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The effects of short-day (SD) and gibberellic acid (GA
3
) treatments on promoting vegetative propagation during the summer were

examined in Napier grass (Pennisetum purpureum Schumach). A dwarf variety of late heading type (DL) Napier grass was exposed
to three SD treatments (5, 10, and 20 short days plus a spray of 400 ppm GA

3
solution following each SD treatment, GASD) or

no treatment (control). Additionally, then, a dwarf variety of early heading (DE) and the normal variety of Merkeron (ME) were
exposed to 10 days of GA-SD treatment together with nontreated controls. For DL andDE, GA-SD treatments showed the following
effects: 10-day GA-SD treatment increased significantly (𝑃 < 0.05) the length of lateral tiller buds, maintained a high rooting
percentage, and increased the diameter of the tiller buds.This resulted in a taller plant, one with enhanced tiller numbers, and thus
a greater number of established nursery plants for the two dwarf varieties. In contrast, there was only a limited positive effect of the
GA-SD treatments on the normal variety, ME.Thus, 10 days of GA-SD treatment was judged to be the most effective treatment for
promoting lateral tiller bud elongation and early maturation in tiller buds for the two dwarf varieties of Napier grass.

1. Introduction

Napier grass (Pennisetum purpureum Schumach) belongs
to a tropical C

4
grass with high dry matter productivity

[1, 2] and it can elongate its stem internode without phase
transition from the vegetative to the reproductive state.
Napier grass is now used for multiple purposes, including
cut-and-carry fodder for herbivores [3], rotational grazing
use [4], and feedstock for bioenergy production [5] and for
phytoremediation [6] in the Kyushu area of Japan. Napier
grass rarely produces viable seed and thus is commonly
propagated vegetatively using stem cuttings and rooted tillers
[1, 7, 8]. However, because protocols for efficient nursery
production of Napier grass have not yet been established and
a stable supply of nursery plants cannot be assured during
all of the growing seasons, cultivation of this grass species

remains limitedmainly due to the shortage of nursery-grown
rooted propagules [9].

In our previous study, although vegetative propagation of
Napier grass was accomplished with cell-tray nursery plants
[10, 11], the propagation season was strictly limited to the
late autumn. It is difficult for these late-autumn propagated
nursery plants to be transplanted in the field soon after
propagation due to the frost damage. Thus, nursery plants
needed to bemaintained in the glasshouse over the wintering
season.

Hare et al. [12] conducted short-day (SD) treatment on
another tropical grass, Paspalum atratum, to induce the
transition of growth stage to the reproductive phase, resulting
in the heading and flowering in summer season, which is
unusual since P. atratum normally never heads until late
September, after being subjected to the naturally occurring
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SD photoperiod. It has been reported that tropical grasses
have a suppressed vegetative growth in response to appli-
cation of growth retardants [13]. Dwarf varieties of Napier
grass are blocked in the pathway of gibberellin biosynthesis
and thus exhibit severely suppressed stem elongation before
the phase transition to the reproductive state [7]. Thus, it is
considered as feasible that SD and/or GA

3
treatments could

elongate the stem internode [14–17], which may facilitate the
successful vegetative propagation and production of nursery
plants for dwarf Napier grass.

The aim of the present study, therefore, was to determine
the optimal length of SD andGA

3
treatments in dwarf Napier

grass (Experiment 1) and also difference of Napier grass in
SD and GA treatments (Experiment 2) on the effect of the
nursery propagation in the summer.

2. Materials and Methods

2.1. Optimal Growth Stages of SD and GA
3
Treatments

(Experiment 1). The experiment was conducted at the Uni-
versity of Miyazaki in southern Kyushu, Japan (31.83∘N and
131.41∘E, 22m asl) from 2 July 2010 to 16 November 2010. The
aboveground stems in the dwarf variety of late heading type
(DL) Napier grass, which was overwintered in a glasshouse
fromDecember 2009 to April 2010, were cut into single-node
stem cuttings and transplanted into a cell tray (36 cells and
4×4×4 cm depth/cell), filled with “raising seedling” medium
(Takii Co. Ltd., Kyoto) on 4 May 2010. After emergence of
tillers, the cell tray was fertilized with a chemical fertilizer
(14(%) : 14(%) : 14(%) in N, P

2
O
5
, and K

2
O, resp.) at 2 g per

cell tray on 9 June, 22 June, and 17 July, respectively. Cell-tray
DLNapier grass plants were irrigated as required and thinned
to one main shoot only for each cell at the start of treatment.

