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Physiological Studies during Vernalization in Rice"
By 8. V. PARTHASARATHY. B. Sc. Ap., M. Se.,
Agricultural Research Siation, Guntur.

Introduction. The ferm vernalization is a comparatively new one and
its original equivalent in Russian is Jarovizotie, The term signifies (a) a
stage of development during the germination of seeds; (b) the process
developed by Lyssenko by which the flowering phase of a plant is forced
earlier than usual by certain pre-treatments of the seed.

Theory of Vernalization. The main theoretical conceptions on which
vernalization is based are (1) growth and development ara two independent
processes ; (2) mcrphcﬂsgmﬂi features are no indication of development;
(3) plants have dilferent stages of development,

Growth and devﬁlnpment are iwo independent processes that take
place in a plant. The length of the vegetalive period iz not fixed for a
plant. It is determined_ by a set of external factors though an, individual
factor can hinder the growth of a plant. Factors determining development
are different from those determining growth and they arenot antagonistic
to each other. The time required by a plant to flower is determined by
certain factors whose nature and magnitude are different for different plants.
These factors may be allowed to act on germinating seeds or on growing
plants. The duralion of such stimulanls varies in like manner both for the
germinating seed and for the green plant. The process of sexual develop-
ment is determined even in the germinating sead.

Lyssenko mainly recognises five stages of development. The plants
tollow strict seguence and cannot proceed to the next stage unless the
previous stage is completed. Of the five stages only two are completely
understood. The first one is " vernalization stage " or " thermo-stage " and
the second one is "' photo-stage . The third stage, according to Kraevai
and Kiricenko (19385) is associated with gametogenesis.

Photoperiodism. Klebs was the first to renognize the fact that the
flowering duration in plants is not inherent in them but can be altered.
Light is one of the factors. Garner and Allard (1920) divided plants into
the following classes. (1) Long-day planis which progress quickly towards
maturity under an artificially prolonged day. (2) Shorl-day plants which
progress quickly towards malurity under shortened day. (3) Plants which
are indilferent to light period.

On-set of flowering. In addition to the theory of photo-periodism there
are two more theorles regarding the on-set of flowering—(1) Hormone theory
and (2) Carbon-nitrogen ratio theory. Lyssenko refutes the conception that
there is antagonism between development and growth of plants. The main
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difference belween Lyssenko and olhers lies in the material used for expen-
ments. The former dealt with vernalized seeds and others dealt with green
plants. The latter in their attempls lo make the plant flower earlier Hhuriened
the assimilation period and thus brought about poorer vegstative arowth,
Lyssenko experimenied with vernalized seeds and found that provided. the
required amount of darkness was given to the vernalized -seed, the plant
came. to flower earlier even in conlinucus illumination, Lyssenko is of
opinion that C: N ratio is only a result of the on-set of flowering .and not
the cause of if. Since the state of vernalization does not spread from part
to part of a plant, the hormene theory does not hold good.

Yernalization in Rice. Ukrainskii (1934) found that the reducﬁon of
the length of day to 12 hours accelersted flowering by six days. Hence
rice is concluded to be a short day plant. Qssewarde (1933) {fcund that
the plants of the two wesks treatment were 2~7 days earlier than'the control.
Haig (1934) in Ceylon found that the treatment for six to 10 days shortens
the duration of rice when compared with dry sown seeds. The reduction in
duration is mathematically significant but not economic.

Bio-Chemical studies. Riochemical processes relating to vernalization
were studied only in Russia. Demkovsky (1932) found a general increase
of enzyme activity and also a change in the inter-relation between different
groups of enzymes. He expects to derive an indirect method to determine
the stage of seed vernalization by changes in the enzyme complex.. Rancan
(1933) made a comparative study of the changes in the activities of diastase,
protease, peroxidases and catalase, on winter wheat. Catalase showed a
double maximum on the twentieth and twentyiifth days and the maxima
were followed by a sharp fall. The study of Rubin and Naumova (1934)
showed that there was a correlation between the. energy of plant develop-
ment and the action of enzymes, particularly that of catalase.

Material and method. The experiments were conductad on the strain
of paddy G. E. B. 24 and four other strains obtained from Coimbatore Paddy
Breeding Station, The seeds were sterilised in mercuric chloride solution and
soaked in water for 18 to 20 hours. The water was then drained off and the
moisture adhering to the seeds removed. They were then placed in dishes
and kept in a cool chamber, The temparature of the chamber was maintained
between 10° and 20°C. When the seeds appesred dried up, a small
quantity of water was sprinkled over them. By careful adjustment of moisture
the further growth of the seadling was prevented. One set of seeds was
kept in a chamber which was illuminated continuously by a 500 Watt bulb.
Another set was kept in a dark chamber. The temperatures of the two
chambers did not differ very much. The seeds were subjected to this
treatment for three weeks. The individual flowering duration of the plant
from these seeds was determined by observation in the field and it was
found that the flowering duration of the control ‘was 101 -days after frans-
planting while that of the seeds wvernalized in darkness was 96'2 days,
The difference though significant is not economic,
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Expemmnnts on Diastase and Catalase :— The changes in the quan-
tify of diastase and catalase during the process of vernalization in G. E. B.
24 were followed. Diastase was estimated by pulverising the seeds and
preparing 1% water extract. 10 ec. of 1¥starch solution buffered at pH 4. 6
-was added to 10 cc. of the exiract and the enzyme action was allowed to
proceed for 1 hour in a water bath maintained at40°C. The reducing
sugars formed were estimated by Shaffer and Hartman's micro method. The
milligrammes of glucose so formed represent the diastase activity in 10 cc.
of the extract or its equivalent of 0 1 gm. of the seeds. From this the total
activity in 100 seeds is calculated. The catalase activity was determined by
pulverising 25 seeds with CaCOy, This was placed in one arm of Heini-
cke's tube and in the other 5 cc. of neutralized Merck's H:Os was placad.
They were mixed and shaken at the rate of 25 shakings per minute. The
quantity of oxygen evolved at the end of 5 minutes was taken as the mea-
sure of catalase afier being reduced to N. T P. The total catalase activity
for 100 seeds was then calculated.

