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ABSTRACT

Freezing injury of strawberry plants is one of the greatest factors reducing crop yield and quality in temperate
regions. In order to evaluate the winter cold tolerance of 21 strawberry cultivars, an experiment was carried out based
on randomized complete block design with three replications under natural freezing temperatures in agricultural
research station of Ghamlou, part of agricultural research center of Kurdistan. Crown freezing injury index (I,) based
on electrolyte leakage as well as leaf and crown LTs, values, crown tissue browning intensity, survival percent,
number of leaf/plant, leaf area, petiole length and yield/plant of strawberry cultivars were meseaured. There were
significant differences (P<0.01) between cultivars for all of the evaluated traits. The least crown freezing injury and
the highest winter survival percent were seen in ‘Krasnyy bereg’, ‘Queen Elisa’, ‘Aliso’, ‘Dachnitsa’ and ‘Kurdistan’,
respectively whereas ‘Tennage Beauty’ and ‘Selva’ showed the least tolerance to low temperatures. According to the
results of probit analysis of crown critical temperature (LTsg), ‘Krasny Bereg’” was the most tolerant cultivar to low
temperatures while ‘Tennessee Beauty’ was the most sensitive cultivar compared to the other tested cultivars. Leaf
area and petiole length had positive correlations with crown I, and crown LT50 whereas the number of leaf/plant had
a positive correlation with survival percent and yield/plant under low temperatures stress. Based on the results, the
‘Queen Elisa’ compared to other varieties is the most appropriate cultivar for cultivation in cold regions.
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Figure 1. Daily minimum temperature of the soil surface at the Ghamlou Research Station (Sep.2013-Mar. 2014)
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Table 1. Physicho-chemical chararctristics of soil analysis (depth 0-30 cm)

.3 Sp oC T.N.V Clay Silt Sand N (total) Nitrate-N
Ec*10 pH % % % % % % Texture mg/kg mg/kg
1.42 7.48 37.48 0.5 21 39 35 26 Loam 80 35
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Continued table 1. Physicho-chemical chararctristics of soil analysis (depth 0-30 cm)

Pav Kav Mg Ca SO4-S Fe Zn Mn B Cu
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
12.49 210 208 3981 9.1 55 1.2 10.5 0.57 1.55
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Table 2. The cultivars used in this study along with their parents and places of origin

Cultivar name Breeding parents Place of origin
Aliso a self of Cal.52.16-12 USA
Aromas Cal 87.112-6 x Cal 88.270-1 USA
Blakemore Missionary x howard 17 USA
Camarosa Douglas x cal 85.218-605 USA
Chandler Douglas x cal 72-361-105 USA
Dachnitsa Venta x Tenira Belarus
Fresno Lassen x cal 83.25-2 USA
Gaviota Cal 87.112-6 x cal 88.270-1 USA
Krasnyy bereg Venta x Tenira Belarus
Kurdistan unknown Unknown
McDonance unknown Unknown
Missionary a chance seedling in USA,1900 USA
Mrak CN27(Ca75.34-105) USA
Pajaro Cal 63.7-101 x sequoia USA
Paros Marmolada®Onebor x Irvine Italy
Queen Elisa Miss. x USB 35 Italy
Selva Cal 70.3-117 x cal 71.98-605 USA
Sequia Cal 52.16-15 x cal 51s 1-1 USA
Tennessee Beauty Howard 17 x Missionary USA
Venta Senga Sengana x Festivalnaja Lithuania
Yalova ArnavutkoyxAliso Turkey

S 85 eI 51 ialej] 8550 Lo Bals dan o ls catS Aty Jlo Ol L g 0gdse cudS Gliwd S il j0 a5 ol S5 ylea Kurdistan 5l s

D g Gl S (55 0liS Slisios S 5
Kurdistan genotype is the same genotype cultivated in Kurdistan Province and has more than 50 years of cultivation. All tested genotypes were
collected from strawberry collections of Kurdistan Agricultural Research Center.
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Table 3. Effect of freezing temperatures on crown injury percent of 21 strawberry cultivars”

