Pearl Millet. II. Vigor Evaluation and Selection for Improved
Seedling Vigor!

ABSTRACT

Evaluation of seedling vigor of a number of pear] millet
cultivars has been assessed using the visual scoring method
and direct measurement under field conditions. Visual
evaluation of seedling size, using a relative scale based on
the extremes of vigor in the material being evaluated, wos
found to be nearly as effective as direct measurement of
seedling size for evaluating genotype difference, and much
simpler to use. Statistically significant dilferences nmong
genotypes could be obtained using this method.  Direct
selection for scedling vigor under field conditions was
combined with sclection for agronemic traits and was useful
in producing inbred lines combiuing both good seediing
vigor and plant type. The yielding ability of a synthetic
variely found by intermating nine of these inbred lines was
equal to that of the open pollinated checks in three trisls,
Improvement in seedling vigor, as defined by seedling size,
therefore seems to be feasible by combining a larger grain
size with direct selection for seedling size in ficld conditions.
Both types of selecfion should be simple to include in a
breeding program without maejor additional effort.

INTRODUCTION

ifferences among millet lnes in  early
seedling growth are clearly visible in the
field, and a visual rating of vigor, if
sufficiently reproducible, would be adequate for most
breeding requirements, Visual 1atings of seedling
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COMPENDIO

Se evaluo cf vigor de las plintulas de wo cierto wiimero
de varicdades de mijo peria usando ¢l método de estimacidn
visual ¥ medidas directus en condiciones de campo. Pars la
estimacidn visual del tamaiio de las plintulas se empled una
escalu relativa basada en los extremos del vigor del materinl
evaluadu, encontrando que este método [ue casi tan efectivo
como la medicidn directa del tamafio de las planias sl
estimar diferencias genotipicas y mds simple de usar, El
método permitio  detectar diferencias estadisticamente
significativas entre gendtipos, La seleccion directa por vigor
de Ias plintulas en condiciones de campo, fue combinada
con la selecciin de otras caracteristicas agrosomicas, Gt en
Ia produccién de lineas puras que rednen tanto el vigor de
las pléntulas como ¢l tipo de planta, La productividad de
una variedad sintética, formada por el cruce de nueve de

‘estes lneas puras, fue igusl a la de los testigos producidos

por polinizacion abierta en tres pruebas, El mejoramiento
en el vipor de las plantules, definido como e} tamaio de la
plintula, narece ser posible si se combina un tamado de
grano mis grande con la seleccién directa del tamaiio de las
pidntulas, en condiciones de campo. Los dos tipas de
scleccion som sencillos como para ser incluidos en un
programa de mejoramicnto sin mucho problema.

vigor have been used in  breeding for this
characteristic in grasses (1,2,6) and in sorghum which
is found 1o be highly efficient.  After some
cxperimentation it was found that the use of a relative
scale, with its extremes adjusted to the extremes of
vigor present in the material being scored, was the
most satisfactory.

MATERIALS AND METHODS

Direct measurement (seedling vigor)

A set of 80 breeding lines plus two hybrid checks
was evaluated for secdling vigor in a field trial in
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1976, Fifteen days after emergence the height of 10
scedlings per entry was measured; these were cut at
ground level and the dry weight of the above ground
parts determined. The experiment was replicated four
times,

Visual evaluation

Simple scales of either I - 4 or 1 - 5 were used,
following the technique of Maiti er al. (3), with 1
being assigned 1o the most vigorous lincs and 4 or 5
to the least vigorous. The following criteria are
considered in the visual evaluation of seedling vigor:
height and spread of leaf canopy, diameter of the
pseudostem  (Jeaf sheathes), and the length and
breadth of individual leaves. The method involves an
initial survey of the material to be scored to determine
the degree of variation in seedling size and the
sclection of individual rows or plois to serve as
reference points for the extremes (or all points) of the
scale. These reference plots may be referred to
during the cowrse of the scoring if necessary.

The relationship of visual score and measured
plant growth was tested in a replicated field
experiment in 1977 with 27 selected millet lines
representing a range in scediing vigor. Scoring was
undertsken on a 1 - 4 scale at 14 d after emergence
and 10 representative plants per plot were harvested
at 15 d for measurement of seedling leaf arez and dry
weight.

