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Abstract: The creation of salt-tolerant wheat genotypes can provide a basis for sustainable wheat
production in areas that are particularly sensitive to the impacts of climate change on soil salinity.
This study aimed to select salt-tolerant wheat genotypes that could serve as a genetic resource in
breeding for salinity tolerance. A two-year experiment was established with 27 wheat genotypes,
grown in salinity stress and non-stress conditions. Agronomic parameters (plant height, spike weight,
number of grains per spike, thousand grain weight, and grain yield/plant) were analyzed in the
phenophase of full maturity, while biochemical parameters (DPPH radical scavenging activity and
total phenolic content) were tested in four phenophases. Grain yield/plant was the most sensitive
parameter to salinity, with a 31.5% reduction in value. Selection based on salt tolerance indices (STI,
MP, and GMP) favored the selection of the genotypes Renesansa, Harmonija, Orasanka, Bankut 1205,
KG-58, and Jugoslavija. Based on YI (1.30) and stability analysis, the genotype Harmonija stands
out as the most desirable genotype for cultivation in saline conditions. The presence of positive
correlations between grain yield /plant and biochemical parameters, in all phenophases, enables the
selection of genotypes with high antioxidant activity and high yield potential, even in the early stages
of plant development.

Keywords: agronomic parameters; antioxidant activity; biochemical parameters; salinity stress; salt
tolerance indices

1. Introduction

Soil salinization has become one of the major environmental issues globally, and it is
expected to be further exacerbated by projected climate change [1]. Arid and semi-arid
agricultural areas are particularly sensitive to the impacts of climate change on increasing
soil salinity [2—4]. More than 954 million hectares of the world’s total land area (over 20%
of agricultural land) is affected by salinity, especially in arid and semi-arid areas [5,6].

Increased sodium content in soil is one of the most common causes of abiotic stress
to which plants are exposed [7]. Cereals Cereals have been characterized as plant species
that are moderately tolerant to salinity [8]. Due to its primary presence in human nutrition,
wheat is ranked first as the most important among cereals [9,10]. Wheat provides almost
20% of the total calories and protein in the daily diet [11]. Due to the constant increase
in human population, the consumption of wheat is increasing globally, in both favorable
and unfavorable ecosystems for agricultural production [9,12]. For this reason, creating
salt-tolerant genotypes is crucial [13]. However, the creation of genotypes with increased
tolerance to salinity stress is a slow process, whose progress is limited by the available
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genetic variability [14-17]. In order to select useful genetic variability for more successful
wheat cultivation under stress conditions, it is important to study genotypes in given
environmental conditions—in situ [18]. Moustafa et al. [16], El-Hendawy et al. [19], and
Allel et al. [20] emphasized that the assessment of genotype tolerance to salinity in real
environmental conditions is of particular importance in breeding wheat for increased
tolerance to salinity. In real environmental conditions, plants are exposed to all other abiotic
factors (soil heterogeneity, drought stress, fluctuations in air temperature) present in the
given area at the same time as salinity stress. Despite this, little work has been carried out to
examine wheat tolerance to salinity stress in real environmental conditions. Many studies
have focused on assessing the salt tolerance of wheat genotypes in laboratory conditions,
where different salt concentrations have been used as treatments [17,21-24].

Salinity tolerance is a complex polygenic trait highly influenced by environmental fac-
tors [25]. For this reason, it is important to develop methods for assessing salinity tolerance,
which would enable sustainable agricultural production in salinity stress conditions.

Wheat responds to salinity stress at the morphological, physiological, and molecular
levels [24,26]. In studies on the effects of salinity stress on agronomic traits of wheat,
Mansour et al. [13], Hasan et al. [21], Nadeem et al. [22], and Khokhar et al. [27] found
that increased salt concentration significantly reduces the values of the grain yield and
grain yield components, compared with the values achieved in the control and treatments
with low salt concentration. Salinity stress induces osmotic and ionic stress and nutrient
imbalance in the plant, where their secondary effects lead to the production of reactive
oxygen species (ROS) [28,29]. Accumulation of ROS in the plant leads to degradation of bi-
ological macromolecules (lipid peroxidation, protein oxidation, enzyme inhibition, damage
to DNA and RNA) and ultimately cell death [28-30]. The most important determinant of
plant tolerance to abiotic stress is the plant’s ability to scavenge the toxic effects of ROS.
Antioxidants are the first line of defense against the damage caused by ROS [31,32].

Phenolic compounds are among the main non-enzymatic antioxidants that have the
greatest potential for neutralizing ROS [33,34]. Therefore, the accumulation of pheno-
lic components may be an adaptive cellular mechanism for the removal of ROS during
stress [35,36]. Chernane et al. [37], Kumar et al. [38], and Kiani et al. [39] point out that
salinity stress significantly increases the phenolic content in wheat. Kiani et al. [39] noticed
that, in addition to the increase in the phenolic content in wheat leaf, the ability to neutralize
free DPPH radicals under conditions of salinity stress also increased.

Wheat is particularly sensitive to salinity stress in the early stages of development, so
it is suggested that the assessment of salinity tolerance be evaluated in the early stages of
plant development, which would save invested funds and time [40].

This investigation aimed to: (i) examine the influence of salinity stress on agronomic
and biochemical parameters of different wheat genotypes, grown in real environmental
conditions, i.e., in situ; (ii) establish the inter-relationships between agronomic and bio-
chemical parameters, tested in different growth stages of plants; and (iii) determine the
appropriate selection indices/ criteria for assessing the tolerance of a genotype to salinity.

2. Materials and Methods
2.1. Plant Material and Plot Design

The present study was established on two soil types, Solonetz (Kumane, Vojvodina
Province, Serbia, 45.522° N 20.195° E) and Chernozem (Rimski Sanéevi, Vojvodina Province,
Serbia, 45.322° N 19.836° E), during two vegetation seasons (2015/2016 and 2016/2017).
The research included 27 genotypes of wheat (Triticum aestivum spp. vulgare), with twenty
genotypes (Gruzanka, Zastava, Aleksandra, Srbijanka, Kosmajka, Orasanka, Rujna, Su-
madija, Harmonija, Ljubicevka, Perfekta, Premija, KG-56, KG-75, KG-58, KG-78, Morava,
Lepenica, Sumadinka, and Oplenka) created at the Centre for Small Grains in Kragujevac;
four genotypes (Renesansa, NSR-5, Jugoslavija, and Pesma) released by the Institute of
Field and Vegetable Crops in Novi Sad; one old Hungarian variety (Bankut 1205), which
was cultivated in Banat in the last century; and two local landraces, Banatka, which was
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cultivated in Banat (Vojvodina Province) in the last century, and Grbljanka, which was
cultivated in Montenegro in the last century (Table 1). The local landrace Banatka, the
genotype Bankut 1205, and the genotypes created at the Institute of Field and Vegetable
Crops were chosen on the basis of previous studies that examined the adaptability of
these genotypes to abiotic stress on Solonetz soil, in Kumane locality. In order to increase
genotypic variability and identify novel sources of salt tolerance, this research included
the local landrace Grbljanka, as well as old and modern varieties from the Centre for Small
Grains in Kragujevac.

