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Relationships Between Frost Resistance
and Macro and Micro Element Contents
of Buds of Some Peach Cultivars
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SUMMARY

There was an important difference between the frost resistance
ability of the tested cultivars. However, their frost resistance ability inc-
reased from December and reached to maximum in January and Feb-
ruary, but decreased in March. Generally, Redhaven was found (o be
the hardiest cultivar and it was followed by J.H. Hale and Dixired.

Among the nutrients nitrogen, calcium and iron were higher in
the winter, natrium was lower in the winter and higher in Nowember
and march. As a vresult, it is generally concluded that the high Ilevel
of nitrogen, calcium, iron has a possitive correlation with the ability of
frost resistance of cultivar.
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buds.
OZET
Baz Seftali Cesitlerinin Tomurcuklarinda Dona Dayanim fle
Makro ve Mikro Elementlerin Kapsamlar Arasindaki fligkiler

Cardinal, Dixired, Redhaven, J.H. Hale ve H. Giant geftali cegitleri-
nin dona mukavemet kabiliyetleri arasmda onemli farklar bulunmugtur.
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a mukavemetleri Aralk aymndan itibaren artrmg
aksimuma ulagnugstir. Cegitler arasinda Redha-
ven dona en dayamikh olarak tespit edilmis ve bunu ,]' Hfz.le ::Ie H-
red izlemigtir. Cesitlerin tomurcuklannda ya;lean et ft:banyle, ol
aylanndaa azot, kalsiyum ve demir daha  yi ks.?k,' e .kl"" a.ylf!.
nnda diigik, Kasim ve Mart aylannda daha viiksek olarak belzri_ennu;ﬂr.
Genel olarak, kig avlannda yiiksek miktarda buianan w0k k.".’“y“.’" o
demir ile cegitlerin dona mukavemet kabiliyetleri arasinda pozitif bir ko-

Genel olarak gesitlerin don
ve Ocak, Subat aylannda m

relasyon goriilmiigtir.
Anahtar Kelimeler: Dona dayamm, geftali, makro ve mikro ele-
mentler, tomurcuklar.

INTRODUCTION

Low temperature, including frost, represents one of the most important
environmental constraints limiting the productivity and the distribution of the
horticultural crops. Thus, it is essential to select the resistant types or cultivars
for the critical zones, but further protection can be obtained by the application
of some cultural parctices, because, several other factors, also influence the ex-
tent of frost injury. Such factors as nutrient deficiencies or excesses, diseases
and pests, previous crop density, irrigation, tree vigor, pruning, preconditioning
temperatures, short term temperature variations and the time at which the free-
zing occurs all affect the extent of injury (Westwood 1970, Weiser 1970, Erig
1985).

Meader and Blake (1943), investigated the frost resistance of buds of 6
peach cultivars by applying artificial freezing tests at —21.1°C and -22.1°C from
November to March. They found that all tested cultivars were much more hardy
in January and February, whereas very sensitive in March. For example, in Ja-
nuary at -21.2°C, 58.3 % and 55.1 % bud survial rates were obtained from Trio-
gem and Golden Jubilee cultivars respectively, whereas in March, at the same

temperature, in the same cultivars, the bud survival rates were 0.6 % and 0.6 %
respectively.

In a study, determining the frost resistance of Halehaven, Golden Jubilee
and Elberta peach cultivars Edgerton (1954) indicated that the cultivars showed
thc'highest resistance in the period of deep dormancy and found that there was
an important relation between the frost resistance of the buds and the ambient
air temperature. He concluded that even in the time when the buds were resis-

tant, if weather temperature increases for a while, the resistance of the buds
decreases very sharply.

) Procbsting (1959) investigated the frost resistance of buds of Elberta
peach cv. and temperature at which 50 % of the buds were killed (T50). In ge-
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neral, he found that T50 points were as follows; in November 19.4,C, in Decem-
ber 20.0°C, in January -20.5°C, in February 15°C, in March 9.4°C in April -
4.4°C respectively. He further stated that there was a very close relationship
between air temperature fluctuations and buds frost resistance. His point of view
is that "Increase in hardiness during the dormant period was always associated
with decreasing temperature”.

