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Effects of Certain Fungicides on Seed 

Germination and Seedling Establishment 

of Range Forage Plants’ 

JOHN H. EHRENREICH 

Range Conservationist, 
Center, Forest Service, U 
Columbia, Missouri 

Grasses and forage legumes, 
like most plants of economic im- 
portance, are subject to many 
diseases. Forage species may be 
attacked and destroyed by cer- 
tain fungi which are commonly 
found in the soils of the West or 
carried on the seed. Thin or un- 
even stands of reseeded grasses 
or forage legumes frequently 
may be the result of seed rot, 
seedling blight, damping-off, 
and root rot diseases. Many 
ranchers often attribute this poor 
stand establishment to poor soil, 
to seed that has a low germina- 
tion percentage, or to unusually 
adverse weather conditions, 
when actually these losses may 
be the result of disease-produc- 
ing organisms. 

Previous studies suggest the 
seriousness of soil and seed-borne 
diseases of range forage plants. 
It was estimated that one disease 
of grasses, seed rot, seldom de- 
stroyed less than 25 percent of 
reseeded stands in North Dakota 
(Henderson and Gerhold, 1953). 
Seedling blight of grasses vir- 
tually stopped the reseeding pro- 
gram in some areas of the North- 
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ern Great Plains, while in some 
of the mid-western states damp- 
ing-off diseases have destroyed 
as much as 25 to 75 percent of 
the grass seedlings (Sprague, 
1950; Kadow and Anderson, 
1937). Several investigators have 
reported a high degree of cor- 
relation between the percentage 
of seed infested with pathogens, 
and the germination percentage, 
stand, root rot, seedling blight 
and the number of stunted and 
deformed plants (Crosier, 1935; 
Jones, 1937). 

Any condition, climatic or 
otherwise, which causes the 
seed to remain in the ground 
for an unusually long period of 

time, or hinders the rapid de- 
velopment of the seedling, in- 
creases the probability of the de- 
struction by pathogens (Porter, 
1946; Anon., 1950). The purpose 
of chemically treating the seed 
with fungicides is to prevent the 
destruction of the germinating 
seed and young seedling by path- 
ogens during this period of high 
susceptibility. A good seed fungi- 
cide serves as both a disinfectant 
and a protectant, according to 
Haskell, (1949). The disinfect- 
ing ability destroys the seed- 
borne organisms and the protec- 
tive ability more or less estab- 
lishes a barrier immediately sur- 
rounding the seed which protects 
it from attack by soil-borne path- 
ogens (Jones, 1939). 

Fulkerson (1953) found that 
Arasan seed treatment signif i- 
cantly increased the establish- 
ment of timothy, meadow fescue 
and reed canary grass over the 
checks, but failed to have an ef- 
fect on some other species. He 
also observed that legume seed- 
lings were more severely at- 
tacked by certain fungi than the 
grass seedlings. Brentzel (1951) 

FIGURE 1. Relative vigor and number of established intermediate wheatgrass seedlings 
from one replication in soil inoculated wish Pythium debarycmum. Reading from left to 
right, from seed treated with Dithane Z-27, control, Orthocide 75, Arasan. 
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found that warm-season grasses 
benefited more from the fungi- 
tidal seed treatment than did the 
cool-season grasses. He pointed 
out that the non-mercuric fungi- 
cides are not as apt to cause in- 
jury to the seed with an over- 
dose as are the mercuric fungi- 
cides. He also found no differ- 
ence between nodulation on the 
legumes that received Arasan 
and Spergon seed treatment 
prior to inoculation with a bac- 
terial inoculum and those that 
received no fungicidal seed treat- 
ment. 

The purpose of this study, con- 
ducted at Colorado A. & M. Col- 
lege, Fort Collins, was to investi- 
gate the possibility of improving 
germination and stand establish- 
ment of range forage plants in 
reseeding trials by treating the 
seed with certain fungicides. 

