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ABSTRACT 

Dune bluegrass, Poa confinis Vasey, i s a dioe­

cious grass native to the P a c i f i c Coast of North America. 

It has a very r e s t r i c t e d habitat, being confined almost 

e n t i r e l y to the semi-stabilized, porous sand areas of the 

coast. Herbarium studies, and first-hand observations of 

a number of P. confinis s i t e s indicate that i t i s a very 

uniform species. 

Under c u l t i v a t i o n on The University of B r i t i s h 

Columbia farm P. con f i n i s grows vigorously and forms a 

thick sod. Its fine-leaved growth, rhizomatous root 

system and rapidly-spreading habit, together with the 

sandy nature of i t s native habitat, a l l suggest that i t 

may f i n d use as a turf species for sandy golf courses 

and similar areas along the coast. 

A survey of the l i t e r a t u r e on reproduction i n 

the bluegrasses reveals that apomixis i s widespread i n 

Poa, and that apospory or diplospory followed by pseudo-

gamous embryo development i s the usual form of apomictic 

reproduction. Breeding procedures with apomictic blue-

grasses muct be considerably modified, but the standard 

techniques of improvement are s t i l l t h e o r e t i c a l l y a v a i l ­

able to the bluegrass breeder. 

A c y t o l o g i c a l study of embryo sac development 



i n p i s t i l l a t e plants indicates that i t follows the "normal 

scheme, and that reproduction i s sexual. Each ovule con­

tains a single EMC which undergoes a regular meiotic d i v i ­

sion, giving r i s e to a t r i a d or tetrad of megaspores, one 

of which forms the haploid embryo s a c . Somatic chromosome 

numbers of 2n = 42 are found i n two EMCa i n diakinesis. 

The presence of twin embryo sacs i s observed i n two ovules 

Very marked antipodal development, with an increase i n 

size and number of c e l l s , and i n the number of nu c l e i per 

c e l l , i s c h a r a c t e r i s t i c of the mature female gametophyte. 

Microsporogenesis i n the staminate plants also 

appears "normal 1 1. Studies of anthers i n p i s t i l l a t e f l o r e t 

and ovules i n staminate f l o r e t s show that t h e i r develop­

ment proceeds normally up to a cert a i n point and then 

breaks down. 

Embryo and endosperm development can be seen i n 

sections of ovules prepared after the p o l l i n a t i o n of P.  

co n f i n i s by P. pratensis. The embryos are believed to be 

the product of true hybridization. Seed forms afte r a l l 

the crossings among P. c o n f i n i s , P. macrantha, P. praten­

s i s and P. compressa using the f i r s t two species as female 

parents, but the seed invar i a b l y shrivels shortly before 

reaching maturity. 

The excision of hybrid embryos from seeds formed 

after some of the i n t e r s p e c i f i c crosses, and the culture 



of these embryos on agar media have been successfully 
carried out. Tissues of putative macrantha x confinis 
hybrids are growing, and showing some d i f f e r e n t i a t i o n . 

The results indicate that hybrids between P.  
confinis and other blue grasses can probably be obtained 
through embryo culture techniques. 
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REPRODUCTION AND BREEDING IN A DIOECIOUS BLUEGRASS, 
Poa confinis VASEI 

I INTRODUCTION 

Many grasses need only to be given study to 
demonstrate t h e i r usefulness to man* Although grass i s 
one of the world's greatest natural resources, u n t i l r e l a ­
t i v e l y recent times very l i t t l e has bee.n done to conserve, 
improve, replenish or i n many instances even make any use 
of more than a small proportion of the t o t a l number of 
grass species. The cereals and sugar-supplying species 
have been cultivated and improved by man for centuries, 
and the cul t i v a t e d and range forage grasses are now re­
ceiving considerable attention.' Nonetheless, the poten­
t i a l i t i e s of a vast number of the 4,000 or more grass 
species are v i r t u a l l y unknown. 

There are some species of Poa, the bluegrasses, 
among these little-known grasses, although the members of 
t h i s genus are probably more widely known than those be­
longing to many other grass genera. Part of t h e i r recog­
n i t i o n i s due to the p a r t i c u l a r importance of a few of 
the i n d i v i d u a l Poa species, especially P. pratensis*. 
Kentucky bluegrass, but many other bluegrasses are also 
of great value. The challenge of the d i f f i c u l t taxonomy 

* F u l l botanical nomenclature for a l l species named 
appears.in Appendix. 
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of Poa has resulted i n much study on the i n d i v i d u a l species, 
subspecies and forms i n attempts to determine relationships 
and evolutionary patterns within the genus. The genus i s 
of added interest because of i t s cosmopolitan character. 

Although primarily grasses of the temperate 
regions of the world, bluegrasses are found on every con­
tinent and i n a wide va r i e t y of habitats. Different blue-
grasses thrive i n a r c t i c , a n t a r c t i c , and alpine habitats, 
i n woodlands, meadows, marshes and a r i d p l a i n s , and on 
rocky seashores and coastal dunes. The var i e t y of form 
within Poa i s also considerable: annuals and perennials, 
rhizomatous, stoloniferous, and bunchgrass types, some as 
t a l l as a man and others only a few inches i n h e i g h t — a l l 
are found among the bluegrasses. 

Among the Poa species about which very l i t t l e 
i s known i s Poa confinis or dune bluegrass, a small, 
dioecious species native to the sandy meadows and dune 
areas of the P a c i f i c Coast of North America. Established 
i n t r i a l plots on The University of B r i t i s h Columbia farm 
several years ago, a biotype of P. confinis o r i g i n a t i n g 
from Vancouver Island has shown several c h a r a c t e r i s t i c s 
which merit p a r t i c u l a r attention. I t s very fine-leaved 
growth and i t s strong, rapidly-spreading rhizomatous root 
system, together with the nature of i t s native habitat, 
have a l l suggested that i t might prove of value as a t u r f 



species f o r sandy g o l f courses, parks and s i m i l a r l o c a t i o n s 
along the coast. A f u r t h e r p o s s i b i l i t y i s that some of 
the more d e s i r a b l e f e a t u r e s of P. c o n f i n i s might be com­
bined, through i n t e r s p e c i f i c h y b r i d i z a t i o n , w i t h those of 
other bluegrasses, p a r t i c u l a r l y P. p r a t e n s i s and P. com-
pressa. 

The f a c t that dune bluegrass i s a dioecious 
species i s of added i n t e r e s t , as scant a t t e n t i o n seems to 
have been p a i d to dioecism i n grasses. No l e s s than 
eight North American bluegrasses are d i o e c i o u s , yet l i t t l e 
i s known of the r e p r o d u c t i v e f e a t u r e s or other character­
i s t i c s of most of them. 

The d i s c o v e r y during the l a s t two decades of 
the widespread occurrence of apomictic seed formation 
among the Poa species has aroused a great deal of i n t e r e s t 
among p l a n t breeders and i s proving to be of great s i g n i f ­
i c ance. New o p p o r t u n i t i e s f o r i n t r a - and i n t e r s p e c i f i c 
h y b r i d i z a t i o n have been opened up, and the development of 
almost l i m i t l e s s numbers of new Poa forms now seems poten­
t i a l l y p o s s i b l e . But the presence of apomixis g r e a t l y 
modifies the standard p l a n t breeding procedures; f o r t h i s 
reason i t i s e s s e n t i a l to e s t a b l i s h the method of repro­
d u c t i o n i n p l a n t s w i t h which breeding work i s being con­
templated and which are r e l a t e d to known apomictic forms. 
With t h i s object i n mind, a d e t a i l e d c y t o l o g i c a l study of 



reproduction i n P» c o n f i n i s was undertaken.. This study 

was complemented by attempts a t h y b r i d i z a t i o n between 
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I I THE SYSTEMATICS OF THE BLUEGRASSES, WITH PARTICULAR 

REFERENCE TO Poa c o n f i n i s 

A. T r i b a l , g e n e r i c , and s p e c i f i c r e l a t i o n s h i p s 

The t r i b e Festuceae, to which the genus Poa 

belongs, ranks w i t h the t r i b e s Hordeae, Aveneae, Oryzeae 

and Andropogoneae as a most Important economic group of 

the Gramineae. Festuca, Bromus, D a c t y l i s , E r a g r o s t i s 

and K o e l e r i a are others of importance among the e i g h t y -

three genera w i t h i n the t r i b e ( 8 9 ) . 

The t r i b e i s d i s t i n g u i s h e d from the other t e n 

t r i b e s recognized by Hackel ( 4 9 ) and Rendle ( 8 9 ) by the 

f o l l o w i n g combined c h a r a c t e r s : 
Culms herbaceous, annual; l e a f blade ses­

s i l e , not j o i n t e d t o the sheath; the s p i k e l e t s 
upon d i s t i n c t p e d i c e l s and arranged i n p a n i c l e s 
or racemes; s p i k e l e t s c o n t a i n i n g two or more 
f l o r e t s ; the f l o w e r i n g glumes g e n e r a l l y longer 
than the empty glumes, and unawned or w i t h a 
s t r a i g h t awn from the p o i n t ; the r a c h i l l a j o i n t e d 
above the empty glumes, which remain a f t e r the 
f r u i t i n g glumes have f a l l e n ; d i s t i n c t internodes 
produced between the f l o r e t s . 

The genus Poa i t s e l f i s described by Hitchcock 

( 5 4 ) : 

" S p i k e l e t s 2 - to s e v e r a l - f l o w e r e d , the 
r a c h i l l a d i s a r t i c u l a t i n g above the glumes and 
between the f l o r e t s , the uppermost f l o r e t r e ­
duced or rudimentary; glumes acute, keeled, 
somewhat unequal, the f i r s t u s u a l l y 1-nerved, 
the second u s u a l l y 3-nerved; lemmas somewhat 
keeled, acute or a c u t i s h , r a r e l y obtuse, awnless, 
membranaceous, o f t e n somewhat sc a r i o u s a t the 
summit, 5-nerved (intermediate nerves, t h a t i s , 



-6-

the p a i r between the k e e l and the marginal 
nerves, r a r e l y o b s o l e t e ) , the nerves sometimes 
pubescent. Low or r a t h e r t a l l slender annuals 
or u s u a l l y p e r e n n i a l s w i t h s p i k e l e t s i n open or 
contracted p a n i c l e s , the r e l a t i v e l y narrow 
blades f l a t , f o l d e d , or i n v o l u t e , ending i n a 
boat-shaped t i p . " 

Hitchcock (54) d i v i d e d the 60-odd Poa species 
found i n the United States i n t o seven s e c t i o n s : the 
Annuae, Pratenses, P a l u s t r e s , A l p i n a e , E p i l e s , S c a b r e l l a e 
and Nevadenses. These separations he based p r i n c i p a l l y 
on s i n g l e c h a r a c t e r s . 

The species w i t h i n the s e c t i o n Pratenses were 
defined by Hitchcock (54) as p e r e n n i a l p l a n t s from creep­
i n g rhizomes, having compressed s p i k e l e t s , w i t h the 
glumes and lemmas being keeled. The s i x t e e n species 
which he placed i n t h i s s e c t i o n i n c l u d e s i x dioecious 
species: Poa c o n f i n i s , P. macrantha, P. a r a c h n i f e r a . 
P. D o u g l a s i i , P. rhizomata and P. atropurpurea. The r e ­
maining species are P. p r a t e n s i s , P. compressa. P. c u r t a . 
P. nervosa. P. K e l l o g g i i . P. l a x i f l o r a . P. cuspidata. 
P. a r i d a . P. g l a u c i f o l i a and P. a r c t i c a . Hitchcock (54) 
d i d not a c t u a l l y describe P. rhizomata and P. atropurpurea 
as dioecious species, but Marsh (68) describes them as 
such i n a more recent taxonomic treatment. Grun (42, 43) 
has a l s o found t h a t P. nervosa has o n l y a b o r t i v e anthers 
over almost i t s e n t i r e range. 
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P. c o n f i n i s , P. macrantha, and P. D o u g l a s i i 
are a l l P a c i f i c Coast sand dune species and have been 
g e n e r a l l y considered to be c l o s e l y r e l a t e d by other 
taxonomists (33, 1 4 ) , since Hitchcock (54) f i r s t p laced 
them together w i t h i n the Pratenses. However, Hartung 
(53) and Clausen et a l . (22) i n d i c a t e that the s o - c a l l e d 
"rhizomes" of P. macrantha and P. D o u g l a s i i are a c t u a l l y 
long a e r i a l runners or w h i p - l i k e stems which bend over 
and root at the nodes. These have the appearance of 
rhizomes when b u r i e d under sand. According to Hartung 
(53) these a e r i a l runners are not found i n any other North 
American Poa s p e c i e s . 

B e e t l e (14) considers a l l three of these dune 
species to be c l o s e l y r e l a t e d to P. eminens of c o a s t a l 
northeastern A s i a and a r c t i c America and P. l a b r a d o r i c a 
of the coast of Labrador. Marsh (68) says t h a t Poa con-
f i n i s "should not be confused w i t h any other s p e c i e s " 
and that i t s c l o s e s t r e l a t i v e seems to be P. atropurpurea. 
a species w i t h a very r e s t r i c t e d range i n Bear V a l l e y i n 
the San Bernadino Mountains, Southern C a l i f o r n i a . 

Marsh (68.) has proposed a d i v i s i o n D i o e c i a to 
i n c l u d e a l l the completely d i o e c i o u s species i n the United 
States and southern Canada. In t h i s group he places P. 
c o n f i n i s , P. macrantha, P. D o u g l a s i i . P. atropurpurea. 
P. Piperi,, P. rhizomata. P. P r i n g l e i , and P. a r a c h n i f e r a . 



The d e s c r i p t i o n of P. c o n f i n i s given by Marsh 

(68) i s : 
" P e r e n n i a l ; w i t h creeping rhizomes., o f t e n 

1 m. or more long. Culms 10-35 ( u s u a l l y 15-20) 
cm. t a l l , e r e c t , r a r e l y somewhat spreading, 
glabrous, smooth or s t r i a t e , l e a f y to above the 
middle or n e a r l y to the i n f l o r e s c e n c e i n many 
sma l l p l a n t s . Sheaths 1-3 ( u s u a l l y 2) per culm, 
glabrous, u s u a l l y s t r i a t e ; green, tawny or 
p u r p l i s h i n c o l o r ; shorter than internodes; closed 
1/3 - 1/2 t h e i r l e n g t h . Culm blades 0.5-2.5 cm. 
l o n g , 1-2 mm. wide, i n v o l u t e , glabrous on d o r s a l 
s u r f a c e , glabrous to scabrous or minutely pubes­
cent on v e n t r a l s u r f a c e . Innovation blades vary­
ing i n l e n g t h to as much as 20 cm., o f t e n as long 
or longer than the culms, f o l d e d or i n v o l u t e , 
u s u a l l y more scabrous or pubescent on v e n t r a l 
s u r f a c e . L i g u l e s up to 1.5 (2.2) mm. l o n g , ob­
tuse to acute, scabrous on d o r s a l s u r f a c e . Pan­
i c l e s e r e c t , contracted, 1-7 ( u s u a l l y 3-4) cm. 
l o n g , up to 2 ( u s u a l l y 1) cm. wide. Rachis g l a ­
brous, i t s branches u s u a l l y s p a r s e l y scabrous. 
P l a n t s completely d i o e c i o u s . S p i k e l e t s 2- to 
5-flowered, 3-6 (8) mm. l o n g , 2-4 mm. wide. F i r s t 
glume 1- or 3-nerved; k e e l e d , acute 1/2 - 2/3 the 
l e n g t h of the 1st f l o r e t , about 2/3 the l e n g t h 
of the 2nd glume, glabrous or s l i g h t l y scabrous 
on k e e l near t i p . Second glume u s u a l l y about 3 
mm. l o n g , 3-nerved, keeled, broadly acute to ob­
tuse, wider than 1st glume, 2/3 - 3/4 the l e n g t h 
of 2nd f l o r e t , scabrous on upper 1/2 - 1/4 of k e e l . 
Lemmas 2-3*5 (4*5) mm. l o n g , acute to obtuse, 
keeled, glabrous to s p a r s e l y and minutely scabrous 
a l l over the back, o c c a s i o n a l l y s c a n t l y pubescent 
on the back, u s u a l l y a few ( o f t e n copious) cob­
webby h a i r s present at base of lower f l o r e t s . 
Paleas 7/8 as long as lemmas, or i n upper f l o r e t s 
as long as the lemmas, scabrous on k e e l s . R a c h i l -
l a s glabrous to minutely pubescent. Anthers 1.5-
2 mm. l o n g . " 

The only recorded chromosome count f o r Poa con­
f i n i s i s that made by Hartung (53), who found 2n • 42, 
the hexaploid number f o r Poa. 



B. A study of p r e s c r i b e d herbarium specimens of 
Poa species 

An examination was made of a number of herbarium 
specimens of Poa c o n f i n i s i n order to check s e v e r a l charac­
t e r i s t i c s of the species a g a i n s t those presented by Marsh 
( 6 8 ) (above), and to note any v a r i a t i o n s i n characters 
that might be r e l a t e d to geographic d i s t r i b u t i o n . D i f f e r ­
ences were a l s o noted between P. c o n f i n i s and s e v e r a l 
other Poa species , p a r t i c u l a r l y P. a b b r e v i a t a , an a r c t i c 
species ( 1 1 , 4 1 , 104) which resembles P. c o n f i n i s q u i t e 
c l o s e l y i n outward appearance. 

The specimens of P. c o n f i n i s examined were bor­
rowed from the U n i v e r s i t y of C a l i f o r n i a , the N a t i o n a l 
Museum of Canada, and The U n i v e r s i t y of B r i t i s h Columbia. 
These specimens represented c o l l e c t i o n s made i n B r i t i s h 
Columbia, Washington, Oregon and C a l i f o r n i a . 

The numbers of the herbarium sheets were: 
U n i v e r s i t y of C a l i f o r n i a Herbarium numbers: 5 6 3 6 3 9 , 

580408, 9 2 6 1 4 6 , 801585, 759245, 759092, 759091, 
5 2 5 6 2 3 , 1 8 3 5 3 2 , 6 O 8 I 7 , 5 2 5 6 3 1 , 5 2 5 6 2 4 , 1 8 7 2 2 6 , 

249669, 5 7 0 5 1 5 , 5 7 0 5 1 6 , 121967, 128074, 6 0 3 5 8 2 , 

586098. 
N a t i o n a l Museum of Canada Herbarium numbers: 34712, 

34711, 34710, 34709, 34708, 34707,. 34706, 161661, 

161769. 
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The University of B r i t i s h Columbia Herbarium 
number: 20,211. 

The following c h a r a c t e r i s t i c s were noted: 
Presence or absence of rhizomes; leaf length i n r e l a t i o n 
to culm length; culm length; panicle length; spikelet 
length; number of f l o r e t s per s p i k e l e t ; length of 1st 
and 2nd glumes, and number of nerves; scabrousness of 
keel of 1st glume; length of lemma of 1st f l o r e t and 
number of nerves; prominence of web at base of lemma; 
sex of plant. 

In nearly a l l features the specimens examined 
were e s s e n t i a l l y the same as described by Marsh (68), 
although minor differences were noted. 

A l l plants had strongly developed rhizomes. 
Leaf length i n r e l a t i o n to culm length, culm length i t ­
s e l f , and panicle length were much as described by Marsh, 
although the panicles were more often 3 cms. or less i n 
length, somewhat shorter than his f i g u r e . S l i g h t d i f f e r ­
ences i n several other features were noted: the f i r s t 
glume was never found to be 1-nerved, and was occasionally 
f a i n t l y 5-nerved; the second glume was also occasionally 
5-nerved, but usually 3-nerved l i k e the f i r s t glume. The 
scabrousness of the keel of the f i r s t glume was somewhat 
variable, but was usually quite evident at the t i p of the 
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glume. The web at the base of the lemma seemed a very 

v a r i a b l e character, i n agreement w i t h Marsh's d e s c r i p t i o n ; 

i n a few cases i t was almost e n t i r e l y l a c k i n g , i n others 

i t was very pronounced, but intermediate types predominated. 

Of the 31 specimens examined 18 were p i s t i l l a t e p l a n t s and 

13 were staminate; i n almost a l l f l o r e t s examined the 

rudimentary sex organs of the opposite sex could be seen, 

and there was no instance observed of the strong develop­

ment of both sets of sex organs i n a s i n g l e f l o r e t or a 

s i n g l e p l a n t . 

On the whole, the p l a n t s examined appeared to 

be remarkably uniform, and the v a r i a t i o n s that d i d e x i s t 

i n some characters were t o t a l l y u n r e l a t e d to the north-

south d i s t r i b u t i o n of the species along the P a c i f i c Coast. 

The specimens of P. abbreviata examined d i f ­
f e r e d markedly from P. c o n f i n i s i n s e v e r a l f e a t u r e s . A l l 
were hermaphroditic and none had rhizomes* The equal 
l e n g t h of the 1st and 2nd glumes, pubescence of the lem­
mas, and copious web of a l l p l a n t s s t u d i e d were d i s t i n c ­
t i v e . The p l a n t s were g e n e r a l l y l e s s than 10 cms. t a l l . 
A l l the specimens of P. abbreviata represented c o l l e c t i o n s 
made i n a r c t i c r e g i o n s . 

No other c o a s t a l species examined bore any c l o s e 
resemblance to P. c o n f i n i s . 



-12-

I I I THE DISTRIBUTION AND ECOLOGY OF Poa c o n f i n i s . AND SOME 
GENERAL COMMENTS ON ITS INTRODUCTION TO CULTIVATION 

A. D i s t r i b u t i o n 

Poa c o n f i n i s i s l i m i t e d e n t i r e l y to the P a c i f i c 
Coast of North America (54). Although i t i s l i s t e d i n a 
number of f l o r a s as being found as f a r north as Alaska 
(54, 57, 104), no specimens have been seen by the w r i t e r 
from f a r t h e r north than U c l u e l e t , on the West Coast of 
Vancouver I s l a n d , and Comox, on the eastern s i d e . Hulte'n, 
i n h i s f l o r a of Alaska and the Yukon (56) says t h a t he d i d 
not see any Alaskan specimens of P. c o n f i n i s . C o l l e c t i o n s 
from the northern c o a s t a l regions of B r i t i s h Columbia are 
rat h e r i n f r e q u e n t , and the species may e x i s t c o n s i d e r a b l y 
f a r t h e r north than Vancouver I s l a n d . However, at the 
moment the northernmost l i m i t of P. c o n f i n i s remains 
unknown. 

