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Summary. Hardwood cuttings of
kinnikinnick (Arctostaphylos uva-ursi
‘Massachusetts’) were inoculated with
three different types of inoculum

of mycorrhizal fungi to determine
whether addition of mycorrhizal
inoculum into the rooting substrate
during cutting propagation increases
rooting or root growth, or alters the
time for rooting. Cuttings, treated or
untreated with rooting hormone prior
to sticking into the rooting substrate,
were inoculated with either inoculum
of an arbuscular mycorrhizal fun-

gus (AMF), hyphal inoculum of an
arbutoid mycorrhizal fungus (E),

or inoculum consisting of colonized
root fragments of kinnikinnick (R).
Cuttings were placed under mist in a
greenhouse with no bottom heat and
harvested 35, 56, and 84 days after
sticking. Using AMF inoculum in the
rooting substrate did not enhance
rooting of cuttings, while adding

the R or E inoculum to the rooting
substrate increased root initiation
compared to non-inoculated cuttings.
Cuttings inoculated with either the R
or E inoculum had greater root initia-
tion than non-inoculated cuttings

56 and 84 days after sticking. When
treated with rooting hormone, cut-
tings inoculated with the E or R in-
oculum had longer roots and a greater
root biomass than non-inoculated
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cuttings. Mycorrhizal colonization
of roots was similar or greater when
cuttings were inoculated with the E
inoculum than with the R inoculum
and application of rooting hormone
generally increased root coloniza-
tion. The use of inoculum composed
of root fragments from kinnikinnick
during cutting propagation does not
appear to be more beneficial than use
of hyphal inoculum from a known
arbutoid mycorrhizal fungus.

ycorrhizae are symbiotic

associations between plant

roots and certain soil fungi
that can enhance plant growth and
survival through their effects on nutri-
ent and water acquisition (Smith and
Read, 1997). The benefits from root
colonization by mycorrhizal fungi are
thought to be greatest when coloniza-
tion occurs as early as possible during
plant growth (Chang, 1994). In the
propagation of plants from cuttings,
this means that maximum benefits from
mycorrhizal colonization would be
obtained ifinoculum is present during
adventitious root formation.

The addition of mycorrhizal
fungi into the rooting substrate dur-
ing cutting propagation can increase
rooting in different plants (Douds et
al., 1995; Linderman and Call, 1977;
Scagel, 2000, 2001, 2004a, 2004b;
Verkade and Hamilton, 1987; Verkade
et al., 1988). Although commercially
produced inoculum of certain types
of mycorrhizal fungi is readily avail-
able to horticulturists, the relationship
between inoculum type and plant
response is unclear.

The rooting of woody stem cut-
tings at certain stages of development
during the year is dependent upon the
physiological condition of the stock
plant and treatment of the cuttings
with rooting hormone. Rooting of
kinnickinnick cuttings is sometimes
difficult and cuttings appear to root
best from hardwood cuttings in early
autumn (Goérecka, 1979). Attempts
to root kinnickinnick cuttings at other
times can result in a low percentage
of rooted cuttings and poor survival
after transplant (Holden, 1975). Kin-
nickinnick forms a type of mycorrhizal
association called “arbutoid” mycor-
rhizae (EMF). The fungi that form
these associations with kinnickinnick
roots are generally considered the
same fungal species that can also form
ectomycorrhizal associations with the

roots of several other plant species
(Smith and Read, 1997).

Rooting ofkinnickinnick cuttings
taken during the optimal time for
rooting can be increased by addition
of mycorrhizal kinnickinnick roots
into the rooting substrate of cuttings
(Holden, 1978). Linderman and Call
(1977) reported that inoculating
cuttings of kinnickinnick plants with
arbutoid mycorrhizal fungi can increase
adventitious rooting at times of the
year when cuttings treated only with
hormones root poorly. They found that
the response of cuttings was highly
dependent on the fungal isolate used
in their study.

Inoculation of kinnickinnick cut-
tings with the arbuscular mycorrhizal
fungus (AMF), Glomus intraradices,
has also been reported to increase
rooting (Nelson, 1987). The rooting
response of miniature rose (Rosa sp.)
cuttings to mycorrhizal fungi has been
found to occur without root coloniza-
tion (Scagel, 2004a). This suggests that
some form of signaling occurs between
the fungus and the plant stem that trig-
gers an increase in rooting of cuttings.
Commercially available inocula of AMF
(e.g., G.intraradicesand several other
fungal species—species composition
varies by product) and ectomycorrhizal
fungi (that can form arbutoid mycor-
rhizal associations with kinnickinnick)
are available to propagators. Although
AME will not form a mycorrhizal asso-
ciation with kinnickinnick, itis possible
that AMF inoculum may be used as a
tool to increase rooting of kinnickin-
nick cuttings, particularly when used
on cuttings stuck atanon-optimal time
for rooting.

