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Effects of harvest time and fruit bagging treatments on the fruit quality

of ‘Red Fuji’ grown in the cold highland in southwest China

LU Xingkai, ZHANG Xiuying, ZHANG Dan, MA Miandi, WU Dong, LI Chao

(Apple Industry Research Institute of Zhaotong, Zhaotong 657000, Yunnan, China)

Abstract:[ Objective ] Zhaotong municipality is a apple—producing area, covers mostly the flatland of Zha-
oyang and Ludian. The annual average temperature in this area is 11.7 °C, with a low annual range but a
high daily range. The accumulated temperature greater than or equal to 10 “C in this area is 3 237~
3 477 C. The climate is of the central temperate climate, with annual sunshine of 1 916.7 h, 230-240
frost—free days, and an annual average rainfall of about 740 mm. With a cultivation history of 76 years,
Zhaotong is now the largest high quality apple region in southern China. The successful cultivation of ap-
ple in Zhaotong proves that fruits in Northern China can also be cultivated in Southern China. With the
introduction of apple cultivation to the southwest of China, the high altitude and cool temperature prove

to be advantageous for apple cultivation and the development of apple cultivation will play a more impor-
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tant role in local economic construction. Because of history and tradition, apple cultivation technology
and research in our country is mainly based on that in the north. Reports about apple cultivation in the
west and the southwest are not frequently seen, and there has no reports about the internal quality of the
apples produced in areas of high altitude and cool temperature in southwest China. This study evaluates
the influence of harvesting time and bagging treatments on the quality of apple, so as to provide reference
for apple cultivation in areas with high altitude and cool temperature. [ Methods] ‘Red Fuji’ apple were
sampled from orchards that are typical of the area. Traditionally, ‘Red Fuji’ apple in Zhaotong are har-
vested for three times, the early September, around October 1st (around the Mid—Autumn Festival), and
the early to mid October. We collected bagged fruit and unbagged fruit 15 days before each traditional
harvest time for quality analysis. Since the so—called “sugar—cored” apple fruit are populous among con-
sumers, we also took fully mature un—bagged fruit samples in the late October and the early November.
Our analyses included fruit maturity, fruit hardness, soluble solid contents, soluble sugars, titratable ac-
ids, vitamin C and moisture, and soluble solid to acid ratio. The mathematical statistics method was used
to analyze the fruit quality and the advantages of apple produced in Zhaotong with the reference of
“Fresh Apple Fruit Standard”. Based on the analyses, we could determine the critical time for commer-
cial harvest, the physiological mature time, and the harvest time with the best eating quality. [ Results ]
Bagged fruit and unbagged fruit picked at the same time were different in quality parameters. The ratio of
total soluble solid content to acidity of the bagged fruit was lower than that of the unbagged ones. As far
as internal quality and taste were concerned, the unbagged fruit were better than the bagged ones. The
maturity degree of unbagged fruit harvested from September 7 to October 14 increased from 7.67 to 9,
and soluble solids and vitamin C increased as harvest was postponed. At the same time, the fruit moisture
content declined slightly, while titratable acids remained relatively constant. Vitamin C increased consid-
erably and fruit hardness decreased significantly when the harvest time was postponed. From September
7 to October 14, the maturity degree of bagged fruit increased from 7.73 to 9.33 and fruit hardness de-
creased from 9.03 kg cm™ to 8.26 kg - em™. Soluble solid content increased between the first two harvest
times but decreased before the last harvest time. In a certain period, the taste was better in fruit harvest-
ed later. In the early September, fruit were mature enough for early commercial harvest; in the early Octo-
ber, the fruit were of good eating quality; and in the mid October, they were physiologically fully mature.
Because bagging treatment changed the growing environment of apple fruit, maturation was advanced by
one week. The average contents of soluble solids and soluble sugars in unbagged fruit reached up to 16%
and 15%, respectively, and the ratios of total soluble solids to acidity and soluble sugar to acidity reached
56.11 and 54.49 respectively in the period from the late October to the mid November. During this peri-
od, “sugared core” developed in apple fruit and such fruit were of the best taste. Thus, this period was
the best harvest time for fresh consumption. [ Conclusion] Bagged and unbagged ‘Red Fuji’ apple pro-
duced in the cold highland in southwest China have a good internal quality when they are harvested at
commercial maturity. In order to reduce cost and protect environment, bagging treatment can be aban-
doned. After full physiological maturity, due to the high altitude, low latitude, and cool weather condition,
the so—called “sugar core” apple are produced. Such a kind of fruit are of the best eating quality and this
is worthy of further study.
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Table 1 Fruit maturity of bagged and unbagged ‘Red Fuji’ apple fruit harvested at different harvest times

