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ABSTRACT
An organomercurial fungicide was more effective than
non-mercurial fungicides in killing sclerotia of Rhizoc-

tonia solani but other fungicides were equally effective

in controlling hyphal growth from germinating sclerotia
(on agar) and the development of infection damage on

sprouts (pot tests).

Despite infection damage to young sprouts and stolons
resulting from planting !'scurfed seed the only significant
effects on a potato crop were contamination of tubers With
black scurf and a change in the progeny tuber size-class
distribution; the latter was dependent upon the extent

of contamination of seed tubers.

Isolates of R. =zolani as sclerotia from English grown
tubers were shown to differ in their ability to infect and
kill potato sprouts, however, most (80%) isolates killed

more than 50% of sprouts within 21 days.

The pathogenicity of potato sclerotial isolates of
R. solani to several crop seedlings was also investigated.
In pot tests post-emergence damping-off was only recorded

genexrally for tomato and sugar beet.

Isolates of R. solani from other cror plants were less
pathogenic to potato sprouts than the potato sclerotial
isolates although isolates from wheat, sugar beet and

cabbage produced lesions on some sprouts.

A decrease in susceptibility to infection by R. sol: i
with increase in age of potato sprout was sicmonstrated.

Further, an increase in resistance to infection of sprouts



was associated with greeming as shown by the absence of
infection of greened sprout tips and also by the low level

of infection of sprouts greened along their length.

Seven potato sclerotial isolates of R. solani persis-
ted equally well in a loamy soil for 200 days with no loss
of pathogenicity. Persistence of R. solani in soil was
unaffected by cropping with barley, wheat or grass, but
the addition of potato or weed foliage caused temporary
changes in the level of fungus isolated from contaminated

soils.
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GENERAL INTRODUCTION

The term 'black scurf' describes the superficial

sclerotia of the fungus Rhizoctonia solani Kuhn on a

potato tuber, a condition which occurs on about 20% of
King Edward and Majestic seed tubers planted in England
and Wales each year (Hide, 1967; Hirst, Hide, Griffith

and Stedman, 1970).

These sclerotia can act as a source of inoculum for
infection of the underground sprouts, producing a 'stem
canker! phase of the disease in which stems may be girdled
by dark brown, sunken lesions. Stolons are also suscep-
tible to infection and lesions may sever young, developing

tubers from their food supply (Glendinning, 1965).

However, final yield of tubers is not usually affec-
tedrby this disease but crusty, black sclerotia ('dirt
that won't wash off!') detract from the appearance of

washed tubers and may reduce their saleable value.

Investigations have been carried out into various
aspects of this disease including the ability of the
fungus to persist in soil in the absence of a host plant,
the factors which may influence the infection of young
sprouts, and fungicidal control of the tuber-borne

sclexotia.



SECTION 1 FUNGICIDAL CONTROL OF TUBER-

BORNE RHIZOCTONIA SOLANT

1.1 Introduction and Literature Review

Laboratory testing of chemicals agairnst the funsus

Sanford (1937) and Kooistra (1971) considered that the
effectiveness of chemical treatments against R. solani
could be investigated quickly and at relatively small cost
in the laboratory, and that preliminary data about dosage

rates and dipping times could be obtained this way..

Sanford and Marritt (1932) reported that the varia-
bility in size and texture of the sclerotia on any sample
of contaminated potatoes was often very marked. They found
that the thickness of sclerotia should be taken into account
when determining strength of disinfectant and dipping time

periods.

Graham, Srivastava and Foister (1957) dipped tubers
with negligible, thin, medium and thick sclerotia in var-
ious solutions in the laboratory to simulate commercial
seed tuber dipping practices. The efficacy of the treat-
ments was judged by observing the gefmination of sclerotia
from the various sclerotia size cilasses on potato dextrose

agar,

Disease development in field

Although R. solani can survive saprophytically in the
soil (Blair, 1941) it is generally considered that tuber-
borne inoculum is the most important source of infection

(Van Emden, Labruyere and Tiemelaar, 1966; Hide, Hirst and



Stedman, 1973).

Small (1943) and James and McKenzie (1972) reported
that yields from clean and contaminated seed tubers were
not significantly different, and Hide et al. (1973) found
that R. solani did not frequently decrease yield signifi-
cantly in their experiments. From King Edward and Majestic
crops their average yields from severely affected seed was
7% less than from clean seed, about the least difference
that contemporary field experiments can measure signifi-

cantly (Hirst, Hide, Stedman and Griffith, 1973). .

However, Small (19473) foﬁnd that fewer tubers, exclud-
ing 'chats', were produced on plants raised from seed
bearing black scurf. Hide et al. (1973) reported a similar
effect on tuber size distribution from scurfed tubers, such
that compared with clean seed, severely infected King
Edward seed yielded slightly more chats ( 1% in, 3.8 cm)
and fewer large tubers (2% - 3% in, 5.7 - 8.3 cm). Hide
et al. (1973) suggested that because R. solani usually
attacks only a proportion of stolons, tubers on unaffected
stolons might get extra nutrients and become larger. Then,
continuing infection 6f stolons during growth (Glendinning,
1965) may stimulate production of new tubers and so increase
the number of small tubers, some of which might not be

harvested.

Hide et al. (1973) also found that contaminated seed
sometimes delayed emergence of plants but did not affect
final plant populations and that crops from moderately and
severely contaminated seed had more black scurf on tubers

than did crops from clean seed.



James and McKenzie (1972) planted seed pieccs classi-
fied into three disease categories; 0 - 1%, 1.1 - 5%,
5.1 - 15%, according to the percentage of the surface
covered by sclerotia. The differences between disease
categories, in the amount of black scurf on the seed were
perpetuated on the progeny tubers although the overall
level of black scurf was lower. vIn the experiments of Hide
et al. (1973) black scurf on progeny tubers was usually

related to its presence on the seed, but the produce from

10

moderately and severely affected seed tubers often had almost

equal black scurf.

Control of disease by use of chemicals

Graham (1960) reported that large scale commercial
disinfection of seed potatoes against R. solani and other
tuber borne diseases by dipping in fungicidal solutions had
been carried out in Scotland on an experimental basis prior
to 1939. Then the process was mechanised so that large
gquantities of potatoes were washed free of soil and dis-
infected each year, mostly for export to African countries.
Graham investigated a number of organo-mercury disinfec-
tants and concluded that solutions of substances such as
methoxyethyl mercury chloride contvaining 100 ppm of mercury
were generally most suitable. However, he noted that these
substances, with or without the wetting agents which
enhanced the effectiveness of the mercurial sc utions, did
not prevent all sclerotia on tuber surfaces from germinat-

ing.

Hide et al. (1969) also pointed out that disinfection

of seed tubers, either physical (hot air, hot water treat-



ments), or with chemicals such as the org.nomercurial
fungicides, seldom completely eradicated tuber-borme patho-

gens.

Further, they found that these methods were incdnven-
ient and hazardous to use, and provided no protection teo
the plant during crop growth against surviving inoculum,
whether derived from the tubers or the soil. They hoped
that systemic fungicides might be able to penetrate stored
seed tubers and survive at least the early part of growth
and so combat diseases during storage and attack from soil
borne inocula during the growth of the crops. Results from
their experiments suggested that systemic fungicides may
prove useful in decreasing the incidence of several tuber

borne fungal pathogens.

The experiments reported in this section comprise both'

field and laboratory tests which investigated the following:-

(a) the effeet of planting seed tubers bearing
sclerotia of R. solani on the development of a field crop

of potatoes,

(b) the effect of planting seed tubers bearing
different levels of black scurf on progeny tubexr produc-

tion.

(¢) the relative efficacy of an organomercurial
fungicide, and several systemic fungicides in controlling

disease caused by Rhizoctonia solani.

(d) the effect of pre-, and post-storage fungicide

dipping of seed tubers bearing sclerotia of R. solani on

11



" sprout infection damage.
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1.2 Materials and Methods

Potato tubers

In late Autumn of each year seed size (c. 1% in, 4 cm
diameter) tubers var. Pentland Crown, King Edward or Maris
Piper were picked by hand from washed stocks on processing
lines at Sutton Bridge Experimental Station, Lincolnshire.
The wet tubers were selected as 'clean', i.e. visibly free
from sclerotia of R. solani, or as scurfed tubers, air-
dried, then stored on chitting trays in a dark well
ventilated shed maintained at 6°C. Tubers were then chosen

for experimental purposes and classified as follows:-

Clean () _ No sclerotia of R. solani visible to the naked
eye

Lightly contaminated (1) - All tubers have some sclerotia
but mostly small (1/8 in, 3mm) and thin

Moderately contaminated (2) ~ All ‘tubers have many sclero-
tia some large (¥ - 3/8 in, 6 - 10 mm)

Heavily contaminated (3) - All tubers have many large,

thick sclerotia

Viability of tuber-borne sclerotia

Thé viability of tuber-horne sclerotia was tested
before and after a storage period of four months by remov-
ing thirty sclerotia from the surfaces of randomly selected
tubers and incubating them on potato dextrose agar at 2500.
All sclerotia tested, both before and after storage, ger-

nminated within 48 h.

Fungicides

The following fungicides were tested against R. solani

13



either in laboratory and pot tests oxr in the field.

a)

b)

d)

g)

Aretan '6' - (I.C.I. Plant Protection Ltd.) (Methoxy-

ethyl mercury chloride) obtained as a powder containing

Benomyl - (E.I. du Pont de Nemours and Co. (Inc.))

(N- 1 - (butylcarbamoyl)-2-benzimidazole carbamate)
obtained as a wettable powder containing 50% a.i.
Folecidin - (Bayer Ltd.) (1-5(cyanopentylcarbamoyl)-2-
(methoxycarbamyl amino)-benzimidazole) obtained as a
wettable powder containing 50% a.i.

Fongoren - (Ciba Geigy) (bis-(5-acetyl-8-hydroxy-
quinoline)-sulphate) obtained as a wettable powder con-
taining 20% a.i.

Plantvax - (Uniroyal Inc.) (2,3—dihydr&—6—methy1—5—
phenyl carbamoyl-1,4 oxathiin 4,4 dioxide) obtained as
a wettable powder containing 70% a.i.

Thiabendazole - (Merck Sharp and Dohme Internationale)

(2-(4*~thiazoyl) benzimidazole) obtained as a wettable
powder containing 60% a.i.

Vitavax - (Uniroyal Inc.) (2,3-dihydro-6-methyl-5-
phenylcarbamoyl-1,4 oxathiin) obtained as a wettable

powder containing 75% a.i.

Tubexr trcatments

AL tubexr treatment was by dipping in a freshly pre-

pared solution/suspension of the fungicide in distilled

water, after which tubers were air-dried overnight in a

dark room at 1000.

14



Pathogenic isolate of R. solani

A pathogenic isolate of R. solani (isolate R17) was
obtained from a sclerotium on a potato tuber (var. Pentland
Crown) grown at Silwood Park, Berkshire in 1974, and was

maintained on potato dextrose agar at 20°%¢

Experimental Methods

1. The effect of different fungicides in agar against

Rhizoctonia solani

Plastic petri dishes (sterilin) containing 25 ml of
agar with 0, 10, 100 or 1,000 ppm a.i. of fungicide were
prepared by mixing, then pouring 20 ml of potato dextrose
agar and 5 ml of the appropriate serially diluted ‘'stock’
solution/suspension of sterile distilled water containing
5,000 ppm a.i. of the fungicide. The plates were cooled,
and left with lids just open in a lawinar flow, clean air
cabinet (Pathfinder (environmental) 1974 Ltd.) to ensure
drying of the agar surface. Three replicate plates of each
fungicide/concentration combination, and three control
plates (without fungicide), were inoculated at the centre
with a 4 mm diameter disk of potato dextrose agar cut with
a sterile cork borer from just behind the colony edge of a
culture of isolate Ri7, by placing the disk 'mycelium down-
wards! onto the agar surface. The plates were incubate. at
2000, then at time intervals of 24 h fungal growth on each
plate was determined by calculating the mean colc:y diameter
(mm) from the largest diameter of the colony and the colony

diameter at right angles to the largest.

15
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2, The effect of fungicide dipping treatments on

tuber borne sclerotia of R. solani

Tubers with a moderate sclerotial contamination were
dipped in water or in aqueous solutions/suspensions of the

fungicides as follows:-

5 minutes - Water (Control), Aretan (0.015% a.i.),
Benonmyl (1% a.i. and 0.1% a.i.), Plantvax (1% a.i.),

Thiabendazole (1% a.i.), or Vitavax (1% a.i. and 0.1% a.i.)
3 minutes - Folecidin (0.5% a.i.)

Concentrations of dipping suspensions and dipping
times were based on the recommendations of manufacturers.
After treatment tubers were air-dried for 24 h or rinsed
immediately for 10 seconds in cold running tap water to
simulate natural leaching processes, then allowed to dry.
A number (2. 8 ~ 13) of three types of sclerotia classified
as thick, mediuwm and thin were removed from treated tubers
and incubated for 24 h at 2500 on potato dextrose agar plates.
Treatments were assessed from germination (%) of, and

growth of hyphae (mm) from sclerotia.

Also, tubers treated as above were planted in Vermi-
culite moistened with Long Ashion Nutrient Solution
(Appendix) in black plastic pots and incubated at 16OC for
21 days. Sprouts were assessed for disease and scored

according to the following scaie:-

0 = no disease
1 = necrotic flecking
2 = small lesion(s) (4 x 2 mm)

3 = many small, few larger (10 x 5 mm) lesions



4 = large, spreading lesion(s) not girdling sprout

5 = lesion girdled sprout or sprout killed.

1
3. The effect of nre- and post-storage dip treat-

ments of conbaminated seed tubers with organo-

mercury and systemic fungicides on disease

development on sprouts

Tubers (var. Maris Piper) with a light to moderate
contamination of R. solani scierotia were treated either
before storage (10.12.75) or after storage (i2.4.76) as
follows:- ‘

(a) 5 min dip in suspension of Aretan 6 containing
150 ppm a.i.

(p) 5 min dip in a suspension of Benomyl containing
10,000 ppm a.i.

(¢) 1 min dip in a suspension of Fongoren contain-
ing 5,000 ppm a.i. |

(d) 5 min dip in a suspension of Thiabendazole con-
taining 10,000 ppm a.i.

(e) 5 min dip in a suspension of Vitavax containing
10,000 ppm a.i.

(f) 5 min dip in distilled water (Control treatment).

Treated tubers were sown in field soil contaminated
with R. solani (2% by volume of Vermiculite inoculum; see
Section 2), or in uncontaminated field soil, in black
plastic pots and incubated at 12°¢ for 21 days. Infectién
damage of sprouts was assessed and scored as described

above,

17
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4, Effect of planting tubers with different amounts

of black scurf, and chemical treatment on progeny

tubers
Seed tubers (var. Pentland Crown) were selected and

treated as follows:-

1. clean, untreated
2. light sclerotial contamination, untreated
3. moderate sclerotial contamination, untreated
4, moderate sclerotial contamination, 5 min dip
in a suspension of Benomyl containing 1% a.i.
5. moderate sclerotial contamination, 5 min dip in

a suspersion of Vitavax containing 1% a.i.

The field which had been cropped with barley in 1973
was cultivated, ridged and seed was planted by hand, 4 in
deep on top of the ridges, 27 in apart. All treatments,

each 10 tubers, in triplicate plots were fully randomized.

The crop was lifted by hand (18.9.74) 26 weeks after
planting. Yield, tuber number and tuber size class distri-
bution were determined and contamination with sclerotia was

assessed soon after lifting.

(5) The effect of planting R. solani contaminated

tubers on crop 4dcvelopment, and the control of

disease by chemiril seed treatment

Clean tubers (var. Maris Piper) and tubers with a
light to moderate contamination of R. solani sclerotia

were treated as follows:-

1. 5 min dip in cold, distilled water (Control)



2. 5 min dip in suspension of Aretan '6', containing
150 ppm a.i.

3. 5 min-dip in suspension of Vitavax containing
10,000 ppm a.i.

4, 5 min dip in suspension of Benomyl containing

10,000 ppm a.i.

The field which had not !.:en cropped to potatoes for at
least 6 years was cultivated, ridged and seed was planted
by hand 5 in deep on top of the ridges, 27 in apart. All
treatments (total of 60 tubers per treatment) were sown in
triplicate, fully randomized plots in each of three repli-
cate blocks, and 'guard rows' were sown between each plot

and also between, and at the edge of all blocks.
The crop was examined and assessed as follows:-

After 6 weeks - Plants in Block i for sprout death and for

infection damage (according to the scale described above),
-} number of sprouts produced per seed tuber.

After 10 weeks - Plants in Block 2 for number of plants

emerged, and infection damage to stolons was assessed and
scored accoxding to a scale similar to that described above
for sprout infection damage.

After 25 weeks — The number of emerged plants was counted,

then crop was lifted by hand. The yield, total number of
tubers, tuber size class distribution and contamination

with black scurf were all assessed soon after lifting.

Statistics

A1l data was analyzed by statistical tests given by

Sokal and Rohlf (1969)
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(a) Analysis of Variance

(b)

Least Significant Difference (L.s.d.)

20



1.5 Results

The effect of different fungicides in agar on the

growth of Rhizoctonia solani

No fungal growth occurred on agar with 10, 100 or 1,000
ppm a.i. of either Aretan, Fongoren or Thiabendazole fungi-
cides (Fig 1.1). All other fungicides reduced growth of
R. solani. Benomyl (10 ppm a.i.) was as effective as
Vitavax (100 ppm a.i.) and more effective than Vitavax
(10 ppm a.i.) and Plantvax (10 ppm or 100 ppm a.i.) in

controlling hyphal growth on agar.

The effect of fungicide ipping treatments on tuber-borme

sclerotia of R. solani

a) Germination of sclerotia from treated tubers

Aretan dipping treatment prevented the germination of
between 66 and 100% of sclerotia and was significantly
(p<0.01) more effective than all other fungicide treat-
ments in this respect (Table 1.1). Benomyl and Thiaben-
dazole treatments each inhibited the germination of about
10% of sclerotia, but other dipping treatments had no

lethal effect.

b) Hyphal srowth of germinated scierotia from

fungicide treated tubers

Aretan, Thiabendazole, Benomyl (10,000 ppm a.i.),
Vitavax (10,000 ppm a.i.) and Plantvax treatments were
similarly effective in significantly reducing the hyphal
growth from germinated sclerotia (Table 1.2), but Bernomyl
(1,000 ppm a.i.) Folcidin and Vitavax (10,000 ppm a.i.) dip

treatments caused no significant reduction compared with



Diameter (mm) of fungal colony (Mean of 3 repli-

cate plates)

60 ‘ ' : | ' -" ‘ No fungal growth

occurred on agar
with Aretan,
Thiabendazole or

Fongoren fungicide

10 ppm Benomyl
1]

| 40 60 80
h incubation at 2000

Figure 1.1 Effect of different fungicides in agar on the growth of Rhizoctonia solani



Table 1.1 Germination (%) of thick, medium and thin sclerotia of Rhizoctonia solani rémoved

from surface of fungicide treated tubers

Dip ppm Thick

Treatment a.i. 1
Water (Control) - 100
Aretan 150 25
Benomyl 10,000 100
Benomyl 1,000 100
Folecidin 5,000 100
Plantvax 10,000 100
Thiabendazole 10,000 100
Vitavax 10,000 100
Vitavax 1,000 100

Thickness of Sclerotia
Mean® 94,5

a L.s.d. = 37.6 (p<0.01)

b Mean values from 8-14 sclerotia, after 24 h

¢ L.s.d., = 15.8 (p <0.05)

1 Unwashed after fungicide treatment
2 Washed after fungicide treatment

i 2
Germination (%) of sclerotia D

100
100
85.7
100
+00
100
90
100
100

Thickness of Sclerotia

100
0
100
100
100
100
100
100
100

Medium

100
0
100
87.5
100
100
100
100
100

88.2

1

100
L4
100
100
100
100
92
100
100

Thin

100

92.3
100
100
100
100
100
100

90.5

incubation on P.d.a. at 2500

Treatment

a
Mean®

100

28,2 **
96.3
97.9

100

100

97

100

100

€T



Table 1.

2

Dip
Treatment

Water (Control)

Aretan
Benomyl
Benomyl

Foleidin

Plantvax

Thiabendazole

Vitavax

Vitavax

Thickness of

O OT®

c
Mean

L.s.d.

ppm
a'l.

150
10,000
1,000
5,000
10,000
10,000
10,000
1,000

clerotia

= 4.5 (p=0.05)
Mean values from 8-14 sclerotia, after 24 h 1ncubat10n on P.,d.a, at 25 C
L.s.d. = 2.6 (p=0.05)

in fungicide suspensions

Thick

2

1 2 1 b
Hyphal growth (mm.) from sclerotia

5.9
0.2
0.7
4,8
6.7

Thickness of Sclerotia
Medium

8.2

0

L1 I \v B oo TS SR | NS v
W Y = O WO\

Tubers unwashed after fungicide treatment

Tubers washed after fungicide treatment

6.7
0
0.5
4,7
L1
2.6
0.1
2.3
2.2

Ui oy = O W
*
R

0.1
2.5

Hyphal Growth (mm.) of Rhizoctonia solani from sclerotia removed from tubers dipped

Treatment

a
Mean

AN O WUt B O W
W Ul o O @ O O =

144



hyphal growth from control sclerotia.

Both untreated, thick sclerotia and thick sclerotia
from tubers dibped in vitavax (1,000 ppm a.i.) gave sig-
nificantly greater growth of hyphae than all other chem-
ically treated sclexrotia types, but generally the thickness
of treated scierotia did not significantly affect the

efficacy of fungicidal treatment.

Also, washing tubers immediately after fungicidal
treatment did not significantly afifect either the germina-
tion of sclerotia or the hyphal growth from germinated

sclerotia.

¢) Infection damage on sprouts from treated tubers

Benomyl (10,000 and 1,000 ppm a.i.) and Vitavax
(10,000 ppm a.i.) tuber treatment prevented death and
infection damage of sprouts by R. solani, but Aretan,
Folecidin, Plantvax and Thiabendazole tuber dips, but not a
Vitavax (1,000 ppm a.i.)dip, also prevented sprout death
and significantly reduced the level of non-lethal infection

damage to sprouts. (Table 1.73).

