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Abstract:

Three seed treating compounds—Arasan, Spergon, and Pittsburgh B-856—were compared in field and
laboratory tests for the treatment of forage crops grown in Montana. Seedling emergence of alfalfa and
crested wheatgrass was increased more by treatment with Arasan and Pittsburgh B-856 than by
Spergon treatment;when rate of treatment was the same for all three chemicals. Response to treatment
was greatest in cold, wet soil. An indication was found that excess Spergon may reduce blotter test
germination results of certain crops. A corresponding reduction of germination of excess
Spergon-treated seed in soil tests was not detected. Spergon adhered to seeds better than Pittsburgh
B-856, and Pittsburgh B-856 adhered better than Arasan when an excess of chemical was applied. The
ratio was approximately 5 : 3 : 1. Seed treatment with the three chemicals applied 1 year ahead of
planting did not lower seed viability or reduce fungicidal effectiveness. Nodulation was the same on
roots of alfalfa and birdsfoot trefoil when seed was both chemically treated and Rhizobium inoculated
as when it was inoculated but not treated. In agar colony count tests, Pittsburgh B-856 was the most
toxic to birdsfoot trefoil Rhizobium, and Spergon was the least toxic. The crop previously grown in soil
appeared to affect the emergence of alfalfa and crested wheatgrass. Temperature and moisture level
influenced the apparent effect of previous cropping. Chemical seed treatment increased emergence of
alfalfa in all soils but did not overcome the apparent effect of previous cropping. Twenty crop species
all responded favorably to seed treatment with Pittsburgh B-856 when grown in cold, wet soil.
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ABSTRACT

Three. seed treatlng compounds--Arasan,. Spergon, and. Pittsburgh
B-856~--were compared in field.and laboratory tests for the treatment of.
forage crops grown in Montana. Seedling emergence of alfalfa and
crested wheatgrass was increased more by treatment wlth‘Arasan and Pitts-
burgh B-856 than by Spergon treatment: when rate of treatment was the
same for all three chemicals, Response to treatment was greatest in
cold, wet soil. An indication.was found that excess Spergon may reduce
blotter test germlnatlon results of certain crops. A correspondlng
reduction of germination of excess Spergon-treated seed in soil tests
was not detected. Spergon adhered: to seeds better than Pittsburgh B-856,
and Pittsburgh B-856 adhered: better than. Arasan when an excess of chem~
ical was applleda The ratio was approx1mate1y 5 ¢ 3¢ 1ls Seed treat-
ment with the three chemicals applied 1 year ahead of planting did not
lower seed viability or reduce fungicidal effectiveness. Nodulation
was the same on roots of alfalfa and birdsfoot trefoil when_ seed was
both chemically treated and Rhizobium inoculated as when it was ipocu-
lated but not treated. In agar colony count .tests, Pittsburgh B-856
was the most toxic to birdsfoot trefoil Rhizobium, and Spergon was the
least toxic. The crop previously' grown.in soil appeared to affect the
emergence of alfalfa and crested wheatgrass. Temperature and moisture
level influenced the apparent effect of previous cropping. Chemical
seed treatment increased emergence of alfalfa in all soils but did not
overcome the apparent effect of previous cropping. Twenty crop species
all responded favorably to seed treatment with Pittsburgh B-856 when
grown in cold, wet soil.
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} _INTRODUCTION

The effects of chemical treatment ofiseed of forage crops on germin-
ation and stand establishment have cfeated Qrowing interest in recent
years. Effects_of_treafment have ranged from decreases in stand and _
yvield to_large increases in various treatﬁent investigations. Most_of
these studies have been' conducted in,fegions having longer growing sea-
sons, more rainfall, less severe winteis, aﬁd other climatie¢ conditions
not commgp_fo Montana. |

_Chehically.treated forage crop seed is being sold in Montana. A
‘main selling point oflbne of the leading alfalfa seed brands is_that it
is chemically t;eatéd., Genefal inquiries concerning ,forage crop_seed
treatment: have béeé received at the Montana Agricultgral Experiment Sta-
tion. Answers to some of these'inquiries are not'readily available.
These facts indicate a need for knowing what effects may be expected when
chemically tregtéd foragé cfop seed is planted in Montanéol

The objectives of tﬁis study were to determine the effects of chem-
ical seed:-treatment upon germination and emergence of seeds in the lab-
oratory, upon emergence and stand establishment of forage crops in the
field,. and upon the nodulation of 1egdmes°

Since limited moisture conditions are often encountered in Montana‘
crop producing éreas, it is important to know what effect chemical seed
treatment may have on germination when moisture is limited. Tests on

blotters and in soil were conducted in the laboratory to investigate




this problem, .
One of the functions of a seed laboratory is to test gseed for ger-
- mination. .Seeding rates are basgd partly on the reported seed germina-~
tion.._Anf influence thgt treatment;may haﬁe 6n germination should be
recognized so that seeding rates can be properly adjusted.

_ Emergence. of chemiéally treated seed was studied in field and lab--
oratory soil tests. The final indication of the value of treating seed
to be planted in the field will be:in the form of benefits observed
under field conditions. But, since temﬁératufe and moisture conditions
cannot be controlled in the field, it might téke many years of field
testing to draw any'definite conclusions; Therefore, laboratory soil
tests were made under controlled‘moiéture'and temperature conditions to
supplement field tests. _

Instances have been observed where glfalfg seeded in alfalfa stubble
failed to produce a stand. Other crops following specific crops may show
the same detrimental response. In this study, field and laboratory soil
.tests were conducted to find more evidence of the nature -of this effect
and to determine if chemical seed treatment will corréct the situation.

Some legume seed‘must'be inoculated with Rhizobium bacteria if
nodules are to forﬁ on roots. Chemical seed treatment kills disease
organisms living close to the seed. The question arises as to whgther
the chemical will also kill bacteria inmoculated on the seed, leading teo

insufficient nodulation. This problem was investigated in field experi-

ments with alfalfa and birdsfoot trefoil. Field tests were supplemented
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by laboratory agar plate tests, placing Rhigobium and chemical in con-
tact in approximately the same ratio they would be if both were applied
to seed at rates recommended by the manufacturers.
Many différent crop species are grown in Montana. Many different
-seed treating chemicals are available. To determine the effeét of dif- :
ferent chemicals on different crop species, tﬁé effect of_éhemicéi treat-

ment with 3 fungicides on 20 different crop species was_investigated in

the field.and laboratory.
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LITERATURE REVIEW. -

Chemical seed treatment of small grains.has be conie almost‘standgrd
proceduré in Montana. The extent of its ac¢ceptance is evidenced by the
fact that over 97 percent of all small grain sampies collected in a 1956
drill box survey (lé)L/ were chemically treated. -

In recent years there hasmbgen growing interest in chemical seed
treatment of grasses and small-seeded legumes. Results of tests con-
ducted have been 60n‘tmadictory° Kreitlow et_-_al° (10) found Qesponse
from chemically treated seed of aifalfa and red clover to vary from de-
creases to highl? significant increases in stand. Raeder (13) tested
several species of foiage grasses and small-seeded legumes treated with
Spergon, . Arasan, and New Imﬁroved Ceresan. He foﬁnd no benefit:- from
treatment'° .His data also-showed that treating seed of low germinating
capacity was neo more:beneficial than treating seed of high germinating
capacity., Othgr workers (1, 6, 7) found only occasional benefits from
treatment. In dry soil in the greenhouse, Gerdemann (6) obtained de-
creased emergence from chemically treated seed.

In other studies, treatment has appeared to be a profitable practice.
On the basis of experimental results of tests in Minnesota; Kernkamp (9)
recommended that alfalfa seed to be planted in Minneso?a should be treat-

ed with Arasan or Spergon.

Y Numbers in parentheses refer to literature cited.
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He showed treatment to ihérease stand when seed was planted in soil in-
'usedq _He also showed that respoéonse from treatment increased as,plagting
depth increased. Vlitos and Preston (18), in Oklahoma, obtained in-
creased stands from chemical seed treatment with certain chemicals.

