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Effects of fruit load on growth, development and fruit quality of Fuji ap-

ple on dwarfing rootstock

LIU Li, SHI Caiyun®, WEI Zhifeng, XU Yuxi, LI Qiuli, GAO Dengtao”
(Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences, Zhengzhou 450009, Henan, China)

Abstract: [Objective] The effects of different load levels on the branch composition, relative content
of chlorophyll (SPAD), leaf area, net photosynthetic rate, fruit quality and yield of Fuji trees on
MOIT337 dwarfing rootstock with tall-spindle system were studied to determine the appropriate load lev-
el, so as to provide reference for reasonable load in production. [Methods]The materials were 5-year-
old Fuji trees on M9T337 dwarfing rootstock. Six load-level treatments ( I : 2 fruits retained per square
centimeter of trunk cross-sectional area (TCSA); I : 3 fruits retained per square centimeter of TCSA; III:
4 fruits retained per square centimeter of TCSA; IV:5 fruits retained per square centimeter of TCSA; V:
6 fruits retained per square centimeter of TCSA; VI: 7 fruits retained per square centimeter of TCSA)
were designed in this experiment. The tree canopy was divided into three heights: lower (less than 1.0
m from the ground), middle (1.0-2.0 m from the ground) and upper (more than 2.0 m from the ground).
The experiment was carried out after physiological fruit drop, and the load was determined by the trunk
cross- sectional area. The trees with different loads were managed as usual. The development of the

trees, the number of different types of branches [Long shoots (= 60 cm, > 30-60 cm), middle shoots
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(>5-15 cm, >15-30 cm), spur shoots (<5 cm)], SPAD, leaf area, net photosynthetic rate, fruit quality
and yield were investigated. Excel was used to sort out the obtained data, and SPSS 22.0 was used for
analysis of variance. [Results]With the increase of fruit load, the change trend of the number of long
shoots (> 60 cm, > 30-60 cm), middle shoots (> 5-15cm, > 15-30 c¢m) and spur shoots (<5 cm)
and total branches of 5-year-old Fuji trees on M9T337 dwarfing rootstock were not obvious. In this
study, it was found that the 5-year-old Fuji on M9T337 dwarfing rootstock with tall-spindle system had
128 branches per tree, the total branches were 3.03x10° per hm®, and the yield was 6.27x10* kg - hm™.
When the load was 2 fruits retained per square centimeter of TCSA, SPAD was 56.28 and the net photo-
synthetic rate was 15.50 umol - m™-s'; when the load was 5 fruits retained per square centimeter of TC-
SA, SPAD was 59.35, and the net photosynthetic rate of leaves was 17.28 umol - m™-s’'; when the load
was 7 fruits retained per square centimeter of TCSA, SPAD was 56.77, and the net photosynthetic rate
of leaves was 16.45 umol - m™-s"'. The photosynthetic rate and SPAD of leaves first increased and then
decreased with the increase of fruit load. There was a negative correlation between leaf area and fruit
load. When the load was 2 fruits retained per square centimeter of TCSA, the leaf area was 34.92 cm’;
When the load was 7 fruits retained per square centimeter of TCSA, the leaf area was 15.12 ¢cm®. The
photosynthetic rate, SPAD and leaf area of the same load in different heights of the canopy had no obvi-
ous change, indicating that the tall-spindle system had no effect on the photosynthetic rate, SPAD and
leaf area. There was a negative correlation between fruit load and single fruit weight. With the increase
of load, fruit shape index, soluble solids and L basically showed a downward trend, a and b first in-
creased and then decreased, and fruit quality decreased, but had no effect on vitamin C content, titrat-
able acid and fruit hardness. At the same load, the fruit shape index, hardness, soluble solids, titratable
acid and vitamic C content in the upper height of the canopy were higher than those in the middle and
lower heights, but there was no obvious difference between the middle and lower heights. In addition to
the relationship with canopy, bagging also affected fruit quality and color setting. Bagging promoted
coloring but significantly reduced fruit quality. The membership function method was used for compre-
hensive analysis. The membership function values of each index of different loads were [V>III>11> I >
V>VI in a descending order. When the load of 5-year-old Fuji on M9T337 dwarfing rootstock with tall-
spindle system was 5 fruits retained per square centimeter of TCSA, the fruit yield, quality, color differ-
ence value, leaf net photosynthesis, SPAD, leaf area and other comprehensive indexes ranked the best.
[ Conclusion]The suitable loading level of Fuji on M9T337 dwarfing self rootstock with tall spindle sys-
tem was 5 fruits retained per square centimeter of trunk cross-sectional area. The yield was 6.27x10* kg
hm?, and the total branches amount was 3.03x10° per hm®. The ranking of leaf area index, fruit shape in-
dex and yield was the highest by using the membership function method.
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Table 1 The effects of different load on tree structure and composition proportion of branch of Fuji apple

