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Ea~,tern cottonwood (Populus deltoides Bartr.) is the sub
ject of breeding programs designed to develop planting stock 
with potential for rapid growth, desirable wood properties, 
and pest resistance (4). Techniques for making controlled 
crosses within the species are essential to breeding, and their 
development constitutes an early phase of genetics research. 
This paper will describe techniques that are being used in the 
lower Mississippi Valley. 

Controlled crossing techniques for the dioecious Populus 
species were developed in Europe and have been used there for 
several decades. The aspens (Section Leuce) may be crossed by 
placing bases of dormant branches in water after chilling re
quirements are met, forcing these branches in greenhouses, 
and pollinating the female flowers. Fresh pollen is obtained 
by similarly forcing male flowers. Fertilized catkins are ma
tured on the branches in three to four weeks. This procedure, 
originally developed for Salix, was first used for Populus by 
W ettstein-W estersheim (11) and has been adapted for the 
American aspens by Einspahr and Benson (1), Johnson (7), 
and others. 

While black poplars (Section Aigeiros) can be crossed by 
these means, their larger catkins with sometimes longer ma
turation time require more nutrition than is supplied by cut 
branches. Consequently, branches bearing female flowers are 
bottle-grafted to supporting rootstocks. The technique, as used 
in Europe, has been generally described by Muhle Larsen (8) 
and Schreiner (10). We have modified it for cottonwood. In 
brief, female scions are bottle-grafted to potted juv.enile stock 
in mid-autumn. After chilling, flower buds on these grafted 
scions are forced and pollinated in the greenhouse. This pro
cedure obviates climbing sometimes remotely situated trees. 

METHODS AND RESULTS 
Grafting 

Cottonwood scions bearing female flower buds may be bot
tle-grafted to vigorously growing stock in the fall or in late 
winter immediately prior to forcing. Fall grafting may be ad
vantageous because a functional graft is established before 
forcing and the concomitant depletion of the scions' food re
serves. Also, fall grafting is done before the busy crossing sea
son. 
lThc techniques described here we re developed while the authors were on the staff of the 
Southern H ardwoods Laboratory, which is maintained at Stoneville , M ississippi . by the Southern 
Forest Experiment Station in cooperation with the Mississippi Agriculture Experiment Station and 
the Southern H ardwood Fores t Research Group. Farmer is now Plant PhySiologist. Tree Im 
provement Section, Division of Forestry Development, TVA. N orris , Tennessee. Nance is pres
ently a graduate .student at Michigan State University. East Lansing. 
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Scions are collected and grafted in late September or early 
October. At these times trees are still fully foliated in the low
er Mississippi Valley, but both vegetative and flower buds are 
set on sexually mature trees. Male and female flower buds are ~ 
readily distinguished in September (2). Scions taken in August 
or early September are easily grafted but tend to renew apical 
growth and drop flower buds soon after grafting. In a pre
liminary test with scions collected in late summer, 66 percent 
of the successfully grafted scions lost all flower buds. In 1965 
and 1966, when grafts were made later in the season, 12 and 17 
percent dropped buds. 

Scions are shot from trees with rifles and cut to approx
imately 20 cm. in length. Each scion should have an apical bud 
and one to six flower buds. Leaves are removed before graft
ing. Stocks are potted seedlings or cuttings about 1 cm. in di
ameter at the base. An ordinary approach graft is made, and 
the scion's base is placed in a container of water (6). The graft 
is bound with string and covered with grafting tape; no wax 
is used. With the exception of the incision essential to making 
the graft, the stock's stem is left intact. 

Grafts may be stored in a greenhouse or a covered lath 
house. Under lath house conditions in central Mississippi, 
grafts made early in October establish unions in two to three 
weeks, i. . e., before freezing weather begins. During winter, 
potted grafts are kept in a covered lath house so that unions 
will not be damaged by freezing rain. 

In 1966, unions were achieved with 98 percent of the 271 
attempted grafts; mortality of scions from 10 individual trees 
varied from 0 to 7 percent. Although scion mortality was low 
prior to forcing, flower bud drop made 17 percent of the grafts 
unsuitable for crossing. The tree-to-tree range in scion loss 
due to bud drop was 3 to 43 percent. Twenty-two percent of 
the grafts with unions proved unsuitable for crossing either 
because flower development was poor or because the union fail
ed during greenhouse forcing. Fifty-nine percent of the at
tempted grafts flowered normally after forming effective 
unions, and were used in crossing; success with individual trees 
ranged from 20 to 81 percent. 

For-cing and Flower- Development 
In central Mississippi, mature cottonwood chilled out-of

doors remains physiologically dormant until mid-February (3). 
Material forced before then takes several weeks or more to re
sume growth. On the average, male trees flower before fe
males (i.e., require less chilling) but there is wide tree-to-tree 
vadation in flowering time (5) which is under strong genetic 
control (12). Given this information, we have developed a 
reasonably successful procedure for forcing flowers. 

