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Methods to Evaluate Advantageous Fruit Tree Crowns for Reducing Pesticide
Use by Combining with the Canopy Constructing and Analyzing System of
Fruit Trees] CACOASOand its Applied Analyses to Pear Trees
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Summary

For the purpose of development of possible fruit tree crowns for reducing pesticide use, a facility of
computing a value of tree crown surface area/tree crown volumdl S-V ratioOwas added to the previous
systent] Canopy Constructing and Analyzing System of fruit tree, CACOASO In addition, another simulation
model for distribution of pesticide deposits within a tree crown was constructed by using nonrandom leaf
densities from CACOAS. The two simulations were carried out over 20 years for 154 pear tree forms, which
were constructed by combining several arrangements of skeleton hranches with five tree form groups under
constraint condition of identical yearly orchard LAI by CACOAS. The S-V ratios resulted in the following
relations; slender central leader >trellis training>Y shape > open center =modified central leader. In a
spray system using a nozzle, slim tree crowns as slender central leader or trellis training seemed to be
advanlageous Lo reduce peslicide use. As resulls from Lhe peslicide deposil simulalion, the drifl proportions
were very high and over about 60%, even if they were estimated at lowest. In order to correct the excessive
deposit, the simulation results were standardized using a practical deposit level. As the result, large dif-
ferences appeared in the mean values for 20 years of yearly spray volume per 10 a of land area within the
154 tree forms, and the minimum value was about 10% of the maximum. There was a positive correlation be-
tween mean spray volumes for 20 years after the standardization and each of tree height, volume under tree
crown and leaf density. Conversely, there was a negative correlation between mean spray volumes and each
of East-West tree width, inside void space, canopy volume, tree crown volume and land area occupied by
tree crown. There was a positive correlation between mean deposits for 20 years before the standardization
and each of outside void space, canopy volume, tree crown volume and land area occupied by tree crown. A
negative correlation was found between the mean deposit and space volume under tree crown or leaf densi-
ty, and not found against tree height.

Key Words : nonrandom distribution of leaf densities, pear, reducing pesticide use,

simulation system by a computer, tree form
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Fig. 1. Examples in S-V ratio of solids, which is aggre-
gate of 8 block$] cubes[] Each block has edge of
20 cm length.
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Table 1. The combinations of the alternatives in CACOAS, in which South-North limited width(d SNLW[] East-West
limited widthd EWLWI] number of primary scaffold branched] NPSB[] direction angle of first primary scaffold
brancH] DAFPSBL phase angle of primary scaffold brancid PAPSBL] distribution of primary scaffold branch
lengti] DPSBLO number of secondary scaffold branches] NSSB[] phase angle of secondary scaffold branch

O PASSBOand rotation angle of first secondary scaffold branch from earth axis] RAFSSBOwere contained.
Other alternatives in CACOAS, such as limited tree height] 3.5 m[] yearly desired LAI for limited area,
distribution of secondary scaffold branched] bottom longer[] fruit thinning] a fruit per four clusters{and
pruning rules by CACOAS, were common. Here, the limited area is a product of SNLW and EWLW. Number of
total tree forms in OC, MCL, YS, SCL and TT was 36, 36, 18, 18 and 16, respectively.

Alternatives SNLWXEWLW NPSB DAFPSB PAPSB
Groups Units Eight directions degree
Open centerd OCO 1X10 3X5.3305.33X3 3 SOSEOE 120
Modified central leader(d MCLO AX403X5.3305.33X3 5 SOSEOE 114
Y shapel YSO 1X40 3X5.330 5.33X3 2 SOSEOE 180
Slender central leaderd SCLO 3X302.25X41 7, 13 SOSEOE 114
Trellis trainingld TTO 2X402.83X2.83 5,7 S 180
Alternatives NSSB PASSB RAFSSB
Groups Units by CACOAS degree degree
Open centerd OCO equal lengthO bottom longer 5 1800 144 90
Modified central leader( MCLO equal length[d bottom longer 3 1800 1141 90
Y shape YSO equal length 5 1800 1141 90
Slender central leaderd SCLO equal length[d bottom longer 201 1800 1141 90
Trellis trainingl] TTO equal lengthl] bottom longer 302 1800 111 180
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Fig. 1. A schema of droplet flow.
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Fig. 5.
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Fig. 8. Photographs of deposits on black plated] black sheets of polyvinyl chloride[Jand their image pro-

