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Abstract

Chilling (Ch) and salinity (S) are challenging stresses affecting plant physiology, growth, and productivity. The current study
investigated the effects of these two stresses, singly and in combination, on photosynthetic performance and ultrastructure
of chloroplast of faba beans (Vicia faba L. Cv. Aspani). Plants were exposed to 3 °C and 120 mM NaCl for 16 h in an opti-
mized soil mixture (sand:clay 2:1) under optimized conditions. Results showed that both Ch and S significantly reduced
photosynthetic rates, F,/F,,, chlorophyll content, stomatal index, and stomatal conductance. Chilling caused changes in
chloroplast ultrastructure (swelling, ruptured envelopes, and shrunk lamellae), while salinity caused more deformation of
the thylakoid membrane and disorganization of the grana structure. However, there was an antagonistic effect between Ch x
S. The tolerance of plant to 120 mM NaCl, in the present study, was improved by exposure to Ch which rather allowed the
maintenance of chloroplast ultrastructure and morphology of stomata. Moreover, using SEM and TEM gave an effective
insight of the ultrastructural damage in plant cells under stress and helps to consider the underlying mechanisms of stress
effects. Our results suggest that Ch mitigates the noxious effect of S on the photosynthetic performance of Vicia faba plants.

Keywords Chilling stress - Salinity - Photosynthetic rate - Stomatal conductance - Chlorophyll fluorescence -
Ultrastructure - Vicia faba L.

1 Introduction

Plants are continually exposed to a variety of environmental
stresses (Hassan et al. 2021a; Nasser et al. 2022). Plants
develop a wide range of biochemical and molecular mech-
anisms to combat such stresses Hassan et al. 2021b). An
intriguing field of study is the molecular and genetic under-
pinnings of stress response signaling in plants (Hassan et al.
2017; El Maghraby and Hassan 2021).
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Salinity and chilling (05 °C) are the two main abiotic
stresses for bean seed production (Srivastava et al. 2015; Liu
et al. 2018; Torche et al. 2018). The rising salinization of the
soil and the excessive use of low-quality water for irrigation
are both pressures that limit the growth and productivity of
many plants worldwide (Al Maleebi et al. 2014; Srivastava
et al. 2015).

The response to cold stress is a very complicated process
that involves both physiological and biochemical changes
(such as altered protein patterns and enzyme activity, altered
photosynthetic patterns, and changes in the ultrastructure of
cellular organelles) (Younis et al., 2011). In addition, one of
the main problems restricting plant growth and yield, and
modifying metabolic and physiological processes, particu-
larly in arid and semi-arid climates, is salt stress (Abdel
Mageed et al. 2016).

Recently, Hammed et al. (2021) stated that salinity is a
growing problem worldwide, disrupting metabolic processes,
and reducing the development, growth, and yield of crops.
Salinity can alter the chloroplast size, number, and lamellar
organization. However, normal chloroplast physiology should
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be maintained for the survival of the entire plant (Oi et al.
2020).

Water deficiency and osmotic stress induction are two
effects of salinity stress. However, low temperatures may also
lead to water deficiency at the cellular level because of a lack
of root water conductance and restricted root activity (Baz-
rafshan et al. 2020). Furthermore, the alteration of metabolic
pathways brought on by cold stress, salt, and drought results in
the generation of reactive oxygen species (ROS), which cause
oxidative damage to plants (Srivastava et al. 2015).

Chilling stress causes a restriction in CO, fixation, gener-
ating ROS, which causes the oxidation of cellular constitu-
ents and compromises the integrity of the chloroplasts (Fuji
et al., 2017). ROS’s effects under salinity stress included a
reduction in stomatal opening, disorder of the chloroplast’s
thylakoid ultrastructure, and a reduction in photosynthetic
rates (Rahman et al. 2016; Jalil et al. 2020).

Under drought stress, the effects included a reduc-
tion in chlorophyll content and CO, assimila-
tion (Ansari and Lin 2010). Therefore, changes in
the lamellar organization might cause chloroplast shrink-
age and an unrecognizably irregular grana struc-
ture as a result of environmental variables altering the chlo-
roplast structure.

