TEGHN QUE GF PRCDUA NG S LVER MAPLE SEED UNDER GREENHOUSE GQONDI T ONS

H C. Larsson ?

S lver mapl e (Acer saccharinumL.) has been sel ected as one of the commerci al
species to replace the dying Anerican el m(Unus anericanus L.) in the swanps of
southern Ontario. N neteen, fast-growi ng, veneer quality silver mapl e phenotypes
have been | ocated since 1958 in the Burford, Beverly, and G ennock swanps of
southwestern ntario. They have all been asexual |y reproduced either by buddi ng,
| ayering, or by cuttings and the resulting ramets will be set out in seed orchards
inthe three nain swanps as soon as possible. Here they will be eval uated for
growth, form site adaptability, and seed production. However, rather than wait 8
or 9 years for these clones to produce seed, it was decided to develop a
practical technique for producing sufficient seed for progeny testing under
artificial conditions fromthe original ortets. Such a technique if successful
woul d permt the i mediate production of progeny fromcrossing of the sel ected
parents under controlled conditions. The resulting progeny coul d then be
outplanted in the swanps within two years and be eval uated i nmedi atel y.

To successfully understand the probl ens and conditions of sexual reproduction
of silver nmaple, records have been kept on flower and seed devel opnent under
natural conditions since 1953. This information has served as a guideline in the
production of seed under greenhouse conditions since 1967. The first-year

! Regi onal research forester, Ontario Departnent of Lands and Forests,
Research Branch, Maple, Ontario.
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breedi ng programin 1967 was confined to four phenotypes within one popul ati on;
in 1968 to seven phenotypes within three popul ations; and in 1969 to ei ght
phenot ypes within three popul ations, as well as an interspecific cross of three
silver maple with a fenal e-type red nmapl e (Acer rubrunj.

GENETI CAL STRUCTURE

Slver maple is atetraploid wth 52 chronmosonmes and yet it is able to cross
with red mapl e which is an octoploid with 104 chronosones. However, the nain
purpose of this breeding programis to produce high-quality progeny fromwhat is
belived to be superior silver mapl e genotypes occuring in three distinct and
w del y separated popul ati ons in southwestern tari o.

FLORAL FEATURES

The genus Acer has been defined in the 7th edition of Gay's Manual of
Bot any as bei ng pol yganodi oeci ous. This definition would indicate that
her maphrodi te and uni sexual flowers sonetines occur on the sane tree, but
generally they occur on different trees within the same speci es.

Qur observations have indicated that there are four types of silver naple trees
based on floral features. One type is entirely nal e and possesses only mnal e
flowers. Such flowers have only stamens and no apparent rudi mentary pistil. The
second type is entirely female except that all fermal e flowers contain rudi mrentary
stamens which rarely produce pollen. The third type has nostly nale flowers and
a fewfemale flowers. And, the fourth type has nostly male flowers, a few fenal e
flowers, and a scattering of herrmaphrodite fl owers.

It was observed that, fromeach flower bud, five pairs of pistillate flowers
emerged naking a total of 10 potential flowers per flower bud.

NATURAL SEED PRODUCTI ON

Silver maple growi ng under natural conditions in the swanps of sout h-
western htario is generally the first tree species to flower in the spring.
Fl owering usual | y comrences about the second week of April prior to |eaf
devel opnent. Sone years it is a week earlier and other years up to two weeks
| at er dependi ng on tenperature. Wather pernitting, the receptive flowers are
cross-pollinated by bees within a week of floral nmaturity. However, it is not
unusual in sone years for the flowers to remain unfertilized for a week or nore
as the tenperature may remai n bel ow 60°F which not only seens to slow up floral
devel oprent, but al so prevents the honey bees fromworking efficiently on the
floners. Weather records col | ected at MIllgrove at a station close to the study
area have been anal yzed for the past 15 years and have indicated considerabl e
fluctuations in tenperature both above and bel ow 60°F during the flowering
period. Low tenperatures were particularly prolonged in April of 1953, 1961, and
1965, where only fromone to three days in the nonth had maxi numtenperatures of
60°F or hi gher.