N . GERNHBOE ARBKEE S RBURLE SRR Kt T I
L}E 2 q:'fJ_ . . . ) %ﬂﬁﬁi
v . Number of fruit Fruit branch ~ Fruit branch ~ Total Loog Medium
Treat- ioh diameter/ h h h h Spur shoots/
ment Height/m em branch groups groups groups branches/ shoots/ shoots/ (x10°No. - hm®)
per plant length/m diameter/cm  (x10°No.-hm?) (x10°No.-hm?®) (x10°No.-hm®) ’

I 3.6740.29 a 5.23+0.81a 29.3343.06a  0.86+0.15a 1.57+0.13 ab  2.82+0.22 a 1.33+0.05 a 0.44+0.03 a 1.04+0.14 b
I 3.5740.06 a 5.67+0.76 a 27.00+3.61a  0.87+0.05 a 1.75+0.32a  3.21+0.51 a 1.41+0.20 a 0.63+0.14 a 1.16+0.20 b
11 3.53+0.06 a 4.47+0.61a 28.33+3.79a  0.76+0.07 a 1.37+0.08 b 2.80+0.32 a 1.07+0.20 a 0.80+0.17 a 0.93+0.05 b
v 3.77£0.25a 5.23+0.66 a 25.3349.07a  0.78+0.06 a 1.50+0.06 ab 3.03+0.63 a 1.16+0.20 a 0.62+0.18 a 1.24+0.28 ab
\ 3.5740.06 a 4.57+0.72a 27.00+7.00a  0.80+0.07 a 1.40+0.08 b  2.85+0.88 a 1.03+0.22 a 0.56+0.24 a 1.26+0.42 ab
VI 3.60+0.10a 4.97+0.74a 26.00+1.73a  0.80+0.05 a 1.45+0.08b  4.04+0.21 a 1.19+0.41 a 0.74+0.11 a 2.12+0.37 a

T FFIAE NG FRRIRERRE (p<0.05). .

Note: Different small letters in the same column indicate significant difference at p < 0.05. The same below.
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Table 2 The effects of different load on leaf growth in
different canopy heights of Fuji apple

