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Formation characteristics of tree structure, fruit yield and quality in the
apple stock-scion combination of ‘Yue Yanghong’ with ‘77-34’ inter-

stock and Malus baccata Borkh. rootstock

LI Hongjian, WANG Hong', LIU Zhi, YU Nianwen, SONG Zhe, ZHANG Xiumei, LI Chenghui
(Liaoning Institute of Pomology, Xiongyue 115009, Liaoning, China)

Abstract: [Objective]l The new ‘77-34" rootstock and cold resistant ‘Yue Yanghong’ apple cultivar
were independently selected and bred by Liaoning Institute of Pomology. Up to now, there have been no
reports on the growth, yield and quality formation of ‘Yue Yanghong’ with interstock of ‘77-34. The
goal of this study was to understand the change patterns of tree structure parameters, branch type pro-
portion, yield and fruit quality in tall spindle shaped ‘Yue Yanghong’ with interstock of ‘77-34" and
rootstock of Malus baccata Borkh from juvenility to fruiting stage.[Methods]The materials were ‘ Yue
Yanghong’ trees with interstock of ‘77-34 or ‘GM256’ and rootstock of Malus baccata Borkh. Annu-

al tree growth, dynamic changes of the growth, branch type proportion, yield and fruit quality were mea-
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sured from 2 to 7 after the trees were planted. In 2016, the trees were divided into 4 groups according to
different canopy heights, and fruit yield and quality in different groups were compared. Measured pa-
rameters included fruit mass, fruit shape index, firmness, soluble solids, TSS/TA ratio, color difference
value, etc.[ResultsInterstock of 77-34" and ‘GM256” showed differences in growth, fruit quality, the
tree yield and fruit components. From 2010 to 2016, the growth rate of tree height, coverage rate and
bough number in ‘77-34" interstocked trees were all higher than in ‘GM256° interstocked trees. The
canopy diameter of ‘77-34" trees was higher than 'GM256' trees. The crown diameter in East-West di-
rection was greater than in North- South direction. The ratio of variety/interstock trunk circumference
with 77-34" interstock was significantly higher. The rootstock has a better graft compatibility with the
interstock of ‘77-34’ than with ‘GM256’. Compared with ‘GM256’, the total number branches was
larger, the spur shoot proportion was higher; andthe growth rate of total branches was higher in ‘77-34".
The total branch amount of 77-34’ in 2015 (7 years) was similar to that of ‘GM256” in 2016 (8
years). The higher spur shoot proportion and the total number of branches provided guarantees for the
high yield and stable yield in trees with ‘77-34" interstock. In 2012, the trees with ‘GM256” and ‘77-
34’ interstocks began to bear fruit. The fruit number and yield in trees with both interstocks increased
rapidly from 2012 to 2015. The growth rate became stable from 2015 to 2016, and the output in “77-
34’ trees was higher than ‘GM256° trees for five consecutive years. The output of ‘77-34’ and
‘GM256 was 54 147.06 kg- hm™* and 43 444.67 kg- hm™ in 2016, being 16.29% and 26.80% higher
than that in 2015, respectively. The yield stability in trees with 77-34" interstock was better than those
with ‘GM256’. The fruit mass and firmness in trees with both interstocks increased year by year in
2013—2016, the firmness of ‘77-34" was higher than ‘GM256 . The soluble total sugar content of “77-
34’ fruit was higher than that in ‘GM256  fruit from 2012 to 2015. There were differences in fruit in-
trinsic quality and color values of ‘77-34" and ‘GM256’ between different years. The L value in ‘77-
34’ fruit was higher than in ‘GM256” fruit from 2012 to 2016; the a was higher in 2013—2016. b val-
ue was higher in “GM256” in 2013 but in other years it was lower in ‘GM256°. In a word, the color of
surface of ‘77-34’ fruit was better than that of ‘GM256° fruit, with gorgeously red, better background
color and higher brightness. There were differences in fruit quality in trees with different height canopy.
The fruit mass, fruit shape index, TSS/TA ratio and color difference value in trees with higher canopy of
both interstocks were better than those with lower canopy. Because of the poor light intensity in the low-
er canopy, and the fruit development was poor with poor inner quality. Within the same tree group, fruit
mass, hardness, TSS/TA ratio and color values of ‘77-34" fruit were higher than those of ‘GM256°.
The canopy part 2.0 to 3.0m in height was the part with concentrated distribution of fruit, contributing
43.48% and 38.05% of the total yield in ‘77-34" and ‘GM256’ trees, respectively. The canopy below
1.0 m height was with the lowest fruit contribution, accounting for 13.68% and 12.20%, respectively.
[Conclusion] ‘Yue Yanghong’ trees with the interstock of ‘77-34" and rootstock of Malus baccata
Borkh. were less dwarfed than those in interstock of ‘GM256”, which had lower total branch number
and proportion of spur shoots. The two interstocks had similar early bearing trait, but the yield and quali-
ty of fruit were better in trees with ‘77-34 than with ‘GM256°. Taking into account various traits,
“Yue Yanghong’ with the interstock of ‘77-34" and rootstock of Malus baccata Borkh. was better than
those with the interstock of ‘GM256°.

