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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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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
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HEREFRE KA — HEES BT Mo En K2 A El e - TUEEER
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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
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HHIC - FERKEE R EH A BN EE R IE S R E 2 R -
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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) °
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A T JH EL (rudimentary leaf promodium) K {7 R £ (floral primordium) J& & ik
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F¥ (paracladium)(Batten and McConchie, 1995; Davenport and Stern, 2005) » & 48
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X o
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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)

Ref 6

i

i
1]

~

3

=i
=



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
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MF

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

(K5 © 2020 : Lee and Chang, 2019b)
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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
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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) °
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A~ EE - Bl e REEEE - HAlE - #pi - R - CRMED
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7 AZ S EEIRERE LR/ NRAE - WEEOA R (4) 2021 FHES
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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 -

fh

EERERRAE 1900-2012 F EFH47 1.3°C » HAT 10 5 ~ 3T 50 FHORH 2
s - EHRBAEERERERPE - RO AN SRS N FlEEE
RRKRE - LS ZEERE B TR B e MIER RE(b B E R
RS o RAGRHE—F BRI BB KR 24 > MRS R 20 (7] 52 B2 I 15 R e

ok o BAEE D SR INE S Y RIE B R B A R Ty HER
W Z AT IR - A EETE i I ELEE A IR E iy [B] 25 38 & T RT3 > R2R
JESR T 28 LIRERI B8 N4t r 234 - EAHISeRlc R HalpE R

KR BATE ~ S E 2 REE R E R - RFF AR 28 Z PR -
TR AT IOR RA A  ( E AR R T 5T e o R S S e TR

K LTIFE R EMEE 107 R -7.3.4- 8 -Z1(3) ~ 108 2R} -7.3.4- 18 -Z1(3)
DLURFH2 35 106-2313-B-005-034-MY3 ~ 109-2313-B-005-021-MY3 518 ~ #H) -
BTG RO SR B s B & - SRS L -

b= Llu

.
=]

|
~
=

i

i 88\ I et




i R BRSSP RS - 2020 -

TTBTREEZ B . 2020, BEEMET T . BEGET AR -

KIEE - B BRI B2 . 2020, Hic &S E A 2 W9T - B R SRR
#LONTRER T —E TSR 2B B A KR E S RS g E T
Bl AN EE A p.121-136

Bii—rf ~ MREUBE - FREIGE ~ SHET - S - BIFEEE . 2015, ATRESRAVAREEBE TR
TEhREREgEESAR . 21 28 -

SBORER ~ BEN ~ KIFE ~ BGE - SR . 2019, mRRE < RAL 4THESR HMEE
PRRE/ N b 2 ZEEEE 65: 63-64( T ) -

DG 8  TRERE 2014, KA FARE TP RR LR B S R (5 2 B . LK EE
39(3): 1-13 o

8. 2014, KA HIEPATHE - BURE - RORRIECH R EEE R E K
TET-EARE 2 B 2 BST . BT R K B R AR 2 P hiE 5w L pp. 70 -

PREERS ~ flSEIR - SRkt . 2018, /8 E B AR SIS B IE 2 FEAT . A ksl
T4 - BERG KERGTET . BE3ERERAT p.33-40 -

{REE . 2004. Hylocereus spp. I NEALRER ZF3E - EHEH MK MERAE . B
BB R EREE 2 hE 1w pp.180

BRIZHE . 2012. Zh% 50 ol R A Bt . RS 11 5T 349: 10-11 -

BRIMIA ~ FFESTE  SHEEEE . 2020 . HARIMER - (ROTREIZ AN I3 - B REATEL
BRI K AR E 2

SRETHE . 1999. FAGFRATE 2 F84% | [T 2 S R R E B ST AT 5w S pp. 136

SEHTEE . 2017, $ETF 2L A B B SN 7 AR BEECRE K BB NG - DL RESRHL Bl
106 AR 2 4N 7 R R B S B (E (REERA SR Ao B S8 a 8 g . B
REBREEGH NG R E R 2GR p.5-33 -

FAfE - BR4EDS - SEBOE - 220027 ~ SRR - S - BEEE - BEH - HECs -



PBRIEZE ~ BJRER . 2017, EEREEBER SRS . B KETREEF L -

EE R BEA AN A& . 2021 BHES -

A ~ RTT 5 . 2018. M= AR S AL TR < R&L” ALRERAEEE R ~ TR
SR HUREE 43(4): 1-13

BHEMN ~ JL—& . 2015, HFRATRE RAESEMDN . EEALRE RA E R UEN T & &
T Bl R Z G B E AT B B [ 25 oy Frém el p.19-27 -

S~ R~ HKSR . 1984, 285 i imfE R B B . o [E 24 30(4): 210-
222

Batten, D. J. and C. A. McConchie. 1995. Floralinduction in growing buds of
lychee (Litchichinensis) and mango (Mangifera indica). Austral. J. Plant
Physiol. 22: 783-791.

Bongaarts, J. 1994. Can the growing human population feed itself? Sci.Am. 270(3): 36-42.

Chang, J. C., T. S. Lin, C. R. Yen, J. W. Chang and W. L. Lee. 2009. Litchi production
and improvement in Taiwan. J. Agri. Assoc. Sci. Taiwan 10(1): 63-76.

Chien, Y. C. and J. C. Chang. 2019. Net houses effects on microclimate, production, and
plant protection of white-fleshed pitaya. HortScience 54: 692-700.