Male branches are collected in early February and placed 
in aerated water under long-day greenhouse conditions. Bases 
of branches are trimmed twice weekly. Temperature is 75-
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85"F. and relative humidity is 60-80 percent. Anthesis begins 
in one to two weeks , depending upon the individual tree; pollen 
is shed three to five days after catkins appear. By making two 
or three collections at approximately weekly intervals, one can 
obtain a continuous supply of fresh pollen during the several 
weeks of crossing. 

Bottle-grafced female scions are brought into the green
house a few days after male branches are collected. At this 
time the stock is pruned back to approximately one inch above 
the graft. Catkin growth, which begins in two to three weeks, 
is usually rapid. In 1967 growth was completed in six to eight 
days, and final length of catkins varied from 5.5 to 21.5 cm. 
Catkin length on trees generally ranges from 10.0 to 20.0 cm. 
in central Mississippi; most of the catkins on grafts attained 
lengths within this range. Flowers mature from the base to 
the apex of catkins. Flowers at the base are receptive within 
two days after budbreak. 

Pollination and Capsule Development 
Crossing in greenhouses is done in late February and ear

ly March, before cottonwood begins flowering out of doors. In
dividual males are assigned to separate greenhouses or special
ly designed pollination chambers in a single greenhouse. Pott
ed scions of females to be crossed with individual males are 
usually forced in the greenhouses assigned to designated males. 
When the smaller pollination chambers are used, female scions 
are moved to the chambers when anthesis begins and are taken 
out after flowers are no longer receptive. 

We have used fresh pollen in making most crosses, since it 
is easily obtained. If pollen dispersal appreciably precedes female 
anthesis, however, pollen can be stored for a few weeks in de
siccators at 10-25 percent relative humidity and 35-40° F. We 
have not tried longer storage. 

Pollinations begin during the second day of catkin growth 
and are repeated on three successive days so that all flowers 
will be pollinated. Pollen is dusted over catkins with a small 
camel's hair brush. 

In 1967, 160 scions were pollinated, and 51 percent were 
fertilized; success with scions from individual trees ranged 
from 0 to 83 percent. Incompatibility seemed to be the reaSOn 
for failure with some crosses. Some variation in results was 
also associated with location of scions; crosses were generally 
more successful in greenhouses with a northern exposure than 
in pollination chambers. 

Unfertilized capsules abscised within a week after catkins 
completed growth. Fertilized capsules completed enlargement 
within five weeks after bud break (range 17 to 35 days). Fin
al capsule diameter for individual catkins ranged from 4.8 to 
6.7 mm and averaged 5.8 mm. Capsules on trees in natural 
stands have similar dimensions (5-7 mm) in central Mississippi. 
Fertilized capsules on a grafted scion are shown in figure 1. 
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l;igure I. Maturing cottonwood fr uit on bottle-grafted cottonwood sciull. 

SEED MATURATION, DISPERSAL, AND GERMINATION 
The first viable seed is obtained in mid-May from crosses 

made in late February or early March. During this two- to 
three-month period , mortality of catkins may be high; in 1967, 
27 percent of the fer tilized catkins died. A common cauS€ of 
mortality may be graft failure resulting from insect infesta
tion. Grafting tape should be removed from grafts shortly af
ter growth resumes in the greenhouse, since numerous insects 
may be sheltered by it. A regular spraying schedule is essenti
al. Some necrosis of individual capsules, apparently related 
to fungal or bacterial infection, has been noted. 
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Seed dispersal in 1966 and 1967 extended from mid-May 
until August, a range similar to that observed in natural 
stands (5). This wide range is due mostly to differences in 
maturation time of individual females, although some single 
catkins have been observed to disperse seed for a month. Each 
capsule contains 40 to 60 seeds. 

Seed is collected as capsules dehisce, then cleaned by air 
(9) or by hand and germinated in sub-irrigated peat pots filled 
with a loam potting mixture. After approximately two weeks 
peat pots are transferred to nursery beds. 

On the average, germination of seed from controlled crosses 
has been appreciably less than that for seed from natural 
stands. In 1967, germination of fresh seed from individual 
crosses varied from 14 to 88 percent; mean germination was 48 
percent. 

CONCLUSIONS 
The method described above is providing suffiCient full

sib progeny for testing, but seeds are produced on a relatively 
small percent of the grafts attempted. The technique is there
for expensive even though a few successfully matured catkins 
produce many seeds. However, average success is somewhat 
misleading, since the tree-to-tree range has been considerable; 
several females were complete failures and very good results 
were obtained with others. Some causes of crossing failure 
with individual trees may be unrelated to the technique; i.e., 
incompatibility is likely. Flower bud drop and other causes of 
loss before forcing reduce the method's utility for some trees. 
Spring grafting may therefore be more suitable for some fe
males. 
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