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rn TRODU C 'i'IOH 

Side-oats grac;m, Boutel·::>ill'- curtipondula (i'lichx.) 'i'orr., is a native, 

poreanial. war,1-season, mid-grass of exceptionally vride natural dis t;ribu-

tion. It is of minor value over rcwch of' its natural range but throughout 

the semi-arid nx,d sub-lrnnid. rci;ions of the Great Plains it lends its elf 

]·1,. ,. ,. 118)·l/. reac :i. y co none::; cica tion, - It is :norc rtic,,la.rl;v adapted to the 

Southern Great Phd,:rn. The purGst sta.nds are found ou the steep, rocky 

slopes or caliche outcrops and on open, pervious soiJ.s • but it is a<lFpted 

to c. ,1ide range of soil conditions. Side-oats grama is considered excel-

lea t for soil consorvatioa use* 

T·ucs('.:'11 side-oats grt~.rnr:t is arr aporaictic t;y-pe of tJ1e r-H:Ltive side-oats 

p;rana o The orit;inal uol1ection of the strain vms made bJ Charles H. f'roc-

tor nem· Douglas, Jtrizona, in l96L. It differs from most other strains by 

coming into bl 0010. approxi::nr~tely tvm vrneK:s ear lier tmd continuing to floirrnr 

throuchout the summer c..nd foll. Tl1e i'ora~;e rm.1ains green ufter cutting 

and, when sufficient Moisture is available, bro or three seed crops may be 

produced. It is similar to other strttins of side-01:>ts grarJJJ. in the pro-

duction of aliundant forage of' excellent quuli ty o.nd high pah,tabili ty. 

Tucson sidc-oe-cs g;:rama vrinter-E"illed co,npletely tne first :roar it was 

tested in the Soil Conservo.tiou t;ervice m1rnery ut Lincolr;;, :i\febraska. The 

bulk lot of Tucson, including; severaJ. selections, was then tested at the 

Southern Great Plai!1s Field Station, Woodm.>,.rd, Oklaholcla(7). Althouch some 

selections were severely injured at r:oodward during the vdnters from 1939 

to 1945, other solectione exl1ibited no injury. Because of its desirable 

agroEomic features and its tole~:~ance to extreme su.mmer temperatures, the 

y I?igures in parenthesis refer to 1\,itera ture Citedn, p1;;q;e 23. 



selections of '1\,cson side-oa.ts g;rama which can withstand temperatures of' 

-11 °F will prove invaluable in rovegetating tilled or abandoned land 

adapted to this species. 

The seed supply of Tucson side-oats grama is limited, and, if high

er rates of germination and stand cfan be e,ttained with seed protectants 

it will render the available supply more effective. Side-oats grama is 

well adapted to the soil and climatic conditions in Oklahoma, and e,ny in

formation that will lead to improved stands will augment the present re-

vegetation u.ncl soil conBlervation programs. 

The primary objective of this experiment was to determine the ef.fects 

of rates and kinds oi' f'ungicides on the germination and ern.ergence of Tue-

son side-oats grama. 
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In his article published in 1948, Leukel(l5) reviewed the ei'fective

ness of all tho five chemicals which were used in thii,, investigation. Ile 

found Ceresa:n 11 to be equal to New Improved Ceresan in eff.,cti veness, but 

somewhat less vesicant and less toxic. Ara.san ts outstending feature is 

its beneficial ef'fect on emergence due to its action as a seed protecto.11.t. 

Teresan (formerly Thiosan} is a wettable form of Arasau. 

Spergon was first used with excellent results o.s a seed disinfectant 

for pea.8 and beuns.. It was later found to be effective for seeds of a. 

number of other crops(l4). According to Leukel(l4), Phygon may be usod 

both as a spra;-y- for foliage diseases and e.s an effective dust fungicide 

for seecls of' sugar beets, oorn, sorghtw1 and peanuts. Dow 9B is recom,"ll.end

ed by the :manufacturer f'or use on seed oi' corn, small grains, cotton, sug

ar beets, peranuts and vegetables(l5). 

Henry(9), working with fla_x at Edmonton nncl Castor, Alberta.., Ce.nada. 

in 1941, found that both Ceresan and Spergon ir.i.proved emergence signifi

cantly, with Ceresa.n being superior to Spergon. Though a greater per cent 

emergence resulted from seed treatment with Ceresa.n, he concluded that 

Spergon also had merit as a seed fungicide. 

In. a comparison of' certain mercurial and 110n-metallic rbsts used for 

corn seed treatment at ?.[adiso:n,. Wiscor1si~ in 1942, Hoppe(8) couch1ded that 

Spergon was conspicious in its iua.bili ty to inhihi t the r:rowth of Diplodia. 

zeae Lev. 