The fungicidal value of chemicals has in'some cases been offset by
a harmful effect to the seed. Allison and Torrie (1) found that, fol-
lowing treatment with approximately a 1 percent dosage of Spergon, Lagino
clover and strawberry clover seed germination om nutrient agar was re-
tarded but not reduced in total. Germination of seed of other legumes
including alfalfa,.sweetclover,‘réd clover, and alsike clover, was not
retarded. Arésan and New Impfoved Ceresan produced no effect _on any of
the legumes tested. In greenhouse tests, Spergon-treated ladino clover
and strawberry clover seed germination was retarded and total emergence
was decreased. The retarding action was also obse;ved in the field. |
Forsyth and Schuster (5) reported formation of abmormal leaves on flax
éeedlings grown from Spergon—treatea seed in hursery plantings. As the
rate of treatment increased, frequency and degree of abnormality in
leaves increased. Abnormality appeared to be outgrown and there was no
effect on final growth and yield of the plants. Chilton and Garber (4)
tested 17 species of forage legumes in flats of unsterilized soil. They
found that severity of soil infestation had an effect on the chemical
dosage necessary for maximuﬁ standsy, and, in some cases, they found that

the highest stands occurred where there was some stunting due to
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chemical toxicity. o
. Of interest to seedsmen is the question of how long a time may
. elapse between treatment of seed and planting. Kreitlow et al. (iO)
showed that treated alfalfa, red clover, and ladino clover segd“étored
30 months under favorable conditions sbowgd no injury from Aragsan or
Spergon. They did not show, however, whether the fungicidé was still
effective after this ﬁefiod of time. This aspect of the problem has
been investigated in this study. |

The dggree of compatibility between Rhizobium legamgiinéculgm_and
seed treating chemicals has been investigated by a number of workers;
In 1936, Buchholtz (3) reported that nodules were found on the roots of
plants of several legumes grown from'both treated and inoculated seed._
In 1944, Allison and Torrie (1) found no inhibitiom of nodulation due te
chemical treatment. Kernkamp (8) showed in 1948 that soybean seed treat-
ment with Spergon, New Improved Ceresan, or Semesan Jr. did not affect
nodulation or yield. He concluded, in agreement with other workers,
that nodulation is not affected by seed treatment or inoculation when
seed is planted in soil where the nodule bacteria are already present.
Later experiments by Kermkamp (é) showed that the same principle ap-
plied to other legumes. Vlitos and Preston (18) fouﬁd no indication
that chemical treatment inhibitea nodule formation. In fact, they found
that nodulation of alfalfa and Chinese cowpea was enhanced by Phygon or
Arasan seed treatments followed by inoculation with Rhizobium. Hewever,

they observed, that nodalation on plants from treated seed occurred only
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on lateral roots. In contrast,_nodulafibn on planfs from untreated seed
occérred on _tap roots as ﬁell as lapera}_roo£so Sherf anq Reddy (17)
concluded that in soils where bacteria é;e nééded, Qhemical t:eafment
shbuld not be used. However, they believéd that §oybean—inoculating'
bacteria were plentiful in most.Iowa soils, B

_Ruhloff and Burton (15):testgd the compatibility of Rhizobium with
several chemicals. They coated absorbent baper_disks with seed pro-
tectant dqsts, placed the disks on agar plates seeded witﬁnRhizobium,
and after 7 days measuréd the zones of inhibited growth surrounding the_
disks. They found:%hat the inhibition zone for Arasan and Arasan SF was
greater than for Spergon and Paygon. In the same study, they tested the
survival of Rhizobium under simulated soil conditions when mixgg with
chemical in the ratio of 2 ¢ 7o Their results indicated that if
inoculated, chemically coated seeds are planted in moist soil, the num-
ber of Rhizobium which survive may be sufficient to bring about effec-
tive inoculation, but that under dryer conditions this may not be true.

In the present study the effects of chemical seed treatment upon
stand establishment of foragé cropslhave been megsured° Yield deter-
minations over a period of years would be a more direct ﬁeasure of the
benefit of stand differences brought about by seed treatment. However,
stand ¢ounts are not without value.

In respect to cereal seed treatmént, Leukel (11) pointed out that

increased stands due to treatment do not always produce higher yields

because of increased tillering of the remaining plahtso' However, he
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believed that if weeds accompany poor stands, treatment usually gives
increased yields. Machacek et al. (12), in experiménts in Canada, dem-
onstrated that under weedy conditions small grains failed to compensate
for low germination by increased tillering. The yield of grain under
such cbhditions was related td.the number of plants per plot.

Ronninéen and Hess'(l4) concluded that stand counts of older es-
tablished stands were of considerable value for determiningiéelatiye
performance of varieties of alfalfa in Maryland. It is possible that

initial stands are directly correlated with stand as the planting ages.
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— ... MATERTALS AND METHODS = .
High quality, untreated seed, chosen from samples on file in;the
Montana Grain Inspection Laboratory, was used throughout this study.
Three_fungicides were tested:
1. Arasan (50% tetra@ethyl thiuram disulfide).
2. Spergon (96% tgtraehloro—pa;a—benzoquinone).
3. Pittsburgh B-856 (50% l,3-dichloro;5,5-diphenyl
_ hydantoin). ) _ -
Seed was treated by placing chemical and_seed in a glass jar and
shaking‘the jar by hand .until the éhémical was evenly distributed over
the seed. Excess dosage rates were applied by adding an excess of
chemical to the seed. in a jar, shaking, and then screening off the
excess. Until the fall of 1956, an excess dosage was applied to all
seed being treated since other workers (1,9) were using this methode.
Héwever, for laborétory seil tests made in the fall and early winter of
1956, &+ of 1 percent by weight of chemical was applied.
define silt loam soil from various previous croppings, including

corn, small grain, alfalfa, grass, and fallow,‘was used in field and

laboratory soil tests.

A. Field Tests

In all field tests, 100 seeds were planted ¥ to % inch deep in rows

3-feet long, spaced 1 foot apart. Randomized block designs were used

Ehroughout except for a split plot design used in the test whiqh compared
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the effect of the 3 chemicals upon emergence of 20 differept crop spe-
cies. Except where otherwise indicatéd, tests were replicated‘4 times
and stand counts were takén 2 to 3 weeks after planting.
Commercial Rhizobium inoculum fér alfalfa and for birdsfoot trefoil
was used in éppropriate tests, |
Seed was indculated immediately_before‘planting,_as_regommen&ed by
the inoculum manufacturero"Iﬁoculation never preceded chemical treat-
‘ment.’ When‘applied to the seed; a small amount of inoculum was placed
in an envelope with the seed; the envelope was then shaken to distribute
~inoculum over the séed° Séil inoculatioﬁ was accomplished by mixing a

.small amount of inoculum into the planting row.

— _ [

B. Laboratory Soil Iegts

_ All laboratory soil tests were made in 1% x 4% x 5 inch plastic
boxes. The egquivalent of 500 grams of oven-dry soil was used in each
‘box. 'Soil was sieved_ through a 1/12 inch round-holed sieve.

Field capacity of the soil was de@ermined by allqwing water fo
@enetrate,down into a container of air-dry soil until penetration
ceased. The moisture percentage of the upper layer of soii was defined
as field capaci£y°

Field capacity of Huffine silt loam was about 30 percent, based on
.oven-dry soil weightoi Thirty percent was used as the wet soil moisture
level. Bringing the soil to this moisture and planting the seed were

done in one operation, (figure 1).




2. About half of the remaining
soil is added.
3. Water is added to bring to

field capacity.

17 -

One hundred seeds are
pressed into surface of

/5 of soil.

Remainder of soil is
placed in box, leveled,
and pressed.

Box is covered to reduce

water loss by evaporation.

Figure 1. Method of planting laboratory soil tests at field capacity
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_ Dry soil tests were made in soii at 15 percent moisture. Soil
moisture wasraised to 15,percenﬁ¥by adding a calculated amount of
water to the soil., After water was added, the soil was éllowed to
stand, except for occasional sieving, for at least 24 hours befbre seeds
were planted. When necessary, soil was dried in a_crop hot air dryer.-.
Soil moisture -determinations made after planting showed "dry" soil mois-
ture content to range from 14—16 percent, close to the desired 15
percent. | . . ;

.One hundred seeqds were planted in each box. Seeds were planted on
top of one—fifth of the soil aﬁd;covered by tbg other four-fifths. This
gave a uniform planting depth of 1 inch. Tests were made in standard
seed germinators. Temperature was controlled as follows:

2 days at 200 C.
10 days at 10° C.
10 days at 20° C.
Sprouts were counted after the 10+«day period at 109 C,
The steps taken to plant seed in wet soil are shown in figure l.

