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I1iTRO))UC'rlON 

For daoadas un baa bMn i.DteruW 1.D aeleoUGD IUid 

hybridization o! crop plants, but it hu DOt bclon un\11 in 

canparat1vely recent years that ~ of illportanoe baa 

been done toward the illpro~\ ot ptranial !Oftle p&IIHio 

Roplloa to questiannariea on IZ'&U areeci1Dc IIUJJd.\W 

to vario11:1 agricultural inatUutiona 1.D UH re'NIJ.ed the r.ft 

that selection !or illphlt-t -. then 1IDdc" ~ w:Uh a lara• 

number of grauu. Lilllited aoti-dtiu in t.bis tielll haw beta 

1n progre11s for lS ~ or IIIOI"e, 'ad arpniaecl and i.Dtelud.'ft 

.:rass breedizla aoti 'fi tia, !or the _, ~~ ba'ft 'been i.D

auaurated only w:1t.hi.D the lut. UQ ~· 

~ illprowcl av.iDa of..,._. baw lleen clneloptdlq' 

uleot1 ve OrHd1n& in tore1111 oount.riea but "'1W7 t• ot t.heae 

baw shown outetand.1Dc wlue 1.D the V111W ltaMI!. natan, t.hq 

are genenl.l7 i.Dferiar. 

fhere ia a ar•t daal et i.D\enlt. at \be preHat \1M SA 

this oount.17 1.D the field ot pan •••11•1, but the -llnua 

o! the noral. parte of - srana• .aku "'• 1IIDl"k ot OGiltrolled 

J:qbridbation tedious and .:L•• A ~~ 1•rqMM"Ye, aoGIIftte 

method for bulk IJ7br1d1•ticm 'tiOllld be ueflll IUid 1IOUld llpeM 

up the work. !be •\wV herein reported-. duipcl"' throw 

turther light on the )10111b111ty of bllli bybridUaUon. !he 



-~ 

technic involves itl!llerai on ot innor .. OClOa in •'- lwaW to 

apeeitic t-=tperatures to ef't ect lll&otiw.tion ot polle. .La a 

nece1sary corollary, the dnired polle 111 then appliecl lq' &IV 

ct aever~tl methods . 

Sneral inveat.iptora, aent1oae4 below, baft a- "'-~ 

oon~lled beat t.rea'-nt a appliecl \o iatlorw ..... .-r ~ 

tillle or antheaie are etteoti'ft 1n 11eri~ recSuci:1Dc \he Y.la

bility of pollen without ba'ftna: a m11ar effea' OD the f-.J.a 

gametopllfte. uonv .. , IIGil8 baa a.oaat.ratecl aood t.-le tenu
ity following car~plate 111.1.• aMriliAUcm. n .. ~ 
apparent tll&t inf'luenc .. ot the plaDU!' ....,._t o\her thaD 

the heat of the - •OW..Uoo V'e&W.t _,1M Ukc 1nW .,._ 

aideration. In the pre.nt atllll,y, wbioh .. oaadlaaW OD \hne 

1ulport&nt forage araae•. -th .... paa. (II:!!!!!!! &!!m&!)' 

oreatecl wb•teran (• !p"'J!l!''!l crift&p), ad 'bl.uatea 'tlbea\

graaa (.lepyron ~, ~ a-1 f111111Dca ot .rliar iD

Teatiptora are aubll\antiiiW Alld. ill add!Uon nideu ia 

proaentell to allow (1) the aU!riJ.is1Dc el.hn ot the iaola\ica 

bag and (2) the uia-.e ot a cla1lT GJele ill~ atftalaq 

of -•cull.tion ot treas-w a\ oriUaal \ellpaa--.. 
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The literature on bulk _..wlation and bulk pollllla\iall 

haa been adeqllateJ.¥ rniew-.1 by ~o (2) and w:lll be lll8ll\1oud. 

only brie.f.'l¥ here. · Stepluuul an4 QIWlb7 (') reported the atteo\1~ 

neaa oi.' hot water 1n the .aiGUl.at ' oa. ot IIOI'Ihal• .Jodon (I)~ 

ported that both hot and ool4 •t.er wwe attoctive 1n the _._. 

lation o:t: rice. Suneaon (5) d.lmonatrated tbat 11beat -. ~ 

111!1Aaoula.ted. by prolonged. low air t.er.lperaturea . Bulk pollen 

tranefer has long "been ua.rul 1n oorn bree-''"ib Webber (8), 

Coulter (1). It baa also been atteotift in obtaiDiDi ~de 

among cereal.a 1 aa reported by ...val :I.Jrf•U.,--.. Perbapll 

the moat critical and extenaive ·~ riiJ)Ol'Mcl in~ l1'-tan, 

covering both bulk; -•aulat.1on and pol.li.!Jatioo, U tbat ot 

Dol!lingo (2). lle atttu~pted bulk .aaoul&Uoo ol .-.til ~ 

(~ ~ by the use ot hot. -tar, hot air, ud oold air. 

