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Abstract

Uniform single crown plantlets @éfhemonex hybridaPaxton ‘Margarete’ were grown in 3.8-liter (#1) containers filled with a substrate
of composted pine bark:sand (8:1 by vol). Plants were fertilized three times weekly for 15 weeks with a complete nuioiertt solut
nitrogen application rates (NARs) of 10, 40, 80, 150 or 300 mg/liter (ppm) nitrogen (N), in a constant ratio of 1 ammanéden:2|ni
All other nutrients were held constant. Leaf area, top dry weight, and root dry weight increased with increasing NARhimgjilareac
plateau at a NAR of 144 + 21 mg/liter (ppm), 158 + 28 mg/liter (ppm), and 119 = 30 mg/liter (ppm), respectively. The piafgortion
roots to thick roots was unaffected, and production of propagation material (root cuttings) reached a plateau at a NARBahd08
liter (ppm). Leaf concentrations of N, P, and K at maximum leaf area were 4.7%, 0.5%, and 3.5%, respectively.

I+
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Significance to the Nursery Industry Buch.-Ham., and\. x hybrida which itself results from the

Fall flowering anemones (Ranunculaceae) are popular Cr0SS ofA. hupehensig A. vitifolia (2, 7, 11). Thgwgraceful
herbaceous perennials that have been grown in Americanflowers, held vv_eII abc_)ve the mass O.f b_asal foliage, have ac-
gardens since the mid-1800s. Flowering reliably in late sum- count_ed for their continuous po_pulanty in both European af.‘d
mer and throughout the fall, they provide color at a time when American garplens since the mid 1800s. They tolerate a vwde
few other perennials are in bloom. No information relative 'ange Of growing conditions, although they perform best with

to the fertility requirements of these plants is currently avail- S°Me protection from direct sun, in USDA hardiness zones 5

able, other than general recommendations for herbaceousl© 8- Their autumn flowering attribute makes them especially

perennials. In addition, propagators have reported difficul- V?Iuablt;al in th_e Iandicape, because of the limited number of
ties in producing suitable starter plants of fall flowering plants blooming at that season (2’. 8). . .
anemones, and growers in the United States must import them At Preésent, information concerning fertility requirements

from Europe in order to meet demand (4). Dubois et al. (4) Of fall flowering anemone is lacking. Published N recom-
have outlined a successful method of propagation by root mendations for herbaceous perennials vary from 100 to 200

cuttings, but no information is available regarding the quan- M9/liter (ppm) applied at every irrigation to between 100

; ; ; ; d 150 mg/liter (ppm) once weekly, depending on species
tity of propagation material (root cuttings) produced by stock 2" .
plants, and the influence of fertility on that quantity. (1, 14). Maximum plant growth has been reported to occur

Our results demonstrate that N supplied three times weekly at a nitrogen appllpatl_on rate (NAR) of 166 mg/llter.(ppm)
at rates of approximately 150 mg/liter (ppm), in a ratio of 1~ aPplied atevery irrigation in Blackfoot daisyli¢lampodium
ammonium:2 nitrate, maximizes plant growth. A somewhat '€ucanthunirorr. and A. Gray) (6), and 400 mg/liter (ppm)
lower rate of N [108 + 30 mg/liter (ppm)] maximizes pro- :':1pp||ed Weekly in ‘Stella de Oro’ daylilyHemerocallisl. x
duction of propagation material. Rates of N above these, and Stella de Oro) (15). As a consequence, growers often apply

up to 300 mg/liter (ppm), neither increase nor decrease thelarge quantities of mineral nutrients to maximize growth

values attained by these growth parameters and should beth.ereby inc_reasing_ the potential for nutrientllo_sses. An opti-
avoided for both economical and environmental reasons. Mized nutrient regime should supply the minimum amount
of nutrients necessary to sustain maximum growth, thus re-

ducing both cost and nutrient effluents. Since N typically
L ) elicits the greatest growth response in plants, the first objec-
Anemonex hybridais one of four closely related species tjye of this study was to establish the response of relevant
referred to collectively by the common name ‘Japanese growth parameters to applied NAnx hybrida and a sec-
anemone’, or, perhaps more accurately, ‘fall flowering ong objective was to establish the relationship of NAR and
anemone’. Fall flowering anemones compAs@upehensis  tissue concentrations of N and other mineral nutrients.
Lemoine, includingA. hupehensisar. japonica (Thunb.) Furthermore, in an unpublished survey conducted by the
Bowles & Stearni\. tomentosgMaxim.) S.J. Pei. vitifolia authors, propagators of perennials across the United States
indicated they are unable to meet the demand from growers
for A. x hybrida. Propagation is normally accomplished by
'Received for publication February 2, 2000; in revised form April 21, 2000. ,d'V'?"O” or root CUtt'_ngS' with very low multiplication rates
This research was funded in part by the North Carolina Agricultural Re- in either case. Dubois et al.(4), however, reported on a method
search Service (NCARS), Raleigh, NC 27695-7643, and by a grant from the by which 90% to 100% of root cuttings from two cultivars
Perennial Plant Association, 3383 Schirtzinger Road, Hilliard, OH 43026. of A x hybridaproduced plantlets. Since N does not appear
Special thanks to Joy M. Smith and William H. Swallow for statistical guid- to affect the proportion of root cuttings that result in a viable

ance, and Juan R. Acedo and William M. Reece for technical assistance. . .
From a thesis submitted by J.-J.B.D. in partial fulfilment of the require- Plantlet (success rate) (4), the N concentration that results in