In a study of' several chemicals including Ceresan M and Spe:ri!o.n in 

North De.kota, Bretzel(l) :note<i that disinfectants conte.ininr, organic mer

cury incr0ased the percentage of emergence of plants from all grades of 

barley. The greatest percentage of increase occurred ,'lhen applied to the 

3 



seed vrith the lowest germinating ability. He found that in v.rheat the per

centage of emergence in soil was lower in all tests than the germination 

between blotters. Hard red spring wheat showed differences ranging from. 7 

to 14 per cent bet,veen blotter germination and emergence in the greenhouse 

soil. In flax there was a decrease of 18 per cent in emergence in the 

greenhouse when compared to germination on blotters. l"orsyth and Schuster 

( 5) applied Spergon to flax and wheat seed at 5 rs. tes ranging from 0.6 to 

3.6 ounces per bushel. Leaf abnorr~lities were increased in proportion to 

the amount of Spergon applied. Treated samples of hard red spring wheat 

planted in unsterilized soil in the greenhouse gave a mean emergence of 2.3 

per cent belovr the mean germination betui,een blotters. Treated amber durham 

samples gave an increase over blotter tests of 2.4 per cent(5). Similar 

findings were reported by Greaney and Wallace( 6}. 

Buchholz(2)t in South Dakota., included Spergon and Arasan at 3 ounces 

per bushel in a treatment of grain sorghum seed in trials designed to enable 

farmers to seed sorghums earlier in the spring and still get suitable stands. 

Treated seed resulted in higher /ields because the stands were better. 

Chemical seed treatment of Sudan grass resulted inran average increase 

of 12 per cent in stand{ll). Spergon and Semosan dusts produced the best 

results while Du Bay 1205 Ji'1'' and Yollovo cuprocide were slightly loss bene

ficial• Du Bay 1205 FF' (now Teresan) is a wettable form of Ju-ase.n. In one 

test~ an increase in stand of 24 per cent resulted when treated seed were 

usod. Tests conducted with Orchardgrass and Kentucky bluegrass show.ed 

no increase in stand when treated seeds were planted. 

Workers in Pennsylvania reported that more damping-off occurred in Su

dangrass as soil moisture was increased. However, seeds treated with fun

gicides vmre protected, evon in saturated soil(12). They used New Improved 



Ceresan, Semesa.n, Spergon, Arase,n and Yellow Cuprocide. All of the fungi

cides, with the exception of excessive amounts of New Improved Ceresan, 

were approximately equal in effectiveness for seed treatment of Sudangrass. 

Seed treatments trebled stands when seed was planted in infested soils .. 

In Washington in 1943, Fischer( 4) controlled head smut &nd stripe 

smut of Canada. wild-rye by using Hew Improved Ceresan and Arasa.n. Hew 

Improved Ceresan proved lethal to seeds t.nd seedlings in overdosages. 

Thiosan gave excellent smut control and increased the stands. It was not 

injurious to the seed when applied in large amounts. 

The number of seedlings emerging was significantly increased when Phy

gon and Ceresan M were used on purple straw wheat(l6). Seedox and Dow 9B 

decreased significantly the percentage of emergence in 1kla wheat. Miller 

also reported that non-mercuric organic compounds such as Phygon. Arasan, 

and Spergon are not recommended for treating seed of small grains. Their 

failure to control the seed-borne diseases of certain cereals consistently 

and satisfactorily has been amply demonstrated. He suggested that treat

ment oi' clean seed would sometimes pay because of its effective protection 

against soil-borne pathogens. 

In field and greenhouse tests with Spergon, New Improved Ceresan, and 

Arasan, Schuster(17) concluded that improved stands resulted from each of 

the seed treatments. Because of seed coat injury due to threshing., chemi

cal seed treatment resulted in much greater increases in stands ·with ma

chine- than vd th hand-threshed seed. 

Lefebvre a.nd Hollowell(l3) summarized the recent work done on seed 

treatment of forage crops. Seed treatments in numerous experiments con

ducted over the coun.try since 1936 have not always proved beneficial. 

i1fhen treated legume seed were planted on infested soil the stands were 
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improved over untreated seed by 8 to 145 per cent. The stands were re

duced slightly when seed were treated and planted in soil nearly free of 

the infesting i'ungus. The e;rea test increases in stands of Sudangrass were 

obtained from seed treated with Arasa.n, Semesan and Spergon. They also 

report that Ara.si:m, used in excess, is usually not injurious to seed, but 

that Jfow Improved Ceresan or Ceresan M compounds frequently reduce seed 

germination when used in amounts greater than those recommended by the 

manufacturer. 
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Seed treatment of Tucson side-oats gramu was stud.iGd at Stillv:n.1.ter, 

Oklahom:1 d,u-iug the winter ot 1950-51. In:vestiga tions were conducted 

both in the Ila:nglesdorf Gerrn.ina tor and in the greenhouse. The effects oi~ 

5 seed fungicides at 6 :rates of' treatment on germination c.:ud o:merge::ice 

were deterniued. The seed protectants vrnre: 

Cercsan ?:{ (Ethyl mercuric-toluene sulfauilide) 
Phygon (2, 3, diclor-1., 01-napl:;hoquinone) 
Sperg,on ( Tetra.chlors.-p-benzoquin.oue) 
Ara.sun (Tetraincthylthiuran disulfide) 
Dow 8B (Zinc-2, 4, l>-trichlorophenate) 

l?ifty grams ot' side-oats gramu seed were treated with each of' the a-

bove 5 chemicals at ra teG oi' O, 2, 4, H, 16 and 24 ounces per 100 pounds 

of' seed. All of the chemical vrouJ.d not adhere to the seed at the lG and 

24 oui:we treatments. In order to maintain 1.u:df'ormi ty of trea i;;,nent all of 

the 5 rates of chemicc.\l troatraent; were treated vr).l;h o:uo drop of water per 

gram of' seed. .. 

