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Coconut coir H]R|E AAb=z Ao wet 71Y9% 0.088~0.063g : cm™®, ¥LE 206~
1.44Mg - m>, 714 29.1~61.4%, A4 666~34.2%, FEFE 19.1~17%, FFFE 114~1.0%
& BET} coir WMIAY fiber$} chipe] Bv]&o] E71EFE 7|4 81§ EHo}A 3, coir duste
coir slabol ¥]&tq 7MAEr @1 F2FFEFL d4do] Eol BT ByEHo] o, x4
coir slab (dust:fiber+chip =3:7 v/v) BiA & ¥ FAFETHE R,
+9 coconut coir WA¢] 3L EC 031~084 dS m”, pH 55~6.2, NH4-N 35~123,
NOs3-N 53~12.3, P:0s 35~182, K 220.8~891.9, Ca 199.8~3146, Mg 72.1~128.1, Na 21.6~
208.4mg L™ o]t} coir slaboll A fiberst chipe] H]&o] E74° iR ECE w3t} wWix 3}
%4 F EC, K, Na &3 94Ad @2 o7t 1ew, N, P % @3 gFo 2 Zo|7}
ARt pHE FA A AP FF< pH 55~6289 AAh wiA 2] Ca, Mg %2 K
FHake] wls} A oR @gkth coconut coir MiAIE F Fwm TS 3948.4(AEHAl o) ~
10,000pg/g(Q =4 HEZHS 2t A& 357F F7Md g WAl F dle g2
xR on, JER2 WA FEEF(1,000ug/g)E 7IELR A=A MY WA= ¢ 1~2
3], 959 HEGA WX E 43 o) AF 25 }AHo] MYHolo ot BdEA

U 33 Folo] wjA 9 Ed 534 A4

FZA A A coconut coir MR ZE dustell fiber 20~30%5 EF3HRE @ A4 393
~445 %, 71 51.4~565% FEFESHF 126~14.7% 95% o9 FFERE By Y 54
o] AEg +=FL BRI fiber vl & 50% 4™ FEFEES 62%E TAAWE coirf A2 A}
357 g3l e 39 JAFE 58 Folok & oz AdHIUY.
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~33] AEste ol EFHHolA.

2. 7Y :olo] H|AE ol &% FAdnF FRZAWA LT Jle AAZ

7}. Coconut coir dust$} fiber 8] & W2 A AA

Coconut coir dust$} fibere] & ¥l &o] @& Al 7|7+ % coir WA Y ECE 42~43dS'm™
2 profit?} ¢AWA (BT EC 3.7~3.84S - m Huls} =gt} coir EF wiA Y EC HEE A
Holgorl, A e FFUAS Wo|AF(405%)7F oFF ol ECY Wial A&E Ui
coir WX FEFH(HT 67.7~709%) T2} i ulA(FTF 505~27.7%) 22 Etch. wl oy
9 pHE RE HjA)o]M pH 64~6502 GAHo|gen ECE 60~71dS - m'2H thi &%
o} coir Ml W 2@ L£xE TR $A wlA o vlg] Ro} ANGnF Ao AT L%
TEE AU} fiber 509% EFE coir WiA|oA Q) FIAE, d=4 FF 2 Aol I §
3ttt Wt FAdud: FAANE YT coir dust WA fibere] T ¥ &L fiber 30~
50%7t ¥ steizt BastAch

coir dustoll fiber7} &% coir 9lA (dust:fiber =7:3 v/v)oll A Aw] LA (RF, =&, X

MNzEX: #8328 RIIBIX Coconut coirg 0/28t UHF 2 0l =B THBH J1= Xl H 2t 0lp FEd/ed 75/ SsBis &V &



E)2 2estd Faunie) A4 £FL 2AEEG 4% 712 F 982 W EC/ EC
323 ~361dS mZ 71F 4AHe)Pg o TDRAAMNA E& $EFI(654~72.3%)S -2 3t
AckAF AuelA AwE FAeni FHY, 452 % A% R FFL 22k

Y. Coconut coir ¥ A} Ca, Mg E7}d @& 3384 AA

FAAN-E WA Coconut coirg o|&3% FAtuF: FAAuAA ¥z Yo RL=3 A4
Cast MgE ®l%¥9(NOs-N 180, NH,-N 1.0, P 54, K 80, Ca 100, Mg 4.0, SOs~S 3.2me -
L'N)el Cal,3 5me/2, Mg 1,2 3 me/l < F713td] AR e F3A, A% L 5%
S ZAEE T coir AAEA O wEt 23, A4, FHAHE © FAL ZolE YERAT coir HIA]
9] 238 pH, EC7} vy <t HolHA AS S Y3 MEFA coir X = Ca 3~
Sme- L7, Mg 1~2me-L" , 94543 AxdA ok} coir ¥iAE Ca 1~3me- L7, Mg 1~
2me - L' A7kste] Auiaie o] Asae} o,

ok w5 o #e

1) MIFde] 3 394 v 2 F9F 9

Coir dustoll fiber7t 30% 349 coir TR NA Fd X 452(25 ~ 40 dS m )}
FAYF 45270 ~ 230my/3)el we =@ wjde pH EC W3 4% 2 3 54 58 =
F zAetgih 39 BE 40 dS m ' Ae wjde BF EC 58 dS m'E 3 HF FE
g 0%2 o ¥ol7t Hon, BE AHdA g pHE AAo| ATt JFAdT A
So] HAule] W Aolrt Yo, FF FEL EC 40 dS m' HAdA Egou 3 =4
o] 35dS m' A Aolst AUk 170 ~ 230mL/3] FY JelA =@ BF EC 40 ~
42 dS m? HF FE8 FF 707 ~ 709%% k@A o)A} Wl pHe ECE 230ml/3) A2
A AFHo AT FELTH, B, 485 L FFLE 170 ~ 230mL/3] AN Ehod
A relle ztol7b gl wEkA AL, A BA, wjde AZHQ EC, pH ¥ FF #$FHS
2AE v FY9 =& 3.0~35dS m™, 170~230ml/2) 7t A Fatelat Lot

3. Z3Y F30jo] MR E o] L3 EuE FAHAAWA LY 7& A A}

7}. Coconut coir dust$} fiber ¥]-&9] uw& E4 A

conut dust®] fiber #-F Bl &(0~50%)°] H7IE coir EF ¥iX9 wjd FF ECE 43~
6.7dS m™ Q3 fiber W&ol F7tel Wzt Wl EC/t Egtom dwimt HolE w9
d F EC(3.7~39dS m™M)el vld Etth ZE X A vl HF pHE 63~642 &
FAolAth. FHAAY WKL fiber 30~50% H7HE coir WA A Edc}h HFL fiber ¥ E
A7k Aok et 4F #&o] fiber 30~50% “37}% coir ¥iA| oA ol coir ¥iA| 9
B4 MAE A EnE AKdd A fiber Bl &L 30% st £

fiber 30%7F A7FE coir EFEAANA Y Au) 2o }E Y3} FFLE HE 3 P4
Ao Egoy AFRELS AFAClA ol Au) WA wWE Aole YA =T AFF
fiber 30% & ¥ coir BiA 9] A wviAHFL 15L7F 3ot

NEBEX: SZBA3E RRIIBIX Coconut coirE 01 &8t MIHF 2 20| =2 HEH J1 = Ml H| 3 0IP s/ 55/ Smi@fs & &V EEDI|



1}. Coconut coir WA} Ca, Mg F7}o} w}& 35ty AA

F7AA-E #lx] Coconut coirg ©] 83 EntE FZAAMdA wlx] Yo R&EF A4 Cas}
MgE Yamasaki #Ml1¥%o] Ca 1, 3, 5 me/£, Mg 1, 2, 3 me/ 4 & F715ta] didAo] & 3
A, A5 2@ FFE ZAEIAY coir YA whet FFAF, AS, JFH 54 T AHolE B
o] WlEYA coir MlAE Ca 3me-LY, Mg 3 me-L", A% coir B]XE Ca lme- L7, Mg
1~2me- L7 A, =y A o}at Ca Ime- L7, Mg 1 me:-L'E H7lete 2o AHgszed &
c}.

o Fulg @

e F9 FE(1.2~3.0dS/m)dl wE A%y FF, 4F F&L EC 1.8~25dS/m A &
oA Estth wlele) EC ¥3te A4S VI §o FU8e A%E REow, pH Asle vy
A H o Hrt.

FYF(70~230ml/3))o] e EviES B4, 23 A3 £ ASL 230my/E AHdA 7t
F wged fAFL FYFo) Frbge ot w2tk 28U AE FE-E 120~180ml/3 o A
b =5tk vide] ECs pH W3 2 AESHES 33T o 44 13 F9%F2 120~180ml
7t AgaeE .

4. Z3Y 200 WA E o] & Qo] FAAMALE Jle AA

7}. Coconut coir dust$} fiber B]-&o] W &4 QA

2.0] BKo] HA{FF coir dust?} fiberd] EF v & ¢ A L& dEdty A4S 9
A FAAE 2018 HA coirthA FAL coir dustd] fiber FFo] 10~20% T EF
AR 1 209 AL, FF L Aol whrh A A mE Q0] FHFL HE=EFA A
Hjol A Qole] Aikge] Ekout AFAufet FEAu O] W& o]t flo] AF A 3t
Abgol HEj g FEAE FHdAE nFAY FAANN 2018 o] ¥ ALE VY
g

1}. Coconut coir WiAY} Ca, Mg A7} W& 3443 AA

T3 A4 A Coconut coir§ ©]8& 20 FAAMAA vz ol B3 A4 Cast
MgE 7|8 ofukiAl7] wSId(N 14, P 3, K6 Ca7, Mg 4)9l Cal, 3, 5me/¢, Mg 1, 2, 3
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B coir £ wlA A FDRAAE o] &7 & Aojo] 7 1Y vy FFHFL 1005~
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2 v 713 2okt mEbA F9%E 60~90m/3 2 AAstn R Be fFo ud Fo
ATE 2AHITY #YE Ao AFdva AdHAG

. Coconut coir WA Y] Ca, Mg A7}dl @& 3484 7|14

Fiber?} #7H0~80%)€ Coir dust £ wix|(Ax=W A o}h} chipol H7H0~80%)F coir
dust(A =) slaboll AF(100x15cm)F 3BLY 24 g ¥ wjXE £33, 7538 BAsAt A
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SUMMARY

Development of Coconut coir as a Soilless Culture Substrate
and Commercial Growing of Fruit Vegetables and Rose
in Organic Substrate Culture with Coconut coir

1. Improvement of physicochemical properties and physicochemical characteristics

of coconut coir substrates

a. Physicochemical characteristics of coconut coir

In different origins and component ratios, physical characteristics of coconut coir
substrates were 0.088~0.063g - cm™ of dry bulk density, 2.06~1.44Mg-m™ of particle
density, 29.1~61.4% of air volume, 66.6~34.2% of water volume, 19.1~1.7% of easily
available water, 11.4~1.096 of water buffering capacity. When fiber and chip ratio were
increased, air volume was increased. Coir dust had higher total pore space, water volume,
water holding capacity, aeration and lower dry bulk density than coir slab.

Chemical characteristics of coconut coir were EC 0.31~0.84 dS m™, pH 55~6.2, NH4-N
35~12.3, NO3-N 53~12.3, P205 3.5~182, K 220.8~891.9, Ca 199.8~314.6, Mg 72.1~128.1,
Na 21.6~2084mg L™* . There were big differences between origins on EC, K, Na. And
substrates had pH 55~6.2. Calcium and Magnesium amounts were lower than Potassium
contents.

Phenol contents of coconut coir was above 10,000ug/g, on the other hands, Indonesian
coconut coir was 3,948ug/g in Indonesia, India and Vietnam. According to saturation-times,
total phenol content of the coconut coir substrates were reduced. There were 1,016pg/g of
phenol in the peatmoss which, doesn’t affect to plant growth. It was considered that 1~2
times of saturating at Indonesian substrate and 4~5 times of saturating at Indian and

Vietnamese substrate were adequate for hydroponics usage.

b. Improvement of physicochemical properties of coconut coir

Dry bulk density and particle density were decreased by increasing the percentage iber
into coir dust. The total pore space was more than 94%, it considered adequate for coconut
coir substrates in hydroponics. Consequently, respectively 44.5, 39.3% of water space and
51.4, 56.5% of air space when 20, 30% of coir fiber added to coir dust, were considered
adequate for hydroponics. whereas 6.2% of easily available water was too low level when
50% of coir fiber.
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1 gL of gypsum did not affect changes of pH but it does additive of Ca into coir
dust. Vermiculite and zeolite showed a possibility of large absorption of K ion from coir
dust, therefore the adequate amount of vermiculite and zeolite for coconut coir substrate in
hydroponics were 10g -+ L™ and 5~10g * L'l, respectively. Addition of lime was affect
increase of pH, and calcium nitrate affected increasing of EC, decreasing of pH.
Concentration of K, Na, and Cl in saturation solution were high more than 6 hour when
first saturation times. Considering removal of Cl, over 6 hour of leaching interval and 2~3
times of saturation was adequate for remove of high contents of K, Na, and Cl in coir
dust.

2. Development of hydroponics culture using coconut coir substrate in sweet
pepper '

a. Investigation of the optimum mixture ratio of dust and fiber in coir substrates

During the growing period, in comparing the EC of coir substrate with the mixture ratio
of coconut dust and fiber with the EC of a substrate with profit and rockwool, the average
EC of profit and rockwool which was EC 37~38 dS - m™ was lower than the average of
coir substrate which was EC 4.2~4.3 dS‘m™, whereas there was a radical variation in EC
of rockwool due to high rate in standard deviation (EC 150 dS -m™) and coefficient of
variation (40.5%). Water content of profit and rockwool which was an average of 50.5~
27.7% was lower than the water content of coir substrate which was an average of 67.7~
70.9%. The pH of drainage was stable in all substrates showing 6.4~6.5 and the EC was
somewhat higher showing 6.0~7.1 dS-m™. The temperature in the coir substrate was
lower than that of profit and rockwool sustaining an appropriate level. Photosynthesis rate
and chlorophyll content were higher in the mixture of fiber 50% substrate, and there were
not much differences in fruit weight between the substrate but concerning the fruit shape
which determines the quality of the fruit, mixing substrate of fiber 50% and rockwool were
close to a regular square. Therefore, it is estimated that the optimum mixture ratio of coir
substrate using coconut dust and fiber was suitable for fiber 30~50%.

b. Investigation of optimum Ca and Mg contents in nutrient solution

Components of standard nutrient solution used in experiment is comprised of NOs-N 180,
NH4-N 1.0, P 54, K 8.0, Ca 10.0, Mg 4.0, SO4-S 3.2me * LY And Ca 1, 3, 5me/2, Mg 1,
2, 3 me/ ¢ were added to improve chemical properties of coconut coir,

EC of slab and pH of drainage nutrient solution were stable in non-increased and
increased, respectively. Nutrient solution increased Ca 2~3me-L /Mg 1~2me:L" was
suited to hydroponics using coir substrates made by coconut producted in Vietnam.
Nutrient solution increased Ca 1~2me-L/Mg 1~3me- L’ was suited to hydroponics
using coir substrates made by coconut producted in India. Nutrient solution increased Ca
1~3me - L'I/Mg 2~3me - L' was suited to hydroponics using coir substrates made by
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coconut producted in Indonesia.

¢. Investigation of optimum concentration and amount of supply nutrient solution

The EC and water content of coir substrate according to the nutrient solution’s amount
of supply nutrient solution were stable showing 170 mL/time and 230 mL/time, the pH of
drainage was higher in 170 mL/time with the average of 7.2 whereas stabilized at the end
of growth and EC seemed to increase when the amount of supply nutrient solution was
lower. The temperature of the substrate seemed to generally increase as the amount of
supply nutrient solution decreased. Chlorophyll contents showed no difference in concern
with the amount of supply nutrient solution. Photosynthesis rate was high in the amount
of supply nutrient solution 170 mL/time and 230 mL/time. Fruit weight were heavy in the
amount of supply nutrient solution 170 mL/time and 230 mL/time weighing 194.4g and
189.5¢g, respectively. The fruit shape was close to a regular square in the amount of supply
nutrient solution 170 mL/time showing 3.3. Therefore, it is estimated that the optimum
amount of supply nutrient solution in coir substrate was suitable for 170~230mlL/time.

In 10% fiber coir substrates, 50-70ml/time supply rate at 700ml/day had less water
content variations which was monitored by FDR(frequency domain reflectometry) water

content sensor.
3. Development of hydroponics culture using coconut coir substrate in Tomato

a. Investigation of the optimum mixture ratio of dust and fiber in coir substrates

During the growing period, the pH of drainage was stable in all substrates showing 6.
3~65 and the EC of drainage was showing 4.3~6.6 dS - m™ in coir substrate somewhat
higher than pearlite and rockwool.

Change of plant height was not different of mutuality, without low growth speed in fiber
0%, 10% substrates. Chlorophyll contents was not different of mutuality without little high
level in rockwool at 12 weeks. Photosynthesis rate was higher in coir substrate than
pearlite and rockwool. Marketable fruit was excellent in fiber 0%, 30%, 50% substrates, and
fruit shape was similar circle in fiber 30% substrate, Water contents of plant was not
different in the whole treatments about 84~85%.

b. Investigation of optimum Ca and Mg contents within nutrient solution

Components of standard nutrient solution used in experiment is comprised of NO3-N
153, NH4-N 08, P 7.0, K 8.0, Ca 9.0, Mg 50, SO4-S 50me -L™. And Ca 1, 3, 5 me/ 2,
Mg 1, 2, 3 me/ ¢ were added to improve chemical properties of coconut coir.

Nutrient solution increased Ca 3me - L™/Mg 3me - L™ was suited to hydroponics using
coir substrates made by coconut producted in Vietnam. Nutrient solution increased Ca 1m
e-LMg 1~2me L' was suited to hydroponics using coir substrates made by coconut
producted in India. Nutrient solution increased Ca lme - L’l/Mg lme - L' was suited to
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hydroponics using coir substrates made by coconut producted in Indonesia.

c. Investigation of optimum concentration and amount of supply nutrient solution

Fruit weight was heavy when nutrient solution was low and L/D ratio was not different
about 0.85~0.88 in whole treatment. Percent of marketable fruit was 84%, 81% in EC 1.8,
25 dS - m_l, these value was excellent. Water content of plants was not different in whole
treatments.

Aaverage of pH and EC were little unstable in 120 mL/time, because coefficient of
variation was high. Change of pH was so high value when amount of nutrient solution
was much. whereas reverse situation showing the EC. Change of plant height was low
value in 70 mL/time and chlorophyll contents showed no difference in concerm with the
amount of supply nutrient solution but Photosynthesis rate was high in the ambunt of
supply nutrient solution was much. Fruit weight was 1950 g in 230 mL/time and percent
of marketable fruit was so high level in 120, 180 mL/time. Water content of plant was not
different in all treatments.

4. Development of hydroponics culture using coconut coir substrate in Cucumber

a. Investigation of the optimum mixture ratio of dust and fiber in coir substrates

Adequate mixed ratios of coconut dust and fiber were investigated to develop as the
environmental friendly substrate in hydroponics. Growth and yield were higher by coir dust
in fiber ratio 10~20%, and it were considered appropriate mixture ratio of coconut coir for
cucumber hydroponics. Bedding system was highest growth and yield of cucumber. '

b. Investigation of optimum Ca and Mg contents within nutrient solution

Ca” and Mg? were added in Yamazaki nutrient solution by 1, 3, 5 me/¢ and 1, 2, 3
me/ ¢ to examine cucumber growth in coconut coir substrates of different origins for the
improvement of chemical properties.

Early growth was inhibited because of nutrient unbalance and phenolic compound in
substrates. As time gone by, no differences between origins were found on growth and,
photosynthesis rate, yield and fruit weight. The highest growth and yield of cucumber
shown Ca®" 1~3me/# and Mg® 1~2me/# in the nutrient solution of Indonesian, Ca® 3~
5me/ £, Mg® 1~2me/ ¢ of Indian and Vietnamese.

c. Investigation of optimum concentration and amount of supply nutrient solution

In 3000ml/day water supply, timer based irrigation had 12~45% drained water ratio. One
day supply amount which were controled by FDR sensor were 1005~2054mi, whereas
there was no drainage controlled by 20~40% water content in substrate. Rockwool
treatment controled by 30~35% water content had 30% drainage ratio. One day supply
amount was different at weather condition. Using FDR sensor to examine water content of
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substrate, water usage was controled efficiently. So, It is possible to control irrigation for
cucumber hydroponics with coconut coir.

5. Development of hydroponics culture using coconut coir substrate in Rose

a. Investigation of the optimum mixture ratio of dust and fiber in coir substrates

Coir dust were mixed with 0, 10, 20, 30, 50% coir fiber by total volume. Coir slabs were
composed of coir dust with 0, 30, 60, 80% coir chip. And control -substrate was rockwool.
Physical properties of coconut coir substrate were examined. All coir substrates had over
90% of total pore space. Air volumes of all samples was higher than 25%. Water contents
were in the range of 2996 to 64%. Easily available water(EAW) contents were under 20%.
Zero, 10, 20% of fiber mixed substrates and 0, 30% of chip mixed substrates had very
good physical characteristics for hydroponics.

Water content changes by water supply rates were investigated with 20% of fiber mixed
substrates. The total amount of daily water supply was 600ml/plant with 30, 45, 60, 90, 120
or 150ml each time. The average, minimum and maximum water contents of the substrates
were 35.4~37.9%, 31.7~34.1% and 37.4~41.49%, respectively. It was possible to reach
average water content with water supply over 60ml each time. Margin between average
water content and minimum water content was the smallest with water supply of 60~90ml
each time. The water supply of 60~90ml each time was proper for the coconut coir
substrate with 20% fiber.

b. Investigation of optimum Ca and Mg contents within nutrient solution

Components of standard nutrient solution used in experiment is comprised of NOs-N 9.6,
NH4-N 073, P 22, K 5, Ca 45, Mg 2, SO4-S 15me - L. And Ca® 3 me/ #, Mgz+ 1 me/#¢
were added to improve chemical properties of coconut coir.

In Ca and Mg increased nutrient solution, photosynthesis rate were higher at 0~30%
fiber and chip composed substrate, and plant growth were higher at fiber 30% and chip 0
~30% substrates. Total cut flower yields were higher at 20~50% fiber and 30~60% chip
substrates, whereas fiber 0~30%, chip 60% substrates had higher marketable yield. Ca and

Mg increased nutrient solution was efficient for coconut coir substrates.

c. Investigation of optimum concentration and amount of supply nutrient solution

At 60ml/10times/day water supply rate, 20% fiber and 309% chip substrate had lower
margin between highest water content and lowest water content of substrates. 20~30%
fiber or chip ratio were proper for hydroponics substrate.

In rose hydroponics using coconut coir as a substrate, there was no big variation in
electric conductivity(EC) of drained water, whereas pH of drained water, especially that
from rockwool, varied from 3.5 to 7.5. Cut flower growth was higher for substrates mixed
with chip. Rockwool substrate produced the tallest cut flower, while every substrate
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produced rose cut flowers over-80cm average height. Vase lives of cut flowers were the
longest with substrate of rockwool, 096 fiber and 0% chip. Substrate mixed with fiber had
longer vase life than tose mixed with chip. Cut flower yield of the substrate mixed with
fiber was 10% higher than those mixed with chip. The rockwool substrate produced the
highest yield of cut flower over-80cm. Substrate mixed with 20% fiber had the most
marketable yield among all the substrates. Whereas, the marketable yield of the substrate
mixed with 309% chip was the highest by all of the substrates mixed with chip. Total cut
flower yield was the highest at the substrates mixed with 20 and 50% fiber. It was
concluded that substrates mixed with 20~30% of fiber or chip were adequate for higher
marketable yield.

At 8:2 dustifiber substrate and rockwool as a control treatment, FDR snesors were used
to manage water supply by 20~25%, 30~35%, 40~45%, 50~55% and 25~30%. One day
supply per plant in FDR treat was 96~215ml. It was 16~36% of usual timer supply
amount which was 600ml for rose plant per day. Drainge ratio was 0% in FDR controled
treatment, whereas usual timer irrigation at rockwool and coir substrate had 51.8% and
53.2% respectively. Photosynthesis rate, plant growth and marketable yield of cut flower
were higher at 40~45%. So, 40~45% was proper management range for rose hydroponics.
It was possible to produce high quality rose by irrigation control using FDR sensor in
hydroponics.
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M o1& AFofentEel Tl

14 47 /e 533 g4y
7h AFNE A3 7€ AR - 394 Fo4
O Adde) g 8%
o FYAM Aol AA e HFL 1970 RE FF87] AZsted 19809 25%0l
A 1990 28% 19954 36% 7+A F7hsith IMFol|3 tA A o2 Zrhelel 2006 31%
TELE F7HAL, Aa7 AR HFLS 19809 12%0 A A& Zskske] 20009
o) F 20%TELE AFHRAY 2% =AF29 HFL #iGdT AgHoZ AMAL
T AEHL2 Frlstd 1% 230, A2 F AdAL7 AAE H)SFo] 55%
€ AAE BHF O T840 F.
o FHAA ALDLGANANE +A D3 3) TN HF S 19909 5%001A 19959
10%, 20009 11%, 20053 12%2 A&HHQ F/HFHE R9Fn YL Qo4 XUEF
E A&AoZ FrEe 2005d9) 53,022ha® VEFWLW, 19709 #3104 vl w A
F7h= 944, 354, 20842 Zzt Yy,

<E 1> 5dASG Y Fol9 A A9 v F (¢ A9 9
T8 1990 1995 2000 2005
FHEFAHA) 17,728 25,355 31,829 35,088
A A4 (B) 810 2,615 3,397 4,164
(B/A%100) (5%) (10%) (11%) (12%)
A ) 2 640 2,193 2,940 3,508
A] A 3} 3] 170 422 458 656

AN E ST A8 F ALY A4S FRF
¥EHE, YAAL, 4 dx

<E 2> YT AR U} Fo) (&4 ha)

T& 70 75 ‘80 ‘85 ‘90 ‘95 ‘00 ‘05

A 762 1,746 7321 17150 25450 43,131 52,189 53,022
A & 762 1,746 7,141 16569 23698 40,077 48853 48574
53 - = 180 o81 1,752 3,054 3,336 3,448

HERR, ALALAH, 2006 / P2, AL, 2005

O 9x29 Add3 24 &2 7s
o NAdu HelEs EFAME 2~3d FRE dehlke 43R, 9794, EYAINY 59
S7HR Jste] QAT FAY FEF Aspt AgHz gioh ol@d BgAucl ) Azt
TAEE FEGIL B2 A4 2EASE FAMNE FUE & 5 dE FAANRY A%
o] ol o]Fojx %S
o A WAL 190dH S0 FuUF HHolE WA ALET A FHE AT FA o)
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o] o] WA '91\d 65ha, ‘9% 335ha,
Y F&¢ FE3 L3 Yok
o A& 2049 738 AFL MALF7F 608.8ha(71.9%), 3HEIFEo] 2381ha(28.1%)0] AuiH
Ho 2 BY EvtE(253ha), AP(172.7ha), ©@3(76.2ha), 15+(40ha), 2°|(33.5ha), ©7](26.2ha)%
o] ¢2o2 Hol itk
o 1F¢ AT} Hete|EE o] &3 FAAME AAdnF v, EnE Qo] Fo Al
g 9 AN T FAE FEUA A 2 7]9E %S
o Yd#Eg} o] #S FASAA FES AT FEE PINA SAZALEE FR37] 9
A EvtE, Qo] T3 Fo HAAFE 100% F4ANE AAHDL 1 I, Auwe 5 s
EX 80%0]4o] FABANRE o] FRA L 2.

