Louisiana State University

LSU Scholarly Repository
LSU Historical Dissertations and Theses Graduate School

1978

Aerated Steam Thermotherapy of Sugarcane Seedpieces for
Controlling Ratoon Stunting Disease and Possibly Mosaic.

Oscar Manuel Cifuentes
Louisiana State University and Agricultural & Mechanical College

Follow this and additional works at: https://repository.lsu.edu/gradschool_disstheses

Recommended Citation

Cifuentes, Oscar Manuel, "Aerated Steam Thermotherapy of Sugarcane Seedpieces for Controlling Ratoon
Stunting Disease and Possibly Mosaic." (1978). LSU Historical Dissertations and Theses. 3225.
https://repository.Isu.edu/gradschool_disstheses/3225

This Dissertation is brought to you for free and open access by the Graduate School at LSU Scholarly Repository. It
has been accepted for inclusion in LSU Historical Dissertations and Theses by an authorized administrator of LSU
Scholarly Repository. For more information, please contact gradetd@Isu.edu.



























TABLE

1.

3.

7.

LIST OF TABLES

Germipnation and percent RSD control obtained with
AS as a source of heat using several combinations
of temperature/time duration in 1974. . . . . . . .+ &

Germination of the top half of the stalk compared
to the bottom, and percent RSD control using AS
50°C (122.0°F) November 7, 1974 . + o 4« o « o o o o &

Percent germination of eight stalks of AS and HA
treated seedcane of two varieties planted in the
field and later dug and planted in the greenhouse
as single eyepieces to determine percent RSD control.

Greenhouse germination and RSD control obtained from
disease free and RSD infected seedcane using AS at

49°C (120.2°F)-4 hr as the heat source for a commer-
cial HA oven, October 15, 1974. « « ¢ « ¢ & s & « o &

Germination of treated and nontreated seedcane
planted under field conditions after treatment in

a standard commercial HA oven using AS at 49°C
(120.2°F)-4hr...........-.-....-.

Field germination of two sugarcane varieties treated
with AS at 499C, with an experimental oven, at
Louisiana State University, Department of Agricultural
Engineering, on October &, 1974 ., . ., . « & « & & & o

Field germination of two sugarcane varieties treated
in a standard commercial HA oven using AS at 49°C-

4 hr, at Helvetia Sugar Coop., Union, Louisiana,
onOctober 4, 1974, . & ¢« & & ¢ ¢ v ¢ ¢ o o « o o a =

Results from a greenhouse test with AS at 50°C-4 hr
in a small experimental AS oven using five commercial
and one unreleased variety, with all adhering trash,
planted on August 6, 1975.. . . . « v ¢ 4 ¢« ¢« 4+ 0 .

Field germination of several sugarcane varieties
treated with AS at 50°C-4 hr with an experimental
oven, at the Department of Agricultural Engineering,

Louisiana State University, on September 9, 1975. . . .

vii

Page

35

37

39

40

40

43

43

45

47



TABLE
10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

Field germination of two sugarcane varietiles treated
with AS at 50°C-4 hr following delay of treatment 1,
2 and 5 days after cutting the seedcane., Treatment
performed in an experimental oven at the Department
of Agricultural Engineering, on September 5, 1975 . . .

Results with a greenhouse test to determine germina-
tion and RSD control by use of AS at 51°C-4 hr with a
commercial AS oven at Poplar Grove Plantation, Port
Allen, La. on October 9, 1975 . . . . « ¢ ¢ ¢ ¢ & o o &

Field germination as percent of the RSD untreated
check and RSD control of two sugarcane varieties
treated with AS on August 20, 1975, in an experimental
oven at the Department of Agricultural Engineering,
Louisiana State University, Batom Rouge . « . « ¢« . .« &

Field germination of several sugarcane varieties
treated with AS at 51°C at Louisiana Agricultural
Experiment Station, St. Gabriel, Louisiana in 1976, . .

