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Use of Dienes’ Stain
in Diagnosis of Plant Mycoplasmal Diseases
and Modification of Diagnostic Procedure
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ABSTRACT : Mulberry dwarf, paulownia witches' broom, jujube witches' broom, and sume-
ch witches' broom are known to be associated with mycoplasmalike organisms(MLO) in Korea.

Simple microscopic detection of MLO infection in these plants was attempted.

Periwinkle

plant was also tested. Application of 0.2% and 0.4% solution of Dienes' stain gave diagno-

stic value for MLO-induced diseases of periwinkle and mulberry. Among the various plant

parts examined, young herbaceous stem just below the apical part gave the best result. Den-

sity of staining reaction was proportional to disease severity. Longitudial sections were su-

perior to transverse sections in confirming MLO infection by staining. Light source without

blue filter was useful for increasing the color contrast between sieve tube and xylem vessel

and for eliminating misinterpretation. Paulownia, jujube, and sumach samples gave no clear

difference in staining reaction between healthy and diseased sections even when various mo

difications of Dienes' staining procedure were tried.

INTRODUCTION

The first report on the association of
mycoplasmalike organisms(MLO) with the
plant diseases was made with employing el-
ectron microscopyt3)  Since then electron
microscopic observation has contributed to
reveal the association of MLOs with more
than 200 diseased plant species(8), Though
electron microscopy is still the surest me-
thod for demonstrating MLO infection of
suspected host plants, it offers some disad-
vantages in the sense that; (a) only a very

small fragment of the material can be obser-

ved, {b) laborious and skilled techniques are
required for the preparation of test material,
and (c) expensive facilities and reagents are
indispensable(1'2’5’8).

To overcome the above limitations in
electron microscopy and to make rapid and
simple detection of mycoplasmal etiology in
suspected host plants, many attempts have
been made with employing light and fluore-
scent microscopy{%68:7:89),

The latest trial of such attempts employ
ing bright field microscopy is the use of
Dienes' stain which was originally used for
colony staining in animal mycoplasma cul-

ture(2), The purposes of the present study
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are to investigate the applicability of Dien-
es' staining method for the diagnosis of se-
veral ML O-incited plant diseases in Korea
and to improve the technical procedures for

better results.

MATERIALS AND METHODS

Plants Tested

Four species of woody plants naturally
infected with MLOs were used for this stu-
dy. They were mulberry (Morus alba L.},
jujube (Zizyphus jujuba Mill.),

(Paulownia tomentosa (Thunb.) Steud.), and

paulownia

sumach (Rhus chinensis Mill.). Diseased sam-
ples of natural hosts were taken from the
field for each immediate use. Periwinkles
(Catharanthus roseus) were artificially ino-
culated with mulbercy dwarf mycoplasma us
Uhler collected

from the severely infected mulberry field,

ing Hishimonus sellatus

and also used for this study.

Plants showing mild to severe symptoms
were selected and compared. Also, froma
single plant, various stage of symptom de-
velopment were examined and compared.
Healthy samples of sumach were collected
from mountains near Suweon. Healthy plan-
ts of the rest were pot-grown from seeds in

insect-proof greenhouse.
Staining Method

Dienes ' stain was prepared by dissol-
ving 2.5g of methylene blue, 1.25g ofazure
II, 10.0g of maltose, and 0.25g of sodium
carbonate in 100 ml distilled water. The
stain was filtered through Whatman No. 1
filter paper and a series of dilutions(0.1-0.5
%, v/v) was made in distilled water. Pre-
paration of sections and staining procedure
suggested by Deeley et al.(Z2) were employ-
ed.
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Modification of Dienes' Staining Proce-
dure

To improve the Dienes' staining proce-
dure used by Deeley et al., various modifi-
cations were attempted. Transverse and lon-
gitudinal sections with varying thickness(ca.
30-200 #m) were prepared. The staining and
washing time were respectively applied from
5 to 30 min with various concentration of
stain. Every microscopic observation was per
formed with or without light filter.