Selection for improved seedling vigor

From the previous experiment (3) and from the
measurement of scedling dry weight of lines from the
working collection (a2 sample of germplasm and
breeding materials chosen 1o represent the wscful
genetic variation in pearl millet), a number of lines
with good scedling size were identified. Many of
these however were poorly adapted to Indian
conditions — primarily in that they were too tall and
too late to flower — and consequently not directly
uscful to the breeding program, despite their seedling
vigor. It was therefore decided to develop a set of
high seedling vigor lines with improved agronomic
characieristics.

A partial diallel cross was made in the dry season
of 1977 among nine lines from the above set, sclected
for better agronomic type and seedling vigor

Progeny from these crosses were subjected to
pedigree  sclection for seedling size by visual
cvaluation, and for panicle size, grain size and
reduced non-productive tilfering. Yield tests of 35 F
and F, lines in comparison were carried out in 1980
using two ¥, hybrids as checks,

RESULTS AND DISCUSSION

BDirect measurement (seedling vigor)

There were significant differences among lines in
both height (P<01) and dry weight (P<.05). The
range among entries for dry weight was far greater
than that for beight, but the experimental variation
was also greater (Table 1). Either measurement
however, was satisfactory to distinguish the more
vigorous from the less vigorous seedings. The main
conciusion drawn from the experiment was, however,
that the effort involved in the direct measurement of
scedling dry weight would be excessive if the method
were to be used on a large scale. In addition, the
destructive sampling necessitaled either the sowing of
separate experiments or the sacrificing of portions of
other tests for the measurement of seedling vigor.

Table I, Comparison of seedling vigor of breeding lines of
peart millet by direct measurement of scedling
height and dry weight at 15 days after emergence
{breeding tines trial 1976).

Heighit {cm) Weight {g/plant)
Mcan 91 0.27
Range 62-117 0104682
I ratio (genotype) 1030 1 67*
Sk 067 {083
CV (% T4 Y
P OLYPC U5in= 82

Visual evaluation

Correlation of visual score to both measured
parameters were strong (cocfficients of determination
of .70 and .73 for leaf area and dry weight
respectively},  There was some deviation from
linearity in these rclationships, but the best lines, as
determined by measured growth, were clearly
identified by the visual evaluation,
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Visual scoring was carried out on a number of
replicated breeding trials in 1977 to determine how
effective the mnethod was in distinguishing statistical
differences among lines. Results from two of 1hese,
presented in Table 2, show highly significant
differences (P<.01) for visual score among entries in
bath trials.

Table 2, Analyses of variance of visual score for seedling
vigor in All Indian Coordinated Millet Improvement
Project (ATCMIP) advanced hybrid trial and in the
intervarietal composits SI progeny trial (breeding
trials evaluation 1977),

AICMIP trial SI progeny trial

No. af entries i) 313
Replications 3 2
Scale used -5 [
Mean score {trial) 26 28
Range in entry

means 17-37 10-50
I ratio (entry} 2 dgwk 266%F
Sk 034 0453
CV (% 22 19
¥ P01

The use of a relative rather than an absolute scale
resulted in a full range of scores, which are usually
normally distributed allowing direct statistical analysis
(avoiding the need for transformation of data). The
scores are also usually sufficiently repeatable to alow
statistical differentiation of entries, even with cultivars
in the range of 20 percent. For most estimates of

seedling vigor (where large seedling size is the
objective) visual assessmaent using a relative scale
should be adequate. A similar conclugion has been
reported for sorghum.

Selection for improved seedling vigor

Most of the lines had acceptable maturity, head
size and grain size (Table 3). The better lines had a
seedling size comparable to the hybrid check MBH
110 (a large-secded cultivar which produces very
vigorous secedlings) and several had grain yield
approaching those of the <checks (Table 4).
Considering that the seedling vigor lines were highly
inbred, these results were very promising.

Yields of ICMS 8153 at both locations were
similar 10 those of the standard, open-pollinated check
varicties WC-C75 and ICMS 7703 (Table 5)
(although there may be some loss of yield with
additional inter mating as the component lines werc
highly inbred and the first gencration synthetics
undoubiedly benefit from some degree of hybrid
vigor).

