WFERFRE (BRF) #12E H 15 13150, PRE64F1A
Bull. Yamagata Univ., Agr. Sci, 12(1) : 31-50. Jan. 1994

F— D) > TO<TIVADA Fod &S0 OEHMEE,
H 240 & OVFE AR FEME o [/ — R H P20 A5 T O
CNHIZEET 5IE OMH AR

A K -m OB R
(IR R R, * RS R
(PHi549 A1 HZH)

Interrelationships among Characters Relating to Leaf Canopy Structure,
Light Environment and Fruit Porduction in Apple Cultivar
‘Fuji’ on Malus prumifolia Rootstock

Takanori YamMaMoTO™ and Takashi Takano™ ™
*Agriculture Production, Faculty of Agriculture,
Yamagata University, Turuoka 997, Japan
**Fukui Agricultural Experiment Station, Ryo-machi,

Fukui 910, Japan
(Recieved September 1, 1993)

Summary

Forty characters related to tree form, leaf canopy structure, light environment and fruit production
were investigated using 30, 13 year-old fruit trees of apple cultivar ‘Fuji’ on Malus prunifolia rootstocks,
which were grown under same cultivation management in the same orchard. Interrelationships among 40
characters were analyzed using “a system analyzing seasonal changes of tree from and leaf canopy

structure of fruit ’trees"27> and “a simulation model of distribution of radiational flux at leaf surface in

a crown of fruit trees”? .

1. The coefficient of correlation (CVs) of the yield of fruits (YF) and the volume characters, e.
g., the volume of leaf canopy (VLC) ranged from 20% to 36%. The CVs of the mean leaf area density
(MALD) and the total leaf number per tree (TLN) ranged from 15% to 24%. The CVs of the total cur-
rent shoot number per tree (TSN) and the leaf area index (LAIc) ranged from 14% to 18%. The CVs
of the trunk diameter (TD), the tree height (TH) and the degree of boldness (DB) were about 10%.
The CVs of the mean inclination angle of current shoot (MIAS) and the mean fruit weight (MFW)
ranged from 5% to 9% . The lowest variation (1.6%) was found in the daliy mean photosynthetic
photon flux density (PPFD) at leaf surface (DMPPFD) .

2. The analysis of interrrelationships among 40 characters were investigated. The YF was posi-
tively correlated to the DMPPFD and negatively correlated to the LAle, MLAD and DB. The YF distri-
buted on a curvilinear curve of the mean current shoot length (MSL) , the total current shoot length
(TSL) and the MIAS. The YF/VLC was highly and negatively correlated to many characterrs relating
with tree vigor. The DMPPFD was negatively correlated to the many characters relating with materials
for light interception, e. g, LAIc and TLN. The daily total photosynthetic photon flux density at leaf sur-
face (DTPPFD) was positively and highly correlated to the characters relating with the tree vigor and
negatively to the DMPPFD, suggesting that the larger tree received more total radiation, but became dar-
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ker in the crown. There were highly positive correlations between characters relating with the tree

vigor or the tree size. However, these characters were negatively correlated to the DB.

3. The analysis using 3 dimensional pillar-shaped graphs showed that YF decreased in the region
below about 660 mol/n’/s of the DMPPFD, in combination with the region above about 475cm of the
TH, or above about 12.5cm of the MSL or above about 23 degree of the MIAS. Therefore, it was sug-

gested that thorough fruiting management, improvement of light environment in the crown, good pruning

and training and moderate inhibition of vegetative growth are necessary for good fruit production.
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Fig. 1. Relationships between fruit weights and pro-
ducts of 2 cross diameters of the fruit at
about the harvesting time of apple cultivar
‘Fuji’.
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Table 1. The abbreviations of estimated characters or investigated ones and their maximum values,
minimum values and coefficients of variations (CVs).

