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HortScience 31(3):364—-365. 1996. in each of the three chambers at constart 10
2, 18+ 2, or 26+ 2C from 1 June 1993.

1 1 Evidence from the photoperiod experiment

EnVIronmentaI Contr0| Of Flowerlng suggested that long days enhanced flowering;

therefore, the photoperiod used was 16

and Growth of Achillea millefolium L.  nay: and light intensity was 10@ 18

pmolmr%s™, The temperature experimentwas

‘ S u m m er Pastels’ repeated 27 June 1994, with 6-week-old seed-

lings from Greenleaf Enterprises (Leola, Pa.).

D. Zhang, A.M. Armitage, J.M. Affolter, and M.A. Dirr Plants were transplanted as mentioned above.

. i . the irradi iment lant
Department of Horticulture, University of Georgia, Athens, GA 30602-72{2‘@?6 rfo{:;% t?ggiheégﬁgmfge’Cfgﬁgefswi;

irradiance of 10& 15, 200+ 20, and 30& 51
pmolmzstfrom 18 Aug. 1993. The photope-
Abstract. Achillea millefolium'Summer Pastels’ is a qualitative long-day plant with a riod was 16 lday* and temperature was 20
critical photoperiod between 12 and 16 hours at 18C. Plants grown under a 16-hour2C.
photoperiod flowered after 27 days, while those under 8 hours remained vegetative. Shoot A completely randomized design was used
dry weight was not affected by photoperiod. Low temperature (10C) delayed the time of in all experiments. Plants were rotated in the
flower bud formation and anthesis by=20 days. Low irradiance (10Qumol-m-2s?) delayed chambers every 3 days to ensure complete
flowering and resulted in lower shoot dry weight, while moderate shading (200 randomization. Time to visible flower buds,
Umol-m-2s-%) did not significantly affect flowering time and growth compared with high defined as the time when the inflorescence
irradiance levels (300umol-m-%s7). diameter was:1 cm, was recorded and plant
height and shoot dry weight were measured at
Achilleamillefolium(Asteraceae) is native environmental optima for flower productionthe end of the experiment. Data were tested
to Europe and Western Asia and widely natuhave not been determined. This research exsing an analysis of variance, trend analysis,
ralized in temperate regions. It grows vigoramined the influences of photoperiod, temand Tukey’s Studentized Rangaif) Test ¢
ously and is often considered a troublesomgerature, and irradiance on flowering anck 5%). Photoperiod, temperature, and irradi-
weed (Armitage, 1987a); however, many orgrowth ofA. millefolium‘Summer Pastels’. ance experiments were terminated at 72, 54

Additional index wordsyarrow, photoperiod, temperature, irradiance

namental cultivars have been introduced and (60 for the repeated experiment), and 62 days,
selections of the species are now considered Materials and Methods respectively, when all plants reached visible
important garden plants. These selections also flower buds.

have significant potential for the cut flower  One-year-old plants &f.millefolium'Sum-

market (Armitage, 1992). In recent field studmer Pastels’ in 510-ml (10-cm) pots were Results and Discussion

ies, Armitage (1992) reported that. divided into four equal groups, potted in trays
millefoliumproduced more flower stems than(3 x 8 cells, 277 ml/cell), and grown under Photoperiod.Photoperiod had a signifi-
other cultivatedAchilleaand had the highest intermittent mist in a glasshouse. Well-rooteatant effect on flowering and plant height, but
yield, regardless of spacing. There was ndivisions were transplanted to standard 510iot on shoot dry weight (Table 1). All plantsin
obvious change of flower size and stem dianml plastic pots in LC1 Fison Sunshine Mixthe 16-kday* photoperiod produced flower
eter as the density of plants increase(Bellevue, Wash.) and moved to growth chambuds with an average time to reach visible bud
(Armitage, 1987b). Engle et al. (1993) foundbers (Conviron CMP3244, Asheville, N.C.).of 27 days from the beginning of photoperiod
that a related specie8, filipendulinaLam. Plants were fertilized at irrigation as needetreatment (data not shown). Only 29% of the
‘Cloth of Gold’, produces terminal and lateralwith N at 50 mgiter= for the first 2 weeks, plantsinthe 12-h photoperiod produced flower
buds under short days but only terminal buden 100 mditer? using 15N-9.9P-14.1K buds and none produced any in the 8-h photo-
under long days. Iversen (1989) demonstratatiroughout the duration of the experimentsperiod. These data suggest ththillea
thatA. millefolium'Rosea’ is a long-day plant Top water was applied every fourth irrigationmillefolium‘Summer Pastels’ is a qualitative
and that daylength and cold treatment hav® avoid the accumulation of salt. long-day plant in which the effective photope-
significant effects on flower formation and Three separate experiments were comiod is between 12 and 16 h. The greater height
maturation. ducted. To evaluate the influence of photopen the 16-h photoperiod reflects the presence
Achillea millefoliumSummer Pastels’ is a riod, seven plants were placed under 8-, 12-, of the flowering stem rather than a response of
new seed-produced cultivar suitable as a gat6-h photoperiods on 10 Mar. 1993. Temperanternodal tissue. Since temperature and cu-
den plant and specialty cut flower. Plantdure for all treatments was 20 2C. Light mulative light were similar for all three treat-
produce flowers from salmon to purple-grayphotosynthetic photon flux) with incandes-ments, we expected plant dry weights to be
in color and they can be used in the gardeeent and fluorescent bulbs (50:50 input wattsimilar.
container, and xeriscapic landscapes (Bailegge) was 200, 133.3, and 1@@olm2s for TemperatureThe data from the two ex-
et al., 1976). Plants reproduce by seeds aid, 12-, and 16-h photoperiods, respectivelyperiments showed the same statistical trends,
fragments of rhizomes. Seed is easily germand the cumulative light was 58 0.4 sotheywere combined. Flowering occurred at
nated under warm, humid conditions, whilemol-m-2d- for all treatments. For the tem-all temperatures; however, the effect of tem-
rhizomes can be divided any time, but preferperature experiment, seven plants were placg@rature on formation of flower buds and
ably in early spring orimmediately after flow-
ering (Armitage, 1993). ‘'Summer Pastels’ andable 1. Influence of photoperiod on flowering and growttAchillea millefolium'Summer Pastels’

