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Absiract

The nutritional status of seven multinucleate isolates of
Rhizoctonia solani (AG4) and one binucleate isolate of Rhizoctonia
was varied by growing the isolates on four growth media with var-
jable nutritiona! values (water agar, potato dextrose agar, Cza-
peck’'s-dox agar, and sorghum extract agar). Effect of growth me-
dium on pathogenicity of the isolates, on cotton cultivars Giza 80
and Giza 89, was evaluated under laboratory and greenhouse condi-
tions. Percentage of seed germination and radicle length were used
as criteria for judging pathogenicity of the isolates under la-
boratory conditions. Pre-emergemce damping-off, post-emergence
damping-off, survival, and dry weight were used for judging pa-
thogenicity under greenhouse conditions. Growth medium was a
highly signiticant (p<0.01) or a significant (pg0.05) source of vari-
ation in ali the laboratory or greenhouse variables used for evalu-
ating pathogenicity of the isolates. This result confirms the im-
portance of the mycelium nutritional status in determining its
pathogenicity. Pathogenicity showed differential responses to the
growth media that is, a single isolate can be highly pathogenic
when it is grown on a particular medium, but may show only low
pathogenicity on another medium. Significant positive and negative
correlations were observed between laboratory and greenhouse var-
iables. Two regression models, derived from stepwise multiple re-
gression analysis, were constructed for each cultivar to predict pa-
thogenicity of the isolates under greenhouse conditions. The resulls
indicate that laboratory tests by using sorghum extract agar as
growih medium can be used as a rapid method for evaluating differ-
ences among Rhizoctonia isolates; however, this should not replace
pathogenicity tests with seedlings under greenhouse conditions.

INTRODUCTION

The occurrence and severity of a plant disease is dependent upon the inter-
action of many factors in the physical and biological environment. Several fac-
tors, e.g., temperature, moisture and light, have been investigated extensively,
whereas pathogen nutrition has received less attention. Most studies on pathogen
nutrition have considered nutrient requirements for growth (Sims, 1960 and Wil-
liams, 1965), sporulation, and spore germination {Maier, 1968 and Phillips,

1995). The quantity and quality of nutrients needed for maximum virulence, and
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the relative importance of the inoculum have not been adequately investigated
(Weinhold ef al.,, 1969). However, the influence of the growth medium on the ca-
pacity of spores (Maire, 1968) and mycelium (Sims, 1960) to initiate disease,
and the effect of supplying nutrients along with the inoculum {Kraft and Erwin,
1968; and Toussoun et al., 1960) have been studied.

Rhizoctonia solani kuhn, [teleomorph Thanatephorus cucumeris {Frank)
Donk] is a common Basidiomycota plant pathogen with a broad host range, causing
a variety of plant diseases, including seed-rot, pre- and post-emergence damp-
ing-off, crown and root-rot, and foliage blights (Sinclair and Backman, 1989). in-
vestigations with Rhizoctonia, showed that after rather short period in soil, the
pathogen becomes less efficient in attacking cotton stems. This decrease in vir-
ulence may result from a loss of nutrients required to support pathogenic activ-
ity (Weinhold et af., 1969).

The present study was iniliated to evaluate the role of pathogen nutrition
on virulence of Rhizoctonia spp. isolates to cotton seedlings under laboratory and
greenhouse conditions and to study the effect of growth medium on the correla-
tion between laboratory and greenhouse parameters used for evaluating pa-
thogenicity of Rhizoctonia spp. isolates.

MATERIALS AND METHODS

Source of isolates

Cotton seedlings showing damping-off sumptoms were collected from dif-
ferent cotton growing areas. Segments with Rhizoctonia tesions were separately
washed in running tap water, disinfested in 1% sodium hypochlorite for 5 min.
and rinsed once in sterilized water. Small pieces, 2-3mm, of diseased lissues
were plated on water agar and kept for 48 h at 25 + 1°C. Hyphal tips were trans-
ferred to acidified PDA stants. Pure isolates were stored at 5°C and served as
stock cultures. ldentification of anastomosis group (AG) of isolates was carried
out according to El-Akkad (1997).

Effect of growth medium on linear growth of Rhizcotonia spp.

Eight isolates of Rhizoctonia spp. were grown in water agar (WA), potato-
dextrose agar (PDA), Czapeck’s dox agar (CZ), and sorghum extract agar (SO) me-
dia (Booth, 1971). Five mm diameter disks, cut from the growing edges of cul-
tures of the tested isolates on PDA. were placed on the four media in the center
of 9-cm diameter Petri dishes and incubated at 25 + 1°C in the dark. Colony

growth was monitored and recorded atter 3 days. Four replhcates were used for
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each isolate.

Effect of growth medium on pathogenicity of Rhizcotonia spp.
in laboratory

Four substrates were used to evaluate the pathogenicity of Rhizoctonia
spp. isolates under laboratory conditions. Pathogenicity was determined ac-
cording to the method of Anderson (1977), Carling et al (1986) and Muyolo et al.
(1993) with some modifications. A 5-mm disk, cut from 3-day-old culture on
WA, CZ, PDA and S0, was placed in the center of 9-cm Qetri dish containing 20
ml of the same substrate. incubated for 3 days at 25 + 1°C in the dark, and then
covered with sterilized wet soil. Five cotton seeds of cultivar Giza 89, or 80
were placed on soil of each plate. The seeds were previously surface-disinfested
with 1% sodium hypochlorie, washed in sterilized water. Plates were incubated
at 25 + 1°C for 5 days in the dark, and then placed on the laboratory bench &t the
same temperature. Three replicates were used, and plates untreated with the
pathogen served as a control. Pathogenicity was evaluated after 9 days of in-
cubation on the bas!s of seed germination (%) and length of radicle (cm).