000 700ha, '04'd 8469ha FAF F7HE HHEA o

Hd, ¥4

O Qe 287 Yae F24

o WEZA AT Famel dFY sl ‘BoIFrE avAe wg
A TH89%) 'S 2017F WE wF 2uAEL dBA o BARe
A Qs quse tdd Fud Ay 48T 2vxe] A3
Agg Aol Sl Y 2@ a4t I Ro AR,

o VBAFAE ANFS v % Loz Zrlshn Qlov, B3 2005d6lE 73% F7HEI3Y
on] AA FAE F ABREAB] AN HFL 054 T JF02 ¢ 4%0]9] v
HlZo} 2 Zrhake] 20054 gr 80009 9 FEe NBE P} e

o ARE 25 AVASAL Bital 201397A kSR AREF 40% P, 20104
A ABANEFAE NE 10%2 Fu), AEF 0] AANE AAeBY ARAE
g AA FE 5& AFHn UL

=

<E 3> AFEFY &4 F® (06. 5HH)

T i 2005 2006 2008 2010 2013
(‘99-"03)

sistulgAl & AR F 375 374 350 290 260 225

( kg/ha) H)&(%) 100 9 93 77 70 60

& A AHG-¥F 124 11.8 11.2 10.1 9.1 7.4

( kg/ha) H)-&(%) 100 95 90 81 74 60
o FPL AY FHAA VR AL Frz Fold AR FE AMYE FAT F Ut
g9l 73_1%73 $93 $49 AR J5o] F= HWA HF, EU, Q2 5 AAFNA

FRARA 7S FEstr] HAA AAF JAEE FE AHH L& "]33-6-.

Ol'ﬂ‘é.%Eth NdEQolN BAREY Yoz APy Yaix g ANz, S3N2EY
A E FAANZ At 240 FqHe ZE AJUA(EY, Hl= -6-)° E Fo]7] 314
‘closed production system’oi Agsle gt o)RAL EFA o] vs)A £AAMI EF E 5
AL HE 0% °1F EY & I HASEE 43  F Qlvs dFAdel] vpgs Fu ¥
zq].
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o Ul E 1990 d ) FutRE I8 FIL AP A= L 2 ¥ 7 B
AY 9L AFsE 7 diF A A U= 387 59 o8] A A=E
AA, =gsta o

o Wi Fog ¥y 71E2 A4 HANE st FOoVME AE] YAAES #7A

FA% F AE 187 B 71e9 AL @93 AYHn Jon, AfH ¢A FAE A
e 98t GAP(good agricultural practice) =43 59 AehAY A&7 AP
A, A% AA8H L9FsAE £ol7) -r]ﬂ quz AEAY FAE FF A, 1873 F
EANANZE, A AuBE 7, IT71€S 28 32 $971€ 5 71593t g g &
e AR oF FAQ T 7lq & 3‘1 4.

O 284 #7189 T84

o @A FAAME WIAR ApEEe ol4HI Qv WAL FILYA(ILY, FAYY 198, o
Azt gepo|E(o]§H. 1989, 1991), BetolE+detd EfuiAI(o]-84. 1994), Hto|E+F&
(274, 1993), FAIA(FLEZ. 2003) TL2 o] WA 5 ¢ Heo|Est S 73
AuE FEstm A& FAANE wlA ALE 20049 V1R B u HelolE} 36%, FHl
HU6%E FEHL U+

o} ¢AAuE ThaAuhAl A4 100me) FHtd WES 12me) HAgd EEIL vjgH| &
72 2 Aulgeld FARE LA YT BolE e HolE W WA 23 L
A 5oz FAYs HriAe BAF0l Ui glo Aze §7338F wix g gade 3
=] st5() =, 1998).

oolAY 7] WXt AT HyIA BEAFoE A o] dAT WiA=M AL F AT &
olg f71ulA el aF=o] ok FUIMAE AHE F w7] Al olE HElY ExAH2 HAE
A 2% vulgs g2z F90] HH, ANt Fs=EA HH|g uig FINE # A
(M, 2000). f7lARE F3Y, BY, 94, 299, ¥, JERS, ¥vl3 Fo| ARHR &
U A 2594, A9, 1 5L AVl 19 W2 A&HY 5% A4 A% &
ARE Ve 3, JER2 9 vas g4 2 ssge] FAAME o2 FARE Aol
ot B 2% 7o) o FAETA A FUI= FHEo] Aedt uFdl weh #d4ol
w3(d, 2000).
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. a7 984
o coconut coir MIAE F7I1HEE) AHEE & A 9F FEY FE FRE 5 JonA #dP
EYARE ZE WAZAY F& FEE 7RI Yok 28U coconut coirs A FE2 coir
dust(cocopeat)t2 FYH] FELoZ F2 0|43 Y3 FAA e &2l 33 FHAM )
Aol "o g Aot
o wir] FUd FUdHo FFHE coir dustE AR, FAAM WHAEZA HAY E
7 - eGP HF7] Y3l coir dust$} coir fiber?] E#E F3d EYFE A, of
E WX ¥ 4" K, Na, Cl o]2& £9A7AY Ca, MgFd] H712 o2dd e
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o E% Coconut coirg ©|-83 UojaE9) +AAM 7&d obF AR Pof 2HEd A )
A QA 24 WA B4 B2 vt 24 2 Fug gert gesing Fa AAAFY FAG
1% Eulg o] 9 Au]E 42 E Coconut coir WA A FAAu A2dE FPFozHn
LFES] AAA, 2T 2 ANEY AL E =9 FEFYY 71ES Az doh

H 2 & = ZlsHg g

14 A7 i Zley =d - 8 83

7k AAA FE

1968de] g=9] Allen cooper7} NFT A& 7dst 7 1980 744 AAA 73 Au)e) F
£ o]F%ch vt 1968 ka9 GrodanAtel A =4 Ajul4 W (rockwool) S 7HEEIHA 1980
0 FUFE AAFG AVE FAHLE 1 o]& WHo| F4:3] F/IsIEA NFTE dAs] vsid 3
FHE FUELE Coconut coirt peatmossE dAste] AE, £314 vlx24] Agso] 43
o, 2o FAANE H dA v 2A JEEy] YEiA @r)el, vigdE, 2Hg-e nEd F
A5 338 FHoE 2FFMY coirE e E FFAJA ATVt olFoX 1 glu ¥ APsley
o7t AFEHRAT SHAE FAFH7] Ak 28U o]E WA+ coir dust®} coir fiber FHekel o
€ =935ty 549 Aol FoE FrhiXe olFE A3 HA Baia gl 23y FHY $£7AA
Hie A AxF 2 AuiE o] F43] FTUME ALZ & el W FH9 A4 2 FA IJAE] FF
A A& FYsta Sivh 22y Il coir dust(cocopeat) TR A R A4 Al M= o}FAAA AE
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FP& Y Al AY FAANT ZA 74" § e Aotk

AIH R A @ 7143 @4 g 7l 4A4s @A

Olol

Yo rly pm

v SusE

FHAA FAAE 19809 ofde] ddseAT 97, AABAMI T eIk 1985~1986d d A
(F)B7d3 AEA P 2 7oA w8 4ES et 243 URYH) AlZ 23y ¢4
o A ¥ #7)9 A7 diFE ALE Hn g9 diA vl A2ged. dedFAE) TS A3
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FoES YAIT & i 47 WA ALl B By FFHT Itk

o =) - 99 A7AY

A AA 3 55 1904e 7102 &55AANNAN RS o]&% 572 ul(rockwool, B
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o 3 ol go] Zu) B Ao FHATH oY coconut coird] W BAo] AEHE AL I
& FA0E dF tFAte] Ha QT cocomut coirs AE2A Y flade o 4ty gEA
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7}. Coconut coir £32] 3184 54 2 P&

(1) Coconut coir Z83 =4
(7h) Zojo] WA E&AY

A3l AHEE coir slabe TR Ao w2 o]go] JHFHESE &En Felo WEZ A
g =R AFolI, coir dusteE AxulAlel, A%, 2] F7HaE AME 9ot Coir slab$t
coir dust®] EAHE 43 FIE Table 1-17 Zoh A#=T ke F4A 4 coir slab?)
3% coir dustel HS fiber®} chip H]&o] FHEol wEt 7FAE(DB) 0.088~0.063(g -
cm®), FYE(DP) 206~144Mg - m™), AHWV) 666~342(%), FEFE(EAW) 191~
L7(%) % &358(WBC) 114~1.0(%) 22 ZaHY 713 (AV)E 20.1~614(%)2 Z7}ste
AL ¢ & AN F fibers} chip?) Hl&o] ZIEFE 7|40 AASE H|Lo] FolRoH,
53] coir dust®} fiber - chip H]&©] 30:709] slabe FEFTETHH gEFE L0 77 17,
1L0%=2 ZAEAH A SHW A4 i FoXAR Aoz @ FEFoF B w
& FEFEZINC] HEE F o] wgd FF 1F e SR azHool & Aoz Azt
Aot Coir dustd] 8L Aol we} thx o] B EH AX Aot coir dust?t &
AT E(EAW) 186(%), &FTELEFH(WBC) 50(%)E Ax 2 23 F7F coir dust & 1=
Alopatel ) te] AH o2 E gk} Coir dusty® 7PAE7} coir slabol]l ®dte] @on & 3=
B0l 94%ol o2 Fa Aq4o] Eol FrAT REFPol 8L g F 5 it

Coconut coir MlZ& AAba L A wild) wa 71U % 0.04~0.08(g - cm™), A4 73.0~
80.0%(volume, V), 714 24~89%(V), &% 855~94%(V), LA 105~145%(V) 281 B4
FE £49 8~MIE L FFY F TIHE Boly, Y& MR EZA /M s
AR 2 FEY FEATFESHF <1~36%(V)H 4EFFEELFE /-G n g9 o AFE
dSAF2 v(Abad 5, 2005; 23} 7, 2003).

o] 2] coconut coir ¥IX]e] E]H SAL JAY =Z7)o ZA BHPHW(Evans 5, 1996;
Handerk, 1993), 714 % H4zte) Wid2e dER2AG vl {FAFstH(Abad §, 2005). £&
HAA A g wAe] By EAY Aolx coird AMFH F HFHE T ot @A =,
Ao AT AX VAL coir duste ¥e ZAE dglen Ax D 274t coir dust
© A2 2L T AEYAo} coirth F&o] AYHIUS FUgozZE & & YUt A
Mt coir dustl & FA AAolY &F& @re A4 2L JAFE TI AIY 45
1o] 7 A4 coconut coir MAL 24 MA AP A=A} coir dustE AHEEHY

oo g ]
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Table 1-1. Characterization of physical properties of the coconut coir substrates in the
experiment analyzed by Rural Development Administration(RDA) method.

Substrate Source Dy’ Dr . Wy Av EAW WEC
@-cm® Mg-m® G (%) (%) @) (%)

100 0 0.088 206 %7 666 291 191 114
S(i:;; 60 : 40 India 0.081 150 99 536 413 88 82
30 : 70 0.063 144 %66 342 614 17 10
Indonesia 0.070 159 %6 55 401 186 50

CoF oo India 0.066 145 %4 501 454 137 18
dust - Srilanka 1 0.087 157 045 452 493 146 08
S lanka 2 0.084 147 943 535 408 157 09

* Dg: dry bulk density, De: particle density, Ps: total pore space, Wv: water volume, Av: air volium, EAW : easily available water,
WBC : water buffering capacity

¥ Coir dust : coir fiber + chip (%)

* Sivanthi joy (India)

(W) ez B4 a8

¥ 1-2= RDABA Y oz AAE coirEd v & we B84 4 Aot

Coconut duste] fiber &% F7HA e uiel AujFH 7lu)FE e o FaF
ek (EAW) S} water buffering capacity(WBC)E A% F7le) wal gasdte 23S i"q
z3 9lt}, Optimum matric potential(OMP)E AL A Y3 FE£FFHT F71TF] vlEo)
Ile) HE $24Yg dated A4T% F7td wel OMP/E EolE ZFS veEh HiR|
7} 44 Az F Qo] #F HAFE FVANACK e RS B B9 Fu 39 A F(2002)
E 718 uix oA JEZA e A sRFYo) -5kPad W FY & o] AEel A3}
o Budta vk ,

Coir dustoll chip ¥FE F7/HAE AH FFZF7ie wptA=2 Qv F, 7HlF, 7 &
32 WBC Zo] #a3dty gov wde] OMPE 37Mste A¥E 2Ad o4 4493
AAE T Qe coir chip slabe Al FF EF 3% 946~948%< et 3, A
1.18~1.42 Mg - m™ o|3 7P %< 0.06~0066 g - cm™ $E& Uehll L Jon %‘#&—‘
& oF 8% & UetWtt dhdd OMPE 9utxA xR &A el BF3ASF
gojol e A& RYFL Uth
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Table. 1-2. Characterization of physical properties of the coconut coir substrates in the
study analyzed by Rural Development Administration(RDA) method.

Suibatrate Ds" . Dp . Ps EAW WBC OMP
(grecm™)  (Mg-m™) (%6) (%6) (%) (-kPa)
100 : O° 0.107 1.68 93.61 19.61 1481 2.98
90 : 10 0.099 156 93.64 16.55 10.96 2.33
Coir 80 : 20 0.094 1.43 93.41 14.81 10.40 1.98
70 : 30 0.081 1.33 93.93 13.35 11.86 0.78
50 : 50 0.050 0.94 94.68 11.80 8.96 0.05
100 : 0¥ 0.093 215 95.69 12.29 9.40 7.00
Coir slab 70 : 30 0.081 1.92 95.76 11.32 6.91 341
40 : 60 0.073 171 95.76 9.90 6.14 1.66
Commercial product 1* 0.064 1.18 946 5.09 2.75 0.10
Commercial product 2" 0.075 1.42 94.7 7.98 4.08 131
Commercial product 3" 0.066 1.28 94.8 7.84 3.70 0.62

* Coir dust + fiber (%) , Indonesia, ¥ Coir dust + chip (%) , Sivanthi joy (India), * Profit

¥ (9 clover) Bio grow

Y (A9 GS)

“ Dg: dry bulk density, Dp: particle density, Ps: total pore space, Wv: water volume, Av: air volium, EAW : easily available water, WBC :
waler buffering capacity

(th) 2ol wjA o] #2574

Coir WA & o83 FAA A FAAA Bod vz FEFF A 71€E +F37
A coirvlA 9 £ &4 WHo=e WALVES FDREY S & 43d0A<e 415113}01 34
vt =3 coirdf A e H &3 FAF WE FERI 54, Y4 BIAeE S 4L
Ade 53 2.

1) A=Y FESAH FA

A FEEAH T4 sandboxP S o83t FE ETHHEE -05 -1.0, -50, -10kPaclA
SR W3l dAe 2A%AY. FEFESZE(easily available water; EAW)E FE73¥
-1.0~-5.0kPa Afoldl FH3)& FE&FFOLRZ nFMA YA} Ao I FELE FE
o] &3}7] A AEle FEI}FS =31, OMP(optimum matric potential)& FEZFAZ A3}
F71%7HE 0l watslE FEAES Yedti(de Boot 5 1974, Michiel 5 1993). 7] 1A ]
E #e 838 -bkPa FEAA FYstee] F& 4F3E Adve ¢/ UAHA F
2002). Coconut ¥lAe] @G AAE 93 FAAH HFAE A AZUlA ot coconut dustel
Af(fiber) 2L 0, 10, 20, 30, 50% FFo2 FIIAF o W& FEEHYFHAL 19 5-89
2} olg AR s FA#YE JoH FRFY -SkPa FEAA HIAE £E FF2
42%, 40%, 38%, 30%, 20% T&< 474 vetll AFFF Sk wet A | SEFFe] U
Bton FREFEFHEAWIE 148%°X 9.0% FEHA Faste FFS BAT

AAYW WAE AZYAYA &L x4 siR)e] coconut chip FHFE 0, 30, 60, 80%Z F
ANAE 9 AHEFE /AN W9 2ol FEFERTF] F53] gasAc FEEY
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Fig. 1-1. Water retention curves of coconut coir substrates in different dust and fiber ratios.
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Fig. 1-2. Water retention curves of coconut coir substrates in different dust and chip ratios.
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2) Coconut coir®l Al =% &34
EgTFEs 34 }E— W EYY Fed ESFEAHOZ A 2714 WA A
go} AMgHT ok dutH oz B¢ FAAME WA, £3} € SEE F4E FoAA wAY
AN 2SS %‘-Zal"ﬂt wize) AF FRANE o} wjA] W FEFFE FAHsE HAH
sap flow meter ‘—} FAAE o] &3te T o] AUt
Ao = SRy wAoz ZAsE €A LU EE (tensiometer)$t A 312 (gypsum
block)& ©] &g 5717‘1 gyo] EAsts b o} 89 Wy "Xt A LrHI Bo] ALEH
3 UE Ay ALEHAYE pF 0~28 HHE AFE w1 FFE7t = W EURT &
H o] Al")r .
25l e AESH ‘ﬂ :'01%7@‘@. FAA A, dd=eH, F

pres set s
£ B0 253 5150} LAY S3O} TR SEAS L AAD I8Y 5
C ABdozE 34810 A2 AT HEHE EITLRY SAgO2 HAEH Y4

°1 Aujd BA Qo] AZIAF HART A AS AARE & F AT BT K&
g o] &3 FEA S = TDR(time domain reflectometry)™ o) 7}79 gukst 5o gl TDR
& ANHA 2o AFAE A% SHTEEFE 7@3}‘— Wyen & F£REGH
Z2Rse WPos = FEY e AXsIve Buy) 4489 UEE 4@ H“%‘-‘li
AAGAFLNA AAZEo 2 ZAA 4 o]&& 4 9lt}. FDR lﬁl)ﬂL W71 EFS ol &3 Uy
2 39 355U 2R 9sE A%, HEFHQ 3L PAH W 202 Eee A
A3 R o5 AAHCE 714 ANA FDRe| TDRol H|3| AHI}F Aol ABHOZ AILE
& Aoz Br

olE FEZAY F AUHCE AFY dALvHHT FDRYE o8¢ F3ANE Q3
A W FEFE S Aojdl o[g3r] YA A=A e o]E HMAEL o}F7A
EFFAY FEEF 34 AMEC)7] Wi AFMA FAA F71AA coconut coirdl A
L5 e BN ASstdch B8 A942004)2 HgolE A A o5 AZF7] o]
49 o7g W&ol FFAA o]fo] A&Holgd st oy coconut coire fr7IMAZ
A EgF o] Aol 917] WE teAdel S Ao B3 J4¥S FH AT

Coconut coir ¥lx] W FEERAL @ WA we FEFIAREV 282 AMAE T
2 AuFE7d 29 Yoz AAFEEF dPn, @ A FHHA 4HE HEd 5 3
o] HiE ZA43td ujx9 QxR B F UTEF AZ AAME HAAA

YA 21 E s} FDR 4o 9§ coconut coir WA A FEFF 54 7M54E By F&
Aol 19 1-3, 1-4, 1-5 9} 1-6 °]th Zo]7t Imgl slabtt W= uje] uljA|Fo] 27 3529
Aog wjA]g o) FE3] FAA Afol wixe AN F AFE AT F . A
g He wiR Fol W & FFY fibertt chip A HiAdAE dAUE SAHE AT dA
7b oS ot 29 1-69 AdolA chip@Fo] 60% Zolol EFF WA A FEFF
e unzwa B w@o] RN B W o 0% G WA T e vHA 2
3, FDRE A48 +2A2A ojgtis 2948 nd 31 3o} oF 3% FRUNE <88
"F'Er ﬂ NA AEAE Aoz FAEHAUY.
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Fig. 1-4. Coconut coir ¥lAFF < 59 3(90ml/73])d] @} TensiometerE o] &3
FESF A EH (source:AE v Al o}4})
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Fig. 1-5. Water tension changes of different coconut dust and fiber or chip ratio by using
Tensiometer. ( irrigation rate : 30ml/20time/day )
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Fig. 1-6. Water content changes of different coconut dust and fiber or chip ratio by
FDR(Frequency domain reflectometry). ( irigation rate : 30ml/20time/day )
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(2) Coconut coir®) 3384 54
(7}) Coconut coir 9AHAY 3838 EA
Coir dusti}A]¢] 3dL FENFH EFEZHAHURDAZAH)T FAEEENAENENY)

ALt SA31A T RDARYH L Fol2 HEo) IN ammonium sulfate® A}&3t EN
APLE FFFTE AHS8Y. 5 RDARA N g JEFe wfAN Foley Zgo 7l7¢
FFE B4IOn & ¢ A2, v ENEAH L FHRTE o648 I& WPoE PR FEo
AA o] 8E F ' FEA Frlol2y A0 g B § 4. .

RDARZAYH S o]83 coir slabs} coir duste] 318H43-& =AM d3(Table 1-3), coir slabdl
Al ECE coir fiber$} coir chip® H|&o] F7le] wil WolXe AFE B 4 Ut o=
o]2% o] £& T F & dust ¥ &Y Fad e Aoz AdPT) pHE A A F
3g 559~5849 & B P, K, Ca, Mg, Na9] %X+ fiber € chip?] H&°] ZF71&
T F Yol Hoew P, Ca ® Mgd F&5& K9 T H3td ¥e #&& B Coir dust
AHE A2 wet s A7) AEE(EC) 03~08 dS - m'e BPgon AxuAlolAt coir
dustoll A} 7} @& 031 dS-m'e BEEd. 9 2FFFAA coir dustol ] AUHoE Ee
EC 064~084 dS - m™' &% B 53 MEA coir dusts T o= A Qo)A Aig
ABTE ¥& ECE WerAth AT coir dustd] pHE F7ZA A AFZE +F< pH 55~
6298909 AUk NHy-N, NOs-N, P:0s= R FEo2 dAAd) et & xo]g rolA &
k. Ca2 200~320mg - L™, Mge 70~130mg - L'82 K 450~3400mg - Lo ®]sta A3
o2 32 IS BJYW 53] K9 F=E WEGAo] 339ImgL-1 &2 7 E9ta A
Bt coir dustl A 891.9mg - L2 A= u)Ajolat 467.6mg - L7l B T W) F= 2L §
F& BYth Nak #Eg4te] 1,077mg - L2 7bF Etn QE4bo] 1099mg - LY, A&7}
A coir dust7} 196.2~208.4mg + L'l 8] wksled ez vl A o}t coir dustE 21.6mg - L'E 4%
3] Yol $3%F coir dust® H7HEUA}.

r-ll: tlo

P

A A HE} F71GFAAN b F F5e EAG 8 ¢ e REL Nad <100mg - L™
o|&t7} Hojol 3t1 Cl& <200mg - L'o]3l7t vlg A st oA E Hojd REL WEGH
dust$} 22|74k slabs} dustll A YERY T 1o F7F " ostt), 53] Ca/Mg vl &9 HA
FFol 2~1022 E 01-?-’# o]3l7t M EGAT 2@l ReZ vEhgt oy H
Aoe 483 559 Cag F71 FFFdof & Aoz BAY K/Mg H&L 1~7 $Fo]
A o] WHE rni Fedte A& EGAR 9A 2Ptz olF HAE HAY
Mgé F38e HAFFo2 B Fo| Bohst Hojok s WAz Yrimoh

%?JE%(EN)E—’L‘]%% o]-§ % coir slab®} coir dust®] 384& 4% A (Table 1-4),
coir slab9} dustel ¥Hg Cad 124~197mg - L' $Fo)1, Mg 64~174mg - L' 24, K
70.7~326.Tmg + L™ o H]3) 433 %& £EL del, RDA BN A% sEs} 43
Zol7t d& & F AU} o)A L coir dustll A AFFe] Ca L MgE FF38H o= A&
o] &&t7]o) ol & Aog AIEHUT} Fiber 2 chipel A9 AAE 100% coir dust slabel] A
d&(C) FFol 3566(mg - LHez FAAMA FYeE 350(mg - LHE 43 349 o=
B g AJ3A ste E4d FFE AT £ de=z2a 7, 2003) ¥4 2L uige 93 Cl
o) AA HAo] Mtz FRY AR AAZY, YEFNa)Y ZA$ A=A slaby] e
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197~409mg + L™ 2 coir dustoll ®]8] Adjdez Xe Aol A xulAe}t coir dustr}
157mg + L2 Q1% 87.1mg - L, 22127} 136~139mg - L o wlste 433 @de $39
B A%, 28 %714k coir dustdlA @A(CD)7F 232.0~5295(mg - L2 433 =L &
S B ofF P A glo] vtz 2EAu]E WX 2o o]gd A/t B ReE #wIdr)
AEUA oMY coir dust?t EC, ZF R UEFS FFe] Ax, 22 F7H coir dustel] ¥] 3
SA SAHAE, ol AR F 7FA AFRAY AF 59 Xold oF Aoz HwAE)

HN o

Table 1-3. Characterization of chemical properties of the coconut coir substrates used
in the experiment analyzed by RDA method.

K Ca Mg Na
Substrate Source (dSE-(IZn’l) pH mg - L K/Mg .Ca/Mg

100:0°? India 057 584 5891 2327 894 71.9 6.6 26

60:40 India 036 563 2524 199.8 72.1 32.2 35 28

Coir  30:70 India 039 559 2208 2009 759 30.4 29 26

slab  100:0 Sri lanka 1.01 6.01 16441 943 1077 527.3 153 - 09

50:50 Sri lanka 069 569 12817 161.7 1399 4422 9.1 12

30:70* Sri lanka 140 586 11448 6712 1194 3323 9.6 5.6
Indo-nesia 0.31 570 4676 3146 717 216 6.5 44 o

India 049 617 7909 2780 1127 1099 70 25

Coir 550 Sri lanka 1 080 549 5571 2058 1281 2084 43 16

dust Sri lanka 2 0.64 570 8919 2602 1063 1962 84 24

Vietnam 1 236 564 33913 1269 2605 10779 13.0 0.5

Vietnam 2 173 568 20919 757 1715  687.0 122 0.4

* Coir dust : coir fiber+chip (%), ¥ Coir dust : coir fiber+chip (%), * Profit; Coir dust : coir fiber+chip (%)

Table 1-4. Characterization of chemical properties of the coconut coir substrates used
in the experiment analyzed by EN method.

