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Summary

1. In order to determine avocado tree (Persea americana Mill.) bearing behavior in Japan,
the cultivars ‘Zutano’, ‘Bacon’ and ‘Fuerte’ were studied in Yamada Orchard, Numazu, Shizuo-
ka, during 1980 ~’88.

2. Fruits had a sigmoid growth curve, growing rapidly after late June and then slowly after
mid August. Growth of seeds was steady June to October and slow thereafter.

3. Flower (fruit) drop had two peaks, first mostly flowers from early May to mid June,
and a second peak of mostly small fruits from late May to late June. Flower drop was more
severe than fruit drop.

4. Primary branches (bearing shoots) and secondary branches (lateral shoots) elongated
rapidly after mid May, then very slowly after late June.

5. Leaf drop had two peaks, the first from mid May to mid June and a second for ‘Ba-
con’ and ‘Zutano’ from August to late September.

6. Inflorescences were of two types: Indeterminate (with growing tip) and determinate (no
growing tip). ‘Zutano’ had more indeterminates; ‘Bacon’ and ‘Fuerte’ inflorescence type tended
to alternate from year to year.

7. There were eight types of fruiting branchlets, based on different combinations of vegeta-
tive and bearing shoots. Successful fruiting percentage was higher for summer than for spring
shoots, for first than for later branches, and for terminal buds than for secondary nodes of
flowering branchlets.

8. Fruit set per flower ranged up to 0.038%, with ‘Fuerte’ highest and ‘Bacon’ lowest. Yield
alternated from year to year. Both fruit size and number were smaller in years with lower
temperatures.

9. Flower bud mortality increased with both time and lower temperature minimum in the
—2.5° to —3.5°C range.

10. The major impediment to avocado growing in Japan is low temperature, both winter
freezes and flowering period chilling. It is therefore important to select the warmest loca-
tions, and also to breed cultivars with greater cold resistance.
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Fig. 3. Weekly drop of flowers (top) and fruits (bottom) in

‘Zutano’,

‘Bacon’ and ‘Fuerte’ (1980).
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Fig. 2. Growth curve of pericarp and seed weights in ‘Fuerte’ (1980).
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Fig. 6. Two types of inflorescence. A : Indeterminate (with growing tip),
B : Determinate (no growing tip).

Table 1. Percent distribution of fruit set for inflorescence type at two stages.

Culti- Year Flowering period Fruiting period

var Indeterminate Determinate Indeterminate Determinate

Zutano 1982 85.4 14.6 58.3 415
1983 67.8 32.2 86.0 14.0
1984* — — — —
1985 76.0 24.0 73.2 26.8
1986 85.0 15.0 96.8 3.2
1987 88.9 11.1 100.0 0
1988 26.1 73.9 98.3 1.7

Bacon 1982 92.8 7.2 46.9 53.1
1983 95.3 4.7 79.0 21.0
1984* ) — - — —
1985 63.0 37.0 48.0 52.0
1986 79.2 20.8 91.0 8.7
1987 91.9 8.1 100.0 0
1988 32.6 67.4 83.8 16.2

Fuerte 1982 34.1 65.9 5.2 94.8
1983 69.9 30.1 92.0 8.0
1984* — — — —
1985 445 55.5 50.0 50.0
1986 41.2 58.8 39.7 60.3
1987 90.4 9.6 85.6 14.4
1988 38.8 61.2 88.0 12.0

*Cold injury on February 3, 1984 =no-flowering and fruiting.
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Fig. 8. Diagrams of fruit branch classes. A : Vegetative shoot on the termianl branch of the preceding season,
A’ : Vegetative shoot from flowering branch on the terminal branch, B : Vegetative shoot on the axillary
bud branch, B’ : Flowering shoot on the axillary bud branch, AC : Lateral shoot on the vegetative shoot
from the terminal branch, A’C : Lateral shoot on the vegetative shoot from the flowering branch on the ter-
minal branch, BC : Lateral shoot on the vegetative shoot from the axillary bud branch, B’C : Lateral shoot
on the vegetative shoot from the flowering branch from the axillary bud branch.
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Table 2. Percentage of distribution fruit set of the bearing part.