Two centimeter-long petioles and young
herbaceous stems of infected and healthy mu-
Iberry were maintained respectively in 0.2%
glutaraldehyde solution and the following10
kinds of coagulant fixatives to examine how
the fixation effects. They were ethanol (70
%), FAA, Craf III, Elaydes', Bouin's, Car-
noy's, Farmer's, modified Keefe's, McWhor-
ter & Weier's, and Zirkle's fluid. The fized
materials were sectioned and compared with
fresh materials everyday from the next day

after fixation.
Length Measurement of Sieve Element

Both infected and healthy samples of mal-
berry and periwinkle were free-hand sec-
tioned in longitudinal direction and the len-

gth of sieve elements was measured.

RESULTS

General Observation of Staining Effect

Of the five MLO-infectéd plant species
treated with Dienes' stain, sections of peri-
winkle and mulberry showed distinct diffe-
healthy

and diseased samples, which led to useflul

rence in staining reaction between

diagnostic value. Jujube, paulownia, andsu-
mach, however, showed little reliable dif-
ference for diagnosis, and some modified

methods were also in vain to give distinct



difference between healthy and diseased sec
tions.

In all sections of periwinkle and mulbe-
rry treated with 0.1-0.5% dilutions of Die
nes' stain, the xylem vessel with secondary
Cells in

the cortex were stained pale blue or nearly

wall was colored turquoise blue.

discolorized and collenchyma cells usually
remained pale purplish blue. The sievetu-
bes from healthy sections remained unsta-

ined (Fig. 1), while those of infected sec-
tions contained many regularly distributed
areas that stained distinct dark blue(Fig.2).

These areas could be resolved under high

elements

magnification as groups of sieve

with blue-stained contents.

The sieve tubes(arrows) of healthy
periwinkle plant remain unstained,

Fig. 1.

while xylem(x) vessel are colored tur-
quoise blue. {(bar=50¢m)
=

Fig. 2. Both internal and external sieve tub-
es(arrows) of infected periwinkle
plant are stained distinct dark blue.
Xylem vessels(X) are colored turqu-
oise blue.(bar=100# m).

Sieve tubes of both healthy and infected
paulownia sections remained unstained when
various dilutions of Dienes' stain were ap-
plied. In case of jujube, sieve tubes from
severely infected sample were stained dark
blue on rare occasions, and those of healthy
sample sections remained unstained. In both
jujube and paulownia, the cells other than
sieve tubes stained as those of periwinkle
and mulberry did. In case of sumach, ho-
wever, the staining reaction of both infect-
ed and healthy samples was unsteady in all
parts of cells including xylem vessel, and no
color differentiation was observed among ti-
ssues subjected to various dilutions of Die-

nes’ stain.

Detailed Observation in Periwinklie and

Mulberry

Among various parts of diseased plant,
the best staining effect to detect MLO in-
fection was obtained with young herbaceo-
us stem just below the apical part. Compa-
rable result was attained from petiole and
midvein of the infected leaf. Density of sta-
ining reaction was proportional to disease
severity. In periwinkle, half part of a leaf
usually showed more severe symptom than
the other half part. [ Sections of petiole
from such a leaf were. usually more dense-
ly stained in the half part of complete ring
of phloem. | In some cases, sections of peri-
winkle and mulberry at the early stage of
symptom development remained unstained in

sieve tubes.
Appropriate Combination of Procedure

Application of 0.2 and 0.4% solutions of
Dienes' stain in periwinkle and mulberry
respectively was most useful and made it
possible to distinguish between infected and
infected

healthy tissue. Thick sections of

sample readily prevented confirming strict

sieve tube-stained reaction. Moreover, thick
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sections of healthy sample usually induced

misinterpretation. Thin sections less than
100 #m were suitable for clear observation
and photographing. - Though appropriate sta-
ining and washing time were variable to the
thickness of section and concentration of
stain, satisfactory results were obtained with
staining for 5-10 min and washing for 10-20

min.

