
PINE POLLENS FROZEN FIVE YEARS PRODUCE SEED 

by R. Z. Callaham and R. J. Steinhoff' 

Deep-freezing of pine pollen offers a means of 
prolonging its storage life. Early work showed that 
pollen could be frozen without losing its viability. 
A study was started in 1958 at  the Institute of 
Forest Genetics at Placerville to determine how 
long frozen pollen of several pines would remain 
viable. This paper reports in vitro germination and 
in vivo seed production by pollens stored at -20°C. 
up to 5 years. 

References to low temperature storage of forest 
tree pollens are infrequent in the literature. Boden 
( 1958 ) successfully stored eucalyptus pollen at 
-16°C. for 7 months. Duffield and Callaham 
( 1959) reported success in freezing pine pollen 
for 1 year at  -23°C. They found that fresh and 
stored pollen were about equally effective in pro- 
ducing sound seed. Wright ( 1959) mentions good 
results using pollen stored for 1 year at  -18°C. 
Ehrenberg ( 1961 ) reported results of crossing ex- 
periments with pollen stored for 3 years in a 
freezer. Her in vivo studies with Pinus sylvestris 
showed that storage at +4"C. was much less ef- 
fective than storage at -18°C. After 3 years, pol- 
lens stored at +4"C. and -18°C. both germinated 
nearly 100 percent in vitro. Crossings using the 
pollen stored at +4"C. did not produce any filled 
seed, but crossings using pollen stored at -18°C. 
gave only slight reductions in seed-set and pro- 
duced about half as many filled seed as would 
be expected from fresh pollen. 

Methods and Materials 

The study was initiated in 1958 with the fol- 
lowing species: Pinus jef freyi  Grev. & Balf., P. 
monticola Dougl., P. contorta var. murrayana 
( Grev. & Balf. ) Engl., P. ponderosa Laws., and P. 
sabiniana Dougl, For each species three trees that 
flowered early were selected to serve as pollen 
parents and three that flowered late were selected 
as seed parents. All trees were located on a trans- 
ect through the Sierra Nevada near Placerville, 
Calif. 

In the spring of 1958, ripe pollen was collected 
and extracted, using the technique described by 
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Cumming and Rigllter ( 1948 ). Pollen moisture 
content was not controlled, but pollen was dried to 
the point where lit flowed. 

Pollen from each tree was divided into several 
small aliquots in snrlafl screw-cap glass bottles. 
Each aliquot contained enough pollen to pollinate 
the conelets in 9 pollination bags. One aliquot was 
stored at room temperature until used from 2 to 
10 days later. Two a'liquots were placed in a domes- 
tic refrigerator kept a t  about 5°C. to be used after 
1 and 2 years of storage. Nine aliquots were placed 
in a domestic deep freezer kept at -20°C. The 
first aliquot from the deep freezes was used from 
2 to 10 days later when female parents were 
ready to be pollinated. The remaining aliquots 
were to be used after 1, 2, 3, 5, 7, 10, 15, and 20 
years of storage. Xn each test year, fresh pollen 
for comparison was again collected from the origi- 
nal pollen parents. All pollens were tested for 
viability by the method of Righter ( 1939). Pollens 
removed from storage were kept a t  room temper- 
ature until pollinations were completed. 

Fresh and stored pollens were used in con- 
trolled pollinations (Cumming and Righter 1948) 
on each seed parent in 1958, 1959, 1960, 1961, and 
1963. On a seed parent tree each pollen aliquot 
was used to pollinate the strobili isolated in three 
pollination bags. Ripe cones were collected, and 
seeds were extracted. Filled and hollow seeds were 
counted after separation by winnowing. A sample 
of hollow seeds was examined for insect damage. 
All infested seeds were presumed to have been 
filled, and numbers of filled and hollow seeds 
were corrected accordingly. 

Results and Discussion 

,411 desired crosses to determine ability of stored 
pollen to produce seed in vivo could not be com- 
pleted. Some species had sporadic cone production 
or very low seed set from controlled pollination. 
Squirrel depredations eliminated crosses on some 
species. One tree adorned with pollination bags 
was felled. Only the results for  P. monticola were 
complete. The next best results were for P. jeffreyi. 
Only data for these two species warranted statisti- 
cal analysis. Fragmentary data fo r  the other three 
species are discussed wherever they provide Use- 
ful information. 

