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Effect of Wind Machines on Rising Temperatures and preventing late frost
damage in a Japanese pear Orchard.

Kazuo TAHIRA, Fumio SAKUMA, Hironari HiyaAMA and Sumio KATAGIRI

Summary

The effect of wind machines on rising temperatures and preventing late frost damage in a Japanese

pear orchard was examined.

1. The minimum temperature in a pear orchard on May 4, 1991 was - 2 °C . The rate of damaged

pear fruit was neglible where wind machines were used, and was 7.1~57.4% in the control. Most

of the damage was in the upward spurs of the control.

2. The minimum temperature in a pear orchard on March 6, 1993 was - 2.4 °C . The increase of

air temperature at 1.8m above the ground surface ranged between 0.2 and 1.4 °C . The increase of

fruit temperature at 1.8m above the ground surface ranged between 0.8 and 1.8 °C . The rate of

damaged pear fruit was negligible where wind machines were used, and was 77.2% in the control.

3. The minimum temperature in a pear orchard on March 30, 1994 was - 3.8 °C . The rate of

damaged pear fruit was both 100% where wind machines were used and in the control.

1. # &

FEEBR(LBEROFTH L OEENES, BEEL
U BBEDND 18- 72, KRiC, BEFD624E (5), T
FRBRCHERTVBBENRLEL, KITRESY
2o

RERE S A YL EOBBIC L DBIEMRENRES N T
o)A, TOEATECHEIT R IEEIC X ZHEY
HEMMEH L EN OB T 7 L OBREINS LS ICH
o1 BT 7 Y 3FRFEORERIRQ, 6)EHMICH
ADEAL D TH D, BoETR, Roficr v+
V@G, 4), Vrd, F, AU bR ESL ORBTH
HahTuwb, ZIRETIE, FTEH FHREELED
FVEMTEAINL, LML, BiB77VicksF
YETOBREIEOEFIZPEL, BIEBRICOVT

bR EHREN -1, £IT, REBKIZKITSF Y
BoMiR7 7 v Itk 2BE ERHR EIRMB LR
Lo

0. HMHRUFE
HBRI1(CFER3ESA4H)
TETEBMROTERLICEWTHRY 7 V2 RE
Licr+vEE, BELAHR7 7 VERBL TR
YEIZBNT, 5A14H (KiEEE% 108 )i < $Ek’

DERB, BEREFICEME, #RHzoREH>%2£10
RZITOEMBL, 2REEROBFEEICHHEL
THAEL

Sk, PRIESH4H (‘K RbAk 280 ) TEH
WF VBT, R 1EEL kS TICTH ) HOHE

* BAERBEBRELEY v 7 - EMTERER
*% ng



BN — 2 CETIRT Lic, EBREOMRERL, ©
BER, ORENBEILBT LM T URERSH
HRREFU O, @RENV IR Hh, BEEREL
Dyof FoTERb0, OQREIEFICE@ICH
BEZIILb0, ORENRBRESEEL LD, UL
SBREE L, 5k, @~-Q0HEREIEENHY, &
DRFOREFERRE LI,

RE2(FRS4E3H68)

FNOF Y RCHBEE LB I (7%
DFA1025, 7 7 £ 100cm, & 8m) #{FBix ¢, B
B77vREUl, ik, FRSEIAS~6FITHIFT
EMETFRAF VB TR RIEKEN-24CitiT -1, 4
EHIMET 7 D55 1 EROET THRIEEH (K53
BYEBBEL, BR7 7 v +BEREZE L. F72,
Mif7 7 VOBROEEBO L WS (RT7 7 VOB
50m) & 3EBRX & L,

Grastiz 60 MR v MEZ < SEK 3ELEE 3H T,
N ZNTHRIEREE I L b0 %2 3H SHICRRITEA
BELC, #RMIHERZ 118 CHAHBE)THY,
R7 7 v RERUBREY » v +BRX T, 770 4&
h20m#SICHEBE L, FUEXTKE (B 3.5m,
1.8m, 02m) RUREB(ES1.8m)5AEL1. B
77 RERUMB7 7 v + BEBER TR, 774D
20mM S THAIL /., RERE Imm OB ¥ —T
RE L1,

BiFE7 7 » + BBEX T2, 3 A 6 B4 3:00, 4:00,
RU 530D 3AIKMMIFTEE EMBES ¥/, 3H6H
FRICERAME Y ZA~NREL, 3A8HKRU3H31H
CHEEREEREL

