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Abstract

LARCHER F,, BERRUTI A., GULLINO P, ScArIOT V., 2011. Reducing peat and growth regulator input in camellia
pot cultivation. Hort. Sci. (Prague), 38: 35—42.

Regulating plant development plays an important part in Camellia japonica L. pot production. Cultivation usually
occurs on peat-based substrate and growth control is performed with triazoles application. However, there is an in-
creasing need for suitable peat alternatives and more effective protocols. This study evaluated the effectiveness of three
different dosages (50, 100, 200 mg/1) and two application protocols (foliar spray, once or twice) of paclobutrazol on two
C. japonica cultivars grown on eight different substrate mixtures. The substrates were composed of four peat substitutes
(local green compost, pumice, composted coconut peat, and pine bark) mixed with the standard substrate at 30-40%
by volume. Treated plants showed reduction in most of the growth-related parameters, enhancement of ornamental
value and an overall plant health improvement. Basically, one application of paclobutrazol 50 mg/l was sufficiently ac-
tive. Among substrates, pine bark appeared to be a suitable partial peat alternative. Considering their lower cost and
effective performances, pumice and coconut peat proved suitable alternatives, too.

Keywords: flowering; plant development; paclobutrazol; ornamental plants; substrates

Abbreviations: @ — diameter; BDW — branches dry weight; cv — cultivar; DB — Dr. Burnside; FC* — flower chro-
ma; Fi° — flower hue angle; FL* — flower lightness; FN — flower number; FV — flower conical volume; H — height;
H/@ - height-diameter ratio; LC* — leaf chroma; LDW - leaves dry weight; LG — leaf gloss; L/° — leaf hue angle;
LL* - leaf lightness; LN — leaves number; MR — mortality rate; NP — Nuccio’s Pearl; PBZ — paclobutrazol; PGR - plant
growth regulator; RC — root colour; RD — root density; RT — root thickness; SPAD — chlorophyll content; Sub — substrate

Plant height and flowering are two highly con-
troversial features of greenhouse ornamental plant
pot cultivation. The tendency to grow taller than
desired and the absence of synchronized flowering
was shown to hinder the achievement of market-
able ornamental plants (BANKO, LANDON 2005).

There are different categories of control tools
available to producers: biological, mechanical, en-

vironmental, and chemical. Biological control is
the newest and the highest yield potential method,
but still does not represent a reliable and universal
technique (BAILEY, WHIPKER 1998). Mechanical
and environmental control relies on knowledge of
how plant growth can be affected by cultural prac-
tices and environmental conditions. It includes
many techniques like shoot brushing, impedance,
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Table 1. Composition of the substrates tested and their relative cost referred to the cost of the standard substrate

(arbitrarily defined as 100 units)

Substrate Composition (% v/v) Relative cost (units)
S 89% Sphagnum peat + 11% agriperlite (standard substrate) 100
SGC* 70% standard substrate + 30% green compost 81
Sp* 70% standard substrate + 30% pumice 111
SCP* 70% standard substrate + 30% coconut peat 102
SPB* 70% standard substrate + 30% pine bark 133
SGCP 60% standard substrate + 20% green compost + 20% pumice 95
SGCCP 60% standard substrate + 20% green compost + 20% coconut peat 89
SGCPB 60% standard substrate + 20% green compost + 20% pine bark 109

*Substrate mixture previously tested for camellia pot cultivation (LARCHER, SCARIOT 2009)

and plant shaking (LATIMER 1998), negative differ-
ence between day and night temperature (DIF), and
photoperiod fluctuation (TORRE, MOE 1998), light
quality and intensity shifts (MoOE et al. 1991) and
temperature dropping (MYSTER, MOE 1995). The
most used and effective type of control, however,
is the one that involves the application of chemical
growth retardants. Several plant growth regulators
labelled for use in floriculture, such as the triazoles
and pyrimidines, were developed to reduce stem
elongation by inhibiting the synthesis of gibberel-
lins (RADEMACHER 1989, 1992; BROWN et al. 1997).
A secondary effect linked to the inhibition of gib-
berellic acid biosynthesis is, for some plant genus in-
cluding Camellia, an early and enhanced flowering
(HALEVY 1983). However, these chemicals may also
raise phytotoxic symptoms, such as chlorosis and
leaf or flower injuries, probably because correct dos-
age and timing are unknown, with consequent im-
pacts on costs and on the environment (WHIPKER et
al. 2001). Thereby, arranging dosage, timing, target,
and application technique represents an important
tool and a necessary step for efficiently setting geno-
type and environmental conditions related protocols
(DAvVIs, ANDERSEN 1989; BAILEY 1991).