Methods and Materials 

The seeds used in this experi- 
ment were improved strains of 
grasses and legumes commonly 
used for range reseeding in the 
Great Plains region. They were 
chosen to represent three classes 
of forage plants. Intermediate 
wheatgrass (Agropyron inter- 
medium) and Russian wildrye 
(Elymus junceus) represent the 
cool-season grasses; switchgrass 
(Panicum virgatum) and sand 
lovegrass (Eragrostis trichoides) 
represent the warm-season 
grasses; and alfalfa (Medicago 
sativa) and yellow sweetclover 
(Melilotus officinalis) were 
chosen to represent the forage 
legumes. 

The commercial fungicides em- 
ployed were Arasan, a standard, 
and Dithane Z-78 and Orthocide 
75, relatively new products on 
the market. 

This study was conducted in 
three phases: 1. Pasteurized 
soils in the greenhouse inocu- 
lated with either Fusarium sp., 
Rhizoctonia solani Kuehn or Py- 
thium debaryanum Hesse; 2. 
Field soils in the greenhouse; 3. 
Field trials seeded in the spring 
and fall. A randomized block de- 
sign was used throughout the ex- 

FIGURE 2. Relative vigor and number of established alfalfa seedlings from one replication 
in soil inoculated with Pythium debaryanum. Reading from left to right, from seed 
treated with Dithane Z-78, control, Orthocide 75, Arasan. 

periment. Data were analyzed 
by a simple analysis of variance 
with single degrees of freedom 
for individual comparisons. 

The fungicides were applied as 
a surface dust at the rate of 8 
ounces per 100 pounds of seed. At 
the start of every phase of the 
experiment, a germination test 
was run according to the rules of 
the Association of Official Seed 
Analysts of America. This per- 
mitted a comparison of the 
emergence in soil with the po- 
tential for each lot of seed. 
Treated seed was stored in en- 
velopes at room temperature in 
a room of low humidity for pe- 
riods of 2 weeks, 1 month, 3 
months, 6 months, and 10 months. 
At the end of each period germi- 
nation tests were made to de- 
termine if the fungicide had ad- 
versely affected germination 
after storage. 

Prepared greenhouse soils were 
inoculated with pure cultures of 
pathogens known to cause dis- 
ease of grasses and forage le- 
gumes and to occur either on the 
seed of the species used or in the 
soils of the Great Plains region. 

After the soils were inoculated, 
from 7 to 10 days were allowed 
for the fungi to become well 
established before the seed was 
planted. Emerging seedlings were 
counted daily. Seedlings were 
counted as established when le- 
gumes had more than one tri- 
foliate leaf, and when grasses 
had four leaves. All plants were 
checked daily for disease symp- 
toms. When the plants grown in 
soil inoculated with Fusarium 
sp. and Rhixoctonia solani had 
reached establishment, they were 
carefully removed, and their 
roots examined for signs of in- 
fection. Since Pythium debary- 
unum usually infects a plant, 
before it becomes established 
(the plant thereafter being im- 
mune) , root examinations were 
not made of plants grown in 
these soils. Seedlings infected 
with the latter pathogen usually 
rot at the soil line and fall over 
soon after emergence. 

Plantings were also made in 
field soils in the greenhouse. The 
soils were taken from the top 
four inches from the area where 
the field trials were made. Counts 
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Table 1. Seedling establishment from seed treated with various fungicides and planfed in infested soil in greenhouse1 

Treatments 

Check 

Arasan 

Dithane Z-78 

Orthocide 75 

Pathogen Alfalfa 

Fusarium 298 
Rhizoctonia 292 
Pythium 101 
Fusarium 328** 
Rhizoctonia 313** 
Pythium 198* * 
Fusarium 324** 
Rhizoctonia 320** 
Pythium 198** 
Fusarium 328** 
Rhizoctonia 335**+ 
Pythium 288**jj- 

Yellow Intermediate 
Sweetclover Wheatgrass 

261 214 
291 202 

44 48 
318** 241** 
328** 223”* 
155** 196** 
324** 234” * 
325* * 223** 
156** 164** 
324** 238** 
344” *t 256**tt 
205**tt 208* *‘ft 

Russian 
Wildrye 

356 
345 
190 
366* 
365** 
330** 
376* 
378** 
309** 
384* 
379** 
356**tt 

Sand 
Switchgrass Lovegrass 

250 134 
234 154 
118 98 
327** 160** 
302** 180** 
190** 128** 
327** 158** 
300* * 179** 
187** 167** 
342** 202**tj- 
322**Jf 198**t 
262**j-t 200**t_t 

l The figures represent the total number of established seedlings from four replications of 100 seeds each. 
* Significantly different from the check of the same pathogen at the five percent level. 

