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Effects of Sonle 
. L." ,., 

CULTURAL PRACTICES ON 

GRASS PRODUCTION at 


<Mandan, North Dakot,1.t 
By .TESSE L. MC'VILLIA~(S,' plant ma,terials technicictn, 80il OOl/serr:cttion 8ervice 

SUM~L\,RY 

The use of grass, both ill soil conservation lUld general agricultural 
operations, has increased considerably during the last two decades. 
rI'o determine cultural practices needed to insure the most rapid and 
consistent establishment of grasses under Northern Great P1ams con­
ditions, the Soil Conservation Service Nursery set up in 1942 a series 
of studies at Mandan, N. Dak. The practices studie(l wel'e widths of 
row spacings for the production of grass seed; dates, depths and rates 
of seeding, and seedil1gs of grass and grass-legume mixtures. 

This project was carried 011 in cooperation with the Bureau of Plant 
IndustIJ', Soils, and Agricultural Engineerinp- and the North Dakota 
Agricultural Experinlent Station. ' 

Results of tests with different row spaeings indicate that, in general, 
30-inch rows are the best for grass-seed production. Russian wildrye 
is an exception, for it requires row spacings of 36 inches or more for 
satisfactory seed yields. 1Vhile the grass stands are from 1 to 3 years 
old, however, satisfactory yields are obtained fl'om IS-inch rows. 
Over that age, the IS-inch rows produce poorly ",11i1e the 30- and 42­
inch rows continue to produce satisfactorily. 

Both the depth and date of seeding have mal'ke(l effects on the 
establishment of stands of grasses. Cool-season grasses produce satis­
factory stands from seeding depths of II:! to 1 inch, uut generally they, 
produce. better stands from seedings at a depth of % inch. So~?) 
species, however, produce better stands from l-inch-deep seedings" 
when they are seeded in the spring. Poor stands reslllt from all seeo.­
iugs at depths greater than 1 inch. 1Yarm-season grusses produce 
satisfactory stands il'om seeclings at depths of 14 to % inc11, but seed­
ing depths greater than % inch generally re,mlted in poorer stands. 

With the exception of western wheatgl'llss, cool-season grasses pro­
duce better stands from early faJl seedings (September 5 to September 
20) than from late fall or spring ~eedings. The best stands of western 

'The author gratefully lIcknowl('dges the coope.·ation lind aSf'lstance of G. A. 
Rogier, research agronomist, Field Crops Rel'earch Bmnch. ani! R. W. Ca:pi!nter, 
forqlerly research agronomist. Soil and '''liter COllsen'atlon ltesearch Branch, 
Agricultural Research Sen'i(,f1, XOl:thpI'Il Grellt Pillins Field ~tation, ~Inll(lan, 
N.. Dak. 
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wheatgrass are obtained from midfall seedings (October 10). Late 
spring seedings generally result in poor stands of all cool-season 
grassp.s, but satisfactory stanc1s can usually be obtained from seeclings • 
between April 5 ancl20. The best stands of warm-season grasses are . 
obtained from ::;eedings between .\pril 20 and )Iay 10. Results front 

.later seedings generally are POOl'. 
Seeding l'ntes affeet both the stand estnblishm('nt :lI1d fOl'age yields 

of grasses, although SOI1l(' speei!:,f) produce satisfaetol'Y stands and 
yields from l(mer se('ding rates than do others. A seed ing rate of 4 
pounds pel' acl'P pl'odlH'('(l sati~,fadol'Y' stand::; of switehgrafis and sicle­
oats gnu II ll. This ra te, hO'Yl'yel'. ,ms not sulfieient to produce sat is­
faetory st:uHls of (TPst('d wl\l'ntgrllss. Russian \vildryp, OJ.' gl'PPll IIt'Pllle­
gl'afls. TlIp st'and of \yP::;tPl'll wll{'ajgl'ass produc('(] by ,l :3-pollllcl-pel'­
ael'(, s(,pding was lIot ::;atisflleto!'y until it "'as ;3 YP:lI'::; old. SepcliJlg 
rates of i) pOllnrls pt'L' :I.{T(' prrJdll('C'd sntisfnetol'Y stiuHls of Caliada 
",i1(1I'\'('. smooth bl'olll('gra::;s. hllH.' l!l':llIlH. alHl hi!!' blul'si'em. Ei!!ht 
pOU\l(ls of seC'dlll'l' a{'I'~' \\'l'I'(' IIpp{l~;d h) pl'odw'C' 's:lJisfactOl'Y stailds 
of l'l'Pstl'd \\'11(':1 t'l!I't\SS. Hnssiall wi Idl'YP. a lid !!I'('~'II ])C'ed Ip!!I'Hss. In 
mosl' ('as('s, fOl'agl' yil'lds fl'Olll I'll{' ligh't sP('dilli l'all'F ,,1'(' lo\~'pl' in 1I(,W 

stands but. they i l\{'l'l'aSp n lid bp('oll1P (,(pili I to 01' p:I'patpr thltll yi(,1(!:; 
fl'ol11 t"he h(':n-il'l' sl'l'dill!!' ratp::; ",lIPIl tll{' stallds l.ll'l'onw oldC'l'. In 110 

ease in tltt' tt'sts, witll tIll> possiblp l'xepptioll of gr(,PIl IH'C'dlpgrass, did 
sepcli Ilg l':it{'S gl'Pl\ tpl' nIH 11 10 POlIlHls IWI' :1<'1'(' I'P::;ltlt in b('ttel' stands 
01' in('l'C'asNl yields. .' 

Yil'lds of grass mixtul'l's an' dpjil'l)(I.('nt 011 tllP sIW{'iC's (,Olllposirioll 
of thl' mixtul'C'. 'I'll(' ill(liyidllal ::;p('{'it's in tlH'sC' I'psts yieldl'd tIll' same 
\\·!ten gl'own iJl a grass Illixtlln' as \\'1)('11 !!I'O"'ll alolle. L('gllmes in 
grnss III ixtures hn.n,' a twofold l'fl'pd on nlC forage yield. First, tlle 
pl'oduetioll by the legume itfiC']f ill('I'C'(ls('S the forage yield. Secondly, 
tlwre is all illl'I'(':tSC' ill tIll' yiC'lds of thp grassl's as a l'C'slIlt of the lep:tlllle 
bl'ing in('ludedill the mixtlll'('. TIl(' addit'ion of bienllial sweetelovel' 
to a mixttll'l~ of ('ool-sP1lson grassl's in('I'l'HsP(l tll{' yil'ld of tlw grasses up 
to 2 years ant'r the elon'r had di~appl'nl'l'd i'1'01ll tll(' mi:xJlIl'e. 

A:;rgtl'ssin' sod-forming I!rasse~, sueh asintC'nnNliate wheatgrass 
allll smooth bl'olllC'grasfl, tl'\1(l to erowd om OUlPl' sI.)(>eiC's .in mixtures. 
?\(ixtul'es maintain tl\C'ir original cOl1lposition better ",ltC'n e:tell speeies 
is seeded sC'paraiely in :tltl'1'I1nJe ro'Ys than ",1IC'1I nwy are mixed in tIll' 
r:ows, bllt, fitp yields :II'C' ('ol11pnrahlC' \\·hen !'Ill' composition is the same. 

SOILS A~D TOPOGH.APllY 

The t:rad of land ",h('l'C' tlll'se studiC's w('rC' (':uTied Ollt is loC'ated 
on the IWIl('it abo\'e the ,Missollri Hi\'l'l' ahollt 2 miles Jlortheast of ~fan­
(lan, N. Dn.k. (fig. 1).2 Us C'1('\'atioll is 1,'toO feet abon? mean sea 
level. TIll' 1}I'pdolllinant: soil type is.\Iol'toll silt: loam, whieh is a deep, 
mediuIH-tl'xtu 1'('(1, pel'nw:lbh" II plaJld soil. Topogr:l phy of the area 
is DC'arl.\' 1C'\'('1, with an o\'erall slope to tIl(' east nnclnol'th of about .' 
2 pel'(~l'I1t. This is CIafl" II land IInder the land-c,lpability classifiea- . 
tion. ]>l'.iol" to the first gr:tss plantings in 10+2, it ]md been under 
continuous (·ultiyntion for:;o yenl'S ()l' 1I10l'C'. 

'w. \\'. AW;Un and R. 'Y. ('m'lh'nlt'r pl:lllllPtl :Lnll illitifltl'(\ t'lll' :;;tlltlies ill 11)42, 
C. TJ. Hears took O\'(~r tIH' work in If.H:{, I1IHI L. G. \\'olf(' ill l!J-IO. The projl!et 

was assigned to tile fluthor in ]1)~7. 




EFFECTS OF Cl-LTTIUL PRACTICES (l); WUSS PIWOlTTIOX i) 

• 

..~ -- -<..>;, •• ~,,;;I' W H ,",_ "r.. .. "'..'~ .. . - - ". . 

• Fwn:~: I. (;PIll'I'nl \"i,,\\ "I :l1.'!';[ w'n,' :\lnll<l'III. :\. link .. 1111 "'hi,,11 Ih(' 1I111'~(,I'.\, 
\I'i:lI" """" '·lIlIdl"·II'11. :\li'-""lIl'i /th'''I' 1111111'" ill tlu' di;;I:!I1"!', III tllp 1'01'!'­
!!1·1I1111c1. 1·1·.... 'l'd wll,'ni'!t·a'" 'tl III,' 11'1'1. :I lid ill'lIilIl''!I':I''", 1111 lit" I'i!!111 lIad 11\'1'11 
ddllt'd ill I\-It!',,, "lllll"J(' ill II,,> 1':l1J "I' I!J-I:l :llIti plilltll!!I':lJJ/,,'" :! ~l'nl''' Inll'l', 

eLi \IAT/(: 1\ I;olnl ATI 0\ 

Th!' ('Iillt<lll' of' i1ti,.. HI'l';L i,.. 1·ln""pt! a" ::-'Pllli;ll'it!, l'I'P('ipitnlioll i" 
nll'iaillp 1'1'0111 \'I'HI'lo n';lI' ill hoth ;1111011111 ;I lid disll'ihillioll. ,\\'PI'H!!t' 
HlIllll1t1l)1'P('ipi'lnlioll i's I'-I,:'!) illt'itP"', IJlIt pn'('ipilalioll ran!!"p(l dlll·ill.!! 
llIp ('Olll'"P of Ilrt"(' ,.llldll'" fl'Oll1 :!J.I:. illl'llP'- ill l!I-j:\ to I:l.~l illl'lu'''; 
ill UJ~", TIH' pl'p('illilalioll I,. "It<ll':ldl'l'izl'd Ily IH·H\-.\ I':lill" ill latl' 
"Pl'ill!.!' alld (':ll'ly "IIJlllt!!'I' nllt! li!.!'lll I'nillf,,11 Hild "Itrlll ill f·dl ;l11t1 
\\'i lit ('I', :\ol'lllnlly. allll'H :.111'1'1'('1'11101' 111(' <I II 11 lI,tI jll'I'I'ipilntioll fall" 
ill tlIp:~ IIIOllllt" or .\IlIY, ,/11111', Hild ,/lIly, alld ahout 7:. IH'I'('('1I1 or IIII' 
:IlIl1ual I!)tal j ... l'pI'PI\'(,d dlll'ing till' !!"I'()\\ill)..!.' "P"'-Oll. ,\pl'il l 10 :-;!'p­
11'1111'('10;\11, ,/11ll1' i"'!!"('I1I'I'<llIy Ih!' Illol1tlr of 111':I\il',..1 pl'l'(·ipilnlioll. 

