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2- Ice nucleation active bacteria
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1- Lethal temperature for 50% of plants according to the
electrolyte leakage percentage.



1395 oyl (5295958 « Lojlods 30 alr S g T wy i 224

| — ]

58 4 JooT oy 1 81y 3Ll g S gl oLS 1 ol T (6 () o952 9 (W) glgins -1 UGS
Figurel- Stolon (a) and rhizome (b) separated from peppermint and prepared for evaluating of freeze tolerance
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2- Hardening
3- Thermal buffering capacity of the soil
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1-Electrical conductivity meter
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Figure 2- Minimum and maximum temperatures of autumn and winter of 2010 and spring of 2011 in Mashhad
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1- De-acclimation
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Table 1- Sources of variation, degree of freedom and mean of squares for electrolyte leakage (EL%) and LTsq from
peppermint organs subjected to freezing temperature during different sampling times.
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Table 2- Mean of electrolytes leakage % (EL) and LTsq from peppermint organs exposed to freezing stress.
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* Means which have different letters in each column have significant difference at 1 and 5% probability level respectively according
to the LSD test
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Figure 3- Effect of freezing stress on electrolytes leakage percentage of peppermint
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Figure 4- Effect of freezing stress on electrolytes leakage percentage from peppermint organs
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Figure 5- Effect of sampling time on electrolyte leakage % in peppermint
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Figure 6- Freezing tolerance of peppermint according to the LTsq during different sampling times. Times with a common
letter haven't significant difference at 1% probability level with January month
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Table 3- Interaction effect of freezing stress and sampling time on electrolytes leakage % in peppermint.
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Table 4- Electrolytes leakage % at different sampling times from two organs of peppermint (stolon and rhizome) which
exposed to freezing temperatures

Pl Sol252 4iged ole; (51,5 Bl 42.3) (5355 (slod
Organ Sampling time Freezing temperature (°C)
0 -4 -8 -12 -16  -20
(Dec) s 97 93 186 235 483 621
O g (Jan) > 247 294 213 28.0 603 376
Stolon (Feb) cpose 19.1 166 232 256 475 637
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(APr) 3558 125 127 509 856 918 931
(Dec) s 18.0 183 30.1 474 647 643
P93 (Jan) ¢ 241 231 267 322 56.3 352
Rhizome (Feb) cpose 124 209 227 352 550 736
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(APr) 3558 204 141 319 864 853 86.7
LSD
(0.01)=12.14
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*means that their difference are more than LSD have significant difference.
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Figure 9- Relationship between electrolytes leakage % and lethal temperature for 50% of plant according to the electrolytes
leakage in stolon (dash line) and rhizome (simple line) of peppermint exposed to freezing stress (each point is mean of 6 data)

a2 yho sled d 3late ey pSUl s dopd (ppteS 58
a3 =20 los plgo coits gSls g yepo ole 4 31,5 ks
Jeoos i) LTsgel (2508 315 &) elo (323,98 59 215 s
ool o el s oo olo 3l g3 ya el (S350 @
i S bl s 3y slmole 3 il glins L Tope el

IS (8 5 A
Loy iUl s 2o > cpyieS 48 3l lis adllas oyl gl

2 ol it g 53 ele )3 31,8 ol 42 )3 =4 (slod 13 gl >
oy 5> bl 5Ll 5,5 ol 4,5 =20 (glod j3 g olo (39,8



1395 Cuiigeasd )l = 55958 « Lojlois ¢ 30wl (S g o @y ot 232

11-

12-

13-

14-

15-

17-

18-

19-

20-

22-

23-

24-

203 31,5 b an > =14 clad By S5

&bo

Anderson J.A., Michael P., and Taliaferro C.M. 1988. Cold hardiness of Midiron and Tifgreen. Horticultural
Science, 23:748-750.

Arbaoui M., Balko C., and Link W. 2008. Study of faba bean (Vicia faba L.) winter hardiness and development of
screening methods. Field Crops Research, 106: 60-67.

