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Effects of different dwarfing interstocks on tree growth characteristics,
leaf physiology and fruit quality of ‘Nagano Fuji No.2’ apple

DONG Tie", WANG Hongping" *, SUN Wentai', YIN Xiaoning', NIU Jungiang', LIU Xinglu', MA
Ming"*

(“Institute of Fruit and Flower, Gansu Academy of Agricultural Sciences, Lanzhou 730070, Gansu, China; *College of Horticulture, Gan-
su Agriculture University, Lanzhou 730070, Gansu, China)

Abstract: [ObjectiveJHigh density planting with dwarfing rootstock is a new cultivation pattern for ap-
ple in China. Screening of rootstock-scion combination is important for high density planting. Dwarfing
effect, adaptabilty, productivity and fruit quality are the main indexes for the evaluation of rootstock-sci-
on combination. This article aimed to study the effect of different dwarfing interstocks on the growth
structure composition and antioxidant enzyme activity and fruit quality of ‘Nagano Fuji No.2” apple as
scion cultivar in order to provide reference for screening scion-rootstock combination suitable for plant-
ing in Longdong area of Gansu province. [Methods] ‘Nagano Fuji No.2” were grafted onto SH40,
M26, SH38, B9, M9, M9-T337, Y-1, GM256 as interstocks with plantlets generated from tissue culture
of Malus robusta Rehd. as rootstock in containers (36 cm x28 cm x 32 cm) in 2012. The grafted plants
were transplanted in the field in 2016. The evaluation was carried out in 2018. The effect of dwarfing in-
terstocks on the fruit quality were evaluated based on membership values of function ingredients calcu-
lated by the method of membership function and all the collected data were analyzed using SPSS 19.0.
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Growth habits of the trees were quantified by tree height, canopy diameter, circumference and total
shoot number and proportions of different types of shoots were measured in 2015. The method of mem-
bership function was used to evaluate the suitability and dwarfing effect of the stock/interstock/scion
combinations. The tree growth characteristics, morphological appearance, leaf physiological activity, an-
tioxidant enzyme and fruit quality were used to evaluate the dwarfing effect of different combinations
[Results] The dwarfing degree of the saplings eight rootstock /interstock/scion combinations from
strong to weak was M9-T337> M9 > M26 > Y-1 > GM256 > SH40 > SH38 > B9. The effect of 8 dwarf-
ing interstocks on the number of main branches and the cross-sectional area of the dry diameter of ‘Na-
gano Fuji No.2” was Y-1 > M9 > GM256 > B9 > M9-T337 > SH38 > SH40 >M26 from large to small.
The variation coefficients of plant height, crown width, number of main branches and cross-sectional ar-
ea of dry diameter were 13.34%, 10.78%, 27.40% and 30.20% respectively. The long-branch ratio of
M9 and T337 as interstock were 6.57% and 7.30% while the long-branch ratio of other combinations
was between 10.80% and 17.57%. The variation coefficients of branch growth, total number of branch-
es, proportion of long branches, proportion of medium branches and proportion of short branches were
respectively 23.11%, 18.56%, 31.24%, 25.71% and 12.27%. The activity of SOD, POD, PPO and 10D
of each combination was M9-T337 >M9 >M26 >Y-1>GM256 >SH40 >SH38 >B9 from large to small.
The variation coefficient of SOD, POD, PPO and IOD enzyme activities were 55.22%, 50.98%, 26.30%
and 35.83%, respectively. The comprehensive evaluation index of each combination was M9-T337 >
M9 >M26 >SH38 >SH40 >Y-1 >GM256 >B9.The tree height and crown width of M9-T337, M26 and
M9 interstocks were significantly lower than those of other interstocks, while the number of main
branches and the cross-sectional area of trunk diameter were significantly higher than those of other in-
terstocks. M9-T337, M26 and M9 had significantly lower shoot growth, total shoot amount and propor-
tion of long shoot than other combinations. The activities of SOD, POD, PPO and IOD of each combina-
tion from high to low were M9-T337 > M9 > M26 > Y-1 > GM256 > SH40 > SH38 > B9. The single
fruit weight, fruit hardness and soluble solid content of the fruits of ‘Nagano Fuji No.2” apple grafted
on M9-T337, M26 and M9 as interstock were significantly higher than those on other interstocks, while
titratable acid was significantly lower than on other interstocks. The content of oxalic acid, tartaric acid
and malic acid of the fruits of ‘Nagano Fuji No.2’ apple grafted on M9-T337, M9 and M26 as inter-
stock were significantly higher than those on other interstocks.[Conclsuion] The rank of different inter-
stock in dwarfing effect, anatomical structure, antioxidant enzyme activity and fruit quality is M9-
T337 > M9 > M26 > SH38 > SH40 > Y-1 > GM256 > B9. M9-T337, M9 and M26 might be the best in-
terstock combination in Long dong area of Gasu province which could be possibly considered as the
first choice for cultivation. Long term evaluation is needed for more prescise conclution.