Since ideal weather conditions for pollination are often uncertain in the
spring, this species appears to have devel oped saf eguards to ensure at | east
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artial seed production under adverse weat her conditions. For instance,
there ppears to be not only early- and late-flowering genotypes within the
speci es but ost trees produce a few late flowers which open fromone to
three days later than do the rest of the flowers on the sane tree.

ARTI FI CI AL SEED PRODUCTI ON
Sel ection of Breeding Stock

Since 1958, 19 high-quality silver maple phenotypes have been | ocated
for propagation purposes. Fourteen occurred in the Burford swanp, four in
the Beverly swanp, and one in the G ennock swanp. From four to eight of the
fastest- grow ng, veneer-quality type trees with the best form have been
crossed in 1967, 1968, and 1969. All the trees selected for propagation were
heal thy, had two clean | ogs, sound centers, and had an annual increnent of
0.5 inches in dianmeter when rel eased fromconpetition of adjoining stens.

It was noted that there was considerable wvariation in the
inflorescence of the trees selected for propagation. For instance, in
1969, four trees had only female flowers; one had only nmale flowers; two
had nostly male flowers and a few fermale flowers; and the remaining tree
had nostly nmale flowers, a few female flowers, and a few hernophrodite
flowers as well. In that year, six of the trees were from the Burford
swanp popul ation and were crossed within the same population as well as
being out-crossed with a selection fromthe Beverly and from the G ennock
swanps. At the sane tine, the nmale-type trees bearing a few fenale flowers
were also inter-crossed with each other. In addition, the pollen from one
of the nostly male type trees was selfed with the female flowers on the
sane tree

Procuring Fl ower Branches

The original idea of using severed branches in the silver maple breeding
programoriginated with Dr. J. Farrar, Faculty of Forestry, University of
Toront o, who succeeded in producing silver maple seed indoors from branches
whi |l e denonstrating seed devel opnent to his students.

Fl ower - branches were procured at the latter part of March in 1967, in
m d- March 1968, and at the beginning of March in 1969. They were shot off
the selected trees with a high-velocity 225 caliber rifle equipped with a
tel escopic sight. Al branches were approximately fromone to two inches in
di aneter at point of severence and were fromeight to ten feet tall.

Treat rent of Fl ower Branches

The severed branches were put in pails of water in a cold roomat a tenp-
erature of 50°F. They were kept under these conditions until required for
breedi ng purposes. After all of the branches fromthe selected trees were
procured, they were renoved fromthe cold roomand were placed in pails of
water in the greenhouse at a tenperature of about 70°F and a relative



Pol | i nati on Techni ques

The branches fromeach of the fenale trees in 1969 were separated into
approxi mately four equal sections by painting a boundary |ine between each section
to acconodate the four mal e crosses. Each of these sections wag/identified by
printing in black ink with a felt pen the specific cross and the tinme of
pol I'i nati on

After the branches were properly divided into marked sections, pollination
was acconpl i shed by sinply passing a noi st one-quarter-inch w de paint brush over,
the stanmens of the nale tree and then brushing the adhering pol | en over the receptive
pistils of all fenale flowers in the designated section. After each nale tree was
crossed with the fenale trees, the brushes were thoroughly washed with distilled
water and used again to cross the next nale tree with each of the selected fenal e
trees. This process was repeated until all nale type trees had been crossed not
only wth the female trees, but wth each other and also wth the scattered fenal e
flowers occurring on the hernmophrodite tree.

Pol | i nati on Success

A study was made in 1969 to determne the pollination success of the different
crosses. This anal ysis was based on 10 full seeds per flower cluster as consti-
tuting 100 percent success. A record was nade of the nunber of devel oped seed
in each flower cluster occurring in a nunber of flower buds fromeach of the
crosses. Table 1 indicates that sone crosses appear to be nore conpatibl e than
others. For instance in the Bu4 x Bu7 cross, 65 percent of the flower clusters
had 2 full seeds per cluster as conpared to the Bu5 XBe5 cross, where only 3
percent of the flower clusters had two full seeds per cluster. It is interesting
to note that Bu7 and Bey appeared to be nore conpatible with red napl e than Bu6.
Insofar as total pollination success, Bu4 XBu7 and Bu4 XBe5 were definitely the
nost conpati bl e crosses nade in 1969 (Table 1), where 80 and 75 percent,
respectively, of the flowers produced ful] seed as conpared to a | ow of 23
percent for the Bu8 XBu6 cross.

