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i e BREDK ~ BEJRSFAERRRCR © (10) (g R A - BT REEEER
AAE -

BB RIS  BRAL - EIE - SN VEEESRAS - WARRUE - PiE - IKIR - K
L~ BATE - T EROREELE ~ TRZ BT

A B A R B A e R SR B e HI R AR IIEDR = R EE (4
CO,) BfEEL - RIRMBEE(LEIRL ~ 525 ~ DFEE - 8L - BV LTt
%o AR KRB AT 556 - A - K& - R - VR - BEE (e
J&L )~ K~ BETE - KGR CO, REN SRR C3 MEYDeaER - IR
& (Kimball ez al., 2007) » {H 355 {5 7 A= #5807 ] e HE DR 38 7 Z SR (Raza et
al., 2019) » BASR ~ ffay  FHIGAE B S SRR S SR (2 B AU S E B A 4R 2E (Glenn
et al., 2014) o AN E S IH R o2 S 08 B B S 1% TR B Gk SRAGT A B R I BT 2
& MR EEEEIE R -

i

A n] P R B E B R R RS 2

L N R REER A E L -

L1 a2 - UG EE ~ BEE - T ~ WRHIEE -

1.2, R - P A BRI 8 & 7 (modeling)( & SR (AT ) - PRETATAE 25K
BB BT B SR - TRHIER IR rTRE R IE S T ARIR R AR B PRI -
RErEafitE s - BT > RS

1.3 B2 - SEIRA AR HIRREHERE - B 2% R E(EY & RELITER
B HEITAHRETZE (van Diepen et al., 1989; Luedeling et al., 2009; White et
al., 2011; Yao et al., 2011; Ramirez-Villegas et al., 2013; Fraga et al., 2016;
lizumi et al., 2018; DeJong, 2019; Bai et al., 2019; Das and Sharma, 2020) °
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2. BFRG  PHRE S > EHET K o (FEREER BRI E > IR

| RAEEIR AR EAE - A S EeE L - EONIEHES - ERFEA]
JEFgR g 0 - JCH SR IR K ST 5 B 00 E T REERET B R i (Iglesias
etal.,2012; Ponti et al., 2014) -

2. AR Z Rl R B R F A BIE R A AR ER - THESRYE
N - g - FEEE AR AESUE - LRI E N R EEE 2 8O0 - [
AR BRI E - S T EIR EFE AL (Thornton et al., 2014) -

3. BRALEE SR RS - SRR EREHMORF KA e ~ R EERE - R
B on'E 8 B s F R D0 - FEINR & s S T 5t DA R B R s R A
BURE Rz - $RT SR KBlEZ AV ENE - SO T RN R B R A HY 2B~ HEE
FIEENHEE 5 (Pathak et al., 2018) o SRA oy R AEVEIEYD - 4052 UMM A H 28
R EBEY AT G R R B EENRE - B & RS EHR R
ERHL AN IE (Lobell et al., 2006) -

4. AR RIS 2 FRb2 8 > IR FEF ~ IRRHRI -~ EEE >
#a N ~ BEANEEC DT ~ WG FE A E ~ SR R R BN SR R L
#Z (Sugiura, 2010; Sugiura et al., 2012; Sugiura et al., 2013; Shinomiya et al.,

NS

2015; Sugiura, 2019) °

5. RO SRS & R N U O T E O E e > H AT B BVR S R E R E
HE » FZERIRERE (Thomson et al., 2014) -

6. FAFEAE SR AIALAE 1973-2009 - » FURSE 10 F55 10 0.45°C » BSCHAIR R 1.6
K (Grab and Craparo, 2011) ; Western Cape H1& )5 F& 2L » FTEHIRZK 30 4
GEA 1-2C » LD - B EERTK - THEATEIBRE - WIREHE
FOAR > IZREREEIES (Wand er al., 2008) -

7. BHTE R REHEORFROK - ACERHE & AR A e > pE b ] o A& FHET 2050
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12.

ALV 10-15 chilling portions « 5548 » BRFERFE/D o HRTILEP AR EHREE 2
EE B R E MG A E R 22 (Fernandez et al., 2020) »

- PR g il Z A [FMEOR 75 KBk 7 bl - (BOR TR K& & THEHE 21 g Y]

Bk > WEGLNAE 40% dufE A H (Parker and Abatzoglou, 2019) -
DITPN o 25 i FUAS E [ 1950-2010 £ > 5 10 FJak/) 40 {&0m /NEF (chilling
hours) » FI 21 &K > & 500 EIR/INEF > ReA A% T R Ao 42 & (Baldocchi
and Wong, 2008) - A& » [ 2 5 e 48 i > A1) P 25 e B R S AU FEOHI 25 7
TR R ATEA S ~ B EE (Chmielewski et al., 2012) ©

- FEEE AP RS i RE R EOR 7R KA Je PR A AL 2 - SR IERR IS > midRoK

JE o PR K EEE (Else and Atkinson, 2010) o
 PEDEA S E I 21 4D M K 2 %8 TE SR 75 0K (Funes et al., 2016;
Rodriguez et al., 2021) - F}oi (F#HE 21 400K > #2& 6°C ) 155 T - PEHLAF
ZEERHERAE  EFMAEEAYR - 44E 2 WFEK (Palencia ef al.,
2009) «
. FE & O 47 M 1981-2015 AR B FE A 2041-2070 4 2 growing degree hours Ei
chilling portions o A &5 47 #f & 24 2 5 (heat accumulation) ¥ fi11f {8 2 &
(chill accumulation) {8 - #E T AL % 8 TR A2 2 - A HBINE
AfEEsE 8~ [N (Santos et al., 2017) °
vEEERGHAZE - BITCIS I Z 2R EMBE A BB E - ZFRE—HIEA
IRHE ( A8 N AERHR endodormancy) » ZHEEIE @ SV EOR B8 > A RENE KR
HAZF o A EEmEEORTE K » 3RS AT AR IR N ROR B ~ A FIEEZFHY
WARHRARES - DRIETS e SR EL R TS ( BUFTaRAY forcing) 124 RE 2 2F BB
fE - BRAL AT RE B R (EOR BARIE(R - BVEARN 0 - SAEAERAEPEE (7 )2 ) 81 3
(&R A & (JEEESSF 1 iR ~ FEPE 2 ) PR - BAAE H HH (flowering
date) 1K HB 73 PHER e BRI BFEDER AT » M B2 P BLA B Al 4R A 828 - MRS
o[, - FLBAAEHARA (flowering duration) HS4EfFA 55 > {H BRI 77 Hl & M 906 77
& fy = - BURBEZERRL - HEPORN - B R &R 75 K~ 2 » &
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14.

EFATEENL - fEIth#i R (Legave et al., 2015) - E¥HRA(L > iTfEFRSERAY
g KRl s » HAKE R EFTHRIRAESR TR » MHERZ B
RERBR LM AZ e HE - I - REEFIIE RS2 IR BVERE R LR R
fEEFY 2 B Klein-Altendorf th & » 2Bk BA {E 50 HI <2 il B 28 BB R AR
WA AR 5 RO - (L PORAIARAVEBININ » bk B EERIEZ HlAME
B EFE I (Luedeling ef al., 2013) ©

o [BR] KC s B Pl o 8 R E W R R~ P /KB Y MG R Bk D - Pl 42
G A BEUREM T - SBR[ IER SR KT &
REAE (R RAHFRCER R ER (BF - 2011)

H R K e By Bk R ZE L - 49 600 il fn & (AT 0 2019)  fEOR F KR
200-1,200 /]NEF > RHS 57 dn e 51 7S 200-900 /NBF o JATEFER N 1983-2012 4]
10 287V 85 A B AL (CU) » HFFF 1T » L KE/D 121 CU - HINEHEF#E
BARE] MR EEL R BRERFER - #BE 30 £/ - Sk 5L HIT
RE L1 R BEEREST R ERAERFER 19.8 X - & 10 0 ET
0.67°C  AH¥HHE » 5B A » AIBHFC HHHHERE (Li e al, 2016b) 5 %
RARAE - T RELFIFE - 1 R TR - 8k (Lieral., 2016a) -

15. [P &% £ & J8| 1 (Terroir) - /AR Alsace #i[& ‘Riesling’ ShfEfE #8570 75K -

HVEHIR R HEC B 10K BTG 23 K - RE S 39 K - BRUX 25 K (van
Leeuwen et al., 2019) = 72 Hl&E 1952-1997 FfE &V EEAFEERT > YIERA
[ 4E5 - HARIIER - ‘Merlot’ F1 ‘Cabernet Sauvignon’ ¥ERELLEE S (8
JERERERE ) > REMI - BER S EES (Jones and Davis, 2000) = L 1600-
2007 g RHAE 22 VAR ~ S PR B B A A (T A R AR S R
BB M EGEE S REERZ S ¢ (2 1981-2007 FEFEFRERUL - AlEHR E R
BRI AT S 20y E R B Rl Z R > B R URR - 52F CART R AR
(Cook and Wolkovich, 2016) - BIONMLIEHE(GEAZS ~ BAAE ~ RE RN ~ PRI
Yz BRI 7 rtlh & 5Kz 20 H 25 B B REE - ERF AR
o B AR 5 MR > JEE0H I A AT E (RIBE (L3275 & (Fraga et al., 2016) -
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18.

19.

PEERHT HRBR 2 15 8 I ) ) 6 () JEHERS (Cardel et al., 2019) < BN B F
) — R E A ECR TR R A2 BATF IR 5 {CHASFRIER I H B - T
S48 0 (Webb ef al., 2007) ¢
BN 7 (- SR SR R SR RAE - JREERE S o A - faER R - &
BRI RERY > mRZREEER - BT EERERHE - &)
RG> UK - BRAHEEAR  HREEQERENN - EBE
B E A1 E 10.8 2] 5.8 AW (Datta, 2013) - S EHIHEIARER {6 2R E 25K
= 2-3 % > JKOAIR%E > FFEFG SR (monsoon) Az B E R E o BEIHEER
HEbie & 5 0 AR Z SRR (b 2 F (Singh and Gumber, 2018) < F[IJE 7 44
R FE B ALK~ Himachal Pradesh 1,500-3,000 25 KGR LIE > B
HEEE 6 B8t > 1963-2007 [ - [EE/DT » S A a5 73 B34 1 0.58°C
F12.75°C - ZHmiEfE % 1,000-1,600 /NEHER » EORFE KA - HfERED -
AR EBKERZ » ZBEURTIE S - SIS ESERIE IO (Singh e al,
2016) -

EH

‘>>

ARCEA LR R B AR B E PR B RUR SRR E - AAR

CEGHETER © BTCHIEB IR a2 A R aizty - ERAR S IRERK
EBEZREESER  SREBEERAE - CRER 17C  {EHEEAR
EORAFIRMEACIE R FoRZ 2 E B MERER - SR MBI - A F
TCZEZEE (Rajan, 2012) -

T R/bbRIBEERE I - ML & N 58 - AT PAER oy HROS HA BN R
JE - N EEE -~ SEREBRKR SRS RS - EEmE S Bk
K~ ER - RCR AT RE A SOF A ALIRAY in & (Vincent er al., 2020) - Fy
T RIFEAR SIS A RE S 22 P DT o4 22 o e o A A 2 L 1 FH 4338~ /Koy -
KRR FIE YIS - 15 HE 2008 A 38 671 (R /KR RE R » 28 17 TR 4l 53 (i B 4
2050 4EF1 2080 42 /KIS IR » 43 RIEEH0 6% F1 16%(Martinez-Ferri et al.,
2013) -

S B b B N oG Rt SR KBRS R AT S & - DRI 2 L A e 2 5
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20.

