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Summary. A subirrigation method
for rooting stem cuttings was com-
pared to intermittent mist. Both
methods resulted in 100% rooting of
‘Charm’ chrysanthemum [Dendran-
thema x grandiflorum (Ramat.)
Kitamura] and coleus (Coleus

x hybridus VVoss. ) after 2 weeks.
Subirrigated cuttings of ‘Charm’
chrysanthemum had a lower mean
root dry mass than misted cuttings,
but root dry mass of coleus was not
affected. Percentage rooting and mean
root dry mass of subirrigated cuttings
of ‘Franksred’ red maple (Acer
rubrum L.) were 95% and 321 mg,
whereas the mean root dry mass of
the 33% of cuttings that rooted under
mist was 38 mg. For Japanese tree
lilac [Syringa reticulata (Blume)
Hara], the percentage of cuttings with
living callus, mean callus diameter,
and percentage rooting were higher
for subirrigated cuttings than for
misted cuttings. In a second study,
cuttings of ‘Franksred” red maple were
subirrigated with a solution contain-
ing 0 to 7.2 mol N/m’and not
misted. Cuttings given 3.6 or 7.2 mol
N/m*had > 90% rooting after 2
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weeks, whereas only 8% of unfertilized
cuttings had rooted, and root mass
and chlorophyll content were highest
for cuttings given 7.2 mol N/nv’.
Subirrigation can replace mist during
propagation of some florist and
nursery crops, and subirrigating with
fertilizer solution improves rooting of
‘Franksred’ red maple.

tern cuttings of broad-leaved
plants commonly are held
under mist or fog to prevent leaf
desiccation before rooting (Dirr and
Heuser, 1987; Hartmann et al., 1990).
Leaf chlorosis and leaching of foliar
nutrients can result from mist (Blazich,
1988; Good and Tukey, 1966; Morton
and Boodley, 1969; Snyder, 1965).
Nutrient-deficiency symptoms have
been overcome by fertilizing misted
cuttings (Feldman et al., 1987; Wott
and Tukey, 1967), but fertilization is
ineffective for some taxa (Booze-
Daniels et al., 1984; Wott and Tukey,
1967). Other problems with mist in-
clude clogging of nozzles (James,
1980), sanitation (Hartmann et al.,
1990; Wott and Tukey, 1967), and
desiccation of leaves of newly rooted
cuttings (Wilkins et al., 1995).
Zhang and Graves (1994) re-
ported a method for rooting cuttings
by using subirrigation instead of mist
or fog in greenhouses with moderate
relative humidity (MI). Greater than
90% rooting was achieved for several
taxa by using subirrigation, and pre-
liminary trials indicated that adding
fertilizer to the subirrigation solution
can increase rooting percentage and
root mass of some taxa. Propagation of
stem cuttings by using subirrigation
may be a simple and economical alter-
native to mist or fog. This method
keeps cuttings and benches free of
water so that nutrient leaching and
deterioration of greenhouse equipment
can be avoided. Although results of
initial trials were promising,
subirrigation and mist have not been
compared directly. An objective of this
research was to compare these meth-
ods for rooting stem cuttings of
‘Charm’ chrysanthemum, coleus,
‘Franksred’ red maple, and Japanese
tree lilac. A second objective was to
determine how adding fertilizer to the
subirrigation solution affects rooting.

Materials and methods

Comparison of subirrigation
and mist. Two propagation treat-

ments were imposed on cuttings of
four taxa in a glasshouse. Treatments
were replicated over time because of
the impracticality of randomizing
subirrigated and misted cuttings.

