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Effects of Unwoven Fabric Cover on Ambient Temperature and Freezing
Resistance of Grapevine in Winter
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Covering grapevines with unwoven fabric in winter is a potential method to prevent damage caused by freezing of
the vines in cold viticultural areas. Although the covering is expected to protect the vines from extreme cold temperatures,
the warm temperatures under the cover may trigger the initiation of a deacclimation process. In this study, we investigated
the effects of two kinds of polyester unwoven fabrics, Plasticized Arbotex and Rabumatto U, on the temperatures in the
unwoven fabric tunnels and the freezing resistance of dormant buds of the grape cultivar ‘Kiyomi’ grown in a vineyard in
Ikeda Town, Hokkaido in the winter of 2019/2020. The vineyard had seen little snowfall until late January. When little snow
accumulated, slight differences were noted between the daily averages of outside temperatures and temperatures in the tun-
nels made of each unwoven fabric. After a heavy snowfall on 30th January, both unwoven fabrics alleviated the temperature
drop in the tunnels. The freezing resistance of ‘Kiyomi’ buds was maximum in both tunnels from late December to January.
However, it decreased in the Plasticized Arbotex tunnels from mid-February. In contrast, ‘Kiyomi’ buds in the Rabumatto
U tunnels maintained high freezing resistance until late March. To investigate whether the different temperatures in the two
unwoven fabric tunnels caused the difference in the decrease in freezing resistance of buds, we exposed ‘Yamasachi’ buds
harvested in mid-winter to controlled temperatures that mimicked the air temperatures in each unwoven fabric tunnel. Our
results indicate that the temperature program mimicking that in the Plasticized Arbotex tunnels (which had a higher daily
maximum temperature) caused a large decrease in freezing resistance. Our study revealed that unwoven fabric cover can
promote deacclimation, and fabric characteristics can affect the extent of decrease in freezing resistance.
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Insets show photographs of the unwoven fabrics.
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Fig. 2 Daily average and minimum outside

temperatures and temperatures in the tunnels
made of unwoven fabric. Dotted lines indicate
outside temperatures, which were calculated
from published data (Japan Meteorological
Agency 2020). Black and gray solid lines
indicate temperatures in Plasticized Arbotex and
Rabumatto U tunnels, respectively. Averages of
temperatures in the two plots are shown for each
unwoven fabric. Arrowheads indicate days in
which daily precipitation as snowfall exceeded 10
mm.

Fig. 3 Scasonal changes in freezing resistance of

dormant buds of ‘Kiyomi’ vines covered with
unwoven fabric. Each dot indicates freezing
resistance of each dormant bud determined by
differential thermal analysis. The number of data
points for each date, which is equal to the number
of dormant buds of which freezing resistance was
determined, is shown in Table 1. The grapevines
were covered with unwoven fabric from 2nd
December 2019 to 8th April 2020.
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Table 1. Number of dormant buds of which freezing resistance could be determined by differential thermal analysis

Date Plasticized Arbotex Rabumatto U
2nd December 8 8
25th December 6 6
15th January 3 4
14th February 5 5
9th March 1 2
24th March 2 2
8th April 5 4

For each date, eight buds from grapevines covered with unwoven fabric were subjected to differential thermal analysis.
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Fig. 4 Changes in freezing resistance of “Yamasachi’ dormant buds induced by artificial deacclimation treatment. (A) Air temperatures in
Plasticized Arbotex and Rabumatto U tunnels from 9th February to Sth May 2020. Black line: Plasticized Arbotex; gray line: Rabumatto
U. Temperature data under the black bar are shown in detail in B. (B) Temperature programs for artificial deacclimation treatment. Black
solid line: mean air temperature in Plasticized Arbotex tunnels; black dashed line: temperature program mimicking air temperature in the
Plasticized Arbotex tunnels; gray solid line: mean air temperature in two Rabumatto U tunnels; gray dashed line: temperature program
mimicking air temperature in the Rabumatto U tunnels. (C) Freezing resistance of ‘Yamasachi’ dormant buds before and after deacclimation
treatment. Non-DA: buds before deacclimation treatment; 5°C/-5°C: buds deacclimated by a temperature program mimicking air temperature
in Rabumatto U tunnel; 10°C/-5°C: buds deacclimated by a temperature program mimicking air temperature in Plasticized Arbotex tunnel.
Different letters above bars indicate significant difference (n = 9, Tukey’s HSD, p < 0.05).

