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Abstract

This study was conducted to determine whether treating seeds of ‘Sensation Mixed’ cdssmass(bipinnatu€av.) and ‘Bonanza
Gold’ marigold Tagetes patul&.) with paclobutrazol (PB) could suppress seedling growth. Seeds were soaked in solutions of|0, 500

or 1000 mg PB/liter (ppm PB) for 16 hours at 25C (77F) or they were primed [-0.5 MPa (-5 bars) for 7 days at 20C (68E)bin Grad
exfoliated vermiculite moistened with 0, 500 or 1000 ppm PB solltuions. Soaked and primed seeds were dried for 1 dayFt 19C (65
and 25% relative humidity. These seeds and control (non-treated) seeds were sown into plug cells containing peat-litg ABcreasi
concentration decreased cosmos shoot height at 32 days after planting (DAP), but decreased emergence percentage, vesgonses that
more pronounced with priming than with soakiAgl ppm PB growth medium drench [30 ml/cell(0.2 mg PB/cell)] and, to a greater
extent a 10 mg PB/liter (ppm PB) shoot spray [2 ml/shoot (0.02 mg PB/shoot)], both applied at 10 DAP, resulted in greaterf cosmo
shoot height suppression at 32 DAP than treatment of seeds with 1000 ppm PB. Soaking marigold seeds in 1000 ppm PB failed to
decrease shoot height below those of plants from non-treated seeds at 32 DAP. However, exposure to 1000 ppm PB during priming o
marigold seeds resulted in a similar shoot height suppression (13%) as the growth medium drench, and similar shoot dry weight
reduction (21%) as the shoot spray. Suppression of shoot growth by this seed treatment was short-term since by five weeks after
transplanting into 15 cm (6 in) pots, only marigold plants that had received the growth medium drench or shoot sprayavéheismall

those of control plants. Treating marigold seeds with 1000 mg ppm PB used about one-fifth the PB used to drench the grawthl medi

Index words: bedding plants, BonzCosmos bipinnatysedding plants, plant growth regulator, seed priming, stand establishment,
Tagetes patulatriazole.

Species used in this studySensation Mixed’ cosmo£psmos bipinnatu€av.); ‘Bonanza Gold’ marigoldragetes patuld..).

Chemicals used in this studyp-[(4-chlorophenyl)methylja-(1,1-dimethylethyl)-H-1,2,4-triazole-1-ethanol (paclobutrazol; Bonzi
Uniroyal Chemical Co., Middlebury, CT).

Significance to the Nursery Industry carbon side chain, are highly active in reducing shoot growth

Matrically primed seeds of cosmos exposed to 1000 ppm ©f many bedding plant species, increasing root-shoot ratio,
PB during priming reduced seedling shoot height but mark- a_nd increasing stress tolerance and post-transplanting sur-
edly decreased emergence percentage during plug producYVal (2. 7). .
tion. This same treatment reduced seedling shoot height of Spray appl[catlons of PB are used most commonly in com-
marigold without affecting emergence, and provided the same Mercial practice but non-uniform plant size can result from
growth suppression as a growth medium drench of PB. Com- "on-uniform spray application (7). Many solid forms of
pared to the growth medium drench, seed treatment shouldd"oWth retardants such as capsules, gels, tablets, granules,
reduce material costs for marigold plug production costs and encapsulated slow-release materials have been evalu-
because it used about one-fifth the PB per plant. Growth re- ated. For instance, Barret et al. (1) _noted that PB drenches
tardation from priming marigold seeds with 1000 ppm PB and_sp|kes were effective f@alat_jmmx hortulanum
was short-term since shoot heights and shoot dry weights of C0diaeum variegaturrBrassaia actinophyllaEuphorbia

these plants were similar to those of plants from non-treated Pulcherrimaand Impatiens walleranaith a similar con-
seeds by 67 days after planting. centration response for all, except that drenches had greater