'I'll(' :l1'p<I j" ,111';('('1 10 ,,('\'PI'p tIn'i,,!.!· willd,.. durill!!" nil ,,(':1"(111,.. nflll(1 
n'lll', PI'Pyailill!! \\illt! dil'('('lilll'l i; W('''I (II' llol'ill\\'I'"I, 1101, dr\,. 
~()lltl](,l'ly wilHl ... dll l'i II!!" I hI' "'111111111'1' fl'PIj 11('11 ! Iy d:lI11a!!"t' ('I'OP" "P\'PI'({\', 

• 
:-;('a,-oll p\'apol'al iOIl •. \ pl'il J 10 :-;pptL'llllH'1' :\11. I'l'Ollt iI fl'pl'-walpl' :'111'_ 

fa('(' 1':l11!.!·Pt! dlll'ill!,!, 11](' (·(JlII·... P III' lil(, ,..llldip" fl'ollt :!:,.IJI iil('lll''; ill 

1!ll:! I 0 ;:'~. ":! i li<'ll(,~ ill 1H Hi. 
Till' H\'Pl'n!!"l' dalt' (If Iltl' In,..1 killiu)..!.· 1'1'0,..1 ill I III' "I"'ill)..!.· is .\lny II. 

flild of Ill(' (il:,,1 killill!!" fro,..! itl I It I' rail i ... :-;I'pl I'lllIH'I' :W, wil h :til H\'l'I'agl' 
fl'o:-:I- 1'1'('1' pl'l'iod (I r i::" day.... 

'inl'''l'llInli,," ""!Julilll'd ill lid,. ~I,\·ti"lJ wn,. l:lkl'lI J'1'''1iI III .. I'''''''''d" "I' II", 
XortliPl'1i (;)'('111 Plaill,.. Fil'ld ;-;lalilllJ 1IlId 1'1'0111 lit" \', S, ['''PIII'llIll'lIt "I' .\1.;I·i(·III. 
till'!' "('111'11",," 1'01' l!Ht. ('!iIl!:III' :tlltl :\1;111. 
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TABLE l.-Olimatio data 11'01n VSDA Nortlw1'n Great Plain8 FieZ(l Statim?', Manilan,.N. Dale., 191,3'-48 
l.11·}AN 'rJo::Ml'En..A~PUR]·::S 

Year. i JUlI. ';,~'~.'-r;;~;-T-·~~;'- -I'~:I~·'!--'~UJ:~· ·'-·"~r;;~~·'T-:;;'-"·:Pt.~~-r~;:-- Dcc. Apr.-Aug. AII1JtUlI g 
8. 

! .F. ~l-·-;-I 0 p. I • p. .--:~':--I-.-;.:~-.~;-- .p. • P. r . F. 0 P. of. o /1'. ~ Average l!H5-48 . 9 I~ I 27 '13 ! ~5 j ~~ I 72 ~!) ,58 45 28 15 61 42 a
\\)43 ••. __ " • .1 -1 16j 18' 47, ~I 6~, ~2 ~!l 57 491 22 2~ 60 41 :.­

~\944. J 23 11; 17 42 n!l 60 69 (\7 57 50 20 16 51l 41 
1945 - - . • "j' 14 \6 I 33 40 50 i 58 70 (in 5,5 47 I' 23 8 57 40 
1946. __ ... '._ L2 13 I 38 51 51 I 65 73 67 58 41 I 27 16 61 43 
J 94.7 _'. \ 8 11 I 25 41 51 61 72 71 56 j 52: 24 )6 5!l 42I ~ 
1948. _ . . 12 8 ' 18 44 I 5U ' U3 70 71 65 '!fi ! 31 12 61 41 ~ 

. ---.--~~.,--
(lUBe! PI'l'A'rrON ~ -- .---,.~. ~. -- .,~- - -~ ... 

oIlIche., J/lche" IlIeh •., /lIche., Illc/re., IlIche., IlIche., Inchc., 111che8 I rllches I IlIche., I //lche" Jllche., 0:>
Average 1915-48 . 0.37 0.43 0.7U L 52 2. 03 3. 2\) 2.41 .1.45 L 3!) I O. 110 0.62 O. 42 10. 70 ~~l 
1943. .. L 17 .55 I. !i7 .87 I. 1)5 7. 67 I. 5U a. 20 .16 1.56 . .60 ' . 1!) 15. 25 
1!)44 _... - - .20 .49 .27 1. 22 3.13 5. 54 . (j7 3.1!l I. 17 .07 ' 3. 44 .01 \3.75 ~ 
1945. .60 .25 1. 01 I J. 02 I. 54 I. 78 I. H4 , 3. 48 I. 85 .04 .53 .6L 0.76 
1946 .04 .63 1.3U I .1.28 L 81 a.14 I. 25 L 28 2. 31i 2. ,5U .24 .82 8. 7(j ~ 
1!)47 .52 . 15 .32 I. no .73 7. 72 3.21 1.17 I. 77 2. 15 I. 08 .3!l L4.73 .~ 
HI48 .. .47 .95 . 41 3.21 .80 2. 32 2. 28 I. 08 • (); .f 1. 3·1. .53 .31 !l. 6n---..- ra 

!"3.GRO\\,IN(;·S~;ARON IJA'J'A 

~ Frost·freo Emporlltioll IY't1ur T,"SL killing frost., spring First killing frost, fall period Apr.-Sept. :.-I- ~-~~-----. ~--~--- .. --~-,-- - ...... '-' ------i·-----I .. .-.-.---.-~--.-- ~ I I I
Duys Inch e., 

1943. _ l\JIlY 12. t Scptemher!J _. 120 28. 5n 
)944_____ ..• _ "'IllY 4. ., October 7_ __ _ 156 2U. 77 
1. 94.5•..• _... .. _ . __ •• __ May L3 . September 24 134 27.47 
1946._._ 'MIlY]) . September 27 139 32. 82 ~ 
1947-- .... .• --..... Mav Ill. '1 Septcmber 21 _ 125 2S. no t9 

OctoberS_________ ______ 172 31.81194~=... .. -- '.':'::':'':;''- -. - - - - - - -- - -- :.L.'~ij!J.:~:::.::.: ____~_____ .:.;! ._----­

• 

From free-wl\ter_~urfacc . 

" 
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EFFEGTS OF CULTURAL PRACTICES ON GRASS PRODUCTION 7 

Summers are short and warm; winters are long and cold. Minimum 
winter temperatures of -300 F. are normal, and as Jow as -460 F. 

..'.•..... ' has been recorded. Maximum temperatures of 1000 F. or more may.:.; .' 


.~.~ ". 
 be expected during midsummer . 
A tabulation of climatic data for the period 1943 through 1948 is 

given in table 1. . 

EFFECTS OF ROW SPACINGS ON SEED 'YIELDS OF GRASSES 

:METHODS OF STUDY 

.: 

Crested wheatgrass (Ag1'Opyr01~ desel'tm'um), smooth bl'omegrass 
(B1'01ntt8 ine1'mis) , Canada wilch'ye (Elymtl8 can(l(len,.~irs), Russian 
wildrye (E. juncettS) , greenneedlegrass (Stipa t'iriri1lZa) , alld switch­
grass (Panicum vi1'gatum) were used. Plantings 'were made in 3 rep­
lications of a, randomjzed block design in plots 50 feet by 12 feet. Row 
spacings of 18, 30, and 42 inches were used for each species, with addi­
tional spacings of 6, 12, and 36 inches for Russian wildrye. The 
seedbed was well prepared. Seedings were all made at it uniform 
depth of Ih inch with a hand seedel' with good deptlL control and 
equipped with a covering device and packer wheel. The same drill 
setting was used on all row spacings, 'which gaye the same seed spacing 
within the row. Seeding rates were approximately 10 pounds per 
acre with ro,,'s 18 inches apart, 6 pounds per acrr for the :30-inch row 
spacings, and 4: pounds per acre for the 42-inch row spacings. 

The first plantings were made in April 1942, but a severe infestation 
of footrot disease depleted the stands so badly that they had to be 
reseeded in April 1943. Excellent stands of an species were obtained 
from the 1943 seedings. All plots were cultivated from 1 to 3 times 
per year to control weed growth. The cultivations were more fre­
quent when the stands were young. The first seed harvest was in 1944. 
An area of 0.001 acre from the center ro\,"s in each plot was harvested 
by hand with a sickle. Samples were dried and hand th1'eshed and 
the yields computed in pounds per aC1'e. 

TABLE 2.-Y1:eZds per aCre for 5 'years of Cl'este(Z wh.eatgrrll'1s seed frorn 
seedings1/Lade in194$,10ith row spacin.q.~ of 18, 30, and 4:e 'incltes 

Row sparlngs ill Inciws 
I ' Least slg-

Year -----,.---..~- ..---: F vnlne I ' nlflcant 
: 18 I. ao ' 42 I Idifference 

.-.-.~..-- '--;;o:':;;-l-J;~~lid;" ";0:;::-----, 
1944__ ." _, _____ ., 75 j 73 ' 33 3. 88 I (2)1945 _____________ . _. _____ . 

420 I 470 387 2. 33 I (2) 
1946__ .. __ ....... • 125/ 216 375 310.3!)1 1541947__ . _______ _ 

-; ~ __ 1 J08 I 170 ' J 73 3 12. 68 ! 44
1948. ___ _ 30 56 59 I. 44: (2):____:___1____, 1___ 

5-year averagc_. __ .. .-! J52 HJ8 205 i I. J8; (2) 
~ ~_.__~__ .• __ ,~_.. _ ,. _.___-'-___c..... _ .. __ 

1 F values in this !tnd succeeding tllbles were determined by the method set 
forth in the book, "Statistical Mcthod~j" by George \\'. Snec\ecor, and checked 
for significance in Fischer's Tnbles. 

2 Not significant. 

.' 3 Significant at the 5-pereent level. 
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CRESTED WHEATGRASS 

In the first 2 years of harvest, 1944 and 1945, crested wheatgmss • 
with both 18- and 30-inch row spaci.ngs produced the highest yields of 
seed pel' acre (table 2). During the Jast 3 years of the tests, the yields 
were larger from the 30- and 42-inch rowS. The 5-year-average yields 
also were larger from the wider-spaced rows: but the differences 'were 
not significant. The llighest yield-470 pounds of seed per acre­
was obtained fl'om 30-inch rows in the second harvest year. 

sr.mOTU BROMEGItASS 

The effects of different row spacings were more apparent in the 

yields of smooth bromegrass !ieed than in the caSe of ('rested wheat­

grass. There were significant differences in yields ewry year (tab]e 

3). Seed yields in pounds pel' Hnein the fil'st halTest year were 

largest frOI11 the 1'OWS with a 30-inch spacing and ]o\yest from the 42­
jnch 1'Ows. After the first year, yields frol1l the IS-inch rows were 


'lowest. The highest yield-306 pounds of seed pel' acre-was obtained 
from 42-inch 1'O\YS in the second hal'n~st year. The seed yield from 
tbe IS-inch l'OWS was ;:50 percent less in thl' sN'ond YNll' than in the 
first. In the same year, the yil'lds from the aO-inch rows declined 
'Only 2(; IWI'cent, bllt thl' yields from the +~-lnch rows increased 63 
percent. 

