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Studies on the citrus root stock. VIII.

Influence of root stocks on cold resistance of Unshi orange trees.

by

Fujio YOSHIMURA, Takasuke ICAWAKITA and Katsuyoshi MATSUNO -
(Laboratory of Fruit-production, Faculty of Agriculture)

Sur_nmary

In early February, differences of cold injuries caused by a five day freezing treatment
were observed among young orange trees of Unshia (Citfus Unshu) on three species of root
stocks ; such as Karatachi (Poncirus trifoliata), Yuzu (Citrus junos) and Natsumikan (Citrus
Natsudaidai). Plants were frozen from 0°C (7:00 p.m.) to —5°C (6:30 a.m.) during
the night, and warmed up to 0°C (9:40 a.m.) in the morning to bring out in the sunshine.

Cold resistance was highest in the trees on Karatachi stock followed by those on Yuzu
stock, and was lowest in those on Natsumikan stock. Plants suffered from less cold injuries

when irrigated enough before the freezing treatment.
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Figure 1. Hourly change of treating temperature. Plants were kept in the

refrigerator every night for several days. Temperature was lowered at
the rate of less than 0. 8 degree per hour from 0°C to —5°C during a given
period of time (7:00 p. m. to 6:30 a. m.). Experiment was conducted on
February | to 16, 1962.
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Figure 2. Air temperature at 30 cm high and soil temperature in

center of pot (diameter 17 cm) from February 9 to 12, 1962, The poted
plants were cooled from 0°C (7:00 p.m.) to —5°C (6:30 a.m.) and
warmed up to 0°C (9:40 a.m.) in the refrigerator. They were kept in
the sunshine during the daytime. Before the freezing treatment, a half
of them had been irrigated enough (“Irrigated pot”), and another half
of them had been irrigated a little (“Non-irrigated pot”) from mid
December to late January.
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Table 1. The freezing temperature of leaves and the percentage of fro7en leaves
of young Unshu trees on three species of root stocks.

. Ry
Freezing temperature of leaves Percentage:.ofi frozen leaves

Ist 2nd 3ed 4th S5th | st 2nd 3rd . 4th 5th

day day day day day | day day day day day
, CC °C °C °c| % % % % %
Karatachi { Non-irrigation | —4.4 —4.4 —4.5 ? ? 1 10 50 70 100? 7

stock Irrigation —5.0 —4.9 —4.6 —4.5 —4.5| 5 20 30 30 33

. Non-irrigation | —4.4 —4.5 —4.5 ? ? | 20 33 50 100? °?
Yuzu stock { Irrigation ~50 —4.9 —46 —46 —45| 5 10 15 15 25
Natsumikan { Non-irrigation | —4.3 —4.3 —4.4 ? ? 1 50 60 90 ? ?
stock Irrigation —4.5 —4.5 —4.3 —4.3 =43 20 20 50 60 65

© Unshia trees were cooled down to —5°C every night between February 1and 16, 1962. Before the
treatment, a half of them had been irrigated enough (“Irrigation”), and another half of them had
been irrigated a little (“Non-irrigation”) from mid December to late January.
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Table 2. Abnormal leaf fall of Unsha trees on three species of root stocks after the freezing treatment
of —5°Cminimum temperature at night for 5 days between February 1 and 16, 1962.

Number of days treated treltllton?ent 1 2 3 4 5
% % % % % %

s Non-irrigation 3.3 4.7 16. 4 25.4 41.3 50.0
Karatachi stock ~ { 7o 08" 0.0 0.4 0.9 55 130 220
Non-irrigation 0.0 0.7 12.0 17.5 3.3 40.0

Yuzu stock { Irrigation 0.0 0.0 0.3 0.3 0.5 1.2
Natsumikan { Non-irrigation 21.5 48.3  69.6 80.6 92.1 100.0
stock Irrigation 0.3 5.8 28.5 40.9 61.9 88. 6

Remarks : Same as stated in Table L.
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- Table 3. Comparison of increased fresh weight per 100 g between irrigated and non-
irrigated Unsha trees on three species of root stocks, respectively, on June 27 nearly
5 months after the freezing treatment of —5°C minimum temperature.

Number of days treated treI:tomn;ant 1 2 3 ‘ 4 5
g g 8 g p g 6 Bg
T 32.0 30.6 28. 6 24.2 16.5 .
Non-irrigation
Kmmmmmk{ g (100> G G & GD QD
Lerigation 32.1 3.8 30. 6 30. 1 25.9 21.9
= (100) (99) (96) (94) D (68)
I T8 36.7 34.5 30. 3 24. 4 19.4
Non-irrigation
Yuzu stock (100) 96 90 (80) (64) 1)
lerigation 38.6 38.5 3.1 37.6 36.8 - 291
k¢ (100 (100) (98) ICh) (95) (75)
: o 12.3 ~2.1  —13.8 —11.3 —17.9 .—18.0
Natsumikan Non-1rrigation (100) (— ) - (=) (=) (=)
stock eeivats 33.0 4.5 208 124 64 . —0.4
rrigation (100) (74) (63) an a o=

Remarks : Same as stated in Table 1.
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Table 4. Date of cold injury for citrus trees and rain fall in vnnter last 10 years in
Kochi prefecture.

Date of Date'and amount of the Date and, amount of the Number of
) last rain fall before cold first rain fall after cold . :

cold injury - Injury injury fine days
January 17, 18 and 19, December 24, 1958. January 28, 1959. )
1959. . (68 mm) (37 mm) 35 days
December 30 and 3! :

) December 12, 1960. January 8, 1961. )

igg(l), January 1 and 2, (10 mm) (20 mm) 27 days
From January 12 to December 29, 1962. February 8, 1963. A 41 days

February 3, 1963. (17 mm) (11 mm)
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Table 5. The mean and the lowest soil temperature in winter at
Kochi from 1954 to 1963.

- Month
Depth . December January February
under ground
cm ° °C °
10 8.5 (1.8 52 0.3 6.4 (0.3
20 9.8 (4.8 6.7 (3.0 7.7 4D
30 10.9 (6.7 7.6 (4.8 8.5 4.9
50 1229 (1.5 8.9 (5.8 _ 9.4 (5.7

* Numbers in ( ) are the lowest soil temperatures in the last 10 years.
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LoaM, EHAMSRE L &R, REREM0.3~49°CikEMHd, BF, TOABFEOLD
&, IRENRD, AREKEMNECRD, EEic, BEEESLHMD, WTF 50cm OHIR&IZZE
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Tabl 6. Influence of rain fall on the soil temperature in winter.

Air temperature Soil temperature
Date Weather Daily Daily 10 cm 20 cm 30 cm
maximum minimum depth depth depth
°C °C °C °C °C
i | 8 59 oy 75 i 0 62
January | g o) 9.5 -5 2.0 40 6.2
1956 10 @) 5.4 -2.6 2.6 4.4 6.1
’ 11 @) 8.5 3.3 3.0 5.0 6.4
12 O 10.2 5.1 3.2 5.4 6.9
22 O il. 6 —2.8 2.8 4.5 6.7
23 O 12.0 —2.6 3.0 4,8 7.0
January 24 8 6.8 —6.4 2.3 4.6 6.6
25 9.2 —6.1 2.2 4.5 6.1
» 1958 26 o 12.2 0.4 6.0 6.5 6.5
(25mm)
27 @) 9.2 3.2 6.0 6.3 7.4

* Signs of “O” show the fine day and “@” the rainy day: and 25 mm is amount
of rain fall.
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