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Abstrmet. Cold Bardiness 15 a ke factor limiting the distributon and peoduetivity of perennial horticultural plants m e
temperate regions of both hemispheres, Frequent frosts oceurring during winter and spring i Khorsan, [an cause serious
damage lo apricon. peach, nectarine, lig, olive. pomegranate, and walnut which necessitate the selection of resistant cultivars.
Helore introducing new genosypes, their capacity lor adaptation 1o different conditions needs m b studied. Walnut pro
duction m Khorasan has been mereasing theough area expansion and the miroduction of new genotypes. I tus area,
affective freeze occasionally danwges walout ree. The s wemperature on winter of 2008 was ahout =220 The ab-
Jective of this study was 10 evaluate cold handiness in 12 walmut genotypes (K21B3713, K21B5/15, K2IBA 1T, K2116/15,
K28B2/5, KIRBLG, KIIES14 KI3B5 14, K2IBAE, K2IB925, K2EB3E, and K21R3) wlsch were planted in 956 on
seedlings at the genotype collection (36 177 N and 397 38" Eand 1012 m altitude) of Khorasan Agrculiural and Natural
Sourees Researches Center, Mashhac. Tran. The jonic leakages were evaluated at the Department of Horticulre ar Ferdowsi
Liniversity i Mashhad, Iran One- and 2-vear-old shoots of about 30 cm Jong were nimdomly collected on February, 20058
from mature trees, K2TRS13, K2IBS'15, K2IB6 IS, K2IB3E, and K28B3E penotvpes had more damage than the ather
genotvpes, but K23E55, K2ZAH3 T4, and espectally K2TB923 showed vesistimes 1o =220, Linear comelation: benween
tomie leskage and visual obsenvation was found, Mmimuanm jonic leakoge was observed in K2ZTR9 75 and visual observation

confirmed fs cold hardiness. Flower buds in K21B305 amd ve

elitive buds in K2TB3R were damoged complerely, Sexual

Bads were e most sensitive organs of the tree. Annual shoots were dimaged more severely than biennial shoots,

Addivional Key words: anual shool, biemninl shoot, cold hardiness, electrolyvie leakage, fower bud, vepeative bud

Introduction

[ high latitudes of both hemispheres, low temperature is a
major environmental factor lmiting the productivity and the
ceographical  distribution of perernmial horicultural craps.
Loy temperature (s a dorminant Getor in the distribution, growth,
and survival of woody plants (Grace, 1987, 1985), According
o Kozlowski and Pallardy (19971 sudden exposure of un-
hardened plants o freceng temperatures tvpically resulls in
iy Lo thedr shoots, cambin, and roots and ofien leads o death
af the plants. Cold hardiness varies greatly among species,
penotypes, and cven different parts of the same plant. Skroppa
(1991 found differences in frost hardiness between two
popudations of Pleca abies that originated only 60 km apart at
the same alttude and latiude. In general, reproductive

structures, roots, and voung leaves are particularly sensitive

tor lony lemperature,

Emvirommental conditions that inhibit plant growth include
low temperatures (Cannell and Shepherd, 1952; Christersson,
[975; Greer. [983: Greer and Warmington, 1982; Gusta and
Wetser, 1972 Howell and Weiser, 1970; Sakai and Larcher,
19871, shon days (Bigras and 13 Aoust, 1993 1Y Aoust and
Cameron. 1982: Greer and Warninaton, 1952; Silim and Laven-
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der, 1994), water deficieney (Chen et al., 1977 Timmis and
Tanaka. 1976 Wildung et al, 1973 Yelenosky, 1979, and
combinations of these conditions {Fuchigami ¢t al., 1971,
possibly mducing cold hardiness in some specics. In woody
temperate plants, cold hardiness develops  gradually cach
year, long belore onset of very fow wemperatires, Hardiness s
mduced in two sequential stages. T the first stage, accumu-
lation of carbohyvdrates and Tipids starts at temperatures be-
tween 10 and 2000 during autumn, These campounds are sub-
sirates and energy sources far subsequem metabolic processes,
The second stage, which is promaoted by freering wmperitunes,
involves synthesis as well as structural changes of proteins
and membrane lipids (Koeddowski md Pallardy, 19973, There
15 evidence that low but no-freesing temperatures induce
accumulation of delivdrims and other non-dehydrin proteins in
leaves, stems, and Oowers (vuthahf and Rowland, 1994),
Seasonal patterns of wecumulation of dehydins with scelimation
o cold were confirmed i bark tssues of Prmis pervica,
Moy dewnestiva, Rubos sp., Popdis spe Saliv bablonica,
Crarrnes flowic, Sassafvas afbichan, and Robinia psewdogcacia
{Wisniewski and Arora, 19920, However, the specific role of
dehvdrms durmg development of cold hardiness itself is not
ke (Wisniewski and Arora, 1992), Onee delardening started,
temperature had the major imfluence on loss of cold hardiness
(Greer, 19830 The role of photoperiod in development of cold
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Pardimess in nature varies appreciably wath ditferent species,
Species that set buds usually harden extensively in response
to shont davs, Such treatment accelerates buds, induces early
dormancy. and increases cold hardiness, Cold hardiness is
oflen mdweed in part because waler stress provents growth of
abnormal Tate-season shoots such as lammas and proleptic
shoots (Rozlowsks and Pallardy, 1997 L which may be injured
by autumn frosts,

