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Introductlon

The ratoon stuntmg disease is now recognlzed as ‘one of the major dlseases
of sugarcane in most cane sugar producing areas of the world. The external,
symptoms of the disease are more evident in ratoon crops than in ‘plant’ cane
These are stuntmg and reduction in number and dlameter of the stalks in a
stooli ;Thesesymptoms however, -are not specific for/ the disease. The internal
symptoms ‘are a pink discoloration of the growing point of ‘young shoots -and
an orange to reddish discoloration at the_ base” of the node of mature stalks.
These symptoms have been‘ used in identification of the disease. However, the
fact that no pathogenlc organism has been found assoc1ated _with' the dlsease, :
$together with  the fact that the dlsease is' juice transm:ssxble and v1rus-hke
particles found to be associated  with the disease (Forbes. and ng, 1960) is
considered as sufficient ev1dence to classify the causal agent- as a virus.’ - The
dlsease can be controlled by using healthy seed cane or by plantmg seed” pleces
treated either with hot-water or hot-air. .In order to reduce mechanical - trans-
mission in the ﬁelq, sterilization of cutting knives is recommended. -

Since symp’corns ‘:off'fratoon stunting disease are .not . always reliable, ‘the
present study was ‘made in an attempt to find additional dlagnostlc procedures
for determining the presence of the disease in a plant through histochemical
methods. ’ :

" Materials and Methods
Simple Staining Test

In this test, attempts were made to determine whether or not materrals which could
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~be demonstrated by s:mple staining ‘techniques -were present in diseased tissues. Nme
dyes , mz.

The nitro dye
1010 Martius yellow
* The azo dye RN ' -
‘ 2: Orange G
The: quinone-imide dye
; 3. Safranin 0
The phenyl methane group of dyes
Dlammo-trlphenyl methane

4. Light green
Triamino-triphenyl methanes
5. " Acid fuchsin
6. Anilin blue -
7. Basic fuchsin
"8, - Methyl violet
The xanthene dye
.9, Fosin Y

~were used. They were dissolved in distilled water at a concentration of 0.52. Fresh
~sections of growing point; internode, node, leaf sheath, leaf blade, and. midrib of both
‘healthy and diseased C. P.-36-105, C. P. 44-101, and C. P. 52-68 collected from both field ‘and
greerihouse were cut by-sliding microtome at a thickness of 50 microns or less. ' Several
'sections were ‘used  for each stammg, as replications. Tests ‘'were ‘made from May to
: August 1959 : : '

"Sectzon Treated with Aczd or Alkali

: Sections of node: and mternode of C. P 44-101 at -a thlckness of 50 microns were used
'for determmmg whether or not any dlfferences between healthy and dlﬂeased canes could
" be induced by treating with"acid or alkali. The acid “solutions used were glacial acetic
acid, 3N hydrochloric acid; and 6N sulphurxc acid.  In ‘addition to 3N HCI, 1/18, 1/8 1/4,
1/2 and concentrated HCl were used. ~ The ~alkalies were 3N ammonium hydroxide,. 12
potassmm hydrox:de, and 3N sod1um hydox&de The tests were made in June 1959,

sttochemzcal Test

. Sectlons of growing ‘point, mternode, node, leaf sheath leaf blade, and midrib of C P
44-101 were used for the hlstochemlcal tests Both healthy and diseased materials  were
'obtamed from the field. Only freshly prepared sectlons were used Tests were made from
~ June to August, 1959. o : o « o
o There were b1 mlcrochemlcal techmques as given by Johansen (1940), Chamberlam

(1932), Hill and Orton (1938), and Lmdner, Klrkpatrlck and Weeks (1950) used “for
o determmmg the foIlowmg compounds and mmerals :

AL Alkalmds J.
B, Amino acids:® K. Glucosides:
1, Amino acids | - 1. Amygdalin
2 Asparagme : 2. -Anthocyanin
3. Leucin 3. Arbutin '
PR ’I‘,yrosme, 4. Saponin
C. Callose 5. “Tannin .
D. ' Carbohydrates: - © 1., Hemicellulose:
1. Amylodextrin 1. Amyloid A
- 2. Cane sugar ~ 2. Methyl pentoseés
" 3. ‘Grape sugar M. Lipoids:. i
4. Tnulin 1. Lecithin -
_.b. - Starch 2: . Phytosterol
& - 6. Sugars N.  Mineral. substances:
“E.. Cellulose 1. -Ammonium-
; “F.. 'Chitin -2, Calcium
: G. . Cutin, suberin 3. Iron ..
_H. Enzyme: Catalase 4. Manganese
L TFats o 5. Nitrates' =

