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ABSTRACT

A comprehensive assessment of flowering behaviour was made in Corchorus capsularis and
‘orchorus olitorius varieties and the following results have been obtained:—

(1) Flowering occurred in rhythmic flushes with minimum and optimum values representing
a normal curve in capsularis varieties. No such differentiation was seen in case of oltforius
varieties, where the rhythmic flushes were more or less evenly distributed over the flowering
curve in which a region of maximum flush was not clearly demarcated. (2) The above nature of
flowering was also exhibited in the progeny raised from seeds collected at different weeks of the
flowering curve. (3) A certain percentage of plants flower early in the population of all the weeks
and the rest flower at different times spread over a period of 4 to 5 weeks. (4) In the population
raised from closely selected and selfed seeds from early of the early and late of the late flowering
plants, a similar segregation into early and late flowering plants was noticed in each generation.
The percentage of segregation, however, depended to a certain extent on the date of sowing.
(3) The different dates of sowing experiments have indicated a close relationship with the sequence
of seasonal changes, where temperature, humidity and day lengths played an important part in
inducing consequential partial processes leading to photo-induction to the flowering stage. (6)
Analysis of the seasonal changes during the life-cycle of the plant in the field showed that exposure
to long days with high temperature was effective in prolonging the vegetative period and the advent
of diminishing day lengths stimulated photo-induction to the flowering stage. (7) In March,
April, May and June the availability of expanding day lengths with high intensity light reaction
brought about an optimum vegetative growth. Later sowings in presence of diminishing
day lengths and low intensity light reaction induced photo-induction to early flowering. (8) Both
Corchorus capsularis and Corchorus olstorius were inducive to short day lengths, but low temper-
ature disturbed the cycle.

The photo-inductive cycle indicated a critical period near about 12 hours’ light period, alter-
nating with 12 hours or so of dark period in a 24 hours’ cycle. Majority of the plants, therefore,
came into flower in August, September (with average day lengths of 12:90-12:27 hours). Hence
jute is popularly called ‘ season-bound .

INTRODUCTION

In jute crop, unlike cereal crops, vegetative phase is very important
because the fibre is laid in the stem during the active vegetative growth. This
brings into prominence the vigour and duration of the vegetative phase as well
as that of the reproductive phase, because the transition into the latter phase
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is associated with gradual cessation of the vegetative activity which in jute
means lower fibre production. This aspect of physiological study on the
sequence of growth and development is to be considered important in all the
crop plants, but particularly so in jute crop because the harvest time is to be
judged from the flowering habit. '

The flowering behaviour in jute has been studied by Kar (1943), Kar and
Majumder (1954), Sengupta and Sen (1944, 1946, 1947), Sengupta (1953).
The results indicated that both Corchorus capsularis and C. olitorius were
greatly influenced by the time of sowing under the various prevailing conditions
of temperature, photoperiod, humidity and rainfall. The sowing time of jute
varied in different jute-growing areas from February to late June, according to
the prevailing conditions of soil moisture. The sowing date experiments have,
therefore, shown different effects on the vegetative growth and on the time of
the initiation of first flowering. The jute varieties of both C. capsularis and
C. olitorius behaved as a typical tropical crop responsive to short day lengths
and high temperature. The previous workers (Sengupta ef al.) have presented
results on C. capsularis var. D-154 and C. olitorius var. ‘Chinsura Green,
mostly in pot-culture experiments, and have traced the vegetative activity and
the flowering behaviour covering all the months of the year and have concluded
that the vegetative period became progressively shorter with lateness of
sowing beginning from the month of March-April, and have discussed the
significance of photoperiodic effect.

The present investigations have a wider scope and have been continued for
the last ten years under natural field conditions of cultivation, taking into
consideration a number of varieties with a large population. The purpose of
the investigation was to understand the inherent nature of the flowering
behaviour in successive generations raised from seeds of selfed capsules which
were formed at different stages of the flowering curve. Side by side with the
studies on the sequence of flowering, the vegetative performance with relation
to the different sowing dates has also received attention. In addition, the
response to photoperiods has been tested under strict, controlled conditions in
the field as well as in the laboratory. Attempts have been made to present
a co-ordinated picture of the flowering behaviour under the conditions which
prevailed in Nilganj Farm of Jute Agricultural Research Institute, situated
between 22-66° latitude and 88-75° longitude. Some of the results have been
described in Jute Monograph (Kundu et al. 1959). In the present paper the
complete results have been discussed under the following titles : (1) The natural
sequence of flowering and the nature and range of the flowering curve, (2) the
flowering behaviour in the successive generations, (3) flowering behaviour in the
progeny raised from seeds formed at the two extremes of the flowering curve, (4)
the transition of the vegetative phase into the reproductive phase in different
dates of sowing, and (5) effects of controlled day lengths on the flowering time.

4B
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EXPERIMENTAL PROCEDURE

The following varieties were taken for investigation: C. olitorius varie-
ties—Chinsura Green, R-26, JRO-620, JR0O-632, JRO-753, and C. capsularis
varieties—D-154, Fanduk, Jap Red, JRC-321, JRC-212, JRC-919. They were
sown together in the same layout in randomized plots of four replications each,
in rows by hand dibbling at spacings of 3 to 4 inches from plant to plant and one
foot between the rows. Weeding, thinning and other cultural operations were
given as usual. Tive plants were selected at random in each replication and the
number of flowers opened per day were recorded and each flower was marked
with date labels beginning from the first flowering date. The capsules were
collected afterwards and grouped according to the dates of flower opening for
further treatment for different investigations. In order to handle the material
properly and to reduce the bulk, the capsules were grouped weekwise and the
seeds were sown next year for further studies. In later years the material was
further restricted by taking the capsules formed at the two extremes of the
flowering curve. The flowers were selfed and the selfed capsules were taken for
raising subsequent progeny for studies in successive years as described hereafter.

I. The natural sequence of flowering and the nature and range
of the flowering curve

The number of flowers opened daily was taken as indicative of the flush of
flowering and the period from the first opening of the flower in a plant to the end
of the minimum number of flowers opened per day (as far as possible to record)
was taken as a flowering period. Such data have been represented in the curves
drawn for the different varieties as represented in Figs. 1 and 2 showing the
nature and the range of flowering, where the number of flowers opened per day
has been plotted against the progressive days of growth from the sowing date.
The comparative results obtained on different varieties clearly indicated the
difference of the flowering behaviour in capsularis varieties as compared to those

_of olitorius varieties. The transition from the vegetative to the reproductive
phase, as recorded here, from the time of the first flowering from sowing date
also varied in different varieties, indicating early or late flowering types. The
nature of the curves gave an idea as to the duration of the active flowering
period, and to the flowering region wherein the optimum flush of flower opening
was recorded. In Table I such an analysis of data derived from the flowering
curves has been tabulated.

