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Effects of Elevated Spring Temperatures on the Growth and Fruit Quality of the
Mandarin Hybrid ‘Shiranuhi’
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Abstract: The effects of elevated spring temperatures on the growth and fruit quality of the mandarin hybrid ‘Shiranuhi’ [(Citrus
unshiu x C. sinensis) x C. reticulata] were investigated in plastic greenhouses, to develop a cropping system to improve the quality
of the fruit and increase the income of growers on Jeju Island, South Korea. Under conditions of elevated temperature I (25/15°C,
day/night) and elevated temperature II (28/18°C, day/night) during early spring, budburst was advanced by 11 and 15 d, and
full bloom by 22 and 45 d, respectively, compared to those of the plants grown at ambient air temperature in a plastic greenhouse.
Elevated temperatures decreased the number of spring shoots but increased mean spring shoot length and leaf area. Growing
‘Shiranuhi’ trees at elevated temperatures resulted in increases in mean fruit weight and fruit L/D ratio (> 1.0). In addition,
fruit color development was significantly advanced in trees grown under elevated temperatures during early spring, which allowed
the fruit to be harvested 1-2 months earlier than trees grown under ambient air temperature. Fruit soluble solids content (SSC)
and titratable acidity (TA) at harvest were similar between elevated temperature I and ambient air temperature, but were
significantly higher than at elevated temperature II. Considering fruit quality, harvest time, and yield, the elevated temperature
treatment regime of 25/15°C (day/night) during early spring could be useful for cultivation of the mandarin hybrid ‘Shiranuhi’
to increase the income of growers.

Additional key words: budburst, fruit color, fruit L/D ratio, full bloom, soluble solids content (SSC), spring shoot, titratable acidity (TA)
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Fig. 1. Changes of daily mean air temperature in a plastic
greenhouse where mandarin hybrid ‘Shiranuhi’ grew. The
vertical dotted line denotes the date at which elevated
temperature treatments were terminated.
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Table 1. Effect of elevated spring temperatures on phenological events during growth of mandarin hybrid ‘Shiranuhi’ in a plastic
greenhouse. The elevated temperature treatments were applied for about 14 weeks from mid-February to late-May, compared

to the greenhouse air temperature control.

Treatments Bud burst Full bloom Harvest
Greenhouse air temperature Mar. 8 Apr. 21 Jan. 30
Elevated temperature I Feb. 25 (-11)° Mar. 30 (-22) Dec. 30 (-31)
Elevated temperature II Feb. 21 (-15) Mar. 7 (-45) Nov. 30 (-61)

“The numbers in parentheses in the elevated temperature treatments indicate the numbers of the days by which the phenological
dates deviated from those in the greenhouse air temperature control.
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Fig. 2. Effects of elevated spring temperatures on (A) net photosynthetic rate, (B) stomatal conductance, (C) transpiration rate,
and (D) water use efficiency (WUE) of mandarin hybrid ‘Shiranuhi’ grown in plastic greenhouses, determined in mid-March.
Each column with an error bar represents the mean + SD of nine replicates. Significant differences among the treatments
are indicated by the different letters at p < 0.05. GT, greenhouse air temperature; ET I, elevated temperature 1 (25/15°C,
day/night); ET 1, elevated temperature II (28/18°C, day/night).

Table

determined in early June directly after elevated temperature treatments were terminated.

2. Effect of elevated spring temperature on vegetative growth of mandarin hybrid ‘Shiranuhi’ in a plastic greenhouse,

Spring shoot no. Spring shoot length New leaf no. New leaf area
Treatments . 2
per old leaf (cm) per spring shoot (cm?)
Greenhouse air temperature 0.58 + 0.01 a¥ 143 + 04 b 64 + 02 a 122 + 13 b
Elevated temperature I 041 £ 0.04 b 259 + 0.6 a 31+15b 185 + 1.3 a
Elevated temperature II 0.36 + 0.001 b 27.7 + 0.7 a 49 + 0.2 ab 20.2 + 20 a

“The data are represented as the mean = SD of 10 or 20 replicates, which were analyzed with ANOVA and Duncan’s multiple

range test at p < 0.05.