cessing. A : A photograph, 1/1 of size of a black sheet] A1-edition[ after a pesticidd] Calcium
carbonate, “CLEF-NON"Ospray. B : The binary image of AJthe thresholds=500 C : A photo-

graph of entire black sheet after the same pesticide spray in the calibration test. D : The reversal

image of the binary imagé] the thresholds=500of C. The circle indicates the border line to obtain

its main sprayed area.
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Table 3. The group mearl] Mean[and the group range
O Max. and Min.Oin each tree form group of
mean values for 20 years of yearly LAI for
limited area, yearly number of fruits per mZ,
yearly S-V ratio and yearly vertical S-V
ratio. The abbreviation of tree form groups
refer Lo Table 1.

Tree form groups

oC MCL YS SCL  TT

LAl for Mean 0.92 0.92 0.91 0.92 0.92
limited Max. 0.91  0.95 0.95 0.97 0.97
area Min. 0.89 0.90 0.9 0.87 0.88
Number Mean 6.2 6.2 6.3 6.3 6.5
of fruits Max. 6.7 6.5 6.7 7.1 7.0
per m® Min. 5.7 5.8 5.9 5.7 5.6
Mean 4.1 14.1 14.4 16.6 15.9

S-V ratio Max. 15.1 15.4 15.2 18.1 16.5
Min. 12.9 13.2 12.3 15.4 15.0

Vertical Mean 1.7 1.8 5.0 5.8 6.0
S-V ratio Max. 5.2 5.3 5.1 6.3 6.2
Min. 1.2 1.5 1.3 5.3 5.7

gooooooooooooooobooooooboooo
000000 LAID0000O0ooooooion Ad
O0Bms-voooooo s-vooooooooo

154 75 1
Order of S-V ratio

154 75 1
Order of S-V ratio

Numer of fruits per m?

Vertical $-V ratio {(m™")

OooooOooooooo>0o000oo>Yoo>0
00=0000000000000ooowgcoog
DOO s30m
oboooooooooos-voooooo s-voo
20000000000000M0NODCo000DOs
oboooooooobooooboooobooooboo
ooooooo3zZ.aapooos3z.e0ooooos-vao
0200000000000000000DO00ODOOO
0000000 LAIDDDODO0O0O00000110ADDO
OBMs-vOOOOOOOOOOODOODOOOOO 4
oooooooooo s-voozooooooooo
oo0o0oooo0oo01IZ20@mOoooooooooo
LAIOOO8~10000000000000120 A
goooooooOoOoOoOO0oOoOoOoOoOoOoOoOg 8~10
oooobooooooooobooooooooobooo
oo0ooo1zo Bms-voooooOo s-voooo
goooz200000000000000000000
00s5~6000000000000000000O120
COU0DmUooUOOO0OUOU LAID0O0OOOO
0000 LAIOD000000000O0O00120 A0
O0b000000mo 3s0@Mooooooog LAl
oboooOooboobOoobOoobOoobOOooDoo
CACOASO 0000000000 OODOz200100000
OO0000O0DOO0DOO00O0000000b00D0 CACOAS

7 B
8
5
4
3
2
1
0
154 75 1
Order of S-V ratio
D
7
6
5
4
3
2
1
4]

154 75 1
Order of vertical S-V ratio

Fig. 11. The mean values for 20 years of yearly LAI for limited ared] A[] yearly number of fruits per mil BOand

yearly S-V ratid] Cand yearly vertical S-V ratid] DO In each “y” axis, tree forms were arranged in

order of S-V ratio in A, B and C, and in order of vertical S-V ratio in D.
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The yearly values of LAI for limited ared] A[] number of fruits per mil BO S-V ratid] Cland vertical S-V
ratidd DOfor 20 years. In each “y” axid] order[] tree forms were arranged in order of S-V ratio in A, B and
C, and in order of vertical S-V ratio in D.