NH-N NOsN P K Ca Mg Na cl
Substrate Source =
mg - L
100 : 07 049 045 336 2426 192 126 409 3566
o
10;‘; 60 : 40 India 04 07 312 707 139 64 197 275
sia
30 : 70 072 030 188 803 127 99 209 493
Indo-
e 049 045 283 1510 124 99 €657 501
100 % nesia
§°‘r (coco India 0.48 060 249 1914 149 79 8.1 2320
ust
peat) Srilankal 024 <01 252 2086 197 174 1389 5563

Sri lanka 2 0.49 0.15 431 326.7 187 157 1361 529.5

* Coir dusl : coir fiber + chip (%)
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(th) QAR Y Coir HA 9] s T

1) B F A=gF

¥ 1-5¢ AV|AZE(EC)7F thE coconut coir HiA¢ YAtAd & ¥H® o= EC/F 7
F g AxulA et wiRA A 3948ug/g ol oH, JEATG HEFA =X A E 10,000u
g/g o322 kot F71 wiAQ] Bu|EgelE, HolEg ¢ F vE FFE A W
< 200ppmel&tE e, {7 WAl JER2A 1,0164pg/gS R F7) wA¢ o
HAE F HedFe S3cd, 4 dtolEd b3 WA itk G4 g
coconut coir®} F HE TFE AXA WX HEGAN wiA} MER2RT ¢ 108 HT9)
S §HS BRgoen F XA Aolst gl 238 FHIF MY EFRY wWEGN
iAo A ddHes A=At WA Y B FHE JENIAT. 22 coconut coir BiAE X
H?E ol Zol F T FTFo] Aolg B AL WA FARAFC W& AolEH 1~23
A3 42 AHE T A=vAoMEE ¥e 3948ug/g & YEHROY o3 XMt Afd o
4T EYAL HAE YH R e 10000ug/g0)4E YENNUT o]Roz Bo} ujx] g
A, &, @5y T3 FFGo] A= oo} T AoZ R|YHUT. Y, YE D RI}E
71 WiAZ2 g Rojz HER2A F HE o] 1016ng/g BEE UYElYE A=
of vl W & HE gteFol F 1,000ug/g AE=E AEY AFY IA JFE vHAA E=
oz 4ZAdY, '

A 4

Table 1-5. Total phenol contents in various substrates.

Substrate Source Total-Phenols(ng/g)
Indonesia 3,948.4
Coconut Coir India 10,133.3
Organic substrate
Vietnam 10,047.2
Peatmoss Canada 1,016.4
..._........___.__..........,,.__._....._....,.__\.}ennicume Kor;. =& i ._49_;_-
Inorganic substrate Perlite Korea 23.0
Rockwool Korea 1735
LSD* o

Probablility of significant F values : NS, *,* « * « v:non-significant or significant at p<0.05, 0.01, or 0.001, respectively,

2) A&3Fd e AsHF ,

a9 1-7& FE Fd 4 AU F dHE §3E JERd a2 vjx) e EC/ ¥ 1
HE o] AdHom vlmA Bkd AT ulAolil K& oF 1~23] H&3IHA 1,000ng/g
oj3t2 F ¥l FFol ol HERAIF FFF 1,000ug/g FELE BAY. wdd F #HE
edo]l wokd A=A wlA S WEGA AT 48] ol HFH d4 AAH S AAH kT ¢ 1,000u
g/g TELE Yobd & 3loE AL & F AN

Ma$¢} Nichols(2004)& A 9] coir dusts} ¥3d TR AAA 59 AEAPE A7
s, A9 coir dust®t B3 ZIW HAL 4FY B AFE JAGdE A=Y
FEE 2mg L S£FEo2 BTl £F 0200608 97 AF}E R coir dust ¥R I
A Zpo] WE K, Na 2 ClAlA a3t A 134 6412 o) dolA axrt £33, 2
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3 AFREHE AAALY §E K, Na, Cl19 AA &3= Aot ATk ClY AA FAA
s Bgks v 6413 o)A, 2~33] HEst= A o] coir dust ¥1X W K, Na 2 Cl2] A|Aq
b EfAY Ro2 Rudrh AE AFd JE XA e AER2Y F Hs FF
o] 1000ug/ge.2 EAig ug} E s 4R w2 coconut coirtfXE 7 A8 &
A2 AL Ade HAT FHox 43 o] A 2 HEe]l B 2ed Ao A4HH.

12000 r
11000 |
10000 |
9000 r
8000
7000
6000 +
5000 |
4000
3000 |
2000 -
1000

——a (Indonesia)
—-b (India)

—&—c (Vietnam)

Total-phenol contents (ua/g)

B0
9

Saturation times

Fig. 1-7. Changes in total phenol contents of saturation times in different origin substrates.

(3) Coconut coir®] v A&

7h F WA E &9

AE 2 FAAE R ZE AL £ Q' Coir dustE 471504 73 2F FUdfA &
W= Y1 coco chip 2FFE £t WAY DAELE AR 25T 37C &7
WelA 385 st FAE ATy vFY $8 2AME A} (Table 1-6), 25T E
Vietnam A &4 dHd o2 37T RYG BL #Fo] FYHUR, ANdoze vz o
FAE Yt WlEG3 2 FTto A AR wiZ oA A dFol Bel Yeiye A
2837t A7 6709 ol B AA & F JHFEHI] WELE Rolm WEY HX| A
AE AFAd & F coir duste HAH YW A& ARAA AFAYPY] W22 B
. 53], Biogro A dlA E2d 4P AT Y wWiAAAN AP FFold AIEHE g
€ Bacillus spp. 2 AHAY. EE B &3t ATEZ coir WIAE TIAA AA
td 29 FEEA AHA EF &85 AT o ASoln. AFdA HLd Ad
UetA gsttr, d3dAwe s veld Bacillus &2 rhizoctonia, T¥®, fusarium,
phythium, phytophthora ¢} Z2& EY AGATIH A3 dslA ZAgsie 22 B3 A o
pE £83% T EASt Az E F Ak aY OgiF A7 u JPgH ol 7 AL
2 3B

o L T fo o

].

fo
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Table 1-6. Al7d2 £

25 BE 27 MNFFx10 cfu/g)

Sample
25C 37¢C

Vietnam 31.7 183
Indonesia 0.7 2.5
Sri Lanka 26.0 37.0
India 17.0 147
Profit : 153 297
Biogro 11.3 11.0

* Zpzhe] gxEoA] 3¢t WYt ARg)

25T F27]o4 74 wigstdEA FAHE T2 7Y F5+E AR A3I(Table 1-7), Sri
Lankaol A 3¢ WA A FdAez 713 B2 3o/t 2aHAR, 2 dge2E HE
e, Biogro, Profit £ 2.2 F%o|7F 288Ut 28U xulAolet QAxeoA #3135 ujA]
AME FFol7F A 4T oA AR oA mjA)7tF Ao A HJYxn FW
Lz2HE AR 7] WEQ ALRE HolH, B3] Eo AF F NF 3= FAE ANF
At AE-E7] fiEo2 »AY. Vietnam WA A EHE FFo| F 4R = UFTFL
2 ¢2 3 Trichoderma spp.©l #2813 A3 EY BHAT rhizoctonia$} phythium T5o| T4

oz ZYshe Ao WA Yok odrle] vehd FFIFE URE §712 FAHPe) B
S ASE WAL ok B9 HA ggh

Table 1-7. F3%o]9 g

fungi (x10° cfu/g)"

Vietnam 87
Indonesia 0.0
Sri Lanka 43.7

India 0.0
Profit 03
Biogro 0.7

* 25T #&7]9A 7Y wWFY A

() s CoOEZH &4

Coir dustolA] mlE] 97 F718 A9 £3] AEE 27|48 CO; evolutiong &3
FAT ARZ AMSE A= Qv A cRdol ), 2874t MiAZ 197 33 9 WX E
2zt Abgstgl o, wix) 9] S8 $FE 80+2% FECINAG.

A F5E CO; HEZFE &4 A2(Fig 1-8), 237} 334 XA L TEFS
e, o2 2 6708 AX JAH F AZXF coir dust WA A o= AT WEo| 5

_20_

NEEXN : SB&aE FIIBIX Coconut coirE 0128t U F 2 H0I =B THEH J1 = X H 3 GIp 2YE8/08 T/ S=BIsE EH AV SE&EDI



& K

At o] Eo] HFeA Fu ARF huskE ¥lR 7FE A s BE Adxy Ao}
WAE CO; WEFo] o1F HA Yehle AFL RAFATH oA 2 FI4 wlA 7}

2ol AT AHHo) P F¢ BRY FYo] o FAAT o]e] The wx el =5} ¥
=A dehe Aoz Wt wEb A7)0 AHgstlol st WA AEAoRE ¥R
9 24 JbE APsk Besa 3d o ST WAL A4, §4 AT J=AE EAY S

Ao ol

300

{ —8— Sri Lanka(1year)
250 |+ .
—&- Sri Lanka(3year)

200 } —&—Indonesia(lyear)

Carbon dioxide(mg)
o
S

1 5 10 15
Day

20 30

Fig. 1-8. Carbon dioxide evolution in coir dust.

A2EX . 8F&3E8 |IIHIXI Coconut coirE 0|

St

_21_

W F 2t 0| =S J1= M St OIP e/ T5: SR R AV EEDY]



Y. Coconut coir 2] 384 AA

(1) 92349 Coconut coir & fiber®] &3 &d & EgA N4

Coir dust® AM&F S Al FF3 mAY F54 L w4 FAL Yot AR ot
€ fiber?] W& 2A 3} chip¥l€d ©E E24L 47 43 Ad. ¥ 1-8& HIEFAL coconut
coir HlAjej fiber@%*—c" z4d e 4 AFolth Coir fiberd F7ld wat 712 %,
ADE, 4, FEFETE, S¢3TEFFL F2ddz, 718 %7} 3ttt 53], coir dust
o coir fiber®] &S FVMAHe wet JbEx € AWE Aol FHEA Yehgo sha,
coir dustel coir fiber A7}l W& F3F] WslE Xol& Bolx Fpou ANHoZ 95%
ol FIFEE Heoln gt dwtFHoz E%*-J TIES 50% AL Ad Hste] =73 )
A8 FFFEL B~90%Aeete Ru(da 71, 2003)9 vjaste] AAR 50 A4S v
W F5Ae] 43 M2 AdHA

Coir fiber 20, 30%7} 22t A4 445, 39.3% 714 514, 565% SETETH 147, 126%S
R elFele] BT Rl 28F SAANE WA JF fzoz B3, coir
fiber9] vl&o] 50%Y W KFEFEC] 62% A FAANE coirtfAZME FL Aoz Bt
HAY 59 3AFE 29 2 FESHE 2PIHE 83 o8 ¢ gL HAer
H A
FRANE WA B EQozME FFE, 34 HE, FESFE Fo] $2389 coconut

coir WA 34 Hl&d FFE FE 29L& YAY V)= B A(Noguera 5, 2003)7F itk
Coconut coir iR dlF# dust$} fiber2 TFAHIQO Yo A Y Yz} AYE =7}
A = dE R fiberd FFolth. wWatA coir dustol] coir fibers] $F Zrte] we
E, Ads, 44, 713 4L FEFREY HEE BEAHE A coir fiberd FE 20~30%2 A
st Aol AL wAZA AZEa, B2 FTIFTEFY FFAol B LFHE FEdE
coir fiber@yFE 50%7H4 2Asd FHAA LR o]& s Ao BUET

Table 1-8. Physical properties of the coconut coir® substrates from different fiber
volume analyzed by RDA method.

Fiber volume DY Dp Ps Wy Av EAW WBC
(%) (g em™  (Mg-m™) (%) (%) (%) (%) (%)

0 0.070 1.59 9.6 555 40.1 186 5.0

5 0.068 157 95.6 543 414 186 38

10 0.067 1.57 %7 52.1 436 184 33

20 0.063 156 959 445 51.4 14.7 17

30 0.055 1.23 %.8 393 56.5 126 13

50 0.048 11 95.9 26.9 69.1 6.2 16
Signiﬁcantx sk %k * NS kk *okok KoKk %k
LSDogs” 0.004 031 0.28 3.36 359 3.73 167

* Source by Vietnam

¥ Dsat dry bulk density, Dp: particle density, Ps: total pore space, Wy: water volume, Av: air volium, EAW : easily available water, WBC
* water buffering capacity

* Probability of significant F values: NS, «, #*, &%, non-significant or significant at p<0.05, 0.01, or 0.001, respectively.

¥ Mean separation within columns by LSD test at 5%.
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(2) Coconut coir 9} fibere] &34 &l w& 384 7|

(ZhH ¥R F7)o]2 balance A

Coconut coir®] dAabA o] we sjx 9] &S 245 27 22 FIH4E coir dust7} =M
Ao}, A=Al coir duste} ¥luEte EC, K, Na 2 Cl 9 ¥=7} &1, Ca, Mgd] &7 @&
de st 443, Nn, ANDE, A3 vmBgols, ALgdole T2 Asste WA
U Frlel &3 WEE AU £F 702 §FE SAsE Wi g wiA FolL
9] 3eko] 77t FHL BEAY § UdE RDARA W A4 FABo] 47 o] $y+ AS
g 9943 5+ Qe ENEAYE 343 247 24890
1) 5843 H7}

RDAEA Y] 2% &4 A3 (Table 1-9), ¥ K, Ca ¥ Mg &%3 43 Ao w& 3
2 Bgen, A3 1g-L! 37H4 pH 59, K 5622mg - L™, Ca 3655mg - L™, Mg 2055m
g L'2 K, Ca, MgeEzte] W27t 28 Ago] H9d Aoz RIHyon, 43 5g -
L'37kNele K 5751 mg - L7, Ca 6842mg - L', Mg 3405mg - L2 o] &3t Waiae AT
A% pH7F 9022 F43) A5ste FEASE FALYE Aoz AddAh

Table 1-9. The effect of lime rate on chemical properties of coconut coir’ substrates
analyzed by RDA method.

Lime EC P20s K Ca Mg Na
(gL (@S -m™ o mg - L
0 0.78 5.4 128 573.9 190.1 135.1 198.1
1 0.79 59 14.2 562.2 365.4 2055 1927
5 0.85 9.0 8.0 575.1 684.2 3405 1915
10 0.89 9.9 48 572.0 944.9 4748 183.1
20 0.99 106 14 579.9 1103.8 630.1 187.3
50 143 114 1.0 596.5 1402.6 884.1 187.6
Significant” *kx *ohok *kk * ok sk kk *
LSDoes" 0.15 0.52 352 19.1 52.9 406 6.3

* Source : Srilanka
¥ Probability of significant F values: NS, #, #¥, %»%; non-significant or significant at p<0.05, 0.01, or 0.001, respectively.
* Mean separation within columns by LSD test at 5%.

EN 2449 o8 &4 ZA3Table 1-10), Ca ¥ Mg9 #HL Kol vl3le @& FF9 &
Fe B A5 FFol BmE K94 Aoje ey F7tEE A4S Bk Ca 2 Mg
#o] RDAEZ4 Yo o3 &4 Bk 22 2L wA Wl Ca € Mg FFo= 3 Aoz
FEHe ol 33 L Aoz ygurh wHd FFE Cat viRel F&H vy o]
T 7198 F & ALE B,
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Table 1-10. The effect of lime rate on chemical properties of coconut coir’® substrates
analyzed by EN method.

Lime EC P K Ca Mg Na

(g-L™M dS - m™) . mg - L7
0 0.78 5.36 26.2 201.8 16.2 271 134.3
1 0.79 5.88 277 205.5 172 285 1336
5 0.85 9.00 255 230.3 177 341 142.9
10 0.89 9.87 232 2525 202 40.3 1515
20 0.99 1055 185 281.3 313 475 1576
50 143 11.42 139 368.7 78.8 40.3 179.3

Significant” Ty kk ko ok NS . NS ok
LSDog” 0.15 0.52 373 39.51 50.24 - 15.39 10.35

* Source : Srilanka
¥ Probability of significant F values: NS, » *# *x non-significant or significant at p<0.05, 0.01, or 0,001, respectively.
¥ Mean separation within columns by LSD test at 5%,

M)A 49 Zde ALy g ety aHE gdd £ JEY BYd ZFHE CN A
Ao 3 A Wt ol {7|EY &3, F49 A4H BBH EFAGENE EA7H,
A Ao F2ol2FE, Fe, Al Mn9 &3 52 #4A1719, phosphate molybdate
9 FEE, A¥Y Ca Mg, F71E3= 5& F7F ADH(Joo, 1988), M3 &F F7te wet
coir dust®} EC, pH, K, Ca, Mg, Na9] &%& Z7} st vhd Q4] 2 := 74439 EH
ol 43 Ao mE A4te nF whFolzte AT (Back, 2003)F 44l AT

A3 5g - L' M7} A pH7F 9022 X3 Hsst F7124S pH 2 EC/b 43 3715
RNew o FAEAM A 7] 289 pH A5l 9FL v|X FE Ko AFPIHR B A
L2 gaH e coir dust ILF 1g® FHE&43 A7t AL coir BIX o AFE AL
2 #ddAd.

Coir dust ¥jAle] &843 AHYA FHFT FE 3o B JA&AU ol K, Ca, Mg
U Nadl & &HF W3 E =AY AFH}(Fig. 1-9), Cast Mge 4% 23 I&71A] AE A&
T FEYG HKREAY 238 O ¥ FEE RHolx glon Carx 33 HE7A H<E A2
FE Holi, Mgt 33 FE%EH 2 Fx7F WolAE AYE vedldh Coir duste HlA] <)
0 450 dE K o229 AAS 9JsiHE 1g-L7 9 43 A7 A 23] ol A2HA
o] Yad Aoz Addct FEAY K, Na &3 F77F F3g Aoz v|Fo] 43 IF3F
< A Wl Ca o] FFFH WA W K, Na &F 4o 24 7|9 39 8z ) o] 73
< FA%EY 7198 & & AR FEHUT
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Fig. 1-9. Changes of mineral content of leaching solution by saturation times in
different lime rate. Vertical bars indicate standard deviation of three
means from three replication,

2) N3 A7}

F 1-112 RDAZA R A% Hnste] @t ulA] Wl F7]o|2 el Aot 2AF
A, coir dustd] A7t FFHE =del wat EC 2 Ca®tie F718t93, pHE #ZAss
A%E BAh A2 1g- L7 o)A EC 1.06dS - m™, pH 504 Z ZAEZAo] e 552 1
M K, Ca, Mg 7t9] 2 £ J-E3 Aoz Avgyr)

Table 1-11. The effect of gypsum rate on chemical properties of coconut coir
substrates analyzed by RDA method.

Gypsum EC P:0Os K Ca Mg Na
(g-L™M (dS +m™) = mg + L™

0 0.78 5.49 12.8 5739 190.1 135.1 198.1

1 1.06 5.04 12.6 559.3 428.9 133.7 183.7

5 1.90 431 10.9 584.9 994.0 133.9 1839

10 2.83 419 109 572.3 1460.2 134.0 182.1

20 3.26 415 105 561.9 1560.6 1314 1819

50 383 415 11.0 5785 1578.3 133.8 181.6
Significant” *okdk *kk NS NS *dok NS Aok
LSDogs” 0.33 0.23 2.01 20.89 45.24 467 5.53

* Probability of significant F values: NS, *, %% »»%; non-significant or significant at p< 0.05, 0.01, or 0.001, respectively,
¥ Mean separation within columns by LSD test at 5%.
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EN #2494 2|3 =AZA5(Table 1-12), 2 F7lFo] Z7} Fell nta}t Ca, Mg, K, Na2
ol F7t stk W] pHY PE Wolxle AYE Jebdth ol & coir dustel Ca, Mg7t
A3% FRgE Aoz A=Y, FA coir iAW K7 $&2HE e BdE At EC,
pH % ¥7)o]22] MAAE B2 w coir dust ILF A 1~5g - L-1 7} FA AL coir
Rl e Aoz AUt

Table 1-12. The effect of gypsum rate on chemical properties of coconut coir
substrates analyzed by EN method.

Treatments EC P K Ca Mg Na
(g-L™M (dS - m™) o mg - L7
Control 0.78 5.36 26.2 2018 16.2 211 1343
1 1.06 5.04 234 349.7 18.6 41.4 1773
5 1.90 431 15.9 4532 83.3 1171 2041
10 283 4.19 144 4793 144.9 134.8 216.1
20 3.26 415 13.8 4749 239.1 133.9 209.1
50 383 415 13.6 493.1 3065 136.9 208.3
Significantz koK *okk Kk *kok *okk KKK kK
LSDogs’ 0.33 0.23 29 32.32 14.99 1751 9.42

* Probability of significant F values: NS, *, **, &, non-significant or significant al p<0.05, 0.01, or 0.001, respeclively.
¥ Mean separation within columns by LSD lest at 5%.

Coir dust iAol 43 XA FHF JE AT G2 FEHdU Fo]& K, Ca, Mg € Na
o] }& FF MslE 2AY FH(Fig. 1-10), }& 3o et K, Ca, Mg ¥ Na 0|29 F
EFL2 FENL, K Nat 23] o4 HAE A A1 HA7Fd e 59 Aol AR &%}t
om 33 o4 HEA 2 FXIF A HxIA HE AFE JEWG 9™ Hx 20~50
g-L-1& 7 s oW 23 HE7A Cay F=7F ¢8tA o= 3¢S YeEtd.
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Fig. 1-10. Changes of mineral content of leaching solution by saturation times
in different gypsum rate. Vertical bars indicate standard deviation of
three means from three replication.

Hue AAFEEA APt 49 ol9gdE 22 8 ¥E A4 T FAEE A4E
o BAE Aae QiHaE A4A] AdEE 9444 I (phosphogypsum), A &S Al&3dte 3}
gddioA dAVIAZFE SO0:E AAse HAAAA AAHE EF43(flue gas
desulfurization gypsum)&°] UTtHA, 2002). 4 1e A HPLoz AHAE AH EY 7
ZHcrusting)¥ A, EY At (hardpan)R] B oz AHgEx Qth(Miller$d Sumner, 1997).
T3 A Cad FFde Aurl F4stx Qe & E£3 HE JYPdez 9% 98
£ @73 wEtA o)y A1 Ca 3FHA W wiA W dF 4 3o wjA 9] 3E
A ETYE 4ot 94 AASE L EC, pHE 2HHERE 9 of 1~5g L7 Hx H7}
7} 7 A& coconut coir WA HFE Aoz HAH)
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3) ALE 7

23Z[Ca(NOs)2 - 4H,0] #7tel W& RDA 24193 EN EAW S o] 43 ¥lx v 37
o] & balance® ZA}3193th.

RDA 243 EN 49 2% &3 43 (Table 1-13, 14), coir dust ¥R HarzdE 3
7bell mret ECE §33 37153, pHE #AHA N, K, Ca, Mg &7} E7lE= A%
BHom, PY Fxe ZAHULY

Coir dust ¥WA]¢] K, Na &} Ca, Mgzt o] 27 & FEAS 4L & 5 o
o o2 ¥ Cad] ¥5HE BF3 & F & /MY FHAQ Hde CaFBH v FY9L A
ojt}, AATFEL Cad FH3H ¥ £3AEE 71X Yo Ca F Yz LAY B30
7bEsich, a8 Aagds 5g- L7 ol ddAME K, Ca, MgSe) Hrlole #¥L Bte o
Ca® F7l AuF oz #olx HAYPA &g ROE wgEny pHE 133 2YL W Jazn
#9 coir dust ¥R ] Hrte] o A AHL 1g- L' o FFo] AFY Aoz By
o}, '

AuZE H7MF 7t B coir WA Y FE3AF ¥ Fol29 FrWslE A% 2
F(Fig. 1-11), K, Ca, Mg ¥ Na BF FiZ#9 Hrtsdo] B&5S %79 J&Fo] Bolx
B, 28 JE A 2 AEFHe Folee ANZEY HtAY FHAgle) N FEE REF
a, 33 ISHE Mg % Naol29] I&EFo 4AF AL & & Uk

Table 1-13. The effect of calcium nitrate rate on chemical properties of coconut coir
substrates analyzed by RDA method.

Calcium EC NH-N NOyN P05 K Ca Mg Na
nitrate 4 pH
g-Lh ) mg - L
0 0.80 549 105 53 128 5571 2058 128.1 2084
1 0.96 4.88 53 3.0 189 536.4 3109 1273 201.4
5 1.76 4.16 88 169.8 16.6 543.1 7499 1271 203.3
10 262 3.92 7.0 428.8 10.9 562.7 1359.5 126.8 2019
20 430 3.70 105 6125 83 560.6 1611.2 130.7 208.1
Significant® *okk Ak NS % *¥ * *ork NS NS
LSDoos’ 0.05 008 697 2058 424 2217 3149 9.66 9.03

* Probability of significant F values: NS, =, =+, »#*; non-significant or significant at p=<0.05, 0.01, or 0.001, respectively.
¥ Mean separation within columns by LSD test at 5%.
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Table 1-14. The effect of calcium nitrate rate on chemical properties of coconut coir
substrates analyzed by EN method

Calcium EC NH-N NO&-N P K Ca Mg Na
o wseany P g 1
0 078 5.49 0.24 013 %2 2086 197 174 889
1 0.96 48 049 2.26 47 2904 164 301 1521
5 1.76 416 0.24 7.69 164 4505 626 1057 2038
10 262 3.92 024 1644 165 4537 1293 1295 2081
20 430 370 049 3726 167 4984 2702 1523 2245
Significant® *kk *okk NS ok Kk kK K *okk koK
LSDoes’ 0.05 0.08 035 442 122 4274 540 2005 1291

* Probability of significant F values: NS, *, #, #¥¥, non-significant or significant at p<0.05, 0.01, or 0.001, respectively,
¥ Mean separation within columns by LSD test at 5%.
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Fig. 1-11. Changes of mineral content of leaching solution by saturation times
in different calcium nitrate rate. Vertical bars indicate standard deviation
of three means from three replication.
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4) 3} Vermiculite 37}

Vermiculite 37} ©& RDA £4¥3} EN 242 o] 83 wjA Y F7)0]L balanceE =
AretH T RDA EA3I EN EAHe 9% ZAAIFA(Table 1-15, 16), coir dustol
Vermiculite®] A7} vl&& F7FA%d wal EColle 42 FA ggton pHE Yolx|= 7
FE Bgen FE A5 AP AN £F€ 29 PY ¥EE vermiculite 10g - L™
7HA FrET7t A2dke RS X, olRA-E vermiculite 10g - L7 Hsb o] Ao A 3E
vermiculited] &% A4 FAFo] FuYHor WelxE Aoz Hddn Savvase
Passam(2002)= P&} Z& o2& verm1cu11te-4 We EAHZA 93 FFddix do o8
At Ao K9 w27t Hda2sHe AL PY vlA7FA 2 vermiculited] )3 Foz gy
At RDA 2499 o3& £4 A Cad $E7 &bl e olE vermiculite® K F3to] ¢
3 FdHeZ Caol FZo| BL ALE Add Mge FEE RDA 49 93 B0
A EF7HEAT FEAS) 9 FE K, Ca, Mgte o]2FH L 98A vermiculite: coir
IL% 10~20g A=/} £¢ Ao2 #9=H, pHE 2#s) B3ke o 10g-L" Axst 398
Aoz gadd

Table 1-15. The effect of vermiculite rate on chemical properties of coconut coir
substrates analyzed by RDA method.

Vermiculite EC P05 K Ca Mg Na
g-L™ @S- m™ = mg - L
0 0.78 549 128 5739 190.1 135.1 198.1
1 0.77 5.39 138 564.8 2096 1341 2217
5 0.77 5.28 128 545.7 2294 132.9 2107
10 0.77 533 20.1 554.2 296.7 1386 2077
20 0.77 5.19 19.7 5315 3483 1345 2035
50 0.78 502 15.1 5376 515.2 1521 2059
100 0.77 499 129 543.1 7343 170.2 214.8
Significant® NS * NS NS . *3k NS
LSDoes’ 0.014 0.18 591 48.29 46.52 11.72 18.13

? Probability of significant F values: NS, *, **, #++ non-significant or significant at p<0.05, 0.01, or 0.001, respectively.
¥ Mean separation within columns by LSD test at 5%.

