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Hybridization of Some Trifolium Species through 
Stylar Temperature Treatments* 
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Summary. Plants of seven perennial Trifolium species were interspecifically pollinated. The female flowers opened 
at 40 ~ and the male flowers opened in the greenhouse or field without a temperature treatment. T. pratense was 
pollinated with T. ambiguum, T. hirtum, T. ochroleucum, T. rubens, T. sarosiense, and T. medium. T. medium was 
pollinated with T. pratense. Seeds were obtained from all pollinations; however, 86 of the progeny were morphologi- 
cally and cytologically similar to their female parent, and probably resulted from self-fertilization. Many seeds of 
possible hybrid origin were small and/or did not germinate. Some seeds produced weak or albino seedlings which died 
at an early age. Excised pistils of T. medium from flowers that  opened at 40 ~ were more compatible with pollen of T. 
pratense than pistils of T. medium that  developed in the field, indicating that  the elevated temperature caused greater 
hybrid seed production than was observed in our earlier studies. The high temperature technique may prove useful 
in obtaining hybrids in Trifolium. 

Introduction 

Plan t s  in the genus Tr i fo l ium are general ly  self- 
and  interspecif ic incompat ib le  (Williams, t 9 3 t ;  At-  
wood, 1940; Townsend ,  1968; Taylor ,  et al., 1963). 
One cause of these incompat ib i l i t i es  is the failure of 
pollen tubes  to grow through the styles (Silow, 1931 ; 
Mtiller, t960). Considerable success in overcoming 
se l f - incompat ib i l i ty  by  re la t ive ly  high t empera tu res  
has been repor ted  for T.  pratense L. (Leffel, 1963; 
Kendal l ,  1969) and  for 7". hybridum L. (Townsend,  
1968). Dadson  (1969) reported t ha t  heat  t r e a t m e n t s  
increased the degree of interspecif ic compat ib i l i ty  
among  cer ta in  species of Tri fo l ium.  This  paper  reports  
the use of t empera tu re  t r e a t m e n t s  dur ing  anthesis  on 
hybr id iza t ion  of seven Tri fo l ium species. Some ex- 
per iments  wi th  excised pistils of T. medium L. are 
inc luded  to demons t ra t e  effects of the heat  t r e a t m e n t  
on growth of pollen tubes  i ndependen t  from effects 
of the heat  on fer t i l izat ion and  seed m a t u r a t i o n .  

Materials and Methods  

The species of Trifolium used, and the 2n nmnber of 
chronlosomes reported for them, were: T. an~biguum 
M. Bieb., 48 (Britten, 1963a); 2". hirtum All., 10 (Britten, 
1963b); T. medium L., ca. 48, 80, 126 (Darlington and 
Janaki  Ammal, t945; Cincura, 1965) ; T. ochroleucum L.,  
16 (Keim, 1953); T. pratense L. 14 (Britten, 1963a); 
T. rubens L., 16 (Senn, t938); and T. sarosiense Haszl., 
48 (Cincura, 1965). 

We obtained plants from a collection of Trifolium spe- 
cies maintained at the Kentucky Agricultural Experiment 
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Station, l~exington, Ky. Specimens of these plants are 
filed in the Kentucky Agricultural Experiment Station 
herbarium. The plants grew in a controlled environment 
chamber, greenhouse or field. 

A slight modification of the excised pistil technique 
(Kendall, 1968) was used to evaluate effects of heat treat- 
ments during anthesis on subsequent growth of pollen 
tubes through the styles of T. medium. Florets that  had 
opened on excised stems at 40 ~ were pollinated with 
pollen of T. pratense or were self-pollinated. After 
pollination the upper part  of each floret was cut off the 
flower head at a height immediately above the ovulary. 
The upper part  of the floret was laid in a plastic cap, 
23 mm in diameter X 5 mm tall, which contained glass 
beads (3 mm in diameter) and a nutr ient  solution. The 
cut ends of the florets were submerged in the nutr ient  
solution near the center of the cap. The distal end rested 
on the rim and protruded outside the cap. The nutr ient  
solution contained boric acid and Tween 20 (a wetting 
agent) each at 50 ppm, and 0.14 M raffinose. The cultures 
were incubated at 20 ~ for about 20 hr. On each flower 
head 10 florets were crossed with pollen from T. pratense 
and 10 Ilorets were self-pollinated. Each group of florets 
with the same pollen was placed in one plastic cap. In 
matings that  were compatible, pollen germinated on the 
stigmas, grew through the styles and into the media. The 
cut ends of the styles were examined on a microscope slide 
at a magnification of t0 • for the appearance of pollen 
tubes. We estimated treatment  effects by the number of 
styles with pollen tubes protruding fronl the cut ends 
that  were observed in each cap. Five flower heads that  
had opened on excised stems at 40 ~ and five flower 
heads that  had opened in the field (control) were used 
each day. The experiment was repeated on each of 8 days 
(providing a total  of 40 flower heads or 400 florets for 
each treatment). 

