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Effects of different growth regulators on fruit quality of Yanfu No. 3 ap-

ple on the Loess Plateau
GAO Jianxiang, MA Zhiyan, LI Yingrui, LI Yu, ZENG Baozhen, YANG Wenqi, LIANG Guoping,

MAO Juan’, CHEN Baihong
(College of Horticulture, Gansu Agricultural University, Lanzhou 730070, Gansu, China)

Abstract: [Objective] The study aimed to systematically evaluate the regulatory effects of different
plant growth regulators on quality formation during the fruit development of Yanfu No. 3 apple, and to
elucidate their physiological impacts on fruit appearance characteristics, nutritional quality, and aroma
substance formation. [Methods] The experiment was conducted in the main apple-producing area of
Jingning County, Gansu Province, using widely cultivated 6-year-old Yanfu No. 3 (Malus domestica
Bork.) apple trees as research material. Treatments were applied at the young fruit stage, approximately
20 days after flowering, using a randomized block design with seven spray treatments: T1 (gibberellin
GA.), T2 (gibberellin GA,), T3 (spraying gibberellin GA.:; compound), T4 (chlorogenic acid), T5 (sodi-
um nitrophenolate), T6 (gibberellin (GA..;) + sodium nitrophenolate), T7 (gibberellin (GA..;) + sodium
nitrophenolate + chlorogenic acid). water spray treatment served as the control (CK). Each treatment
was replicated three times. All treated trees received unified water and fertilizer management, pest and

disease control, and pruning techniques to minimize interference from non-experimental factors and en-
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sure the feasibility of the experimental data. The full-bloom date of Yanfu No. 3 apple is April 28, and
the fruits are ripe and harvested on October 22, which is 170 days after full bloom, and relevant indica-
tors were immediately tested and analyzed. Appearance characteristics included fruit weight and fruit
shape index; internal quality indicators included the contents of vitamin C, total phenols, total sugars,
soluble solids, soluble protein, flavonoids, and tannins in the fruits. [Results] The research results
showed that all different spray treatments affected the quality formation of Yanfu No. 3 apple fruits,
with significant differences observed among treatments for the various indicators. Although single regu-
lator treatments performed well in certain individual indicators, the combination treatments demonstrat-
ed superior comprehensive regulatory effects. Notably, the T7 treatment (GA..; + chlorogenic acid + so-
dium nitrophenolate) showed significant advantages in enhancing fruit nutritional components. The
fruits under T7 treatment exhibited significantly higher contents of vitamin C, total sugars, soluble sol-
ids, and soluble protein compared with other treatments and the control, indicating a strong synergistic
effect of the regulator complex in promoting nutrient accumulation. In addition, T7 treatment signifi-
cantly reduced the contents of flavonoids and tannins in the fruits and effectively improved their flavor.
Regarding appearance characteristics, the fruits from T3 and T7 treatments showed better shape indices.
The analysis identified the main aroma components of Yanfu No. 3 apples as esters, alcohols compo-
nents. The T7 treatment was particularly effective, resulting in the fruits exhibiting a more intense over-
all aroma. The underlying mechanism would be presumed to be related to the regulators promoting the
synthesis and conversion of aroma precursors and enhancing fatty acid metabolism and related enzyme
activities, thereby increasing the accumulation level of volatile aroma compounds. [Conclusion] Based
on the systematic analysis of the appearance characteristics, nutritional quality, and aromatic com-
pounds of the Yanfu No. 3 fruits in this experiment, it can be concluded that the application of 10 mg- L™
gibberellic acid GA,.; plant growth regulators and 12 mg- L' gibberellic acid (GA4.;) + sodium nitro-
prusside + chlorogenic acid plant growth regulators had a positive effect on improving the fruit quality
of Yanfu No. 3 in the Loess Plateau region, with the T7 treatment showing the most significant effect.