Key words: Apple; ‘Yue Yanghong’; ‘77-34’; Dwarf interstock; Branch composition; Fruit yield;
Fruit quality
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Fig. 1 Differences in tree height growth of
‘Yue Yanghong’ drafted on different dwarfing

interstocks every year
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Table 1 Differences in bough and new branchesin ‘Yue Yang-
hong’ trees grafted on different dwarfing interstocks in 2016
LT s
AT Canopy width/m
Dwarfing R it

interstock East-west South-north
3.77+£0.05 aA 2.82+0.04 aA 2.44+0.06 aA 70.48+0.93 aA
3.62+0.09 bB  2.55+0.07 bB 2.29+0.06 bB 63.83+1.65 bB

Wi
Tree height
growth/m

wE
Coverage
rate/%

77-34
GM256

HIE 27T I, <77-347 F1CGM256° 1 [a] Bl ¢ 45 PBH
A ERWERFEERKREBEENFEDNAEER,
2011—2014 4 “77-34" R PG ) M i A AR K& s

O GM256 Rk South-north

§ 1.00 ahdA O 77-34 #-k South-north B GM256 % It East-west
. s%*o 0.80 aAgp A
¥ 2 0.60 aA hsPB
< % oo DB e Panan  Pansigy A A oA aA
gl sl
5 0.00 . . . . . . ﬁ
2010 2011 2012 2013 2014 2015 2016
FA Year

B2 FAEENPEM ERL ERNBEEEKENES

Fig. 2 Differences in canopy with growth of ‘Yue Yanghong’ drafted on different dwarfing interstocks every year
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Fig. 3 Differences in coverage rate of ‘Yue Yanghong’

drafted on different dwarfing interstocks every year
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‘Yue

Yanghong’ trees grafted on different dwarfing interstocks

ZALA ok N "
R THk iRk
Ty RFEM
Bough number/ Bough New branches
Year Dwarfing B
. (No.-hm™) length /cm Length/cm
interstock
2010 77-34 3002+£218.91 aA 34.65£1.49 aA 28.43+2.18 aA
GM256 2 724492.39 bB 31.17+1.29 aA 28.21+1.57 aA
2011 77-34 7 504+435.38 aA  68.05+1.46 aA  36.85+2.70 aA
GM256 5969+620.66 bB 61.32+1.80 bB  32.88+1.38 bB
2012 77-34 13 507+683.11 aA 82.15+1.53 aA 45.12+1.54 aA
GM256  8954+2 810.94bB 75.64+1.87 bB 38.36+0.76 bB
2013 77-34 2326241 944.22 aA 108.26+5.83 aA  54.06+6.13 aA
GM256 19 813+1 861.14 bA 94.45+2.32bB 43.03+1.37 bB
2014 77-34 32 267+1 468.10 aA 139.00+£3.49 aA  53.00£6.56 aA
GM256 27 347+1 542.97 bB 113.91+5.26 bB  50.05£3.06 aA
2015 77-34 31 516+1 739.10 aA 152.00+£10.73 aA 51.00+4.13 aA
GM256 30 084+807.89 aA 135.61+3.78 bB  52.45+1.49 aA
2016 77-34 34 51741 280.09 aA 162.26+10.88 aA 58.55+6.85 aA
GM256 31 530+662.32 bB 144.01+5.47 bB  55.16+2.12 bA
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Table 3 Differences in the trunk circumference of ‘Yue

