Seedling Vigor in Pearl Millet. 1. Role of Seed Size

ABSTRACT

A study of the role of seed size on seedling vigor in sev-
eral pearl millet genotypes indicates that there were signifi-
cant variations in seed size and other seedling iraits such as
seedling weight at emergence, seed weight mobilized, ef-
ficiency of mobilization of seed reserve, and seedling and
seedling dry weight at seven and 15 days. Highly significant
correlations were found among these parameters. Therefore,
the effects of seed size on seedling vigor in pear] millet seem
to be significant.

INTRODUCTION

§ he establishment of a satisfactory plant stand is
a major problem in the production of pear]
millet {2). One reason is the small seed size of
this crop in comparison to that of seeds of other
major food crops of the semi-arid zones of north-west
India and the Sahelian zone of Africa where pearl
millet is the staple crop. Therefore the role of seed
size in seedling emergence and seedling vigor in
pearl millet needs to be assessed. Seedling size and
growth rate have been reported to be related to
seed size in a number of grasses (5, 11, 13, 14, 15)
and cereals (3, 4, 7, 8, 9, 10), including pear} millet
(12). The reason appears, logically enough, to be due
to the greater quantity of endosperm material avail-
able to support growth during the heterotrophic
and transitional {to autotrophic} growih periods (1),
although some reports associate a greater biochemical
potential for growth seed size (8). Individual seed size
weight varies considerably within cultivated pearl
millet, from as little as 4 mg per seed to more than 12
mg. This is therefore a very obvious source of varia-
tion in seedling size among individual cultivars, as
well as a potential characteristic for exploitation

(14).
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COMPENDIO

Un estudio sobre el papel desempefizdo por el tamafio de
Ia semilla sobre el vigor de la pldntula en mijo perla, indicod
que existe variacion significativa en el famafio de la semilla ¥
otros parametros de la plintula tales como: el peso de la pldn-
tula y emergencia, movilizacidon del peso de la semilla, la efi-
cienciz de la movilizacién del peso de la semilla y peso seco
de la plintula de siete a 15 dias. Se encontraron correlacio-
nes altamente significativas entre estos parimetros. Por lo
tanto, el efecto del tamafio de la semilla sobre el vigor de [
plintula en mijo perla puede ser un factor significativo.

MATERIALS AND METHODS

In order to evaluate the role of seed size in deter-
mining seedling size in pearl millet, a set of 52 entries
from the germplasm collection and the breeding
program which represented a wide range of seed size,
was assembled (Table 1} The range in terms of
weight of 25 seeds, is equal to a range of 4.0-116
mg/seed. These were sown in single-row plots in the
field in two replications, and in Petri dishes lined
with moistened filter paper in two replications in the
faboratory in 1976; taking 30 seeds of genotype in
each replication. At emergence, and at seven and 15
days after emergence 25 seelings were carefully dug
out of the field plots, washed free of soil and the plu-
mule and radicle were separated from the remains of
the seed. Both parts were dried for 48 hours at
80°C and dry weights determined. The efficiency of
utilization of seed reserves of produce new growth
was calculated for the sample taken at emergence by
dividing the dry weight of new growth {radicle,
plumule) by original seed dry weight, less the dry
weight ot the remaining seed parts. The dry weight of
the original seed was estimated from duplicate
25 seed samples from the original seed lot.

RESULTS AND DISCUSSIONS

There were large and significant differences among
the lines for all of the parameters measured in the
field trial (Table 1) There was a two-fold range in
seedling size at the time of emergence, which in-
creased to a five and then ten-fold range at seven and
15 days after emergence, respectively Between one
half and three fourths of the total variance for
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seedling dry weight was due to genetic, as opposed to
environmental effects under the conditions of the
experiment. There was also a large variation in the
case of both the absolute amount of seed weight lost
in emergence and in the ratio of seedling weight at
emergence to seed weight lost, which is a crude
measure of the efficiency of mobilization of seed
reserves into new growth {(Table 1) In fact the range
in the latter was surprisingly wide, and neither
extreme value would have been predicted.

