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SUMMARY

I. Title

Studies on the Development of Cymbidium
Potting Medium by Using the Waste Tire Chips

II. Purpose and Importance of the Studies

In Korea, as potting medium of Cymbidium, the moss and
barks are widely used. These potting media for Cymbidium
require good air circulation but not much of possession
ability of nutrient and water, As these cultivational
characters of Cymbidium the bark is used as potting medium
of Cymbidium for domestic use, but as by-product of
imported woods, bark results in salt damage which was
caused by long transportation period by sea, and also has
defects of increasing nitrogen consumption by disclosure
virus and of frequent changes for new medium,

Nowadays the waste tires are tremendously increasing with

- 14 -



increasing number of cars in Korea. Only some of the waste
tires are used as fuel of trash burner or recycled as
structural materials, but most of them are left nationwide.
Thus the proper and economical methods of recycling of
waste tires are urgently needed, The ingredients of bias
tire used for car are mainly composed of rubber (30-40%),
carbon (20-30%), softener (15-20%), fabric (10-20%), and
chopped waste tires (waste tire chips) are used as a
absorption layer in waste reclaimed land, or lawn ground at
golf course and athletic field,

Especially since chopped waste tire exposes fabric and
has many crevices by its rubber particle, it can be used as
potting medium for specific plants such as Cymbidium, which
requires good air circulation but not possession ability of
nutrient and water, And when waste tire is recycled as
potting medium, it is not only the recycling of waste but
also the active way of protection of environment because
the production of moss and bark causes environmental
disruption,

In the studies, in order to judge the suitability of
waste tire chips as potting medium of Cymbidium, the

chemicophysical characteristics were analyzed and compared
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with bark, the effect of tire chips on the growth of
Cymbidium was examined, and the method of watering and
fertilizing was examined to establish the control system of

nutrient and water by use of the chips,

III. Contents and Extent of Studies

As Cymbidium requires long period of cultivation and the
cultivation management of size of potting medium, watering
and fertilizing differs to developmental stages, the
following studies were needed to judge suitability of the

tire chips as new potting medium,

1. Study on the physical and chemical characteristics of
waste tire chips
As the chemicophysical characteristics of potting medium
effects the cultivation  management of Cymbidium, the
physics (bulk density, particle density, porosity, water
retention ability) and chemical characteristics (CEC, pH,
etc.) of tire chips are examined and compared with bark for

precise, basic data of nutrient and water control,
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2. Measurement of outflow of heavy metals by use of waste
tire chips
The outflow of heavy metals should be examined. Because
despite of wusefulness of chip medium for Cymbidium
cultivation, it can’t be used if it outflows heavy metals

to contaminate the environment,

3. Study on the proper size of waste tire chips and
mixture ratio with bark according to developmental
stages

As the size of potting medium of Cymbidium differs
according to its developmental stages, the proper size of
tire chips and wmixture ratio with bark to each

developmental stages should be established.

4. Study on the method of watering and fertilizing

Based on the chemicophysical characteristics of tire
chips, the proper method of watering, and method and amount
of fertilizing should be examined and be used as the basic
data to establish the management system of nutrient and

water,
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5. Study on the effect of nutrient’s absorption and sugar
contents of plant

The potting medium contains nutrient and water and
effects on the absorption of nutrient and water and on the
growth of plant, Therefore when tire chips are used as
potting medium, it 1is wvery important to establish
management system of water and fertilizer of new potting
medium in order to acknowledge the exact amount of water
absorption and to compare the sugar contents which are

regarded as index of substantiality of plant.

6. Reuse of used waste tire chips
The chemicophysical characteristics of used tire chips
should be examined and the reuse to minimize environmental

disruption by disposal should be investigated,

7. Synthetic judgement on the experimental results
From the above experimental results, it should be judged
whether the tire chips has economical efficiency and

practicality as new potting medium, and be considered the

scientific and rational method of application,
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IV. Results of Studies and Suggestions

for Application

1. Chemicophysical Characteristics of Waste

Tire Chips

The capital components of waste tire chips used in the
studies are rubber and fabric, and the particle density
showed 0.97 - 0.98 which was larger than bark (0.70) and a
[ittle bit smaller than water, but the chips didn’t float
when watering the pot.

The porosity of waste tire chips was increased in
accordance with the size of chips, and the poresity of
large size showed almost the same as of bark (69%).

The water retention ability was considerably low compared
to bark, showing under 50% of water possession ability in
large size chips or medium size chips.

RBut in case of small size chips or mixed chips with bark,
the water possession ability was lower than bark only, but
the water reducing speed was slower than in bark., The pH
of waste tire chips was neutral (pH 6.8 - 7.0) which is

higher than bark(pH 5.7), and CEC was lower (0.1lme/100g)
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than bark (0, 7me/100g).