The plants ua-.1 were aolecW on the 11u1a ot tbe1r relat.1'ftl7 

high s.U-.tert.Uity. The auo-• ot ... oulat.1on _. --..und 

by the 41t!erenca 1n seed. aet ot V..W paniol• which ...-. 

s.Uad and those which ware apoaa4 to ataoapbui.o poll.8110 Jlo\ 

1111ter treatments were ma48 lor 6 Jllnutea at~ :ln\enlll 

b'olll 15'1-51. degreee centigrade by 1mlllerll1ng the paaioles 1n •tirr 

contained 1n a one-gallon th8Z'110a juc. s.Nnll V..iuDu 

prevented the !orll!ation o! ealtod .. ed ywt pmaitW the folW.\1011. 

ot 1eed8 on similarly treated panial• whiah were 8lqiOPd \o 



atmospheric pollen, but the re1ult. were DOt alt.optbel' oona11Wil,. 

The oat effective ~turel appeared ~ be •e0 aad •7° c. 

Ho" air,... folmli to be e.t.teo\in 1n .ucnala\iq -~ ~ 

graaa l:lltt the relll;'lte were leea ooul.liell' tball with hot •'-'• 

S8Vllral -thod.a of bulk pol.Unatiop ViM 'llr Ilaa!Dco all ;r1.u.d 

a0111e bJbrid aeecl. Jfwwftr, 1n a ~ 1~ OODda.fted Clll 

the bul.lc poll.ination of -.CNlaW ]JIUI1o1•, lUU. ..- .. 

produced. 
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Bulk .-.aulation and bulle pollination •• at\lnpW on 

throe spaaias of grasaaa by trating the intloreBOC\0811 with 

hot water at spaoilio t.aparature•.l to IS da;rw pl"ior to anth.aia. 

Ilur"...ng ant.heais, pollen waa tranat..-red baa ule to t.-le 

pl&nta b:y several ditterent JU\hoda llaW below. To 1.D8un 

against dama&e to the plank 11h811 111.18~"\iJ~~ the 1Dn.utNI...-

1nto the th-• jug, a large ba.Ddker~ _. Wl"8pped ~ 

around the group o! st .. to be treat.~~, •tanUc •• U. 'bale 

and extending upiiiU'd. Plante were aelecrW tor \nati&ID\ wbiok 

bad pravioullly produced oonaidera'bl.e ..Ued aaecl 'llibc Uolatecl 

1n kraft bap. Tbe auoo .. a of the ~~ _. nal•W b¥ & 

dit!arenoe 1n the aaount o! He4 produoed tell.olliDI bin -'

trMtaenta and speaitic pol.l1nation praG\1- relatiTe to aaecl 

produced by controls. Sevenl intloraaoeaoea _.. V..W 

ablul taneoualT and baaed s.acliatel.T or left apeaecl, aoeord

ing to the Mthoda Yhioh tollwa 

1. Selted. 

2. Baaed, but ba"f1118 at.rainlcl pollen 1Dtndlloe!l irlto 
the baa on .1'1Te c1aJ8 .t'a"ftll'll'bl.e tor ataollpherle polleD. 

a. Baaed. but ba"fiJia ........ pollen bear1nc 1nn 1 .. ..-. 
1Dt.roduced 1Dto the baa aa 11.,. auooeniYe pel.l811 
Medii' ng claJI• 

'• :Baaed, with a8Yerecl pollen 'bariJtc 1Dt.l.on.-• 
atandin& 1D water and 1naerted 1D the bq at~~ 
n1n& o.t' ant.heaia. 
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5. Baaed, but in •••ociation wi~ 111\&cn 1D11ore•~• 
of another gcnotn>t (Ulltreated.) which prmded poll•• 

6. Bag~:ed, but exposed l hour on each of tiTe IIUCcellaiTI 
da711 taTOrable .tor natuftl pol.l.iJlt\icm. 

7. Baged -.ithout treatment, 'iwJl lMiDCIIUjeoW 'W 
vari.OUR nuaibers of da1l;f expo!l1lrN at hcnlr~ 1D\IIMIJ.1 
on data f&W!'able tor a'\llolpberio poUc. 

a. l!.xpoeed to natural polliJI&tiln follcndDI _..INla\ion 
treatment. 

9. 'l'hree 'Ulltreated and 'Ullbaged. illnornOtllOI• rraa eaoh 
o.t tba •neral geootypee ,... barfteWcl IIDil Hill -• 
obtained. '1'h11 gna a cheok CD the ettlcd.tDG,T of t.be 
"4J.'ioue aethodl of ccm\rolled poll1M.\iGDo 

Ot the three IP'ILIIII apen.-W wi tb, •tboda 6 IIDil 7 

were Dll\ applied to -th ~J •tbocll 1, 8 aDd 7 .._.. 

