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Tablel. Analysis of variance for the cultivar, temperature and time on
grapevine primary bud necrosis percent

Source of variation DF Sum of Squares Pr>F

Cultivar 3 0.106 T
Temperature 4 218.1 T

Time 3 0.47 T
Cultivar x Temperature 12 0.02 T
Cultivar x Time 9 0.015 T
Temperature x Time 12 0.205 T
Cultivar x Temperature x Time 36 0.014 T

Error 160 0.04 -
FSignificant at P = 0.05 el Sl e 20,0 O Jleis| s jo f

155l i b e ddgl Bler S pe dops p ol slabes 156 Y Jgon
Table 2. Effect of low temperatures on dormant grapevine primary bud necrosis percent

Temperature C

. Average
Time -5 7 15 22 -30
Rishbaba cultivar

15 Azar ok 3jk 45f 98a 100a

15 Day 2jk 2jk 8h-k 83bc 100a 44 C
15 Bahman 2jk 3jk 13g-k 59de 100a
15 Esfand 5ijk 5ijk 65d 89a-c 100a

Siyah-e-Shiraz cultivar

15 Azar 2jk 5ijk 52¢ef 100a 100a

15 Day 2jk 3jk 21g 98a 100a 53 A
15 Bahman 3jk 8h-k 20gh 98a 100a
15 Esfand 8h-k 12g-k 100a 100a 100a

Bavanati cultivar

15 Azar 0k 6 ijk 44f 89%a-c 100a

15 Day 0k 0k 17g-i 79c 100a 45C
15 Bahman 0k 0k 13g-k 83bc 100a
15 Esfand 0k 6 ijk 62de 100a 100a

Askari cultivar

15 Azar 0k 2jk 52ef 94ab 100a

15 Day 0k 0k 14j-g 94ab 100a 50B
15 Bahman 2jk 3jk 19gh 97a 100a
15 Esfand 5i-k 8h-k 100a 100a 100a

Average 2D 4D 40C 91B 100A
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T Means within followed by the same letter are not significantly different with Duncan at P = 0.05.
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Table3. Analysis of variance for the cultivar, temperature and time
on grapevine secondary bud necrosis percent

Source of variation DF Sum of Squares Pr>F
Cultivar 3 0.093 T
Temperature 4 618.8 T
Time 3 1211 +
Cultivar x Temperature 12 0.039 T
Cultivar x Time 9 0.018 T
Temperature x Time 12 0.479 T
Cultivar x Temperature x Time 36 0.034 T
Error 160 ofee¥

FSignificant at P = 0.05
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Table4. Effect of low temperatures on dormant grapevine secondary bud necrosis percent

Temperature C

Time Average
-5 -7 -15 -22 -30
Rishbaba cultivar
15 Azar Toj 0j 2j 2j 97a
15 Day 0j 0j 0j 44f 57d 33C
15 Bahman 0j 0j 0j 97a 100a
15 Esfand 0j 2j 5le 100a 100a
Siyah-e-Shiraz cultivar
15 Azar 0j 0j 2j 11i 97a
15 Day 0j 0j 20i 62d 100a
15 Bahman 0j 0j 20i 100a  100a 40A
15 Esfand 0j 2j 98a 100a 100a
Bavanati cultivar
15 Azar 0j 0j 0j 17h 98a
15 Day 0j 0j 0j 12hi 100a 31C
15 Bahman 0j 0j 0j 60d 100a
15 Esfand 0j 0j 279 100a 100a
Askari cultivar
15 Azar 0j 0j 0j 29g 100a
15 Day 0j 0j 0j 29g 100a
15 Bahman 0j 0j 0j 90b 100a
15 Esfand 0j 2j 68c 100a 100a
Average oD 0D 17C 60B 97A
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T Means within followed by the same letter are not significantly different with Duncan at P = 0.05.
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Table 5. Analysis of variance for the cultivar, temperature and time on grapevine tertiary bud necrosis percent

