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Analysis on the difference in fruit quality of Huashuo apples from differ-

ent areas

LU Xingkai', MA Miandi"”, TAN Anchao', ZENG Tingyu”, MA Jing', WU Dong', QUAN Yong"
('Zhaotong Apple Industry Development Center, Zhaotong 657000, Yunnan, China, ’Zhaotong Meteorological Bureau, Zhaotong 657000,
Yunnan, China)

Abstract: [Objective] Apple is the largest fruit in China, in terms of both planting area and production,
making China the leading country in apple production and consumption worldwide. Over the course of
more than a century, the cultivation of apples and advancements in scientific and technological progress
have led to significant developments and transformations in the industry. This has resulted in the emer-
gence of distinctive apple production areas in China, including the cold and cool highlands of Yunnan,
Sichuan, and Guizhou provinces; the Bohai Bay area represented by Shandong, Liaoning, and Hebei
provinces; the Ancient Channel of Yellow River area represented by eastern Henan and southwestern
Shandong; and the Loess Plateau area represented by Shaanxi, Shanxi, western Henan, and Gansu prov-
inces. These areas possess climatic factors that meet the growth and development requirements of apple
trees. However, due to the vast territory of China and the wide distribution range of apple production ar-
eas, there exist significant variations and differences in geographical factors such as longitude, latitude,
and altitude. Consequently, the same apple variety exhibits distinct quality characteristics in different
production areas. To further explore and comprehensively analyze the quality differences of apples in

these four production areas, this study focused on the current industry status, which is dominated by the
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late- maturing variety, Red Fuji, accounting for approximately 70% of the production, with a severe
shortage of early-to-mid maturing varieties. The study selected the Huashuo variety, an early-maturing
and high-quality variety independently bred in China as the research object in four superior production
areas. Modern statistical analysis methods were applied to compare quality indicators, aiming to pro-
vide academic and theoretical references for apple variety quality evaluation, areal adaptability of excel-
lent varieties, and planting layout and structural adjustment in China. [Methods] The fruits were select-
ed from three different plots in the four dominant apple producing areas, including the cold and cool
highland in southwest China, the Bohai Bay area, the Ancient Channel of Yellow River area, and the
Loess Plateau area. The selected plots had relatively consistent combinations of tree age and planting
patterns. Huashuo variety of apple trees in these plots were in their optimal harvesting period without
bagging. A total of 2 appearance indicators (fruit shape index and fruit surface color a-value), 8 texture
indicators (including fracture, hardness, maximum adhesion, adhesion, cohesion, etc.), and 7 nutritional
and physicochemical indicators (such as soluble solids, vitamin C, fructose, total sugar, etc.) were mea-
sured. The differences in these 17 individual quality indicators were evaluated using the F-test. Further-
more, pairwise comparisons using bilateral t-test were conducted to assess the differences in quality in-
dicators among the different production areas. The Coefficient of Variation Weighting Method was em-
ployed to evaluate the classification differences in appearance, texture, and nutritional and physicochem-
ical quality indicators. Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS)
method was used to evaluate the comprehensive quality in the four production areas. This comprehen-
sive research approach allowed for the assessment of differences in the 17 individual quality indicators
and the overall quality comparison among the four dominant apple production areas. [Results] (1) The
results of the F-test indicated that there were significant differences among the four production areas in
five quality indicators, namely fruit surface color a-value, chewiness, vitamin C content, total acid, and
sugar-acid ratio. However, there were no significant differences observed in the other twelve quality in-
dicators. (2) The bilateral t-test revealed that the southwestern production area exhibited significantly
higher color a value compared to the Bohai Bay area and the Ancient Channel of Yellow River area. In
terms of chewiness, the southwestern production area showed significantly or extremely significantly
higher values compared to the other production areas. The vitamin C content in the southwest produc-
tion area was significantly higher than that in the Loess Plateau and the Ancient Channel of Yellow Riv-
er areas. Soluble solid content in the Loess Plateau area was significantly higher than in the Bohai Bay
area. The southwestern production area had a significantly lower total sugar content compared to the An-
cient Channel of Yellow River area. The Ancient Channel of Yellow River area had a significantly lower
total acid compared to the Bohai Bay area. The sugar-acid ratio in the Ancient Channel of Yellow River
area was extremely significantly higher than that in the Bohai Bay area and significantly higher than
that in the southwestern production area. (3) The Coefficient of Variation Weighting Method revealed
that the appearance quality traits and texture quality traits were the best in the southwest production ar-
ea; the nutritional quality traits in Ancient Channel of Yellow River area were the best. The comprehen-
sive scores were 25.804, 25.662, 25.541 and 20.865 in southwestern production area, Loess Plateau ar-
ea, Ancient Channel of Yellow River area and Bohai Bay area, respectively. Therefore, the southwestern
production area had the highest overall score, while the Bohai Bay area had relatively poorer perfor-
mance. (4) The TOPSIS comprehensive scoring method was employed to evaluate the performance of
the different production areas. The southwestern production area achieved a score of 0.696, the highest

