content during short-term
salinity. Silicon treatment increased chlorophyll con-
tent extensively both under non saline irrigation and
various concentrations of salty solutions (Fig. 1).

Under different salinity exposures, RWC increased
through Si treatment. Results were significantly dif-
ferent in the presence and absence of silicon under
non saline conditions. Significant differences were
observed between salinity control groups, treated
with Si of otherwise (Fig. 2).

As shown in figure 3, increased salinity resulted in
remarkably enhanced electrolyte leakage. Silicon
reduced electrolyte leakage after 45 days of salinity.
In lower concentrations of salinity, silicon reduced

Fig. 1 - Effects of different salinity and Si levels on chlorophyll
content of Poa pratensis after 45 days. 0: control, 5, 10,
15 and 20 dS m-1 as salinity levels; Si: K2SiO3 1 mM. Data
are mean ± SE at P<0.05 using LSD test.

Fig. 2 - Effects of different salinity and Si levels on relative water
content in of Poa pratensis after 45 days. 0: control, 5,
10, 15 and 20 dS m-1 as salinity levels; Si: K2SiO3 1mM.
Data are mean ± SE. at P<0.05 using LSD test.

Fig. 3 - Effects of different salinity and Si levels on electrolyte
leakage of Poa pratensis after 45 days. 0: control, 5, 10,
15 and 20 dS m-1 as salinity levels; Si: K2SiO3 1 mM. Data
are mean ± SE. at P<0.05 using LSD test.
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electrolyte leakage even after 90 days (Fig. 4).
Proline concentration increased dramatically after

45 and 90 days of salt stress, although plants with Si
application had less proline content (Figs. 5 and 6).

Higher concentrations of saline irrigation showed
more reduction in shoot number of P. pratensis.

Silicon markedly increased shoot numbers at lower
concentrations (Table 1). A dramatic reduction in
visual quality based on shoot density and percentage
of green leaf canopy area (GLCA) was observed after
45 days when P. pratensis was cultured at different

Table 1 - Interaction effects of different salinity and Si levels on
growth parameters, shoot and root Na and K concen-
trations of Poa pratensis

Fig. 4 - Interaction effects of different salinity and Si levels on
electrolyte leakage of P. pratensis after 90 days. Data are
mean ± SE at P ≤0.05 using LSD test.

Fig. 5 - Effects of different salinity and Si levels on proline con-
tent of Poa pratensis after 45 days. 0: control, 5, 10, 15
and 20 dS m-1 as salinity levels; Si: K2SiO3 1 mM. Data are
mean ± SE. at P<0.05 using LSD test.

Fig. 6 - Interaction effects of different salinity and Si levels on
proline content of P. pratensis after 90 days. Data are
mean ± SE at P ≤0.05 using LSD test.

Indicator

Treatments

Salinity (dS m-1)

0 5 10

Shoot length
(cm)

-Si 24.57 ab 20.93 bc 17.37 c
+Si 29.27 a 20.53 bc 16.4 c

Shoot number
in pot 

-Si 337 ab 121.3 c 62.67 c
+Si 378.7 a 340.7 ab 258.7 b

Shoot fresh
weight (g)  

-Si 22.57 ab 10.28 cd 3.413 d
+Si 29.43 a 16.90 bc 8.313 cd

Root fresh
weight (g) 

-Si 46.67 ab 23.57 cd 20.61 d
+Si 50.20 a 34.96 bc 18.58 d

Shoot dry
weight (g)

-Si 6.116 ab 3.506 bc 0.947 c
+Si 9.791 a 6.925 ab 2.033 c

Root dry
weight (g)

-Si 14.28 ab 6.372 c 6.109 c
+Si 21.28 a 12.45 bc 5.744 c

Shoot Na
concentration (g) 

-Si 360.6 c 948.0 a 826.2 ab
+Si 234.3 c 562.1 bc 554.6 bc

Root Na 
concentration (g)

-Si 40.22 cd 102 ab 118.3 a
+Si 29.06 d 71.48 bc 81.15 ab

Shoot K
concentration (g)

-Si 542.2 ab 347.2 bc 175.6 c
+Si 861.4 a 374.3 bc 216.3 c

Root K
concentration (g)

-Si 12.16 c 3.966 d 2.242 d
+Si 26.15 a 18.37 b 13.41 c

Fig. 7 - Comparison of different concentrations of salts (A: 5 dS
m-1, B: 10 dS m-1, C: 15 and D: 20 dS m-1 with Si (+Si) and
without Si (-Si) in P. pratensis 45 days after beginning the
treatments.
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levels of salinity (Fig. 7).
Shoot fresh and dry weight of P. pratensis showed

the most prominent decrease at 5 dS m-1 salt concen-
tration (Table 1). Also, a significant decline in root
fresh and dry weight was observed at 5 dS m-1 (Table
1). Si application partially enhanced shoot fresh and
dry weight. In addition, Si had a greater impact on
root fresh weight with non-saline irrigation (Table 1).
In the leaves and roots, Na+ content significantly
increased at low concentrations of salty irrigations
after 90 days. In contrast, shoot K+ content was sig-
nificantly less when salinity level reached 10 dS m-1.
Si treatment increased shoot K+ content in compari-
son to saline irrigations without Si application. Root
K+ content reduced markedly at 5 dS m-1, compared
to the control. Turfs treated with Si had a higher con-
centration of K+ in the roots (Table 1).

4. Discussion and Conclusions

Kentucky bluegrass (KBG) is generally considered
to be a salt sensitive turf. In our research, KBG had
no tolerance at periodically extended concentrations
higher than 15 dS m-1 salinity, regardless of silicon
application; the salinity tolerance threshold of KBG
resulted to be 10dS m-1. Silicon could increase salinity
tolerance at higher concentrations.

The silicon remedy was more pronounced during
short-term saline conditions, findings that are consis-
tent with previous reports. Silicon could increase the
amount of chlorophyll and photosynthesis and con-
sequently, growth. Si protects plasmatic membranes
and chloroplast ultrastructures (Liang et al., 1996;
Liang, 1998; Shu and Liu, 2001), stimulates H+-ATPase
activity, and increases K+ in shoots (Liang et al., 1996;
Liang et al., 2003; Liang et al., 2005 a). Furthermore,
it improves the activity of antioxidant enzymes,
reducing the damage of reactive oxygen species
(ROS) (Liang, 1999; Liang et al., 2003; Zhu et al.,
2004) and reduces Na+ root uptake, alleviating specif-
ic ion effects (Epstein, 2001; Gong et al., 2003; Liang
et al., 2003).

It has been reported that the accumulation of Si in
plants enhances the strength and rigidity of the tis-
sues (Ma and Yamaji, 2006; Neethirajan et al., 2009).
An increased Si supply improves the structural
integrity of crops and may also improve plant toler-
ance to disease, drought, and metal toxicities (Yeo et

al., 1999; Richmond and Sussman, 2003; Ma et al.,
2004). These findings are in agreement with our
study. Some researchers hypothesized that Si deposi-

tion in the cell wall of root endoderm may contribute
to the maintenance of the apoplastic barrier and
thereby improve plant tolerance to disease and
drought stress (Lux et al., 2002; Lux et al., 2003;
Hattori et al., 2005).

Electrolyte leakage was influenced more in the
short-term salinity stress than long-term salinity
stress. It appears that plant adaptability to lower
salinity levels in the short term increases resistance
to salt. As shown in figures 5 and 6, a significant
increase in proline content was observed at 15 dS m-

1. However, silicon only slightly affected proline levels
compared to the turfgrasses treated with saline and
non-saline waters. Proline often accumulated in
grasses under salinity stress, however this amount of
content was insufficient for osmotic adjustment in
grasses (Marcum, 2002).

Foliar application of Si increased the unsaturated
fatty acid ratios [(18:2+18:3)/18:1] in glycolipids and
phospholipids and also proliferated the amount of
membrane lipids in strawberries (Wang and Galletta,
1998). Agarie et al. (1998) noted that Si increased
membrane stability of rice under drought and heat
stresses, which prevented the structural and func-
tional deterioration of cell membranes. In concor-
dance, it appears that Si plays an important role in
maintaining the integrity, stability and function of cell
membranes in Kentucky bluegrass under salt stress.

Ashraf and Foolad (2007) reported an increase in
the amount of proline primarily in cytosols under
salinity stress. They found that plant tolerance to
salinity stress and proline accumulation are positively
related. However, the relationship is not universal
and might be cultivar dependent.

Moreover, Bartels and Sunkar (2005) and Ashraf
and Foolad (2007) reported other possible roles
attributable to proline besides osmotic adjustment in
stressed plants, such as acting as a hydroxyl scav-
enger, the stabilization of membrane and protein
structure, serving as a sink for carbon and nitrogen
during stress recovery, and the buffering of cellular
redox potential under stressful conditions.

As shown in figure 2 RWC reduced significantly
under higher salinity levels in short-term salt stress. A
probable explanation for an increase in RWC under Si
application may be the prevention of transpiration.

Marcum and Murdoch (1990) reported that shoot
water content of Zoysia matrella (L.) Merrill, Z. japon-

ica L., Paspalum vaginatum Swarts and C. dactylon

decreased during a one month salinity stress in solu-
tion culture, and suggested that osmotic adjustment
was not achieved exclusively by solute accumulation.
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Si is known to decrease Na uptake (2004). The pre-
sent results clearly show that Na uptake could be
reduced through Si treatment. Similar results have
been achieved in investigations by Epstein (2001),
Liang et al. (2003), Gong et al. (2003, Chai et al.

(2010), and Bae et al. (2012).
Shoot growth and leaf firing decreased as salinity

levels increased (Fig. 7 and Table 1). Horst and Taylor
(1983) stated that growth declines to 50% when the
concentration of salt reaches 11 dS m-1 in 44 cultivars
of Kentucky bluegrass, which was approximately sim-
ilar to the value obtained in this study. An adverse
result was reported by Alshammary et al. (2004) who
stated that shoot growth decreased by 50% at 5.5 dS
m-1 concentration of salinity (a mixture of NaCl and
CaCl2) in Kentucky bluegrass.