Howell (55) has found P. c o n f i n i s as f a r south 
as P o i n t Reyes P e n i n s u l a , C a l i f o r n i a , j u s t north of the 
Golden Gate, although he s t a t e s t h a t on recent occasions 
he has been unable to f i n d i t again i n t h i s l o c a t i o n . 
I t c e r t a i n l y occurs f r e q u e n t l y f a r t h e r north i n Mendocino 
and Humboldt Counties, C a l i f o r n i a , and many c o l l e c t i o n s 
have a l s o been made along the Oregon and Washington coasts. 



C o l l e c t i o n s i n B r i t i s h Columbia have been made at a number 

of p o i n t s , i n c l u d i n g the west and east coasts of Vancouver 

I s l a n d , the Gulf Islands and Boundary Bay. 

B. Ecology 

The r e s t r i c t e d h a b i t a t of Poa c o n f i n i s i s one 

of i t s most d i s t i n c t i v e f e a t u r e s , making i t an extremely 

i n t e r e s t i n g subject f o r e c o l o g i c a l study. Throughout 

i t s d i s t r i b u t i o n range i t i s confined almost completely 

to sand dunes, sandy meadows, s p i t s and f l a t s along the 

ocean coast. P r a c t i c a l l y every herbarium sheet of dune 

bluegrass examined has borne a note emphasizing the sandy 
nature of i t s c o l l e c t i o n s i t e , and c e r t a i n l y a l l s i t e s 
seen at f i r s t hand have been predominantly sandy areas. 

The ecology of c o a s t a l dune areas, p a r t i c u l a r l y 

of Great B r i t a i n , has been thoroughly examined by S a l i s ­

bury (91), and the w r i t e r i s not equipped to extend the 

knowledge of dune species and t h e i r environment. However, 

many of the s i t e s v i s i t e d merit some d e s c r i p t i v e study be­

cause of t h e i r r a t h e r s p e c i a l i z e d nature and because the 

t o t a l area of such l o c a l i t i e s i n the world i s probably 

not very great. The d e s c r i p t i o n s provided here should be 

regarded as c a s u a l observations r a t h e r than attempts to 

present accurate e c o l o g i c a l data. 
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Poa c o n f i n i s was found a t the f o l l o w i n g l o c a t i o n s 

during the course of the study: on Vancouver I s l a n d a t 

W h i f f i n S p i t , Sooke Harbour; W i t t y ' s Lagoon, Metchosin; 

I s l a n d View Beach, Saanichton; Englishman's R i v e r " d e l t a , " 

P a r k s v i l l e ; and French Creek, Qualicum. I t was a l s o 

l o c a t e d on the north-west s p i t on James I s l a n d , j u s t o f f 

Sidney, Vancouver I s l a n d . In the U n i t e d S t a t e s P. c o n f i n i s 

was found on the western Washington coast a t s e v e r a l p l a c e s 

around Gray's Harbour and P o i n t C h e h a l i s , and a l s o at P o i n t 

Roberts, Boundary Bay. Some of these s i t e s were s t u d i e d i n 

somewhat more d e t a i l than o t h e r s . 

At P a r k s v i l l e , P. c o n f i n i s grows both on the 

r a i s e d beach or f l a t " d e l t a " area of Englishman's R i v e r , 

i n very sandy s o i l , and a l s o i n almost pure sand j u s t above 

the high water mark ( F i g s . 1, 2 and 3 ) . 

F i g u r e 1: P a r k s v i l l e , V. I. The d r i e d 
grass on the bank above the l i t t o r a l 
area i s mostly P. c o n f i n i s and the 
t a l l e r P. p r a t e n s i s . 
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I n t h e f o r m e r a r e a , b e h i n d t h e l i t t o r a l a r e a i t s e l f , t h e 

P. c o n f i n i s grows i n c l o s e a s s o c i a t i o n w i t h P. p r a t e n s i s 

and P. compressa and a number o f o t h e r g r a s s e s and b r o a d -

l e a v e d s p e c i e s u n d e r a s c a t t e r e d c o v e r o f l o w - g r o v r i n g , 

s h r u b b y Rosa gymno c a r p a . 

F i g u r e 2: P a r k s v i l l e , V. I . S c a t t e r e d 
t u f t s o f P. c o n f i n i s can be s e e n i n t h e 
open sand i n t h e f o r e g r o u n d , j u s t above 
t h e u p p e r l i m i t o f t h e d r i f t w o o d a r e a . 
The shrub i s G r i n d e l i a s q u a r r o s a . 

t h e P. c o n f i n i s w h i c h c a n be s e e n i n t h e 
f o r e g r o u n d i n F i g u r e 2 . 
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In t h i s area the dune bluegrass i s a common though not 
dominant species and does not appear to be competing 
strongly with the associated plants* On the low bank 
just above the l i t t o r a l area ( F i g . 1) the P. confinis i s 
more evident and seems to be e f f e c t i v e l y holding the sandy 
s o i l along parts of the bank edge, i n conjunction with the 
t a l l e r P. pratensis. A l l the dune bluegrass i s character­
ized by a strong rhizome system which connects the more 
or less scattered t u f t s of grass and acts as a sand-
binding agent. On the beach i t s e l f , just behind the d r i f t ­
wood logs at the high tide l i n e (Figs. 2 and 3), the t u f t s 
are somewhat more scattered, although s t i l l connected by ' 
the rhizomatous stems. 

At French Creek, Qualicum, only a few scattered 
plants of dune bluegrass occur i n the raised beach sand 
area close to a short road leading to the shore. This 
area i s considerably disturbed. A few Canada bluegrass 
plants are also scattered i n the beach sand. 

At Witty's Lagoon P. c o n f i n i s grows on the sandy 
sp i t which separates the lagoon from the ocean. I t i s 
found on the exposed areas of sand among the broom ( C y t i -
sus) bushes which dominate much of the central ridge of the 
s p i t . The dune bluegrass i s absent from' the areas where 
a number of grasses (including P.. pratensis and P. com-
pressa) and broad-leaved plants have formed a more or less 
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s o l i d cover over the sandy s o i l . The whole area i s sub­

ject to heavy grazing by c a t t l e , sheep and horses. 

On James Island and Island View Beach Spit 

P. confinis i s again found i n open, porous sand just 

behind the l i t t o r a l area. The larger P. macrantha i s 

well established on Island View Beach Spit, along with 

the P. confinis , P. pratensis, and other plants. A 

small area of P. macrantha i s also present beside the 

roadway on the north-west s p i t , James Island, i n open 

sand. 

On the large, d r i f t i n g expanse of sand dunes 

at Twin Harbours State Park, by Gray's Harbour, Washing­

ton, P. macrantha and a coarse Ammophila species are the 

dominant plants ( F i g . 4). 

Figure 4: Dune area of Twin Harbours State Park, 
Gray's Harbour, Wash., where P. macrantha and a 
species of Ammophila are the dominant grasses. 
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Poa c o n f i n i s i s n o t f o u n d h e r e on t h e open, d r i f t i n g s a n d , 

b u t o c c u r s i n s m a l l p a t c h e s i n t h e more s t a b i l i z e d a r e a 

w h i c h shows i n t h e f o r e g r o u n d i n F i g . 4. A c l o s e u p o f 

t h i s w e l l - s t a b i l i z e d p o r t i o n o f t h e s a n d dunes ( F i g . 5 ) , 

shows m o s t l y t h e c o a r s e b u n c h e s o f P. m a c r a n t h a , w i t h t h e 

l o w - g r o w i n g b r o a d - l e a v e d c o v e r i n between t h e b u n c h e s . 

F i g u r e 5 : C l o s e u p o f p o r t i o n o f f o r e g r o u n d i n F i g . 
4 showing l a r g e t u f t s o f P. m a c r a n t h a . Some P.  
c o n f i n i s i s a l s o f o u n d i n t h i s s t a b i l i z e d a r e a . 

Poa c o n f i n i s i s a l s o f o u n d i n s e v e r a l p l a c e s 

b e h i n d t h e a c t u a l dune o r b e a c h a r e a , i n sandy s e m i -

s t a b i l i z e d banks a l o n g t h e roadways and i n one i n s t a n c e 

i n a f l a t , sandy v a c a n t l o t ( F i g . 6 ) . However, none o f 

t h e s e l o c a t i o n s a r e more t h a n a few h u n d r e d y a r d s f r o m t h e 

dune a r e a . P. c o n f i n i s and P. p r a t e n s i s o c c u r i n c l o s e 
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association on one sandy bank just behind the dunes, close 

to the Point Chehalis lighthouse. 

Figure 6: Small tufts of P. confinis growing in 
a sandy vacant lot near Point Chehalis, Gray's 
Harbour. 

The only site visited when P. confinis plants 

were in flower was at Point Roberts, Boundary Bay. Here, 

large areas of P. confinis are found on the slopes of the 

sand banks at the back of the raised beach area. On 

these sloping banks the dune bluegrass receives l i t t l e 

competition from other plants and sometimes forms exten­

sive patches twenty to thirty feet in diameter. The 

plants in these patches are connected by the character­

i s t i c rhizome system, and each patch seems to be composed 

of either a l l female or a l l male plants. 
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At none of the sites visited during the study-
is there any sign of seedling plants of dune bluegrass. 

As perhaps the specific epithet confinis implies, 
dune bluegrass exists in a very circumscribed habitat. 
The general impression gained from the study of the vari­
ous sites i s that P. confinis i s adapted particularly to 
the semi-stabilized, porous sand areas which often l i e 
behind the l i t t o r a l zone along the Pacific Coast. It i s 
not often found in the more seaward locations—the peb­
ble or sand beaches which must often be subject to wind­
blown salt spray—where the Lathyrus (beach.pea), Glaux 
and Elymus species frequently flourish. Nor i s P. con­
f i n i s ever seen on the muddy f l a t s or saltmarsh areas 
where the Salicornia. D i s t i c h l i s . Atriplex and Puccinellia 
halophytes thrive. It does sometimes occur on the more 
stabilized sandy f l a t s where a heavier cover of other 
grasses and legumes has formed, but even in these areas 
i t does not seem to be well-adapted. The narrow confines 
of the dune bluegrass habitat are rather unique, as almost 
a l l the other species of higher plants with which P. con­
f i n i s can be found associated possess much wider ranges 
of adaptation. 
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C. Introduction to cultivation 

The P. confinis material on which most of the 

cytological and hybridizational studies were carried out 

came originally from Whiffin Spit, Sooke Harbour, V. I., 

where Dr. V. C. Brink made a collection of a few plants 

in the summer of 1948. These plants were grown in a 

single row on the University of British Columbia farm and 

showed great vigour and spreading capacity. Unfortunately, 

detailed notes were not kept on the grass at this time, 

and i t is not known whether any male plants were among 

the original group. However, a number of these plants 

gave a heavy seed set following their establishment on 

the farm. This seed was used to sow several metre square 

plots in a bluegrass nursery close to the original row 

of plants. 

The growth and vigour of the P. confinis plants 

in the metre square plots was again good. However, no 

note was taken of their composition with respect to the 

proportion of male and female plants, although i t i s 

known that a good seed set was obtained on at least some 

of the plants. 

When the bluegrass nursery had to be abandoned, 

the dune bluegrass was perpetuated through the establish­

ment of a new plot by clonal propagation from the metre 
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square p l o t s . Rhizomes were spread and buried under a 

layer of s o i l i n a 6 x 12 foot plot* As f a r as i s now 

known, the rhizomes used for the establishment of t h i s 

new plot were taken from a f a i r l y large portion of the 

metre square plantings. Therefore, the plants i n the 

6 x 12 foot plot are presumed to have been reasonably 

representative of the e a r l i e r material established from 

seed. However, when these plants f i r s t flowered a f t e r 

the writer undertook the dune bluegrass study, i n May 1954, 

i t was found that the entire plot contained only female 

plants. This was confirmed when the plants again flowered 

i n May 1955* 

P. confinis has done exceptionally well on the 

University farm, both i n the s o l i d plantings and i n single 

r o i i r plantings. The fine-leaved growth i s very a t t r a c t i v e , 

and the plants i n the single-row spacings, p a r t i c u l a r l y , 

have shown an extremely rapid spread by means of the 

creeping rhizomes. The s o l i d planting i n the 6 x 12 foot 

plot shows a very thick, rhizomatous sod formation. 

The dune bluegrass on the University farm did 

not begin growth i n the spring u n t i l the middle of A p r i l 

i n the two years during which the writer made observations. 

However, the inflorescences appeared very r a p i d l y a f t e r 

growth began, and l i t t l e vegetative growth preceded the 
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emergence of the panicles. In the f i r s t year of observa­

t i o n (1954) the panicles emerged on May 2nd, and flowered 

about two weeks l a t e r ; the following year flowering took 

place almost two weeks l a t e r , due to the l a t e spring. 

In both years there were very few other blue-

grasses flowering as early as P. c o n f i n i s . except annual 

bluegrass, P. annua. In May 1955 a row of P. alpina 

plants flowered at approximately the same time as P. con­

f i n i s . but at several hundred feet distant from the nearest 

plants of the l a t t e r species. Kentucky bluegrass i n the 

nursery, and growing i n nearby uncultivated areas, flowered 

a few days a f t e r P. confinis had f i n i s h e d flowering; Canada 

bluegrass flowered considerably l a t e r . 

The writer has not found any seeds formed on the 

dune bluegrass plants growing on the University farm. 

Bagged plants have set no seed. 

A number of seed c o l l e c t i o n s were made from 

P. confinis plants and from other bluegrasses at the v a r i ­

ous s i t e s along the coast which were v i s i t e d during the 

study. Seed from these c o l l e c t i o n s was sowed i n f l a t s of 

sand i n the greenhouse i n December 1954. There was no 

obvious sign of any hybrids among the thousands of seed­

li n g s from the various c o l l e c t i o n s , although t h i s feature 

could not be checked too c l o s e l y and a l l seedlings could 

not be saved. In February, seedlings from each c o l l e c t i o n 
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were transferred to very l i g h t , s t e r i l i z e d s o i l i n a 

greenhouse bench. Most of these seedlings were planted 

i n spaced rows i n the University nursery i n May. 

Poa confinis from the following places i s now 

represented i n the nursery; Whiffin Spit ( o r i g i n a l mat­

e r i a l ) ; Island View Beach Spit; Witty's Lagoon; Parks-

v i l l e ; Twin.Harbours State Park; Point Roberts. 
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IV REPRODUCTION IN THE BLUEGRASSES 

A. A general statement on l i t e r a t u r e review 

The l i t e r a t u r e on apomictic reproduction i n 

both the lower and higher p l a n t s has reached s u b s t a n t i a l 

p r oportions since the f i r s t o b s e r v a t i o n of seed formation 

without f e r t i l i z a t i o n was made i n the middle of the l a s t 

century (44)* A comprehensive c o l l a t i o n of observations 

was not undertaken u n t i l 1930, when Rosenberg (90) pub­

l i s h e d a summary of the l i t e r a t u r e on apomixis. Stebbins 

(96), f o r the higher p l a n t s , extended and brought up to 

date the Rosenberg summary, and emphasized t h a t the 

apomictic processes were more than "freak" phenomena* 

Gradually, the very general occurrence and s i g n i f i c a n c e 

of apomixis was r e a l i z e d , and i n some respects an expres­

s i o n of t h i s was the p u b l i c a t i o n of Gustafsson's (44, 45, 

46) monograph on apomixis i n the angiosperms. Most of 

the more recent f i n d i n g s have been reviewed by Nygren (83), 

A l a r g e l i t e r a t u r e on reproduction i n Poa has 

developed because of the common occurrence of apomixis 

i n t h i s genus, and because of the wide d i s t r i b u t i o n and 

economic importance of the Poa sp e c i e s . Much of t h i s 

l i t e r a t u r e has been reviewed herej nonetheless, many of 

the papers read have not been c i t e d , while a few papers 
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l i s t e d are c i t a t i o n s of other authors which the w r i t e r 

was unable to read. 

B. The terminology of the apomictic phenomena 

One of the d i f f i c u l t problems c o n f r o n t i n g the 
student of apomixis i s th a t of terminology. As Gustafs-
son (44) has pointed out, the terminology may appear un­
n e c e s s a r i l y complicated because of the number of terms 
tha t have been used i n d e s c r i p t i o n s of apomictic phen­
omena by various authors. Furthermore, there have been 
d i f f e r e n c e s of o p i n i o n over the c o r r e c t usage of some of 
these terms. The complexity of the phenomena themselves, 
t h e i r r a d i c a l departure from those encountered i n s e x u a l l y -
reproducing p l a n t s , and the f a i l u r e of e a r l y workers to 
d i s t i n g u i s h c l e a r l y between the sporophytic and gametophytic 
generations i n some apomictic species have a l s o been ad­
vanced as reasons f o r the d i f f i c u l t i e s over terminology 
(44, 97)* A c e r t a i n s t a b i l i z a t i o n of terminology seems 
to be recognizable now i n the l i t e r a t u r e , although d i f ­
f e r e n t systems and d e f i n i t i o n s of terms s t i l l occur. 

The system of terminology given by Gustafsson 
(44, 48) i s the one used here and the one now adopted by 
the m a j o r i t y of w r i t e r s . This system has been based, i n 

t u r n , on th a t of Winkler (106, 108, 109) and Edman (35). 
Winkler emphasized p a r t i c u l a r l y t h a t two of the most s i g ­
n i f i c a n t p o i n t s i n the normal sexual c y c l e , meiosis and 
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f e r t i l i z a t i o n , are completely separated by the gametophyte 
generation, and are t h e r e f o r e l i k e l y i n f l u e n c e d by e n t i r e l y 
d i f f e r e n t environmental and genetic f a c t o r s (107)* As 
summarized by Stebbins (97), "Every harmonious apomictic 
c y c l e must t h e r e f o r e provide e i t h e r a s i n g l e s u b s t i t u t e 
f o r both of these processes or a separate s u b s t i t u t e f o r 
each of them, w i t h c o o r d i n a t i o n of these two s u b s t i t u t e s . 1 1 

A l l p l a n t s may f i r s t of a l l be grouped i n t o two 
main c l a s s e s according to t h e i r mode of r e p r o d u c t i o n . 
Those i n which sexual d i f f e r e n t i a t i o n and f e r t i l i z a t i o n 
have not yet been evolved can be described as a m i c t i c . 
Those which have d i f f e r e n t i a t e d s e x u a l l y may be termed 
m i o t i c or amphimictic. Within the l a t t e r group there i s 
a f u r t h e r subgroup of p l a n t s whose reproduction does not 
i n v o l v e f e r t i l i z a t i o n and are termed a p o m i c t i c . Thus, 
". . . amixis i s a p r i m i t i v e stage, apomixis a d e r i v e d 
stage i n which the f e r t i l i z i n g mechanism once acq u i r e d 
has again been l o s t . " (44)• 

According to these d e f i n i t i o n s , v e g e t a t i v e  
r e p r o d u c t i o n by means of b u l b i l s , b u l b s , rhizomes, e t c . 
can be considered as apomictic reproduction when the 
sexual process i s n o n - f u n c t i o n a l or g r e a t l y suppressed. 
Thus, v i v i p a r y . i n which v e g e t a t i v e propagules a r i s e i n 
the i n f l o r e s c e n c e s of p l a n t s , r e p l a c i n g or reducing 
staminal and ovular development, i s sometimes i n c l u d e d as 
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a form of apomixis. However, apomixis has commonly come 
to have a more restricted meaning, synonymous with agamo-
spermy. or seed formation without f e r t i l i z a t i o n . 

The normal sexual cycle in higher plants includes 
an alternation of a sporophytic and a much reduced garneto-
phytic generation. In certain agamospermous species' the 
gametophytic generation i s omitted completely and the 
embryo develops directly from somatic cells in the ovule 
of the parent sporophyte as integumentary or nucellar 
outgrowths. This type of agamospermy i s termed adventi­
tious embryony» and like vegetative reproduction i t i s an 
example of a single process substituting for both meiosis 
and f e r t i l i z a t i o n in the l i f e cycle. 

