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Abstract. Two experiments were conducted to develop a protocol for rooting stem cuttings 
from 3-, 5-, and 7-year-old fraser fir [Abies fraseri (Pursh) Poir.] Christmas trees. The 
first experiment tested the effect of stumping treatments and tree age on shoot production 
and subsequent adventitious rooting. One auxin concentration [4 mM indole-3-butyric 
acid (IBA)] and a nonauxin control were tested. Stock plants were stumped to the first 
whorl (trees in the field 3 and 5 years) or the first, third, and fifth whorls (trees in the 
field 7 years). Intact (nonstumped) controls were also included for each age. The second 
experiment was designed to create a quantitative description of the effects that crown 
(foliage and above ground branches of a tree) position have on the rooting of stem cut-
tings collected from stumped and nonstumped trees. The exact position was determined 
by measuring the distance from the stem, height from the ground, and the degrees from 
north. Crown positions were recorded as cuttings were collected and then cuttings were 
tested for rooting response. The rooting traits assessed in both experiments included 
rooting percentage, percent mortality, number of primary roots, total root length, root 
symmetry, and root angle. In the first experiment, rooting percentage, primary root 
production, and total root length increased as the age of the stock plant decreased and 
the severity of the stumping treatment increased. Auxin treatment significantly increased 
rooting percentage, root production, root lengths, and root symmetry while decreasing 
mortality. Overall, the highest rooting percentages (51%) and the greatest number of 
primary roots (8.1) occurred when 3-year-old stock plants were stumped to the first 
whorl and treated the cuttings with 4 mM IBA. The greatest total root lengths (335 mm) 
occurred in cuttings from the 3-year-old stock plants. In the second experiment, rooting 
percentage was significantly affected by the position from which the cuttings were col-
lected. Cuttings collected lower in the crown and closer to the main stem rooted more 
frequently than cuttings collected from the outer and upper crown. 

Fraser fir (Abies fraseri) is a valuable Christ-
mas tree species indigenous to southwestern 
Virginia, eastern Tennessee, and western 
North Carolina. It grows naturally at elevations 
between 1,200 and 2,037 m and is a small to 
medium size tree reaching an average height of 
12 m with a diameter at breast height of 40 cm 
(Saravitz and Blazich, 1996). Fraser fir is highly 
prized in the Christmas tree industry because it 
produces dark green fragrant foliage, a natural 
Christmas tree shape, good branch structure, and 

needles that persist following cutting (Arnold 
et al., 1994; Frampton, 2002; Johnson, 1991). 
However, fraser fir has several significant 
problems including extreme susceptibility to 
an introduced insect, the balsam wooly adelgid 
(Adelges piceas Ratz.), and an introduced root 
rot fungus, Phytophthora cinnamomi Rands 
(phytophthora root rot).

Recently, there has been renewed interest 
in propagating fraser fir asexually, by the use 
of rooted stem cuttings, to select and propagate 
clones with superior Christmas tree character-
istics (Frampton, 2002). Asexual propagation 
would provide a way to capture benefits from 
cloning, including increased genetic gain and 
uniformity, and allow greater flexibility in 
meeting customers’ needs (Zobel and Talbert, 
1984). Once selected, desirable genotypes 
could be propagated and used for both clonal 
preservation and commercial production. 
Other potential benefits include the ability 
to combine desirable characteristics by, for 
example, selecting and propagating clones that 
are resistant to both the balsam wooly adelgid 
and phytophthora root rot. Due to the high 
market value of Christmas trees and the large 
genetic variation that currently exists, genetic 
improvement of fraser fir for such desirable 
Christmas tree characteristics is justified. 

While considerable research has been 
reported on propagation of fraser fir by stem 
cuttings, very little work has focused on the 
problems associated with maturation, which 
are among the major limitations to the ef-
fective use of vegetative propagation (Zobel 
and Talbert, 1984). Cuttings collected from 
younger trees of many species will often root 
readily, but as the tree matures, rooting becomes 
increasingly difficult (Hartmann et al., 2002; 
Zobel and Talbert, 1984). This is the case in 
fraser fir where maturation decreases rooting 
competence, and also increases plagiotropic 
growth of rooted stem cuttings (Wise, 1985; 
Wise et al., 1985).

Previous research with conifers such as 
radiata pine (Pinus radiata. Don) (Bolstad 
and Libby, 1982; Fielding, 1954; Libby et al., 
1972; Menzies and Klomp, 1988), Douglas 
fir [Pseudotsuga menziesii (Mirb.) Franco] 
(Black, 1972), and Norway spruce (Picea ab-
ies L.) (Bentzer, 1993) has demonstrated that 
continuous hedging of a stock plant provides a 
way to increase cutting production and maintain 
juvenility. Wise et al. (1985) demonstrated that 
decapitating, or stumping, mature stock plants 
of fraser fir could produce multiple orthotropic 
shoots. In that study, as the severity of the 
decapitation treatment increased, the number 
of orthotropic shoots produced and rooting 
percentages increased. Further research could 
provide a more precise protocol that may lead 
to increased cutting yields and greater rooting. 
Therefore, the present investigation evaluated 
a wider range of stock plant ages and a greater 
range of stumping treatments.

Materials and Methods

Two experiments were conducted to inves-
tigate the possibility of increasing production 
and rooting of vertically oriented (orthotropic) 
shoots from 3-, 5-, and 7-year old trees receiv-
ing several stumping treatments. Experiment 
1 was designed to test the effects of age and 
stumping treatments on shoot production and 
subsequent adventitious root formation. Fra-
ser fir stock plants were stumped to the first 
whorl (trees in the field 3 and 5 years) or the 
first, third, and fifth whorls (trees in the field 
7 years). Intact (nonstumped) controls were 
also selected from each age. Experiment 2 
was designed to describe quantitatively the 
effects of stumping treatments and crown 
(foliage and above ground branches) position 
on the rooting ability of fraser fir stem cuttings. 
Crown positions were recorded as cuttings 
were collected and then cuttings were tested 
for rooting response. 