3A 8H (EEME% 28 )ORAETE, HEBREOR
WIHicOELR, ORENBEEE BTV T Ut
ERINFEREFFL DD, QRENVI N, FE
ERERDroq FoTE b0, QRESBEHLI
REKBEEERU L0, UE4BRICHITHREL
72

3H31H (KEE:B% 258 )OHRE T, BWHEFOD
BORicORLR, OQRENVIL A, BEERES
hrof FoTEk b0, OREHEPLICRmIcH
BEZILLD, ORENRAECEELLO, DLk
ABREIC I TRE L, 45, O~Q0HBERIESE
MKREL, CORHOREFERRE U,

AR 3(FEK6E3IH30H)

RO+ VEICHB SN AHET 7 V2B ¢,
Bifg7 7> K&l £, BiR7 7 vOROEED
RS (R 7 7 v O%A SOm) EXBR E L, 4
B, TR 64E 38 29~30 H ich i THRIRTRRAN > VBT
RREKBA-3.8CiciE -7,

PRI 60 A v MHEZ SEK 3EEAESK 3T,
Ny ZANTHRTEEEZI b0 % 38 298 AR IS
~BBI U1, EMILRER®% 270 GHA30HERE)TH
D, BiR77 v Rid77 &0 20mHbSICHEL 72,
ZMBRTRE (FE35m, 1.8m) RERER (H
1.8m)2HE L1z, BiR7 7 VRTit, 77 &b 20m
HSETEAIL 7o, RERE Imm OB € 4 — THIE
L7, 3A3084%icttEiiE 7 2R~EL, 3H
30HRU4H 16 HiICHBRELRARELL,

3H 308 (EEEAEE)ORERE T, HERE
DEVFRICORER, OREMEHLICRENICEREE
Zi3 b0, QRENBE L LD, UL 3B
THEL, FHORETIR, LHOMTREFEL
720 4816 B (IREEB% 16H )OREF/ETIZ, #HE
BEOBRVIHICORER, OREHEHP.LICEmICH
BEZI LD, QRENERTS b0, LILE3BRIC
SITTHEEL, 4k, O~-QOHERIIEENIKE
, ZoLHOBEHEREL L1,

m & £

HB1(EW3ESA4H)

BE7 7 v HREIA TS TEHERHO LFKE
3, HERR(BEEEQLODRER)IRTHY,
KEIZU D - 2 (Table 1), MHEEHE IS A THEYT
SENEKRIL, BifRoy 7 2 BB U7 (10a2472 9 1018
PUT)h, #ERS Shic, EORRIZERE L&
RZ5OREMEPLCRENS O, TOHERR
1329.8%ic#F L7, UL, BBRATHOINEICHE
B4, WBETEIERLCRERE~OEE LY
- 7z (Table 1),

BiR7 7 v HIBRBEEIA TV A TEHRTLO LT KRR,
BEIZAH SN - 7 (Table 1), M BEREIZZAT
BETIAFRKEIZ, bANSERBELN, PRI
BEALEZH oY, AREEMSRT S THERR
1357.4% 125 U 7z (Table 1),

BV 7 RERTR, EEOHIPFREDOLO
DRERN 0% T, PHRHRIED - 7,



SHETEII,:F EOME7 » Ik ABELRNEEBHEDE

Table 1. Effect of wind machines on preventing late frost damages in 1991
Place zZ Y X W VvV injured fruit
treatment flowerbud direction @O© @ @ @ & total (@®+®) @)
Ueno spur upper 18 19 2 0 0 39 0.0
Wind Machines spur side 10 22 2 0 0 34 0.0
axillary bud  upper 5 21 0 0 0 26 0.0
axillary bud  side 16 13 0 0 0 29 0.0
Iimura spur upper 0 8 25 12 2 47 29.8
Control spur side 2 19 18 3 0 42 71
axillary bud  upper 3 12 14 4 0 33 12.1
axillary bud  side 15 13 8 4 0 40 10.0
Yamanaka spur upper 17 3 1 0 0 21 0.0
Wind Machines spur side 18 2 0 0 0 20 0.0
axillary bud  upper 17 6 0 0 0 23 0.0
axillary bud  side 20 3 0 0 0 23 0.0
Kuramoti spur upper 4 7 9 26 1 47 57.4
Control spur side 3 10 14 19 0 46 41.3
axillary bud  upper 1 2 15 20 0 38 52.6
axillary bud  side 7 13 7 14 0 41 34.1

