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ABSTRACT

A new unidentified mottle disorder of maize in Indoncsia was
found at the Research Institute for Maree and Other Cereals
(RIMOC), Maros, South Sulawesi in 1995, Attempts to wdentify
the disorder were made by mechanical inoculation, insect
vector {Rhopalosiphum maidis and Peregrinus maidis) trans-
mission, seed and pollen transmission, clectron microscopy, and
serologieal tests. Fifty seeds from cach of 22 ears of Arjuna
maize plants showing the disorder were planted and symptoms
on the seedlings were recorded ar 1, 2, and 3 weeks after
planting. The percentage of scedlings showing the disorder
ranged from 40w 100, Pollen of affected Arjuna was then vsed
wr pollinate four sweet corn female flowers, Hybrid seeds {30
per cary of the crosses were planted and  symptoms were
recorded at 1, 2, and 3 weeks after planting, The results showed
that percentage of seedlings showing the disorder ranged from
212 1w 84, Electron microscopy and ELISA tests on 15 viruses
and one phytospiroplasma antiscrum however, gave negative
results. Therefore, maize disorder at Maros was not identical
e any known viral disease of maize, It could be a genetical
disorder and has been given the name maize maottle,
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INTRODUCTION

A number forms of abnormal plants caused by non-
infectious disease organisms were reported oceur in
cereal plants (Zillinsky, 19833, In maize, leaf mottle
similar to downy mildew  was observed in Lampung,
[Indonesia (Sudjadi et al., 1973). However, no study
was done on the disease, which was previously
though caused by a virus,

Abnormal mottle or mosaic leaf symptoms were also
observed on Arjuna maize variety at the Research
Institute for Maize and Other Cereals (RIMOC),
Maros, South Sulawesi, Indonesia in 1995 (Fig. 1),
The symptoms closely resembled to those of the new
leaves of maize plants infected by downy mildew
fungus following treatment with a fungicide con-

taining metalaxyl active ingredient. Symptoms
appeared at the early growth stage {at the first leaf)
produced very stunted and sterile plant, while those
appeared at the later growth stage caused little
stunted plants and produced male and female flower
or ears, The ears of the mottle disorder plants are
smaller than those of the healthy one. In a preliminary
study, the disorder was not transmitted mechanically
or by insect vectors, however, seedlings of the
affected maize plants developed the similar symptoms
{Wakman and Kontong, 1995},

Objective of the study was to identify the causal
agent of the maize mottle. Attempts to identify the
disorder were continued by mechanical inoculation,
insect vector transmission, seed and pollen trans-
mission, electron microscopy, and serological tests.
Results of the mechanical and insect transmission
always failed to transmit the disorder plant to the
healthy one, but seeds from the abnormal maize plant

- when planted produced similar symptom on some

germinated seedling, Pollen from the disorder maize
plant could transmit to pollinate seed and seedling

Fig. 1. Mottle leaf disorder of Arjuna maize variety,
Maras 18395
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grown from the seeds. Mo virus particle was found
under electron microscope, and ELISA test using 15
maize virus antisera were all negative reaction. The
disorder of maize at Maros thought to be genetic
anomalies,

MATERIALS AND METHODS
Mechanical Inoculation

Inoculation was prepared from 0.1 g symptomatic
small picces of leaf and homogenized in a mortar with
0.5 ml distilled water using a pestle. Leaves of one-
week-old sweet corn seedlings were dusted with
carborundum, rubbed with the leaf extract, and
washed with distilled water. Observations of
symptoms were done three times at weekly intervals,
starting from one week after inoculation,

Insect Transmission

Corn planthoppers (Peregrinus maidis 1shmed) and
corn leaf aphids (Rhopalosiphum maidis Fitch) were
given with acquisition access period of one day on
Arjuna maize plants showing mottle disorder. Thirty
capped test tubes were prepared. A two-day-old
sprouted maize seedling and five corn planthoppers
were put into a test tube, There were ten-test tubes
used for planthopper inoculation test, The other case
ten tubes were used for aphid inoculation test. A
twao-day-old sprouted maize seedling and five aphids
were put into a test tube. The remaining ten tubes
were used as control, without inoculation of insect,
only with maize seedling. After 24-inoculation access
period, the seedlings were planted in a tray
containing soil in a glasshouse. The maize plants
were observed four time at weekly intervals,

Seed Transmission

Twenty two ears of 22 Arjuna maize plants showing
the disorder were harvested and sun dried for two
days. Fifty seeds per ear were then planted in soil in
trays in a glasshouse. The number of seedlings
showing symptoms wasrecorded at 1, 2, and 3 weeks
after planting.

