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ABSTRACT

Intervarietal difference to photoperiod exists in green gram-—the var. T.] is seen to be a
day-neutral plant and B.R.3 and Sonamung short-day ones. Forcing the bloom by photo-
periodic treatment in the short-day plants in summer can be taken advantage of in hastening
genetical and breeding programmes. Continuous variation is seen in the Fy progenies of a cross
between & dey-neutral and short-day varieties, but the distribution is not unimodal.

A day-neutral Sonamung type has been selected from a cross between the day-neutral T.1
and the short-day favourite variety Sonamung. The day-neutral variety can be cultivated in
the kharif season, when the short-photoperiodic antumn Sonamung variety grows vegetatively.

INTRODUCTION

Intervarietal difference in the photoperiodic response in green gram
(Phaseolus aureus Roxb.) was observed by Sen Gupta and Mukherjee (1949).
They concluded that the favourite variety Sonamung is a short-day plant
and I.P.28 a long-day one. Within the genus Phaseolus, though the majority
of the seed legumes are short-day plants, Allard and Zaumeyer (1944) observed
considerable varietal difference in the common bean (P. wulgaris) and lima
bean (P. lunatus), where in addition to the short-day types there were some
day-neutral ones. Existence of short-day and day-neutral types in
black gram (P. mungo) has been reported by Sen and Chheda (1960). The
day-neutral character is of considerable advantage for breeding varieties
adapted to cultivation under a wide range of seasonal conditions, and has
been profitably utilized in bean breeding.

In India, green gram is cultivated both in the summer and in the autumn
seasons. Observations in this laboratory indicate that most of the varieties
that are grown in summer are day-neutral plants and the ones grown in
autumn are short-day ones. The cultivators grow the autumn varieties in
summer for the good vegetative growth of the plants, which are nourishing
fodder. At Kharagpur, most of our summer varieties can be grown in autumn
though the seed-yield is less in autumn sowing.

Bose (1939) studied inheritance of flowering time in a cross between two
varieties of green gram differing in their flowering time by about 10 days.
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The two I; plants flowered 9 days earlier than the mean flowering time of the
early parent, but within its range of flowering. The F, mean was more or
less at the mid-point of the two parental means. Among the different varie-
ties of green gram, a much wider difference in flowering time is seen, specially
when they are sown in summer. The results of a study to find out how far
the photoperiodic requirement is responsible for their difference in flowering
time and how the flowering time is inherited in the progeny of a cross between
a day-neutral and a short-day types are presented in this paper.

Of the different varieties of green gram, Sonamung is specially favoured
in Eastern India for its yellowish seed and the aroma of its fried split pulse.
There is no comparable variety suitable for cultivation in the kharif season.
Through hybridization and selection it has been possible to breed a day-neutral
type similar to the short-day Sonamung, the details of which are given here.

MATERIALS AND METHODS

To study the effects of different sowing time plants were grown in 12-
inch earthenware pots with well-manured soil, sowing seeds on the 1st of
every month from June to October. Records were taken from 5 pots per
treatment, each with two good plants. The flowering time was taken as the
date of the opening of the first flower, and the flowering node was recorded
as the node in which the first inflorescence arose on the main stem,

In the July sowing 5 more pots per variety were sown and grown in 10-hour
short-days from the date of emergence of the seedlings to maturity. To cut
off the sunlight after 10 hours from the morning, the pots were kept within a
specially constructed large wooden frame 4-5 ft. high, which could be easily
covered with a thick black screen to darken the chamber. At night the
screen was removed.

These experiments were conducted at Kharagpur, West Bengal, in 1956
with two varieties, viz. T.1 and B.R.3. The induction of early flowering
in B.R.3 by short photoperiodic treatment could be utilized to hybridize the
two varieties and raise the F; plants in October. These varieties were also
hybridized in the previous autumn sowing and a few more crosses were made in
the 1956 October sowing. In 1957 July, seeds of the two varieties, hybrid
seeds and bulked seeds of the F, plants, were sown in short lines. The
flowering dates of the individual plants a$ they bloomed were recorded every
third day. ‘

In the progeny of another cross between the kharif variety T.1 and the
favourite rabi variety Sonamung, primarily made for the study of inheritance
of seed characters, the flowering dates of the individual F, plants were not
recorded. Selecting some early flowering yellow seeded plants in the F,
generation it has been possible to evolve a type closely resembling the Sona-
mung, which is day-neutral and can be grown in kharif season.
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The three varieties used in this study are from the genetical stocks of
Sen and Ghosh (1959); and for hybridization the buds due to open next day
were emasculated in the afternoon and pollinated next morning.

