






Table 3. Plant response, as measured by mean top weight in grams, to P. terrestris 
from growth chamber experiments 

5% Soil moisture 10% Soil moisture 

Single inoculum Double inoculum Single inoculum Double inoculum 
Healthy Diseased Healthy Diseased Healthy Diseased Healthy Diseased 

ONION 
(susceptible) 

0. 0467 0. 0352 0. 0409 0 .0313 0 .0537 0 .0429 0 .0486 0. 0415 

CORN 
(intermediate) 

1. 9211 1. 7014 2. 2793 1 .9704 2 .5475 2 .0339 2 .7650 2. 5600 

RADISH 
(susceptible) 

0. 2575 0, 2532 0. 3645 0 .3408 0 .3962 0 .3325 0 .4712 0. 4490 

CARROT 
(resistant) 

0. 0239 0. 0187 0. 0291 0 .0203 0 .0310 0 .0265 0 .0336 0. 0289 

SPINACH 
(susceptible) 

0. 0871 0. 0794 0. 0901 0 .0741 0 .1376 0 .0964 0 .1613 0. 1078 

NASTURTIUM 
(resistant) 

0. 7143 0. 7255 1. 0437 0 .7953 1 .2564 0 .9428 1 .2810 1. 0345 

TURNIP 
(intermediate) 

0. 1013 0. 0938 0. 1024 0 .0854 0 .1607 0 .1286 0 .1961 0. 1634 

I 



Figure 2. The response of radish to Figure 3. 
soil moisture and inoculum 
levels 

The response of spinach to 
soil moisture and inoculum 
levels 
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Figure 4. The response of corn to soil Figure 5. 
moisture and inoculum levels 

The response of turnip to 
soil moisture and inoculum 
levels 
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Figure 6. The response of nasturtium Figure 7. 
to soil moisture and inoculum 
levels 

The response of carrot to 
soil moisture and inoculum 
levels 
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Figure 8. The response of onion to soil moisture and inoculum levels 



*060" 

HEALTHY 

DISEASED 

054. 

049. 
04% 
•O43J 
•042H 
•0411 

•035-1 

•03l4 

•020H 

Single Double Single Double 

INOCULUM INOCULUM 

5 per cent 10 per cent 

Soil Moisture Soil Moisture 

Onion 



48 

size and plants were arbitarily subgrouped on this basis. 

a. Large rooted plants At the low soil moisture 

level, corn roots (grouped as intermediate) exhibited moderate 

amounts of infection and at harvest time were a shade of 

spinel red, similar to roots classed as susceptible. The 

infected roots were more flaccid and dry than normal and at 

harvest time were easily broken. The outer epidermal layer 

could be easily separated from the vascular tissue. At the 

high soil moisture level, pink coloration was less pronounced, 

the roots were fairly large and not as weak and the top growth 

was nearly normal. Nasturtium plants (classified as resistant) 

grown in the absence of the fungus at 5 per cent soil moisture 

showed an overall decrease in root, stem and leaf structure, 

as compared to those grown at 10 per cent soil moisture level. 

Nasturtium plants were resistant; the roots were not affected 

by the pathogen. Only the seed coat showed distinct and 

extensive pink coloration. Pea plants were classified as 

intermediate, but the seed coat had a deeper pink coloration 

than the roots (Plate IX). At low soil moisture level, 

coloration of the seed coat was greatest. 

b. Small rooted plants Plants in this group were 

carrot (resistant); onion, radish, spinach (susceptible); and 

turnip (intermediate). As with corn, the response of turnip 

was similar to susceptible plants at the low soil moisture 

level. In both turnip and radish, disease involvement of the 
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root system and reduction of aerial plant parts was intensi­

fied at 5 percent soil moisture level. Diseased roots of 

spinach at the low soil moisture level were twisted, stunted 

and greatly reduced in number. Coloration was a deep creamish 

yellow to thulite pink. Disease was less severe at the high 

soil moisture level. Carrot plants made the least root and 

shoot development. Diseased roots of carrot were almost dead 

at 5 percent soil moisture and top growth was greatly reduced 

and flaccid. In some instances, plants were so dry as to be 

unfit for weighing. At the high soil moisture level, less 

dessication occurred. 

Data obtained from the growth chamber experiments was 

statistically analysed̂  and the analysis of variance is pre­

sented in Table 4. The following (fixed effects) model was 

used for analysis: 

+ Ij + "k + <™>:k + ̂  + (iFIja + (Wf'ka 

+ (IMF)-k, + Sijkwn + + (ISIjn + (MS)kn 

+ (IMS) + (PS),n + (IPS) + ('«FS)k«n 

Ŝtatistical analysis of data and arrangement of model— 
Dr. David Jowett, Assistant Professor of Statistics. Iowa 
State University of Science and Technology, Ames, Iowa, 



Table 4. Analysis of variance table—data from growth chamber experiments 

Source of variation 
Degrees 
of freedom 

Sum 
square 

Mean 
square F 

Species 5 2560.5607 

Replication 12 

Moisture a 1 99.7561 16.24** 

Fungus b 1 25.2049 18.7313** 

Dose c 1 34.9950 5.30 

Interaction (bxc) 1 0.0030 

Interaction (axb) 1 2.8275 

Interaction (axe) 1 0.8275 

Interaction (axbxc) 1 2.0290 

Species x a 5 30.7162 6.1432 4.57 

Species x b 5 9.4914 1.8983 

Species x c 5 32.9633 6.5967 4.90 

Species x be 5 1.2776 0.2555 

Species x ab 5 0.9477 0.1895 

Species x ac 5 2.1991 0.4398 

Species x abc 5 0.0059 0.0012 

Error 156 209.9123 1.3456 

**Significant at the 1 per cent level. 
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where 

and 

X 

j 

k 

a 

m 

m 

1,2,3 

1,2 

1,2 

1,2 

1 when Z = 1 

= 1,2 when Z — 2 » 

n — 1/2/3/4,5/6. 

where 

and 

îjkAm 

îjk&mn 

NID (0,ap 

NID (0/cr2) 

R = replication effect 

I = inoculum effect 

M = moisture effect 

F = fungus effect 

S = species. 