: Formeldehyde

£
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6. ‘Phosphate "P.-- Phenol:

7.. Potassium T : 1. . Phenol

8. Silicon o 2. Phenolic compound

. 9. Sulphate ' Q. Pigment: Capotin

-0, 'Organic acid: R, Proteins:

1. Citric acid . 1. Aleurone

2. Formic acid . 2. - Protein

8. Tartaric acid ' S. Secretion: ~Resin

In addition to the abeve mlcrochemlcal tests, there were three techniques Whlch gave
positive result in studies, as follows:

A. “Phloroglucin and hydrochloric acid for hgnm Fresh sections were ‘placed on ‘a
slide in a drop of a solution of 0.1 gm phlorogluain in 10 ml of 9524 alcohol and a.drop of
2524 hydrochloric acid and covered with a coverslip.. The appearace of a red to red-violet
color indicates the presence of lignin (Johansen, 1940, Rawlins, 1933, Sass, 1958) Zinc
.- chloride was prepared by dissolving 32 gm of potassium iodide and 100 gm zinc chloridein -
34 ml of water to which metallic iodine was added as much as it would dissolve. This

was used as a counterstain . (Artschwager, 1960). Since "the lignified tissues -stained red
which is.in marked contrast to unstained hyaline tissues, the counterstain Was infrequently -
used. = After staining, sections were examined immediately with the mlcroscope. . :

B. The Maule test  (Johansen, 1940): This ‘is- a test for -lignin oxide. Sectlons
were Icovered on- a slide ‘with 12 neutral aqueous potassium permanganate for 15 to 20
minutes. ~ After thoroughly washing in distilled water, sections were placed in 224 hydre-
chloric -acid, and washed again after the dioxide has been- dissolved. A -‘few drops. of
ammonium hydroxide solution were added to the sections. A deep red color develops “in
the lignified- elements. : :

C. Feulgen’s reaction: for nucleoproteins (Pantin, 1948): Fresh sections were placed
in . normal HCI  solution for  one. minute. and then in mnormal HCl solution.at 60°C.
for 5 minutes, or up to 15 minutes. They were removed to reduced basu: fuchsin for 2
hours or longer, and were then washed thoroughly, first in  three changes'-of " the. HCl-Q
bisulphite washing solution, and later in distilled water for 30 minutes. Finally, they were
counterstained with 0.2524 light green and - examined = with the microscope.. The - reduced

. basic fuchsin was prepared by dissolving 1 gm basic fuchsin in 200 ml of “boiling dlstﬂled:
“water. ‘When' it cooled to about 50°C, it was filtered and 20 ml of normal HCl were added.:
Flnally, 1 gm- anhydrous sodium- bisulphite was :added.. One or .two days after preparation,:
the solution lost the pink color and was used. The washing solution was freshly prepared"
every time. It was made of 10 ml 10/ sodlum bisulphite, 10 ml normal HCl and 200m1
distilled: water." =

Smce the results from- the ‘above three stalmng techmques ‘were very. similar, the
simpler, more convement phloroglucin and hydrochlorlc acid test was used in studies for
showing the percentage of vascular bundle “with lignified ‘phloem cells. ‘Fresh' sections
were ‘examined in. water under microscope for the presence of: dlscolored vessel and -again;
after being. treated with phloroglucm -and hydrochlorlc acid' for lignified phloem cells. .

Kuijper’s (1915) nomenclature was used in this paper. ~According to his system, the
highest leaf with visible dewlap is given the notation +1. " Thé older leaves are consectively.

Cnumber +2, +3 etc., while the younger ones receive the number :l:O =1, —2, etc. ‘Each
“joint has the same number as the leaf it carries,

Results

Simple Staining Test o : :
~Sections of different parts of sugarcane plants were stained with solutions .
of a<:1d fuchsm, anilin blue, basic fuchsin, eosin Y, light green,. Martius yellow,
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methyl violet, orange G, and safranin O, respectively After staining, sections
were examined Wlth mlcroscope Cells and tissues. exammed Were. epldermls,
. sclerenchyma, parenchyma,, bundle sheath sclerenchyma cap, ~phloem . (sieve
. tube and companion cells), large pltted vessel (scalariform Vessel or;metaxylem),
smaller vessel (protoxylem, annular or spiral vessel) (Artschwager, 1925, 1940,