Wi et al. (1991 reported high sensitivity of walnuts 1o
extremes m o winter and summer lemperamires as well as o s
duration. The plant can wloate op to =11 U during deep
dormancy without serious damage. but as soon as growth
starts after dommancy, low temperature of cven 2 or 30
severely mjures leaves, shoots and flowers resulting i crop
Fatlure. T the seme manner, plants which continue the growth
ull fare fall are subjected o serious foliage dumuge by frost,
However, frost 1olerance varies with varictics. The Fureka
aroup has been reported to be most susceptible w frost injury
[Serr, 1969, Carpathian walnut race. grown i colder regions,
15 highly cold tolerant during dormancy but 15 less productive
[Ramaos et al, 19541 Several methods have been proposed for
seleeting frost tolerant genatypes instone fruit specics, such
as visual observations {Szaba et al., 1996} and jonic Jeakage
messurements {La Porta et al, 19941 These techniques success-
fully diseriminated between frost-resistant and frost-sensitve
walnue genotvpes. but they were used ona limited number of
genotypes. The subject s confined 10 acrial parts of walnu
trees. Hence, the major climatic fctor associated with walnut
frost injury i northeast Iran s the severity of winter. Lo fow
temperatures doring lanuary, February, and March,

The main objective of this research was o evaluate and
identify cold hardiness of 12 walnut genatvpes with a special
emphasis on relative wnic leakage and visual obseevation for

measuring hardiness characteristics,
Materials and Methods

Lxperiments were carried out using 12 walnul genotvpes
(R2TRS13, K2IB3 15 K2IBAT T, K21BA1S, K28B2S, KIEBY6,
K2IB513, K23B34. KZIBAS, K2IB9/25, KIER3AE. and
K2TB3) that were grafied in 1986 on seedling rootstocks at
the genotype collection (367 17 Mand 5397 36" Eand 1012 m
altitude) of Khorasan Agrculural Rescarches and NalrLlr:IH

Sources Center, Mashhad, Tran. Plant materials were tested

atype from five trees were dissected and their injury e de-
termined and relative 1onic leakage measured. In addition, |-
and 2-vear-old shoots of about 30 cm long were randomly
collected on Febrwary 1, 2008 from mature wrees and the rates
ol imury were determined by onic leakage,

Electralyte leakage was measured usimg a digtal conductivity
meter Clemway 4310, Tokyo, Japan) ma laborsiory ar Ferdowsi
Linpversiy ol Mashhad, Tran lonic (K ) distributions in cell
material of different pans were also monitored, lonic leakage
percentage of different parts of walnul tree as reproductive
buds, vegetative buds, and annual wnd biennial shoots wene
assaved i order o deternune the correlation betaaen wonic
leakage and tssues brossmimg. Afler removing the scales, buds
and shoot (10 mm in length) meces were separately shaken,
Electrolytic conductiviry (C1) was measurad using a dimial
conductivity meter. Solutioms il samples were then autochaved,
Aller cooling down the selution, conductance was again mcas-
ured (C2) Lomie leakage (O %60 was expressed as the percentage
ol the fnal reading (C % = CLC2 = 10