Field treatments and cutting collection. 
Five North Carolina fraser fir Christmas tree 
growers, four from Avery County and one from 
Mitchell County, provided trees. Each of the 
five growers donated 55 trees, of which 15 were 
3 years in the field, 15 were 5 years in the field, 
and 25 were 7 years in the field, for a total of 
275 study trees. (Note: trees were established 
in the field as 3-2 transplants, so they were 
an additional 5 years old from seed.) Before 
stumping treatments were imposed, tree height 
was measured for each study tree, and soil and 
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foliage samples were collected for mineral 
nutrient analyses. Following analysis, it was 
determined that the trees’ nutrient levels were 
at or greater than average (Campbell, 2000). 

Within the 3- and 5-year-old age classes 
at each site, 10 of the original 15 trees were 
stumped to the first above ground whorl and the 
remaining five trees were left as nonstumped 
controls. Within the 7-year-old age class at 
each site, 10 trees were stumped to the first 
whorl, five trees were stumped to the third 
whorl, five trees were stumped to the fifth 
whorl, and five trees where left as nonstumped 
controls. Stumping treatments were applied 
to the primary axes on 12 to 15 Mar. 2001. 
Concurrently, the previous year’s growth on 
each branch was removed from the 3-year-old 
trees, 2 years’ growth on each branch was re-
moved from the 5-year-old trees, and 4 years’ 
growth on each branch was removed from the 
7-year-old trees (Fig. 1). 

Before shoot collection for rooting, the total 
number of newly flushed orthotropic shoots 
>6 cm were counted for each tree. The total 
number of newly flushed orthotropic stump 
sprouts (shoots originating directly from the 
stump) were counted separately. Cuttings were 
collected on 29 July 2001 for Expt. 1, and 4 to 
5 Aug. 2001 for Expt. 2. In Expt. 1, 50 cuttings 
were collected from every tree. In Expt. 2, 
the exact position of 24 cuttings per tree was 
determined by measuring the distance from the 
stem, height from the ground, and the degrees 
from north. The identity of each individual 
cutting was maintained throughout Expt. 2. 
Following collection, cuttings were wrapped 
immediately in moist paper towels, transported 
to Raleigh on ice, and stored overnight at 4 °C. 
All cuttings were set (inserted into the rooting 
medium) the day following collection. 

Auxin preparation. In Expt. 1, a nonauxin 
control was compared to application of 4 mM 
indole-3-butyric acid (IBA). In Expt. 2, all 
cuttings were treated with 4 mM IBA. The 
auxin solutions were prepared individually by 

dissolving a known quantity of the free acid of 
IBA in 70% isopropyl alcohol and then dilut-
ing the solution with deionized water to make 
a 50% isopropyl alcohol/water solution. The 
auxin solution was stored at 4 °C in an opaque 
bottle and used within 2 d of preparation. 

Test design and greenhouse management. 
Rooting was conducted in a propagation 
greenhouse located at the Horticulture Field 
Laboratory, Raleigh. Before being inserted into 
the rooting medium, the cuttings used in Expt. 
1 were selected from within the same grower, 
age, and stumping treatment. For both experi-
ments, the cuttings were re-cut to a length of 6 
cm and auxin was applied for 3 s to the basal 
1.5 cm of the cuttings. Cuttings for the control 
treatment in Expt. 1 were dipped into a 50% 
isopropyl alcohol–deionized water solution. 
Needles were not removed before or after 
the auxin had been administered. Based on 
preliminary research, no wounding treatment 
was applied to the basal portions of the cut-
tings (Rosier, 2003). The auxin-treated cuttings 
were air-dried for a minimum of 15 min before 
being inserted to a 2 cm depth into a rooting 
medium of 3 horticultural perlite : 2 peat (by 
vol.). Cuttings were rooted in individual 164 
cm3 Ray Leach SC-1- Super Cells (Stuewe 
and Sons, Inc., Corvallis, Ore.).

During the rooting period, cuttings were 
maintained under intermittent mist using a 
Grower Junior (McConkey Co., Sumner, Wash.) 
overhead boom irrigation system. Frequency of 
mist application was controlled using relative 
humidity (RH) and time of day. As RH in the 
rooting greenhouse decreased, the frequency 
of mist application increased; however, mist 
application was less frequent during the night, 
decreasing from an average of one mist cycle 
every 6 min during the day to an average of one 
mist cycle every 60 min at night. Flow rate per 
mist cycle for this study was held constant over 
the 4-month rooting period at 0.05 L·m–2. Aver-
age day/night temperatures in the greenhouse 
were 26.1 ± 2/20.5 ± 2 °C. 

Following 16 weeks in the greenhouse, 
rooting success was measured by calculating 
rooting percentage, percent mortality, number 
of primary roots, total root length, root sym-
metry, and root angle. The latter four traits 
were assessed only on cuttings that rooted. A 
cutting was considered rooted if at least one 
root ≥ 1 mm in length was present. A cut-
ting with two roots was considered to have 
a symmetrical root system when the angle 
between the roots was >135°, using the stem 
center as the vertex (Frampton et al., 1999). 
Cuttings with three or more roots were scored 
as symmetrical if the angle between the two 
roots that were farthest apart was < 135o. All 
cuttings with one root were scored as having 
asymmetrical root systems.  Root angle was 
used to determine the percentage of positively 
geotropic roots for each cutting. Root angle 
was defined as the percentage of primary roots 
that formed an angle <60o with an extension 
of the cutting’s stem. 

