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1N1't:tODUCTlON 

Apomixis is genetically controlled. ;;2rust (1918) suggests that this n1ode 

o:f reproduction ls the :result of bybridiza.tion. l\:iciotic disturbances are com -

mouly encountered. and apomictic groups are usually highly polyrnorphic. 

Hybridization evidently pron1otes .a-pombds in tbat gene combinations ·which can 

produce apom:ixis are brought together. 'I'hc fact that most apomicts are poiy

ploids further indicates that hybridization ma.y have pfayed a role in the v.1ide 

distribution of apomixis in the plant kingdom. Stebbins. {1950) suggests that the 

close association bet-ween aponiixist poiyploidy, interspecific hybl'idization, and 

polymorphism m.ay be explained on an indirect rather than on a direct basis. 

Both diploid and poiyploid apomictic taxa a:re knov\in, a.nd although n.:1ost apomicts 

are polyploids, strictly sex.ual polyploid species are comr..1only encountered. 

The genetic basi:s of ::tpomixis is poorly understood. Levan (1937) demon

strates that buihil production in Allimn carina.tum io controlled by a single g-ene; 

although the expression of this character rnay he modified by other r~-enes, as 

well as environrnental factors. M:untzing and r,!.untzing (19~·5), from studies it1 

Potentilln, suggest that a.pomixis is controlled by multiple genes. This also 

appears to be true iu '.Hioracium (Cl1ristoff. 1942). Gerstcl and lt!ishanec (19:SO) 

im.licate that apo11uitis is inl1e:ritt.'?Cl as a recessive character in P.arthenlmri 

~n'.')~e!lt~tura, but acts as a dominant when tvvo- rrenomes carrying tbe goncs for 

apombtis are combined -r,vith a singic set of genes controHing sexuai.ity. 
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its ,ri:anifest~'lt:i.on of 

genes for apon::iixls. Stebbins (l'):'.J) indicates th.ai: foe corn-

of disturbances that accornpuny D{,unrixis can only be 

could be upset 

IT'ientat. i:k'luis, Clausen (1954, 1961) s1..1g:gcsts that apor<1ixis :.mmt 

a v,,1hok, constellation of genes. 

o.s;;,~"'"'·'''"' (19SO) f>t.::rints out that the di.:ffe:rent distu.:dKmces, cha:rncteristi.c 

of apmnicts, n:re cont:rn!led 

duction is aot 

annuai. 

ancestors of aeax·1;r nH apornicts axe pcrenn.lal c.toss-fortHizin;1;. Apoi:nixi.s 

apparently, the:rcfoxe, ikwelopcd stepv,isc under the rigorous controls of natuntl 

sc!.cction. 

The present is a.n attcrnpt to detern:iiin(~ tlic genetic basis of apoxnixis, 

as wen as the cvo!utiom:1ry potential of the n.pmnictlc con:iplex Loth:rioch.!.oin.inac. 



essentially ohlin;ate apor,1icts. Ho·wcver, some Australian and New \i~'Orid poly-

:p!oid representatives of Both:dochloa are scz.:ual. rmd au tho polyp!oids p1~oouce 

functional pollen. lla:i:lan et al. (1961), Gelariar ct al. (1961), <le \';•et et al. 
..-.- -- --

(1961), indic(,.t,a tho .. t the! three genera Bothrioch1oa, Dld1.anthiurn, and Capiillpediun1 

form an iuterretated g~ncric-complex. Arciouis the a.pmnictic :rnenll,>0:r.s repro-

uuction by pseudo!;mnous apospor.y is prevalent. Sexual species, sexual fon:ns 

of the tetraploid £.• interrnedia and Q .• ::mnulatmn,, as well as facultative and 

obli.gnte aporr!ictk spe\:.ies were crossed in various cornbimttions. The nature of 

Chrornosome association during first ,n.ctnphase ,vas studied and its i)Ossihle 

and rnorphol.ogicai studies were conducted on pa1\:~nts and their hyi.:n:ids. 'flyhr.ids 

.were also proouc~ bct'-::Jee11 s~x:ual and soxuai forms, sexual and apo.rtiictk fo1·ms, 

and apomictic and apmnktic forms at diff,Jnm.t p!oidy-lcvels. 

The Both:riochloiniuae provides rm unique opportunity to snuly the n~tm:e 

of inheritance of those genes coru:roHing npoxnixis and sm;uality. £0th diploid and 

potyploid .sexual _species are available. Under m::.perhneutal cor1ditlo!:!s, and 

possibly also in nature, scaling frmn one ptoidy-ievcl to the other does not severely 

aifect the fo1'TI1Utio11 of cytologicaHy balanced gametes. The diploid sexuat species 

Q. aunulatmn can .r;ivo rise to a con1pletdy sexual an.d lu:rr:,uly- sel'i-sterile auto-

te.traptoid. Hybrlds between facilitative aptJ~1ictic tetraptoids, and crosses ,vith 

sexual tetraploids often produce strictly se:.rual tetraploids and he:.Q1.pl.o:ids. 



DlSTlUBUTION OF APOMIXIS IN PLANrS 

The term apoJnbds iS recognized to inelade au types of asexual repro

duetiaa. This may either be purely veget:Jtive. ,or seeds ruy be produced without 

fertllizatlm. Seed iormatkm without fertilization was first described by Smith 

'(1839) for Alcnoraea iUe'if<JlifJ.. a dioecious member of the Rupho:tbiaeeae. The 

embryo ot thts, species develop$ directly from ad"t.entitious luls of the nueellar 

tissue. ,Juel (1900) demoastrates apemtctic seed :tennatton in Antetmaria. alp. 

and stmtly ~~ Mmtbeek '1902) de~rtbed a simlla::r phenomenon m 

Alchemilla.. C'ytetogical aboormallties: during maerosporogenesiS in apomietic 

repieseatattve& of Hhmiclum were ·observed by Rosenllerg (1917). Ostmfeld aad 

~:r (1903J earlter demonstrate that seed. set is ·normal in ·.tlus ~ as 

well .u la TU8X8$Wlt, after emaseulatioa ·and prevention ·of poUina$li. 

Wtrtkler (1920., 1934) iadlcates the l'.'elattonships between apomictie phetto ... 

·m-""" --..1 ""'-- ---.t,1.w. 8 ............... , p--- T·~ -8· 4 nrr.-'"".:""' ..-a..........t. · ·,·.•...t1. 11 .... -~ o.JJU; .UIQ ~~~ilii!IY*'~ . -~ ·. ~ytw;wg~• :,,r--· ~ -~UU~:l,.:1.-., ,4,tvW,•·~~ 

are Mt, dtseussed bf· Stebl)tns atld Jeakbts (1939), Faprlktd (1940)v G~ 

(1946. 1941 a, 1947 b) ,and Stebbins (1941, 1950). These authors recogmze two 

pt:inelpal ·t.J:Pe$ ot apomiJdis·. 

One· type is vegetative r~ where seed formatlOB 1*1 completely 

usmt er forms· om, a. .$tte0l'idary 1:neans of repmrluetkm. This i'J partlcuta.rty 
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m:ode ·of ~lve. re.produeU• m higher~. i. u,· ~a of mibs, ttUI#etS, 

~-. ,mtd·ldl. .~·,l!.91¥~.Yl'llR!N~ and .. some members of the getaeJta 

:\:Hmm. ife~ aad Poa we· ~mve pmpa.gul.· .. ·.··. •·~within ,the .uuJ.o:reseeMe ~--- -·-- ··-- -~- '· -

-. ·.·· ·. "' ..... -·,. 'irivt ... ··-.. ·.·-.·· .. --· ..... ~,,,. 

fetttliatton. T\1o major' ·tJPeS a;re ~~ bf Stebbins: (1950).. ·'!'he ~o ma:, 

. ~elfl·uttrctt, fttGm the· diploid, spo~ tiS•aue :t! the. ~ellus Gt' ovule ·lute• 

•ai-. .,.. ·die· pm~~k .stage .la cons~ eompletelJ omitted. Tht$., 

~uetts enll:»ryoay .ts• ottm eac®tttered in the.~ (titre, aod is~ 

ia aome ,epr~ves.o11· ·u.e. f4nuli• 1~1aceae. Ocbuceae. M,ttae~. 

«t ~. itJ.cbde-. eo-mvt•e alt~ .of generation$. 1~1te diploid gam«~. 

howf'tfer.- 1$ m,:-1»ed wl-- fettmu.ttou as a ~tt of .some method by which. 

1\fo pd~ wt.ye of clramiventmg mek$ie a• :re¢~<d. ~~ 

• ,~.-- iDC'luae ~ -.here me em:~ sac, are f&rmed db'~tJ fl'Om 

•~•at• ~tu$ e>Jf •~ .~·~of. the. ovary by a setles et ~tc 

e:~. Vi>le tbe e~ saa• ~e f•1n: a e• o1 the ,H¢1-&~um. ill. 

~di meiOGls is. either omitted or•· nlOdUled tll$t ~e ~uetiOJ\dtles 



Dlplf)14 ~es. formed either by apospory or diplospo_ry. may gi\te 

·d$e to embryos ~ partbenogeneste by meaJlS of the mukiplJeattoa of the 

egg ~l,. or by apopmety where some~ eeli gives rise to the embr,o. These 

~sea. apopmety and pu:thenogenesis, as welt as. adventitlffl!S ~ 

may l>e ~.. 14 paeudopmC1$ apomicts. however. polliaattoa without 

ferti~ ts required. to Jm:tf.ate theSe ~· of embr.y'o deve!.O,pment. 

ftaats .are .dten. fae1*1tattve apomiets_ .both dlpk)id and bap'loid efflbqo 

sacs are form.eel ta tile same ovary. The 14tter U$WltlJ fundion sexually and the 

«her deve,lQp ~ealty. In experlmeatat material., at least,. the 

·dl,told ~ $aC may ~lly ~ se.:wa.Uy and the haploid one .often 

deYelopes par.th~y. MG$t pmet.upbyUc .apomicts are ellaractecr:b:ed 

by esseatlally QO.tmal cb.ftmosomal beha'riourduring m1croa~is. Thus, 

the~ of chmmsaome pmri.g, am ittegUlar c:btomosome reducdon: ~ 

.m~~ can u.ot be due to a·ta.ck of chromosome ho.mQtogy. PoteUtlally. 

therefore. ~. ~ts sholltd he abte t~ reproduce eexually Wldet" c~ 

condttkms.. S~ (1950) suggests that die meiotic disturba.nc:ea dul'lag 

macr~ are both pnetkally a.fl.d eaVb'oamentatly t:OllbOlled. 

Apmuixis ls tieitber nee~ •. nor is it an effective meat!$ for prom.othlg 

~etic d~~. Nev~, apo.nwds ls wk'lespread amoag mem

bers of tbe. p1aat kwgdom and reet.ll$ over and over aptn in unrelated ~ 

ft.eceat; $'¥'i~ bJ Stebbiu (1941, i9S0)GustafsS0ll (lj,46, 1947 a, 1947 b);, 

Myers (1941),. •Nyg:reit (19S4), Stet1 (1951). Manton (1952), Rossi (1956).. aid 



1 

$pecieS t~r with a superstructure of mterre'J.ated apomicts. ln the genem 

P estuea. and floa,. howev¢r, apparently basic diploid species repr~ by meat1S· 

of vivtpary (Nygren, 1954). Gametophytic apom.iKis was reported in <.ti.ploid 

.~ ~c variability' except for mutation, produces clones iacapable of adapting 

to cllanging e11'rironmenta, a.-1 eventually leads to extmetion. C:lausen (1961), 

pletety obligate ~oonliets appe$r to be rare o~ absent among the Oran11tteae 

(Harl.au !! al. , 1961; hlce, lfS9). ·rue diploids usually :reproduce sexually ~nd 

the polyptoids exhibit varwu.11 degrees of sexuality. Bven those that produce 
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TABLE I 

RBCBNT RBPORTS ON APOMIC'flC AWIOSPERMS AND GYMNOSPERMS 

me 

Amaranthaeeae 
Aerva. to entosa 

Bombacaceae 
Pacbira oleagtne 

Buxaceae 
Stnunondsia chlnensis 

Casua.rlnaceae 
Ca · ua.riDa distyla 
c. nana 

Comi!!!uae 
Cichoriwn llltybus 
HeUutbus annum 
Ti a 1Bca 
T. oat.aaa 
T. panyi 
T . mthrockll 
T . · patbtdata 

Lil1aceae 
Allium odormn 
LiUwn longiflorum 
Part tetraphylla 

Mellaceae 
Lanstum do.mesticus 

Orehidaceae 
Dactylorcbls 
Zygopetalum ckayi 

Pinac . 
Pseudotauga menztesli 

Type ot 
apomixis* 

AB 

Ps 
Ob 

A 
A 

D 
p 
V 

Ag 

72 

22, 23 
2.2, 23, 44 

28, 30 
36 
36 
36 
36 

32 
48 
10 

ca. 96 

Murgal, 1959 

Baker, 1959, 1960 

Gentry, 1955 

Barlow, 195 , 1959 
Bartow, 1958, 1959 

Plumier, 1 
Ustillova, 1951 
Beaman., 1954 
Beamaa. 1954 
Beaman, 1954 
Beaman, 19M 
Beaman., 1954 

Hakana&o11 and Levan, 19S7 
Bmsweller aud Uhrlng, 1962 
Kurabayasbi and Somejtma, l 9S3 

Bernardo !!. !!_. , 1961 

Heslop-Harrison, 1959 
Afzeltus, 1959 

Orr-fbwi.n , 1957 
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ame Type of 2n Authority -!P5)mixis• 

PiP!rac.ea.. 
Piper nigrwn 52, 104 Gentry, 1955 

P!antas!naceae 
Plantago coro pus 10 Pallw 1 and Hyde, 1959 
P. ovata 8 P u at am Hyd • 1959 

eae 
Fragarta p 56 Loni, 1955 
Maltus hupebensi Fa ca. 51 Sax, 19S9 

roekti Fa ca. 68., 85 Su, 1959 
M. sargeatii Fa ca .. 51, 68 Hjelmqulst, 1957; Sax, 1959 

aieboldU Fa 68 Hjelmquist, 1957; Sax, 1959 
M.likkimeasts Fa 51, 68 Sax, 1959 

toriQgold Fa ca .. s1. 6& Sax. 1959 
M. zumi Fa H}elmquist, 1957 
rotentilla argentea 42 tzing. 1958 
Prwws domestic& .Ps 48 Olden, 1959 
Rubus Ps, Fa ·v1a, 195 
R. calvatus A 11, 1960 

• idaeus A 14. 21 Pratt et !!• , 1958 
R. laclmaws A Williams, 1957; Haskell, 1960 
R. aitidloldes A, D 2 Haskell, 1959 
a. procer A 14, 28 Haskell, 1960 
Son>u: aria• 

s. JJYru& A 34 LilJefors, 1955 
s. teodoli A 51 LUJefors, 1953 

Rutaceae 
Citrus gaswamy, 1958 

SaxifraS!(?!!! 
Rtbes induced tyko and Simo , 1960 

laaaceae 
Ntcotiana rustica mJu.m, 19ss 
So.laaum m Hagt ara Takeda, 1957 

Verbenaceae 
Verbena Scimack !!_ al. • 1959 

A• pory, AB• '¥ tltt.oua embryony, Ag• Agamospenny, D • Diplospory, 
Pa• Facottatlve apomtct. Ob• Obligate apom.icts, P = Partbenogeoests, Ps • 
Paeudogamy, V = Vlvipary. 