efficacy than spikes on caladium, a rapidly growing crop.
Sanderson et al. (17) noted that PB drenches were more ef-
_ ) fective in retardin@gChrysathemure morifoliumplant height
Growth retardants are commonly applied to bedding plants than PB incorporated as gypsum tablets, injected hydrogels,
to maintain quality and compactness before sale, and to ex-gng gelatin capsules all applied at the same rate.
tend the marketing per|od._ The triazoles, which includes  Eletcher and Hofstra (6) noted that imbibing whéaiti¢
paclobutrazol (PB) and uniconazole, are more potent and cym aestivuinseeds for 20 hr in 1 ppm uniconazole reduced
persistent than most other growth retardants so that relat|velyp|am height and decreased shoot dry weight that lead to in-
low rates are required to inhibit growth (2). These creased root to shoot dry weight ratio. Pasian and Bennett
‘antigibberellin’ compounds, characterized by a ring struc- (14) imbibed seeds of ‘Bonanza Gold’ marigokagetes
ture containing three nitrogen atoms, a chlorophenyl, and a patula) and ‘Cherry Orbit’ geraniunPelargonium hortoruin
for 6 to 24 hrin 0 to 1000 ppm PB. They found that increas-
ing PB concentration decreased marigold seedling height,
B . . . _ with imbibition period and PB concentration having little
Received for publication July 5, 2000; in revised form October 9, 2000.

Published as paper 00-02-1677 in the Journal series of the Delaware Agri- effect on seedling emergence percentage. For geranium, they

cultural Experiment Station, Contribution 349 of the Dept. of Plant and Soil  found that Seeq"ng height was inversely proportional to PB
Sciences. rate; but seedling emergence was decreased markedly fol-

2Professor and undergraduate student, respectively. lowing 24-hr imbibition in 2000 ppm PB.

Introduction
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Seed priming is a low-water potential seed treatment that Primed, soaked and control (neither soaked nor primed)
permits partial seed hydration so that pregerminative meta- seeds were sown in peat-lite medium (Redi-Earth Seedling
bolic activities proceed but germination is prevented (11, 13, and Plug Mix; Scotts, Marysville, OH) contained in 50-cell
15). Seed vigor has been enhanced by priming so that rateplug trays, each cell being inverted truncated pyramids [5
and percentage of seedling emergence from such seeds werem x 5 cm x 6 cm depth (90 én2 in x 2 in x 2.4 in (5.5
greater than from non-primed seeds, especially under adversan®)]. Each treatment (flat) consisted of 50 seeds (one per
seedbed conditions, including low temperature (16) and re- plug cell) planted about 1 cm (0.4 in) deep, and the trays
duced water availability (8). Finch-Savage et al. (5) reported were surface irrigated. Two additional flats per replication
that plant growth regulators (gibberellic acid and/or were sown with non-treated seeds for growth medium drench
benzyladenine) were more effective when added to the poly- and shoot spray applications of PB at 10 DAP. Treatments
ethylene priming solution than when applied as a pre-soak for each species were replicated four times and arranged in
in reducing mean seedling emergence time of five bedding randomized complete block design. Flats were placed in a
plant species and in increasing emergence percentage ofjreenhouse with average 23.5/19.5C (74.3/67.1F) day/night
primula and impatiens. Davis et al. (3) observed that prim- and natural light supplemented with 1000-watt high pres-
ing tomato seeds in salt solutions containing 10 ppm sure sodium lamps 1.5 m (4.9 ft) above the bench from 0600
uniconazole resulted in 20% shorter shoots than controls atto 2000 hr (March through May, 2000).

20 DAP, but did not protect seedlings against chiling dam-  The numbers of seedlings emerged (hypocotyl arch vis-
age. Souza-Machado et al. (18) noted that soaking tomatoible) were recorded daily until no further emergence occurred.
seeds in 50 ppm PB resulted in shorter seedlings with thicker From these data, final emergence percentage of seedlings
stems and greater root to shoot ratio than non-treated seeds(FEP) and its angular transformation, and days to 50% FEP
but resulted in 15% lower seedling emergence. (E,,» an inverse measure of emergence rate) were calculated