DTIFST E L, KiRITVWFNL -5CE LT, 3H
LR 24T o 72, BBIMLALE %2 17 5 T v g
DRI O HAEEPIEE - 32.1C TH - 72H° (Fig.
30), I, BRI BRI 72EZO 1
¥ ORIBFOHFIRPE L 12Z—FT 5 (F—%
RET). FEMELEAT > TR WIKIRZE & T xTw
FTNORBEICALE T b HAE IR I A BT L7
(Fig. 3C). ZOREIZBREMEL, 77~y MU
I & 2B O % B L 72 B iR A 5C o AL
TIZHAEIRPUMED - 27.7C L 44CTZEAL L 720125}
L, 7—KR7 27 A X B 8HEONIRIRE % B L 7=
B 23 10C O AL TILBAG P 1% - 25.6C 12 %
D, 64COZEADR LN

£33

RIFZEIZ BT, ARAAEMIZ L 2 IRERT O
HIRRIL, WTFNOWEEM THREE M EEx
ST e, BB CHIFERT & AERATDSE M L 72K
RETIINER D HERIRIIIVRIR 1T E A EZED S
FTHE L, BERIIEESOWEEN 223
FlZBVTHFMOE Tz iz (Fig. 2). ¥
12, BAKERET20mm 2B 5BERH-721H
30 H P LIES < ot HIKAIEA - 20C 2
o> Th, BBEANTOREIX-15CE2 TR I &
Tedro itz BB OEERT 23 2 5
& LTUE, AR EBENT O 2R L O O Wit
T X BAVR E BENER O R OBIROHE, 3k
A I 2> & OB O E R E03E 2 b b



AFEDINKEATEM N L BT N OFFHIRE & ARIRF O SRR HIEIC S 2 2 8

B, WEBMDHE NIRRT BB & T3 %
BENTEL, F72, 7<%y FUTIREROBE %
W 28 F D §5V 2 & THEEM ONYL ORI
ENECHEr o207 b Lk, —F, BEERIC
EAKRAT A 75 L 725 O DS Wi R % R

L72Z &R, o 72 AKIAT G D322 5 D4 B) % iy
T5 2L THENTORIROK T2z b2 &
BEZOLND. 512, HHIZ—EHDOE KA Rl
T HWEITNE, AEATE M S KRS
HOHH T 2BICBAORLASEZ ), TR
WEROIREEAR T OIIHIICE S5 2 L BEbh b,

IR O FAERINE D FH AL 2 T2 72012
1T o 7R ZBHT T, AR L 7 RIRSE 255k
SBEEZZIFT TV ENBTEND I EDEL
EFEL QW BOT -9 2185 2N TELDo72
(Fig.3). 2019 /20204ED4%&y — X 121d, 1 K Z
TIIHEA D HRIRAEAT - 20C %2 Tl A 2 &7
oz RERT 2020). LA*L, Tsumura® (2019)
DIFFETHAERE TO TR ORIRIF OFHINY 2 3
AP ZAL 2 B, 7 R0 Emel
FERPUE 2 S 5 12 JHRICERINL 72 > 7 v T
bAVEANE - 16C THELZ A U LKIRFESRS
NTBY(T—RET), FLESBEENH o7
1 H30H £ COMICHBEND HERARSIEAY — 16T %
THEZHST—KF7 ATIZ13E, 7~ FUT
BolElH o722 s (Fig 2), Zhb DRI X
D4R 2 \ZBHE % 2T 72 RIRZEA3HE 2 T o 72T g
Wb T/, TH30HLREL EHIZLoTwd
NWORKEATEMNT X 5 O NIRRT AR &
N0, FIZT7—KR7 7 Z2BWTIE, 2AH
W UBEOFFEEIEOK TFIZ L 5T, KRS ST
THALRVIKHTHHENFEL-ZLIEZON
%

