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Comparative Analysis of the Cultivation Environment Changes, the
Emerging Budding, Flowering and Yields in High Bed Strawberry due to
the Application of Crown Heating System
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Abstract. In this study, the effect of crown heating on the cultivation environment, budding, flowering and yields of
strawberry was analyzed. In December, January, and February, when the outside temperature was low, the average
strawberry crown temperature at daytime in the test zone was 1.3°C higher than that in the control zone, and the
average strawberry crown temperature at nighttime in the test zone was 2.7°C higher than that in the control zone. The
average bed temperature at daytime in test zone was 1.7°C higher than that in the control zone, and the average bed
temperature at nighttime in test zone was 2.4°C higher than that in the control zone. As a result of performing
correlation analysis and regression analysis on strawberry crown temperature and budding period, the correlation
coefficient was -0.86, which tended to be shorter as the crown temperature was higher, and the determination
coefficient was 0.74. The total yields of strawberry during test period were 392.6 g/plant for test greenhouse and 346.0
g/plant for control greenhouse respectively. As for the quality of strawberries, the ratio of 2L (very large) grades and
L (large) grades was 62.4% in the test greenhouse and 58.5% in the control greenhouse, indicating that the proportion
of high quality strawberries was higher in the test greenhouse.
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Fig. 1. Treatment factors of comparison test for crown heating in
greenhouse.
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Fig. 2. Measuring crown and ground temperature in greenhouse.
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Fig. 3. The location drawing for measuring data loggers.

MEAZHSS|X|, M32H K4z 20234

T AR Ago R QI 1 w@r]o] Al ebd wskel Tof whE &%, e 9 a2 v 24

S33t glo] gl 9] FAIEA-2 R(Ver. 4.0.5, R Foundation
for Statistical Computing, Vienna, Austria)S 8312
o, 7] T 9 HfR] 2k o e, St H| o] B = t-test(p <
0.01)% o] g3o] = A2 ko] Bzl fol4 S AHsI
AL, &5 W fehs o 2ote] WAS AREA R AR Y]
A0z Bashlrh

1. ©7] 28 2 x|l 2

Table 1->27] 4] & HF10€92095E3Y
ZHA Q] 7] T aA] 25, 24 o 255 LR 3
ojck I h-S- 517 Al 1093} 119 2287k# 2] glo]E]
S AR, 109 AJFE9] G7] IR 9 vl o] =1
Lrl 7k 21.7°C, 19.8°C¢.om, tzTLof| A= 22.6°C,
20.0°C &2 Yt f-om) gt 2ol= glgle). o E7] it 9
HiZ] i L% AIFETL 15.6°C, 20.2°C, &I 15.2°C,
20.0°C 2 F-ofm|gt 2fo| glo] ARl 5= A 2]+-9 2Ho]

A

HlateeS & 4 SIsiek

j=E=1
T RS AR 9)7] o] e 124, 19, 2900) 7

7] T 2w XA 15.1°C, 15.4°C, 16.8°C, &
oA 13.6°C, 13.8°C, 16.0°C2 U} Aol A B
1.3°C $£9kom, ofgh W7] ¥ 2= AIFolA 9.8°C,
10.7°C, 11.4°C, gzl 41 7.3°C, 7.6°C, 8.8°C & LFE}LE A]
ol Bt 2.7°C A etk 124, 14, 299 =41
7] HjA] 22 A F LA 12.9°C, 13.5°C, 15.0°C, 2t
oA 11.2°C, 11.5°C, 13.5°C & e} AJ8Loll A B 1.
7°C &8kom, ot w7] ujA] L= AlgTelA] 12.9°C,
13.6°C, 14.7°C, T 270l 41 10.5°C, 10.9°C, 12.5°C & Le}
U ARl A sEwt 2.4°C A LRt o] = 3y w7l
T S R v R W A STk S oA oF
oS iRk oF 3-5°C #3d A8 A4 Moon F,
2016), €F2°C 7Fg =94 A18) A1 241K Lee 5, 2021)0] H]
o B o Bt Ante 2]lrk