Key words: Apple; ‘Nagano Fuji No.2” apple; Rootstock combination; Dwarfing interstocks; Growth

characteristics; Antioxidant enzyme activity; Fruit quality
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Table 1 dwarfing interstocks and their sources

Frg B E s AR

No. Dwarf interstock  Introduction unit

1 SH40 L PG48 ARV 27 B SRR BIE 5
Pomology Institute, Shanxi Academy of
Agricultural Sciences

2 M26 P AN R v
Maolin Test Station, UK

3 SH38 Ll PG 48 AR 27 e SRR HIE 5 BT
Pomology Institute, Shanxi Academy of
Agricultural Sciences

4 B9 [IPIN N VN
Maolin Test Station, UK

5 M9 E e AN A
Maolin Test Station, UK

6 MO9-T337 E BRI NN A
Maolin Test Station, UK

7yl Ly 49 ol A5 AR 5T
Pomology Institute, Shanxi Academy of
Agricultural Sciences

8 GM256 R AR B R T 5L

Fruit Research Institute, Jilin Academy of
Agricultural Sciences
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Wi 25 2R — 3, H oK #) /N R K2 B9>SH38>SH40>
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KE 25 FH A EEER 11.33~26.67,Y-1 FIFE L
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Table 2 Effects of different dwarfing intermediate anvil on the growth period of ‘Nagano Fuji No.2” apple

il f2H & Prim L
Crown width/cm  Number of main branches Trunk cross-sectional area/cm’

Scion-rootstock combination Tree height/cm

BN % TARRRAR R

K85 2 5/SHA0/ )\ s i35 268.27+0.64 ¢ 258.80+0.87 d 15.07+0.09 d 16.68+0.37 a
Nagano Fuji No.2/SH40/Malus robusta Rehd.

K& 2 5/M26/ )\ Kt 250.63+0.60 e 152974130 bc  11.33£0.45 ¢ 9.48+0.53 d
Nagano Fuji No.2/M26/Malus robusta Rehd.

K& 25/SH38/ )\ kil 280.57+0.66 b 177.67+5.90 a 16.43£0.38 ¢ 14.56£0.62 b
Nagano Fuji No.2/SH38/Malus robusta Rehd.

K& 25/BY/ )\ FiEH: 299.10+0.85 a 180.57+1.01 a 17.40£0.40 ¢ 8.63+0.42 de
Nagano Fuji No.2/B9/Malus robusta Rehd.

K& 25/M9/ )\ B i 5 247.13£1.90 ¢ 150.17+0.34 ¢ 24.17+0.58 b 12.67+0.29 ¢
Nagano Fuji No.2/M9/Malus robusta Rehd.

K@ 2 5/T337/)\Ksifg 3 182.57+2.28 f 130.70+0.55 d 16.50+0.21 ¢ 16.0240.44 a
Nagano Fuji No.2/T337/Malus robusta Rehd.

K825 /Y-1/)\ B3 255.43+0.61 d 159.30+0.75 b 26.67+0.20 a 8.61+0.06 de
Nagano Fuji No.2/Y-1/Malus robusta Rehd.

