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Effects of different thinning methods on ecophysiology of dense apple orchard’

ZHANG Luhel, CHEN Baihongl**, WANG Yanxiul, XU Jutaoz, MAO Juanl, DANG Zhaoxia'

(1. College of Horticulture, Gansu Agricultural University, Lanzhou 730070, China;
2. Fruit Industry Bureau of Qingcheng County, Gansu Province, Qingcheng 745100, China)

Abstract In order to choose optimum thinning method of closed and matured ‘Red Fuji’ orchards in the Loess Plateau,
18-year old ‘Red Fuji’ apple trees in Qingyang County, Gansu Province, were used to study the effects of three thinning
methods — interlaced thinning (T1), septum strain thinning (T2) and cutting one for every 3-tree (T3) — on orchard light
distribution, leaf quality, leaf structure, fruit distribution and quality, and yield and economics of apple trees. The results
showed that thinning methods significantly decreased orchard coverage rate, with 22.01%, 18.01% and 10.14% decrease under
T1, T2 and T3, compared with the control (CK). The transmittance between plants in a line under T1, T2 and T3 treatments
increased by 108.59%, 191.98% and 57.45%, respectively, compared with the control (CK). The transmittance between lines
increased 259.20%, 220.11% and 64.86%, respectively. Transmittance under crown increased respectively by 102.80%,
155.32% and 37.43%. Canopy photosynthetically active radiation (PAR) increased respectively by 38.02%, 45.18% and
18.43%. PAR three dimension distributions of apple trees under T1 and T2 was better than under CK and T3 treatment, PAR of
T2 treatment was improved more obvious. Also thinning methods effectively improved the structure of apple leaf. T1 and T2

significantly increased upper epidermis thickness of leaves inside canopy and palisade tissue thickness of all leaves, while T3
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significantly increased lower epidermis thickness of leaves inside and outside canopy. Under T2 treatment, leaf palisade tissues
were more tidily and closely arranged than under other treatments. Leaves quality was significantly changed under different
thinning methods. Leaf chlorophyll, N and K contents were increased in 3 thinning methods treatments. T2 was the best in
terms of increase in the contents of chlorophyll a, chlorophyll b and carotenoids. Single fruit weight increased by 25.03%,
34.83% and 9.81%, fruit color index increased by 6.00%, 6.26% and 3.30%, soluble sugar content increased by 35.98%,
39.14% and 22.98%, and peel anthocyanin content increased by 104.41%, 101.47% and 30.88%, while titratable acid content
decreased by 15.38%, 23.08% and 17.95%, respectively, under T1, T2 and T3 conditions, compared with CK. Under CK
treatment, there was not fruit in positon 0.5 m away from stem, most fruits were 2 m away from stem and 3 m high, showing
outside moving of fruit-setting position. Under thinning conditions, fruits in inside canopy and in lower canopy increased.
Despite yield per hectare under T1, T2 and T3 treatments decreased by 7 601.89 kg, 5 219.45 kg and 6 056.80 kg, respectively,
orchard productivity value per hectare increased by 14 959.54 Yuan, 34 363.70 Yuan and 9 081.13 Yuan.

Keywords Apple orchard; Thinning; Light; Leaf quality; Fruit quality; Fruit yield
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Table 1 Effects of different thinning methods on coverage rate and transmittance of ‘Red Fuji’ apple orchard
Treatment
Index Tl T2 T3 CK
Coverage rate (%) 77.06+£3.37¢ 81.01+2.44c 88.79+£2.56b 98.81+0.45a
Transmittance between plants (%) 43.934+0.03b 61.49+3.58a 33.16£1.98¢c 21.06+3.20d
Transmittance between lines (%) 60.92+5.00a 54.29+4.94b 27.96+4.24c 16.96+1.95d
Transmittance under crown (%) 28.23+3.70b 35.54+5.68a 19.134+4.07¢ 13.92+1.48d
Tl: S T2: :T3: 2 1;CK: 0.05 T1: interlaced thinning;

T2: septum strain thinning; T3: cutting one for every three trees; CK: control. The same below. Different small letters within the same row indicate

significant difference among treatments at 0.05 level.
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Fig. 1 Three-dimensional distribution of photosynthetically active radiation (PAR) inside canopies of apple trees under different
thinning methods
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Table 2 Effects of different thinning methods on leaf quality parameters of apple trees
Position  Treatment Specific leaf weight Chlorophyll Leaf area Leaf thickness N content P content K content
_ 2 _ _ _
(mg-em™?) (SPAD) (em’) (um) (ke (gkgh) (gkgh
T1 10.34+1.22a 55.41+0.47ab 27.65+0.14a 253.04+8.92a 18.55+1.07a 1.96+0.02a 9.01+0.04b
?;;21;; T2 10.89+0.33a 56.67+0.24a 26.62+1.27a 258.71+14.82a 19.39+3.65a 1.884+0.11a 9.81+0.01a
T3 8.79+0.69b 52.96+0.38bc 25.10+1.83a 215.36+20.36b 15.2240.93bc  1.89+0.03a 8.78+0.04bc
CK 8.60+0.04b 51.91+0.65¢ 22.19+1.33bc  185.69+19.04cd  14.37+0.64c 1.86+0.17a 8.64+0.05¢
T1 7.40+0.13bc 51.47+1.64c 26.34+1.56a 199.48+1.80bc 15.97+£2.52b 1.89+0.16a 8.54+0.10c
Inside T2 7.56:0.46b 52.40£1.92c  25.26+0.29a  199.28+18.09bc  14.66+133c  1.87+0.06a  9.58+0.02a
canopy
T3 8.27+0.54b 50.29+0.46¢ 23.12+0.39b 160.78+17.62de  14.30+1.80c¢ 2.06+0.22a 8.51+0.09¢
CK 6.78+0.18¢ 47.66+0.69d 20.41+0.46¢ 142.33+12.37¢ 12.71+£0.51d 1.874£0.15a 8.28+0.09d
1.5m 1 3 4 s 0.5m 3 4
0.05