P S {K (Miller and Glantz, 1988 ; Ferrarezi et al., 2020) -

JBZR (mangosteen) JH—EZHZ R BNRACIFIZEL - 1 #9428 BHERI G - {H 2R B Fe 30
2010 FEERAFZ PR BN E =R 6-7 AFEMR - EEEminEEH - BIR
(i s B 2 28 B S (= HH B BE TC (Apiratikorn ef al., 2012) -

21 R BENREE BT AR SRR EIHREE T R, o BTRYE E

R IEEF TR R 80% 5 P B AV TERBIN S ANEFIBASE (Pichakum ef al.,
2020) -

22. Bk ~AK R ~ KT B T A N IR RS A Y P RE TR (Haque

23.

24.
25.

et al., 2020) - o BRI A [ B A A SR AR 2 AISRORNI R B2 BR0K - §2
FaiieEAERE - BB ~ FELEFELRE (Chen, 2012) -

I3 27 (BB (il 86% T SRALE R ) B 1986 F DK 2 HAEEEEE -
FESPEIEE 1.37 ton-ha” > BIR AR FI R ELIESE - TEHI 2050 k%2
0.59 £10.19 ton-ha™ o Hrh B2 pEEE  EEE - EHiK - E PRl ELEE
o EBRE - ENE ~ BB~ AT S ~ BN - ENEFIIEERE S T AIEE
& o REIEM ~ JBINZ M B ZZHALTALE T 158 ) & - EARS RS
A U X SR BT L 2L 5 [ S8 HY R (Varma and Bebber, 2019) [N 1G5 L
Bz > TSR R rE SR 2 PEALHNE TEOHI 2060 KA 50% A F i S
B BERIGTESTIECD 19% » {H 25 PG -3F Rl [ 5655 54 Il (Machovina and
Feeley, 2013) - E[JE 7 75 £ 78 3¢ thRe 28 38 ®R KON i R - T B 059 5 B e
B (Ravi and Mustaffa, 2013) - L1 Global Environmental Stratification(GEnS)
o3 M PRI e 0 F e 2 B RS B SRR P2 7T 0 2050 47 38 B A B 1 FR b 0
40% > Wi 75 S REFIMIYE R &6 (Ranjitkar ef al., 2016) -

PR 58 - LLRE R M AR T AR (Sosa et al., 2020) -

WE L RESEENELENIRE S B ERBIHRE > BT EHURE

I 82 9 R B A0 37 £ [ 2 G /F 2 A2 B (Coakley et al., 1999) - fi o] 4 7
Hh o SRARE B YN B E VIR ~ i E H RS AR R A 3t B 55
(Chakraborty et al., 2000) °



26. RiFEBE THAWESE LR LIELIN S MAREAR S B G
HIE#YE g 1% (Albaladejo et al., 2013) -

b -

Y L MIE Fs Bob goig 3 N L
SRRk S R (e 888 E I (ad aptation) /7 -7 2 5
=

15

% 3= %] | BBCH(Biologische Bundesanstalt, Bundessortenamt and CHemische
Industrie) 3 75 [N SR g2 55 88 1 SR ) (2 BRAY 682 (Rajan ez al., 2013) -
2. JO5REC & & B SR Mo 525 8 B KX SR S o2 BLAH A SK 5 bt » RTHA B4
Sb e S FH A FHY A gE 22 (Thornton et al., 2014) -

3. Rt SR B EAE - DAV S AN DL RIEHE - ETES
HEERE N T H N ELIRA 2 (Atauri et al., 2017) © JREIBF S & AR
BV EREAY (simulation models for impact assessment) > TEHIFIHE (i @ (5

BH ARG E R A AR E R EE R (climate-smart) FAFET -
SR AT A AR i B A6 A BRI AL 5 - B AT/ DA R T B ARHR A A R 5 Bl SR
ft PRI > 1117 IR Y SRASS 401 e [ 3 SR (2 S22 28 P ik 7 (DeJong, 2019) » {E#)4E
RAEAL (crop modeling) EFE —FAE(EY S ELKE - WER GRS E
22 (Fodor et al., 2017) - H:rt WOFOST(van Diepen et al., 1989) EL{# F 30 4F »
AT R BT A E R E Y AR RWTSE (Bai er al., 2019) < 487 > FEH AT

= REGRMEME T - AR SEYEE - AR REAYEFEN: - 38
HZN FER (75538 (Langensiepen et al., 2020) -

4. M E I BHEAY > BdS AR N BN A [F BRI N Z R IEAL A 177 177 B SR A
A SLfERY % 5 (Parent and Tardieu, 2014; Rotter ef al., 2015 ) ; E¥BE(E > B
IEMERS T BERIR BB AE - BEaW e ~ Bi{E -~ o T BlREEMNFETEHE
B (ideotype) 5% =1 B 2 =E i Bf) (marker-assisted) {E %) i f 3£ 5 (Wenden and
Mariadassou, 2017) » | fJ A= B A= f& 7 (R P AU E W B A0 A Sn 5 i - BT
PR B 85 2 M R EL R B (quantitative trait locus, QTL) 4 A A= B 4= e fEi 51
S {8 15 4 TR ) BB T 2 35 (Martres et al., 2015) = % T 38 7 FE 25 3
R 7K B AR W 08 S - T 8 IE HH R SRR TR 1T ) P AR S ) B A B 5

S 2 2 T 0 O o

UJ




(Gogorcena et al., 2020) - 40K G EE 5] (simple sequence repeat, SSR)
et E 14 (8 U7 2 7 7 dn & (G EUAIAY 118 (B AL A - £ /DA 26 {5
HELREWE - YA F TR AR - AENDUEE S (Acuha ef al.,
2019) o H¥T H i 2 Genomic Designing of Climate-Smart Fruit Crops — & >
PHEEC AR E T B Bk M TR sE - Pk RE R
FHEFSEIRA > SR o T B S s NG sET - A B BB R
FER e B E B (climate-smart or climte-resilient)(Kole, 2020) o

5. EERBHERF KA E -

5.1, AnAa A SASHE R 75 0K 2 78 A Ry ¥ i B8 B a0 {n] 5 B R 7R 0K 2 i — %
% 1 50% HBAZF - (B ek 0 EH R Rk 2 90% B 2R 4R Z MK AL (Campoy
et al., 2019) o =& [ fjn M & 0= & 3 A1) B 4 & & & (Chilling Hours, Utah,
Positive Utah Ei Dynamic models) » {{ #5 1950 4 B 2000 4 {5 B %5 76
N 2041-2060 FARIG RN » REEEIAYAN[E] - (RORIFEUR D 14-33% [ - K

A - i EE I RO A B S M (Luedeling er al., 2009) = JHM A H
4 R K ARt BIEASEIR W R EHEEEER 100 FEERFHZ
L > BURETRD - SREHAR LG A(E R - DIge e dE (Darbyshire er
al., 2011) - ZFERIRHOEIRE 5 5 YRR AN 2E0E - AUTEORIE 4 -
R LL R A PR (5 P Y 2% A RABCOR A AY (chill models) A2 (Luedeling
and Brown, 2011) » X 3L [F B e (AR TR R 52 dR 1 <2 Y (ROR R AR Bk
HEfEAY (chilling accumulation and dormancy models) » {HF] % & RS
(REETE (Luedeling, 2012)  JRRIIZ SREEF AR (SR BRAEAE 2 TR AE
H > PiTEE FHAVROR 75 K TEOHIE SE AT & P FE AV AR BB A2 (Darbyshire er al.,
2014) -

5.2. R ERBHMRIREIR TR KA 2 - BF LR - B RK - BIfCRIEE A B

{EEFRE %S5 - Al $R FH 20 B 0 200 LW s 7% T R L -
KR MEmiE - AL EERFTHIIRIR - LB H18 - PREE RIS
5% (Pio et al., 2019) - Ni# » friFReEE B ERARIR TR K il - %55 HOf

_\%

W

E=



5.3.

PELBEERASF > AT R TRME /K S RS 2 RS Rfa © SOM AR SR 48R © MRt »
hydrogen cyanamide - thidiazuron([TDZ] N-phenyl-N-1,2,3-thiodiazol-5-yl-
urea) BLWEYIHURIE « 5590 » BV E IR TFE 2 M - iR & IRER
#k3# (dormancy avoidance) » £ il AR HE A PIEIRERAT - T LASE 2FREE > {2
RS MR E A - BERRIRAL - 7% T8 50 O i v 18 = 48 B0 i
i E > EHPRRAER (CHERRT ) AH - TEA— - B3
ft Py DR B - SPRROR A it - 28R B RO/ 75 SR S i & PRERFT 1 2 1
JhiE E5 (Campoy et al., 2011) o

DI pk BBl > & RATAERAKALEY) ~ /K AREE ~ IR R AROR e B & 7 A
AR [5] P& B (Kaufmann and Blanke, 2017) © Prunus J& $ 8k 7 ~ 4 7 815
MR Z BRAE AR E B B EOAE - BEEE QTL - EffAZ5HA R
S NI e AR E EIEM & R 2@ 2 B 5 (Dirlewanger et
al., 2012) - gUEHAEPEGATE B I Z P M2 BHEOR FR KNI BT SR 2 28
HAEOR TR Z B R NS - AT KA 238 x |REEER > &
P b 5 R A T AP 2 70 B S fig2 38 0 2 BUAEAY (Castede er al., 2014) - FEAE
R 2085 2 BRI S LI > R [T A I AREEERE T 2818 57 (Gogorcena et al.,
2020) ©

s M BV RO 5 20 RAEHEOR ~ 52 R e #EBRAERYRER] - T (e BRI AT - 40
a2 A Z 5 B 2 7 e B AE Y 77T E2 4% (Shen et al., 2016; Lu et al.,
2017; Wang et al., 2017) -

BRIV ER ~ 9ROE ~ B2 R EF T

7.1.

7.2.

H AR e SR BRI © 55— PREE 2 ai (AHR ~ 3%~ 184 ) 5
P EG 2545 Sl B 5 f (‘Kinshu’ 1 ‘Beniminori® #55 » ‘Morinokagayaki’® &48
B #EE O 5 ‘Queen Nina’ #1 ‘Gross Krone’ &% 5 NHIDK ~ HEE
‘Harehime’ A1 ‘Mihaya’ fHf@infd ) » 55 =FE Bt R (Ja2R - fith )
(Sugiura, 2019) -

SN0 N R A 2 B E SR 2 F O ERE - R E T (AR -

oA
=

L

S 2 2 T 0 O o




bl ~ 4 B RAL - PH R A AR e AR b O R~ B R )
anEEE E (KFE L PLREARAE - B A4 anfE U 52 o J5 B A FH 40 S5 = B
EEVTZER B 4grYfE)5 B (USDA Agricultural Research Service germplasm
repositories, USDA ARS)(Parker et al., 2020) °

73 N HREERKEBEIVREREEIRE HR - FEERI RERE -
WS RERSEITIE ~ SOAEIIRERENEER ~ B - R LB
18878 JE I IE /K2 (Thomson ef al., 2014) ©

7.4 BEHE R C S0R 0 B A (e R AT RG R 258 F R R dn fE B A
BRI A IR~ BV R / RLEE - B FITE - B EE
SEEERS - GREROEE R - 525 ¢ i FHEYE > S
B (4 goblet or bush vines - [E#E A EER R AITRIIIN ) > BEH &K
=AY T - BRPR/KE#ESE (van Leeuwen et al., 2019) o

7.5 BURRE (TR ) P URE ARSI ENIBVEE - g2 R R R E o K
FhOE - WEFENE % SR R SR SRS RURHE (LR
REERERES - IBEREEMEERE - IR AR - 5
B OUNEE > afEEE &R #F R GREE - WA FEGs R ERAE
PR AL ER L > IR 3P 74 (early phenotyping methods) : SR [
EIHLE o WIRERE -~ SRR ERIBEAE ~ RlEE S A FNMGRIES -
CHEAEYIRER] (mango crop model) & (Normand et al., 2015) -