Gerrninc..tor 'l'ests 

Germination tests uere run using 100 seeds of ouch treatment at alter-

nato temperatures of 15°c at night a.nd 30°c during the day(l9). The seed 

i:rnre germinated on indented paper blotters 3 by 3 inches in size. The 

treatments ·vrnre random.ized in tho germina.tor o:u three trays and each treat-

ment was replicated 4 times. The trays were rotated daily and changed end 

for end vri th the top tray being moved to the bottm,1., middle trtiy to tho 

top. and bottom tray to the middle,. 

fuch replico. tion in tho gE.;rmina.tor ran for a period of' 8 days. :Normal 

seed.lings were coun.tE:id &nd removed from the blotters on alternate days be-

ghming with the fourth day. 0.(1 the eig;hth day all normal and abnonaS-1 

seedlings and visibl;y diseased seed vrnre renoved; the seed rem.aining -,rnre 
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considered soft seed. Data from the gcrminator vtere analyzed by analysis 

of varia:noe. 

Greenhouse Tests 

Em.err(mce t;e8ts were run using 100 seed of each treatment plantotl in 

f.'la.tP of unsterilized Yahola fine sandy loam soil. They were covered by 

sift;i.ng 1/16 inch of unsterilized soil o.rer them and addinr.:; an additional 

1/16 i.11ch of finely ground Yermiculite. ?he flats woro wato:r-e<l e.1"'ter seed

ing by placing theri in a vat of' '*'ter approximately 2 inches deep, allowing 

the .flats to absorb the water slowly from the botto:.n. 

The ratm:: of treatment for l chemical were randomized within a flat. 

The flats -.:-,ere randomized .in their r·Dspective locc.tions, u.1.,d '.>n al tercJ.ate 

days their positior~s were chv.uged. The tests were run at temperatures of 

20°c at night and 30°c during the day. lformal and diseased seedlings were 

counted and removed beginning the .f'ourth day and on alterne. te days there

after through the eighth day. O:n ·the f'our'i;ecnth day a final couo:t; was 

:made of all remaining irnedlings. Data resu.l ting from greenhouse tests 

were treated statistically by analysis of -varhmce. 
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RESULTS .AUD DISCUSSION 

Ceresa.n M. 

Treatment with Ceresan M sharply reduced the number of norTil!ll seed

lings in germinator tests when applied at 16 and 24-ounce rates. The num

ber of abnormal seedlings was greatly increased as compared to untreated 

seed. There appeared to be a correla. tion bet.veen the number of' sof't seed 

and the number of abnormal seedlings (Tables land 8). Treatment at 2, 4 

and 8 ouaces reduced the number of norrral seedlings slightly. The 16-ounce 

treatment reduced the number of normal seedlings about 42% and more than 

doubled the number of soft seed. 'frea.tment at 8, 16 and 24-ounce rates 

resulted in chemically damaged seedlings. Treatment at 24 ounces result

ed. in chemically damaged seedlings. 'freatment at 24 OlUlces resulted in a 

95% reduction in normal seedlings as compared to untreated seed. The 

chemically damaged seedlings were sr10rt and swollen and did not emerge 

from the sheath .. Ceresan Y1 controlled the seed-borne fungus at all rates 

of treatment., the chemical damage to the seed more than off'set its value 

as u fungicide for seed-borne diseases. 

Ceresan t.f proved highly significant in increasing the emergence of 

seedlings in greenhouse trials. Treatment at the 2-ouuce re. te resulted 

in over 100% averar,e increase in seedling emergence. The 4-ounce rate of 

treatment increased total emergence over untreated seed by 300%. The 8 

and 16-ounce rate resulted in procressively greater increases in emergence. 

The 24-ounce rate appeared to be excessive. 

Phygon 

Phygon proved highly significant in reducing the number of normal 

seedlings in germinator tests (Tables 2 and 9). At the same time, in

creases in the number of abnormal seedlings occurred as compared to 
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Table 1. 11.,\rerage effect of Caresar1 M nt 6 r-atos of' treut~\11011.t 011 tl1e ger
rdr,c.. tiGn nnd Eme:rgcncc <)f' lDO seed cif Tucson side-oats grarna. 

Rate 

oz/100 
lbs 

EorI11al 
Seed-
li:n.gs 

Gerrn.ine. tor 
Soi't Abnormal 
Seed Seed

linf;s 

Visibly 
Diseased 
Seed 

. ' . ' 

Groonhouso 
l:ori~T· Diseased 
Seod- Seed-
lings liilgS 

---·---------~-------- .. ---·----= -------.--
0 71.i) 14.;_i G.b ,~, 

;) "b o.o c) 

2 67.0 23.5 9.b 0 19.0 1 <c' .. <D 

4 69 .B 22.5 7.7 0 36.5 l r; .0 

G G'i'. b 24.'1 7.8 0 !51.8 o.o 
lG 4LO 30.8 28.2 0 50 .8 1.2 
24 3.8 4<:l.b 47.7 0 31.5 0.8 

p vc,lue 88.8** 

---------------------·- ----

Total -
Er,1er-
g;ence 

9.5 
20.3 
37.8 
bL8 
l:i2 .o 
32.3 
18.9** 

** Indicai.;os that the Ii' vHlue exceeds Uw yalue required for signifi
cance at the l;f level. 
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Tabte ~~~ ..J\.~vf?rage e;ftect o±~ I')hygon at G rtt-f::es of trfJf1-f...;;1.er1t 011 the cerr·Jino
tiun nnd erierr;m1co of lJO seed of Tucson nide-cxd:s f;:rHma. 

