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Studies on the cold injury of citrus trees. Iv.
Cytological observation of the freezing on Satsuma orange trees.

by

Fujio YosuimMmura, Haruyuki Masupa and Koéichi Kato
(Laboratory of Fruit-production, Faculty of Agriculture)

Summary

Cytological observation of the freezing was done from December 25, 1964 to Jaruary 25,
1965 on Satsuma orange trees, which were kept in the green house. Sections of the stems and
the leaves were frozen by keeping a few small pieces of dry ice on deck glass. The temperature
on deck glass in sight-field of microscope lowered from (2 to 4)°C to —(8 to 18)°C for 3
to 7 minutes after the treatment begun. In xylem and pith of stem many cells turned dark
color all at once, being likely to die; as shown in Figure 1. Parenchyma cells without
chloroplasts inner part of cortex were plasmolysing (Figure 2 and 3).4 In parenchyma cells
with chloroplasts outer part of cortex the chloroplasts were slightly vibrating and the border
of a protoplasm was to be thick and bright, namely, the cells were likely to be plasmolysing
(Figure 4). And chloroplasts in leaf cells lumped together in a foot ball and then cell wall
increased in thickness, turned to be uneven and silverly white. These tendencies were
more conspicuous in spongy parenchyma than in palisade parenchyma (Figure 5). From
these results it is said that on citrus trees being freezing at low air temperature under nat-
ural conditions the intercellular freezing occurs in general. _

And in the sense that the degree of frost hardiness is determinated by a value of dehy-
dration resistance ; osmotic concentration of cell sap, the microscopic observation of treated
sections with sucrose solution was done on December 20, 1964 on stems and leaves of
Satsuma orange trees, which were cultured in the field. As shown in Table 1, cells of stem
bark were more easy to plasmolyse than leaf cells. The plasmolysis occured more easily
on stems grew in summer than on those in spring and autumn. But among leaves developed
in spring, summer and autumn the plasmolysis occured similarly. And as compared with
epidermal cells of midrib of leaf, parenchyma cells inner part of midrib were extremly

easy to plasmolyse (Figure 7).
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Table 1. Fluctuation of osmotic concentration of cell sap on Satsuma
orange trees on December 20, 1964 ; percentage of plasmolyséd cells with
sucrose solution per a sight-field of microscope.

Growing cycle of ) .
\\testecl stems and leaves| ~ Spring ) Summer ~ Autumn
‘\.\.'\‘ N . . * . ] . . .
Molal solution . Stem™ Leaf** . Stem Leaf Stem Leaf --
of sucrose \ ‘ .
M % % % % % %
0.8 5 Gk 5 Sk "5 0
0.9 20 SRk 30° T gkk 10 0
1.0 25 SRk 30—40 Sk 10—15 Srkk
1.1 ' 30 15-20 30—40 0 | 15-20 10-15 -
L2 L 30 15-20 30—40 10—15 20—30 10—15 |
1.3 40 20—30 . 40 |+ .20=30 30 20—30
* o Parenchyrﬁa cells outer part of stem bark around stem l_Jud.v
** : Epidermal cells of midrib of leaf.
sokok

¢ Cells inner part of midrib were very easy to plasmolyse.
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Figure 1. Xylem cells of stem were frozen easily. As shown in right
picture, a great many cells turned dark color all at once, being likely to
die, at — (15 to 18)°C, 3 to 5 minutes after the freezing treatment with
dry ice begun. The left indicates before the treatment.
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Figure 2. Plasmolysed parenchyma cells without chloroplasts inner part of
cortex of stem by the freezing treatment. Left : 0 to 2 minutes after the
freezing treatment begun. Right : At —(8 to 13)°C, 5 to 7 minutes after
the treatment begun.
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Figure 4. Parenchyma cells with chloroplasts outer part-of 'cortex, '-beirg
.frozen with dry ice. Upper : Chloroplasts were shown to be. slightly vibrating:.
_4.to 5 minutes .after the freezing treatment begun.’ Under The border of
.a protoplasm was to be .thick, and brlght’ the  cells ‘were llkely to - be
plasmolysing, 7 to 8 minutes 1fter the treatment begun
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Figure 5. Palisade parenchyma cells (upper) and spongy parenchyma cells
(under) of leaf, being frozen with dry ice. Chloroplasts lumped together in a
foot ball, and several chloroplasts being free from the lumps were slightly
vibrating. Cell walls increased in thickness, turned'to be uneven and siverly
white. The lumped chloroplasts were to be loose 12 to 14 hours after the
temperature on deck glass increased over 0°C.

FIR BAEPOEOME, LR & AREE TR iERIRME



GEASD - GER - 88m - i)

# v F VDY

Figure 6. Cells without chloroplasts inner part of stem bark around stem
bud, being held not their shape by freezing. Materials were obtained
from twigs of Satsuma orange trees, which were treated at —15°C for 24
hours, and then were frozen to death in the refrigerator.
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Figurc 7. Plasmolysed cells of midrib of leaf with 1.1 to 1.2 molal solution
of sucrose. As compared with epidermal cells (A), parenchyma cells inner
part of midrib (B) were extremly easy to plasmolyse.
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