AEATEM L 2 WBEAFIMA L2 12 H2 HIZIE T
TIZ - 25CRHREO S VEAIRUEZ R L Tz
72Oh, ZODAEATEME T TER OKIRIFIZE
V% ZEE 2 IR LB AR O S I O 2Bk
EnERRONL o7 —T5, BHEMLEREIZOW
T, BRFPEL TR o BEOFRAEIZL ST
IRIRZFE O BAEIPTEIC T 2 T — 7 Hd L% %o
2bo0, 2AMHIZT—KRT 7 ATHEI N T
R OAFEDEMEIZT Ty PUODD I Y LA

I, SHUBEICIE 7 —R7 27 AT-25C LD
VRIS A SUEIRPUE 2 R T IRIRSF IR R o
3, 77~y bUTIE3 A ISR L 2R IRIF X5
NC=-25C & DRI L CHAS P 2R L 72
912, BonF—2 Il o0 T OOREA G
A CHARE 22 B WS S L7z (Fig. 3). 3 AHicid® %
Z HIZ2FEERINZ TV, ZOnTFIZBW TS
FREDORE RS SN TEB Y, KU TH O ik
(&, ASKRAT G OB DB LB O S BT
BTFICEELG 2L EEMORBLTNS.
T—=KR7F 7 ALT7T<y NUTIE, 2O
BN ORI EW DS R 517z (Fig.2). 2L
BEDOBBENIRO HFH5EIE, 77~y UL
CTT—RT 7 ATH WAL SN2, ShidE
27— KT 7 AL BHBENOERS L) &L %o
- Z EICREKET S (Fig. 4). 2 OWENOBIR D&
Wik, MEMOERRICE D EEZONDL. T—K
T AEBLE25% DS HENITE BT LD
L, EEAEREWT 7Yy b UILIS% IV D E R
WSS, HF I TIbNERICBYTH, A
i % 2O LDPENI L S 72K ) T AT IVAKEA A
LDPEJI L% L TV e\ DI AR T A AR % X
CHI 2 BIEMASH & T 5 (Willwerth er al. 2014)
1 78 BB 0038\ ASBURF KB O M AR s
G250 THLONEMENID L2012, FAH
IR L 723882 FlVC, 7 — K7 7 A CTHGEIRPT
DT A G E - 722 A O Z D OAREATN O
FE B L7 IRERIE 7 0 7 5 240 C3 H BB L AaLEE
ATV, AU OZ LA 7 (Fig. 4). ithH
W7 K7 - 7 o il ge g AESG TER S L Tw
5 EROE BERBRAE T T A b0ERBRWT
&, AMIEE L E SN TBY, HERICH W S KIRSE
AT 5 2 L hRETH 722 Lnn, ZOFEER
TR CEFET S e aMEE Lz A%
B 7 BB LALER DAL IR, W N OAKRAT 1 & 53
WEBOIREE % 185 L 72514 C & IRIREE O SRS RHTIE A
BTRLZD, T—RTF 7 A% L7250 TT T~y
FUZRBEL 723 OIZHARTHEICK S WHEIRIUE
DT 2R 517 (Fig. 4C).

