2021 2 56
1 72~84 JOURNAL OF GANSU AGRICULTURAL UNIVERSITY

DOI: 10. 13432/j. cnki. jgsau. 2021. 01. 011

1 1 2 1 1 1 1
9 9 9 b b b
(. . 712100;2. . 610000)
d ¢ 1 (M7.,JM7,SCI,SH1,SH6 ,SH38.,M26,T337) ,
N ¢ )| 8 R .
N s I )| . M7
9.22% ;SCI 7.13%., 22.98%, 0.04% ;SH6
34.26%. 0. 04%; SH1 17.79%,
20.98% ; M26 1.59%., 60.99% . 70.50%,
;SH38 s M26,JM7,T337,SCI,SH6,SH38 I 1 /M26,JM7/
2 ,
: S661. 1 : A ( ) (OSID) ;

: 1003-4315(2021)01-0072-13

Effects of different dwarfing interstocks on fruit

quality of Gala apple
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Abstract :[Objective] To study the effects of different dwarfing interstocks(M7,JM7,SCI,SH1,SH6,

SH38,M26,T337 ) on the fruit quality of Gala apple,and to provides a theoretical basis for high-quality

Gala apple production in Longdong of Gansu. [Method] The fruit quality indicators including individual

fruit weight, fruit shape index, fruit color, fruit hardness, soluble solids, titratable acid and aroma compo-

nents of Gala fruits grown from 8 dwarfing interstocks were measured and comprehensively analyzed.

[Result) Compared with the control,the single fruit weight in M7 and SCI groups increased by 9. 22% and

7.13% respectively; The peel blue-yellowness and titratable acid content in SCI group increased by 22. 98 %
and 0. 04 % ; The fruit hardness and titratable acid content in SH6 group increased by 34. 26 % ,and 0. 04 % ;

The peel blue-yellowness and peel red-green color in SH1 group increased by 17. 79% and 20. 98% ; The

soluble sugar,total aroma and total ester contents of fruits in M26 group increased by 1.59% ,60. 99% and
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70. 50% respectively. Fruits in M26 group contained most types of characteristic aroma,and those in SH38
group showed the highest content of total aldehydes. Fruits in M26,JM7,T337,SCI,SH6 and SH38 groups
contained a unique aroma. [Conclusion) In terms of general fruit quality, M26 and JM7 are better.

Key words: apple;dwarfing interstock;{ruit quality;aroma
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Table 1 Different dwarfing interstock Gala fruit size
/g /mm /mm
Middle anvil Weight Longitudinal diameter Diameter Fruit shape index
M7 213.7344.48 a 65.83+2.60 a 79.3442.70 a 0.8340.02 b
JM7 181.9745.78 ab 64.0840.99 ab 74.95+1. 82 abc 0.86%0.02 ab
SCI 209.64+6.64 a 67.4940.95 a 77.39+1.15 ab 0.87=+0.01ab
SH1 178.75+6.12 ab 64.64+1.19 ab 73.31%+1.31 be 0.8840.01 a
SH6 143.394+5.03 ¢ 61.1940.98 b 67.8640.98 d 0.9040.02 a
SH38 170.55+5.49 be 64.5841.07 ab 71.924+0.71 cd 0.90£0.01 a
M26 191.6544. 36 ab 65.621+1.79 ab 76.75+1.87 abc 0.8640.02 ab
T337 195.69+8.51 ab 67.3840.92 a 75.95+1. 23 abc 0.8940.01 a
3 x+s, (P<C0.05).

The data are from the mean= standard error of three independent biological replicates. Vertical lowercase letters indicate significant differ-
ences(P<C0. 05).
2.1.2 2 » SH6 . JM7 . M26 2.2
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Table 2 Different dwarfing interstocks Gala fruit color
Color parameters
Middle anvil L* a* b*
M7 59.7441.69 a 37.7744.34 ab 27.361. 45 ab
M7 63.11+1.19 a 36.36+1.51 ab 24,7540, 91 ab
SCI 56.5541.78 a 34.31+1.56 b 29.17+1.14 a
SH1 56.4941.37 a 42.8541.40 a 27.944+1.14 a
SH6 63.27+1.03 a 39.07+1.75 ab 26.96+E1.52 ab
SH38 62.01+1.18 a 35.58+3.31 ab 24.41+£1.78 b
M26 63.04+2.21 a 34.43+1.73 b 25.401. 66 ab
T337 62.55+1.76 a 35.4241. 34 ab 23.7241.03 b
3 E=S (P<C0.05).