All the capsularis varieties showed the same trend of flowering curve, i.e.
a gradual rise in the beginning from the first flowering, then reaching optimum
values which gradually decreased in the later part, thus representing a normal
curve of minimum and optimum values. As noted before, the first flowering
date was different in different varieties as also the optimum values differed.
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NO. OF FLOWERS OPENED PER DAY
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Fia. 2. Natare and range of flowering in C. capsularis (D-134) and in (. ofitorius
{Chinsura Green), 1953-54.
TaBLE 1

Showing the days of first flowering, period of duration of active flowering and of optinvcm flush in
different capsularis varieties

Date of sowing 28th April, 1952, Average of 20 plants

Varieties Days. of first Duration of flowering Period of optimum
(capsrlaris) flowering from eriod in days flush of flowerin,

Pl sowing dates p o4 &
Fanduk .. 110 145—110 = 35 118 to 130 = 12 days
D-154 .. 122 190—122 = 68 130 to 151 = 21 days
JRC-212 .. 123 194—-123 = 71 132 to 155 = 23 days
JRC-13 .. 126 194—126 = 68 136 to 159 = 23 day=s
JRC-321 .. 113 186—113 = 73 116 to 136 = 20 days

The variety Fanduk was the earliest variety, showing a very early flowering
of 110 days from sowing date, and the whole flowering period was completed
within 35 days with vigorous flush of flowering confined to a period of more or
less 12 days. In JRC-321 the first flowering date was recorded at 113 days
and the flowering period was of 73 days’ duration, but the optimum flush of
flowering remained for about 20 days. The rest of the varieties, JRC-212,
JRC-13 and D-154, behaved more or less similarly with regard to the time of first
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flowering (122 to 126 days) to the period of flowering (68 to 71 days) and to the
period of optimum flush of flowering (21 to 23 days). The maximum number of
flowers recorded in any day varied from 11-75 in Fanduk, 10-70 in D-154, 10-00
in JRC-212, 1713 in JRC-13 and 15-75 in JR(C-321. The above three varieties
of capsularis, therefore, may be said to belong to the same category of flowering
response. The nature of the flowering curve indicated rather a steep rise in
the first half till it reached the optimum value and the second half of the curve
showed a staggering curve, showing a slow decrease in the number of flowers
opened per day.

Elucidation of the nature of the flowering curve was further made by
analysing the percentage distribution of the flower formation at different stages
of the flowering period. This was done by dividing the whole flowering period
into successive 14-day periods, beginning from the first day of flowering,
and caleulating the percentage formation of flowers in each period on the total
flowers formed during the whole flowering period. The results have been
tabulated in Table II for the different varieties. It was found that varieties
Fanduk and JRC-321, which flowered comparatively earlier in 110 and 113 days,
completed the flush of flowering also earlier and the number of total flowers
formed were 158:50 and 245-29 respectively, out of which a major percentage
(96-0 per cent and 94-6 per cent) was formed in the first and second 14-
day periods and only a small percentage of 4-0 per cent in case of Fanduk and
5-4 per cent in case of JRC-321 was formed in the last phase of the flowering

TasLE IL

Showing the percentage distribution of flower formation in each successive 14 days during the flower-
ing period

Date of sowing 28th April, 1952. Average of 20 plants

o

Percentage distribution in each 14 days from first

Pirst | i flowering
Varieties N i Total 1
(capsularis) ﬂ].‘:lwde:{lsg ! flowers | T r {
] L st 14 ond 14 | 3rd14 | 4th 14 5th 14
i ¢ days days : days days days
j I | | _
| | |
Fanduk .. 110 i 158-50 48-6 47-4 : 40 — —
D-154 ... 122 ; 21775 ! 36-6 42-8 : 16-6 i 2:2 21
JRC-212 . . ; 123 L 22370 | 21-6 44-4 20-5 ] 6.7 6-8
JRC-13 .. | 126 | 35245 | 198 425 205 | 130 40
JRC.321 ... 113 | 24529 | 543 03 51— —
! ‘ | ‘ I

period of third 14-day period. In the rest of the varieties, D-154, JRC-212 and
JRC-13, where the first flowering was recorded more or less simultancously
(122, 123 and 126 days), the flowering period continued up to the fifth 14-day
period and the greater percentage of flowers (42-8, 44-4 and 42-5) was formed
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in the second 14-day period while in the later 14-day periods the percentage
gradually diminished. The total number of flowers formed were 217-75 in
D-154, 223-70 in JRC-212 and 352-45 in JRC-13.

From the above description it may be concluded that the transition of the
vegetative phase into the reproductive phase was well marked by a vigorous rate
of flower formation accompanied by rhythmic variations, but on the whole a
steep rise in the curve was noticed till it attained an optimum value, after which
the daily rate of flower formation gradually diminished. The optimum flush
of flowering was manifested more or less in the middle of the flowering period,
though it slightly varied in the different varieties, but the trend of the progress
of the flowering period with minimum and optimum values was clearly 1nd1~
cated as that of a normal curve.

The daily sequence of flower formation in case of oliforius varieties, on the
other hand, showed a somewhat different picture, which was evident from
Figs. 1 and 2. The curves showed daily fluctuation in the rate of flower
formation, which resulted in a rhythmic pattern of flowering curve, where clear
indication of the optimum flush of flowering was not found.. The number of
flowers formed per day was also less, so the frequency of variation was limited
within a narrow range and the flowering curve appeared flattened. The data
concerning the days of first flowering, duration of the whole flowering period
and the optimum flush of flowering as derived from the flowering curves of the
respective olitorius varieties have been tabulated in Table ITI.

TaBLE II1

Showing first flowering and duration of flowering period in olitorius varieties

H 1
Varieties i ﬂDa.ys. of %rrgt ' Duration of flowering . Period of optimum
(olitorius) owering rom period in days flush of flowering
E sowing date ’
N B i
R-26 .. . l 126 : 191—126 = 65
JRO-620 oo 123 ‘ 192123 = 69
JRO-632 o 132 ' 179—132 = 47 Not clearly demarcated
JRO-753 .. 128 i 188 —128 = 60
Chinsura Green . . 122 ‘ 189122 = 67

|

- The data presented in Table III in case of oliforius varieties indicated a
difference in the nature of flowering as compared to that of capsularis as given
in Table II. The initiation of the first flowering dates in the different varieties
varied from 122 to 132 days, the early varieties being Chinsura Green and
JRO-620. The late varieties were JRO-632 and JRO-753 showing 132 and
128 days, while R-26 showed 126 days of first flowering. In general, the oliforius
varieties were late in ﬂOWering than the capsularis varieties when sown at the
same time under Nilganj conditions. With regard to the period of the duration
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of flowering, not much difference was noticed, i.e. they remained round about 65
days, except in JRO-632 which was late in flowering, and the flush of flowering
period was completed within 47 days. In all the olitorius varieties an optimum
flush of flowering was not prominently demarcated but the optimum values
were found distributed along the curve with the progress of the flowering period.
This was more evident when the percentage distribution of flower formation
was considered in different stages of the flowering period, as tabulated in Table
IV, where flowering period was divided in each 14-day period.