Treatments were applied in a split plot design with 3
replications under 3 levels of SD, namely, 5, 10, and 20
days, combined with and without foliar spray of 400 ppm
GA
3
solution and surfactant (HitenPower, Hokko Chemical

Industry, Co., Ltd., Tokyo, 0.1% v/v), which was determined
to be the most effective concentration in preliminary exper-
iments with the DL variety of Napier grass, at the start of
treatments (designated as GA-SD and SD). Plants designated
as controls (C) were grown under natural LD and received no
GA-SD or SD treatment.The SD treatment was conducted by
setting cell trays of DL Napier grasses into a plastic tunnel
at 1.75m height and 0.5m base diameter with ventilation by
an air pump at 2 L/min to reduce overheating of the inside
temperature. The tunnel was shaded with black cloth for
about 14 h, thus giving a 10 h SD. Initially, three lengths of
SD were utilized, 5, 10, and 20 days, starting on 12 July 2010.
The natural day lengthwhen the SD treatments were imposed
ranged from 13 h 43mins to 14 h 6mins.

Height of the node where the uppermost expanded leaf
was attached was measured 5 days before treatment and
0, 2, and 5 weeks after treatment for 4 plants (shoots) per
replication within each of the cell trays. At 5 weeks after
treatment, internode length and length, diameter, and rooting
of lateral tiller buds were determined from the bottom to the

uppermost expanded leaf nodal position. However, imma-
ture stem nodes with less than 10mm of internode length
were omitted from the observation due to the likelihood
of poor vegetative propagation. After these measurements
each shoot was cut into the single-node cuttings, which were
transplanted into the cell tray in the same size as mentioned
before, incubated for 4 weeks outside under natural (long)
day lengths, and fertilized with 0.33 L per cell tray of a 1/500
Hyponex solution, containing 6(%), 10(%), and 5(%) of N,
P
2
O
5
, and K

2
O, respectively, at 3 weeks after transplanting.

At the end of 4-week cell culture, rooted stem cuttings were
transplanted to the Andosols (soils of active volcanic areas)
at 10 cm × 20 cm of intrarow and interrow spacing, respec-
tively, and fertilized at 5 g/m2, each of N, P

2
O
5
, and K

2
O,

respectively, using the chemical fertilizer. On 16 November
2010, that is, 8, 7, and 6 weeks after the termination of 5, 10,
and 20 days of SD treatments, respectively, the percentage of
fully established plants was determined, and plant height and
lateral tiller number for the DL Napier grass were measured
for all vegetative (not flowering) nursery plants.

2.2. Varietal Differences in SD and GA Treatments
(Experiment 2). The experiment was also conducted at
the University of Miyazaki from 26March 2011 to 22 October
2011. Varieties utilized were DL, another dwarf variety which
was an early heading type (DE) and a normal (tall) variety
of Merkeron (ME). Single-node cuttings were obtained
from the overwintered plants in the glasshouse on 26 March
2011 for ME and on 21 April 2011 for DL and DE. These
cuttings were transplanted into cell tray of the same size as in
Experiment 1 and incubated outside. Fertilizer was supplied
by 0.33 L of a 1/500 diluted Hyponex solution per cell tray
on 26 April and additionally with 5 g of chemical fertilizer
per cell tray on both 7 June and 5 July 2011 for ME and on 18
May, 7 June, and 5 July, each for DL and DE. Cell-tray Napier
grasses were irrigated as required and thinned to one main
shoot only for each cell at the start of treatment.