1
The effant of pre- and post-storage dip treatments of

scurfed tubers on Rhizoctonia infcetio: damage of sprouts

When both treated and untreated tubers were sown in
infe§ted soil between 60 and 76% of all sprouts were killed
by the fungus, but inZ:;fested soil only sprouts from con- -
trol tubers were killed (Table 1.4). All treatments (pre-
storage and post-storage dips) were therefore effective

against tuber-borne but not soil-borne inoculum of R.

solani, and the time of treatment did mot significantly

25



Table 1.3 Infection damagea by Rhizoctonia solani of primary sprouts from fungicide treated

seed tubers sown in Vermiculite

Dip Treatment ppn Number % Primary Sgrouts Primary Sprou%
a.i. Sprouts Killed Disease Score
per Treatment

Water (Control) - 31 9 1.20

Aretan 150 32 0 * 0.1 *
Benomyl 10,000 28 0 * 0 *
Benomyl 1,000 36 0 * 0o %
Folcidin 5,000 52 0 % 0.4 *
Plantvax 10,000 58 o * 0.1 *
Thiabendazole 10,000 32 0 * 0.1 *
Vitavax 10,000 37 0 * 0 *
Vitavax 1,000 59 | . 4,7 0.5

L.s.d. (p<0.05) 6.9 0.7

a after 21 days incubation at 16°C

b Mean values from sprouts of 11 replicate tubers

9T



! -
Table 1.4 The effect of pre~ and post-storage fungicide dipping treatments of scurfed tubers

on Rhizoctonia solani infection of sprouts

Dip _ Ppm
Treatment a.i.
Water (Control) -
Aretan 150
Benomyl 10,000
Fongoren 5,000
Thiabendazole 10,000
Vitavax 10,000

Pre~storage Treatment

1

76
60,4
67.7

72

73

61

2

Post-storage Treatment

1

% sprouts killed after 21 days at 12°C

45
0

63
65
75
74
60
62

a Mean values from a total of 16 replicate tubers, L.s.d. = 12.3 (p<0.05)

1 Tubers sown in Rhizoctonia solani infested soil

2 Tubers sown in uninfested soil

2

14

Treatment
Meana
49.5
31,4 %
35.7 %
36.6 %
33.2 ¥
30.8 *

LT



affect the control of the disease.

The effect of planting tubers with different amounts of

black scurf, and chemical treatment on progeny tubers

The yield and number of tubers produced from clean,
contaminated and contaminated fungicide treated seed tubers
were not significantly different and all harvested tubers
were free from black scurf (Table 1.5). A significantly
larger number of tubers occurred in the largest and
smallest ((a) + (d)) size classes produced from moderateiy
contaminated, untreated seed tubers than from lightly
contaminated, untreated tubers (p £ 0.05) and from clean
tubers (p < 0.01). There were, however, no significant
differences in the size class distribution of progeny
from moderately contaminated, treated tubers or lightly

contaminated, untreated tubers and clean tubers.
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Table 1.5 Effect of Black Scurf Level and chemical treatment of seed tubers on progeny number,

yield and size class distribution

Seed scurf Total No.® Total Yield?® No. of tubers per size (diam. in) class as.% of Total?
and dip treatment Tubers (Kg) (a) 3 (b)) 2~3 (e¢) 13-2 (a) 1¥ (a) + (d)b
A 172 28,04 5.81 54,65 29,65 9.88 ’ 15.69
B 182 28,88 ' 7.14 47,80 34,61 10.43 17.57
C 215 32,87 9.30 48,37 26.97 15.34 24,64 *¥
D 201 29,78 5.97 47,76 31,84 14,49 20.39
E 225 27.14 4,44 . 36.00 44,88 14,66 19,10

A = clean, water (control); B = light contamination, untreated; C = moderate contamination,
untreated; D = moderate, Benomyl (10,000 ppm a.i.); E = moderate, Vitavax (10,000 ppm a.i.).

a Mean values from 3 replicate plots, 10 plants per plot
b L.s.d. = 6.24 (p<£0.05), 8.87 (p< 0.01).

6T
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The effect of planging Rhizoctonia solani contaminated

tubers on crop development and the control of disease by

chemical sced treatment

(a) After 6 weeks  (Tables 1.6, 7 and 8)

Scurfed tubers gav. rise to significantly more
(p £ 0.01) sprout infection damage, and greater numbers
of killed sprouts than did clean tubers. However, Benomyl
but not Aretan or Vitavax dipping treatment of contam-
inated tubers significantly reduced both infection damage
and numbers of killed sprouts compared to untreated
tubers. The presence of sclerotia on seed tubers did not
affect the number of sprouts produced per tuber. However,
Aretan but not Benomyl treatment resulted in significantly
fewer (p £ 0.01) sprouts per tuber than from Vitavax

treated or untreated tubers.

(b) After 10 weeks (‘rebles 1.9 and 10)

After 10 weeks there was poorer emergence of plants
from scurfed tubers than from clean tubers. Further,
Aretan and Benomyl treatments resulted in a significantl -
(p =< 0.01) poorer emergence of plants compared with contiol
treatment, Aretan treatment giving rise to significantly
poorer Q)SQCL01) emergence than both Benomyl and Vitavax
treatments. Significantly greater infection damage of
stolons resulted from planting scurfed tubers, and seed
treatment significantly reduced stoion damage by R. solani
compared to control treatment. There was, however,
significantly less disease on stolons of plants from

Aretan treated seed compared with Vitavax treated seed.
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Table 1.6 Effect of seed tuber | black scurf and
chemical treatment on sprout death 6 weeks

after planting

Dip ppm Tuber Inoculum Treatment:
Treatment a.i. clean black scurf Mean®

c
% sprout death

Water (Control) - 0 72.6 | 12.1
Aretan 150 6.4 50 ,8'9
Vitavax 10,000 0 69.4 11.6
Benomyl 10,000 0 0 0 *-
Inoculum
level meanb 0.5 16.0 *¥

a L.s.d. = 14.3 (p £ 0.05)

b L.s.d. = 10.1 (p £ 0.05), 14.0 (p < 0.01)

¢ Mean values from 3 replicate plots, 1-5 plants per
plot



Table 1.7 Effect of seed tuber black scurf and
chemical treatment on sprout infection

damage 6 weeks after planting

Dip ppm Tuber Inoculum Treatment
Treatment a.i. clean black scurf Mean®

Disease Indexd

Water (Control) - 0.2° 1.7 5.4
Aretan 150 0.3 0.9 3.5 ¥
Vitavax 10,000 0.4 1.6 5.9
Benomyl 10,000 0.6 0.6 3.6 *%
Inoculum level

meanb 0.4 1.2 **

a L.s.d. = 0.7 (p £0.05), 0.9 (p < 0.01)
b L.s.d. = 0.5 (p £0.05), 0.6 (p< 0.01)

¢ Mean values of 3 replicate plots, 1-5 plants
per plot

d on scale from 0 = no disease to 5 = sprout girdled
and/or killed
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Table 1.8 Effect of seed tuber black scurf and
chemical treatment on number of sprouts

produced per tuber, 6 weeks after planting

Dip ppm Tuber Inoculum Treatment
Treatment a.i. clean black scurf Mean®
Number of Sprouts

per Tuber®

Water (Control) - 5.5 4.8 5.2

Aretan 150 2.3 3.6 2.9 ¥¥%
Vitavax 10,000 5.4 6.0 5.7
Benomyl 10,000 4.0 5.0 4.5

Inoculum level

meanb 4.3 4.8

a L.s.d. = 1.6 (p < 0.05), 2.2 (p < 0.01)

b L.s.d. = 1.1 {(p £ 0,05)

¢ Mean values of 3 replicate plots, 1-5 plants
per plot



Table 1.9 - Bffect of seed tuber black scurf and

chemical treatment on plant emergence 10

weeks after planting

Dip ppm Tuber Inoculum Treatment

Treatment a.il. clean black scurf Meana

% plent emergence

Water (Control) - 76.3 96.0 86.2
Aretan 150 24,7 40.3 32.5 %%
Vitavax 10,000 69.0 71.3 70.2
Benomyl 10,000 53.7 69.73 61.5 **

Inoculum level

Meanb

69.73 55.9 *
a L.s.d. = 15.9 (p £ 0.05), 22.0 (p £ 0.01)
b L.s.d. = 11.3 (p < 0.05)

Lo d

¢ Mean values of 3 replicate plots, 1-5 plants per
plot
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Table 1.10 Effect of seed tuber black scurf and
chemical treatment on stolon infection

damage 10 weeks after planting

Dip ppm Tuber Inoculum Treatment

Treatment a.i. clean black scurf Meana

Stolon Infection

Damaged
Water (Control) - 0.11° 0.60 . 0.3%6
Aretan 150  0.13 0.04 0.09
Vitavax 10,000 0.11 0.93 0.52
Benomyl 10,000 0.19 0.09 0.14
Inoculum level
Mean® 0.14 0.42 %

a L.s.d. = 0.36 (p £0.05)
b L.s.d. = 0.25 (p <£0.05)

¢ Mean values per stolon of three replicate plots,
1-5 plants per plot

d On scale 0 = no disease to 5 = stolon girdled
and/or severed
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(c) After 25 weeks (Tables 1.11 - 15)

The planting of seed tubers with black scurf did not
significantly affect final plant emergence, the total
number of tubers produced per plant, the yield of tubers
per plant or the progeny tuber size class distribution
compared with that from planting clean tubers. However,
Aretan treated seed significantly reduced plant emergence,
total number of tubers formed and yield of tubers compared
to untreated seed. Significantly more (p < 0.01) black
scurf resulted on progeny tubers from scurfed seed tubers
than from clean tubers, and all chemical seed treatments
significantly reduced the amount of black scurf on progeny

compared to control treatments.



Table 1.11

Dip

Treatment

Water (Control)

Aretan

Vitavax

Benomyl

Inoculum level

Meanb

a L.s.d.

b L.s.d.
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The effect of seed tuber black scurf and

chemical treatment on emergence of plants,

25 weeks after planting

150

10,000

10,000

]

|

13.76 (p

Tuber Inoculum Treatment
clean black scurf Meana

% Plant Emergence®

93.3 93.3 93.3
46.7 60.0 53.3 *x
66.7 86.7 76.7
86.7 80.0 | 83.4
73.5 80.0

19.45 (p <£0.05), 27.30 (p < 0.01)

< 0.05)

¢ Mean values from 3 replicate plots, 1-5 plants/

plot



Table 1.12

Dip

Treatment

Water (Control)

Aretan

Vitavax

Benomyl

Inoculum level

Meanb

a L.s.d.

b L.s.d.
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The effect of seed tuber black scurf and

chemical treatment on the total number of

progeny tubers produced 25 weeks after

planting

150

10,000

10,000

= 4,2 (p

¢ Mean values per

plants

per plot

Tuber Inoculum

clean

black scurf

Total number

tubers/plant?
11.4 22.9
9.7 11,53
18.5 18.1
16.0 15.8
13.9 16.5

< 0.05)

plant from

Treatment

a
Mean

17.1

10.5 *

18.2

14,9

replicate plots, 1-5



Table 1,15

Dip

Treatment

Water {(Control)

Aretan

Vitavax

Benomyl

Inoculum level

Meanb

a L.s.d.

b L.s.d.

The effect of seed tuber black scurf and

chemical treatment on the yield of progeny

tubers 25 weeks after planting

150

10,000

10,000

= 0.25 (p

= 0.18 (p

Tuber Inoculum Treatment
clean black scurf Meana
Yield (Kg)
per plantC
0.56 0.94 0.75
0.35 0.51 0.43 *
0.68 0.66 0.67
0.86 0.90 0.88
0.61 0.75
< 0.05)
£ 0.05)

¢ Mean values per plant from 3 replicate plots,
1-5 plants per plot
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Table 1.14

Dip

Treatment

Water (Control)

Aretan

Vitavax

Benomyl

Inoculum level

Meanb

a L.s.d.

b L.s.d.

40

The effect of seed tuber black scurf and

chemical treatment on black scurf level

of progeny tubers 25 weeks after planting

150

10,000

10,000

= 0.4 (p

Tuber Inoculun

clean = black scurf

black scurf level

c
of progeny

0 1.5
o 0

o 0.3
0 0.5

4 0.05), 0.6 (p £0.01)

= 0.3 (p £ 0.05), 0.4 (p=<0.01)

Treatment

a
Mean

0.7

¢ Mean values from 3 replicate plots (tubers visually
estimated for black scurf level on a scale 0 =
clean to 3 heavily contaminated)



Table 1.15 "Effect of seed tuber black scurf and chemical treatment on progeny tuber size-class

distribution
Seed scurf Tuber Inoculum
and dip treatment clean _ black scurf
No. tubers per size (diameter in.) class as % of total®
(a) 1% (b) 1% - 23 (c) 2% - 3% (a) 13 (b) 15 - 2% (c) 2% - 3%

ppn

a,1i,
Water (Control) - 61.9 34.7 3.4 70.0 25,0 5.0
Aretan 150 73.8 21 5.2 : 70.2 24,53 5.5
Vitavax 10,000 73.7 23.4 | 2,9 . 70.1 24,0 5.9

Benomyl 10,000 59.7 31.1 9.2 51.3 36.3 12.4

a Mean values from 3 replicate plots, 1 - 5 plants per plot
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1.4 Discussion

Laboratory tests were useful in comparing the relative
effectiveness of several fungicidal dip treatments against
tuber-borne sclerotia of R. solani. They showed that
although an organomercurial fungicide was far more effec-
tive than any non-mercurial fungicide in killing
sclerotia, several other fungicidal treatments were
egually effective in controlling hyphal growth from ger-
minating sclerotia (on agar), and.the development of

R. solani infection damage on sprouts (in pot tests).

A more vigorous growth of hyphae resulted from
untreated, thick sclerotia and from thick sclerotia
dipped in Vitavax (1,000 ppm a.i.) suspension than from
almost all other chemically treated. sclerotia types
(thick, medium and thin). This observation underlines
the epidemiological importance c¢f thick sclerotia of R.
solani on seed tubers, a point previously made by

Graham (1960).

Washing scurfed tubers immediately after dipping
did not significantly alter the efficacy of fungicidal
treatment, and it seems uniikely therefore that when
treated sclerotia are exposed to leaching by water in the
soil that sufficient chemical will be removed from scler-
otia to allow them to germinate or produce more vigorous

hyphal growth.

That bettcr disease control was not obtained by
dipping scurfed tubers prior to storage, and that no
reduction in infection damage resulted when treated tubers

were sown in R. solani infested soil suggests that there



was little or no penetration or translocation of chemical
from sclerotia or tuber surfaces. Tisdale and Lord (1973)
reported that after dipping tubers in Thiabendazole sus-
pensions most of the chemical remained in and around
"dead" skin cells, and was not metabolised during a four
month storage period (when tubers were dormant) suggest-

ing that the result mentioned above was to be expected.

This work, together with that of Hide et al. (1973),
shows that despite infection damage to sprouts and stolomns
resulting from scurfed seed the only significant effects
on the crop may be contamination of tubers with black
scurf and a change in the progeny tuber size-class distri-
bution, the latter being dependent upon the extent of

contamination of seed tubers.

Benomyl and Vitavax are apparently less phytotoxic
than Aretan. The adverse effects of Aretan seed treat-
ment on crop development, appearing as decreased emergence
of plants and decreased progeny yield, probably resulted
from treating seed too soon after the removal of sprouts
prior to dipping, thus allowing entry of phytotoxic

mercury into the "eye" region of {ftubers.

However, Aretan and Benomyl seed treatments were
equally effective generally in contrelling R. solani
infection damage, and both were more effective than treat-

ment with Vitavax,

Despite the apparent lack of any systemic action of
Benomyl in potato, and for the reasons mentioned above,
Benomyl treatment is to be preferred to treatment with

organomercurial compounds. -
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In practice, treatment against R. solani alone may
not be justified because unless general contamination of
unselected seed stocks is greater than a "light" contami-
nation, treatment will not significantly increase crop

quantity or quality.



SECTION 2 THE PATHOGENICITY OF ISOLATES OF

RHIZOCTONIA SOLANI

2.1 Introduction and Literature Review

Pathogenicity of potato isolates of Rhizoctonia

solani to potato sprouts

Differences in pathogenicity of potato isolates have
been noted by several workers. Sanford (1938) selected
114 isolates of R. solani at random from sclerotia on
surface of potato tubers and tested their pathogenicity
to sprouts. He concluded that according to soil con-
ditions, 20 - 50% of these sclerotial isolates could be
assigned to a zero or marginal class of pafhogenic rank,

and only 18 - 34% to a virulent rank.

Person (1945) examined 70 sclerotial isolates of
R. solani from potato for pathogenicity against potato
stems in field soil and he classified them as non-
pathogenic and slightly, moderately or strongly pathogenic
according to the size of lesions produced. Seventy imrcent
were found to be non—' or slightly pathogenic and only

7% were strongly pathogenic.

Houston (1945) placed 52 isolates of R. solani into
one of three groups on the basis of their cultural charac-.
teristics when grown on agar. A potato isolate assigned
to group A caused severe disease or death on 61% of test
sprouts, but several other potato isolates assigned to
group C each caused only slight disease to between 4 and

40% of sprouts..

Bolkan and Wenham (1973) examined the pathogenicity



of 294 sclerotial isolates of R. solani to sprouts and
distinguished 4 degrees of pathogenicity; namely non-
pathogenic (no lesions), weakly pathogenic (superficial
lesions), moderately pathogenic (deep lesions), and strongly
pathogenic (sprout girdled or killed). They assigned

41.8, 7.7, 30.1, and 20.4 % of the isolates tested to the

above - .nks, respectively.

Crisp (1973) tested 24 potato isolates from both
infected, underground stems and sclerotia on tubers
against young, etiolated sprouts growing from seed-sized
tubers in humid chambers. She noted that severe attacks
on sprouts always resulted from stem isolates and that
some sclerotial isolates also caused severe damage but

others caused little or no damage,

Pathogenicity of potato isolates of Rhizoctonia solani

to other crop plants

Newton and Mayers (1935) examined the susceptibility
of different seedlings to a potato isolate of R. solani.
When grown on nutrient agar previously inoculated with the
fungus, seedlings of bean, clover, turnip and éarrot were
found to be highly susceptible. However, when grown in
steam sterilized soil infested with fungus these seedlings
were not infeeted. Similarly, Daniels (1963) found a
potato isolate of R. solani infccted cabbage, lettuce
and tomato seedlings in a petri dish test, but no 'damping-
off' of these scedlings occurred when grown in artificially

inoculated, loamy soil under greenhouse conditions.

In cross inoculation tests with several isolates of

R. solani from a range of crops, Storey (1941) found that



a potéto isolate infected potato and tomato, but not
seakale, swede, radish, stock or lettuce seedlings, and
concluded that potato isolates confined their attack to

solanaceous host plants,

Person (1945) tested 101 potato isolates of R. solani
against beans and found that only 3 caused slight damage.
Of these 3 isolates one was non-pathogenic and the other

2 were only slightly pathogenic to potato sprouts.

Le Clerg (1941) found that none of 116 potato iso-
lates of R. solani from infected, underground stems or
sclerotia on tubers infected sugar beet, but of 97 iso-
lates from infected stolons of potato, 6 caused severe
decay of older beets, 57 caused very light to moderate

decay and 34 were non-pathogenic.

Houston (1945) found that the potato isolate in his
Group A cultures of R. solani caused severe disease to
sugar beet roots and crowns, and also to seedlings of
alfalfa, cotton, spinach, sugar beet and tomato. However,
the potato isolates in Group C caused only slight damage
to some crowns and roots of sugar beet and a low level of
damage to the different crop seedlings. Houston con-
cluded that the potato isolates in his Group C must be
classified as only slightly pathogenic on hosts other than

potato.

Pathogenicity of isoiates of Rhizoctoni:s solani from

other crop plants to p-tato sprouts

Storey (1941) found ome of two tomato isolates of R.

solani infected potato sprouts, but isolates from seakale,
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radish, stock and lettuce caused no disease.

Le Clerg (1941) tested 62 isolates of R. solani from
sugar beet agaiﬁst potato sprouts and found 16, 24, and 60%
of the isolates caused none or light, moderate and heavy
infection damage, respectively. 1In general, he found
sugar beet isolates more virulent on sprouts than potato
isolates. Further, he provided evidence that a high

incidence of Rhizoctonia disease followed when potatoes

were planted in a field cropped 4 years previously with

sugar beets that had suffered bad Rhizoctonia damage.

Houston (1945) found most of his Group A isolates

of Rhizoctonia solani to be pathogenic on stems and

stolons of potato. This Group ineluded isolates from
beans, sugar beet, tomato and cowpea. Group B isolates
all from sugar beet, and a tomato isolate in Group C

caused little or no damage to potato stems,

Pitt (1964) observed that wheat stem isolates of R.
solani infected four varieties of potato causing damage
to sprouts similar to that produced by potato isolates,
but thé lesions were confined towards the base of the

sprout.

crisp (1973) observed that some R. solani isolates
from wheat, and cabbage caused slight damage to sprouts
but those from rose, lettunce and chrysanthemum caused

none,

TdentifTication of isolates of Rhiwoctonia solani

Comparative studies among species and isolates of
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Rhizoctonia by Parmeter, Whitney and Platt (1967) showed

that R. solani like isolates could be separated into 2
groups: one with multinucleate hyphal cells and one with
binucleate hyphal cells, Multinucleate isolates produced

the Thanetephorous cucwneris (Frank) Donk perfect state of

Rhizoctonia solani, whereas binucleate isolates produced

a Ceratobasidium pexrfect state.

Experiments have been made to determine the following:-

(a) The pathogenicity of isolates of R. solani
occurring as sclerotia on potato tubers grown in England,
both to potato sprouts and also to a range of crop

seedlings

(b) The pathogenicity of isolates of R. solani from

several different hosts to potato sprouts.



2,2 Materials and Methods

Potato tubers

Seed-size tubers var. Pentland Crown were obtained
and stored as described in Section 1.41. Then, prior to
use in pathogenicity tests, dormant tubers were incubated
in a dark, dry cupboard at 2000 until sprouts were 2 -

5 mm long.

Crop seeds

Seeds of barley (cv. Zephyr), wheat (cv. Maris Hunts-
man), cabbage (cv. January King), lettuce (cv. Trocardo
Improved or Webbs Wonder), tomato (cv. Moneymaker), sugar
beet (cv. Sharpes Klein E) and clover (cv. unknown) were

stored in a dark dry cupboard at 20°C until required.

Isolates of Rhizoctonia solani

a) Collection and Maintenance

With the kind assistance of Mr. T. J. Dent (Sutton
Bridge Experimental Station, Lincolnshire) a collection was
made of isolates of R. solani obtained as sclexrotia on
tubers from different growing areas in England. After
noting their colour, shape, size and texture, sclerotia
were removed from tuber surface using the tip of a clean,
sharp scalpel and incubated at 2500 on water agar con-
taining 50 ppm streptomycin. Within 2.— 3 days a small
portion of agar bearing R. solani mycelium was transferred
from the colony edge to potato dextrose agar. Of this
collection 22 isolates (Table 2.1) representing all the
different places where tubers were grown, were tested in

pathogenicity tests.
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Cultures of R, solani from other host plants which
were used in pathogenicity tests are listed in Table 2.2.
All cultures of R. solani were maintained on potato dex-
trose agar at 2000; two stock cultures of each isolate
were grown on potato dextrose agar slopes in McCartney
bottles and were covered with 10 ml of sterile mineral

oil,

b) Identification of Isolates

The number of nuclei per cell of the young Vegeta;
tive hyphae of all isolates was examined by placing a
4 mm disk of potato dextrose agar from the colony edge
of a culture of each isolate on sterile 1 cm square
pieces of cellophane placed on potato dextrose agar plates
and incubating at 2OOC for 24 h, Hyphae, which were
rempved more easily from the surface of cellophane than
from agar, were transferred into a small drop of distilled
water and air dried onto a clean microscope slide. Hyphae
were then fixed in a 6 : 1 : 1 mixture of absolu’=
ethanol, glacial acetic acid and lactic a<id and stained
using a modified Giemsa stain (Hrushovetz, 1956)
(Appcndix). The stained hyphae were mounted in euparal
and examined under the x 40 objective of a light micro-

scope.