Under high salinity levels, cell expansion could be
reduced by accumulation of salts in cell walls which
would effectively reduce cell turgor and consequent-
ly retard growth (Oertli, 1968; Flower and Yeo, 1986).
A decrease in growth at higher sodium concentra-
tions due to a decrease in the uptake of K+ and Ca2+

has also been reported (Sairam and Tyagi, 2004).
Si increased chlorophyll content, RWC, and visual

quality under non saline water and low concentra-
tions of salinity in both short- and long-term expo-
sures. Proline content and electrolyte leakage
increased in response to increasing salinity levels. K+

concentration in shoots and roots increased as a
result of Si application. Shoot number and shoot
length dramatically decreased under higher salinity
levels while Si application increased shoot number
and shoot length under low concentration of salt
stress. In general, silicate fertilizer is recommended
for turfgrass management against environmental
stresses such as salinity, high or low temperatures,
drought and heavy metals.
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1. Introduction

Plants frequently face adverse environmental con-
ditions, such as drought, salinity, chilling, freezing,
and high temperatures which may delay growth and
development, reduce productivity and, in severe
instances, cause plant death (Krasensky and Jonak,
2012). Salt shock is an extreme form of salt stress
resulting from the sudden exposure of plants to high
levels of salinity (Shavrukov, 2013). Cellular respons-
es to stress include adjustments in the membrane
system, modifications in the cell wall architecture,
and changes in cell cycle and cell division. These
responsive mechanisms help plants cope with their
surrounding environment and tolerate these stresses
(Sairam and Tyagi, 2004; De Oliveira et al., 2013).

Plant defense mechanisms against biotic and abi-
otic stresses can be either constitutive (continuous)
or inducible under stress conditions (Freeman and
Beattie, 2008). In the case of low level salinity stress,
for example, the cells undergo osmotic phase due to

the none lethal salinity. As a result, they accumulate
organic non-toxic solutes such as sugars, proline,
mannitol, sorbitol, and amino acids in the vacuoles of
the cytoplasm, even if cells do not produce such com-
pounds in normal conditions (Läuchli and Grattan,
2007; De Oliveira et al., 2013). These solutes are
called osmolytes, and the reason cells amass them is
to achieve osmotic balance and to protect enzyme
activity. Furthermore, they can play a role as scav-
enger of oxygen-free radicals produced by salinity
(Shannon, 1997; Sairam and Tyagi, 2004; Zhu, 2007;
Etehadnia, 2009; De Oliveira et al., 2013).

Other compounds can also play a role in plant tol-
erance to stresses. The flavonoid compounds, for
example, perform as free radical scavengers and
antioxidants against oxidative damage during expo-
sure to various biotic and abiotic stresses such as
heavy metals, drought, salinity, excess solar radiation
etc. (Tattini et al., 2000; Ali and Abbas, 2003; Brown,
2005; Zhu, 2007; Chutipaijit et al., 2009; Samantal et

al., 2011).
Trichomes comprise another type of plant

defense response and they play mechanical and
chemical roles in controlling water loss by transpira-
tion, increasing tolerance to extreme temperatures,
protecting plants against attacks by herbivores, and
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reducing excessive radiation (Gonzales et al., 2008;
Kang et al., 2010; Adebooye et al., 2012). Solanum

species are well-known for employing their tri-
chomes (especially the glandular types) against
insects, for example, the resistance of wild potato
cultivars against Colorado potato beetle, potato
tuber moths, the parasitoid Copidosoma koehleri

(Blanchard) (Pelletier et al., 2013), green peach aphid
(Myzus persicae Sulzer) (Vallejo et al., 1994), and
potato leafhopper (Medeiros and Tingey, 2006). The
role of potato trichomes in abiotic stress tolerance
has not been reported. However, Tattini et al. (2002)
found an integrated role of glandular trichomes and
flavonoid glycosides in the mechanisms of acclima-
tion of Phillyrea latifolia to excess solar radiation.

Tuber-bearing Solanum species have two major
types of trichomes: glandular and non glandular.
Glandular trichomes are recognized as type A or type
B and have been extensively studied (Pelletier et al.,
2013). Type A has a short stalk and a four-lobed glan-
dular head which contains phenolic compounds,
while type B is characterized  by its long stalk and
small glandular vesicle which continuously exudate
acyl sugar secretions. Wild potato Solanum

berthaultii bears all types of trichomes, some, or
none (Pelletier et al., 2013), but some commercial
Solanum tuberosum cultivars, for example Elba and
Allegeny, have non-glandular and type A glandular
trichomes only (Medeiros and Tingey, 2006).

The aim of the present study was to use histologi-
cal analysis to investigate how potato (Solanum

tuberosum) responds to salinity shock.

2. Materials and Methods

Plant material

Tubers from the potato cultivars Draga and
Spunta were obtained from General Organization for
Seed Multiplication (Aleppo, Syria). Draga variety, a
cross SVP 50-2017 x MPI 19268 (HZPC, Netherlands)
is an early variety, consistent performer, with medi-
um yield, medium to large uniform tubers, round
shape, cream-coloured skinned with creamy-white
flesh and medium depth eyes (EUROGROW, 2011).

Spunta variety, a cross Béa x USDA 96-56 (Higgins
Agriculture Ltd ) is a medium-early ripening variety,
with very high yield, long, slightly kidney-shaped,
bulky tubers and shallow eyes (Ahdb, 2011).

Explants (nodal segments containing one or two
buds) were prepared as previously described (Al-

Safadi and Arabi, 2003, 2007).

Salinity stress

In order to simulate salinity stress in vitro, the
explants were grown in tubes containing MS medium
(Murashige and Skoog, 1962) with different concen-
trations of NaCl (50, 100, 150, 200, 250 mM) and
grown as described by Al-Safadi and Arabi (2007).

Histo-anatomical study

Six plants from each salinity treatment were
examined. The whole potato plant (shoot, mature
leaves, root) and peels of orange fruit were prepared
as follows: The samples were fixed in Carnoy’s solu-
tion (3 Ethyl alcohol: 1 acetic acid) for 2 h, then trans-
ferred to 70% alcohol and stored at 4°C until analy-
ses. Cross-sections were prepared manually by using
a blade razor. Some sections were stained with
Safranin O for 5 min (Al-khatib et al., 1995; Tiţă et al.,
2010); for sample examination, a bright field micro-
scope (Nikon Eclipse 80i) was used and photos were
captured by a digital camera (Nikon DS-Ri1).

Identification of the crystals

Solubility. Five different plants from each salinity
treatment were used. Two leaves per plant were
taken and immersed in hot water (90°C) for 10 min,
and grapefruit juice was diluted with water (50%)
and heated to (90°C) for 10 min. The crystals were
then studied as cross-sections under Nikon Eclipse
80i microscope to observe whether any dissolution
occurred.

Reacting to ferric chloride. Since physiological
parameters showed no significant differences (data
not shown) between plants treated with 50 mM and
those treated with 100 mM NaCl, and for simplicity
purposes, only leaves and cross-sections of plants
treated with 100 mM of NaCl, plus the control, were
soaked in a solution of 1% Ferric Chloride and heated
at 90°C for 3-4 min, then left at room temperature
for 10 min, to observe the change in colors.

Crystallization. To obtain and compare the sugar
crystals under a Nikon Eclipse 80i microscope,
Carnoy’s solution was added for 2 h to the samples
for comparison: potato leaves and cross-sections of
control and those treated with 100 mM NaCl, the
pericarp of orange fruit and grapefruit juice.

3. Results

Our first observation when we studied the tissues
of plants treated with 150, 200 and 250 mM of NaCl
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was that most of the cells in studied plant parts
(roots, shoots, leaves) suffered plasmolysis. This
means that the cells were already dysfunctional and
the plants were no longer in the tolerance stage but
had shifted to the toxic stage, when ions accumulate
up to fatal levels in the cytoplasm and cells cannot
overcome the damage from accumulating solutes
(Lauchli and Grattan, 2007; De Oliveira et al., 2013).
On the contrary, at concentrations of 50 and 100
mM, plasmolysis was limited, therefore we focused
on these two treatments to detect changes in the
cytoplasm. Consequently, when referring to treated
plants we intend those treated with concentrations
of 50 and 100 mM only.

Studying cross-sections of the stems and leaves of
the treated plants from both cultivars (Draga and
Spunta) revealed some interesting and curious struc-
tures which did not exist in the tissues of control
plants. Scattered cells, with rosette-shaped crystals
inside, were observed in the cortex layer of the stems
and in the spongy mesophyll layer of the leaves (Fig.
1 a, b).

The crystals resembled the shape of flavanone
glycosides found in citrus (hesperidin and naringin)
when crystallized. Hesperidin is a sweet tasting glyco-
side usually found in the mesocarp layer (the white
pith, Albedo) of the pericarp (the peel) of orange fruit
Citrus auratium (Hendrickson and Kesterson, 1956;
Al-khatib et al., 1995), while naringin is a principal

flavonoid in grapefruit and gives it its bitter taste and
can be found in the juice (Kesterson and
Hendrickson, 1953). Both glucosides are very similar
in appearance to crystals under the microscope, as
the crystal needles agglomerate in a rosette pattern
and have very close chemical structures (Kesterson
and Hendrickson, 1953; Hendrickson and Kesterson,
1956).

To confirm our analysis, we took cross-sections of
the pericarp of orange fruit and grapefruit juice treat-
ed with Carnoy’s solution. Comparing the results to
those in the treated potato, we found the two shapes
to be similar (Fig. 1 c, d). These crystals were not
seen in tissues not fixed with Carnoy’s solution. This
is considered to be further evidence that these were
crystals of a flavanone glycoside dissolved in the
cytoplasm and only could be seen under microscope
when crystallized by adding alcohol, acetic acid or
cooling (Kesterson and Hendrickson, 1953;
Hendrickson and Kesterson, 1956; Al-khatib et al.,
1995).