Greenhouse germination and RSD control in sugarcane
treated with AS at 51°% (124.09F) in & commercial

oven at Louilsiana Agricultural Experiment Station,

St. Gabriel, Louisiana, in 1976 . . . . . « ¢« ¢« ¢ &« & &

Field germination of several sugarcane varieties
treated with AS at 52°C at Louisiana Agricultural
Experiment Station, St. Gabriel, Louisiana, on
September 15, 1976. . . &« ¢« ¢ o ¢ o o o ¢ o o s o s o »

Greenhouse germination and RSD control in sugarcane
treated with AS at 529C (125.6°F) in a commercial

oven at Louisiana Agricultural Experiment Station,

St. Gabriel, Louisiana, in 1976 . . . . . « ¢ ¢+ ¢ &+ &+ &

Fleld germination of three sugarcane varieties treated
with AS at 53°C at Louisiana Agricultural Experiment
Station, St. Gabriel, Louisiana, in 1976. . . « « . . .

Field germination of several sugarcane varieties
treated with AS at 53, 54, and 559 at Louisiana
Agricultural Experiment Station, St. Gabriel,
Touisiana, on October 7, 1976 . . &+ &« ¢ « ¢ ¢ s o« o = »

Greenhouse germination and RSD control in sugarcane
treated with AS at 53°C (127.49F) in a commercial

oven at Louisiana Agricultural Experiment Station,

St. Gabriel, Iouisiana, in 1976 . . + ¢« « ¢« « ¢ o « o &

viii

Page

48

50

51

53

55

58

60

64

65

66



TABLE
20.

21.

22,

23.

24.

25.

26.

27-

28.

29.

Field germination of several sugarcane varieties
treated with AS at 54°C at Louisiana Agricultural
Experiment Station, St. Gabriel, Louisiana, in 1976 .

Greenhouse germination and RSD control in sugarcane
treated with AS at 54°C (129.2°F) in a commercial
oven at Loulsiana Agricultural Experiment Station,
St. Gabriel, Louisiana, in 1976 . . . . . « + o o &« &

Field germination of several sugarcane varieties
treated with AS at 55°C at Louisiana Agricultural
Experiment Station, St. Gabriel, Louisiana, in 1976 .

Greenhouse germination and RSD control in sugarcane
treated with AS at 55°C (131,0°F) in a commercial
oven at Louisiana Agricultural Experiment Station,
St. Gabriel, Louisiana, in 1976 . . « « + « ¢ o ¢ o «

Fleld germination of several sugarcane varieties
treated with AS at 56°C at Louisiana Agricultural
Experiment Station, St. Gabriel, Louisiana, in 1976 .

Greenhouse germination and RSD and MOS control in
sugarcane treated with AS at 56°C (132.8°F) in a
commercial oven at Louisiana Agricultural Experiment
Station, St. Gabriel, Louisiana, and a commercial
oven at Poplar Grove Plantation, Louisiana, in 1976 .

Field germination of several sugarcane varieties
treated with AS at 579C at Louisiana Agricultural
Experiment Station, St. Gabriel, Louisiana, in 1976 .

Greenhouse germination and RSD and MOS control of
sugarcane treated with AS at 57°C (134.69F) in
commercial ovens at Louisiana Agricultural Experiment
Station, St. Gabriel, Louisiana, and at Poplar Grove
Plantation, Port Allen, Louisiana, in 1976. ., . . . .

Greenhouse germination and RSD control in whole
sugarcane stalks treated with adhering trash using
AS at 53°C (127.4°F)-4 hr in a commercial oven at
Louisiana Agricultural Experiment Statiom, St.
Gabriel, La., In 1977 . . ¢ ¢« & ¢ ¢ ¢ o & 2 s ¢ ¢ o &«

Temperature record made with thermocouples located
in the rear duct (point of entry of AS in oven),
interior of oven among cane stalks and temperature
inside cane stalks during an AS treatment at 53°C
(127.4°F)-4 hr, September 15, 1977. . « « & + o = & &

ix

Page

69

71

74

75

78

79

82

84

89

91



TABLE

30,

31.

32.

33.

34.

35.

36.

37.

38.