Seed-Branch Qul ture

I mredi ately after pollination in 1967, 1968, and 1969, the branches were
sprayed at four-hour intervals each day between 9:00 a.m and 5:00 p.m wth a
fine mst. This process was continued until the seed was harvested fromthree
to four weeks after pollination. In addition, the water in the pails was
changed once every two days, and approximately one inch at the end of each
branch was severed at the same time to facilitate nmaxi rumintake of water into
the branch. In 1967 and in 1968 a commercial fertilizer was added to the water,
but this proved to be detrinental as it stinulated an excess of bacteria and
algae in the water which appeared to clog the conducting tissue in the branches
causing sonme wilting as well as an obnoxi ous odor

The tenperature and humdity varied each year. For instance, in 1967 the
initial tenperature was set at 75°F with a relative humdity of 50 percent.
Tenperature controls were inperfect, and on sunny days the tenperature rose to
nore than 90°F causing the foliage to wilt. Wen this condition was observed in
the greenhouse, the tenperature was i medi ately dropped to a day tenperature of
65°F and a night tenperature of 50°F. Unfortunately, sonme danage had al r eady
been done and the seed did not develop as well as it woul d have under natura
conditions, being only about one inch in length at nmaturity as conpared to 1.5
to 2.5 inches for seed produced under natural conditions.
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Table 1. =~-- Pollination Success in 1969

al -
; = 7o OI = _—
by ?L seed per Total Lotal geec %
Cross flower £ V| actual maximum _

i flower cluster clusters Kimn success

buds 0 1 5 amount potential
BuOXBe5 13 28 55 17 65 58 130 L5
Bubt XBu'7 I 5 30 65 20 32 Lo 80
BulixBe5 6 13 23 6l 30 L5 60 T5
Bu5XBub 2 70 20 10 10 L 20 20
Bu5XBu7 7 57 4 1 35 27 70 39
Bu5XBe5 19 55 Lo 3 95 66 190 35
BubXBu7 29 30 32 38 145 157 290 54
Bub XBe5 &7 32 41 27 135 129 270 48
BuBXBub 7 37 23 Lo 35 16 70 23
BuB8XxBu7 19 23 L3 37 g5 105 190 55
BuBXxBe5 11 22 L9 29 55 59 110 5l
Be5XBub 15 56 4o L 75 36 150 2k
Be5XBu7 21 50 46 i 105 56 210 27
Mr1XBub 17 69 27 L 85 29 170 17
Mr1XBu7 28 57 36 7 140 70 280 25
MrlXBe5 29 56 38 6 145 75 290 26

In 1968, the tenperature was kept constant at 70°F both day and ni ght and
at arelative humdity of 60 percent. Again, the tenperature rose on sunny days
to over 90'F, which had a particularly adverse effect on those branches wth heavy
foliage, causing themto wilt and the seed to develop poorly. In addition, ferti-
l'ization of the water igPeded wat er upt ake whi ch appeared to al so cause wlting
of the branches and, undoubtedly, contributed to dwarfing sone seedl ots. That
year there were three distinct sizes of seed produced; nanely, large - 1.75 inches,
medium- 1.25 inches, and small - 0.75 inches. The snmall size class was i mature
when harvested, and there was sone doubt if the seed woul d germ nate. However,
it did germinate well but was slower in germination than the larger seed. At
the sane tine, the resulting cotyl edous seedlings were generally snmaller at the
time of transplanting, being only 0.10 feet as conpared to 0.23 to 0.25
feet for the seedlings fromthe |large size classes. Sonme of the progeny from
the snall er seed renained snall during the 1968 grow ng season whil e other
progeny fromsnall seed eventually caught up to the progeny of the |arge seed
that year.

