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3- ESRI ArcGIS for Desktop v10.4
4- Digimizer (v.4.6.1) Application MedCalc Software
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1- Supercooling
2- Leaf fractal analysis
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Table 1- Morphological traits of the selected olive trees on seventh months after the freezing stress

t-é-:b) o ..\:'13 ‘.5)'.'; b}'.\.ﬂ u’s,)
Row Trait Unit Measurement method
1 LS oy Jle b elisl ol 5l Jlo slas
Tree age Year Year after planting
2 e gi)l e @)l J5o5 )18l e
Location altitude Meter Google Earth software
3 o) g cud @
=) )0 9 e k> :"J§9§ L6l s
3 TR . _ <) 9 2SR o
Dip direction and its Cardinal direction
percentage
4 asiS Jlo 5,Slas pSoks 42338 Jlo 3,Slos Lawgio
Previous yield Kg Past average yields
5 <y el Fe sile (2 )l ey
Tree height Meter Digimizer software
6 Wl ey o sile (2 33l ey
Canopy height (H) Meter Digimizer software
55 a8 bawgs .
, et o 3o > I3 o5
diameter (D) Meter Digimizer software
8 S o> S e CV=0.5236%(D)2xH
Canopy volume (CV) m3
9 Canopy surface 'mz CSA=3.1416xDH
area(CSA)
10 45 e Fo sl ezl e
Trunk perimeter (TP) mm Sewing tape measure
11 ks o Pl TD=(TP/27) x2
Trunk diameter (TD) cm
5 o2 e Solus &y Yo Sl
12 Trunk cross section area T o TD=nx(TD/2)?
(TCSA)
13 oS oke Jsb Fo (Bl oS b
Length of internode cm Ruler
14 Ay cole s Q‘)':'s’l -y o -y 2908 —)
Growth habit Code 1: erect, 2: spreading, 3: drooping
15 98 WSy s STy =V lawgio =Y oS50l
Canopy density Code 1: sparse, 2: medium, 3: dense
gy o 5 J‘“’K ()“’)’)_v Z()'<—V Za'> -) L)"")'i) 09N
16 T3 PSSP . . 0, . 0, .
L 0: no leaf drop, 1: <50%, 2: >50% and 3: totally
Canopy defoliation Code ;
defoliated
L5 - Al dw g 90 BLi-Y JlS s -V S e -
Barksplit ranging Code 0: none, 1: only on 1-year-old shoots, 2: extended
to 2- and 3-years-old branches, 3: extended to
primarybranches and 4: extended to the trunk
18 ogr0 BT g (IS Y ogee 9 S5 S5 =Y ogee 9 S5 LSS pas )

Flowering and fruit set Code 1: no-flower, 2: flowering and fruit Production
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Table 2- Minimum recorded temperature in the first week of December 2016 in the meteorological stations of the major
regions of olive growing in the east of Golestan province

ailaio 9
) Day
Region 1 2 3 4 5 6 7
Sl 00.8 -03.1 -05.5 -085 -07.1 -03.7 06.4
Minudasht
-5 -005 -05.1 -05.4 127 -07.9 014 -00.6
Gonbad
o -005 -05.3 -08.0 123 -08.7 -05.0 -01.3
Kalaleh
a5 osle -02.6 -055 -105 142 -07.3 017 03.2

Maravehtapeh
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Table 3. Descriptive statistic of the studied traits in 38 cold tolerant olive genotypes in the east of Golestan province

3, v S ol oSla Slere Sl 2l g e
Row Trait Maximum  Minimum Mean Star_ldgrd Coefﬂ_mgnt
deviation of variation
1 = o 24 11 17.55 4.45 2536
Tree age (year)
&,
2 S g 387 107 206.37 72.39 35.08
Location altitude (meter)
3 = Mﬁ_ 56.80 0 28.22 12.95 45.89
Percent gradient
1740 Jlo s Shas
4 ) 0 s 60 0 11.68 10.59 90.60
Yield 2016 (kg)
=5 gl
5 S 6.4 2 4.01 0.98 24.50
Tree height (meter)
6 o 6.07 2 3.47 0.87 25.00
Canopy height (meter)
1S Jas b g2
7 s e 4.89 1.01 2.68 0.81 30.06
Average of canopy diameter (meter)
S
8 eI e 61.39 1.62 1550 1250 80.67
Canopy volume (m?3)
9 S e 83.81 9.65 30.61 15.73 51.37
Canopy surface area (m?)
@ s
10 38.45 8.31 16.64 5.35 32.15
Trunk diameter (cm)
5 5 2o -l
11 = "p’;éw 1161.25 54.21 239.43 186.35 77.83
Trunk cross section area (cm?)
s SOls
12 Aok dp 2.16 1.05 1.53 0.23 15.06

Length of internodes (cm)