The data are from three independent biological replicates x=s. Vertical lowercase letters indicate significant differences( P<C0. 05).

3 N
Table 3 Different dwarfing interstock Gala fruit firmness,sugar and acid content
/(kg+ ecm %) /% /%

Middle anvil Hardness Soluble solids Titratable acid Solid acid ratio
M7 8.294+0.32 b 14.7740.54 ab 0.3940.03 a 39.12+3.89 ab
JM7 8.5040.25b 14.4540. 28 abc 0.35+0.03 ab 42.50+%2.94 ab
SCI 8.65+0.33 b 14.1840. 32 be 0.4240.03 a 35.0242.49 b
SH1 8.59%+0.36 b 13.3340.31 cd 0.33%0.04 ab 42.86=+4.64 ab
SH6 10.6240.32 a 14.2740.52 be 0.4240.04 a 35.80+£3.75 b
SH38 8.53+0.27 b 12.5540.37 d 0.27%+0.02 b 48.40+3.51 a
M26 8.41%+0.20 b 15.5740.32 a 0.3840.03 a 42.61+£2.77 ab
T337 7.91£0.35 b 13.9840. 30 be 0.3840.02 a 37.44%+2.70 ab

3 ks, (P<C0.05).

The data are from the z=s of three independent biological replicates. Vertical lowercase letters indicate significant differences(P<20. 05).
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Table 4 Analysis of aroma components of Gala apple fruit on different dwarfing interstocks
/% Relative content
Serial c ds
number ompounds T337 M7 M7 SCI SH1 SH6 SH38 M26
Esters
1 p | Lat 1.54+ 1.50+ 1. 28+ 1.03+ 0.97+ 0.86+ 1.08+ 1.70+
frropyl acetate 0.01 0.28 0.13 0.07 0.05 0.12 0.16 0.11
5 Butanoic acid, 2- 5.85+ 2.99+ 5.97+ 5.34+ 4,14+ 4,21+ 6.18+ 7.23+
methyl-, hexyl ester 0.17 0. 81 0.14 0.38 0.28 0.19 0.73 0. 37
3 5.37+ 6. 44+ 4,97+ 6.23+ 6.55+ 6.26+ 5.03+ 4,78+
Acetic acid, pentyl ester 0.07 0. 60 0.14 0.11 0. 66 0. 46 0.31 0.38
1 19. 39+ 21.03+ 20. 87+ 20.01+ 21.50+ 20.51+ 18.92+ 17. 63+
Acetic acid, hexyl ester 0.31 2.57 0.12 0. 87 0. 26 0.22 1. 00 0.32
5 0.70+ 0.48+ 0.40+ 0.21+ 0.30+ 0.23+ 0.23+ 0.55%+
Acetic acid, heptyl ester 0.01 0.08 0.02 0.02 0.02 0.01 0. 04 0.05
6 5.70+ 6.82+ 5.94+ 6.79+ 7.26+ 6.39+ 5.80+ 5.15+