Although separate studies have
described the influence of different
types of mycorrhizal inoculum on
rooting of kinnickinnick, a direct
comparison of the effectiveness of dif-
ferent inoculum types on rooting has
not been reported. Also, the influence
of mycorrhizal inoculum on the rate
of rooting has not been reported. The
objectives of this study were to deter-
mine whether the addition of different
types of mycorrhizal inoculum (e.g.,
AMEF, EMF, colonized kinnickinnick
root fragments) into the rooting
substrate during cutting propagation
increases rooting or root growth, and
whether inoculation alters the time for
rooting of kinnikinnick when cuttings
are taken during a season considered a
non-optimal time from rooting.



Materials and methods

PraNT MATERIAL. In late Feb.
1999, rooted tissue culture plantlets
of kinnickinnick ‘Massachusetts’
were obtained from Brigg’s Nursery
(Olympia, Wash.) and transplanted
into 0.64-L pots [10.2 cm (4 inches)
diameter, Gage Dura Pot #GDP400;
Gagee Industries, Lake Oswego, Ore. |
in a mix of 80% composted douglas-fir
bark (Whitney Farms, Independence,
Ore.) and 20% sphagnum peat (Sun-
shine Grower Grade White; SunGrow,
Hubbard, Ore.) by volume amended
with 5.5 g- L1 (5.50 oz /1t?) of a slow
release fertilizer (SLR) (Osmocote
Plus 15N-4.1P-10K; Scotts Co.,
Marysville, Ohio) per pot. Equal
amounts of fertilizer were mixed into
the rooting substrate on a per-pot basis
to ensure uniform distribution. Plants
were maintained in a greenhouse, with
supplemental light (16-h photope-
riod), average day/night temperatures
0f21°C(69.8 °F)day,/16°C(60.8 °F)
night, and watered as needed. Periodic
pest control measures were performed
as needed and included diflubenzuron
for fungus gnats ( Bradysiasp.) and Neo-
seinlus cucumeris predators for thrips
(Frankiniella sp.). After 16 weeks,
plants were transplanted into cylindri-
cal 3.8-L (1 gal) pots [19.4 x 18.1 cm
(7-5/8 x 7-1 /8 inches); Lerio Corp.,
Mobile, Ala.] containing a mix of 30%
composted douglas-fir bark, 60% peat,
and 10% perlite by volume amended
with 8 g-L! (8.0 oz/ft*) of SLR per
pot and grown outside under ambi-
ent conditions in Corvallis, Ore. (lat.
44°59°041”N, long. 123°27°217”W)
and watered as needed.