8. [REfEE - HEFMREGE -

8.1. B R F iMe 7 - foled b BRmeE s - o8 A A B AR e 177 Bh 12 by - A 5
BT - B EEF FH #E AR E BUE ) L 5 - THE VI /KE 2 4148 -
Raidg gl » NFIZEE o B K LM FEL (Solomakhin and Blanke, 2007,
Blanke, 2008) - £ [/j /K& 49 2 S FE A - SRULAT 4-5 38 5 1§ 5% SO
Bl (e #E R EE & (Meinhold et al., 2011) - ‘Jonathan’ $5 R %1% » 4% 450
nm 7 REDERE 4 X (EFREERS © 1M 21 BER(K (Arakawa er
al., 2016) °



8.2. IS R MR FE E Y 21 Mg th BITHETT10M 2-6C - PR FRE R 4% %
A&y 16 K - HBREZ —KIEFERHEF 15 KGR - BRI PLHE

VIN R N RN RSN e B g e E A (A TN S

B2 b » & 0T 7E H A & DT e fE B S - o] 1 JE#E#E (Rochette ef %

al., 2004) o (i

K

8.3. EENIINAE ~ BREY - SHAE RBE LR FE FAHE - A /DB 55 P %
=K (Parker ef al., 2021) g

9. Y5t 4,855 B KL () (Climate-smart crops) © 41EI 254 phalsa ~ pumello ~ [
bael ~ wood apple ~ aonla ~ karonda ~ barbados cherry ~ 4L FE 5 ~ /4 14 Bl 4t ;%
LA VB R (B S (Mani and Suresh, 2018) » FEEESFES ol k8 S %
EIRBLHIFL (Opuntia)(Andreu-Coll et al., 2020) - ;:EE;'
10. S RS 7 A S BB BT =0 R 2R ~ SRR - JRAHK %
B @B RIS > EUERENERE  REEE - AR - AR E

e~ HIRRES - BUR/D TR 0 IS

1. 5Pk 7 EAH June bearing” inf@sh » &8l H MK FEGER - KT LM
miE A - M HEE AR ~ EEMESOR =55 IEEEREET - 1)
RETm e BIOM 275K (Neri ez al., 2012) -

12. G B R B B 2 /KR (Pandey et al., 2003) » fEEEFIFHE M EE/K - 5TEE
[E7K 2Bl (Bazrafshan et al., 2019) » IBCZMER A4 - EITEIKEEIEURAE
JBE (Dichio ez al., 2011; Campi et al., 2020) o {25018 /K B & B s Ted] > 38
BITEFRZKEBE (regulated deficit irrigation, RDI) SEARUIZER 2B A RHEAF
@ B 7= & (Fereres and Soriano, 2007) » [/ &) %) 50 52 BH & (Chaves et al.,
2010) - & T RDI » H A & 1 5.4 (geographic information system, GIS)
B 52 BROE i 2 4t (global positioning system, GPS) [y 5% & - b/ 5% i 4 7 ik
(precision irrigation) ; fI_E¥7E#44 (Internet of Things, 1oT) HYHEREE » A #E(T
R AETE o (HA S IHBREYI /K IREE - J7Re e BRI AR - (HEE YKoy
IRRE (AIEEELKES ~ BfEe RO ) - Bfee(hds - BER RS ) BHoHE - R




FEHEEIE (Fernandez et al., 2019) - A8 > B SR E S sl A FH 7K 0572 20D
EEEREMN LB/ HBIRCERE T (an automated algorithm of water
balance tuned by capacitance-type soil moisture sensors) * FEZE FI = H #HE
FE R B (Dominguez-Nifio et al., 2020) e

BT RESGSSEEHE « AUKHEE HHEEE 2 —#ERGHET > 24 1
{EEIZR 55 {ET > H L% (median) 7 & 30-60 ton-ha™ » £ EKFHEE 10-
30 ton-ha™ 5 H{ir 82 K5y F %S (WUE) 2.5-5 kgem™ » s fiy 0 SR A
(NUE) 150-350 kg-kg™ = 43 #7 & /0 /0 FH /K & - {79 AE $2 7F /2 & 20% -
WUE30% ~ NUE15% - [FIBH > B/l il S & S - hRefe Tt E R 10%
WUE15% ~ NUE40% - JRE[4% i € gk e HEE - 5] Hs=5 8 /KON S| HE T FH Y
BE(E  hEERE I & - WUE fl NUE(Qin e al., 2016) -

14, i i Hm R S AU - R SR L B RS AR ) - PR RE AL > 40 ‘Hayward’ &F
FEEAEH VI E 2 E I Te Puke » THETHY 21 HACREIARBORE AR K
{HHEAHE S T T S AT AR (Tait e al., 2018) - 21 &S - SSETININHE
HAMECRE LR > o EEE NS~ Willamette 733 (Parker and
Abatzoglou, 2018) - JuJ\ 2/ 5] 21 4RI FOR AT REFE S 3.3°C » FREE D -
KRR - AIRE A RAE S » ZHRAELTS 500 A RS » Eis Sk
PR T R ARAN 8 & R R G AR - DASR IR (55 38 (FAO, 2016) -

15. 3% i 5 ORI ~ BRI (KK S RSB 2 R - 41 USDA Climate
Hubs (https://www.climatehubs.usda.gov/) 3% 17 E{E & 4 Climate Hubs » $¢
RSB R R K ETHE - iRt RAIEREEE 2 AR R - mees I8
9{ °

16. B S E 01T ZfEYI s e frbe - R RERKFRAT -

RiEEENE > (FYRREEFEE  fRigalE) KEERE 0 A8 25
TRV Z AL AR D S b - & aTHUUORRR (Falco et al., 2014) - {RIBHE&
R SR (i 8 B 4 22\ 49 (the United Nations Framework Convention on Climate
Change) bRk 4.8 > 555 Ak B B e F H rba (F B B FE SR i BBV T B - 400



FRaEHREIZR - NMEHER L IRbe R BG4S - AR L AT (E By S s B
f& (Linnerooth-Bayer and Mechler, 2006) - EEEE 534 (Rl 2 2 Fad P R X

FIREE AR PEEK (Alam er al., 2020) - EIERIEIRIR#E TR 20 4 - (2
B2 EE > N RS B RIYTE (Singh ef al., 2020) - %
5|

trbgdlEEs st H & IR REE B - A8 - BRI R E
HoE FESRNE 2 — » IS NE oy s e 2 B E 5 A S s 7 DAsE
M TEE R - B A EMAR & RIORERIE EFE) - 2R EEREAT AR
52 T R 55 B S 70 E R (7 S BB WY BE ) (Surminski er al., 2016) BY 5] B [ Al #Hr
HY IR E) 77 (Miao, 2020) - A &R EE RIS E 25 - A EHEEY
(Ames and Dufour, 2014) - 555} » SR fEEE AN K EF HRY - SRRk
Eer o (H AL AN ey R SR B N B A /K BB IR 5 [ REAT &R R 2K (Botzen
etal.,2010) -

S 2 2 T 0 O o

SRR T BRI 8 i Ml (mitigation) /7 2\ - 11 B EHR

1 ARE B H B AAE IR - REREERER © It - B
B G - WBEFRIEFAERR > Ao ERAFEAMERER  BIRETAEGER
FIF -

2. THERE » hNoR R ENREEEIIAE -

FEEBAENRMBEEBNIIAE - DI EHE A > S5 R84 EEE
0.36-2.78 tonCO,-ha™ » F-1524Y 8.5 /\IH o +- A E AT EEFHH8 FLIATE ~ 12K
RE I Lk L 5 R (Montanaro et al., 2018) = FyNEREERE - TR A2
ERVERR B 2R 2 B ¥ (Amelung et al., 2020) - FR/KSCIE IR S SR 2 2 8 i
FOREIZL TGS L I OR e 11 30-66%(Borrelli et al., 2020) - 113
a2 BRI G ER A AR R K ET % > AR R CO, ~ CH, ~ N,O KR 5 JEFT
bR - W LAPRE (Lal, 2019) - FIIH F AR A SR AR N IR A 1S
a8 REBIEER - BN I S RSB (Lal, 2014; Lal, 2020a;
Lal, 2020b) -




Mt oI R A7 SR (B SR T 98 5 (Cramer et al., 2018) > SFAEFEIMERZF
TEEWE SR (REMEMEBSMNIA TE w5 1 SRR EELE (Aguilera e
al., 2013; Morugan-Coronado et al., 2020) - PHHL I /B R (EE 2 B E #HEfT
FLAERE > i) 20 4RI 0.44 T gCoyr'vha > SMNERAR NS T A TR EEY)
AT 0.09 & gCryr'-ha » SMNERIIES A RSP RIS A A mT 8 0.13
H&# gCyrha'  BYYIREAEHETT) A RIS I B AL » HR/D 4.3( M4 )
8111 HEREAE ) TgCO, yr MHE S & 2 HEIT (Pardo er al., 2017) - Hi i
REKEHR DA B SRS - AREIE - WA RIS SR LA
& (Montanaro et al., 2017) » 7 [l Z PEAAUIE R IIA PEHENL ~ RoiRELME
JHTE SR VE B H AT FE T T3 eR GENE - B/ Vi B 0 SEEFERT > nHEEE
FIZEFEE & (Michalopoulos er al., 2020) = AR (Hh iR P ) HE B E 5
HMIFZFE ~ HI5 -~ (REEH RSB BRI Y SEEOK E B - #ER N
188 CO, B E > (HEET LA L & (Montanaro et al., 2012) » ARG
iR (730 gC-m”-yr" ¥} 90 gC-m”-yr") (Montanaro et al., 2017) = g AR
JNEREVHF SRR EL 10 4F > 3R 1 AR B GEMER 1 2.85 ton-ha™ (Liu ef al.,
2013) o FHH [ 577 35 7 80k ) 5 e R S T SRl (Duan e al., 2020) » 35
[ R ES e AL A R B+ 3R (Cover Crops and Soil Health) [l #54d (it 2
(https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/climatechange/?cid=s

telprdb1077238) -

DU A AR R AR S T 3 SR e B 8 LA B MR R R 3R 4 78 S48 (climate-resilient

farming systems) o 4i{d 24 58 B —F 52 (monoculture) > H{EREME G » A
ZEITER AR ERMENIEIME - 7775 - BIULREAB RGNS HEN
WA ES ~ EAEES (agroforestry) ~ FEEAS &% » WisEE TIEEHEHE
KIFTRE KB BLE A BT (Altieri et al., 2015) » HPERFEEREPEIEIL
= FUE AR B SN R E AR R ERE - JHR T 2% - KIGERE T %
G~ KK F 24~ EVERIE T RS FERTEE T 24 (7R » 2018) -
BT HiLE 1] L1 25 (subsistence agriculture) 2 /]NESFSR R BB EE T > T2



MBIEEFSER (Verchot er al., 2007) : NH AT EAMAAIKEIR - BEHCR
fez > TP E T ERE IR A E T - EREEE - CERSAETT  [EREER
[k - BN RS BULARZ (L (Lasco er al., 2014) - SAEEE T -
BORAEEEE A > naE % R ERMETEE (Nguyen er al., 2013) © E2HE
JERAE ORI OB - o IR RIS R A% (Mbow et al., 2014) - &i{HEH—
A B AR BN E - (heE 2 MEEE (Eichhor er al., 2006) - it » 1]
MR EREEHE - FEHMBEEM - DBERLG > HEIPES LB —FY)
SHERERET > —HEEURSEE AR - DTS - SGEREEN T
& (Lauri, 2019) - HRIRIELRRET - 12 FH o BIIEEAHERHY Agroecology
Knowledge Hub(http://www.fao.org/climate-change/programmes-and-projects/
detail/en/c/461247/) » B\ Climate-Smart Agriculture(http://www.fao.org/climate-
smart-agriculture/en/) °