In those agamospermous species which s t i l l 
maintain a complete alternation of generations the gameto-
phyte can originate in one of two fundamental ways. The 
gametophyte can develop by diplospory from a true arch-
esporial c e l l (macrospore mother c e l l ) , or i t can develop 
by apospory from a somatic c e l l of the nucellus or chalaza. 
Whichever of these two general schemes of development i s 
followed, the gametophyte receives the unreduced chromosome 
number. The mature embryo sac i s usually in a l l other re­
spects perfectly normal, with three antipodals, two polar 
nuclei, two synergids and an egg c e l l . However, as happens 
in some sexual species, exceptions may occur in the number 
of cells present in the mature embryo sac. 
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Diplosporous and aposporous gametophyte develop­
ment can be q u i t e e a s i l y d i f f e r e n t i a t e d c y t o l o g i c a l l y i n 
species having a u n i c e l l u l a r archespore, as i n Poa. In 
species w i t h a m u l t i c e l l u l a r archespore, which may develop 
a number of EMCs*, i t i s o f t e n hard to determine whether 
the embryo sac i n i t i a l c e l l a c t u a l l y o r i g i n a t e s i n arch-
e s p o r i a l or somatic t i s s u e . T r a n s i t i o n s " . . . between 
o r d i n a r y EMCs, p o t e n t i a l EMCs and somatic c e l l s . • . ." 
a l s o seem to occur, c o m p l i c a t i n g the s i t u a t i o n (44)* 

F a g e r l i n d ' s (38, 39) terminology concerning 
d i p l o s p o r y and apospory should be mentioned here because 
i t i s s t i l l f o l l o w e d by some authors. This scheme i s 
based on the character of the f i r s t n uclear d i v i s i o n i n 
the embryo sac i n i t i a l c e l l as w e l l as on the o r i g i n of 
t h i s c e l l . The development of the apomictic gametophyte 
i s subdivided i n t o (a) Diplospory (b) Semi-apospory 
(c) Generative apospory and (d) Somatic apospory. In 
d i p l o s p o r y a m e i o t i c d i v i s i o n i n the EMC i s f o l l o w e d by 
the formation of a r e s t i t u t i o n nucleus; i n semi-apospory 
the EMC d i v i s i o n i s pseudohomeotypic**; i n generative 

* EMC = embryo sac mother c e l l , PMC = p o l l e n mother 
c e l l . • 

** In a pseudohomeotypic d i v i s i o n , according to Gust-
afsson (47), who proposed the term, the EMC undergoes the 
s t a r t of a.meiotic prophase but b i v a l e n t s are not formed. 
Instead, the chromosomes are gathered.as u n i v a l e n t s a t 
the c e n t r a l p l a t e and s p l i t i n t o chromatids. In t h i s 
way, the d i v i s i o n i s completed m i t o t i c a l l y and.two i d e n t ­
i c a l daughter c e l l s are formed. 



apospory the EMC d i v i s i o n i s m i t o t i c . The net r e s u l t of 
any of these m o d i f i c a t i o n s of normal EMC behaviour i s the 
formation of an embryo sac wi t h the somatic chromosome 
number. The three terms are thus c o l l e c t i v e l y equivalent 
to d i p l o s p o r y i n Gustafsson's ( 4 4 , 48) sense of the word. 
In somatic apospory the embryo sac i n i t i a l c e l l i s not 
an EMC, and i s th e r e f o r e the same as Gustafsson's ( 4 4 , 

48) apospory. 

Meiosis having been circumvented by diplosporous 
or aposporous embryo sac development, the subsequent form­
a t i o n of an embryo without f e r t i l i z a t i o n can be achieved 
i n one of two ways. Such an embryo can develop from the 
egg c e l l , a process termed parthenogenesis. or from one 
of the ve g e t a t i v e c e l l s of the embryo sac by apogamety. 
Although common i n the pte r i d o p h y t e s , apogamety i s ap­
p a r e n t l y rare i n higher p l a n t s ( 4 4 , 9 8 ) . 

In some p l a n t s developing apomictic embryos, 
p o l l i n a t i o n i s s t i l l r e q u i r e d f o r seed development, 
u s u a l l y because a f e r t i l i z a t i o n of the f u s i o n nucleus 
i s necessary to produce the endosperm, even though the 
other h a l f of double f e r t i l i z a t i o n i s omitted. In other 
p l a n t s p o l l i n a t i o n per se may merely provide a s t i m u l a ­
t i o n f o r apomictic development. Pseudogamy i s a c o l l e c t i v e 
term employed f o r any apomictic seed formation f o r which 
p o l l i n a t i o n i s s t i l l necessary. In other apomicts the 
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seed formation may be autonomous (44)• 

In sexually-reproducing plants an egg c e l l 

sometimes develops without f e r t i l i z a t i o n , forming an 

embryo with the reduced chromosome number (i.e . a 

haploid). This has been termed haplo-parthenogenesis 

to distinguish i t from parthenogenesis or diplo- 

parthenogenesis as i t occurs in diplosporous or apo-

sporous apomicts. Haploid plants produced by haplo-

parthenogenesis w i l l deviate morphologically from the 

parent plant and may show a wide range of variation, 

in contrast to the uniformity of progenies arising by 

adventitious embryony, diplospory or apospory. 

The terminology on apomictic seed formation 

can be adequately summarized by stating that there are 

three principal processes concerned (44): 

(1) Diplospory, followed by parthenogenesis or apogamety. 
(2) Apospory, followed by parthenogenesis or apogamety. 
(3) Adventitious embryony. 

Stebbins (97) has suggested gametophytic apo­
mixis as a collective term for the f i r s t two types of 
agamospermy, which emphasizes the fact that a gametophytic 
generation is s t i l l maintained in the l i f e cycle. 
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C. Reproduction i n i n d i v i d u a l Poa species 

Poa p r a t e n s i s (Kentucky bluegrass) 

Being the most important and widespread member 

of i t s genus, Poa p r a t e n s i s has r e c e i v e d more a t t e n t i o n 

than any other Poa speci e s . I t i s an extremely complex 

and polymorphous s p e c i e s , and wi t h chromosome numbers 

ranging i n aneuploid s e r i e s from about 2n = 38 - 124 (83). 

Consequently, the taxonomic treatment of Poa p r a t e n s i s i s 

made d i f f i c u l t . C e r t a i n d i v i s i o n s w i t h i n the species are 

g e n e r a l l y recognized and some taxonomists define these as 

subspecies and others (65) define them as separate s p e c i e s . 

The d e l e g a t i o n of these taxa to s u b s p e c i f i c rank, as f o l ­

lowed by Nygren (83), i s recognized here simply f o r con­

venience i n d i s c u s s i o n . 

Reproduction has been s t u d i e d i n many w i l d and 

c u l t i v a t e d biotypes of P. p r a t e n s i s from a l l over the 

world, mostly belonging to the subspecies eupratensis 

which embraces the m a j o r i t y of c u l t i v a t e d forms (84). 

This 'is the subspecies g e n e r a l l y r e f e r r e d to merely as 

P. p r a t e n s i s . a convention f o l l o w e d i n t h i s paper. Very 

few i n v e s t i g a t o r s have r e f e r r e d s p e c i f i c a l l y to the other 

three subspecies, a l p i g e n a . a n g u s t i f o l i a and i r r i g a t a : a 

few of the f i n d i n g s i n these l a s t subspecies w i l l be men­

tio n e d s e p a r ately l a t e r . 



-33-

Muntzing (69) f i r s t reported the presence of 
agamospermy i n the genus, concluding that t h i s was the 
method of seed formation i n certain Swedish biotypes of 
P. pratensis. He gave as c r i t e r i a of apomixis: 

(1) Extreme uniformity within a biotype. 
(2) A constant aneuploid chromosome number for 

the biotype. 
(3) Good seed production, even i n plants evid­

encing great meiotic i r r e g u l a r i t i e s , 
Eancken (87) used these same c r i t e r i a i n estab­

l i s h i n g the occurrence of apomictic seed production i n 
Finnish strains of Kentucky bluegrass. Confirmation of 
apomixis i n many biotypes of t h i s species has been made 
by others, including Akerberg (3, 6, 7), who was also 
the f i r s t to show that p o l l i n a t i o n i s necessary for seed 
development i n several apomictic strains (7). He found 
that P. alpina pollen was almost as effective as pratensis 
pollen i n i n i t i a t i n g seed development i n these apomicts 
and that the seed thus formed gave r i s e to plants i d e n t i ­
c a l with the maternal pratensis parent, P. glauca and 
P. compressa pollen were somewhat less e f f e c t i v e , but 
where seed did form t h i s also gave r i s e to matroclinous 
of f s p r i n g . Nilsson (80), Muntzing (71). Akerberg (1) and 
Engelbert (37) confirmed t h i s pseudogamous development of 
seed primordia into seed. Engelbert (37) studied pollen 
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tube growth on stigmas of P. pratensis and concluded that 

merely the growth of pollen tubes down the styles acted 

as a stimulant to seed formation. Akerberg (7) found four 

sexual pratensis biotypes among those he investigated. 

The uniformity of single plant progenies c o l ­

lected i n Maryland was noted by Kemp (58), and i n biotypes 

from Eastern Canada by Armstrong (12). Tinney and Aamodt 

(101) f i r s t used the progeny test as a means of i d e n t i f y ­

ing apomictic strains of Kentucky bluegrass. They grew 

populations of plants or i g i n a t i n g from open-pollinated seed 

coll e c t e d from single plants, and rated the plants for 

uniformity. Of 102 progenies from single plant clones 

from widely scattered areas i n Europe and North America 

only two f a i l e d to show extreme uniformity, and 48 con­

tained no variants at a l l . Morphological constancy i n 

pratensis progenies i s held by a l l writers to be proof of 

apomictic reproductionj conversely, lack of uniformity 

or the presence of aberrant indiv i d u a l s i n otherwise uni­

form progenies i s considered as evidence of sexual re­

production i n the parents (15, 16, 17, 21, 25, 26, 27, 

80, 85, 72, 93, 94, 100). 

Andersen (10) followed the development of the 

female gametophyte i n P. pratensis but saw nothing un­

usual and concluded that reproduction was normal, although 

she observed no f e r t i l i z a t i o n of the egg c e l l . Nishimura 

(82) observed the formation of embryos of sporophytic 
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o r i g i n by adventitious embryony i n conjunction with the 

development of the normal embryo from the f e r t i l i z a t i o n 

process. In most cases the normal embryo was supplanted 

by one or more adventive embryos. Nishimura (82) con­

sidered t h i s development to be the r e s u l t of g a l l s caused 

by insect attacks. There appears to be no other record 

of any instances of adventitious embryony occurring i n 

the genus Poa, and Nygren (84) says that Nishimure 

"misinterpreted" the embryological evidence. 

Armstrong (12) attempted to explain the con­

stancy of an aneuploid chromosome number i n pratensis 

biotypes by postulating that only gametes with a c e r t a i n 

chromosome number could function i n f e r t i l i z a t i o n . The 

p o s s i b i l i t y of such a scheme had been previously rejected 

by Muntzing (69). Akerberg (1) suggested that the cyto­

l o g i c a l evidence presented i n Armstrong's paper did not 

rule out the p o s s i b i l i t y of apomictic reproduction. 

The f i r s t investigator to outline the cyto­

l o g i c a l basis of agamospermy i n Kentucky bluegrass was 

Akerberg ( l ) . He observed the presence of somatic c e l l s 

of the nucellus developing as embryo sac i n i t i a l s , thus 

producing d i p l o i d embryo sacs by apospory. Tinney (100) 

f i r s t detailed these developments thoroughly i n Wisconsin 

biotypes. He found that .the EMC usually underwent a some-

what i r r e g u l a r meiotic d i v i s i o n , giving r i s e to a t r i a d 
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or a complete tetrad of macrospores, a l l of which d i s ­

integrated. An aposporous c e l l of the nucellus or chalaza 

took over the function of a macrospore and formed a d i p l o i d 

embryo sac. As a r u l e , he found only one embryo sac per 

ovule, although he found two i n several instances. These 

he attributed to independent development from separate 

aposporous c e l l s . The egg c e l l of the d i p l o i d embryo sac 

functioned parthenogenetically to form a proembryo even 

before anthesis occurred. He was unable to determine 

whether endosperm development was associated with p o l l i n a ­

t i o n . 

A detailed study of apospory was also carried 

out by Kiellander (63). Unlike Tinney (100) and Akerberg 

(5) he found two or three aposporous embryo sacs per 

ovule to be the commonest number, with four or f i v e and 

even up to seven f a i r l y frequent. Through competition be­

tween embryo sacs usually only one or two developed' to 

maturity. The organization of a legitimate (sexual) 

embryo sac r a r e l y occurred. 
0 

Akerberg (4, 5) and Nielsen (78) have also shown 

that the embryo develops by parthenogenesis, as established 

by Tinney (100). Nielsen (78) found 8- to 16-celled 

proembryos a day before flowering. Akerberg (5) found 

that embryo formation occurs r e g u l a r l y even i n emasculated 

f l o r e t s of apomictic P. pratensis but that seed formation 
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failed because no endosperm formed. Endosperm development 

was induced by pollination. In one instance, the f i r s t 

ever recorded in a Poa apomict, Akerberg (5) was able to 

show that the central fusion nucleus was f e r t i l i z e d before 

dividing, forming pentaploid* endosperm. He thus-con­

cluded that autonomous embryo development (parthenogenesis) 

with induced endosperm formation (probably through f e r t i ­

lization) i s a general phenomenon in apomictic types of 

P. pratensis. 

Polyembryony, the formation of two or more 

embryos in a single ovule, is of f a i r l y common occurrence 

in Kentucky bluegrass. The origins of twin and t r i p l e t 

seedlings have been studied by Andersen (10), Armstrong 

(12), I k e r b e r g (1), Tinney (100), Ghristoff (20), Muntzing 

(70), Brittingham (16) and Nielsen (75, 79). Armstrong 

(12) noted differences between apomictic strains in their 

capacities to form two or more embryos within one seed. 

Both Akerberg (1) and Muntzing (70) found the frequency 

of twins to be lower in sexual tha.n in apomictic biotypes 

* The terms "haploid," "diploid," " t r i p l o i d , " "penta-
ploidi" etc. are used in a.loose sense in this paper to 
refer to the chromosome complement present. Since the 
basic genome number in Poa i s 7, a true diploid would 
have a somatic count of 2n - 14, a t r i p l o i d 2n - 21 etc. 
But the extreme range of chromosome numbers in P. pra­
tensis (and other Poa species), and the occurrence of many 
aneuploid numbers, prevent the effective use of a stricter 
terminology. 
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of P. p r a t e n s i s . This they assumed to be i n agreement w i t h 

the embryological data on Kentucky b l u e g r a s s , as normally 

only one EMC i s found and only.one macrospore f u n c t i o n s 

i n the ovules of the sexual b i o t y p e s . In apomictic b i o ­

types, on the other hand, there i s a tendency f o r s e v e r a l 

aposporous c e l l s t o develop i n a s i n g l e ovule, and there 

i s a l s o a tendency f o r both sexual and aposporous embryo-

sacs to develop simultaneously i n the same ovule. B r i t -

tingham's ( 1 6 ) a n a l y s i s of the progenies of 1 1 5 open-

p o l l i n a t e d Kentucky bluegrass p l a n t s i n d i c a t e d a s i g n i f ­

i c a n t (although only b a r e l y so) negative c o r r e l a t i o n be­

tween polyembryony and v a r i a b i l i t y ( v a r i a b i l i t y being a 

c r i t e r i o n of sexual r e p r o d u c t i o n ) . N i e l s e n ( 7 9 ) has 

summarized h i s own f i n d i n g s and those of previous authors 

i n respect of the o r i g i n of t w i n and t r i p l e t p l a n t s i n 

t h i s s p e c i e s . Development of embryos from two or more 

sexual embryo sacs a r i s i n g from the same or d i f f e r e n t 

EMCs i s p o s s i b l e ; development from two members of the 

egg apparatus of a sexual or aposporous sac (e.g. normal 

and synergid embryos) i s probably uncommon; development 

from a sexual and an aposporous sac, or from two or more 

aposporous sacs seems to be the most common cause of 

polyembryony. H a p l o i d - d i p l o i d , d i p l o i d - d i p l o i d , ' a n d 

d i p l o i d - t r i p l o i d r e l a t i o n s h i p s have been found i n twins 
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depending upon the o r i g i n of the embryos and whether f e r t i ­

l i z a t i o n was e f f e c t e d before t h e i r development (79)• 

The formation of h a p l o i d p l a n t s by haplo-

parthenogenesis occurs o f t e n i n Poa p r a t e n s i s ( 8 ) , 

Akerberg ( l ) , B r i t t i n g h a m (17), and Tinney and 

Aamodt (101), among other s , have reported d i f f e r e n t de­

grees of apomictic seed formation i n the biotypes w i t h 

which they worked, based on the frequency of morphological 

aberrants. Although a p o m i c t i c , semi-apomictic and sexual 

types a l l occur w i t h i n the species , the apomictic types 

are the most frequent ( 8 ) . The frequency of sexual Ken­

tucky bluegrass biotypes i n nature i s qu i t e low ( 6 ) . 

Most of the f i n d i n g s i n the subspecies eupra-

t e n s i s seem to be a p p l i c a b l e to the other three subspecies. 

Apospory occurs i n subsp. alpig e n a (84), subsp. a n g u s t i -

f o l i a (4) and subsp, i r r i g a t a ( 6 5 ). A v i v i p a r o u s form of 

subsp. alpigena occurs i n northern Scandanavia and has 

been i n v e s t i g a t e d by Nygren (84). I t producesr.good p o l l e n , 

and aposporous c e l l s are developed i n the ovules; however, 

these c e l l s r a r e l y produce mature embryo sacs and the v i v i ­

parous propagules almost i n v a r i a b l y f u n c t i o n i n the repro­

duction of the p l a n t s , although i t may be p o s s i b l e f o r some 

seed to form. The I c e l a n d i c form of subsp. i r r i g a t a stud­

i e d by Love (65) apparently never forms sexual embryo sacs, 
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although h y b r i d i z a t i o n i s s t i l l p o s s i b l e through the f e r ­

t i l i z a t i o n of the d i p l o i d , aposporous egg c e l l , 

Poa compressa (Canada bluegrass) 

Poa compressa i s found almost throughout the 

North American c o n t i n e n t , having much the same range as 

P. p r a t e n s i s , although i t i s c h a r a c t e r i s t i c a l l y found on 

somewhat poorer s o i l s than the l a t t e r species. L i k e Ken­

tucky bluegrass, i t i s a rhizomatous p e r e n n i a l used p r i ­

m a r i l y as a pasture species. I t a l s o f i n d s some u s e f u l ­

ness as a lawn grass. I t i s of less.importance i n 

Europe than on t h i s continent (40, 54, 92), 

Canada bluegrass has nothing l i k e the v a r i ­

a b i l i t y i n morphology and chromosome number of Kentucky 

bluegrass. The range i n 2n chromosome number i s almost 

a euploid series—numbers of 35, 42, 49, 50 and 56 being 

known (83). 

Andersen (10) i n v e s t i g a t e d female gametophyte 

development i n P. compressa but concluded t h a t reproduc­

t i o n was sexual. Apomixis i n t h i s species was f i r s t 

demonstrated by B r i t t i n g h a m (15), who p o l l i n a t e d heat-

emasculated f l o r e t s of P. compressa w i t h P, p r a t e n s i s 

p o l l e n . He obtained only one hybr i d among the progeny, 

the remainder being maternal-type p l a n t s developed through 

pseudogamy. C h r i s t o f f (19) showed t h a t aposporous 
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development was i n v o l v e d , as i n P. p r a t e n s i s , and , th rough 

chromosome counts i n endosperm t i s s u e , proved t h a t the 

f u s i o n nuc l eus r e q u i r e s f e r t i l i z a t i o n f o r a p o m i c t i c seed 

f o r m a t i o n , 

Poa a r c t i c a ( A r c t i c b l u e g r a s s ) 

Poa a r c t i c a , l i k e P. p r a t e n s i s , i s a form com­

p l e x , w i th a range o f 2n chromosome numbers runn ing f rom 
i 

about 38 to 100 (83)* As i t s name i m p l i e s , i t has a c i r -

cumboreal and a l p i n e d i s t r i b u t i o n . On t h i s c o n t i n e n t and 

i n Europe i t i s found usually- above t i m b e r l i n e i n mount­

a i nous r e g i o n s (54)* I t i s a rh izomatous p e r e n n i a l . 

I t has been d i v i d e d by some o f the Scandanav ian 

taxonomis ts i n t o a number o f subspec i e s (83, 84); however, 

some o f the e a r l i e r s t u d i e s on r e p r o d u c t i o n i n P. a r c t i c a 

were c a r r i e d out be fo r e such d i v i s i o n s o f the s p e c i e s 

were d e f i n e d . F l o v i k (41) conc luded t h a t seed f o r m a t i o n 

was p robab l y a p o m i c t i c i n the forms which he examined, 

as he noted many m e i o t i c i r r e g u l a r i t i e s i n bo th EMCs and 

PMCs, yet seed s e t t i n g was v e r y good and the percentage 

o f good p o l l e n h i g h . On the b a s i s o f her e m a s c u l a t i o n , 

i n t e r s p e c i f i c c r o s s - p o l l i n a t i o n and p o l l e n ge rm ina t i on 

s t u d i e s on western Green land P. a r c t i c a p l a n t s , E n g e l b e r t 

(37) conc luded tha t seed f o r m a t i o n was pseudogamous. She 

a l s o showed tha t no endosperm deve loped u n t i l emasculated 

f l o r e t s were p o l l i n a t e d , a l t h o u g h embryo f o r m a t i o n was 
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autonomous (36, 37). Although she made no chromosome 

counts she said that germination of the pollen on the 

stigmas stimulated the development of endosperm, the 

pollen tube functioning as an activator and "not i n a 

genetic capacity" (37). 

Nygren (84) has found that the subspecies 

caespitans. depauperata. elongata and microglumis are a l l 

aposporous. In caespitans no pollen i s formed (74, 84), 

and i t i s considered by Nygren to be a non-pseudogamous 

apomict. Some sexual as well as aposporous embryo sacs 

a r i s e , and the fusion nuclei of both types are occasion­

a l l y f e r t i l i z e d by foreign Poa pollen, as evidenced by the 

occurrence of both t r i p l o i d and pentaploid endosperm; 

however, most counts i n endosperm nuclei reveal t e t r a p l o i d 

numbers, in d i c a t i n g that the majority of embryo sacs are 

aposporous and that no f e r t i l i z a t i o n i s required i n 

these for endosperm formation. Nygren (84) c i t e s t h i s as 

a "rare and in t e r e s t i n g case." 

In the subspecies depauperata and elongata the 

presence of only aposporous embryo sacs, together with 

the very early autonomous d i v i s i o n of the egg c e l l s i n 

these, and the low percentage of good pollen produced, ex­

clude most chances of f e r t i l i z a t i o n . "This mechanism ex­

plains why the two act u a l subspecies have not been s p l i t 

up i n a manifold of forms as i s the rule i n Poa a r c t i c a . " 



-43-

(84)• In the subspecies microglumis, on the other hand, 
the aposporous egg c e l l sometimes d i v i d e s l a t e , the time 
of d i v i s i o n apparently v a r y i n g according to the point 
when the p o l a r n u c l e i f u s e . T h i s , together w i t h a high 
percentage of good p o l l e n formation, i n d i c a t e s that micro-
glumis can probably be i n v o l v e d f a i r l y r e a d i l y as e i t h e r 
the female or male parent i n h y b r i d i z a t i o n s w i t h other Poa 
populations (84). 

