
STlMUWTlON OF EARLIER FLOWERING AND SEED PRODUCT~ON IN JACK PINE 
SEEDLINGS THROUGH GREENHOUSE AND NURSERY CULTURE 

Attempts are continually being made to reduce 
the time between generations in forest trees 
through flower induction and stimulation studies 
and by selection for precocious flowering, 

The pines have been of primary interest in re- 
search on early flowering. Righter ( 9939) sur- 
veyed the minimum Jages of flower production 
among the pines grown at Placerville, Calif. The 
average minimum age for 39 species was 4.4 years 
for staminate strobili production; and for 55 spe- 
cies it was 5.2 years for ovulate strobili production. 
Jack pine (Pinus banksianu Lamb. ) was reported 
as producing both male and female strobili a t  3 
years of age. More recently precocious flowering 
in pines has been described by Mergen and Cut- 
ting (1957), Reines and Greene (1958),  Greene 
and Porterfield ( 1962, 1963), and others. Wright 
(1964) has summarized the information on flow- 
ering age in forest trees. In the pines he found 
earliest flowering in the Lariciones and Insignes 
series. Jack pine is a member of the Insignes 
group. Wright (1964) notes that jack pine seed- 
lings grown on a wide spacing in a well-watered 
nursery can be expected to produce flowers by 3 
years of age. However, the proportion of trees 
normally flowering at this age is extremely small. 
An examination of 100,000 three-year-old jack pine 
seedlings in standard nursery beds in Lower Mich- 
igan, but growing at a closer spacing than that 
described by Wright, showed that only approxi- 
mately 0.3 percent of the seedlings bore first-year 
cones. Staminate strobili occurred with about 
equal frequency.2 

The available evidence in the literature sug- 
gests, therefore, that early flowering or flowering 
before the age of 3 or 4 years in the pines is rare. 
However, as Wright ( 1964) points out, experi- 
ments indicate a possibility of reducing the flow- 
ering age of seedlings considerably by appropriate 
fertilizer and cultivation treatments. 

Results given in this paper indicate that the 
flowering age in jack pine can be reduced and the 
proportion of flowering seedlings increased 
through cultural treatments. 

lPlant Geneticist, Institute of Forest Genetics, North 
Central Forest Experiment Station, Forest Service, 
U. S. Department of Agricfilture, Rhinelander, Wis. 

2Rudolph, T. D. 1962 Unpublished report on file at 
the Institute of Fo~es t  Genetics, Rhinelander, Wis. 

Materials and Methods 

in  June and November 1961, jack pine seed 
from three sources was col1ecti:d r ( 1 ) 90 individ. 
ual trees grown from X-rayed seed on the Argonne 
Experimental Forest in northern Wisconsin, ( 2 )  
a bulked lot from a control plot of trees grown 
from nonirradiated seed. and ( 3 1 a stand of mixed 
plantation and natural origin on the Argonne Ex. 
perimental Forest. The origin of C 1) and ( 2 )  was 
the Chippewa National Forest in Minnesota. The 
seed was extracted from the  cones immediately 
after each collection. Although the seed collections 
were made for another study (Rudolph 1966); 
the observations reported bere were made on the 
same plant material. 

The first sowing was made on June 29, 1961, in 
fine sand on a greenhouse bench. Each of the in- 
dividual tree collections was represented by a 
single 16-inch row containing 100 seeds. The con- 
trol populations were represented by 4,500 seeds 
similarly arranged in 100-seed rows. The sand in 
the greenhouse benches was treated with a Tersan 
fungicide solution as required to check damping- 
off in the young seedlings. Commercial 10-10-10 
fertilizer was applied as necessary to maintain 
the plants in a vigorous condition. A 20-hour photo- 
period was maintained throughout the greenhouse 
phase of the study. Temperatures in the green- 
house were norrrlally 75" P. during the day and 
60" F. at night. However, day temperatures occas- 
sionally exceeded 75" F., especially in the summer 
and early autumn, and reached 90 to 95" F. on 
hot, clear days. During the summer and until about 
October 1, a 50-percent-shade saran cloth covered 
the greenhouse. 

When the seedlings were from 2 to 3 months 
old, the following groups were transplanted into 
2% inch clay pots: (1) a random sample of 6 
plants each from 53 of the 90 individual tree 
progenies, ( 2 ) a random sample of 120 plants from 
the nonirradiated control, ( 3 ) 160 plants from the 
natural stand collection, and ( 4 ) 50 plants in each 
of the cotyledon-number classes from 3 to 6 from 
the natural stand collection. Also, 17 seven-cot#?- 
don plants were potted. 

-- 
3Also Rudolph, T.  D. The effects of X-ir~adiation of  

seed on X I  and Xz generation rwogeny in  Pinus bank- 
szana Ms. in prepcwation. 