K& 2 5/GM256/ )\ b it 5 258.80+0.87 d 175.36+0.65 a 22.03+0.35b 8.07+0.08 ¢
Nagano Fuji No.2/GM256/Malus robusta Rehd.

Ap 5 2 H Coefficient of variation /% 13.34 27.40 30.20

VE R 2018 1IF3ME , ARG FRER NG Duncana £330 7 .35 % 5% (p < 0.05). FE.

Note: Data are average values recorded in 2018, different small letters in the same column indicate significant difference at p <0.05. The same below.
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Table 3 The difference of different dwarfing intermediate anvil on the branch structure of ‘Nagano Fuji No.2’

apple tree

Bkt KE

Fi 4 B The proportion of different shoot types/%

TR A . Fi sk B3 —
Scion-rootstock combination Growth increment Total shoot KAL) ' & He ) S e EL A

of branch/cm Long shoot Medium shoot Spur shoot
K& 2 5/SHA0/ )\ B i3 1 255.50+17.20 ab 206.13+3.38 be 13.47+0.63 ¢ 22.60+1.10 ¢ 63.93+0.55 d
Nagano Fuji No.2/SH40/Malus robusta Rehd.
K5 2 5/M26/ )\ ki3 1359.59+0.35 a 249.3343.76 a 10.80+0.59 d 30.83+1.19 a 63.36x1.74 d
Nagano Fuji No.2/M26/Malus robusta Rehd.
K5 25 /SH38/ )\ s 3 1256.59+18.84 ab 246.33+4.67 ab 12.36+0.68 d 23.70+1.32 b 63.94+£1.97 ¢
Nagano Fuji No.2/SH38/Malus robusta Rehd.
K& 25/B9/ )\ Biff 5 743.94423.36 f 153.35¢2.71 ¢ 17.57+0.49 a 30.33+0.30 a 52.09+0.58 ¢
Nagano Fuji No.2/B9/Malus robusta Rehd.
K& 25/M9/ )\ K ifg 3 1162.75+13.24 b 177.46+1.19 d 6.57+0.67 ¢ 17.45+034 ¢ 75.97+1.00 ab
Nagano Fuji No.2/M9/Malus robusta Rehd.
K5 25/T337/ )\ bs g5 939.48+20.34 d 175.64+1.07 d 7.30+0.50 e 14.62+0.35 f 78.08+0.85 a
Nagano Fuji No.2/T337/ Malus robusta Rehd.
KE2%5 /Y-1/)\ B3 759.95+13.14 f 161.97+0.98 ¢ 15.45£0.58 ab  20.45£0.35cd  64.10£0.93 d
Nagano Fuji No.2/Y-1/Malus robusta Rehd.
K& 2 5/GM256/ )\ 5 i3 889.91+5.21 ¢ 193.7043.40 ¢ 12.60+0.61 d 19.51+0.60 ¢ 67.89+0.29 ¢
Nagano Fuji No.2/GM256/Malus robusta Rehd.
A5 5 ZH Coefficient of variation/% 23.11 18.56 31.24 25.71 12.27

23 ARFEAFEME KE2S ERHRMEL
fis SOD.POD.PPO F1 10D ;& $ I RN

FH 4 TN, J\ B ifg S s b iz 8 N AN R 4L
HrE A KE 25 7 3R ) SODLPOD PPO Al
10D i 5 PR 5200 22 573 0 3 o GM256 1) SOD fiff i 14
% (188.51 U-g ' -min™) , 3 i 3% 1w T HoAth il £
4 (p <0.05) s M26.MO 1] SOD B 14 45 i 5 43 3
N 133.96.138.95 U - g min', (HH & % F AL &
(p>0.05) ; SH40.SH38.Y-1.GM256 ] SOD ity i P
W2 43 94 68.88.51.66.72.72.69.07 U -min™ - g,
B4 2 18] 22 5 AN 8.2 (p > 0.05) s B ) SOD ik
AR (36.91 U-g'-min™) , I 5 Z K T HoAth il A 4L
4 (p < 0.05) . T337 1] POD M i 4 5 =1 (201.40
U-g' min"), I8 2 m T HALGE A 5 (p < 0.05)
M26.M9.Y-1 [f] POD Ff§ iif V£ 5 =1, 43 3 4 114.78
116.66.111.10 U- g -min™, {H =3 2 [ Z A . 3%