TasLE IV

Showirg the percentage distribution of flower formation in each 14 days during the flowering period
in olitorius varieties

Date of sowing 28th April, 1952,  Average of 20 plants

Porcentage distribution in each 14 days from

: . } first flowering
Varieties Fu's't Total ; - -
(olitorius) flowering | g, vers i i
’ ’ in days Ist 14 2nd 14 3rd 14 | 4th t4 | 5th 4
i days days days ;. days days
R-26 .. 126 124-73 | 10+6 304 | 332 208 | 50
JRO-620 .. 125 179:50 76 22.7 | 30-3 270 I 124
JRO-632 .. 132 7531 | 376 369 22.2 | 3-1 -
JRO-753 .. 128 87-56 | 13-4 32.8 32-8 I 17-6 ! 33
Chinsura Green 122 231-46 ; 17-3 28-3 324 ! 16-8 i 5-1
i I

The number of total flowers in olitorius varieties was far less than the
capsularis varieties, and the maximum number of flowers opened in any day
in different varieties did not exceed 8:00 in Chinsura Green, 3-14 in JRO-753.
4-38 in JRO-632, 6:17 in JRO-620 and 4-88 in R-26, with the result that the
magnitude of fluctuation was restricted within a narrow range and the flowering
curve did not show a prominent region of optimum values. But a tendency
was seen in the formation of a greater percentage of flowers in the middle region
of the flowering curve than at either end, though the percentage was more
evenly distributed in second, third and fourth 14-day periods, which gave
a different picture of the flowering behaviour of the olitorius varieties in contrast
to capsularis varieties. In general, it may be concluded that the natural
sequence of flowering behaviour in the varieties of both the species progressed
similarly with frequent flushes, the amplitude of which was higher in
capsularis varieties and lower in olitorius varieties, giving a pattern of normal
flowering curve with optimum region of flush in capsularis varieties, while the
olitorius varieties showed no such marked differentiation. A comparative
picture has been given in Fig. 3.
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Fia. 3. The percentage distribution of flower formation in each successive 14 days

during the flowering period.

1I. The flowering behaviour in the population raised from seeds
SJormed at different weeks of the flowering period

The flowering nature has been followed up in successive generations in all
the ten varieties and detailed results have been obtained. It has been found
that the general trend of variations was more or less similar in all the varieties,
$0 a representative picture has been described here to bring out the salient
features in case of two varieties, D-154 (capsularis) and Chinsura Green (oli-
torius). For this purpose the flowers have been labelled according to their
daily sequence of opening. The capsules thus formed were automatically
recorded as to their origins at different points of the flowering curve. In order
to facilitate the handling of the material, the capsules have been further grouped
weekwise according to their time of origin in the flowering period and denoted
as first week of flowering, second week of flowering and so on. The progeny
was raised from the above weekwise grouped seeds and the flowering behaviour

was further investigated as before. The results have been represented in
Table V,
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TaBLE V

Showing percentage distribution of flowers in the progeny raised from seeds obtained from capsules
Jormed in different weeks of flowering

Sowing date 10th May, 1954, Average of 20 plants
D-154 (capsularis)

{ { Percentage distribution of flowers in each
Progeny raised from First | o 14 days from first flowering
different weeks of flowering | g oral
flowering l in days OWers | 1st14 | 2nd 14 | 3rd 14 | 4th 14 | 5th 14
: ' | l days days days days days

1 |

i | [ i
15t week . 104 | 3178 124 | 624 241 t 073 —
2nd week 1109 2812 2000 | 64:1 69 — —-
3rd weok S0 106 3480 . 89 t 84-6 265 | .

i I | i

Chinsura Green (olitorius)

| R | ! 'i
Ist week - 84 Po19441 | 162 259 294 | 215 7-3
2nd week ‘ 88 bo2724 1 1049 27-1 36-4 259 —
3rd week c 82 1981 ! 101 | 182 28-1 31-4 12.2
4th week Sb g2 ’ 1743 | 147 | 192 | 296 | 258 10-7
5th week .g 84 260-2 | 114 | 185 32-4 26-2 115
6th week S i 2010 l 42 | 208 | 254 2 127
, i

It was found that the curves representing the daily sequence of flower
opening showed the same trend, range and magnitude of variations during the
progress of the flowering period as was found in the first generation of plants
described under heading I in the preceding pages. In D-154 the trend was
found to be similar to that of a normal curve with optimum and minimum
values, and was shown in all the progeny population, irrespective of their origin,
in different weeks of flowering. As before, the distribution of flowers has been
grouped in successive 14-day periods to show the progress of the flowering
curve as a whole and it was noticed that the frequency of distribution rep-
resented the same trend in the population of different weeks as shown in Table V.
The first flowering record varied from 104 days to 109 days and the subsequent
flush of flowering recorded maximum percentage values in the second 14 days
in all the weeks, with lower values in either periods of first 14 days and third 14
days. The number of total flowers formed varied from 261-2 in second week
population to that of 317-8 and 348-0 in first and third weeks respectively.

In olitorius variety of Chinsura Green, similar method was adopted as in
case of capsularis variety. The whole flowering period was grouped into six
successive weeks and in the progeny thus raised the flowering behaviour was
studied. The nature of curve showed the same characteristic rhythmic varia-
tions with small cycle of changes, prolonged over a wider range of flowering
period. The first flowering time in the progeny of the different weeks varied



within a very limited range of 82 to 88 days from the date of sowing. The
number of total flowers formed varied from the minimum of 174'3 in the fourth
week to that of 272-4 in the case of second week. The percentage distribution
of flowers in the progeny of successive weeks has been represented in Table V
covering the whole flowering period and indicated similar distribution as was
recorded before, i.e. & more even distribution as was expected according to the
Higher percentage values were, however, ob-
tained in the second, third and fourth 14-day periods but the higher values
remained within 31 per cent. In either of the two end periods the percentage

nature of the flowering curve.
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during the flowering period in the progeny- raised from seeds formed in
different weeks of flowering.
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values remained within 16 per cent in the first 14-day period and slightly
lower, within 12 per cent, in the last period of fifth 14 dayvs as represented in
Fig. 4. This clearly indicated the nature of the flowering flushes varying
within a narrow range of magnitude, with higher values in the middle of the
flowering curve or an increased intensity of flowering in the mid-region of the
flowering stage. The above results, therefore, indicated the inherent nature of
the flowering in both capsularis and olitorius varieties with minor differences in
the progeny raised from seeds, which were formed at various stages of the
progress of the flowering period. The characteristic difference in the nature of
the flowering behaviour was manifested in the progeny. irrespective of the origin
of the seeds, at different points of the flowering period.