Regulating plant development plays an important
part in potted Camellia japonica L. cultivation and
is unfortunately very challenging. The few stud-
ies available on Camellia genus generally indicated
triazoles (paclobutrazol, uniconazole) as the best
molecules able to assure a suitable growth control
(WILKINSON, RiCHARDS 1988; SoNG, LEE 1995;
BAaNKO, LANDON 2005).

Another remarkable topic related to pot cultivation
is the increasing need for suitable peat alternatives.
Recent studies (HERNANDEZ-APAOLAZA et al. 2005;
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RIBEIRO et al. 2007; LARCHER, SCARIOT 2009) em-
phasized the interest in using abundant, high quality
environmental-friendly substrates, with a view to sus-
tainable floriculture. As substrates can affect growth
regulation (MILLION et al. 1998a, b; D1 BENEDETTO,
MoLINARI 2007), it appeared necessary to perform
growth regulation on brand new substrate mixtures
in order to evaluate the role and possible interactions
between these two cultivation factors.

This study evaluated the effectiveness, control-
ling both vegetative development and flowering, of
three different dosages and two application proto-
cols of paclobutrazol on two C. japonica cultivars
grown on eight different substrate mixtures. Results
will aid growers in rationalizing camellia cultiva-
tion through the use of more effective protocols.

MATERIAL AND METHODS
Plant material and growth conditions

The cultivation of two C. japonica cultivars, Nuccio’s
Pearl (NP; white-pink flowers) and Dr. Burnside (DB;
red flowers), selected according to their commercial
and ornamental value, lasted two years (2006—2008)
and was carried out in a frost-free greenhouse with
no additional light of a commercial nursery devoted
to produce acidophilus ornamental plants, located in
the Piedmont district (Northern Italy). Seven alter-
native substrate mixtures, among which four previ-
ously tested by LARCHER and ScArioT (2009), and
the standard substrate (89% commercial Sphagnum
peat and 11% agriperlite) were evaluated (Table 1).
The substrates were composed of four peat substi-
tutes (local green compost, pumice, composted co-
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Table 2. The eight plant growth regulator (PGR) treat-
ments performed in the experiment. Dosages and number
of applications of six paclobutrazol (PBZ) and two control
treatments are shown

PGR Active ingredient Dosage (mg/l) apg\rli(c).a?ii)ns
WX1 water control -

P50X1 PBZ 50

P100X1 PBZ 100 !
P200X1 PBZ 200

WX2 water control -

P50X2 PBZ 50

P100X2 PBZ 100 2
P200X2 PBZ 200

conut peat, and pine bark) mixed with the standard
substrate at 30—40% by volume. Commercial Sphag-
num peat (Alce and Silver Torf) was supplied by
Agrochimica (Bolzano, Italy) while coconut peat and
pine bark by Tref Ego Substrate BV (Moerdijk, Neth-
erlands). Green compost (waste mainly originating
from gardens and parks) and pumice were obtained
by local producers (Cooperativa Sociale Risorse, San
Bernardino Verbano, Italy). The physical, chemical,
and biological characteristics of the substrates which
were assessed and compared with desired values as
described by LARCHER and ScarioT (2009), were
generally within the acceptable ranges for camellia
plant container production (data not shown).

Plants were cultivated following the ordinary
protocol, as described by LARCHER and ScARIOT
(2009). In spring 2007, plant growth regulation took
place. The cultivation ended in April 2008, when
the flowered pots were suitable for the market.

Plant growth regulation
and experimental design

Three paclobutrazol [PBZ; IUPAC chemical name
(2RS, 3RS)-1-(4-Chlorophenyl)-4,4-dimethyl-2-
(1H-1,2,4-triazol-1-yl)pentan-3-ol] concentrations
(50, 100, and 200 mg/1, Cultar®, 25% v/v, Syngenta
Agro S:A:, Madrid, Spain) and a water negative
control were finely sprayed once (May 24, 2007) or
twice (May 24 and June 8, 2007), with a volume of
15 to 20 ml until foliar dripping point was reached,
in order to slightly moisten the substrates. The
eight plant growth regulator treatments (PGR, Ta-
ble 2) were tested on a sample of 576 plants of each

cultivar with a completely randomized experimen-
tal design. A nested design was devised with three
factors (cultivar, substrate mixture, and PGR appli-
cation protocol) and 9 replications. Each pot was
randomly allocated to one of the treatment regimes
and placed on greenhouse benches.