Moreover, in the control plants, these crystals
were not found in the tissues before or after treating
with Carnoy’s solution or cooling.

The crystals, in addition to their rosette shape,
had specific Naringin’s crystal features: i) brownish
tan color while Hesperidin crystals are colorless or
pale yellow as seen in the mesocarp layer of the peel
of orange fruit (Fig. 1 a-d) (Kesterson and
Hendrickson, 1953; Hendrickson and Kesterson,
1956); ii) when interacted with ferric chloride, the
color of the leaves of treated plants changed from
pale grey to light caramel. On the contrary, when the
leaves of the control plants were immersed in ferric
acid no difference in color could be seen (Fig. 2 a, b).
The color of the crystals in the cross sections of the
leaves changed from brownish caramel to a very dark
red wine color (Fig. 3 a, b). The interaction of ferric
chloride with Naringin, especially at a sufficient level
of concentration, caused the change in color which
gets darker with the increase in concentration,
becoming black at very high concentrations
(Kesterson and Hendrickson, 1953; Sinclair, 1972;
Radhakrishnan et al., 2013); iii) when the leaves were
immersed in hot water for 10 min, the crystals in the
cross sections and grapefruit juice started diffusing
(Fig. 3 c-e); it is known that Naringin’s crystals are
much more soluble in hot than cold water, unlike
Hesperidin which does not dissolve in hot water
(Kesterson and Hendrickson, 1953; Hendrickson et

al . ,  1954; Hendrickson and Kesterson, 1956).
Therefore, we assume that the crystals were

Fig. 1 - Rosette-shapedcrystals with caramel color inside cells of
the stem's cortex of treated plants with salt concentra-
tion 100 mM. A) in Draga B) in Spunta C) Pale Hesperidin
crystal in the mesocarp layer of the peel of orange fruit,
D) Tan naringin crystals in the juice of grapefruit; the
resemblance between the two structures is obvious.
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Naringin.
The control plants and those treated with the 50

mM concentration had only straight non-glandular
and Type A trichomes on the aerial parts. However,
surprisingly, type B-like trichomes were observed in
addition to the other type of trichomes in plants
treated with the 100 mM concentration. While they
had type B trichomes, there was no evidence that
they secreted any substance in ‘Draga’ plants,

although green droplets were noticeable on glandu-
lar vesicles in ‘Spunta’ plants (Fig. 4).

In control plants and those treated with 50 mM
NaCl, non-glandular trichomes were straight, linear
with conical shape, and the size of the stem cells
were gradually reduced from the base cell to the top.
However, in the 100 mM NaCl treatment, the tri-
chomes were very long and branched with swollen
stem cells on very large base cells (Fig. 5).

Fig. 3 - Dark red crystals from the leaves of treated plants after
ferric acid reaction: A) from cultivar Draga; B) from culti-
var Spunta; C-D) Naringin crystals with melted edges
after boiling in water: C) from cultivar Draga; D) from cul-
tivar Spunta, E) from grapefruit juice.

Fig. 4 - Photos of trichomes colored with safranin O leaves of: A-
B) Control plants; A. conical straight non-glandular, B)
type A. C-D) ‘Draga’ plants treated with 100 mM salt
concentration; C) a photo of whole type B-like tri-
chomes, D) empty glandular vesicle of the type B-like tri-
chomes without any secrets . E-F) ‘Spunta’ plants treated
with 100 mM salt secretions; E) a photo of whole type B-
like trichomes; F) the glandular vesicle of type B-like tri-
chomes secreting green droplets (arrows). Bars=100 µm.

Fig. 2 - Leaves of treated plants, the leaf immersed in ferric acid
(left) and not immersed (right) (differences in color are
noticeable): A) Draga, B) Spunta C) Draga control plant
leaf: immersed in ferric acid (left) and not immersed
(right) (no changes in color could be seen). D) micro-
scope photo showing parts of ‘Spunta’ control plant leaf
(left) and treated plant leaf (right) , both were immersed
in ferric acid  and dark red dots (naringin crystals) could
be seen only in the cells of treated plant leaves.

Fig. 5 - Photos of non-glandular trichomes on the adaxil surface
of safranin O.colored leaves of plants treated with 100
mM salt concentration; A) branched trichomes (Draga)
(arrows), B) two non-glandular trichomes with swollen
stem cells (Draga) (arrows), C-D) a non- glandular tri-
chome with very large base cell (arrow) compared to the
adjacent cells: C) from Draga, D) from Spunta. (arrows).
Bars=100 µm.



Al-Safadi and Nakar - Ultrastructural changes in potato under NaCl mediated salinity stress in vitro

99

4. Discussion and Conclusions

In this study we found that potato plants treated
with low concentrations of salinity (50 and 100 mM)
went into the osmotic stage. Consequently, cells in
the aerial parts created a new substance, which was
identified as ‘Naringin’ (the rosette-shaped crystals
we found in the cortex) (Fig. 2 a, b). Naringin is a fla-
vanone-7-O-glycoside between the flavanone narin-
genin and the disaccharide neohesperidose. It is
mainly found in grapefruit to which it gives its typical
bitter flavor (Belajova and Suhaj, 2004).

Flavonoids, such as catechin, epi-catechin, erodic-
tyol, kaempeferol, and naringenin in different
amounts, are very common in the cultivated potato
Solanum tuberosum (Brown, 2005). It has been
reported for rice (Chutipaijit et al., 2009), barley (Ali
and Abbas, 2003) and many other plants (Samantal
et al., 2011) that flavonoids accumulate in the tissues
of stressed-plants. Furthermore, Gupta and Huang
(2014) reported that anthocyanin (also a flavonoid) is
accumulated in plants exposed to salt stress.
Flavonoids become more soluble in the form of
flavonoid glycoside and thus more effective
(Chutipaijit et al., 2009; Samantal et al., 2011).

Therefore, we assume that the flavonone narin-
genin in treated potato became available in larger
quantity than normal, as a result of the salinity
stress. In potato, naringenin is a byproduct of the
pathway of anthocyanin and flavonoles biosynthesis
(Gramene, 2016). It is unclear, from our work, how
naringin was synthesized and accumulated in the tis-
sues of potato plants treated with NaCl. However, it
is likely that under stress conditions, potato plants
produced naringin through the naringenin glycoside
biosynthesis pathway (Caspi et al., 2016), thus mak-
ing it possible to visualize naringin under the micro-
scope as crystals.

Our study also revealed that potato plants treated
with 100 mM concentration resulted in an additional
type of trichomes, to the original types (non-glandu-
lar and type A) (Fig. 4 c-f). These new trichomes were
similar in shape (long stalk with glandular vesicle) to
those in the wild type potato Solanume berthaultii

(Vallejo et al., 1994), hence, we called them “type B-
like trichomes”. Here, we suggest several hypotheses
to explain why potato plants formed these tri-
chomes.

With regard to the genetics of type B trichome-
density inheritance, we found that most of the stud-
ies in the literature were carried out on diploid pota-
toes. However, some researchers (Gibson, 1979;

Mehlenbacher et al., 1983; Mehlenbacher et al.,
1984; Vallejo et al., 1994; Jansky et al., 1999) have
convergent conclusions, for example: a) the absence
of type B trichomes is controlled by a few genes, at
least one of them being recessive due to structural
genomic differentiation; b) most of the variation
among individuals of offspring of back-crosses stud-
ied were not due to heritable genetic differences; c)
the inheritance of type B trichome density could be
influenced by non nuclear genetic factors such as
maternal cytoplasmic DNA, as suggested by Vallejo et

al. (1994), and Jansky et al. (1999) who presumed
that the cytoplasm in the somatic tetraploid hybrids
they studied could repress the gene expression; d) in
contrast, the droplet size of type B trichomes was
highly heritable.

Therefore, we wonder if the genes responsible for
the presence of type B trichomes were silenced in
one way or another in cultivated potatoes, due to
structural genomic differentiation during the
hybridization, segregation and recombination
processes. Especially in our case, ‘Draga’ and ‘Spunta’
are tetraploids with 2n = 4x = 48 chromosomes
(Caprutoi et al., 2000, 2003). Additionally, the expres-
sion of these genes could be affected by changes in
the cytoplasm (Vallejo et al., 1994; Jansky et al. 1999;
Hanson and Bentolila, 2004). Therefore, we hypothe-
size (although more genetic studies are called for on
this subject) that at least one of the genes that con-
trol the presence of type B trichomes was silenced or
changed epigenetically, which affected its expression
and, subsequently, the other genes could not be
expressed during the evolution of the potato culti-
vars. 

In the current study we did not investigate the
genes involved in formation or activation of tri-
chomes under salinity stress. However, other studies
have looked into the WRKY transcription factors (TFs)
family in plants which comprises numerous members
that regulate genes involved in seed germination,
seed dormancy, trichomes development, lignin
biosynthesis, and both biotic and abiotic stress
responses (Pnueli et al., 2002; Guillaumie et al.,
2010; Wang et al., 2010). Some of the WRKY genes
have been reported to be activated in response to
various abiotic stresses including high salinity
(Jianchao et al., 2015).

Furthermore, it has been documented that salini-
ty could induce modifications in the genome, like
other abiotic stresses, by making changes in the his-
tone modification pattern, thus activating some
genes and/or silencing others (Kapazoglou and
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Tsaftarism, 2011; Kim et al., 2012; Pecinka and
Scheid, 2012). It could also induce irregularities in the
mitotic division and aberrations in the mitotic chro-
mosomes (Barakat, 2003). Salinity may thereby
change the genome epigenetically (changes in the
chromatin) and genetically (changes in DNA). It is also
possible that salinity affected the resultant proteins
of those genes; it has been reported that salinity can
make changes in the protein patterns (Barakat, 2003;
Kim et al., 2012).

