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Abstract [Objective] This study aimed to establish the technical system for forcing
ornamental pineapple in Guzmania to flower and further provide technical parameters
for large-scale cultivation. [Method] The effect of different concentrations of ethephon
solution on flowering in Guzmania ornamental pineapple was studied by using ran-
domized block design. [Results] All the different concentrations of ethephon solution
were capable to force the four mainly-cultivated ornamental pineapple varieties to
flower to varying degrees. After the flower forcing, it took about 180 d for the
pineapple to stay in the ornamentation period, and there were no significant differ-
ences in inflorescence shape, inflorescence height, inflorescence diameter and bract
number among different treatment pineapples. [Conclusion] All the four varieties have
shown high sensitivity to ethephon. The optimal ethephon concentration is 400 mg/L
for treating G. lingulata, G. remembrance and G. denise and 500 mg/L for treating
G. conifera. After treatment, their major ornamentation traits are were able to satisfy

the requirements for commercial production of pineapple.
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uzmania, as an important
G group of ornamental in the
family Bromeliaceae, originat-
edfrom the Andes region, South
America, which is now mainly distribut-
ed in the tropical and subtropical re-
gions of Central and South Americal™.
Because of its bright color, peculiar
and pretty flower shape, as well as an
ornamentation period of up to six
months, pineapples have become
mainstream ornamental plants for
Spring Festival. In recent years, the
mainland China has started large-
scale introduction of pineapples.
However, since it is impossible to an-
ticipate the natural flowering event in
ornamental, artificial induction to
flower becomes quite critical®. In Chi-
na, flower forcing agents and their
concentrations, flower bud differenti-
atition mechanism®, and carbohydrate
metabolism® in Guzmania ‘ Calypso’,
Aechmea fasciate cv. Vanriegata and

Guzmania ‘Denise’ have been stud-
ied, but systematical research in flower
forcing technique in several specified
genera, especially the flowering pro-
cess and flowering quality is seldom
reported. Ehephon has a very obvious
effect of on the induction of flowering
in Bromeliaceae plants®. In this study,
we explored the effects of different
concentrations of ethephon on flower-
ing, flowering process and flower qual-
ity in Guzmania plants, with the objec-
tive to provide technical bases for the
mass- and standardization- produc-
tion of ornamental pineapple.

Materials and Methods
Experimental materials
Experimental plant materials in-
cluding G. lingulata, G. remembrance,
G. conifera and G. denise in Guzma-
nia were provided by the Deroose
Plants Co., Ltd. at Shanghai Flower
Port. The trials were carried out at the
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Agricultural  Facilities  Laboratory,
Southwest University of Science and
Technology. One-year-old plant tissue
culture plantlets that are free of dis-
eases and pests with robust growth
and no significant growth differences
were selected and grown in nutrition
bowls (®=12 cm), and the soil was a
compound substrate consisting of peat
and perlite at 10:1.
Test design

A randomized block design was
adopted with the ethephon solution
concentration gradient of Aq(water), A,
(100 mg/L), Ax(200 mg/L), A5(300 mg/L),
A,4(400 mg/L) and A5(500 mg/L), with A,
(water) as the control. First, water in
the cup consisting of central leaves
was poured away. Then, ethephon
solution at each concentration was
poured into the cup of each plant three
times, 40 ml every time, with time in-
terval of 5 d, 100 plants for each con-
centration for each variety with three
replications.
Observation  of
characteristics

After flower forcing, the morpho-

morphological

1107

logical characteristics during the flow-
ering process in each variety were in-
vestigated. Trait description was ac-
complished with reference to the stan-
dard presented by Yu et al.®®, and the
observation and record of traits was
also achieved with reference to their
method.

