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INTRODUCTION

Rehabilitation of deteriorated and abused mau lands 1s being
snoomplished with greater suacess ench year b the aid of better methods
of seading which include seedbed prepsration, intensitiss otl’mng, S
plements for planting snd improved methods of eliminating ecompstition.
Much mare information ie nesded, howsver, in order to rocommend suitable
sethods and spasies for seeding vearious vegetation types and wones with
reascnable wveliabliity, Throaghout the arid and semi-arid range lande,
moisture 1s the principsl factor limiting satisfaotory seedling establishe
ments Special sttention should therefore be given Yo aore efficient utilie
sation of the moisture supply. Clomely melated species or species with
sinilar growth characteristics ame sald to coapete more for water, for
space and for mutrientsj therefore, studles dealing with the effect of
spacing and intensity of sseding upon sesdling establishment are of
paremount m‘mm. |

Availabls weter supply can be most effectively used by incressing
water absorption of the soil, storing moisture in the soil one year for
use the naxt and preventing soil moisture losss Incressed water abeorptimn
of the soll can be socomplished by tillage of the soil and mmt;nz U
off losssss Sumar-fallowing is a means of storing water and proventing
wmoisture losess thwough evaporation and transpiration.

8light changes in the amount of available wmter, or in the efficiensy
of its use, may bring about succsss instesd of fallure in the arid regions
of the Wests Thus, an important sspsct is the density of the seedsd species
during the initisl stages of sstablistuent since spacing and intensity of
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seeding are principal factors determining competition of subsequent stands.
Trestuent differences are best observed when the supply of available mois~
ture is near the oriticel point, otherwise, when the supply of moisture is
plentiful or short, differences are not app:rent and appear unizportant,
Because of the Lizited knowledge dealing with effect of intensity of
naa&iﬁg‘m Hﬁll row apac-ing upon subsequent grass stands; a study was
conducted during the years 1950-52 on foothill range land in central Utahe
For kmiaa of mamu (W),ﬁm uvsed in the study. The throe
recently introdused species, intermediate wheatgrass (Agropyron intermedium),
stiffhair wheatgrass (i trichophorum), and tall wheatgrass (A, slongatum),
were compared to the performance of crested wheatgrass (A. oristatum). The

species were seseded in & randomised bloek in all combinations of the
following treatmentss epring and fall seeding, 3 intensities of seeding,
and 3 different spacings betwsen drill rows.,




REVIEW OF LITBRATURE

Nost of the literature bafore 1935 covered range seeding only in a
bread sense, and mush of the subjest matter to date is only general in
scops, The problems of seedbed preparation, date of ssoding, method of
seeding, depth of seeding, and use of mulches and murse grops have bdeen
studied by many investigstors, but the effect of intensity of seeding and J
drill row spacing hes received little attention.

The importance of the ecologicsl and physiological factors that con-

tribute to failure of seedings are todsy being reslised. Pertinent smong
these are the factors influencing emergence and survival of ssedlings,
Harson and Vorhies (1938) emphasived the need for study of the phases of

1ife histeries of forage species, processes of biotic assoolation and susw
cession, relation of climate to vegetation and animals, and inter-relations
of vegetation with insects, game and domestic stook, ‘

One of the mt izportmmt factors determining suocess of range sesd-
ing is general weather conditions, and the forsmost of thess is precipi-
tation, Precipitation affects not only the method of seeding but also the
season to seeds Acoording to Stoddart (19US), aress receiving above 6
inches of precipitation during thg growing season generally are good prose
peots for grass seedings In judging areas suitable for seeding, Stewart,
ot ale (1951), recommended only aress where the snnual precipitation was
12 inches or more.

Bince avallable miﬂmﬂ has been ‘W tode a lhiting fastor &n
seedling wmergence and survivel, seedbed mmuou !.- very important in
conserving moisture, Important considerations of amsm the m f
csuses of seeding m).m suggested by Thateher, wmm: and Lowis (1937)



aret "..el.prepuve @ ;003 seedbed, flr: below, with an dach or two of
Loose soil on top; cultinacki broadcast the seedy anl cover lighitly with
a narrow or we der crosswlse to the m;:ltipasking‘f De 53)e  olboob (1950
ghowe’ bha the offerts of firine Lhe see ced favored seedliry sur-ival
rut to & lesser @.r-e bhan seedliyo suerconce,

Susmer Tallow iy use. widaly to conserve an extre supply of molsturse
and to decresase the weed competition. ‘lost authors, however, sugg:sted
keaping the suil protecied with stubble or m lche This 1z especially true
in 1ivbt soils that are likely to blow. Steoddsrt (1947) fonnd that thorw
ongh, lesp plowing wit: @ onewvay dlsk vas svperlor te lichier plowing and
railin-, but thet bursing followsd by deilll . wes Troguently nroferable.

Cbark, Toevs, and Hafenrichver (1540) foond thot when cross wes planted o

swwer fallow, develorment was advanced o least one yenr over :roas plaried

direetly Lido oteatprans,

It order to re’uce coapetition ard conserve soll moisiure, bLrush,
ch-at rass arni obther co petitlys speciles nucl be recuced on ge ulny arcan,
Abeut 95 percent sradicalion of sapebrush ear be obtairel by uwe of a i
inchmdisk whentland plow with the disks set ab about a 30 Je rse avngle to
rive deen plowing action  toddart 1947). Fest exnevience hag clunrly

+

shoe thet derse ahveb reow ( rosus restorus) nust be eliminated or v atly

ronsed 1€ resgee ing i3 to be successful. the preparatory crop uetiod
not o-ly eliminstes cheatirass by thorough plowirg, kmﬂ; it also leaves

a {irm, stubble-protected seedibed in w lch to drill the ;:ez*e.:':!i.sl £rRBS
seed (I"eik 1950)s Aceording to fhort (1943), late-develoci p mnnuals,
such as lussian-tidstle, seldon compote severely wit! sress secdlings ‘vox

fall or early spring plentincs, and Savece {1239) found that for +rilline



<

gress M, stubble about 8 inches to 12 wchca -h&sb produced soil usuvally

firssr, clesner and freer of weeds than on land without stubbles

So11 orust is another problem determining the success of seedling
cinergensces Carnes (1934) hss shown that seedlinge emerge through a OM
Mm u the soil under them is ss firm as the surface orust above.
Frischineoht (1549) observed orusting of the soil surfase in some years
snd not in others which ressited from frosen subsoil thereby causing
puddling on the surface following snow melt in the epring. Carnes (193h)
‘showed that mulohes and stubbls were valuable in preventing the formatiom
of hard grust. | |

Mapt.n’bﬂiw of speciss to site was found to Ye of utwost importance
in suceessful range reseeding (Hull, 19k} Poarse, 1947)s The final
chotse of a grass species or strain will depend upon adnputian to cl:l--
matic conditions, adaptation to land capebility and production of forage.

In addition to speciss adaptability, season of seeding is a very im-
portant cousideration for insuring ssedling survival, wuehkmm {19k9)
stated that nortality as the result of wintering had 3 main ceuses (1)
heaving of aldiim ﬁu to .amh m»-m and emmg ot the very wet
soil surfsces (a) breaking of the primary lsaf near the ground level and

(3) mminhmlmm as a result of dald tmﬂtm. Pearse (19k7)

suggested that planting should be ‘Gone st a time when the soll of the root
sone would remain reasonably moist, and an would favor germie
mt:mn and growth for a considerable length of tm, or until seedlings
wore established, Stewsrt (1947) suggested fall as normslly being the
best time for sesding beoause this sesson wes generwlly most dependable
for moisture and establishment of plants, Cook and Stoddart (1947) found
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that i.n all cases when drilling, spring aud:lng was superior to seeding
ut any uhh-r seasany hm-m, when hemadouﬂm m a«d, ta‘.u seeding

| 'au b-tut M spring aedinco

In luw oases improper depth of seeding hu been obnmd as the
cause for failures and in olosa assotiction is the lack of uniformity
of depth of coverage wiish resaits in seed wastage. Murphy and Army
(1939) found that the larger the seed the greater the depth from which
small~seoded grassss oould be expsoted to emorge was 3 inohes, but they
considered onewfourth to one-half ineh the optimum, varying with the dry-
ness of the surface soil and soil texture, However, Short (1943) con-
sidered three-fourths inch to oo inch as the most favorable depth for
the seed of most range grasses,.

