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Effect of Temperature on Pseudo-Self-Compatibility 
in Trifolium pratense L.* 

W. A. KENDALL and N .  L. TAYLOR 

Department  of Agronomy, University of Kentucky 

Summary. A relatively high temperature treatment, applied during anthesis, was shown to enhance self-seed pro- 
duction through pseudo-self-compatibility in normally self-incompatible red clover (Trifolium pratense L.). The self- 
seeds were produced in cultures of excised stems held in 2.5 percent sucrose. The stems were excised when petal color 
was beginning to appear in the buds. During anthesis the cultures were incubated with the flower heads at 40 ~ and 
the stems at 25 ~ When most of the florets per head had opened the cultures were transferred to 20 ~ and held at 
that temperature during the period of pollen growth through the styles and also during seed development. The addi- 
tion of calcium nitrate and boric acid to the culture medium did not enhance anthesis, seed weight, or the number of 
seeds produced. 

Plant genotype and the environment provided before anthesis were the primary factors influencing the number of 
self-seed produced. Although not all attempts to produce self-seed have been successful, with repeated trims all clones 
we tested produced some seed. 

Introduction 

The regularly occurring self- and the infrequent 
cross-incompatibility in red clover (Trifolium pra- 
tense L.) has been attributed genetically to a number 
of incompatibility alleles (WILLIAMS, t931). Gener- 
ally, pollen tubes cannot grow through styles which 
carry the same gene for incompatibility (SILoW, 
193t ; KENDALL, 1968). Occasionally plants with the 
incompatibility alleles produce a small amount of 
self-seed in a process which has had several names, 
the most recent being Pseudo-Self-Compatibility 
(PSC) (LEFFEL, t963). 

BRANDON and LEFFEL (1968), THOMAS (1955) and 
many earlier workers cited in their papers, have shown 
that  PSC in red clover is an inherited characteristic 
i.e., the amount of seed produced is a function of the 
genotype involved. Usually under field conditions, 
less than 1 percent of the florets pollinated have set 
seed, but we estimated from the data by THOMAS 
(1955) that about I percent of the plants he tested 
produced as much as 5 percent seed per floret pol- 
linated. Sufficient seeds for studies of the inheritance 
of PSC (BRANDON and LEFFEL, t968; JOHNSTON, 
TAYLOR, and KENDALL, 1968) and the effects of 
inbreeding on growth of progeny (THOMAS, 1955) 
have been obtained by pollinating large numbers of 
flower heads produced on vigorously growing single 
plants or clones of plants. A very small percentage 
of red clover plants carry a gene for self-compatibili- 
ty  in place of the gene for incompatibility, and these 
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plants produce seed readily after self-pollination 
(RINKE and JOHNSON, 1941). 

The amount of self-seed obtained from flower 
heads on the same plant has been variable, and it 
has been suspected for many years that  PSC was 
influenced by the environment. LErrEL (t963) 
showed that  plants grown at relatively high tempera- 
tures produced more seed after self-pollination than 
plants of the same clones at cool temperatures. 
KENDALL (1968) reported that  the effect of high 
temperatures on PSC occurred during anthesis and 
caused an inactivation of a pollen tube inhibitor (s) 
in the style. 

TOWNSEND (1968) found that  exposure to 32 ~ 
for t or 2 days changed clones of alsike clover (Tri- 
folium hybridum L.) from self-incompatible to self- 
compatible. The site of the change in the incompa- 
tibility reaction was in the styles for plants of one 
clone but could not be identified for plants of a 
second clone. 

At Kentucky we produced self-seed of red clover 
to isolate inbred lines for the production of double- 
cross hybrids (JOHNSTON et al., t968). The self-seeds 
were obtained from many plants which were isolated 
under separate cages for each clone. That  procedure 
proved undesirable because of the large labor re- 
quirement, the small quantities of seed produced, 
and the continual occurrence of outcrosses. The 
present research originated from the desire to over- 
come these disadvantages and to provide information 
concerning the mechanism of PSC action. 