Effect of growth medium on pathogenicity of Rhizcotonia spp.
In greenhouse

A modified inoculum layer technigue (Windels and Nabben, 1989) was used
to examine the pathogenicity of isolales under greenhouse conditions. Eight iso-
lates of Rhizoctonia spp. were cultured on WA, PDA, CZ, and SO and were in-
cubated for 7 days at 25 = 1°C. The mixture of each medium and fungal mycelium
was used to separately infest an autoclaved clay soil at a rate of 0.5 g/Kg soil.
Seeds of cotton (Gossypium barbadense L.) cultivars Giza 89 or Giza B0 were
sown in 10-cm-diameter sterilized clay pots at a rate of 10 seed per pot. Four
replicates were used for each treatment. The temperature in the greenhouse was
26 + 4°C throughout the experiment. The results were recorded as preemergence
damping-off at 15 days after sowing, while post-emergence damping-off, sur-
viving seedlings, and dry weight were recorded after 45 days.

Statistical Analysis

A completely randomized block design with four replications {greenhouse
experiments) or 3 replicates (laboratory experiments) was used in the present
study. Percentage data were transformed into arcsine angles (at the replicate
level} before carrying oul the analysis of variance {ANOVA) to produce an ap-
proximately constant variance. Least significant difference (LSD) was applied to
compare treatment means. ANOVA of the data and correlation and regression
analysis were performed with appropriate computerized programs (M STAT-C).
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RESULTS
Effect of growth medium on linear growth of Rhizcotonia spp.

ANOQVA (Table 1) showed that linear growth of isclates of Rhizcotonia spp.
was significantly affected by the isolate, the growth medium, and the inter-
action between the isolate and the medium. RBegarding the means in Table (2), it
was clear that the isolates of Rhizcotonia spp. showed variation in their linear
growth on different media. While PDA medium was the best medium for growth
of isolate no. 1, SO medium was the best medium for growth of isolate no. 3. The
growth of isolate no. 2 and no. 8 was similar on PDA, CZ and SO media; their
growth also reached its maximum on these media. SO medium was the most suit-
able media for growth of isolates no. 5 and no. 7, while PDA the best for the
growth of isolate no. 6. The maximum growth of isolate no. 4 was observed on SO
and PDA media. It is noteworthy that SO medium was the most suitable medium
for growth of most of the isolates, while WA medium was the least. In general,
the variability in the linear growth of the isolates was evident on PDA and CZ

media.

Table 1. Analysis of variance of the effect of growth medium on linear growth of

Rhizoctonia spp. isolates.

Sources of variation df MS F?
Isoclate (s} 7 28.194 356.440*"
Media (M) 3 123.274 1571.609*"
XM 21 4.361 55.599**
Eror a8 0.078

8F . value is significant at p< 0.01(**)

Table 2. Effect of growth medium on linear growth of Rhizoctonia spp. isolates

Media
Isofate |Water Agar|Potato Dextrose|Czapek's Dox|Scorghum Mean
(WA) Afar (PDA) {CZ} (80)
| s1 1.47 6.57 4.75 6.13 4.73
52 6.82 9.00 8.00 3.00 8.48
S3 4.10 5.72 6.63 8.00 6.11
54 2.38 9.00 8.13 9.00 7.13
S5 3.47 8.65 8.55 9.00 7.42
S6 2.63 B.52 5.38 8.38 6.22
57 3.47 5.88 5.97 8.05 5.84
58 7.25 9.00 9.00 9.00 8.58
Mean 3.95 778 717 8.32

8Linear growth in cm after three days at 25+ 1°C in the dark
LSD for interaction between isolates and media = 0.392 (p< 0.05) or = 0.518 (p<
0.01}
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Effect of growth medium on pathogenicity of Rhizcotonia spp.
isolates on cultivar Giza 89 in laboratory:

ANOVA (Table 3) shows that the percentage of seed germination and the ra-
dicle length of cotton cultivar Giza 89 were significantly affected by the isolate
used in soil infestation, the growth medium and the interation between the iso-
late and the medium. Percentage of seed germination of cultivar Giza 89 on the
different media siginificantly decreased by some isclates, while the precentage
of seed germination was not affected by some others (Table 4). Isolate no. 1
caused 26.3 % reduction in seed germination on PDA medium, [{Control germina-
tion% - Treatment germination%}/Control germination %], while the same isclate
reduced the seed germination by 65% on CZ medium, and it did not atfect seed
germination if grown on WA medium. Isolate no. 8 significantly reduced the seed
germination on all media; however, its inhibitory effect ranged from 26.3% on
WA medium to 57.9% on PDA medium. Isolate no. 5 caused complete inhibition of
the seed germination on CZ and SO media. The same isolate (no. 5} caused 63.2%
reduction on PDA medium, whereas no signiflicant reduction in the seed germina-
tion was experienced on WA medium. Isolate no. 6 caused 100% reduction in seed
germination on SO, 70% reduction on CZ medium, and had no significant effect on
seed germination on WA and PDA media. On the contrary, isolates no. 3 and no. 7
had no significant effects on seed germination on any of the media tested. }t can
be seen that the effect of the fungal isolate on the seed germination of cultivar

Giza 89 depends on the medium on which the isolate was grown.

It is noteworthy that all the tested isolates significantly reduced the ra-
dicle length on SO medium isolates especially no. 5 and no. 8, which completely
inhibited the radicte growth {(no germination) (Table 4). I1sclate no. 4 reduced the
radicle length by 60.3 % on PDA, by 73.1% on CZ, and by 73.9% on SO medium,
while it increased the readicle length by 65.2% on WA mtedium. This stimulatory
effect was also observed in case of isolates no. 2, 3 and 7. The increase in the
radicle length by some isolates only on WA may indicate that these isolates were
able to synthesize a stimulatory substance on this medium or that reduced
amounts of metabolites inhibiting plant growth are formed in such a nutri-
tionally poor medium.
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Table 3. Analysis of variance of effect of Rhizoctonia spp. isolates on seed ger-

mination and radicle length of cotton {Cultivar Giza 89) under effect of

different growth media.