Greenhouse germination and RSD control in whole
sugarcane stalks treated with adhering trash using
AS at 55°C (131.0°F)-3 hr in a commercial oven at
Louisiana Agricultural Experiment Station, St.
Gabriel, La. on October 6, 1977.. o« « ¢« ¢ « + ¢ &+ o »

Results obtained by comparing visual RSD mature
symptoms with EM observations of the bacterium
associated with RSD in the sap extracted from field
progenies of seedcane treated with AS for the control
Of RSD in 1975 -+ L] L} [ ] L L] . L ] - - » [ L - L] - - - . Ll

Results obtained by comparing visual RSD mature
symptoms with phase contrast microscope observations
of the bacterium associated with RSD in the sap
extracted from greenhouse progenies of seedcane
treated for control of RSD in 1976 with a HA oven
converted for use with AS . ¢ ¢ ¢« o ¢ ¢ o ¢ ¢ ¢ & & &

Results obtained by comparing visual RSD mature
symptoms with EM observations of the bacterium
associated with RSD in the sap extracted from
greenhouse progenies of seedcane treated for
control of RSD in 1976 with a HA oven converted

to AS - - . - » L] - » L L - - L d . - - - * Ll » L d L - -

Effects of AS at 56°C-3 hr on greenhouse germination
control of MOS in sugarcane stalks treated with
adhering trash in a commercial oven on August 27,

1976. » - . L L [ ] L] L J . L] - L] L] [ ] - -* » . - L] L] L] - L ]

Temperature record made with thermocouples located
in the rear duct (point of entry of AS in oven),
interior of oven among cane stalks and temperature
inside cane stalks during an AS treatment at 56°C
(132.89F)~2 hr, October 28, 1977. « ¢ « o o o s = o &

Greenhouse germination of sugarcane treated with AS
at 56°C (132.89F)-2 and 2 1/2 hr in a commercial
oven at Louisiana Agricultural Experiment Station,
St. Gabriel, Louisiana, on September 12, 1977 . . . .

Greenhouse germination and MOS control of sugarcane
treated with AS at 56°C (132.89F)-2 1/2 hr in a
commercial oven at Louisiana Agricultural Experiment
Station, St. Gabriel, Louisiana during 1977 . . . . .

Greenhouse germination and MOS control of sugarcane
treated with AS at 56°C (132.8°F)-2 3/4 hr in a
commercial oven at Louisiana Agricultural Experiment
Station, St. Gabriel, Louisiana during 1977 . . . . .

X

Page

92

9%

97

98

100

103

106

108

112



TABLE Page

39. Greenhouse germination and MOS control of sugarcane
treated with AS at 56°C (132.8°F)~3 hr in a commer-
clal oven at Louisiana Agricultural Experiment
Station, St. Gabriel, Louisiana during 1977 . . , . . . 114

40. CGreenhouse germination of sugarcane treated with AS
at 56°C (132.89F)-3 1/2 and 4 hr in a commercial oven
at Louisiana Agricultural Experiment Station, St.
Gabriel, Louisiana on October 31, 1977. . . « . . . . . 116

41, CGreenhouse germination of sugarcane treated with AS
at 57°C (134.6°F)~2 1/2 and 3 hr in a commercial
oven at Louisiana Agricultural Experiment Statiom,
St. Gabriel, Louisiana on November 1, 1977. . . « « . . 118

42, Results obtained by comparing visual MOS symptoms
with EM observations of the virus that causes MOS
in the juice extracted from leaves in the progenies
from seed treated with AS for MOS control in 1976 . . . 120

43, Results obtained by inoculation of sorghum éeedlings
with juice expressed from the spindle of young
sugarcane plants germinated from AS treated seedcane,
in 1976 . L [ - L] L] [ ] . » [ ] - L] L ] * L] . . L ] L ] L] L L] [ ] L] 121

xi



LIST OF FIGURES

FIGURE ) Page

1. Aerated Steam System. Cross section of treating
Ch&mber . [ ] L J [ ] [ ] [ ] L - [ ] - L) [ ] - L] » L) [ ] [ ] [ ] . [ ) -« . 17