¢ Edg’erton, 1958).. . Any, dlfferences in color intensity,  as well as any  special
substances stained inside ‘the cells of diseased sections were noted Comparlsons
of healthy and drseased sections were carefully made. Although there was a
total of about 800 sections examined, no sxgnlﬁcant difference ‘was observed 1nf'
between healthy and diseased sectldhs as a result of the 81mp1e stammg test
: owever, some dlscolored vessels were often present in sections of nodes and :
s des of diseased canes. ' B :
: oﬂs Treated with Acza’ or Alkalz

, Four ac1ds and three alkahes were used for treatlng the sect1ons A ‘total
;of about 160 sectlons of both healthy and_ diseased canes: Was treated and

; exammed w1th the mlcroscope No 51gn1ﬁcant dlfference between dlseased “and
. ,healthy Sectlons has been found Hovvever, the yellow color of smaller vessels
aln Vascular bundles of +1 to +3 mternodes was’ 1nduced by conc HCl “In some ,
sectlons, 1/2 conc HCl gave the same result but not the further dzlutlons The
o average percentages of such Vascular bundles from: three repeated tests were'
' ,184 and 281 for healthy and dlseased tlssues, respectlvely.
FF tache: u:a.l Test - r G e
Sectmns of & e : parts of both healthy and- dlseaed, sugarcane plants ,
‘were tested by mlcrochemxcal techmques fm‘ cemlnds.and ;mnerals, viz.,
o aleurone,?alkalmds, amino acids, ammonium, amygdahn, amylod”extrm, 3myimd>_
fanthocyanm, arbutm, asparagme, calc1um, callose, cane sugar, carotm, catalase,
cellulose,. ch1t1n citric ac1d cutln,t fats, formaldehyde, form1c acld grape sugar,
v1nulm, 1ron, lecithin; leucme, manganese, methyl pentoses, mtrate, phenol
i phenohc compound phosphate, phytosterol potassrum, proteln resm, saponm,

L s111con, starch sugar, sulphate, tanmn, tartanc acid, and- tyrosine. A total of

about 2 100 sections Was treated and examined. The dlfferences between healthy
~and d1seased tissues Were not 51gn1ﬁcant or not repeatable. ‘ :

Dzscolomtzm of Vessel e S ,

. As mentloned before in microscopic examination of seCtions"’of nodes
and- 1nternodes of dlseased sugarcane plants, almost always the d1scolored vessels
were observed w1thout any staining technlque No such discolored vessels were
seen in sections of healthy sugarcane. T1 he color varied from light: yellow to :
orange yellow, under the microscope W1th natural light. - The yellow color was,
located only on the wall of some Vessels but was spread throughout the entire
lumen of other vessels; in ‘the ‘cross. sections.’ In the latter case; the vesse1s¢
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were apparently plugged by the yellow substance.  There may- be a smgle large
pitted vessel:(scalariform vessel or metaxylem), both two large pitted vessels, ;
the smaller- vessel or vessels . (protoxylem, ‘annular . or spiral vessel), a large :
pltted vessel and -smaller vessel or vessels, or entire vessels become  disco! ored",
and plugged with the substance in a vascular bundle. The dlscolored Vess :
were more predominant in sections of nodes of stems but.were not found in the

vessels of root, leaf sheath, or leaf blade. The. dlscolored vessels Were not -
restrlcted to the older cane stalks but were. present -also in sectlons at: the base
of stems of . young plants grown from dlseased planting.. material, only one
month- after planting. These young canes did not show any typical symptoms
of ratoon stunting disease. - The yellow discolored Vessels were cons1dered to
be one of the maJor characteristics of dlseased cane;. as observed through mi-
croscoplc exammatlon, as compared with the healthy stalks whlch Were free
from other d1seases or insect ‘injuries.

The Nature of the Yellow Substance : : i

In cross sectlons of diseased stems, espec1ally from the nodal reglon, the
vessels were plugged with substance. Stemdl (1950), Steindl and Hughes (1953)
ng and Steindl  (1953), Hughes and Steindl (1956), and Artschwager (1960)
called ita gummy substance. Sections of C.P. 36-105, C.P. 44—101 and C P
53—1 in whlch the vessels were plugged with such a substance, Were 1mmersed
in chem1ca1 solutlons After two days, they Were exammed W1th the mlcros- :
cope again.” Several sections were used as rephcates for each treatment‘ The
results, as shown in Table 1, indicated that the substance was msoluble in the
~follow1ng solvents Water, alcohol, ether, carbon dlsulﬁde, potassmm hydroxxde,k :

‘Table 1. T ests for the reaction to chemicals and stainings of the
- yellow: substance in vessels of ratoon stunting diseased canes.