Table 1. Wheat genotypes used in this study.

No. Genotype Pedigree Year of Approval
1 Banatka Local landrace cultivated in Banat (Vojvodina Province) in the
' 20th century
2. Grbljanka Local landrace cultivated in Montenegro in the 20th century
3. Bankut 1205 Bankut 5 x Marquis 1953
4. KG-75 Krusevacka 9083 x Mara 1966
5. éumadija Mara x Funoto 1968
6. Kosmajka Fiorelo X Mara x Leonardo 1971
7. GruZanka Leonardo x Argento 1972
8. Morava Mara x Fortunato 1972
9. Zastava Besostaya 1 x Abbobdanza 1973
10. KG-56 (Besostaya 1 x Halle Stamm) 1975
x Besostaya 1
11 Oraganka (Besostaya 1 x Halle Stamm) 1976
x Besostaya 1
1. KG-58 (Besostaya 1 x Halle Stamm) 1977
x Besostaya 1
13. KG-78 (Besostaya 1x Halle Stamm) X 1978
Besostaya 1
14. Lepenica Besostaya 1 x IW 66 1980
1. Jugoslavija (HC.646 x Besostaya 1) x 1980
Aurora
16. Oplenka Kavkaz x Kragujev¢anka-56 1982
17. Ljubi¢evka Orasanka x Zastava 1985
18. Srbijanka Kavkaz x L 29/60 1986
19. Sumadinka KG-56 u MVC-18 1988
2. NSR-5 [(NSR-1 x TlSil) x Partizanka)] 1991
x Matvanka 1
21. Renesansa Jugoslavija x NS 55-25 1994
22. Pesma NS 51-37 x Balkan 1995
23. Aleksandra Pobeda x SSK 19/94 2007
24. Perfekta Pobeda x Studenica 2009
25. Harmonija Vraca x Renesansa 2012
26. Rujna (SK-54 x K-45968) x KG-56 S 2013
o Premija [(PI-159102 x Evropa) x 2013

Studenica)] x KG-2086

A field trial was conducted according to randomized complete block design (RCBD)
with three replications. During the research, the usual agro-technical practices for wheat
production were applied. The size of the basic plot was 2 m2. In the first year of research
(2015/2016), in Kumane locality (Solonetz soil type), sowing was performed on 8 October,
while in Rimski Sanéevi locality (Chernozem soil type), sowing was carried out on 29
October. Due to higher rainfall during October in the second year of research (2016/2017),
sowing was delayed in both localities, and it was performed on 24 October in Rimski
Santevi locality and on 8 November in Kumane locality. In both soil types, the examined
genotypes were sown by continuous sowing, where the row spacing was 10 cm, and the
distance between plots was 25 cm. In both vegetation seasons, the harvest was performed
at the optimal time (last week of June), when the grain moisture was below 14%.
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2.2. Soil Conditions

Solonetz is an alkalized soil, with more than 15% adsorbed Na* ions in the adsorptive
complex. It is characterized by unfavorable physical and chemical properties, which are
caused primarily by the high content of clay and the presence of adsorbed Na. High
biological activity in the surface horizon, at the depth from 0 to 13 cm, influences the high
content of organic matter (6.05%). However, the strong decrease in the content of organic
matter (<1.7%) at the depth below 13 cm indicates the low biological activity of this layer.
Below the relatively shallow humus-accumulative and eluvial horizon, which contains
20.24 mg/100 g of absorbed Na, there is an argiluvian (Bt, Na) horizon, which has the
highest Na content (309.35 mg/100 g) at the depth from 58 to 85 cm and pH 8.21 (Table S1).
In the dry state, this soil is compacted and hard, with pronounced cracks, and in the wet
state it absorbs a lot of water, swells, and does not leak water and air. Also, with the increase
in the sum of exchangeable cations in the Bt horizon, the content of clay and exchangeable
Na increases, as well as the alkalinity (pH > 9) [41,42].

Chernozem is a soil from a semi-arid steppe area with a very favorable, clayey, me-
chanical composition [43]. It is characterized by a sufficient content of organic matter
(3.75%), labile phosphorus (12.0 mg/100 g), and exchangeable potassium (28.3 mg/100 g)
at a depth from 0 to 30 cm (surface horizon). Also, it is characterized by a good crumbly
structure, stable aggregates, good water permeability, and favorable water—air and heat
regime. Chernozem is distinguished by a neutral to slightly alkaline pH(6.80 to 7.59), pow-
erful humus-accumulative horizon, clayey mechanical composition, and good structure
(Table S2).

2.3. Agronomic Traits

Agronomic parameters were analyzed on a sample of 30 plants per genotype, in
the phase of full maturity of wheat. The analyzed parameters were plant height (cm),
spike weight (g), number of grains per spike, thousand grain weight (g), and grain
yield/plant (g).

2.4. Stress Resistance Indicators

Salt resistance indicators for each genotype were calculated using the following formulas:
Stress susceptibility index (SSI) [44]:

SSI=1 — (Ys/Ych)/1 — (Ys/Ych) 1
Mean productivity (MP) [45]:
MP = (Ych + Ys)/2 2

Tolerance (TOL) [45]:
TOL = Ych — Ys 3)

Stress tolerance index (STI) [46]:
STI = (Ych + Yp)/Y?ch @)
Geometric mean productivity (GMP) [46]:
GMP = (Ych x Ys)%® (5)

Yield index (Y1) [47]:
YI=Ys/Ys (6)

Yield stability index (YSI) [48]:

YSI = Ys/Ych (7)
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where Ys and Ych are the yields of genotypes achieved on Solonetz (salinity stress) and
Chernozem (non-stress), and Ys and Ych are the mean yields of all genotypes evaluated
under salinity stress and non-stress conditions, respectively.

2.5. Biochemical Parameters

Biochemical parameters were analyzed in dry plant material of wheat leaves, sampled
in four phenophases (tillering, stem elongation, heading, and full maturity). The dry plant
material was macerated and extracted in an amount of 0.2 g with 10 mL of 70% acetone for
24 h in a dark place. After extraction, the macerate was filtered through filter paper. The
filtered extracts were stored in a refrigerator at 4 °C, until further analysis.

The measurement of the DPPH radical scavenging activity was performed according
to the methodology described by Lee et al. [49]. The plant extract (40 uL) was mixed with
stable DPPH reagent (2 mL). In the presence of the extract as a hydrogen donor, stable
DPPH is transformed into a reduced form, DPPH-H. The change in color (from deep
violet to light yellow) was read after 30 min at 517 nm using a UV /VIS spectrophotometer
(Thermo Scientific Evolution 220, Waltham, MA, USA). The activity of the removed DPPH
radical is expressed in milligrams of trolox equivalent (TE) per gram of dry plant material
(mg TE g~! d.m.). All measurements were performed in triplicate.

