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Selection of salt- tolerant triticale (xTriticosecale Wittmack) and genetic variation

assay for agronomic and physiological traits

Abstract

Salinity is a major limiting factor of growth andagn yield in most crop plants. In the present
study, the response of 12 triticale genotypes, 8avkhommercial cultivars and a rye genotype to
four levels of salt stress (1:1 ratio of NaCl amalQg salts with EC=0, 7, 14 and 21 dS/m) were
assayed in a pot experiment. Salt stress was dpgiithe four-leaf stage. Variations in two sets
of agronomic and physiological traits were analy2ddst of triticale genotypes had higher grain
yield than wheat and rye genotypes under salingitons. K'/Na" discrimination ratio which
explained 61.7% of the total grain yield variatiarlinear regression analysis was higher in most
of triticales compared with wheat genotypes. Catreh analysis indicated that awn length had
the highest correlation with grain yield. Acute Engoetween grain yield and "KNa'
discrimination vectors in principal components gsel showed tight association of these traits
under salt stress levels. Calculation of genotgpiefficients of variation indicated the existence
of higher genetic variation for Na’ (19.82%), awn length (21.64%) and grain yield $3650)
compared with maturity (4.72%) and total proteir68%6). Cluster analysis results indicated that
TRT808 and TRT806 joined in second group in treeddegram under salt stress conditions.
This group had higher grain yield mean an/N&@ discrimination ratio and its genotypes
matured earlier compared to other genotypes. Qyeitalcan be concluded that triticale
performed better than wheat under different leweélsalt stress. High genetic variation for some

of salt stress- adaptive traits provides the opmity for production of high-yielding triticales.

Keyword: Genetic variation, KNa', Salt toleranceTriticale
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Introduction

Salinity is a major problem in arid and semi-andas of the world. Data show that 800 million
hectares, equivalent to 6% of the land is affedbgdsalinity worldwide [1]. Salinity in

agricultural lands affects crop plants growth |g]lran, about 20% of arable lands (equivalent to
34 million hectares) are affected by salinity ofieth8.5 million hectares suffer from severe

salinity [3].

Triticale is mainly grown for feed grain and biossgproduction for thatching straw and
common human utilization. Regardless of the adwmsathe early history of triticale as the first
man-made crop plant constituted mainly of a bo&lniariosity of no agronomic value. It took
nearly a hundred years of research for botaniahlgemetic characteristics to evolve triticale into
a crop [4, 5]. A comprehensive review of triticalssponse and adaptation shows that it can
tolerate some of abiotic stresses better than greith cereals [6]. A recent research by Motzo et
al. [7] did not confirm a vyield reduction in triite due to late season drought stress, in
comparison with durum wheat. According to USDA Bi&ilab, the salinity tolerance of triticale
is basically better than that of wheat and miglgrespproach that of barley [8]. In a field study
[9], triticale cultivars were cultivated over a ggnof saline soils and the threshold for yield
reduction under salinity stress was higher (7.3n3 than that of cited in USDA Salinity lab
data (6.1 dS ). The potential advantage of triticale over whieatiomass and grain yield was

confirmed in the study of Estrada-Campuzano €tLal.

An increase in salt concentrations affects nealllyplaysiological processes of plants
including photosynthesis, protein synthesis, enemgtabolism and lipid metabolism [11].
Salinity due to osmotic effects on different metabactivity induces water deficiency leading to

oxidative stress by increasing the reactive oxygpacies (ROS) production comprising of
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superoxid€03), hydrogen peroxide (#D,) and hydroxyl radicals (OH). Oxidative stress may
cause cell damage through oxidation of lipids, girg and nucleic acids [11, 12]. To overcome
the effects of salinity- induced oxidative strgadants use antioxidants like superoxide dismutase
(SOD) [12]. Other factors comprising of ion toxjgitbsmotic stress and nutrient imbalance are
associated with deleterious effect of salinity odanp growth and productivity. Therefore,
understanding mechanisms such as® Nxclusion, K/Na“ discrimination and osmotic
adjustment is essential to improve salt toleramcerop plants. Accumulation of "Kor higher
K*/Na" may be correlated with salt tolerance in crop 1gi3]. Low Nd accumulation and
high K'/Na" discrimination have been found to be strongly eisged with enhanced salinity
tolerance in bread and durum wheats [14, 15]. Likewrelationship between low Na

accumulation and salt tolerance has been foundriey[16, 17, 18].