In 1969, pollination was done on the 4th and the 5th of March, the tenpera-
ture was kept constant at 65 F, and the relative humdity at 70 percent. Water
was changed once every two days and the bottom inch of each seed-branch was cut
diagonal ly to permt naxi mum uptake of water.
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Seed Devel opnent

A daily record was kept on the devel opnent of the seed follow ng pollination
in 1969. Wthin 24 hours of fertilization, the calyx and the styles withered and
the ovary swelled. Wthin three to seven days after pollination, the seed | ength
was approxi mately 0.25 inches; by two weeks nost of the seed was from 1.5 inches 4
to 1.7 inches long, and by the end of three weeks at the tine of harvest, the
seed was alnost two inches in length. The length of peduncle at the tine of
harvest al so varied considerably from1.0 to 3.5 inches, depending on the branch
origin.

The viability of the seed in 13 of the crosses (Table 2) was generally over 90
percent, while the remaining seed of the 5 crosses ranged from57 to 76 percent
viable. Even the viability of the silver naple and red mapl e cross was extrenely high
(Tabl e 2).

Table 2. -- Percent germination of the 1969
gsilver maple seed

No. of No. of 3 % F
Cross Sand sasdld = germination
BEes REQLLOGS viability
BuOXBub 7 7 100
BuOXBu7 39 37 95
BuOXBe5 73 T2 98
BubXBu7 30 30 100
BuliXBe5 Lo Lo 100
Bu5 XBub L L 100
Bu5XBu7 26 26 100
Bu5XBe5 60 60 100
BubXBu7 120 8L 70
Bub XBe5 130 86 66
BuBXBub 16 16 100
BuBXBu7 102 100 o8
Bu8XBe5 58 56 96
Be5XBub 32 32 100
Be5XBu7 52 50 96
Grh1XBub 52 30 57
Gri1XBu7 100 76 76
Grh1XBe5 100 76 76
Mr1*Bub 25 24 99
Mr1XBu7 51 51 100
Mr1XBeS 50 41 82
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In 1969 all of the silver mapl e crosses had | arge seed bei ng general |y about
two inches long. It was harvested three weeks after pollination. The seed
fromeach cross was put in a marked envel ope and placed in the cold room
at 40 F until sown in flats in the greenhouse about 10 days after
har vesti ng.

| nsect Pests

Two i nsect pests apparently cane into the greenhouse in the egg and in the
adult stage on the dormant branches of the silver maple in 1968 and in 1969.
Wien the fruit was almost mature, it was noted that about 10 percent of the
| arge seed was weeviled and, at the sane tine, the devel opi ng | eaves on sone
branches were being eaten by a Lepidoptera larvae. In the future, all dornant
branches shoul d be sprayed with a contact insecticide about one week after
pol I'i nati on.

SUMVARY

Silver and red mapl e seed can be easily produced fromsel ected stock by
removing 8- to 10-foot branches of the desired material and putting themin Rails
of water under artificial conditions at a constant tenperature of 65 to 70 F

and a relative humdity of 70 percent to permt optinumdevel opnent of the flowers
and seed. Such flowers can be readily pollinated by using a noist, one-quarter
inch paint brush to collect the pollen of the nale flowers and rub it over the
pistils of the fenale flowers. The seed of both species can be harvested w thin
three weeks of pollination and can be sown imrediately in tubes or flats.
Germnation takes approxinmately from3 to 12 days for silver mapl e and approxi nat el y
fromtwo to three weeks for the red napl e hybrids. These can be out-planted in
the nursery by the mddle of Miy and will reach from1.0 to 1.5 feet in height by

Sept enber of that year.

QONCLUS ONS

This technique as outlined appears to be feasible for both horticulturists
and foresters to produce seed fromsel ected high-quality trees for both ornanental
and forestry purposes.

D SQUSSI ON

DORN - Warren, Pennsylvania. | have two questions. Did you have any problemwith

fungi getting in the bl ossonms? You didn't nention it, so | assunme you
didn't. You nentioned fertilizer in the water and it didn't work out. O d you
use tap water or did you put any nutrients in the water at all?

LARSSON - V¢ had probl ens when we added fertilizer to the water. These nutrients
caused bacteria to flourish in the water which appeared to clog the
conducting tissue. The water we used was the water at the Sation. It is
fairly
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high line and is froman artesian well. W added RX15 which is a commerci a

fertilizer. It is highly soluble. W thought it mght produce bigger seed.

