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Effects of exogenous plant growth regulators at different growth stages

on fruit quality of blueberry

Yu Ying, Yang Yanlin, He Jianping, Wang Yuping, Wu Yongbin, Yang Zhengsong

(Institute of Alpine Economics and Botany, Yunnan Academy of Agricultural Sciences, Lijiang 674100, Yunnan, China)

Abstract: [Objective] Blueberries are rich in nutrients such as vitamin C, flavonoids, and anthocya-
nins, offering health benefits including vision protection, eye fatigue relief, and enhanced immunity.
This study investigated effective methods to improve the quality blueberry fruit by spraying exogenous
regulators at different growth stages and conducting comprehensive evaluation of fruit quality indices
through principal component analysis. [Methods] Three-year-old O’ Neal blueberry plants were used as
experimental materials. Different concentrations of abscisic acid (ABA), 3-indoleacetic acid (IAA), 6-
benzylaminopurine (6-BA), and gibberellic acid (GA;) were applied at three growth stages: Full bloom
stage, fruit setting stage, and berry veraison stage, with clear water as the control (CK). The four exoge-
nous regulators were tested at three concentration gradients: ABA: T1 (10 mg-L™"), T2 (50 mg L") and
T3 (100 mg-L"); IAA: T4 (50 mg-L"), T5 (100 mg- L") and T6 (150 mg-L"); 6-BA: T7 (50 mg-L™"),
T8 (100 mg- L") and T9 (200 mg-L™"); GA;: T10 (50 mg-L™"), T11 (100 mg-L™") and T12 (200 mg-L™").
Each treatment comprised three blueberry plants. The entire plant was sprayed until fully moistened
with dripping liquid, with applications repeated at 7-day intervals (twice total). Samples were taken af-

ter the berries were fully ripe. The measured parameters included: berry transverse diameter, longitudi-
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nal diameters, single berry mass, 100-grain mass, color parameters (L*, a* and b*), soluble solids, titrat-
able acid, soluble sugars, vitamin C, total phenolic, and anthocyanin. Color parameters were measured
using an PS2020 colorimeter; the soluble solids content was determined by using PAL-1, ATAGO, Ja-
pan; the titratable acid content was determined by pH potentiometric titration; the soluble sugar content
was determined by anthrone colorimetric method; the vitamin C content was determined by molybde-
num blue colorimetric method; the total phenolic content was determined in accordance with T/AHFIA
005—2018 standard; the total anthocyanin content was determined by the pH differential method. Dif-
ferential and correlation analyses were performed on quality indices, followed by comprehensive evalu-
ation using principal component analysis. [Results] 1. Full bloom stage: Compared with CK, the fruit
transverse diameter of T2 treatment increased most significantly, while T8 treatment showed the most
notable enhancement in single fruit mass. T9 treatment increased the amount of fruit powder on fruit
surface and significantly elevated the contents of vitamin C, total phenolic, and anthocyanin by
140.78%, 28.82%, and 140.00%, respectively. Correlation analysis revealed non-significant associa-
tions between fruit shape index, soluble solids content, and other quality parameters (P>0.05). Trans-
verse diameter exhibited significant positive correlations with single fruit mass and 100-grain mass (P<<
0.05), while total phenolic content showed a highly significant positive correlation with anthocyanin
(P<<0.01). Principal component analysis extracted five principal components with a cumulative contri-
bution rate of 84.146%, identifying T9 as the optimal treatment for comprehensive fruit quality. 2. Fruit
setting stage: The contents of soluble solids, vitamin C, total phenolic and anthocyanin in the fruits treat-
ed with T2 were significantly higher than those in the CK, increasing by 18.87%, 185.00%, 37.83% and
150.76%, respectively. The contents of transverse and longitudinal diameters, single fruit mass, 100-
grain mass, soluble sugar, vitamin C and anthocyanin in the fruits treated with TS were all significantly
increased. The average single fruit mass of the T7 treatment was the maximum at 1.94 g, and the antho-
cyanin content of the fruits of the T11 treatment was as high as 2.29 mg - ¢g"'. Correlation analysis indicat-
ed no significant association between fruit shape index and other quality parameters (P>0.05). Trans-
verse diameter showed highly significant positive correlations with longitudinal diameter and single
fruit mass (P<<0.01), and total phenolic content was strongly positively correlated with anthocyanin
(P<<0.01). Principal component analysis extracted five principal components accounting for 91.123%
of cumulative variance, identifying TS5 as the optimal treatment for comprehensive fruit quality. 3. Berry
veraison stage: With the T6 treatment, the contents of soluble sugar and ascorbic acid in the fruits in-
creased by 39.20% and 102.36%, respectively, compared with the CK, while the total phenol content de-
creased. The T12 treatment enhanced transverse diameter, longitudinal diameter, single fruit mass, solu-
ble sugar content, and vitamin C content by 2.91%, 7.19%, 9.25%, 47.69%, and 27.71%, respectively.
T7,T9, and T11 treatments showed significant differences in fruit L* values compared to CK, potential-
ly due to thicker fruit powder. Correlation analysis revealed no significant associations between solu-
ble solids content, vitamin C content, and other quality parameters (P>>0.05). Transverse diameter ex-
hibited highly significant positive correlations with longitudinal diameter and single fruit mass (P<<
0.01), and total phenolic content demonstrated a strongly positive correlation with anthocyanin (P <<
0.01). Principal component analysis extracted five principal components with a cumulative contribu-
tion rate of 89.475%, identifying T12 as the optimal treatment for comprehensive fruit quality. [Con-
clusion] Through comprehensive analysis and evaluation of blueberry fruit quality indicators using dif-
ference analysis, correlation analysis, and principal component analysis, it was determined that spraying
200 mg- L' 6-BA at the full bloom stage, 100 mg-L"' TAA at the fruit setting stage, and 200 mg-L" GA;
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at the berry veraison stage can significantly enhance the fruit quality of O'Neal blueberry.