** Significantly different from the check of the same pathogen at the one percent level. 
t Significantly different from the other two treatments in soils infested with the same pathogen at the five percent 

level, 
t_F Significantly different from the other two treatments in soils infested with the same pathogen at the one percent 

level. 

and root examinations were the 
same as with the prepared green- 
house soils. The field experi- 
ments were conducted in the col- 
lege grass nursery, west of Fort 
Collins, Colorado, under non- 
irrigated conditions. Plantings 
were made both in the spring 
(April) and fall (November) to 
compare the effectiveness of 
treatment at different dates. The 
seeds were planted at recom- 
mended uniform spacing and 
depth according to the size of the 
seed. The same counts and ex- 
aminations were made as in the 
greenhouse. The roots of the le- 
gumes were checked to deter- 
mine if the fungicide had any 
adverse effect on nodulation. 

Results and Discussion 
Soils Infested with Certain 

Pathogens 

In greenhouse soils inoculated 
with certain pathogens, all three 
fungicides protected the seed 
during germination. The protec- 
tion was not complete, however, 
since some loss occurred with 
the treated as well as the non- 
treated seed. Possibly this loss 
was due to the large amount of 
inoculum present. 

Since all three pathogens used 
in these trials were capable of 

causing seed rot, the difference 
between the potential germina- 
tion percentage and seedling 
emergence could probably be at- 
tributed to this disease (Hender- 
son and Gerhold, 1953). The loss 
was greater with the checks than 
with the treated lots of seed for 
all species planted in soil inocu- 
lated with any one of the path- 
ogens (Table 1). 

Pythium debaryanum caused 
a greater pre-emergence loss 
than either Fusarium sp. or Rhi- 
xoctonia solani, (Figures 1, 2, 3). 

Orthocide ‘75 appeared to be 
the most effective fungicide for 
reducing pre-emergence losses, 
and was particularly effective 
against Pythium debaryanum. 

The loss incurred from time 
of emergence to seedling estab- 
lishment was greater for plants 
in soils infested with Pythium 
debaryanum, the two legumes 
being most severely affected. 
This post-emergence loss was 
rather small on both treated and 
non-treated lots for all species 
in soil infested with either Fusar- 
ium sp. or Rhizoctonia solani. 

The seedling establishment 
counts followed the same pattern 
as seedling emergence, in that all 
treated lots of seed produced sig- 

nificantly more established seed- 
lings than the non-treated lots. 

Pythium debaryanum was 
more pathogenic to the range 
forage species in these trials than 
the other two fungi. This may 
be attributed to the fact that the 
moist soil and high humidity in 
the greenhouse favored the 
growth of Pythium debaryanum. 

The benefits from seed treat- 
ment were significantly greater 
for switchgrass than for the 
other species tested in soil in- 
fested with either Fusarium sp. 
or Rhizoctonia solani. The two 
warm-season grasses benefited 
significantly more from fungi- 
tidal seed treatment than either 
the two cool-season grasses or 
the two legumes. Brentzel (1951) 
obtained similar results in his ex- 
periments. This might be at- 
tributed to the slower germina- 
tion and longer time required for 
the warm-season grasses to be- 
come established, which would 
make them more susceptible to 
pathogenic attack. 

Throughout the trials with cer- 
tain pathogens in the greenhouse, 
Orthocide 75 seed treatment gave 
better results in most instances, 
than either Arasan or Dithane 
Z-78 in controlling Fusarium sp. 