Planting in dry soil was done in the same manner except that steps 2

and 3 were omitted.,
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. C. _Laboratory Blotter Tests

Stapdard laboratory ggrmination_testﬁnwefe made in accordance with_
‘the Rules for Testing Seeds of the Association of Official Seed Analysts
(2). Four hundred seeds of each lot were tested in 4igepliqateé,of 100
seeds. lLegumes were planted betweeanater-mpisfened blotters and ger-
minated at a constant 200 C. -Grasses were-planted”on top of blotters
moistened with a 0.2 percent éolution of KNO3, prechilled at 5° C. for
5 days, and germinated at an alternating temperature of 20-30°© C, Nor-
mal and abnormal sprouts and hard seeds were classified as directed in
the Rules for Testing Seeds (2),

Controlled moisture blotter tests were made in 1% x 4% x 5 inch
plastic boxes. A single blotter, 4 x 4% inches, was placed in the box,
and measured amounts of water were then added with a burétte. A 2-day
interval between adding the watér anﬁ planting the seed was allowed so
that the water moistened the entire blbtteru All boxes were covered to

reduce evaporation,

. D.._Laboratory Agar Plate Tests . _ .

A laboratory test ¢f Rhizobium-chemical compatibility was made to
supplgmeht field tests of compatibility. A young, aétive culture of
birdsfoot trefoil Rhizobitm bacteria was tested for cqmpatibility with
each of tﬁe-thrée'chemicéls. To insure contact of Rhizobium and
chemical, ﬁe;sured quantities of both were placed in 500 milliliters

of water and mixed in a Waring Blender for 20 seconds. A 2 : 7
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Rhizobium : Chemical ratio was used since Ruhloff and. Burton (15) had
chosén this ratio. The mixture was immediately moved'frqm the Waring
Blender . to an automatic shaker to keep the bacteria and chemical in
cohtact. At intervals of 1%, 5, 10, and 15 minutes, transférs were made
witﬁ a pipette from the mixture into distilled water. Dilutigns,ofnl :
100, 1 s 1000, 1 : 10,000, and 1 : 100,000 were made. A check, con-
taining no chemical, was used through the entire procedure.

One milliliter of solution from‘each dilution of each treatnént
was trénsferred into a sterile petri dish. Melted mannitol agar was_

then added.. The dish was swirled and allowed %o stand for 3 days, at

which time "colony counts were made.
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RESULTS

-

. Comparison of Chemicals

The three chemical seed treating compounds were compared in field
and laboratory trials. Table I brings together the'resglts of chemical
comparisons ignoring an? intéractioﬁsAthatlmay have occurred in thé-

" individual tests. ) o

Field comparisons revealed no significant differences between'ﬁhe-
three chemicals, with one exception, In test 2, with alfalfa, Arasan

treatment significantly lowered emergence,' In none of the other field

tests were differences betﬁeen chemically treated and untreated seed

sigpificant, -
| .In laboratory soil tests Pittsburgh B-856 appeared to be the best

fungicide for alfalfa and Arasan,tﬁe best_for crested wheatgrass.

The higher emergence of alfalfa seed treated with Fﬁttsburéh B-856 in

tests 8 and 9 was significant when compared with emergence of seed

treated with Arasan. There wgs.nonsighifjcant difference between Arasan

and Spergon treatments in these tests or between any of the chemical

treatments in the other laboratory soil tests. The untreated check

was significantly lower than the 3 chemical treatments in all laboratory

soil“£ests except 2 (crested wheatgrass, tests 7 and_?),“ In test 7,

the unfreated check was significantly lower than Arasan and Pittsburgh

B-856, but was not significantly different from Spergon treatment

(Table 1).
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In every test on blotters excess Spergon treatment lowered
germination. This was true in standard germination tests (test 12) as

well as in controlled moisture blotters tests'(tesﬁs 10 and 11).
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Table: I. Effect of cﬁenﬁcéi seed treatment on germination, emergence, -

and stand establishment. '

Seed treating compound

. . . Pitts- o

Test Number of _ ) . burgh Un-

No, Crop : samplesl/ —Arasan _Spergen B-856 treated

Field tests--percent emergence ' '

1 Alfalfa 16-16-16- 83/ 32 33 35 33

2 Alfalfa 12-12-12- 4 32% 37 43 41

3 Crested _ \ .

_ wheatgrass 8- 8- 8- 8 18 15 21 16

4 Birdsfoo : - :

trefoil2 12-12-12-12 9 8 8 9

5 10 legumes 40~40-40-40 1l 9 10 11

5 10 grasses 40-40-40-40 20 16. 15 18

Laboratory soil tests—-percent. emergence
6 Alfalfa- 6- 6- 6- 2  25% 20% 25% 5
7 Crested ’ . :
wheatgrass 4- 4- 4- 2 79% 65 75% 55

8 Alfalfa 20-20-20-20  50% 45% 62% 27

9 Alfalfa 20-20-20-20 30% 26% 34% 19

9 Crested .

wheatgrass 20-20-20-20 = 68 65 64 62
_ Germination on blotters .

10 4 legumes 48-48-48-24 86 72% 85 86

11 4 legumes ' .

' and 1 grass 40-40-40-20 79 63% 68 72
£ 10 legumes 40-40-40-40 66 5% - 65 65
P

12 10 grasses 40-40-40-40 80 TT* 79 80

f?ignificantly different from the untreated check at 5% -level.

1/ “Number of samples or replications used to establish the means for
each seed treatment, Arasan, Spergon, Pittsburgh B-856 and un-
treated respectively.

2/ Percent stand establishment.

A 1955 field test. All other field tests were made in 1956.

3/
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The Effect-of Excess”Chgmical,Treatment o

The_lowered germination of Spergon-treated seed in_laboratory blot-
ter tests (Table-I) led to an invesfiéation to determine if differences
in germination wére due to differengeg in chemical toxicity or to éif— )
ferences in the amount of chemical stiaking to the seed. There was evi-
dence that more than the reéommendedg% percent rate might be sticking
when chemicals were applied in excess and that the chemicals differed in
- sticking capacity. |

To determine how much chemicgl was adhering tp seed of,differemt
Crops, 4 lots of each of Gﬂcrqps‘were ﬁregtedmwithlgn excess éf each. of
the 3 chemicals. Each t;eatment was replicated three times. The pef—
cent of chemical adhering to the seed was then determined. Treated seed
weight £3nus untreatea seed weight divided by the untreated seed weight
.equals the percent of chemical adhering.

. The analysis ef variance table of this experiment is shown in
' Table iI and the pertinent means are shown in Table III,

More chemical adheréd to seed of the grasses than to seed of legumes.
The least amount of chemical adher?d to regdlarl? shaped,; smooth seed of
birdsfoot trefoil. Nearly five times as much Spergon as Arasan adhered
to seed (Table ITI).. | '

Different lots of Eéea of timothy, crested wheatgrass, ladino
clover; and‘birdsfooﬁ trefoil retained different quantities of chemical.
The different lots of alsike clover and crested wheatgrass seed varied

in the amounts of different chemicals they retaimed (Table II). 1In
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Table II. Analysis of variance “of percent chemical adherlng to seed
when applied in excess, based on untreated seed weight,

(test 15).
Source of ‘ o - Degrees of Mean
Variation - . Freedom Square
Crops o 5 ' 36,3453%*
Chemicals ' 2 378,9252%*
CrOps x Chemicals 10 ‘ 6. 3242%%
.Lots within crops. 18 5 . 5846%*
Alfalfa lots 3 : .6544
Alsike clover lots »3 2,3877
Timothy lots "~ 3 _3.6803%
Crested wheatgrass lots 3 11.6180%*
Ladino clover lots 3 11, 3752%%
Birdsfoot trefoil lots 3 3,7921%
Lots within crops x chemicals 36 1.9604%
Alfalfa lots x chemicals 6 « 7532
Alsike clover lots x chemicals . 6 3.2716%*
Timothy lots x chemicals s 6 .2047
Crested wheatgrass lots x chemicals - 6 3.4425%%
Ladine clover lots x chemicals 6 2.0194
: Birdsfoot trefoil lots x chemicals .6 1.7710
Error 144 1.1341

% Significant at 5% level.
**% Significant at 1% level.
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Table IIT. Mean percent chemical adhering to seed when applied in
excess, based on untreated seed weight (test 15).