Key words: Yanfu No. 3 apple; Plant growth regulator; Fruit quality; Aroma composition
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Table 1 Basic physical and chemical properties of soil in the test site
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Soif de Th/cm N content/ P content/ K content/ Zn content/ Fe content/ Mn content/ Ca content/ pH
P (mg-kg" (mg-kg" (mg-kg" (mg-kg") (mg-kg" (mg-kg" (mg-kg"

0~20 0.89 0.24 19.52 74.28 8.18 260.94 8.25 8.39

20~40 0.85 0.22 16.05 68.43 7.47 246.34 7.44 8.28

40~60 0.74 0.15 14.07 61.23 7.12 211.23 7.29 8.22
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Fig.1 Mature fruits of Yanfu No. 3 under different treatments
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Fig.2 Effects of different treatments on the appearance quality of Yanfu No. 3 fruit
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Fig.3 Effects of different treatments on fruit color of Yanfu No. 3
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Table 2 Effects of different treatments on soluble solids, vitamin C, soluble protein, soluble sugar content, and fruit hardness
of Yanfu No. 3 fruit

e WO wAEERC) WO ) WO EERD KL
Treatment Soluble solids Vitamin C Soluble protein Soluble sugars Fruit hardness/
content/% content/(mg-g™) content/(mg-g™) content/% (kg-cm™)
X i Control (CK) 16.40+0.72 ¢ 32.75£1.48 b 1.04+0.14 be 9.5140.37 ¢ 8.90+0.40 de
Tl 18.20+0.21 be 32.90+0.55 b 0.93£0.14 ¢ 11.14+0.91 abc 8.79+0.22 de
T2 16.87+0.12 ¢ 33.87+1.58 ab 1.09+0.10 be 9.71£1.55 be 8.30+0.03 ¢
T3 18.72+0.71 ab 36.82+0.61 a 1.114£0.12 be 13.14+0.62 ab 8.35+0.13 e
T4 16.60+0.90 ¢ 33.68+0.52 ab 1.51+0.15 a 11.5740.95 abc 9.79+0.23 be
T5 17.03+0.52 be 33.15+£0.83 b 1.12+0.08 be 12.97+1.19 abe 9.994+0.11 ab
T6 17.73£0.41 be 34.10+0.85 ab 1.3140.09 abc 10.88+0.68 abc 9.15+0.14 cd
T7 19.97+0.24 a 36.42+0.90 a 1.34+0.03 ab 13.65+1.54 a 10.78+0.18 a

HAFNGFRERR P<0.05 Z5RE#E. TR
Note: Different small letters significant difference at P<<0.05 level. The same below.
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Table 3 Effects of different treatments on titratable acid content, starch content, solid-acid ratio and sugar-acid ratio of
Yanfu No. 3 fruit

sl wCH 2 BR) wER) [l 72 L BEIR L
Treatment Titratable acid content/(mg-g") Starch content/(mg-g™) Solid-acid ratio Sugar-acid ratio
X CK 0.57+0.03 ab 0.16+0.01 be 29.72+1.81 ab 16.72+0.86 ¢
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Fig. 4 Effects of different treatments on phenolic compounds in Yanfu No. 3 fruits
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Table 4 Contents of esters in the fruit of Yanfu No. 3 under different treatments

e wCES ST -FEZE) Aroma component content: esters/(ug-kg™)

Chemical compound X CK Tl T2 T3 T4 T5 T6 T7

TR 2-HHE T T 21.73£1.16d 36.93+0.51b 29.91£1.15¢c 46.66+2.61 a 23.07+1.39d 44.77+0.53 a 40.19£1.27b 45.96=1.58 a
Aceticacidmethylbutylester

2.1 C.Ji Hexyl acetate 10.28+0.46 ¢ 13.13+0.48 d 13.54+0.18 d 30.04+0.81¢ - 34224036 b 35.90+0.51b 39.42+1.29a
Z./2 T 1 Butyl acetate 5.68+0.13d - 2.73+0.17¢ 9.24+0.64ab 5.32+031d 8.90+0.29 bc 8.67+0.13 ¢ 10.33+0.16a
TR 2-H 5 T i 0.15£0.03d - 0.16£0.02d 0.2240.02cb 0.25+0.04b 0.18+0.07 cd - 1.21£0.09 a
2-Methyl butyl propionate