The purpose of this study was to compare emergence andand subjected to analysis of variance. At 10 days after plant-

growth responses of cosmos and marigold following presoak- ing (DAP), plants from non-treated seeds were treated with

ing or priming of seeds in PB solutions. a 1 ppm PB growth medium drench [30 ml/cell; 03 mg PB/
cell (1 x 10° 0z)] and a 10 ppm PB shoot spray [2 ml (.07
Materials and Methods 0z) per plant, 0.02 mg PB (7 x-16z) per plant]. The shoot

spray was applied to both stems and leaves to almost runoff

Fifty-seed batches of Bonanza Gold’ marigolégetes with care taken to avoid PB application to the growth me-

patula L) and ‘Sensation Mixed' cosmdSgsmos bipinnatus :
Cav.) (Park Seed Co., Greenwood, SC) were soaked in 0’d|um. .
500, or 1000 ppm PB (Bonzi; Uniroyal Chemical Company, Shoots in each one-half of the plug trays were cut at the

Middlebury, CT) for 16 hr at 25C (77F) in transparent poly- _peat—lite surface at 32 DAP. Shoot height (to the apical mer-
styrene boxes containing two layers of germination paper istem) was measured and shoots were dried [2 weeks at 65C

(Seed Germination Blotters No. 385, Seedburo Co., Chicago, (149F)]- Shoot height and dry weight data were subjected to

IL) moistened to saturation [15 ml (1.2 0z)] with the solu- analysis of variance.

tions. The seeds then were rinsed from the boxes and allowed

to air dry for one day in an air-conditioned laboratory [19C _ .

(66F), 2504 relative humidity]. These treatments were re- Table 1.  Final emergence percentage (FEP) and its angular transfor-

. - mation and days to 50 percent of FEP () of cosmos and
ported by Pasian and Bennett (14)' Other flfty-seed batches marigold in response to seed treatment with paclobutrazol

were primed matrically in Grade 5 exfoliated vermiculite (PB) and seed matric priming.

(W.R. Grace, Cambridge, MA) at —0.5 MPa (-5 bars) for 7 :

days at 20C (68F). Seeds were mixed at a dry weight ratio of Cosmos Marigold
1:2, seed:vermiculite [50 seed weight = 307 mg (0.011 0z)

for cosmos and 138 mg (0.005 o0z) for marigold] in 33 ml Treatment [%TE:Q.)] (dis)‘,’s) [%F(ﬁzg_)] (dEggs)

(2.6 0z) plastic souffle cups (Solo Cup Company, Urbana,
IL). An equal weight of 0, 500 or 1000 mg PB/liter (ppm Soaked seeds

PB) solution was added to the vermiculite, which represented 0 ppm PB 85 (67) 2.6 95 (78) 2.4
—0)5 MPa (-5 bar) matric potential according to thepmoisture 500 ppm PB 73 (59) 33 97 (83) 2.8
- p g 1000 ppm PB 71 (57) 3.4 94 (77) 2.8

characteristic curve established by Khan et al. (12). The mg
PB per seed for the 500 and 1000 mg PB/liter (ppm PB) Primed seeds

applications during priming were, respectively: Cosmos, 6.14  0ppm PB 69 (56) 2.5 97 (81) 2.5

x 10%and 1.23 x 16; marigold, 2.76 x 10and 5.52 x 186. iggoppm PB 33 (35) 32 96 (78) 2.7
L9 . A ppm PB 21 (27) 5.2 97 (83) 2.9

The small seed-to-vermiculite ratio was selected to minimize

the reduction in matric potential of the vermiculite during Control seeds 73 (59) 35 96 (78) 25

priming. The seeds, liquid and vermiculite were mixed thor-

oughly by stirring. Aluminum foil was secured over the cup ~ 1WayLSQ ©” 06" @ 02"

tops to minimize evaporative loss. Vermiculite moisture con- ., orial treatments

centration after priming was within 2% of the original value. Soak/prime (SP) () NS (NS) -

Primed seeds were transferred from the boxes to a sieve PBlinear (**) * (NS) ok
and rinsed for 2 min to remove adhering vermiculite. Seeds gE gusgrl?:gar (*(’::;) *:ls (’\("3)5) *TVS
then were allowed to air-dry for 1 day [19C (66F), 25% rela- SP x PB quadratic 4 NS (NS) NS

tive humidity]. Soaking and priming treatments were sched-
uled so tha_lt seed sowing for the emergence assay started at« « + Ns: significant at P< 0.001,< 0.01,< 0.05 or not significant,
the same time. respectively.
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Table 2.  Shoot height and dry weight at 32 days after planting in re- Table 3. Shoot height and dry weight at 5 weeks after transplanting

sponse to seed, shoot and growth medium treatments with in response to seed, shoot and growth medium treatments
paclobutrazol (PB) and seed matric priming. with paclobutrazol (PB) and seed matric priming.
Cosmos Marigold Cosmos Marigold
Shoot Shoot Shoot Shoot Shoot Shoot Shoot Shoot
height dry wt height dry wt height dry wt height dry wt

