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Abstract

Controlled-release fertilizer was incorporated into the rooting substrate to determine its effect on adventitious rooiisg qunens
growth of three herbaceous perennididemisia ludovicianaVvalerie Finnis,’Gaura lindheimeriWhirling Butterflies,” andNepetax
faasseniiSix Hills Giant.” Nutrient treatments consisted of a control, and four treatments each of Nuttiget8-13 Type 180 and
18-6-8 Type 180 at 3, 6, 9, and 12 g/liter (5, 10, 15, and 20 Ibs/cu yd) incorporated into the rooting substrate. Thetedpmiae
to N rates of 0, 0.38, 0.77, 1.16, 1.54, 0.53, 1.07, 1.6, and 2.13 g/liter (N at 0, 0.65, 1.3, 1.95, 2.6, 0.9, 1.8, @ [bstmdyal),
respectively. Incorporating controlled-release fertilizer into the rooting substrate at levels equal to or greater tHaerqZ.3 tis/
cu yd) increased shoot dry weights, but had no effect on adventitious rooting and little influence on root number oreigbit diis
in turn influenced shoot:root ratios and potentially plant quality. There was no difference between the two formulations.

Index words: vegetative propagation, herbaceous perennials, Nuttjamatrolled-release fertilizer.

Species used in this studywhite sageArtemisia ludovicianautt."Valerie Finnis’), white gaur&3aura lindheimerEngelm. & Gray
‘Whirling Butterflies’), and catmintNepetax faasseniiBergmans ex Stearn. ‘Six Hills Giant’).

Significance to the Nursery Industry relative to root growth suggests that N promotes shoot growth
Incorporating controlled-release fertilizer (CRF) into the More than root growth, which can potentially influence the
rooting substrate had no impact on adventitious rooting per- du&lity of the liner. In addition, leaching of nutrients might
centage and little influence on root number or root dry weight. 9€CUr 2}?0"?‘“59 of the absefnlce odr limited S|z|e.of the rf?ot Sys-
It did improve visual appearances of plants as well as shoot €M: ThiS In turn is wasteful and may result in runoff con-

dry weights. However, the greater response for shoot growth taminatio_n. Fert_ilizing c_uttings imrr_lediately after roots are
formed will provide nutrients early in the growth of the cut-

tings, but the timing and rate of N fertilization must be opti-

mized to reduce mortality and achieve plants approaching
'Received for publication July 26, 2001; in revised form October 3, 2001 ideal shoot:root ratios. Good nutrition programs continued
This experiment was a Michigan étate U’niversity study funded by: A’grivert in the liner .Stage and .prOdUCtl.on phase Sh.OU|d resultin stron-
Inc., Webster, TX; Green Growth Supply Co., Byron Center, MI; and the J€r, healthier plants in less time. Hastening growth and re-

Michigan Agricultural Experiment Station. ducing the number of days in the nursery can greatly increase
2Assistant Professors. profitability.
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Introduction

White sageArtemisia ludoviciandNutt.'Valerie Finnis’),
white gaura Gaura lindheimeriEngelm. & Gray ‘Whirling
Butterflies’), and catmintNepetax faasseniiBergmans ex
Stearn. ‘Six Hills Giant’) are three herbaceous perennials that
are increasing in popularity. As with any taxon, propagating
and producing marketable, high quality plants of these three
taxa in the least amount of time is a goal for all nursery op-
erators. Producing high quality nursery stock begins with

Bayer Corp., Kansas City, MO} and recut to 7.6 cm (3 in)
for Artemisiaand 5 cm (2 in) foGauraandNepeta Basal
leaves were removed on all cuttings prior to dipping in a
solution of IBA at 1000 mg/liter (1000 ppm). Cuttings were
placed in 36-cell flats containing a commercial soilless sub-
strate (BioComp BC-5S, BioComp, Inc., Edenton, NC). In-
dividual cells had length, width, and depth measurements of
5.7 cm (2.3 in).

The experimental design was a split-plot with taxon as the

Nutrient treatments consisted of a control, and four treat-

root system, and a potential to grow rapidly following trans-
planting (17). Although accelerating growth may not result
in higher quality, reducing production time potentially re-
duces costs and increases profits.