Results and Analysis
Effects of ethephon on flower forc-
ing in different pineapple varieties

It can be seen from Table 1 that
different concentrations of ethephon
could force all the four pineapple vari-
eties to flower to different degrees.
G. lingulata, G. lingulata and G. denise
exhibited similar physiological re-
sponses to different concentrations of
ethephon, and their flowering rates
increased with the increasing ethep-
hon concentration within the concen-
tration range of 100-400 mg/L, each
peaking at 400 mg/L; while G. conifera
required higher ethephon concentra-
tion than the other three varieties and
obtained a flowering rate of 98.0% at
500 mg/L. During the process of trans-

Table 1 Effect of ethephon on the flowering rate in different pineapple varieties

forming from vegetative growth into
reproductive growth, all the four vari-
eties exhibited high sensitivity to
ethephon, with overall similarity.
Effect of ethephon on the flowering
process in different pineapple vari-
eties

It can be seen from Table 2 that
different ethephon concentrations had
different effects on the flowering pro-
cess in different pineapple varieties.
The concentration 100 mg/L could
force G. lingulata, G. remembrance
and G. denise to flower to varying de-
grees, while the concentration of 200
mg/L was required to force G. remem-
brance to flower. For all the four vari-
eties, the response period shortened
with the increasing concentration, but
both the peak flowering period and or-
namentation period prolonged with the
decreasing concentration, which indi-
cated that under the premise of guar-
anteed highest flowering rate, low
ethephon concentration helped to
maintain longer flowering and orna-
mentation periods. However, at the
concentrations of either 300 or 400

Ethephon G. lingulata G. lingulata G. denise G. remembrance
concen- — — — —

tration // Flowering Significance Signifi- Significance Flowering Significance Flowering Significance
mg/L rate//%  0.05 001  cance 005 001 rate/% 005 0.01 rate/%  0.05 0.01
0 0 e E 0 f F 0 f F 0 d D
100 10.0 d D 9.0 e E 20.0 e E 0 d D
200 31.0 c C 24.0 d D 46.0 d D 21.0 c C
300 86.0 b B 80.0 b B 92.0 b B 77.0 b B
400 100.0 a A 100.0 a A 100.0 a A 90.0 a A
500 84.0 b B 60.0 c C 55.0 c C 98.0 a A

The significance test was conducted among different treatment plants in the same variety; the capital and lowercase letters represent the
significant differences at the 0.01 and 0.05 levels, respectively.

Table 2 Effect of ethrel on the process of blossom in different pineapple varieties

Ethephon G. lingulata G. lingulata G. denise G. remembrance
concen- Peak Orna- Peak Orna- Peak Orna- Peak Orna-
tration// Res‘ponse flowering mentation Response flowering mentation Response flowering mentation Res.ponse flowering mentation
mg/L period//d period//d period//d period//d period//d period//d period//d period//d period//d period//d period//d period//d
0 0fF OeE OeE 0fF OeE OeE 0fF OeE OeE OeE OeE OeE
100 123aA 148aA 221aA 119aA 146aA 213aA 117aA 143aA 197 aA OeE OeE OeE
200 115bB 137bB 201bB 110bB 132bB 198bB 109bB 131bB 182bB 155aA 179aA 225aA
300 98cC 119¢C 199cC 101cC 125¢C  193cC 92¢C 113cC 175¢cC  141bB 171bB 202bB
400 90dD 115¢C 194cC 95dD 120cC 186cC 85dD 110cC 174cC 132cC 149cC 193cC
500 82 eE 98dD 181dD 84eE 100dD 179dD 79 eE 94dD 154dD 126dD 142dD 185dD

The response period was defined as the number of days from the first time of flower forcing to the inflorescence growing to 1/2 of the total
length; the peak flowering period was defined as the number of days from the first time when flowers opened on the inflorescence
increased to 50% to the second time when flowers opened on the inflorescence dropped to 50%; the ornamentation period was defined as
the number of days from the inflorescence growing to 1/2 of the total length to flowers noticeably fading and lossing their ornamentation

value.
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Table 3 Effect of ethephon on flower traits during the peak flowering period in different varieties
Ethephon Length of

Pineapple concen- dic;:\gtr;r Leaf Inflorescence Inflorescence Inflorescence inflorescence Inflorescence  Bract

variety tration om number shape height length//cm  inserted with diameter//cm number
mg/L flowers //cm

