BIEZ 29(1)55~61(1984) KJCS 29(1)55~61(1984)

Cytoplasmic Inheritance of High Tillering
and Earing Characters of
a Korean Local Maize Line(MET)
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ABSTRACT

A Korean local maize line, MET, which has multi-ears and tillers has been proved as a potential source for
silage production. However, no fundamental genetic nature for the line has been investigated. Therefore, this
study was done to find genetic information on the multi-earing and -tillering habits of MET line. MET line and
a hybrid, (Mo 17 x B68), with monoculm and single ear per plant were used for production of F, (F, ,, and
F:-u)' Fz.u. F2-2l , BCI_12 and BCl_2 N generations. From the comparison of reciprocal crosses, it was found
that the tillering and earing habits of the MET line are controlled by cytoplasmic factors. The tiller and ear
numbers, and barren ears were all characters associated with the MET cytoplasm. The cytoplasmic effect of
MET on tiller and ear numbers was not evident in F, generation, probably because of suppressing effect of
heterosis on appearance of tillers or ears. Genetic parameters for the gene action for both tiller and ear number
also indicated a lack of mono- or digenic-chromosomal gene effects. The heritability (broad) was very low for
both characters. Therefore, it is strongly concluded that the tillering and earing characters of MET line are due

to cytoplasmic reasons.

with prolificacy. The main purpose for this is to
INTRODUCTION attain more harvestable ears when plant popula-
tions per unit area are high, because most hybrids
Most hybrid maizes are having no tillers and are barren under the certain high population density.

bearing one ear per plant. A few exception to this is Tracy and Everett!!) reported studies on penetrance

found in some sweet corn hybrids. But the tillers in
some sweet corn hybrids are not bearing harvestable
ears. Also those tillers born by most maize are not
wanted either by farmers or by maize breeders.
Since 1970’s, some maize breeders?3:6:8:9:10)

ih the U.S. have been attempted to develop hybrids

and expressivity of grassy tiller in maize as a possible
source for silage material. Ellsworth and Peloquin“)
postulated some cytoplasmic effects on ear number.

Choe et al!'?+3) reported that one maize line
found among their local maijze lines collected in

Korea had six tillers and 12 ears per plant under
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favorable condition. They also reported that the
high tillering and earing habits are rather genetic
and they named the line as multiple eared and
tillered (MET) line. Choe et al.?*® compared dry
matter production of MET with ordinary monoculm
maize hybrid, and they found that the total dry
matter production of the MET was not lower tnari
that of check hybrid, MO17 x B68, under various
environmental conditions. They suggested the
possible use of MET - for silage’ purposé. Knowing
genetic nature of the high tillering and earing habits
of the MET will be necessary to further evaluation
and utilization of the line. Therefore, the objectives
of the study were to obtain more crucial informa-
tion on the genetic nature of the high tillering and
earing habits of the MET line and to discuss the
possible use of the characters for future maize
breeding works.

MATERIALS AND METHODS

Only two varieties, MET and (MO17 x B68),
were used in cross. MET was designated as parent
1 (P1) and (MO17 x B68) as parent 2 (P2). Fl
seeds were produced by cross and reciprocal cross
between two varieties and designated as F, . and
Fyap respectively. F2 's were produced by selfing
Fl plants and designated as Fz.u F2 210 respective-
ly. Also back crosses were made by backcrossing

F,.;2 to MET and F , to (MO17 x B68) and

designated as BC._lz
Seeds from 8 different crosses and generations

and BC2.12, respectively.

were grown in 1982 at Agricultural College farm,
Chungnam Natioﬁal University. Each entry was
entered into randomized block design with 10
replications. Each plot was consisted of 2 rows. The
plot size was 5 meters long and 1.2 meters wide.
18 plants per row were spaced 30cm apart. Two
kernels were planted and later thinned to one plant
per hill. The characters studied were number of
tiller per plant, number of ears per main stem, num-
ber of tillers per plant at each developmental stage,
number of barren ears per plant and grain yield per
plant. The ear number weight index and tiller

weight vield index were also studied.

The genetic analysis for each plant character
was followed due to Mather and Jinks’s”) generation
mean- analysis and Duncan’s multiple range test
were - also used for mean comparison. Estimates
of broad sense of heritabilities of tiller and ear
number per plant were calculated based on the
genetic variance to the total F¢ variance.

