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A study of the characteristics of browning in bagged Ruixue apple fruit

and its relationship to temperature

WANG Shuang, SUN Lulong, WANG Hui, FAN Miaomiao, HAO Nini, MENG Zhipeng, ZHAO Zheng-
yang’

(College of Horticulture, Northwest A & F University/Apple Engineering and Technology Research Center of Shaanxi Province, Yangling
712100, Shaanxi, China)

Abstract: [Objectivelln order to explore the effect of temperature factors on browning during fruit de-
velopment in Ruixue apple, the article studied the relationship of pericarp browning of bagged Ruixue
apple (Malus domestica Borkh. ‘Ruixue’) with temperature. [Methods] Five- year- old Ruixue trees
were used as the experimental material and M, as rootstock. The study investigated the fruit browning
rate 90, 120, 150, 160, 170, 180, 190 and 200 days after full bloom. Temperatures in the fruit bag and in
the air during fruit development were recorded. The relationship of the temperature difference between
the air and the fruit bags and the browning rate was analyzed. [Results] The results showed that with
the extension of bagging time, the browning rate of the pericarp of Ruixue apple became higher. 200
days after full bloom, the browning rate of G bag reached 85.56% and the browning rate in bagging
treatment with a special bag type reached 70%. Fruit in G fruit bags started to appear symptoms 150
days after full bloom, while those in the special fruit bags begun to appear the symptoms of browning
160 days after full bloom. The browning rate of fruit in G fruit bags was higher than those in special
fruit bags. From 150 to 200 days after full bloom, the browning rate in G fruit bags was 4.44% to
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24.44% higher than that in special fruit bags. The daily average temperature (i), daily maximum tem-
perature (7..), daily the difference of day and night temperature (7D), effective accumulated tempera-
ture (GDD), accumulated daily maximum temperature (S7...), and accumulated daily the difference of
day and night temperature (S7D) in the fruit bags were lower than in the air. Daily minimum tempera-
ture (7win) and accumulated daily minimum temperature (S7..) had no difference between the fruit bags
and the air. From 150 to 200 days after full bloom, GDD in the special fruit bag was 24.0 'C to 72.0 'C
lower than in the air, and STD was 140.2 C to 330.3 C lower than in the air. GDD in G fruit bag was
62.0 C to 126.7 C lower, and STD 224.2 ‘C to 467.6 ‘C lower than in the air. The accumulated rate of
GDD, ST, and STD in the air were higher than in the fruit bags, while the accumulated rate of STmin
in the air was lower. The accumulation rate of GDD in the air, special fruit bag and G fruit bag was
3.64, 2.66 and 2.34 C -d"', the accumulation rate of ST, 23.02, 19.82 and 18.54 ‘C - d"', the accumula-
tion rate of STD 16.17, 12.30 and 11.22 ‘C - d', and the accumulation rate of ST.. 6.85, 7.52, and
7.32 °C -d", respectively. From 150 to 200 days after full bloom, the temperature factors inside the fruit
bags were quite different from those in the air. The A GDD of the G fruit bags was 38.00 C to 54.72 C
lower than in the special fruit bags. A STmax in G fruit bag was 98.60 ‘C to 161.50 ‘C lower than in the
special fruit bags. The A STD in G fruit bag was 84.00 ‘C to 137.30 C lower, and A ST, 14.60 C to
24.20 “C lower than in the special fruit bags. | AGDD |, | ASTw |, | ASTwn | and | ASTD |
had a significant correlation with | APB|,of which | AGDD | and | ASTD | had the greatest
correlation. In the special fruit bag, the correlation coefficients were 0.881 and 0.88, respectively, while
in the G fruit bag, the correlation coefficients were 0.947 and 0.943, respectively, and there was a non-
linear regression relationship among | AGDD |, | ASTD | and | APB | . The big differences in
GDD and STD between the inside and outside of the fruit bags were the key factor in the occurrence of
peel browning in Ruixue. [Conclusion] The temperature factors inside and outside the bags were quite
different in the later stage of fruit development, therefore peel browning in the bagged Ruixue apple
was caused by the temperature conditions in the later stage. According to the correlation analysis, the
browning of the bagged Ruixue apple was closely related to the lower effective accumulated tempera-
ture and the lower accumulation of diurnal temperature difference in the fruit bags.
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Table 1 The information of fruit bags
RARET % s st
Fruit bag type Manufacturer Specification/mm  Material
LI MZEREE) 155%180 HMAG: 42 g BEARAL, WAL 22 g XL,
Special fruit bag Hongtai Fruit Bag Factory Outer paper: 42 g yellow stripe paper, Inner paper: 22 g white double light.
G4 IR 155%180 ARG 5T @ RIA B A AT, AR :32 g XU AR
G fruit bag Hongtai Fruit Bag Factory Outer paper: 57 g wood pulp composite paper, Inner paper: 32 g double
gloss double wax black paper.
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MREBEALER ELHERN B G BESmT SRR,
1-8 respectively represent 90, 120, 150, 160, 170, 180, 190 and 200 d after flower blooming; A, C, E respectively represent the fruit stems of Ruix-