R_a. to 

oz/1:JO 
lbs 

0 
2 
4 
8 

16 
24 

F value 

Trormal 
Seed-· 
lirl{::;s 

71.0 
64.7 
61.3 
33.3 
1() .:) 

4.7 
198.1** 

Soft 
Seed 

1·1.5 
2G.,O 
24.'7 
2 .) "' u. ,J 

44.5 
43.3 

Abn:>rxaal 
Seed
lingc 

6.5 
8.D 

14.0 
;'.>8.4 
48.0 
52.0 

Visibly 
Diseased 
lJeed 

J .() 
0.5 
;J .o 
0 .(j 
o.o 
o.o 

G·reord1ouse 
·-;-:~u-,1-~1-:1_a_l_ Dlscasea·"'", --"'==.:.-c:-t-a""l-

Seed- So,~<l·· Emer-

U.5 
iLG 

ll)"CJ 
21.5 

5.8 
5 .13 

U.8 
0.2 
l.tl 
(). ;3 
'J .u 
0 .C) 

gcnce 

10 .;s 
~:i .o 

lG.8 
21.8 

5.8 
5.8 

11.6** 

** Indicates that; the F' vahie ex.ceeds 01w value required for signifi
cance at the 1;; level. 
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untreated seed. l.ono oi.' tho treatment rfitcs produced increases in. the 

number of normal seedlings, al thou~~h seed-borne fUtl[!,US was eliminated b;i 

all but the 2-ounco rate oi' treatment. }he 2 and ,J:-ou.nce rates reduced 

the num:Jer of 110rmul seedlings by approxima toly 117~. 'fho 8-ounce rEL te of 

trea tmcnt reduced tae number of normal ,wedli:a-t:;s b4% as com.pa.rod to un-

treated seed., Tho ,;ipplici..d.:;Lm o:f this seed protectant at the 16-ounce 

rate resulted i::1 over 85% reduction in the number of seed e,crminating as 

compared to untreated seod. The number of rwrm&l seodlinc;s was reducGd 

approximately 93'.!'; by tho 24-ounce r&te of treatment. The ch0micully 

danJl:lgcd seedlings wore contorted and the shoots were split verticul1y. 

Total emergence of' seedlings -was increased somewhat by 4 and 8-ounce 

r:J.tes of seed trea tmont i.2 grs:wr:1house trials. The 16 ~:-nd 2LJ:-ounce ra tee 

of trcat::ncnt reduced the emcrg;snco of :rncdlings about 50~{. Plants ·which 

w0re contorted &i.; emergence were not counted unless they later grew up-

riu;ht and appeared non::.al. 

In the germinator the number of normal seedlings was significantly 

decre6,sed by nost ru tes of treatment with Spergon ( Tables 3 and 10). 

Treatment at 2 ounces resulted in a decrease of less th);;tn 1~;. The mmber 

of nor:m.1:il seedlings was cons is ten tly decreased vd th increased rR tes of 

treatnent. The 24-ounce rate of treatment clecreased the number of normal 

seedlings a bout 10;:; as comp&tred to untreated seed$ 'fhe visibly clisoased 

sced were progressively reduced b;y the 2~ 4 and 8-ounce rates of treat

ment .. There was rio visibly diseased seed at the two higher rates of 

trea t:m.ent. 

Highly significant differences occurred in norme,l seedlings in the 

c;reenhouse when seed was treated vrith Spergon. The 4-ounce rate of 



Table 3. 1\.verage offect of Spergon at 6 ra.tos of treatment on the 1;er
mination und emergence of 100 seed of ~tucson tdde-oats grnma. 

Germinator : Greenhouse -:Jann.al Soft Abnorms.l Visibly Normf!.l Diseased Total 
oz/100 Seed- Seed Seed- Diseased . Seed- Seed- Emer-. 

lbs 1 ings lings Seed lir1gs lings gence . . . ' ,__ -=--=>-=·•==...-.=-=•~-,..~---on,-~,._-=,• ~ . .,._...,_,__c-,,,4" __ ,,.,,, <-,-- --- .,.~,-c..,,._~...,_..-..,,c ,,-.,,c~-_s,...-,,..._.._~.,.-._--'=-~----=-. . .,,.,-,;,,e---

0 71.0 14.5 6.5 8.0 12.5 o.3 12.8 
2 r/0~8 20.5 'l .o 1.7 14 .. 5 1.0 15.b 
4 o8.5 20.8 'J. 7 1.0 9.8 0.5 10.3 
8 65.5 22.2 11.5 0 .. 13 18.5 1.5 20.0 

16 65.2 24.3 10.5 o.o 17.2 1.3 18.5 
24 63.8 23.2 13.0 o.o 22.5 2.8 25.3 

F value 4.2 * 15.6** 

* Indicates that the F value exceeds the volue required 1~or signifi
cbl.nce at the 5% level. 