111. Flowering behaviour in the plant population raised from seeds obtained
Sfrom early and late flowering plants, within the variety

It was shown in the preceding description that flowering nature and
percentage distribution of flowers indicated the same trend in range and
variations, in the population raised from seeds of individual weeks, but certain
percentage of plants flowered earlier, as compared to certain percentage of
plants which flowered late. So the study of the flowering behaviour in such
plants was undertaken and the following procedure adopted.

Initially the seeds formed at the two extremes of the flowering curve in
each variety were collected and they were sown in lines designated as early and
late types according to their place of origin in the flowering curve. In order to
get pure line seeds and of known developmental history, the plants which flower-
ed very early in the early designated set were selected and they were selfed
for a period of 14 days, and after opening the selfing bag the capsules already
formed, which were naturally selfed, were labelled and numbered. Similarly
the plants which flowered late in the late designated set were also selfed, but
with the important difference that the selfing was confined to the late-forming
flowers corresponding to last weeks of flowering in the flowering curve. This
was done easily by resorting to selfing after a period of 50 days from first flower-
ing date in the case of Chinsura Green, R-26, JRO-620 and after a period of 40
days in JRO-753 and after 30 days in the case of JRO-632. In the case of
capsularis varieties, the selfing was done after a period of 30 days from the date
of first flowering. The periods were arrived at on the data on the percentage
distribution of flowers in different weeks of the flowering period. The seeds thus
collected were carried forward for the next year and in the progeny thus raised
the flowering behaviour was recorded. This experimental process was repeated
for five years and in each successive progeny the plants were recorded and num-
bered according to their initiation of first flowering, which were later grouped
into weeks and percentage calculated on the total population, which no doubt
vatied from year to year, but always exceeded 500 plants in both the sets,
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It may be pointed out here that in carrying forward the seeds from year to year,
only the seeds collected in the first 14 days of the early flowering plants as
ea-l‘i)' designated set were selfed and carried forward. In the case of the progeny
developed initially from the last end of the flowering curve, only those plants
were selfed vear after year which flowered in the last 14 days of the late flower-
ing plants. Thus the two sets which originally were selected from the two
extremes of the flowering curve were every year more and more widely diverged
on the basis of earliness and lateness of the flowering, because selfing and
collection of seeds were resorted to in the early of the early and in the late of
the late flowering plants in successive years. The results obtained on the
behaviour of the population with reference to the initiation of first flowering

TasrLe VI

Showing the percentage distribution of plants according to their initiation of first flowering
in successive generations raised from selfed early and late flowering plants

Dates of | Percentage of plants flowering in successive plants
v I first flow- ‘ T
ear | ering ! : !
of 1 from sow- | st week . 2nd week | 3rd week 4th week Sth week
0w ing date } i :
ing | :
(dates) Bar ! U Rar T, | o (
ar- | ! Ear- Earv- - Ear- | Ear- Ear-
Iy Late Ty Late Iy | Late j ly | Late Iy \‘ Late | v Late
JRO-G32 (olitorius)
27.5.56{ 87-0 ! 87-0 160 | 280 196 | 30-4 | 554+ 329 8-3 81 0-8 0-6
11.6.57 “ 882 | 89-5 | 277 ‘ 52:0 | 425 | 196 | 24-0 | 284 4-3 — 1-3 —
8.6.581122-0 {1170 { 1535 1940 | 317 19-0 | 44-0 | 19-0 83 | 381 0-4 4-8
4.6.59 1 95-0 950 | 34-1 60-7 | 43-0 | 393 9-8 — 10-5 _— 2-6 —
22,6.60| 84-0 83-5 | 438 | 26-7 | 409 | 548 | 150 81 0-4 0-3 — —
Chinsura Green (olitorius)
27.5.56 1 70:5 | 750 64 108 | 644 | 288 | 189 | 364 3-3 237 1-1 0-3
116,567 682 | 756 | 47-3 | 31.8 | 29-9 | 294 | 14-7 | 20-0 52 | 166 2.1 2:1
8,0.68 855 | 83.0 6-6 9.5 11-0 95 ;176 | 11-9 | 214 71 | 284 | 452
4.6.59 | 702§ 72.0 | 43-6 | 62-5 | 384 | 250 | 161 | 125 | 11-2 — — —
22.5.60 | 68-0 J 67-0 | 584 | 42:3 | 315 | 42:3 71 114 31 4-0 — —
D-154 (capsularis)
27.5.56 | 90-8 | 890 i 13-2 73 165 | 579 | 381 29:2 241 5H) — —
11.6.57 | 84-5 | 816 | 364 | 24-0 | 587 | 32:2 4.9 | 358 — 7-9 — —
8,5.58 [106-0 [104-2 87 75 | 375 | 358 | 22:4 | 306 | 271 | 212 43 50
9.6.591 82:0 | 82.0 81 53 | 660 | 787 [ 135 96 { 124 64 — —
22.6.60{ 80-5 | 80-5 | 175 | 271 | 82:0 | 664 0-6 65 — — —— -
JRC-212 (capsularis)
3T.5.56| 985 | 950 | 19-1 | 272 | 554 | 63:5 | 255 [ 98 | — | — | — | =
11.6.57| 94-0 | 920 | 60-7 | 857 | 387 | T1 | 08| 71 | — | — | — | —
8.5.58 11107 {117-0 | 155 | 154 | 292 | 231 ’ 284 | 154 | 181 | 23-1 6-4 ‘ 231
)9 -6.59 1 93.0 | 91.0 | 38-4 | 66-9 | 32.9 | 271 8:7 6:1 — — - -
22.6.60 | 85.0 | 85.0 ‘ 286 | 503 | 572 | 411 | 142 ] 86 ) — | 02| — | —

e

I
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in the plants have been grouped on weekly percentage basis and have been
shown for five years in Table VI in case of varieties JR0-632, Chinsura Green,
D-154 and JRC-212.

