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Impacts of crop load on fruit growth and quality for top grafted Ruixi-
anghong apple
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('College of Horticulture, Northwest Agricultural & Forestry University, Yangling 712100, Shaanxi, China; *Apple Engineering and Tech-
nology Research Center of Shaanxi Province, Yangling 712100, Shaanxi, China)

Abstract: [Objective] Crop load is one of the important indicators of orchard productivity. It is of great
significance to study the suitable crop load for new varieties after top grafting. In this experiment, the ef-
fects of different crop load levels on fruit growth, fruit quality and economic benefits of Ruixianghong
apple trees were studied to determine the appropriate crop load in production. [Methods] The materials
were apple variety Ruixianghong trees top grafted 5 years before onto M26 dwarfing interstock Qinfu 1
trees planted in 2007 (11 years old when top grafting). Crop loads were adjusted to 1.3 (T3), 2.0 (T2),
3.0 (T1), and 4.3 fruit-cm™ of trunk cross-sectional area (TCSA), with the highest crop load as the con-
trol check (Control: 4.3 fruit-cm™ TCSA). From late May to fruit harvest, the maximum longitudinal di-
ameter and the maximum transverse diameter of the fruit were measured regularly. Fruit weight, hard-
ness, soluble solids, titratable acid and color parameters L, a, b, total aroma volatile compounds, and the
relative content of each component were measured at harvest. The impact of crop load on economic re-
turn was analyzed. [Results] With the decrease in crop load, the growth rate of fruit longitudinal diame-
ter and transverse diameter showed a decreasing trend, and the growth rate was in a pattern of T3>T2>
T1>control. At 192 days after flowering, the fruit transverse diameter of T1, T2 and T3 increased by
8.2%, 12.7% and 17.2% respectively, and the fruit longitudinal diameter increased by 6.9%, 11.3% and

15.8% respectively compared with control. Crop load had no significant effect on fruit brightness, back-
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ground color, growth pattern of longitudinal and transverse diameters, fruit shape index and its change
pattern. The higher the crop load, the lower the average single fruit weight. Compared with control, the
single fruit weight of T1, T2 and T3 increased significantly by 28.0%, 37.2% and 58.5%, respectively.
When the crop load was reduced to T2 and T3 levels, the color value showed a significant difference. At
T3 level, the fruit hardness decreased significantly and the soluble solids content increased significantly.
The contents of fructose and glucose in T2 and T3 increased significantly compared with control, and
were not significantly different from T1. The sucrose content decreased with the decrease in crop load.
Compared with control, the sucrose content in fruit of T1, T2 and T3 decreased significantly, and the ti-
tratable acid content had no significant difference. Under the condition of low crop load, the total con-
tent of aroma substances in Ruixianghong fruit could be increased, and the total aroma substance con-
tent was in an order of T3>T2>T1>control. The fruit aroma substances under T2 and T3 showed sig-
nificant improvement. The content of esters in fruit under all treatments exceeded 60%. The contents of
esters and aldehydes under T1, T2 and T3 increased to various degrees compared with control, but the
difference between T1, T2 and control was not significant. When the crop load decreased to T3 level, es-
ters and aldehydes increased significantly. Under different crop loads, was not significantly different,
which indicated that alcohol was not easily affected by crop load. Some other kinds of aroma substanc-
es were also affected by the crop load. Under T2 and T3, these aroma substances showed a significant
increase compared with control, although the difference between T1 and control was not significant.
The proportion of fruit with a transverse diameter smaller than 70 mm in control was as high as 53%,
and that between 65 and 70 mm and between 70 and 75 mm was 34% and 40%, respectively. Under T1,
T2 and T3, fruit above 70 mm accounted for 86%, 96% and 95%, respectively, and fruit larger than 85
mm could only been found in T2 and T3. Under T1 treatment, fruit between 70 and 75 mm and between
75 and 80 mm accounted for 36% and 44%, respectively, while in T2, fruit diameter fell mainly in a
range of 75-80 mm, accounting for 55%. Under T3, fruit of 75-80 mm and 80-85 mm accounted for
31% and 37%, respectively. The percentage of big fruit increased significantly with the decrease of crop
load. Compared with control, there was no significant difference in yield under T1; the proportion of
large fruit was higher; and the estimated economic benefit was the highest. Although the yield under T2
decreased significantly, the proportion of large fruit was high, and there was no significant difference in
estimated economic benefits. The proportion of large fruit under T3 was very high. However, due to the
low yield, its economic benefits were not high enough. [Conclusion] Although the fruit growth rate can
be higher and the fruit quality better under lower crop load, yield and economic benefit may be lower.
Increasing the crop load can increase the yield, but it may reduce the fruit quality. Based our results, the
optimal crop load for 5-year-old top grafted Ruixianghong apple tree is 3.0 fruit-cm” TCSA.

