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Studies on the cold injury of citrus trees. II.

Comparison of Citrus Unshid and Citrus Natsudaidai.

Fujio YOSHIMURA and Yoshinobu ONO
(Laboratory of Fruit-production, Faculty of Agriculture) '

Summary

1. With young plants of Citrus Unshiui and Citrus Natsudaidai which had been kept in
a warm house from the previous autumn, freezing treatments were conducted in mid February
under different temperatures such as —2.0, —3.5, —5.5 —T7,0 and —9,0°C. As the result,
Citrus Unshii was more resistant to the cold injury than Citrus Natsudaidai from the standpoint
of degree of injury and the spring growth after the treatment.

2. Osmotic concentration and freezing point of leaf cell sap were observed by the plasmolysing
method with cane sugar solution. The values were as follows: Citrus Unsha, 1.1—1,2 Mol
and —(2.05=2.23)°C. Citrus Natsudaidai, 0.9—1.0 Mol and —(1.67—1.86)°C.
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Table ). Spring growth on July 23 after being subjected to the freezing tem-
perature 1n late February*.

Spring growth (increase in fresh wight)
Non-treatmemt —2.0°C %14 hours —3.5°C %12 hours
Citrus Unshu 0.608 (100) 0.61g (100) 0.538 (86
Citrus Natsudaidai .02 (100 0.92 (90 0.67 (65)

* Treated on a different day between February 18 and 25. 1961.
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Figure 1. Experimental design of freezing treatments.
Plants were kept in a warm glass room of minimum temperature 3. 5°C and
maximum temperature 17.0°C, except the treating hours designated in the
above figure and 12 hours before and after being subjected to the freezing

treatments.
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Figure 2. Spring growth of Citrus Unsh@ and Citrus Natsudaidai after the
freezing treatments in mid February, 1960. 1: Trees were cooled gradually
down to —5.5°C at which the freezing spots- appeared on leaves, and then kept
at —5.5°C for 4.5 or 7.5 hours, as unbroken line in Figure 1. 2: Trees were
cooled alike down to —7°C or —9°C minimum temperature, as broken line in
Figure 1.
Table 2. Effects of different freezing temperatures on the growth of citrus species.
Per cent frozen Per cent dead ~ Spring growth*
parts of a plant leaves of a plant (increased in fresh weight)
Temperatures treated ‘ ~rrc | —ec | —rc | —ec | Jem | —rrc | —vc
: = 60 % 100 % 0% 0% 0.99 ¢ 0.58 g 0.45 g
Citrus Unshia (100) G9) 46>
:  Jai 80 100 0 100 1. 66 0. 75 0. 45
Citrus Natsudaidai ) 100 (45) an

* Treated on a different day between February 1l and 14, and dug up on July 23, 1960.
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Table 3. Growth of citrus species as affected by the duration of freezing temperature
—5.5°C* after the first appearance of cold injury to leaves.

Per cent frozen Per cent dead Spring growth
parts of a plant leaves of a plant (increased in fresh weight)
Hours under —5.5°C 45 7.5 L5 15 g |oas |1
1 74 74 74 74
: = 0 % 3% 0 % 0 % 0.99 g 0.82 g 0.70 g
Citrus Unsha 7 i 7 ~ (100> (83) an
. c 3a: 20 75 0 0 1. 66 L.31 1. 08
Citrus Natsudaidai o | a9 ‘ (5

* When the temperature of the refrigeratore was lowered gradually, the freezing spot
appeared first at —5.5°C on the leaves.
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Table 4. Intensity of plasmolysis of leaf epidermal cells in various concentrations
of cane sugar solution.

Intensity of plasmolysis

Concentration of cane

sugar solution, Mol LS| L4 L3} L2 L1 L0} 09| 0.8] 0.7
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Poncirus trifoliata
Citrus junos
Citrus Aurantium

Citrus Unshu
Citrus grandis

var. Hogen
Citrus Hassaku

Citrus Tamurana
Citrus Natsudaidai
Citrus Limon

Citrus sisnensis
var. brasiliensis ) .
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-+ ¢ Intensity of plasmolysis. — : Not plasmolysed:

Tadle 5. Osmotic concentration and freezing point of leaf cell sap. *

Osmotic concentration | Freezing point
Mol °C

Poncirus trifoliata 75 A F 1.3~ 1.4 —(2.42 ~ 2.60)
Citrus junos : =3 x L2 ~13 —(2.23 ~ 2.42)
Citrus Aurantium B L1~ 12 —~(2.05 ~ 2.2®)
Citrus Unshu WM h v Lt~ 12 —(2.05 ~ 2.23)
Citrus grandie, = en # T X B Lo~ L1 ~(1.86 ~ 2.05)
Citrus Hassaku VAN S L0~ 1.1 —(1.86 ~ 2.05)
Citrus Tamurana HEEIHv 0.9 ~ 10 —(L. 67 ~ 1.86)
Citrus Natsudaidai ¥ I # ~ 0.9~ 10 — (.67 ~ 1.86)
Citrus Limon o v 0.9 ~ 10 —(1.67 ~ 1.86)
Citrus sigensis =~ 5 v o v 0.8 ~ 0.9 ~(L49 ~ 16D

* Calculated by the plasmolysing method with cane-sugar solution (Table 4).
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