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Water Stress, High Light and High Temperature Stresses

Song, Sun-Wha, Sang-Soo Kwak', Soon Lim', Suk-Yoon Kwon', Haeng-Soon Lee' and Yong Mok Park*
Department of Life Science, Cheongju University, Cheongju 360-764, Korea
ILaboratmy of Environmental Biotechnology, Korea Research Institute of Bioscience and Biotechnology, Daejeon 305-806, Korea

ABSTRACT: Ecophysiological parameters of non-transgenic sweetpotato (NT) and transgenic sweetpotato (SSA)
plants were compared to evaluate their resistance to multiple environmental stresses. Stomatal conductance and
transpiration rate in NT plants decreased markedly from Day 6 after water was withheld, whereas those values
in SSA plants showed relatively higher level during this period. Osmotic potential in SSA plants was reduced
more negatively as leaf water potential decreased from Day 8 after dehydration treatment, while such reduction
was not shown in NT plants under water stressed condition. SSA plants showed less membrane damage than
in NT plants. As water stress and high light stress, were synchronously applied to NT and SSA plants maximal
photochemical efficiency of PS Il (FJ/Fm) in NT plants markedly decreased, while that in SSA plants was
maintained relatively higher level. This trend of changes in F./Fn between SSA plants and NT plants was more
conspicuous as simultaneously treated with water stress, high light and high temperature stress. These results
indicate that SSA plants are more resistive than NT plants to multiple environmental stresses and the enhanced
resistive characteristics in SSA plants are based on osmotic adjustment under water stress condition and
tolerance of membrane.
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INTRODUCTION

Global environmental change is one of the main topics in 21st
century for human beings to solve because it may change natural
ecosystem on the planet by causing environmental stress to plants,
which in turn threaten survival of human beings (Osmond et al.
2004). Most of environmental stress in plants is associated with the
increased production of toxic reactive-oxygen species such as super
oxide (0,), and hydrogen peroxide (H,0,) damaging plant cells
(Allen 1995). Plants, however, have developed efficient defense
mechanisms such as antioxidant enzymes detoxifying reactive oxy-
gen species in the process of evolution (Asada 1999). Among envi-
ronmental stress water is the most important factor determining plant
distribution as well as crop productivity on the earth. Water stress
causes various effects on plants through cessation of cells, stomatal
closure, reduction of photosynthetic rate, wilting and even death
(Hsiao 1973). As water stress often appeared together with heat stress
researches of the effects of multiple environmental stresses on plant
ecophysiology must be needed (Lu and Zhang 1999). Besides, deve-

lopment of resistive plants to multiple environmental stresses by
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biotechnology may be a way to cope with environmental stress
resulting from global environmental change.

In fact, developed countries are trying to develop a strong and
fruitful plants species for multipurpose such as securing foodstuffs
and forage, and protecting natural disaster by using biotechnological
techniques (Kwon et al. 2002). As a result, many-transgenic plants
were made in a variety of plant species such as Arabidopsis spp.
(Oh et al. 2005. Van Camp et al. 1996), maize (Caimi et al. 1996),
pea (Donahue et al. 1997), alfalfa (McKersie et al. 1999, Samis et
al. 2002), tobacco (Kwon et al. 2002, Sen Gupta et al. 1993), horse-
radish (Kawaoka et al. 2003) and rice (Suzuki et al. 2000). Most
of transgenic plants showed enhanced tolerance to environmental
stress though some of them failed to enhancing tolerance (Kwon et
al. 2002, Torsethaugen et al. 1997).

However, to introduce transgenic plants to crop field or disturbed
ecosystem, successfully, the most important thing must be an accu-
rate evaluation on biohazard of transgenic plant in ecosystem and
resistive characteristics to environmental stress. As a part of this
kind of work we developed transgenic sweetpotato (SSA) plants ex-
pressing both CuZn superoxide dismutase (SOD) and ascorbate
peroxidase (APX) in chloroplasts under the control of an oxidative
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stress inducible SWPA2 promoter (Lim et al. 2004).

Here we evaluate ecophysiologically resistive characteristics of
SSA plants to multiple environmental stress treated with combi-
nation of water stress, high light and/or high temperature stress.

MATERIALS AND METHODS

Two kinds of experiments were carried out, one evaluating the
effect of water stress on plant water relations and membrane damage
and the other assessing the effect of multiple environmental stress
on potential photochemical efficiency.

The procedure of preparation for plant material was the same in both
experiments except for experimental period as described below. Plant
tissues for all measurements were sampled from fully developed.