Morphological parameters
and quality evaluation

Plant growth and ornamental characteristics
were monitored during the main different cultiva-
tion phases (potting, before re-potting, before and
after branching, and at the end).

Plant height (H) and diameter (@), measured
across the widest side of the plant, were recorded
for each pot. To indirectly measure leaf chloro-
phyll content and plant health (SMITH et al. 2004),
the Chlorophyll Meter SPAD-502 Konica Minolta
(Nieuwegein, Netherlands), characterized by a
measuring accuracy of + 1.0 SPAD unit, was used.
Measurements were performed on 4 leaves ran-
domly chosen within each replicate, being each
measure the mean value of 2 measures on the same
leaf. When the plants reached commercial size, the
aerial part of each plant was oven-dried at 90°C,
and dry weights were determined for total leaves
(LDW) and branches (BDW). To assess root qual-
ity, density (RD), thickness (RT), and colour (RC) of
the visible roots at the substrate surfaces (side and
bottom) were visually evaluated by three referees
using respectively four classes of roots covering
(1=0-25%,2 =26-50%, 3 =51-75%, 4 = 76—100%),
root thickness (with class 4 indicating thicker
roots), and root colour (with class 4 indicating
darker roots), respectively. Mortality rate (MR) at
the end of the experiment was also calculated. For
aesthetic value, plant height, and average diameter
were used to calculate an ornamental parameter,
the height per diameter ratio (H/@), according to
MEDON et al. (2009). At full bloom, one randomly
chosen flower and leaf per replication was taken in
consideration for further analyses. Flower conical
volume (FV) was calculated according to the fol-
lowing formula: FV = 1t x (FQ/2)* x FD/3 (with FO
being flower diameter and FD representing flow-
er depth). Colour (L* a* b* space) variations and
gloss were measured by means of spectrophotom-
eter CM-2600 Konica Minolta sensing Inc. (Osaka,
Japan). Chroma (C*) and hue angle (4°) were calcu-
lated according to ONOzZAKI et al. (1999). At last,
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total flowers produced during the whole flowering
period and leaves number at the end of cultivation
(FN and LN, respectively) per plant were counted.

Statistical analysis

To analyze camellia growth, health, and ornamental
related data and to assess interactions among fixed fac-
tors (cultivar, substrate mixture, and plant growth reg-
ulator treatment), results were subjected to a univari-
ate analysis of variance (UNI-ANOVA). All data were
post-hoc tested using Ryan-Einot-Gabriel-Welsch-
F test (REGW-F), by means of the SPSS statistical
package (version 16.0; SPSS Inc., Chicago).

RESULTS AND DISCUSSION
Plant growth regulator treatments

PGR effects were observed on every parameter ex-
cept for RC. Plants treated with PBZ showed H, O,
LDW, BDW, and SPAD clearly different from con-
trols (Table 3a). Fewer differences on root character-
istics were detected. RD was affected only by P100X1
(1.91). Treatments P50X2 to P200X2 caused root
thickening while no effects were seen on RC. Con-
sidering ornamental characteristics, PBZ influenced
H/@, EN, FL* FC* and Fh°. Few differences were
detected among PBZ treatments. H/@ was closer
to 1 than in control plants, pointing to an improved
growth control. FN and FC* were statistically higher,
while FL* was lower, indicating that PBZ treatments
led to darker and more vivid petals. F/z° showed a
hue switch trend towards more reddish colors in
PBZ treated camellias, especially for P100X1 (27.63)
and P200X2 (28.81). Concerning flowering time,
all plants showed the same trend (data not shown),
starting gradually at the beginning of January and
reaching the peak in mid-March, 2008.