Visual observations were further confirmed by statistical 

analysis where the effect of moisture (a) and fungus (b)/ 

respectively/ were significant at the 1 percent level. The 

effect of dose (c) was not significant. To test the signi­

ficance of the effects of moisture (a) and dose (c), the 

corresponding interactions of species (sp x a) and (sp x c) 

were used respectively. The error MS was used to test the 

significance of the effect of the fungus. The interactions of 
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fungus and dose, moisture and fungus, moisture and fungus and 

dose were not significant. Similarly, the interaction of 

different species with the different variables mentioned above 

was not significant. 

2, Temperature tank experiments 

In these experiments, there was a greater overall varia­

tion in plants than in those grown in the growth chamber. 

Greater variation (in both check and diseased plants) occurred 

between plants grown at different temperatures than between 

those grown at the levels of inoculum. Optimum temperature 

for growth was from 20° to 24°C regardless of the presence of 

the pathogen; roots and tops were extremely well developed 

compared to those grown at 16° or 28°C. The least effect of 

disease occurred at the optimum growth temperature for each 

host excepting corn. Corn made the best growth at 24°C with 

or without the pathogen. At 28°C there was a marked decrease 

in plant vigor and growth with symptoms of general weakening 

in all varieties. The roots were long, threadlike and easily 

broken on handling. The plants were weak, bending and break­

ing at the slightest pressure. Carrot plants at 28°C were 

almost dead at the time of harvest. 

Data obtained from the temperature tank experiments was 

statistically analysed and the analysis of variance for each 

plant variety is presented in Tables 7 to 13. The following 

(fixed effects) model was used for analysis: 



Table 5. Plant response, as measured by mean top weight in grams, to P. terrestris 
from temperature tank experiments 

16*C 20°C 

Plants Single inoculum Double inoculum Single inoculum Double inoculum 
Healthy Diseased Healthy Diseased Healthy Diseased Healthy Diseased 

ONION 0.0327 0.0281 
(susceptible) 

CORN 0.4213 0.3216 
(intermediate) 

RADISH 0.1537 0.1142 
(susceptible) 

CARROT 0.0130 0.0095 
(resistant) 

SPINACH 0.0647 0.0426 
(susceptible) 

NASTURTIUM 0.6526 0.3563 
(resistant) 

TURNIP 0.0359 0.0294 
(intermediate) 

0.0383 0.0307 0.0385 0.0345 0.0422 0.0341 

0.5464 0.4219 0.7525 0.5197 0,9403 0.7743 

0.1650 0.1076 

0.0179 0.0155 

0.0729 0.0412 

0.1619 0.1343 0.1824 0.1300 

0.0144 0.0121 0.0161 0.0122 

0.0697 0.0359 0.0898 0.0453 

0.7906 0.5560 0.9772 0.7670 0.9705 0.8342 

0.0421 0.0329 0.0493 0.0342 0.0607 0.0322 



Table 6 . Plant response, as measured by mean top weight in grams, to P. terrestris 
from temperature tank experiments 

24®C 28®C 

Plants Single inoculum Double inoculum Single inoculum Double inoculum 
Healthy Diseased Healthy Diseased Healthy Diseased Healthy Diseased 

ONION 0.0435 0.0276 
(susceptible) 

CORN 1.1362 0.6416 
(intermediate) 

RADISH 0.1336 0.0919 
(susceptible) 

CARROT 0.0135 0.0120 
(resistant) 

SPINACH 0.0551 0.0356 
(susceptible) 

NASTURTIUM 0.8439 0.5457 
(resistant) 

TURNIP 0.0484 0.0310 
(intermediate) 

0.0374 0.0232 0.0298 0.0239 0.0379 0.0209 

0.9206 0.5098 1.1093 0.7876 0.9135 0.5156 

0.0935 0.0477 0.1118 0.0646 

0.0136 0.0106 0.0122 0.0105 

0.0655 0.0343 0.0429 0.0300 

0.9061 0.5431 0.7045 0.4976 

0.0548 0.0269 0.0364 0.0280 

0.1373 0.0489 

0.0133 0.0111 

0.0689 0.0360 

0.7328 0.4949 

0.0485 0.0297 



Table 7. Analysis of variance for onion (susceptible)—data from temperature tank 
experiments 

Source of variation 
Degrees 
of freedom Sum square Mean square F 

Replicate 2 0.23615 0.11807 

Temperature 
linear 
quadratic 
cubic 

3 
1 
1 
1 

0.36874 
0.16384 
0.14815 
0.05675 

0.12291 8.2601̂  
11.0108̂  
9.9563* 
3.8138 

Error (a) 6 0.08930 0.01488 

Single vs double 1 0.000018 

Temp X single vs double 
linear 
quadratic 
cubic 

3 
1 
1 
1 

0.05188 
0.01904 
0.03142 
0.00142 

0.01729 2.8769* 
3.1681 
5.2280* 

No fungus vs fungus. 1 0.59431 98.8686*̂  

Temp X no fungus vs fungus 
linear 
quadratic 
cubic 

3 
1 
1 
1 

0.09278 
0.05275 
0.00791 
0.03212 

0.03093 5.1464* 
8.7770** 
1.3161 
5.3444* 

Single vs double 
X no fungus vs fungus 1 0.02188 

Temp X single vs double 
X no fungus vs fungus 3 0.03440 0.01147 1.9085 , 

Error 48 0.28883 0.00601 

•Significant at the 5 per cent level. 

••Significant at the 1 per cent level. 



