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INTRODUCTION.

Previous investigations (Sircar, 1942, 1946) on vernalisation and photoperiodism
of rice have demonstrated the effectiveness of short days in inducing earliness,
increased growth-rate and grain-yield. In the preliminary work (Sircar, 1942)
the application of 8 hours photoperiods to plants at an advanced stage of the
vegetative growth has resulted in a significant increase in tiller number and an
earliness of ear emergence. In a subsequent work (Sircar, 1944, 1946) different
photoperiods have been applied to seedlings in seed beds, as the application of the
method in field practices is possible only by the treatment of seedlings before trans-
plantation. Of the seed bed treatments for varying periods an exposure to short
days of 8 and 10 hours for 6 weeks duration induces maximum earliness and in-
creased grain-yield. Tiller number during the vegetative period is maintained at a
higher level than in the control.

In order to understand fully these effects of photoperiods in accelerating
flowering and growth-rate of rice culminating in increased grain-yield investigations
-on the metabolic changes of the plants subjected to different treatments have been
undertaken in this laboratory. The main physiological processes that have been
studied for these effects are carbohydrate and nitrogen metabolism. The work on
carbohydrate metabolism carried out by Samantaray (1942) has shown that the
photoperiodic treatment increases the dry weight of the plant and that at the end
of daily photoperiod the earlier leaves show greater accumulation of total sugars
than in the control, while there is a fall in the sugar content in the leaves formed
later during the life of the plant. The accumulation of sugar in the earlier leaves
has been found to be associated with more production of tillers at these stages,
while a fall in sugar content in the leaves of later stages is related to the translocation
of sugars to the developing ears. Surprisingly enough it thus appears that the
reduction in day length from normal daylight of about 13 hours to 10 or 8 hours
has not reduced the photosynthate formed, on the contrary the application of a
suitable photoperiod has been found to stimulate the plants to produce increased
dry matter.

The biochemical changes of plants subjected to photoperiods have been deter-
mined by Arthur, Guthrie and Newell (1930), Eckerson (1932), Hard Karrer and
Dickson (1934), Murneek (1937), Nightingale (1927), Tincker (1928) and Parker and
Borthwick (1939). Some of these workers have attempted to explain the photo-
periodic response by the relative amounts of carbohydrate and nitrogen compounds
of the plant, generally known as the C/N ratio. Suggestions have been made that
transition from the vegetative to the reproductive phase is brought about by an
accumulation of carbohydrates or by an excess of carbohydrate over nitrogen
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compound. Tincker (1928) from studies on chemical composition of several
economic plants which have been submitted to the treatment of different photo-
periods has come to the conclusion that there is considerable correlation between
chemical composition as expressed by this ratio and the behaviour of the plant to
varying periods of daily illumination. The investigations of Nightingale (1927)
and Eckerson (1932) have shown that the length of day influences the production
of reductase, the enzyme responsible for the assimilation of nitrate nitrogen. The
activity of the enzyme is to convert excess carbohydrate and nitrate nitrogen into
organic nitrogen and thus a proper balance of C/N ratio necessary for the transition
to reproductive growth is maintained. Parker and Borthwick (1939) reported
that in soybean total nitrogen and soluble non-protein nitrogen were higher in the
plant receiving 8 hours photoperiod than in the control. Carbohydrates were
lower than in the controls with the exception of starch in the leaves which was
higher. The effects of the short and long day on the chemical composition of the
leaves of young wheat plants were studied by Hard Karrer and Dickson (1934).
Early flowering in long days was found to be associated with highest carbohydrate
and lowest nitrogen per cent in the leaves. But this resulted in a very low yield of
grain in one variety, Turkey. = On the other hand, the vegetative plants of the short
day treatment showed highest nitrogen and lowest carbohydrate per cent and these
were associated with good grains in Hardfederation and with sterility in Turkey.
The conclusion was drawn that there was no relation between the carbohydrate and
nitrogen contents on subsequent grain-yield. Murneek (1937) working with Biloxi
soybean reported that changes in the relative amounts of carbohydrate and nitrogen
compounds do not appear to be of sufficient magnitude to account for the initia-
tion of flower primordia. For satisfactory fruiting, however, he suggested that
a favourable relationship between carbohydrate and nitrogen compounds may be
essential.