The subspecies s t r i c t a i s v i v i p a r o u s , and has 
been i n v e s t i g a t e d by F l o v i k ( 41), Nannfeldt (74) and 
Nygren (84)• I t i s o b l i g a t e l y v i v i p o r o u s , and i s not able 
to produce e i t h e r p o l l e n or mature female gametophytes. 
Poa a l p i n a ( A l p i n e bluegrass) 

Poa a l p i n a . although not c u l t i v a t e d , has some 
value as a range species i n a l p i n e meadows and a r c t i c 
regions of North America and northern Europe (54)* 

Sexual, apomictic (agamospermous), and v i v i p a r ­
ous biotypes of P. a l p i n a e x i s t . A s e r i e s of 2n chromo­
some numbers ranging from 14 to 57 are found i n these 
s t r a i n s (83). 

At the same time as he discovered apomixis i n 
Swedish P. p r a t e n s i s b i o t y p e s , Muntzing (69) a l s o deter­
mined apomixis i n Swedish P. a l p i n a forms, using the same 
c r i t e r i a of apomictic seed formation. On the other hand, 
he found c e r t a i n Swiss P. a l p i n a types to be se x u a l . Pseu-
dogamous seed formation was shown by Engelbert (37), who 
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concluded t h a t s t i m u l a t i o n of both endosperm and embryo 
development was i n v o l v e d , without any f e r t i l i z a t i o n of 
e i t h e r egg or f u s i o n nucleus. 

Muntzing (70) e s t a b l i s h e d t h a t d i p l o s p o r y was 
the b a s i s of apomictic seed formation, the EMC developing 
through successive m i t o t i c d i v i s i o n s d i r e c t l y i n t o a 
m o r p h o l o g i c a l l y normal, although d i p l o i d , embryo sac 
( i . e . generative apospory under F a g e r l i n d ' s t e r m i n o l o g y ) . 
Hakansson (51) s t u d i e d the embryology of both sexual and 
apomictic s t r a i n s of P. a l p i n a i n more d e t a i l and con­
firmed Muntzing 1s f i n d i n g s . He a l s o showed f e r t i l i z a t i o n 
of the f u s i o n nucleus i n two apomictic s t r a i n s , r e s u l t i n g 
i n the formation of p e n t a p l o i d endosperm, i n c o n t r a d i c t i o n 
to Engelbert's (37) c o n c l u s i o n s . An example of apogamety 
was a l s o found i n which a d i p l o i d , synergid c e l l i n an 
apomictic embryo sac developed i n t o an embryo. The pro­
duction of h a p l o i d p l a n t s among sexual s t r a i n s i n d i c a t e d 
the autonomous development of egg c e l l s i n some sexual 
embryo sacs. In a l a t e r paper (52), Hakansson reported 
the development of both h a p l o i d and d i p l o i d embryo sacs 
i n apomictic s t r a i n s . In the d i p l o i d sacs the egg, c e l l 
u s u a l l y d i v i d e d autonomously, wh i l e f e r t i l i z a t i o n was a l ­
ways necessary before the f u s i o n nucleus could d i v i d e i n 
both sexual or apomictic embryo sacs; the endosperm then 
being t r i p l o i d or p e n t a p l o i d , r e s p e c t i v e l y . 
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Flovik (41) and Nygren (84) have studied v i v i p o r -

ous P.alpina forms and found that i n spite of many meiotic 

i r r e g u l a r i t i e s i n the PMCs a high percentage of good pollen 

i s formed. On the female side, the beginning of diplospor-

ous embryo sac development occurs, but there i s no chance 

for seed to form as the viviporous propagules develop at 

an early stage i n the spikelets and carry on a l l reproduc­

t i o n (84). 

Poa p a l u s t r i s (Fowl bluegrass) 

Poa p a l u s t r i s i s widespread across the North 

American continent at low and medium a l t i t u d e s from New­

foundland to C a l i f o r n i a and as far south as New Mexico. 

It i s occasionally c u l t i v a t e d i n meadow mixtures but 

seldom important a g r i c u l t u r a l l y on t h i s continent (54). 

In northern Sweden, however, P. p a l u s t r i s i s an important 

cu l t i v a t e d hay and pasture species (81). 

Kiellander (60) found both haploid and d i p l o i d 

embryo sacs i n the material he examined. He showed t h i s 

to be due to diplospory through a mitotic d i v i s i o n of the 

EMC d i r e c t l y into an embryo sac, and i n one p a r t i c u l a r 

plant he found that the EMC divided about as often mitot-

i c a l l y as m e i o t i c a l l y (62). He concluded that pseudo-

gamy was not very probable i n t h i s species, as he saw no 

pollen tubes i n the s l i d e preparations u n t i l the egg-cells 

and endosperm nuclei had divided several times (60). 
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However, Akerberg (7) demonstrated pseudogamous development 
which, K i e l l a n d e r (62) s a i d " . . . must be explained by the 
p o l l e n tube inducing the development of the embryo at some 
distance from the egg c e l l . " No f u r t h e r embryological 
work appears to have been c a r r i e d on w i t h t h i s s p e c i e s . 
Poa glauca 

Poa glauca i s a t u f t e d p e r e n n i a l , c l o s e l y r e l a t e d 
t o Poa a l p i n a , which i s found i n a r c t i c regions and on 
a l p i n e summits on t h i s continent as f a r south as New Hamp­
s h i r e and Vermont (54). 

F l o v i k (41) found meiosis to be very i r r e g u l a r 
i n the PMCs of the a r c t i c m a t e r i a l he examined; however, 
the p o l l e n produced was good and the progeny d i d not show 
var y i n g chromosome numbers, i n d i c a t i n g that apomictic seed 
formation was probable. K i e l l a n d e r ( c i t e d i n 66) made 
embryological s t u d i e s and found i t to. be d i p l o s p o r o u s . 
As i n the other diplosporous bluegrasses the d i p l o s p o r y 
took the form of m i t o t i c d i v i s i o n s i n the EMCs. An aneu-
p l o i d s e r i e s of chromosome numbers i s known f o r the s p e c i e s . 
Poa nemoralis 

Poa nemoralis. another t u f t e d p e r e n n i a l , has been 
introduced onto t h i s continent from Europe and i s o c c a s i o n a l 
i n meadows across the northern United States (54). I t i s 
used to some extent i n Sweden as a lawn grass f o r shaded areas 
(81). The only r e p o r t e d embryological study i s t h a t of 
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Kiellander ( c i t e d i n 66), who found i t to be diplosporous, 

with the EMC d i v i s i o n again m i t o t i c . 

Poa nervosa (Wheeler bluegrass) 

Poa nervosa i s a rhizomatous species, a l l i e d to 

Kentucky bluegrass, which i s found at medium a l t i t u d e s i n 

western Canada and the United States (54). 

Grun (43) found that, "Barring rare exceptions, 

throughout i t s range i n C a l i f o r n i a and most of i t s range 

i n Oregon, Washington, Montana, Idaho, Colorado, Utah and 

Nevada i t i s female, i t s flowers containing either no 

anthers or only aborted anthers." Nevertheless, P. ner­ 

vosa does contain variant forms. Embryological examina­

t i o n has shown that t h i s grass reproduces apomictically 

by diplospory, the EMC d i v i s i o n being mitotic (42). When 

P. nervosa plants were put i n pollen-proof cages p r i o r to 

blowing " . . . the seed set was nevertheless normal and 

the germination of the seeds high," despite the complete 

absence of pollen (42). The endosperm formed i s 4n, re­

s u l t i n g from the fusion of a pair of 2n polar n u c l e i . 

P. nervosa and P. a r c t i c a subsp. caespitans are the only 

bluegrasses i n which t h i s completely autonomous develop­

ment of both endosperm and embryo has d e f i n i t e l y been 

established. Variation i n P. nervosa i s believed due to 

some formation of sexual embryo sacs with chance crossing 

by pollen from other Poa species (42). 
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Poa .jemtlandica 

Poa .jemtlandica, believed to be the natural hybrid 

between P. alpina and P. laxa subsp. flexuosa, i s a com­

p l e t e l y viviparous species having a r e s t r i c t e d d i s t r i b u t i o n 

i n central Scandanavia and Scotland (73, 83, 84, 95). Ac­

cording to Nygren (84) i t i s ". . . absolutely uniform i n 

i t s whole d i s t r i b u t i o n sphere." It produces l i t t l e or no 

viable pollen, and female gametophyte development always 

f a i l s completely, so that i t i s probably quite i s o l a t e d 

from other Poa populations (84). Although female gameto­

phyte formation i s never completed, the EMC development 

i s apparently quite normal up u n t i l the time the ovules 

abort and are superseded by the viviparous propagules 

(84). 
Poa her.jedalica 

Poa - her.jedalica i s described as the natural hy­

b r i d between viviparous P. alpina and P. pratensis subsp. 

alpigena. and, l i k e P. .jemtlandica. i s viviparous (73, 83, 

84, 95). However, i t has a much wider d i s t r i b u t i o n i n 

the Scandanavian-mountains than P. jemtlandica, i s not 

found i n Scotland, and has a wide range of morphological 

types forming an aneuploid series (83, 84). A l l strains 

examined by Nygren (84) formed good pollen, although i n 

varying percentages, and the species i s therefore not 

isolat e d from other bluegrasses as i s P. .jemtlandica. 
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Although female gametophytes never mature, the presence 

of aposporous c e l l s i n the ovular tissues of several P.  

her.jedalica strains has been reported by Nygren ( 8 4 ) . 

Poa bulbosa (Bulbous bluegrass) 

Poa bulbosa i s a perennial species introduced 

into America. In Sweden and the United States i t i s com­

p l e t e l y viviporous, producing b u l b i l s i n the f l o r e t s ; 

stamens or seeds are not formed (44, 59)* In England, 

on the other hand, a sexual form of P. bulbosa i s indige­

nous, and the viviparous form introduced (44)• The sexual 

form has 2n » 28, while the viviparous forms have 2n • 42 

or 2n - 56. 

Poa ampla (Big bluegrass) 

Poa ampla i s an important perennial bunchgrass 

which i s widespread on western rangelands of North America 

and which has been cul t i v a t e d to a l i m i t e d extent (40, 

54). It has been u t i l i z e d extensively i n the Carnegie 

I n s t i t u t i o n of Washington bluegrass breeding program, and 

a number of the most successful i n t e r s p e c i f i c hybrid 

strains developed i n t h i s program involve P. ampla as one 

of the parents (21, 83). P. ampla has aposporous seed 

development (83, 85). In two strains of big bluegrass i t 

has been found that the d i p l o i d egg c e l l remains undivided 

i n the mature embryo sac and can e a s i l y be f e r t i l i z e d by 

pollen grains from the same or other P. ampla plants, or 
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from other Poa species (85). Nygren (85) states that there 

was ". . .no d i f f i c u l t y i n obtaining hybrids when either 

of these two ampla strains was used as the female parent." 

Poa scabrella (Pine bluegrass) 

Poa scabrella i s another perennial bunchgrass, 

found i n the north-western States and C a l i f o r n i a at low 

and medium a l t i t u d e s (54)* It i s of some sign i f i c a n c e as 

a range species (92). 

It i s reported by Nygren (83) to be aposporous, 

although no further information has been published. P.  

scabrella has been used successfully i n a large number of 

crosses with P. pratensis, P. ampla. P. compressa and 

several other species i n the Carnegie I n s t i t u t i o n of Wash­

ington program (24, 28, 29, 83, 102). Clausen et a l . (22) 

report the use of a " p a r t i a l l y sexual" s t r a i n i n crosses 

with P. arachnifera. 

Poa arachnifera (Texas bluegrass) 

Poa arachnifera i s a rhizomatous species, valu­

able as a source of palatable winter forage i n the southern 

Great Plains region of the United States, where i t i s native 

(40, 64, 92). So f a r , however, i t has not been widely 

c u l t i v a t e d because of a webby lemma, " . . . which makes 

harvesting, processing, or seeding of t h i s species impossible 

with ordinary machinery." (64). 

Texas bluegrass i s completely dioecious, and one 
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been studied. It i s sexual, and has been used success­

f u l l y both as a male and female parent i n crosses i n the 

bluegrass breeding program of the Carnegie I n s t i t u t i o n of 

Washington (22, 102). It i s referred to as viviparous 

i n the table of apomictic plants presented by Nygren (83), 

although the writer has been unable to f i n d any other 

record of i t being anything but completely sexual. An 

unusual feature of eight hybrids produced i n the Carnegie 

program from the cross arachnifera x pratensis i s that a l l 

were morphologically indistinguishable from P. arachnifera. 

although seven out of eight were shown from chromosome 

counts to be derived from the fusion of a reduced egg 

nucleus with a reduced pollen nucleus (102). The o r i g i n 

of the remaining hybrid i s not explained. 

Despite the apparently sexual mode of reproduc­

t i o n , chromosome numbersof 2n • 42, 54 to 56, 58 and 63 

have been reported (18, 53, 22). 

Other bluegrasses 

A number of bluegrasses which are possibly apo­

mic t i c , but on which no detailed studies have been made, 

have been used i n the Carnegie I n s t i t u t i o n of Washington 

bluegrass breeding program. Clausen et a l . (27) suggest 

that Poa nevadensis i s probably apomictic. Successful 

hybrids have been obtained using P. Canbyi and P. gr a c i l l i m a 
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but i t i s not known whether these species are apomictic or 

sexual. At lea s t one s t r a i n of P. caespitosa from New 

Zealand i s sexual and has been hybridized with P. praten­

s i s , P. ampla, P. arachnifera and P. compressa (22, 103). 

Several other bluegrasses are known to be sex­

u a l l y reproducing. P. t r i v i a l i s . which i s cultivated to 

a small extent i n Europe, i s e n t i r e l y sexual, and i s also 

one of the few d i p l o i d species i n the genus (2n • 14) 

(2, 6, 81). P. laxa subsp. flexuosa i s of some intere s t 

because i t has been found to be sexual and almost com­

pl e t e l y s e l f - f e r t i l i z i n g . The early development of both 

embryo sacs and pollen i s a "severe obstacle" to cross-

f e r t i l i z a t i o n , and s e l f - p o l l i n a t i o n i s already f i n i s h e d 

when the f l o r e t s open (84). 
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V BREEDING IN THE BLUEGRASSES 

A. I n t r a s p e c i f i c improvement 

Muntzing's i n i t i a l r e port on apomixis i n Poa 
has been termed by Atwood (13), 11 • • • a t u r n i n g p o i n t i n 
the cytogenetic and breeding i n v e s t i g a t i o n s with b l u e -
grass." This i s c e r t a i n l y t r u e i n respect of i n t e r s p e c i f i c 
h y b r i d i z a t i o n i n the genus, a phase of breeding i n which 
advantage has been taken of the apomictic means of repro­
duction to perpetuate species hybrids without the l o s s of 
d e s i r a b l e combinations through segregation (21). However, 
apart from improvement through i n d i v i d u a l p l a n t s e l e c t i o n 
(below) there appear t o have been no great s t r i d e s i n 
i n t r a s p e c i f i c improvement, despite the f a c t that the same 
methods are a v a i l a b l e to the breeder as have been u t i l i z e d 
i n i n t e r s p e c i f i c h y b r i d i z a t i o n work (17, 86). B r i t t i n g h a m 
(17) concluded from h i s study of reproduction i n P. pra ­
t e n s i s biotypes that the standard techniques of "• . • 
s e l e c t i o n , s t r a i n b u i l d i n g , and i n t r a - and i n t e r s p e c i f i c 
h y b r i d i z a t i o n are t h e o r e t i c a l l y a p p l i c a b l e to breeding 
problems i n Kentucky bluegrass." 

S i n g l e p l a n t s e l e c t i o n , or the s e l e c t i o n of 
groups of i n d i v i d u a l p l a n t s , has undoubtedly been the most 
s i g n i f i c a n t form of improvement, even before the d i s c o v e r y 
of apomixis i n Poa (81, 86). Among apomictic bluegrasses, 
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which includes the majority of species of a g r i c u l t u r a l 

importance, i n d i v i d u a l plant selection i s a sound p r a c t i c e . 

The most desirable plant types can be perpetuated i n d e f i n ­

i t e l y by apomictically-formed seed. Some of the e a r l i e r 

workers assumed that improvement i n Poa i s limited to 

in d i v i d u a l plant s e l e c t i o n . Nilsson-Leissner and Nilsson 

(81), for instance, stated that because " . . . crosses 

can be made only i n exceptional cases . • • combination 

breeding i s therefore of small importance." 

Muntzing (70) successfully produced a number 

of hybrids between predominantly sexual and predominantly 

apomictic strains of P. alpi n a . and found that the hybrids 

were mostly the re s u l t of the f e r t i l i z a t i o n of a reduced 

egg c e l l by a reduced male gamete. A few, however, arose 

from the fusion of an unreduced egg and a reduced male 

gamete. A l l the F i plants were sexual, as were a l l the 

F2 progenies, leading Muntzing (70) to conclude that, 

"Apomixis cannot be due to a single gene but rather to 

spec i a l constellations of genes brought about by natural 

sele c t i o n . " The re s u l t s from other studies corroborate 

t h i s view, although as yet there i s r e a l l y very l i t t l e 

known of the inheritance of apomixis i n Poa. (29). From 

Muntzing 1s study (70) i t appears that the establishment 

of apomictic hybrid strains of a species i s dependent upon 

the use of apomictic plants, as both male and female parents 
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i n a c r o s s . The techniques of i n t r a s p e c i f i c h y b r i d i z a t i o n 
must the r e f o r e be e s s e n t i a l l y l i k e those of i n t e r s p e c i f i c 
h y b r i d i z a t i o n i n Poa, described i n the f o l l o w i n g s e c t i o n . 

B. I n t e r s p e c i f i c h y b r i d i z a t i o n 

The f i r s t recorded a r t i f i c i a l h y b r i d i z a t i o n be­
tween Poa species seems to be t h a t made by George W. 
O l i v e r i n 1908. He crossed a female Poa .arachnifera 
p l a n t with a P. p r a t e n s i s p l a n t and obtained a h i g h l y v a r i ­
a b le F]_ progeny (105). No f u r t h e r work was done at t h i s 
time. A r e p e t i t i o n of the same cross by E. Marion Brown 
of the United States Department of A g r i c u l t u r e a l s o gave 
a v a r i a b l e F^, and i n c l u d e d p l a n t s showing greater heat-
and drought-resistance and p r o d u c t i v i t y than P. p r a t e n s i s 
(105). 

Akerberg (3) produced a progeny of 17 p l a n t s 

from a s e m i - s t e r i l e P. p r a t e n s i s p l a n t p o l l i n a t e d w i t h 

P. a l p i n a p o l l e n . Only one of the p l a n t s was a h y b r i d , 
the remainder .being maternal types produced a p o m i c t i c a l l y 

through pseudogamous development. The hybrid arose from 
the f e r t i l i z a t i o n of a reduced egg c e l l by a reduced male 
gamete. In other h y b r i d i z a t i o n s between the same species 
• 
Akerberg obtained hybrids both from the union of reduced 
and of unreduced egg-nuclei w i t h reduced p o l l e n n u c l e i , 
the m a j o r i t y being of the former type ( 1 , 4, 7 ) . These 
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observations were based on chromosome counts i n the parents 

and hybrids. 

Hybrids between P. pratensis and P. alpina showed 

much more rapid germination than P. pratensis ". • . a 

character which i t would be highly desirable to be able to 

transmit to the l a t t e r , the slow germination of which i s 

frequently a cause of poor establishment." (6). These 

hybrids also reached the panicle-bearing stage more 

quickly. A hybrid from the cross P. pratensis x P. glauca 

was obtained by Akerberg (4). Kiellander (6l) also found 

one hybrid i n the cross P. p a l u s t r i s x P. compressa. 

Brittingham (15) produced a single hybrid between 

a plant of an apomictic s t r a i n of P. compressa as the 

female parent and a P. pratensis plant as pollen parent. 

On the basis of pollen grain size comparisons i n parents 

and hybrid i t was concluded that the hybrid arose from 
i 

the fusion of an unreduced compressa egg nucleus and a 

reduced pratensis pollen nucleus. (Muntzing (70) f i r s t 

showed the positive c o r r e l a t i o n between c e l l size and 

chromosome number for P. pratensis). The hybrid appeared 

to have several desirable q u a l i t i e s , including good vigour, 

a good spreading habit and larger and heavier (although 

fewer) panicles than either parent. Seed set was high. 

The leaves of the hybrid were r e l a t i v e l y free from l e a f 

spot and rust, which were severe on the parent plants. 
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It also seemed somewhat less susceptible to mildew. 
0 

Akerberg and Bingefors (8) record that, "Crosses 

between sexual pratensis and alpina give normal hybrids 

and can be e a s i l y produced." 