Pollen Transmission

. Sweet corn was used as female plant. The reason was
easy to detect the pollinated seeds which were fully
developed same as male parent Arjuna seeds,
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different with unpollinated sweet corn seeds which
were dent or unfully developed.

Three pollen transmission tests were conducted.
The first, pollen of Arjuna maize plants showing
maottle symptoms were used to pollinate an ear of four
healthy sweet corn plants. The cars were covered
with paper bags before and after pollination. Fifty
seeds of each of the four cross-pollinated ears were
planted in trays in a glasshouse. The number of
seedlings showing symploms was recorded weekly
for 3 weeks, starting one week after planting. The
second, pollen of Arjuna maize showing mottle leaf
disorder symptoms was dusted on one ear of a
healthy sweet corn plant having two ears. The cross-
pollinated ear was then covered with a paper bag.
Mature ears were harvested and the seeds from cach
ear were planted separately in a glasshouse.
Seedlings were examined for symptoms three times,
weekly interval, starting from one week after planting.
The last, pollen from Arjuna maize showing mottle
leat disorder symptoms was dusted on the ear of each
of three healthy swect corn plants when the silk had
partly emerged. The ears were left uncovered to
allow the silk to come out further and then the ear
was self-pollinated. The dry, mature ears were
harvested and the seeds of each ear were planted
separately. Symptoms in the resulting seedlings were
recorded at 1, 2, and 3 weeks after planting.

Electron Microscopy Tests

Electron microscopy cbservations were conducted at
the Bogor Research Institute for Food Crop
Biotechnology, Indonesia and  the University of
Cueensland, Australia. A sap extract of a leaf showing
symptoms was prepared by crushing 0.1 g lealand 0.5
ml phosphate buffer, pH 7, in a mortar, and the extract
was centrifuged at 10,000 rpm (8,000 g} for 5 min. The
supernatant was then collected and a drop put on a
formvar coated grid, The grid was drained using filter
paper, and then viewed under an electron microscope.

Enzyme-Linked Immunosorbent Assay
{(ELISA) Test

Serological tests by ELISA were conducted at the
Chio State University, USA. Seeds of maize plants
with mottle symploms were sent from Maros
{Indonesia) to Ohio (USA) and planted. Sap of
seedlings showing symptoms was tested by ELISA
for the presence of brome mosaic bromaovirus, maize
white line mosaic virus, maize chlorotic mottle
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machlomovirus, maize ravado fino marafivirus, maize
subtle mosaic virus, maize streak mastrevirus, maize
stripe tenuivirus, maize mosaic nucleorhabdovirus,
maize rough dwarf fijivirus, maize chlorotic dwarf
walkavirus (type and mild isolates), maize dwarf
mosaic potyvirus (strains A, B, and O), wheat streak
mosaic rymaovirus, and corn stunt spiroplasma.

RESULTS AND DISCUSSION

The mottle disorder of maize at Maros was not
transmitied either mechanically or by insect vectors
(K. maidis and P maidis) to maize seedlings
according to symptom - observations. However,
symptoms were observed on plants from seed of
symptomatic Arjuna maize and on plants from sweet
corn pollinated with pollen from symptomatic Arjuna
maize, ranging from 40 to 100% {73.6% on average)
and from 22 to 84% (57% on average), respectively
{Tables | and 2.

Pollen of maize plants with mottle symptoms
transmitted the disorder through the cross-pollinated

%

ear, but not to the second open-pollinated car on the
same maize plant (Table 3). An car of sweet corn
having mixed, cross-pollinated seeds and open-
pollinated seeds, indicated that only cross-pollinated
seeds transmited the symptoms (Table 4).

Mo wvirus particles were detected by electron
microscopy at Bogor and Australia. ELISA serological
tests at The Ohio State University using 15 maire
viruses and the corn stunt phytospiroplasma anti-
serum also gave a negatif result.

Symptoms of a maize mottle similar o downy
mildew were previously observed in Jabung District,
Lampung, Indonesia {Sudjadi ef al , 1973). However,
no study was done on the disease, which was
previously thought caused by a virus. The affected
maize found at Maros also showed symptoms similar
to downy mildew disease following treatment with
metalaxyl fungicide. However, our study indicated
that the disorder was seed and pollen borne {Wakman
and Kontong, 19957),

Five of 24 maize viral diseases are known to be seed
borne {(Shurtleff, 1980), i.e., chloris striate mosaic
geminivirus (CSMV), maize dwarf mosaic potyvirus

Table 1. Fercentage of seedlings showing mottle symptems grown from seeds of 22 ears of

Arjuna showing mottle disorder.