EFFECTS OF FUNGICIDES ON SEEDS AND 

Table 2. Seedling emergence and establishment’ from seed treated with 
various fungicides and planted in field soil in the greenhouse* 

Yellow 
Sweet- Intermediate Russian Switch- Sand 

Treatments Alfalfa clover Wheatgrass Wildrye grass Lovegrass 
Check 300 238 247 389 326 109 - 

(290) (236) (242) (382) (321) (103) 
Arasan 331* 274** 266* 446** 372”* 209** 

(324)* (268)” * (260)* (440)“* (366)” * (202)** 
Dithane Z-78 320* 270** 266* 440” * 368** 213** 

(316)* (264)** (261)* (435)** (362)** (205)** 
Orthocide 75 351** 298** 300**t 455** 420* *tt 261**tt 

(348)** (290)** (296)**+ (449)** (415>**tt (255)**$? 
l The seedling establishment figure is in parenthesis below the emergence 

figure. 
2 The figures represent the total number of seedlings that emerged from five 

replications of 100 seeds each. 
* Significantly different from the check at the five percent level. 

** Significantly different from the check at the one percent level. 
t Significantly different from the other two treatments at the five percent 

level. 
j-t Significantly different from the other two treatments at the one percent 

level. 

and Rhixoctonia solani, and con- 
sistently better results in con- 
trolling Pythium debaryanum. 

Since both Fusarium sp. and 
Rhixoctonia solani are capable of 
causing root rot of range plants, 
the roots of all plants in soils 
inoculated with these pathogens 
were examined to determine the 
number of established seedlings 
that were infected. Little differ- 
ence was found between the 
actual number of seedlings in- 
fected in the check and treated 

lots. Intermediate wheatgrass 
seemed to be more susceptible 
to root rot than the other species 
studied. 

The fact that often 25 to 50 
percent of the established seed- 
lings of all species on treated lots 
were infected would indicate 
that little protection is afforded 
the young seedlings as they 
reach the stage of establishment. 
This may be due to the fact that 
the roots of the plants have 
grown beyond the zone of pro- 

Table 3. Seedling emergence and esfablishmenP in the field from seed 
planted in spring and fall* 
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tection offered by the fungicide, 
and can thus be readily infected. 
This explanation would coincide 
with results obtained by others 
who have conducted similar 
studies on related species of 
plants (Allison and Torrie, 1944; 
Chilton and Garber, 1941). 

Field Soils in the Greenhouse 

All fungicidal seed treatments 
were effective on seed planted in 
field soils in the greenhouse. 
Treated lots of seed produced 
significantly greater seedling 
emergence and establishment 
than the checks (Table 2). 

The loss incurred between 
seedling emergence and seedling 
establishment as well as the 
number of established seedlings 
showing signs of root infection 
was very small for both the 
treated and non-treated lots of 
all species. This may have been 
due, at least in part, to the rapid 
growing conditions in the green- 
house and the amount and nature 
of the inoculum present. 

In the flats of field soils, fungi- 
tidal seed treatment was more 
effective with the warm-season 
grasses than with the cool-season 
grasses or the legumes. These re- 
sults are the same as those ob- 
tained in soils infested with 
Fusarium sp. and Rhizoctonia 
solani. 

treated with various fungicides and 

Season Number of seedlings emerging 

of Yellow Intermediate Russian Switch- Sand 
Planting Treatments Alfalfa Sweetclover Wheatgrass Wildrye grass Lovegrass 

Check 378 (75) 294 (96) 233 (16) 345 (29) 32 (21) 7 (0) 
Arasan 447* (120) 445** (164) 285 (23) 416* (34) 55 (50) I1 (2) 

Spring Dithane Z-78 478* (146) 406** (163) 269 (27) 416* (48) 57 (53) 12 (4) 
Orthocide 75 428* (120) 385** (121) 309 (25) 442* (51) 44 (21) 12 (2) 

------------------------------------------------------- 
Check 125 (78) 114 (64) 131 (13) 195 (43) 4 (4) 0 (0) 
Arasan 102 (65) 120 (91) 154 (35) 218 (41) 8 (6) 0 (0) 

Fall Dithane Z-78 114 (72) 141 (82) 174 (35) 210 (43) 7 (6) 0 (0) 
Orthocide 75 127 (95) 146 (88) 188 (40) 229 (46) 7 (4) 0 (0) 

’ The seedling establishment figure is in parenthesis to the right of the emergence figure. 
2 The figures represent the total number of seedlings that emerged from five replications of 200 seeds each. 
* Significantly different from the check at the five percent level. 