INocura. Three inocula types
were used in the experiment described
below. The root inoculum (R) was
prepared by removing the roots from
1-year old kinnikinnick plants, wash-
ing all potting substrate from roots,
then fragmenting roots in a blender at
low speed for 3 min. The arbuscular
mycorrhizal fungus (AMF) inoculum
(A) consisted of Glomus intraradi-
ces originally obtained from Native
Plants Incorporated, (Salt Lake City)
and maintained in pot cultures at the
USDA-ARS, Horticultural Crops
Research Laboratory in Corvallis,
Ore. The fungus was propagated in
pot cultures on roots of bunching
onion (Allium cepa “White Lisbon’)
grown in (v/v) 1 Willamette Valley
alluvial silt loam:1 river sand [11
mg-kg! (ppm) available (Bray) phos-
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phorus (P), pH of 6.3] for 5 months.
Inoculum consisted of a mixture of the
soil substrate, extraradical hyphae and
spores, and colonized root segments
[<2 mm (0.08 inch) long] with a
bulk density of 4.74 g-cm™. The most
probably number (MPN) method
(Woomer, 1994 ) was used to estimate
the density of the inoculum which
averaged 10 propagules/g (283.5
propagules/0z) of soil substrate. The
arbutoid or ectomycorrhizal fungus
(EMF)inoculum (E) consisted of Lac-
caria lnccata (identification based on
associated sporocarp), isolated from
root tips of l-year-old kinnikinnick
plants and maintained on modified
Melin-Norkran2 (MMN) agar medium
(Molina and Palmer, 1982). Cultures
for inoculum were grown in sterile
culture of liquid MMN media on an
orbital shaker at room temperature for
28 d. One day prior to inoculation, hy-
phae from 16-week-old cultures of the
funguswere harvested by filtration and
re-suspended in 1 L (0.26 gal) sterile
water and fragmented in a blender at
low speed for 3 min. The number of
colony forming fragments per volume
of water-based inoculum mixture was
79 ctu/mL based on 10 replicate plates
of 1 mL of inoculum on MMN agar
incubated at 21 °C for 14 d.
EXPERIMENTAL SETUP. On 3 Feb.
2000, cuttings were removed from the
previous year’s growth on pot-grown
1-year-old kinnikinnick plants. Cut-
tings were sorted for uniformity (based
on fresh weight and length), and were
sanitized to disinfect the cutting of
potential pathogens by dipping the
end of each cutting into 10% solution
of sodium hypochlorite (Dixichlor;
DXT Industries, Houston) for 20 min
and then rinsing with water. Cuttings
were placed randomly into eight treat-
ment groups: no hormone and no
inoculum (CN); hormone treatment
and no inoculum (CH); no hormone
treatment and root inoculum (RN);
hormone treatmentand rootinoculum
(RH); no hormone treatment and
AMF inoculum (AN); hormone treat-
ment and AMF inoculum (AH); no
hormone treatment and EMF inocu-
lum (EN); and hormone treatment
and EMF inoculum (EH). Cuttings
that received no hormone treatment
(CN, RN, AN, and EN) were stuck
directly into 0.64-L pots containing
80% perlite and 20% peat by volume.
Cuttings receiving hormone treatment
(CH, RH, AH, and EH) were dipped

for 5 s in 3000 mg-L! (ppm) Woods
Hormone Solution (1.03% indol-3-
butyric acid and 0.66% 1-napthalene
acetic acid; Earth Science Products
Corp., Wilsonville, Ore.), then stuck
into 0.64-L pots containing the same
perlite-peat mix. Prior to sticking, 2
g fresh weight of root inoculum was
placed directly in the region where the
cutting was stuck for cuttings receiving
rootinoculum (RNand RH),and 5 mL
AMEF inoculum placed directly in the
region where the cutting was stuck for
cuttings receiving AMF inoculum (AN
and AH). For inoculation with EMF,
inoculation treatments were applied
immediately after sticking by drenching
the rooting substrate at the base of the
cutting with 10 mL of EMF inoculum
(EN and EH). Pots were placed on
a mist bench in a greenhouse and
rooted under intermittent mist with
supplementallight (16 h photoperiod)
and average day/night temperatures
of 21 °C day/16 °C night. Misting
intervals varied during the experiment
and ranged from 10 s every 30 min to
10 s every 2 h. No bottom heat was
used during the experiment.

DAtA corLrLEcTION. Cuttings
were removed from the mist bed 35,
56, and 84 d after the start of the ex-
periment, and the number of rooted
cuttings per treatment was recorded.
At all harvest times, the primary and
secondary roots on each cutting were
counted, removed from the cutting,
and the length of each primary root was
measured. Fresh weights were obtained
foraboveground portion (region above
rooting zone) and new roots on each
cutting. A sub-sample of fresh roots was
used to determine root colonization.
The remainder of the aboveground
and root tissues were dried at 60 °C
(140.0 °F), and dry weights were
obtained after tissue had reached a
constant dry weight (48-60 h). Root
colonization in treatment RN, RH,
EN, and EH was determined on fresh
roots by measuring the percentage of
root tips that showed external signs
of mycorrhizae. Representative roots
were examined for internal hyphae for
verification of mycorrhizae formation.
AMF colonization of roots for treat-
ments AN and AH was assessed on
1-cm (0.4 inch) sections of fresh roots
after clearing and staining by modified
procedures of Phillips and Hayman
(1970), replacing lacto-phenol with
lacto-glycerin. Percentage of root
length with signs of AMF colonization
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(arbuscular formation) was estimated
by the method of Biermann and Lin-
derman (1980).