The physiological, metabolic, and cellular alteration
symptoms of chilling injury and salinity are controlled by
the duration of exposure, the species, the cultivar, and the
developmental stage (Younis 2021). It is a worth to mention
that bean grows throughout the winter (November to Janu-
ary), so it may suffer from chilling injury during cold
seasons.

Faba beans are one of the most widely consumed tradi-
tional foods in many Mediterranean countries, and Egyptians
heavily rely on them in their diet, due to its great nutritional
content (Zeidan 2002). In addition, legumes are crucial to
sustainable agriculture (DeCillis et al. 2019).

Although the interaction effects of salinity with many
environmental stresses have been extensively studied, its
interaction with chilling is extremely lacking (Al-Shoaibi
et al. 2021).

The present study aimed to elucidate and evaluate the
impact of chilling and salinity, both separately and together,
on the photosynthetic performance and chloroplast ultras-
tructure of Vicia faba L. Cv. Aspani. This study, to the best
of our knowledge, is the first of its kind to investigate the
response of beans to these stresses.

2 Materials and methods
Seeds of the faba bean (V. faba L. Cv. Aspani) were pur-

chased from a commercial source in Egypt. They were
soaked in distilled water for 24 h to break dormancy, and
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then they were treated with a very diluted chlorine solu-
tion for 5 min for sterilization and to remove pesticides.
Finally, then they were washed with distilled water three
times (Hassan et al. 2018; Baqasi et al. 2018).

The experiment was carried out under optimized con-
ditions, which included a Photon flux density (PFD) of
375 umol m2s~! al10/14 h light/dark cycle, a tempera-
ture of 20 +2°C, and a relative humidity level of 85%. The
field capacity of the culture pots was estimated at 200 mL
of demineralized water.

Five faba seeds, that had been pre-soaked, were placed
1 cm beneath the soil’s surface in plastic pots (15 cm
diameter and 15 cm height), and were left to germinate
for 10 days at room temperature. Pots were filled with a
well-homogenous soil mixture (clay: sand 1:2). Seeds were
watered twice a week with distilled water at field capacity
till the first trifoliate leaf appeared (10 days after sowing
“DAS”). Seedlings were watered with a Hoagland solution
(0.25 full-strength) 10 DAS (Hassan et al. 2021a).

Pots were divided into two groups,14 DAS: one group
received distilled water while the other group received
120 mM NacCl for 48 h; both groups were exposed to room
temperature (22 °C), in closed growth chambers. There
were 40 pots (10 pots/treatment), and they were distributed
among treatments in a randomized block design (RBD).
The pots were divided into four groups,16 DAS: one was
incubated at 3 °C and irrigated with distilled water (Ch);
the second one was incubated at room temperature and
irrigated with 120 mM NacCl (S); the third group was incu-
bated at 3 °C and irrigated with 120 mM NaCl (Ch x S);
the fourth group was left as a control to grow at room
temperature and irrigated with distilled water (C).

2.1 Non-destructive harvests

Net photosynthetic rates and stomatal conductance were
assessed 4 and 16 h following exposure to both stressors.
However, chlorophyll fluorescence was measured, only
once, after 16 h of exposure.

2.2 Measurements of gas exchange parameters

Total CO, stomatal conductance (g,) and net photosyn-
thetic rate (A) of the second true trifoliate leaf of each
plant/treatment were measured with an open infrared gas
exchange system under a PDF of 375 umol m~2 s~! and
a CO, concentration of 405 ppm (LI- 6400, LICOR, Lin-
coln, NE, USA (Ismail et al. 2014; Basahi et al. 2016;
Hassan et al. 2018). Measurements were carried out at 4
and 16 h following exposure to both stressors.
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2.3 Determination of chlorophyll fluorescence

Chlorophyll fluorescence measurements were carried out
with a portable photosynthetic efficiency analyzer (PEA,
Hansatech Instrumental, Hardwick, Norfolk, UK) on
the same leaves used for gas exchange at the end of the
experiment (16 h following exposure to both stressors).
Leaves were dark-adapted for 30 min using a dark leaf
clip. The minimal (F;), maximum (F,,), and variable (F,)
chlorophyll fluorescence were recorded to calculate the
optimal quantum efficiency of PSII photochemistry [F,/
F,,=EF,—Fy)/F,] (Ismail et al. 2014; Basahi et al. 2016).

