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INTRODUCTION

ABSTRACT

This study aimed at evaluating the physiological activity of common bean grown un-
der the conditions of stress being induced by salinity and nitrogen deficiency and its
lack in substrate. Three series of two-factorial hydroponic experiment with the com-
mon bean (Phaseolus vulgaris L.) cultivar Basta were carried out from May to July
in 2013-2014. The first experimental factor was three levels of nitrogen content in a
Hoagland hydroponic medium (level 1 — a complete medium, level 2 — without 50%
N, level 3 — without 100% N). The second experimental factor was three levels of me-
dium salinity (level 1 —no NaCl addition, level 2 — 30 mM NaCl addition, level 3 — 50
mM NacCl addition). Nitrogen deficiency in a Hoagland hydroponic medium, together
with increased salinity level, significantly affected the changes in the physiological
parameters of the common bean cultivar Basta being tested, i.e. assimilation pigment
concentration (chlorophyll-a, chlorophyll-b and chlorophyll-a+b and carotenoids), as-
similation and transpiration intensities, and RWC (relative water content). The 50%
nitrogen deficiency in medium induced a significant increase in the concentration of
all assimilation pigments in common bean leaves and was by far the highest among
the experimental variants being tested. A significant decrease in the content of as-
similation pigments was observed in the hydroponic mediums without nitrogen and
salined with 30 and 50 mM sodium chloride. The interaction of these two experimen-
tal factors being analysed, i.e. nitrogen deficiency and its lack in a Hoagland hydro-
ponic medium and its salinity, significantly decreased the intensity of assimilation in
bean leaves, while a significant increase in transpiration was observed in the variant
without nitrogen and with 50 mM NaCl. The experimental variants being tested had
a significant effect on the changes in leaf water balance of the common bean cultivar
being tested. Salinity, in interaction with nitrogen deficiency in medium, decreased
relative water content (RWC) in leaves, irrespective of their level.

Keywords: salinity, bean, hydroponics, nitrogen deficiency, assimilation pigments,
gas exchange

and Kaniszewski 2014]. It has high thermal and
light requirements and moderate water require-

In Poland, the common bean (Phaseolus vul-
garis L.) is an important cultivated plant, being
valuable for nutritional reasons. Its seeds contain
high-quality protein (on average approximately
25%); they are also rich in phosphorus, potassium
and iron [Jasinski i Kotecki 1999; Szafirowska

ments. Of all legumes, it is the most resistant to
drought. It also has a well-developed root sys-
tem, with which the bacteria Rhizobium phaseoli
that fix atmospheric nitrogen, being also used
by the plant, coexist in a symbiotic relationship.
As a result, its nutritional requirements with re-
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spect to nitrogen are much smaller. Therefore, it
is not advisable to fertilise the bean with a large
amount of mineral nitrogen. On the other hand,
the bean has high nutritional requirements with
respect to phosphorus and potassium. Nitrogen
belongs to the so called macro-nutrients that de-
termine the normal growth and development of
plants. It is one of the basic structural elements
of plants, being part of protein, but also is cru-
cial in the production of crop yield of appropriate
biological value. Its primary source for plants is
nitrates(V). Under the influence of plant nutrition
with nitrogen and good supply of other nutrients
for them, the highest crop yield increases are be-
ing obtained. However, the inefficient use of these
chemical elements may adversely affect the qual-
ity of the obtained crop yield [Mazur 1991].

One major problem in the cultivation of com-
mon bean can be its high sensitivity to soil sa-
linity [Starck 1980; Starck et al. 1995; Zuradzka
2000]. It is estimated that approximately 40% of
the Earth’s surface is affected by this negative
phenomenon [Sacata 2008]. Salinity is caused
by excessive accumulation of readily soluble in-
organic salts in the soil solution. In the case of
excessive salinity, the soil solution contains too
much — in relation to plant needs — cations, such
as Mg*, Ca’*, Na*, K*, and anions, as SO, *, NO,
-, CI™ [Telesinski 2012]. These salts may be the
result of chemical decomposition of the miner-
als included in rocks and get into the soil with
rainwater. However, the most often cause of ex-
cessive salt accumulation in soils is the use of
high doses of fertilisers and other chemical com-
pounds, especially where intensive cultivation is
being carried out, which induces their secondary
salinisation. Also inappropriate methods of soil
irrigation using the water with high NaCl content
(substitution of freshwater by sea-water) are an-
other cause of salinity [Levitt 1972; Hillel 2012].