EXPERIMENTAL DESIGN AND STA-
TISTICAL ANALYSES. The experiment
was a 2 x 4 x 3 factorial design with
two rooting hormone treatments,
four inoculation treatments, and three
harvestdatesarranged in arandomized
block design. Each treatment unit
(pot) contained three cuttings (one
for each harvest date) replicated two
times in each of four blocks (eight cut-
tings per treatment per harvest date).
Within-block treatment replication
was done to provide adequate replica-
tion for analysis of survival data. Most
data were subjected to three-factor
analysis of variance (ANOVA) using the
Statistica statistical package (Statsoft,
Tulsa, Okla.) with hormone treatment,
inoculation treatment, and harvest date
as main effects. Plants in treatments
CN, CH, AN, and AH showed no
evidence of mycorrhizal colonization;
therefore, colonization data were
subjected to a three-factor ANOVA
with two hormone treatments, two
inoculation treatments and harvest date
as main effects. Dry weight and root
colonization, number and size data
were square-root transformed prior
to analysis to correct for unequal vari-
ance and achieve best model fit. Actual
data are reported in tables and figures.
Where appropriate, Bonferroni test was
used to separate treatment means (P
< 0.05). Relationships between root
colonization and root growth variables
were assessed using Pearson’s correla-
tion coethicient (r).

Results and discussion

RootiNng. Cuttings inoculated
with root-fragment inoculum (R) or
hyphal inoculum from an arbutoid
mycorrhizal fungus (E) generally had
a higher percentage of cuttings with
roots (rooting) than non-inoculated
cuttings (C), while cuttings inoculated
with AMF inoculum generally had
lower rooting than non-inoculated
cuttings (Fig. 1A). At the final harvest,
84 d after sticking, rooting was similar
on non-inoculated cuttings and cut-
tings inoculated with either the R or
Einoculum. Regardless of inoculation
treatment, application of rooting hor-
mone to cuttings increased rooting 56
and 84 d after sticking (Fig. 1B).

Cuttings inoculated with mycor-
rhizal fungi root better than non-
inoculated cuttings, however the
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Fig. 1. Influence of mycorrhizal inoculation (A) and root hormone (B) treat-
ments on the percentage of kinnikinnick ‘Massachusetts’cuttings with roots 35,
56, and 84 d after sticking. Mycorrhizal inoculation treatments: C = no inocu-
lum; R = root inoculum; A = arbuscular mycorrhizal fungal inoculum; and E =
arbutoid mycorrhizal fungal inoculum in rooting substrate. Rooting hormone
treatments: N = no rooting hormone; H = rooting hormone applied to cutting.
Bars on data points represent standard errors (n = 8). Columns with the same
letter above them are not significantly different (Bonferroni test, P> 0.05).

influence of mycorrhizal fungi on
rooting appears to be specific to the
fungus-plant combination and the
length of time after cuttings are stuck.
When cuttings of rainbow leucothoe
(Leucothoe fontanesiana ‘Rainbow”)
were inoculated with different isolates

of ericoid mycorrhizal fungi, rooting
was greater on cuttings inoculated with
two of the three isolates tested than on
non-inoculated cuttings early during
propagation; however at the end of
a 109-d propagation cycle, inocula-
tion had no influence on the number



of rooted cuttings (Scagel, 2004b).
Douds et al. (1995) increased rooting
of cuttings by adding inoculum of an
AMEF to the rooting substrate of um-
brella-pine (Sciadopitys verticillata),
and reported increased survival, callus
development, and rooting percentages
for cuttings, which usually take up to 6
months to root. With miniature roses,
adding AMF inoculum to the rooting
substrate increased the percentage of
rooted cuttings of cultivars that did not
respond to hormone application, and
enhanced early rooting for difficult-to-
root cultivars (Scagel, 2001).

When AMF inoculum was used
with kinnikinnick we did not observe
any increase in rooting, while Nelson
(1987) reported that adding AMF
inoculum into the rooting substrate
of kinnikinnick increased rooting of
cuttings. Our results may be different
from that of Nelson (1987) due to dif-
ferences in plant material or isolate of
AMEF used. Although AMF can cause
rooting responses in cuttings of known
host plants prior to colonization (Sca-
gel, 2004a), the ability of AMF to cause
a similar response in non-host plants
may be minimal. A sequence of sig-
naling /recognition events may occur
during different stages of plant—-AMF
interactions, but little is known about
these signaling molecules (Roussel et
al.,2001). These molecules have been
investigated in root—-AMF interactions,
but not in interactions between stems
and AMF. Stem—AMF signaling may
not be as specific as the interactions
that occur between roots and AMF;
however, there may be some specificity
in the interaction with regard to host
compatibility. The plant’s role in the
interaction may be a release of general
metabolites or carbon dioxide from
the end of the cutting. This release,
similar to the process of root exuda-
tion, may cause a general stimulus that
may activate the fungal spores and /or
hyphae (Tamasloukhtetal.,2003). The
fungus may release fungal metabolites
that induce plant metabolic changes
(Larose et al., 2002), thereby increas-
ing rooting on cuttingsinoculated with
AME. However, if the signals from
the fungus are not compatible with
the host plant, increased rooting of
cuttings may not occur.