On the other hand, without regard to genetic rea-
sons, Gonzales et al. (2008) referred to some reports
which presumed that plants under salt stress could
use the glandular trichomes as facultative salt glands
and to eliminate excessive salt (Gonzales et al.,
2008). In our case, it is possible that a conversion
from non-glandular to glandular trichomes under salt
stress occurred. However, as we indicated in the
results section of this work, we did not observe any
substance exudates from the type B-like trichomes in
‘Draga’, while in ‘Spunta’, these trichomes exuded
some kind of green droplets. If the droplets had the
same chemical makeup as the exudate from the glan-
dular vesicle of type B trichomes (sucrose esters vis-
cous droplets) (Pelletier et al., 2013), it would mean
that they may form an irregular local layer on the
surface of the leaves; it is known that these tri-
chomes secrete droplets continuously (Pelletier et

al., 2013; Wollenweber et al., 2005). This layer would
play a role of additional covering to coat and reduce
the absorbance of radiation and water loss.

Furthermore, we detected some non glandular tri-
chomes with swollen stem cells (Fig. 5 a, b, c). The
same results were reported by Kang et al. (2010)
when they studied trichome distortion caused by
hairless mutation of tomato (Solanum lycopersicum).
They found that type I trichomes (equivalent to type
B trichomes in potato) on the hl mutant were
crooked and had highly swollen stem cells (Kang et

al., 2012). In contrast, Gomes et al. (2011), after
treating Salvinia auriculata Aubl. with different doses
of NaCl salt, found that the trichomes became more
slender as the dose was increased.

We also noticed branched trichomes (Fig. 5 d)
which are probably caused by the extensions in the
swell of stem cells, giving the appearance of branch-
ing. Kang et al. (2010) reported the same observation
in tomato affected by hairless mutation (Kang et al.,
2012). Also, irregularity in trichome shape was
reported in some plants which were exposed to salt
stress (Adebooye et al., 2012). Nevertheless, the
branched trichomes are more effective in protecting

the plant from losing additional amounts of water by
forming a shield against sunlight, thus maintaining a
good quantity of water to adjust the turgor pressure
in cells. Somehow, the branched trichomes and type
B-like trichomes contributed to increasing leaf pubes-
cence, which is a familiar phenomenon among some
plants subjected to drought or salinity stress
(Gonzales et al., 2008; Makbul et al., 2011; Adebooye
et al., 2012).

In our study, potato gained new traits: naringin
(the flavanone glycoside), branched non-glandular
trichomes and type B-like trichomes. The new tri-
chomes allow these plants to have increased leaf
pubescence and perhaps different chemicals on the
leaf surface, making them more resistant to insects. 

We believe more research must be carried out on
how salinity and drought could be exploited to pro-
duce more resistant plants. After all, as some
research has pointed out, salinity does not always
cause negative effects in plants (Shannon and Grieve,
1999).

In conclusion, potato plants (Solanum tuberosum

L.) have mechanisms to help them tolerate salinity
stress at the cellular, biochemical, and physiological
levels. In the present study, some changes were
observed in potato plants growing in vitro, including
the creation of the “flavanone glycoside” naringin in
the cells of the aerial parts (playing the role of antiox-
idant) and the formation of a new type of trichome.
Further research is needed to study the role of these
cellular changes in potato plants reacting to salinity
stress.
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1. Introduction

Seashore paspalum is among compatible warm-
season turfgrasses used for recreational sites, such as
golf courses, which requires low insecticide and fer-
tilizer applications and is tolerant to salt (Duncan,
1997). Seashore paspalum is found between 35° N-S
latitudes in the Americas and expands to several
islands of the Caribbean-Atlantic-Pacific rim and the
Mediterranean-African coastal areas. This species
lacks winter hardiness (Duncan, 1997); it is sensitive
to freezing or chilling due to its tropical and subtropi-
cal origins (Allen and Ort, 2001). A remarkable physi-
ological distruption known as chilling injury is exihib-
ited when plants of this species are exposed to tem-
peratures below about 10 to 12°C (Lyons, 1973).

Low temperature may disrupt major components
of photosynthesis including thylakoid electron trans-
port, the carbon reduction cycle and controls stom-
atal conductance (Allen and Ort, 2001). It constitutes
one main issue for the management of warm-season
turfgrasses in tropical areas, usually causing yellow-
ing and withering during the winter season (Xia et al.,
2000). Exposure of plants to unfavorable growing
conditions such as high temperature, heavy metals,
drought, water availability, air pollutants, nutrient
deficiency, or salt stress increases the production of
reactive oxygen species (ROS) such as superoxide
(O2.-), hydrogen peroxide (H2O2), hydroxyl radicals
(OH) and singlet oxygen (1O2). Usually ROS produc-
tion can be coupled with development of oxidative
injury and disruption of metabolic functions in plants
(Mittler, 2002). The major generation site of reactive
oxygen species (ROS) are reaction centers of PSI and
PSII in chloroplast thylakoids (Asada et al., 1999). ROS
may affect several cellular functions by damaging
nucleic acids, oxidizing proteins, and causing lipid
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peroxidation (LPO) (Foyer and Noctor, 2005).
Depending on the delicate equilibrium between ROS
production and scavenging at the proper site and
time, ROS will act as damaging, or as signaling mole-
cules (Gratão et al., 2005). Oxidative damage occurs
when production of ROS exceeds the capacity of
these scavenging systems. Components of the antiox-
idant defense system can be divided into enzymatic
and non-enzymatic antioxidants. Enzymatic antioxi-
dants include superoxide dismutase (SOD), catalase
(CAT), ascorbate peroxidase (APX), guaiacol peroxi-
dase (GD), monodehydroascobate reductase
(MDHAR), glutathione reductase (GR), and dehy-
droascorbate reductase (DHAR). Non-enzymatic
antioxidants are ascorbate (AsA), glutathione (GSH)
(both water soluble), carotenoids and tocopherols
(lipid soluble) (Munné-Bosch and Falk, 2004). Among
ROS, H2O2 is considered to be the best suited signal-
ing molecule due to its stability and longer half-life. It
is able to cross biological membranes and diffuses
from cell to cell or can be transported long distances
from its sites of origin in plants depending on the
availability of environmental stimuli. Prasad et al.
(1994) and Wahid et al. (2007) found that pre-treat-
ed H2O2 at the appropriate concentrations improved
salt-tolerance and chilling-tolerance in wheat and
maize seedlings respectively (Neto et al., 2005).
These authors suggest that H2O2 signals the activa-
tion of antioxidants in seed. Hydrogen peroxide is
thus hypothesized to be implicated in enhancing the
chilling resistance of plants associated with the func-
tion of ROS scavenging systems.

The aim of the present study is to investigate
whether H2O2 supply enhances low temperature
resistance of seashore paspalum turfgrass. For this
purpose, we used two cultivars of Paspalum vagina-

tum, Salam and Seaspray, the latter having better
response to cold stress than the former (Arbaoui et

al., 2010).

2. Materials and Methods

Field study

The study was carried out in Tunisia at INAT
Tunisia (National Agronomy Institute) (36°82’ N;
10°17’ E; 13 m) in 2011-2012 on two mature turfs of
seashore paspalum (Paspalum vaginatum Swartz cv.
Salam and Seaspray). The swards were established in
a semiarid area on slit-loam soil (40% clay, 30% silt
and 25% sand) with 40 g of P2O5 45%, 40 g of K2SO4

as basic mineral fertilizer and pH 7.9. During the trial
period, regular mowing and irrigation were applied
to maintain a healthy turf. The experimental design
was randomized block for each species with four
replicates each of 1 m2 area (Fig. 1). The conditions of
relative humidity, total rainfall, and air temperature
are reported in Table 1 from the beginning of the
vegetative period to the end of the trial.

Each plot was photographed in winter on mini-
mum green coverage and after winter on spring
green up with a digital camera; the images were
taken at a height of 1.20 m with an angle of 90°.
Spring green up was the date when new stolon
growth started to occur (recovery) in ecotypes.
Paspalum coverage was determined using
Environment for Visualizing Images (ENVI version 4.7,
ITT Corporation, NY) (Fig. 2). Photochemical efficien-
cy (Fv/Fm) was evaluated during winter, subsequent
low temperature, and recovery. Leaf water content
(LWC) and Dry weight (DW) were also measured at
the end of the trial.

Fig. 1 - Schematic representation of one of the three experi-
mental units with four replicates per species.

Period
Total rain

fall
(mm)

Average
of RH
(%)

Temperature
Max
(°C)

Temperature
Min.
(°C)

Average
of air

temperature
(°C)

Septembre 11.5 64.2 26.0 16.6 20.6

Octobre 3.80 62.8 21.5 12.1 16.8

Novembre 6.50 67.4 16.7 9.8 12.3

Decembre 3.80 54.5 13.3 6.3 10.1

Janury 9.20 58.7 10.9 3.8 6.3

February 8.40 68.7 10.7 3.8 7.3

March 3.20 65.6 13.4 4.6 9.0

April 11.2 64.8 17.4 8.7 13.0

Table 1 - Total rainfall, relative humidity, and air temperature
from the beginning of the vegetative period to the end
of the trial (Centre for Water Resources Management,
INAT Tunisia)
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Laboratory study

Plant materials and growth conditions. Seashore
paspalum (Paspalum vaginatum cv. Salam and
Seaspray) were collected from a two-year field plot
at INAT, Tunisia. Plants were transplanted into plastic
pots (0.5 L volume) filled with peat and positioned to
grow for one and a half months in a greenhouse at
32°C/26°C (day/night). Before the beginning of the
experiment, Paspalum vaginatum salam and sea-
spray were sprayed with 30 ml of 0, 10 mM H2O2

three times daily for two days and left in a normal
chamber for 12 h for full absorption of the H2O2 solu-
tion (Fig. 3). These plants were then transferred to a
growth chamber with temperature 18°C/8°C
(day/night), irradiance of 2000 lux, 11 h photoperiod,
and relative humidity 70%. Chlorophyll fluorescence
was measured before exposure of plants to low tem-
perature. Leaves were sampled before initiation (0
days) and after 3 and 6 days of exposure to low tem-
perature stress. Samples from each treatment were
immediately frozen in liquid nitrogen and stored at -
80°C until biochemical analysis. The final harvest
occurred after four months of exposure to low tem-
perature to determine dry weight (DW), fresh weight
(FW), and water content (WC).