Chemical
Pitts- 3
burgh Crop
Crop Seed lot Arasan Spergon B-856 Average

Alfalfa 1 0.7 4.2 1.9
‘ 2 0.1 5.9 2.3
3 0.9 5.4 2.0
4 0.5 4,8 2.6

Average of 4 lots 0.6 5.1 2,2 2,63
Alsike 1 1.3 6.0 2.8
clover 2 1,2 8.8 2,7
3 0.6 5.6 2,8
. 4 1.0 5.6 . 4,2

Average of 4 lots 1.0 6.5 3.1 3,55
Timothy 1 2.1 6.6 51 2
2 2.1 5,5 4,7
3 1.5 4,2 3.7
4 2.4 5.6 5.3

Average of 4 lots 2,0 5.5 4,8 4,08
Crested 1 2,0 10.2 5.1
wheatgrass 2 1.6 5.2 2.6
3 2.4 - B.7 4.1
4 1.8 8.5 5.4

Average of 4 lots 1.8 8.2 4,3 4,80
Ladino 1 0.9 4.6 1.7
clover 2 0.8 4.1 1.5
3 1.0 6.4 2.1
4 1.4 8.0 4,5

Average of 4 lots 1.0 5.8 2.4 3,07
Birdsfoot 1 0.8 3.8 1.7
trefoil 2 0.2 1.9 0.9
3 1.2 3.8 2.4
. 4 0.4 5.3 1.6

Average of 4 lots 0.7 3.7 1.7 2,02

Chemical average 1.21 5.78 3,08




=27 - -
general these differences were small as compared with the differences in
chemicals and in species. ~N o ) ) ‘

" Treatment percentage ranged from 1 percént to 10.2 percent. It _
appears that the amount of chemical adhering when an excess of chemical
is applied to seed will depend‘upon the kind of cﬁemlcél being applied,
the crop, the particular lot of seed of that crop being treated, and
perhaps other factors. '

The amount of water available to treated seed being tested in
laboratory blotter tests may affect the degree of chemical congentration
immediaﬁely around the seed. A higher concentration may increage chem-
ical toxicity. To test the efféct of moisture level on germination of
treated seed, the critical moisture level for germination of crops to be
tested was found. Four untreated seed lots of each of 6 crops were
planted in controlled moisture blotter tests. Significant differences
were found to exist between geriination percentages at different moisture
levels (Table IV). Lots within alfalfa and crested wheatgrass showed
different moisture responses, but there were no significant differences
between moisture responses of lots within the other crops (Table V)o

Based on these results, 6 milliliters of water was used as the
moisture level for teéting the effect of moisture on germination of
treated seed (tests 10 and 11, Table VI)l/, | ~

In test 11, alfalfa, alsike clover, ladino clover, birdsfoot tre-

foil, and timothy were tested. Timothy was not included in test 10.
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Table IV, Mean germination percentage of 3 replications of 4 lots
of 6 crops tested on blotters at 5 moisture levels (test 14),

Milliliters of water added to blotters

Crop ‘ 7mle 6 ml. 5ml. 4ml., 3 ml,
Ladino clover 83 85 =~ 78 . .60 4
Alfalfa 88 84 77 58 2
Alsike clover 87 86 81 54 7
Birdsfoot trefoil 60 66 6 27 4
Crested wheatgrass 87 84 33 12 0
Timothy 86 79 74 0 0

Average 82 81 34 3% - 3
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Table V. Analysis of variance of germination bércentaéé of 3
' replications of 4 lots of 6 crops tested on blotters at
5 moisture levels (test 14).

#H

Significant at 1% level.

Source of Degrees of Mean-
Yariation Freedom Square
Crop 5 94731, 071%%
Moisture level 4 79,374.452%%
Crop x moisture level . 20 2,783, 686%F
Lots within crops 18 929,585%%*
Alfalfa lots . : 3 1,908, 333%*
Alsike lots 53 544 ,923%*
Ladino lots 53 288,411%
Timothy lots : 3 289, 305%
Crested wheatgrass lots 3 1,598,978%%
Birdsfoot trefoil lots .3 947,528%%
Lots within.crops x moisture level 72 138,393
.Alfalfa lots x moisture level " 12 202,520%*
Alsike lots x moisture level 12 130,366
Ladino lots x moisture level 12 55,383
Timothy lots x moisture level .12 101.861
Crested wheatgrass lots x
moisture level 1.2 215,102%%
Birdsfoot trefoil lots x :
" moisture level 12 125,125
Error 240 83.647
* Significant at 5% level.
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Two rates of treaﬁment and 2 moisture levels were used in both tests,

Tests 10 and il were conducted in the critical moisture range: for
germination. This is evidenced by significant differences in_germina-
tion due to moisture level (Table VII). The depressing effect of ex-
cess -Spergon was not affected by moisture leyel. However, the de-
pressing effect of the iécommehded aosaée rafe_of Spérgon appeared to be
overcome at a high moisture level., Further testing of tﬁis point might
be of value.

Laboratory soil tests comparing the effect of moisture level on
emergence of seed treated with recommended dosages of chemical were also
conducted. Mean results are presented in Table VIII and the analyses
of variance in Tables IX and XVII. It will be noted that the mean
squares for chemical seed treatment and for chemical seed treatment by
moisture level interaction are significant for both tests. Chemical
seed treatment differences in dry soil were small, although the de-

- creased emergence of Pittsburgh B—856 in test 9 was significant. In wet
soil all chgmigal séed treatmeht means were significantly higher than

the untreated .check. Pittsburgh B-856 and Arasan treatments gave sig-

nificantly higher emergence than Spergon.

Y Seven milliliters of water absorbed by a 4 x 4% inch blotter
approximates optimum moisture level for the standard germina-
tion procedure. ’
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The mean percent germination of 4 and 5 crops respectively

Table VI. '
in tests 10 and 1l when treated at 2 rates of chemical and
germinated on blotters at 2 moisture levels.
Seed _ Milliliters of water applied to blotters
Treatment - Rate of : _Test 10 . , Test 11
Chemical Treatment 13 ml. 6 ml. _ 13 ml. 6 ml,
: Germination percentage
Arasan 5% f 86 86 _ 88 -64
Arasan Excess 87 85 87 75
Spergon 5% 82 69 80 52
Spergon_ Excess 72 - 64 65 54
Pitt. B-856 - 5% 86 = 83 84 - 53
Pitt. B-856 Excess 88 85 83 52
Untreated None 86 86. 82 62
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Table VII., Analysis of variance of tests of chemically tfeafed'seed,

conducted in the
(tests 10 and 11 )4

critical moisture range for germination

‘.. -Test 10 .

Test .11

Seurce of Degrees of Mean Degrees of Mean
Variation Freedom Square - 'F#éedom Square
Crop 3 6,368,40%* 4 11,540,66**
Chemical seed

treatment 6 1,256, 35%%* 6 993, 15%*
Moisture level 1 676, 01%* 1 17,094,35%%
Crop x moisture

level 3 153.67 4 1,167,80%*
Crop x Chemical

seed treatment 18 488, 32%* 24 589,21 %*
Moisture level x

chemical seed

treatment -6 119.88 6 361.12
Grop x moisture

level x chemical _

seed treatment 18 75,10 24 . 253,60
Error 112 93,38 70 277.36

*¥%  Significant at 1% level.
i/ For the purpose of analysis, each of the 2 rates of each
chemical and the untreated check were considered as individual

treatments,
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Table VIIT. Average percent emergence\of chemicéll§~tréated and

untreated alfalfa and crested wheatgrass, planted in
wet and dry soil in the laboratory (tests 9 and 13).