The experimental design for Expt. 1 was 
a randomized complete block. There were six 
blocks with eight cuttings per treatment per 
block for a total of 3,840 cuttings (5 growers × 
6 blocks × 2 auxin treatments × 8 age-stump-
ing treatment combinations × 8 cuttings/plot). 
The entire study was surrounded by a border 
row. The experimental design for Expt. 2 was 
a completely randomized design with a total 
of 960 cuttings (5 blocks × 8 age-stumping 
treatment combinations × 24 cuttings/block/
age-stumping combination) and a border row 
surrounding the entire study

Statistical analysis for Expt. 1. Two separate 
analyses were conducted. The first compared 
the nonstumped controls with trees stumped to 
one whorl for all three ages. The second analy-
sis compared all treatments in the 7-year-old 
stock plants. In the former case, analyses of 
variance (ANOVAs) were conducted using the 
general linear models procedure (GLM) of the 
Statistical Analysis System version 8.1 (SAS 
Institute, Inc. 1999) with grower, replication, 
tree age, stumping, auxin, and all the two-, 
three-, and four-way interactions not involving 
replication as sources of variation. In the latter 
case, grower, stumping, replication, auxin, 
grower × auxin, grower × stumping, stumping 
× auxin, grower × stumping × auxin, and the 
three-way interaction not involving replication 
were sources of variation. Transformations of 
the dependent variables (rooting traits) were 
investigated to increase homogeneity among 
treatment variances. Several transformations 
were explored including the square root, the 
arcsine of the square root, and a range of 
transformations using the Box and Cox (1964) 
procedure that varied λ from –1.00 to +1.00 
in increments of 0.25. The transformation, or 
no transformation, yielding the smallest differ-
ences among treatment variances was selected 
for each dependent variable. Tree means were 
examined and treatment least- squares means 
for all the rooting traits were separated using 
pair-wise t tests with Tukey-Kramer experi-
ment-wise error rate adjustments.

Statistical analysis for Expt. 2. Cutting 
positions were converted to a 3-dimensional (x, 
y, z) co-ordinate system. The x-axis ran from 

Fig 1. Examples of stumping treatments applied to 7-year-old fraser fir Christmas trees.
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π/2 to 3 π/2 radians (east to west), the y-axis 
ran from 0 to π radians (north to south), and 
the z-axis was the cutting height from the tree 
base. The x, y, and z values for each tree were 
standardized to a mean of zero and SD of one 
to compare the cutting position among trees 
within the same stumping treatments using the 
following equation: Variable = (d

i 
– d)/(SD), 

where, d
i 
= x, y, or z distance of the cutting, 

d = mean x, y, or z distance of all cuttings on 
tree, and SD = standard deviation of x, y, or z 
of all cuttings on tree.

Within each stumping treatment, discrimi-
nant analyses were used to classify rooted and 
nonrooted cuttings. Ten dependent variables 
were used: x, y, z, x2, y2, z2, xy, xz, yz, and xyz. 
Step-wise techniques using forward selection 
and allowing variables to enter the model at P 
≤ 0.15 were conducted and a full model was 
also used for comparison. In addition, a full 
model was run for each of the five individual 
trees within each stumping treatment.

Results

Experiment 1: Effects of age and 
stumping treatment on shoot production 
and subsequent adventitious root 
formation

ANOVAs and transformations of the 
dependent variables for all rooting traits are 
presented in Table 1 (all three age classes) and 
Table 2 (7-year-old trees only). 

Rooting percentage. In the analysis com-
paring the three age groups, the main effects 
of grower, replication, tree age, stumping, and 
auxin were significant (Table 1). The two-way 
interactions between tree age and stumping, 
stumping and auxin, as well as the three-way 
interaction between tree age, stumping, and 
auxin were significant. Rooting percentages by 
grower ranged from 22% to 36% with a mean 
of 28% (data not presented). When examining 
the main effect of tree age, rooting percentage 
increased with decreases in age from 21% in 
the 7-year-old-tree to 25% and 35% in the 5-, 
and 3-year-old trees, respectively (Table 3). 
Auxin treated cuttings rooted more frequently 
(31%) than nonauxin treated cuttings (23%). 
Across all ages and auxin treatments, rooting 
percentages were significantly lower in the 
nonstumped trees (16%) than when stock 
plants were stumped to the first whorl (38%). 
The highest rooting percentage occurred when 
3-year-old stock plants were stumped to the 
first whorl regardless of whether they had been 
treated with (51%) or without auxin (50%). 
When 5-year-old stock plants where stumped 
to the first whorl, rooting percentages were 
greater in auxin treated cuttings (36%) than in 
the nonauxin treated controls (28%). 

In the analysis of the 7-year-old stock 
plants only, the main effects of replication, 
stumping, and auxin were significant (Table 
2). Rooting percentage increased as the se-
verity of the stumping increased from 10% in 
the nonstumped controls to 31% when stock 
plants were stumped to the first whorl (Table 
4). Application of auxin significantly increased 
rooting percentages from 15% in the nonauxin 
controls to 23% when auxin was applied. 

Percent mortality. Across all three ages, 
the main effects of grower, replication, stump-
ing, and the interaction between tree age and 
stumping were significant (Table 1). Percent 
mortality in the stock plants for the five growers 
ranged from 10% to 28% with a mean of 16% 
(data not presented). Across all ages and auxin 
treatments, percent mortality was lower (13%) 

in the stumped trees than in the nonstumped 
controls (17%) (Table 5). Percent mortality for 
cuttings collected from 3-, 5-, and 7-year-old 
stock plants stumped to the first whorl were 
9%, 14%, and 16%, respectively. For cuttings 
collected from nonstumped controls, percent 
mortality averaged 17% but was not signifi-
cantly different among the ages sampled. 