Table 8. Analysis of variance 
experiments 

for radish (susceptible)—data from temperature tank 

Source of variation 
Degrees 
of freedom Sum square Mean square F 

Replicate 2 7.22485 3.61243 

Temperature 
linear 
quadratic 
cubic 

3 
1 
1 
1 

22.62796 
15.01442 
0.99029 
6.62325 

7.54265 14. 
29. 
1. 
12. 

6209** 
1044** 
9196 
8387** 

Error (a) 6 3.09529 0.51588 

Single vs double 1 0.77335 4. 0126 

Temp X single vs double 
linear 
quadratic 
cubic 

3 
1 
1 
1 

1.07501 
0.23185 
0.59405 
0.24911 

0.35834 1. 8593 

No fungus vs fungus 1 15.97867 82. 9070** 

Temp X no fungus vs fungus 
linear 
quadratic 
cubic 

3 
1 
1 
1 

0.72017 
0.31300 
0.39921 
0.00796 

0.24006 
3. 0823* 

Single vs double 
X no fungus vs fungus 1 0.74477 3. 8643 

Temp X single vs double 
X no fungus vs fungus 3 0.28556 0.09519 

Error 48 9.25118 0.19273 

•significant at the 5 per cent level. 

**Significant at the 1 per cent level. 



Table 9. Analysis of variance for spinach (susceptible)—data from temperature tank 
experiments 

Source of variation 
Degrees 
of freedom Sum square Mean square F 

Replicate 2 0.23460 0.11730 

Temperature 
linear 
quadratic 
cubic 

3 
1 
1 
1 

1.11014 
0.68531 
0.12375 
0.30108 

0.37005 2. 
4. 

1. 

3647 
3793 

9240 

Error (a) 6 0.93894 0.15649 

Single vs double 1 0.56871 10. 6043** 

Temp X single vs double 
linear 
quadratic 
cubic 

3 
1 
1 
1 

0.05813 
0.02549 
0.01977 
0.01288 

0.01938 

No fungus vs fungus 1 4.86019 90. 6245** 

Temp X no fungus vs fungus 
linear 
quadratic 
cubic 

3 
1 
1 
1 

0.13422 
0.03657 
0.04676 
0.05089 

0.04474 

Single vs double 
X no fungus vs fungus 1 0.18684 3. 4839 

Temp X single vs double 
X no fungus vs fungus 3 0.06478 0.02159 

Error 48 2.57411 0.05363 

•Significant at the 5 per cent level. 

••Significant at the 1 per cent level. 



Table 10. Analysis of variance for corn (intermediate)—data from temperature tank 
experiments 

Source of variation 
Degrees 
of freedom Sum square Mean square F 

Replicate 2 27.62457 13.81229 

Temperature 
linear 
quadratic 
cubic 

3 
1 
1 
1 

37.155535 
27.23930 
7.56994 
2.34611 

12.38512 4. 
9. 
2. 

5459 
9982* 
7786 

Error (a) 6 16.63467 2.7244 

Single vs double 1 0.12054 

Temp X single vs double 
linear 
quadratic 
cubic 

3 
1 
1 
1 

30.75473 
11.95451 
1.24662 
17.55360 

10.25158 23. 
27. 
2. 
40. 

5397** 
4500** 
8625 
3069** 

No fungus vs fungus 1 31.58534 ! 72. 5266** 

Temp X no fungus vs fungus 
linear 
quadratic 
cubic 

3 
1 
1 
1 

7.46026 
5.32357 
1.16406 
0.97263 

2.48675 5. 
12. 

7106** 
2240** 

Single vs double 
X no fungus vs fungus 1 0.09115 

Temp X single vs double 
X no fungus vs fungus 3 0.49451 0.16484 

Error 48 20.90558 0.4355 

•Significant at the 5 per cent level. 

**Significant at the 1 per cent level. 



Table 11. Analysis of variance for turnip (intermediate)—data from temperature 
tank experiments 

Source of variation 
Degrees 
of freedom Sum square Mean square F 

Replicate 2 1.24590 0.62295 

Temperature 
linear 
quadratic 
cubic 

3 
1 
1 
1 

0.22943 
0.00972 
0.17179 
0.04791 

0.07648 1. 

2. 

0896 

4292 

Error (a) 6 0.42117 0.07019 

Single vs double 1 0.05797 1. 4170 

Temp X single vs double 
linear 
Quadratic 
cubic 

3 
1 
1 
1 

0.04100 
0.000076 
0.02695 
0.01398 

0.01367 

No fungus vs fungus 1 1.73295 42. 3601** 

Temp X no fungus vs fungus 
linear 
quadratic 
cubic 

3 
1 
1 
1 

0.25808 
0.02879 
0.22745 
0.00184 

0.08603 2. 

7. 

1459 

0373* 

Single vs double 
X no fungus vs fungus 1 0.12479 3. 0504 

Temp X single vs double 
X no fungus vs fungus 3 0.02675 0.00892 

Error 48 1.96350 0.04091 

•Significant at the 5 per cent level. 

**Significant at the 1 per cent level. 



Table 12. Analysis of variance for nasturtium (resistant)—data from temperature 
tank experiments 

Source of variation 
Degrees 
of freedom Sum square Mean square F 

Replicate 2 2.54896 1.27448 

Temperature 
linear 
quadratic 
cubic 

3 
1 
1 
1 

27.30435 
0.35954 
17.81150 
9.13331 

9.10145 7. 

14. 
7. 

3601* 

4036** 
3858* 

Error (a) 6 7.41980 1.2366 

Single vs double 1 1.73445 7. 1615* 

Temp X single vs double 
linear 
quadratic 
cubic 

3 
1 
1 
1 

2.56015 
1.62826 
0.44164 
0.49025 

0.85338 3. 
6. 
1. 
2. 