Sources of Seed germination Radicle Length
variation df MS F* MS F
Isolate (s) 8 5036.046 | 24.086** 67.691 119.724**
Media (M) 3 4106.618 | 19.641** [ 184.201 | 325.792**
SXM 24 1034.024 | 4.946"* 9.069 16.041+*
Eror 108 200.085 0.565

3F. value is significant at p< 0.01(**)

Table 4. Effect of Rhizoctonia spp. isclates on seed germination and radicle
length of cotton (Cultivar Giza 89) under effect of different growth

media.
Cotton Seed| Isolate Growth Medium Mean
Parameter WA PDA CZ S0
Seed S1 95(83.36)% | 70(57.10) | 35(35.78) | 35(35.78) |58.75(53.01)
Germination $2 85(60.27) | 90(76.72) 80(66.91) 80(66.91) |81.25(67.70)
(%) S3 75(63.74) | 85(73.55) | 85(73.55) | 80(70.38) 181.25(70.31)
sS4 90(76.72) | 85(70.08) | 50(45.00) | 70(60.86) |73.75(63.16)
S5 80(70.67) | 35(35.78) 0 0 28.75(26.61)
§6 80(63.43) | 80(66.91) | 30(32.90) 0 47.50{40.81)
s7 95(B3.36) | 80(66.91) | 85(70.08) | 75(64.03) (83.75(71.09)
S8 70{60.88) | 40(38.95) | 50{45.00) | 70{60.58) [57.50(51.35)
Control 95(83.36) | 95{83.36) | 100(90.00) 1 95(83.36} |96.25(85.02)
Mean 83.9(71.75)[73.3(63.26) 1 57.2(51.02) | 56.1(49.10)

aPercentage data were transformed into arc sine angles before carrying out anal-

ysis of variance to produce approximately constant variance. Transformed data

are shown in parentheses.

LSD (transformed data) for the interaction between iscolates and media = 20.25
{p<0.05) or = 26.76 (p<0.01).

Radicle §1 6.63 0.50 0.50 0.50 2.03
Length §$2 §.88 £.50 2.50 3.25 5.03
{cm) S3 B.75 3.13 6.25 0.50 4.91
54 9.50 2.38 1.75 1.50 3.78
§5 1.50 0.75 0 0 0.56
S6 5.63 0.50 0.50 0 1.41
§7 10.50 3.75 5.25 3.13 5.66
S8 5.00 0.63 0.50 0.50 1.66
Control 5.75 6.00 6.50 5.57 6.00
Mean 6.79 2.57 2.64 1.79
LSD for the interaction between isolates and media = 1.05 {(p<0.05) or = 1.39

{p<0.01).
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Effect of growth medium on pathogenicity of Rhizoctonia spp.
isolates on cuitivar Giza 80 in laboratory:

ANQOVA (Table 5) show that both seed germination and radicle length of
cotton cultivar Giza 80 were affected by the isolate and the growth medium,
while the interaction between the isolate and the medium significantly affected
the radicle length only. There was significant difference between the general
mean of seed germination of cultivar Giza 80 on WA medium and that on both PDA
medium and SO medium (Taﬁle 6), while the difference was nonsignificant be-
tween the general mean of seed germination on WA medium and that on CZ me-
dium. It is noteworthy that there were no significant differences among the
means of seed germination on the three media SO, CZ, and PDA. When the general
means of seed germination on different media were compared, it was found that
WA was the most suitable media for seed germination, while SO was the least
suitable regardless of the isolate. When the general means of seed germination
of cultivar Giza 80, under the etfects of different isolates of Rhizoctonia spp.,
were compared, it was found that isolates nos. 1, 2, 5, 6, and 8 significantly re-
duced the percentage of seed germination regardless of the growth medium. Iso-
late no. 8 was the mosl pathogenic isolate as it inhibited the seed germination
" by 35.1% compared with the controf, followed by isolate no. 6, which reduced the
seed germination by 32.5%. On the other hand, isolate no. 2 was the least path-
ogenic, as it caused only 11.7% reduction in germination. 1sciates nos. 3, 4, and 7
did not significantly affect seed germination of this cultivar.

Since radicle length of cultivar Giza 80 was affected by isolate x growth
medium interaction, LSD was used to compare between isolate means within
growth media. These comparisons revealed that isolate no. 1 caused significant
reduction in the radicle length by 88.5% compared with the control on PDA me-
dium, while the same isolate had no significant effect on the radicle length on
WA medium (Table 6). Isolate no. 2 caused significant increase in radicle length
(20.8%) on WA medium, while it reduced the radicle iength significantly on other
media. The maximum reduction of 52% was on SO medium compared with the con-
trol. it is worthnoting that isolate no. 8 reduced the radicle length significantly
on all the growth media and this reduction reached its maximum level on SC me-
dium (92%). It can also be noticed that all isolates reduced the radicle tength on
PDA and SO media, while the variability among the isolates was clear on WA and
CZ media.
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Table 5. Analysis of variance of the effect of Rhizoctonia spp. isolates on seed
germination and radicle length of cotten {Cultivar Giza 80} under effect
of different growth media.

Sources of Seed germination Radicle Length

variation df MS F MS F
Isolate (s) 8 1476.196 5.245*" 56.630 86.981*
Media (M) 3 1640.701 5.474~~ 53.668 100.694"
SXM 24 193.458 0.687 2.355 4.418*"
Eror 108 281.437 0.533

8F . value is significant at p< 0.01(**)

Table 6. Effect of Rhizoctonia spp. isolates on seed germination and radicle
length of cotton (Cukltivar Giza 80) under effect of different growth

media.
Cotton Seed| Isolate Growth Medium | Mean
Parameter WA PDA CZ SO

Seed s1 85(7‘0.08)a 70{60.86) | 70{60.86) | 75{60.27} |75.00(63.02)
Germination §2 90(76.72) | B80{66.91} | 90(76.72) | 80(66.91) |85.00(71.81)
(%) S3 100(90.00) | 90{76.72) | 85(70.08) | 80(66.91) |88.75(75.93)
S4 95(83 36) | BO(70.67) | 95(83.36} | 95(83.36) )91.25{80.19)
S5 95(83.36) | 70(64.62) | 80{70.38) | 75{60.27} |80.00(69.66)
S6 70(73.55) | 55(48.17) | 80(66.91) | 55{47.88) ]65.00{59.13)
S7 90(76.72) | 85(73.55) | 90(76.72) | BO{70.67) |86.25(74.41)
S8 90(76.72) | 60{54.81) | 65(57.97) | 35(35.78) |62.50{56.32)
Control 95(83.36) | 95(83.36) | 95{83.36) | 100{90.00) |96.25(85.02)

Mean  |90.0(79.32) [76.1(66.63) [ 83.3(71.82) | 75.0(64.67)

aPercentage data were transformed into arc sine angles before carrying out anal-
ysis of variance t0 produce approximately constant variance. Transformed data
are shown in parentheses.

