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ABSTRACT This study was carried out to investigate the effect of irrigation
frequency, particle size and depth of perlite medium on the growth of
Dendranthema grandiflorum (Ramat.) Kitamura ‘Shuhouno-chikara’ grown on
recycling system. In Exp 1, the irrigation frequency (IF) was designed as 3
(IF3), 9 (IF9), and 18 (IF18) times a day. Fine and coarse particle size (PS) of
perlite was used as a media, and depth of media (DM) was 15 and 10 cm
contained in 34x120x15 ecm styrofoam bed. In Exp 2, the IF was 3 (IF3), 6
(IF6), and 9 (IF9) times a day with the same amount of nutrient solution. Fine
and coarse PS were used, and DM was 15 and 7.5 cm. In this study, high IF
and fine PS was favorable for plant growth. However, as the IF became
frequent, difference of plant growth between fine and coarse PS became
smaller. Also, shallow media showed little difference with deep media in plant
growth. Thus, decreasing the amount of media was recommended to reduce the
production cost.

Additional key words: chrysanthemum, depth of media, hydroponic culture,
volume of media

Introduction as a nutrient solution which is shown at
. Table 2. At the beginning of the experi-
Chrysanthemum is one of the most . ) L.
. tant cut fl i hist ¢ culti ment, nutrient solution was irrigated 100
important cut flowers in history of cultiva-
.p . Y ml/day/plant. And from 6 weeks after
tion, production area, and etc. Recently, . . .
. planting, it was increased to 200 ml/day/
hydroponic cultures are used to overcome ..
. plant. Tap water was irrigated for a week
many problems for growing chrysanthe- . . .
after transplanting. Then nutrient solution

was maintained at EC 1.8 dS/m and pH
6.3~6.4. After emergence of visible bud,
tab water was irrigated until the end of
(IF)
were 3, 9, and 18 times per day. Fine and

mum. But as the buffering capacity of
medium is lower than soil, we have to
choose the proper media for cultivation

and control well the conditions of the . L .
experiment. Irrigation frequencies

nutrient solution. The objectives of this
study were to determine the optimum
o y. . . P . coarse particle size (PS) of perlite were
irrigation frequency, particle size of perlite
medium, and the optimum depth of perlite

during the cultivation of chrysanthemum.

used as root media. Depth of media (DM)
was 15 and 10 em contained in 34x120x
15 cm styrofoam bed. At the end of experi-
ment, plant growth was measured and
mineral nutritions were analyzed. T-N was
determined by Kjeldahl method, and P
was measured by Vanadate method, using
UV-spectrophotometer (UV-1606, Shima-
dzu, Japan), whereas K, Ca, Mg, and Fe
was analyzed by atomic absorption spec-
trophotometer (AA-6401, Shimadzu, Japan).

Experiment 2

It was conducted from June 18 to
September 24. Nutrient
during this experiment was Aichi solution

solution used

(prescribed for chrysanthemum by Aichi
Prefectural Agricultural Experiment Sta-
tion, Japan) shown at Table 2, and the
nutrient solution was maintained as same
as Exp 1. IF was 3, 6, and 9 times per
day. The amount of nutrient solution per
irrigation was 33 mL (1~3 weeks after
planting, WAP), 67 mL (4~7 WAP), 83
mL (8~10 WAP), and 67 mL (11~14
WAP) per plant. Thus, if IF increased, the
total volume of irrigation per day in-
creased. Both fine and coarse PS perlite
were used as a root media. DM was 15
and 7.5 cm at the 34x120x15 c¢cm styro-
foam bed. At the end of the experiment,
plant growth was measured. Also, net
photosynthesis, stomatal conductance, and
leaf temperature were measured with a
portable photosynthetic system (LI-6400,
LI-COR, Lincolin, Nebraska) in situ from
1000 HR to 1500 HR every 1 hr on a clear
day. Mineral nutritions were analyzed
with the same method on Exp 1. Flower

Table 1. Particle-size distribution (%) of fine and coarse perlite.

