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Effects of Different Times of Bagging on Fruit Quality and Disease

and Pest Incidence of Fuji Apple
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Abstract The effects of bagging at different times in Mengyin area on the fruit quality and disease and pest incidence of Huimin short-cut Fuji

apple were investigated, with unbagged fruit as the control. The results showed that among the apples bagged on May 5, May 15, May 25, June

2 and June 12, the single fruit weight and fruit shape index of the apples bagged on June 2 were highest, 308.1 g and 0. 868, respectively; the

peeled harness of the apples bagged during May 5 —25 was higher than that of the control; the peeled harness of the apples bagged on June 2

and June 12 was lower than that of the control; the soluble solids content of bagged fruit was lower than that of unbagged ones, and no signifi-

cant differences were found among different treatments; the coloring index of the apples bagged on June 2 was up to 100% ; the smooth finish

index of the apples bagged on May 5 reached 96.67% , the highest; the red chromatic value (a” ) of bagged fruit was higher than that of un-

bagged ones, and there were no significant differences among different bagging treatments. The earlier the bagging was, the higher the inci-

dence of black spot and bitter pit was. The incidence of black spot and bitter pit in bagged fruit was higher than that in unbagged ones. In con-

clusion, in Mengyin area of Shandong Province, bagging is better to be carried out on June 2, 45 d after the full bloom.
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1 Introduction
Appropriate fruiting bagging time can increase the commercial val-
ue of fruits. There are many researches on bagging cultivation,

mostly focusing on the influence of bagging on peel structure''! |

color change' and aromatic substances'”’

, as well as bagging
methods™’ | while the effects of bagging time on fruit quality and
disease and pest incidence in apples are rarely reported” ™. This
study investigated the effects of different bagging time on fruit
quality and disease and pest incidence of Fuji apple, aiming to

provide reference for timely bagging in production.

2 Materials and methods
2.1 Overview of experimental site The experiment was car-
ried out at the Red Fuji Apple Orchard in Yijiajuan Village, Yedi-
an Town, Mengyin County, Linyi City, Shandong Province
(Huimin Short-branch Fuji, grafting stock Malus micromalus ).
The plant and row spacing was 3.5 m x4.5 m, north-south direc-
tion. The age of the trees was 22 years. The height of the trees
was 3.9 m. The crown diameter was 3.7 m. The trees were small
sparse crown-shaped, with normal robust growth. The texture of
the soil in the orchard was hilly sand loam, and the management
level was above average.

2.2 Experimental design and methods

periment was conducted in 2014, using Kobayashi fruit bags

The fruit bagging ex-
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(double layer, inner red and outer brown). A total of six treat-
ments were designed, bagging on May 5, bagging on May 15, bag-
ging on May 25, bagging on June 2, bagging on June 12, and un-
bagging (control). A total of three growth-uniform trees, 1.2 —
1.5 m high were arranged for each treatment. One big branch of
the same size in the northwest of each tree was selected for fruit
bagging experiment ( single-branch plot, three replicates). The
bags were removed synchronously on October 8.

2.3 Determination of fruit quality indicators and counting
of diseased and infected fruit The mature fruit was harvested
on October 20. A total of 30 apples were collected randomly from
the selected branch of each tree, thus there were total 150 apples
for each treatment. The collected apples were transferred to the la-
boratory to determine the quality indicators (each indicator was
determine three times, and the final result was expressed as their
mean ). The single fruit weight was measured using an electronic
platform scale. The fruit vertical and horizontal diameters were
measured using a vernier caliper. The fruit peeled hardness was
measured by GY-1 fruit hardness tester. The soluble solids content
was measured by WYT handheld sugar meter. The fruit color was
measured with CI-410 color difference meter (Japan).

Fruit coloring index (% ) = ( Number of fruit at each level x
Representative value of each level )/ ( Total number of fruit x Val-
ue of the highest value) x 100.

The grading standards for fruit coloring were as follows: level
0, 0% —5% of fruit surface colors; level 1, 5% —25% of fruit
surface colors; level 2, 25% —50% of fruit surface colors; level 3,
50% —75% of fruit surface colors; level 4, 75% —100% of fruit
surface colors.

Smooth finish index (% ) = ( Number of fruit at each level x
Representative value of each level )/ (Total number of fruit x Val-
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ue of the highest value) x 100.