._30_

N EX : etB3A3E KWK Coconut coirE 018t UIHZ 2 H0O| =B IHHH I1 Xl 3t 0lp FYEb/04 T/ st gH &y B



Table 1-16. The effect of vermiculite rate on chemical properties of coconut coir
substrates analyzed by EN method.

Vermiculite EC P K Ca Mg Na
(g L™ (dS - m™ pH mg - L™
0 0.78 5.36 26.2 201.8 16.2 27.1 134.3
0.77 5.39 274 1704 17.2 255 122.2
5 0.77 528 26.8 165.6 16.4 26.8 126.3
10 0.77 533 26.8 159.8 174 273 122.7
20 0.77 519 2.2 156.1 I 159 26.3 126.5
50 0.78 5.02 258 145.2 17.2 29.9 1336
100 0.77 499 236 117.4 164 289 129.3
Significant® NS ok *% ok NS NS NS
LSDoos” 0.014 0.18 1.19 28.75 2.78 16.66 850

? Probability of significant F values: NS, *, **, #i+ non-significant or significant at p<0.05, 0.01, or 0.001, respectively,
¥ Mean separation within columns by LSD test at 5%.

Vermiculite #7}&o] ©& coir dust ¥iAe] Fo]2 &L ZA% ZAA(Fig. 1-12), K ¢
Ca= vermiculite H7}130] Hojdol wel J&Fo] JL AL B & o9 o]E vermiculite
o] K ol &9 Adet daHy, 23 AEAA dAFEY Mg FEE 2 4 ged os
vermiculite ¢ K, Ca §3to] 4dde=z o &S BoF),

50 00
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150 —8— Vemiculite 20 g L €0
% 0~ Vermiculite 505 L* N
- —— Vermiculite 100 g L N
BD [0
E 0 w £
v 3
50 20
0 [}
i i i . N L
@ Mg Na 150
~ @ 10 e
= ]
&0 &
£ E
o
Z 204 0 Z
L b
- T v v -
1 2 3 I 2 3
Saturation fimes Saturation times

Fig. 1-12. Changes of mineral content of leaching solution by saturation times
in different vermiculite rate. Vertical bars indicate standard deviation of

three means from three replication.
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K, CaZl Vermiculiteo]l F&H+= 92 F vermiculite® $EE '@' 3 AL (M)A
LIO0CE 719 BAANAA BE Aoz FEo| F7|2 Ho 5'——‘3] & gIAA e b
T4 F22 9E Ao wR ILTF 04~05L9 B EFFE ¢ U Fol2x@F &) ¥
7) W&o FE2 F& & 5¥o| agE Ru(E. 20000914 & 4 U}t Knickmann(1951)
o] #4138 vermiculite= 74t 394%, FE 12.1%, MgO 234%, K 25% 21831 0.3%9 43S
Zt=ta Qo) Vermiculite® £0]& F348 92 317 ¥Agh QAL 2AANI|E 5o B
3 goloEE NHA'S Bol 2F3}eg dguce HejolEy JERAE o £ Ao
Fox Aot 3. 2003).

5) Zeolite 7}

Zeolite F7te] W& RDA 493 EN 43 o &3 #lA W F7)o]& balanceE ZA}
stttk RDA EA49d] 21§ 243 (Table 1-17), coir dustel] zeolite® 713t <ol ule}
ECt & A0l& RolA @&stow, pHE I Wolxl& 3A¥S BJvh P, K, Ca, Mg % Na9)
FEE ®olAE BEE YU Zeolited dWtd EAoz FolX Lo AAI =1
(100~150me - 100g™), T+#9) 4718 EFsn 538 YEF T30 vzd & 53] o
(7, 20032 stov & AFAME zeolited] FHIlol WE JEF =W 9Fe A9
AT o) AL zeolite?} AHA S| Wl 1 Ao ThEel o Aoz AEd

Table 1-17. The effect of zeolite rate on chemical properties of coconut coir substrates
analyzed by RDA method.

Zeolite EC P20s K Ca Mg Na
€L  (@s-mhH PO mg - L”
0 0.78 5.49 12.8 5738 190.1 135.1 198.1
1 0.77 5.30 15.7 544.6 2139 131.1 206.8
5 0.78 531 163 554.7 229.3 133.3 213.1
10 0.78 5.30 16.9 588.6 2535 1425 213.9
20 0.78 5.25 249 629.6 282.8 156.7 216.3
50 0.78 5.23 254 7729 383.8 193.2 2345
100 0.81 517 26.5 3825 552.1 251.5 2573
Significant® ok . ok - ok ok sk
LSDges’ 0.01 0.07 5.85 35.96 27.96 11.38 11.13

* Probability of significant F values: NS, *, #*, ##i; non-significant or significant at p<0.05, 0.01, or 0.001, respectively.
Y Mean separation within columns by LSD test at 5%.
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EN 2434 9% 23 ZAI(Table 1-18), zeolite®] H7Fo] F713td] wat Ko 571 &
olH 2.7 zeolite 10g - L' o] 3N MBE Ca, Mg ¥E7F FAHT oL J2He Fuy
FHEE %] BolAE Ao #AgHY, K, Ca € Mg ¥E7} zeolited 37bEo] ®olA
of me} Zopxe AL zeolite?t EFH A e EFAFY AB¥Y 4 Q= F(channe)I} 71F
(pore)o] 3zt 9 F2& JASHH 2 7|39 =< Pulo Wty S5 42L& Z2E
ohe ®X1(H, 2003)904, 2 CECY EAE 7HAE zeolited] 93] A3 4Feol FAHE=
Aoz #{adAY. pHY K, Ca, Mg ol27HE A3 B2 o coir dust ¥R ol zeolite=
5~10g - L7 7} A28 Aoz Hogd

Table 1-18. The effect of zeolite rate on chemical properties of coconut coir substrates
analyzed by EN method.

Zeolite EC P, K Ca Mg Na
€LY  @s-mhH M mg - L
0 078 5.36 26.2 201.8 162 271 1343
1 0.77 5.30 217 1843 159 2.3 1225
5 0.78 531 286 1848 177 26.3 1237
10 078 5.30 296 173.2 205 359 132.8
20 0.78 5.5 308 1702 152 28.2 1265
50 0.78 523 31.8 1745 136 29.3 1265
100 0.81 5.17 336 166.7 134 313 1353
Significant® NS - “w . NS NS NS
LSDog’ 0.01 0.18 119 28.75 278 1666 850

* Probability of significant F values: NS, *, #*, #++; non-significant or significant at p=<0.05, 0.01, or 0.001, respectively.
¥ Mean separation within columns by LSD test at 5%.

Zeolite H71Fo] @ &35 AT Fol29 F=WFE Y 2 (Fig. 1-13), K&}
Nat &3] N&Hog ZFiste 48 BAdFU, YEFY B$ zeolited] HE7lol 93 3
3] AEA zeolite T H7t} G2A JEFo] B AL & 4 gk o}& zeolited] 93 ujA|
W Naol2e] &z oz JA&E Ao2 BAdT) Cast MgE zeolite F3H7F vixod &
o] ZF&HY zeolite®] F7tFo] Bold4E A£2HQA Ca L Mg F&o] o] Fof Aoz A
1Zazh=
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Fig. 1-13. Changes of mineral content of leaching solution by
saturation times in different zeolite rate. Vertical bars indicate
standard deviation of three means from three replication.

(4} Coir WA F71 4 F(K, Na, CD) #AA

Coir dustdll 7 52 K, Na, Cl AAAZ 53 23] &S coconut coirt)#] 2] 3}
33 NS A3t coir dusty FHAZDE 1, 6, 12, 4Ao 2 st 7 AIZHE=E 53)9 A
AT E A FH(Fig. 1-14), €99 K, Na, CI& & A7 2 349 e K, Na €
Cl %7} RolA e Z%E Bgon 13 J&EL FE Ao wat 2 zolg BP0y 23
AEFH FE AR B2 Fx9 Aol AY AU

Ko 4% 147 A&A 1394 1288mg - L7, 23] 353mg - LY, 38 13.Img - L' 134
A 23 AEA FAT FE WHIE BAF FREHE & FEY Aol Holx gl AE
A mE FE Aoy 13 HEA 6412 1404mg - L7, 12A17F 1480mg - L7, 24417+
1879mg - L7 & F& A7) Tolwdl wal AEHE K9 Fo] Zrtsiglon, 23 ISRy
£ A& NP BE =9 ol A AA

Na % Cl2 AEA 9 g g 5= Wl o] Ko A e, Nagl 4% 1
3] 1Az, 6A17E, 12412 A& A 22 807, 95.0, 853mg - L2 x99 polrt A=A ¢kgron
2472t A& A) 1320mg - L2 1, 6, 12417 125 2o]& BY:, 23 AZARE 25mg - L™
olat2 ZAHUT. Cl& 13 FEA 1A3F FEA 2632mg - Lo v)3ky 6, 12, 2443 IS
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Al 463.6, 520.2, 546.4mg « L2 6413t ol el A &L Clo] A&=H Y.

Noguera(2000), Evans(1996)= HH 9 coirdl= Na ¢ Cl19] ¥3to] o} HEd yIHs &
T Rey, FE AAFS WA B AAYUIAY, Cast Mg 2 FE9 HIIE 939 Nae
A AAdG At E=F coirdll w1 A FHE P Ko 2-L Y9 Aju] =22y
o] stg|=Eojo} dt}(Evans 5, 1996; Noguera 5, 2000) 3tgom, £ AYAME coir dust
W =A FFE Na & ClY AA THFE )43 33 2 AA 237 dded, I3 6
A3 o3, B4 2~33] F&sE Rl coir dust iAW K, Na & Cle] AMA] £H4AY R
2 39Ut
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Fig. 1-14. Changes of K, Na, and Cl concentration in leaching solution with different
saturation time and number of saturation. Vertical bars indicate standard deviation
of three means from three replication.
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o] 39 AAE FHH R3k& W coir dust ¥iXe] F7]o}& balanceE T A Ao
A3E 1~2g-L7 H7t Al pHY Wgle] & 98¢ FX Fowy BEF BHo|Ly] pIo
3 F v Cad ¥922A4 AR RAez #dF A, Coir dust WA o} FFF F550 Q
£ K °]22 vermiculite B zeoliteE ©] &3l F&Fo] 7153l vermiculite 10g - L™, zeolite
5~10g - L-1°] WA W o]2FF ] =8 Fo +=Z3Au)E coconut coir A9 384 MA
of H{Y Aoz AGH}Y. Coir dust #ix19] F710]& balanceE U A MM 54
43¢ A7le pHY dsE& 9o7|a, AANLELE FA8 ECY %7} pHY 74 99l H=m
2 EAFHE B7) ojEg Ao E AIGHAL

Coir dust ¥}= & HAAAZHZ Z5o] & K, Na 2 ClAA &3 HAA 134 6413 o)A
oM EH7F T, 28 AHEEET A WE K, Na, C19 AA 53E o7t 9y Cl
o AA FHANA nHPE 9 647 o4, 2~38) IAEsE Aol coir dust XY K, Na 2
Cle] AA a0y Aoz Aadr),
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24 Coconut coir BiX| & o] &3 =7} FAA A A9 A A3k

7. B9 A4

(1) Coconut coir dust$} fibere] HA &3 vj& 79

A4 717t B coconut coir dust®} fibere) &3 vl &o] W& coir BIA S profit, YHEIR]
o} ECE Z2A3 ¢ wix & EC/t BF 37~38dS - m 24 coir £F WA 42~43dS'm™
woh dgtoy) duuAE FFUAHEC 1.50dS - m )t Mol A (405%) 7t oFF ol A% 7|3
¢ ECY 4% Wyt Ak FEEFLE coir WA A$ HTF 67.7~709%F o =27
3 ¢d WA e 505~27.7%2A FeFFo] Wtk wide) pHE ZE ¥R olA 64~6524 ¢
A#olglen, ECE 60~7.1dS - m'24 & ¢t WA W EE coir WMA7 TR <
d oAl vlE] ol AA 2= FES RN BRHES G222 FFL fiber 50% EF
AN w32, FFL wlA ] Z Aol7t Ney Fde) FAL AASE FIL fiber
50% E3tuiA1ot FuiujAo A HALZ g 7p7Yoh wElA coconut coir dust$} fiberE o} &%
coir MjA19] A ETF ¥)-&-2 fiber 30~50%7F AEAF Hoz et

2 AEe A5 QU QARG AF2EEY'Y fE AN T FNaGnR FF
%l ‘Fiesta'(Enza zwaan Co., Netherland)& coconut dust®} fiber2 &3 ZA® coir WA
o] g3t FAAMIAT. WA AMEE 2FIA AP ZFAR(coconut) .2 EH F B
2 ¢F¥ coir dust9} fiberg TU3 AHE3A} Coconut coir dusts ¢&d AL 2438t
A3, fibere oF 5cmE AW ¥ 100:0, 90:10, 70:30 2 50:50(%, v/v)Y] 4XF 2 I =z A}
R, ZA Al F7149 A= AL A8 dust 1L B A u(AAA 3]) 5508 E&stQ. 19
i1 38 WiAE FAAE AFF(120%x28cm)el]l AFF 12048 ¥ F 90cm Zoj2 ¥ HIF,
53t slabs HEJT AFuA G BFEAHE vZ7] Yt FAgaE: FoloM A
43t JAE F8 iR ZZHA(profit, Growzone Co., LTD., Korea)¥ ¢HHu]X](Grotop
expert, Grodan, Denmark)Z &7 A8 Az &5}

oFL 4¥8E2 1 W(Grodan, Denmark)el] 3E¥ F 2% 25T, % 80%2 Ao
ofAZl ¥ BY 249 A= AAHAE 9 ¢d EZ2(Du 46, Grodan, Denmark) 2.2 &4 F
F 25T, ok 20T AZA SRIAT FALE $E F BY 7~8%0] AAFn R shto)
¥A4E F 7 EC 30dS -m™, pH 559 wWj¥ge2 39 F¢ EFAZ coir slab@ 354 3
HEog AP, #FYL NOs-N 180, NHi-N 1.0, P 54, K 80, Ca 10, Mg 40 2
SOsS 32me-L7'2 248ttt TFZL 120~130mL/3, Y FFAFE 1LL71(8~99)
12+23], A271(10¥ ~11¥ F¢) 6438, 471112 3¢ o F) 5223 =2 den nrp oA
b3 92 i 29 A Ao e 2o

S 717 < coconut coir dust®} fibere] EF u] &) WE coir, TEH L 4 H|A 9
WA Wl ECS 2% W3lE 4w B (Fig. 2-1), ECE coir MR ¢ ZT23 &= A4 5
F# EC 36~-39dS'm™ ¥HE Yehliey ¢¥ wjAE EC 22dS'm™'2A we 458
Uttt BT o1F 2154 ZAAAE coir MiXS Z2R wjAE EC 35~ 50dS'm™ ¥
€ YEE A Hduke] AA A Aol oy ¢ M AH 175 Fo EC 6.0dS-m o]y
7HA edte § td ¥t ARAd A4S A AAA coir WiXE HF EC 42~
43dS' m™ & YN ZT2H WX EC 38dS'm™, ¢¥ wWAE EC 3.7dS'm-1& e
WA o]l coir 81X 9] ECE FMgnEe 2dR A B ¥X2 EC 35~4.0dS'm ™ (Lee
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S, 2005)st Hlawste] HY ol £X3to ZARY EC7F ¢FAQ Aoz Yehga, ¢E u)
A4 EC7F &3, W37l AW AL wixe 3 B ¢de FERGFHO ThE i)
Zlol wg] (o], 1997), 2A] ECE 589 W3l wle] A FS ®olH(An, 2005), ®
g2 AP AN FESZFAMNE & & Kol ECe 2UY FE Wi 4L wol ¥
37 ARd Aoz way

EY FE &FY HEE coir A= AA 5F F THu|L BAQ0) 60~70% HYE Y
Efigloy T2y wix)= 45.0%2 Wt o49H uiR]E 283%2 oL 9kt coir WX o]

B3 AL A 13FAAE FAE g7t oF Z/1sQ e fiber TF ¥ Lo wEkA =
10%9 3026014 2] 80% oS Yeda YrixE 73% olA4S JEhdL. 28
I ZEY AE 2k FEFF] 60.0%7HA F71stA T, dE vAE 333%2 oA 3
St A% @yt AA coir ¥MiAE fiber T M| &l w 4z FF 67.7, 709, 703 2
66.8% Aoyt T2H HA &= 505%, dHEAE 27.7% = o5 stk oWl wjx)9 =R 8leko]
2 AL A F5YL FoU F£EY BHAT] e ETF EX(e], 1997) wjEolzt
AZg,

A5 7]t ¢ coconut coir dust$} fiber®) &3 ¥)-&o) WE coir, T2 2 A H)R g
WA W ECet $E8FS AR 23 (Table 2-1), ECE fiber 0% WX oA 3 42dS - m™,
EZWAF 039dS - m™, WolASF 94%4 ) Fiber 10% X ME 0% HIA 9 A §Alata
o RHolAlFIt 110%2 Wi ¥l Fiber 30% WiAo)ME= @ 43dS-m™), EFAA}
047dS - m”, WolAF 11L1%AI, fiber 50% WA= 30% WX A9 FASAT} coir
A oA fiberel EF H]&o] £OoW EC/H U ¥ A ooy 2 Zoj7} mlustgy). =
29 #A o)M= EC/t B 3.8dS - m 24 coir MR RT} @km EFHAI} 0.30dS - m, ¥
oAt 80%E A thA g <tAE W E BAd. 28y ¢AMRdqAE ECt BF 37d
S-m'2A ZaR MR} vsd FEojY o BEHAI 150dS - m”, Wol At 405%
ofF ol AKX 7|t B¢ ECY FA% W3t U Aoz vehytth

Y FREIFE fiber 0% WA NA HF 67.7%HUR BEEWAF 7.07%, BolAS 104%H o
o, fiber 10% WAl E BF 709% 24 0%] vs] tha Etoh Fiber 30% HlA oA =
T 70.3%, EEUAF 6.29%, WolAS 89%AN, fiber 50% vlXo]lNE BT 668%2 713 @
1 FFUAS} HolAFE 7FF vtk T2 wRdAE BT 505%2 coir MART o
& yghony, WMol AE7t 11.7%2A coir Ao vl&)] Egton, dAMAdME FT 2L.I%2
71 won, WolAFE 121%E 7 Eol AL 7| F WA 0 29 Wi Ad A
o2 Yo

A% 717+ F< coconut coir dust$} fiber EFH| &) WE coir, TER P 4 wH Y F
Fol we wiede] pHSY ECE AME ZF(Table 2-2), pHE EE AN 64~65 WS
et o H, fiber 30%9F 50% BiX oM E ohE iAo Bls EEWEAS} WolAFst tha H
=3
E3 EC fiber 50% WA A H@ 7.1dS - m’, &8 i oA BHF 66dS - m 28X §2
B2 ] 59~6.0dS - m ' PR i Eon], EEBAG HoAFE =& Age Ry
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—&— dust:fiber=100:0
7 —y— dust:fiber=90:10

S —&— dust.fiber=70:30
E 6 - ~—O— dust:fiber=50:50
» —A— Profit
z —0— Rockwool
£ 5
=
B
3
2 4-
8
0
g 31
o
w
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Weeks after planting

90
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70 A
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30 4

Water contents (%)
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10 4

0 T T T T T T T T

4 6 8 10 12 14 16 18 20 2
Weeks after planting

Fig. 2-1. Changes of electric conductivity (EC) and water content in the substrates
according to the different substrates hydroponically grown in sweet pepper from 4 to 21
weeks after planting. Vertical bars represent standard errors.
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Table 2-1. Electric conductivity (EC) and water contents in the substrates according to
the different substrates hydroponically grown in sweet pepper from 3 to 21 weeks after

planting.

ilzzzga::;o %) EC (dS - m™) Water contents (%)
Dust  Fiber Mean SD” CV* (%) Mean SD CV (%)
100 0 42 0.39 94 677 7.07 104
90 10 4.2 0.47 11.0 709 7.46 105
70 30 4.3 0.48 11.1 70.3 6.29 8.9
50 50 43 0.50 11.7 66.8 594 89
Profit 38 0.30 8.0 50.5 5.90 117
Rockwool 37 .. 1.50 405 277 3.34 12.1

*Standard deviation.
Coefficient of varation.

Table 2-2. pH and electric conductivity (EC) of drainage nutrient solution according to the
different substrates hydr"opom'cally grown in sweet pepper from 3 to 21 weeks after

planting.

Substrates )
pH EC (dS-m™)

Mixed ratio (%) .
Dust Fiber Mean SDY CV* (%) Mean SD CV (%)
100 0 6.5 0.31 48 59 0.89 15.2
90 10 65 0.39 6.0 6.0 0.71 11.8
70 30 6.5 0.53 8.2 59 0.81 13.6
50 50 6.4 0.61 9.5 7.1 1.83 25.9
Profit 6.4 0.39 6.0 6.0 1.02 17.0
Rockwool 6.4 0.45 7.0 6.6 1.60 24.1

“*Standard deviation.
YCoefficient of variation.

RS 717F < coconut coir dust9} fiber EFH| L] WE coir, T2HA =L g WA 2
7ol we& wWde) pHel ECel W3lE A RY(Fig. 2-2), pHE AS§ Z7)dE RE #x)7}
pH 70~76 & YEtWen, fiber EF ¥ €0l L WA A i EL AFojYa, T
B2 = fiber 0%} 10% ®iX|¢} Fdsgon], o4d ¥lAE pH 7.02.2 713 dsith A§o)
APHAPM 2E ¥R pHE 60~7.08 FRFAR WA 29 FHols YA ¥sich, 23
Y4 B4 195 o] F fiber 50% WA} A wix)olA pH 60 o]tz wrolHTh AS wulo] A
A coir ¥A= pH 64~65%.29, TR} 94d WA E pH 642 WA 9] Aol: AT
AE5F712 24 F pHIE Rolxle AL Choi(2001)7t ZEZAE wiXE= A7 o] e u)
Aol ®el pH7F WA FAHEY olRA-& ¥o)L9 FFt FNHA ==a¥E X9 CEC/
=otA A#FGo] FABA o]Fojzl Adelm F vl B 4 glen, Yamazaki(1982)% |

-40_.

ANEEX  2ZTEE RIUIX Coconut coirE OIS 8t IS F0| SBIHUH 12 X H 30l ByEh/d To/ sl fAy E&b| |



¢4} Hde pHE 55~6501H, o] WHoAN JEANe FrgES T¥YA F5dda 3
A3, Jun F(20060)2 ZIAAE w7} & wiA ] vd A PK7|7F F< pHAL o] HYES
Bte A7 v]jFo] £ AP 2L A2 B 5 A

E3 ECE A% 274 & fiber 0%, 30% vlA g T2, oA vAJME 59~63dS - m™
2 49 WA A 3 @k, fiber 10%$F 50% w|X)E 7.2dS - mlol e JEMIQT o=
2] e EAiste FrIGEY FE3 FFo] o FAF wE FRS FFIA Esto w)
A7) dEY Roez2 Er} o]F olA] coir MAE 50~6.0dS - m g ot =2
4® wjZlE= 50dS - mTo) 2 AA Yol TP o F tha ZssgAT AA 165 Fo)
A& Z7)19 vt AFeZ coir WA A 45~52dS - m”? HWAF oYt T2 )R] el
71dS - m'2 AA F/EPEY ol ZA BAlY ZHY SR B3 g #7970
AAsA] Rate] v d dFH2 Be, A4 18F FoE coir MAAAE A 6.0dS - m o)A
o2 F7}3ko] fiber 50% HIA M E 9.1dS - m X A ZrbsATh 28T profitl e 7
a3t AR, gwuiAlE F43 F7hete 89dS - m'E JEhATh ECE S Mue] A
fiber 0, 10, 30% ®iAIAE HA F&& FASFHAAT 50% iR FE Fute] 24 =
obd EQANAL, TR MR = coir IR o] vls] Thah =%z, GHER A E W3l A8t
o AA ELA3AC. AS Avke] @A coconut dust$} fibere] EF v & W& coir ¥R
€ fiber £ v & e} Zzk HJF 59, 60, 59 2 7.1dS - m 2 fiber 50% AN HE 3]
EEH e FFHT WA FE/F FEY FELTF o] HE] Xo} ujde) ECIt St
T Park $(1983)9] Rie] H|Fo] E AFPME B9 FEEFSI} ol vjdmr] e
22 AZEY. =29 A= fiber 50% WA BT B3 TE coir BIA G ZFo]E Bo)X] gt
4¥ WA= fiber 50% ¥R BT} @EgkATt T2 coir A BT A EL AL JEUQ

fr e

a,
c}.

A& 713 &<t coconut coir dust®t fiberd] £ Ml &l WE coir, ZTER 2 oA w)x| 9
A W 2% ¥3gE A¥E Fd3(Fig 2-3), A% 279 E coir M1X 9 fiber £3 B]go]
< A A Ta WA et ibE T2 g o wixle TR bE A B
Aol 2E Y A 13FFHE ZE HiR A i RolAEY coir MA Y fiber EF
Hl-&o] v wi|el A o wgten] AAFHQA AL BExr)} FUaA A4S Auke] DA
coir BjA| £ fibere] & v &) wet 7 HF 195, 201, 21.2 2 216Ceolle, T2 H)
A= 223C, ¢4 wAE 230ToIAch FEAuN 2@ 2wzt B AF AP
o9 A% 2 FF FEEFA AAEAY 4FE v T2 9 Y 4 wiA A wA
W =7t %9 R coir MR HE) FEFF] Wol Wxe 2xrt A5EAY] WEo
o, 2389 255 A4 U 7|29 9FE o} Wy, B3] ALHdE A &% oz
olFTHE Lee 5(2005)3% Z& #Wgoz Aul A7)/l ALEE HolgdA HAwxgoz wHx
e &27} wolrl Aoz AZEd,
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8.0
—8— dust:fiber=100:0
7.5 —v— dust:fiber=60:10
~—8— dust:fiber=70:30
—O— dust:fiber=50:50
7.0 -
ot
a
6.5 -
6.0 +
5.5 4
T T T T v T
8 10 12 14 16 18 20 22

Weeks after planting

Electric conductivity (dS- m™)
-~

8 1'0 1'2 1I4 16 1'8 2I0 22
Weeks after planting
Fig. 2-2. Changes of pH and electric conductivity (EC) of drainage nutrient solution
according to the different substrates hydroponically grown in sweet pepper from 3 to 21
weeks after planting. Vertical bars represent standard errors.
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26

24 4

22

20

—e— dustfiber=100:0
18 - —v— dust:fiber=90:10
—s— dust:fiber=70:30
—O— dust:fiber=50:50
—a— Profit

—O— Rockwool

Temperature (T)

14

4 & 8 10 12 14 16 18 220 2
Weeks after planting
Fig. 2-3. Changes of temperature in the substrates according to the different substrates
hydroponically grown in sweet pepper from 3 to 21 weeks after planting. Vertical bars
represent standard errors.