10 

T.ABLB D 

APOMlXlS IN THE G.RAMINBAE 

Name 

Agro5!&tt Gael'tn. Hordeae 
A. scabrum 

Apstia Lum. Aveneae 
A. stoloaifera 
A. tenute 

= A. vulgarl 

A~a Schreb. Pameeae 
A. pubesceas 

D 

V 

V 

A 

Botbnochloa. O. Ktze. Aadropogo!leae 
B. acidula A 
B. eaucam.ca A 
I. dec1pleu A 

B. ewarUana A 

B. glabra A 

B. pabamll A 
B. ~a A 

B-. insculpta A 
B. lscbaemwn A 

B. ~- A 
B. odorata A 
B. oryzetcmim A 
B. pertusa A 

B. radicans A 

2n -
42 Hair• 1956 

.28, S:S, 42 Nygren, 1954 

40 
40 
40 Brown a.ad Emery. 195ft; 

Celarier and Harlan, 1·957 
50, 60 Brown ·aad. Bmery. 1958 

Celarler and Harlan, 1957 
40 Covas, l 9S2; Browa t1Dd 

Bmery. 1958 

40'"50' 60 Brawn and Emery. 1958 
Celarier and Harlan, 1957 

50, 60 
40, so. 60 Brown and Emery. l9S8; 

CelarJer and Harlan, 1957 
40 
40 
40 
40 Bl"OWD 4lld Emery, 1958; 

Cetuier aad Harlan., 1957 
40 Browa a Emery, 1958-; 

Celarler and Harlan, 1957 

Boute1oua Lq. 
B. cutipeadula A, Ob 29 ... 102 Harlaa, 1949; Brown ad 

Emery, 195.8; Gould. 1959 



Table 11 (Contiaued) 

Bracldarla Griseb 
B. brizantha 
B. serrata 

Bucb-loe Bngelm. 
B. dactylotdes 

Cal magrostis Roth. 
C. caaadeosls 
C. cbalybaea 
c. lnexpansa 
C. langsdorfii 
c. lappom.ca 
C. purpurascens 

c. purpu!'i 

Capilli.pedlwn Stapf 
C . arachaoideum 
C. kwa bot nse 
c. parvUlorum 

C. spicigerum 

Chloris Sw. 
c . gayana 

Chlo rid 

Aveaeae, 

Pa.nice 

Chlorldeae 

Deschampsia Beauv. Aven 
D. 1p1na 
D. caespitosa 
D. rbenana 

A 
A 

A 

D 
D 
D 
D 
D 
D 

D 

A 
A 
A 

A 

A 

V 
V 
V 

Dlcbanthiwn Willem. Audropogoneae 
D. ammlatmn A 

A 

A 

211 

18, 36. 54 
18, 36 

42-66 
28,42 

28,56, S8 
84-104, 28 

42-112 
28, 42-56, 

58,84 
56-91 

40 
40 
40 

40, 50 

11 

thority 

Bro and Bmery, 1958 
Browu and Emet"y, 1958 

Brown aod Emery, 19:58 

Nygren, 1954 
Nygren, 1946, 1954 
Nygr-en, 1954 
Nygren, 1954 
Nygren, 1946, 1954 
Nygren, 1946, 1954 

Nygren, 1946, 1949b, 1954 

Brown and Emery, 1958; 
Celarier a Hadan, 1957 

34, 36 Ba :w F r , 1953; 
Fisher, Be.shaw, Holt, 
1954. 

26, 39-56 
26, 26-28 

40 

rowo and Emery, 1957 

Nygren. 1949 
Nygren, 1949 
Nygren, 1949 

ery, 1958; 
Celarler Harlan, 1957 
Browa and Emery, 19581 
Cela.rier and Harlan, 1957 
Brown Dd Emery, 1958; 
Celarier and HarlaA, 1957 
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Table U (Condliued) 

Name Tribe Type• 2n Authority -
D. fecundum A 40 
D. palUdum A 40 
D. paplllosum A 60 
D. tenue A 40 

Echiaochloa Beauv. Paniceae 
B. frumentaeea A 54 Yabuno, 19S3 

euslne Gaertn. Etagrosteae 
B. coraca.na A Nygren. 1954 

Eragroatl.s 
B. tjlloromelas D 40,60-63 Bro and Emety, 1958 
B. curvula D 50 Brown aad Emery. 1958 
E. heteromer 0 '° Br n and Emery, 1958 

Bremepogon (Hack. ) Stapf Aodropogoneae 
E. foveolatus 

Ertochloa Kuntb Paniceae 
B. borumeuls A Brown and Emery. 1958 
E. se:tic A Brow Emery, 1958 

Andropogoneae 
A 

F estuca Lhm. Festuceae 
F . ov1na V 28,3 Piotrowicz, 1 C)M- Nygren, 

1954 
F . rubra V 28, 42 Ptotrowicz, 1954; Takeoka, 

19 4; Nygren, 1954 

Fingerhuthla Nees. Chlorideae 
F . afr1cana D 40 Brown a.ad Emery, 1958 

Heteropogon Pers. 
H. contortus 40,60 Bro od Emery, 19S8 

Hordeum L Hordeae 
vutgare p 14 Forlani, 1950 

.MP Davt.es, 1958 

Hyparrbenla ADderss. Andropognneae 
H. hlrta A 40,.44, 45, B _ and Emery• 1958 

60 



Table U (Caatiaued) 

Name 

H. rufa 

Melhus Beauv. 
M. minuttflora 

Nardus Uim. 
N. str1cta 

Pam.cum Llmt. 
P. an.tidotale 
P. deustum 
P. maximum 

P. obtuswn 
P. pnrpunsceus 
P. virgatum 

Paspatum Lina. 
P. dllatatum 

P. bartwegtanum 
P. matacoptiyllum 
P. aetatum 

P. scl'Obieutatum 
,P. secans 

hu.nisenun BJ.ch. 
P. eU1are 

i'. cladestiat!m 
P. dublum 
p. lattfolium 
P. orientate 

P. · purpureum 
P. ramoswn 
P. ntppellU 
P. setacetm1 
r. typboidea 

Tribe 

Paulcea:e 

Nardeae 

Pa.uteeae 

Pank.:eae 

13 

TJPe* 2n Authority -
A 30, 40 Brown and Emery. 1958 

Fa Bumpus, 1960 

D de Couloa, 1923 

A 18 Sbama Kuman. 1960 
A 36 8:t'C>WJl and Emery, 1958 
A 18. 32 • .36, Wannke, 1954; Brown and 

44 Emery, 1958 
A 20, 36,40 Brown and Emery, 195& 

Warmke, 1951 
A 21. 25, 30 Brown and Emery, 1958 

Ps, A., Ob 40. 50 Smith,. 1948; Ba.,m&li, 
1956; Brow11 all({ Emery. 
1958; Bashaw and Forbes. 
1958 

A 60 
A 
A 20 

A 40 
A, Ob,,Ps 40 

A, Ps, Ob 82, 34, 36, 
40. 43, 48', 

54 

A 
A 66 

S6 
Fa. A 3'5, 36 

A 2'1, 56 
A? 10 
A 27 
A 21 
p 28 

Brown ard Bmery. 1958 
Brown and Emery, 1953 
Burton, 1948; Burton and 
Fo.rbes, 1960 
Warmke. 1954 
Snyder, 1957 

BashJlw and Fiaber, 1953; 
Snyder et al., 1955,; 
Fisher etai., 195-4; 
Bashaw;-1962 
Narayan, 1951, 195S 
GUdenJ;wys and Brix. 1959 
Narayan, l9S5 l> 
Hrlsbi, 1952, Narayaa, 
1955 
Brown am Emery, 1958 
Narayan, 1955 
Narayan, 1955 
Narayan, 1955 
Raman-. !!!_ !!_. 1962 



P. vUloeum 

Poa Lima. 
P. alp1aa 
P. ampla 
P. arachnifera 
P. -arcttca 
P. uida 
J>. bulboaa 
P. compressa 
P. aepaupexaa 
P. elongata 
P. gtauca 
P. grscllllma 
P. herjeda1tca 
P. jemttmtdica. 
P. nemor.alls 
P. nervosa 
P. palustris 
P. prateaSis 

var. vivlpara 
P. scabrella 
P. secuada 
P. l':ltricta 

Saccbarwn Lina. 
s. offieiu:nun 
s. spont411eml1 

Scbmidtia Steud. 
s. buloosa 
s. kalaharieasls 

Secate Lum. 
s. cereale 

Setaria .Beauv. 
s. leucopila 
s. Villosisslma 
s. midis 

'I'hemeda Fonsk. 
T . (Dladrivalts, 
T . trumdra 

Tribe Type• 

A 

V,D 
A 
V 

V, A 
A 
V 
A 
A 
A 
D 
A 
V 
V 
D 
D 
D 
A 
V 
A 
A 
V 

Attdropogoaeae 
D 
D 

Pappophorea.e 

A 
A 
V 

Andropogoneae 
A 
A 

2n Authority 

18, .21, 36, Narayan, 1955 
S4 

14 

14 
100 ca. 

54-56 
72 

68-103 
,39 

Nygren,· 1950, 1953,, 1954 
Nygren. 1950 

50 

49, 56, ~ 
81-86 
47-64 
37-39 
35 

.62-70 

22-147 
42/48 

44if-104 
14-81 
38, 39 

Nygrm, 1954 
Nygren, 19S0 
Nyf ren. 1950 
Nygren • .1950 
Nygren, 1953 
Nygx-en, 1950 
Nygrea, 1950 
Nygren, J.953 
Nygren, 1953. 
Nygren, 1954 
Nygren, 1950 
Nygren, 1,sa 
Nygren, 1953· 
Nygren.. 1954 
Nygren, 1954 
Nygrea, 1954 
Nygren, 1953 
Nygren, 1953 
Nygren. 1950 

Nygren, 1954 
40•128 Nygren, 1954 

36 Brown and. Bmery. 1958 
Brown. and Emery, 1958 

Kljucareva, 1957 

54. 68, 72 Emery, 1957 
54 Emery, 1957 

Nygren, 1954 

40 B~own aa.d Emery. 1953 
20, 40, 71 Brown and Emery, 19.58 
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Table II (Continued) 

Name Tribe Type• 2D. Authority 

Trlcholaena .. cbrad. Panlceae 
T. monacbne A 3 Brown and Emery, 1958 

Trl{!sacwn Linn. ydeae 
T . dactyl lde$ F , Ps,D 45. 54,72 F rquharson, 1954, 1955; 

90, 108 B 11 Emery, 1958 

Urocbloa Beauv. Paniceae 
u. bolbodes A 36 Brown am Emery, 1958 
U. mosambicensis A 30 Brown and Emery, 1958 
U. pullulans A 28E Bro naad Emery, 1958 
u. trichopu A 14.30 Bro n and Emery, 1958 

X Triticale Hordeae p 20 Nakajima, 1956 

Zea Linn. ydeae 
z. mays p 20 Ya 11 and Hills, 19 9 

•A= Apo ry, O= Diploapory, Fa= Facultative pomict, MP== Male Partheno
genesis, Ob= Obligate Apomict, P = Parthenogenesis, Ps = Pseudogamy, V -
Vtvipary. 



TA&LEDJ 

Cbtoddeae 
Engrosteae 
Fappophoreae 

Aveneae 
Festuceae 
Hordeae 
Nardeae 

And~ 
Maydeae 
Paniceae 

4 
2 
l 

3 
2 
3fl a:ttifidal 
I 

9 
2 

12 

16 

Tar AL 39 genera .4l\ld :Qlle 
intergenene 
hybrid 
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predomluntly apomtctle entbrJo aacs usually pl'Qduce· flllictlonal poll• (Cekder 

and Harlan. 1957). B.ec•ly, Harlan and de Wet (1962) demQDStrated dial Ja the 

gemaic-complex ~ and Diclwltl:ltum ta.eultative apmnixis actual~y 

promotes ~on, gi'fllil rise to a. bighly adaptable s,stem capable of 

rapkl e,olutio . In micll a system mecbaatams which maintaia a aeu.al. poten· 

uat, others which tmmre cross ... fertlU~. aad stilt othera whidi ~ the• 

formattoa of balaJICed gametes are at.cely dleeked the one apiDst the, ethe~. 

Apomixis, oa the otlle,;r band, provides aa ~ from stertttty and a means 

tor rapid colcNuzatkm of new ha&ttats. 



CHAPl'BRlll 

CHROMOSOME NlJMBER. AND MODB OF 

IU&PRODUCTIOM IN TME BOTHRIQCHLOINJNAE 

The grass tdbe Aildropogoaeae ts oae of lll1J.'llela8e morphological vula

tion, subdivided Sato, m aubtrihes by Pilger (1954). The Aadr~ r-.ias 

a luge aubtl:11>e, aad was eubdlvided by de Wet (1963) tnto $fWell smaller. a,par· 

entJJ more natural, ;generh:-;eomplaes. 

Sfteft genera, J3othriocllloa. o. Kuntze, C.pi1~!P:4ium Stapf, Dichaatbiam 

Wlllemet, Euclasta Pranc-1. Ere~ (Hack. ) Stapf, S1;J!tbja Ewart, ancl 

lndochloa Dor, fo.nn sach a complex., aad l referred ta tor coavemence, as 

the Botlniechlohttne.. The genera Bothrtocbloa, Capilltpedium, .D1ehantbiwn, aad 

Br~ are 'Widely diatrll:Nted t:ltmughout the tropics and the subtrepics of 

the Oki World. Some species of Botbrioc:hloa a1se elttend into tile warmer paits 

of Burope, 40d a few species are coafined to the New World. The~ 

get\US &leta&ta ls prtaent ht both tropical Mdea a.ad tropical Ameriea and India. 