2. Aerated Steam System. Exterior view of treating
chamber, including four trays on the dolly . . . . . 18

3. Aerated Steam System. Steam generation components . 19
4. Commercial oven temperature variation during the

treatment of sugarcane with hot air (HA) and
aerated steam (AS) ¢« o « o o o o 5 o o s o 4 0 s o0 . 42

xii




ABSTRACT

Aerated steam (AS) a thermotherapeutic method, was utilized in
studies to control ratoon stunting disease (RSD) and possibly sugar-
cane mosaic, the two major diseases of sugarcane in Louisiana.

AS, a mixture of air and steam was used to treat seedcane stalké
of infected sugarcane by using an experimental oven, a hot air (HA)
oven used for RSD control converted to AS and a newly designed AS
commercial oven.

Tests with AS for RSD and mosaic control were conducted between
1974 and 1977. The period of treatment was mid-August to mid-
November. Treated cane was planted as single one~eye pieces and whole
stalks in the greenhouse, Whole stalks were planted in the field in
replicated plots. Percent germination and disease control were used
to determine the efficacy of AS as compared to HA, the recommended RSD
control treatment in Louisiana,

Initial studies in 1974 using a small experimental oven and trash
free seedcane showed RSD could be effectively controlled by use of AS
at 49°C-4 hr. Later tests showed seedcane with all adhering trash
could be used for AS treatments without affecting the temperature
distribution in the oven, Trash free cane must be used for the HA
treatment.

Test results showed that with AS, the cane stalks reached the
desired temperature in one hour and was maintained at *0.550¢ (11°F)

while HA required 3 to 3 1/2 hr with a difference of h.94% (F3.59F)

xiii



between the minimum and maximum stalk temperature. The quick even
temperature distribution allowed the use of a 53°C-4 hr AS treatment
for commercial use, while HA required a treatment of 54°C-8 hr.

Varieties differed in their sensitivity to AS. L 62-96, CP 67-412
and CP 70-330 were not injured by AS (nonsensitive), while the others
treated were slightly to severely injured (heat sensitive). CP 65-357,
the major variety in Louisiana 1s heat sensitive.

The age of the seedcane (5 to 8 months) was not considered an
important factor in variety reaction to AS. Cane cut for two days
could be successfully treated with AS with all adhering trash,

Tests in 1976 using 53°C for up to 8 hr did not affect the germi-
nation of the varieties nonsensitive to AS. This was an indication AS
was not too detrimental to the immature seedcane. RSD was effectively
controlled at 53°C-4 hr in the commercial oven.

Electron and phase contrast microscope observations confirmed the
absence of the RSD and mosaic causative agents in plants freed of the
two diseases by AS and HA treatments.

Sugarcane mosaic was controlled to a high degree with AS tempera-
tures of 56°C-3 hr and 57°C-2 hr exposure. A rapid rise to the desired
oven temperature, within 30 minutes, was most effective; however,
germination was significantly reduced as compared to seedcane treated
at 53°C-4 hr for RSD control, A restricted input of AS (closure of
some holes in the inlet pipe) improved germination significantly;
however, percent mosalc control was reduced. Further studies are
needed to find the appropriate temperature/time combination with a
given AS input if mosaic and RSD are to be controlled with one AS

treatment,
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Results of these studies were the basis for recommending AS

(53°%-4 hr) as another thermotherapeutic method of controlling RSD in

sugarcane in Louisiana. Growers have revived their RSD control program

because the AS system is not as expensive and requires less labor than

HA.




INTRODUCTION

Ratoon stunting disease (RSD) was first identified as a disease
of sugarcane in Australia in 1944 (63). It has been reported to be one
of the most important diseases in practically all of the sugarcane
growing countries of the world (25, 63). In Louisiana it was first
reported in 1953 (1), and it is now assumed to have been present and
could have been one of the diseases responsible for the almost complete
failure of the industry in th3ﬁ1920‘s (25).