From the analysis result of outflow of heavy metals there
weren’t any lead or cadmium, The dutflow of iron and zinc
of waste tire chips was higher than bark because a small
quantity of iron and zinc oxide was mixed when making
tires. But iron and =zinc are not harmful to environment,
and could be essential micro elements for the growth of
plant,

Because the water possession ability and CEC of waste
tire chip were lower than bark, in order to utilize the
waste tire chips for Cymbidium growth it was suggested that
it is necessary to mix with bark, to shorten the watering

intervals, and to increase the amount of fertilizer,

2. Effects of Chip Size and Mixture with Bark

on the Growth

1) Growth Result of the 1st year
There were only slight difference in growth such as
number, length and width of leaf, Numbers of weed grown

counted 6 in bark only medium, the largest, 3 in medium
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chip with bark and 2 in small chip with bark, But no weed
in tire chips only. The kind of weed were Oxalis
corniculata, Cardamina flexuosa, Fuphorbia supina etc.

The growth of root such as total number, new number and
length of root, etc. resulted almost same as in root
regardless of kind of potting medium. But number of rotten
root had a tendency of increasing in small chip and medium
chip compared to other mediums,

The fresh weights and dry weights of leaf, stem and root
revealed the result similar to growth result regardless of

mediums of tire chips only or mixture with bark.

2) Growth Result of the 2nd year

From the result of continuos growth of 1st year plant
after pot change with waste tire chips of different size,
leaf length and leaf width revealed no significant
differences between bark only medium and mixed medium among
treatments and increased in new lead bulb. But in both
small and large size chip mediums the length and width of
leaf were smaller than in mixed medium, and the difference
revealed remarkably as generation of lead bulb increases,

at 3rd lead bulb,
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The length and width of lead bulb had similar tendency as
in leaf growth, especially the 3rd lead bulb in medium and
large mediums were too small to measure.

The growth of root in medium and large mediums unlikely
to lst year were slower than mixed medium, the number of
new root was decreased and number of rotten root increased,

The above growth results were also revealed in fresh
weight and dry weight, medium and large mediums remarkably
decreased in leaf, stem and root compared to mixed medium.
And in mixed chip medium with bark revealed no significant
differences with traditional potting medium, bark only

medi um,

3) Conclusions

From the compared results of two year cultivation of
Cymbidium in traditional bark medium and various size tire
chip mediums and mixed medium, there were no significant
differences in the early stage of growth, but in 2nd year
of late stage, the growth werent good in simple mediums
regardless of chip size.

The reason of no growth differences among mediums in the

1st year of early stage was considered that differences
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among mediums didn’t affect the growth of Cymbidium because
the period of experiment was from late winter to Spring
(December - May) when the growth activity was low,

But it is thought that in 2nd year the chemicophysical
characteristics of potting medium affected the growth of
Cymbidium for a long time and thus the result revealed in
the growth. Therefore from the results of this experiment
and chemicophysical characteristics it is recommended to
use the mixture of waste tire chips with bark rather than
chips only in order to utilize the tire chips for Cymbidium

cultivation,

3. Effects of the Methods of Watering and

Fertilizing on the Growth

1) Result of Growth and Analysis Examination

The effects of the methods of watering and fertilizing on
the growth revealed no significant difference in the growth
of leaf of 1st and 2nd lead bulbs among methods in mixed
medium, In small and medium chip mediums the growth of

leaf wasn’t good compared to other mediums but when the
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number of watering and liquid fertilizer increased, the
growth became good compared to those of traditional
watering and fertilizing,

The fresh weights of leaf, stem and root were the
heaviest in small + bark mixed medium regardless of methods
of watering and fertilizing, and increased in fresh weight
remarkably to 93.7g of method of liquid fertilizing twice
compared to 86.3g of traditional method and 82.0g of
watering twice. The fresh weights of small and medium chip
mediums were the lightest among mediums, but as in the
growth of leaf when increased the numbers of watering and
fertilizing the fresh weight increased compared to

traditional method.

2) Conclusions

As mentioned above, from the result of chemicophysical
characteristics of waste tire chips, it is assumed that the
number of watering and fertilizing should be increased for
good growth result of Cymbidium than in traditional method
because the possession ability of waste tire chips was low,
From this experiment, the growth in waste tire chip medium

was good by increased number of watering and fertilizing
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compared to traditional method, and it supported the above
hypothesis. And from this experiment it was thought that
the most effective cultivation for the rapid growth of
Cymbidium seedling would be small chip medium mixed with
bark and the traditional amount of 1liquid fertilizer

applied in two times,

4. Effects of Amount of Fertilizer on the

Growth

1) Result of Growth and Analysis Examination

From the result of amount of fertilizer’s effect on the
growth, the leaf growth, such as number, length and width
of leaf, revealed good results in small chip mixed with
bark medium with much fertilizer, compared to traditional
method of bark, Especially the liquid fertilizer was more
effective than organic fertilizer, and regardless of amount
of organic fertilizer the growth of 1000x liquid fertilizer
revealed good results in general than 2000x.