The get.UJS· ladechloa is eoafl.lled to India, and Si!.:thla is endemic to ·llOflhem 

Austtalla. The 1attel" two genera .are unmown cytologicalty. Bmbryolog;lcal 

studles (Brawn aad Emery:, 1953; Celarter and Harlaa, 1951; Harlan!!!!.• 1958), 

as well as qtogenetteal studies sum:muiZed by Harlan .!!_ !!_. (1961) tadicate 

that dlplekt (2!=20J representatives ,of the Bothrktchlo.hdnae reproduce sexually, 

wbile polyploldt are usually a,omtcts. Bxceptions are some Auatralta and 

American petyploid spedea at Bothdoc:hlaa, whieh appear to reproduce sexuatt,. 

18 



Chromosome rs were determined for species belonging to the 

genera Bothrlochloa, 9!,Plntpedium and Diehaathium. These data will be 

correlated with mode of reproductlml and geographic d1Stribution. 

MATERIAL AND METHODS 

Chromosom.e numbers were det-ermlned from develop mierospore 

19 

mother cells stained 1th acetocarm.lne. Degree of sexuality was determined 

by means of emasculation and pollioation experiment • At leas 40 florets of 

each spec:tes were emaeculated and pollinated -with pollen from a ·related apecies 

or from a morphologically different collection of tbe same specie • Embryologi

cal studies ere condacted on some species at dlfferent plokly-le¥els. 

RESULTS 

The eytogenetical data are summarized in Table T.V. The diplokl species 

(2!=20) are regular in their chromosomal beha'fior. The chromosomes associate 

.strictly bivaleats dur mlcrosporogene-1 , and regular chromosome 

redtlction takes place. The tetraploida are characterized mostly by bivalent 

tormatto · , altbougb some chromosome • occastona.Uy fail to pair or assoctate 

into multivalents. Hlgber polyp.loid$ are usually more lrregU1ar in their cyto

logical bebavtor than the tetraploids. BivaleQt formation and regular cbl'omosomal 

difitl'lhutian, however, le tbe rule, and fuacttoaal poll is always produced~ The 

strictly eexual Old World tetraplotds and bexaptoids. are characterized strictly 

by bivalent formation during microaporogenesls. 
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of :reproduction. Harlan et at. (1961) indicate, that after staining with aceto-

ea:rmine (Bradley. 1948) the embryo sacs of the diploid species have two ooa-

polYJ> ... ··. ioids-B~ a.lta, B.. barbktodi$. B.. edwa:rdsiana1 B. e.·tariatata. B. ba:ssieri, - ~ - ____ ·:_ . - . ' ,. . . - . ' . ·_ . . -
and B. saecharoide~.. The Anwrican sq>e-cies ~. ~tida (2!?1120) B- l)!lrneri 

(2!=180), B. sprmgftetdi (2~120), aad~. wrts!!tU (2~120) were not available 

.for studyQ Cytological·bdlavior (Gould, 1956, 1957), how.ever., s~ts that 

these spec;tes alee reproduce sexually. Tiae enly Old iNorld polyploid species 

that rep:todl!Ce: stnctly by sexual means are the Australian !!• decJ;piens (~40) 

a cteist~pmeus species •. ~ eri&tthoides (2~00}., and !· amb1gu! ,(2n=60).. 

These .species are aft characterized strictly by bivalent :formation during 
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TAILB IV 

R.BP!lODUCTlON IN THE SOTHRIOCMLINlNAB .. 

No.. 2n No. No. % Y..cde of 
- Emasc. Plants .Reproduction. 

Botbriodlloa o. Kw\~ 
B. aciduta (Stapf)de ... trm 4158 40 55 
D. alta. (Hitchc.) Hear~ 6094 '6 31 

60 S50 B .. ambi~ S. T. Blake 6137 
B. i,arbiaodis (Lag.) Hear. 6097 180 196 

180 44 var. perfora.ta (Trh,l. )Goeld 3700 
B .. ~ (Hook.t.) Hear. 9tl86 20 44 
a. cone~ (Heok.. f.) ~m:.. 9101 20 48 
B. ~ea& (Naclt.) Hubb. $498 40 256 

40 160 
60 44 

"t'at'. cl~is (Domm)Hubb. 6510 
B. edwardslau (Gotltd) Parodi 3682 
8. eriasitlloides (F. Meult. )Hubb. 5786 60 80 
B. -ewarttana (i')t:mua)- Bubb. 5803 .56 531 

60 480 
60 84 
20 

I. ~ (Nash) Hear. 
B •. bltkesll (Hook.L) Henr. 
1-. gtalml -~) A. camu 

B. bassleri. (Haek.) ffenr. 
B. hybrlda. (Gould) Gould 
a. iBSeulpta (Hochst .. ) A. Camus 

va:r. •settor -(Hack..) Hu.bb~ 
B. intennedia. (R. &r~) A. Camus 

6137 
6591 

5297 40 90 
6580 40 44 
16'9 40 180 
7010 40 19-5 
2651 40 1366 
4028 40 302 
4$9-Sb 40 l40 
S4QQ 40 154 
54SO 40 160 
8S60 60 
3145 60- 40 

120 
4090 50 3-SO 
3704 60 160 
5470 40 156 
4$81 40 120 

· Maternal 

11 100 
0 0 
9 0 
0 0 
o -o 
0 0 
0 0 
0 0 
0 0 
0 0 
C 0 
8 100 

128 9,.2 
0 0 

'S3 16.5 
12 100 
40· 100 
24 91.3 

9fll 86.7 
117 91. 7 
12 98.6 
62 %.9 
42 S9.6 

0 0 

30 100 
24 100 
18 99.8 
60 100 

Obl 
Sex 
Sex 

Sex 
Sex 
Sex 
Seg 
.$ex 

Sex 
Sa 
Ohl 
J!Jbl 
Sex 
Sex. 
Fae 
Obl 
Ob.l 
Fae. 
.Fae 
Pac· 
Rae 
F'ae 
.Fae 

Sex 
Sex. 
01,1 
Ohl 
JObl •ow 
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Table IV ·(co.ntinued) 

Name No. 2n No. No. % Mode of 
t!masc. Plants lleproduction 

Maternal 

5496 (,0 84 58 100 Ob! 
460'7 80 44 10 100 Obl 

B. tsebaemum (LJ.Wl .. )Keng 5704 40 150 23 100 Obl 
1359 60 1672 182 100 C>bl 

var. song-..trica(i'lupr. HJel!.(j:Harl. 64.59 50 3'79 58 99.2 f..Obl 
'1055 51) 119 61 100 Ohl 
1347 60 867 192 100 Chl 

B. kunt:zeana. (Hack.) Henr. 9106 20 88 v t=t, u Sex. 
8299 40 79 31 100 Obl 

B. longifolia. (Hack.) Bor 8300 20 45 0 0 Sex 
B. odorata (Lisboa) lt. Ga.mus 5L!09 40 4:5 21 100 Ohl 

7232 40 93 18 100 Obl 
B .. oeyzetorum (Hack~) Bor 889~d -10 44 14 96. 5 Ap 
B. pal:meri (Nash) PUger 180 Sex. 
R. pettusa (Lim1 .. ) A. c,unus 5431 ~10 .\?,4 15 100 Ubl 
B. radicans (Lehm.) .~. Camu.s 3055 40 184 61 94.6 Fae 
B. saccharoides (Sw.) ilydb .!.. ' , ' - • 2579 60 324 0 0 Sex 

var. loogipanicuta:ta (Gould)Gould 3133 120 685 3 0 Sex 
var. pulvmata (Gould) Gould 7302 60 315 0 0 t!ex 
var9 torreyaaa (Steud. ) G',ould 4396 60 44 7 0 fi®: 

4085 80 81 0 0 Sex 
B. sprlngfie!dii (Gould) Goutd 120 Sex 
B. woodrowu (Hook. f. )A. Camus 9H4 4,0 
B. wrightii (Hack.) Hen:r .. 120 

,., 
,triex 

Ca~tlUpe.dium Stapf 
C • arachnoideum Henr~ 8428 40 {)bl 

4788 50 61 4 100 Obl 
,r, 
-~j:. assimUe· (Steud) ,A,. Camus 9116 20 Sex 
c. caucasicum ('fr.in. ) de V:iet 7700 40 185 10 100 Gbl 
c. buegelii (Hack.) A. Camus 5794 20 90 0 0 Sex 
c. kwas:ootense (Hyttta) de Wet 6156 40 64 10 100 Obl 
Ce parviflorum (R. Br. ) Stapf 3054 40 67 15 100 Obl 

6460 20 44 0 0 Sex 
c. spieigerum s. ·'T' 

.Oa. Blake 4599 40 100 18 100 Dbl 

Dicl1anthium WiUemet 
D. annulatum (Forssk.) Stapf 3234 20 156 35 0 Sex 

3965 20 89 17 0 Sex 
5396 20 263 63 0 (' ,:;;ex 

3182 40 312 121 93.5 Fae 
4099 40 263 93 78.5 ftac 



Table IV (Continued) 

Nan1e No. 2n Noe No. % lvlode of 
Ema.sc. Plants Reproduction 

i~1aternat 

4393 40 897 2S3 100 Obl 
5~H6 4·H 136 66 97.0 .Pac 
5430 40 493 136 88.2 Fae 

D. aristatum (Poir .. ) Huhb. 7199 20 311 0 0 Sex 
2571 40 32! 33 89e1 Fa:e 
4:086 40 239 49 98. 5 :r:ac 
4098 40 38 4 100 (~bl 

D. caricosm11 (Linn .. ) 0 Ca.n:1us 1529 40 140 52 96. •1 ~-,~-
D .. :fec:unclum S ~ T. 3hlke 6525 40 252 102 100 Obl 
D. humiUus J. M. Black 3723 2-0 44 0 0 Se:K 
n 
11,.,e 9 macca..'"Ulil Blatt .. 9049 20 Se.'t 
n. 
~·#i) pallidut1:1: r· · f , HOOK.·-~ V He11r. 6178 40 M, 12 96.6 J?'ac 
n .. pancbganiensc Blatt .. et McCann 9C40 20 Sex 
D~ sericeum (ll. Br.) ,'. 

kl • ca mus 4610 20 93 0 0 Sex 
D. setosum s. T. .W.ake 7784 20 44 0 0 Sex 
[). 3-'Jpe:rciUa.tum (Back.) A. Camus 6527 20 88 0 t1 Jex 
D~ tenue (R., Br.) ,. Camus 2583 40 U2 53 87.2 I~ac .l~ •• 

*Reproduction: Sex.~ Sexual. Fae= Facultative apomict. C'bl = essentially 
obUgate aporo.i.ct. 
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The. apomtctlc .i:epresentatives are eta.sallied in Tabte IV, as either 

cal studies, however, indicate that even in those species classed as obligate 

Some degree of sexuality is therefore always maintained. In the facultative 

sexual representatives ·of the predominantly apomictic tet:raploid species may 

DISCUSSION 

Morpbo:tog. ical dab!. suggest that the diploid races of D. l!:.mufatum am D~ aristatum - -------- - ..., 



distributed Q. Sex'iceum. 

The lii.plo!d species .of BQthriochloa. ar~ perennids and endemic to lndia. 

~ (1960) indicates that B. e:omnressa ts. confined to Deccan, B. cm~ ,.,._ . . . . ·-. . ... 

to the w~, Gnats. !!_. kmtzeuna ta l<taadhya Pradesh, !: longtfoUa to the 

Yieitnty of }..1adm&, ·am!_. foulkesli ts etldemtc to the Nilgir!s. 

The dlplo.w ~l C. huegelii is ex.tr,emely variable morphologically. $'Id 

widely di.tnbuted in. but restricted tll central and western lltGia. The. diploid 

races of 2· P!!!Woni~ extend from India m Iiong Kong. Caplllpedi.Uli"! assimile 

is widely disttibuted, extending from India to south3ast Asia, Cblua and Japan. 

Ameriea. Siagil and.de Wet {1961) demonstrate cyt~netieafly that the AustraUaa 

and !_. 2!:rtusa extends !-rem lndia to sntitheast Aeia.. Sinilla:rly. in the genus 

DichallthP.zm the tvJO obligate apomletic species E· iecwwur.a and Q. em,llosum 



9!t@lb?!!mn• --and Dichantbtum fonn • interrelated hybrid-complex. The 

~es!• intermedia, widely distributed tltt'Ougllout tlte tropics and subtropics 

(){ the Old World. bybT.idlzes in .nature ~ith !• isebaemum,. c:. ~. am 

O. amndaarm_w.herever their range$ of distribution overlap. The latter species 

further forms a bybrld-compleK with Q. carieo$Ull1 which ia turn hybridizes 

in aature wklt !2•· amtatUm. 1"bese hymtd combinattons are usuaily nuerred 

to as species. but stu:vive in nature only due· to their apomiet!c ·mode of. repro-

be it tn.tnspecifk,.. mterspecUlc or J.ntergeaertc. Studies ~ artlftciaUy pro ... _ 

duced hybrids hmicate that the clu:omosomes wrually pair pref:erentially within 

~ deri'W,id f:r-l)m each parental ~ies (de '\ifet_. Mebra .• a:sd Borpookar. 

lt,61). Harlan am Chheda (l %2) ideate mat this mode of chromosome 

gression between B. i~.1um and B. intermedia. extend from Kashm.b1• through 
- • .,,.... JIii -

.and n. g!ab-ra ls widely distributed from souther.n .Afrt?4 to Australia. Hybridi

zation. -aad ir.trogres~ between B. intermedia and Q. anrttllatw:n also gave rtse 

to a number of distinct biAh-. T-'~Jlv, D. atmulatJJm iS a tropkal Indian •V1'r,r~ xv~~ ·3 _ __ . ..,...,..._ 

species. Hybridization pttducts between this species and B. t.m:ermedta are 

prdeula:rly common in the Gang_etle plains of India, hut present ~ the 

complete reap of ·sympatrie dtstrlbutton. « t.1':ese two species. T~micallf 
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these plants are referred to as B. e:ahamll.. Experimentally produced hybrids 

Da rumulatum descdbed by ~;1!ehra and Celarier (1958), and fv!eh.1.;a (l0o2) in - " 

siaed (Harlan!!.!!.• 1961) by fe::etilizing the cytologically unreduced female 

From a ihi"Osystematk point o~: view a number :vi species with:i,, each genus 

The rrcnera I&ren:1.t"i;!JO~'On aat! Eucfastn appear to be ~'e:netica!l,, isolated from 
. - ... t --·- -- _, - .,.. '!,' 
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observations presented by Roberty (1960) co:tneide with these cytQgenetical 

SUMMARY 

almost continuous1y.··. in multioles of 10 from. 2IF20 to 2&=180. Chromosome 
~ ....,. ... 



ANEUPLOIDY AND SEX'UAL BALANCE IN 

THE BOTHRIOCHLOJN1NA£t 

Morptn.,logtcal and cytogeuetical data itld!cate that 1nter,peciflc as welt 

as intergene:ric hybridization ·~ pitaee among, and between some blcultatlve 

apomk:tte ~resentativea Qt the genera Botitdoebl<m o. Kuntze and• Dicbaothium 

Wittemet (Harlan ~ •!!· 1958; and Harlan ~ al. 1961). Classically, apomixiil 

was regarded u a process, leading to a phylogenetic dead end. Increase of 

genetic variability ts limited to mutatioo.. alld changing environment shouki 

eYeatualfy lead to -inctf®. 