RESULTS AND DISCUSSION

Mean Comparison

The mean values of plant characters of each
generation at harvesting stage were shown in Table 1
and their statistical significances were also shown.
The average number of tillers per plant was 3.38
for MET (P1) and none for (MO17 x B68) (P2).
Howevet., there was no apparent difference in aver-
age tiller number between sz and Fx-z | Crosses,
showing no reciprocal effects. No reciprocal effects
were also observed in F, generations of either F.‘,.]2

or F Nevertheless, significant differences in

the tznllze‘r numbers were found when recurrent
parents were different in backcrosses. For instance,
the mean number of tiller per plant was greatly
increased when recurrent parent used was MET. The
increase of tiller numbers when MET was used as
recurrent parent in backcross indicates strongly that
there may be maternal effects. The reason why
those maternal or dosage effects of MET on the
tiller numbers couldn’t be 6bservéd in both Fl 12 Of

reciprocal F generations may be explained by

heterosis fo: 2a::ical dominancg manifested in FI
hybrids. In other words, the heterosis shown for
plant height in F, generation was so high that
appearance of tillers in Fl plants might be suppres-

sed. However, the heterosis in BC generation

was not so_high that the tillers cou:dl;e appeared.
It should be indicated that no mendelian segregation
for tiller numbers was observed during F2 or béxck-
cross generations. This indicates also that the genes
involved in tillering characteljs of MET may be not

chromosomal genes but cytoplasmic ones.

Number of ears per main stem had the similar



Table 1, Mean number of tillers and ears per plant and kemel yield per plant..

Generations' Tillers Ears _ Yield, gr.
P1 (MET) 3.38a% :2.63a 136.9b
P2 (Mo17 x B68) 0.0 1.0e 149.7a
Fy.12 [MET x (Mol 7 x B6&)j 2.01b 1.28b 146.7a
Fy-21 [(Mo17 x B68) x MET] 1.99b 1.28d 143.0ab
Fz.21 [MET x (Mol7 x B68)}) 1.09¢ '1.50b 102.5¢
Fz 41 [(Mol7 x B68) x MET) 1.27¢ 135cd i22.0d
BC;71a (MET x Fy_4,) 1.92b 1.48b 142.6ab
BC; .21 {(Mo17xB68) x Fy ;5] 0324 1.03¢ 112.8cd

*Mean values with different superscripts are significantly different at 5% level.

patterns of inheritance as the number of tillers. As
shown in Table 1, the mean ear number per plant
was 2.63 for MET and 1.0 for (MO17 x B68).
As the tiller number, there wasn't significant reci-
procal cross difference in F; generation. Again it
may be due to the high heterosis shown in F; and in
reciprocal Fy crosses. However, the mean number of
ear in Fy generation varied with crosses. F; of
IMET (female) x (MO17 x B68) (male)] showed
higher number of ears per main stem than the F,
of {(MO17 x B68) (female} x MET (male)]. Such a
reciprocal difference was more evident in backcross
generations. When MET was used as recurrent
parent, the ear number per main stem was higher
than when the recurrent parent in backcross genera-
tion was (MO17 x B68). These facts indicate also
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Fig. 1. Distribution of tiller

planting.

emergence after

that the ear number per plant of MET ﬁne is in-
herited cytoplasmically. In this respect, our study
was closely agreed upon the report by Ellisworth
and Peloquin‘”.

The typical tillering habit among generations
were shown in Fig. 1. Appearance of tillers in F,
or MET line was earlier than that in BC, or BC,
generations. However, the total percentage of
tillering plants per generation was higher in BC' 12
BCI_2l of F, generations compared with that in
parent (MET) or F; generation. Fig. 1 shows that
tillering is completed about 37 days after planting
in most generations.

The distribution of tillers in each generation is
shown in Fig. 2. The tillers of MET (P1) line was
distributed from 2 to S with a mean of 3. The F,
shows rather scattered distributions of tillers from
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generation.



Table 2. Weighted estimates of genetic- parameters

for tiller number.
Components 3-parameter 6-parameter
Components model model
m 0.4710.11'** "0.13£28.73
d 1.70+0.08+* 2.87428.73
h 1.4540.17%* 2.27486.18
i 0.57+0.43 .
j -2.65457.47
k 0.16%£57.46
X2(2) 8.21(0.01<P<0.025)
*+ Significant at 1% level.
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0 to 3. The tillers of BC, ,, between MET (female)
and [MET x (MO17 x B68)] (male) were normally
distributed from 1 to 4 with a mean of 2. The MET
line and BCl .12 Shows similar shape of distribution.
However, the tiller distribution of BC.-u between
(MO17 x B68)(female)and [MET x (MO17 x B68)]
(male) was skewed to left. As shown in Table 1, the
mean number of tillers per plant in each generation
was reduced as the generations proceeded. The
reduction of tiller number per plant due to genera-
tions may be due to the dilution of MET genotypes.
Our unreported data showed that tillering habits

~of MET line wasn’t changed greatly when the line
was selfed four consecutive generations.

The same patterns of distribution were found in

the ear numbers per main stem (Fig. 3). The ear
number in MET line and BC, _ ,
ly distributed from 2 to 4, while the ear number
in BC, ,, between (MO17 x B68) (female) and
{MET x (MO17 x B68)] (male) was again skewed to
left. The same explanation applied for the tiller

was rather normal-

number may hold for the ear number.

