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Abstract bud bursts in T-II and T-I1I were earlier than that in T-I at

7 days and 11 days, respectibely. And the full blooms in
T-II and T-III were earlier than that in T-I at 11 days and
23 days, respectively. Fruit size significantly increased
with increased temperature. The citrus color index in the
coloring phase markedly differed across treatments. Fur-
ther, total soluble solid and acid contents markedly chan-
ged with temperature rise but the sugar-to-acid ratio did
not. Sucrose content tended to decrease with increase in

BACKGROUND: The mean annual temperature of the
Korean Peninsula will continue to rise due to global
warming. ‘Shiranuhi’ mandarin—a late-harvest cultivar
—is primarily cultivated in plastic greenhouses where
high temperatures cannot be directly avoided. Therefore,
growth and fruit quality changes under elevated temper-
atures must be investigated.

METHODS AND RESULTS: Elevated temperatures
were divided into three groups [2°C (T-I), 4°C (T-II), and
6°C (T-III) above the ambient temperature] during the
2019-2020 season. Mean temperatures were 17.1°C, 18.6
°C, and 20.2°C in T-I, T-II, and T-III, respectively. The

temperature, but citric acid content remained unaffected.
CONCLUSION(S): Elevated temperature accelerated
plant growth and development but delayed rind color de-
velopment in ‘Shiranuhi’ mandarin. Therefore, rise in am-
bient temperature by >4.6°C may negatively affect yield

TThese two authors contributed equally to this work. and fruit quality.
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Fig. 1. Changes in daily mean air and mean solar radiation of ‘Shiranuhi’ mandarin fruit grown under elevated tempera-

tures from 2019 and 2020.
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Fig. 2. Effect of elevated temperatures on photosynthetic rate (A), transpiration rate (B),
stomatal conductance (C), and saturation vapor pressure at leaf temperature
of ‘Shiranuhi’” mandarin fruit grown in plastic greenhouses, analyzed in mid-August in 2020.

Means followed by the same letter are not significantly different using Sheffe’s multiple range test at 5% level.
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Table 1. Changes in vegetative growth of ‘Shiranuhi’ mandarin fruit grown under elevated temperatures from 2019 and

2020
Year Treat Bud burst Full bloom Flower /leaves Shoot length (cm)
T-1 Mar. 18 May 6 0.76 a* 9.0 b
2019 T-II Mar. 12 Apr. 30 077 a 172 a
T-1II Mar. 5 Apr. 16 077 a 240 a
T-1 Mar. 18 May 9 0.20 bz 173 b
2020 T-1I Mar. 10 Apr. 23 0.57 ab 324 a
T-1II Mar. 9 Apr. 13 0.64 a 331 a

“Means followed by the same letter are not significantly different using Sheffe’s multiple range test at 5% level.
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Table 2. Changes in fruit set and total fruit weight of ‘Shiranuhi’ mandarin fruit grown under elevated temperatures from

2019 and 2020

Total fruit weight

Year Treat Fruit set (%)* No. fruits/tree Yield rate (%)” (kg)/ tree
T-1 114 a* 150.7 a 85.9 a 28.0 a

2019 T-1I 7.0 a 151.0 a 67.5 a 27.0 a
T-IIT 63 a 108.3 a 70.5 a 170 a
T-1 20.8 ax 110.3 a 94.1 a 26.2 a

2020 T-1I 53 b 143.3 a 84.1 a 34.0 a
T-III 25 Db 71.7 a 794 a 17.2 a

“The percentage of fruit set was calculated as the number of fruit per number of flowers x 100.
YThe percentage of yield was calculated as the number of fruit per loss with physiological disorders and decay x 100.
*Means followed by the same letter are not significantly different using Sheffe’s multiple range test at 5% level.
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Table 3. Changes in fruit characteristic of ‘Shiranuhi’ mandarin fruit grown under elevated temperatures at harvest time