22 1% Amyl acetatee 1.08+0.12¢  1.1940.02¢ - 245+021b 2.17+0.09b 225+0.06b 1.43+0.09¢ 3.01+0.19a
TE R 5 0.11£0.01d  0.16£0.01 ¢ 0.24+0.01b 0.06+0.01e - - 0.17£0.01 ¢ 0.43+0.03 a
Isoamyl octanoate

2-HIEE TR S T 0.08+0.01 ¢  1.68+0.04c 0.63+0.02d 1.94+0.08b - 0.63+0.02d 0.10+0.03¢  2.15+0.07 a
Isobutyl 2-methylbutanoate

2-FUE T R A TR 0.57£0.1d  3.42+0.12b 0.90+0.14d 3.57+0.09b 0.56+0.03d 2.87+0.25¢ - 42140.12 a

Propyl 2-methylbutyrate

- RN A B AR E . T

Note: — indicates that the substance is not detected in the treatment. The same below.
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e w(ES ST -BE28) Aroma component content: esters/(pg kg™
Chemical compound X CK T1 T2 T3 T4 T5 T6 T7
2-HIB TR K 0.15£0.01 f - 0.22+0.01 ¢  0.45£0.02b 0.3120.01d 0.36£0.01 ¢ 0.3£0.01 cd  0.53+0.05a
2-Methyl-butanoic acid
pentyl ester
T2 T 1 Butyl butyrate 0.41£0.01d  0.27+0.03f 0.53+0.02c 1.19+0.06a 0.28+0.02f 0.56+0.01 ¢ 0.99+0.04b  1.24+0.02 a
T ER A5 Propyl butyrate 0.52+03d - 1.62£0.01 ¢ 4.71£0.01b  0.56+0.02d 1.77+0.12¢ - 7.42+0.22 a
T CLl% Hexyl butyrate 1.13+0.06¢c - 1.83+0.05b 2.46+0.08a 0.68+0.04d 0.48+0.03d 1.49+0.13b 2.58+0.17 a
2-FEET R T R 1.44+031d  1.83x0.23 ¢ 1.42+0.17d 3.15+0.85a 1.62+0.22cd 1.540.11cd 2.80+0.12b -
Butyl 2-methylbutyrate
FRAE G Silver stearate - 0.78+0.02a 0.15£0.03 ¢ - 0.51+0.12b  0.31+0.03 ¢ 0.63+0.03 ab -
P2 1E Al Propyl propionate 0.16£0.01¢ - 0.07+0.01 e 0.60£0.01b 0.08+0.01e 0.11£0.01d 0.16£0.03¢c  1.15£0.03 a
OB O Hexyl hexanoate  0.38+0.03 f  0.58£0.02e 0.95+0.03d 4.45+0.32ab - 1.06£0.01 ¢ 1.40£0.07¢  5.50£0.52a
CLER Il Propyl hexanoate  0.3240.02¢  0.23#0.01e¢  0.50+0.01d 1.87+0.02a - 1.10£0.01 ¢ 1.46+0.04 ab 0.860.03 cd
OV H G Methyl hexanoate  0.03+0.01d - - 0.07£0.01d - 0.14+0.02¢c  0.25£0.01 b  0.53+0.01 a
5T ClE Hexyl isobutyrate 0.03£0.001 ¢ 0.74£0.003 d 1.34+£0.12¢ - 0.73£0.03d - 2.40+0.14b  4.13+0.32a
2-FREE TN R A i 0.43£0.01 bc  0.52£0.01 b 0.27+0.01d 1.11£0.01a 0.37£0.02¢ - 0.27+0.01d 1.23+0.16a
Propyl isobutyratee
2-HEET R 1.38+0.12¢  2.56x0.21 ¢ 3.14+0.74b 2.3420.74cd - 3.95+0.34b 2.16+021c 5.43+0.19a
T8 Butyl 2-methylbutyrate
SRR CLlE 4.67£0.34cd 3.46x043d 550+027c 1332+1.21a 1.39+0.23e - 11.70£1.32b 12.91£1.09 a
Hexyl 2-methylbutyrate
LIBTEEE Leaf acetate 0.32+0.002¢c - 0.40£0.02 bc 1.92£0.24a 0.64+0.001 b 0.15£0.01d 0.26£0.02¢c  2.15£0.03 a
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Table 5 Contents of alcohols in the fruit of Yanfu No. 3 under different treatments