G. lingulata 0 87.7 aA 36 aA / / / / / /
100 73.6bB  32bB  Star-shaped Tall 56.2 aA 25.6 aA 19.7 aA 18 aA
200 72.2bB 32bB  Star-shaped Tall 54.8 aA 25.3aA 19.3 aA 17 aA
300 71.6 bB 31bB  Star-shaped Tall 55.1 aA 25.0aA 19.3aA 17 aA
400 71.3bB 31bB  Star-shaped Tall 54.6 aA 24.9 aA 19.0aA 17 aA
500 66.6cC  27cC  Star-shaped Tall 50.0 bB 20.9bB 18.9aA 16 aA

G. lingulata 0 84.9 aA 35aA / / / / / /
100 71.1bB 31bB  Star-shaped Tall 53.1 aA 26.1 aA 20.2aA 12aA
200 70.2bB 31bB  Star-shaped Tall 52.7 aA 25.8 aA 19.9aA 12 aA
300 68.6 bB 32bB  Star-shaped Tall 52.0 aA 25.1 aA 19.5aA 10 aA
400 68.1bB  30bB  Star-shaped Tall 52.1 aA 24.9aA 19.0 aA 11aA
500 64.3cC 25c¢C  Star-shaped Tall 47.9bB 21.1 bB 18.8 aA 10aA

G. denise 0 79.3aA 34aA / / / / / /
100 69.1bB  30bB  Star-shaped Equally high 40.1 aA 13.3aA 26.2aA 20 aA
200 68.2 bB 30bB  Star-shaped Equally high 39.9aA 13.1aA 26.1 aA 20 aA
300 67.7 bB 29bB  Star-shaped Equally high 39.2aA 12.9 aA 25.9aA 19 aA
400 66.9bB  29bB  Star-shaped Equally high 38.8aA 12.2aA 26.0aA 18 aA
500 63.3cC 24cC  Star-shaped Equally high 33.1bB 9.6 bB 25.6 aA 19 aA

G. remembrance 0 114.4aAA 48aA / / / / / /
100 98.8bB  43bB / / / / / /
200 98.2bB 43bB  Torch-shaped Tall 47.8 aA 17.6 aA 16.6 aA 75 aA
300 98.7 bB 42bB  Torch-shaped Tall 47.3aA 17.0aA 16.1 aA 73 aA
400 97.4bB 41bB Torch-shaped Tall 46.7 aA 16.8 aA 15.9aA 74 aA
500 95.9bB 40bB  Torch-shaped Tall 46.1 aA 16.6 aA 15.6 aA 72 aA

mg/L, the differences in the peak flow-
ering period and ornamentation period
among G. lingulata, G. lingulata and
G. denise were not significant. Am-
ong the four varieties, G. remem-
brance exhibited longer response pe-
riod and peak flowering period com-
pared to the other three varieties at the
same concentration conditions.
Effects of ethephon on flower traits
during the peak flowering period in
different pineapple varieties

After flower forcing with ethephon,
the central leaves in the four varieties
spiraled into sword-shape, and the up-
per part coloured to form an inflores-
cence that specialized into star-shape
or torch-type according to their own
variety properties. It could be seen
from Table 3 that the control plants
didn’t bloom, and revealed significant
differences in the crown diameter and
leaf number with the treatment plants.
After treated with different concentra-
tions of ethephon, there were signifi-
cant differences in inflorescence

length and the length of inflorescence
inserted with flowers among treat-
ments with higher concentration and
those with lower concentration, while
there were no significant differences
in inflorescence diameter and bract
number.

Conclusion and Discussion

This study revealed that different
concentrations of ethephon has differ-
ent effects on the flower forcing in the
four major ornamental pineapple vari-
eties. The flowering rate in G. lingula-
fa, G. lingulata and G. denise all
reached 100% at the concentration of
400 mg/L and that in G. remembrance
reached 98% at 500 mg/L, which all
meet the requirement of large-scale
cultivation. Under the concentration
conditions with the highest flowering
rate, it took G. lingulata, G. lingulata
and G. denise about 90 d to undergo
the response period, about 120 d to
stay in the peak flowering period, and
about 180 d to stay in the ornamenta-

tion period, and it took G. remem-
brance 130 d to undergo the response
period, 150 d to stay in the peak flow-
ering period, and about 190 d to stay in
the ornamentation period, based on
which the best time for flowering peri-
od regulation can be determined ac-
cording to market demand. Although
after treatment with different concen-
trations of ethephon, there were differ-
ences in the crown diameter and leaf
number among the control plants and
the treatment plants in the four
pineapple varieties, and there were
also difference in the the inflores-
cence length and the length of inflo-
rescence inserted with flowers among
pineapples treated with higher con-
centrations and those treated with
lower concentrations, but the major or-
namentation traits like inflorescence
shape, inflorescence height, inflores-
cence diameter and bract number did
not vary with ethephon concentration,
which satisfy the requirements for or-

