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Growth and photosynthetic reactions of different
species of wheat seedlings under drought and salt
stress

Abstract
Background and Purpose: Comprehension of how the different rep-

resentatives of the tribe Triticeae tolerate to abiotic stresses is essential for the
discovery of new tolerance sources and therefore for the development of breed-
ing and genetic researches in stress tolerance improvement of such important
crops as wheat. The aim of the study was to identify growth reactions and
associated changes in the photosynthetic apparatus of different wheat species
in response to drought and salt stress.

Materials and Methods The changes of seedlings growth parameters of
6 wheat species under the influence of the drought and salt stress under
laboratory conditions were investigated. Content chlorophyll a and b was
determined. The fluorescence quantum yield of photosystem I and electron
transport rate through the photosystem II (ETR) was studied.

Results: The relationship between changes in growth activity of seedlings
of different wheat species under abiotic stresses and the work of the photo-
synthetic apparatus was showed. The tetraploid species T. dicoccum Schue-
bl. and'T. aethiopicum Jakubz. were marked because they possess the most
stable root system development indicators and a relatively high photosyn-
thetic activity under stress.

Conclusions: The results of this research are very promising. They
showed a variety of evolutionarily developed physiological mechanisms of
protection from the effects of abiotic stresses. They allowed identifying the
species as possessing the most stable indicators of growth and a relatively high
photosynthetic activity under drought and salt stress. These species can be
recommended as salinity and drought tolerance sources for interspecific
crosses for different genetic programs.

INTRODUCTION
According to the UN (1), desert or drylands represent about half of

terrestrial environments worldwide; further, about 70% of agri-
cultural land is affected by salinity. Thus, understanding how abiotic
stressors, such as drought and salinity, affect plants is an urgent neces-
sity. The continued growth of the human population necessitates in-
creasing the area of crop production and enhancing productivity espe-
cially under stressful conditions. This goal requires en hanced research
on vulnerability to stress the adaptive capacity of plants and improve-
ment of the genetic potential for tolerance to abiotic stresses of crop
varieties (2 — 4).
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The productivity of agricultural plants is directly as-
sociated with their photosynthetic activity (PA) (5, 6). An
integrated approach to the study of the physiological and
biochemical bases of stress tolerance is impossible without
attention to the function of the photosynthetic apparatus.
This is because the preservation of photosynthetic activ-
ity under the influence of abiotic stressors largely deter-
mines their tolerance to adverse environmental factors (7
8). Because the mechanism of photosynthesis includes
various components, e.g. photosynthetic pigments and
photosystems, electron transport system and methods of
reduction of CO, level, any damage at each level caused
by stress can reduce the photosynthetic ability of green
plants (9).

The large body of previous research on the physiologi-
cal processes in plants exposed to osmotic or saline stress
has revealed that stress tolerance is associated with plant
genomic composition, particularly with genes involved in
photosynthesis (8). The introduction of the new species
with great potential constitutive adaptability into the cul-
ture (the direction of a ‘change of species’) along with the
genetic potential of cultivated species requires intensive
research owing to the multiple unsuccessful attempts to
increase stress tolerance, maturation rate and photosyn-
thetic productivity of plants (70). Understanding how the
different representatives of the tribe T7iticeae experience
drought stress and soil salinity is important for detecting
new sources of drought and salt tolerance for the develop-
ment of breeding and genetic research programs on im-
portant crops such has wheat (7).

This study aimed to identify growth reactions and as-
sociated changes in the photosynthetic apparatus of dif-
ferent species of wheat in response to drought and salin-
ity in the environment.

We hypothesised that wheat species of different ori-
gins, ploidy level and genome composition may have dif-
ferent evolutionary mechanisms for the development of
tolerance to abiotic stresses. Furthermore, stress tolerant
varieties should exhibit fewer changes in growth rate and
photosynthetic apparatus under stress conditions.