Using AMFinoculumin the root-
ing substrate does not appear to be an
effective strategy for increasing rooting
ofkinnikinnick. The ability of arbutoid
mycorrhizal fungi to increase rooting
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Fig. 2. Influence of mycorrhizal inoculation (A) and rooting hormone (B) treat-
ments on the number of primary on kinnikinnick ‘Massachusetts’ cuttings 35,
56, and 84 d after sticking. Mycorrhizal inoculation treatments: C = no inocu-
lum; R = root inoculum; A = arbuscular mycorrhizal fungal inoculum; and E =
arbutoid fungal mycorrhizal inoculum in rooting substrate. Rooting hormone
treatments: N = no rooting hormone; H = rooting hormone applied to cutting.
Bars on data points represent standard errors (n = 8). Columns with the same
letter above them are not significantly different (Bonferroni test, P> 0.05).

during cutting propagation of kinni-
kinnick may primarily be of benefit to
growers by decreasing the production
time for cuttings to grow an adequate
amount of roots for transplanting.
Since there appears to be no difference
inrooting between cuttingsinoculated
with root fragments and arbutoid my-

corrhizal fungal hyphae, it is probably
safer to inoculate with known fungal
inoculum than root fragments due to
the potential danger of transferring
pathogensinto the propagation system
by using root fragments.

Root IN1TIATION. The number of
primary roots on cuttings at the first
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harvest, 35 d after sticking, was not
influenced by either inoculation (Fig.
2A) or rooting hormone treatment
(Fig. 2B). At the later harvests 56 and
84 d after sticking cuttings inoculated
with either the R or E inoculum had
more primary roots than non-inocu-
lated cuttings. Inoculation with AMF
had no influence on root initiation.

There is conflicting information
on the influence of mycorrhizal fungi
on root initiation during adventitious
rooting of cuttings. Verkade and Ham-
ilton (1987) found that the presence
of the AME, Glomus fasciculatum, in
the rooting substrate increased root
development and growth of arrow-
wood ( Viburnum dentatum) but not
root initiation. Scagel (2001) found
that adding Glomus intraradices in-
oculum into the rooting substrate of
miniature roses did not alwaysincrease
root initiation, but in some miniature
rose cultivars, the combination of
AMF inoculum and rooting hormone
increased rootinitiation. Scagel (2003)
tound thatadding Glomusintraradices
inoculum to the rooting substrate of
hick’s yew (Taxus xmedia ‘Hicksii’)
increased root initiation, although
response was dependent on the
quantity of inoculum in the rooting
substrate.

The differences we observed
in root initiation between kinnikin-
nick cuttings inoculated with root
fragments and those inoculated with
hyphae could have been due to a rela-
tionship between inoculum level and
rooting response. The root inoculum
potential of the inoculum made of
root fragments was not determined
due to the non-sterile nature of the
inoculum and our inability to separate
out the arbutoid fungi in the roots
from other rhizosphere organisms
in culture. Another potential reason
a different amount of root initiation
was observed on kinnikinnick cuttings
inoculated with root fragments and
those inoculated with hyphae could
have been due to a type of fungal-plant
specificity similar to that reported for
rainbow leucothoe (Scagel, 2004b).
Cuttings of rainbow leucothoe had
greater rootinitiation when inoculated
with ericoid mycorrhizal fungi than
non-inoculated cuttings; however
increased initiation was only observed
with two of the three isolates tested.
The fungi associated with the roots of
the kinnikinnick plants used to make
the root inoculum may not have been
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Fig. 3. Influence of mycorrhizal inoculation (A) and rooting hormone (B) treat-
ments on the branching of roots on kinnikinnick ‘Massachusetts’ cuttings 35, 56,
and 84 d after sticking. Mycorrhizal inoculation treatments: C = no inoculum; R
= root inoculum; A = arbuscular mycorrhizal fungal inoculum; and E = arbutoid
mycorrhizal fungal inoculum in rooting substrate. Rooting hormone treatments:
N = no rooting hormone; H = rooting hormone applied to cutting. Bars on data
points represent standard errors (n = 8). Columns with the same letter above
them are not significantly different (Bonferroni test, P> 0.05).

the same isolate as the fungus used for
the hyphal inoculum, so differences
in response to the different inoculum
types may be solely a result of the dif-
ferent fungal isolates.