Abb. Characters Maximum Minimum CVs(%)
Values values
(Tree from and structure of leaf caonpy)
AOLC  Area occupied by leaf canopy (m% 34.24 13.70 18.82
CFR C-F ratio 21.53 7.16 27.30
DB Degree of baldness (%) 49.69 32.59 10.90
EUV External unavailable volume (m®) 41.62 15.85 19.72
EUV/VLC EVU/ (volume of leaf canopy) (%) 124.75 55.53 19.94
EWW East-west width (cm) 880 660 6.89
HBLC Height beneath leaf canopy 144 62 10.90
v Internal unavailable volume (m®) 6.90 1.77 23.55
IUV/VLC IUV/(volume of leaf canopy) (%) 27.25 4.35 32.75
LAIc Leaf area index to AOLC 2.92 1.61 14.05
MIAS Mean inclination angle of current shoot (%) 28.22 20.28 8.83
MLAD Mean leaf area density (cm™) 0.0178 0.0096 15.09
MSL Mean current shoot length (cm) 17.73 8.83 14.01
SNW South-north width (¢m) 792 580 7.52
TCV Total caonpy volume (m®) 136.13 54.13 38.22
TD Trunk diameter (cm) 20.1 12.9 10.98
TH Tree heieht (cm) 540 360 9.28
TLN Total leaf number 35650 16517 19.22
TSL Total current shoot length (m) 503.9 195.4 23.66
TSN Total current shoot number 3919 1648 18.29
TUV Total unavailable volume (m®) 47.87 19.06 18.84
TUV/VLC TUV/(volume of leaf canopy) (%) 145.04 63.23 20.43
TVS Total volume current shoots (cm®) 12531 2683 36.28
VBLC Volume beneath leaf canopy (m?) 144 62 20.25
VLC Volume of leaf canopy (m®) 62.46 20.95 10.9
vVTC Volume tree cown (m®) 95.81 35.07 20.95
VW Volume of wood (cm®) 204999 62440 25.28
(Light environment)
DIE Daily irradiation efficiency (%) 149.57 68.11 18.93
DMPPFD Daily mean PPFD? at leaf surface 670.75 606.02 1.56
DTPPFD Daily total PPFDY at leaf surface 2611.8 1022.1 22.72
(Fruit production and leaf color)
DC Degree of coloring(%) 85.0 53.7 10.23
FPC Fruit production coefficient (relative) 0.372 0.180 16.40
FYC Fruit yield coefficient (relative) 0.651 0.409 10.74
LC Leaf color (relative) 7.5 6.5 3.73
MFW Mean fruit weight (g) 283.8 229.1 5.23
NF Number of fruits per tree 554 222 20.08
YF Yield of fruits per tree(kg) 137.22 54.52 20.93
YF/VLC YF/ (volume of leaf canopy) (kg/m°) 3.873 1.183 16.40
YE/VTC YF/ (volume of leaf crown) (kg/m?) 1.949 0.853 19.95

“Photosynthetic photon flex density (4 mol/m?/s)
YPhotosynthetic photon flex density (mol/tree/ (13hrs))
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Fig. 2. Relationships between current shoot lengths
(LENG) and basal diameter (BD) or pointed
end diameter (PED) of apple cultivar ‘Fuji’.
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Fig. 3. Relationships between the yield of fruit (YF) and several characters.

* **and *** indicates sig-

nificant level at 5%, 1% and 0.1%, respectively. The same symbols are used in the following fi-

gures.
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Fig. 4. Relationships between the yield of fruit (YF) and several characters.
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Fig. 5. Relationships between the ratio of yield to volume of leaf canopy (YF/VLC) and several

characters.
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Fig. 6. Relationships between the mean fruit weight (MFW) and several characters.
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Fig. 8. Relationships between the mean daily photosynthetic photon flux density at leaf
surface (DMPPFD) and several characters.
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Fig. 9. Relationships between the total daily photosynthetic photon flux density at leaf surface (DTPPFD)
and several characters.
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Fig. 10. Relationships between the daily irradiation efficency (DIE) and several characters.
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Fig. 11. Relationships between the daily irradiation efficency (DIE) and several characters.
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Fig. 12. Relationships between several characters relating with the tree vigor or tree

size.
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Fig. 13. Relationships between the mean inclination angle of current shoot (MIAS) and several characters.
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Fig. 14. Relationships between the degree of boldness (DB) and several characters relating with

the tree vigor.
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Fig. 16. Relationships between the C-F ratio (CFR) and several characters.
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