Table 1. ANOVA for traits assessed in a rooting trial of fraser fir stem cuttings (Expt. 1). This analysis 
included 3-, 5-, and 7-year old stock plants. Treatments included trees stumped to the first whorl and 
intact controls. 

 Rooting Mortality Primary Total
 (%) (%) roots root Root Root
Y Arcsine– Arcsine– (no.) length symmetry angle
transformation square root square root None None Log None
Grower (G) *  * NS NS NS NS

Replication * * * NS NS *
Tree age (T) * NS * * NS NS

Stumping (S) * * * * * NS

Auxin (A) * NS * * * *
G × T NS NS NS NS NS NS

G × S NS NS NS NS NS NS

G × A NS NS NS NS NS NS

T × S * * * NS NS NS

T × A NS NS NS NS NS NS

S × A * NS NS NS * NS

G × T × S NS NS NS NS NS NS

G × T × A NS NS NS NS NS NS

G × S × A NS NS NS NS NS NS

T × S × A * NS * NS NS NS

G × T × S × A NS NS NS NS NS NS
NS,*Nonsignificant or significant at P < 0.05, respectively. 

Table 2. ANOVA for traits assessed in a rooting trial of fraser fir stem cuttings (Expt. 1). These analyses 
only included 7-year old stock plants stumped to the first, third, and fifth whorls and intact controls.

 Rooting Mortality Primary Total
 (%) (%) roots root Root Root
Y Arcsine– Arcsine– (no.) length symmetry angle
transformation square root square root None None Log None
Grower (G) NS * NS NS NS NS

Replication * * * * NS NS

Stumping (S) * NS * * * NS

Auxin (A) * * * * * NS

G × S NS NS NS NS NS NS

G × A NS NS NS NS NS NS

S × A NS NS NS NS NS NS

G × S × A NS NS NS NS NS NS
NS,*Nonsignificant or significant at P < 0.05, respectively. 

Table 3. Effect of stumping and IBA concentration on the rooting percentage of fraser fir stem cuttings 
collected from stock plants of different ages (Expt. 1). 

Age in   Stumping treatment
field 1 Whorl  Nonstumped controls
(years) Control Auxin Control Auxin Overall avg
3 50 a Az 51 a A 15 a B 24 a B 35
5 28 b B 36 b A 15 a C 22 a B 25
7 25 b B 37 b A 7 b D 13 b C 21
Overall average 34 41 12 20 27
zValues followed by different lowercase letters (within columns) or uppercase letters (within rows) are 
significantly different at P < 0.05 by pair-wise Tukey-Kramer t tests.

Table 4. Effect of IBA concentration on the rooting percentage of fraser fir stem cuttings collected from 
7-year-old stock plants stumped to different heights (Expt. 1). 

Stumping treatment  Auxin treatment
(remaining whorls) Control Auxin Overall avg
1 25 a Bz 37 a A 31 a
3 14 b B 22 b A 18 b
5 12 b B 20 b A 16 b
Nonstumped control 7 c B 13 c A 10 c
Overall average 15 B 23 A 19
zValues followed by different lowercase letters (within columns) or uppercase letters (within rows) are 
significantly  different at P < 0.05 by pair-wise Tukey-Kramer t tests.
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Within the 7-year-old stock plants only, 
the main effects of grower, replication, and 
auxin were significant (Table 2). For the main 
effect of grower, percent mortality in the stock 
plants ranged from 10% to 28% with a mean 
of 15% (data not presented). Application of 
auxin decreased mortality from 18% in the 
nonauxin treated cuttings to 11% when auxin 
was applied. 

Number of primary roots. In the analysis 
comparing the three age classes, the main 
effects of replication, tree age, stumping, and 

auxin were significant. The interaction between 
tree age and stumping as well as the interaction 
between tree age, stumping and auxin were 
significant (Table 1). Primary root production 
was greater when stock plants were stumped 
and increased slightly as the age of the stock 
plant decreased (Table 6). The greatest number 
of roots was produced when 3-year-old stock 
plants were stumped to the first whorl and 
treated with 4 mM IBA (8.1). The fewest number 
of roots (2.8) occurred for cuttings collected 
from nonstumped 7-year-old stock plants and 

not treated with auxin. For the main effects of 
stumping, primary root production decreased 
from 7.1 when stock plants where stumped to 
the first whorl to 4.2 in the nonstumped con-
trols. Across all stumping and auxin treatments, 
primary root production was 6.1, 5.5, and 5.4 
for cuttings collected from 3-, 5-, and 7-year-
old stock plants, respectively. Application of 
auxin significantly increased root production 
from 5.1 when no auxin was applied to 6.2 
when cuttings were treated with auxin. 

When analyzing the 7-year-old stock plants 
only, the main effects of replication, stumping, 
and auxin were significant (Table 2). Primary 
root production increased as the severity of 
the stumping treatment increased from 3.6 in 
the nonstumped controls to 7.1 when stock 
plants were stumped to the first whorl (Table 
7). Primary root production for stock plants 
stumped to the third and fifth whorls were 4.8 
and 5.4, respectively. The number of primary 
roots increased significantly from 4.6 in the 
nonauxin controls to 5.8 when auxin was 
applied. 

Total root length. For 3-, 5-, and 7-year-old 
stock plants, the main effects of tree age, stump-
ing, and auxin were significant (Table 1). For 
the main effect of age, total root lengths were 
335, 287, and 312 mm for 3-, 5-, and 7-year-old 
stock plants, respectively (Table 8). Total root 
lengths (mean of control and auxin) increased 
from 188 mm in the nonstumped controls to 
434 mm when stock plants were stumped to the 
first whorl. Application of auxin significantly 
increased total root lengths from 247 mm in 
the nonauxin treated cuttings to 375 mm when 
auxin was applied.