Ashworth E.N. 1992. Formation and spread of ice in plant tissues. Horticultural Review, 13: 215-255.

Bupesh G., Amutha C., Nandagopal S., Ganeshumar A., Sureshkumar P., and Murali K.S. 2007. Antibacterial
activity of Mentha piperita L. (Peppermint) from leaf extracts — a medicinal plant. Acta Agriculturae Slovenica,
89 (1): 73-179.

Campos P.S., Quartin V., Ramalho J.C., and Nunes M.A. 2003. Electrolyte leakage and lipid degradation account
for cold sensitivity in leaves of Coffea sp. plants. Journal of Plant physiology, 160: 283-292.

Eugenia M., Nunes S., and Ray Smith G. 2003. Electrolyte leakage assay capable of quantifying freezing
resistance in rose clover. Crop Science, 43: 1349-1357.

Foster S. 1996. Peppermint: Mentha piperita. American Botanical Council - Botanical Series, 306:3-8.

Gardiner P. 2000. Peppermint (Mentha piperta). Longwood Herbal Task Force; Available at:
http://mww.longwoodherbal.org/ peppermint/peppermint.pdf

Gusta L.V., O'Connor B.J., Gao Y.P., and Jana S. 2000. A re-evaluation of controlled freeze-tests and controlled
environment hardening conditions to estimate the winter survival potential of hardy winter wheats. Canadian
Journal of Plant Science, 80: 241-246.

Han B., and Bischof J.C. 2004. Direct cell injury associated with eutectic crystallization during freezing.
Cryobiology, 48:8-21.

Izadi- Darbandi E., Nezami A., Abbasian A., and Heidari M., 2012. Evaluation of freezing stress tolerance in Wild
Oat (Avena ludoviciana L.) by electrolytes leakage test. Journal of Environmental Stresses in Crop Sciences, 5 (1):
81-94. (in Persian with English abstract)

Kalberer S.R., Wisniewski M., and Arora R. 2006. Deacclimation and reacclimation of cold-hardy plants: current
understanding and emerging concepts. Plant Science, 171: 3-16.

Leinonen I., Repo T., and Ha'nninen H. 1997. Changing environmental effects on frost hardiness of Scots pine
during dehardening. Annual of Botany, 79: 133-138.

Levitt J. 1980. Responses of plants to environmental stresses. Vol 1, Chilling, freezing and high temperature
stresses. 2" ed. Academic Press, New York.

Li R., Qu R., Brunean A.H., and Livingston D.P. 2010. Selection for freezing tolerance in St. Augustine grass
through somaclonal variation and germplasm evaluation. Plant Breeding, 129: 417-421.

Li W.,, Wang R., Li M., Li L., Wang C., Welti, R., and Wang X. 2008. Differential degradation of extraplastidic
and plastidic lipids during freezing and post-freezing recovery in Arabidopsis thaliana. The Journal of Biological
Chemistry, 283: 461-468.

Linden L. 2002. Measuring cold hardiness in woody plants. Academic dissertation. University of Helsinki
Finland.

Linden L., Palonen P., and Linden M. 2000. Relating freeze-induced electrolyte leakage measurements to lethal
temperature in red raspberry. Journal of American Society Horticultural Science, 125(4):429-435.

McNabb K., and Takahashi E. 2000. Freeze damage to loblolly pine seedlings as indicated by conductivity
measurements and out planting survival. Auburn University Southern Forest Nursery Management Cooperative.
Research Report 00-4.