5235* 
7231* 
8235 
0242 

No fungus vs fungus 1 24.58672 101. 5183** 

Temp X no fungus vs fungus 
linear 
quadratic 
cubic 

3 
1 
1 
1 

1.07279 
0.02037 
0.06674 
0.98568 

0.35760 1. 

4. 

4765 

0699* 

Single vs double 
X no fungus vs fungus 1 0.07747 

Temp X single vs double 
X no fungus vs fungus 3 0.58845 0.19615 

Error 48 11.62529 0.242194 

*Significant at the 5 per cent level. 

**Significant at the 1 per cent level. 



Table 13. Analysis of variance for carrot (resistant)—data from temperature tank 
experiments 

Source of variation 
Degrees 
of freedom Sum square Mean square F 

Replicate 2 0.18518 0.09159 

Temperature 
linear 
quadratic 
cubic 

3 
1 
1 
1 

0.04380 
0.04182 
0.00034 
0.00165 

0.01460 
1. 8342 

Error (a) 6 0.13367 0.02280 

Single vs double 1 0.03699 5. 9470* 

Temp X single vs double 
linear 
quadratic 
cubic 

3 
1 
1 
1 

0.10426 
0.05314 
0.04631 
0.00481 

0.03475 5. 
8. 
7. 

5868* 
5434** 
4453** 

No fungus vs fungus 1 0.09589 15. 4164** 

Temp X no fungus vs fungus 
linear 
quadratic 
cubic 

3 
1 
1 
1 

0.00364 
0.00311 
0.00013 
0.00040 

0.00121 

Single vs double 
X no fungus vs fungus 1 0.00198 

Temp X single vs double 
X no fungus vs fungus 3 0.00437 0.00146 

Error 48 0.29865 0.00622 

*Significant at the 5 per cent level. 

••Significant at the 1 per cent level. 
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^ijkm = w + *i + Tj + ^ij + :k + (Tiijk + 

+ (TF)., + (IP)%i + (TIF).̂ , + 6..%,̂  

where 

where 

and 

i = 1,2,3 

j = 1,2,3,4 

k = 1,2 

A = 1,2 

m = 1 when & = 1 (absence of fungus) 

m = 1,2 when £ = 2 (presence of fungus) 

1] 

îjk&m 

NID (0,o2) 
£ 

NID (0,a2) 

R = replication effect 

T = temperature effect 

I = inoculum effect 

F = fungus effect. 

Visual observations were further confirmed by statistical 

analysis where the effect of temperature was tested against 

error (a). The other variables—single versus double. 
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temperature x single versus double, no fungus versus fungus, 

temperature x no fungus versus fungus, single versus double 

X no fungus versus fungus, and temperature x single versus 

double X no fungus versus fungus—were computed with error MS. 

In onion (susceptible), temperature, temperature x single 

versus double, and temperature x no fungus versus fungus were 

significant at the 5 per cent level, whereas fungus versus no 

fungus was significant at the 1 per cent level. Single and 

double levels of the inoculum were not significant. For 

radish (susceptible), temperature, no fungus versus fungus 

were significant at the 1 per cent level. Similar to onion, 

radish showed no significance between the two levels of 

inoculum. Spinach was the only variety in the susceptible 

category which showed significance at the 1 per cent level for 

both single versus double inoculum and for no fungus versus 

fungus. 

Corn (intermediate) had a significant effect of tempera­

ture and temperature x single versus double, no fungus versus 

fungus, and temperature x no fungus versus fungus were all 

significant at the 1 per cent level. There was no significance 

shown for single versus double inoculum levels. Turnip, an 

intermediate plant, showed significance for no fungus versus 

fungus at the 1 per cent level. As in the case of corn, 

radish showed no significance for the single versus double 

levels of the inoculum. Nasturtium and carrot, both belonging 



Figure 9. The response of radish to varying temperature and 
inoculum levels 

Figure 10. The response of spinach to varying temperatures 
and inoculum levels 
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Figure 11. The response of corn to varying temperatures and 
inoculum levels 

Figure 12. The response of turnip to varying temperatures and 
inoculum levels 
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Figure 13. The response of nasturtium to varying temperatures 
and inoculum levels 

Figure 14. The response of carrot to varying temperatures and 
inoculum levels 
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Figure 15. The response of onion to varying temperatures and 
inoculum levels 
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to the resistant category, showed significance at 5 per cent 

level for single versus double inoculum. The only values 

significant at 1 per cent level for nasturtium were the 

quadratic interactions with temperature and the effect of no 

fungus versus the presence of the fungus. In the case of 

carrot, temperature x single versus double, and no fungus 

versus fungus were values significant at the 1 per cent level. 

Figures 9-15 permit visual comparisons for the effect of the 

fungus on various plant varieties. 
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V. DISCUSSION 

An examination of the literature suggests a wide host 

range for P. terrestris. The pathogen is a soil inhabitant, 

presumably persisting for long periods in the absence of onion 

but in contact with other plant species. However, disease of 

serious consequence occurs only on onion. This study under­

took to include in the host range plants which are commonly 

used in rotation with onion and to identify, if possible, 

reasons for limited disease involvement (27,29). Based on 

visual observations and MGA, PDA platings, the test plants 

were grouped into resistant, intermediate and susceptible 

categories. Plant varieties which were classified as resist­

ant became intermediate or even susceptible with time and 

repeated infection, presumably due to approaching senescence. 

It was frequently observed that seed coats of many plants were 

attacked to a greater degree than the root system. This trait 

of the soil inhabiting organism was anticipated. Presumably 

the characteristics of resistant varieties appear in a living 

root rather than the dead seed coat and this resistance is 

diminished by a weakening of the plants. Substantial evidence 

indicates that the pathogen lives on organic debris and 

attacks roots at varying levels of intensity. A weakening of 

plant roots presumably disposes them toward further infection 

and argues for a correlation between level of disease and 

amount of inoculum. 
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Borgman (1), working with various onion varieties, 

speculated that changes in temperature and soil conditions 

brought about changes in the host and not in the pathogen. 