The grading standards for smooth finish were as follows: level
0, 0—10% of fruit surface is bright and clean; level 1, 10% -
30% of fruit surface is bright and clean; level 2, 30% -60% of
fruit surface is bright and clean; level 3, 60% —85% of fruit sur-
face is bright and clean; level 4, 85% —100% of fruit surface is
bright and clean.

The number of diseased and infected fruit and the total num-
ber of investigated fruit in each treatment were counted. The per-
centage of diseased and infected fruit was calculated. The data
software

were analyzed using DPS ( Zhejiang University )

(Duncan’s multiple comparison).

3 Results and analysis
3.1 Effects of different times of bagging on appearance
quality of Fuji apple As shown in Table 1, The coloring inde-
xes of bagged apples were all greater than that of the control
(81.67% ). The coloring index of the apples bagged on May 5
and May 15 were both 96.67% . The coloring index of the apples
bagged on May 25 was 95.00% . The coloring index of the apples
bagged on June 2 was the highest, 100.00% . The coloring index
of the apples bagged on June 12 was the lowest, 90.00% . The
coloring indexes of the apples bagged on May 5, May 15 and June
2 showed no significant differences, but they all higher than those
of the apples bagged on May 25 and June 12.

The smooth finish index showed a downward trend with the
delay of bagging time. The smooth finish indexes of the bagged
fruit were higher than that of the control. Among the five bagging

treatments, the smooth finish index of the fruit bagged on May 5
was the highest, 96. 67% , while the smooth finish index of the
fruit bagged on June 12 was the lowest, 77.50% . There were sig-
nificant differences among different bagging treatments.

The L" value (indicating the luster brightness) of the fruit
bagged on May 5 was the highest (54.33), and it was significant-
ly higher than those of the fruit bagged on May 25 (50.22), June
2 (50.27) and the fruit unbagged (51.16). The change trend of
a” value (indicating red) was basically consistent with that of the
L" value. The a” value of the fruit bagged on May 25 was the
highest (36.09), and it was significantly higher than those of the
fruit bagged on May 15 (33.24), June 12 (26.66) and the fruit
unbagged (13.39). The b” value (indicating yellow) decreased
first and then increased. The b” value of the control was highest
(14.77). Among different bagging treatments, the b” value of
the fruit bagged on June 12 was the highest (14.03), and it was
significantly higher than those of the other four bagging treat-
ments. The b” value of the fruit bagged on May 25 was lowest
(11.39). It indicates that too early or too late bagging is not good
for the appearance quality of fruit.

The single fruit weight of the apples bagged on June 2 was
highest (308.1 g), and it was significantly higher than those of the
other bagging treatments. The single fruit weights of bagging treat-
ments were significantly higher than that of the control. The fruit
shape index of the apples bagged on June 2 was highest (0.868),
and it was significantly higher than those of the other bagging treat-
ments and the control. The fruit shape index of the other bagging

treatments were significantly lower than that of the control.

Table 1 Effects of different times of bagging on appearance quality of Fuji apple

Treatment Coloring Smooth finish Chromaticity Single fruit Fruit shape
index // % index // % L* a* b* weight // g index
May 5 96.67 ab 96.67 a 54.33 a 34.81 ab 13.05 b 293.7 b 0.841 ¢
May 15 96.67 ab 90.00 b 52.90 ab 33.24 b 12.84 b 291.6 be 0.798 e
May 25 95.00 b 88.33 be 50.22 be 36.09 a 11.39 ¢ 268.0 ef 0.837 cd
June 2 100.00 a 85.00 ¢ 50.27 be 34.62 ab 12.95 b 308.1 a 0.868 a
June 12 90.00 ¢ 77.50 d 52.62 ab 26.66 ¢ 14.03 ab 282.0d 0.853 b
Unbagging ( control ) 81.67 d 66.67 e 51.16 b 13.39 d 14.77 a 270.7 e 0.854 b

Note : Different lowercase letters in the same column indicate significant differences at the 0.05 level, the same in Table 2 and Table 3.