OBSERVATIONS

Effects of sowing time and photoperiod.—The results of successive sowings on
the 1st of every month from June to October on the flowering time and the
flowering node; the effects of exposing the plants to 10-hour controlled
photoperiod; and the lengths of natural days on the 1st of every month are

given in Table 1.
TaprE 1
Effects of sowing time and short photoperiodic treatment on the flowering time and flowering
node in the two varieties of green gram

1' Flowering time (days) ' Flowering node
. ‘ Day length
Month i ‘ I ‘ on 1st
; T B.R.3 ( T.1 ‘ B.R.3 of the month
Jure 34:6+0:13 | 94-8+0-87 ! 6-7+0-21 16-2 +0-32 13 hr. 40 min.
July 31:3+£049 . 8361245 , 651016 16-3+0-67 | 13 hr. 20 min.
Do. (10-hour | i !
photoperiod) |  34-8 +£0-71 32:240.35 | 641021 6-0 £ 0-00
August 30-9 1 0-48 71-2 £ 2-00 ! 6-110-11 13-5+0-53 i3 hr. 7 min.
September 39-8+0-01 47-8+0-92 | 641018 8-51+0-24 12 hr. 32 min,
October 4541 1-35 33-210-69 f 6:0 £ 0-00 6:8+0-28 11 hr. 50 miu,
November i f 11 hr, 10 min.
December | | | 10 hr. 40 min.
! | |

The results indicate that as the natural day-length gradually decreased
from 13 hr. 40 min. in June, the two varieties differed in the time required to
flower from the date of sowing. In the var. B.R.3 the vegetative period
gradually shortened from 94-7 days to 33-2 days in the successive sowings
from June to October, while in T.1 it was more or less the same in the first
three sowings, and then gradually increased in the two subsequent ones.

The 10-hour photoperiodic treatment in July sowing induced both the
varieties to flower more or less simultaneously, though under natural condi-
tions B.R.3 flowered 52 days after T.1. Considering the effects of sowing
time and exposure to short photoperiod, it can be concluded that like Sona-
mung (Sen Gupta and Mukherjee 1949), B.R.3 is a short-day plant. And
from the response in simultaneous flowering in T.1, when exposed to 10-hour
treatment and in natural days of about 13 hr. 20 min. in July sowing, it ap-
pears to be a day-neutral plant. The slight delay in flowering in September
and October sowings appears to be the effect of the preva,i]ing'lower tem-
perature, to which green gram is quite sensitive or to some other factors other
than reduced natural photoperiod. The growth of T.1 was also considerably
retarded in the October sowing.
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The node at which the first inflorescence arose on the main stem was
gradually lowered as the plants flowered earlier in the successive sowings of
B.R.3, or when the plants were grown in 10-hour days and induced to flower
earlier. In the early flowering T.1, where the flowering time was not much
affected in the successive sowings, the inflorescence generally arose in the
6th node irrespective of the sowing time.

Inheritance of flowering time.—The frequency distributions of the number
of plants flowering in the successive class centres of the two parents, their F,
and F, progenies in the cross between T.1 and B.R.3 are given in Table 2.

It is seen that the late parent B.R.3 flowered 66-65 days later than the
early parent T.1 and had a longer range of flowering period. The plants
had luxuriant vegetative growth but produced very few fruits and seeds.
The F, plants flowered about 10 days earlier than the mid-point of the two
parents, but close to their geometric mean. The F; mean was close to the
F; mean. In the F; progeny, though the segregation for flowering time is
continuous, the distribution is not unimodal. Among the 312 plants grown
in the F, generation, no plant flowered earlier than the plants of the early
parent or later than the late parent.

Selection of a day-neutral Sonamung variety.—The rabi variety Sonamung
resembles the var. B.R.3 in the flowering behaviour, but requires slightly
longer time to flower. The I, plants of the cross T.1 X Sonamung when sown
in July flowered more or less at the mid-point of the two parental means and
were intermediate in many characters ; the green colour of the T.I seed was,
however, dominant over the yellowish seed of Sonamung. The F, progeny
segregated for different characters and continuous variation was observed in
flowering time of the population. Three plants with greenish yellow seeds
and several other Sonamung characters, but flowering between 31 and 33 days
in the kharif season, were selected. In the next kharif season about 30 pro-
genies of each of these plants were grown in short lines. It was found that
the plants were flowering more or less simultaneously with the early parent
and several of the plants in a line appeared to be replicas of the Sonamung
grown in the rabi season. Next year the progenies of four of these plants
were grown in four 50-feet lines along with the two parents. The lines were
fairly uniform in flowering and other characters and appeared to be more
uniform in fruit ripening. Comparative data of this kharif Sonamung selec-
tion and the two parents are given in Table 3.