Intensity of seeding s also considered important in establishing a
sucaessful stand of gresss. On poor soils and poor sites increased in-
tensity may be undesirsble in attesmpting to obtain satisfactory seedling
establishment. When grass stands are ssedsd to produce dense stands,
excess coumpetition may prevall, Frenske and Hume (1942) stated thut,

"The rate of seeding depends upon the sise of seed, purity, relative
fresdon from inert matter, germination, method and time of seeding, cone
dition of seedbed, coat of seed, growth habit of the gress whether spread-
ing or bunsh, whether ml-uum or warm-season type. tmm
grasses 'unulh require a heavier 'rat.e of seeding than cool~sesson
grasses® (p.ik). |

Bridges (19L1, 19L2) found that laboratery germination of grass
seeds was not in ell cases a relisble gulde by whick to estimate the
rate of »aduw. Submt‘rulm of the visble seeds to produte stands



.7”

in the field was not due to their inability to germinate but to the lack
of proper couditions for germimmtion,

Bleak (1950) suggested for renge conditions that intermediate wheat-
gress should be drilled st 6 to 8 pounds per acre in rowe § to 12 inches
apart and when drilling is not practical, seed should be broadcast at a
Mdoflomupomaperamméownyahamwérlmurmm.
Howsver, Nubbard (1949) found that if the seedbed were suitable, there was
no significant diff-rence after s 10-year psriod in density of stand or
yield of orested wheatzrass when seeded at rates varying from 1 to 12 pounds
per acres Short (1913) pointed out that 2 to 3 pounds of crested wheat=
graae por acre would be sufficient under optimum conditions 1f the seed
could be made to feed through the drill steadily at such low rates,

Closaly sssocisted with intemit;r of seeding is row spacing. Several
writers recommend a width of row epacing, but few point out any relation-
ship of spacing to seedling emergence and survival., Engledow (1925) ace
knowledged an intimate connection betwesn spacing, plant development and
yield. Stewart, et al, (1951) recommended 6 inches to 12 inches for row
spacing for average range seeding for most species., Hull (1948) maintained
that row spacings of & inches were better for weed ocontrol, soil protection
and grasing than were wider spacing whien using orested wheatgrass. However
Nelson and Shepherd (1940) found that row spacings from 1L to 35 inches
usually gave higher ﬂaldn of forage and seed than did closer spaced rows,

Sprague and Farris (1931) found that yleld of forage was related to
the root and top ratio of the plants The roots were :n turn affected by
the regularity of spacing of seeds, as well as the intensity of seseding.
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In order to insure soil stability and optimum forsge production, there
should be some overlap and competition of root systemss Therefore, the
most desirable intensity and apming-ﬂoum e one which resulis in egual
distances between all plants., Love and Hanson (1932) described orested
wheatgrass, under normal range conditions, as hoving a root system with

a lateral spread of 2 fest and a working ‘lawl of 3.3 feet. With a spacing
of 21 inches, this would allow en overlap of 3 inshes hetween competing
root systens,

Hyder (1949) mpbrtmd that survival was found to be in dﬂxwi relation
to both row spacing snd intensity of seeding. Row spacing, however, had
more influence upon survival $han did intensity of eeeding.

In many arcas the chances for suscess are no grester than the shances
for railm, therefore, sesson of planting, depth of planting, species
planted, intensity of planting and spacing of rows may all determine the
_ difference between sucoess or failures For thess reasons, all available
informztion should be gsthered and properly weighed before widewscale
seeding oan be accomplished with any great degrae of success,



DESCRIPTISN OF THE AREA
The Soil

The experimental ares is located at Bernmore, Utah, in Tooele County,
on foothill lands aduministered by tha Soil Conservation Service. The area
lies, in part, within a shellow arm of ths former Lake Bonneville with
the remainder of the area being made up of an alluvial ocutwash plain. The
averaze elevation is about 5,500 feet with low mountains surrounding most
of the ares, During and after %rld War I, the area had been dry-farmed in
growing small grains. Low grain prices and uncertainty of adequate moisw
ture for even moderate yields led to the abandonment of the land after
which it was reclaimed by the Federal Government for rehabilitation,

The soil in the vicinity of the plots is residusl mnd designated as
the "Orantsville (unconsolidated) Glay Losm® of the Bonneville Leke sedi-
ment series (Nelson, 1939). A short distance to the south, the lake
sediment p:aées under an overburden of illuvial snd colluvial outwash
(when the transported material is less than 6 feet deep) which was desig-
nated as the ”Bemofo Series®, Recent sheet erosion has been rather sevare
throughout the area. Nelson (1939) in his work on ms.l‘aﬁrvay and classi-
fication stated:

"The arm of Lake Bonneville was shallow, with a fluctuating

‘level, probebly dry at times, and the sediments variously affected

by reworking, by local additions of cutwash materials and by differw

ence in drainage. 4s a result the soils differ in color, textura,
structure, and gravel content, frequently within short distances.

All are calcareous in the surface soil, have undersone some cone

centration of free lime in the subsoil and apparent accummulations

of fine textures in the B horiszon. Surfsce soils are loose, friable

and light brown to grayish brown and cslcareous., There is commonly

a soft, platy crust about 2 inches thick, then a soft very finely

granular (almost floury) mulch. This is underlein by a moderately

hard, massive light brown to grayish brown calcareous subscil

which crushed easily to a very fine cloddy and granular condition.
This has been observed to vary from lsss than 12 inches to as
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much as 18 inches when 1& m into clthor ld,uﬂu‘ mtoml aonw

taining many seft lime aggresgations or into a light gray heavy

textured hard strate which bresks very easily into a mass of small
subical fragnents of seldowm as mush as onewhalf inch across, Beds
of waterworn gravel ars st varisble depihs below an aversge depth
of about 2l inehes, Oravels may bde present on the surface over sonw
siderstle areas.

Jenerally the penetration of moisture from light proeipitation s
very shallow, ‘ (19&9) in a previous study on the area found that
only when thu'o wma 0:28 inch of precipitation or more was there a
nppmmmizsmutm in the 1 to 1% inch sone and after 1l hours
the surfaoe inech of ge-n was back to mly the alr-dry moisture levels
This rapid rate of enper;uoh and short period of tiwe dﬁriag wiich there
was favorable soil molsture was bellieved the limiting factor to seed gore

minations

Jogetation | ~ ,
Pravicus to the initistion of the study the area was covered by big

sagebrush (Artemssis tridentata), wheatgrasses (Agropyron spp.), and
rabbit-brush (Ghrysothamuus sppe)e Hewever, most of the ares has elther
M haavily gresed or plowed and at the time of the initiation of the
cﬁw, the area was primerily cdvénd with annuals and um.

Pregipitation
' The varisbility of monthly rainfall aad annual rainfall, as shown in

table 1, indisates the wide variations in presipitation that can be expected
on foothill areas in central Utah, The mt‘qu of rain periods during
the sarly spring; ta@.e 2, alde significence to the importance of storing
moisture in the coil und rmnu the rate of evaporation. The aversge
‘length of time betwsen rain periods during the spring months varies from as
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Table 1. MMonthly precipitation for Bemmore, Utah, 1948 to 1951

1951

Average

w0

150 3413 1423 1463
&7 .85 62 61
159 oTh 137 1ek2
55 37 2,20 «99

1.6k 142 1.98 1.2
52 A2 o6 76
26 50 150 o6l

Y 03 87 oS
ﬂ” +850 +13 oli2
147 55 146 1400
b 1.31 1.85 208
56 25k " 266 1,70
9478 10,76 A8 1197

~ Dats taken at V
anma record is

mummdmmporuufu.a.mma\mm. .
Utah five uiles frox Bemmore, Mbylﬁr. Durrant,

Gmp




Table 2. Monthly precipitation and number uwoipiutim periods during
Mareh, April and May at Bermore, U

Yoar 1943 I9Lh 195 19k6 1947 1951  Average

Marshs . . S ‘ B
Precipitation 0,69 1,72 199 16h 037 137 1,30

. Hoe of ppte periods 6 7  1n 2 6 1

Aprils L : : ' N
Precipitation 0.55 1439  1e77 0400 2,18 2,20 1.34
Noes of ppte periods S . 13 10 0 L 12 7
Precipitation 0s51 2409 1411 1,93  0.58 1498 137
Nos of ppte periods 6 10 a3 - 1. 9 7

Totaly : : : =
Precipitation 1eT5 ' 5420  LeB7 3457 3413 54585 heOL

k¢ I T 2 a

Fos of ppte periods 17 . 30

y Data compiled from npm of the Soil GW&H& ﬁmium UeSs
.Weather Buresu, Data for 1948, 1949, and 1950 for number of presipite-

- tion pericds durivg month were not complete.
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The mean annual ‘pmeipiutian at Benmors, over a 'pmd of 32 years,
beginning with 1912 to 1943 inolusive, was 12.82 inohes. Seasonally, 30.11
percent of the precipitation fell in the spring, 20,75 percent in the sum-

mer, 22,77 percent in the fall, and 26,37 percent in the winter, The total

~ amount mptvm‘duﬁng the growing seascn, April 1 to Ootober 1, was L5.50
percent (mh_ 3)e From 1943 to 1951 inclusive, ths mean snmual pracipite—
tion was 11,86 inches. ', |
The averayge annual precipitation for 1950=51 was 12.94 inches of whish
k2,89 percent fell in the sprimg, 23.26 percent in the summer, 15.38 percent
in the fall and 18.47 percent in the winter. Ths smount received during the
1951 growing season was 7,8 inches or 56.57 percent of the anmual total

(table 3). | . - |
As show in table 1, the preoipitation for the growing sesson of 1951

was well sbove average. However, during fall and winter, moisture was oon=

siderably below the average (table 3). If the winter acowmulstion of mois-
‘ture is low, spring Minga must depsnd upon spring prwipfgms.an alons,
The longest period of favorable growing conditions for the Bsnmore area is
. during the early spring. Tharefore, it would hu most desirable to have the
seed gcrﬁnau in the early spring,

Foothill regions of Utah are characterised by large variations in
apount, distridution, end frcqmney of precipitation. High rates of evaporw
ation from the surfsce soil stress the importance of frequent rain storms
dnring the pertiod of germination and emergence. 5eeds may be sudbjected
to one or more period of drying out if the surface soil does not have a
frequent supply of moisture. If this is the case, high mortality of

UTAH STATE AGRICULTURAL CGLLEGE
158647 - LIBRARY -




Tabls 3, Monthly precipitaticn for water ﬁargfl?SMl at Bemmore,

Utah cowpared to average (1912-1943)

191219138/

November 4 131 «20
Decenber . 101
Janusry ' 1423 1.03
February +62 1.3k
¥areh , 1.37 ‘ 1.k
April 2.20 1.17
May © 1.98 1,20
m . 8L l?h
Cduly 150 94
August . «87 +58
Septezber o13 «80
Total 1294 12,82

1/ Water year is designated as that period of tims in which the soil
mantles is first recharged in Ootodber of one year until its initial

recharge in October of the subdseguent year,
‘ Data from U, 8, Weather Buresu reports.
Data from Stoddart (1946).