Treatments were applied in a split plot design with 3
replications under 10 days of SD treatments for 14 hours of
dark condition, combined with foliar spray of 400 ppm GA

3

solution at the start of treatments (designated as GA-SD), and
started on 5 July 2011. The natural day length when the SD
treatments were imposed was ranging from 14 hr 4mins to
14 hr 9mins. No treatment of GA-SD was applied to Napier
grass plants which were designated as control (C). Heights
were measured as detailed for Experiment 1 (above). At 5
weeks after treatment on 23 August 2011, internode length
and the length, diameter, rooting of tiller buds, and rooting
of stem nodes were determined. Heights were measured
from the soil surface to the uppermost expanded leaf node
position. After making these measurements, each shoot was
cut into the single-node cuttings, which were transplanted
into the cell tray, incubated for 2 weeks outside, and fertilized
with 0.33 L per cell tray of a 1/500 diluted Hyponex solution
at 1 week after transplanting on 30 August 2011. Nursery
plants with leaves were counted and transplanted to the
Andosols at 15 cm and 25 cm of intrarow and interrow
spacing, respectively, on 13 September 2011.
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Figure 1: Changes in height of the uppermost expanded leaves in dwarf (DL) Napier grass for 5 weeks after treatment (Exp. 1). Treatment:
control (C), short-day (SD), and foliar spray of gibberellin acid (GA

3
), followed by SD (GA-SD). An arrow indicates the date of the start of

treatment. Figures with different letters indicate the significant difference at the same date by the Bonferroni test at the 5% level.

2.3. Statistical Analysis. For both experiments, Student’s 𝑡-
test and one-way analysis of variance (ANOVA) for a split plot
design were performed using software (Excel statistics 2010).
Mean separations were tested using the Bonferroni method
at the 5% level of probability.

3. Results

3.1. Optimal Growth Stages of SD and GA Treatments
(Experiment 1). Height of the uppermost expanded leaf node
was significantly higher in GA-SD than in SD and C plots
irrespective of SD treatment periods at 1 and 2 weeks after
treatment. The height increased gradually with time for
plants given SD treatment (Figure 1). However, 20-day SD
treatment tended to retard the stem elongation at 5 weeks
after treatment, relative to control plants.

Internode length and length, diameter, and rooting of
tiller buds showed a significant effect of GA-SD and/or SD
treatments for all of 5, 10, and 20 days of treatment periods
at 5% level (Table 1). Length, diameter, and rooting of tiller
buds were significantly higher in 5 and 10 days of GA-SD

treatments than in control and the degree of enhancement
was larger for the 10-day treatment than the 5-day treatment.
Effect of treatments was determined in each nodal position
under the 10-day long SD treatment, which was the most
effective SD treatment (Figure 2). The GA-SD treatments
significantly increased the internode length at the 3rd node,
tiller bud length at the 1st to the 5th nodes, tiller bud diameter
at the 3rd node, and tiller bud rooting at the 1st node, all
relative to the control plants and also relative to the SD plants.
The SD treatments plants had increased internode lengths at
the 1st to the 3rd nodal positions and tiller bud lengths at the
8th node, relative to the control plants.

Established percentage of stem cuttings with rooted tiller
buds achieved more than 80% among all the treatments. Five
days of GA-SD treatment increased the plant height of nurs-
ery plants and 10 days of GA-SD treatment increased both
plant height and tiller number of nursery plants, compared
with control (Figure 3).

3.2. Varietal Differences in Responses to SD andGATreatments
(Experiment 2). Height of the uppermost expanded leaf
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Table 1: Effect of treatment and nodal position on nursery plant attributes in dwarf (DL) Napier grass (Exp. 1).

