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Environmental Stresses in Crop Sciences
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1- Tolerance Index

2- Mean Productivity

3- Stress Susceptibility Index
4- Stress Tolerance Index
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Table 1. Paired correlation coefficients between drought indices and forage dry matter yield under
non-stress (Yp) and stress (Ys) conditions, with irrigation intervals of 7 (control) and 10 days
(moderate stress).

Stress indices Jooo sloasls

Stress indices Yp Ys SSI ToL MP GMP HARM

Ys  0.50™
SSI  0.31™ -0.67"

TOL 048" -0.52™ 0.98"
MP 085" 0.88" -0.23™ -0.05™

GMP 085" 0.88" -0.23™ -0.05™ 1.00

HARM  0.83" 0.89" -0.27™ -0.09™ 1.00™ 1.00™

STI  0.88" 0.80" -0.12™ 0.05™ 0.97" 0.97" 0.97"

2o )d s g g 6 le] mhams j3 ks me g (5l xe pas FF g ¥ ins
ns, * and ** means non-significant, and significant at 5% and 1% probability levels, respectively.
Yp: yield in normal condition; Ys: yield in stress condition; SSI: Stress Susceptibility Index; TOL: Tolerance; MP: mean

productivity; GMP: Geometric Mean Productivity; HARM: Harmonic Mean, and STI: Stress Tolerance Index

(YD) G5 g 5 (YS) Gk bl po S adgle o,Shae b Jood gl (p5ls aile 90 (Simod ol ¥ Joo
(o (S 335) 39, 1F 5 (4aLi) ¥ 55l oo
Table 1: Paired correlation coefficients between drought indices and forage dry matter yield under

non-stress (Yp) and stress(ys) condition, with irrigation intervals of 7 (control) and 14 days(severe
stress)

Stress indices  Jom slo sl

Joos slagazls
Stress indices Yp Ys SSI ToL MP GMP  HARM
Ys 025™
SSI 0.59™ -0.63 *
TOL 0.74 ** -0.46™ 0.97 **
MP 0.85 ** 0.72 * 0.08™ 028"
GMP 0.79 ** 0.79 ** -0.02 ™ 0.18™ 0.99 **
HARM 0.72 * 0.85 ** -0.12™ 0.07 ™ 0.98 ** 0.99 **
STI 0.79 ** 0.77 ** -0.01™ 0.19™ 0.98 ** 0.99 ** 0.98 **

Aoy S 5@(5)Ln'|@a..a)¢)|as;'.a5‘5)la Sxe pas FE O * ns

ns, * and ** means non-significant and significant at 5% and 1% probability levels, respectively.
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Table 3. Values of drought tolerance indices for dry matter yield in irrigation intervals of 7 (control) and

10 days (moderate stress).

s Ecotypes Yp§ -le Stress indices  Jozs sla asls
(ton ha™) SSI TOL MP GMP HARM STI
Sgled Gahavand 9 9.1 -0.1 -0.1 9.1 9.0 9.0 0.8
olge)| Ardobad 10.1 8.6 1.0 1.5 9.4 9.3 9.3 0.9
il Chalashter 8.9 7.2 1.3 1.7 8.1 8.0 8.0 0.7
o398 0,8 Ghareh- ghozlo 9.5 8.4 0.8 1.1 9.0 8.9 8.9 0.8
G593, Ghargolog 11.1 9.3 1.1 1.8 10.2 10.2 10.1 1.1
obdas Sedghyan 9.2 7 1.6 22 8.1 8.0 8.0 0.7
oS Ske Malekkandi 10 9.5 0.3 0.5 9.8 9.7 9.7 1.0
Sl hamadani 10.3 8.8 1.0 1.5 9.6 9.5 9.5 0.9
el Famaneain 113 8.3 1.8 3.0 9.8 9.7 9.6 1.0
Sbals Gelehbani 9.5 8.7 0.6 0.8 9.1 9.1 9.1 0.9
ol Mohajeran 9.1 7.4 1.3 1.7 8.3 8.2 8.2 0.7