Estimate of Genetic Parameters

The genetic parameters were estimated by using
Mather’s generation mean analysis. Weighted estima-
tes of additive (d) gene effects and dominance gene
effect (h) for the tiller number per plant were highly
significant. However, the X? value computed
for joint scaling to test the fit of the additive-
dominance model, indicated that estimates were
biased to an unknown extent by effects not attribu-
table to the additive-dominance action of genes
(Table 3). In the digenic epistatic model with six
parameters no significant parameters were obtained.
The F, and BC, generation segregated for tiller
number in a ratio of 1 to 1.47 and 1 to 0.36,
respectively. Such ratios were poor fit to any
monogenic ratios. The discrepancy of any genetic
ratios may be understood in terms of cytoplasmic
reasons of tillering characters of MET line as previ-
ously discusseed.

Table 3. Estimates of genetic parameters for ear-

number.
3-parameter 6-parameter
Components model model

(weighted) {(unweighted)
m 1.59+0.05%* 2.58+0.002%*
d 0.71£0.04 *# 0.8G:+0.003 **
h 0.38+1.10%* -3.1840.006**
i -0.7840.002+*
J 0.7140.002**
k 1.88+0.004**
X1(2) 32.83 (P<0.005) Residual 8.S.=

2.57E-7

**Significant at 1% level.

X? values for ear number of main stem were as
high as 32.83 in 3 parameter model (Table 3).
The parameters, m, d and h were all significant at
5% level. Weighted estimates of genetic effects in 6



parameter model couldn’t be computed by com-
_puter because of too small error variance. Unwei-
ghted estimates were calculated instead. Residual
S.S. was small as 2.57E-7. Gene action for- ear
number fitted to 6-parameter model. Dominance
effect (h) and dominance x dominance (j) interac-
tions were greater than additive -effect (d) and
additive x edditive (i) and additive x dominance
(k) interactions. It was then suggested that non-
allelic interaction with duplicate type of cytoplas-
mic gene effects may be involved.

Estimates of Heritability
Heritability estimates in the broad sense were
obtained for tiller and ear numbers {Table 4) and
they were relatively small, less than 50%, probably
due to small variance of F; generations.

Table 4. Heritabilities for number of tillers and ears

per plant.
Number of tillers 44 47%
Number of ears 37.07%

Total Ear Weight of Each Plant
Total ear weight per plant was calculated in
terms of total ear number weight index and com-
pared among generations (Fig. 4). As shown in Fig.
4, the total ear number weight index of MET line
was 2, while it was 1 in (MO17 x B68). The index
was gradually decreased as the contribution of MET

3.-
N,
25N
\\
~a
\\\\
-~ —~
\\~\§§~

1+ ==

1 1 i 1 1
Pl BCx Fz Fl BC-; Pz
(100%) (75%) (50%) (S0%) (25%) (0%)

Fig. 4. Comparison of the total ear number weight
index in each generation. Contribution
of MET genotypes is in parenthesis.

genotypes or cytoplasm decreased. The decrease of
index was in'the order of MET (P1), nc,_l;,' Fa,
Fy and BC, , . It should be pointed out that the
total ear number index, or simply ear weight per
plant shouldn’t be used as an indicator for kemnel
yield. For instance, the kernel.yield of (MO17 x
B68) which has low ear weight index was much
higher than the MET line with high ear weight in-
dex. However, as long as the ear number weight
index (total ear weight per plant) is compared
among crosses involving MET line, the ear number
weight was closely relalted with total kemel weight
of tillers shown in Fig. 5. Fig. 5§ shows kemel weight
contribution of tillers to the total yield. As the
number of tiller increased the kemel weight contri-
bution of tillers also increased.
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Fig. 5. Comparison of kemel yield from tillers in
each generation. Contribution of MET
genotypes is in parenthesis.
Barren Ears

Lonnquist” and Sorell et al!® attempted to
use prolificacy of maize to reduce the number of
barren stalks when densely’ planted. The number
of barren ears instead of barren stalks was observed
among generations (Fig. 6). Percent of batren ears
was increased as the MET cytoplasm decreased.
Therefore, it is assumed that the number of ears
and tillers and barreness are all major characters
associated with MET line and these characters
may be all cytoplasmically inherited.

Conclusion

Crosses of unrelated two maize lines revealed
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Fig. 6. Effects of MET cytoplasm on barren ears

very poor fit to qualitative inheritance of multi-ear
and -tiller characters. The poor segregation in F,’s
and in F;’s of the characters may be due to the
masking effects of heterosis, manifested in crosses
between unrelated two maize lines, on tiller and ear
initiation. Tillers and ears appeared rather at back-

cross generation (BC, ), indicating the cytoplas-

-12
mic effect or dosage elff:’,ct of MET genotypes. From
the study we could conclude that future studies
should focus on accumulation of MET cytoplasm
instead of Simple progeny testing. Accumulation of
MET cytopiasm can be accomplished by some back-
cross scheme using MET cytoplasm as female parent.
Physiological studies on tiller and ear development
of MET line under various environment are also
required, since the characters of plants are all
environment.
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