Treatment (cm)  (mg/shoot) (cm) (mg/shoot) Treatment (cm) (g/shoot) (cm) (g/shoot)
Soaked seeds Soaked seeds

0 ppm PB 29.2 451 15.0 448 0 ppm PB 110.4 15.9 26.7 10.0

500 ppm PB 27.7 388 13.3 442 500 ppm PB 103.6 17.6 25.0 11.2

1000 ppm PB 25.3 370 13.2 423 1000 ppm PB 102.4 12.9 255 10.8
Primed seeds Primed seeds

0 ppm PB 314 508 14.6 462 0 ppm PB 107.0 15.5 26.4 11.2

500 ppm PB 28.0 459 135 435 500 ppm PB 103.6 13.3 26.5 11.0

1000 ppm PB 24.9 436 12,5 335 1000 ppm PB 103.2 11.6 25.7 10.0
Growth medium drench Growth medium drench

(1 ppm PB) 21.2 390 12.4 401 (1 ppm PB) 89.2 135 23.9 11.3
Shoot spray (10 ppm PB) 14.8 291 8.5 344 Shoot spray (10 ppm PB) 88.8 11.8 21.9 7.8
Control seeds 28.3 454 14.3 431 Control seeds 106.9 15.0 26.3 11.2

1-way LSO 2.8" 55 14 63 1-way LSD, .* 8.9" 5.0% 1.3" 15"
Factorial treatments Factorial treatments

Soak/prime (SP) NS rxx NS * Soak/prime (SP) NS NS NS NS

PB linear bl ok bl b PB linear * NS NS *

PB quadratic NS ke *x Fkk PB quadratic * NS NS NS

SP x PB linear * *x * * SP x PB linear NS NS NS NS

SP x PB quadratic NS * * ki SP x PB quadratic NS NS NS NS
?Growth medium drench = 0.03 mg PB/plant. zGrowth medium drench = 0.03 mg PB/plant.
yShoot spray = 0.02 mg PB/plant. yShoot spray = 0.02 mg PB/plant.
ek xk x NS: significant at P< 0.001,< 0.01,< 0.05 or not significant, ek wk x NS: significant at P< 0.001,< 0.01,< 0.05 or not significant,
respectively. respectively.

The remaining plugs from each tray were transplanted into ~ Soaking or priming seeds in 1000 ppm PB resulted in 11%
15-cm (6 in) diameter standard pots containing Pro-Mix BX or 12% shorter shoots, respectively, than those of control
(Premier Horticulture, Red Hill, PA) which received 250 mg plants at 32 DAP (Table 2). Growth medium drench or shoot

N/liter (ppm N)weekly from 21N-2.2P-16.6K (21N-3B- application of PB at 10 DAP respectively reduced shoot
20K,0). After 5 weeks, shoot heights and dry weights were heights by 75% and 52%, and shoot dry weights by 14% and
determined as described above. 36%, compared with values for control plants. Thus, shoot
growth retardation from spray and drench applications of PB
Results and Discussion were much more pronounced than from seed treatment. The

seed treatment PB concentration that reduced shoot height
also reduced seedling emergence percentage and rate.
By 5 weeks after transplanting, seed treatment (soak or

Cosmos Soaking or priming cosmos seeds in water re-
sulted in similar FEP to that of control seeds, but in faster

emergence (lower ) (Table 1). Seed priming frequently : ) . .
increases germination/emergence rate, particularly underPrime with or without PB) had no effect on shoot height (Table

stressful seedbed conditions (8, 16). Subjecting seeds to in-3)- Growth medlurr:)drench and shoot spray with PB reduced
creasing PB concentration reduced FEP and increaged E shoot height by 17%, but had no effect on shoot dry weight.
these effects being more pronounced for primed than soakedK€ever an_d Foster (10) not_ed that post-trar)splantmg ngWth
seeds. The longer exposure of seeds to PB during priming (7su_ppreSS|0n of_flve bedding pI.ant SPECIES _treated with
days) than soaking (16 hr) may have allowed more PB to uniconazole during plug pro_ducnon was species- and dos-
enter the seeds. Reduced emergence following seed priming?9€-dependent, and lasted five or more weeks.

