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Summary

RapI A. A., FarGHLY F. A. & Hamapa A. M. 2012. Assessment of tolerance to
NaCl salinity of fourteen wheat and broad bean cultivars. — Phyton (Horn, Austria)
52 (1): 145-162, with 3 figures.

The development and identification of salt-tolerant crop cultivars would com-
plement salt management programs. The present investigation provides differential
responses to salt stress in seven wheat and seven broad bean cultivars to select the
most salt tolerant cultivars versus the most sensitive ones. Two cultivars have been
shown to have a certain affinity to tolerate NaCl-stress (wheat Sakha93 and broad
bean Sakhal), while wheat Gemmezal0 and bean Giza716 exhibited notable sensi-
tivity. Wheat Sakha93 and broad bean Sakhal was recorded lower growth depression
compared with wheat GemmezalO and bean Giza716 which recorded the highest
growth depression. The lowest Na* content in roots and shoots was consistently
found in Sakha93 and Giza716, while the highest Na* content was manifested in
Gemmezal0 and Sakhal at the highest salt level. The high Na* content in the differ-
ent organs of Sakhal was associated with a marked increase in water content as
compared to Giza716. Potassium content of roots and shoots of wheat cultivars was
profoundly reduced with the increase of NaCl supply. While K* content of roots and
shoots of bean cultivars fluctuated between significant and non-significant reduc-
tion. On the other hand, NaCl treatments had generally a depressive effect on K*/Na*
selectivity in shoot and root of wheat and broad bean cultivars.

*) A. A. Rap, F. A. FARGHLY, A. M. HamaDA, Botany Department, Faculty of
Science, Assiut University, Assiut, 71516 Egypt. Corresponding author: e-mail:
afafhamada@yahoo.com
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Zusammenfassung

RapI A. A., FarGHLY F. A. & Hamapa A. M. 2012. Assessment of tolerance to
NaCl salinity of fourteen wheat and broad bean cultivars. [Die Kochsalztoleranz von
vierzehn Weizen- und Ackerbohnensorten]. — Phyton (Horn, Austria) 52 (1): 145-162,
mit 3 Abbildungen.

Das Wissen, welche Kulturpflanzen salztolerant sind und deren Weiterent-
wicklung wiirden Salzmanagement-Programme sinnvoll ergénzen. Die vorliegenden
Untersuchungen dienten dazu, von sieben Weizen- und sieben Ackerbohnensorten
die kochsalzresistentesten Sorten zu ermitteln und gleichzeitig die salzempfind-
lichsten Sorten zu erkennen. Die Weizensorte Sakha93 und die Ackerbohnensorte
Sakhal scheinen Salzstress relativ gut zu ertragen, wiahrend die Weizensorte Gem-
mezal0O und die Ackerbohnensorte Giza716 sehr empfindlich waren. Das verringerte
Wachstum unter Salzstress war bei Weizen Sakha93 und Ackerbohne Sakhal nicht
so ausgepragt wie beim Weizen Gemmezal0O und bei der Ackerbohne Giza716, mit
dem geringsten Wachstum. Beim Versuch mit der héchsten Salzkonzentration hatten
die Wurzeln und Sprosse von Sakha93 und Giza716 den geringsten Na* Gehalt,
wihrend die hochsten Na*-Konzentrationen in Gemmezal0 und Sakhal gemessen
wurden. Bei einem hohen Na*-Gehalt in den verschiedenen Organen von Sakhal war
auch der Wassergehalt wesentlich hoher, verglichen mit dem Wassergehalt von
Giza716. Bei den Weizenkulturen war ein hoherer NaCl Gehalt der Wurzeln und
Sprosse stets mit einem geringeren Kaliumgehalt verbunden. Hingegen in den Wur-
zeln und Sprossen der Ackerbohnensorten war der K* Gehalt teilweise signifikant,
teilweise nicht signifikant geringer. Insgesamt fiihrte, bei allen untersuchten Weizen-
und Ackerbohnensorten, eine Behandlung mit erhéhten NaCl Konzentrationen zu
einem verringerten K*/Na* Trennvermogen in den Sprossen und Wurzeln.