Particle size Fine Coarse
, (mm)
Materials and Methods > 2.0 1 80
Material 15 11
tertals 0.5 40 5
D. grandiflorum (Ramat.) Kitamura 0.95 52 3
‘Shuhouno-chikara’ was used as a plant <0.25 2 1
material. Perlite was used as a medium. Total 100 100
Distribution of particle size was deter- Table 2. C " ¢ nutrient soluti 4 during th ment
mined by different Size of Sieves (Table 1) able 4. omposition oI nutrient solution use uring € experiment.
Nutrient EC Macroelement (me/L)
Experiment 1 solution (dS/m) NOyN NHsN P K Ca Mg S
It was conducted from January 20 to PTG 18 1275 125 30 75 50 20 20
] ) : (Recycling)
April 14. PTG solution (prescribed for Aichi 1.8 12.00 200 30 60 50 30 30
chrysanthemum by Glasshouse Crops Nutrient Microelement (ppm)
. . pH
Research Station, Netherlands) was used solution Fe Mn B Zn Cu Mo
PTG
% This report is suppored by Korea Re- (Recycling) 64 386 1.00 0-22 0.20 0.03 0.05
search Foundation. Aichi 6.4 2.00 0.50 0.25 0.20 0.05 0.05
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diameter, fresh and dry weight of flower,
number of days from planting to visible
bud (VB) emergence and to flowering, and
number of days from VB emergence to
Flowering were measured. EC and pH of
the medium were analyzed by EC meter
(HI-8423, Hanna,
meter (HI-8424, Hanna, Singapore). Air-

Singapore) and pH

filled porosity and water content were also

measured after experiment.

Results and Discussion

Irrigation frequency
In Exp 1, there was no difference among
different IF treatments in plant growth

(Table 3). Since it was conducted in winter
when evaporation was not so much active,
the plants seemed to have less stress than
summer. However, in Exp 2 which was
conducted during high temperature period,
plant growth differed significantly by IF
treatments (Table 4). Stem length was
15% longer, fresh and dry weight were

Table 3. Effects of irrigation frequency, particle size, and depth of medium on the growth of D. grandiflorum ‘Shuhouno-chikara’ grown

hydroponically on perlite at Exp 1.

Treatment’ Stem Stem No. of Root Fresh weight Dry weight

F PS DM length diameter leaves length (g/plant) (¢/plant)
(times/day) (cm) (cm) (mm) (ea) (cm) Shoot Root Shoot Root
3 Fine 15 86.00 7.63 44.67 20.83 90.57 22.49 12.83 9.10
10 83.67 7.40 45.33 15.07 94.95 18.19 11.92 8.55
Coarse 15 78.50 6.67 42.33 20.07 67.54 17.77 9.19 7.07
10 76.67 6.67 44.67 15.10 63.93 8.47 7.89 6.41
9 Fine 15 84.33 7.23 46.00 23.00 91.87 2417 11.91 8.80
10 82.83 7.67 41.33 16.50 80.42 18.60 8.18 6.89
Coarse 15 75.33 6.90 42.67 21.17 76.36 10.80 9.83 6.80
10 74.83 7.07 41.33 18.30 86.37 8.57 6.84 5.83
18 Fine 15 79.00 7.07 42.67 21.57 86.37 18.57 10.77 8.39
10 80.67 6.83 45.67 14.27 82.33 10.61 10.47 8.04
Coarse 15 76.00 7.10 45.00 23.57 83.25 17.20 11.14 9.47
10 72.67 6.87 41.00 16.57 7743 8.06 8.28 6.49

Statistical significance

IF NS NS NS NS NS NS NS NS
PS * % * %k % * NS * koK * %k 3k EE R Ns
DM NS NS NS NS NS e e NS
IF x PS NS o NS NS ok * * NS
IF x DM NS NS NS NS NS NS * NS
PS xDM NS NS NS NS NS NS NS NS
IFxPSxDM NS NS NS NS * NS NS NS

“IF: irrigation frequency; PS: particle size; DM: depth of medium.
NS % w «x* Non-significant or significant at P=0.05, 0.01, or 0.001, respectively.

Table 4. Effects of irrigation frequency, particle size, and depth of medium on the growth D. grandiflorum ‘Shuhouno-chikara’ grown

hydroponically on perlite at Exp 2.

Fresh wt.