The results obtained under this aspect of study have indicated that
flowering behaviour in both early and late flowering plants was found to be more
or less similar, though varietal differences were noted. No marked difference
in the days of first flowering was obtained in the population raised from early
or late flowering plants of the same variety. In all the five years, in all the
varieties, both capsularis and olitorius, the initiation of first flowering, therefore,
seemed to be governed by the sowing dates, where a certain percentage of
plants, both from early and late flowering plants, came into flower almost
simultaneously. So the record of the first flowering date in the plant popu-
lation did not show wide variations, but year-to-year variation was noted
presumably due to the difference in sowing dates. It was interesting to note
that a certain percentage of plants, irrespective of their origin either from early
or late flowering plants of the same variety, flowered earlier and this percentage
varied widely in different years ranging from 16-0 to 43-8 per cent in JRO-620
and 6-4 to 58-4 in Chinsura Green derived from early set and the same wide
range was also noticed in the plant population derived from late set. The
same tendency was also noticed in case of capsularis varieties. The process
of transition from vegetative to flowering stage in the plant population as a
whole was found to continue for about four weeks from the time of first flower-
ing. Of course, more than 90 per cent of plants flowered within three weeks
and a small percentage was left for the fourth week. It was also seen that in
all the sowings in early or late June, a greater percentage of plants came into
flower in the first week than in May sowings, pointing thereby to the influence
of sowing dates and consequent prevailing environmental conditions. From
the above experiments it was, therefore, evident that a wide variation existed
in the matter of transition to the flowering stage in a population and the
plants which flowered early or very late may not behave in like fashion in the
next progeny, though very closely selected and selfed, as in this investigation.
But when once the flowering stage has set in, the behaviour of the flowering
period showed the specific characteristics as described before.

IV, The transition of végetativ_e phase into the reproductive phase in different
dates of sowing continued throughout the year

In order to investigate further the physiological response under natural
sequence of environmental conditions, e.g. temperature, rainfall, humidity and
day lengths, experiments were undertaken by sowing in replicated plots both
capsularis and olitorius varieties on the second of every month and continued
for 12 months. The results discussed here were averages of three years, on
four olitorius varieties, JRO-632, JRO-753, JRO-620 and Chinsura Green, and
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three capsuluris varieties, D-154, JRC-212 and JRC-821. The vegetative
phase of the plant at the time of transition to the reproductive phase was
recorded in terms of the height of the main stem at the time of the recording
of the first opening of the flower in the plant concerned. Average of 40 plants
has been considered here from four replications. The average of three years’
results showing plant height and first flowering time from sowing date has
been tabulated in Table VII.

The results have been further compared in Fig. 4 where the height of the
plants have been represented by vertical columns and the initiation of the
first lowering by the number of days from the sowing date. The other factors,
such as humidity, temperature, light period. bright sunny hours and total
rainfall which prevailed during the period of experimentation, have been
represented in Table VIII and in Fig. 5.

Tapre VIIT

Average monthly variation in hianddity, temperature, light period anid (otal o thldy vaivfall during
the gears 1455-56, 195657 und 1958-59 (eomidity redivced (o half ~cale)

‘ Average three years [955-56, 1956-57 and 1958-39,  One year only (1938-59)
T [
Montls ! Average humi. | Average month- |
i Totul monthly ; dity 9% (reduced | Iy temperature | Light period- -1 Bright sunny
rainfall in | to half} inC ;average of each!  monthly
inches ‘ i month ; average
E Morning% Noon ‘ Max. Min. i
| | S S
January .. 1-32 46-2 22-5 296 12:0 | 10-94 7-23
February .. 0-73 45-7 18-4 29-4 13-0 11-47 8:42
March . 0-51 42-0 16-4 34-3 18-8 12:06 7-68
April . 1-11 43-9 18-7 38-0 24-6 1273 8:82
May . 7-31 42-6 27-1 37-1 26-4 13-29 7-39
June .. 8-92 45-1 35-2 33-6 25-8 13-49 4-06
July .. 13:83 46-5 40-2 320 24-1 13-34 3-31
August .. 12-62 469 38-4 325 25-3 12-90 4-88
September . . 5-67 46-9 390 32:2 255 12-27 4-64
October .. 5-60 46-4 34-2 321 23-4 11-60 622
November .. 0-81 46-4 297 29-1 16-8 11-03 6-42
December .. 0-00 46-9 21-8 26-9 11-6 10-78 7-95

The vegetative growth as recorded in terms of the height of the main stem
and at the time of first flowering was very much suppressed in olitorius varieties
(Chinsura Green and JRO-632) in the sowing of January, February and March,
but they flowered very early (in 53-8 days, 46-7 and 41-5 days respectively) in
January, February and March in case of JRO-632. The other variety Chinsura
Green also behaved similarly, having flowered early in 61-5 days in January,
53-3 days in February and 45-0 days in March sowings. But, on the other hand,
the capsularis varieties showed comparatively better heights and the flowering
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was very much delayed as D-154 flowered in 135-8 days in January, 142-0 days
in February and 142-8 in March sowings. The other variety JRC-212 flowered
in 142-0 days in January, 171-0 days in February and 165-0 in March sowings.

It was seen that in the above three months the olitorius and capsularis
varieties behaved quite differently under the same prevailing environmental
conditions of low temperature, low humidity and short daylight periods
varying from 10-94 hours in January to 12-06 in March. The reproductive
phase, therefore, behaved in opposite directions, viz. in oliforius varieties it
was enhahced and in capsularis varieties the same was delayed as was also shown
in Fig. 5. 1In oliforius varieties the vegetative growth was very much reduced
with the enhancement of flowering period as compared to capsularis varieties.

In April, May and June sowings again a different picture of the growth
and development of the two phases was noticed. The environmental
conditions prevailing during this quarter of the year were very favour-
able for increased vegetative phase in olstorius varieties, while in capsularis
varieties, though the flowering time was somewhat reduced from those
of January-March sowings, yet an appreciable increase in height was
recorded. In April sowings JRO-632 recorded 132-5 days and Chinsura
Green 54-7 days as first flowering days with corresponding increased heights.
D-154 showed 139-3 days, and JRC-212 showed 136-0 days for first flower-
ing with increased vegetative growths as compared to the values recorded
for March sowings. In May sowings the vegetative growth was further
increased in both capsularis and olitorius, but the flowering time, on the
other hand, was somewhat shortened from April sowings in case of capsularis
varieties of D-154 and JR(C-212 and in oliforius variety of Chinsura Green showed
an increase to 102-5 days as compared to April value of 54-7 days. In June
sowing the same trend was maintained, i.e. further reduction in the flowering
times in both capsularis and olitorius varieties from the values recorded in May
sowing; but the vegetative phase showed a fluctuation in the fact that JRO-632
(olitorius) and JRC-212 (capsularis) maintained an upward trend of growth
in height (though in lesser degree) but Chinsura Green (oliforius) and D-154
(capsularis) showed a tendency towards lesser growth in heights.