, X 4% Bagged fruit AEE4E Unbagged fruit

SRS 1]

Harvest time 9ATH 9H21H 107 141 9ATH 9H21H 104 14H
Sept. 7 Sept. 21 Oct. 14 Sept. 7 Sept. 21 Oct. 14

B Fruit maturity 7.330 8.330 9.330 7.670 8.000 9.000
x2 UELTIERUMPERSTERNERRERBEMHILER

Table 2 Differences in fruit internal quality of bagged and unbagged ‘Red Fuji’

apple fruit harvested at different times

WEWH £4% Bagged fruit AEE4E Unbagged fruit

Measuring items 9H7H 9H21H 1014 H 9H7H 9H21H 10 141
Sept. 7 Sept. 21 Oct. 14 Sept. 7 Sept. 21 Oct. 14

SRR 9.558+0.188 b 9.033+0.463 b 8.258+0.250 a 10.120+£0.562 b 10.040+0.895 b 8.090+0.126 a

Fruit firmness/(kg+cm™)

(MRS 11.690+1.210 a 14.170+0.634 b 12.100+1.312 ab 13.400+£2.325 a 14.430+0.960 a 14.930+1.400 a

Soluble solid content/%

(PPN 11.150+1.197 a  13.530+1.396 a 13.110+2.378 a 13.430+1.487 a  14.730+2.277 a 13.770+1.063 a

Soluble sugar content/%

(" THETR) 0.386+0.027 a 0.323+0.082 a 0.331+0.029 a 0.359+0.031 a 0.392+0.065 a 0.415+0.114 a

Titratable acids content/%

w@EEFC) 9.930+1.450a  34.910+8.350 b 8.690+6.260 a 16.360+1.390 a  42.210+11.460 ab  44.830+19.820 b

Vitamin C content/(mg-kg ™)

o(K5T) 86.850+1.248 b 83.890+0.052a  86.520+1.469 b 85.070+2.904 a  83.780+1.409 a 83.810+1.172 a

Water content/%

[ 72 L 30.230+1.708 a  46.020+13.360 a  36.640+3.244 a 37.150+3.471a  37.260+4.256 a 37.520+8.262 a

Soluble solids/
Titratable acidity

T RNG FRFOR BB EARLL R RSO RIS TR BITE 0.05 K- B 225 21

Note: Different small letters in the table indicate the significant difference in the quality parameters of Red Fuji apple fruit at P<0.05 .
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Table 3 The physical and chemical indicators of main

varieties specified in the national standard “Fresh Apple

Fruit Standard”
L S PR i = (AT B )=
:]ﬂ - Fruit firmness/ Soluble solid content/
anety (kgrem™)= Y=
HER Fuji 7.0 13
AR 6.5 13
Red General
BT 6.5 13
Golden Delicious
[t Ralls 7.0 13

R4 BERKXLBEBRSESRITE

Table 4 Grading standards of sugar and acid contents

Ttem high High Medium  Low low

w(PTETERE) =11.0 10.0~109 9.0~9.9 8.0~89  <8.0
Soluble sugar

content/%

w (M ERR) =0.90 0.70~0.89 0.40~0.69 0.20~0.39 <0.20
Titratable acids

content/%
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Table 5 The internal quality of unbagged ‘Red Fuji’

apple at full maturity
SRMAC S i)
s Harvest time .
Measuring items 104 104 104 1A FHE
20H 22H 23H S5H Average

Oct. 20 Oct. 22 Oct. 23 Nov.5 value

JREAE 10 10 10 10 10
Fruit maturity

AR 840 778 701 819 7.84
Fruit firmness/(kg*cm™)

w(MTFPERTIEY)) 1698 1629 1547 1597 16.18
Soluble solid content/%

w(MTETERE) 1630 15.67 1479 14.94 1542
Soluble sugar content/%

w(MHERR) 033 024 024 027 027
Titratable acids content/%

o@E:2 C) 37.10  20.40 23.50 39.20 30.00
Vitamin C content/(mg-kg™)

w(K5F) 81.98 83.860 83.57 85.07 83.72
Water content/%

2 L 51.45 67.88 6221 59.15 356.11
Soluble solids/

Titratable acidity

BHIR L 4939 51.62 61.62 5533 5449

Soluble sugar/
Titratable acidity
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