The excised stem method (Kendall and Taylor, 1969) 
was used for temperature treatments during anthesis and 
seed production. Stems about t 5 cm long, bearing flower 
buds, were excised when petal color first became visible in 
the bud. We washed the stems in tap water; crimped the 
cut ends with a pair of pliers, and then placed the stems 
in glass bottles containing an aqueous solution of 2.5% 
sucrose and 25 ppm boric acid. These bottles were set in 
a water bath at 25 ~ which in turn was maintained in an 
incubator at 40 ~ This t reatment  maintained the sub- 
merged portion of the steins at 25 ~ while the flowers 
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were at 40 ~ Under these conditions anthesis occurred 
within 2 or 3 days. 

About 20 to 30 florets of flower heads which opened at 
40 ~ were crossed with pollen from flowers which opened 
without the temperature treatment.  After pollination an 
incubation temperature of 20 ~ was maintained during 
pollen tube growth and seed development. Compatible 
crosses produced mature seed in about 14 days. We chang- 
ed the nutr ient  solution and washed the end of the excis- 
ed stems at about 4-day intervals to limit contamination 
from microorganisms. 

Seeds (suspected F 1 hybrids) were germinated in 100ram 
sterile petri dishes on one thickness of stationary blotter 
paper, and kept moist with tap water. Incubation was 
at 25 ~ Seedlings were transferred to 2-inch clay flower 
pots containing a l : f  mixture of vermiculite and sand 
until  the first trifoliolate leaf appeared. Then they were 
changed to 4-inch flower pots containing autoclaved soil 

Chromosomes from root tips of the progeny were 
counted by methods similar to those of Brooks, Bradley 
and Anderson (1963) except that  cells were squashed in 
acetocarmine rather than 45% acetic acid. A sheath-like 
layer of cells was removed from the root tips after the 
pretreatment to facilitate squashing. Root tips were 
collected as the seedlings were transferred from the vermi- 
culite-sand mixture to soil. 

Results  

Some pollen tubes  grew through styles of excised 
pistils of T.  medium in each t r e a t m e n t  (Table !). 
Styles of T. medium were more compat ib le  with 
pollen of T. pratense t h a n  wi th  self-pollen. Hea t  
t r e a t m e n t  of T. medium styles increased compa t ib i l i ty  
with pollen of T. pratense bu t  no t  with self-pollen. 

Table I. Percentage of excised styles of T. 
medium with pollen tubes protruding from the 
cut end after pollination with self or T. pra- 
tense pollen following anthesis in the field or 

at 4 ~ ~ on excised stems 

Compatible (%) 
Authesis 

Crossed with Treatment Self-pollinated T. pratense 

Field I 1 b* 30 b 
40 ~ 28 b 62 a 

* Means followed by the same letter do not 
differ at the 5% level of significance based on 
Duncan's Multiple Range Test. 

No seeds were ob ta ined  from approx imate ly  
2000 florets of T. medium on excised stems tha t  were 
self-poll inated after anthesis  at 40 ~ This test  was 
made  with stems tha t  were collected at several dates 
from plants  growing in the field. 

Seeds were ob ta ined  from all interspecific polli- 
na t ions  made at  40 ~ (Table 2) a l though the n u m b e r  
of flower heads was small,  pa r t i cu la r ly  of 7". ambi- 
guum.  Most of the seeds from each cross were small  
and  shriveled. Seed m a t u r e d  in 5 to 14% of the flo- 
rets tha t  were pol l ina ted  for each cross except  for 
T. pratense x T.  sarosiense which was 430/0 . 