not applied to ore•Ucl wbea'&ra••• aDd •1bodl a aD4 I ._... aot 

applied to blue•t.aa wbea'tll'tll•· 

bea-.ztt. whioh etten.ed _..oal&UGD ld'llbotlt appnoiatala 

inJurr to the feul.e orpu ,... dftlo'hcl b7 1&ak ot ....S en 

on the •elted intl.oreaoenoet, aoOCIIIIFUied b7 rcn-t.s. ot lea4 

on thote whioh reoei'flld. the .... tna-.at lilal~ bat 

r-iMcl upo•ed to natural poll.1na\ia. !be pollm Vanahr 

~~athodl ,..... ueed to procluoe oon\rolled bJbri,u on \he 1.D1101'UOtDou 

that ba4 been t11&8crulated. The alA •enecl ae a oheell: a the ~ 

bilitT o£ the atiglaa. Inflorlloencell not W.W aD4 UDbaged 

gave a ...aura of tho et!eoUnneee o.t a111o8pherio pell.•, Ulll 



EQuiment tor eaascuJ.a.tion. - Emasculation equipment 

conaiated of a wi~th thelraoa jug, an aoCIIIl'l.ta theracaeter, 

and a wire loop tor atirring the water in the themoa .1111• A 

on&-burner gasoline sto'fe •• verr uaetul !or heating wa\er' in 

the field, and 1t, together with a>•ter baa !illecl with ool cl 

water, pro'rl.ded a aeana o! llllllting ttaperature changes r&JiidlT• 

K!J!liP"tll'lt t2£ illolation. - Isolation o! spikel or paniol.u 

was made possible by the uae ot S• X 215• Jcra!t paper lap. '!he 

bap were aupported bra llUIIber i pl.wniaed wire that-. toroelll 

into the groUJid at the base o! the plAnt. A l 8/f.• loop 1D the 

upper en4 ot the wire prnentecl the baa troa coll&plina aDCl thu 

inj'lll"illg the 1ntlore .. aoe. 

&guiJ!Ient m Ml11na\1aa. - 1 lar&l 11gb\ Nn.eotor-. 

uaect to gathao poll& tor the isolation baa• that "Wre to r .. 

cei'Ye 1trainecl poll81l. '!'be pollen -. 1eparated traa *he 1111._,. 

by a tine ullb aGHen. A .all a~ oonta~ •• UMCl to ean'7 

th1 pollen f'rQa one~-~ to another. ~· oontainer-. 

wrapped with cloth and the cloth •• aoaUcl in water. Rwplntiaa 

cooled t.he oontainao and helped pl"8WWllt the pollen troa to~ 

acgregatee. A teaspoon wa1 uaecl to tranatao the pollen !1'aa the 

metal container into the isolation 'bap. In one ot the 1......:1 

otohtr bal.lc poll.ina.tion 1!18thodll IIQP1CJ1ecl, ete:u were a......S 

n., their baaea and placed. in water contained in on&-q,ar\ ...._ 

jlllrl, in order to extend the period d'ar1na llhich their 1Dtlorea_.u 



li'Oulci shed viable pollen. None or the other M1hod8 ot pollJ.aUcm 

required equipment. 

RIPEIW®ITAL RiSULTS 

Demonetration 2£. dil!e:ren\ial and !V!!J!!rieon !t !.!!!!!1 

~ 2£. ~ pollination. - A cl1tferenu.al. in \be thmlal dutb 

poin~ ot l!Ulle and !trlll&le gau~ ie ct.lautraW 11' it GaD 

be proved that, !ollO'IIing an .-aeculat.ion treatment e.U polla 

ie nonfunctional whlle untreated, in\roduced pollen leade to 

eeed !ormation. Thie r.J.at10MI\ip u 110at euiJ.T ~\raW 

with relat.1Tel7 eel! !81'\ile pnoW&•· 'l'ablee 1 and l ooatata 

data IIUPPDrti.ng the di.t!ennUitl tor the r.~peot.t.,. IJ'UII• 

involved. '1'he aoet appropriate arit.ioal t.peft.Wn appean to 

be 4-fl c. Howner, cood renlte nre alao eoou.nd a\ 41° c. • 

bluet•'llheatare... It ie ebown \bat. 1 relati~ eelt-f.n1l.e 

pnotypee o£ ~· ~ (IIIMD aelt-fert.ilit.J -... }lap per 100 

eplkelew 108 neda (table 1)), ...,. netriotecl to .1 ...U ,... 

100 ep1kelew when tr•ted at 4?0 c. t.r lllimawa and tb• 

baaed. Theee urae 15 &81\0\Jllea, an pauialeo V.W ldaal.ta

neoual.T w1 th thoae ael!ed, 71eld.ecl lO.J ...U per 100 llp1telna 

... untreated pollen -· introduoed c1v.r1Jicl &Dt.laea1a, IID4 u.a 
eeede per 100 epikelew wre o'bta1ucl 1lhCl the 1eolat.icm bac 

wae r«!loved !or 1 hour durin& antheaie on I dq8 1a-.v&ble !flit 

pol.lin& t.ion. 