YThe different letters in the same row indicate statistically significant difference among different temperature treatments.
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Table 3. Effect of elevated spring temperatures on flowering and fruit set of mandarin hybrid ‘Shiranuhi’ in a plastic greenhouse.
The number of flowers and fruits were determined respectively just before full bloom and in mid-June when physiological

fruit drop was finished.

Treatments Flower no. Flowgr no. Fruit set . Fru.it no.

per old leaf per spring shoot (%, flower basis) (%, spring shoot)
Greenhouse air temperature 1.1 + 0.2 a¥ 19 + 03 a 41 £ 04 a 7.6 + 0.6 a
Elevated temperature [ 05+01b 1.3 + 04 a 42 + 0.7 a 44 + 06 Db
Elevated temperature II 03+01b 1.0 £ 0.2 a 53+ 15a 48 + 11D

“The data are represented as the mean + SD of 10 replicates, which were analyzed with ANOVA and Duncan’s multiple range

test at p < 0.05.

YThe different letters in the same row indicate statistically significant difference among different temperature treatments.
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Fig. 3. Effect of elevated spring temperatures on fruit growth of mandarin hybrid ‘Shiranuhi’ in a plastic greenhouse. Each
symbol with an error bar represents the mean * SD of 10 replicates. GT, greenhouse air temperature; ET I, elevated temperature
[ (25/15°C, day/night); ET II, elevated temperature II (28/18°C, day/night).

Table 4. Effect of elevated spring temperatures on fruit morphological characteristics of mandarin hybrid ‘Shiranuhi’ grown
in a plastic greenhouse. The data were determined at the dates shown in Table 1.

Treatments

(mm) (mm)

Fruit length Fruit diameter Fruit shape
index (L/D)

Fruit weight Peel thickness Edible portion Fruit color

(g) (mm) (%) (a/b)

Greenhouse air temperature 75.6+2.1b”7 856+14b 088+0.02b 255.1+17.8b 4.13+027a
89.8+27ab 91.1+14b 098+0.02ab 271.6+283b 3.73+0.28a
103.2+2.0a 1.02+0.04a

Elevated temperature I

Elevated temperature II 105.0+4.1a

744+1.1a 085+0.01la
77.7+03a 0.74+0.02ab

409.5+23.6a 383+019a 769x+18a 0.66+0.02b

“The data are represented as the mean + SD of nine or 10 replicates, which were analyzed with ANOVA and Duncan’s multiple range

test at p < 0.05.

YThe different letters in the same row indicate statistically significant difference among different temperature treatments.
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Fig. 4. Effect of elevated spring temperatures on (A) fruit weight, (B) edible portion ratio, (C) peel thickness, and (D) fruit
color of mandarin hybrid ‘Shiranuhi’ in a plastic greenhouse. Each symbol with an error bar represents the mean + SD of
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nine replicates. Symbols are defined in Fig. 3.
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Fig. 5. Effect of elevated spring temperatures on (A) soluble solids content (SSC), (B) titratable acidity (TA), and (C) SSC/TA
in fruits of mandarin hybrid ‘Shiranuhi’ grown in a plastic greenhouse. Each symbol with an error bar represents the mean
+ SD of nine replicates. Symbols are defined in Fig. 3.
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Table 5. Effect of elevated spring temperature on fruit quality of mandarin hybrid ‘Shiranuhi’ grown in a plastic greenhouse.
The data were determined at the dates shown in Table 1.

Soluble solids content Titratable acidity

Treatments (SSC, °Brix) (TA, %) SSC/TA

Greenhouse air temperature 139 + 0.7 a¥ 14 + 0.1 a 10.0 + 0.4 a
Elevated temperature [ 136 £+ 0.2 a 13 £01 a 104 + 0.5 a
Elevated temperature II 12.0 £ 03 b 1.2 + 01 a 102 £ 0.2 a

“The data are represented as the mean + SD of nine replicates, which were analyzed with ANOVA and Duncan’s multiple range
test at p < 0.05.
YThe different letters in the same row indicate statistically significant difference among different temperature treatments.
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