ue apples with non-bagging, special fruit bags and G fruit bags; B, D, F represent the fruit surface of Ruixue apples with non-bagging, special fruit
bags, and G fruit bags.
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Fig.1 Dynamic changes in peel browning in bagged Ruixue apple during fruit development
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(p <0.05).

Bagging treatment was carried out 45 days after flowering, with unbagged fruit as a control. Values marked by different lowercase letters or capital

letters were significantly different among different treatments on the same sampling day and among sampling days in the same treatment respectively
(p <0.05).
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Fig. 2 Effect of bagging on peel browning rate in Ruixue apple during fruit development
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development of Ruixue apple
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A. Difference in accumulated effective temperature (A GDD); B. Difference in accumulated daily maximum temperature( A S7,..); C. Difference in
accumulated daily minimum temperature( A S7.i,); D. Difference in accumulated daily the difference of day and night temperature( A STD). A GDD=
effective accumulated temperature in the fruit bag— effective accumulated temperature in the air; A S7T,..~accumulated daily maximum temperature in
the fruit bag — accumulated daily maximum temperature in the air; A S7..,= accumulated daily minimum temperature in the fruit bag — accumulated
daily minimum temperature in the air; A STD= accumulated daily the difference of day and night temperature in the fruit bag — accumulated daily the
difference of day and night temperature in the air.
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Fig. 6 Difference in accumulation of daily mean temperature, daily maximum temperature, daily minimum temperature,

and daily the difference of day and night temperature in the fruit bags and in the air during the development of Ruixue apple

®2 | AGDD| .| ASTun |~ | ASTuw | - | ASTD | 5 APB BIHEEMER

Table 2 Correlation analysis of | AGDD | , | ASTw |, | ASTwu|, | ASTD | and APB
APBI1 APB2 APBI1 APB2
| AGDD | 0.8817+0.006 a 0.9477+0.008 a | AST | 0.860"+0.011 b 0.9187+0.010 b
| AST,. 0.8647+0.010 b 0.923"+0.009 b | ASTD | 0.880"+0.010 a 0.9437+0.008 a

VB LU EESD RoR, A 3 I ROSAHIGELE 0.05 JKF B, TRIRHRIELE 0.01 K B, FRIAIARNS F MR R
HAE 0.05 /KF LR EZE . AGDD=RAZAN KA AR -2 Sh A B » AST.=3E48 N H il (AR R -2 S0 H Rt AR
B AST= R8P0 H SRR R B8-S0k H (R AR B i ASTD=LE W B RIRZ N R - BRI ZEN R 858 APB=4bH )
AR -SRI AR R, 1.2 4p AR R ARG R

Note: Means + SD of three replicate experiments are listed, * indicates that the correlation is significant at the 0.05 level, ** indicates that the corre-
lation is significant at the 0.01 level, and the different small letters in the same column indicate that the correlation coefficient is significantly differ-
ent at the 0.05 level. A GDD= effective accumulated temperature in the fruit bag — effective accumulated temperature in the air; A ST,...=accumulated
daily maximum temperature in the fruit bag — accumulated daily maximum temperature in the air; A S7..= accumulated daily minimum temperature
in the fruit bag — accumulated daily minimum temperature in the air; A STD= accumulated daily the difference of day and night temperature in the
fruit bag — accumulated daily the difference of day and night temperature in the air. A PB=browning rate (treat)-browning rate (control). 1, 2 repre-

sent special fruit bag and G fruit bag, respectively.
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A, B respectively represent | AGDD | and | ASTD |, respectively; 1, 2 represent special fruit bag and G fruit bag, respectively. A GDD= effec-

tive accumulated temperature in the fruit bag — effective accumulated temperature in the air; A STD= accumulated daily the difference of day and

night temperature in the fruit bag — accumulated daily the difference of day and night temperature in the air. A PB=browning rate (treat)- browning

rate (control).
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Fig. 7 Logistic fitting curves of between | AGDD | ,
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