RooT BRANCHING. The average
number of secondary roots per primary

root was used to assess the degree of
root branching on cuttings. At the first
harvest, 35 d after sticking, neither
inoculation nor rooting hormone
treatments influenced root branching
on cuttings (Fig. 3A-B). At the second
harvest, 56 d after sticking, roots on
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Fig. 4. Length and weight of roots on kinnikinnick ‘Massa-
chusetts’ cuttings 35 (A), 56 (B), and 84 (C) d after sticking

and rooting hormone and mycorrhizal inoculation treatments.
Mycorrhizal inoculation treatments: C = no inoculum; R = root
inoculum; A = arbuscular mycorrhizal fungal inoculum; and E =
arbutoid mycorrhizal fungal inoculum in rooting substrate. Root-
ing hormone treatments: N = no rooting hormone; H = rooting
hormone applied to cutting. Bars on data points represent least
significant differences (Bonferroni test, P> 0.05) (2.54 cm = 1.0
inch; 28,350 mg = 1 oz).

cuttings inoculated with either the R or E inoculum were more
branched than roots on non-inoculated cuttings, and roots on
cuttings treated with rooting hormones were more branched
than roots on cuttings not treated with hormones. At the end
of the experiment, the amount of root branching on cuttings
was similar across inoculation treatments, while roots on cuttings
that received rooting hormone were more branched than roots
on cuttings that received no rooting hormone.

The growth and development of roots after initiation can
influence the length of a production cycle and the quality of the
cutting produced during propagation. When cuttings of rainbow
leucothoe were inoculated with ericoid mycorrhizal fungi, their
roots were generally less branched than the roots on non-in-
oculated cuttings (Scagel, 2004b). However, the morphology
of kinnickinnick roots is more complex than the single cortex
layer found in roots of ericoid mycorrhizal plants. Kinnickinn-
ick roots generally exhibit dichotomous branching or multiple
root proliferation in a restricted root length when colonized by
mycorrhizal fungi, and non-colonized roots tend to have longer
distances between second-order roots. Roots of ericoid mycor-
rhizal plants do not show a similar pattern of root development
and morphology. The distance between second order lateral roots
on kinnickinnick cuttings were not measured in this study. How-
ever, since cuttings that received rooting hormone also showed
a time-dependent increase in root branching, it is possible that
the response of root branching to inoculation with the E or R
inoculum may be related to hormone-mediated changes in plant
metabolism. Auxins are reported to induce branching in roots
(Biondi et al., 1997). Ectomycorrhizal fungi have been found
to produce auxins and other hormones and induce changes in
root hormone levels during adventitious root formation (Niemi
et al., 2002, 2004). It is possible that the fungi in the R and E
inoculum may produce hormones or induce plant production of
hormones that cause stimulation of root development via similar
mechanisms that result from application of rooting hormone.
The pattern we observed in root branching of kinnikinnick cut-
tings in response to inoculation with AMF may also be a plant
hormonal response, butinstead of a compatibility signal between
the plantand fungus, an incompatibility signal may trigger a delay
in root branching. Without colonization occurring, subsequent
root branching is increased and root growth proceeds as with
non-inoculated cuttings.

RooT s1zE AND MORPHOLOGY. Rooting hormone had no
effect on the length or weight of roots on non-inoculated cut-
tings or cuttings inoculated with AMF 35 d after sticking, while
rooting hormone increased the length and weight of roots on
cuttings inoculated with the R or E inoculum (Fig. 4A). At the
later harvests, 56 and 84 d after sticking, cuttings inoculated with
the E and R inoculum had longer roots than non-inoculated
cuttings but only when treated with rooting hormone (Fig.
4B-C). Only cuttings inoculated with the E inoculum had a
greater total root biomass than non-inoculated cuttings at the
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later harvests. Cuttingsinoculated with
AMEF had slightly longer roots than
non-inoculated cuttings, but only if
cuttings were also treated with root-
ing hormone.