Methods and Materials 

Plants used in this study were grown in either a glass 
house or a field, or in controlled environment chambers 
at Lexington, Kentucky. The controlled environment 
chambers maintained a light intensity of 200 ft-c from 
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tungsten bulbs plus 1000 ft-c from fluorescent bulbs 
during a 16-hour photoperiod and a temperature of 25 
and 16 -4- 3 ~ during the light and dark period, respec- 
tively. The glass house was shaded, but  not mechani- 
cally cooled, during summer months. 

All t reatments  involved flower heads on excised flower 
stems, a procedure basically similar to that  described by 
BATTLE (1949) for red clover. We excised the stems for 
some experiments when petal color first became visible 
in the flower bud, and for other tests we cut the stems 
when most florets were suitable for pollination. The 
stems were cut at a length of about 14 cm, and usually 
5 to 10 stems were placed in glass 'bottles that  were a 
few centimeters shorter than the stems and contained a 
nutr ient  solution. The nutr ient  solution contained 2.5 
percent sucrose and 25 ppm boric acid, except where 
noted otherwise. The lower one cm of stem tissue was 
squashed with a pair of pliers to facilitate entry of nu- 
tr ients into the stem. 

During the period of anthesis the culture bottles were 
partially submerged in a water bath at 25 ~ which was 
held in an incubator at 40 ~ Accordingly, the media 
and submerged part  of the stems were at 25 ~ while the 
aerial part  of the stems and flowers were at 40 ~ Under 
these conditions anthesis was completed in 2 or 3 days. 
After pollination the media and plant  organs were held 
at 20 ~ during the time of pollen growth through the 
styles and also during seed development, which generally 
was completed in about 14 days. The temperatures were 
obtained in Bio-chemical Oxygen Demand incubators, 
with an accuracy of + I ~ and a fan for constant  cir- 
culation of air within the chamber. No il lumination was 
provided during the incubation period. 

The bottles used to hold the cultures were autoclaved 
between each use, but  the nutr ient  solutions were not  
sterilized. When the medium became cloudy, presum- 
ably because of the development of microorganisms, it 
was discarded and the stems were washed under running 
tap water before they were rep.laced in a fresh solution. 
Usually the media had to be changed after anthesis and 
once or twice during the period of seed development. 

All of the pollinations were made on an individual 
floret basis to provide an accurate estimate of the num- 
ber of florets involved. Florets were self-pollinated by 
activating the tripping mechanism with a dissecting 
needle. Pollen from several flower heads of different 
genotypes was mixed together on a glass microscope slide 
and transferred to the florets in a small metal loop for 
compatible matings. About 15 florets per head were 
cross-pollinated, and about 30 florets per head were 
self-pollinated. At least t0 flower heads were used for 
each treatment.  

Results  
Compatible matings: Studies wi th  compat ib le  

mat ings  were made  with p lan ts  from the control led 
e n v i r o n m e n t  and  glass house, to ascer tain the opti-  
m u m  tempera tu res  and  media  for growth of pollen 
tubes  and  for seed ma tu ra t i on .  In  these studies 
s tems were excised when most  florets in the head 
were freshly-opened,  and  the florets were pol l ina ted  
wi th  compat ible  pollen immedia te ly  after  se t t ing 
the stems in the media.  

Several carbohydra tes  and  combina t ions  of carbo- 
hydra tes  were eva lua ted  as a source of nu t r i en t s  for 
seed development .  Sucrose was used at  concent ra-  
t ions of 0, 2.5, 5.0, and  t0  percent  which produced 
t4,  71, 56, and  3 percent  seed, respectively.  Seeds 
produced on stems in the 2.5 percent  solut ion weighed 
from !.0 to t.5 mg per seed and  appeared similar  to 

seed obta ined  from plants  in the field. Chemicals 
which were shown to inf luence growth of red clover 
pollen tubes  in styles of excised pistils (KENDALL, 
1968), i.e., raffinose, boric acid and  calcium ni t ra te ,  
did no t  inf luence seed deve lopment  when added to 
media  for excised stems. 