In some of these investigations plants were grown throughout the season in
different photoperiods and changes in the chemical composition of the plants noted.
In others biochemical changes were determined before and after transfer to various
photoperiods. Such studies permit a comparison of the influence of different
photoperiods on chemical composition of plants, but would not necessarily explain
the causal mechanism of photoperiodic response as in most of these cases photo-
periods were applied and the chemical composition determined when the plants
were already at an advanced stage of development. Attempts have been made in
this laboratory to approach the problem in a different way. Photoperiods necessary
for the acceleration of flowering have been applied in the seed bed, and after trans-
plantation the chemical composition of the plant determined at frequent intervals
with a view to ascertain the differences in the metabolites produced. A difference
in the chemical composition of the plants from the early stages before flower initia-
tion takes place is likely to give a clue to the nature of the substances formed during
the treatment. Recent investigations have indicated that photoperiodic response
of the growing points is not a direct result of the light action but is due to the forma-
tion of certain substances in the leaves which on transmission to growing points
participate in flowering. This paper embodies the results of a preliminary work
in the nitrogen metabolism in the leaves of rice subjected to a photoperiod in the
seed bed.

MATERIAL AND METHOD.

A pure strain of winter paddy variety Bhasamanik was used in this investigation.
After sterilisation with 0-2%, formalin seeds were sown in earthenware seed beds,
15" x 5", on May 28, 1943. Photoperiods of 10 hours for 6 weeks duration were
applied to 7 days old seedlings with two leaves. They were exposed to the natural
day length from 7 a.m. to 5 p.m. and for the rest of the day and night they were
kept inside a well-ventilated light-proof house. The control seedlings were grown
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in natural day length. The seedlings from the treated and control seed beds were
transplanted in field plots measuring 12’ x 12’ on July 18, 1943.

ANALYTICAL METHODS.

The first sample for chemical analysis was taken at the end of the light period
(i.e. on the day of transplantation) and four more samples at different ages of the
plants were analysed.

For the analysis of seedlings the whole plant (several taken at random from
the seed bed) was uprooted and brought to the laboratory before 8 a.m. The root
system was removed and the shoot cut into small bits, and divided into two halves.
Care was taken to remove the superficial moisture from the samples with blotting
paper. One half was dried at 70° to 80°C. for 24 hours and finally at 100°C. for 30
minutes, cooled in a desiccator and weighed. The dried halves were powdered
in a mortar, from which total nitrogen was estimated. The other half was thoroughly
ground with water in a mortar to a paste for estimating soluble nitrogen-fractions.
The extract was filtered through paper and made up to 50 ml. with several washings
in distilled water by applying suction with a filter pump. Frothing was prevented
by a few drops of capryl alcohol. In this way 979, to 989, soluble nitrogen can be
extracted in this volume of water. In the case of leaves they were severed from
the plant at 8 in the morning and immediately brought to the laboratory and
divided longitudinally in two equal halves, cut into small bits and treated as above
for estimating nitrogen content. Total nitrogen was estimated by Micro-Kjeldahl
apparatus of Parnas and Wagner as described by Pregl (1930). 20-30 mg. of
powdered material were digested by the reduced iron method of Pucher, Leaven-
worth and Vickery (1930) adapted to a Micro-Kjeldahl scale. The digests were
distilled for 10 minutes with 15 ml. of 309, sodium hydroxide containing 5%,
sodium thiosulphate and the ammonia absorbed in 10 ml. of N/100 hydrochloric
acid and the residual acid titrated against N/100 sodium hydroxide using methyl
red indicator.

For estimating the total soluble nitrogen, 19 ml. of the aqueous extract was
taken in a 50 ml. test tube and 1 ml. of 509, trichlor-acetic acid was added to pre-
cipitate protein, it was then stirred and filtered. From this protein-free extract
aliquot portions are taken and total soluble nitrogen after reduction of nitrates with
reduced iron was determined as above by the Micro-Kjeldahl method.

Protein nitrogen was calculated from the difference between the total nitrogen
and the total soluble nitrogen content. Total amide nitrogen and free ammonia
were determined by adopting the method of Wolff (1928). The hydrolysis of
amides was carried out in a test tube fitted with a long glass tube to serve as a reflux
condenser, 2 ml. of the protein-free clear extract and 0-5 ml. of 0-25 N Hy80,
was introduced and heated in a .low flame for 4 hours to complete hydrolysis.
Ammonia was then distilled in vacuo at 40°C. after adding 1 ml. of 40%, sodium
hydroxide. '

Free ammonia was estimated by distilling 2 ml. of the aqueous extract with
a thick cream of magnesium oxide at a temperature of 40°C. Total amino-nitrogen
was determined by the Van Slyke micro-amino-apparatus (Loomis and Shull, 1937)
using a reaction time of 10 min.