Triticale seems to be an alternative to other kgralin cereals, particularly wheat and
barley, for cultivation under unfavorable condigoor in the low-input agricultural systems.
Existence of appropriate genetic variation is aquaisite for the improvement of any character,
through selection and breeding. Fortunately, dit\eia salt tolerance at the intra specific level
has been found in triticale [19]. Triticale constéis also a valuable genetic resource for
transferring genes of interest from rye into wheaitticularly those related to biotic and abiotic
stresses [20]. Estimation of genetic variation peaters and heritability of the adaptive-salt
tolerance traits are useful in making decisionskiaeding triticale to become as important as
wheat or even more at a global scale. For bettdenstanding the selection efficiency of salt-
tolerance in breeding programs, genotypic and piyprovariations and heritability of traits is
very important. Hence, in the present study, weeh&wused on the response of some

CIMMYT-derived triticale accessions, and commeraudltivars to different salinity levels based
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on variations in some agronomic and physiologicaltd. Genetic variation parameters and

heritability of traits were also estimated.

Materials and Methods

Greenhouse experiment

The experiment was conducted at the greenhouseheofCQollege of Agriculture, Shiraz
University, Shiraz, Iran, during the 2011-2012 gtloveeason. Characteristics of the soil are
available in Table 1. The plant materials usechia study comprised of 12 triticale genotypes,
three wheat cultivars and a rye genotype. In aofadt experiment based on completely
randomized design, 16 genotypes and 4 levels ofityalvere employed. Combinations of 1:1
ratio of NaCl and CaGlsalts were used to prepare saline solutions witkaZE@S/m (S1), 14
dS/m(S2) and 21 dS/ngS3) in three replications. Normal water (EC=1 dbimas used as

control.

Before planting, the seeds of all genotypes wertase sterilized by 2.5% sodium hypochlorite
solution for 15 min and rinsed 3 times with distll water. The seeds were sown in pots
containing 5.5 kg soil, peat and sand with theorafi 1.5: 0.5: 2, respectively. A number of 10
seeds were sown that were thinned to five seedbndbe two-leaf stage of growth. For better
establishment of seedlings, all pots were irrigdtgdnormal water with EC 1 dS/m until the
four- leaf stage. Forty days after sowing (fourflstage), saline solutions were applied to pots

based on field capacity. Application of saline $ioluis continued till end season of crop growth.

Table 1 Characteristics of the soil used for the pot expent.

Soil parameter Data
Electrical conductivity (dS/M 1.0
pH 7.74
Clay (%) 35.5
Silt (%) 321
Sand (%) 32.0
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Total N (%) 2.35

Organic C (%) 1.36
Available P (g/kg) 21.5
Available K" (g/kg) 68.0
Available Na (g/kg) 26.5

lon measurement

Na" and K ions were measured four weeks after the applicatiaalinity. Leaves of 5 plants in
each pot were collected and oven-dried at 70°Q&hr and were milled to a fine powder. The
samples were placed in a crucible and ashed bgfaaing to a furnace at 500°C for 2 h. An
amount of 5 ml HCI (2N) was added to each crucdéohel mixed thoroughly. Then, boiling
distiled water was added to the mixture and theéteréd in a 50 ml volumetric flask.
Concentrations (mg/g of dry mater, DM) of Nand K ions were measured using flame

photometry according to Hamada [21] proceduréNi" ratio was also calculated.
Total protein and antioxidant enzymes assays

Forty five days after the start of salt treatmepplecation, the leaves of genotypes in each pot
were separated and placed in liquid nitrogen imatets. Samples were kept in a refrigerator at
-4°C until distillation of leaves. The Bradford [[2@rocedure was used to measure total protein
(Tpr) in mg/ml. Beauchamp and Fridovich [23] metheds followed to quantify SOD activity

based on unit of enzyme.

Assays for agronomic traits

Forty five days after the onset of salt stressttneat which was coincident with post-heading

stage, a leaf area meter instrumeki-Cambridge device, the UK) was used to measuegd tot
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leaf area (LFA) as cfrper plant. Days to maturity was estimated basethemumber of days
from the first irrigation to physiological maturityhen spikes turned yellow. Twenty days after
the first irrigation with salt solutions, on a synlay between 11 am to 3 pm, the concentration
of chlorophyll in SPAD unit was spectrophometrigatad using a chlorophyll meter instrument
(Minolta, Japan). Awn length (AWL) in cm was receddby a ruler at the harvesting stage.