LSD (transformed data) for the interaction between isolates = 11.74 (p<0.05) or
= 15.52 (p<0.01).

LSD for media = 7.83 (p<0.05) or = 10.35 {p<0.01}

Radicle S1 5.00 0.63 1.50 1.00 2.03
Length §2 7.25 3.13 4.13 3.00 1.38
{cm) §3 6.63 4.13 6.13 3.50 5.09
S4 6.13 2.50 4.38 3.50 413
S5 2.00 0.75 1.50 1.75 1.50
S6 3.50 0.50 1.88 0.75 0.66
§7 5.50 2.00 4.00 2.75 3.56
S8 2.38 0.50 1.63 0.50 1.25
Cantrol 6.00 5.50 5.50 3.25 5.81

Mean 4.93 2.18 3.40 2.56

LSD for the interaction between isolates and media = 1.02 {p<0.05) or = 1.35
{p<0.01).
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Greenhouse Tests

Regarding the cotion cultivar Giza 80. ANOVA (Table 7) show that the iso-
late of Rhizoctonia spp. was a source of highly significant variation in all the pa-
rameters under study. The growth medium was not a source of significant vari-
ation in the percentage of the post emergence damping-off;, however, a highly
significant or significant variation were reflected in the other parameters {pre-
emergence damping-off, survival, and dry weight). The interaction between the
isolate and the medium was significant or highly significant in all the pa-
rameters under siudy. Therefore, and interaction LSD was calculated to compare
between isolates means with growth medium for all the parameters tested.
These comparisons showed thal isolates nos. 1, 5, and 6 caused significant in-
creases in the percentages of pre-emergence damping-off when the growth me-
dia were PDA, CZ, or SO, while the same isolates had no significant effect on the
percentage of pre-emergence damping-off when grown on WA (Table 8). Isolate
no. 7 caused significant increase in the percentage of the pre-emergence damp-
ing-off only when grown on CZ. It can be noticed that all the isoclates tested had
no significant effect on the percentage of the seeding meoriality in the pre-
emergence stage when the growth medium was WA.

With respect to post-emergence damping-off, isolate no. 2 caused higher
tevel of infection when grown on CZ or SO media; however, it had no significant
effect during this stage when grown on WA or PDA. |solate no. 1 caused sig-
nificant increase in infection, only when grown on CZ medium, while isolate no. 8
caused significant increase in infection only when grown on SO medium. All the
isolates tested showed no significant effects on post emergence damping-off
when the growth medium was WA or PDA. It is noteworthy that most of the iso-
lates tested showed higher levels of pathogenicity at the pre-emergence stage
compared to the post-emergence stage.

Isclates nos 1. 5. and 6 caused highly significant reduction in the sur-
viving seedlings when the growth media were SO, CZ, and PDA, while the same
isolales did not cause significant reduction in the surviving seedlings when
propagated on WA.

Isolate nc. 7 caused significant reduction in the surviving seedlings when
grown on CZ. !solates nos. 7 and 8 showed opposite effects on the percentage of
the surviving seedlings grown on CZ. inoculum of isolate no. 7 taken from CZ was
highty pathogenic, whnile that of the isolate no. 8 taken from the same medium
was non-pathogenic.



Table 7. Analysis of variance of the effect of Rhizoctonia spp. isolates, growth medium, and their interaction

on damping-off of cotton seedlings (Cultivar Glza 89) under greenhouse conditions.

Sources of Pre-emergence | Post-emergence Survival Dry Weight
variation | df damping-off damping-off

MS £? MS F MS F MS F
Replicates| 3 416.37 1.04 1.69 0D.46 367.81 0.94 27463.33 0.57
Isolate (s) 8 5417.08 16.55**} 16.04 4.32** ]| 6671.69 16.98**] 644102.25 13.46**
Media (M) 3 4208.61 10.52** 4.23 1.14 5597.56 14.24**] 179060.52 3.74"
SXM 24 1178.73 2.95** 6.75 1.82* 1285.42 3.27*" 119441.76 2.50**
Eror 105 | 399.87 3.72 392.97 47862.45

8F value is significant at p< 0.05 (*) or at p< 0.01(**)

cv
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Table 8. Effect of growth media on pre-emergence damping-off, post-emergence
damping-off, survival, and dry weight of coiton seediings (Cultivar
Giza 89) induced by Rhizoctonia spp. isolates under greenhouse condi-

tions.
Parameter Isolate Growth Medium Mean
WA PDA cZ S0
Pre-emergence S1 15(16.45)% | 100(90.0) | 65(57.69) | 95(83.36) |68.75(61.88)
damping-off S2 35(35.78) | 30(32.62) 50(45.0) 40(35.19) |38.75(37.15)
53 20(18.33) 15(16.45) 25(29.73) 10{13.28) |17.50(19.70)
543 20(23.09) 45(41.83}) 35(32.31) 10(13.28) ]27.50(27.63)
S5 20(26.57) 95(83.386) 100(90.0}) 75(67.50) }72.50(66.886)
56 30(29.42) 80{66.91) 95({83.36) 90(80.19) |73.75(64.97)
§7 25(29.73) | 30(29.14) | 75(687.50) | 15{(19.92) |38.25(36.57)
s8 15(16.45) | 25(26.26) | 15(16.45) | 50(45.00)} [26.25(26.04)
Control 35(32.31) 2({23.09) 30{29.14) 35(32.31) {30.00(29.21)
Mean 23.9{25.461 1 48.9(45.52) 1 54.4{50.13% 146.7{43.34)

aPercentage data were transformed into arc sine angles before carrying out anal-
ysis of variance to produce approximately constant variance. Transformed data
are shown in parentheses.