~y. Clfl\1Sen (1954, l961) p()int& out that. in alt aponlieti:e g~ 

etudied m detail, cfflltact with 6e:wality ts mamtafned indefinitely. Apomii:~ 

peups stmukt, ~afore, be regatded as patential seu:rces of ,eaetic varia

bility. The t;1resent pa.per reports some .of tbe cytogeetical data on. hybrids 

pr~ed between tacu!taU.ve apomictie species ·and biotypes of Both~ 

aad Oichanthi.au1. 

Pl.aats ~ ~ 1a a uruf()rm nursery as desel'ihed by Ce''kwer .·l.\lld. 

Harlan. (1956). l\Vlorphologtent data are· ba~ • as many :plants as were ,avail

able for atud)l'11 botb in the field and:. ill tJle. berbartum.. Chtmno$0me nnmher ao.d 

•29· 



30 

dlroroosome ~fatioa were det~rmlned from developing microspore mother 

cells staine4 with ~mm.e. Hybl1.dts were, p't'Oduced by w. L. tuchamson. 

·usf:llg the teemdque de$erlbed by Richardson (1958). Second generation~ 

were obtained Imm seU-pottmattQg seleeted hybdds. 

1\ISULTS 

More than 1000 hyb.rld$, represeltting intta~peeWc. ~peeifie .an4 

imergeaerlc ~Ol'IS Within, ·and between the genera ~oa. :9!:eitU· 

l!!!um, .amt ~lltblumhave • fu· been. produced. All10Jlg t11e .300 second 

geaeratkm populatk>u powa, 25 ·~t a large· degree ot ~ \ta.ti.a

~ The majority reprQduce strictly maternal pr..ogeniea, and to. some at.hers 

Tlle.~·ttUmbers a.ad cyte~ beba~ of the· plauts used 

u paratta are discussed by Hartaa. de Wet, and IUdm~ (1961). The cytology 

,of the h~, .a. t.he ~ generat1a. popu~ is summar!Zed in Table 

V. The J...av.....J;okf ,t~ B. ambi~ l:ep~ces s$Wallv, and ls characterized ~.v- 8'11!" ·- .. ·,1. ~. ~.,, 

parental spe¢1ea, !.• ~mfi, B. J~ta, 2· .annulrttt.lm, Q .. ut-.atum, 

and!?• car~. are· faeultative ap.).mic.de te.tmplOids ~ittng various degrees 

of sexuaUty.. ~ ~e qmtogicatty like~ allopolJpt.oids as.~. 

bJ Stelmias (1941). The dlr0tr.:osomes usually associate lt1t0 bivaletltf!l dur1ng 

.md.osia. al~ some ~mes GfteD aatl·to .~r or~ form multi.· 

veleat$. Cbi;omosomd behavior of the hybrids is ·~e. but ~ 



C!TOLOOY OF' SOME SEGREGATING HYBIUD POPULATIONS 

----------··----...---------------
Zn No. OhtGlllGSOme Association* 

P1ts. 1 n m - iv 

B. ambigua 5643 (6!) Jr. B. grahamii 5tl 2 9.24 19. 63 0.28 o .. ·20 
5450 (4!) 

B. grab.a.mil 5-450 (4!} xB. inter
media 3965 (4!) 

Fz?~geny 

49 l 

60 1 

65 .l 

51 l 

62 l 

4 .. 14 

2.11 
1-5 

3. 15 
o .. a 

5. 25 
2~9 

5. 45 
2-14 

a. 2S 
2-:S 

7. 50 
5 .. 10 

12.77 
0-36 

2. so 
1·5 

2.20 
0 .. 5 

:i1. 42 
0-6 

2.89 
0~6 

1. 20 
3-15 

17-23 0-1 0-1 

19.00 0.77 
11-20 0-2 

21~00 0.20 
19-2.a O·l 

21. 18 0 • .56 
19 .. 23 0-2 

21. 29 0.65, 0~2Z 
14-24 0-4 0-2 

27. 60 0.20 
26~29 0 .. 1 

28. 1S 0.50 
26--29 0-i 

23. 45 0.04 
U-30 0 .. 1 

27. 10 
26-28 

Z1aS0 0.13 0.43 
2,2 .. 29 0·3 0 .. 2 

27.60 0. 1$ o. 45 
22~30 o .. :; 0-2 

29.55 
23.31 

2.8.80 
25-31 



32 

2n Ne. - Plts. 
Cht'Oln()SO;me Assoclati_. 

1 11·· W IV 

D. ·atUtUlatum x-98 (4!} x. D. aan;u .. 60 1 3.10 24.20 0.4 1.1 
latum 4390 (4!) - 0-4 %2-26 0•2 0-2 

P3p.mpay 60 14 2.2a 26.54 0.25 0.95 
2-12 22-30 0-3 0-3 

30 2 !.68 13.14 0.13 0.18 
0-6 7 .. 1, 0-2 0-2 

a. i~ 6573, (4!) ;x B. hltei-- 40 1 15.50 2.2s 
medla 54.IOb (4!.) 12-20 1~4 

F2 prcgeny 40 10 1.52 17.51 o.os 0.40 
0-2 12-20 o-a 0-4 

D .. a:ristatum 4084. (4!) .5 o. earl- 40 1 1.53 15.20 0.'6 1.53 
·CO$UJ11 ·25$3. (4!). 0-4 13 .. 20 0-.2 o-a 

p~ 2 .· ..• . ., 40 l 0.63 18.80 0.09 0.21 
0•2 16 .. JO g, .. ,1 i-1 

42 1 1.44 19.81 e.22 
0 ... 4 17-21 0·2 

B. ~mil 4028 (4p) x I. gfthamii 40 l 2.41 17.06 0/11 0-.29 
X-750(4!) 0-8 15-2& 0-:2 , ... 1 

flzpropay 39 1 1.26 18.86 
1-S 18-19 

40 3 1.55 18.95 o .. 1s e.01. 
0-8 16-20 0-l D-1 

42 1 1.-S 20.10 0.1-0 
2 .. 4 18-21 0""'1 

46 l 4.33 19.66 0.33 0.33 
4-S 19•21 O•l 0-1 

D. ammtatwn x-.9a <4!> _;x (B. grahamli 
2615.xD. ~. 53'.98),(6!) 50 1 7.38 19.23 o.ts 0.92 

4-12 17-21 0--2 0·2 



T .. · able V (Coatimled) . - , . -

Zn No. Chromosome Association• - n m 1V Ptt;s. I 

40 3. 3.18 18.83 0.36 
0-6 17,;.:20 0-1 

Ji· !l'lff:\fW.!Mm . 2 r,..-_..,..., 

4.J. 2 2.sa 13..SO 0.25 0.1 
1-5 16·-20 0-2 0-1 

42 l 3.88 18.08 0.50 
2-6 14-20 0-2 

43 1 1.00 20.30 0.30 
1 19-21 0·1 

D. annuJ.atum 4099 (l\ly X (D. mmu-
Jatum 57'7 X 0 .. annulatum 4099) 40 1 1.$3 15.20 0.46. o-a 
(~ a .. , 13-20 o-i o-s 

F·· progeay % . .· 40 s 1.21 19.30 0.01 0.04 
0-4 13 .. 20 0-1 0-1 

0 Average and range of chromosou1e 4SsociaUon at first metaphaso .are given. 
l = univalent. Jl:-.:: bi,r~lcnt, m = trivalent, ~-nd Kl;;.: ~il:'.:i1ldvai~nt. 



fOU• l• alway$~. 'l"'bts is true· of tntt~. tuterspeeUic. as w¢tl 

• ~e ~ <-1:ttomoaome ,patrtng. as detnQUtrnted _,·.de T::et_. 

~ 8d ~(1961). takes~ ptder-enttany~.~ 

dniwd ft'om· ~ pa~ species. Ha:tlaa ..a~ (19~ d~ 

tllat· *8 mode 11if chttmuaHAe· aaeociatmn is ~lcafly e«dralled. 

r, . _. -~ •.• :1-i .... ""• · · ~ ...... ,...... · .· · . · - .-... . . ·ai- .-... t~.-... . ·.-V;S.-~--Jf-~• ..... ~~~~gen.eAt~~~~ 
le ~1 ~~ In Plate L The tnaJoffl;J flf bJJ)rtds produce $trictlJ · 

.ma•-.. .., ·1 ··, -.-.. ·. . .· .. t.. .. ·. -......t . ...,......._._ ........ 1!!W!l,'f'"''"'"'"L•-,.. ann~-•.,..t .. ,,.;Ui, ~ ... ,.. ... ~"". 
!~ ..... v-·~W~J;tJ DlJli'.4 ~~---..J ""'°'lli!':'l:~Vllllw~ ·~U"~IJ.;,iJ.. .& q.J~ .•• ,,_.,,1,,~;t;a 

t.hat edlBd:t ~..-i •~ a die. second «ener-r..c- m.uat ~-.. -- - . ,&,~..,.,~ ~--..,,.~. . .. - u; ~ . .· . .-.~.1r.w.~ 

.-..u.,. ~·~Y: ~-h~ ~ fo·rdetailed ilt\ldtes.ue 

aft~. MaaJ Gf the ~y ~.1tybdda (Hart. and Cbheda, 196a) 

~--~~-1uegulu~beba'.f.iot~~pm) .. 

-·· v-~-t>J- in 4------___ ._.... was .·~01:er---·· :Mnftftn'• ~. ~mat ~·~ ~liffJ.~~~. __ .M1!Jrit"Y·~ ~-..au,.... .. ~·~._ . 

. ~~·the·~prog.-Qf ~loid-~td1'bdds. 

Amoaa t1te· ... mc.~oitetr•old brbn•. aneu,k>Jdy • ~ 

_, ......... ~~edby~y~.dmlmosome 

.~8$g.mte~u-(Platea 11mm m,. 

· 1'1le tet-t-,lotd !-· I!!!!!!!. muntem 5450 from Detbi. lor.U•. 2655.· ~ 

Bttrlsh ~. • .40ll from .. Mt. Abll. tnctta. when ~ulated. aact pollinated 

wittt •· ~ttJ~ b1otJt')e of die Mme speetu. im,dw.e. apprml• 

--, 10 hpdds ~a,~ of 100 plant$. The pu:untal .piqt·~ 
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Figure l. ~4orphol.eg!cal variation in the F 2 population of !• ambif2Ja x!. 

~lnli Se&Ual hybride 

Figure 2e lV!orpbotogical variation in the F 2 population of !t• lntermedia x 

y_. intermedla semal hybrld .. 

F lgu:re 3.. f\liorphological Vl':ria:tioa: in the F:2 population ef !!· .$!a~mU x 

!• il:mirmedia sexual hybrid. 

Figure 4.. Morphological variation. in the F 2 population nf D. fflllltWltum x 

@_. J_?bamii X I)~ annulatum) Sexut\l hybrid .. 

Ftgtlre 5. MerphologJ.eal variation in the F 2 population Of ~v J2:~~ X 

B. e:anamli apomictic hybrid. 

Figure 6. Morphological variation in the F2 population ()f Q. aanulatam :=t 

!?• annulatum sexual hybrid. 
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Figure!. 

Figure 7. Metaphaae i in a F 2 plam (~60) showing 3C !livalon.ts. 

Flgu:re 8. Ear.ly ~se l ,in a F2 plant (2~42) shawl.cg delayed separatioo. of 
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LEGEND FOR PLfl{f E III 

Figure ll. Anaphase I in a F 2 plant (2!!=42.). 

Figure 12 .•. &,apbase I ma F2 plant (2~60). 

Figure 13. Anaptw;e I ma F2 plant (2!f60) showing 31 and 28 ehmmoaomes 

at poles and l laggard. 

Figure 14. AnaphaS:e I ta ,i F2 plant (2!f=46). 

Fipre 15. Ana.phase l in a F2 plant (2!,'f43). 

F4Ptte 16. Telophase 1 in a F 2 plant (2!!='.00) showing 7 dividigg laggards. 

Figure 17. Telophase I ta Q. P!f!1Uosum S7l6 (2~60) $bowing 2 d1vidlng and 

2 non-dividing laggards. 
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X-150 ta Table V represeat$ a comp1*1y sexual and selt~stedle bybrid b,tween 

two .taeukattve- apmiletic ~ of t1ds species. 

Two hybrid plants were ebtatatd when a facuttative apomictic. tetraploid 

;!. ~ waa: ~ with a ~t hexaploid @. !fflbislt!. Both hyb11.d$ ue 

pent~ ~dZed bf mmierous univalents: and unevea cbmtnosome diatri-

1\:utton dumg mierospo~ Bleven seeond genenUton phutt:$ were obtained • 

. sut td wble'h u-e· pe.ntapleid aid die others are .aneu,lolds ~ 1a chromosome 

·flUlnber from .ZJF43 to 2a=65. - -
Hybrids ~een faeu!tative apomic:tk tetraptoids of I_. graMmil tnbStlJ 

~roduce apomkticaUy, bat ~tty some· of. t11ese hybrids. at'e cbaraete:r

tzed by· geaet1cat ~gregatioa la the seeond· genemion. The populationa may 

either be at1e11Pl&id « have the same·~ number as the hybrid pare.ms. 

The B. il'lte-~ parental plant&, ~ts 54lO~b from Mattatm, Iadia, 

6573 from Kandahar, Afghanistan. and 3965 from Cakattta, India. when used as 

t1te fenulle pareat ~ app~matety 7% sexuality. These cross i-ead!ly with 

eael:t other, u welt as ·wttn B. IJ'abatnii. Tie tatter species can also be e:t0$sed 

With Q. amula.tt.tm. ·nte Q. amuitattJm pa.milt$, l'lUn'lbers 4099, ffia, .·i:ffld 57f/1, 

are Wu in~. whereas umnber 4390 was collected :m T\.lilisia. ·The$e 

exldbit .h'cm 10-~ sexuality. The plaut designated X-98 iS a completely 

sexual aumtetrapk>id derived fr.om natttrat ·~ of the chromosomes of an 

lndtaa di:Pleki nee of Q. annutatwn. 