Plant Material and Growth Condition

Plant materials were obtained by asexual propagation method
from transgenic sweetpotato plants expressing both CuZn SOD and
APX in chloroplasts (Lim et al. 2004). From SSA plants third-leaf
stage shoots were cut and transplanted those into pots (7.5 cm in dia-
meter and 14 cm deep) filled with mixed soil which was composed
of sand and commercial soil (Supersangto, Soil and Fertilizer Te-
chnology Co., Korea.) in 1:1 volume ratio. All plants were well wa-
tered to run off every other day and given 50 mL of 1/500-strength
Hyponex nutrient solution (Hyponex Plant Food 6.5-6-19, Hypo-
nex Korea) four times. Plants were cultivated in a green house atta-
ched to Cheongju University, Korea. After cultivation for 4 weeks in
the greenhouse plants were moved into a growth chamber with air
temperature 25 + 2C, relative humidity 70 + 10 % and photon flux
density of 250 zzmol m s ' with a photoperiod of 14/10h. Those
conditions were maintained throughout the end of the experiment.

Stress Treatments

All treatments and measurements were carried out under the
conditions of growth chamber mentioned above. Basically, all plants
were subjected to water stress which was carried out by withholding
water.

High light and high temperature stress were applied by exposing
leaf surface to high light (1,800 zzmol m > s '). Light was supplied
through optical fiber from specially manufactured light source using
halogen lamp (Lees OS Inc., Korea). The distance between light
emitting point and leaf was maintained with 20 cm because it can
keep high light intensity as well as high temperature of 33 + 2°C.

High light stress was imposed by narrowing the distance between
leaf and light emitting point, and by passing through a water body main-
taining constant level of water in a 500 mL beaker filled with

deionized water.
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Measurements of Electrolyte Leakage

Electrolyte leakage from leaf tissues was determined according
to Dioniso-Sese and Tobita (1998) with some modification. To quan-
tify electrolyte leakage, leaf disk (25 mm” in diameter) was punched
from fully developed leaves and put into a tube of 50 mL contai-
ning 20 mL of deionized water, and the tube was capped and then
incubated on a rotary shaker (150 rpm) at room temperature for 30
min. The amount of electrolytes leaked from leaf sample was mea-
sured with conductivity meter (Checkmate II, Cornning, USA).
Total amount of electrolytes in the leaf sample was determined after
samples were autoclaved at 121°C for 15 min and cooled to room
temperature. Relative electrolyte leakage was calculated as the ratio

of the amount of electrolytes before and after autoclaving.

Measurements of Leaf Water Relations and PSII Photoche-
mical Efficiency

Leaf water potential, osmotic potential, stomatal conductance and
transpiration rate were determined at an interval of 2 days. Leaf
water and osmotic potential were measured by using dew point
microvolt meter (Wescor, HR33T, USA). Leaf disk (7 mm in dia-
meter) punched from fully developed leaves was placed in the sample
chamber to reach equilibrium for 20 min, and then water potential
of leaf disk was measured according to Premachandra et al. (1992)
with some modification. After the measurement of leaf water poten-
tial leaf disk taken was put into an Eppendorf tube, and capped, and
then stored in a deep freezer of —85°C for 1 hr. The frozen leaf
disk was allowed to thaw at room temperature condition and then
osmotic potential was measured after sample thawing.

Stomatal conductance and transpiration rate were measured with
steady state porometer (LI-1600, Licor, USA).

Chlorophyll a fluorescence was measured with potable chloro-
phyll monitoring system (PMS 2, Hansatech, UK). Before measure-
ment of chlorophyll a fluorescence leaves were darkened for 20 min
to open all PS II reaction centers, and then minimal fluorescence
(Fo) and maximal fluorescence yield (Fn) were measured and
maximal photochemical efficiency (F./Fn) of PS II was calculated
according to Schreiber et al (1994).

RESULTS AND DISCUSSION

Overall trend of leaf water potential was changed similarly in
both NT plants and SSA plants (Fig. 1). Osmotic potential also
showed almost identical changes in the two for 4 days from the
start of dehydration treatment. However, osmotic potential of SSA
plants decreased to —1.06 MPa on Day 6 thereafter, whereas that
of NT plants showed —0.95 MPa. This difference in osmotic poten-
tial between NT plants and SSA plants continued the end of experi-
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Fig. 1. Changes in leaf water potential (WP) and leaf osmotic poten-
tial (OP) of non-transgenic (NT) and transgenic (SSA) sweet
potato (Ipomoea batatas Lam.) plants. Vertical bars represent

standard errors of five measurements.

ment, and reached its peak on Day 8, showing the difference of
0.24 MPa. As a result, higher turgor pressure was maintained in
SSA plants than in NT plants (Fig. 1), indicating osmotic adjust-
ment in SSA plants. Turgor pressure at a particular water potential
can be mediated either through the accumulation of solutes to low
osmotic potential actively or by changes in wall elasticity (Jones
1979, Radin 1983, Evans et al. 1992). Though wall elasticity of NT
plants and SSA plants were not determined in this experiment osmo-
tic adjustment in SSA plants obviously contributed to the mainte-
nance of turgor. Contribution of wall elasticity changes to turgor
maintenance in water stressed plants is open to argument. Changes
of wall elasticity in some crops and tree species with the absence
of osmotic adjustment contributed to turgor maintenance (Nune et
al. 1994, Fan et al. 1989). In some species, however, turgor was
not maintained by change of wall elasticity in stressed plants
(Martinez et al. 2006), and in some cases, both osmotic adjustment
and changes of wall elasticity contribute together to turgor main-
tenance (Clifford et al. 1998). Thus, both factors may exert in-
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Fig. 2. Changes in stomatal conductance (Gs, upper) and transpira-
tion (Tr, lower) of non-transgenic (NT) and transgenic (SSA)
sweetpotato (I[pomoea batatas Lam.) plants. Vertical bars
represent standard errors of five to seven measurements.