LSD (transformed data) for the interaction between isolatesand media = 28.0
{p<0.05) or = 37.0 (p<0.01).

Post-emergence 51 10(2.12) 0{0.71) 30(4.84) 5(1.66) 11.25(2,33)
damping-oft s2 15(2.47) 10{2.62) 35(5.80) 40{6.56) | 25.00(4.36)
S$3 10{2.12) 5{1.68) 0(0.71} H0.71) 3.75(1.30)
sS4 0(0.71) 0(0.71) 5(1.66) 0(0.71) 1.25(0.95)
S5 15(2.47) 5(1.66) 0(0.71) 10{2.12) 7.50(1.74)
S6 00.71}) 20(4.03) 5{(1.66) 5{1.66) 7.50(2.02)
87 0(0.71) 10(2.62) 0(0.71) 5(1.86) 3.75(1.42)
S8 0{0.71) 5(1.66} 5(1.686) 25{4.39) 8.75(2.10)
Control 5(1.66} 5{1.66) 0{0.71) 5(1.66) 3.75{1.42)
Mean 3.11(1.52) | 6.7¢1.93) | 8.9¢2.05) | 10.6(2.35)

LSD (transformed data) for the interaction between isolatesand media = 2.7
(p<0.05) or = 3.57 (p<0.01).

Survival s1 75(67.50) 0(0.0) 5(6.64) 0(0.0) |20.00{18.54)
. 52 45(41.53) | 60(51.05) | 15(16.45) | 15(16.45) 133.75(31.37)
s3 70(60.86) | 80(66.91) | 75(60.72) | 90(76.72) [76.75(66.19)
s4 80(66.91) | 55(48.17) | 60(54.81) | 90(76.72) {71.25(61.65)
S5 65(54.22) 0(0.0) 0(0.0) 15(16.45) |20.00(17.67)
$6 70({60.58) 0(0.0) 0(0.0) 5{6.64) [18.75(16.80)
s7 75(60.27} | 60(51.05) | 25{22.50) | 80(66.91) |60.00(50.78)
s8 85(73.55) | 70(57.10) | 80(66.91) | 25(25.97) }65.00(55.88)
Control | 80(54.53} { 75{60.27) | 70{60.86) | 60(51.05) |66.25(56.68)
Mean  169.4(59.99)} 44 4(37.17)| 36.7(32.05) | 42.2{37.43)

LSD (transformed data) for the interaction between isolatesand media = 2.7
{p<0.05) or = 3.57 (p<0.01).

Dry Weight/Plant 51 613.00 o] 308.75 ¢ 230.44
(mg} §2 409.00 491.50 336.25 446.25 420.75

53 398.75 606.50 566.75 483.25 513.81

sS4 . 426.00 748.75 500.00 729.00 600.94

S5 520.25 ¢ 0 320.00 211.31

56 323.25 0 0 0 50.81
S7 748.50 3592.75 305.75 649.00 524.00

58 661.00 833.00 £15.25 770.00 694.81

Control 446.25 400.75 507.50 379.25 433.44

Mean 505.11 385.92 337.81 420.18

LSD for the interaction between isolatesand media = 2.7 (p<0.05) or = 3.57
{p<0.01).
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All the tested isolates did not significantly affect the dry weight per plant
when grown on WA, On the other media, isolates exhibited variations in their ef-
fects on the dry weight. For example, isclates nos. 1, 2 and 7 on CZ medium did
not affect the dry weight. isclate no. 4 caused the highest increase in dry weight
(85.8%) when the growth medium was PDA. Isolate no. 8 also increased dry
weight {107.9%) if grown on PDA. It can be noticed that isolate no. 8 caused an
increase in the dry weight per plant compared with the control with all the
growth media; however, this increase was nonsignificant in case of WA and CZ
media, while it was significant in case of SO medium and highly significant with
PDA. The most likely explanation for such increases in dry weight is that less
competition for available nutrients occurred in the infested pots due to the less
number of surviving seedlings. On the contrary, more competition occurred in the
control pots due to the higher number of surviving seedlings. Thus, the less com-
petition in the infested pots (less survivals) improved the performance ot the
single seedlings in terms of dry weight up to a certain time.

Concerning the cotion cultivar Giza 80, ANOVA (Table 9) show that the
pathogen (Rhizoctonia spp.), the growth medium, and their interaction were
sources of significant or highly significant variation in all variables under study.
Rhizoctonia isolates nos. 1 and 2 caused significant or highly significant in-
creases in pre-emergence damping-off when the onoculum was grown on any
growth medium except SO medium {Table 10}, while isolates nos. 5 and 6 caused
highly significant increases in the disease incidence at the same stage when the
inoculum was raised on any growth medium except WA.

Isoclate no. 4 exhibited a significant increase in disease incidence in this
stage only when grown on PDA. [sclate no. 5 grown on PDA or CZ media and iso-
late no. 1 on PDA caused the highest mortality in the pre-emergence stage
(100%). It can be noticed that 75% ot Rhizoctonia isolates were highly pathogenic
on cultivar Giza 80 when inocula were derived from PDA cultures.

In general, the isolates were less pathogenic in the post emergence stage.
Isolates nos. 2 and 6 caused significant or highly significant increases in post
emergence damping-off when grown on CZ and SO media, while isolate no. 5 be-
haved similarly only when the inoculum was grown on SO medium. It is note-
worthy that all the tested isolates had no significant effect on post-emergence
damping-off when they were grown on PDA medium. Only one isolale (isolate no.
1) caused significant increase the percentage of infected seedings in this stage
when WA was used as a growth medium.