Signs of frecang mjury could be detected by visual exami-
nation of tawed tssoe samples or intact plans. The calegories
recarded were umingured, partially injured, and injured, There
are 3-3 primoridia in flower buds of stone fruits. When not all
af the primordi inoa flower bud were brown, 1t was ealled
partially injured’. Injured floswers wore those which had
brovan pastils and or stamens as shown by Szabo et al, (19096),
All genotypes were represented by wen Iruting shoots, which
served loassess frost damage. The buds were dissected
longitudinally and when examined that the whole primordium
tumed brown, it was judged 1w be frozen. In addition o
weather conditions, soil churactenstes have determinant role
in survival of plants, The major seil characteristics of the stud-
ted orchard were analveed to three depths from the surlace
{Table [

The swatistical analysis and Duncan’s muliple range st
(DMET) for electrolvte Teakage were done using MSTAT-C
sofbware.

Results and Discussion

Clumatic data related o December ull March ol throe

Table 1. Physico-chemical characteristics of soil in tesled orchard (Khorasan Agrcullural and Natural Sources Researches Cenler,

fashhad, Iran},

Soil depth H EC 0.c Eand
{cm) P @s-my
0-20 7.7 1.16 0.19 49
2040 T 1.21 0.21 A
A0-60 7.7 177 .52 &1

25 14

Silt Clay ] P K . Fe

% o oo -

3g 12 0.021 5.2 73 4.40

6 12 0.015 5.2 &7 4.42
0.045 19.2 197 3.64



Hort, Environ. Biotechnol. s006 0297501, 20w,

consceubive years from 2006 to 2008 in Khorasan, lran are
shown in Fig. 1. The minimum temperature on winter of 20008
was ahout <22 U The freeze-injured buds were characterized
by both relative donic leakage and visual observation com-
pared W non-mjured samples, Data are presented separately
fior reproductive and vegetative buds and annual and binnal

=+=200% min

—#E= 2006 mayx

o 17
s 7
3 -13
E-za-

" % " " Sy " In v

Fig. 1. Minimum and maxinum daily temperalures during Decermber
o March of thres consecutivie yizars from 2006 1o 2008 recorded
in Khorasan Agriculiural Researches Center in Mashhag, Iran.
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shuots in 12 wealmat genotypes, The incidence of winter injury
varted with genotyvpes in 2008, The number of male wd female
flonwer buds contaming browa primordia was high in K21BS 15

The damiged Temale Nower buds were determined by visual
observations {Table 20, Inall wsled genotypes, visual svimptons
of frost injury were observed. Maximum percentage of in-
jured flower buds was S0% 10 female flower buds. Relanve
ionie leakage of Tomale Nower buds in K2Z1B9 25, K23B5/14,
and K23B505 were sipnificamly lower than those moother
aenolypes, Highest relative jonie leakase was observed
K2IBS5 (Fig 2400 With the results of wome leakage and
visuil ohservation ol freeze injury, 1 can be comeluded thi
female owers in K21B5/15, K2IBS13, K2EBOT, K21IBG S,
and K2 B 13 were much more susceptible o frecee condition
than the other genorypes, while K2ITHEY 25, K23B3/14 and
R3S 13 were much more resistant 1o this condition.

In male Tower buds, the lwest relanve wonie leakages
were observed in K2TH% 25, K235/ 3, and K23B5/ 4, and
while the hichest wome leakaoes were observed in K21B3/15
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Fig. 2. Relative ionic leakage of female (&) and male Nowers (B), vegetatve buds (), and annual () and ennial shoots (E) of 12 walnut
genolypes. Mean separation within genotypes by DMRT at P = 0.05
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Table 2. Frast injury on female and male flower and vepelative buds of 12 walnul genolypes. The injury was visually estimated on

February 1, 2008.

Frost imuny (%) on

fzenolype No, female fower buds

k2168513 60.2 ab’
K21B5115 90.0 a
K21BBNT 6.2 ab
K21B6M18 602 ab
KZBB2/5 an 4 b
KEBBEZG 404 he
K23B5/13 108 ¢
K23B5/14 10.8 ¢
K21B3/E G0.2 ab
K21B9/25 108 c
K28B34 GO.2 ab
K21871/3 602 at

“Mean separalion -mﬁrn columns by DMRT at P = tlﬂb.

and KZ1B3 13 Siemicant difference was observed moome
leakage of male Nower buds among the genotypes (Fig. 21),
Maximum  pereentage of injured male flower buds was
ohserved m K2TBS15 and K2EB3/8, while minnmum pereen:-
ageat K23B3/13, K23B5/ 14, K28B25, and K218925 (Table 2,

Vegelative buds of several walnut genotypes may with-
stand -22°C during the decp dormancy period i trees were
planted in g Brvorable site and are ina good healthy condition.
In K21BY2S, K23B5/13, and K23B5 14, womce leakages were
similur to each other, but were significantly lower than the
rest senolypes fested (Fig 200 Maximum pereentage of injured
buds was measured in K21B3/15, K2IB&/IS, and K21B1/3
{ Table 2).