Introduction

Excess sodium in soil is a widespread and common stress in natural
and agricultural ecosystems (FAO 2008). Egypt is one of the countries that
suffer from severe salinity problems. For example, 33% of the cultivated
land, which comprises only 3% of total land area in Egypt, is already sali-
nized due to low precipitation and irrigation with saline water (GHASSEMI
& al. 1995). Plant responses to these stresses are complex but can be
grouped into three general categories: homeostasis, detoxification of free
radicals and growth control (Zuu 2000). Growth control refers to the co-
ordination of stress adaptation and the rate of cell division and expansion.
Plants differ greatly in their tolerance of salinity, as reflected in their dif-
ferent growth responses. Plant growth is inhibited by moderate and high
salinity (MARIN & al. 1995, TaTTINI & al. 1995, CHARTZOULAKIS & al. 2002,
Vico & al. 2005). The extent of reduction showed, however, significant
variation according to the cultivar type and the duration of salt exposure
(CHARTZOULAKIS 2005, Vicgo & al. 2005).

Nutrient uptake by plants can be reduced by excessive salts in the soil
solution, either by direct competition between ions or by increased osmotic
potential of the solution reducing the mass flow of mineral nutrients to the
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root surface (GRATTAN & GRIEVE 1999). Salinity can directly affect nutrient
uptake, such as sodium reducing potassium uptake or by chloride reducing
nitrate uptake (GRATTAN & GRIEVE 1999). Salinity can also cause a combi-
nation of complex interactions that affect plant metabolism, susceptibility
to injury or internal nutrient requirement (GRATTAN & GRIEVE 1999). Salt-
tolerant plants differ from salt-sensitive ones in having a low rate of so-
dium and chloride transport to leaves, and the ability to compartmentalize
these ions into vacuoles in order to prevent their build up in cytoplasm or
cell walls and thus avoid salt toxicity (Munns 2002).

Ion exclusion and compartmentation at the root level regulates ion
concentration in the xylem sap preventing accumulation of potentially
toxic ions in the aerial part (FLOWER & YEO 1989, DREw & al. 1990). The
effectiveness of exclusion mechanism depends on the salinity level. CHART-
ZOULAKIS & al. 2002 reported that the exclusion mechanism works effec-
tively at low and moderate levels of salinity (up to 50 mM NaCl), while at
high salinities, sodium was transported and accumulated in the aerial
parts, resulting in toxicity symptoms.

Wheat is one of the oldest and most important cereal crops in Egypt
EL-HENDAWY 2004. Most importantly, Egypt still one of the largest coun-
tries that import wheat. Therefore, the Egyptian Government needs to
make a great effort to increase wheat productivity. Extending wheat
growing outside the Nile Valley is the first effort toward overcoming wheat
problems. However, most of the area outside the Nile Valley suffers from
salinity or depends on water sources that are affected by salinity.

Vicia faba beans are considered the main legume of Middle Eastern
countries (SHETTY & al. 2003). The importance of beans in Egypt is as an
essential and relatively inexpensive dietary source of protein for both hu-
mans and animals. CORDOVILLA & al. 1999 reported that faba bean is often
grown on saline soils in the Middle East and Mediterranean regions.

Therefore, increasing salt tolerance for wheat and broad bean geno-
types is one of the cheap methods to spread growing wheat and bean in
salinized areas.

The aim of this work was to investigate and compare the effect of
salinity on growth parameters and ions accumulation of seven wheat and
seven broad bean cultivars grown under controlled conditions, in order to
assess NaCl salinity tolerance, to order cultivars with respect to their re-
sponse to the salt stress.

Materials and Methods

Grains of seven wheat (Triticum aesativum L.) cultivars: Gemmeza'7,
Gemmeza9, Gemmezal0, Gizal68, Sakha93, Sakha94 and Sohag3 and the
seeds of seven broad bean (Vicia faba L.) cultivars: Assiut110, Assiutlll,
Giza3, Giza'716, Nobarya, Sakhal and Sakha2 were grown hydroponically
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in aerated Hoagland’s solution (HOAGLAND & ARNON 1950) in a green house
under natural light. Salt treatment (16-d-old) was performed by supple-
menting the nutrient solution with NaCl (80, 120, 160, 200 and 240 mM).
Control plants were kept in Hoagland’s solution without NaCl. After
treatment (7 days) fresh and dry matter yields of shoots and roots were
determined by drying in an aerated oven at 70 °C until constant dry mass.
Total water content was calculated as dry weight subtracted from fresh
weight. Sodium and potassium were determined by flame photometer
method (WiLLIAMS & TWINE 1960).

Statistical Analysis

Data were subjected to statistical analysis using statistical programme package
SPSS (version 16). The one-way analysis of variance (ANOVA) followed by Duncan
multiple range test were employed and the differences between individual means
were deemed to be significant at p <0.05.