Fertility has a major impact on quality and production time.
In most production systems, fertilizers are normally applied : 25 - ’
sometime after rooting or transplanting. During adventitious bS/cu yd), respectively. Nutricdtes a polyolefin-coated CRF
rooting of cuttings, optimal nutrition can be an important Whose release of nutrients is controlled by the amount of a
factor in improving propagation success. Reports are con- chemical release agent in thg resin coating (Agrivert, Inc.,
tradictory as to whether fertilizer improves rooting percent- Yebster, TX). The study consisted of 4 blocks, 3 taxa, 9 nu-
ages during propagation (2, 4, 7, 18, 20, 21, 22, 23), but it is frient treatments, and 4 cuttings per replication within each
generally accepted that once roots emerge, fertilizers can peblock/nutrient, taxon treatment. Taxa were randomized within
beneficial (5). However, a balance between shoot and rOOtbloc_ks. There were 144 cuttings per taxon for a total of 432
growth is required. Optimum quantity, formulation, and time  CUttings.

of application are unclear and depend on method of propa- Flats were placed under intermittent mist in a glass green-
gation as well as taxon. house under natural photoperiod and irradiance and provided

Nutrients have been Supp“ed to Cuttings through intermit- with bottom heat. Irradiance levels were maintained below

tent mist, subirrigation, surface application as water soluble 1500 fc by pulling shade cloth when necessary. Air and sub-
or granular fertilizers, and incorporation into the rooting sub- Strate temperatures were maintained at 23 + 2.5C (73 + 4F)
strate, with varying effects on adventitious rooting, plant and 26 + 1C (79 + 2F), respectively. Irradiance was mea-
growth, and plant quality. Use of intermittent mist is a com- sured at canopy level with quantum sensors (model LI-189;
mon practice for producing rooted cuttings. However, nutri- LI-COR, Lincoln, NE). Mist frequency was controlled by
ent deficiencies have resulted from cuttings propagated un- irradiance level with continuous adjustment of frequency as
der mist due to leaching of mineral nutrients caused by mist @ function of relative humidity. Vapor pressure deficit (VPD)
and/or growth of cuttings during propagation without ad- Was set not to exceed 0.7 kPa. Temperatures, |r_rad|ance lev-
equate nutrition (5). Applying nutrients through an intermit- €ls, and VPD on each bench were monitored with 36-gauge
tent mist system helps replenish nutrients lost by leaching, (0.127-mm-diameter) type E thermocouples connected to
but this method may encourage growth of algae on substrateCR10 dataloggers (Campbell Scientific, Logan, UT) that col-
surfaces, stimulate weed growth in aisles, and waste fertil- lected data every 10 sec and recorded hourly averages.
izer. Subirrigation is suitable for rooting many woody spe-  After 21 days, misting was discontinued, and flats were
cies (23), but herbaceous and softwood cuttings tend to des-moved to another bench and grown at 23 + 2.5C (73 * 4F)
iccate without high humidity surrounding the leaves. Sur- for an additional 14 days under natural light and photope-
face application may require repeated applications along with riod. Plants were top watered as needed. At day 35, plants
the associated labor costs (15, 19, 20). An alternative is CRFswere evaluated with a visual rating (ranging from 0 to 5,
incorporated into the substrate (14, 18, 20, 21). This practice with a higher number representing higher quality), and root-
would render optimal nutrients available as adventitious roots ing percentages were recorded. Roots of the resulting plant-
emerge. lets were washed free of substrate, the number of primary
Therefore, the objectives of this study were to: (1) com- roots were counted, and separated from shoots. Roots and
pare adventitious rooting and subsequent growth of rooted shoots were dried for 72 hr at 60C (140F) and weighed. Root
liners of three herbaceous taxa in response to two formula- weight ratios were calculated and are defined as root dry
tions of CRF incorporated into the propagation substrate, and weight divided by total plant dry weight.
(2) determine optimal levels of incorporated CRF to acceler-  Data were subjected to analysis of covariance to deter-
ate plant growth. mine if there were differences between the 13-13-13 and
18-6-8 formulations. Treatment effects for rooting percent-
age (survival), visual assessment, shoot dry weight, number
of primary roots, root dry weights, and root weight ratios
Tip cuttings ofArtemisia ludovicianaGaura lindheimeri were compared by analysis of variance (PROC GLM, SAS
‘Whirling Butterflies’, andNepetax faasseniiSix Hills Gi- Institute, Cary, NC). None of the non-rooted cuttings sur-
ant’ were collected from landscape plantings on July 1, placed vived, whereas those that rooted remained alive for the dura-
on ice, and transported to the Plant Science Greenhouses dion of the experiment. Treatment effects on rooting (sur-
Michigan State University, East Lansing. Cuttings were vival) were also compared by analysis of variance following
dipped in the insecticide Merit 75 WP {Imidacloprid, 1-[(6- an arcsin-square root transformation, but the transformations
Chloro-3-pyridinyl)methyl]-N-nitro-2-imidazolidinimine, did not improve the normality of the distribution or the ho-