The root growth, such as numbers of total root, new root

and rotten root, and length of root, revealed no
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significant differences among treatments, but as in leaf
growth small chip mixed with bark medium with much
fertilizer resulted in good growth especially in the growth
of root length,

From the result of fresh and dry weights of leaf, stem
and root, small chip mixed with bark medium and applied
1000x liquid fertilizer resulted in good growth in leaf and
root and thus resulted in the increase of total fresh and
dry weights,

Especially the dry weight, which is the index of
substantiality of plant, increased in the small chip mixed
with bark medium and in 1000x liquid medium as organic

fertilizer increased,

2) Conclusions

From the above experiments with different amount of
fertilizer, in the tire chip mixed with bark medium the
growth of Cymbidium was good as the amount of both of
liquid and organic fertilizer became large. It is thought
that this result came from the characteristics of waste
tire chips, and considered with the result of experiment on

number of watering and fertilizing, when the chips were
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used as potting medium the numbers of watering and
fertilizing should be increased and also the amount of
fertilizer should be increased to accelerate the growth at

the same time.

5. Synthetic Conclusions

When generally judged from the above result, it is
estimated that all the experiments were conducted as
scheduled without any difficulties and it was effective in
Cymbidium cultivation and practical to use waste tire chip
medium which could replace expensive bark,

But it has some difficulty in cultivation to use the
waste tire chip only medium because of its chemicophysical
characteristics but it can be solved by mixing with bark,
And when used the waste tire chips, the control of water
and fertilizer could be the same as traditional control in
the season of low growth activity, but in the season of
high growth activity, it is recommended that the number of
watering and number and amount of fertilizer should be
increased and this fact should be considered sufficiently

in actual cultivation,
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From the result of chemicophysical characteristics of
waste tire chip, it was estimated reusable thus it is much
economical than bark which can’t be reused because of
resolution by virus, The reuse of waste tire chip medium
is thought to contribute to cost reduction of Cymbidium
production and to the grower’s income,

In 2nd year experiment the flowering of Cymbidium which
determinate the quality of pot plant were scheduled to
investigate, But in this experiment every plants
regardless of mediums didn't flower because of short period
of cultivation since it usually takes 2 and half years for
Cymbidium to flower, Nevertheless there were no
significant differences with bark until the end of this
experiment and it is expected that there would be no

problem in quality at the time of flowering,

6. Suggestions on the Practical Application of

the Studies

1) The studies suggested the cultivational technique which

can substitute the expensive bark of traditional medium for

....‘28_



Cymbidium by recycling the chopped chips of socially
troublesome waste tire,

2) To use as substitutional medium of bark for Cymbidium
cultivation the result of the studies should be reflected
in education for growers and government’s full support is
needed.

3) By result of the experiments the waste tire chips can
be reused, It could reduce the production cost by reducing
the use of medium,

4) Further studies are expected for practical applications
to flower plants which require good air circulation of
medium and are of high wvalue, such as Phalaenopsis,
Oncidium, Dendrobium (Tropical orchids), Cymbidium

goeringii, Cymbidium kanran etc.(Temperature orchids).
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7t G2IX# BRF(CEC) &F

-Columnol] NH4 OAc ¢F 20mlS Yil AlE 25.08& A8 2o 71%7}
712 G=F I3

-Columnofl NH0ACE H 3 3](24] 7t F¢b) Hstrl (et 100ml),

-Column?] 7|¥-& 80% EtOHE o] ujal 3 EtOH(<F 100ml )& A&
E AF3

-AREE FH flaskd] 7l 28F4

ZH4+ of 100mlS 718 o
condenserof] 1A

-Condenser tip& 4% Boric Acid 5mlof TrZ(Receiver: 40ml vial
o]-&),

-Receivero] Indicator 5-6 ®W&3} BCG 1-2 &2 7}3L

_ok

oF 15ml 8 25H ujria] 25

-0. 1N Sulfuric Acid® receiver?] &oo] =Moja]l Rejaom w
& ufzlA] AP,
~-CEC(me/100g) =

[ml of titrated Sulfuric Acid % Normality l/g
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Lt . pHe| &F
-Al & 50gof 100mle] =

=
2
-Whatman paper® o] 2}3} oz}
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-A] & 50gell 100ml 8] FF5 718t 3UzF WA,
-Whatman paper® oj3}gt ojz}ee] Fe, Zn, Pb, Cd ==& AASE
TR
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A F oF7Ee] 7n powderE 71§
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7}k,

-Flask& distillation condenserol €%t
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M3z ddh & %

_IIlll
%

M1& metojofEel =2(etEH

tob

1. Al2X dEfolojElel &23tety §Y
Aol o]2H selolol Y Fo T4 HES 1T HREA ¢
AhH]Z(particle density)Z ®W}Z(0.70)0] H3lolE= A3 E Erie
0.98-0.97& UERNG U (Table 1-1), AA Au]T]& xju)
Z FEo] Al Bol i @] UrhAle dgitt. EIE wEl0]
oldel FIFEL He Aol utel FUlste] FYH A wiZe} FAL
s FLE(65%)S UEhQITHTable 1-1). SElo]oje] +& H{
& upof nste] A yotd F7] A7|e] H-folle wiAel H|3H
50% olste] 8 RAHE uehlglch(Fig. 1-1). wiebA sieto]ofd
of oJgt AMultlg Auirlols T F7E vl vlste ©EAE I
27) 9l Zog Az Jeu &% A7 F e uias} &
of glojre vE #F EFES Hid o] uvjs) oy
el ul3e] wjs) $Rige Rt wEto]oi P pHe F