EAVEREE T, IR B RIS, BB
(LI ERHIRIRIA IR 2 5. B IR 2> & 58 AR IR
NOBATIZRIRER D285 2 & TR 577,



J.ASEV Jpn., Vol. 32, No. 1, 3—14 (2021)

Kovaleski & (2018) (MEiRMEHFMAEZ 52 & T
7 B OKRIESFOBEMLEED LA T 52 L 2R
TWh. ZODONEAEN THRESI N7 Yok
IRZF OFGEHPEICZEZD LS NGO LRI H 7 — R
T 7 A X BHBEHNORIIE T 7~ v FUIHART
T R BAEBIS S o 728, 2 H e DLBE L SR
P HEDH: U7 I, 2 oo TR LE
JED FAIZER S N2 IR B R 25 72 S rz 7z
DO E Lz,

BEMEIZEICRED LRICL > TFESND & E
25N THH (Howell and Weiser 1970b), HUREHEPT
HEFUNT2ET VTR, LIEUIZREICHET A5
WOEE L THW LT\ A, Ferguson & (2014)
DERO T B il z2 k5 & L7z syl £
TV TlE, HRMEAR S HiERInO P9 EH &
LTHwWHNTEY, ZOEPHLBELEZ L L
IO T BB E L L ST 5. TORMHE
I L > TEL LD, BN DTH3CTH-
7z, SO NZR R BB LA X % H AR &
HiRERImOFEE, 7—RT7 7 A% L DT
25C, 97~y PUERBE LD TOC TH - 72725,
TE R (X Ferguson 5 (2014) 2SH Wzl X 1) 1K
WIREED S BBIE 2 BlfG S 5 o b Ltz e,

T7—R7F 725 7<%y NUTHESNAETF
7 ORIRIFE O FHFSIRPUE O 21X, 3 12 & ) BRI
ol ZOHHOVEDE LT, 2 HFAIZIRT
2 H ) PURE T 0 O ANRAT G A ] TREE IR O i
FEENLDRKELL Lo EOBENREZLNL.
F 7>, Howell & Weiser (1970b) 1X, V) » IO TR
BIMEDSHEFT 9 B IZON THMKRICI S 7z & &1
HFAGHPUE A ) E S ¢ 5 HEMLEE MK T 3462 L
ZARLTHED, 7 R OKIRF T FRIZHIEA
HEATT 5 Z & TRIOKIRIZ L 2 FHE L5 ) #
2o T2 Z LD DHRFEIIUED ZDILKRD—
HTIEHw2redbEZ TN,

AP TRz R e b LI, NRAEMIC L A8
BTT Py ORELR CBICE I NS EMORIEIC
DWTEZ L L, AR EHERMESE D OV F
Lw ey, SRV EMIE, e
NG WEDTHIBENLIZEDORFIC LY T512K
RHFLEET L L TRERTORMMEEZ R LS
L (Fig.2), F72, BEAMH Y, X )KGORFEIH

FH A L - R R EREA

BWERbNSE T T~y P UTHSRICERE S H
HIZ T CORIBRDIE T AN 7-2 & 5 (Fig.
4A), LD BRKTTOE NS ODWAKEZ I E VIR
TRRMMEzFO EEZzONDL. 72720, BEID
LW E R E, NEAAEM DR B L, ZORR
FIFE AR TE R, T2, EEAEL L E
LI W7 vy NUTHHOMRE LA HIZ 51
722 Eh D (Fig 4A), RO FRERIEOKT %
B Cz0 12T DO FH N OB RV E Bbh s,
AWFZETIE, BEEMOREYE T2 ) OH
DORIRFETHEENFELTLE -7, ZoBEEx
W2 D721, Bk DT o 72 ANAT EH DR E 57
I O MDH 5. SEORHBRTIE, #EIS
60 cm |2 & 5 FH5 R IAEATEM 2 27208, 7R
7 O & HFRIZE DT L) RN E AR AT
AEETIUL, HRORZEIZLY), XD EWIRER
TORMMEEHRLN LI REEDH S (Willwerth
2013). ARWFFRIC B TARRATE M % 3 1E L 722019
/2020 SE DA B HE T, ARO L) %
BIEREE IS L 2 L TT Ry 2 A STV H
BEMTHLIAMOECTALEENwWEIArbH
D, 0O L) I TIIHEDEAPBSINTWY
7o, ARBRIE, ESOE IS VR TIIA T
E VR E AT A 20 OHUER IR R RN S
72OBMG L7278, ANRATEM TOWEIZLF HIET
DBEBZAEANORIEE LTHRHTE 20 REMED D
L. WTRIZLTH, PEAEM TOWBIZL > T
LDECWT P ORE IR HEL 2012,
NZNOHIR TRHESFER UL L Vo /24T ORI
GO IARATEM OB T LR T 5 LED D
L1259,

