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Abstract

Introduction

Soil salinity is one of the largest global challenges especially in the arid and semi-arid regions. It
adversely and severely affected agricultural production and consequently food security. The new
cereal, tritipyrum, is an artificial hexaploeid wheat (2n=6x=42, AABBE'EP) derived from crossing
between Triticum durum (2n=4x=28, AABB) and Thinopyrum bessarabicum (2n=2x=14, E’E’)
species that has good potential to be used as a seed or forage plant. The aim of present research
was evaluating saline tolerance of new primary different tritipyrum lines through assessing some
agronomical traits and ion distribution in plant under mild and severe salinity stress conditions.

Materials and Methods

A split-plot hydroponic experiment based on completely randomized block design with two
factors and three replications was carried out at Shahrekord University in 2020. The NaCl salinity
stress was considered as the main factor with 3 levels (0, 100, 200 Mm) and the genotypes were
considered as sub plots with 8 levels. Genotypes included three primary tritipyrum lines (Ka/b,
La/b, St/b), three combined tritipyrum lines (i.e. Fs, Fs and Fe generations of a combined
(Ka/b)(Cr/b) lines), as well as one durum wheat (cv. Creso) and a promising triticale line (Maus).
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Different salinity stress levels were imposed from three leaf stage till maturity via irrigating the
plants by appropriate saline water. The leaf surface area, fertile florets per spike, 1000-grain
weight, grain yield, biological yield as well as concentration of Na* and K* and Ca** ions in both
root and aerial parts of genotypes were measured.

Results and Discussion

There were significant differences between genotypes in the case of all measured traits. Regardless
of salinity levels, tritipyrum line (ka/b) (ct/b) (Fe) had the highest amount of biological yield, grain
yield, concentration of K" and Ca**and K*/Na* ratio in shoot and the least amount of Na* in shoot.
With increase in salinity level from 0 to 200 mM, flag leaf area, number of fertile florets, 1000
grain weight, biological yield, grain yield and amount of K* and Ca** in both root and shoot were
significantly reduced in almost all genotypes and concentration of Na* was increased. At 200 mM
salinity, all of the three combined tritipyrum lines had significantly higher amount of biological
yield and K* concentration in shoot and less amount of Na* in shoot than durum wheat and
triticale. Shoot Na* concentration had negative significant correlation with flag leaf area and 1000
grain weight. In the other hand, positive correlation was observed between shoot K* concentration
and flag leaf area, number of fertile florets, 1000 grain weight and grain yield. At 200 mM salinity,
the highest and lowest shoot K*/Na* ratio were observed in tritipyrum line F5 and durum wheat,
respectively. On average, root sodium concentration in tritipyrum lines was higher than that of
wheat and triticale while shoot sodium concentration in tritipyrum lines was less than that of the
two other genotypes.

Conclusion

Results of our experiment suggest that hindrance in the transfer of Na* from root to the aerial
parts is probably one of the mechanisms that used by tritipyrum lines to cope with the high NaCl
concentrations.

Keywords: Amphiploid, Biological yield, Grain yield, Salt tolerance, Sodium to potassium ratio.
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Table 1: Analysis of variance of measured traits of the genotypes under salinity stress

Flag 1000

No. of Grain Yield in i i i */Na* rati

Leaf ‘ Grain Biological 1 ‘ leld1 Sodium (mg/g) Potassium (mg/g)  Calcium (mg/g) K*/Na* ratio
S.0.V. df Fertile . . Experimental