(p>0.05);SH40.SH38.Y-1 [ POD fig it X 2 , 43
N 63.97.52.82.71.05 U g min"', {H =3 2 8] &
AN ZE (p>0.05) ; B9 (] POD i 1 F 1% (42.53
U-g' min"), JF B FLT HALRFELA S (p < 0.05) .
T337 f] PPO Fifg 3% M £¢ =1 (840.00 U - g' - min™) , £ &
ZE T HAL R A A (p < 0.05) ; M26.M9. Y-1
PPO [ v 1 % = » 43 51 N 661.60 763.33 650.00
U-g" min"; SH40.SH38 1) PPO B 4 Ik 2, 73 54
505.07.428.27 U-g"' - min'; B9 ff] PPO g i 14 £ A%
(396.93 U-g' min'"), JF i F AL T H Al FR4H &
(p <0.05) . #hiFE4 4 1) 10D B3 P 2% 7 B 2% .
M9.T337 I¥] 10D Fig 35 1 2 & 43 1) 9 519.33.502.31
U-g' min', 2 3E m T HARE A S (p <0.05);
M26 [ 10D B 14 55 = » Y-1.GM256 [ 10D F i 14
J& H, SHA0 . SH38 ) TOD i35 14 1k 2, BY f TOD [
EMERAK(199.43 U- g min'") , 3 & FK T H ARG
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Table 4 Antioxidant enzyme activity of different dwarfing intermediate anvil on the leaves of ‘Nagano Fuji No.2’ apple
L SOD & 14 POD iifi PPO it 10D it
Scig;;-roc(l)tstock combination SOD activity/ POD activity/ PPO activity/ 10D activity/
(U-g" min™) (U-g' min”) (U-g' min”) (U-g" min")
K& 25 /SHA0/ )\ Bty 3 68.88+1.99 cd 63.97+1.08 ¢ 505.07+25.38 d 230.73+5.34 d

Nagano Fuji No.2/SH40/Malus robusta Rehd.
K& 25/M26/ )\ B i 5

Nagano Fuji No.2/M26/Malus robusta Rehd.
K& 2 5/SH38/ )\ i it 5

Nagano Fuji No.2/SH38/Malus robusta Rehd.

133.96+£3.05b

51.66+1.90 de

K& 2 5/BY/ )\ Mo 36.91+1.41 e
Nagano Fuji No.2/B9/Malus robusta Rehd.
K& 25/M/ )\ siiH: 138.95+2.80 b

Nagano Fuji No.2/M9/Malus robusta Rehd.

K& 25/T337/ )\ bsiti %
Nagano Fuji No.2/T337/ Malus robusta Rehd.

188.51+3.86 a

114.78+1.85b

52.82+2.83 cd

42.53+3.57 ¢

116.66+1.38 b

201.40+4.87 a

661.60+17.05 ¢

428.27+10.48 de

396.93+£21.04 ¢

763.33£18.99 b

840.00+13.11 a

478.09+4.92 b

225.23+7.54 d

199.43+5.41 ¢

502.31+7.14 a

519.33+£9.09 a

KE25 /Y-1/)\ B3 72.7243.20 ¢ 111.10+2.13 b 650.00+16.88 ¢ 428.80+4.86 ¢
Nagano Fuji No.2/Y-1/Malus robusta Rehd.

KB 25 /GM256/ )\ s it 5 69.07+0.76 cd 71.05+2.88 ¢ 543.60+11.80 d 425.63+2.25¢
Nagano Fuji No.2/GM256/Malus robusta Rehd.