Results
Percent of Depression in Plant Growth

Percent of depression or dose response was determined as percent of
differences of control. The data presented in Fig. 1 show that increasing
salinity level from 80 to 240 mM reduced growth of roots and shoots of all
the test cultivars. The adverse concentration effects of salinity stress were
clearly demonstrated by wheat and bean cultivars treated with 200 and
240 mM NaCl. Moreover, injurious effects followed by the death of the test
plants at the end of the experimental period were exhibited by two bean
cultivars (Assiut110 and Giza 716). In addition, it could be noticed that the
successive increases in salinization level did not attenuate the growth of
wheat cv. Sakha93 and bean cv. Sakhal as severely as wheat cv. Gem-
mezal0 and bean cv. Giza716. The effective concentration 50 (EC50) value
for wheat cultivar Gemmezal0 root is around 80 mM, while this value
(EC50) was not reached in case of Sakha93 at 240 mM NaCl. On the other
hand, EC50 was reached in case of Gemmezal0 shoot at the 160 mM NaCl.
With respect to bean plants, EC50 is around 160 mM NacCl for roots and
shoots of Giza716; however, Sakhal was tolerant and did not reach this
value (EC50). These results indicate that wheat roots were more sensitive
to salt stress compared to bean shoots at the high concentration of salt
stress. The other cultivars were intermediate between the most and least
tolerant cultivars. The results also show a wide variation among cultivars.

Sodium Content

Sodium accumulation in roots and shoots of the various wheat and
bean cultivars was stimulated by all the NaCl levels (Table 1). In addition,
Na® accumulation increased gradually with the rise of salt level. The
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highest Na* content in roots and shoots was consistently found in plants
grown at the highest salt level (240 mM). It is worth to mention that wheat
cultivars accumulated less Na* in its different organs than bean ones. In
addition, wheat cultivar susceptible to NaCl stress (Gemmezal0) accumu-
lated higher content of Na* in shoots and roots than do the tolerant one
(Sakha93). The opposite trend was detected in bean cultivars, where Sa-
khal (less susceptible to NaCl) accumulated more Na® in its shoots and
roots than Giza716, the NaCl sensitive one.

Sodium Translocation

Sodium translocation from roots to shoots (expressed as Na* exclusion
at the level of xylem parenchyma cells) was determined as the ratio be-
tween Na* content of the shoots and roots. In this respect, considerable
variations in Na+ translocation were induced by the various salt levels in
both wheat and bean cultivars (Table 2).

Sodium Uptake

Sodium uptake by the roots of the test wheat and bean cultivars
(Table 2) is expressed as mg taken up by whole plant/g DW root. The data
herein obtained revealed that, in the range studied, the increase in NaCl
supply generally had a considerable stimulatory effect on Na* uptake by
roots of both wheat and bean cultivars. The highest Na* uptake was con-
sistently found in plants grown in the highest NaCl cultures. The presence
of NaCl in the culture medium at a concentration of 240 mM greatly sti-
mulated Na* uptake in wheat cv. Gemmezal0O and bean cv. Sakhal com-
pared to wheat cv. Sakha93 and bean cv. Giza716.

Potassium Content

Potassium content of roots and shoots of both wheat and bean culti-
vars was profoundly reduced with the increase of NaCl supply (Table 3).
The adverse effects of salinization treatments on potassium accumulation
were more pronounced in wheat than bean cultivars.

Potassium Translocation

Translocation of K* from root to shoot of salt-stressed wheat and bean
cultivars are presented in Table 4. The data revealed that the increase in
NaCl level in the culture medium had a stimulatory effect on the translo-
cation of K* in most wheat and bean cultivars.

Potassium Uptake

The effect of NaCl supply on K* uptake by the roots of wheat and bean
cultivars is shown in Table 4. Most of the test wheat cultivars exhibited a
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significant reduction in K* uptake by increasing NaCl concentration in the
culture media, while the K" uptake by roots of bean cultivars fluctuated
between significant and non-significant reduction.

Potassium Sodium Selectivity

Potassium sodium selectivity is critical for salt tolerance. To in-
vestigate K* and Na® homeostasis in wheat and bean plants, K*/Na* se-
lectivity was determined in the root and shoot of different cultivars
(Table 5). In both wheat and bean cultivars, the investigated salinization
treatments had generally a depressive effect on K*/Na* selectivity in shoot
and root.