PRTTEL R R E ARG S W T (ecosystem service) DIAE * BESEA S HLAR
REETHRE > 1A IR (B > 1998) - REAS TERGEE - RIS CRIEE T
Z & HLE S (Clothier er al., 2013) - FARMIIG A St R FEIEZR 25 > TEIR
VEAE SRR TR 199 BN > 1990-2010 4F ] H A 48 R [E V0 P (sink) £y
14-32 Tg > itk DA E 7 & By 230-475 Tg > AHE S T BIRBERE L L RE A4t
FFIRGEE Z 4.5% (Wu et al., 2012) - HIJE Z Frf ¢ AR E (#EE 285.005 &
ANWERE (Ganeshamurthy et al., 2019) o $th o 4 {2 & 1Y 75 R 5L B — b
AR By 11.60-13.45 ton-ha'(Nardino et al., 2013) - 41 P58 & 54 F) FH 4 iy
HIAFHE (life cycle assessment, LCA) #E{Thi e Bt H - DI R EEHEE
2 R AR HI PR S A A2 & (Page et al., 2011) @ ZHEE LR (1076
REJR/D TR L o I NG B B R B &R KR (GOmez et al., 2018) » 2K,
womy BRI A AL A RIP R IR A E TR - I LRSI G R 1%
AE & (Integrated Soil Fertility Management, ISFM)) » S FE{A ) E8] ( 4
IR ) SR B AR S + I RAE ) A TE (R P (synergism) Tt
4:9) . €218 (consortium) > F] DU #E T IR > BT B RIEE AN 2 LA

oA
=

L

S 2 2 T 0 O o




JIEHE (Srivastava et al., 2021) - 7 - REBAERAGIRBIEE - LIRE
A~ RESRET - HEEEAAERNE - KOCHEE - e F R S o R
FTDUABRERR 2.4-12.5 tonC-ha-yr - ATV RN - B A FRIERR L
TSR R IR DD REHY 22 (Demestihas et al., 2017) e

5. AHERES ~ AERRREGE ¢ PRI BRI S R E (THE - maE o PREEE S )
BT AR > N AR R ETIRREIH - iR G O+ BLETTRA
L - O = RASRE N E DUATEET » D 56% » DLEEME! » ) 39%(Aguilera
et al., 2015) o [(EIERESHAR I & PR R D NS R iz B & A8 R [E N,O
FEfi & (Fentabil et al., 2016) - A3 - BLH SRR IR (20U R A4
EIA BT Z R AR E A ARG E - FIAIEBRETRICA - KEAE
e agesas » KEESILSE (Mouron et al., 2006) - AHEFG/KEHERE - K
(R EEE - DI EE AR SaTE s H G478k an U AR - Al qEOR =
RESFEE (Hess ef al., 2021) o

6. ST EREERRRER (eco-efficiency) ~ ik e 5  TRTHREIEFELRRRER - A2
DEIRIEETEE > IEEEIEF] (Mller et al., 2015) - FI[F] ISO 14067:2018(Greenhouse
gases -Carbon footprint of products - Requirements and guidelines for quantification)
sFRBLLEROK M BB TR AACE R E 2 hik 21 (Lardo er al., 2018) « R4 k¢
T ER T AR - ETTRURE S - ARSI ERE - B 10 &
WEHERE o FEAFEETR/D 2.7 tonCOeq-ha-yr' » KER BRI LIEOR AT - 23R
THEF AR R EERE - LB BLE (Fiore er al., 2018) » LL LCA 35
RE (AR k-7 &F) FEBRER e > R AJH - E2EH
FHEISEERE M 50% 2R = RAaHERCE (Yan et al., 2016) © 535 » A[H] LCA &
FRERAE - E - HETEEY R AR Z e (Kilian ef al., 2012;
Vinyes et al., 2017) » 3 DL 2 /E By /D SR E DR BE (Guo er al., 2018) Bidk 01T
4 (Peano et al., 2015) Y{RIE - B2 - 5HA 4 fEH A0V R EEREE 2 &5 7
= 0 B LCA {5 ~ 4 RE B B 47 M7 (Ecological Footprint Analysis) ~ §E1{H 77 17
(Emergy Analysis) K% §E &35 (Energy Balance)(Cerutti ef al., 2011) - E[FHE



FEH (USDA) A\ Fh i & B 5F {5 T. B (Carbon Management Evaluation Tool,
COMET-FARM)(http://comet-farm.com/) » FFE EH I E KT EM MR Y

TAEFOIME AL AR BR 25 /DR R YR o Fo ol 20 bE 00 1 S8 hie 3 DR BT iR /2
P 7 EH BN R E - R B R ERTRTRERIZRAY T SE 5 £ 4 | (carbon %
trading system)(Suddick er al., 2013) - fitsm 2 iR 48 EE HE 5§ E (cap and %
trade) BCEFRETRFT (carbon tax) » FRERL Ky k4R £ BRIV A R LE (G618 %
ZEHT 5 2019) o 3
=

15 8 S R B -

1. ZE & 8 25 100 88k 1.0-1.4°C (Hsu and Chen, 2002) » B2k #3528 = Ei
S EREHAES > 0.3-0.6°C (Weng, 2010) ; # CO, JEFEEEFFE] 1961-1990 42~ ;JEE;‘
1.9 £% » AHER EEAFS0R - THET RORFES 0.9-2.7°C (Hsu and Chen, 2002) - 1z
B 1901 45 BEEHIEAT H RS T - FOESRARANT [

H#:7 (diurnal temperature range, DTR) B2 N5 o AsE HER =G 0 K
S0 (T ) BRI A5 (B0 (Toie) HYZE (A4S > 2011) © DTR FEEFEHER T,
ETHEEEARRR T LTTHEES (Liu et al, 2002 5 s=A145 - 2011) » FHEZEEUR
REGHRARIE % BORMARY » A& DTR X ~ T, = » BEEEEDRE S (Kueh
etal.,2017) -

2. #7100 £ > ZEHE (Yu et al., 2006) ~ F#5 (Hsu and Chen, 2002; Yu et
al., 2006) PR & HE - 1960-2010 =1 » FAH[ERR & - 20878 F H H AL R
Do TR ES A I 28R S (355 > 2009) - 208 —F A [E R
kY BRERSREREAN - SEE B E (Liu e al., 2002) - JRE[ 4 EFE R IR
IR - BEENER AR - T ~ SR F 98 - (SR RE R K
M Fz R B (55 > 2009) © /INpR S A2 SR kT 5 2 P iy 5 ol
PRAEZSEAN » H PR GREERE A0 > FEHA7NE & - 0 DAEEU & 78 (Tu and Chou,
2013) - 12 - FHHIEESESK 80w ~ TR - SR HER HmEE -

3. ZEEE L ABE AT AREE - NIHEEESEBIK  REK > 2V - iR




BURT 2 R EEEE - NERERL - SRUBEEEERIERE |
Ll 3R - WEALACGE - MEAMNEZE > EHBIRE > KN RN = ek
T8 /BAER -

T AR RHRA T S B B BT RUel 2 B B TSP IR - P92 SR
2 A=A A RS 28 F Y BBCH(Biologische Bundesanstalt, Bundessortenamt
und CHemische Industrie) » 25 EAH A A R g 580 8 BIGE { b i 1l 22088 25 SR A
VAR - AL - JTREHE— 2 R IR E RS -

CEenEE R e R T AR REEA > ERERRE TRERIR - oA EE Y

ARGES - HRORZEAR > BIRRERAWIR SV Z B S8CRR
(e PR MER - TR RERAH - AR EEEEE YRR - Sons ik 15
g S ERERERER  RENE S Enl Bt - REH
fE PTRER R B > L MCHE SR S R AR BV M I S S BT, - T DAGE

CEEME SR - BN #25F BRI H g - HER SRR & R

YIS RE ek F ks - PREEF TS amiE s - SRR E TI%0RE - [HIE
TERK > THELAEM ) o BARS > REAEEBL > WEAKLE &5
TIEOREEMEDIRE > s HIEYEM: - (BRMENIEYIME - AMERGR RS
NI EARE > EILIREE RS B IIHER B 2
=RK ~ PRIETT © 5940 > IR KEHE - S R KAERE S - At - SRAEHREE
ARAEREES - mHEMSE - ErieEdE -

RGP ECREEE R ARGV EERE > PR T EEESPISRE B

TESN > FrRE T MR SR 5 A AR AR BRI Y AR BIUE M » B ST REE L » 75D
E B4R TR (R 5

o b:2E
]

ﬂLLLL

Bl jdt o

- BIANEE SR M E R R L B SR T B 4E > EREEBIER

e > A EEIY - L EE IR AT % » FATE 58 B R — A
FESEER i 2 E BT AR HIAIERIRE JT - AN B AL (custard apple)



FEZEHY TR (Deuter, 2011) o

2. — MRS MEAAVEHIE » FIRSBE LI R - BOF o M8
P e oK R R B A 2 B A T B A LR & - T AR B e Tt
BT ~ PR s E s h A R RS A BUE -

3. BRI S AU S (F R B R S8 ABTIEE  FUIAIH SR
(BB R TR T SR R FE RS -

4. AlEEEIKE A MBS - RIRSBESREN - T LEEKSIRNE - EH

S TNTREE » SR - RIS © B e B
ZNE %ﬁ&Aﬂ+Am%ﬁ’&Mﬂﬁmﬁ%@%mmmmmw@@ﬁﬂ
SR (aREIREY ) HER B SR B -

5. 5 8 2 [ 0 T P 7 2 S R 9 S0 B A S i g A o B i 37

B MR ERE TR O S R R R B (AR RE a0

SRR - RIZERESREE BB EHIR A » DU T o] 789 SR8 5 %
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Climate change adaptation and mitigation on
fruit production in foreign countries- a review

Tzong-Shyan Lin’

Abstract

Increased emission of anthropogenic greenhouse gases hastens climate
changes or global warming. Phenology, fruit yield and quality of various fruit crops
in many foreign countries are affected or will be altered based on past studies and
models of tree growth and climate with various scenario. For deciduous fruit trees
in mild temperate regions, the dormant buds sprout unfavorably or exhibit extended
flowering duration due to insufficient chilling accumulation. However, some other
buds, once their chilling requirements are fulfilled, accelerate bursting in the early
spring but may subject to late-frost injury owing to faster heat accumulation. Fruits
generally mature earlier with inferior pigmentation. Wine grapes may be moved
northward from southern Europe due to the detrimental effect of warming on
prime wine quality. Cool temperature and drying soil are beneficial for the flower
initiation of evergreen fruit crops. If not so, it is destined to the absence of flowers
and futile for cropping-season adjustment. Confronting the warming climate it
is anticipated that the tropical area will be more disastrous than the temperate
region. It is imperative to enhance the resilience of fruit trees to adapt or mitigate
climate change. The following strategies have been adopted: 1) Devising suitable
models to predict and assess the possible impact of climate change on fruit crops;
2) Elucidating the roles of genetic and environmental factors on phenology, and
the mechanism of tolerance to various stresses for facilitating ideotype selection;
3) Breeding low-chilling-requirement varieties for deciduous fruit crops and

enhancing flower initiation for evergreen ones; 4) Improving meteorological



forecast system, reducing stresses to high temperature, strong light, and drought,

alleviating injury to low temperature and frost; 5) Integrating cultivation methods

such as modifying canopy structure or orchard microclimate, or cultivation under
protection; 6) Adopting techniques of precision agriculture or artificial intelligence %
to manage and utilize renewable and nonrenewable resources more wisely; 7) %
Implementing orchards based on agricultural ecosystem to facilitate nutrient %
cycling and to protect soil from erosion; 8) Strengthening soil carbon sequestration g
by regenerative conservation farming; 9) Trying to mitigate and assessing E
greenhouse gas emission through carbon and water footprint and energy analysis; ;%
and 10) Re-evaluating the allocation of each fruit crop based on the principle of %
befitting place for befitting species or varieties. Eﬁﬁij

