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Determination of optimal crop load for high-quality and stable
production of dwarf Fuji apple in arid areas

Wu Yage',Ma Mengmeng', Li Qianjing®, i Mingjun'
(1 College of Horticulture ,Northwest A&F University, Yangling ,Shaanxi 712100, China;
2 Research and Development Center for Apple Industry , Luochuan ,Shaanxi 727400, China)

Abstract: [Objective] This research aims to explore the relationship between crop load and tree growth,
fruit quality, and yield of dwarf Fuji trees densely planted in arid areas, and determine the optimal crop load for
cultivation in such areas. [Method] Based on a survey of crop load in 10 densely-planted dwarf Fuji apple or-
chards in different regions of Luochuan, Shaanxi, a comparative experiment was conducted for two consecutive
years (2023—2024) ,and five crop load treatments were set: 1y, Lgs, 1110, L35, and Ly (with 0,85,110,135,160

representing the number of apples retained per tree). The effects of different crop loads on fruit quality, yield,
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and tree growth were systematically compared. [Result] (D Crop load significantly affected the physiological
characteristics of apple leaves. High crop loads significantly increased net photosynthetic rate and stomatal con-
ductance of tree leaves in the morning, while decreased intercellular CO; concentration, indicating an improve-
ment in photosynthetic performance, with L5 and L3 showing the most significant effect. @ Crop load signifi-
cantly affected shoot structure and new shoot growth, with interannual variation observed, and L35 showing com-
prehensively better effect. The number and proportion of short shoots firstly increased and then decreased or
gradually increased as the fruit load increased, with L,;; showing better effect. And the number of medium shoots
increased as fruit load increased, with L, showing higher increase. New shoot length was higher under 1.,y treat-
ment, whereas shoot diameter showed no significant differences among treatments. 3 As crop load increased,
the contents of soluble solid and titratable acid, and their ratio firstly increased and then decreased, with L, and
Lissshowing comprehensively better effect. The Lg; treatment showed no significant difference in fruit quality
compared to L, while showing more vigorous vegetative growth and fewer flowers. The L4 treatment signifi-
cantly reduced fruit size, soluble solid content, and tree growth, while reducing flowering in the second year.
The effects of crop load on fructose, glucose, sucrose, flavonoids, and vitamin C contents were consistent in both
2023 and 2024, with L,;; showing the best results. @ As the fruit load increased , the single fruit weight gradually
decreased, and the per-tree yield firstly increased and then decreased , with L ;; showing the highest yield. No sig-
nificant difference was observed in per-tree yield among Ly, Liss, Lig, which were all higher than that in Lg;
treatment. [Conclusion] Based on a comprehensive analysis, the optimal crop load range for densely-planted
dwarf Fuji apple orchards in arid regions, with Luochuan as an example,is 110— 135 apples per tree. Proper crop
load management can help promote fruit quality and stabilize fruit yield in orchards in arid zones.
Key words: Fuji apple ;dwarf high-density system ;crop load ; arid region; fruit quality
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Table 1 Growth index and chlorophyll content in leaves of apple tree under different fruit load treatments

A T G R B ETE ‘ Wk % a B it £ 3 b 5 i LIS
gk g H‘ i S5/ g A ﬂsﬁ/mm W/ em® HEkER a Eilm/ ) A bt IS alm/
Treatment Fresh mass of 100 Thickness of 100 Leaf arca (mgeg ") (mgeg ") (mg+g ")
leaves leaves ’ Chlorophyll a Chlorophyll b Total chlorophyll
L, 66.10+1.07b 23.37+t1.85a 24.90+0.93 a 1.85+0.21a 0.8840.14 a 2.73+£0.33b
Lgs 66.13+1.10b 23.36t1.75a 25.92+0.87a 2.024+0.03 a 0.90+0.13a 2.92+0.41b
Ly 68.21+1.51 ab 24.93+0.87 a 26.23+1.02a 2.32+0.14a 0.85+0.13a 3.17+0.79a
Lis 72.3242.12a 24.25+1.87a 27.37+1.58a 2.3240.21 a 0.8640.17 a 3.1840.23a
Liso 71.8142.22 ab 26.23+2.54a 26.6242.03 a 2.3940.03 a 0.8540.02 a 3.2440.11a

FE Lo Lo Lo Loy Loygo 8 7 R BRI SRA 23 510 B4 0,85, 110, 135 1 160 4™ 52 52 Y f 2% 42k Ak 4L 5 1) 87 B30 5 A AS [7) /N5 B 36 R b B i)

0. 05 K FAFfEw FHME 2R . TR,
Note: Ly, Lgs, Lo, Ligss

L g represent 0,85, 110,135, 160 fruits left per apple plant, respectively; Different lowercase letters within the same

column indicate significant difference among treatments at 0. 05 level. The same below.
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g.1 Diurnal variation of photosynthesis parameters in leaves of apple tree under different fruit load treatments
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Table 2 Effects of different fruit loads on tree shoot growth and development in the current year

