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2- Lethal temperature 50 according to the plant survival
3- Ice Nucleation Active Bacteria
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1- Lethal temperature 50 according to electrolyte
leakage
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1- Reduced Dry Matter Temperature 50



YAY

w0 Gl oLS o (S0 &y i Ol il axdllae

Slani (SUid 59 sl oy g (535 G T 3l e B Sy SN i e pd Oldo (il g 33 51 ols Ol po (Sl —Y Jgua

oo by 9 (535 1 s lowd Jlosl 51 mg 59y 1Y (o Glhae 0lS )3 (5 Jlab g doid g JS Sl

5&?).3 HKeY) 6495.2)

JUt] s Slass 9 J5 dlaxs _ slass 039 Aoy Sl a0
B . B . ‘5).33‘..\:5 . B o
S s g5 axs sy Suis <l Cudg S &3l
O/A™* I Nt q/vs** yea/Av A <A™ F\YE YOS¥/V* ) SN
¥y ¥ R W viov .50 Iy -8 20/ - vy s
3l 3gmg b ool il ly 4o Sl 8
100 - - - - - - - . - 100
90 4 - 90
80 L 80
j“ 70 - L 70 &
1 60 o L 60 j?
] (73
Si 50 - L 50
B 40 - L 40
3 30 L 30
4
20 - 20
10 - - 10
0 . . . . . . . . - - 0
o} 2 4 6 8 10 12 14 16 18 20 22
{- fl_ D) 7 (Sled

o J S Lyl 13 (555 (sled il Codd on (Slue LS M) sl noyd o (@) Cld dopd Y IS

2 olelS Sid (g plise 45 (Sgme an sl wBl ials
P S o YA 9 V8 Cuip 4 ol il a0 =V 5 —VF slales
b8l oygs bl 3 GlalS Sis (g Canl 0392 LS e ]
=A™ (s eyl (Siansen b g xS s Aoy
o g Sl cuis ili8l b &S S 4V Jodn) cuil (=
0dsals glod dalllas (pl o ] adly yialS 55 olS Sid (50
=¥ 250 ex slue LS (RDMTsp) Sis 59 Ao yd O+
oSl a0 VY (glod Koo jle 4 by 3 Kl sy
Wl )les 4 Cans lals S jg o 0 Lol o
s bl plals s gy Led 5l e g3 cal 0
S Gy 4y b o S St g Loy galS 5 05 sanlio
DMTsy ()b il 0g sl duopn VY ol Kb as > =Y (glod o
oSl dz s =FIA oo jwsd pas bylyds > aibjly gla ST
oSl doyd =Ve sloywes Hlewd cov lS o &SIl o 0y
2 OBl Sis gy (2l (0) GSen 5 shje (YY) 48 s
Uy gl g (535 & jl (A6 olud S Ty <l oge

Sl asly plea sl plul sz iy

i 2LS Gl bl o e Sl sy 04 e 4!
o Laljll (Lo o yo b dulio )0 o S'py Do) ol =y > e
5l oslawl s 4SSl pgd g ail o5 LS S po do)d B ne
Hoo 2LS sl bl eslatel Vi) by ey il cuis o ls
= Pee cd lie s 0 ol S 5l eolatl b g olS slds po
P Logas g La aals paad 3, 31000 il g dales
Wbl yoyiwd > (BLS silasl 4y oS Wges by g 40 a5 (43)l50
sla Sl oslaiwl Gygo cpl e 0 4,5 5 Conl oolaiwl JB8
Ol () 3 > e 4 09 Sl Clial LB e lalS
L Colg Sl cuts (6505 o)l Caps &S 25 (0 0dbliio 5,500
(F) Conl oas o3kl Hlals Sy 5l
P ey gl plals Sis (g p 2led sbjlegs 156
5 s (535 e 4 31 4t ) 33t o0 b
SCis g Led il S L as gysb 4 () Join) 540 ( P<e/4Y)
o odalio call =Y S5 (5 &S jslailen bl ials 1o olalS
Ced ul_\_o bl)iwl_w vy —F sl b ohbltf Siis )9 g
635 bind e b o)l 5l aw Jg anilys 8 (555 o i b