L ) gk v g W ZAR X 5 TR
FF L o Canopy height/m  Treatment = SPAD Leaf area/cm’
223 RRARBENEEERTRAAETHAKR  >20m I 55.451.95 b 35.5742.55a
w %/4 ) EE i‘% 2 m’égn s *Xj'fﬁj:}% E{] []+)£r []+ gi'-jf%j:axﬂ- I 57.71+0.50 ab 29.48+4.95b
il 59.39+0.75 a 30.44+2.91 b
A : ;= 11 WD B Rk
4 (SPAD) B SRR IO I s o> W e
tE AR R AR S AR 2 TR AR AN A v 57.75+0.45 ab 23.40+1.44 b
F— e J2 TS B 5 800 0 20 Ve ssseaarh 23
_ — v = 1.0~2.0 m I 57.34+0.98 ab 35.974+2.52 a
FEVIAE R — 6 E B A AR N &/ s [Jl— & 11 56.55+1.13 b 29.70+2.38 b
— = > Y 59.70+0.76 30.38+3.31b
i AR AR N CIFTA =3 151/ WS/ K & e LA = ‘
. P o \4 57.96+2.05 ab 28.19+£2.56 b
I VIAh, AR 6 2 R i F i 8 3 A0 3 B 2 v VI 57.35+0.48 ab 25.75£2.01 b
EE, EEMTEMMAR. WHARREZESH A <10m I 56.06+1.13 b 332144922
I 55.83+1.01 b 31.38+3.01 ab
M4 oL HEZ AN K,
FEREATR R T TR IRAS R [l 58.14+0.94 ab 28.84+2.26 ab
— Ay = | = = AY 4 —
23 AEBHEMNELERM FASETHFIE v 59.5140.47 a 30.30+1.78 ab
231 RRAEEAEEFE R A ALY v ST13208ab  28.111.043b
N N . . N VI 57.47+1.85 ab 26.29+2.25b
s R FTLLAE L, @06 s A A 58
#3 FRKBEWNELTERM FASEIRIEIG
Table 3 The effect of different load on photosynthetic characteristics of Fuji apple
bR LG HEE P Ja 6] CO S C/ SALFEGY AW ZET/ IK 5 FIH % WUE/
Treatment (umol -m?-s™) (umol -mol™) (mmol-m*-s™") (mmol-m*-s™) (umol -mmol™)
I 15.50+0.31 ¢ 296.55+0.82 a 376.94+£32.85b 5.89+0.37 be 2.74+0.10 a
Il 15.88+0.64 be 292.33+6.06 a 381.66+£36.95 b 5.49+0.49 ¢ 2.81+0.11 a
il 16.96+0.23 ab 283.82+4.55a 513.81£19.61 a 6.99+0.17 a 2.35+£0.03 b
v 17.28+0.40 a 281.63+4.19 a 541.85+49.44 a 6.93+0.43 a 2.474+0.21 ab
\% 17.15+0.38 ab 283.44+5.13 a 498.96+21.89 a 7.13+0.69 a 2.30+0.05 b
VI 16.45+0.39 abc 287.37£2.07 a 472.80+18.78 ab 6.55+0.03 ab 2.5140.06 ab
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Table 4 Effects of different loads on Photosynthetic indexes of leaves in different canopy heights of Fuji apple
= pisa L EH A P/ HflE] COIREE C/ AL EGY R T/ K3 FI 2
= Treatment  (pmol-m”-s™) (pmol-mol™ (mmol-m*-s™) (mmol-m*-s™") WUE/(umol - mmol™)
>2.0m 1 14.94+0.55 a 298.11+£26.67 a 327.11+17.29 abc 5.23+0.13 be 2.92+0.19 a
11 17.16£1.18 a 280.33£11.72 a 455.44455.41 abc 6.36+0.32 abc 2.68+0.19 ab
il 17.30+1.49 a 275.89+£2.53 a 497.22430.50 ab 7.13+0.21 a 2.40+0.15 ¢
Y 16.78+0.89 a 289.44+11.88 a 443.22+19.21 abc 6.07+0.35 abc 2.89+0.29 ab
Vv 17.91£0.37 a 272.3342.52 a 524.89+25.15 a 7.26+0.62 a 2.224+0.21 ¢
VI 17.20+0.87 a 277.78+5.58 a 490.51420.33 ab 6.52+0.90 ab 2.60+0.19 ab
1.0~2.0 m I 15.56£1.19 a 296.22+5.10 a 364.78+44.35b 5.92+0.82 be 2.69+0.88 a
I 15.18+£0.76 a 299.78+10.61 a 348.33+£7.84 b 547+042 a 3.03+0.09 a
il 16.51£1.21 a 291.67+5.67 ab 491.334+42.21 a 6.66+0.83 abc 2.32+0.27 a
v 16.98+0.49 a 275.11£10.03 b 585.114+48.15 a 7.39+0.37 a 2.29+0.20 a
A\ 16.69+1.16 a 290.56+14.00 ab 516.56+24.93 a 7.03+0.67 ab 2.27+0.34 a
VI 15.87+0.83 a 295.33+3.71 a 477.44+30.82 a 6.61+0.85 be 2.40+0.18 a
<1.0m I 16.01£0.24 ab 295.33+£11.29 a 438.94+66.37 ¢ 6.52+0.45 ab 2.60+0.19 ab
II 15.31+0.83 b 296.89+7.07 a 341.22+56.79 ¢ 4.65+0.78 ¢ 2.71+£0.19 a
il 17.07+0.96 ab 283.89+13.38 a 552.89+46.55 ab 7.18+0.67 ab 2.33+0.31 a
v 18.08+0.40 a 280.33+11.72 a 597.22+51.17 a 7.33+0.39 a 2.23+0.28 a
v 16.84+0.71 ab 287.44+10.87 a 455.44+55.41 abe 7.09+0.81 ab 2.40+0.09 a
VI 16.28+0.70 ab 289.00+15.21 a 450.44+38.30 be 6.52+0.90 ab 2.54+0.28 a
*5 TRAHENELERRIMRINEEERZM
Table 5 The effects of different load on fruit quality and color values of Fuji apple
wm pREE Rem omg COUEE WOTE ey WORERO
Treat- Fruit Fruit shape  Hardness/ B E_M) Sugar- Viatamen C a b
ment weight/g index (kg-cm™) Sol.uble Tlfre?table acid ratio content/ )
solids/% acidity/% (mg-100 g"

I 276.37+13.23 a 0.92+0.01a 5.64+0.49a 13.99+0.51a 0.23+0.01 a 57.69+2.06 b 2.27+0.37a 47.06+1.63 a 31.25+2.98 a 12.06+0.37 a