Effects of various t empera tures  on seed develop- 
men t  are shown in Table  t .  In  this s tudy,  all flowers 
were held at  20 ~ for 25 hours after  pol l inat ion to 
insure equal  fert i l izat ion at all t rea tments ,  and  then  
the t empera tu re  t r e a tmen t s  were applied for a period 
of 2 weeks. The mean  n u m b e r  of seeds produced 
were similar for all t r ea tments .  However,  seeds 
produced at  20 and  25 ~ were larger t han  seeds 
grown at  ext reme tempera tures .  

To ascer tain the op t i mqm tempera tu re  for pollen 
tube  growth, some excised s tem cul tures  were held 
at  ei ther  15, 20, 25, 30, or 35 ~ for 24hou r s  after  
po l l ina t ion ;  and  then  all cul tures  were held at  25 ~ 
for seed development .  The number s  of seeds set 
were used to es t imate  t r e a t m e n t  effects on pollen 
tube  growth. No s ignif icant  differences be tween 
t empera tu re  t r e a t m e n t s  were ob ta ined  in this test.  
We concluded tha t  the technique  was not  sui table  
for es t imat ing  t empera tu re  effects on pollen tube  
growth, and  consequent ly ,  we a rb i t ra r i ly  used the 
t empera tu re  found o p t i m u m  for seed development ,  
i.e. 20 ~ 

Table 1. Mean (zo replications) number and weight of 
seeds produced on excised stems of red clover at various 
temperatures from 24 hours after cross-pollination until the 

seed was mature (two weeks) 

Temperature Seed 

C ~ Number mg/seed 

15 t9a* 0.81b 
20 18a t .30a 
25 1 7a 1.23a 
30 16a 0.75b 
35 12a 0.61b 

* Duncan's Multiple Range Test. Means within a column 
with the same letter do not differ at the 5 % level of significance 

Table 2. Average percentage of seed produced on stems 
excised either with opened florets and cross-pollinated, or 
with flower buds that were held at 4 ~ ~ for anthesis and 

self-pollinated 

Clone Seed set (percent) 

Number Cross-pollinated Self-pollinated 

700 51 12 
581 57 20 
749 66 5 
829 69 t7 

11 71 12 
713 77 11 

54 78 3 
525 79 3 

1173 79 2 
74o 85 5 
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Incompatible matings: Several studies were made 
to provide a nutrient  solution during anthesis tha t  
might enhance the opening of buds or re tard de- 
velopment  of the self-incompatibility mechanism. 
Generally most of the florets opened, in a solution 
of 2.5 percent sucrose, and appeared similar in size 
but  of paler color than  florets on intact  plants. No 
florets opened on stems in either 0 or 10 percent 
sucrose. Various concentrations of calcium nitrate 
and boric acid generally failed to promote anthesis 
of flowers or to influence growth of pollen tubes 
through styles tha t  were incompatible. In some 
tests the number  of seeds obtained was increased 
by  boric acid at 25 ppm. 

The max imum  tempera ture  in which anthesis 
would occur was 40 ~ However,  the submerged 
portions of the stems became injured at 40 ~ and 
they deteriorated before the seed matured.  Therefore, 
it was necessary to provide a means for keeping the 
media at a cool tempera ture  at the same time that  
high temperatures  were provided for the flower heads. 

The florets remained in a condition suitable for 
pollination for a relatively short t ime at 40 ~ 
Usually the max imum number  of florets per head 
were ready for pollination after 2 or 3 days at 40 ~ 
The average percentage of pollinated florets which 
set seed after 1, 2, 3, or 4 days at 40 ~ were 7, 11, 
t4  and i0 percent respectively. In  one direct com- 
parison of temperature  t rea tments  during anthesis, 
with flower heads on excised stems, we obtained no 
seed and 25 percent seed from flower heads tha t  
had opened at 25 and 40 ~ respectively. 