129, 19, 29 Al o PO R 5 A R 25
CpH R H T 2724 25 Wk Ht 5°C TR
2oz Ueyith 3¢9 F7boll= 9712 W 24 2=7F2o)
HI3]| ol Zet A e]-e] "7] - B uiA] L= Ao
glglon], ofgtoli= Al 7-9] 7] T 9 vlfjA] =7} o=
ol vlal =] Lrebsteh

Table 2= A[@Fe} th2Tt9] B7] ¥ 27} 718 7]
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Table 1. The monthly average temperature of strawberry crown and ground and temperature and relative humidity (RH) in experimental greenhouses

and outside.
Crown temperature (°C) Ground temperature (°C) Green .
Monthly avg. temperature Outside
. L Local Local -house o0
and relative humidity heating Control  Differences heating Control  Differences °C%) (°Cr%)
Temp. 235 16.2
Day 21.7 22,6 ns 19.8 20.0 ns
Oct RH 51.0 61.1
. Temp. 123 8.7
Night 15.6 15.2 ns 20.2 20.0 ns
RH 879 84.6
Temp. 21.0 13.5
Day 18.6 19.1 ns 16.7 16.9 ns
Nov RH 58.7 62.5
1 ] Temp. 103 6.9
Night 134 132 ns 17.2 16.9 ns
RH 89.1 83.0
Temp. 18.9 11.5
Day 17.6 16.8 ns 163 15.3 w
Nov RH 69.2 63.1
2 ] Temp. 104 7.1
Night 13.9 12.5 Hkx 16.7 154 ok
RH 90.9 75.0
Temp. 16.8 29
Day 15.1 13.6 Hkx 12.9 11.2 ok
De RH 66.0 52.8
C
. Temp. 52 -2.5
Night 9.8 7.3 ok 12.9 10.5 ok
RH 873 70.8
Temp. 17.2 3.5
Day 15.4 13.8 ok 13.5 11.5 ok
| RH 62.1 54.1
an
Temp. 5.6 2.1
Night 10.7 7.6 EE 13.6 10.9 ok
RH 85.6 71.5
Temp. 18.1 6.9
Day 16.8 16.0 ok 15.0 13.5 o
Feb RH 58.1 53.1
e
. Temp. 6.1 0.4
Night 114 8.8 ok 14.7 12.5 ok
RH 86.6 71.8
Temp. 215 13.9
Day 20.1 19.8 ns 18.7 183 ns
Mar RH 53.6 521
. Temp. 10.6 7.5
Night 15.6 13.9 ok 19.1 18.0 ok
RH 88.7 72.0

“Period of Nov_1: Ist November - 22th November.
Period of Nov_2: 23th November - 31th November.

ns, R

Sl Hofghe & 2ol & HolA] o= & Yo Fa
TEe AT LA 0] PR L r) th 2] T 2 HT)
I 9F3°C o =7 Uetsith 9)7]20] 7 WA 453k =
o2t 241 0] I &7} 32713.3°C, ofF2.5°C 2 B7] 2]
HAFALE oot WeZk o A E T 24 O] I 2= =
F147.6°C, oF116.7°C 2 A F-AIE = USATh Al 27
O] 2 A L7t 2R A A E o] Bt gt e =

452

Nonsignificant or significant at p < 0.01 or 0.001, respectively.

At uighon], AT 7] e mo] Hagh gk
b Tt B7] B 2510} 3.8°C, 2.3°C, 1.2°C =4
Uehgeh
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Table 2. The weekly minimum (Min), average (Avg.) and maximum (Max) temperature of strawberry crown and temperature in experimental

greenhouses and outside from 1% week to 5" week in 2023.