Most species of cultivated plants are sensi-
tive to even relatively low salinity because excess
salt in the root zone makes difficult for plants to
remove water from the surrounding soil, thereby
lowering the amount of water being available for
plants [Zhu 2001; Boehm 2012]. A too high salin-
ity disturbs homeostasis, water potential and ion
distribution. A disturbed homeostasis occurs in
both cells and the whole plant. Drastic changes
in the homeostasis of ions and water may lead to
molecular damage, growth inhibition, and even
to plant death [Zhu 2011]. To minimise the nega-
tive effect of excess salt, plants synthesise and ac-
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cumulate the so called cytoplasmic osmoticums,
among which amino acids and their derivatives
play an important role. The accumulation of solu-
ble nitrogen compounds in the plant cells in re-
sponse to various unfavourable environmental
factors is a common phenomenon that allows
plants to adapt to stress conditions [Mansour
2000; Sacata 2008]. Nitrogen metabolism thus
plays a major role not only in plant growth and
their productivity but also in the processes that
increase the tolerance of plants to environmental
stresses [Sacala 2008]. During a long-term ex-
posure to salinity, plants suffer from ionic stress
which may lead to premature ageing of their
leaves and thus reduce the area of photosynthe-
sis, being essential for plant growth [Sultana et al.
1999; Muscolo et al. 2003]. One of the main in-
dicators of leaf ageing is a decrease in the chloro-
phyll level [Prochazkova et al. 2001; Kaya 2003].

Soil salinity has a negative effect on the plant
health, inhibits the growth processes, reduces the
physiological activity, and leads to the physi-
ological drought deteriorating water balance. For
many years, the studies on new genotypes of the
common bean have been carried out, in particular
aiming at its greater resistance to stress factors,
such as drought, low and high temperature, flood-
ing, nutrient deficiencies and salinity.

The aim of this study was to evaluate the
selected physiological parameters of common
bean cultivar Basta grown under the conditions
of stress being induced by salinity and nitrogen
deficiency and its lack in substrate.

MATERIAL AND METHODS

In 2013-2014, from May to July, three series
of a hydroponic experiment with the common
bean (Phaseolus vulgaris L.) cultivar Basta were
conducted. The seeds were first sown into a tray
being filled with quartz sand. Then, after 7 days,
the common bean seedlings were placed, after a
thorough cleaning of their root systems, in aer-
ated hydroponic systems, 150 ml capacity each,
being filled with a hydroponic medium according
to Hoagland in different variants. The first experi-
mental factor was the type of hydroponic medium,
i.e. 3 levels of nitrogen in a Hoagland hydroponic
medium: a complete medium, a medium without
50% nitrogen, and a medium without 00% nitro-
gen (Table 1), whereas the second factor was 3
levels of salinity in respective hydroponic medi-
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Table 1. Composition of hydroponic medium
(amount of 1M salt solution in cm’® per 1 dm* H,0)
according to Hoagland

1M stock solution Type of hydroponic medium
Complete | -50% N | -100% N

Ca(NO,), - 4H,0 4 2

KNO, 6 3

MgSO, - 7H,0 2 2 2

NH,H,PO, 2 1

CaCl, (anhydrous) 2 4

KClI 1 2

NaH,PO, - H,0 1 2

1% FeCl, 1 1 1

Solution' containing B, 1 1 1

Mn, Zn, Cu, Mo, CI

"' Per 1 dm3 of distilled water: H3BO3 — 1.55 g;

MnS04-4H20 — 1.10 g; ZnSO4-7H20 — 0.58 g;
CuS0O4-5H20 - 0.12 g;

(NH4)6M07024-4H20 —0.02 g; NaCl —-3.12 g

um types: no NaCl addition, NaCl addition in the
amount of 30 mM-kg™!, and NaCl addition in the
amount of 50 mM-kg™!. The control was a non-
saline complete Hoagland hydroponic medium.