To ascertain the opt imum tempera ture  for pollen 
tube growth in styles tha t  were incompatible, some 
excised stem cultures were held at either 15, 20, 25, 
30 or 35 ~ for 24 to 48 hours after pollination, and 
then all cultures were held at 25 ~ for seed develop- 
ment.  This experiment was run twice with flower 
heads that  had opened on plants in the glass house, 
and twice with flower heads from plants in the con- 
trolled environment rooms. Practically no seed was 
obtained in this test. Since pollen tube growth was 
not strongly influenced by  temperature  and 20 ~ 
was opt imum for seed matura t ion (see Table t), we 
chose to use that  temperature  for the period of pollen 
tube growth and seed development for the incompa- 
tible matings. 

The medium that  was found to be opt imum for 
seed development following compatible matings was 
arbitrari ly selected for PSC studies. Seeds produced in 
this way were generally small and had hard seed coats. 
The approximate  weight of seeds produced on excised 
stems by  the various methods described above were 
as follows: stems picked with flowers opened and 
cross-pollinated, 1.3 mg; stems picked with flowers 
in the bud stage and later cross-pollinated, 0.8 mg; 
and stems picked with flowers in the bud stage and 
self-pollinated, 0.8 mg per seed. 

The usefulness of the technique may  be illustrated 
by  some data  with plants of t0 clones of red clover. 
In this study, 20 florets were pollinated on each of 
10 flower heads for each of the t0 clones. 

The degree of self-incompatibility of these plants 
under conditions nearly optimal  for growth was 
established by  allowing one set of flower heads to 
mature  on the plants after self-pollination. The 
plants were maintained in the glass house or con- 
trolled environment chamber for this experiment.  
No seed was obtained from the 2,000 florets polli- 
nated. I t  was inferred that  under normal conditions 
the flowers on plants of these clones were very self- 
incompatible. 

The percentage of florets tha t  set seed after cross- 
pollinating flowers that  were freshly-opened at the 
time the stems were excised is shown in Table 2. 

The percentage of florets tha t  set seed after self- 
pollinating florets which had opened with the flower 
heads at 40 ~ and the stems at 25 ~ is shown also 
in Table 2. No seeds were produced in some of the 
flower heads, but  some seed was obtained for all of 
the clones tested. 

Discuss ion  
BATTLE (t949) arbitrari ly selected a media with 

2 percent sucrose and room temperature  for his 
studies of seed production on excised stems. He 
excised stems when most of the florets were freshly- 
opened and all florets were cross-pollinated. He 
noted tha t  florets which opened on the excised stems 
produced a relatively small number  of small seeds. 

Our experiments with compatible matings showed 
tha t  the medium and temperature  selected by  BATTLE 
(t949) were nearly opt imum, and the addition of 
several nutrients to the medium did not enhance 
seed development from florets which had opened on 
excised stems. We obtained a small quant i ty  of seed 
from florets tha t  were cross-pollinated when the 
florets became dry to the extent tha t  they were 
brittle a few days after pollination. The excessively 
dry condition was prevented by  maintaining an 
open pan of water, or a large number  of cultures, in 
the incubators. 

The length of t ime for anthesis to occur on excised 
stems was generally 2 or 3 days, and it was probably  
dependent upon the stage of development of the bud 
at the time the stems were cut. On some occasions 
the buds did not open. Generally, the inhibition of 
anthesis was associated with one or more of the fol- 
lowing factors: (t) stems cut from plants tha t  were 
not growing vigorously, (2) the appearance of disease 
lesions on the stems; and (3) the appearance of an 
exceptionally large amount  of contaminat ion in the 
s tem media. We define a nonvigorous plant as one 
which, after having grown from a seed or cutting, 
under a light regime of low intensity and long dura- 
tion, results in a small plant with only one or two 
small flower heads. 
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Disease lesions have developed mainly on stems 
taken from plants growing in the field. Conse- 
quently, we routinely wash the stems and buds 
taken from plants growing in the field in a large 
volume of water to reduce the amount of soil, micro- 
organism~ and insects on the cultures. The develop- 
ment of a slightly cloudy appearance (presumably 
due to microorganisms) in the stem medium has 
generally not prevented anthesis. The contamination 
could not be controlled with streptomycin sulfate at 
62, 250, or 500 ppm, or with sulfanilamide at 25, 
500, I000, or 2000 ppm. 