Phenolic content in wheat extracts was determined by the Folin—Ciocalteu method
according to Hagerman et al. [50]. The plant extract (20 pL) was mixed with 1.8 mL of
deionized water, 0.2 mL of 20% sodium carbonate, and 0.1 mL of Folin—Ciocalteu reagent,
previously diluted with distilled water at a ratio of 1:2. After incubation for 30 min at room
temperature, the absorbance of the reaction mixture was determined at 720 nm using a
UV /VIS spectrophotometer (Thermo Scientific Evolution 220, Waltham, MA, USA). The
total phenolic content is expressed in milligrams of gallic acid equivalent (GAE) per gram
of dry plant mass (mg GAE g~! d.m.). All measurements were performed in triplicate.

2.6. Meteorological Conditions

The data on meteorological conditions were obtained from the website of the Republic
Hydrometeorological Institute of Serbia [51] (Table 2, Figure 1). The weather conditions
of the 2015/2016 vegetation season were more favorable for wheat production compared
with the weather conditions of the 2016/2017 season, in both localities. The difference
between these two vegetation seasons was especially reflected in terms of the amount of
precipitation, which was higher in the 2015/2016 season.

Table 2. Mean monthly temperatures and sum of precipitation in the examined agro-ecological
environments, during the two vegetation seasons.

October November December January February March April May June Aver./Sum
Kumane 2015/2016
Mean temperature (°C) 119 8.2 34 0.5 7.8 7.9 14.5 16.8 21.8 10.3
Sum of precipitation (mm) 72 43 0 58 77 56 28 62 164 560
Kumane 2016/2017
Mean temperature (°C) 10.3 6.4 —-0.2 —4.4 4.1 9.8 11.6 18.1 237 8.8
Sum of precipitation (mm) 70 48 4 11 13 20 52 29 42 290
Rimski Sangevi 2015/2016
Mean temperature (°C) 11.3 7.8 32 1.3 7.5 7.8 14.2 169.9 21.7 10.2
Sum of precipitation (mm) 75 56 4 51 49 65 74 85 143 602

Rimski Sancevi 2016/2017

Mean temperature (°C) 10.2 6.3 —-0.3 —49 4.2 9.9 114 17.6 23.2 8.6
Sum of precipitation (mm) 85 67 2 18 20 30 57 83 66 429
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Figure 1. Multy-year (1981-2010) average of mean monthly temperatures and sum of precipitation in
Kumane locality (a) and Rimski San&evi locality (b).

In the 2015/2016 vegetation season, October was characterized by favorable agro-
meteorological conditions in both localities, which enabled adequate germination of wheat.
A low sum of precipitation and higher temperatures in relation to the multi-year average
characterized December in both localities. In February, the average monthly temperature, in
both localities, was 6 °C higher in relation to the multi-year average, which led to an earlier
start of vegetation. Favorable temperature conditions, with above average precipitation,
characterized March in both localities, which enabled an earlier transition of wheat into
the phenophase of stem elongation. In April, the average monthly temperature in both
examined localities was about 2 °C higher in relation to the multi-year average. In the
last 10 days of May, temperatures were rising in both localities, which enabled flowering
and the beginning of wheat ripening. Warmer weather conditions with abundant rainfall
(143 mm in Rimski San&evi and 182.7 mm in Kumane) in June enabled a good grain filling
(Table 2).

In the 2016/2017 vegetation season, October was characterized by a slightly lower
average monthly temperature and a significantly higher sum of precipitation compared
with the multi-year average (Table 2, Figure 1). Abundant precipitation continued until
the first half of November, while the second half of the month was warmer and drier. The
surface layer of the soil was of appropriate heat and moisture, which enabled appropriate
plant development and the transition of wheat into the phenophase of tillering. February
was marked by a lack of precipitation. The average monthly temperature was 2.5 °C
higher in relation to the multi-year average, which influenced the earlier start of vegetation.
The period of extremely warm weather continued in March, when the average monthly
temperature in the examined localities was 3.5 °C higher compared with the multi-year
average. April was characterized by good temperature conditions, which were close to
the multi-year average for this month. The amount of precipitation, in both localities,
was higher in relation to the multi-year average (57.0 mm in Rimski Sanéevi locality and
52.5 mm in Kumane locality), which affected the intensive growth of the plants. In May, the
amount of precipitation was low in Kumane locality and high in Rimski Sanéevi locality. In
June, higher temperatures and lower precipitation were recorded in both localities, which
accelerated the ripening of wheat and the harvest (Table 2).

2.7. Statistical Analysis

Analysis of the phenotypic variability of agronomic parameters was performed using
analysis of variance (ANOVA). Multiple comparison of mean values of factor variants was
performed using the LSD test at two levels of statistical significance (1% and 5%). This
analysis was performed using the program IBM SPSS Statistics, Trial Version 22.0 [52].

Hierarchical cluster analysis was performed for each stress resistance indicator, using
the program IBM SPSS Statistics, Trial Version 22.0 [52]. The analysis was implemented
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according to the Ward method, where the distances between the two clusters are ex-
pressed as squared Euclidean distances. The significance of the distance between the
clusters was tested by t-test. Cluster groups were identified using a dendrogram, where
K-means analysis was performed with a predetermined number of clusters. After the
abovementioned calculations, the ranking of cluster groups was performed for each stress
resistance indicator.

Additive main effects and multiplicative interaction (AMMI) analysis was applied,
according to Zobel et al. [53], in order to determine the stability of genotypes in different
ecological environments. This analysis was performed using the program GenStat, Trial
Version 18.1.0.17005 [54].

Heatmap analysis of Pearson moment correlation coefficients and correlation matrix
analysis by the principal components method (PCA) were performed in order to express
the inter-relationships between agronomic and biochemical parameters using the R Project
for Statistical Computing, Version 4.2.0, 2022-04-22 ucrt [55].

3. Results
3.1. Agronomic Parameters

The analyzed factors (genotype, soil type, and year) significantly influenced the
variability of the examined agronomic traits (Table 3). In the phenotypic expression of plant
height, soil type and genotype had almost equal effects (41.75% and 38.68%, respectively),
while the smallest contribution to the total variation of this parameter was from the year
(4.48%). In the variation of spike weight, number of grains per spike, and grain yield/plant,
soil type had the dominant influence (31.51%, 51.67%, and 31.42%, respectively), followed
by year (22.06%, 13.01%, and 24.29%, respectively), while genotype had the smallest share
in the variation of the abovementioned traits (8.54%, 8.24%, and 9.38%, respectively). The
phenotypic variability of thousand grain weight differed from the phenotypic variability of
the other studied traits. Genotype had the largest share in the variability of this parameter
(21.64%), followed by year (19.36%), while soil type had the smallest contribution to the
variation (0.57%) (Table 3).