W’R.):;_glé,&‘To)MsYA&‘Jusyiq)a FA¥

s iy (318 ole a0 —VF) jeSie gl U lalS uile
o=l ass b asS ais sad (IS asSoua (505 slus
S 3 (e 3 o ) (ol ) 3 332 7 oS adlas
U =Y b oyl 4 s (0] Silo 4 yd ja0) sald oled
f lnslass JLasl 45 oy o 5 4 32 3 Sl a2 O
5 JS o wles LS5 5 o0 cel Ylassl olS ol 3 (55
cood lis o, Kl dojn =V slod U 35 IS jlad dlaws ol 38l
Ol 3 55 s sl (535 g 10 9 8,55 )18 olod slayleg 3
(oY IS8 ) 05 eanlio JS 455 gun 35

5 =iil) Clino o ( PSe/o)) )y (e sl (S
o (Stad Jlio clsie & { Jpiz ) 2 oanlio g, Clis
AY 5 M dgas Cud i dy Sy ol g doiy Dl b asuie ¢ JS olass
il a8l any yomie 5 oS iS55 25 ol 0392 oy
bolS St (59 o (Stuarad & g5k 4 Cunl 0d olS ol
Do doyd Qs dgds bl sl law

1.6 -
1.4 4
1.2 3
1.0 1
0.8 -

0.6 4

A ¥= -0.002x2 -0.017x + 1.434
0.4 4 R*=0.883
0.2 4 ¢

(p5) 653 25 3

0.0 T T T T T T T T + T +

0 2 4 6 8 10 12 14 16 18 20 22

35 -
304 &
25 4
20 -
15 1
10 -+

y =-0.055x2 +0.012x + 22.92
R*=0.804

g, I lass

6 8 10 12 14 16 18 20 22

o sl QLS Sy g doxiy Blas (535 & lales
3o b ol ol Loy galS b &S (o950 4 g (P <e/)) s e
A2 =W BV ol ojins o (o5 o Y JSB) cdl ials
lajles o S0 b domy ol Jlas 5l ool cuglas ol Sl
Cano 93 oyl oL, Sl ao )0 =V glod o Jg s sdmline oled
a1 lad L ol sl 4G ygb 4 s 5 oS luas
Wy D D9 § S Ao yd YO i tald Hles 4 Cows oKl
e 55 Syl by 1L 5 (535 & 4 JeS s9) 2
a0 =W 9 =AY ol slayles ;3 Sy olas 4S5 ekas 0
OidlS ald 4 G Moy YY/A 9 Vo /F IV (i 4 o Sl
V)25 by
obS salj 1)y (P=e/0) o)l (e 1 (535 & slaleo
I Gl U aSil ogng b (Vg ) dsly (azwe 4 JS o)
sl Sles ol g ol 18U oled oyl o Kl 4y
YY Sl o ol Sl anpn =V gled Jg ¥ )
055 3929 b g b aald jled 4 Cd olS > i sl (o

(=)

4.0 4

3.0 1

2.0 1
y=-0.012x% +0.106x + 3.296
R*=0.773

Wiy 0zl olaas

1.0 1

00 IIIIIIII;
0 2 4 6 8 10 12 14 16 18 20 22

v v

Al ) o J S bl )3 (535 g slod pil Cod dea slse (LS (9) S 2 dland () doey dlawi (W) SiS (459 -F JSW
(Cowl 3 aw puSle



YAD w0 Gl oLS o (S0 &y i Ol il axdllae

1.2 4 5 -
] . ¢
e . o (o g) &4 ¥ (alh
e 0.8 -
—3 1 u o 39
28 0.6 4 P
9 0.4 - '3, 2 % - 0.021x2+0.282x + 2.893
S L ¥ =-0.003x2 +0.019x + 0.803 2 Ri=0.798
0.2 4 R*=0.795 2 19
2
0.0 T T T T T T T —t > . 4 4] T T T T T T T T * * +
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
(-'C) S0 sles
4.0 -
354 * (&)
3 3.0 4 .4 3
4
o) 2.5 9 3
X 20 4
3 15 4 3
4 10 4 = -0.008x% + 0.026x + 3,004 1.0 A1 -,-=-o_olsai-o.zsn-z.uss
1 o s T 0.5 - R¥=0.777 +
070 Ll L) L] Ll L] L] Ll L ; b ; 0-0 L] L L L T L L] Ll : . :
0 2 4 6 8 10 12 14 16 18 20 22 o0 2 4 6 8 10 12 14 16 18 20 22