** Significantly different from the check at the one percent level. 
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Figure. 3. Normal (left) and diseased 
switchgrass and alfalfa seedlings from soil 
inoculated widh Pythium debaryanum. 

In field soils in the greenhouse, 
seed treated with Orthocide 75 
gave considerably better results 
than the other seed treatments 
for the warm-season grasses and 
slightly better results for the 
other grasses. 

Field Trials 

In the field, seedling emer- 
gence from treated and non- 
treated seed planted in both 
spring and fall was very small 
when compared to the potential 
germination percentage of the 
seed. This was due, at least in 
part, to the drought condition 
which prevailed during the field 
trials. 

Although there was no sta- 
tistical difference in seedling 
emergence or seedling establish- 
ment between the treated and 
non-treated lots from fall plant- 
ings, the spring plantings showed 
significant increases of treated 
over non-treated lots of seed 
(Table 3) . 

The loss incurred between 
seedling emergence and seedling 
establishment was very great for 
all species in both spring and 
fall plantings, due to the adverse 
growing conditions. The losses 
were far greater for the grasses 
than for the legumes. 

The roots of the established 
seedlings in the field were ex- 
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amined for signs of infection. 
There were considerably fewer 
infected seedlings from the le- 
gumes than from the grasses. Of 
the grasses, intermediate wheat- 
grass was found to have the 
greatest amount of infection 
(Table 4). Isolation showed that 

Fusarium sp. was the organism 
causing the infection in practi- 
cally all cases. This seems rather 
reasonable since the pathogen is 
very tolerant to dry conditions 
which prevailed in the field. It 
might also be noted that on pas- 
tures adjacent to the grass nurs- 
ery, mortality studies indicated 
that losses of established inter- 
mediate wheatgrass were as high 
as 95 percent of the stands dur- 
ing the drought of 1952 to 1954, 
and fungal isolations from the 
stands showed high incidence of 
Fusarium sp. which suggests that 
disease probably contributed to 
stand losses. 

A bacterial inoculum was 
added to both treated and non- 
treated legume seed to determine 
if the fungicides would affect 
nodulation. The plants examined 
from both treated and non- 
treated lots showed no difference 
in the amount of nodulation. 

Laboratory Germination Tests 

Treated seed was stored in 
open containers to determine if 
the fungicide had any adverse ef- 
fects on the seed in storage. As 
a whole, Arasan injured the seed 

of all species after six months 
of storage, and most species after 
two months of storage. The other 
fungicides were less injurious to 
stored seed up to ten months. 

Conclusions 

The results of this study indi- 
cate that fungicidal treatment is 
beneficial in a range reseeding 
program. This benefit would of 
course depend to a large extent 
on existing environmental con- 
ditions. Results indicated that 
Orthocide 75 is the superior 
fungicide of those tested, for 
treating seed of range forage 
species for reseeding purposes. 

Although cool-season grasses 
and forage legumes show some 
superiority in growth character- 
istics, it would not seem eco- 
nomical to omit fungicidal seed 
treatment in a range reseeding 
program. 

Summary 

A study was conducted using 
grasses and legumes commonly 
employed for reseeding in the 
Great Plains region, to determine 
the effectiveness of certain fun- 
gicides in reducing losses due to 
disease during germination and 
seedling establishment. 

Tests were run in the green- 
house using soils inoculated with 
certain pathogens; field soils in 
greenhouse without inoculation; 
and field trials using spring and 
fall seeding dates. 