with 50 ppm PB was noted in tomato (18). Subjecting gera-

nium seeds to higher PB dosage (1000 vs 500 ppm PB) and Marigold. Final emergence percentage, averaging 96%,
longer imbibition (24 vs 16 hr) reduced germination percent- was unaffected by seed treatment with PB, although soaking
age (14). These authors speculated that PB stays on the seeat priming in 500 or 1000 ppm PB delayed emergence slightly
coats then moves from the seed coats to the growth medium(0.3 to 0.4 days) relative to that of control seeds (Table 1).
and is absorbed by seedling roots following germination and Thus, soaking or priming with PB had little effect on mari-
emergence. In our study, longer exposure of seeds to PBgold emergence. Pasian and Bennett (14) also reported that
during priming than during soaking may have permitted the imbibing seeds of ‘Bonanza Gold’ marigold for up to 24 hr
active ingredient to reach the embryo where it may exert a in 1000 ppm PB had no effect on percentage seedling emer-
greater toxic effect on germination. gence. Drewes and Van Staden (4) reported only slight re-
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duction of germination with continuous exposurdafetes Literature Cited

minutaseeds to TOM PB, and almost complete inhibition )

with 10 M PB. Soaking seeds n 500 or 1000 mg PBler. &, 1 . £ Porsce e T el 1. Compaver o

(ppm EBI) al ﬁ t(f) ecrease T OOtd eight or dry Welgd tat 32 fioricutture crops. HortScience 29:180-182.

DAP below that from Contrg S.ee S'. H.Owever’lsede. eXpOO- 2. Dauvis, T.D, G.L. Steffens, and N. Sankhla. 1988. Triazole plant growth

Sll::re to 10302£29|P$1m PE‘ uring E{'rr]z'ng re_su te (;n 13% regulators. Triazole plant growth regulators. Hortic. Rev. 10:63-105.

Slfrter’ ag 403 Igh teri C_)Ort]S (Tg' e. ) Pfa%an an Bénlr&?tt 3. Davis, T.D., J.E. Ells, and R.H. Walker. 1990. Emergence, growth

( ) noted a o shoot height reduction o One}nza} 0 4 and freezing tolerance of tomato seedlings from Uniconazole-treated seed.

marigold at 36 DAP from seeds that had been imbibed in HortScience 25:312-313.

1000 ppm PB for 16 hr. Compared to responses from C(_)nt_rOI 4. Drewes, F.E. and J. Van Staden. 1990. Germinatidagaftes minuta

seeds, exposure of seeds to 1000 ppm PB during primingL. ii. Role of gibberellins. J. Plant Growth Regul. 9:285-291.

resulted in ;lmllar shoot helght_ suppression (13%) asthe g Finch-Savage, W.E. Gray, and G.M. Dickson. 1991. The combined

growth medium drench and similar shoot dry weight reduc- effects of osmotic priming with plant growth regulator and fungicide soaks

tion (21%) as the shoot spray (Table 2). The low water po- on the seed quality of five bedding plant species. Seed Sci. and Technol.

pray p

tential [-0.5 MPa (-5 bar)] during matric priming may have 19:494-503.

permitted greater PB sorption by seeds during the 7-day ex- 6. Fletcher, R.A. and G. Hofstra. 1990. Improvement of uniconazole-

posure while preventing germination. Davis et al. (3) noted induced protection in wheat seedlings. J. Plant Growth Regul. 9:207-212.

20% shorter shoots at 14 DAP from salt-primed tomato seeds 7. Fletcher, R.A. and A. Gilley. 2000. Triazoles as plant growth regulators

[KNO3 and |%P04a 6 days at 25C (77|:)] with onIy 10 ppm and stress protectants. Hortic. Rev. 24:55-138.