Treatment’ Stem Stem No. of Root Dry wt. Total
IF PS DM length  diameter leaves length (g/plant) (g/plant) leaf area
(times/day) (cm) (cm) (mm) (ea) (cm) Shoot Root Shoot Root (em?)
3 Fine 15.0 59.00 5.40 53.33 11.33 56.19 14.07 11.89 2.98 1084
7.5 57.560 4.73 51.00 9.50 49.95 12.78 9.53 2.28 907
Coarse 15.0 55.17 5.40 54.67 15.67 51.28 14.16 8.01 2.47 920
7.5 55.50 5.47 56.67 15.17 59.04 11.96 11.25 2.26 1063
6 Fine 15.0 68.50 6.17 56.00 12.83 88.07 23.60 16.45 5.63 1500
7.5 72.67 5.88 56.33 10.67 73.46 23.21 14.84 4.92 1348
Coarse 15.0 60.83 5.57 57.33 15.50 66.04 22.72 13.61 3.95 1200
7.5 61.50 5.47 53.33 13.00 65.37 15.92 14.04 3.76 1188
9 Fine 15.0 72.33 6.33 56.00 16.00 79.70 31.31 14.19 7.74 1408
7.5 69.67 5.57 54.67 10.67 68.58 17.61 13.86 5.44 1274
Ccoars 15.0 60.33 6.07 60.67 19.00 74.80 24.95 13.02 3.60 1451
7.5 59.50 5.57 54.33 15.17 68.45 22.21 12.86 3.54 1219
Statistical significance
IF EE R NS NS * % % %k ok % * koK * * %
PS * kK NS NS % %k % ¥ % NS * ¥k *
DM NS o NS e o NS NS NS *
IF x PS E o NS NS o NS NS NS *
IF x DM . NS NS . - NS NS NS
PS xDM NS * NS NS o * B NS *
IFxPSxDM NS NS NS NS NS NS o NS *

“IF: irrigation frequency; PS: particle size; DM: depth of medium.
NS » wx wxx Non-significant or significant at P=0.05, 0.01, or 0.001, respectively.
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44% and 41% heavier at IF9 than IF3, 18

respectively. Total leaf area and root ::
length increased as IF increased. These -—E 16{ A y=053+1350x9046(=0.83) Y=-0.67x'+16.86x-00.46(=0.83)
results corresponded to the reports of § W *‘0' 'g' Py J/
frequent irrigation resulted in larger 8: 1 T g\
where leaf area of rose where significantly 2 12 RN
higher where fresh and dry weight of %
chrysanthemum (Lieth and Burger, 1989; _g 101
Schuch et al., 1995). @ 8 . i . . . .
In Exp 1, T-N, P, and K contents 38

increased when IF increased, and in Exp
2, when IF increased, Fe content increased -
(data not shown). Williams and Nelson )
(1992) reported that the irrigation of 14

times a day to grow chrysanthemum re-

Leaf temperature (°C)
8

e

sulted in higher T-N content than 7 times » . y--o,mzld-ﬂ.m-u.slqm‘da} . . .

a day. In general, since immobile elements ;::.: 60 ® 3

such as Fe, B, and Ca are absorbed along & y=22 045-0.08x0.88(r=0.34) —— 3 regression

with water, their contents increase in _:EN 50 . : rossion

plant when irrigation frequency increase ..g, 40 4 c y—8 1D11.22634.50=0.43) [o] QReg

(Karbo et al., 1991). g ’ g\ y=0.01x-0.36x+2.5(r=0.37) | —- 9 Regression
In Exp 2, flower size, fresh and dry 5 301 e

weight of the flowers were 30, 35 and 32% E 20 - L

higher at IF9 than IF3 (Table 5). This s E

result was consistent with the report that é 10 : T T T T v

frequent irrigation influenced flower num-

1000 1100 1200

Time (HR)

1300 1400 1500

ber, size, and flowering date of chrysan-
themum (Lieth and Burger, 1989). Also,

days from planting to VB emergence and Fig. 1. Effects of irrigation frequency (IF) on photosynthesis (A), leaf temperature (B),

and stomatal conductance (C) in D. grandiflorum grown hydroponically at perlite

flowering were 7 days and 4 days faster at medium. Photosynthesis was measured every hour from 1000 to 1500HR.

Table 5. Effects of irrigation frequency, particle size, and depth of medium on flowering of D. grandiflorum ‘Shuhouno- chikara’ grown
hydroponically on perlite at Exp 2.