For this reason, the experimental system examined soil mois­

ture and inoculum level variations under controlled 

temperature conditions, and temperature and inoculum level 

effects at constant soil moisture. Six hosts other than onion 

were used: two each from the resistant, intermediate and 

susceptible groups of the host range experiment. 

The effects of soil environmental factors in the develop­

ment of root diseases are generally considered by many 

investigators to be mainly the effects of temperature because 

of the difficulties in considering the effects of other 

factors individually (5,10,11,12,39). Many investigators 

(4,35,41,51) have stressed the importance of soil moisture to 

the growth of plants, and there are many allusions but little 

direct evidence relating soil moisture to disease development. 

There are practical difficulties in maintaining and controlling 

soil moisture in experimental plots. Daily watering, as was 

done in the growth chamber experiments, was not accurate, 

since with plant growth, overall weight increased. However, 

bearing this in mind, the effects was of an even increasing 

water stress. As repeatedly observed in these experiments, 

plants grown at the low soil moisture level showed evidence of 

lessening turgor, stunted growth, wilting and in some advanced 
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cases—death of tissues. Under these conditions, the plant 

becomes more disease prone. 

The plants classified as susceptible were severely dis­

eased and the plants belonging to the intermediate category 

showed a greater amount of disease involvement at low soil 

moisture levels. Even those plants classified as resistant 

showed some amounts of disease. However, little if any 

difference occurred between single and double levels of 

inoculum, indicating that increased disease was due to 

deterioration of the host rather than creation of favorable 

growing conditions for the pathogen. Results of the growth 

chamber and temperature experiments were parallel in that 

there occurred an increasing disease situation at the low soil 

moisture level and also at increasing temperatures. At higher 

temperatures the watering regime and the water holding capacity 

of the sand were inadequate to reduce water stress. Under 

these conditions, the life of the roots was presumably affected 

and senescence was probably initiated earlier than normal. 

Roots were easily attacked with an accentuation of disease. 

For this reason the divergence of curves is greater at higher 

temperatures than at low temperatures. 

Under conditions of water stress, we would anticipate 

that dead rootlets would provide substrates and portals of 

entry into larger supporting roots through which other virulent 

and pathogenic fungi may enter the root interior (9). If, 
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following the loss of these rootlets, the plant is exposed to 

conditions of high transpiration, wilting may occur beyond 

recovery (54). This may explain why P. terrestris commonly 

causes minor and insignificant losses except under adverse 

conditions for the plant when disease loss may be high. This 

may also explain why other pathogens have been linked with 

P. terrestris in causing onion root rot. 

The optimum for disease involvement in onion is reported 

as 24®C to 28°C (7,14,16,32,36). Comparisons of temperature 

and growth for healthy and diseased plants revealed some 

anamolies. For some hosts, the curve under conditions of 

disease paralleled that of healthy plants. For others 

divergences occurred at certain temperatures, while for still 

others, no relationship existed between the two curves. In 

general, interactions of temperatures were significant and 

differences of curves between healthy and diseased plants gave 

an estimate of the effect of the fungus. The values obtained 

were statistically tested at the 5 and 1 per cent level of 

significance. If the effect of single versus double inoculum 

were tested at the 10 per cent level, there is every possi­

bility that values would have been 'near* significant. With 

increasing temperatures and concomitant increasing moisture 

stress, there may be a difference in the inoculum effect, and 

there is every possibility that dose may have had significant 

values. Variation occurs as is seen in the raw data (Tables 
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14 to 25). However, the analysis of variance is based on the 

composite of three experiments and results are felt to portray 

the true situation. In some cases, plants were not large 

enough to depict appreciable changes, but for purposes of 

uniformity all were treated equally. For reasons unknown, the 

curves for Figures 9 and 11 are neither linear nor quadratic. 

This is interpreted to indicate that other unknown factors 

besides the ones experimented with may be interacting to pro­

duce such an effect. A slightly higher yield in top weight 

(especially of healthy plants) of plants grown in double 

inoculum may be partially explained by the fertilizer effect 

of Czapek's medium. The quantity of N-P-K added every other 

day should have been more than sufficient to overcome any 

effect of the double amount of Czapek's media. One possi­

bility is difference in levels of magnesium and iron, but we 

assumed that the commercial fertilizer had enough contaminants 

of other elements and supplements were not necessary. 

Apparently, this was not the case. 

Our data suggests that the conclusions of Taubenhaus and 

Mally (47), Jones and Perry (28) , and Gorenz, Larson and 

Walker (14) on the primacy of soil temperature in regulating 

pink root disease of onion are reflections of soil moisture 

availability. If such were not the case, then onions in light 

and heavy soils at the same temperature should show equal 

amounts of disease. This conflicts directly with the reports 
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of Jones and Perry (28) . 

Favourable conditions of moisture and temperature early 

in the season would support large amounts of top growth. 

Later as air temperature increases (and soil temperature 

also), the rate of transpiration could create water stress in 

the root system and permit attack by P. terrestris. Partial 

destruction of the root system would accenuate water stress 

thereby increasing disease. Plant growth thus is a reflection 

of the overall vigor and extent to which the rootlet system 

develops. Conversely, the process of root growth and function 

is always influenced by the aerial development of the shoot 

(54) . 

The same situation probably applies to hosts other than 

onion to P. terrestris and we would expect to find the pathogen 

to be associated with other plants as reported by many investi­

gators. The reason for limited development in "other plants" 

is not well understood although these effects are diminished 

with time and under conditions of water stress. Some sugges­

tions have been made by Hughes and Fowler (24), working on the 

resistance of cotton to Xanthomonas malvacearum, suggest that 

resistant seeds contain a higher percentage of sugars. The 

leaf-glucose level in susceptible plants is low compared to 

the consistently high glucose levels in resistant plants. 

