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Introduction

In about half‘of the angiospverm speties the cametis shromosome
>néhmer is a multiple of that found in some related species, This
agé the fast that polypleidy has sush a pronounzed effest on plant
‘physiology and prowth, as pointed out by Noggle (30), serve only
to emphasize the importanne of understanding mere about pelyploid
genetins, The inheritanne found in vpolypleid spe~ies is generally
nonsidered to be rather 2nmplex when sompared with ordinary diploid
type and for this reassn nomparatively few sritical genetis studies
have inaluded spesies with high shromesome numbers, Nevertheless
it is guite nenessary that genetics of pelypleids be understood be-

fore any great advancement ~an be made in a breeding program in-

volving sush spesies, Pubes~ent wheatgrass {Agropyren trishophorum)

{(Link) Risht,, an important forage grass, was used in this study,
The main objestive of the study was to determine the mamner of in-
heritante of solor and pubesnence, Limited information on how best
to obtaein progenies of known parentage, and also how best to es~
tablish sush progenies in the field, led naturally to studies on
these phases also, The geneti~ study is nlearly preliminary in
nature, The field where the parent plants were growing, and where
the asontrolled populations were praduned, is shown in Tipure 1,
From the surrounding area it is ~learly a dry-?arm sestion’, The
location is on the west side of Cashe Valley, on the Veibell dry=-

farm about 1000 feet above the valley floor,



i
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Figure 1, A view of the experimental material and surrounding area, The plots were losated on
the Veibell dry farm west of Logan, Utah, approximately 1000 feet from the valley
floor, The field is in a low saddle separating two valleys where the wind blows
elmost contirually, Careful observations will reveal the blue-green pubessent
plants whish appear lighter in solor,




GROBSING TECHNIQUE
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'f' “*hopo (M -m mg tirlcy (Berdeun: vul‘m) hu-wma

wior w nm;&ng"ﬁroyump ﬁ-hh soods’ ronmun; hu.nd umwuh- -
:'imm ot mtmwe‘ mn de oulne m muma tndee
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vuu; lnlc an mu dehmd prior to f'loworin; wmn mt onda
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o _ both liagie nadapalyemlm, httlo (B) tm.md 'Bhtt ‘red 'sluwr
o f%’ri’fbn@ ggwhn&) flowered anl ‘produm uadn o ltnt de tuoked

L ":’btferb polnmion, It ndmrod uod 18 duyu nftor polliutioa whiul ‘
e the time mguirud -for the erig!uul plm‘h in the field, The

, uvn »ﬁﬂ miforn md phmp with mdmtien un;in: f‘m 0 to 96

pw eui. W of the 18 pmm yiolﬂing so por «nt or b.m, In ﬁo
- same test uhiko {!’ By

ridum) dnd alfalfa ("'F‘*W sative) ylelded




‘no seed, PFisher (10).rep'orud‘;ood seed sot on detashed spikes
of As, h‘tolwphom sustained in top water end mggut that de-~

_ hthing female oulms may be a pouiblo method of hyhrtdiu'don.




Materials and ¥ehode

Fifteen plants with blm"&groon pubomont Zlumos ‘un‘d‘firt«u
;plmts with green glabrous glms were selected for thin tudy,
Thoy mro dividod inte two groups, ome with ten plantu und th.
other with twenty plmtc, each with equal numbers of the tw non»“
trasted types. The two groups were hundhd in hho following.
_manners

In group one, plants one to.fivo; wers green gl.—brouthﬂ
plmt:' six ¢o f.n, were 'bim-g_mon pub"e-n"t,‘ Bash plant was
uif‘cd ‘using three parohment bags sontaining toﬁ oﬁikn uoh.~ )

‘ In u.dditinn. two detashed groups of five spikes noh were nlfod.
one group having the leaves removed with a sharp rnorubhdo at
the tims of detaching and the other with leaves intaot, Bach
plant was then nrossed with every other plant in rooipron&i som=
‘binations ‘%0 that easch plo.nt was used as beth & !'oma.ls and -'mlr
with oﬁry other plant in the group, When the anthers were tm'nm;
yellow but bofora ﬂmring had begun the selested aulnc wers out
from eash pll.nt upproximtoly three inches above the ground, These .

‘ douchod oulma were immediately placed in quart jars of rrosh water
and th.i.r origin urkod with a jewelry tag. _They were .then moved

o thq male parent -hono three intast spikes, which ldrm as .pol-

; . - linetors, were mﬂﬁd«! in eash bag with five detashed spikes used as
fmln. The jJars of water, which were kept full mtﬁ tho uodo

_ were harvested, were buried in the ground cmoundin; the mlo wont

8o that the muth of the Jjar was nppmximtﬂy level with thc surface,
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This aided in keeping the ﬁtir 00l and plased the detached spikes
of the female pnront ' few 1mhu bolow the intant cpﬂ:u of the male.
pnrent ) thas fuil:ltnting Mlimﬂnn. The arrangement of‘ the jarse:
of utor and the marmer h: uh.‘mh bagginz wae done is tham in fi;uro
“2’ ) , A ‘ | A .

Genetin ttudiiv ‘nn’ ﬁcq’,}unﬂy senfronted with the éééﬁlm or*
' ideqiﬁti popuhtionl'. !n.ﬁx‘-bup one @11 possible pairingt uri mdo. ‘
but with a realization thu‘k papuhtionl obtai.nod may be mn ﬂu X
proeodur. h group m wu duignod. theroforo. to give hrgar pop-’
ulations with w&hh to work ’out at the same ti.u cmriﬁting some 3
ooﬁbiutionn that may be. ot utmnt importanse :ln adapting & gmtiu»
oxplmtloen %o tho ahnrnmru boin; studied, The number of spikes
| per phnt is a urhun limiting faotor when so wany bulk er'ouu
arc made hwolving a ninglo p),nnt It wae decided therefors- mt
.plmtn 11 to 15, which were hlua-grcu pubessent, would ‘de und T
pollen parents on phntylﬁ-zo which were grnn-ghbroua plants, |
: m- proeidurc iu then ruﬁrn'd'ﬁci‘._ng green-glabrous plﬁtg 21 to
25 as pollen paz;e:fats rofi-‘f blﬁo—gke@n pnbiaunt plants 26 to 30. Ae
n group one uoh plmt was selfed md the sane srossing tnlmiqm.
~um of dotnnhin; the «u:xm of the female ‘parent, was cmployad. mu :
7proc-duro made 1t pouibln te inslude umy more spikes in uah aross ‘.
w;_ﬁh--thq ‘axpectation of larger populltiang.' Howsver it limited what
" gould bo'\. I‘O;mod Trem tﬁ«h".praginy begause orosses were made iutpun
-eontrasted types enly md these were Mt made in rcoipreotl “Uafore
tmt-ly the promin fwu ‘this material besame sontaminated in tm
nold and gould not be uud to doterminc genetio relationch:lp:.




| 1
e pmu vere bagged Jm 2274 and 234 nnd on the zstn m-

aﬁth thw Yegan to. ﬂmg -One phnt,,uhiuh vas not used fn the

| ‘um; vegan flowering June almu. By July 2nd, 90 per cemt ot uu
. nnﬁrc ﬂuu, inoluding ﬂm ulectud plants, was in full flower.

l’i this Mtﬂ a sovers wind :um hit the plote aad some of the

parnhmn 'bngn wn dnmd. Moss$ of thu cuagc was de'hom m -

-iv"%:ewmatu vhere possible vlih sareful notes belng taken on thuu

plmia ’Kamor. nﬁt onporiuaur zor aontmluﬁm m have 'puud
_\mauoo&. Nost of tho oxciud culns remained green and uli'n i“ L
'1“; n mp(uwx te utm Ma , Kmor, some m«. uhinh ur.
‘Mﬁowlv dmgod 1n some n‘x ao that the conductive .hmnn
hmm nh*sod or damaged, drisd wp nm&m um a ntb and. in M

| uns mﬁwd B nud.n- ¥ J’w am the. uod vas ﬁpi lnd nn

. ‘dwolapﬂt .ug bed not nm h -mwor. The intact: Iptk'u m-unc

i the. mtu*wnt wers: m off and the bags were placed inside
180 m ﬁpnhug vas am w m and the number and velght. at
sesd m nm»a for lmh apiho.



Figure 2, A =lose-up view of one of the selested plants showing the arrangement of the detashed
sulms in the jars of water, As ~learly shown all but a few spikes are inecluded in
the parchment bags, The spikes in the foreground are detashed open=pollinated spikes,
The bags in the senter of the plant are the intast selfs while those around the out-
side are sontrolled srosses,




Experimentsl Results

B
i

‘  As t& dcﬁ in‘ tubh '1 iﬁieaﬁ' n“ﬁ‘ pfeduetion in.i mhrcnod
4.4 b 17.4 por oent hy romving the luvu en the douohcd eulnl.‘
A more detailed prountntion of this mtorinl 1! t‘oumd in the
lppondi.x. tublo 1.‘ Lllhnuab ‘some. vuiatiou existed, tho gon,ortl
trend of -nd niu m t‘dr mllor ucdc on tho aulns wltﬁ luna .

rmvod. Under open [pollination, intact sulme yma.a uo per sent
mo snd ﬂmmdotmhod sulms- vhi‘.lo m-r ulf-ponintion 1ntnt
ouhu had 'Y 375 per oeni: ld‘unttgo. If muttiug the ‘sulums had the
same effent on both mile n.nd female organs ‘the same per csent in-
orease would bc‘ aftpnotod in both onses, Apparently the thmk of

' dotmhiné tho‘*’*}ulii wis in offect a partial omsouhﬂo“n sinee 1‘&
' onntidinbly lcmnrd ulf-pollimtion. Detashing th. oulms uy

: umn the mthen to dohh«- borore the itigmu booun rm-ptive

ll‘bluugh Wrimnt\l dtta on this point are hoking. A m et
v the data nhbn:hing this difﬁorsmo 1e presénted ‘ln tpbh 2 (m
wnploto c.t. are anttd in the appondix tables 2 o.nd 3), Wind

nimtinn na mro effaotivc than oonﬂtrolhd pollinstion under
P‘ﬂmﬂ bu_gt.- :r_his ie in n_;romnt with other ‘utudin.

