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Effect of Frost Injury in Harvest Season and Temperature Condition of
Orchard on Storage Characteristics of Persimmon (Diospyros kaki ‘Fuyu’) Fruit
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Abstract

We analyzed the effect of planting site (elevation: high, middle, low) and temperature condition of orchard on
the frost injury occurrence and storage characteristics of persimmon (Diospyros kaki cv. ‘Fuyu) fruits under an
early fall frost at two orchards, Changwon (A) and Changnyeong (B), Gyeongsangnam-do Korea. Also, the fruits
picked at Nov. 5 and Nov. 20 were MA stored to investigate the quality and chilling injury of fruits.

On 2-way factor analysis, both planting elevation and orchard factor had not a significant effect on fruit
characteristics (weight, firmness, soluble solid), while planting elevation factor did on the skin color (hunter
‘a’)(p<0.05). A fruit skin coloration at orchard A was faster than that at orchard B.

At low elevation of orchard B, 2% fruits were frost injured at harvest season. On LDPE film MA storage with
the fruits harvested at Nov. 5 and Nov. 20, the fruits at orchard A had higher fruit firmness than those of
orchard B during storage. In addition, the 73% (orchard A) and 85%(orchard B) fruits harvested at Nov. 5
showed no chilling injury 80 days after storage. However, At harvest of Nov, 20 (after incidence of frost), only
the 14% fruits of orchard B had no the chilling disorder 80 days after storage, even though 76% fruits at
orchard A did.
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Fig. 1. Temperature change for sweet persimmon orchards at Changwon(orchard A) and
Changnyeong(orchard B) Korea in November, 2013. Arrows denote frost occurrence;
Yellow line and red line denote the temperatures measured at 1m above the ground
of upper part and lower part of the orchards, respectively
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Table 1. Lowest temperature of 1m above the ground of upper part (high elevation) and
lower part (low elevation) of persimmon orchards at Changwon (orchard A) and

Changnyeong (orchard B)

orchard high elevation low elevation
A 29T 31T
B 37T 43T
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Table 2. 2-way factor analysis of planting elevation and orchards of different climate
condition for fruit characteristics of persimmon ‘Fuyu’ fruit harvested in Oct. 25, 2013

fruit fruit soluble solid fruit shape =
. hunter ‘a
weight firmness content /W)
Elevation (E) ns ns ns ns ns
Orchard (O) ns ns ns ns *
Ex O ns ns ns ns ns

ns: non significant, *: p<0.05
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Table 3. 2-way factor analysis of planting elevation and orchards of different climate
condition for fruit characteristics of persimmon ‘Fuyu’ fruit harvested in Nov. 20, 2013

fruit fruit soluble solid fruit shape hunter ‘@’
weight firmness content (L/'W)
Elevation (E) ns ns ns ns ns
Orchard (O) ns ns ns ns *
ExO ns ns ns ns *

ns: non significant, *: p<0.05
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Table 4. Fruit weight (g) of persimmon (Djospyros kaki ‘Fuyu’) as influenced by the planting
site (elevation) of orchards at Changwon (A) and Changnyeong (B)

harvest
orchard

Oct. 25 Nov. 5 Nov. 20

high 187.3x11.2 212.7£1.5 234.7+11.3

A middle 213.3+12.5 211.21.1 220.3+12.1
low 197.0+13.1 213.9+2.3 246.0+12.5

mean 199.2+13.0 212.6£10.1 233.7+11.5

high 178.0+14.2 214.9+12.5 234.7+16.5

B middle 197.2+15.3 211.5+15.1 220.3£15.6
low 206.1x11.5 225.1+11.1 246.0+17.1

mean 193.7+14.1 214.9+14.3 228.3+11.2

Table 5. Fruit firmness (N) of persimmon (Diospyros kaki ‘Fuyu’) as influenced by the planting
site (elevation) of orchards at Changwon (A) and Changnyeong (B)