I 273.14+8.57 a

0.91+0.01a 5.62+0.49a 14.08+0.53 a 0.25+0.01 a 56.63+3.00b 2.78+0.82a 46.07+1.70a 31.75+3.00a 12.28+0.22 a

il 245.89+6.68 b  0.89+0.02 ab 5.82+0.34a 13.36+0.80a 0.22+0.02a 65.55+2.25a 2.38+0.95a 45.76+1.58 a 32.69+3.09 a 12.58+0.54 a
v 244.31+10.00 b 0.87+0.03 ab 5.88+0.26a 14.01+0.22 a 0.23+0.01 a 61.70+1.38 ab 2.46+0.30 a 44.78+2.76 a 32.90+4.18 a 12.62+0.21 a
A 223.93+0.83b 0.87+0.01 ab 5.56+0.48 a 12.72+0.37 a 0.22+0.01 a 58.97+2.27 ab 1.90+0.44 a 44.25+3.06 a 31.73£3.85a 11.44+0.72a
VI 221.49£2.50b 0.85+£0.00b 5.59+0.39a 12.48+0.32a 0.22+0.02a 56.72+1.89b 1.91+0.51a 43.28+2.90a 31.36+3.28 a 12.00+0.47 a

[ >VI> 11 sa B 5856 138 0 2 9050 38 0 5 98
AR, b5 R AR AN B .
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B (R . £ EEMAPE, A8 T R iRy
K, 20 0 299.13.276.67 g, 4b H VI A 8 5L i &
BN, 43 0N 216.60.224.87 go £ )2, 4B 1T
) BA B B K, 9 290.27 g, AR FR IV A B0 5L R A
IN,N222.47 g fE EEFI R A0 T B SR IR FE 3k
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Table 6 The effects of different load on fruit quality and color values in different canopy heights of Fuji apple
5 e L Ab L ESIZ T iz wCATEHEREEYD  wCREE R
Canopy height/m  Treatment Fruit weight/g Fruit shape index Hardness/(kg-cm™)  Soluble solids/% Titratable acidity/%
>20m I 299.13+41.99 a 0.93+0.02 a 6.61+0.02 a 15.00+0.66 a 0.25+0.02 a
I 264.67+17.76 ab 0.92+0.03 a 6.59+0.55 a 14.42+0.60 a 0.26+0.03 a
I 257.73+28.65 abc 0.84+0.03 b 6.48+0.45 a 14.87+0.61 a 0.25+0.02 a
v 224.53+14.71 be 0.92+0.01 a 6.37+0.38 a 14.92+0.28 a 0.24+0.02 b
\4 224.00£15.59 be 0.85+0.03 b 6.52+0.42 a 13.40£0.26 b 0.24+0.02 b
VI 216.60£12.26 ¢ 0.85+0.01 b 6.35+0.60 a 12.97£0.95 b 0.25+0.00 a
1.0~2.0 m I 276.67+10.78 a 0.90+0.02 a 5.10£0.25 b 14.07£0.15 a 0.22+0.02 a
II 264.47+£9.25 a 0.89+0.01 ab 5.2240.15b 13.93+0.64 ab 0.23+£0.02 a
il 245.33+6.20 ab 0.92+0.02 a 5.58+0.20 ab 14.00£1.22 a 0.20£0.01 b
v 256.80+21.11 ab 0.87+0.01 be 5.78+0.54 a 12.97+1.10 a 0.22+£0.01 a
\4 225.33+21.10 b 0.89+0.03 ab 5.16£0.26 b 12.63+0.42 a 0.20£0.02 b
VI 224.87+32.15b 0.84+0.01 ¢ 5.3240.02 ab 12.60+0.40 a 0.20+0.03 b
<1.0m I 253.30+20.16 b 0.93+0.15 a 5.20+0.45 a 13.17+0.51 ab 0.22+0.06 ab
II 290.27+20.61 a 0.93+0.00 a 5.06£0.14 a 13.67+0.61 a 0.25+0.01 a
il 251.60+£7.85 b 0.90+0.03 ab 5.39+0.36 a 13.10+0.61 ab 0.21+0.03 b
v 222.47422.54 b 0.82+0.06 ¢ 5.50+0.12 a 12.20+0.82 be 0.23+0.04 a
\4 234.60+7.32 b 0.88+0.03 abc 5.01+£0.27 a 12.13£0.15 be 0.21+0.02 b
VI 223.00+£32.33 b 0.85+0.03 be 5.10£0.46 a 11.87+0.46 ¢ 0.20+0.03 b
R it ERl  w@ERO L . )
Canopy height/m  Treatment Sugar-acid ratio Viatamen C/(mg-100g™")
>2.0m I 60.80+1.01 a 2.98+0.27 ab 43.81£3.02 a 25.35+0.68 a 12.03+0.67 ab
