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Diverse Response of Three Sweetpotato Cultivars to Abiotic Stresses
and Adjustment of Free Polyamine Levels
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HREE SWEETPOTATO cultivars, Abees, Mogamba and Santo Amaro, were subjected to

moderate (-0.5MPa) and severe drought stress (-2.5MPa) or to salt treatments up to 200mM
NacCl, respectively. Patterns of leaf polyamine contents were analyzed to verify whether these
metabolites could be used as early traits of tolerance. Physiological parameters like leaf relative
water content, total chlorophyll content, leaf electron conductance, stomata resistance and
transpiration rate were used to indicate stress conditions of the plants and growth parameters
were applied to identify the level of tolerance among the used cultivars. In all three cultivars,
drought led to an increase of putrescine (Put) and decrease of spermidine (Spd) concentrations
while spermine (Spm) was decreased only in the Santo Amaro cultivar. The most tolerant
cultivar was Mogamba followed by Santo Amaro and Abees. However, this descending order
was not reflected by the specific changes in polyamine levels but it is altered under drought as
well as under salinity in both sensitive and tolerant cultivars. More investigations are needed to
figure out if polyamines behave as a response of stress and/or a protective mechanism.

Keywords: Drought stress, Polyamines, Salt stress, Sweetpotato, [pomoea batatas.

List of abbreviations: ABA= Abscisic acid, ANOVA= One-way analysis of variance, EL=
Electrolyte leakage, HPLC= High-performance liquid chromatography, LEC= Leaf electric
conductance, MPa= Megapascal, PA= Polyamines, Put= Putrescine, ROS= Reactive oxygen
species, Rs= Stomatal resistance, RWC= Relative water content, SD= Standard deviation,
SEC= Soil electron conductance, Spd= Spermidine, Spm= Spermine, Tr= Transpiration,
T-Spm= Thermospermine.

Introduction

Climate change causes extreme weather events
such as high temperatures, severe droughts and
salinization of soil due to irrigation. Such extreme
weather variability is the primary reason for
the loss of agricultural productivity worldwide,
reducing average yields for most major crop plants
by more than 50% and considered as major threats
to food security (FAO, 2012). As a consequence
there is a need in crop varieties that can tolerate
the changing environmental conditions posing
a challenge for breeders. It is highly desirable to
develop a reliable tool that can be used to identify
tolerant plant cultivars.

Polyamines are negatively charged aliphatic
polycations, that are present in all living organisms
and have been associated with stress responses in
plants (Berberich et al., 2015). The polyamines
putrescine (Put, a diamine), spermidine (Spd, a
triamine), and spermine (Spm, a tetraamine) were
found to be involved in a large number of cellular
processes, including cell growth and proliferation,
modulation of chromatin structure, DNA
stabilization, gene transcription and translation,
signal  transduction, = membrane stability,
functioning of ion channels and receptor-ligand
interactions and tumour development (Landau et
al., 2012). In plants, increased Put, Spd and Spm
levels can be engaged in metabolically highly
active tissues during development and under stress
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conditions (Shabala & Munns, 2017). In the latter
case, earlier studies have suggested that polyamines
such as Spd, Spm, T-Spm (thermospermine,
another tetraamine) and their precursor Put may
increase several-fold under dry or saline conditions
(Tabor & Tabor, 1985). Similar effects were shown
in response to adverse environmental conditions
including flooding, temperature extremes, UV,
heavy metal and herbicide toxicity and wounding
(Tabor & Tabor 1985 and Liu et al., 2007), where
it is proposed to be involved in modulating the
homeostasis of reactive oxygen species (ROS) by
their direct, or indirect regulation of antioxidant
systems or suppression of ROS production (Liu et
al. 2007; Mostofa et al., 2014 and Biswas & Mano,
2015).

Sweetpotato ([pomoea batatas (L.) Lam.)
ranking as the world’s seventh important crop is
cultivated in more than 100 countries with a wide
range of climate (FAO, 2008). It is a versatile crop
with higher biological efficiency as food and feed
as well as in industrial applications. It is regarded
as a food security crop because of its low input
requirements, ease of production and ability to
produce under adverse weather and soil conditions
(Ndolo etal., 2001). Attempts to improve resistance
to a specific stress within a given species will be
enhanced by understanding the differences in the
physiological background between species or
varieties in response to that stress. Polyamines
can be an important component for the survival
in harsh site conditions and it can be expected,
that polyamines play an important role in the
stress resistance of sweetpotato and agricultural
suitability in adverse environmental conditions
(Kasukabe et al., 2006).