CA)1ADA WlLDRYE 

Rows with :~O-ineh spaeings pl'odu(,l'd tll(' highest pl'r-acre yields 

of Canada 'wilclrye seed in 4 out of the 5 tl'st yl'ars (table 4). Unlike 

smooth bromegrass and crested wheatgrass, sel'd yields from the 18­
111Ch rows of Canada wildryl' hl'ld up fair.ly well throughout the tests. 

The highest yield-782 ponnds of sl'erl per aCI'I'-was obtained fronl 

42-1nch rows ill the second harvest year. 


RUSSIAN WILDRYE 

Seed yields of Russian wildl'ye inl'l'eased as l'OW spacing increased 

up to and inchulinp: 3(\ i11('l1es (table 5). '1'11(' hi:.rhest yield-280 

pounds of sl'ed pel' acrl'-was obta i ned from the 36-i11c11 I'OWS in the 

first year of harvest. This s]l~>('ips was not harvested in 1£144 or 1948 

because the amount of sl'l'd it produced was so small. Seed yields 

from the closer-spaced 1'ows-6, 12, and 18 inches-were poor. 


An additional plnnting of Russian wilc1l'ye was made in April 1947, 

using row spacings of 36, 42. 48, 60, and 72 inches. Two-year results, 

1949 anel 1950,. arc available from this planting. In 1949, the seed 

yields increased with inel'easl'd row spacings up to and including the 

60-inch spacing (fig. 2). Yields are givell in table 6. 


There was no significant eli fferenee in these yields, the F value for 

significa,l1ee at the;>. 5-pel'eent level being 3.84. . 


GHEEN N.EEDLEGHASS 

Green neecUegrass produced higher per-acl'e seed yields from both 

the 30- and 42-1 neh row spuci ngs than from the lS-1 nch rows (table 1) . 




------------
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TABLE 3:":"-Yieldspe1' ao'!'~ fO?~4 y~a1'S Of smooth b1'om~gra88 seed f1'011lr. .. 
seeaings made in 1943, 1{)ith 1'0'W spaoings of 18: 30, and 42 inche8 

.. IHow spacings in inches , 1Least sig.Year 

I 
F \":lJue 1 nificant 

18 30 42: ditTcrcnce 

POllnds1944 _________ ..... __ _ '~olt2~4 r-;OUjl~4 :2 12.:-1 5523319.4.5_________ ~ . ___ . _.. 117 , 218 . 306 2 8. 77 891946________ .. _._ 1 

20 75 73 \ . 10. 28 381947_________ .... _._ ..... 72 ]29 145 26.94 61 
----------------,---­

4-yearaveragc__ . ___ .___ .. 1-9' 2 -'):. 111 (.. 180 .il. I (3) 

----- -----_._ ....-.. --~---- _..... __ ._-------­
1 See table 2, footnote 1. 

2 Significant at thc 5-percent lc\'el. 

3 Not significant. 


'rABLE 4.-Yields pel' acre fo7' 5 yeal'8 of Canada 1I'ildl'.1Je 8eed /)'01/1. 
.'ieedings m((d~ in 1.9J,:J.1I'ith 1'OU' 8padngs of 18. 3U. and 4~ inches 

HO\\M spacings In inch(>s ; Lcasi sig­
F \'ulue 1 I 1llficani 

IS 30 ~2 i dltTen,ncl) , 
- ._-­"-~-.--

PO/iI/II" Poltnds PoundsI94·!. ________ __ 356 530 410 2 7. 14 123]945___ _ 7')­
.il 748 782 .19 (3)1H46____ .... _~ _ 200 250 246 L 33 (3)1947. ________ . _ 1\)61948____________ . 375 2\)3 4. 56 (3) 
5H \)6 52 210.52 281 

3D!) 402 357 25.88 36 

I Scc table 2, footnote I. 

2 Significant at thc 5-percent Je\'el. 

3 Sot significant. 


FIGURE 2.-Part of It 40-t1C're field of Unssinn wildrye seeded in rowS spaccu at 42 
inches 5 yenrs pl'e\'iously. The spacing between rows was increased to 85 
inches by plowing out every other row. 


30<1;47-55--2 
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TABLE 5.-Yields 'Pm' aare, for 3 years of Russian 1IJilwl'ye seed f1'07n 
seedings1nade in 191,3, with 1'OW spacings of 6, 12, 18,24, 30, 36, and 
42 inches 

ROil' spacings inillclws ! 1 I.enst slg-
Year -----,.------,-----,---------1 F mluc 11 nitlcant 

6 12 18 24 ao 36 42 d ifercllce 

-----, '---­
_ ,;:::- Pounds :;:::-1 poull~81 POl/nds t P0)fnds IPound8 iq I 

194() __ .____ 11 41.. 81 I 21(} I 143 I _80, 231 - 32.14 29 
1946 _____ -1 6 10! 12 ~ 23: 31; 67 i 114 34.12 39 
1947______1 37 25! 581 631102\ 141 131 26.43 51 

,-------'---;---;---1--- 1----1---­

! 
18 50 100! 92 L_l~~ 3 3. 5~J___2_9 

1 Sec table 2, footnotc 1. 

2 Significant at the I-pcrccnt level. 

3 Significant at til(' 5-pcrcent le\"cl. 


TABLE 6.-Yields pel' acre for 2 years of Russian 1IJilcb'ye seed f7'07n 
8(,f'clin,tl-'l mad(; in W.fi'~ with I'OW spacin[Js of 4.3, 48, 60, cmd 772 
inches 

How sparinJ,!s ill hl('1WS I 

Year I..~~--------- -.~------~ ..--j F value 1 

,IS 60 72 
Ii 

Pound. Pounds1949__________ •. _.___ ______ 167 J38 1. 101950________ .. ____________ • 213 226 .07 

1 See t:tble 2, footnotc 1. 

TABfJE 7.-Yields pel' aC7'e for 3 years of [Jl'een-needlegl'ass seed /1'01n 
seedings made in 194.3, 'to'ith row spacings 0/18,30, and 42 inches 

Ho,," spacings in Indw.5 Least slg· 
F value l nltlc:mtJ81~-·-;--1~-·;~- dltIcrt1ncc. 

"-~~--I---'----- ------ ---­
/>0/l'1/f1" i POIlIlti., ' PouJld.

[945___ . _ 233 i 350 272 2.46
1946___ _ 1I] 217 267 a 16.44 77
1947____ _ 147 I 252 i 300 B.21 

~----------:----.----
3-year averagc __________ ; 164 218 280 37.73 53 

1 See table 2, footnote 1. 

2 Not significant. 

3 Significant at the 5-percent levcl. 


The 42-inch rows produced the highest yields, except in the first year, 
but the difference in yields from the 30- and 42-inch rows ,yas not 
large enough to be significant. The lughest yield-350 pounds of seed 
per acre-was obtained from 30-inch 1'OWS in the first harvest year. 
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The 42-inch rows made their best yield in the last year of the tests, 
whereas both 18- and 30-inch rows made their best yields in the first 
year. 

SWlTCHGRASS 

Seed yields of switchgl'ass' from rows with 18-in('h spacing was 
higher than the yields from either :30- or 4:2-inch rows the first year 
and about equal to them the second year (table S). Yields frol11 the 
18-inch rows dec1ined as tlle stantl became older, however, and were 
only 4 pounds per acre in the fifth year. The highest yield-341 
pounds of seed per acre-'Yas obtained from 4:2-int'h r0"'S in the second 
yeal". Yields from :30- and 4:2-int'h rowS did not differ significantly 
until the fifth year, when the -l2-inch rows yil'lded 11101'e than twice 
as much seed as the 30-i ncll 1"Ows. 

TABLE 8.-Yie7ds ])(',1' ((('1'(' /or:j ?IN/I'S o/8witclir;m88 seed from 8eedill(J8 
made in 1/)43. 1l'ith J'Oll~ .~p({riJ1r;8 of 18, ,](). and 42 ht('lle8 

How spneings in iIlcllt'~ [,east sig· • 
Yen,. F ,-nlur 1 i nificnnt 

Ih :lO I 42 i dilf~n'nce 
I 

Pouwi.v Pounds j)ollluis I 

I(H~__ _ 171 
I 

101 86 28.71 ! 32
10-15. __ 311 333 a-II .75 
]\)46 .... \)0 : 17G ' 176 213.26 56
1947. __ 60 i 123 1-10 : 28. 66 , 57 
10-18.• _ _ ~, GI la7 i 210.06 ! 26 

---'-~-'~'--'------
5-year a \·er~lg(' __ 128 158 178 I. 50 

I See tabl(' 2, footnotf' I. 

2 Significant at 5-p(,l"c('nt k\"('l. 

3 Xot significllllt. 


EFFECTS OF DATE A:\"D DEPTH OF SEEDI.\'G O~ 


STA;\D ESTABLlSlIM.EYI.' OF GRASSES 


WfETHODS .\='0"0 PURPOSE 

This study was fOI' determination of dates amI (lC'pths of seeding 
that consistently wonkt prod.lI('e thl' lwst stands of se\'l'ral of the 1110re 
important slwcies of grassl's. ('['('stpel wlwatgrHss, west('rn ,,,heat­
grass, Russinn \\"il(ll",\"(,. CaluHla wildry(', sl1looth bt'oI1IPp."rass. and gl'('en 
neec11eg1'ilsswPI'P tlrp ("oOl-St'HSOIl grassl'S lIs(·d. TIle warm-season 
gl'Hsses \\"el"e sid('-onts grnl1la (Boli/()/OIUl ('lll'fil){'llf/Il{{(), bln(' p."l'iUna 
(E. rlraci/i.~), big blll('stem (-,Jllril'OJ}OrION ,q('I"fIt/i), alHl s\\"itchgrass. 

An seedin!!s \\"t'I"!' Illa(l(' on :l. 1I11ifol'ln sppdh('r!-II'hpal' ~tllhhle 8 to 
10' in('hes tall, without: s('('dl)('(] pl"('pa[·al·ioll. (il'ain ;':{lIhhl(' is eom­
monly lIs('d fOI":\, s(,pdlJp<1 for ,!!I'HSS ill Ihis :tn'a. :-iep(iinp."s wpre made 
ill 3 replications of :l I'HII(lOlllizetl hlo<"k design, \\"illl plots (j feet by 
20 feet. 

Each main plot contaill('(] a. singiE:' sppl"ips s('(>(l('(l on it single date, 
with subplots of cliffl'l"Pllt sl'eding depths. Thul', (':t('h plot. of eool­
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season grass contained nine rows, of which three rows were seeded at 
Ih-inch depth, three rows at 1-inch depth, and three rows at 1%-inch 
depth, Since foul' different depths were used for warm-season 
species, each main plot contained 12 rows. Seeding depths were * 
inch, % inch, 1 inch, and 1% inches for big bluestem and switchgrass, 
and * inch, % inch, % inch, and 1 inch for blue grama and side-oats 
grama. 