Bearing part A A B B AC AC BC BC Vegetative Flowering
(%) shoot shoot
1982 25.7 17.7 44.2 124 — — — — 69.9 30.1
1983 - 62.0 — 35.0 — 3.0 — 0 100.0
1984* - - - - - - - - - -
Zutano 1985 22.0 22.0 29.3 19.5 — 2.4 4.9 — 56.2 439
1986 70.2 1.6 12.1 0.8 7.3 0.8 7.3 — 96.8 3.2
1987 — 34.6 — 19.2 — 29.2 — 16.9 0 100.0
1988 84.2 1.8 14.0 — — - — — 98.2 1.8
1982 34.9 13.9 46.5 4.7 — — — — 81.4 18.6
1983 1.0 52.0 — 42.0 — 3.0 — 2.0 1.0 99.0
1984* - - - - - - - - - -
Bacon 1985 37.0 24.7 13.7 9.6 14 - 5.5 8.2 57.5 42.5
1986 65.1 4.7 13.4 4.7 7.4 0.7 4.0 — 89.9 10.1
1987 0.8 71.4 — 13.5 — 9.5 — 4.8 0.8 99.2
1988 79.0 2.9 8.6 1.9 1.9 1.0 4.8 — 94.3 5.7
1982 224 6.1 59.4 4.4 — 1.5 - 6.2 81.8 18.2
1983 2.0 45.0 - 31.0 - 20.0 - 2.0 2.0 98.0
1984* - - - - - - — - - -
Fuerte 1985 27.9 279 20.7 6.4 1.4 5.0 7.1 3.6 57.1 42.9
1986 60.3 22.3 13.2 1.7 2.5 — - — 76.0 24.0
1987 5.6 71.2 1.6 21.6 — - — — 7.2 92.8
1988 72.7 8.7 10.0 - 3.3 2.7 - 2.7 — 88.0 12.0

*Cold injury at February 3, 1984 = No-flowering and fruiting.
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Fig. 9. Percentage distribution of fruit set at different branch nodes.
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Fig. 10. Fruit set percetage distribution of spring versus sum-
mer flush and first versus second shoot (1980).

Fig. 11. Fruit number per tree per year; trees planted.

Table 3. Flower number and fruit set in 1980.

Cultivar Age Flower No. Fruit No. Fruit %
Zutano 6 years 241,955 18 0.007
7 years 96,897 30 0.031
Bacon 5 years 75,037 0 0
5 years 238,626 4 0.002
Fuerte 5 years 57,226 22 0.038




TR FOREENE L WEBBRERICOWT 495

ZoRL 7z, EREIICIZERIC L DEEROERLE L
o7z,

812 Micid 3 mEONER %Y 50 g T 8 Kl
J, FRMCEBN A IEELRL 2. Zutano'id
200~350gict—72H 0, ZFOE—73FRICE-
T%Ab L 72, ‘Bacon’lZ 150~350 g 12, ‘Fuerte’i
200~350 gl E— 755 - 728, FEFRIT 1987 F 2 B
TE—IHER LT, 3MEELFICL-T, £E

B =P N2y (A

% 13 Xz 1980~'82 FE £ THOAIBIEHIRIE R, 55 14
Xz BATER (4~ 6 B) o FHRIE (FE & HIESIRDF
¥E) L RIEREE, H 151, 2 AoRERERETR
L7

FHRIEICDOWT AL L, 18LEN L, 2, 3, 10,
11 BLU12 AH780 8 L U82 £ L 1) Ll - 72,
BTERA D FEF R 1980 455 A @ TR LK

Table 4. Fruit production per cultivar, year and tree.

1980 1981 1982 1983 1984* 1985 1986 1987 1988

Zutano
Tree 1 Age(yr) 6 7 8 9 10 11 12 13 14
Fruit No. 18 — 40 126 - - 332 480 150
Yield(kg) 5.2 - 10.7 32.1 - — 75.5 144.6 375
Tree 2 Age(yr) 6 7 8 9 10 11 12 13 14
Fruit No. 16 2 27 — — 19 62 98 160
Yield(kg) 4.5 0.6 6.9 — - 4.4 14.3 25.5 374
Tree 3 Age(yr) 7 8 9 10 11 12 13 14 15
Fruit No. 30 — 127 130 - — 319 400 60
Yield(kg) 8.7 — 33.9 29.7 — - 73.5 120.5 15.0
Tree 4 Age(yr) 8 9 10 11 12 13 14 15 16
Fruit No. 51 — 3 - — — 42 40 34
Yield(kg) 11 — 0.7 — — -~ 6.4 6.9 5.8
Tree 5 Age(yr) 13 14 15 16 17 18 19 20 21
Fruit No. 48 — 17 164 — 19 124 473 100
Yield(kg) 13.8 - 4.9 43.1 — 4.5 32.0 135.2 25.0