Grain yield (14% humidity) as g per plant was atseasured.
Statistical Analysis

Mean comparisons, estimation of correlation cogffits, and cluster analysis were performed
using SAS 9.4 software. Principal component (P@lyais was performed based on variations
in K*, Na', K'/Na" discrimination, SOD, Tpr and SPAD units using Hudtware Minitab 17.
Linear regression analysis was conducted to debernthe relationship between*/Ka
discrimination and variations in grain yield. Ggmot (GCV) and phenotypic (PCV)
coefficients of variation and the heritability ohits were estimated using equations described

below [24]:

og
CVg=TX1OO
X
CVpy, = O.gXlOO
Ph — X



1 where, oé,oé,o%,MSg,MSSg,MSe,T(,CVg,CVph,hZ, r and S represent genetic variance,
2 environmental variance, phenotypic variance, meama®es of genotype, mean squares of
3 genotype x salinity, mean squared of error, totaam genetic coefficient of variation,
4  phenotypic coefficient of variation, broad-sensathbility, number of replications, and number

5 of salt treatments, respectively.

7 Results and Discussion

8 The means for ion concentrations, agronomic trad Tpr are presented in Table 2. Results
9 showed that all genotypes with the exception of 865, TRT813, TRT815, Shiraz, Navid, and
10 rye, accumulated higher *K(mg/g DM) under salt treatments compared to norimajation

11 regime.

Table 2. Mean of traits for trtiticale, wheat and rye gemas under normal irrigation condition (in paresieand salinity stress.

K* Na' K*/Na" Tot. Leaf area Awn Grain

Genotype (mgl/g SOD protein SPAD Day to maturity length yield per
(mg/g DM (mg/g DM DM) (mg/ml) (crf) (cm) plant (g

TRT803 2.114 0.450 5.978 0.134 0.650 43.356 29.259 103.583 4,125 0.309
(1.568) (0.107) (15.000) (0.028) (1.577) (34.967) (32.107) (111.330) (3.334) (0.623)

TRT805 1.788 0.193 9.560 0.111 0.512 29.945 23.383 91.750 4.042 0.669
(2.097) (0.163) (12.897) (0.042) (1.163) (35.510) (26.503) (98.000) (4.334) (0.873)

TRT806 2.240 0.680 3.859 0.164 0.679 37.456 17.591 102.500 4,125 0.511
(1.773) (0.160) (11.087) (0.048) (1.366) (37.867) (28.563)  (107.667) (3.833) (0.690)

TRT808 2.165 0.318 7.495 0.141 0.708 35.251 19.780 96.250 3.833 0.529
(1.920) (0.143) (13.783) (0.046) (1.038) (27.267) (27.173) (98.000) (4.000) (1.017)

TRT809 1.982 0.475 7.392 0.160 0.831 37.700 22.145 93.500 4.667 0.576
(1.337) (0.110) (12.570) (0.046) (1.160) (36.870) (25.820) (107.667) (5.167) (0.827)

TRT811 1.910 0.672 4,950 0.090 0.613 32.267 22.775 97.083 4,167 0.620
(1.480) (0.077) (17.410) (0.068) (1.405) (24.833) (29.123) (104.667) (4.500) (0.873)