In the analysis of the 7-year-old stock 
plants only, the main effects of replication, 
stumping, and auxin were significant (Table 
2). Total root lengths were greater in auxin 
treated cuttings and increased as the severity 
of the stumping treatment increased (Table 
9). Across all ages and auxin treatments, total 
root lengths increased from 156 mm in the 
nonstumped controls to 259, 306, and 467 
mm when stumped to the fifth, third, and first 
whorls, respectively. Following application 
of auxin, root lengths increased significantly 
from 221 mm in the nonauxin controls to 373 
mm in auxin-treated cuttings. 

Root symmetry. In the analysis for all three 
age classes, the main effects of stumping 
and auxin as well as the interaction between 
stumping and auxin were significant (Table 
1). Root symmetry increased from 43% in 
the nonstumped controls to 70% when stock 
plants were stumped to the first whorl. When 
no auxin was applied, root symmetry was 58% 
and 17% in stock plants stumped to one whorl 
and the nonstumped controls, respectively. 
With application of auxin, root symmetry in-
creased from 55% in the nonstumped controls 
to 80% when trees were stumped to the first 
whorl. For the overall main effect of auxin, 
root symmetry was greater (71%) following 
application of auxin when compared to the 
nonauxin controls (45%). 

When comparing stumping treatments 
within the 7-year-old stock plants, the main 
effects of stumping and auxin were significant 

Table 6. Effect of stumping and IBA concentration on the number of primary roots of fraser fir stem cuttings 
collected from stock plants of different ages (Expt. 1). 

Age in   Stumping treatment
field 1 Whorl  Nonstumped controls
(years) Control Auxin Control Auxin Overall avg
3 7.3 a Bz 8.1 a A  3.9 a D 5.1 a C 6.1
5 5.9 c B 7.2 b A 3.8 a D 5.1 a C 5.5
7 6.9 b A 7.2 b A 2.8 b C 4.3 b B 5.4
Overall average 6.7 7.5 3.5 4.8 5.7
zValues followed by different lowercase letters (within columns) or uppercase letters (within rows) are 
significantly different at P < 0.05 by pair-wise Tukey-Kramer t tests.

Table 5. Effect of stumping and IBA concentration on percent mortality of fraser fir stem cuttings collected 
from stock plants of different ages (Expt. 1). 

Age in field  Stumping treatment
(years) 1 Whorl Nonstumped controls Overall avg
3 9 b Bz 18 a A 14
5 14 a A 15 a A 15
7 16 a A 18 a A 17
Overall average 13 17 15
zValues followed by different lowercase letters (within columns) or uppercase letters (within rows) are 
significantly different at P < 0.05 by pair-wise Tukey-Kramer t tests.

Table 7. Effect of stumping and IBA concentration on the number of primary roots of fraser fir stem cuttings 
collected from 7-year-old stock plants (Expt. 1). 

Stumping treatment  Auxin treatment
(remaining whorls) Control Auxin Overall avg
1 6.9 a Az 7.2 a A 7.1 a
3 4.6 b B 6.2 b A 5.4 b
5 4.1 b B 5.5 b A 4.8 b
Nonstumped control 2.8 c B 4.3 c B 3.6 c
Overall average 4.6 B 5.8 A 5.2
zValues followed by different lowercase letters (within columns) or uppercase letters (within rows) are 
significantly  different at P < 0.05 by pair-wise Tukey-Kramer t tests.

Table 8. Effect of stumping and IBA concentration on the total root lengths in millimeters of fraser fir stem 
cuttings collected from stock plants of different ages (Expt. 1). 

Age in   Stumping treatment
field 1 Whorl  Nonstumped controls
(years) Control Auxin Control Auxin Overall avg
3 422 a Bz 518 ab A 151 a D 246 ab C 335 a
5 276 b B 453 b A 147 a C 273 a B 287 b
7 388 ab B 546 a A 96 a D 216 b C 312 ab
Overall average 362 B 506 A 131 D 245 C 311
zValues followed by different lowercase letters (within columns) or uppercase letters (within rows) are 
significantly  different at P < 0.05 by pair-wise Tukey-Kramer t tests.

Table 9. Effect of stumping and IBA concentration on total root length in millimeters of fraser fir stem 
cuttings collected from 7-year-old stock plants (Expt. 1). 

Stumping   Auxin treatment
treatment Control Auxin Overall avg
1 388 a Bz 546 a A 467 a
3 213b B 398 b A 306 b
5 188 b B 330 b A 259 b
Nonstumped control 96 c B 216 c A 156 c
Overall average 221 B 373 A 297
zValues followed by different lowercase letters (within columns) or uppercase letters (within rows) are 
significantly  different at P < 0.05 by pair-wise Tukey-Kramer t tests.
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(Table 2). Root symmetry was greater when 
cuttings were treated with auxin and increased 
as the severity of the stumping treatment 
increased. Root symmetry increased from 
0% in the nonstumped controls to 47%, 56%, 
and 71% when stock plants were stumped to 
the fifth, third, and first whorls, respectively. 
Auxin significantly increased root symmetry 
from 36% in the nonauxin controls to 70% 
with application. 

Root angle. When comparing stumping 
treatments over all three ages, the main effects 
of replication and auxin were significant (Table 
1). Cuttings treated with auxin produced a 
greater percentage of geotropic roots (83%) 
than the nonauxin treated cuttings (61%). No 
significant effects occurred when comparing 
treatments within the 7-year-old stock plants 
(Table 2).

Shoot production. The number of shoots 
produced >6 cm in length was larger in the 
nonstumped trees and decreased as the sever-
ity of the stumping treatment increased (Table 
10). On the other hand, the number of cuttings 
initiated directly from the main stump, stump 

Table 10. Effect of stumping on shoot production and estimated rooted cutting yields (Expt. 1). The number of sprouts originating directly from the stump are 
also provided in parenthesis.