MATERIALS AND METHODS

Seven species of wheat, which are adapted to the con-
ditions of southeast Kazakhstan, from the Institute of
Plant Biology and Biotechnology collection were studied:

T. monococcum L. (A"AY) is associated with mountain-
ous (but not high-mountain) areas. It was common in the
Early Neolithic period. Currently, it occurs sporadically
in Yugoslavia, Albania, Switzerland, Turkey and Moroc-
co. NI Vavilov called the 7. monococcum ‘integrated bat-
tery immunity’.

T. dicoccum Schuebl. var. atratum (Host) Koern
(A"A"BB) is distinctly polymorphic and differentiated
among eco-geographical groups. It is tolerant to different
climatic conditions and cultivated widely. Further, it rip-
ens early and is unpretentious to the soil conditions, toler-
ant to diseases.

T. polonicum L. var. villosum (A*A"BB) is an early rip-
ening subspecies with a large grain and is found as an
invasive in the steppe habitats of durum wheat in the
Mediterranean, Ethiopia, Syria, Turkey, Iran, Afghani-
stan, the Caucasus and China.

T. aethiopicum Jakubz. (1. abyssinicum Vav.) (A*A*BB)
belongs to a group growing in alpine steppes with humid
and warm climates. It is cultivated in Ethiopia and Yem-
en on non-irrigated lands, where annual mean rainfall is
about 1000 mm and large amount of it is accounted for
by the first period of wheat vegetation.

1. compactum Host. (A"A"BBDD) is a relict species,
which was previously widespread. It is cultivated sparsely
in Turkey, Iran, China and Afghanistan. It is typically a
mountainous polymorphic wheat species. In addition, it
is similar to 7. aestivum in a number of morphological
characters. There is ongoing debate about its origin.

T. macha ssp. Densiusculum Dekapr. et. Menabde
(A"A"BBDD) is the most ancient form of scarious hexa-
ploid wheat. It is endemic to Georgia. It is not currently
cultivated. It is associated with the forest belt from 300

Table 1. Relative growth of the first leaf and roots of seedlings of different wheat species under drought conditions (17.6% sucrose, 72 h). Means

+ standard deviations are presented.

Ratio
0
St Length, % of control root / leaf, %
leaf root control stress

T. monococcum 80.9 + 4.5* 89.5 +2.3* 56.3 + 3.0 62.3+3.1
T. dicoccum 82.8 + 6.4* 93.6+2.5 41.6+2.4 47.0+2.3
T. polonicum 87.8 + 4.0% 127.2 + 3.0 43719 633 + 3.2
1. aethiopicum 855 + 4.2* 92.6+2.5 343+2.0 31.7+2.0
1. compactum 76.7 £ 2.7** 157.9 + 3.8** 359+ 1.9 73.9 £ 3.9%*
1. aestivum 56.0 + 2.2** 78.3 +2.0%* 389+2.0 54.5 + 3.5%*

Note: *, ** indicate significant differences at p < 0.05 and p < 0.01 respectively
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to 1000 m above sea level in areas of high moisture. 7.
Macha may be a relict species of primarily hexaploid
wheat.

T aestivum L. (A"A"BBDD), Saratovskaya-29 is a soft
wheat cultivar. Saratovskaya-29 is cultivated in many
types of environments. It has a large ecological plasticity.

Seeds of the species of wheat studied were germinated
in a growth chamber at 25°C. After 48 hours, seedlings
were transferred to 0.5 L pots and were grown for 5 days
in water culture. Then for 72 h, they were exposed to
drought stress (17.6% sucrose solution) or salt stress
(1.68% NaCl solution). These concentrations of sucrose
and NaCl produced visual differences in samples in
growth and biomass accumulation, when the growth of
less stable seedlings reached 40-50% of control values
(12, 13). Control seedlings were grown in water. These
extreme treatments are often designated as ‘shock’ treat-
ments (14); however, we used the traditional term ‘stress’,
as defined by Selye as a state of the body formed in re-
sponse to exposure to stress (15).

Chlorophyll was extracted in 96% ethanol using puri-
fied glass sand to homogenise the samples. After centrifu-
gation at 4°C (at 14,000 rpm), the chlorophyll # and 4
concentrations were determined with a spectrophotom-
eter at 665 nm and 649 nm, respectively, with a Genesis
10 UV Scanning (ThermoScientific, USA). The concen-
trations were calculated according to Lichtenthaler(76).