In the third quarter of July, August and September sowings the previous
fluctuation disappeared and all the four varieties behaved similarly ; that is, a
progressive reduction in the vegetative as well as in the reproductive phases was
seen to set in as compared to the previous sowings. Within this gradual
process of reduction July sowings, however, showed some growth, though far
less than that of June sowings, and the flowering time was recorded
as 72-5 days in JRO-632, 67-5 days in Chinsura Green, 77-5 days in
D-154 and 87-2 in JRC-212, thus indicating a narrow range of flowering.
In August and September, the values for vegetative growth as well
as the days of first flowering were further reduced, but reduction was more in

5B
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case of olifortus varieties than in case of capsularis varieties. In the last
quarter of the year, in October, November and December sowings, the difference
in behaviour of olitorius and capsularis varieties again became prominent as
was noted in the first quarter of January—March sowings, in the fact that ten-
dency in reduction of the vegetative growth was maintained, but the delaying
effect on the initiation of first flowering began to show itself which became
prominent in December sowings, when JRO-632 recorded flowering time of 66-3
days as compared to November values of 40-3 days and Chinsura Green
recorded 75-5 days in comparison to 45-7 days of November. The capsularis
varieties D-154 showed 138-0 days in December as compared to 89-0 days of
November, while JRC-212 showed 109-0 days in comparison to 89-0 of Novem-
ber. The delayed effect in flowering time was further continued in January
in case of capsularis varieties but olitorius varieties again began to show a
tendency towards earliness. 'The above description represented a complete
cycle of changes in the different months of the year, and when considered in
the light of the varying conditions of climatic factors, further interesting corre-
lations were noticed. The changes in the climatic factors as temperature,
humidity, rainfall, bright sunny hours and light periods (calculated on incidence
of sunset and sunrise) have been represented in Fig. 6.

MORNING HUMIDITY B¢,

MAX. TEME C

NOON HUMIDITY P.C.

RATE OF VARIAT/ION

MIN. TEMP. C
LIGHT PERIOD IN Hrs.
BRIGHT SUNNY HRrs.

) I — ] T MONTHLY RAINFALL IN Inc.
T L T T T T T
JAN. FEB. MAR. APR. MAY. JUN. JUL. AUG, SEP. OCT. NOV. DEC.

F1¢. 6. Average monthly variation in humidity, temperature, light period and
total monthly rainfall (average of 3 years).

In the first quarter of the year (January, February, March) such factors
as rainfall, hwmidity percentage, temperature were all of very low magnitude.
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The light period also varied from 10-94 hours to 12-06 hours and it was found
that vegetative growth was very poor, especially in olitorius varieties, though
comparatively better growth records were obtained in capsularis varieties,
vet the flowering time was earlier in olifortus varieties than in capsularis varie-
ties where it was very much delayed. The two species, therefore, behaved
differently under the above conditions. In the second quarter of April, May
and June, the above factors changed towards increasing values with higher
temperature, humidity percentage, rainfall and also the day lengths reaching
the longest day length of 13-49 hours in June, the maximum performance of
both the species was also recorded in this region. Afterwards in the sub-
sequent months, a gradual decrease in the performance set in, although rainfall,
humidity percentage and temperature were maintained at a certain high
level in July, August and September. The important factor of duration of
day lengths gradually decreased from June (13-49 hrs) to September (12-27 hrs).
The duration of bright sunny hours as recorded in the Farm showed minimum
values during the period May to September due to monsoon, heavy rainfall
and cloudy days.

It was, therefore, seen that a very close relationship existed between the
changing climatic factors and the progress of the vegetative and reproductive
phases. During the period of increased vegetative growth, the duration of
day lengths was above 12 hours beginning from the month of March to the end of
September from where the day lengths began to shorten to less than 12 hours.
This fact of photoperiodism together with temperature conditions seemed to
play a dominant role on the flowering behaviour of the plants. Jute plants are
said to be ‘season bound ’ as they flowered in August and September, which was
due to the gradual changing of the day lengths to shorter periods in these
months. Similar results were obtained under controlled day lengths as dis-
cussed in the following section.

V. Effects of controlled day lengths on the flowering behaviour

The experiments were continued for a number of years in plant popu-
lation sown in the field as well as in glazed earthenware tubs. In the
field the light period was cut off by a specially designed double-walled
wooden cover 3'x 3 x5’, the inner wall containing holes for ventilation,
and at the same time the outer wall prevented light to penetrate inside
the box. Long-day treatments were given on plants grown in tubs by
supplementing day lengths with artificial illumination by means of neon-
tube lights. The treatments were generally given at the age of 21 days
of the plants and continued for 30 days, then allowed to grow under
natural sequence of day lengths. In case of short-day treatments, the light
period was cut off in the evening as required before sunset and covers were
removed again in the night to ensure normal open-air temperature. The first
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flowering was recorded as the initiation of the reproductive phase from the date
of sowing. The following photoperiodic treatments were given :

(i) Short-day series—(a) 8 hours’ light period alternating with 16 hours’
dark periods. (b) 10 hours’ light period alternating with 14 hours’
dark periods. (c) 12 hours’ light period alternating with 12 hours’
dark periods.

(i) Long-day series—(d) 14 hours’ light period (by supplementing with
artificial illumination) alternating with 10 hours’ dark period.
(¢) 16 hours’ light period alternating with 8 hours’ dark period.
(d) 24 hours’ light period (by supplementing with artificial illu-
mination) without any dark period for 30 days, and then allowed
to grow under natural conditions of day and night.

The results have been summarized in Tables IX and X. It was seen that
both capsularis and olitorius varieties were very responsive to short day lengths
and in 8 and 10 hours’ light period alternating with 16 and 14 hours’ dark period,
an appreciable earliness in flowering time was obtained as compared to control
plants which were growing in 12-73 hours’ and 13-29 hours’ light period accord-
ing to natural day lengths. In 8 hours’ light period, the period of induced
earliness was more than in 10 hours in case of D-154 Fanduk and in JRC-212
where the period of earliness was the same. In JRC-919, which was a very late
flowering type, 10 hours’ light period brought about a greater period of earliness
than in 8 hours’ light period. In the treatment where 12 hours’ light period was
given, which was more or less similar to the incidence of natural day lengths at
the time of experimentation, not much difference in the period of earliness
was obtained, but it varied from 2-2 days to 5-4 days in the different capsularis
varieties.

In long-day treatments, on the other hand, where natural day lengths were
supplemented by artificial light after sunset to 14 hours’ and 16 hours’ light
periods and to continuous light period of 24 hours’ duration, it was found that
invariably the varieties were induced to late flowering than the controls.

