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Determination of chromosomes controlling physiological traits associated

to drought tolerance in rye
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Tablel. Mean squares for physiological indices in additional lines and varieties.

4y &K i T s i T oslizal ST, E18595 Canslie Jis N5
SOV. Sk T <3, T e 5l
df Relative water ~ Relative water Water use Stomatal Chlorophyll
content loss efficiency+ resistance fluorescence
Replication IS 2 183.58* 0.000006ns - 0.869ns 0.002ns
Genotype wss5 10 2151.83** 0.0003** 0.002** 7.92** 0.002ns
Error olzxl 20 45.79 0.00000071 0.000061 0.979 0.001
CV% Ol kS s - 5.84 8.65 5.46 15.0 4.47

SN 570 Jlaamt o 53 s e 5 ol3 ra b S5 a ¥ sFns

el ks aalllas (e = YY) ol ST = b IB s 5 SIS Layl5 s WUEH

ns, * and **: Non significant, significant at the 5% and 1% probability levels, respectively.
+ WUE was studied in greenhouse condition using completely randomized design (df = 22).
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Table 2. Mean comparison of physiological indices and yield in additional lines and varieties

s T Ca3jl g ST i s Jb g IS S glie Sleslizal LTyl s Sles s34l s Sles ) ) oels
<, 5 20 A ) Je 5,50 Sl osle 0 5) T A Lyl o sbae Lyl 4 Joos A s
(dwry3) oSes 035 e 2 4t) e S (05 36 5) (&5 5305 + S + 534l g +a
(Celw s (4-5\3 3 (JIATTJL» (o 3 a0 uT
Relative Relative Chlorophyll Stomatal ~ Water use Grain Grain yield in Stress Germinati  Multiple
Line/ water water loss fluorescence resistanc efficiency yield optimum toleranc  onstress  selectio
Variety content (g/g.hr) (umollmzs) e (9/9) under condition e index+ index+ n
(%) (s/lcm) stress (g/plot) index+
(g/plot)
1R 87.5d 0.026ab 0.811a 7.16ab 0.136d 56.70bcd 87.40abc 0.75 60.29 10.76
2R 100.1cd 0.045a 0.778a 4.02c 0.096g 17.55ef 49.56¢ 0.12 36.66 2.44
3R 126.2b 0.028ab 0.826a 7.89ab 0.110f 73.92abc 89.65ab 0.99 61.80 11.45
4R 69.5e 0.045a 0.778a 4.51c 0.101g 11.07f 62.61bc 0.09 34.66 4.00
5R 113.4bc  0.031ab 0.830a 8.43a 0.111f 62.79abc 84.49abc 0.79 60.01 11.39
d
6R 175.8a 0.048a 0.822a 5.70bc 0.131e 34.93def 77.60abc 0.43 50.79 10.09
7R 121.5b 0.013b 0.797a 8.85a 0.142d 80.97ab 101.9ab 1.22 65.71 13.57
R/Imperial(Dono 126.3b 0.03ab 0.862a 7.76ab 0.158b 60.73abc 78.18abc 0.71 62.29 14.71
r) d
R/Lovaspatonia 126.6b 0.035a 0.818a 5.45bc 0.147c 44 .34cdf 75.34bc 0.49 52.27 10.53
CS(Recipient) 115.4bc 0.028ab 0.800a 5.55bc 0.131e 56.70bcd 77.77abc 0.49 62.20 9.58
Sardari (check) 110.7bc 0.027ab 0.785a 7.20ab 0.167a 88.22a 121.1a 1.58 88.19 11.51

+ no analysis of variance was done on these indices.

%

Means followed by the same letters in each column are not significantly different at 1% probability level.