'~* Imlicates thc.t the F value exceeds the V'c:o,.lue required for signif
icance at the 1~ level. 
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trcatme!'.1t resulted in fevrer norrc!':1.l seedlings than untroutod seed, while 

more n.or::rro,l seedlings occurred £,t 2.11 other rates of treatment. Sporgon 

delascd emorgeice in the p~eonlnuse. Results from the first replication 

(Tnble leJ) indicated th3.t Spergon nould prove hii:;hly effective :1.s a seed 

prot,'.Jctnnt, but variati:)n between roplici:.ctious 1.1&.s hit;hly sie;nificf:nt and 

tho fourth re::_:ilica tion, plo.nted only 3 weeks after tho first, resul tod in 

an r~,verr0,;;e gerF1inatim1 for all treatments of 66% less than that for un

treated seed. 'I'he seed ·N&.s trea tod Js.nuo.ry 17,, hnd the toxic affect be-

came 1).oticea.ble :for the first time in planting;s 1-::rJ.de in the greenhouse 

li'obruary 17. Sperr;•::m apparentl;y· is toxic to ueed of Tucson side-·oa-i:;s 

grama at all ratef;, but the to:xici ty does not beco:ac noticeable until ap-

proximately 4 weeks after treatment. 

Arfasan 

Ho sig;nificaut di.fferences occurred in norr[llll seedlings when Arasan 

whs used as a seed treatment in gerrninator tests. However, all rates ex-

cept that of 4 ounces slightly reduced tho number of normal seedlings. The 

nUtiber of soft seed was increased an average of 66Jt by seed treatment; 

hov:ever ~ the number of soft seed could not be correlated with rate of 

treatment (Tables 4 and 11). The visibly diseased seed v,rere reduced from 

an avcra.i:;e of 35:; in the untreated seed to .037/: i'or treated seed. 

Increases in total emergence in the greenhouse was highly significant 

at the 4,, 8, 16 and 24-ounce treu:l;ments. '£he number of seedlings was ap

parently correlated with the rate of treatment through the 16,..ounce rate. 

The 16-ounce rs.te resulted in the highest tot8.l germination with the 

24-ounce rate proving to be almost as effective. These two rates of 

treatment resulted in an average increase of 400~,; in germination oyer 

untreated seedQ 11..rasan proved highly effective as a seed protecta.nt in 
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Table 4. Average effect of Arasan at 6 rates of treatment on the ger
mination and emergence of 100 seed of Tucson side-oats grama. 

Rate 
Germinator Greenhouse 

Nor:n!ll Soft Abnor~ l Visibly Normal Diseased Total 
oz/100 Seed- Seed Seed- Diseased : Seed- Seed- Emer-

lbs lings lings Seed lings lings gence 

0 71.0 14.5 6.5 8.0 11.3 0 . 5 11.8 
2 66.0 24.3 9 .0 0.1 10.5 0.8 11 .. 3 
4 73.5 20.5 5.5 0.5 15.8 4 . 2 20.0 
8 68.7 23.0 8.3 o.o 30 .7 3.8 34.5 

16 63 . 2 25.0 11.8 o.o 60 . 0 2 . 5 62 . 5 
24 66.0 25 . 2 8 . 5 0 .3 54.8 1.0 55. 8 

F value 2 . 3 38 . 9** 

** Indicates that the F value exceeds the value required for signif-
icance at the 1% level . 
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7e.ble 5. L.von~ge effect of Dow 9B t t 6 rates of trea tr;ient on the ger
m.im,, tion and em.ere;ince of 1sJO seed of' Tucson side-oats gram.a. 

Rate 

oz/100 
lbs 

Ger;,1:l.nator : Greenhouse 
~ion:1al . ~;oft . tbrCor!nr:.ll . Visibly : r.)D:r·:ti.a.1 - Disee.sed J.'o·i:;al 
Seed- Sood Seed- l:iseased Seed- Seed- Emer-
lines lings Seed : line;s lings gonce 

: : 
--- ~-~=---.~·.=--,-~ =~,,,,.,_,,,,,_ ___ . ___ .,...,_...,-:,;.~--- --c:•=.:..,~ ....,,,......_y- =~a-;,s.._.........,,,... ... ,,. .. ·,~···""""''"°' ,...,.,..,.=.-.,·.a,ce-•:- . .,...-.-.~>"'-- ---.---.-<......., .. ...,.."-"'·""""'· ~---

0 71.0 ).IJ. • 5 6.5 e.o 8.5 0.5 9.0 
2 70.5 17 .o 5.2 L3 5.0 o.o 5. 0 
4 67.0 21.5 ?.3 4.2 3.5 0 .o 3.5 
g CJ.7 20.0 [:J .o 3.3 G.b o.o 6 i-.u 

16 6() •. J 30.8 8.7 o.5 4:..7 o.3 5.0 
24 6L8 30.0 8.0 0.2 7.7 0.3 s.o 

F value 3.9* 2.1 __ ..... -~--~-·---· --------~---
* Indi.cates that the fi' value exceeds the Vf:'llue required for signifi

cance a. t the 5% level. 
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Dovr 9l3 

Signi:Cicunt differences in the nt1m.ber of normal seedlings occurred 

in s1:-<,!1ples troated vrith Dow 8B in the gerrninutor ('fables 5 and 12),. 1:.11 

rates of tree,tment resulted in fewer normo.l seedlings. Dow 9B conspicu-

ously fail'ed to completely control the growth of rn.old at rates as high as 

24 ounces per hundred pounds of seed. All r2ctes of treatment; re.sul ted i:u 

n r;re1c1ter m.iHbe:r of soft; seed and all rates of treatment above the 2-ounce 

rute resulted in un increo.se in abnorr::ial seedlin[;s. 