Treatment” . x
7 PS DM dli;g?nvg?;ye‘r Fresh wt Dry wt gBy F lovdvermg ﬂozvlz)ritr(;gw
(times/day) (em) (em) ® ® (day) (day) (day)
3 Fine 15.0 9.50 15.28 1.35 68 ezt 26
7.5 8.29 15.81 1.64 69 97 28
Coarse 15.0 7.11 12.36 1.47 71 95 24
7.5 7.66 12.18 1.21 73 98 25
6 Fine 15.0 11.47 24.72 2.47 60 88 28
7.5 10.49 20.83 2.37 60 91 31
Coarse 15.0 9.33 17.39 1.66 67 93 26
7.5 9.48 16.92 1.45 67 96 29
9 Fine 15.0 10.11 22.21 2.18 61 89 27
7.5 10.83 18.81 1.80 61 89 27
Coarse 15.0 10.92 17.60 1.56 65 95 30
7.5 10.55 16.73 1.93 67 95 28
Stastistical significance
IF 34 %k ok * * ¥ % ¥ %k *
PS - * * - o NS
DM NS NS NS * o NS
IFxPS e NS NS NS NS NS
IFxDM NS NS NS NS * NS
PSxDM NS NS NS NS NS NS
[FxPSxDM NS NS NS NS NS NS

“IF: irrigation frequency; PS: particle size; DM: depth of medium.

YDays when 50% of visible bud was emerged.

*Days from planting to flowering.

“Days from the visible bud to the flowering day.

NS x % #++ Non- significant or significant at P =0.05, 0.01, 0.001, respectively.
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IF9 than IF3. However, the number of
days from VB emergence to Flowering was
2 days shorter at IF3.

Photosynthesis was lower at IF3 than
IF9 (Fig. 1A), which might lead to a lower
photosynthate accumulation at IF3 than
IF9 (Table 4). It might be attributed to
the lower water content in the soil (Hut-
macher et al., 1990). Urban et al. (1995)
reported that net photosynthesis was
positively correlated with the watering
frequency. Therefore, we concluded that
increasing IF can make higher yields,
resulting from increasing photosynthesis.
Difference between the maximum and
minimum temperature of leaf during the
daytime was higher at IF3 than IF9 (Fig.
1B). Allen et al. (1994) reported that
midday leaf temperature levels increased
as the water stress progressed. Thus, this
result might be due to water stress during
the daytime at low IF, which can be
explained by the lower stomatal conduc-
tance during daytime in IF3 than IF6 and
IF9 (Fig. 1C). Hutmacher et al. (1990)
found that stomatal conductance decreased
under low IF. In another study, stomatal
conductance was not related with leaf
water status, but with soil water content
(Loyd et al., 1991; Schurr et al., 1992).

In Exp 2, EC decreased at IF6 and IF9,
and pH was maintained well at IF9 (Table
6). The water content was higher at IF9
than IF3. However, as the IF became
frequent, the air-filled porosity became
smaller. High IF made the cation ex-
change capacity (CEC) higher and leached
the nutrition in the media well. Physical
and chemical property of the media was
suitable at frequent irrigation. This made
the difference of plant growth among IF’s.
It was reported that moisture content
increased with decreasing total porosity,
but there was no effect on plant growth
(Blom and Piott, 1992).

Particle size

There were great differences in growth
between fine and coarse PS treatments in
Exp 1 and 2 (Table 3, Table 4). Stem
length was 10.3% longer, and fresh and
dry weight was 6.3% and 13.3% heavier at
fine PS than coarse PS. Root length was
longer in coarse PS, while fresh and dry
weight of root was higher in fine PS. This
is the result of the roots grown in fine PS
with much more hairy roots than these of
coarse PS (Fig. 2). Shape of root was
matched with the spreading pattern of the
nutrient solution in perlite (Fig. 2). Water

holding capacity and air-filled porosity
were higher at fine PS than coarse PS
(Table 6). It was consistent with the
reports by Chen and Lieth (1993) who
that

extension was

concluded root branching and
influenced by medium
These

results in the different absorbing capacity

texture or physical properties.
and thus the difference in plant growth.
when the IF

difference between fine and coarse PS

However, increased, the
became smaller. Contents of P, Mg, and
Fe in Exp 1 and, contents of Ca in Exp 2
was higher at coarse PS. It might be
influenced by that nutrient solution can be
exchanged easily in coarse PS, thus the
roots are able to absorb more nutrients.

Flower size, fresh and dry weight in fine
PS were 10, 15.5, and 36% bigger than
those of coarse PS (Table 5). But, when the
IF increased, difference in plant growth
between fine and coarse PS became
smaller. Days from planting to VB emer-
gence and F at fine PS was less than
coarse PS.