Simple linear correlations were computed between
seed size and the various measurement of seedling
growth, and among those measurements themselves
{Table 2). Seed weight was significantly correlated to
seedling weight at all three times of measurement
(Fig. 1, Table 2} The strength of the correlation
declined somewhat with time, however, and the per-
centage of the total variation in seedling size explained
by seed size was not large, ranging from 32% at emer-
gence to 17% at 13 days {Table 2).

Table 1. Summary and analyses of seed and seedling data, (Seed size comparison £976.}

Variable Mean Range S.E. F ratio for genotype
Seed wt {g/25 seeds} 918 010-029 0.005 166 FF
Seedling wt at emergence (g/25 secdlings) 006 004009 00 2k
Seed wi mohilized {g/25 seeds) 012 0.65-0.27 0014 125 »#
Efficiency of mobitization of seed wi 0.56 0.27--892 G132 211w
Seedling wt at 7 days (g/25 scediings) 0 834 033162 0256 233%F
Seedling wt at 15 days (g/25 scedlings) 110 14-240 3.06 ER VAL

** P00 n=352

Seed weight lost (or mobilized) in germinatiosn
and emergence was highly correlated to seed size
{r = 093} The efficiency of utilization of that seed
weight to produce new growth was, however, signifi-
cantly nepatively correlated to both the amount of
seed weight lost and thus to seed size (Table 2} These
correfations confirm that larger seeds do mobilize
more reserves for growth but that the utilization of
these reserves is less efficient than in the case of small
seeds. Similar results were reported by Whalley,
McKell and Green (15) in range grasses. The amount

of seed weight lost or mobilized at emergence, how-
ever, was significantly correlated to seedling weight
at all three times of measurement (Table 2),
confirming the role of seed reserves in seedling size.
The efficiency of mobilization of seed reserves on
the other hand, although widely different among
the varieties tested, was not related to seedling size at
any of three times of measurement (Table 2).

The seedling dry weight measured in Petri dishes
at five days after “sowing” was significantly correlat-

Table 2, Correlations among seed and seedling variables. (Seed size comparison 1976.)

Seed wt

Seed wi. mobilised

Seedling wt at emergence

Efficiency of mobilization of seed wt.
Secdling wi at 7 days

Seedling wt at 15 days

0.93%* 1
0.57%* 0.4G%* 1
-0.68%* —0.74%* .08 i
(0.45%* 0.41%* 0.60%* -0.16 1
NE SR 0.36%* 045" -{3.19 0.74%*

P <001,n=53
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Fig 1. Relationship of 25 seed weight and seedling dry
weight at emergence (Seed size comparison 1976)

ed to seedling dry weight in the field at al] three times
of field measurement {Table 3}, but the portion of
the variation in seedling size in ficld explained by the
Petri dish estimates was no better than that explained
by seed size (16-37%) Thus both measurements of
potential seedling size, seed size and seedling size
under laboratory conditions were related, although
not sirongly, to actual seedling under field conditions

The effects of seed size seedling vigor in pearl millet
thus appear similar to those in the case of other
graminaceous species studied Essentially, seed size
accounts for a significant proportion of the variation
in seedling size but there are other differences among
individual genotypes or populations not associated
with seed size (3, 5, 13} Improvement in seedling
vigor should thus be possible via improvement in both
seed size and in vigor directly (6, 14).

Table 3, Correlation of seedling dry weights from field and
laboratory measurements. {Seed size comparison

1576.)
Laboratory Field Correlation
coeff,

Seedling wt. at 5 days Seedling wt. at

emergence G 56**
Secdling wt at § days Seedling wt. at

7 days (.GLE*
Seedling wt at 5 days Seedling wi at

15 days G.40%*

** P00, n=52
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14.

15.
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