harvest
orchard

Oct. 25 Nov. 5 Nov. 20

high 22.1£1.2 20.1£1.0 18.3£1.2

A middle 23.5£1.0 20.0£1.4 19.9+1.3
low 249+1.3 22.5£1.5 18.0+1.1

mean 23.5+1.3 20.8+1.3 18.7+1.2

high 23.310.5 18.7£2.5 17.7£2.1

B middle 22.8+0.6 19.7+1.8 20.2+1.5
low 24.1+0.5 20.7+1.5 15.6£1.9

mean 23.4+0.6 18.7+1.9 17.8+1.8
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Table 6. Fruit soluble solid (oBrix) of persimmon (Diospyros kaki 'Fuyu’) as influenced by the
planting site (elevation) of orchards at Changwon (A) and Changnyeong (B)

orchard harvest

Oct. 25 Nov. 5 Nov. 20

high 15.8+0.1 16.1£0.2 16.3+0.6

A middle 15.740.1 16.5+0.3 17.6£0.4
low 15.6+0.2 16.5+0.1 17.0+0.7

mean 15.740.1 16.4+0.2 17.0+£0.5

high 15.6£0.3 15.7+0.5 17.2+0.5

B middle 16.0£0.4 16.1£0.6 17.9+04
low 15.2+0.4 17.6+£0.6 17.7£0.5

mean 15.6+0.3 15.7+0.6 17.5+0.5

Table 7. Fruit shape of persimmon (Diospyros kaki ‘Fuyu’) as influenced by the planting site
(elevation) of orchards at Changwon (A) and Changnyeong (B)

length width
orchard (mm) (mm) Lw

Oct. 25 Nov. 20 Oct. 25 Nov. 20 Oct. 25 Nov. 20

high 58.3+0.8 59.1£1.0 80.1+1.5 83.8+1.0 0.73+£0.02 0.71£0.05

A middle 57.0£1.0 58.4+1.1 80.6+1.4 82.7+1.1 0.71£0.05 0.71£0.03
low 58.6+0.8 57.1£0.9 83.0+1.5 84.9£1.1 0.71£0.02 0.67+0.01
58.0£1.0 58.2+1.0 81.2+1.4 83.8+1.1 0.72+0.03 0.70+0.03

high 59.4+2.0 56.0+1.5 86.8+2.9 84.9+2.1 0.68+0.02 0.66+0.01

B middle 55.6£1.8 57.8£1.6 83.242.8 85.3+2.2 0.67+0.03 0.68+0.05
low 56.4+1.9 59.2+1.4 81.1+2.8 88.9+2.0 0.70+0.01 0.67+0.02

mean 57.1£1.9 57.7£1.5 83.7+2.8 86.4+2.1 0.68+0.02 0.67+0.03

Table 8. Fruit skin color (hunter L) of persimmon (Diospyros kaki ‘Fuyu’) as influenced by the
planting site (elevation) of orchards at Changwon (A) and Changnyeong (B)

orchard harvest

Oct. 25 Nov. 5 Nov. 20

high 53.7£1.0 53.5+0.3 53.540.2

A middle 52.141.1 54.3+0.2 52.940.5
low 54.2+0.9 53.6+0.5 52.840.3

mean 53.3+1.0 53.840.4 53.1404

high 51.8+0.7 54.942.5 51.1£1.9

B middle 53.1£0.8 54.942.6 54.8+1.8
low 52.0+0.6 54.9+2.7 53.6+1.7

mean 52.3+£0.6 54.94£2.5 53.2+1.8
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Table 9. Fruit skin color (hunter a) of persimmon (Diospyros kaki ‘Fuyu’) as influenced by the
planting site (elevation) of orchards at Changwon (A) and Changnyeong (B)