Diastase :— The diastase pressni in the seeds during the vernalization
process is greater than thatin un-germinated seeds. In appearance the
vernalized seeds show no diflerence from the ordinary seeds except for the
small crack in the seed coat at the region of the embryo. The diastase pre-
sent'in the seeds that are vernalized in light is greater than the quantity
present in the seeds vernalized in darkness. The data are presented below :-

TABLE L. Quantity of diastase in vernalized seads :—
(Figs. in mgm. of glucose for 100 seeds).

Vernalization in

Day of vernalizution,

light. darkness,

3 58:08 6724

4 183-04 4400

5 15944 2568

b 92°56 2360

7 114-40 60E2
11 14820 3028
24 132-48 —_—
25 152 76 3028

The iwo seis of . E. B. 24 seeds that were vernalized in light and
darkness were then placed for germinalion in trays after 40 days of the
treatment. All seeds germinated and they were analysed for diastase. The
data are presented below :—

TABLE Il. Quantity of diastase in vernalized seeds when they germinale,

. : Seeds vernalized in Control tatrogs
Hours after soeking,
light derkness ted seed,
48 19775 93'85 11260
72 43520 40815 31752
96 60870 666740 636448

120 91310 99860 S5804
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The sceds frealed in light show a larger disstase conlent -up ‘to: the
third day: later the seeds ireated in darkness show-a larger 'mﬁfénf_; The
quantily present in lhe trealed gecdn are considersbly gréater than-those
in the unlreated seeds.

Catalase. The sampling of the' seeds {or delerminatior. of catalase'was
done on the same day as thal for diaslase detenminations, so és'{o find out’
the course of change in the iwo enzymes in relation to each other. . Tha
daia are presented in the following table:—

TABLE 1II. Quanlity of catalase in vernalized soed:—

Vernalization in ;

Davs of vernalization.

light. "  darkness.
3 2458 7110
4 1895 744
3 20067 813
G 1184 7:78
7 1490 1118
11 10-84 745
24 16-20 979
25 1281 978
26 1146 0-44
37 916 1017

It is found that the guantity of catalase in seeds trested in light is very
high on the third day, but it slowly falls until on the 37th day it is dwindled
to 1/3 the original conlent, The catalase present in ' the seeds treated in
darkness is almost steady. However, the cquantity is less than that'in light
treatment in the initial stages and the two are almost equal after 37 days of
ireatment.

The quantities of catalase present in the treated seeds when they
germinate were followed. The data are given below:—

TABLE 1V. Quantity of catalase present in the vernalized seeds
when they germinate.

I_':[!:"’u:,s ther Vernﬂ]iZBd in Eﬂﬂtl&ﬂl u?i_
soaking light. dorkness. ireatfz seeds.
48 761 10 15 : 36°36
72 3934 4504 8873
96 85-12 9529 . 14638
120 114 62 13414 _ 180402

The catalase content of the seeds vernalized in light is less than that of
the seeds treated in darkness, The comparison between the catalase con-
tent of the vernalized seeds and that of the .conirol is interesting. The
quantities of catalase present in the treated seeds are far less than those of
the control.

Disoussion. The experiments show that the seeds undergoing verna-
lization treatment contained larger amounts of diastase and catalase than
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ungerminated ‘seeds. Control seeds when they germinate on moist blotting-
paper arow rapidly and in 48 hours the radicle grows to nearly 0'1 to 0'2
inches length. At this stage of growth the diastase content of 100 seeds is
112'60. - - The seeds undergoing vernalization treatmenl have shown more
than this guantity of diastase though with regard to growth they have only
hurst open the seed coat near the embryo and are not growing any further,
The diastase content of the seeds vernalized in light is very high and there
are daily fluctuations. The diastase content of the sesds vernalized in
darkness is far less than that of the light vernalized sseds. When the
vernalized seeds ware germinated on moist bl otting papar after 40 days'
treatment the higher diastase content of light vernalized seeds is maintained
only up to the third day and later the darkness vernalized seeds take the
lead, Both the treatments have effected s greater diastase content through-
out the course of germination than that of untreated seeds,

~ Changes in the quantity of catalase in the vernalized seeds are similar

to thosa of diastase. During vernalization in light the seeds show a very
large increase in catalase in the initial stages but it slowly decreases. The
seads that are vernalized in darkness show almost a steady catalase conient.
When the seads are kept for germination thers is increase in catalase in both
the lots, The seeds treated in darkness show slightly a larger amount of
catalase than the ones treated in light. Both of them show considerably
low contents of catalase as compared to the control. Therefore it may be
concluded that while the wvernalization treatment causes an increased
diastase content in the germinating seads it impairs the catalase production.
The experiments show that the enzyme complex in the seeds undergoes a
change during vernalization. Ths change is sesn during the course of ihe
trealment as wzll as when the sseds germinale after the treatment. A
delailed study of the enzyme complex at different stages of vernalization
may be useful to delermine the degree of varnalization.

Summary. The vernalizalion treatment has reduced the ilowering
duration of rice by about 5 days.

Botn diesiase and catalase increase during the vernalization process,
The treatment in light has caused grealer increase than that in darkness. In
the former treatment catalase decreases slowly until it is equal in both.
When the seeds are garminaited the increuss in diastase is greater and that
in catalase less than those of untresfed germinaiing seeds.
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