L4
T ) } ot
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Om .r ﬂw uporhnt eonuidcrwiom in this imct!gstm ml m

o mor im‘hich tho orolus dmuld be mdo, Hot water mlm.’t@”x

has bun meautully uné ta m«tin*u the plmtl own pollcn. hn‘t
,lnhtoqmn*‘ psllimtion of wuted 1nrlorsotau- unaor bsgt has umlly |

’ given nﬂur lmv -uct yicld-.‘ Band maculnien,- uhﬂo po-eiblc«wwh o

: vpubum‘k whutmu, 1: a’bviomly much tao sxu to allow m dumﬁ )

' numbey’ of greases, Clonmal propngnﬂon followed hy the hoJ.utten ot

tmiflu pnirsqum hny«o, bcgnpr\tforrpd'. but. rould not b_o‘- emiod ‘
© outfx the time avatleble for the study, The methed used; that of

. detacking the cpikn used . s females, was ¥’ dompromies measure baud

" m previous Oblﬁerﬁ‘“v and pro«d quih utufm'aory. How~
) over, some uu‘ing pro’oably uml:hod, thul aontributiug t- tho dit~ -
 Pioulty of inhrputing tho gmtiu ﬂgta ohhinod B ..,;,g . '. :



Table 1, Summary of seed produstion on detashed culms as effeated
by removal of leaves, i

Leaves on o Leaves off §
Humber HNumber Seeds Axuragi Number Number Seeds Average £ insressed : -
e of of Seed Fer Seed of of Seed Per Seed seed set on
: Spikes BSeeds Weight Spike Weight  Spikes Jeeds . Weight Spike Weight sulms with
o ' S ‘ leaves off
over sulms
with leaves
1feds 108 114 0.48 1,12 0,0038 99 116  0.48 1,17 0.0087 4,4%
pen-pollinateds 150 1932  8.01 12.88 0,0042 150 2238 8,41 f'n,s’z_ 0.00358 16.8% .
sntrolled orosses: 878  2570° 10.47  2.95 0.0041 893 3076 12,42 3,44 0,0040 17,48
1128 46186 18,91 4,10 0,0041 1142 5430 21,26 4,76 0.0039 15,88

-
)




bl

. | : .-\-_" . . .
~ . _Table 2, Summary of seed produstion on detashed vs 1nh'4's‘§ sulms,

Ly - " L

.. .- Detmched Culms . Intact cuim*

Ruzber  Number Seeds Average Wumber Number Seeds Average X seed in-
of of . Per 3eed  Seed of of - Per Seed  Seed srease on )
Spikes Seeds Spike Welght Weight  Spikes Seeds BSpike Weight Weight oulms in- :
- o | ST T T tast over y
s - T . ﬂu}‘. d" o 1
" tached, :
y1fed plantss 200 226 21.70 0,76 0,003 630 3554 ' 119,70 ‘18,15 0,0064 ' 375%

pen-pollinated : o , B R T
lantss - 300 4151 283.29 17.42 10,0042 206 6210 ~ 611.50 34,01 0,0085 = 11e%

»‘,-""r‘
'- "m [P
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SEEDLING ESTABLISHMENT STUDIES

Literature Review

Parkey (32) found that freshly harvested seeds of reed asnary

grtll (Fhulnﬁil arundinaceas), smooth brome, orshard (Dastylis

glaserata), tall ost (Arrhenatherum elatuis), orested whest and

alte fessue (Festusa slatior arumdenaseas) when planted direstly
in the £ie1d not later than September 15th flowered st the normal
~time the following summer, Good noodiin; emergencs and winter

survival mesulted whon seeds were planted August 18th to QOstober
'~ Srd, |



A 1

lh_ﬁrhh;ahd Nethods
| ‘Iﬁjﬂrdnr to ledra moﬁ a.bou‘l;;"what sould b expested !‘f;m’
i&odi-ng pubesoent wheatgrass direstly h‘, the field a test ul -
‘wm up in two 1ou1siom using soven mothods of ntablishnnt as
11ated in table 5, The method of plasing the sprouting seods

in an atmsphoro of high h\midityémi inoluded besause of airrie
sulty ensountored oirller when qed- ‘were sprovted under these
oonditions, In erder to manﬁin high humidity. the ausers

m placed in a shallow pan ‘Qf water with « five 5&110‘1 busket
‘plased over them with only n.‘mll opening around the hottem to
a.now‘nir‘ passage, Romaining seeds were plased on saucers and aov-

: am nnly with another sauser te keep out the light, !io ﬁho what
sffent ohilling would have o% byogking the dermansy period nﬁo[l\ot
of seed was sosked for 12 hours, placed in the refrigerator for 24
houn at 280 ¥, and thnn Placed o:fn uwnn in the grunhown to |

| germinate, One lot of . I(Md wae phnm in sapd ol m gresahouse
boneh with the rmiuin; seed pl ud direstly in the. £ield; 'This

| pluntiug and the later plantingc of . aprautcd seeds were kept molst
with rreqmnt 1rr'xgtticm¢~. A auil ptir ﬁf twizers proved quito
"orficignt in pieking out and plunting the sprouted seeds which

ﬁrq plaged in » "sm‘:ail hole made in moist soil, Thrse replisations
af‘mo seeds oach were used for the n&en nethods using both new

and olid seed,’ | -
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- Bxperimental a,i'm_lt-n

| th. dnta are mitnm in ﬁbh 5. In all ouu except where

o W hmkot wes plased over thc uprouting ssede in the groonhouﬂ o o .

\m tndu tpnut-d on ﬁu uu«m and more plmtu emerged. in tln

- fuu thn whu the . unsprmtod weed was plantcd direstly in thc

field, mr. pluin; thn b\mk-t ‘over the eprouting s«dl tmdcd
to reduse the musber that prnimea in both loeations, Direst
~-|m1us of tlu m nod was boliwod non praotioal beuuu of tht
,'xtn hlwr involved in lmutin; tha seeds and phnting t!ut 1n
" "‘ﬂll fiedd vhieh roquirod nnul plo.ntinst befere all tho awouted
B nodl im‘o in the grmmd and - Mamu this prmtieo did not inerease
m u«uln‘ emergence surf‘iciuutly to Juttify the extra hbon
mou pluﬂny were conplwed Auust 17th and the I;tor phntiul '
.af ﬂu pmtio uttrhl nro g&m Lugnﬁ 31 lnd oo-plotod Sthonbor .
''''' 'ﬂm Qtﬂ.y fall phntinn were superior in wgohtin grom and ‘
| .mdund wnm'ubly nore ipiku per plm thn the later pluting‘,v |
;‘er, Iiwlo dirrormu in’ hnding time was observed,
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‘Table 3, Per oent locdling ou@r;onaa when using various mnthndl of
: toodin; ‘both new and old ggrogyron triohophorun soodg

Greonhoulu thorp temperature was high duriqgjdqy Per sent seedling ennrgggg

New Seed  01d Seed

1, Beed plased on saurers ind aoverod4co‘thﬁt- 40 . " 40

humidity was maintained at high level, 31 0 42
. S ' , 40 37 S
| ‘ - Average ‘37,0 = 39,7
2, Seeds on sausers with lower humidity, 66 = 85
- S S ‘ 60 56
| 9 e
~ Average 59,7 87,3
3,  31untud direotly 1n sand on graonhau:o 56 79
© bemah, 80 8
50 T3
Average 65,3 5.8
4, Seeds sosked for 12 hours, plase in - a 88
refrigerator for 24 hours at 35° F 51 87
. and then plased on sauaers 1n the ' a8 ( . 49 ”
- greenhouse, Average 58,3 . 57,0

In lsboratory where temperature remsined fairly sonstant and mush sooler.

5, BSpeds on saucer ‘and goverad so that I 43

humidity was maintained at high level, 83 : 49
| o | B_ &8
Average 69,7 51,0
8, Seeds on sausers with lower humidity, , .80 83
' . 8B ’ B7
| 59 88
‘ . ( . Average 61,3 82,7
7. Beeds planted Hirestly in field, - e 68
S L o A - 8. . 87
ST - S 8% . 4%
LT i 7 C . ,:m . i
e “'. ‘;‘V ) ';. : . . , im‘p *: ‘BJ : te ‘ 87.‘0

t¥e.0. ®.05= 3.5
, ;}::‘ﬂm P,01s 4.8




1

e Piseussien . = . 0 ot

 Very nttio ‘diffcﬁuﬁ’ i&t 65%.15&4':' 'uﬁng old and new seed, Y i i

' Tm- was; hwowr. Y liu’blo mnruao 1n the germination of old “ l ,'.‘
;jfma when 1% was planted in send on the grevnhouse bemsh, It appmi
" from this teut that the dnmnoy pﬂ"iod in pubsssent wheatgries 1e
| wery short beesuse thn new ssod was gnthmd frem the ruu and m
tost was immedlately begm, It whs ob«md howsver, thit the new
) . weed was about t'n days slower gorninltin; than the old seed, -
An ttplmtiw for the desrsased amount of gonimtin wh-ru
o tlu aman-; was mpt high is net olear, It is pauibly the imbers
sation of h\midity -mh 'hwmiuro and possidly ee,, ‘
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IRHERITANCE OF PLANT COLOR AND PUBESCENCE