Table 3. Analysis of variance for agronomic parameters of 27 wheat genotypes grown on Solonetz
and Chernozem soil types during two vegetation seasons.

Plant Height Spike of lé?:;rt\)sei’er Thgrasiind Grain
Source of df Weight Spik Weicht Yield/Plant
Variation pixe b
Sum of Squares (%)
Genotype (G) 26 38.68 ** 8.54 ** 8.24 ** 21.64 ** 9.38 **
Year (Y) 1 4.48 ** 22.06 ** 13.01 ** 19.36 ** 24.29 **
Soil type (S) 1 41.75** 31.51 ** 51.67 ** 0.57 ** 31.42**
GxY 26 5.27 ** 3.62* 5.91 ** 9.41 ** 6.74 **
G xS 26 2.62 ** 6.88 ** 4.57 ** 15.98 ** 6.15 **
Y xS 1 0.81 ** 0.20 ns 0.004 ns 9.34 ** 0.34*
GxYxS 26 2.98 ** 10.33 ** 6.96 ** 18.49 ** 9.39 **
Error 216 3.42 16.87 9.63 5.19 12.26
Total 323 100 100 100 100 100

Note: The share of the sum of squares (%) of the analyzed factors and their interactions is expressed in relation to
the sum of squares of the total (100%); ** p < 0.01, * p < 0.05, ns—not significant.

The highest average values of plant height were found in local landraces Grbljanka
(119.2 cm) and Banatka (114.6 cm), while the lowest value was for the genotype Srbijanka
(80.7 cm). Also, the genotype Srbijanka had the lowest value of plant height on Solonetz
(67.6 cm), while on Chernozem the lowest value was measured in the genotype Orasanka
(90.4 cm). The highest average values of spike weight (2.3 and 2.1 g) and number of grains
per spike (36.9 and 37.4) were for the genotypes Harmonija and Renesansa, respectively,
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while the highest value of grain yield/plant was recorded in the genotype Renesansa (5.7 g)
(Table 4).

Table 4. Phenotypic variation of agronomic parameters in 27 wheat genotypes, grown on Solonetz
and Chernozem soil (mean of pool data for two years).

Plant Height Spike Weight Number of Grains Thousand Grain Grain
(cm) (g Per Spike Weight (g) Yield/Plant (g)
No. Genotype
Ch x S Ch X S Ch X S Ch X S Ch x
1. Banatka 105.1 1240 1146 11 22 17 22.6 357 292 35.9 398 378 3.2 5.0 41
2. Grbljanka 106.9 1314 119.2 1.6 2.3 1.9 23.7 403 320 39.8 377 387 3.5 5.3 4.4
3. Bankut 1205 87.2 98.4 92.8 1.5 2.5 2.0 30.0 46.7 384 38.7 39.6  39.1 3.8 6.4 5.1
4. KG-75 93.8 1126 1032 15 2.1 18 26.0 365 312 38.9 393  39.1 34 5.1 4.2
5. Sumadija 78.4 99.4 88.9 15 1.6 1.6 29.8 357 327 36.8 303 335 3.8 3.7 3.7
6. Kosmajka 76.7 93.2 84.9 13 2.0 1.6 23.5 340 287 37.2 412 392 3.0 4.8 3.9
7. GruZzanka 74.4 92.2 83.3 1.5 2.1 1.8 27.6 414 345 374 371 372 3.5 5.5 45
8. Morava 74.5 90.3 82.4 1.4 29 22 25.5 396 326 414 39.7 405 3.7 5.5 4.6
9. Zastava 72.6 95.9 84.2 14 2.4 1.9 25.0 428 339 383 377 380 32 59 4.6
10. KG-56 714 98.9 85.2 17 2.1 19 28.4 358 321 39.3 436 414 42 5.6 4.9
11. Oraganka 71.8 90.4 81.1 17 24 2.1 322 415  36.8 39.3 432 413 4.0 6.3 5.1
12. KG-58 75.1 99.2 87.2 2.0 2.3 2.2 30.2 377 339 38.8 434 411 4.0 5.9 4.9
13. KG-78 75.7 97.5 86.6 1.7 2.1 19 27.2 403 337 39.5 375 385 4.0 49 45
14. Lepenica 74.5 95.8 85.2 1.6 2.1 19 26.9 394 331 38.1 382 382 3.6 54 45
15. Jugoslavija 83.2 93.7 88.5 1.6 2.5 2.1 28.3 428 355 39.5 414 405 3.7 6.8 5.2
16. Oplenka 76.2 101.8 89.0 1.8 2.0 19 30.4 382 343 40.2 376 389 41 5.3 47
17. Ljubi¢evka 80.6 98.7 89.7 1.6 19 17 24.9 341 295 41.3 404 408 3.7 4.8 4.2
18. Srbijanka 67.6 93.8 80.7 1.7 2.1 19 28.7 405  34.6 35.3 375 364 35 5.1 43
19. Sumadinka 72.7 95.2 83.9 1.6 2.0 18 29.9 419 359 34.8 387 367 3.3 5.3 43
20. NSR-5 71.6 91.5 81.5 12 24 1.8 25.1 402 326 329 403  36.6 2.8 5.6 42
21. Renesansa 84.8 94.3 89.6 1.8 24 2.1 29.9 450 374 40.8 417 412 47 6.7 5.7
22. Pesma 76.7 96.4 86.6 1.3 2.1 17 25.1 430 341 34.7 372 359 2.9 5.6 43
23. Aleksandra 69.3 92.6 81.0 15 2.2 1.9 26.5 418 341 37.3 403  38.8 3.5 5.7 4.6
24. Perfekta 69.9 92.5 81.2 1.6 24 2.0 26.7 481 374 372 378 375 3.7 6.4 5.0
25. Harmonija 81.5 92.1 86.8 2.1 24 2.3 33.2 408  36.9 38.6 408  39.7 438 5.9 53
26. Rujna 74.6 90.8 82.7 15 1.8 17 25.7 360 308 39.4 317 355 3.6 4.0 3.8
27. Premija 77.2 93.0 85.1 15 19 17 26.2 374 318 38.5 340 363 4.0 4.6 43
Average 78.7 98.0 88.3 1.6 22 19 27.5 392 333 38.1 387 384 3.7 54 4.6
2015/2016 91.51 2.17 36.79 40.33 5.33
2016/2017 85.19 1.64 30.48 36.57 3.80
LSD 0.05 0.01 0.05 0.01 0.05 0.01 0.05 0.01 0.05 0.01
Genotype 3.846 5.074 0.331 0.436 3.785 4.991 1.358 1.790 0.758 0.998
Year 1.048 1.380 0.090 0.118 1.030 1.358 0.369 0.487 0.206 0.272
Soil type 1.048 1.380 0.090 0.118 1.030 1.358 0.369 0.487 0.206 0.272
Reduction percent (%) 19.69 27.27 29.85 1.55 31.48

S—Solonetz, Ch—Chernozem.