:/\;

Al
Key words:Climate change, Warming, Adaptation, Mitigation, Deciduous ;;E

fruit trees, Evergreen fruit trees, Phenology, Dormancy, Chilling,

Flowering, Soil carbon Sequestration, Carbon footprint

" Emeritus professor, Department of Horticulture and Landscape Architecture, National Taiwan
University.
e-mail: tslin66@hotmail.com




\ s

t*

50 |

o \n\

LS

e

B KL R T 2 2 30 BRI - RRIBIAELY 19 HAAH o FEEE 246
AN > FFEELY 923 (8T - EESAMHN PR A - sEERA - T
S FHASHE ~ s~ BERR ~ FJ|OM - JEaA AR EERFRG KR - 57
PSS FE T B A SR (5 BB BCRas il - WAEEE ~ S5 fiirs&
SRR o Hor o s le R - BAR A - SR - A - BERR - AR
ARERKREOHER  EWETNREE4127 -

& R RR LA E

VB HYEEE KRR AR BEVT B e 2V R % - R ILiE P&
RBEHE (AISEMH ~ 25 ) K REEVT KRR (AReE ~ BT ERER ) %2

B OEREERAHAGOLSE - ARSEEMARSERS  SHEL
SRS ERIEEEN RS R - RN - HEA RS
MR A -

SRRSO H AR AR E - FEYHENER - AFES - BHS
BB R A= BB R R G W > MAURE BT 1.5-2.5C - 2k 20-30% P)fdE A]
RE I ERORAE 5 A0SR ETHEME 3.5°C - A 40-70% PR HIEE AR - EEE
AT 20 P (H HERL) ~ BAR (FEEBL) ~ FEE (FEEIL) KRR (RE)

CTBRREE R G REE FY A EHAR



SREBUNEUR - BTSSR E 2000-2020 £ ASROREH A EFH#E - LEL
REGKFERGES 7-8 HERE 2 29.6-30.27C -

B N BT SRR & EE A E s RS - IR EEAERA - &
B ARIK - SLRESR KB At T - SR BV BOR A SRR AR R R RO & - 407
T~ BENR ~ A - BER - @& R EHERNEIH - RAREEBEORE S -
FEPR AU RE R AT S5 A AE BRI DA% IO IR S P 1% » BRI AT
1. BER 58 FAVARI2 B
AT AT SR 0 AR AR B AR TR A B SRV EOR - AT REHE AIRER - R
H#EPRIMEEERE - REEOT G R - FORE S 5 &R &
NAHEEDE - REHE  oEREZEME - fIER &R XS
800 2 1,200 AR » HBRORANX » JEE B SRR - DA 2 & i
% o
2 RIREALRUE » R AR DUBHUESAYE R 28 > RECRTTS » &kt
iR EEAS MR EMBEREE L L—F AL E N
10 A BABAAERIL > WEURZIE T 4RE2RE ) o [RARTE BV REE BV AR R
FOfE > WM B AL Hp LB B St g L& A
2. BREHER
AFEHTREFRTSFTRKEE LI R mEt e - TEb g%
ZEGEHEEREENREEH 2018 i » FIH & FitlE LR DRIV B R
B > BB SR B P SRR - WA A = A S HAE R T SR E Ml - fE R
R BREE - BIEEEGER - @ERhEl - RELKSEMFEL
B o BRI 9-10 BEM - &SRR - FYEE 2-6 BRI ERILAY
EFRREEREERS - BETELEF 79 BERRE » IFAERE(L
BRENH EEOERLEE  EEFEEE -
3. ARJNHT KA

=R
12

oo

1]

F [0 F

NE

2i

PR

(281 & et DH Ak



ZEERERALUE » RFOREBREGS  fES0h ~ 5257 ~ I T - 4
E IR ERE EE A s > BIEEEE A SA AR CAAR I f
FoURE - Belm EEEEARNER > BEREEGR » R E SR G EE0%5E
PEEWRER  RENE - BNITERERTEE  FHEENERENR > f£RE
EHEA e TS KESELRRE T - KNBRZeaEHERED -
B VEREESS > PR AR - REWS AT M FAGHE - HER
BRNNEE -

¥ 2 RR(L - RAERIZUERE > s KR L BREIAE - BeE R S K F
ERERSEIRK o RfRTHEENT KRET) - TR R L R s > TR R
S (fARZY ) H 2017 F_EED) " seillEsE s FatE ) > WERRE
s ot ] A DI 4 S e » T R P L R e E R 2 B R E PR A P A S [ Y
48 E R A A > Bz sthlE A T O LUARAY R IR LB EREE - R TR
JE - E R I R E A R -

4. SRERE MR AL

R - PR RN E A - SEIERE FHKER
EREEEREEZIR - B EEARE - NEREHBEEEAS > =
B EE o AT E 1o 220 e P R B R A 3 T RS I MR R R RS
#t - 5% VBB /KIR e e > ATEUKHER(E - SRS =SR2 IE - FR
PR s AR AR S pE AR T ] 44 > S RE R R BNVR RN R 7L B (i B
o REBOEE  WHAHREERMEEZESRE - N EEEERED
NNFE » X REREA ZAREHE - BLIRAEEERE /KR
R () (FSRER - ISl MR R R R Ry S RE AT R 8

T OE

2y

il
4

B
i

El
v

=~

ZEERERALRE - RSB S IR - 28 X BV K 2V i & Y
g B RIR B - SRR AL - [P B RR I ~ Mkl KSR S AR SRR B S T
HEREERE  BFEERE BRAEGMERS  REVIZHEMEFIENE



28 ENtEEREEEARERE -

Fo k&R SR (R BB R SR AT - R G AT SRR A e B o ] B A = O
BILEV L ETHE R > PIMRSE IR S - MRS th PR B SEHHERIE > o8
b A 2 St & P (B A b T B F > B P R LR B e S RE ) » 2Rl
e SR Ml B Y A SRR 5
BT ARG P SE N M S A 1 R o il 1
1. 7 T 5 ] Dl 4 =

Rl BRI BE S > LB R P ERERET > RTS8 bELRRE
FESHOLIE > BZREH 2017-2021 FHEBECA AR S - WERRKEMRL
SR 4 % H AR 2,000 A -

2020 FHHE R B LS IR AR = 35 532 AN - GRS R R 4
FREE > BABRACRER B EMERIE () > BUREEEERE > &5
PRECE A B 5 > WE S IREEIHE - R > ERELME
KMIBEME SRR T 2 NEFET] -

2. bR S A0 ot e s A T B SR
EEEREEF NN RA TGRSR - HIETH SR &K
FeHE AR M A R AR - B8 A R, MR A i T SR
TR ARl o MR IR ME YRR B D M AR AR ER - RR e
BEKREEMEZERE > LB E M METE - BRI ZER -
LIRS EI A -

52 EEREALRE - BB R KA Y)W - RRERL - 285
S B EEE > BAME RS R KR ~ (L7 B AR e A
G Al T S0 BN E 2 B -

3. st B E LR B RE K SERITDEE I
HHRGEERR > M EEENERLFHEEE > W5 & E
 SHEREHT BB RS H A S B AERR > SEE K
EEF AR E R E B IEE - SR KR EE K F e -

w

o

T\

/51 it

oo

1]

t

NE

2i

PR

(281 & et DH Ak



s S T EH FT /7 S8 ek S HE e - e JR\ R B T o 2 RS PRI S A
S BV EE ~ TSR - R KR E EFHEERE - B ReE
BE ¢ FAEK -~ EHES N EEEM - ST HEDEEIESE > FREREIRE
T BE IR S () - W& KA ~ A - BT A K

B -
BRI
PRI SR B » AR ST L RISITY 5 T S R B R

b - HrEHEERRAEBEE R E SR - R HE - AL FE - X
EUfd ~ S - O~ Fke ~ 28 - At~ B - R R R 14 5
SR FEAR FEEY) AR BRI KR SEBURTR K » A5 IR S5 2 & TR AR

- EFER A R ROKENEIE  FREE ARSI - TR ROk E
DUBRESH &5 - fRILERFELRE - DEBESNEEREHE > REERR
e E b -
- AR L E B B BT

ST S A AP Ly 2 B A L 0 AT E A M R L S T A5 B P (E AR AL

B EERBREHENESEN S  BRHTEE S £ E N R E
FEM - MBS EREREENGETH > WHEEHAE ZE > B E SR
PAEER 2% T E B8 BT I

AT PRAEFFISE R s EE HRRFY ~ SR B THE RG] > AR R (2 8
sRALRESERHS T 32 LR RRFETE E SN - RRTTINEBFTT - (RN
B~ SRAINL ~ R TS 4SS FOmES ~ B EREYIR KOS ARG - HEE)
ST ESE ~ EHERE - AR - ERRIREHEE > S| EEEHE ERE
i U > RERRWE SR 2 -



S22 AT T R ES

B

RIFEEBLIENEE Z HHERE BT 1.3C - EREFRWIN27.8 X~ 4=+
W 29.7 K SR B ELA EE g B ELSE o ALRE SR BT A IR E A 0 < K
&L fe ¢ Bl o B H EF AT - 28 REL MEFREAT ZA/NRE - RiE
S an s M 2 M H R N BRI R RS A RREEEC B E R
{GF7 (leafy inflorescence) A Mg i &lifE 7 (leafless inflorescence) Ji# /) » ¢ By
REEHZNE  [CFREGCERELE  FFE—PMY - AEEE R
RE R R T E R ~ S E TR R EM o A5 S R
(40/30°C ) NZ © REL* @tk#AFTEIR T « FREE - /NRE ~ T BV E
Bg o HREBE T E AR SOR T #imt %k (cladode) =1L - HA
BN R EYE - & EEUR - R BEEN T RERZEER - ZEETH B
£ MIRREMEYIA /e o H R Al fR (R B BT ~ R D& B (e - AR —
BN BRI K R 2R WERET SOR A 52 B S R SRR - ¢ R R H
IR A E e < BtbVBREAH [E] - MESIAE e Z SRR ~ (RMEFE L (35) ~ FRUNEF
RS RAEEERECF S MERBEREWINEER - BURGEFR
B Y R B iE & AR E A ERE ) - W AL N H T/ fIRIHITE R (lateral

' TE R B G S R RN RS

P TH RS B g E R R RSB 5T

CITHRERE @%%E?ﬁﬁ?%%%ﬁ?ﬁﬁﬁﬁﬂ@ﬁﬂ%é
M AR PN TR R e

" iBEEE  jerchiachang@dragon.nchu.edu.tw




inflorescence) HY[F] 25 3% 5 1M FERATH > RARESZ AT HEIE 7 Z 8 LIRIERT =
WEINAETE R Z 3828 o FERINGR ARSI (2 1 (resilience) hnfHEE R ~ HEfTIH LA B
FNERTE ~ LA E MRS (climatic suitability model) ~ FEHS TR / B
b R % o A LR A M B 5 - DUZZERIJE -