TRT813

2079  0.431 6.832 0095 0722 37.237 21.978 102.333 3.500 0.711
(2.227) (0.153) (14.347) (0.032) (1.108) (33.300) (30.223)  (125.334) (3.000) (1.147)
TRT8IS 5042 0258 9.063 0106 0761 30.611 23.040 90.667 1.458 0.747
(2.273) (0.193) (11.550) (0.056) (1.371) (30.533) (20.023)  (101.667) (2.000) (0.990)
TRT8I7 5117 0.569 4309 0074 0609 39.909 25374 99.417 3.708 0.471
(1.920) (0.130) (14.817) (0.050) (1.263) (40.133) (30.237)  (98.000) (3.500) (0.730)
TRT818 5356 0644 4701 0111 0601 29233 22.305 91.417 5.667 0.537
(2.347) (0.140) (16.980) (0.023) (1.188) (29.000) (40.510)  (104.667) (5.500) (0.493)
ET 2418  0.857 5056 0078 0.632 38733 27.028 100.917 3.833 0.478
(1.470) (0.133) (11.483) (0.022) (1.428) (31.180) (22.217)  (115.000) (3.334) (0.353)
Sanabad  , jor 798 4958 0309 0.636 38255 25.729 104.667 4.500 0.531
(2.237) (0.197) (11.690) (0.040) (1.241) (39.023) (26.220)  (118.000) (4.334) (0.823)
Rye 3.083 1577 2618 0130 0719 7630 ) ) )
(2.767) (0.310)  (9.187) (0.042) (1.505) (3.333)
N'kr:tha 1.607  0.457 5235 0125 0550 32.433 11.849 105.250 4,583 0.575
(1.400) (0.077) (19.200) (0.067) (1.259) (32.400) (19.473)  (121.667) (4.334) (0.783)
Shiraz 5 550 0.951 3548 0166 0691  31.089 18.892 109.833 4.250 0.315
(2.273) (0.133) (16.947) (0.027) (L.466) (36.070) (29.553)  (124.000) (4.167) (1.040)
Navid 0976 0614 1578 0137 0633  7.267 13.217 95.583 3.358 0.059
(1.217) (0.123) (9.960) (0.010) (1.408) (9.000) (15.067)  (115.000) (4.500) (0.160)
LSDg0s 0717 0214 0.114 0.039 0266 8410 10.331 8.71 85 0. 0.100

Differences higher than LSD (least significant eliinces) values are significant at 5% probabiéitel in each column

1

2 Averaged over three salinity levels, triticale gempes comprising of Sanabad (2.467), ET

3 (2.418), TRT818 (2.326) and TRT806 (2.240) accutedldhe highest amount of Kon in their

4 leaves. Variation in Naaccumulation (mg/g DM) ranged from 0.193 in TRT&050.951 in

5  Shiraz under salinity stress. Concentration of Marye genotype varied between 0.31 in control

6 condition to 1.57 under salt treatment§/N&" discrimination decreased significantly under salt

7  stress treatments. Reduction ifd/I{a” discrimination in response to salinity stress basn

8 observed in previous studies with triticale and atH&4, 25]. In triticale, TRT805 (9.56) and

9 TRT815 (9.063) had the highest ledfa" discrimination ratio under salt stress treatmeFite
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leaf K'/Na" discrimination was lower in the rye genotype (2.6@mpared to the commercial
wheat cultivars with the exception of Navid (1.578)gh K”Na' discrimination ratio of triticale
was fully ascribed to the wheat genome [26]. Linegression analysis showed that grain yield
increased as ¥Na" discrimination increased and this ratio explaif®g61.7% in grain yield
variations of studied genotypes (Fig. 1). It hasrbfound that the high ¥Na" discrimination is

a common physiological response to alleviate detate effects of salinity on growth cycle of
plants [8]. In some experiments on wheat, leaf With increasing salinity increased, but in
tolerant cultivars, this increase was non-signiftd27]. Under salinity stress condition, Nand

K™ cations transmit by a common protein thus Mempetes with Kto enter the cell [28]. The
high ratio of K/Na" can be achieved by excretion of N the cell and its accumulation within
cells especially in vacuole [29]. Khan et al. [8@monstrated that genotypes with high levels of

K*/Na" and chlorophyll content, had higher tolerancealngy.
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Figure 1. Relationship between’/Na’ ratio and grain yield variation und

salinity stress conditio
SOD activity wasmeaningfullyincreased under salinity stress treatments in héa# triticale
and rye genotypes. An increaseantioxidants is a reaction to detoxify deletasdree radical
induced by abiotic stressda.triticale, SOD activity in unit of enzyme ranged fron022 in ET
to 0.068 in TRT811 under normal irrigation condiso Under salinity stress conditions, Sane
(triticale) had the highest @0€) and TRT817 (triticale) showed thewes (0.074) SOD
activity. Tprsignificantly decreased under salt stress trents as compared to normal irrigat

regime. A @crease in protein contiin high concentrations of salt may be due to hydisl or
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reduction in protein synthesis [31]. Tpr rangednfra.038 mg/ml (TRT808) to 1.577 mg/ml
(TRT803) under normal irrigation and from 0.512 {@R5) to 0.831 (TRT809) under saline
conditions. Accumulation of proteins under salimnditions may provide a storage form of
nitrogen that is re-utilized later in crop growtkicte [32]. Proteins may also play a role in
osmotic adjustment. They may be synthesidechovo in response to salt stress or may be

present constitutively at low concentration [33].