Measurements of selected physiological pa-
rameters were made in four replications, after 14
days from the time the seedlings had been placed
in different hydroponic medium variants. The in-
tensity of CO, assimilation (A) and water vapour
transpiration (E) by common bean leaves was
measured. The measurements were made using a
PP Systems TPS-2 gas analysis system equipped
with a leaf chamber (leaf cuvette) at the light in-
tensity of 2053 pmol-m?-s'. The analyses were
performed in an open configuration, in which the
air was continuously passed through the leaf cu-
vette. Furthermore, the same leaves were used to
determine the content of assimilation pigments,
i.e. chlorophyll-a, chlorophyll-b, and total chlo-
rophyll (a+b), by the Arnon’s method [1956] as
modified by Lichtemhaler and Welburn [1983],
and carotenoids, according to the method by Hag-
er and Mayer-Berthenrath [1966]. The extraction
of pigments was performed in the samples of
fresh green mass of the common bean leaves be-
ing homogenised with 10 ml of 80% acetone. The
optical density of supernatants was determine on
a Marcel Mini spectrophotometer at wavelengths
of 440, 645, and 663 nm.

The water balance in common bean leaves
was also measured by calculating the follow-
ing indicators: RWC — relative water content,

and WSD — water saturation deficit [ Yamasaki
and Dillenburg 1999]. For this purpose, fresh
plant material was weighed on an analytical
balance with 0.001 g readability. After weigh-
ing, the leaves were placed for 24 hours in the
glass vessels being filled with distilled water.
Next, the leaves were removed from the water,
blotted and weighed again in order to determine
the weight of leaves after full water saturation.
The next step was to dry the plant material in an
oven to a constant weight (at 80°C for 24 hours),
then the dry weight was measured. The resulting
data were used to calculate water balance indica-
tors according to the following formulas: RWC
= [(fresh weight — dry weight) / (turgid weight
— dry weight)] x 100; WSD = [(turgid weight —
dry weight) — (fresh weight — dry weight) / [(fresh
weight — dry weight)] x 100.

The results being presented in all figures are
the averaged results from respective study years.

In order to determine the significance of in-
teractions, a statistical analysis was performed
using the Duncan’s test, at the significance level
a = 0.05. Homogenous groups were determined.
The results were processed using Statistica 10
software package.

RESULTS AND DISCUSSION

Plants that grow under natural conditions are
constantly exposed to stress factors. They can oc-
cur with varying intensity or exist in various vari-
ants simultaneously [Larcher et al. 1990]. Physi-
ological and biochemical bioindication studies
aim at finding sensitive and specific metabolic
indicators, the changes of which will be useful to
evaluate the differences in plant tolerance to abi-
otic stress factors. To evaluate the sensitivity of
plants to stress, the measurement of physiological
parameters, among others the content of assimila-
tion pigments that determine the photosynthetic
activity of plants and the same their productivity
[Yanbao et al. 2006; Starck 2010], is adequate.

The results obtained in this study relating to
the average content of assimilation pigments in
the leaves of the common bean cultivar Basta be-
ing exposed to the stress induced by nitrogen de-
ficiency and its lack in hydroponic medium and
various salinity levels are presented in Figures
1-4. Hydroponic medium salinity, both 30 and 50
mM NaCl, did not have any significant effect on
the changes in chlorophyll and carotenoid con-
tents when compared to the control plants.

323



Journal of Ecological Engineering Vol. 17(4), 2016

IS

i35,
=
= 3 4
T
E,zls 1
= 2 B0mM
‘%145 | A 30 mM
<] 850 mM
S 14
S
0.5
0 N

-50%N

Figure 1. Chlorophyll-a content [mg-g" f.w.] in
common bean leaves according to nitrogen content in
hydroponic medium and its salinity level
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Figure 3. Chlorophyll a+b content [mg-g"! f.w.] in
common bean leaves according to nitrogen content in
hydroponic medium and its salinity level