Muximum and minimuam jome leakages of annual shoots
were abserved in K2IBS/T5 and K23B5 130 respectively. In
spite of annual shoots which showed higher resistance than
reproductive and vegetative buds, they were also damaged by
low temperature. For example. K2IB5 15 had high relative
onie leakage (Fig, 2D In the woody parts (xvlem) of shoots
and branches, ice formaton ocewrred, whereas in the hark
tissue (phlocm)y, delvdeaton killed the cell {Ashworth et al,,
9831 Symptors of chilling mijury may include surfce lesions,
lissue breakdown and jon feakage (Bramlage and Meir, 1990,
Morris, 1982,

The lowest onie Teakage was observed in bicnnizl shoots®

inall tested genotypes exeept K21B5/135, which showed higher
relative ionie leakage than the others (g, 26),

The freesing wlerance of woody plants, us measured by
winic leakage aller a freeze-thaw event, 1= miluenced by the
[reczing temperature, cultural environment before test, cultivar,
and test time (Fugénia et al.. 2003). In our experiment, good
relation was found between ionie leakase mensurements and
visual cvaluations. which confimms the use of jonic leakage

Frost injury (%) on )
vegetative buds

Frost injury {LI:‘.-.:I on
male flower buds

B0.4 abc 50.4 ab
90.0 a f02 a
f0.0 ab 50.2 ab
700 ab 60.2 ab
0.6 de 0.4 be
0.6 cde 04 be
10.8 e 1.0 ¢
108 2 10c
70.0 ab 0.2 ab
10 e 10 c
800 ab 40.2 ab
50.0 bed 60.0 ab
100

& o

g a0 *

£ = y = 1.7736x - T4 367

= B = 05405

EE GO

=% mD

=

£ 3n

= 20

g 10 +*

2 0

U 10 #3040 A0 &) FO BO 9D 100
Relative electrolyte loakage (%)

Fig. 3. Comelation between refative electroiyte leakage and damaged
flower Duds in 12 walnut genctypas (R = 0.94)

measurements as o method 1o analvee frecee wlerance of
woody crops, Comparison of relative 1onic leakage in vanious
senotypes and inovarious pares of the walmat trees indicales
that the most sensitive organ of plants are female buds in the
next onder male buds. vegetative buds, anmual shoots, and
finally bianmual shoots. Phenological development is considered
i be the most important factor contributing to the hardiness
of woody plant buds { Rodrgo, 20000, 1t seems that development
possess i female flower buds s faster than male and vige-
tative buds before the sudden cold occurred on February 1,
2008,

The correlation between electralvie leakage values and
visual observation of damaged ower buds (Tig. 3y was deter-
mined with a corrclution coetficient (R = 0,99 + (.08} and the
coefficient of delermination (R™ = (.88) indicating a strong
relation between clectrolvte leakage values wd visual observation
More damaged female flower buds showed more percentage
of relative ionic leakage,
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Conclusion

We identified frost resistant walnot genotvpes within e
studied senotvpes, They were K2ZIRW2S, K23R513, and K23B5
4 We suzoeest thal wre achiove o more comprehensive: de-
termimation of the cold hardimess, ks wall be needed inoal
least three spowing arcus over o period of ot least 3 yeurs, In
sonne instances, the percentape cold damege was lughly variable
amoeng trees within the same genotype. This vanabelity in
dumage percentzes may be due o different conditions of
trews, andor the macroclimate of the particular lociions,

The sudden cold caused reproductive and vegetative buds
oy loss nsome walnt genolvpes, Flower buds were
the must sensiteve piert and had the mest damage in compar-
ison with ether argans. There was o direct correlation belween
mereasing wnic leakage and sensitivity o cald. Finally, cnvi-
ronmental tiwtors such as tempersture inhihit plant groswth
and its survival,
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