Navid (7.267) and rye (7.63) had the lowest SPAft under salt stress conditions.
Overall, variation in SPAD reads did not follow ear pattern between salt stress and normal
irrigation conditions. Some genotypes had higheA3Rnit under saline conditions whereas in
some genotypes, plants irrigated with normal wateowed higher values for SPAD reads.
Chlorophyll reduction under salinity conditions dsie to low chlorophyll biosynthesis or its
destruction [34, 35]. In contrast to this result,Some studies, salt increases the amount of
chlorophyll [36, 37]. Leaf area (nvariation was between 20.023 and 40.51 in tritsale
irrigated with normal water. Under salt stress ebowls, LFA of triticales varied from 17.591 in
TRTB806 to 29.259 in TRT803. Wheat cultivars haddo LFA compared with most of triticales
under salt stress condition with a variation betw##.849 and 18.892. Awn length in TRT803,
TRT806, TRT813, TRT817, TRT818, ET and Sanabadated with saline solutions was higher
than AWL in triticales grown under normal conditionFor other triticales, no significant

decrease was found in AWL under salt stress canmditi

Number of days to maturity ranged between 90.6 XE0wl6 for triticales under salinity
conditions. Day to maturity in wheat cultivars wiaem 95.5 to 105.2. This shows that triticale
genotypes matured earlier than wheat cultivars.inGygeld per plant (g) was significantly

decreased in all genotypes irrigated with salinetsms. Grain yield reduction under salinity

11
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stress was also reported by Sadat Noori and MdyN&8] and Poustini and Siosemardeh [39].
Grain yield variation was from 0.059 g to 0.575gnheat and from 0.309 to 0.747 g in triticale
genotypes irrigated with saline solutions. Graialgias a genetically complex trait is broadly
influenced by environmental stresses such as sallRye genotype did not complete its growth
and no seed was produced. Among triticales, TRT81547 g) and TRT813 (0.711 g) had the
highest grain yield over salt stress treatmentsT8IR had the highest grain yield (1.147 Q)
under normal irrigation conditions. Most triticagenotypes had higher grain yield than wheat
cultivars under normal irrigation conditions. Oettl[40], also pointed out the superiority of
triticale to wheat under stress conditions. Theeptial yield of cereals i.e. wheat or triticalesha
an important impact on its performance under mddestress [8]. In a study with doubled
haploids and advanced recombinant lines, triticeeotypes significantly yielded higher than
wheat commercial cultivars when irrigated with salisolutions [25]. In the present study,
triticale genotypes had higher’#la" discrimination ratio than wheat cultivars and highe
K*/Na" discrimination ratio had significant correlationsth higher grain yield (Fig. 1). Few
studies probed the basis of salinity toleranceriticale. While molecular mapping of salinity
tolerance is being pursued in wheat, no such wask yet been seen to-date for triticale. The
high K'/Na" discrimination ratio which is a common physioladisalinity tolerance marker in
crop plants was in triticale at least as high aswimeat and close to barley under saline
hydroponics culture [8]. The potential advantagéritCale over wheat is the higher biomass of
triticale due to greater radiation-use efficien®YJE) derived from greater radiation interception
by the triticale canopy. Triticale produces morewaground dry matter than other cereals under
abiotic stress conditions [8]. It seems that thmiops on the hardiness of rye in terms of coping

with soil and atmospheric stresses were derivea fmmple historical experience of farmers and

12
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some research. A major physiological-genetic végiaaccounting for biomass and yield
variations among crop plant genotypes has beeerdité stomatal conductance and assimilation.
Productive genotypes which also sustain growthyaeldl under stress and variable conditions

express higher stomatal conductance and gas exehang

Cluster analysis of genotypes was performed basedariations in days to maturity,
LFA, ion concentrations, SPAD unit and grain yiédd both normal irrigation and salinity stress
conditions. Under normal irrigation regime, gen@ypwvere classified into three main groups
(Fig. 2) Group 3 comprising of TRT805, TRT817, TRB3 TRT813 and Sanabad had the

highest grain yield. These genotypes matured edinig genotypes in groups 1 and 2 (Table 3).

Table 3.Mean of traits for groups of genotypes identifiactiuster analysis
under normal irrigation regime.