Growing media

Morphological characteristics were influenced by
all substrate mixtures except for LL* and FC* (Ta-
ble 3b). In SGC, H, and @ were reduced (23.84 and
22.35) while flowering was enhanced (2.96), suggest-
ing a substrate based control. In contrast to other
growing media, which generally matched camel-
lia pot cultivation, in this medium plants appeared
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to be undergoing physiological stress. In detail,
SGC dramatically reduced LN (27.13) and BDW
(2.94), slightly negatively affected SPAD (77.20)
and caused an abnormally darker root color (2.58)
and less developed root systems (1.80). A higher
MR (30%) was also observed compared to the av-
erage of all other substrates (5%). Best results in
growth were achieved for plants cultivated in SP
and SPB, which showed higher values for H (42.43
and 41.02), LDW (15.16 and 15.59), BDW (7.13 and
6.76), SPAD (79.32 and 79.46), and lower MR (3%
and 1%). Generally peat substitution, except in SPB,
negatively affected RD while enhancing SPAD in
most of the substrates (SP, SPB, SGCP, SGCPB).
From an ornamental point of view, the situation was
more complex. H/@ was closer to 1 in SGC (1.11)
but, as above mentioned, this medium perturbed
plant growth while SP and SPB provided the highest
ratios (1.58 and 1.51). Substrate mixtures differently
affected leaf and flower color. LC* resulted higher
in S (12.63) and lower in SGCP (11.29). Lh° resulted
higher in SP (126.25), SGCP (126.25), and SGCCP
(126.44). In the latter, leaf gloss (LG) showed the
lowest value (10.17). Concerning FL* plants grown
on SGC, SCP, and SPB presented slightly lighter hues
(65.89, 65.50, and 65.60) with respect to S (63.15).
FN was generally not affected by growing media, ex-
cept for SCP, in which plants produced on average
fewer flowers (1.36).

Interactions

Interactions among fixed factors (cultivar, sub-
strate mixture and plant growth regulator treat-
ment) were significant for every parameter (Ta-
ble 3c). In particular, significant interactions
among all possible factor combinations (cultivar
and substrate; plant growth regulator and cultivar;
plant growth regulator and substrate; plant growth
regulator, cultivar and substrate) were found in H,
BDW, RD, LN, LC* LG, EN, FL* and Fk°. Hence,
in order to better analyze different PBZ application
effects, UNI-ANOVA and Post-hoc test (REGW-F)
were performed on data referring to the two culti-
vars grown only on standard substrate (S). Results
on growth parameters (data not shown) showed
that all PBZ treatments similarly affected H and O,
contrasting control treatments, while for the other
parameters few or no differences among treatments
were highlighted. The effect of the interaction be-
tween growth regulation and substrate was ana-
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Table 3. to be continued
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Abbreviations and symbols: H — height, @ — diameter, LDW, BDW - leaves and branches dry weights, respectively; SPAD — chlorophyll content; RD, RT, RC - root den-

sity, thickness, color, respectively; MR — mortality rate, H/® — height-diameter ratio; LN, LL*, LC*, Lk°, LG — leaf number, lightness, chroma, hue angle, gloss, respectively;

EN, FV, FL*, FC*, Fh° — flower number, volume, lightness, chroma, hue angle, respectively

lyzed for the most important growth and ornamen-
tal parameters (H, @, and FN; data not shown). PBZ
application affected H in all media, @ was clearly
reduced in S, SCP, SPB, SGCP, and SGCCP, while
FN was increased in SP, SCP, SPB, and SGCPB. Sim-
ilarly, the effect of growth regulation on each cul-
tivar was evaluated (data not shown). Differences
were detected especially for height control. Gener-
ally PBZ treatments showed more effectiveness on
NP while, in few cases (when camellias were grown
in SP or SPB), DB showed a positive response only
to treatments higher than P50X1.