Terminal stem cuttings of "Charm’
chrysanthemum that were 9 cm long
and had four or five leaves were ob-
tained from Yoder Suppliers (Alva,
Fla. ). Cut ends were dipped in tap
er and then in Hormodin 1 (MSD-
AGVET, Rathway, N.J. ) powder con-
taining 1 g IBA/kg. The four replica-
tions of treatments for this taxon be-
gan on 22 and 23 June and 13 and 16
July 1994. Terminal stem cuttings of
coleus were taken from stock plants of
one clone in a glasshouse. Cuttings of
this taxon had four leaves, a length of
10 cm, and were not treated with
hormone. The four replications began
on 22 and 29 June, 12 July, and 16
Aug. 1994. Treatments lasted 2 weeks
for both herbaceous species. Cuttings
of ‘Franksred’ red maple were taken
from the fourth through eighth young-
est nodes of stock plants propagated
from stem cuttings and grown in a
glasshouse. Cuttings of Japanese tree
lilac were taken from the third through
sixth nodes of wood formed in 1994
on one tree in the landscape. For both
woody species, single-node cuttings
with two leaves and 5-cm-long stems
were used. Basipetal ends were dipped
in tap water and then in Hormodin 3
(MSD-AGVET) powder containing 8
g IBA/kg before insertion in coarse
perlite (Lite Weight Products, Kansas
City, Kan. ). Two 2-cm-long epider-
mal wounds were made with a razor
blade on opposite sides of the basipetal
end of stems of Japanese tree lilac.
Cuttings of ‘Franksred’ red maple were
inserted 20 and 27 June, 30 July, and
2 Aug. 1994, and treatments lasted 4
weeks. The four replications for Japa-
nese tree lilac began 23 and 30 June
and 12 and 24 July 1994, and treat-
ments lasted 10 weeks.

Cuttings were subirrigated in Jiffy
trays (T.O. Plastics, Minneapolis) that
were 51 x 13 x 6 cm and had bottom
drainage holes. The trays were filled
with coarse perlite. Ten cuttings of a
taxon were inserted 3 cm (herbaceous
species) or 4 cm (woody species) deep
in each tray. Each tray was placed in a
larger, unperforated flat (T.O. Plas-
tics) that was 51 %X 40 x 6 cm. A
solution of 7.2 mol N/m‘from Peters
Excel all-purpose 21 N-2.2P-16.6K
(Scotts, Marietta, Ga.) in tap water was
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used to irrigate the perlite from the top
and create a 2-cm-deep layer of solu-
tion in the flats. This kept the solution
level below the cut ends of the cuttings
in the trays. Additional solution was
added to trays twice a week to main-
tain the 2-cm depth. The electrical
conductivity of the solution at the
initiation of treatments was 1.1 x 10-3
dS-m™, measured by using a conduc-
tivity meter (model 09-33 1-4; Hanna
Instruments, Woonsocket, R.l.). Cut-
tings in the mist treatment were in-
serted in coarse perlite in Jiffy trays to
the same depths used for subirrigated
cuttings. The perlite was irrigated to
container capacity with tap water im-
mediately before cuttings were stuck.
There were 10 cuttings of a taxon per
tray. Trays were placed on a glasshouse
bench where tap-water mist was pro-
vided for 15 sec every 15 min from
0700 to 2000 HR.

Air temperature, RH, and irradi-
ance were similar for cuttings in the
two treatments. All cuttings were ex-
posed to natural irradiance through
shadecloth that provided 40% exclu-
sion placed 1.2 m above the bench.
Mean = sp photosynthetic photon flux
(PPF) at 1400 Hr adjacent to the cut-
tings in June, July, and August was
180 + 30, 197 = 5, and 180 * 36
pumol-m  *.s*,  respectively.  For
subirrigated cuttings in June, July, and
August, mean air temperature near
subirrigated cuttings was 29 + 3,32 +
1, and 26 * 2C, respectively, and mean
RH was 50% =+ 3%, 68% + 3%, and 54%
+ 5%, respectively (Serex model 22-
9030 humidity reader; Bacharach,
Pittsburgh). Air around misted cut-
tings averaged 1C lower and RH be-
tween mist episodes averaged 3%
higher than air around cuttings on the
subirrigation bench at 1400 HR.