(Continued on page 1131)



2013

Agricultural Science & Technology

[11] LI JA(Z= 2 %¢), SUN Y (71 #i), GAO AL
(% % %), et al. Physiological nutrition
and hormone variations in Vernicia
fordii during flower bud differentiation (i
Wi 78 2 43 A 39178 37 5 0 3R A 307 A
%¥)[J]. Journal of Central South Univer-
sity of Forestry & Technology (& .l
B K= 44R), 2011, 31(3): 34-38.

[12] LAIRY (i3 =), LIN JZ (bR &), SU
MH (75 B1 4£), et al. Effects of KCIO; ap-
plication on the changes of root en-
dogenous hormones and root activity
during flower bud induction of
‘Songfengbeng’ Longan (% i #7755 T2
AR AE AR 2R P9 R R KO B 3R T 0 1
45 41k ) [J]. Chinese Journal of Tropical
Crops (#7F 1E ¥ 2¢ 4l¢), 2011, 32(2):
225-228.

[13] CHEN Q(F&i%), ZHOU C(JA 4t), ZHOU
XM (J& % 8). Study on the mechanism
of hormonal regulation of apple flower
bud differentiation and application effect
of control technology (3 2 4k F 43 fk. 11
2R R T L BE 5 R R R AL

Responsible editor: Fujuan Ql

1131

JH)[J]. Shanxi Fruits (1l F& S 44), 2006
(3): 38-39.

[14] CAl ZF (4 +#135), PENG J(& %), LI YH
(= Jk 41), et al. Correlation research of
carbohydrate change in buds and
leaves and flower bud differentiation of
Dimocarpus longan ‘Sijihua’ (“ 4 7= 1"
TR 5 A ZE R R OK AL A & AR b
A6 2 4y A6 A 5 P BF 98 ) [J]. Subtropical
Plant Science (W #4 fH ¥ #} %), 2010,
39(3): 8-11.

[15] WU PP (& #:3F), ZHOU BY (JH £ 3E).
Flower bud differentiation and changes
of carbohydrate in new shoots in Aver-
rhoa carambola( Bk i A 18 28 43 4k J
WK AL & W 2 k1 22 4k) [J]. Acta Horti-
culturae Sinica( [l 25 % 4i), 2007, 34(5):
1151-1156.

[16] WEI ZX (% # %), FU DM (& 1),
CHENG CF (# 8 R.), et al. Effects of
girdling on Fengdu red pomelo flower
(B 3R % = B O Al 50 247 19 52 Wi ) [J].
South China Agriculture (& 77 4% i),
2007, 1(5): 15-17.

S S S S S U S S U S G U S G S SO U S

(Continued from page 1108)
namentation properties in pineapple
commercialization.

Xia proposed that saturated aqu-
eous solution of acetylene gas had a
good effect on flower forcing, but the
acetylene is easy to volatilize, thus it is
hard to accurately control its concen-
tration, bringing great difficulty in oper-
ation in actual production. This study
shows that the four pineapple varieties
are highly sensitive to ethephon and
suitable to be applied to the large-
scale in-season cultivation taking ac-
count of the flowering rate, flowering
process and flower trait indexes at the
peak flowering period. In this study, we
also found that different concentrations
of ethephon solution had certain in-
hibitive effects on the growth of orna-
mental pineapples compared to the
control, which are mainly displayed in
plant appearance characteristics like
the crown diameter and leaf number,
and the inhibition was improved with
the increasing concentration. Whether

Responsible editor: Fujuan Ql

it is feasible to reduce the effect on
pineapple growth through lowering the
increasing concentration as low as
possible and increasing the treatment
times properly, requires further rigor-
ous tests.
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