    Stumping treatment
 1 Whorl  3 Whorls  5 Whorls  Nonstumped controls
Age Total no.  Estimated no. Total no. Estimated no. Total no. Estimated no. Total no. Estimated no. 
in field of shoots of rooted of shoots of rooted  of shoots of rooted of shoots of rooted
(years) (stump sprouts) cuttings (stump sprouts) cuttings (stump sprouts) cuttings (stump sprouts) cuttings
3 32 (3) 17 --- --- --- --- 279 (0) 67
5 65 (5) 16 --- --- --- --- 892 (0) 196
7 83 (10) 31 126 (6) 28 167 (3) 33 1194 (0) 155

sprouts, increased as the severity of the stump-
ing treatment increased. For example, in the 
7-year-old stock plants, shoot production was 
1194 in the nonstumped controls and decreased 
to 167, 126, and 83 in stock plants stumped to 
the fifth, third, and first whorls, respectively. 
However, the number of stump sprouts in-
creased from 0 in the nonstumped controls to 
3, 6, and 10 when stock plants were stumped 
to the fifth, third, and first whorls, respectively 
(Table 10). No significant difference was de-
tected between orthotropic stump sprouts and 
other shoots for percent rooting.

Experiment 2: Effects of stumping 
treatment and crown position on the 
rooting ability of stem cuttings

Stumping and crown position effects. Re-
sults from the step-wise discriminant analysis to 
classify rooted and nonrooted cuttings based on 
their crown position and stumping treatments 
are presented in Table 11 along with rooting 
percentages by age and stumping height. 

The effect of height (z) consistently ex-
plained more of the variation in every age class 

and stumping height, with the exception of the 
7-year-old nonstumped controls; however, in 
this treatment, height did explain a significant 
portion of the variation (Table 11). In the 
3-year-old stock plants, the partial squared 
canonical correlations were 0.16 and 0.12 for 
height in the nonstumped controls and stock 
plants stumped to the first whorl, respectively. 
The partial squared canonical correlations for 
5-year-old stock plants were 0.23 and 0.14 for 
height in the nonstumped controls and stock 
plants stumped to the first whorl, respectively. 
For 7-year-old stock plants that were not 
stumped, x2 explained the largest amount of 
the variation (0.12). In the remaining 7-year-
old stock plants, the partial squared canonical 
correlations were 0.20, 0.16, and 0.34 for height 
in stock plants stumped to the first whorl, third, 
and fifth whorls, respectively. 

Three-dimensional representations of 
individual trees showing relative cutting posi-
tions and rooting status were examined (Fig. 
2). These graphs were rotated on a computer 
monitor to better visualize position effects. 
Graphs in Fig. 2 represent composites of the five 
trees sampled within each of four treatments: 
3-year-old control and stumped to the first 
whorl, 5-year-old control and stumped to the 
first whorl. All positions were standardized so 
that the graphs are scaled similarly although the 
actual heights (z axis) between treatments (and 
trees within treatments) were very different. 
For both ages, most rooting in the nonstumped 
control treatment occurred in cuttings collected 
from the lower crown positions (Fig. 2A and 
C). As height increased, cuttings from inner 
crown positions rooted at greater frequencies 
than those from outer positions. These trends 
were less apparent in the stumped treatments 
(Fig. 2B and D). 

Discussion

Stumping height and position effects. In the 
current study, as in a previous investigation 
involving rooting of fraser fir stem cuttings 
(Wise et al., 1985), large influences were ob-
served among stumping treatments applied to 
stock plants. Previous research demonstrated 
that decapitating 14-year-old fraser fir stock 
plants promoted orthotropic shoot production 
and increased adventitious rooting; however, 
the numbers of cuttings produced were low 
(Wise et al., 1985). In that study, trees were de-
capitated and, in a few instances, lateral branch 
growth was removed. As the severity of the 
decapitation and hedging treatment increased, 
rooting percentages and orthotropic shoot 
production increased. Based on these findings, 

Table 11. Discriminant analysis results for percent rooting on cutting position of fraser fir stem cuttings 
[x (east–west), y (north–south), and z (height) = standardized crown position coordinates (n = 5 trees 
for each analysis)] (Expt. 2).

  Mean  Squared canonical
 Stumping rooting  correlation
Tree age treatment (%) Variable Partial Total
3-year-old 1 Whorl 49 Z 0.12 0.15
   XY 0.03
 Nonstumped 20 Z 0.16 0.27
   Z2 0.05
   XZ 0.03
   YZ 0.03
5-year-old 1 Whorl 39 Z 0.14 0.18
   X 0.04
 Nonstumped 18 Z2 0.23 0.39
   Z 0.09
   Y 0.03
   X 0.03 
7-year-old 1 Whorl 28 Z 0.20 0.27
   Z2 0.05
   Y 0.02
 3 Whorls 20 Z 0.16 0.31
   X 0.06
   X2 0.03
   XZ 0.02
   XY 0.02
   YZ 0.02
 5 Whorls 17 Z 0.34 0.61
   Z2 0.16
   XZ 0.07
   Y 0.04
 Nonstumped 10 X2 0.12 0.27
   Z2 0.07
   Z 0.04
   XZ 0.05
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cies and rooting ability of fraser fir cuttings. 
Miller (1982) found that cuttings from first- and 
second-order lateral branches root more fre-
quently and produce a greater number of roots 
than cuttings collected from the primary axis, 
but plagiotropic growth was more pronounced. 
Blazich and Hinesley (1995) suggest this effect 
is due to retention of juvenile characteristics 
in lower order branches. Cuttings collected 
from the primary axis, as terminal shoots, grow 
orthotropically and produce symmetrical trees, 
but rooting percentages are very low (Blazich 
and Hinesley, 1994; Miller et al., 1982). 