23 (pH 6.8-7.0) 2. upA(pH 5.7)of HI3lo] &2 Holglen, ¢7]A]

st A

P

)
28ere  BEE(0.7me 100g™ )0l wIBte]  utQrT(0. 1me 100g™ ) (Table
1-1). Verdoneck %(1984)2 Tlo¥gh ol €E2 By 54& 24}
sto] Qatrt AL 48 RAYo]l W wigES Ffols e H A
B MEE ZIAF ALY, 2l B0 wlelde dERALL T2 A

AE E3tsle Zlo] nigtAlsivia stolck. EIF Pivot(1985)= HIEE
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718 WA 2 Awletg Ayt A3 B4 ula2st F58h] o2 b3l
ala) o] Fgtom, ol Fof A H4yo] FItsr] ulie]
gtal stelcth wiehxd Raedah Bujgo] b wEleloj el HH|TIE
A wells Alu] A& ni3e] w3 dEAFIA S8 R A5
T AMISkE Zo] freld Zer Az

AA wetolo} & o] &ste] HultiE&E& of 6714zt Auizt A}
A Aol d3E WA= dstort et} g xujolA =
Helo] gl i Sl BEENUCH el YT HAYol
Hpol] Histe] stoi} o] A4 W AH] F7]4 WHE It FHE
ol 7Fed ZoE AZHrt. T wElo]o] Y ¥t MIYERA uia
of wlarste] & wi, A ZIERA ¢oER oA Tt gadte] ko
Yol A AAgo] Jhed ERE ozl FASIEE 3o
dagol AAESL #Fe] Bolshy 2y Alxte] ©EEE= F ofE sHA
ZAA = A8 FdolA FEE A glrh wetA siete]e]y
o] B g RAYE Aostel A oAbl 715 Wizt

A% setolol e AMlTlg AuhAl wi=e ohAl L EEREA

2. ArEF HEfO[O{E 2| Sal3tety Y
AHERE wEtoloj o] Eelatety B AlgA sielolojie] 54
3 F xpolE Holx| ¢rolti(Table 1-2), 48 R oA vl u

et

stol 3] Sotd Y A71e] Zfel uiel nls) 50% ojste] 4
 BRYE UelUglaL(Fig. 1-2), & Fr] FE ¥2 oje ¥

trh(Table 1-3). whetA] siEolo] o] xjal-gAlol % w]Al-g wiElo)
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o M3 FUL RFYOT ) Belv} MY Ao AZHEL

L etolo] AlzA] Awke] Hab Abs} ofdde] ElEle] QlOf(KTIA,

4. HE
ARel dEE FHEY sEle]o S EF EE TE3EE wie
eld 54 &3t Aduiolge] Al AE& Bto] HElolo] Hel A

=
o2

& BE2AY BE JMsds AEY A, sElojolFdL ant
Hog AutlEe MYRR o&F e viAgt nlasld & o, ££
YR RAYo] sl sjele]ol HEFoME Al oldg A9
¢SS GdES AEEA don, EI H3) ojde AE "4
Ml AR A Au|]ge] o] AaEs SHY FS4o] BARA] o
stk whepal wefelofid e W i R {EE Zhkste] w4 o
ARl 718 AESA 24 A9 slEtoloj e niae] ugew A
ATl w8 &AM BEo] M ASE wehHrh Y xja}
§ HElolol el Eel3hsh BAL n]AlgY] selolojHat & xlo|&
Holz] ¢fo}, weto]o] o] ArtgAlE A wEloloj M3} Fogt
f¥og Au} Fe|7t N Aeg AzHL,
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Table 1-1. Physical and chemical characteristics of the unused

culture media,

Particle Bulk .
Cul ture ) Porosity CEC
density density pH

diun® % + 100g™
medium (g en?) (g-cnt) (%) (me g )

B 0.70 0.22 68 5.7 0.7

S 0.98 0.33 67 6.8 0.1

S+B 0.88 0.28 68 6.2 0.6

M 0.97 0.34 65 6.7 0.1

M+B 0.89 0.28 69 6.2 0.5
Bt bark, S ! small size(3-5mm) tire chip, M : medium

size(6—10mm) tire chip.
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Fig. 1-1. The retention of water in the unused culture media over

seven days after irrigation (see Table 1 for abbreviations).
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Table 1-2. Physical and chemical characteristics of the used

culture media.

Particle Bulk
Culture . Porosity CEC
density density pH

dium’ ’ % - 100g™
medium (g en®) (g-on) (%) (me g )

B 0.75 0.23 60 5.5 0.8
S 0.99 0.34 65 6.8 0.2
S+B 0.90 0.30 65 6.1 0.7
M 0.98 0.31 64 6.9 0.1
M+B 0.91 0.28 67 5.6 0.5

*See Table 1-1,
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Table 1-3. Concentrations of N, P, K leaked from the used culture

N P K
Culture medium” q
(mg - 100g™)

B 3.2 2.0 2.2

S 1.0 1.1 1.5

S+B 3.1 2.6 2.0

M 1.0 2.1 2.9

M+B 3.0 2.1 2.9

"See Table 1-1.
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Fig. 1-2. The retention of water in the used culture media over

seven days after irrigation (see Table 1 for abbreviations).
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Table 1-4. Concentrations of heavy metal ions leaked from
culture media, when 50g each of culture media were eluted

with 100ml deionized water.