Horton and Keen (23) in their reports indicate that low 

quality seeds obtained from resistant plants favour and 
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increase the incidence of pink root disease. 

Horsfall and Dimond (21), working on the influence of 

host sugar content on susceptibility and resistance, consider 

(a) low sugar diseases as those where the plant becomes 

susceptible because of a low sugar content, and (b) high sugar 

disease where plants become susceptible because of a high 

sugar content. Horton and Keen (23) place P. terrestris in 

the low sugar disease group, since pink root intensity is 

inversely correlated with the amounts of root sugar contents. 

The results of our studies support this placement; reduced 

water supply presumably decreases sugar availability in the 

roots. Preliminary experiments in which the top of onion 

plants were clipped and the cotyledons removed from bean 

(resistant) increased the amounts of disease. For example, 

the addition of citrus pectin̂  to a normal dose of the 

inoculum (for both check and diseased plants) brought about a 

drastic change in the resistant cucumber plants. Infected 

plants were reduced in size with roots colored nopal red and 

stunted top growth. This type of disease rating would place 

it in the susceptible category. 

Recent reports (13,40) suggest the designation of a new 

species for the pathogen, namely Pyrenochaeta lycopersici 

Schneider and Gerlach. This may indeed be a new species, but 

the variable pathogenic ability of P. terrestris as influenced 

N̂utritional Biochemicals Corporation, Cleveland, Ohio. 
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by the inoculum level, temperature and moisture relationships 

and host-sugar content suggest that care should be taken in 

the designation of races and species based on host reaction. 

Results obtained from this investigation reveal that for 

onion variety, Southport White Globe, disease increases 

markedly at 24°C, with a maximum at 28®C. Other plant species 

did not respond similarly, and it is quite possible differ­

ences may exist between onion varieties. Our investigations 

indicate that some hosts in other families appear as 

susceptible as onion. The ability of the root system to with­

stand water stress is apparently not characteristic of any one 

family, but is an indication that the plant may also be able 

to withstand the pathogen. The importance of water stress 

cannot be overstated. Different persons presumably using 

similar techniques with minute variations in watering pro­

cedures can get different results. Without doubt, soil 

temperature plays an important role in disease, especially as 

it alters the water absorption and transpiration rate of the 

plant. The insignificance of inoculum level suggests that the 

effect of soil environment is primarily on the host. 

Further research on the investigation of how healthy 

plants become diseased should obviously place emphasis on soil 

environment and water relationships. Variability to response 

in disease conditions suggest careful steps during screening 

tests for resistance to specific pathogens. 
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VI. SUMMARY 

1. Results from this investigation suggest that 

P. terrestris has a wider host range than previously reported. 

The fungus attacks plants other than onion with varying 

degrees of severity. 

2. The organism presumably obtains a saprophytic foot­

hold on dead plant debris enabling it to infect even resistant 

plants during environmental conditions adverse to the plant. 

3. Prominent among environmental factors influencing 

disease was soil moisture level; the incidence of disease was 

greater under low levels of availability or severe water 

stress. 

4. Doubling the level of inoculum usually caused 

insignificant changes in disease involvement by P. terrestris. 

5. The combination of high soil temperatures and low 

soil moistures created the most severe disease conditions, and 

analysis of results suggest that these conditions influence 

the plant more severely than the pathogen. 
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APPENDIX 



I 

Table 14. Plant response, as measured by top weight in grams, to P. terrestris from 
growth chamber experiments-—normal inoculum at 5 per cent soil moisture 

ONION CORN RADISH CARROT SPINACH NASTURTIUM TURNIP 
20 5 20 30 20 5 20 

plants plants plants plants plants plants plants 

Experiment No. 1 

Check , 1.118 11.606 6.015 0.605 1.240 

Replicate 1 0.935 9.045 4,447 0.410 1.133 

Replicate 2 0.596 10.685 5.283 0.365 1.112 

3.110 

4.146 

3.105 

2.425 

2.391 

2.255 

Experiment No. 2 

Check 0.898 9.445 4.710 0.940 1.980 

Replicate 1 0.578 9.380 5.578 0.855 1.800 

Replicate 2 0.596 8.316 5.820 0.760 2.230 

4.115 

3.710 

4.940 

1.625 

1.950 

1.500 

00 
IX> 

Experiment No. 3 

Check 0.793 7.765 4.722 0.605 2.005 

Replicate 1 0.483 6.295 4.550 0.421 1.610 

Replicate 2 0.788 7.321 4.700 0.550 1.646 

3.490 

3.380 

2.485 

2.025 

1.285 

1.870 



Table 15. Plant response, as measured by top weight in grams, to P. terrestris from 
growth chamber experiments—double inoculum at 5 per cent soil moisture 

ONION CORN RADISH CARROT SPINACH NASTURTIUM TURNIP 
20 5 20 30 20 5 20 

plants plants plants plants plants plants plants 

Experiment No. 1 

Check 0.781 8.770 9.824 0.981 1.265 4.116 3.770 

Replicate 1 0.658 8.554 10.310 0.710 0.744 3.476 3.300 

Replicate 2 0.625 10.501 9.654 0.435 0.655 2.908 2.711 

Experiment No. 2 

Check 0.927 12.030 6.920 0.745 2.030 6.920 0.745 

Replicate 1 0.899 12.015 5.170 0.705 2.015 5.170 0.705 

Replicate 2 0.853 12.080 5.637 0.610 2.080 5.637 0.610 

Experiment No. 3 

Check 0.745 13.390 5.125 0.890 2.111 4.620 1.630 

Replicate 1 0.595 7.848 5.015 0.625 1.966 3.640 1.550 

Replicate 2 0.588 8.115 5.105 0.575 1.430 3.030 1.370 



Table 16. Plant response, as measured by top weight in grams, to P. terrestris from 
growth chamber experiments—normal inoculum at 10 per cent soil moisture 