A second sovk7xrig w;is xrlar!r; on I)eccmbca. 15, 
1961, following the sanw arran:;emcnt 2s that in 
June, Greenhouse ibanc?tllor:s :%ere ttlc same, except 
that day temperaturrs did not reach tire hrgh Ics;eis 
experienced orcasiolially ii i t l i  the first sowrng, 
When the seetlliuigs WeI 'C a%m 3 wzoxiths old, a 
random sample of G seedllsags frorrl each of  the 
37 ~rogenies not previoilsiy sampled M as potted 
into 4-inch clay pctts; th i s  corr~pteted the potting 
of all 90 progenies belrig btudaerl. All potted seed- 
lings from tills aiid l ? ~ c  earllcr sowrrlfi were sub- 
sequently grown wider sinlllar gr~.cr;housc tern- 
perature and photopri'lod condltlons. A commercial 
10-10-10 fertillzcr was appflcd to the pats as need- 
ed and the pots were u nlercd clarly. 

Late in Junc f 962 t l ~ c  scedlir-tgs were trans- 
planted into the nursery at a spacrrlg of 10 x 10 
inches. The seedlings w ~ t h  known cotyledo11 num- 
bers were planted into 5 repflcations of 10 trees; 
all other seedlings were planted in identified row 
plots. A $0-percent-shad s~iran cloth C O V W ~ ~  the 
seedlings in the nursery brcl for the first 6 weeks. 
The seedlings were fertill~ccl in the nursery as re- 
quired to maintain foliage color. and vigor. 

In late May and early June 1963, flowering was 
seared for each tree. At this time the older seed- 
lings were 23 months and the younger group 17 
months old. All seedlings in the individual tree 
progenies bearing female strobili were bagged for 
isolation and subsequent backcrossing to the fe- 
male parent. A small number of flowering plants 
in the control and cotyledon-number groups were 
also bagged for subsequent controlled pollination. 
All other flowering seedlings were open to wind- 
carried pollen. Cones from the controlled pollina- 
tions and from the cotyledon-number population 
were collected in September 1964. The seed was 
extracted by hand and counted. Germination tests 
were made during the 1964-65 winter in the green- 
house. 

Results and Discussion 

The results in table 1 show that female strobili 
production was stimulated in jack pine seedlings 
grown under the conditions described above. The 
large number of seedlings with female strobili (62 

Table f .--Female flowering and seed production on 17- and 23-month-old/ 
jack pine seedlings 

: Trees observed : 
Date sown : Percent : Avg. no. : Percent : 

and : with : female : of : Avg. : 
seedling type : Number : female : strobili : cones : seeds : Percent seed 

: strobili : per tree : maturing : per cone : germination 

June 29, 1961 Section A .  In relation to seedling cotyledon number: 

3 cotyledon 5 0 40.0* 1.75 50 .O 25.1 87.2 
4 cotyledon 4 9 65.3 2.19 54.3 26.1 76.2 
5 cotyledon 5 0 72 . O  2.14 48.1 24.9 70.7 
6 cotyledon 47 66.0 2.16 47.8 30.3 79.7 
7 cotyledon 16 75.0 2.08 56.0 23.4 -- 2/ - 

212 61.8 2.08 50.5 26.4 77.0 Total or mean 

Dec. 15, 1961 Section B ,  In X-irradiated individual tree progenies and control 
populations: 

37-X2 generation 
progeni ed' 216 23.1 1.34 10.4 25.9 35.6 

June 29, 1961 

53-X2 generation 
1.80 29.0 26.6 53.3 progenies' 30 9 41.4 

Non-irradia ted 
1.60 - - -- -- control 120 47.5 

Mixed planted and -- -- - - 
natural stand 151 56.5 1.32 

Total or mean 796 40,& 1.56 
24.8 26.4 51.4 

- 
* Percent of trees is significantly (%percent level) lower than in other seedling types. 
1/ Female strobili counted on June 1, 1963, when pollination Was practically completed. - 
2/ Seed damaged during extraction; no germination data available. - 
3/ Seed yield and quality from these seedlings are based on results of controlled back- 

crosses t o  the female parente Seed from all other seedling types Was from open-pollinations. 

4/ The mean for the seedlings s o w  on June 29, 1961, in Section 2 is 46.7 percent. - 



and 47 percent, respectively, in two lots of 23- 
month-old seedlings ) contrasts sharpiy with 0.3 
percent flowering on seedlings I year older grown 
under normal commercial nursery conditions. Note- 
worthy but unexplainable from the results of thls 
study is the significantly smaller proportion of 
trees bearing female strobili in the 3-cotyledon 
seedlings. The decreased flowering in this grotip 
is apparently not related to height differences since 
there was no significant difference in height de- 
velopment between seedlings of the various cotl;ie- 
don classes. 