Area Weight Yield (g) R

(em?) Florets @ Unit (g) Shoot Root Shoot Root Shoot Root Shoot Root
Replication 2 2.9™ 7.3™ 10.5™ 3.7™ 2.7™ 728.6™ 264.3™ 0.54" 0.43" 0.04" 4.6™ 0.006™ 0.007"
Salinity (S) 2 165.3" 398.2" 557.9" 3.7 104.4" 98115.9” 79185.3" 359.9" 131.2" 72.8" 756.5" 0.8" 0.7"
Error (a) 4 0.58 1.13 6.1 1.9 0.69 635.7 136.6 2.2 0.72 0.5 57.7 0.008 0.005
Genotype (G) 7 15.8" 647.1" 160.2" 67.2" 163.9™ 7622.3" 11360.5™ 157.8" 132.9" 2.4" 107.6™ 0.07" 0.17"
SxG 14 7.6" 95.0" 10.4™ 9.17 18.7" 2194.9” 2032.0" 5.6™ 8.1" 0.9 39.5™ 0.03" 0.14"
Error (b) 42 1.11 4.6 6.0 0.85 1.3 422.0 177.5 3.1 0.67 0.3 9.8 0.002 0.005
CV (%) 10.9 8.4 8.5 9.4 12.9 15.6 12.7 10.6 11.5 17.8 18.0 159 21.9

ns, * and ** are non-significant and significant at 5 and 1% probability level, respectively.

Table 2: Mean comparison of some agronomical traits and ion distribution in different genotypes

Flag No. of 1000 Grain Yield

Leaf . Grain  Biological in Sodium (mg/g) Potassium (mg/g) Calcium (mg/g) K*/Na'* ratio
Genotypes Fertile . . .

Area Florets Weight  Yield(g) Experiment

(cm?) (g) al Unit (g) Shoot Root Shoot Root Shoot Root Shoot Root
Ka/b 8.82% 26.16¢ 34.66% 11.00% 10.01¢ 111.57¢ 111.32¢ 19.24° 5.20¢ 3.16>d 17.94 b 0.17° 0.046 ¢
St/b 10.71° 16.58¢ 22.414 10.32% 4.37¢ 125.54b¢ 166.35° 13.65¢ 7.15° 4.02% 18.00 b 0.108 ¢ 0.042 ¢
La/b 8.89% 13507  23.69¢ 5.85¢ 3.4 123.00" 141.62° 9.20¢ 15.63* 3.024 2001°  0.07¢  0.11°
(Ka/b) (Cr/b) (F4) 8.25¢ 28.66° 30.43° 10.274¢ 8.96< 136.95° 109.46°¢ 17.72b 7.2b 2.75% 13.86 % 0.12° 0.06 ¢
(Ka/b) (Cr/b) (Fs) 8.74% 2710  29.14% 9.434 8.87¢ 83.45¢ 89.41¢ 20.98° 6.24° 2.36° 16.14% 025  0.06°¢
(Ka/b) (Cr/b) (Fs) 9.88%  27.41%  27.94¢ 14.11, 15.94° 80.20¢ 85.124 21.62° 6.24° 5.6° 17.20%  0.26% 0.07
Kerso durum wheat 12.312 22.044 26.94¢ 6.05, 6.05¢ 178.02¢ 68.39¢ 14.024 7.18° 2.83¢cde 23.41°% 0.07 ¢ 0.10°
Triticale (line: Mays) 9.64% 41.36* 32.93° 11.19° 13.13% 161.83% 63.83¢ 16.30¢ 2.06° 3.36% 20.30° 0.10°¢ 0.03¢
LSD (5%) 1.00 2.04 2.33 0.88 1.09 19.54 12.68 1.68 0.78 0.53 2.98 0.05 0.072

In each column, means with the same letter are not significantly different at 5% probability level (P<0.05).
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Table 3: Mean comparison of some agronomical traits and ion distribution under different salinity levels