'The Photosystem II (PSII) quantum yield and electron
transport rate (ETR) were determined by recording the
‘light curves” using a Chlorophyll Fluorometer IMAG-
ING-PAM M (‘Heinz WalzGmbH’, Germany) under
actinic illumination of 450 nm. The fluorescent seedling
leaf areas were out lined with the ImagingWin v.2.41a
programme. At the beginning of each measurement, the
leaf was exposed to light pulses at a frequency of 2 Hz for
determination of F (minimum fluorescence in the dark-
adapted state). Saturating pulses were applied to deter-
mine F_ (maximum fluorescence in the dark-adapted
state). The maximum quantum yield of PSII photochem-
istry (F /F ) was determined as (F_ - F)/F . Light
curves were used for calculation of various fluorescence
parameters at photosynthetic photon flux density (PPFD)
of 0, 1, 21, 56, 111, 186, 281, 336, 396, 461, 531, 611 and
701 pmol photons / m?s. At the end of each illumination
step, a saturating light pulse was applied for assessment of
F' (maximum fluorescence yield in the light) and F,
(steady state chlorophyll fluorescence yield in the light).
The quantum efficiency of PSII photochemistry estimates
the efficiency at which light absorbed by PSII is used for
photochemistry and was calculated as (F', - F) /F'_(17).
The value of F'_ was estimated using the approximation
of Oxborough and Baker (1997), F' = F_/ (E / F_+F /
F' ). The coefficient of photochemical quenching, q;,
which measures the fraction of PSII centres in the open
state based on a lake model for the PSII photosynthetic
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apparatus, was estimated as (F' - F /F' - F )(F' /F)
(18). The NPQ parameter, which was calculated as (F
-F' )/ F'_, estimates the non-photochemical quenching
that reflects heat dissipation of excitation energy in the
antenna system (19). Subsequent to illumination, the uti-
lisation of absorbed photons by the PSII antennae in pho-
tosynthetic electron transport and thermal dissipation
was assessed from the quantum eficiency (Y) of photo-
chemical energy dissipation (Y(II)) andlight-dependent
(Y(INPQ) and light-independent (Y(NO) thermal dissipa-
tion, with Y(II) + YINPQ) + Y(NO) = 1 (18). The quan-
tum yield for dissipation through down-regulation in
PSII (Y(NPQ)) was calculated from the equation
Y(NPQ) = 1-Y(II) -1/ [NPQ + 1 + q,(F_/F - 1)]
(18). The quantum yield of non-regulated energy dissi-
pated in PSII, Y(INO), was calculated as 1/ [NPQ+1+q; (F
/'E, - 1] (18). The relative PSII electron transport rate
(ETR) was calculated as ¢ x YII) x PPFD x 0.5. For the
coefhicient ¢, which estimates the absorption of PPFD by
PSII, a value of 0.83 was assumed. The factor 0.5 takes
into account that only half of the absorbed quanta is dis-
tributed to PS II (under steady state conditions). Each
point in the light curves represents the averaged value of
12 leaf samples per treatment. ImagingWin v2.41a (Walz)
software was used for calculating all parameters.

All leaf blades were examined microscopically at 10x
magnification (Micros; Austria), photographed with a
video camera (YONGXIN OPTICS CAM V200) and
analysed with a computer program (YONGXIN OP-
TICS Scope Photo version 2.4).

Abnormal data were eliminated using t-criteria. Stand-
ard errors were calculated for all means.

All experiments were performed in triplicate. At least
25 plants were used in each replicate. The middle third of
the leaf blades was harvested for chlorophyll content and
determination of the photosynthetic parameters. All data
were analysed using one-way analysis of variance (ANO-
VA), with species and treatments as the main effects.

RESULTS

Examination of the impact of drought and salt stress
on the growth characteristics of seedlings of six different
wheat species revealed significant species-specific differ-
ences in the reduction of growth of the first leaf and roots

(Tables 1 and 2).