The n u m b e r  of seeds t ha t  germina ted ,  and  tile 
n u m b e r  of seedlings t ha t  appeared to be normal ,  
albino,  and  deformed are listed in Table  2. A large 
n u m b e r  of the small  and  shriveled seeds, par t icu la r ly  
seeds from T. pratense X T. medium, T.  medium 
x T.  pratense, and  T. pratense x T.  sarosiense, 
did not  germinate .  The small  seeds ob ta ined  from the 
cross of T.  medium X 7". pratense had small  and  dis- 
f igured embryos.  

Many of the seeds produced p lan t s  with an abnor-  
mal  appearance,  which died in the seedling stage of 
growth. The most  common a bno r ma l i t y  was a lbino 
plants .  The roots of several  seedlings were twis ted 
and  curled in a corkscrew m a n n e r  and  failed to grow 
more t han  5 m m  long. 

A to ta l  of 86 no rma l  p lan ts  were ob ta ined  from all 
crosses wi th  7". pratense as the female parent .  All of 
these p lan ts  were morphological ly  ind is t inguishable  
from the female paren t .  Root  t ips of the female 
pa ren t  and  of each of the pu t a t i ve  hybr ids  had t4  
chromosomes. I t  was concluded tha t  all of these 
p lants  were selfs of the female parent ,  T. pratense. 

The n u m b e r  of chromosomes in  root t ips of the 
pa ren t  p lan ts  was the same as general ly  repor ted  in 
the l i te ra ture  except  for T.  medium which had  abou t  
76 chromosomes (Figure t). 

D i s c u s s i o n  and C o n c l u s i o n  

A small  percentage of self-pollen tubes  grew th rough  
styles of excised pistils of T.  medium.  Self-compa- 
t ib i l i ty  of T. medium was not  affected by  high tem- 
pera ture  dur ing  anthesis  as has been shown for T. 

Table 2. The number of flower heads treated at 40 ~ florets pollinated, seed obtained, and seeds germinated and 
appearance of seedlings from interspecific crosses in Trifolium 

No. Pollinated No. of Seeds No. of Seedlings 

Cross Germi- 
Heads Florets Small Normal NormaP Albino l)eformed nated 

T. pratense • T. ambiguum 7 170 14 4 2 2 o o 
T. pratense x T. hirtum 21 475 46 i 9 19 6 9 4 
T. pratense • T. ochroleucum 22 549 35 6 47 39 5 3 
T. pratense • T. rubens 14 360 t 2 7 15 12 1 2 
T. pratense • T. sarosiense 18 565 225 39 4 3 0 1 
T. pratense • T. medium 77 2316 138 40 41 24 9 S 
T. medium X 7". pratense 99 265o 1 56 3o o u u o 

1 Proved to be sells. 
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pratense (Kendall and Taylor,  ! 969). Possibly a modi- 
fication of tempera ture  might cause significant chan- 
ges in self-compatibil i ty of T. medium. 

Pollen of T. pratense was more compatible with 
excised pistils of T. medium flowers tha t  opened at 
40 ~ than with pistils tha t  developed in the field at a 
lower temperature.  Hea t  t rea tments  affect both self- 
and interspecific-incompatibilities suggesting that  a 
general mechanism is involved. One possibility is the 
peroxidase isozymes which have been shown by 
DeJong et al. (t968) to be different in warm- than in 
cool-grown cultures and also have been implicated by  
Pandey (1967) as determinants  of multiple allelism 
of the S gene. 

No seeds were obtained after self-pollinating flow- 
ers on excised stems of T. medium tha t  opened at  
40 ~ although comparable sel ls  of excised pistils 
indicated that  pollen tubes grew through up to 28~o of 
the pistils that  were p,~liinated. Therefore, lack of 
seed production indicates that  failure during ferti- 
lization or seed development,  is a further cause of 
self-incompatibili ty in this species. 