Key words: Malus domestica Borkh.; Crop load; Fruit quality; Fruit size; Economic efficiency

SEH (Malus domestica Borkh.) j& 5 5L ) 28 5 B
Ao PR tH FEE — RS R A [ SE R A 2
RE 2 MR M EER e —. Bl RESE
RERMBIUE LRI E, JCHAR KR, &
5 N FHAE S5 22 S PR O T i e g A
(RS TEIe reedge a SRAR ot M B ST 1) — i 7
T SR B Rk Ak BRIk RS S 2 o SR AR
IS N . SRR E A, AR S 1A

FRRS , X RETRIE G TR , BRI ™= &, $2 i 40
LU FRSMImELRLURE | 5N
AR LA AR IR A B MR, T 2022 i@
BBl MR it P o 23 D 2 /0, 2 — ML IR A
S0 ESE Y, IE AR B A TR R R
PR BB, A AR 3 R A o (1 i 8 o 2 — o

f a2 R AR M E B e bR 2 —, A X
R A AR P R SE R SO B W RN



1148 3 L)

S 4

H40%:

VA B T A #8 1H] AX (trunk cross-sectional area, TCSA)
VEVBUR b R bk W R AR LBV . O
AR FTR I, SR AR A T S SRR BB TR
T 52 i SR S PR A K 8 v 97 8 i B AR R I 4
(3SR B, (E R PRI SR/ 5 RS i oL, 5
SRS b A el BRI AR ROR , 3G R AR £ R IR
SN, RN B A AL IR 7 32 AR AR AR IR,
55 SR AR ) B ST it BT 1) 22 S U O AR M VA T T A
7 A T SR S A KR it B FR) 52 M0 7 T 1 A A A R
Lo EFR, H T RBAIE BRI B 5 3
FH 5 58387 o Bl B A7 8 I 7 2 SRR TR AL O
IF) 170 ey e M Dy el S0 5 A R B T
X, BRI RE D . Bk, ZE Wi 7 i s
X 3 BT b A B 7 2L e R P SRS A G R S B
SO, o3BT AN R Rk R PR AR R R A O S ER
G AR Y N PN R k7 S o U T

1 ARSIk

1.1 #H

RIET 2021 4£3 H 22022 44 AER G4 IH
T K EAT B P G AR MRRH K 2 F1 7K 3E SRae
(109.552° E,35.206° N) AT , #4829 m, 2021 4=
R BRIKE 678.2 mm, BFK ZHEHE8—10 H , 41
BITER 19 °C, S P IMRIE 8 °Co WX BN
54 I Bl A 213 SRR, R P N R ¢ 2 R SR
FOR, @712 TS 71, B it 2 7E
2017 S, % 2007 4K F M26 &AL o 1) il 3% 4
MIZRE 15 3 M, BEHTH 80 cm 4D £ T-RE# HE K
PE MR AS , 356 B 3 AR ity 7 4137 3Bl , 1 AR 70 em /2
R, H AT 2R 50 om A2 AT BEAN L K 3 MR R R
B A B G BE BIRG R L, SR 5 I 1) AR e
SERE RV BOH I VAR b, B S AR RS IR T
110 cem £ A H iR . FIX AL S &L
VR AR HAH B A2y, ¥R 5 2 m, 706 4 m, £ 666.7 m®
FRAE 85 MRB L 47 PN 7 55 SR A, R B E— R4k
T HE R G AT HEIE S B AT, AT A) SR AR FE R L 30~
40 cm = FEI X E o
1.2 It