other compact forms oA. millefoliumalso (temperature: 2@ 2C; irradiance: 5.& 0.4 moinr>d-2). Data were taken 72 days after the beginning
may be useful as pot plants; however, specific of treatment.

Photoperiod Flowering status Ht Dry wt
Received for publication 18 Aug. 1995. Accepteo(h) (% (,Jf plants) (cm) C)
for publication 13 Jan. 1996. Thanks to America Vegetative (100) 45051 12.2:0.44
Floral Endowment and Gloeckner Foundation fo Vegetative (71) 9.87.80 11.80.84
supporting this work. The cost of publishing this With flower buds (29)
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charges. Under postal regulations, this paper thergighificance L.Q NS
fore must be hereby markadvertisemergolelyto  “L = linear, Q = quadratic trend.
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anthesis followed a quadratic trend (Table 2)lable 2. Effect of temperature on flowering and growthafillea millefoliumSummer Pastels’. Data are
Visible flower buds formed much more rap- the mean of the two experiments (photoperiod: -tiay; irradiance: 10@umol-m% s?). Data were

idly at 18 and 26 than at 10C. Plant height taken 54 and 60 days after the beginning of treatments.

showed a significant quadratic response tPemp Days to Ht Dry wt
temperature. Plants grown at 18C were sigsc) visible bud (cm) (@)
nificantly taller than the others (Table 2). Thisig 50+ 4.9 26.2+ 2.36 3.7+ 0.23
result suggests that the net photosynthesis o 31+ 4.2 51.4+ 4.30 8.0+ 1.12
A. millefolium'Summer Pastels’ was higher at26 33+5.0 34.0+ 1.40 6.5+ 0.81
18C than at 10 or 26C. In general, heigh$ignificancé Q Q Q

increased rapidly 1 week before the flowerQ = quadratic trend.
buds were visible and the rapid growth phas@&ignificant atP < 0.05.
ended=2 weeks after flower buds were visible

(Fig. 1). Dry weight was highest at 18C and ™ O/O/o

10C
18C /Q/O/
26C

followed a quadratic response (Table 2). Thus,
flowering and growth oA. millefolium'Sum- 50 |-
mer Pastels’ were best at 18C; 26C resulted in
shorter, more compact plants.

Irradiance. Time to visible flower bud
responded linearly to irradiance; low (100
umolkm-=s™) irradiance delayed flowering.
Time to anthesis was significantly shortened &
with increasing irradiance (Table 3), butithad & 20|
no significant effect on the interval from vis- =
ible bud to anthesis (data not shown). The fac
that plants flowered at all under such low 10|
irradiance suggests that yarrow tolerates shad-

b OO

by
<

ght (cm)
g

1

ing, supporting the work of Bourdot et al. 0 I L L ! ! !

(1984). Plant height, however, responded qua- 24 30 36 42 48 54 60
dratically to irradiance, with plants grown

under the medium irradiance the tallest (Table Days after treatment

3). Dry weight increased linearly with irradi- rig. 1. Effect of temperature on heigh#ahillea millefoliuniSummer Pastels’ over time (F: time to visible
ance (Table 3). flowering buds).

These results provide useful guidelines for
forcingA. millefolium'Summer Pastels’. Pho- Table 3. Influence of irradiance on flowering and growthAchillea millefolium ‘Summer Pastels’
toperiod was a key factor in flower formation. ~ (photoperiod: 16 Jlay™; temperature: 20C). Data taken 62 days after the beginning of treatments.

‘Summgr Past.ells’ is a qual!tative long-daYrradiance Days o Days to At Dry wt
plant with a critical photoperiod between 12;mol.m2s?) visible bud anthesis (cm) (@)
and 16 h, and temperature and irradiance alggg (jow) 34:50 57+ 8.1 375 6.8 10.8t 1.8
influence time of flowering. Temperatures200 (medium) 26 4.4 A5+ 7.4 50.9+ 4.6 175+1.3
>10C and moderate lightlevels or highe2@0 300 (high) 21+ 3.2 37+5.8 39.6+ 5.3 21.6£2.4
pmolm2s™) in combination with long days Significancé L L Q L
may permit producing this cultivar as a greers_ = linear, Q = quadratic trend.

house crop. *Significant atP < 0.05.
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