Crown Injury (%)

Varieties

C.I(-8°C) C.I(-16°C) C.I (-20°C) C.I (-25°C) C.I (-28°C)

Aliso 4,331 20.54™* 30.17°® 36.86% 58.74°

Aromas 3.73%" 18.45°0 29.45% 36.91¢ 52.09%"
Blakemore 4,69 22.14° 34.80% 55.08° 77.37°

Camarosa 3.67°" 18.042 28.06%" 33.23%¢ 54.19%"
Chandler 4,56 17.00° 24.50" 34.18%* 55.27%
Dachnitsa 4,531 16.69™* 25.200" 31.30%* 41.57"
Fresno 3.18" 13.98°¢ 32.96® 42.85™ 70.09°

Gaviota 3.92¢0" 14.56% 26.83°9" 41.33" 50.93¢
Krasnyy bereg 6.08% 9.71° 18.19' 22.16° 39.47"

Kurdistan 4,311 16.72% 24.75%" 27.72% 48,945
McDonance 5.75%° 16.29%* 26.27"" 31.75% 55.08%
Missionary 3.75°9" 18.08%* 32.12%¢ 37.84% 58.46°
Mrak 6.22% 20.328 28.97°! 35.48% 51.47%
Pajaro 4.23%1 15.26° 24.44" 4111 49.49°
Paros 4,790 16.36%* 22.64' 39.08™ 53.99%"
Queen Elisa 3.22™@" 15.80% 22.28' 35.31% 43.929"
Selva 2.55" 21.28%® 31.05™ 51.25® 82.03°
Sequia 4,76 15.06%" 22.61' 39.01% 47.77"
Ten.Beauty 5.50% 10.80" 23.34" 59.98% 88.77%
Venta 5.47% 15.27¢ 25.039" 42.35™ 48,53
Yalova 4,05%" 17.04> 29,540 33.73% 48.66°"

* Means followed by similar letters in each column are not significantly different at 1% probability level, using Dancan’s Multiple Rang Test.

1. Senga Sengana
2. Bounty
3. Korona
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Table 4. Estimated LTs, of Leaf and crown based on
freezing injury index (l,) in 21 strawberry cultivars”

Varieties Leaf LTs, (°C) Crown LTs (°C)
Aliso 2447+140% -26.58+2.26 ¢
Aromas -26.61+1.84¢ -28.20+2.55™
Blakemore -25.96+2.01% -23.64+153"
Camarosa -26.04 +2.09 ¢ -27.86 + 2.51 %M
Chandler -26.54+2.29¢ -27.51 + 2.66 %™
Dachnitsa -25.79 + 1,52 ™ -30.78 +2.55'
Fresno -27.85+250° -24.79 +1.54°¢
Gaviota -2648+248°  -27.14+2.19%
Krasnyy bereg -31.57 +2.69°9 -33.73+£2.49’
Kurdistan -26.16 +2.10 ¢ -29.76 £2.10 "
McDonance -25.84 +2.03 -28.56 +2.50 "
Missionary 2581 +1.74™  2664+1.89%
Mrak -25.67+2.69%  -27.76 +2.61 %0
Pajaro -25.82+1.87" 2751222 %0
Paros 2460 +158%  -27.60 +2.24 %™
Queen Elisa -28.23+2.60° -29.70 £ 2.78 M
Selva -23.67+1.72° 23014123
Sequia -29.95+2.16™ -27/97 + 2.87 °®
Tennessee Beauty -23.77+1.38% -2155+1.23°
Venta -23.68+1.46° -28.22+255%
Yalova -2951+241" -28.15+2.47 "