The controlled photoperiodic treatments, therefore, clearly indicated the
responsiveness of both capsularis and olitorius varieties towards earliness under
the effect of short-day treatments which were below 12 hours’ light period and
towards delayed flowering in long-day treatments which were above 12 hours’
light period. The continuous light period of 24 hours also had a delayed effect
on the flowering time in both the varieties. The results of the photoperiodic
treatments have thrown further light on the flowering behaviour and vegetative
performance of the different varieties in the sowing date experiments. It may,
therefore, be concluded that for vegetative phase a period of long days (above
12 hours’ light period) was essential and with diminishing days below 12 hours
light period was favourable for initiation of the reproductive phase, in case of



70 B. K. KAR |

Showing induced effects of different photoperiodic treatments on flowering time in C. olitorius varieties.
Treatments were given at 21 days’ growth of the plants and continued
Jor 30 days)

(Average of 40 plants.

Treatments

TasLr [X

INVESTIGATIONS ON THE PHYSIOLOGY OF JUTE

Chinsura Green.
FL time in days

I. Suort Day
April sowing, 1952
8 hrs’. LP and 16 hrs’, DP

Control: 12:73 LP
11-27 DP

May sowing, 1956
10 hrs'. LP and 14 brs’. DP

Control: 13-24 LP
10-71 DP

Aprd sowing, 1957-58
12 hrs’. LP and 12 hrs’. DP

Control: 12:73 LP
11-2 DP

JRO-632,

Fl time in days i

11, Loxc Day
April sowing, 1958
14 hrs’. LP and 10 hrs’. DP

Control: 12:73 LP
11-27 DP

June sowing, 1963
16 hrs’, LP and 8 hrs’, DP

Control: 1349 LP
104 DP

June sowing, 1958-59
24 hrs’. LP

Control: 13-49 LP
10-41 DP

820 : 56-0
—40-0F | —34-018
122-0 90-0
60-0 46-0
—9-0E —250E
69-0 714
85-3 1217
—39E —112E
79-4 110:5
1215 1138
—2.0L — 511
119-5 108-7
|
i
890 88-6
—15-0L — 1L
74-0 785
— 102-4
—23-9L
785
i

LP = Light period, DP = Dark period. E == Earliness in flowering. L. = Lateness in flowering.

JRO-753.

54-0

—39-0E

93-0

50-0

—25-0E

730

92-4

~ 24E

90-0

115-0

Fl. time in days

—5-8L.

1692

90-4

—12:2L

-
®
o

105-0

782

2

6-8L
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Showing induced effects of photoperiodic treatments on the flowering time in capsularis

varieties. (Average of 40 plants. Treatments were given at 21 days’ growth of the
plants and continued for 30 days)
D-154. Fanduk. JRC-212. JRC-919,
Treatments Fl. time in Fl. time in Fl. time in Fl. time in
days days days days
I. SsorT Day
April sowing, 1952-53
91-0 71-0 95-0
8 hrs’. LP—16 hrs’. DP 885 —16-0E —24-0E —14.0E
—21-7E 107-0 95-0 109-0
Control 12:73 LP—11-27 DP 110-2
May sowing, 1956-57
10 hrs’. LP—14 hrs’. DP 72:0 65-0 67-0 98-0
—17-0E —4-0E —24.0E —49-0E
Control 13-24 LP—10-71 DP 89-0 69-0 91-0 147-0
April sowing, 1957-58
12 hrs’, LP—12 hrs’. DP 112-2 87-3 135-6 —
—354E —2-2E —4-7E
Control 12:73 LP—11-27 DP 117-6 89-7 140-3
II. Lowe Day
April sowing, 1958
14 hrs’. LP—10 hrs’. DP 119:5 106-2 124-8 112-7
—9-3L —~T75L —7-8L —37L
Control 12-73 LP—11-29 DP 110-2 98-7 117-0 107-0
June sowing, 1953
16 hrs’. LP—8 hrs’. DP 89-2 90-3 124-0 182-0
10-7L —151L —19-0L —25-0L
Control 13-49 LP—10-41 DP | 78-5 752 105-0 1570
June sowing, 1958-59 |
!
24 hrs’, light ro110:3 1217 182-0
| —12-3L - —10-2L —15-0L
Control 13-49 LP—10-41 DP J 98-2 111-5 167-0

both capsularis and olitorius varieties.

hand, produced different effects.

The temperature effect, on the other

Discussion

The flowering nature varied in the two species from the time of first flower-
ing. The subsequent progress of the flowering period was attained in capsularis
varieties by a vigorous flush of flowering, showing minimum and optimum

values resembling that of a normal curve.

Daily fluctuation of the sequence



72 B. K. KAR ! INVESTIGATIONS ON THE PHYSIOLOGY OF JUTE

of flowering was noticed but it tended towards optimum values in the middle
of the flowering curve (Figs. 1 and 2). This tendency was found in all the
capsularis varieties with varietal differences, while in oliforius varieties the
sequence of flowering was accompanied by frequent fluctuations, the amplitude
of which varied within a narrow range, thereby giving a rhythmic pattern of
flowering curve in which a region of maximum flush was not clearly demarcated
as was the case in capsularis varieties. But both showed endogenous
rhythmic activity (Biinning 1956). The number of flowers opened in any day
in capsularis varieties varied from 10-70 to 17-13 and the total number of
flowers formed during the flowering period ranged from 158-50 to 352-45.
In olitorius varieties the number of flowers recorded in any single day varied
from 3-14 to 8-:0 and the total number of flowers ranged from 87-56 to 231-46
in the flowering period.

There was not much difference in the duration of the active flowering
period ; but the percentage distribution of flower formation in the two species
Tables IT and IV) indicated the differential intensity of flush of flowering during
the course of the flowering period. Capsularis varieties showed a well-defined,
vigorous flowering period where a large percentage of flowers were formed
within the third week of flowering, while in olitorius the percentage of flowers
were more evenly distributed in different weeks of flowering.