The number  of crosses of T. pratense part icularly 
with T. rubens and T. ambiguum was limited by  the 
number  of flowers produced. Several plants of each 
species used in the hybridization s tudy were main- 
tained in the greenhouse for over one year,  and sever- 
al t rea tments ;  e.g.,  spraying with gibberellic acid 
and various tempera ture  and photoperiod cycles, did 
not enhance flowering. 

Flower buds of T. pratense did not open at 40 ~ on 
excised stems when tile buds were picked before the 
color of the petals became visible. We delayed pick- 
ing the flowering stems of T. medium until the most 
mature  florets (the lowest row of florets on the flower 
head) had opened completely. The mature  florets 
were discarded when the stems were picked and trans- 
ferred to the incubator.  The flower head of T. medium 
is much longer than the round head of T. pratense, 
and allowing the lower florets to mature  was probably  
necessary to bring the buds at the upper  end of the 
flower head to a critical stage of development.  Flower 
buds of T. medium from plants growing in tile field 
did not open unless they were washed in tap  water  
before the heat t reatment .  The washing was not 
necessary for buds from plants in the greenhouse. The 
buds from the field were apparent ly  infested with 
thrips. 

The percentage of pollinated florets which set seed 
was from 5 to 14% for all interspecific crosses except 
1". pratense • 1". sarosiense which was 43~o. Kendall  
and Taylor  (1969) reported tha t  10 clones of T. pra- 
tense differed from 2 to 20~o for seed production after 
self-pollination of florets tha t  opened at 40 ~ The 
number  of seeds produced per floret crossed with 
pollen from various species was within the range ex- 
pected for self-pollination for all crosses except T. 
pralense • T. sarosiense. The unusually large num- 
ber of seeds and the large proportion of seeds that  

Fig. 1. Photograph of chromosomes in root tips of T. medi*~m 

were small and nonviable indicate tha t  cross-fertili- 
zation occurred relatively frequently in this cross. 

The cross of T. medium with T. pratense produced 
186 seeds. Although about  30 of these seeds appeared 
normal in size and shape for T. medium, none of the 
seeds germinated.  Inasmuch as no seeds were pro- 
duced when T. medium was self-pollinated, the 186 
seeds must  have represented various hybrid genoty- 
pes tha t  died during the t ime of seed maturat ion.  

The morphological appearance and chromosome 
counts of the 86 plants obtained from crosses of T. 
pratense with six Trifolium species were all the same 
as the mother  parent.  This indicates tha t  these plants 
resulted from self-pollination. Failure of m a n y  seeds 
to germinate, and of many  seedlings to survive past  
the seedling stage, are evidence tha t  some hybrids were 
formed. However,  their ident i ty could not be proven, 
and they were of no value to the plant breeding pro- 
gram. 

The number  of chromosomes in the T. medium 
plants we used was about 2 n = 76. This figure is 
intermediate in the range of numbers tha t  have been 
reported for this species. I t  is likely tha t  plants of 
T. medium exist at lower levels of polyploidy which 
might be more compatible with T. pratense. 

Heat  t rea tments  during anthesis allowed the for- 
mation of a large nmnber  of seeds from self-fertili- 
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za t ion.  This  d i f f icu l ty  could  be avo ided  b y  the  use of 
male -s te r i l e  female p l an t s  or an  eff icient  t echn ique  
for emascu la t ion .  W i t  (1960) r e p o r t e d  t h a t  v a r y i n g  
degrees  of male  s t e r i l i t y  could  be i nduced  in T. pra- 
tense b y  sp ray ing  the  p l an t s  w i th  2, 3-dichloroiso-  
b u t y r a t e .  We  used 2, 3 -d i ch l~176  coumar in ,  
and  male ic  hydraz ide ,  each at  va r ious  concen t ra t ions  
in the  m e d i u m  dur ing  an thes i s  for excised s tems.  We 
also s p r a y e d  these  chemica ls  on i n t a c t  p l an t s  a t  pre-  
b loom s tage  to  induce  male  s te r i l i ty .  H igh  concen-  
t r a t i o n s  of the  chemicals  b locked  d e v e l o p m e n t  of all  
p a r t s  of the  f lorets .  A t  low concen t ra t ions  v i ab le  
pol len  was formed.  