Vacuolar Compartmentation

The data in Figs. 2 and 3, correlating root and shoot water content
with its Na* content, show that the presence of salt in the medium pro-
voked a sodium accumulation in roots and shoots of wheat and bean cul-
tivars [Gemmeza 10 and Giza 716 (NaCl-sensitive cultivars) and Sakha 93
and Sakha 1 (NaCl-tolerant cultivars)]. This accumulation was associated
with a decrease of water content at all salinity levels in the test wheat and
bean cultivars. The lowest water content in roots and shoots was con-
sistently found in plants grown in the highest salt cultures of wheat cw.
GemmezalO and bean cv. Giza716. It is noteworthy that the high Na* con-
tent in the different organs of bean cv. Sakhal (tolerant cv.) was associated
with a marked increase in water content as compared to Giza716 (sensitive
cv). Opposite trend was exhibited by wheat cultivars, where salt stress
which activated Na® accumulation in roots and shoots of Gemmezal0
(sensitive cv.) induced a sharp reduction in water content as compared to
Sakha93 (tolerant cv.).

Discussion

Natural phenomena and human practices such as irrigation can cause
salts to accumulate in soil (WIEBE & al. 2007). To verify the relative salt
resistance of the test plants, fourteen cultivars of wheat and bean were
chosen to grow over a range of salt stress for 7-day-period. Percent of de-
pression or dose response in plant growth is considered as marker for the
response of different plant organs to salt stress. The present study revealed
that increasing salinity level from 80 to 240 mM reduced growth of roots
and shoots of all the test cultivars. The adverse concentration effects of
salinity stress were clearly demonstrated by wheat and bean cultivars
treated with 200 and 240 mM NaCl. In addition, two cultivars have been
shown to have a certain affinity to tolerate NaCl-stress (wheat cv. Sakha93
and bean cv. Sakhal), while wheat cv. Gemmezal0 and bean cv. Giza716
exhibited notable sensitivity. Wheat cv. Sakha93 and bean cv. Sakhal (re-
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Fig. 1. Effect of different NaCl concentrations on percent of depression in dry matter
yield of roots and shoots wheat (A and B) and broad bean (C and D) cultivars. [The
data are given as average of three replicates + standard error].

latively-salt-tolerant) was recorded lower growth depression, compared
with wheat cv. Gemmezal0 and bean cv. Giza716 (relatively-salt-sensitive)
which recorded the highest growth depression. The other cultivars were
intermediate between the most and least tolerant cultivars. The results
also show a wide variation among cultivars. These results indicate that
wheat roots were more sensitive to salt stress compared to bean shoots at
the high concentration of salt stress. Moreover, injurious effects followed
by the death of the test plants at the end of the experimental period were
exhibited by two bean cultivars (Assiutl10 and Giza 716). Salinity is
known to inhibit cell division and cell expansion as a likely consequence of
physiological and nutritional disorders (MANIVANNAN & al. 2008). Reduced
rates of new cell production may show additional contribution to the in-
hibition of growth as reported by SHABALA & al. 2000.

For most species, Na™ appears to reach a toxic concentration before C1~
does, and so most studies have concentrated on Na* exclusion and the
control of Na* transport within the plant. The applied salt was effective in
producing Na* accumulation in the test wheat and bean cultivars, and the
highest Na* concentration in roots and shoots was consistently found in
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Fig. 2. Effect of different NaCl concentrations on correlations between water content
and its sodium content in roots and shoots of Gemmeza 10 (NaCl-sensitive cultivar)
and Sakha 93 (NaCl-tolerant cultivar) wheat cultivars. [The data are given as aver-
age of three replicates + standard error]. Different litters are significantly different
at P <0.05.

plants subjected to the highest salt level. It is worth to mention that wheat
cultivars accumulate less Na* than that of bean. In addition, wheat culti-
var susceptible to NaCl stress (Gemmezal0) accumulated higher content of
Na® in shoots and roots than do the tolerant one (Sakha93). The opposite
trend was detected in bean cultivars, where Sakhal (less susceptible to
NaCl) accumulated more Na* in its shoots and roots than Giza716, the
NaCl sensitive one.