Interactions among fixed factors caused difficulty in
interpreting some growth regulation data. In particu-
lar, between control treatments (Table 3a), differences
were detected concerning plant diameter, leaf charac-
teristics (LL* LC* Lh°, LG) and flower volume (FV)
and color (F/°). Generally, in these cases, the controls
gave values comparable with PBZ treatments. No dif-
ferences among PBZ treatments were highlighted in
H, BDW, SPAD, H/@, MR, FV, and LC* while, in few
cases (RT, LG, FL*), higher dosages highly influenced
growth and ornamental characteristics. For all the
other parameters, PBZ effect was less clear. Basically,
P50X1 can be considered as the most appropriate
treatment, with a view to environmental impact and
to economical context, being the lowest dosage tested
to be effectively active. In fact P50X1 showed, gener-
ally, as every other PBZ treatment regime tested, a re-
markable reduction of some of the most important pa-
rameters, such as height and the widest diameter and
promoted the production of a higher number of flow-
ers, with darker, more vivid and more reddish colors.
Therefore, paclobutrazol dosage can be reduced dras-
tically without affecting negatively growth control, in
contrast to previous studies in which paclobutrazol
was used only at high dosages (500 mg/l, WILKINSON,
RICHARDS 1988; 250—1,000 mg/l, SONG, LEE 1995).
Moreover, in contrast to BANKO and LANDON (2005),
paclobutrazol treatments increased flowering. Within
paclobutrazol treatments, flower color was negligibly
improved by higher dosages. As for substrate influ-
ence, only SGC was inappropriate for camellia pot
cultivation. Probably due to its higher salinity and pH,
green compost at 30% caused phytotoxic effects and
a following high mortality rate. Lower percentages of
green compost in media bearing other peat alterna-
tives (SGCP, SGCCP, SGCPB) showed less mortality
compared with S and SGC, suggesting a dampening
of phytotoxicity by means of pumice, coconut peat,
and pine bark. In terms of growth and ornamental
value, pumice, and pine bark provided the best re-
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sults, promoting development, improving health
and enhancing leaf production and flower quality. In
detail, referring to the latter characteristic, SP par-
ticularly increased flower size while SPB stimulated
production of lighter flowers. With respect to flow-
ering, substrate containing green compost, with par-
ticular regard to SGC and SGCP, showed to increase
flower production while reducing flower size. Finally,
as expected and already assessed by previous studies
(CorNEO, REMOTTI 2003; SCARIOT et al. 2007), cul-
tivars behaved very differently. In particular, in spite
of overall mean values indicating similarity in growth
related parameters, the two cultivars grew and flow-
ered differently within the same medium, except for S
and partially for SCP and SGCPB (influence of culti-
var was not seen on plant height) and for SGCP (in-
fluence of cultivar was not seen on plant diameter). In
this medium, a flattening of performance differences
between the two cultivars was observed. This feature
is desired in the pot cultivation field, where treating
different cultivars as if they were one could lead to
cost and time effectiveness in particular, when the
flattening concerns growth and developmental dif-
ferences between cultivars, such as height at the end
of cultivation, flowering period, and dormancy break.
Besides, a reduced effect of cultivar on plant growth
regulator treatment would be very interesting from a
pot cultivation process standardization point of view.
Interaction between growth regulation and cultivar
is visibly lowered by the standard substrate for both
growth and ornamental characteristics, for example
branches dry weight (BDW) and flower number (FN).
However, in these cases, standard substrate seems to
dampen PBZ effect, highlighting a non-clear sepa-
ration among PBZ and control treatments. In some
cases, interactions among cultivar, substrate and PGR
could provide better performances of plants, espe-
cially for growth control and flowering enhancement.
For instance, when cultivar DB was grown in SP, these
interactions showed to work positively, promoting the
best flowering with the lowest dosage of paclobutra-
zol. As shown in Table 3¢, interaction between PGR
and substrate are widespread to almost every param-
eter reported, including those directly connected to
growth control and flowering promotion. That leads
us to infer about the possibility of having positive
plant growth regulation protocol and substrate com-
bination, regardless of the cultivar. On the whole, an
ideal combination of substrate and growth regulation
protocol would consist in a substrate able to standard-
ize plant growth within and between cultivars and not
to interact with PGR application but for enhancing its

activity, and in a PGR able to act equally between dif-
ferent cultivars.

Thus, for camellia pot cultivation, SPB resulted as
themostpropersubstrate,inagreementwith previous
studies about suitability of pine-derived substrates
for Camellia pot cultivation (KEEVER, MCGUIRE
1991; ALEXANDER 2009; LARCHER, SCARIOT 2009).
However, the choice among peat substitutes should
depend also on their cost and availability. Thereby,
pine bark being the most expansive peat alternative,
the choice could also pertain to other substrate mix-
tures such as SCP, which behaved similarly to peat,
corroborating another study on coir-based sub-
strates suitability on Impatiens (ARGO, BIERNBAUM
1996). This medium could, therefore, represent a
more economical alternative, characterized by an
acceptable mortality rate within all PBZ treatments.
SP resulted suitable too, showing no diameter re-
duction but very relevant flowering in response to
paclobutrazol applications, which caused no mor-
tality. To compensate for the greater growth in pine
bark and pumice based substrate, paclobutrazol
concentration may need to be increased slightly to
achieve a similar plant height as with the peat-based
and coir-based substrate. These results are in agree-
ment with previous studies (MILLION et al. 1998a, b)
which showed that paclobutrazol had less activity
on Petunia and Dendranthema grown in pine bark,
which promoted a higher growth rate, than in peat. In
conclusion, considering a standardized protocol for
different cultivars, the application of paclobutrazol
50 mg/l spray combined with the use of pumice, pine
bark or coconut peat, with the latter providing the
less vigorous growth, is suggested. However, while
in the United States paclobutrazol is registered for
use at EPA (Environmental Protection Agency), in
some EU member states this molecule has recently
been revoked. Therefore, studies on alternatives to
paclobutrazol and, in general, to chemical control,
are needed.
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