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Effects of Moderate-temperature Management on Fruit Growth, Quality and Yield in Farmer’s
Satsuma Mandarin Trees Grown in a Greenhouse
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10 B, 847X : 2022 4512 H 9 A, §ilBI A O FEEIxE
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Tholz (F1), 2024 FEIL, IR A OB FFE
X :2023 412 A 8 A, HITIX : 2023 /=12 H 10 A,
TiBE H O SEIEX - 2024 451 F 15 H, BT :
2024 -1 H 13 HTho7z (F 1), 2024 HFREORAE
R TIE, 108D 5 H 1B (EITX) OF b — R
7" (EHP61, A8, DIT, HP) 2 & CBlME - 148)
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2023 FEPETC 4 M, 2024 FEPET 3 FHMB Y | T
Thb 2EFHEBECHoTZ, 2B WTho T A Co,
T FHIZAT > Tz,

2 RAEOHME
BT ZAOREEFHINITRIR S WBEIL NI D
(AT R —= b A LE Ty o=

— 2] (RS, TR BV, ZROBEASRTY
RN ZATCIL, [P—F27 1 6] (Analog Devices
#) 2 W TCRIBDO A3 L7-, fa7E (Vapor Pressure
Deficit (VPD, hPa)) (&, IE L7z o ZARAGE t (C)
EABSHREE R (o) (%) 2> BEEE O CEli 9)) OFTH
WL F R TR Lz,

ee=6. 11X 17 27X1/(231.3) (1)

ew=esw) XRH)/100 (2)

VPD (i, my=esy —ew (3)
Z T, el TR t 1B D 8FIKIESKE (hPa),
VPD (¢, my (IREE t . AHXHREE RH DZERDORIZEEL R
7

F£1 FAERHBOMPE
K . HEOK -
HiE {fﬁéﬂai K7y ﬁg? HEE
FEAEE EHA RERX N H B A 5SS (MPa)
B B
(B0 (kL/10a) 90 H 120 B (t) (%)
2023 A FEFEX 2022-11-26 2022-12-31 3 15.1 - - 4.7 79.0
B 2022-12-01  2023-01-13 2 9.6 - - 5.1 100. 0
c 2022-12-13  2023-01-20 2 16.0 - - 4.3 71. 4
D 2022-12-19  2023-01-23 3 12.3 - - 6.0 66.5
E 2022-12-22  2023-01-26 3 13.0 - - 4.7 44.17
F [ETIX 2022-11-26  2022-12-29 3 15.2 - - 5.1 73.8
G 2022-12-04  2023-01-13 2 17.7 - - 4.9 80. 2
H 2022-12-12  2023-01-15 2 19.2 - - 6.6 70.9
1 2022-12-15  2023-01-19 2 20. 2 - - 2.3 63.1
S T peizE0 23015 2 B2 SR S 39 389
2024 A FEFEX 2023-11-25  2024-01-01 3 16.1 -0.8 -0.7 5.0 92.0
B 2023-12-01  2024-01-08 3 12.3 -1.0 -0.8 5.5 71.9
c 2023-12-04  2024-01-09 3 12.9 -0.8 -0.8 8.6 75.3
D 2023-12-05  2024-01-10 2 12.9 -0.9 -0.8 4.0 90.9
E 2023-12-20  2024-01-26 2 16. 4 -1.6 -0.9 1.5 24.3
F 1BATX 2023-12-01  2024-01-10 2 19.6 -0.9 -0.7 6.2 64.6
G 2023-12-07  2024-01-11 2 19.6 -0.8 -0.7 4.1 72. 4
H 2023-12-10  2024-01-10 2 13.8 - -0.8 5.3 64. 6
IS 2023-12-15  2024-01-15 2 - -0.7 -0.8 5.0 70. 2
e Topein stz 2 .0 09 06 53 .. 24
2023 Rz FEREX 2022-12-10  2023-01-16 13.2 - - 5.0 72.3
AT 2022-12-09  2023-01-14 17.5 - - 4.6 65. 4
HEZE >k n.s. n.s
2024 Rz FEREX 2023-12-08  2024-01-15 14. 1 -1.0 -0.8 4.9 70.9
EITIX 2023-12-10  2024-01-13 17.0 -0.8 -0.7 5.2 68.8
ﬁf‘:‘zi n.s n.s n.s n.s n. s.
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SIRIE. 2023 4F & bl L C 2024 4R 2 HE 4 HN 1.5
~1L6CE<., 3 HIF 1.8CEI~7=, Fi=, HEEIX
2023 AL EER LT 2024 1% 4 A 26% 7o T