When a tettaploid facoltative apomkt is used u the female parent,, both 

·the cytologieally reduced as well as.~ female gamete ma, functiOft 

saually.. Vihea the •male pareat is also tettaptoW.. the hybrid$ are eitker 



tetraploid or hexaplold. Apomicttc. as well as sexually reproducing plants. 

were obtained among both tetraploid and her.s.plold hyb:dds. The tatter, wbea 

re~ing seKUaUy, are characterized by large numbers of a11euploid phmt,e 

in the~ ~ratiwl~ 

DISCUSSION 

Harbin ·.~ al. (1961) demonstrate ~perimental\y that Bothr:ioehlo.a 

iR.termedia hybridizes ia mture with both CaJ!~llm ~rum and 

DioluUith!um annulatmn.. Cytogen.etical da.ta indicate that !_. g:tahamil :represents 

a mnum hybll'id between. Q. amwlatum and s. intermediaw Experimentally 

B~ g;abamil crosses readily with both ~- an.nulatum and B. intermedia.. 'These 

artificla,U.y produced hybrids resemble assumed natural hybrids in detatl. Tlte 

h~aploid ~.. ambip resembles !• intennedia in gross mer:phologicai characters, 

and cymmor:phological ebservatt.ons s~st that these two species hybridize in 

nature. Huhta (1963) demonstrates: natural hybridization between !• is:cltaemmn, 

and both!!: intennedta and !_. ~mil. 

~rimentaUy produced hybrids, as indicated by Cbheda, de Wet, and 

Harlan (1961), are often charactenzea by aueupk>idy. Nantral hybridization 

should, tbf:refo:re, als.O· p.roduce aneuptoid plants. F,ar this reason anet.Jplokty 

was expected to be common. among polyploid members of the Botbriochloininae. 

Harlan~!!.· {1958, 1961), however. de.monstrate that among approximately 600 

eoUectioms studiai. l:f:¥rese11rtng most oi the genera and species included in the 

Botbriechlominae, s:neuploidy is al1110st completely absent. Artificially produced 

aaeupleidtJ are w:Juatly less vigorous than the euploid hybrids. Natural selectioa 



,,_,,,, -~.alia O'Al!Vl-· .~A•,•i.,I· • ...._-(' ... &"'."~ ,6?..& .... ; .... t1:-... --OCC"...,..,.,...."".e of .onan .• 
Pl~ --t--- .c,~·•H·- ~. '-Mli;o~"°'*""t -it"•~ . ,IS ..,_._. ... ,.... .... ..._ . ......_,,. 

ptotd plats ir.t lUlture. 

~ly .~ races of the predomim.Ultly apomktk polyplokl species 

appear to be rue .or· absent m muw.-e. Ardtteially produced hybrids between 

va'daas ~ c~ between a tacultati~ apomtct. -and the artWcia-U.y pro.

duced aemal. plant (X .. 750) of!, · grahamil produce hybrids whtdl are either 

iactdmtive .apomiets. or theJ reproduce $eXUa11y.. When the sexual .Plant is 

used as ·dle female ,pareat and crossed with a race that is essentially an obligate 

~et. die pl'DgenJ always reprodtiee$ ·as facuttattve apomicts. Apo.mixis ta 

this. group must. ~e. be inherited as a d9minant eha~11cter over ~tty. 

tiaUJ obtW*~ a:pomtcts. Hybrtdization at the potyptoid level apparently bt..,came 

i,JO$Sible at'te:t the ~s)unen.t of. aa apomietto· mode of repNdltction. ~

cally controlled preferential cltro:mosor'.lle patrltlg. demmlstratecl by lw.rlaa and 

·Chbecla (1961) •. ·htsures the· formation of balanced gametes, ud the possibility 

of t\U1:hel' hybddlzsthm as welt ·as. ~ion. Plants that ~~ strictly 

a large percentage <tE· aneuploids, which w:lll be eliminated bJ nat\Ual selectioa • 

. Beiq completely sexual, and under experimer.ltal conditions largely seif ... ste:rlle, 

dle$e .hybrids will Cl:0$& readily with apomietie races. Apombds, betag 

.:te~ apomict1ca1Jy. The .ahtlity of the fa.cuttatbre races to cross 8Ad pro

duce attlctly s.w:d pkulta,, wbicll in. tum g(at swamped by a;pmmcts .. will inereas.e 
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genetic vaziabllity. b~..cc,:roing to the population. models of ~~:right (1935}, such 

a breeding system should be close to 111aximum in evolutionary effi.ciency. 

The ro..aintenanc~ of a sexual potential and the genetically induced prefer-

ential chrolll9some pat,::ing are integrated systems. This, together with "'1pomixis, 

petmit the maximum amount of variabitlty to be maintained in a population. 

Harlan and de \i:et (1963) indicate that at this stage of evolutionary devetopmei.1t, 

sueh; a system is better designed for the destruction of species rather than the 

production of new ones. Such a population, however, bas unlimited evolutio.Ml'J 
I . 

f: 
poten.tiaUties. Co:c'll>wing genes from "Various. species of different genera, 

ada:pted to a wide array o.f ecological a.no. cb.matlc niches, such a hybrid popula

tion is widely distr:il.mteo over the range of the BctllriochloiDlnae. Distiact bio· 

·types, localized iil particular ecologic.,l regions, and which maintain their unity 

.of type by means of essentially obligate apomlctic r~;,roduction. are commonly 

For biotypes to become genetically isolated from each other, however, 

a change over to saKtmlity !s necessary. This will be a long term project. 

Ecological, seasonal, or geographic isolation will lead to the formation of 

tocatly iabreedlng populations. Selection will favor only apomicts or cytologl • 

caUy baluced sexually reproducing clones. Harlan and Cbheda (.1962)demon· 

strate that the genes controlling preferential chror.oosome pairing also induce 

noahomo1ogoi.1s: palrtag when close homologues are absent. Segmeatal inter· 

cbqge wilt eventually lead to the establishment of new karyotypes. Drastic 

environmental changes couid eliminate the apomicts and new sexually reproducing 



1. Hybrids betw~ taeultative apomtetic representatives, ad between 

$eXU&l mtda.pomtcdc species witbin and between the ~r• Ber.briochl• and 

D~:m ~ce eidler sexually or are apomicts. 

2.. Qammosome assooiatioa during mi"osporog~ kt these hybr'ids 

ts ir:tegttlar, mt d~ Qt krepladty is not correlated with mode of :te.prO-

faetiOD. 

3. Secom generation ptOpmes of ~J reprodllclng hybrids are 

ebU~ by a.~ dqree of atteU.ploid plants. 

4. As aneuploidy is rare 1tl nature, although natural hybridizatloa is 

eommoaty ~. this cytological c&nditkm ts selected against m nature. 

5. ldrectly, ther~ere, plants that reproduce apomt~y have a 

selective al.ivafttage ovex- their sexual eoumm:pam. 

6. S:udl a apomictic pepulation, vduc'h. has the ability to hy.brfdize, 

will be bigbty vanable geaetteaUy. and shoUld conaequently he close tQ maxt

muQ:l bl evohltionaxy· potential. 



THS OENHl'lC BASIS OF APOMIXlS IN 'fHB BOTHRlOCHLOlNINAE 

thtum_Wiltemet form. a:o interrelated a.gamic-complex Nferr«i to as the Both:rio-

eht:oiat~ for convenience. The various types of apomix.is are fully discussed 

by Gustafssoa (1946) and Stebbins. (1950). Seeds in apomictlc representatives 

of the Bothrlochlotnlilae are produced by means of pseudogamous apospory. · 

Stebbins (1950) il'ldicates that gametophyttc apomixis must be controlled by a 

number of genes forming a genetically balanced system in sexually :reproducing 

races. lateraction betw.een these genes in different hybrid combinations may 

' 
result in apombds or sterility. The available data discl.lSsed by Gerstet and 

.Mishanee (1950); Stebbins (1950), and Muntztng (1958) suggest that the apomictic 

eeadition is recessive to sexuality. but an increase in chromosome nuder often. 

The geaetic basis for inheritance of apomws and sft!Jality was studied 

in intraspecific. i11terspecific alld inter.generic hybrids produced amoag rep:re• 

seawives of the Bothriochloininae. 

MATEiUAL AND METHODS 

Appmxtmate-ly 1000 hybrids were -available for study. The majority of 

tbne were produced by W. L. Richardson; using facultative apo1nictic races of 

46 
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vmous speetes as the female parent (Harlan !:!.!!· 1961). Tbtse include tntra

specific. · itlterspecitic as well as Ulterge!18ric hybrids. Hybrids. ht which a 

seJWal nee of!• ~ was used as the female parent were produced by 

H. a .. Chlleda (Hari. ·!!.!!· 1961)., while those having sexual Q •. annulatum as 

the feniate parent were supplied by A. P. Singh: (Harlan !!_ !!• 1961) •. 

Self pollioated progenies of 555 hybrids, as wen .as backcross populations 

in various combinations, ~ere grown ht a enifonn nursery. These were studied 

cytologieatly atld morphologically in order· to determine the degree of sexuality. 

Harlan et al. (1961) demonstrate that. ill the Bothrtochloillinae, diploids --
reproduce :sexually,. tetraploids are :faeultative a.pomicts, and higher pof.yplolds 

are ·essentially obligate apomicts.. Exceptions are the high polyploid American 

representatives of Bodlriochloa and some Australian tetraplold and hexaploid . 

species .of the sau1e genus. Species that reproduce sexually are characterized 

strictly by bivalent formation among the chromosomes during microsporogenesis. 

Apomictic species behave eytologica!ly like segmental aitopolyploids. The 

cliromoeomes asually form bivalents durmg meiosis, although some chro!"tlO-

sames often associate tnto multivaJents or fall to pair at au. Hybridization 

between facuttatlve apomicts. be it interspecific or intergen.eric, does not severely 

iadleate that the clmmlosomes usually pair preferentially betweera genomes derived 

from each parental specie$. Harlan and Chheda (1962) demonstrate that this 

mode of pairing ts genetically controlled,. and that nonhomologous pairing is 



ittdfleed when close homologue:s are absent. .Hybrids between naturally occurring 

sexual species, in which preferential chromosome pairing does not take place, 

are sterile due to an almost complete absence of chromosome homology. 

Hybrids were produced between sexual plan.ts as well as facultative a.po· 

micts, natural as welt as artificially produced sexual plants. within and between 

ploidy levels. Tbe apomictic species and hybrids exhibit from 0-22,11 sexuality. 

These are divided into obligate, and facultatlve apomictse Obligate apomicts 

exhibit less than 1:¥. segrE:'gation in the second generation, or less than 15?> of 

the seed from emasculated f,lorets of a female parent produce hybrid ,mfspring. 

F'acultative apon-licts, in this classification, exhibit from 1-22:% sexuality. Truly 

sexual plants produce strictly hybrid populations after emasculation and pollination, 

and 100% segregation tu the second generation. J:lybrid. plants tbat are sterile 

produce no seed on selfing, and no :functional pollen. 

The data are eum1narized in Table VI. The majority of the second gener

ation populations are strictly n1aternal, while a few appear to be fully sexual, and 

some are faeultative apomiets. Many of these classed as obligate apomicts may 

represent facuttatlve apomicts& The second generation tXJ;pulations only rarely 

exceeded 40 plants. The probability of observing genetic segregation among 

fa.cultative apomicts la such a small population ls limitede 

The sexuat tetraploid Q. annulatum was obtaL~ed from doubling the chromo

some numbeZ" of a sexual diploi<l :race. Hybridization between two faculta.tive 

apo~:nietic races gave rise to the sexual tetra.plaid ~.. srrahamii.. ';'')llen the 

cllmmos0me nutnber of a facaltative apomlctic tetraptoid plant of !!_. ~aha.mil 

wa.:s doubled, die .resulting octoploid is almost completely sexual in its breeding 



'1'4\BLE VI 

MODE OF REPRODUCTION OF HYBR!OS IN Til8 BC.'THIUOCH01N1NA'€ 

Sexual 
D. aanulatum (ln) 
D. annulatum (ti 

Sexual 
x. D. anuulatum (2!V 
x D. annutatum (211) 

2n -

20 
30 
50 

x D. pancbgamense (2!!) 30 
x. B. g:rabamU ( 4!!) 40 
x D. annutatum (2!!) 30 
x D. annulatum (4!) 40 
x D. aristatum (2!) 30 
;1t D. panchganiense (2!!) .30 
:s: B. tongifoUa (2n) SO 

B. saccharoides (6!!) :, B. exaristata (6!) 60 
B. sacebaroides (8~ x It decipien.1 (~ 00 
IJ. sacchat>Qkles (12!> . ~ B. ambigua (6!9 · 90 

fi'aee . Apomt<:t 
D. annukttum (4!) 

B. ischaemu1n (i!il 

Sexo.ttl 
D. aanuiatunt {4!1) 

x B. erianthoides (6!) 00 
x B.. saccharoides (6!!.) 90 

Seitua'l 
x D. annutatum ( 4!) 40 

60 
x D. a,:,.nubltum (23) 30 

. 50 
x B. grahamii ( 4n) 40 

:x D. anaulatum (2~ 

x D. annutaturo (4!,) 

· F.ac. AJ.l?mict 
x D.. aJllll11atum (4!:) 

x D. ai:istatum ( 411) 
x caricosum (4!) 

60 
50 
30 
40 
60 
70 

40 
60 
40 
40 

. Number of Hybrids~ 
Ster Sex Fae Obl 

10 
l 
1 

3 

5 
2 
3 
6 
1 
3 
l 
8 

1 

l 

1 
1 

l 

9 
2 

6 
1 

4 
2 

4 10 
l 2 

l 

4 10 
l 
4 
l 8 



D.. awmlatwn (4!.) 

B. a:i."'llbigua (6.!) 
B. g:mbamii (4!) 

D. aristtmnn (4!!) 

D. caricosum (4!Y 

Number of !§hrlde•' 
2n Ster Sex · Fae Ob1 -

x. B .. gt'allamil (4!) 40 
x B. grahamii (4!) 50 
X B. grahamli (4!) 40 
X B. gtab:ra (4fl) 40 
x B. intermedia {4!) 40 
xD. ~atum(4!) 40 
x O. arlstatum (4!) 40 
R tt carlcosum (4!) 40 
X (D. annulatwn X 

D. fecundum) (4!) 40 
X (D. grabamii X . 

D. amwla.tum) (6!!) 50 
x (B. grahamll x 

c. pa~)(4!) 40 

x: D. feeundum (4n) 40 
lt D. papillosu.m (6!) SO 
x D. iscbaep;iw:n (,~ 5o 
x B. ewartiana (611) 50 
x B. iscbaemwn (4n) 4-0 
x B. iscllaemum (5!) 45 
x B. isehaemum (6u) 50 
x B. · ~tzeana (4!) 40 
x B. odorata (4!1) 40 
x. t:l. pertusa (4!) 40 
x C. caucasica ( 4!9· 40 
x c. parviflo:mm (4n) 40 
X C. spicigerum (4n) 40 
x D. fecund.um (4!)- 40 
x D. papiUosum (6!9 50 

Fae. Aec?tru.C;t 
x D. annulatum (411) 40 
x D. aristatum(~ 40 

60 
:& D. aonutatum {4!) 40 
x. D. caricosum ( 4!>· 40 

60 
~ D. aristatum (4!.) 40 

60 

l 

1 

s 

l 

4 15 
2 
5 24 
3 1 
l 6 
2 18 

3 
1 2 

5 

1 12 

1 

2 

14 

5 
5 
l 
4 
5 

_2 
2 
l 
4 
3 
4 
5 

18 
4 
J 
·2 

3 
l. 
2 



Table VI (Co~tlnUetl). 

