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Physiological and morphological studies on potato plants

“Part 13.

On the variation of respiration rate by the developmental

stages of the tuber formation of potato plants

By

TAKASHI TAGAWA and YOzZO OKAZAWA
(Botanical Institute, Faculty of Agriculture, Hokkaido University)
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Table 1. The variations of respiration intensity and carbohydrate
contents in the potato stolon during the growing period

Respiration | Carbohydrates
Qco Qo Reducing | Non-reduc- ! Starch
a 2 RQ sugar ing sugar ‘
{ce) (ce) (mg) mg) | (mg)
Stolon, just after emerged 4.16 4.43 0.94 17.25 Trace -
Tip 3.95 4.03 0.98 17.15 Trace —
Developing stolon Middle 3.82 3.76 1.01 15.00 0.14 —
Base . 3.81 381 1.00 8.13 267 -
Stolon, just before Tip 5.32 5.28 1.01 16.13 0.21 9.13
fFhe tuber Middle 4.50 4.40 1.02 14.81 1.07 -
ormation Base 4.66 4.66 1.00 7.14 3.01 -
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Table 2. "The variations of respiration intensity and carbohydrate
contents at the time of tuber formation
;;;;;;;; 'Respiration o ___Carbohydrates
oo, Qo, E RQ | Res?llf]gilr'lg | 1:11?; -sl;fg:: ‘: Starch
(ce) (ec) (mg) (mg) |
Stolon tip, yet unswelled 4.22 435 0.97 18.15 Trace —
Stolon tip, onset of swelling 4.65 4.23 1.10 16.62 0.21 —
Stolon tip, after of swelling 2.04 2.06 0.99 13.69 0.51 101.23
Small tuber 1.99 1.97 0.96 11.80 082 . 182.09
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Table 3. The variations of respiration intensity and
carbobydrate contents of the etiolated sprout
.. Respiration __Carbobydrates
Reducing | Non-redue-
Qeo, Qo. " RQ sugar ing sugar | e
{cc) {ce) (mg) (mg) (mg)
Tip 0.98 1.01 0.98 . 14.18 Trace -
Etiolated sprout Middle 0.92 0.90 1.02 11.89 1.21 -
Base 1.28 1.31 0.98 9.64 3.49 -
Small tuber 0.60 0.63 0.95 2.39 ’ 0.80 16352
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The variations of respiration intensity and carbohydrate

contents of the abnormal sprout emerged from the senile tuber

. ____ Respiration | Carboyhdrates _
Qo. | o, | gy | Rebuhe Newri s
(ce) (cc) (mg) (mg) ~  (mg)
Etiolated sprout 0.76 0.63 1.20 9.14 3.15 -

Lateral bud 2.13 1.96 1.09 19.23 Trace 27.33

Lateral bud (before swelling) | 1.81 1.81 1.00 7.92 0.13 114.99
Lateral bud, just after swelling 0.99 0.99 1.00 2.15 0.33 141.63
Sprout tuber 0.70 0.70 1.00 1.66 0.52 179.76
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Résumsé

The present investigation is one of a series of experiments carried out under the title of physiological
and morphological studies on potato plants.  Although certain new items of morphological information
have recently been reported by I'TO (1951), SHIBUVA (1950, 51, 52} and YAMAMOTO (1949, 50), virtually
little is known concerning the physiological and biochemical mechanisms of the tuber formation of potato
plants. In the preceding numbers of this series (1952) the authors have reported that the tuberization
of the potato plant is intimiately affected by the variation of ascorbic acid content in the potato tissues.
In the present investigation, extending the wcrk on the influence of external conditions on the tuber
formation of potatoes, particular attention has been given to a study on the physiological relation between
the variations of carbohydrate contents and the respiration rate in the tuber under various conditions,
with a desire to contribute to understanding the process of the tuberization of potatoes.

Potatoes of the variety “Irish Cobbler” were uscd as material.

The experimental results obtained may be summarized as follows ;

(1) Under the conditions of normal cultivation of potatoes, the contents of reducing sugar in the

stolon tips of potatoes were considerably higher than those of the other parts of the stolon throughout
the developmental stages of lineal growth of the stolons. At the same time, the respiration rate of the
stolon tips was much greater than that of the other parts of the stolon during these stages. However,
when the tuberization process of stolon come into operation, the respiration rate of the stolon tips began
to decline gradually in proportion to the decrease of sugar content which in turn caused the accumulation
of starch in the stolon tips.
; {(2) When the potato plants were cultivated in shallow wooden boxes which were kept in the dark
room under humid conditions, small tubers were formed on the axils of the etiolated sprouts after
standing for about two months or longer. In such etiolated sprouts, the reducing sugar content in the
sprout tips was much higher than that of the other parts of the sprouts. On the contrary, the content
of reducihg sugar'w'as rich in the basal part of the sprouts. Accordingly high rate of respiration of the
sprout tips was observed as a consequence.

On the other hand, in the new tuber formed on the axils of the basal parts of the etiolated sprouts
the content of starch is very abundant while it is low in reducing sugar content, which results in a very
low rate of respiration.

{(3). By the abnormal tuberization of potato plants, such as sprout tuber formed dircctly on the
mother tuber under the dark and dried conditions, being accompanied with the developmental stages ofA
the sprout tuber formation, rapid accumulation of starch and the decline of sugar content were recognized,
which in turn caused a decrease of the respiration rate. ;

(4) So far as can be judged from the results obtained in the present investigation, without respect
to normal ‘or abnormal tuberization of potatoes, a gradual decrease of the respiration rate was recognized
in the course of the developmental stages of the tuber formation. Such decline in respiration rate of
the newly developing young tuber might be most presumably attributed to the decrease of the content of
sugar, as suitable substrate for respiration in the young tuber, due to conversion from sugar to starch
which was taking place by the tuberization of potato tissues.