(#2),

32 W FEONT ANBEROMELZ RS, ~NUR
R, M4E & b 60-119 A ORBRX B ORIE
ZZRBWT, KENBERE LY b RS WEAS A 6T
(F3BLOH1, ®2), F/-. W% 60-119 A
DNTIE, N ARKIRITERK & b EIEXAMEITX &
DHESHERB L (E3BLUOKL, K2), ~NT AN
DOENR ERIRDZE LT, BEORIRA) 1%, 2023 4F
JECIEREIX & BATIX % bhiis U CHRFEXMEATIRE D
BAE DRIRZED 2. 1~0. 5°C R E <2024 FEFEITEIEX
LEITRCRSETh -7 (E3),

AN ANOIREE X % 60-119 H OBRIZE N T
2023 FEFECHIERAMEITX LV HIK< 2024 FFREITEE
FEXAMEITR LY biEhoTz (3), £/o. AT AR
DEAFEIE 2023 FEPE THEIEXMEITR LV &/ <2024
FREXEFERMEI TR L D IR o72 (F3), KA b
U AL, FERERMETTR LY HIRVIKA b AR
& TWe (1), BEMEAEIL. 2023 FET

FEIEXVEFTIX & b U T3 4. 3kL/10a OHIRE,
2024 4EPEITNEYY 2. 9kL/10a DI & 72 -7 (F 1),

£2 ANCHEAEHMTOMETORERI (2 24)
R T A A GBI,
i * (10)

HHEY (Wm?)
2023

2024 4 2024 4
2 H 6.9 8.4 121 107
3/ 11.3 9.5 171 169
4 A 14. 6 16. 2 201 149
5 H 18.4 18.3 220 218
6 H 22.3 22.3 176 183

VAR BT ARAEUEM ARG T — 2 =2 (RITEEE) .

2 REORZELLEOHME

B 90-150 H OREOHER Z X 3 1T/RT, 2023
FRETIAEHE 2B L T, BRI CR% CH
BT (X 3), 2024 FEREORRIE. MiB%
90, 120 H CTHEFERKMEITX LT 5 & HE (P<
0.05) (Z/h&Emotz (X3),

WiPH % 90-150 A DRIBFEE A FK 4127, 2023 4F
FEOREHEEIL., WTINoOMERIZRWTH EFERN
BT LY b REWERZxR L, MBIk 120 BiX 5%
KRIECHBICEERPEITR LY b REDo72(F4),
2024 FEPEORICAEEIZ., WiBAtR 90 HIXFEIEX TIEIT
K &0 BEBSRORNE o728, TilBE 120 H LI
FLREX LB TR CR%oME R Lz (F4),

Tl 90-180 H OB OHER %X 5 1R, 2023
EFEOPEE X, WBI% 90 HICRWTEIERMEI T
L0 BEE (P<0.05) ITE-> 72, EFEAT—IR
HETIZOFTUBITIR & 0N/ NS <720 | {i#fiBif% 150 H
KRR CIERI%ETH o7 (K4), 2024 FRFEOHEE T,
TR 28 L CEERAEITR LY bEroz (K
4), £ f7E L FEERINEOBR AT 5 & 2023
HEPEDTHBI % 120-149 H D BEDONZE LR 120-150
H OFEERINE & OBURICRB W T, AEZ2MEBEIERED
DAV TR, W ORRIT LIZMo 2 Yih#i Tl
JRCE, BRI E RKICT DR OFEN IR S
N7z (®5), —J. 2024 FFEOBH% 120-149 A D
BOfiZE LB 120-150 B OFEEH IR % g9 5
&L 2023 FFRED X O R BMRIZAWE R o T
(®5),