Some of the d i f f i c u l t i e s involved i n both i n t r a -

and i n t e r s p e c i f i c hybridization between apomictic forms 

are brought out by Nygren (86), although his comments apply 

p a r t i c u l a r l y to Poa pratensis. The best a v a i l a b l e plants 

w i l l be the ones sought by the breeder as p o t e n t i a l 

parents i n a cross, but unfortunately these w i l l often be 

the most uniform strains as a r e s u l t of improvement through 

selection. For P. pratensis. "Embryologically t h i s means 

that they do not only have a strong tendency to aposporous 

embryo sac formation, but also that the egg c e l l i n these 

aposporous sacs divides i n such an early stage that a 

f e r t i l i z a t i o n i s more or l e s s excluded. This makes the 

breeding work very d i f f i c u l t , i f such a good s t r a i n i s 

wanted as mother i n the combination." (86). I f the other 

s t r a i n or species to be used i n the cross has a tendency 

to a l a t e r egg-cell d i v i s i o n i t can be used as the female 

parent; however, t h i s may also be disadvantageous i f 

unreduced egg-cells tend to be f e r t i l i z e d i n the formation 

of hybrids. Thus, i f the better s t r a i n i s used as a male 

parent, because of i t s uniformity, i t may only contribute 
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approximately one t h i r d of the t o t a l chromosome complement 

of the hybrid. The disadvantage of such an inheritance 

pattern i s obvious; degeneration of the better s t r a i n , 

rather than improvement, may r e s u l t . Nygren (86) suggests 

that, "In order to estimate the chances to obtain a 

special hybrid combination an embryological investigation 

ought to be made on the planned mother s t r a i n . " In t h i s 

way a study of the r e l a t i o n between the number of sexual 

and apomictic embryo sacs can be made, and the time of 

d i v i s i o n of the egg n u c l e i i n these can be observed. The 

importance of such a study i s also emphasized by Gustafs-

son's conclusion (44) that " . . . hybrid formation . . . 

increases i n the measure that reduced embryo-sacs a r i s e 

or that the f i r s t d i v i s i o n of the egg-cell begins l a t e . " 

One of the most ambitious and successful breed­

ing programs with the genus Poa i n North America has been 

carried on by the Carnegie I n s t i t u t i o n of Washington 

workers at Stanford, C a l i f o r n i a , i n cooperation with the 

S o i l Conservation Service of the United States Department 

of A g r i c u l t u r e . This program, started i n 1942-1943, arose 

out of the growing r e a l i z a t i o n of the depletion of the 

Western rangelands and of the p o s s i b i l i t y of restoring to 

them some of t h e i r former pro d u c t i v i t y with the aid of new, 

improved bluegrass forms (25, 26). 



- 5 9 -

The bluegrasses, because of the extent to which 

polyploidy has arisen i n them, and because of th e i r pre­

dominantly apomictic means of reproduction, were seen to 

have unique p o s s i b i l i t i e s . The farsighted members of the 

Carnegie group saw that the bluegrasses are among the 

groups of plants which have reached an evolutionary l e v e l 

i n which "• • • the genome, rather than the gene, becomes 

the basic evolutionary u n i t . " (25). 

One of the basic p r i n c i p l e s behind the program 

has been to combine the best strains a v a i l a b l e of species 

belonging to d i f f e r e n t sections of the genus. These re­

motely related species have also been chosen for t h e i r 

contrasting regions of adaptation. This has meant cross­

ing forms from high a l t i t u d e s with those from low a l t i ­

tudes, crossing coastal types with i n t e r i o r types, high 

l a t i t u d e forms with low l a t i t u d e forms and so on (25, 26). 

The reason for such a course i s that, as pointed out by 

Clausen et a l . (29), "The p r o b a b i l i t i e s of success i n 

such an endeavour are enhanced by crossing forms that do 

not occur together i n the wildj i n those that occur to­

gether hybridization and natural selection have presum­

ably already sorted out the best combinations." By com­

bining the genomes of forms from opposite extremes of 

environment the Carnegie workers have found i t possible 

to produce hybrids adaptable to intermediate conditions. 
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Other p a r t i c u l a r considerations have been made 

i n the selection of types to be crossed. One of these 

has been to combine the greater drought resistance of 

the bunchgrass with the superior soil-holding capacity 

of the rhizomatous type and to ". . • u t i l i z e the better 

storage f a c i l i t i e s of the rhizome grass as an a d d i t i o n a l 

protection against overgrazing and f i r e . " (26). Other 

objectives have been the lengthening of the season of 

use by combining winter- and spring-active bunchgrasses 

with summer-active rhizome grasses, and to breed for more 

disease-resistant and winter-hardy forms. In many of the 

hybridizations i t has been possible to aim for several 

objectives at once. 

Because the parental species are predominantly 

apomictic types the percentage of hybrids to be expected 

i n any cross i s very low. For t h i s reason a mass-

p o l l i n a t i o n technique i s employed whereby the plants to be 

crossed are grown i n pots sunk side by side i n the ground. 

A pollen-tight tent cage, designed for outdoor p o l l i n a t i o n , 

i s placed over two plants. Pollen i s collected d a i l y i n 

parchment bags placed over the inflorescences and recipro­

c a l p o l l i n a t i o n s made by exchanging the bags and shaking 

the pollen over the respective inflorescences. (26). The 

seed from crosses i s sown i n the greenhouse and the seed­

l i n g s pricked out into f l a t s and spaced c a r e f u l l y so that 
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they can be examined i n d i v i d u a l l y . The hybrids can be 

detected when they are two to three months old, i n about 

the 8- to 12-leaf stage. The non-hybrids are then elim­

inated (27). The frequency of the hybrids varies be­

tween about 0.2 and 5 per cent i n d i f f e r e n t combinations. 

In 1952, Clausen (21) stated that the Carnegie program 

had resulted i n the production of some 700 F i hybrids 

out of about 80,000 seedlings i n the 70 attempted cross­

ings up to that time. 

Some combinations have been much more successful 

than others, and many of these have been made several 

times, using d i f f e r e n t races. The most successful crosses 

have been those involving P. ampla. P. scab r e l l a. P. pra­

t e n s i s . P. compressa and P. arida, which " . . . appear to 

have the gene sets (genomes) from which new forms can 

most successfully be synthesized." (29). Despite many 

attempts, no hybrids have been obtained using P. pratensis 

as the female parent, i n f a c t , very few have been obtained 

using any member of the Pratenses as the maternal parent. 

Chromosome counts of the parental strains and 

the hybrids have revealed that most of the hybrids have 

resulted from the fusion of a reduced egg with a reduced 

pollen nucleus, while a smaller number have arisen from 

the fusion of an unreduced egg with a reduced pollen 
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nucleus (32, 83). One p a r t i c u l a r P. ampla s t r a i n used as 
a female parent produced hybrids from reduced eggs only 
when p o l l i n a t e d by one s t r a i n of P. p r a t e n s i s . but from 
unreduced eggs only when p o l l i n a t e d by a second p r a t e n s i s 
s t r a i n (32). 

Normally, i n c r o s s i n g w i d e l y separated n a t u r a l 
p l a n t forms, the balanced gene systems of the parents 
are d i s t u r b e d , and the segregation products which a r i s e 
i n the F2 and subsequent generations are too i l l - a d a p t e d 
to be of any value. But as has been mentioned p r e v i o u s l y , 
where apomictic reproduction p r e v a i l s i t i s p o s s i b l e to 
ob t a i n non-segregating hybrids which can be perpetuated 
i n d e f i n i t e l y without f u r t h e r g e n e t i c change. The h y b r i d 
vigour c h a r a c t e r i s t i c of many f i r s t generation hybrids can 
th e r e f o r e be maintained (25, 26, 27, 28). In p r a c t i c e , 
Clausen and h i s co-workers have found t h a t about two t h i r d s 
of the i n t e r s p e c i f i c hybrids between predominantly apomictic 
s t r a i n s reproduce s e x u a l l y , and only one t h i r d a p o m i c t i c a l l y 
(28, 29, 30). This c h a r a c t e r i s t i c of the hybrids was un­
expected, but has since proved to be of immense value i n 
the breeding program because the sexu a l l y - r e p r o d u c i n g 
hybrids tend to segregate i n t o a number of F2 l i n e s about 
h a l f of which are apomictic (83). Thus, the sexual mode 
of reproduction i n the hybrids permits the r e l e a s e of a 
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certain amount of v a r i a b i l i t y , yet segregation stops i n 

those F 2 l i n e s i n which apomixis i s reinstated. Selection 

among these apomictic F 2 l i n e s gives the breeder the op­

portunity of choosing constant l i n e s that s t i l l r e t a i n 

much of the i n i t i a l vigour of the F]_ hybrid and that show 

the other desirable c h a r a c t e r i s t i c s being sought. The 

segregation into numerous F 2 l i n e s also increases the chan­

ces of finding new, desirable strains because, as already 

noted, the i n i t i a l number of hybrids formed i s so low. 

The Poa program i s now under completion by the 

Carnegie group, and i s being ca r r i e d on by other i n s t i t u ­

tions and government agencies (23, 24). Some 45 s t a b i l ­

ized hybrid l i n e s have been produced, of which as many 

as 10 to 15 may prove to be of immediate value i n the 

western States (23). Some quadruple hybrids (e.g. a r i d a -

ampla x ampla-pratensis) have also been synthesized and 

may be used (102). The t e s t i n g of hybrid l i n e s i s greatly 

f a c i l i t a t e d by the apomictic reproduction, because seed 

can be used to propagate strains without genetic change. 

Many l i n e s have been on test under varying climatic con­

diti o n s i n d i f f e r e n t areas throughout the United States 

and i n a number of European countries; some may be u t i l i -

zable i n these areas (31). 

As Clausen et a l . (23) point out, "In Poa the 

p o t e n t i a l i t i e s f or producing a great range of new apomictic 
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s t r a i n s through i n t e r s e c t i o n a l h y b r i d i z a t i o n are almost 

u n l i m i t e d . " More of such breeding work i n the bluegrasses 

w i l l undoubtedly be c a r r i e d on. Furthermore, the breeding 

p r i n c i p l e s that have been developed may a l s o be a p p l i c a b l e 

to other groups of economic p l a n t s (23, 24). 
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VI STUDIES OF REPRODUCTION IN Poa c o n f i n i s 

A. Attempts to induce f l o w e r i n g under a r t i f i c i a l 

c o n d i t i o n s 

1. I n t r o d u c t i o n 

One of the d i f f i c u l t i e s throughout most of the 

study was the i n a b i l i t y to induce f l o w e r i n g i n P. c o n f i n i s 

p l a n t s grown i n the greenhouse. This meant that there was 

a l a c k of f r e s h m a t e r i a l f o r c y t o l o g i c a l study during much 

of the course of the i n v e s t i g a t i o n . Furthermore, the 

h y b r i d i z a t i o n experiments were c o n s i d e r a b l y delayed. For 

t h i s reason, a s e r i e s of attempts were made to induce 

f l o w e r i n g i n P. c o n f i n i s p l a n t s , not as an experiment i n 

the i n d u c t i o n of f l o w e r i n g as such, but merely to provide 

m a t e r i a l f o r the c y t o l o g i c a l and h y b r i d i z a t i o n a l work. 

2 . M a t e r i a l s and methods 
A number of p l a n t s of the W h i f f i n S p i t biotype 

were taken from the 6 x 12 f o o t U n i v e r s i t y farm p l o t and 

potted i n sandy loam s o i l i n the greenhouse i n September 

1953 at the s t a r t of the study. They were supplie d w i t h 

complete f e r t i l i z e r and kept under approximately a 14-hour 

day during the winter months wi t h the a i d of e l e c t r i c 

l i g h t s . During the summer months they were l e f t under the 

p r e v a i l i n g day-length c o n d i t i o n s . These p l a n t s were main­

t a i n e d through December 1954. 
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Ih October 1954 a series of treatments were 
started on P. confinis plants brought i n at that time 
from the plot of Whiffin Spit material and placed i n large 
porcelain pots. Six plants were used for each of nine 
treatments, and within each treatment three plants were 
potted i n pure beach sand and three plants i n f a i r l y sandy 
orchard s o i l . 

The nine treatments were as follows: 
( 1 ) "Drought": the plants were given enough water merely 

to keep them a l i v e . 
(2) Carbohydrate: sucrose was supplied at .5 grams per 

pot per week. 
(3) Nitrogen: ammonium n i t r a t e (33 per cent nitrogen) 

was supplied at .6 grams per pot per month. 
(4) S a l t : sodium chloride was supplied at .5 grams per 

pot per month. 
(5) Complete f e r t i l i z e r : 10-20-10 was supplied at 1 gram 

per pot per month. 
(6) Cold shock: plants were given three weeks' treatment 

at 32° F. 
(7) Cold shock: plants were given eight weeks' treatment 

at 32° F. 
(8) Continuous l i g h t : a r t i f i c i a l l i g h t was supplied by a 

500-watt bulb, three feet above the plants. 
(9) Control: no treatment. 



These treatments were continued for just over 

f i v e months, .during which time no a r t i f i c i a l l i g h t was 

used (except for the continuous l i g h t treatment). 

A number of P. conf i n i s plants brought from 

Gray's Harbour, Washington, on November 5, 1954, were 

potted i n sand i n the greenhouse a f t e r t h e i r c o l l e c t i o n * 

Several plants from the University plot were a l s o brought 

into the greenhouse and potted i n sand i n early December 

1954. No a r t i f i c i a l l i g h t was supplied for either of 

these two groups of plants. 

In the middle of February 1955 three plants from 

the University were potted i n sand i n the greenhouse and 

put under the l i g h t conditions p r e v a i l i n g i n early May 

( i . e . approximately a 13-hour day-length). At two-week 

int e r v a l s other P. confinis plants from the farm plot were 

brought i n and placed under the same conditions; t h i s was 

continued u n t i l the middle of A p r i l . 

During a l l these various attempts to induce 

flowering i n the greenhouse there was often considerable 

f l u c t u a t i o n i n temperature; no records of the temperature 

were kept. A l l plants, except those under the "drought" 

conditions were watered r e g u l a r l y . Aphids were pa r t i c u ­

l a r l y troublesome on the dune bluegrass plants, and regular 

fumigation was necessary. 
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3* Besuits 

None of the plants i n the group i n i t i a l l y brought 

into the greenhouse flowered. Nearly a l l plants showed a 

f a i r l y vigorous vegetative growth during the entire f i f ­

teen months that they were kept i n the greenhouse. 

A l l the nine treatments started i n October 1 9 5 4 

were unsuccessful i n inducing flowering i n any of the 

plants. One s t r i k i n g feature noted was that i n a l l the 

treatments the plants grown i n beach sand maintained a f a r 

more healthy and vigorous vegetative growth than those 

grown i n s o i l . Growth of the plants i n s o i l was almost 

uniformly poor. Plants i n both sand and s o i l were very 

spindly under continuous l i g h t . A l l plants i n the two 

cold temperature treatments kept i n r e l a t i v e l y good con­

d i t i o n , although the plants were somewhat e t i o l a t e d a f t e r 

the longer treatment. Nevertheless, they a l l recovered 

quickly and resumed normal vegetative growth when returned 

to the greenhouse. There was very l i t t l e growth by the 

plants kept under drought conditions. There were no v i s ­

i b l e differences between the plants of the carbohydrate, 

s a l t , nitrogen, complete f e r t i l i z e r and control treatments 

— a g a i n , vegetative growth was good i n sand and poor i n 

s o i l . 

The plants taken into the greenhouse from Gray 1s 

Harbour and from the University plot i n early November and 
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early December, respectively, did not show any signs of 

growth for almost two weeks. After t h i s time, however, 

they began vegetative growth but did not flower. 

Almost a l l the P. confinis plants brought into 

the greenhouse during February, March and A p r i l 1955, pro­

duced inflorescences within two weeks. They flowered 

about two weeks a f t e r the f i r s t appearance of the panicles. 

On a l l these plants flowering was very sparse, and from 

a large section of the rhizomatous sod only one or two 

inflorescences would develop. Two or three plants did 

not flower a t , a l l . This paucity of inflorescences i s 

i n d i r e c t contrast to the profuse flowering of the plants 

grown i n the f i e l d . 

The material which flowered i n the greenhouse 

was used p a r t l y for c y t o l o g i c a l study and p a r t l y for the 

hybridization experiments. 

B. Cytology and histology 

1. Megasporogenesis i n p i s t i l l a t e flowers 

(a) Materials and methods 

Most of the material used i n the c y t o l o g i c a l 

and h i s t o l o g i c a l studies was obtained from the plot of 

P. confinis on the University farm when the plants flow­

ered i n May 1954. Some ad d i t i o n a l study of p a r t i c u l a r 
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stages of development was made on the p l a n t s of t h i s same 

W h i f f i n S p i t biotype which were induced to flower i n the 

greenhouse i n March 1955* As p r e v i o u s l y recorded, the 

e n t i r e p l o t was composed of p i s t i l l a t e p l a n t s * 

F i x a t i o n s were s t a r t e d as soon as the f i r s t 

p a n i c l e s were observed emerging from the sheath on May 2nd* 

Whole i n f l o r e s c e n c e s were taken a t random from throughout 

the p l o t and placed i n R b l l i n - C a r n o y k i l l i n g and f i x i n g 

s o l u t i o n * f o r 6 to 10 hours, the longer times being used 

f o r the l a t e r stages. Seventy per cent a l c o h o l was used 

f o r r i n s i n g o f f the i n f l o r e s c e n c e s a f t e r f i x a t i o n and f o r 

s t o r i n g them. M a t e r i a l not imbedded immediately was kept 

i n the 70 per c e n t . a l c o h o l i n the r e f r i g e r a t o r . 

C o l l e c t i o n s were made d a i l y u n t i l a n t h e s i s oc­

curred about f o u r t e e n days a f t e r the f i r s t appearance of 

the p a n i c l e s . These c o l l e c t i o n s were taken i n both even­

ings and mornings, although more f r e q u e n t l y i n the former. 

S e v e r a l a d d i t i o n a l c o l l e c t i o n s were made subsequent t o 

an t h e s i s . 

S p i k e l e t s from the f i x e d m a t e r i a l were d i s s e c t e d 

from the outer glumes, without the a i d of a lens or micro­

scope, and imbedded i n t a c t . The s p i k e l e t s were dehydrated 

* 85 cc. 70 per cent e t h y l a l c o h o l : 5 cc. g l a c i a l 
a c e t i c a c i d : 5 cc. commercial f o r m a l i n . 
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i n a l c o h o l i n the u s u a l manner, and a s m a l l amount of 
E r y t h r o s i n B was added at the 95 per cent a l c o h o l l e v e l 
to lend a pink t i n g e to them, thus improving t h e i r v i s i ­
b i l i t y when imbedded. They were c l e a r e d i n x y l o l and 
imbedded i n t i s s u e mat or Parowax. 

The s p i k e l e t s were cut on the microtome at 
vary i n g angles a t a l l stages, and at thicknesses v a r y i n g 
from 8 to 22 microns, depending on t h e i r m a t u r i t y . Gum 
a r a b i c was used as an adhesive, and a 1 per cent s o l u t i o n 
of potassium dichromate used to s t r a i g h t e n the ribb o n s . 

A f t e r mordanting i n 4 per cent iron-alum s o l u ­
t i o n the s e c t i o n s were st a i n e d i n H a r r i s 1 hematoxylin f o r 
2\ to 4 hours, destained i n 2 per cent iron-alum under 
the microscope and counterstained w i t h l i g h t green; 

A l l drawings were made w i t h the a i d of a camera 

l u c i d a . 

(b) Observations 
At the time of emergence of the p a n i c l e from the 

sheath the s i n g l e ovule i n each of the b a s a l f l o r e t s of 
the s p i k e l e t s i s a l r e a d y w e l l developed. An inner and 
outer integument, each composed of two l a y e r s of c e l l s , 
surround the n u c e l l u s , although at t h i s stage the i n t e g u ­
ments have not yet grown up around the n u c e l l u s to form 
the micropyle ( F i g . 7, A ) . The n u c e l l u s contains a s i n g l e , 
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often somewhat wedge-shaped EMC, with a large nucleus 

t y p i c a l l y closer to the micropylar end of the c e l l , but 

sometimes c e n t r a l l y placed or near the chalazal end. 

The chromatin material i n the nucleus i n the 

majority of EMCs at t h i s time shows a c h a r a c t e r i s t i c 

synizesis--a stage of the meiotic prophase i n which the 

chromatin forms a spireme and i s aggregated towards one 

side of the nucleus (Figs. 7, A and B). The thread-like 

organization of the spireme i s usually evident i n syni-

z e s i s . A single, large nucleolus i s also present, 

although i n one EMC a second, smaller nucleolus can be 

seen. 

The EMC appears to undergo a normal f i r s t meio­

t i c d i v i s i o n . Paired chromosomes at- zygotene are evident 

i n a number of sli d e s ( F i g . 7, C). F i g . 8, A shows a 

pachytene or diplotene stage. Later stages i n diakinesis 

have invariably shown a l l chromosomes to be associated i n 

pai r s , as fa r as can be determined (Figs. 7, D and Ej F i g . 

8, B). The two c e l l s drawn i n Figs. 7, D and E are the 

only EMCs i n which an almost p o s i t i v e count can be obtained; 

both c e l l s contain 21 pairs of chromosomes. In F i g . 7, D 

the large nucleolus i s s t i l l organized, and one bivalent 

i s c l o s e l y associated with i t j i n F i g . 7, E the nucleolus 

has disappeared and the 21 bivalents are more c l o s e l y 

grouped. S a t e l l i t e s , or trabants, are observable on 
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Figure 7 : Megasporogenesis i n Poa c o n f i n i s 

A. Ovule at time of emergence of panicle; single 
EMC i n meiotic prophase ( s y n i z e s i s ) j the inner 
and outer integuments developing around the 
nucellus. 

B. Synizesis i n EMC (Prophase I ) , 

C. Zygotene i n EMC (Prophase I ) , 

D. and E. Diakinesis i n EMC (Prophase I ) ; 2 1 b i ­
valent s present. Note the trabants ( s a t e l l i t e s ) 
on several pairs of chromosomes i n both c e l l s . 
(D constructed from two adjacent s e r i a l sections.) 

F. Metaphase I i n EMC. 

G. Dyad c e l l s i n i n t e r k i n e s i s . 

( a l l x 1 7 6 0 ) 

The micropylar end i s to the top of,the page i n a l l 
drawings. 





-74-

Figure 8: Megasporogenesis i n Poa confinis 

A. Diplotene i n EMC (Prophase I ) . 

B. Diakinesis i n EMC (Prophase I ) . 

C. Metaphase I i n EMC. 

( a l l x 2640) 
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several pairs of chromosomes i n these and other EMCs at 
diak i n e s i s . 