Acetic acid, butyl ester 0.07 0.77 0. 39 0. 56 0.17 0.07 0. 24 0.07
7 Octaethyl 1 1 dodecyl 0.63+ 0.63+ 0.46+ o 0.13+ 0.16+ 0.92+ 0.94+
clacthylene glycol monododecy 0.07 0.22 0.09 0.01 0.07 0.17 0.12
ether
3 0.22+ o 0.11+ 0.20+ 0.12+ 0.11+ 0.14+ 0.23+
Octanoic acid, hexyl ester 0.02 0. 00 0.05 0.01 0.01 0.02 0. 04
9 Butvl lat 1. 14+ o 0.58+ 1.32+ 1.01+ 1. 08+ 1.21+ 1.41+
‘ Hty? capryiate 0.07 0.03 0.26 0.08 0.14 0.12 0.14
" 0.47+ B B B B B 0.73+ B
Hexanoic acid, pentyl ester 0.02 0.54
11 3.164+ 0.11+ 2.39+ 4,78+ 2.98+ 3.85+ 3.45+ 4,90+
Hexanoic acid, hexyl ester 0.19 0.11 0.10 0.72 0. 35 0. 33 0. 31 0. 35
> 0.12+ B B 0.13+  0.11+ B - 0.10+
Heptanoic acid, butyl ester 0.01 0. 00 0.01 0. 00
13 1.76 & 1.21+ 1.92+ - 1.73+ - 1.65+ 2.10+
Butanoic acid, hexyl ester 0. 06 0.12 0.08 0.12 0. 34 0.21
14 0.74+ 0.37+ 1. 08+ 0.71+ 1.12+ 0.58+ 0.73+ 0.92+
Butanoic acid, butyl ester 0. 04 0. 05 0.06 0.08 0.13 0.12 0.03 0. 06
15 1.00+ 0.33+ 0.94+ 0.33+ 0.37+ 0.24+ 0.68+ 1.364
° Propanoic acid, hexyl ester 0.02 0. 06 0.06 0.05 0. 05 0.01 0.22 0.16
16 0.99+ 0.72+ 1.08+ 0.52+ 0.79+ - 0.27+ 1.04+
Propanoic acid,butyl ester 0. 05 0.10 0.08 0.07 0.07 0.09 0.05
1 0.05+ B - 0.08+ - 0.05+ - 0.13+
Propyl octanoate 0. 00 0. 00 0.01 0.01
18 5 1.92+ 2.71=+ 2,40+ 2.97+ 2.30+ 2.19+ 1.84+ 1.96+
5-Hexene-1-ol, acetate 0. 04 0. 30 0.09 0.07 0.05 0. 06 0.27 0.08
Lo - - 2.58+ B 2.10+ B - B 3.99+ B
Butyl 3-methylpentanoate 0.08 0.22 0.57
20 2~ 0.81+ 1. 06+ 0.59+ 0.53+ 0.78+ o 0.65+ 0.99+
2-Hexen-1-ol,acetate 0.03 0.11 0.03 0.11 0.01 0.17 0.01
21 2- - 2.12+ 1.07+ 1.53%+ 1.12+ 1.46+ 0.70+ 1.92+ 1. 84+
Butyl 2-methylbutanoate 0.46 0.19 0.03 0.13 0.09 0. 06 0. 87 0. 27
- 12;1 o acid. Pomethol 010 0.10% 0,07+ 0.05% 004 B 0.044  0.17+
utanoie acld, smmethy’s, proby 0. 00 0.01 0.02 0. 00 0. 00 0.00 0. 00
ester
2 0.11+ 0.204
23 Hexanoic acid, 2-methylbutyl es- 0. 00 — — — — 0.02