Treatment with Dovt 9 FJ at all rates resulted in reduced total emer-

gence in the greenhouse. This is tho only chemictcl used in the seed treat-

ment that did :aot have some rate of treatment which proved superior to the 

check in greenhouse trials. l'he 24-ounce ratG of trei:.1tment approuched the 

percentage of emergence for seed not treated., 

Eesults of seed treatment experiments in the Na.nglesdorf germinator 

:revealed several phenomena. :ti th the exception of the 4-ounce rate of 

trea. trnent v1i th Arasan, the number of normal seedlings wu.s decreased by 

all chemicals at all rates of application as comp&red with untreated seed 

(Table 6). Ceresan lil and Phygon _f)rotiuced a chari.:..cteristic type of d;,mage 

to the seedlings at 3, lo and 24-oimce r&l;es. In every instance the num-

ber of soft seed v1as greater in troe.ted than in untreated seed. The in-

crease in number of soft seed was souewhat proportional to the rate of 

treatment. The greatest number of soft seed was found in the 24-ounce 

rate of treatment with Ceresan Mand Phygon. 

Untreated seed in the germinator resulted in r.iore visible disease 

than any rate or type of seed tre1:itn1ent; however, more normal seedlings 

resulted when uo chemical was a.ppliedo The results indicate that the 



Table 6. l\.verage effect of G rates of a pp.Li ca tiun uf b fungicides un 
total gcr,Ithill tion in the t~err'.lLmtor. 

Rate 
oz/100 Ceresan i_1j Phygon Sper ,,·on . s Arasan Dovl ;:3)3 

lbs 

0 '!l. 71.U 71.0 '71.J 71.0 
2 67.0 64.8 70. 8 66.0 70.5 
4 G\:J. 8 Gl.0 GB.b 73.5 G7 .0 
8 G'f.5 ~}3 .. 3 65.b 68.5 68.8 

16 '±1. (J 10.d 65.3 63.3 60.0 
24 ~.8 t.J:.8 6J.8 66.J 61.8 
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Table 7. Average eff'ect of' 6 rates of application of 5 f'unr;icides on 
total enercence in Lhe 0;reenh,mse. 

Rate 
oz/100 Ccresan i1i Phygon Spergon Arasau Dow 

lbs 

0 9.5 10 .3 13.3 11.8 9.0 
2 20.3 9.u 15.5 11.8 5.0 
4 :57.8 16.8 10 .3 20.0 3.5 
8 51.8 21.8 20.0 34.5 6 ,-. :) 

16 52.0 b.b 18.5 62.b b.U 
24 32.3 5.8 25.3 55.8 8.0 

19 
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control of seed-borne fungus contributes nothing toward increasing the 

number of' normal seedlings in germinator tests. Chemical dame.go was evi

denced by soft seed .. There are apparently no hard seed in Tucson side-

oats gra:ml:l.. 

V'Jith the exception of Spergon,, all chemicals gave similar results be ... 

tween replications in greenhouse trialso The average total emergence for 

all rates of treatment with Spergou was reduced by 877; from the first rep

lication to the fourth replication in the greenhouse., l:fo correlation vro.s 

apparent bei..,rweu the amount of post-emergence 11 damping off" and the kind 

or rate of seed treatment. 

Results with Ceresan M e.nd Arasan in the greenhouse indicate that 

grce.t increases in emergence of seedlings from seed treated with either 

chemical can be expected. •rotal emeq,;ence was increased by Phygon and 

Sperg;on* Dow 913 reduced total emergence at all rates of treatment. 

Results of' seed treatment in r;reenhouse trials were quite different 

f'rom those obtained in the germinator. '.i.'his may be due to such factors as 

the dilution effect of the soil on the concentration of chemical adhering 

to the seed coat~ increases in soil diseases, and the variations iu temp

erature and soil moisture. The dilution effect in the soil may ma.ke it 

practic0l to use higher rates of' application £'or f'ield planting than are 

indicated D,s optimum in the germinator tests. 

20 



SU8ILiliLRY AtJD CONGLUSIOIJS 

Investigu.tions were con<luctod to determine the effects of' different 

chemicals and r£ttes of' application on the germination and emergeEce of 

side-oats gra:nJt;i, Boutcloua ~urt_ipendule. (L1ichx .• ) Torr.. 'l'he seed pro

tectants used were Ceresan M, Phygon, Spergon, l.rasan and Dow 9B at rates 

of 2, 4, 8, 16 a:nd 24 ou.'lces per lOD pounds of seed. The iuvesti3;&. tions 

were conducted in a l.Tanglesdorf r;erminator and in the greenhouse at Still

we. ter, Oklahoma, in 19 50-51. 

Ceresc-;.u LI treatment resulted in reduced ge:rmina tion at all rates. 

The 16 tmd 24-ounce rates in the germiua tor rendered practicP.lly all seed 

inviable. All rates of treatment increased. the total emergence in the 

greenhouse. Treatment at rates of 8 and 16 ounces increased emergence an 

averc.ge of 4001s. 