Correspondingly, the root / leaf linear sizes relation
decreased under saline conditions, which was most evi-
dent in 7. compactum seedlings. Thus, sucrose-induced
drought suppressed the growth of the first leaf more than
root growth of the six different wheat species seedlings.
Salt stress had a large influence on growth of the primary
root of the studied species. The toxicity of salinity of
growing environment caused the effect of ‘avoidance’ in
roots (reduction in surface interaction with salt). The de-
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Table 2. Relative growth of the first leaf and the root of seedlings of different wheat species under salt stress (1.68% NaCl, 72 h)

T monococcum 92.8+6.4 78.0 + 5.1** 30.9 + 3.5 257 £3.2
T. dicoccum 85.0 £ 6.0* 100.0 + 3.2 28.0 £ 4.1 33.3+5.1
1. polonicum 75.0 + 4.2** 62.3 £ 6.7** 51.4 + 4.6 41.5+3.8
1. acthiopicum 59.4 + 3.5%* 54.9 + 4.4 379 +4.5 352+4.8
1. compactum 80.9 + 6.4* 62.1 5.4 63.0 £ 5.4 48.8 + 4.3
T. aestivum 60.8 + 6.9%* 58.6 + 4.6** 44.8+4.3 375 +4.5

Note: *, ** indicate significant differences at p < 0.05 and p < 0.01 respectively

a— control, b — drought (17.6% sucrose, 72 h), ¢ — salinity (NaCl, 1.68%, 72 h)
Figure 1. Colouring of leaf blades of T. monococcum seedlings, magnification 10x.

crease in the surface area of the leaves was a response to under drought conditions. 7 polonicum, T. aestivum and
drought. 1. compactum had the greatest increase in this ratio.

The root / leaf relationship for 7. dicoccum and T. ae-
thiopicum remained virtually unchanged under stress. The

The relationship of root / leaf linear sizes (an important
indicator of stress) of different wheat species also increased
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Figure 2. Concentrations of chlorophyll (a+b) (a) and the ratio of chlorophyll a to chlorophyll b (a / b) (b) in the leaves of six wheat species under
drought and salinity conditions (17.6% sucrose, 1.68% NaCl, 72 h). Values presented are means (+ SD). Different letters above the bars rep-
resent significant differences at p < 0.05.
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root/leaf relationship for seedlings of 7. aestivum, T. ae-
thiopicum, T. dicoccum and 1. monococcum remained un-
changed or slightly increased under salt stress.

These results indicate that the deceleration of leaf
growth was greater than that for root growth and dem-
onstrate the important role of actively functioning root
systems of these species under stressful conditions.

Observations on leaf blades of different wheat species
showed that the chromaticity of leaf blades of all studied
species decreased under stress conditions, to a greater ex-
tent under salt stress than under drought (Fig. 1).

We observed a more uniform distribution of chloro-
plasts in the cells of the leaf blade in the absence of stress.
Chloroplasts were concentrated in the areas of vascular
bundles under stressful conditions. 7. monococcum and T.
aestivum seedlings had yellowing and necrotic sections of
leaf blades under drought and 7. polonicum had the same

condition under salt stress.

1. aestivum had the highest concentration of chlorophyll
(a+b) in leaf blades (27.57 + 2.30 mg/g dry mass) under
normal conditions (control). 7. monococcum and T poloni-
cum had similar concentrations of chlorophyll (#+6) (18.83
+ 4.17 and 18.36 + 1.95 mg/g, respectively), as well as 7.
dicoccum and T, compactum (9.34 + 1.48 and 10.09 + 1.22
mg/g dry mass, respectively). 7. aethiopicum had the lowest
chlorophyll content (5.07 + 0.5 mg/g dry mass) (Fig. 2a).

Thus, the chlorophyll content in leaf blades was spe-
cies-specific in the absence of stress, but it was independ-
ent of the ploidy level of the species studied.

The chlorophyll content of all studied species decreased
significantly (by 75% — 84%) under stressful conditions
except for T_ dicoccum, T. compactum and T. aethiopicum,
which had values that were almost unchanged or even
increased (7. dicoccum). Furthermore, the chlorophyll
content in leaves of almost all studied species was higher
under salt stress than under drought stress.