Key words: Blueberry; Plant growth regulator; Berry quality; Comprehensive evaluation
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Table 1 Effects of different treatments on the appearance quality at flourishing period
e Rt e RILARRL MARME  FRRR )
Treatment T.ransverse L-()ngltudlnal Frult shape Single fruit ~ 100-grain L a b
diameter/mm diameter/mm index mass/g mass/g
CK 14.77£0.87 bed  11.54+2.01 de 0.78£0.14 ¢  1.62+0.23b  144.62+3.94de 32.51£3.07b  -0.29+0.46de  -9.45+1.17 ae
Tl 14.84+1.24 bed  12.35+0.92 ab 0.83£0.04a  1.65+0.36b 148.45+1.78 de 28.95+3.22ef  0.45£1.04ab -10.09+1.35cd
T2 15.54+1.12 a 12.34+0.63 ab 0.80£0.05bc  1.86+0.31ab 166.12+551b  29.18+3.54ef  0.03£0.57cd -10.40+1.48 de
T3 14.69£1.17cd  12.02+0.88 abcd  0.82+0.04 ab  1.62+0.38b  164.10£3.21 b 31.07+3.67 bed -0.45+£0.62¢  —-10.94+1.61 ef
T4 15.36+1.06ab  12.48+0.73 a 0.81+0.05 abc  1.86+0.29 ab 169.04+2.84b  27.53+3.06 0.15+0.77 bc  —10.89+1.48 ef
T5 14.33£1.14 d 11.88+0.74 bede 0.83+0.05a  1.57+0.28 b  143.38+3.75e¢  31.77#3.32bc  -0.38+0.58 de —11.29+1.06 f
T6 14.79+1.11 bed  12.39+0.83 ab 0.84£0.05a  1.70+0.30b  163.30+3.43b  31.12+3.57 bed —0.10+0.57 cde —10.61+0.91 de
T7 14.93£1.05 bed  11.81+0.64 bede  0.79£0.04 be  1.64+0.30b  157.03x1.91 ¢ 28.97+3.32ef  0.58+1.19a —10.11£1.02 cd
T8 15.1440.86 abc  12.28+0.66 abc ~ 0.81+0.04 abc 2.28+2.57a 149.73+3.16d  31.584+3.19bc  —0.17+0.65 cde —10.52+1.13 de
T9 14.33£0.98 d 12.02£0.63 abcd 0.84+0.04a  1.56+0.28 b  133.86+3.36 f  34.25£3.03a  —0.45+0.55e¢ —10.36+1.34 de
T10 14.7541.02 bed  11.49+0.78 ¢ 0.7840.05¢  1.68+0.31b 156.1143.00c  32.81+2.40ab  0.13£0.65bc  —-9.61+1.09 ¢
TI1 14.5241.01cd  12.17£0.57abc ~ 0.84£0.05a  1.73+0.27b 163.58+3.72b  29.72+2.65de  0.72+0.85a -8.69+0.98 a
TI12 15.35¢1.16 ab ~ 12.39+0.58 ab 0.81+£0.05 abc  1.93+0.35ab 174.87+3.83a  30.51+2.85bcd —0.10+£0.42 cde —8.92+1.08 ab

VE: FPIAE/NG 7 RER R A H R 22 7 25 (P<<0.05). T[A.

Note: Different small letters in the same column indicate significant difference between treatments (P<<0.05). The same below.
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Table 2 Effects of different treatments on the internal quality at flourishing period

e pCTHERD  wOTHHERD  BHRLL WOTEHEIRID wHERC)  willD  wOERR)
Treatment Titratable acid Soluble sugar Su‘gar- . Soluble solids Vitamin C content/  Total phenolic Anthocyanin