pends and seedlings is to be expested. Therefore, winter snows must be
relisd upon to provide a good supply of méiatm to the sub-goil, and
spring mins are needed to replenish the supply of molsture in the sure
face soil. On areas where scil crusting is a problem, spring rains ars
izportant in order %o keep the soil surface soft so gdeedlings can emerge.
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METHOD OF PROCEDURE

Preperation of the sotl
The brush on the area was eradicated during the first week of April

in 1948, Three implesente {wheatland plow, tumbling log-harrow, rail) were
used in the process efmdaontm., Bael imﬁlmnt. cleared about ome-third

. of the NM«‘

This srea was azain cultivated during the last week in August of 1549,
The entire srea was plowed with & wheatlsnd plow. DNring the second week
in July of 1950, the area wes again cultivated 26 as to suzmer fallow and
destroy weeds on the area. At this time there was a sparse stand of Bussisn
thistle (Salsols pestifer) and cheatgrass (m tegtorum). However, 1t
was noted during the sumser of 1951 that this summer fallow preparation was
rather poor since the area had a soderate stand of cheatgress and Russian
txistle on it even after two cultivations, Perhapa an earlier date of sum-
ser fallowing mom have b«‘g used before the seod on the chestgress had
matured, | -

Seed Analysis

The seed which was used for the fall and spring seedings of experi-

mental plmting was obtained fros the Utah State Agricultural Experiment
Station harvest of 1949« Analysis and testing was in sccordance with

~ the rules for seed testing s listed in Rules and Recommendetions for

Testing Sesds, Us 8. Do As Cire. 480, 1938, A summary of the results
of the seed snalysis and testing is shown in appendix tables 20 and 2l.
The sesd to be tested wes separated into L souponentss (1) filled

1 R ' : . -
v . w B .
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mu' ssed of the matu to be tested, (2) other orop liod, (3) weed seed,
and (L) Snert mstter. Since the amounta of other crop seeds and weed seeds
were negligible, they were inoluded with inert matter in order to ﬁi‘mh them,
| Four samples of sach grass speciass were separated into groups of 100
£illed seeds per ssmple for the germination period, the germimation oven was
wached with & solution of formaldehyde consisting of 1 part formaldehyds to
100 parts of distilled waters This wes allowsd to stand for 1 hour and then
the oven was rinsed with distilled water, All petri dishes were u.‘miiu'l;
tresteds Each ssupls of seed was allowed %o stand in a solution of 1 part
formaldehyde to 320 parts water for a pericd of 10 minutes then tsken out
and allowed to dry on blottoﬁ. The seeds were then spread on moistblotters |
1n the treated petri dishes and covered with a damp blotter and placed in o
t& ﬂwmﬂép oven at & constant mtum of 68016‘. Seeds were con- ‘
sidered as germinated upon the extrusion of the radicle and coleoptile. o
Cumulative germinetion of each species was recorded daily for a period of
1 days, . Seeds which absorbed water slowly, and remained hard at the end
of f.he teat period were ooﬁztud and recorded as hard sceds.

Storage treatment of the seed prior to testing and drilling consisted
of dry storage at room temperature. The species tested were well within
the tolerance limite {appendix tadle 21). |

The purity and germination perventazes of each species were used to
caloulate the bulk seed comtaining the seme muber of visble sseds oane
tained 1n one pound of crested wheatgrass (appendix table 28)s The num-

7 bcrof‘viubhMNrmthmthﬂnmwﬂdthcww
‘ coﬁpnta the emergence sucdess from the normal seedling count.
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Drill Calibration |

The drill used for the seeding was & 6 foot single-disc type drill
with ten spout openinge 7 inches apart. It wss necessary to cslibrate both
sides of the drill since the left and right sides of the drill were conm=
trolled by separate seeding ;nﬁuuy governorss For sach intensity of
each species, the number of grams of seed to be dropped from § holes i
20 whesl revolutions was computed in the following mapnsr: |

o I= } (o/r x 20)
Whens '

I » grens desired per 5 drill openings in 20 wheel revolutions
0 = grams to be seeded per acre

R s Wheel revolutions per acre (605) = M,S& (sqe ft. per acre)/Cx¥
C = wheel circunference = 12 feet
¥ » width of the drill = 6 fest

Therefores I = } (G/30.25)

Drill calibrations for the various intensities and spscies were socom=
plished by: (1) propping 1 wheel off the ground for turning (2) f£illing the
hopper with seed (3) starting at small openings and successively increasing
the opcnina until the proper openings were determined, fha seed dropped
during 20 wheel revolutions was caught on a canvas and weighed for recording
esch.crill setting, The weighte per drill settings were compared with the
dwimd amovnt and the setting dln“lt to the desivred uwnt was ueed as
shown in appcndix tablo 8. With nll species, the amount of seed dropped
in the actual nmm upm-ution difrered fmm the desired wmt. The
greateat vnriﬂ.ion wis found in the fall uad:lng because tm did not pm
mit drill calibrations for the different seed sources in some ceses. There-
fore, new calibrations were made and nud for the spring noding and aho
the rates of seeding for the fall were rochoekul.

4



Design of Experiment o | o ‘

~ fwo blocks measuring 1340 by 130 feet each wire latd out side by side
with & any 20 fest wide between them. m ssedbeds were divided inte
72 plots eash and each plot measured 183 by 130 feet (figure 1), The blocks
were hhargd & tnd B from esst to west neking two mblioaﬁﬁonl‘ of mmny

" pandomized plots within each bede All possible conbinations of spacing, ine

tensity, and season for each ut the four speoies were planted in two repli-
eationa.

 The L apecies of wheatgrasses were drilled at spacings of 7, ik, and
2 inohes. - Intensities of filled seed used for sach species were com- |
parabls to 2.5, 540 and 7.5 pounds to the acrs of mrcn cristatus
(sppendix table 22) and are referred to as low, medium, or high rates,

Spacing was socomplished by using all drill spouts for the 7 inch mam,:
‘every other spout for the 1k ineb spacing, and by nwppm up every second
and third ipout for s spasing of 21 inches. Spouts not used were placed
in seed bags and the seed caughts Failure of the species to perfors the
‘same way may be froms (1) ﬁiﬂ‘omec in germination capacity among the
npoctu, for which the data can bs corrected; (2) inaseuracy in drill
calibration, for which the data can be partislly corrected; and (3) the
natural o inherent differences in soils and among spectes.

Sesdings were made during the fall on September 19, 1950, and during
the early spring, April k, 1951, making a total of 1k plots in the entire
atudy, |

Driliing the Seed |
| A1l plots were drilled in the same mammer {figure 1)s The seeding
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dapth wus vory AAffiouls to regulste dup %o the tneveness of th nofl gume
faoe. Shis resulted in varping the seedlnz depth fwon  inches
with on average denth obont 1 inch.

For the puvoss of eumpling drill rowe, openings in the drgll vere
musbered conseeubively fron laft to risht when facing the dook of the deill,
i1l soout number ong e aluays Pmmedisning so wne drill avout mumber
govens ALl Srill spouts wvere ueed for the 7 dnoh spnoing: spout nambers 1,
3, 5, 7 ond § wers used for the 1B inch spreing: and epond mumbers 1, B, ¥

znd 10 were ueed far the 2] inch specing.

s 9f Juke

Foa epewcence dotn for £211 seeding conid he tlwn before vinder snowe
beormize loos then 5 noremmd of the zoelllings hod éncrred fne to Jock of £011
peintare. This sbhosre:iion wos mode on Pecenber 10, 1990,

Afber goedlings Ewi aufficient oortumity do oonrpes In the opring of
1951, theoo eremling plots or unite conalsting of 20 linoor food of drdl)
row vere evhkullished 4n esch vlot, The outer (i1l pows oconsistins of )
and 3, and 9 qnd 10 vere often overlaed in driliing aed could ot e used
for oarmling. Thevolore, drill rov nmwiboy seven, doron ¥ sll ﬁftm
guaecing s, woe vsed. The sonpling wnite were locatesd by pecing 7 steps from
= cormer olong drill rov muwber ceven and acosuring 5 SO-foot Iinecr mndd
and then pocing 7 steps to the nexd suopling wedd belng oure %o logate drdll
rov nocler coven in the center ced of Ardll rows, ste., (fisures ) and ).
Thooa sarmiing wnlts weve coloblinked ond soedling ennyvonce oounts tinde
fon June O o 15, 1051,

1t 2o Tellsved that weutrlicting saymidng to $he somo dvilld rov op
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Figure 2. A plot ares showing drill roms with & sampling
unit loeated in the foreground, June 2, 1931
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| rows would be a mnn§ of rsdu&ﬁ experimental omr by eliminating much

of the mm« amud by dif ferences among drill @poningn. To determine

whether this was & -Mm factor, snother sample unit was taken ex=

astly oppoaiu number 2 but on a different drill row (fizure 1). This drill

row was number 3 for spacings of 7 inches and 1k inches, and drill row mumber

L for the 21 inch spacing. Rach 20 feet of linesr drill m sampled con=

_ stituted 15 percent of its individual drill row and the four samples per

plot sampled 2 percent of the total linear feet of drﬂ.l row per plot.
Because of the time involved in making counts of the linear drill row

sazples, the vertical point method of sampling deseribed by Levy and Msdden

(1933) was used on the same linéar drill row sample as used on actual seed-

ling counts in drill row number seven (figure 3). Sample unit number 3

was randomly selsoted frem the four sampling units within the plet. The

vertical point method apparstus was moved along the entire 20-foot sampling

unit recording all strikes of the pin-points upon seedlings. Two pinepoints

striking the same seedling were recorded as twe hits, The total hits from

| the vertical poinmt method for 20 1’.&. was then eompered with the 20-foot

linear sample count in ordsr to determine whether or not the pimepoint

method could be used with reasonable acouracy and m{ﬁh a nving of time.
Survival counts could ot be mede during the fall of 1951, The summer

drought and lack of sarly fall precipitation extended the susmer &omw

of the sesedlings into late winter and snow falls Jaock rabbits also had |

mm much of the fore;e pm and would meke counting of the survived

plants diffieult. Practically mo fall regrowth ocourred. These factors

delayed survival gounts on the established ssaupling unite until April 25

and 26, 1952, Evaluation of survival was aceomplished by expressing the




Figure 3. The vertical point mathod apparatus located
over & portion of a linear drill row gaxpling

unit
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survived individuals ;l s poromt‘ of the emerged seedlings originally |
counted per plots For the purpose of statistical anslysis, the pere
centages were transformed to angles (Snedecor, 19k6, p. LL9) whieh
wers nnd 1n computing sn snalysis|of variance.
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" Table 4« Sampling data for testing variability among drillerows between