D. annulatum (4ft) . -

!','...... "e-1 ...... ,i;Q ..... n;~~~" 

D. anmalatum ( 4!.) 
D. i,'1."abamii ( 4!) . 

51 

2n Ster Sex Fae Ohl 

X D. annulatum (4!) 
x B. grahamii ( 4n) 
x 11. grab.anlii ( 4~ 

-
40 
40 
40 
60 

x r.. intermedia ( 4!) -!-0 
60 

x D. unnulatum (4!) 40 

x (D. atlllulatum x 
D. mmulamm) (4!) 

X (B. grabamii X 

o. annulatwn) (4n) -
Obl. Af12mh.--t 

60 

40 
60 

x D. papillosum (6!) 50 
x B. ewartiana (6n} 70 
x B. ischaemum ·«!.> 40 

60 
. x B. ischaemnm (6!_) 50 

70 
X B. odorata ( 4n) 40 
x Jt pertusa ( 4~ 40 

60 
x B. 1.-adieans (4n) 60 
X C. parviflorum (4!) 40 
x C. spielgerum (4!) 

1 
1 
6 

4 

2 

l 

1 
1 

1 
7 

23 
8 

16 
2 

15 
l 

6 

s 
a 

4 16 
3 
2 
l 
1 
1 
l 
l 
7 
2 

*Ster :i: Sterile; Sex= Sexual; Fae= !tacultative Apomict; Obl • Obligate apomiet. 



Hybdds between faeuttaUve apmnicts usually reproduce apomictteally 8 

pletely seQal to essentially obligate apmmcts. ue obtained. 

Both the cytologically reduced as wen as unreduced female gamete of 
' 

tetraploid facultative apomicts may .functioll sexually or develop parthenogenettcally. 

The hexaploid hybrids are usually facultative a.pomicts. although occasioaally a 

completely sexual hybrid is obtalaed. Potybaptoids are always compktety sterile. 

When faeuttative ap:omicts are crossed with an obligate apomict as the male 

parent the hybrids are always apomictic. 

Hybrids between facultative apom:icts as the female parent, ·aud sexual 

races of the same or a related species, are apomlcts, or they reproduce .sexually: .. 

micticaUy. Slw1ady, pentaploid hybrids between JJ faeultative apomictie tetra-

Using the IJeXWl.l species as the female .parent, the progeny is sterile when 

polUuted with a distantly related apomiet, completely apomietlc when tbe male 

pa.Tent is a rel:lted obligate apomict, and either sexual or a.pomlctic when the male 



.5 .. · ".· . .) 

predominantly apomictic $petties. when crossed, gave dse to strictly sexual 

sterile or lethal. 

DISCUSSION 

gate apom!et always reproduce apomicticaUy. 'When crossed with a f.1.cultative 

apomict the hybrids either reproduce setuatly or apomictically. Hybrids 

chromosome homology• or reproduce sexually when fuactienal gametes are 

produced. Thes.e observations indicate that the a.pomlctic rnode of reproduetlon 

CytologieaUy the a.pornicts behave like segmental aUopotyptoids as 

de.fined by Stebbins (1947). Bivalent formation is Ute rule, and function.al gametes 

are always produced. The tndy sexual species a.re cllnt'-actertzed strictly by 

bivalent formatlon during mlcrosporQgenesis. Diploid species always reproduce 

sexuaUy, and p(llyptokls are either apomicts or strictly sexual. 'these obser-

the artificially produced a:utetetraploid. derived ftom a s-exu.aUy reproducing 

diploid, ta ,sexual. lVfude of chromosome pairing among the predominantly 
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apomtctlc polyptolds iS genetically controlled (Fla:rlan and Cb.heda• 1962). In 

bybrids. the. clttcmtosom.-es usually pmr preiferentially between genoni.es dertwd 

from each parental. s~. 

Gel1eti,e segregation wtll therefore fottow the pattem described b,y 

Muller (1914). bQed oa random diatributioa tJf cJu'Oll'iO$()t!;1es. Harlan ~ _!k 

(1961) indicate that tJil.e. apomietic species of Botlu:iochtoa, CapUlie:dltm;t, and. 

Die~ form an lntettelated gene,ttle"complex. The observed data indicate 

that the genes eoatrotltng mode of re~uctioo are present in each bask ,genome 

of. the polyploids. S~ins, (1950) and P<>1Wers (1945) suggest that apomixi.s must 

be eon.trolled by a amnber of diffffellt genes. 'nlese act in eorrelatlon \\I.ith 

each other to preduce a series of devetopmental disturbances. Culy in oae 

partkwa.$." comblnatlon will all the requirements for sexual reproduction be met. 

This appears to. be true also in members of the Sothrloc'b'loininae, and the .genes 

e<mtmlling mode -of repl'Oductlon, preseat oo each basic genmne, is: inherited as 

a wnt. ' Crossing over a.ad cbromatid segregation, as long as the eliromosomes 

pair preferentially and are distributed at random, will not severely affect ~Uc 

ratios:. For these r«a$0ns a,pembds is assigned the symbol ! and $e:&uality !· 

~It 3,el'l(tme is aui~ a number. The posslli!e gene combtuattou are listed 

ill Table VIL 

ObUpt(!apomtetic tetraploids will have tile genetic coutl.tution AAAA. 

Pacukative apomicts :.u:e:· divkied into four classes. f.,..liAa (ll), AAaa (m). · A11t~ 

(IV), and .t:\aaa (V). Hulan !!,. !!• (1961) point out that sexual emb:eyo $SCS are 

alway$ for.med in 'fhe, obligate apomicts, but that these are usually crowd~ out 

:bf numerous ~ ones. Occassionally, less than 1%. hybrids are obtained . 
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Ploidy level Genome Reproduction Possible Gametes• 
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Glass 

I 
n 
u 
m 
llI 
IV 
V 

V 
Vl 

*Based on chromosome distribution following preferential chromosome patritlg. and 
on function of ttnxeduced gametes. 



wtte. ,Obligate· apomict& are used as the female par.eat. These may .have ·the 

genetic ~-AAAa. faoukati:ve apomte.ts e:s:hiblt from ·1-22 F~ 
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of the plants. Parental species sflo\\!in:g 3% -and another with 10% sexuality when 

...--..1. ·I'..,.. 4 .,.......,..,..,.t .,......,....,."I. l'D'l_., 1,. • .,:, ..... _ """"""'"'tl· Ut..-- ,t,.. lat r· ff'Ah,-.-•;t.t""n<:i< 
--~ w ' -'.·~ li\iUUWiiit li"-- µi;::Q<:1..,.. ... ...........,,..,. ' a~ - ',e' o-"'"' -1.9•-· 

duce aponiietic .offspring. Assuming genetic contltatlot1$, and segregation a$ 

indicated ta Table VD.; crosses between se,wal and taculta.tlve apomietie races 

vd.ll only :t1m1ly p~e tl.'Uly semal hybrids (Table VlD). Homozygous recessive 

llybrids -will result from Crc>s$eS between sexual plants and fac•lta.Uve apomiets. 

or obltpte apomict-a, except for one of the t\vo ~ploids obtained when the 

c~ Wlred:®ed female gamete of the sexual ~ .. annutatttm iln.ctioned 

. ...ny. Tbts hyt>rld may u,present a bo~gous reoess!Ve, while the other 

..-1 and ehlipte ~ tettaplcids reproduce fl:pomie.tlcaUy a;s could be 

~. Slmilady llybrids between facultaUve a,omicts and obligate apomiets 

Wilt :t~ apomlctically. 

Hybridizatm among facultative apomlcts can produce truly ee,ma;t off

·sprlng .omy '\'lhen. representatives of class 1V or class V cross among themselves. 

•between.each other' :(Table VID). A.U the other hybrids, ·wilt either be facutta

tt,e. or ebljpte s.pomicts. Not a. single truly sou.al hexaploid was obtained 

exper~ly whmi •tviO facultatlve apomicts were crossed. This v;ould $tiggeSt 

·that eve ta a ~kttd. a smgte genome dominant for· :apomixis will induce 
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apomietic reproduction. 

Tr.ipb.:>id hybrids. representing crosses between either sexual or facultative 

apom.ictic tetraploids, and a sexual diploid. are a.J:ways sterile. When the eytologi

cally unreduced female gamete of a facultati:Ve apomict is fertilized by a sexual 

diploid. the pentaploid hyt,dds are always apomicts. Experimentally produced poly

haploids ft-om tetraploid as wen as hexaploid faeulta.tlve apomJ.cttc hybrid's are 

almUarly ttterUe. Why apomixis eaooot function in ttlptoid hybrids as weU as 

diploid atld trip1oid polyhaploids. is difficult to explain.. Tbe diploids are character

ized essen.tlally by biv.ale.nt formation during mic:rosporogettesis, although function.al 

pollen is never produced. Sterility may be due to a: physiological unbalance in both 

diploids and tdplolds. 

Tbe phylogenetic potential of such a partially ttpomictic populatioa is 

wiUmited. as pointed oot by Clausen (1954. 1961).. v, ithin the Bothriochloimnae, 

facultative apmnixis n1tlkes pos$ibte, not only interspeclfic, but also intergeneric 

hybridization:. Had.an and de 'Wet (1963) dem.oostrate that in. such a breeding 

system,. mecha.msms which insure cross fertilization, others which promote the 

formation of balanced sexual gametes, together with apon1Ws, form a ba.laaced 

genetic system. The result ls, a. polymorphous population, adaptable to a large 

array of env:ironmental eonditions, and consequently capable of :r4p1d evolution. 

At this stage, however, species banters are being broken down, and an 

unlimited a.umber of biotype-s are present in nature. Many of these are often 

regarded as specie.s(de \"let. 1962), while othersdefy classification@ Many of these 

are adapted to specialized ecological regions, are essentially obligate apo-

micts and form hybrid eomplex:es which. are referred to by Harlan. and de Viet 

(1963) as comptlospeeies. 'These are apomicts that maintain contact with. sexuality. 
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Jl,c 1V 
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mx.m 
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mxv 

l'V & IV 

IV &. V 

V &.V 

POPIJLAT10NCONS1ST1NG OF SEXUAL:, PACULTA.TIVB. AND 

OBLIGA'l .. E APOMICTS 

Parents . 

Su Ob:l 
-~ -~ AAAA 40 b.luui 
Fae .s.. 
~ 

AAl,,a :$ta.a 40 ll~aa. l.Aau: 
60 AA.Aaaa 

A.Alla .Ji$\& 40 Aaaa 
60 AAaaaa 

AaAa D.aaa 40 lAAaa, 2Aaaa, laaaa 
60 AaAaaa 

P..aaa: .. ·.~ 40 lAaa&; laaan 
60 Aaaaaa. 

Fae Pae - -AAM AAA& 40 lAAAA., '.ZAaAl\, lAa.Aa 
60 lAAAs.Aa, lAAAaAA 

~. AAaa. 40 IAaAa., lAAAa 
60 lAAAaAa, lAAaaAa, lA.AaaA.A 

AAAa t'\aAa 40 . lAAAA. 3AA.P.cs.a, 2AaAa, lAAaa, l.Aa.aa 
60 lAAAaA/ ... , 2AitAaA.a. lAe.AaAA., lAAAaaa, 

l.AaAa.Aa 
A.AM.- Mila 40 lAAAa, lAaAa, lAAaa, lAaaa 

60 lAAA&Aa, lAAAaaa, l~A; 1Aaaa.Aa 
A.Au AAaa 40 Aa.Aa 

60 AAaaAa 
A.Au AB.As. 40 lAAAa, 2.Aa..i\.a, lAaaa 

60 lAAaaM., lAaAaAa, 2AAaaal"* lAAaaaa 
AAaa Aa.aa, 40, lAaAa, lAaaa 

60 . !AAaaAa, lAAaaaa, lAuaAa 
AaAa Aa.-'.\a 40 lA""t\AA• 4AAAa, 4Aa.:\a_ 2.AAaa, 4~. 

laaaa 
60 lAaAaAA. 2AaAa.Aa, lA.a...Aaaa 

AaAa. . Aaaa 40 lAAAa, 2AaAa., lAAaa, l.Aaaa,. laaaa 
60 ll\.aAa.Aa, L4..aa.aA.,.\, lAat:aaa, lt\aaa.Aa,. 

lAaaaaa 
Amt.a .Aaaa 40 l.Aa.Aa, 2Aaaa, laaa. .• 

60 lAaaaAa, 1Aaaau 
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~ Bqthtiod1toa,. CapllUee,!hm.1. and Dichanthiuru.. Such a breeding system 

ta po~. ~1 fildaptable. ·atlti coa.sequently capable .af rapid evolution. 

At this stage· of phylo~c development. however, this genetic system. 



THE RBLATJONS:Hli?S BH'T'WEEN DlCHANI'HWNl 

ANNULATUM AND· D. F ECUNDUM 

The species Did1antbium amwlatum (Fora.sk.) Stapf and D. fecundum. S • 
. ·- . - - -

T. Blake are closely related morphologically. Blake (1944), when describing the 

latter species. indicates that it is 11Sualty regarded to be identical with Q. !!!!!!· 

latt.tm. or else lt is treated as a variety by· Hru::kel (1889) and Domin (191S). 

These two species are similar in habit, bat Q. fecundum differs conspicuously 

from Q. aa•tatum 1n baViag, except in the. homogamous spikelet pairs at the base· 

, of ea.ch raceme, bisexual sessile as well as pedicellate sf)ikelets. 'This develop-

mnt ,of a bisexual pedieellate s pikelet is of pa'X'ticular interest, as it represents 

the tey· character by whieh Pilger (1954) and de \'if et (1962) distinguish some ot 

The species !2• fecundum, an Gbligate ai,omtet, was crossed with a sexual 

race ot e. umdatmn: in an attempt to determine the relationships of these two 

species and the mock;! o.f inh.erttaace of the distinguisbhlg character of pedicellate 

spikelet. 

MATB!UAL AND MJ.ITHOL"S 

raee .of Q. ammtatum was used as the female parent. The hybrid obtaifled was 
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self pollinated. and the second generation grown and studied morpho1ogica.Uy. 

Baekerosses to D. annwa.tum were also produced, and tire progeny of these 

RBSULTS 

The sexually rept'oducing Q. annutatum is a tetraptoid derived from. 

doubting the chromosome number of a diploid se;"'fllal plant of the same species. 