overall evaluation. The Loess Plateau area obtained a score of 0.522, ranking second, while the Ancient
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Channel of Yellow River area received a score of 0.413, ranking third. The Bohai Bay area obtained the
lowest score of 0.360, ranking fourth in the evaluation. [Conclusion] The four dominant apple produc-
tion areas each exhibited distinct quality characteristics for the Huashuo variety. The climatic conditions
and soil characteristics in the southwestern area may provide an ideal growth environment for the
Huashuo variety, resulting in significant advantages in fruit surface color, texture, vitamin C content, to-
tal acidity, and sugar-acid ratio. The southwestern area ranked the first in terms of the comprehensive
quality of Huashuo apples, followed by the Loess Plateau area, with the Ancient Channel of Yellow Riv-
er area and Bohai Bay areas ranking the third and the fourth, respectively. Due to regional variations,
consumer preferences, and differences among various consumer groups, certain quality indicators may
not accurately reflect consumers’ preferences. The formation of apple quality is influenced by various
factors, including geographical and climatic conditions, as well as cultivation management practices.
Therefore, further in-depth exploration is needed to understand the underlying causes of quality differ-
ences in order to gain a comprehensive understanding of the factors contributing to these variations.

Key words: Huashuo apples; Quality; Production areas
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Table 1 Huashuo apple collects information on where it was collected

FEIX SR B 4 HiiZ7 filiA SKAEH ]
Production areas Origin Longitude/(°E)  Latitude/(°N)  Altitude/m  Rootstocks Sample pick time
PERg =X 7 FIFABH Zhaoyang, Yunnan  103.550 27.290 1935 EF 2021-08-02
Southwest Malus baccata (L.) Borkh.
7 & Ludian, Yunnan 103.570 27.178 1800 thE ¥ 2021-08-02
M. baccata (L.) Borkh.
PY 1| 537 Yanyuan, Sichuan ~ 101.925 27.691 2500 I\ 2021-08-02
M. robusta Rehd.
#wAEEA X BEPER)I Luochuan, Shaanxi  109.465 35.855 1087 J\ Wi 2021-08-11
Loess plateau M. robusta Rehd.
[ 75 17K Baishui, Shaanxi ~ 109.503 35.199 810 J\ Mg 5 2021-08-08
M. robusta Rehd.
T R 5 Lingbao, Henan 110.512 34.558 500 J\ B3 2021-08-05
M. robusta Rehd.
FHOE A [X VARG M Zhengzhou, Henan  113.670 34.700 110 N3 2021-08-03
Ancient channel M. robusta Rehd.
of Yellow River  yarui: & Xinxiang, Henan  113.814 35.157 80 I\ b 2021-08-03
M. robusta Rehd.
77 B 74 B Shangqiu, Henan ~ 115.730 34.366 50 N 2021-08-02
M. robusta Rehd.
WS e X 148 Bk Weihai, Shandong  122.026 37.410 65 J\ B3 2021-08-25
Bohai bay M. robusta Rehd.
111 %3 M Laizhou, Shandong  120.004 37.086 48 J\MEHE 5 2021-08-20
M. robusta Rehd.
1l A #95 Qixia, Shandong  121.003 37.230 210 T EE 2021-08-19

M. hupehensis (Pamp.) Rehd.
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F bR - RO 52 SR SE AR R AR, RIEFe B0Ch
P ir 5HfE 2 s KA 2 1F (KONICA , CM-600)
DUE 358, g 732 g R S AR TE ER 35 5 43 1 5 A4
Ty, W RS oL s B B Il B E o
{8 ; FH i #1¢ (Food Technology Corporation, TMS-
TOUCH) il 5 552 i Hh , A5 2L F1 (OND VA B (ND
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PERE = X 12.534 > S E) il 7= X 12.417. PERE ™ IX
254 S RPN P50 25.804 NEAR , F AR 7= X N i
TR X 25,662 > ] HE A X 25.541 > IR i) i
57X 20.865
2.3 ETFTOPSIS AT 4N EREMEREE MK
TR

TOPSIS £ VF7r 25 K (R 5) , HiFE R 456
i JO PR 4 A4S 77 XA P e 7 X B AL A Di+=0.090 , B
210, B &5 Di—=0.207, 53T 1, 45 & 1F 4 Ci=
0.696, 7 #1155 — , H O Lm Ji 7= X, AL 81 56—
B ] T 77 XA ) 7 X AR AL A B =
W9, X538 5 REAEEF 45 58—

&5 TOPSIS iFHLER
Table S The scoring results of TOPSIS

FEIX ZH15(CD

Producin B (D) B AFDI-) Comprehen- o
& Best solution Worst solution P Rank

areas sive score

PR IX 0.090 0.207 0.696 1

Southwest

W mEEX 0126 0.138 0.522 2

Loess plateau

HHGE X 0.165 0.116 0.413 3

Ancient channel

of Yellow River

WEIEST=IX 0.180 0.101 0.360 4

Bohai bay
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