N w(E S5 -EE25) Aroma component content: alcohols/(ug-kg™")

Chemical compound R CK T1 T2 T3 T4 T5 T6 T7

1E L% Hexyl alcohol 9.25+0.20 h  11.07+0.09 g 12.48+0.19 f 28.36+0.46b 18.37x0.30 ¢ 20.12£0.26d 26.61£0.33 ¢ 32.85+0.58 a
FE Methanol 0.83+0.07d  0.98+0.04d - 23740.06b  127£0.06¢  0.58+0.03¢  1.36+0.05¢c 4.58+0.09 a
IETEE 1-Butanol 1.23£0.08 ¢  0.84£0.03f 2.16£0.06¢c 4.68£0.04b - 2.11+0.01 ¢ 1.59+0.06d  7.44+0.06 a
Je#-2- - 1-FiE(E)-2- 0.6240.07 f  3.13£0.13d - 10.21£0.08 b  5.23+0.13¢  2.46£0.17¢  3.26£0.08d 13.59+0.15a
(E)-2-Hexen-1-ol

1--|-—&% Undecanol 0.21+0.06 d  0.47+0.05¢  0.51+0.02¢ 1.23+0.06b - 0.2740.02d  0.13£0.01d  1.47+0.09 a
-5 - I - 1 - T 0.37+0.04h  2.74+0.05f 1.49+0.03g 4.77+0.07b  4.13+0.06d 4.35+0.06¢c  3.67£0.03 ¢  6.48+0.09 a
(Z)-5-Octen-1-ol

2-ZH: O 2-Ethylhexanol  0.43+£0.06 ¢ 0.67+£0.05¢  0.42+0.03e¢ 5.02+0.07b  3.91+0.14d 4.76£0.12¢ - 7.21£0.12 a
4- T4 T B 0.31£0.07g  1.4120.06d 0.71£0.03f 2.47+0.08b  0.93+0.06f 1.1320.09e¢  2.1120.07c 5.31+0.12a

4-Butoxybutyl Alcohol
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Table 6 Contents of aldehydes in fruit of Yanfu No. 3 under different treatments

