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1- Field survival index

2- Lethal temperature 50 % of plants according to the
survival percentage

3- Reduced dry matter temperature 50%
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Figure 1- Minimum and maximum temperatures of automn and winter of 2011- 2012 in Mashhad
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2- Leaf area meter
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1- Ice Nucleation Active Bacteria
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Figure 2- Survival percentage and some of growth traits of Lancelot plantain (based on individual plant mean) after one

month applying freezing stress temperatures (means with similar letters haven’t significant difference according to the LSD
test in 1% probability level.)
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Table 1- Effect of freezing temperatures on survival % and some of growth traits of Lancelot plantain (based on individual
plant mean) after one month recovery at greenhouse conditions

&% sl sWnoyd S g dlaas Sy o Sy S 439
Freezing temperature Survival% No. Leaf Leaf area (cm?) Leaf dry weight (mg)
0 92.8 3.96 6.26 32.6
-3 96.7 3.82 7.34 37.6
-6 96.8 3.74 7.40 34.5
-9 86.8 3.42 5.81 27.0
-12 72.9 3.46 4.91 23.4
-15 12.2 0.43 0.58 2.8
-18 0.0 0.00 0.00 0.0
-21 0.0 0.00 0.00 0.0
LSD (0.01) 10.2 0.53 1.08 4.6

St ()15 gme (6)lol Sglis gl cad LSD I ity bl M a8 oo Sl
* Means which their differences are more than LSD have significant difference.
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Table 2- Mean comparison for survival % and growth traits of Lancelot plantain ecotypes exposed to freezing stress

i S| (31)5 5lw @ 43) Lod &y woys We P Syilani Wy pSymhw S eSS G5
Ecotype Temperature (°C) Survival % No. Leaf per ( &30 50 6;;\,,,) (o s uj“,) &g
plant Leaf Area lz)er Leaf dry weight
plant (cm”) per plant (mg)

0 96.3 3.75 6.23 322
-3 100.0 4.00 6.19 273
-6 94.4 3.36 7.11 33.9
] -9 100.0 3.61 7.17 33.3
Bojnord -12 83.3 3.38 5.64 24.8
-15 16.7 0.78 1.12 5.4
-18 0.0 0.00 0.00 0.0
-21 0.0 0.00 0.00 0.0
0 100.0 4.56 7.49 38.5
-3 83.3 3.35 9.35 50.9
-6 97.2 3.67 10.2 44.8
oS -9 100.0 3.56 7.08 31.4
Kalat -12 83.3 3.39 4.59 22.5
-15 0.0 0.00 0.00 0.0
-18 0.0 0.00 0.00 0.0
-21 0.0 0.00 0.00 0.0
0 94.4 4.70 8.86 44.7
-3 100.0 4.44 6.89 38.0
-6 100.0 4.55 7.00 37.6
Sl -9 100.0 3.92 7.27 31.3
Mashhad -12 94.4 4.40 5.96 30.0
-15 44.4 1.36 1.78 8.3
-18 0.0 0.00 0.00 0.0
-21 0.0 0.00 0.00 0.0
0 94.4 3.40 5.16 24.4
-3 100.0 3.70 8.56 41.0
-6 92.2 3.62 6.38 30.8
ol -9 97.8 3.44 4.76 23.8
Ghayen -12 77.8 3.20 5.03 24.0
-15 0.0 0.00 0.00 0.0
-18 0.0 0.00 0.00 0.0
-21 0.0 0.00 0.00 0.0
0 78.6 3.40 3.54 23.0
-3 100.0 3.61 5.73 30.8
-6 100.0 3.48 6.26 253
N2y -9 36.1 2.56 2.79 15.4
Birjand -12 25.4 2.92 3.35 15.5
-15 0.0 0.00 0.00 0.0
-18 0.0 0.00 0.00 0.0
-21 0.0 0.00 0.00 0.0
LSD (0.01) 22.8 ns 2.42 10.3

St ()15 e (6 )lol glis gl el LSD Iyt Lol M &8 ol Sl
* Means which their differences are more than LSD have significant difference.
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Table 3- Lethal temperature for 50% of plants according to the survival % and dry weight of Lancelot plantain ecotypes
after one month recovery at greenhouse conditions

(Ecotype) cuisST LT50, (°C) RDMTs5 (°C)
(Bojnord) 5 )iz, -14.4 -14.1
(Kalat) M 14.1 -11.8
(Mashhad) e -15.8 -12.5
(Ghayen) 8 -13.6 -12.8
(Birjand) x> 0 -10.5 -11.1
LSD (0.01 and 0.05) 2.8 2.0

St ()15 e (6)lol Sglis gl cad LSD I ity bl M a8 pla Sl
* Means which their differences are more than LSD have significant difference.
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Figure 3- Regression coefficient between survival % and lethal temperature for 50% of plants according to the survival %
(LTs0su) in Lancelot plantain ecotypes (each point is mean of eight data).
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Table 4- Pearson correlation coefficients between survival % and some of growth traits of Lancelot plantain exposed to
freezing stress