Bacon
Tree 1 Age(yr) 13 14 15 16 17 18 19 20 21
Fruit No. 16 — 155 376 — - 29 215 50
Yield(kg) 4.0 — 44.8 104.0 — — 5.6 45.0 12.5
Tree 2 Age(yr) 13 14 15 16 17 18 19 20 21
Fruit No. 10 159 275 318 — 83 287 79 205
Yield(kg) 2.1 31.2 57.8 56.4 — 20.3 55.7 15.4 93.6

Fuerte
Tree 1 Age(yr) 5 6 7 8 9 10 11 12 13
Fruit No. 22 6 — — — - 4 25 —
Yield(kg) 34 0.8 — — — - 1.0 5.6 —
Tree 2 Age(yr) 11 12 13 14 15 16 17 18 19
Fruit No. 69 44 677 393 — 725 536 922 520
Yield(kg) 20.6 9.8 137.8 91.3 - 148.0 874 191.6 874
Tree 3 Agel(yr) 21 22 23 24 25 26 27 28 29
Fruit No. 249 140 842 475 — 497 592 961 627
Yield(kg) 71.5 31.2 181.1 96.1 - 106.8 100.4 195.3 92.4
Tree 4 Age(yr) 21 22 23 24 25 26 27 28 39
Fruit No. 434 210 740 548 — 534 432 857 186
Yield(kg) 108.2 44.4 158.2 124.2 - 115.6 77.7 155.8 35.6
Tree 5 Age(yr) 29 30 31 32 33 34 35 36 37
Fruit No. 369 36 843 123 — 521 1,024 1,443 1,310
Yield(kg) 96.1 8.6 190.7 34.9 — 129.2 239.2 331.8 312.2

* Cold injury on February 3, 1984 = no-flowering or fruiting.



496 H 5LBT - BRESORER

50 — 1980
Zutano S — 1981
40 A -—- 1982
X --—1983 30p
30 ---— 1985
-~ 1986
20 -— 1987
N ---- 1988
10 O\
\\
0 <150 150 200 250 300 350 400 450<
- -200 -250 -300 -350 -400 -450 (g
o 60 g o
2 Bacon N =
x50 AN ;‘5’
= () -
bl g
=} [}
° 30 g
50 3
820 =
5 R
= -
A0 — N .
<150 150 200 250 300 350 400 450=
60 ~200 -250 -300 -350 -400 -450 (4
50 Fuerte
40 0 Jan, F;b. M;r. A;)r. M‘ay J\;ne Jully A.ug. S:‘,pt.l (5ct. N.ov. Dec.
30
20 Fig. 13. Mean 24-hr temperature in the avocado field
over 10 day periods.
10
0

<150 150 200 250 300 350 400 450=
-200 -250 -300 -350 -400 -450 (g)

Fig. 12. Percentage distribution of fruit sizes, 1980 to 1988.

25

Do
=3

—
o

o Mean Minimum
temperature temperature

o—o 1980 e---*

Temperature (C
[
(=}
| 4
1 ]
A1
A1

5 —a  198] M-
o—a 1982 w--m
O—5—=—% 10 15 20 2 30 5 10
April May June

Fig. 14. 24-hr mean and minimum temperatures in the avocado field at 5-day
intervals during the main blooming period.

© 1980
10 2 1981
) 01982
© 5
=1
=
b
E 0
L7
[_.4
-5

10 15 20 25 30 5 10 15 20 25
January February March

Fig. 15. Cold season minimum temperatures in the avocado field.



TR FOREEBME L NEERERICONWT 497

Table 5. Effect of minimum air temperature and its duration on
flower bud mortality.

Minimum air Mortality of
Y Duration(h;
ear temperature(°C) uration(h) flower buds
January 23, 1980 -2.5 2 +
February 26-27, 1981 -3.2 4 + 4+ o+
January 30, 1982 -3.5 1 + +

*

+ = slight, + ++ = severe.
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