Revidw of Literature '

Pubescent wheatgrass has many distinet, easily classified
morpholngical sharasters which should lend th.n”l‘rol readily
to genetio olassification and study which is vital and nesessary
for understanding of polyploid genetins, The species has the
same ohromosome number as wheat (n - 21,).\ Peto (53).} Fielsen (30)
and Hartung .(115),t ‘but is naturally orourpollinutod and exhibite
extrems mhbiiuy in outward appearanse, Asncrding to the work -
of Smith (44) and Keller (20), the speoies has low self fertility,
Bowever, individual plants will range from quite fertile to totally
solf sterile,

Lindetrom (22) emphasised that in general the genmetin ovidénoo
obtained from polyploids harmonises very well with the modern son-
'sept of heredity as developed largely from diploids but that 1ittle
oritical genetis research exists with pelyploids above the tetra-
pleid level, Considerable work has bign done with hexaploid wheat

(Tri‘biou_p »:tgm). however, whish behaves largely as a diploid,

but this dou' no%¥ compare in soope or magnitude with the work ae-

somplished in ocorn (Zea mays) and barley (Hordeum jubatum), Emersen,

Beadle and Fraser (8), and Robertson, Wiebe and Iamer (38), where
the linkeage groups are identified and in many cases associated with
thi proper shromosome through oytologieal investigation, Mush less
" 1¢ known about the Wsjority of feuga ;ruuu with praotienlly no

genetioc or oytologiotl inromtion on’ mny ot‘ thc cpooiw.

l
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cy‘bologiul upcatl or polypleidy are dealt with in detall by

»Blnlmn tnd ilip (59). nnrungtou (7), Sharp {41) and Riley (37),
;_,mording to Newton and Darlingten (29), pairing im triploidl

1: between Awo of the three thresds at & time at any ome point and
never all .thr.n st any one peint although it may appesr that way at
times, In fotnploidn th,y two of the four mssoniate at sny one
point, The same proaedurs holds for higher polyploids, The sem-
‘plexity of pol}pioid genotiél,» ascording to Myers (27), is ixereased
becsuse of the diffisulty of diutiuui lhin; between disonis and poly-
mn‘lq inheritancsy Critiga} Mdtnﬁl can: nhly be obtaintd whon merker
gon" are svailable for all or most of the- chrowlmc P6é u given
orgmim. Sansome and Philip (39) somment as follnﬂ "In'all .ue-
:f“‘paiyploulu vhero 111 tho utt 9f’ chromosomes are of different’ kindn,

' thc Pouibilitiu und comploxity of types or pairin; are: gr«.ﬁy in=-

R c‘rnucd. It is not surpriting. thercfou, that 1ntoupcoitic pnlyu-

'ploid hybridu nomlly gin nomplox ugrcgo.tion. l‘o ro%gﬁn ‘Mw
:‘-particular typo of togngwion is of‘ton well nigh 1mpou1b1n "
" It is gcnnnlly roﬁognind that rmﬂm ohromtid u;rogatian
‘ v_ammrn enly when the fastors onnwrmd are more than 80 sross~over
undits from the spindle~fiber attashmemt, Sirnot and Dumn (42) and
» ’ﬂtyl and Immer (17), md that the raties obtained in ordimyriyup-f-
loi.ét are the same with chromosrme and shromatid ugrcgatien. . Hows
over, Lindatmm (22) points out that entirely different ntiot-trt
abttinod An tho sase of polyploidl. Random shromoscome uuwmnt
in a 4X hjrbrid. Ahna, results in a liAtéAnilas diploid gmtia fatio

while random assortment of the sight chromatide of the same organiem
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result in o 3AA18Aa13as diploid gametis nﬁo.; chroxﬁnlm ‘ugrl-
B gttion in o & hybdrid, M.un., roaultc in a llsallaatm!lla‘ trip~
lold gametis ratio, whilc ohromtid ugroga’cion of this hﬁ&ﬂ.duﬂ
‘ruultl in a 2;5:9;3;191-.3:2.3 triploid gametis ratie, In other
~ words, the nu-_har of resessive gametes inorease as the dlstanse from i

the spindle~fiber attachment insreases up to the maximum point q'r'

erossingover, or approximately 50 cross-over units, Remdolph (35)

‘states that the ‘ig'n‘nctios of auntotetraploids has been studied suf~

‘ fici&ntiy %o indisste that tetrasonis inheritanse, rafher'thﬁh“ihd

:dimio 1uhcri’bl.n« of diploid-. prrn:!.ll quite generally in Mu-
. *)leus as would be. expested since rour setsiof homlogo\u chmb-

' somes inetead of two are normelly present, This may npply gmally

' ‘to the higher autopolyploide and is of far-reashing importanse %o . .

. the plant breeder,

Comparatively little genetic research has been 'undtrhkoh with

‘ ﬁtho higher palyploiéc but the groundwork has been laid by cueh 1nv'uvs—

_ tigators as Ealdane (16), Pisher (9) and Geiringer (11) in mir |
L - :‘ﬂi?olopmm of the theoretisal genetise of guwpalyploiﬁs;:_liﬁuh :

of polyploids and polytomie isheritanee, Sush tino-uvin; Vrorﬁmlu E

: n ﬂn following teken from Haldane's (15) paper prove very: uum

ﬁtn douling in sutopelyploids: "From a sygote ATalR"T 4 gmto

A%™"% oun be chosen in r! -, (2 wr)} ways, -m prob-
-  (r-8)t 8! (mer 8)! (m-8)! o

h nbilit-y of such a sygote producing a gamete of that oonsﬁtut:lon is

(‘3)3 (2H)! L2 ", In a resent ptplrfbf Goh'i“&w

(2m)! (n-8)¢ (mer 8)! 81 (r-8)!
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(13) M:'wﬁ pointcd‘éht thatwmlc ohrm@:l'ingign;tion' mi»c’ht;h»
assumed, as an o.pprmimtiau 'bhaory. $tudy of polyploidd ehould . . |
.mny bo based on tho oon#i&orution of ohromatid segregationm,
In !m' pnm, formulae are gmn for thooritiaal shromatid um- '
gltion of polyploids 1n the lth gonontion. ‘ N ,

Aowrdiu; to xuwrr (21), s the. degres of polyploidy inorsases
the minbility of the plm'b umrouu. The degree to which poly»-
Vpleldy esn udnnu hctm %he species besomes. 0 miubla ﬂut ster
| 114ty md oxﬁmttm ruulu varies with the spesies in qwntion.
The s.nm Enswc and Ihmlmnpsia as roportod by Hagerup (li)

resshes s plstesu or optinum at the totnplom level adove whioh
uml mroduetion couﬂ., |

Polnloiﬂc are nut generally ohuifid into autopolyploids or
allopelyploide dopondin; on thoir origin and method of shromssons
pairing, True lntbpolyploidiv are, d@mng to Gharp .(41). thou in
‘Vuhhh heteroploidy 41:, dmeo the mltipl;ottion'» of a single lrind. of
 gouome, Whereas true ti‘l.lyp‘olyplei‘di‘ are thon in whish hetorepleidy
1s dus to the vembimation and subsequent multiplication of speeifi-
:60.1_1y ufriﬁﬁ gnnmu" ﬁubhim (4{3) vqﬂdd&l this ohulﬁptﬁm
cﬁttro;y _yimdnquu‘.to iin@n_' inﬁorinedinb types exist so that ‘the tpeeiu
may be uutopolyplo:ldv for soms genomes and sllepolypleid for the re-
o u.umr ih pdint“l' out tws"my‘ﬁ.tunx Vtutopolyplpidvl‘ u‘pni;w in
ﬂu 1ihnhn-t _‘ ntm.ly\ aliopslypl'oids- n"o thnt'thi "raw nuu-»
polyplcid desomes pmmclively ’diplaidina' until 1ts b‘htﬂw ‘
A' rnmlu thnt Qf a diploid lpmin,'- Bogmnm nuopelyploidt are | |
c!nrinpj as "an dlopolyploiq of ,ﬂiqh “whe aﬂ;*nﬂt genomes bear the |
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‘ﬁdpfi‘ﬁy=‘a_f‘th0i‘!" shromosona) - segments in sommon, s that the dipleid
hjrhrid from whioh it is derived has good pairing at melosis, but in
whish thiu_ genome s 'diffo‘r?ron eash other by a hrgo enough number
of . chromosomsl segments or gene aomﬁimtiont sc that free interschange
botween them ﬁ;fbnrrod, by partial o nomplets sterility on the dip-
loid level.,” ‘Myers and H1) (26) and Smith, Huskins and Sanders (45)
also suggest that besause of the sontinual prosess of srossingoever,
'mtu‘tibu, new ra«sonhimtionh‘md selactions, some spenies whish now
- behave sytologisally as allopolyploids may have been derived from
,uﬁt‘opoiyplomo,- - | |

When autopolyploids are inbred the rats of approgsh %o homo-
sygosity i3 expeoted. %o be wéy low. Bartlett and Haldene (4) give
the number of gmr;'tiom nesded to half heterosygosie in :di_.picid
"and polyploid species, If self fertilized, diploids require Qno‘.
tetraploids 3.8 and hexaploids 6,58 generations, Brother=asister
mating of diploids require e somewhat shorter time than selfing |
| totnpldd spesies, Myers (27) points out that te reach tho‘m; oo
degree of homosygoeity, mn generations of inbreeding are required
with autopolyploids th‘a_i:. with allopolyploids, Under sertain soms
" ditions, such as the prddugtion ‘of oommeroial h&&-tdl invedving fne
bred lin", a charasteristic of .thii nature may be a distingt ad- |
vantage sinoe r'ociu,ntion in vigor in sdvansed goaérat&‘ont should be
B ‘iolu’” ‘rt.pic} than with diploids ei- allepolyplo_i&n;r bﬁthrsion (13) |
~ itets eﬁr udvunh@l of polyploids sush u"tﬁo‘i'r nb.tiiiy to sover
up rcéu‘-‘.'a.w‘-l;l‘thals more uaiiy than diploids or at least’ unt;
these genes to lose uost of their destrustive effest,