ter
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4  Continued table 4
/% Relative content
Serial C ds
number -ompounds T337 M7 M7 SCI SH1 SH6 SH38 M26
o - -1- 12.86+ 14.03+  12.8+  12.51+ 12.80+ 11.33+  7.59+  13.19+
1-Butanol, 2-methyl-, acetate 0.77 0. 54 1. 07 0.09 0. 46 0. 85 2.02 0. 66
o 2- 0.34+ 0. 66+ 0.39+ 0.32+ 0.18+ 0.19+ 0.20+ 0.30%
: Acetic acid,2-phenylethyl ester 0.02 0.13 0. 00 0.03 0.01 0.01 0. 04 0.03
Z z 0.19+ 0.22+ 0.19+ 0.14+ 0.19+ 0.39+
26 2-methylbutyric acid 2-methylbu- 0.02 0. 02 0. 04 0.01 0. 04 — — 0. 06
tyl Ester
97 B B B _ B B 0.18+ 0.55+
Hexanoic acid, propyl ester 0.08 0.07
= 0.06+ 0.07+
28 Propanoic acid, 2-methyl-, pentyl — — — — — 0. 01 0. 01 —
ester
2 B 0.07+ B B B B B
Isopentyl hexanoate 0. 00
30 Propanoic acid, 2- o _ . o _ 1.10+ o o
. methyl-, hexyl ester 0.41
. B B B 4.93+ 3.354+ 3.71+ B 1,63+
Hexanoic acid, butyl ester 1. 26 0.42 0.01 0.53
32 - B - - 0.36+ 0.524 - N
Hexanoic acid,octyl ester 0.01 0. 06
23 B B B 0.07+ B B B B
Pentanoic acid, butyl ester 0.01
; 0.11+
34 L — — — — — — —
Propanoic acid, propyl ester 0. 00
35 B 0.12+ B B B B B 0.13+
° Propanoic acid, pentyl ester 0.02 0. 00
Aldehydes
26 Octanal 0.16+ 0.22+ 0.32+ 0.26+ 0.43+ 0. 48+ 0.16+ 0.17+
ctana 0.03 0.03 0.02 0.04 0. 00 0.01 0.02 0.01
e Hexanal 1.06+ 1.30+ 1.82+ 1.83+ 1.634 2,644 0.68=+ 1.23+
exana 0.11 0.72 0. 36 0.32 0.25 0.35 0.10 0.28
- N | 0.28+ 0.36+ 0.43+ 0.39%+ 0.67+ 0.72+ 0.27+ 0.34%
‘ onana 0.05 0. 09 0.03 0.02 0.04 0.02 0.07 0.03
20 Decanal 0. 204+ B 0.20=+ 0.18=+ 0.34+ 0.35%+ B 0.19+
ccana 0.02 0. 00 0.01 0. 04 0.03 0.03
0.50=+ 0. 64+ 0.73=+ 0.84+ 0.85+ 0.90=+ 0.49+ 0.41+
40 2 2-Octenal,, (E) 0.07 0.10 0.04 0.14 0. 04 0.09 0.08 0. 04
" 5 1.56+ 7.324 2.97+ _ _ B 7.87+ 1.91+
5-Hydroxymethylfurfural 0.19 1.25 0.47 0. 86 0. 20
12 . > Und | 0.08+ 0.12+ 0.12+ 0.16%+ 0.17+ 0.17+ 0.09+ 0.12+
ndecena 0. 00 0.02 0.01 0.01 0.01 0. 00 0.03 0.01
13 2= 4 0.15+ 0.20+ B B B 0.69+ B 0.20+
4-Pentenal, 2-methyl- 0.07 0.12 0.08 0.09
" ” _— | 9.784+  10.83+  8.29+ 8. 94+ 9.454+  12.12+  8.34=+ 8. 04+
exend 0.85 0. 99 0. 88 0.47 0.70 0.26 0.52 0. 48