The economic importance of RSD in sugarcane is increased by the
fact that the disease is difficult to recognize due to lack of external
symptoms on the leaves or stalk (33). The losses in yield resulting
-from the disease are accentuated under unfavorable growing conditions
especially under moisture stress in ratoon crops (33). This is apparently
due to the clogging of the water conducting elements by a jelly like
matrix either produced by the coryneform bacterium found associated
with RSD or the host sugarcane plant (37).

The disease is kept under control mainly by planting healthy
material resulting from certain heat treatments and preventing the
spread of the disease after treatment by sterilization of equipment
used to harvest the seedcane for planting (63). The only known method
of spread is by mechanical .means (41).

In 1953 Steindl and Hughes in Queensland showed that infected
seedpieces could be rendered virtually disease-free by heat treatment
either in hot water or in a sealed hot air oven where a range of time'
and temperature combinations would cure the disease without unduly

1



2
affecting the germination (62). When using large scale commercial treat-
ments, 1t was found that complete cure was not always obtained and it
was concluded that treatment over several successive years was necessary
to keep the disease under commercial control (64). Hot water treatment
of the stalk at 50°C for 2 hours was first recommended in Australia;
however, it was found necessary to increase the time to 3 hours to obtain
a very high degree of control (32, 63).

In Louisiana the hot air treatment was adopted as a standard
practice in 1956 because the hot water treatment of 50°C for 2 hours
was detrimental to the very soft and succulent seedcane used for plant-
ing (23, 53, 54). The recommended treatment time with hot air was for
8 hours (total treatment period) with a maximum temperature of 54°C
within the oven (25, 41, 54). The treatment does not adversély affect
germination; however, it allows a small percentage of plants to escape
the curative effect which also occurs with hot water (48, 52).

Treatment of cane with hot air in Louisiana has become a very labor
consuming and expensive operation (57). This is why it was imperative
to find another method of control without severely reducing germination
of the immature cane used for planting disease-free nurseries.

Another heat treatment, aerated steam (AS), a mixture of air and
steam was first used to control grassy shoot disease of sugarcane in
India (20, 21). It had been found that this form of treatment was
superior to other forms of heat for controlling plant pathogens (4).

The development of a new system of controlling RSD in Louilsiana
was a necessity due to the fact growers were reluctant to continue using
hot ‘air due to lack of mechanization of the treatment system and costs

involved (57). The Plant Pathology Department and the Agricultural



Engineering Department at Louisiana State University established in
1974 a combined research program aimed to produce a system of heat
therapy utilizing AS which would augment or replace hot air as the
method for control of RSD of sugarcane in Louisiana. Initial studies
to develop such a system were begun in 1974. Results accumulated
through 1977 relating to RSD and possibly mosaic control and the study
of certain phases of the AS system affecting the efficlency have lead
to a better understanding of this new method of heat treatment now

recommended for control of certain diseases of sugarcane.



LITERATURE REVIEW

One of the most important diseases affecting sugarcane in
Louisiana and the world is ratoon stunting disease (RSD) (25, 63), In
many instances it has been blamed for being the main factor responsible
for the so-called ''deterioration or running out" of cane varieties (25,
62). The disease has been known since 1944 when it was pinpointed as
such in Australia (it was reported first in Louisiana in 1953). A great
deal of research has been conducted to investigate the disease and

develop suitable control measures.

The Economic Importance of Ratoon Stunting Disecase

RSD is recognized as an important disease in most of the sugarcane
producing countries of fhe world (34) and is considered along with sugar-
cane mosalc to be one of the most important diseases in Louisiana and
the southern region of the mainland U.S.A. (51). The disease has been
reported to cause minor losses in the few known tolerant varieties to
very severe losses in the less tolerant ones (33, 56). The ravages
caused by RSD are due to the lack of easily recognizable external
symptoms and the difficulty of observing the suspected causal agent
unless expensive and sophisticated laboratory equipment is used (29, 40,
67) and to easy spread of the causal agent by mechanical means such as
cane knives, harvesters, loaders, cultivation tools and other means used
to handle the seedcane (63). The reluctance of farmers to use the
established treatment methods has been a problem throughout the world