content/(g-L")  content/% acid ratio content/% (mg-100 g") content/(mg-g"')  content/(mg-g")
CK 6.81£0.20 b 9.77+0.11 e 1.44+0.06 g 12.98+1.49 b 11.40+0.23 fg 1.114£0.04 cd 0.65+0.03 d
Tl 7.46+0.42 a 11.12+1.04 d 1.50+0.23 g 10.71£1.01 d 13.84+0.29 ¢ 1.31£0.07 b 1.15+£0.05 b
T2 4.62+0.07 f 14.76+0.16 a 3.20+0.01ab 11.80+1.54 ¢ 17.10£0.02 cd 0.38£0.01 g 0.18+0.01 f
T3 4.57+0.26 f 13.01£0.05bc  2.86+0.15cd  12.70£1.74 b 9.41+0.18 g 1.02+0.04 de 0.88+0.08 ¢
T4 4.22+0.08 fgh 11.08+0.28 d 2.63+0.11 de 13.48+1.76 ab 16.17+£0.90 d 0.80+0.09 f 0.60+0.01 de
T5 5.3240.00 e 10.10£0.12 ¢ 1.90+0.02 f 13.28+1.59 ab 18.25+0.11 ¢d 1.04+0.04 cd 1.00+£0.13 ¢
T6 6.37£0.23 ¢ 9.90+0.18 ¢ 1.56+0.02 g 11.74x1.27 ¢ 22.23+2.46 b 1.14+0.06 ¢ 0.93+0.08 ¢
T7 3.80+0.23 h 12.88+0.17 ¢ 3.40+0.25 a 12.64+1.77b 18.85+£0.35 ¢ 1.14+0.02 ¢ 1.00+0.08 ¢
T8 4.08+0.09 gh 12.61£0.14 ¢ 3.10£0.11 abc  12.80+1.84 b 17.76£0.91 cd 0.94+0.04 ¢ 0.59+0.01 de
T9 5.9240.15d 14.73£0.10 a 2.49+0.08 e 13.97+1.33 a 27.45+1.64 a 1.43£0.03 a 1.56+0.04 a
T10 4.4240.20 fg 12.85£0.37 ¢ 2914021 bed 13.01£1.63 b 11.93+1.51 ef 0.93£0.01 ¢ 0.69+0.04 d
TI1 4.43+0.14 fg 13.80£0.37 b 3.11+£0.01 abc  12.80+1.41b 5.95+£0.96 h 0.73+£0.03 f 0.50+£0.01 ¢
TI12 5.27+0.09 e 8.04+0.50 1.53£0.12 g 13.13£1.54 ab 6.39+0.17 h 0.82+0.02 f 0.66+0.04 d

*3 RN ELIERT RSN fRAIFME
Table 3 Effects of different treatments on the appearance quality at fruit setting period
e Bt i}M%‘ _ ﬁﬁﬂ??ﬁi& ﬁ%ﬁfﬁ% E*ﬁfﬁ_% ) ) )
Treatment T.ransverse Lf)ngltudlnal Frult shape Single fruit 100-grain L a b
diameter/mm  diameter/mm index mass/g mass/g

CK 14.7740.87 cd  11.54+2.01 ef  0.78+0.14 d 1.62+0.23 cd  144.62+3.94 cd 32.51+3.07 abc -0.29£046¢c  -9.45+1.17 abc
Tl 13.72£1.17f  11.67+1.10ef  0.85+£0.05 a 1.51£0.31 de  128.44+2.64 fg 33.42+2.84a -0.08+0.58 abc  —9.97+1.15 cd
T2 15.12£1.30 bc  12.46+0.88 abc  0.83+£0.04 abc  1.71£0.34 bc  130.59+3.00 fg  32.95+2.50ab  -0.25+047c¢ -10.37+1.14d
T3 15.60£1.26 ab  12.65+0.66 a 0.81£0.04 bed 1.83£0.31ab  150.85+3.58 bc  31.61+2.62 bede 0.27+1.20 ab  —9.40+0.98 abc
T4 14.76£1.29 cd  11.91+0.88 cdef 0.81£0.05bcd 1.60+£0.36 cd  140.87+3.85 de  30.08+2.75 ¢ 0.36+0.85a  —8.82+1.30a
T5 15.25£1.20 abc  12.60+0.85ab  0.83+£0.05abc 1.72£0.30 bc  163.03+4.22a  32.16+3.01 abc  0.34+1.55ab —9.35+1.48 abc
T6 14.06+£1.08 ef  11.50+0.95 ef  0.82+0.06 abcd 1.43£0.29 ¢  124.28+5.74 gh 32.63+3.55abc —0.08+0.56 abc —9.54+1.06 be
T7 15.84t1.43a  12.54+0.73ab  0.79£0.05cd  1.94£0.42a  153.05+2.25b  31.85+3.04 abcd —0.14+0.79 bc  —9.35+1.12 abc
T8 14.89+1.07 cd  11.85+0.89 def  0.80+0.05bcd 1.68+0.34 bed 144.09+4.64 cd  32.00+2.85 abed —0.08+0.69 abc —9.52+1.18 be
T9 1441£1.18 de  11.38+0.64 0.79£0.05cd  1.50£0.27de  119.66+4.11h  31.92+3.06 abed —0.13+0.58 bc  —9.73+1.31 bed
T10 14.84+1.27 cd  11.92+0.87 cdef 0.81+0.05 bed  1.64+0.35bed 121.18+4.82h  30.39+2.62 de 0.16+0.60 abc  —9.20+1.16 ab
TI1 14.87+1.06 cd  12.35+0.94 abcd 0.83+0.05ab  1.81+0.34ab  157.56+3.06 ab 31.89+2.74 abecd 0.08+0.84 abc —9.75+1.04 bed
T12 14.8240.70 cd  12.05+0.82 bede  0.8140.05 bed  1.64+0.22 bed  134.33+5.49 ef  30.96+2.19 cde  0.16+0.83 abc —9.26+0.79 ab
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Table 4 Effects of different treatments on the internal quality at fruit setting period
fhE pfﬂ‘ﬁﬁﬁi@@ wCREPERD BEER L . w(ﬂfg‘ﬁﬂﬁ%) w(?ffq:i (&) wCRATD . w(ﬁ%?\‘)_
Treatment Titratable acid Soluble sugar Sugar-amd Soluble solids Vitamin C content/ Total phenolic Anthocyanin
content/(g-L")  content/% ratio content/% (mg-100 g™ content/(mg-g"')  content/(mg-g")
CK 6.81+£0.20 b 9.77+0.11 j 1.44+0.06 h 12.98+1.49 ef 11.40+£0.23 h 1.11£0.04 0.65+0.03 g
Tl 4.94+0.09 d 14.37+£0.51 de 2.91+0.04 def  14.64+1.26 ab 22.40+0.85 de 0.95+0.02 h 0.92+0.01 ef
T2 4.12+0.08 ¢ 11.14+0.25 i 2.7140.11 f 15.43+1.22 a 32.49+2.31 a 1.53+0.10 b 1.63+0.05 b
T3 4.18+0.11 ¢ 14.5540.50 cd 3.48+£0.03 b 13.68+1.12 de 23.91+0.49 cd 1.27+0.05 de 0.88+0.06 £
T4 3.70+0.11 15.64+0.06 ab 4.23+0.11 a 13.79+1.80 cde 14.54+1.12 fg 1.48+0.04 be 1.52+0.15 be
T5 4.84+0.13 d 16.04+0.64 a 3.3140.04 bc  13.29+1.63 ef 26.86+0.88 be 1.19£0.02 ef 1.05+£0.04 ¢
T6 5.33£0.34 ¢ 15.18+0.30 be 2.86+0.23 ef 15.02+1.02 ab 15.28+1.26 fg 0.60+0.03 i 0.40+0.0 1h
T7 5.13£0.06 cd 16.13£0.13 a 3.15£0.01 cd  14.57+1.53 be 15.03+1.34 fg 1.17+0.00 ef 1.23+£0.07 d
T8 4.31+0.04 ¢ 12.98+0.12 3.01£0.00 de  14.70+1.59 ab 20.62+1.02 ¢ 0.34+0.01 j 0.16+0.02 i
T9 3.99+0.18 ef 13.73£0.22 ¢ 3.45£0.11 b 14.29+1.23 bed 28.94+2.63 b 0.80+0.06 g 0.57+0.02 g
T10 4.23+0.20 ¢ 12.15£0.30 gh ~ 2.88+0.21 ef 13.73£1.59 de 13.71£1.53 gh 1.4240.04 ¢ 1.48+0.01 ¢
TI1 6.85£0.33 b 12.64+0.25 fg 1.85£0.13 g 13.32+1.25 ef 17.66x1.08 1.73+0.05 a 2.29+0.08 a
TI12 7.29+0.06 a 11.81+0.20 hi 1.63£0.04 gh  12.69+2.00 f 15.50+1.08 fg 1.31+0.04 d 1.04+0.06 ¢