BRI ga © R  BRAL -~ EURET - MM - KLREIR -~ S BEAE C 5E C E
2 anE g
Hil 5

%7 7 (2 88 % (climate change) J i = 58 HG HF & B BE L (warming) 2 52
2, H 1880 H£7] 2012 L EREHEEE _EFF 0.85°C [Intergovernmental Panel
on Climate Change (IPCC) > 2014] > % 2019 ZEfI] FF} % 1.0°C (Lindesy, 2020;
IPPC, 2018) ([E —) > & @ik 2 & ~ JRIE - e 584 2T ~ iy K
RHGHE  HEVMES KEEEAECELES AN E (Bongaarts, 1994;
Sansavini et al., 2019)
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ZERERIRAE 1900-2012 4 EFF4Y 1.3°C » HAT 10 5 ~ 31 50 FHORHE 2
IZEFSES (18— ) > F° 2100 B E TS T ARFEL 1986 4 2 2005 4= 2 $5 05 B 0
3.0CE3.6T AN > #8L S0 FAREE TN 27.8 K ~ LFK 29.7 K (H
%> 2017) > HEAE 2020 £ 7 HE=ZEME AT 2 EE B (TRRESE
2020) - BURREEE Z @8I

Rz A FamEEE R - BRSAEEERIREAJE A /R =P > % E
HEREFRE KA — HEES BT Mo En K2 A El e - TUEEER
HHHIIR AW 5% (abiotic stress) B RyEIRL - SUHAEE SRR INT-#A A0y - 4L3E
5 (Hylocereus spp.) B174#5 (Litchi chinensis) 2B EIBERBIESE > WIRFHEER
an A HY R 48 5 B RFF A B / E B IE A R B B R R EE 2 — (5% -
2014 ; BARIT > 2015 ; Mizrahi et al., 1997; Chang et al., 2009; Ortiz-Hernandez
and Carrillo-Salazar, 2012; Lee and Chang, 2019a ~ b; Chien and Chang, 2019) -
MEIT AR AR H % B B Y =i IR L B R s s B - S © R&L Je © Kt
Z FA(EESAEE (42 > 2014 5 Chuet al., 2015) -

&LAIGLAE © KREL” (H. polyrhizus) A BASHM ~ S ~ K53 (> 400 g) ~ 4%
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AAMEEIEYE (> 20 © Brix) S8 BEFE 0 R Z B A 208 KR F na it &
(Jiang and Yang, 2015) = ZR[flj < R&L* Wik AR S ER M - fEE0mil (6-8 H)
FAfC R AEE E8E % - B S =R A/ NRAL R AL (cladode) =L 2 1HIE
B < & B4 (H. polyrhizus) J < #F H ATE *(H. undatus) FIZIAAR[E (AR5 -
FEEFEOR ) B > 2015 5 fEFI7E » 2018; Chien and Chang, 2019) » (K|t » < K4
B R AT RE R R LR MR DR -

41 HE SRt 2R B 5= K B QI HE 9 (crassulacean acid metabolism, CAM) » {H
By @AY (hemiepiphytic) » 71 2 2= (7] [ HI AL (R AR S 5 R B s= AL M R EBHEAY
REHR e - WAE #E ATk 12 18 %% (Chien and Chang, 2019) - 5 ATHEALEE R (H.
undatus) ¢ F R R 30/20C (H /&R ) » AEIRE T CO, U & 2 £ i
= (B /BOf )(Nerd er al., 2002) - Ef (2 40/30°C » CO, T U & KR FEK -
HAR IR N ARED R LA AR B P G (K 5 MAESREE R 40/30°CHYSIR T 6 18
A REAMG S A BH - FEE I g 0 - SERYE P & EI0E = (Nobel and
Barrera, 2002) - BRETALATRLLEE RN SR NIV RAEF BT » DL RT3
HHIC - FERKEE R EH A BN EE R IE S R E 2 R -

CEREEC HEERR - mEER R fF T BT AYRTERT
FArE B HEE AR oy B AN © FBREE 24N IR R EE SRR T A (BHEE 0 1984,
Chang et al., 2009) - AifF& " EENARE L (B> 2012) « ¢ Rf&H ° FAHEFIER
{EM | ERA G 2 G BOSPIEEAE EARRS » IS T R R
P2 bE 2 PRI R i Y o - AT R ELAS B Bl & i@ & (Chang er al., 2009) -

M FAFRLH B E - £ 6 RACHF BIGEIRURAY 75 KK (58 -
1999) » 1 HE RFUHFALE - (HEAC W LA IE(CS P (leafy inflorescence) iy F > 4l
{EF (leafless inflorescence) H /b » R DL LR AT EIREE (HATEAZE
ﬁﬂx—ﬁ&ﬂiﬁ’@ﬁ%%%%ﬁ@Zﬁ@@%ﬂmﬂ’%?%%%é%
R CE R EEER TR -
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and Gazit, 2003) - ZAFRICSF 0L 240 > 16 Z % 5 Z R TR ER S BURL (Menzel,
1984; Davenport and Stern, 2005) °

THI R AVE BN e 50 Z HURES B % - H TR /7 A 4H & A 5 [F] s B4
A T JH EL (rudimentary leaf promodium) K {7 R £ (floral primordium) J& & ik
BEMZETERY (reproductive shoot) » il (main axis) & &7 [5]#% B 55 5 FIHIFE
F¥ (paracladium)(Batten and McConchie, 1995; Davenport and Stern, 2005) » & 48
SR B R EAC R AR HVIP R - ERURLLAERY - A9 AT B ZRRR & 1 P B4t
{GF (leafless or generative inflorescence) (Zhou et al., 2008) ; #18 fE 0% = HIFZ L
WGP (leafy inflorescence) ¢ “fEAYRE » EORERE & > (CFFIEEERX
#IT (abortion) a7 {b Fy 2 B (3R > 2017) -S4 FE I A 34 1& AU HR R B 20
Ty ALY I -

AT R SR R N B/ M RE AR R KB 5 EZ
WFFE R B FEFT (RS AR - 2018 5 2% > 2019 ; Lee and Chang, 2019b; Chu and
Chang, 2020) - S #JA EERE ST ¢ R ZE SRR SRR SE I8 N Z nIRER SR - DABEE S5 |
X o

PEREREE T s AR R E R ~ REHE - aER
Eﬂ’ﬁ'&f 182k 2 W FE HLIE H] (Chu and Chang, 2020)

Fol s RiAY © RAL 4LRERETE - 458 RAERS=(L / 1Bk 08 > Di—
FALRER BRI Y AN LR =& =R [40/30°C £1°C (H /%0 )] &
ALFER A BB [30/20°C 21°C (H /R )] RHEIEAE (B =) - W e] E A5
FA{EMVREEET » B AEARER NN SR T ZIEF %8 ~ FETh - &
5o REMWR - EE YELP R EELER -

GEREUR L SURSIR G NURCEEEE o BOH IR T 8 REAAT ; (HFALE
K HICAFARU PAE I & IR RS 2-3 /NI« miiE R e A R 4 (&)
AR RERR - 2 BT ERG% 37-38 REFUL - B 5 E R PRy BE 5L 8 K
TE (B) - R REE (B ) - REEaRss - mMEEFE (8) HE
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REHABEENIEMR - AimARER - SR E R T Ehim i R R =L HYIRRE
(7)) (Eff -~ S IR MR 22 2L - &7 b SR &R
REFXEIR > EEZRERE B TR EMER > MIERRE{EEEZYE
[ERSHE -

Wl e i TR AIEZ AR 0 25 5 BF (NO) + 5 (0). &
F 5 BE A E L (S) 7T (P) ~ 225 (STM) ~ 1.5 (STG) % 7=+ (STY)
fﬁa“ > (Chu and Chang, 2020)



Bl ~° % o o3 %304 2 (CK, 30/20°C ) 2 3 8 & (HT,
40/30°C ) © 2. % §F 1% ° (Chu and Chang, 2020)

Bl ¢ % e A0 R0 2 (CK,30/20°C ) 2 % 8 &J2 (HT, 40/30°C )
T T dhi 2 ERSEHFA e B e (SNS), ¥ B a (SS) o
(Chu and Chang, 2020)
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LLRERAVIRE NS A BT /NI T (1) - 2004) » Weiss 52 A (1994) 45
> FEEERERE NAEENRE > HE T EHERE R RANEB AT
ERSHE R (T E8ERE N wE > MHRE BrE48E BT PlES
P EERNRENNE - R REEIEF %5 2R E A S RS © K

LRERGE 28 B SR E R R 2 M T3¢ 5 2 H - #Ei
FERERRNRERE  MIELZYE R RATIER - & m A fRaER st
iEAEs > HIEPBRERENEERNA -

®REEZHTE (525 > 2019) EREHT ] &EH R IZ s © REL> RBVET T
ZEEEIREE - AR ARG o 5 e A SR K PR R R PR BT v e A e s e 5 R M
REMEBHAR (RIEFEE - REOERFRER) -

)U]]\-n

MF

B T ol B 55 BEAE P i B BB A e 2 50 S L FEE

(K5 © 2020 : Lee and Chang, 2019b)

MERZE BERILZZE 60 7 KI5 E% EALF (leafy
inflorescence) 7 EEFZR G 1 » 1] —f% R (E 4l {CFF (leafless inflorescence) 575
MRER - AtEREGEFETIEFREZMEE MRSt —  fTEfRE - Sk
FESEMRE » AWFFELL 10 4 7 HEEAR R dA k) - EhBsfE M 10 (B1)
ZthRae )~ fEFr B MR EBEAEZ AR > LAERECHEHE 225 -

SIRBUR > AP EUR S IIL R S R E A - ML 2 ER B
RS EE R B0 - R BERAE e 2R - SC 2 HE L - R E B R
MEfEREEE SR G > WA 1.3-1.7 % - &ifbpai fir 2 Z R GR
HMEERESICRFZ 2.2-3 % I -#ZE R (1.1-1.8%) fiEE5 - PR —
FHZHRE  RYE - BAE (R)  BrEAETEPY) & B EFRE W E R
I o GEREUR > Wit ERUR S AL AN RE Z R E A E -

KHFEEEE © B A AE AR S R R (%) - A

it E R EEBBUR G BB RERE b E HEE R AR R -
BItFHE X # EFEER BCP P EmMRICPrEE ~ BOEE - 1t



A

Bl= ~3fé 2k FERZBIEE ()% FETA (+)- (Lee and Chang, 2019b)

C (1) FHAIE P B RS R ENE ) (Jiang et al., 2012) » (i & G AHEF
FEULEYD 5 (2) HHRACACFF L EBRAT - S KB R 1Y cytokines S HFEEHE I -
gibberellin acid(GA) HISH /b - {H 27 8EHIHEAE & 5k GA RIS » VIS Py
FZEX (Chen, 1990; Davenport, 2000) °

ARG R Ry S ACIREEH Y T IR ) ROt E b e R 3
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A EENREREHAENZEE R > &IT 10 F£RZE R R LTHE
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A~ EE - Bl e REEEE - HAlE - #pi - R - CRMED

FEFE > BRI 200 T (BESF > 2020) 5 (2) 2018/2019 FEE X K FZF 2 {HiE

B EAL > MR~ REAR SN BAAE - BE4RLY 40 fET (RS > 2020) 5 (3) 2020
7 AZ S EEIRERE LR/ NRAE - WEEOA R (4) 2021 FHES

WHFEEE > IEEREEREAREHF M - AR DERIMAEER - 85

e B A T -

T S 40 JbE R U PR > R B BT S B O 5 R RS I B DUTE B PR (R

2020) > ZRHE N Z Z9EMEY A0 - IR R 225

L Dnos ARGt 2 14 (resilience) anfE B2 5 - 2B D BURBINHE R EMCKRICEFANE -
BARFATE - BERELRIRUL - FAR A geEERR & (AR -CRIRNEDI
R ERAKE  BEEER - KIREAHEARRES - WEZEEER
HEEFZEVFRE - BRISHEARESE - SRRSO 7 TIEsEw B 2
il (molecular marker assisted selection) » R A A pE IR A BUEL ~ 12
TE AL Z e