Brief freezing of pollen for  2 to 10 days im- 
mediately following extraction increased yield of 
filled seeds ( figs. 1 and 2 ). For P. jeffreyi the in- 
crease was large and statistically significant; for 
P. monticola i t  was slight. In contrast, fragmentary 
data for P. sabiniana showed that fresh pollen gave 



FIGURE 1. - Difference between percent of total seeds tha t  were filled from frozen 
pollen and from fresh pollen fo r  crosses on Pinus monticoln during 5 years of pol- 
len storage. 



YEARS OF STORAGE 

FIGURE 2. - Difference between percent of total seeds tha t  were filled from frozen 
pollen and from fresh pollen for  crosses on Pinus j e f f r e y i  during 5 years of pollen 
storage. 

higher yields of filled seeds than did frozen pollen. pollen in a freezer increases seed yields requires 
Frozen pollen also produced more total seed for further study for verification. Brief freezing aP- 
P. jeffreyi and P. monticola but not for P. sabini- parently had a beneficial effect on pollen, but it 
am. The increase was statistically significant only may not be related to a change in pollen physi- 
for P. jeffreyi. The indication that brief storage of ology. 



Storing p ~ l i ~ ~ v r  ifl a f f i i e ~ s ~ r  for 1 year had 
no infiuc:,lrlca,i on tol;i1 sectds per cone 
or the prr)por"tlor~ of G ~ C J  S ~ C I ~ S  that were f l ~ i c d .  
Data for tkrree f! ~7720ilt2r0111 seed trees showed that 
frozen pollen had a grcahativaratagc over fresil 
pollen on tree I - :) Y'ki~s un ique  response of tree 
1 - 3 to f r o ~ ~ ~ l  p o l f ~ ~ l s  was not repeaterf. in  other 
years, and it  cailnot bc ixpla jnct l  These results 
show that p ~ l l o n  frozen for 1 year does not lose 
its ability sc't srietf 2nd to jjr'ocXuce enabryos. 
probably all pirle, bx.ccdcr.s shotild regularly freeze 
pollen that !r!tist hc stored For a year before it 
is used. 

The only species prorducing swi'ficient stro"r>]i 
for polllrtatlon 1x1 19613 tt ai; Plizus rnont~cola. Thus, 
data on effects of 2 years of storage are limited. 
The few cones that wcsc produced on this species 
gave only 60 percent of normal seed yields. The 
frozen pollen proriucecl ~C'CC'GI' filled seeds per cone 
than fresh pollen, but the clxffccence was not statis- 
tically significant 7'he proportion of all seeds that 
were filled following potilnation with fresh pollen 
was about the same as 111 all other years. Thus, 
when few strohili arc procfuced in some years, they 
can be expcelcd to glve normal proportions of 
sound seed but  corr~paratively f e w  sound seeds per 
cone. Breeding probably sho~zld be deferred when 
strobili are sparse. 

Pollinations in f 961 with pollen frozen for 3 
years producecl significantly fewer seeds than pol- 
linations with fresh pollen. This was true for 
both P. mont~co lu  and P. jeffregi. Both total seeds 
per cone and proportion of seeds that were filled 
were less with frozen pollen. Crosses on two seed 
trees of P. contorta var. murrnyana gave results 
that support these findings. Results of crosses on 
one seed tree of P. ponclerosn, however, showed no 
deleterious effects of freezing pollen for 3 years. 

Pollen frozen 5 years lost about half of its 
ability to produce sound seed. Frozen pollen pro- 
duced about one-third as many filled seeds as 
fresh pollen for  P. rnor~ticoln and about two-thirds 
as many for P.  jeffreyi. Differences between fresh 
and frozen pollen were statistically significant. 
Nevertheless, even after 5 years of storage some 
frozen pollens gave very high yields of filled seeds. 
These general conclusions are supported by the 
fragmentary data for the other three species. 

On the average, frozen pollens declined grad- 
ually but steadily in ability to produce filled seeds 
after the first year (figs. 1 and 2 ) .  The initial in- 
crease in production of filled seeds after freezing 
pollen for a few days has already been mentioned. 
After 1 year of storage, frozen pollen produced 
about the same proportion of filled seed as did 
fresh pollen. The first significant decline occurred 
after 2 years of freezing. ~ u t  even after 3 and 5 
Years of storage the pollens still would be useful 
in a breeding program. The remaining series of 

pollinations in this study will show how long 
frozen pine pollen retains its ability to produce 
sound seeds. 

Pollen frozen 5 years did not lose its ability 
to set seeds. It kept ovules alive until seedcoats 
formed. Total number of seed in cones of P. mon- 
tzcola remained about the same after 1, 2, and 5 
years of freezing, but in the third and fifth years 
frozen pollen gave fewer seeds per cone than fresh 
pollen. Crosses of P. jeffreyi that set cones did 
not show a significant reduction in total seeds. 
These results show that pollens frozen 5 years 
generally may be expected to set almost normal 
numbers of cones and seeds. 

