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Effects of different dwarfing interstocks on fruit quality of Ruixue apple
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Abstract: [Objective] Dwarf and dense planting is the development trend of modern apple cultivation.
The selection and utilization of dwarfing rootstocks are the key links to achieve dwarfness. More than
80% of the existing dwarf cultivation areas in China use interstocks. The Ruixue apple has a good fruit
shape, crispy flesh, and sweet and sour taste, with strong aroma. It has an outstanding comprehensive
performance in the Longdong production area of Gansu province. At present, most studies related to
this cultivar mainly focused on the effects of different regions, harvest periods, and fruit bagging on the
fruit quality of Ruixue, and there have been few studies on the effects of different dwarfing interstocks
on the fruit quality of this variety. Therefore, this study explored the effect of different dwarfing inter-
stocks on the fruit quality of Ruixue apple with an aim to provide reference for the screening and utiliza-
tion of dwarfing interstocks in the Longdong production area of Gansu. [Methods] The experiment was
carried out in 2020 and 2021 at the Qingcheng Apple Experiment Station of Northwest A & F Universi-
ty in Gansu. Different dwarfing interstocks (M,-Tss;, SHs, SHis and SC,) were grafted with Ruixue apple

(Malus domestica Borkh. Ruixue), and the most widely used Ma interstock was used as the control.
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One-year-old Xinjiang wild apple tissue cultured seedlings were planted in the spring of 2011. In Au-
gust of the same year, the interstock scions of My-Tss,, SHs, SHss and SC, and M, were collected for
budding at 5 cm above the ground. The grafted seedlings were transplanted in the spring of 2012. In the
spring of 2017, Ruixue scions were grafted onto the grafted seedlings. In 2020 and 2021, when the ap-
ple trees were 4 to 5-year-old, the differences in fruit appearance quality (color, fruit shape index, fruit
mass) and internal quality (firmness, sugar and acid content, aroma substances, and functional nutri-
ents) of each stock-scion combination were compared. The effects of dwarfing interstocks on fruit quali-
ty were evaluated based on membership values of functional ingredients calculated by the method of
membership function, and all the collected data were analyzed using SPSS 22.0. The data obtained
were processed and graphed using Microsoft Office Excel 2013 (Microsoft, Redmond, USA) and Ori-
gin V9 (OriginLab Corp., Northampton, MA, USA) software. [Results] The results showed that the av-
erage fruit mass of apples with different interstocks Ruixue was in the order of My-Ts3,>M,>SH35>
SC,>SHjs. There was no significant difference in fruit shape index, which was above 0.97. The unifor-
mity of fruit was good, and the fruit shape was high pile. The L" value is a parameter reflecting the
glossiness and brightness of the fruit; the a” value represents the green saturation and b° reflects the yel-
low saturation. The L" and " of SHs, SHys and SC, were significantly higher than those of the control
(M), and the fruit surface was smooth and the appearance quality was excellent. The SHs, SH3s and
SC, were better than M, and M,-Ts3; in the soluble solids content, fructose and soluble solid/acid ratio,
especially the total soluble sugar and sweetness value, among which SHs and SC, were the most out-
standing, with soluble solid to acid ratio of 52, a total sugar content above 135 mg- g, a fructose con-
tent above 67 mg- g, and a sweetness value above 178. Ruixue apple belongs to the green-flavored ap-
ple with high contents of esters and olefins. The contents of esters and olefins in SC, (65.63 pg-kg™")
and SHy (68.45 ug - kg'') were significantly higher than those in the control (65.63 pg - kg'). The con-
tent of olefins in SHs was the highest, which was more than 3 times that of the control. The aldehyde
substances were higher in SC,, SHsand SH;s It was shown that SH series was conducive to the accumu-
lation of fragrant substances in Ruixue fruit, and the fragrance was strong. The contents of flavonoids
and Vc in SHs, SHis and SC, were significantly higher than those in M, and were the lowest in M,-Ti.
The total phenolic content in SHs was significantly higher than that of the other dwarfing interstocks.
[ Conclusion]Grafting Ruixue apple with different dwarfing interstocks can significantly affect the in-
ternal and external quality of the fruit. The comprehensive evaluation based on membership function
analysis showed that, the SHs, SHis and SC, fruits had smooth fruit surface, good internal flavor, strong
aroma and high functional nutrient content, and excellent fruit quality, of which SHs was more promi-
nent. However, after years of investigation on the growth of apples grafted on several dwarfing inter-
stocks in rain orchards in Longdong area of Gansu province, we found that Ruixue apples grafted on
SH; interstock showed weak tree vigor and low yield. Therefore, the candidate rootstocks for cultiva-
tion still need to be comprehensively evaluated taking the tree growth in consideration in Longdong of
Gansu.
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Table 1 Difference in the fruit external quality among different dwarfing interstocks in Ruixue apples