(a) 5-day treatment

Plant attribute
Internode length (mm) Tiller bud length (mm) Tiller bud diameter (mm) Rooting (%)

Treatment ns ∗∗ ∗∗ ∗∗

Nodal position ∗∗ ∗∗ ∗∗ ∗∗

Interaction of treatment × nodal position ∗∗ ∗∗ ∗ ∗∗

C 28.64 8.28b 3.24b 0.00b

SD 32.73 8.54b 3.31ab 0.00b

GA-SD 35.48 15.27a 4.02a 6.25a

(b) 10-day treatment

Plant attribute
Internode length (mm) Tiller bud length (mm) Tiller bud diameter (mm) Rooting (%)

Treatment ns ∗∗ ∗∗ ∗∗

Nodal position ∗∗ ∗∗ ∗∗ ∗∗

Interaction of treatment × nodal position ∗∗ ∗∗ ns ∗∗

C 28.12 7.40c 3.27b 0.00b

SD 31.10 8.67b 3.88ab 1.85b

GA-SD 28.09 12.89a 4.13a 9.26a

(c) 20-day treatment

Plant attribute
Internode length (mm) Tiller bud length (mm) Tiller bud diameter (mm) Rooting (%)

Treatment ∗∗ ∗∗ ∗∗ ns

Nodal position ∗∗ ∗ ∗∗ ∗

Interaction of treatment × nodal position ∗∗ ∗∗ ns ∗∗

C 31.97a 9.69a 3.57a 2.27

SD 27.35ab 8.48ab 3.06b 0.00

GA-SD 21.27b 8.44b 2.93b 0.00
∗
𝑃 < 0.05, ∗∗𝑃 < 0.01, and ns

𝑃 > 0.05.
Values with different letters indicate the significant difference by the Bonferroni test at the 5% level.

node was significantly higher in GA-SD treatment than in
C plots at 1 week after treatment and thereafter across all
varieties. Heights were 26, 40, and 19 cm higher than the
control for DL, DE, and ME, respectively (Figure 4).

Internode length and length, diameter, and rooting from
stems showed significant effect of GA-SD treatments for
almost all the examined varieties at 5% level (Table 2), except
for several nonsignificant effects (Table 2). Internode length
and tiller bud length in GA-SD treatment were significantly
higher than those in the control for DL and DE, and the
enhancement was more effective in DE than in DL. In
addition, tiller bud diameter in DL, stem rooting in DE, and
internode length in ME were significantly higher in the GA-
SD treatment, compared with the control.

Effect of treatments was measured in each nodal position
in themost responsive variety ofDE (Figure 5).The internode
length at the 4th to 7th nodes, the tiller bud length at
the 3rd to 7th nodes, the tiller bud diameter at the 3rd to
4th nodes, and stem rooting at the 4th to 6th nodes were
significantly higher in the GA-SD treatment than in the
control. It is shown that the positively promoted effects on
tiller bud maturation appeared at the central to the upper
nodal positions (Figure 5).

Established percentage of stem cuttings with leaved tiller
buds showed more than 95% across all the varieties and
treatments, except for the GA-SD treatment in ME where it
was at 85.3%. No significant differences in plant height and
tiller number were detected in any variety (Figure 6).
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Figure 2: Changes in plant attributes of internode length (a), tiller bud length (b), tiller bud diameter (c), and tiller bud rooting (d) among
nodal positions in dwarf (DL) Napier grass, subjected to 10-day treatment (Exp. 1). Nodal position was counted from the bottom of shoots.
For treatments, refer to Figure 1. Figures with different letters indicate the significant difference at the same nodal position by the Bonferroni
test at the 5% level.

BC C

A

B
AB

A

ns

ns B AB A

A A

B

ns
ns

ns

C SD

G
A-

SDC SD

G
A-

SDC SD

G
A-

SD

5-day 10-day 20-day
Treatment period and plot

Plant height
Tiller number

0

5

10

15

20

25

30

nu
m

be
r (

pe
r p

la
nt

)
Pl

an
t h

ei
gh

t (
cm

), 
til

le
r

Established plants

0

20

40

60

80

100

Es
ta

bl
ish

ed
 p

la
nt

s (
%

)

Figure 3: Plant growth attributes in transplanted regrowth plants
after treatments in dwarf (DL) Napier grass (Exp. 1). For treatments,
refer to Figure 1. Figures with different letters indicate the significant
difference at the same date by the Bonferroni test at the 5% level.