Yanghong’ trees grafted on different dwarfing interstocks
WARy  TRERLE
4y AR Trunk circumference
Year Dwarfing g fh ELRTFN it R A AR
interstock variety/cm Interstock/cm  Variety/Interstock
2010 77-34 4.85+0.10 aA  6.36+6.36 aA  0.76+0.02 aA
GM256  4.41+£0.35aA  6.91+0.29 aA  0.64+0.07 bB
2011 77-34 9.57£0.19 aA  12.14+0.12 aA 0.79+0.01 aA
GM256  8.82+0.20bB  13.00+0.09 aA 0.68+0.02 bB
2012 77-34 12.83+0.19 aA 16.30+0.14 aA 0.79+0.01 aA
GM256  11.86+0.20 bB 17.33+0.30 aA 0.68+0.02 bB
2013 77-34 16.45+0.11 aA  20.43+0.08 aA 0.81+0.01 aA
GM256  14.59+0.30 bB 23.21+0.62 aA 0.63+0.03 bB
2014 77-34 21.39+0.12 aA 26.83+1.21 aA 0.80+0.04 aA
GM256  19.46+0.39 bB 31.80+1.67 aA 0.61+0.03 bB
2015  77-34 22.36+0.37 aA  31.63+0.70 aA 0.71+0.02 aA
GM256  21.03+£0.27 bB 33.57+0.99 aA 0.63+0.02 bB
2016 77-34 26.64+0.40 aA 36.57+0.97 bA 0.73+0.01 aA
GM256  24.17+1.77bB 37.84+1.14 aA 0.64+0.04 bB
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Table 4 Differences in the branch types and proportions in ‘Yue Yanghong’ trees grafted on different dwarfing interstock

SRALTEA AR K 25 4H /i L 5] The proportion of different branch types/%

o KA JIA% Spur shoots

1k Medium shoots

S

/.
K Long shoots Total branches/

Year pwarf <4 p 4~6 7 >6 F
interstock <4 Leaf 4-6 Leaf >6 Leaf

5~15 cm

4 . 2
30~60 em (x10"No* hm™)

15~30 cm 260 cm

2010 77-34

GM256  26.23+2.71 aA  6.56+1.27bA 20.49+1.77bB  6.56+0.86 aA  9.84+0.75 aA
2011 77-34

GM256
2012 77-34

GM256  18.27+0.33 aA  5.87+0.53bB  13.87+0.43 bB
2013 77-34

GM256  14.96+0.54 aA  13.58+0.23 bB 23.04+0.31 bB
2014 77-34

GM256  14.85+0.41 bA 15.62+0.20 bB 16.35+0.35 bB
2015 77-34 13.38+0.23 bB  50.17+0.43 aA 6.69+0.17 aA

GM256  14.16+0.32 aA  39.14+1.11 bB 6.49+0.14 bA
2016 77-34 17.14+0.27 bB  47.25+0.48 aA 7.70+0.08 aA

GM256  19.97+0.49 aA  32.77+0.66 bB 6.91+0.07 bB

20.07+0.18 aA 5.65+0.23 bB
18.29+0.44 bB 11.12+0.22 aA 6.72+0.05 aA  4.08+0.05 aA 68.14+1.25 bB

17.68+0.27 bB 5.07+0.09 bB
21.19+0.44 aA 9.09+0.10 aA

21.05£1.04 bA  10.53+1.23 aA 26.32+1.27 aA 5.26+1.28 aA 10.53=1.13 aA 10.53=1.15aA 15.79+0.97 bA 1.90+0.20 aA