Culture
. Fe Zn Pb Cd
medium”
ppm
R 0.02 0.15 nd” nd
S 0.16 9.43 nd nd
S+B 0.18 1.30 nd nd
M 0.18 9.83 nd nd
M+B 0.20 1.20 nd nd

“See Table 1-1. 'nd : not detected.
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Table 2-1. Growth of Cymbidium Lucky Rainbow ’‘lLapine Hat’
seedling and weed occurrence after 6 month cultivation in various

culture media.

Culture No. of Longest leaf No. of
medium leaves Length Width weeds
(cm) (cm)
B 10.5 23.9 1.1 6
S 10.8 23.6 1.2 0
S+B 16,0 24.0 1.1 2
M 10.8 26.5 1.0 0
M+B 10.6 24.2 1.0 3
‘B ¢ bark, S : small size(3-5mm) tire chip, M ! medium

size(6-10mm) tire chip.
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Table 2-2. Root growth of Cymbidium Lucky Rainbow 'Lapine Hat

seedling after 6 month cultivation in various culture media,

Culture No. of No. of No. of Root
medium” roots new decayed length

roots roots (cm)

a BMW 19.8 15.0 2.1 23.6

S 20.8 15.8 3.8 21.7

S+B 21.2 15.6 1.8 22.9

M 20.8 13.8 3.2 23.9

M+B 20.4 14.6 2.2 24.6

‘See Table 2-1.
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Table 2-3. Fresh weights of leaf, stem and root of Cymbidium
Lucky Rainbow ’'Lapine Hat’ seedling after 6 month cultivation in

various culture media.

Cult Leaf Stem Root Total
4 .ur? fresh wt fresh wt fresh wt fresh wt
medium
(g) (g) (g) (g)
B 8.2 0.55 29.0 37.75
S 9.0 0.59 30.1 39.69
S+B 8.9 0.54 28.9 38.74
M 8.8 0.54 28.6 37.94
M+B 8.3 0.56 29.5 38. 36

*See Table 2-1.
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Table 2-4. Dry weights of leaf, stem and root of Cymbidium Lucky
Rainbow ‘Lapine Hat® seedling after 6 month cultivation in

various culture media,

Cult Leaf Stem Root Total
m: ditl;nf dry wt dry wt dry wt dry wt

(g) (g) (g) (g)

B 1.0 0.07 1.8 2.87

S 1.1 0.07 1.8 2.97

S+B 1.0 0.08 1.7 2.78

M 1.1 0.06 1.5 2.66

M+B 0.9 0.09 1.7 2.69

* See Table 2-1.
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Table 2-5. Leaf growth of Cymbidium Lucky Rainbow ‘Lapine Hat’

seedling after 12 months cultivation in various culture media,

First bulb leaf Second bulb leaf Third bulb leaf

Culture
medium® Length Width Length  Width Length  Width
- (cm) (cm) (cm) (cm) (cm) (cm)
B 32.0 1.2 42.7 1.8 46.8 2.0
M 28.3 1.1 33.8 1.4 30.3 1.7
M+B 30.5 1.3 42.7 1.8 44.3 2.0
L 28.8 1.2 35.8 1.8 32.5 1.8
L+B 29.8 1.2 39.4 1.8 48.0 2.0
B bark, M : medium size(6-10mm) tire chip, L : large

size(11-15mm) tire chip
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Table 2-6. Stem growth of Cymbidium Lucky Rainbow ‘Lapine Hat’

seedling after 12 months cultivation in various culture media.

First bulb stem Second bulb stem Third bulb stem

Culture ..

medium” Length  Width Length Width Length  Width
(cm) (cm) (cm) (cm) (cm) (cm)
B 2.7 1.8 4.3 1.6 2.5 1.5

M 2.2 1.0 3.4 1.5 - -
M+B 2.5 1.2 4.0 1.8 2.3 1.5

L 2.3 1.2 3.6 1.5 - -
L+B 2.7 1.5 3.9 1.7 3.0 1.6

“See Table 2-5.
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Table 2-7. Root growth of Cymbidium Lucky Rainbow ‘Lapine Hat

seedling after 12 months cultivation in various culture media,

Cul ture No, of No, of No. of Root
. 2 decayed length
medium roots new roots
roots (cm)
B 39.8 6.2 4.3 55.1
M 36.4 1.7 15.8 31.6
M+B 41.8 5.3 5.4 49 .5
L 37.8 3.2 24.6 26.2
L+B 43.6 8.0 7.2 60.5

*See Table 2-5.
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Table 2-8. Fresh weights of leaf, stem and root of Cymbidium
Lucky Rainbow 'Lapine Hat' seedling after 12 months cultivation

in various culture media.