The light and dark fluorescence parameters were used
for calculations of the photochemical (qP) and non-pho-
tochemical (NPQ) quenching coefficients (Hassan et al.
2021b).

2.4 Destructive harvests

Plants were destructively harvested at the end of exposure
to both stresses (16 h) to measure chlorophyll content. In
addition, leaves from the last treatment were prepared for
scanning electron microscopy (SEM) and transmission elec-
tron microscope (TEM) in order to examine change in the
chloroplast ultrastructure.

2.5 Determination of chlorophyll content

Chlorophyll was extracted from three leaves on the main
stems of plants per treatment. The chlorophyll concentration
was determined (Ismail et al. 2014).

At harvest, fresh leaves were collected to measure chlo-
rophyll content. Chlorophyll was extracted from fresh leaves
(5 plants/treatments) using 80% 200 (v/ v) cold acetone
from 0.1 g of chopped fresh leaves under low light or dark
conditions. Absorbance readings were taken with an ultra-
violet spectrophotometer (UV-2450, SHIMADZU, Japan)
at 645 and 663 nm, and a commercial chemical detection
kit (Suzhou Gris Biotechnology Co., LTD). The formulas
provided by Suzhou, China was used calculate the contents
of total chlorophyll (Tot Chl), chlorophyll a (Chl a) and chlo-
rophyll b (Chl b) (El Dakak and Hassan 2020).

2.6 Measurements of stomatal attributes

Patches of 1 cm? in size around the midpoint at the lower
surface of the leaf blade were excised from the second leaflet

to determine the stomatal density. It was calculated from ten
fully expanded leaves per treatment at X 400 magnification
using a “RITZ Table Top Light Microscope”.

Stomatal index (%) was calculated according to the follow-
ing equation:

x100

S
SI1% =
% S+E

where SI% is the stomatal index percentage, S is the number
of stomata cells per mm?, and E is the number of epidermal
cells per mm? (Roy 2010; Hameed et al. 2021).

2.7 Scanning electron microscopy (SEM)

Tissue samples were taken from different treatments and pre-
pared using the glutaraldehyde/osmium/critical point drying
technique and examined using SEM (Philips Model 500). Sto-
mata were counted on the abaxial surface of each leaf/treat-
ment (ten fields/leaf) and were classified as either opened or
closed. The length and width of stomata were measured in
(um) (Hassan et al. 1994, 2017; Taia et al. 2013).

2.8 Transmission electron microscopy (TEM)

Small (1 mm?) segments of the center of the fully expanded
uppermost leaflet were cut off and fixed for 3 h at room tem-
perature using 3% glutaraldehyde in a solution containing
100 mM Sodium Phosphate, pH 7 at 5 °C (Li et al. 2013).
After the samples had been post-treated in 2% OsO, they were
washed once more with buffer for 5 h at room temperature,
and then they were dried in acetone and embedded in Epon
resin. The samples were cut into ultra-sections of approxi-
mately 50-70 pm with a LKB-V ultramicrotome and stained
with uranyl acetate and lead phosphate, and then they were
examined by a transmission electron microscope (JEM-1230
JEOL, Japan) (Gao et al. 2015).

2.9 Statistical analysis

A three-way analysis of variance (ANOVA), using salinity,
low temperature and time as factors, using the SAS Statisti-
cal Package (SAS software, Version 9.1, SAS Institute, Cary,
North Carolina, USA). Data were log-transformed prior to
analysis to ensure that they were normally distributed. PPFD
was used as a covariate in the ANOVA of gas exchange meas-
urements. The least significant differences (LSDs) were used
to identify the significant differences between treatments at
P ©0.05. Data were presented as means + standard deviation
(n=3).
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3 Results
3.1 Effect of chilling and salinity stressors on g, and A

Ch or S reduced g, by 13.6 and 50%, respectively, after 4 h
of exposure, and by 25.8 and 48.1% after 16 h of exposure,
respectively (Fig. 1A). Similarly, A was decreased by 16.9
and 41.4% after 4 h, and by 20.4 and 43% after 16 h of expo-
sure, respectively (Fig. 1B).