3.2 Effects of different times of bagging on internal quality
of Fuji apple As shown in Table 2, the fruit peeled hardness
changed stepwise with the delay of bagging time. The peeled
hardness of the fruit bagged on May 5 (8. 03 kg/cm’), May 15
(8.28 kg/cm®) and May 25 (7.97 kg/cm’) was significantly
higher than that of the control (7. 88 kg/cm’), and the peeled
hardness of the fruit bagged on June 2 (7.75 kg/cm’) and June 12
(7.73 kg/em®) was significantly higher than that of the control.
The soluble solids content increased with the delay of bagging
time. The soluble solids contents of the bagging treatments were all
lower than that of the control (15.0% ). The soluble solids con-
tents of the fruit bagged on May 25 (14.8% ), June 2 (14.7% )
and June 12 (14.7% ) were higher, and there were no significant

differences among them. They were higher than those of the fruit

bagged on May 5 (13.6% ) and May 15 (13.7% ).

3.3 Effects of different times of bagging on incidence of dis-
eases and pests in Fuji apple As shown in Table 3, the inci-
dence of black spot and bitter pit decreased with the delay of bag-
ging time. The incidences of these two diseases were both lowest in
the control group (both 1% ). The incidences of bitter pit in the
fruit bagged on May 5 (6% ), May 15 (4% ) and May 25 (4% )
were significantly higher than those of the fruit bagged later (1% ,
1% ) and the fruit unbagged (1% ). The incidences of black spot
in the bagged fruit were significantly higher than that the unbagged
fruit (1% ). The incidences of black spot in the fruit bagged on
June 2 (2% ) and June 12 (2% ) were lowest, and they were sig-
nificantly difference from those of the fruit bagged earlier.
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Table 2 Effects of different times of bagging on internal quality of Fuji

apple

Treatment Pulp hardness //kg/cm®  Soluble solids content /%
May 5 8.03 b 13.6 de

May 15 8.28 a 13.7d

May 25 7.97 ¢ 14.8 b

June 2 7.75 e 14.7 be

June 12 7.73 e 14.7 be
Unbagging ( control ) 7.88 d 15.0 a

Table 3 Effects of different times of bagging on incidence of bitter pit
and black spot in Fuji apple

Treatment Incidence of bitter pit//% Incidence of black spot//%
May 5 6a 14 a
May 15 4b 4c
May 25 4 b 5b
June 2 le 2d
June 12 lc 2d
Unbagging ( control ) lec le

4 Conclusions and discussions

There were significant differences in the appearance quality, inter-
nal quality and disease and pest incidence of Fuji apples bagged at
different times.

The single fruit weights of the fruit bagged were significantly
higher than that of the fruit unbagged. The single fruit weight of
the apples bagged on June 2 was the highest. Basically, the sooner
the bagging was, the greater the weight of the single fruit was.
This is consistent with the findings of Cao Hui and Han Ming-

However, there are also opposite results’® ™

san' 7!, . It may be
because the fruit bags and apple varieties are different and further
research is needed.

The smooth finish index of the apples bagged on May 5 was
the highest, and that of the apples bagged on June 12 was the low-
est. There were significant differences in the smooth finish index
among different bagging times. The smooth finish indexes of the
fruit bagged were all higher than that of the fruit unbagged. Bag-
ging significantly improved the smoothness of the fruit surface.
This is consistent with the results of previous studies' ™"/

The soluble solids content of the fruit increased with the delay
of bagging time. Bagging helped to form a high temperature micro-
environment for the fruit, which increased consumption of carbohy-
drates. The green pee of apples has a carbon assimilation of 1/10
of the leaves. The photosynthetic product is stored directly in the
fruit. After the fruit is wrapped in a double-layer paper bag, the
shading effect makes the fruit basically have no photosynthetic
ability, reducing the accumulation of organic substances such as
sugar. The earlier the bagging is, the more obvious this effect is.
This is the same as the results of previous studies'” "/

The incidence of bitter pit and black spot in bagged fruit was
higher than that in unbagged fruit. Bagging reduced pests and dis-
eases but increased the incidence of black spot and bitter pit. The
incidence of bitter pit is related to the lack of calcium in the fruit.
This study found that the calcium content of the bagged fruit was

significantly lower than that of the unbagged (data not published).

15-17]

The in-
creased incidence of black spot in bagged fruit might be related to

This is basically consistent with previous studies'

the bagging microenvironment. The temperature and humidity in-
side bags were high, conducive to the propagation of pathogens in
calyx depression. The peel was young and vulnerable, and patho-
gens might invade from the lenticels of the pericarp, leading to
black spot. The mechanism needs further study.

In conclusion, in Mengyin area of Shandong Province, bag-
ging is better to be carried out on June 2, 45 d after full bloom.
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