The results of the selection exercise indicate that
it is possible to combine selection for high seedling
vigor with selection for agronomic performance and
that simple visual scoring at approximately two weeks
after emergence is effective in identifying individuals
with good seedling vigor. The effort required to
incorporate this selection into a breeding program is
not great. In early generations, superior scedlings can
be casily identified (by tagging for example) for

Iable 3. Summary of results of yield test of seedling vigor inbred lines (field trial 19803,

Variable Mean Range F ratio {entry) S.E. CV (%)
Visual score lor seediing vigor 26 14 2 gL 031 I3
Dry wt at 15 days (g/plant) 072 D34-105 P 0086 13
Days to flowering 41 6 -45 RN A 08 2
Panicie length (cm) 25 1828 3 4gH 1R 8
1000 grain wt. {g} 83 68-118 3 9™ 433 4
Grain yield (kg/ha) 2170 1 250-3 360 4 40k 224 1t

R P Ol P < 05in= 37
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Table 4. Seedling vigor and grain yield of the highest seedling vigor inbred lines, best yielding inbred lines, and check hybrids (inbred

yield trial 1980).

Crossfcultivar Vigor score Seedling Grain yield 00 seed
t. (g/plant) {kg/ha) wi (g)
Best vigor Hnes
{T00594xK ~-560~11) x 13033 15 0.35 2190 0.98
{700594xK-560~11) x {8D2 ExB-HD-1005-3-2)] 15 0 8G 3 160 0.95
{700594xK-5606-11}) x 06A 17 0.94 2 H30 90
{700594xK 560 -11) x 66A 22 078 1 2BG 0.92
(7004405700651 -2-1) x (SD2xExB-HESD-1003-1) 13 0.96 1 926 0 8]
High yielding lines
(700594xK-560~11} x [SD2XExB-2(D-1005-3-2)) 15 0.89 3 160 095
{700594xK-560-11) x 066A 1.7 0.94 2 H30 0.90
66A X (J-25-1x700797-12--1) 30 067 1740 095
(SDIXEX B- T SD-1003 - § )x¢700440x 700651 -2~ 1) 27 (.66 2704 085
(THOS94xK~560-11) x (SDIxExB-HUESD-1003-1) 25 0.69 26140 072
Check lines
MBH 1iG 1.0 105 3360 .18
BK 560 22 64 3 280 0.90
Table 5. Comparison of grain yields of the scedling vigor LITERATURE CITED
synthetic 1CMS 8153 with those of check cultivars
, i H #
WC-C75 and ICMS 7703 (field trials [9B1)*, 1 KNEEBONE, WR; CREMER, CL. 1955. The
relationship of seed size to seedling vigor in some
Grain yield (kg/ha) native grass species. Agronomy Joumal 47:472-477.
Trial focation ICMS B153 WC-~C75 ICMS 7703 2. KNEEBONE, W.R. 1956. Brceding for scedling vigor in
, a > 430 | 970 sand bluestem (Andropogon hollii Hack) and other
Patanchery I 8RO - native grasses. Agronomy Journal 48:37-40,
{low fertility)

Patancheru 3630 3600 3670 3 MAIN, RK; RAJU, PS; BIDINGER, FR. 1981
(high fertility ) Evaluation of visual scoring for seedling vigor in
- ; sorghum. Seed Science and Technolopy 9:613-622.

Hissar 35060 3204 3360

4, MAITI, RK. 1986 Morfologfa, crecimiento y desarrollo

Mean 3 000 3 080 3000 del sorgo. México, Universidad Auténoma de Nuevo
Ledn, Facultad de Agronomia, 419 p.

* Duta courtesy of Dr K N Rai }ORISAT, 5. MAITI, RK,; RAIU, PS; BIDINGER, ER. 1990,
Seedling vigor in pearl millet. 1. Role of sced size.
Turriatha 40:353-355.

subsequent evaluation at flowering and at maturity. 6. TOSSELL, WE. 1960. Ealy scedling vigor and sced

In later generations, evaluation for seedling vigor can
be carricd out on a progeny row basis which is both
rapid and simple.

weight in relation to breeding in smooth bromegrass
Bromus intermis Lyss. Canmadian Journal of Plant
Scicnee 40:268-280.
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