Interestingly, both g, and A of were improved after 4 h
exposure to Ch x S by 31.8 and 25%, and after 16 h of expo-
sure by 35.2 and 28.8%, respectively.

3.2 Effect of chilling and salinity on chlorophyll
fluorescence

Chlorophyll fluorescence of dark-adapted broad bean leaves
is presented in Table 1. Variable to maximal fluorescence
ratio (F,/F), photochemical quenching coefficient (qP),
and non-photochemical quenching (NPQ) were significantly
altered due to exposure to chilling and/or salinity stresses.
F/F,, and qP were decreased significantly by 18.3% and by
23.7% due to exposure to Ch and S, respectively. Interactive
effects of both stresses was less than additive, and it caused
a reduction in theses parameters by 19.4% each (Table 1).
Non-photochemical quenching (NPQ) was increased signifi-
cantly by 90%, onefold, and 94% in leaves exposed to Ch, S,
and Ch x S, respectively.

3.3 Effect of chilling and salinity on chlorophyll

The influence of chilling and salinity singly and in combi-
nation after 16 h exposure on chlorophyll pigments content
is presented in Table 2. There was a significant reduction
in chl a, Chl b, and chl (a+b) content in the chilled plants
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Table 1 Effect of chilling (Ch), salinity (S), and their interaction (Ch
x S) on variable to maximal fluorescence ratio (F,/F,,), photochemi-
cal quenching coefficient (qP), and non-photochemical quenching

(NPQ) in Vicia faba L. leaves after 16 h exposure

Parameter Treatment

C Ch S ChxS
F,/F, 0.82°40.07 0.77°+0.05 0.65°+£0.04 0.74*+0.06
qP 0.93°+0.07 0.76*+0.06 0.71*+0.04 0.75*+0.04
NPQ 0.59°+0.07 0.97°+0.09 1.11*°+0.11 1.02*+0.07

Means, in each row, not followed by the same letter are significantly
different from each other as evaluated by Duncan’s multiple compari-
son test at P <0.05 (n=5+SD)

by 19.3, 27.7, sand 21%, respectively. Similarly, salinity
reduced these parameters by 35.5, 27.7, and 38%, respec-
tively. Interactive effects of Ch and S caused reductions in
these parameters by 23.9, 36.1, and 28.6%, respectively.
However, chlorophyll a/b increased by 5.7, 20.8, and 18.9%
due to Ch, S, and Ch x S, respectively.

3.4 Effect of chilling and salinity on stomatal
parameters

It was found that SI% was decreased significantly by 15%
and 67% due to exposure to chilling and salinity, respectively
(Table 3). Interactive effects of chilling and salinity was less
than salinity additive; it reduced S1% by 33%.

Chilling reduced percentage of opened stomata by 35%
and stomatal width by 45% (Table 3), while salt stress caused
reductions in these parameters by 78 and 72%, respectively.
Ch x S resulted in 59 and 51% reductions in both parametres,
respectively.

Scanning electron micrographs of bean leaves exposed
to Ch and/or S are illustrated in Fig. 2. Epidermal cells of
plants exposed to chilling showed collapsed and shrunk cell
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Fig. 1 Effect of chilling (Ch), salinity (S), and their interaction (Ch x S) on stomatal conductance (g,) and net photosynthetic rate (A) in Vicia

faba L. leaves after 4 and 16 h exposure. Values are means + SE
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Table 2 Effect of chilling (Ch), Parameter Treatment
salinity (S), and their interaction
(Ch x S) on chlorophyll a C Ch S ChxS
(Chl a), chlorophyll b (Chl b),
chlorophyll a+b (Chl a+b), Chl a (mg/g FW) 7.84°+1.07 6.33°+0.90 5.21*+0.61 5.97%+0.60
and chlorophyll a/b (Chl a/b) in Chl b (mg/g FW) 4.93°+0.70 3.76®+0.76 2.71*+0.59 3.15%+0.64
Vicia faba L. leaves after 16 h Chl a+b (mg/g FW) 1277+ 1.07 10.09°+0.99 7.92440.48 9.12+0.81
exposure