Sodium exclusion at the level of xylem parenchyma is considered as
marker for the transport-activity and accumulation of Na* into the shoot.
In this respect, considerable variations in Na* translocation were induced
by the various salt levels in both wheat and bean cultivars. On the other
hand, the increase in NaCl supply, generally, had a considerable stimula-
tory effect on Na* uptake by roots and shoots of both wheat and bean cul-
tivars. Although Na* is required in some plants, particularly halophytes
(GLENN & al. 1999), high Na concentration is a limiting factor for plant
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Fig. 3. Effect of different NaCl concentrations on correlations between water content
and its sodium content in roots and shoots of Giza 716 (NaCl-sensitive cultivar) and
Sakha 1 (NaCl-tolerant cultivar) broad bean cultivars. [The data are given as average
of three replicates + standard error]. Different litters are significantly different at
P <0.05.

growth in most crop plants (FrRancois & al. 1994, MuNNs 2002, MURANAKA
& al. 2002). Excessive Na has detrimental effects on electron transport and
photosynthesis, and also through stomata closure (MURANAKA & al. 2002)
which reduces assimilates supply. On the other hand, FLowERrs 2004 con-
cluded that salt tolerance is not negatively correlated with Na* accumula-
tion in different plant species.

With increasing salinity, sodium ions tend to accumulate in roots, re-
sulting in a decreased root water potential, which enables water uptake
from saline medium (QUINTERO & al. 2007). Under non-saline conditions,
plants maintain a high cytoplasmic K*/Na* ratio in roots (AkKraM & al.
2009). Given the negative electrical membrane potential, with the increase
in external Na™ concentration, a large electrochemical potential gradient is
developed, which leads to passive transport of Na* from the nutrient en-
vironment into the cytosol (ApsE & BLUMWALD 2007). Also, in the current
investigation the relatively salt tolerant wheat and bean cultivars ex-
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hibited higher value of total water content in their shoots and roots com-
pared to the relatively salt sensitive ones. It is noteworthy that the high
Na™ content in the different organs of bean cv. Sakhal (tolerant cv.) was
associated with a marked increase in water content as compared to
Giza'716 (sensitive cv.). Opposite trend was exhibited by wheat cultivars,
where salt stress which activated Na* accumulation in roots and shoots of
Gemmezal0 (sensitive cv.) induced a sharp reduction in water content as
compared to Sakha93 (tolerant cv.). Such a mechanism reflects probably
an inclusive behaviour of the plants and a good aptitude to use the domi-
nant ions (Na*) for the osmotic adjustment (REJILI & al. 2008). However, the
sensitive cultivars are unable to adjust their internal osmotic potential. In
addition, FLOWERS & YEO 1988 and GLENN & al. 1999 reported that the
broad differences between halophytic monocotyledons and dicotyledons
have been attributed to differences in water content and hence vacuolar
volume. The increase of water content, suggesting that Na* ion underwent
a certain compartmentation mechanism that helped plants to osmotically
adjust themselves and to maintain their water potential gradient, these are
essential for the water circulation from the medium to the plant organs
(REJILI & al. 2008).

Owing to similar ionic radii, Na* is expected to compete with K* for
binding sites essential for various cellular functions. Moreover, enzymatic
activities of a large number of enzymes, exclusively activated by K*, are
disrupted by increasing Na*/K* ratio, leading to Na* toxicity (TESTER &
DavENPORT 2003). In addition, Na* inhibits uptake of other nutrients by
interfering with transporters in root plasma membrane (Hu & SCHMIDHAL-
TER 2005). A regulation of translocation of Na* from roots to the cotyledons
seems to be an important adaptation of seedlings to salt stress (MunNs
2005). In addition, the results of this study showed that potassium content
of roots and shoots of wheat cultivars were profoundly reduced with the
increase of NaCl supply. The adverse effects of salinization treatments on
K* accumulation were more pronounced in wheat than bean cultivars.
These results agree with those obtained by previous studies (CRAMER & al.
1991, KHAN & al. 1997, LuTTs & al. 1999). TuNa & al. 2008 reported that K*
concentration in leaf and root tissues was much lower in salinity stressed
maize plants compared to unstressed ones. It is widely accepted that com-
petition exists between Na* and K* leading to a reduced level of internal
K* at high external NaCl concentration (GorHAM & al. 1990, BOTELLA & al.
1997). This competition could be at uptake level or transport level or both.
In maize, salinity decreased growth due to K deficiency induced by ex-
cessive Na which caused reduction in uptake and translocation of K to
shoots (BOTELLA & al. 1997).

In the light of these results, the wheat Sakha93 and bean Sakhal were
ranked as the most tolerant, while wheat Gemmezal(0 and bean Giza716
were ranked as the lowest tolerant. The remaining cultivars of both wheat



160

and bean showed moderate tolerance to salinity. The decrease in growth
parameter confirms the rankings of salt tolerance of wheat and bean cul-
tivars.
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