Mirzai-Asl A., Yazdi-Samadi B. Zali A. and Sadeghian-Motahhar Y. 2002. Measuring cold resistance in wheat by
laboratory tests. Iranian Journal of Sciences and Technology in Agriculture and Natural Resources, 6:177-186. (in
Persian with English abstract)

Moshiri F., Bagheri A., and Safarnejad A. 2006. The effect of cold acclimation on freezing tolerance of three
chickpea (Cicer arietinum L.) cultivars. Iranian Journal of Agricultural Science and Natural Resources, 12:153-
160. (in Persian with English abstract)

Nayyar H., Bains T.S., and Kumar S. 2005. Chilling stressed chickpea seedling: effect of cold acclimation,
calcium and abscisic acid on cryoprotective solutes and oxidative damage. Environmental and Experimental
Botany, 54:275-285.

Nezami A., Azizi G., Siahmarghooee A., and Mohamadabadi A. A. 2010. Effects of freezing stress on electrolyte
leakage of fennel (Foeniculum vulgare). Iranian Journal of Field Crops Research, 8: 587-593. (in Persian with
English abstract)

Pietsch G.M., Anderson N.O., and Li P.H., 2009. Cold tolerance and short day acclimation in perennial Gaura



233

QJJJS el.o.v.v 30 diliiiwo ) Cuoglio Wiy

25-

26-

30-

31-

32-

coccinea and G. drummondii. Scientica Horticulture, 120: 418-425.

Rezwan-Bidokhti Sh., Nezami A., Kafi M., and Khazaie H.R. 2011. Evaluation of freezing stress effect on
quantity of electrolyte leakage in Shallot (Alliumm altissimum Regel.) as a medicinal and industrial plant under
controlled conditions. Iranian Journal of Agroecology, 3 (3), 371-382. (in Persian with English abstract)

Singh R., Shushni A.M., and Belkheir A. 2011. Antibacterial and antioxidant activities of Mentha piperita L.
Arabian Journal of Chemistry, 1: 1 - 5.

Sulc R.M., Albrecht K.A., Palta J.P. and Duke S.H., 1991. Leakage of intercellular substance from alfalfa roots at
various subfreezing temperatures. Crop Science, 331:1575-1578.

Uemura M., and Steponkus P.L. 1997. Effect of cold acclimation on the lipid composition of the inner and outer
membrane of the chloroplast envelope isolated from rye leaves. Plant Physiology, 114: 1493-1500.

Valmorbida J., and Boaro C.S.F. 2007. Growth and development of Mentha piperita L. in nutrient solution as
affected by rates of potassium. Brazilian Archives of Biology and Technology, 50 (3): 379 - 84.

Wongsheree T., Ketsa S., and van Doorn W.G. 2008. The relationship between chilling injury and membrane
damage in lemon basil (Ocimumxcitriodourum) leaves. Postharvest Biology and Technology, 51:91-96.

Yoshida S. 1986. Reverse changes in plasma membrane properties upon de-acclimation of mulberry trees (Morus
bombysis Koidz). Plant Cell Physiology, 27: 83-89.

Zhang X., Ervin E.H., and Labranche A.J. 2006. Metabolic defense responses of seeded bermudagrass during
acclimation to freezing stress. Crop Science, 46:2598-2605.



Journal of Water and Soil (532918 @buo 5 pole) S g o & pis
Vol. 30, No. 1, Mar.-Apr. 2016, p. 222-235 i 222-235 . p 1395 ol s )= (23,8 L oyles 30 Wl

Evaluation of Winter Hardiness in Peppermint (Mentha piperita L.) by
Electrolyte Leakage Indicator

A. Nezami®* - M. Janalizadeh? - T. Kheirkhah?® — M. Goldani* - K. Hajmohammadnia®
Received: 16-07-2014
Accepted: 14-09-2015