In the current study, the position from which 
the cutting was collected significantly affected 
rooting percentage. In general, the variation 
explained by position ranged from 80% to 
90% for individual trees with a maximum of 
97%. However, the large amount of tree-to-tree 
variation averaged out to obscure this relation-
ship in the overall analyses. Nevertheless, for 
rooting percentage, the height (z) from which 
the cutting was collected was almost always 
the most important variable, regardless of age 
or stumping height. These findings are not 
surprising and support previous research which 
has shown maturation increases as the distance 
from the base of a tree increases (Hartmann et 
al., 2002; Zobel and Talbert, 1984). 

A comparison of rooting percentage was 
also made between cuttings that initiated 

directly from the stem (stump sprouts) and 
cuttings that originated elsewhere. Although 
the former shoots grew more vigorous and 
orthotropically, no significant differences were 
detected for any of the rooting traits; however, 
the stump sprout sample size was small since 
relatively few were produced. 

Age effects. In general, rooting percent-
age, primary root production, and total root 
length increased significantly and mortality 
decreased significantly as the age of the stock 
plant decreased. The current findings support 
previous research which has shown that the 
rooting ability of fraser fir decreases with stock 
plant age, or maturation, regardless of where 
on the stock plant the cuttings are collected 
(Hinesley and Blazich, 1980). Plagiotropism, 
another characteristic associated with matura-
tion, also becomes more pronounced as the age 
of the stock plant increases. Following rooting, 
many of the cuttings in this study were potted 
and observations were made the following 
growing season. Plagiotropism appeared to 
be more pronounced in the older material 
and increased as the severity of the stumping 
treatments decreased. 

Auxin effects. Treatment with an auxin is 
greatly beneficial when rooting cuttings of 
many species, including fraser fir (Blazich and 
Hinesley, 1994, 1995; Hinesley and Blazich, 
1980, 1981, 1984). In the current study, appli-
cation of auxin significantly increased rooting 
percentage, primary root production, total root 
length, and root symmetry. However, to control 
the size of the study, only one auxin type and 
concentration was selected to compare to the 
nonauxin control based on previous research 
(Rosier et al., 2004) .

Grower effects. In general, the Christmas 
tree grower effect was minimal and only 
significantly affected rooting percentage and 
percent mortality. While there were many 
differences among growers including soils, 
elevation, and cultural practices, insect dam-
age appeared to be the most likely cause of the 
grower difference found in these two traits. 
At one of the 7-year-old sites, most newly 
flushed succulent cuttings were damaged by 
red spider mites (Oligonychus ununguis Jacobi) 
and balsam twig aphids (Mindarus abietinus 
Koch). Subsequently, mortality was greater 
and the rooting percentages were lower in 
these cuttings. This was the only site that was 
affected detrimentally by insects; however, 
minimal damage from these insects was noted 
on one other site. 

Implications. Despite their lower rooting 
ability, older intact trees yielded more rooted 
cuttings due to their greater shoot production 
(Table 10). However, poor rooting and past 
experience with extreme plagiotropism of such 
cuttings argues against use of this material. 
Propagators of fraser fir would be prudent to 
collect cuttings from severely stumped younger 
trees until research elucidates more precisely 
the effects of age, crown position, and degree 
of stumping on field performance of rooted 
cuttings. In this study, the highest rooting per-
centages (about 51%) and the greatest number 
of primary roots (8.1) occurred when 3-year-old 
stock plants were stumped to the first whorl. 

Fig. 2. Effects of position on the rooting of stem cuttings of fraser fir collected from (A) nonstumped 3-
year-old stock plants, (B) 3-year-old stock plants stumped to the first whorl, (C) nonstumped 7-year-old 
stock plants, and (D) 7-year-old stock plants stumped to the first whorl, where ■ = rooted and x = nonrooted 
(Expt. 2). Positions were standardized among trees within each stumping treatment (n = 5).

more severe stumping treatments were used in 
the current study in hopes of increasing juvenile 
orthotropic shoot production. 

In the current study, as the severity of the 
stumping treatment increased, rooting percent-
age, primary root production, total root lengths, 
and root symmetry generally increased. Several 
differences in cutting morphology associated 
with the stumping treatments were observed. 
These differences are likely to have directly 
or indirectly affected rooting characteristics. 
Shoot elongation, a characteristic associated 
with vigor (Haines et al., 1992) was observed 
to increase as the severity of the stumping treat-
ments increased. Cuttings collected from trees 
that had been stumped exhibited minimal signs 
of differentiated axillary bud formation and, 
in most cases, the cuttings appeared to still be 
actively growing. Even in the 7-year-old trees, 
bud development appeared to increase as the 
severity of the stumping treatment decreased 
while cuttings collected from nonstumped 
control trees already had pronounced axillary 
bud formation with hardened stem tissue. 
Previous research suggests that the optimal 
time to collect cuttings is in the summer dur-
ing active shoot growth before significant 
axillary bud development is underway (Rosier 
et al., 2004). 

Branch order and crown position have been 
shown to greatly affect the plagiotropic tenden-

(B)
(A)
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Even at this young age, a relatively reliable 
assessment can be made of an individual tree’s 
future Christmas tree value. As evidence, Ar-
nold et al. (1994) found positive and significant 
phenotypic and genetic correlations between 
height after the first growing season in the field 
and Christmas tree wholesale value at age 8; 
0.34 and 0.61, respectively. These correlations 
increased to 0.64 and 0.81, respectively, for 
4-year-old height measurements. 

Results from the current study demonstrate 
that stumping fraser fir Christmas trees for 
orthotropic shoot production can be effective 
and should provide a basis for advancement 
of cloning desirable fraser fir Christmas trees. 
While these results provide Christmas tree 
growers with a technique to modestly multiply 
highly desirable select trees, higher multiplica-
tion rates are needed. Toward this end, future 
research should address managing stumped 
trees to produce cuttings over multiple years 
and serial propagation of rooted cuttings. 