Bl g0 2SE S5 ds (sline 4y slael

9051 b duglin ;5 (P10 1) w5 oyl olis (5 Lol Bl 5l i L3y, 3¢

* Values are means of three replicates = SE
* Means followed by the similar letters are not statistically different (P<0.01) as
compared by Duncan’s multiple range test.
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Figure 2. Intensity of crown tissue browning in some strawberry cultivars (Photoes was taken by a camera, Sony
Cyber-Shot DSC-W530, one week after the temperature reached -28 °C)
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Figure 3. Effect of freezing temperatures of winter 2014 on the extent and intensity of crown browning
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Table 5. Mean comparison of vegetative traits and yield of strawberry cultivars after exposure to freezing temperatures”

Leaf Area Leaf Area . .
Cultivars (Sep.2013) (June, 2014) Petiol Long Leaf number Yield

(cm?) cm?) (cm) per plant gr/plant
Aliso 30.43% 31.25° 19.06% 45.67° 255.89¢
Aromas 31.08™" 24.67% 16.35°f 20.331 343.74°
Blakemore 32.3% 22.23" 17.47°f 24.679" 190.75"
Camarosa 43.59° 29.34¢ 16.80°c%f 279 237.06°
Chandler 36.54¢ 22.08" 14.47% 22h' 188.57"
Dachnitsa 31.48™" 21.81" 15.20%f 33° 354.18°
Fresno 50.81% 41.53° 19.08%e 13™m 215.19°
Gaviota 36.18¢ 25.33%9 14.53%F 17* 209.22°
Krasnyy bereg 20.21 19.791 14.70%f 42¢ 353.12°
Kurdistan 28.51! 20.88" 17.893bcef 53.67° 278.99°
McDonance 29.27M 21.01M 20.95% 31.33¢ 207.319
Missionary 49.35° 48.14° 22.28° 18* 210.089
Mrak 33.29° 25.96° 17.8020ccef 28f 248.47%
Pajaro 31.12%" 23.98¢ 16.67" 15.334 206.46°
Paros 34.87% 25.66°" 18,72 26 255.02¢
Queen Elisa 44.40° 26.33¢ 16.86"f 59.33° 439.08°
Selva 32.93°0 18.88! 16.36°f 22 251.44°
Sequia 46.74° 25.34%0 19.42% 42.67% 230.40f
Ten. Beauty 43.21° 40.67° 19.83*° 11" 186.79"
Venta 31.59%" 28.22¢ 13.60° 41.67¢ 342.53°
Yalova 35.24% 20.081 15.11%f 33° 208.26°

OSls (glasals sz ygesl 5l eolaul b e )l aopo V Jlaisl mhaws 50 (g5 e SS9l (gt 50 alidie By b slo Sl #
* Means followed by similar letters in each column are not significantly different at 1% probability level, using Dancan’s Multiple Rang Test.

A0 GEAETY ;0 byl 890 Dlao (o (g (Ko i pS F g0
Table 6. Pearson correlation coefficients among evaluated traits of 21 strawberry cultivars

LA92 C.INJ. L. 750 C-LTSO C.Brwn. Surv. L.NO. LA93 Pet.L.
C.INJ. 0.288"
L.L7s0 NS 0.482"
C.L1s0 0.431" 0.919" 0.544™
C.Brw. 0.370™ 0.669™ 0.446™ 0.733"”
Surv. -0.332 -0.460™ -0.390™ -0.554" -0.863™
L.NO. -0.262" -0.543™ -0.301" -0.591™ -0.640™ 0.646™
LA93 0.710™ 0.363™ NS 0417 0.317" -0.263" -0.371"
Pet.L. 0.378" 0.301" NS 0.288" NS NS NS 0.492™
Yield -0.252" -0.521™ NS -0.604™ -0.633™ 0.602™ 0.639™ NS -0.302"

ns, *, **: Non-significant or significant at p<0.05 or 0.01, respectively.

Woy ) 90 Jlisl maw o ls s Bl 5g2g 5 o gine OS] 545 sk g % S

LA92=Leaf Area 92.7; C.INJ.=Crown Injury; L._ts0= Leaf LTso; C..r50= Crown LTso; C.Brwn.=Crown Browning; Surv.=Survival; L.NO.=Leaf Number; LA93= Leaf Area
93.3; Pet.L.=Petiol Length.
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