Sectioning Direction and Staining React-
ion

Longitudinal sections were superior to
transverse sections in staining reaction. In
longitudinal sections of diseased periwinkle
treated with 0.2% Dienes' stain, distinct Hue
-stained internal and external sieve tubes
were apparent at each side of bright turqu-
oise blue-stained xylem vessels(Fig. 3). The
apparent difference in staining pattern bet-
ween infected and healthy periwinkle was
enough to be seen with hand-lens. In lon-
healthy

mulberry, comparable result was attained.

gitudinal sections of infected and

Fig. 3. In longitudinal section of mulberry
dwarf mycoplasma infected periwin-
kle plant, the distinct blue-stained
internal and external sieve tubes(ar-
rows) are apparent at each side of
bright turquoise blue-stained xylem
vessels (X ) (bar=50 £ m)

Light Effect

In both transverse and longitudinal sec-

tions of infected periwinkle and mulberry
sample, better color contrast was obtained
when light source without blue filter was
used. In particular, longitudinal sections
were useful in detecting the MLO infection
easily
Infected

sieve tubes were colored purple, while heal-

with mild symptoms which are not

detectable in transverse sections.

thy sieve tubes showed pale redish yellow.
and healthy
Xylem

Cortex cells of both infected
sections showed pale redish yellow.
vessels of both infected and healthy sectiors

were distinctly blue.
Effect of Fixatives

Stem sections of mulberry immersed re-
spectively in 10 kinds of coagulant fixati-
ves showed no difference between infected
and healthy samples in staining reaction.
Fixation in glutaraldehyde at room tempera-
ture decreased the density of staining reac-
tion and prolonged fixation made cutting and
staining difficult by making the tissue too
soft. Materials fixed in glutaraldyhyde and
stocked in a refrigerator, however, mainta-
ined the stainability of infected sectionseven
after several monthes, though the staining
reaction was not so clear as that of fresh

materials.
Length of Sieve Element

In longitudinal free-hand sections, the sie-
ve elements were readily cbserved under
high magnification. The average length of
sieve elements in periwinkle and mulberry
was about 150 and 200 #m respectively.
There was no distinct difference in the len-
gth of sieve elements between infected and

healthy samples.

DISCUSSION

Deeley et al.{2) first applied Dienes' sta-

in as a vital stain to detect MLO — incited
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plant diseases, including spiroplasma etiolo
gy, with success. She and her colleagues
confirmed the diagnostic value of Dienes’
stain in all of the nine different plants spe-
cies infected with MLOs or spiroplasmas.
Among five plant species examined in this
experiment, however, periwinkle and mul-
berry were found suitable for diagnosis of
MLO etiology by Dienes' staining method.
The negative results in the rest three plant
species was possibly due to some substan-
ces, such as tainin, in the plant tissue,which
make staining difficult.

Deeley et al. reported transverse sectio-
ns were more useful than longitudinal ones
(2). In this experiment, however, better sta-
ining reaction was obtained with employing
longitudinal instead of transverse section.
For sieve elements are positioned in longi-
tudinal direction with average length of 150
¢m in periwinkle and 200 pgn in mulberry,
routine transverse section would injure most
of sieve elements, and MLOs within sieve
element may be subject to flow out during
staining and washing of sections, resulting

in unstained sieve elements. Moreover, the

high hydraulic pressure within the sieve
tube reaching up some 20 atm (10), would
asselerate leakage of MLOs because injury

would cause a drop of turgor in the sieve
tube and thus entry of water, which is al-
so thought to be responsible for unstained
sieve elements in transverse sections. Onthe
other hand, in longitudinal sections, sieve
and MLOs are

well contained in sieve tubes.

elements are less injured

Fixation was generally undesirable for
Dienes' staining. And prolonged soaking of
materials in water usually induced nonspe-
cific staining in phloem. For practical use,
polyvinyl packing of the materials with wet
paper towel or glutaraldehyde fixation at 4
C seems to be feasible when immediate te-

st is not available.
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Dienesftfzkg BMe] FESHs vlo] ZEekzrt
% YRS 28 BAE B & Reke B
o HRHY FEE B3 FRAA doA HKEE
Bigshd o33 3o,

1. Dienesfaikd BT W rlolzEekent
RSl BETHES HHEHES BJTd4ur Frageld
I, AT, 2595 @ Hutedds TEM
o=k,

2. Dienesf@mi#ke] 0.2%% 0.4% KiEHKo)
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4, HEEPD & WAl E7] HB vz g
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6. HEE ML 4% e
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ERES B =8 F34

8. FHE EEid BEEAl7IH RaE] U
HaeH, HABs Fgd AYTEF RABRKE] TH
o A
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