0.19+ 0.26+ 0,44+ 0.39+ 0.56+ 0.58+ 0.15=+ 0.16+
1 (2)-2- 2-Heptenal, (2)- 0.05 0.01 0.02 0.07 0.03 0.07 0.06 0.03
0. 28+ 0.55=+ 0.24=+ 0.25+ 0. 49+ 0. 46+ 0.26=+ 0.28=+
16 (2)-2 2-Nonenal, (2) 0.02 0. 04 0.01 0. 00 0. 04 0.09 0.04 0.02
. ) 0.11+ B 0.25+ 0.19% 0.30+ 0.29+ 0.13+ 0.15+
47 (E)-2- 2-Decenal, (E)- 0. 04 0.02 0.01 0.01 0.01 0.01 0.01
. 2.194 0.75+ _ _ B 3.33+ _
18 Furfural 0.97 0.11 0.83
49 (E,E)-2,4- 2, 4-Hexa- B B _ 0.13%+ 0.12+ 0.14+ _
dienal, (E,E)- 0. 05 0.02 0.01
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4  Continued table 4
/% Relative content
Serial C ds
number -ompounds T337 M7 M7 SCI SH1 SH6 SH38 M26
Alcohols
50 1-Hexanol 5.484+ 6.17+ 6.00+ 6.61+ 7.11%+ 7.95+ 4.71+% 4,25+
? exano 0.50 1.39 0.72 0.08 0.68 0.53 1.19 0.63
_ 0.81+ 0.72+
51 2 1-Butanol, 2-methyl 0.39 0.5
iy 0.18+ - - - - - - -
52 1 1-Butanol 0.03
o 2 -1 0.41+ B 0.324  0.294%  0.28+  0.35+  0.53% 7
1-Butanol, 2-methyl-, (S)- 0.31 0.18 0.02 0. 05 0.02 0.09
Acids
5 Acetic acid 0.47+  1.74+  0.54+ _ _ B 2,95+  0.27+
cetie act 0.10 0.84 0. 26 1.15 0.05
55 2- Butanoic acid, 2- 0.18+ 0.36+ 0.47+ B - 0.12+ - 0. 44+
methyl- 0.02 0.01 0.05 0. 00 0.08
- . . 1. 00+ 1.75+
56 Formic acid 0. 49 0.47
o I B - B B 0.50+  0.43% B B
4-Hexen-1-ol,acetate 0.01 0. 04
Ketones
. L Oetens 0.15+  0.20+  0.24+  0.19+  0.33+  0.32+ 011+ 014+
cterrorone 0.03 0.03 0.01 0.03 0.02 0.03 0.02 0.01
0 <E>?'6’éoz) Und '51’19; sone.s. O-13F 0.14%&  0.08%  0.15&  0.13=% 0.124+
-2- 9= ecadlen—Z-one, 6, - B
10-dimethgl (). 0.01 0.01 0.00 0.01 0.02 0.02
60 5-Hepten-2-one, 6- - - - 0.20+ 0.30+ 0.33+ 0.08+ N
methyl- 0.02 0. 00 0. 05 0.02
— . — [~ —
baz 3 2.5 0.16+ 0.10+
61 1-  2,5-Cyclohexadien-1-one, 4, — - — 0. 00 — 0.02 — —
4-dimethyl-3-phenyl- ' :
Ethers
62 Hexaethylene 0.17+ 0.19+ 0.16+ - - 0.17+ 0.16+ 0.19+
glycol monododecyl ether 0.05 0. 06 0.08 0.02 0.07 0.04
Others
63 Estragole 8. 14+ 5.654 8.29+ 7.80+ 6.25+ 5.81+ 6.04+ 7.49+
stragote 0. 10 0.55 0.20 0.23 0.30 0.03 0. 29 0.18
. 0.41+%
64 D-(+)- Melezitose 0.13
2.2.3 M26 8
’ N 27 - N
7l . s JM7.T337.SH38
1 , ; SCI,.SH1
] ’ ) N 5 M7 N SH6
1) D) 5 D) N 27 - N
[18]
b