(-'C) 55 & sles

(-"C) 535 & csles
byl )3 (535 fu bl il Cod (oa Sls LS () J5 B (&) agsd dlans ((O) JS sland (W) azsi g S5 pgome T IS
(Cowl das dus (3uSbo aladi y2 ) oo J S

Sani (A2s g S5 Egotno cdigy jd Sy g Aoy daad cdigy SWiS (59 el o yd (b Cudg SN Sl o j3 (yw (Suod s =T Joain
badh J S Laglpd 05 gl (Sline OS> JS a8 5 i 3l o5

A Y 1 o £ ¥ y )
\ b culg Sl cuis juops =)
) —e Ay eliy Jop> =Y
\ /S RV s iV
) A R S A aoxiy olaws ¥
\ AT AT A e Sy olaxs =0
) SAYE AT AT LAY /T amd g 5 dluws =
) VAN AV R /Y N L R L A A J5 sluss -y
) Y A Y 7Y SR Y N S AL aié s —A
/ALY YL A VI SRYAN S Y N A J5 jls A
2oy ) g /N ol )3 )3 gime Gl 4y e g s
Sy Jlie olaie 4 gy ciglite dadllas 3y90 Slaw (iiSly i C S Ao
=9 39 ol w3 Kl a3 =V (glod b b g Sl cuis

: 5alS o ey Sl et (il o (S35 g0 (A5
$lod U olals cliy 10> oS g0 adly (il38l of 5l am aateCan g S0 o Gl o 535 & A8

ol A Ay (opl 3939 b ad en (sliuo olS dazee Ay 4 5las



¥ 55— 010,35 Yoyl YO wl> (S g T ais YAF

olals sa o b Sye a sl wais lald asp b S s an ol jlae 5 e85 )13 b cov o Kl a3 -V

ol Sy slo cdly 1 o s wSUl dus 3 YA &S us el oK LS g oSl )0 YA glod 0 &S g5 4 il il

LAs gz Sl S ooy b cod es (slie olS Sid 55 Lled 055

Sy ol & Syae jd wdly Gials cud 4 o Sl 4y A

S ol Sl il slial g doy slisy g ol Kl 4o —VF glod b olS )

by pyioee Cglan lytel o j1 a5 ) 49 ol 3 dm g dissly (ol Lws Kg; 3 Kl a3 )3 =V slod b olS

010 (3pol5 00 IS |y e g b olSitils (55,5l 01l HAb oS
23,5 oo 1,48 g 1S dliginy 4 Can 42> =W s VN Jobse i 4y LTso 9 LTs0a

e S 1o g0 3 D ais Jy €l 35 55

Fl%)

(533U Syli b L5 4 o sl Camglayes g 2ol AFVA o Sl o] ol g s ,3b —)

93 oy s e o) 3 L g Ul s sl 5 oslitl 1Sl sy AYAR g (gdiaS 5] sollis S LI Liao glo —Y
(V) A Al ol (o)) leetngy alme 45 1

IS izl KIS AYVE L als Y

g olKetils Llanl g s blS AYSA s 65,5 —F

alons oad 58 byl 8 o paS el (535 G an oot bl WA g (1B 5 e Mo (e el (ollad o Saje D
N (F) colnl =l sleedagi

(S 7555) yo il o S ()90 9 <t WY g (gpaome —F

of8 allasl . ely; GlS (555 Fu g by sl (15 (o0l 9 (g5l s slb aun NYVA L Shaol 5.8 sde see po =Y

Sledagh abre IS ) (53] fo Ojlud | padld plgie & bty pSIl Cls WWAS g cpd g Siaje wp Sl ol (gin ol (ola A
AEY=IYA Y (D) ol 2y

S Ly ) oy J o 135 2B (555 o & Jood (alj)l AYM p (ggmg0 s> g cp siuje p o ol Soip ol ola A
VWYY 1Y) Y sl ool sly) sloimgy aloxe o0

olejey ool Jee o K8 NYES & ol o590 )

11- Anderson N.O., and Gesick E. 2004. Phenotypic markers for selection of winter hardy garden chrysanthemums
(Dendranthema grandiflora Tzvelv). Scientia Horticulturae 101: 153-167.

12- Blum A. 1988. Plant Breeding for Stress Environments. CRC Press, Inc., Boca Raton, FL.

13- Cardona C.A., Duncan R.R., and Lindstrom O. 1997. Low temperature tolerance assessment in paspalm. Crop
Science. 37: 1283-1291.

14- 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.