From the general appearance of the stand the new selection appears to be
promising as a potential Sonamung variety, which can be grown in the kharif
season. When grown in the next rabi season, it flowered more or less at the
same time but yielded less. 1In its response to flowering in the two seasons, it
closely resembled the day-neutral type T.1 and it seems that the day-neutral
factor has been transferred-to an otherwise Sonamung genotype.
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TABLE 3

Comparative data of the kharif Sonamung selection and its two parents sown in July

]
Character T.1 Kharif Sonamung ’ Sonamung
-
Flowering time (in days) 346 £0-32 34-4 £0-88 i 98-1 £0-99
Height .. | Medium Dwarf i Tall
Leaves .. | Large, dark green : Small, yellowish . Small, yellowish
| green . green
Fruits .. | Large, broad i Small, narrow ! Small, narrow
Seeds .. | Medium, green ~ Small, greenish ' Small, greenish
- yellow ¢ yellow
Seed yield .. | Good l Good ; Poor
Discussiox

Considerable varietal difference in flowering time exists in the Indian
green gram, and Bose (1932) classified them as early, medium and late types.
Sen Gupta and Mukherjee (1949) showed intervarietal difference in their
response to photoperiods and that there are short and long photoperiodic
varieties. From the results of this experiment and from the unpublished records
in this laboratory it appears that most of the varieties which are grown as the
autumn crop are short-day plants. In addition, there are several varieties
which appear to be day-neutral. Superimposed on this is another quantita-
tive system controlling the period taken for flowering, which alters the flower-
ing time in both the groups to a limited extent. We are inclined to believe
that I.P.28 of Sen Gupta and Mukherjee (1949) is a day-neutral plant and
not a long-day one. The delayed flowering of 1.P.28 and that of the T.1
of this experiment observed in sowings from September onwards seems to be
due to lowered temperature, which considerably depresses the growth of the
summer varieties. We are also inclined to believe that the slight earliness
observed in 1.P.28 when exposed to 14-hour days in winter by Sen Gupta
and Mukherjee (1949) is due to increased temperature inside the photoperio-
dic chamber and not due to increased photoperiod. Among the large number
of the existing varieties, however, there may be some long-day plants also.

Although voluminous literature exists on the inheritance of flowering
time, inheritance studies involving photoperiodic response have been few in
number. Lang (1948) observed that the short-day character of Maryland-
Mammut tobacco is monogenically recessive to the day-neutral character of
the var. Java. There are, however, indications from the extreme range
encountered in the day-neutral segregates that modified genes also influence
time of blooming. Goodwin (1944) from his studies of three strains of Soli-
dago sempervirens indicated that the minimal number of genes determining
photoperiodic requirements may be as many as nine. Quinby and Karper
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(1945) observed that three genes exist in the Milo varieties of grain sorghum
which are influenced by short photoperiod. In this experiment the F; mean
is 10 days earlier than the mid-point of the two parental means indicating
partial dominance of the early parent. Continuous variation is seen in the
segregating ¥, progeny, but the distribution is not unimodal. From our
experience with the green gram, it seems that the control of flowering in
green gram is much more complicated than the analysis of data of this experi-
ment can reveal. A system similar to that proposed by Barber (1959) for the
genetics of photoperiodism and vernalization in early day-neutral and late
long-photoperiodic varieties of pea (Pisum sativum), having a major gene
responding to the photoperiodic treatment and one or more systems of genes
modifying the action of the major geme, may be in operation here. The
basis of such a tentative inference is the presence of two groups of plants in
our collection, one of which will flower from 35 to 60 days and the other
from 90 to 115 days when sown with the first June shower. But when they
are sown in late August or early September, the flowering is more or less
continuous, coming in succession in different varieties, starting from about
30th day and continuing up to about 70th day.

The advantage of forcing the bloom in the autumn varieties by short-
photoperiodic treatment in summer can be successfully utilized in hastening
genetical and breeding programmes. When grown in short photoperiod,
they can be hybridized in summer and the F; raised in autumn, or if they
are hybridized in autumn, the F; can be raised under short photoperiod in
summer and the F, grown in the autumn of the same year.

By hybridizing the short-photoperiodic favourite Sonamung variety,
which is normally grown in autumn with the day-neutral summer type T.1,
it has been possible to select a promising type very closely resembling the
Sonamung plant but day-neutral in character. This variety can be grown in
kharif season as a kharif Sonamung type, specially in areas where the Sona-
mung seed commands a premium.
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