IS T 2021 4F 3 H AR AR S — E KR O
15 cm Ab8 FJiEAR 5 RAE SGEEAT 2 IR ELAR I &, 0 =
SRy He N A5 B, R MR AT H A X S=
3.14%0.25x A% B 1AL v 50 HA B4R 3 T 1R A 48 T AR

4 H EA), SRR BOE IR S AR TR T AR
75 B P AT 8 5 — B0 B A 21 SRR il e
PRL, FERRAE A AR B A RS B a2 T, PR AR 7
0 H AL R A E N 4.6 4> cecm? TCSA FEAE R
X T4 AR TR 28 S R IRORE, X T1.T2. T3
P e v B I B BB K P AT N LB BR AR T AL
AR RAE T 4 H o T A, RO e b i, &
AT RARER 1A O3, B R T AR 1 A A e
MG, e S BR ) 51 #E N T1:3.0 P +ocm” TCSA;
T2:2.0 7 +cm?TCSA;T3:1.3 4~ +cm™? TCSA; Xf & .
4.3 +cm” TCSA. 1RI W R I SR EE 1 It , FRLpk
N3 IREE, S 12 BRI, B b AT
H, 10 A FA) B S s 48— HEAT KA . 2022 4F 4
s Fiifr 2L TG 2R 45 HP O TR Ge it A6 7 40
1.3 REHE

165 34 d 2 R SRUCHT , FE TR IR 1 s
N 3N A bR S RUBERS 10 d & 1 R SEH)
K PE 5 R AL 1 e AR, B A0 & 10 4>
SER . AEJE 192 d RSB TE R RIG T b
T 3IAEAL, B AL FEHL KA 10 A3 SR AT SR S
JRARARINE , U 5E I3 A BRI 5E 30 1SR, 3
RE S RIS TR A RS g — AT R A
R RPN i 8= a2 N M R A == W U = i v AN
AR R KIS IR IE AL 1) SRR s
FSH L. a.b{E# ] CR-400 2 5 %1+ ( H 4 Konica
Minolta 2 &) 3179 52 ; i J& 4 F FTA GS-25 7K 3
O 1A BT A (Rt SR A J1D BEAT I 5E 5 AT 1
Il T4 5 0] i o R & SAM-706AC % FlK R
PR P K b P A (B [E] G-WON A D HEA T E

ALV VEBE 2H 53 & 20 8 2 AR WA A Y 1) O
5 A I B AR AL ER ] £ 9 AN R
3RES, FE b i) 25 0 FE O SR S HI R 5 AR 38 R AL
1 S U BRI B, SRS ON BB AR i N TR SR 7E 0
VS SRR PR S g AP BB S B SR AL, N 25 mL B 40
JK B B, F Milli-Q Direct i#8 4l /K — 1K1k & 4 (3%
Millipore A &) , 80 °C/K ¥ #& HL 60 min, /% %1 J5
10 000 r- min™ &> 15 min, F3HWB6ET 0.45 pm JEE
1 FH| Sugar-Pak TM 1(300 mmx6.5 mm) &% 1 (32 [H
Waters 2> ) ) fll 2414 7 7= J7 646 I 2% (35 [ Waters
AT AT TP 4 & 2 E , A 80 °C, i8N
AHHBAL K, % 0.5 mL - min' ', K& 36 BE 35 °C,
HEFEE 20 pLo Al SUBE 200 R RE (32 Sig-