Z)healthy fruit

Y)reddish fruit

X)peel puffing
W)lacerated wound
V)severe lacerated wound
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Table 2. Effect of wind machines on rising temperatures in 6 March 1993

position Temperatures( °C )
Treatment
(height) 3:00 3:30 4:00 4:30 5:00 5:30 6:00 6:30 7:00 7:30
Wind* airtem. 3.5m 02 -02 -0.8 -08 -0.9 -0.6 -1.4 -1.1 0.2 2.5
Machines airtem. 1.8m -0.1 -04 -0.8 -1.0 -09 -1.0 -1.6 -14 -0.2 1.8
airtem. 02m 03 -0.1 -03 -0.7 -0.6 -04 -1.1 -0.8 0.3 2.8
fruit tem. 1.8m 0.7 0.1 02 -0.1 -0.2 0.1 -0.7 0.1 1.3 3.7
Wind® airtem. 3.5m 0.2 -03 -05 -08 -0.8 -0.8 -14 -0.8 0.4 2.4
Machines air tem. 1.8m 03 -0.2 -03 -0.8 -0.8 -0.6 -1.2 -0.8 0.3 2.4
+ airtem. 02m 02 -0.2 -02 -06 -0.6 -05 -1.0 -0.7 0.3 2.2
burning fruit tem. 1.8m 0.7 0.1 03 -03 -0.2 0.0 -0.6 0.1 1.2 35
airtem. 35m -08 -1.1 -09 -08 -1.1 -14 -1.8 -05 -01 33
Control airtem. 18m -14 -1.8 -15 -12 -1.3 -138 -2.4 -0.8 -0.2 33
airtem. 0.2m -24 -2.7 -28 -24 -22 -30 -3.4 -19 -0.6 4.5
fruit tem. 1.8m -1.1 -1.3 -1.3 -1.0 -12 -12 -15 -09 -02 4.0

Z)The thermometer measured twenty meters from wind machines.

Y)3:27-12C—>-02C



Table 3. Effect of wind machines on preventing late frost damages in 8 March 1993

late frost damages

Treatment
reddish fruit peel puffing lacerated wound
(%) (%) (%)
Wind Machines 10.2 ab’ 0.4 0.0a
Wind Machines+burning 169 a 0.6 00a
Control 62 b 16.5 772 b
* % NS *%

Z) Mean values within a column followed by the same letter are not significantly different(p=0.05, Tukey’s multiple

range test)

Table 4. Effect of wind machines on preventing late frost damages in 31 March 1993

late frost damages

Treatment
Keloid slight severe
lacerated wound lacerated wound
(%) (%) (%)
Wind Machines 0.0 0.0 0.0a°
Wind Machines+burning 0.0 0.0 0.0a
Control 7.3 9.0 61.0 b
NS NS *x

Z) Mean values within a column followed by the same letter are not significantly different(p=0.05, Tukey’s multiple

range test)
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Table 5. Effect of wind machines on rising temperatures in 29~30 March 1994

position Temperatures(°C)
Treatment
(height) 23:00 2400 1:00 2:00 3:00 400 500 6:00 7:00 8:00
Wind* airtem. 3.5m 06 -1.1 -22 -23 -24 -23 -3.1 -2.6 2.8 6.6
Machines airtem. 18m 1.1 -04 -16 -1.7 -19 -19 -2.7 -23 3.0 73
fruittem. 1.8m 0.0 -12 -22" -19 -20 -22 -2.7 -31 -1.6 0.9
airtem. 3.5m -0.8 -20 -32 -33 -29 -38 -4.2 -39 12 58
Control airtem. 1.8m -14 -22 -32 -34 -3.0 -35 -3.8 -3.5 2.5 7.0
fruittem. 1.8m -1.1" -0.9 -1.0 -11 -1.3 -138 -2.7 -30 -12 0.0

Z)The thermometer measured twenty meters from wind machines.

Y) 1:05 -1.7°C—-1.1C
X)23:36 - 1.7°C—-0.7°C
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Table 6. Percentage of injured fruit in 1994

30 March 16 April
Treatment
lacerated wound black fruit the falling of fruit
(%) (%) (%)
Wind Machines 58 94.2 100.0
Control 0.0 100.0 100.0
* * NS

NS and * are nonsignificant and significant at P=0.05, respectively, by t- test.

Table 7. Percentage of injured vegetative shoot in 1994

Treatment Percentage of injured vegetative shoot
(%)

Wind Machines 53

Control 39.6
*

* are significant at P=0.05, respectively, by t-test.
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