Pollen from certain trees was better than pol- 
len from other trees after 5 years of freezing. The 
best pollen parent of P. monticola was tree 2 - 7. 
Pollen from this tree produced the most seeds per 
cone and the highest proportion of sound seeds. 
Pollens from trees 2 - 1 and 2 - 6 produced pro- 
gressively lower proportions of sound seed. For 
P. jeffreyi pollen from tree 4 - 2 fertilized almost 
the same proportion of seeds after 5 years of freez- 
ing as at  the beginning of the study. Pollen from 
tree 4 - 3 retained less of its ability to set sound 
seed. Pollen from tree 4 - 1, after performing 
normally in 1961, seemed to have lost nearly all 
of its viability in 1963. It set cones on two seed 
trees, but they failed to mature. It produced only 
one sound seed in five cones on the other seed 
tree. Perhaps the particular frozen aliquot used in  
1963 was defective. Final conclusions on pollen 
from this tree must await the results of crosses 
after the next pollinations. Reasons for differences 
among trees in pollen viability are unknown. Ma- 
turity of the pollen when it was collected or its 
moisture content when placed into storage both 
might infIuence storage life. The data show that 
performance of a pollen after even 3 years of 
freezing cannot be used to predict its ability to  
produce seeds after 5 years. 

Data for crosses using fresh pollen provide a 
unique opportunity to analyze compatibilities of 
seed and pollen parents during five different 
breeding seasons. The seed data for P. monticola 
were subjected to multiple graphical t tests. For 
each cross the mean plus or minus two standard 
errors of the mean was plotted (fig. 3 ) .  Crosses 
were considered significantly different if the plot- 
ted values did not overlap. 

For seed tree 1 - 1, pollen parents did not sig- 
nificantly influence number of filled seeds, total 
number of seeds, or proportion of filled seeds. The 
same was true for seed trees 1 - 2 and 1 - 3. Thus, 
pollen parents did not significantly influence seed 
production on any of the three seed trees. Seed 
parents did differ significantly in seed production. 
Generally the significant differences reflect the 
low total numbers of seeds set on tree 1 - 2. The 



FIGURE 3. - Comparisons of means plus or minus two standard errors of the mean 
for seed produced by fresh pollen in nine crosses of Pinus montieola during 5 breed- 
ing seasons. 



proportion of  seeds tha t  wrrAr.e Eiilrd a a s  ahout the 
same for all crosses Seed pan.c*r.nls, poilcn parents, 
or particular mmblnaiicsns of seed and pollen 
parents did not give significant differences. No 
significant i ~ ~ r : o r ~ i ~ ~ a t ~ b ~ ! i r t ~ ~ ~ s  were cletcctert a~riong 
the nine parental. corrrblnalions. 

Refrigerating ysollex~ at  5°C. durinrg &he frrst 2 
years of the test shott7cd nct advantages. Alter 1 
year of stox.:tge 14. procluced, on the avcragc, fcss 
than 10 percent of the number of sccds prod~iccii 
by fresh or frozen pollexl. Kefrlgcrated pol4c.n of 
P. poncle?-osu performed better t han  that of any 
other species. I t  yicldecl nearly haif as many seeds 
as frozen pollen and one-tt-1irc2 as many as fresh 
pollen. Pollen refrigerated for 2 years could be 
tested only on P. rnontzcola in 1960, and it failed 
to produce any filled seed. From these rcsuits, 
storing pollen at 5 ° C .  even for f year cannot be 
recommended. 

These ZYL G ~ G O  results show that caution should 
be used irr interpreting the outcome of crossing 
expcrimenks tasing year-std refrigerated pollens. 
'CVright (11359) used year-old refrigerated pollen 
and had results from intraspecific and intesspe- 
clfic crosses similar to ours, Seed production fol- 
do~nng  pollinations with year-old refrigerated pof- 
len cannot be used to estirxjate genetic incornpati- 
bilities between species or seed production po t en  
tials from controlled crosses. Neither can seed pro- 
duction by several 1-year-old refrigerated pollens 
bc compared because they differ in rate of deter- 
ioratlon in storage. 