On Solonetz soil, the genotype Harmonija achieved the highest values of spike weight
(2.1 g), number of grains per spike (33.2), and grain yield/plant (4.8 g). On the Chernozem
soil type, the genotype Morava had the highest value of spike weight (2.9 g), genotypes
Bankut 1205 and Renesansa achieved the highest average values of number of grains per
spike (46.7 and 45.0, respectively), while genotypes Jugoslavija and Renesansa had the
highest average values of grain yield /plant (6.8 and 6.7 g, respectively). The highest values
of thousand grain weight were measured in KG-56 (41.4 g), Orasanka (41.3 g), Renesansa
(41.2 g), and KG-58 (41.1 g). The genotype Morava achieved the highest value of thousand
grain weight on the Solonetz soil type (41.4 g), while genotypes KG-56 and Orasanka had
the highest values of this trait on Chernozem (43.6 and 43.2, respectively). On average
for both soil types, the genotype Sumadija had the lowest values of spike weight (1.6 g),
thousand grain weight (33.5 g), and grain yield/plant (3.7 g). Also, this genotype had the
lowest values of the abovementioned traits on the Chernozem soil type. On Solonetz, the
local landrace Banatka had the lowest value of spike weight, while the lowest values of
thousand grain weight and grain yield/plant were found in the genotype NSR-5. The
genotype Banatka had the lowest value of number of grains per spike (29.2), on average for
both soil types. Also, this genotype had the lowest value of this trait on Solonetz, while on
Chernozem the lowest value was measured in the genotype Kosmajka (Table 4).

Salinity stress affected the decrease in all agronomic parameters, where the largest
decrease was recorded in grain yield/plant (31.48%), then in the number of grains per spike
(27.27%), plant height (19.69%), and the smallest in thousand grain weight (1.55%) (Table 4).
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3.2. Stress Resistance Indicators

The calculated indicators of stress resistance are shown in Table 5. According to the
value of stress sensitivity index (SSI), the genotype Sumadija was singled out in cluster
group A as the least sensitive genotype. Genotypes classified in cluster group B (Rujna
and Premija) are also characterized by low sensitivity to stress. However, these genotypes
had a low average value of grain yield/plant (mean productivity, MP). Genotypes NSR-5,
Pesma, Zastava, and Jugoslavija were considered genotypes with high salt susceptibility
(cluster group E). Among these genotypes, the genotype Jugoslavija had a high value of
MP (cluster group A), while the other genotypes had a poor grain yield/plant.

Table 5. Stress resistance indicators for 27 wheat genotypes grown under stress and non-stress
environments during two vegetation seasons.

No. Genotype SSI MP TOL STI GMP YSI YI

1. Banatka 1.12 (D) 4.09 (D) 1.81(C) 0.28 (D) 3.99 (D) 0.64 (D) 0.87 (D)
2. Grbljanka 1.07 (D) 5.13 (C) 1.85(C) 0.30 (C) 4.32 (C) 0.65 (D) 0.95 (C)
3. Bi‘;é‘;t 1.25 (D) 6.27 (A) 2.60 (D) 0.34 (B) 4.92 (B) 0.59 (D) 1.03 (C)
4. KG-75 0.99 (D) 5.25 (C) 1.62 (C) 0.29 (D) 417 (C) 0.68 (C) 0.93 (D)
5. Sumadija ~ —0.13 (A) 4.59 (D) —0.15 (A) 0.25 (E) 3.74 (D) 1.04 (A) 1.04 (D)
6. Kosmajka 1.16 (D) 4.56 (D) 1.82 (C) 0.26 (E) 3.79 (D) 0.62 (D) 0.81 (E)
7. Gruzanka 1.10 (D) 5.63 (B) 1.95 (C) 0.30 (C) 438 (C) 0.64 (D) 0.96 (C)
8. Morava 1.01 (D) 5.76 (B) 1.80 (C) 0.31 (C) 451 (C) 0.67 (D) 1.01 (C)
9. Zastava 1.39 (E) 5.65 (B) 2.65 (D) 0.31 (C) 437 (C) 0.55 (E) 0.88 (D)
10. KG-56 0.80 (C) 5.69 (B) 145 (C) 0.33 (B) 4.86 (B) 0.74 (C) 1.14 (B)
11. Oraganka 1.13 (D) 6.39 (A) 2.30 (D) 0.35 (B) 5.01 (B) 0.63 (D) 1.09 (B)
12. KG-58 0.97 (D) 6.19 (A) 1.84 (C) 0.33 (B) 4.85 (B) 0.69 (C) 1.09 (B)
13. KG-78 0.59 (C) 5.46 (B) 0.94 (B) 0.30 (C) 443 (C) 0.81 (C) 1.08 (B)
14. Lepenica 1.00 (D) 5.39 (B) 1.74 (C) 0.30 (C) 4.40 (C) 0.68 (C) 0.98 (C)
15. Jugoslavija 1.40 (E) 6.33 (A) 3.08 (D) 0.35 (B) 4.99 (B) 0.54 (E) 1.00 (C)
16. Oplenka 0.70 (C) 5.82 (B) 1.21 (B) 0.32 (C) 4.69 (B) 0.77 (C) 1.12 (B)
17. Ljubicevka  0.71 (C) 5.38 (B) 1.11 (B) 0.29 (D) 421 (C) 0.77 (C) 1.01 (C)
18. Srbijanka 0.99 (D) 5.43 (B) 1.65 (C) 0.29 (D) 424 (C) 0.68 (C) 0.95 (C)
19. Sumadinka  1.15 (D) 5.37 (D) 1.96 (C) 0.29 (D) 417 (C) 0.63 (D) 0.90 (D)
20. NSR-5 1.55 (E) 5.17 (C) 2.78 (D) 0.28 (D) 3.92 (D) 0.50 (E) 0.75 (E)
21. Renesansa 0.94 (D) 6.61 (A) 2.06 (C) 0.39 (A) 5.61 (A) 0.69 (C) 1.27 (A)
2. Pesma 1.47 (E) 5.43 (B) 2.69 (D) 0.29 (D) 4.06 (D) 0.52 (E) 0.80 (E)
23. Aleksandra  1.21 (D) 5.62 (B) 2.22 (C) 0.31 (C) 443 (C) 0.61 (D) 0.94 (D)
24. Perfekta 1.27 (D) 5.96 (B) 2.62 (D) 0.34 (B) 4.87 (B) 0.59 (D) 1.01 (C)
25. Harmonija  0.57 (C) 6.68 (A) 1.09 (B) 0.36 (B) 5.29 (A) 0.81 (C) 1.30 (A)
26. Rujna 0.28 (B) 4.73 (D) 0.36 (A) 0.26 (E) 3.80 (D) 0.91 (B) 0.99 (C)
27. Premija 0.39 (B) 4.98 (C) 0.58 (B) 0.29 (D) 4.30 (C) 0.87 (B) 1.09 (B)

Note: The letters in parentheses are the ranks of cluster groups for each indicator of stress resistance. SSI—stress
susceptibility index, MP—mean productivity, TOL—tolerance index, STI—stress tolerance index, GMP—geometric
mean productivity, YSI—yield stability index, YI—yield index.