Soil moisture level

Chemical seed, 29-31% - 14-16%
Treatment : Moisture Moisture

Test 9l/

Arasan : 63¥¢ 35

Spergon ' 55 %3 ' 36
" Pitt. B-856 68 29% -

Untreated. : 47 33

Test 132/

Pitt. B-856 ' 62%% 13

Untreated ' 27# 9

AN Fii *

'81gn1flcantly different from the untreated check at the 5% level.

Slgnlflcantly different from the untreated check at the 1% level.
Each .value is an average for 2 samples and 5 soils with different
cropping histories, for both alfalfa and crested wheatgrass, or a
total of 20 :individual samples.:

Each value is an average for 4 samples and 5 50115 with dlfferent
cropping histories for alfalfa only, or a total of 20 individual

samples.
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Table IX. Analysis of variance of léboratory soil test of alfalfa
and crested wheatgrass seedling emergence (test 9).

o

Source of \ - Degrees of Mean

Variation Freedom Square
Previous crop on soil 4 804, 38%*
Chemical seed treatment 3 702,84%%
Moisture level 1 24,527,26%%
Crops 1 56,137,56%%
Previous crop on soil x crop 4 326,67%%
Previous crop on soil x
~moisture level 4 249, 05%*
Chemical seed treatment x
moisture level 3 1,134,01%*
Chemical seed treatment x crop 3 301.21%%
Moisture level x crop 1 3,141,76%*
Previous crop on soil x chemical
seed treatment 12 72,54
Previous crop on soil x chemical ,
seed treatment x moisture _
level 12 129.89
Previous crop on so0il x chemical
seed treatment x crop 12 107.94
- Previous crop on soil x moisture '
level x crop 4 67,15
Chemical seed treatment x moisture
level x crop 3 i 73.71
Previous c¢rop on soil x chemical :
seed treatment x moisture
level x crop 12 155,26

Error . : 80 , 81,74

** Significant at 1% level.
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The depressihg effect of Spergon on:germingtion in blotter tests
was not_evident in soil,tést§.; This leaves geéults of standardvge;miqgf
" tion tests of Spergon-treated seed Opeﬁ té question,xgince the germina-
tion ofiseed on blotters is used as the basis for determiningAseeding
rate.

| In Montané, grass and legume seeds are often exposgd-tb_co;d,"wet
conditions, especially when they are planted early. These data indicate

that treatment under dold,.wet conditions is of more valye than treat-

. ment under coldy dry conditions.

Time of Treatment

The léngth of fime-élapsing between seed treatment and planting was

investigatéd f;om two,poin£§ of viéwa | |

1. The effect of time on seed viability.

2. The effect of time on the fungicidal value of

the chemicals.
| Seed viability, as meééured by -standard ge;mination tests of

treated alfalfa seed, was not significantly different from viability of
untreéted sged‘after the seed was‘étored in the laboratory for 1 year
(Table X). A - ~
The analy§is of vari;nce given in‘Table.X ghowed‘no significant aéf-

ferences due to length of time of treatment before'plantingu The chem-

icals were similar in this regard. It may be concluded that the
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fungicidal value of the three chemicals was not affected by time of
treatment. This indicates that there is no problem‘associﬁtgd,with -

storing seed tréa;ed_with Arasan, Spergon, or Piptsbdrgh B-856,

Gompatibility of Chemical Punqicides'Wifh Rhizobium

Field. tests of alfalfa and birdsfoot trefoil indicated apparent
cowpatibility between Rhizobium nodule-forming bacteria and the phemigal
fungi'cides. Mean differences in emergence of Rhizobium inoculated and
uninoculated alfalfa grown in 1955 .were not significant (.Tablgl)_(I)°
Examinatien of plaﬁt roots showed~a5undant nodulation regardless of
inoculatibn or treatment. It is p03§ible that alfalfa Rhizobiumﬂwé;é
plentiful in the soil. For tﬁis reason birdsfoot trefoil was used to
test compatibility in 1956. Birdsfoot trefoil is relatively new fo this
regiod and the species of Rhizdbium which will form root nodules on it
must be proéided in the form of commercial inoculum if nodulatioé is' to
take place. ‘Mgan results of data collected in this experiment are shown
in Table XII and the énalysis of variaﬁce is presented in Table XIIfa

' There were no-sigﬁificamt differences in fiéld stands 2% ménths

'after planting due to treatment or to inoculation (Table XIII).

Inoculation'oﬁ-seed or in soil.significahtly inc;easéd the percent
of plants in flower 2% months after planting. Chemicql seed treatment
means were not significantly different. Pittsburgh B-856, the.chemicgy
' seed treatment giving the -highest percent of plants in flower when pre-
sent on uninoculated seed or seed planted in inoculated soil, resulted

in the lowest percent of plants in flower when seed was inoculated with
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Table X. Effect of length of time élabéing between chemical seed
treatment and planting on germination and emergence.

. No., of ™~

__Chemical seed treatment
Test Crop and Time of Replica- Ara- Sper- Pitt. Un-
" No. Year Treatmentl/ tions san __ gon B-856  treated
Percent emergence in field tests
1 Alfalfa 4 ' '
1955 2 30 33 36
0 34 34 34 33
2 Alfalfa 4
. 1956 12 37 35 43
1 24 41 43
0 36 36 ‘44 41
3 Crested -4
wheatgrass 2 18 14 21
1956 0 17 15 21 16
Percent emergence in laboratory soil tests
6 Alfalfa 2
1956 18 31 33 22
6 26 13 38
0 19 14 17 5
7 Crested 2
wheatgrass 2 18 14 21
1956 0 17 15 21 16
Percent germination in blotter tests
13 Alfalfa 4 X
: 1956 12 74 73 75 75
14 Crested 4
wheatgrass 5 85 93 91 92
1957 ’ N
15 Alfalfa 4 :
1957 5. 86 81 79 85

Y Number of ménths elapsing between seed treatment and planting.
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Table XI. The effect of inoculation with Rhizobium of chemically
treated seed on the emergence of alfalfa in 1955 field
tests (test 1)/,

Chemical seed treatment

Rhizobium _ . Pitt.  Un-
Inoculation Arasan Spergon B-856 treated
Inoculated on seed 32 34 34 34

32 33 37 32

Not inoculated

Y Values represent average percent emergence of 4 replications.




-39 -

Table XII. Mean values for birdsfoot trefoil establishment, maturity,
and nodulation in: field tests of inoculated and chemically
treated seed (test 4).

Methoed of | . Seed treatment .
inoculating Pitt. )
with Rhizobium Arasan Spergon B-856 Untreated Average

Percent of seed planted establishing plants

On seed 6 8 11 9 9
In soil 12 8 7 12 10
None 11 6 8 . 5 7
Average 9 8 8 9

Percent of plants in flower

On seed 46 - 53 27 32 40%
In soil 48 15 54 35 38%
"None 21 5 50 22 22
Average 39 21 44 26

Nodulation: score

On seed 4.12 3.11 2,80 - 3.41 . 3,38%%

In soil 3.68 3.31 3.58 3.22 3.45%%
None 1.37 1.53 2.35 1.93 1.79
Average 3.06 2,65 2,94 = 2,85

*  Significantly higher than the uninoculated check at the 5%. level.
*% Significantly higher than the uninoculated check at the 1% level.
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Analysis of variance of the effect of Rhizobium
inoculation-and chemical seed treatment on field
stand, nodulation score, and percent plants in
flower of birdsfoot trefoil (test 4).

Mean squares

Source.of Degrees of Field Nodulation Percent plants
Variation Freedom __Stand _ Score in flower
Replication 3 79.3% 1.01 137.9
Chemical seed

treatment 3 8.0 0.35 1,113.8
Rhizobium

inoculation 2 19.0. 14,02%* 1,604,7%
Inoculation x-

¢hemical seed

treatment 6 27.7 0.87 1,132,2%
Error 33 25.6 0,48 ' 413.8

* Significa

nt at 5% level.