P Chl a/b 1.59+0.31 1.68*+£0.22 1.92°+0.23 1.89%+0.26

Table 3 Effect of chilling (Ch), salinity (S), and their interaction (Ch
x S) on stomatal index percentage (SI%), stomatal width (SW), sto-

Means, in each row, not followed by the same letter are significantly different from each other as evaluated
by Duncan’s multiple comparison test at P < 0.05 (n=5+SD)

matal length (SL), number of opened stomata (NOS), total number

of stomata (TNS), and percentage of opened stomata (%OS) in Vicia
faba L. leaves after 16 h exposure

Parameter Treatment
C Ch S ChxS

S1% 3394+0.09 28 ¢+0.07 112+0.05 22°40.01
SW (um) 18.68 €+0.10 10.29°+0.06 5.30 2+0.09 9.21°+0.40
SL (um) 2530%+0.11 25.332+0.05 23.15%+0.08 26.23 #+0.09
NOS 159+1.01 9°+0.22 244023 5°4+0.06
TNS 33°4+3.01 30°+2.10 21240.90 26°+1.01
%0S 4649+0.12 30€+0.30 102+0.09 19°+0.11

Means, in each row, not followed by the same letter are significantly different from each other as evaluated by Duncan’s multiple comparison test

at P <0.05 (n=5+SD)

Fig.2 Scanning electron micro-
graphs of the epidermal cells
with its stomata in Vicia faba

L. leaves after 16 h exposure to
chilling and/or salinity. (A) con-
trol plants, (B) plants exposed
to chilling, (C) plants exposed
to salinity, (D) plants exposed to
both chilling and salinity
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Fig.3 Scanning electron
micrographs of magnified
epidermal cells with its stomata
in Vicia faba L. leaves after

16 h exposure to chilling and/or
salinity. (A) control plants, (B)
plants exposed to chilling, (C)
plants exposed to salinity, (D)
plants exposed to both chilling
and salinity

Fig.4 Transmission electron
micrographs show cell ultras-
tructural changes of chloroplast
in Vicia faba L. leaves after

16 h exposure. (a) Control
plants, (b) plants exposed to
chilling, (c) plants exposed to
salinity, and (d) plants exposed
to both stresses
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walls (Fig. 2B), while those exposed to salinity showed more
collapsed and shrunk walls (Fig. 2C).

Figure 3 shows a magnified scanning micrographs. Chill-
ing or salinity stress caused wrinkling and shrinkage of epi-
dermal cells which led to stomatal closure (Fig. 3B, 3 C). Ch
x S caused wrinkling of epidermal cells but at a lower extent
accompanied by partially opened stoma (Fig. 3D).

3.5 Effect of chilling and salinity on ultrastructure

TEM revealed that chilling caused swelling of chloroplast,
rupture of chloroplast envelope, and shrinkage of lamellae
(Fig. 4B). Salinity caused change in the chloroplast size,
chloroplast bursting and distortion, and disappearance of
starch granules (Fig. 4C). Exposure to both stresses was
antagonistic as chloroplast maintained their shapes and
integrity in a way like the control plants (Fig. 4D).

4 Discussion

Photosynthetic activities are good indicators of environ-
mental stresses (Kalisz et al. 2016). Exposure to chilling
and salinity (short- or long-term) imposes different impact
on crops (Ljubej et al. 2021; Liu and Zhang 2020).