Source of variation DF Sum of Squares Pr>F
Cultivar 3 0.06 T
Temperature 4 264.6 T
Time 3 968.1 +
Cultivar x Temperature 12 0.063 T
Cultivar x Time 9 0.053 T
Temperature x Time 12 0.672 T
Cultivar x Temperature x Time 36 0.049 T
Error 160 0.002

TSsignificant at P = 0.05
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Table 6. Effect of low temperatures on dormant grapevine tertiary bud necrosis percent

Temperature C

Time 5 = 15 o7 30 Average
Rishbaba cultivar
15 Azar Toi 0i 2i 2 100a
15 Day 0] 0] (0] i 13gh
15 Bahman 0i 0i 0] 46e 73c
15 Esfand 0i 0i (0] 63d 100a
Siyah-e-Shiraz cultivar
15 Azar 0i 0i 0] Oi 95a
15 Day 0i 0i 0] 189 98a
15 Bahman 0i 0i (0] 86b 100a
15 Esfand 0i 2i 94a 100a 100a
Bavanati cultivar
15 Azar (0] 0i 0] 8hi 100a
15 Day (0] 0i 0i 2i 33f
15 Bahman 0i 0i 0] 2i 100a
15 Esfand 0i 0i 8hi 100a 100a
Askari cultivar
15 Azar (0] 0i 0] 5hi 100a
15 Day Oi 0i 0] 5hi 100a
15 Bahman 0i 0i 0] 78c 100a
15 Esfand 0i 0i 44e 100a 100a
Average
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T Means within followed by the same letter are not significantly different with Duncan at P = 0.05.
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Table 7. Analysis of variance for the cultivar, temperature and time on electrolyte leakage of grapevine bud

Source of variance DF Sum of Squares Pr>F
Cultivar 3 963.221 T
Temperature 4 850.21337 T
Time 3 583.4571 +
Cultivar x Temperature 12 952.118 T
Cultivar x Time 9 31.229 T
Temperature x Time 12 647754 T
Cultivar x Temperature x Time 36 249.108 T
Error 160 292.6

FSignificant at P = 0.05 el Sl e 20,0 O Jleiis| s jo f
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Table 8. Effect of low temperatures on electrolyte leakage percent of dormant grapevine bud

Temperature C

Time Average
-5 -7 -15 -22 -30
Rishbaba cultivar
15 Azar 31.58Tw-a 27.947-a 29.09 y-a 63.93 j-m 72.63f-j
15 Day 23.1af 19.27 af 23.03 a-f 60.46 1-0 73.083 f-j 504D
15 Bahman 42.98 r-v 35.02 ab 39.49 s-x 71.49 f-j 84.68a-d '
15 Esfand 33.76 v-a 38.42s-y 59.63 I-0 91.92 ab 86.55abc
Siyah-e-Shiraz Cultivar
15 Azar 26.61 a-f 23.36 a-f 34.29v-ab 62.33k-n 71.63 f-j
15 Day 40.41 r-x 36.04 t-z 46.56 p-s 73.88 f-i 91.28ab
15 Bahman 31.07 x-a 32.01w-a 67.97 g-| 90.04 ab 86.82abc 53.188
15 Esfand 44.58 g-t 36.87t-z 73.88 f-i 54.68nop 73.58f-i
Bavanati cultivar
15 Azar 21.32 a-f 21.37 a-f 24 .81a-f 65.02i-m 68.63¢-
15 Day 40.84 r-w 34.52v-ab 38.6s-y 70.91f-k 87.41abc 52.08C
15 Bahman 32.04 w-ad 35.53t-aa 49.19pqr 83.24b-e 84.66a-d
15 Esfand 49.19pqr 37.21s-z 78.54c-f 58.02mno 75.58e-h
Askari cultivar
15 Azar 49.19pqr 37.21s-z 78.54 c-f 58.02mno 75.58e-h
15 Day 24.21a-f 23.38a-f 26.02 a-f 52.040pq 68.469- 54.98A
15 Bahman 44.529-u 37.28s-z 44.580-t 73.28 f-i 86.58abc '
15 Esfand 36.74 t-z 41.06r-w 66.22 h-m 93.18a 83.25b-e
Average 35.13D 32.24E 46.54C 69.93B 79.46A
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T Means within followed by the same letter are not significantly different with Duncan at P = 0.05.