Cult Leaf Stem Root Total
u 'ur? fresh wt fresh wt fresh wt fresh wt
medium
(g) (g) (g) (g)
B 68.9 10.4 131.5 210.8
M 27.8 2.9 55.0 85.7
M+B 62.5 9.3 130.7 202.5
L 47.8 3.2 70.2 121.2
L+B 65.7 10.8 148.8 225.5

“See Table 2-5.
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Table 2-9. Dry weights of leaf, stem and root of Cymbidium Lucky
Rainbow ’‘Lapine Hat’' seedling after 12 months cultivation in

various culture media,

Leaf Stem Root Total
Culture
medi un® dry wt dry wt dry wt dry wt
(g) (g) (8) (g)
B 10.9 1.0 8.6 20.5
M 3.8 0.3 3.8 7.9
M+B 11.2 1.1 8.3 20.6
L 7.3 0.4 4.9 i2.6
L+B 10.6 1.2 9.5 21.3

*See Table 2-5.
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Table 2-10. Contents of total sugar and starch in leaves and
stems of Cymbidium Lucky Rainbow ’Lapine Hat’ after 6 months

cultivation in various culture media.

Cul ture Leaf Stem

med i un” Total Starch Total Starch
o __sugar sugar

we/g FW

B 381 145 242 433
S 323 138 237 501
S+B 508 140 255 490
M 352 132 226 430
M+B 413 148 244 415

“See Table 2-1.
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Table 2-11. Contents of total sugar and starch in leaves and
stems of Cymbidium Lucky Rainbow ’Lapine Hat’ after 12 months

cultivation in various culture media,

Culture Leaf Stem
medium Total Starch Total Starch
sugar sugar
ug/g FW
B 683 181 213 858
M 563 153 112 510
M+B 616 177 238 988
L 533 135 138 432
L+B 611 144 199 810

*See Table 2-5.
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Table 2-12. Contents of chlorophyll in leaves of Cymbidium Lucky

Rainbow ’‘Lapine Hat’ after 6 months cultivation in various

cul ture media,

Culture Total
mediun’ Chlorophyll a  Chlorophyll b chlorophyll
mg/g FW
B 7.95 3.65 11.60
S 6.04 2.71 8.75
S+B 8.70 3.92 12.61
M 5.45 2.38 7.82
M+B 6.81 3.01 9.82

’See Tahle 2-1
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Table 2-13. Contents of chlorophyll in leaves of Cymbidium Lucky
Rainbow ‘Lapine Hat’ after 12 months cultivation in various

culture media.

Cul ture Total

nedi un? Chlorophyl! a  Chlorophyll b chlorophyl |
mg/g FW

B 8.11 4,07 12.18

M 7.19 3.02 8.61

M+B 7.74 3.51 11,24

L 6.00 2.72 8.72

L+B 6.52 3.05 9.58

“See Table 2-5.
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Table 2-14. Contents of N, P and K in leaves of Cymbidium Lucky
Rainbow ‘Lapine Hat’ after 6 months cultivation in wvarious

culture media,

Cul?ur? N p K
medium
- (mg/g FW)
B 3.0 4.07 25.1
S 3.0 3.02 20.7
S+B 2.9 3.51 22.5
M 2.5 2.72 15.8
M+B 3.5 3.05 21.3

“See Table 2-1,



Table 2-15. Contents of N, P and K in leaves of Cymbidium Lucky
Rainbow ‘Lapine Hat’ after 12 months cultivation in various

culture media,

Cul%ur? N P K
medium
(mg/g FW)
B 3.5 3.4 22.4
M 2.0 1.9 19.5
M+B 3.3 2.9 23.4
L 2.0 1.9 14.7
L+B 3.1 2.8 22.5

*See Table 2-5.
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Table 3-1. Effect of tire chip media and application method of
watering and fertilizer on the leaf growth of first bulb of

Cymbidium Lucky Rainbow 'Lapine Hat'.

First bulb leaf

Culture Treatment”

medium” Length Width Number
(cm) (cm)

T 23.6 1.2 5.5
B 2F 23.8 1.1 5.7
Al 22.5 1.0 5.5
T 241 1.1 1.3
S 2F 25.8 1.2 4.8
2 26.6 1.1 5.3
A T 29.3 1.3 5.8
S+B 2F 26. 1 1.2 5.0
2W 26.0 1.1 6.0
""""" T 23.3 1.0 4.3
M 2F 27.7 1.2 4.9
24 25.0 1.1 5.0
T 24.0 1.1 5.5
M+B 2F 22.4 1.0 5.0
2W 24.9 1.1 5.8

*See Table 2-1. °T : Traditional method, 2F : 2 times fertilizer
(1/2 concentration), 2W : 2times watering.

Plants were cultivated in growth chamber for 6 months.
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Table 3-2. Effect of tire chip media and application method of
watering and fertilizer on the leaf growth of second bulb of

Cymbidium Lucky Rainbow ‘Lapine Hat’,

Second bulb leaf

Culture Treatment” -

nediun® Length Width Number
(cm) (cm)

T 43.1 1.7 9.8

B 2F 45.5 1.7 8.7
2V 43.6 1.5 9.5

T 38.6 1.5 9.3

S 2F 37.9 1.6 8.3
2V 39.7 1.6 8.5

T 44,2 1.9 9.5

S+B 2F 48.6 1.7 9.0
2W 43.0 1.7 8.3

T 37.0 1.6 8.5

M 2F 40.0 1.6 8.5
2V 38.6 1.6 8.3

T 43.6 1.5 9.5

M+B 2F 42.9 1.7 8.8
2W 45.6 1.6 9.3

“See Table 3-1.