Trait Group
1 2 3

Day to maturity (day) 110.333 a* 109.111 a 101.445 a
Total leaf area (cf 31.611a 27.928 a 25.44 a
K*(mg/g DM) 0.127 a 0.152 a 0.138 a
Na'(mg/g DM) 1.794 a 1.932a 10891 a
K*/Na" 14.488 a 12.901 a 14.248 a
SPAD read 31.716 b 37.117 a 27.544 b
Grain yield per plant (g) 0.49b 0.848 a 0.96 a

DM: dry matter,* Letters in each row show signifitalifferences between
means using LSD (5%) test.

13
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Figure 2. Tree dendrogram of triticale genotypes basedustar analysis of traits under normal

irrigation condition.
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K*/Na" discrimination ratio for group 3 was higher thame tratio in group 2 and non-
significantly lower than the ratio in group 1. Thygenotypes of group 3, especially TRT808,
TRT811 and TRT815, had better performance thanrageeotypes under normal irrigation
conditions. Four main groups were identified basedaverage data under salinity stress (Fig.
3). Group 2 comprising of TRT806 and TRT808 hadrighest mean for grain yield and/Kla’
discrimination ratio. These two genotypes matulgdificantly earlier than genotypes in other
groups (Table 4). Genotypes of group 2 accumulmedst N& in average. It can be concluded
that genotypes of group 2 can be used in breedmogrgms or cross hybridization for
transferring genes of salt stress tolerance iicdidé. Group 4 ranked in second for grain yield,

K*/Na" discrimination and early maturity.

Table 4. Mean of traits compared between clusters of genotypes identified in
cluster analysis under salt stress condition.

Trait Group
1 2 3 4
Day to maturity (day) 99.333 a 88.333b 98.222 a 91.25b
Total leaf area 26.847 a 23.211b 18.681c 22.301b
K 2.279a 1915a 2.203a 2.074 a
Na* 0.668 a 0.226 b 0.499 ab 0.556 ab
K'/Na* 5.075b 9.312a 5.677b 5.969 b
SPAD unit 40.61a 30.278 ¢ 36.354 ab 34.109 bc
Grain yield per plant (g) 0.447 c 0.708 a 0.52 bc 0.611 ab

15
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Figure 3. Tree dendrogram of triticale genotypes basedlostar analysis of traits under salt

stress condition.

Correlation analysis indicated that grain yield haghest correlation (r=0.36) with awn length
which shows the importance of awn in salt tolera(iEable 5). K/Na’ discrimination had
positive correlation with leaf area (r=0.65) andigryield (r=0.34). Correlation betweeri Knd

leaf area (r=0.57) shows that an increase in lesd @esults in higher accumulation of Kn

16



1

2

10

11

12

13

14

15

16

17

under salt stress condition. Correlation coeffitsesimply showed that total protein increased

when K and SOD activity increased.

Table 5. Correlation coefficients between traits undem#gl stress condition.

K* Na’ K'/Na" SOD Tpr SPAD LFA DMA AWL GY

K - 0.54 0.14 0.25 0.33 0.39 057 -0.28 0.18 0.15
- N&a - 0.71 0.16 0.27 0.08 0.65 0.003 0.01 0.34
K'/Na" - 0.12 0.04 -061 027 -0.01 -016 0.29

4- SOD - 0.47 -0.003 0.20 -0.04 0.04 -0.08
5- Tpr - 0.24 0.32 -0.20 0.26 -0.15
6- SPAD - 0.39 0.06 023 -0.10
7- LFA - 0.15 0.24 0.25
8- DMA - -0.07 -0.17
9- AWL - 0.36
10-Grain yield -

In PC analysis, the first two PCs explained 49af%he variations of traits in genotypes

in dealing with salt stress (Fig. 4). The first ®@s linked to K/Na" and grain yield variations in

S1 and S2 level of salinity. In contrast, seconddeé€bunting for 18% of the variations of traits
and genotypes influenced by KNa', SPAD, total protein, grain yield in S3 and SODSa
salinity levels. In bi-plot and PC analysis, thesioe of the angles between vectors shows the
extent of correlation between traits. The acutelen@<90°) represent positive correlations,
whereas wide obtuse angles (90°<) show a negativelation. The intensity of the correlation
increases for the angles near 0° and 180° andetigtH of the vectors connecting traits to the
origin show the extent of variability [41]. In thgresent study, projection of genotypes on the
two detected PCs in bi-plot showed that the quadkaromprised of grain yield (under S1 and
S2) and K/Na" discrimination (under S1, S2 and S3) vectors ithte angels (Fig. 4). Thus,
genotypes (TRT805, TRT808, TRT809, TRT813 and TR)&kattered between these vectors
had better performance under salt stress conditiestors of K under S1, S2 and S3 levels