ments each of Nutricotel3—13-13 Type 180 and 18-6-8
Type 180 at 3, 6, 9, and 12 gl/liter (5, 10, 15, and 20 Ibs/cu
yd) incorporated into the substrate. These treatments equate
to N rates of 0, 0.38, 0.77, 1.16, 1.54, 0.53, 1.07, 1.6, and
2.13 g/liter (N at 0, 0.65, 1.3, 1.95, 2.6, 0.9, 1.8, 2.7, and 3.6

Materials and Methods
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Table 1.  Overall ANOVA showing significant sources of variation resulting from nine rates of controlled-release fertilizer incpprated into propaga-
tion media at 0, 0.38, 0.53, 0.77, 1.07, 1.16, 1.54, 1.60, and 2.13 g/liter of N for three herbaceous perenhitm(sia ludoviciana'Valerie
Finnis’, Gaura lindheimeri‘Whirling Butterflies’, and Nepetax faassenii‘Six Hills Giant’).

Source df Rooting (%) Root number Root dry wt. Visual rating Shoot dry wt. Root wt. Ratio
Taxon 2 0.0299 NS 0.0001 0.0012 0.0001 0.0001

Fert 8 NS 0.0047 0.0120 0.0001 0.0001 0.0001
Spec * Fert 16 NS NS NS 0.0001 0.0001 0.0001

?P-value, Significance @ < 0.05.
YFertilizer treatment.
NSNonsignificant.

mogeneity of the variances. Therefore, actual data were usedunfertilized cuttings ofEucalyptus grandig4) resulted in

to determine statistical differences, and means reported in higher rooting than those that were fertilized.

tables and figures are non-transformed values. Significant In contrast, numerous studies have reported that fertiliza-
differences among taxa were separated by Tukey’s tion does improve rooting. Adventitious rooting®fringa
Studentized Range test (HSD). Means for all levels of nitro- vulgaris‘Charles Joly’ and ‘Michael Buchner’ increased from
gen were compared to the control by Dunnett’s test (16). 15% to 42% and from 7% to 19%, respectively, when

Regression equations were fit to increasing levels of N. subirrigated with a solution of complete fertilizer that con-
tained N at 5.4 mM as opposed to subirrigation with tap water
Results and Discussion (2). Similarly, cuttings ofAcer rubrum‘Franksred’

. . . . subirrigated with a solution containing N at 3.6 or 7.2 mdI-m

Analysis of covariance indicated that there were no differ- oy pipited greater than 90% rooting after two weeks, whereas
ences in response between the two formulations of Nutficote o1y 8o of unfertilized cuttings had rooted (23). In addition,
(13-13-13 and 18-6-8), thus data were analyzed on amounicRE in the rooting substrate increased rootirguafalyptus
of N incorporated into the substrate. ... globulus(21). Furthermore, rooting percentage of softwood