4. Discussion

Height of the uppermost expanded leaf node in DL reached
30 cm in late July for the 10-dayGA-SD treatment and in early

August for the 5-day GA-SD treatment, compared with late
August in the control plot. This may be brought about by two
factors; the first was due to the rapid enhancement of stem
elongation in the basal several stem nodes by the foliar GA

3

spray [18] as shown in Figures 1 and 2.The second was due to
the gradual enhancement of stem elongation by SD treatment
[14, 17].Therefore, GA

3
treatment showed the rapid effect and

SD treatment showed gradual effect on stem elongation in
DL Napier grass. Vegetative nursery propagation of Napier
grass requires the use of the single nodal stem cuttings and
thus the stem elongation in the dwarf varieties is essential
for saving labor time and costs in vegetative propagation.
In the present study, both the 5-day and 10-day GA-SD
treatments were demonstrated as being effective treatments
in vegetative propagation by enhancing stem elongation in
the early summer season.

In Experiment 2, the 10-day GA-SD treatment induced a
similar enhancement of stem elongation by about one month
across the three varieties of Napier grass. Therefore, 10-day
GA-SD treatment allows for significant promotion of stem
elongation early in the summer season.

The SD and GA-SD treatments increased almost all of the
growth attributes effective for the vegetative propagation and
the additive positive effect of GA-SD treatment makes it a
preferred treatment, relative to SD only treatments for 5 days



6 International Journal of Agronomy

ns

∗

∗ ∗

0

20

40

60

80

100

120

7/5 7/12 7/19 7/26 8/2

le
af

 (c
m

)
H

ei
gh

t o
f u

pp
er

m
os

t e
xp

an
de

d

(Month/day)

C
GA-SD

(a) DL

ns

∗

0

20

40

60

80

100

120

7/5 7/12 7/19 7/26 8/2

le
af

 (c
m

)
H

ei
gh

t o
f u

pp
er

m
os

t e
xp

an
de

d

(Month/day)

C
GA-SD

∗
∗

(b) DE

∗

∗

∗ ∗

0

20

40

60

80

100

120

7/5 7/12 7/19 7/26 8/2

le
af

 (c
m

)
H

ei
gh

t o
f u

pp
er

m
os

t e
xp

an
de

d

(Month/day)

C
GA-SD

(c) ME
Figure 4: Changes in height of the uppermost expanded leaves in 3 varieties of Napier grass for 5 weeks after treatment (Exp. 2). Variety:
dwarf-late heading type (DL), dwarf-early heading type (DE), andMerkeron (ME). Treatment: control (C) and foliar spray of gibberellin acid
(GA
3
), followed by SD (GA-SD). An arrow indicates the date of the start of treatments. ∗𝑃 < 0.05 and ns

𝑃 > 0.05.

∗∗

∗∗

∗∗

∗∗

0

50

100

150

200

1 2 3 4 5 6 7 8 9In
te

rn
od

e l
en

gt
h 

(m
m

)

Nodal position

C
GA-SD

(a)

∗∗

∗∗

∗∗

∗∗

∗∗

0

10

20

30

40

Ti
lle

r b
ud

 le
ng

th
 (m

m
)

1 2 3 4 5 6 7 8 9
Nodal position

C
GA-SD

(b)

∗
∗∗

0

2

4

6

Ti
lle

r b
ud

 d
ia

m
et

er
 (m

m
)

1 2 3 4 5 6 7 8 9
Nodal position

C
GA-SD

(c)

∗∗ ∗∗

∗∗

1 2 3 4 5 6 7 8 9
Nodal position

C
GA-SD

0
20
40
60
80

100

Ro
ot

in
g 

fro
m

 n
od

e (
%

)

(d)
Figure 5: Changes in plant attributes of internode length (a), tiller bud length (b), tiller bud diameter (c), and rooting from nodes (d) among
nodal positions in dwarf (DE) Napier grass, subjected to 10-day treatment (Exp. 2). Nodal position was counted from the bottom of shoots.
For treatments, refer to Figure 4. ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01.
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Table 2: Effect of treatment and nodal position on nursery plant attributes in three varieties of Napier grass (Exp. 2).