A1l isolates showed multinucleate cells in young,
vegetative hyphae, most isolates showed some brown pig-
mentation in culture (Tables 2.1 and 2.2), and all
exhibited the typical branching habit o. R. solani.
Therefore, since these isclates possessed characteristics

consistently present in R. solani mycelium (Parmeter and
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Source and mycelial characteristics of isolates

of Rhizoctonia solani obtained as sclerotia

from contaminated tubers

Table 2.1
Isolate Tuber
Variety
R1 Unknown
R17 Majestic
R36 Maris
piper
R4 Pentland
dell
R45 Unknown
R51 King
Edward
R53 King
Edward
RO Unknown
Ri1i Unknown
R18 Majestic
R27 King
Edward
R30 King
Edward
R39 Maris
Piper
R52 King
Edward
R57 King
Edward
R673 Unknown
R64 "
R65 "
R66 n
R67 1
R68 i
R69 1
R70 "
R7 i "
R72 "
a

Location

Jealotts IIill, Berkshire
Silwood Park, Berkshire

Sutton Bridge, Lincs.
Unknown

Unknown
N. Walsham, Norfolk

N. Walsham, Norfolk

Jealotts Hill, Bexrkshire
Jealotts Hill, Berkshire
Silwood Park, Berkshire

Stamford, Lincolnshire
Stamford, Lincolnshire
Sutton Bridge, Lincs.

North Walsham, Norfolk
North Walsham, Norfolk

Mildenhall, Suffolk

Yaxley, Suffolk

"

Sleaford, Lincolnshire

"

Roughton, Norfolk

11

March, Cambridgeshire

"

Culture
Colour®

o]

pale
pale
pale

pale

pale

®

W W wWww YW H W

Nucleag
state
of young
hyphae

M
M
M

not
tested

not
tested
M

not
tested

not
tested

M
M
M

R R R

M

B = brown colouroof culture after 2-3 weeks growth on
P.d.a. at 20°C

binucleate (B) or multinucleate (M)
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Table 2.2 Source and mycelial characteristics of

isolates of Rhizoctonia solani ohtained

from other host plants

Isolate Original Host Culture Nuclear Stateb
Plant Colour® of Young Hyphae
RR2 sitka spruce seed pale M
RRA barley roots B M
RR5 potato roots pale not tested
RR8 field beans pale M
(v. fabae)
RR10 sugar beet roots B M
RR11 sugar beet roots B M
RR12 sugar beet roots B
R58 base of potato pale
stem
R59 cabbage B M
R60O 1attuce pale M
R61 unknown B not tested
MR72 wheat stem lesion pale M
a

B = Brown colour of culture after 2-3 weeks growth on
Pda at 20°C

binucleate (B) or multinucleate (M)
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Whitney, 1970) they were considered as isolates of R.

solani .

Vermiculite Inbeulum

Vermiculite inoculum was prepared by placing 28 g of
Vermiculite in a 500 ml flask with 40 ml of diluted V-8
juice (1 : 1 with water), sterilizing by autoclaving at
15 p.s.i. for 20 min and then inoculating with three 4 mm
diameter disks of potato dextrose agar containing growing
mycelium, and incubating at 2500 for 7 days. Uninocula-
ted Vermiculite moistened with diluted V-8 juice was added

to control pots.

Vermiculite as Growing Mediur

All Vermiculite used as a growing medium in pots was
~moistened with Long Ashton Nutrient Solution (Appendix)
at a rate of 100 ml per pot at the commencement of the
experiment and occasional additions of L.A.N.S. were made

to greenhouse pots as required.

Field Soil as Growing Medium

Field soil used in tests was a sandy loam with a
Water Holding Capacity of 25.9 per cent (Appendix). After
air drying all soil was passed through a 5 mm mesh sieve
and stored outside in galvanised bins until required.
Repeated attempts to isolate R. solani by the Ko and Hora
method (see Section 4) were unsuccessful and it was con-

cluded therefore that the soil was 'Rhizoctonia free'.




Experimental Methods

(a) Testing Pathogenicity of isolates of R. solani

to;ﬁotato sprouts in Vermiculite

Sprouting seed tubers were placed in the bottom of
black plastic pots (3 inches square at top, 5 inches tall)
and while filling the pot with Vermiculite, 1 g of inocu-
lum was placed around the 'rose-end' of the tuber. Pots
were incubated at 18 £ 2°C in the dark for 14 days. After

incubation infection was assessed by determining the number

of main sprouts killed in each pot.

(b) Testing Pathogenicity of isolates of R. solani

to potato sprouts in Field Soil

Field soil was adjusted to c. 50% W.H.C. by the
addition of water before pots were filled. No further
water was added during the incubation period. Inocula-

tion was either by;

Method 1 - as in (a) above; and after incubation
(see below) infection damage was assessed by detexrmining

the number of primary sprouts killed per pot.

Method 2 - Moistened soil was thoroughly mixed with
2 per cent (vol : vol) Vermiculite inoculum of each iso-

late.

All pots were incubated at 12%¢ for 21 days then

infection damage was assessed by scoring each primary sprout

as follows

o)
i

no disease

iy
|

necrotic flecking

2 = small (& x 2 mm) lesion (s)
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3 = many small, or few larger (10 x 5 mm )
lesions

4 many large, spreading lesions, sprout not

girdled

5 = lesion(s) girdled sprout or sprout severed and

killed

An Infection Index (%) for each isolate was calcula-

ted by the following formula:- CDQWS Et QL)IQ7;>

Index = (sprout Seore2 x No. sprouts per pot) x 4
total No. Sprouts per pot

(¢) Testing Pathogenicity of potato isolates of R.

solani to crop seedlings

1. Petri Dish Test

Ten seeds of each crop species were
germinated in separate petri dishes on damp filter paper
at 20°C in the dark. Inoculum of each isolate was intro-
duced into a dish econtaining each type of seedling as six
4 mm diam. disks of potato dextrose agar containing grow-

ing mycelium. Non-inoculated agaxr was used in controls.

After 4 and 10 days inoculated seedlings were assessed for

infection damage according to the following scale;

0 = no infection
+ = slight infection
++4+ = medium infection

o+ severe infection

2, Glasshouse Pot Tests in Vermiculite

These tests were made at 20°¢C during
February and March, normal daylight being supplemented by

10 hr of light from overhead mercury vapour lamps. Seeds
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of different crops (25 seeds per pot) were sown evenly
spaced at a depth of 3 - 5 mm in moistened Vermiculite
contaminated by adding 5% (weight : weight) Vermiculite
inoculum. Fmergence of seedlings was recorded 21 days
after sowing. Any post-emergence 'damping off' of seedlings
was recorded when observed and these killed seedlings were
removed from the pot. After 21 days several seedlings
were removed from each replicate pot and examined with a
binocular microscope. The extent of surface growth by the
fungus (as indicated by the presence of brown runner
hyphae), infection damage (lesions) by the isolate of R.
solani, and the presence or absence of sclerotia was

determined and recorded as follows:-

Observation
Score Infection Extent of Surface Presence of
Damage Growth - Sclerotia
0 None None None
+ flecking poor few, small
++ small lesion(s) moderate many small,
few large
+++ larg:, spreading extensive many, large

lesion(s)

3. Glasshouse Pot Tests in Field Soil

These tests were made during March
and April at 2000, pots were watered from above as
required and infection damage to seedlings was assessed as

in 2. above.

Statistics

Where applicable data was analyzed with statistical

tests given by Sokal and Rohlf (1970);



a)

b)

c)

Analysis of Variance
Least Significant Difference (L.s.d.)

Students 't! test.
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2.3 Results

All isolates of Rhizoctonia solani obtained as

sclerotia from potato tubers were pathogenic to potato
sprouts although some killed more sprouts or caused
greater non-lethal infection damage than others (Tables
2.3 and 4). Over 60% of the isolates tested had an
Infection Index greater than 75, and 80% of isolates each
killed more than half the total number of sprouts formed
on tubers (Tabie 2.4). In general, those isol:tes which
killed most sprouts also caused the greater levels of non-
lethal infection damige, which would have resulted in
further sprout death (Table 2.4). The number of sprouts
killed by potato isolates when tested both in Vermiculite
and in field soil was not significantly different (Table

2.3).

In petri dish tests (Tables 2.5 and 6) three isolates
(R43, R45, and R53) caused medium or severe infection of
the roots of barley, tomato and clover seedlings in 4 days.
Within the same incubation period isolate R51 and R1
caused severe and medium infections respectively of barley
roots, isolate R36 caused medium infection of clover
roots, and isolate R17 medium infection of tomato roots.
Isolates R43 and R45 caused slight infection damage of
barley hypocotyls, and these isolates as well as R17 and
R36 caused slight infection of wheat, cabbage and sugar
beet roots. After 10 days all isclates caused medium or
severe infection of barley roots and most isolates simi-
larly infected roots of tomato, clover and sugar beet.
Isolates R36 and R45 caused medium or severe hypocotyl

infection of tomato, clover and sugar beet seedlings and
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Table 2.3 Pathogenicity of potato selerotial isolates of Rhizoctonia solani to potato sprouts

in Vermiculite and Field Soil (Method 1 Inoculation)

Isolate Number (%) Primary

Sprouts Killed

Vermieulite1 Field Soil

R4S o, 4 @ 87.5 ¢
R17 92.6 & 100 ©
R53 79.6 2P | 88,9 °
R36 - 87.5 % 100 ©
R43 86.1 & 100 ©
R51 75.9 &P 73.6 ©
R1 62,2 " 77.8 °
Control 2.8 ¢ o @
L.,s.d. (p<0.05) 23,1 27.4

1 Mean values from 9 replicate pots, after 14 days at 1§OC
2 Mean values from 6 replicate pots, after 21 days at 12°C.

3 Between mean values in Vermiculite and field soil, for ecach isolate
Mean values in any column followed by the same letter are not significantly different

2

Students

Test 5

N.s.d.
N.s.d.
N.s.d.
N.s.d.
N.s.d.
N.s.d.

N.s.d.

Tt
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Table 2.4 Pathogenicity of potato sclerotial isolates

of Rhizoctonia solani to sprouts in field
soil after 21 days at 12°C (Method 2

Inoculation)

Isolate Sprout Disease Number (%) Primary
Score : Sprouits Killed

R17 5.0 & 75.0 2PC
R67 4.6 2P 86.1 2
R27 5.6 2P 66.7 2bcd
Ri 4.6 2P 86.1 2
R57 4.5 ab 63.9 abed
R4S 4,3 2P 86.1 &
R51 4,0 2P 83.3 &
R65 5.2 2P 83.3 @
R4% n.1 2P 80.6 2P
R66 4.0 2P 55.6 2Ped
R36 4.3 ab 79.2 abcd’
RY 5,1 2P ny, 4 2Pcd
R63 5.1 2P 30.6 4
R64 3.6 2P 66.7 “Ped
R18 5.8 2P 55.6 2Pcd
R6S . 3.7 2P 34,2 ¢4
R11 3.7 2P 62.5 @bed
R30 5.1 P 61.1 @bed
R53 3.1 P 58.3 2Ped
R39 3.1 ° 38.9 °¢¢
R52 5.1 P 63.9 2Ped
Control 0.1 € o °©
L.s.d. ( 0.05) 1.5 42,2

Mean values in any column followed by

are not significantly different

Infection

Index (%)

100

91.7
91.7
89.5
86.8
86.1
83.5

83.5

80.8
80.6
80.2
78.9
77.7
72.2
68.0
66.7
66.0
61.1
59.7
53.7
48,9

a
ab
ab
ab
abc
abc
abc
abe
abed
abed
abcd
abhcd
abed
abecd
abcd
abhed
becd
bed
bed
cd

1.3 ©

37.7

the same letter
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- Table 2.5 Pathogenicity of potato isolates of Rhizoc-

tonia solani to seedlings of other crop

plants (Petri Dish Test)
(a) Infection damage after 4 days at 20°c

Isolate Number

Crop Seedling 1 17 36 L3 L5 51 53
C 0 0 0 0 0 0 4]
barley H 0 0 0 + + o 0
R ++ + + 4+ +++ +++ ++
C 0 0 0 0 0 0 0
wheat H 0 +*
R ++
C 0 4] 0 0 0 0
cahbage j3 1 + 0 0 0 0
R o +
C 0 0 0 0 0 0 0
tomato H 0 0 0 o 4]
R +-+ ++ ++ +4
C 0 0 0 0 0
clover H 0 0 0 o
R + 0 ++ ++ ++ + ++
C 0 0 0 0 0 0
sugar beet H 0 + 0 0 0 o 0
R + + + + +

C coleoptile/cotyledon O no infection damage
H hypocotyl + slight infection damage
R zroot ++ medium infection damage

+++ severe infection damage
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Table 2.6 Pathogenicity of potato isolates of

Rhizoctonia solani to seedlings of other

crop plants (Petri Dish Test)

(b) 1Infection Damage after 10 days at 20°C

Isolate Number

Crop . :edling 1 17 36 43 45 51 53
C 0O G 0 0 0 0
barley H 0 0 0 + 4] 0
R ++ ++ +4+ ++4 +++ +4+ +++
C 0O 0 0 0 0O 0
wheat H 0 0 0
R + ++
C 0O O 0 0
cabbage H 0 ++ 0
R ++ + + + + +
C 0 0 0 0 0 0 ++
tomato H 4+ 444 +4+ ++ + +
R + + ++ +4++ ++ 44
C 0 + 0 + 0 0
clover H ++ 0 ++ ++ 0
R +-+ + 4+ + -+ +++ ++ +4++
C 0 0 0O 0 +4 0 0
sugar beet H 0 + ++ 0 ++
R ++ ++ ++ +4 +

C coleoptile/cotyledon O no infection damage
H hypocotyl + slight infection damage
R root ++ medium infection damage

+++ severe infection damage
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isolates R17 and R36, and R 45 and R51 caused medium or
severe infection damage of tomato and clover hypocotyls
respectively. - Only very occasionally were seedling
coleoptiles or cotyledons found to be infected by R.

solani.



Emergence of seedlings sown in Vermiculite and in
field soil infested with R. solani was never significantly
reduced below .that in control pots, indeed sometimes the
Presence of the fungus in field soil tests significantly
increased the emergence of wheat, clover and lettuce

(Tables 2.7 and 12).

Moderate or extensive surface growth of all potato
isolates of R. solani occurred on barley, wheat, tomato
and sugar beet seedlings in both Vermiculite and field
soil tests but generally poor surface growth was observed
on cabbage, clover and lettuce seedlings (Tables 2.9 and

14).

In general, more and larger sclerotia .were observed
on seedlings grown in field soil than in Vermiculite.
However, no isolates formed sclerotia on clover and lett-
uce seedlings in either field soil or Vermic:'ite, or on
cabbage seedlings grown in Vermiculite (Tables 2.411 and 16).
In field soil the most and the largest sclerotia were on

wheat, tomato and sugar beet seedlings.

In Vermiculite the highest level of infection damage
occurred to sugar beet seedlings, but isolates R 36 and
R 43 caused small lesions on barley, isolate R1 small les-
ions on tomato, and isolate R17 small lesions on clover
(Table 2.10). Post-emergence 'damping off' was recorded
cnly in tomato and sugar beet, in particular isolate R17
caused 29% in tomato and isolate R43 23% in sugar beet
(Table 2.8). However, in field soil only one isolate
(R53) caused lesions on sugar beet seedlings and the pre-

sence of the fungus in the soil did not cause significantly



Table 2,7 Pathogenicity of potato isolates of Rhizoctonia solani to seedlings of other crop

plants (Glasshouse/Pot Test in Vermiculite at 2000)
(a) Emergence (%) of seedlings after 21 days

Crop Seedling

Isolate

Number barley wheat cabbage tomato clover sugar beet lettuce

Control 99 98 89 85 59 82 96

1 100 99 89 80 60 100 99

17 100 99 87 82 54 92 96
36 99 100 85 78 71 73 96
43 | 100 100 89 92 67 63 97
45 99 98 90 92 - 69 66 95
5 100 98 86 93 61 72 96
53 99 100 89 95 60 64 96

L.s.d. 2.1 2.72 9.8 8.1 15.3 32.2 9,41
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Table 2.8 Pathogenicity of potato isolates of Rhizoctonia solani to seedlings of other crop

nlants (Glasshouse/Pot Test in Vermiculite at 20°C)
(b) Damping O0ff (%) of emerged seedlings after 21 days

Crop Seedling

Isolate
Number barley wheat cabbage tomato clover sugar beet lettuce
Control 0 0 0 0 0 0 -0
1 0 0 0 0 0 12 0
17 0 0 0 29 0 0 0
36 0 0 0 10 0 9 0
43 0 0 0 1 0 23 -0
45 0 0 0 2 0 14 0
51 0 0 0 10 0] 3 0
53 0] 0] 0 0] 0] 0] 0
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Table 2.9 Pathogenicity of potato isolates of Rhizoctonia solani to seedlings of other crop

plants (Glasshouse Pot Test in Vermiculite at 20°¢)
(¢) sSurface growth of fungus on seedlings after 21 days

Crop Seedling

Isolate
Number barley wheat cabbage tomato clover
Control 0 0 0 0 0
1 bk +++ +++ +++ ++
17 +++ +4+ ++ o+t ++
36 bt ot ++ o+t +
473 +++ +++ ++ +++ +
45 + ++ + o +
51 ++ + + +++ ++
53 +4 ++ + , +++ ++

0 No surface growth

+ Poor surface growth

++ Moderate surface growth
+++ Extensive surface growth

sugar beet

++

++

++

++

++

+++

o+

lettuce

++

++

g9



Table 2.10 Pathogenicity of potato isolates of Rhizoctonia solani to seedlings of other crop

plants (Glasshouse/Pot Test in Vermiculite at 20°C)
(d) Infection damage to seedlings after 21 days

Crop Seedling

Isolate

Number barley wheat cabbage - tomato clover

Control 0 0 0 0 0

1 0 + + ++ +

B 0 0 + + ++
36 ++ 0 0 + +
L3 ++ 0 0 + +
45 0 + 0 + +
51 + + + + 0
53 0 + 0 + +

0 No infection

+ Necrotic flecking
++ small lesion(s)
+++ large, spreading lesion(s)

sugar beet

++

4+

++

e+t

4+

+4

lettuce
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Table 2.11 Pathogenicity of potato isolates of Rhizoctonia solani to seedlings of other crop

plants (Greenhouse Pot Test in Vermiculite at 20°¢)
(e) Sclerotia formation on seedlings after 21 days

Crop Seedling

Isolate
Number barley wheat cabbage tomato clover sugar beet
Control 0 0 0 0 0 0
1 ++ 0 0 0 0 o+t

17 0 ++ 0 + 0 4+

36 ++ ++ 0 0 0 0

43 0 0 0 0 0 0

45 0 + 0 0 0 0

51 0 0 0 ++ 0 4+

53 0 + 0 + 0 ++

0 No sclerotia

+ few small ( 3 mm diam.)
++ many small, few large

+++ many large ( 3 mm diam.,)

lettuce

QL



Table 2,12 Pathogenicity of potato isolates of Rhizoctonia solani to seedlings of other crop

plants (Greenhouse/Pot Test in field soil at 20°¢C)
(a) Emergence (%) of seedlings after 21 days

Crop Seedling:

Isolate

Number barley wheat cabbage tomato clover sugar beet lettuce

control 98 90 57 85 30 66 65
1 99 89 61 75 34 52 74
17 97 93 65 81 42 49 80 *
36 98 95 71 81 58 * 83 84 *
43 100 91 51 93 38 55 70
45 97 97 * 66 95 45 86 89 *
51 94 94 79 91 27 46 83 *
53 96 97 * 54 - 89 36 77 85 *

L.s.d. 11.9 5.4 25.2 25 23.4 29.1 14,2

(p£0.05) o
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higher levels of 'damping off' compared to controls

(Tables 2.13 and 15). Infection damage to tomato seedlings
in field so0il -including post-emergence ‘'damping off' was
similar to that in Vermiculite, two isolates (R17, R51)
caused some 'damping off'! of lettuce seedlings, and iso-
late R53 caused some ‘*damping off' of clover seedlings

(Table 2.15).

The ‘'damping off' of cabbage, clover and sugar beet
seedlings in control pots of ficld soil was probably
caused by other soil inhabiting, pathogenic fungi e.g.

Pythiuwn spp., or possibly in the case of sugar beet by a

seed-borne fungus Phoma betae. Potato isolates of R.

solani caused no infection damage to wheat or barley grown

in field soil.