R hi ey 8,7 Chromatic aberration BA R R LS %=
Interstocks  Tree age L* a* b* Fruit mass/g Fruit shape index
SC, 44 95.94+2.58a -13.14+1.43b 60.52+1.52a 24646 +4.42 ¢ 092+0.14a
SHis 4-years old 91.69 +2.08 ab -9.55+1.89ab 5826+ 1.32ab 276.57+9.98 b 092+0.11a
SH, 9492+3.02a -6.06+1.28 a 59.87+199a 258.41 +7.90 be 0.92+0.06 a
Mo-Tss; 85.10+£2.53b -8.25+2.19 ab 54.53 +£1.60 be 307.98 +7.09 a 0.93+0.09a
M 87.58+£3.06b -9.55+1.64 ab 56.19 + 1.88 ab 311.01+7.27a 091+0.10a
SC, SR 102.79+239a -19.43£0.71b 66.60+1.87 a 217.33+5.22d 0.98+0.01 a
SHs S-years old 102.58 £2.04 a —20.06 £0.86 ¢ 6523+1.29a 234.80+3.17 ¢ 0.96+0.01a
SH, 106.53+1.23 a -11.01£0.85a 6791 +0.81a 170.80 +2.21 ¢ 097+0.01a
Mo-Tss; 93.88+1.70 b —-21.05 £ 0.79bc 59.81+1.15b 272.88+3.89a 097+0.0la
M 90.26 £1.61b -21.94 £ 1.01bc 58.02+1.00b 253.46+2.94b 097+0.01a
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Note: Values are the means = SD of three replicates, the different small letters indicated significance at 0.05 level among different dwarf inter-

stocks. The same below.

M EZES . PRSI RIARETC B Z 57

VR Y B o

E16% L |, B & E T X IR

22 ARZENFESSHEEERRLAERRD
Al

221 HBREFTHAAE  RLLHNER S BRI
PR JRUAC , AN [ 2 A, H 8] il 43 B =5 39 SR SR SR
TRERDE(p<0.05,%&2) . WEHLLSH AT

Mag, FoAth o 8] Bl 5 546 HE ML E 2 3% £ 5o BRJE DL
SHe~ SHis A1 SC 51 T X0 BB Mg 8 HH TRVl P [ 12 EL
BIREF 85 5 7K 7, SHe SC« SHig 1) [ 12 Eb 25 82 25 7
T Mo-Tas F1 M, U6 BH SH 8 FT DA 25 45 = Bif 35 3 2R
TR B 1, {8 SR S XU BE 4 5 SHL [ 13 12 25 o T



684 3 i

= e 403

*2 FRZENPEMHESERRITAMELISE,

B B FNTE Y E 5

Table 2 Difference in the fruit soluble sugar, titratable acid and firmness of Ruixue apple

among different dwarfing interstocks

o Al wCAVEPEE 2D e [ 72 L Tz
Interstocks Soluble solids content/% Titratable acid content/% Solid acid ratio Fresh firmness/(kg-cm™)
SC, 44F 1498 £0.18 b 0.33£0.013a 46.39+1.26a 7.71+£0.13b
SHis 4-years old 1498+0.22b 0.34+0.021 a 46.12+3.11a 7.64+0.16 b
SHe 16.31+£0.27a 0.34£0.031a 4797+225a 9.56+0.26 a
M,-Tsy 14.12+0.17b 0.32+0.010b 44.67+1.46Db 7.83+0.13b
M 14.01 £0.16 b 0.31£0.006 b 4593 +1.01 ab 7.60+£0.11b
SC, SR 15.67+0.16 b 0.31£0.011b 5234+0.82a 7.18+0.14b
SHs S-years old 14.92+£0.19b 0.30 £ 0.005 be 52.50+0.90 a 7.04+£0.08 b
SH 1698 +£0.16 a 0.33£0.012a 52.00+1.43a 9.61+£0.14a
My-Tsy; 1497+0.11b 0.29 + 0.005 be 4788+1.61b 6.86+0.06 b
M 14.80+£0.13 b 0.28 £ 0.006 ¢ 46.52+0.86 b 7.08£0.07 b
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Table 3 Difference in the contents of sugars in Ruixue apple among different dwarfing interstocks
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i wORHD w(EEHD WCHT D WOl ) AR 1
Interstocks Fructose/(mg-g") Sucrose/(mg-g") Glucose/(mg-g')  Sorbitol/(mg-g')  Soluble sugar/(mg-g') Sweetness value
SC, 67.91+3.88a 47.21 +1.87 ab 1529+2.78 a 4.64+0.63b 135.06 +9.14 ab 178.61
SHis 63.38+3.65b 46.19 £ 1.97 ab 13.63+1.39a 447+0.04b 127.68 £3.98 b 168.40
SH, 6724+ 1.14a 49.04+£2.00 a 1744+ 143 a 6.44+£0.08a 140.16 £ 4.64 a 181.49
Mo-Tsz 60.64+047b 43.71+0.39b 12.68+0.10 a 4.57+0.06b 121.59+1.00 b 160.53
M 59.43+0.57b 44.89 +0.46 ab 13.32+0.19a 4.96+0.23b 122.35+1.20b 160.20
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Table 4 Difference in the content of aroma substances in Ruixue apple among different dwarfing interstocks

w/(pg-kg")

r ] il 55 S b 2> JE A 2K s

Interstocks 2% Aldehydes 2% Esters Fz2% Alcohols Jfi &2 Olefins JiAth Others % & Total contents
SC, 70.84 +£0.020 a 65.63+0.196 b 35.62+0.085d 5.15+£0.005d 1.92 £0.003 ¢ 179.16 £0.124 a
SHis 62.57+0.145b 68.45+0.181 a 38.35+0.180 ¢ 8.70 £ 0.003 b 4.13+£0.021 a 182.12+0.206 a