Therefore, knowledge of the effects of abiotic
stresses on the endogenous free levels of polyamines
and the involvement in a metabolic adjustment in
sweetpotato would build a base for implementing
polyamine metabolism in breeding approaches
to improve sweetpotato production under stress
conditions. The aim of this study was to explore
the future prospects of sweetpotato at drought and
salinity stresses. We analyzed the variability of free
polyamine levels in different sweetpotato cultivars
in response to drought and salinity stress.

Materials and Methods

Genotypes used
In this study, we used three cultivars of
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sweetpotato (I[pomoea batatas (L.) Lam: The
local Egyptian sweetpotato cultivar Abees, the
accession 440034 Mogamba (origin, Burundi)
and the accession 400011 Santo Amaro (origin,
Brazil). The latter both were obtained from
the International Potato Centre (CIP), Lima,
Peru and selected for this work according to
their productivity, chemical characteristics, and
organoleptic properties (EL-Bastawesy et al.,
2008 and El-Far & Koyro, 2014).

Plant growth conditions

The first part of the experiment which
included the drought and salinity treatments and
the physiological measurements was carried out
in the Institute of Plant Ecology, Justus-Liebig-
University, Germany, while the extraction and
analysis of the polyamines were performed at the
Senckenberg Biodiversity and Climate Research
Center (SBiK-F), Frankfurt am Main, Germany.

One week old rooted cuttings were planted
into individual plastic pots with 16cm diameter
filled with one kg experimental soil (mass ratio
1:1:1, beat moss: sand: clay). Pots were placed in a
greenhouse at temperatures of 28/25°C (day/night),
and a long-day photoperiod (16/8hr, light/dark)
with an irradiance of 200 mol m2 s and 50-60%
relative air humidity. Plants were grown under well-
watered conditions (70% water holding capacity=
30% volumetric water content (controlled with an
HH2 moisture meter, Delta-T Devices Ltd). One
rooted cutting/pot was used as a biological replica,
three biological replicates were used/treatment.
At the stage of eight fully expended leaves (age
of 4 weeks) a part of the plants was subjected to
drought or salinity. Measurements and analysis
were carried out on the third fully expanded leaf
from the top. Three biological replicates were used
for the statistical analysis.

Drought stress treatment

Pots were left with reduced irrigation to dry
gradually until 5% soil water content prior to
sample collection (moderate drought= -0.5MPa)
and until 0% volumetric water content (severe
drought= -2.5MPa). The soil water potential was
measured by a (Psypropsychrometer, Wescor,
Utah, USA). Control plants were kept under well-
watered conditions as described above until the
end of the experiment. The samples recovered
from the stress were obtained after 1hr of watering
the plants that were prior exposed to -0.5 and -2.5
MPa.
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Salinity stress treatment

Four weeks following plantation, plants were
watered twice a week with 50ml each of 50, 100,
150 and 200mM NaCl, respectively. Samples
were collected at the age of eight weeks. SEC
(Soil electron conductance) was measured using
a WET Sensor and an HH2 Moisture Meter
(Delta-T-Device). Four weeks following salinity
treatments, three plants per treatment were
harvested as three biological replicates. Fresh
weight of roots, stems and leaves were recorded.
Plant materials were dried at 105°C for 72hr
to determine the percentage of dry weight and
water content for roots, stems and leaves. The
50% reduction of growth was calculated for each
variety on the base of regression curves.

Relative water content (RWC)

Leaf disks with a diameter of 0.5cm were
collected and fresh weight was determined. Disks
were floated on the surface of the water in Petri
dishes at room temperature for Shr and the turgid
weight was measured. Discs were then dried by
incubation at 70°C for overnight and RWC was
calculated as described by Smart & Bingham
(1974), were RWC (%)= [(Fresh weight- dry
weight)/(turgid weight- dry weight)]* 100

Total chlorophyll content (SPAD)

SPAD readings were collected using the
mean of three SPAD readings for each leaf by
the chlorophyll meter (SPAD-502, Minolta Co.,
Osaka, Japan).