(a) Variety DL

Plant attribute
Internode length (mm) Tiller bud length (mm) Tiller bud diameter (mm) Rooting (%)

Treatment ∗∗ ∗∗ ∗ ns

Nodal position ∗∗ ∗∗ ns ∗∗

Interaction of treatment × nodal position ∗∗ ∗∗ ns ns
C 33.56 8.39 3.26 13.55

GA-SD 65.65∗∗ 14.45∗∗ 3.55∗ 24.07

(b) Variety DE

Plant attribute
Internode length (mm) Tiller bud length (mm) Tiller bud diameter (mm) Rooting (%)

Treatment ∗∗ ∗∗ ns ∗∗

Nodal position ∗∗ ∗∗ ns ∗∗

Interaction of treatment × nodal position ∗∗ ∗∗ ns ∗∗

C 44.03 9.22 3.26 29.16

GA-SD 101.11∗∗ 17.62∗∗ 3.63 57.91∗∗

(c) Variety ME

Plant attribute
Internode length (mm) Tiller bud length (mm) Tiller bud diameter (mm) Rooting (%)

Treatment ∗∗ ns ∗∗ ns

Nodal position ∗∗ ∗∗ ∗∗ ∗∗

Interaction of treatment × nodal position ∗∗ ∗∗ ns ns
C 61.88 12.12 4.45∗∗ 53.79
GA-SD 95.34∗∗ 15.05 3.89 50.68
∗
𝑃 < 0.05, ∗∗𝑃 < 0.01, and ns

𝑃 > 0.05.
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Figure 6: Plant growth attributes in transplanted regrowth plants
after treatments of 3 Napier grass varieties (Exp. 2). For variety and
treatment, refer to Figure 4. ns𝑃 > 0.05.

and 10 days (Tables 1(a) and 1(b)). The 20-day long treatment
suppressed positive effects of shorter length (5-day and 10-day
long SD and GA-SD treatments) (Table 1(c)).

In Experiment 2, the 10-day GASD treatment is the
most effective in increasing the internode length, length
and diameter of tiller buds, and stem rooting to enhance
maturation of tiller buds and facilitate the emergence of
tiller buds after transplanting to the field, which enables
maintaining the enough biomass for overwintering before
below-freezing temperatures occur [19].

Ito et al. [13] demonstrated that the foliar spray of growth
retardant regulator of paclobutrazol to ME decreased the
height of the uppermost expanded leaf node significantly and
the suppression of plant growth continued for 2 months after
the treatment.The suppressing effect on the growth attributes
appeared at the lowest stem nodal position for internode
length, followed by leaf sheath length and the leaf length and
width at the higher nodal positions [13]. In Experiment 1, the
10-day GA-SD treatment promoted the internode length at
the 3rd to 4th nodal positions, while length, diameter, and
rooting of tiller buds tended to be promoted at the 1st to the
3rd or 4th nodal positions. In Experiment 2, DE showed the
promoting effect on the internode length and stem rooting at
the 4th to 7th nodal positions, while length and diameter of
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tiller buds increased from the 3rd nodal positions.Therefore,
in both Experiments 1 and 2, growth attributes of tiller buds,
which are considered as the next generation once they form
roots, were significantly affected by the treatments in their
lower nodal positions, a finding which is consistent with the
growth retardant effect on the normal variety of ME [13].

However, GA-SD treatment in the normal variety of ME
promoted stem elongation much more compared to dwarf
varieties of DL and DE. In doing so, the GA-SD treatment led
to excessively succulent growth in ME, which suffered badly
from lodging, breakage of stems, and insect damage, events
which were quite rare in the control ME plants. It will thus be
necessary to determine whether there is an optimal dose of
foliar GA

3
spray to the normal variety (ME) of Napier grass.

In conclusion, themost effective treatment for promoting
maturity of tiller buds and establishment of nursery plants in
the field is the 10-day GA-SD treatment, which was suitable
for dwarf varieties DL and DE; that is, it increased internode
length and tiller bud length, thereby reducing labor time and
cost for vegetative propagation.
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