Table 1. Correlations of coefficient between mean
values for 20 years of yearly S-V ratios or
yearly vertical S-V ratios and mean values of
for 20 years of several yearly crown informa-

tions in the 154 tree forms constracted by

CACOAS.
Crown informations S-V ratio Verical
S-V ratio
Tree height 0.7300 %%z, 77227%%%
East-West tree width -0.6185 %% -0, 7501 ¥**
South-North tree width -0.6100 %% -0.6021 F**
Volume of inside void space -0.4503 7% _g 5q73%*E
Space volume under crown 0.6442 %% 0.6087 ***
Leaf canopy volume -0.8531 ¥¥*  —0.8669F**
Tree crown volume -0.8322°%F*F -0 g515**F
Leaf density 0.6509 %% 0.6397***
Land area occupied by crown  -0.7980 ¥**  -0.8600***
LAI for limited area 0.0718 0.0827
Number of fruits per m* 0.2125™2 0.3097 **2

AAEE *¥and Findicates significance at 0.1%, 1 % and

50 level, respectively.
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Table 5. The tree form numbeif] Table 20which was arranged in order of mean value for 20 years of yearly S-V ratio

or yearly vertical S-V ratio in the 154 tree forms constructed by CACOAS.

Order S-v Vertical ~ Order S-v Vertical ~ Order S-v Vertical ~ Order S-v Vertical

ratio S-V ratio S-V ratio S-V ratio S-V
ratio ratio ratio ratio
1 111 111 40 120 126 79 103 116 118 221 132
2 112 142 41 509 110 §0 302 110 119 124 230
3 125 503 42 135 505 81 116 211 120 233 124
4 102 511 43 115 121 82 201 202 121 224 101
5 130 125 44 113 122 83 128 307 122 312 115
0 131 510 45 111 137 84 106 203 123 133 125
7 121 512 46 116 507 85 203 108 124 226 127
8 122 509 47 512 133 86 111 229 125 216 211
9 131 515 48 514 115 87 202 106 126 119 218
10 101 516 49 513 119 88 316 316 127 308 232
11 117 102 50 502 120 89 136 103 128 111 225
12 118 128 51 137 109 9 315 128 129 135 109
13 132 134 52 103 116 91 208 136 130 225 235
14 106 117 53 506 113 92 317 210 131 217 213
15 129 118 bY | 127 114 93 516 107 132 211 231
16 128 130 55 123 136 94 318 306 133 218 117
17 101 502 56 124 112 95 120 310 134 230 227
18 108 129 57 117 111 96 307 120 135 227 118
19 105 511 58 118 135 97 310 309 136 228 219
20 112 506 59 209 103 98 212 208 137 131 312
21 107 138 60 505 117 99 309 207 138 235 105
22 110 139 61 508 118 100 232 111 139 132 215
23 113 110 62 501 301 101 125 317 140 118 222
24 111 513 63 305 302 102 127 217 141 215 119
25 139 131 64 102 127 103 314 212 142 231 126
26 110 101 05 301 123 104 229 315 143 213 133
27 138 508 06 112 124 105 210 216 144 126 231
28 133 106 67 501 209 106 220 114 145 219 131
29 510 501 68 205 301 107 131 221 146 129 101
30 136 113 69 303 303 108 311 223 147 130 123
31 126 111 70 206 102 109 236 226 148 121 121
32 115 501 71 107 201 110 117 233 149 222 135
33 116 105 72 507 205 111 123 311 150 231 129
34 109 132 73 110 206 112 115 228 151 104 130
35 111 108 74 301 311 113 101 131 152 122 313
36 503 107 75 306 308 114 109 318 153 113 122
37 511 145 76 201 112 115 223 236 154 313 113
38 515 116 77 108 305 116 207 221
39 119 101 78 211 201 117 105 220
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Table 6. Distribution of leaf inclination angled] mean
and variance, unit : degree[Jto hirizontal plane
of a pear ‘La France’, parameterd] ) and y [
of beta distribution as its approximation and
extinction coefficient] K{of paralell stream at
hg=90 degred] upper[] and that of a case of
distribution of “leal inclination angles” Lo ver-
tical pland] lower[]