Stomatal resistance (Rs) and transpiration rate
(Tr)

Rs and Tr were measured early at the morning
using a portable steady-state porometer (LI 1600
M, LICOR). Measurements were carried out on
three sample leaves per treatment.

Leaf electric conductance (LEC)

EC of leaf samples of salt treated and control
plants of sweetpotato were determined as
described by Koti et al. (2007) with modifications.
200mg of freshly prepared leaf discs were
immersed in a tube with 10ml de-ionized water
after washing its surface. The conductivity of the
solution was measured with a conductivity meter
(Aqua Lytic, Model L17, Bischof), readings were
recorded as zero time (t). Samples were frozen
under liquid N, for 20min. Conductivity was
measured again when the solution was warmed
up to room temperature (t_ ). The percentage of

electrolyte leakage (EL) was calculated using
the formula, EL %= 1- [(1- (ECt,/)/1- (ECt_))-
(Control samples at zero time/control samples
after freezing)]* 100.

Sample collection

The third leaf (first fully expanded leaf) of
each plant from each pot was collected as one
biological replica for the drought and salinity
treatments. Three biological replicas per treatment
were used for the free polyamines measurements.
In parallel, non-treated plant materials were
collected at the same time. Samples were frozen
under liquid nitrogen and lyophilized (Christ
BEATA 1-8lyophilizer with LMC-2 system
control, Martin Christ GmbH).

Polyamines extraction and analysis

Polyamines were extracted following the
method described by Naka et al. (2010) with
the modification that the extraction was carried
out using lyophilized leaf materials. Forty mg
leaf materials were extracted, benzoylated
and analyzed by high-performance liquid
chromatography (HPLC, Agilent Technology
1260 Infinity Quaternary LC System, Diode
Array Detector (DAD), TOSOH 4.6 x 250mm,
TSK-GEL ODS-80Ts column) using methanol as
a mobile phase. Extracted free polyamines were
compared to the polyamines standard profile
prepared following the method of Naka et al.
(2010). Three biological replicates were used for
each treatment and cultivar.

Statistical analysis

One-way analysis of variance (ANOVA)
test using Dunnat analysis for the RWC, LEC,
and SPAD or the unpaired t-test for the stomata
resistance and transpiration were applied to
assess the significance of the differences between
the control and the stress treatments (drought
and salinity experiments) separately at P< 0.05.
Values were calculated using three biological
replicates for each treatment. All datasets shown
are presented as the means+ standard deviation
(SD). Significant changes were marked with
one (P<0.05), two (P< 0.01) or three (P< 0.001)
asterisks.

Results

Growth parameters
Drought led to a significant reduction of
growth in all three cultivars (Fig. 1). However,
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it was proportionally highest in Abees (-28.2%) of growth was reached at 76.2mM NacCl in Abees
followed by Mogamba (-24.6%) and Santo Amaro followed by Santo Amaro (110mM NaCl) and
(-19.9%). As salinity increased, the growth of all Mogamba (129.3mM NaCl).
three cultivars decreased (Fig. 2). A 50% reduction
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Fig. 1. Effect of drought treatment (D) on fresh weight (FW) of leaves, stem and roots of three sweetpotato cultivars
in comparison to control (C). Values+ SE of three independent replicates are shown [Significance levels are
indicated as P< 0.1 (**) and P< 0.05 (*) in comparison to the control].
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Fig. 2. Effect of salinity treatment on fresh weight (FW) of leaves, stem and roots of three sweetpotato cultivars.
Values= SE of three independent replicates are shown [Significance levels are indicated as P< 0.1 (**) and P<0.05
(*) in comparison to the control (0mM NaCl)].
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Physiological measurements

RWC of plants following drought stress was
reduced significantly 89.6+ 3.11% (control) to
81.8+ 2.12% (moderate drought) and 74.4+ 1.67%
(severe drought) for the cultivar Abees. Similar
results were indicated for the cultivar Santo
Amaro, where RWC was reduced significantly
from 92.841.97 % to 76.6%* 1.39 and 73.6%+*
4.01 following moderate drought and severe
drought treatments. On the other hand, the cultivar

Mogamba did not show significant difference
among drought treatments and control (Table 1).

In the salt stress treatments, RWC of all used
cultivars did not indicate any significant changes
when compared to control plants (Table 2).
Meanwhile, LEC was significantly increased
in response to all salt stress treatments in all the
cultivars when compared to the values of control
plants (Table 2).