Most studies that refer to the response of plants
to substrate salinity have reported a decrease in
the content of total chlorophyll and carotenoids
in plant leaves as affected by the salt stress [Tuna
et al. 2008; Parida and Das 2005; Herman et al.
20110; Silva et al. 2010]. Herman et al. [2010],
who conducted a pot experiment determining the
effect of different soil salinity (10, 20, 30 mM
NaCl) on the content of total chlorophyll and
carotenoids in the leaves of string bean (Phaseo-
lus vulgaris L., cv. Ztota Saxa), have shown that
the content of assimilation pigments in the bean
leaves depended to a large extent on soil salinity
level. The soil salinity decreased chlorophyll and
carotenoid contents in leaves, the decrease being
however greater the higher was the level of salin-
ity. The content of chlorophyll and carotenoids in
the dry weight of leaves of the bean growing in
the soil with a lower salinity level was similar to
their level in the control plants, whereas higher
salinity levels induced a significant decrease in
the content of these assimilation pigments, by
more than 20%.

The cultivar Basta being tested in this study
proved to be more tolerant to salinity than the
cultivar Ztota Saxa examined in the study by
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Figure 2. Chlorophyll-b content [mg-g"! f.w.] in
common bean leaves according to nitrogen content in
hydroponic medium and its salinity level
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Figure 4. Carotenoids content [mg-g"' f.w.] in com-
mon bean leaves according to nitrogen content in
hydroponic medium and its salinity level

Herman et al. [2010]. According to some authors
[Garcia-Sanchez et al. 2002; Noreen and Ashraf
2009], changes in the content of photosynthetic
pigments also depends on the tolerance of plants
to soil salinity, i.e. on their genotype.

In the present study under discussion, signifi-
cant changes in the content of assimilation pig-
ments were observed in the interaction between
nitrogen deficiency and its lack in hydroponic
medium and the level of its salinity. The lack of
nitrogen in hydroponic medium induced a signifi-
cant decrease in the content of chlorophyll-a, chlo-
rophyll-b and total chlorophyl and carotenoids in
common bean leaves (Figures 1-4), irrespective
of the level of its salinity. However, the salinity
level induced by salt addition in the amount of 30
1 50 mM NaCl intensified the decrease in the con-
tent of these pigments, by approximately 120% as
compared to the control (complete Hoagland hy-
droponic medium). In the study by Grzys$ [2012],
the nitrogen deficiency in substrate, being further
deepened by the osmotic stress associated with
salinity, was the cause of a significant decrease
in the concentration of assimilation pigments, es-
pecially chlorophyll, in maize leaves. Martinez
and Creda [1989] are of the opinion that the Na+
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Figure 5. Intensity of CO, assimilation and transpi-
ration [umol CO,'m™s'] in common bean leaves
according to nitrogen content in hydroponic medium
and its salinity level

and Cl- ions being present in leaves may limit the
transport of nitrate ions from vacuole into cyto-
plasm. As affected by salinity, large amounts of
ions are accumulated in older leaves and this is
just them where the first effects of salt stress can
be observed. Leaves typically change colour as a
result of chlorophyll breakdown; leaf blade mar-
gins turn brown and dry out, whereas in the cen-
tral part the leaf remains green.

In the experiment carried out, a 50% nitrogen
deficiency in a non-saline hydroponic medium in-
duced a significant decrease (more than 2-fold) in
the content of all measured assimilation pigments
as compared to the control. Nitrogen is one of the
more important factors determining the content
of photosynthetic pigments that affect plant de-
velopment. In the case of leguminous plants, re-
quirements for this chemical element are not large
due to their symbiosis with root nodule bacteria of
the genus Rhizobium which are capable of cover-
ing the demand for nitrogen almost completely by
binding it from the atmosphere [Mazur 1991].

A small but significant effect on the increase
in the content of total chlorophyll and carot-
enoids, as compared to the control, had the salin-
ity level of 30 mM NacCl in the hydroponic me-
dium lacking 50% N. On the other hand, a higher
salinity level of the same hydroponic medium (50
mM NaCl) did not have any significant effect on
changes in the concentration of these pigments.