Regardi ng pests, we had a weevil in the seed, and we al so had somre Lepi doptera

| arvae which ate the [eaves. | think the weevil nust have cone in on the

branches in the adult stage and | aid eggs on the devel opi ng seed. Wiereas the

Lepi dopt erus i nsect nust have conme in on the egg stage because the | arvae

comenced feedi ng when the | eaves were al nost fully devel oped.

SANTAMOUR - | woul dn't get too excited about getting selfs on sugar naple. | think
this is entirely possible. But you remenber the NEFTIC neeting at

Beltsville; we tracked through about 1500 silver-red hybrids. There was a | arge

vacant space in the mddle of that planting where Ernie had put in sone 84 silver

mapl e selfs. They grew well for about nine years, and then all of a sudden conpl etely

pooped out and we put up a sign reading, "This space for rent." So silver maple

can be selfed, but apparently it suffers sonewhere along the line in its devel opnent - -

naybe about the tine it reaches fruiting age.

LARSSON - Thanks for bringing this up, Frank. | wasn't aware.
LED G- Do you think this procedure woul d work wth sugarnmapl e?

LARSSCN - | would not think so, because at the end of three weeks the silver maple
branches are fully leaved and they will wlt if not sprayed two or three
times a day. In fact, by four weeks, nost of the | eaves have wilted regardl ess
of the care given them | don't know how you will be able to keep the sugar napl e
branches going for the length of tine it would take to devel op their seed.

HUNT - How nmany various tines could you force these branches by bringing in all
these new branches and still make it through the greenhouse season? Can you
raise two or three crops of these?

LARSSON - Yes. V& have taken themon the first of March, the mddl e of March, and
the end of March; and they were all successful. | think the I ast of

March was better than the first of March. The branches at that tine seemed to

be nore vigorous and gave | arger seed than those at the begi nning of the nonth.

GABRI EL - Your presentation was very interesting and the phot ographs were excel |l ent.
| also feel that you have given me an insight into the evol utionary
rel ati onship of silver and sugar naple. The hermaphroditic flowers in silver
mapl e are truly hermaphroditic, shedding pollen and devel opi ng femal e fl owers.
The so-call ed hermaphroditic fl owers of sugar maple are really pseudo-
her maphroditic as the nale fl owers never bloom To ne, this nmeans that sugar
mapl e i s nmore advanced, with reference to di oeci ousness, conpared to sil ver
mapl e. Branches alive from
say May until Septenber, this is a lot |onger than 30 days, but |I feel if you
have the time and the noney it is possible. | don't think you are going to do
it inayear or two years. W are five already, and we're not anywhere near

LARSSON - There are going to be sone real problens. Any other questions fromthe
floor?

HUNT - A commrent on Gabriel's comment. In 1960 we had a refrigerated water tank
in the greenhouse at Syracuse. W& could hold the water tenperature

down to 35° -39° F. Starting in February with fermal e white ash branches and

cutting off an inch or so of wood fromthe base of the submerged branch every

third or fourth
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day (as a precaution agai nst plugging of the xylemel enents), we were able to hol d
branches for at |least two nmonths and often | onger. The branches went through
pollination, the seeds filled and, in the heat of the greenhouse in My,

dried just like they would on the tree in August or Septenber in the forest.
None of these filled seed ever germnated (but even the Septenber field-
col l ected seed exhibited erratic and del ayed germ nation). W did not test any
after that. | would expect the ripening process could be hustled along to
mature in early sumer.

LARSSON - | think possibly that the silver nmaple seed devel opnent is faster
on the branches in the greenhouse than it is under natural
conditions on the tree.

LEDG - | have one nore question. It's sonewhat off the point of your talk and
concerns the technique for rooting epicormcs. Do you use current year's
growt h- - succul ent epi corm cs?

LARSSON - Yes. W don't |ike the cuttings too succul ent because they tend to wilt
even when using a msting system

LED G - So when do you col | ect then?

LARSSON - W usual ly like to take the cuttings fromthe first week of July to the
third week of July.

ANOWMDS - Did you report a year or so ago on your south wood cutting?
LARSSIN - Yes. Qur data were not conplete. W& were just reporting what had been
done to date.