This study provided excellent data for compar- 
i ng  seed production from open and controlled pol- 
Stnations (table 1 ) .  Average results from controll- 
ed crosses with three fresh pollens were compared 
with results from open pollination by wind. The 

T a b l e  1.--Total  beeds--and p e r e e n t z f  seeds  tha t  were f i l l e d  follosng c o n t r o l l e d  -- 
p o l l l n a t l o n s  wi th  f r e s h  p ~ t l e x l  ( C )  and open pollinations by wrnd (0) ----- 

P o l l i n a t i o n  year  ' 

Seed : POI l e n  I S p e c i e s  : 1958  1959 1961 1963 
t r e e  : 

: F i l l e d  : T o t a l  : F i l l e d  : T o t a l  : F i l l e d  : Tota l  : F i l l e d  : Tota l  

Pe rcen t  No. P e r c e n t  No. P e r c e n t  No. Pe rcen t  

P. mont icola  1-1 - C 9 4 78 7 5 7 6 9 2 82 96 105 
0 76 40 75 193 - - - - -- -- 

1-2 C 87 5 6 8 3  44 6 6 63  87 8 1  
0 73 33 76 84 - - - - - - - - 

1-3 C 91  130 32 9 7 7 3 102 9 3  105 
0 79 68 94 82 6 5  8 3  -- - - 

P ,  j e f f r e y i  16-4 C - 85 130 88 98 96 158 86 132 
0 91 124 94 138 - - -- -- -- 

P .  c o n t o r t a  13-1 C -- 38 3 2 7 1 23 8 3  1 8  -- - 
v .  murrayana 0 94 11 9 0 38 -- -- -- - - - 

13-2 C -- - - 8 4 1 7  94 22 92 28 
0 55 1 5  56 27 -- -- -- -- 

13-3 C 7 0 8 74 9 89  6 75 23 
0 9 1 35 91 3 1 - - -- -- -- 

5. ponderosa 131-1 C -- -- -- -- -- - - 33 74 
0 - - -- -- -- -- -- -- - - 

131-3 C - - 7 2 -- 29 9 1  54 -- -- 
0 -- -- 84 19 -- -- -- -- 

131-4 C - - -- 94 75 88  39 7 5 88 

0 - - -- 9 1 90 74 31 -- -- 

P.  sab in iana  12-1 C 64 96 96 86 -- 89 4 0 - - 
- 

0 5 0 96 76 46 -- - - -- - - 
12-2 C -- -- - - -- - - -- 81  9 6 

0 66 141 -- -- -- -- - - -- 
12-3 C 70 95 99 31 -- - - 32 82 

0 1 3  61 45 111 -- - - - - -- 



data are extremely variable, but 25 pairs of data 
were available for 5 species during 4 pollination 
years. Sign tests (Siege1 1956) showed that  con- 
trolled and open pollinations did not differ signifi- 
cantly in total seed production or in proportion of 
seeds that were filled. 

Pollen germination in vitro is reported here 
mainly to complete the story. Pollen germination 
tests were not designed for statistical comparisons 
of results. Tests were not conducted on the same 
day or even in the same month in some years, and 

provisions for replication and randomization in 
the tests were inadequate. 

Fresh pollen collected in successive years had 
consistently high viability ( table 2 1. After the 
second and third years of storage the frozen pol. 
lens showed germlinability equal to that of fresh 
pallen; their decreasing ability t o  produce sound 
seeds has already been discussed. Refrigerated 
pollens, in agreement with in vivo results, showed 
a marked reduction in germinahfity after only 1 
year of storage and very low germinability after 

Table 2.- Percent of pol len gra ins  germinating o r  burs t ing  f o r  f r e s h  p o l l e n  ---- 
co l lec ted  each year and f o r  po l len  co l lec ted  - i n  1958 and s tored i n  a 
f r e e z e r  a t  -20°C. o r  i n  a r e f r i g e r a t o r  a t  5'C. 

: Pollen : Year of germinat ion t e s t  
'pecies . parent : : 1958 : 1959 : 1960 : 1961 : 1963 

P.  monticola 2-1 Fresh - - - 
Frozen -- 
Ref r i g .  -- 

2-6 Fresh - - 
Frozen -- 
Ref r i g .  -- 

2 -7 Fresh - - 
Frozen -- 
Ref r i g .  - - 

P. j e f f r e y i  - -  4-1 Fresh 
Frozen 
Ref r i g .  

4-2 Fresh 
Frozen 
Ref r i g .  

4- 3 Fresh 
Frozen 
Rel r ig .  