CK

The measured leaves of outside canopy are the 3™ and 4™ leaves of first layer main
branch whose distance to stem is greater than 1.5 m. The measured leaves of inside canopy are the 3™ and 4™ leaves of fruit spur whose distance to
stem is less than 0.5 m. Different small letters within the same line indicate significant difference among treatments at 0.05 level. The same below.

, T1 T2 35.93%
T3 Tl T2 , T1 T2 , 12 ,
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Table 3  Effects of different thinning methods on leaf organizational structure parameters of apple trees
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CK 17.1840.98ab 94.72+14.02bc 61.75+10.69cd 12.0443.69bc
T1 18.27+1.53ab 106.85+2.28b 60.40+0.26¢d 13.9742.86abc
J;‘;(‘)‘:fy T2 20.62+1.17a 94.7126.00bc 71.84210.01bc 12.11£2.32bc
T3 17.46+3.23ab 79.08+8.25¢ 45.48+3.22d 18.76+5.44a
CK 13.86+1.86¢ 60.45+3.07d 57.94+2.35¢cd 10.40+0.43¢
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Fig. 2 Organizational structure charts of leaves in different positons of apple trees under different thinning methods

O: outside canopy; I: inside canopy.
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Table 4 Effects of different thinning methods on leaf photosynthetic pigments

a b alb
Position Treatment Chlorophyll a (mg-g™") Chlorophyll b (mg-g™) Chl. a/Chl. b Carotenoid (mg-g™")
T1 2.80+0.15ab 0.91£0.05ab 3.08 0.74+0.03ab
Outside T2 2.98+0.11a 0.96+0.04a 3.10 0.820.03a
canopy
T3 2.69£0.19abc 0.86:£0.05abc 3.12 0.63£0.06abc
CK 2.09+0.65¢d 0.80£0.2bcd 2.61 0.55+0.01bc
Tl 2.51+0.72abed 0.81:£0.07bed 3.10 0.68+0.13abc
Inside T2 2.71%0.10abe 0.83%0.03bc 327 0.7020.01ab
canopy
T3 2.25+0.05bcd 0.76+0.03cde 2.96 0.68+0.01abc
CK 1.96+0.16d 0.62+£0.07¢ 3.16 0.46+0.03¢
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Fig. 3 Three-dimensional distributions of fruits of apple trees under different thinning methods
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Table 5 Effects of different thinning methods on fruit quality of apple
Treatment Single f?gli)t weight g(zrg:fis) Index((;)f)color (mg-}/(;:Og’l) Solul(a‘}/:)solid Solulzlo/i)sugar Titrat?ut/:)l)e acid Anth((;zg/anin
T1 232.66+7.47a 8.28+0.52a 96.14+1.33a 3.83+0.06a 15.2740.46a  10.77+0.50a 0.33+£0.01b 1.39+0.17a
T2 250.90+11.92a 8.54+0.57a 96.38+0.54a 3.50+0.10a 15.80+0.63a  11.02+0.58a 0.30+£0.01b 1.37+0.54a
T3 204.34+6.41b 8.18+0.24a 93.69+0.44b 3.57+0.14a 14.13+£0.15b 9.74+1.25a 0.32+0.00b 0.89+0.07b
CK 186.09+2.14c¢ 8.15+0.32a 90.70+1.36¢ 3.73+0.50a 13.76+0.74b 7.92+0.36b 0.39+0.01a 0.68+0.06b
2.3.3
2013 (T1) (T2) 2 1 , ,
(T3) CK 7601.89 kg (221
5219.45kg 6056.80 kg 2013 PAR > >
CK R > [23]=
T1 T2 T3
14959.54 34 363.70 9081.13 ,T2 PAR :
( 6) ; PAR R
%6 FREEARTERF=BNEFREHM  8L.01%
Table 6 Effects of different thinning methods on yield and
economic benefits of apple orchard
tramen, | Aesld A e Avurne vl
Tl 23 400.74+926.77b 7.82 182 993.78 ’ >
T2 25 783.18+483.45b 7.85 202 397.95 ’
T3 24 945.83+895.97b 7.10 177 115.37
CK 31002.63+649.52a 5.42 168 034.25 [22.26-28]
3 itig
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