Fruit Edible ~Peel  Total , ... g / Color
Year Treat Diameter Length Weight portion thickness soluble y .. CCr
5 z (%)  Acidity
(mm)  (mm) ©) (%) (mm)  solids L a b

T 834Db° 8.2b 2713b 743 b 42a 148a 16 a 98a 647 a 229a 381 a 94 b
2019 T-II 895a 933a 3295a 752a 42a 145a 14a 108a 620b 235a 361 b 106 a

T-III 888a 923 a 3244a 718b 46a 150a 14a 103 a 612b 228a 352 b 103 a

TI 808 c 794 c 2441 c 758a 39Db 152a 12a 129a 609a 259a 368a 116D
2020 T-II 8.4b 894Db 331.1b 764a 43 ab 148a 1l1ab 136a 594b 247 b 357 b 117 ab

TII 985a 954 a 38.2a 746a 47a 140b 11b 139a 571 c 244b 343 c 125a

“The percentage of edible portion was calculated as the pulp weight per fruit weight x 100.

YThe CCI was calculated as the (1000 x a) / (L x b).

*Means followed by the same letter are not significantly different using Sheffe’s multiple range test at 5% level

7 gty 14]. T 5 vl RAsY St
7S BE 12 ‘brix ©)d, ABFF 1.1% olatz =, i)
12 ool 553 FA| 7152 200 g o)doltH15]. 4H|#}
S HASY F9A] 300-370g2] HiHE MEshs AR
EMEH16]

LelM 19714 M3 u8E d2 Srsilet, A
2] 15%%011 2|2k 2ol7 Qlgic. 29 423t %@ﬂlt 14.5-
15.0 °BrixZ Azt FJ27F $deh A 2idxtel= 11€
W 1€ell= 7RI EE o] T-IA-eellx #A el
L5 wet hashe Ads e, 29 43 $9

7He-
veht 95 2
Fig

/\6‘

l> m

E T-Hlxial?oi

4A).

UO\__

5 73}

o

Fig. 4B).

oA etk 29

A2} el A 114
el ol glgiek ) z»ﬂzw =
FS Lehiglont 28 5
EREXCER %741 HEfsteTable 3 and

A= 1dxF 2 2 dRfol|A] 112

(Table 3 and Fig. 4C).

AuE S T-IIAYT7F 14.0° Brix® 7H8 S
2ol wet o3 74kt Table 3 and

oM 28 FE7]oME &

He) 1354} v

o= T-IAE7F 1.2%

ol X 19704 A&7t
FE)E 1d3= 9.8-10.82
ME 12.9-13.9% LFERGL oL,

. 21 A}

LA Gol fsin



324 Kim et al.
L 25
T-1
2 16 aT-|1 - a ab A B
£ 40 BTM aa &8 b 2
() aa i a o aa a,
% 12 a ab p S aa a a
T a a
= a a
= 215 a aa
S 10 T a a - a
)
s s g
E] s 1
o 6 £
a
“ [
g 4 05
2
2
0

TSS/TA ratio

Month/year

Citrus colour index (CCl)

Dec Jan

Month/year

Fig. 4. Changes in total soluble solids (A), total acidity (B), TSS/TA ratio (C), and citrus colour index (D)
of ‘Shiranuhi’ mandarin fruit grown under elevated temperatures from 2019 and 2020.

Means followed by the same letter are not significantly different using Sheffe’s multiple range test at 5% level.
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Fig. 5. Change in fructose (A), glucose (B), sucrose (C), and total free sugars (D) content
of ‘Shiranuhi’ mandarin fruit grown under elevated temperatures for 2020.

Means followed by the same letter are not significantly different using Sheffe’s multiple range test at 5% level
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of ‘Shiranuhi’ mandarin fruit grown under elevated temperature for 2020

Means followed by the same letter are not significantly different using Sheffe’s multiple range test at 5% level
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