Ly
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The genome ﬂmiy has been used sxtensively by Aase (1, 2) tn
 studies of the nuéoala. It is generally believed that the gonone
homolegy tound in Tritisum extends over inte the Agr gzr_g s with
ons genoms in A. 1numdiun‘ snd A, trishophorum and two im A,

slenge t‘m being the eame or very similar to the A 'and/oz_- B genomes
in the gonus n"itim‘m, Considerable chromosome pairing, partis-
~ ularly where A, olongatum is involved, has been mmhd from

Tr:ltiwl - w'ro- hybridl. Vaknr {B80) raported up to 28 hi- |

nloats 1n ) vulgare x A, intomdiun hybridu Ho poctuhtod _

that A, elongatum had three gnno-ﬂ honelogoun to the three iz T,

~ yulger plus two other gonmi homlogoul with essh othor and that

1. vin'uru‘ili\m had two gpnou,l in common with ¥, vulgare plus an
sdditional gemome, He gave these two species the genowe sonstie 3
tution of 1111311112 and A D X; respestively, Peto (34) quoutiomd

| this mueh pn.iring because he observed emly 21 bivalents in 7, vul gare

x A, elongatum and only 7 bivalents in 2, vulgare x A, intermedium

hybride, He believed A, intermedium ts have the gemoms somstitution

A'XYand that A, elongatum may have arisen through chromosoms

éo\;bling in a hybrid of A, ineor:?ngliun with some other tetrapleid
Agropyren species, Armstrong (SP reports mpproximately the same
results, A% present, Pcto'c.th.%ryia sonsidered more as~eptable,
Exsellent reviews of this work sre given by Johneon (16), Smith (43),
White (52), Love arnd Suneson (24} s MoFadden and Sears (25) and
Sears (40) . .

~ In recent publisations by Love (23) and 8mith, Huskins m

Sanders (45) it was pointed out thnt more and more caution should
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~ be exersised in plasing too much relianse on "genoms" analysis,
Basause of the aontiuual prodsss of arossing over, gene mutation
and the produstion af new rom’oina’eiant these ganomu are in
_constant state of e.hax;go‘.  However, 'tho true ploture of thil- re-
lationship is still not understood, : ‘

It was foﬁnd1§y Thompson and Grafius (48) that ﬂftar twe

" backorosses to the wheat parent Tritioum vulgare x Agro on

trishophorum hybride still maintained the peremnial habit amd

pubesosnt chtrmters. Proviou- Irosses involving wheat and
pubesosnt uhu.tgnu have heen reported by Low and ﬂunomu (34),
8mith (43), Sunsson and rup.»(47), White (52) nndehrnlhkino and
_ skach‘urdino {61}, ”
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+ The phhti were arossed in thet.nmr desoribed in -mﬂtor‘h‘:ll :

m.thodl for éroliins t-ahniqua. “iy June zSth most of tho'uuttr—‘
3 hnw.lod out lurfhiontly for olanif‘iution whish was som-
pl@ted by the firut of Ju!l.y. The four slassifications und in this

y she shown in figure 3, Biﬁo-;ﬁon was not elearly differen-
‘tiated rron green wy blask and white photognphy but was as distinst

u' ubessense upen visunl ox».minttion. Althou;h tho‘rflour’ types

‘-grun wbnu:rt, blw;run glabrous, green pubessent and ;run
gl fmq plants) were distinst and easily slassified, uonaidorab}.o
nttion was observed in degree of soler and yubni,m«. The. soler
11 as pubescence was not limited to the spikes but extended inte
the itc;u and ‘lcku.“ However, their Pressnce was more pronounced
| on the lpifn;.  An attempt wae made to 'éhuiry these plante as to
degree of soler and pubcuqnotbut no Vlaziu_l basis for smh . olne-‘}

- ifiostion gould be found,

e e el ) I OWREE ST T T s T A



Figure 3, The four spike types used TH EH1S study, Starting from left to right the first two
spikes are blue-green pubessent, the next two are green pubescent, the next two are =
blue-green glabrous and the last two are green glabrous, The pubesasent plants, as
shown in this photograph, &re very distinet, ‘The blue-green solor is just as dis-
tinct but does not show up in blask and white photography,
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Bxperimental hsulh

\ - . *.‘.1‘

m m-'ogmin thnmd are p‘:«gud in vhblu 4 to T. ‘rablc o

4 mtain the pwgonin rvm p‘lnta 1-10 vhm random opﬂi-‘-pollin- |
nﬁon ie nllwcd to mo pla«. Alt’haugh tho lomtim or the phnt
ta th ﬁ.].d m ralation %o ot’hor plnntn as mll ae tim of flower-
.tng uy M&t tlﬁ&' ‘ﬂ« proporﬂonl o’otuinod 1t nun‘h rcumbh
io Qx]net mt any gonetis diﬂ‘cron« 'muu -tul show. up, 'ﬁn
prngonut o’btninodi rnn plntc 1 gnd 3 are. nry similar ‘b'ut holun
' di.thnni t!m: the rnminin; groen glubroun plo,nto Pla.utn 4 md
8 behave nry nuoh alike, Bmwm plant 4 does nhow an oxculi'u
mm of blm-grnn puhcmunt ‘Plants in 115' pm;auy. mmt number
2 tppoﬂ*t ‘U& bolwn dirraront ﬁtsn W of the o'mar Pplante, The

‘ bohnvior wm ylmtt whm ‘they m- nolrad .md uruud -m. |
plnntt of tha same phanotypo 1- ,prountcd in tubla,a.. "Thers is a

mnmug"wummxp htma plants 1 ond .3 wux ,pmm sm
| uuntiluy Ahe lm raﬂa npm\ ‘ulﬂng, 3 grun gh.b#puo te LI
blup-wuu Mcut. The same mlntiamhip s ’found !ghon 3 Wi

ponmm w p | n nll as when 1 und,a were mro];nd in my aross
uupt vuh p‘.lut 4., Thy bohnviér of plant 4 nn ulﬂug i utrik-
:I.n;ly diffumnt than the othor phnt( ind when uud u [ po'illn \
puont o; 3 und 5 the nunhr of:run gftbrmu phn'tu o‘atainad 1is
lngo. e umld ho upuhi, sim 4 prod'ueid an excess of these

pllmh when. ul!‘od lhu 4 was used n the female parent. only m
plants were obtaimd. both of whioh mrg groen glabrous, fﬂ:no

_sould possibly have been selfs, Flant 2 when selfed and when



orossed with the remaining plants behaved vory sueh like numbers
1eM 3, Howsver, most of the srosses involving 2 prodused very
 Pow plan'hs. Although the selfed progenmy of 3 déviited somewhat
70.11 or the 2rosses gave a 1:3 ratio cxaept with plaut 4 where

' c.gnin the ratio was widened, It sould be assumed, fuhnroforo. ﬂut
plants 1, :md § are very aimihr gonetianlly with rupevrh to ‘hho
sharaoters green and glabrquc and that 2 and 5 may have enly nﬂ‘.m,
~ differences with 1 end 3 But that plmt 4 has a much div!.‘fonmté‘l o
":bchavior from all the. ethtr green glabrous plants,

Blue-ig;'ecn pubesoent pla:utl in table. 4 3an be groupﬁ so that
phnts 6 tnd 10, 8 and §, and 7 divided thomsolnt in'to three groupl,.
?ouibly 7 sould be in the same’ group as 6 and 10, '.rhe intmtting
thing is that plm: 8 and 9 produnu no - ’blue~grun glnhrom plants
nhi.ah indimtn ‘that they wust hue a hrga number of genes noeei-

sary for tho oxprouiun of puh.mcnoo. By observing tho\uumbuﬂ in
tho lcpu'ato slassose 1t sesny quih ovident that blm-gr“n UM
pubauance are the donimnt -:hnnmtorm If we now folleu thaw bluc-'
~green pubu«nt plants through thoir selfs and fson'brollod mnos iu
table 6 it is fmmd that here as well as in the opon-pollimtod m«r-
fal phntc 6 and 10 M!mn nry nuch tlih prcdmiug nppreximhiy 23
blus-green pnbcleunt phnt. to 1 'blwo-grnn glmhrouc phat. llhla
used as ulo or - f'cplo thuc plants. bchaud glike wiﬁx only one ox-
ooptimz m 7 ‘t pellimtd by 10. Xn t’hh aroes uo groen glab--
Tous plnnt we.s prd@god. m appearsnce of this omne plant is not
out of lino because uwm selfing plant ’f prodused hoth ghbrout tnd
green plants, The ather pqir of blno-grun pubssoent pluﬂt ﬂnt
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'hnhmf ﬂm ihon opon-pollimtod wers 8 and 9, Howmr. upon
X selfing their pohavior was quite dirforont, ‘Dub ee fow plutn |
. "—",'.. ,51-1;;«1 .!'ron 8 selfed that very }11:*&1. m be said about _
1%, Although some irregularities oosur the srosses invelving |

. thess two plants are scneistent with emch other, It has already

been pointed out that plamt 7 behaved differently whem selfed.
One irregularity is .am when 7 1s pollinated by 6 and by 10;
‘Ho'nur. lmh an ineenliltcncy sould be oxplainod by aicuing

| eeifing on the part ef 7, The over all _pioture. st111 helds,
thanroro, that perhaps pltl‘bl 6 and 10. G md 9. uﬁ 7 ﬂp-'
Nnnt thr“ gonotypie ohun.