VA0l ) 8yLes PV 80 oyl SLEL psle VY

oaalice (VY/A) Lo, 5 VoY) 5ld obw o3,
as ols plad by Sle dulie mls uoes Wb
zdaw ;0 e dod o (o2 V0 9 60 VO 0 LTy
Joaz) ais caslin (gl cxe Dol aw 00 Jleix
2 ey 4o V0 o LTso (niie 5 (ies (A
VO 5 5 (Y-IY) Sllg g CIVIF) 5l ol o8,
Llitay 5 COIVI)3led ol 68, 50 ol & (ot

(A Jg95) o sdalie (CYA/D)

o 8L o Gloged By Loy Josxi 391 2

o] B8 (S5
9,31 10 [0 (09000 o 3l Alg> oy 00 T o
e ,00 Jloio! mhaws 10 apd, dos (o widwl 1O
9 u_,).'ﬁ,S (ﬁ JSJ?) Qo odoline 6)‘OGM u5La.;
GO POV SO 5% IV I VAR I N 7 0
5 e 4 diawl VO jo 5 (VEIY) Sy 9 VF/F)

&:.15 LngAA‘B} (LTgO 9 LT50 ‘LTlO) M)QQ’ 9 M)Qa’ ‘M)é\ * s_?]a M:L) as uul; EMLJ).MS 6LbLo.) A de..>

g oo Siieol 1O B ,3110 51,655 sl
Table 9. Controlled low temperature that cause 10, 50 and 90% grapevine primary bud necrosis from 15 Azar to 15 Esfand

Time 15 Azar 15 Day 15 Bahman 15 Esfand
Cultivar LTgo LTso LT LT LTio LTy LTgo LTso LTso LTy LTso LTy
Rishbaba -20.5b-f -15.4c-e -11.7c-eT  -11.7c-eT -13.8e -13.8¢ -21.6d-f -18.5fg -15.4c-e  -18.1bc -12.8a-C -9.5hc
Siyah-e-Shiraz -18.4b-d -14.4b-d  -9.3bc -9.3bc  -12.2de -12.2de  -20.2b-e -17.3d-g -14.4b-d -13.4a -10.1a -6.2a
Bavanati -21.6d-f -16.2d-f -12.3de -12.3de -16.4f -16.4f -23ef -19.99 -16.2d-f -17.2b -12.5ab -10bc
Asgari -19.4b-d -14.5b-d -10.6b-d -10.6b-d -12.5de-125de  -Y\/fc-f -18.3fg -14.5b-d -13.7a -10.8a -8.7b
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ABSTRACT

This research was carried out to investigate the cold-hardiness of grapevine buds in a factorial experiment
base on completely randomized design (CRD) with 80 treatments and three replications. Treatments
included four cultivars (Rish-Baba, Siyah-e-Shiraz, Askari and Bavanati), four sampling dates (6" Dec,
5" Jan, 4™ Feb and 6" Mar 2009 and 2010) and low temperature levels (+5, -7, -15, -22 and -30°C).
Results indicated that with the decrease of temperature, incidence of bud necrosis increased. Dormant
buds of Siyah-e-Shiraz and Askari were most injured by low temperature, whereas, the rate of injury was
lower in cvs Rish-Baba and Bavanati cultivars. The lowest and highest LTg, were observed on gt
December in Siyah-e-Shiraz (-14.4°C) and Bavanati (-16.2°C) and Rish-Baba on 6™ March in Siyah-e-
Shiraz (-10.1°C) and Rish-Baba (-12.8°C), respectively. In general, Rish-Baba and Bavanati were the
most tolerant and Siyah-e-Shiraz and Askari were the most susceptible grape cultivars.

Keywords: bud necrosis, electrolyte leakage, grapevine, low temperature.
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