Table 9. Analysis of variance of the effect of Rhizoctonia spp. isolates, growth medium, and their interaction on damping-off of colton

seedlings (Cultivar Glza 80} under greenhouse conditions.

Sources of Pre-emergence Post-emergence Survival Dry Weight
variation df damping-off damping-off

MS F? MS F MS F MS F
Replicates 3 195.85 0.66 4.6 1.29 211.71 0.58 190071.41 0.54
Isclate (s} 8 5632.93 18.99"" 21.72 6.10"" 9694 .22 26.53"" 646284.94 18.20"*
Media (M) 3 1176.70 15.09*" 12.37 3.47~ 6641.25 1817 156896.08 4.42**
SXM 24 885.51 2.96** 6.7 1.96** 983.61 2.69"" 73567.62 2.07**
Eror 105 296.61 3.56 365.44 35501.54

aF value is significant at p< 0.05 (*) or at p< 0.01(*")
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Table 10. Effect of growth media on pre-emergence damping-off, post-emergence
damping-off, survival, and dry weight of cotton seedlings (Cultivar
Giza 80) induced by Rhizoctonia spp. isolates under greenhouse condi-

tions.
Parameter Isolate Growth Medium Mean
WA PDA cz SO

Pre-emergence St 25(29.73)" | 100(90.0) 60({58.28) | 40(35.19) | 56.25(5330)
damping-oif s2 25(29.73) | 45(42.12) | 55{48.17) | 45(41.83) |42.50(40.46)
$3 15(19.92) | 20(26.57) | 35(36.06) | 35(36.06) |30.00(29.85)
sS4 15(19.92) 30(35.78) 10{13.28) | 15(19.92) |17.50(22.23)
S5 10(13.28) 100(90.0}) 100(80.0) | 70(60.88) |70.00(63.54)
56 25(22.50) 85(70.08) 70(60.86) | 65(57.69) |61.25(52.78)
57 15(16.45) 10(13.28) 20(26.57) | 20(19.33) |16.25(18.91}
58 15{16.45) 15(18.92) 30(29.14) 35{(32.31}) 123.75(24.46)
Control 0 o] 10(8.81) 15(19.92) 6.25(7.43)

Mean 16.1(18.67} 145.0(43.08) [ 43.3(41.35) | 37.8{35.90)

aPercentage data were transformed into arc sine angles before carrying out anal-
ysis of variance to produce approximately constant variance. Transformed data
are shown in parentheses.

LSD (transformed data) for the interaction between isclatesand media = 24.11
{p=<0.05) or = 31.87 (p=<0.01).

Post-emergence 51 25(3.73) | 0.0(0.71} | 40(4.84) | 20(3.54) | 21.25(3.20)
damping-oft 52 0.0(0.71) | 15(3.57) | 25(4.99) | 25(4.99) | 16.25(3.56)
53 0.0(0.71) 5(1.66) 0.0(0.71) | 0.0(0.71) | 1.25(0.95)

54 10(2.62) 10(2.62) | 0.0{0.71) | 0.0(0.71) | 5.00{1.66)

S5 0.000.71) | 0.0(0.71) | 0.0{0.71) | 25(4.39) | 6.25(1.63)
56 5(1.86) 15(3.57) | 30(4.68) 35(5.30) | 21.25(3.81)

s7 0.0{0.71) | 0.0(0.71} { 0.0(0.71} | 0.0(0.71}) { 0.0(0.71)
S8 5{1.66) 15(3.08) 5(1.66) 20(4.03) } 11.25(2.61)

Control | 0.0(0.71) 5({1.66) 0.0(0.71) 5(1.66) |} 2.50{1.18)

Mean 5.001.47) | 7.2(2.03) { 11.1(2.19) | 14.4(2.89)

LSD ({transformed data) for the interaction belween isolatesand media = 2.64
{p<0.05) or = 3.49 {p<0.01).

Survival s1 50(41.53) 0 0 40(35.19) [22.50(19.18)
52 75(80.27) | 40(39.23) | 20(19.62) | 30(25.38) [41.25(36.12)
53 85(70.08) { 75{60.27) | 65(53.94) | 65(53.94) [72.50(59.55)
s4 75(63.74) | 55(47.88) ! 90(v6.72) | 85(70.08) |76.25(64.81)
85 90(76.72) 0 ) 5(6.64) |23.75(20.84)
sS6 70({60.86) 0 0 0 17.5(15.21)
s7 85(73.55) | 90(76.72) | B0(63.43) | 80(70.67) |83.75(71.09)
S8 80(70.67) | 70(60.86) | 65(57.69) | 45(41.83) | 65(57.76)
Contrel | 100(90.00) | 95(23.38) | 90(80.19) { 80¢33.91) |91.25(80.12)
Mean | 78.9(67.49) | 47.2(40.92) | 45.6(35.07) | 47.8(41.18)

LSD (transformed data) for the interaction between isolatesand media = 26.76
{p<0.05) or = 35.37 (p<0.01).

Dry Weight/Plant s1 409.00 0 4] 326.25 183.81
(mg) s2 587.25 650.00 313.75 344,25 473.81
53 485.75 528.50 544.25 357.25 481.44
sS4 602.50 661.50 588.75 553.25 601.50
S5 587.50 0 0 81.75 167.31
S6 146.75 0 132.50 75.00 88.56
§7 651.50 510.75 554.75 584.75 575.44
S8 590.00 664.50 544 .25 615.00 603.44
Control 413.75 292.75 557.25 418.50 420.56
Mean 498.22 367.56 359.50 372.89

LSD for the interaction between isolatesand media = 236.80 (p<0D.05) or = 348.67
(p<0.01). '
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|solates nos. 1, 2, and 6 caused significant or highly significant reductions
in the percentage of surviving seedlings, while isolates nos. 3, 7, and 8 had no
significant effect regardless of the growth medium. Isolate no. 5 caused 100%
seedlings mortality when grown on PDA and CZ media, while it had no effect on
the survival when grown on WA. |soalte no. 6 was pathogenic regardless of the
medium; however, it showed the fowest pathogenicity when grown on WA,

Regarding the dry weight per plant of cotton cultivar Giza 80, it was found
that isolate no. 6 caused significant reduction in the dry weight of surviving
seedlings regardless of the growth medium. The maximum reduction in the dry
weight per plant of the surviving seedlings (82.1 %) was observed when the in-
oculum was taken from SO — grown culture. Isolate no. 5 caused highly sig-
nificant reduction in the dry weight of the surviving seedlings {80.5%) when the
inoculum was grown on SO medium. Isolates nos. 2,4 and B significantly in-
creased the dry weight per plant when their inocula were grown on PDA medium.
Of these isoiates, isolate no. 8 caused the highest increase (127%).