Grass rows were seeded 6 inches apart between the stubble rows.' A. 
hand seede~>, with an adjustable shoe wl1ich could be set to gage the 
depth accurately, was used r01' all seedings, The seeder was equipped 
with a covering device and packer -wheels. Seeding rates were 8 
pounds !1er acre for switchgrass and blue grama; 10 ponnds per acre 
for side-oats gnuna, big bluestem, crested -wheatgrtlss, Russian wildrye, 
and greenl1eecUegrass; a,nd 15 pounds pel' acre for the other species, 

The dates of seeding of the tool-season grasses were September 5, 
September QO, October 10, N(wembel' 1, April 5, April 20, and May 10. 
For the warm-season grasses, the dates "-ere Apr.il20, May 10, June 1, 
and June 20. Owing to weather eonditions, it ,,-as not alwnys possible 
to maIm seedings on the selected dates, ancl at times some seeding dates 
were skipped entirely. In most eases. however, seedings were made 
within 5 days of the s<']ected date. 

Seedings· 'were made earh y<,ar trom ID-k2 to 1948. Each seeding 
was kept through t;1e second yetll' in order to check final stand estab­
lishment. The field was then plowed nnd seeded to wheat to proyide 
seedbeds for the next year's pla ntings, 

Emerg<'nce counts ,,,ere· made it, month to G ",eC'ks Rfter seeding, 
except for late fall sC'(>dings on which (,Olin/"8 -were made, about thc 
following May 1. Final establislled stands were determined about a 
year after the emergellce count. Stand deterll1i nations werc not made 
by actual plant counts, but WHe estimated on the basis of total plant 
population for ('[tch individul1 1 seeding. They were expressed in terms 
of the percentages of the gr01lnd that would be covered by the mature 
plants. A stand of 65 percent 01' more was eonsidered satisfactory if 
applied to field-scale operations. 

Sl'A~D ESTAnLlSH~IE~T-COOL-SEASO:'i GRASSES 

Table!) gives the 6-y<'al' ft\'el':tge emerg:<'llc'e and average established 
stands, in percent, of ('ool-s~ason grasses. In general, there was little 
difference in stands obtained 1:I'om 1/~_ and I-inch seeding depths. 
Sta.nds were l'e(~ucC'd eonRic1(>l'(tbly -when the s<,('(ling depths -were in­
creased to 1112 Il1rhes, however. Only green neecllegrass produced 
what would be ('ollsi<1el'C'd fl satis-fnctol'Y stn nel at this seeding depth. 

Cool-season grass('s (l1'Odlll:P(1 braer st:andsl'l'om full seedings than 
from spring seedings. In sevC'l'al instances, emergence £1'0111 early 
spring see<lings was very good but final establ ished stands were poor, 
Obsernttiol1s indicate that seedings :trom .late spring plantings suffer 
more from foot-rot dis('[tse than do earl)' spring or :tall seeclings. 

Crested wheatgrass seeded on Septembel' 20 at a depth of 1h inch 
produeed the best average stancls-S+ lWI'('ent (fig. 3), Stands from 
September 20 seecling8 at It depth of 1. inch and from September 5 
seedings at both %- and I-inch depths werC' almost as good. 'fhe later 
fall and the April 5 seedings at a depth of lh illch produced satisfac­

.'" 


• 


.' 
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TABLE9.-Avemge emergence stands a1'lil avemge established stands 

abO'ltt a year late?' f01' cool-seasongl'a~ses /1'0171 'lJa?'iO'!t8dates and 

depths of seeding, 1949-48 


I Depths oC secding­

.~~ inch IH inch 
Species ! Seeding dates 

j 
: IEstab- , I Estllb_l !Estnb-

EllIer- Iisbed, EllIer- !liShCd EllIer- I Jlshed 
I gencc stand i gence . stutld genet)) stand .I 

i 


------ i------;---i---I---,---
I Percent Percenl,! Percent Percellt Perce lit Percent 

I

September 5 ______1 88 81, 84 81 55 50 

September 20_____ 80 t 84 I 83 82 59 42 


Crcstedwhcat- Qetober 1O. ______ ! 74 78 70 71 52 54
t 

grass________ , No':e~lber L_____ 63 1 77g' 07 68 45 38
I April 0 ___--- _____ ' 75; v 86 i 72 75 ' 42 

,( April 20_. ___ _ _ _ _ _ 84' 3 t 93 I 31 I 83 28 

f May 10----------1 0, 36 I 23 1I
43 O! 0 


~-----!iSePtember 5 ______ 1 71 --81-:72I~j-54\1~ 

I\september 20_____ , 76 76 I 76 79 I 55 51 


\Yestern wheat-l Qetober 10________ :. 82 I 92 89 I 91 I 68\ 65 

grasii ________: NO':eJ:1ber L_____ 46 I 55 45 i 56 i 38 48 


, AprIl o___________ ! 59 I 47 69 I 55; 48 II 38 

l April 20 _________ .i 71 i 28 75 I 31 I 56 12 

i~faylO---------: OJ 0 0, OJ 0, 0 

~ .? ------,I(SePtember 5 ______: 79 1~.-;-OOj--81-19415011---s6
I September 20_____ ; 69 7n 70' 79 I 51 59 


l{


'.' 

II., i.i.
Smooth brame- ~ctoberlO________ 40: 49 53, 52: 27 28 


grass________ No,:e~ber L-----1 20 I 38! 31' 55; 20, 40 

" Apnlo___________ 40. 42. OD 57, 44 I 36 

! April 20__________ 58 i 50 74: 58 i 62! 24 
____"--I ~Iay 10 ___ ~------: 341~1~i--H-!~!__4 


septell1ber D______ 46 I 64 j 48/ 1 61) I 39 I 50 

September 20 _____ 1 31 I 42: 2n, 42 i 18! 20 


" I October 10_______ -' 21! 34! 23 1 42; 17 I 18 

Canadawildryei N,ovember L _____ '. 16 i 10 I 21 I 22 i 15 I 23
I April 5 ___________ , 48 i 24 60! M, 57 I 22 


11 April 20 __________ . 60 i 20 6n i 33: 61 i 13 

'______ ~Iay 10__________ , 661~!~1~1~!~ 


i(sePtCll1ber 5______ : 62 70; 5!J I 64 I 31 I 20 

I Septcmber?O i 77, 1 75' 66 \ 64 ,. 50 37 

; October 10~__~~==J 63 I 60' 45 I 56' 47! 31 


RUSSianwilclrye 1.. NO':eI!,1ber L____ 67 52 I 71 i 5il 1 40 i 37

i April v_____ _____ 59! 52 70 I 541 54) H) 

i April 20_" - _" _" _, _ 83 i 14 I 7!) I 15. 70 1 4 

I ~I 10 v,~4, '___ ~ I___v ~O l! 12 I! 36'I ~
I i, 
______I .' ay -----"----. v _________v 


,(september 5______ 641 80 '\' 72 I 11)0 i 59\ 63 

, 1 September 20. ----I 61 I 77 66 f 78 t 46 57 


Green ,needle- 0.ctob.er JO~ _______ ! 55 I 87!t 57! I no. I 54 67
I. 

grass________, November L-----l 51' 60 55! 82 t 521 70 

I April 5__________ .1 56l 23 631 46 i 56 30 

: April 20.. _____ , .. 1 66 51 71. 65 i 65 46
I )Iay 10_____ ,," __ \ 30 i 41 40 1 31l I 33.\ 22 


--~--------~--------
I Best established stand fOt' spccieR. 
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FIGum; 3.-Estnhlished ,stands of. ('I:(>sl'('([ wheatgrnss [rom YariOllS dntes an(\ 
c1('])ths 01' sP('(lillg, l'p]'('(,lIl' st:l11(h; fll'P :J.\'(,l'agT·:< of (; y('nr~' ),p"l1lt:<. J!l43-4l;, 
~rnllt1nn. :No Dnk. 
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l"IGl'IlE .J,-P.<;rnhli:.:hpll ;:Iallds of w('stN'n wli!':1t,!!I'a,,<; fl'OllI Yario\H; date", nnd 
(levl'h:.: of ;;(>p(lillg', P('I'('PIlI: sl'nnd;:: n)'(' fly!'!'n!!!':.: of Ii Y(':JI';;' J'(':':lIitS, 104:1-,18, 
~randnlJ, X Ilak, 
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FlGrJu; 5.-E"tnhlil-'lip!] ,<;l':llIds of. 1-'I1I00l:h hl.·olllegrass 1'1'0111 yltl'iOIlH dn tes nuc! 
dCllths of ~;(>pdill;!'. P('I'Cl'lIt l'itandf{ nn' :tYl'I'Hg'Pf{ ot' Ii r(~:tl'::;' I:(·:.:ull:;:;, lD48-!S, 
l\fnlldull, N. Dnk. 
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DEPTH 
(INCHES) 

DATE SEPT. 5 SEPT. 20 OCT. 10 NOV. 1 APRIL 5 APRIL 20 MAY 10 

i"JGn!K H.·~-E",rah1ii'hcl\ ;::i'nlld" (If ea un da "'j 1(11'.\'1' g-ra>'>' I'rOll1 \'a rjOIl" tlatp>, nnrl 
rleDtilR oj' "('PIling. l'erel'lIt stand>, a J"l' It \'('rag-pi< (J r Ij .n'a n' rl'>'111 t'i<, 11).13-18, 
~lnlldnn, X. Hnk. . 

tory stands: but latel.' slH'i ng seeding's did 110t. S('rd iI1gl' a t depth of 
1112 inches produced no satisfnetol',Y stn lids. 

Rest reslllts with ,,'estem wlwu tg:I'aSS Wl'J'(' nJlta i 11('(1 frolll thl' Octo­
her 10 seeding's at both the ~!~~ l~nd I-inch I'l'pcling dl'pths (iig. 4). 
Even seetlings made at a ilrpth of l1;iilldH's on thil' dalp pl'ocillced a, 
6:)~percent lwerage stand. The pal'lier fall seedings nt both 112- and 
l~jnch depths produced stands of 7~ percpnt 01.' IIHlI'l'. Till' XO\'pmbel' 
1 and nll spring seedings failrd to pl'oclllC'r snt'ist'a('loI'Y stands. 

The best aYel.'age stands of snH)oth bl'ollH'gTass ,,'('I't' obtained from 
September 5 seetlings at depths of I,:! andl indl-!)(j lind D4 pl'l'cent 
respecti\'ely (fig, iJ). The ollly otll('1' sa tisfactol'Y :4a II <I s-79 pPl'cent­
resnlted fl'om l-IeptellliJer seeclings at- 1>ot'h till' l~~ nile! l~illch deptl)s. 
:Seedings at II depth of Ilh inclws PI'OdlJ('p(ll1o ~atisfactol'Y stands. 

Relativ('ly pOOl' stands ,,-ere obtailll'cl frOIll Callada wilcll'ye (fig. 6). 
The best a \'emg:e-G!) pel'("(,l1t-\\":\S oiltn i IJp<1 hOIll l-Iept('mlwl' ii seecl~ 
ing:s at a (I('pth of JillC'h. ~ep(lil\g:s nt the I,~-inch depth 011 this date 
prodllced an'l"ag:(\ stallds of G,J. pel"el'nt. Xo otlH'1' sep(lillg:S produced 
satisflH'tory shlllcls. 