fluence on turgor maintenance in SSA plants under dehydration
treatment. SSA plants showed higher stomatal conductance and tran-
spiration rate from Day 6 to the end of experiment (Fig. 2). Thus,
higher turgor pressure in SSA plants than in NT plants must be
reflected in stomatal conductance and transpiration rate, maintaining
higher values than those in NT plants since Day 6 (Fig. 1). It is
well known that photosynthetic rate in plants are highly affected by
stomatal conductance (Farquhar et al. 1980). SSA plants also showed
less membrane damage by dehydration treatment compared with NT
plants (Fig. 3). Thus, SSA plants must have the advantage of other
plants susceptible to water stress in the respect of matter production
under drought conditions. Considering these facts, high stomatal
conductance in SSA plants shown under water stressed condition is
enough to arouse our interest (Fig. 2), expecting that SSA plants
can contribute to stabilizing vegetation in the semiarid and arid
regions, and enhancing agricultural productivity in those areas. This
expectation is assured from the result of F./F, representing potential

photosynthetic efficiency. In fact, SSA plants showed higher resistive



482 Song, Sun-Wha et al.

J.8
mHT T
Lk E]
a.8
-l
W 0.4 .
) |IIIII ||||l|
3.9 IIIIII - - - N
1 i & 1 H

Tomw I}

Fig. 3. Changes of relative electrolyte leakage (REL) in the leaves
of non-transgenic (NT) and transgenic (SSA) sweet potato
(Ipomoea batatas Lam.) plants after dehydration treatment.
Each column indicates the mean of five measurements with
standard error.
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Fig. 4. Changes of maximum photosynthetic efficiency (F./Fm) of
non-transgenic (NT) and transgenic (SSA) sweet potato ([po-
moea batatas Lam.) plants under high light stress imposed on
Day 0 (upper), Day 4 (middle) and Day 8 (lower) after
dehydration treatment. Each column indicates the mean of

five measurements with standard error.
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characteristics to multiple environmental stresses, combined water
stress with high light stress (Fig. 4) and with high light and high
temperature stress (Fig. 5). Under water stressed condition, high
light stressreduced F\/F, in NT plants severely after 7 hr treatment
on Day 8, compared with SSA plants. This reduction of NT plants
was more obvious as multiple stress combined with high light and
high temperature stress, was imposed simultaneously. F,/Fy in NT
plants decreased to 0.53 and 0.49 after 5 and 7 hr treatments on
Day 8, respectively, while SSA plants maintained the values of 0.68
and 0.67, respectively.

Matter production by plants is the basis of biological diversity
in an ecosystem as well as supporting ecosystems on the earth.
Consequently, plants that have resistive characteristics to multiple
environmental stress like SSA plants may play an important role in
the extremely disturbed areas such as the source area of yellow
dust, ongoing desertification area, and abandoned coal mine area. In
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Fig. 5. Changes of maximum photosynthetic efficiency (Fu/Fn) of
non-transgenic (NT) and transgenic (SSA) sweet potato (Ipo-
moea batatas Lam.) plants under high light and temperature
conditions imposed on day O (upper), Day 4 (middle) and
day 8 (lower) after dehydration treatment. Each column
indicates the mean of five measurements with standard error.
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recent, numerous trials to stabilize vegetation such as planting trees
are carried out in the disturbed areas worldwide (Avery and Gordon
1983, Lewis 1985, Olofsson et al. 2005). In Korea, tree planting
projects to protect yellow dust from the source area located at the
border area between China and Mongolia are underway by various
NGO groups. It is well known that the propagation of sweet potato
plants depends on only asexual reproduction because sweet potato
plants originating from tropical areas can not reproduce with sexual
reproduction in cool temperate areas. Thus, the propagation of
sweetpotato could be managed under human control. In this respect,
SSA plants would play an important role in stabilizing vegetation
in the source area of yellow dust and in restoring vegetation in dis-
turbed area such as abandoned coal mine areas.

From these results, we conclude that SSA plants are more resis-
tive than NT plants to multiple environmental stresses and the en-
hanced resistance to multiple stresses in SSA plants is resulted from
osmotic adjustment and the resistive characteristic of membrane
under water stressed condition. The use of transgenic plants as a
restoring or revegetating plant species to extremely disturbed areas
may be worth discussing.
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