Ab PR W5 2 B SR AL, T2 A0 ) 55 S 5 4R 5 10
TE R ST €2 W it A (R e 288 B R B2 1A MR AE 4
P, FESAIU R PN FE b 5 A TR 5 4 SR )
WIS MK 6. HHFR S A, T10 L HE ) B R &
T HRAE b 22 e B BN T 9.21%. T12 Ab3 4
B A5 R S R B BRI T 2.91%
7.19%F19.25% . T1 AbHE [ 55T & T4 b 2R
1 YAE Lo R AN R &, S50 BEM L3 A BT
fi%. HHER 6 T A1, FT A 2 4 IF AR P 2% A0 3 (1 SR 5
ALV E R R B E LT AR, T4 e R i
15, B0 R SR 2 R % 48.90% . T3 AbFE J5 JE 521K A %

HRE TR AR C AR E RS E
YIRZEm T X, T AbHE R S () ml v 14 A 4
A F C S0 A By i) B R R T 39.20% A
102.36% , el Wy & B A BT A . T7 A0 38 R s 4
AR CEERM B ZESE S T 121.23%, &M A
HFRSEDEFC, TS AL 5 se Al v Mk A 4E
ARCEREEMEMELEZET S, HhdglRcy
BN T4 145, TI0 AR RSz b i & & 8T
AR I, 2R BRI 2.31 fiF . T12 5 HAh4b
HA L, A B m e S &, L R e T
47.69%, fEHZ CE BN ZER S 1 27.72%. T7.

x5 HEPNELER R/ mERAIFNE

Table 5 Effects of different treatments on the appearance quality at veraison

e Rtz ?}M? . %ﬂ:ﬁ?‘éiﬁ( %%E‘i% E*ﬁ)ﬁ% ) ) )
Treatment T.ransverse Lpngltudlnal Frult shape Single fruit ~ 100-grain L a b