Chemical or staining - C.P. 36-105 C.P.a101 | C.P. 531

Water i BT = S : A o
95¢¢ Ethyl alcohol | = S RO EU =
‘Ether S = e = g S
Carbon disulfide ) - ‘ — PR — o
3N Nitric acid e - ‘ - R e
' Nitric acid and heated 4 -

o + 1 E
3N Potassium hydroxide/h C— ' ~ o = . P
HCl and KCIO, , e e N N
Phloroglucin and HCI . red red red red | - red
‘Maule test o ' no L e o

+=Color. intensity of yellow substance. reduced. '
—= Not dissolved. no==Not change to deep red color, . B o
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sulphuric acid; and cold nitric -acid. ‘Hot - nitric ac1d and a mixture of hydro-
chloric acid and potassium chlorate reduced the intensity of the yellow color,
and it was stained red by phloroglucm and hydrochloric acid." The yelIoW
k substance did ‘not change to a deep red color which is the 1nd1catlon of the .
posrtxve reaction of the Maule test for hgmn :

ngmﬁed Phloem Cells . ,

o In severely diseased canes, the phloem cells in cross sections of node and’
! lnternode were seen to have a shght orange color without staining. However,
this was unusual. When stalned one to several phloem cells, or in some in-
stances, the entire phloem of soine vascular bundles of diseased sections: from
: node and mternode reacted to the followxng treatments 1) 'phloroglucin ana
hydrochlorlc acid; 2) the Maule test; and 3) Feulgen’s. reactlon for nucleo-

' 'protelns " By the first two techmques, which were known for testing of lignin,

the phloem cells stained red while they stained violet in color with Feulgen’s

reaction. Results from nodal sections of both healthy and diseased canes, 5

collected from ﬁeld stalned with Feulgen’s reaction were glven in Table 2.
The same results were obtained with the phloroglucin and hydrochloric ac1d
test, and with the Maule test. These positive results indicated that lignin was

present m the phloem cells of diseased sectlons In other “words, the stamed

phloem cells Were hgmﬁed Artschwagér (1960) used “llgmﬁcatron of “sieve

. tube” or “hgnlﬁed phloem” for. the descnptlon of these ‘stained cells Phloem

consmts of sieve tubes and compamon cells (Artschwager, 1925, Edgerton, 1958),
‘and both took the staln in studles reported here. Only rarely did the entlreiz
”'phloem of a vascular bundle stain red. “L1gn1ﬁed phloem cells” seems to be a
more approprlate description of the material studiedvhere.f Seldom ‘was the
_staining restricted Vt,o',the, cell wall; usually both the cell wall and cell contents
Were stained. Stained phloem cells were found ‘in sections of diseased nodes

.. Table 2. ..Reaction of phloem cells -of healthy and ratoon stuntlng b
diseased sugarcane to Feulgens stain. . :

i ‘ Ntimber of vascular Percentage of vascular
. . g bundles examined . bundles reacting -to
Variety - ' o Stalk No. staln

Healthy | Diseased ‘ Healthy ‘ ‘Dlseased"
C.P. 36-105 T 993 70 | 0 . | 366
‘ I 7710 | 856 0 4.32
: Total 1,764 1,566 0. 402
C.P.44-101 I 682 896 0 190
: - o 1198 | 89 0 105
Total | 1880 | 1755 0 | 148




~July, 1962 Ling-—Ra-toon Stunting Disease of Sugarcane 185

and internodes, but not in sections of “diseased roots; leaves, or: leaf “sheaths.
The vascular bundles which showed lignified phloem cells were not alWays
associated with yellow ‘discolored vessels. No lignified phloem cells were found
in sections of healthy plants free from other d1seases or insect injuries ‘so
far tested.’

Discolored Vessels and ngmﬁed Phloem Cells of Dzﬁerent Parts-of Sugarcane

) The results of examlnatlons of sections of  different parts of C.P. 44101, -
grown from diseased seed setts for 614 months, were shown in Table 3. Neither
were discolored vessels nor lignified phloem cells observed in sections of  leaf

" Table 3.. Percéntages of vascular bundles showing/ discolored’ vessels and
. lignified phloem cells of different parts of ratoon stunting
diseased C.P. 44-101 (614 months old).