AL 717t 5 coconut coir dust®} fiber®] EF ¥ &9 WE coir, TE2F L 49 uwjx] 9
Z% WgE A d(Fig. 2-4), A% 2719 E fiber 0% ¥WA7L 71 AzsPey, =2
A 49 #A & fiber 0% WA R = ha F4d 22y S FHoF AN fiber 50%
)z o] A&o] e wjAo) HlE] thid ARIFHR ZER wjA M E FokHth )T FIFL
A2 21F F7X A%HO fiber 10%9 30% WAGA 714 E9txn, T2 WAGME H &
& FEoAT. 22 fiber 0% HiAIdA = ¥ wA ARG O Mz g G FES
YAt A4 21F & 2L fiberd EF v &) W} 309, 10%, 50% L 0% Tl L,
Z29g vjAE 1837cmE fiber 10% WA RT tax HAY®n, <A vlAE 1759cm= fiber 0%
BoheE E%Th Lee 5(1993)2 o8 7kA A9 ol 7beido] tidte HEZ v &4 wix
9 A% @& AV AL JE @D 2adod w249 s Qo ' kx| x|
€ 94 u &= FLed AEITE AL B olyg 47 Fdo| Holx8, Roh(1997)&
Hz] Fi5d 20l9 AS JElE A v HeEolE df HX 7 ey ELuART A
Fo] AZdFP, Park(2000)2 FFI5ute] AL gHolY coir dustst Heo|EE E 43
AN Egtn AT olH@d AREL w9 FHe) WE F5e&9 AdFEA Yehde
Aolgtn B £ glord, B APAME 230l FA EF wjREL wjA Wl FE&o] o} A
o) AzF A2 J4dr).
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220

200 -

180 -

160 -

140 -

Plant height (cm)

—&— dust:flber=100.0
—— dust:fiber=00:10
—&— dust:flber=70;30
—O— dust:flber=50:50

—&— Profit
60 —O— Rockwool
40 T T T T T T T g
4 6 8 10 12 14 16 18 20 22
Weeks of planting

Fig. 2-4. Changes of plant height according to the different substrates hydroponically
grown in sweet pepper from 3 to 21 weeks after planting. Vertical bars represent
standard errors.

44 13F A coconut coir dust$} fiber®] &£ ¥ Lo W& coir, TN L oW X ¢
E4 32 chlorophyll meter(SPAD)Z 4% A (Fig. 2-5), A4 F 555 ZAA 2E
WAl A 515~559SPAD/6mm’E & ol§ molA SAT AR wiHelA Tx Fe AY
ol olF AE AW T ol AFL ALH FY 21F F IH w9} fiber 509 H)
AA 2& AFolRx th& 22 fiber 0%} 30%, fiber 10%, 28] T2 Hix] $=o)Ar}

FYPAHES ZAIE A (Fig. 2-6), fiber 50% WA A ThE iR} 2 3ol ey 3
FAHe) 5 o2 Yeym, oz U4d, 237 fiber 0%, 30% WX 20|, fiber
10% A A 7 AZ3tA Park(2000)2 F5AMuHe BPAHEL YaolEY coir dust
9 &8 Ex EF AT AL =g4va dHg EviEY FFAHELS H7AQ SERA
Hj A A E3kem(Roh &, 1995a), ¥lA] W9 FEFFA wel 2o B FFAHLEE W
Bated SRl WolAW FFHEEE Ao (Shibuta 5, 1997), 22 FFHEE )
A W) FEFFS Zojol o) vebddn B 4 glo] B AYA fiber 50%NH FFAE
o] ¥d A% WA W F5go]l EUW A o gt
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65

60 -

—8— dustfiber=100:0
—y— dustfiber=90:10
~—&— dust:fiber=70:30
—O— dustifiber=50:50
—a— Profif

—O— Rockwool

45 T T T T T T

4 6 8 10 12 14 16 18 20 22

55 4

Chlorophyli contents (SPDA/6mm?)

50 4

Weeks after planting
Fig. 2-5. Changes of chlorophyll contents according to the different substrates
hydroponically grown in sweet pepper from 3 to 21 weeks after planting. Vertical bars
represent standard errors.

a8 B
Leg L pnp
H.}H'Lﬂ—l

HOi—

dust:fiber=100:0
dust:fiber=90:10
dust.fiber=70:30
dust:fiber=50;50
Profit

Rockwool

Photosynthesis rate (4 moiCO,m™'s™")
S

0 S(I)O 10I00 15'00 20I00
PPFD (4 moim?s™")
Fig. 2-6. Photosynthesis rate according to the different substrates hydroponically grown in
sweet pepper at 13 weeks after planting. Vertical bars represent standard errors.

Coconut coir dust$} fiber®] &3 H|&o] W coir, T2 2 W wlxe I TA =X
= ZAME 23K (Table 2-3, 2-4), FFL vl F7F 3o FJdo] QAR LAt obw by
A, fiber 0% ®jA], ZE2R WA NN FAL ZFS YUt FuE T2 fiber 0% L
30% wiAelA Egtom AP dud T2 wx A Atk ojo] FYR|$E AdAY fiber
50% WA A Ztzt 1.0 092 AAAH M3 g WA dAE ta AxGH st
ML, S BN E FAR o)At FEE fiber 30% ¥IA A 71 Fgiv) Hae 2
Holx fiber 0% ZEZR WX AN 2002 GE A ¥ ik BYD, F = fiber
50% wjA| <} 4A v ANA 36702 HAAHQ 449 F5o JFF AR o= A4
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HEE o 4709 ZFo AALFEE FALHY RS Yk RoeT waF £ ok FAe
FEGHE QRE oS YEIA A fiber 10% WA oA 7} = ww 30% HlX)
NA 7HF wekrh, WY wlnald Fxe g uix, fiber 10%9} 0%, profitl A 7+ =k
2, 99 AL TR GE WAN FAYD fiber 30% WA NN 7HF gkt o]
F557E T2 fiber 30% MANMN gktth. FA Ae 9 FLFAN} P FAY
A oo w7 @A Ve Lee $(199%6)S 20 AR oA BlmFefo) 3z}
E+MERAE LL1Z EFF AN FEHEH Foo] $5a91n, Kim $(1997)L
BE A7 £AANE A nPuAe BdolES} TS 11 LT EFsI AgaE A
o] o] Bu AAAH stHozE T TAJ g Ao AT Py B 2
B FAduF: FEAo] fiber 50% EF WA EUAW AE fiberS EFFozA 2P
o)A ARNA A% 2 Ede FFE FUAL Aoz BEHY}

2 AYAA 539 349 A 54 2A}E BT 24T ZIHTable 2-5), HA FEE
B33 5 £ FABAE Yo} FFo] WL4E FEs ¥ Aoz BudgEy oA
2 H34 Y M4 nYEFFO] F37)d A R FHE F B vlgd $3o] 3A
Z43ta 457 YFros Azdd. Uy S Hu T Fo FRBAE Yehfo
FA AN ez AZEAn. F& FAE A3 A, FESGE 29 JBAAS
Yehllo] 35 38 FAd g8 A dFL Tu EE 9o FE2de] AL 1A
W gL T Ao At 3 FxE 3y 2 #8 T 2o FHBAES Yy
o] & HAo] di Axs ¥ Aoz AU JF& AEE 35 TAY iy S 2
o AuAAE vehie] 33 AT BANL 22 Yt Ao BUHT FAY S §F
e 3Eg ¥ Ho AuBAZ YUY Wy H4 @rE AE45e FrARTE A%
Blel o) ARHT o] AT N A= GEE 24N & o] nEA A A4
2 zeetd FAL A e AEe Ager & Aoz Yz,

89 349 FiF S ZAFS 42 BN A (Table 2-6), YL F1s} 29 4
B8A, A33E A9 FBAAE dgio] F1st dxn BHo] 252 HARY Se o
HE o)F: Ao A" Z Pole 3 R 4aTA, A4 R ABBASE Y
Bulo] A1ty HEE o548 Zo] AYHAE Hoz #aHy old T4 mme} Ho
Auad, 374, 38 L 2 Polg: A 4ABAS Yehyo] ARYY FHEB o84
BAAQ 4719 F4E A& 5 A& Aoz wudY
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Table 2-3. Characteristics of fruit quality according to the different substrates
hydroponically grown in sweet pepper.

Mixed ratio (%) Fruit o Fruit . Soluble
. Fruit height L/D Fruit ]
. weight diameter ; : solids
Dust  Fiber (mm) ratio shape o -
(g) (mm) (°Brix)
100 0 188.3 a" 871 a 75.7 be 12 a 29 ¢ 6.7 a
90 10 1769 a 842 ab 74.0 be 11 a 30 ¢ 6.8 a
70 30 1789 a 86.8 a 710 ¢ 12 a 28 ¢ 64 Db
50 50 1812 a 836 ab 75.0 be 09b 34 b 6.6 a
Profit 1878 a 89.2 a 77.0 b 12 a 30 ¢ 6.8 a
Rockwool 1916 a 79.0 be 816 a 10b 37 a 6.8 a
Mixed ratio (%) Depth of valley No. of valley of Moisture Smooth of fruit
: . . contents X
Dust  Fiber of fruit surface’ fruit surface (%) surface
100 0 20Db 33b 91.5 ab 26 a
90 10 22 a 34 ab 922 a 28 a
70 30 22 a 35 ab 90.7 b 18 b
50 50 22 a 36 a 915 ab 24 ab
Profit 20b 34 ab 914 ab 27 a
Rockwool 21a 36 a 914 ab 29 a

“Shape of the side of fruit. 1, triangle: 2, echelon; 3, rectangle; 4, regular square.
*The naked eye observation. 1, shallow; 2, some deep; 3, very deep.

*The naked eye observation. 1, ruggedness; 2, smooth; 3, very smooth.
“Mean separalion within columns by Duncan’s multiple range test at P=0.05.

Table 2-4. Characteristics of thickness and hardness of fruit according to the

different substrates hydroponically grown in sweet pepper.

Mixed ratio -
s Thickness of fruit peel (mm)  Tyigmess of Fruit hardness

(%) (g/@1mm)
i . flesh (mm)

Dust Fiber Epicarp  Endocarp Total Peel Flesh
100 0 055 b’ 147 b 0.55 729 a 171.7b 1163 b
90 10 0.53 be 148 b 0.53 730 a 1747 a 1184 a
70 30 052 ¢ 147 b 0.52 703 b 1705 b 1198 a
50 50 0.53 bc 144 b 197 b 747 a 1710 b 1176 b
Profit 056 b 156 a 056 6.99 b 175.7a 1174 b
Rockwool 059 a 152 a 0.59 7.25 a 1649 ¢ 1079 ¢

"Mean separation within columns by Duncan’s multiple range test at P=0.05.
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Table. 2-5. Correlation coefficient between characteristics of fruit quality according to the

different substrates hydroponically grown in sweet pepper.
Soluble Thickness of Thickness of Thickness of Hardness of Hardness of Water

Characteristics

solid epicarp endocarp flesh fruit peel flesh contents
Fruit weight -0.46™ -0.06 -0.13 0.30™ -0.19 -0.08 0.15
Soluble solid -0.15 ~0.04 -0.31" 0.17 0.18 -0.33"
Thickness of 0.68™ 0.11 -0.31" -047" 0.04
epicarp
Thickness of -0.08 0.20 -0.01 0.04
endocarp
Thickness of -0.31" -0.31"" 0.12
flesh
Hardness of 0.80"" -0.02
fruit peel
Hardness of flesh -0.04

*, %+ Sjgnificant at 0.05 and 0.01 level, respectively.

Table. 2-6. Correlation coefficient between characteristics of fruit form according to the
different substrates hydroponically grown in sweet pepper.

Characteristics Fruit Fruit Depth of valley of No. of valley of Smooth of fruit
diameter shape fruit surface {ruit surface surface

Fruit hight 0.147 -0.26" -0.30™ -0.33" -0.03

Fruit diameter 0.44™ 016" 0.19° -0.09

Fruit shape 0.38" 049" -0.05

Depth of valley 045" -0.02

of fruit surface

No. of valley of -0.15

fruit surface

*, %% Significant at 0.05 and 0.01 level, respectively.

(2) Coconut coir Ajujol 3 AJ2% 7jpd

Coconut coir WA ¢] E2]3}84-& &89 coir dust:fiber=70:30(v:v) €% WA & F9 4L
€ 2ol A=At AL AFAuie], W=F2E], AFF e A2 sF
olgl Fujdg #EE 51IUANEH FY&HA A £ 7Y dH)e G&9 A

A& 713 B¢ coconut coir MIXE o] &3 FAAMuA Au) 2o wE slab W IR <)
A7IAEE Wahs AWMEA(Fig. 2-7), AFAug4L 555 2A}A 323dS'm 'S Yehdn
8FARA FA A7 1255 361dS'm 7R AEeFTh o)F o FEL HFRETII A}
Fu71Q 2057 ZAIA tha EolX 4.08dS-m e UERTE W= —l~_ ZAF 27111
555 ZAbo]A 371dS'm’e Yehln 12F 4 428dS'm7hx A$stdvh 2Elm EA Fu
71l o FasIGA T o)F tha Aedte 20F A AL A 465dS-mE JErH AT AR
EE*M% 350~3.60dS'm™ FF& 1657 A & 2055 i A58t 4.27dS'm’!

€ YEATh A ko H=FRAe] A 713 Aube] A M E(A Lo
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AFTEWA, AF ALY Eolginh,

A% 712k B¢ slab W coir WA} FESF ASE Fig. 2-8% Tk ASAuPFAL 24}
2719 55 AL 654%8 UEhgE olF AAF Zilstd 165H ZANAM 723%F YE
QAAT ZA} FHOZ FWA T ol WEE2AwAL 538 ZAblA 586%S e
2 2074 ZAFA 57.6~632% WSOl HMstE YEUTE AFFELYL 55 ZAL)A
AFANEA L H5F FFE YEAQAA D ol F thh Bastd 83FA ZAM 596%3S U
gt olF 20FM7A ME2ARAS ¥sE FFe YA A% 7)1 B¢ Aupg
A zhe) Aurgoz AFAMLAoe] AR B FRIFS FASFUT :

B4 717t F coconut coir ¥R 9] Ae} Wy wE A WHE AFE FI}(Fig. 2-9),
A% 717 Awke] AA AEPRA 2 598 Aol: AATh ZY W=EAWAolN tha v
< WolA: A Tyl AFAMEAGA td e AFE BAY. Augd 23 43
e ZA} 2710) AF Eo] da AAT Fukdle T FojHI Fulyle) B tha ZA F
hhE ARAAT BAE 2 $9% Fo|B Yehix] €& Roz Budd

Coconut coir ¥iA]&] v WA g FFAHEL AR dH}(Fig. 2-10), AHFA a2 o)
e F Aupdgel s tha & Aolg Jdende sbd @3d Aoz Uehdn, seFaw
Aot AFTEWAL Ao FAA et

—&— Bag culture
14 —v— Bed filling
—&— Grow pot

Electeric conductivity (dS/m)

4 8 12 16 20
Weeks after planting

Fig. 2-7. Changes of electric conductivity of media according to cultural type in sweet
pepper hydroponics using coconut coir media (dust:fiber=5:5, v/v).
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Fig. 2-8. Changes of water contents of media according to cultural type in sweet pepper
hydroponics using coconut coir media (dust:fiber=5:5, v/v).
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Fig. 2-9. Changes of plant growth according to cultural type in sweet pepper hydroponics
using coconut coir media (dust:fiber=5:5, v/v).
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Fig. 2-10. Changes of photosynthesis rate according to cultural type in sweet pepper
hydroponics using coconut coir media (dust:fiber=5:5, v/v).

A5 71 ¢ 9454% ¥Usle Fig. 2-11% 2o AZ2AuE4L =4} 27]9 554 2E
A& 71 ArA o2 ohg Mg wld) =T FAF 27)dE 567 SPAD/6mm’E Y
B o]F FEF FrhetH AL B 15FA AN E 765 SPAD/6mmA F718H 4
ot 2By ol F tha o] #AFHA 194 FAMNAME 657 SPAD/6mm*E Ve QTH H=
FAGYL FAF 2T 5~9FHAAA 2 F Aol Hd) thh Bo] e AFS
BRAT A 17F A7 FEF 571 AFRan 2AF Fube) 24 ZAsd AFTEY
AL g F Auiayg 32 A2E FE ey 9F AR ZAstg AT o)F Fasd
13FAo = 574 SPAD/6mm’E etk 283 15340 F7hsts AEe B@A T 24}
FH7)E ¥ AFE nA AS 7)o Ay on AFAuPLA N G2 o] 7}

=T A3 FRAEE A D A @R

Coconut coir ¥iA & o]-8& A W2 we Ad F2 EH& ZAS A (Table 2-7),
H52 AFANGAN AFILEY o)A F2} 189.3gFH 191.6g22 H=Z7w4 9] 187.8gR
o #Fo3 Zolg UEUH FALJCD FA BEE 67~68Bxz AR b §93 Fols
UYErA] @tk Y] T H=s 343 AZFERA A zhzt 21lmmE A2 A6y
o] 203mmel H# & FAAC FHy F gHy] FAL YFTE BAA 059mm= R
FARR dAAE H=FAWYd4N 156mm= 7HE FAKUD F% FAE FA A
RAZXERYAA 247 7.29mms} 7.25mmE HESA LAY 69mmE T Y453 FAUG. T
9 Bxe AFANTAR WeFANAdAN 244 17173 17572 AFETE 9) 16499 )
3 g A dERt 35 FER #9 FES 2L AFL Jehd FESZS Au
A 7T AolE YENA F%T BF 91%0149 & FFE e
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Fig. 2-11. Changes of chlorophyll contents according to cultural type in sweet pepper
hydroponics using coconut coir media (dust:fiber=5:5, v/v).

Table 2-7. Characteristics of fruit quality according to cultural type in sweet pepper
hydroponics using coconut coir media (dust:fiber=5:5, v/v).

Fruit weight  Soluble solids Thickness of fruit peel(mm)
Cultural type - -
(g) (°Bx) Epicarp  Endocarp Total

Bag culture 189.3 b’ 6.8 a 0.56 a 147 a 203 a
Bed filling 1878 b 6.7 a 055 a 156 ¢ 211 b
Growing pot 1916 a 6.8 a 059 b 152 b 211 b

Thickness of Fruit hardness (g/@1mm) Moisture contents
Cultural type

flesh (mm) Peel Flesh (%)
Bag culture 729 b 17117 b 1133 b 915 a
Bed filling 6.99 a 1757 b 1174 b 914 a
Growing pot 725 b 1649 a 1079 a 914 a

‘Mean separation within columns by Duncan’s multiple range test at P=0.05.

HHe] e EFE AR AF(E Table 2-83 2t} e AFAugAs w=2z0
Aol A z+2} 87.1mmst 89.2mmE AFEEWA S 79.0mmo] H]3) vhA EgTh 2y AR
ols} HIE AFTEWHA 81.6mm= thE ¥ Auw4el 757mmse}t 77.0mmel] & thx
A vEgt 338 fart ¥u 3740l W YATEWNAA 372 AAAH ) e
Fdo] gk & F Ao E tha 0 HAAH e o] Bt T Qo Ay
A T FA% Aol YEHA Fun EF AFHY Holg e B FAZY
HY S UJedAd AAZENA 36742 tE F Autael 339 349 vl o3 ole

-~ K2 -
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NEEX

GEUA 2 Aol giith HA ¥R Mude AEE AFTEFIA 292 iR
¢ vl HAolgn e AWEAANE 26 oo Wnd e Fedic

24 71t F AR B B SRR ARANTANN T 14042 D2 Ay
A9 117709 103709) mol Tha BT HFo] BANY AHhE nelsd ANF F7
AN AFANE o] g Be HoE AT

Table 2-8. Characteristics of fruit formm according to cultural type in sweet pepper
hydroponics using coconut coir media (dust:fiber=5:5, v/v).

Fruit hight Fruit diameter . = Depth of valley
Cultural type Fruit shape . v
(mm) {mm) of fruit surface
Bag culture 87.1 b" 7.7 a 29 a 20 a
Bed filling 832 b 770 a 30 a 20 a
Growing pot 790 a 816 b 37b 21 a
No. of valley of Smooth of fruit Fruit Yield
Cultural type . x
fruit surface surface (No./plant)
Bag culture 34 a 26 a 14.0
Bed filling 33 a 27 a 11.7
Growing pot 36 b 29 b 10.3

“Shape of the side of fruit. 1, triangle; 2, echelon: 3, rectangle; 4, regular square,
*The naked eye observation. 1, shallow; 2, some deep; 3, very deep.
*The naked eye observation. 1, ruggedness; 2, smooth; 3, very smooth.
“Mean separation within colurmns by Duncan’s multiple range tesl al P=0.05.

. 35 A1

(1) |3AE coir BRI g WiFA W Ca?} Mge] A 5= 74

Coconut coir®] ®iA] 33848 MA3718 AR coir BlX]o] Ca} MgE =& Z7] ©
2 24, 3959 FAGnF AF @ FHd vXe JIFE 2AGAGD. AuEdE A
FANGAe2 AAAD coirE FANZE ETFIA &1 AFF 12LE A9 slabF 3FE
Ao} 3urE AP A Wi FPARAF2NA At d=Zst s FA(NOs-N
180, NH4~N 1.0, P 54, K 80, Ca 10.0, Mg 4.0, SO4S 32me - L)e 7|82 349 Ca¥ 1
3% 5me-L7 Mge 1,2 2 3me-L7'g /A At e Fuyg Bele ¢ 4387
FL43HA st

(7h WEFA coir WA

AN F 13574 5 Fge Ca¥t Mg v ©E K EAHE XA ZH(Table 2-9),
23L& T6 AYlA 7t k1, T29 T5 AFdME & AFS Yuidch A3 TO A
2% Mg ¥%7F ¥AY Ca =7t 2 A(T3, T4, T7, TN %L A& e
AR AE 7 Aolg YR ftoy Azidole Ca &7 & A(T6, TS ¥ T8)
N =& Agg L}E}Lﬂﬁiq AASH A2FL T2, T3 AgolA FAL T10 HolA 7}
Z 7M. 484 3 Mg $E7 g 52 HYdA =4 JdeER.
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AAEEH

A F AFAQY AF 27 FRAHEFig 2-12)2 T2 AAA 73 %3 T59 T10
Aol wgith 291 UnA A dele $48 AEE s
Table 2-9., Growing characteristics according to increasing Ca and Mg contents within

nutrient solution in hydroponics of sweet pepper using coir substrates made by coconut
producted in Vietnam.

Treatment Internode
Plant Stem Fresh Dry Chlorophyll

Ca Mg height  diameter Average  Weight weight contents

No. ———  (cm) (mm)  Number length  (g/plant) (g/plant) (SPAD/6mnd)
N (ea)

(me -L7) (cm)
T 0 0 153 b¥ 156 a 29 a 54 ab 641 b 106 ab 62 b
T2 1 1 166 ab 147 ab 30 a 55 a 726 ab 115 a 63 b
T3 1 2 159 b 153 a 3l a 51b 816 a 126 a 68 a
T4 1 3 153 b 150 a 29 a 52 b 680 b 110 ab 67 a
TS 3 1 166 ab 145 ab 29 a 57 a 685 b 108 ab 65 ab
T6 3 2 179 a 141 b 3l a 58 a 673 b 112 a 68 a
T7 3 3 159 b 150 a 30 a 53 b 627 b 100 b 67 a
T8 5 1 162 b 150 a 29 a 56 a 632 b 103 ab 65 ab
TS 5 2 156 b 146 ab 290 a 55 ab 587 be 9% b 69 a
T10 5 3 158 b 141 b 29 a 55 ab 512 ¢ 8l b 65 ab

* Standard solution of PBG (NOs-N 180, NH,-N 1.0, P 54, K 80, Ca 100, Mg 40)
¥ Mean separation within columns by Duncan’s multiple range test at P=0.05.

25
o Ti

= o T2
o 20 v T3
E, v T4
O 15 - m T5
% o T6
£ ¢ T7
z 104 o T8
o A T9
@ a
- T10
0N
()]
-
€ o
[72}
S
2 54
o

-10

0 200 400 600 800 1000 1200 1400 1600

PPFD (1 molCO,m’s™)
Fig. 2-12. Photosynthesis rate of leaf according to increasing Ca and Mg contents within
nutrient solution in hydroponics of sweet pepper using coir substrates made by coconut
producted in Vietnam.
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A F 2 g Cadt Mg FEd o& F£83el FA4E x4 AI(Table 2-10),
Ao AAF L AEF, A3, FFEE T6 XM 718 FAKR TI0 HlelA 7 A
a8y #4 JdEE TO, T5 £ T7 AN A velgel
Table 2-10. Fruit characteristics according to increasing Ca and Mg contents within
nutrient solution in hydroponics of sweet pepper using coir substrates made by coconut
producted in Vietnam.

Treatrnent

Fresh Dry . . Soluble  Marketable

N Ca Mg weight weight }(I]e;%t Dx(z:;n;‘;er solids fruit

o (me - Lfi";w " (g/ea) (g/ea) °Bx) (%)
T1 0 0 1159 v* 10.0 ab 67.8 ab 678 b 79 a &5
T2 1 1 105.7 bc 86 bc 68.6 ab 664 b 7.0 ab 84
T3 1 2 128.2 ab 105 a 726 a 733 a 71 a 89
T4 1 3 103.1 be 173 ¢ 699 a 853 b 6.0 b 92
T5 3 1 1085 he 94 b 68.0 ab 677 b 77 a 89
T6 3 2 1421 a 11.7 a 729 a 762 a 75 a 39
T7 3] 3 1164 b 8.5 be 696 a 680 b 7.7 a 90
T8 5 1 1131 b 94 b 725 a 70.1 ab 6.8 ab 91
T9 5 .2 1015 be 73 ¢ 66.3 ab 655 b 59 b 89
TI10 B 3 99.1 ¢ 18 ¢ 647 b 65.3 b 7.1 ab 89

*Mean separation within columns by Duncan's multiple rango test ot P=0.05,

A4 F 135F¢ 88 BC A3E 49REFg 2-13), Ao vE Ao wg
AL A9 fFAE AT, 2l T8 Ao A HAFNeH, T1 HelA vhd A4 #
A 5 4ot

Bectroric corductivity (dson™
@ &

0 2 4 6 8 10 12 14
Weaeks after planting

Fig. 2-13. Change of EC of substrates according to increasing Ca and Mg contents within
nutrient solution in hydroponics of sweet pepper using coir substrates made by coconut
producted in Vietnam.
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A & T agde] Caot Mg el ute
2-14), ECs= Tt TI10 HelolA dhHe] £ WMHE d9shs ador vE Hejda Wi
b ASEA ¥ A FEEE WA Qi welds Aol T1 AelA sty A F
AHAEL TE Aol A vha A F2% A}, pHE ECRUbe thd wsksr doda A4 F 11
P A i AFshE

je} W BCOF pH WE g AwE o) (Fig.

b At wA FAHA

9 e . 6
8 St
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[

=T —

W
T

T2

T3
| —H—TE ~@—TG —F--T7 —e—T8 [

tectronic conductivity {ds-m
[N

BE Veh A T8 el wrAl FAE A, T7 Heldd @
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Fig. 2-14. Change of EC and pH of drainage nutrient solution according to Increasing Ca

Weeks after planting

and Mg contents within nutrient solution in hydroponics of sweet pepper using coir
substrates made by coconut producted in Vietnam,

A 3 I A Cast Mg wxe w& uje] v Cad} Mg &%
2-11) ¥ A#PFig. 2-158 A9 & 23, Cad P ‘%J-ﬂ“ﬂ*i T1, T2, T9 59 AelelA EA
VERET THeE T8 Aol A vebwoh 1 B8 Hejolx 25 sajel o) A5r)
A Vel 53, B FEFel s wokd TlelAle £9 Walel WolAlgE s gol
A7) FF A8 A% 2w Yelyo

$o] W3l A% (Table

Table 2-11. Change degree of drainage nutrient solution at interval of two weeks
according to increasing Ca and Mg contents within nutrient solution in hydroponics of
sweet pepper using coir substrates made by coco_r_l_ut_producted in Vietnam.