Weekly mean temperature (°C)

Week Time Local heating Control Greenhouse Outside
Min Avg. Max Min Avg, Max Avg. Avg.
Day 83 153 19.1 4.8 13.5 17.9 17.0 35
Ist week
Night 84 9.9 13.7 4.8 7.0 11.6 4.6 3.5
Day 8.8 16.2 21.3 53 14.8 21.4 18.1 8.7
2nd week
Night 8.6 12.2 18.7 44 9.6 17.5 9.3 3.1
Day 8.0 14.7 18.9 4.1 13.0 19.3 16.3 2.9
3rd week
Night 8.0 10.3 13.6 4.1 7.0 11.2 5.2 22
Day 7.6 153 19.3 33 13.7 19.5 16.9 -0.9
4th week
Night 6.7 10.3 154 2.5 6.9 12.9 4.7 -5.1
Day 83 16.2 20.0 5.0 14.8 19.1 18.6 4.7
Sth week
Night 7.9 10.2 14.3 4.7 7.3 12.4 4.8 2.6
Table 3. Budding and flowering date by flower cluster in each greenhouse.
Budding date (DAT") Flowering date (DAT)
Greenhouse t d wd th st d wd th
1* cluster 2" cluster 3" cluster 4™ cluster 1* cluster 2" cluster 3" cluster 4™ cluster
) 18" Oct 25" Nov 8" Jan 17" Feb 21% Oct 2™ Dec 2™ Feb 5" Mar
Local heating
29) ©67) (111) 32 (74) (136) (168)
Control 18" Oct 29" Nov 6™ Jan 39 Mar 20" Oct 11" Dec 2™ Feb 10" Mar
29) (71) (109) 3D (83) (136) (173)

“The number of days after transplanting (DAT).
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Table 4. Results of linear regression between crown temperature and
budding days after transplanting.

B SE t p R
Intercept 3611 747 48  0.008**
0.74
Budding -176 53 34 0.028*

“B: (Unstandardised) estimates, SE: Standard error, t: t value, P:
probability value, R?: determination coefficient.
* "Significant at p < 0.05 or 0.01, respectively.

Budding days after translating (day)

Budding days = -17.6*(Crwon Temperature)+361.1
L]

Crown Temperature (C)

Fig. 4. The linear regression graph between crown temperature and
budding days after transplanting.

R
o o8 thehtout B0 felnlg 2ol g9
H719] $B1FS Lee 5(2021)0] 24 i 74| L8 5°C
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L7F8°C AT Y 2 0] ey, ofjufA] AR Bl R
o A|Sof| A ZF 241 4=3leF0] 412.7g/plant, 393.3g/plant
2 Uit Ajol gA1eh Aake siekec,

Table 6.8 54M2 7120w} AT 24, 2T &
Ao A 2R E7|E e otk 58 2ARE sl Al
oA ~8hE ©719] F = 386719 o, 7t SEHRE
2L S5 9571(24.6%), L S 14670(37.8%), M S 987}
(25.4%), 8(12.2%) 5+ 47712 UETh 2ol = &
ME=33770, 2 S B0 SE857)(25.2%), L S5 112
(33.2%), M 5-2 8771(25.8%), S(15.7%) S 53702 L
ERATh SEE R 7 24 o) peleie v as i 7 A2 S
SH= AlLIR YA SollA Al eERke] o Wk
Ok gt 240N & 2= tiB] 2L 5 €719 Hleo]
252%%2 24.6% FH At H Fl oy L 587A] 23+
QB H 2 58.5%, AlA62.4%, M S5 7HA] 2343
vl T3 84.3%, AlRT-87.8% = AlfT7H =4 U
EPT]

B T0] A3 ATHE B T thiS S m o] B
25w W= &3, JiekE e o QAL g

%W EUS o B 4 9SS Belskich

Table 5. Cumulative yield comparison in local heating and control greenhouse.

Fruit fresh weight (g)

Total yield (g)*

Greenhouse

Cluster 1 Cluster 2 Cluster 3 Sum per plant
Local heating 4,307.3 3,290.1 254.8 7,852.2 392.6
Control 4,169.0 2,483.6 266.4 6,919.0 346.0
t-test ns ns ns ns ns
“N=20.

"Nonsignificant at p < 0.05.

Table 6. Strawberry quality comparison in local heating and control greenhouse.

Quality grade Local heating Control

No. of fruits Ratio (%) No. of fruits Ratio (%)
2L 95 24.6 85 252
L 146 37.8 112 332
M 98 254 87 25.8
S 47 12.2 53 15.7
Sum 386 100 337 100

“2L: very large, L: large, M: medium and S: small
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