Campbell and Handle (1960) reportad that a temperature of —23.3°C to —
28°C caused the majority of the buds of 33 peach cultivars to die. Furthermore,
a temperature below these points caused injury of wood of the tested cultivars.

The availability of nutrients essential for plant growth is also important
for development of maximum resistance to cold and frost (Alden and Hermann
1971, Kozlowski 1979). Conflicting reports have appeared regarding the effect of
nitrojen fertilization on peach fruit bud hardiness. For example, McMunn and
Dorsey (1935) reported that high nitrogen application did not increase or de-
crease fruit bud hardiness.

Edgerton and Harris (1950) observed that a high nitrogen application to
Elberta peach cv. before defoliation, increased the bud hardiness.

On the other hand, Proebsting (1960) reported that nitrogen application
increased the bud hardiness of Elberta peach cultivar in either field or control-
led conditions. Similar results were obtained by Solovieva (1974) in apples.

Pellet (1973), who worked on Forsythia and Cornus, found that nitrogen
fertilization during the summer and fall had little effect on cold acclimation of
roots or stem tissues. He observed that tissues N levels of roots decreased from
August to September, but had increased again on October, and increased N and
P fertilization affected tissue levels of N, P, K, Ca and Mg.

In a three years experiment Rybakov and Nazarov (1968) found that an
NP fertilizer application or foliar application of B, Mn and Zn increased the
frost resistance of some young peach cultivars.

Sucoff and Hong (1976), determining the effect on NaCl on cold hardi-
ness of Malus sp. and Syringia wvulgaris, observed that twigs receiving NaCl
either from NaCl applications or from highway deicing salts, lost hardiness while
NaCl free twigs remained hardy. Solutions of CaCl,, and NaCl and Naj SOy,
which caused deficiencies of boron, magnesium and potassium 3s well as redu-
- ced growth, bronzing and chlorosis of grape fruit trees, also increased the seve-
rity of frost injury, but, Borate fertilizers improved the cold resistance of Euca
lyptus grandis (Alden and Hermann 1971).

MATERIALS AND METHODS

One year old shoots of Cardinal, Dixired, Redhaven, J.H. Hale and H.
Giant peach cultivars were taken from the collection orchard at Atatiirk Central
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itute in Yalova. All cultivars were at same age 6

Horticultural Research Instf the research) and treated in similar cultural prac-

years old at the beginning O

tices. Samples of on year old twigs were collected once a month’ (the 15th of

ecach month) from November thmugh.March, and cxposcddt(; artificial freezing
tests at —20°C and _15°C for the durations of 4, 8, 16, 24 an. ours.

The twigs were put in a freezer which was automatically control]lcd by a
temperature programmer-controller unit and ﬂ’.lel'l the te‘rnpcra.turc was lowered
at the rate of 5°C per hour from 0°C to the desired freezing points.

Bud survival tests were made according [.0 Er_i§ (1982) and Proebsting
(1982). The twigs which completed the desired time in the free'zer were taken
and put in a refrigerator for one hour. Then they were plar:)ted in \:ciody boxes
which contained wet perlite and put in the glasshouse at .18 C x 2°C lempefa.
ture with 80 + 5 % humidity. The bud sprouting observations were made during
8 wecks and after this time these buds which were not sprouted, were Cross sec-
tioned and rated alive or dead based on browning at the primordlun.l. The expe-
rimental design was completely randomised block with three replicates. Eacih
replicate consisted of at least 40 buds. Duncan’s multiple range test was used in
statistical analyses.

The analysies of nutrients were done once a month according to Kacar
(1962 and 1972) and Lachica et al. (1968) during both experimental periods.

RESULTS

Freezing Tests

The bud survival, percentage after each freezing test, is summarised in
the Table 1. The differences between the treatments and cultivars were signifi-
cantly important.

In November, at —15 and —20°C there were significantly important diffe-
rences between the durations of 4 and 8 hours, but in the case of 16 hours and
longer exposures, since the buds were totally injured, there were not any signifi-
cant differences. In this temperature (—15°C), again Redhaven were found to be

the hardiest cultivar and Cardinal, in spite of being in the same group with other
cvs., showed the lowest bud survival rate.