Ir thcu plutt, both green glabrous nnd bluo-grun pubeceent,
are t'ollwod on through the rcoipronl oresses botuon typu as |
' 'pnﬂnhd in table T a more somplicated pietun is t’onml. rxmt-
8 and ﬂ vbhh produmd no bluo-gnan ghhrous phutc undnr opcu- :
| ‘po‘llimti.on, or when nltmﬂ md 'srolnd within their typu ﬁsﬂ.l
produm ne bluo-poon ghbmuc phuh cxeupt in ownu wi#h .
pl&‘&‘ti 1 uad 3. Some of tho ylntu o'btdnod when 3 was un& u _
o ﬂu fomals . pircnt in thi: uu *aould be tho result of ult-fort- -

3. i.liut.‘wl. In any event. it ‘&ppears qui’n evident that tho som-
hiuticm nmuu.ry for the produoti.on of Blue~green ghmu
o plmu oaours vcry Mrcqmtly in pla.ntn 8 and 9, No other pro-
j : nuumoﬁ uni.larity ¢an be peinted out o:aept am the pnpmdtr-m
",,'of gmo nwounry for thn upruuion nf the green glsbrous eondi-
a ft!.on 4n plant & iv ugﬁn smphasiged in the srose where 4 1; pol~
linsted by 8, The largest sdvantage that san be obtn.inqdfron '

the information in table 7 is that the data there ean be used to -
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chegk the plant behavior presented in tables 4, B, and 8,

Although in general the plants behave in a consistent mamner
the nusbers obtained are so small that an assurate working gomtié
oxphmttou- is ro;ﬁhor'difﬂoult to obtain, The problem would be
gruﬂy sinpufuﬁ with larger populations und/or data from mors
than m~;g¢_m:gﬂoa. The pogvgibility of obtaining large populq_-
| -tionl no oueupurrltiﬂiy ‘high 1n this study sinee em‘h reoiprooa.l
arau couprind ten l‘pil:u with an average of 2B Ipikl.tl per -pm '
and nix florits in eash lpiklot If only half of the florits pre-
dused eeed it would muut to 750 whieh is a f‘aix- population, Im
group numbsr two where pluntt were only arenod between types
npproximtcly wico this mmbor sould be oblained,

' After exploring sonp or tha_.poul.hil_itiu offered by assuming
| ordinur'y“ diploid, autopolyplold and allopelyploid types of imhers-
tanee it appeared that allopolyploid segregation offered the bnt
oxplmtinn for the ulurmton being studied, The proposed me-
types for plants 1-10 are 11M in table 7 nlm with observed and
oueﬁh‘kod ; ratios, Plants showing ntitﬁetory ngrnmont of the
,obur;ud with the salsulated ratios, as Qourmim by eh;-tqum,
are indisated with én utor::lx ('.)' In ﬁctemiaing shi-square nl-b
ues the computations were carried té four dooiﬂul plages and roﬁndcd
to twe figures so that all of the data eould bo ipluood in one table
whieh would make culuntion é‘f _the‘ resiprooal orosses mush easier
fer ‘the resder, The uuumptiont nesessary for this hypothesis are
tlut two dominant genes (BB) are nesessary for tho oxproniou of

blue~green selor and that the @omplmntuy action of dominant genss
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{P) and (t) are neaessﬁry ror'fhe expression of pubessensts, This

explanation was desided upon after explﬁring some oflﬁhs.possibil-

ities affqrad by diploid, autopolypleid and allopelyploid type§ of
sagreg@tiou. It is realized that some of the poppiationl raported

" in tables 5-7 are small and thet even though satisfastory agreement
waS founﬁ !iﬁh a aizabl; pertion of the deta other genetis explan-
ations may ﬁe glven which are‘more ansurate, ‘

~ When this hypothesis is applied to selfs and resiprocal orosses

involving plant 1.-5‘_ (table 5) good agreement is found on 11 of the

selfed material gxéegt plgntzﬁg 'Invptder for plant 4 to fit this

hypothesis it ibulaibm neqe;itry tﬁ'asauﬁn abﬁi,oonfﬁmination. Sush

8 thing mny hnvo ooourred but the ruoorda bnd e .mention of poniiblo

nontaminntions Ril »f the crossds whero sufficiant numbere were ob-
tained wcr- in good agreemont oxcept ‘here 4 pollinated 3, .
When plants 6-10 (table 6) are subjested to this hypothesis,

- &1l of tha>p1ant|‘except nusber 8 give satisfactory sgreement of
the observed with the caloul;téd ratios, All of the orosses with
suffi~ient populations give satisfastory ;3roem§nt exgept with the
reaiprocal orosses with 7 and 10 and when § pollinates 8 amd 7,

The irregularity found when 7 pollinates 10 can be explainmed if
aelfing'il assumed for number 10 whish did show qonsidérable_éélf-
fertility, The same thing can be applied to 6 pollinated by 9 and

"possibly 7 pollimated by 9, With 7 pollinated by 10 it is a dif-
ferent story und larger numbers are needed bofort much wan barngid.

When the green ;1abroua pllntl 1-5 and the blho-gr'cn‘pubet-

sent plants 8-10 are rooipr&cally srossed (table 7) the igrcansut
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of éba;rnd iﬁ.tﬁ‘oaloulatqd‘ 1: not uJ gr‘out as when the pl;ntnuw m |
orossed within their typo: ;'Bomn_n u.pointqd out earlier plants
1 and 3 behave alike and 8 and 10 behave alike, By looking at the
progeny reseived from thu reciprosal srosses involving theip four
plants it 1s found that sstisfactory sgresment is obtained in all
oaiin whers any plants have been obitained except where ¥ in pol-
linated by 6 and some of th:ly irregularity ﬁn be explained if
selfing on the part of 8 is sssumed, This is not unlikely bLecause
plant 3 does show considerable self-fertility (table 5), In re-
eiproeal srosses thvol'ving' 2 with 6 and 10 good agreement is found
. and in the orosses of 5 with 6 and 10 good agreement is found in
all cases exsept where § is pé'u_imtod by 10 but here the wpuf-
‘lations areiiquite emall and eelfing of 5 would produde an exesss
of green glabrous plants as observed values show, Flant number 4,
_which did mot give a satisfastory fit when selfed, does not give
| satiefaotory agreement of 'obumd with oalsulated in any ef the
srosses with the blue-green pubescent plants exsept when it was
weed as & pollen parent in u‘ sroes with plant 10, 8mell popu~
lations on some srosses make it impoﬁiblo to follow all ur'm‘r
| plants through this prosedure, | »



!able 4‘ Pragonw obtained from random wind pollinntion of
plautu 1-10, - ‘

W« Blus-green pubegnent
X~ Blue-green glabrous
Y- Green pubessent

Z+ Green glabrous

.ﬂrOOn}giibroﬁb’§1.nto o Bluofgrocn‘pubqidbh# plante
¥ x ¥y z | WX Y 3

-15}38‘ 34 57 87 121
e ’fééél? 14 10 | S 209 36 43 5 } :"'“
jtisz'iif?ag (LI ; A‘; 55 § -33 ‘zf,
. N .  16' 14 69 64 e f | .‘ 207 0 51 O

33 51 116 157 22540 3% &




Table 8, Progeny obtained from plants 1-5 when selfed and eronsa&
o o ' "~ resiprosally in all sombinations, M
0 = Observed ratie, C ¥ Caloulated ratios*observed ratio satisfastory as teuted by ¢hi~sguare, W 2 Blus-green
pubescent plants, I ® Blue-green glabrous plants, L- G;lun pubesoent plants, i = OGreen Qabroul plants,
' » ‘ Te Plants

s o0 ‘26 0 1 0 2

5 -0 [+] § 0 13 0 0 0 - o 10 o &7 o » .
*C 0 4 0 14 *Q 12 0 386 0 7 0 21 * .8 0 2.2
Female o ‘
FPlants ' y - :
4 0 o 0 0 0 0 0 4] 1l Q 0 4] Q 1 0 BT 0 © 0 1
°

10 o0 1 o0 3 © o o 4

<
(=

oo
R
L« ]

¥e

%/ Class W assumed to be result of sontamination,
2/ Good fit auuming class X derived by selfing,
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7 Table 6, Progeny o’btninod frnm blm-grm pubessent plants 6-10 whem .
LA ulfd and oressed rocip;o&nl ly in 111 peniblc mnbinatmcg

0= Ohnmd rnﬁn Q ' cllolh’td rtbio -z Obuwnd ratio utufuhry e tested hy ehi-:qmrn ’l = !lat-groih
pubuent, I = Blno-grun glubmu - A4 Greem pudessent, 2 = Gr«n glnhrom plants.

g R S R | s 4 s
W X Y '3 ‘W _x Y ‘'z ®W X Y 3 ¥ x Y 2 T

4.0 34 1 © 6 0 0 ©0 9 0 0 © o o©
e 3402 1 *69,0 0 0 9.1 0 O d o
g 0 27 2 e & © 0 o 8 o0 o o 18 o 1
o 24 1 1 .22 ., o § .9 8 .1 12 1.6 1
s 0 5 0O o 0 ¢ 2 0 4 0 1 06 & o © o
¢ 491 1.9°0 1 © *4.9 0 ,1 0. *59 ;1. o
Fomale : | : | e
Plants o - : S ,
a0 0.0 ©o 0 © 1 © 128 © o6 o $2 o o
¢ 0 4108 0 .2 0 2 0 2z O e 5.5 1
5 0 o 0. 8 2 o © o 18 0 O O 8 6 ‘0 0 247 10 0 O
oC 14 0 1 0 17. ;2 0 458 0 .2 0 9.3 5 O