Introduction: Peppermint or Mentha is an aromatic, medicinal and perennial herb from Lamiaceae family
which has been used for healing a variety of diseases such as common cold, bronchitis, nausea, flatulence,
diarrhea, vomiting, indigestion, stomach cramps, menstrual cramps and parasitoids. Peppermint is largely
cultivated in Indiana, Mexican and California for the production of peppermint oil. Mentha reveals suitable
winter hardiness in warm and temperate regions, But in cold areas, it confronts with winter stresses particularly
freezing stress. So recognizing the freeze tolerance of peppermint for successful planting and using of this plant
in cold regions such as Mashhad, Iran where peppermint is cultivated now is important. Among the many
laboratory methods which have been developed to evaluate freezing tolerance of plants, electrolyte leakage (EL)
test is widely used. This test is based on this principle that any damage to the cell membranes results in enhanced
leakage of solutes into the apoplastic water, hence measuring the amount of leakage after stress treatments
provides an estimation of tissue injury. Often, the 50% level of relative EL, or index of injury, is simply equaled
to 50% sample mortality. This study was done to evaluate the freeze tolerance of peppermint organs by
electrolyte leakage test and also to determine the winter survival ability of this plant by lethal temperature at
which 50% of electrolytes leaked from the cell (LTsqe).

Materials and methods: In order to evaluate the cold tolerance of peppermint, a factorial experiment based
on completely randomized design with four replications was carried out under controlled conditions. For this aim
samples from stolon and rhizome of peppermint were selected monthly (December 2010 to April 2011) from
Research Field, College of Agriculture, Ferdowsi University of Mashhad and were exposed to low temperatures
(from 0 to -20°C with 4°C intervals) in a thermo gradient freezer at laboratory. The initial temperature of
programmable freezer was 5°C; but gradually decreased in a rate of 2°C.h™" until reached 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. As well the spraying had been conducted to prevent
from super-cooling of samples and to ensure that the mechanism of freeze resistance is tolerance not avoidance.
After a desired freezing temperature was reached, the samples were removed from the freezer and then were
thawed slowly during 24 h in a refrigerator at 5+1°C. In order to assess plasma membrane stability, four freeze
stressed samples from stolon and rhizome were incubated in vials which containing 50 ml of double distilled
water and the initial electrolyte leakage (E;) was measured by an electrical conductivity meter next day.
Afterward for determining of final electrolyte leakage due to the death of whole sample, accessions were boiled
in autoclave with pressure near to 1.2 bar and temperature around 110°C for 20 minutes. E, was measured next
day similar to E1. Electrolyte leakage percentage was expressed as E1 to E2 ratio. Afterward lethal temperature
for 50% of samples according to the EL% (LTsoe) Was calculated to estimate the freeze tolerance of peppermint
organs during different sampling times.

Results and discussion : Results showed that by decreasing of temperatures, EL% increased in both organs
and at -20°C, EL% was 50 percent more than control (0°C) treatment. Moreover at -12°C, EL% from stolons
was eight % less than rhizomes. Studies showed that cold sensitive plants or organs showed further amount of
ions leakage from their cells. So further leaked material from rhizomes should be interpreted as more sensitivity
of this organ to freezing temperatures in comparison to stolon. The least and the most EL% was observed in
January and April, respectively. And the least and the most value of LTsq Was achieved in February and April,
respectively. It seems that due to the occurrence of cold hardening in both organs during cold months of year,
stability of membranes have been increased, so EL% has been decreased. Stabilization of membranes to cold
stress damage is a key role of cold hardening. In addition it could be stated because of occurrence of de-
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hardening in samples during warm months of year, freeze tolerance level of organs have been declined based on
LTs0er. LTs0 for stolons depend on sampling date varied between -8.4 to -14.5 °C and for rhizome LTsge ranged
between -8.8 to -13.9 °C. Interaction effect of organs, temperature and sampling date on EL% was significant.
The most EL% belonged to stolon in April at -20°C and the lowest EL% was seen in this organ in December at -
4°C. Similarity in rhizome the highest EL% was recorded in April at -20 °C and the least EL% was observed at 0
°C in February.

Conclusion: According to the electrolyte leakage and LTsq indices, peppermint can tolerate freezing
temperature up to -14°C during the cold months of year. Despite this for complete understanding of peppermint
response to freezing stress, further studies and reaserches under controlled and field conditions are required.
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