%6

FAREL, &5« SRR R A LD R RS AT 5

aj=Al 1149

ma 2 "D FREBC A [FIAR B E , SR F Mz &

B I E SR A T A A AR B (HS-
SPME) IS AH €4 1% - JiT 15 156 (GC-MS) 43 17 , Z [
o B G SR i, AR I R N AR
P 3- T IR, 4 8 123 17 W THI RS PN A 0 T A
Z HEAT e BT R (W) Bhpg kg ROR
T A7 28 R AL BRI 4 9 AN FE Y 3 IR R, B AR 9
50/30 um DVB/CAR/PDMS % HY 3k Al [ AH 3 2 B F-
# (3£ [H Supleco A 7] ) « Trace DSQ GC/MS A A th
T J5 U Bk A% (35 [ Thermo Scientific /4 7)) . A1l
TR A FEE KA AF]D
1.4 HIELE

1 Fil Microsoft Office Excel 2019 X £ 4/ i3t 17 2%
H ,IBM SPSS Statistics 26.0 X 34l #1705 % 5 B %
2 B M, 22 82 F Microsoft Office Excel 2019,

2 SRENH
21 AHBNREE KT

AN [F A B T A 41 R SE A AR 5 AR 1S KR
FE¥IRILH R 2 R W 1 s, RSCsmig K
PRI S Bt 28, mAR T E R OB SRR 2 S
B AR A AR , {H 0] SR SR AR (1 MY M A

SO, SRR A SR BRI 4 o SR S AR S K I
E. 5%, TV T2.T3 3 Fh sl & T B g
(36 B EH B T A R 2 B ) 7 A, 39 K B T3>
T2>TI>X . FEERELWAERKKE , AFEHEE
NREBERW R BKRZER  16/5 192 dI, T1. T2,
T3 1 5 5248 42 45 ol B X R 38 0 T 8.2% + 12.7% -
17.2%. FSEYIRIG K SR B “ R TR S5 127 13
A, 5 R L, A7 BB R R R D R S AR 3
K FIHRRAE , {E 5 B S22 3 K A e R
ANFEAEE T RELIEFE KR T3>T2>T1> %)
M. BEEREAKKE , A fEE TR AR
AR IR ZE 57 46 /5 192 d I, T1. T2 . T3 2R
SEAZR S A LSS REBE I T 6.9%+11.3%-15.8%.

B AR B 0] A (] B T SR S R AR 1) 5 i R S

Contp Tl —o—T2 —o—T3

80

70

60 r

50 r

40

it
Transverse diameter/mm

30 A

20

30 45 60 75 90 105 120 135 150 165 180 195
TEJE I 1]
Time after full bloom/d

R

Longitudinal diameter/mm

90
80 |-
70
60
50 |
40

30 | B

20

30 45 60 75 90 105 120 135 150 165 180 195
FrE
Time after full bloom/d

1 TEGHHETHELREENZNEN

Fig.1 Changes in transverse and longitudinal diameters of Ruixianghong fruit under different crop loads
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Fig.2 Changes in fruit shape index of Ruixianghong under different crop loads
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Fig. 3 Frequency distribution of fruit the transverse diameter of Ruixianghong fruit under different crop loads
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Table 1 Yield indexes at different crop loads

2021 4 1n 2021 2022 4 1n 2022
gt LA KRS S g B RS R T £ 666.7 m’ 775 e H
Treatment Inflorescence Fruit per plant number Single fruit Crop load/ Yield per 666.7 m’/  Inflorescence
number perp mass/g (No. of fruits*cm® TCSA) kg number
Tl 130.3+5.7 a 85.0+1.6 b 201.2+£31.6 b 3.0 1453.7a 145.749.3 ¢
T2 128.6+4.1 a 56.3t1.2 ¢ 215.6+33.6 b 2.0 1031.8b 176.7£7.5 b
T3 128.8+3.1a 36.71.7d 249.1+453 a 1.3 777.1¢ 207.3+£28.0 a
X HE Control  129.746.6 a 119.7+1.7 a 157.2428.4 ¢ 43 1599.4a 95.3+8.3 d

AN FNG FREFRORIE 5 22 R K (p<0.05) . T IAS
Note: Different letters indicate a significant difference (»<<0.05). The same below.
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Table 2 Purchase price of Ruixianghong apple in Weinan

