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INTRODUCTION.

In seed-testing practice, one often encounters a varying proportion of shrivelled
seeds within a sample of good, sound seeds. The majority of such shrivelled seeds
may not germinate when the usual germination test is employed, and thus such
seeds are classed under ‘seeds incapable of germination,” ‘bad seeds,’ etc., by the
seed analysts. The healthy and sound seeds are only tested for germination.

In connection with seed-testing of samples of foodgrains obtained from the
local vendors, Mukherji (1950) found that the percentage of ‘shrivelled, small and
bad seeds’ in samples of red maize was 13-80 and 7-11 (out of 20-47 and 14-40 per
cent of total impurities) when calculated on number and weight-basis respectively.
Presence of such a high proportion of shrivelled seeds reduces the market price of
the samples to a considerable extent.

An investigation was carried out in order to get an idea about :~— (i) the percent-
age of the shrivelled seeds that are potentially capable of germination, but owing
to the under-nourished state of the embryos and their unfavourable environmental
conditions, do not germinate under the usual conditions, and (ii) the effect of such
shrivelled seeds on growth and development of the plants,

EXPERIMENTATION.

While the average weight 2 of the shrivelled seeds was 74-24 gm., which is about
half the weight of the sound and healthy seeds, it was found that there were consider-
able proportions of seeds varying in weight from 20 to 120 gm. Thus, two sets of
seeds were distinguished that varied in weight and hence in the degree of shrivelling,
viz., set (1) seed-weight 20 to 60 gm., and set (2) seed-weight 80 to 120 gm., apart
from a ‘control set,’ viz., set (3) normal seed-weight of 155 gm., and germination
test, as usually adopted in seed-testing practice, and described by Pal and Mukherji
(1950), was done. The result is tabulated in Table I, column 2.

It was observed that seedlings developed from the seeds of set (1) were very
weak and delicate, those from set (2) were stronger but less so than those from set
(3). Thus, there was a direct correlation between the degree of shrivelling and the
reduction of vigour of the plants. In order to look into the question of whether
under-nourishment and unfavourable surroundings for the embryoc were the causes
for the low germination percentage and loss of vigour of the seedlings developed
from the shrivelled seeds, artificial culturing of embryos from seeds of the above
three sets was resorted to. Seeds were sterilised by treatment with 29, "Mercuric
chloride in 509, alcohol for 90 seconds and then washed with sterilised distilled

1 This work was done during the tenure of a research fellowship awarded by the National
Inetitute of Sciences of India.

2 All the seed-weights are given in terms of 1,000 seeds (Absolute weight) for the sake of
convenience. '
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water 4 to 6 times. Seeds were soaked for 16 hours in sterilised water and
embryos were excised out of them ingide a culture room provided with a germicidal
ultraviolet lamp. The embryos were cultured in White’s (1934) nutrient medium
modified by Purvis (1944) and further modified by the author. The medium was
prepared as follows:—

Substance. Concentration. Substance. Concentration.
Kcl . 0-87 m.mol. per litre | KNOg .. | 0-80 m.mol. per litre
LIgSO,‘r . 0-30 ”» P sy CE(NOs)g .. 0-60 s »s s
KH,PO, .. 0-09 . v 2 Sucrose o] 259
FeSO,4 .. 0-003 ,, s sy Agar .| 28%

The cultures were kept at 20° to 21°C. in an electrically-controlled constant-tempera-
ture chamber with continuous ventilating arrangement, for 10 days, after which
germination count was made. The results are tabulated in Table I, column 3.
That there was a definite increase in the percentage of germination in both the sets,
i.e., set nos. (1) and (2), is apparent from the calculated data tabulated in Table I,
column 4. The seedlings developed in cultures from the embryos of seeds of set (1)
were weaker in vigour of growth than those from set (2), but no appreciable difference
in vigour was noticed in seedlings developed from embryos of the normal seeds,
i.e., set (3), and those from set (2), unlike the previous experiment when the usual
germination-test method was employed.

After the germination count, the cultures were kept under the laboratory
conditions for a couple of days within which time the seedlings developed chlorophyll.
The seedlings were then transferred to the liquid medium, that is, the same medium
without the agar, and then to sand to which the liquid medium was added, and
finally to soil in pots. All these transfers were done within three days. This
process of gradual exposure to the normal field conditions from the artificial condi-
tions was done in order to expose the seedlings gradually to the environmental condi-.
tions and to guard against the drying out of the seedlings during and after
transplantation.