12.30+0.97 aA 18.03£1.64 aA 1.22+0.06 bB

17.86+0.26 aA  7.14+0.61 aA  10.71+0.77 aA  10.71+1.24 aA 14.29+0.58 aA 17.86+0.46 bB 21.43+1.72 bA 2.80+0.65 aA
15.69+0.82 bA  5.10+0.55bB  10.98+1.13 aA  8.63+0.76 bB  12.55+0.58 bA 20.39+1.05 aA 26.67+1.93 aA 2.55+0.12 bB
14.49+1.24 bB  8.70+0.78 aA  17.39+0.75 aA  13.04+0.19 aA 23.19+1.01 aA 8.70+0.59 bB 14.49+1.18 aA 6.90+0.98 aA
10.60+0.26 bB 24.14+0.81 aA 12.23+0.48 aA 15.01+0.83 aA 6.13+0.22 bB
13.64+0.62 bB  15.58+0.47 aA 25.32+0.26 aA  17.53+0.22 aA 15.58+0.23 aA 6.49+0.16 bB 5.84+0.26 bB 15.40+2.83 aA
17.62+0.39 aA 15.84+0.27 aA 7.19+0.16 aA  7.76+0.53 aA 12.37+0.16 bB
15.70£0.28 aA  17.06+£0.20 aA 22.53+0.28 aA  17.06+0.18 aA 16.72+0.46 bB 5.12+0.24 bB  5.80+0.19 bB 29.30+4.59 aA
16.47£0.26 bA 24.09+0.25 aA 5.50+0.16 aA  7.12+0.21 aA  25.99+0.38 bB

2.4240.13bB  1.61+0.03 bB 86.74+7.23 aA

2.99+£0.06 bB  2.17+0.04 bB  110.30+9.86 aA
5.66+0.11 aA  4.41+0.05 aA 87.53+0.94 bB
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Fig. 4 Differences in the fruit number of ‘Yue Yanghong’

drafted on different dwarfing interstock
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Fig. 5 Differences in the yield of ‘Yue Yanghong’

drafted on different dwarfing interstock
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Table 5 Differences in the fruit intrinsic quality in ‘Yue Yanghong’ trees grafted on different dwarfing interstocks

Fhr IR LR

Year Dwarfing interstock Fruit mass/g

B2 R T8 S

Fruit figure index Firmness/(kg:cm?®) Soluble solids/%

wCAl VR T wCR RN wCAl T E L)
Soluble total sugar/% Titratable acidity/%

2012 77-34 168.26+7.39 aA 0.91+0.01 aA 9.52+0.23 aA 14.02+1.30 aA 11.28+0.56 aA 0.48+0.02 aA
GM256 167.78+4.32 aA  0.90+0.01 aA 8.55+2.85 aA 13.37+0.34 aA 10.80+0.26 bA 0.46+0.02 aA
2013 77-34 148.5011.08 aA  0.90+0.01 aA 9.65+0.27 aA 13.65+1.06 aA 11.88+0.30 aA 0.46+0.01 aA
GM256 152.95+5.23 aA  0.91+0.01 aA 9.45+0.22 aA 13.57£0.31 aA 10.86+0.20 bB 0.47+0.03 aA
2014 77-34 216.40+11.34 aA  0.93+0.01 aA 10.17£0.38 aA 14.12+1.16 aA 11.07+0.51 aA 0.57+0.01 aA
GM256 200.25£5.43bB  0.92+0.01 aA 9.91+0.15 bA 13.87+0.45 aA 10.90+0.34 aA 0.50+0.03 bB
2015 77-34 209.30+7.73 aA 0.90+0.01 bB 10.27£0.45 aA 14.98+0.87 aA 11.32+0.51 aA 0.56+0.01 aA
GM256 206.01+4.04 aA  0.92+0.01 aA 10.12+0.19 aA 14.32+0.39 aA 11.16+0.42 aA 0.56+0.01 aA
2016 77-34 226.85£13.17aA  0.92+0.01 aA 10.46+0.44 aA 14.65+0.94 aA 11.05+0.48 aA 0.51+0.02 bA
GM256 211.54£5.66 bB 0.93+0.01 aA 10.16+0.30 aA 14.53+0.33 aA 11.25+0.34 aA 0.53+0.01 aA