diameter/mm diameter/mm index mass/g mass/g
CK 14.77£0.87 ab ~ 11.5442.01 de  0.78+0.14 d 1.6240.23 b 144.62+3.94bc  32.5143.07 abc  —0.294+0.46 bede —9.45+1.17 be
Tl 14.36£1.03bc  12.01+0.72 abcd 0.84+0.04 abc  0.56+0.28 h  137.06+2.48 de  30.19+3.49 ef 0.23+0.89 a -8.79+1.52 ab
T2 14.74+1.44ab  12.23+0.82ab  0.83+0.06 ¢ 1.60£0.39b  148.29+291b  30.64+2.84 def -0.07+0.42 abc -8.67+1.39 ab
T3 14.08+1.14cd  12.16+0.93 abc  0.86£0.04 ab ~ 1.50+0.34 bed 132.17+£3.80 ef  31.10+£3.05 cde  —0.15+0.97 bed  —-8.99+1.45 abe
T4 12.94+0.83 g 10.85+0.83 0.84+0.04 abc  1.16£0.20 g 127.36+£5.78 f  32.2942.45 abed —0.36+0.49 cde  —9.04+3.72 abc
T5 13.89£1.10 cde  11.76+0.73 cde  0.85+£0.06 abc  1.42+0.27 de 139.14+3.44 cde 29.43£2.48 f —0.15£0.51 bed -8.41+1.08 a
T6 13.45+0.81 efg  11.26+0.68 ef 0.84+0.05 babc 1.26+0.21 fg 137.61+4.03 cde 31.07+3.01 cde  0.04+0.84 ab -9.47+1.30 bc
T7 13.45£0.82 efg  11.64+0.97 cde  0.87+0.06 a 1.36£0.24 ef 131.76+5.10 ef 33.85£3.28 a -0.53£0.39 ¢ -9.80+1.53 ¢
T8 13.67£0.76 def  11.69+0.65 cde  0.86£0.05ab  1.34+0.16 ef 144.71+4.43bc  31.91+2.80 bcd -0.314+0.42 bede —9.62+0.96 be
T9 13.3241.08 fg  11.39+0.82 ¢ 0.86+0.06 ab ~ 1.23+0.29 fg 133.15£2.88 ef 33.31£3.73ab  —-0.34+0.63 cde  —9.50+1.45 be
T10 14.43£0.92bc  12.05+0.68 abcd 0.84+£0.04 abc  1.55+0.29b  157.95£1.99a  32.66+2.58 abc —0.27+0.76 becde —8.89+1.08 abc
Tl11 14.1340.99 cd  12.30+0.58 a 0.87+0.06 a 1.504£0.25 bed 133.64+3.91 ef  33.1742.63ab  —0.51+0.34 de  —9.55+1.02 be
T12 15.20£0.98 a 12.37+0.66 a 0.82+0.05 ¢ 1.7740.27 a  143.49+4.31 bed 31.3142.72 cde  —0.14+0.59 bed -8.39+1.09 a
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Table 6 Effects of different treatments on the internal quality at veraison

s PCTERD  wCTBEERD WL wCTRHERED wOEEEC  w(BED  wOERR)
Treatment Titratable acid  Soluble sugar Sugar-amd Soluble solids Vitamin C content/  Total phenolic Anthocyanin
content/(g-L")  content/% ratio content/% (mg-100 g™ content/(mg-g')  content/(mg-g™")
CK 6.81+0.20 a 9.77+0.11 e 1.44+0.06 12.98+1.49 be 11.40+£0.23 g 1.11£0.04 d 0.65+0.03 ¢
Tl 4.06+0.07 £ 10.26+0.04 de  2.53+0.06 ¢ 13.24+1.32 ab 18.70+1.03 ¢ 1.26+0.04 ¢ 0.85+£0.07 d
T2 4.60+0.17 de 9.80+0.18 ¢ 2.13+0.11 ¢ 13.77+1.46 a 22.93+0.68 b 1.06+0.01 d 0.82+0.05 d
T3 4.89+0.06 cd 10.86+0.23 d 2.22+0.01 de 13.77¢1.17 a 16.96+0.81 cd 1.63£0.06 a 1.43+0.06 a
T4 3.48+0.11¢g 12.85+0.22 ¢ 3.70+0.18 a 12.46+0.72 ¢ 15.33+0.04 de 1.40+0.01 b 1.16£0.01 b
T5 3.89+0.13 f 12924028 bc  3.32+#0.18 b 13.32+0.94 ab 15.51£0.19 de 1.05+£0.01 d 0.98+0.06 ¢
T6 4.09+0.03 f 13.60+£0.22 b 3.3320.08 b 13.27+0.99 ab 23.07+1.62 b 0.90+0.01 f 0.87+0.08 d
T7 5.08+0.06 be 12.38+0.51 ¢ 2.4440.13 cd  13.43+1.02 ab 25.22+1.53 a 0.68+0.02 g 0.46+0.01 f
T8 5.06+0.20 be 13.07£0.28 bc ~ 2.594£0.16 ¢ 13.04+0.95 be 22.10£0.75 b 0.64+0.03 g 0.42+0.03 f
T9 5.10£0.04 be 12924020 bc  2.53£0.06 ¢ 12.92+0.70 be 14.31£0.49 ef 1.31£0.04 ¢ 1.2240.04 b
T10 4.9140.19 cd 12.72+0.40 ¢ 2.59+0.01 ¢ 13.68+0.86 a 16.15+0.12 de 1.61+£0.03 a 1.50+0.05 a
TI1 4.5140.19 ¢ 14.23£0.27 a 3.16£0.20b  12.82+1.17 be 13.08+0.62 fg 0.97+0.03 e 0.93+0.05 cd
TI12 5.34+0.21b 14.43+£0.47 a 2.71+0.02 ¢ 12.79+1.22 be 14.56+0.40 ef 1.05+0.04 d 0.9120.04 cd
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Table 10 Principal component characteristic value and cumulative contribution rate treated at flourishing period