Phygon delayed and decreased germination in the germinator. The 24-

ounce rate, like Ceresan LI, rendered practically all seed in-viableo 

'fotal emergence of' seedlings was increased somewhat by 4 and 8-ounce rates 

of seed treatment ii:1 greenhouse trials,. All other rates of tre.'.'.J,tment re

duced total emergence. 

Spere;on decreased p;ermination at all rates in the germiuator. Trer1t

mc:mt w-ith this seed protecte.nt resulted i:n incree.sed emergence in the 

greenhouse at rates other than 4 ounces. These incree,ses T1ere i.lei ther 

large nor eonsistant. 

Aro.san slightly decreased the number of normal seedlings in the germi

nator at rates other than 4 ounces per 100 pounds of seed treated"' but in

creased total emergence approximately 400% above untreated seed ,-rhen ap

plied at 16 and 24 ounces in the greenhouse. All rates of' treatment 

21 



resulted in increased emergence in the greenhouse. 

Dow 9B decreEised germination in the germinator antl total emergence 

in the greenhouse. Dow 9B co.t1spicuously failed to inhibit the growth of 

seed mold.. 

All chemicals increased t.he number oi' soft, non-viable seed ut all 

rates of treatment. There was apparently no lw.rd seed in Tucson side

oats grama. 

Rates of' seed tre&tme:o.t mf.J.Y be profitaoly increased in field seed

ings over those r;;;. tes i11dica ted as optimum by funglesdorf germina tor 

tests. 

Results of this investigation iadicate that Ceresan 2,T and Arasa:n. 

are highl;j.' effective in increasing total emergence of 'l'ucson side-oats 

grama in unsterilized soil. Spergon and Phygon may be effective in in

creasing stands. Seed treated with 8pergon should be planted i:rmnediately 

or in no case later than 4 weeks after treating. 
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APPENDIX 



Table 8.. Ei'fcct of Ceresi,m ,:1 at 6 ri.,.tes of' treat1uent on the germination 
and emergence oi' 100 seod of Tucson sido-oats p;ru:rm:t. 

Rate Repli-: Gcrmiua tor Greenhuuse . cation :1.forrnai Soi't AGilOl'."Ill'll Visibly lfor.mal Diseasotl Total . 
oz/100: ,. ' neod Seed- Dii;easod: Seed- Seod- Emer-:.:ieea-

lbs: :lin.gs lings Seed lings lings gence 
! 

0 l 70 13 6 11 15 0 15 
2 67 17 5 ll ~ 0 9 
3 73 13 8 6 ::i 0 9 
4 74 15 7 4 

,. 
0 0 5 

2 1 75 14 11 0 30 0 30 
2 uB 32 10 0 24 2 26 
3 63 26 11 0 11 0 11 
4 72 22 6 0 11 3 14 

4 1 'l~ L?i D 0 G8 3 32 
2 62 32 G 

,, 
\I 49 C,l 4(' ~, 

;-s 70 20 10 r·, ,; 29 2 01 
4 75 lf;i 6 ,\ 38 i) 39 " 

a l 71 18 11 0 ~w J t,.,-1 
.... ~.J 

•":t (f.l 27 ,1 0 5:.J 0 
,-,.-., 

.:, ~· 0'.J 

3 63 20 3 0 tlS) 0 49 
~ 67 25 8 \) 51 0 51 

lo l ;5.) 36 34 () 45 J 45 
2 47 27 2G i.) b6 l b7 
~ 113 2'1 30 u bl 4 55 
4 44 33 23 0 bl 0 bl 

ti± 1 1 b'; {J 47 0 t\9 0 39 
2 b LJ:5 t>O 0 35 2 37 
3 2 50 48 0 41 1 42 
4 "{ •.l:'l 46 t-·1 11 () 11 ,~ 
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'l'able 9~ Effect of Phygon at 6 rates of treatment on the germination 
and emergence of 100 seed of Tucson side-oats grama. 

H.nte Repli-: Germiua tor Greenhouse -. cation: Normal f:,oi't Abnormal Visibly Normal Diseased Total 
oz/WO: Sood- Seed Seed- Diseased: Seed- Seed- Bmer-

lbs: lings Seed lings lings gence 

0 l 70 13 6 11 11 3 14 
.-, 
(, 67 17 5 11 8 0 8 
~) 7 3 13 8 6 (' ;; 0 9 
4 74 15 7 4 10 0 w 

C) l 64 28 6 l 17 1 18 c., 

2 56 34 10 0 8 0 8 
3 68 21 10 l 3 0 3 
4 71 20 9 0 7 0 7 

4 l 65 rn 17 0 15 7 22 
2 57 29 14 0 18 CJ 18 
3 b8 25 17 0 11 0 11 
4 65 27 8 0 Hi 0 16 

8 1 27 22 50 l 17 1 18 
2 38 35 27 J 24 0 24 
3 27 2r V 48 0 24 0 24 
4 41 31 28 0 21 0 21 

16 l lJ 4'i L ,rn 0 7 0 7 
2 ;,s 4•· ,) 52 0 2 0 2 
~) 10 40 bO 0 r/ 0 7 ' 
4 17 41 42 0 7 0 7 

2LJ, l 2 39 59 
,, 
\J 3 0 3 

2 5 48 47 0 7 0 7 
'2' 3 38 59 () 6 0 G Ll 

4 9 48 43 0 7 0 '7 

--·-·-
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Table lJ. Ei'f'cct of gper.;::;on at G ri-cl:;us oi' treatmorrt; on i...h.e &;erminatio:n 
and ein€·rgonoEJ oi' 100 seoci. ,,!.' 'I'ucson side-oats gr4,cna. 