Treatment

Ca contenls Mg contents

No Ca Mg Mean SD cv Mean SD cv

’ {me - L™ {ppm) (ppm) (%) {ppm) {ppm) (%)
T1 0 0 246 186 756 103 46 44.8
12 ] 1 235 150 636 108 46 42.3
T3 ] 2 228 142 82.5 127 44 34.8
T4 1 3 200 124 62.3 139 52 376
5 3 1 186 123 66.1 112 46 40.9
6 3 2 220 114 521 124 45 36.3
T7 3 3 208 114 54.6 128 21 167
T8 5 1 172 91 52.8 81 40 495
9 5 2 231 105 455 100 28 2738
110 5 3 226 107 473 115 32 276
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Fig. 2-15. Change of Ca and Mg contents of drainage nutrient solution according to
increasing Ca and Mg contents within nutrient solution in hydroponics of sweet pepper
using coir substrates made by coconut producted in Vietnam.

A & FF g Cast Mg F=o] @8 ¥l Wl N, K % Na €32 u3g Ay
A3 (Fig. 2-16), N B%& 2E Ao N A ¥ 234 F7 s 284 el &3
T1 HelX 7A FAHAL T8 HeolA A FAHQUCk 225 T59 T6 AoHe 4
A F 7EARE A Fbske 4€9e Jehidth K $9& REAENA Ay F 2r)de
B8 Pasto] KA BA od FeEls A%e JERIUTh N9 e R Tis
T8 AelolA 42t g1 W& A% Jelidoh Na g3 34 F 9FA712) a7 welxn
7b o] obF & oz A4aUvh. 23y T2, T3 2 T1 XE A3 & ANPdre
thAl 27 welal & wabg el
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Fig. 2-16. Change of N, K and Na contents of drainage nutrient solution according to
increasing Ca and Mg contents within nutrient solution in hydroponics of sweet pepper
using coir substrates made by coconut producted in Vietnam,

(th) Q=4 coir WA

AY F 13FA FF MFA Cagt Mg FEI @E A% BAE AR AIN(Table
2-12), &%} A7 25 T3 AglelA 714 A}k 2dn TI0, T7 R T4 M4 240
thd B A¥olR T1A Aol i 20 Aottt Ad$E TI0 AdeA §2 84
HAE AL Adstne & Hezte s ZolF vehiix] egkoh 28y @A elE TI0 #)
glol X JHE AU T2 XA 3 #@stol, AAFD ARFL TL T2, T3 2 T4 el
A BAE Aol dE4 F8L TIF TI0 AgoA wskm T4, T3 9@ T2x A o
2 52 FgE vehych

B4 E(Fig. 2-17)2 TI0T THelA W& ZAgo|YR T2, T6 R T8 N oA £& Age
e it

- 58 -

NEEX  #BASE FIIBIX Coconut coirE 018t UAHF 2 H0OI =2 THEH J1= Xl 2 301 2/Es/08 T/ SBIE AL AV &I



Table 2-12. Growing characteristics according to increasing Ca and Mg contents within
nutrient solution in hydroponics of sweet pepper using coir substrates made by coconut
producted in India.

Treatment Internode
Plant Stem Fresh Drv weight Chlorophyll
Ca Mg height diameter b Average weight Y g contents
Number (g/plant) 2
No. = (cm) (mm) (ea) length (g/plant) (SPAD/6mm)
(me-L7) {cm)
Tl 0 0 173 a* 154 a 3l1a 57 ab 845 a 126 a 62 b
T2 1 1 169 b 145 ab 32a 54b 935 a 134 a 63 a
T3 1 2 178 a 156 a 32a 5.7 ab 832 a 138 a 67 a
T4 1 3 174 a 148 a 30 a 57 ab 805 ab 126 a 69 a
TS5 3 1 166 b 144 b 31a 5.3 ab 701 b 106 b 67 a
T6 3 2 167 b 14.6 ab 30 a 56 ab 671 be 109 ab 67 a
T7 3 3 176 a 147 a 30 a 59 a 676 bc 110 ab 67 a
T8 5 1 172 b 146 ab 30 a 5.7 ab 705 b 107 b 65 ab
T9 5 2 168 b 148 a 3l a 55 ab 698 be 105 b 64 ab
T10 5 3 177 a 145 ab 29 b 62 a 607 ¢ 93 b 62 b

*Mean separation within columns by Duncan’s multiple range test at P=0.05.
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Fig. 2-17. Photosynthesis rate of leaf according to increasing Ca and Mg contents within
nutrient solution in hydroponics of sweet pepper using coir substrates made by coconut
producted in India.

AH F 1B3FA FF MFYY Cadt Mg =0 e £33 E4& 2AE Z3H(Table
2-13), 149 AAFTL T2NAH T5 HeelX FAHI T6oly Cadl =7t £ HIYoA o
& ¥ F%E Yt Fd9 HESS TS5 T6 ¥ T2 Ao ALY s 344
< Ca 5&7 & AgA & I ZFE YAz, 3=E T2 A& AYsne Ca
=7 ¥ AYdA 4 ¥ 23S JEAT
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Table 2-13. Fruit characteristics according to increasing Ca and Mg contents within
nutrient solution in hydroponics of sweet pepper using coir substrates made by coconut
producted in India.

Treatment
Fr?Sh Dry Height Diameter Soluble MarkeFable

S weight (mm) (mm)  solids (°Bx) s
No. —————  (g/ea) (g/ea) (%)

(me L™
T1 0 -0 116.2 b 106 ab 64.1 b 71.7 ab 65 c 80
T2 1 1 131.1 ab 112 a 69.8 ab 71.2 ab 80 a 79
T3 1 2 1424 ab 10.8 ab 706 a 71.6 ab 77 a 92
T4 1 3 134.1 ab 74 ¢ 717 a 749 a 74 ab 89
T5 3 1 1717 a 11.7 a 743 a 71.1 ab 74 ab 85
T6 3 2 96.0 ¢ 115 a 778 a 706 b 81a &
T7 3 3 1272 b 10.3 ab 743 a 758 a 71Db 81
T8 5 1 107.1 be 91b 643 b 681 b 70 b 89
T9 5 2 107.7 be 93 b 71.1 a 699 b 75 ab 85
T10 ) 3 1143 b 10.1 ab 634 b 702 b 7.7 a 85

"Mean separation within columns by Duncan’s multiple range test at P=0.05.

A & FF FdY Cas} Mg s W& &g EC WH3lE 49 E AR (Fig. 2-18),
A4 F 27]d €82 ECE T1, T2 2 T3 Aol @& Aol T63} T4 A FolA
7

B4 F FF gy Cast Mg sxd e wjde] pHe} EC ¥3E A& ZF3(Fig.
2-19), pHE ZE AHdAM 2 zolE YeUA &on A&7 Fd A3 dolxe Bgs
Yess 223 T63% T1 AN 4z 7bg g3 @A 25U 280 ECE A%
x71% F71de A o & Aolg UER &Hrlt T4 HAgdA 2 A5 vz
Tl MM E Feste %S dehidh. 283 T4 T8 AddA 44 71 g1 @A
FAEH AT
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Fig. 2-18. Change of EC of slab according to increasing Ca and Mg contents within
nutrient solution in hydroponics of sweet pepper using coir substrates made by coconut
producted m India.
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Fig. 2-19. Change of EC and pH of drainage mutrient solution according to increasing Ca
and Mg contents within nutrient solution in hydroponics of sweet pepper using coir
substrates made by coconut producted in India.

A F FF gl Cast Mg Fxo) @2 v o Cast Mg ¥ ¥f AEE 4y
# H3(Table 2-14), Ca FHolA HIFHFE T49 T9 A2lelA H%m & AYEFE Yol
2 Aolg vEhiA ¥tk 2@ o) F AgelNe 272 HAY WolAFE L ol
i, AAHes 2E A A @olAFI & A¥E YR Mg M PEFGHFS
T49} T7 A ejelA k3L T1, TS ¥ T8 AoX dted &3] T8 MeloMe aA @
th 223 el AlFrt Ca Boh At
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AN F ulg W CaZt Mg o] Wst® Ru(Fig. 2-20), Ca ¥ Awrzow FH 3%
e Ags e, Azt T49) T9 HelA %4, T8 MeEdA 27 #AsU.
Ay o8 A4 6F FHE V537 AREIDn T4 AolAe & 2elo] v a2 45
o] vt} Mg ##% Awadoz Jedls APH JEMIUL, A Lole Task T7elA &4,
T8 A #A AAHATE #3] T4 Mol M= Cadt vfA7IAE 24 F5es Ag ek
Ak,

Table 2-14. Change degree of drainage nutrient solution at interval of two weeks
according to increasing Ca and Mg contents within nutrient solution in hydroponics of
sweet pepper using coir substrates made by coconut producted in India.

Treatment Ca contents Mg contents
Ko Ca Mg Mean SD cv Mearn SD cv
" (me-LY (ppm)  (ppm) (%) (ppm)  (ppm) (%)
T1 0 0 169 113 66.4 102 42 414
T2 1 1 174 102 58.8 113 42 37.1
T3 1 2 165 102 615 128 44 348
T4 1 3 218 178 81.9 179 111 61.8
TS 3 1 143 106 74.3 103 58 56.6
T6 3 2 157 95 60.3 126 %! 42.8
T7 3 3 155 81 52.4 151 36 23.9
T8 5 1 137 30 53.7 80 H“ 42.6
TG 5 2 211 117 556 111 38 33.7
TIO 5 3 174 93 53.7 108 be 33 30.1
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Fig. 2-20. Change of Ca and Mg contents of drainage nutrient solution according to
increasing Ca and Mg contents within nutrient solution in hydroponics of sweet pepper
using coir subsirates made by coconut producted in India.
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A4 & 35 dde] Cast Mg ¥%el ©h& w9 W N, K ¥ Na #3e) wslg 4de
HA(Fig. 2-2D, N #2& Ao Ao & F4ste A9 Jelulda, T4 T1 Xzl
A wA, T8 M2 aA Wi FA5= FFUrt, &8 T6 MeoMe A F 9FARY &
AeE& WEIRT K §%E A & 97472 2 volAe AEE et olF i
Frbehe A%E UepdAY. A Dele T4 HeelA EA, T8 MelelA @A FAH/U
Na #3& Az F 9527 A dopAE AFeYrist olF olF aA A8z oF 2
A okl AgS wehldth Hal tele T4oA 24 FA=EUR,

40 1400 =
——T1 —WT2 T3 —%~-T4 Tl
35 || w75 —@—T8 —+—T7 —=—T8

g

K contents (pprr

o§§§§§‘

N contents (ppm

5 7 ] 1A 13
Weeks after planting

Na contents (ppr

5 7 2] 1 13
Weeks after planting

Iig. 2-21. Change of N, K and Na contents of drainage nutrient solution according to
increasing Ca and Mg contents within nutrient solution in hydroponics of sweet pepper
using coir substrates made by coconut producted in India.
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(th A=vlA]e}E coir ¥ A

AH F 1354 FF WE9Y Cast Mg = =& A% 54HE A% Z2I(Table
2-15), %< T1, T2, T6, T7 AgoA ¥& AFS YL, T9Y TI0 Ao & 4
FE& YA FA3L Ca v=7 74 B A(TS T9, TI0)A & AFE Ueyd
o A A % K% AE UEUA FRAT BAF FAR FFolAa, Ao
T T7 MM 7 23 T10 AAA 713 @itk BAFH 2E8FL Ca = B2 A
oA FALE BT B AdM 7 AUt FF4 FFE KA F ol
o

B EFig. 2-22)2 T1, T2, T7, T8AA £L ZAFo|AT T5 T3, T4 AR ¥ 7
o)At

Table 2-15. Growing characteristics according to increasing Ca and Mg contents within
nutrient solution in hydroponics of sweet pepper using coir substrates made by coconut
producted in Indonesia,

Treatment Internode '
Plant Stem Fresh Dry Chlorophyll

Ca Mg  height diameter  Nymber Average weight weight contents
No. — — (cm) (mm) ) length  (g/plant)  (g/plant) (SPAD/Gmm)

(me-L7) (cm)
T1 0 0 173 a° 149 a 3l a 55 ab 865 a 126 a 66 a
T2 1 1 175 a 150 a 32a 54 ab 943 a 131 a 67 a
T3 1 2 169 ab 149 a 30 a 56 a 842 ab 125 a 66 a
T4 1 3 170 a 151 a 31 a b6 a 750 b 128 a 68 a
T5 3 1 161 b 150 a 3l a 52 b 769 b 118 ab 69 a
T6 3 2 175 a 155 a 3l a 57 a 690 bc 114 b 66 a
T7 3 3 177 a 151 a 30 a 6.0 a 730 b 121 a 64 b
T8 5 1 166 ab 146 b 30 a 56 a 724 b 115 b 67 a
T9 5 2 153 b 14501 29 a 52 b 683 be 105 b 65 ab
TI0 5 3 151 b 146 b 29 a 51b 648 ¢ 106 b 65 ab

"Mean separation within columns by Duncan’s multiple range test at P=0.05.
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Fig. 2-22. Photosynthesis rate of leaf according to increasing Ca and Mg contents within
nutrient solution in hydroponics of sweet pepper using coir substrates made by coconut
producted in Indonesia.

A4 F 1354 FF A Cas Mg $E0l 4e £33 S4& 2AG A=HTable
2-16), Hds] AAZH ABFE T8 AN 7% FAYT T2s} T3 AN 7hie A
oItk Hashk AAE A 4G AFoIRT, BEE T6H T5 AeolA =5ka T500A
1wt

Table 2-16. Fruit characteristics according to increasing Ca and Mg contents within
nutrient solution in hydroponics of sweet pepper using coir substrates made by coconut
producted in Indonesia.

Treatment Fresh Dry . . Soluble  Marketable
. . Height  Diameter . )
Ca Mg weight weight (mm) (mm) solids fruit
No. ——————— (g/ea) (g/ea) (°Bx) (%)
(me-L™)
T1 0 0 113.7 b* 98 ab 72.7 ab 66.9 bc 74 ab &89
T2 1 1 685 ¢ 51c¢ 558 b 59.3 ¢ 75 a 91
T3 1 2 - 970 be 81b 65.7 b 66.4 be 56 ¢ 92
T4 1 3 ~1364 a 9.1 ab 74.7 a 75.6 a 7.3 ab 90
T5H 3 1 1416 a 89 ab 73.8 a 743 a 7.7 a 90
T6 3 2 126.2 b 7.5 bc 65.7 b 710 ab 80 a 87
T7 3 3 1325 ab 102 a 73.2 ab 71.6 ab 71b 91
T8 5 1 158.1 a 115 a 78.0 a 775 a 70 b 0
T9 5 2 1293 b 100 a 69.2 ab 70.1 ab 70b 87
T10 5 3 1144 b 99 a 74.1 a 679 b 7.3 ab 89

z n
Mean separation within columns by Duncan’s multiple range test at P=0.05.
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A g wgdde Cast Mg ¥Xel wWe £2te EC 988 4vE 33 (Fig. 2-23),
A F z7de vhd Aedte A vehdosl A F 4FARE ohd FA o)
T A F ARy A 2FY Aedte A%E Jehidoh Azt T8 Mo w
A HFAHAZ T4 AgolA] g4 KA =Rk

AY & I WFde Cat Mg FEo w& djedl W pHY EC ¥3E AHE 29 (Fig.
2-24), pHE Aoz BE HedA W37l Ax, A 453t 3ste 4gE Bol
A gtk A2 Tele T1 A FA FAHAR T4 Aol #A {FAHACt, ECE
Ao tta Agdte AF%E VERAT %8 T4 HeldAe A & 10548 27
Aedte A8E vehiAch A ole T4st T7 A2jolA Esta, T8 Ao B3 #
e 4%e JehAdch

1

E |—&—T1

= —_—T2

2 T3

= —¢—T4

3 —*—T5

s —o—T6
g ——T7

‘E ——TH
g e T Q
& T10
o —

0 2 4 6 8 10 12 14
weeks after planting

Tig. 2-23. Change of EC of slab according to increasing Ca and Mg contents within
nutrient solution in hydroponics of sweet pepper using coir substrates made by coconul
producted in Indonesia.
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Fig. 2-24. Change of EC and pH of drainage nutrient solution according to increasing Ca
and Mg contents within nutriént solution in hydroponics of sweet pepper using roir
substrates made by coconut producted in Indonesia.

AY F FE SN Cast Mg =0 W& wjel ) Cad®t Mg @2 W3t AEFE 27
¥ #A(Table 2-17), Ca ol HFBYLE T79 TS Mo &t TIF T8 M)A
e A%E JEhUCh B3], T4%} TS Azl E wakst WolALrt olf wdvh Mg &%
X WEFFL T73 TS MM X3 T8 T1, T2 AN ¥ HFge veluigc &
3], T4st TS Mol Me A ek WolAF7} ofF wdtct

A4 & uj f Cadt Mg ¥aFel WEE RY(Pig. 2-25), Ca e Awrdon A4 F
O AA Aesinrt NFEALE aA gt A%E el 2ed T5e T7 A2
Ne A& dedte 2%E debigich 2813 Tizk T8 Aol tha v /A=A Mg
g3 T7 N Adstns AY F di dopAle 3E¢g Rolust 0FARe 2 Fvts
A A UFAREH AA Fade 394 vehidnh §3 T4, T5 T7 AgelMes 2wy
BeFol o A RT) obF Frh zE: T, T2, T8 &l FlM tha ¥A 2=
= 2
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Table 2-17. Change degree of drainage nutrient solution at interval of two weeks
according to increasing Ca and Mg contents within nutrient solution in hydroponics of
sweet pepper using coir substrates made by coconut producted in Indonesia,

Treatment Ca contents Mg conterits
Nos o Mean SD cv Mean SD cv
‘ (me - L) (ppm) (ppm) (%) (ppm) (ppm) (%)
) 0 0 195 % 503 102 3 333
T2 ] 1 218 7 338 105 3 297
T3 1 2 212 61 287 122 35 2838
T4 1 3 23 129 520 160 78 89
™ 3 1 20 184 62,0 153 & 555
T6 3 2 246 79 321 121 36 25
7 3 3 304 119 2392 182 64 3.0
T8 5 1 203 6 313 08 46 470
To 5 2 273 & 231 116 35 311
T 5 3 262 50 191 120 % 206

g

g8 B

Mg contents (ppm
8 &

Ca contenis {(ppm

8

o

4 6 8 10 12 14 4 6 8 10 12 14
Week after planting Waeks afer planting

Fig. 2-25. Change of Ca and Mg contents of drainage nutrient solution accarding to
increasing Ca and Mg contents within nutrient solution in hydropenics of sweet pepper
using coir substrates made by coconut producted in Indonesia.

24 F FF gD Cast Mg w=o @& w5+ U] N, K % Na 939 ¥za 4n
¥ ZI(Fig. 2-26), N #§%4& dwdez T3 A§ A99stae ok A dests A%
HERARTE B3] A4 & Z7)elE T4¢ TS HejdA aA Yozt T4 Mdde i
83 TS Aol A% Friste A¢E vhehdd. A & F£rlde T7 Moy & 3
o] ettt Ag ziele T8 A dlA thd 443 o] MRFHALY @A FAHAL
K @§%3& 3uzez Ay & 27lde g4 ) 9F4%E aA 44t 11543
AA ke el 2y T1 AdolNe 27|56 Ay e 77 A4 FAsT}
1154 2A Fazte 8 48 Jdehlislch M Rode T1 H2leA] %A, T8 A=A
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o fASE AUk Na §2e ZE A2 44 F 2710 o4 wsit A 9
b 9FARE ol A7) AEsHn NFALE o1F A Faste AYE Uik M
ol e wad AgoIND,

—o—T1 —-T2 T3 RIS
—H—T4 —H—T5 —e—T6 |
—4—=T7 —e=T8 ~amTg [

8 B 9

“Kcon.tez;ts {pp&
-8 B 888 8 8

N contents (ppm
S o

4]

<

Weeks after planting

g 8 8

Na contents (pprr
8 8

8

o

Weeks after planting

Fig. 2-26. Change of N, K and Na contents of drainage nutrient solution according to
increasing Ca and Mg contents within nutrient solution in hydroponics of sweet pepper
using coir substrates made by coconut producted in Indonesia.

. gl #e

N NgAe) (A FY vE 7Y

Y = Mg Exdte "A o2 ¥5E vehin] vgde B BH G NS
@A e o2 Ztx el o) FIuy) WsEE JEge ASWAvD FEFE 4G
BaAdel vl ah#kA Coconut coir A8 Eelstetdg = &ted coir dustfiber=70:30(viv)
% MAE slab® 12L2 A4 o1&3tgd, F9 $EE vt FA%E(304S'm HVE M@
o2 25 35 @ 40dS'm ‘9 45202 4¢¢ AR oo 2o}

AR 212 T iFde] T o) &g WA ECY FHEFE 2AS 2 I(Table
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2-18), ECE dx=7(30dS - m™")e HHF 44dS -m'# vlwstd F9 %X 25dS-m), 35d
S-m’' € 40dS - mleME 22 BHF 32dS - mY, 43dS - m? 2 58dS - mle UEhfo] F
d FE7t 2EFE WA g ECE 2 AUt 3 HolAFE HF ECe L A%
€ YEto] F99 EC ¥57F 845 A 717 F ¥x] WY EC ¥Er) 4% Aoz v
ehtth.

3 FEFFS EC 40dS - mlolA HEF 702%2 /¥ E9tw EC 25dS - m M E HF
572% = 714 wsith b2 F A9 wix] W) ECE 47 641%¢ 687%E YEhEd =
3, F9 %% EC 35dS - m oM E XA 1.96%9 WolAS 31%Z olF 2o} P& 7|7}
T Wizt 7 H A

A5 71 5 WY F9 Fxo wE wjxUe ECe FEIF WIE Aduy
(Fig. 2-27), ECx A% &7 39 T=7F 52 X9 EC HEX EolAE Aoz
EC 28~49dS - m'2 F9 ¥E 7t Aolg Yehligdd. 28y A2 F13% F9 %% EC
35dS » m™o) A EC 40dS - m'2 F9 %% EC 30dS - m 'Rt} ol ol2s A% A
& FFUAA ALHRAA T Tyl A Feete x7)9 e AL JET 22u
F9 FE 40dS - mlAME 9FF A3 A43 F 13F0) A 724807 EC 44dS -
m 74 RelAdE WEe JeiAT. 4% 71t §¢ Anmez F9 FE EC 30, 25 35,
40dS - m™el A 7zt W7 44, 32, 4.3, 58dS - m'& YEho] EC 35dS : m? o)A Wil
FTES U4 F4% U3z APstA] G AR A4P, Park 5(1998)2 F5Aute] )
293 WX W EC ol &7}t oldFE AFHY, ¥57t ELFE wjA Yo ECe #
e %S RAYT 31, Roh(1997)E L0 £84 LFuAZNA B Fxo Uy
o] FFHoZMN FEo] FFste o]LRg B %9 oLo] wldd W HAHo] ECIt =

obzl ZoZ B An¥ Lee(1991)% Z2 A& AASGATE 09} 2ol F9 H X7t Eo}lx
d =& EC7l 289 ¥ ddg ANasty 28§ FBE F5ax B39 ¥]jAx) U9 EC}
22 Aoz Adr9lg.

T FEFFS BS 271dE EC 304S - mldlA 653%2 7} E9tm EC 25dS - m ol
A 7HE @k olg ¥ BFL WS FukztA] AL EHol A 20F Foe Fd FE 30dS -
m7A 783%2 JbF B¢, theo® EC 40, 35 25dS -m?t £l B3, F Bx
25dS - mANE ta Be 572%E Uehio] Autdoez F9 Fxo] we wRAe SRy
o W3te F9 ¥E 35dS-mdlA AS 7)1 S A wEE R4} Sonneveld$
Voogt(1990) ETE FZ4AuAX FHe Fx7 F/12542 1 F5e 72893 39
Ul Masuda 5(1990)= 22 AL AAHNLH, Park S(1998) FE5AFute] SR ESL
Fe FY vEo F¥E Wol 7t ESFE FHojAdn . B APAME FY &
7V BolAFE wiA] WY FEFFo] FUIF % Ay AT o WFge ojEn B 5
gom, F ¥% EC 35dS - m 'elA A5 7|7 £ A WIS B AL o] FEo)
A AR B o] AFstY e weo] Fof FEI FEL FFetd wR vd FE

B W37k wotas] WEelRn AFAT.
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Table 2-18. Electric conductivity (EC) and water content in the substrate according to the
supply nutrient concentration hydroponically grown in sweet pepper from 3 to 21 weeks
after planting.

Electric conductivity EC (dS - m™) Water content (%)

(ds - m™ Mean  SD° CV' (%)  Meam  SD  CV (%)
Control (3.0) 44 0.84 192 68.7 6.36 9.3
25 3.2 0.56 173 57.2 5.02 8.8
35 43 115 27.0 64.1 196 3.1
40 58 162 218 702 6.28 9.0

*Standard deviation.
YCoefficient of variation.
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Fig. 2-27. Changes of electric conductivity and water content in the substrate according to
the supply nutrient concentration hydroponically grown in sweet pepper from 3 to 21
weeks after planting., Vertical bars represent standard errors.
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A& N T EY] FY Fxo] o w9 pHst ECE AL AF(Table 2-19),
pHE EC 25dS - m-13% HZT(3.0dS - m™)olA Zzt § 7 pH 649 6322 EC 35dS * m-1
3 40dS - m'e] WF pH 607 6120 thi Ho}l 39 B57 oW ujde] pHE ol
B YT ol MAE A& ASAA HWA2 pH 55~659 MY sl A2 A
Fole 2 9] gl Ho=2 vehyr,

E3 ECE pH® wdle) Aoz EC 40dS - m'elA HF 7.3dS - m-12 7+% Egten,
FEEUAH193dS - m™), Ao AF(266%)E Hskst Atk EC 25dS - mleHE WF 354
S m'2 4% ¥t Uux F HAGME B5 46dS - m-12 BRIAQA T EC 354S -
mME EFBZ 096dS - m?, WAl 208%S vEho] Wslyl 3k A¥ Aoz e
ot
AL 71 T wFY e FY R @E wide) pHS ECY W3E AW R (Fig. 2-28),
He 59 F%=9 @& pHY Wde Azl AP35 wA dolAdE AFL Yehdd. x3
A% A 24 Fd ¥5 30, 25, 35 40dS - mA Zz H#F pH 6.3, 6.4, 60, 612 1}
Bio] A4 pH F=& Blojuhx] o} tgolzm & + ok Roh(1997): g w2}
Fo® pHZE AA3] dolAe ZAFge Roled ol W% W o] NH ¢ K o] &9
F57t ASF oz o|Fo|AWAAM Vel AFTT S%om, Yamazaki(1982), AnF Lee(1991)
5 e 9AE AASHAT

T3 ECE A& kel A4 F9 FEJ} HE5E vlgY ECE EoIXE Ao &
3 39 X 40dS - m7e WA E A4 125 Fo EC7F 99dS - m, 155 o 57dS -
m' 5 ZA B AgE Uik A% Awe] AAME FY 3% 30, 25 35 40d
S-m’ Ztzt P 46, 35, 46, 73dS - m™& deEhYo] Fd BE 40dS - m-1E AT Uu)
A #Y vEE BAC e A2 ey, ol 39 ¥Ed wBE wX Yo ECAMNE A
3 He} Zo] Fd Tt FopXE FHEo] 5T FES A JEL A o] £Hs
Ay s Fdte] wiEse] EC/ ®& Aoz #udd, Park S(1998) FSAbSuh
Roh(1997)= 290] &84 TYWIX A, AnF} Lee(1991)E vlUe] FAAMANE 2 AL
A A e o

’O

Table 2-19. pH and electric conductivity (EC) of drainage nutrient solution according to
the supply nutrient concentration hydroponically grown in sweet pepper from 3 to 21
weeks after planting.