Growth and water status in seashore Paspalum

Leaves of seashore paspalum samples were
excised after four months of chilling treatment and
used for fresh weight (FW) and dry weight (DW)
determinations. Dry weight was obtained after drying
leaves in an oven at 75 C until constant weight.

These data were used to calculate water content
(WC) as follows:

WC= (FW-DW) ×100 ×DW-1.

Chlorophyll fluorescence

Chlorophyll fluorescence was measured on fully
expanded young leaves by using an FIM 1500 fluores-
cence induction monitor (Analytical Development,

Hoddesdon, England). Each leaf was excised, immedi-
ately clipped into a leaf clip (32 mm wide × 80 mm
long), and the shutter plate closed to induce dark-
adaptation for 30 min at room temperature. An array
of six high-intensity light emitting diodes (LEDs) pro-
vided red light with a peak wavelength of 650 nm to

illuminate the exposed leaf surface (4 mm diameter).
Maximum intensity of the illuminating light was
approximately 3000 µmol m−2 s−1 at leaf surface.
Measured fluorescence parameters included F0 (ini-
tial fluorescence measured at the onset of illumina-
tion), Fm (maximum fluorescence), Fv (variable fluo-
rescence = Fm−F0), and Fv/Fm (ratio of variable to
maximum fluorescence indicating the quantum
yield). Measurements of three leaves from the same
pot were averaged to obtain a mean.

Physiological assays to determine oxidative damage

H2O2 determination. The concentrations of H2O2

were estimated following the method of Ferguson
(Ferguson et al., 1983): 100 mg fresh leaf was ground
with 3 ml acetone for 30 min at 4°C, and the sample
was then filtered through eight layers of gauze cloth.
After the addition of 0.15 g active carbon, the sample
was centrifuged twice at 3000 g for 20 min at 4°C.
Next, 0.2 ml 20% TiCl4 in HCl and 0.2 ml ammonia
were added to 1 ml of the supernatant. The post-
reacted compound was centrifuged at 3000 g for 10
min; the supernatant was discarded and the pellet
was dissolved in 3 ml 1 mol L-1 H2SO4 and the
absorbance value was determined at 410 nm. The
standard curve was made using H2O2, and the H2O2

content in leaf was calculated from the absorbance
at 410 nm compared with the standard curve.

Lipid peroxidation. Membrane lipid peroxidation
was assessed by measuring the content of malonyl-
dialdehyde in tissue. Fresh leaf samples were homog-
enized in 0.1% (w/v) TCA (Trichloroacetic acid) solu-
tion. The homogenate was centrifuged at 15000 g for
10 min. An aliquot of the supernatant was added to

Fig. 2 - Paspalum grass coverage during and after winter. Data
on minimum green coverage were collected in winter in
December and spring green up data were collected in
March.

Fig. 3 - Schematic representation of the experimental design
procedure. Paspalum cultivars were first sprayed then
left 48 h for full absorption of different concentrations of
H2O2 (0 mM (distilled water) and 10 mM H2O2). Plants
appertaining to each treatment were subsequently
exposed to cold stress.
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0.5% TBA (Thiobarbituric acid) in 20% TCA
(Trichloroacetic acid). The mixture was heated at
90°C for 30 min in a shaking water bath, and then
cooled in an ice bath. The samples were centrifuged
at 10 000 g for 5 min, and the absorbance of the
supernatant was read at 532 and 600 nm (Hernandez
et al., 2000). The MDA concentration was calculated
as the difference of absorbance at 600 nm and 532
nm.

Protein extraction. Aliquots of frozen fresh leaves
were ground to a fine powder with liquid nitrogen
and extracted (100 mg FW) at 4°C in 100 mM Tris-HCl
buffer (pH 8.0) containing 10 mM EDTA, 50 mM KCl,
20 mM MgCl2, 0.5 mM PMSF, 1 mM DTT, 0.1% (v/v)
Triton X-100, and 10% (w/w) PVP. The homogenate
was centrifuged at 14000 g for 30 min at 4°C, and the
supernatant was utilized for protein content and the
determination of antioxidative enzyme activities.
Three replicates per treatment were used. Protein
concentration was determined according to Bradford
(1976), using bovine serum albumin as standard.

Native gel electrophoresis and enzyme activity

staining. Samples of crude Paspalum vagintum leaf
extracts were separated by gel electrophoresis in
10% (POD) polyacrylamide slab gel, at pH 8.9 under
native conditions according to Davis (1964). POD iso-
forms were visualized on gels according to Vallejos
(1983).

The gel was first incubated in a 0.1 M sodium
acetate buffer (pH 4.0) containing 1% (v/v) guaiacol
for 30 min. Then, in a solution containing a final con-
centration of 4.7 mM 3-amino-9-ethylcarbazole, 38
mM N,N-dimethyl formamide, 0.1 M sodium acetate
buffer (pH 5.0), 0.1 M CaCl2, 3 mM and H2O2 the rev-
elation was achieved.

Statistical analysis

Statistical differences were assessed using ANOVA
of SAS (9.0) by t-test. The experimental design was a
randomized complete block design with three repli-
cations. All data were statistically analyzed using
least significant difference (LSD) to separate entry
means. When the interaction was significant, a sub-
routine (PDMix800, SAS) was used to compare means
at (p<0.05%).

3. Results

Local weather conditions in field induced changes in

turfgrass coverage, in photochemical efficiency of

PSII, and growth parameters

Data on minimum green coverage collected in

winter (December) indicated that turfgrass coverage
was significantly (p<0.05) altered by local weather
conditions (Fig. 4, Table 1). With spring green up
(March) turfgrass coverage of Paspalum vaginatum

‘Seaspray’ and ‘Salam’ exhibited an increase of
44.12% and 75%, respectively (Fig. 2, 4). Photochemi-
cal efficiency of phtosystem II (Fv/Fm) followed a sig-
nificant (p<0.05) similar pattern of decrease then
increase through the winter and spring green up. It
decreased significantly (p<0.05) and was most pro-
nounced in the second measurement time (Table 2).
The percentages of decrease were, respectively, 15
and 6.5%. By the end of the trial, DW and WC were
slightly different in both Paspalum cultivars and were
not significantly affected (Table 2).

Effect of pretreatment with H2O2 and long-term cold

stress on growth and photosytem II efficiency of

Paspalum vaginatum ‘Salam’ and ‘Seaspray’

The effect of foliar pretrement using low concen-
trations of H2O2 on biomass production (DW) and
water content (WC) of both seashore cultivars is

Fig. 4 - Turfgrass coverage on minimum green coverage (in win-
ter) and on maximum green coverage (spring green up)
in Paspalum vaginatum Salam (PVS) and Seaspray (PVP).
Data are the mean ± SE of three plants.

Date 'Salam' 'Seaspray'

Fv/Fm
D1 0.71 b 0.72 b

D2 0.70 b 0.71 b

D3 0.79 a 0.80 a

DW (g)
21.30 a 20.28 b

WC (%)
247.73 a 238.61 b

Data are the mean ± SE of twelve replications (n=12). Different
letters indicate significant differences at a p<0.05 probability
level. Measurements were taken three times during the trial D1=
December; D2= January; D3= March). 

Table 2 - Changes in photochemical efficiency of PSII (Fv/Fm
ratio), dry weight (DW), and water content (WC) in
Paspalum vaginatum ‘Salam’ and Paspalum vaginatum
‘Seaspray’ under local weather conditions
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shown in figure 5. Cold stress exposure reduced the
DW of pretreated cultivar Salam compared to the
control with no significant difference observed
between pretreated and untreated ‘Seaspray’
(p>0.05). Biomass production (DW) in pretreated cul-
tivars and their controls were above 300% and leaves
did not wilt during the cold stress process however
not significant levels were noted (p>0.05). These
results seem to be independent of stress exposure
and chemical pretreatment of these cultivars. The
photochemical efficiency of PSII (Fv/Fm) was moni-
tored three times throughout the cold exposure
(Table 3) and the Fv/Fm ratio remained above 0.80 in
both control and pretreated seashore cultivars at 10
mM (p<0.05).

Changes in H2O2, MDA and protein content 

H2O2 pretreatment, exposure duration to cold
stress, and the types of paspalum cultivars signifi-

cantly affected the production of H2O2 and MDA con-
tent (p<0.05). In cultivar Salam, H2O2 content in con-
trol and pretreated plants did not differ significantly
during cold stress, whereas MDA content decreased
by 54% in pretreated plants when compared to con-
trol ones. In ‘Seaspray’ prior to cold stress (0 day),
H2O2 content was higher in pretreated plants than in
controls (Fig. 6). During the third day of cold stress,
H2O2 content decreased by 83.77% compared to their
controls, before it increased again after 6 days of
cold stress. H2O2 pretreated plants lowered (77%) sig-
nificantly (p<0.05) the MDA content in ‘Seaspray’,
reaching the minimum levels during the third day of
cold exposure as compared to the controls (Fig. 6).