TR

N2 e ok BB LS EY8) Sz o
o IR Number of R ke PVHLEom
Number of long S Number of short Short . Diameter of new

Year Treatment medium-length . Shoot length
shoot shoot shoot ratio shoots
shoot

Lgs 71.33+4.41a 47.00+3.21 a 58.66+4.63 ¢ 33.14b 20.80+2.34a 5.34+0.31a
9093 Ly 66.00+£2.08 a 50.67+1.85a 88.66+7.68b 43.17 ab 27.86+4.21a 5.56+£0.41a
' Ligs 69.00+£1.73 a 47.66+2.60 a 98.67+5.78a 45.82 a 24.93+3.55a 5.96+0.44 a
Ligo 66.00+£2.08 a 50.66+1.85a 88.67+£7.69b 43. 14 ab 24.4+1.85a 5.06£0.27a
Lgs 76.33+4.26a 49.00+4.72b 61.67+4.41b 32.87b 20.77£0.82b 5.13£0.18a
9024 Ly 67.67+2.33b 53.67+1.20 ab 91.00+6.51 a 42.85 ab 28.33£2.33a 5.57£0.52a
Ligs 69.33+4.33a 48.67+1.86b 99.33+6.96 a 45.70 a 25.33£0.88ab 6.03£0.24 a
Ligo 70.00+£3.61a 65.00+£6.51a 105.33+3.71a 43.82 ab 24.00£1.73 ab 5.63£0.17a
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Table 3 Canopy characteristics and flower number in the following year under different fruit load treatments

. Y AE =N
4 py A3 % /mm SR B/ W AB/m? WRHARIERE
. T~ . < Number of flowers per tree in the
Year T'reatment Trunk diameter Canopy area Average tree canopy volume .
following year
Lgs 89.8+£2.18b 2.5240.44 a 7.34x=1.74a 96.33436.33b
2023 Lo 100.0642. 65 a 2.2240.43a 5.91x1.21a 186.67453.67 a
Liss 97.40+1.42 ab 1.964+0.21 a 4.91x1.46 a 126.33450. 33 ab
Ligo 95.38+3.52 ab 2.39£0.28a 8.12x1.15a 116.024=35. 33 ab
Lgs 98.91+6.35a 2.20£0.46 a 6.57=0. 36 ab 183.33417. 13 a
2024 Lo 99.10+£2.96 a 2.29£0.13a 5.71=0.25b 179.3348.95 ab
Liss 95.37+2.26a 2.01£0.17a 5.39£1.10b 141.67410. 41 be
Ligo 96.05+3.16 a 2.43£0.29a 7.85£1.04a 118.3345.55¢
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Table 4 Fruit size and fruit shape index under different fruit load treatments

Y Ak ¥ HOR R/ g MiE/mm B2 /mm HIAE R
Year Treatment Fruit weight Longitudinal diameter Transverse diameter Fruit shape index
Lgs 310.48£7.03 a 76.28+£0.89a 91.16+1.28a 0.8540.02 a
2023 L 308.57410.93 a 76.81+E1.28a 89.91£1.82a 0.84+0.01a
L3 287.93+9.72a 77.714+0.65a 86.39+1.09 a 0.894+0.10 a
Ligo 214.73+7.75b 65.784+0.97b 78.63+2.03b 0.83+0.01a
Lgs 347.37+14.92a 83.11£1.89a 90.16£2.07 a 0.924+0.01a
2024 Lo 284.60£16.17b 77.24+2.62ab 86.00+1. 26 ab 0.8940.03 a
Liss 281.98£8.39b 76.654+2.15b 85.84+1.13ab 0.8940.02 a
Ligo 250.12£7.22b 68.78+£1.05¢ 83.38£1.67b 0.82+0.02b
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ig. 2 Fruit soluble solid and titratable acid contents and their ratio under different fruit load treatments in 2023 and 2024
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Fig.3 The soluble sugar, flavonoid, and vitamin C contents under different fruit load treatments in 2023 and 2024
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Table 5 Apple fruit yield under different fruit load
treatments in 2023 and 2024

Gy R R g B kg

Year Treatment Single fruit weight Individual plant yield
Lgs 310.48+7.03 a 26.39+0.60 ¢

2023 Lo 308.57+£10.93 a 33.94+1.20b
Liss 287.93+9.72 ab 38.87+1.31a
Ligo 214.73£7.75b 34.36+1.24b
Lgs 328.17£10.36 a 27.90£0.88b

2024 Lo 322.60£15.33a 35.49+1.69a
Lyss 285.98+6.11b 38.61+£0.82a
Liso 240.12+£6.80 ¢ 38.42+1.09 a
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