After transplantation, growth and development of the plants were observed,
height was measured at regular intervals, total number of leaves produced was
counted, and the date of flowering was noted. The data are tabulated in Table I1.

TABLE 1.

Germination test.

Column 1 2 3 4
Set (1) .. 40 ’;5 gg
s (2) w. 75 5
s (3) .. 100 100 nil

Percentage of germination by :—

Column 2 :—usual method ; column 3 :—embryo-culture method ; and column 4 :—increase
in the percentage of germination obtained by embryo-culture method over that obtained

by usual method.
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TasLE II.
Absolute seed weight and the growth and development of plants,

Average height of plants Increase
Absolute (in. cm.) P in height Total | Number

Sey | seed-wt. between G; g:vth number of
(in gm.) e of lea- days

(4) 30th | 60th | 90th | 110th (Bf4) | ves pro- to
dey | day | day |day (B)| @ | b | ¢ duced | flower
(1) 40 6-0 [ 120 1 170 180 6 511 0-45 7 106
(2) 100 17-0 | 360 | 51-0 59-0 19 115 ( 8 0-59 13 103
(3) 156 18-0 | 40-0 | 650 67-0 22 1252 0-43 13 85

a :—30th to 60th day ; b :—60th to 80th day ; and ¢:—80th to 110th day.

Discussion.

In the present investigation it was found that the germination percentage was
much less in shrivelled seeds than in the normal ones. This finding confirms the
results obtained by many others, like Larbaletrier, Sturtevant, and Sturtevant,
Arthur and Golf, cited by Martin (1920), who studied the germination of unripe
seeds and that of mutilated ones. The latter authors found a decrease in germination
of 2 to 25 times by mutilating the kernels of bean and corn seeds. Thus, the amount
of endosperm present in the seed, or in other words, the quantity in the souf:e of
nutrient supply to the embryo determines, to a considerable extent, the germinating
capacity of the seeds. The increase in the germination percentage that was obtained
in the present investigation, when the embryos were separated out of the shrivelled
seeds and were cultured in artificial nutrient medium, is a sufficient indication of
the fact that the environment produced by the shrivelled grain is unfavourable for
the normal functioning of the embryo, and that under-nourishment of the embryo
due to the premature drying of the seeds, together with the unfavourable surround-
ings, made the embryos, that were potentially capable of germination, to behave
as ‘dead’. This point raises a question as to whether the percentage of germination,
as expressed by the seed analyst in the seed-testing reports, is representative of the
sample of the seed, as this percentage of germination does not take into account the
shrivelled seeds, the majority of which are potentially capable of germination,
and some of which can germinate even under usual conditions.

Kidd and West (1919), reporting on seed corn, referred to the differences in
vigour of plants developed from immature seeds although they pointed out that
there was no decrease in yield owing to the use of immmature seeds. Harlan and
Pope (1922), working with barley, also found that tallness and vigour of the plants
decreased steadily with the decrease in the age of the seeds used, that is, the vigour
of the plants would be less if the seeds used were younger and vice versa. LaRue
(1936), reporting on the growth of the embryos in vitro, stated that the growth of
the embryos was directly correlated with the size of the seeds of maize. Lofland
(1950) also found similar results in cotton embryos, where embryos separated from
27-day old seeds grew more rapidly than those from 20-day old ones, and those
from 15-day old seeds usually failed to grow. Kent, Brink, Graf, and Stahman
(1950) showed that seedlings developed from immature embryos of rye in wiiro
were weaker than those from mature ones. Hatcher and Purvis (1945), however,
did not find any decrease in the vigour of winter rye plants in relation to the maturity
of the seeds used, and stated that there was no effect of the seed-weight on the
vegetative growth of the plants. They also concluded that ‘the higher efficiency
of growth in plants from dwarf grain is a general phenomena among the cereal
varieties studied.” The growth-rate was defined by them as the ratio of the final
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weight of the plants to the initial weight of the embryo. From a study of the vegeta-
tive growth of ‘Petkus’ winter rye plants developed from seeds varying in weight
from 2-3 to 36-3 mgm., Nutman (1941) found that the seed-weight had a correlation
with the embryo-weight. Vasudeva and Dutt (1949) found that plants developed
from the shrivelled wheat seeds caused by wheat rust, having a germination per-
centage of more than 70, behaved similar to those from normal seeds with regard to
vigour of growth and yield. The seeds used could be classified as ‘medium-shrivelled’
seeds.