Relationship between laboratory and greenhouse parameters

Effects of growth media on the correlation between laboratory and green-
house parameters for evaluating pathogenicity of Rhizoctonia spp. isolates on
cultivar Giza 89 and Giza 80 are shown in Tables (11) and (12), respectively. Lin-
ear growth, seed germination, and radicle length were measured under laboratory
conditions, while the other parameters were measured under g'reenhouse condi-
tions.

A significant positive correlation (r=0.67, p<0.10) was observed between
linear growth and post emergence damping-off of Giza 80 when the growth me-
dium was PDA. On the other hand, the linear growth showed no correlation with
any other greenhouse parameter regardless of the growth medium and cuitivar
{Tables 11 and 12). Significant correlations were observed between seed ger-
mination of Giza 89 on SO medium and ail the greenhouse parameters except post
emergence damping-off (Table 11). Seed germination was also correlated with
the plant dry weight when the growth medium was CZ {Table 11). In case of Giza
80, seed germination was correlated only with the pre-emergence damping-off
and dry weight when the growth medium was WA (Table 12). Radicle length of
Giza 89 was positively correlated with the pre-emergence damping-off and sur-
vival when the growth medium was PDA and with pre-emergence damping-off
when the growth medium was SO (Table 11). The radicle length of Giza 80 on CZ
medium was correlated with survival and dry weight, while the radicle length on
S50 medium was correlated with post-emergence damping-off and survival (Table
12).
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Stepwise multiple regression was used to construct four regression mod-
els to predict pathogenicity of Rhizoctonia spp. isclates under greenhouse condi-
tions as a function of seed germination and radicle length. R2 of the models
ranged from 38.50 to 39.80% (Table 13).

Table 11. Effect of growth media on correlation between laboratory parameters
and greenhouse parameters that evaluate pathogenicity of Rhizoctonia
spp. On cotton cultivar Gixa 89.

Growth Parameters
Media Parameters 7 6 5 4 3 2
Water Agar|1- Linear growth 0.{)907’a -0.2877 10.1254 1 0.2282 { 0.0033 |-0.7751*
(WA)  }2- Seed germination 0.3772 0.2607 }-0.2135] -0.1572 | 0.3661
3- Radicle length 0.0913 -0.0320 }-0.2480) 0.2336

4- Pre-emergence damping-off | -0.4767 | -0.7734* 1 0.1455
5- Post-emergence damping-off | -0.2168 | -0.7343"

6- Survival 0.4447

7- Dry weight
Potato- |1- Linear growth ¢.1501 -0.1613 | 0.1115 ] 0.1426 | -0.1555 | -0,3059
Dexirose |2- Seed germination .1355 0.2962 |0.2222 1 -0.3438 0,6430"
Agar {PDA){3- Radicle length 0.3873 0.6271" 0.0858 | -0.6541"

4- Pre-emergence damping-off §-0.8609°*) 0.9820** {-0.0081
5- Post-emergence damping-off | -0.3262 | -0.1809

6- Survival 0.9083*"
7- Dry weight
Czapek's {1- Linear growth 0.2303 0.34641 }-0.0240; -0.3797 ) -0.1666 | -0.083
Dox Agar {2- Seed germination 0.6706° | 04702 |0.1165 | -0.555¢ |0.8475
{CZ)  |3- Radicle length 0.4474 0.3979 [-0.2392] -0.2198

4- Pre-emergence' damping-off 1-0.9562**(-0.9092**}-0.0559
5- Post-emergence damping-cff] 0.0359 } -0.3649

6- Survival 0.8767*"
7- Dry weight
Sorghum |1- Linear growth 0.5802 0.1778 J0.4008 [ -0.3720 ¢ 0.1281 | 0.1129
Extract [2- Seed germination 0.7340° | 0.6309° | 0.2594 }-0.8243°] 0.7580°
Agar (SO} |3- Radicle length 0.4625 0.4619 | 0.3426 |-0.6824"

4- Pre-emergence damping-off | -0.8207 |-0.9192**( 0.0771
5- Post-emergance damping-off| 0.1789 | -0.4629
6- Survival 0.6701"
7- Dry weight

81 inear correlation coefficient (r) is significant at p<0.01 (**). p<0.05 {*) or
p<0.10 (¥)
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Table 11. Effect of growth media on correlation between laboratory parameters

and greenhouse parameters that evaluate pathogenicity of Rhizoctonia

spp. On cotton cultivar Gixa 88.