The ‘saturation pulse’ method was used for the detection
of the effects of drought and salinity stress on wheat leaves
of different species. For non-stressed C3 plants, values of
about 0.83 (20) are expected. These approximate values
were obtained in the analysis of experiments conducted
here with control groups of the species. Susceptibility to
photo inhibition in drought and salinity-stressed wheat
leaves in our study was determined as changes in the F /F
ratio (Table 3). These values decreased (with one exception
1. compactum under salinity) under stress conditions.

Therefore, analysis of ‘light curves’ show that 7. mono-
coccum and T aethiopicum maintained high photosyn-
thetic activity (PA) (the curve is very similar to the control
ETR curve) under stress conditions. Other investigated
species decreased their PA notably under stress influence
in this experiment; reaction centres of PSII of most species

closed by PPFD of 460 pmol/m?s (Fig.3).
As shown in Fig.4, most species had higher Y(INPQ)

under induced drought than in controls. As has been de-
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scribed in Arabidopsis, a plant can protect itself from short-
term exposure to stressful conditions through increasing
non-photochemical components (21). However, the PA
reaction to drought and salinity differed from species to
species. Only leaves of 7. dicoccum showed a sharp de-
crease of Y(NPQ) at PPFD of 395 pmol/m?s, when the
level of non regulated dissipation (Y(NO) increase date
PPED 460 pmol/m?s. These parameters were similar to
control levels before this change (Figs. 4b and 5b). High
values of Y(INO) may be indicative of serious problems in
dealing with incident radiation experienced by the plant.
Thus, there likely was some damage to the functioning of
PSII or even to its structure (22).

T monococcum seedling leaves had the maximum PA
decrease under salinity conditions. In addition, the non-
regulated energy dissipation of this variety significantly
increased (Fig. 4). As stated previously, such changes can
indicate serious damage to the functioning of PSII.

T. aethiopicum, T. dicoccum and the hexaploid species
T’ compactum appeared to be the most tolerant to salt
stress. They had levels of Y(INPQ) similar to the controls,
as shown in Fig. 4. Furthermore, there were no significant

differences in the F / F_ ratio (Table 3)
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Figure 3. ETR changes of 10-day-old wheat seedlings: (a) T. mono-
coccum, () T. dicoccum, (¢) T. polonicum, (@) T. acthiopicum,
(e) T. compactum and (f) T. aestivum under different conditions:
1 — control, 2 — salinity, 3 — drought. Data presented are means +
standard error.
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Figure 4. The Y(NO) change of 10-days wheat seedlings: (a) T.
monococcum, (4) T. dicoccum, (¢) T. polonicum, (@) T. acthi-
opicum, (¢) T. compactum and (f) T. aestivum under different
conditions: 1 — control, 2 — salinity, 3 — drought. Data presented
are means + standard error.

Leaves of these species compensated for the oversupply
of irradiation mostly through a regulated dissipation
mechanism, so the influence of salinity on their leaf PSII
was slight. The retention of chlorophyll quantity of these
species at the same level as the control under salt stress,
opposite to the finding for drought conditions (Fig. 2),
also confirms their photosynthetic apparatus is less vul-
nerable to salt stress.

Finally, the decrease of ETR under stress conditions
was detected during this investigation of drought and

salinity influence on PA of soft wheat and leaves of its wild
congeners. However, the analysis of other PA components
revealed that some tolerant species could be distinguished,
T monococcum L. and T. aethiopicum to drought and 7.
aethiopicum, T. dicoccum, T. compactum and 1. polonicum
to salinity, which may possess dynamic tolerance to

drought according to their high level of Y(NPQ).

DISCUSSION

Economic losses of crops are greater if plants are sub-
jected to stress at the juvenile stage of development. There-
fore, the ability of plants to efficiently use water under
drought at the early stages of their development is an im-
portant agronomic character; the growth response of
seedlings to stressful conditions is a visual indicator of
metabolism changes (23).