e w(ES S -BE2) Aroma component content: aldehydes/(pg-kg™)
Chemical compound XFHE CK Tl T2 T4 T5 T6 T7
2,4~ FRROR FH RS 0.93+0.05ef 1.30+£0.03¢ - 2.84+0.03a 1.14+£0.04d 1.06+£0.03de 0.91+0.03 f 2.62+0.07 b
2,4-Dimethylbenzaldehyde
2-ZRHE 2% 0.02+0.01d  0.13£0.02b 0.07£0.01 ¢ 0.02+0.01d  0.15£0.02b 0.04+0.01 cd 0.05+0.01 cd 0.94+0.02 a
Phenylacetaldehyde
1E CL % Hexanal 13.14£0.06 h  21.24+£0.10f 15.59+0.12 g 45.40+0.18b 40.52+0.11d 43.32+0.17c 31.14+0.12e¢ 48.31+0.19a
2,5-— FREOR i 1.06+0.03 e 1.53+0.05d - 3.01+0.10b  2.91+0.08b 1.13£0.02e¢  2.03£0.08 ¢ 3.92+0.06 a
2,5-Dimethylbenzaldehyde
FEB% Furfural 0.25+0.02 ¢ 1.15£0.08 d  0.33+0.0l e 2.11+0.05b 2.34+0.10a 0.24+0.02e¢ 1.64+0.07c 2.31+0.08 a
(E,B)-2,4-C. - JfiliE 0.51£0.02¢e - 1.45£0.04b  1.65+0.07a 0.71+0.04d 0.69+0.03d 0.91+£0.05¢  1.49+0.06 b
(E,E)-2,4-Hexadienal
251 Decanal 0.14+0.02 ¢ 0.44+0.01d 0.63+0.02 bc 1.22+0.04a 0.65+0.02 bc 0.69+0.03b  0.59+0.02c¢  1.29+0.04 a
CUi % Hexenal 141.35+0.66 g 241.43+0.86 ¢ 271.55+0.70 ¢ 308.56+0.86 b 230.88+0.82 f 251.05+0.77 d 272.15+0.96 ¢ 397.64+0.99 a
1E¥ % Octanal 0.22+0.01 ¢ 0.15£0.01 ¢ 0.21+0.01 ¢  0.33£0.01b - 0.12+£0.01 f  0.18+0.01d 0.49+0.01 a
Jz -2-FJilE (2E)-2- 0.08£0.01g  0.12+0.01 f - 0.71£0.02a 0.38+0.01 ¢ 0.58+0.02b 0.18+0.01 e 0.34+0.01d
(2E)-2-Nonenal
xR7T TRLETRE I SRIEMLXBTSYRNESE

Table 7 Contents of other aroma compounds in Yanfu No. 3 fruit under different treatments
= w(FSH - A2 Aroma component content: Other categories/(pg-kg")
Chemical compound Xt CK Tl T2 T3 T4 TS T6 T7
4- 2 FE AR 1.07£0.04d  2.21£0.13 abc 2.04£0.07 ¢ 2.48+0.16a - 2.1120.04 bc  ~ 2.41£0.04 ab

4-Ethyl-2-methoxyphenol

Ik Biphenyl 8414027 ¢ 12.34+043b 15.68+0.21a 11.71+0.27 ¢ 15.38+0.23 a 14.31+0.25a 10.1120.39d 10.45£0.20 d
2% Naphthalene 80.62£0.44d 92.96+0.29b 66.31£0.29 g 99.53+0.33 a 71.25+0.14f - 89.04+£0.29 ¢ 77.64+0.29 e
I Nootkatone 1.45£026b - 1.62£0.36 ab 2.36:0.21a 1.79+0.23 ab - 1.45£020b  2.34+0.25a
I PIEA Geranylacetone  8.7140.24 ¢ 9.51+0.24 de 11.34+0.25ab 8.99+0.28 ¢ 10.44£0.25 ¢ 10.69+0.28 bc 9.97+0.27 cd 12.04+0.31 a
2475 N FERY 2-Allylphenol  1.78+0.22 bed - 3.88+0.28a 1.12+0.24d 1.41+0.18cd - 2.39+0.23b  1.89+0.23 be
2-3{ 2-Octanone 9.43+0.25¢ 14.75£020a 12.03+0.13b 8.85+0.14 f 9.14%0.14 ef 10.14+0.14d 10.66+0.15¢  9.11+0.12 ef
2,5 FH L K e 1.05£0.20c  3.58+0.28a - 3.95+0.26a - - 1.34+020 ¢ 2.36£0.21 b