TR AN S - R RE AZFEEY) > EEadE RIS

AFEA R RRUR > AN EEERE N e R R e E - ME
AR Z B ARG DIDAELBATE ~ 5B B SR A UL > AU &
AHARAY R IR K BB AR FRIM 2 - siE B - M3E (2018) ERE
ZEE BT RBINT KRG - BIEFRSH R Z BRI - A B
AR ERE R E LA 0 HHMEELUETHREEER N E 268
FotB A0S - e R B S B A KT AR AR = (phytotron) DL&
G IS 2 AR IR RE ST - PRI i s AR L E R B B A B (growth
model) > EIRERETE T ~ dnfEBEE K3 R TS (smart agriculture) 2 £
E=

3. BIERUM AR /R - WA TR R S S R B PRl DA (R b 2
WAERE ~ WK ~ YA R AR R BT S AR~ 0V 2 S R i
At o &2 DRBIRIE R - AERN R EE AR HEES B B



ANLEZ (AD kPIHH4E (1oT) LIS B Z R - ARER - RAEES

hay

ur

4. FHEE i o By A AR B DA R A 0 BT B T R AU SR R P R AR
SHERRE - REM ~ A 5% 4 PRULHT R BRI A B R bse 2~ i e
5. T FE MRS (climatic suitability model) DL &y 3 B flif M dsl 2 &% - L7
R BB - RIRFERRA 2 25 HEE EEEEFEMEOHEEE - P EEE
Z IR E BN EE - H AR R R R i ROl R A B A AR T AR
Bt B o M AR A (5 Hh R R AR T ORI R B8 TEYE & A R R
fE88(L (Zabel et al., 2014) - Z/&&fE/|\ » IANKEE#E 394 N B » t&ISEVE ~ oo
ay S Lt 2 R mg - hoPAimfE 25 b » BA] R FIET/NR B 2 A fiE
o R [ KPR -
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Assessment, Application, and Prospect to High-
Temperature Stress Impact on the Reproductive
Growth of Pitaya and Litchi

Yu-Chun Chu', Yu-Chi Lee’, Chi-Nan Chen’, Jer-Chia Chang4*

Abstract

The effects of global climate warming are reflected in temperature rising in
Taiwan by 1.3°C over the last century, which hugely affects growth and production of
fruit trees with 27.8 days more during summer and 29.7 days lessduring winter. Both
pitaya and litchi are important fruit tree crops in Taiwan, with respective dominant
varieties, ‘Da Hong’ and ‘Yu Her Pau’, having excellent fruit quality. However,
due to high summer temperatures stress in Taiwan, inconstant fruit production
and yellowed cladodes have been observed in the red-fleshed ‘Da Hong’ pitaya.
Specific environmental factors that influence yield loss and cladode damage are
unknown.Moreover, in response to global warming, an increasing proportion of leafy
inflorescences of the ‘Yu Her Pau’ litchi frequently increase and a manual removal
of leaves from such inflorescences has become a standard commercial practice
whose benefits and mechanism still need confirmation.This review describes recent
researches on 1) evaluating how high-temperature (HT) stress affects both fruit
production and cladode yellowing of one-year-old field-grown potted ‘Da Hong’
pitaya plants under controlled conditions, and 2) determiningwhether the number
of both total and female flowers, percentage of female flowers, and fruit yieldare
influenced by the type of inflorescence, i.e., leafless or leafy inflorescences in “Yu Her
Pau’ litchi. In addition, we suggest refocusing the research and industry development
to be able to respond to climate changes.Results on ‘Da Hong’ pitaya showed that

blooming time was postponed 2-3 hours later within a day with HT (40/30°C ) than in



control (30/20°C ) and fruit set, fruit size, seed weight, and peel color were strongly
suppressed in the HT plants, compared with control. Furthermore, both estimated
seed number and weight were positively correlated with fruit weight, suggesting that
reduced seed setting and weight, aroused from incomplete fertilization in the HT
plants, could result in fruit drop and smaller fruits. Although the color of the sun-
exposed side of cladodes remained yellow, the percentage of dry matter in the HT
cladodes was not significantly different from control, indicating that their carbon
assimilation rate was not reduced. Further studies are required to establish intelligent
sprinkle irrigation system to cool orchards and to ascertain whether disrupted stamens
or pistils, resulted by HT, lead to incomplete fertilization. Studies on the ‘Yu Her Pau’
litchi showed that the type of inflorescence (i.e., leafless or leafy) did not affect carbon
assimilation rate of bearing shoots. Leafless inflorescenceshad greater performancesin
terms of both total and female flower numbers and therefore fruit number and
yield at harvest, presumably due to absence of assimilate competition brought by a
synchronous development of lateral inflorescences and immature leaves of a panicle.
Either a labor-saving strategy of defoliation of leafy inflorescencesor an orchard
management to produce more leafless inflorescences may need to be developed. In
order to meet further challenges of climate changes, a systematic stress physiology
research and breeding of more resilient varieties of fruit trees are recommended as
well as the establishment of climatic suitability model for production areas and an

upgrade of varieties and intelligent cultivation techniques.

Key words:Climate change, Warming, High-temperature stress, Resilience, Pitaya,

Litchi, Flowering, Fruiting, Yield, Quality, Strategy
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Fruit Science Research, Achievements and
Prospects in Taiwan

Wen-Li Lee’

Abstract

Taiwan’s special geographical conditions have created sophisticated fruit tree
management technology. In recent years, under the leadership of the Council of
Agriculture, the production of fruit trees has evolved from a general production
technology that improves yield and quality to a deeper level of coexistence such as
high safety and environmental friendliness. Technology has always been appreciated
internationally. In the face of increasingly severe climate changes in the future, longer
and longer dry seasons, hotter and hotter temperatures, and a shortage of manpower,
the production environment for fruit trees will become more severe. How to face the
challenges of the future and still maintain the prestige of Taiwan’s fruit tree production
technology is a subject worthy of consideration. In the face of future changes in the
natural environment and social environment, cross-border integration of different
fields is an inevitable trend. Agriculture is no longer a separate agriculture and
requires coordination in all fields. However, facing the foreseeable future, Taiwan’s
fruit tree industry still has to pay attention to the basic physiological research of
various fruit trees, factory-style automated fruit tree production technology, facility
(indoor) orchard production technology, water resource fine management technology,
and physical disease and insect pest control technology. In addition, optical laser
technology, quantum computers, transparent solar panels, plant electronics, acoustic
technology and other physical production control technologies will also play an
important role in future agricultural production, which deserves everyone’s attention

and investment in research energy.

KeyWords:Fruit trees, Climate change, Automation, Facility agriculture, Water

management, Laser technology, Transparent solar panels

" Fengshan Tropical Horticultural Experiment Branch
leewenli@fthes-tari.gov.tw
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Fruit tree technology research and development
achievements and forward-looking plans in the
central region

Ching-Mu Hsu ' and Wen-Pin Yeh’

Abstract

The central region including subtropical and temperate climates has complex
terrain and large altitude differences and is an important production area for fruit
trees. The fruit tree industryin the central region has made good achievements
through improvement of cultivation technology, water management, facility
application, development of post-harvest treatment technology, promotion of
agricultural, forestry and meteorological disaster prevention and mitigation
research, as well as update and promotion of varieties. The frequency of extreme
weather caused by climate change has increased, and complex natural disasters
often occur. In the future, we plan to continue to develop resilient agriculture,
develop labor-saving aids to improve work efficiency, and achieve high-value

agricultural facilities and smart management.

Key words:Facilities, Resilient agriculture, Assistive devices, Extreme weather

' Assistant Researcher of Taichung DARES, COA
* Associate Researcher of Taichung DARES, COA



EHA RIS IR R Y e AR R - ZRBIZIR AT E
DRI G 7 0 S ) o SRR A 7 A BB Bl - R R BRI BB A4
AR PR S o RIS B gy [ SR AR B H RIS B A AR L
TEFPIIRGEAT » o3 AR E AN BB R 2RSSR E ~ AV EHEE RO
KR > FRLRERE ZRRKFE R T —(H G 58 - RUHE e R ERSERE
BHIES > USRI R sl sk R BRI R 1 - B AR ARH Y (EELSS & Line BIIRY
AIRAEHYTHRE - A EE 1 H RS AR R BR MR A REREFE 2 LE
Ko BB SR E R 28 L SR E) S TR B - I ITEE R E
# Google SN R INREMEIFSC 8% > DIEZFIREEH 5 BERYHEY - AWFFE A A
TEREAN AL RE SR S AL B AR AR T fe (A Ll SR A S b i i B
A -

Ta?i

Bt - Pl ~ OB - AN - SLRESR - BEEE

' TEM R B R REN REEITIE A

P ITH RS B O SR R RS A

P TR T B E R R RGEIE B

* | BRIy A IR A B R 2 b A
WE/EE © rhwang@mail kdais.gov.tw




AT AR R BRI SR TR B F R B TR - 2208 SRR SR TR m] 2 o, - SR B e ~
S50~ #25 TR GBS ER FRIFUR RS E R L RS EE SRR
Koo RIS KRR K EHNEYINZE > BUTIRR AR ERHEE R EDRARKE
FITRES ~ P i BLE f SR ila B % - LB EREY K EHEFERE (171
ek B e sEslBnaT - 2021) - 280 HAlay SE FFTRE R R L EBEHE - I
=R EENE R E A AT o T HRENERREEY A KRGS A AE - fE
AR E B E 2R RERAM K ERE - A ENEE K EENIER -
VR EA —E FETHE HZ B K EFDTRE RN E -

Bt - BEE TS HE T PR E AL - JHE B LIRS B E R K
Fraghgin - RIE KA HE 31 T AU ORI B RR Y EE AR =X > T35 s B 7
RN E IR A P A R o (H A AR Ay SR ' 5 5 o B 7 U R 5 i TR by
SRS B A - SEERR S I Z L H R E - HEREEE
BCRIR R A VH R EN R R R B (R A B DB E B R
5 (&0 2020) © [N IEF REH AP 4 (Internet-of-Thing, 1oT) K # izt TH >
S TH SR AR S B H T E SR AL - WIS TER] - RAGR 2 45 AT 2 SR 0k
F IR E R -

"TEEBEREXE NERL - DBRTEREAESEARERE  HEMNETISFER
TR E > e B DIA TR e ~ R S RO TR S e
A oo i 4E & S fE I 2 & s BT (Information and Communication Technology,
ICT) ~ IoT ~ RE#% (Big Data) 737 ~ &S i# (Block Chain) SERTIER flr & A
BAS RS ERAERRZEF TR RUERREARCRNESEEEHER
FEFEHEER K 2 - ZONKENNREL (THREEZEEEE
aBRFT > 2021a) o ATFERAEBUF R DHEEIE SREBOR T > REEISAE R E
P S AR G RN B BRI - B IRE R E - BRI B
KRR E LGS T A SE SRR (1TEREE B g R RT



2021ab) > TEHZAER & E DGR o - B ARE FH B2 B BNEF 5P 5 Line B
Rikas AVIDRE - i fE LA EEE - G Eh=URG E R AR e ek
Pole S BHVH Ry BIEY - e R m A SR & (#h5F > 2021) -