Adventitious rooting over fertility treatment was signifi- cuttings ofLigustrum obtusifoliumBuxus sempervirens
cantly different among taxa (Table 1) with rooting percent- | gnicera morrowij Pachysandra terminaliandPhiladel-
ages ranging from 93% ftepetato 81% forGaura This s coronariusvas greater under nutrient mist (22).
result might _be expected bec_ause of t_he_ genetic variation’ geyera| explanations may help explain the contradictory
among taxa in regards to rooting (8). Similarly, differences regyjts. First, rooting response to N may depend on taxon.
were e_V|dent among taxa for v!sual ratings, shoot and root \nard and Whitcomb (18) reported rooting response of cut-
dry weights, and root weight ratios (Table 1). The number of g to CRF varied from species to species with some plants
roots per cutting did not differ among taxa. Regardless, the gxhipiting significantly greater rooting with fertilizer and
thrust of this study was to observe the different responses g5 me plants showing no difference with or without fertilizer.
attributed to the quantity of N incorporated into the substrate. |, some species, fertilizer may be absorbed to nourish the

whole cutting or may have local effects on the callus at the
Effect of N on rooting percentagghe level of N incorpo- base, from which roots normally emerged (21). Wott and

rated into the substrate had no effect on rooting of individual Tukey, Jr. (22) also suggested that softwood cuttings were
taxa (Table 2) or when each individual rate of N was com- more responsive to nutrient mist than mature or hardwood
pared to the control (Table 3). This agrees with results of cuttings. This is logical as softwood cuttings usually root in
Johnson and Hamilton (7), where percent rooting for cut- less time so roots can take up nutrients and influence subse-
tings ofLigustrum japonicunandJuniperus confertavere guent growth. With this reasoning, one would expect root-
not influenced when the propagation substrate was top- ing of herbaceous cuttings to be influenced by nutrients, but
dressed with Osmocdtel8—-6—-12 or 14-14-14. However, this was not the case in our study.

Table 2.  Effect of controlled-release fertilizer incorporated into propagation media at 0, 0.38, 0.53, 0.77, 1.07, 1.16, 1.%0, iind 2.13 g/liter of N on
plant attributes of three herbaceous perennialsArtemisia ludovicianaValerie Finnis’, Gaura lindheimeri‘Whirling Butterflies’, and Nepeta
x faassenii‘Six Hills Giant’). Data averaged over N treatments.

Source df Rooting (%) Root number Root dry wt. Visual rating Shoot dry wt. Root wt. Ratio
Artemisig 8 NS NS NS NS 0.0077 NS
Gaura 8 NS 0.0021 0.0001 0.0001 0.0001 0.0029
Nepeta 8 NS NS NS 0.0001 0.0001 0.0001

“Artemisia ludovicianavalerie Finnis’.
YGaura lindheimeriWhirling Butterflies'.
*Nepetax faasseniiSix Hills Giant'.
“P-value, Significance @ < 0.05.
NSNonsignificant.
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Table 3.

Plant attributes resulting from controlled-release fertilizer incorporated into propagation substrate at 0.38, 0.53,47,, 1.07, 1.16, 1.54, 1.60,

and 2.13 g/liter of N compared to a control of O g/liter via Dunnett's test. Data averaged over three herbaceous perenniAigefnisia
ludoviciana‘Valerie Finnis’, Gaura lindheimeri‘Whirling Butterflies’, and Nepetax faassenii‘Six Hills Giant’).

Comparison Rooting

N (g/liter) (%) Root number Root dry wt. Visual rating Shoot dry wt. Root wt. ratio
2'13 — 0 NS NS *% *% *% *%

160 —_ O NS *%k NS *%k *% *%

1'54 — 0 NS *% *% *% *% *%

116 —_ O NS *%k NS *%k *% *%
1.07-0 NS NS NS xx ki *x
0.77-0 NS NS NS *x *x NS
0.53-0 NS NS NS xx NS NS
0.38-0 NS NS NS NS NS NS

NS, **: nonsignificant and significant comparisons by Dunnett's Test(.05.