More than one-half of the female strobili Pro- 
duced developed into mature cones under wind- 
pollination conditions: The nearest pollen source 
was in a windbreak planting more than 50 yards 
from the seedlings in the transplant bed. In the 
controlled pollinations the proportion of femalc 
strobili developing into mature cones was reduced 
to slightly over 10 percent in the 17-month-old 
seedlings and 29 percent in the 23-month-old plants. 
Several factors may in part account for this. First, 
some of the female strobili may have been beyond 
the stage of receptivity before pollen from the 
female parents was available and applied. Seeond- 
ly, some heat injury to the seedlings was noted 
due to temperature buildup within the cellulose 
casing-kraft paper double isolation bags. Further 
desiccation and injury to the developing strobili 
appeared to occur immediately following bag re- 
moval as a result of hot, dry weather conditions. 
Thirdly, the possibility cannot be discounted that 
some of the backcrosses attempted were Incorn- 
patible. Finally, the lower proportion of female 
strobili maturing in the younger ( and smaller ; of 
the two seedling lots may be explained by more 
severe heat injury in this group due to two things: 
a larger proportion of the seedling was enclosed 
in the pollination bags, and the isolation bags were 
closer to the ground where higher temperatures 
prevail. 

Seed yields per cone were comparable in the 
open- and control-pollinated groups; both fell with- 
in the range of average seed yields per cone re- 
ported by Rudolf ( 1958 ). Seed viability, however, 
was much higher in the open-pollinated seed than 
in that from the backcrosses. The 77-percent ger- 
mination for the open-pollinated seed is markedly 
higher than the 68-percent average for jack pine 
(U .  S. Forest Service 1948). The relatively high 
germination is even more impressive, as it is based 
on the actual number of seeds collected including 
empty seeds. The lower viability in seed obtained 
from the backcrosses may be accounted for to 
some degree by incompatibility that can occur at 
various stages of seed development in crosses be- 
tween closely related genotypes. The potential in- 
crease in homozygous lethals at this level of in- 
breeding no doubt also tends to decrease embryo 
and seed viability. Furthermore, heat injury with- 
in the isolation bags as described above also may 

liavc iri  f l i i i . i i ~ ~ P ( i  i i h i i i ; r  I P  $1 iliciopilyte development 
anti lirci-ci~\ i i  i,\i3tjiiclil i i i i hi> 0 and seed develop 
rile rl t I 

r j  kjiigi:, . i r ~ ; i l i *  .itn)i~!ii production was almost 
totally ;li,bi*iif t sisi.iili?igs observed in this 
stuciy 1 ,  I / ~ i i l i  I ( I  of seedlingS pro. 

i i  I ' l l ~ ~  la& of niale strobili and 
I I ir:~l;ric s t ~ o b l l i  production may 

l iavc b i i i i  i l l f l ~ i t ~ ~ ~ t ~ t ~  b> Piivironmental manip 
i i iat loi~s ilia1 1110 s ~ c ( i l i n g i  Pi'e subjected to dur. 
iiig t l ~ r  p~11011 of  ~ t l i t i )  .!itilough the factors re. 
s p o n ~ ~ b l r  this S caiinot be identified 
fro111 rl:c rciulis.  iror 1% 31 t i l c 2  experiment designed 

this pi.;rpijxca, cir.a! pslssible influencing fat. 
t6,r-s arc) stiggti&icbd 

1:: this 5ttitbr Pr;l ir'orlrncntal factor most 
t2r.ast:rl.ally c."r;~nqr>d frrlrzi n hat, would occur in 
natilrca n 3s tile I .  illthough flowering 
!I? the p~nc.; has bcerl coals:ric~.ccf to be dayeneutral, 
IAai.son r 19Cit 1 prcsrnzs clvlcfencc suggesting that 
~ r a  jack pirli. pl"otc)f~~r~orZ cannot be ruled out as a 
factor ~nflucrar*im~g t20r;~tlr fr)rnrat~orr. We have noted 
tha t  In jack; plnP a ?C)-hout' photoperiod applied 
continkksusly fror?r flzo tivlne of seed germination 
results lai, practically contrnnous vegetative growth 
for a or rnorc ~ 5 1 t h  only short intermittent 
hesltatlon psrioiis for. ~srx~nnrdla  formation and 
bud d~ffcr{~nt.iatlor? 'TIP' seccillngs In this study 
were 111 a slag<. of act15 c vegetative growth when 
transplanteci n1a"co the nursery  and into the de. 
creasing photopcrlr~d occnrrlng after the summer 
solstice Sllacc. dur.1 ng a normal growing season, 
male strnl-tilr ~ r~r t ia t  inn i n  the pines occurs several 
weeks or C Y C ~  n l o r ~ t t ~ s  bcforc  the female flower 
bud i lliergc~i atid Kocrtlrlg 1957; I,arson 1961 ), it 
1s nmost. ~iossibi~i tklat tt:c plants when moved to 
the nursery Xrre  subjcctcd to a photoperiod not 
sultablc for rnalr sfrot~ilx ~natiatlon. Further ex- 
perimentatioii uoil id bc necessary to test this hy- 
pr~thesls 