The strong negative effects of salt stress on the root
systems of seedlings and drought stress on leaf composi-
tion juvenile plants of different wheat species were re-
vealed. The effect of induced osmotic stress (at the drought
stage or the osmotic component of salt stress) on plants
occurs immediately when the solutions / stressors contact
the root system. The plants usually achieve osmotic home-
ostasis relatively quickly at non critical concentrations of
the stressor. However, salt stress begins to have toxic ef-
fects including changes in the ion balance and a critical
concentration of Na* in the cytoplasm (74, 24). Concur-
rently, different species, regardless of their level of drought
and salt tolerance, vary in the degree of plasmolysis of cells
and normal cellular activities may be restored (14, 25).
However, the most complete characterisation of stability
/ sensitivity of the species studied only provide a complex
assessment of various parameters of the leaf blades and
root system.

Our experimental data revealed that the tetraploid spe-
cies 7. dicoccum had the most stable indicators of develop-
ment of seedling root systems under drought and salt
stress and that 7. aethiopicum had good indicators of seed-
lings under drought stress.

Often under stressful conditions, the regulation of wa-
ter absorption by roots is more important for overcoming
the severe impacts of stress than the regulation of transpi-
ration and photosynthesis in leaves (26). However, the

Table 3. Mean PSII F,/ F, of different wheat species seedlings under drought (17.6% sucrose, 72 h) and salinity (NaCl, 1.68%, 72 h) conditions

(means + standard deviations).

Species control drought salinity
1. monococcum 0.76 + 0.01 0.73 £ 0.03** 0.58 +0.10™
T dicoccum 0.75 + 0.01 0.71 + 0.03** 0.73 + 0.03*
T. polonicum 0.74 + 0.01 0.70 + 0.04** 0.73 + 0.01**
T. aethiopicum 0.74 + 0.01 0.72 +0.01** 0.73 + 0.01**
T. compactum 0.75 +0.02 0.70 + 0.03** 0.74 + 0.01
T, aestivum 0.76 + 0.00 0.71 + 0.02** 0.73 + 0.04*

Note: * ** indicate significant differences at p < 0.05 and p < 0.01 respectively
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changing dynamics in photosynthetic activity of plant
leaves under stress reflect the degree of influence of the
stress on the above ground part of the plant as well as the
coherence of the entire plant body.

The total pigment content and their relative ratios in
any plant species are not constant. They may vary consid-
erably depending on factors such as the structural features
of the leaf blades, environmental growth conditions and
human activity (27). Owing to the destruction of chloro-
phyll, the photosynthetic activity in plants cultivated un-
der stressful conditions may be reduced. However, the
correlation between pigment concentration in a plant’s
leaves and its stress tolerance is not always evident accord-
ing to Fang et al. (28) and Khan et al. (29). Data on
chlorophyll content are contradictor; both accumulation
of chlorophyll under stress conditions (30, 31) and a sig-
nificant decrease in chlorophyll have been observed, es-
pecially in stress sensitive varieties for both dicotyledo-
nous and monocotyledonous species (4, 32, 33). Changes
in chlorophyll content of leaves under stress may be as-
sociated with accelerated degradation of the pigment or
with disruption of its biosynthesis. In addition, previous
studies indicated that in the process of degradation, chlo-
rophyll & can be converted to chlorophyll # resulting in
increased chlorophyll content (34, 35). Furthermore, a
series of experiments on sunflower (32) determined that
stress affects the process of chlorophyll biosynthesis rath-
er than decreasing chlorophyll concentration.

Previous studies revealed that chlorophyll 4, as the
main component of the photosystems, is damaged more
than chlorophyll # under stress (36). In general, species
with a lower ratio of chlorophyll 2/ 4 show a greater adapt-
ability to environmental conditions. There is evidence
that reduction in the ratio of chlorophyll @ / & is corre-
lated with an increase in productivity (37). However, in
our experiments, the ratio of chlorophyll 2 / & was stable,
independent of the changes in total chlorophyll content,
suggesting that the osmotic and salt stresses applied in
this study did not cause significant structural changes in
the photosynthetic apparatus of seedlings of different
wheat species.