Although adventitious rooting and mineral nutrition are quent growth. In some cases, fertilizer may inhibit root de-
intimately related, the subject is complex because root for- velopment if an initial release of nutrients burns the newly
mation on stem cuttings is a multi-stage process. Blazich (5) formed roots (7).

divides the adventitious rooting process into two general
stages consisting of root initiation and root growth and de-

Visual rating and shoot dry weightisual ratings and shoot

velopment. When considering the influence of various min- dry weights tend to be correlated because the top portion of
eral nutrients on adventitious rooting one must consider the the plant is what is normally seen. In our study both were

role of a particular nutrient in each stage of the process.
Fertility treatments causing increased percent rooting could
be interpreted as reflecting greater root initiation. On the other

hand, caution should be exercised in the use of such data

because root initiation takes place on the cellular level, so
these data are really indirect measures of root initiation. Un-

—

=)
E

less anatomical or similar studies are conducted, one doesy

not necessarily have a true measure of root initiation (5).

K=

Regardless, it is generally accepted that once roots emergep
fertilizers can be beneficial as the developing roots can ab- 3

sorb nutrients (5).

Root number and root dry weighithe effect of fertiliza-
tion on number of primary roots per cutting and total root
dry weight was significant only faBaura (Table 2). Both
characteristics increased linearly with increasing N level
(Figs. 1A and 1B), however the® Ralues are low and only
account for a small portion of the variation. In previous work
the number of roots per cutting was significantly greater in
leafy cuttings oRosa'Dalas’ given weekly fertilizer appli-
cations compared to those receiving no fertilization (13). Also,
root mass was greater in cuttingg\eer rubrumFranksred’
(23) andJuniperus confertér) receiving higher levels of N.
The effect of nutrients on root number and root dry weight
can depend greatly on the timing of fertilizer application.
Cuttings ofllex crenata'Helleri’ initially fertilized soon af-
ter roots were visible were larger than cuttings for which
fertilization was either delayed or withheld (6). In these cut-
tings, N accumulated in cuttings immediately after roots were
first visible but not before (6).

Wott and Tukey, Jr. (22), found root quality of softwood

cuttings of several woody species was better under nutrient

mist than conventional mist. In contrast, they observed that
hardwood cuttings oEuonymous fortungiTurcz.) Hand.-
Mazz. ‘Vegetus’ produced root systems that were larger,
heavier, and more fibrous without the addition of fertilizer.

h=]
-t
(o]
o
x

Root number

70
60
50
40
30
20
10

20

16

12

Fig. 1.

These results suggest that softwood cuttings were more re-

sponsive to nutrient mist than mature or hardwood cuttings.
This is probably because softwood cuttings usually root in

less time so roots can take up nutrients and influence subse-

4

[}
L y=22.8 + 17.1x, R?*=0.37

T T T T T

(B)

°
°
y=4.53 + 2.70x, R?=0.30

T T T T T T

0.0 0.5 1.0 1.5 2.0 25

Nitrogen (g/liter)

Effect of controlled-release fertilizer incorporated into propa-
gation media at 0, 0.38, 0.53, 0.77, 1.07, 1.16, 1.54, 1.60, and
2.13 g/liter of N on (A) root dry weight ofGaura lindheimeri
‘Whirling Butterflies’ and (B) number of primary roots per
cutting of Gaura lindheimeri‘Whirling Butterflies’. Each sym-

bol is a mean of four observations.
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Fig. 2.  Effect of controlled-release fertilizer incorporated into propa- Fig. 3.  Effect of controlled-release fertilizer incorporated into propa-
gation media at 0, 0.38, 0.53, 0.77, 1.07, 1.16, 1.54, 1.60, and gation media at 0, 0.38, 0.53, 0.77, 1.07, 1.16, 1.54, 1.60, and
2.13 g/liter of N on visual rating of (A)Artemisia ludoviciana 2.13 g/liter of N on shoot dry weight of (AArtemisia ludoviciana
‘Valerie Finnis’, (B) Gaura lindheimeri‘Whirling Butterflies’, ‘Valerie Finnis’, (B) Gaura lindheimeri‘Whirling Butterflies’,
and (C) Nepetax faassenii‘Six Hills Giant'. Each symbol is a and (C) Nepetax faassenii‘Six Hills Giant'. Each symbol is a
mean of four observations. mean of four observations.