0 *249 8 O O

.0



?Iblo 7. !ragenioi nbtaingd from reuipraeal erosses httnoen gresn glabrous plnntl 1-§ and blun-groen pnboseant plants
e . 8«10, together with aquahé ratios assuming that BB is necsssary for the expression of blue-green sclor amd -
. ;pnboaeouu resulis from the ocomplimentary aotion of P and ¥, In the table O reprﬂonts observed populations, C is for
ulwlzgd ratiou, anﬁ an asterix (*) denotes Wtiitaqtury agnmnt between the two, !'ypel are (W) bluc-greon pubes~
. ‘eent, Blwe- '

e églgw:sm. {Y) green pubescent, and (Z) green glabrouws., ThHe tm Eeno s are as followss

. (L) PobbbbPpPREpELEEEt (2) BLLLLLPppppptttite. (3) shbbbbgppmmwt (4) BOELYBLPPPPpRttetet (5) BbbbAEPPPpPptistLe
R () ‘mbb‘bl?g?p (1) !bhbﬁl’p?pmttt (s) BW {9) ms’awprgr;me!t(m mwez?rppgnnﬂ
v 11'5 R T 2 1 ¥ £ ¥z ¥ x Yz  ®Wx Y 1
-  1x8 o w 1x10 |
¢l w10z 0. ° 10108 35 35 2
5 o T 5.4 .1 3 1.2 6.8 1.2

‘22808 0 0 0 2x900 0 -

8x2 _ 9x2 e . 5. 3

‘ c .8 1,77.81,7

3x801 2 6 9 3x9 02 L 0O 4 0O

, YT 1 17 1 - % 1.8 ;2 - 2,3 ,7 2.3 .7
8x8 N 93014 O % 304 e 0

) o e 7“ 141 1¢ ’ ‘c, 2.8 .7 2.3 .7

x804 0 35 213 2903 o0
1 0o cl oY

6x4 0 8 4. 85T o | 8x4 x4 010 0 %
4.3 .'r D R €850
'6x6029 6 36 T .. Bx701 2. 6 2 5x:803 O 9 O 5x9013 0 % 2 1 2
3¢ 5 3 5 €6 .6 4 .4 g5 1 63 1 C28 ,5 26 .8 €45 .5 4.5.5
éx601 0 O O 7661 O 2 1 86 x501 .o,_, 1 0 105500 0 1 0

— e _ —— : » - ‘ -
.1/ A geod fit assuming slase Z derived by selfing, o S | v o
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Disoussion

The genetis explanation for the expression of pubsssense and
plant solor ae roportidriu t;blcs 5-7 1s in agreement with some éf
‘th- observed data and fails to agree with othér. Tho hyﬁothoail is
: batod on tho tliumption that (BB) is nesessary for the oxprclsion
of blun-groon solor and fhnt the somplementary astion of (P) and (!)
is necessary for the expressien of pubesaence, Ao‘-ritton‘ouﬁ in

table 7 each genetis rﬁatorvpuif is assumed to be in a ditfdrinf |
‘q,goﬁoui.‘ This apponrcvlogicsl,‘but th§ same results san be nbiiiaﬁd
‘1? these goneos are uclumud ta be narried on difforont shromosome s
“within ome genome, Any pgir of them could even lie widoly ?UMUVOﬂ"
| frul one another on the same ahromo-an.. Allopolyploié typc ur
| ugrogation is nsumod so that 11‘ tho lpooiu has the gumtio Honw‘ o
‘;ltitution 31’1’:”3‘3”3 thn-rbaulting glm@tot will(bo BIB‘b, and
.“‘Blbzb and not 313182. B ’1‘:’ Blnlbs BIB bes szabs. nnd b, bsbs
) is the sase with antnpolyploids.A Under sush oonditionl 8 pltnt,
thlt hll a pair or homozygoua dominant gonou. ncuoulary fer'thn
- expreesion of blue-green selor, will breed true for that Qho.rlﬁtof‘
 'r§§:td1cul ét the genetis §onct1tution of the remaining genonni;k
cila-irication of thé‘p;nntl in several rows of a lorgo’tﬁgo;d
‘ nur|;r§vy1q1dod the followingt 1268 blue-green pupogooﬂt.:441 §1un*
green glabreu-. 501 ;r;onppkogqont, and 208 green glabrous ﬁlﬁﬁtn
with 260 plﬂﬁtl not eugi;y‘clasqifiod. This nppréximntot a 913:31)

| ratio su‘gqcting that possidly two independent genotis tgetorG cou1d
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‘bi' involved in the expression of blue-green nolor and pubescense,
- This is based on the anunption that a eross pollinatod upacin tond-‘ o
| to maintain iteelf with all of the genotypes in their proportionate
V*nunhorl providing no difrorontit; mortality gxiats In other worde
n. phnt with the genetis aonnitutien Al wuld produoc n 11211 ratio
in the l‘l n.nd H‘ all cf the progeny resulting from random wllimtion
~in the P, or later gensrations were available the 1:23} ratio would
still de maintained, It does not seem unreasonable ;&qrnrg, ﬁut
this esuld be spplied to additiomal faoters with the dame results,
This is quito diffcmt from fhé uituaﬁon found in .c’olt-pulliﬁttod
cpcein where hotorozygosity 1s halved with eash lnoeuding gener-
‘v:a‘bian. : | 7 :
ﬁoumﬁ pubowon{: whedigniq is qni;ho:"alou‘ly“ n‘iit‘od' te‘whora.t '
tnd b?niumi wheat behaves ;lfply u . diphid' tho‘ 1qgicai ‘ ﬂutm
i primﬁ appiund to be with dipiaid -ntiél‘. 'riig-y' (49) reported that
an inhibiting faotor operated in the oxprouion of dnrting in whn.t.
:H. found that when uertlin wheat plante of noml hcight were mlud |

dﬂrr.plmtc wore obtained, It is quite evident from the data eb-

R tained in this study that the expression of bi\'u'p"hn"t: solor may bog-j

have in mush the esme manner, When the selected green glabrous plants
AA,:‘?”Q welfed they gave a slear-sut «gr;gatton of 3 green glabrous to
_i"blue'ugnon glabrous plant, This 1:3 ratio was p.la‘o‘o’bhinod when
 the é-lintl, were srossed among thoﬁiolvoe, This type of segregation
;dn' 0;1:6 be explained by assuming two .homqtygonl déhinm genes to be
hnpiltty‘for the expression of blue-green u#].or’. Wider ratiocs than

. this 1¢3 are needed for plant mmber 4 and additional fastoremust be
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used or tile» or autopolyploid ugroép:tiu#.' 1t is not daiffisult,
therefore, to find a sonsiderable number of genetis explanations for
_ individuﬂ plants or groups of phntl. However, when the observed

' ratios of erosses between these plands are sompared to the thooretioul

- pratios many of them are very quiokly eliminated, This is espeaially

true 'ahnn the two contrssted types are srossed, HNeatby (28) i'o\mdltw
faotors inmlved in the expression of pubessence in H-44-24 x lla.rquh
aroas, and it appesrs thnt m factors may be involved in the cmn-
sion of pubemenoe in pubuoont wheatgrass, It ie poui'blo to fit
some of tho blue-green pubessent plants to sueh a hypothesis, After
studying these and some of the wamy other possibilities offered by
ordinary diploid inheritance suto- and allopolyploid raties were im-
?7 : ﬂgtigaud'.“ ‘Gytologisel 1nﬂ§ttgﬂion would have been 'nry' helpful
by dotorﬁiniﬁg the type of gairing and ohromosome assosiation im
éubonuent wheatgrass but time did not permit such & study to be oon=
duested;: ‘ | |
Lutoﬁolyplnid aeyoguﬁon’, was found to be quite flexible and for
this reason is very useful, With sutopelypleid segregation the p&fs-
" ition of the gene in relation to the spindle-fiber attashment becomes
insreasingly 1worﬁnf. When somplete linkage between the gene .’m
question and the spindle attashment exists gegregation is redused te
random shromosoms assortment, Eowovoi', if the gene is 50 or more
srossover units from the spindle-fiber mttashment random ohromtid
‘ugrogathm ruultt. In ordirery dj.ploidc thi‘a makes no differsnce
but in sutopolyploids, for instanse, altogsther ditfennia‘rﬁ‘uoi are

obbained, Thus the looation of the geme in questlion in relation to
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 the cpin&lo-ﬂbor ettashment dworminn tlw rati&; which may range

from random shromatid ssgregation (50% nroutag over) *bo random

chromosome segregation {no sroseing over), For Anﬁtmal,‘ upon |

‘selfing a hexaploid with the genedio constitution Asdaka it is

possible fo ebﬁuin Y 63&13“‘810 with dipleid fahrcnbioﬁo ‘ty‘pl' in- ‘
heritanage, 120;1 ratio with rundom shromatid ugragation. nnd 399:1
with nn&u ohrmnm nﬁurtmcnt* ehrmtid somgntion ot aunly
1inked gann lllo givu Y 599:1 ratio. '.m- is mtimd 1» anphn- :

»liﬂ the - cmliutod relationship that oxicta when' dn.li.ng vi%h poly-
ploid ‘spedies, It appears rron the literature ﬁut tllopelyplaidy

| " is more sommon than autopolyploidy in natural hybrid specfuu M-

1"15:‘0wr. species which behave largely as sllopolypledds ofm mﬂﬂt
*nrying degrees of autopolypleid segregation, Tharororq; ih dd‘i- '
, t;an to true auto- and allopelyploids 1nt¢rmndiutc typdt Q\durw

Sush a situation as this may assount for some of the -lrrﬁguhriﬁn -
rmmd . I1f enly a aimglo fastor differense exht: the m‘hius nb-»

himd using diploid md polyploid sagrogatiou are very mmh alike

m- both uhromum and ahrumt!.d ugrogution. 0

- Besause pubesaenss h-rlthar unoommon in most grass 'spdaiii"i‘tl '