EXPERIMENTAL RESULTS.

The accumulation of dry matter expressed as percentage of fresh wt. in the
seedlings and the successive leaves are presented in Table I. The results of the
analyses of the different nitrogen fractions of the seedlings and the different leaves
are presented in Table II as percentage of dry weight. The results presented
(Figs. 1-4) are without statistical evidence as the replicate analysis could not be
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done. Since the data reported here are obtained from a representative number of
leaves of the same stage of maturity sampled at random from the field it is worth
considering the appreciable differences noticed between the controls and the treated
plants. The differences are much greater than what could be ascribed to methods
of micro-analysis.
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The amount of dry matter in the treated seedlings is less than the controls which
received normal day length.

TasLE 1.

Dry matter (Y% of Fresh weight).

Seedlings. | 7th leaf. | 9thleaf. | OTOWIDE | Plug leaf.
apex.
Control .. 24-31 31-67 35-00 12-76 31-60
10 hours for
8 weeks 19-68 33-08 31-98 13-92 32:60

This decreased dry matter in the treated seedlings is possibly due to the effect
of short photoperiod which limited the photosynthetic process of the seedlings in
the seed bed. The total dry matter in other treated samples is greater than the
control except in the 9th leaf where a fall is noticed. The increased dry weight in
the treated plant with an increase in the tiller number (18-8 as against 14-641-332)
at about the same time would indicate that the photoperiodic treatment acts as a
stimulus to plants to greater activity. After noting the fall in the dry weight of
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the 9th leaf it was found necessary to see the conditions of the growing apex. On
splitting open the sheathing stem it was found that the tip of the axis has just
formed the rudiments of inflorescence. This would demand a rapid translocation
of organic substances prepared in the leaf and would possibly explain the fall in the
dry weight of the 9th leaf and a corresponding rise at the growing apex at this stage.
The growing apex of the control plants was also dissected at the same time but
flower initials had not yet been formed.

The percentage of total nitrogen (Table IT) in the seedlings of the treated and the
control remained more or less the same. After transplantation the treated plants
showed a higher total nitrogen than that of the control and this was noticed in all
the leaves analysed. In the 7th and 9th leaves the differences in the nitrogen
content between the treated and the controls are greater than that of the flag leaf.
It is interesting to note that at the 7th leaf stage the vegetative growth of the

_treated plants as indicated by the tiller number is highest and to this corresponds
the highest per cent of total nitrogen. In the control plants also the tiller number
reaches the maximum value at the stage when the maximum nitrogen content is
noticed.

In the growing apex of the plants receiving short photoperiod the percentage
of total nitrogen on dry weight basis is less than that of the control. But this
difference is not real, as nitrogen content on fresh weight basis is almost the same
in both the cases. Although percentage of total nitrogen is less it has a higher
percentage of dry weight suggesting a greater accumulation of carbohydrates. It
is known from C/N relation that prior to flowering the tendency of a plant is to
accumulate more carbon compounds than nitrogenous material. On this hypo-
thesis the growing apex where flower initials are laid down would show a com-
paratively less nitrogen than the control where the flower primordia are not yet
developed.

Tasre 11.

N-analyses (%, Dry weight).