Flag Leaf

No. of

Grain Yiel

1d in

Salinity . 10000 Grain  Biological . Sodium (mg/g) Potassium (mg/g) Calcium (mg/g) K*/Na* ratio
(mM) Area Fertile Weight (g) Yield (g) Exper?mental
(cm?) Florets Unit (g) Shoot Root Shoot Root Shoot Root Shoot Root
0 12.40* 29.29¢ 33.35% 10.07 # 10.85* 61.60 ¢ 43.09 ¢ 20.60* 9.56*% 4.94% 23.08*° 0.42* 0.34%
100 9.41° 25.61° 28.50° 9.93° 8.98 " 146.19°  113.27°  16.32° 6.87° 3.00° 17.12°  0.12° 0.06"°
200 7.16°¢ 21.15¢ 23.71°¢ 9.32¢ 6.69 ¢ 186.94 ¢ 156.95* 12.87 ¢ 4.90 ¢ 1.46 ¢ 11.87°¢ 0.07 ¢ 0.03¢
LSD (5%) 1.01 1.41 3.30 1.86 1.10 33.51 15.54 1.98 1.13 0.99 3.66 0.12 0.09
In each column, means with the same letter are not significantly different at 5% probability level (P<0.05).
Table 4: Correlation coefficients between the investigated traits of the genotypes under salinity stress
1 2 3 4 5 6 7 8 9 10 11 12 13
1  Flagleaf area 1
2 No. of fertile florets 0.2m 1
3 1000 grain weight (g) 0.19" 0.7 1
4 Biological Yield (g) 0.05" 0.56" 0.32" 1
5 ifé?hyiﬁ;?m @ 0.13" 067" 064" 066" 1
6  Shoot sodium -0.55" -0.17" -0.5" -0.14%  -0.22" 1
7 Root sodium -0.63” -0.56" -0.7" -0.11  -0.50" 0.53" 1
8  Shoot potassium 0.37" 0.56” 0.66™ 0.56" 0.717 -0.58"  -0.63" 1
9 Root potassium 0.35" -0.44" -0.06™ -0.44™ -0.32" -0.45™ -0.14™ -0.13% 1
10  Shoot Calcium 0.33** 0.51** 0.53** 0.55* 0.66* -0.65* -0.58*% 0.50** 0.13ns 1
11 Root Calcium 0.28** -0.43%% -0.07ns  -0.04ns 0.3* -0.53*  -0.43* 028  -0.16ns  0.30% 1
12 Shoot K*/Na* ratio 0.40" 0.18™ 0.53" 0.07™ 0.30" -0.817 -0.62" 0.66" 0.28 0.53* 0.3* 1
13 Root K*/Na* ratio 0.48" -0.10™ 0.18™ -0.3" -0.07™ -0.48™ -0.50™ 0.07 0.78" 0.3* 0.28* 0.28" 1

| ns, * and ** are non-significant and significant at 5 and 1% probability level, respectively.
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Table 5: Interaction of salinity levels and genotypes on mean comparison of some agronomical traits and ion distribution under different salinity levels