90­

0 80 ­
z 
;:! 70 ­
(/) 60 ­
~ 50 ­z w 40 ­
u 
n: 30 ­
w 
a.. 20­

10 -
 I III..1. 
DEPTH 
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FWUIlE 7.-gstuhli~lit'd lif':lIHls of HUliSiulI \\'i1dl"~'(' g-!':lli~ from v:trions dates nmI 
dePths of' seeding, l'cn'put !;t.anrls nl'e :I\'PI':1I4PS of 6 ,\'('lll'S' !'(';::ult-", lU4H~8, 
)landall, N, Dak. 
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DATE SEPT. 5 SEPT. 20 OCT. 10 NOV. I APRIL 5 APRIL 20 MAY 10 

Fwulm S.-Estn hlisll('d >:("Illl>: of' ;!TPl'1l ll('(>(llt';!T"HH from \':1 riollS eln tps and (]ppths 
of sel'dilJ~. j'l'I'('PIll ;.;1"1111>: an' an'r:Il!P": of' Ii )"par":' I"PHlllt-,.:. 1!H:3--4i), :\Ialldau, 
N.Dak. 

Thl.' hest :rn,'rngp ~tallcl of HlI~:,iHn wildr.n'-I;) llP!Tl'nl-\\-as ob­
tained from Spptemlw]" ~() ~pp(li ng~ a t, the l~-i II ell dpptlt (fig.I). _Sep­
temb('r [) and·October 10 sPt'Clillgs nt ft dept 11 of 1 ~ ind\ ;\lso prodll(,l.'d 
Batisfactory stl\nds-'70 nnd HD lwrC'Pllt. l"P>'pN'tin1ly. Slantls from all 
oth('l' se('(lings ,,-('re 1(':,s than H.) pel,(,(,llt. 

Green ll('edlpp.Tass showl.'d tlIl' grpat('st lulnptalJility of all." of th(' 
cool-season gl'assps~ j)ro(]tH·i ng sa tisfadol·.\' sta lids from !) (Ii ffl.'l'('nt 
combinaJiom; of sP('ding clatl's and dppth:- (lig. ,~). Till' l)(,s( awrnge 
stands-DO P(,l'C'Pltt-,\'(']"l' olltainpd fl'OIli both tll(' S('ptpl1\\)('r ;) and 
October 10 s('edillgs at a depth of 1 ill(,It. .\,11 fall sN'dings at the 
I-inch clppth l)J'odllcC'd aYt'ragC' ;.;tand~ of on'r I.J lwr(·pnt. TI}(' high­
est ay(~l'age stand 1'1.'0111 spring plant i ngs wa;.; Ii:) Pt'I'C(']J t. obtai ned from 
April :20 !':e('(ling;: al" 1-inch (I(~pth;.;. :-;tnn(]" :from the othC'r spring 
plnntings \\-pre poor. 

STA:\"O E;:TA BUSII)I E,\T "'.\Inl-S I~,\S()'\ GHASSES 

Tahle 10 gin's tllp ()-~'l'ar a\'pl':tg(' P!l\('I'!.!'ell('p alld t1lP U\'('I'age I'stah­
Jished sta.nds. ill ]l('I'('l'llt, of t 11(> \\,al'lll-St'a:-:on gJ·a~sp~. 'I'll(> Apri120 1wd 
Ma.y 10 planti ngs gen<>]"a lly prodll('l'd hettpl' stands t ha n .lateL' pJant­
ings: and s('('(lings nt ~~- :1.11(1 I_'~-inch d<'pt-hs prodtl('('d /)C'tt:el' stands 
than tleep<>]' s(>('(] i Ilg-S, 

Blue grnma. madp H,\'('ra,!!{' ;.;htnds of 08 and 0, pel'cpnt hom J'{ay 10 
seedings a.t d('pf:hs of' ll~ and 1,~ illch. I'('speetin>l,r (fig. D). These were 
the best. April:20 s('('dings :It (leptlrs of 1;:;' and ~~ in('h produced stands 
of 95 percent nlHl 82 ]wl'cenL l'('spedivply. Hestllts from June seed­
ings were much poorer, The best'-a. ()(j-[lt'l'cpnt stand-came from 
the June 1 seedings at the 1,~.-jl1ch (1<:'pth. So snt-isJac-tory stands 
were obtained fl'om the .Jnne 20 plnntings. All s()P<lings deeper than 
1Iz inch l'eSn1ted in c1(>c1'ens('tl s(;;I!Hl::;. 

All side-oats gral1llL sN'(lings ~~, to ~.~ inch d('pp produced satisfac­
tory stands (fig. 10). Tlw 1>('st average' "hlnd", W('1'e hom April 20 
seedings-98 percent. from the %-111(,]) s('P<1ing d('pth and 97 percent 
from the 1;4-inch depth. The i\fay 10 s('('(1ings W('I'(, almost as good, 
the lJt- and Yz-in('h seNling depths pl'Oducinl! DO and 0:1 percent stands, 
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TABLE 10.-Average eme1'genee and average establisheclsta'nils about 
a year late7',}01' Wal'?n,-8eason grasses j1'011'/, va1iO'us dates and depthB 
of seeding, 19¥J-.q8 

Depths of seedlng­

H-Inch ~2·il1ch I 3:i·inch I-incll. 	 I
Species Seeding dates ,Eswh- . IEst"b. i ', Estab- Estnb·Emcr­
gene<! I stand gene<! sland I gcnce I stnnd stand 
Emer-llished ~mer- Ushcd I ~~ner-!lishe(l Usht'<lgcncc 

'--,--'--1--'- ­
j Per- \ Per- 1 Per- ! Per- i Per- IPer- I Per- Pe:·, 


_ '> ! ce~lt I WI~ I cellt ! cen~ !, C~lIt I ce~l! I cellI cent
I
I!

APrll-O------' bO 90 f 61 j 8_ 44 60 I 33 34 

' May 10. ____ -1 63 i I 98 \' 70 I 97 I 

i 

46 I 82 20 37

Blue,grama--- ,June L. _____1 36! 66 I 45 i 62 \ 18; 29 t 2 8 


J\ June 20. ____ ; 17) 20 i 25, 21. Ii 14 i 1. 6 1 2 4 


-S-id-e--o-a-t-s--jl'(5f~~;! ig~:=:==; ~,'r ~&! n: I ~~! ~~ I ~~ I !~ I ~~ 
grama ______ JUlle L ___ ,_: 59; 77" 68: 72: 24', 27. 4\ 15
I .Tulle 20. _____ ' 42, 84 i 44 88! 23 I 6l 1 11 28 


------I(APrii 20____ ._ 637817589165:'79)'4555 

Swltchg 18" ~ ).[tty 10" - -" - -', 7!l 86 i 85 I \)2 89 I H2 I 65 83 


n '---I JUlle 1 ___ .,.' 62 69 86: 77 55 60, 27 28

i .Tune 20 ... _,,_~ 1.3 8 \ 

f 

22; l8 21' 
f 

II i L 3 

------, ,--,----,--)----,--- ­

}(APril 20_____ ., 54 \)1 l 65: ~15 I 58, 84. i 38 48 

Big bluestellL: ~ray LO - _-.1 ~-l U5 ~ 70' I ~~: ~! I 96 1 46 82


I .Tune L __ - ___ • 61 HI 6H: .J;) ;);), 90 I 38 74
I 


i JUlle 20 ____ ' 12 40 3L .56 38 54, 12! 30 


1 Best establis'hed stand for species. 

respectively. The ,T line seeding-s produced stands 10 to 20 percent less 
than earlier seedings. All seedings deepel' than 1/z inch resulted in 
decreased stands. 

Switchgrass procluced siltisfactory stands from all ~Iay 10 seedings, 
but the best [lyerage stands-92 percent-were obtained from seedings 

90­
0 80­z 

70­~ 
C/) 60­

z t- 50­
41 
 40­u 
a:: 30­41 

a. 	 20­

10-
 III.•DEPTH 

(INCHES) 
 *Itlll' tltltl I tl t rt1I tltltl , 


DATE APRIL 20 MAY 10 JUNE I JUNE 20 

FIGURE 9 . ...,.EstnbLished stands of blue gt'ama grass from various dates and depths 
of seeding. Percent stunds are averages of (j )'('l1rs' results, 11)43-48, Mundan, 
N.Dak. 
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I90-	

•80­z 
70­~ en 60-

I­ 50­z 
w 40-

I
u 
a:: 30­w 
Q. 	 20­

10-


DEPTH 
(iNCHES) tltl ~ I 

II tltl tl I t/tlt/ 
II t/t/t/ I 

DATE APRIL 20 MAY 10 JUNE I JUNE 20 

Fnn:m: 10,-Esmhli":lwd i'tal1ds of ,:i<lt'-fJat,: g-r:lIlI:l g-I':\":-: 1'1'0111 YHriol1s dflt~'s and 
depths of ".:p.. dill;':', 1'''I'''l'l1l :-:lalld,.: :II"(' a\'(,I":Ig-(-,.; ot' Ii Yl':ln·: I'PsllHs, In~a-4R. 
~Inndan, X. D:lk, 

90­
0 

80­
70­

z 
~ en 	

•60-

I­z 50 
w 40­u 
a:: 30­w 

10 

Q. 20 	

• I. _ 
DEPTH 


(iNCHES) 
 tit II lit tltl l lit t Itil lit tit/I lit 
DATE APRIL 20 MAY 10 JUNE I JUNE 20 

~'lGultl, ll,--:r~f;talili,.:h('(1 ;<\:Ill(I,.: 1)( ":lI'itehg-I':lss frolJ1 Y:lriou;< dafl'': Hiltl t1ppthf; of 
seedillg, 1'1'1'('1'111 ;;tall<ls an- :tw'rng-p>; nf (j ~'(':II''':' 1''''':1111'':. l!l-lH-lH. :\Ialldall, 
N, Dnk, 

90­
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70­~ 
U) 

60-

I ­ 50­z 
w 40­u 
a:: 30­w 
Q. 20­

10-

DEPTH 

(iNCHES) 
 •tltl l lit' tltl l lit tltll lit tltl l lit 

DATE APRIL 20 MAY 10 JUNE I JUNE 20 

;E'lGum; 12.-/<;f;tai)lil;h('ll 1;1:111ti;; or hig- 1I111('£-:t('111 g'I'III;i< from \':'IriOliS d:ltes find 
depths of ;;('('dillg-, I!PI'!'('II1: ;<ll1ll(ls III'(' 11\,('1'11:':-1'': ot' Ii ~'l'al':" rl-l;lIlti:', l!H:,I-4S, 
?llnndun, N. DHk. 
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at th~ lh- anel ~f-inch deI?ths (fig. 11). April 20 seeelings from .l4 
to 1 mch deep produced satIsfactory stands. June 1 seedings produced 
stands of 69 and '77 percent nom V,i- anellA-inch depths, respectively. 
Poor stands were obtained from all June 20 seedings. 

Big bluestem produced excellent stands from April 20, May 10, and 
June 1 seedings at depths ranging from % to 1 inch (fig. 12). The 
best-an average stand of 97 percent-came from :May 10 seedings at 
%-inch depth. Satisfactory stands were obtained from the May 10 
anci June 1 seedings at llh-inch depth, but they were inferior to 
shallower seedil1gs. No June 20 seeeliugs produced satisfactory 
stands. 