After six days of stress exposure, MDA content
increased slightly but was lower than MDA content
recorded on the first day (0 d). Protein content in the
leaves of ‘Salam’ changed slightly and remained at
constant concentrations during the stress period. On
the other hand, protein content in ‘Seaspray’ pre-
treated with 10 mM H2O2 varied significantly (p<0.05)
compared to their controls (Fig. 7).

Chemical pretreatment and cold stress exposure

altered relative density of Peroxydase isoforms

Peroxidase activity was assessed on polyacry-
lamide gel to distinguish the different POD isoforms,
and to quantify their activities using image j soft-
ware. Paspalum cultivars show different POD activity
reactions under cold stress conditions. POD relative
density in all pretreated Paspalum vaginatum ‘Salam’
(Fig. 8) plants increased with increased levels of cold
exposure, compared to controls. However, POD rela-
tive density in pretreated Paspalum vaginatum sea-

Fig. 5 - Dry weight and water content of Paspalum vaginatum
‘Salam’ (PVS) and Paspalum vaginatum ‘Seaspray’ (PVP).
Values expressed as mean ± SE (n=3). Different letters
indicate significant differences at probability level
p<0.05.

Genotype Date 0 mM 10 mM

Paspalum vaginatum ‘Salam’ D1 0.78 b 0.80 ab

D2 D2 0.81 a 0.80 a

D3 D3 0.81 a 0.80 ab

Paspalum vaginatum ‘Seaspray D1 0.80 ab 0.80 ab

D2 0.81 a 0.80 a

Table 3 - Changes in Fv/Fm ratio in pretreated plants with 10
mM H2O2 and in control leaves of Paspalum vaginatum
‘Salam’ and Paspalum vaginatum ‘Seaspray’ during
cold stress exposure

Data are the mean ± SE of six replications (n=6). Different letters
indicate significant differences at a probability level p<0.05.
Measurements were taken three times during stress time (Dates
1, 2, and 3) under controlled conditions (See Materials and
Methods).

Fig. 6 - Protein content of Paspalum vaginatum ‘Salam’ and
Paspalum vaginatum ‘Seaspray’ leaves in control plants
(0 mM) and plants pretreated with 10 mM H2O2 after 0,
3, and 6 days of cold stress exposure. Values expressed
as mean ± SE (n=3). Treatment (p<0.001), Species
(p<0.001), Time (p<0.001) and interaction (p<0.001).
Different letters indicate significant differences at proba-
bility level p<0.05.
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spray was much higher compared to control plants
and then decreased during the third day of stress
(Fig. 8).

4. Discussion and Conclusions

Results showed that both cultivars were affected
by environmental conditions and could have an
impact on turfgrass coverage and on Fv/Fm. Lower
Fv/Fm ratio values were close to 0.7 (date 1), sug-
gesting an altered performance of PSII. Remarkably,
both paspalum cultivars required longer to recover,
reaching 0.8 (Fv/Fm) (date 3). A close relationship

has been reported between low temperatures and
photosynthetic rates. The recovery of photosynthetic
activity under cold stress was faster in other species
such as sorghum, maize and pennisetum, while it was
slightly slower in soybean, and ryegrass (Taylor and
Rowley, 1971).

Some of the excessive energy is quenched into
chlorophyll fluorescence to minimize damage to pho-
tosynthetic systems, particularly in photosystem II
(PSII) and subsequent electron carriers (Krause and
Weis, 1991; Araboui et al., 2010). Changes in mem-
brane structure were considered as the primary
lesion of stress injury and may lead to a loss of mem-
brane permeability and metabolic disfunction (Lyons,
1973; Montillet et al., 2005). The peroxidation of
lipids is also a damaging process that can be taken as
a single parameter to determine the level of lipid
destruction under various stresses. During lipid per-
oxidation, products are formed from polyunsaturat-
ed precursors that include hydrocarbon fragments;
such as ketones, MDA, and compounds related to
them (Grag and Machanda, 2009). The increase of
MDA indicated the deterioration of peroxidation and
membrane injury induced by ROS under cold stress.
Our findings suggest that within three days of cold
stress exposure, 10 mM of H2O2 remarkably
decreased MDA in cultivar Seaspray. He et al. (2009)
shown that H2O2 pretreatment enhanced the mem-
brane stability of wheat seedlings, as revealed by a
greatly reduced membrane damage rate (MDA) and
malondialdehyde (MDA) content. This was associated
with a slight increase in protein content. Improving
tolerance of both Paspalum cultivars to chilling stress
also leads to the over production of ROS such as O2.-
and H2O2 in plant tissues (Desikan et al., 2003). ROS
are extremely active molecules that may damage
membranes and other cellular components to avoid
cold stress or other stress-induced injuries. However,
ROS could be considered as a signal for molecules
that mediate responses to various stimuli. Compared
to the other ROS, H2O2 can be the most suited to act
as a signaling molecule due to its higher stability and
longer half-life. The fluctuation of H2O2 level in plants
should spatially and temporally reflect changes in the
environment (Desikan et al., 2003, 2004).

Our study provides evidence that exogenous H2O2

resulted in a significant decrease (p<0.05) of the
endogenous content of H2O2 and MDA in the first
three days of exposure to cold stress in pretreated
‘Seaspray’ plants. The higher H2O2 content (0 d) in
pretreated ‘Seaspray’ was followed by a systematic

Fig. 7 - H2O2 and MDA contents of Paspalum vaginatum ‘Salam’
(a) and Paspalum vaginatum ‘Seaspray’ (b) leaves in con-
trol plants (0 mM) and plants pretreated with 10 mM
H2O2 after 0, 3, and 6 days of cold stress exposure.
Values expressed as mean ± SE (n=3). Treatment
(p<0.001), Species (p<0.001), Time (p<0.001) and inter-
action (p<0.001). Different letters indicate significant dif-
ferences at probability level p<0.05.

Fig. 8 - POD isoforms in gel, relative density in control plants (0
mM) and plants pretreated with 10 mM H2O2 under cold
stress condition.
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high relative density of POD isoforms. With further
cold stress, relative densities of POD decreased but
remained higher than control plants. This type of
response would permit pretreated Seaspary Cv.
plants to still upright to overcome the wilting and
mechanical weakness imparted by cold stress.

In conclusion, our results have demonstrated that
pretreatment with 10 Mm of H2O2 could improve the
tolerance of seashore paspalum to cold stress, espe-
cially cultivar Seaspray which showed a better
response to cold stress than ‘Salam’. Exogenous H2O2

could constitute a signaling molecule that significant-
ly increases H2O2 detoxifying and POD activity, and
decreases MDA and H2O2 content.

The meaning of presented results can be impor-
tant for fundamental and practical sciences. These
results would help to understand what are plant
reactions to cold stress. I will be also possible to
apply low concentrations of hydrogen peroxide in
golf course and sport fields, making these fields more
viable and sustainable.
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1. Introduction

The degree of success in any technology employ-

ing plant cell, tissue or organ culture is related to

quite a few major factors. A significant factor is the

choice of nutritional components and growth regula-

tors (Gamborg, 1991). A plant tissue culture medium

is composed of necessary and optional components

required for plant growth, which vary according to

the plant species, cultivar, or explant type that is

used and must be experimentally defined for each

particular case. Moreover, all the nutrients in a medi-

um should be present in optimum concentrations to

ensure the best possible growth of explants (George,

1993). Under in vitro conditions, an intact plant

requires macronutrients, micronutrients, plant

growth regulators, vitamins, amino acids and other

nitrogen supplements and sugars (Gamborg, 1991).

Another important component in plant tissue culture

media is the carbon source because it supplies ener-

gy to the plants, especially when they are not ready

to photosynthesize their own food during the early

stage of tissue culture (Al-Khateeb, 2008 b). Carbon

source can be in the form of simple or complex sug-

ars (Akter et al., 2007). Normally, sucrose is used as

the carbon source in plant tissue culture. A range of

other organic additives have been used in plant tis-

sue culture to promote the growth of the plants,

including coconut milk, banana pulp, potato

homogenate and juice, honey, date palm syrup, corn

extract, papaya extract, guar gum, and isubgol (Islam

et al., 2003; Jain and Babbar, 2005; George et al.,

2008; Murdad et al., 2010; Nambiar et al., 2012).

Such additives are commonly known as organics with

undefined compositions (Torres, 1989). The advan-

tages of adding such organic materials to medium

have already been reported by some researchers, for

example, the organic additives help to produce more

PLBs, shoots and leaves in orchid (Akter et al., 2007),

increase the size of date palm somatic embryos (Al-

Khateeb, 2008 a), and  also promote growth and

development of asymbiotic seeds and regeneration
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of Cymbidium plantlets (Tawaro et al., 2008). The

reasons for application of organic additives into cul-

ture medium, in addition to being a natural source of

carbon, are because they contain natural vitamins,

phenols, fiber, hormones, and also proteins

(Gnasekaran et al., 2010). It was mentioned in a

report by Al-Khateeb (2008 a) that organic additives

contained not only sugar but also other nutrients

such as proteins, lipids and minerals.

In recent years, plant-derived polymers have

evoked remarkable attention in various industries

due to their diverse applications as food emulsifiers,

stabilizers and thickeners, pharmaceuticals, cosmet-

ics, textiles, and in art. They are also used as gelling

agents in gels and bases in suppository (Nussinovitch,

1996). These polymers are biocompatible, biodegrad-

able and are preferred to semi synthetic and synthet-

ic excipients because of their lack of toxicity, low

cost, soothing action, and non irritant nature

(Deogade et al., 2012). Environmental-friendly pro-

cessing and local availability, especially in developing

countries, are considered additional advantages for

application of these natural products (Jain and

Babbar, 2005). The Rosaceae family, Prunus genus,

consists of peach, plum, apricot, cherry, and almond

trees, all of which can produce exudate gums. Herbal

exudate gums normally secrete from bark, branch

and fruit of trees due to their protection impact

against mechanical damage or microbial attacks.