L)

JefEBHITIZB W T, ZMRIRTIEBADHE L v
TR A 1R2AWE»S 4 ORI CEEO R
)T AT VAEATEN CHE L, BENTORE L
WIRZFE O BGEIEIEOZALZ FEMM L 72, FEE 047
WEAFTIX, WTNORHATEN TOHIFFL Tz
ORI EIES NS, BEONFH LR OH
PHRIBEOMICKRELREZIR S N ro7z. —T,
F & F o 72 BEE ORBIEIAREAT G L NER IR DK
TR L7 IRIRSFOSGEIRPUE O Z 21X 25



AFEDINKEATEM N L BT N OFFHIRE & ARIRF O SRR HIEIC S 2 2 8

HOWBEEMBE TRV SN, X0 EGELED
BWT 7~y NUTHE L 7ZEEOKIESFIE3 AT
HE T - 30CHEE D&V EUFIRPUIE 2 MR L 720
WRFLT, 7—RF27 A CTHELZMEETIZ2Ah
AH S UGS T 25 & vz 2 H Ay LR,
7 —=RT 7 AOWNFREERAT 7~y PULD O E
<&é@ﬁﬁﬁ%ﬂttb,:@ﬁﬁ@#ﬁﬁ@
T ENE D725 L0 EMHRT 5720
T @Wﬁ%%k%%ﬂ%ﬂmkﬁbfﬁﬁ%
MMOZLEFHNI L2 AH, T—KR7 7 AOWNER
R L7270 75 A THEML S ¥ 2121k 5
Ty PUZRBE L7 & 2N, £ 0K & 2 ok
MR TR SN, ORI S, WEEH
OYFVEIC X - THENTRORESEZZ D, HHIZH
RS LA LR T WEM & HW25E6121E, Mk
MHEFEICHPITT, E LD SRR SR ITE
DT HHEATT L REMEDN D 5 Z L LM% -
7z.

EiFas
WERBTHW,-9 7~y MU, 2=F kR
SitD S RME V2T RIFZEO —EE, SCEB
BB R mise Bl a5 GRERE 5 18K05718,
21K05555) 12X hirbis-.

SCHR

Arora R and Rowland LJ. 2011. Physiological research on
winter-hardiness: deacclimation resistance, reacclimation
ability, photoprotection strategies, and cold acclimation
protocol design, HortSci 46: 1070-1078.

Christersson L. 1978. The influence of photoperiod and
temperature on the development of frost hardiness in
seedlings of Pinus sylvestris and Picea abies. Plant
Physiol 44: 288-294.

Fennell A. 2004. Freezing tolerance and injury in grapevines.
J Crop Improv 10: 201-235.

Ferguson JC, Moyer MM, Mills LJ, Hoogenboom G and
Keller M. 2014. Modeling dormant bud cold hardiness
and budbreak in twenty-three Vitis genotypes reveals
variation by region of origin. Am J Enol Vitic 65: 59-71.

Fisher KH. 1980. Interspecific hybrids used in breeding wine

grapes for Southern Ontario, Canada, In Proceedings of

the third international symposium on grape breeding. pp.
12-20. University of California, Davis.

i e B A PE AR L) SR EESRELRR. 2018, BREM S &
IBADOTG] (UEIH2M).

Howell GS and Weiser CJ. 1970a. The environmental control
of cold acclimation in apple. Plant Physiol 45: 390-394.

Howell GS and Weiser CJ. 1970b. Fluctuations in the cold
resistace of apple twigs during spring dehardening. J] Am
Soc Hortic Sci 95: 190-192.