EFFECTS 011' SEEDING RATES OK STAND ESTABLISHMENT 
AND FORAGE YIELDS OF GRASSES 

:METHODS A~D PURPOSE 

The rates of seeding necessary to produce grtts::; stands that are 
satisfactory frolp the standpoints of ~rou~1(l co\'er and forage yjelci 
were studied. usmg 10 grass species. Sl'edmg ratl's were 4. 8, and 12 
powlds per acre for crested wheatgrnss, green lll'l'cllegrass, switch­
grass, side-oats grama, and Russian wilcll'ye; 5, 10, and 15 pounds per 
acre for blue grama, CanllellL wildrye, big blllCStl'l11, anel smooth brome­

/. grass; and 3, 9, and 15 pounds per aCTe for western wheatgrass. All 
seeding rates were on it basis of 85-pel'cl'nt-pure li'-e seed. SeeelinO' 
Was done with a 6-foot single-disk grain drill on a ·well-prepared 
spring-plowed seedbecl in ;3 replications of a rrmclol11ized block design, 
in plots 6 feet by 40 feet. FOllr seedings were mude-in 1949, 1943, 
1946, and 19-1:7-all of them between AprH fj anc125. It is recognized 
that spring is not the best time to seed cool-season wasses. Seeding 
of both the wanl1.- and cool-season grasses at the fiiune tim(' was decided 
on for this test. howe\-er. 

Data, weTe ob'tailled each year on the percent stamls and forage 
yields. Stands Wl'rl' determined nhont i\fay 25 each year. ~econd­
year readings ·were tonsi(ll'red to show established stands, since any 

TABLE ll.-Density of stands of gl'((S8e8 e8tablished fl'om. S8V8l'((lseed­
ing 1'ates (((veI'arles of 8eroncl-yew' ~wlClings t01' 4. plantings of each 
species and rate, 1949-47) 

Rtund nt a s('cdlng rnl(' p~t ucr(lo of-

Spades •:~'rl5' POl;'''<l5 POIrnds-I:ol~nd) P~~ll~~I:)~I~IlI) PO:)~dS'JlO~'~)d5
· j: I I 

--~--- -- -.- .....~ '--~""', ---:""---:----,--- ._-- -_........-;·---f--

Percellt; PI'rcelltj Pcrclmt: PercellI' !'rrCf1l/ Percellt: percellt/Percellt

Crcsted whl:'ntgrn.::ii __ · _ I ·1.0 J - • ,5 . -: 82 1_ - - •. 
Russian wi/clryl:' .• ~" i • -1.1' . (iG I ,·1 1___ . 
Grccn ncedlcgraH::l 52 82 \)0.___ . 
SwitcllgraRs. _ _ . \l0!)(j ns t - -•• 
Sidc-oaj;s gmllllk_ 88, 8n 02;___ _ 
Canadu wi/drye"_ 80 SCi I nB 
Smooth bromegrIL~:-;" . !In !Hl' 100
Bluc gmmll ____ _ n:l !Ja no 
Big blucst.cll1- __ . !.Hi ' OCi ' \15 
\Vestcrn whclI tgra~;.:. -! 00 81 i S5 
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future increas~ would likely be due to spreadin~ from olel plants 
l'ather than from the original seedings, Forage yields were obtained 
by harvesting a 3-foot strip from the center of each plot when the 
grasses were in the eady .flowering stage of growth, A small power 
mower was used, Samples were air-dried and weighed, and yields 
calculated hl pounds pet' acre, 

FOliAGE YIELDS AXO STA~D ES'I'ABLlSIDIE:-;TS 

l!'rom the stanrlpoint of ground ('o,'er, the 4-pollnd-pel'-ill'l'e seeding 
rate diel not prod uce satisfaetOl'Y shl nels of (,I'ested wheatgmss, Russian 
wildrye, and gl'eell I1(,Nliegrass (table Ll), Otherwise, satisfactory 
sta·nds of all slwcies "'('I'e obtained 1'1'0111. eaeh rate of seeding, The 
~l-pounel-per-acl'e st'('dillg I'at-l' of 'H'stel'n wheatgTass, h()\revel', dielnot 
produce satisfaetor), stanch; lIntil th(' third Sl':tson, ..\t that agl', these 
stands had filled in and 'Yl'rp pq1lal to thos(' from the heayier seeding 
rates, Switehgl'ass, sidp-oat" grallla, Slllooth bI'OmC'gTHss, hllle grama, 
and big bluestem pl'oclllepd pxeellent" "tands 1'1'0111 tht' mC'dilllll seeding 
rates (8 to 10 pounels pel' nere), 

Forage yields appnl'pntly \\'('1'(\ not dil'('dly dl'peIHlt'nt on Ole rates 
of seeding, Table 1:2 gives Ih(\ a ,'('mgt' it i1'-<lI'Y i'm'age yit'lc1s by speeies 
and seedillg" ratt's fl'OIll t"hp 1!l.j.:! pla1ltings, Yields fl'om the other 
pJantings wen' ('ompul'able, B('('(\use of tlwil' gl'lll'ra·lly low pl'odl1C'­
tion: Russia.n.",il<ll'ye nnd Wt'si:PI'Il wheat,!!I'ass plots \\'PI'(, not hal'vested 

T.ABLl': 1:2,-_1 l'('/'{({Ji' {{ i1'-rll',I/ fOJ'a{Je ,1/;('1r18 of {Jl'a~N('-~ fl'O 111 diffel'ent 
,~I'('r1i II (/ 1'lttl'S 1'111 II tN/ 

--~~-. -

Yit'lds IWI' at'l'I' 
~l'I'dillg

~I)('('il'~ .----- ­
rnt{' 

Hila I!IH lOI5 W·l/j l{)·I, i .A Y(lrtll!l' 

-----.. -----"­~ 

!JOUItl!:t lJo ll 11 ri.'t l'olln(I.~ JIM/wl.'t I J{)JlIlfI,~ /,)01111":1 Pounds 
-I (Il (II IfiO ;~O:~ 7G-1 40!) 

('re:;ted \\'h('n.tp;I'n~" 8 (1) (I) :210 :lO8 1,24:3 587 
1:2 (1) (1) :~(]8 :{5:{ S·!(j 516 ,·1 2:2:{ Ol\! (j I:{ :H \l I, a(ji) 

i 
(ja·1 

Green ncedl('p;rtl~~ . 8 51(j 8\):3 5(ja 28\l I, 171 (j80 
12 507 1, Jon 8:28 :l2:{ I, 2:{!l 81:3 

·1 fi:2:1 I, ,15:2 7\)(j O!l2 I, li):{ n:12 
Sicle-OtLt;; p;nLlJl:t. 8 (i(]!{ ·1, :2!Hl 7;{:2 )j50 8\)\) 817 

12 GOi) I, lfin Ii I:) 4(i2 \l01 762" 
·1· l,oa8 I, !)tl2 1,728 !):l,5 I, G02 1,451ISwi{ehp;r:ll'''_ . 8 I, !{O() 1,072 I, n02 S(H ·1, ·1·12 I, :172

l 1:2 I, :l:l5 1, SO,I .1, i)88 88·1 . I, .!(ii) I I, ·1 L5 
i) I, !)i)(i '~, ;)75 I, GIO (j 1·\ S:l,I J, 51SICanada \\'i1r1I'.\'('" 10 .:2,207 2, ;351 '1,522 ·1·1\) S7H 1,542

d .Ii) 2, I;{B 2,6GI ·1, (iO!) ·181. !J48 1, 508 
Ii 7!J(j ,1,051 'il7 1!l7 820 704ISmool h IJI'OIll!'.~I'II~'" 10 701i 71·1 oJ(j 1:11 877 614

I Iii 8:~)j !)!·I 7aG I!J·I 821 700 ., ... ­5 (11 ·101 ;lO,1 ",II 41(i 372IJ31ue gnlllltl_. - -- 10 (I) 02·1 !{:ll 2H7 471 42:3 
t Iii (I) (i7·1 :HiS :ll,1 [ '100 ! 430 

Ii I, ,I:\!l 2,071 I, S:lS I, UiO 11,024 I I, HS6 

~ 

IBig blllc:;il'ln 10 I, !i·IS I, !J50 1,787 ,1,22:l '1, H87 1, (i50 
:+)I. I. Ii 1,5ar, ~2, ~(jn 1,85!) ,1,2Gg !-, l(i.1. 1,818 

• 

• 

• 

Not hfll'\'C:;tcd, I 
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. '1;'~ 13.~Air-dry forage yields pe1' a<:tl'e f01' 3 and 5 yea1'8 of crested 
.. 	 10heatgrass aruJ, g1~een needlegrass j1'om seedings made in 19;'~41, 

at seeding mles or4, 6, 8, and 113 pmt1uis pet' acre 

Yields per ncre at seeding rntes per Iacre of- Least sig-
Species nnd yCll~ 	 F value I nificant 

difference4 pounds 6 pounds 8 pounds 12 pounds. 
! 
i 

Pou1ld. Pounds Pounds POllnds 
Crested wheatgrass: [ 

1945 _ _ _ ___ _ _ _ ___ 160 'I 210. - - . - - - '/ 85O 216. 93 94 
1946_________ -- _I :~08 a08 - --.- --- 858 .65 (3) 
194.7- __ - _ _ _ _ _ ____7_6_4_ __1,_2_-1_a_j- ____ , __ 8-16 8.75 (3) 

1 , i 

a-Veal' average 1==4=0'=.)=1===58=7=_1, ' - - - - .. I 516 I 2. 09 (3) 

,Green n:edlegrass: --, 	 !
1943___ _ _ _ _ _ _ _ _ i 228 ' : 516 ! 507 42:3.00 198
1944 _______ ... ___ 1 619 I 893 1,169 !2 to. 90 820 
1945 ____________ 1 618 I 568 828 , 211.98 160 
194~------ .. -- .. 1 :340 289 ':3~:3 j .17 (3) 
194' _______ " ---j 1,865 .. I 1, 6]8701 1, 2;3!) , (3). 88 I 

5-yeal' aVCI'age__! 684 	 81:31'--1.-83-1 01) 

--------'--.,._-,-_.,- "'--,----'"--------
I See table 1, footnote 1. 
2 Significant at the 5-percent level. 
3 Not significant. 
~ Significant at the I-percent level. 

for forage yields except in 1947 and are not :included in the table, 
Forage production was gener:tlly less frOI11. the lower than from the 
heavier seeding rates dm·jng the first year or two. The yield from the 
low seeding rates increased in later years, howev~r, until it was about 
as 	much as, and in some cases great~l' than, yields from the more 
heavily seeded plots. Plots of several grasses' seeded at low rates 
olltyielded the more heavily seeded plots in every :year except the fi1'st. 
Yields of crested wheatgrass and green neecUegrass, however, were 
definitely better from seeding rates -'of 8 or 12 pounds per acre than 
from the 4-pound rate. Generally, the seeding rates of S or 10 pounds 
per acre produced satisfactory results with nJl species, both in stand 
establishment and forage yield. III 110 instance, with the possible 
exception of green neecUegrass. did the heltvier seeding rates--12 or 
15 pounds pet· acre-.increase stands or forage yields sufficiently to 
warrant their use. 

Table 13 I?ives the yie1c1s of crested wheatgrass and green needle­
grass from tne different rates of seeding. Yields of the other species 
varied little with the different seeding rates. 

TESTS OF MIXTURES OF GRASSES AND IJEGUMES 

METHODS AND PURPOSE 

These tests were for determination of the forage yields of grasses in 
mi~tures, the effect of legumes on yields of mixturt>s, and the persist­
ence ofvarious grasses when seeded in mixtu res. 	 . 