Isolates of R. solani from cabbage, sﬁgar beet, potato
roots, barley and field bean all caused death of potato
sproufs (25% or fewer sprouts killed) when grown in Vermi-
culite but not when grown in field soil A wheat stem
isolate (MR72) and an isolate from sugar beet roots caused
most non-lethal infection damage to sprouts in field soil,
the lesions caused by the former being conspicuously con-

fined to the bases of sprouts, (Tables 2.17 and 18).
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Table 2,13 " Pathogenicity of potato isolates of Rhizoctonia solani to seedlings of other crop

plants (Glasshouse Pot Test in field soil at 2000)
(b) Damping-off (%) of emerged seedlings after 21 days

Crop Seedling

Isolate

Number barley wheat cabbage tomato clover sugar heet lettuce

Control 0 0 28 -0 13 46,53 0
1 0 0 8 0 0 54 0
17 0 0 0 13 * 13 56 L *
36 0 0 18 24 * 4 37 0
43 0 0 6 7 * 11 64 0
45 0 0 0 5 % 0 45 0
51 0 0 8 : 1% 0 60 L %
53 0 0 12 - 0 4Q * 58 0

L.s.d. - - 33.5 - 18.3 33.1 -

(r<0.05) : » '
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Table 2.14 Pathogenicity of potato isolates of Rhizoctonia solani to seedlings of other crop

plants (Glasshouse Pot Test in field soil at 20°C)
(¢) Surface growth of fungus on seedlings after 21 days

Crop Seedling

Isolate
Number barley wheat cabbage tomato clover sugar beet lettuce
Control 0 0 0 0 0 0 0
1 +++ +++ + +++ + +++ 0
17 +++ +++ + +++ + +++ +
36 ot ok + 4+ + + +
43 +++ +++ + +++ + +++ +
45 +++ +++ + e+ + ++4+ +
51 +++ +++ + +++ + +++ +
53 4+ +t + +++ + ++ +

0 No surface growth

+ Poor surface growth

++ Moderate surface growth
+++ Extensive surface growth

€L



Table 2.15 Pathogenicity of potato isolates of Rhizoctonia solani to seedlings of other crop

plants (Glasshouse Pot Test in field soil at 20°¢)
(d) Infection damage to seedlings after 21 days

Crop Seedling

Isolate
Number barley wheat cabbage tomato clover sugar heet lettuce
Control 0] 0] 0 0 0 o) +
1 0 0] 0 + 0 + +
17 0 + 0 +4 0 + +
36 0 0 0 + 0 0 +
43 0 0 0 ++ 0 + o+
45 0 0 0 + 0 + +
51 0 0 0 +4 0 0 +
53 0 0 0 ++ 0 o+ +

0 No infection

+ Necrotic flecking

++ small lesions
+++ large, spreading lesions

L



Table 2,16 Pathogenicity of potato isolates of Rhizoctonia solani to seedlings of other crop

plants (Greenhouse Pot Test in field soil at 2000)
. {(e) Sclerotia formation on seedlings after 21 days

Crop Seedling

Isolate
Number barley wheat cabbage tomato clover sugar beet lettuce
Control 0 0 0 ‘ 0 0 0 0
i + +++ + ++ 0 +++ 0
17 0 ++ + ++ 0 + 0
36 + ++ + ++ 0 ++ 0
473 + ++ + + 0 ++ 0
45 + ++ + o - 0 + 0
51 + ++ + ++ 0 +4+ 0
53 0 et ' + . | + 0 + 0

0 No sclerotia

+ few small ( 3 mm diam,)
++ many small, few large
+++ many large ( 3mm diam.)



Table 2.17

Isolate

Number

R59
RR11
RR10

RR5

RR4

RRS

RR2
RR12

R60

R61

Control

a Mean

values from sprouts

Pathogenicity of isolates of Rhizoctonia

solani from other crop plants to potato

- sprouts in Vermiculite after 14 days at

18%¢

Source of

Isolate

cabbage
sugar beet roots
" " "
potato roots
barley roots
field beans (V. fabae)
sitka spruce seed
sugar beet roots
lettuce

unknown

Primary Sprouts (%

killed &

25.9
22,2
21,3
14.8
12.0

9.2

© O O o

on 9 replicate tubers



" Table 2.18 Pathogenicity of isolates of Rhizoctonia solani from other crop plants to potato

sprouts in field soil after 21 days at 12°¢ (Method 2 Inoculation)

Isolate Number Source of Isolate Sprout Disecase a % Number Primary a Infection Index &
Score Sprouts killed (%)
MR72 wheat stem 2,83 0 32,7
RR10 sugar beet roots 2,33 0 25.0
R59 cabbage 0.78 0 4,2
RRR12 sugar beet roots 0.67 0 2.0
RR2 sitka spruce seed 0.37 0 1.9
RR8 field bean 0.17 0 0.66
RR11 sugar beet roots 0.06 0 0.20
RR4 barley roots 0 0 0
Control - 0. 0 0
a

Mean values from sprouts of 6 replicate tubers
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2.4 Discussion

Pathogenicity tests reported by SanfTord (1938), Person
(1945) and Bolkan and Wenham (1973) have indicated that
30% or less of isolates of R. solani randomly selected as
sclerotia from potato tubers are strongly pathogenic, and
that a high proportion (20 - 70%) are only slightly patho-~
genic or are non-pathogenic to sprouts. Of isolates
collected from English grown tubers some have been shoﬁn
to differ in their ability to infect and kill sprouts, and
most (80%) isolates killed more than 50% of tuber sprouts
within 21 days, so must therefore be referxrred to as
'strongly pathogenic! No potato isolates were found to be

non-pathogenic to sprouts.

We may conclude that seed tubers contaminated with
similar sclerotial isolates as those tested, would be an .
important potential source of primary inoculum of black
scurf and stem canker diseasc in Britain. This fungus does
not, however, cause serious losses in this country, {Hide
et al., 1973) suggesting that seed potatoes (usually from
Scotland) are comparatively free from sclerotia of strongly
pathogenic isolates or that factors such as weather con-
ditions and the ability of potato plants to recover from
initially severe attacks by R. solani (Crisp, 1972) com-

bine to prevent serious disease developing.

Although potato isolates colonised the surfaces of
yvoung roots and stems of all seediings to some extent,
they colonised wheat, barley, tomato and sugar beet par-
ticularly well. However, post-emergence 'damping off!

was only recorded generally (usually at a low level) for



tomato and sugar bheet.

R. solani is not known to be an important parasite
of sugar beet in Britain (personal communication with Dr.
W. J. Byford) although it may cause serious damage in the

United States (Le Clerg, 1941).

The results with tomato seedlings support the conclu-
sion of Storey (1943) that potato isolates of R. solani

confine their attack to Solanaceous hosts.

The lesions or necrotic flecking recorded for other
seedlings (particularly barley and clover) may reflect a

general seedling susceptibility to R. solani that declines

with age and which is less apparent or absent when seedlings

are grown in soil, The nature of such resistance, which
develops in infected or healthy bean hypocotyls with
increasing dgé has been directly related fo thé caléium
content of the host tissues and inversely related to the
methoxyl content of the pectic substances (Bateman and
Lumsden, 1965). Shephard and Wood (1963) have also shown
that the resistance of young lettuce and cauliflower
seedlings to R. solani developed with host age and was
dependent on adequate nutrition and active growth of the

seedlings.

The formation of many, large sclerotia by potato
isolates on barley, wheat and sugar beet, crops which may
be grown in rotation with potatoes in Britain, suggests
that similar behaviour of R. solani in the fie}! could
facilitate the survival of the fungus until potatoes were

grown again in that soil.
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Some isolates of R. solani from other hosts were
found to be pathogenic to potato sprouts in field soil,
although much more so in Vermiculite, but their ability
to damage or kill sprouts was less than that of potato
sclerotial isolates. The results differ from those of
Crisp (1972) who found that two cabbage isolates were
non-pathogenic to sprouts, but confirm those of Storey
(1941) and cCrisp (1972) who found that lettuce isolates
were non-pathogenic, and of Crisp (1972) and Pitt (1964)
that a wheat stem isolate caused lesions on potato sprouts.
The pathogenicity tests also indicate that sugar beet
isolates of R. solani vary in their ability to infect

potato sprouts, and this confirms the findings of Le Clerg

(1941).

Low levels of Sharp eye-spot disease of wheat caused
by R. solani occur commonly throughout Britain (Anonymous,
Min. Agric. and Fish. Adv. Leaflet) and infected stubble
may be ploughed into a field where potatoes will subse-
quently be grown. It would, therefore, be of interest to
test the pathogenicity of a collection of wheat isolates to

potato sprouts in soil.
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SECTION 5 INFECTION OF POTATO SPROUTS

BY RHIZOCTONIA SOLANI

3.1 Introduction and Literature Review

In conditions favourable for disease development,
colourless hyphae from tuber-borne sclerotia or thick brown
mycelial strands of R. solani grow on to the surfaces of
young sprouts. Penetration by hyphae may occur and lead
to the development of necrotic lesions. Attack occurs at
the apices of growing sprouts, although often the hyphae

penetrat~ behind the apex and lesions develop laterally.

Effect of Light

Mordue (196%4) reported that light of very low inten-
sity reduced growth of R. solani hyphae on sprout surfaces,
- and at higher inﬁensity almost completely prevented it.
However, because when free water as a spray was supplied
to sprout surfaces the effect was not recorded, she con-
cluded that heating and drying of illuminated sprout
surfaces had been responsible for the inhibition of fungal
growth., Van Emden (1965) reported that sprouts exposed to
light are less susceptible to R. solani infection than
sprouts kept in the dark and suggested that for this
reason sprouts reaching the soil surface in the field

become resistant.

Effect of Age of Sprout

The meristematic tip of tuber sprouts is very suscep-
tible to R. solani (Baker, 1970) but sprouts are generally
considered to become less susceptible to attack with age

(Dodman and Flentje, 1970). Crisp (1970) concluded that
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the age of a sprout was important in determining its sus-
ceptibility to infection by R. solani but that no advantage
was gained by light chitting rather than dark chitting of

seed potatoes.

Infection of Secondary Sprouts

The effort at recovery by means of secondary sprouts
from severely lesioned primary sprouts is a feature of this
disease of potato. Sanford (1938) reported that a high
percentage of these secondary sprouts appeared to possess
"a remarkable degree of resistance" whilst primary sprouts
were very susceptible and severely attacked under appar-
ently identical conditions. Discase escape was equally

common at 16° ana 2300.

Effect of soil inoculum level

Bolkan, Wenham and Milne (1974) indicated that
increased disease severity resulted from tubers with
higher levels of mycelium and sclerotia inoculum, and
Cristinzio (1937) using seed potatoes contaminated with
known quantities of sclerotia noted that the intensity of
infection of progeny was directly proportional to the
amount of inoculum on the seed. Hide, Hirst and Stedman
(1973), Sanford (1937) and Small (1943), however, all agree
that soil-borne R. solani may aiso be an important source
of primary inoculum. Sanford (1941) investigated the
effect of so0il inoculum level on disease severity of
sprouts and found that when inoculum levels greater than
1 part in 15 of natural soil occurred the virulence of R.
solani was distinctly reduced. He suggested that this

effect may have been due to staling products from abundant
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mycelial growth and further, he tentatively concluded that
the pathogen is most virulent when its hyphae are very

young; thin and still hyaline.

Growth of R. solani through soil

Blair (1943) tested the ability of R. solani to make
free saprophytic growth through the soil by determining
its ability to cause damping-off of radish seedlings sown
at a range of distances from an agar inoculum disk. The
percentage of pre-emergence killing tended to decrease as
the distance of seeds from the inoculum disk increased.i
Blair pointed out that the failure of R. solani to cause
100% damping-off at distances greater than 4 cm from the
inoculum need not necessarily be interpreted as due to a
lack of parasitic vigour in the fungus, but that seedlings
had passed through the phase of greatest susceptibility

to damping-off before the fungus reached them.

The experiments reported in this section investigated
the effect of several of the factors mentioned above on

the infection of potato sprouts by R. solani.
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3.2 Materials and Methods

Production ofASprouts

Potato (var. King Edward, Pentland Crown or Majestic)
sprouts were produced as stated in Experimental Methods

(see below) or as follows:-

(a) From clean, seed-sized tubers grown in horticul-
tural grade Vermiculite moistened with Long Ashton Nutrient
Solution in black plastic pots incubated in the dark at

18 - 20°%¢ (referred to as etiolated sprouts).

(b) From clean seed-sized tubers stored on chittiﬁg
trays at 5 - 10°C under the poor light conditions of the
potato store. These sprouts (referred to as chitted
sprouts) grew slowly (g. 12 cm in 6.- 8 weeks), so that
the difference in age between the base and the tip was much
greater than for sprouts obtained by Method (a). Further,

in some the top 1 - 2 cm had begun to turn green.

Pathogen

An isolate of R. solani (R17) was obtained from a

sclerotium on a tuber grown at Silwood Park, 1973.

It was grown on 3 mm deep potato dextrose agar in
plastic petri dishes at 2500. 4 yun disks from just behind
the colony edge were used where appropriate to inoculate

sprouts.

Experimental Methids

a) Effect of age of etiolated sprouts on infection

by R. solani

Sprouts obtained by method a) above were cut into
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3 cm. segments back from the tips.‘ Cut ends were sealed

with paraffin wax, the segments placed on glass slides and
inoculated by placing on agaxr disk on the slide in contact

with the middle of the segment. The slides were supported

on glass rods in plastic boxes over damp paper at 2500

in the dark. Segments were examined with a microscope

after 4, 6 and 10 days for infection directly or as epi-

dermal strips. Infection was assessed by the following

Disease Index:

0 ‘None

1 small flecks of a few necrotic cells caused by

infection of epidermis

2

larger fleck(s), up to 20 or 30 cells per fleck

3 = small lesion (c. 0.4 x 0.2 cm), pale brown,a
few cells deep, or extensive flecking

4 = larger lesion(s) (c. 1 x 0.4 cm), medium brown,
spreading laterally and longitudinally

5 = large lesion(s) that have spread laterally to
girdle sprout at one oxr moxe points

6 = whole segment brown and necrotic, dessicated and

shrunken.

In another experiment seed tubers with sprouts of
different age were produced by incubating sprouting tubers
in moist Vermiculite at 12°¢C for different periods of time
before inoculation. The sprouts were inoculated as in
pathogenicity tests (Section 2) the inoculum being placed
at the base of sprouts and the pots incubated at 12°¢ for
i4 days. Infection damage by R. solani was assessed by
determining the number of sprouts killed and also by the

reduction of fresh and dry weights of inoculated sprouts



compared with uninoculated sprouts.

b) Effect of age of chitted sprouts on infection hy

R. solani
Ssprouts (c. 12 cm long) obtained by method(b) with

ungreened tips were placed in contact with agar inoculum
disks at four points equidistant along their length.
Sprouts were placed in plastic boxes, on supports, over -
damp paper for 10 days at 2000 in the dark. Sprouts were
observed directly with a microscope and epidermal strips
mounted in lactofuschin were also examined when determining

infection damage by R. solani.

c) Effect of greening on infection of etiolated

sprouts

Sprouts (15 - 20 cm) with greened tips obtained by
method (a) and similar sprouts taken 5 days earlier were
exposed for 5 days at 20%C to sunlight entering the lab-
oratory window, which caused them to turn green. Both
sets of sprouts were inoculated and incubated as in(b)
above and examined after 7 and 14 days. Infection damage
of the sprouts was assessed according to the Disease

Index (0 - 6) given in a) above.

d) The effect of greening on R. solani infection of

attached shoots.

Sprouts obtained by method(a) were grown for 3 weeks
in the laboratory at 20°C in a dark but well ventilated
cupboard, or in sunlight entering the laboratory window.
During this period the Vermiculite around tubers was kept
moist with Long Ashton Nutrient Solution. The young plants

were then taken from the pots, Vermiculite was removed and



the plants placed in damp chambers (plastic bread bins).
The basal (ungreened) portions of green, normally developed
stems and the ungreened, etiolated stems (grown in the
dark) were inoculated by placing on them agar disks. The
plants were incubated at 20°C in the dark and examined for
infection 1, 7, 9 and 21 days after inoculation. Infection
was assessed by a Disease Index (0 - 5) similar to that

given in a) above.

e) Infection of Secondary Sprouts by R. solani

Secondary sprouts on established main sprouts were
obtained in different ways. Sprouting tubers were incuba-

ted in moist Vermiculite at 12°C for 7 - 10 days then,

(1) top 1 cm of main sprout was removed with sharp
scalpel
or (2) top 1 cm of main sprout was damaged by squeezing
between thumb and forefinger
or (3) dinoculum (0.5 g) of R. solani was placed in a
pot around the sprout tip region (so that the

tip was killed by the pathogen).

These tubers with treated main sprouts were incubated
in moist Vermiculite at 12°¢ for a further 7 - 10 days to
encourage development of secondary sprouts. To comparé
the susceptibility of the secondary sprouts produced in
these different ways the tubers were removed from their
pots, any damaged or infected portions of main sprouts were
removed before the tubers were placed into fresh, mois-
tened Vermiculite, Inoculum (0.5 g) was placed close to
the secondary sprouts positions, and pots incubated at

12% for 7 days. The infection damage to secondary sprouts
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was assessed by scoring as in the pathogenicity tests
(Ssection 2).

_ 43
f) Effect of seed tuber inoculum position on sprout

infection by R. solani

Clean seed tubers (var. Maris Piper) with sprouts
less than 5 mm long were each inoculated with 3 x 4 mm
diameter agar inoculum disks attached to potato surface
using small stainless steel pins. The disks were placed
in one of four areas on the tuber surface (Figure 3.1)
each area being one quarter of the total area and repres-
enting different distances from the 'rose-end' where the
main sprout was emerging, Area 1 being closest to main

sprout and Area 4 that which was furthest away.

The inoculated tubers were sown in sieved field soil

adjusted to c¢c. 50% W.H.C. and incubated at 12°C for 21 days.

After incubation sprout infection damage was assessed as

in pathogenicity tests (Section 2).

g) ELEffect of soil inoculum level on sprout infection

In the first experiment sprouting tubers were sown in
replicate pots containing sieved soil (at approximately
50% W.H.C.), which had been contaminated with 0, 1%, 5%
10% or 20% vol. : vol., Vermiculite medium of R. solani.
Pots were incubated at 12°C for 21 days in moist chambers,
then sprout death, other infection damage (by a Disease

Index 0 - 5) and dry weights of sprouts were recorded.

In a second experiment sprouting tubers were sown in
replicate pots containing sieved, moistened (50% W.H.C.)
soil which had been contaminated with 0, 0.05, 0.1, 0.25,

0.35 or 0.5% vol. : vol. Vermiculite inoculum. Infection
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damage to sprouts was assessed after incubation at 12°¢ in
damp chambers for 21 days by recording sprout death, and
non-lethal infection damage (as above) together with

comments on the type of sprout damage observed.

The population level of R. solani in the contaminated
soils of both experiments was estimated at the beginning
of incubation periods by the method of Xo and Hora which

is described fully under Section 4,
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3.3 Results

Effect of age of etiolated sprouts on infection by

R. solani

Infection damage was more severe in youhger then in
older segments after 4, 6 and 10 days incubation (Table
3.1). Larger spreading lesions were observed on the
two youngest sprout segments 4 days after inoculation, how-
ever, these were never seen on older segments during the
whole 10 day test; here only small lesions or extensive
necrotic flecking occurred. Further, on the two youngest
segments some lesions developed laterally and after 6 déys
had girdled the sprout. Infection damage continued to
develop in the younger segments during the 4 - 10 day period

whereas generally it did not in the older segments.

In a pot experiment infection with R. solani resulted
in a greater percentage reduction in both the fresh and
dry weight of 3 day old sprouts than of 13 d.»v or 21 day
old sprouts (Table 3.2). Also, a greater percentage of
5 day old sprouts than of 13 day or 21 day old sprouts were
killed in this same test, although the difference between

3 day and 15 day old sprouts was small.

Effect of age of chitted sprouts on infection by R. sol: ai

In 7 of the 8 sprouts used for this experiment the
top 1 - 2 em was severely infected (Disease Index 6) and
there were selerotial-like masses of barrel-shaped cells
of R. solani on the lesions, The zone beneath (3 - 4 cm
from tip) was heavily colonized by brown, runner hyphae
from which numerous branching hyaline hyphae grew close to

sprout surfaces.
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Table 3.1

Days after

Inoculation

10

1

Effect of

of sprout

age of etiolated sprouts on infection by Rhizoctonia solani - infection

segments at

Segment
3 | 4
51 4,
3 5,
3 5,

Two replicates only

25°%

age, as indicated by position from sprout tip (cm)

- 6

7-9

3,

3,

3,

3,

3,

3,

3

3

3

10 - 12

13 - 15

3, 1, 3

3, 1, 3

3, 1,

1

Figures are Disease Index (0 - 6) of .three replicate sprout segments
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Table 3.2

Sprouts/ Age of % Sprouts Fresh Weight Dry Weight Fresh Weight
Treatment Sprouts (Days) Killed (g) (g) (% loss)
A 100 0.45 0.04
1- 3 47
B 0 0.85 0,06
A 94 2.43 0.21
2. 13 25
B 0 3.2L4 0.27
A 28 L,77 . 0.46
3. 21 20
B 0 5.97 0.56
1 Sprouts less than 0.5 cm in length at time of inoculation (3 days old)
2 Sprouts approx 3.2 cm in length at time of inoculation (13 days old)
3 Sprouts approx. 7.5 cm in length at time of inoculation (21 days old)
A Inoculated pots
B Uninoculated pots R
* Readings mean of 7 replicate pots, all others mean of 9

reduction and sprout damage of whole sprouts at 2500

Effect of age of etiolated sprouts on infection by Rhizoctonia solani - weight

Effect on sprouts of Inoculation with R. solani

Dry Weight

(% loss)

22

18
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Primary and secondary branches of hyaline hyphae had
ceased to elongate to form many short, stubby and swollen
side branches .close to each other but not aggregated to
form 'infection cushions' often associated with infection
by R. solani. Instead, each side branch had a swollen tip
and was in effect an appressorium from which the shoot sur-
face was penetrated. Several isclated but spreading lesions
occurred in this area, along with pale brown, superficial
lesions, with well defined, dark brown edges. Examina-
tion of epidermal strips from these areas in lacto fuschin
revealed penetrations by hyphae. Damage at these pointé
was restricted to browning and granulation of the contents
of a few epidermal cells which contained barrel-shaped
cells of R. solani. Further back from the.tip towards the
hase of sprouts there was no infection although surfaces -
were well colonized by brown runner hyphae., Epidermal
strips from this region showed branching, hyaline hyphae
arising from the brown runner hyphae, and many aborted
point penetrations, below the appressoria. Damage was con-
fined to granulation and browning of parts of single

cells.

During incubation, secondary sprouts and associated
roots developed at 3 or 4 points along most sprouts.
Several of these secondary sprouts were killed in like
manner to tips of main sprouts. However, on each of six
sprouts, at least one among them killed secondary sprouts,
although well colonized by brown runner hyphae, did not
become severely damaged at the tip, as had the primary and
other secondary sprouts. Ins‘nad there was either no

infection or no more than a dry, limited, dark brown les-



ion. Sclerotial initials and droplets of brown exudate

occurred at the bases of some killed secondary sprouts.

Effect of greening on infection of etiolated sprouts by

R. solani

In general it was found that greening of young potato
sprouts decreased susceptibility to attack by R. solani
(Table 3.3). Greened sprout tips and adjacent tissues
almost always remained uninfected although their surfaces
were well colonized by brown runner hyphae and hy: iine
hranching hyphae. Sprouts exposed to daylight for 5 days
were, in general, less susceptible to infection. In par-
ticular, whereas large spreading or girdling lesions
occurred in the region 6 - 10 cm from the tips of ungreened
sprouts, only small lesions or necrotic flecking occurred
in this same region of sprouts which had been exposed to
daylight. Also, sections further from the tip of greened
sprouts remained uninfected although small or large les-
ions occurred on all but one of the ungreened etiolated
sprouts in the same area. One lesion on a greened sprout
is difficult to explain in the light of other results
obtaine:l in this experiment, but may serve to illustrate

the variation in res its with this disease.