Ear number  Mumber of secds Mumher of seeds Seedlimgs showing mottle (%)
planted germinated —
7 das’ 14 das' 21 das!
1 50 48 6.3 333 396
2 50 44 295 40.9 431.2
3 50 50 24.0 38.40 460
4 50 a0 40,0 L] 460
5 50 iz 6.3 25.0 46.9
& 50 45 222 46.7 G0 0
7 50 18 7.9 G0.5 605
3 50 34 353 52.9 6l.8
o 50 iz 375 56.3 65 &
10 A0 50 G4 .0 G840 L 0
11 50 15 2.9 529 B0
12 50 26 346 69,2 B8
13 50 46 19.6 65.2 826
14 50 54 180 .0 4.0
15 50 46 TL.7 0.4 E4.8
16 50 511 260 0.0 900
17 . 50 L] fid 0 930 Q.0
15 50 50 6.0 G50.0 940
1% : 50 L] B0 Q4.0 96 0
20 50 45 333 7.7 Q7.7
21 50 L] 8.0 52,0 [TV
23 S0 43 209 558 La0. o
Average an 438 158 136 H%. 5

'das = days aftcr sowing
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(MDMYV), sugarcane mosaic potyvirus (ScMV), maize
ring mottle virus (MRMV), and barley stripe mosaic
hordeivirus (BSMY) (Shurtleft, 1980; Brunt er al.,
1990, Among the five, only BSMV was reported to
be pollen borne (Brunt er al., 1990). However, BSMV

Table 2, Percentage of scedlings showing maottle

W Wakman et al

was transmissible mechanically and had rigid rod-
shaped particles, whereas the Arjuna mottle leaf
disorder was not transmitted mechanically, and no
particles were found. Another possibility was that
the mottle leaf disorder of Arjuna maize at Maros was

, grown from hybrid seeds of healthy sweet

corn pollinated by pollen of Arjunma with mottle disorder.

Far number  Number of seeds Mumber of seeds S“d"”_ﬁ-_“ showing mottle %)
planted germinated 7 das! 14 das’ 21 das’
l 50 50 {100 740 k2.0 4.0
i 50 s 1041y 34.0 4210 18 0
3 50 S0 (100} 0.0 70.0 740
4 Al 46 (92) 21.7 287 21.7
Average 50 19 (98) 499 539 56.9

'das = days after sowing

Mumbers in parentheses are percentage of seeds germinated to sceds planted

Table 3. Effcet of cross-pellination or seff-pol
of Arjuna maize to healthy sweet corm.

linatinn on (ransmission of mottle disorder

Sweet corn plant’ Mumber of Mumber of seedlings
seedlings grown with mottle
Ear 1: Cross-pollinated with pollen a8 it
from maize with disorder
Ear 2: Self-pollinated 71 0
Ear 3 Self-pollinated 96 0

Gars 1 and 2 were from one sweel corn plant; ear 3 was from another sweet corn plant.
P

Table 4. Pollen transmission of the mottle leaf disorder of Arjuna maize to part of an

car of a healthy sweet corn.

Mumber of stedling.s. Mumber of seedlings

Ear number Mumber of pollinated seeds .
ETWI with mottle
Ear 1 a0 533 (REE) P ER]
B&t 0 (52.1) o (0
Ear 2 g1 TR0 B0
A G {977} 0 {0y
Ear 3 44! 26 (59.1) I(11.5)
&0¢ T0O(PE.E) {0}
Maottled Arjuna 100 7% (T9.0) 50 (63.3)
(affected  contral)
Sweel com 14040 G5 {950 00

{healthy control)

iCross-pollinated with pollen from Arjuna maize affected with mettle leat disorder
*Open-pollinated with pollen from healthy sweet corn

Mumbers in parentheses are percentages
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not an infectious disease. Genetic stripe, leaf spots
and flecks of maize were reported by Shurtleff (1980),
Seed and pollen borne transmission are the charac-
teristics of genetic disorders, and it was possible that
the mottle leaf disorder of maize at Maros was also
genetically based, The disorder on cereals was
observed in the early generations of breeding
program, due to chromosomal instability of genetic
combination (Zillinsky, 1983},

CONCLUSION

The new leaf disorder of Arjuna maize at Maros
characterized by mottle symptoms is transmitted by
seed and pollen. It is most likely a genetically-based
abnormality or less likely, a new unidentified viral
disease. The disorder is conditionally named maize
mottle. [t is still little information on the maize mottle
disorder, s0 more studies were needed particularly on
vield losses due to the disorder, and control methods.
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