The apomictic ~. fecundmn. is a tetraptoid,, and behaves cytologieaUy like a 

ammlatum ls characterized nlostly liy bivalent formation and norrt1al.chremo-
,, 

are sammartzed hl 'I'able X. In general appearance, this hybrid resembles the 

male parent closely, except for inflorescence structure. and is characterized by 

were obtained. These exhibit no or very little mqrphologicat variation and 

re~ble die J!i' 1 hybrid in detail (Plate IV. Fig. 1). .,i\pomws, in this hybrid, 

evidently behaves as a dominant over sexuality, and the second generation pro-

were not determined., but it could be assumed that some of them wtU :reproduce 



TABLBJX 

CYTOLOGICAL DATA OF DICHANTfflUM ANNULATUM A.ND 

Spedee Zn: Chromosome Association• ..... 
l u m N 

40 0 .. 4 12-20 0·1 1-4 
0.7S 15.SO o.oa 2.16 

D-. ft!CUQdum 40 o-s 15-20 0-l 0-'2 
0.46 18.42 o.os o.65 

HybrW (D.. an. x.D. fee_!) 40 0-4 11-20 0-1 
o.73 19.50 0.0'1 

Bae~- 40 0-2 18-20 0-1 0-1 
D. &ml. x(D. ... .ltD. fee.) o.25 19.58 0.08 0.08 



TABLBX 

'lcdrAD'i!il!h''!U' l"lir.!V AC' n A'il,.ft.ttTT A."T'T1it..,f n l;"n'r<J,n.n-un..- A'J.'in. ·~o ~pv~;.t: ~ .. We #.&.-..,uJi.iA.I. UD.if IJa 4"* Q\..t-U.i~lVJ. ni:..u &·o.a:, 

Pe.dlceUate Spibtlet 

l\acemtt m.tmber 

ARTIFICIALLY PRODUCED HYBRID 

Ma.le 

5.5 3.7 

7-17 mm. 4-13 mm .• 

11.6mm. 9.5 mm. 

l-5 

3.2 

s-11 mm. 

10.9mm. 

63 

59~'76 mm. 63·80 mm. 56-104 mm. 

68.5 mm. 63.6mm. 94.1 mm. 
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Plate IV 

M{')1phology of Dichanthium annulatum, D. fecundum and their hybrids 
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Figure 1. Morphological variation in the F 2 population of Q. annu
latum x D. fecundum apomictic hybrid. 
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Figure 2, Morphological variation in the back-cross population 
D. annulatum x (Q. annulatum x D. fecundum). 
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semally (cf. Chapter V). 

The gene determining bisexual p.ediceUate spikelets is inherited as a 

simple dominant: character -over male pediceUate apiketets. This tnight lmve 

been expected. 'Within the genus Dichanthium •. as well as ·tne whole subtribe 

pedicella.te spikel~s.. Tln:s change evidently carne about. in this facuJtative 

apomictie tetraploid, tbmugh mutation. The sexual ~· annul~~· being au 

autotet.raptoid, muat have the recessive gene in four doses and may be assigned 

an~ genetic consltution. The segmental aUotetrapioid ~. fecund~ may 

be homczygous dominant ssrn, or hete-rozygons ssss, SSss, Sss:s fo:r this cl1:u: ... 
..._........ ' -----

acter.. If tb1s mtatation took place at the tetrapl-oid level, which appe~.rs. to be 

the case, the chances a:re that only one locus mutated. Being essentially an 

obligate &;pomiet, no or very tittle genetic segregation wilt t.ake ptac.e and the 

naturai population will be strictly bisexual in respect to pediceUate spikelets .. 

F'unctioaat pollen is always prodm:ed by D. feeunrlum. l1ssuming a g~..netic 
= -~T~ 

ccnsti.:;utlon of Ssss. both Ss and~ gametes can be produced. The hybrids 

betw~ this species and £• aonulaturn should therefore be characterized either 

by bisexual or male pediceltate spikelets. Only three hybrids were obtained 

from 300 emasculated florets and these a.re au characterized by bisexaat tledi-

cellate spikelets. 

Natural hybrldi:Zi.ltion apparently takes place in tiiUStmlJ.a between plants 

of D. fecundum as Wf..-41 as between this species and D. annuhttum. Some o-f the ....... _· ... - . - . -



Austilliian spectmena filed widt the herbarium of the Royal. Botanic Gardens at 

Kn, England· resemble ~. fecundum in inflorescence structure, but are char

acterized by mate pedicellate spikelets. Otters again resernble D. annulatum 

more closely but have bisexual pedicellatesplkelets (de r;,,et, 1%1). 

8e •that •as lt n:my, the hybrid between Q. annulat\lm and !!• fecundum has 

at least one dominant gene for b1$eXuality .of the rw,dieellate splkeiet. Tlrts 

hybrid is hlgbly apomictic and produces no genetic sert;regntion in tile seco1ld: 

generation progeay. lla.-ekcmased to Q .. annulatum, the expected SC'.g:re~tion into 

plants with bisexual. and ,othen with male pcdtcellate spikelets were observed. 

Assumhlg a ,enetic eoastttutlon. of Ss.ss in the hybrid, the gametes will either be 

Ss or !!.• P.bmtotypic:dly, 50% of the. •back .. cross generation plants should be 

mate, and 50% blsexuat in respect to pedicellate spikelet structure. This. 

essentially was the: ratio ®tained experimentally. 

Numerous: other morphological characterst such as pubescence, raeeme 

tmmbP.x, raceme. length, num~r of nodes of the infloiescence and racemes, and 

tenstb. of the prlmaxy axis of the tnftoreseence were also studied. 'rhese are 

variable -within individual plants, and averages a.re used in consbru.cting the 

ecatter 4iagt'ams (Plate IV, Fig. l, 2). For these reasons, these cb¢ractena 

do not I.end themselves to a cytogenertca.1 study.. They serve, however, to indi· 

cate ·that genetical $egregation takes ptaee, and that the distlngu1$hing characters 

.between these tw'> s.peeies, except fot bisex.uatity of the pedicellate spikelet, areonJ.y 

a matter ef degree. 

C.)tologica! data do oot serve to indicate .elearly the relationsl'lips between 

these two specie's. Chromosome association m hybrids bet\\leeu species, and 
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also between races of the same species in the genus Dichanthiun1 takes place 

p:teferentlatly between genomes derived from each parental plant (rle \':}et. l.!1ehra, 

(1962) demonstrate that non-homologous chromosome pairing is genetically 

F mm a biosyste;;natic point of view. IJ. iumutatm11 and D. fectmd-m:1: should - , -- ~~~--

be combined :in.to ,a idng!e taxonomic uuit.. Va!entlne nnd Love (1958) poi;at .cut 

that., in apomictk groups. a species concept based on tne· ~bsence of gene 

biotypes (Bak.er, 19.59), ea.cl1 one often adapted to a distinct ecologiccl mcr1e. 

be :recognized as biological species. This study in.dlcates that as soon as the 

fully discussed by Gustaisson (1947b)., Stebbins (1950), Rollins (H>50) and 

Valentine and Love (195$). Ji"rom a }"lractical point of view~~ fecundum should. 

be regarded aa a vari.ety of.!.?• annutatum. The latter species is widely distri-

buted in India, extends eastward.to Australia and v;estward to central Afriea. 

Austral. 1, 5318 l87.8) should be adopted. The na1:flt), however, sug,gests a 

(in B.iblioth. Bot., 20, 85, 269. 1915) also doe.snot describe this plant ln detail. 
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Por ·these rea$Q1lS Stake (1944) bases his deseriptlc.m of D. fecuadu.rn on a new - - .. 

type. '?he vartet41 ~. O. annutatum va:r. feclllldum (Slate) comb. nov. 

le tllerefcre pro~ to, 1Aelude alt plants resembl!Ag ~-~ hut winch 

differ from this species in the bisexuality of the pedtc.ellate spikelets. 

CONCLUSIONS 

(Ft>rask.) Stapf and Q. feewu!um s. T. Blake, bi$t?XU.lity of tbe pedleel1ate 

spikelet, is iltherlted as a simple domJM.nt. 

2. Dichanthiam feewldum ts p:redommantly a:pomietlc, and consequently 

inay Jmve arlB:en fn>m Q. ~tum through mutation. 

a. The new taxon.omic combinatioo Q. annulatum var. feeundum (S. T .. 

make.,) @mb. aov. ts p"-oposed to include plants presently referresi ·to as E• 



APOMIXJS ANO SlEClATION JN THE BOTHIUOCHLOlNINAE 

The Aad~e., subtribe Andr<>pogon.tnae (Pilger, 1954), inchldes $c 

diverse ~· of gfflera aubdivided by de Wet (1962) mt:o a 11Umber -of generic

e~exes. The ik>tbrtochloininae ts clw:aeterlz$i by sesstle spikelets with 2-

blsexual floret passes directly into .aa awn. In these :respects lt differs: from 

other generic groups. Seven genera are taclud«I. Tbe monotypic Australian 

endemic s~. neu:rasa Bwart et Archer was not available for cytogeneUcat 

studies. Morpiotogical data, bow~r. suggest aftiaities with DichfflltbiUm. 

The genus indoebloa Bor 1$ represented by ·tw0· $pecies, !: clarkei (Haek.) Sor 

and. I. oli~ (Hoebst.) Dor, both localized endemics in India. Tlle$e species 

a,:e wdatown eytologically and their phylogenetic affinities within the Bothrioch

Iobttnae are • clear. Two ~peeies of. B:tetu>pggpp. Stapf are recognized by 

de Viet (1962'). One,. R. tubercula.tus (Hack. ) A. Camus is an lndian endemic, - .. 

. a,ud. the other. ~ foveotatus (Del.) Stapf ts widely distributed in. the drie:r 

r-.tons exten.dm.g from .India to Africa.. Harlan ~t al. (1961) indicate that. this 

genus is geneticailly lsolated from ~ otbel:s included in the Botbrioeldoiniaae. 

Mf.>~e~d dattl .~ affi$11tles witll Schizac!i'fnurn Nees belcnglttg to the 

generk Sl"Qt.l{) ~e. The monotyplc &tclasta coodylotricha (Hocbst.) 

Stapf .ls prese.ut ill both tropical .Aftica ·atld tropical America. Spikelet morph .. 

ology SUSFstsdhuties with Dichatlthium,, but these two geaera are isolated 
; - . 
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geaetlcally. The th~ genera Bothd()Chloa O. Kutttze, Capilijpedium Stapf and 

Diehaatbtum Witlem.$t each includes a large and. diverse group of .interrelated 

speclea. The latter genus extends throughoot ·the tropics and suhttoplcs Ill the 

Old World.. ne-~- cGBCentration oi species betoaging t0 2!f!:lli~ ts 

m Jdla attd southeast Asia. Otte species. the· morphologically variable E· 

l!nifle~ {a. Br.} Stapf~ exteads f:tom India to Japaa. Australia, .3.Dd south¢m 

A.&tea. Only this species and 1~ close relatives wtre studied in detail.. Tswo 

.dt$tmet species groUps are evident in the genus Botbriochloa. The members of 

the group, eoaf1n.ed te the warmer parts of the tunencas, are high polyplotds., 

re,Rduee :eeiwaUy and. appes· to be closely related to some AU$tr-~lian species., 

The other· group is widely distributed throughout the tropics and subt1:opics ·of 

the Old Wadd and mostly reproduce$ apomictlcally _ 

The r.elatioll$bips within. and between the genera Bothdochloa. CaP!l!il!!i!m, . 

. amt Diehanthtum wilt be discussed. 

MO:aPJ:IOLOOY 

The ,generi(: limits of. tb.ese three genera are not atwa,ya distinct. Ctassi .. 

. c.alty, Mukel (1889) includes them with the gen.us A~ Linn. as sections. 

Stapf (1917), Jnwever. indicates that they differ so conspicuously from 1-\ndX'!?fO .. 

e, and except for .some dubious species a1se fr.om each other, that each of 

these desenes geuric rank. F'rom Androf!i!! they differ most cort$picuoo.sty 

in respect to 1-emma (;ha.raeterlstics. .Tbe bisexwtl florets are awned from the 

sinUS of a bito.bed lemma :bl A~!!P!:!P• while the lemma mnns the hyaline 

base of the •n in members of the &thrl$Chloininae. Two Australian species, 
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h*loektoa. bltoµa S9 T .. Blake and B. ertantboides ;(F. · Meutl.) C. R. Hubbard, 

resemble .Aad!!l?!a!n in having bilobed lemmas. They, .however, r~e 

~Jocbtoa more closely in r~pect to intlore$Cence stl:Uetllre. The species 

Dtc;haathlum..J?!lyptJSbwn (S~ .tt. Camus with bilobed temmas was referred to 

The two· .genera, Bothrlocbloa and l)ichantliium• may be subdivided into a 

&m:n.ber of motphologieally slm.il.ar species-comple::tes .. Four major fit'Oups are 

~zed hi the genus Dicban.thium and au g.roops m Bothl"iQcbloa .. 

genu.11 ue discussed by de Viet am lUcha:rdson (1963). Two d-iplold complses 

are ~med. T~ Australian. ,group include$ Q .. huxnilius J. M.· Black. 12, • 

. serte•m (R. Br.J A. Camus. !2• setomm s. T. Blake and O. $UPS!'.citiatum 

(Hack.) A. Ca:rnus. These Me cbar4etedzcd by sessile or subsesstte. racemes 

which are iasetculate, .and the lower glume of the .sessile spikelets is long 

ciliate above the nliddle, usaalty forming a subapicat arch.. They are ~shed, 

the one f~om tile other. n'WStly by raceme number and distriblltioll ot cilia. on 

the lo\'ttir glumes. k was suggested by de Wet at'ld HarlaQ (196-2) that these 

~s represent lfflthing more than. disttnct b!otypeS of D. serie~rn isolated 

fro.m ~ Other by mearu,; of self fertiUza.tioo. Hybrids within this group a.re 

almost ~ible tq ~e as tlley are elelstogamous ·Uilder Oklahoma cli."' 

~ eondfflons.. The other diploid complex is confined to h'ldia.. and inctudes

spedes ~ by pedlce1late spikel-ets ha~ the tower glumes armed 

with ~ bulbous-based bristles. Two of these, !!• ~i Blatter .fflld 

Q. m~ Blatt. ·.et lli/lcCann are eharacteriZed by indentations (pi:t:S) on 
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acter. j\1orph6logicaUy these species :resi;;mble the geuus trulochioa in having. 

of each pair ootb heterogamous and hett)I'Otno:rphous. Hybridization within this 

almost lo. detail by crossing tetraploid l'cpresentatlves of the two e. aunulatum 

(Poir.) C. E. Hubbard were discussed by Celarier. de f'et, and .Bakshi (1962). 