84 Principal component

F8F5 Index
1 2 3 4 5
KT 1 Total phenolic content 0.868 -0.145 0.038 0.146 -0.083
167 7% = Anthocyanin content 0.867 -0.057 0.222 0.178 0.063
TR 7 & 100-grain mass -0.823 -0.242 -0.019 -0.039 0.208
#4% Transverse diameter -0.808 -0.187 0.123 -0.326 -0.305
L 0.702 0.328 -0.299 -0.311 0.150
L5 i Single fruit mass -0.622 0.012 0.214 -0.438 0.073
Bl Lk Sugar-acid ratio -0.433 0.812 0.262 0.263 -0.003
Al PR i Soluble sugar content -0.056 0.712 0.359 0.418 -0.037
A € 12 25 £ Titratable acid content 0.580 -0.704 -0.129 0.047 -0.175
Al A & B Soluble solids content 0.199 0.578 -0.197 -0.409 0.469
b -0.270 -0.126 -0.680 0.347 0.301
1% Longitudinal diameter -0.414 -0.515 0.668 -0.089 0.275
4E4E 2 C ¥ & Vitamin C content 0.513 0.202 0.642 -0.145 -0.290
a -0.482 -0.096 -0.043 0.788 -0.061
FHF6 %] Fruit shape index 0.333 -0.329 0.574 0.215 0.605
HFFIE{H Eigenvalue 5.131 2.660 2.106 1.678 1.047
Tk Contribution rate/% 34.206 17.734 14.042 11.186 6.977
Z4F 51k % Cumulative contribution rate/% 34.206 51.940 65.982 77.169 84.146
Gy 4553 N 1.27, Ut B AE R AE I 200 mg - L' 6- =1 BIEHLENRIGRERDEH RESITN
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FRLL IR E IR & i I S R R R O
BRI TS R PO R = O B R
B2 b A AN LA s o 55 09 F o i) FEE R R TE
P20 v e B T8 B 1) R B A R R R AR

Table 11 Principal component scores and comprehensive

evaluation of fruit quality treated at flourishing period

FELIN
%efiment 2 3 4 s g%zjre ﬁifk
CK 0.712 -0.328 -2.109 -0.684 -1.013 -0.31 10
T1 0.522 -1.969 0.439 1511 -1.037 -0.01 7
T2 -1.532 0417 0.806 -0.177 -1.152 -0.52 12
T3 0.127  0.467 0.181 -0.184 0462  0.19 3
T4 -1.042 -0.113 0.906 -0.653  0.089 -038 11
T5 1.148  0.078 0.163 -0.671 0305 045 2
T6 0.519 -1.393 0.877 -0.226 -0.018  0.03 6
T7 -0.239  0.939 0.058 1.263 -1.164 0.18 4
T8 -0.546  0.720 0.839 -1.223 -0.067 -0.10 9
T9 2.084  1.005 0.882 -0.020  0.827  1.27 1
T10 -0.033 1213 -1.466 0234 -0.579 -0.02 8
T11 -0.843 0271 -0.484 1959 2.049 0.06 5
T12 -0.879 -1.307 -1.093 -1.128 1296 -0.86 13
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Table 12 Principal component characteristic value and cumulative contribution rate treated at fruit setting period

= Bl 47 Principal component

T8 45 Index
1 2 3 4 5

HLBL T i Single fruit mass 0.787 0.089 0.378 -0.414 -0.068
#) 1% Longitudinal diameter 0.785 0.328 0.456 -0.118 0.065
141% Transverse diameter 0.774 0.154 0.166 -0.530 -0.211
T }IJ# & 100-grain mass 0.721 0.018 0.223 -0.332 0.469
S\ 7% 1 Total phenolic content 0.688 -0.146 0.337 0.485 -0.316
a 0.651 0.260 -0.433 0.423 0.237
167 % & & Anthocyanin content 0.606 -0.046 0.407 0.535 -0.272
BEEL LE Sugar-acid ratio 0.069 0.884 -0.421 0.024 -0.097
AL € 2 & Titratable acid content 0.125 -0.858 0.235 0.014 0.370
AJ YA BE 5 B Soluble sugar content 0.208 0.697 -0.344 -0.009 0.440
4ELE 2 C & & Vitamin C content -0.200 0.627 0.508 0.015 -0.073
] 0 & Soluble solids content -0.559 0.613 0.250 -0.139 -0.199
b 0.508 -0.131 -0.839 -0.034 0.074
L -0.580 0.081 0.653 -0.195 0.379
FRIEAE L Fruit shape index -0.052 0.335 0.437 0.697 0.391
J51iE{H Characteristic value 4.631 3.137 2.886 1.823 1.190
T{Tk % Contribution rate/% 30.875 20.916 19.243 12.155 7.943
2t vk 3 Cumulative contribution rate/% 30.875 51.791 71.034 83.189 91.123

PERE S &

MR 4 4 48 A R Y F=0.339F1+0.230F2 +
0.211F3+0.133F4+0.087F5, i+ AN A AL BE ) 22 5 15
a3 MeHE , HER 13 A, 7R AL BN [ b 3 A, TS Ak
PR W R A ST R LR A 1 o B, 9 0.74, R EHZ A
PR W A R S A A
233 HEMIBRAFREGRERR IS S

*13 LREALEMRLRBRERT BT REETN
Table 13 Principal component scores and comprehensive

evaluation of fruit quality treated at fruit setting period

e
”&liftment Fl 2 3 o s :Zzie ﬁiﬁ(
CK -0.428 -2.217 0.032 -1.080 -0.110 -0.80 13
Tl -1.391 0.434 0.600 1.221 1.193 0.02 7
T2 -0.461 0.798 2245 0.243 -1.598 0.39 4
T3 1.050 0.883 0.001 -0.620 0.116  0.49 3
T4 0.862 0.715 -1.732  1.106 -0.563 0.19 6
T5 0996 0927 0.154 0.056 1.692 0.74 1
T6 -1.486 0.086 -0.662 0.189 0979 -0.51 11
T7 0985 0421 0.188 -1.771 -0.169 0.22 5
T8 -0.706 0335 -0.429 -1.522 0270 -043 10
T9 -1.293  0.489 -0.574 -0.262 -0.977 -0.57 12
T10 0.333 -0.324 -0.853 0955 -1.583 -0.15 8
T11 1.075 -0.937 1331 0969 0.460 0.60 2
T12 0.464 -1.610 -0.301 0.515 0.289 -0.18 9