Portion of cane © | | \oylf Yasclar, | ol vess | % of phlecn ool
+0 Leaf blade & midrib 943 0 0
43 Leaf blade & midrib 940 0 0
Leaf sheath e 348 0 0
Growing point L 8sec. - 0 20
+3 Internode 972 - 0 ‘ 0
43 Node 1368 020 0.88
+4 Internode 1436 0 , 0.42.
+4 Growth ring , 2169 " 5.35% . 0
+4 Node = 2,284 \ 026 . 131
+5 Internode ol 1504 , o 4.02
+5 Node 1,809 077 3.98
+6 Internode 1,706 ‘ 170 - 793
+6 Growth ring 2561 : 6.21* 566 \
-6 Node ' Lo,821 i 0.55 T 13.07
Basal portion of stem : 1,810 834 7.85
Root ‘ 15 sec. -, T 0 0

sec.==Sections. , . ;
- %6=Percentage based on the number of vascular bundle in which showed discolgration
or: lignification, same meaning in the following tables.
* The wall of vessel discolored only. No pluggmg substance has been found m the
vessels. :

-~ blades, leaf midribs, leaf sheaths, or terminal growing points of shoot or in
sections of roots of plant. “However, discolored vessels were present in sections
of stems. They were more predominant in the nodes, especially in the basal
part of the shoot than in other parts of the plant. The percentage of vascular
bundlesshow1ng discolored vessels was higher 'in sections of growth ring of -
stem. . However, these discolored vessels, only the wall of ‘the vessel was yellow
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in ‘color; none of the vessels being plugged with the yellow substance: Lignified
p_hloem cells appeared in vascular bundles of nodes and internodes of ,plant,~:
there ‘being'a tendency for a higher percentage to occur in the lower part of
o the shoot. - Plants’ grown from eeed pieces treated with hot-water at 50°C for
3 hours were used as checks.’ From treated plants, a total of 11,778 vas‘culai

bundles ‘and 23 sections  of growing points and roots were exammed ‘None
showed. discolored: vessels or lignified phloem cells.

Discoloved Vessels and Lignified Phloem - Cells.of Different Nodes: of Sugarcane
Yellow discolored vessels and lignified phloem’ cells< were more prevalent in
‘ nodes than in internodes, sections from nodes were made from dlseased stalks
of C.P. 36-105, collected from the ﬁeld for determmmg ‘the- frequency of
vascular bundles ‘which showed dlscolored vessels or llgnlﬁed phloem cells.. The
results were shown in Table 4. It indicated that l1gn1ﬁed phloem cells were
present in every: examined node of - the mature dlseased stalks, whlle discolored
vessels were found in all nodes of diseased stalks except nodes designated -+3
‘and +4. Per‘centagee of ‘both: discolored vessels and li.grliﬁed phloem cells varied
among nodes. However, there was a tendency that higher percentages occurred
“in the lower nodes. In average, 2.009% and 1.61% were obtained for vascular
’/bundlesfshowing discolored. vessels and lignified p’hloem‘ cells, respectively,

'Table 4; Average pefcentages of vascolar bundles showing diecoloredi
- vessels and lignified phloem cells of different nodes of
ratoon stuntmg diseased C.P. 36-105 from ﬁeld

Seavenc of node | oyt Vet | 5ol vels | % f phicem ol
+8 805 g L 0.,7.51i :
k4 906 b 0 ' 0.55
+ 5 1,037 0.20 059
. L6 728 o om 198
+7 856 | 059 o8
+8 733 : 01z 1.23 -
+9 869 27 163
10 95 .| 143 | 143
+11 S 884 o182 188
FRZ Cooess b2 an
+13 624 2.36 a9
+14 - 7). <270 bl 183
+15 o000 420 1.87
+16 o019 391 \ 2.09
w17 552 674 | 381
+18 | 1038 : 501 | 240
 Total 13202 k 200 o 1et
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- Table 5. Percentages of -vascular bundles showing discolored ‘vessels

and hg‘mﬁed phloem cells of the basal portion of shoots

- of C P. 44—101 of dlfferent ages.