TABLE 1. Means of leaf relative water content (RWC), chlorophyll meter (SPAD), transpiration, stomata
resistance of sweetpotato cultivars used in this study following moderate drought (-0.5MPa), severe
drought (-2.5MPa) and their respective recovery treatments in comparison to controls.

Parameter RWC (%) SPAD Transpiration Stomata resistances
° mol m-2s' cm!
Cultivar Treatment Mean SD Mean SD Mean SD Mean SD
Control 89.6  +3.11 319 049  0.84 +0.12 15.4 423
zf;’j;;ite 81.8% 212 402%F 053  036%*  +£0.03  355% 4315
Moderate
Ab drought 88 4297  387%  +0.62  0.59%*  +0.02 20.5% 4045
ees recovery
Severe drought 74.4%%  £321  43.9%* 4217 0%+ +0 0#* +0
ngj;’ydm“gm 783%% 4167  41.8%F 1] 0¥* +0 0** +0
Control 928 +197 325  +025 1.9 +0.067 83  +026
g’;’ﬁ;ﬁite 76.6%%  +£139  394%f  +£075 027%  +008  48.7% 1156
Moderate
drought 84.6% +£376 346  +147 042%% 0.1 208%  +78
SantoAmaro recovery
Severe drought  73.6¥*  +4.01  43.7*% +23 0** +0 O** +0
rsee;e\f:r‘ylmught 77.8%%  +153  43.0%F  +2.1 0%+ +0 0#* +0
Control 81,5 +£592 343 +17 1.19 +0.07 124  +0.79
Efgﬁ;ﬁte 81  +£806 396  +1.8  0.I8%  +£0.024 86.1%** +129
Moderate
Mogamb drought 79 £095 383 £1.8  0.15%  £0.032  77**  +44.18
ogamba recovery
Severe drought 76 +3.06 45.3%%* +2.6 0.05%* +0.06 O** +0
rseecvoe‘feer‘;mught 77 +£448  438%%  £4  0.08%  +0046 127.7%% £61.6

Standard deviation (SD) was calculated using three individual measurements. One way ANOVA test was used to asses the significance
of differences at P< 0.05(*), P< 0.01(*%*) and P< 0.001(**x*) between treatments and their respective controls.
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Total chlorophyll content of Abees and Santo
Amaro plants increased significantly at moderate
and severe drought treatments. On the other
hand, the cultivar Mogamba showed a significant
difference only at the severe drought treatment
(45.3£2.6) when compared to the control plants
(Table 1). Under salinity, a slight, significant and
transient increase in chlorophyll content could
be observed for all cultivars up to 50mM NaCl
salinity. However, the SPAD value of Abees was
significantly lower at 200mM NaCl as of controls
and of the other two cultivars (Table 2).

Among all the physiological parameters
used to determine the stress status of the plants,
transpiration and stomata resistance showed a
significant decrease and increase, respectively,
between drought or salinity stress and control for
all used sweetpotato cultivars (Tables 1 and 2).
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Santo Amaro
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Mogamba
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Control
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Spd

Recovery

Polyamines content

Although all four common plant polyamines
(Put, Spd, Spm, and T-Spm) were included in the
analyses with clear separation of Spm and T-Spm
in standard mixes, no significant level of T-Spm
was detected in the sweetpotato extracts. Drought
and salinity led to very sophisticated responses in
all three varieties. Drought led to a significant and
high decrease of the concentration of the triamine
Spdin all sweetpotato cultivars either at moderate or
severe stress conditions (Fig. 3). A similar drought-
induced reduction happened for the tetramine
Spm, but only in the cultivar Santo Amaro. The
concentration of Put increased in contrast to Spd
and Spm in all three cultivars. Abees presented a
steady increase until severe drought, Santo Amaro
a reasonable increase until moderate stress and
Mogamba responded only at severe drought.