Several of the more important grasses of this area were seeded in 
'mixtures with each other, and with alfalfa or sweetclover. Plantings 
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were made in 3 replications of a randomizecl block design, in plots 6 
feet by 20 feet. Seeding was done with a hand drill in 6-inch rows, 
and seed composition of the mixtures was determined on a. weight • 
basis. Data were collected on stands. ('omposition, and forage yields. . ' 

The first seeding of the grass mixthl"es was made in the spring of 
1942. "\Yam1-season grasses produced g-oocl stands frol11 this seeding, 
but the cool-season grasses f:tiled because of footrot disease. 0001­
season grass mixtures were reseeded in 1944 with good results. Forage 
yields were determined by harwsting fl H-foot strip frol11 the center 
of each plot with a sma n power mower. HarYested samples were air ­
dried and weighed, and yields computed in tons per H(,I·e. 

RESULTS-COOL-SEASO'\' GRASS :Y[rXTURES 

Tables l+. and l;3 g-i\-e the air-lh-y forage yields and ('omposition 
of the cool-season grass mixtures. It is apparent that the seeding of 
thEse grasses in mixtures had little or no effect on the yields. 

TABLE H.-l?orage yields /lei' oal' of 1'00l-8(,((8011 gras8 mi;dll'l'e8 and 
r1ir'l'k plots of indil'hlltal NJiel'ie,~ seeded 

;J·year8.IWC'i~s or Il1lxttll'c.- lIJ4tJ 1947 u\'cmge 

'ron.If Tall,' Tons 7'0118 
Intermediate \\'h<,atgra~s (eheek) __ 0.7·1 0, :3\l I. O!l 0, 74 •Canadlt wildry€, (eheek1. __ _ ,87 , -11 , 7~ .67 
Crested whealgra:is and illtPrlllt'diall' WhPlLt­

grass. ,57 • ·1:3 ,85 ,62 
RusRian wildryc and intPrllledinle wheatgra"". , 5:3 • ;):3 .7:l ,53 
Crested wheatgrni)H, grePII Ilpedlpgra;;", ('n.lladn 

wildrye_ • :1:3 .76 .45 
Crested whealgra~,; Hllc! greclI ncpdlegrn:iii , ~7 , 7:3 , 4.4 
Russian wildrye, brolllcgrass, and ('all ada wild­

rye____ _ •.t!J · ~:3 ,5(i .43 

Green ncedlegra~s (eheckL. _ 17 , ~n - 80 ,42 

Crested and w(,:itern whe!Ugra,;" and grccn


needlegruss___ _ , ~-I , :38 ,6!1 .42 
Crested whentgra;;s (slandard) (el\C'ck) _ _ _ ,28 .27 .67 .41 
Smooth bromegrass (ehpck)_ ,4:3 · ~8 ,52 ,41 
Crested whelltgra,;!' (fairwa,\-) (cheek) ..... • :3-1 , 'JI ,56 .40 
Crested whelLlgm;;s llnd RIIHsiall wildryp _. 18 · ~2 ,57 .32 
Russian wildrye, wcslern \\-Il('Htgra~I', allel grePII 

needlegrass_. _. 17 IS .51 ,29 
Russian wildrye (cheek) _.. 16 18 • -17 ! ,27 

T"east significant diffcrcllcP at i-pen'PIlI 1('\·pl. 12 , ]0 1·~ J 
I 

17 

T"CllSt sig\1ifi~allt differellce at 5-perecnt 1(,\·eL_. ,Of)' .07 . 10 .12 

In 1945, for examp]r, the ('heck plots of crestrd ,yheatgrass (stanel­
a,rel), green needlegnlss: and Cannda wil(h-ye yielclrd 0.28, 0.17, and ••: 
U.87 ton per H('re, l'rspectivrly. In the same year, the mixture of 
these 3 species yie1<1l'<1 O.2G ton per acre. The composition of this 
mixture in 1041) was 4fi perernt ('rested whratgrnss, 4:7 percent green 
l1eedlegrass, llnd R ]w)"epnt· Canada wildl-ye. Oalculating all ex­
pected yield fl'OIlI the l1Iixtul'e by ""ing thes(' pereentag-es Hnd the 
check-plot yields gives this result: 
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Crested wlJeatgrass-45 percent of 0.28 ton per acre = ____________ O. 1260 
Green needlegrass-47 percent Of 0.17 ton per aCI:e =____________ .0799 
Cnnnda wildrye-8 percent of 0.87 ton peI: ncrc=__________________ .0696 

Total tons pCI: ncre ________________________________________ 0.2755 

The calculated yield of 0.2755 tOll per acre is comparable to the 
actual yield of 0.26 ton per acre. The calculated and actual yields of 

. this mixture in 1946 were 0.308 and 0.33 ton per acre, respectively, and 
in.194:7, 0.7635 and 0.76 ton pm' acre. This would indicate that the 

. yields of these individual species within a mixture are the same as they 
are in pure stands, ancl that yields of mixtures are directly related to 
their species composition. 

TABLE 15.-00rnposition of mi;)}tw'e and check p70ts of cool-season 
g1'asses seeded in 194'4 and for 3 years thereafter 

Sprcies or mixture 

Intermediate whcatgrass___ 

Seeded 

Percent 
100 

1945 
----+,~~-i 

I Percent I 
100 

1940 I 
IPercent 

100 I 
i 

1947 

Percent 
100 

Cnnada wildrye_____ 
-~.--~~ 100 100 100 100 

Crested wheatgrass _____ 
Intermediate wheatgrasl'___ 

50 
50 

;{5 
65 

27 
7:3 

20 
80 

Stiffhair'whea tgrass __ 100 100 JOO 1 100 

Rusi'!i1u{ \\·ildrye. __ 50 aD 7 5 
Illtermediate wheatgrmls___ 50 70 i 08 95 

Crel:lted wheatgrns,, ____ :3a ·15 :W 25 
Grel'n needlegraHs ____ 
Canada wildryc_____ . 

;{:{ 
:{:J 

·17 
8 

50 
20 

70 
5 

Crested wheatgrasH ____ . 
GreclI ueedlegrass. ___ . 

liO 
50 

57 
·I:l 

fl2 
:{S 

60 
40 

Russian wildrye __ • ;{:l 10 0 0 
Smooth brolllegr:L.~s __ ... _ 
Canada wildryc _______ . _._ 

:{;{ 

a:3 
no 

0 
100 

0 
100 

0 

Grech needlcgra~R. _•. 100 100 100 .100 

Crested whclltgras:; ____ . ;\:{ !i7 50 1 64 
\\'estern wheafgrass._.
Green needlegra~s____ 

:{:{ 
;{;j 

8 
'27 

10 
·10 ! 

6 
80 

Cresled \\"hClt!gr:L.~R (standard) _____ 100 100 100 100 

Smooth brolllegrnsH. _' 100 1 100 100 100 

Crested whcl1t.gra~;; (fnirwtlY).__ . 100 100 100 100 

Crested wheatgrml!i_. _. 
Russian wildrye •. _' 

50 
50 

50 
iiO 

(i;j 

:17 
73 
27 

RlIi;sian wildrye __ . a;{ 47 I •.10 ~{O 

\\rc;:tern whclttgras:-:. 
Green needll'grtl~H ___ • 

;la 
;{;{ 

15 
as 

0 
60 

0 
70 

RlIRsian wildrrc ___ 100 100 100 100 
-,---,~ ...... ,..-,,-...-..--~ -­
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I·'nwm; 1:1. Thl""('-~'I'al'-(lid Ii ..ld "I' illll"'llIl'dillll' II"lwal:"!Ta"" :It tilt' ~Ialld:"" 
:-:, ilal(., ~oil (''''I~''I'\"alion ~o'J'\'i,'t' 11111"1'1'\', TIIi' :':1':1,-' 11:1" ",'"dp!! with :I 10, 
illt'll 1"'1Y ,pad,,:.: 111101 o'lIllillllo'd tf! o'ollli'ol \\"I','d~, ,\ "!!,II,'d ~"I'(\ ,'I'I)P i,.: in 

• 

IJJ'o"[lI'('t 

1IIII'I'I11pdiatl' wlll'ntgT:t,.." (,If/I'0ll!!/'f/II i"ft ,'/III r/ii/llI) II'",.. ilIP Itig-itt',..!" 
yil'ldillli l'ool'''!':I:-011 "!il':t"" ill titl' ('IIl'('\;: plol,.., :tlld luixllll'P'" ('()lIlaiuilll!: 
it Wl'I'l' III!' Ili!.rilp,..l ripldill!!, luixl 111'(',.. Ill' ('ol)l·,..I'u,..oll !ira:-::-:\,:-: (iiI!:, 1:\), 
]{11:,,..iall \\'ildi'YP \\,:',:­ tilt, '1011'1''''( ,\'il'ldill"!i g-I'n~'" ill ",,It('(,,, plots, :11\([ 
1I1ix(III'(''' ,'oillaillillg: :111 :lPPI'('('iahlt, PI'I'('I'lIl or tili,. "UTa:-:,.. \\'1'1'(' tltl' 
IOII'p,..l ill lil'ld, 

~Ill()()lh' hl'IlIlIl·!i\,;t,..,.. alld illll'I'IIII,di:ll!' 11"IIl·all.!Ta,..,.. Il'III/I'd to 1I011li­
lIatl' 11Iixllll'l'" il; \rhil'll (Itt,," 1lI'('III'!"!'(\. \\"i(1t '1JI'IlIlIl'U"la,..:-: tltl' 1I101'C' 
Hg-.!!Tl':-"il(' ill (Iii" 1'1'''lll·('t. ':\\'illll'I' (':111;1\1:1 \I'ildl',\'(' IHII' 1\'(':-:1('\'11 
Wlll'all.!Ta,..,.. \\:1" 1"1'1',1 [l1'1',..j"tl'll( ill (Ill' 1111:\1111'1':- 11"'l'd ill (11(''''(' 11';-;1;., 

Tltl' IH',..I 1'()()I-~('a"'()11 "!iI'U"'''' IlIi:\III\,(''''' I'mlll Iill' ,..talldpoill( of ('0111­
pali\Jilily, 1\"('1'1' ('1',',..11'.1 WIll'a11II'H"" II'j(!t l.!Tl'1'1I Ill'l'dk!il'a;.;", ('I'('str\! 
wllf':IluTa"'", \I'illl HII,..,..inll Ili1dl"'I', :tlld !!I'('l'1l 11l'l'dl('!.).TI""" \rilh HUS,..I:l1l 
wildl'.\'p, " 

C'I'P;.;lpd wltl'lIl!iI'lI"''', HII,..,..lall \l'ildl'\'I', alld !iI'I'I'11 IIppdlPl.!Ta;;S \1'1'1'(' 
{ltp g-I'as,..p,.. nlld Lndnk alfnl!'n alld ~i:tdl'ld "~I-I'I'I<'I()\'PI' tliplpg-1I1l1l':-', 
'falll(';; Hi alld JIg-In' IIII' fOl'ag-1' yll'ld,..lIlid "11111 PI)SI I 1011 or tlt!'sr luix­ • 
tUI'l';;, 'I'll!' additillil oj' a 11').!'llIllt" l'illll'l' ,..\I('I,tt,IO\'pl' Ill' alfalfa, ill ­
('I'('n;.('d I itl' \'!pld or IlIixllll'P'" ill a II ,':I,..P", Till' Illixl III'!, willt it s('pdl'd 
COlllpo;;ilioll ()f !H) \lpl'I'[,111 "1'(·,..I['d \l'1t1':11g-I'n,..,.. :Illd 10 PI'J'('PIlI :II fal fa 
PI'O<ill('pci 1111' Itig"ltl''''! fOI'H!.!"p yil'llk Titl' I(JII"(';;I ,\'il'lds \\'1'1'[' 1)1Jlnilwd 
"1'1'0111 a IlIixllll'P of HII,..,..iall lI"ildl'YI' HIHI "I'l',..lpd 1\"It!'atg-l':ts:­ lI'itilolit 
n h'lIlIllll', 