Tabla 1. Seecill produced by sel.f'ing and by controlled h:ybridiut.ion procedures by relat.ivel:y salf-!artila ceno
types of ~ inetm.a, ABl"'Jl1!!ln criatat.wa, and !· ~ f ollowing hot wtar euaculation treat.
aent.a at ape<'..itied t.e:mpftrat.uree. !lone of the oontrolled eybridiat.ion procedures di!fared aignifieantl;r 
in aeed production. 470 c. appears t.o be the _, suitable enaa~tion teape:rat.1U"8. Bach cell 1n the 
table is baaed on 21.50 to 4.18J spikelet. (!• .inemill}; ll t.o 20 spiltes (!.• crista to.); 26 to 4! spiltu 
(!. ani th11) . · 

S-minute 
------- Broroua ~ --·--

Agropzron eriatatla .lgropzron ~ 
treatment (:uana -ots l!!!ot.n!•l ,n_ ot 4 s;enotypea) ,_na ot lil ~m!•) 
t8!!!J!eratura c. Sal.firu[ 14HI S.Ui.rur 2 s 4 Selti.rur a 4 

46 0 2,$ 4,6 0 1.9 17. 6 u.o 
47 .1 lO,S .6 2!.2 6,0 12.8 2,t u .s 20,0 

46 8,2 551,8 4,8 17.2 28,0 16.0 s.s 25,0 25,6 

45 17.1 58,5 Sl.6 41,.2 15,6 u.s 14,0 18,8 19,8 

44 20,8 18,0 42.4 55.6 •2&,2 S0.9 24,9 

415 14,0 !115,6 !4,8 28,0 24, 9 so.o 64,0 

Uilt.raa ted 10610 951!0 Ill• so.s 
IliaD of t.raa ted 21. 1 11.9 17,9 u.s 2'1.4 

* S...S. per 100 .,sldleU. l• :::a= Ullll• !!!!!!!! '--1- seacbl Jl81" 4 apiJtu. 
- DuaripU.CIII. of b,Jtridisat.iGI • 

1- Plante- pvmiD pain• Is ~ ._. toptMr, the- proY1diD& po1.l.aD wu •t.raaW. 
t -~ .~ po1.1.o tna a c~Utwet. paot;,n>e - 1n• j.-1 1Dw baa on 5 81l008uiw pollea •h-...t1 ... 

clap. 
I - t --.l ~ llaar1JI& ~ .-pw1 II 1D top ot iatl&U.- baa aa •ch of 5 ..-.iw poll• abacld1ar 

clap. 
4- It anwed pollen '-rille ap1kea ataDc11J1c 1a •Wz>• at. bei!nmac ot aatbnU. 

I 
f' 



Table 2 . Seeds produced by selling and by intermittant and continuous exposure by relative:cy salt- fertile geno
t ypes of.!!· inenaia, !· cristatua and!.· ~ !ollOITing hot water enaaculat 1on t reab ents at specified 
temperatures. Intemit tant apoeure consisted of re;~Cving the i solation bag for l hour during anthoaia 
011 •ch of 5 pollen shedding da;y11. Each cell in the table is balled on 21.50 to 4100 epikelets, {]!. ~) J 
ll to 20 apiklle {!_. criatatua); 26 to U epiklls (!. aithii). 

BromwJ iDerld.at> 
(meansol T£tiiiOtn>eal 

A. . cris tatulll 
(~eSnS Of ' KQnOtYp!! ) 

.l . uith11 
(means -orT'i!iiO'tzyea) 

Coll\1ma-
0oDtiDaou8l)- ConUnuoualy &xpoeecl ous:cy a-

Treatment Bxpoeed l hr. upoaecl upoeed. 1 hr. cm posed 
t•perature c . Salti ne or• 5 d!J! (unbag!l!!l l Sel.fiDg Cunbag.pcl) S!l.fing 5 dal! (un'bLcpcl~ 

48 

" 
48 

45 

" 
G 

aav.w 

-- et tr.ted 

.1 

8 . 1 

u.s 

101. 0 

u .e 86. 1 

58. S 145.0 

118. 0 101.0 

• • o 

0 58. 4. 

.6 91. 6 

4. . 8 152.8 

n..6 ua.o 
10. 8 128.8 

14..0 175. 2 

51.. 6 121. 8 

ue.o 

• 8eeda per 100 ..,skelftat ~- criatat- aDd ~· ~ tu.d - -a. per 4. ap1ka. 

. l . t 28. 4. 79.0 

2. 2 28. 7 91.5 
-

'·' u .o "·' 
14..0 .... ns.t 

. 26. 1 18.0 150. 6 

24.1 ... 110. 2 

110. 5 uo .. t 

u .o ne.e 
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A llinl11ar interpret&Uaa ia appropn.-. ~ ! • arlatataa 

and ! • ~· In no C&H do tile e.,..rel u\bode o! controlled 

hybridization di!!er e11111ifie&D~ in etteoU-aa, bllt apoauN 

to random natural poll.in&ticm givaa inoreUea 1D Heel over -

trolled hybr1dizat.1on aa ahawn lq' table IJ whereaa trer.\ed. in

.!'loreecenaea, which are not baaed a\ all, 1mui&bJ.T Jieldacl 

several tillllla aore Mild \ban aa obtaiDecl tr- llajpd iatlo1'81108D ... 

(table 2) . Two 1lilportant qu1Uona an here raiaed1 (1) Are 

any meth<XU o.r polllnaticm ot llaueclintlorea-. r.deqgatl 

(including 1-hour uponrea on 5 suoceam. n pollen wbecld'nl _.) 7 

and it Be!, (2) are the reducecl IIMCIJ1eld8 UDder _,. AD ipdiaUGa 

that the 'bas ita.U baa AD etten which 1a adc11Uve to that et 

the llii&IQuletion t.perat'lll'e inatum7 na. llld.W We:rtaU. 

at hand doee not allcnr a •u.tafiorT ~. 