City, Shaanxi Province in 2021

N i N
RIBE WA DR g RERS
. S . .
Transverse ~ Market size . Purchasing  Estimated
. . . Estimated . . .

diameter/ classification/ . price/ price per fruit/
fruit N

mm mm (Yuan-kg") Yuan
mass/g

<65 60 95 8 0.76

>65~70 65 130 12 1.56

>170~75 70 165 16 2.64

>75~80 75 201 20 4.02

>80~85 80 236 24 5.66

>85 85 271 30 8.13
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Fig. 4 Correlation between fruit transverse diameter and fruit weight of Ruixianghong
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Fig. 5 Impact of crop load on economic return
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Table 3 Effect of crop load on fruit external quality
L R R RILARH I ; b
Treatment Fruit mass/g Fruit shape index
Tl 201.2+£31.6 b 1.01+0.05 a 41.57£1.70 a 33.87+3.61 ¢ 18.54+1.48 a
T2 215.6+£33.6 b 1.00+0.06 a 42.81£1.78 a 35.03+3.48 b 18.78+1.75 a
T3 249.1+453 a 1.00+0.05 a 42.58+1.66 a 38.96+£5.37 a 19.04+1.37 a
X} Control 157.2£28.4 ¢ 1.02+0.06 a 42.5142.17 a 32.04+1.97 ¢ 18.551.53 a
X RS TG 2 RN B, VIR E IR S AN O R TRE . SRR

RHEXNRINERRBIF

Bl B2 5 nl A YR ) & B Re A — B AR b
RS R A S T . e R SR R
JE S SRMSC N B BN, TV VR T A B e, PR
JSC AR B v, AR P R 22 . R 4 PR, R A
b, T1.T2 T B SR S b B AT B BRI, 1 s
W) & S B 0, (R & 22 R A B3 9k
PR T3 7K P I, S SR B o B0 5 2 1 B, LX)
HREEAR 7 0.4 kg em™, ]I PE[E TR 7 & I 2%
T BRI R R T 0.57 AN E A R UL B E T
(1) SR 52 RGPS B8 vy 5 ot Ot AR AN R T S T 5
Big A 21 (1) AT E R BRI I R I A

2.5

SRS R T R L R AR L RE R, 7R
FH AR 7 THT , SR > R b > 6 A b, A7 Bl i o
PR 2H 53 B BB, AT S SR SR Bl R . R 4 P
7N, SRR 3 BRI MERE I B B A AN R RR T ) 5
M, K A 4 T R AR AR S R R T A
T RERE S BRI PR . X T R
&, T1 A 3E 50 HEAN T 22 AN 223, 1 T2 T3 Fi#k
AR N, A B L RGN T 1.43 mg - g
2.84mg g’ 5RWEE B AEE AL, A
WS BAE T gk E T 50 At B 25, H
TET2. T3 Fugs N A EE X B3 7 1.21 mg - g
2.08 mg-g', RILH B FEMHEIN. 5XFHAHLL, T1.

*4 OHENRIAERRZI
Table 4 Effect of crop load on fruit internal quality

e i wATE [ ) wCAT E D wCRED wCHE EHED wCEEHE)
Treatment Firmness/ Soluble solids Titratable acid Fructose content/ Glucose content/ Sucrose content/

(kg-cm™) content/% content/% (mg-g" (mg-g" (mg-g"
%} Control ~ 8.25+0.57 a 14.84+0.59 b 0.21+0.03 a 52.85+0.53 ¢ 26.39+1.10 ¢ 30.23+1.00 a
Tl 8.14+0.42 ab 15.07+0.64 ab 0.20+0.03 a 53.40+0.93 be 26.96+0.58 be 28.90+0.48 b
T2 8.10+0.52 ab 15.10+0.55 ab 0.20+0.03 a 54.28+0.94 ab 27.60+0.70 ab 28.11£1.00 b
T3 7.85+0.37 b 15.41+0.89 a 0.19+0.02 a 55.69+1.10 a 28.47+1.02 a 26.72+0.89 ¢
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