Rooting progress was monitored
by sensing resistance when pulling
gently on the stems. Trays were re-
moved from flats after 90% of
subirrigated ‘Franksred’ red maple,
‘Charm’ chrysanthemum, and coleus
rooted and 90% of subirrigated Japa-
nese tree lilac formed callus. Thereaf-
ter, trays were irrigated to container
capacity from the” top twice a week
with the fertilizer solution until har-
vest. Coleus and ‘Charm’ chrysanthe-
mum were removed from flats after 9
days and stayed on the bench in the
trays 5 more days before harvest.
‘Franksred’ red maple were removed
from flats 2 weeks after sticking and
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stayed on the bench for another 2
weeks. Japanese tree lilac cuttings were
removed from flats after 6 weeks and
stayed on the bench for another 4
weeks. Misted cuttings were moved to
the subirrigation bench as they met
the root and callus criteria used for
subirrigated cuttings. Coleus and
‘Charm’ chrysanthemum were moved
from the mist bench to the bench with
subirrigated cuttings 9 days after inser-
tion and remained there 5 days.
‘Franksred’ red maple and Japanese
tree lilac remained on the mist bench
throughout the rooting period. Misted
cuttings placed on the subirrigation
bench were irrigated to container ca-
pacity from the top twice weekly with
the fertilizer solution.

Jiffy trays containing 10 samples
were considered experimental units.
At each harvest, percentage rooting
was determined, and roots were col-
lected and dried at 67C for 48 h. Mean
root dry mass of rooted cuttings over
time was determined for all species.
Analysis of variance (ANOVA) was
done by using SAS (SAS Institute,
Cary, N.C. ). Mean separation was per-
formed by using Fisher’'s Lsp at P =
0.05. “Data expressed as percentages
were transformed to the arcsine of the
square root before means were sepa-
rated.

Fertilization during subirr-
igation of ‘Franksred’ red maple.
Subirrigation units held one cutting
each and consisted of two containers.
Plastic pots (volume = 242 cm’, bot-
tom diameter = 53 mm, height = 70
mm, top diameter = 63 mm; Kord
Products Ltd., Bramalea, Ontario,
Canada) held coarse perlite and were
suspended in polyethylene containers
without drainage holes (volume = 473
cm’, bottom diameter= 76 mm, height
= 100 mm, top diameter = 90 mm;
Fisher Scientific, Pittsburgh). Cuttings
of ‘Franksred’ red maple were pre-
pared and inserted in the perlite as
during the previous experiment.

Subirrigation solutions of Peters
Excel all-purpose fertilizer 21N-2.2P-
16.6K in tap water at 0, 3.6, and 7.2
mol N/m’were maintained 1 cm above
the bottom of the inner pot by applica-
tions to the perlite surface every 2 days.
Thirty replicates per treatment were
initiated in a completely random de-
sign on 17 July 1993. The experiment
was repeated beginning 17 Aug. 1994,
with 15 replicates per treatment. Pots
were arranged on a glasshouse bench

1.2 m under shadecloth. During the
first replication, mean *sp PPF, air
temperature, and RH at 1400 HRr were
190 + 26 pmol-m™s™, 30 + 2C, and
68% + 3%, respectively. For the second
replication, means +sp were 167 + 15
pmol-m™s”, 25 + 1C, and 56% + 4%,
respectively.

Percentage rooting was deter-
mined after 2 weeks by sensing resis-
tance when pulling gently on the stems.
Cuttings were removed from the per-
lite after 4 weeks. Roots were counted
and weighed after drying at 67C for 48
h. Chlorophyll content of 10-mm-
diameter disks of interveinal tissue was
determined (Moran, 1982; Moran and
Porath, 1980). Disks were from the
original two leaves of each cutting;
mass per disk was 50 to 60 mg. ANOVA
was used for all dependent variables by
using SAS, and means were separated
as described for the first experiment.