;'ti-.ii",,..,,,..,,,, OiC'q'LTUll.(\.LPilACTICES ON. GRASS PRODlJCTION 

('iTA"BLt:16.-F01'ag~ yield8 pe1' aoi'e 0/ cool-sea80n g1'a881nimtu1'es with" 
,: +,'. '.' and 'without leg~mI£,8, seeded in 1944 

! 
Species or III ixtuJ'e 104'; 1946 	 ! 1047 3-year 

j 
I tlvcrogc

-..-~-. 
i 

Tous 'ron.II '}'O1l8 '/'on .. I.. Crested wheatgrass and alfalfa ____ .. _________ _ O. 55 0.78 ! I. H4 1. 09Alfalfa (check) __ . _____________________ . __ .87 .54 1. 78 1. 06
Orested wheatgraf;S, Russian "'ildrye, alfalfa_,_ .43 i 1. 44.51 .79
Crested wheatgrass, green necdlC'grass, ami

sweetclover ________ . _______ . ___ . . _. __ _ .78 .64 1. 05 .82
Russian wildrye ami alfitlflL ____ ._._._ _ , .2\l " GO I. 32 . 74-
Crested whcatgrasH, Russian wild rye, ane! ;;weet­

·clover______ " .. _________ ... ,_ ._ ..... ,. .70 · ,72'~1 . !J6 jCrestcd wheatgrnss and green lIC'cdlcgTIlSi'. __ ._ .33 .27 .73 .44Grecllnccdlcgrass (chcek) _____ .. _. .17 .2!) .42.80 ICrested wheatgrass (check). " ." ' ... .. .30 .27 .67 .41
Crested wbeatgrass and Rusl;il1n wilclryc .... . .18 .22 .57 I .32
Russian wildrye (eheck) .. _ 	 .17 · 18 .51 ; .29 

------'---: 
Least significant difTel"C'ncc at I-percent levl'L , _ . 11 .22 .43 i ,16 

--- ---.---.----
Least significant diiferclI('e at 5-perccnt level. .. _ . 08 · 16 .32 .12 

l'ABLlj 17.-('omposition ot C007-8ea807~ {J1'C188 mi,dw'es 'with and 1.0ith­
out Zeg1lmes at seeding in l.?H. and to;' 3 years theJ'eajte'r 

Speci~.s or mixture 1947 

Percell/. I'ercfllt Perceut IJercelltCrested wheatgrasl<_____ _ !)O {i5 :~O 50Alfalfa _____ . 10 :~5 70 50 
Alfalfa _______ ... 100 100 100 i 100 

Crested Whe:ltgru~~______ .. _, 5045 	 47Russian wildrye ___ • _ 45 2:3 , a515 I' 5Alfalfl1. _• _ ' 10 27 r 

1Cre:>ted wheatgra~s_ _ _ 45 	 78~: II 

48 

Green needlegras:4___ . ' 	 45 I 28 22Sweetclover. _, , 
10 ! 0; o 

RUf;sian wildryc_ ... no ; 70 aa 70
A!;l)lfl1______ • 10 , 24 67 30 

Crested wheatgrnss. __ _ 45 20 71 78Russian wildrye ___ _ 45 15 29 22
Si'eetclovel'_ ... 	 ]0 (j5 o o 
CrMtcd when tgra~s___ _ 50 57 62 60Green needlegrnss____ , 50 4!-! :38 40 

. Green needlegr:ts~___ _ 100 100 100 100j
Cre!;ted wheatgrnss ____ .. 100 100 100 100 

1Qrestcd whelli,grass ____ . 50 j 50 	 73
Russian wildrye. __ 50 27 

50 I
ltusflia)l wiIdJ'yc __ .... _ . _.•.. 100 100 100 100I 
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~TABLE 18;-Fm'a,ge yields per iZ(l1'e of warm-season g1'asS m,imtU1'esand 

. _ check plots seeded in 191,2 . 


5-yearSpecies and composition (1943 19H 11945 ]946 1194i nveragc 
--------------!.-- ----1---------1----

Big bluestem, 75 percent; alfalfa, Tons TollS Tons Tons TOllS Tons 

25 percenL__________________ 1. 53 2.46 1. 20 0.67 2.21 L 61 


Switchgrass, 75 percent; alfalfa,

25 percent ___________________ 1. 40 2.35 1. 51 1. 00 2.40 1. 53 


Side-oats grama and alfalfa, alter­
nate rows______________ . _____ 1. 25 L 83 1. 64 .91 2. 03 1: 53 


Switchgrass and alfalfa, altcrnate 

rows________________________ 1. 06 1. 90 ! 1. 21 .71 2.06 1. 39 


Big bluestem, check_____________ .61l 1. .10 I 1. 01 I .58 1. 40 1.02 

Switchgrass, 75 percent; big blue- I 


stem, 25 percent______________ .80 1. 26 .64 1. 29 1. 01
1. 061
Switchgrass and big blucstcm, al­

ternate rows__________________ .62 L]8 .87 .52 1. 72 .98 

Switchgrass, 25 percentj big blue­

stem, 75 percent______________ .69 I. 19 . nil .65 1.14 .93 

Switchgrass, check__________ ____ .65 1. 03 I . 94. .52 .84 .80 

Big bluestem, 50 percent; side- ! 


oats grama, 50 percent____ .. ___ ! .:34 1. 1:3 r . n .47 .97 .75 

SwitchgrllSs, 50 percent; side-oat,s 1 


grama, 50 percenL__________ I . .13 1. 08 I .78 .50 .77 .70 

Side-oats grama, checL ____ ...• _1 . 25 ,~1~~-·-6-2-1---·-4-9 


Least significant difference at 1- It ! i 
percent leveL ___________ ._ _ .28 I .31 .30 .15 .32 .21 

Least significant difference at 5-1---j--------- I • 
percentleveL _______________ .17 .. 23 .22 .11 .23 .16 


------.--.-.-.--~..------.--.- ' --'--~---'----


Two mixtures of grasses and l\Iadrid sweetclover were seeded: 

crested wheatgrass, Russian wildrye, and sweetclover; and crested 

wheatgrass, green needlegrass, and sweetclover. .t\Jso seeded were 

the same grasses in mixtures without sweetclover-crested wheatgrass 

with Russian wildrye, and crestecl wheatgrass with green needlegrass. 

These mixtures were planted in 1944 and first harvested in 1945. None 

of the sweetclover yohmteered, so there were no sweetclover plant.s 

:in any of the plots after 1945. In 1946 and 1947, the compositIOn of 

the mixtures on the plots that original1y contained sweetclover was 

practicll.11y the same as the composition on the plots seeded to grasses 

only. 


In 1945, when sweetcloyer made up 59 percent of the composition 

of the mixture of crested wheatgrass, green needlegrass, and sweet­

clover, the yield was 0.78 ton per acre; from the mixture of the 2 

gr!1sses without clover, tIle yield was 0.33 ton per acre. In 1946, the 

yields from the mixtures originally with and without clover were 

0.64 and 0.27 ton per acre, respectively, and in 1947 they were 1.05 

, and 0.73 tons per acre. Since there was no sweetclover in the mixture 
during the last 2 years, it is apparent that the fixation of nitrogen by 
the sweetclover during the first 2 ycars served to increase the YIeld of 
the grasses in the later years. 

T.his same effect was noticeable on the plots seeded to mixtures of 

crested wheatgrass and Russian wildl'ye, both with and without sweet­

clover. Although Russian wi1drye was consistently low :in forage 




1ields t~roughout the~e, te:;ts, i~ should not be underrated because of 
Its ShOWllig here. It IS prJmarIly a pasture grass that produces most 
'of it') leaves at the base of the plants. Accurate information on its 
forage-producing capacity was not obtained 'with the harvesting
methods used in this study. 

RESuLTS-WARM-SEASOC\" GR.4.SSES WITH AND WITHOUT LEGU!IES 

Tables 18 and 19 give the forage yields and composition of these 
mixtures. As in the case of the cool-season grasses, mixtures had 
little or no effect on the yield of the individual species within the 
mixtures. Yields from mixtures of warm-season grasses with alfalfa 
were generally higher than from mixtures of grasses alone. The 
highest average yield-1.61 tons per acre-was obtained from a mix­
ture of 75 percent big bluestem and 25 percent alfalfa. The highest 
average yield from a mixture not containing a legume was 1.01 tons 
per acre. This was produced by a mixture of 75 percent switchgrass 
and 25 percent big bluestem. Of the 3 grasses used in the study, big 

TABLE 19.-C01nposition of Wai'1n-Season grass miwtw'es at seeding in 
1941& and fOI' 5 years thel'eaftel' 

Species or mixture rSeeded I 1943 r--;;;:-~- 1946 194i 

--------------, percent' paw:'! Percent -;:::::; -;:::::;-;:;:::; 
13igbluestem______ . ____ . "_1 75 47t 70 37 32 27 
Alfalfa____________________ . I 25 53! 30 63 78 73 

1 
ISwitchgrass ______________ . 75! 16! 60 50 45 40 

Alfalfa_____ - - - _ - . _. _ _ _ . __ I 25 84.! ·JO 50 55 60 

Side-oats grama______ _ I (I) 53 50 .50 50 50Alfalfa______ . _ _ _ _ _ _ (I) 47 50 5050 50 

Switchgrass____ ..... __ . (I)
Alfalfa ________________ _ 55 50 50 50 50

(I) 45 50 50 50 50 
Big bJuestem ____ .. _. _ 100 100 100 ]00 100 100 
SwitchgrasR__ • __ 75 78 78 64 68 70Big bluc~tcll1 ___ _ 25 22 22 36 32 ao 
Switchgrass___ • __ •• f (I') 51 50 50 50 50Big bluestclIl __ . _. _.' _, • I (I) .1\:) 50 50 50 50 
Switchgrass______ ... '. ,. _. _ _ 25 50 12 ]8 18 20Big bluestem.. _ _ _ ___ . _ 75 50 88 82 82 80 
Switchgrass ______ • _________ _ 100 100 100 ]00 100 100 
Big bluestem______ . __ " _ 50 :37 4:3 40 39Side-oats grama. ___ .. __ . 50 oa 57 60 61 
Switchgrass______..... _ 50 52 a!l ! 45 50Sidc-oats grama____ _ 50 48 55 50 

61 ISidc-oats gralJ1f. _________ __ JOO 100 100 100 100 

I Altcrnatc rows. 

http:yield-1.61


p!Utes1Getlil.'ptoduced the ~g~~st :i,":era~J'Yield'.in cl1~1( nlC.tR.,..,-.llM~ 
" . The', average:J'leldfroID -check plots oJ", ' 

, gt'ama. were ,0':80 and O.~9 ton per acre, ' '. ,'... : 
<'.[" { , • " ofthe mixtures were made with each specles " ,jli,al~ 
"::,~ernate'rows. This llad little or no effect on the forage yie1cls, but' 
.:th'eSe seedings maintained their original composition better than when 

.~the grasses were mixed in each row. 

http:i,":era~J'Yield'.in