1 2 3 4 5 6
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1- Survival percentage
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3- No. Leaf per plant
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4- Leaf area per plant
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5- Leaf dry weight per plant
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Introduction

Lancelot Plantain (Ribwort, narrow-leaf or English plantain) is a deep-rooted, short-lived perennial herb from
Plantaginaceae family which has been used for various medicinal purposes for centuries, especially in Europe
and only more recently has been proposed as a forage plant. The leaf of plantain is highly palatable for grazing
animals, providing mineral-rich forage. Recently two productive upright cultivars of plantain have been bred and
introduced, Grasslands Lancelot and the more erect winter active Ceres Tonic. Plantain grows moderately in
winter but its main growth periods beings in spring and autumn with opportunistic summer growth. Although it
reveals suitable winter survival in natural conditions, but there is not a lot of information about cold tolerance of
this plant. So it is important to recognize the freeze tolerance of narrow leaf plantain for successful planting and
utilization in cold regions such as Mashhad in Khorasan Razavi Province (Northeast of Iran). Determining LTs,
point or critical temperature for survival of plant is the most reliable and simple method for evaluating cold
tolerance of plants. Another reliable method for freeze tolerance of plants is estimation of temperature at which
50 % of dry matter reduces (RDMTsg). This experiment was carried out to evaluate freeze tolerance of five
ecotypes of Lancelot plantain according to the LTso5, and RDMTs, indices.

Materials and Methods

In order to evaluate freeze tolerance of Lancelot plantain, a factorial experiment based on completely
randomized design with three replications was carried out under controlled conditions at college of agriculture,
Ferdowsi University of Mashhad. Five ecotypes of Lancelot plantain (Bojnourd, Kalat, Mashhad, Ghayen and
Birjand) after three months growth and hardening in natural environment were transferred to a Thermo gradient
freezer on January 20y, 2012 and exposed to eight freezing temperatures (Zero, -3, -6, -9, -12, -15, -18 and -
21°C). The initial temperature of programmable freezer was 5°C; but gradually decreased in a rate of 2°C.h™
until reach to desired temperatures. When the temperature reached to -2°C, the plants were sprayed with the Ice
Nucleation Active Bacteria (INAB) to help the formation of ice nuclei in them. Then for recovery, plants were
transferred to greenhouse and after one month, survival and growth traits of plants were determined by
measuring characteristics such as survival percentage (Su%), the lethal temperature for 50% of plants according
to the survival percentage (LTsos,), number of leaf, leaf area, leaf dry weight and temperature at which 50% of
dry matter reduces (RDMTsg). LTs0s, and RDMTs, were determined after plotting survival percentage and dry
weight data curves versus experimental temperatures respectively. Analysis of variance performed by MSTAT-C
software and correlation between data carried out by MINITAB 15 program. Mean separation was conducted by
least significant difference (LSD) test at 1% probability level.

Results and Discussion

Analysis of variance showed significant difference between plantain ecotypes and freezing temperatures for
survival %. Means comparison showed that survival percentage of Mashhad ecotype was more than other
ecotypes. Interaction effects of ecotype and temperature on survival percentage was significant too and only
Mashhad and Bojnourd ecotypes in -15°C were alive. Evaluating the temperature-survival curve allowed
estimation of a LTs, value, similar to the LDs, (lethal dose for 50% of the subjects) in a toxicity screen. In this
experiment there was significant difference between ecotypes at the point of this indicator view and LTsgg, of
Mashhad ecotype was 5.3°C lower than Birjand ecotype. With decreasing the temperature to less than -12°C,
number of leaf and leaf area were decreased. In addition decreasing of temperature to less than -6°C, reduced
dry weight of plants noticeably. Mashhad and Birjand ecotypes produced the most and the least leaf number and

1- Ph.D. Student in Crop Physiology, Ferdowsi University of Mashhad

2 and 3- Professor and Associate Professor in Department of Agronomy and Plant Breeding, Faculty of Agriculture,
Ferdowsi University of Mashhad respectively

(*- Corresponding Author Email: nezami@um.ac.ir)



VPO slogm po S )b oo (o550 & Jooxi (2L

leaf dry weight but Kalat and Birjand ecotypes produced the most and the least leaf area respectively after the
recovery period. Based on RDMTs, index, Bojnourd ecotype was the most tolerant and Birjand ecotype was the
most sensitive ecotype. There was high and negative correlation between Survival percentage, LTs,, and
RDMTs5, (r— -0.97"" and r=-0.53" respectively) which confirmed that these indices were suitable alternatives for
each other in estimating the freeze tolerance of narrow leaf plantain.

Conclusions

Based on these results, Lancelot plantain has the ability to withstand winters which are not colder than
-16 C. Despite this for better perception of Plantain freeze tolerance potential, more experiments under
controlled and field conditions are required.

Keywords: Dry weight, LTso, Recovery, Survival