*¥% GSignificant at 1% level.
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Rhizobium.. This indicates an effective fungicidal action of .the chemi-

cal, but é lack of compatibility of this chemical and Rhizobium. Re-
sults with Spergon were the opposite, indicating poor fungicidal action
but good compatibility with Rhizobium (Table XII).

Roots of the birdsfoot trefoil plants were examined for nodules.
A system of séoring plants for nodulation was established. Scoring was
based on_the relative number of nodules per.individual plant. A zero
score was given when no nodules were present and a score of 5 was given
to plants possessing large numbers of nodules. Inoculation appeared to
be essentigl for a high nodulation score, but methed of inoculating was
of no consequence. Differences dqe.to cﬁemical seed treatment and to
chemical seed treatment by Rhizobium inoculation interaction were not
significaht. |

The toxicity of seed treatment compounds to Rhizobium was measured
further by agar plate tests. Colony counts at 1 s 100 dilution were
found to be best for making comparisqns.. Pittsburgh B-856 was fhe most
toxic to birdsfoot trefoilﬁhizobium° Spergon was the least toxic but
still killed large numbers of bacteria when compared with the untreated
check. Differences due to time of contact were mot significant but
chemical by time interaction was significant at the 5 percent level.
This is due to killing of bacteria by time of contact with Arasaﬁ and

Pittsburgh B-856, but not with Spergon (Table XIV).
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Table XIV. Colony counts of Rhizobium on agar piates when exposé&
for varying peripds of time to 3 chemicals and a control

treatment.-

r

Time of contact

!

Chemical seed treatment .

with chemical Arasan _ Spergon  Pitt.B-856  Untreated
+ minutes 103 170 29 400 plus
5 minutes 121 142 l 29 400 plus

" 10 minutes 74 139 18 '550
15 minutes 21 184 12 400 plus
Chemical mean values 8O** 450 plus

159%* 20

%% Significantly higher than Pitt.B-856 at 1% level.
All chemical mean values were significantly lower
than the untreated check.




- 43 -

Effect of Previous Cropping History of Soil

It has been shown that treatment of seed planted in cold, wet soil
is of more value than treatment of seed planted in a.cold?_dry soil.
Another variable that might influence'tréatment is Ehe previous crop
grown on soil in which treated seed is planted. Tests were conductéd to
investigate this possibility. | g

Field tests of Araéan treated and untreated alfalfa seed were con-
ductéd on soils.of five previoﬁs cropping histories in 1955. Field
tests of alfalfa and crested wheatgrass were planted under the same con-
ditions in 1956. The only significant aifference found between treated.
and untreated seed was obtained in 1955 with alfalfa in soil planted to
corn the previous year (Table XV). Highly significant differences in
emergence counts in soils of the different previous cropping histories
were found in both years but were not consistent for the 2 years. In
1956 these differences were the :same for both crested wheatgrass and-
alfalfa. It is possible that location of the fields influenced the re-
sults.

.Laboratory so0il tests-in five soils were made with alfalfa and -
cresfed wheatgrass.‘ Results are’shown in Table XVI, the analyses of
variance in Tables IX and XViI. Differences in emeréence due to chemi-
cal treatment and to previous cropping of soil were highly significant.
Previous cropping effect on soil. x chemical seed treatment interaction
was not signifiﬁant in any of the tests. .Previous cropping had a dif-

ferential influence on the emergence of untreated alfalfa and crested

-
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Table XV. The effect of.Afasén éeed treatment oﬁ‘emeiaencéuéf
alfalfa and crested wheatgrass grown in soils of 5
previous cropping histories in 1955 and 1956 field

testsl/,

Previous ' Alfalfa i Crested wheatgrass
Cropping 1955 1956 1956

~ History Arasan Un- Arasan Un- Arasan Un-
of Soil treated treated treated treated treated treated
CGorn 42% 31 32 ’ 34 17 24
Fallow 30 28 32 29 19 12
Grass 25 18 2/ 2/
Small graim 41 38 2/ 2/
Alfalfa 40 42 12 14 10 8

i/ Significantly different from the untreated check at the 5% level,
Values represent the average emergence of 6 replications.,
Plots were plowed out before counts could be made.
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Table XVI. Mean percent emergence in laboratory soil tests of
chemically treated and untreated alfalfa and crested
wheatgrass in soils of 5 previous cropping histories

(tests 8, 9 and 13).

Previous crop on soil

Test No. of Small )
No, Crop Samplesl/ ‘grain Alfalfa Grass Corn Fallow
9 Crested
wheatgrass
Chemically
treated? 60 63 63 70 67 67
Untreated 20 ‘ 56 53 60 70 | 69
"Average 80 60 58 65 69 68 *
9 Alfalfa
Chemically
treated2/ 60 32 18 41 33 27
Untreated = 20 18 16 30 16 14
Average 80 25 17 36 25, 21
13 Alfalfa
Chemically
treatedd/ 40 37 28 40 48 34
Untreated 40 16 12 25 25 17
Average 80 27 + 20 33 37 26
8 Alfalfa
Chemically )
treated2/ 60 53 43 54 57 58
Untreated 20 20 20 36 30 31
Average 80 37 32 45 44 45

Y Number of replications to establish the means shown.

2 Average of 3 chemical treatments, Arasan,Spergon, -and Pittsburgh
B-856. : o

3/ Pittsburgh B-856 only.
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Table XVII. Analysis of variance of Pittsburgh B-856 treated and
i untreated alfalfa emergence in laboratory soil tests
which compared 5 previous cropping histories of soil,

2 moisture levels, and 2 temperatures (test 13).

Source of Degrees of Mean
Variation Freedom Sguare
Temperature 1 156,80
Chemical seed treatment 1 7,182,05%%*
Moisture level 1 22,111.25%%
Previous crop on soil 4 687, 24%%
Temperature x chemical ‘seed treatment 1 273.80%
Temperature x moisture level 1 3.20
Temperature x previous crop on soil 4 364 . 30%%
Chemical seed treatment x moisture level 1 4,712,45%%
Chemical seed treatment x previous crop .

‘on soil 4 66.36
Moisture level x previous crop on soil 4 283.50%%

. Temperature x chemical seed treatment :

x-moisture level 1 204.80
Temperature x moisture level x prev1ous

crop- on soil 4 198.91%
Temperature x chemical seed treatment

X previous' crop on soil 4 110.80
Chemical seed treatment x moisture level

X previous crop on soil 4 135,95, .-,
Temperature x chemical seed treatment :

x moisture level x previous. crop

on soil’ 4 13.85
Errox 40 58.00

¥ Gignificant at 5% level.’
*% Significant at 1% level.
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wheatgrass. Alfalfé emeréence was lowest on alfalfa soil wﬁile crested
wheatgrass emergence was lowest on small grain soil, |
‘The influence of temperature on emergence of chemically treated
and untreéted seed planted in soils of 5 previohs crbppiné histqries was
investigated in 2-tests of alfalfa. Temperature was varied so that one
half of the samples were Beld~at 120 C. for 10 days and the other ome
half were held at 8° for 10 days. This 10-day period was preceded by a
2-day period at 20° and was followed by a 10-day period at. 200, . In soils

in which small grain, alfalfa, and grass were previously grown,

emergence was higher when the samples were held for 10 days at 12°, 1In

* .so0ils in which corn and fallow were previously grown, emergence was

higher at the 8% holding temperature. In test 13, treatmént benefiﬁs
were most striking at the lower temberature° Temperature did not af-
fect treatment results in test 8 (Table XVIII). | _
It appears from these results that the crop previously grown in
a soil may be a factor in deterimining how many seedlings will emerge- when
alfalfa or crested wheatgrass are planted.  Emergence in soil previously
cropped fo‘alfalfa was consistently lower than emergence in the other
soils tested (Table XVI). Temperature and moisture may influence the
effects of soils of different brevious croppings. Chemical seed treat-.

ment did not overcome the apparent effects of previous cropping history

of soil.
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Table XVIII. The effeot of temperature on emergence of chemically
treated and untreated glfalfa seed planted in the
laboratory in soils of 5 previous cropping histories
(tests 8 and 13).