3 Yp: yield in normal condition; Ys: yield in stress condition

(o (Sos i) 39, 1F g (wall) v ‘5)1.31 199) SlS adgle gl p Shs @ Joxi gbd @S ll polio:f Jguo
Table 4: Values of drought tolerance indices for dry matter, irrigation intervals 7(control) and 14 days

(severe stress).

s Fcotypes Yp' fs Stress indices  Joz slo asls
(ton ha™) SSI TOL MP GMP HARM  STI
Sgled Gahavand 11 9 0.9 2.0 10.0 9.9 9.9 1.2
alga,| Ardobad 12 9 1.2 3.0 10.5 10.4 10.3 1.4
el Chalashter 10 8 1.0 2.0 9.0 8.9 8.9 1.0
o398 0,8 Ghareh- ghozlo 10 8 1.0 2.0 9.0 8.9 8.9 1.0
B35198,8 Ghargolog 11 10 0.4 1.0 10.5 10.5 10.5 1.4
obdas Sedghyan 13 8 1.8 5.0 10.5 10.2 9.9 1.3
S Sk Malekkandi 11 10 0.4 1.0 10.5 10.5 10.5 1.4
Slen hamadani 12 9 1.2 3.0 10.5 10.4 10.3 1.4
Cyald Famaneain 13 10 1.1 3.0 11.5 11.4 11.3 1.6
Sbals Gelehbani 11 8 1.3 3.0 9.5 9.4 9.3 1.1
oles Mohajeran 10 9 0.5 1.0 9.5 9.5 9.5 1.1

s Yp: yield in normal condition; Ys: yield in stress condition
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Table 5. Vectors and Eigen values of used indices for alfalfa ecotypes in moderate stress (7 and 10 days

Irrigation intervals).
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Table 6. Vectors and Eigen values of used indices for alfalfa ecotypes in severe stress (7 and 14 days

Irrigation intervals).
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2 2.72 33.989 99.893 0.329

-0.41 0.602 0585 0.0146 -0.0479 -0.1101 -0.0498
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Fig. 1. Graphical biplot display for 11 alfalfa ecotypes in 8 drought tolerance indices on the basis of
first and second components in moderate stress (SI= 0.145).
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Fig. 2. Graphical biplot display for 11 alfalfa ecotypes in 8 drought tolerance indices on the basis of
first and second components in severe stress (SI= 0.24).
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Fig. 3. Dendrogram of cluster analysis of alfalfa ecotypes based on different drought indices in

moderate stress (Ward method).
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Abstract

Risk of weather variability is amongst factors that always affect the cereal production in
many areas. In order to determine the freezing tolerance of five barley (Hordeum vulgar
L.) cultivars under controlled conditions, a factorial experiment based on CRD carried
out with three replications at the crop physiology Laboratory of College of Agriculture,
Ferdowsi University of Mashhad. Treatments were barley genotype with five levels,
including Makouei, KarunxKavir, lokht, Reyhan and Valfajr, and temperature in six
levels (0, -4, -8, -12, -16 and -20 °C). Plants were kept under natural conditions until 4-6
leaf stage to provide the acclimation period and then were transferred to a thermo-
gradient freezer to apply freezing stress. The cell membrane stability of genotypes was
measured through electrolyte leakage (EL) and the LTsoq (temperature for killing 50%
of samples according to the electrolyte leakage) was also determined. Furthermore,
survival percentage, plant height, dry weight, LTsos (temperature for killing 50% of
samples according to survival) and RDMTs (reduced dry matter temperature) were
determined after three weeks recovery in the glasshouse. Results showed that leakage
percentage from leaf and crown after freezing was significantly different (P<0.01)
amongst cultivars. The greatest (69.4) and the lowest (58.5) leakage percentage from
leaf samples were observed in Valfajr and KarunxKavir cultivars, respectively. Reyhan
cultivar showed the highest (78.9) and Makouei, KarunxKavir, lokht and Valfajr
cultivars showed the lowest leakage percentage from crown samples. Plant height, dry
weight and LTsg, of cultivars were significantly different after freezing. For instance,
the dry weight of plants after three weeks recovery was 978 and 480 mg/plant for
KarunxKavir and Valfajr cultivars, respectively. Most studied traits were significantly
reduced under temperatures lower than -12°C compared to the control.
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