(33, 46). RSD is transmitted through the seedpiece and losses have
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been found to be more severe in the following ratoon crops grown from
the original infected plant cane (33). Moisture stress due to the
plugging of vascular bundles results in reduced plant vigor even in the
plant cane crop (33, 37, 64). 1In fields of intolerant varieties, the
affected stools are shorter, stalks are thinner and an examination of
mature stalks for RSD symptoms reveals the characteristic orange-red
discoloration of the fibrovascular bundles which is the most reliable
of the two visual methods of identification of RSD (33, 63).

The yield of variety POJ 213 1in Louisiana was reduced from 25.9
tons per acre in 1929 to 14 tons per acre in 1934 with especially drastic
declines in the ratoon crops (18). 1In order to determine whether the
decline observed was due to RSD, yleld trials were conducted at the
Louisiana Agricultural Experiment Station between 1957 and 1958. It
was found that even with other diseases present, such as mosaic, the
increase in yield was 36 percent when RSD was eliminated. From these
results it was concluded that the decline of POJ 213 was probably due
to several diseases, RSD being one of the most important (2, 24).

Direct economical losses due to poor yields, combined with the
amount of labor, time and money utilized to overcome other problems
resulting from the presence of the disease, such as increase the use of
herbicides to control weeds in open areas due to lack of germination or
slow growth of the cane,has made the control of RSD of vital importance
in every sugarcane growing area of the world (33). The amount of
research conducted to keep this disease under control is as consider-
able as the amount done to learn more about the identity of the organism

responsible for producing the disease (28, 29, 33, 64, 67).



Searching for the Organism that Causes
Ratoon Stunting Disease

The identity of the causal agent has been a puzzle for patholo-
gists and researchers since RSD was reported from Australia in 1944,
Some progress has been made lately, but the basic question of which
organism is the agent has not been answered completely (15).

Because no microorganism could be associated with the mechanically
transmitted disease, and because the juice from infected plants retalned
its infectivity through extensive dilution, Steindl suggested that the
causal organism was a virus (63). However, attempts to detect the sus-
pected virus were unsuccessful (27, 29). In fact, virus-like particles
observed by means of the electron microscope had failed to show any
relation with the disease (24). The possibility of RSD being produced
by a mycoplasm or a mycoplasm associated with a virus was suggested,
but no supporting evidence was found (38, 55, 66).

From a report published by Plavsic-Banjac and Maramorosch (45)
about the presence of pleomorphic bodies resembling small bacteria in
the xylem of old diseased sugarcane, the search for the unknown organism
has taken a new approach. Numerous reports indicate that a similar
bacterium has been found in the fibrovascular sap extracts of sugarcane
plants affected by RSD (3, 13, 29, 40, 67, 68). Presently, there is an
exhaustive progr;m of research trying to culture the organism and to
find other evidence to show that this bacterium is the one responsible
for the disease (3, 7, 14, 15, 35, 37, 47, 69, 73). More reports have
been presented that fmply that there is a strong correlation between the
presence of such a bacterium and the disease, but it has not been '

possible to reproduce this bacterium in artificlal media and use it for



inducing the disease in healthy plants. Until this step 1is performed
and the complete postulate of Koch is fulfilled, it cannot be stated
with certainty that this bacterium is responsible for RSD of sugarcane
(14). |

Electron microscopy observations of sap from infected cane revealed
that the bacterium is characterized by being pleomorphic, sometimes
septate, with a thin, smooth cell wall and coiled mesosomes containing
rod, It is a long conspicuously branched bacterium 0.15-0,33 ym wide
that can be broken in sections of 1.0-3.5 pum or more in length when
extracted from cane and processed for microscopical observation (29,

36, 37, 67, 68).