An elongation of the EMC accompanies the or­
ganization of the spindle figure and the alignment of 
the bivalents at the metaphase plate ( F i g . 7, E; Fig* 
8, C). Although good sections at anaphase and telophase 
of the heterotypic d i v i s i o n are d i f f i c u l t to f i n d , the 
separation of the homologous pairs appears normal, with 
no evidence of univalents or other i r r e g u l a r i t i e s * The 
f i r s t meiotic d i v i s i o n always takes place p a r a l l e l to 
the long axis of the ovule. Dyad c e l l s with nuclei i n 
in t e r k i n e s i s are i l l u s t r a t e d i n F i g . 7, C, i n which a 
reorganization of the nucleolus i n each c e l l appears to 
have taken place* 

The second meiotic d i v i s i o n evidently follows 
very r a p i d l y upon the f i r s t . A t y p i c a l t r i a d stage i s 
shown i n F i g . 9, A, i n which the d i v i s i o n i n the miero­
pylar c e l l of the dyad has been preceded by the d i v i s i o n 
i n the chalazal c e l l . The mieropylar dyad c e l l often 
divides i n a plane at ri g h t angles to the long axis of 
the ovule, forming a T-shaped tetrad ( F i g . 9, B), but 
more frequently i n a plane p a r a l l e l to the long axis of 
the ovule (Figs. 9, C, D and E). Delayed second d i v i s i o n 
of the mieropylar dyad c e l l i s common, and i n some cases 
the d i v i s i o n f a i l s altogether ( F i g . 9, F ) . The d i v i s i o n 
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Figure 9s Megasporogenesis in Poa confinis 

A. Triad. 
B. Tetrad; division in the chalazal dyad c e l l has 

preceded that in the mieropylar c e l l ; note the 
T-shaped form of the tetrad. 

C. Linear tetrad; delayed disintegration of the 
three upper non-functional spores of the tetrad; 
the chalazal megaspore has already divided to 
form a 2-celled embryo sac. 

D. Linear tetrad; the second megaspore from the 
chalazal end i s functioning as the embryo sac 
i n i t i a l . 

£. "Umbrella" stage following tetrad formation; 
the chalazal megaspore functioning as the embryo 
sac i n i t i a l . 

F. "Umbrella" stage following triad formation; the 
chalazal c e l l i s the functional megaspore. 

( a l l x 1520) 
The mieropylar end i s to the top of the page in a l l 

drawings. 
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of the chalazal dyad.cell i s i n v a r i a b l y i n the plane of 

the lo n g i t u d i n a l axis of the ovule. Complete tetrad 

stages are shown i n Figs. 9, C and D. In F i g . 9, C the 

basal c e l l of the tetrad i s functioning as the embryo sac 

i n i t i a l c e l l and i s already d i v i d i n g before the d i s i n t e g ­

ration of the upper three megaspores. In F i g . 9, D the 

second megaspore from the chalazal end i s probably func­

tioning as the embryo sac i n i t i a l i n preference to the 

basal megaspore. 

Typical "umbrella" stages, seen i n a very large 

number of s l i d e preparations, are i l l u s t r a t e d i n F i g s . 9, 

E, F and 10, A and B. The f l a t t e n i n g of the mieropylar 

c e l l of the spore t r i a d or tetrad, together with the d i s ­

integration of the lower, non-functional megaspores, gives 

the umbrella- or mushroom-like appearance. In F i g . 9, E 

the two mieropylar spores have already disintegrated, and 

the second megaspore from the chalazal end also shows 

signs of breaking down. F i g . 9, F i s a similar stage, ex­

cept that the second d i v i s i o n i n the upper dyad c e l l has 

not been completed, and only a t r i a d has formed. The 

second megaspore from the chalazal end of the ovule i s 

seen disintegrating above the embryo sac i n i t i a l c e l l i n 

F i g . 10, C. 
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Figure 10: One-celled embryo sacs i n Poa confinis 

A. and B. "Umbrella" stages; the chalazal megaspore 
i s the.embryo sac i n i t i a l c e l l i n each case. 

(x 1075) 
C. The chalazal megaspore i s functional; the lower 

member of the l i n e of dis i n t e g r a t i n g megaspores 
i s v i s i b l e on the r i g h t . 

(x 1610) 
The micropylar end i s to the ri g h t hand side i n a l l 

three photographs. 

i 





-79-

Complete di s i n t e g r a t i o n of the non-functional 

megaspores i s accompanied by the increased va>cuolation 

and growth of the functional megaspore, or uninucleate 

embryo sac* The f i r s t mitotic d i v i s i o n i n the embryo sac 

may take place either p a r a l l e l to or across the longitud­

i n a l axis (F i g s . 11, A and B). F i g * 11, A shows a l a t e 

anaphase - early telophase stage, and F i g . 11, B a l a t e 

telophase stage i n which the nuclear membranes have formed 

around the chromosomes. The remains of the spore tetrad 

are evident at the mieropylar end of both embryo sacs. 

Two-celled embryo sacs are.seen i n F i g s . 11, C and 12, A. 

In the former, the three non-functional megaspores are 

s t i l l d i s c e r n i b l e , although usually by t h i s stage i t i s 

d i f f i c u l t to pick them out i n d i v i d u a l l y from the c e l l 

debris. 

In only two instances can more than one embryo 

sac be seen i n an ovule. One of these instances i s i l ­

l u strated i n F i g . 11, D, which i s taken from a transverse 

section of a pair of two-celled embryo sacs l y i n g side by 

side i n the nucellar cavity. The f i r s t mitotic d i v i s i o n 

i n the embryo sac on the right has just been completed. 

One of the two telophase figures i n t h i s sac can be seen, 

while the second i s i n a neighboring s e r i a l section. In 

the second example of polyembryony found a pair of four-
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Figure 11: Embryo sac development i n Poa confinis 

A. F i r s t d i v i s i o n i n the embryo s a c — l a t e anaphase 
- early telophase; disintegrated megaspores at 
micropylar. end* 

B. Two-celled embryo s a c — t h e d i v i s i o n just com­
pleted; disintegrated megaspores evident. 

C. Two-celled embryo sac; the three disintegrated 
megaspores c l e a r l y distinguishable. 

D. Polyembryony; two embryo sacs l y i n g side by side 
i n the nucellar chamber (transverse section). 

E. and F. Four-celled embryo sacs. 

0. Ei g h t - c e l l e d embryo sac. (constructed from sev­
e r a l s e r i a l sections). 

( a l l x 1370) 

The micropylar end i s to the top of the page i n 
a l l drawings. 
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c e l l e d embryo sacs are placed side by side i n the ovule. 

Typical f o u r - c e l l e d embryo sacs show the vacuo-

l a t i o n of the center of the sac, where the cytoplasm 

forms a t h i n , peripheral layer against the wall (Figs, 11, 

E and F ) . The number of n u c l e o l i i n the c e l l s of the 

embryo sac seems quite variable, although one i s most 

usual. Two, or occasionally three, may be found, and 

there i s no tendency for c e l l s with more than one nucleo­

lus to be found more often at one end of the embryo sac 

than the other. 

Development of an e i g h t - c e l l e d embryo sac, two 

to three days before anthesis, i s accompanied by further 

vacuolation and increase i n size ( F i g , 11, G), A polar 

nucleus from each group of four c e l l s at either end of 

the embryo sac migrates toward the center of the sac where 

they fuse to form a single c e l l (the fusion nucleus) ( F i g , 

13, A) or,remain c l o s e l y associated but unfused ( F i g , 13, 

B), At the micropylar end of the embryo sac the three 

c e l l s remaining there become distinguishable as an egg 

and a pair of synergids ( F i g . 12, B; Figs. 13, A and B), 

In F i g , 13, B the egg c e l l i s larger than the synergids 

and contains two n u c l e o l i . 

Marked antipodal c e l l development i s evident i n 

a l l embryo sacs, and begins just p r i o r to anthesis. This 
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takes the form not only of an increase i n the number of 

antipodals (Figs. 13, A and B) but l a t e r also a huge i n ­

crease i n t h e i r size and i n the number of nu c l e i per 

antipodal c e l l (Figs. 12, C; F i g . 13, C). Di v i s i o n 

figures can be seen i n two of the three o r i g i n a l a n t i ­

podal c e l l s i n F i g . 13, A. In F i g . 13, B four antipodal 

c e l l s are present. At le a s t eight or ten antipodals are 

seen i n almost every embryo sac at anthesis, and as many 

as twenty can be counted i n several instances. A charac­

t e r i s t i c channelling or furrowing of the dense, granular 

cytoplasm appears to divide off the multinucleate a n t i ­

podals ( F i g . 12, C and F i g . 13, C). In most embryo sacs 

the antipodal c e l l s f i l l up as much as two t h i r d s of the 

sac, although there does not appear to be any compression 

of the underlying fusion nucleus and egg apparatus. 

Florets sectioned f i v e days a f t e r the beginning 

of anthesis appear much the same as f l o r e t s at anthesis. 

In none of the embryo sacs examined was any d i v i s i o n of 

either egg c e l l or fusion nucleus seen. In the small 

number of f l o r e t s examined seven days a f t e r anthesis 

several of the embryo sacs are presumably aborted, taking 

only a heavy stain a l l over, through which i t i s impos­

s i b l e to discern any c e l l u l a r d e t a i l . 
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Figure 12: Embryo sac development i n Poa confinis 

A. Two-celled embryo sac. 

(x 1610) 

B. Mieropylar end of mature embryo sac, showing 
egg c e l l and two synergids. 

(x 2150) 

C. Antipodal c e l l development i n mature embryo 
sac; note furrowing of the cytoplasm between 
the multinucleate antipodals. 

(x 1075) 

« 



c 
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Figure 13: A, B, C, and D - Female gametophyte develop­
ment i n Poa c o n f i n i s . 

E and F - Embryo and endosperm formation 
following p o l l i n a t i o n of p i s t i l l a t e Poa con­
f i n i s f l o r e t with Poa pratensis pollen. 

A and B. Embryo sacs a few days p r i o r to anthesis; 
A shows an egg and synergids, fusion nucleus 
and d i v i s i o n s i n antipodal c e l l s ; i n B the 
egg i s well d i f f e r e n t i a t e d from the two syn­
ergids, the polar n u c l e i have not yet fused, 
and four antipodals are present. 

(Both constructed from s e r i a l sections; x 1610) 

C. Extreme antipodal c e l l development; note the 
channelling between the c e l l s , and the numerous 
nuclei per c e l l . 

( x 815 ) 

D. Mature embryo sac several days a f t e r the s t a r t 
of anthesis; the large egg l i e s between two 
pear-shaped synergids, the polar nuclei are 
s t i l l unfused, and the antipodal development i s 
strong. 

(Constructed from two adjacent sections; x 520) 

E. Young embryo developing a f t e r p o l l i n a t i o n with 
pratensis pollen; a m u l t i - c e l l e d endosperm has 
already formed and surrounds the embryo; the two 
dark bodies on either side of the embryo are the 
disintegrated synergids. 

(x 370) 

F. Neighboring section through same ovule as E; 
peripheral layer of endosperm forms l a t e r a l l y ; 
note d i v i s i o n figures i n several n u c l e i . 

(x 370) 

The micropylar end i s to the bottom of the page i n 
a l l drawings. 
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Chromosome counts cannot even be approximated i n 

any of the c e l l s of the embryo sacs seen throughout the 

various stages of development. 

Chromosome counts i n the c e l l s of the somatic 

tissues surrounding the developing gametophyte are also 

very d i f f i c u l t , as the c e l l s are normally small and 

crowded, with the chromosomes hard to d i s t i n g u i s h even 

i n good polar views Of metaphase plates. Several very 

rough counts i n nucellar c e l l s indicate no more than that 

the somatic chromosome number of 42 i s possible, but the 

most accurate count obtained i s about 40 1 5* 

2. Embryo and endosperm development following 

p o l l i n a t i o n of Poa confinis by Poa pratensis 

(a) Materials and methods 

Because no seed was set i n the Whiffin Spit 

material i n the University plots i n May 1954 no c y t o l o g i c a l 

study beyond the stage of the mature female gametophyte 

could be made. However, i n A p r i l 1955, when flowering was 

induced i n P. con f i n i s plants i n the greenhouse, further 

c y t o l o g i c a l study was made following p o l l i n a t i o n s made 

with P. pratensis p o l l e n . 

The ,P. confinis spikelets were fix e d at a series 

of time i n t e r v a l s following p o l l i n a t i o n . Due to the 
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.sparse f l o w e r i n g only three or f o u r s p i k e l e t s could be 

used f o r each of the treatments* 
The f i x a t i o n s were made at the f o l l o w i n g times: 
(1) At the time of p o l l i n a t i o n 
(2) 6 hours a f t e r p o l l i n a t i o n 
(3) 11 hours a f t e r p o l l i n a t i o n 
(4) 16 hours a f t e r p o l l i n a t i o n 
(5) 25 hours a f t e r p o l l i n a t i o n 
(6) 50 hours a f t e r p o l l i n a t i o n 
(7) 122 hours a f t e r p o l l i n a t i o n 

The f i x a t i o n , s t a i n i n g and other f e a t u r e s of 

the permanent s l i d e p r e parations were e x a c t l y the same 

as f o r the study of megasporogenesis* A l l s e c t i o n s were 

cut at a t h i c k n e s s of 24 microns. 

(b) Observations 
At the time of p o l l i n a t i o n w i t h p r a t e n s i s p o l l e n 

the mature female gametophyte of P* c o n f i n i s shows the 
s t r o n g l y developed a n t i p o d a l s t r u c t u r e and a normal f u s i o n 
nucleus and egg apparatus. In F i g . 13, 0, however, the 
p o l a r n u c l e i have not yet a c t u a l l y formed a s i n g l e nucleus. 
Two somewhat pear-shaped synergid c e l l s l i e r a t h e r below 
the l a r g e egg c e l l . 

S i x hours a f t e r p o l l i n a t i o n the p r a t e n s i s p o l l e n 
g r a i n s can be seen germinating on the stigmas of the 
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c o n f i n i s f l o r e t s . In the 11- and l6-hour stages a care­

f u l search for pollen tubes i n the s t y l a r and nucellar 

tissues reveals several probable examples, but t h e i r 

presence i s very hard to confirm. 

One s l i d e at the 16-hour stage shows the i n i ­

t i a l d i v i s i o n of the endosperm nucleus taking place, 

while the egg c e l l i s undivided. At 25 hours a f t e r p o l ­

l i n a t i o n an endosperm of about eight c e l l s can be seen 

i n one ovule, and i n another an endosperm of s i x c e l l s . 

In both these the endosperm i s developing around the 

antipodal mass, and the egg c e l l remains undivided. A 

t h i r d f l o r e t at the 25-hour stage shows what i s almost 

c e r t a i n l y the terminal end of a pollen tube l y i n g next 

to the egg c e l l . The actual stage of f e r t i l i z a t i o n i s 

either lacking or else cannot be interpreted accurately 

i n any of the s l i d e s examined. 

At 50 hours a f t e r p o l l i n a t i o n three ovules ap­

pear to contain two-celled embryos, although the d i s i n ­

tegration of the synergids and what are possibly the re­

mains of the pollen tubes make i t d i f f i c u l t to interpret 

the s l i d e s at t h i s stage. The endosperm has about twenty-

four c e l l s i n one of these ovules, and i s forming a p e r i ­

pheral layer against the wall of the nucellar chamber, 

and surrounding the antipodal c e l l s , which are only just 
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showing signs o f . d i s i n t e g r a t i o n . The two-celled embryo 

i n t h i s ovule i s buried i n -the endosperm at the micro­

pylar end of the nucellar cavity* 

At 122 hours a f t e r p o l l i n a t i o n , eight- to 

sixteen-celled embryos are present i n half a dozen ob­

servable instances. F i g . 13, E shows an approximately 

eight-*celled embryo surrounded by endosperm t i s s u e . The 

dark bodies on either side of the basal end of the embryo 

are probably the two disintegrated synergid c e l l s . F i g . 

13, F, from a neighboring section through the same ovule, 

shows the peripheral endosperm.formation. The antipodal 

c e l l s have been ingested by the endosperm t i s s u e . Sev­

e r a l telophase figures are observable i n the endosperm 

i n Figs. 13, E and F, and the endosperm s t i l l shows free 

nuclear development at t h i s time. 

The h i s t o l o g i c a l study was not carried beyond 

t h i s stage. 

3* Anther development i n p i s t i l l a t e flowers 

(a) Materials and methods 

Anther development i n the p i s t i l l a t e flowers of 

P. confinis was studied concurrently with the study of 

female gametophyte development, and no s l i d e s were pre­

pared s p e c i f i c a l l y for the purpose. 
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(b) Observations 

In the f l o r e t s of the young spikelets there i s 

l i t t l e d i f f e r e n t i a t i o n of staminal tissues at the time 

the panicle f i r s t emerges from the sheath. In the upper­

most f l o r e t the filament i s barely evident, and the 

epidermal layer of c e l l s of the anther surrounds a homo­

geneous mass of c e l l s i n which even the provascular 

strand i s not d i f f e r e n t i a t e d . 

Successive stages of development can be seen 

i n the stamens from the uppermost to the lowermost f l o r e t s . 

A provascular strand i s developed and the filament length­

ened. An area of sporogenous tissu e becomes d i f f e r e n t i a t e d 

i n each of the four anther-lobes which form. In the 

primary f l o r e t s of a l l but the youngest spikelets ( i . e . 

those on the lower branches of the panicle) the anthers 

show a single epidermal layer, a tapetal layer surrounding 

the sporogenous c e l l s of each anther-lobe, and a c e n t r a l 

vascular strand surrounded by parenchyma tissue ( F i g . 14, 

A). The thin-walled archesporial c e l l s at t h i s stage are 

l i t t l e d i f f e r e n t from the surrounding c e l l s . Their cyto­

plasm i s t h i n and l i g h t l y - s t a i n i n g ; t h e i r nuclei are small 

and c h a r a c t e r i s t i c a l l y contain one to three n u c l e o l i . 

These c e l l s enlarge somewhat as development proceeds but 

otherwise undergo only s l i g h t change i n appearance u n t i l 

about the two- or f o u r - c e l l e d stage of the embryo sac i n 
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Figure 14: Anther development i n p i s t i l l a t e plants of 
Poa confinis 

A. Transverse section of anther i n primary f l o r e t 
at time of emergence of panicle; sporogenous 
c e l l s developing i n four lobes of the anther. 

B. Later stage showing vacuolation and retardation 
of cytoplasmic membranes from c e l l walls i n the 
pote n t i a l PMCs. 

C. Disintegration of the pot e n t i a l PMCs and the 
surrounding tapetal l a y e r . 

D. Complete d i s i n t e g r a t i o n of a l l the inner tissue 
at the time of flowering. 

( a l l x 520) 
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the accompanying p i s t i l . At t h i s time the archesporial 

c e l l s begin to take the hematoxylin stai n more heavily. 

They become vacuolated, the nuclei enlarge, and the 

cytoplasmic membrane sta r t s to p u l l away from the c e l l 

wall ( F i g . 14, B). 

Complete dis i n t e g r a t i o n of a l l the po t e n t i a l 

PMCs follows rapidly, accompanied by the di s i n t e g r a t i o n 

of the tapetal layer, which shows p r a c t i c a l l y no d i f f e r ­

e ntiation throughout the development of the anther ( F i g . 

14, C). By the time anthesis occurs, most of the c e l l u ­

l a r contents of both sporogenous and tapetal regions have 

been digested by the surrounding epidermal tissue ( F i g . 

14, E). The coalescence of the sporangia into two spore 

chambers or pollen sacs i s not completed, the four spor­

angia remaining separated, as shown i n Figs. 14, C and D. 

In no instance were any but mitotic figures 

seen i n the anthers, and even these rather infrequently. 

The timing of the foregoing sequence of events 

i n r e l a t i o n to female gametophyte development seems to 

be somewhat va r i a b l e . Complete d i s i n t e g r a t i o n of the 

anther contents has been seen occasionally as early as 

the "umbrella" stage i n the accompanying p i s t i l , and 

sometimes not u n t i l a f t e r anthesis. Disintegration ap­

peared to take place somewhat e a r l i e r i n the p i s t i l l a t e 

plants which flowered i n the greenhouse than i n those 

which flowered i n the University farm p l o t . 
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4. Microsporogenesis i n staminate flowers 

(a) Materials and methods 

Microsporogenesis was studied i n the staminate 

P. confinis plants which were co l l e c t e d at Point Roberts 

on A p r i l 17th and A p r i l 23, 1955, and grown i n beach sand 

i n the greenhouse. At the time of c o l l e c t i o n the pani­

cles were already showing, and some fi x a t i o n s were made 

at the s i t e at Point Roberts on the second date of c o l ­

l e c t i o n . However, most of the stages of development were 

found i n the f i x a t i o n s that were made a f t e r the plants 

were transferred to the greenhouse. 

Permanent s l i d e s were made i n the same way as 

for the study of female gametophyte development. A l l 

sections were cut at thicknesses of 8 to 14 microns. 

Additional examination of the e a r l i e r stages of 

development was made through the preparation of aceto­

carmine anther squashes. Whole spikelets were placed i n 

Carnoy"s F l u i d No. 1* for 1̂  to 2 hours and then washed 

f i r s t i n 70 per cent alcohol and then i n d i s t i l l e d water. 

The anthers were dissected out of a l l the f l o r e t s i n a 

spikelet and placed i n a drop of acetocarmine on a s l i d e 

for about one minute. The anthers were then squashed 

under a cover s l i p and the excess s t a i n removed with paper 

* Three parts absolute alcohol: one part g l a c i a l 
a c e t ic a c i d . 
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towelling. After the slide was warmed briefly over a 

flame the edges of the cover slip were sealed with n a i l 

polish. 

(b) Observations 
Anthers showing almost a l l stages of a normal 

microsporogenesis can be seen in the permanent and tem­
porary slides. 