: ‘Plaz/lting ‘nTaterial' e Age ‘month Noel;tgg\gllr%g:lar :%di(;f:o‘lzﬁ'edls c/eugfhggl:llf}gg ‘
Ratoon stunting 1 | 358 | . o062 0
 diseased 1% 3726 | 118 0
2 | 5634 | - 146 0.04
2t - 3549 - | 265 014
3 ~ 5385 | .. 279 054
3y 2362 | 368 144
: 4 1 a0 | e 075
e 434 X1 SR 1524’ 278
5. - 5477 | 779 “6.77
Total 37,143 417 145
" Healthy: (absence of 1 i 2103 | b 0 e
symptoms) : S ETRER 2126 | 089 0
2 | o221 | 087 ; 0
3 2173 |- 0| 0
4 e 0
5 2324 | 0 0
" Total 12616 | o3t | 0
Hot-water 50°C-2 2 2 ' 11,808 o ‘ 9
~hours‘~treated : 2 k 1'515 | 0‘ 0
3 1,548 0 0
3y 1,448 o 0
4 1,346 0 0
: i |52l 0 o
5 ~ooLm 1.11 .+ 0.06
- Total o108 | oo 001
Hot.water 50°C-3 2 1430 0 0
hours: treated i o o 5 : 1731 L o
5| 10 i o
3% 1,696 0 0
4 1,662 0 0
4 | 1597 0 0
5 K 0 0
Total 11,357 0 0
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Discolored Vessels and Lignified Phloem Cells of C.P. 44-101 of Different Ages.

- Four different sources of planting "'materials of C.P. 44-101, viz. -diseased,
healthy (absence of symptom), hot-water 50°C-2 hours treated, and hot-water
50°C-3 hours treated were planted-in the greenhouse. ‘They were examined for
the vascular bundles showmg discolored vessels and lignified phloem cells at a
half morth to one month intervals. Sections were always made from the basal
“portion of the shoots.” Several sections were ﬁsually used for each treatment.
A total of 72,073 vascular bundles was examined and the results were shown
in Table 5. Plant in which discolored vessels were observed was only one
month old. This was the earliest date examined after planting. The youngest
plaﬂt _Which showed lignified phloem cells was two months old. Generally
speaking, the older the plant, the higher the percentage of vasculai' 'bundles
that showed discolored vessels and lignified phloem cells. In some instances,
discolored vessels and lignified phloem cells were found in shoots"arising from
healthy seed pieces which showed no symptoms and from seed. cuttings treated .
“with hot- water at 50°C for 2 hours, but not’ in shoots from planting materials
~ treated with hot- water at 50°C for 3 houts. , : -
: Discolored Vessels and Lignified Phloem Celis in Different Varieties ’

Diseased seed pieces of four sugarcance -varieties, viz., C.P.29-116, C.P.

o 4347, C.P. 44~—101 and C.P. 52-68 grown in' the greenhouse were exammed for

the’ vascular bundle showing discolored vessels and lignified phloem cells at a
half month to one month intervals. Sections were always made from the basal
portiqn of shoots. * The results of plants from one to five months old were
condensed in Table 6. The youngest plant of all four varieties examined in
which' discolored vessels were observed was only one month old. This was the
earliest date examined after planting. The ages of youngest plants in which
lignified phloem cells were found were 15,2, 3, and 4 months respectlvely for
~C.P. 52-68, C.P. 44-101, C. P. 29-116, and C. P. '43-47. There was the tendency
that the higher percentages of vascular bundles showmg discolored vessels and

Tab’le 6. Average;percentages of vascular»’bundles showmg discolored -
o ~vessels and lignified phloem cells of the basal portion of young
~shoots (one to five months old) from ratoon stuntmg dlseased
planting materials of four sugarcane varieties.

Varery | oot S | et |7 g

j o verage (Range) Average (Range)
~ C.P. 26-116 18,334 0.61 (0- 2.43) 1.99 (0-17.38)
 C.P. 4347 ‘ 18116  1.44(0- 881) 0.19 (0- 1.14)
C.P.4-101 | 3743 417 (0-1524) | 145 (0-12.88)
C. P. 52-68 21455 0.64 (0- 145) 030 (0- 2.54)
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ligniﬁed phloem : cells:.were usually found in the older shoots. ‘There were
some variations of the number of vascular bundles showed discolored vessels
or ligniﬁedmhloem cells among varieties. ' Comparatively speaking; the percent-
* ages of vascular bundles showing discolored vessels were higher in . C.P. 44-101
and C.P. 43-47 and lower in C.P. 52-68 and C.P. 29-116. The percen&ges of
vascular bundles showing lignified phloem cells were found: higher 'in C. P 44~
101 than in other varletles