In December, at -15 and —20°C, Redhaven showed the highest bud survi-

val rates, and it was followed by Dixired; whereas H. Giant showed the lowest
bud survivals.

Due to the improvement in hardiness in January, even at —20°C, in 4 and
8 htfurs treatments, all cultivars showed bud survivals, but there was also bud
survivals in 16 hours in Redhaven. The differences were significantly important.



Table: 1
Frost Resistance of 5§ Peach Cultivars Exposed to Low
Temperature in Different Times (As Bud Survival Percentage)

= 1985 - 1986 (-20°C) 1988 - 89 (-15°C)
z TREATMENTS (HOURS)
= Cultivar 0 4 8 16 24 0 4 8 16 24

Cardinal 923 00b 00b 0.0 0.0 %41 136b 44b 00b 00

= Dixired 933 27ab 13b 00 00 947 137b 80b 00b 00
: Redhaven 922 86a 46 a 00 00 952 349a 263a 100a 08
g JH Hale 949 45ab 00D 00 00 955 154b 103b 00b 0.0
H. Giant - - - - - 9.1 139b 10.7b 00b 00
N.S. N.S. N.S. N.S. N.S.

Cardinal 908 00D 00b 00 00 965 21.7b 134b 6.1bc 43ab
= Dixired 922 20b 00b 00 00 962 330b 293a 116b 58a
j Redhaven 939 55a 18a 00 00 965 488a 374a 246a 10.1a
E JH. Hale 945 00b 00b 00 00 973 280c 195b 64bc 15¢c

H. Giant 947 00D 00b 00 00 963 180d 161b 53c 33bc

N.S. N.S. N.S. N.S.

Cardinal g95.2 90b 44b 00b 00 965 284c 23.3d 184b 9.1bc
< Dixired . 929 74b 00c O00b 0.0 956 453b 300c 165b 113b
;2 Redhaven 950 242a 183a 42a 00 992 556a 475a 388a 29.2a
,‘i JH. Hale 936 187ab 69b 00b 00 979 449b 258cd 228b 137b

H.Giant 951 138ab 00b 00b 00 981 367b 368b 107c 42c

N.S. N.S. N.S.
Cardinal 930 60ab 52ab 00c 00 994 440c 334c 144c 76¢c
o Dixired 921 143a 97a 00c¢ 00 992 5%.1b 492b 235b 166a
g Redhaven 938 144a 138a 42a 00 999 730a 615a 388a 339a
: J.H. Hale 901 115a 96a 25b 00 980 455c 354c 220b 147b
H.Giant 959 35b 23b 00c 00 992 463c 376c 188bc 10.2¢
N.S. N.S. N.S.
Cardinal 937 70bc 21b 00c 00 992 37b 00b 00 0.0
= Dixired 935 127ab 39ab 00c 00 999 43b 00b 00 0.0
~ Redhaven 945 162a 74a 42a 00 999 146a 27a 00 0.0
g JH. Hale 952 104ab 62ab 27b 00 999 34b 00b 00 0.0
H.Giant 963 53c 26b 00c 00 999 36b 00b 0.0 0.0
N.S. N.S. N.S. N.S. N.S.

Mean separation within columns by Duncan's multiple range test at 5 % level (N.S. Not Signi-

ficant).
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However, in 24 hours treatments the buds of all the cultivars were totally injured
’

(Table: 1). ‘ ’ .

In this month (January) for all treatments, again, tht? hlghcs.t bud sur.vwa]s
were obtained from Redhaven which seems (o be the hardiest cultivar and it was
followed by Dixired and J.H. Hale. .

The highest bud survivals were also obtained in February from Redhaven
at both (-20°C and —15°C) temperature regimes.

In March, at —15°C, despite higher temperature exposure comparing with
March of 1986, lower bud survivals were obtained Moreover, except Redhaven
the other cultivars did not show any bud survival even‘for 8 hours treatment
(Table 1). Even Redhaven showed only 2.7 % of bud survival rate.

As can be seen in the Table 1, in all periods and for all cultivars, as the
exposure lime increased, the bud survival rates decreased and thus the diffe-
rences between the frost exposure times were significantly important.