Month Mean Variance A v K?
Lcaf May 50.2 354.5 2.58 2.05 0.606
inclination June 53.7 268.6 3.73 2.53 0.568
angle July 53.1 247.8 4.07 2.83 0.577
to Aug. 51.4 312.3 3.14 2.06 0.555
horizontal Sept. 55.6 270.4 3.75 2.32 0.541
plane Oct. 54.1 251.7 41.014 2.68 0.563
“Leaf May 39.8 354.5 2.05 2.58 0.727
inclination June 36.3 268.6 2.53 3.73 0.773
angle” July 36.9 247.8 2.83 41.07 0.770
to Aug. 35.6 312.3 2.06 3.14 0.775
vertical Sept. 34.4 270.4 2.32 3.75 0.792
plane Oct. 35.9 251.7 2.68 41.04 0.780

’K denotes Kh in the upper and Kv in the lower.
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Fig. 19. Mean values for 20 years of yearly depositd] A yearly coefficients of variatiord CVOof deposits] BO yearly
drift proportiond] COand yearly spray volumes per 104] DO In each “y” axidl order[] tree forms were
arranged in order of each value in the 151 (ree [orms.
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Fig. 20. The yearly values of maximum deposits] A0 mean deposits] B minimum deposité] COand the stan-
dard deviationd] SDOof depositd] DO In each “y” axid] order[] tree forms were arranged in order of
each value in the 151 tree forms.
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Fig. 21. The yearly values of coefficient of variation of deposit] ALJ minimum drift proportiori] B[] middle
drift proportiod] Cland maximum drift proportioi] D In each “y” axid] order([] tree forms were
arranged in order of each value in the 151 tree forms.
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Fig. 22.

The yearly values of minimum spray volume per 10 4] A[] middle spray volume per 10 4] BOand

maximum spray volume per 1041 CO In each “y” axi$l order tree forms were arranged in

order of each value in the 151 tree forms.
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Table 7. The tree form numberd] Table 20which were arranged to become advantagous for reducing pesticide use with
respect to the next three items; SVASTI mean values for 20 years of yearly minimum spray volume per 10a
after STD, MDBSTI mean values for 20 years of yearly mean deposit hefore STDOand CVBST mean values
for 20 years of yearly coefficient of variation of deposit before STDO STD refers to Fig. 23.