Control of Ratoon Stunting Disease

The most effective control of RSD is by planting seedcane rendered
free of the disease by heat treatment and by preventing the recontamina-
tion of the treated seedcane in the propagation nurseries and commercial
fields (63). The most common way of spreading RSD is by cutting or
harvesting cane with equipment that has been utilized in fields where
the disease is present and with no sterilization prior to use in a
field of RSD free cane (64), In order to prevent the apfead of the
disease, equipment such as sugarcane knives, cane samplers, cutting
blades of mechanical harvesters, grabs of grab loader, wagons and shaver
blades should be thoroughly sterilized before use in healthy or treated
cane (64). Sterilization may be by means of boiling water, steam,
flame or utilizing chemicals like methoxy ethyl mercury chloride
(expended with the trade name Aretan), phenyl mercuric acetate, Clerite,

Biosan, and Lysol (25, 63, 72).
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The sugarcane seedcane utilized for propagation or commercial plant-
ing should be obtained from nurseries grown from direct heat treated or
progeny of heat treated seedcane. Retreatment of treated seed is recom-
mended due to the fact that all recommended heat treatments for RSD
control are not 100 percent effective (57). There is no evidence that
RSD 18 transmitted through the trhe seed of sugarcane (63).

Control of Ratoon Stunting Disease by Means of
Resistant or Tolerant Varileties

The use of natural resistance against diseases is practiced widely
for controlling many important diseases of plants including sugarcane
(22, 43, 70).

There is no evidence that immunity against RSD is available in any
of the commercial varieties known in the world except possibly one clone,
H 60-6909 from Hawaii which has failed to transmit the disease to indi-
cator clones after repeated inoculations (16, 17, 72)., The use of such
clones, if more are found, in breeding programs could result in the
availability of commercial varieties immune to the disease (16).

Some degree of tolerance has been found in such commercial varie-
ties as Q. 50, CP 29-116, and CP 52-68, however it is being reported
that the varieties with highly desirable agronomic characteristics

possess a minimum of tolerance* to RSD (56, 63).

#The term "tolerance" is used here to characterize a variety capable of
producing commercially acceptable yield from RSD-infected plants even
though the yield may be lower than that of cane grown free of RSD.



Control of Ratoon Stunting Disease With
Chemicals and Antibiotics

Several chemicals have been found to be effective in the inactiva-
tion of the causal agent of RSD when mixed with the cane julce extracted
from known diseased cane. Numerous workers found that the RSD agent is
inactivated if exposed to: 50% ethyl alcohol, 10% calcium hypochlorite,
1% Dettol (containing chloroxyfenol), 47 formaldehyde, 0,5% Lysol
(containing 507 miscible cresols), 0.1% mercuric chloride, 37 Aretan
(containing 37 methoxy ethyl mercury chloride), 1% phenol, 1.66%

Phenyl (containing emulsified phenols), 1% potassium permanganate,
0.05% alkyldimethylbenzyl ammonium chloride (Zephiran), sodium_azide,
chloroform and n-butanol (26, 67). '

The growing of rooted sugarcane shoots directly In solutions of
three antibiotics of the tetracycline group resulted in many shoots
failing to show RSD symptoms (26). However it seems that in general,
tetracycline type antibiotics have little effect on the causal agent of

this disease through root uptake (55, 67).

Control of Ratoon Stunting Disease by Heat

The need to produce cane free of RSD for commercial planting was
recognized as early as 1953 when use of a system utilizing hot water
was tried to free cane from the disease (62).

.The use of heat for controlling diseases in sugarcane was known
since 1923 when it was recommended for the treatment of sereh, another
important disease of sugarcane (6). The first commercial userf heat

treatment was for the control of chlorotic streak (42).
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From research results, it was found that RSD could be controlled
using a certain range of time and temperature combinations. Some
varieties were found to be sensitive to hot water, however a treatment
of two hours at 50°C was adopted with minimum damage to most commercial
varieties (63). This treatment was found to be successful in many
countries like Australia, Hawaii, Mauritius, Peru, and others where
winters are not cold enoﬁgh to necessitate the use of immature cane for
treatment (63, 64). The treatment was not always satisfactory, however,
and the general conclusion was reached that retreatment over several
successive years was necessary for complete control. The treatment in
Australia was extended to three hours at 50°C which resulted in more
complete cure (64). However, even treating seedcane at three hours in
hot water at 50°C results in some cases of diseased plants (57).