The Seasonal Changes of Nutrient

The seasonal changes of macro and micro element contents of the buds
of tested cultivars are shown in Table 2 and 3. The results of the analysis of ma-
cro and micro nutrients showed that, the level of nitrogen, potassium, calcium,
iron and manganese were high in the winter months when the frost resistance of
the cultivars was also high, but, the level of natrium, contrarily, was low in the
winter, especially in January and February.

On the other hand, phosphorus and magnesium levels were low and did
not show any important change during both experimental periods. The amount
of zinc, copper and borate were inconsistent during the experimental periods
and thus, there was not obtained any physiological relationship between these
three elements and the frost resistance ability of the tested cultivars.

DISCUSSION

In general, frost resistance in peaches, varies greatly among the cultivars.
Despite the differences, it has been shown that, their frost resistance increases
throughout winter months (Meader and Blake, 1943, Edgerton 1954, Campbell

and ;—landle 1960, Weaver et al. 1968, Quamme 1978, Proebsting and Andrews
1982).

. The da.ta obtained in this study are also in agreement with these inven-
tions. Acc?fdmg to the data obtained, all cultivars, for all treatments were found
to be sensitive to ~20°C and -15°C in November and March (Table: 1).

‘ As the air temperature decreased in J anuary and February, in spite of the
differences between the cultivars, their frost resistance increased at -20°C as
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Table: 2
The Seasonal Changes of Macro Element
Contents of the Buds of 5 Peach Cultivars (%)

1985 - 1986 1988 - 1989

CULT.

DATES N P K Ca Mg N P K Ca Mg

Novem. - 135 0.16 046 176 026 153 024 057 305 025

< Decem. 155 017 044 183 024 157 023 059 309 023
Z Janua. 155 015 045 184 028 199 022 058 234 022
% Febru. 184 023 055 168 027 199 025 061 218 023
“  March 202 022 082 148 024 235 020 120 184 026

Novem. 139 015 046 160 024 135 021 059 3.10 0.24
o Decem. 141 013 045 164 020 136 023 067 323 025
% Janua. 155 015 045 176 024 149 023 058 29 025
2 Febru. 196 024 062 201 029 153 024 068 268 022
= March 221 029 103 164 020 235 029 120 205 029
, Novem. 118 022 03 123 021 126 018 057 275 022
= Decem. 123 018 040 142 022 126 017 056 284 0.21
< Janua. 154 0.15 043 130 024 146 022 057 270 0.23
S Febru, 159 022 052 175 024 166 023 063 239 022
% March 185 023 132 142 027 267 030 142 162 030

Novem. 125 0.45 048 171 025 132 015 057 276 0.19
2 Decem. 127 014 046 173 021 136 018 061 299 023
% Janua. 164 014 047 178 024 150 023 055 285 023
= Febru. 168 018 051 175 022 168 023 066 233 021
= March 198 020 095 153 026 246 026 124 194 029

Novem. - = L 2 - 137 021 056 305 0.24
S Decem. 148 0.14 046 155 020 158 022 067 294 023
< Janua. 173 013 047 147 023 158 024 067 268 0.1
°  Febru. 205 023 071 189 031 159 025 070 266 0.21
= March 209 023 112 154 029 241 027 124 178 0.28

well as at —15°C (Table: 1). These results are in agreement with those of Edger-
ton (1954), Weaver et al. (1968), and Weaver and Jackson (1969) that were ob-
tained from other peach cultivars.

In March, however, as air temperature increased and the cultivars com-
pleted the true rest period, in general, their frost resistance decreased. Similar
results obtained from some other peach and cherry cultivars (Meader and Blake
1943, Chaplin 1948, Weaver et al. 1968, Proebsting and Mills 1972).
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The Seasonal
Contents of the Buds of

Table: 3

Changes of Micro Element

5 Peach Cultivars (ppm)

CULT,

1985 - 1986

1988 - 1989

DATES fe Mn Cu B Fo Mo 2 Cu Na B
j; Decem. 237 21 24 52 291 19 40 k)| 500 57
Z Janua. ss0 25 38 4 561 21 34 N0 40 &
% Febru. 510 32 40 55 443 23 47 23 400 @7
< March se7 25 39 34 46 19 58 20 80 4