Specific root length (root length
divided by root weight) can be used to
assess root morphology; lower values
denote coarser or denser roots com-
pared to higher values representing
thinner or less-dense roots. Inocula-
tion treatments had no influence on
specific root length 35 d after cuttings
were stuck (Table 1). At the later
harvests, inoculated cuttings generally
had higher specific root length than
non-inoculated cuttings, but only on
cuttings to which hormone had been
applied. In general, rooting hormone
application had no influence on specific
root length of inoculated cuttings,
but decreased specific root length of
non-inoculated cuttings. Specific root
length on cuttings increased over time
and the change in specific root length
over time was greater when cuttings
were treated with hormone and in-
oculated with any of the mycorrhizal
inocula.

Depending on the length of time
after sticking, cuttings of rainbow leu-
cothoe inoculated with ericoid mycor-
rhizal fungi generally had a greater total
weight and length of roots than non-
inoculated cuttings; however, while the
specific root length of inoculated and
non-inoculated cuttings were similar
by the end of the experiment, roots
on inoculated cuttings generally be-
came coarser or attained a greater root
mass density more quickly than roots
on non-inoculated cuttings (Scagel,
2004b). This indicates that the ericoid
mycorrhizal fungi had little influence
on the gross morphology ofindividual
roots of rainbow leucothoe but did alter
the timing of root development. With
kinnikinnick, we observed an opposite
trend in specific root length with ad-
dition of mycorrhizal inoculum into
the rooting substrate. When cuttings
were treated with hormones, roots on
inoculated cuttings were finer than
non-inoculated cuttings, however al-
though hormone application decreased
specific root length of non-inoculated
cuttings, it had no influence on specific
rootlength ofinoculated cuttings. This
suggests that even though arbutoid
mycorrhizal fungi may influence root
developmentvia mechanisms similar to
that induced by application of rooting
hormone, the mechanism via which
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Table 1. Specific root length (root length divided by root weight) of kinnikin-
nick ‘Massachusetts’ cuttings 35, 56, and 84 d after sticking.

Rooting hormone  Inoculation Specific root length (cm-mg™ root)~

treatment? treatment® 354d~ 56 d 84 d

N C 9.35 bed" 10.72 d 22.08 g
R 4.17 ab 13.55 de 23.05¢g
A 6.37 abc 12.05d 18.61 efg
E 5.70 abc 9.07 bed 19.55 fg

H C 4.75 ab 3.05a 4.11 ab
R 310a 14.45 def 3047 h
A 5.27 abc 10.50 cd 18.49 efg
E 1.00 a 12.74 d 2313 ¢g

*1.00 cm-mg™ = 930.10 ft/oz.

YRooting hormone treatment: N= no rooting hormone; H = rooting hormone applied to cutting.
*Mycorrhizal inoculation treatments: C = no inoculum; R = root inoculum; A = arbuscular mycorrhizal inoculum;
and E = arbutoid mycorrhizal inoculum in rooting substrate.

“Time after sticking.

*Values followed by the same letter are not significantly different (Bonferroni test, P> 0.05).

the mycorrhizal fungus influences the
morphology of kinnikinnick roots
may be different. Comas et al. (2002)
suggest that plants with higher specific
root length have a higher maintenance
cost due to respiratory losses. During
cutting propagation, high respiration
rates without adequate replenishment
of energy from photosynthesis can de-
crease the quality of cuttings (Friend et
al., 1994). It is possible that the shift
we observed in differences in specific
root length between inoculated and
non-inoculated cuttings is a result of
the maintenance costs required to es-
tablish the fungus—plant symbiosis.

With miniature roses, cuttings
treated with the combination of root-
ing hormone and Glomus intraradices
inoculum had greater root weight when
compared to cuttings from other treat-
ments, while roots on cuttings treated
with rooting hormone were generally
smaller (shorter and /or thinner) than
roots on cuttings from untreated con-
trols (Scagel, 2001). In that study, cut-
tings from miniature rose cultivars with
G. intraradicesinoculumin the rooting
substrate had similar root size when
compared to cuttings from untreated
controls. Since root length and diam-
eter were not measured in this study,
it is impossible to state whether these
smaller roots were shorter or thinner
or whether larger roots were thicker
or longer. However, this alteration in
root size and anatomy induced by in-
oculation of cuttings with mycorrhizal
fungi appears to be time-dependent
and may influence the function of the
new root system relative to water use,
nutrient uptake, as well as survival
during transplanting.

MYCORRHIZAL COLONIZATION.