The tolerance index (TOL) indicates the difference between the grain yield/plant
observed in favorable environmental conditions (Chernozem) and the grain yield /plant
achieved under stress conditions (Solonetz). The genotypes Sumadija and Rujna were
separated into cluster group A, according to the values of TOL. A negative value of TOL
(—0.15) showed that genotype Sumadija was characterized by higher grain yield /plant
under stress conditions compared with the yield under favorable environmental conditions.
Genotypes classified into cluster group B (KG-78, Oplenka, Harmonija, Ljubi¢evka, and
Premija), according to the values of TOL, exhibited a small difference in grain yield/plant
achieved on the analyzed soil types. On the other hand, the genotypes Bankut 1205,
Zastava, Jugoslavija, NSR-5, Perfekta, and Pesma, grouped in cluster group D, achieved
large differences in grain yield /plant under different agro-ecological environments. Similar
results were found for the yield stability index (YSI), which represents the quotient of the
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yield achieved on saline soil and the yield achieved on control. The genotype Sumadija
had the highest value of YSI and was grouped into cluster group A, while genotypes
Zastava, Jugoslavija, NSR-5, and Pesma, with the greatest decrease in grain yield/plant,
were grouped into cluster E.

The stress tolerance index (STI), mean productivity (MP), and geometric mean produc-
tivity (GMP) take into account the values of grain yield /plant obtained on both types of
soil. The highest STT and GMP values were in genotypes characterized by high average
values of grain yield/plant (MP). According to the values of the abovementioned three
indicators, genotypes Harmonija, Renesansa, Orasanka, Bankut 1205, Jugoslavija, and KG-
58 are classified into cluster groups A and B. On the other hand, the genotypes Kosmajka,
Sumadija, and Rujna are grouped in cluster groups D and E, as low-yielding genotypes.

Yield index (YI) represents the ratio of a genotype grain yield/plant achieved under
stress conditions and the average grain yield /plant of all genotypes under stress conditions.
Thus, this indicator is suitable for the determination of genotypes that had a high yield
potential in stressful conditions. The highest YI values were calculated for genotypes
Harmonija and Renesansa (cluster group A), indicating that these genotypes had higher
grain yield /plant values in relation to the average grain yield /plant of all genotypes under
stressful conditions. Genotypes Kosmajka, NSR-5, and Pesma (cluster group E) had the
lowest YI values (Table 5).

3.3. Stability Performance of Analyzed Genotypes

The stability performance of the analyzed genotypes in terms of grain yield/plant
was examined by creating an AMMI; and AMMI, biplot (Figure 2). On the AMMI; biplot
(Figure 2a), mean values of grain yield/plant are presented on the x-axis and the IPCA;
(first interaction principal component axis) scores on the y-axis. Considering AMMIy, it
was noticed that the wheat genotypes differ in both the additive and the multivariate effect
of the variation. The genotypes NSR-5, Srbijanka, Lepenica, Ljubitevka, Sumadinka, KG-56,
Zastava, Gruzanka, Morava, KG-58, Orasanka, Renesansa, and Harmonija showed high
stability, i.e., low IPCA; values. Thus, the differences between these genotypes were the
result of an additive effect, not a multivariate one. The genotypes Renesansa, Harmonija,
Orasanka, and Perfekta, in addition to a low IPCA; value, are also characterized by a high
mean value of grain yield/plant. In addition to high stability, the genotype Kosmajka
was characterized by a low value of grain yield/plant. The genotype Jugoslavija had
a high value of grain yield and high interaction with the environment. On the other
hand, the genotypes Sumadija and Rujna had the lowest values of grain yield /plant and
pronounced instability. The highest instability and the highest value of grain yield /plant
were observed in the environment Chernozem 2016, while the environment Solonetz 2017
was characterized by high stability and the lowest average value of grain yield/plant.
The Solonetz 2016 and Chernozem 2017 environments did not differ significantly in the
multivariate and additive effects of variation.

An AMMI, biplot IPCA; x IPCA;) was created, which explains an additional 21.86%
of the G xE interaction (Figure 2b). The genotypes with low values of both IPCA axes,
Kosmajka, KG-56, KG-58, Renesansa, NSR-5, and Srbijanka, are positioned close to the
origin and exhibit a high stability reaction in all environments. The least interaction with
genotypes was found for the environments Chernozem 2017 and Solonetz 2016. The
vectors of the abovementioned environments are located in the same quadrant of the
biplot, where they formed a sharp angle with each other and provided conditions for
equal ranking of genotypes. Genotypes Aleksandra, Zastava, KG-78, and Rujna achieved
a positive interaction with the Solonetz 2016 and Chernozem 2017 environments. The
environments Chernozem 2016 and Solonetz 2017 are characterized by high values of
IPCA; and/or IPCA;. Genotypes Bankut 1205, Grbljanka, and Pesma, with high IPCA;
values, reacted well to the favorable conditions of the Chernozem 2016 environment.
Genotypes Harmonija, Lepenica, and Premija with high IPCA; values, had a positive
reaction to the stress conditions of the Solonetz 2017 environment.
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Figure 2. AMMI; (mean value vs. IPCA1) (a) and AMMI, (IPCA; vs. IPCAj) (b) for assessing the
stability of 27 wheat genotypes, in terms of grain yield/plant, grown on two soil types (Solonetz and
Chernozem) during two growing seasons (2015/2016 and 2016/2017).

3.4. Biochemical Parameters

Two biochemical parameters were analyzed: DPPH® scavenging activity and total
phenolic content (TPC), which are indicators of plant antioxidant activity (Figure 3). The
values of the given parameters are expressed according to cluster groups for average grain
yield/plant (cluster groups for the MP indicator, Table 5). Genotypes classified in cluster
group A, which are characterized by the highest grain yield/plant (Table 4), were found to
have the highest DPPH® scavenging activity (6.40 mg TE g~! d.m.) and TPC (8.34 mg GAE
g~ ! d.m.). In contrast to the values of the MP indicator, cluster group C is characterized by
the lowest DPPH® scavenging activity (4.34 mg TE g~! d.m.) and TPC (5.20 mg GAE g~!
d.m.). Significantly higher values of DPPH® scavenging activity and TPC were achieved
under stress conditions (6.03 mg TE g~! d.m. and 6.96 mg GAE g~! d.m.) in relation to
values measured in favorable conditions (4.38 mg TE g~! d.m. and 6.20 mg GAE g~ ! d.m.)
(Figure 3a,b). On the Solonetz soil type, the highest values of DPPH® scavenging activity
and TPC were measured in the phenophase of stem elongation, while on the Chernozem
soil type, the highest values of both examined biochemical parameters were found in the
phenophase of heading. On both analyzed soil types, the lowest values of biochemical
parameters were measured in the phenophase of full maturity (Figure 3a,b).