Introduction

ments for the MS degree. the greatest production of propagation material also results
2Graduate Research Assistant. in the greatest multiplication rate. Therefore, the third and
*Professor. final objective was to determine the influence of varying rates
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Table 1. Concentration of mineral nutrients in nutrient solution.

Mineral nutrient 2 Concentration [mg/liter(ppm)]

N from NH, 3.3t0 100
N from NO, 6.7 to 200
P 50

K 150

Ca 191

Mg 48

S 99

Fe 5.00
B 0.50
Cu 0.02
Mn 0.50
Mo 0.10
Zn 0.05

*Sources of nutrients: NNO,, Ca(NQ),, KH,PO,, K,;SO,, Ca acetate,
MgSQ,, iron chelate (DPTA), HBO,, CuSQ, MnCl,, (NH,),(Mo,0,,), and
ZnS0,

of N applied to containerized plants &Afx hybridaon the
guantity of propagation material produced.

Materials and Methods

On October 1, 1998, 50 uniform single-crown plantlets of
A. x hybrida ‘Margarete’ were potted individually in 3.8-
liter (#1) containers filled with a substrate of composted pine
bark:sand (8:1 by vol), amended with 2.4 k§{d Ib/ycF)
dolomitic limestone. The plantlets were produced from root
cuttings, and were never fertilized. They were placed in a

heated greenhouse under natural photoperiod and irradiance o

with days/nights of 24 + 5C (75 + 9F)/18 + 5C (65 * 9F),
and irrigated with tap water until treatment initiation.
Treatments were initiated October 5. Plants were grown
under natural irradiance from 8:00 AM to 5:00 PM and were
exposed to a night interruption from 11:00 PM to 2:00 AM
using incandescent bulbs. The bulbs provided a photosyn-
thetic photon flux of 3.6 pumol/ffs plus photomorphogenic
radiation of 0.7 W/rhas measured at the tops of the contain-
ers with a cosine corrected LI-COR model LI-185A Quan-
tum/Radiometer/Photometer (LI-COR, Lincoln, NE). Plants

Devices, Inc., Pullman, WA). All tissue was dried for 96 hr
at 70C (160F), and weighed. Leaf blades and roots from five
replications were processed appropriately for N, P, K, Ca,
Mg, S, B, Mn, and Zn analyses (12), which were performed
at the Analytical Service Laboratory, Department of Soil
Science, North Carolina State University.

The experimental design was a randomized complete block
with 10 single-plant replications per treatment. Treatments
consisted of the five specified N concentrations. Data were
subjected to analysis of variance, regression analysis, and a
segmented regression (quadratic-plateau) was fit to the data
(PROC NLIN) (16).

Results and Discussion

Growth Leaf area, leaf dry weight, petiole and crown dry
weight, and root dry weight, were all affected by NAR. Co-
efficients for pairwise correlation of leaf area, leaf dry weight,
and petiole and crown dry weight were >0.98. Therefore only
data for leaf area, top dry weight (sum of leaf, petiole, and
crown), and root dry weight are presented.

Leaf area and top dry weight increased with increasing
NAR, until reaching a maximum plateau at 144 + 21 SE mg/
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were irrigated every Monday, Wednesday, and Friday with a 2
complete nutrient solution (Table 1) providing five N con- 5
centrations [10, 40, 80, 150 or 300 mg/liter (ppm)], witha <o
constant ratio of 1 ammonium:2 nitrate. All other nutrient 2
concentrations were constant, and pH of the solutions was
adjusted to 6.0. Irrigation volume was 200 ml at initiation,
and was increased as needed throughout the study to main-
tain a 0.25 leaching fraction, as monitored every 2 weeks.
Container leachate was collected 2 days after treatment ini-
tiation and every 2 weeks thereafter using the pour-through =
nutrient extraction method (17), to determine electrical con- §‘
ductivity (EC) and pH of the substrate solution. >
After 15 weeks, roots were washed free of substrate, and ©
each plant separated into leaf blades, petioles, crowns, and“
roots. Leaf area was measured using a LI-COR 3000 leaf &
area meter. The root system of each plant for five replica-
tions was weighed, then separated further into roots of suffi-
cient diameter to be used as cuttings [mean diam. = 3.6 mm
+ 0.37 standard error (SE) (0.14 in + 0.015 SE)] (hereafter
referred to as ‘propagation material’), and roots of diameter
<3.1 mm (0.12 in), which were judged to be too small for
propagation. Fresh weight of propagation material was re-
corded, and length and area were measured using a Mono-
chrome Agvision System 286 Image Analyzer (Decagon
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Effect of nitrogen application rate (NAR) on growth of