Spm

-2.5 MPa
Recovery

Control
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]
=
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w
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Fig. 3. Putrescine (Put), spermidine (Spd) and spermine (Spm) concentrations under moderate drought (-0.5 MPa),
severe drought (-2.5 MPa), and the respective recovery condition in comparison to control condition in
three sweetpotato cultivars [Values+SE of three independent replicates are shown. Significance levels are indicated
as: P< 0.001 (***), P< 0.01 (**), P< 0.05 (*) in comparison to control. Scale of polyamines concentration (Y-axis) is
represented in log 10].
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Salinity did not lead to any significant
change of Spm in all three cultivars (Fig. 4).
However, the Spd concentration increased with
salinity at least transiently in all three cultivars
with a maximum in Santo Amaro at 100mM,
in Mogamba at 150mM and Abees at 200mM

NaCl salinity. The Put concentration increased
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10000
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E
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E
ﬂ.m,cl_
10 —
e T ©
E 7 7
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z z
= =
Santo Amaro
10000+
10004
—_
100+
10
Mogamba
10000
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100+
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Fig. 4. Putrescine (Put), spermidine (Spd) and spermine (Spm) concentrations following treatment with 0mM,
50mM, 100mM, 150mM and 200mM NaCl in three sweetpotato cultivars [Values+SE of three independent
replicates are shown. Significance levels are indicated as: P< 0.001 (***), P< 0.01 (**), P< 0.05 (*) in comparison to

150 mM NaCl
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e

Control

100 mM Na('l
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transiently in Abees (max at 100mM NaCl) and
Mogamba (max at 150mM NacCl) but dropped to
control levels at high NaCl salinity. In contrast
to these, Put concentration in Santo Amaro
decreased steadily up to 200mM NaCl, finally
reaching 20% of the control.
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control. Scale of polyamines concentration (Y-axis) is represented in log 10].

Egypt. J. Bot. 59 , No.2 (2019)



469

DIVERSE RESPONSE OF THREE SWEETPOTATO CULTIVARS TO ABIOTIC STRESSES...

Discussion

To cope with environmental stress factors,
plants have evolved a spacious field of
molecular programs to sense changes rapidly
and adapt consequently (Kusano et al., 2008).
It was shown that polyamines play a crucial
role in various physiological and developmental
approaches in plants with an impact on stress
responses or stress tolerance. Elevating the PA
pool in the plants by exogenous application or
the overexpression of PA biosynthetic genes
has been shown to give enhanced resistance to
various stresses (Harindra Champa et al., 2015).
On the other hand, high levels of PA are known
to be harmful to plant cells, so sophisticated
control of PA composition and concentration
is required. Therefore, it was the aim of this
study to correlate the stress response and
adaptability of the three cultivars of sweetpotato
with the growth response, several physiological
parameters and the composition of polyamines.

Originally, we expected some analogy of
results in the drought and salinity response
of all three sweetpotato cultivars because of
the mutual pressure on water relations and
regulation of gas exchange (Shabala & Munns,
2017) but we found instead more characteristic
differences.

Drought

Drought led, e.g. in contrast to salinity to
a significant reduction of the RWC in all three
sweetpotato cultivars (Fig. 1). This might
be explained by the possible cheap osmotic
adjustment with Na* and Cl- in case of salinity
instead of a more energy consuming adjustment
with sugars and proline in case of drought
(Yooyongwech et al., 2016). The relative low
RWC at drought might also explain the increase
of the chlorophyll content because of shrinkage
of'the tissues. However, it stands in clear contrast
to the results of Yooyongwech et al. (2016)
who found a reduction in chlorophyll content,
but at more moderate conditions. The increase
of chlorophyll content in all three cultivars in
combination with the reduced transpiration and
increased stomatal resistance gives evidence for
oxidative stress because sweetpotato can sustain
a relatively high photosynthetic activity under
drought and alleviates functional deterioration
(Kubota, 2003).