To this species complex also belongs Q~ J?§:Uidum (Hook. f.) Stapf, D. tenue 

(1\. Br.) A. Camus,and Q. tbeintwinii Bor wbiclt nmy represent apo:rnktic bio-

types of !Q. cartcoaum. Artificial hybri~s W(..;re prodt.:.ced be1,veen 2;o aristatum 

and !2'• cartcooum. and niorphologicai data presented by Celarier, de V7et, 

.and. Richard$00 (l.961) indicate that these two species also llyb:ridi:ze lli nature. 

The species D. aristar...nn is gc.-neticaUy isolated from n. annulatum but aw .. 
~ . '_- . . . -

. included ill thiS comple.~. can be pr<Xluced 'With :relatiYe ease. ltssumed natural 

hybrids, as well as art:'ificiaUy p1:oduced hybrids between .!2 .. arlstatum and 



Q. caricosum also cross readily with Q. annulaturn. 

The affinities of two imperfectly known species, Q. anddngitre.nse L .• 

Camus amt ~. 11u1cronulatum Jansen, are uncertain. Morpbologi.cal <la.ta suggest 

:relationships with both D. !lffllUlatum and D. caricos~. 

Rl%LA1"IONSI:U.PS \\ !THIN BvrHRIOCH.LOA.. - .. The two diploid species~ 

complexes are contined .to India. Both of these appear to be related to the widely 

distributed !- intermoota (K. Br.) A. camus. 'fhe one group, includes the 

(llploid !• compressa (Hook. f.) Hen.rant the tetraploid !_. woodrowii {Hoof. f.) 

A. Camus,and the cytologicaliy unknown. species!: ensiformis (Hook. f.) Henra:rd. 

These species differ from each other mainly in degree to which the culm$ are 

compressed. and m!nor inflorescence characteristics. 

The other diploid group includes B. concanensis (Hook. f.) Henrard, B. - -
kuntzeana (Ha.ck.) Henntrd, and B. longifoUa (Hack.) Bor. Inflorescence struc .. - . . 

ture suggests affinities with£. pertusa (Linn.) A. Camus and growth habit indi- · 

cares relationships with B. intennedia. Hybrids within aod between these groups -
have as yet not been proouced. Their iocalized distribution and morphologica'l 

dlaraeterlstics (Harlan ~ ~· 1961) inw.cate that tbey may represent relics of 

the origina.1 basic stock \vmch gave rlse to the polyploid species of th.is genus. 

Atteinpts to hybridize tetrapioid ; intermcdia and ~· longifolia. however. were 

not $ucc:essful. 

The Australian te.traploid n. deciplens (Hack.) c. B. Hubbard. the hexa-

·-~'A- 'Ii'.> --h· C' ·r· u1,.1,- --" B rt th ,..., (''~ '.l.(/ u1·1 ) C '"" ·o •• t..:ba-" p,~ ~- iti,UU.,!S!:!! ~,. • J.,:tiQ;:C: auu. -· e. an '().a.~es i'. l\le • ·• L4. nuu .LU, 

and the eytologicaliy unknown !!_. b:iloba s. T. Blake resemble the American 
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polyploid species-complex in inflorescence structare. The racemes are seaSile 

or subsesstte, and the spikelets .are often n,lmost com-pletely covered by long 

Silky hairs on tlte pedlcels and rachls. Singh and de Wet (1961) indicate that 

' ' 

sterile hybrids. bet1t•1teen members of this group and the American complex can 

The more typieai European species B. ischaemum ( Lirut.) Keng which extend 

eastWard to China and adjacent islands appear to hybridize ui nature with !_ .. 

lntermedia wherever tltese two species are sympatric (Harlan, 1%3). Anifidal 

hybrids between these two species can be produced with relative ease (Harlan. 

~!!.- 1961), and the species B. Ol'fZ<'?torutn (Hack.) Sor, and~. l)&el;ldoischaentUm 

(Nee$) Henrard may represent apomietic de-ri-vatives of introgressive hybridi .. 

zation between B·. intermedia and B. lscbaemum .. - - . 

The wid.ely diatnbuted B. inte.:tmeclla (R. Br.) A. Camus is extremely 
... -~·--

Hubbant, !• ~mtt (Haine$) Bor, !_ .. ~ (Rox!>.) A. CamU$, !!• baenkei 

(Prest.) ·Ohwi, mw !• odorata (Lisboa)/L, Camus are usually recognized (de Wet 

1962). These species r~--proouc~ apomictically, can be crossed :trtificially in 

vartous combinations,. and are Stl irtterlinked morphologically a:s to form a single 

eohex-ent S'pecles-complex (H&tdan et!!• 1961). 

The species-complex!!_. acidula (Stapf) de '>},et, !!- msculf>!! (Hochst.) A. 

Camus, !!,. l?!:!Onni~ (Part.) Pilger,!• penuea (Lian.) A. Camus, and!,, 

radicaas (:t..ehm.) A. Camus form a gnu1p in which the individual species are 

often. diffieult or impossible to identify with certainty. , They reproduce 
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apont!ctically. and are tetraploids ~capt for !'?.· in:scu1pta, which is mostly hexa

ploid or pentaploid. Attempted hybrids :between memller$ within tllls comple."t 

'Were not successful. T~~loro representatives of B. Ji!rtt!sa and B. interma.lia, 

however, hybridize. Morphological dat:a., indicate that the !- tnsculpta rnay have 

originated from •sucil. a cross. Tbe remaining s.pecies may represent aPQ,nUcti

cally repraducing ee&-biotypes of !• P!'rtusa. 

RBLA TIONSH1,P$ \'VffmN CAPILLIPEDIUM. ... .. Only 2• P!,rvlftorum (R. Br.) 

~. and it& apparently close relatives g .. arachnoldeum Henrard, g. ca.ueasicwn 

(Tnn.) de Wet .and c. a,eic!lerum S. T. Blake were studied in detail. Both the 

latte-r two species may represent derivatives of in.trogresstve hybridization 

between Botbriochlmt intermedia and ~. ~lo~ (de Wet. Harlan. and. Fa:ruqi. 

1%3; Harlan and Cbbeda, 1963). 

The species Q. I3?:ntfiorum is w.idely distributed, highly variable morph• 

ologk;ally, and characterized by both diploid and tet:raploid 1:nces. This species 

apparently also forms an integrated complex wtth g .. assimile {Steud. )- A. camus 

Widely distributed ln northern India, southea.st Asia, and China. These two species 

differ from each other mainly in growth habit (Bor. 1960).. C8.P!lli}'.?edtum caucasi ... 

cam., confined to the caueasus regioa is included with the genus Both;rlocbloa by 

Hem:ard (1940) and Hubbard (1939). Inflorescence structure, however. ptaces it 

more nearly in the genus 2!J?!1tipec.y.um. Blake (1944) described g. s.P!,cigemm. 

from Australia to include plants intermediate in morphological characteristics 

between C&P!lt*J!!Siwn and Bothriochtoa. 

RELATIONSW,S BBTVvB.EN THE GENERlt BOTHlUOL.~LOA, CAPI.LUPE· 

OMii AND DlCHANl'HIUM. -• Conclusive evidence of intergenerlc bybrtdizatltm 
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,P!!ittm and D~ are genetically isolated from eaeh.other. Harlan e.nd 
. . 

de Wet (1963) illdicate that!• intermedla, as recognized by them., inclu.dea a 

hybrid complex,, refe.rred to as a C(}ntp1los11eeies. This compilospecie$ (Piate 

V, Fig. 2) comprises, a gene pool which includes genetic material of the genera 

Dichanthium .atK'J CapillifJ.!!!i~ as well as !_. isehaem.u."ll and probably also other 

Over its complete range of. diatrlbutton !!· intermedia is syn1patric vntb 

c. pamflonnn and D. annutatum. On the basis of gross morphological char-
- -IP--•;· -

a.cterlsties Bor (1960) subdivides the compilospecies !· intermedia into three 

different species. Plants with 10-25 simple o:r sparsely branched ra.cemes 

ananged on au elongated primary axis a-re referred to !!.· intenn~ (R. Br.) 

A. C!amus. This species is further characterized by 30 0-r more spike.let pairs 

.,er raeeme, ond the spikelets are laneeolate in outline. Partieulady !n Africa 

racemes coasts.ting of 15-25 sptkelet patrs. These plants are usually referred 

to !· glabra (Roxb.) A.. Ca.mus. .Attificia.Uy produced hybrids between !• 

mtermedia and~· parviflorum (de Wet, Borgaonkar. and Cbheda. 1961) imi

cate that plants included with !: glabra could have originated from such a cross. 

lutrogressive hybridization rr.ay explain, the range of morphological variation 

observed among plants in regions where these two species are sympatrlc. The 

Australiaa species, £· spieigerum as wen as f· eaucasicum confined to the 
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Ctlucasus. apparently represent wen established apomietic biotypes derived from 
. . 

in length to the p:rin:raey axis of the inflorescence, and 0oblong-ianceolate spikelets., 

represent hybridization deriva-;ives with 2· annulatum (Harlan et !!_. 196l}. Dor 

(l955) refer to diem as the Gangetica race of ~. intern1e<lia. 'f'bese pl.ants resemble 

are bisexual and awned. In contrast. Dichantbiunl is characte:rizoo hv 1-6 niale .,_ __ ,, . -·. 'f!' 

.and awnless spike.lets at the base of the racemes. 

ln western Paltlsta.n and northe'Z'n .tndia intrvgressive hybridization het'Neen 

(Harlan, 1963). Artificial hybrids between these t'l.vo species res.ernhte these 

assumed natural hybrids in detail n1orpbologicaUy and cytologically. Celarier 

a.ml Harlan (1958) suggest that ~. iscbaemurn. v-ar. sonp.:rica w.ay have originated 

th.rough hybridization between these two spooi:e:s. 

tv!orphologk:al data suggest that Q. pextu.sa also contributes genes ta the 

B. intermedia compilosµ.,ecies. The typically .c\f:rican species!!• lnsculpta, 

resembles arti.ficially produced hybrids between certain biotypes of B. fatter-. ' . --
media and!• ~tu~~.· This species-complex is now being studied in detail. 

DISCUSSION 

Evolution within each of the genera nothriochloa, CapiUipedium, and 

J)ichanthium was probably gover.0£-d, at tl-ie diploid level. and again later in the 
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petypteld level, by the ctasskal forces .o-f mutati'1U. recombination. seleetiG, 

.$Id iSolatioa. Bach pnus la, charactertzed by sexuaUy reprettw:ing diploid, and. 

essenttaU:, apomictie pe:lyploid species. At the. diploid level. at least. at the 

~- time, tilese tlu'ee genera are genetically isolated. Morphological data 

.suggest tbat not Oi'fe of the potyplold species., ·except for the compilospecie$,. !• 

mtennedl-a, eombll'leS genes h'~m any two or alt three of these genera.. The Old 

World ~ids :beba•·cyto'loglea:tty l1ke segmental allopolyplotds, and are 

maintain some CGlttact v.ith s~ity. Mutati-ml. tQgether with occasional hybndi .. 

zatiOG c~y ~ld gjve rise to a large nurnber af distiliCt biotypes. The 

presence of se:xually reproducing allopotyptoids tn the New World would suggest 

a workl-wid.e di$trlbGtioa of Botbrio:hlea some time 1a the past. 

Apomb!s, together with genetically controlled preferential pairing in the 

. 'segmentaL al~ (Harian and de Wet, 1963) made itlter~:dc e.s well 

·the eempllospectes B. ti¢e.rmedta and various rnemters of Caetwpedium and 
. . . 

Di~ Even at the polyploid level the latter two genera are completely 

isoi.ted geaettcally. 

The engblai !, intetmedia, which. iftitiated this chain ot iaterspeetiic and 

lAterg(mede *1idl~tion, could not be distinguished among 300 colleetkms 

studied.. 'I'hese represent bioty-pes coltt?-Cted over the complete rage of the 

species, ~ £tom southem Afr.lea to Australia.. The ba.sie B .. ·tntermedia 
. ·- - .. 
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to a complex, that defies elasSificatkm. · 

The Det result af •such a ~netie system. as toaieatfi?d by 1-,dan ·and de Wet: 

(1963), ts ,a hetenzygous popatatloa capable of rapid evoluti<m. .At this stage of 

~ development • .however. this s,st•m is better desigrted for the destrue .. 

De malntalaed ~ty. 

Harlan -aud -Chheda (1962) demonstrate that the genes wh.ieh eontrot preferen .. 

shoal eventually lead. thro'1gb segmental illterc~. to a cytril.O,gieally balaaced 

$¥stem. At the pr~ time apomi.xia provides @ escape· from sterility and a 

pnetie ~,stem. in whidl segmental tnt:ercha~ are possible wllen cytologically 

,........t.,---a D'Am·-- _ ... ,.. ...... ~•-•l'.'·-4~ ~ ~~~ ~v ~~~. 

pity ts iacreas«l tlu-eugh the ability of bQtb. the cytolo.gicaUy reduced as well 

as ~uced tenuile ~etes to-function sexually or develop ~tteaU.y. 

Evidently. as a1so demoost.,ted by Ctausea (l 961) for ·the gen.us P~ hy:brldi .. 

ation is actually facilitated. by «pombwl.. This Wlieckage of species will CC)tltinue 

as 'kmg u tbe hybrids can reproduce apomicticalty. Sexually reproducing plant&, 

caa be obtataed from e:mssmg two faeattative apomiets. Apombds 1n these 

genera ts bll.'ie-:dted as a..~t character over sexuality. Througb..·selection. 
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however. cytologically urd.la1ari.eed offspI'inH will ha eUmiuated in the sa-uatty 

reproducing biotyr:ies. ''.i~his 111ay eventuaU1r load to genetic isolating n1ech:misms. 

·twd the est"1bU.shtng of completely uevJ species. 

CONCLUSIONS 

1. The genera IJothrlochtoa, C3piUlp~.ium, and iJ:ichantbi.um a.re geneti

eatly isolated from each other at the diploid level. 

2. At tbe potyploid level this is also true of Capillipediu..-n and Di<!:banthium 

One spec.ies-com.ple}:. £· lntermedia, on the other hand, hybridizes bQth in 

nature and under artificial conditions with representative of both the other two 

genera. 

3. Hybrldiza.tion is made possible by tbe. maintenance of a sexi.1al poten

ttai. genetic eontn»lled preferential chror.1oson1:e pab:ing,and apomws. 

4. .,;\t this stage of evolutionary development intmgressive hybridization 

~er l\dth apon1ms are breaking down. species. a-s well as generic bar~ie:rs:. 

s. New biological species could develop from these apomictic biotypes 

only after new genetical isolating mec.'lanisms become estabUshed. 

6. Thls could take place through the establishment of a .balanced cyt<>

k>gtoai system by meaas of segmental interchange and sexual reproduction. 

I 
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