F6 ARZENPEMN EHILERMRIGEEES
Table 6 Differences in the fruit color values in ‘Yue

Yanghong’ grafted on different dwarfing interstocks

FEALEE AR AL 8 22 {H Color difference value

4

Yer ok L ‘ b

2012 77-34 62.45+0.67 aA  20.48+1.17 aA 22.46+0.47 aA
GM256 60.80+1.00 bB  20.64+1.17 aA 21.76+0.81 bA

2013 77-34 54.68+0.67 aA  28.43+1.51 aA 20.45+0.63 aA
GM256 52.21£1.40bB  25.75+1.67 bA 20.85+0.40 aA

2014 77-34 58.77+1.52 aA  24.79+1.17 aA 21.84+0.77 aA
GM256 56.92+1.07 bA  24.43+£1.09 aA 18.57+0.80 bB

2015 77-34 52.81+2.02 aA  27.28+1.13 aA 24.48+1.08 aA
GM256 50.55£1.59 bA  26.89+1.20 aA 22.37+1.22 bB

2016 77-34 56.25+0.66 aA  25.48+1.27 aA 20.06+0.97 aA
GM256 53.74+1.43bB  23.87+1.13 bA 19.18+0.82 bA

347 Bz th 2 b HAK T GM2567 , Ho A 4 4y i T
‘GM256” . &g bpTid, S S BT €8 ZE A AR A R A AR
MAAEER, GAURSFEMRLEEME, AR
©77-347 o ] fili B S LT A FE R T GM2567, C77-
347 WS At N, M H R R B e AR

FEwi o

24 WHRARBEEARLFENRRNESSH
700, <77-347 A1 GM256” Hh [A] fifi < & [
21 B 5L B AN B i B T 2 o R T R o R Y
AR mEN 7734 R R e T
‘GM256°, i [ 2 R B 3% W2 = E>3.0m W
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Table 7 Differences in the fruit quality in ‘Yue
Yanghong’ trees grafted on different dwarfing

interstocks at different crown parts in 2016

e L 1o

LT Ry L RmEH mE
P N3 B L A . .

Crown . Fruit figure ~ Firmness/

. Dwarfing Fruit mass/g . >

height/m . index (kg-cm™)
interstock

<1.0 77-34 198.50+1.71 aA  0.88+0.02 bA 10.86+0.38 aA
GM256  196.26+1.00 bB  0.89+0.02 aA 10.55+0.16 bA

1.0~2.0 77-34 215.25+6.11 aA  0.89+0.03 bA 10.35+0.41 aA
GM256  208.42+3.02bB  0.92+0.01 aA 10.28+0.20 aA

2.0~3.0 77-34 228.25+2.84 aA  0.93+0.01 bA 10.08+0.56 aA
GM256  216.03+4.17bB  0.94+0.01 aA 10.02+0.12 aA

>3.0 77-34 240.08+9.66 aA  0.95+0.01 aA  10.28+0.29 aA
GM256  226.45+3.42bB 0.95+0.01 aA  9.78+0.17 bB
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Table 8 Differences in the fruit intrinsic quality in ‘Yue
Yanghong’ trees grafted on different dwarfing

interstocks at different crown parts in 2016

PLE i AR TR 2, 7 AR X b R BR AT R N TR T
JEOGIE TR B 22 W R AR M, SRR E AR, 520 R s
AL i 5T

R O™ W, €77-34" 1 GM256" H [a] fifi ¢ & BH
2L RS LAH afd b 1H BE 2 i FE 3G hn 2 20
s, YL e bR RS R, T 2 B
A7 AL, SR THI RS (0 SR v 5 AH R) 5k 25 v B2 TN 1)
“77-38 Rt E LEH o« EMbHEY A T
‘GM256° . o, w2 E B 1.0~2.0 m P < 77-347
FGM256" Renth ZaHE MR E, dERE <
1.0 m+1.0~2.0 m f1>3.0 m N [1] € 77-34 Fil - GM256’
B ZbHERWEE . HILa W, HFEE &