AR 5 ZH Coefficient of variation/% 55.22 50.98 26.30 35.83

A (p<0.05. 28 FRrid, S ahfE41 &/ SOD.
POD. PPO #1 IOD ¥ 14 H K 2| /MK Ik 351 28 T337.
M9.M26.Y-1.GM256-SH40.SH38.B9. % fili f 41
41 SOD. POD. PPO A1 TOD i iif 14 () 48 53 2 4%
12N 55.22%-50.98%+26.30%H135.83%
24 AREFEAFEBN KE2S ERRIINMA
[REI S
2 ST LUE H, & hl B2 A 1 e 2R o & 22
&

(=N
1=
3, T337.M26 H R R =it 250 g, & & T

£5 TRELHPEEN KE2S’

HAth ik BEZH A (p < 0.05) ; SH40. SH38 . GM256 1] HL
B R, N 220~230 g3 BYL Y- ) B IR R R A
K, 7E210 g /2 45, B EFML T HALR B A (p <
0.05). T337.M9 (1) 5 S B ik 21 e K AR (H P # 22
FAEZE (p>0.05, 7724 11.60,11.00 kg - cm?,
SH40.M26~ SH38 [1J 5L S g & /K 2, 24 10.20~10.47
kg - cm?; B9, Y-1.GM256 [ 5 S /& 24 9.20~9.33
kg-cm?, H B FEL T HAR A G (p <0.05) . KAk
AR 3 E 7 B3, T337 M R ECN

FERRIIU mREIFN

Table 5 Effect of different dwarfing intermediate anvil on fruit quality of ‘Nagano Fuji No.2" apple

N R i & FIARHL w(iEVEREEYD)  w(T i EIR)
iy R . . ) . . ) -
. L Single fruit Firmness/ Fruit shape Soluble solids Titratable acidity
Scion-rootstock combination > .
mass/g (kg-cm?) index content/% content/%
K5 2 5/SH40/ )\ N5 i3 224.83+0.32 d 10.47+0.15 be 0.80+0.0115¢  14.30+0.25 ¢ 0.32+0.011 d
Nagano Fuji No.2/SH40/Malus robusta Rehd.
K& 25 /M26/)\ B3 243.60+1.79 ¢ 10.23+0.12 ¢ 0.86+0.0058 b 15.43+0.24 bc 0.33+0.003 cd
Nagano Fuji No.2/M26/Malus robusta Rehd.
K5 2 5/SH38/ )\ i3 219.00+3.47 d 10.20+0.06 ¢ 0.75+0.0088 d  14.53+0.15 de 0.41+ 0.000 a
Nagano Fuji No.2/SH38/Malus robusta Rehd.
K& 25/BY/ )\ Bty 5 203.90+1.63 ¢ 9.33+0.09 d 0.82+0.0120c  15.27+0.22 cd 0.36+0.011 b
Nagano Fuji No.2/B9/Malus robusta Rehd.
KE 2 5/M9/ )\ it 254.77+2.06 b 11.00£0.42 ab 0.86+0.0115b  16.17+0.58 ab 0.32+0.000 d
Nagano Fuji No.2/M9/Malus robusta Rehd.
K 2 5/T337/ )\ ks it 263.50+1.11 a 11.60£0.12 a 0.93£0.0058 a  16.67+0.09 a 0.29+0.003 ¢
Nagano Fuji No.2/T337/Malus robusta Rehd.
K® 25 /Y-1/)\ ks it 5 209.10+3.24 ¢ 9.20+0.35d 0.81+0.0033 ¢ 14.30+0.12 ¢ 0.37+0.008 b
Nagano Fuji No.2/Y-1/Malus robusta Rehd.
K& 2 '5/GM256/)\ B it 5 218.23+5.04 d 9.37+0.32d 0.88+0.0058 b 15.17+0.09 cd 0.35+0.005 be
Nagano Fuji No.2/GM256/Malus robusta Rehd.
45 5 24 Coefficient of variation/% 13.74 8.40 6.61 5.67 10.77