ONION CORN RADISH CARROT SPINACH NASTURTIUM TURNIP 
20 5 20 30 20 5 20 

plants plants plants plants plants plants plants 

Experiment No. 1 

Check 1.355 17.498 11.394 1.010 2.315 6.487 4.545 

Replicate 1 0.811 13.370 8.685 0.835 1.255 3.025 3.325 

Replicate 2 1.046 12.978 10.454 0.715 1.207 4.853 3.041 

Experiment No. 2 

Check 1.083 10.860 8.205 1.105 3.255 8.340 2.680 

Replicate 1 0.820 10.820 6.460 1.030 2.988 6.810 2.535 

Replicate 2 1.035 10.855 5.750 0.855 2.345 6.715 2.695 

Experiment No. 3 

Check 0.782 9.855 4.170 0.675 2.685 4.020 2.415 

Replicate 1 0.660 6.355 3.585 0.700 1.871 3.700 1.780 

Replicate 2 0.773 6.640 4.960 0.630 1.901 3.180 2.050 



Table 17. Plant response, as measured by top weight in grams, to P. terrestris from 
growth chamber experiments—double inoculum at 10 per cent soil moisture 

ONION CORN RADISH CARROT SPINACH NASTURTIUM TURNIP 
20 5 20 30 20 5 20 

plants plants plants plants plants plants plants 

Experiment No. 1 

Check 1.041 10.440 9.030 0.946 3.275 5.765 5.280 

Replicate 1 0.941 12.216 11.215 0.709 1.885 3.680 3.975 

Replicate 2 0.653 11.216 11.467 0.615 1.525 3.840 5.010 

Experiment No. 2 

Check 0.978 16.585 11.590 1.180 2.815 7.975 2.555 

Replicate 1 0.949 17.870 9.470 1.030 2.016 7.190 2.800 

Replicate 2 0.977 15.050 8.568 1.173 1.875 6.470 1.995 

Experiment No. 3 

Check 0.893 14.450 7.650 0.895 3.585 5.476 3.930 

Replicate 1 0.675 10.701 5.890 0.755 2.905 5.122 3.000 

Replicate 2 0.780 9.685 7.260 0.885 2.735 4.734 2.610 



Table 18. Plant response, as measured by top weight in grains, to P. terrestris from 
temperature tank experiments—normal inoculum at 16*C 

ONION CORN RADISH CARROT SPINACH NASTURTIUM TURNIP 
20 5 20 30 20 5 20 

plants plants plants plants plants plants plants 

Experiment No. 1 

Check 0.549 1.930 3.062 0.449 1.632 3.204 0.677 

Replicate 1 0.537 1.054 1.519 0.299 0.612 1.537 0.373 

Replicate 2 0.516 0.980 2.249 0.234 0.614 2.019 0.599 

Experiment No. 2 

Check 0.681 2.220 2.605 0.358 1.422 3.920 0.781 

Replicate 1 0.594 2.019 2.518 0.341 0.971 2.118 0.611 

Replicate 2 0.557 1.879 2.520 0.299 1.311 1.459 0.735 

Experiment No. 3 

Check 0.730 2.170 3.553 0.364 0.830 2.665 0.695 

Replicate 1 0.612 1.895 2.644 0.286 0.805 1.880 0.663 

Replicate 2 0.554 1.820 2.257 0.245 0.796 1.675 0.550 



Table 19. Plant response, as measured by top weight in grams, to P. terrestris from 
temperature tank experiments—normal inoculum at 20°C 

ONION CORN RADISH CARROT SPINACH NASTURTIUM TURNIP 
20 5 20 30 20 5 20 

plants plants plants plants plants plants plants 

Experiment No. 1 

Check 0.779 3.478 2.665 0.382 1.110 4.129 0.774 

Replicate 1 0.703 1.841 1.708 0.350 0.679 4.174 0.609 

Replicate 2 0.664 1.919 2.580 0.224 0.583 2.779 0.635 

Experiment No, 2 

Check 0.765 3.783 3.474 0.451 1.885 5.814 1.062 

Replicate 1 0.631 2.967 2.704 0.446 0.747 5.013 0.755 

Replicate 2 0.702 3.016 2.658 0.438 0.835 3.975 0.837 

Experiment No. 3 

Check 0.767 4.027 3.575 0.465 1.187 4.715 1.121 

Replicate 1 0.690 2.760 3.485 0.345 0.680 3.665 0.650 

Replicate 2 0.755 3.087 2.980 0.380 0.785 3.405 0.615 



Table 20. Plant response, as measured by top weight in grams, to P. terrestris from 
temperature tank experiments—normal inoculum at 24°C 

ONION CORN RADISH CARROT SPINACH NASTURTIUM TURNIP 
20 5 20 30 20 5 20 
plants plants plants plants plants plants plants 

Experiment No. 1 

Check 0.816 3.009 1.902 0.376 1.258 4.464 0.708 

Replicate 1 0.393 1.848 1.781 0.360 0.814 2.765 0.660 

Replicate 2 0.481 2.180 1.695 0.298 1.028 2.234 0.619 

Experiment No. 2 

Check 0.900 6.439 2.867 0.312 1.108 3.995 1.352 

Replicate 1 0.520 3.637 1.489 0.301 0.520 2.391 0.647 

Replicate 2 0.618 4.014 1.333 0.279 0.576 2.870 0.685 

Experiment No. 3 

Check 0.895 7.595 3.245 0.525 0.940 4.200 0.843 

Replicate 1 0.625 3.245 2.990 0.455 0.720 3.540 0.661 

Replicate 2 0.675 4.325 1.745 0.471 0.610 2.570 0.450 



Table 21. Plant response, as measured by top weight in grams, to P. terrestris from 
temperature tank experiments—normal inoculum at 28®C 