A K At A A YR I ER A R ) 15 AN 0 A R SRS
AN AE it BT AR AR HEAT 0o 0 A, AR R AEAE R T
1.5 22 B 5k R KT 80% 1 J5L M $2 B 5 A 3 ik
4y 5 TR R 4 5 N 33.398% + 20.158% « 15.044%
10.758%+10.116% , R it 5Tk %y 89.475% (K 14) .
Hrb, e — E M EEEEAE LR E
B E R R R LG s YE 5 R i R B ]
WMERSE OE’EH OFELE EFRTE;
FoFWRAMNFERAELERCEE AWM EE; e
55 VY 2 oy 1) 32 B T VA PERE S i R B L R
TR R

R4 E Bl 2 8 A 1A F=0.373F1+0.225F2 +
0.168F3+0.120F4+0.113F5 , 5L A [F) Ab B () 2 45153
o MR GRS AR B IAA R AL B R, T12 AR
CEOAS S B » 3% BH DL A B G R A SR S AR S R )
PRIA BRI IE R FZm .
30w

SRR O Z M T R A= e
SMAEI A ZE A AR SR B S K R . AT
F O, LA H it A SR R RE R T SR S R, dn
PR R R AL R R U R R %
RT3 5 R & B AR, (EANEFP IS AR & DL &
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Table 14 Principal component characteristic value and cumulative contribution rate treated at veraison

= %77 Principal component

FE 45 Index
1 2 3 4 5

4% Transverse diameter 0.932 -0.124 0.072 0.296 0.088
HLIL T & Single fruit mass 0.904 -0.124 0.063 0.300 0.164
#\4% Longitudinal diameter 0.685 0.021 -0.083 0.261 0.606
T K7 B 100-grain mass 0.676 -0.121 -0.069 0.079 0.169
B R EL Sugar-acid ratio -0.653 0.606 0.021 0.399 0.040
H] % 52 R 7 & Titratable acid content 0.453 -0.803 0.258 -0.082 -0.040
b 0.583 0.685 0.055 0.258 -0.059
L -0.431 -0.665 0.407 -0.164 0.301
167 % & & Anthocyanin content 0.103 0.628 0.591 -0.362 0.285
a 0.483 0.555 -0.394 -0.034 -0.375
Y4 % C & Vitamin C content -0.193 -0.060 -0.897 -0.174 0.145
JeA By 7% 1 Total phenolic content 0.280 0.527 0.602 -0.507 0.061
] B 7 & Soluble sugar content -0.536 0.113 0.209 0.628 0.355
] A & Soluble solids content 0.473 0.128 -0.477 -0.530 0.428
RIEHE L Fruit shape index -0.609 0.202 -0.238 -0.077 0.659
FFE{H Eigenvalue 5.010 3.024 2.257 1.614 1.517
TTRAZ Contribution rate/% 33.398 20.158 15.044 10.758 10.116
23t 5Tk % Cumulative contribution rate/% 33.398 53.556 68.600 79.359 89.475

x15 HEHLENRIBRERD BT RESITN
Table 15 Principal component scores and comprehensive

evaluation of fruit quality treated at veraison

i 487
Teamen F1 P PP G
CK 1.193 -1.940 1.026 -0.417 -1.831 -0.08 8
T1 0.752 0924 -0.832 -0.180 -0.846 023 6
T2 1.287 0.122 -1.325 -0453 0.102 024 5
T3 0.555 0.743 0300 -1.629 0.872 033 3
T4 -1.634 1.000 1.097 -0.144 -1.318 -0.37 10
T5 0.002 1.348 -0.366  0.794 -0.229 031 4
T6 -0.832 0.530 -1.122  0.070 -0.750 -0.46 11
T7 -1.045 -1.515 -1.155 -0.456 0.862 -0.88 13
T8 -0.612 -1.013 -1.134  0.580 0.083 -0.57 12
T9 -0.938 -0.247 1.107 -0.878 0.066 -0.32 9
T10 0.842 0.400 0920 -0.732 1436 0.63 2
T11 -0.662 -0.419 0.832 1.225 1.403 0.10 7
T12 1.092 0.066 0.654 2219 0.149 082 1

FERAS [F) A AR Bt FH A MIRER R SRS i i A5
Wi T 22 5 » MW o B R AE — B FEE B RER R
T U T B 5 B e M T YA R A
AR LUKE, FEAE 28 AL AT 6-BA BE R $
JRAE A 11 P e TAA DU 2 B I A e =%, {5 AT LAFI il
B A, A R 2R 5 F) Ak 2R T B DA B 22 1
PR IR SR TN R SR B A R R H L