Succ:uai'Ve ~ !mO!!!I'!!• - In Ol"dn' ~ d8t1Nine it 

possible , the acaquacy !or oroaa terUli•Uon o£ I dail7 -

poaurea, as re~ 1n talala 1, AD aper!JHnt _. an up wUb 

blueat.aal 'll'haa\gl'&al in 'Whiab dit!erent aroupa o! liDtn&tecl bllt 

bagged apikes were uposld on 1 to 4 auceeN1'ft pOllm •hecld'•& 

daye. 'l'he plants were gJ'UifiDg in prox1lli\)' to ~ other pl&D._ 

which assured a good poll1111 1upply. lliDII geno'tifptls 'I!WB IIIIPlo1ecl 

and each contribllted ODe bai of ' apiku ~ •oh upo8'111'8 tna~ 

ment . 'l'he data are II\IU&J'1aecl in ta'ble 1. Ellardnat.iaa of the 

table r eveals that tour da1l7 uponru ;rieldad 01117 bal.! aa 
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Table IS . Effect on seed produot.ion of different mabers of 
auccesa1ve d&1l.7 expoaurea of cme hour during anthem 
1n rela t1on to ned production b7 aelfinu and troa 
continuously expo-'. (DO\ baiPd) ap1lc.. ot blunteR 
wbaatgrass (not -•cul.ated). , 

11umber of succeeld.'ft daily upoauree dur1nc anthellie 

None 
(sel!ed) 

&l.S 

One 

49.7 

P'opr 

«».1 

Coni.1JluDul7 
mpsed 

l«<ot 
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1111ah aeod. aa eontinuou upoaun (not bilged.). Qle w three 

exposure• ;yielded litt.le 110re .. ad than e.:l.!ing but, althouah 

pollen was ahed on •ah day that bap ,... l'IIIIOftd, the at.o

apherio temperature dur1ng the OOIU'III ot th1a 1tuq •1 OCIIIllidal"

ably below norul and the data haw p:roba~ been tnnuenoed •~ 

oord1ngly. 

Dail.y tegperatun AuoW.UOIIII ~ e outaide lb!_ 

isolation s S!!!ti:!!& anthellil. - In reoopliU.on ot the poui'blli\7 

that high telllpareturu de'ftloped inllide the 180l&Uon b&p, l'ell4-

1ngs were taken lillultaneoual.T 1ne1de and outride the baa• ' or 

5 times daily. 

A alllll.l hole wa1 l:l&de lD tho top ot ~ iaolation llq 

juat large enough for a thel'llOUter to be ina~. llhen the 

te~~pereture _, not being t.aken a ..U p1eoe ot lldha81 .... tape 

covered the openillg. r.o IOOUl"'te the~ -nre uaed, Gill 

inside the bas, and the other in the lhade ot the bas tor "" 

cording the atmoapberic t_,..tare. .._ talpera"Wre nacl1Jic• 

were being taken the theraoMtera were lett 1n place lone IIIOUIIl 

to tully adjuat to the tepera\ure eOOllrltered. 1'tw data are 

presented 1n t1gue l. Eaah poiDt 1n th11 t1pre 11 the Man 

ot nine readinga, •all takllll in a dittG'ellt bat• 

It ia &ppll'llllt that dur1Jii the da7\1M, tempen.\urea with

in the b&ga renged app:roxiutely two depoeu abcml tbose .U111 

aimul taneowsly in the shade ot the biall'o It 11 ooDaiUred. h1cbl7 
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anthesill. -------
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improbable that a d1.ttennoe in taperature ot \b11 upt\IIQ 

would 'be r&BPOnsible tor the very e1¢ficant recluo.tion in 

seeds produced und8r bas•· It ill probable, bOIIner, \bat lJ.ih\1 

humidity, ail,' c0111p011ition or other tactore which the baa ailbt 

intluenee, or a cartbinllt1on ot &JIT ot theee Jliah\ oon\r'ibute 

to the effect noted. .le 11!.8Dtioned alxml, 1 t 18 wo proba'blA 

that part or thi• ettect relate• to irlad.equate POJ.l.illation, 

ev.m when 8llp08UJ'88 were made tor one hour dur1Jia anthu11 on 

each of S IIUOCUiift pollen eheddina ~. 

In! et!eot !!l Y!!! !!l ~t.Mnt !!1.!!!.!! produet.ion~ -

One genotype cot 81100th broulft811 wae eeleo\ed to reoeift V.t.-

menta at hourl)r intenala tbrou&boat b da7 .cr- lt90 .l.ll. to 

eaoo P. M. Treataenu Wl'e JUde at UO, uP &Dil ,.,o c. u •• . 

ter:tperature 1e panicle• "" treated e1111Jl~ and thin 

separated into IS gl'O'IJPB• tor pollination 'b7 ditteretlt ~. 