ONION CORN RADISH CARROT SPINACH NASTURTIUM TURNIP 
20 5 20 30 20 5 20 

plants plants plants plants plants plants plants 

Experiment No. 1 

Check 0.515 4.184 1.798 0.368 0.924 3.537 0.578 

Replicate 1 0.432 2.637 0.924 0.211 0.601 2.112 0.561 

Replicate 2 0.427 2.857 1.013 0.353 0.575 2.306 0.555 

Experiment No. 2 

Check 0.419 4.700 2.012 0.315 0.751 3.384 0.624 

Replicate 1 0.345 3.415 0.846 0.311 0.568 1.989 0.541 

Replicate 2 0.376 3.229 0.991 0.279 0.647 2.536 0.483 

Experiment No. 3 i 

Check 0.855 7.755 2.895 0.411 0.900 3.647 0.982 

Replicate 1 0.670 4.590 2.063 0.394 0.595 3.515 0.590 

Replicate 2 0.625 6.900 1.915 0.350 0.615 2.470 0.630 



Table 22. Plant response, as measured by top weight in grams, to P. terrestris from 
temperature tank experiments—double inoculum at 16®C 

ONION CORN RADISH CARROT SPINACH NASTURTIUM TURNIP 
20 5 20 30 20 5 20 
plants plants plants plants plants plants plants 

Experiment No. 1 

Check 0.780 2.587 3.144 0.547 1.736 3.885 0.710 

Replicate 1 0.480 1.865 1.481 0.501 0.590 1.902 0.505 

Replicate 2 0.465 1.112 1.502 0.488 0.543 1.800 0.482 

Experiment No. 2 

Check 0.735 2.704 2.902 0.467 1.430 4.054 0.801 

Replicate 1 0.685 2.632 2.463 0.332 0.985 3.868 0.620 

Replicate 2 0.604 1.950 2.551 0.450 0.808 2.905 0.738 

Experiment No. 3 

Check 0.780 2.905 3.855 0.600 1.205 3.920 1.015 

Replicate 1 0.736 2.345 2.935 0.535 1.101 3.225 0.625 

Replicate 2 0.710 2.755 1.980 0.480 0.915 2.980 0.980 



Table 23. Plant response, as measured by top weight in grams, to P. terrestris from 
temperature tank experiments—double inoculum at 20*C 

ONION CORN RADISH CARROT SPINACH NASTURTIUM TURNIP 
20 5 20 30 20 5 20 
plants plants plants plants plants plants plants 

Experiment No. 1 

Check 0.808 3.481 3.171 0.395 1.781 4.141 0.767 

Replicate 1 0.455 2.460 1.460 0.182 0.605 2.881 0.395 

Replicate 2 0.491 2.512 1.374 0.171 0.464 2.469 0.328 

Experiment No. 2 

Check 0.833 6.123 3.928 0.542 1.996 5.201 1.917 

Replicate 1 0.786 5.468 3.506 0.464 1.235 5.039 1.085 

Replicate 2 0.709 5.684 2.878 0.483 0.997 4.847 0.962 

Experiment No. 3 

Check 0.890 4.500 3.845 0.515 1.611 5.215 0.955 

Replicate 1 0.855 3.695 3.720 0.465 1.150 4.675 0.370 

Replicate 2 0.791 3.409 2.665 0.431 0.980 5.115 0.725 



Table 24. Plant response, as measured by top weight in grams, to P. terrestris from 
temperature tank experiments—double inoculum at 24®C 

ONION CORN RADISH CARROT SPINACH NASTURTIUM TURNIP 
20 5 20 30 20 5 20 
plants plants plants plants plants plants plants 

Experiment No. 1 

Check 0.821 3.555 2.019 0.232 1.511 4.225 0.620 

Replicate 1 0.386 2.319 0.872 0.185 0.968 3.381 0.419 

Replicate 2 0.412 2.078 0.894 0.191 1.137 2.540 0.384 

Experiment No. 2 

Check 0.801 5.899 2.218 0.537 1.309 4.791 1.910 

Replicate 1 0.472 2.946 1.061 0.459 0.553 2.870 0.578 

Replicate 2 0.515 3.091 0.810 0.277 0.489 2.710 0.651 

Experiment No. 3 

Check 0.620 4.355 1.370 0.454 1.112 4.575 0.755 

Replicate 1 0.465 2.614 1.121 0.410 0.501 2.050 0.614 

Replicate 2 0.535 2.245 0.963 0.378 0.462 2.741 0.573 



Table 25. Plant response, as measured by top weight in grams, to P. terrestris from 
temperature tank experiments—double inoculum at 28®C 

ONION CORN RADISH CARROT SPINACH NASTURTIUM TURNIP 
20 5 20 30 20 5 20 

plants plants plants plants plants plants plants 

Experiment No. 1 

Check 0.703 4.166 3.157 0.207 1.965 4.176 0.611 

Replicate 1 0.346 1.679 0.723 0.144 0.912 3.010 0.405 

Replicate 2 0.368 2.081 0.665 0.165 0.764 2.854 0.555 

Experiment No. 2 

Check 0.799 3.946 2.209 0.589 1.112 3.001 1.471 

Replicate 1 0.370 2.157 0.621 0.585 0.481 2.426 0.863 

Replicate 2 0.355 2.510 0.585 0.446 0.607 1.644 0.545 

Experiment No. 3 

Check 0.770 5.590 2.871 0.405 1.059 3.815 0.825 

Replicate 1 0.565 3.330 2.009 0.310 0.774 2.145 0.515 

Replicate 2 0.513 3.710 1.270 0.345 0.785 2.770 0.680 