The physiological parameters do explain in
principle the growth reduction at drought, but
not the different sensitivity of the three studied
cultivars of sweetpotato (Laurie et al., 2015).
However, the result of the polyamine analysis
enables assumptions for a possible differentiation.
It seems as if the clear switch at moderate drought
from Spd and Spm to Put accumulation helps
Santo Amaro to initiate an early adjustment and to
minimize the impact of severe drought. It seems
as if Put acts as a stress sensor or mediator. There
is a load of literature describing the correlation
between endogenous PA titer and physiological
disturbance and on the protective effect of
PAs against abiotic stresses. Flores & Galston
(1982) found, that under a number of stresses,
including water stress, osmotic shock, Put levels
significantly increase. It was also demonstrated
that exogenous applications of PAs successfully
enhance tolerance to cold (Alcazar et al., 2011),
drought (Liu et al., 2004), osmotic stress (Groppa
& Benavides, 2008) and high temperature (Sagor
et al., 2013). However, these findings do not point
out if enhanced Put production is responsible for
protection or higher levels are the result of the
stress-induced injury. A simple explanation of the
decreased levels of Spm and/or Spd in all three
cultivars of sweetpotato may be the interaction in
catabolism with the amino acid proline. Proline
(Pro) levels often enhanced in response to diverse
environmental stress conditions like drought
while interactions between stress-induced Pro and
PA accumulations may reflect the fact that they
share the common precursor ornithine (Urano
et al., 2009). The polyamine metabolic pathway
also overlaps with other metabolic paths involved
in the formation of diverse signalling molecules
that are involved in plant stress responses.
Thus, Spm, Spd and ethylene biosynthesis are
connected through S-adenosylmethionine (SAM),
a common precursor (Alcazar et al.,, 2010).
Increased demand for ethylene would reduce the
activity of decarboxylated SAM and therefore
the concentration of Spm and Spd but would
lead for all three cultivars, in agreement with the
results shown in this paper, to an enhancement
of the Put concentration, the obligate precursor
molecule of Spd and Spm. An additional product
of Put and Spd catabolism is y-aminobutyric acid
(GABA) that is produced through pyrroline (Cona
et al., 2006). The levels of GABA, agmatine (a
precursor of Put) and some components of the
TCA cycle are enhanced under dehydration
(Urano et al., 2009) together with an increase
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in Put content, which propose a metabolic
connection between these paths in response to
stress. In plants, two alternative pathways exist
to produce Put from arginine i) via ornithine by
arginase and ornithine decarboxylase (ODC)
and ii) via agmatine by arginine decarboxylase
(ADC), agmatine iminohydrolase (AIH) and
N-carbamoyl-putrescine amidohydrolase (CPA)
(Kusano et al., 2008). Transcript profiling using
qRT-PCR has revealed that water stress and
ABA treatment induces the expression of ADC
genes (Alcazar et al, 2010) finally leading
to an improved synthesis of Put and stomatal
closure (An et al., 2008). Several studies (Flores
& Galston, 1982 and Legocka & Kluk, 2005)
reported for many species a Put accumulation in
response to osmotic stress. The over expression of
ADC genes from oat (4Avena sativa) and Datura
stramonium showed high accumulation of Put in
the transgenic plants, which resulted in enhanced
drought tolerance when compared with the wild-
type genotypes (Capell et al., 2004). Arabidopsis
plants indicated more drought tolerance by
overexpression of ADC2 that conducted a higher
level of DAC and induction of stomata closure
(Alcazar et al., 2010). In fact, the enzymes DAO
and PAO, involved in the PA catabolic pathway,
play also a role in the ABA signalling pathway
in stomata closure (An et al., 2008). AtPAO2,
AtPAO3, and AtPAO4 expression in Arabidopsis
are induced by ABA (Toumi et al., 2010). The
activity of CuAO in Vicia faba guard cells is an
important source of H,O, production in ABA-
induced stomatal closure (An et al., 2008). All
these explanations support the conclusion that
up-regulation of ADC genes and accumulation
of Put under drought stress are abscisic acid
(ABA)-dependent responses (Alcazar et al,
2010). In conclusion, the polyamine metabolism
of all three cultivars of sweetpotato seems to be
connected to several important hormonal and
metabolic pathways involved in development and
stress responses. However, not only the presented
cascade of reactions, but the early and substantial
adjustment of Santo Amaro at moderate drought
seems to be the major reason to initiate and to
minimize the impact of severe drought more as
both other cultivars.

Salinity

High salinity is a significant environmental
factor that affects large areas of cultivated land,
causing a considerable reduction in global crop
productivity (Ahuja et al., 2010). PAs were
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identified as important players in salt resistance of
plants (Krishnamurthy & Bhagwat, 1989; Groppa
& Benavides, 2008 and Alcazar et al., 2010).
The physiological response and the polyamine
composition of all three sweetpotato cultivars
differed significantly under salinity stress
compared to drought treatment. Although Abees
presented again the highest sensitivity Mogamba
cultivar replaced Santo Amaro cultivar as the
most tolerant sweetpotato. The strong response of
Abees (50% growth reduction at 76.2mM NaCl)
may be explained by the avoidance of Na" and
CI' accumulation (the lowest increase of LEC)
leading to a more energy consuming adjustment
with sugars and proline in case of salinity. This
exhausting system can be demonstrated by the
only transient decrease of RWC, chlorophyll
content and transpiration in the course of
increasing salinity.