Results

Comparison of subirrigation
and mist. All cuttings of the two
herbaceous taxa rooted in 9 days re-
gardless of method and sticking date.
Leaves of subirrigated ‘Charm’ chry-
santhemum wilted during afternoons
and regained turgidity in the evenings
before cuttings rooted. Leaves were
turgid continuously after roots formed.
Leaves of subirrigated coleus were tur-
gid throughout treatment. There was
no leaf desiccation or abscission for
subirrigated cuttings of either herba-
ceous taxon. Misted cuttings of both
taxa remained turgid throughout treat-
ment. For coleus, the mean root dry
mass per cutting was 32 mg, and there
was no difference between misted and
subirrigated cuttings. Mean root dry
mass per cutting of ‘Charm’ chrysan-
themum was 42 and 31 mg for misted
and subirrigated cuttings, respectively
(LSD = 8 mg). No visual differences
between cuttings in the two treat-
ments were apparent at harvest for
either herbaceous taxon.

Leaves of subirrigated ‘Franksred’
red maple remained turgid and green
throughout treatment. Under mist,
leaves of cuttings were green during
the first 2 weeks, but then turned
yellow and red. Some misted leaves
abscised at harvest. After 2 weeks, 5%
and 93% of misted and subirrigated
cuttings had rooted, respectively (Table
1). At week 4, 21% and 95% of misted
and subirrigated cuttings had rooted,
respectively (Table 1). Root dry mass
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of subirrigated cuttings was higher
than that of misted cuttings (Table 1).
There were no new shoots on misted
cuttings at harvest, but 33% of
subirrigated cuttings had developed
shoots.

Leaf necrosis of Japanese tree lilac
was observed under mist after 2 weeks.
All leaves of misted cuttings had ab-
scised after 8 weeks. Leaves appeared
healthy during the first 3 weeks on
subirrigated cuttings; sporadic leaf
abscission occurred thereafter. Callus
diameter, percentage of cuttings with
living leaves, and rooting percentage
were higher for subirrigated than
misted cuttings, but method did not
affect the percentage of cuttings with
living callus (Table 2). Root dry mass
of subirrigated cuttings in the first
through fourth replication of the ex-
periment was 88, 100, 8, and 12 mg,

respectively, whereas root dry mass of
misted cuttings was 0 mg for all repli-
cations. ANOVA showed a probability
of a greater F statistic of 0.077 for the
effect of rooting method on mean root
dry mass. Some cuttings in both treat-
ments rotted after they formed callus
within the first 6 weeks of treatment.
Rooting percentage correlated with
the percentage of cuttings with living
leaves (Pearson’s correlation coefficient
= 0.91, P = 0.0015).

Fertization during subir-
rigation of Franksred’ red maple.
Leaves of unfertilized cuttings were
chlorotic after 2 weeks, but leaves of
fertilized cuttings remained green.
Greater than 90% of fertilized cuttings
rooted within 2 weeks, whereas 8%
and 65% of unfertilized cuttings rooted
after 2 and 4 weeks, respectively (Table
3). Mean root mass was highest for

Table 1. Rooting percentages after 2 and 4 weeks, root dry ream, and shoot initiation of single-
node cuttings of ‘Franksred’ red maple provided intermittent mist or subirrigation for 4 weeks.
Each value is the mean of four replications over time. Within columns, means followed by the
same letter are not significantly different according to the least significant difference (LSD) test
at P = 0.05. LSD tesing on data expressed as percentages were determined after values were
transformed to the arcsine of the square root.

Rooting at Rooting at Root dry Shoot
Treatment week 2 (%) week 4 (%) mass (mg) development (%)
Mist 5b 33b 38b 0Ob
Subirrigation 93 a 95 a 321a 33a

Table 2. Percentage of cuttings with living callus, callus diameter, percentage of cuttings with
living leaves, and rooting percentage of Japanese tree lilac after 10 weeks in mist or in
subirrigation. Callus was considered living if it was white rather than brown. Leaves were
considered living if any portion of the leaf blade was green. Each value is the mean of four
replicates. Within columns, means followed by the same letter are not significantly different
according to the least significant difference (LSD) test at P = 0.05. LSD tests on data expressed as
percentages were determined after values were transformed to the arcsine of the square root.