Gum secretion may also occur due to adaptation to

climate of some trees, called physiological gummosis

(Simas et al., 2008; Simas-Tosin et al., 2009). A large

number of complex natural additives can be very

effective in providing an undefined mixture of organ-

ic nutrients and growth factors. In the context of car-

bohydrates, gums are usually considered to be non-

starch, water-soluble polysaccharides with commer-

cial importance. Gums are typically more or less

sticky in nature and are translucent and amorphous

substances which are degradation products of the

cell wall of woody species which exude from trees.

Natural gums (gums obtained from plants) are

hydrophilic carbohydrate polymers having high mole-

cular weights, generally composed of monosaccha-

ride units joined by glucosidic bonds (Khorsha, 2014).

While thorough reports on gum structure (Saniewski

et al., 2001; Lluveras-Tenorio et al., 2012), its rheo-

logical properties (Wang et al., 2008), and its applica-

tions in different industries (Verbeken et al., 2003)

were previously reported, the influence of such nat-

ural products as organic addenda in plant tissue cul-

ture media has yet to be studied. Therefore, the pre-

sent investigation was conducted to evaluate the

effectiveness of apricot gum as an organic additive

on growth and in vitro regeneration of three differ-

ent plant species: carrot (as a model plant), stevia (as

herbaceous species) and grapevine (as woody plant).

The results of the current study should be applicable

to other plant species following minor modifications.

2. Materials and Methods

The present research work was conducted in the

plant tissue culture laboratory of the Horticulture

department, Faculty of Plant Production, Gorgan

University of Agricultural Sciences and Natural

Resources, Gorgan, Iran. The physiological effects of

apricot gum on regeneration capacity and growth

rate of three different plant species i.e. carrot (as

model plant), stevia (as herbaceous plant) and

grapevine (as woody plant) were examined. The apri-

cot gum was obtained dried on bark and shoots of

apricot trees immediately after secretion, collected

from a commercial apricot orchard (Gonabad,

Khorasan, Eastern Iran) through scraping it from bark

surfaces. The bark residues were removed from the

collected mass and the clean, pure gum was pow-

dered prior to addition to the culture medium.

Plant materials and in vitro culture establishement

Carrot. Healthy, undamaged roots of carrot

(Daucus carrota cv. Nantes), 3-4 cm diameters long,

were selected and washed thoroughly with normal

tap water (30 min) and surface sterilized with ethanol

(70% v/v for 40 s) followed by sodium hypochlorite

solution (35% v/v plus two drops of tween-20 for 15

min). The clean, sterilized roots were cut transverse-

ly, employing a scalpel, to prepare root explants as

slices (10×10 mm and 1mm thickness). Each explant

was prepared in such a way to consist of xylem, sec-

ondary phloem and a small part of cambium tissues

(Hall, 1991).

Stevia. Stevia (Stevia rebaudiana) mother plants

were procured from Golsaran-e-Shomal Corporation,

as tissue cultured pot plants and were transferred to

our laboratory. Single node explants were disinfected

with HgCl2 (0.1% for 6 min) and washed three times

with sterilized distilled water inside a laminar hood

cabinet. The single node explants were cultured and

in vitro culture was established following an already

standardized protocol (Taherian, 2012).

Grapevine. Single node explants of grapevine

(Vitis vinifera cv. Laal) were utilized following the pre-
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viously standardized micropropagation protocol

developed by Alizadeh et al. (2010). Laal is an Iranian,

commercially grown variety of grapevine. Single node

explants (2-4 cm length) were pre-washed in 0.1-

0.2% commercial detergent (JAM dish-washing liquid,

Iran) followed by stirring in Mancozeb (2 g/L) solution

for 45 min. The explants were surface disinfected

using 60% (v/v) NaOC1 solution (5% available chlo-

rine) for 30 min. After four to five rinses in sterile dis-

tilled water, single node cuttings (2-4 cm) were inoc-

ulated for in vitro culture establishement. 

Culture media and incubation conditions

Basal MS (Murashige and Skoog, 1962) medium

was used during the whole experiment for all three

plant species. The various media along with their

growth regulators for each plant species are reported

in Table 1. The pH was adjusted to 5.8 prior to the

addition of 0.8% agar, and the media were auto-

claved at 121°C and 15 PSI for 15 min. Carrot root

cultures were kept in growth chamber in darkness

and low light intensity for 7-14 days and the explants

were investigated for callus formation. The callus

mass was sub-cultured on fresh medium supple-

mented with apricot gum. The stevia and grapevine

single node cultures were incubated at 25±2°C under

continuous light (50 μmol m-2 s-1). The established

and sprouted cultures were sub-cultured as double-

node explants on proliferation media (Table 1) sup-

plemented with different concentrations of apricot

gum.

Measured parameters

Due to the utilization of explants with different

origins, dissimilar parameters were recorded in each

species. In the case of carrot callus cultures, days to

callus initiation, callus color, firmness, volume and

fresh/dry weight were recorded 30 days after caulo-

genesis. In the case of stevia and grapevine, initially

the in vitro cultures were established as explained in

above. Then, the double-node explants procured

from in vitro proliferated cultures were inoculated on

their respective proliferation media supplemented

with different concentrations of apricot gum. The

parameters such as days taken to bud sprouting,

number of leaves, leaf area, total chlorophylls and

cartenoides, intermodal length, shoot length, days to

root initiation, number of roots, root length, rooting

percentage and root/shoot fresh and dry weights

were measured in both stevia and grapevine regener-

ated cultures.

Experimental design and data analysis

The present experiment was conducted as a com-

plete randomized design with four replications. The

percentage data were transformed using root square

method (√ % + 0.5) prior to analysis. The results were

analyzed using SAS software (SAS Institute Inc., 2003)

and the mean values were compared by least signifi-

cant difference (LSD) test in p<0.01 probability.

3. Results

The present research was undertaken to ascertain

the likely positive effects of apricot gum as an organic

additive to plant tissue culture media. The gum was

primarily supplemented to carrot callus cultures and,

owing to its positive response, was tested in two

other plant species, stevia and grapevine, for which

in vitro culture propagation protocols were already

standardized in our laboratory (Alizadeh et al., 2010;

Taherian, 2012).

Iran is the world’s second producer of apricot

(FAOSTAT, 2012) and apricot gum is readily available

throughout the country at a very low price. In order

to optimize the concentrations of the apricot gum,

some preliminary tests were performed and the rate

of 2.0-6.0 g/L was found to be a logical range

because the higher concentration formed a dense

solution that was difficult to dispense in culture ves-

sels. Furthermore, in high concentration, it negatively

interacted with agar solidification (Khorsha, 2014).

Carrot callus growth

The application of gum surprisingly enhanced the

performance of in vitro callus initiation and further

growth of carrot explants. Furthermore, it signifi-

cantly reduced the time taken to callus initiation and

among the treatments caulogenesis occurred even

less than two weeks following inoculation of the

explants on medium supplemented with 6.0 g/L apri-

cot gum. The callus initiation in control explants was

found to start normally after 5 weeks, therefore, pre-

cocious callus formation (nearly 20 days earlier than

control) is considered a promising result for in vitro

application of apricot gum. In addition, callus mor-

phological traits such as callus volume, color, and tis-

sue firmness were also affected by gum treatments

Table 1 - Different culture media and growth regulators for each
plant species

Plant 

species
In vitro establishment

Shoot 

proliferation
Rooting

Carrot 2,4-D (1.0 mg/l) - -

Stevia Hormone-free medium IBA (2.0 mg/l) IBA (2.0 mg/l)

Grapevine BA (2.0 mg/l) + NAA (0.2 mg/l) IBA (2.0 mg/l) IBA (2.0 mg/l)
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(Table 2). The callus mass produced on control medi-

um (30 days after inoculation) were light brown in

color and had intermediate firmness. However, with

gum application the color was greenish and the tis-

sue mass volume was increased corresponding to

gum concentration (Fig. 1). The callus fresh weight

was also improved in all the treatments, however the

dry weight was the same and was determined to be

lower than control media (Table 3). It is worth noting

that the treatment with 6.0 g/L apricot gum may be

toxic for carrot callus; however callus fresh weight

was not statistically significant compared to 2 g/L

level (Table 3).

Due to the positive and promising results with car-

rot callus cultures, the effect of apricot gum was

evaluated on in vitro proliferation of an herbaceous

medicinal plant, stevia, for which its proliferated cul-

tures were already established in our laboratory.

Stevia shoot multiplication and rooting

Stevia is an herbaceous plant with rapid in vitro

proliferation. In our laboratory, stevia cultures were

normally sub-cultured at three- to four-week inter-

vals. The growth parameters of stevia shoot prolifer-

ation and rooting four weeks after inoculation are

shown in Table 4. It is clear that apricot gum added

to stevia medium was particularly beneficial. The

gum significantly reduced the time taken to root initi-

ation and the micro-cuttings inoculated on medium

containing gum (6.0 g/L) achieved root initiation in

less than a week (6.5 days only), while the control

plantlets came into rooting after at least 10 days.

Root length also increased in the presence of gum,

however, the number of roots were not considerably

different among treatments. In vitro plantlet length

and leaves were reduced on gum-supplemented

media, but instead the leaf area and lateral shoots

were enhanced (Table 4). It seems the lower concen-

trations of apricot gum (2.0 and 4.0 g/L) led to better

vegetative response in stevia cultures. A similar trend

was also recorded with respect to stevia leaf pig-

ments. Thus, at the rate of 2.0 g/L, gum was more

effective in pigmentation and production of dark

green leaves. Overall, it may be stated that apricot

gum had a positive influence on most of the in vitro

traits measured in stevia tissue-cultured plants.

Grapevines shoot multiplication and rooting

It has previously been reported that shoot prolif-

eration and rooting occur simultaneously in

grapevine (Alizadeh et al., 2010), hence, in the pre-

sent experiment, it was possible to measure related

Fig. 1 - The effect of apricot gum on in vitro growth and prolifer-
ation of carrot callus cultures 30 days after inoculation
(left to right: Control, 2.0, 4.0, 6.0 g/l apricot gum).