The present experiment demonstrated a sig-
nificant effect of the interaction of hydroponic
medium salinity and nitrogen deficiency and its
lack on the intensity of assimilation and transpira-
tion in common bean leaves (Fig. 5-6). The high-
est activity of these processes was characteristic
of the plants from the control variants. The salin-
ity level of complete hydroponic medium induced

w1
|

s
I

Transpiration
[mmol H.0- m2 - s1]

[h] (95}

|

-
!

o
i

Complete

Type of medium

Figure 6. Intensity of transpiration [mmol H,O-m™s]
in common bean leaves according to nitrogen content
in hydroponic medium and its salinity level

by the two NaCl doses significantly decreased the
intensity of common bean assimilation, the de-
crease being however greater the higher was the
level of salinity. On the other hand, in the case of
transpiration, only a 50 mM dose significantly de-
creased the intensity of this process. These results
confirm the study being carried out by Matuszak
et al. [2004] and Grendysz and Wrobel [2015] ac-
cording to which the intensity of CO, assimilation
and transpiration decreased with the increase of
hydroponic medium salinity level. It is related to
a decrease in leaf turgid, closing of stomata, and
hence reduced gas exchange.

Continuing with the discussion of the results
of this study, it was demonstrated that a 50% ni-
trogen deficiency in a non-saline hydroponic me-
dium did not have any significant effect in the gas
exchange of common bean leaves. The intensity
of the two processes was the level being similar
to that in the control plants. On the other hand,
the salt addition to a hydroponic medium without
50% N induced a significant decrease in both as-
similation and transpiration. The intensity of gas
exchange in common bean leaves significantly
decreased with the increase of salinity level and
nitrogen deficiency in hydroponic medium. In
a combination of the lack of nitrogen and the
highest salinity level (50 mM NaCl), it was ap-
proximately 10—11-fold lower than under control
conditions.

Starck [1980, 1993. 2010] has reported that
the harmful effect of NaCl contributes mainly to
disturbances in water balance, which results in
extreme cases in plant wilting due to poor water
absorption and reduced physiological activity.

The present study demonstrated a significant
effect of the level of hydroponic medium salin-
ity and nitrogen deficiency on the decrease of
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Figure 7. Relative water content [RWC] and water
saturation deficit [WSD] in common bean leaves
according to nitrogen content in hydroponic medium
and its salinity level

relative water content (RWC) and the increase
of water saturation deficit (WSD) in common
bean leaves (Fig. 7), with the increase of salinity
having a greater effect than nitrogen deficiency
in hydroponic medium. The highest RWC was
characteristic of the plants being grown in a
complete hydroponic medium (control medium)
— more than 90%. On the other hand, its salin-
ity level induced by sodium chloride addition in
the amount of 50 mM, as well as its depriva-
tion of nitrogen, induced the highest decrease
in RWC in common bean leaves — to approxi-
mately 58%. a similar decrease in relative water
content (RWC) in the leaves of various plants, to
approximately 61-62%, as affected by the salin-
ity level has been observed by Bandurska [1991]
and Wrébel and Mikiciuk [20110]. According to
Kacperska [1996] and Matuszak i Brzostowicz
[2006] negative water balance is a commonly
recorded response of the whole plant to various
stresses, in particular being induced by salinity,
and leads to a reduction of water uptake by the
plant root system. Excess salt in soil reduces the
hydration of cells, inducing a decrease in turgid.
The character of salt, plant species, and even its
individual properties, as well as other factors,
determine the concentration at which particular
plants die.

CONCLUSION

1. In the common bean cultivar Basta, the symp-
toms of stress being mainly induced by the
interaction of Hoagland hydroponic medium
salinity and the lack of nitrogen. This cultivar
turned out to be quite tolerant to nitrogen defi-
ciency and lower salinity.

326

2. The content of assimilation pigments, gas ex-
change and leaf hydration indicators (RWC
and WSD) depended on the salinity and nitro-
gen deficiency levels in a Hoagland hydropon-
ic medium.

3. Hydroponic medium salinity and its interaction
with a 50% nitrogen deficiency did not have
any effect on changes in the content of assimi-
lation pigments. Only the lack of nitrogen in
hydroponic medium significantly reduced chlo-
rophyll and carotenoid contents. On the other
hand, nitrogen deficiency in hydroponic me-
dium induced a significant increase (approxi-
mately 2-fold) in the content of these pigments.

4. Salinity decreased the intensity of assimilation
and transpiration and relative water content
(RWC) in the leaves of common bean cultivar
Basta. Additionally, nitrogen deficiency, and
especially its lack in hydroponic medium, sig-
nificantly increased this decrease.
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