Electric conductivity pH EC (dS - m™)

(dS - m™ Mean SD* CV’ (%) Mean SD CV (%)
Control (3.0) 6.3 0.23 3.6 46 0.96 20.8
25 6.4 0.25 40 3.5 0.34 9.7
i 6.0 0.37 6.1 46 0.43 9.3
40 6.1 0.21 34 7.3 1.93 26.6

“Standard deviation.
YCoefficient of variation.
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Fig. 2-28. Changes of pH and electric conductivity (EC) of drainage nutrient solution
according to the supply nutrient concentration hydroponically grown in sweet pepper
from 3 to 21 weeks after planting. Vertical bars represent standard errors.

A& 7T ¢ FY FEY WE coir WAL = WIS AWE F(Fig. 2-29), A% A
do] dA 2x W3l bda Adin, F9 $E0F 225E WA U 255 2L Age
HENRIT 53], AWMA R 4K Fr)d) wA) W L&t Belrl Re AF A A9
BAR ol Aoz @uso] Aujde #es 27U

A& 71 5 T FEC) WE 239 Wals AWE A (Fig. 2-30), B HAuke) HH
23e 39 Tt 2€5F da E AL UEQeH, A2 21% ¥ EC 30, 25, 35,
4.0dS - m) A ztzk W 1653, 1638, 1769, 180.8cmE UEFAQITH AwtH oz T =T
0E 2739 ¥gs € Aort gl Aoz YRt Chung® Lee(1997)= EFIE BFEH
A B9 TR} 2255 230 AADE G FAHY Roh(1997)E 20 &84 £ A)
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Hjo A Fd FE7 ¥o¥W 23 FolxZ, Kim 5(2001)2 EC $%71 HolA A 23& Fo}
At st witie] 3L 2Aoh Chung $(19949)2 2o ZAFFAN EFE FEolA
Z7%0] 71 A JdEst3, FE7F @AY & dE @dte 29 UG

AL 71T T FY 2o ;E 549 FF WstE AME AR (Fig. 2-31), ANH o
2 AFZ75E %ol STl 13F FRE WolAle AFSE Ryoy, 53 F9 vE)
ESTE BoMAE AEE R Lees}t Lee(2002)E viuvaEl FAAv A 3 557 5L
TE 4842 TFE FUhstn, BSL 2387 Az z3o] AHUTL FHL, Lee T
(1993)2 sweet basil?] A+ 59 % 289 FF FXoA G242 FFo] =gtz =
o 2 489 A7 A

AL 717 ¢ FY FEO ©E FHAHAES AR Eiﬂr(Fig 2-32), ¥4 &% EC 3.0d
S-mliA 953 L AL AYF UHA F e F HolE uvehhx gk
Lee %5(1993)& “H°J911%E°ﬂ o sweet basil?] EHAIAHEL 12559 EZE AN =%

i1, Chung $(1990)e +3PAEL FAFEr Z7eo] wet FABTn & v 2 2804

%@i FE EC 30dS -m7olAq £ 23E Ry &) 2o
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Temperature (C)

18 4 —®— Control (EC 3.0dS m™1)
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16 T ¥ T — T T L} T
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Weeks after planting

Fig. 2-29. Changes of temperature in the substrate according to the supply nutrient
concentration hydroponically grown in sweet pepper from 3 to 21 weeks after planting.

Vertical bars represent standard errors.
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Fig. 2-30. Changes of plant height according to the supply nutrient concentration
hydroponically grown in sweet pepper from 3 to 21 weeks after planting. Vertical bars

represent standard errors.
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Fig. 2-31. Changes of chlorophyll contents according to the supply nutrient concentration
hydroponically grown in sweet pepper from 3 to 21 weeks after planting. Vertical bars

represent standard errors.
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Fig. 2-32. Photosynthesis rate according to the supply nutrient concentration hydroponically
grown in sweet pepper at 13 weeks after planting. Vertical bars represent standard
eITors.

7Y Fxd e F4Y FF 5L =AY A (Table 2-20, 2-21) H}5L F49 3%
b ¥¢4E FAE AFo= EC 40dS'm oA 199.0ge JEHUIIE EC 25dSm A E
164g0 2 FX 7+ Ao/t Hoh. fue AFH FYF 2oL, FAE EC 40dS'm e A
et FAE Aol 1Y YA FY FEYD FolE fRoYy $gteg neo}
EC 3.0dS'molA thi mEd e ngon 8L EC 35dSm oA 3424 AAzHE
of /7Yt FEE EC 3.0dS-molH ik Bgkm, e Z ol EC 25dS'mtelA v
< Weolgew, FFE Aol deux gt FA FEESS EW vnzee EC
3.0dS'm7A A thx FowA AAch F9 FAE EC 40dS-mrAAN g FANT, AT
7AE EC 25dS'm™'o) A 744 gksith 33 AEE EC 25dS'm oA 7% Bgtm, 34 A%
¥ EC 35dS‘m™ el A 7}¢ #skth Akira $(1981), Chi 5(1998), Kang $(1995) 52 Hjko)
9 BEE AEY dFE FFo 9L A WS, £F L FAL FoEY B FF, F
ZF, A4 2 AKDA T g d2dn e, Adams® Winsor(1973), Winsor 5(1962)
< EREE SN & F5 fAd9 FAFEE Y489 MIY 558 Eole Ao AR
o|vj, Ehret®} Ho(1986a)t NFT %4l& ¢]43ld EfEE Ay o, gyl =8 EC
40dS -m™ o]ge g FrAY wet FAe EAL FAHJTD T sto] B APJME At
Hog Fd FEJ S5 Fdo] d4H Ao} X g} vhd Jones F(1989) Qo]
ZAAA ECY oL % 2 A9 27|E 3F4 A7), Tsukagoshi $(1994)L ‘g’ @7}
FAANMA 17dS - m™Y DHETY FF E FAFIL 09dS - mY AEETF Bk Ao}
PEgEe Hoxz ot Willumsen $(1996)% EC7F 3.7dS - ml2t} B¢ u%E oA
A EvtEs HFAFAYG Z7] 2 457 Asts gA AELL Eddan syt
Adams$t Ho(1989)= ErRIE FZAM Al EC =71 509 A9 ZAL A} S
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ANEEX: 8HESE KIIBHXI Coconut coirg 0|

a7 Bl Re g AFlAin sk g

AP 53U Adams$t Ho(1995)& 28U EC 45 A EviEY oA A 3429

Ze due aFARen & 499

A3t} Mima A & APANE B39 Rolk FY 5Est Bold4S EobA W RS

BTt

Table 2-20. Characteristics of fruit quality according
hydroponically grown in sweet pepper.

to the supply nuirient concentration

Electri Fruit Fruit . Solubl
e c. . Fruit weight 1.-u1 . u L/D Fruit Olf ¢
conductivity @) height diameter " hae® solids
_ ratio shape
(dS'm™) £ (mm) (mm) o (°Brix)
Control (3.0) 178.9 ab” 86.8 ab 710 b 12 a 28 b 64 b
25 1604 b 815 b 71.9 ab 11 a 33 a 6.7 a
35 182.2 ab 8.5 ab 76.6 a 11 a 34 a 6.7 a
4,0 1990 a 90.1 a 76.1 ab 12 a 31l a 6.6 a
Electric Moisture
. Depth of valley of  No. of valley of Smooth of fruit
conductivity . . . contents x
4 fruit surface fruit surface o surface
(dS'm™) (%)
Control (3.0) 22 a 35a 9.7 b 18 b
25 19b 34 a 918 a 27 a
35 21 a 33 a 913 a 26 a
40 21 a 34 a 916 a 26 a

*Shape of the side of fruit. 1, triangle; 2, echelon; 3, rectangle: 4, regular square.
YThe naked eye observation. 1, shallow; 2, some deep; 3, very deep.

*The naked eye observation. 1, ruggedness; 2, smooth; 3, very smooth.
“Mean separation within columns by Duncan’s multiple range test at P=0.05.

Table 2-21. Characteristics of thickness and hardness of fruit according to the supply

nutrient concentration hydroponically grown in sweet pepper.

Electric . . Fruit hardness

Thickness of fruit peel (mm) :
conductivity ’1;]h1c}l:nf;in;)f (g/@1mm)
(dS'm™) Epicarp  Endocarp Total es Peel Fresh
Control (3.0) 052 a° 147 a 199 ab 7.03 a 1705 a 1198 ab
25 053 a 143 b 196 b 688 b 1668 b 1167 ab
35 052 a 1.45 ab 197 b 722 a 1769 a 1256 a
40 058 a 150 a 208 a 752 a 1729 a 1123 b
*Mean separation within columns by Duncan’s multiple range test at P=0.05.
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(2) wjgFde BAQ FHF 79

Coconut coir HjA}1¢} B 38 1asle coir dustfiber=70:30(v:v) &3 A& slab(Z}
2) 3 1208 93, 39 F4% 70mL, 120mL, 170mL ¥ 230mLE A3 ZAdE= o g
=3

A& 71 B wigAe] FAFo] uwE coir MA We ECt FEIFLE A A3
(Table 2-22), EC¥ F9%F 70mL/3 = WA W] F& BFo2 HA 55 F nAATh o)
A e ECE tl&7(120mL/3]), 170mL/3] 2 230mL/3) Fh4FolH 2zt HF 49dS - m™,
42dS -m™t 2 40dS - m'& UEhge] FAFo] BEFE ¥ AL YhNAAT AS 7]
Zt B¢t control(120mL/3) FAFAME EZFWA 091dS - m’', WolAF 187%= #3}s} o}
2 AT v st

E FEEHEHE FAdF] BEFEF U 52 FFS ngoy A ol & Aole gl
A3, ZF(120mL/3]) FAFol A wjx)e] ECS nla7tA2 EFHA 7.48dS - m, WojAS
10.7%2 Wsb 7413 A ol¢h o] vix] o ECH FE¥FS FIF T0mL/3 & A
gFtne Aoz A Aoz Yeyt.

AE 71ZF T iFAe] FhFe BE coir WX Ule] ECY T WH3E dvnd
(Fig. 2-33), ECE 70mL/3] 93l A8 27 nAHA D, FhFo] HE4E EC 5
7 F7bste A%S BYEdl 170mL/3 9 120mL/3] F9 el ME 22 48dS - m™'# 47d
S-m's Yerig ey 230mL/3] FAFNAE EC 40dS - m-1& YERITh BS F7)de=
120mL/3] F4FoA & ¥W3e Jeuda e F Hes & UdE X g3 45
Ante] AA 120mL/3], 170mL/3] 2 230mL/3 |4 Ztzt EC/b 49, 42 ¥ 4.0dS - m-1& 4
BRI AR ¥iste] Fo] & 120mL/3] F4FL da EQY AIAE BH{Y. Aliburys}
May(1970)2 EntE FZ3A A g9FE oW 2dY EC/t 453td d2F5 €0l
AR Aol AdAAtL et & APANME FAFo] HojH =/ &l Wolx 4
% EC7t &4 Yeld Aoz B

T3 FEGFE S 2Ulde F9F] L o oy 4§ FU|E sMEA dde 3
FE Jehln, AL Frjde 338 BFE A9 Ho|& JEhR kgt Asakura(1998)%=
A W EFFS A QAo ZANE AEANY FAH, 24748 A, WA TF 5ol
H, 82X | ¥ 2585 FESFES F5A7, 259%F € #-3FE AANE T4
2200l gk An(2005)2 R Fdo] oJEFE WA W F5&0) ¥A FAHD, ECe &
I 9 A¥gE Jeidga e £ 40dAE Avtdoez 3XE] BF HT 70% WY
§ Yol wix) W FEFF Aste FYFo] IA JFE @A g Ao Yeuth

AL 71F B¢ vgde] FYFo E coir WA WA pHY ECE %A A 3H(Table
5-23). pHE 170mL/3] FdFAN e F AFRd P pH 722 £33, EFAA(EH
0.71)¢F WolAF(10.0%)% 71 =< AL AYdae & A7 g Aoz Jehygo.

E£% BCE 120mL/3 FY2o]A] 80dS - m 2 thE F A& F(170mL/3 ¢ 230mL/3))e) F
B 6.1dS - m'F} 51dS - m BT 953 Esith
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Table 2-22. Electric conductivity (EC) and water content in the substrates according to
the amount of supply nutrient solution hydroponically grown in sweet pepper from 3 to

21 weeks after planting.
Amount of supply

i ) EC (dS-m™) Water content (%)
nutrient solution
(mL/times) Mean SD? CV? (%) Mean SD CV (%)
Control (120) 49 0.91 187 69.8 7.48 10.7
70 - - - - . -
170 4.2 0.44 10.6 70.7 6.09 8.6
230 4.0 0.44 11.0 70.9 6.49 9.1

“Standard deviation.
YCoefficient of variation.

8.5
—e— Control (120mL/times)
6.0 —v— 170mLtimes
— —8— 230mL/times
E
. 5.5
(%2}
2
£ 5.0
&
=1
2 45
3
o
£ 40
o
w
3.5 4
3»0 T T T T T T T Ll
4 6 8 10 12 14 16 18 20 22
Weeks after planting
90
85 -
. B0 -
g
£ 75
2
8
o 70 4
8
= 65
60 -
55 T T T T

4 6 8 10 12 14 16 18 20 22
Weeks after planting

Fig. 2-33. Changes of electric conductivity (EC) and water content in the substrate according
to the amount of supply nutrient solution hydroponically grown in sweet pepper from 3 to
20 weeks after planting. Vertical bars represent standard errors.
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Table 2-23. pH and electric conductivity (EC) in the substrate according to the amount of
supply nutrient solution hydroponically grown in sweet pepper from 3 to 21 weeks
after planting.

Amount of supply pH EC (dS - m™)
nutrient solution

(mL/times) Mean SD? CV? (%) Mean SD CV (%)
Control (120) 6.3 041 6.4 8.0 0.81 10.1
70 - - - - .

170 7.2 0.71 10.0 6.1 0.35 b9
230 6.4 0.35 5.5 5.1 0.87 170

*Standard deviation.
YCoefficient of variation,

A 71 B wigde] FhFo wE coir WX ¥l pHSt ECY W3E A¥RYA(Fig.
2-34), pHE A& 7] 170mL/3] FF9A 713 %32 U9A Mee v & v
it oAl AFe A% F77HA AS HAAT FU2 MM 2L AF%E JEd
170mL/3] FYA T dolAm g A2t & Aol& etulA] &tk A Ao A
FaF wel Zz 7 pH 63, 7.2 € 643 Uehgsd Az F pHY @3 Asxn
A vebd 170mL/3 F9%FL FAFE Aoz YAHUT Seo F(2003)2 EvIE Heto]
E AujA FYFd @2 wlde] pHE FdFo] BEFE ol sld 2 4y 170mL/
3 FAFS AYdtn & 23S BRYo.

EY ECE AS 7)de F9% FE&4E ¥ IS veplsden, 53 120mL/3] F
dol e F712 7HHA AA Z/HEE A3E 24k 170mL/3] ¢ 230mL/3] FYME F
N2 7A9AM 4z dx S/t ZAsSE § AS AJAAT b EL AX] gig. A8 F)
dE 3XE EF tx Faste A%S Bo AL AHAutd X FAF wet 27 EC 80,
6.1 ¥ 51dS - m-1€& YElfo] 120ml/3] FFL £3EE Aoz Aad. ol Smith(1988)
© ddzFe] £¥3E FS M ey AE @4 &A@ J EC Fsolgxn A,
Aljiburys}t May(1970) F94FE Eold <AY T4 Eolx i, EC/l 4sdtd A5
F%o] JAHE AJE 2Py 3ty E AP 2L AFHE 2y

A& 717 B¢ TF A FdFe pe wxe 2= WNsE AHE F3(Fig. 2-35),
A& 27 gAYt 7] oFd e WolAe AFFE HHoy, F9Fo] AL A7)
2%t ¥& A%E 2{T AR W LE7F gelA s AL FdFo] HojPozA wix )
o] Yol 257 Folxn, Y 2 AAY 729 3L el Wy, 53 AL
Fole AR L% o3z WolATE Lee 5(2005)3 ZL oz AujArzt ALI=E A
OJERA ANrFH o HIR U9 X7} Yol gEoz AP

A& 71 T¢ FAdF v 2 A3 E AHE d3(Fig. 2-36), S Auko] dH Fo
Fo] }E 239 Aole AL YehtA ggtoyd AS F7) o|F 230mL/3 FHA FIHE
o] AA¥E AFS UeEUAdTh ol An(2005)0] ZHE FEHAFNA R Fdo] WEFF )
2l W] o] Eol Aol Adm, ASo] wMEHEA ¢YFHE FAFE Bide 292 B £
At}
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AF 71 3% FAdF G2 49 452 §FL AN E AA(Fig. 2-37), S Ay 2
A F9%Fd g & zol& UEMAE FRAAT 170mL/3 oA A3t 3 AT, AS
Mol AA z+zk P F 620, 61.8 € 621 SPAD/6mm>S Ve AT

AL 717 5 FAF e FFAHAES AL A (Fig. 2-38), FYFo| B24E &
o, 170mL/3 ¢ 230mL/3] F8 ele Aolg YelA kx| gl, 120mL/gd e & Aol
€ YEy u¢ Az

9.0

—&— Control (120mL/times)
8.5 —O— 70mUtimes

—¥— 170mLAimes

—v— 230mLAImes

5.0 T T L —

2 4 8 8 10 12 14 18 18 20 22
Weeks after planting

"

10 4

©
L

Electric conductivity (dS- m™)
~

3 T T T T T T T T T
2 4 6 8 10 12 14 18 18 20 22

Weeks after planting
Fig. 2-34. Changes of pH and electric conductivity of drainage nutrient solution according to
the amount of supply nutrient solution hydroponically grown in sweet pepper from 3 to 21
weeks after planting. Vertical bars represent standard errors.
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—v— 170mL/times
20 —8— 230mLhimes
19 T L} L} L] T T T L}
4 6 8 10 12 14 16 18 20
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Fig. 2-35. Changes of temperature in the substrate according to the amount of supply
nutrient solution hydroponically grown in sweet pepper from 3 to 21 weeks after
planting. Vertical bars represent standard errors.

220
200 { —@— Control (120mLitimes)
—9— 70mUtimes
180 4 —@— 170mL/times
—O— 230mUitimes
'g 160 -
E 140
o
2
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Kol
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60 4
40 T T T T — T T T

4 6 8 10 12 14 16 18 20 22
Woeeks after planting

Fig. 2-36. Changes of plant height according to the amount of supply nutrient solution
hydroponically grown in sweet pepper from 3 to 21 weeks after planting. Vertical bars

represent standard errors.
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Weeks after planting

Fig. 2-37. Changes of chlorophyll contents according to the amount of supply nutrient
solution hydroponically grown in sweet pepper from 3 to 21 weeks after planting.
Vertical bars represent standard errors.
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Fig. 2-38. Photosynthesis rate according to the amount of supply nutrent solution
hydroponically grown in sweet pepper at 13 weeks after planting. Vertical bars represent
standard errors.

AL 71 T G de] FhFo] WE FY 54 A dFHE Table 2-249) 2-25¢ 2t}
FFE FhFo) A} &L 170mL/3 ¢ 230mL/3 N A 22 194g3} 189g .2 TAYY. #H3
S ABE FFH 2 AFE YN, old] FFAFE FAF AolE Holx Uit &
&3 FPL 170mL/E M ik A4 o AR 120mL/3 FRAAE BES Py s
el FEE 63~65BrixZ to]& YehlA] gttt e T ZHole RE BE
olZF UBUNAL, T $% 34~35/42 YEE 479 /At 2y F4 g9 njnee
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RAEo] e FAFo] HL 120mL/3 FFIA tha A Holrh Ao AAFAE Aol
el A GA 170mL/3] FF1A 1.52mmE 713 FAS AFodn F& FAE 37
Fo] BErE F7AE ZFelth 49 2 AZAEE BT 170mL/3] FFAAH #A Aol
2 & A¥oIT. Kang 5200002 A ErtE #e) 3T 53 £dozx 345
7V W sFe gadve ddd B 499 Agste i )7t AT, Seo H(2003)
W5 EEVIE "lolE Al glo] A F 45UE 093L, olF 4HARE 13L, FE ER
7AAE L6L A= Fdshs o] A +FE Frn FAL A7 T, g3 H23T 5
Q= WHoHL & Aol u]Fo] ZMGRF WA W FEBIAE FH R3] it #lS g
dof @ Aoz ok

Table 2-24. Characteristics of fruit quality according to the amount of supply nutrient
solution hydroponically grown in sweet pepper.

Fruit i . Fruit . Soluble
Supply amount ) Fruit height _ L/D Fruit ]
) weight diameter ] . solids
(mL/times) (mm) ratio shape )
(g) (mm) (°Brix)
Control (120) 1789 b* 86.8 b 710 b 121 a 28 b 64 a
70 - - - - - -
170 1944 a 90.1 a 73.4 ab 124 a 33 a 6.3 a
230 1895 a 90.1 a 75.0 a 122 a 3.1 ab 6.5 a
Supply amount  Depth of valley No. of valley of Moisture contents Smooth of fruit
(mL/times) of fruit surface’  fruit surface (%) surface”
Control (120) 22 a 35 a 90.7 a 18 b
70 . s - -
170 22 a 35 a 920 a 24 a
230 22 a 34 a 904 a 22 a

“Shape of the side of fruit. 1, triangle; 2, echelon; 3, rectangle; 4, regular square.
*The naked eye observation. 1, shallow; 2, some deep; 3, very deep.

*The naked eye observation. 1, ruggedness; 2, smooth; 3, very smooth.
“Mean separation within columns by Duncan’s multiple range test at P=0.5.

Table 2-25. Characteristics of thickness and hardness of fruit according to the amount of
supply nutrient solution hydroponically grown in sweet pepper.

Supply amount Thickness of fruit peel (mm) T:ficgzsess Fr;‘;'}gg‘;fss
(mL/times) Epicarp Endocarp Total (mm) Peel Flesh
Control (120) 052 &’ 147 a 199 a 703 b 1705 a 1198 a
70 - - - - - -
170 055 a 152 a 207 a 754 a 1518 b 983 b
230 0.53 a 149 a 202 a 759 a 170.3 a 1137 a

‘Mean separation within columns by Duncan’s multiple range test at =0.05.
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(3) Coconut coir ¥jx} 2= el w& wiz] W 23 EA

A= Alob4} coconut coir duste] fiber B &€ 91(v/v)L. 82 ZA& AFA e (21L)e] FA&
13 ‘Special’ 3F& AAst 13 FYFL @RS W wjA W) FEN} EHL =23
Ak 2%l 120cm WA ASx7] FAaguFo) gy FFH FIFAF B Ay F
AFL AE27) 3F FF FIFE 700ml 71808 13) FAS 35(43), 50(24), 70(5), 100(+5), 140(z8),
175(+8) ml 22 AH¥ F=37rh

A FEFE S 98 AH83 AME FDR SREAA(WTION, RlzjaiM)2 W% probes
Eolut wixlo] ] Hola o]43l= Felolt) FOR EAME A7) 43e o84 whioz wEAQ vl
< A e 2712 Bl ARRRE Sal 39 A5 229 H3lE o83l FRyEgs 24
she AME ARSSE d3e U3 2ok

A g FFAMANAM coconut coir EF ¥JX| (coconut dust : fiber = 9:1)0 2 ZA 3}
TETFEFH Jgol wE v W SEGFAE 29 2-39, E 2-265% 2} 1Y FAFE
T 700mE = P& o A | FIF HF FEFFE 564~592% FEE UEHUL Qo
W, AAFEFFL ofgtol 515~564% $FEo2 FA3So] ule} JFL w1 YJee BAF
A3, ANFEFFLE 582~658%S UEtdth. F1 BT FEITHT ot JAFEFIT
o] Aeolg BHE 13 FdFFe] 50~70me/3] FFE W 2 Xolrt s wA Jehon, d&
HsBSZFH HAAFETENY oM T0n/F A e 2ol YehiE AL BY
o HUsEEFS £ JE FEIFHY Aot 13 FAFo) FNEFE A dehte
A%e ol o] 2 AEFo] ATt AL BAFAHIY 2-40).

oA AFL AW Wi E 04 4 FASE 13 WYY FFF 100ml/F gE Hol=
e 1o coconut coir H71WjAE A3 w) FIZF] YWoe WA FH, WAz F
of wat EgAel WMHE ROZ WriEng. 2z ASo] FA Ay YA FARo
S71eHA A8 ZFERSA HAEF A SR AHE FX87) 96 13 FI4FL FeFE A
of Az 17l B8¥ RAo2 AN,
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Fig. 2-39. Changes of water content of coconut coir substrate (coconut dust : fiber = 9:1)
for sweet pepper in different irrigation rates and times.
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Table 2-26. Characterization of water contents of coconut coir substrate (coconut dust :
fiber = 9:1) for sweet pepper in different irrigation rates and times.

Average Minimum Maximum
Water Supp] Water supply N ; e
T
supply .ppy times to reach water water ks A-B C-A C-B
times content content content
rate . average water (96) (%) (%)
(ml) (Gimgs) content (times) (A) (B) ©
n
(%) (%) (%)
35 20 _ 5~6 564 * 0.5 524 58.2 4.0 18 5.8
50 14 4~5 577 = 1.1 54.1 61.1 36 24 7.0
70 10 2~3 59.0 £ 1.7 56.4 62.0 2.6 3.0 5.6
100 7 1~2 59.1 + 2.1 544 63.3 4.7 44 9.1
140 5 1~2 576 £ 25 52.6 63.7 5.0 5.1 10.1
175 4 1 59.2 = 3.2 515 65.8 77 6.6 14.3
10 [
9 FF = 0.8919

Average walter content - Minimum water content(R)
N @ S o o -~ o
*
*

-

0 i i 1 i i i A i i i A A A1 A A Il A 'l
0 10 20 30 40 B0 £ 70 80 S0 100110 120 130 140 150 180 170 180 190
Water supply rate (ml)

Fig. 2-40. Margins between average water content and minimum water content of coconut
coir substrate (coconut dust : fiber = 9:1) for sweet pepper in different irrigation
rates.