P - A wA P o b wCHT il
MEER oo mm LU e mme
height/m Dwarfing  Soluble sugar/% Titratable TSS/TA
interstock  solids/% acidity/%
<1.0 77-34 12.38+ 10.05+ 0.55+ 2251+
0.53 aA 0.24 aA 0.02 aA 0.94 aA
GM256 12.48+ 10.28+ 0.56+ 2229+
0.34 aA 0.298 aA 0.02 aA 0.80 aA
1.0~2.0 77-34 14.27+ 11.26+ 0.52+ 27.44+
0.63 aA 0.49 aA 0.02 aA 1.75 aA
GM256 12.64+ 11.06+ 0.54+ 2341+
0.32bB 0.15 aA 0.01 aA 0.82 bB
2.0~3.0 77-34 14.55+ 12.07+ 0.48+ 3031+
0.44 aA 0.33 aA 0.03 bA 1.95 aA
GM256 14.02+ 11.45+ 0.51+ 27.51+
0.18 bA 0.37 bB 0.02 aA 0.88 bB
>3.0 77-34 15.88+ 12.55+ 0.49+ 3241+
0.79 aA 0.46 aA 0.03 aA 2.39 aA
GM256 15.61+ 12.22+ 0.49+ 31.87+
0.45 aA 0.18 bA 0.01 aA 1.30 aA
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Table 9 Differences in the fruit color values in

‘Yue

Yanghong’ trees grafted on different dwarfing
interstocks and at different crown parts in 2016
e BRAONE BN
N ol .
Al AZER Color difference value
Crown
height/m 2 "aring
& interstock L a b
<1.0 77-34 48.58+2.62 aA 21.05+2.09 aA  18.46+1.62 aA
GM256  46.85+2.90 aA 20.80+1.00 aA 16.86+0.66 bB
1.0~2.0  77-34 54.05+2.08 aA 24.45+2.38 aA 22.43+1.82 aA
GM256  51.49+1.79 bA 21.05+1.27bB 18.47+0.95 bB
2.0~3.0 77-34 56.35+£3.97 aA 27.58+2.19 aA  21.18+1.59 aA
GM256 55244290 aA 25.18+2.43 aA 20.35+0.58 bA
>3.0 77-34 62.48+3.12 aA  30.85+£2.19 aA 25.85£1.61 aA
GM256  61.37+0.46 aA 28.45+1.31 bA 21.05+0.98 bB

100 0L, <77-34" 1< GM256° H [a] fili ¢ £ PR
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Table 10 Differences in spatial distribution of fruit yield

in ‘Yue Yanghong’ trees grafted on different dwarfing in-

terstocks and at different crown parts in 2016

AL

7= B4R Yield composition

o JZ T KT RpHOR AR

Crf)wn Dwarfing Fruit number Mg il

height/m .~ Perplant Yield per plant  Proportion/%

<1.0 77-34 32.00+£7.07 aA  7.07£0.96 aA  13.68+1.10 aA
GM256  25.00+3.06 bB  5.30+0.65bB  12.20+1.49 bA

1.0~2.0  77-34 62.40+7.81 bB  13.73+1.10 bB  26.58+4.50 bB
GM256  72.00+2.49 aA  15.26+0.53 aA 35.12+1.22 aA

2.0~3.0 77-34 101.70+£9.21 aA 22.46+1.78 aA 43.48+5.04 aA
GM256  78.00£6.80 bB  16.54+1.44 bB 38.05+3.32 bA

>3.0 77-34 38.10+6.33 aA  8.40+0.87 aA  16.26+3.49 aA
GM256  30.00+2.31bB  6.36:0.49bB  14.63+1.13 aA
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