Order SVAST MDBST CVBST Order SVAST MDBST CVBST Order SVAST MDBST CVBST
1 311 227 119 53 229 302 506 105 137 112 235
2 113 229 307 54 210 105 206 106 138 211 123
3 128 311 503 55 236 516 133 107 135 311 124
4 222 226 501 56 112 209 108 108 103 116 121
5 217 232 511 57 136 117 130 109 311 207 216
0 121 315 308 58 207 118 112 110 303 111 137
7 313 230 510 59 226 116 128 111 119 112 138
8 215 316 132 60 231 213 211 112 120 102 311
9 123 235 131 61 126 221 109 113 115 223 207
10 121 317 515 62 119 303 117 114 116 115 121
11 306 231 229 63 309 110 118 115 316 117 122
12 118 225 107 64 125 309 205 116 511 112 103
13 221 233 314 05 127 220 227 117 133 107 228
14 115 228 131 66 147 101 106 118 126 131 113
15 213 318 512 67 118 208 108 119 107 111 139
16 220 313 116 68 208 310 110 120 130 122 110
17 211 503 102 69 209 203 105 121 108 130 119
18 115 231 516 70 232 218 215 122 101 106 120
19 223 501 513 71 308 201 135 123 131 111 201
20 116 130 120 72 202 512 131 124 513 101 202
21 122 133 101 73 123 201 233 125 102 123 106
22 101 236 507 74 124 510 303 126 111 128 224
23 104 505 508 75 111 515 135 127 112 125 118
24 218 506 101 76 109 121 136 128 105 137 147
25 231 501 502 77 211 122 505 129 512 138 118
26 111 136 125 78 135 202 130 130 101 109 115
27 116 312 110 79 317 108 225 131 315 129 115
28 305 502 309 80 201 113 231 132 110 121 129
29 318 132 111 81 132 114 223 133 516 126 131
30 113 508 112 82 136 305 230 134 117 124 116
31 114 1341 122 83 108 108 133 135 118 115 112
32 312 135 232 84 107 509 145 136 307 105 125
33 219 119 111 85 227 511 116 137 509 118 127
34 310 307 301 86 127 103 317 138 515 101 305
35 235 507 117 87 206 107 103 139 106 136 318
36 117 129 514 88 112 211 127 140 302 132 211
37 105 131 221 89 133 119 126 141 510 128 102
38 129 217 213 90 130 120 203 142 301 145 201
39 224 301 501 91 203 109 114 143 505 116 212
40 131 106 316 92 233 103 301 144 501 133 111
41 216 101 220 93 103 224 236 145 128 113 210
42 102 215 302 94 230 111 124 146 507 444 113
43 109 125 509 95 110 222 107 147 501 131 313
44 111 127 132 96 131 110 123 148 125 113 126
45 225 102 315 97 228 216 129 149 131 127 105
46 106 206 310 98 139 123 222 150 506 135 109
47 120 126 217 99 110 124 209 151 508 117 101
48 205 210 218 100 132 212 136 152 502 118 312
49 212 205 128 101 121 511 219 153 511 139 306
50 201 308 226 102 122 219 231 154 503 110 101
51 113 513 113 103 129 306 208
52 111 301 111 104 301 120 111

145



36 gooooooooooo O30

gooooooooooooooobooooooboooo
gooooooooooooooobooooooboooo
goooooooooooooooboooooboooo
goooooooooooooooobooooooboooo
gooooooooooooooobooooobooo
0000000000000 D00000, 0000
gooooOoooooooooOoooooOooooo
oo0ozoooOoOoooOooooooooooooo
goooooooooooooobooooooooOono
00230 A0000000O0000000O000O180A
gooozOoOOOOOOOOOOOOOO0O0O0O00O0
oooooooooooooooooooooo
0230 BO0000000000O0 10aOOOODOO
gooooooooOooOoOOO2000000000
0000000000000 00U0OO020BMI OO0
00 10a000000001ODOOODOOOOOO
goooogoooool1ooboooobooooobooo
0000230 BO000O00OO0O0OOO0OOOOOOOOO
0000o000z0BOoOOO0OOO0OO0DOOO0ODODOOO

003

-2

E n.o2s

Deponit aftar STD (ge
E = B &
s B 2 8 R

gboooooobooooOooooooooooooboooo
goooozZooooooooooooooooooo
oooooboooOoooOooooooooOooboo
000000 DOOOoOOO0O230 BooOoOO
0000000000000000000000230CO
goooooooooooooooooooooboooon
goooooopoooooooopo2000000000
goooooobooooooooooooooboooon
goooooobooooooooooooooboooon
gboooooobooooooooooOooooboooo
gobooooobooooooooooooooboooon
goooooooooooooooooOoOoOoOooa00
gooooooooooooooooboo
ooooooooooooooooobooooono
gopoooiiMoooooooooooooooooo
gooboooooboooooooooobooooooboooon
goooooo2oooooooooooooooooo
O00ooO0oo20AQ0O0BMO0O0O0OI000011510
goooolobooooooboooOo00O00O000oosenoO