‘Margarete’ anemone (n = 10). (A) leaf area, (B) top dry weight,
and (C) root dry weight. Vertical bars represent standard er-
rors of the means.
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Fig. 2.  Effect of nitrogen application rate (NAR) on foliar mineral nutrient concentrations of ‘Margarete’ anemone (n = 5). (Apitrogen, (B) phos-
phorus, (C) potassium, (D) sulfur, (E) boron, and (F) zinc. Vertical bars represent standard errors of the means.

liter (ppm) and 158 + 28 SE mg/liter (ppm), respectively ever, in sharp contrast with the rapid decline in root dry weight
(Fig. 1A and B). An average leachate EC of 1.61 dS/m over with increasing NAR, followed by a minimum plateau, de-
the course of 11 weeks corresponded to a NAR of 150 mg/ scribed for ‘Tonto’ crape myrtle (3) and ‘Green Giant’ arbor-
liter (ppm). These values are markedly higher than those re-vitae (5). This may simply reflect the differing role of the
ported for woody ornamentals, such as ‘Tonto’ crape myrtle root system in herbaceous and woody perennials. Roots of
(Lagerstroemid.. x ‘Tonto") (3) where the same parameters herbaceous perennials are responsible for survival of the plant
reached maxima at a NAR of 60 mg/liter (ppm), or ‘Green beyond a single year after the annual disappearance of aerial
Giant’ arborvitae ThujaL. x ‘Green Giant’) (5), for which portions, as opposed to woody plants, where both aerial and
N at 100 mg/liter (ppm) was sufficient to attain maximum soil-borne organs share that role. Increasing the amount of
top dry weight. They are similar, however, to those reported nutrient resources apportioned to the roots when those re-
for Blackfoot daisy (6), another herbaceous perennial that sources increase might thus constitute a greater survival ad-
attained maximum growth with N at 166 mg/liter (ppm), but vantage in herbaceous than in woody perennials.
considerably lower than for ‘Stella de Oro’ daylily (15), where
maximum top dry weight occurred at 400 mg/liter (ppm). Mineral nutrient concentrationd-oliar mineral concen-
These disparities attest to the existence of marked differencedrations of N, P, K, S, B, and Zn were affected by NAR (Fig.
among the nutritional requirements of various herbaceous 2), whereas concentrations of Ca (mean = 2.2% + 0.03 SE),
perennials, and warrant continued investigation of optimal Mg (mean = 0.3% + 0.009 SE), and Mn (mean =72 ppm £ 5
fertility regimes for a broader variety of such plants. SE) were not (data not presented). Foliar concentrations of
Interestingly, the response of root dry weight to increas- N, P, B, and Zn responded in a quadratic-plateau fashion; the
ing N showed an increase followed by a maximum plateau response of S was quadratic; and that of K was linear. All
(Fig. 1C). This coincides with a prevalent pattern across plant values were within reported ranges for other herbaceous gen-
species (10), including ‘Stella de Oro’ daylily (15). Itis, how- era within the Ranunculaceae (12). The predicted maximum
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. 20 [ A tions, and morphological changes relating to photosynthate
% - % l storage can be triggered by shortening photoperiod (9, 13).
£ c 200 l
g ) 150 | t Summary A complete nutrient solution providing N at
= = approximately 150 mg/liter (ppm) in a ratio of 1 ammonium:2
> 100} Y =-13.9+4.050.02¢" if x<109 nitrate, applied three times weekly, provided optimal growth
Co $ IR of ‘Margarete’ anemone. NARs up to 300 mg/liter (ppm) were
o 50T neither detrimental, nor advantageous to plant growth, and
e 0 should be avoided. At a NAR of 150 mg/liter (ppm), single
crown plantlets planted in 3.8-liter (#1) containers grew into
_ 16 large, robust plants within 15 weeks. Leaf nutrient concen-
9] uwft B [ trations at this NAR were comparable to other members of
g S 12 | l 3 the Ranunculaceae. Plants used as stock plants for propaga-
c = 10| tion by root cuttings will yield the most propagation material
i) 2 8 when supplied with a NAR of approximately 110 mg/liter
g 5 6 Y = 137+0.25¢0.001¢ ifx<108 (ppm). Dubois et al. (4) have reported that 12 weeks are suf-
8 2 . { y=124 ifx>109 ficient to regenerate plantlets from root cuttings. Thus, a full
o R*=001 cultural cycle, from propagation by root cuttings to produc-
o 27 tion of a finished or saleable plant can be completed in 27
0 weeks, possibly less.
0 100 200 300
NAR [mgl (ppm)] Literature Cited
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