Means in the same row followed by different letters are signifi-
cantly different at P<0.01 using LSD-Test.

Qualitative

traits 

Apricot gum concentration (g/l)

Control 2.00 4.00 6.00

Callus volume <30% 30-50% 50-100% ≥100%

Callus color Light brown
Beige to light

green

Beige to

greenish

Beige to 

pistachio green

Tissue firmness +++ +++ ++++ ++++

Table 2 - The qualitative traits of carrot callus as affected by
gum application 30 days after inoculation

Table 3 - The growth parameters of carrot callus as affected by
gum application 30 days after inoculation

Qualitative traits 
Apricot gum concentration (g/l)

Control 2.00 4.00 6.00

Days to callus initiation 35.75 a 29.80 b 19.60 c 13.70 d

Callus fresh weight (g) 0.121 c 0.269 cb 1.01 a 0.364 b

Callus dry weight (g) 21.54 a 10.08 b 11.32 b 13.66 b

Means in the same row followed by different letters are signifi-
cantly different at P<0.01 using LSD-Test.

Growth trait 
Apricot gum concentration (g/l)

Control 2.00 4.00 6.00

Plantlet length (cm) 20.00 ab 10.95 bc 22.72 a 8.60 c

Number of shoots 2.25 b 3.75 ba 3.25 ba 5.25 a

Number of leaves 68.25 a 27.00 b 36.75 b 47.5 ab

Average leaf area (cm3) 0.06 c 1.75 a 1.16 ab 0.68 bc

Days to root initiation 10.75 a 10.25 a 7.25 a 6.50 a

Number of roots 35.00 a 29.50 a 35.00 a 17.50 a

Root length (cm) 0.56 b 2.21 a 1.86 a 0.85 b

Chlorophyll a (mg.g F.W.) 7.50 c 14.45 a 10.96 b 10.68 b

Chlorophyll b (mg.g F.W.) 4.33 ab 5.43 a 2.77 b 3.87 ba

Total chlorophyll (mg.g F.W.) 11.91 b 19.97 a 13.76 b 14.72 b

Carotenoid (mg.g F.W.) 3.15 b 5.95 a 4.25 b 4.53 ba

Table 4 - The growth parameters of stevia shoot proliferation
and rooting 28 days after inoculation

+++ indicates medium hadness, ++++ indicates medium hardness
and fragile callus tissue.
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parameters collectively in a single medium (shoot

proliferation cum rooting medium supplemented

with apricot gum). Furthermore, the results of our

grapevine experiment were more obvious and

noticeable than for the other species. These distinct

effects on grapevine shoot proliferation and rooting

are reported in figure 2 and Table 5. In the case of

rooting parameters, the gum considerably reduced

the time taken to root initiation (6 days against 14

days in control explants) and the rooting percentage

was also improved, reaching nearly 100 % in the case

of 6.0 g/L gum-supplemented media. Root length

also increased: the greatest length was found in

medium containing 4.0 g/L gum. However, all gum

treatments showed longer roots compared to control

explants. A similar trend was also observed in stevia

samples (Table 4). Shoot proliferation was vigorously

enhanced following application of gum to the media

(Fig. 2 and 3). Thanks to the positive effects of apricot

gum, longer vines with more lateral shoots, intern-

odes and greater leaf area were achieved (Fig. 3).

Although all three concentrations of gum were found

to be effective with regard to the aforementioned

vegetative traits as compared to gum-free medium,

the efficiency of 4.0 g/L was evident.

4. Discussion and Conclusions

Cultured plant tissues need a continuous supply of

carbohydrates from the medium to encourage

growth and survival in vitro (Kozai, 1991). Therefore,

sugars such as sucrose, glucose, and sorbitol are gen-

erally added as a carbon source (Kadota and Niimi,

2004). Furthermore, reliable callus proliferation and

subsequent plant regeneration are important for effi-

cient micropropagation and genetic manipulation of

plant tissues (Khorsha, 2014). Carbohydrates play an

important role in in vitro cultures as an energy and

carbon source, as well as an osmotic agent (George

et al., 2008). There are numerous reports on the

effects of various carbon sources on in vitro callus

growth and regeneration. For example, Huang and

Huang (1999) demonstrated that sorbitol acts as a

carbon source, providing energy for callus growth

and plantlet regeneration. Other studies suggest that

it acts only as an osmotic regulator to adjust osmotic

pressure in calli (Al-Khayri and Al-Bahrany, 2002;

George et al., 2008). The capacity of various carbohy-
Fig. 2 - The effect of apricot gum on in vitro growth perfor-

mance of grapevine explants.

Fig. 3 - The effect of apricot gum on in vitro shoot proliferation
(above) and rooting (below) of grapevine. 

Table 5 - The effect of apricot gum on certain growth parame-
ters of grapevine 30 days after inoculation

Growth trait 
Apricot gum concentration (g/l)

Control 2.00 4.00 6.00

Appearance of the first leaf 17.25 a 7.00 b 5.00 c 4.75 c

Number of shoots 1.00 c 1.00 c 2.5 a 2.00 b

Number of leaves 3.00 b 4.75 b 9.5 a 9.50 a

Number of roots 20.25 b 32.5 b 77.25 a 65.75 a

Internode length (cm) 0.94 c 1.02 bc 1.41 a 1.29 ab

Means in the same row followed by different letters are signifi-
cantly different at P<0.01 using LSD-Test.
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drates to support growth of Japanese morning glory

callus was examined and it was found that sucrose

was the most effective compound but glucose, fruc-

tose, trehalose, maltose, cellobiose, raffinose and

soluble starch were also found to be significant

(Hisajima and Thorpe, 1985).

Apricot gum and callus growth and proliferation

Gums are typically more or less sticky in nature

and translucent and amorphous. Chemical analysis of

apricot gum has already been performed by Lluveras-

Tenorio et al. (2012). They found total sugars (60%),

galactose (43%), mannose (4%), arabinose (44%),

xylose (7%) and ramnose (1%) in apricot gum. It is

clear that such composition may be different in each

lot, from one tree to another, and the results may

not be reproducible in different tissue culture labora-

tories. However, the present study was performed in

five replications and positive responses were found

with carrot callus growth. The callus volume pro-

duced on media fortified with 4.0-6.0 g/L apricot gum

was at least three to four times that of gum-free

medium (Fig. 1). The enhanced callus growth induced

by apricot gum may be considered a significant logi-

cal reason for application of gum in plant tissue cul-

ture media, especially in species for which indirect

regeneration (plant regeneration from callus) is to

follow.

Apricot gum and shoot/root proliferation

Different types of basal media used in plant tissue

culture vary with regard to the concentration of

macro and microelements, greatly affecting the in

vitro growth and multiplication of shoots. Apart from

this, type and concentration of carbon sources in the

medium affect the physiology and differentiation of

tissues (Lipavska and Konradova, 2004) while serving

as osmotic and energy source (George et al., 2008).

In our experiment, the utilization of apricot gum

caused reasonable shoot proliferation both in stevia

and grapevine (Table 4, Fig. 3), not to mention its

very low cost and economic advantages, making it

useful in commercial tissue culture laboratories seek-

ing economical and feasible protocols for in vitro

propagation of horticultural crops. There are some

reports on the utilization of such low-priced and

organic materials as a potential plant source with a

high amount of sucrose and other sugars which could

possibly be used as an alternative carbon source, for

example molasses (Dhamankar, 1992), sugar cane

juice (Buah et al., 2011), and date palm syrup (Al-kha-

teeb, 2008 a). Furthermore, in a review presented by

Yaseen et al. (2012), factors determining the efficacy

of a carbon source including its type, concentration,

and their mutual interaction are reported. In our

study, apricot gum was exploited, although the appli-

cation of almond gum or sweet cherry gum would

also be possible, since these types of gum are also

readily available throughout the country at similar

price. However, there may be some differences in in

vitro responses of gums from different origins.  With

regard to concentration, for tissue culture media,

4.0-6.0 g/L may be considered as a feasible range,

because beyond this dose the solubility of gum

would be difficult even with heat treatments.

Moreover, in high concentrations the culture media

cannot be solidified properly (Khorsha, 2014). The

mutual interaction between gum and explants is also

an important matter. Although, in the present experi-

ment all  three plant species showed positive

responses for most of the measured parameters,

however grapevine in vitro shoot proliferation was

greatly enhanced in gum-supplemented media (Fig.

3).

Rooting is considered a difficult step in micro-

propagation of many woody plants (George, 1993)

and it is regulated by a number of physiological, bio-

chemical, and genetic factors (Pawlicki and Welander

(1995). Generally, rooting occurs in an auxin-

enriched medium. On the other hand, Hassan et al.

(2009) mentioned that sucrose at the highest level

considerably increased rooting of palm tissue cul-

tures. The results of the present research on rooting

parameters of stevia and grapevine correspond with

those of Al-Khateeb (2008 b) on date palm. He

observed an enhanced root formation as the sugar

concentration increased (60 g/L and above). 

In conclusion, the present study considered addi-

tion of apricot gum as a complex organic addendum

in tissue culture of carrot callus, stevia and

grapevine. It was found that addition of gum not only

was without negative effects, but its usefulness was

definitely confirmed. Apricot gum significantly

increased in vitro growth and proliferation of carrot

callus tissues. Furthermore, shoot/root vegetative

parameters of gum-fortified media were actually

promising in stevia and grapevine. Overall, gum at

the rate of 4.0 g/L was found to be a logical concen-

tration with respect to the positive response in all

three species. Owing to the promising results found

with the present research, the application of gum in

commercial tissue culture protocols is highly recom-

mended. However, further studies would be required

to fully exploit plant-derived gums as an alternative

carbon source.
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