The above differences also clearly repeated themselves in the progeny
raised from seeds at different points of the flowering period. The grouping
of the daily sequence of flowering into various weeks according to their time
of origin during the progress of the flowering period supplied us with a
population representing the various developmental stages from the beginning
to the end. All the sowings were done simultaneously and the natural environ-
mental conditions were, therefore, the same. The initiation of first flowering
varied in the population of different weeks, itrespective of whether the week
was first, middle or last of the flowering period. Though a difference in the
percentage distribution of flowers was noted, yet a certain percentage of plants
came first into flower in the population of all the weeks and the rest of the
plants came into flower at different times spread over a period of 4 to 5 weeks
from the time of first flowering in the population. Thus it was seen that
flowering behaviour, as far as it could be judged on the basis of (@) initiation
of first flowering, (b) the trend of the flowering curve and (¢) the percentage
distribution of flowers during the progress of the flowering curve, showed the
same trend of variability as was found in the mother population. This was
further corroborated by the flowering behaviour studied in the population
raised in successive generations from selfed seeds formed at the two extremes of
the flowering curve. In this aspect of study the selfed seeds were obtained
from the capsules formed in the early 14 days and the last 14 days of the flower-
ing in each year, so that closely selected seeds from early of the early and late
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of the late flowering plants and of similar developmental stages were obtained.
The results tabulated (Table VI) for five successive years showed that the
variability of initiation of first flowering in each year was maintained, whether
the seeds were derived from either early or late flowering plants. In both the
types of population, a certain percentage segregated into early flowering and
a certain percentage into late flowering. This behaviour was found in both
capsularis and olitorius varieties, within the limit of their characteristic
flowering curve and depending to a certain extent on the date of sowing.

The above flowering behaviour was further investigated in different
dates of sowing continued throughout the year when the plants were subjected
to natural sequence of seasonal changes. Jute being a tropical crop, when
grown in the months of its maximum performance was adapted to high
temperature, high humidity percentage and day lengths of the tropical
region. Any change in these conditions was expected to influence the cycle
of vegetative and reproductive phases which was seen in the sowing date
experiments (Sengupta 1953). In the first quarter of the year comprising
the months of January, February and March, under low temperature, low
humidity and short day lengths of less than 12 hours the vegetative stage
was much suppressed with stunted plant growth and the reproductive stage
was affected by early flowering in olitorius varieties. -The effects on the cap-
sularis varieties were somewhat different where vegetative growth was com-
paratively less suppressed, but the reproductive stage was much delayed with
very late flowering. This was due to low temperature effect on the photo-
induction though short days were available yet the reaction was, however,
felt differently in the two species. In the second quarter of the year comprising
the months of April, May and June, the seasonal variation gradually changed
into higher temperature, higher humidity percentage and expanding day
lengths, attaining the longest day of 13-34 hours in June. Both the species
behaved more or less similarly, with increased length of vegetative growth
and increased days in flowering time, though the delayed effect on flowering
time in capsularis varieties noted in the first quarter was neutralized with rise
in temperature. In the third quarter comprising the months of July, August
and September, the seasonal changes again tended towards downward grade,
with lower temperature, lower humidity and diminishing day lengths, with the
result that the vegetative as well as the reproductive phases also tended towards
lesser periods of activity, which became again more restricted in the last
quarter of October, November and December, merging into the characteristic
behaviour of the first quarter as was discussed before. It was, therefore,
concluded that the environmental conditions prevailing in the second quarter
of the year were very favourable for vegetative growth, which was the most
important aspect of jute cultivation.

The cycle of changes in the vegetative and reproductive phases, therefore,
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was intimately connected and dependent upon the sequence of seasonal changes
through which the plants had to complete their life-cycles. This aspect has
received attention from many workers and Went (1957) has analysed the
different factors. Jute is a rain-fed crop and grows better in moist than in
dry climate, so moisture factor or humidity percentage in the different quarters
of the year must be playing an important role. In the period of the second
and a part of the third quarter of the year, during the monsoon, bright sunny
days were few due to series of cloudy days. Itis known that on sunny days,
the critical day length is much longer than on cloudy days and a series of cloudy
days may well give the stimulus for flower induction for short-day plants (Went
1957). Similar results have been obtained by Sachs 1956a, b, ¢) on Cestrum
nocturnum, a short-day plant. Similar induction may happen in case of
Corchorus capsularis and Corchorus olitorius. The effect of temperature on
plant growth has been reviewed by Went (1953). The low temperature in
the first quarter of the year adversely affected the stimulation to short-day
photo-induction which was more marked in cagpsularis than in olitorius varieties,
thereby showing like previous workers (Sachs 1956 ; Roberts and Stuckmeyer
1939 ; Parker and Borthwick 1943) that temperature had a modifying effect
in decreasing the growth rate and the rate of inductive process. The period of
optimum vegetative performance in the second quarter was associated with
expanding long days, high temperature and high humidity, thereby showing
that a certain period of day lengths of long-day duration (above 12 hours) was
essential. Recent evidences (Liverman 1955 ; Lang 1952) have shown that the
complex photoperiodic response can be divided into a series of consequential
partial processes, and in jute the long-day period with high intensity light
followed by dark process and then diminishing day lengths of short-day period
with low light intensity may be distinguished as partial processes in photo-
periodic induction (Hamner 1940 ; Liverman and Bonner 1953 ; Lockhart and
Hamner 1954).

The results obtained in this paper under field conditions and confirmed
by some controlled experiments showed that exposure to long days in the life-
cycle prolonged the vegetative period and on advent of diminishing day lengths
(below 12 hours’ period) stimulated photo-induction to the flowering stage.
Both Corchorus capsularis and Corchorus olitorius were sensitive to short day
lengths, but showed a wide range of hours between a day length which will
induce flowering in 100 per cent of the plant population or in which all plants
will be vegetative. This was shown in a wide range of flowering dates, even in
the population which was closely selected for successive years and as far
as possible of the same developmental history. But an idea of the critical
period for photo-induction was obtained from the results on controlled photo-
periodic experiments where it was seen that least induction was found in 12
hours’ light period alternating with 12 hours’ dark period. From this period
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onwards on either side the rate of induction was either delayed or enhanced.
In 24 hours’ light period the rate of induction was less than that of 16 hours’
period in capsularis varieties. This may be due to the unfavourable effect
on the light-dark cycles (Hamner and Bonner 1939 ; Lang 1952). The critical
period of induction, therefore, seems to lie near about the cycle of 12 hours’
light period alternating with 12 hours’ dark period in case of jute varieties.
In nature, more or less similar conditions prevailed in the months of August-
September, hence jute is called ‘season bound’ with reference to the appearance
of flowering stage.

In conclusion it may be said that both Corchorus capsularis and Corchorus
olitorius have an endogenous rhythmicity as exhibited during the natural
sequence of flowering and were sensitive to photo-induction by short daylight
periods of less than 12 hours’ duration. The photo-induction was adversely
affected by low temperature. A close co-ordination with changing seasonal
variations of temperature, humidity and light-dark cycle was recorded where
changing day lengths played an effective role. Though jute behaved as a short-
day plant yet a certain period of long-day induction was favourable in
prolonging the vegetative growth, which was to be considered as an economic
aspect in jute cultivation.
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