Changes in polyamine composition, an
increase of Put, up to moderate salinity (100mM
NaCl) reflects the response to drought. However,
high salinity led to a reversal from Put to Spd
accumulation which leads in combination with the
decrease of stomatal resistance and the subsequent
increase of transpiration to lethal conditions. We
assume that the still very high PA concentration
reflects in Abees the reduction of the involvement
in the stress response of important hormonal and
metabolic pathways as discussed in the chapter
drought case. Santo Amaro responded very much
different to salinity as to drought stress. The Put
concentration decreased steadily from low up
to high salinity but Spd increased transiently up
to 100mM NaCl salinity. Zapata et al. (2004)
investigated the effect of salinity on plant growth,
ethylene production and polyamine levels in
several crop species, Spinacia oleracea, Lactuca
sativa, Cucumis melo, Capsicum annuum,
Brassica oleracea, Beta vulgaris and Solanum
lycopersicum. Krishnamurthy & Bhagwat (1989)
observed that salt resistance in rice was associated
with increased levels of Spd and Spm, Flores et
al. (1990) suggested that only Spd and Spm are
involved in the protective response under stress
conditions. In conformance with the results from
Santo Amaro, it was found by several authors
that PA levels altered with salinity and in most
situations Put decreased while Spd and/or Spm
enhanced (Gill & Tuteja, 2010). Spd might be
more useful to keep a high K/Na-selectivity or
protect cellular structures such as proteins from
coagulation or precipitation by salts and reflects
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mainly ion-specific effects. This assumption is
confirmed by the fact that there is a correlation
between overexpression of spermidin synthase
(SPDS) and resistance to salinity (Capell et al.,
2004). However, salinities above the reversal
point of the Spd accumulation in Santo Amaro
(100mM NaCl) led to a reduction in total free
PAs (Put+ Spd+ Spm) and seemed to lead,
similar as in Abees and in agreement with the
results of Santa-Cruz (1997), to an unbalanced
high demand for energy for osmotic adjustment
and in consequence to a strong reduction in
anabolism. It is fascinating that Mogamba was
the only cultivar showing an increase in Put and
Spd concentration up to treatment with 150mM
NaCl salinity. This seems to reflect a combined
response to physiological drought (an increase of
Put) and salinity (an increase of Spd) up to the
limit of salt resistance. In continuation of the
former argumentation in Abees and Santo Amaro,
we assume that Mogamba adapts as well to the
osmotic stress as to ion specific stress. This fit
to the observation that Mogamba was also the
only cultivar with a strong increase of LEC up
to 179.1% of the control (Abees: 108.3%, Santo
Amaro: 111.2%). This denotes an uptake of
substances with high electric conductivity such as
Na*and CI" and gives evidence for a comparable
cheap osmotic adjustment. In summary, it is
astonishing that Mogamba showed the overall
picture of salt tolerance including both osmotic
and ionic effects in contrast to Abees and Santo
Amaro. However, it is not surprising that cultivars
of a crop species present varying mechanisms of
salt resistance. The variation in PAs levels was
stated before between varieties of the same crop
when Krishnamurthy & Bhagwat (1989) found
that the levels of diamine and polyamine differ
among the investigated rice cultivars increased
under salt stress.

Conclusion

Comparison of changes in PA patterns among
different cultivars of a crop species under defined
drought and salt stress conditions gives insight
into whether analyses of PA contents can serve as
a marker for tolerance to these stresses. Further
studies will lead to the efficient exploitation of
genetic resources with desirable stress resistance
and the development of new approaches to
enhance stress resistance. PAs could function
as ideal targets for future crop improvement to
cope with changing environments, nevertheless,

additional information is required to clarify the
mechanism of the complex regulation of PAs
under abiotic stresses for enhancing tolerance to
environmental stresses in sweetpotato. Although
several possible models have been proposed, the
exact physiological and molecular mechanisms by
which PAs present protection remain indefinable.
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