Previous crop 'ggzglcal © Test nqn.Bl/ " Test no. i32/
on Soil Treatment 80 3/ 120 80 -3/ 120
Small grain Treated 44 55 32 41
| Untreated 13 26 10 . 18
Alfalfa . Treated 52 35 34 22
Untreated 10 30 8 | 16
Grass ' Treated 46 61 44 35
Untreated ar 4 20 30
Corn Treated 67 45 58 40
Untreated 37 24 33 16
Fallow Treated 66 49 4 35 - 32
| Untreated 37 26 16 14

Y Each value represents an average for 2 samples and 2 moisture levels.

2/ Chemically treated values represent an average for 2 samples and 3 ~
chemical seed treatments, Arasan, Spergon, and Pittsburgh B-856. Un-
treated values represent an average of 2 samples. ' h

.3/ Temperature at which samples were. held for 10°days following a 2-day
period at 209 C. and preceding a 10-day period at 209,
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The Effect of Treatment on Different Crop Species

The effect of chemical treatment on seed of 10 grasses and 10
legumes was_studied in field tests, in laboratory soil fests, and in
standard labo:atory germination tests, ) o

Field tests of the 20 species revealedvno significa@t‘&ifferénces
in response to treatment. All three chemicals were included in this
test (Table XIX). . ~

Pittsburgh B-856 was the only chemical used in laboratory soil com-
parisons of the 20 species. Grasses were tested in soil previously crop-
ped to fallow and legumes wefe.tested in soil previously cropped tb
alfalfa. Treatea seed emergence was.significan£ly higher thaﬁ untreafed
seed emergence. All crops responded simiiarly to treatment (Table XIX),

Germination of smooth bromegrass, timothy, alsike clover, white
clover, and ladino clover was greatly reduced by Spergon treatment in )
standard‘germination tests. Germination of certain other crops was re- '
duced to a lesser extent following treatment with Spergon (Table XX).

Germination of ladino clover and birdsfoot trefoil in controlled
moisture blotter tests was lowered significantly by Spergon treatment.
Alsike c_lover9 alfalfa, and timothy germination was unaffected by
Spergon treatment in these tests (Téble XXI). Differences in germina-
tion of Spergon-treated alsike clover and timothy seed in standard ger-

mination tests and in controlled moisture blotter tests will be noted.

This may have been because different seed lots of these crops were used
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Percent emergence of .10 grasses and 10 legumes treated

with different seed treating compounds and tested in

the field and laboratory.

Laboratory

. Field tests Soil tests
Chemical Ara- Sper- Pitt. Un- Pitt. Un-
Treatment san __ gon B-856  treated B-856  treated
Intermediate

wheatgrass 48 4] 35 37 79 55
Alta fescue 28 24 ' 21 30 71 67
Slender

wheatgrass 31 21 16 23 76 59-
Russian _

wildrye 17 16 20 12 52 31
Smooth

bromegrass 21 15 19 27 66 52
Crested

wheatgrass 20 14 13 17 59 33
Green needle

grass 9 7 4 6 19 4
Reed canary ' '

grass 7 11 9 9 34 24
Orchard grass 13 8 9 13 36 18
Timothy 4 5 7 10 35 25
Average for -
10 grasses 20 16 15 18 53¥% 39
Alfalfa 14 29 16 15 59 - 32
Red clover 15 16 21 16 53 41
Sweetclover 38 28 28 45 64 46
Alsike clover 8 1 4 6 46 33
White clover 15 4 4 4 69 61.
Ladino clover 2 4 4 2 68 54
Birdsfoot

trefoil 2 5 4 7 27 14
Strawberry

clover 7 2 9 6 50 42
Sickle

milkvetch 2 1 2 1 5 2
Cicer

milkvetch 4 5 6 6 15 11
Average for .
10 legumes 11 9 10 11 - 46¥%* 34

*¥% Significantly different from the untreated check at the 1% level.
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Table XX. Percent normal sprouts in.standard laberatory germination
tests of 20 crop species chemically treated with dlfferent
seed treating compounds.

Chemical treatment

Crops « Arasan Spergon Pitt.B-856 Untreated
Intermediate

wheatgrass 93 93 93 91
Alta fescue 94 95 97 95
Slender
" wheatgrass 90 88 86 91
Russian

wildrye 77 68 70 67
Smooth ‘

bromegrass 82 73 77 90
Crested

wheatgrass 83 81 87 90
Green needle

grass 43 48 43 37
Reed canary

grass 64 63 62 63
Orchard grass 85 88 90 89
Timothy 87 74 83 93
-Average for
10 grasses 80 77 79 " 80
Alfalfa 80 78 76 76
Red clover 82 76 83 83
Sweetclover 96 91 95 93
Alsike clover 76 63 77 79
White clover 97 51 98 98

- Ladino clover 88 44 89 91

Birdsfoot

trefoil 71 65 67 70
Strawberry '

clover 56 - 50 60 56
Sickle

milkvetch 3 2 4 5
Cicer

milkvetch 12 1 4 5
Average for
10 leqgumes 66 52% 65 65

* Significantly different from the untreated check at the 5% level.

("\




~ 52 -
Table XXI. The mean percent germination of 4 and 3 crops respectively
in tests 10 and 11 when treated with 4 chemicals and
germinated on blotters.at 2 moisture levels.

Chemical seed ftreatment

Crops Arasan Spergon - Pitt.B-856 Untreated.
Test 10 |

Alsike clover 92 90 88 90
Alfalfa 91 92 91 | 91
Ladino clover 91 58 92 92
Birdsfoot trefoil .70 49 71 71
Test 11

Alsike clover 91 77 : 75 79
Alfalfa 85 87 81 90
Ladino ciover 86 45 57 78
Birdsfoot trefoil 55 20 a3 21

Timothy 76 85 ' 83 90
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in the different tests or because different rates (excess in both cases)
of treatment existed in the two tests. V

Alfélfa‘and.crested wheatgrass were tested throughout this study.
Differences between emergence of treatea and untreated crested wheat-
grass were not significant in any of the field tests. Alfalfa emer~
_gence was increased in one field test (Table XV) and was decreased in.

- one field test (Table I). Iﬁ laboratory soil tests, treatmgn{ increased
alfalfa emergence‘mdre than it incéreased qrested wheatérass emergence
(Tables I and XVI)° Crested wheétgrass appeargd %o be betfer‘capable
of withstanding the.cold, wet conditions of ‘the tests. This.may ex-

\ .
plain its lack of response to treatment.
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. DISCUSSION

Three seed treating chemicals, Pittsburgh B-856, Arasan, and Sper~
gon, were compared in this investigétion° Arasan and Spergon have ‘been
on the market for a number of years. Pittsburgh B—856"is-in the experi-
mental stageov Pittsburgh B-856 and Arasan appeared to'be morg'gffeétive
' fungicides than Spergon as seed treating compounds for élfaifa and
crested wheatgrass when compared in the laboratory. All three chemicals
produced seédling‘emergence significantly higher‘t%én that of the un-
treated check in these tests.

In bacterié cqlony count tests made on agar plates, Pittsburgh
B-856 was the most toxic to Rhizobium and Sbergon‘the leést.- This in-
dicaﬁes that Pittsburgh B-856 and Arasan are strongep_fungicides than
Spergon and sypports the results of chemical comparisons in the lAbora—1
tory soil tests. .It might be expected that a chemical Would‘kili,beng—
ficial bacteria just as it will kiil seed or soil borne pa.thogens° It
cannot be said that seed treatment compoundsAand legume bacteria are
compatible° Fungicides will kiil bacteria. However, :esuits in this
study, as well as in other studies (1, 3, 8, 9, 15, 18), indicate that
seed treatments and bacterial inoculants can be used concurrently'with—
dut reducing nodulation. It is not known whether this is because of
lack of direct contact between chemical and bacteria, glqw-kiiling
action of the fungicides, or other reasons. |

Standard 1aborat6ry_germination tests indicated occasional lowering

of germination by excess Spergon treatment. This effect was not evident,
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in soil tests of the same seed lot. Additional testing is necessary to
determine if this presents a marketing problem of Spergon-treated seed,

Spergon adhered to seeds better than Pittsburgh B-856 and-Pitts;
burgh B-856 adhered better than Arasan, the ratio being abéut 53¢ 1.
The amount of chemical sticking to seéd also varied with the crop species
and lots within crop species. An excess of chemical has been applied to
Iseed in some seed treatment studies. The evidence here indicates that
attention should be given to dosage rate. When an excess is'used, there
will always be a question of whether differences found are due to kind
of chemical or to amount of chemical on the seed.