II 54.67+2.69 a 436+0.43 a 42.93+£1.86 a 25.87+1.39a 11.96+1.77 ab
il 58.83+2.81 a 4.28+0.88 ab 42.64+2.21 ab 26.50+2.43 a 12.82+1.27a
v 62.35£2.42 a 2.77+0.58 b 39.29+1.83 be 24.60+0.85 a 12.41£1.46a
\4 55.83+0.64 a 2.78+0.68 b 38.13£1.16 ¢ 24.12+0.40 a 10.01+0.87b
VI 52.49+537 a 2.94+0.20 ab 37.74+0.44 ¢ 24.84+1.30 a 11.40+£0.69ab
1.0~2.0 m I 63.39£3.83 a 1.97+0.64 be 48.50+1.14 a 34.92+1.06 b 12.72+0.93 a
II 62.87+3.25a 2.40+0.31 ab 46.53+1.78 ab 35.76+0.78 ab 12.18+1.38 a
il 70.3242.24 a 1.46+0.16 ¢ 46.84+2.58 ab 35.89+1.32 ab 11.54+0.49 a
v 59.23+7.39 a 2.74+0.27 a 46.96+0.71 ab 37.88+1.77 a 12.41+1.21a
\4 63.55+3.93 a 1.5540.11 ¢ 47.21+1.18 ab 36.60+0.70 ab 12.17+0.64 a
VI 63.76+6.68 a 1.44+0.12 ¢ 44.57+2.33 b 35.14+1.35b 11.67+1.17 a
<1.0m I 61.08+3.83 a 1.84+0.64 a 48.88+2.32 a 33.48+1.12a 11.444+0.77 a
11 54.75+2.23 a 1.59+0.22 a 48.76+0.47 a 33.62+0.26 a 12.70£1.94 a
il 63.47+2.04 a 1.40+0.04 a 47.80+£1.47 a 35.67+1.21 a 13.37£1.35a
v 52.80+4.05 a 1.86+0.62 a 48.08+0.81 a 36.22+0.66 a 13.03£1.39a
\ 58.39+4.24 a 1.36+0.15a 47.42+3.11 a 34.47+0.84 a 12.15+0.12 a
VI 61.90£7.22 a 1.36+0.39 a 47.52+0.67 a 34.11£3.08 a 12.94+0.70 a
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Table 7 The effects of different load on fruit yield of Fuji apple
Ab s [EE S B e Yield/ posil RS oL F= i Yield/
Treatment Fruit number/per plant Single fruit weight/g (x10'kg-hm™) || Treatment Fruit number/per plant Single fruit weight/g (x10*kg-hm™)
[ 44.00£13.75 ¢ 276.37+13.23 a 2.88+0.52 ¢ v 108.0+26.58 ab 244.31+£10.00 b 6.27+0.89 ab
I 76.67+21.08 be 273.14+8.57 a 4.96+0.79 abc A 100.0+32.66 ab 223.93+0.83 b 5.32+1.00 abc
il 63.00+16.70 be 245.894+6.68 b 3.67+0.56 be VI 138.0+41.62 a 221.4942.50 b 7.24£1.26 a
®8 BIERTEAHEBEEFHRERYE
Table 8 The membership function of each index in different treatment of Fuji apple
53 J& PR £5{H Membership function ]
e TS A
WHE ol MakE A BR %;( PRI T WL 4% C JEm s A
Treat- &3 AHXF WA BE R Fjuit WiE RWE R ERE E Sugar- S ; A Average Compre-
ment X & Leaf Fruit Yield h Hardness Soluble  Titratable acid Vitamen membership hensive
P, SPAD area weight s jpe solids acidity ratio  content function ranking
maex
I 0.00 0.00 1.00 1.00 0.00 1.00 0.16 1.00 0.56 0.85 0.41 1.00 0.00 0.53 0.536 4
I 0.21 0.36 0.55 094 048 091 0.11 0.95 0.00 0.24 1.00 0.74 030 0.71 0.537 3
il 0.82 0.49 046 047 0.18 032 0.77 0.94 1.00 0.98 0.54 0.66 0.87 097 0.677 2
v 1.00 1.00 042 044 077 0.55 1.00 0.55 0.56 1.00 0.63 040 1.15 1.00 0.747 1
\4 0.93 041 0.15 0.04 056 036 0.82 0.15 1.00 0.00 0.00 0.26 029 0.00 0.355 5
VI 0.61 0.14 0.00  0.00 1.00 0.00 0.00 0.00 1.00 0.40 0.00 0.00 0.07 048 0.264 6
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