Stress can lead to a decrease in the efficiency of the
light-absorbing ability of leaves owing to disruption of
photosystems I and II (PSI and PSII) (38, 39). The fluo-
rescence of chlorophyll is considered to be an important
indicator of stress tolerance in different species and varie-
ties of plants, for example, durum, wheat and tobacco (40,
41, 42). F | F_ are considered to be a fast-measuring in-
dicator of stress in plants. Guretzki and Papenbrock (43)
found no significant differences in F / F_ between control
and drought groups of L. purpureus under mild stress.
'This result is consistent with other studies (44, 45). How-
ever, all of these studies were conducted on adult plants.
Our work with seedlings supports the utility of this pa-
rameter, in addition to other fluorescence measurements
in stress tolerance screenings.

Period biol, Vol 119, No 1, 2017.

‘Light curves’ can provide some information about
changes that occur in PSII performance under different
conditions. The ETR curves are very close in shape to a
photosynthesis-irradiance curve. With low irradiance,
photosynthesis is limited by the irradiance. The slope of
the curve in the light limiting region is proportional to
the efficiency of light capture (effective quantum yield).
Under moderate irradiance, the capacity of the electron
transport chain limits photosynthesis and the curve
reaches a plateau, where the maximum photosynthetic
capacity occurs. With even higher irradiance (supra-sat-
urating), the curve often tends to decline (46). However,
this decline could be linked to dynamic down-regulation
of PSII (47), maximum ETR displays a level of PA in this
case (48). The changes in the level of maximum ETR and
the PPFD at which the plateau is reached are supposed to
display the level of variety stress tolerance.

Different wheat species may have evolved a variety of
physiological mechanisms for protection against the influ-
ences of abiotic stress. The results presented here revealed
that seedling leaf blades of 7. aethiopicum, which had a
slight decrease in growth functions, maintained a similar
ratio of chlorophyll 2/ bas the control on the background

Quantum vield of regulated energy dissipation, a.u.
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Figure 5. 7he Y(NPQ) change of 10-days wheat seedlings: (a) T.
monococcum, (4) T. dicoccum, (¢) T. polonicum, (@) T. acthi-
opicum, (¢) T. compactum and (f) T. aestivum under different
conditions: 1 — control, 2 — salinity, 3 — drought. Data presented
are means + standard error.
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of minimum reducing the total chlorophyll content and
also showed a high photosynthetic activity. Interestingly,
the seedling leaves of the tetraploid species 7. polonicum
increased inefficiency of non-photochemical quenching
of fluorescence despite a decline in the PA, indicating that
the functioning of PSII is damaged under drought condi-
tions. This finding may demonstrate the dynamic drought
tolerance of this species; when the plant is dehydrated,
complex protective responses and adaptive reactions may
occur, some of which are specific to this species (49). The
effects of different genomes have been observed in eco-
logical and genetic studies on wheat (50). These data pro-
vide substantial information on the role of the genome in
the evolution of the physiological and genetic mechanisms
of drought and salt tolerance in wheat species.

CONCLUSION

Our experiments revealed a number of common mech-
anisms that regulate growth and photosynthetic activity of
the leaf apparatus of seedlings of different wheat species
seedlings under abiotic stresses such as drought and salin-
ity. Furthermore, species-specific differences in the response
to induced drought and salt stress were demonstrated.

Salt stress was shown to have a greater negative effect
on the root system of seedlings of different species of
wheat than drought, while drought stress had a greater
effect on the leaf apparatus of juvenile plants.

Among the wheat species with different origins, levels
of ploidy and genomic composition, a variety of evolu-
tionary mechanisms for protection against exposure to
stressors in the form of tolerance were identified in species
such as the tetraploid species 7. dicoccum and T. aethiopi-
cum. Seedlings of these species have less decrease in
growth and fewer changes in the photosynthetic appara-
tus under abiotic stress conditions. In addition, they have
the most stable indicators of root system development in
seedlings and relatively high photosynthetic activity of
leaves under drought and salt stress. The tetraploid species
1. dicoccum and T. aethiopicum can be utilised as sources
of salinity and drought tolerance for interspecific crosses
for breeding and genetic programs.
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