had narrow angels with the vector of grain yieldlemS3 which shows the importance of K
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Estimations of heritability, PCV and GCV under sstless condition are presented in Table 6.
PCV ranged from 12.19% (for day to maturity) toZ8% (for Nd). These figures show that
studied genotypes were restricted to maturity timnereas a wide variation was observed for
Na' in response to salt stress conditions. GCV valetiveen 4.72% and 42.88%. After Na
SPAD reads (31.45%) and grain yield (26.55%) hadhighest genetic variation in genotypes
dealing with salt stress condition. GCV for awndgtn(21.64%) ranked fourth after Na+, SPAD
and grain yield. The importance of awn is linkedtsocapacity in photosynthesis under abiotic
stresses. Heritability estimates ranged from 14.86%lay to maturity to 85.85% for grain yield.
High heritability which is associated with highemdribution of genetic variance in phenotypic
variation shows higher efficiency for selectionhigh-yielding genotypes in breeding programs,
especially for production of salt tolerant cultisam the present study, relatively low heritalgilit
of K'/Na" discrimination (29.07%) may associate with nonitge components comprising of
environmental effects. For such traits with low itadaility, selections may be performed via

correlated traits with higher heritability.

Table 6 Genotypic and (GCV) and phenotypic (PCV) coeffitseof variation and heritability ¢hof traits in
triticale genotypes.

Traits GCViy) PCViyy h* (%)

K* 0.148 0.197 0.345 18.920 28.870 42.960
Na’ 0.047 0.018 0.064 42.880 50.280 72.720
K*/ Na 1.106 1.080 7.612 19.820 36.760 29.070
SOD 0.0004 0.0006 0.001 19.240 30.890 38.790
Total protein 0.001 0.0271 0.029 4630 20.580 5.060
SPAD 97.199 27.095 124.294  31.450 35.560 78.200
Leaf area 12.956 40.841 53.797 15.700 31.990 24.080
Day to maturity 21.796 123.905 145.702 4.720  12.19%1.960
Awn length 0.742 1.186 1.928 21.640 34.880 38.500
Grain yield per plant 0.023 0.004 0.027 26.550 28.6 85.850
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Conclusion

In the present study, the responses of triticalegat/ and rye genotypes to three levels of salt
stress (7, 14 and 21 dS/m) were assayed in a pmgriexent. Variation in two sets of traits
comprising of agronomic (grain yield, awn leng#maflarea and maturity) and physiological (K
Na’, K’/Na’, chlorophyll content in SPAD unit, superoxide digase activity and total protein)
traits were investigated in genotypes irrigatechwiline solutions and normal water. Grain yield
decreased significantly in all genotypes irrigatéth saline solutions. Among triticales, TRT813
and TRT815 had the highest grain yield under dglisiress conditions. Most of triticale
genotypes had higher grain yield than wheat andgeyetypes under both conditions/IKa"
discrimination ratio which explained 61.7% of grgield variation in linear regression analysis
was higher in most of triticales compared with whganotypes. Cluster analysis of genotypes
using variations in some of agronomic and physichalgtraits indicated that TRT808 and
TRT806 joined in the second group in tree dendmguader salt stress conditions. These
genotypes had relatively high grain yield andN&@" discrimination ratio and matured earlier
compared to genotypes of other groups. Correlaimalysis indicated that awn length had the
highest correlation with grain yield which showse thole of awn in salt stress tolerance.
Correlation coefficients also revealed that higkérand SOD activity lead to higher protein
accumulation. Acute angles between the grain yaeldl K/Na" vectors in PC analysis indicated
strong association of these traits under 7, 1424ndS/m salt stress levels. Calculation of genetic
variance showed the existence of genetic varidtiograin yield, K accumulation, leaf area and
awn length in studied genotypes. Heritability o&igryield was relatively high which shows
efficiency of selection of high-yielding genotypesder salt stress conditions. Overall, it can be

concluded that triticale genotypes performed bettan wheat cultivars and were genetically
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variable in response to different levels of satess. High genetic variations for some of salt
stress- adaptive traits provide opportunities favdpiction of high-yielding triticales. For such
purpose, TRT806, TRT808, TRT815 with higher graield; K'/Na’ ratio or early maturity
characteristics were more potent in their respaoskeal with salt stress and can be involved in

breeding programs of triticale for saline conditon
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