'theae were ae toll.on a 

(l) Two panicle• 'baased in aeeooiation with two intact 
panialel o! another aenow• (untreatecl) Whioh pro-
vided pollen. · 

(2) Same aa (1) but in addition a ootton plq-. pl&oecl 
in the top o! •ch baa to Hr"N u a Yentilator. 

(S) !hree panialn baged and polllnatecl on ti'ft IIUO ... Ii'ft 
pollen 8bedd1n& da,.. 'b7 introdlloin& atzoained pollen 
into \be top or \be 180lati011 ~:~a,. 

(4) Three paniolea 'bqpd and pollJ.natecr 'b7 ~ 
two panicle• in earl)r anthelia in \be top ot the 
ilolation baa on each ot 5 pallea •heddiDc .,... 
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(5) Three panicles were begged bu1. tho bage wen~ 
!or one hour during antbeeie on eaoh b~ 5 no-ei'ft 
pollen shedding day"s. 

( 6) Throe panicles loft unba&pd tor naturel. open pol.lila
tiOil, 

Reii'Ulte trom the first 5 groupe, 1n 11h1oh bap 'll'lrll 1D

vol.Y8d, are preeented in table 4. The data npreaen\ .-u tor 

the three treatment tt~:~pt~raturu. It 11 ftidet that etecl pro

duction 11 veey low. The data euae•t. 1n.11U'7 to t.ht 1\ipaa 

since 4 ot the 5 methode awraaed out appl'Oxiaa\elT equal 1n 

efficiency. EDmination o! the aeane o! dittezomt. tree._\ 

intenall r-u a TW7 pl'OIIOIUICed cla1l7 qalt, JaDi1 aon etedl 

reii'Ultod tr- the t.reatunte JUde clur1Da t.ht- pan or the 

da)", than durin& the cooler part, 

The data !or \he 6th M\hocl or pol.llnati011 U.W allcrn 

are preetn\ed 1n table s. .lppl'Oxiaat.tlT halt u ...,. IMdll 

were produoecl by open pollination ot pl.lliolee t.reaW at 4-f' 

ae by thoee t.relt.ed at 4s0 c. LikniH onl7 ball ae MDJ' atecll 

were produoecl following treataent at 41" u a\ 460 c. Slnoe 

the only dit!erential •• the t.reatm.\ '-"-tun, it. appean 

to be a reaaona'ble conclulion that at the b1lher t..perat.vea 

an increaeing uount or 1n,1ury ._. ed~IN4 by \be ·~· 'ftle 

•eana tor tim-t-t.reataent cl.ueu polnt. alear}T \o \be cla1l7 

cycle 11hich characterised the data p~t.ed 1n talale 4 tor 

bagelS plants, It is rodent t.nat thia qale 11 DOt ua etten 

ot the baa. It ie &leo erldent that tba oral• 11 -o-t. altarJr 



Table 4. Ef!ect ot ti.Jae of treatment on seed production b7 t in methods ot cross pollination 1n a selt'-at.eril.e 
genot~e ot .-ooth brollegrase. Figurea are aeede per 100 apikelet.e. lliaana of treataent at 45°, 46° 
and 4 c. (45,930 epik:elet.e .ant to make up table, each "fliJ.ue averaged ll!Sl.). 

Tillie ot treatuent ~tor each 
--

A. M. P.M. croaa pollination 
Treatment ~7 8-9 lo-ll la-l w 4-5 6lt method 

A X B Bagged togetb&r .2 0 &. 5 6. 7 s.o 0 0 1.88 

.l X B (cotton plug) Bagged 
together .2 1.0 2.2 2.4 5.1 5.& 0 1 .76 

... Salted plua pollen 1 .... 
5 da7B .o 2.11 '·" 2.5 s.s 2.6 0 2.21 ~ 

A Selt'ed plus •'flll'eCl 
•t-s~ .1 .1 1.1 ·' A 0 0 .118 

1 Selled p1u l. boar 
CIIIOftN i ... . t 1 .0 &.'I .s 1.1 1. 11 .1 1.11 

All M1MU twa boiiU -- .16 .ee s.M 2. &6 2.28 1. 58 .02 

* Ao'-1 Wl.u. obUJ.Md fr- plmialM W.\ed at laOO P. M. ba'ft beaD doubled 1n cmS.r to ..te tb1a eol- -re 
.-puable to tile others. 



Table 5. Seeds produced per 100 spikeleta or a se1! - sterlle genot7Jl6 ot 1111100th bromegr&Bs. The plants were 0 
~eula~ a t hourly 1ntena1s throughout the day but raained unbagged. 'i'reatcents wer e either 45 
46 or 47 c. tor an interval. of 5 lllinutea. (7,545 spikelet& W8Jlt to make up table, each value 
a veraged 255-571). 

Boar ot treataent 

· ·~ 
, .•. 

Treatment #>7 8-9 10..11 il-l 2-15 ... 5 5lt 

47°C 11.6 1.2. 2 0.6 108.0 156.2 25.7 u.s 47.15 

46°C 59.8 10. 5 102. 2 116.5 105. 6 87.7 ~6.5 N.8 

4SOC 1158. 0 104. 2 l.IK. O 1'10.0 212.5 lN.S 11 ... o 157.5 

llilan 17. 15 60. 2 ll5o5 111.. 2 151.0 911. 6 st..8 

• A~ual wl.uea obtaillecl. f'I'Oil paniol .. treated at lhOO P. JI. ha- beal doubled. 1D order to • k• ttd.e oo1-
-re eolll*ftble to fbe o~. 