Effecl of greening on R. solani infection of attached

shoots

The development of lesions from necrotic flecking was
delayed by several days on the basal portions of greened
shoots compared with that on etiolated shoots (Table 3. -,
However, after 21 days incubation in damp chambers only

small lesions were observed on both stems with greened
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Table 3.3 The effect of exposing etiolated potato sprouts to sunlight on infection by

Rhizoctonia solani

Days after Section of sprout, indicated by length (cm) from sprout tip
Inoculation 0 -5 6 - 10 11 - 15 16 - 20
(a)! 7 0, 0, 0, 0° 1, 4, 5, 6 3,5, 1, 0 0, 0, 2, 0
14 0, 0, 0, O 4, 5, 5, 6 3, 3, 3, 2 0, 5, 4, O
(b)? 7 0, 0 0, 0 0, 0 0, 0
14 0, 3 2, 3 0, O 0, O

1 shoots green at tips, not exposed to daylight (4 replicate sprouts)
2 shoots green at tips, exposed to daylight for 5 days (2 replicate sprouts)

3 figures are Disease Incex (0 - 6)
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Table 3.4

Days after

Inoculation

21

The effect of greening on infection of attached shoots by

Rhizoctonia solani

Infection of basal portions of stem

Etiolated shoots1

1,0

1 Mean for 13 inoculations

2 Mean for 8 inoculations

I'igures for both are Disease Index (0 - 6)

2

Greened shoots

1.0

1.4

2.7

2.7

26



shoots and those with etiolated shoots thus indicating
that the greening of shoots above ground confers little
or no resistance to R. solani attack to stems below

ground.

Infection of secondary sprouts by R. solani

The results of both experiments (Tables 3.5 and 6)
gave no clear indication that secondary sprouts formed-as
a result of different types of damage to healthy primary
sprouts are less susceptible to attack by R. solani than
primary sprouts themselves. Infection damage to secondary
5proufs produced from infected main sprouts that were not
reinocunlated arose from mycelium of R. solani already
growing over the surface of these sprouts that had caused
no visible infection damage at the time of transfer to
pots containing fresh Vermiculite. Infectionvdamage
recorded in other uninoculated pots probably arose from
mycelial strands or microscopic sclerotia on the surface

of the "clean" tuber.

Effect of seed tubexr inoculum position on sprout infec-

tion by Rhizoctonia solani

Infection damage and death of potato sprouts was
directly related to the position of the inoculum on the
seed tuber surface (Figure 3.1). Thus, when inoculum
disks were placed in Area 1 on the potato surface i.e.
close to emerging sprout almost all sprouts were killed
by R. solani, however, only 65%, 19% and 36% of sprouts
were killed when inoculum disks were positioned in Areas
2, 3 and 4 respectively. A similar trend was recorded for

the Disease Index of sprouts.
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Table 3.5
Sprouts/Method of
29 sprout production

2° sprouts/by decapitation

of main sprout1

2% sprouts/by infection of

. 2
main sprout

Young main sprout2

(control)

2° sprouts/by mechanical

. 1
damage to main sprout

1 PFigures are mean of 4

2 TPigures are mean of 6

Inoculated Pots

Disease Index % Sprouts killed

4,6 100
2.0 86
4,8 88
4,6 100,

replicate pots

replicate pots

Disease Index

The infection of secondary sprouts by Rhizoctonia solani (Expt. 1)

Uninoculated Pots

% Sprouts killed

0 0
3.0 100
0 0
0 0
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Table 3.6 The infection of secondary sprouts by Rhizoctonia solani (Expt. 2)

Sprouts/Method of

2° sprout production
2°% sprouts/by decapitation
of main sprouts1

Young main sprout1

(control)

2° sprouts/by infection

of main sprout2

1 PFigures are mean of 6 replicate pots

2 Figures are mean of 5 replicate pots

Inoculated Pots

Disease Index

2.0

3.3

2,6

% Sprouts killed

38

57

79

%3 Disease Index (0 - 5) as for main sprouts

Uninoculated Pots

Disease Index

1.3

2.3

% Sprouts killed

29

75

&6



- 100

% primary sprouts xilled® g g

(e0]
o

(o)}
o

o=
o

[\
o

. e eenatery

e *
. .
.'1. e

XOopUIl 9SBOST(

A

4rw"_.;%i}

Coh rol Area

a Mean values

(1) Area (2) Area (3‘)

from 6 replicate plots

Area (4)

KEY: Position of inoculum

on tuber surface

sprout
£y

4 \

Area (2)

Area (3)
e (i

Figure 3.1 Effect of seed tuber 'inoculum position on sprout infection by Rhizoctonia solani

ool



101

Effect of soil inoculum level on sprout infection by

Rhizoctonia solani

Infection damage by R. solani increased with the
level of Vermiculite inoculum added to soil up to the 5%
inoculum level (Tables 3.7 and 8). Thus, at 0.05% level
25% of sprouts were killed, at 0.5% level 38% were killed
and at 1% and 5% levels all sprouts were killed. Also,
as the level of so0il inoculum of R. solani increased so
larger spreading lesions were observed girdling many sprouts
compared with the necrotic flecking and smaller lesions

seen on sprouts grown in lower inoculum level soils.

At the level of 10% and 20% inoculum in soil a dec-
line both in numbers of sprouts killed (from 100% to 75%)

and of the Desease Index for sprouts was recorded.



Table 3.7 Effect of soil inoculum level on sprout infection by Rhizoctonia solani (Expt. 1).

% Vermiculite Population level
Inoculum added of fungus in soil1
0 0
1 0.7
5 2.2
10 5.2
20 12.8

Infection Damage to Sprouts2

% sprouts killed Disease Index Dry Weight (g)
0 0.2 0.79
100 4.9 0.42
100 4,7 0.42
73 | b1 0.28
75 4.5 0.24

1 As determined by Ko and Hora method (propagules/g/d.wt. soil)

9 All values are mean of 6 replicate pots

¢OoL



“"Table 3.8

% Vermiculite

Inoculum added

0.20

0.35

0.50

1 Mean values from 4 replicate pots

» sprouts killed

25

25

25

38

Infection damage to sprouts1

Disease Index

2'5

5.3

3.3

4.3

Effect of soil inoculum on sprout infection by Rhizoctonia solani (Expt. 2)

Comments

One sprout killed at tip, possibly not

R. solani

Necrotic flecking or small lesions on all

sprouts

Small and large lesions; one sprout girdled

and killed

Large girdling lesions on half of all

sprouts

Large deep spreading/girdling lesions on

all sprouts

€0l



3.4 Discussion

The results demonstrate a decrease in susceptibility
to infection by R. solani with increase in age of potato
sprouts. Infection of young and older tissues at first
leads to light necrotic flecking extending only one or
two cells into the tissue. But, in younger tissues the
fungus continues to grow into the sprout and quickly kills
the tip. This lesion may then spread slowly into older

tissues.

A similar decrease in susceptibility in bean hypo-
cotyls with age has been related by Bateman and Lumsden
(1965), to the calcium content of host tissues and
inversely related to the methoxyl content of their pectic
substances. Flentje (1957) attributed decrease in suscep-
tibility with age to thickening of cell walls and McClure

and Robbins (1942) to lignification.

Maturing tissue may not be uniformly resistant. Dis-
crete areas of young radish tissue may be susceptible, but,
with age, these decrease and eventually become entirely
resistant (Flentje, Dodman and Kerr, 1963). This may
explain the occurrence of small, slowly spreading lesions
on parts of potato sprouts that other wise appear quite

resistant te infection,

An increase in resistance to infection of potato
sprouts was asscciated with greening, as shown by the
absence of infection of greened sprout tips and the
severe damage to ungreened tissue immediately behind the
tips, and also by the low level of infection of sprouts

greened along their length. The greening and other
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development appears not to decrease the susceptibility of
portions of shoots below ground that remain etiolated.

It seems likely that the age of this part of the sprout is
the most important factor determining its susceptibility

to infection.

Greening and associated development of aerial shoots,
however, may be important in the maturation of the under-
ground, etiolated parts of a potato sprout and thus in
its susceptibility to R. solani as suggested by the results
of the fourth experiment where initial attack of under-
ground etiolated shoots was more severe, than thét of
greened aerial shoots, although after 21 days infection

damage of both was similar.

It was not possible to demonstrate that secondary
sprouts, including those arising from infected primary
sprouts, are less susceptible to R. solani attack than the
primary sprouts themselves. If such secondary sprouts are
not less susceptible to infection how may we explain the
observation that many secondary sprouts (although their
surfaces are well colonized by R. solani hyphae!) growing
from susceptible, severely attacked, primary sprouts

remain uninfected (Sanford, 1938)?

We may conclude that sclerotia of R. solani situated
at the 'rose-end'! of a sced tuber are more likely to in-
fect and kill young sprouts than are those situated at the
'theel end!, and therefore from an epidemiological point of
view are relatively more important. The hyphae growing
out from distant sclerotia may eventually encounter an

older and less susceptible sprout than would be the case
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for hyphae growing from an inoculum source in the 'eye-
region'. Spencer (1967) reported that more sclerotia
usually formed on the 'rose end!, the last to mature, than
on the theel end! of tubers, an observation she explained

by postulating that tuber exudates could affect hyphal
growth, the initiation of sclerotia and their later develop-

ment.

It is suggested that a combination of disease escape
and decreased susceptibility of sprouts with age is res-
ponsible for the low level ol infection damage and sprout
death resulting from low inoculum densities in soil,'since
under such conditions a sprout may grow for some distance

and time without coming into contact with fungal hyphae.

Theoretically as inoculumn density increases so disease
severity should increase but results here confirm those
of Sanford (1941) that above a certain level of inoculum
in soil the virulence of R. solani may acfually decrease.
We may assume therefore that some factor or factors closely
related to inoculum density come into play to depress the
virulence of the fungal hyphae. These could include level
of CO_ in soil or possible staling cffects of the more

2
abundant mycelial growth.

In conclusion, these studies have shown that infec-
tion of potato sprouts is not determined simply by the
presence of pathogenic isolates of R. solani, indeed these
may always be present (Section 2); but that other con-
siderations are also important namely those relating to
the approach of the pathogen to the host in soil, and the

condition of the host when finally encountered by the

pathogen.
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SECTICN 4 PERSISTENCE OF RHIZOCTONIA SOLANT
IN SOIL
4,4 " Introduction and Literature Review

Park (1965) outlined the ways pathogens survive in
soil and considered that survival may be by active or
inactive processes. Inactive survival involved a passive
inactiyity imposed by the environment e.g. sclerotia
formation, but active survival includes parasitism of other
hosts and saprophytic growth on organic matter in soil.
Both survival mechanisms are reported for R. solani and
singly or combined they may maintain the inoculum potential
of R. solani for extended periods in soil (Baker and

Martinson, 1970).

Isolation of R. solani from soil

The fact that R. solwi can be isolated from natural
soils by a variety of methods including immersion tubes
(Chesters, 1948), colonization of organic substrate seg-
ments e.g. beet seeds (Papavizas and Davey, 1959) or by
picking out individual hyphae existing in natural soils
(Warcup, 1955) substantiates the contention that the fun-

gus exists as active mycelium in the soil.

Ko and Hora (1971) considered that recovery of R.
solani by the methods mentioned above was umnsatisfactory
when attempting to determine the prevalence of the fun-
gus in soil. They developed an agar medium which suppress-
" es the growth of undesired micro-organisms and enhances
that of R. solani from soil, and using their method 90 -
100% recovery of R. solani from soil inoculated with

sclerotia was obtained. Further, they compared their



method with a beet seed "baiting" method (previously the
most sensitive method for recovering R. solani from soil)
and found the population of four R, solani isolates, as
determined by their method, was respectively about %,
1.3, 176 and 27 times higher than that determined by the

beet seed method.

Persistence of R. solani in soil

Sanford (1947) stated that in natural untreated soil
"the degree of stability of virulence of R. solani is
outstanding, and the fungus is quite persistent." How-
ever, he concluded that "with the continuous presence of
a susceptible host, available food and wiform, favourable
soil temperature and water content R. solani may soon
practically disappear from soil ox persist for a rela-

tively long time",

Later, Sanford (1952) investigated the effect of
differené living host and non-host plants on the persis-
tence of the pathogen in soil and found that R. solani
apparently disappecared from the soil in 120 days oxr less
when associated with wheat, oat, barley or corn plants
but was still fairly abundant in soil bearing potato,
bean or pea plants. Also, when potato plants were absent
a heavy soil infestation in the late Autumn practically
disappeared by the following June. He concluded that R.
solani depended essentially on parasitic nutrition for its

persistence in soil.

Pitt (1964) found that isolates of R. solani from
infected wheat stems declined rapidly after artificial

introduction into field soil but that they were capable
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of parasitic survival on a number of susceptible crops.
He concluded that saprophytic survival of R. solani from
wheat was not a major factor in the persistence and sur-

vival of sharp eye-spot disease.

Chamberlain (1931) reported that R. solani survived
at least 2 years in soil and in a crop rotation experiment
only grass (but not swedes, peas or cereals) brought about

any apparent reduction in fungus level in soil.

Saprophytic survival or R. solani may also be influ-
enced by the innate constitution of isolates. Papavizas
(1964) found thaf several single-basidiospore isolates
differed considerably in their tolerance to CO_, and

2

ability to survive within colonized subsirate segments.

In the experiments reported in this section quanti-
tative determination of R. solani populations in field
soil have been made using a modified Ko and Hora technique
and various aspects of the persistence in field soil of
isolates of R. solani pathogenic to potato have been

investigated.
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4,9 Materials and Methods

Isolates of Rhizoctonia sqlani

The_follohing isolates of R. solani were used in

these experiments
Ri, R17, R36, R43, R45, R51, R53% and R58.

Details of the origin and identification of these
isolates, theix maintenance in culture, and their patho-

genicity to potato sprouts are given in Section 2.

Vermiculite Inoculum

Vermiculite inoculum (Section 1) was used to con-
taminate sieved field soil (Section 1) which had been

adjusted to approximately 50% W.H.C.

Assessing infectivity of soil

To determine the ability of soil contaminated with
R. solani to cause disease to potato, sprouting seed~-
sized tubers (var. Pentland Crown) were sown in the res-
pective pots. After incubation at 12°c for 21 days sprouts
were removed from soil and assessed for infection damage

as described in Section 2.

Modified Ko and Hora Medium

The selective medium for isolation of R. solani from
soil was propared as follows; 1 g K2HP04; 0.5 g MgSO&.7H20,
0.5 g KC1, 10 mg FeSO&.7H20, 6.2 g NaNO2 and 20 g agax
(Davis Standard Agar) were dissolved in 1 litre of dis-

tilled water. The solution was autoclaved for 20 minutes

at 15 p.s.i., allowed to cool to approximately 4000, then
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O.ngallic acid, 50 mg chloramphenicol and 50 mg strepto-
mycin sulphate were added under sterile conditiomns.

Gentle shaking of the medium facilitated dispersal and
dissolution of these powders then 2 drops of a 400 g/1
colloidal suspension of Metazoxalon 'PP 395!' fungicide
(I.c.I. Plant Protection Ltd. )which is active against
pythiaceous fungi, were added and the medium shaken gently
once more. The medium was poufed into sterile agar petri

dishes, 10 - 15 ml per dish and allowed to set.

Determination of R. solani population in soil

The population of fungus in the soil was determined
at different times after vontamination by obtaining rep-
resenfative soil samples from mixed cores of soil (5 per
pot) taken from each of four replicate pots per treatment
with a clean cork borer. From this collective sample
smaller amounts (0.5 g) were taken and moistened with a
little sterile distilled watexr, compacted with a small
spatula, and evenly distributed in 10 clumps on each of
10 replicate plates of the selective medium. The perimeters
of the soil clumps were examined microscopically with x 10
objective after 48 h incubation at 250C and the number of
clumps with emerging R. solanji hyphae was recorded, R.
solani being identified by the distinct morphological
characteristics of its mycelium (Parmeter and Whitney,
1970). Fresh and dry weights of soil from the collective
samples (see above) were determined to calculate moisture
content (%) of the soil at the *ime of sampling. Sub-
sequently populations of R. solani were expressed as

propagules/per g/dry weight of soil (Note: !propagule!



here taken as that amount of fungus contained in 0.05 g

soil).

Effect of soilncontamination level on isolation rate of

R. solani by Ko and Hora method

Different lots of soil were contaminated with 0.1,
0.5, 1, 2 and 5% (volume : volume) Vermiculite inoculum of
R. solani (isolate R17) and placed in replicate pots.
After incubation of pots at 12°¢ for 4 days in damp cham-
bers collective soil samples were obtained and the popula-

tion level of the pathogen determined.

That this method is suitable for the quantitative
determination of R. solani in soil is indicated by the
linear relationship that existed between cohtamination
level of soil and number of !propagules! of the fungus

isolated per g soil (Figure 4.1).

Experimental Methods

(a) Persistence of different isolates of R. solani

in field soil at 12°C

Different lots of soil were contaminated with 5%
(volume : volume) Vermiculite inoculum of different iso-
lates of R. solani, and the soil placed into replicate
pots. Pots were incubated at 12°C in damp chambers and
collective soil samples were obtained at time intervals
over a period.of 200 days. At the end of this incubation
period the ability of the diiferent soils to cause disease

on potato sSprouts was also tested.

12
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Figure 4.1 Effect of soil contamination level on isolation rate of Rhizoctonia solani by the
: ‘ | method of Ko and Hora ‘ ‘

€Ll



(b) Effect of initial level of contamination on

persistence of R. solani in soil

Different lots of =il were contaminated with 1, 5
and 10% (volume : volume) Vermiculite inoculum of R.
solani (isolate R17), the soil placed into replicate pots,

and incubated at 12°C in damp chambers for 126 days.

Collective soil samples were obtained at different
times during this period to determine the population level
of R. solani in the soils and their ability to cause
disease on potato sprouts was tested at the end of the

incubation period.

(¢) Effect of adding potato or weed foliage on the

persistence of R. solani in soil -

Potato plant foliage or weed foliage (a mixture of

grass (Agropyron repens), chickweed (Stellaria media),

nettle (hamium spp.), and groundsel (Senecio vulgaris)

was collected and allowed to dry overnight in the lab-
oratory (20°C). The partly dried, coarsely chopped
foliage (16 g) was added separately to different lots of
soil which had been contaminated with 5% (volume : volume)
Vermiculite inoculum of R. solani (isolate R17), and
thoroughly mixed. FEach soil was distributed equally into
4 replicate pots, and incubated in damp chambers at 12°¢

for 150 days.

Soil samples were removed after different times to

determine the population level of R. solani in the soils.

114



(a) Effect of cropping with non-susceptible plants on

persistence of R. solani in the soil

Pots (5" diam.) containing soil contaminated with 5%
Vermiculite inoculum of R. solani (isolate R17) were sown

with eitherx;

1. wheat (var. Maris Huntsman) - 10 seeds pex pot,
thinned to 5 seedlings per pot soon aftef emergence,

2, barley (var. Zephyr) - as above.

3. grass (Dwarf leafy perennial rye grass, Suttons
Ltd.) - thin sowing over soil surface.

4, or left fallow (comtrol).

Pots were kept in a greenhouse at 20 - 25°C (although
temperatures occasionally rose to 300C for limited pexiods
during the day) and were watered as required to maintain

noxrmal plant growth.

Collective s0il samples throughout the experiment
were obtained after plants had been removed from pots and
any soil from their roots had been shaken back into the

pot, and the soil had been thoroughly mixed.

Appropriate control pots were maintained forxr all
experiments reported in this section, and results wexe
analysed (where necessary) using statistical tests given

by Sokal and Rohlf (1969).
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4.3 Results

Persistence of different isolates of R, solani

in field soil

Each of seven isolates of R. solani pathogenic to
potato were reisolated from soil by the method of Ko and
Hora 200 days after the soil was first contaminated (Fig-
ure 4.2), thus indicating that no isolate had died out
after that time. The population level of all isolates
fell by more than a half during the first 6 weeks as indi-
cated by the isolation of between 11.5 and 14.5 propagules
of R. solani per g soil 3 days after contamination of soil
but between 1.8 and 5 propagules per g after 42 days.
However, generally, isolates declined only slightly after
49 days, no isolate was consistently isolafed at a sig-
nificantly different rate than another from soil.

Furthef, ne isolate was determined to be at a level higher
than 5 propagules per g soil, or lower than 0.3 propa-

gules per g soil from this timec onwards.

All isolates retained the ability to infect potato
sprouts (Table 4.1) with no significant loss of virulence,
50% or mor of sprouts being killed by each isolate after

21 days at 1200.

Effect of initial level of contamination on persistence of

R. solani in soil

The decline of population levels of R. solani in soil
during a 126 day period of incubation at 12°¢ was related
to the initial level at which the pathogen was incorpora-
ted (Figure 4.3). The population in the soil contaminated

with 10% inoculum fell from 18.7 to 7.7 propagules per g
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Figure 4.2 Persistence of different potato sclerotial isolates of Rhizoctonia solani in soil

LLl




Table 4.1 Virulence of isolates of Rhizoctonia solani to potato sprouts

200 days after contamination into field soil

Isolate % Number sprouts killedl’ 2
R1 62.5 (86)°
R17 52.1 (75)
R36 69.0 (72)
R%3 91.7 (81)
R45 75.0 (86)
R51 100.0 (83)
R53 66.? (58)
1 Mean of 4 replicate tubers
2

After 21 days at 12%

5 % Number sprouts killed in pathogenicity tests after 21 days at 12°¢
{¢<:2tion 2) for comparison
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dried soil, and that in soil contaminated with 5% inoculum
from 13.3 to 5.2 propagules per g dried soil. The final
population levels and the rate of decline of the fungus in
 these two soils (R = -0.09 and R = -0.06 respectively)
were not significantly different. However, in soil con-
taminated with 1% inoculum the population level of R.
solani declined at a significantly slower rate (R = ~0.02)
than in soil with 10% inoculum added. At two days after
contamination the level was 4.3 propagules per g dried
soil but the population level at 126 days of 1.3 propa-
gules per g dried soil was signiflicantly lower than that

in both other soils.

The results from both this and the previous experiment
indicate that actively growing R. solan® mybelium tend
towards a stable and fairly low level in soil and that
the fate of decline to this level from an initially high
population level may be greater than from a lower initial

level.