In the present investigation, it was found that there was a decrease in the vigour
of plants developed from shrivelled grains, and this decrease was noticeable at every
stage of growth of the plants. It was noticed in seedlings developed from shrivelled
seeds, as also from embryos of such seeds in cultures, as well as in plants grown in
soil under normal environmental conditions. The amount of decrease in vigour
as measured by the height of the plants at different stages of growth and the total
number of leaves produced, were more prominent in plants developed from very
shrivelled seeds, i.e., set (1), than from the medium-shrivelled seeds and the normal
ones, i.e., sets (2) and (3). This finding corroborates that of Kidd and West (1919),
Harlan and Pope (1922), Kent, Brink, Graf and Stahman (1950) and others, but
disagrees to a certain extent with that of Hatcher and Purvis (1945). Due to the
lack of data regarding the embryo-weight, growth-rate, as defined by Hatcher and
Purvis (1945) could not be calculated. Taking into consideration the fact that the
embryo-weight is correlated with the seed-weight, a modified definition of the
growth-rate may be given, and seed-weight and the total height reached by the
plant may be taken into account in this respect. The ratio obtained, according to
the new formula, of the growth-rate, was higher in case of shrivelled seeds than in
normal ones, although it was not directly correlated with the degree of shrivelling
of seeds. This conclusion, although obtained in a different way, agrees with that of
Hatcher and Purvis (1945).

Delay in the flowering of the plants obtained from the embryos of shrivelled
seeds, as found by the author, confirms the findings of Hatcher and Purvis (1945)
who recorded that delay in flowering due to grair size was statistically significant.
It also corroborates the findings of Gregory and Purvis (1938) who state that
spring rye plants developed from immature seeds, collected from ears 11 days after
anthesis, flowered 10-9 days later than those developed from normal grains, and
that there was a progressive decrease in the flowering time with the progressively
mature seeds used.

The fact that seedlings developed in cultures from embryos of very shrivelled
seeds were much less vigorous than those of the medium-shrivelled or the normal
seeds, suggests that response to the culture medium was progressively higher as the
embryos were excised from the progressively mature seeds. Haagen-Smit, Siu,
and Wilson (1945) also found in corn that the smaller the embryo, the lesser was its
response to the culture medium.

Although the plants were developed by embryo-culture method in the present
investigation, they compared well with the plants grown from mature and full seeds
that have been reported by Gregory and Purvis (1938), Hatcher and Purvis (1945)
and others.

Considering all the above facts, it is evident that in maize the shrivelled or
immature seeds lead to a decrease in the vigour of plants developed from them,
and the use of such shrivelled seeds for sowing purposes is not to be recommended.
Kidd and West (1919) and Sumakova (1949) also emphasise the necessity of sowing
sound and mature grains, and the latter author attribute better germination capacity,
hardiness, resistance to bunt, and higher yield to the use of larger sized seeds having
higher seed-weight. Lastly, it may be emphasised that the germination-test, as
is usually used by seed analysts in seed testing stations, is above any question as
to its reliability, as, the seeds that are shrivelled are considered to be ‘bad seeds’
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and are not taken into account for germination-test, although there may be quite
a high proportion of them that are potentially capable of germination.

SuMMARY.

1. Seeds of red maize, obtained from local vendors during seed testing work, were graded
into three sets according to their degree of shrivelling, as indicated by their absolute weights,
\lrgzﬁ, seed weight in set (1) 20 to 80 gms., set (2) 80 to 120 gms., and set (3) normal seed weight

gms,

2, QGermination test was done by employing the usual germination method, and embryo-
culture method. It was found that germination percentage decreased with the degree of shrivel.
ling of seeds, and that embryo-culturing ircreased the germination percentage for the respective
sets by an appreciable amount.

3. Seedlings, developed from the shrivelled seeds as well as those from the embryos, were
weaker in growth and more slender than those from the normal seeds or from the embryos of the
same, and also that the greater the degree of shrivelling of the seeds the lesser was the vigour
of plants developed from the embryos of such seeds. The delay in flowering was also directly
correlated with the degree of shrivelling of seeds.

4. Growth-rate was found to be higher in case of plants developed from the shrivelled seeds
than those from the normal seeds. :

5. Due to the fact that plants developed from shrivelled seeds are less vigorous, more
slender, and later in flower-production, and that the seeds have lesser germination capacity
than the normal seeds, the method of germination-test as employed in the Seed Testing Stations,
is quite justified and shrivelled seeds may safely be discarded from the sample for germination-
test,
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