SUPE

drill-rows 7 and 3 for seedling emsrgence in 96 observations

Sample Woe 2
Drili-row 7

[T 1._§0c
m% =TOW 3

Difference
1k 19 -5
9 13 -l
15 19 wly
25 27 -l
19 30 -1l
9 12 -3
23 70 -7
Lo 23 - 1n
5 17 12
27 21 6
sk 30 2k
29 25 k
2 8 b
5 b 1
35 82 -47
1314 15 - ke
26 Lé 20
32 27 5
108 20 82
38 b1 L
20 35 -
L8 52
k6 38 8
62 99 «37
28 Lo - -l2
13 18 ]
L3 16 7
3 75 -l
18 3 -l3
1 20 b
95 89 é6
k9 153 «10hL
35 62 ~27.
I3 22 2
66 - 35 N
89 T2 17
23 n =38
68 N 2
109 151 wh2
115 99 16
&0 60 0
36 L2 b
Lo 116 57
25 Lt 22
18 L5 ~27
1 & i
108 -l
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Table L. (Contimued)

Sample Noo 2 . Sample Wo. L

Drillerow 7 Drill-row 3 Difference
X : " Xg | X=Xy~X3
16 18 -
16 n 5
32 13 19
84 29 -39

7 12 -5
pX 1 2
7 26 19
13 26 «13
L1 b 1
é 11 5
i1 20 -3
68 &4 L
15 2k -9
11 8 3
56 20 36
78 36 - k2
31 15 16
23 8 15
87 19 68
10} 60 k1
28 26 2
38 ki -3
88 38 50
- 27 us -21
L8 L 7
28 25 3
100 115 -15
56 7n =15
1L p 1 0
19 8 11
75 32 L3
1 48 66
o3 3 20
60 29 n
3 15 i ¥
106 67 39
h? 90 -ii3
79 105 -26
59 68 9
. 93 57 36
57 3 20
25 n b
50 16
159 106 53
10 23 «13
‘ : 3
1 158 -g
TOTAL m%_ "BIEB‘ !’6%




 Table Se l'upitag data for comparison of drill«m veriability between
drillerows T and b for seedling emergence in L8 cbesrvationa

" —Fapis Yo T
' Mll—-rw L Difference
X2 Inly =Xp

:aaguazﬁs:z&m&asnaagnp;mrzzcms.yg -
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Table 64 Seedling emergence es determined by actual count of 20 linear
drillerow foet compared to determinations made by number of
hits with the point method on the same drill row distance

Sampls We. 3 " Bampls Wo. 3
Flot Actual Count Point Hethod - Ratio of
Hunbey X - Y L XtoY
1. 2k 3 8
- 2 8 ) 8
3 g3 [ 8.8
b b3 I 0 0
5 26 8 3.2
6 57 5 1.k
A 15 1 15
8 65 10 645
9 7 0 0
p U+ e . 2 9:5
1 b 3 8
R 93 L 2342
18 ' S 9
15 k? ) 17 2.9
15 17 3 Se?
17 'n 7 Lek
18 21 6 3.8
19 1 3 Le7
- 20 36 b4
N o2 T b
22 68 3 22.7
3 57 15 3.8
24 12 0 ]
25 ‘57 7 8.1
26 78 10 7.8
27 b6 ' 3 153
28 22 r 12 1.8
29 37 ) 12.3
3 61 9 6.8
32 3 1l 23
33 -3 6 3.5
3k 108 16 6.8
35 53 16 33
36 33 8 hel
k¥ 66 eh 2.8
36 9%k 21 | '
i 1l 0 o
4o - 3 12 2.8
ki B & ) 5 2,6
La 0 0 L+
L3 152 19 8
by - 28 8 . 3.5
MS 97 8 12,1




Tabls 6+ {Continued)

i 3 P

Bexpls No. 3 Bample Ho.

Plot sotual Count Point Method Ratio of
Nunbeyr X b XtoYX
L6 ks 17 26
Y 26 11 2.4
L8 26 3 Be?
k9 73 2y 2.5
50 » 2 1945
51 96 23 ko3
52 28 1 28 -
53 I 2 745
5k 38 7 Sels
55 3 5 R
56 3 0 o
57 - 39 6 6.5
58 kL 12 3
59 12 0 0
&0 9 0 0
61 2) h S8
62 L3 k 10,8
63 1l 0 0"
6L L6 11 L2
65 2% L 10,5
b6 2 30
67 19 1 19
68 19 1 19 -
69 67 9 Tek
70 75 k 18,8
n 61 5 12.2
72 6l 11 5.8
3 11k 3 367
7h 27 13 ‘705
7% 4 12 Gl
76 78 18 ke
11 10 L 2.5
78 L 1 4
79 63 4 T
80 L7 11 7P
81 ke 7 104
82 26 1 26
83 34 6 Sel
8L L b 8 "
8% 9 6 15
86 28 6 Le?
87 30 1 30
88 X7 S 3.h
89 3 5 748
20 12 2 Sel
9 5 7 64
92 /' 37 245
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Table 64 {Continued)

»
il

: Mm&: j ‘ ‘ )
Plot Actusl) Count Point Nethod Ratio of
W‘ : X X Xt Y
93 p 1Y 6 2e3
9% 54 15 3.6
95 18 S 3
96 Lo 19 21
97 n& 6 ' 313
98 52 15 " 345
100 3&& 4 ' ’1-9
101 33 9 3.7
102 179 20 9
103 5 13.6
104 3 7 " 33
105 S § § b 2.8
106 &8 18 3.8
107 10 12 548
108 8L 16 5.2
109 81 7 1.6
111 78 i . -
1n2 1 ) o
13 53 7 Téb
1L 2 0 0
115 135 27 5
116 89 30 3
17 10 5 2
18 119 18 T2
119 113 7 161
120 95 25 ' ﬁva
123 44 10 - 2T
122 hS 1 ‘ lhh
123 59 9 -
128 21 L 1Y
126 57 6 ‘ Q»ﬁ
127 7 5 Te
128 78 2L .2
129 n 3 37
130 23 5 ' lhé
131 25 10 2.5
132 25 1 - 23
133 19 n 1.7
30 3 10
135 16 k -k
136 29 b 742
137 17 2 84S
138 79 5 18.8
139 6 0 -0
10 » 9 " 3e7



Table 6. (Contimued)

Tapls Yo, 3~ Tl Nou
Flot Aotusl Count Point Nethod Ratio of
Runber X Y L0
ikl 24 3 8
12 36 3 12
‘ 89 8 11.l
TOTAL : . 6418 1170 98446
Bol2 6484

YEAN Lheb9
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seedling count per linesr drill row foot to obtsin the sane decree of
sooureoy for both wethods,

There was a highly significantd/difference in the variability asecunted
for by the sctusl seedling count per linesr drill row as compared to the
pin-point ssthods The total sum of squares due to regression of the pine
point method on astusl seedling counts was bighly significent (tedle 7).

Of the variation in the sesdling population, only about L7 percest was ao-

_oounted for by the pin-point method. This is shown by the proportion of
the totsl sum of squares accounted for by regre:sion and by the valus of

wyln (table 7). The regroasion value was 0.1495 which means thet the pine
point spparstus sctuelly hit and accounted for only sbout 15 percent of
the total seedling populations

As previously stated; it requires 2,1y times the sise of sazple (lineer
drill mfé») by the pinepoint method compered to the sotusl Linser drill
row ammm m w mm the differences between trontuents mny a8
well by both methods, even though the pimepoint method acoounts for only
m&lspmdtmmdm:nﬁxmufnndum¢ However, the pine
point method requires only sbout threeefourths as much time as aotusl drill
row counts for the same linsar distance,
Testors Infinensing Gemsiration end Buergence
Seanon of Planting, The effect of season of planting upon gemmination and
mmwmmmtwmmﬂemt.m not found to be
¥ W‘:&Mﬁm&ﬁnmﬁﬁﬁﬁﬂ?

| . !
"

Righly eignificant® will indicate values lapger than the corvesponding
tabular value at & probability of 0,01 (59 %0 1),

2/ Normal secdlings are the actusl drill row emergence count correeted

and sdjusted for the variation in sotusl Arill rate of eseding %o tlw
?&!ﬁd rots of seeding, Heresfter the term "norsal geedling® will re-
or to this,




ETR

Table 7, Aralysis of varisnce of data shown in table & .