iRt 90-180 H O EREOHER % X 6 1R, 1 E
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£3 NURAABREOHE
2023 HpE 2024 HpE
EST) AR fazE SR Ak B
N o ° o, L o,
T ﬁ;,ﬁﬁ;ﬁ (‘C) — (%) (hPa) (‘C) — (%) (hPa)
iR SR R wm RR &M RE WE R0 BRI &R ORM
)&\(m;'g x\(mfig
FEREX A 60—-89 22.2 20.0 2.2 - - - 22.8 20.8 2.0 64.6 83.6 5.3 4.2
90-119 23.5  20.1 3.4 - - - - 23.9 21.2 2.8 67.2 89.7 13.0 4.7
120-149 25.4  20.4 5.0 - - - - 25.5 21.0 4.5 59.6 89.3 13.9 5.0
B 60-89 25.3 18.5 6.8 59.6 71.5 14.0 6.1 24.1  20.3 3.8 66.5 76.4 10.7 5.6
90-119 27.0  19.0 8.0 57.8 T71.0 16.2 6.4 24.8 20.5 4.3 69.1 79.5 10.8 5.1
120-149  27.8 20.3 7.5 60.5 70.9 16.0 7.0 26.8 19.7 7.1 60.0 72.6 17.2 6.7
C 60-89 26.0 20.3 5.7 55.1 60. 7 15.8 9.3 26.2 21.5 4.7 73.1 90. 1 10.1 2.6
90-119 25.7 20.5 5.2 52.5 60.8 16.6 9.5 25.8 20.4 5.4 76. 1 94. 2 8.9 1.4
120-149 27.2  20.4 6.8 59.7 67.0 16.2 8.0 20.9 16.9 4.0 58.4 82.2 15.1 3.5
D 60-89 25.3  20.3 5.0 44.5 47.6 18.8 12.5 25.9  23.0 2.9 60.0 64.4 15.5 9.9
90-119 26.1  20.1 6.0 45.9 51.3 185 11.2 26.7  22.1 4.6 67.0 73.2 19.5 11.9
120-149  25.7 20.1 5.6 57.6 63.9 15.2 8.6 26.8 18.8 8.0 61.8 71.2 8.5 10.0
E 60-89 25.1 20. 4 4.7 63.0 77.5 10.3 4.6 23.7 19.2 4.5 51.0 67.8 15.3 7.1
90-119 26.2  20.5 5.7 64. 1 78.3 11.0 4.4 24.9 19.3 5.6 56.4 75.0 15.7 5.6
] 1200149 26,1203 5.8 9.5 745 9.2 52 266 19.7 69 543 TL1_ 184 67
1E1TIX F 60—-89 27.0 24.2 2.8 50.4 58.7 19.0 13.4 29.0 25.7 3.2 46.0 53.1 23.2 15.5
90-119 26.0 22.1 3.9 49.4 55.9 18.3 11.5 28.8 25.2 3.6 54.5 61.7 26.8 17.1
120-149 24.7 17.9 6.8 27.0 23.9 16.4 9.1 28.3  22.7 5.6 49.8 58.9 14.9 14.6
G 60-89 25.7 23.8 1.9 68.9 78.6 9.7 5.3 27.2  24.0 3.3 54.3 61.5 22.1 12.8
90-119 26.3 23.1 3.2 70.5 87.3 8.8 3.1 27.2  23.0 4.2 59.4 67.1 11.9 12.4
120-149 24.6 19.7 4.9 75.7 93.7 7.5 1.4 27.6  20.9 6.7 52.4 63.1 23.7 12.8
H 60-89 27.9 23.8 4.1 63.6 68.7 14.7 10.0 28.2  24.1 4.1 61.9 68.3 156.8 10.0
90-119 27.4  21.9 5.5 68.4 74.7 11.9 7.0 27.4  22.3 5.1 64.3 72.0 19.2 11.1
120-149  28.0 21.5 6.5 68.3 70.3 12.7 7.7 28.8 20.7 8.1 59.0 67.1 9.0 9.5
1 60-89 25.2  23.2 2.0 76.8 90.2 7.0 2.4 27.5  24.5 3.1 84.9 99.1 2.7 0.5
90-119 27.1 23.5 3.6 75.3  92.9 8.1 1.8 27.2  23.5 3.6 86.0 99.9 0.2 0.4
120-149 24.5 20.3 4.2 83.9 98.0 4.7 0.4 27.2  21.8 5.3 77.8 99.4 7.0 0.2
J 60-89 24.6  21.5 3.1 - - - - 24.8  21.1 3.7 52.7 54.9 16.5 11.6
90-119 26.3  21.7 4.6 - - - - 25.7 20.5 5.2 36.8 39.0 20.1 11.8
120-149  25.9  20.1 5.8 - - - - 260 19.8 6.2 66.1 69.2 187 13.9
S B 60-89 24.8 19.9 4.9 55.6 64.3 14.7 8.1 24.5 20.9 3.6 63.0 76.5 11.4 5.9
90-119 25.7 20.0 5.7 55.1 65. 4 15.6 7.9 25.2  20.7 4.5 67.1 82.3 13.6 5.8
120-149 26.4  20.3 6.1 61.8 69.1 14.2 7.2 25.3 19.2 6.1 58.8 77.3 14. 6 6.4
1BATIX 60-89 26.1 23.3 2.8 64.9 T74.1 12.6 7.8 27.4  23.9 3.5 60.0 67.4 16.1 10.1
90-119 26.6 22.5 4.2 65.9 77.7 11.8 5.8 27.2  22.9 4.4 60.0 67.9 15.6 10.6
120-149  25.5  19.9 5.6 63.7 T71.5 10.3 4.6 27.6  21.2 6.4 61.0 71.5 14.7 10.2
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AT ANTKEETR KA MU AER E LT NREE - K -
FR] O3IONEHEEL I, BHE~DKA N LA
WZiE, 2632055 8NN 1 DTHRITHZ LT
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12024£EE§)
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- & —{ETIX