Plants were cultivated in growth chamber for 6 months,
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Table 3-3. Fresh weights of leaf, stem and root of Cymbidium
Lucky Rainbow ‘Lapine Hat’ seedling by cultivation of various

culture media and application method of watering and fertilizer.

First bulb Second bulb

Culture Treat [gaf Stem Leaf Stem Root  Total
medium” ment’  fresh  fresh fresh  fresh fresh  fresh

wt wt wt wt wt wt

() (g) (g) (=) (g) (g)

T 5.8 2.3 18.2 1.4 39.7 67.4

B 2F 5.5 2.0 18.1 1.4 40.1 67.1
Al 5.8 1.7 18.3 1.2 42.5 69.5

T 4.1 1.5 14.7 1.2 30.9 52.4

S 2F 5.0 1.6 16.6 1.0 36.3 60.5
Al 5.3 2.0 17.3 1.5 3.4 62.5

T 8.0 2.0 25.6 1.4 49.3 86.3

S+B 2F 6.9 2.0 25.5 2.0 57.3 93.7
2W 5.8 1.4 20.4 1.7 51.7 82.0

- T 3.9 1.3 16.0 1.3 34.6 57.1
M 2F 5.3 1.5 17.9 1.2 37.1 63.0
2u 5.2 1.8 16.4 1.4 39.1 63.9

T 5.6 1.6 19.1 1.8 44.3 72,4

M+B 2F 4.6 1.9 20.5 1.8 50,6 79.4
YAl 5.6 1.6 22.5 1.4 55.6 86.7

“See Table 3-1.

Plants were cultivated in growth chamber for 6 months,
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Table 3-4. Total sugar and starch content of Cymbidium Lucky
Rainbow 'Lapine Hat’ seedling by cultivation of various culture

media and application method of watering and fertilizer.

Leaf Stem
Culture Treatment” Total Starch Total  Starch
medium” sugar sugar
pe/g FW
T 481 133 290 566
B 2F 460 105 321 607
2V 483 152 270 611
T 395 110 178 384
S 2F 400 98 211 406
2V 431 120 208 331
T 505 1565 305 660
S+B 2F 526 148 402 725
2W 481 125 286 771
T 406 91 194 322
M 2F 411 88 207 385
2W 394 101 173 391
T 468 133 31 515
M+B 2F 510 124 256 569
2 531 140 320 610

“See Table 3-1,

Plants were cultivated in growth chamber for 6 months.
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Table 3-5, Chlorophyll content of Cymbidium Lucky Rainbow ‘Lapine
Hat’ seedling by cultivation of wvarious culture media and

application method of watering and fertilizer.

Cultur‘g Treatment” Chlorophyll a Chlorophyll a Total

med i um” Chlorophyll
i - mg/g FW

T 7.21 3.56 10.77

B 2F 6.95 3.60 10,55

2w 7.30 3.41 10.71

R 5.90 2.56 8. 46

S 2F 6.01 2.18 8.19

2W 5.85 2.70 8.55

- T 6.97 3.91 10.88

S+B 2F 8.25 3.56 11.81

2W 7.97 3.70 11.67

ST 6.10 2.70 8.80

M 2F 5.46 2.50 7.96

2¥ 5.90 2.91 8.81

T 7.05 3.31 10. 36

M+B 2F 7.56 3.20 10.76

YAl 7.30 2.90 10.20

¥See Table 3-1.

Plants were cultivated in growth chamber for 6 months.
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Table 3-6. Content of N, P and K in leaves of Cymbidium Lucky
Rainbow 'Lapine Hat’ seedling by cultivation of various culture

media and application method of watering and fertilizer.

Culture Treatment’ N P K
medium”
mg/g FW -
T 3.5 3.0 24.5
B 2F 3.9 3.6 21.6
2V 3.5 3.4 22.7
T 2.0 1.9 20,0
S 2F 2.3 2.3 20.2
2% 2.3 2.1 19.6
T 3.8 3.1 23.2
S+B 2F 4.1 3.5 25.6
Al 3.5 3.0 21,2
T 2.2 2.5 18.8
M 2F 2.1 2.5 19.6
2W 2.3 1.9 18.9
T 3.1 3.3 20.1
M+B 2F 3.5 3.2 23.2
24 3.3 2.7 21.2

¥See Table 3-1.

Plants were cultivated in growth chamber for 6 months,
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Table 4-1. Effect of tire chip media and fertilizer amount on the

leaf growth of Cymbidium Lucky Rainbow ‘Lapin Hat’.