Chen, W. S. 1990. Endogenous growth substances in xylem and shoot tip diffusate of
lychee in relation to flowering. HortScience 25: 314-315.

Chu, Y. C., W. H. Lee and J. C. Chang. 2015. Sustaining and improving white pitaya
(Hylocereus undatus) production under abiotic stress environments: a case study in
Penghu, Taiwan. Intl. Wkshp. Proc. Improving Pitaya Production and Mtg. Food
and Fertilizer Technology Center, Taipei, Taiwan.

Chu, Y. C. and J. C. Chang. 2020. High temperature suppresses fruit/seed set and weight,
and cladode regreening in red-fleshed ‘Da Hong’ pitaya (Hylocereus polyrhizus)
under controlled conditions. HortScience 55(8): 1259-1264.

Davenport, T. L. 2000. Processes influencing floral initiation and bloom: The role of

phytohormones in a conceptual flowering model. HortTechnology 10: 733-739.

=
=
NZS|
)am
il

/ﬁl_ull

84 3 et

==

hal}
e




Davenport, T.L. and R.A. Stern. 2005. Flowering, p.87-113. In: C.M. Menzel and G.K.
Waite(eds.). Litchi and longan: Botany, production,and uses. CABI, Wallingford,
UK.

IPCC. 2014. Climate Change 2014: Synthesis Report. Contribution of working groups I,
IT and III to the fifth assessment report of the Intergovernmental Panel on Climate
Change In: Core Writing Team, R. K. Pachauri and L. A. Meyer (eds.). IPCC,
Geneva, Switzerland, pp. 151.

IPCC. 2018. Global warming of 1.5°C . An IPCC special report on the impacts of global
warming of 1.5°C above pre-industrial levels and related global greenhouse
gas emission pathways, in the context of strengthening the global response to the
threat of climate change, sustainable development, and efforts to eradicate poverty.
In: V. Masson-Delmotte, P. Zhai, H. O. Portner, D. Roberts, J. Skea, P. R. Shukla, A.
Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J. B. R. Matthews,
Y. Chen, X. Zhou, M. 1. Gomis, E. Lonnoy, T. Maycock, M. Tignor, T. Waterfield
(eds.). In Press.

Jiang, S. Y., H. Y. Xu, H. C. Wang, G. B. Hu, J. G. Li, H. B. Chen and X. M. Huang.
2012. A comparison of the costs of flowering in ‘Feizixiao’ and ‘Baitangying’
litchi. Sci. Hort. 148: 118-125.

Jiang, Y. L and W. J. Yang. 2015. Pitaya reproductive phenology in relation to
production system. p.79-86. In: Intl. Wkshp. Proc.: Improving Pitaya Production
and Mtg., Jiang, Liu, and Huang (eds.). Food and Fert. Technol. Center.

Lee, Y. C. and J. C. Chang. 2019a. Altered development, quality and sink strength in
asynchronous maturing fruits produced from the two-sequence female flowers
inflorescence/cluster of “Yu Her Pau’ litchi. Sci. Hort. 249: 131-142.

Lee, Y. C. and J. C. Chang. 2019b. Leafless inflorescence produces more female
flowers and fruit yield than leafy inflorescence in ‘Yu Her Pau’ litchi. HortScience

54(3): 487-491.



Lindesy, R. 2020.If carbon dioxide hits a new high every year, why isn’t every year
hotter than the last? NOAA Climate.gov.

Menzel, C. M. 1984. The pattern and control of reproductive development in lychee: a
review. Sci. Hort. 22(4): 333-345.

Mizrahi, Y., A. Nerd and P. S. Nobel. 1997. Cacti as crops. Hort. Rev. 8: 291-391.

Nerd, A., Y. Sitrit, R.A. Kaushik and Y. Mizrahi. 2002. High summer temperatures
inhibit flowering in vine pitaya crops (Hylocereus spp.). Sci. Hort. 96: 343-350.

Nobel, P. S. and E. De la Barrera. 2002. High temperatures and net CO, uptake, growth,
and stem damage for the hemiepiphytic cactus Hylocereus undatus. Biotropica 34:
225-231.

Ortiz-Herndndez, Y. D. and J. A. Carrillo-Salazar. 2012. Pitahaya (Hylocereus spp.): a
short review. Comunicata Sci. 3(4): 220-237.

Sansavini, S., G. Costa, R. Gucci, P. Inglese, A. Ramina, C. Xiloyannis and Y.
Desjardins, eds. 2019. Principles of Modern Fruit Science (Leuven, Belgium:
ISHS), pp. 421.

Stern, R. A. and S. Gazit. 2003. The reproductive biology of the lychee. Hort. Rev. 28:
393-453.

Weiss, J., A. Nerd and Y. Mizrahi. 1994. Flowering behavior and pollination
requirements in climbing cacti with fruit crop potential. HortScience 29: 1487-
1492.

Zabel, F. B Putzenlechner and W. Mauser. 2014 Global agricultural land resources—a
high resolution suitability evaluation and its perspectives until 2100 under climate
change conditions. PloS one 9(9): €107522.

Zhou, B., H. Chen, X. Huang, N. Li, Z. Hu, Z. Gao and Y. Lu. 2008. Rudimentary
leaf abortion with the development of panicle in litchi: Changes in ultrastructure,

antioxidant enzymes and phytohormones.Sci. Hort. 117(3): 288-296.

=
=
NZS|
)am
il

/ﬁl_ull

84 3 et

==

hal}
&8




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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