Salinity level determines the suitability of low-quality
water irrigation for crops, and it also represents one of
the major stressors to the growth and productivity of the
highly important economic crops (Bimurzayev et al. 2021).
Water deficit and osmotic stress at the cellular level is a
common consequence of salinity as well as chilling stress
when they are solely existed (Bazrafshan et al. 2020).
Thus, it was postulated that drought stress would exacer-
bates the problem when both stresses combined under the
prevailing conditions (Bazrafshan et al. 2020).

Enhancement of the CO, influx to leaves through moti-
vating stomatal conductance could improve photosyn-
thetic rate and metabolites accumulation (Li et al., 2014b).
Therefore, the reduction in photosynthetic rate is mostly
attributed to the loss in stomatal conductance (Lawlor and
Cornic 2002).

In the present study, exposure to Ch or S for 4 and 16 h,
adversely affect the physiology of bean plants, where salin-
ity showed more noxious effect on net photosynthetic rate
and stomatal conductance than chilling response. Stomatal
closure as a first response to salinity leads to lessen of sto-
matal conductance, transpiration rate and photosynthetic
rate. Moreover, under salt stress, significant decreases in
attributes of photosynthetic rate, chlorophyll fluorescence,
stomatal conductance and rate of electron transport were
recorded for the wild-type of V. faba L. compared to the
normal growth conditions (Desouky et al. 2021).

Interactive Ch x S showed a better effect than Ch or S
alone. Moreover, Ch causes lower negative effects than S
or Ch x S. Therefore, we could argue that Ch could miti-
gate the deleterious effect of S when both stresses occur
simultaneously.

Chlorophyll fluorescence (F,/F ) is the most powerful
and widely used techniques to study the effect of stresses
on the photosynthetic performance, expressing the effi-
ciency of PSII (Hosseinzadeh et al. 2016).

Lower values of F,/F,, in plants exposed to Ch and/or
S suggests that a proportion of the photosystem II reac-
tion centers are inactivated or damaged (Zhou et al. 2018;
Badr 2020). Inhibition of F,/F,, was associated with PSII
photodamage, in olives, under saline conditions (Loreto
et al. 2013). Similarly, increases in salinity levels led to
parallel reductions in PSI and PSII activities in four rice
cultivars (Tiwari et al. 2008).

Reduction in chlorophyll content is another conse-
quence of cold stress, leading to photosynthetic disruption.
Chilling exerts a significant negative impact on chlorophyll
pigments content and their ratios in the present studied V.
faba. Cholakova and Vassilev, (2017) showed that chloro-
phyll content of Zea mays showed a significant reduction
under chilling stress, and they attributed these effects to
chlorophyll photooxidative damage. The inhibition in chlo-
rophyll content due to exposure to 120 mM NacCl in the
present study is in agreement with the results of Dawood
and El-Awadi, (2015) on beans and Taffouo et al. (2010)
on Vigna subterranean. Reduction of chlorophyll content
(either by fast degradation or lessen biosynthesis) may be
used as a tool by plants to increase the capacity for pho-
toprotection mechanism to limit light absorbance under
stress conditions (ElSheery and Cao 2008). Moreover, the
reduction in chlorophyll content was attributed to the role
of chlorophyllase enzyme that impairs chlorophyll bio-
synthesis and accelerates its degradation (Santos 2004).
However, during degradation of chlorophyll, Chl » may be
converted into Chl a resulting in the increased content of
Chl a, thus higher ratio of Chl a/b (Eckardt 2009).

Stomata are the port for gas exchange control; thus, for
optimizing water use efficiency and minimize transpira-
tion rate, it is pertinent to allow changes in stomatal size
and density. Stomatal closure is known to be induced by
cold temperature, drought stress, darkness, high CO,, and
plant hormones/elicitors (Kim et al. 2010). Chilling caused
significant reduction in stomatal index%, stomatal width,
percentage of opened stomata, accompanied by wrinkling
and shrinkage epidermal walls; this is in agreement with
the results of Wilkinson et al. (2010), who reported that
exposure to low temperature enhanced stomatal closure in
Commelina communis.
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Plants restrict stomatal opening as a short-term response
to control their transpiration rate in order to alleviate effects
of salt stress. This is in agreement with our results as sto-
matal index% and stomatal width were significantly reduced
under salinity stress.