. seoms quite likely that perhsps only one or two genomss may sarry
1 ;gdﬁﬂ for expreseion of this sharsster, On the cther hand, however,

memon asolor is somparatively domson in grese 'apedin and geénes

responsible for this sharaster may be found in all of the gonml.
A fow of tho pouibilitiu. limitl‘hiﬂnly and’ umpliutionl in-

volved in a gemtio -tudy of polyploids have bnn tmphnisod by this

. study, However, if it has laid some of the groundwork farmmr
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 studies on pubescent wheatgrase and rslated pelypleid spesies it has

served its purpose,
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- Bummary

'Rc‘culi'::a of this study support earlier findings that viable seed
~4an be prodi:oid on grass guhu dotmhod prior to flowering and. sus-
vhinod ia mtor until seeds have fully donlopod Dctnhiug the |
| ‘oulms Juﬂ: prior to flenring proedunes, in of‘roqt. n sertain do;ru
of uueuhtion. !h. rmonl of lon.v" at this time nsult: in e
Amll inonno in oo mducuan but uu sood weight iy somewhat
mllor. '
!rnhly hamctod ucd plantod dimctly in the fiold at or near
the firct of sopto-hor prodmd plun‘bl that flowered u‘k tho noml
tine the following summer, Preshly harvested seed was slightly slowsr

o gorninate but per sent gormination was approximately the same as

. foz‘ old uood

. Sm'auting seads bof'er- phuting gave only cmll inomud uod-.
. lin; mr;-noo over ploti vhort ungornimtod uods werse phud in
dry s on and 1md1ata1y 1:-:-15.««1, A siublo deern.u in. gcmin-

" ation was abt-.innd when high hunidity was maintained, |

| Pro;cniu ebtuinod rron ulfc&, oontronod cronu cmd apﬂn— |
polli.mtcd phntt pormitm oltuifying tho paronﬁa into groups thnt
bohiwa my mab ul!kq gln.tiully. for m. qhtraoten bcing oh'i’— |
'umd Mcnto udout mt M&iaod by usumin;m ga:eﬂo oxe
plmticm whoro (BB) produou bluc-groon plant solor and the unplo-
mtary mtimﬁ of (P) md (1‘) ruultl in the oxprouion of pubueon«.
uﬂwugh L3 siiqblo pcrtion of the a.u gave -atitrantory a.grum -
great deal wore infomtion must be cbtained, The cpoeiu uppnrl to
a behave as an tlidpalyploid. |

IR
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- tedle 1, (eontinued) - . “ .8

-\ B ~ Average , S Average
P Numder Number Sveds Total Seed Numder Number Jeeds Total Seed
. Pearental of of Per Seed Weight of ~of Per TSBesd Weight
- Plants  Spikes Seedw Bpike Weight (mg.) Spikes Seeds Spike Weight (mg.)

1856 4 2 0,80 0,01 6,0 5 22 4,40 0,08 2,
2 8§ B 0 0,00 000 00 8 B 0,40 0,01 8,0
8% B B 3 5,00 0,11 4.4 8 23 4,60 0,0 3.0

4 & 6§ S 0,80 0,01 3,5 5 5. 0,60 0,01 5,3
6 8 8 5§ 1,00 0,03 6,0 5 4 0,800 0,01 2.8

T 5 4 12 3,00 0,04 33 8 7 1.4 0,02 2.9
'8 6 B 0 0,00 0,00 0.0 8 0 0,00 000 0.0

$ 8 5 0 000 000 00 8 110 2,00 008 3,0
10 8 -5 5§ 11,00 001 2.0 & 1Y 3,40 0,08 4.7

1 6 8 4 0,80 0,01 2.8 5 65 10,860 0,21 4.0

2 .6 & 8 1,80 0,04 5,0 ] 1 0,20 0,00 0.0

s & 6 26 5,20 0,12 4.6 § 331 8,30 0,18 8.7

4 ¢ 8 6 1,20 0,02 3,3 6 8 1,80 0,01 - 1,3

B 8 6 80 16,00 0,39 4,9 ] 99 19,80 0,41 4.1

Y & B 6 12,60 0©.26 4,1 5 BT 11,40 0,87 ¢,7

B & & 14 2,80 008 3.4 § 1% 2,80 0,08 4,6
9 & B 2 0,50 ..0,01, 8,0 8 4 9,80 0,01 2.8
10 8- B 9 1,80 ‘0,04 4,4 5 66 135,00 0,351 4,8

2 7 4 0 000 000 00 6 0 0,00 0,00 0.0

$ 7 5 88 7,60 0,0 3.6 5 0O 8,00 000 0.0

4 T & 5 1,00 0,01 2,0 -8 6 1,20 0,08 86,0

6 T B 1 0,20 0,00 0.0 5 42 8,40 0,14 5.3

6 T 4 27 6,75 0,13 4,8 5 1 o,20 oo 0,0

8 ¥ 8 0 000 000 00 5 - 0 000 0.00 0,0

‘9 .Y B 20 400 006 2,6 & 100 21,80 0,34 8.1

10 7T 6 11 2,20 0.02 1.8 & 3@ 7.0 0,16 2,8

2 8 4 2 - 0,60. 0,01 0,8 8 4 0,8 002 5,0
-3 8 6 38 5,50 OM8 3,9 5 6 1,280 0,02 3.3

4 8 6 58 - 10,80 0,18 3.4 5 51 10,20 0,19 3.7

§ 8 5 6 12,20 0,22 3.6 5 25 5,00 0,14 5.6

6 8 & 43 8,60 9,19 4.4 8 0 0,00 0,00 0,0

7T 8 & 5 1.00 008 40 & 20 5,00 0,00 4,9
-9 8 4 10 2,50 0,04 4.0 8 46 9,20 0,18 3.9

10 8 8 8 7,00 0,19 5.4 & 26 5,20 0,13 5,0

1 8 8 0 0,00 000 0,0 5 ... 0 o 000 0,0
2 9 8 § . 1.60 0085 60 ‘§- 5 1,00 0,04 8.0

3 9 6 18 3,60 0,06 3.8 5 0 000 0,00 0.0
-4 9 3 186 -8,00..9,08 5.0 3 5 1,87 0,02 4.0

5 9 S 48" 15,00 0,83 - 4.9 ... 88 16,80 0,45 5.4

6 9 5 26 6,20 010 3.8 & 9 1,80 0.4 4.4

7 ¢ 8. 92 18,40 04T 61 6 85 17,00 0,46 5.3

8 9 4 11 2,78  0.06 4,5 5 28 5,80 0,11 . 3.9

10 9 8 14 2,80 0,08 5.7 5 52 6,40 0.5 4.7
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< Tedle 1, (oentinued) = L R . 49
’ ' S Avonge S ‘ .  Aversge :
mear lmlm' Sudt Total Beed Nuwber Fumbar Sseds Total Sesd |

Parental of of " fBeed Weight of ofi. Per ' Beed Woight
F’lm‘h ‘Spikes jnda Bpih Ioisht (ng__)_ 8pikes Seede Spike Wd‘ht jgs_l
_ 10 4 0 0,00 0,00 0.0 8 6 0,00 . 0,00 0.0
‘2 10 $. .0 000 000 00 6 7T 1.4 008 2,9
35 10 5 31 820 020 32 & ‘323ﬂ”f 40 0,10 51
5 10 4 40 110,00 0,18 4.0 8 12 2,40 0,08 4,2

6 10 & 17 3,40 0,08 4T 6 11 2,20 0,04 5.6
‘7 10 6 72 14,40 0,29 40 S 19 5,80 0,10 .53

'8 10 5 235 460 010 43 5 28 5,80 016 5.7 .

‘9 10 8 48 920 022 48 4 41  B20 018 44
R T 6 0,76 001 1,6 10 60 8,00 0,28 - 4,8

RS T s A § § 32 2,91 0,10 3.1 8 40 BO0 018 3.8
11 18 10 4 0.40 0,02 6,0 9 & 0,687 0,02 5.8
11 19 10 35 030 001 83:. 9 & 0,87 008 B0 .
11 20 11 - 20 1,82 0,06 2.5 9. B4 5,00 0,18 2.8

12316 1. 0 0,00 0,00 0,0 9 82 9,11 0,48 5.