90 120 150

PR A% (R)

X3 W% 60-150 BIZRIT AREEDOHRE (2 » )

“t JRE T, kX

F4 RWHEER RRAOHE

5%KETHETHD ZLamd, =7 —/—

BIIE et
Kb PR TmEm oA Wk P
90 H 120 H 150 H 150 H
2023 FEREX 121 132 136 0.018
1BATIX 117 127 133 0. 053
HEEY n. s. * n.s. n. s.
2024 FEREX 118 129 130 0.013
1BATIX 123 128 129 —-0. 036
HEE n.s. n.s. n.s. n.s.
3R L B a/b,
TRRIET, *I 5% KETHFETHDLZ 27T, ns. ld, A8

7272 L (n=10),

RIRAENEIEX L BITE TR 3~6COHH TH -7
(£ 3), BHEORETIL, BEOKIRAENKEVEE
JERD N S AUERRP L b 2 &0 REDEAE
S, RIS/ D LS RTWwWd (ER ), Lavl
&&@mm%#5cﬁffhni\mm%#%£Mk
SR RIET BT DN E SN TEY GER YD),
A@@%ﬁ#%%%@ﬁlﬁ’&otoiﬁm%%k
I, MEOSEGER & BT CRERilm 2R L,
%E@ﬁ%(iim)®£otﬁéﬁﬁ%ﬁ%%%%
ohd (F4BIUH4, X6), BROKIEAEIZ L
LRI Dol LHEHI S NG,
A EIOBIHSEEEZ BV CiE, IEBELMFIZ VTR
FEFEBD ., B 25C/K 20~1TCOEFEX &, FEiEX
IV L EIBOEITRZRECE N (EIBLOVX 1,

I EEEEE R T (n=10),

X 2), MAKEERELEEZR AL LIz, ~NT A
TAKANVAREEZRNZDZ LN TE RS, L
Do T, FRIT 2024 FREDFEIEXIZI T 2R B 0L
KN, BEEOHERIL (K3 BL UK 4), FIKMBKA

kU ADEBEI2 DN, BEDOENIZE D OB L
Lo tz, BEFEOWE CIX, FiEK CE L7-iRE
NTHD 20~2CnT 2w B BEORER
K. BEFE LS. Wle, AfmbicEn GERY. E
LW FEES Y R P) ANTRIBUTYH
FEROWEN SN TND (REFH), Liznd-T, K
IZA BEIOFHESMICIBN T, FEIEX EEITROAKA k
L ARREEORE R DM o To SR ThiuE, FHIERKDRE
JEXR AR IR TIX L D AL D A ORER
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Effects of Moderate-temperature Management on Fruit Growth, Quality and Yield in Farmer’s
Satsuma Mandarin Trees Grown in a Greenhouse

Hipekazu TANABE, YuicHi SATOU, MasAHIRO TAKEDA, Naoki HANDA and TAkKU YANO
Summary

This report investigates the effects of different temperature control on fruit growth, quality, and yield in Satsuma mandarin
grown in a greenhouse. The experimental plots were set up with the test treatment (TT) (daytime temperature 25°C, nighttime
temperature 17-20°C) and the control treatment (CT) (daytime temperature 28—-30°C, nighttime temperature 23-24°C) during
the period of 60 to 150 days after full bloom. Investigations were conducted in the 2023 and 2024 fruit crops.

At 2023 crops, during the 60-119 days after full bloom, the measured daytime and nighttime temperatures of TT were lower
than those of CT. The heavy oil consumption of TT was below 4.3kL/10a than CT. Generally, the fruit shape index was larger
in TT than in CT. Sugar content was lower in TT than in CT at 90 and 120 days after full bloom. Comparing TT and CT, other
fruit production indices such as fruit equatorial diameter, titratable acidity, peel color, and yield only showed similar values.
During 120 -149 days after full bloom, approximately 10 hPa of vapor pressure deficit (VPD) suggested to optimize sugar
accumulation.

Similarly, at 2024 crops, the measured daytime and nighttime temperatures of TT were lower than those of CT. The heavy oil
consumption of TT was below 2.9kL/10a than CT. Generally, the equatorial diameter was smaller in TT than in CT. The sugar
content changed higher in TT than in CT . Comparing TT and CT, the fruit shape index, titratable acidity, peel color, and yield
only showed similar values. Unlike 2023 crops, VPD and sugar accumulation showed no significant relationship at 2024 crops.

Our results showed the effectiveness of TT, because of the fuel reduction, little impact on yield and quality, and farmer’s

income improvement. Therefore, TT temperature control is considered effective.
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