Field tests were made in both 1955 and 1956. In 1955, growing con-
ditions were nearly ideal and seedlings emerged prompfly after the seed
was planted. 1In 1956,-rain fell shortly after the seed was planted,
providing ample moisture for germination. Following the rain, a Hard
crust formed over the ground and the soil became very dry. Emergence
counts in 1956 were, therefore, very low. Field results in most in-

t

stances showed no benefit to arise from treatment. If only field tests

\

had been made in this investigation, little' would have been learned a-
bout the effects of chémical seed treatment on forage crops. This

points out the value of a method of testing in soil in‘the laboratory

i)

where planting and growing conditions cam be controlled. Such a;method

\..

was developed_during the course of this study.
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Seedsmen are concerned with the time of the year fhat seed should
be treated. It is much more convenient to treat seed during the slack
winter season than during the spring rush. Data collected in this study
" indicate that applying Arasan,LSpergon9 or Pittsburgh B-856 to seed up
to a year ahead of planting time will not reduce the viability of the

seed or the effectiveness of the fungicides. _
Whether or not to recommend chemical seed treatment of forage crops
in Montana must still be decided. 'There is evidence both for and against
»These points must be considered in making the final decision:
1. When seedlings grow rapidly after germination,
treatment is not likely to be of any great benefit.
2, When moisture is a limiting factor, stands may be
decreased by chemical seed treatment.
3. When seedg are planted in unfavorable environments
for germination and growth, chemical treatment may
mean the difference between a good stand and a coh—
plete stand failure.
4, The seed treating chemical used, the crop being
planted, the crop previously gréwn in the soil, the
s0il moisture level, and the temperature to which the
seed is subjected after planting all influence the

benefits that may arise from chemical seed treatment

of forage crops.
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. SUMMARY_ .

Field and laboratory tests were made in Bézeman, Montana, in 1955

~and 1956 to determine the effect of chemical seed treatment upon grasses
and>small—seeded legumes grown in Montana.

Comparisons were made of Pittsburgh B-856, Arasan, and Spergon
fungiéidal compounds. Seedling ehergence of alfalfa and ciésted wheat-
grass in laboratory soil tests was increased more.by treatment with
Pittsburgh B-856 and Arasan than by Spergon treatment when rates of

* treatment were the same'for all chemicals. Arasan appeared to be the
best seed treatment compound for crested wheatgrass, and Piftsbuigh
B-856 appeared to be the best for alfalfa. Treatment was of more value
in cold, wet soil than in cold, dry soil. |

There was an indication that excess Spergom treatment may reduce
standard germination blotter test counts of certain crops. This effect
wa§ not detected in soil tests.

Spergon adhered to seeds better than Pittsburgh B-856, and Pitts-
burgh B-856 adhered better .than Arasan when an excess of chemical was
applied. The ratio was approximately 5 ; 3: 1,

Viability of seed treated with Arasan, Spergon, or Pittsburgh B-856
1 year before planting was not lowered. The fungicides were still éf-
fective after 1 yéar on seed.

Field tests showed apparent compatibility of alfalfa and birdsfoot
trefeil Rhizobium te the fungicides used. Birdsfoot trefoil maturity

date was hastened and degree of nodulation was increased when the seed
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was inoculated with Rhizobiﬁm° Chemical treatment did not affect these
results. In agar colony count tests, Pittsburgh.B-856 was the most toxic
to birdsfoot trefoil Rhizobium and Spergon was the least toxic. The ef-
fect of Arasan was intermediate.

The crop previously grown in the soil appeared to affect the number
of alfalfa and crested wheatérass seedlings that emerged in‘field and
laboratory soil tests. Temperature and moisture level were found to in-
fluence the apparent effect of previous cropping. Although chemical seed
treatment increased emergence of alfalfa significantly in all'soils in
laboratory soil tests, it did not overcome the apparent effect of pre~
vious cropping.

The 20 ‘crop species. tested, represehtiﬁg grasses and 1egumes.g£pwn

in Montana, all responded favorably to seed treatment with Pittsburgh

B-856, when grown in cold, wet soil.




70

- 59 -

LITERATURE CITED _
Allison, J. Lewis and J. H. Torrie. Effect of several seed pro-
tectants on germination and stands of various forage legumes.
Phytopath. 34: 799-804. 1944,
Association of Official Seed Analysts. Rules for testing seeds.
Proc. Assoc. Off. Seed Anal. 44: . 31-78., 1954,
Buchholtz, Walter F. Seed treatment as a control for damping.
off of alfalfa and other legumes. (Abstr.) Phytopath. 26: 88.
1936.
Chilton, S..J. P. and R.-J. Garber. Effect of seed treatment on
stands of some forage legumes°' Jour. Amer. Soc. Agron. 33: 75-
83. 1941.
Forsyth, Dwight D. and Max L. Schuster. Abnorﬁal leaf formation
on flax seedlings caused by Spergon. Aéron. Jour, 35: 733-735.
1943.
Gerdemann, J. W. Effect of seed treatment on forage legumes in
wet and dry soil. Phytopath. 41: 610-614. 1951.
Hanson, E. W. Effect of seed treatment on seedling stand of
small-seeded legumes in Wisconsin. (Abstr.) Pnytopath. 42:
467, 1952, |
Kernkamp, M. F. Chemical treatment of soybean seed in relation

to nodulation by nodule bacteria. Phytopath. 38: 955-959. 1948,




9.

10.

11.

12,

13.

14.

15,

16,

.- 60 -
Kernkamp, M. F. Seed treatment of small seeded legumes.
University of Minn. Tech. Bul. 209, 1953,
Kreitlow, K. W. et al. Investigations on seed treatment of
alfalfa, red clover, and sudan grass for control of damping
off. Phytopath. 40: 883-898. 1950, . )
Leukel, R. W, Recent developments in seed treatment. Bot.
Rev. 14: 235-269, 1948, ‘
Machacek, J. E. et al. A study of some seed-borne diseases
of cereals in Canada. III. Effect of rate of seeding, per-
centage of infested kernels, and weeds, on the yield of plots
sown with treated and untreated seed. Can. Jour. Ag. Sci. 34:
240-251, 1954,
Raeder, J. M. Seed treatment of forage grasses and small-seeded
legumes in Idaho. Idaho Ag. Exp. Sta. Bul. 240. 1955,
Ronningen, T. S. and A. G. Hess. Relationship between stand
and yield in alfalfa variety comparisons. Agron. Jour. 47:
92-93. 1955,
Ruhloff, Marcia and Joe C. Burton. Compatibility of Rhizobia
with seed protectants. Soil Sci. 72: 283-290. 1951.
Shaw, Arthur. Purity analysis survey of spring seeded gr;in

in Montana--Summary of 5 counties cooperating . Info. sheet.

- Extension Service, Montana State College. '1956..




- 61 -
17. Sherf, Arden F. and C. S. Reddy. Seed treatment and inoculation
studies on soybeans in Towa fields, 1950-1951. (Abstr.) |
Phytopath. 42: 19. 1952,
18, Vlitos, A. Jo and D. A. Preston. Seed treatment of field legumes.

Phytopath. 39: 706-714. 1949,




NTANA STATE UNIvI

llUINWIJlllNUINIIIIINMINIIMHIHNNIUNHIIHIMHI

10015087 7

N378 w
559
cop.2 123692
Niffenegger, D. A.
Effects of chemical seed treat
ment upon seed germination &

stand establishment of forage
crops.

NAME_AND :sbﬂl‘!

o

—eee
L : )
T2 P A P m/!f'ﬂ,) fl/"/\f')z—"! ~Yriia "i“

er
* L
sl LA Ry

/ -
A F L Py fALE 5

3
(‘K :ﬁ—é ouitiilitighes

"/vv*‘/ N%,]g

S | R

HAY ﬁ; I‘f)rtz* }f NGSTe
Q/V?.ZJ