TEATF R, 75 35 B AR AR KR 19 3 N B
% it A0 U5 E TR B AR T, T2 (50 mg - L' ABA) .
T4 (50 mg- L' TAA) . T8 (100 mg L' 6-BA) . TI2
(200 mg - L' GA.) b B RE 5 i W5 5 S SE IR AR L
A, Forn T8 Kb 3 AR B SR J5T R Ao R 0o HEAH B
BB E N, T9(200 mg- L' 6-BA) AL (f) (0 i L
(B 5225 v 0T R, 3R 0k A B T A AR SR SR TR R
K A g, AL R Se R T . AL 4h
S35 3 B TE BEAC W it AR R, BeTE — B AR SE b
AR S SR ANLE S 55 e r T A B (1 SR S AME R
BT X T S o AT R . 7R AR SRR SE
WA i 5 BEAE A P 2 5%, T1(10 mg- L' ABA)
AbFR I JESERE AR ORI R i HEAH LY
B FRAC T2 A T3 AL B R SR R AR C
TE.OAHMEENMETRSEN SNEEREER,
HgeE 2 CEE MMM T 22 £5F0 1 1%, R
SEPTRIE 5 R B, TE 7 A PR 1 58 400 mg - L )
ABAT DL B ZRm R LT HELERCERE. T5
(100 mg- L TAA) Zb PR A A S S R VAR L
SR AN R A S, i HL SR ST eV
WA R CHEMARRERS. T6(150 mg L'
TAAD ACFR I RS B FIAE T R & 5 CK AR LYY
B BRAG, RS IR RS e B RN 254 J5t
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AR R TAA 2 — 58 72 FE H ) SROBE D3] 2 B AR 28, A
MAMHITET A K™, T7(50 mg- L' 6-BA)ALHE
D) Xof SR S B SR o e R PV R RE L 4E AR R C AR
ORI RO, X 5 R SR I 6-BA 1] LA
PE A R R R K OTIA R AR C TR
FE Y & B 25 AL, 7 T11(100 mg- L' GA,)
AFR RS RSB IR E T 412565, X—
S5 R 5T NI Fo 4 RAFAEZ 7 (H A5 )5 BHR AT
TR N« ER @, T12 A B R SEREAR
2 B SR AT VA PR B B ) R L3 B
s A B 2H 1 SR SE AT 8 IR A IR TN IR
T4 4b FE B, 55 B8 AH B 55 2 R % 51.38% 5 T7 &b
A SRS g AR 2R C B BT IR I 2 1N, (E S T AN
TeH =& mH A FTFAC, v RE2 50 mg- L' 1) 6-BA
AT T 0 2 S S X R A 5 B B ORI AR R 5 T10
(50 mg-L"' GAD A FR RS 2= & & 5 X EAH b
BET L 4N 2.31 65 B E GAIKRFE 3G, T11
A TI2 B R EL A IEF RS EBW RS EH =
TESRLEOEAEAMEIE, GAREL S, 2%
R SHE A, e R R,

X0 WA AN [ AR AP B P AS [E R SR AR R T SR
S TUEEAT AR O A AT, R IRAEAS [RI B B R 52 )
[ AR AR 22 57 FERRAE I I R B 5 MR
AUE R & 5 R A OC, BT S AR i A R s
[ EZE RO, FEAAE TR R LT A E
T BB, S SR o B AR R
K. X ER DT SN 6 N AR R B SR S R
eI, 5 5 i e /N HIE S AR T S AR & &
e RILFRER T T & 5 R s A4
FRAH AN . AT R I, WA SRS
B> &t 5T b (8] A7 AE AN [FF2 5 A DG OR & , [Rl Ik
B3PI R A o oRE SR S SR AT 4%
PR FE RO AT R — P R R B, R A B
(IR AR EAT 2R PR AR e, ] Rl 22 i e e SR 6 400 1)
KB D T fa B R F S B 425 15 B A
RBVEFHTI T E . WAL SRR, TR mE
Jiti200 mg L 6-BA A4S 100 mg- L' TAA %
{0 3T i 200 mg - L' GAs, 3% = it S5 85 5 W55 it 77
IR SRR G AT 53 B i s A A 0] B 3 e R
SRR B AR AR R k. N — B AT L R AR A
RGBT A R 75 W A A K R E AN R B
7 it FH A R 71 8 PR AR CER  BRVE T DATE KRR B2 |

IEBUFETH R SE AR T H A

B VAL G e A A BB RO IR B R,
NI A AR B0 B R ARt P A 7D ) SR 0 e A+
oK ah AR bR » 28 T 20 B e A5 B AN BUEON &
& AR5 MR SRR NR TR A it AN R
B R AR HAM S A R B AN R IR IR S 5
(ELIR A7 SR Sl B A2 A S B Vi BT AT 2
DR ZR RIS, U0 2 7 DR D 7 R (10 00 2 1 B Al
BRERE A SEA WO RNLL T AT 4 /N ) 2 e U
EH YA BEAT BEAE 2R S RS2 7T B 7 BAT
MRS IFREHUS — E AT A a .

4 B

TEARWF T, AL AT 200 mg- L' 6-BA fig i
T R AR RS R R IR L B T P L i e ]
FEW YA CL R FIAE T R & & 5 AL B I me it
100 mg- L' TAA fig i 35 38 =y R SL IR AR VAR iR
JR B BRI B B I LU B T R L 4 AR R C R
HESE OB 200 mg- L' GA, I fg 2 %1%
FR S SR AR VAT RS R LU B TV TR 4
HERCHUEHFES R, ARG R N IR T
BB IR RS i 3 — FE bR B A TR T S
*%.
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