+
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Table 3. Matrix of correlation coefficients of physiological indices and traits

Traits X1 X2 X3 X4 X5 X6 X7 X8 X9

Chlorophyll fluorescence(X1) 1.00

Relative water content(X2) 0.53™

Relative water loss(X3) -0.11™  -0.21™

Stomatal resistance(X4) 0.47™ 047"  -0.79**

Stress tolerance index(X5) 0.07™ 0.38™  -0.77** 0.79**

Germination stress index(X6) 0.15™ 0.45™ -0.71*  0.69*  0.93**

Grain yield in optimum condition(X7) ~ 0.07™ 0.49™  -0.71*  0.73*  0.97** 0.94**

Grain yield in Stress condition(X8) 0.25™ 0.86** -0.86** 0.86** 0.95** 0.94**  (.91**

Water use efficiency(X9) 0.27™ 053" -0.49™ 041™ 0.63* 0.75* 0.68*  0.62*

Multiple selection index(X10) 0.65* 0.74** -0.70* 0.85** 0.72* 0.75** 0.71* 0.83** 0.73*
TN 570 Jazl o 53 s e 9 I s b o 5 41 *F 5 * NS

ns, * and **: Non significant, significant at the 5% and 1% levels of probability, respectively.

(Y8) 5 Loyl 55 als 5 Slas (12 08 08 555 40 0w 85 523 5 ol b= s

Table 4. Results of regression analysis based on stepwise method for grain yield

under stress condition

o o2 O £ 5 ol D5 ylusteal olzsl T Sig. T
S0V S g bi) SE b)
Relative water loss by s S s T -991.92 333.44 -2.97%*
Stomatal resistance S5, Canglia 5.52 1.82 3.04** 0.005
Water use efficiency T Sl eslizal LT 276.83 120.64 2.29* 0.029

*and ** : Significant at the 5% and 1% levels of probability, respectively.

Multiple r = 0.85
R?2=0.73
RZadj = 0.70

Ys = 13.13-991.92(RWL) + 5.52 (SR) + 276.83 (WUE)

TN 570 Qe o 55 s gme g R

A5 Ll 53 @l 3 Shas 0o 85 bl 25 51 Joolo gl =0 Ul
Table 5. Results analysis of variance of regression for grain yield under stress condition

S.0.V. Dl b df SS MS F Sig.F
Regression Osen S 5 3 15175.24 5058.42 25.49%* 0.000
Residual sl 29 5755.52 198.47

Total s 32 20930.77 -

** : Significant at the 1% Level of probability.
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Fig. 1.Comparison of additional lines and varieties based on MSI
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Fig. 2. Selection of additional lines based on Fernandez model
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Table 6. Matrix of correlation coefficients of indices with components 1 and 2 based on

principle components analysis

Slis Ys STI GSI Yp MSI SR RWL WUE CHF RWC

Laad 5o

PCAl  Jyadz  0.97** 0.93**  093** 0.91** 0.91** 087** -0.82ns  0.74** 040ns  0.30ns
PCA2 a3 -013ns -027ns  -0.17ns  -0.27ns  0.36ns  0.07ns  0.30ns 0.11ns 0.81**  0.75**
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Fig. 3. Selection of additional lines and varieties for drought tolerance based on principle
components analysis and biplot method
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Determination of chromosomes controlling physiological traits associated
to drought tolerance in rye

R. Mohammadil, and E. Farshadfar’

ABSTRACT

Drought stress as the most important abiotic stress plays an important role in yield reduction of crop plant
worldwide. Considering physiological indices to improve drought resistance, is of major importance.In order to
evaluate Chromosomal Locations of physiological indices for drought tolerance in wild species of rye a complete
series of disomic addition lines of rye, donor parents (Secale cereale L.cv. Imperial) and recipient (Triticum
aestivum L.cv. Chinese Spring) were studied under field, greenhouse and laboratory conditions in College of
Agriculture at Razi University in 1998. Disomic addition lines showed significant differences for relative water
content (RWC), relative water loss (RWL), water use efficiency (WUE), and stomatal resistance (SR), implying
genetic variation and possibility of selection for improving drought tolerance in disomic addition lines.
Physiological indices of stomatal resistance, relative water loss and water use efficiency played an important role
in determination of regression equation of grain yield under stress condition. Based on the physiological multiple
selection index (MSI), it is interperated that quantitative traits loci (QTLs) controlling physiological
characteristics for drought tolerance in rye are most likely located on chromosomes 3R and 7R. Assessment of
disomic addition lines based on stress tolerance index (STI) and germination stress index (GSI) also indicated
that QTLs controlling drought tolerance in rye are associated to chromosomes 3R and 7R.

Key words: Disomic addition lines, QTLs, Physiological indices, Germination stress index,
Stress tolerance index.
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