Vegroes of Sems of
Source Freedom 7 2 Variance
Total L3 75609475
Due to regression 1 3,557.10 3;557;106* %
Deviation fyom regression 12 h,052.55 28,54 i
: ‘ |
Pa (o9  eabth Craaass s e 1980
) o e s
r u 5837 | R - nw= ik W = i‘hmaﬁ

# Mighly sigudficmt -




Table 8, mmuorvm.uwinwammnmmm
of four species of Agropyroh presented in table 9

Begrees of  Sums of  Wean
Source of Variation Fresdon Squares  Square
Batwesn replicstions 1 17,755 17,755
 trror (a) 1 3h,565 315, 5659
Between species 3 18,855  16,2058w
Between intensities 2 616,252 258,126mm
Betwesn spacings 2 57,323  28,6620%
e eren by speots 3 58,38,  19,L51mm
ason o
Season by intensity 2 67:600 - 33:800:»-
Season by spacing 2 1,140 570
Species by intensity 6 28,496 Ly Tho
Species by spacing 6 o562 1,711
Intensity by spacing k 1,272 1,618
Season by species by intensity 6 Ts 1,190
Season by species by spasing 6 27,301 L, 550
Seascn by intensity by spacing L 19,932 L4983
Species by intensity by spacing 12 34,233 2,853
Season by spscing by intemsity by speciesl? 1597 3,058
Brror (b) | 10 251,327 3,590
Total | L | U3 L7N66  12,m

*  Significant
#% Highly significant



Table 9« Hormsl seedling emergence from four Agropyro
intensities and at three spscings d

epringl]

e

species sesded
aring the fall snd

—FIIT

520 3031

WS 3958
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aignificant as shown by the amalysis of variance (table 8). However, it

1s folt that lack of suffieient replication failed to bring out significance

of the difference between seasons of plantings The spring planting hed 2.2
 times more emerged sedlings thsn did the fall plamting (table 9). Other

research workers in similar studies in the same locality (Hyder, 19493 Cook

and Stoddart, 1951) found significantly better emergence from spring sesdings.

A high degres of significance for interaction was found between ssason and
species as shown in table 8 which indicates that species react ¢ifferently
from epring m fall plantings Intermediate wheatgrass had the highest |
emergence from fall planting, but ranked second highest from the epring
planting} whereas, tall wheatgrass 'us the lowest in emergence from the fall
planting, but was highest from the spring planting., However, spring plante
ing resulted in the best perforzance for &ll species,

These results pertain only to the two sessons involved in the study
(fall, 1950 md spring, 1951)s The years msy be judged to have besn
~selected at random, but the difference between sessons applies only to a

given pair of seasons,

Two sources of variation complicate the selectin of the best sesson
of planting or evalusting species or intensities based upon the numbers of
normal seedlings emerged. Both ars invelved in the numbers of viable seed
planted. The two sources of variation are as followss

1, Drill openings did not give the exmot rate of seeding as plamned,
The drill was calibrated to deliver the same number of sseds at a given
intensity for each specles, however, the errors mvolm in some cases werc
large. In all cases the ratio of low to medium and high intensities was not
1 to 2 and ) respectively. Thus, the drill did not deliver the same nuster
of seeds for sach an at a given intensity.



3o

2, Oermination of the species varied from 58 percent for tall wheatw
grass to 93 percent for crested wheatgress, Equal nﬁbom of seeds for all
four speciss would dbe axpocm to germmu in direct proportion to their
pmmnm umity‘ , |

Bum of thase sources of var:htim. the number of seedlings emerged
was not readily svited to direet oomparison betwsen species, Therefore,
correetion of the data fw irregularitics 'ia drill calibration provided tA
‘more correct means of making comparisons between methods and apecies (table 10),
The corrections wers made by expressing the number of normal seedlings in
terms of percent of viable seeds drilled or “emergence mmﬂ However,
there was only slight varistion in germination capacity ef ths f1lled seed
‘among species. Therefore, data ean be expressed either oh the basis of
filled seed or viables seed without affecting the imterpretation.
| The average smergence sucosss tm spring seeding was 242 times higher

then that m £s11 seeding, The emergence success from the Epring seeding
for tall vhutgpm was 3.2 times greater than that from fall seedings
ﬂmu, intermediste wheatgrass was only 1.0 times higher from spring than
from fall sesding (table 10).

m. A highly significent difference was found in emergence smong
species (table 8). i

By the aid of least significant differemces (table 11), it is shown
that for the fall sesding intermediate wheatgrass produced significantly
higher seedling emergence than the other three species; however, for the
spring sceding tall wheatgrass produced signirimny greater emergence
than the other species., This 1s also borne out Ly evaluating the apeciou
by use of relative Wrgmt sucoess (table 12),



Table 104 mﬁmmwwmmmumxmmmwlm
\ rmamrwfmmxmatmmmmummdtmm

row spacings
Desired rate - @% 5 | Average
_ Seedi: of seeding  Visble Avers no. iver. mo. Percest percent
_ Species ML (ful) m} seeds  seedlings success wediiu;a. SuCORSS  SUOCHBS
e Low s 523 23 6 1.2 1.2
] HoE BB
X A
Podie Low 04 6 . 122 163
‘ Hodios 293 175 16.7 23.0

B B B B

2345 108 104 1740

’ﬁ.z 170 11,6 17.6
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98 3.2 57 1.5 234

& Bog u oo

TOTALS Low 2058 533 25.9 23 1.6 18.9
Heh 8n B _ges s aps oo




Teble 1l. Average mumber of ncrmal seedlings emsrged per 100 feet of

drill row for four W speciss during fall and spring
planting
Species _ R Toash m Average
Agropyeon gristetmn s 20 163
Agrepyren interwedius 189 275 a7
Agropyron trichopbarum mo 253 E
Apropyron slongatsn 103 320 a8
| Average | 122 267 195
LeSeDy® betwean species | |

within peason kO ‘, Lo 28 | 1

|
* Least significant differesce st & provability of 19 to L. | 1




!“ Table 12+ Emergence success in percent of viable seeds per 100 fest of
‘ , aril) row pmm !'ar tm apooiu of m during fail

ndnm ‘

Species. . ...
Agropyron gristatum - 1na 20.) -
Agropyron intermsdiua 15,2 26.7
Agropyron tricophorua 10,7 24,5
Agropyron slongetum 10,3 333
Avmﬁn y 2640

119

‘\W'

1846
2.0
1746
21.8
189
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For the aﬁerage of both seasons tall wheatgrass and intermediate
wheatgrass gave significantly better seedling emergence than did either
stiffhalr wheatgrass or crested wheatgrass.

The same relationship in emergence success for these same specles
~ for the apr;?g seeding wn? found also by Hyder (1949); however, for the
"fall seeding crested wheatgrass gave the highest emergence success followed
by tall wheatgrass, stiffhair wheatgrass, and 1ntarm§diate wheatgrass re-

spectively.

Intensity of seeding. The intensity of seeding should theoretically have

no affect upon the number of seedlings emerged except in direct proportion
to the number éf viable seeds planted, The avera:e emergence successes

of 18.9, 20.2 and 18.0 percent (table 10) for low, medium and high re-
spectively, support that assuﬁptiOn. Therefore, it seems unlikely that

a real blological difference should exist between season and intensity

in emergence of seedlings; yet, table § shows a highly'significant inter-
action, Interaction between season and inténsity‘waa largely the result
of actual differences between the intensities caused by the increase in
nurber of viable seeds planted at the low, medium snd high intensities.

This is substantiated by table 13 which shows that there is no true

significance between intensity and season when put on the basis of percent

emergencé success. Differences between intensities were also nonsigni-
ficant when based upon numbers of viable seed planted.
As shown in table ih, the three intensitles gave approximately thé

expected results in seedling emergence with a 1 to 2 and 3 ratio in re-

1.%ian bo lutemelity of ceodlng,




Tabls 13+ mmu of vu'im of emergence mﬁmn in percent of viable
sseds drilled per 100 feet of drill row st eash season, ine

tensity and replication

W.EF!BM" B

Intensity Tobal  Reps A Rep, B Total
Low 8847 119.8 2085 '$3.2 W0 9ha2
Med, 108,0  116,5 225 52,2 U9 9941
High 80,9 117.0 1979 W6k kSe3 9147

Totel Rep, 27748 35343 1518 1332
Total 63049 26540
Source of Variation Frepdon Squares _Squares
Betwesn Intensities 2 17,12 13456
 Between Seasons 1 9,970465 9,970065%%
Between Heplications 1 27178 anLTe
Intensity by Seasons 2 L6437 23,18
krror 5 988,63 197473
Total 1 11,424455

er Highly signifioant




Table lie Average mumber of normal seedlings of four species ot;#w
mgﬁmmwuwzmﬁruuhmity season

of planting, |
: \ T A% 1% T
s AT -
Fall 66 128 1N 120 o
Spring - 133 27 380 267 34
Average S 97 208 219 ws 2

Yy Defiling tatenaity was besed oo toe mumber of seuds 1 2.5, 5,0 sad
© ., 1«5 pounds of Agropyron eristatum for all species at lew, medium and
- Migh intensitfes respeetively. 3

#4 Least significant difference at & probability of 19 to 1.
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- 9F 62431 pows. Theovetieally sproing ohould hove no offesd won
somprmnce althoush todble £ shows $% o Yo Mgy slgmiflcont, Thore 12 no

my orent emplovntion for this wilese 4t i the 1 in 20 chence in samnling.

Hgcgvery of seads plamted, In erder to deternine what hapnens bo oepds

after they ore planted and vhother wmrmdnated soeds retoin vinbilisy,
200 soeds ver: yecoversd fron a mm row of pogh gpecios feon the sowlng
pgading.  In 221l seeded arild rows, 1t woa livessible to reciver oecds dus
to sdvaneed decorposition. Althoad )1l seed eowm in o d¥111 row could nod
be socovored, al) seeds mmm vers connded mdtl 200 seods hod heen
feormnds

fm cwernge of 12 percent of the send wecovered retted in the orownd,
25 'g:w.mmm sarndnated Ty 414 pot eneroe, SV newcent emerced, 0 3 peycend
roained In the gronnd an f1led geed (8s%le 10)., Almoot a1l tha esed that
rocnined in the grovnd vhich wes gousidered filled seed and otdll wneerednoted
wi arected whostomes soed, OF tho 27 hard grected whontipruos seod 70w
covered or 11.5 pewcent, N7.0 nevsent germincted whon fested in the Lobe
orctory. This omownmied $o o tok<d of 5,6 novoent of the PO0 crented whoute
cront veed recovored that was o8411 visble. Therofors, orantod RUSHTR o ST
noy hvwe hod seedling emeyperce oftey $he ensrpence dodo for thic stady

wis soilected nd actunily ~ffect later suivivel comte. Voon $oking

wy orently no new seodlings of oronted wviwi borass, FPrischimecht (A900)
found thid seed of sone soscies sould vemsin vichle after lony ~welods
{10 nontha) in the pround ond would smenincte ond enewrs thon condisi ne

wos ynbinfaetory.