PB compared to that from salt-primed seeds without PB. 8. Frett, J.J. and W.G. Pill. 1989. Germination characteristics of
By 5 weeks after transplanting, 0n|y the growth medium (ﬁmotlcally primed and stored impatiens seeds. Scientia Hortic. 40:171—

drench and shoot spray applications of PB resulted in shorter™"* S _

shoots (9% and 17%, respectively) than those of control plants ”9- _KegVe“ S-J-da][‘?_ D.A. ?03-'319?95 CtE‘thIhA”*:t'g't',O” in 2’2’?‘;'35"‘1

(Table 3). Keever and Cox (9) reported that growth medium '0"°VInd drench and follar-appled Faclobulrazol. Fortscience 22555,

drench application of PB resulted in more persistent mari- %O- Keever’fG-J_- and V\I’-J-t Foft‘éf-b 133_1- Pf:’d‘:Ct'gnEa”‘_’ posﬁpft‘"ig?;"z’”

gold shoot height suppression (16% at 18 weeks after treat-PE"omance otuniconazole-treated bedding piants. J. Environ. Hort. 221~

ment) than a shoot application of equal PB dosage. Thus,

seed exposure to 1000 ppm PB during priming exerted a

short-term effect in suppressing marigold shoot growth. 12 Khan AA. 1.D. Mauire. G.S. Abawi. and S. I 1992
Our results ShOW th.at marigOId and cosmos responded dit- Matri(.:ondiir:)‘niné of ve.ge.tablzqslélergys to.im.provgvsvtlz;\n?jnestallalismwse.nt in ea{rly

ferently to PB application to seeds. Exposure of cosmos seedsie|q plantings. J. Amer. Soc. Hort. Sci. 117:41-47.

to 1000 p_pm PB durmg Soakmg or prl_mlng reduced Seedlmg 13. Parera, C.A. and D.J. Cantliffe. 1994. Presowing seed priming. Hortic.

shoot height but also reduced seedling emergence percentrey 16:109-141.

age, responses that were greater with the Ionger exposure 14. Pasian, C.C. and M.A. Bennett. 1999. Seed coats as plant growth

during priming than durmg soaking. While _soaking Mari-  regulator carriers in bedding plant production. Acta Hortic. 504:93-97.

gold seeds for 16 hours in 1000 ppm PB failed to decrease 15. Pill. W.G. 1994, L ial and . o
dling shoot height below that of control plants, exposure ot o - Low watey porential and Presowing germination

seedaling g low pi » EXPOSUIe treatments to improve seed quality. A.S. Basra (Editor). Seed Quality:

to 1000 ppm PB during priming reduced seedling shoot height Basic Mechanisms and Agricultural Implications. Haworth Press,

without reducing seedling emergence percentage. This sup-Binghampton, NY.

pression of shoot height was similar to that achieved with a  16. Pill, W.G. and W.E. Finch-Savage. 1988. Effects of combining priming

growth medium drench, but less than that achieved with a and plant growth regulator treatments on the synchronisation of carrot seed

shoot spray. On a per plant basis, exposure of marigold seedgermination. Annal. Appl. Biol. 114:383-389.

to 1000 ppm PB during priming used about one-fifth of the 17. Sanderson, K.C., W.C. Martin Jr., and J. McGuire. 1988. Comparison

PB used for drenching the growth medium (5.5233 '1@/ of paclobutrazol tablets, drenches, gels, capsules, and sprays on

seed vs 3.0 x ¥®@mg/cell). Seed treatment with PB gave chrysanthemum growth. Hortsc'enc_e 23:1908_1009'

shorter-term growth suppression and less spread of the chemiz. 1 S0ia KES T o B Ple B RUTUR, S0 e Seed priming

cal in the enV|ronment than the_gr_owth medium appllcatlon_. and seedling nutrient loading. First Intern. Conf. Processing Tomato.

Seed treatment with PB also eI_|m|nates cpnventlonal fungi- Grantville, PA.

cide seed coating treatment since the triazoles themselves

are potent fungicides (7). Treatment of seeds with PB may

increase seedling protection against chilling or drought as

reported in wheat using 1 ppm uniconazole (6).

11. Khan, A.A. 1992. Preplant physiological seed conditioning. Hortic.
Rev. 13:131-138.
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