PMCs in synizesis f i l l the anther sacs in the 
earliest stages found (Fig. 15, A). A single, large 
nucleolus is seen in each c e l l . At this time the sur­
rounding cells of the anther are already well compressed 
by the growth of the archesporial ce l l s , and i t i s dif­
f i c u l t to see clearly the number of outer c e l l layers. 
However, a single layer of darkly-staining tapetal cells 
is always present, lining the sporangial cavity and sur­
rounding the PMCs. One or two layers of compressed cells 
appear to l i e between the tapetum and the epidermis, but 
the number of layers i s usually not distinct. 

Several zygotene stages can be seen in the PMCs 
in anthers treated by the acetocarmine squash technique 
(Fig. 15, B). PMCs at diakinesis show only bivalents, 
as far as can be seen, although no accurate counts are 
obtainable. In the c e l l at the upper right in Fig. 15, C 
the bivalents are separating at anaphase I. In this and 
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Figure 15: Microsporogenesis i n staminate plants of 
Poa confinis 

A. Synizesis i n PMCs. 

(x 1610) 

B. Zygotene i n PMC. 

(x 3220) 

C. Metaphase I i n PMC at l e f t ; anaphase I i n 
PMC at upper r i g h t . 

(x 3220) 
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other c e l l s at anaphase and telophase ( F i g * 16, A), no 

meiotic i r r e g u l a r i t i e s can be discerned. Several chromo­

some counts i n PMCs at f i r s t d i v i s i o n metaphase and ana­

phase show numbers approximating 2n • 40. No exact counts 

are possible i n the c e l l s examined. 

Dyad formation i s followed r a p i d l y by the second 

d i v i s i o n and the formation of the spore tetrads ( F i g . 16, 

B). By t h i s stage the tapetal layer has been almost com­

pl e t e l y digested by the archesporial c e l l s , and shows as 

a l i n e of disintegrated c e l l s . In F i g . 16, C several 

microspores can be seen l y i n g against the anther wall, 

a day before anthesis. The layer of dark tiss u e d i r e c t l y 

beneath them i s the tapeturn. 

The percentage of good pollen produced i n the 

staminate confinis plants i s evidently high, judging from 

the staining properties of the pollen grains and the low 

percentage of shrunken grains. 

5. Ovule development i n staminate flowers 

(a) Materials and methods 

Ovule development i n staminate flowers was ex­

amined i n the permanent sl i d e s prepared f o r the study of 

microsporogenesis; as i n the study of anther development 

i n the p i s t i l l a t e plants, no s l i d e s were prepared espe­

c i a l l y for t h i s purpose. 



-96-

r, 

Figure 16: Microsporogenesis i n staminate plants of 
Poa con f i n i s 

A. Telophase I i n PMCs. 

(x 1610) 

B. Spore tetrads. 

(x 1300') 

C. Microspores, one day before anthesis; note the 
digested tapetal layer just below the micro­
spores* 

(x 1610) 
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(b) Observations 

Due to the r e l a t i v e l y small number of s l i d e s pre­

pared, only a few stages of development can be seen, A 

number of EMCs, t y p i c a l "umbrella" stages, and several 

early embryo sacs are seen i n some ovules i n the male 

f l o r e t s . One anomaly observed i s the presence of two 

EMCs, both i n synizesis, i n one ovule. Development on the 

female side i s well behind that i n the anthers, and i n 

several f l o r e t s i n which the anthers are almost ripe the 

embryo sacs are only two-celled. No embryo sacs can be 

seen which are beyond the two-celled stage. Although 

the developmental picture i n the ovules, as far as i t pro­

gresses, appears e s s e n t i a l l y l i k e that i n the p i s t i l l a t e 

plants, i n a l l but the very young p i s t i l s the styles and 

stigmas are very much s h r i v e l l e d . 

C. Hybridization techniques and attendant macroscopic 

observations 

1. Techniques used to secure crosses 

Plants of P. c o n f i n i s . P. pratensis. P. com­

pressa , P. macrantha and P. annua were brought i n from the 

f i e l d at various dates during February, March and A p r i l of 

1955. Except for the P. annua, which was brought i n as a 

slab of sod i n a wooden f l a t , a l l plants were potted i n 
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beach sand and put under 14-hour day l e n g t h c o n d i t i o n s 

w i t h the a i d of a r t i f i c i a l l i g h t . 
The sources of these f i v e species were as 

f o l l o w s : 
(1) Poa c o n f i n i s : P i s t i l l a t e p l a n t s were obtained from 

the o r i g i n a l W h i f f i n S p i t biotype on the U n i v e r s i t y 
farm, and a l s o from the P o i n t Roberts m a t e r i a l c o l ­
l e c t e d on A p r i l 17th and A p r i l 23rd. A l l the stam­
i n a t e p l a n t s used were brought from P o i n t Roberts. 

(2) Poa.pratensis: The p l a n t s used belonged to a s t r a i n 
obtained from an abandoned grass nursery s i t e on 
the U n i v e r s i t y farm. The o r i g i n of t h i s s t r a i n i s 
unknown. 

(3) Poa compressa: These p l a n t s were a l s o from a s t r a i n 
of unknown d e r i v a t i o n , obtained from the same aban­
doned nursery as the P. p r a t e n s i s p l a n t s . 

(4) Poa macrantha: These p l a n t s were from a .number c o l ­

l e c t e d on the sand dunes a t Twin Harbours State 
Park, Washington, i n November 1954. They had been 
i n the U n i v e r s i t y p l o t s u n t i l they were brought 
i n t o the greenhouse i n March. A l l p l a n t s brought 
i n proved to be p i s t i l l a t e . 

(5) Poa annua: A sod composed c h i e f l y of P. annua was 
dug up from a waste s i t e c l o s e to the U n i v e r s i t y 
greenhouses. 
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The f i r s t s e r i e s of p o l l i n a t i o n s were made from 

A p r i l 13th to 15th between p i s t i l l a t e P. c o n f i n i s p l a n t s 

( W h i f f i n S p i t ) and P. p r a t e n s i s p l a n t s brought i n t o ­

gether on March 15th. A t o t a l of seven P. c o n f i n i s i n ­

f l o r e s c e n c e s were p o l l i n a t e d . Two of the pl a n t s used i n 

these crossings are seen i n F i g . 17. 

Figure 17: P l a n t s used i n the 
attempted cross P. c o n f i n i s x 
P. p r a t e n s i s . Note the sparse 
f l o w e r i n g of the p i s t i l l a t e 
c o n f i n i s parent. 

A second s e r i e s of p o l l i n a t i o n s were made from 
May 1st to 11th, i n v o l v i n g a l l f i v e Poa specie s . In t h i s 
s e r i e s a l l the P. c o n f i n i s used was from the m a t e r i a l c o l ­
l e c t e d at Point Roberts. 
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1 

The following crossings were attempted*. 

(1) P. confinis x P. pratensis (16) 

(2) P. confinis x P. annua" ( 3 ) 

(3) P. confinis x P. compressa ( 8 ) 

(4) P. macrantha x P. pratensis ( 1 ) 

(5) P. macrantha x P. compressa (2 ) 

(6) P. macrantha x P. confi n i s (2 ) 

(7) P. macrantha x P. annua ( 1 ) 

P o l l i n a t i o n of two P. con f i n i s inflorescences 

with confinis pollen was also carried out. Two panicles 

each of P. confi n i s and P. macrantha were kept bagged with­

out any p o l l i n a t i o n . A s t a r t was made to emasculate P.  

compressa inflorescences by the hot water treatment devel­

oped by Stephens and Quinby (99), but there proved to be 

very few staminate confinis plants a v a i l a b l e f or recipro­

c a l crosses and the emasculations were not carried on. 

There was just enough confinis pollen for the four p o l l i n ­

ations which were made. 

The P. confinis plants used as male and female 

parents and the P. macranths plants used as female parents 

were bagged with glassine bags one to several days before 

anthesis. P. annua inflorescences were also bagged p r i o r 

to t h e i r shedding pol l e n . The pratensis and compressa 

* Numbers i n brackets refer to number of i n f l o r e s ­
cences p o l l i n a t e d . 
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panicles were not bagged, but the two species were kept i n 

separate sections of the greenhouse during the few days 

that t h e i r flowering times coincided. 

Most p o l l i n a t i o n s were carried out between 7:00 

and 8:00 a.m., as i t was found that the P. pratensis and 

P. compressa plants, p a r t i c u l a r l y , shed t h e i r pollen very 

early, and there was often very l i t t l e pollen l e f t l a t e r 

i n the day a f t e r the greenhouse v e n t i l a t o r s had been 

opened up. The s t i l l a i r of the early morning hours also 

reduced the amount of foreign pollen that might have been 

f l o a t i n g around. 

Pollen was coll e c t e d from the plants of the 

species being used as the male parent by tapping t h e i r 

panicles over a clean glass microscope s l i d e . The glas-

sine bags were then removed from the panicles of the 

female parent or parents and the pollen on the s l i d e 

dusted l i g h t l y over the stigmas with the aid of a fin e 

camel-hair brush. The glassine bags were then replaced. 

P o l l i n a t i o n s were usually made on at lea s t three consec­

utive mornings, and occasionally f i v e or six, as the 

flowering of the conf i n i s and macrantha plants progresses 

downward from the top spikelets of the panicles and often 

takes several days to be completed. The glassine bags were 

removed three or four days a f t e r the l a s t p o l l i n a t i o n s had 

been made. 
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2. Observations following p o l l i n a t i o n s 

Seed began to form aft e r a l l of the attempted 

i n t e r s p e c i f i c crosses except the two involving P. annua; 

however, none of the seed from these crosses reached 

maturity without s h r i v e l l i n g , A single, s h r i v e l l e d seed 

found on the P. macrantha inflorescence p o l l i n a t e d with 

annua pollen may have been the r e s u l t of accidental p o l ­

l i n a t i o n by one of the other Poa species. 

Healthy seed formed on the two P. con f i n i s i n ­

florescences p o l l i n a t e d with c o n f i n i s pollen. No seed 

formed on either the P. confinis or P. macrantha p i s t i l l a t e 

inflorescences which were bagged and l e f t unpollinated. 

The seed which formed a f t e r the i n t e r s p e c i f i c 

crossings appeared to f i l l out and develop quite normally 

u n t i l about three weeks a f t e r p o l l i n a t i o n . A few seeds 

from the crosses confinis x pratensis and confinis x com­

pressa were compared under the binocular microscope, at 

a magnification of x 40, with several seeds from the con­

f i n i s x confinis p o l l i n a t i o n two weeks a f t e r the p o l l i n a ­

tions were made: no v i s i b l e differences could be detected 

between these seeds. 

The number of seeds per spikelet which began to 

form a f t e r the i n t e r s p e c i f i c crosses, i n which P. c o n f i n i s 

was the female parent, was only s l i g h t l y l e s s than the 

number found on P. con f i n i s plants c o l l e c t e d i n nature. 
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In nature, two seeds per spikelet seem to form regu l a r l y ; 

a f t e r the crosses i n the greenhouse the average was 

s l i g h t l y over l j seeds per sp i k e l e t . Dissection of the 

spikelets containing the s h r i v e l l e d seed revealed that 

almost a l l the primary f l o r e t s bore seeds, but only about 

50 per cent of the secondary f l o r e t s contained a seed. 

This accounts for the difference i n the percentage of seed 

developing i n nature and the percentage developing a f t e r 

the crosses. There did not appear to be any difference 

between the percentage of seed forming a f t e r the cross 

confinis x pratensis and the cross co n f i n i s x compressa. 

In the crosses where P. macrantha was the female parent 

about two seeds per spikelet formed, although not enough 

inflorescences were p o l l i n a t e d to make very accurate 

estimates. Comparable figures from nature were not a v a i l ­

able for P. macrantha. 

A l l seeds which were not used for embryo ex­

c i s i o n (below) were placed on moist f i l t e r paper i n P e t r i 

dishes, but not a single seed germinated out of the sev­

e r a l hundred obtained from the various i n t e r s p e c i f i c 

crosses. The s h r i v e l l e d seeds absorbed moisture and looked 

plump and healthy a f t e r about three days i n the P e t r i 

dishes, but closer examination revealed that the maternal 

tissues of the seed formed a hollow s h e l l , devoid of 

normal endosperm t i s s u e . Apparently, most of the seeds 



-104-

had already been infected with mould organisms at the time 
0 

they were placed i n the P e t r i dishes. Very few seeds were 

not mouldy a f t e r a week. 

The seeds from the cross macrantha x con f i n i s 

were somewhat plumper than those from any of the other 

crosses, although s t i l l being s l i g h t l y s h r i v e l l e d . Unlike 

any of the seeds from the other i n t e r s p e c i f i c crosses, a 

number of those from the macrantha x confinis cross s t i l l 

contained f a i r l y large amounts of endosperm when placed 

i n the P e t r i plate. However, none of these seeds germin­

ated. 

At the time of writing (two weeks a f t e r the 

germination t e s t s were started), none of the seeds from 

the c onfinis x confinis p o l l i n a t i o n s have germinated, 

although most of the seeds have not yet been touched by 

mould growths. 

3, Embryo culture 

(a) Materials and methods 

After the seed from the f i r s t group of crosses 

s h r i v e l l e d i t was decided to t r y some embryo excision be­

fore the seed from the l a t e r crosses also began to s h r i v e l . 

As f a r as possible, only seed that had not begun 

to s h r i v e l was used. The seeds were f i r s t soaked i n .1 
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per cent mercury bi c h l o r i d e solution for twenty minutes 

and then rinsed i n d i s t i l l e d water for f i v e minutes. Each 

seed was placed immediately on the flamed glass plate of 

the stage of a Reichert binocular diss e c t i o n microscope. 

A r e t o r t ring at a height of two inches above the stage 

of the microscope enabled the hands to be kept steady 

during the excision procedure.* The embryos were excised 

with the a i d of two very sharp-pointed, flamed scalpels 

under a magnification of x 4 0 . Each embryo was dissected 

out with as l i t t l e associated tiss u e as possible adhering 

to i t . 

The embryos were cultured on media used by 

Randolph and Cox ( 8 8 ) for growing I r i s embryos. Sodium 

hexametaphosphate (Calgon) i s the source of phosphorus 

i n t h i s 0 . 7 per cent agar medium containing 2 per cent 

cane sugar, together with other mineral s a l t s . This was 

prepared i n 1 2 5 cc. Erlenmeyer f l a s k s , and several embryos 

were placed together i n each f l a s k . The constant tempera­

ture room i n which the embryo cultures were placed was kept 

at 2 5 ° C. 

* This idea was suggested to the writer by Engelbert 
( 3 7),who used a r e t o r t r i n g for steadying her hands while 
emasculating Poa f l o r e t s . The inflorescence of the plant 
being emasculated was put through the r e t o r t r i n g . 
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(b) Observations and re s u l t s 

Embryos were successfully excised from seeds which 

formed a f t e r the following crosses: 

No. Embryos Excised 

P. confinis x P. pratensis (5) 

P. confinis x P. compressa (10) 

P. macrantha x P. compressa (7) 

P. macrantha x P. confinis (7) 

In some of the seeds at the time of excision 

the beginning of endosperm f a i l u r e could be seen, as evid­

enced by a brown colour of the outer endosperm tissue and 

the r e t r a c t i o n of the endosperm from the inner wall of the 

seed coat. 

Some of the embryos were undoubtedly excised a 

few days too la t e and were probably already contaminated 

with fungus spores. There was very l i t t l e d i f f e r e n t i a t i o n 

of embryonic tissues noticeable i n any of the seeds which 

were dissected, except one or two of those from the cross 

macrantha x c o n f i n i s . 

At the time of writing (eighteen days a f t e r the 

excisions were made and the culture.s started) s i x of the 

embryos from the macrantha x conf i n i s cross are s t i l l a l i v e 

and growing well . There are signs of root growth and t i s ­

sue d i f f e r e n t i a t i o n i n some of them and a l l have enlarged 
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considerably. Only three other embryos have not been 

contaminated by b a c t e r i a l or fungus growths. Two of these 

are from the cross confinis x compressa and the t h i r d from 

the cross macrantha x compressa. These three embryos ap­

pear to be s t i l l a l i v e , but as yet there i s l i t t l e or no 

sign of growth i n them. 
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VII DISCUSSION 

On the basis of both the herbarium and f i e l d 

studies i t seems evident that P. confinis i s a rather d i s ­

t i n c t species, a conclusion already drawn by Marsh ( 6 8 ) . 

Although i t grows i n many locations i n close association 

with P. pratensis, P, compressa, P. macrantha and prob­

ably other Poa species, there i s no obvious i n d i c a t i o n 

that hybrids are formed between these species and P. con-

f i n i s i n nature. However, i t should be emphasized that 

t h i s conclusion i s based on somewhat li m i t e d observations. 

The d i f f e r e n t flowering times of P. c o n f i n i s and some of 

the other bluegrasses probably reduces the opportunity 

for i n t e r s p e c i f i c crossing to occurj furthermore, as sug­

gested by the r e s u l t s from the hybridization attempts, 

any seed that does form a f t e r i n t e r s p e c i f i c crossing i n ­

volving P. confinis i s probably i n v i a b l e . 

The extreme uniformity of dune bluegrass through­

out i t s range of upward of 600 miles along the P a c i f i c 

Coast i s very noticeable; as previously noted, any v a r i ­

a b i l i t y that does exist i n a few characters seems to bear 

no relationship to the geographic d i s t r i b u t i o n of the 

species. The fact that P. c o n f i n i s probably r a r e l y repro­

duces by seed undoubtedly contributes to the lack of v a r i ­

ation; many of the biotypes have possibly existed for 
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hundreds of years, maintaining themselves e n t i r e l y by 

means of the rhizomatous root system. Evidence of t h i s 

i s p a r t i c u l a r l y s t r i k i n g at Point Roberts, where the 

f a i r l y extensive, i n d i v i d u a l clans of the grass on the 

sand banks are composed of either a l l p i s t i l l a t e or a l l 

staminate plants. Quite l i k e l y a l l the plants within each 

group are members of a single clone. 

Both staminate and p i s t i l l a t e clones seem to 

exist at most l o c a l i t i e s , although t h i s feature has not 

been checked c l o s e l y . At any rate, the s i t u a t i o n i n 

P. co n f i n i s c e r t a i n l y does not p a r a l l e l that already men­

tioned (page 47) i n P. nervosa, which has only plants with 

abortive anthers over most of i t s range. 

The problems concerned with dioecism i n plants 

— i t s sporadic occurrence throughout the plant kingdom, i t s 

possible advantages, and other f e a t u r e s — a r e of consider­

able i n t e r e s t . Although the present study has not contrib­

uted much to the general knowledge of dioecism, the mere 

fact that P. co n f i n i s i s a dioecious species i s of some 

spec i a l i n t e r e s t . 

Exactly what benefits dioecism confers upon dune 

bluegrass, growing as i t does i n such a r e s t r i c t e d habitat, 

i s hard to imagine. It i s i n t e r e s t i n g that the two other 

Poa species which are confined s o l e l y to the sandy areas 
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of the P a c i f i c Coast of North America, P. Douglasii and 

P. macrantha, are also dioecious. The writer has l i t t l e 

to suggest beyond Darwin's ( 3 4 ) idea that under severe 

conditions the separation of the sexes may avoid the 

s t r a i n on the reproductive powers of a plant which de­

velops both male and female organs simultaneously. A 

further p o s s i b i l i t y i s that the separation of the sexes 

may allow the accumulation of greater amounts of hidden 

v a r i a b i l i t y within the species than would be possible i f 

the plants were hermaphroditic. Presumably, i n herma­

phroditic plants, mutations a f f e c t , and are transmitted 

by both male and female elements a l i k e . In a dioecious 

species, on the other hand, d i f f e r e n t mutations w i l l ac­

cumulate independently of each other i n the plants of the 

two sexes. In t h i s way a greater amount of hidden v a r i ­

a b i l i t y i s a v a i l a b l e for release following crossing. In 

a species such as dune bluegrass, which probably r a r e l y 

reproduces by seed, " f l e x i b i l i t y " ' i s s a c r i f i c e d somewhat 

for "immediate f i t n e s s " ( 9 7 ) . But dioecism may provide a 

means of maintaining greater f l e x i b i l i t y or capacity for 

v a r i a t i o n through the independent accumulation of mutations 

i n male arid i n female plants. 

The adaptation of P. co n f i n i s to sandy areas of 

a p a r t i c u l a r type i s i n i t s e l f rather i n t e r e s t i n g , and 

there i s much room for conjecture about the plant's ecology. 
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Such factors as s o i l aeration and plant competition may-

have much to do with the apparently narrow range of adap­

ta t i o n of dune bluegrass. It i s rather surprising that 

i t has grown so well on a s o i l with f i n e aggregates at the 

University farm, where i t shows' i t s e l f capable of spread­

ing r a p i d l y and forming a thick sod, maintaining a vigor­

ous leaf growth and flowering profusely. On the other 

hand, the plants growing i n s o i l i n the greenhouse did 

not do as well as those i n sand. 

The sand dunes and beach f l a t s where P. confinis 

thrives are obviously not as bare and unsuitable for plant 

growth as one might i n i t i a l l y suppose, although P. con­

f i n i s c e r t a i n l y exists under more stringent conditions 

than most plant species. A c e r t a i n amount of organic 

matter i s always available from the decay of driftwood 

and from what i s blown by the wind. As Salisbury (91) has 

pointed out, too, " . . . dune s o i l s are normally not saline 

despite t h e i r proximity to the sea." because leaching i s 

rapid. Since most of the P a c i f i c Coast receives a f a i r l y 

heavy r a i n f a l l , heavy leaching must be expected. Further­

more, the moisture-holding capacity of the sand or sandy 

s o i l must be low. 

The experiments on the induction of flowering 

i n P. confinis mostly point out the need for further study 
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on t h i s aspect of the problem. The fact that P. c o n f i n i s 

plants brought into the greenhouse from the f i e l d i n Decem­

ber did not flower, whereas those brought in.during Feb­

ruary (and l a t e r ) did flower, suggests the need for a 

d e f i n i t e period of dormancy and/or low temperature before 

flowering can be i n i t i a t e d . Further experiments using 

cold treatments might enable flowering to be i n i t i a t e d 

even e a r l i e r i n the winter or perhaps at other times of 

the year. The lack of control over the temperatures i n 

the greenhouse makes flowering experiments somewhat d i f ­

f i c u l t . The l i g h t conditions i n the greenhouses at The 

University of B r i t i s h Columbia are usually poor during 

the winter, and trouble i s apparently often encountered 

i n inducing plants to flower i n the greenhouses at t h i s 

time. Flowering i s frequently sparse i f i t does occur at 

a l l . 

