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Embryo Development and Hybridity Barriers in the White Pines 
(Section Strobus) 

By H. B. KRIEBEL 

Ohio Agricultural Research and Development Center 
Wooster, Ohio 44691 U.S.A. 

The study of ovule histogenesis in a non-crossable or 
weakly crossable species combination establishes the time 
of breakdown in the developmental sequence. It also in- 
dicates the general nature of the barrier and may suggest 
possible ways of overcoming it or of increasing the yield 
of difficult crosses. In addition, it may provide new in- 
formation on taxonomic affinities to supplement that ob- 
tained from crossability patterns. 

Seed failure in pines can occur before, during, or after 
fertilization (BUCHHOLZ 1944). In the hard pines (subgenus 
Pinus [Dipl~xylon])~), several workers have reported that 
hybrid failure occurred at an early stage because of the 
inability of pollen tubes to function normally in the nucel- 
lar tissue of the foreign species. The incompatibility is 
presumed to be the result of chemical differences limiting 
pollen tube growth in the female gametophyte. Some pos- 
sible factors involved are amino acids (MCWILLIAM 1959), 
auxin inhibitors (HASHIZUME and KONDO 1962 a, 1962 b), and 
Sugars (CHIRA and BERTA 1965). In some crosses, low-level 
gamma irradiation of the pollen may stimulate subsequent 
pollen tube growth and overcome inhibition (VIDAKOVIC 
1963). 

There is no evidence of pollen tube incompatibility in 
the soft or white pines (subgenus Strobus [Haploxylon]). 
In this group, any early seed failures appear to be as- 
s&rrted with a lack of pollination, inherent characteristics 
of the seed tree, or other causes not attributable to the 
species cross (KRIEBEL 1967). Development of the gameto- 
phytes during the first year after pollination is normal 
regardless of species combination (UEDA et al. 1961). The 
process is identical to that of P. ,strobus L. as described by 
FERGUSON (1904). 

The sterile crosses P. peuce GRISEB. X P. cembra L. and 
P. peuce X P. koraiensis SIEB et Zucc. were studied by 
HAGMAN and MIKKOLA (1963). In each cross the parents are 
in different subsections of section Strobus. No crosses be- 
tween species of subsection Cembrae and those of subsec- 
tion Strobi have been successful, except those involving P. 
lambertiana DOUGL., which may have been erroneously 
placed in Strobi (WRIGHT 1962). HAGMAN and MIKKOLA found 
that fertilization took place in ovules of P. peuce X cembra 
and in most ovules of P. peuce X koraiensis. Degeneration 
occurred inside the archegonia at the proembryo stage as 
defined by DOYLE (1963). 

Initial work on P. strobus X cembra and P. strobus X 
koraiensis indicated that the developmental pattern was 

I) Terminology of CRITCHPIBLD and LITTLB (1966) and SHAW (1914). 
respectively; that of CRITCHPIELD and LITTLB is used in this paper. 

similar to that found in the P. peuce hybrids, though some 
ovules contained the earliest stages of a true embryo 
(KRIEBEL 1967, 1968). Embryogeny followed the typical pat- 
tern described by BUCHHOLZ (1918, 1929, 1931) up to the time 
of abortion. This report includes subsequent research and 
presents quantitative data on comparative embryogeny in 
hybrid ovules of viable and inviable species combinations. 

Materials and Methods 

Controlled pollinations were made on P. strobus in each 
of 3 years. The male parents included P. strobus as a 
control, one weakly crossable species (P. flexilis JAMES)~), 
and 2 species not crossable with P. strobus (P. cembra, P. 
koraiensis). Whenever possible, more than one male and 
female parent was used for each species cross. With the 
exception of P. koraiensis, each of the species used as a 
pollen parent was included in 2 or more years' experiments. 
Pollens of P. strobus and P. flexilis were freshly collected; 
those of other species had been stored at -12O C for 1 to 
4 years. 

Immature female strobili were collected during the 
second growing season. We had previously established that 
the critical period of archegonial development, fertilization, 
and embryo formation occurred in the last half of June in 
the experimental area. Therefore, the 1966 collections were 
made daily during the period 16 June 1966 to 30 June 1966 
and on 3 dates in July and August. In the second experi- 
ment, collections were made daily from 18 June 1968 to 3 
July 1968 and on 5 later dates in July. The 1969 collections, 
again daily, covered the period 26 June to 3 July. 

The immature strobili were collected in the early morn- 
ing and brought to the laboratory within 1 hour of the 
time of picking. The cones were weighed and measured, 
then dissected. The ovules were fixed in Craf V (SASS 1951) 
in a vacuum desiccator and kept in cold storage at 4O C. 
They were dehydrated with TBA (JOHANSEN 1940) and 
embedded in Tissuemat or Paraplast. 

Each block contained 8 ovules, with occasional excep- 
tions. The blocks were cut into 13 ,U serial sections on a 
rotary microtome. Usually, 3 sections were mounted on a 
slide and 28 to 36 slides were made from a block of 8 ovules. 
A part of the first year's slides were stained with safranin 
and anilin blue; subsequently all slides were prepared with 
JOHANSEN'S quadruple stain (JOHANSEN 1940). 

2) The size (38 ft. height at age 56), needle and cone character- 
istics verify the species as P. flexilis JAMBS, not P. strobiformis 
ENGBLM. 