SH, 62.70 £ 0.120 b 49.29+0.130 ¢ 41.54+0.048 b 10.24 £ 0.008 a 2.15+0.014b 165.92 £0.176 b
Mo-Tss 58.69+£0.230 ¢ 60.72+0.105 ¢ 43.34+0.127 a 6.55+0.003 ¢ 1.55+£0.014d 170.85 +0.098 b

Mo 56.89 +£0.230d 58.46+0.199d 28.38+0.274 ¢ 225+£0.011e 1.24 £0.008 e 147.22 +£0.287 ¢
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Table 5 Effects of different dwarfing interstocks on the content of phenolic substances of Ruixue apples

HH [ il wCRED wCR I HRD wEH D wgEAER O wCAIEPEE D
Interstocks Total phenols/(mg-g')  Total flavonoids/(mg-g')  Flavonoids/(mg-g')  Vitamin C/(mg-g™) Soluble protein/(mg-kg")
SC, 0.24 +£0.005 b 0.020 £+ 0.004 a 0.178 £0.002 b 82.77+0.39a 5.19+0.10a

SHss 0.24+0.005b 0.020 £0.002 a 0.173 £0.007 b 81.72+025a 5.28+0.12a

SH, 0.32+0.001 a 0.016 +0.002 b 0.234+0.005 a 82.44+0.57 a 5.58+0.15a

Mo-Tsy; 0.23£0.002 b 0.014 +0.001 ¢ 0.167 = 0.002 be 80.04+0.25b 549+0.16a

M, 0.24+0.001 b 0.020 +0.002 a 0.156 £0.001 ¢ 78.92+0.47b 5.64+0.16a

T & & DA SHef > SHi M SCLHR 2, B B3 3 W @

T R Migo e 28 38 T 25 5 7E 5 TP IRV R o 38 U1
Horp Mo-Toy (1) 5 BRI A4 0.014 mg - g, 2 3K
T 555 BE Mg, SC, A1 SHys 5 X6 8 Mo T i 5 2 5. DL
SHs SH A SC o HH AN I 4E A2 3 C B W3
T35 B Mag, Mo-Tay, S5 HE ML B2 35 72 5. &P 1]
WATAMEEASE LR EER.
2.3 B SEAYMRERF
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SRS R /INFE S TR HE B i B SR ST A
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FEH, % R Al RSP 359 B B A M- Ty > My >
SH:>SC,>SH,, M R EHEARE T SHR, X5
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SEOIRIF T E TR, S AR AR R S SE R R fe BT
0.97 LA b, RS —EuEtf, BRI mibk . LHE 2R
SEFCFE SR R AR S, a A AR SR RN BT
b * 52 Bl B €5 VR B2 P, SH 6542 3 5 3 I o (B (1) 244
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Table 6 Membership function and comprehensive indexes of different interstock-scion combinations
B $2J% B 51 Membership function R T
Interstocks F}omprehenswe Order
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 XI3 Xl14 XI5 index
SC, 0.06 0.09 0.07 048 040 050 036 043 040 054 043 052 047 0.61 040 0.348 2
SHis 0.09 005 0.04 033 031 052 040 098 039 047 045 033 024 0.70 043 0.346 3
SHe 0.06 005 0.05 0.60 043 042 037 039 039 058 043 056 0.54 0.69 038 0.353 1
Mo-Tsz 0.12 005 0.03 037 027 043 032 027 042 030 029 037 033 035 043 0.270 5
Mg 0.08 004 0.04 038 026 046 027 031 040 020 049 030 048 0.58 0.55 0.295 4
TREBCVI% 604 557 573 356 925 473 523 352 494 193 466 280 197 3.16 3.98
BUE Weight 0.09 0.08 0.09 0.05 0.14 0.07 0.08 0.05 0.07 0.03 007 004 0.03 0.05 0.06

XL X2, F T s X3, B s X4, AlVEE T & s XS, B s X6, IR EL s X7, Al va e bl & 5 X8, P& i X0, JRERE 5 X0, BE
EW SR X BRI B X2, ISR A R X3, S B X4, SRS R x5 i ER ¢ B
Note: X1. L*; X2. Fruit mass; X3. Firmness; X4. Soluble solids content; X5. Titratable acid content; X6. Solid acid ratio; X7. Soluble sugar content;

X8. Fructose content; X9. Sucrose content; X10. Aldehydes content; X11. Esters content; X12. Olefins content; X13. Total phenols content; X14. Flavo-

noids content; X15. Vitamin C content.
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SR A S R oy, FL U R A R R R
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