¢ 5.
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Figure 1

The contents of various aroma substances in the fruit of different dwarfing interstocks

5

Table 5 Characteristic aroma of different dwarfing interstock Gala fruits

/(ug + kg™") Content(

Aroma value)

Chemical ¢ d Aroma
eeat compoun threshold M7 JM7 SCI SH1 SH6 SH38 M26 T337
66 98. 43 115.72 107. 54 84. 25 69. 39 127.05 129. 08 89. 47
Acetic acid, butyl ester (1.49) (1.75) (1.63) (1.28) (1.05) (1.93) (1.96) (1.36)
Propanoic 25 10. 34 21.22 8.05 9.23 0 6.12 25.99 15.59
acid, butyl ester (0.41) (0. 85) (0. 32) (0.37) (0. 24) (1.04) (0.62)
Acetic acid, 43 93.47 96. 02 98. 27 76.06 68. 36 109. 68 119. 47 84.57
pentyl ester (2.17) (2.23) (2.29) (1.77) (1.59) (2.55) (2.78) (1.97)
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5 Continued table 5
/(ng + kg™") Content( Aroma value)
Chemical compound Aroma . .
threshold M7 IM7 SCI SH1 SH6 SH38 M26 T337
2- - 3-Bu- 17 14. 98 29. 66 17.62 16. 94 7.62 39.55 45.93 32.75
tyl 2-methylbutanoate (0. 88) (1.74) (1.04) (1.00) (0. 45) (2.33) (2.70) (1.93)
9 319. 83 406. 2 316. 59 249. 64 222.73 411. 31 441,02 304. 29
Acetic acid, hexyl ester (159.92) (203.10) (158.80) (124.82) (111.37) (205.66) (220.51) (152.15)
. Propanoic 3 4.79 18. 57 5.25 4.27 2.64 15. 34 33.99 15. 67
acid, hexyl ester (0. 60) (2.32) (0. 66) (0.53) (0.33) (1.92) (4.25) (1.96)
105 20. 8 36.8 29.03 18.98 28.21 15.16 30. 57 16. 65
Hexanal ) (1.62)  (2.53) (2.76) (1.81) (2.69) (1.44) (2.91) (1.59)
1 5. 04 8. 44 6.12 7.8 7.82 6.07 8.58 4.4
Nonanal (5.04) (8.44) (6.12) (7.8 (7.82) (6.07) (8.58) (4.4)
. The number in brackets is the aroma value.
2.3
SPSS «C D s N
« 6), 4 s 5. 855, N N L* 1 ,
4.328.2.721,1. 362, ( ) N a©oo b 2 ,
36.593%0.27. 0484 ,17. 007 % ,8. 513 %, . . N 3 ; .
89.161%. .4 4
6
Table 6 Principal component characteristic values
Starting eigenvalue
0 0
Main ingredient Eigenvalues Explain var/ia/r(l)ce Cumulative explanatojyﬁvariance
1 5.855 36.593 36.593
2 4. 328 27.048 63.641
3 2.721 17.007 80. 648
4 1.362 8.513 89. 161
7
Table 7 Principal component initial factor load matrix
1 PCl 2 PC2 3 PC3 4 PC4
Weight 0.971 0.027 0. 054 0.228
Longitudinal diameter 0.928 0.173 —0.048 0. 000
Lateral diameter 0.926 0.131 0.115 0.296
Firmness —0.853 —0.311 —0.136 0.199
L* —0.554 0.538 0.527 0. 250
Others 0.177 0.974 0.062 —0.065
Esters 0.213 0. 887 0.214 —0.003
a* —0.324 —0.672 —0.263 —0.223
Alcohols 0. 353 0.617 —0.150 0.523
b* 0.203 —0.616 —0.521 0.192
Ketones —0. 227 0. 031 —0.950 0. 051
Aldehydes 0. 082 0.273 0. 816 —0. 327
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7  Continued table 7
1 PC1 2 PC2 3 PC3 4 PC4
Ethers —0.062 0.532 0.787 0.212
Acids 0.012 0.070 0.776 —0.558
Soluble solids 0.128 0.273 0. 006 0. 898
Titratable acid 0.038 —0.201 —0. 308 0. 890
2.4 , .8
, (2) ,M26 D 0.74,JM7 D ,
, (D 0.610,SH6.SH1 D s 0. 291 0. 217.
D D »M26 . JM7 ;
s , D SH6.SH1
8 8 . R D
Table 8 Comprehensive index value, weight,membership function value, D value and comprehensive
evaluation of 8 dwarfing intermediate anvi ‘L.S’
Middle F F, F, F, UX) U(Xy) UX;) UXy) D Fruit
. D value .
anvil quality
M7 0.853 0.913 —2.031 1.957 0. 257 0. 215 0 0.036 0.508 Good
JM7 1. 269 0.123 1.497 —0.526 0.279 0. 180 0. 140 0.011 0.610 Better
SCI —0.819 3.416 —0.535 —0.998 0.171 0.325 0. 060 0. 006 0.562 Good
SH1 —3.328 —0.105 —1.885 —1.583 0.041 0.170 0.007 0 0.217 Poor
SH6 —4.110 —1.767 2.116 1. 285 0 0.097 0.165 0.029 0.291 Poor
SH38 1.922 —3.967 —1.074 —0.653 0.313 0 0.039 0. 009 0.361 Poor
M26 2.753 0. 897 2.023 0.088 0. 356 0.214 0.161 0.017 0.748 The best
T337 1. 459 0. 489 —0.081 0.430 0. 289 0.196 0.078 0.021 0.584 Good
Weights — — — — 0. 365 0.270 4 0.170 0 0.0851 —
2.5 1 M26 . M7,JM7,T337,SCI; 2 SHI1,
D SH38,SHS6.
) C 2.
8 2 3
0 25
SCI 4 ! N N
T337 8 ’
M7 1 R 19-20
. M7 2 [21] ,
M26 3
M26 s
SH6 6‘:|7
SH3S 7 MM106 , M7
SHI 54— » SH6
2 8 ’
Figure 2 The clustering diagram of the quality of eight s

dwarfing intermediate roots Gala fruits
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