15-Fowler D.B., and Gusta L.V. 1979. Selection for winterhardiness in wheat. I. Identification of genotypic variability.
Crop Science. 19: 769-772.

16- Griesbach R.J., and Berberich S.M. 1995. The early history of research on ornamental plants at the U S. Department
of Agriculture from 1862 to 1940. HortScience. 30: 421-425.

17- Gusta L.V., Fowler D.B., and Tyler N.J. 1982. Factors influencing hardening and survival in winter wheat. In: Li,
P. H. and A. Sakai, eds. Plant cold hardiness and freezing stress, mechanisms and crop implications. Vol. 2.
Academic Press, London. pp. 23-40.

18-Gusta L.V., O’Connor B.J., Gao Y.P., and Jana S. 2001. A re-evaluation of controlled freeze-test and controlled
environment hardening conditions to estimate the winter survival potential of winter wheats. Canadian Journal of
Plant Science. 81:241-246.

19-Li W., Asada Y., Koike K., Nikaido T., and Furuya T. 2005. Bellisosides A-F, six novel acylated triterpenoid
saponins from Bellis perennis (compositae). Tetrahedron. 61: 2921-2929.

20- Nezami A., Soleimani M.R., Ziace M., Ghodsi M., and Bannayan Aval M. 2010. Evaluation of freezing tolerance of



YAY w0 Gl oLS o (S0 &y i Ol il axdllae

hexaploid triticale genotypes under controlled conditions. Notulae Scientia Biologicae. 2(2): 114-120.

21- Phillips R., and Rix M. 2002. Annuals & Biennials. Firefly Books.

22-Rashed Mohasel M.H., Nezami A., Bagheri A., Hajmohammadnia K., and Bannayan M. 2009. Evaluation of
freezing tolerance of two fennel (Foeniculum vulgar L.) ecotypes under controlled conditions. Journal of Herbs,
Spices & Medicinal Plants, 15:131-140.

23-Still S., Disabato A., Brenneman G. 1988. Cold hardiness of herbaceous perennials. Proceeding International Plant
Propagation Society. 37: 386-392.

24- Swarup V. 1997. Garden flowers. National Book Trust.

25-Tcacenco F.A., Eagles C.F., Tyler B.F. 1989. Evaluation of winter hardiness in Romanian introductions of Lolium
perenne. Journal of Agricultural Science. 112: 249-255.

26- Walker M.D., Ingersoll R.C., and Webber P.J. 1995. Effects of interannual climate variation on phenology and
growth of two alpine forbs. Ecology. 76 (4): 1067—-1083.

27- Warmund R.M., Guinan P., and Fernandez G. 2008. Temperatures and cold damage to small fruit crops across the
eastern united states associated with the april 2007 freeze. Horticultural Science. 43: 1643-1647.



Journal of Water and Soil (53)9LiS @alioo 9 polke) S g O &y i
Vol. 25, No.2, May-Jun 2011, p. 380-388 A FA—FAA o A0 15— 315,5 Y o,lecs Y ul

Evaluation of Freezing Tolerance of English Daisy (Bellis perennis) under
Controlled Conditions

M.J. Moosavi'- S. Nezami?- E. 1zadi Darbandi®-A. Nezami*'- M. Yousefsani®- F. Keykha Akhar®
Received:14-08-2010
Accepted:19-12-2010

Abstract

The aim of this experiment was the study of freezing tolerance of Bellis perennis under controlled conditions
and were arranged in a completely randomized design with three replications. Plants after sowing and grow in
the bed, at the middle of autumn (after hardening in natural conditions), in the 7-8 leaf stage put on the
thermogradiant freezer with the 12 freezing temperatures (0,-2,-4,-6,-8,-10,-12,-14,-16,-18,-20,-22 °C). Cell
membrane stability was measured through electrolyte leakage (EL) and survival percentage and regrowth of the
plants after 3 weeks in cold frame were measured, by counting the number of plants and determining their
proportional with the number of plants before freezing and measuring the dry matter, number of flowers and
fully developed leaves. With decreasing the temperature EL increased significantly (P<0.05) and reach to the
maximum at -18°C. Survival percentage of plants did not affect until -16 but all the plants were died in other
sever freezing. Dry matter of the plants was significantly (P<0.05) decreased by lowering the temperature from -
6°C. Lethal temperature 50 (LTsp) of samples according to the EL and survival were -15.2 and -17.0,
respectively.
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