Literature Cited

Arnold, R.J., J.B. Jett, and S.E. McKeand. 1994. 
Natural variation and genetic parameters in fraser 
fir for growth and Christmas tree traits. Can. J. 
For. Res. 24:1480–1486.

Bentzer, B.G. 1993. Strategies of clonal forestry with 
Norway spruce, p. 120–138. In: M.R. Ahuja and 
W.J. Libby (eds.). Clonal forestry II: Conserva-
tion and application. Springer-Verlag, Berlin. 

Black, D.K. 1972. The influence of shoot origin on 
the rooting of douglas-fir stem cuttings. Proc. 
Intl. Plant Prop. Soc. 22:142–157.

Blazich, F.A. and L.E. Hinsley. 1994. Propagation of 
fraser fir. J. Environ. Hort. 12:112–117.

Blazich, F.A. and L.E. Hinesley. 1995. Fraser fir, 
two North Carolina researchers explain how 

to propagate this popular Abies species. Amer. 
Nurseryman 181(5):54–58, 60–67.

Bolstad, P.V. and W.J. Libby. 1982. Comparisons 
of radiata pine cuttings of hedge and tree-form 
origin after seven growing seasons. Silvae 
Genetica 31:9–13.

Box, G.E.P. and D.R. Cox. 1964. An analysis of 
transformations. J. Royal Stat. Soc. (Ser. B) 
26:211–246.

Campbell, C.R. 2000. Reference sufficiency ranges 
for plant analysis in the southern region of the 
U.S. S. Coop. Ser. Bul. 394. 

Fielding, J.M. 1954. Methods of raising monterey 
pine from cuttings in the open nursery. For. 
Timber Bur. Bul. 32.

Frampton, J. 2002. North Carolina’s Christmas 
tree genetics program, p. 94–100 Proc. 26th S. 
For. Tree Improve. Conf., Athens, Ga., 26–29 
June 2001.

Frampton, L.J., B. Goldfarb, S.E. Surles, and C.C. 
Lambeth. 1999. Nursery rooting and growth 
of loblolly pine cuttings: Effects of rooting 
solution and full-sib family S. J. Appl. For. 
23:108–115.

Haines, R.J., T.R. Copley, J.R. Huth, and M.R. 
Nester. 1992. Shoot selection and the rooting 
and field performance of tropical pine cuttings. 
For. Sci. 38:95–101.

Hartmann, H.T., D.E. Kester, F.T. Davis, Jr., and 
R.L. Geneve. 2002. Hartmann and Kester’s plant 
propagation: Principles and practices. 7th ed. 
Prentice Hall, Upper Saddle River, N.J. 

Hinesley, L.E. and F.A. Blazich. 1980. Vegetative 
propagation of Abies fraseri by stem cuttings. 
HortScience 15:96–97.

Hinesley, L.E. and F.A. Blazich. 1981. Influence of 
postseverence treatments on the rooting capac-
ity of fraser fir stem cuttings. Can. J. For. Res. 
11:316–323.

Hinesley, L.E. and F.A. Blazich. 1984. Rooting fraser 
fir stem cuttings. J. Environ. Hort. 2:23–26.

Johnson, J.E. 1991. Christmas tree production 

manual. Va. Coop. Ext. Serv., Blacksburg.
Libby, W.J., A.G. Brown, and J.M. Fielding. 1972. 

Effects of hedging radiata pine on production, 
rooting, and early growth of cuttings. N.Z. J. 
For. Sci. 2:263–283.

Menzies, J. and P. Klomp. 1988. Effects of parent 
age on growth and form of cuttings, p. 18–41. In: 
M. I. Menzies, P. Aimers, and L.J. Whitehouse 
(eds.). Workshop on growing radiata pine from 
cuttings. FRI Bul. 135.

Miller, N.F., L.E. Hinesley, and F.A. Blazich. 1982. 
Propagation of fraser fir by stem cuttings: Ef-
fects of type of cutting, length of cutting, and 
genotype. HortScience 17:827–829.

Rawlings, J.O., S.G. Pantula, and D.A. Dickey. 1998. 
Applied regression analysis: A research tool. 2nd 
ed. Spring-Verlag, New York.

Rosier, C.L. 2003. Factors affecting the rooting of 
fraser fir (Abies fraseri) and virginia pine (Pinus 
virginiana) stem cuttings. MS thesis. N.C. State 
Univ., Raleigh. 

Rosier, C.L., J. Frampton, B. Goldfarb, F.A. Blazich, 
and F.C. Wise. 2004. Growth stage, auxin type, 
and concentration influence rooting of stem cut-
tings of fraser fir. HortScience 39:1397–1402.

SAS  Institute, Inc. 1999. SAS/STAT user’s guide. 
Version 6. 4th ed. vols. 1 and 2. SAS Inst., Inc., 
Cary, N.C.

Saravitz, C.H. and F.A. Blazich. 1996. Abies fraseri 
(Pursh) Poir. (fraser fir), p. 345–358. In:Y.P.S. 
Bajaj (ed.). Biotechnology in agriculture and 
forestry. vol. 35. Trees IV. Springer-Verlag, 
Berlin.

Wise, F.C., F.A. Blazich, and L.E. Hinesley. 1985. 
Propagation of Abies fraseri by cuttings: Or-
thortropic shoot production form hedged stock 
plants. Can. J. For. Res. 16:226–231.

Wise, F.C. 1985. Development of systems for vegeta-
tive propagation of fraser fir by stem cuttings. 
PhD diss. N.C. State Univ., Raleigh.

Zobel, B. and J.Talbert. 1984. Applied forest tree 
improvement. Wiley, Prospect Heights, Ill.