Rate RepJ.i-: 
: cation: }!ormal 

Gern1iut1. tof. : Grewnhnuse 
Soft A.b1101-=m;/i";i,...\, _V_i_&_' i-1 .... :,l,_:;-,· : :iornai JJiseasod.--T-o_t_a_l 

oz/uo: r1eed- Seed Uoed- 1 )ii~eD. sed: ~;cod- Seed- l!ino:r-
lbs: lings lings . lings lings . . . . . ---------------------,------
0 l 'ID Ui 6 ;l 13 2 ·; F, .,_,., 

') 67 l '7 5 ,_ l 12 0 12 ,., 
3 1:; 13 8 (3 10 0 10 
4 74 15 7 4 15 .. 

.J.. 16 

2 l 68 24 4 4 S7 4 41 
2 69 20 1() 1 7 0 7 
... l 72 19 9 iJ 10 0 10 V 

4 74 19 5 2 4 0 4 

4 l 68 19 12 1 f'}"'I 

i,.J.. 2 23 
2 G5 26 7 2 '1 0 7 
3 71 lG 13 0 g 0 8 
4 70 22 7 1 3 0 3 

8 L 
ar, () 18 12 2 tj,iJ 4 52 

') 67 24 9 ;;) 10 ;) 10 ,:, 

3 ·62 25 12 R 13 0 13 
4 65 22 us (1 3 2 5 

' 05 26 8 lo 4U ·~ 43 l. .., 
2 64 01'"" '1.;•cJ 16 J.(} 12 2 14 
3 6::S 2~ 8 \· \.) 1l 0 11 
L.1: 60 22 9 Q 6 0 6 

24 1 65 23 12 o':. i:\4 11 45 
2 56 31 l" .;.) u 22 0 22 
3 69 17 14 0 26 () 26 
4 65 22 13 0 8 0 8 
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Table 11. Effect of Arasan at 6 rates of treatI'Ient on the germination 
and e!TJ.er1;ence of' lOU seed of Tucson side-oats grama. 

-·--··------··-
Rate R.epli-: Germinator Greenhouse 

: cation: Normal Soft Abnormal Visibly J'Jormal Diseased 'fotal 
oz/1:~\): Seed- Seed Seed- Diseased: Seed- Se0d- R11er-

lbs: line;s lings Seed linp;s lings gence 

0 1 70 13 6 11. 13 ') ..., 15 
2 6'7 17 r-

.) 11 6 0 6 
3 73 l" {) 8 6 10 0 10 
4 74 lb 7 4 16 0 16 

2 1 67 19 13 l 14 2 16 
2 61 29 9 1 11 l 12 
3 73 19 7 1 11 0 11 
4 63 30 7 0 6 0 6 

4 l 74 21 4 1 19 10 29 
2 68 21 10 1 10 4 14 
•z v 70 23 7 0 19 0 19 
4 82 17 l 0 15 3 18 

8 l 70 24 6 0 23 6 29 
2 66 25 9 0 44 '1 51 
3 71 18 11 0 24 0 24 
4 68 25 7 0 32 2 34 

16 l 70 23 7 0 65 4 69 
2 53 37 10 0 69 0 69 
3 58 23 19 0 51 2 53 
4 72 17 ll 0 55 4 59 

24 1 64 29 7 0 54 l 55 
2 66 23 10 1 48 3 51 
3 71 23 6 0 53 0 53 
4 63 26 11 0 64 0 64 



Table 12. Effect of Dow 9B at 6 rates of treatment on the germination 
and emergence of 100 seed of Tucson side-oats grama. 

Rate ·Repli-: Germinator Greenhouse 
cation: Normal Soft Abnormal Visibly Normal Diseased Total 

oz/100: Seed- Seed Seed- Diseased: Seed- Seed- Em.er-
lbs: lings lings Seed lings lings gence 

: ---
0 1 70 13 6 11 11 l 12 

2 67 17 5 11 5 0 5 
3 73 13 8 6 10 0 10 
4 74 15 7 4 8 1 9 

2 1 78 11 2 8 6 0 6 
2 69 17 6 8 <) 0 2 .., 
3 65 23 5 7 7 0 7 
4 70 17 8 5 5 0 5 

4 1 67 21 6 6 2 () 2 
2 68 16 10 6 2 0 2 
3 71 22 7 0 7 0 7 
4 62 27 6 5 3 0 3 

8 1 75 15 7 3 4 0 4 
2 61 24 7 8 12 0 12 
3 65 20 13 2 8 0 8 
4 74 21 5 0 2 0 2 

16 1 65 24 10 l 4 0 4 
2 61 30 9 0 3 0 3 
3 53 41 6 0 5 0 5 
4 61 28 10 1 7 1 8 

24 l 66 26 8 0 9 0 9 
2 56 36 8 0 5 0 5 
3 67 26 7 0 9 0 9 
4 58 32. 9 l 8 l 9 
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