Sn additaon 2 0  cr~nsxrlcrablon of the possible in- 
iluencr of phoioptlrioil on Elotver initiation, it is 
reasor~nbie to spcci i lnte t ha t  the increased vegeta- 
tlve growth irliiucrd i l l  tlic seciilings by the extend- 
ed photoperiod. rrsulting in abnorrnaily large seed. 
lings rtblati\-t. to their ciironologlcai age, may be 
related to thc ~nercasecl female flowering. Men* 
staetlt 1 1961 I has stlggrstcil that age in the chron 
ological sense car1 ilardiy bc a clctermining factor 
in early flou-cring IIe Eiirther suggests that size 
of a seedling as it rs rrlaterl to the balance of as* 
similating t i s s ~ t e  to tot;il amount of rneristematic 
area may have. a n  importint influence On early 
flowering A siyrliflrant increase in the relative 
amount of assiinilnting t issue in the jack pine 
seedlings grobvn under long photoperiods in this 
study was evident. Needlcs, for. example, often de* 1 
velopcd to a length of 10 inches, whereas under 
natural environmental conditions the needles 
ly exceed 2 irichcs in i c n g t h  Perhaps the long 
photoperiod reglme influenced the formation I 



increased numbcruof  icrrialc sirohill iii tills in. 
direct manner, as wci l  a i  i l io r ia  dirrictly tiiyough 
its effect during a i j a r t i l b i i i a r  p i a r t  growth phase 
on flower p r imo~~d in in i t a t i on  

Further prO@"CSS in stiniil!atirlg enr i j c r  flower- 
ing could beeexpecte{l I F  i c f .  could cleternilne 
curately the exact stage in i -ckgctnt ive devt.lopmcnt 
and the specifi~ 1 1 the  annual  growth 
pedod during w i i i ~ f l  110th Ctanlsie a n d  inale str.ohili 
are initiated. The ncccss:ii?, crli iroilinentai manlpu-  
lations could b Jiiorrh 1:f f c c l l i ~ i y  during 
such critical pcriocib 01 (10% CT p r ~ i i ~ o r d i a  lrlltlatlon, 

The data prest:necci i r i  tills paper suggest that 
flowering in jack lixnc, a spr;:cles r~ormai iy  flower- 
ing at a young age. can b~ oi?t;i~nt<l cvcn earlier 
and in increased nl;igxlltuc!e through simple en- 
vironmental manipulation ~liurini: the first year of 
seedling development 'I'hii r7cszn B ls f urttzer show 
that the breeding of s~acll juurzg  trees, at least on 
a population or family hasis, ns feasible. 

Female strobili formatiori or1 as rxzax~y as two- 
thirds of the seeclllngs xxl n 2:3-rr1onth-olcl popula- 
tion and on up to one-forxrtll of 27montla-old seed- 
lings, resulting frorrt nnercly providing goc-ld grow- 
ing conditions 111 the gretlnho-tisc and nursery, of- 
fers improved possrhilities for t he f orcst geneticist 
and tree breeder to acctlerate their programs. 
With the ability to reduce the t ime between sexual 
generations to less than three years (including 
the period recluirecl for seed nlatizration ), the for- 
est geneticist has in jack pine a n  ""eperirnental 
tree" species that will permit genetics research 
regress approaching that now enjoyed by non- 
voody annual plant geneticists. And the tree 
~reeder can more cyelickly test the feasibility and 
lemonstrate the potential gain from a tree im- 
Irovement program by cltoosing jack pine as the 
est species. -4naIysis of advance-gencraeion progeny 
ests can be accomp2istled 1x1. this species through 
timulation of early flowering in a fraction of the 
ime normally reqtx~red for n~os t  fox-est tree species. 

Undoubtedly, stirnulatlon of female flowering 
1 jack pine on the majority of plants prior to 2 
ears of age, as describecl in this paper, is not the 

ultimate in what can be accomplished in stimula- 
tion of early flowering. Through more critical en- 
r~ironmental control along with genetic selection 
for early flowering it is not unreasonable to expect 
that eventually the age for consistent formation 
of both male and female flowers can be reduced to 
1 year in jack pine. 

Although flowering age may be further re- 
duced in the future, the present results strongly 
suggest that jack pine may be a wise choice as 
an  experimental species for fundamental research 
on the genetic behavior of the pines. Further- 
more, jack pine warrants careful consideration as 
a "pilot" species in a full-scale tree improvement 
program. 
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