Further evidence for loss of virulence of R. solani
at high inoculum levels (Section 3) was obtained when the
ability of these three soils to cause sprout disease was
tested after the 126 day incubation period. Disease and
sprout death in soils that had been contaminated with 10%
inoculum (Table 4.2) were strikingly lower than that from
soils contaminated at 1 or 5% levels showir : that the
fungus in the former (at the same or higher population
level) had a reduced ability to infect and kill potato

sprouts,
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"Table 4,2 Infectivity of

Initial Contamination

level (% vol : vol)

0 (Control)

10

1

Population level of

fungus after 126 days1

1.3

5'2

7.7

'propagules R. solani per g dried soil

2

Mean values from 3 replicate pots

Rhizoctonia solani contaminated soils after 126 days incubation at 12°%

Infection damage to sprouts2

% sprouts killed Disease Index
0 0.7
77.7 k.1
91.7 4,2
27.7 2.1
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Effect of adding potato or weed foliage on persistence of

R. solani in soil

The popuiation level of R. solani in the soils with
plant foliage added increased rapidly during the first 4
days of incubation to more than twice that in soil without
additions, but immediately began to decline (Figure 4.4).
Initially the rate of decline was greatest in the soil with
weed foliage such that after 2 weeks the fungus level of
6 propagules per g dried soil was not significantly
different from that in soil without additions but the
pathogen continued for a time at a significantly higher
(p<£0.01) level than both of these (at 11.5 propagules
per g dried soil) in soil with potato foliage added, than
later declined more quickly. After 5 weekg the fungus
existed at a similar level of 4 - 6 propagules per g
dried soil in all 3 soils, but the decline in soil with
weed foliage continued so that after approximately 9 weeks
at a level of 1.1 propagulcs per g dried soil it was
signifieantly lower (p <£0.01) than in the other two soils
where it remained similar at 4.1 propagules per g dried
soil. However, throughout the remaining period of incu-
bation until 23 weeks after soil contamination the fungus
level in all 3 soils was found to be similar. During this
period the pathogen declined slightly or remained at the

same level of between 1 and 4 propagules per g dried soil.

Thus the results indicated that the incorporation of
plant foliage to soil influenced the level at which R.
solani persisted only over a period of about 9 weeks, but
later no effect was detected. Further, at certain times

during this 9 week period, the incorporation of potato or
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weed foliage into contaminated soil was responsible for an
increased level of the pathogen above that found in
unamended soil, but later, however, weed foliage depressed

the pathogen level below that in the unamended soil.

Effect of cropping witi. non-susceptible plants on the

persistence of R. solani in soil

The presence of wheat, barlecy or grass cropped an
soil contaminated with 5% inoculum of R. solani did not
affect the persistence of the fungus in the soil over a
period of 80 days (Figure 4.5). Initial isolation rates
of 7 - 9 propagules per g dried soil after 4 days fell to
1.2 - 2.7 propagules per g after 2% weeks. The fungus
level declined more slowly during the remaining period,
so that after 11 weeks between 0.2 and 1.5 propagules per
g dried soil were isolated. Throughout the experiment the
isolation rates of funzus from the 3 ciropped soils were

not significantly different from each other or with that

from the fallow, contaminated soil.
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4,4 Discussion

Although in this study seven isolates of R. solani
all survived eQually well in a loamy soil the results of
Baker, Flentje, Olsen and Stretton (1967), who reported
differences in the inherent ability of 3 R. solani iso-
lates to survive in different soils, suggests that testing
the persistence of our isolates in various types of soil
under a range of environmental conditions may reveal

similar inherent isolate characteristics.

That isolates of R. solani pathogenic to potato sur--
vive in soil for at least 28 weeks with no loss of viru-
lence emphasizes the potential importance of this pathogen
to potato growers, and also indicates, contrary to the
conclusion of Sanford (1952), that the pathogen need not

depend on parasitic nutrition for its survival in soil.

Isolations of R. solani by the Ko and Hora method
demonstrated an initially intens' e period of saprophytic
activity on the part of the pathogen in the soils amended
with plant foliage, and this short period was followed by
a decline in activity until a level similar to that in
unamemded soil occurred. These results confirm those of
Papavizas and Davey (1961), and Martinson (1963) who have
also shown that a rapid saprophytic invasion by R. solani
of substrates buried in soil occurs between 1 arv:ii 4 days
but that declining saprophytic activity follows until
after several weeks a relative equilibrium is established.
These workers suggested that the availability of rapidly
assimilable nutrients in the substrate could explain the

intensive saprophytism in the initial phases of colonisa-
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tion and that as food reserves decreased so saprophytic

activity declined.

It would be of interest to investigate whether by
adding increasing amounts of potato or weed foliage to
contaminated soils the population of R. solani could be
maintained at higher or lower levels than in bare soil
since this possibility is indicated by our results, and.

points towards a method of controlling soil-borne R.

solani by incorporating certain kinds of green plant-mat—

erial to the soil.

The survival of R. solani in bare soil for periods of
at least 28 weeks may be due to sclerotial formation, to
the presence of a food supply released by the decomposi-
tion of organic matter, or to the slow utilization of

cellulose by R. solani (Garrett, 1962).

Considered together, the results of the experimeni=
reported in this Section may be taken as indicating that
an initially high level of R. solani in soil, such as may
occur if a potato crop became severely infected, would
soon fall to a stable and somewhat lower level, but the
fungus would neverthel«:s pefsist until the following
growing season. Furthermore, the level of the fungus in
the soil will remain largely unaffected by non-susceptible

crops e.g. cereals or grass planted in rotation with

127

potatoes or by any host or non-host plant material which may

be incorporated into the soil during normal cultivation

processes.
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APPENDIX 1

Al1.1 Long Ashton Nutrient Solution

Preparation of stock solution

After Hewitt, E. J. (1966). Sand and Water culture
methods used in the study of plant nutrition. 214 Edition.
Commonwealth Agric. Bureaux, Tech. Comm. No. 22, '

Compound g/2 litres
1 KNO3 404
2 Ca(N03)2.4H2) 9Ll
3 NaH,PO, . 21,0 208
1
. MgS0,, . 7H,0 | 368
5 Fe EDTA Na Salt . 77.02
! L
6 Mhsoq.iHZO .46
7 CuSO4.5H20 0.50
8 ZnSOA.7H20 0.58
, H_BO .72
9 580~ ‘3 7
}\ Mo W¥{
10_ (NH4,6“U7024.1n20 | 0.176

To prepare 1 litre of standard nutrient solution
(L.A.N.S.) 1 ml1 of each of solutions 5-10, and 2 ml or each
of solutions 1-4 are added to about 900 ml distilled
water and then made up to 1 litre. The phosphate stock
(3) is added last to avoid the risk of precipitation,

Al1.2 Potato Dextrose Agar (Pda)

39 g of potato dextrose agar powder (0xoid, containing
potato extract 4 g/l, dextrose 20 g/1 and Agar No. 1
15 g/1) was dissolved in 1 litre of distilled water and

sterilized by autoclaving at i12i°C for 15 minutes.

Al1.3 Water Holding Capacity (W.H.C.) Determination forxr
Field Soil

The W.H.C. (or the amount of water taken up by unit
weight of dry soil when immersed in water under standard-
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ized conditions) was determined using a method based on that

of Keen and Raczkowski (1921), using a circular shaped box
similar to that described by Coutts (1930).

Air dried soil was crushed with a pestle,and mortar so
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that 2s much as possihle would pass through a sieve with
holes 5 mm diameter. A filter paper (9 cm diameter) was
placed in the boltom of a round metal tin (2 cm deep,

9.2 cm internal diameter) the bottom of which was perfora-
ted with numerous holes (0.75 mm diameter spaced approx-
imately 4 mm apart) and the tin and filter paper were
welighed together,

Crushed soil was added to the tin by means of a
spatula, the tin being tapped several times on the wooden
bench top after each addition to ensure uniform packing
of soil. After the tin had Dbeen packed two thirds full
it was placed into an 11 cm diameter petri dish and water
was added to the dish to a depth of 0.5 cm. After a time
a little more water was added 1o restore this depth.
After the tin had stood in water overnight and the soil
had become fully saturated, it was removed, the bottom
carefully wiped dry on the oulside and the weight of tin
together with saturated soil was recorded.

The tin and soil were then dried by placing in an oven
at 1059C for 24 h, cooled and reweighed.

The amount of water absorbed by the filter paper was
determined by weighing 5 papers together, saturating them
with water then squeezing them gently by placing them on a
flat glass plate and rolling with a glass rod. The papers
were weighed again to determine the amount of water
absorbed, and an average for that amount retained by one
paper was calculated.

This procedure was repeated three times, the W.H.C.
being determined as the mean of three readings.

W.H.C., as a percentage of the oven-dry soil was

determined from the expression

b - ¢ -
c - a

x 100

where a = weight of box unfilled (g)
b = weight of box + saturated soil (g)
¢ = weight of box + oven-dry soil (g)

d = amcunt of water retained by one filter
paper (g)

Eesults

a. Weight box unfilled

b. Weight box + saturated
soil

38.97, 38.97, 58.97

434,33, 373.5, 350.9

c. Weight box + oven-dry soil = 353,14, 302.38, 287.3

d. Weight of water retained

by ene filter paper = 1.16, 1.16, 1.16
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W.H.C. (calculated)
W.H.C. (mean)

25.5%, 27.0%, 25.14%
25,9%

Al.4 Staining of nuclei in young lLivphae

Modified HC1l Giemsa technique after Hrushovetz, S. B.
(1956). Cytological studies of Helminthosporium sativum,
Candian Journal of Botany 34, 321-323.

A portion of mycelium was teased out onto a chemically
clean, glass slide in a little sterile distilled water,
allowed to air dry onto the slide, and was then fixed by
placing the slide into a 6 : 1 : 1 mixture of absolute
alcohol, glacial acetic acid and lactic acid for 10-15
minutes. The slide was rinsed in absolute alcohol then
stored in 70% alcohol for 30 minutes before being trans-
ferred to cold N HCl. After 5 minutes in the cold acid
the slide was transferred to warm N HC1 (58-61°C) for 6-9
minutes then rinsed for 1 minute in cold tap water followed
by a 1 minute rinse in phosphate buffer (pH 6.9).

The nuclei were stained by transferring the slide into
Giemsa stain (prepared by adding 1 ml of Gurr's 'Improved
Giemsa Stain' to 15 ml of phosphate buffer, pH 6.9) and
leaving for 1%-2 h.

The slide was removed from stain, rinsed in cold tap
water for 30 seconds followed by phosphate buffer for 15
seconds then air dried. The preparation was mounted in
euparal and examined microscopically.



Table A2.1

(a) After 22 h

Fungicide

Benomyl
Fongoren
Plantvax
Vitavax
Aretan
Thiabendazole

"o W,

W e \Jle w e

1
10.
0
0

(b) After 40 h

Fungicide

Benomyl
Fongoren
Plantvax
Vitavax
Aretan
Thiabendazole

[N es] = O

NoRW\|

(reference Figure

1.1)
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w v v e e
oowum o wum

10
2
5.5, 5

0,
30.5, 29
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0,
0,
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Effect of different fungicides in agar on the growth1

Rhizoctonia salani

ppm fungicide in agar

100
3 1 2 3
5, 5 0’ 0 O’ O O, O
_ -y - 0, O 0, O 0, O
14, 10.5 9.5, 9 10, 9.5 13, 12
9.5, 8.5 4,5, 4.5 5, 5
0, O 0, O 0, 0 0, 0
0, O 0, O 0, O 0, O
ppm fungicide in agar
100
3 1 2 3
5, 5.5 0, O 0, O 0, O
-y - 0, O 0, O 0, O
28.5, 22.5 15, 14 16, 16 20.5, 19
13, 11.5 5, 5 4,5, 4.5 6, 5
0, O 0, O 0, O 0, O
0, O 0, O 0, O 0, O
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(oNoNoNoNoNe

SOOOOO

6€l



" (e) After 65 h

Fungicide 10
1 2 3
Benomyl 5, 5 5.5, 5 5, 5.5
Fongoren 0, 0O 0, O -, -
Plantvax 48, 4k 52, 48 48, 42
Vitavax 19, 14 6, 5 13, 13
Aretan 0, O 0, O 0, O
Thiabendazole 0, O 0, O 0, O

(d) cControl (Agar without fungicide)

Time (h) 1
22 20, 19.5
40 36.5, 34.5
65 58, 54

ppm fungicide in agar

100
1 2
0, 0 0, 0
0, 0 0, 0
21, 17 18, 17
5, 5 4,5, 4.5
0, 0 0, 0
G, O 0, O
2
27-5, 23
Ly 3Y

69, 58.5

OO OO
COQOOOO0O
OCOQOOOO0

OO0\ O O

1,000

COOOOO0O
CO0O0O0OOO0
OO0 0OO0
o loloReNoRe)

1 All readings include the diameter of an agar disk (4 mm) + hyphal growth, 2 diameters
(measured at right angles) per colony are given, 3 replicate plates per treatment. (Read-
ings in Figure 1.1 are corrected for the agar disk).
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| 1
Table A2.2 (reference Table 1.1) Germination (%) of

thick, medium and thin sclerotia of Rhizoctonia
solani removed from fungicide treated tubers

Analysis of Variance

Source df ss ms F
Treatment (Tr) 8 26,791.7 3349 6.73 *x*
Sclerotia Thickness (T) 2 365.2 182.6  0.37
Washing (W) 1 0.52 0.52 0.001
Tr x T 16 - - -

Tr x W 8 - - -
Tx W 2 - - -
Tr x Wx T ( Error) 16 7956.6 497.3

Total 53 35,015.9

Least Significant Difference Lsd = X/ 2 x Error Ms
n

where n

number of replicates

o
1l

studentized 't' value with error df @

p<0.05 (or p<0.01)

L.s.d. = 2.12 (2.92) 2 x 497.%
Sl

L.s.d. (p<0.05) = 27.3 or 37.6 (p<0.01)

1 After 24 h on P.d.a. at 2500



Table-A2.3 (reference Table 1.2) Hyphal growth1 (mm) from sclerotia of Rhizoctonia solani removed

(a) Thick Sclerotia

Tubexr

Treatment

Water (Control)
Aretan 6

. Benomyl (1%)
Benomyl (0.1%)
Folecidin
Plantvax
Thiabendazole
Vitavax (1%)

Vitavax (0.1%)

from fungicide treated tubers

Tubexrs Unwashed Tubers Washed
after treatment after treatment'

(8-13 replicate sclerotia)

30, 20, 20, 18, 18, 24, 23 7, 4, 6, 5, 8, 6, 4, 6, 7
0.1, 0.1, 0, 0, 0, 0, 0, O 0.1, 0, 0, 0, 0, 0.1, 1, 0, 1
0.1, 0.1, 6, 10, 0.5, 0.5 0.1, 0.1, 0.5, 3, 0.5, 1, O
20, 9, 8, 7, 8,.6, 9, 6 7, 5, 3, 8, 2,9, 7, 1

9, 7, 7, 17 7, 10, 8, 6, 6, 2, 8

L, 2, 3, 2, 4, 3, 3 2, 2, 3, 1, 3, 2, 2

0.1, 0.1, 0.1, 0.1, 0.1, 0.1 0.5, 1, 0, 0.5, 0.5, 0.5, 0.5
2, 2, 2, 2, 2, 2 ’ 1, 2, 3, 2, 3, 2, 3

3, 2, 3, 3, 2, 2 3, 2, 3, 3, 2, 2, 1, 2, 3

1 After 24 h on P.d.a. at 25°C

(A7



Table A2.3 (reference Table 1.2) Hyphal growth1 (mm) from sclerotia of Rhizoctonia solani removed from

(b) Medium Scleroti-

Tuber

Treatment

fungicide treated tubers

Tubers Unwashed Tubers Washed
after treatment after treatment

(8-13 replicate sclerotia)

Water (Control) 441, 9, 7, 19, 5, 7 14, 7, 7, 8, 6, 5, 5, 7, 4

Aretan 6 0, 0, 0, 0, 0, O 0, 0, 0, 0, 0, 0, O

Benomyl (1%) 5, 0.5, 4, 0.5, 2 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.5, 3
Benomyl (0.1%) 5, 5, 5, 4, 5, 4, 7, 4 6, 5, 7, 3, 5, 4, 3

Folcidin 4, 4, 5, 5, 5, 7, 6 6, 3, 2, 5, 6, 3, 5, 3, 4

Plantvax 7, 75 4, 2, 2, 7, 3, 5 | 0.5, &, 3, 2, 1, 2, 4, 3, &

Thiabendazole 0.1, 0.1, 0.1,
Vitavax (4%) 3, 2, 3, 2, 3,
Vitavax (0.4%) 4, 4, 3, 4, 3,

1 After 24 h on P.d.a.

0.1, 0.1, 0.1, 0.1, 0.1, 0.1 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1, 0.1

2, 2, 3, 3 3, 2, 3, 2, 2, 2, 3, 2
5, 3, 3, 0.5 3, 3, 3,4, 1, 1, 3, 1, 3, 3
at 2500

1534}



Table A2.3 (reference Table 1.2) Hyphal growth 1 (mm) from sclerotia of Rhizoctonia solani removed
from fungicide treated tubers

(¢) Thin Sclerotia

Tuber Tubers Unwashed Tubers Washed
Treatment after treatment : after treatment

(8~13 replicate sclerotia)

Water (Control) 7,4,9,4,5,5,7,4,4,4,7 ' Mean = 8
Aretan 6 0.5,0,0,0,0,0,0.,1,0.1,0,1 0,0,0,0,0,0,0,0,0,0,0,0,0

Benomyl (1%) i,6,2,1,3,0.5,0.1,0.5,3,1,2,2 0.5,0.1,0.1,2,0.1,0.5,%,3,4,2,0,5,0.5
Benomyl (0.41%) 5,6,8,6,10,6,5,4,5 8,9,8,5,6,5,5,6,5,3,4,0.5

Folcidin 5,5,4,6,5,5,5,5,7,6,4 Mean = 6

Plantvax 7:4,4,3,3,3,5,5,4,1,5,4 Mean = 5

Thiabendazole o.1,0.1,0.1,0.1,0.1,0.4,0.1,0.1,0.1,0.4,0.1,0.14 0,0,0.1,0.5,0.1,0.1,0,0,0,0,1,0.1,0,0.1
Vitavax (1%) 1,4,3,2,3,3,4,4,2,3,3,0 ’ Mean = 3
3

Vitavax (0.1%) 1,2,3,1,1,3,3,2,1,4,3,2 Mean

1 After 24 h on P.d.a. at 25°C

oL



Table A2.3 (reference Table 1.2) Hyphal growth (mm)
from sclerotia of Rhizoctonia solani removed
from fungicide treated tubers

Analysis of Variance

Source of ar SS ms F
Variation
Treatment (Tx) 8 L. 72 0.59 L.50 %
Sclerotia Thickness (T) 2 0.61 0.31 2,37
Washing (W) 1 0.44 0.4k 3.36
Tr x T 16  1.67  0.10  0.80
Tr X W 8 0.88 0.11 0.84
T x W 2 0.79 0.40 3.02
T x Tr x W ( Error) 16 2.10 0.13 -
Total 53 11.21 -

L.s.d. = 2.1%/ 2 x 0.131
(Treatment) 6

0.45 cm (or 4.5 mm)

11
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Table A2.4 (reference Table 1.3) Infection damage by
Rhizoctonia solani of primary sprouts from
fungicide treated seed tubers sown in
Vermiculite

% Primary Sprouts Killed

Tuber Treatment Replicate tubers

Control (Water) o, o, 50, o, 50, 0, O, 0, 0, 0, O
Aretan 0o, 0, 0, 0, 0, 0, 0, O, O, O, O
Benomyl (1%) o, o, 0, 0, 0, 0, O, 0, O, O, O
Benomyl (0.1) o, o, 0, 0, 0, 0, O, 0, 0, 0, O
Folcidin 0o, 0, 0, 0, 0, 0, 0, 0, 0, 0, O
Plantvax o, o0, 0, 0, 0, 0, O, O, O, O, O
Thiabendazole o, 0, 0, 0, 0, 0, O, O, O, O, O
Vitavax (1%) o, 0, 0, 0, 0, 0, 0, 0, O, 0, O
Vitavax (0.1%) o, 0, 0, 0, 0, 14, 38, 0, 0, O, O
Analysis of Variarce
Source of af SS nms F
Variation
Treatment 8 918.6 114.9 1.9
Error 90 5455.8 60.6
Total 98 6375. 4

L.S.do = 6'9 (p-.’{OOOS)

(Treatment)



Table A2.4°

(reference Table 1.3)
Rhizoctonia solani of primary sprouts from

147

Infection damage by

fungicide treated seed tubers sown in Vermi-

culite

Disease Score or Primary Sprouts

Tuber Treatment

Control (Water)

Aretan 6

Benomyl (1%)

Replicate Tubers

1.5, 0.4, 3, 0, 3, 0, 2.3, 1, 1, 1

1, 0, 0, 0, 0, 0, 0, 0.3, 0, 0.2

Benomyl (0.1%) 0,
Folcidin 0,
Plantvax o,
Thiabendazole o,

Vitavax (1%)

Vitavax (0.1%)

o, 0, 0, 0, 0, 0, 0, 0, 0, O

0o, 0, 0, 0, 0, 0, 0, 0, 0, O

0, 0, 0, 0, 0, 0, 0, O, O, %4

0.5, 0, 0, 0.2, 0, 0, 0, 0, O, O

o, 0, 0, 0, 0, 0, 0, 0, 0, 1.3

0o, 0, 0, 0, 0, 0, 0, 0, 0, 0, O

Analysis of Variance

Source of df ss

Variation

Treatment 8 7.6

Exrror 390 49,1

Total 98 49,7
L.s.d. (p<£0.05) = 0.6

|

0.6, 0, 0, 0.8, 0, 0, 0, 1, 2.6, 0, 0.5

ms F
0.95 2.02
0,47



Table A2.5 (reference Table 1.%4)

The effect of pre-!

and post-storage fungicide dipping treatments
of scurfed tubers on Rhizoctonia solani
infection of sprouts

(a) Pre-storage Treatment

Dip Treatment

Water (Control)
Aretan 6
Benomyl
Fongoren
Thiabendazole

Vitavax

(b) Post-storage

% sprouts killed after 21 days at 12°C

90.9, 80.0, 31.8, 50
66.7, 50, 50, 75

60, 89.8, 54.5, 66.7
78.6, 91.7, 58.3, 60
61.5, 72.7, 75, 83
66.7, 28.6,-62.5, 87.5

Treatment

Dip Treatment

Water (Control)
Aretan 6
Benomyl
Fongoren
Thiabendazole

Vitavax

% sprouts killed after 21 days

42,8, 50, 75, 83.3
100, 60, 100, 0

77.7, 75, 77.7, 69
100, 71, 66.7, 60

50, 66.7, 33.3, 88.9
42.9, 85.7, 35.7, 83.3

0,

0, 0, 0
0, 0, 0
0, 0, 0
0, 0, 0
0, 0, O
o
at 12°¢
12.5, 20, 25
0, 0, O
0, 0, O
0, 0, O
0, 0, 0
0, 0, 0

]

1 Tubers sown in Rhizoctonia solani infested soil

2 Tubers sown in uninfested soil
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Analysis of Variance

Source of . af

Variation
Time (T) i
Treatment (Tr) 5
Soil (S) i
Tr x S 5
Tr x T 5
Sx T 1
Tr x 5 x T 5
Error 72
Total 95

L.s.d. (Treatment)

S8

298.7
3,805.6
93,655.7
2,899.2
1,850.4
59.6
556.63
23,783.6

126,909 .4

2 x 330.3

16

12.3 (p €£0.05)

ms

298.7
761.1
93,655.7
579.8%
370.1
59.6
111.3
330.3

0.9
2.3
283.5
1.8

0.2

0.3

*%
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Table A2.6 (reference Table 1.5) Effect of black scurf level and chemical treatment of seed
tubers on progeny number, yield, and size class distribution

Mean values of 3 plots (10 plants per plot)

Seed scurf and Total No. Total Yield No. of tubers per size (diam. in) class as % of Total
dip treatment tubers (kg) (a) 3 (b) 2-3 (¢) 12 - 2 (a) 1+ (a) + (4)

201 27.95 11 100 68 22 33

A 140 25.10 12 82 36 10 22

177 31.06 6 101 50 20 26

172 34,69 20 99 40 13 373

B 185 30.59 14 91 57 21 35

191 21,56 4 71 92 24 28

288 46,60 34 149 62 43 77

C 193 33.80 26 106 35 26 52

164 18.21 1 57 77 29 30

216 35.14 . 19 ' 112 55 30 49

D 199 31.21 13 96 70 20 33

187 22,98 3 79 68 37 40

189 20.50 3 57 106 23 26

E 231 - 23.38 3 62 124 45 48

256 37.55 23 124 ' 78 31 54

011}
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Analysis of Variance

Source of ) af ss ms F
Variation
Treatment L 496 124 10.5 **
Error 10 117.7 11.76
Total 14 613.5

L.s.d. (p£0.05) = 6.24

L.s.d. (p<0.01) = 8.87
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Table A2.7 (reference Table 1.6) Effect of seed tuber
black scurf and chemical treatment on sprout
death 6 weeks after planting

Dip Treatment Tuber Inoculum

Clean black scurf

% sprout death®

Water (Control) 0, 0, O 31, 23, 18.7
Aretan 6 6.4, 0, O 50, 0, O
Vitavax 0, 0, 0 10, 31.6, 27.8
Benomyl 0o, 0, O 0o, 0, O

? values from 3 replicate plots, 1-5 plants per plot

Analvsis of Variance

Source of df ss ms F
Variation
Inoculum (I) 1 14735.2 1435.2 10, 56%%
Treatment (T) 5] 570.8 190.3 1.40
IxXT 3 562.7% 187.4 1.57
Error 16 2037.9 - 135.9
Total 23 4606.1
L.s.d. = 14.02 (p £0.01)
(Inoculum)
L.s.d. = 14.34 (p <0.05)

(Treatment)
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Table A2.8 (reference Table 1.7) Effect of seed tuber
black scurf and chemical treatment on sprout
infection damage 6 weeks arter planting

Dip Treatment Tuber Inoculum

clean black scurf

% sprout death?