: Total .
Total Total | Protein Ammo- { Amide
Stage. Treatment. . Sol. N. . A\r&mo mia N. N,
Seedling on date of | Control L. 1-9344 § 1-1929 | 0-7415 .. Nil 0-0739
transplantation. 10 hours .
6 weeks .. | 2:0124 | 1-8740 | 0-1384 .. Nil 0-0356
- 9% changes +4-0 + 571 —81-4 .. .. —51:8
7th leaf .. | Control .. | 21378 | 0+5600 | 1-5778 .. Nil 0-0955
10 hours
6 weeks .. | 24290 | 0-5462 | 1-8828 .. Nil 0-1820
9, changes +135 —~2:5 | +19-3 .. .. +90-6
9th leaf .. | Control .. | 1-0211 | 0-3118 { 0-7093 | 0-2010 Nil Trace
10 hours
6 weeks .. | 1-5718 | 0-3060 | 1-2658 | 0:2280 Nil 00142
9, changes +54-0 —19} 4784 4134 .. ..
Growing apex 9th | Control .. | 87682 | 1-1022 | 2:6660 | 0.2934 | Nil 0-1392
leaf stage, 10 hours
6 weeks .. | 3:5326 | 0-9708 | 2-5618 | 0-4353 Nil 0-1425
9, changes —6:2 | —11-9 ~39 | 4484 .. 424
Flag leaf .. | Control .. 1-7117 | 0-2937 | 1-4180 | 0-0559 | Nil Trace
10 hours
6 weeks .. | 19082 { 0-3714 | 1-5368 | 0-1460 Nil Trace
9, charges 4115 | +26-4 +84 | 41612 . ..
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It is of interest to note that in the treated seedlings a considerable amount of
protein is hydrolysed, consequently the protein level is low. Without further data
it is difficult to decide whether this increase in protein hydrolysis is due to increased
demand on nitrogen substances by seedlings stimulated by the application of short
photoperiod. It is also worth considering that in short photoperiods the photo-
synthetic activity being limited the amount of sugar production would fall which
would lead to the hydrolysis of protein. In the leaves of the treated plants the
protein nitrogen on dry weight basis is always higher than that of the control plants
while there is not much difference in the soluble nitrogen content. This shows
the increased nitrogen content in the leaves of the treated plants is metabolised
to protein. In the growing apex highest percentage of total nitrogen and protein
nitrogen are noticed in both the cases and this is in accordance with the fact that
new structures as flowers are to be formed from these regions.

The values for total amino-nitrogen of the seedlings and the 7th leaves were not
obtained as there was some breakdown in the Van Slyke apparatus at these stages.
Table II shows that total amino-nitrogen is greater in the treated plants than the
controls. There is a greater content of total amino-nitrogen in the growing apex
of the treated plant. This is largely due to an accumulation of amino acid-nitrogen
as is evident by calculating the difference between the total amino figures and the
amide figures. The value of the difference being 0-2928%, which is higher than the
value 0-15429%, in the control. Free ammonia has not been detected in any of the
samples analysed in this investigation.

DiscussioNn aND CONCLUSION.

From the data presented here it appears that the problem is an extremely
interesting one. Further work is required to elucidate the behaviour of different
metabolites after photoperiodic treatment. This work gives a clear indication of
changes in the nitrogen metabolism of the rice plant subjected to photoperiodic
treatment.

The results indicate that nitrogen metabolism of rice plants is greatly in-
fluenced by the application of a photoperiod of 10 hours in the seed bed and these
effects are noticed throughout the life-history of the plant. Absorption of nitrogen
is greatly increased in these plants and the nitrogen absorbed is metabolised to
protein. The increase in nitrogen content occurs in conjunction with increased
tillering. It is interesting to note that at the growing apex of short day plant where
flower initials have been laid down a large accumulation of amino acids takes place.
Further work is necessary to throw light on the nature of amino acids accumulated
at this stage. How far the accumulation of amino acids is related to the initiation
of flowering has yet to be investigated further. Parker and Borthwick (1939) also
noted a general increase in nitrogen fractions of stems and leaves of Biloxi Soy-
bean receiving short days of 8 hours. On the basis of the data for tillering (Sircar,
1946), percentage of dry weight, and nitrogen content presented here and also
from sugar analysis performed in this laboratory by Samantaray (1942) it is clear
that the application of short day treatment of rice seedlings Var. Bhasamanik
in the seed bed for 6 weeks duration stimulated the plants to increased vegetative
growth and nitrogen content.

SUMMARY.

An experiment is described in which seedlings of rice Var. Bhasamanik were given
short days of 10 hours in the seed bed for 6 weeks and subsequently the seedlings were transplanted
in field plots. The controls in seed beds were exposed all through to normal day length.

Analysis of nitrogen fractions of seedlings, leaves and growing apices have revealed that
exposure of seedlings to short days in seed beds for 6 weeks modifies the course of nitrogen meta-
bolism of the plants throughout the life-history. Absorption of nitrogen and synthesis Qf
protein is markedly increased in the short day plants. With the initiation of flower primordia
an accumulation of amino acids takes place in the growing apex.
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