The differential stomatal response reveals that there might
be an inherent collaboration of the physiological processes
(e.g., gas exchange) and morphological traits (e.g., stomatal
width and % of opened stomata) to regulate the gas exchange
and transpiration rate when bean plants exposed to unfavora-
ble conditions. Gago et al (2016) reported that the balance
in the level of sugars and organic acids may regulate stoma-
tal movements through a complex metabolic network and,
consequently, photosynthesis. However, the identification of
transporters involved in importing metabolites to guard cell
was beyond the scope of the present work, and this war-
rants a further exploration. Moreover, we have to study when
(in which period of the day, which period of stress, and in
response to which stimulus) and where (apoplast, symplast,
vacuole, chloroplast, and mitochondrion) the metabolites
would be accumulated to regulate stomatal movements.

Though environmental stress may have direct effects on
stomatal characteristics that cause a decrease in photosyn-
thetic performance, non-stomatal factors could also have
pertinent roles in restricting photosynthesis (El-Dakak and
Hassan 2020). Therefore, reduction in photosynthetic rates
could occur due to stomatal and/or non-stomatal factors
(Hassan et al. 2021a, b). The closure of stomata results in
a shortage of CO,. Non-stomatal factors could include an
increase in diffusive resistance to CO, in the mesophyll; a
reduction in PSII; and a decrease in chlorophyll content and
inhibition of electron transport (Goussi et al. 2018).

Chloroplast is the house of most physiological processes
relevant to photosynthesis. Research has shown that keeping
the physiology of the normal chloroplast away from stress
is a need for the persistence of the entire plant. Ultrastruc-
ture of chloroplast is the first harshly affected in crop plants
subjected to chilling injury (Kratch and Wise 2000). Salinity
leads to structural and ultrastructural effects, particularly in
salt-sensitive species. Some of them are considered injury
onset marker, such as: chloroplasts aggregation coupled with
granal swelling and fret compartments or the complete defor-
mation of chloroplastic grana and thylakoid structures (Goussi
et al. 2018). This effects could to be attributed to photooxida-
tive damage generated during chilling (Goussi et al. 2018).

Ultrastructure chloroplasts in the current study revealed
that exposure to chilling led to swelling of chloroplast,
shrinkage of lamellae and rupture of chloroplast's envelope.
Salinity also induced ruptured envelope, more deformation
of thylakoid membrane and distortion of granal organization.

The inhibition in PSII (F,/F,)) is a good indicator of the
photodamage in chloroplasts, especially in thylakoid mem-
branes, under salinity or chilling stress (Yamane et al. 2008).
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The photodamage and partial inactivation of PSII and PSI
reaction centers in thylakoids cause loss in chlorophyll con-
tent; this is due to the photoinhibition and their subsequent
ROS production under the prevailed stressful conditions.
The significant inhibition in net photosynthetic rate is influ-
enced by reduction in stomatal conductance and destruction
of stomatal morphology (wrinkling and shrinkage of epi-
dermal cells that adjacent to stomata). It appears that both
SEM and TEM helped to unveil how plants responded to
Ch and/or S.

5 Conclusions

An interesting area of research is to, constantly, monitor
plants survival when they encounter a complex range of
abiotic stresses.

Either chilling or salinity stress promoted limitations
in several physiological attributes. Nevertheless, V. faba
L. Cv. Aspani has triggered some mechanisms to mitigate
the toxic effect of salinity by chilling. These mechanisms
related to stomatal and/or non-stomatal factors which deal
with this constraint throughout the maintenance of stomatal
parameters, stomatal conductance, gas exchange, chlorophyll
content, chlorophyll fluorescence, PSII efficiency, and net
photosynthetic rate. The tolerance of plant to 120 mM NaCl,
in the present study, was improved by exposure to Ch which
rather allowed the maintenance of chloroplast ultrastructure
and morphology of stomata. Moreover, using SEM and TEM
gave an effective insight of the ultrastructural damage in
plant cells under stress and helps to consider the underlying
mechanisms of stress effects.
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