In Exp 2, EC was much lower at coarse
PS (Table 6). Because of the different
distribution pattern on fine and coarse PS,
nutrient solution could be leached more
easily in coarse PS. However, as the IF

Table 6. Effects of irrigation frequency, particle size, and depth of medium on physical and chemical properties of media at harvest

in Exp 2.
Treatment’ Water Air-fille
_TF PS DM ( d]gfm) pH conilenty porosity(i

(times/day) (cm) (%) (%)

3 Fine 15.0 1.14 5.82 188.4 56.7

75 0.92 6.13 180.7 61.7

Coarse 15.0 0.98 5.85 114.7 61.7

75 0.50 6.00 113.7 49.7

6 Fine 15.0 0.77 591 177.3 50.0

75 0.21 6.21 181.3 43.3

Coarse 15.0 0.64 5.95 123.0 31.3

7.5 0.38 6.16 124.0 41.3

9 Fine 15.0 0.39 6.18 186.7 42.7

75 0.33 6.30 190.0 37.7

Coarse 15.0 0.25 6.08 136.0 48.3

75 0.14 6.17 126.3 46.3

Statistical significance

IF * %k * NS *
PS * NS o NS
DM * %k * NS *
IFXPS * %k * %ok NS * %k sk
IFxDM o NS NS NS
PSxDM NS NS NS NS
IFxPSxDM NS NS NS NS

“IF: irrigation frequency; PS: particle size; DM: depth of medium.

YWater content was measured by percentage
*Air porosity was measured by volume(mL).

of weight(g).

NS » wx wxx Non-significant or significant at P=0.05, 0.01, or 0.001, respectively.
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Coarse

Chrysanthemum ‘Shyhouno-chikara’

14 Weeks after Planting

Fig. 2. Different distribution patterns of root and nutrient solution in perlite according to different particle size.

increased, the difference of EC between
fine and coarse PS was getting smaller.
Even though, there was no difference in
air-filled porosity, water content was much
higher at fine PS than coarse PS. Because
air-filled porosity and water holding capa-
city was higher at fine PS even after the
experiment, physical properties of the
media was maintained well. Maloupa et
al. (1992) reported that water availability
and air content at root zone also play an
important role in plant growth.

Depth of media

Root fresh weight was lower at 10 cm
DM than 15 em DM (Table 3), which
might be the
restriction in shallow DM. No. of leaves

due to root growth
and stem diameter were small at 10 cm
DM, which might be the reason why shoot
fresh weight in 10 em DM was smaller
than those of 15 ecm DM. But, there was
no difference in plant growth between DM
of 15 and 10 em. Boland et al. (1994) sug-
gested that plant growth is not correlated
with volume of medium in peach, but with
water content. Gislerod (1983) also report-
ed that it was possible to grow spray
chrysanthemum in the rockwool cube with
5x6x5 cm and peat block with 8x8x8
cm. Therefore, reducing the DM could be
possible. Even though the DM became
shallow from 15 cm DM to 7.5 cm DM at
Exp 2, plant growth was not different
among treatments (Table 4). Therefore, it
is possible to reduce production cost by
using less medium. Days from planting to
F were slightly longer at 7.5 em DM than
15 em DM, but as the IF increased to IF9,
the difference was nullified (Table 5).

At 7.5 em DM, EC was much lower than

that of 15 em DM, which might be due to
frequent leaching of nutrient solution
through the medium (Table 6). Boland et
al. (1994) suggested that the small volume
of medium should be maintained easily.
The pH was maintained well at IF9 and
at 7.5 cm DM. Decreasing the DM is a
good way not only to save the cost but to
make a stable root environment in EC and
pH. Water content was significantly higher
at fine PS.

In this study, high IF was favorable for
plant growth. But when the IF was higher
than 6 times a day, there was no signifi-
cant difference in plant growth. Also,
other studies reported that IF higher than
10 times a day, did not increase plant
growth while energy cost became higher
(Lieth and Burger, 1989). Thus, IF for
cultivating cut chrysanthemum is recom-
mended 6 to 9 times a day. Fine PS was
much better than coarse PS, but as the IF
became higher, the difference between two
PS became smaller. If we use fine PS, 6
times IF a day is enough for plant growth,
however, if we use coarse PS, irrigation
has to be applied 9 times a day. When
DM is shallower than 15cm, it is favorable
to use fine PS for cultivation. However, if
DM was deeper than 15cm, additional
studies should be conducted. Since shal-
low depth of media did not influence the
plant growth too much, decreasing the
amount of media can be recommended to

reduce the production cost.
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