Alises Wlelds )l > LiwdS Liw! (B ol Bble ;3 YYD 45 bo g d Joodio g 0ud by ooy Us 3 JS dlaws —F Jous
Table 4. Number of total trees assessed and cold tolerant olive trees in 2016 in the Eastern region of Golestan province at
different elevations

Wyl b (bl Lo puw s Joio i 40 dlaad sawi b gyl LS ,d JS dluas
Elevation (m) Number of tolerant trees Total number of trees evaluated

0-100 2 27961

100-200 21 51091

200-300 6 41740

300-400 7 16723

400-500 2 7328

500-600 0 3221
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Figure 1- Number of total trees assessed in different geographical directions and number of trees identified in each direction
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Introduction: Low temperature is one of the major abiotic stresses which can cause a significant reduction in
olive growth and productivity mainly at late autumn, winter and early spring. Although olive is moderately
freezing tolerant, temperatures below a certain threshold -7°C can damage the plant, while at -12°C damage may
be serious enough to threaten the life of the tree. Different cultivars of olives have diverse reactions to cold stress
and so, the selection of cold resistant cultivars is the most effective method to avoid frost damages. First step to
achieve this goal, is identifying tolerant cultivar and genotypes in olive area growing. Due to extensive and high
freezing damage in November 2016, the objective of the present study was to evaluate morphological
characteristics and selection of individual cold tolerant trees.

Materials and Methods: The present study was carried out in some cold tolerant olives after freezing event
in December 2016 in eastern region of Golestan province of Iran. After freezing stress, healthy olive trees were
identified in two major olive cultivation regions and then were evaluated in four stages. Thus, this study
included: 1- meteorological data analysis, 2- evaluation of freezing stress symptoms in olive orchards and
identification of single tolerant trees, 3-stugy of single tolerant cold trees in four stages. For each genotype,
studies on morphological traits (tree age, location altitude, dip direction and its percentage, previous yield, tree
height, canopy height, average of canopy diameter, canopy volume, canopy surface area, trunk perimeter, trunk
diameter, trunk cross section area, length of internodes, growth habit, canopy density, canopy defoliation, bark
split ranging, flowering and fruit set) based on CFC/IOOC/03 and Lodolini et al. (2016) results.

Results and Discussion: History of cold climate in the last two decades showed freezing event several times
caused damage to olive orchards. The last freezing stress occurred with the entrance of the cold air to the
Golestan province and a sudden drop in temperature to less than O degrees Celsius and stability of these
conditions for 5-days in the late of November, 2016. The temperature dropped below 0°C began on November
23 and lasts for 4-days. However, the main damage to the olive orchards is on November 25, when temperature
is -7°C. The minimum temperature recorded in the studied regions in November 25, Maravehtapeh, Gonbad,
Kalaleh and Minoudasht are -14.2, -12.7, -12.3 and -8.5°C, respectively. Symptoms of freezing damage on olive
tree can range from shoot tip burns and defoliation up to bark split on branches or trunk. After four stages
visiting olive orchards, finally, from 118 primary individual trees, 38 trees were introduced for further
evaluation. Location altitude (meters above sea level) of the individual trees were 107-387 in the CTO-39 and
CTO-35 genotypes, respectively. Generally, 95% of all trees identified in sloping land orchards, and the
percentage variation for this trait was 48. 52. Fruit production of selected olives before freezing event in 2016
showed except of six trees, 32 of olives was of 2-60 kg/tree. The height of tree were 2-6.05 in CTO-37 and CTO-
49 genotypes, respectively. However, average of canopy diameter in all genotypes was 2.73. Also, trunk
diameter (TD) and trunk cross section area (TCSA) were maximum in CTO-55 and minimum in CTO-9.
However, the average of this trait was 16.60 cm. Variation between genotype in internode length changed
between 1.05 in CTO-20 and 2.16 in the CTO-49. Reduction of internode spaces and shoot growth, even though
the total node number is normal resistance of the olive tree to cold is reduced. Leaf defoliation is one of the most
important symptoms of freezing event. The study of selected trees showed that 33 trees (86%) did not showed
symptoms of leaf loss, and only five tree showed less than 50% leaf loss. Except for the CTO-54 genotype,
which showed symptoms of bark splitting on one-year shoots, no evidence of bark splitting observed in other
selected olives.

Conclusions: Although olive is the most cold-hardy of the subtropical fruit trees, some varieties can
withstand low temperatures better than the other. Although temperatures at which olive trees can be damaged
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vary, depending on climatic conditions, temperatures at or below -7°C are often critical. The most important
symptoms were leaf defoliation, bark split, and limb dieback. Finally, because of different influence of
environmental factor in different regions, evaluation of location, yield and morphological traits showed some of
cold tolerant olive in different region had a similar behavior, thus by supplementary molecular studies, it can be
hoped that among recognized trees, cold resistant cultivars with acceptable yields were introduced.

Keywords: Abiotic stress, Canopy density, Early cold, Growth habit