3.5. Inter-Relationships among Analyzed Parameters

The association between all agronomic and biochemical parameters was estimated
through correlation matrix analysis by the principal components method and Pearson
moment correlation coefficients (Figures 4 and 5). The first two PCAs were used to con-
struct the biplots, where the largest share of the total variability was explained. The
parameters represented by vectors that form an acute angle (<90°) with each other are
positively correlated, while those that form an obtuse angle (>90°) achieve a significant
negative correlation.

Figure 4a,b shows the results of the inter-relationships between the examined param-
eters for genotypes grown on Solonetz. The analyzed parameters are divided into three
groups. The first group consists of agronomic parameters, namely, spike weight, number of
grains per spike, thousand grain weight, and grain yield /plant, with an acute angle between
their vectors (Figure 4a). The heatmap of Pearson moment correlation coefficients shows
significant and positive correlations between the abovementioned parameters (Figure 4b).
The second group comprises biochemical parameters analyzed in four phenophases, whose
vectors overlap with each other to form an acute angle (Figure 4a). Biochemical parameters
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in all analyzed phenophases showed positive correlations with plant height and thousand
grain weight. The DPPH® scavenging activity in the phenophases of stem elongation and
heading showed a positive correlation with grain yield /plant (Figure 4b). The third group
consists of only plant height, whose vector formed an angle less than 90° with the vectors
of biochemical parameters in all analyzed phenophases, a straight angle with the vector of
thousand grain weight, and an angle greater than 90° with the vectors of grain yield/plant,
number of grains per spike, and spike weight (Figure 4a).
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Figure 3. DPPH?® scavenging activity (a) and total phenolic content (TPC) (b) in four phenophases
(I—tillering, II—stem elongation, [Il—heading, and IV—full maturity) of wheat genotypes grown
in saline (Solonetz) and non-saline (Chernozem) environments. Note: Cluster groups were formed
according to the cluster groups for the MP indicator presented in Table 5.
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Figure 4. Principal components analysis (PCA) (a) and heatmap of Pearson moment correlation
coefficients (b) for agronomic and biochemical parameters of 27 wheat genotypes grown on Solonetz
soil, during two vegetation seasons. PH—plant height, SW—spike weight, NGS—number of grains
per spike, TGW—thousand grain weight, GY/P—grain yield/plant, DPPH—DPPH?® scavenging
activity, and TPC—total phenolic content, in the phenophases of I—tillering, II—stem elongation,
III—heading, and IV—full maturity.
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Figure 5. Principal components analysis (PCA) (a) and heatmap of Pearson moment correlation coef-
ficients (b) for agronomic and biochemical parameters of 27 wheat genotypes grown on Chernozem
soil, during two vegetation seasons. PH—plant height, SW—spike weight, NGS—number of grains
per spike, TGW—thousand grain weight, GY /P—grain yield/plant, DPPH—DPPH® scavenging
activity, and TPC—total phenolic content, in the phenophases of I—tillering, [I—stem elongation,
III—heading, and IV—full maturity.

The relationships between the parameters analyzed in wheat genotypes grown on
Chernozem are shown in Figure 5a,b. It was noticed that the vectors of some agronomic
parameters, namely, number of grains per spike, spike weight, thousand grain weight, and
grain yield/plant, formed an acute angle between each other (Figure 5a). A statistically
highly significant (p < 0.01) and positive correlation was found between the abovemen-
tioned parameters (Figure 5b). The plant height was singled out into a separate group, with
an angle of 180° between the vector of this parameter and the vectors of all other agronomic
parameters, and an angle greater than 90° with the vectors of biochemical parameters.
The heatmap of Pearson correlations shows that plant height is negatively correlated with
agronomic and biochemical parameters (Figure 5b). The vectors of biochemical parameters
analyzed in different phenophases formed acute angles with each other and with the vec-
tors of agronomic parameters. Highly significant (p < 0.01) and positive correlations were
found between biochemical parameters in all phenophases (Figure 5b).

4. Discussion

The conversion of significant areas of arable and fertile land into industrial zones and
residential buildings leads to a need for less fertile land to be cultivated and used for agricul-
tural production. This opens up space for the development of breeding programs aimed at
creating genotypes with high adaptability to unfavorable environmental conditions. After
drought, increased soil salinity is one of the main factors limiting agricultural production.
Halomorphic soils are spread all over the world, especially in arid and semi-arid areas,
as well as in irrigated areas [5,6]. These areas are particularly sensitive to the impacts of
climate change on soil salinity [2-4]. Therefore, the creation of genotypes that can produce
a high and stable yield in the given environmental conditions, by their improved toler-
ance to salinity, is one of the most important ways of sustainably producing crops under
salinity stress conditions. Accordingly, it is of particular importance that the assessment of
genotype tolerance takes place in real environmental conditions—in situ—where plants are
exposed to other abiotic factors [16,18-20]. Thus, the evaluation of genotypes under natural
saline field conditions allows the identification of genotypes suitable for cultivation under
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salinity stress conditions, as well as potential parents that can be integrated into breeding
programs for salt tolerance [13].

The development of salt-tolerant wheat genotypes requires the existence of broad
genetic variability. However, the genetic base of wheat breeding for salt tolerance is
narrow [56,57]. In the current study, twenty-seven divergent wheat genotypes were studied,
including local landraces and old and modern commercial varieties. This is a vital approach
because wheat landraces and old varieties could be valuable genetic resources for diversity
and specific adaptation to salinity stress conditions, as well as appropriate parental material
in breeding programs [57].

Wheat responds to salinity stress at the morphological, physiological, biochemical,
and molecular levels [24,26]. Thus, a better understanding of wheat plants’ behavior in
response to salinity stress has essential implications for developing salt-tolerant varieties.

In this study, soil type was the dominant factor in the phenotypic expression of
most agronomic parameters, which differed from each other in their response to stress.
Conditions of increased soil salinity most affected the decrease in grain yield/plant (by
31.48%), then the number of grains per spike (29.85%), spike weight (27.27%), and plant
height (19.69%), and finally least affected the reduction in thousand grain weight (1.55%).
Similar decreases in the values of the abovementioned traits under the influence of salinity
stress were found by Mansour et al. [13], Hasan et al. [21], Nadeem et al. [22], Khokhar
et al. [27], and Dimitrijevi¢ et al. [58]. Under the influence of increased salinity, the plant
height was reduced by 19.69%, which is in accordance with the results of Kalhoro et al. [59],
Otu et al. [60], and Nassar et al. [61]. By studying the phenotypic variability of the thousand
grain weight, it was found that genotype had the largest share in the variation of this
parameter. This indicates that thousand grain weight is a varietal characteristic [62]. Due
to the small share of soil type in the phenotypic variation of thousand grain weight, this
parameter cannot be considered an adequate marker of salinity tolerance. In contrast, all
other agronomic parameters may be considered appropriate phenotypic markers of salinity
tolerance. Moreover, Mansour et al. [13] and Moustafa et al. [16] point out that grain yield
and its components are valuable criteria for selecting salinity-tolerant wheat genotypes.

