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ABSTRACT

The mechanism of the resistance to banded leaf and sheath blight in
maize is analyzed. Maize plants which lower sheath fall along with brace
root development were not affected by the disease. Field observation
showed that the height of the uppermost lesions among the plants in
which lower sheaths fell during the growth period was 7-20 em lower than
that of the plants in which sheaths did not fall. Hand-stripping treat-
ment of lower sheath of maize plants revealed that sheath fall at 8 to 15
days before silking enabled maize plants to avoid the disease. In addi-
tion, the sheath fall character was assumed to be a genetical character
transmitted in a recessive manner based on experiments involving 69 F,
lines and their parental 20 inbred lines.

Kato, A., and Y. Inoue (1995) : Resistance to banded leaf and sheath blight
(Rhizoctonia solani Kiihn) after fall of lower sheaths in maize. Bull. Natl.
Grassl. Res. Inst. 51 : 1-5.
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INTRODUCTION

Banded leaf and sheath blight (BLSB) caused by
Rhizoctonia solani Kiithn is not always a serious dis-
ease under normal climatic conditions in Japan, al-
though maize is heavily infected under rainy and
humid conditions. In many Asian countries, epi-
demics of the disease have been recorded (Sharma
and Hembram, 1990 ; Vimla et al., 1988).

Evaluation and screening methods for the disease
have been reported (Ahuja and Payak, 1978, 1981,
1983 ; Koinuma and Mochizuki, 1989) and some resist-
ant lines were identified (Ahuja and Payak, 1984).

However genetic variability of the resistance to the
disease is considered to be limited (Sharma and
Hembram, 1990) and no line has been found to be
completely resistant to BLSB. The occurrence of
this disease is highly variable among plants within a
line. Severely infected plants coexist with unin-
fected plants in the same line at the same time. The
symptoms of BLSB consist first of the appearance of
grayish lesions on the lowest sheath, which there
after spread to the younger leaf sheaths. Sharma
and Hembram (1990) reported that the progression of
the disease could be prevented by removing the leaf

sheaths with a scalpel just above the inoculated in-
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Fig. 1. Brace root emergence and fall of lower
sheaths in a line with early sheath fall,
288212 /288205.

ternode. The authers assume that some maize
plants may avoid the disease by the fall of lower
sheaths caused by the growth of brace roots (Fig. 1).

In this paper we evaluated the control of natural
infection with BLSB by spontaneous fall of lower
sheaths as well as by hand-stripping of the lower
sheaths.

MATERIALS anp METHODS

Experiment 1.

In 1989, the relationship between the sheath fall
date and BLSB infection was observed in 3,731 plants
including S0 to S5 lines and inbred lines in the breed-
ing nursery. Evaluation of sheath fall was con-
ducted by counting the number of visible internodes
at which sheaths fell. The evaluation was made
four times (July 21st, 28th, and August 4th and 11th).
Infection degree with BLSB was evaluated based on
the height of the uppermost lesion of BLSB, as the
causal organism of the disease infects bottom
sheaths to upper sheaths, successively. The BLSB
evaluation was conducted 25 days after silking.
Experiment 2.

In 1990, we examined the effect of hand-stripping

of sheaths on the occurrence of the disease using
three commercial cultivars (P3358, TX330 and Garst
8344). Hand-stripping was conducted on four differ-
ent dates (15 and 8 days before silking, and 1 and 6
days after silking). The bottom 1-2 sheaths were
stripped until the interode became naked over a dis-
tance of more than 3 cm. A split-plot design was
adopted for the examination (main block for
cultivars and sub block for hand-stripping treat-
ments with three replications, each plot consisted of
38 plants, the plant density was 62,500 plants/ha).
The height of the uppermost BLSB lesion was
recorded at 27 days after silking.

Experiment 3.

In 1991 the inheritance of earliness of natural
sheath fall was examined in the 69 F;s with their
parental 20 inbred lines in two sets of cross combina-
tion. The performance of F; derived from the inbred
lines with different sheath fall dates was analyzed.
The first set consisted of twelve inbred lines classi-
fied into the three following categories :

-288212, 189345-7, Na2l, Na38
falling at 8-18 days before silking
intermediate - 288205, 289182-8, Na35, Na40, B73, N196
falling 1-7 days before silking
no fall - A680, H119

not falling before silking

early fall

Another set, on the other hand, consisted of eight
inbred lines (A664, Mol17Ht, Na8, Na28, Na30, Na37,
Oh43Ht and Pa91) in which fall of sheaths did not
occur. The former set consisted of 46 F, combina-
tions and the latter of 23 F..

Dates when fall of the sheath occurred over a
distance of 3cm (1-2 internodes) were recorded. The
experimental design consisted of a completely
randomized block with two replications for Fs and
without replication for the inbred lines. Each plot
consisted of 9 plants (planting density was 62,500
plants/ha)

RESULTS

Experiment 1.
The results are shown in Table 1. The average
silking date of the maize lines in 1989 was August 4th

and sheath fall occurred around the silking date.
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Table 1. Relationship between the height of the BLSB lesions and the
number of internodes in which sheaths fell.