orchard harvest

Oct. 25 Nov. 5 Nov. 20

high 10.5+2.1 19.6+1.6 31.1£0.9

A middle 13.7£2.0 21.4+1.5 33.6+1.0
low 14.3£2.0 24.6+1.1 32.4+0.8

mean 12.8+2.0 219+14 32.440.8

high 13.1+1.1 19.6+1.5 30.9+0.6

B middle 11.0£1.0 17.6+1.2 30.6+0.6
low 11.4+1.2 18.6t+1.4 31.6+0.3

mean 11.8+1.1 19.6+1.3 31.0+04

Table 10. Fruit skin color (hunter b) of persimmon (Diospyros kaki 'Fuyu’) as influenced by
the planting site (elevation) of orchards at Changwon (A) and Changnyeong (B)

orchard harvest

Oct. 25 Nov. 5 Nov. 20

high 24.7£1.5 28.6+0.7 28.3+0.3

A middle 25.4+1.5 28.6+0.5 28.7+0.5
low 27.6x1.6 27.6+0.6 28.5+0.9

mean 25.9+1.5 28.3+0.5 28.5+0.6

high 25.1+06 28.4+2.8 27.7+0.9

B middle 25.240.7 26.3+2.3 29.0+1.1
low 24.3+0.4 27.0+2.7 28.3+0.5

mean 24.9+0.5 28.4+2.7 28.3+0.9

Table 11. Free sugar contents of persimmon (Diospyros kaki 'Fuyu’) fruits as influenced by
the planting site (elevation) of orchards at Changwon (A) and Changnyeong (B) (Oct.

25, 2013)
free sugar (g-100g™'fw)
orchard Oct. 25 fructose glucose

high 1.60£0.17 1.90£0.15 11.10£0.10

A middle 1.60+0.15 1.90+0.18 11.10+0.11
low 1.90+0.15 2.20+0.17 11.10+0.08
mean 1.70£0.16 2.00£0.17 11.10£0.10
high 1.60+0.21 2.10+£0.37 10.20+0.80

B middle 1.50+0.18 1.80+0.36 11.80+0.42
low 1.20+0.22 1.50+0.35 11.20+0.68
mean 1.60+0.19 2.00+0.37 10.30+0.70
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Fig. 2. Changes of post-storage characteristics (fruit weight) in persimmon (Diospyros
kaki 'Fuyu’) fruits which were harvested in Nov. 5 (BF) and Nov. 20 (AF) and
MA-stored (single fruit per 30um PE film bag) at 0°C. Vertical bars represent
standard deviation
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Fig. 3. Changes of post-storage characteristics (fruit firmness) in persimmon (Diospyros
kaki ‘Fuyu’) fruits which were harvested in Nov. 5 (BF) and Nov. 20 (AF) and
MA-stored (single fruit per 30um PE film bag) at 0°C. Vertical bars represent
standard deviation
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Fig. 4. Changes of post-storage characteristics (hunter'L’) in persimmon (Diospyros kaki
‘Fuyu’) fruits which were harvested in Nov. 5 (BF) and Nov. 20 (AF) and
MA-stored (single fruit per 30um PE film bag) at 0°C. Vertical bars represent
standard deviation
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Fig. 5. Changes of post-storage characteristics (hunter'a’) in persimmon (Diospyros kaki
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‘Fuyu’) fruits which were harvested in Nov. 5 (BF) and Nov. 20 (AF) and
MA-stored (single fruit per 30um PE film bag) at 0°C. Vertical bars represent
standard deviation
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Fig. 7. Changes of post-storage characteristics (soluble solid content) in persimmon

‘Fuyu’ fruits which were harvested in Nov. 5 (BF) and Nov. 20 (AF) and
MA-stored (single fruit per 30um PE film bag) at 0°C. Vertical bars represent
standard deviation

Table 12. Occurrence of Post-storage disorder of persimmon (Diospyros kaki ‘Fuyu’) fruit as

influenced by frost injury and climate condition of orchard.

orchard Starting date of storage Non-physiological disorder (%) Non-fungal disease (%)
R Nov. 5 77.7(80) 61.5(110)
Nov. 20 60.6(95) 26.3(125)
B Nov. 5 85.0(80) 85.0(110)
Nov. 20 43.4(95) 17.2(125)

():

days after MA storage
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