~ 
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expreueod at ~1e higher treatment tempera\ures. Ta~e e pres~ta 
~e data of table 4 rearranged according to treatment t.perawree. 

The striking feature of ~ese dAta is the relationship of treat..

ment temperature to the range in tiae of dAy through l!biah tr.t..

ment led to relatively good aoed seta. Relati'ftlT hi&h eeed 

;yields were obtained fran treatment. at 4t'o. ~ wheD theae 

treatments wwre made in mid-day (12 110011 to ltOO P.X.). A\ 4IJOc. 

relatively high aeed )'illcle were obta1nac11!hen treatlllmta wre 

made between 10100 A.u. and. llaOO P.K. 11hile at 45°0. this tiae 

range •e txtended t!'OIIl BtOO 1.1.1. to ltOO P. ¥. llthoqb the data 

do not so indicate, it 1a suapected tbat emuculation at ~a_. 

may not have been bigbl;y e!teoti"f'a at mid.-day. In a bro&cl MUe 

~eae conclusions drawn :!'roa table S are bom 011'\ 'IJT the data 

presented in table s. 



Tabla 6. Seede produced per 100 apikeleta 1n a selt- sterUe genot;n>e of SI!IOoth bromegrasa by cross pollination 
rollOifing .aac:ulat1on at hourly intenal.s throughout the day . Each 'ftlue 1n the tabla is a l!laaD of 
5 .. tboda or 01'088 pollination. u,m epilcsleta wctt to .alee up tab1o, •ch valua averaged 2252. 

'rUe o.r t.reataant L'eans tor ach 
.... l!. P.u • emasculation 

6-7 8-9 ~!l 12--A 2.-~ ~5 &f. tllllll!!!ra t11re 

f.'7°c. treataant-5 rain. .l .6 .s 4.0 .6 .o .o .8f. 

f.6°c. treatment-S lllin. ~" .2 .2 a.a 1 .51 4.1 .s .l l.f.'7 

f.S0c. treableut-5 min. .1 l.S 7.5 l.S 2.2 4.2 .o 2.52 

!llo-hoar -a .115 .8'7 a.n 2.57 2.150 1.57 .011 

An.J. ~ obaiMd baa ptrdel• t.ftat.clllt 8.00 P.K. lla"f'' been doubled in order to IlSka tb18 ool- _.. 
__,aal4a w \1» otbB'a. 

I ,.. 
? 
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DISCUSSION 

llom1ngo (2) obt&ined evidence that -th broaegraa (). 

ine:rm.ia) could be almost colllp].eteJ.y· eraaaculated b7 trea'-nt of 

paniolelf with hot •tar. The auoca11 of -•oalation •• ~ 

by the number o! eaeda produced under hap b7 rahtinl;r aelt

!ert1le genot,.a tollowi.ng tr-.taent, in contraat to aeecla' pro

duced by' aiLU.larly treated panialea which .._.. not baepd but 

r..wed. u.poaecl to opvn pollination. ca thia buia tbere appeai'M 

goocl erldence tor a differential in ~ th..-.1 death }XIinta ol 

the male and r..ua jpill8topb)<tal o! 1° Ill" 1° o. Ita alao obt&iDad 

fairly satiatactory qaantitiea o! aeecl 111 hie atudiea ot 'ballr 

pollination ad.e on untreated (aelt- atarile) paniclea. Hownw", 

the rellll.tD wre diappointillg when atMI!pta _.. ude to apPb' 

bulk pollination tachnio to heat -•CNl.atecl panicl•. It-. 

al-.rly nident that tratment bad bHn too NVG'eo (All V.t-

enta preoeeding bulk poll.1na tian wwre at t7° o. ) • 

In the praent ·~ all 0011trollecl pollination ••tbocla 
were applied to t.ratocl intloruoencaa. 'l'he dat& prNented ill 

table l rneal aigni!ioant inoreaau 1D IIUCl procluct.ien, Uld 

olearly demonatrete that a d.itlertmtial. u1ata, bllt ned. pro

duction 1a tar below that or llia1larlT tnated bd llllbaaecl ta. 

tloreacanoea (table l). Thia lillY be lntepreW in eltbc' ol 

2 ways, (l) all ut.hoda ot oontrolled pollination wre 1Mtt1Giet, 

or (2) the ba& baa a aMrili•in& .Ueot. Critioal nideca 1a 



not at hand but the eecond interpret.a\ica 1a fa~ "r ~· wnw, 
beaauae o£ the Tel:')' •troD~ evidcoe pru•W 1D ta~ 2 whiD • 

continuou uposure 1a CCD~ 111\h 5 ddlT QIIDOIIIUt of cae baa~' 

dw;-ation during anthem. It appeara 'Yft7 japn»ballle \ha\ the 5 

daily expoaurae tailed to provide upla ..,.nmi\y tor po111DaU-. 