The hot water treatment tank should be fitted with a circulation
pump with a capacity sufficient to circulate the entire tankful of water
at least six times per hour (63). The heat source used is usually
steam giving rapid and constant heat which results in very uniform
temperature distribution throughout the loaded tank (63). Water has a
greater heat capacity per unit volume than moist or dry air. It is also
more lethal to cane for treatment of pathogens with high thermal death
points (6). A short hot water treatment of 52°C for 30 minutes is
utilized under laboratory conditions for material that is introduced
from foreign countries (12). The use of serial treatments at 52°C and
57.5°% for 15 to 30 minutes on three successive days has resulted in
seedpieces giving rise to apparently healthy seedcane (5,12), The treat-

ment of 51°C for 2 hours of 2 cm long single-bud seedlings in Brazil
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resulted in complete control of RSD but the germination among 12 varie-
ties ranged from 30 to 40 percent (49).

In Louisiana, the treatment of cane for confrol of RSD was
practiced exclusively with hot air until 1975 (57). The cane used for
planting in Louisiana is very soft and succulent at the time of plant-
ing, and poor germination usually results from hot water treatment (48,
52). Hot air has been used since 1955, The recommended temperature is
54°C for 8 hours (25). The treatment is conducted in hot-air ovens
constructed with water resistant plywood and heated by gas or electri-
city using a carefully arranged system of blowers and baffles so that an
even and cénétant air temperature is maintained throughout all parts of
the oven (25, 63, 66). The stalks of cane with leaves removed are
stacked in shallow layers on shelves of a rack in the oven which allows
adequate air circulation between each layer. The oven 1s a closed
sealed system to prevent excessive drying out of the cane (53). The
hot air is less detrimental to germination than the hot water (63), but
has the disadvantages of a long 8~hour treatment period (8, 65) and the

need of trash-free cane for the treatment (59).

Control of Sugarcane Diseases With Aerated Steam

The use of aerated steam (AS), a mixture of alr and steam, as a
method for propagule thermotherapy goes back to the 1887-1888 period in
which it was utilized to control smut in oats and barley (4). AS does not
have the disadvantages of other methods generally employed: reduction
of seed germination with hot water, and very long exposure with hot air
(4). Vapor-heat treatment was used to kill eggs and larvae of insects’

in fruits, vegetables, and ornmamentals, with notable success (31, 39).
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AS treatment if properly applied is considered a promising method for
freeiné seeds from pathogens (4).

The use of AS as a new method for RSD contrel was first recom-
mended by the Department of Plant Pathology of the Louisiana
Agricultural Experiment Station in 1976 (10, 59). Recommendations were
made for its commercial use after two years of extensive research by the
Department of Agricultural Engineering working on oven designs and
slzes, AS generating units, methods of handling the seedcane before
and after treating and testing the idea of treating the cane with all
adhering trash on temperature distribution (58, 59). During the same
period, members of the Department of Plant Pathology were testing the
efficacy of different temperature/time combinations with AS on the
germination of seedcane of the released and unreleased Louisiana
varieties, RSD control and effects of different methods of stacking
the cane stalks in the oven on germination and RSD control .(10).
Initially the AS heat treating system consisted of a small experimental
treatment chamber (3' x 6'x 3') in which full length stalks of trash free
cane were stacked in layers 6" thick (8, 10). The steam generating unit
consisted of an automotive-type steam cleaner rated at 100 gallons per
hour. The moist steam generated by the unit passed through an accumu-
lator tank prior to use in the oven. The accumulator served to remove
the excess moisture or condensate through an excess steam bypass valve.
The pressure used to operate the system was 30 psi which was regulated
by a pressure control valve., After the AS was purged of the excess
condensate, it was taken from the top of the accumulator tank and passed
through a modulating steam control valve which regulated the sieam

inflow into the oven thus maintaining the desired oven temperature (11).