Novem. 188 20 22 31 220 " 28 25 500 4
o Decem 291 29 20 3 250 15 36 27 550 48
% Janua. 580 22 36 49 352 17 36 36 30 w0
Z Febru. s0 25 36 62 402 21 47 2 40 &
= March s4s 30 40 60 392 16 55 18 80
 Novem. 213 17 16 a7 167 1 26 18 400 42
= Decem. 265 22 22 46 324 15 36 18 450 43
;_- Janua. 520 21 27 48 372 17 35 32 350 40
,_“—-: Febru. 570 22 36 48 483 24 51 22 400 59
2 March 567 38 30 43 476 20 62 18 75 %
N Novem. 231 24 27 31 185 16 32 18 550 k1
= Decem. 306 25 22 32 324 17 14 22 550 44
I Janua, 530 22 38 36 394 17 33 34 35 S0
= Febru. 885 24 37 50 462 21 55 28 400 54
= March 601 27 36 49 448 19 64 25 850

Novem. - - - - 290 20 34 18 500 3%
= Decem 256 27 24 40 250 19 34 26 550 %
E’ Janua. 570 19 32 48 566 23 35 24 550 31
= Febru. 820 33 39 45 508 24 41 16 500 KX
= March 692 32 35 55 532 19 s8 15 825 3

o .Redhave'n was fo}md to be the hardiest cultivar either at -20°C or at -
in .all p.cnods and it was followed by J.H. Hale and Dixired. These results
are partially in agreement with the results obtained by Weaver et al. (1968). Ako

W
rese:l\.t'er‘ l::m:l Jackson (‘1969) found that Redhaven was hardier than Dixired. The
s show that Cardinal and H. Giant were more sensitive.

A y
s Feb:l:-lgc;:i mff:ro nutneruts the levels of nitrogen were high in January
Y during both experimental periods. This results suggests that nitro-
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gen has a positive effect on the frost resistance of the buds of tested cultivars.
Edgorten and Harris (1950) and Proebsting (1960) obtained the similar results
for Elberta peach cultivar. The levels of phosphorus were quite low and did not
show any clear fluctuation regarding to the season, so, it may be concluded that
the effect of phosphorus is not very important on frost resistance. Pellet (1973),
also observed a very little effect of phosphorus on the frost resistance of Forsy-
thia and Cornus.

Potassium levels were higher and increased in February in both experi-
mental periods and it seems that there is a little effect of potassium on frost re-
sistance of peaches. Alden and Hermann (1971) and Solovieva (1974) found the
similar results for oranges and apples.

However, calcium seems to have an important effect on frost resistance of
the buds of tested cultivars. Because, the levels of calcium were quite high in the
winter months, in all the cultivars when frost resistance of the buds were also
high. Magnesium levels, on the other hand, did not show any change during both
experimental periods. Thus, the physiological relationship between the level of
magnesium and frost resistance of the buds is not clear.

Among the micro nutrients Zn, Cu and B levels were inconsistent during
experimental periods, therefore, it is difficult to evaluate the importance of these
three elements on the frost resistance of the buds of peach cultivars. However, B
seems to be promising, because the levels of B were high in February in the
buds of all cultivars. This results is in agrccment with those of Rybakov and Na-
zarov (1968).

Iron levels increased from December throughout the winter in both expe-
rimental periods, in the buds of all tested cultivars. This indicates that iron
content has a important positive effect on the buds of tested cultivars. Contrarily
to iron, natrium levels were low during winter, but high in November and
March. The low levels of natrium coincide with the buds highest frost resistance.
Thus it may be concluded that the high level of natrium has a negative effect on
the frost resistance. This result is also in agreement with those of alden and
Hermann (1971) and Sucoff and Hong (1976).

The level of manganese, in all the buds of cultivars showed a steady and
slight increase from December in both experimental periods. This may enhance
the frost resistance of the buds. Rybakov and Nazarov (1968), also found a posi-
tive effect of manganese on the frost resistance of some peach cultivars.

For the future studies, itwould be very valuable, to evaluate and search
the seasonal changes of calium and iron in detail regarding to frost resistance of
fruit trees.
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