A l t h o u g h  no h y b r i d s  were p r o d u c e d  in th is  s t udy ,  
t r e a t m e n t  of heads  wi th  40 ~ t e m p e r a t u r e  r e su l t ed  
in m a n y  more  seeds a lbe i t  nonv iab le  t h a n  prev ious  
t echn iques  e m p l o y e d  (Taylor  e t  al. ,  1963). The  pre-  
v ious  s t u d y  showed t h a t  when shr ive led  or smal l  
seeds were p roduced ,  more  in tens ive  work  us ing a 
large  n u m b e r  of d i f ferent  geno types  somet imes  pro-  
duced  hybr ids .  F o r  example ,  the  cross T. pratense 
• T. difusum p r o d u c e d  large a m o u n t s  of shr ive l  
seed and  f ina l ly  a h y b r i d  was ob ta ined .  

T. pratense used in the  p resen t  s tud ies  was a t  the  
d ip lo id  level.  H y b r i d i z a t i o n  migh t  be ef fec ted b y  
us ing the  t e t r a p l o i d  in con junc t ion  wi th  e m b r y o  
cu l tu re  techniques .  I n  pa r t i cu l a r ,  the  large  numbe r s  
of smal l  nonv iab le  seed o b t a i n e d  f rom T. pratense 
• T. medium, T. pratense • T. sarosiense, and  
T. medium x T. pratense ind ica tes  t h a t  fu r the r  in- 
ves t iga t ions  wi th  these  species us ing the  high t em-  
p e r a t u r e  t echn ique  is w a r r a n t e d .  

Z u s a m m e n f a s s u n g  

In  der  G a t t u n g  Trifolium is t  sowohl  nach  Se lbs tung  
als auch nach  A r t k r e u z u n g e n  h~tufig Inkompat ib i l i t~ i t  
zu beobach ten .  Es  wi rd  t iber  U n t e r s u c h u n g e n  ber ich-  
te t ,  du rch  W ~ r m e b e h a n d l u n g  w~ihrend der  Blt i te  die 
Inkompat ib i l i t~ i t  zu t iberwinden.  

Zu diesen Zweck wurden  die Bl t i ten der  mi i t t e r -  
l ichen E l t e r n  e iner  T e m p e r a t u r  von 40 ~ ausgese tz t  
und  d a n a c h  mi t  Pol len  von u n b e h a n d e l t e n  Pf lanzen  
bes t~ub t ,  die auf  dem Fe ld  oder  im Gewiichshaus  
au fb l t ih t en :  Trifolium pratense wurde  m i t  T. ambi- 
guum, T. hirtum, T. ochroleucum, T. rubens, T. saro- 
siense und  T. medium best~tubt,  T. medium mi t  
"i". pratense. Aus allen Best~tubungen wurden  Samen  
erha l ten .  86% der  N a c h k o m m e n  en t sp rachen  jedoch  
morpho log i sch  und  cy to logisch  ih rem mt i t t e r l i chen  
E l t e r  und  waren  v e r m u t l i e h  das  Ergebn i s  e iner  
Se lbs tbe f ruch tung .  Viele Samen,  die m6gl icherweise  
aus  Kreuzungen  s t a m m t e n ,  waren  klein u n d / o d e r  
ke imten  nieht .  Aus einigen Samen erwuchsen  schwa-  
che oder  albino-S~imlinge, die b a l d  abs t a rbe n .  Griffel  
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von T. medium, die aus  Bl t i ten  herausge l6s t  wurden ,  
die sich be i  40 ~ ge6ffnet  b a t t e n ,  waren  ftir Pol len 
von T. pratense vertr~iglicher als Griffel,  die sich auf 
dem F e l d e  en twicke l t en .  Dieser  Befund  1/tl3t den 
Schlul3 zu, dab  die h6here  T e m p e r a t u r  e inen besseren 
H y b r i d s a m e n a n s a t z  be w i rk t  ha t ,  als er in unseren  
fr t iheren U n t e r s u c h u n g e n  b e o b a c h t e t  wurde .  Eine  
T e m p e r a t u r b e h a n d l u n g  k a n n  sich d e m n a c h  be i  Tri- 
[olium ftir eine E r z e u g u n g  von H y b r i d e n  als g t ins t ig  
erweisen.  
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