EAMEE SRR IE A _EIN A e (Ayaz et al., 2019) - JEELDURSAEFE TR
TR E R E B Rz EEEREY) AR (B0 FOK3S ~ T/ KEER
Ags ) ~ IR R RRTEHEA R - FEeSEEREE - HEEE
REREAY  FIEE SR B A (E RS A DA SRIRYE - DU RIS A B 2 e
RERYHAY (TTEBERESEZ B > 2021) £ P9 P B S04 A B S P i Ay B i
Z 0 7 i R RS AR T VRO - AR s R B R /KA DU AR
FASEEFR T RTIE ARAYRE > A % ET & /KE R (Guillén-Navarro ef al., 2019) 5 {f
TEIREERTEF# A nlE TS EH ARG K HERESAT RN SIHE
R EERIER - 228 ToT BYRT > PAE (WeChat) ABES V& > A EE A
LIRS P22 IS THRGEVIEE - EEER Faii NS 2bLE - figf/KEEE
WERYHEY - AR RO S AR E RS IR 24 xS B s A el A
k= HENPERIRVIREE T - AR (A E B SRR BB ER (Liet al, 2021) -

AR E AT R K Z B g bk 2R R (R P& ) Frbd 350y
TR EEHAR R ARG, (58 0 2019) > ] ToT HYR - #FHE AT
RENBIHEN - EEBEABRAVEE - 455 RN EENEHES Line AYEA] - 25
(B A BTHRE MR A [ ek S8 S B LRk B 7 BT R H Y > B E BB S FH el 7 s 5
22 B[ R ACEE BAYH Y o ASOR IR EE I E N - 2 BB 20 KT
Z A~ RN BHEE SR KPR S AL pe R S IR K 40 3 (i fEH]
B RIEA R HERERE T > Oigr S S e mayEE -

KA S LA 2

L ARMESe B - FRUb RSP ETHE R
M Ry R IRV LSRR > fEEERIERE (5-6 A ) ~ X RFILFEHY
P ARSI > BN (B ElRR) EREEMEROLR (e R

=R

D8 R HF gt

b
H

]

—_—
[y

il B &t R

=
—




A > photosynthetic photon flux density, PPFD) EA[FE R YRR » & E2OKIN
HCETE AR AL EAR R - BT > RELERE - 53R ERE > &
FHAAEMITCHIEHE (£ > 2018) « ARJNEMN KE ZEEBRIFAER R
" BER2EBEP R MIERESEL  SAEER EEWAI R EESTT
W HHEBIEREHEASL T (BN ) » REKFREGEEFRH
ER S - Ea B RER IR 2RE O PRRE - SR E O iR
R EE I EE R E AT A B E Y SRR SRR SR T AR
HORIRFR AL (RERATEYESE ) -

g A S Pl 3 o] Y SR SR TR B R B R P s HE i > (B SE PR S R B A H IR
BN ENHEANSEANES - HNAIERRREIRE G = - 8 H RS
FERIIFEY ~ #REH - BHGRY AR - FEEEIIREAHE - Hith g
R E RSt 2 = A RERAMMHEE K EHEGE - AifsEsst—E%
BUL BRSO R R4 - FEEDEE RN s R EREEREE PR RES
b BRI FEEREGE: - s B BN EHE RN - R A ERNEE
SRGR A AT RS 38 5 FH R 44 SR

PIRRFURAZE (B — ) B SE —FAARMEOLIR (FEl ) $FEEEER
B R ESE B AR MR o N A ae IR FOHIES - v B Bhar sk H I BRI 2
b o MRFAR AT SR 2H e 4 7E Line BF4H » [E]HFKF Line Bot(Line Hijl KA 25 A )
1 Line Notify T ARFEH S - DIFRAE H 12 H 5140 B 848 X BRI B a2 R R
RS - EERERONE 2E 4 HHROEEERRERERE (3%E F 54,000
mmol-m™) B » {F4:LL Line Notify (IHAE » A AR TURSEIRR, K Z4 > 1]
15 B B {EAP R 25 Bk a4 is S - Rt R RITHEEOTE R - FIFBIG
HiE AU R B B E > DL 40% DL FE R ENEE B E EFHEE BN
HEREES S > 40% DU TR REUD - AN E JEbs (e R HERE o 2 HERE SR EREURE]
Line Notify #ff " {EOCIRE R ERFE ) SRE - IRFIEAZ R E - ERK R
AEEFIRFEIR - REGEERENGEE - SHE /S ERERRE - #uX
F| Line Notify A& tiny T RELREBURK R | FKIES - W ARG R



F—FERNEM (BEBLR)
KEEBHRER

ARSRERRE
B3R/ LineEERE

Line Notify :
LREMEN
2.{83XBH KT
BLEE|n

B s
3EREER

ERRE

1.0l{EEMER 1.0l{& BREER K
2.EGRMRRE 2. EEMRRE
3SR 3.EER A

Line Notify s
LRRR2S FRBERI0%

2 PSS
3—ERExHREp

®E2hR

-~ AAZECFELA DR CTFE L Az iR -
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rain disaster reduction and early warning system.
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Fig 2. Diagram of the papaya intelligent excessive rain disaster and early warning system.
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Fig 6. The system can automatically upload irrigation data into the Google sheet.
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Fig 7. High temperature and high light intensity during summer caused
shoot yellowed in pitaya.
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Fig 8. Applying the intelligent sprinkle irrigation system to decrease the air and
shoots temperature significantly in the pitaya orchard at noon in summer.
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The Application of Intelligent Production Base on
The Internet of Things in Fruit Tree

Ren-Huang Wang'*, Yu-Chun Chu’, Shin-Jong Lay’ and Chin-Liang Kuo®

Abstract

The common characteristics of orchards in Taiwan are a proportion of low
degree environmental control investment. Therefore, it is necessary to develop an
intelligent management system for fruit tree production to reduce the impact of
extreme climate change. To construct an intelligent cultivation management system
for fruit tree cultivation, we apply the ‘Real-Time Monitoring System for Agricultural
Production Management’ developed by the Taoyuan district agricultural research and
extension station. Three demonstration systems based on the technology of internet
of things (IoT) were developed, including papaya customized intelligent excessive
rain disaster reduction and early warning system, papaya intelligent fertigation and
sprinkle cooling system, and pitaya intelligent sprinkle cooling and irrigation system.
We set up environment sensors to monitor and record the climate data of an orchard.
Through the operation of programming blocks and combine the function of Line app,
growers can automatically receive planting decision-making suggestions, intelligent
notifications and alerting the grower to make the appropriate decisions if this would be
necessary. To achieve the purpose of automatic orchard management, the system can
connect to the electric system to automatically drive various orchard equipment, and
then upload the data automatically at any time through the Google sheet. This study
can provide various technical support for the intelligent management of papaya and
pitaya, and can also be applied as a model of intelligent cultivation and management

for other fruit trees.

Key words:Internet-of-Thing, Programming blocks,Papaya, Pitaya, Intelligent

management
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Impact of Climate Projection and Disasters on
Fruit Industry

Yung-Ming Chen’, Yung-Heng Hsu, Ya-Wen Hwang, Mei-Ting Liu, Ya-
Ting Hwang, Hsin-Chi Li

Abstract

Climate change has led to extreme disaster events more frequent. Furthermore,
the intensity of disaster events, such as typhoon and heavy rains have become
increased. It would rise the extent of agricultural losses. In Taiwan, typhoons and
heavy rain are the main causes of agricultural losses. The National Science and
Technology Center for Disaster Reduction (NCDR) has implemented the support
projects of the Council of Agriculture (COA). This study was supported by the
COA and carried out by using the statistical downscaling database from the project
of Ministry of Science and Technology. The case study of grape in Changhua was
assessed the impact of heavy rain during the growing periods of grape under the
climate change of RCP 8.5 emissions scenario. The results shown that frequency of
heavy rain events would continue to increa se in the next few decades. Moreover,
the warm winter would hinder flowering of litchi. The frequency of temperature
suitable for flowering would be significantly decreased in the future. It would be

recommended to plan the adaptation measures in advance.

Key words:Climate change, Typhoon, Extremely heavy rain, Warm winter, Grape,

Litchi
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Development and Promotion of Agricultural
Insurance on Fruit Crops

Miao-Fang Chou’

Abstract

In recent years, global climate change has become more and more serious and
extreme weather has increased in frequency and intensity. The risk of agricultural
operation is relatively higher, and therefore it is imperative to promote agricultural
insurance. We use the risk dispersion mechanism to establish the basis for sustainable
agricultural operation and ensure the safety and profitability of farmers’ production.
The Council of Agriculture has expanded the promotion of agricultural insurance
since 2017. Up to February 2021, the results accumulate 57,000 policies of insurance,
94,000 hectares of insured areas, and 13.9 billion of total insured amount. Moreover,
the insurance policy depending on the weather parameter is the major type and the fruit
insurance policies include pear, mango, sugar apple, wax apple, papaya, pineapple,
pomelo, banana, sweet persimmon, guava, litchi, jujube and tankan. This article
describes the promotion background of agricultural insurance, the legislative course of
agricultural insurance law, the current processing status and the development of fruit
insurance policies. Besides, it continues to develop various items with rolling review
of current insurance policies, collect opinions of experts and scholars, and listen to
farmers’ experiences in the production areas in order to design insurance policies that
meet the needs of farmers. The Agricultural Insurance Law was formally implemented
on January 1, 2021, legalizing the scope of agricultural insurance, operating systems,
subsidies and incentives, etc. Simultaneously, the Agricultural Insurance Fund was
established to be responsible for the risk dispersion and the management mechanism.
The efforts which prevent farmers from relying on the climate for a living and stabilize
farmers’ income move ahead and continue this process of making a good system in our

agricultural insurance.

Key Word : Agricultural insurance,Risk dispersion mechanism,Insurance coverageratio
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Changes of Fruit Tree Pests and Corresponding
Measures for Climate Change

Ting-Hsuan Hung

Abstract

Global warming and extreme climate will have an impact on diseases and
insect pests of plants. Due to the long-cultivated period of fruit trees, there are
many cases of newly invasive or increasingly serious diseases and insect pests.
This article takes several cases of fruit tree pests that have become more serious
in recent years, including citrus canker, citrus huanglongbing, citrus psyllid, citrus
spider mite, citrus rust mite, mango fruit rot, pitaya stem canker, anthracnose of
strawberry and ripe rot of grape, etc., introduce the changes of status for these pests
and diseases, and describe the corresponding prevention and control measures. As
far as plant protection researchers are concerned, the monitoring of plant pests is
originally a routine task, regardless of whether the occurrence is related to climate
change, the actions taken are consistent. Recently, the Council of Agriculture
has promoted the Plant Doctor System, sending plant doctors to the countryside
to execute the diagnosis and control services, which directly benefit farmers and
help grasp the front-line epidemic of crops. It is also a smart move to respond to

changes in the plant pests caused by climate change.

Key words:Climate change, Fruit trees, Plant pests, Citrus canker, Citrus
huanglongbing, Citrus psyllid, Citrus spider mite, Citrus rust mite,
Mango fruit rot, Pitaya stem canker, Anthracnose of strawberry, Ripe

rot of grape
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The Tendency and Expansion of Global
Consumption Market on the Fresh Fruits

Chung-Hsiu HUNG Ph.D.”

Abstract

Taiwan has geographic advantages, the areas of agriculture production have
tropic, subtropic and temperate zones. In these areas where have around 200
thousand hectares of farmland. And planting over 30 various types of fruits that
these can supply domestic and foreign markets simultaneously. Furthermore, the
production value of a year is about 100 billion NTD. On the part of international
market structure by taking the advantage of domestic production and the
requirement of international market, it is noticeably that jujube, sugar apple, litchi,
wax apple, banana, pineapple, mango, citrus, pomelo and so on, all of these are
competitive fruits when export to other countries from Taiwan. This presentation
will analyze the fruits of exporting opportunity which from our country by the
comparative advantage of the trade theory(Revealed Comparative Advantage,
RCA)and the trade complementary index(Trade Complementary Index, TCI). This
presentation will also take traders' viewpoint to propose practical development

ideas.

"Mitagri Co., Ltd.
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