influenced by taxon, N, and a taxon x N interaction (Table crenata‘Hetzi’ when N was incorporated into the rooting
1). Visual ratings increased linearly for bdBaura and substrate. Likewise, improved shoot development was evi-
Nepetawith increasing levels of N incorporated into the dent in cuttings oLigustrum japonicumand Juniperus
propagation substrate (Fig. 2). However, there was no ob- confertaten weeks after the propagation substrate was top-
servable trend fol\rtemisia Based on regression equations, dressed with Osmocétd8—-6-12 or 14-14-14 (7). Greater
shoot dry weights increased linearly for all taxa with increas- shoot growth has also been associated with a greater chloro-
ing N levels (Fig. 3). The slope of the curves@auraand phyll content in the leaves as was the case with cuttings of
Nepetawere steeper than that fartemisia Acer rubrum'Franksred’ receiving higher levels of N (23).
Our results folGauraandNepetaagree with the work of
Ward and Whitcomb (19), who found that high visual rat- Shoot:root ratio, root weight ratio, and quality of market-
ings and maximum plant growth were obtained wiéx able plant Nitrogen is the major nutrient that influences shoot
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growth. However, root growth does not respond in the same
way. Generally, a high N level that maximizes shoot growth
will produce relatively small root systems (17). This was
evident in our study; N exhibited a greater influence on above-

ground characteristics such as visual rating and shoot dry
weight than below-ground measurements such as root num-

ber or root dry weight. Shoot dry weights were significantly
different from the control for all N treatments except 0.38
and 0.53 gl/liter, whereas, root number and root dry weight
generally differed only at the higher levels of N application

5. Blazich, F.A. 1988. Mineral nutrition and adventitious rooting, p.
61-69.In: T.D. Davis, B.E. Haissig, and N. Sankhla (eds.). Adventitious
Root Formation in Cuttings. Dioscorides Press, Portland, OR.

6. Booze-Daniels, J.N., R.D. Wright, and R.E. Lyons. 1984. Effect of
timed fertilizer application on llex crenata ‘Helleri’ cuttings during
propagation. J. Environ. Hort. 2:43-45.

7. Johnson, R.J. and D.F. Hamilton. 1977. Effects of media and
controlled-release fertilizers on rooting and leaf nutrient composition of
Juniperus confertandLigustrum japonicuntuttings. J. Amer. Soc. Hort.
Sci. 102:320-322.

8. Hartmann, H.T., D.E. Kester, F.T. Davies, Jr., and R.L. Geneve. 2002.

(Table 3). This phenomenon has been shown in numerousPlant Propagation: Principles and Practicésed. Prentice-Hall, Upper

studies (1, 3, 9, 11, 14, 15).

Saddle River, NJ.

Even though a plant possessing a high shoot:root ratio may 9. Kozlowski, T.T., P.J. Kramer, and S.G. Pallardy. 1991. The

look healthy and marketable to the consumer, it is not neces-

sarily a plant of high quality. For example, N had significant

Physiological Ecology of Woody Plants. Academic Press, San Diego, CA.
10. Li, B., H.L. Allen, and S.E. McKeand. 1991. Nitrogen and family

effects on biomass allocation to stem, needles, and roots foreffects on biomass allocation of loblolly pine seedlings. For. Sci. 37:271~

Pinus taeda(10). Low N resulted in smaller seedling size,

but relatively more biomass was allocated to roots than un-
der the high N condition. They also found that plants that
allocated a greater proportion of their biomass to roots as

283.

11. Marschner, H. 1995. Mineral Nutrition of Higher Plant¥.ezl.
Academic Press, San Diego, CA.

12. Mattsson, A. 1997. Predicting field performance using seedling quality

seedling size increased had a tendency to be taller as theyrssessment. New Forests 13:227-252.

matured. A high relative rate of root growth compared to

shoot growth in the seedling stage has been correlated with

greater overall growth (10, 12). One would expect a similar
response for rooted cuttings.

Every species has some intermediate N level at which the
combination of shoot and root growth is optimized, although
that level is not necessarily optimal for either individual
growth response (17). To prevent this imbalance it is neces-
sary to apply less N than the plants can potentially use. Oth-
erwise, plants with small root systems will not grow as well
after they are transplanted. Although production time is not
directly related to quality plugs or cuttings, it is important
from a business perspective.
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