In this research, a multi-dimensional evaluation of wheat response to salt stress was
performed. Similar approaches in the identification of salt-tolerant wheat genotypes have
been used by Mansour et al. [13], Oyiga et al. [15], and Dadashini et al. [63].

As grain yield/plant was the most sensitive parameter to the influence of salinity
stress, the calculation of stress resistance indicators was performed based on the value
of this parameter. Stress resistance indicators provide useful information for assessing
genotypes’ tolerance to stress and their classification [13,21,64,65]. The indicators STI,
MP, and GMP take into account the values of grain yield/plant obtained on both soil
types. Selection based on these three indicators favors high-yielding genotypes (Harmonija,
Renesansa, Orasanka, Bankut 1205, Jugoslavija, and KG-58) and excludes low-yielding
genotypes (Sumadija, Kosmajka, and Rujna). Similar rankings of the genotypes for MP,
GMP, and STI indicators were established by Mansour [13], suggesting that these three
indices are comparable for selecting genotypes. Furthermore, Hamam and Negin [64]
stated that STI, MP, and GMP identify genotypes that are characterized by high grain yield
in both stressful and non-stressful conditions. However, these parameters did not identify
genotypes with good tolerance to stress despite having a low grain yield. The STI indicator
showed small variability among genotypes in relation to the GMP indicator, which makes
it less suitable for the determination of salt-tolerant genotypes. Stress susceptibility index
(SSI) may be an appropriate sectional index for the selection of salinity-resistant genotypes.
The results showed that selection based on the SSI indicator resulted in the selection of
low-yielding genotypes (Sumadija, Rujna, and Premija) characterized by small differences
in values of grain yield achieved under stress and non-stress conditions. Despite being
characterized by low yields, these genotypes have low sensitivity to stress and can serve
as parents in breeding for salt tolerance. Similar rankings of genotypes were given by the
TOL and YSI indicators, which represent the differences, i.e., the ratio of the yield achieved
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on Chernozem to the yield achieved on Solonetz. Selection based on the abovementioned
parameters resulted in the selection of genotypes that have a low grain yield in both
localities (Rujna, Sumadija, and Premija), making it difficult to identify the most productive
genotypes. Similar results were obtained by Hamam and Negin [64], where they observed
that selection based on TOL led to a reduction in wheat grain yield for the control, failing to
identify the best genotypes. Therefore, these parameters are suitable for negative selection,
i.e., excluding the genotypes NSR-5, Zastava, and Pesma, which had low average grain
yield and large differences in values of grain yield on different soil types.

The YI parameter takes into account the yield achieved under stressful environmental
conditions, and it is therefore suitable for the selection of stress-tolerant genotypes. High val-
ues of this parameter favored the genotypes Harmonija and Renesansa, which had the high-
est values of grain yield/plant in salinity stress conditions. Mansour et al. [13] concluded
that cluster analysis based on YI was effective in the selection of salt-tolerant genotypes.

The most stable genotypes with high values of grain yield/plant were Renesansa,
Harmonija, Orasanka, and Perfekta. These genotypes are suitable for growing in different
environmental conditions. The greatest interaction with the environments, i.e., the greatest
instability, was found in the genotypes Rujna and Sumadija, which had the lowest values of
grain yield. By comparison with the IPCA; axis, which explains an additional 21.86% of the
interaction, it was noticed that the genotype Harmonija responded well to the unfavorable
conditions of the Solonetz environment in the 2016/2017 vegetation season.

A lack of precise characterization of wheat traits related to salinity stress at different
growth stages is one of the main reasons for limited success in breeding salt-tolerant wheat
varieties [63]. In this study, analysis of biochemical parameters was performed in four
phenophases of wheat, during two growing seasons. Since the test was performed under
in situ conditions, it provides a better insight into the impact of abiotic stress caused by
increased salinity of the soil solution than would be obtained in laboratory conditions.
El-Hendawy et al. [19] and Allel et al. [20] state that the assessment of genotypes’ tolerance
to salinity in real environmental conditions is of special importance when it comes to
breeding for increased tolerance to salinity. Wheat genotypes exhibited significantly higher
values of DPPH® scavenging activity and TPC when grown in salinity stress conditions.
This is in accordance with previous studies that confirm that stress caused by elevated
concentrations of Na* ions significantly increases the content of TPC in wheat [37,38,66]. In
addition to the increase in TPC, it was found that salinity stress also increased the ability of
wheat to neutralize free DPPH radicals [39,67,68].

The highest values of analyzed biochemical parameters were found in the genotypes
classified in cluster group A, which had the highest grain yield /plant. These results are
in line with the obtained positive correlations between grain yield/plant and biochemical
parameters on both soil types. Moreover, biochemical parameters were in positive corre-
lations throughout all phenophases. Based on the given results, it can be concluded that
biochemical parameters may be good selection criteria, even in the early stages of plant
development. Positive correlations between parameters of tolerance to salinity measured in
the early growth stages and those measured at full maturity were reported by El-Hendawy
et al. [19] and Turki et al. [69]. Furthermore, Dugasa et al. [70] and Hussain et al. [71]
reported that a reduction in wheat grain yield (phenophase of full maturity) was associated
with a decrease in morphological parameters measured in the tillering phenophase.

5. Conclusions

Stress conditions of increased soil salinity caused decreases in all agronomic param-
eters, where grain yield /plant was the most sensitive parameter. Selection based on the
STI, MP, and GMP indicators favored genotypes that were characterized by the highest
grain yield /plant on both types of soil, such as Harmonija, Renesansa, Orasanka, Bankut
1205, and Jugoslavija. According to SSI, YSI, and TOL, the genotypes Sumadija, Rujna, and
Premija were characterized as tolerant genotypes, despite their low grain yield /plant and
high instability. The YI parameter is an appropriate selection index for the selection of geno-
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types suitable for cultivation under stress conditions, where the genotypes Harmonija and
Renesansa were particularly distinguished. According to AMMI analysis, the genotype Har-
monija was characterized by a good adaptive response to the agro-ecological environment
of Solonetz in the 2016/2017 vegetation season. A significant positive association was found
between grain yield/plant and biochemical parameters tested in different phenophases, in
both soil types. Therefore, biochemical parameters, such as DPPH® scavenging activity and
TPC, may be suitable selection criteria for the selection of salinity-tolerant and high-yielding
genotypes, even in the early stages of plant development.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/su14126973/s1, Table S1: Main chemical properties of Solonetz
soil type and adsorbed cations content; Table S2: Main chemical properties of Chernozem soil type.
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