Number of internodes in which sheaths feli

Date of observation 0 1 2 above 3
July 21 27.6 (3662) 19.5 ( 69) — (0 — (o
July 28 28.3 (3382) 20.0 (308) 15.8 ( 41) —
August 4 29.5 (2818) 21.4 (653) 20.5 (252) 19.8 ( 8)
August 11 30.2 (2418) 22.8 (795) 23.0 (4717) 9.7 ( 4D

Note : Figures refer to the height of the BLSB lesions in em. Figures in
parenthesis indicate the number of plants observed (S0 to S5 lines and

inbred lines).

Sheath fall considerably reduced the height of BLSB
lesios. The height of the BLSB lesions of the plants
in which bottom internodes were covered with
sheaths on July 21 was 27.6 cm, whereas the height
of BLSB lesions of the plants in which one bottom
internode had lost sheaths at that time was 19.5 cm.
The plants in which three bottom internodes had lost
sheaths on August 11 the BLSB lesion height was
only 9.7 cm. In the plants in which the lower sheath
fell earlier, or the plants in which the lower sheath
fell more frequently the height of the BLSB lesions
was lower.

Experiment 2.

Because of the relatively dry weather in 1990, nat-
ural infection with BLSB was moderate for the three
commercial cultivars. The differences among the
cultivars were not significant. However the differ-
ences in the height of the lesions among the plots
differing in the dates for hand stripping were large
and significant, as indicated in Fig. 2. In the plants
in which the lower sheath was stripped earlier the
height of the BLSB lesions was lower. The stripp-
ing of the sheaths 15 days before silking (average
silking date was July 21st) resulted in the lowest
height of the lesions. Most of the plants infected
with BLSB in the plots of the -15 day treatment had
already been infected with BLSB by the time when
hand stripping of the lower sheaths was carried out.
Treatment during eight days before silking
resulted in a lower value of the height of the BLSB
lesions with a significant difference, compared with
the control.

Experiment 3.

We classified the F, lines into three groups, early

L.S.D. (0.05)

20 -

10 |-

Height of BLSB lesions (cm)

-15 —8 —1 +6
Days after silking

Control

Fig. 2. Effect of hand-stripping of sheaths at
different dates on height of BLSB lesions.

fall, intermediate, and no fall before silking, based on
the date of sheath fall as in the case of the inbred
lines (Fig. 3). In the cross of two inbred lines, 288212
and 189345-7, which belonged to the early sheath fall
group, the Fis exhibited the early and intermediate
sheath fall character. The Fis derived from Na38
and Na21 which also belonged to the early sheath fall
group exhibited early, intermediate, as well as no
sheath fall character respectively. On the other
hand, in the majority of the Fis between the inbred
lines where the sheath fall character was intermedi-
ate or absent the sheaths did not fall before silking.
None of the 23 Fs derived from the eight inbred lines
without sheath fall exhibited sheath fall (data not

shown).
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DISCUSSION

The fall of the lower sheaths under natural condi-
tions, in particular at the early stage before silking,
The

infection of the lower sheaths seems to be necessary

enables maize plants to avoid BLSB infection.

for the fungus to infect the upper part of maize
plants, due to the soil-borne transmission of the
fungus. We assume that the fall of lower sheaths
interrupts the infection route of the disease, and
induce the resistance of maize to BLSB. The infec-
tion was also affected by the number of sheaths that
fell.
sheath remain attached to the internode) or the
length of the naked internodes was shorter than 2

cm, such maize plants became easily infected with

When sheath fall was incomplete (part of the

BLSB in our field observations (data not shown).
Hand-stripping of the lower sheaths was effective
in preventing BLSB infection, as indicated by
Sharma and Hembram (1990).
that the stripping of the sheaths at 40 days after

They also suggested

planting may enable to prevent the infection with

BLSB in India. We assume that hand-stripping of

Earliness of sheath fall in 12 inbred lines with their 46 Fis.
derived from the parents at the end of the left line.

The intersection point indicates the F,

the sheaths 70 days after planting (15 days before
silking) could be effective in preventing the infection
with BLSB in the Kanto area in Japan.

The genetic transmission of the earliness of sheath
fall remains to be elucidated. In eight out of the ten
Fis derived from the six inbred lines with intermedi-
ate sheath fall character sheath fall was not observed
(Fig. 3).
transmitted in a recessive manner.
inbred lines, 288212 and 189345-7, seemed to have a

dominant gene or genes which caused early sheath

This finding suggests that the character is

However two

fall, because the crosses between the two lines and
two lines (A680 and H119) in which sheath fall did not
occur exhibited early sheath fall.

The date and the number of sheaths that fell
varied considerably among the plants and lines. In
some maize lines, sheath fell started at two weeks
before silking, and within three weeks from the be-
ginning of fall four bottom internodes lost sheaths.
However, in some lines sheath fall did not occur at
all.

breeding selection for early sheath fall could be ac-

Since the observation of sheath fall is easy,

complished without much labor. The lines in which
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sheaths completely fell at an earlier stage before
silking are suitable for breeding BLSB-resistant F,
lines. On the basis of our F, trials, both or one of the
parental lines should display the early fall character
to develop Fis with early sheath fall.

The identification of the sheath fall trait, therefore,
is useful as a preliminary selection for the detection

of resistance of infection with BLSB.
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