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1- Ice nucleation active bacteria
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Table 1- Origin of rye ecotypes
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Figure 1- Mean of PSII maximum efficiency in rye ecotypes after freezing stress in controlled conditions
(Means with the same letters, indicated significant difference at 5% probability level.)
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Figure 2- Mean of PSII maximum efficiency in rye ecotypes after durations of freezing stress in controlled conditions. (Each
point is mean of 90 observations)
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Table 2- Parameters value for fitted models in Fig. 3.

(°C) fS1ao glod o jlro Bloil Sl cwd () Glpuglod a5 S1s
26.1 0.0175 -0.092a 18.0 0.7414+0.0161 I I3
24.0 0.0149 -0.121b 18.0 0.7285+0.0335 o b
21.0 0.0104 -0.239¢c 18.0 0.7218+0.0103 o Jb
21.0 0.0110 -0.243c 18.0 0.7203+0.0349 < Jsi
- 0.8 -
4 = —8 —9o—9o—8 8
q, =
ol
u = 06 -
- &
YT
,aﬁ E_i
1: < 04 -
b=
L=
: -5
El
= 2 021
B
- =
J B
3= \
pﬁ D-D T T T T T T T T T ‘ 1
0 -3 -6 -9 -12 -15 -18 -21 -24 -27
< & sk
Freezing temprature
0.8 -
L 4
7 e | ' 2 [ !
=
25
= -t
n o 0.6
N S
-8 ';;-.i
3 Z 0.4
= =
N
:::: 'E 0.2 -
- = -
3 =
3 Z
=
0.0 . . . ' . . . .
0 -3 -6 -9 -12 -15 -18 -21 24 -27
o3 &= sk

Freezing temprature



VAV Lo o osles A alor oyl oo ly) lesirgyy apis #

~ 0.8 1 g
y :
1: |3 — -
el
L = 0.6
N =
.a‘ %—a
:i ; 0.4 1
b=
: -]
7 E
= .2 -
3 2
3 E
3 =
E D-D T T T T T T T . 1
0 -3 -6 -9 -12 -15 -18 -21 -24 27
S5 ske

Freezing temprature

0.6 -

5 Sl S o

(i

0.2

Sl AT 31wl

. <
o

0-0 T T T T
0 -3 -6 -9

PSII maximum efficiency after 26 hours

-12 -15 -18 -21 -24 -27

< 23 & el

Freezing temprature
SR obj b (315 il 42,3) (5355 SWlod il Codi jlagle (S sST )3 11 whampmsgid (o215 ST i g, -V S5
05 IS bl 53 (S350 G Jlos! 51 g Sa6lis () AT () £ ) YE (1) VY (5310

Figure 3- Trend of PSI1 maximum efficiency changes in rye ecotypes affected by freezing temperatures (°C) during (a) 12, (b)
24, (c) 48 and (d) 96 hours measuring times after freezing stress in controlled conditions
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Figure 6- Changes of PSII maximum efficiency in rye ecotypes for the times after freezing stress in controlled conditions
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Figure 7- Trend of PSI1 maximum efficiency changes in (a) 264 and (b) 12640 ecotypes after exposure to -15, -18, -21 and
-24°C in controlled conditions
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rye ecotypes
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Introduction

Chlorophyll fluorescence measuring is a quick and undestructive method, which is used as an important
index to identify stress tolerant varieties for environmental stresses such as freezing. Rye planting is less
prevalent comparing to other cool season cereals, but more investigations are needed because of suitable
potentials in this crop for growing in cold area of Iran. In addition, low temperatures decrease physiological
functions of plants and results in irreversible damages and disorders in physiological process of plants.

Material and Methods

In order to study the possibility of using the chlorophyll fluorescence parameters for evaluation of freezing
tolerance in perennial rye ecotypes, an experiment was performed using a factorial experiment based on
completely randomized design with three replications at Agricultural Faculty of Ferdowsi University of
Mashhad. Ten rye ecotypes (264, 941, 8425, 15771, 1587, 14947, 591, 1275, 3857 and 12460) were exposed to
nine freezing temperatures (0 (control), -3, -6, -9, -12, -15, -18, -21 and -24°C) and maximum efficiency of
photosystem Il (ME of PII) were measured four times (12, 24, 48 and 96 hours) after freezing. Correlation
between ME of PII with Electrolyte Leakage percentage (EL %) and survival percentage (SU %) were tested.

Results and Discussion

The results indicated that there was a significant difference among rye ecotypes for ME of P11, while ecotype
12640 had the highest ME of PII and the lowest efficiency was observed in ecotype 264. There was no
difference in ME of PIl among rye ecotypes until to -18 °C, but ME of PII decreased in -21°C and -24°C after 12
to 24 hours recovery period. This efficiency was zero in -24°C during 48 and 96 hours after recovery, while ME
of PIl did not get to zero in this temperature during 12 and 24 hours after stress. ME of PIl impairment by
freezing temperatures was similar in 48 and 96 hours and it seems that no changes happened in the efficiency
after 48 hours. There was a rapid reduction in slope of efficiency from -15°C to -24°C in 264 and 941 ecotypes
than the other ecotypes, while ecotype 12640 had the highest ME of PII than the other ecotypes in mentioned
temperature range. In the four measuring times, ME of PIl was not reduced until -18°C, but it was severely
decreased by temperature reductions to -21°C and -24°C, as ME of PIl decreased to the lowest value after 48
hours. Decreasing the ME of PII in rye ecotypes was different due to the ectypes in the times after freezing
stress, the most reduction was observed in 264 and 941ecotypes and ecotype 12640 had less decrease in the slope
of ME of PII. There were differences among rye ecotypes in reduction temperature for 50% of ME of PII; while
ecotype 12640 get reduction temperature for 50% of ME of PSII in -24.8°C 12 hours after freezing stress; and
ecotypes 264 and 941 had the highest reduction temperature of 50% ME of PII in -20.2 °C and -20 °C,
respectively. Reduction temperature for 50% of ME of PIl decreases in 24 hours after freezing stress; at this
time, 12640 and 3857 ecotypes showed the lowest reduction temperature for 50% of ME of PII by -22.6°C and
-22.2°C, respectively, and 264 ecotype had the highest reduction temperature for 50% of ME of PIl by -19.2°C.
There were significant correlations between ME of PII, EL% and SU%. Since EL test was conducted 24 hours
after freezing stress, it seems that measuring ME of PIl in 12 hours after freezing stress increases quickness in
test and determining the stress effects rapidly. Higher correlations between plants survival percentage with ME
of Pl 12 hours after freezing stress, indicate that ME of PII is a non-destructive factor for estimating long term
effects of freezing stress on rye plants. In conclusion, the mentioned factors can be used as a quick procedure to
identify cold tolerant plants.
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