Dlscusslon

Nine dyestuffs, four ac1ds, three alkahes, and 54 histochemical techmques
~ for 48 compounds and minerals, were tried in an attempt to dlfferentlate the
'dlseased cane from the healthy through the reactions shown in tissues under
the microscope. ~Except. for 1) Feulgens reaction for- nucleprotems, 2) the
Maule test for lignin oxide; and 3),phlorogluc1n -and hydrochloric acid for llgmn,
norie gave signiﬁcant and- i'epeatable results._ Steindl (1950} ‘mentioned  that
diseased stems usdally contained a higher proportion of starch than did healthy
ones but this factor did not appear to be sufficiently constant to be of much
diagnostic value. However, concentrated hydrochloric acid and sometimes ' 1/2
conc. - HCL induced the yellovv color of smaller vessels  in.vascular bundles of
41 :to <43 internodes, but the only difference between diseased ~and healthy :
materlals was a: higher percentage of such bundles in the dlseased plants.

In cross sections of diseased stems, espec1ally from the nodal reglon and e

the basal portion of the young shoot some vessels were yellow in color and
~some were plugged with substance Hughes and Steindl (1956), ng and Stemdl ‘
(1953), Steindl and Hughes (1953), and Artschwager {1960) ~called it a gummy '
substance. Khanna, et al (1958) pointed out that this substance was msoluble
e in water, acetic acid, alcohol xylol, and clove oil. Rawlins (1933) defined Wound ,
gum as a substance often found in vessels of - plants ad]acent to wounds and '
in wood mvaded by’ wood- decaymg fungi. Tt is msoluble 1n water and’ stains’

red: with phloroglucm in hydrochlorxc ac1d Schnelder (1945) apphed Wound . '

gum to the substance in the mecrotic’ s1eve tubes of buckskm-dlseased peach
and cherry He descnbed the substance as giving a posmve test with phIoro-
glucin and’ hydrochlorlc acid and-a negatlve, or a weakly positive, reaction with
the Maule reagents for ‘lignin. It was insoluble in a mixture of potassium chlor-
ate and hydrochloric acid, and in hot 109 nitric .acid. Hewitt (1938) regarded
wound gum as a ‘water insoluble material which reacted positively to ‘phloro-
glucm and hydrochloric acid, but did not color with the Maule reaction. Accord-
mg to Kuster (1925), wound gum is characterlzed by the followmg properties:

1t does not dlssolve or swell in ‘water; 1t is 1nsolub1e in -alecohol, ether, carbon
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disulphide, potassium hydroxide, sulphuric acid, cold nitric acid; and cold aqtia
regia. It is soluble in warm nitric acid and in a mixture of hyd:;oéhloﬁc’ acid
and -potassium chlorate. The results from the present study indicated that the
substance in the vessels of ratoon stunting diseased plants' was insoluble in !
: Watei‘,*flcohol, ether, carbon.disulfide, potassium hydroxide, sulphuric acid, and
cold- nitric‘ acid. Hot nitric acid and a mixture of hydrochloric acid and
potassmm chlorate reduced the intensity of the yellow color: of  the substance.’
It stalned red by phloroglucin and hydrochloric acid, but it did not change toa
deep red color by the Maule test (Table 1). Therefore, the term “wound gum”
seems applicable to the yellowish substance found in the vessels of plants
havxng ratoon stunting disease. ' : ‘ ' e -
Some phloem cells of some vascular bundles of diseased nodes and 1nternodes
‘stained red with phloroglucin - and hydrochlonc or the/ Maule test, and :they
stained violet by Feulgen’s reaction for nucleoproteins. The “positive - tesults
with the Feulgen's reaction indicated the: Ppresence of nucleoprotems in the
stamed phloem* cells: * Not ‘only were diseased phloem “cells stained by this
feaofion, but alSo bundle sheaths and vessels of both healthy and diseased sections
took the stain. It is. doubtful that the Feulgen's reaction is a sp‘ec‘iﬁc “test” for
nucleoprotems only The addltlonal reactions of the diseased phloem cells to
"phloroglucm and hydrochlorlc aC1d and the Maule test, suggested ‘that the
staxmng in phloem cells was because of the presence of hgmn in the cells. In
: other Words, the stained phloem cells were llgmﬁed By usmg phloroglucm
~ and hydrochlorlc ac1d Artschwager (1960). pomted out hgmﬁed sieve tubes in
sectlons of diseased plants Among these three stalmng techmques, the phloro- :
glucm and hydrochlorxc acid test Was found to be the simplest and most con~

o venient for demonstratmg the hgmﬁed phloem cells in sectlons of dlseasedf :