U,
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Table 15, Analysis of 200 seeds recovered from drill rows, July 13, 1951,
from spring seeding of April L, 1951

gﬂt 0’

o ~ ([Humberof seeds germimsted  seeds

No. ; not

Specics rotted cent emerge cent Ewerged cent :

29 WS 6 3 & k2 2 s

bl. i) o
e 2 Ls B oA 122 & 1 0

A o Borun 10 s su 27 120 & 0 0

» |

'ﬁ%m 19 9.5 58 29 123 6145 0 0
Average 24 12 g 28 1 57 6 3

1/ These are hard full seeds that had not yet germinated. Upon 1laboratory
germination test, 1l seeds germinated of the mmn sristetum and

none for the m mat.m




Factors Influencing Survival

Secson of planting. Survival success is defined as the number of emerged
geedlings snrﬁviug the following year ~fter planting, expressed in npercent
of the number of ﬁomal seedlings enerped, ,

dnalysie of varionce (toble 16) shows a highly significant difference
between geagons and also o highly significant interaction between season
ond species, The fall seeding hod an average survival of 53,3 percent
{table 17); wljxmaa, tha gpring seeding héd an average swrvival of only
12.7 percent. Barlier germination for the fall seeding pernitted the
development of larger individunls prior to the swnmer droucht, thus sue-
gesting that suwivel is influenced directly by the size and vigor of
plants ot the beginning of o swmer drought period.

The snring seeding smve more than twice the number of enecrged seed-
1ings compored to fall seeding, 26 and 11.9 percént respectively, Howe
aver, the high mortality anong spring sesdlings of 87.3 percent resulited
in fever established plants for spring seeding compored to fall seeding,
7all seeding produced an average of 5;3 plants for every 100 viable seed
planted cormared to 3.3 percent for spring seeding,

Species, <+here was a highly significant @ifference in the survival of
secdlings foxr the dfferent species. Stiffhaix vwheotsress and crected
wheatorass produced 37.9 and 35.1 percén% survival respectively compored
to internedinte whentgrass with 30,3 percent and t2ll wheotgross with 26.6
percent {table 17). The inter-ction between season and species wos highly
simificont. Tall wheatprass shoved the leant difference between f£211 znd
spring survival; vhereas, the greatest dlf erence was produced by otiff-

hoir vhentprass. Tall wheotgrass hed H1.1 percent survival from £21l seeding
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Table 15- Analysis of variance of angles correspending to survival
percantages for four species of Agropyron presented in table 17

TBegrees of Sums of Nean

Soures of Variation Freedom Squares Squares
Between seasons 1 26,994  26,9%nn
Between replications b a8 58
‘Hrror (a) 1 1 1
Between species 3 0% 203a» -
Between intensities .2 L1y 29w |
Between row spacinge 2 3 a7
Interaction ' \
Seasen by speciss 3 2,154 7100
Season by intensity | 2 108 [+
" §lesson by spsoing Iy 2 81 INY
Bpesies by intensity v 6 224 37
Species by spacing e 6 21 20
Intensity by spacing L 97 24
Season by apecies by mtmity 6 272 ﬁ
Season by species by spacing 6 264
Beason by intensity by spacing L 178 bl
Species by intensity by spacing 12 s2l ik
Season by species by intensity dy spacing 12 306 26
Brror (b) 70 2,420 35
Total U3 3b,924 2Ll

1/ Angles by Arc sinme transformation, See Snedecor, 19k6, pe WL7

# Bignificant
s Highly significant




Table 1?. LW percent of normal sesdlings surviving st the end of one year for four species of 4 Ag~
wlmm at thmo intensities aad three drill row spacings dﬁr&m the fall and

% Low 51.2 She0 56,8 Ske.0  15.7 12.0 161 0 1h.6 343
Yedium 56,9 58.2 L6y Sh.O 16k 18.9 20.6 - 18.8 36.3
- High 56.7 52.9 k9.4 53.0 18.7 1.k 16,2 16:4 a?
‘ Averege 5he9 55.0 51.0  53.6 16.9 15.1 176, . 165 35.1
% Low 5.0 66.0 55,1 55,7 11.1 11.1 IM 1R:0 33.9
Low 85,5 75.3 6.7 69.2 5.8 9.51h.8 - 10.1 39.7
Bigh Lok LS.k 63.1 53.0 847 8.3 103  9al 31.1
Average 8.2 6h.2 69.9 66.1 7«1 10.5 11.3. 956 37.9
Low 38.8 39.h 36 36.9 22.9 19.4 12.9 18.% 2747
High = 29.3 6.9 k5.2 37.1 17.2. 5.7 15.9 129 25.0 -
AVERAGE Low 19k 58.7 53.8 5Sh.0 13.9 13.1 bl 33.8 33.9
Kedium 9.8 ShaB 59.2 57.9 12.8 13.6 13.3 - 13.2 35,6
Bigh kS.3 LB.7 L9.8 L7.9 13.1 8.7 11.3 “11.} 29.5
imlgo. 51»5 5&-1 M 53:3 13.3 1.8 13-9 12-7 33.0

y4 Survival was recorded Agril 25 amd 26, 1952, udmwmmctpmtafmm
caunted Juns 8 to 15, 1948, which still survived.

2/ Drilling intensity was caloulated to give for each species an Mnmtical mmber of full m a8
~occurred in 2.5, 5.0 and 75 pmnds of i. cristatum, o
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“Table 18. Suocoéa of seeding in percent of relative numbers of survived

plants for i epecies of )fﬁﬁm{ per number of viable seeds
-pianted per 100 fest of row :

Yrilling — Beason ol blant AT Seasons
Species Intensity Fall ‘
, ! ent viable Percent viable Percent viable

seed established seed established seed established

oris Low el 301 509

¥edium 6.3 4.0 ‘ 6.0
High St - 3.1 5.0
Average 63 3k : 56
A n Low 6.8 2.4 5.8
um Medium ’ 87 242 6.9
T High ‘ Tely 1.5 546
Average 7.6 2.0 640
c%ﬁoﬂmg Low ' 7.1 2.8 7.5
‘ Medium ‘ - ' Te9 2&3 T3
Average 6.9 2L v 68
A rI%g_zg % La! L2 6.5 | 645
@ 2 LUm - . . .
High 4 3.6 3.8 , L9
 Average Lok 56 -~ 6.5
AVERAGE Low | 6.3 3.7 6.3
Medium Tel . 3.7 _ 7.1
High 5.6 2.7 52
Average 6.3 3.h 6.2

Drilling intensity was ealculated to give for each species an identical
number of full seeds as occurred in 2.5, 5.0 and 7.5 pounds of
A. oristatum.
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andt 1G.1 onveent in the mrlng vhereas, oiffholr wvhosternos ol 60,1
warcent sweylivol fron a1l seeding cxpar-d 88 only 7.0 repeont in the oorins,
et the soeciss were oomoyed on the basis of veroont wiokle coeds
sotabliched (Sable 18}, 4% wen fovmd that obiffhale whootyrass onve the Tost
owrell rosults of 50 neroent of the viable soeds plonted sarviving,
follovmd by tall wiheabovaos with 6,7 norveont, intermedintes wheatrenos with
5, - epeont, and ercasted vhestowses wvith only 8,0 porcent, Fron the (ots
nesaanted $n table 17, 4% avmeared thet somguhi b bobtor seeldlling cotoliishe
ment conld be expoctod fe-en intermedicte snd oBIffhudy vhectprnos soeded
Cin the Palls whereaz, tall wheabernse and ovested vhe dorncs owoonred to be
ﬂmmﬂémra&}y bettor for srring seeding.  The only sweeios siving o bottor
vaccess of seeding for the swing tham for the 51 w2 s %:1) wheatorass.,
e poreant of viasble veed cotablishied in this cose for 211 we [EPR RS o

cent corpared 8o 5.6 porsent for epring seeling.

Intenclity of secdine, Intonsity f cecng wrodused o hMshly edendficont
effoct wen seedling swvivol. The Mohest overcon pereent awrvivnl, 35.5
aergent, g nreduced by the medfar intencity with the lov Inten:déy ~Aving
on e 93,0 nepcent suevival and the bigh intensity siving otlll lowey gurw
vivel of 0.8 percent {$able 17}, The come relotlonohdn weo found with
poonoud fo poreent vinole seefd cubadliohsd (%able 17).

In order to Cetemmine vhethor oy nob there v o simiflonnt dovne
ward none trend in aorvived os $ho intenslSy increased, the moms of
sooiron Tor intencity with ‘tm gpirons of freston wers brokes down tnto
infividunl derrecs of frendom, one For Jinasy and -ne for cuadratic

{inedecor, 1950, », HO3), OF the Sotul swes o mrmarves, DWO for intonsity,
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the linear ﬁhtiomhip was highly significant and accounted for 310 of the
total sums of squares. The quadratic relstionship was alsc aignificant and
accounted for 169 of the total sums of squares. Therefore, there was a
definite downward trend from low intensity to the high intensity in pere
cent survival, but of greater importance was the quadratic relationship
whigh indicated that intensity at the medium rate ‘had reached the peak of
dizinishing returnss This sugguhd that the medium rate producad greatest
returns fronm uumbor of viable sesd planted.