epaS Slacnl Sigls el Slogas (S o) p O Ses 5 o

fY-

Flag Leaf No. of Biological Grain Yield in Shoot Root Shoot Root K*/Na*  K*/Na*
Salinity Genotype Area (cm?) Fertile Yield (g) Experimental Sodium Sodium  Potassiu  Potassiu  ratioin  ratioin
Florets Unit (g) (mg/g) (mg/g) m(mg/g) m(mg/g) Shoot Roots
Ka/b 11.73 %4 31.10 % 11.21° 7.00 7k 43.67 4248 % 23.96 6.43 0 0.56° 0.16 ¢
St/b 13.41° 19.60 ik 9.41 ¢f 529 km 83.91 M 107.74 & 15.95 ¢ 8.72¢ 0.19 % 0.08 48
La/b 12.72 b 16.00 ™ 5.07 7 472 43.80 18.28! 13.54 ™ 22.02°2 0.33¢ 1.26*
(Ka/b) (Cr/b) (Fa) 9.96 " 31.96 < 9.95 b 10.83 ¢ 3324k 14.76! 19.96 4f 8.87 ¢ 0.60° 0.21°¢
0 (Ka/b) (Cr/b) (Fs) 10.12 d¢ 33.63 < 8.051% 12.09 34.50 41.80 24.43° 8.76 4 0.742 0.023°¢
(Ka/b) (Cr/b) (Fs) 10.93 ¢ 34.93¢ 13.552 21.682 68.79 i 43,03 & 27.56 2 8.15 % 0.41°¢ 0.19<
Kerso durum wheat 18.70° 2620 % 8.51 2 8.02 1 56.31 ik 23.36 4 19.02 4f 10.59 ¢ 0.34°¢ 0.46"
Triticale (line: Maus) 11.60 ¢ 54.00 14.82° 17.22° 128.54f 26.301 20.36 ¢f 2.94m 0.16 ¢f 0.13<f
Ka/b 8.66 & 27.00f 11.31° 10.69 ©# 127.27f 128.95 ¢ 17.71 % 5.38 M 0.14°¢¢ 0.04
St/b 10.56 £ 16.80 8 10.23 b4 4,17 mn 120.68 177.62 ¢ 13.66 ™ 7.22¢ 0.11¢h 0.04%
La/b 8.61¢ 13.02 ™ 6.19 M 3.6™° 143.44 < 165.60 < 8.85k 14.64° 0.06 ¢ 0.09 ¢
100 (Ka/b) (Cr/b) (Fa) 8.28 hJ 28.20 ¢ 10.40 >4 8.86 ¢4 165.18 << 136.03 < 17.65 % 7.0¢8 0.11¢h 0.05 8
(Ka/b) (Cr/b) (Fs) 8.61 ¢ 27.53 ¢ 9.51¢f 915t 91.91¢ 99.60 M 20.70 % 5.91 0.23¢ 0.06 <
(Ka/b) (Cr/b) (Fs) 9.97¢h 27.13°F 14.64 2 15.37 > 147.48 £ 86.16 23.36 6.09 0.14 <8 0.07 ¢#
Kerso durum wheat 11.24 ¢ 23.20 8 6.061 6.28 71 208.81° 62.13} 14.60 ™ 6.91¢8 0.07 ¢ 0.12¢¢
Triticale (line: Maus) 9.37 f 41.93° 11.07 b 13.69 < 164.76 ¢ 50.051 16.00 & 1.85mn 0.10 0 0.04
Ka/b 6.08 '™ 20.33 M 10.47 b4 12.34 4 163.78 << 162.53 16.05 & 3.81H4 0.10 b 0.02 %
St/b 8.17 & 13.30 ™ 11.33° 3.65 ™ 172.03 <¢ 213.70° 11.33 & 5.51 M 0.07 ¢ 0.02
La/b 5.36™ 11.49*° 6.26 M 1.89° 181.76 b 240.97 523! 10.25¢ 0.03" 0.04 %
500 (Ka/b) (Cr/b) (F4) 6.51 km 25.76 % 10.44 >4 7.197 212.43% 150.59 % 15.55 & 5.73 ¢t 0.07 ¢ 0.04
(Ka/b) (Cr/b) (Fs) 7.48 71 20.13 vk 10.71 b4 337 180.49 > 126.84 17.81 ¢ 4,034 0.14 <8 0.03 %
(Ka/b) (Cr/b) (Fs) 8.74 ¢ 20.16 " 14.12° 10.79 < 123.93 126.18 8 15.94 4,49+ 0.09 0.04%
Kerso durum wheat 6.1m 16.73 4 3.58 3.85™ 268.95 %2 119.67 8.47 % 4,04+ 0.03" 0.03 %
Triticale (line: Maus) 9.97 ¢h 27.80 < 7.68 & 8.46 N 192.18 b 115.13 th 12.55 7 1.37° 0.06 ¢ 0.01%
LSD (5%) 1.74 3.42 1.59 1.89 33.85 22.0 291 1.35 0.08 0.12

In each column, means with the same letter(s) are not significantly different at 5% probability level (P<0.05).
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