12 17 10 117 1170 0,40 3,4 8 22 3,46 041 8.0
2 18 113 0 0,00 0,00 0.0 10 10 1,00 0,08 5.0 f
12 .19 - 10 g 0.20 0,00 0,0 10 4 0,40 0,08  §.,0
12 20 11 14 1,27 0,04 2,8 10 40 4,00 0,17 4.3
18 18 10 84 6.40 0.2¢ 3,8 9 21 WSS 0,09 4.3

S 15 17 10 81 8,10 020 48 9 42 W88 0,19 4,6
135 18- 10 9 090 0.08 M+ B 4 050 0,08 50
13 1% 10 2 0,20 001 5,0 9 18 8,00 0,09 5,0
13 30 9 25 2,86 0,09 59 10 Y2 1;1pf 0.28 3.9
M4 16 9 0 0,00 000 0,0 8 19 a1 0,08 2.8

14 17 1 26 B.8T 6,07 2.8 T 4 MY 001 2.8
14 18 10 14 1,40 000 00 9 1  0d1 0,00 0,0
14019 10 0 0,00 0,00 00 10 0 0,00 00 0.0
Mz 9 18 U144 004 31 10 M 440 01T 3.9
16 16 4 444 000 2,6 9 6 .o.sv 008 B
- 1617 10 0 0,00 000 0.0 10 $ 030 001 33

1618 "10° 0 000 0,00 0.6 10 0 000 0,00 00 °
18 19 10 26 2,60 0,11 4,2 10 o 0,00 0,00 0.0
6 20 10 4 040 0,02 5,0 10 10,10 0,00 0,0
21 26 9 1 041 0,00 0,0 10 11 1,10 008 3.7
2} 2Y 1w 9 0.8 000 - 0,0 8 58 4,7 0,11 2.9
21 28 . . - | , o ‘ |
2 29 8 § o062 0,01 20 10 3  .310 011 3.8
21 50 1@ 1 1,10 002 1.8 10 ¢ 0,80 000 0.0
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" fable 1,  {oontinued) ’ ‘ - | 50

‘ ‘Average © Average

. . Rumber Number M- Total Seed Number. lmbor lndt Total Seed
“Parental of of .Per Seed Weight of  eof . Per Budk!night
Plants Spikes Seeds s*ﬁn:- Neight (uh‘)_ Spikes Seadw Spike wigmf Amgs)

23 28 9 3 5,58 0,00 8.8 10 28 2,60 "o 10 s,pr
2821 9 0 0,00 000 00 1 0 0,00 &o :
22 39 10 0 000 0,00 0,0 12 8 0,67 0,08

22 30 10 24 2,40 0,08 3.3 10 25 2,80 0,08 z.i

w28 26 10 7 cmé 'ﬁol‘ 1.4 10 37 5,9 0,18 4.3
g -8 2T 0 XV 1T 1,54 'o 0¢ 2.8 9 0 0,00 0,00 0,0 .
CT e 38 28 10 2 0.2 000 0,0 8 4 0,50 0,02 5,0
e 2839 10 . 0. 0,00 0,00 0o 11 2. 638 000 50 -
. 2 3% 1. o o 0,00 0,0 10 3 030 0,00 0,0

24 26 10 125 12,30 0.2 42 1z 236 19,68 i.‘m' PV
2:‘ 27 100 116 11,60 0,42 5.6 10 165 18,80 = 0,88 3.8
24 29 5 28 5,20 011 4.2 10 20. 1,20 0,06 2.8
24 %0 10 136 15,60 0,84 4,0 10 100 10,00 0.39 3.9
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!l.blc 2. Beed produotion en dotrshod ve inuot oulm ﬂth _
i pltm&c ’baing ulftl. Crt T v
f B i RN R . ’ - .
,; ) Dbﬁohoa pulm SR ST -jhm, Lulms
Aﬂngo B U l.wrm :

"lWMrnmn  Seods Seed Number Wusber - Seeds Seed
Ph.nt of of Seed - Per Weight of of SOM - Per - Welght
lmbnr‘ &ggru Beeds mign 891&'0- (I_!_._é ﬂpikel Saedt m.w m (‘ﬁl

1 . 10 86 . 015 3,60 4.2 25 382 2,50 16 7 U
2 9% 1 0,00 0,11 0.0 . 28 48 0} x;st‘ 4.6
3 0 10 38 0,18 3,80 4.7 27T 160 0¥0 5,98 44
4 10 0 0,00 0,00 0.0 28 181 OF% . B8 44
. 8 | 1@ 5 000 0000 00 ' 29 25 0,10 MK 44
8 © 10 6 - 0,001 0,60 0.2 34 103 0,68 503 6,0
¢ .10 20 - 0,11 2,80 3.8 31 233 . 1,07 T7.58 4.8
8 100 0 - 000 000 00 27 & 0,04 0,22 6%
9 13 26 0,10 1,98 4.0 28 407 2,00 14,63 4,9
10 ® 19 010 2,11 6.4 28 52z, 8,88 19,2 .0
11 10 47 0,16 4,70 35,2 19 218 1,00 11,81 4.7
12 10 o0 000 D00 0,0 16 161 0,88 10,08 5.5
13 10 . 4 0,00 040 2,5 20 84 0,59 4,20 4.8
14 10 o0 0,00 000 0.0 20 27 0,48 1,36 6,7
15 1 ©0 0,00 ‘9,00 00 20 3 0,13 1,60 4,1
21 10 o0 0,00 000 0.0 80 0 0,00 0,00 00
22 10 0 - 000 0,00 00 87 . T68. 042 2,08 55
y 28 10 18 0,06 1,80 3,1 46 456 B,B4 9,51 8,7
| 2 g 1 0 000 000 0.0 57 266 1,18 4,49 4.8
36 10 0 000 0,00 & 62 0 0,00 0,00 0,0
Total. 201 226  O0.76 21.74 8.7 630 3354 18,15 1i9.74 4.5
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 Table 8. &oad produfstion on datnhed ve 1n‘ko.»t 2ulmy with

openwpollination.
ST T e SRMEE SIS S —
M’ctqhod Gulnc AR 7 ‘ ‘Inﬁad:‘ﬁulmt‘ _
‘Average Lo Aﬁrm
mw lmubcr T, Gueds Heed Nunmber lmbor : Ms Heed

p‘iml of . of .- 8sed . Per t-ight of of m Por Weight
- Number - ﬂpixn Seeds Welght - ‘ . Sgikes W MW &_{pikaw Amg,)

v b

1 10 11 0,08 1,70 &5 10 388 1 es,:at,aeﬁ 5.l
2 1 17 0,07 . 3.%0 4.1 - 10 122  0.60 12,20 4.
3 . 10 . 270 1,20 27,00 4,64 10 207 0;91 ‘20,70 4.4
4 11 197 0.87 17.91 4.4 10 310 1,8 31,00 5.2 .
B . 10 348 2,07 54,500 6,0 10 395 2,18 39,30 6,5
8 " 10 93 0,48 9,30 4,6 10 252 1,45 26,20 5.8
S 10 294 144 29,40 4.9 10 360 zmt%*;-samw i 14
8 BUIEER [ 0,42 - 7.00 6,0 10 1868 . 1,13 “16:8G 6,7
- 10 198 0.88 19,60 4.5 6 241 1,85 °40,17. 5.2 .
1 . 10 179 . 0,78 17.90 4.4 10 511 8,19 61,10 6.2
11 0 20 674 2,62 38,70 5,9 10 487  2.36 48,70 4.8
12 . 20 179 0.59 8,96 3.3 10 38 1.91 s6,10 5.3
13 20 390 1,04 18,60 2,7 11 4820 2,54 39,27 5.9
4 21 128 0,31 6,00 2,5 10 454 2,60 - 45,40 59"
16 19 46 0.13 2,42 2.8 10 32T  1.80 32,70 68
23 20 262 0.87 13,10 3.3 11 277 . 1,44 2818 6.2
22 .20 160 0,68 7,50 4,5 12 146 0,80 12,17 5.6
28 19 138 0,81 7,06 3,8 10 24T 1,68 24,70 6.4
24 | 20 465 2,26 23,26 4.9 16 478 2,28 31,63 4.8
26 20 54 0,22 2,70 4.1 10 94 . Q.48 9,40 4.9
Total 300 4181 ' 17,42 283,290 2.4 205 6210 34,00 611,52 9,2
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Table 4,

Seed produetion from selfed and grossed detaahld
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wint'r ‘survival of their progeny,

Oross

No, of

es - Seeds

Yo, of

" Pall
Fouale Male Planted Seedlings Emergence Plants Survival

Per Cent

Fo} of: Per Cent
Spring Winter

Pt et hot ot e e o e e g

 RRRARREREERES RAUNNNGRUE DRPONDOPBNBDDN

CO@-30N BN

NP

418

0
12
1
24
67
0
23

P

CODIANBEANN OQD-IAR PR SODO-FOHOE N
-3
on

167

14

2l

ot

104

148

M e =
SO OOHMORPAIMOO

- N O R® N o
HAPRNDERBDH MHNBOBOO

-3

e
M Q30 0O

38
0
0

100

21

24
t)

.4

0
..'0:

33
42
0 .
5
0
58
0
- B8
- 8
14

3
17
33
30
8
a2
32

82
28
17 -

- 0
25
0
46
17
7
9
56
52
26

142

o
DOQOMGEHODT

-

WD OHNOMPOOOGHN

e
-3

o]
[+ ]

N
HMOOOORDO

Lo

100

_£A
-

gQOO

n
-Gk OB

=
[l = D ®

34

0
0

12
19
0
0
0
0

]
L=

A
N ONRO

n

b B e O nw

-1

17

27
26




Table 4. (sontinued)

- frosses

Ko, of

Seeds

No, of Per Cent
Spring Winter

Female Male Planted gesdlinge Emergente Plants Survival

A - ' - ‘
0
@«
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109

120

R3O OGN
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"o.o of
Fall Psr Cont
14 19
& 10
4 17
24 28
39 51
- 84 47
13 30
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89 48
11 21
0 0
-1 14
'y 40
11 19
2 22
41 38
7 28
9 21
] 268
2 7
0 0
. R4 46
88 1.1
1 6
4 21
38 32
88 32
9 38
T0 40
18 18
1 25
0 0
0 0
0 0
0 -0
5 18
1 100
3 60
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Table 4, (uoptinm&) -

Yo, of

Grossss _ Beeds

U& of

' Fo. of Per Oent
Per Cent - Sprinmg Winter

' Fowale Nale  Planted Seedlings Bmergemce Plants Survival

YR

Tall
1 65 16
2 3 0
3 35 17
4 €3 11
] 10 4
¢ L 1
T 129 50
8 66 19
9 432 188
10 87 - 3
1 n 21
2 87 24
3 42 8
4 84 - 10
5 22 -1
6 74 17
7 49 3
8 - a 19
8, 46 8
0 541 268

29 7
0 0
48 17
17 11
20 g
17 0
39 41
54 11
35 128
39 82
30 18
42 19
L1808
1z SR
S THTA |
23 18
6 2
N 16
7 8
- B8O zBvr -

18

0
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17 -
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