‘l‘hn mmbur af eedlingo anmum on & given unit area wes as would
be oxpum, mmuiwly gmum for the low, medivm, and high seeding
intensitiess As shown in table 19, medius ,mmm.y resulted in 2.2l times
nore ontabuah“ phm than the h-mmny, and high intensity was only
1015 tizmes higher than medium inténsity. Thersfore, as previously stated,
intensity did not give the expected increase in relation to viable seed |
planteds This indicates that competition smong seedlings was a significant
factor in survival of seedlings.

Drill row l&m The effect of drill row spacing was not found to be
significant as indicated by :nalylia of variance (t.abla 16)s The averajzes
for peroent survival for the two ssasons ars 32.L, 33.0 and 33.6 percent
respectively for 7 inch, 1l inch and 21 inoh spaoings. It is possible that
the effect will have a greater influence in future years. |



Table 19. Buccess of seeding in relative numbers of survived plants per
100 feet of drill row for L species of Agropyron planted for
three seeding intensities

Aversge ‘ Average Average AVOrage Noe

Intensity number of percent percent of survived
of seeding visbls seeds 5o rgence survival individuals
Low 1Y 18.9 3349 33
Medium 1028 - 202 356 Th
Righ - 15h3 18.0 29.5 , 85

Average | 1028 18.9 - 33.0 64
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© GOMOLUSIONS

Excessive losses of soll moisture by eveporation caused rapid drying
of the surface noil resulting in nhtivuly low Miuatian and emergence.
Soil thg was also a factor in reducing arae;rgom as indicated by the

. recovery of seed which showed that 28 percent of the seed germinnted end
did net emerge) howsver, causes other then crusting mey be partially re-
sponsible for this reduced emergsnce. Drilling in stubble, stubble muloh,
or adding humus to f-m surfase soil may be a method of preventing severe
orusting while also conssrving moisture. |

Early and prolonged summer drought along with the grasing by jack
rabbits greatly influenced and restricted the zrowth of the seeded speoles.
Some badly dmgod plants, because of jack rabbits, had already died and

- others were severely weakeneds | |

¥o significant difference in the qmnsity of sesd planted, as determined
by .uun.lng sucrgense, was found to ocour between drill seeding epouts.
Therefore, when aubuqmt uﬁﬂn;a are made with the same drill, drill rows
may be selected randomly for measuring resulis.

The pin-point or vertical point method of sampling waa not found to be
as accurate as actunl counts of seedlings in drill rows based upon the same
linear foet. However, when the drill row feet sampled by the pin-point
qetho& 4s incressed 2.1l times that sampled by the actua) count method, both
nmethods could be used with th§ sane sfficienay. By actual linear seedling
count, it roquires about one-~third more time than by the pin~point zﬁthod
tosample the same linear distance., Thus, the actual count method requires
less time for the same degree of accuracy. However, as plants inoreass in

size, the point nethod may become more accurate.
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Observations mice in December of 1950 indicated that very few seed
emerged during the fall and that most of the emergence was in the esrly
spring of 1951, Winter killing and alternate froening mﬂ thawing during
the early epring may have been the contribuung factor to ths lower emer-
gence Ifrom fall mdii:a. Some seeds lost their viability cver the winter
period and others appsrently rotted. Soil orusting and rapid drying ef
the surface soil were app#rantly the limiting factors in emergence suoccess
from spring planting, | ‘

Depth of seeding due to unevensss of the acil surface was also a
factor contributing to the emergence success. Seeds planted too nesr the
surface may not have germinated due to rapid drying of the surface so!l
and resulting desiccation of the seed; whereas, those seeds planted too
M may have lacked viger for emsrgences
| Season of planting was found to hawe no signiﬁmnt difference in
smergence success; howaver, the apring seeding in all cases was consider-
ably better than fall seeding, averaging 2.2 times higher in emsrgence.
Inoreased replication pwobably would have pade thess differences in emerw |
gence success uht.iaucnlly significant,

About 57 percent of all viable seed planted in the sprin; germinsted
and produced normal seedlings, 28 percent permin:ted but did not emesrge,
12 peroent rotbted and the remaining 3 percent were hard seed. Crested
wheatgrass had considerably more hard seed thﬁ.n the other wh-atgrase
species) however, L¥ percent of these hard seed were still viable.

Thw modius intensity of seeding gave a n&gnit,xqmtiy greater nusber

. of established seedlings per viakle seeds plmted followed by the low in-

Wit} and tb high int-ecwity in that order. This incieates that the high
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intenaity was affected nqra'b; competition than the other mmtthﬁ

The differences between the survival percentages of 32,k for the 7
inch spacings, 33.0 for the 1l ineh spacings, and 33.6 for the 21 inch
spacings were small and not statistically significant; however, it is
believed that possibly, as the plants increase in size and compete for
space and metstnﬁra, spacing will beccme a more aianifiuht faotor.

Under the conditions of this sxperiment, intermedia's wheatgrass and
stiffhair wheatgrass seeded in the fall, at the medium intensity, produced
the best mmltu based upoh viable seed becoming established, However, tall
- wheatgrass ama m best results when seeded in the npring at the medium

inww, Jt' u dmlﬁod t: ut seading in 7 dmwh mn ‘row spacinge at the
_modium m&w -m prm« lh groatest tusher of phnu par unit ares
and the beal 2clurng frox axcunl of seed drilled. . |

Only 1::».9 mm::% of m mm.. seed planted pmdmod noroal seedlings
and only 3340 mm of these: andlinga had become established a year later.
Thus, 6.2 percent of the viable seed planted ectually became established.
plants, | | |

For exporimental seedings, 'tho drill to be used should be calitrated
for each individual sesd source so as to limit the error involved in seeding
mm-uu;u. Thia 1s due to the differences between seed sources in sise 0!
seed, purity of seed, and nuxber of viable sead per pound,

i
)
|
ﬁ
i
|
“
|

T T T
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SUMMARY

A study dealing with intensity and specing and using four wheatgrass
species, Agropyron cristatum, A. intermedium, A, tr:lchoptum and A, elong-

_& was made on summ-<r fallowed soil near Benxore, Utah during the yesrs
1950-52, These species were seeded by drill on adjacent randomised plots
measuring 15,5 by 130 feet in 2 replications using all combinatisus of the
fel)pwingt 2 seasons—fall and spring, 3 intensities, and 3 drill row
spacings. | o |

The pin~point or vertical pd'int method was checked ezainst actual
seedling count in 20-foot linear drill row samples qu was found to requirs
2.1L times the size of linear drill row feet in order to measure the diff-
erences between trestments equally as well ss actual noﬁling counts. Even
though the pin-point method accounted for only avout 15 par#gu_i of the total
population of seedlings, it ean be veed to compare treatments when the results
are baced upon seedling emer;ence,

 Seasem of plmtmg was not fmﬁ to hava a significant affect upon

emergence, sven thouph spring: plmtw was 2.2 times ‘tighﬁ' in emsrgence
suscess than fall planting. m upeciu were empiduub).y higbar in emoxw
- gence success from tpruu seedings than m fali svedings, but the dif!w-
ences were not sufficlently Large %0 be statistically signifisants o

Survival of m&lingu was fow times greatsr from fall seeding than
from spring seeding which was statisticelly significant. Although the
emsrgence from spring sesding was greater, the higher imiul from
fall seeding resulted in a greater number of established plants per unit
area. ‘

The four wheatgrass species responded differently to season of piante

ing with respect to both emersence and survivel of seadlings, Of the species



tested, intermediate wheatgrsss had the highest emergence success for the
£211 season of planting followed by crested wheatgrass, stiffhair whestgreas,
and tall wheatgress in order of decreasing emergence sucocess. Mm,
emerzence success from epring seeding was somewhat different, Tall wheate
grass had the highest emergence success from spring sesding followed by
intermediate wheatgrass, stiffhair wheatgress, and crested wheatgrass.
Season and species, likewise, displayed a significent interaction when
based upon normal seedling survival, Intermediate wheatgrass and stiffe
hair wheatzrass had the highest percent viable seed established from fnli
‘sesding; whereas, tall whutgﬁu snd orested wheatgrass were highest from |
iprmg seeding. Tall wheatgrass was thp only speclesto give highsr success
of seedling establishment when seeded in the spring than when seeded in the
fall. |

Among the four wheatgrasses atudied, highly significant differences
were found among the species in responses based upon smerience of seedlings,
survival of seedlings, and establishment of seedlings per viable seed plented.
Tall wheatgrass produced t& gmntu_t rusber of nommal seedlings expressed
as percent viable seed plmtod' and grested wheatgrass produced the amallest
number. However, tall whestgrass had the lowest Mvnl percentage of
normal ssedlings and orested wheatgrase and stiffhair wheatgress had the
highes. W¥hen results were based upon parcent of viable seed planted pro-
duoing established plants, stiffhair wheatgrass and tall wheatgrass were

- . highest and orested whoat.gn#a the lowest, Thus, when all treatments were

oconsidered, stiffrair end tall wheatgrass produced the greatest number of
established plants from an squal number of viable seed planted,
Intensity of seeding had no significant effect upon sesdling emergence
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excopt in direst hlnﬂun to the number of viable seed planted. However,
survival sms significantly affected by intensity of ssedings The highest
averaze percent survival, 35.6 percent, was produced by the medium intensity
with the low intensity giving only 33.9 pervent survival and the high in-
tenaity giving still a lower survival of only 29.5 percent, There was a
definite downward trend from the low intensity to the high intensity in
percent survival, but of grester inporbanm‘ ‘ms the quadratic mlatiomhi;a
wtoh indicated that intmlty at the medium rate had reached the peak of
qtminiuhins MW and mducod tho groumir mw of nuhliam plants
based upon viable seed planteds