This Via aco.pW, the diepari\Y _.,be obar&ecll.arael7 apiut 

the 1aolat1on bai· HOn9ar, th1l tJpe of ieolatica bee llu ..._ 

hiiJhl:r ael.t-tartila pl.anta han ._ cleteGW bT iu ""• tile 

bag alone, therefore, Hl'ta1.Jil7 dou net 1tllril111 ~• pl.az)ta, 

Conclueive nidanoe ie praantecl \hat u.penturee ld.tbiD the 

bags are appl'Old.atel7 2° o. higber than th~ CNUiU ~ -... 

In Vi- o! the IIUch create clai17 -.ri&Uou th1e cllfter>tluM 1a 

not cOIUiidarecl highly 111porlant. All the data tbu tar awt.l.ab1A 

can be bal'IIDI11Hd 1t it 1a po11tal&W 11bat an 'Wifa'NI"Qle 1aill

aotion rdlllta rr- the t.g1Dg of V..W ~. tldtl 

interaction ap~a to operate at ~-.ree lmN:P ~ \lwle 

es11ential to -IIODl&tiao •• evianoad br the lw .-4 ~ 

obtained by the 'fal'ioua pol.l.iDation •theda (tUll 1) fGllow1JII 

emasculation at .&11° o. Cl.-cnn rddeoe 11 pre .. w ill tnl.• 

4, 5 an4 6 to 4emonlltrate the oparaUca of a dl1l7 qole 1n tU 

reaction o! the plant toward the ... cula'1ao \reatunt. ItS.. 

clear that a ginn tepcature hal a _.. llftlll'e et.t.d ca tbe 

plant in the earl;r morning and late at\erlloca than at Jd.do...cla7 

but no explanation tor the obaerncl 0011111'1clo 11 a\ bud. 



Although new d1!t1cult1ea have been brought to ll&tt~ t.be 

present at~ adds wei&ht t.o the belle! that bulk ~disa\i.GA 

can be reallaed beoauae data are preeented aupportiJl& the 't».a1c 

requireaent ot the method, l'llllllel.y the eld.atenC(i ot a ditt.-.n\Ul 

in the the:rmal. death pointe ot male and !eoale pme~. 
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Smn.&f-RI 

E'fide.nce is presented supportinr. th tind1ngo ot other 

inveeti.,.ators that there io a di.i'.f~rent.ial in the t.hGGIU death 

pointe ot MJ.e and !'GM.l~ ganetophytua. Th dir!erential 1o 

bmlt. dalon.strate<l by hot water treatnent a t 4.,0 c . tor !'iv 

llinu~e j ust prior to noraal antheai.a . 

Hot •ter eaaculaUon at t.perat.area ot ~' 46°, and 

•1' c. at 1 hour 1Dtc-vala .traa SaOO J.. w:. to 6a00 P. t.e. revealed 

that. ~ 1'ogenta at llid-day were lua injuriou to the pllult ~ 

w•t.ment.a 1n the earq a orning or lat.e att..rnoao. J. tr•t.l.lerlt 

ot .so c. at. eaoo 1.11. appeared to be aa efteot.in &ll -·~ 

t.ion u a t.reat.:lmt of •7° o. at DOGil• 

'lbaae •thoda area 

(1) Sel.t1D&· 

(2) Baaed, but. ba"fing a1fti.D8d pollen inVoduoed into 
t.be baa oa tln da,.. tawrable tor at.oapberia pollen. 

(I) ~gecl, but ha"t'iDg anwred pollen beariAa 1Dtl.orea
~ int.rocluced into tbl baa ao fin acoeeai -.e 
pollen abedd1 nc da7a• 

(') Baged, 111th anerecl pollen bear1Dc intlor.oencea 
at.arxU ng in • tel' &Dei 1Daert.ed in the baa at. the 
'bea1Dn1ng of antheaia. 

(5) Baaed, but in aaeoaiatian 111~ int.an pud.ala ot 
&DO~r a.aotwe (unV.t.ecl) which prcm.decl pollm. 

lia ti'unl. pollS na. Uon oonai.at.d ot a 

(l) freat.ed. puU.al.• npoaecl t.o w1Dd. bome pollen at hourly 
int.erwla ao •ah ot tin da~ cbar1J1c ant.tulaia. 



-25-

(2) Paniclu lett un~uecl and allowed fr• aoaeaa w 
ataHpherlo poll"'. 

NOM o! the-~ o! OOD\rollecl pollln&Uou P'ft aU.. 

!acto17 eeecl Jielu. '!he lGW •eed. Jielcla obtaiDH nn ~ ,. 

llllt o! acae !actor or oabln&U011 o! lacr\on otbllr bn -•Gala-
tion tree.tlllnt, ei.Jioe a11d.larl)+ traW 111.tloi'MOIIliiM apond 

to oontlnuou poll.1nati.011 (DO 'bagect) p.Ye •WT aUmoW7 

seed Jielu. Sild.l&rl7 tnaW )IUical.a ..,..... tor o~~e bnr 

on S euooeNi'" pol.lc llbeddi.aa ~ pz l!lOICI DO 110n 1eld t11aa 

controlled poll1Jiatl0111 •thode 1, 11, ' and 1. 
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