Roots on non-inoculated cuttings and
cuttings inoculated with AMF showed
nosigns of colonization by mycorrhizal
fungi during the experiment. At the
first harvest, 35 d after sticking, less
than 10% of the root tips on cuttings
inoculated with either the E or R
inoculum were colonized (Fig. 5). At
later harvest dates, root colonization
was similar or greater when cuttings
were inoculated with the E inoculum
than with the R inoculum, and appli-
cation of rooting hormone generally
increased root colonization. At the
first harvest, root colonization on cut-
tings inoculated with either the Ror E
inoculum was not correlated with any
root growth variables. At the second
harvest root colonization on cuttings
inoculated with the R inoculum was
positively correlated with root length
(r=0.61)and colonization on cuttings
inoculated with the E inoculum was
positively correlated with the number
of primary roots (r = 0.54) and root
length (r = 0.62). At the final harvest,
the number of primary roots and root
length on cuttings inoculated with ei-
therthe Ror Einoculum was correlated
with the number of primary roots (r =
0.57) and root length (r = 0.63).
Colonization of roots by mycor-
rhizal fungi can increase the survival
and growth of plants. Depending on
the amount of time after sticking, root
colonization of rainbow leucothoe
cuttings by ericoid mycorrhizal fungi
was correlated with root initiation,
root growth and morphology (Scagel,
2004Db). Verkade and Hamilton (1981)
found that extensive mycorrhizal de-
velopment occurred on roots of regal
privet (Ligustrum obtusifolium var.
regelianum) after 6 weeks of rooting
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Fig. 5. Root colonization of kinnikinnick ‘Massachusetts’ cuttings 35, 56, and
84 d after sticking and rooting hormone and mycorrhizal inoculation treatments.
First letter of treatment acronym: R = root inoculum; and E = arbutoid mycor-
rhizal fungal inoculum in rooting substrate. Second letter of treatment acronym:
N = no rooting hormone; H = rooting hormone applied to cutting. Bars on
columns represent standard errors (n = 8). Columns with the same letter above
them are not significantly different (Bonferroni test, P> 0.05). None of the
cutting from control (CN and CH) or AN or AH inoculation treatments were

colonized.

in a substrate inoculated with Glomus
mosseae. Mycorrhizal colonization
coincided with substantially increased
root development, but no effects on
root initiation were found. Scagel
(2001) reported that increases in root
initiation and root growth of miniature
rose cuttings rooted in substrate con-
taining the AMF G. intraradices were
not always associated with increased
levels of colonization. Scagel (2003)
also reported that the number of
roots, root weight, and stem weight
of hick’s yew were significantly cor-
related with colonization with AMF.
However, increased root initiation of
hick’s yew cuttings rooted in substrate
containing AMF inoculum were not
always associated with increased levels
of colonization. Verkade et al. (1988)
observed that inoculation of red-osier
dogwood (Cornus sericea) cuttings
with the AME, Glomus fascinlatum,
substantially increased plant growth
during later stages of cutting devel-
opment. In comparison, inoculated
seedlings of red-osier dogwood had
lower root colonization and similar

growth as non-inoculated seedlings. In
soilless substrates lacking indigenous
mycorrhizal fungi, mycorrhizal inocu-
lation has been found to increase crop
uniformity, reduce transplant mortality,
and increase productivity of several
plant species (Biermann and Linder-
man, 1983; Powelland Bagyaraj, 1984;
Vositka, 1995; Vositka et al., 1999).
In our experiment, although inocula-
tion with arbutoid mycorrhizal fungi
did not consistently increase rooting
and root growth, the root coloniza-
tion resulting from inoculation could
result in a higher quality of cutting
that is better able to withstand the
stress of transplanting and increase
growth during the later stages of plant
development.

Conclusions

Using arbuscular mycorrhizal
fungus inoculum in the rooting sub-
strate does not appear to be an effec-
tive strategy for increasing rooting or
root growth of kinnikinnick cuttings.
Addition of inoculum of arbutoid
mycorrhizal fungi into the rooting

substrate either as root fragments or
hyphae can enhance early rooting of
cuttings. Inoculation canincrease root
growth when cuttings are treated with
rooting hormone. Since kinnickinnick
cuttings responded similarly to inocu-
lum composed of either colonized root
fragments or arbutoid fungal hyphae,
using a hyphal inoculum of a know
species of arbutoid mycorrhizal fungi
may be a better propagation practice
due toreduced potential for transfer of
deleterious organisms to the propaga-
tion substrate.
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