Water (Control) 0, 0.3, 0.2 1.6, 1.8, 1.6
Aretan 6 0.6, 0.3, O 2.3, 0.2, 0.1
Vitavax 0, 0.4, 0.7 1.6, 1.3, 1.9
Benomyl i, 0.4, O.4 0.3, 0.5, 1

values from 3 replicate plots, 1-5 plants per plot.

Analysis of Variance

Source of art Ss ms F
Variation

Inoculum 1 4,153 4,13 14,59 **
Treatment 3 0.78 0.26 0.92
IxT 3 2.06 0.69 2. 4L
Error 16 L,24

Total 23 11.21

L.s.d. (Inoculum) = 0.46 (p<£0.05), 0.64 (p<0.01)

L.s.d. (Treatment) = 0.65 (p <0.05), 0.89 (p <0.01)



154

Pable A2.9 (reference Table 1.8) Effect of seed tuber
black scurf and chemical treatment on number
of sprouts produced per tuber, 6 weeks after

planting

Dip Treatment Tuber Inoculum

clean black scurft

Number of Sprouts
per tuber™

Water Control 6.8, 4.3, 5.5 4, 5.3, 5.2
Arebﬂn 6 1.8’ 1’ lL 1’5, 5'7, 3'5
Vitavax 6, 4, 6 5.5, 6.5, 6
Benomyl 3.5, &.5, 4 4, 4.3, 6.7

values from 3 replicate plots, 1-5 plants per plot

Analysis of Variance

Source of af SSs ms | O
Variation

Inoculum 1 1.72 1.72 1
Treatment 3 24 46 8.82 5.15%
IXT 3 3. 36 1.12 0.65
Exrroxr 16 25.93

Total 22 57 .47

L.s.d. (treatment)

]
e

.6 (p<0.05)

|

i
Y

L.s.d. (inoculum) .1 (p<£0.05)



Table A2.10 (reference Table 1.9) Effect of seed tuber
black scurf and chemical treatment on plant
emergence 10 weeks after planting

Dip Treatment Tuber Inoculum

clean black scurf

a
% plant emergence

Water (Control) 81, 7h, 7h 9%, 100, 9k
Aretan 6 27, 14, 33 k7, 27, 47
Vitavax 87, 60, 60 60, 94, 60

Benomyl 67, 54, 40 87, 67, 54

values from 3 replicate plots, 1-5 plants per plot

Analysis of Variance

" Source of at ss ms F
Variation
Inoculum 1 1,066.7 1066.7 6.36 *
Treatment 3 9,119.2 3039.7 18.1 **
IxT 3 258.0 86 0.51
Exror 16 2,686
Total 23 1%,129.8

L.s.d. (treatment)= 22.04 (p<0.01)

L.s.d. (inoculum) = 11.3 (p <0.05)

135
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Table A2.11 (reference Table 1.10) Effect of seed tuber
black scurf and chemical treatment on stolon
infection damage 10 weeks after planting

Dip Treatment Tuber Inoculum

clecan black scurf

Stolon Infection Damage a,b

Water (Control) 0.05, 0.18, 0.11 0.13, 1.17, 0.50
Aretan 0, 0.39, O 0, 0.143, O
Vitavax 0.05, 0.19, 0.1 0.54, 1.54, 0.71
Benomyl 0, 0.22, 0.35 0.03%, 0.13%, 0.10
a

Mean values per stolon of 3 replicate plots, 1-5 plants
per plot

On scale 0 = no disease to 5 = stolon girdled and/or
severed

Analysis of Variance

Source of Variation f Ss ms F

Inocu tum 1 0.46 0.46 5.54 %
Treatment 3 0.73 0.24 2.93
Ix T 3 0.92 0.51 3.70 *
Error 16 1.33 0.08

Total 23 3.k

L.s.d. (inoculum) = 0.25 (p <0.05)
.5

L.s.d. (interaction) = 0 (p £0.05)

———
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Table A2.12 (reference Table 1.11) Effect of seed tuber
black scurf and chemical treatment on emer-
gence of plants 25 weeks after planting
Dip Treatmeht Tuber Inoculum

clean black scurf

% plant emergence’

Water (Control) 80, 100, 100 . 80, 100, 100
Aretan 6 80, 40, 20 60, 60, 60
Vitavax 80, 60, 60 80, 80, 100
Benomyl 100, 100, 60 80, 80, 80

a

Mean values from 3 replicate plots, 1-5 plants per
plot

Analysis of Variance

Source of Variation af SS ms F
Inoculum 1 266.7 266.7 1.06
Treatment 3 5,200 1733%.3 6.93 **
IxT 3 666,17 222,2 0.88
Error 16 4,000 250.0

Total 23 10,133.3

L.s.d. (treatment) = 19.5 (p<0.05), 27.30 (p< 0.01)



- Table A2.153

Dip Treatment

(reference Table 1.12) The effect
tuber black scurf and chemical treatment on
the total number of progeny tubers produced

25 weeks after planting

clean

Tuber Inoculum

of seed

black scurf

total no. tubers per planta

Water (Control) 7.8, 14.2, 12.3
Aretan 6 7.7, 16.7, 4.7
Vitavax 19, 19, 17
Benomyl 19, 20.3, 8.8

a

pexr plot

Analysis of Variance

Source of Variation drf ss

Inoculum 1 43 .4
Treatment 3 210.9
IxT 3 165.2
Error 16 370.7
Total 2% 790.0

L.s.d. (treatment) = 5.9 (p<0.05)

21.4, 19, 28.2

8.5, 10.5, 15

10.8, 19, 24.7

13.4, 17.4, 10.7

ms

43,4
70.3
55.1
23.16

Mean values per plant from 3 replicate plots, 1-5 plants

1.87
3.03
2. 37
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Table A2.14 (referen

tuber black

planting

Dip Treatment

Water (Control) o
Aretan 6 0
Vitavax 0

Benomyl 0

Mean values per pl
plants/plot

Analysis of Variance
Source of Variation

Inoculum
Treatment
I x T

Error
Total

L.s.d. (treatment) =

ce Table 1.13)

The effect of seed

Tuber Inoculum

clean

scurf and chemical treatment
on the yield of progeny tubers 25 weeks after

black scurf

Yield (kg) per plant®

A1, 0.54, 0.73
.39, 0.51, 0.16
.64, 0.57, 0.82

.76, 1.09, 0.73

0.68,
0.43,
0.54,

0.69,

0.82, 1.31
0.62, 0.50
0.88, 0.55

0.80, 1.20

ant from 3 replicate plots, 1-5

df ss
1 0.12
3 0.63
3 0.14
16 0.67
23 1.55

0.25 (p<£0.05)

ms

0.12
0.21
0.05

0.04

2.83
5.12 **%

1.0
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Table A2.15 (reference Table 1.14) Effect of seed tuber
black scurf and chemical treatment on black
scurf level of progeny tubers 25 weeks after

planting

Dip Treatment

Water (Control)
Aretan 6
Vitavax

Benomyl

Tuber Inoculum
clean black scurf

black scurf level of progenya

» 1, 1

c o <o ©

0
> 1, 0
0

i, O,

Mean values from 3 replicate plots (tubers visually
estimated for scurf level on a scale 0 = clearn to 3 =

heavily contaminated

Analysis of Variance

Source of Variation af
Inoculum 1
Treatment 3
IxT 3
Error 16
Tocol 23
L.s.d. (inoculum) = 0.42 {

Ss ms F
1.5 1.5 12.5 *
1.5 0.5 4,16 *
0 0
2.0 0.12
6.5

p<0.01), (treatment) = 0.43

(p £0.05)



Table A2.16 (reference Table 1.15)
tuber black scurf and chemical treatment on
progeny tuber size-class distribution

(a) clean tubers

Seed scurf and

dip treatment

(a) 13

Water (Control) 58, 70,
Aretan 61, 82,
Vitavax 75, 80,
Benomyl 74, 57,
(b) scurfed tubers

Water (Control) 77, 65,
Aretan 74, 57,
Vitavax 61, 58,
Benomyl 58, 64,

a

57
79
66

69
80
92
31

(b) 13-2%

Lo,
35,
22,

25,

20,
15,
30,
37

30,
14,
20,

37,

32,
38,
35,
31,

33
14
28

31

28

20

41

The effect of seed

No. tubers per size (diameter in.)

class as % of total®

(c) 23-3%

0, 0, 10
N, 4, 7
3, 0. 6

1, 6, 20

k, 4, 9
12, 5, 0O
9, 7, 1
5, 5, 28

Mean values from 3 replicate plots, 1-5 plants/plot
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Analysis of Variance

1. ‘'chats' (diameter + in)

Source of Variation df ss ms
Inoculun 1 20.86 20.86
Treatment 3 1086 362.0
Ix T 3 196.6 65.53
Error 16 2195 155.9
Total 23 3798, 4

No significant differences

2. 'small ware! (diameter 13-2%1 in)

Source of Variation af ss ms
Inoculum 1 o 0.13
Treatment 3 515 174.7
Ix T 3 163.5 54.5
Error 16 1359 84,9
Total 23 2037 .7

No significant differences

0.13
2.32

0.42

0.001
2.02

0.64
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3. t'large ware! (diameter 2%-3% in)
Source of Variation df Ss

Inoculum 1 7.6
Treatment 3 27.9
IxT 3 170.9
Error 16 769.6
Total 23 976

No significant

differences

7.6
9.3
57

48.1.

G¢.15
0.33

1.18
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Table A2.17 (reference Table 2.3) Pathogenicity of potato
sclerotial isolates of Rhizoctonia solani to
potato sprouts in Vermiculite and Field Soil
(Method 1 Inoculation)

a) In Vermiculite (after 14 days at 18°¢)

% Primary Sprouts killed

Isolate (9 replicate pots)
R17 100, 100, 100, 100, 100, 100, 100, 100, 100
R53 78.7, 100, 100, 68, 100, 100, 100, 100, 100
R45 100, 100, 100, 100, 100, 100, 100, 100, 100
R36 100, 100, 100, 100, 100, 58, 80, 100, 100
R43 100, 100, 100, 84, 100, 100, 68, 68, 67
R1 36, 100, 100, 61, O, 50, 50, 100, 100
R51 100, 100, 52, 12, 100, 100, 82, 100, 52

Control 0, x, o0, o0, 27, O, 0, 0, ©

Analysis of Variance

Source of Variation dar SS ms F
Treatment 7 56,921.6 8131.7 13.5 **%
Error 64  38,571.5 602.7

Total 71 95,493.11

L.s.d. (p<£0.05)

I
1o
o]
)
o]
N
Q
b
.
~

|
[\
A
-
g
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b)  In field soil (after 21 days at 12°C)

% primary sprouts killed

Isolate ' (6 replicate pots)
R4S 100, 75, 100, 100, 50, 100
R17 - 100, 100, 100, 100, 100, 100
R53 100, 100, 66.7, 100, 66.7, 100
R36 100, 100, 100, 100, 100, 100
R43 100, 100, 100, 100, 100, 100
R51 66.7, 100, 0, 100, 100, 75
R1 100, 100, 66.7, 100, 100, O

Control o, o, o, o, o, 0

Analysis of Variance

Source of Variation atf Ss ms | F
Treatment 7 43,4984 6214.1 11.3 **
Error 40 21,994.5 549.9

Total L7 65,492.9

L.s.d. (p<0.05)

2 x 2 x 549.9
E=golr2

27 .4
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Table A2.18 (reference Table 2.4) Pathogenicity of
potato sclerotial isolates of Rhizoctonia
solang to sprouts in field soil after 21 days
at 12°¢ (Method 2 Inoculation)

a) Sprout Disease Score

Isolate Infection Index

(6 replicate pots)?

R17 5. 5, 5, 5, 5, 5,
R67 5 5, 5, 2.5, 5, 5
R27 5, . 5, 5, 5, 2.5, ,5
R1 5, 5, 5, 3.7, 4, 5
R57 5, 5, 5, 4.5, 5, 2.3
R45 5, 2.5, 3.3, 5, 5, 5
R51 2.8, 5, 5,' 5, 5, 2.5
R65 5, 3.3, 3.3, 3.3, 5, 5
RUF | 5, 5, 5, 3.3, 3.7, 2.5
R66 5, 5, 5, 5, 1.7, 2.5
R36 4, 2.7, 5, %, 5, 5
RO 2.3, 5, 5, 4, 5, 3.3
R63 3, 5, 2.5, 5, 5, 4
R64 5, 2.5, 2.5, 1.7, 5, 5
R18 | 2, 2, 4, 5, 5, 5
R68 5, 5, 2, 4, 5, 1
R11 5, 5, 5, 3.8, 2.5, 1
R30 2.5, 5, 3.3, 5, 0, 2.5
R53 5, 5, i, O, 5, 2.5
R39 5, 3.5, 2.5, 4, 3.5, O
R52 5, 1, 2.5, 3.3, 1, 3.3

@ Mean values from all aprouts in each of 6 pots
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(b) Primary Sprouts killed

Isolate % primary sprouts killed
(6 replicate pots)?®

R17 100, 0, 100, 100, 100, 50
R67 100, 100, 100, 50, 66.7 100
R27 50, O, 100, 100, 50, 100
R1 100, 100, 100, 66.7, 50, 100
R57 100, 100, O, 50, 100, 33.3
R45 100, 50, 66.7 100, 100, 100
R51 50, 100, 100, 100, 100, 50
R65 100, 66.7, 66.7, 66.7, 100, 100
R43 100, 100, 100, 66.7, 66.7, 50
R66 100, O, 100, 50, 33.3, 50
R36 50, 33.3, 100, 50, 100, 100
R9 0, 50, 100, 50, 0, 66.7
R63 0, 1006, 50, 0, 33.3 0

R64 100, 50, 50, 33.3, 100, 66.7
R18 0, 0, 33.3, 100, 100, 100
R68 100, O, 25, 0, 100, O

Rid 100, 100, 100, 75, O, 0

R30 50, 100, 66.7, 100, O, 50
R53 100, 100, O, 0, 100, 50
R39 100, 50, O, 33.3, 50, O

R52 100, O, 50, 66.7, 100, 66.7

a

Mean values from all aprouts in each of 6 pots
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(¢) Infection Index (%)

Isolate Infection Index (%)

(6 replicate pots)

R17 100, 100, 400, 100, 100, 100
R67 100, 100, 100, 50, 100, 100
R27 100, 100, 100, 100, 50, 100
R1 100, 4100, 100, 68, 68, 100
R57 100, 4100, 100, 82, 100, 38.7
RL45 100, 50, 66.7, 100, 100, 100
R51 514, 100, 100, 100, 100, 50
R65 100, 66.7, 66.7, 66.7, 100, 100
R4%3 100, 100, 100, 66.6, 68, 50
R66 100, 100, 4100, -100, 33.3, 50
R736 68, 45.3, 100, 68, 100, 100
RO 38.6, 100, 100, 68, 100, 66.7
R673 52, 100, 50, 100, 100, | 64
R64 100, 50, 50, 33.3, 100, 100
R18 16, 20, 72, 100, 100, 100
R68 100, 100, 28, 68, 100, &

Ri1 100, 100, 66.7, 75, 50, 4

R30 50, 100, 66.7, 100, O, 50
R5% 100, 00, 8, 0, 100, 50
R39 100, 58, 3%, 72, 58, O

R52 100, 8, 50, 66.7, 2, 66.7
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Analvsis of Variation

a) Sprout Disease Score

Source of Variation  daf ss ms . F
Treatment 20 43,04 2.15 1.18
Error 105 191.33 1.82
Total 125 234,37

L.s.d. = 1.98 x 0.78 = 1.54 (p<0.05)

b) 9% Primary Sprouts killed

Source of Variation df Ss ms F
Tr--atment 20 34,216.56  1710.8 1.26
Error 105 142,967.74 1361.6

Total 125  177,185.3

L.Sodo = 1.98 X 21.3 = 42.2 (p40&05)

¢) Infection Iundex

Source of Variation df Ss ms F
Treatment 20 24,770.85 1088.5 1.25
Error 165 91,359.04 870.1

Total 125 113,129.89

L.s.d. = 1.98 x 17.03 = 33.72 (p£0.05)



Table A2.19

(a) Emergence of seedlings after 21 days

(reference Table 2.7)
lings of other crop plants (Greenhouse/Pot Test in Vermiculite at 200C

Pathogenicity of potato isolates of Rhizctonia solani to seced-

Isolate Number

Control
R1
R17
R36
R43
R45
R51

R53

96,
100,
100,

96,
100,
100,
100,
100,

barley

100,
100,
100,
100,
100,
100,
100,

96,

100,
100,
100,
100,
100,
100,
100,
100,

100 .

100
100
100
100

96
100
100

Crop Seedling

wheat

cabbage

emergence, 4 replicate pots)

100,

96,
100,
100,
100,

96,
100,

100,

100,
100,
100,
100,
100,
100,

96,
100,

92
100
96
100
100
96
100
100

9z,
92,

88,

76,
92,
80,
72,
92,
sk,
88,
88,

96,
88,
92,
96,
84,
96,
92,

88,

92
sk
8s
92
88
96
76
84

88,

88,

sk,
92,
96,
96,

92,

tomato

90, 92,
80, 80,
92, 72,
76, 88,
100, 88,
76, 100,
88, 96,
92, 92,

80
72
72
64
88
96
92
96

CLL



Table A2.19 (reference Table 2.7)

(a) Emergence of seedlings after 21 days (contd.)

Isolate Number

Control
R1

R17
R36
R43

R45

R51

R53

60,
56,
60,
88,
6k,
72,
72,
5k,

Pathogenicity of potato isolates of Rhizoctonia solani to
seedlings of other crop plants (Glasshouse/Pot Test in Vermiculite at 20°C)

clover

Lk,
56,
56,
60,

48,
72,
6k,
68,
68,
72,
64,
69,

84
56
36
68
6L
72
48
54

sugar heet

101,
119,

9%,
105,

68,

72,
72,
105,

65,
112,
115,

5k,

68,

68,

72,

72,

90,
79,
68,
68,
77,
86,
86,

11,

Crop Seedling

(% emergence, 4 replicate pots)

72
94
90
65
36
36
58
68

88,
100,
92,
96,
100,
88,
96,
100,

lettuce

100,
100,
92,
92,
100,
96,
100,

88,

96,
100,
100,
100,

92,

96,

88,

100,

100
96
100
96
96
100
100
96

LLE



Analysis of Variance

1. Dbarley
Source of Variation arf Ss ms
Treatment 7 8 1.1%4
Error o4 48 2
Total 31 56

L.s.d. = 2.06 x 1 = 2.1 (p<£0.05)

2. wheat
Source of Variation df Ss ms
Treatment 7 16.5 2.79
Errox o4 84.0 3.50
Total ' 31 103.5

L.s.d. = 2.06 x 1.32 = 2.72 (p £0.05)

3. cabbage

Source of Variation df ss ms
Treatment 7 134 19.14
Error 221 1080 45
Total 31 1214

L.s.d. = 2.06 x 4.74 = 9,78 (p<0.05)

0.57



4, tomato

Source of Variation

Treatment

Error

Total

dr

24

31

L.s.d. = 2,06 x 3.92

5. clover

Source of Variation

Treatment

Error

Total

LoS.d. 1.06 X 7'41

6. sugar beet

Source of Variation

Treatment

Error

Total

at

a4

31

Ss

1124

1476

2600

ms

160.57
61.50

= 8.1 (p<€0.05)

df Ss

7 960
24 2640
31 3600

nms

157.14

110.0

15.3 (p<0.05)

5S

5,447.5
11,714.5

17,162.0

ms

778.2
488,1

L.s.d. = 2.06 x 15.62 = 32.24 (p<0.05)

2.61 x*
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7. lettuce

Source of Variation df ss ms F
Treatment ‘ 7 40.5 5.79 0.27
Error 2% 516.0 21.5
Total 51 556.5

L.s.d. = 2.Q6 x 4.56 = 9.41 (p<0.05)



Table A2.20 (reference Table 2.8) Pathogenicity of
potato isolates of Rhizoctonia solani to
seedlings of other crop plants (Glasshouse/
Pot Test in Vermiculite at 20°C)

(b) Damping off (%) of emerged seedlings after 21 days

Isolate Crop Seedling
Number
tomato sugar beet

( 4 replicate pots)

Control o, o0, 0, O 0, O, O,
R1 o, 0, 0, O 12, 3, 18,
R17 35, 11, 35, 35 0, 0, O,
R36 10, 5, 14, 19 3, 0, O,
R43 4, 0, 0, O 11, 26, 5,
R45 4, 4k, 0, O 0, 0, 54,
R51 17, 5, 8, 9 0, 5, 0,

R573 o, 0, 0, © 0, 0, O,

15

33

50

175



Table A2.21 (reference Table 2.12)
lings of other crop plants (Glasshouse/Pot Test in field soil at 209C)

Pathogenicity of potato isolates of Rhizoctonia solani to seed-

(a) Emergence (%) of seedlings after 21 days

Isolate Number

Control
R1
R17
R36
R43
R45
R51
R53

100,
100,
100,
100,
100,

92,

92,
100,

barley

96,
100,
96,
100,
100,
100,
88,

100,

100,
96,
96,

100,

100,
96,

100,

92,

Crop Seedling

wheat

cabbhage

(% emergence, 4 replicate pots)

96 96, 88,
100 88, 88,
96 96, 92,
92 100, 92,
100 . 84, 96,
100 96, 96,
96 88, 100,
92 96, 96,

8k,
88,
92,
92,
92,
100,

96,

100,

92
92
92
96
92
96
92

96

76,
ok
ik,
8k,
64,
56,
100,
68,

6k,
76,
76,
72,
48,
84,
84,

36,

64,
84,
68,
6k,
40,
68,
52,

60,

24,
60
72
64
52
56
80

52

84,
80,

s,

tomato

80, 92,
92, 64,
8k, 48,
83, 92,
88, 80,
88, 92,
92, 100,
96, 84,

84
56
Sk
100
84
100

88

92

SLL



"~ Table A2.21 (reference Table 2.12)
seedlings of other crop plants (Glasshouse/Pot Test in field soil at 20°C)

Pathogenicity of potato isolates of Rhizoctonia solani to

(a) CEmergence (%) of seedlings after 21 days (contd.)