Almost a l l the c y t o l o g i c a l d e t a i l s of both male 

and female gametophyte development seem to indicate that 

P. confinis reproduces sexually, and a l l the s l i d e s ex­

amined have been interpreted i n the l i g h t of t h i s f i n a l 

conclusion. 

A careful study of a l l stages of female gameto­

phyte development has f a i l e d to reveal any i r r e g u l a r i t i e s 

that might lead to apomictic embryo sac and seed formation. 

It should be emphasized that' the regular behaviour of the 
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EMC at meiosis i s not i n i t s e l f evidence of sexual re­

production, although i t does preclude the p o s s i b i l i t y of 

any form of diplospory occurring. However, i n some apo­

sporous biotypes of other Poa species the EMC meiosis i s 

quite normal (44, 68, 84, 100). The subsequent d i s i n ­

tegration of the meiotic products i n such plants, accom­

panied by the development of the aposporous embryo sac or 

sacs, i s therefore apparently not related to the regular­

i t y or i r r e g u l a r i t y of the EMC meiosis. On t h i s basis i t 

i s possible to assume that P. con f i n i s might be aposporous 

--the embryo sacs developing from somatic c e l l s and thus 

being d i p l o i d . It becomes very important, therefore> to 

establish the o r i g i n of the embryo sac i n i t i a l c e l l that 

can be seen below the di s i n t e g r a t i n g megaspores i n the 

c h a r a c t e r i s t i c "umbrella" stages. Unfortunately, no 

chromosome counts have been obtainable i n any i n i t i a l 

c e l l , or i n any l a t e r embryo sac stages; however, there 

are other indications that the embryo sac i n i t i a l , or 

one-celled embryo sac, a c t u a l l y i s a haploid megaspore 

derived from the normal meiosis. 

The fact that the i n i t i a l c e l l i s always found 

d i r e c t l y i n l i n e with the di s i n t e g r a t i n g c e l l s of the 

t r i a d or tetrad, i n the l o n g i t u d i n a l axis of the ovule, 

i s not suggestive of aposporous development as i t occurs 

i n other t y p i c a l aposporous apomicts. In most aposporous 
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Poa species, for instance, the somatic i n i t i a l c e l l s do 

not usually have such a d e f i n i t e and constant point of 

o r i g i n , and commonly a r i s e at various places i n the nu­

c e l l u s or chalaza (1, 5, 63, 84, 100). A second observa­

t i o n which lessens the l i k e l i h o o d of aposporous develop­

ment i s the appearance i n early stages of only one embryo 

sac i n i t i a l i n an ovule, and i n l a t e r stages of only a 

single embryo sac (with two exceptions, as previously 

mentioned). This, again, i s unlike the commonly encount­

ered s i t u a t i o n i n other aposporous apomicts, where sev­

e r a l somatic c e l l s often develop simultaneously and com­

pete with each other, or where a sexual embryo sac and 

one or more aposporous embryo sacs compete with each other. 

As Akerberg (1) f i r s t proposed for P. pratensis. there 

should consequently be a pos i t i v e association between 

polyembryony and apospory. On the other hand, there i s no 

a p r i o r i reason for assuming that the development of a 

single aposporous c e l l , always at the basal end of the 

l i n e of megaspores, i s not t h e o r e t i c a l l y possible i n 

P. c o n f i n i s . 

A further probable i n d i c a t i o n of sexual embryo 

sac development i s that four disintegrating megaspores 

have never been seen i n any ovule. Admittedly, there are 

a great many sli d e s i n which the number of disintegrating 

megaspores i s d i f f i c u l t or impossible to count, but some 
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s l i d e s d e f i n i t e l y showing only two or three such c e l l s 

can be seen. This suggests that one of the megaspores, 

rather than a somatic c e l l , always functions as the embryo 

sac i n i t i a l . Where only two disintegrated c e l l s appear 

the second meiotic d i v i s i o n i n one of the dyad c e l l s has 

l i k e l y f a i l e d ; where three disintegrated c e l l s appear 

the second d i v i s i o n has presumably been completed. In 

either case, a functional megaspore completes the t r i a d 

or tetrad. The interpretations of the rather c r i t i c a l 

stages at t h i s period of development have a l l been based 

on the foregoing presumptions. The f a i r l y frequent oc­

currence of t r i a d s i n P. con f i n i s i s also found i n other 

Poa species, and may be taken as a normal phenomenon. 

Tinney (100) and Akerberg ( 4 ) , working with apomictic . 

strains of P. pratensis. found that the formation of a 

t r i a d was more frequent than the formation of a complete 

tetrad. This was due to the p a r t i a l or complete f a i l u r e 

of the second d i v i s i o n i n the mieropylar dyad c e l l . Hak-

ansson (50) noted the same thing i n sexual strains of 

P. al p i n a . 

The ori g i n s of the twin embryo sacs seen i n two 

s l i d e s are unknown. Although the presence of more than 

one EMC i n a single ovule has never a c t u a l l y been shown 

in the p i s t i l l a t e plants, two EMCs do occur i n one of the 

non-functional p i s t i l s of a male f l o r e t , as previously 
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noted. Therefore, there i s good reason to believe that 

two EMCs could occasionally develop also i n the ovule of 

a p i s t i l l a t e f l o r e t , giving r i s e to two spore t r i a d s or 

tetrads and two functional megaspores. A second possible 

source of twin embryo sacs i s the simultaneous develop­

ment of two megaspores derived from a single EMC. That 

i t i s not exclusively the chalazal megaspore which i s 

functional i s evident from F i g . 9, which shows the 

second megaspore from the chalazal end developing as the 

embryo sac i n i t i a l . It also seems possible, then, that 

both a chalazal megaspore and one of the other spores 

could be fun c t i o n a l . This may a c t u a l l y be occurring i n 

Fi g . 9, D, although the basal megaspore i s not as well 

developed as i t s neighbor. 

The d i v i s i o n and growth of the antipodal c e l l s 

i n the l a t e r stages of embryo sac development i s c e r t a i n l y 

remarkable, but probably has l i t t l e or no bearing on the 

problem of determining the method of reproduction i n 

P. c o n f i n i s . According to Andersen (10) "The Gramineae 

are conspicuous for t h e i r strongly developed antipodals." 

and Maheshwari (67) also states that the presence of 

many antipodals i s common i n the grasses. A number of 

workers have reported the occurrence of unusual antipodal 

behaviour i n Poa species. Andersen (10) found antipodals 

of great size i n P. compressa and P. pratensis biotypes 



-117-

which. she studied. They had dense protoplasm, and per­

sisted u n t i l l a t e into endosperm formation. Tinney (100) 

reported the presence of up to f i v e or s i x antipodals 

i n some of his apomictic pratensis biotypes, while Nielsen 

(71) noted the enlargement and the densely-staining prop­

erty of the antipodals i n sexual plants of the same species. 

Akerberg (5), investigating apomictic strains of Kentucky 

bluegrass, found the antipodal c e l l s almost f i l l e d the 

whole of the nucellar chamber, and Hakansson (51) observed 

a similar phenomenon i n sexual strains of P. alpi n a . par­

t i c u l a r l y i n u n f e r t i l i z e d embryo sacs. The writer i s un­

aware of any explanation f o r excessive antipodal develop­

ment; possibly such tiss u e may function as a temporary 

source of n u t r i t i o n for the egg c e l l and fusion nucleus 

when p o l l i n a t i o n and f e r t i l i z a t i o n are delayed for some 

reason. 

There i s no sign of parthenogenetic embryo 

development i n P. c o n f i n i s . even i n f l o r e t s which have been 

kept unpollinated for some days a f t e r anthesis. In other 

apomictic Poa species, as has already been seen, preco­

cious embryo formation i s quite common, and i s not contin­

gent upon p o l l i n a t i o n , even though endosperm formation 

usually requires p o l l i n a t i o n and (probably) the f e r t i l i z a ­

t i o n of the fusion nucleus. 

The lack of material and shortage of time did 
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not permit a very extensive examination of microsporo­

genesis to be made, although i t was studied c l o s e l y enough 

for the writer to conclude that i t i s quite regular. N i e l ­

sen (77) says that "Among the grasses most of the apomictic 

species examined have exhibited a considerable amount of 

meiotic disturbance, p a r t i c u l a r l y during microsporogen­

e s i s . " Once again, although the evidence from the study 

of microsporogenesis i s not i n i t s e l f conclusive, i t pro­

vides a further i n d i c a t i o n that reproduction i n P. c o n f i n i s 

i s probably sexual. 

The c y t o l o g i c a l study of embryo and endosperm 

development following the p o l l i n a t i o n of female P. co n f i n i s 

f l o r e t s with pratensis pollen i s of considerable import­

ance. The evidence certainly, points to the formation of 

true hybrid embryos between the two species, although the 

p o s s i b i l i t y that the pratensis pollen merely stimulates 

the development of haploid (or di p l o i d ) egg c e l l s into 

embryos cannot be e n t i r e l y ruled out. The period of delay 

between p o l l i n a t i o n and both endosperm and embryo forma­

t i o n i s c e r t a i n l y long enough for double f e r t i l i z a t i o n to 

c 

take place. On $he other hand, the f e r t i l i z a t i o n of the 

fusion nucleus only may be involved. Unfortunately, be­

cause of the small size of the ovules, P. confinis i s par­

t i c u l a r l y unfavourable for the observation of f e r t i l i z a t i o n . 
The fact that embryos and seeds form i n a l l the 
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crosses involving P. co n f i n i s and P. macrantha (except 

those with P. annua), and that i n a l l cases the seeds sub­

sequently s h r i v e l at about the same stage of maturity, 

shows that whatever the explanation of embryo and endo­

sperm formation may be i t i s probably the same i n a l l 

cases. The production of apparently normal seed following 

the a r t i f i c i a l p o l l i n a t i o n of female P. con f i n i s f l o r e t s 

with confinis pollen i s also important; i t shows almost 

d e f i n i t e l y that the s h r i v e l l i n g of the seed from the i n ­

t e r s p e c i f i c crosses i s not due merely to environmental 

conditions i n the greenhouse, aphid i n f e s t a t i o n s , etc. 

The formation of apparently normal seed, followed by the 

abortion of the seed p r i o r to i t s maturation, i s a f a i r l y 

common development a f t e r c e r t a i n i n t e r s p e c i f i c crosses i n 

other genera (67)• From the observations made during the 

embryo excision i t appears that the seed abortion follow­

ing the i n t e r s p e c i f i c crossings i s due to some form of 

endosperm f a i l u r e i n the l a t e r stages of development. 

There has been considerable study carried out on the devel­

opment and role of the endosperm, i t s physiological r e l a ­

tionship, and other features. Further h i s t o l o g i c a l study 

of the endosperm f a i l u r e following the crossings made i n 

the present study might be worthwhile. 

The very b r i e f attempts at embryo excision and 

culture show that there i s hope of obtaining hybrid plants 
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between P. confinis and other Poa species by t h i s method 

(assuming that the embryos which form are a c t u a l l y i n t e r ­

s p e c i f i c hybrid embryos, and not haploids). Chromosome 

counts i n these putative hybrids, i f they can be raised 

to a s u f f i c i e n t l y advanced stage, should provide the 

f i n a l proof of the nature of t h e i r o r i g i n . It i s obvious 

that more work needs to be done on embryo culture; the 

writer has only been able to show that i t i s d e f i n i t e l y 

p r a c t i c a l . Since a method for inducing flowering i n P.  

confinis and other bluegrasses at the same time i s now 

known, and the embryo excision and culture shown to be 

f a i r l y easy, the culture of quite a large number of em­

bryos should not be a very long or d i f f i c u l t task. 

The formation of a higher percentage of healthier-

looking seed from the cross P. macrantha x P. c o n f i n i s . 

together with the success of the embryo culture following 

t h i s cross, i s possible evidence of a closer r e l a t i o n s h i p 

between these two species than between any other two 

species entering into the crosses. 

On the basis of the r e s u l t s from the c y t o l o g i c a l 

and hybrid i z a t i o n a l work i t i s obvious that any breeding 

work of the type carried out i n the Carnegie I n s t i t u t i o n 

of Washington program w i l l not be applicable to P. confinis. 

Any hybrids between P. confinis and other species would 
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presumably reproduce sexually and would not give r i s e to 

apomictic l i n e s i n l a t e r generations, even i f the other 

parent was apomictic. This conclusion i s based on the 

fact that so far apomictic hybrid l i n e s have only been 

obtainable following crossings i n which both parental 

strains or species are themselves predominantly apomictic. 

Through backcrossing of hybrids with apomicts as recur­

rent parents i t might be possible to obtain apomictic 

hybrid l i n e s eventually. However, t h i s reasoning i s very 

speculative and probably very impractical. The chances 

of obtaining economically worthwhile hybrid l i n e s i n 

t h i s manner are c e r t a i n l y rather remote, and the economic 

use of dune bluegrass per se i s much more l i k e l y . Never­

theless, further attempts at i n t e r s p e c i f i c hybridization 

involving P. confinis should be ca r r i e d out i f possible; 

any hybrids w i l l be of considerable s c i e n t i f i c i n t e r e s t 

even i f they are of no p r a c t i c a l value. 

Several aspects of the P. confinis study which 

might have been investigated are worth mentioning as l i n e s 

of further possible work. One of these i s a study of the 

range of chromosome numbers i n dune bluegrass. Despite 

the uniformity of the species throughout i t s d i s t r i b u t i o n 

range, differences in chromosome numbers may exist i n 

biotypes from separate l o c a l i t i e s . The fact that the only 

previously recorded chromosome count (by Hartung (53) made 
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on a female plant from Tillamook Bay, Oregon) and that 

determined by the writer are both the same (2n - 42) does 

not mean that other euploid or aneuploid numbers may not 

e x i s t . 

Another problem which has not been covered i s 

that of the r a t i o of male to female plants i n the pro­

genies of P. confinis plants. If P. confinis reproduces 

sexually the sex r a t i o should be approximately 1:1 i n 

seedling progenies (assuming that other f a c t o r s , such as 

unequal v i a b i l i t y of male and female seedlings, do not 

enter into the p i c t u r e ) . If i t reproduces predominantly 

by apomixis (which, as we have now seen, i s very improb­

able), the sex r a t i o would be considerably modified. 

Because apomixis implies the production of progeny iden­

t i c a l with the maternal parent one would expect a l l apo-

m i c t i c a l l y formed seed to give r i s e to female plants. 

Male plants could presumably only a r i s e from seed formed 

sexually. This question of dioecism and apomixis has not 

been discussed e a r l i e r because i t seems to have no d i r e c t 

bearing on the study of dune bluegrass, but i t should be 

mentioned that a number of dioecious plants i n several 

genera are also apomictic (45). However, the writer i s 

not aware of any papers on dioecious apomicts i n which 

the problem of the sex r a t i o and apomixis i s f u l l y d i s ­

cussed. 
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The small size and lack of heteromorphism of the 

chromosomes of P. con f i n i s makes any detection of sex 

chromosomes very u n l i k e l y . In any event, A l l e n (9) points 

out that "A v i s i b l e difference between the chromosomes of 

a pair does not necessarily accompany dioecism." As yet, 

there are apparently no e f f e c t i v e staining techniques 

which enable the i n e r t , heterochromatic regions of sex 

chromosomes to be picked out. 

A number of P. con f i n i s plants from several bio­

types have been grown from seed and are now established 

i n the University nursery. These w i l l be examined for 

the determination of sex r a t i o s when they flower. 

Further study of dune bluegrass under c u l t i v a ­

t i o n needs to be made; at the moment, the p o t e n t i a l i t i e s 

of the species have s t i l l not been f u l l y investigated. 

The development of more t r i a l plots and t h e i r maintenance 

under conditions of standard t u r f management should be 

attempted. The opportunity for adequate testing of d i f ­

ferent t u r f species and strains now seems to be possible 

following the formation of the University of B r i t i s h 

Columbia President's Committee on Sports Turf Research. 

A f i n e t u r f nursery has been established on the University 

farm, and funds are ava i l a b l e for i t s upkeep. The estab­

lishment of P. con f i n i s on a sandy area of the Point Grey 

Golf and Country Club i s also contemplated. 
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VIII SUMMARY 

Dune bluegrass, Poa confinis Vasey, i s a dioe­

cious grass native to the P a c i f i c Coast of North America. 

It has a very r e s t r i c t e d habitat, being confined almost 

e n t i r e l y to the semi-stabilized, porous sand areas of the 

coast. Herbarium studies, and first-hand observations of 

a number of P. confinis s i t e s indicate that i t i s a 

rather d i s t i n c t species. 

Under c u l t i v a t i o n on The University of B r i t i s h 

Columbia farm P. c o n f i n i s grows vigorously and forms a 

thick sod. Its fine-leaved growth, rhizomatous root sys­

tem and rapidly-spreading habit, together with the sandy 

nature of i t s native habitat, a l l suggest that i t may 

f i n d use as a t u r f species f o r sandy golf courses and 

similar areas along the coast. 

A survey of the l i t e r a t u r e on reproduction i n 

the bluegrasses reveals that apomixis i s widespread i n 

Poa, and that apospory or diplospory followed by pseudo-

gamous embryo development i s the usual form of apomictic 

reproduction. Breeding procedures with apomictic blue-

grasses must be considerably modified, but the standard 

techniques of improvement are s t i l l t h e o r e t i c a l l y a v a i l ­

able to the bluegrass breeder. 

A c y t o l o g i c a l study of embryo sac development 
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i n p i s t i l l a t e plants indicates that i t follows the "normal" 

scheme, and that reproduction i s sexual. Each ovule con­

tains a single EMC which undergoes a regular meiotic div­

i s i o n , giving r i s e to a t r i a d or tetrad of megaspores, one 

of which forms the haploid embryo sac. Somatic chromosome 

numbers of 2 n • 4 2 are found .in two EMCs i n d i a k i n e s i s . 

The presence of twin embryo sacs i s observed i n two ovules. 

Very marked antipodal development, with an increase i n 

size and number of c e l l s , and i n the number of nuclei per 

c e l l , i s c h a r a c t e r i s t i c of the mature female gametophyte* 

Microsporogenesis i n the staminate plants also 

appears "normal." Studies of anthers i n p i s t i l l a t e f l o r ­

ets and ovules i n staminate f l o r e t s show that t h e i r devel­

opment proceeds normally up to a c e r t a i n point and then 

breaks down* 

Embryo and endosperm development can be seen i n 

sections of ovules prepared a f t e r the p o l l i n a t i o n of P_* 

confinis by P. pratensis. The embryos are believed to be 

the product of true hybridization. Seed forms aft e r a l l 

the crossings among P. c o n f i n i s . P. macrantha. P. praten-

s i s and P. compressa using the f i r s t two species as female 

parents, but the seed inva r i a b l y s h r i v e l s shortly before 

reaching maturity. 

The excision of hybrid embryos from seeds formed 

a f t e r some of the i n t e r s p e c i f i c crosses, and the.culture 
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of these embryos on agar media have been successfully car­

r i e d out. Tissues of putative macrantha1.x conf i n i s hybrids 

are growing, and showing some d i f f e r e n t i a t i o n . 

The r e s u l t s indicate that hybrids between P.  

confinis and other bluegrasses can probably be obtained 

through embryo culture techniques. These would be of 

considerable s c i e n t i f i c i n t e r e s t ; at the moment, however, 

t h e i r p r a c t i c a l value, i f any, i s not known. 
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X APPENDIX 

F u l l botanical nomenclature for a l l plant species 

and subspecies mentioned i n the text: 

Grindelia squarrosa (Pursh) Dunal. 

Poa abbreviata R. Br. 

" alpina L. 

" ampla Merr. 

" annua L. 
11 arachnifera Torr. 

" a r c t i c a R. Br. 

subsp. caespitans (Simra.) Nannf. 

" depauperata (Fr.) Nannf. 

" elongata (Bl.) Nannf. 

" microglumis Nannf. 

" s t r i c t a (Lindeb.) Nannf. 

" arida Vasey 

" atropurpurea Scribn. 

" bulbosa L. 

" caespitosa Hk. 

" Canbyj (Scribn.) Piper 

" compressa L. 

" c o n f i n i s Vasey 

" curta Rydb. 

" cuspidata Nutt. 

" Douglasii Nees. 
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Poa eminens P r e s l . 

" glauca Vahl. 

" g l a u c i f o l i a Scribn. and W i l l . 

" g r a c i l l i m a Vasey 

" her.iedalica H. Smith=(P. alpina L. var. 
vivipara L. x P. pratensis L. subsp. 
alpigena (Fr.) H i i t . ) 

" -Iemtlandica (Almqu.) Richt.=(P. alpina L. 
var vivipara L. x P. laxa Hke. subsp. 
flexuosa (Sm.) Hyl.) 

" Kellc-ggii Vasey 

" labradorica Steud. 

" laxa Hke. 

subsp. flexuosa (Sm.^ Hyl. 

Poa l a x i f l o r a Buckl. 

" macrantha Vasey 

" nemoralis L. 

" nervosa (Hook.) Vasey 

" nevadensis Vasey 

" p a l u s t r i s L. 

" P i p e r i Hitch. 

" pratensis L. 

subsp. eupratensis H i i t . 

" a n g u s t i f o l i a (L.) Lindb. F i l . 

" i r r i g a t a (Lindm.) Lindb. F i l . 

" alpigena (Fr.) H i i t . 
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Poa P r i n g l e i Scribn. 

" rhizomata Hitch. 

" scra b r e l l a (Thurb.) Benth. 

" t r i v i a l i s L. 

R6sa gymnocarpa Nutt. 