Growth Parameters
Media Parameters 7 6 5 4 3 2
Water Agar|1- Linear growth 0.4044" 0.4133 | -0.5417 | -0.0799 | 00.1086 | 0.2295
(WA} {2- Seed germination 0.8142* | 0.5151 | -0.2689 [-0.6903"| 0.223¢9
3- Radicle length 0.277 -4.0071 | -G.1851 ] 0.2840
4- Pre-emergence damping-off | -0.6183 | -0.7840% | 0.444
5- Post-emergence damping-off] -0.2980 -0.9043"*
8- Survival 0.501
7- Dry weight
Potato- {1- Linear growth 0.0962 | -0.3365 | 0.6723° | 0.1857 | -0.3308 | -0.5513
Dextrose |2- Seed germination 0.495% 0.5890 | -0.4149 | -0.5011 |0.8713*"
Agar (PDA}13- Radicle length 0.6136 0.5659 | 0.0229 } -0.5595
4- Pre-emergence damping-off |-0.9108*|-0.2808°*] -0.2427
5- Post-emergence damping-off{ 0.4048 0.0544
6- Survival 0.8505""
7- Dry weight
Czapek's {1- Linear growth 0.2936 0.2351 | -0.48588 | -0.0359} 0.0734 | 0.115¢
Dox Agar |2- Seed germination 0.3779 0.3919 | -0.3463 | -0.3221 ] 0.7198"
(C2) |3 Radicte length 0.6782" | 0.6210" | -0.4203 | -0.5764
4- Pre-emergence damping-off |-0.9063*| -0.9193 | 0.3745
5- Post-emergence damping-off| -0.6363 { -0.7092
8- Survival 0.9592**
7- Dry weight
Sorghum |{1- Linear growih 0.0698 | -0.0808 } 0.0621 | 0.08%0 { 0.2256 | -0.1t22
Extract |2- Seed germination 0.0210 0.4534 | -0.5530 ] -0.3528 | 0.8278"
Agar (80) [3- Radicle length 0.2769 06249 | -0.7235 | -0.5137
4- Pre-emergance damping-off |-0.9144**|-0.8729**]|0.8443"*
5. Post-emergence damping-off | -0.6789" |-0.9454**
6- Survival 0.8494*"
7- Dry weight

4 inear correlation coefficient (r) is significant at p<0.01 (**), p<0.05 {*) or
p<0.10 (%)
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Tabie 13. Regression models that describe pathogenicity (YY) of Rhizoctonia spp.
isolates on cotton seedlings under greénhouse conditions as a function
of seed germination (X ,) or radicie length (X ,) under laboratory condi-

tions.
Cultivar|Growth Regression model Coefficient of F. value
Medium determination (Rz)
Giza 80| WA et e e
Z vP= 103.2299-13.77844 X 3 38.5 3.76x°
2 0] Y = B89.66571-15.95974 X , 39.05 3.84x
Giza 89 WA
PDA Y = 84.08528-11.55361 X 4 39.33 3.89(x)
0 Y = 96.74815-0.7170371 X o 39.80 3.97(x)

2 No regression model could be constructed.

b Pthogenicity was evaluated as the percentage of dead seedlings after 45 days
from ptanting date.

¢ F. value is significant at p<0.10

DISCUSSION

For infection by Rhizoctonia solani to occur, the propagules of the fungus
must germinate or resume growth. Hypahe mus then grow to the host, form in-
fection structures, penetrate the epidermis, and establish themselves in the
host. These processes require energy and the synthesis of new structural materi-
als. Only three sources are avialable to provide the required nutrients: (i) prop-
agules of the fungus; (ii) soil solution and organic matter in soil; and (iii) ex-
udates from the host plant (Weinhold et a/., 1969). Early studies (Weinhold et al.,
1969) showed that when the mycelium of Rhizoctonia sclani was deficient in ei-
ther carbon or nitrogen, it could grow vegetatively, but its ability to attack the
stem of cotton seedlings was markedly reduced. In the present study, the nutri-
tional status of Rhizoctonia mycelium was varied by growing the pathogen on
media with varying nutritional values. Pathogenicity of this mycelium on cotton
seedlings was evaluated under laboratory and greenhouse conditions. Growth me-
dium was a source of highly significant (p < 0.01) or significant {(p < 0.05) vari-
ation in all the laboratory and greenhouse variables used to evaluate pathogenic-
ity of the fungus. This result confirms the importance of the mycelium
nutriotional status in determining its pathogenicity. Pathogenicity showed dif-
ferential responses to the growth media i.e. a single isolate can be highly path-
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ogenic when grown on a particular medium, but may show only low pathogenicity
on ancther medium. The effect of growth medium on the pathogenicity of plant
pathogenic fungi, as have been demonstrated herein., was also demonstrated by
Phillips (1965) with Fusarium roseum f. cerealis and Maier (1986) with F. solani
f. phaseoli, who found that the medium on which spores were produced influenced
their pathogenic capability. From the practical point of view, our results imply
the following: (i) when evaluating pathogenicity of Rhizoctonia spp. the nutri-
tional status of the inoculum must be taken into account. Criteria such as dry
weight or volume of inoculum are not necessarily indicative, because the fungus
can make satisfactory vegetative growth on a medium, yet the mycelium will ex-
hibit a degree of virulence far below the potential of the fungus {Weinhold et al.,
1869), (ii) Because crop rotation may play any important role in managing soil-
borne diseases, it is desirable to rotate cotton with crops whose residues are
not nutritionally adequate for increasing pathogenicity of Rhizoctonia spp. on
cotton. However, more research is needed to determine such crops.

Two regression models, derived from stepwise multiple regression anaiy-
sis, were constructed for each cultivar to predict pathogenicity of Rhizoctonia
isoaltes under greenhouse conditions. The results indicate that the appropriate
model for prediction was affected by cotton cultivar, growth medium, and the la-
boratory variable used for prediction. WA was not an appropriate growth medium
to predict pathogenicity Rhizoctonia isclates on any cultivar. PDA was not ap-
propriate in the case of Giza 80, while it was in the case of Giza 89. On the con-
trary, CZ was appropriate in the case of Giza 80 while it was not in the case of
Giza 89. SO was appropriate for predicting the pathogenicity of isolates on hoth
cultivars provided the use of radicle tength and seed germination as predictors in
the case of Giza 80 and Giza 89, respectively. It is worthnoting that finear
growth was not included in any model. This may be due to the fact that linear
growth is a function of saprophytic capability of the fungus, which may not be
related to its pathogenic capabitity. Our results, which are in agreement with
those reported by Muyolo et al. (1993), suggest that laboratory tests by using SO
can be used as rapid methods for evaluating pathogenicity differences among
Rhizoctonia isolates; however, they should not replace pathogenicity tests with
seedlings in greenhouse which are confirmative.
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