Isolate Number

Control
R1
R17
R36
R43
R45
R51
R53

48,
40,
56,
52,
o8,
4y,
12,

12,

clover

16,

40,
64,
36,
24,
Ly,
32,

28
40
20
60
64
68
36
48

Crop Seedling

sugay beet

(% emergence, 4 replicate pots)

96,
42,
71,
67,
28,
114,
32,

78,

50,
71,
21,
114,
53,
82,
53,
60,

42,

75,
60,

107,

71,
42
50
85
78,
71
38
60

60,
68,
80,
92,
80,

100,
96,
84,

48,
88,
68,
76,
64,
88,
76,
92,

lettuce

76,
60,
88,
84,
68,
92,
72,
80,

76
80
72
84
68
76
88
84

LLL



Analyvsis of Variance

1. Dbarley
Source of Variation df
Treatment 7
Errox on
Total 51
L.s.d. = 5.95 x 2.006 =
S‘E‘ -_— - 3-11
2. wheat
Source of Variation df
Treatment 7
Error 24
Total 31
L.s.d. = 2.06 x 2.61
S.E. = % 3.7
3. cabbage
Source of Vafiation arf
Treatment 7
Error 21
Total 31

SS ms
95 13.57
276 11.50
371.5
11.9 (p<£0.05)
SS l’hS
262 37.42
528 13,66
590
= 5.38 (p<0.05)
SS ms
2392 341,71
7144 297.66
9536
5), S.E. = £ 17.25

1.18

2,73 *

1,14

173
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4, tomato

Source of Variation af ss ms o
Treatment 7 1896 270.9 0.9%
Error oy 7024 292.7

Total ‘ 31 8920

L.s.d. = 2.06 x 12.1 = 25.0 (p=<0.05)

5. clover

Source of Variation df Ss ms F
Treatment 7 2664 380.57 1.48
Error 24 6168 '257.0
Total 31 8832

L.s.d. = 23.4 (p<0.05), S.E. = £ 16

6. sugar beet

Source of Variation daf S8 ms F
Treatment 7 5,374.75 767.82 1.89
Error 24 9,740.25 405.84

Total 31 i5,115.0

L.s.d. = 2,06 x 14.24 = 29.4 (p<G.05)

S.E. = ¥ 20.1



7. Lettuce

Source of Variation

Treatment

Error

Total

L.s.d. = 2,06 x 6.9 = 14,2 (p<0.05)

31

ss
1919.5

2268

ms

274.2

9%.5

2.9

180



Table A2.22 (reference Table 2.13) Pathogenicity of potato isolates of Rhizoctonia solani to
seedlings of other crop plants (Glasshouse Pot Test in field soil at 20 C)

(b) Damping-off (%) of emerged seedlings after 21 days

Isolate Crop Seedling
Number .
cabbage tomato clover sugar beet lettuce

% seedlings 'damped-off!, 4 replicate pots

Control o, 13, 0, 100 0, 0, 0,0 0, 14, 25, 14 26, 14, 75, 70 0, 0, O,
R1 17, 11, 0, 7 0, 0, 0, O o, 0, 0, O 67, 35, 64, 50 0, 0, O,
R17 o, 0, 0, O 6, 8, 37, 0 0o, 0, 50, O 60, 50, 80, 36 5, 6, 0,
R36 o, 72, O, 0 64, 0, 30, O 15, 0, 0, O 58, 6, 57, 17 0, 0, O,
R43 o, o0, 10, 15 4, 0, 17, 9 0, 0, 44, O 75, 67, 65, 50 0, 0, O,
R45 o, 0, 0, O 0, 0, 20, O 0, 0, 0, O 16, 57, 48, 60 0, 0, O,
R51 32, 0, 0, O 0, 0, 0, & 0, 0, 0, O 100, 40, 35, 64 0, 0, 14,
R53 6, 0, 33, 8 0, 0, 0, O 67, 62, 25, 8 68, 47, 40, 76 0, 0, O,

©c o O O O wum o O

Lgt
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Analysis ol Variance

1. cabbage

Source of Variation daf Ss ms F
Treatment 7 2,464,.26 352.04 0.67
Erroxr 24 12,644, 40 526.85

Total 51 15,108.66

L.s.d. = 2.06 x 16.23 = 33.5 (p<£0.05)
S.E. = £ 22.9

2. clover

Source of Variation df Ss ' ms F
Treatment 7 5,111.11 730.16 2.18
Errox 2.4 8,044,17 335.17

Total 31 11,354.8

L.s.d. = 2.06 x 12.94 = 26.7 (p £0.05)

S.E. = 18.31
3. sugar beet
Source of Variation df SS ms F
Treatment 7 2,268.17 324,02
Error o4 12,327.57 513.65
Total 31 1%4,595.74

L.s.d. = 2.06 x 16.02 = 33.07 (p<£0.05); S.E. = = 22.7
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Table A2.23 (reference Table 2.17) Pathogenicity of
isolates of Rhizoctonia solani from other
crop plants to potato sprouts in Vermiculite
after 14 days at 18°C

Isolate Number % Primary sprouts killed
(9 replicate tubers)

R59 33, 100, 100, O, O, 0, O, O, O
RR11 o, 0, 50, 60, 0, 0, 0, 0, 50
RR10 o, o, o0, o0, 0,75, 66,50, O
RR5 o, 0, 733, 0, 0, 0, 100, 0, O
RR% 50, 33, 0, 0, 25, 0, 0, O, O
RRS | o, 0, 50, 0, 0,33 0, €, O
RR2 o, o, o0, o0, 0o, 0, 0, O, O
RE12 o, o, o, o0, 0o, 0, 0, O, O
R60 o, o, o0, O, 0, 0, 0, 0, O
R61 o, o, o0, O, 0, O, 0, 0, O

Control o, O, 0, o, o0, 0, O, 0, O



Table A2.24 (reference Table 2.18)
isolates of Rhizoctonia solani from other

crop plants to potato sprouts in field soil
alfter 21 days at 129C (Method 2 inoculation)

(a) Sprout disease scorxrc

Isolate Numberxr

MR7 2
RR10
R59
RR12
RR2
RRS8
RR11
RR4

Control

Pathogenicity of

Sprout Disease Score
(6 replicate pots)

3,
2,
0,

0.5,

0.67, 0.33,

(b) % Number Primary Sprouts killed

Isoclate Number

MR72
RR10
R59

RR12

RR2

Control

% Primary sprouts killed
(6 replicate pots)

5,

2.5,

0.67,

’
]
’

’

2
b4
b4

0
0
0
0
0,
0
0
0
0

’

1,

o,
o,
o,
0,
O’
0,
0,
o,
0’

2

1

?

H

0.5,

o,
0,
o,
0,
0,
o,
0,
0,

0,

0

0
0
0
0

?

H

b4

b

H

o © o o o o o o ©

~

-

-

-

-

-

-

.

.

3, 3
3.5, 2
1, 1
2, 0
0.5, 0.2
0, O
0, O
0, 0
0, o0

- . .

-

- - -

o © O o o o o o ©

-

’

o o o o o o o o ©
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(¢) 1Infection Index (%)

Isolate Number Infection Index
(6 replicate pots)

MR72 36, 36, 36, 16, 36, 36
RR10 16, 16, 26, 16, 60, 16
R59 1.3, O, o, 0, 0, O
RR12 0, 2, 4, 2, 4, 0
RR2 2, 5.3, 1.3, 0, 2, 0.8
RRS L, o, O, 0, 0, O
RRi1 1.33, 0, O, 0, 0, O
RR4 0, o, ©O0, o0, O, O
Control 0, 0, 0, o, 0, O

Table A2.25 (reference Table 3.2) Effect of age of
etiolated sprouts on infection by Rhizoctonia
solani

(a) % Primary sprouts killed

Age of Sprout Inoculated Uninoculated
(days) 7 or 9 replicate pots
3 i00, 100, 100, 100 o, 0, 0, O,
100, 100, 100 0o, 0, O,

13 i00, 100, 100, 4100, 100 o, 0, 0, 0, O

100, 100, 100, 100 0, 0, 0, O
21 o, 0, o, o, 0 o, 0, 0, 0, O

G, o, o, 0 0o, 0, 0, O



(b) Fresh and dry weight of sprouts

A. Dry Weight (g)

Replicate

B. Fresh Weight (g)

W O ~J O Ul &= N0 =

(1)

0.026
0.049
0.046
0.065
0.045
0.026
0.031

Replicate

(1)
1 0.24
2 0.59
5 0.50
4 0.80
5 0.49
6 0.31
7 0.21
8 )
9 -

(1)

Age of Sprout (days)

(2)

0.059
0.085
0.102
0.061
0.039
0.008
0.040

15

(1)
. 249
L1124
177
.151
242
0.215
0.399
0.136
0.224

O 0 o o O

Age of Sprout (days)

(2)

0.68
1.28
1.55
0.85
0.590
0.60
0.51

Inoculated with R.solani, (2)

15

(2) (1)
0.435 0.636
0.172 0.327
0.135 0.430
0.209 0.840
0.154 0.455
0.385 0.501
0.297 0.342
0.235 0.300
0.366  0.350

(2) (1)

4,49 6.97

2.30 3.85

2.15 L4, 49

2.86 7.61

2.05 5.00

.55 4.95

3.55 3.61

3.00 3.20

4,25 3.25
uninoculated

21

21

(2)

0.530
0.507
0.522
0.796
0.758
0.832
0.502
0.31%
0.299

(2)

O~ N WU ul O
L ] [ ] L] L 3

fng)

o

(SRR |
.

\v]

o)}

18&



187

Table A2.26 (reference Table 3.4) The effect of greening
on infection of attached shoots by Rhizoctonia
solani

Disease Index (0-6)

Days after Infection of basal portions of stem
inoculation Etiolated shoots Greened shoots
1 1,1,4,1,14,4,1,4,1,1,1,1,0 1,1,0,1,1,1,2,0
7 4,3,2,3,4,2,4,2,2,3,3,4,2 2,35,1,1,1,1,2,0
9 Ii’3!2,3311,2’4,272’3’3’4’2 2,3’1’1’175’6’_.

21 4’3,2’3’4’2711!2’2’3’3’4’2 2,3’1’1’1’5’6’—

Table A2.27 (reference Table 3.5) The infection of
secondary sprouts by Rhizoctonia solani
(Experiment 1)

(a) Disease Index (0-5)

Sprouts Inoculated Uninoculated

(3 or & replicate pots)

2°/ by decapitation 5, 4.25, 5, 4.5 0, 0, 0, O
2%/ by infection 2,66, 2, 3, 2 2, 4, 2
Young primary sprout 5, 4.5, 5, 4.5 0, 0, 0, O

2%/ mechanical damage 5, 4.25, 5 0, 0, 0
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(b) 9% sprouts killed

Sprouts Inoculated Uninoculated

(3 or 4 replicate pots)
2°/ by decapitation 100, 100, 100, 100, 0, 0, 0, O
2°/ by infection 66.6, 100, 100 100, 100, 100
young 1° sprout 100, 50, 100, 100 0, 0, 0, O

2°/ by mechanical

damage 100, 100, 100 0, 0, O

Table A2.28 (reference Table 3.6) The infection of
secondary sprouts by Rhizoctonia solani
(Expt. 2)

(a) Disease Index

Sprouts Inoculated Uninoculated

(5 or 6 replicate pots)
2°/ by decapitation 2,2,3%,1.5,1.8,1.7 2,2.3,0.3,3,0.5,0
Young 1° sprout 3,4,2,3.5,4,% 0,1,0,0,0,0

2°/ by infection 2.%,3.7,1,2,3 2,1,%,3.3,0.8
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(b) ~9% sprout death

Sprouts Inoculated Uninoculated

(5 or 6 replicate pots)

[¢]
ieéagztation 33.3,0,66.6,0,50,33.53 0,66.6,33.5,100,0,0
Young 1°
Sproﬁt 100,100,0,50,100,0 0,0,0,0,0,0
2°/ by
infection 100,100,50,100,60 50, 50,100,100, 3%.3

Table A2.29 (reference Table 3.7) Effect of soil inoculum
level on sprout infection by Rhizoctonia solani
(Experiment 1)

(a) Population level of fungus in soi1l

% Vermiculite added
Replicate plate 0 1 5 10 20

(Propagules per g dried soil)

1 0 2 4 8 8
2 0 0 4 2 8
3 0 0 0 6 14
! 0 2 0 8 12
5 - 0 0 0 14
6 - 0 2 0 8
7 - 2 0 2 16
8 - 0 4 2 14
9 - 0 4 0 12
10 - 0] 2 0 10
Mean - 0.66 2,2 3.2 12.8

1 by Xo and Hora method (Section %4)



Table A2.30 (reference Table 3.7) Effect of soil inoculum level on sprout infection by Rhizoctonia

solani

(b) Infection damage to sprouts in soil

Infection damage to sprouts
% Vermiculite
% sprouts killed Disease Index Dry Weight (g)
added to soil
(6 replicate pots)

0 0,0,0,0 0,0.33,0,0.25 0.88,0.99,0.49,0.78
1 100,100,100,100,100,100 5,5,5,5,5,4.66 0.57,0,28,0.49,0.30,0.43,0.45
5 100,100,100,100,100,100 5,4,66,4.5,4.5,5,4.75 0.58,0.40,0.53,0.39,0.15,0.45
1.0 100,66.6,-,100,0,100 4,4,33,-,5,2,5 0.30,0.28,-,0.38,0.09,0, 34
20 100,50, = ,=y= 4~ 5k o 0.19,0.29,~,-,~,~

L&l
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Table A2.31 (reference Table 3.8) Effect of soil
inoculum on sprout infection by
Rhizoctonia solani (Expt. 2)

Infection damage to sprouts
% Vermiculite added

% sprouts killed Disease Index
to soil
(4 replicate pots)

0 o, o, 0, O 0, 6, 0, O
0.05 o, 0, 0, 100 1, 1, 0, 1
0.10 0, O, 0, O 3, 4, 1, 2
0.20 0, 100, 0, O 2, 5, 1, 5
0.35 0, 0, 0, 100 5, 2, 1, 5

0.50 0, 0, 50, 100 4, 5, 3, 5



Table A2.32 (reference Figure 3.1) Effect of seed tuber inoculuwm position on sprout infection by

Inoculum
Position
Control (uninoculated)
Area 1
Area 2
Area 3

Area 4

Rhizoctonia solani

Sprout infection damage
% sprouts killed Disease Index

(6 replicate pots)

0, o, o0, ©0, o0, O, o, o0, 0, 0, 0, 0.14
100, 66.7, 100, 100, 100, 100 5, 4.7, 4.3, 5, 5, 5
100, 40, 100, 0, 50, 100 5, 2.2, 5, 4, 4,3, 4,8

40, 0, 0, 40, O, 33 2,6, 1, 0, 3.2, 1, 4,3

0, o, 0, 0, 0, 20 o, 0.3, 0, 0, 0.5, 1

€6l
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Table A2.33 (reference Figure 4.1) Effect of soil
contamination level on isolation rate of
R. solani by Ko and Hora Method

Replicate plate Contamination level of soil
(% vol : vol)

0.1 0.5 1.0 2.0 5.0

(propagules R. solani/g/dried soil)

1 0 0 2.2 2.2 6.5
2 0 0 0 2.2 10.9
3 0 0 0 2.2 6.5
4L 0 0 0 -0 6.5
5 0 0 0 6.5 L4
6 0 0 L.4 6.5 2.2
7 0 0 2.2 0 L, 4
8 0 0 2.2 2.2 L, L
9 0 2.2 2.2 2,2 8.7
10 0 L. b Y 2.2 L. 4
Mean 3] 0.65 1.32 2.62 5.9




Table A2.3%4 (reference Figure 4.2)
Aifferent %solates of R.
soil at 12°C

Days of R1
incubation

2 12.5

28 2.2

42 2.2

673 0.9

99 1.1

141 0.7
200 0.4

Isolate of R. solani

R17

R36

R4

Persistence of

R45

R51

(propagules/g/dried soil)1

11-9

7.3

2.6

14,2

11.7

2.7

2.6

12’4

1.8

2.4

105

1.9

Mean values from 10 replicate plates

Analysis of Variance

1. After 2 days

Source of Variation
Treatment

Exrror

Total

L.s.d. = 2 x 1.42 =

69

SSs
88.736
631.63%

719.99

2.84 (p£0.05)

11.5

4.7

ms

14.73
10.03

solani in field

R53

14.6

2.6

L., 4

r

1.47




2. After 200 days

Source of Variatior

Treatment

~Error

Total

L.s.d. = 2.x 1.16 = 2.32 (p<£0.05)

af

6
63

69

SS

51.38

425,10

476,473

ms

8.56
6.75

196

Table A2.35 (reference Table 4.2) Virulence of iso-
lates of R. solani to potato sprouts 200
days after contamination into field soil

Isolate

R1

R17
R36
R43
R45
R51

R53

1

% Number sprouts killed

1

(4 replicate pots)

100,
50,
42.3,
66.7,
33.3,
100,
66.7,

After 21 days at

100,
25,
53.3,
100,
66.7,

100,

100,

12%¢

0,
33.3,
100,
100,
100,
100,

50,

,50
100
100
100
100

100

50



Table A2.36 (reference Figure 4.73)
level of contamination on persistence of
R. solani in soil

Days afterxr

contamination

15

28

119

72

126

1

Analysis of Variance

1. After 2 days

Source of Variation

Treatment

Error

Total

Effect of initial

Contamination level (% vol : vol)

1

5

10

(propagules R.solani/g/dried

4.5

3.1

0.9

1.3

af

27

29

SS

1023.78

252,26

1276.04

soil
13.3
8.9
9.3
7.7
4.?

5.2

Mean values from 10 replicate plates.

51

L.s.d. = 2.77 x 1.37 = 3.78 (p<0.01)

ms

109
9.3

18.7

16,4

17.2

12.2

12.3

7.7

54.8 %%

197
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2. After 126 days

Source of Variation af sSs ms O
Treatment -2 204,79 102.4 15.2
Error 27 209.78 7.8
Total 29 414,57
L.s.d. = 1.25 x 2.05 = 2.56 (p<0.05)
= 1.25 x 2.77 = 3.46 (p <0.01)

Table A2.37 (reference Table 4.2) Infectivity of
" Rhizoctonia solani contaminated soils after
196 days incubation at 12°c

Infection damage to sprouts

Initial Contamination % sprouts killed Disease Index

level (% vol : vol) (3 replicate pots)
0 o, 0, O 1, 0.5, 0.66
1 100, 33, 100 5, 3-33, 4.33
5 100, 100, 75 4, 5, 3.25

10 50, 33, O 3, 1.66, 1.5
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Pable A2.38 (reference Figure 4.4) Effect of adding
potato or weed foliage on persistence of
R. solani in soil

Days after ' Soil

contamination No additions + potato tissue + weed tissue

of soil (t*propagules' R.solani/g/dried soil)1
L 5.1 12.5 11.9
i3 5.8 11.7 6.0
33 4.9 5.6 3.8
60 L.2 L,2 1.1
83 1.8 L, L 3.1
123 1.1 1.9 ) 1.1
151 2.6 2.8 1.5

1 Mean values from 10 replicate plates

Analysis of Variance

1. After 4 days

Source of Variation df sS ms 1)
Treatment 2 323.5 161.7 16,7 %%
Exrror 27 261.9 9.7

Total 29 585.3

L.s.d. = 2.77 x 1.94

5.88 (p<0.01)

i



2. After 15 days

Source of Variation df
Treatment 2
Error 27
Total 29

SSs

225.33

303.37

528.7

L.s.de = 2.77 X

3. After 60 days

Source of Variation af
Treatment 2
Error 27
Total 29

L.s.d. = 2.05 x 0.94

2.77 x 0.94

L, After 151 days

Source of Variation df
Treatment 2
Error 27
Total 29

4.16 (p<0.01)

2.25

sSs

63.86

118.3%2

182.18

200

ms B
112.67 10.02 **
11.24

ms P
31.953 7.29 %%

4,738

1.93 (p<0.05)

2.61 (p<0.01)
ss ms B
10.04 5.02 0.87

bl
Ul
Ut
.
A
\O

Y

[op)
A3
=
A

5.76

L.s.d. = 2.05 x 1.07 = 2.2 (p £0.05)



Table A2.39 (reference Figure 4.5) Effect of cropping
with non-susceptible plants on the persistence
of R, solani in soil

Days after Soil
contamination +wheat +barley +grass fallow
of soil (*propagules' R.solani/g/dried soil)1
4 8.86 9.02 9.00 7.02
18 1.47 3.21 2.82 3.67
45 2.71 1.26 2.38 1.52
80 1.51 1.09 0.21 0.54%
1

Mean values from 10 replicate plates

Analysis of Variance

1. After 4 days

Source of Variation af ss ms F
Treatment 3 28. 37 9.46 0.56
Error 36 607.63 16.88
Total 39 636.00

L.s.d. = 2.04 x 1.84

]

3.75 (p<0.05)

201



2., After SO days

Source of Variation at ss ms o
Treatment 3 10.73 %.58 1.45
Error 36 88.91 2.50

Total 39 99.64

L.s.d. = 2.04 x 0,71 = 1.45 (p<£0.05)