In previous studies of growth of pollen tubes 
through styles that  were genetically incompatible it 
was shown (KENDALL, 1968) that pollen growth was 
enhanced by certain carbohydrates, boric acid and 
calcium nitrate. We added these chemicals, at 
several concentrations, to the nutrient media for 
excised stems during anthesis. From the numbers of 
seed set it was inferred that none of these chemicals 
consistently influenced growth of pollen tubes through 
styles that were incompatible. In some tests the 
number of seeds obtained were increased by boric 
acid at 25 ppm. At that  concentration boric acid 
was never inhibitory, and therefore, it was regularly 
included in the media. 

Studies on the effects of temperature on the 
growth of pollen tubes in excised pistils (KENDALL, 
t968) showed that  the incompatibility mechanism 
was partially inactivated by high temperatures 
during anthesis and that  high temperatures applied 
after pollination had only inhibitory effects on pollen 
growth. In our study, where the effects of tempera- 
ture were evaluated on the basis of seed production, 
conclusions concerning the incompatibility mecha- 
nism are the same 

The technique described here has been used in our 
laboratory on many occasions in the past 2 years, 
and independently by Dr. J. TI~OMAS (personal 
communication). On some occasions at both labora- 
tories the amount of seed obtained has been unsatis- 
factory. However, by  repeating the procedure on 
several occasions we have produced self-seed for all 
of the clones we have tested, and the technique has 
been useful in the breeding program. 

Plant genotype and season of the year influenced 
effects of high temperature on PSC in alsike clover 
(TowNsEND, 1968). Variable stability seems to be 
a general characteristic of the incompatibility me- 
chanism. Eventually the variability may prove 
helpful in that, as we identify factors responsible for 
the fluctuations, we shall come closer to defining the 
mechanism itself. 

Zusammenfassung 

Durch eine Behandlung normalerweise selbst- 
unvertfiiglichen Rotklees (Trifolium pratense L.) 
mit verh~tltnismiil3ig hohen Temperaturen w~ihrend 
der Anthesis ergab sich eine Erh6hung des Samen- 
ertrages durch Pseudo-Selbstvertr~iglichkeit. Die 
Samen aus der Selbstbefruchtung wurden an Kul- 
turen abgeschnittener Stengel erzielt, die in 2.5% 
Sucrose gehalten wurden. Die Stengel waren zu dem 
Zeitpunkt, an dem die Petalenfarbe in den Knospen 
sichtbar wurde, abgeschnitten worden. In einem Brut- 
raum wurden die Bltitenk6pfe w~ihrend der Anthesis 
bei 40 ~ und die Stengel durch Eintauchen der 
Kulturgl~iser in ein Wasserbad bei 25 ~ gehalten. 
Sobald sich die Mehrzahl der Bltitchen ge6ffnet 
hatte, wurden die Kulturen in 20 ~ tibergeftihrt 
und in dieser Temperatur w~thrend des Pollenwachs- 
tums durch die Griffel und auch w~ihrend der Samen- 
entwicklung belassen. Eine Beigabe von Kalzium- 
nitrat und Bors~iure zum Kulturmedium steigerte 
weder die Anthesis noch das Samengewicht und die 
Anzahl der erzeugten Samen. Der Genotyp der 
Pflanze und die Umwelt vor der Anthesis waren die 
Prim~irfaktoren, die die Anzahl der Samen aus Selbst- 
befruchtung beeinflul3ten. Obwohl nicht alle Ver- 
suche, Samen aus Selbstbefruchtung zu erzielen, 
erfolgreich waren, erzeugten in wiederholten Ver- 
suchen doch alle untersuchten Klone etwas Samen. 
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