Distance hetwesn drill raws or speoing wis not found to be a significant
factor affesting mm; Wﬁ, mﬂival increased sosewhat as drill vew
spacing inoreased, The iwﬂgof peroent survival was 32.L percemt for 7 inch
spacing, 33,0 percem fer 1h inmoh Mcing, and 3346 percent for 21 ineh

It was concluded that medium rete of seeding and 7 ineh drill row
spacing was the best secding combimation since this gave the largest nusber
of plants per unit arca and bosf. returns from amount of seed drilled,

The number of viasble sends tﬁt'actually became eateblished plants ﬂi 1

very small compored to the total musber of viable sesds planteds It wuas
found that only 18,9 percent of m viable seeds planted produced normal
ludlingu and only 33.0 percent of these seedlings became estadlished a
mr,htm  Thus, G2 pmmt of the viable seed planted actwally became
established plante, | |
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APPENDIX

Table 20, Purity snalysis of four species of Agropyron used for um&ng

A gristatum A. intermedium A. tricophorum A. elomgatum

nfght of sample 2.830 3.224 ‘ 3.02 : 6.‘.980

Inaxt utﬁr : okl - 0389 | ‘~-5‘5  #800
Hard Seed weight 2.386 2825 27 6,160
Purity pnnm | 8Le3 879 | "~ Bi.8 85.8
Average weight of ‘ S
100 seed (grams) 0234 . Oukl3 0.ki73 Ouhibly
Wo. of hard seeds Co o o

per 100 grams k2,735 22,573 21,142 21,552
Grams of hard seed o

p.l“ lby bulk seed 38@#’8 _ 398.71 . 371!“‘ ‘ 337t03
Hos of hard seed

per 1b, bulk seed 163,410 90,001 78,L48 83,585

§o» hard seed per
gram bulk seed 360 198 173 184




Tabls 21, OGermination percentages for four species of A “ggggggm n used for

a«ding
BamsTesToomnl ted VarlatTonv Vo, or 5ard
Species (100 sesds  germination percent of seed
sach) at 1 days mean Remaining
Agropyron eristatum 1 89 ke3 1n
2 96 3.2 i
! % 33 L
Total b1 ‘ i#“'
Average 93 7
Agropyron intermedium 1 88 Se7 12
. 2 96 342 N
T T
Total )
' Average 23 7
Agropyvon trichophorum 1 91 1.1 9
2 95 3.3 5
b 9k 2.2 &
| Average 9?2 8
Agropyron elongatum 1 88 0.0 2.
e 2 2 a5 8
| 2 8; 5.1 %‘;
Total ‘
Average 12
# Tolerance for varisdility in variation ss followss A oristatus
AR
and Re~

6 percent, gi_ﬁggiiggzzggfn'diun.é purconb, A ru
cent, Agggg[ggn slongatun 7 percent.
commendations for Te beeds, U

UsBeDels cix‘o hso» 1938,




Table 22, Compsrative seeding intensities in numbers of filled seeds per
pound of bulk seed

Yumber of

* hard seed Conversion Seeding Intensities (lus.)w

Speciss per pound faotor low ledium Bigh
A‘EQE% ‘
“.ﬂ 8 un lﬁj,hm 1.00 2,50 5400 ‘ - 7‘50
‘ % n%m?ﬂim 30,001 1.82 LeSS P10 13.65
. T5,hks 2,08 5.0  10.0 15.60
chophorum
1.96 9.80 170

30




Tadble 23. Ra:e of seeding in grams per 29 !hul umlnticm snd pounda per acre for four speeiea of
mmmmmm 7 inches apart

— Tesired Tate Actual Nate
- Grams per 20, Fall '
Intensity 20 wheel “Grams per , per
revolutions 20 wheel rsv, Pounds 20 wheel reve. Poun®
35031@ per acre per drill width per 4rill width per sere per érill width per ace
: Nedium 5.00 The98 ' 183.7 12.25 776 5.18
Bigh' 7+50° 112-&6 . 2&‘3 17-&9 112.2 ?4&8
, : - -3
%&m Low bS58 63.22 SR> 2% R '+ 6747 Lia! '
Nodium 9410 1366 88,8 5.92 130.1 8.6%
High 13.65 20hL.68 | 130.1 : 8.68 263.9 17.50
Firun L 5.20 77498 B T X 7748 .
Righ 15.40 233.92 265.0 17.67 235.8 15.71
% 90 73448 83.8 S.59 8. 2
'ﬁ:ﬁi\m 2.80 14694 © o 172.8 11.52 lh’l;; g.sg

Hizh 1470 220.42 272.7 13.19 - 222.3 .82




Table 2L uamlumw@rgmmﬁwwmﬁméms,m:}/ :

8 s 67 N2 1k 6 T2 W3y 6 W2 57
RO L BRHE EF RS w
EE. b F oM B E® B2 %o
R JENE NE A X F T O
. f 8 B DR R oMz %oR
B o o W E EH BEH o
e a2 X ‘t%‘ m'm W BT w
TOTAL INTENSITY WL 933 1353 10 863 W07 30 638 G
T0TAL SPACTIG . 2700 . 2720 | 1604
TOTAL FALL | | | mah

1/ Individual figures repressnt seedlings per 80 ft. of linear drill rew.

'
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. V‘Zl"

TOYAL

kOT
2318

BB g a Boe e

931 1565 2662 978 2007 2325 6&3 1556
S8

*OTAL SPRCIND

TOTAL SPRING

TCOPAL I

5319

- 15383




Table 25 Number of normal seedlings emer-ed and success in percent of viabla seeds drilled per 100 feet
of row for four species of Agropyron from three intensities, two replications anc two seasons

PRI FILL ,
Replleation B =~ Replication A hepllcation &

“HReplication X
. Viable WAvg. no. Percent Avg. no  Percent  Avgs Do, rercent Avg. no. Percent
Species Intensity seeds seedlings success seedlings success seedlings success seedlings success
523 81 - 15.5 12 27.2 8o 15.3 58 11.1
105 256 2h.5 193 18.5 132 2.6 10 10.5
. 1568 3 9.1 L8 - 2846 153 9.8 162 10.3
3136 480 15.3 783 25.0 365 1l.6 330 10.5
523 81 15,5 133 5.5 - B2 157 L6 8.8
W0hs 34 30.0 258 28.5 15 15.1 - 192 18.%
1568 382 2hely hin 281 233 1.9  2LL 15.6
3136 7 2.8 872 27.8 k13 15,1  LB2 15.k
n  Low 517 126 L. 156 30.2 L2 8.1 &4 12.)
chop . Bedivm  103L 255 25.0 288 22.1 125 12.1 30 8.7
High 1551 322 21.1 ka3 27.3 184 119 155 10.0
Total 3102 nz 230 807 2640 351 1.3 309 10.0
A - low L95 165 33.3 183 37.0 70 .1 13 8.7
egr_}g. g@ dediom 939 282 2845 L69 L.k 123 2.4 92 93
| Bigh 148, 390 2643 k82 - 33.0 k6 9.3 1i0 ks
Total 2968 837 28.2 1 33.4 339 1l.h 275 943
TOTALS Low 2058 LS3 22.0 614 29.8 27h 13.3 21 10.3
Hedium L4113 1110 27.0 1188 28.9 538 3.1 b8 - 1.8
Hgh &7 123 20.1 1801 29.2 716 116 701 114

ToraL 12342 2806 22.7 3603 2942 1526 12.h 1396 11.3

b # A



Table 25, inglee by Arve sine transformation for seedling survival taken ipril 25 and 25, 195234,

Species Replioation m?'&m agh Low xh;u&mwgga Low ﬁ;adzmwmgh 157AL
A A b§ L7.8 50wl shes 3 195 B9 3.0 b2
R O A BupE BT 88
3 M3 sS4 128 M 3B S0z 52.2 sz._§ L15.2
R %fe 5 B
: §§'§, 60.5 k53 S 550 2.2 65 A b3 v
R e = R o %&“ % ﬁ%’s 5%2
A B 30,3 3he8 B2.3 k2.9 339.8
) -?é.-.;'ﬁ mﬁ" b G4 b 4 W 3
TOTAL TRTENSTTY | 359.7 KlheS  335.6 k029 383,01 357.1  385.9 hO2L 3812 o
TOTAL SPACTTS | 11100 BRI RE ’ k9.5
TOTAL FALL | | 30246

1/ ingles by ixc sine transforsations See Snedecor, 1946« pe Li7.




Table 26, (Contimmed)

B R ) T e : s
Species Repiication G“% Tow m&@ Iow. ﬁhdiuaﬁ%fgﬁ Total

A . 22,3 Wb 23.7 16.h 2.0 7.9 25.;5‘ 30.1 28.7 203.0

; B 2k.2 . 23.% _ ﬂt? 2?06 25»2 22-2 21.1 2sd 1

Agropyron, Coa g‘g g;.s m.n 7 18k 8.9 .0 165 6.3 1§§.§.-' -
% S A " 12.7 16.5 18.9 15.0 26.6 1.5 22.7 206 19.1  166.6 T

richophorum - B - 1640 1he3  13.6 19.6 10,0 17.5 22.6 12.0 18.s 1Lk.0

yron A zs.g 218;.1 21.1 19.1 15.4 lg.g 2h.2 jzig.h 2(6;.;!; 18&2

) atun B O > 272 29.T7 2 51, - 177 26.1 26:1 ¥

—%_ % %rr‘g% R B m ey e s 55
TOTAL INTENSITY 1?0.1 162.9  163.5 161.5 162.2 118.3 180.6 159.6 15213
TOTAL SPACING o 19645 Bh2.0 S beas
TOTAL SPRING | | “ 3L

INTENSITY o 529.8 S5TT7<h  Lh99+3 56L.h 5L5.3 L75.h 566.5 562.0 513.5
GRAFD TOTAL | '

SPACTING | 1606.5 1585.1 1642.0
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