Table 4. Percentage infection of the established seedlings from seed treated 
with various fungicides and planied in fhe field both spring and fall’ __~__ 

Percent of infected seedlings 

Yellow Intermediate Russian Switch- 
Treatments Alfalfa Sweetclover Wheatgrass Wildrye grass 
Check 4.3 5.0 59.1 20.7 33.3 
Arasan 2.4 2.0 40.2*t_ 7.7* 11.7** 
Dithane Z-78 2.2 2.5 11.1** 5.0* 20.0* 
Orthocide 75 3.0 2.6 12.5** 9.6” 20.0” 

l The percent infection is based on the percent of established plants in each 
treatment from both spring and fall plantings in the field that were found 
to be infected. 

* Significantly different from the check at the five percent level. 
** Significantly different from the check at the one percent level. 
+ Significantly different from the other two treatments at the five percent 

level. 
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All treated lots of seed pro- 
duced more established seedlings 
than the checks. In all green- 
house trials Pythium debary- 
unum seemed to be the most 
pathogenic of the fungi used. 
Orthocide 75 gave better con- 
trol of all pathogens than either 
Arasan or Dithane Z-78 fungi- 
cides. The warm-season grasses 
benefited more from fungicidal 
seed treatment than the cool- 
season grasses or the legumes. 

age plants employed in range re- 
seeding programs. 
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MORPHOLOGIC-CYTOLOGIC CHARACTERISTICS AND DROUGHT RESISTANCE OF SELECTED STRAINS OF 

HAIRY GRAMA (Bouteloua hirsuta Lag.) 

Abstract of thesis submitted in partial juljill- 
ment of the requirements for the degree of Master 
of Science, Department o j Range and Forestry, 
Agricultural and Mechanical College of Texas, 1955. 

Plants of different strains of hairy grama 
(Bouteloua hirsuta Lag.) were collected in Texas 
and Mexico and grown under uniform nursery 
conditions during the summer of 1954 through the 
summer of 1955. Morphological and cytological 
studies were made to determine characteristics for 
the delineation of strains. Three-week and six- 
week drought treatments were used to observe 
possible differences in drought resistance between 
strains. 

Strains observed could be classified according 
to morphological and cytological characteristics 
into two distinct groups. Group one, consisting of 
four of the five strains observed (A, B, E and F) 
was typified by plants with many spreading and 
decumbent seed culms, fine roots and cauline 
leaves. Chromosome numbers in this group were 
n = 12, 14, and cu. 28. Group two, consisting of 
one strain (C-D), was typified by plants with 
strictly erect seed culms, rachis terminated by a 
reduced spikelet, coarse roots, and basal leaves. 
The chromosome number of plants in this group 
was n = 10. 

Ten plants of each strain were transplanted 
into three-gallon pots in the spring of 1955 for 
the purpose of testing drought resistance. Four 
plants of each strain were subjected to a six-week 
period without additional watering, four were sub- 

jetted to a three-week drought period and two 
were treated as controls. Differences in responses 
of plants during drought treatments were recorded 
by observations of temporary and permanent wilt- 
ing. Readings were made periodically with a 
Colman soil moisture meter to determine percent 
soil moisture. Visible characterstics of temporary 
and permanent wilting were considered more de- 
pendable than the soil moisture readings in esti- 
mating moisture content of soil. After four weeks 
of adequate watering, the percent of basal area 
recovering was recorded for all plants. 

The method for testing drought resistance used 
in this study was effective in showing differences 
between strains of hairy grama. Although plants 
of strain A were collected in Menard and Kimble 
Counties, critical drought areas, they appeared 
less drought resistant than plants in any other 
strain. Plants in strain B were collected in Brazos 
and Burleson Counties, the highest rainfall areas 
in which collections were made. This strain was 
considered low in drought resistance. Plants in 
strain C-D were collected in Hayes, Travis and 
Bexar Counties. This strain exhibited the highest 
drought resistance of those tested. Plants of strain 
E, collected in the states of Durango and Chi- 
huahua, Mexico, were variable in their response 
to the drought treatments. Individual plants proved 
to be highly drought resistant while others proved 
to be highly susceptible. Plants in strain F, col- 
lected in the Cross Timbers Region of Texas during 
critical drought conditions exhibited intermediate 
drought resistance.-Roger Q. Landers Jr., Menard, 
Texas. 