Cuttings Callus Cuttings
with living diam with living Rooting
TreatmenF caltus (%) (mm) leaves (%) (%)
Mist 45a 63b 0b Ob
Subirrigation 77 a 124 a 28a 2la

Table 3. Rooting percentages after 2 and 4 weeks, root dry mass, and number of roots on cuttings
of ‘Franksred’ red maple subirrigated with solution containing three concentrations of N
fertilizer. Values are means from two replicate experiments in which 45 observations per
treatment were made. Within columns, means followed by the same letter are not significantly
different according to the least significant difference (LSD) test at P = 0.05. LSD tests on data
expressed as percentages were determined after values were transformed to the arcsine of the
square root.

Fertilizer Rooting Rooting

concn at week 2 at week 4 Root dry Roots
(mol N/m?) (%) (%) mass (mg) (no.)
0 8b 65a 45¢ 23b
3.6 93a 93a 163 b 57 a
7.2 95a 95a 206 a 62a

cuttings provided with 7.2 mol N/m®
and lowest for unfertilized cuttings
(Table 3). Root number was lowest for
unfertilized cuttings and was similar
for all cuttings treated with N (Table
3). After 4 weeks, 0%, 24%, and 40% of
cuttings treated with 0, 3.6, and 7.2
mol N/m’had developed new shoots,
respectively. Chlorophyll content of
leaves was 1.8, 3.2, and 3.4 mg-g"’
fresh mass for cuttings provided with
0, 3.6, and 7.2 mol N/m’, respectively
(LSD = 0.2).

Discussion

Subirrigation can be a viable al-
ternative to applying mist when propa-
gating plants from stem cuttings. All
subirrigated cuttings of ‘Charm’ chry-
santhemum and coleus rooted, and
dry mass of roots on subirrigated and
misted cuttings was similar. Stresses
associated with the periodic wilting of
leaves of unrooted cuttings of ‘Charm’
chrysanthemum in subirrigation trays
may account for the relatively low root
dry mass of these cuttings. Yet foliar
stress was not sufficient to damage
leaves permanently or to reduce the
percentage of cuttings that rooted,
and we noted no visual differences in
extent or apparent fictional quality
of the roots that formed in the two
treatments. Future research should
determine how higher PPF and vari-
ous temperature and RH regimes af-
fect the success of using subirrigation.

Subirrigation was superior to mist
for rooting stem cuttings of ‘Franksred’
red maple (Table 1), particularly when
fertilizer was used (Table 3). Rooting
of single-node cuttings of this taxon
under mist typically requires four to six
weeks, and rooting percentages have
ranged from 26% to 96% (Smalley and
Dirr, 1987; Still and Lane, 1982;
Wilkins et al., 1995). In addition to
the relatively slow rate of rooting un-
der mist, chlorosis and desiccation of
leaves after removal from mist may
retard growth of propagules after root-
ing (Wilkins et al., 1995). Chlorosis of
misted cuttings might indicate foliar
nutrient deficiencies from leaching or
an increase in cutting mass during
rooting (Feldman et al., 1984; Good
and Tukey, 1966). Methods we used
for misting are consistent with recom-
mendations (Dirr and Heuser, 1987),
but it is possible that modifying the
mist regime, applying fertilizer, or al-
tering the greenhouse environment
would have improved rooting with
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mist. However, achieving better root-
ing under mist would not alter the
conclusion that subirrigation can re-
place mist and result in high percent-
ages of well-rooted cuttings of this
taxon.

Japanese tree lilac did not root
satisfactorily with either method, but
callus and root development were bet-
ter with subirrigation than with mist
(Table 2). Leiss (1981) reported 87%
rooting for this species when 20- to
25-cm-long cuttings with multiple
nodes were used. It is possible that the
rooting potential of our cuttings was
low because of the stem length ( 5 cm)
and the presence of only one node.
The correlation of rooting and leaf
retention indicates that photosynthe-
sis of Japanese tree lilac must be sus-
tained during propagation. Additional
studies with larger stem cuttings with
more leaves should be done before
drawing conclusions concerning the
effectiveness of subirrigation with this
species.
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