- stems. ;
- Vascular bundlos sho»wmg yellow dlscolored vessel and . llg‘mﬁed phloem cell

fhave been observed in sections of dlseased plants Both may be con51dered as

diagnostic characteristics for the ratoon stunting disease, as observed through
~ microscopic ex'alnination The lignified phloem cells were clearer in ‘appearance
when the sections were: stamed with phloroglucin ‘and hydrochlonc acid. How-
ever; both of these characteristics have been seen occasionally. in- the sections
of the basal portion of young. shoots arising from supposedly healthy seed pieces
and planting material treated with hotiwater at-50°C for 2 hours. .This;‘reduces
, the value of using discolored vessels and lignified phloem cells as diagnostic
characteristics for the disease. ‘However, as mentioned by Hughes and’Steindl
(1956), the absence of symptoms does not mean that the plants are ‘healthy,
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and the'50°C hot-water treatment of seed pieces for 2 hours ‘is not always
entirely effective for ratoon stunting disease control. These facts might be uised
for explaining why discolored vessels and lignified phloem cells appeared - in
sections as mentioned above, since there is no way to certify that these materi-
als were completely free from ratoon stunting disease. From results reported
here, it is concluded that the discolored vessels and lignified phloem cells could
be used as additional diagnostic characteristics for the ratoon stuntmg disease.

. Summary -

1 In a total of about 800 sectlons of sugarcane plant 51mply stalned with
nine dyestuffs, no drfference betvveen healthy and ratoon stuntmg dlseased

' *materxals was observed

2. No significant dlfference was found between healthy and dlseased sectzons
treated w1th acids or alkalies.

3. A total of about 2,100 sections of different parts of healthy and dlseased
canes was treated, usmg 54 ‘histochemial techmques for 48 compounds and

“minerals.” The only tests ‘which gave significant and repeatable results were

staining” phloem cells of the diseased sectlons by 1) Feulgen’s reactxon for
nucleoproteins; 2) the Maule test for hgmn ox1de, and 3) phloroglucm and
hydrochlorlc acid for-lignin. It was demonstrated that the stalned phloem cells
were lignified. The lignified phloem cells were found in sectlons of stems, but
not in roots, leaves, or leaf sheaths of drseased plants

4. Yellow dlscolored vessels, usually plugged Wlth a gummy substance,
were usually present in sectmns of dlseased stems. They Were prevalent in the
nodal region and the basal portlon of the young shoot but- not in' roots, leaves,
or leaf sheaths. :

5. The term “wound gum” was proposed for the yellow1sh substance found
in the vessels of diseased sections through its chemical properties. ,

6. Percentages of vascular bundles showing discolored vessel and  lignified
phloem cells varied among nodes of mature diseased ‘stalks. However, there
‘was a tendency for higher percentages to:occur in the lower nodes.

7. Discolored vessels were observed in: sections of “young shoots of one
month old and older, ansmg from dlseased seed pleces, but lignified phloem

. cells appeared in older shoots only. There was a tendency for the percentages :

of vascular bundles showing -discolored vessels ‘and lignified phloem cells to
mcrease with the mcreasmg age of the plant :

8. Percentages of vascular bundles showing discolored vessels were hxgher
in young shoots of C:P. 44-101 and C.P. 43-47 arising from dlseased seed pleces: '

- than.in C.P. 52-68 and C.P. 29-116. Lignified phloem cells were found more‘
frequently in C P. 44—101 than in other varieties.” . * -
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9. Both discolored vessels and lignified phloem cells could be considerd as
additonal diagnostic characteristics for ratoon stunting disease of sugarcane.
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Explanation of Plate

Cross sections of internode (Figs. 1-4) and node (Figs. 5-6) of ratoon stunting diseased

N:Con 310 collected from field in Tainan. All sections were made by free hand.

Fig. 1. A vascular bundle with one large pitted vessel (metaxylem, scalariform vessel)
which was discolored and plugged with the “wound gum”.

Figs. 2-4. Sections stained with phloroglucin and hydrochloric acid, showing various num-
ber of lignified phloem cells in the vascular bundle.

Fig. 5. A vascular bundle of node, showing one large pitted vessel and smaller vessels
(protoxylem, annular or spiral vessels) were discolored and plugged with the
“wound gum”.

Fig. 6. Section stained with phloroglucin and hydrochloric acid, showing a vascular bundle
of node with discolored and plugged with “wound gum” vessels and lignified
phloem cells.