P_. contorta 12-7 Fresh 50 
v .  murrayana - Frozen -- 

Ref r i g .  -- 
12-8 Fresh 7 0 

Frozen - - 
Ref r i g .  -- 

12-9 Fresh 6 0 
Frozen - 
Ref r i g .  - - 

5. ponderosa 4-59 Fresh 80 
Frozen - - 
Ref r i g .  -- 

4-61 Fresh 8 0 
Frozen -- 
Ref r i g .  -- 

4-65 Fresh 90 
Frozen - - 
Ref r i g .  - - 

P. sabiniana 11-2 - Fresh 80 80 8 0 70 88 
Frozen - - 44 6 4 55 50 
Ref r i g .  -- 6 0 2 7 17 - - 

11-3 Fresh 80 9 0 80  80 85 
Frozen -- 5 7 6 2 5 5 58 
Ref r i g .  -- 70 5 2 18 - - 



2 and 3 years of storage. 'Tile exception to this 
story was polierz of iP.  p o r ~ d r ~ o s t z .  Even after 3 
years of refn*lgcratrowz t l  germinated very well. Cxl- 
fortunately a t  was not tlscri in  conkroIlcc2 panflina- 
tions, so its abillty to pjrwimce sound seeds is un- 
known. 

Kormal eonc and seed sets were prociuccd by 
fresh and frozcn pollens of f.'. jeffr-eyz tha t  failed to 
germinate zn ' U L ~ T ' D  in 1959 fig. 2 ) .  Other parallel 
results of seed productioxi fx'orn pollen tha t  failed 
to germinate zn V Z ~ T O  are on record at f-'lacervilltt. 

The conclusion to be drawn frorr~ all of these 
findings is that pollen germinability in vitr.0 indi- 
cates pollen viability, but only use of pollen in. vivo 
will show its ability to set cones and to produce 
sound seeds. Germination tests in vitro probably 
have very limited value in predicting the ability 
of pine pollens to produce sound seeds. 

The ability of pollens of five species of pines to 
set cones, to produce seed, and to yield filled seed 
after cold storage up to 5 years was determined. 
Pollen samples for each species were frozen at 
-20°C. for a few days and for 1, 2, 3, and 5 years. 
Two other samples for each species were refriger- 
ated at about 5'C. for 1 and 2 years. Each pollen 
sample was tested for germination in vitro in the 
year in which it was used. Strobili on three seed 
trees of each species were pollinated with fresh 
and stored pollen from three other trees. Filled 
and hollow seeds from each cross were counted. 
Total seeds per cone and the proportion of seeds 
that were filled are  reported. 

Brief freezing of pollen for a few days between 
extraction and use significantly increased yield of 
filled seed. Storing pollen in a freezer for 1 year 
had no significant influence on seed yields. Pollen 
stored 2 years produced fewer filled seeds than 
fresh pollen. After 3 and 5 years of freezing, the 
reductions in yield of sound seeds were significant, 
becoming progessively greater as storage time in- 
creased. Results varied by species, but pollen 
frozen 5 years produced only about half as many 
filled seeds as fresh pollen. 

However, freezing of pollen did not influence 
its ability to pollinate strobili and to permit seed 
coats to form. Brief freezing for a few days actually 
increased yield of seeds. Total yields of filled plus 
hollow seeds were about the same for pollen frozen 
for  5 years as for fresh pollen. 

I)olXcns f rom differcn t trees varied En albilit y to  
~ ~ r o d u c c  sccds after 5 years o l  sttsragc. E-"ullrln fror-aa 
one trec fert i i izcd alrnost the same proportion of 
seeds after 5 years: of freezing; as a t  the bcginrzing 
of the study. AnotBler polles-r seemed to  have lost 
nearly all of its viablllty. Reasons for ciifferences 
among pollens are unknotvn. 

Pollens refrigerated a t  5°C. for 1 year pro- 
duced less than 10 percent of the number of seeds 
produced by fresh or frozen pollen, Species varied 
considerably in seed production after 1 year of 
storage. Pollen refrigerated for 2 years failed to 
produce any filled seeds. 

Successive crosses using fresh pollens in five 
different breeding seasons failed to show any sig- 
ificant differences in seed setting ability arriong 
the pollen parents. Crosses in a year when few 
strobili were produced resulted in  major reduc- 
tions in seed yields. No genetic incompatibilities 
were apparent among the nine parental combina- 
tions produced each year. 

No significant differences were found in seed 
production following controlled pollinations with 
fresh pollen and open pollination by wind. Con- 
trolled pollination did not result in more or less 
seed being produced. 

Results of pollen germination tests in vitro a r e  
presented and discussed. The conclusion was drawn 
that results of such tests have little value in pre- 
dicting the ability of pine pollens to produce 
sound seeds. 
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