2,5-dimethylfuran

2-HIEZE
2-Methylnaphthalene

13.72+0.24d 21.47+0.33 a

15.42+0.30 ¢ 18.63+0.31b -

10.69+0.28 f 12.48+0.28 ¢ 15.62+0.24 ¢

SEALTE 207 Styrene oxide  9.86+£0.21 ¢ 11.11£0.24b  9.94+024 ¢ 14.14+0.20a 8.42+0.20e¢ 8.97+0.19d 10.88+£0.22¢ 11.23+0.20b
34-F —H%3,4-Nonadiene  1.95+0.14¢  2.86+0.15b - 3.21+0.12b - 322+0.13b  4.07£0.16a -
3,5-FRIEIK LT 1.64+0.14d  1.76£0.09 cd 2.08£0.10c 2.79£0.11b - 3.45+0.12a - 2.46+0.09 b
3,5-Dihydroxyacetophenone

4-FR A B -3-F ALK T 211024 ¢ 3.61%0.15a  — 2.7840.13b 1.55+£0.14d 3.61£0.15a — 3.05+0.12 b

4-methoxy-3-methyl-phenol

99.53 pg-kg's T ALBEIRZ , 9 92.96 ng-kg's BRIR.
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Table 8 Fuzzy membership function value and principal component analysing on fruit quality of Yanfu No. 3 under different

treatments

LbFE Treatment X} & CK T1 T2 T3 T4 T5 T6 T7
¥ L5 Single fruit mass 0.00 0.87 0.61 1.00 0.38 0.53 0.76 0.93
FS2YM 4% Fruit longitudinal diameter 0.00 0.57 0.28 0.74 0.17 0.33 0.38 1.00
W52 4% Fruit transverse diameter 0.44 0.00 0.25 0.13 0.29 0.03 0.06 1.00
FRIEAEHL Fruit shape index 0.00 0.70 0.34 0.87 0.21 0.43 0.48 1.00
WS Ftuit hardness 0.24 0.20 0.00 0.02 0.60 0.68 0.34 1.00
4Ef 2% C & & Vitamin C content 0.00 0.04 0.27 1.00 0.23 0.10 0.33 0.90
1675 H % & Anthocyanin content 0.13 0.00 0.58 0.85 1.00 0.91 0.98 0.99
ST 7 1 Total phenolic content 0.00 0.30 0.10 0.91 0.38 0.73 1.00 0.93
B B Tannin content 1.00 0.80 0.25 0.47 0.73 0.56 0.26 0.00
VEN & & Starch content 0.57 0.55 0.00 1.00 0.25 0.41 0.55 0.70
AP 2R 117 2 Soluble protein content  0.19 0.00 0.28 0.31 1.00 0.33 0.66 0.71
AL B T4 5 B Soluble solids content  0.00 0.50 0.13 0.65 0.06 0.18 0.37 1.00
] §i% 72 B2 75 & Titratable acid content 0.29 0.51 0.43 0.41 0.61 0.00 1.00 0.19
W] ¥ PERE & & Soluble sugar content 0.00 0.39 0.05 0.88 0.50 0.84 0.33 1.00
[ 2 L Solid-acid ratio 0.63 0.75 0.34 0.52 0.43 1.00 0.00 0.87
WL LL sugar-acid ratio 021 0.27 021 0.58 0.33 1.00 0.00 0.84
25 i £ & Flavonoids content 1.00 0.38 0.46 0.22 0.23 0.94 0.49 0.00
HHE & fructose content 0.00 0.77 0.38 1.00 0.10 0.56 0.62 0.96
] % ¥% 75 i Glucose content 0.00 0.77 0.24 0.84 0.15 0.50 0.73 1.00
JEE B 2 5 Sucrose content 0.00 0.51 0.36 0.48 0.12 0.38 0.48 1.00
iR % i Oxalic Acid content 0.00 0.59 0.24 0.82 0.12 0.35 0.18 1.00
FrEE 82 % B Citric acid content 0.00 0.88 0.52 0.95 0.42 0.68 0.81 1.00
SR F & Malic acid content 0.00 0.90 0.33 0.96 0.32 0.56 0.77 1.00
3 J& PR B Subordinate functions 0.26 0.50 0.29 0.64 0.40 0.52 0.50 0.77
2544 Comprehensive ranking 8 4 7 2 6 3 5 1
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