P
&

3

Spray volume par 10a witer STDIL)
=

]

i
Order Mn 80 154

1

COrder 154

Fig. 21. Mean values for 20 years of yearly deposits after ST AQand yearly spray volumes per 10a after STIX BO

Tree forms were arranged in order of each value in the 1541 tree forms. STD refers to Fig. 23.
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Fig. 26. The yearly values of minimum spray volume per 10a after ST A middle spray volume per 10a
after STIH BOand maximum spray volume per 10 a after ST CO In each “y” axid] order[] tree
forms were arranged in order of each value in the 151 tree forms.
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Table 8. Correlations between crown informations analyzed by the improved CACOAS and the several results from the
deposit simulations. Min-SV, Mid-SV and Max-SV indicates mean values for 20 years of yearly minimum
spray volume per 10a after STD, that of the middle one and that of the maximum one, respectively. Mean 1,
Min-D and Max-D indicates mean values for 20 years of yearly mean deposit before STD, that of the minimum
one and that of the maximum one, respectively. SD and CV indicates mean values for 20 years of yearly stan-
dard deviation of deposit before STD and mean values for 20 years of yearly coefficient of variation of deposit
belore STD, respectlively. STD relers Lo Fig. 23.
Min-SV ~ Mid-SV  Max-SV  Mean D Min-D Max-D SD (Y
Tree height 0.6432*  0.5720 0.7033  -0.0052 -0.0811 0.1363  -0.1580 -0.4097
East-West tree width -0.5815  -0.5455 -0.5227  0.2142 0.1811 0.2076 0.1039 0.3819
South-North tree width -0.2389  -0.1910 -0.6577  0.3178 0.2911 0.1001 0.2575 -0.1211
Volume of outside void space  -0.3777 -0.3835 -0.5271 0.1183 0.3857 0.4111 0.1939 0.0500
Volume of inside void space -0.3618  -0.3012 -0.4880  0.1128 0.1529 0.0289 0.1901 0.1869
Space volume under crown 0.1867 0.1914 0.5602 -0.3528 -0.5119 -0.2591 -0.3557 -0.0275
Leaf canopy volume -0.5678 -0.5502 -0.7536 0.1760 0.5332 0.3618 0.5217 0.1007
Tree crown volume -0.5506 -0.5315 -0.71416 0.4753 0.5233 0.3618 0.5191 0.0851
Leaf density 0.3133 0.3328 0.6213 -0.4811 -0.5778 -0.3473 -0.4010 0.1895
Land area occupied by crown  -0.5695 -0.5200 -0.7335 0.3293 0.3574 0.2018 0.4118 0.1855
LAI for limited area 0.2287 0.2156 0.0362  0.1423 0.1370 0.1060 -0.0061 -0.3557
Number of fruits per m” 0.2678 0.2791 0.1971 0.3092 0.2810 0.3630 0.2568 -0.1110
S-V ratio 0.6036 0.5539 0.7350 -0.5913 -0.6348 -0.4992 -0.5971 -0.0446
Vertical S-V ratio 0.6930 0.6120 0.6901 0.2297 0.2216 0.2688 0.1874  -0.0810
Mean D 0.1532 0.0962 -0.6717 1.0000 0.8990 0.9260 0.8926 -0.2673
Min-D 0.0912 0.0505 -0.6317 1.0000 0.7998 0.7617  -0.2629
Max-D 0.1386 0.0522 -0.5012 1.0000 0.9266 -0.0716
SD -0.0712 -0.1239  -0.6802 1.0000 0.1772
(Y -0.5208 -0.4919 -0.0435 1.0000
Minimum drift proportion 0.1820 0.4557 0.0509
Middle drift proportion 0.4885 0.4980 0.0605
Maximum drift proportion 0.1357 0.1365 0.6770
Min-SV 1.0000 0.9721 0.3537
Mid-SV 1.0000 0.3350
Max-SV 1.0000

Significancd]l n=1510: p<0.0010 r>0.3211[0 p<0.010 r>0.251010 p <0.050 r > 0. 196[1J
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