Longest leaf

Cul ture Treatment’ No. of Length Width

medium leaves
o {cm) (cm)
B 1000+b 10.9 27.5 1.3
1000+a 11.5 29.8 1.1
1000+b 10.7 29.3 1.3
1000+c 10.8 30.6 1.2

S+B

2000+a 10. 4 26.5 1.2
2000+b 10.3 29.7 1.2
2000+c 9.8 23.1 1.0

"See Table 2-1,

71000 : 1000 times liquid fertilizer{Hyponex 20-20-20), 2000 : 200
0 times liquid fertilizer, a : 2.5g(fermented seedcake of sesam
e), b: 50g c: 7.5g Liquid and organic fertilizers were treat
ed at once a week and a month respectively. Plants were cultivat

ed in growth chamber for 4 months,
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Table 4-2. Effect of tire chip media and fertilizer amount on the

root growth of Cymbidium Lucky Rainbow ‘Lapin Hat’.

No. of No. of Root
Culture y No. of
. Treatment new decayed length
medium roots
roots roots (cm)
B 1000+b 21.5 8.6 3.5 24.7
1000+a 20.3 7.3 3.8 28.5
1000+b 22.2 9.8 4.8 29.8
1000+¢ 24.6 57 4,0 30.1
S+B
2000+a 20.1 57 7.7 23.1
2000+b 20.4 7.9 3.1 26.4
2000+c 20.4 6.7 5.1 23.5

“See Table 4-1,
Liquid and organic fertilizers were treated at once a week and a

month respectively. Plants were cultivated in growth chamber for

4 months,
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Table 4-3. Effect of tire chip media and fertilizer amount on the

fresh weight of Cymbidium Lucky Rainbow ‘Lapin Hat’,

Cul ture Leaf Stem Root Total
Y .urz Treatment’ fresh wt fresh wt fresh wt fresh wt
medium
o (g) (g) (g) (8)
B 1000+b 9.7 0.6 15.6 25.9
1000+a 10.0 0.5 18.3 28.8
1000+b 11.8 0.6 20.5 32.9
1000+c 11. 4 0.7 21.0 33.1
S+B
2000+a 8.6 0.4 17.1 26.1
2000+b 8.5 0.4 18.5 27.4
2000+c 7.1 0.4 17.1 24.6

“See Table 4-1
Liquid and organic fertilizers were treated at once a week and a
month respectively., Plants were cultivated in growth chamber for

4 months,
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Table 4-4. Effect of tire chip media and fertilizer amount on the

dry weight of Cymbidium Lucky Rainbow 'Lapin Hat’.

Cul ture Leaf Stem Root Total
uit . Treatment’  dry wt dry wt dry wt dry wt
medium
(g) (8) (g) (g)
B 1000+h 1.1 0.07 1.2 2.37
1000+a 1.2 0.07 1.3 2.57
1000+b 1.3 0.09 1.4 2.79
1000+c 1.4 0.09 1.5 2.99
S+B
2000+a 0.9 0.07 1.1 2.07
2000+b 0.9 0.07 1.3 2.27
2000+c 0.8 0.06 1.1 1.96

“See Table 4-1
Liquid and organic fertilizers were treated at once a week and a

month respectively, Plants were cultivated in growth chamber for

4 months,
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Table 4-5, Effect of tire chip media and fertilizer amount on the

content of total sugar and starch of Cymbidium Lucky Rainbow ’Lap

in Hat’.
- Leaf Stem
Culture y
. 2 Treatment Total Total
medium Starch Starch
o sugar sugar
mg/g FW
B 1000+b 0.35 0.13 0.21 0.48
1000+a 0.32 0.12 0.22 0.45
1000+b 0.37 0.15 0.20 0.49
1000+c¢ 0.43 0.19 0.27 0.51
SHB - —
2000+a 0.37 0.13 0.25 0.43
2000+b 0.38 0.12 0.24 0.47
2000+c 0.40 0.15 0.23 0.46

“See Table 4-1

Liquid and organic fertilizers were treated at once a week and a

month respectively, Plants were cultivated in growth chamber for

4 months,
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Table 4-6, Effect of tire chip media and fertilizer amount on the

content of chlorophyll of Cymbidium Lucky Rainbow ‘Lapin Hat’,

Culture . Total

nediun? Treatment” Chlorophyll a Chlorophyll b chlorophyl |
mg/g FW

B 1000+b 8.51 3.70 12,21

1000+a 7.66 3.51 11.17

1000+b 8.23 3.58 11,81

1000+c 8.72 4.01 12.73

S+B

2000+a 8.05 3.58 11,63

2000+b 7.85 3.67 11,52

2000+c 8.29 3.87 12,16

“See Table 4-1
Liquid and organic fertilizers were treated at once a week and a

month respectively. Plants were cultivated in growth chamber for

4 months.
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Table 4-7. Effect of tire chip media and fertilizer amount on the

content of N, P and K in leaves of Cymbidium Lucky Rainbow ‘Lapin

Hat ‘.
Cul?ur? Treatment” N P K
medium
mg/g FW
B 1000+b 3.6 3.3 23.6
1000+a 2.8 2.9 22.7
1000+b 3.8 3.2 23.9
1000+¢c 4.1 3.7 23.9
S+B
2000+a 1.9 3.3 22.9
2000+b 2.1 3.1 23.0
2000+c 2.7 3.5 24.6

"See Table 4-1
Liguid and organic fertilizers were treated at once a week and a
month respectively. Plants were cultivated in growth chamber for

4 gonths,
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