HET 7 B - 7 Ko EpgERT. 2013+ A >~
VAV A MHEETT Ry - 7 R T AR
Yg. WHETT R - 7 Ny SR,

Kalberer SR, Wisniewski M and Arora R. 2006.
Deacclimation and reacclimation of cold-hardy plants:
Current understanding and emerging concepts. Plant Sci
171: 3-16.

Kasuga J, Tsumura Y, Kondoh D, Jitsuyama Y, Horiuchi
R and Arakawa K. 2020. Cryo-scanning electron
microscopy reveals that supercooling of overwintering
buds of freezing-resistant interspecific hybrid grape
“Yamasachi' is accompanied by partial dehydration. J
Plant Physiol 253: 153248.

Khanizadeh S, Rekika D, Levasseur A, Groleau Y, Richer C
and Fisher H. 2004. Growing grapes in a cold climate
with winter temperature below -25° C. Acta Hortic 663:
931-936.

Khanizadeh S, Rekika D, Levasseur A, Groleau Y, Richer
C and Fisher H. 2005. The effects of different cultural
and environmental factors on grapevine growth, winter
hardiness and performance, in three locations, in Canada.
Small Fruit Rev 4: 3-28.

[EITF. 2020, BEOKL T — ¥ ¥ (https://www.data.
jma.go.jp/obd/stats/etrn/index.php; 2020 4£9 H 3 H |2
T ReR).

EBUTRBLALEBLER. 2019, EINEGET A > OB CF
1829 4F FEFR AR S))

Kovaleski AP, Reisch BI and Londo JP. 2018. Deacclimation
kinetics as a quantitative phenotype for delineating the
dormancy transition and thermal efficiency for budbreak
in Vitis species. AoB Plants 10: ply066.

Miller DP, Howell GS and Striegler RK. 1988. Cane and bud

hardiness of selected grapevine rootstocks. Am J Enol



J. ASEV Jpn., Vol. 32, No. 1, 3-14 (2021)

Vitic 39: 55-59.

Pierquet P and Stushnoff C. 1980. Relationship of low
temperature exotherms to cold injury in Vitis riparia
Michx. Am J Enol Vitic 31: 1-6.

Pierquet P, Stushnoff C and Burke MJ. 1977. Low temperature
exotherms in stem and bud tissues of Vitis riparia Michx.
J Amer Soc Hort Sci 102: 54-55.

Quamme HA. 1986. Use of thermal analysis to measure
freezing resistance of grape buds. Can J Plant Sci 66:
945-952.

Richardson AD, Hufkens K, Milliman T, Aubrecht DM, Furze
ME, Seyednasrollah B, Krassovski MB, Latimer JM,
Nettles WR, Heiderman RR, Warren JM and Hanson PJ.
2018. Ecosystem warming extends vegetation activity
but heightens vulnerability to cold temperatures. Nature
560: 368-371.

Sakai A and Larcher W. 1987. Frost survival of plants:
responses and adaptation to freezing stress. Springer-
Verlag, Berlin.

Shimada T, Genma T, Furuya S and Kondo Y. 1982. Frost
heaving injury of alfalfa. J Japan Grassil Sci 28: 147-153.

Taulavuori K, Taulavuori E, Sarjala T, Savonen E-M,
Pietildinen P, Lihdesmiki P and Laine K. 2000. In vivo
chlorophyll fluorescence is not always a good indicator of
cold hardiness. J Plant Physiol 157: 227-229.

Tsumura Y, Azuma H, Takahashi Y, Atucha A, Hirano
N and Kasuga J. 2019. Cold hardiness of wine grape
variety ‘Kiyomi’ during dormant season in Tokachi area.
Cryobiol Cryotechnol 65: 75-79.

Willwerth J. 2013. Research report: use of geotextiles to
reduce freeze injury in Ontario vineyards (web article).
Cool Climate Oenology and Viticulture Institute, Brock
University, St. Catharines.

Willwerth J, Ker K and Inglis D. 2014. Best management
practices for reducing winter injury in grapevines (web
article). Cool Climate Oenology and Viticulture Institute,

Brock University, St. Catharines.