A4 @13 coir AR AN FF T Foo] 00mid Az FAo) AFgo]
Be A ) PEFEED) EUE AR Eol7] ARME 13 TS 50~70m2 o
o A%E F7ANIE Aol WA W SRV AA YeiE BB Ao A SR
£ #X% + g Ao BeHYh 2et 28] Aol gt 18 FAF $22 4 2
obgte] 150~250ml/3] 7)|Eo 2 Jeld Ao Az,
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INE=3S

. ZAAAR 4

EHEE 2N(&HR9 8B 173 20~25cm) B 80cm HFoZ FAGNZE AAsn
A #wele Fdslitin MRS W F7] wixd ol Auiet §-7] v coirg o] 83 3
AguFe] AAY A dF3e 10a8 £285HE Z wiRe) <adnsl g9 F1 74 zlod)
o) & WA Aufel] w]F coir ¥IX] AwjolA o 14%¢] A7} "zbo] FbeE Tk 1020 &
8 HE coir €FEE BIME g ST E 720709 HlE) Bgou AwEHE oW &eue s}
Z o] coir €8H 7FF6] wls) oF 500~7004 ¥lA A7HIL L Aoz ey, sy
E Ao wfd&o] g B oF 30%, coire 10~20% H1Y HJoL} o) A X
gttt @9 EA QA (24~26kg/mD) e EAH =o)rt fid

#. FAHA G} Coir WA FHAGFE FAL 24

S %] Coir H] %] -] v
7207} 7597}
&8 slab (10
siab (102) 607]x1271) (6971x117})
)
s3n wit 2900 2,200
(GAH (SA}, Q=AY chip 40%)
A8 fFBod 2,88071 3,0367
B g7} 220
(10a) (720slabx4/slab) (759slabx4/slab) g b 2204
o C 30% 10~20%
FAF1Y/F) 2L 2L
BAA Aolgls
A (m? 24~ 26k 24 ~26k
J A (m”) 26kg g 2 Aol G8
287 AF Y .
(10a) 2,721,600 2,337,700 gl v oF 14% A7
a
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34  Coconut coir ¥|A| & o] &3 BEvlE FHAujr)2€ A A3}

7. B84 AA
(1) Coir dust ¢} fiber®] E3u]-&o we AN A

AR JAAl d3gistn vjd2AdA 94 EvE EFQ ‘YPAT(Enza zwaan Co.,
Netherland)& coconut dust$} fiber2 &% ZA 2 coir MRS o) &3t FH )3t A}, wix)
Aze 28 FItA ALY Z3Y(coconut) &2 B F 2 429 coir dusts) fiber& F
U3t A&3HTh Coconut dustes ¢2d RS B84 3, fibers 9 S5cmE A3 Ty
F& 2eiste] 100:0, 90:10, 70:30 R 50:50(%, v/} 4xEZ EF 2ASAR, ZA Al §7)
49 A= 3RS A3 dust IL B H(FAHY3E) 558 EFdGT. 2dn EFE wAE §
A E AF(120x28cm)ol AFZF 1204 2L F Y0cm FolE 9 HF WRI}A slabE
S AR %] BEEALE Y] H5tY Evtg ErlolA Abgstn gE F86A
Q. P2teo]E(Perlite, Growzone Co, LTD., Korea)® rHw¥ix|(Grotop expert, Grodan,
Denmark)& 7 A¥ A glstgrt.

&L ¢ E2 2 W(Grodan, Denmark)ol #E8 F £ 25T, 5 80%¢) LA 2
oA 7 F B4 24l A= ANHAL W ¢H B E2(Du 4.6, Grodan, Denmark) 2.2 &4 F
b 25T, ok 20T AxelA SHIFAT AL §8 F Y 7~8%o AAHT A o
FAE ¥ slab? 374 oz AFAsg) w¥Ye NOs-N 153, NHs-N 08, P 70, K
80, Ca 90, Mg 50 % SOS 50me -L'2 2A&Y. 2F5EE EC 1.8dS - m™, pH 559
Higgor FFFL 120~130mL/3], Y FFIAFE 4~69 AeoE 533, 7~-8¥dE
9+232 stgen, EZAY 87t 2 & da o I8 B2 FIFFS 24 A
Epii=s

A& 713 S coconut coir dust$} fiberd) & H| &) @WE coir, ¢ L YO E R
9] FF/ & wjde pHe} ECo) Wo] AXE ZAMS Z 3 (Table 3-1), pHE EE 8]z oA
6.3~6.5 HMAE YUEUA L, Fiber 30%94 EFHatel WolAFr7 ik o 28y =E
AgolA pH ®¥e] AEE o F AYx, M ZHlE & Aol Yehixl &%l ECE Fiber
50% WAl A T 66dS - m, Fiber 30% ¥l T 53dS - m =X gz o
T3 e w9 37~45dS - m” WART &gon, vlo)ASE fiber 50% X9 ¢
A =2 A%8ES JeERAT
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Table 3-1. pH and electric conductivity (EC) of drainage nutrient solution according to
the different substrates hydroponically grown in tomato from 4 to 16 weeks after

planting.

Mixed ratio (%) pH EC (@S -m™)

Dust Fiber Mean SD? CV?¥ (%) Mean SD CV (%)
100 0 6.4 0.22 35 4.5 1.30 28.8
90 10 6.3 0.23 3.7 43 0.98 22.6
70 30 6.4 0.25 3.9 53 1.26 24.0
50 50 6.4 0.17 2.7 6.6 2.47 374
Rockwool 6.5 0.19 3.0 37 1.43 385
Pearlite 6.3 0.12 1.9 39 1.03 26.6

? Standard deviation,
¥ Coefficient of variation.

A5 71 F<¢ coconut coir dust®} fibere] &3 v]&o] W& coir, 4H L BFolE HjZ
o] F5el we wjdy pHe ECO W32 491 (Fig. 3-1), pHE ASx7ldE BE X
7} pH 61~64% YEIW2H, fiber EFHEo] EL AN T4 L AFo|Ax, ¢4 )
A M E fiber 30%, 50% WA SUFGoH fiber 0% MAA 7}F FE FX2 Yehy
R 2y AHE g AolE JehlR] ¥t Ago] ARHAAN A 7FANE= fiber
0%, 10%, 30%<] pH7l ¥343%] Eolxlx, dHHy HEolELr F7lFo] ofF HAu} o|F coir
R AE A Z4a% S718 WEse A%E JeEhidn, ¢ HaolEdqXME 135FA 7
A FE3) FrAsE AES Uehdo] 13FAdE dHAA FHE =3tk AS F)dA Fo)=
S HA coir WA NA = pHF t& SHAH 7] AFsle] 165 A0 & fiber 10%, 309%H 2] 7+
7 we pH 614 JERHYT

T ECe A& 79 & fiber 30%, 50% HIA|olA 37, 34dS - m'2 Uiz wjA] A<
20~29dS - m'2th thx =94th 4w Wi A st @gkm, Belol=9) fiber 0%, 10% M
AE 24dS - mol S YERlTh olE WA Wo) EAste FEFR HE3 FEo| o
FAE B GEE FFEA Ed vl HAY) dWEA Rz B o)# AT Y 7
FANA ALHo] 10FAdE fiber 30%9} 50%H AN ECY FA3 2712 nYy. E3
fiber 50% A AAE A4 F 13FH 90dS - m o] o2 Ao ZaHUTH A4 1654
= fiber 50%<] 7.8dS - m-1& A Y3 ZE iR gA tha kA HIFS e
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o | ——Fiber 0%
—/— Fiber 10%
8- Fiber 30%
s | ——Fiber50%
—d— Rockwoo!

Bleckonic conductivity(ds-m")
(=]

70 f

65

pH

6.0 f

55 |

4 7 10 13 16
Weeks after planting

Fig. 3-1. Changes of electric conductivity (EC) and pH of drainage nutrient solution
according to the different substrates hydroponically grown in tomato from 4 to 16
weeks after planting. Vertical bars represent standard errors.
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1]

A5 712t T coconut coir dust$} fiber) £§ H|&ol W& coir, YH L HalolE ux
o 2% WgE A AA(Fig. 3-2), d AK7o] Wi A 23 BE HjA|7} v
¥ A7 AFE YEIAL, 1573 HT AFcm/week) S B3] vnd A3} PolE,
coir 30%, 50%6, 10%, &9, coir 0% o3, ASE75H 18F7A] N 234 v EH
coir 50%, 30%, 10%, He}tolE, A, coir 0% o2 el

A4 4~16FH coconut coir dust®} fiber?] & B & WE coir, YW L BHO)E H|X
o] 454 %L chlorophyll meter(SPAD)E ZH 3 A3 (Fig. 3-3), WS x7]d s FHA
T e AE BT o] 99 GE iR oE Aol JERAA &gith U AY 8=
olF @M FEF] F7H 125 Ao = 57.60 SPADSmm’E THE A A HT Y535
=3 2y oA ZASEA A 165 Ad e e WA% Aole JEhRA gkgith A4
1I675cl= 49, HelolE, 0%, 30%, 50%, 10%9 «o2 Eou §oF folg Jehix
= 94U '

W e Fiber 0%
—/— Fiber 10%
250
—— Fiber 30%
—O— Fiber 50%
o0 - ] %
—a— Rockw ool

—{1— Pearlite

Plant height (cm
3

0 Il I L L L Il 1 = —

2 4 6 8 10 12 14 16 18
Weeks after planting

Fig. 3-2. Changes of plant height according to the different substrates hydroponically
grown in tomato from 2 to 18 weeks after planting. Vertical bars represent standard
€ITors.
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70 —e— Fiber 0%
—— Fiber 10%

65 ' _m—Fiber 30%
—O— Fiber 50%

60 —— Rockwool

—{3— Pearlite

g &

PN
o

Chlorophyll contents (SPDA/6nfiy

S

4 8 12 16
Weeks after planting
Fig. 3-3. Changes of chlorophyll contents according to the different substrates
hydroponically grown in tomato from 4 to 16 weeks after planting. Vertical bars
represent standard errors.

A4 4~165F5 coconut coir dust$} fibere] E£F ¥ &ol ME coir, ¢ 2 Hao|E ujx
o] FFNES =S ZAH(Fig. 3-4), fibers] TFol BL uMiA A EL AFS YeQe
w fiber 0963 10% ztelle Zol& Utz gstth 454 FFX i F7ho] g4d
G HtolESt A coir MlA ¥E) A2 AHFS JEhACh

Coconut coir dust$} fiber®] &3 W&o W& coir, ¢8 % HelolE ujxle] A4 3 E
3 ZARE A3 (Table 3-2), #5 & fiber 0%, 10%, 4, fiber 50% vlA] 2 fiber 30% )
Aot HetolE wiA| o) HlF FoHA AolE HPew, fuE wlA] FF ol F3 zols
UERAA] eskth. #3 & fiber 30% IR A b AzdA dElgey HYL mB RS
W fiber 30% ®jAelX AF] 743 AL FHAol ALHNY. FFHEL fiber 0%, 30%,
50% A A F=A Gl o™, 2 FUAME fiber 30%SF 50% HiA A= 80% olAeE &
2 Aot

Coconut coir dust$®} fibere] &§ H|&o] W& coir, ¢8 L HFolE iR A AAFH
HESTS ZAF A F(Table 3-3), AAF2 fiber 0, 30, 50%N A 783.1, 757.0, 7735g2& t}
2 AT v§ SR, ARFTL fiber 10%2 PR E AYF EE oA A=
o Fo7E glo] $dtA SAHAG. 2 A W £ T A T Ao]E YEA
ekt oo A coir ¥R Y fiber ¥]&o] 30~50% FEoA 2U9 pH EC7} ¢A A o)
HA AS 9 o] 22 Aoz HadAr.

=
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i

H—H+ep
DR+
| 1'

Photosynthesis rate (u molCOzm'zs")

2 ] =+
i

® Fiber 0%

0 O Fiber 10%
v  Fiber 30%
v Fiber 50%

-2 4 ®  Rockwool
0O Pearlite

4 E : . . T

0 500 1000 1500 2000

PPFD (u molm'?s™)

Fig. 3-4. Photosynthesis rate according to the different substrates hydroponically grown in
tomato at 10 weeks after planting. Vertical bars represent standard errors.

Table 3-2. Characteristics of fruit quality according to the different substrates
hydroponically grown in tomato.

Mixed ratio (%) St it Fiis L/D Marketable
weight height diameter . .
Dust  Fiber © (rmm) (mm) ratio fruit (6)
100 0 183.0 a* 60.0 a 726 a 082 b 79 a
90 10 1836 a 60.3 a 719 a 0.84 ab 63 ab
70 30 1689 a 594 a 674 b 0.88 a 84 a
50 50 1792 a 60.2 a 709 a 0.85 ab 82 a
Rockwool 1836 a 595 a 711 a 0.84 ab 67 ab
Pearlite 1739 a 59.1 a 70.2 a 0.85 ab 73 b

*Mean separation within columns by Duncan’s multiple range test at P=005.

Table 3-3. Moisture contents of plant according to the different substrates hydroponically
grown in tomato.

Mixed ratio (%) Fresh weight Dry weight Moisture content
Dust Fiber (g/plant) (g/plant) (%)
100 0 783.1 a 128.3 a 84a
90 10 724.5 ab 1092 b 8ba
70 30 757.0 a° 1164 a 85a
50 50 7735 a 126.0 a 84a
Rockwool 6784 b 1054 b 3da
Pearlite 7379 ab 1189 a 84a

"Mean separation within columns by Duncan’s multiple range test at P=0.05.
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(2) Coir EgujA o] AT A Wy N2

Coconut coir ¥jx]¢] B3} 188t coir dust:fiber=70:30(viv) &% vIX S 33 4L
€ ol Aot A (FAFAE2], =d09y, AFFEGA)d B EvtEe A
5, % % 29 985S §AT¢ 494 d4% 2 o9 Fuld HEE 9 AEH FY
A s

S 71 B Aujgde] WE wjede] pH9 ECO Wo| AEE ZAMS A F(Table 3-4),
pHE EE WA 62~64 BAE et 45w EZ8 -‘4 delAF7E o
Zo. £, ECE ¥WE=%3, AFXE, AFAuAN 42t BF 68dS - m™, 58dS - m™, 53dS

m'2 MEFAN 71F A Yehg, E—r-?iz}ﬂ} HolAlF e A FENAH B AFS

Yt et ol ME=EFZ A A WA U 8 gFo] Eo} pH 2 ECY EF WA} W)
AF7E B4 €A vEd A2 F2H0,

Table 3-4. pi—I and electric conductivity (EC) of drainage nutrient solution according to the
different cultural methods hydroponically grown in tomato from 4 to 16 weeks after

planting.
Cultural method pH AN
: Mean SD? CV¥ (%) Mean SD CV (%)
Bag—culture 6.4 0.25 39 53 1.26 24.0
Grow-pot . 6.2 0.16 2.6 5.8 1.81 31.3
Bed-fulling . 6.2 0.15 2.4 6.8 1.52 22.3

*Standard deviation.
YCoefficient of variation.

A& 71 T AupEae) e wide pH ECY #3E AW RA(Fig. 3-5), pHE A%
Zz7le ZE WiA7 BEolE AF pH ¥9Q 62~642, ARITE M2 AZAu o
2 Ueyt. A5 JYHEAN 733 e AFAu pH FF33 AsHUADT BSF7)0
A 372 Z54E 44 vxd AgE JEhY 168de 60~612 ¢AHNUY =¥ ECE
AEz7de BIFEE, AFAH, H=F6A 2z 28 37, 46dS - m'2 2AIAL. 3
Aejst MEZFF P2 EC 13F7A] #F3] F7kste 70, 82dS - m'2 YEen 4%
XE B2 103 olF ¢tAo| Ho] 13FA = 67dS - m'E 2 FHUT. AL Awte] DA
HES T4 & AupdHd vs) & ECEE 7IAH F7174A #FE3] F713te 8.2d
S m'EE & £AE g 43 RHAY Auiaed Rez Az

A& 71 5 A @2 239 ¥3E YHE d3(Fig. 3-6), A5
e AFAMAN A T2 AFE YEen, B4 18F F YAIE, Hﬂ =3,

ol A Z+zt 251.0, 251.8, 257.4cmE UElue] AmtAozE= Audtae] wE zge] wat:
& ZolE YEUA FdTt

A& 71 ¢ A B 4549 FF HE ANE AA(Fig. 3-7) Hutzoe=
AL 27|58 F7171A] 9842 %L tda F7kste 2%S gl 535 4% 379
Ay F 16FANE AFAE HoA 5327 SPAD/6mm?EZH AFTES} w229 5137
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5142 SPAD/6mm’s ¥]3) R em P& F74E BA

AugAe) vhe FHHEL 2AE AR(Fig. 3-8), VFEENAN 713 wgtn, 1 oz
AFA, =5 ol 58, W=FAe FYYEE AXT B ol BEUAE 4
st B4YY FFHES YEhAh

8.0

—a— Control (Bag-culture)
75 | -A- Grow-—pot
- Bed-fulling

70 |

pH

65 |

60 |

55

50

B r

12 r

Electronic conductivity (ds - m'™)
©

4 7 10 13 18
Weeks after planting

Fig. 3-5. Changes of pH and electric conductivity (EC) of drainage nutrient solution
according to the different cultural methods hydroponically grown in tomato from 4 to 16
weeks after planting. Vertical bars represent standard errors.
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—&— Control (Bag—culture)
280 | —A— Grow—pot
—ll— Bed-ulling

Plant height (cm
&

2 4 6 8 10 12 14 16 18
Weeks after planting

Fig. 3-6. Changes of plant height according to the different cultural methods hydroponically
grown in tomato from 2 to 18 weeks after planting. Vertical bars represent standard

EITors.

70
& —o— Control {Bag-culture)
E 65 | —A— Grow—pot
b —— Bed-fulling
)
[%2]
€
& 55
[
o
o
=%
Q
e
24
O
40 1 L 1
4 8 12 16
Weeks after planting

Fig. 3-7. Changes of chlorophyll contents according to the different cultural methods
hydroponically grown in tomato from 4 to 16 weeks after planting. Vertical bars

represent standard errors.
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1
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. @ Bed-fulling
O  Grow-pot
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Photosynthesis rate (p molCO,m?s™)

-4 L) L] T T T
0 500 1000 1500 2000

PPFD(p molm2s™)

Fig. 3-8 Photosynthesis rate according to the different cultural methods hydroponically
grown at 10 weeks after planting in tomato. Vertical bars represent standard errors.

Ao g Hde] £ =4¢ ZAF AINTable 3-5), F4e) FZE= WEZ A A
g %3 old we 3, A= w3 Ae dHGct £=F ol wet FEFHAFE A
WA 2 Aol g UERA] gstd gy AEALAAE M B AL RAT AFAu
A 84%E 7+ Ek

AuptAo] e £ JAFH AEFE A 2I(Table 3-6), FAIFE ZFE W=
e X 71 wkovt, A% ] FEFZAAE 713 By 23y A HE EFM 80%
o] 4o} +E#F S Vel

o

Table 3-5. Characteristics of fruit quality according to the different cultural methods
hydroponically grown in tomato.

Frui Fruit Fruit
rut Tm s L/D Marketable
Cultural method weight height diameter . .
ratio fruit (%)
(g) (mm) (mm)
Bag-culture 1689 b* 604 b 69.0 b 0.88 a 34 a
Grow-pot 1713 b 596 b 700 b 086 a 74 ab
Bed-fulling 2004 a 632 a 736 a 087 a 68 b

*Mean separation within columns by Duncan’s multiple range test at P=0.05,
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Table 3-6. Moisture contents of plant according to the different methods hydroponically
grown in tomato.

Cultural method Fresh weight Dry weight Moisture content
(g/plant) (g/plant) (%)
Bag-culture 757.0 v’ 1164 b 85
Grow-pot 7303 b 1199 b 84
Bed-fulling 8904 a 1774 a 80

*Mean separation within columns by Duncan's multiple range test al P=0.05.

A Auye] mE EvtEY FEAL potAMNN EXow FEH} AE}go] A2
U4 potAllel A ERor} ¥e A deon 249 pHs EC: ZE HadH vz
2Hg 3 o] A,

(3) Coir A HA wjx=F 71

Coconut coir €#H}A] coir dust:fiber=70:30(v:v) &3 wjA|dAg HA wiz|e F9&}7]
A3l slab(zF)7 7,10,12 2 15LE o] M 47 g3 2.

AE 71 58 wjA Fo] WE coir ¥R ¥l pH, ECE A3 A3 (Table 3-7), HF
pH(pH 6.4)%t EFHA(pH 0.25), Wol A+ (39%)= WZTY 12LuiAI7} k& Al e Fo o
o] thd w4 SAAAAT FEQ] AKo) AP YT FAEZ 2 o7 UAE L
T, ECE 527dS - m 22X &7 2AFUA T, dole AEr} 2 o} AKd = EAs} o
A &gt

A& 7178 ¢ w9 pH, ECY3tE 2AY A3 (Fig. 3-9), pHE WX & 15LoA 4~7F
Abololl Tt R FAE AL AYstn, A% Aytd dA o A FaNE v =73 A
S BT ECY W3 WA F 10L9 15LH 27 g4 AFH ez F7t stQoh 7L s o
NE A5 Ade ZA A FANE YeBAD, 2 939 Zolrt Aste i B4R
A Aoz FdEHAL, 2 121 Hxle A4 F 13FAd tia L 7.04S - m-18 Ug
WAT #gA3 AF7F JegR] gof ASo] AV 98-S Fasa.

Table 3-7. pH and electric conductivity (EC) of drainage nutrient solution according to the
amount of substrates hydroponically grown in tomato from 4 to 16 weeks after

planting.
Substrate pH EC (dS-m™)
amount (L) Mean SpD* CVY (%) Mean Sb CV (%)
Control (12) 6.4 0.25 39 5.27 1.26 24.0
7 6.2 0.15 25 3.65 1.02 278
10 6.2 0.10 1.6 2.64 0.74 28.1
15 6.2 0.15 24 4.64 1.72 37.1

“Standard deviation.
YCoefficient of variation.
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Fig. 3-9. Changes of pH and electric conductivity of drainage nutrient solution according to
the amount of substrates hydroponically grown in tomato from 4 to 16 weeks after
planting. Vertical bars represent standard errors.

AE 71 B A F) g 27 H3E =AY AR(Fig. 3-10), A% 271 25}
HZF(12L), 7, 10, 15Le Ao A Z+zE 609, 49.8, 55.4, 582cm, A% ©7|¢l 18Fe¢E 2551,
2442, 2606, 2455cmZE FA =] TLHR A9 ErtE 2R o] & g Fol vlso @ a1
A &g Aolgs daTE 2R Gyt FHAW FA U sten dA AgE] AAH
A Bl o]FofAR] YAFE FAF 5 AU 1FF HTF AP (cm/week) S FAHel v
g 2 126, 129, 13.0, 120cm/weekZ AFF RS < F Ui

A 4~165F7] R Fe)] w2 G224 FFE chlorophyll meter(SPAD)Z &A% ZA 3 (Fig.
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3-11), A5 717k0] AgFE ARH oz FARAT, 4] F1Q 16540 MAF) g&

A~ o
TE &

AFa FFE Uetlle FFL Bih
434 E(Fig. 3-12)2 10L$} 12L1A 7L¢} 15LAM B} ¥
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20 1 —A— 7L
-8 10L
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Fig. 3-10. Changes of .plant height according to the amount of substrates hydroponically
grown in tomato from 2 to 18 weeks after planting. Vertical bars represent standard

€ITOTS.
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Fig. 3-11. Changes of chlorophyll contents according to the amount of substrates
hydroponically grown in tomato from 4 to 16 weeks after planting. Vertical bars

represent standard errors.
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NEEX:
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Fig. 3-12. Photosynthesis rate according to the amount of substrates hydroponically grown
in tomato at 10 weeks after planting. Vertical bars represent standard errors.

A5 71 ¢ MFde FY4Fo 1e FAd 54 A AH(Table 3-8)8 Bd, 33
1689~1975g2. 2 FAG o2 = tha Aojrt IR AATN SAEAN 2 A2 Aol f
stk #A Zrel oA A F 7L 15LAA 7HE S8 FAE JEi. AAHQ 24}
FEA BF oA A F A TF AR AN E AY 7IEe Fde] 7]
St 5AG 43, 71¥ 59 AAFAAE Bol B F AsdEH, ol %7 A T3
FLY ZHLE HEAT 222 2P HE FU2 JFLE JIAAA 56%/e AxT
dEsed v $5E FH 54 vEd ez BAd.

AE 712 E WA Zo) g FH Y FE FrFFE WLFHE ZIN(Table 3-9), W27
MAF 120 A Asne N2z £ Aolg WA G, AxFL ZE AN
FAAE YEh A Fgen FH FERFFS dxToA &%R /A $581A vehsh
o] 49 A coir EFA A9 EntE F7F WA FE 10~15L7F APt

Table 3-8. Characteristics of fruit quality according to the amount of supply nutrient

solution hydroponically grown in tomato.
Fruit Fruit Fruit

Substrate ] ) ) L/D Marketable
weight height diameter . .
amount (L) ratio fruit (%)
(g) (mm) (mm)
Control (12) 1944 a° 60.9 a 739 a 0.83 a 84 b
7 1689 a 604 a 69.0 b 0.88 a 56 ¢
10 1826 a 599 a 727 ab 082 a Db
15 1975 a 605 a 74.3 a 0.82 a 9] a

*Mean separation within columns by Duncan’s multiple range test at P=0.05.

- 102 -

dasg

718Xl Coconut coirg 01&8t UiHF 2k Z0I =Z XHHH J1= Xl Hi 3 0Ip 2Es/ 04 76/ FmREREH 4V E

SO



NEEX: &3deE

Table 3-9. Moisture contents of plant according to the amount of substrates
hydroponically grown in tomato.

Substrate Fresh weight Dry weight Moisture content
amount (L) (g/plant) (g/plant) (%)
Control (12) 8439 a° 146.3 a 85 a
7 757.0 b 1411 a 84 a
10 8456 a 1419 a 83 a
15 8973 a 1411 a 83 a

*Mean separation within columns by Duncan’s multiple range test at P=0.05.

. 35k AR

Coconut coir®] ¥WiA 3}8HAdES 7N et7] 8] QAAE coir WA o] Cast Mgs =& 2}7] T}
24 =4, F98d FAGnF] A% R $Fo o)X 9FE ZAEAT AL 3}
FAEA oz ANAE coirg AN IE EFREA gx AFF 12LE AY slabF 3FE
Aol 3wtE A AT. AE wMIdL Yamazaki EvFE AE§ Y Y(NOs-N 15.3, NHsN
08, P 7.0, K 80, Ca 90, Mg 50, SOs-S 50me - L& 7] o2 39 Cad 1, 3 ‘;'1. Sme -
L7, Mgg 1, 2 2 3me- L& 744 Azstdon Fujy sale o] A¥s S
i i=g '

(1) MEA} coir Bl

A4 F 1FHA FF g Cast Mg $=d WE A8 54L& =AY @3 (Table
3-10), £F& T2 A& AYd2E Ca ¥&7F 2 AA(T6~TIOANA =L F3g yehy
At ARz 237 FAS AFolRey Ca #57 HF L AYdME da g FIFe
GETh "9 dole TI0 AYE Adtn Cadt Mg 358 =9 & 25 AN
Oa B3 gt a2y o] e K% AolE: yEhx] &y AAFL T6, TIO,
T1, T8 HEelA 7tHE BFo)AR AXFE FAL AFoIct 24 FFL T5 T3, T7
A i ¥ A velg.

FEAEFig. 3-11) T10, T6 AZNA & AFoldn, T5 T7, T1 HFoA E& Ado]
At}
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Table 3-10. Growing characteristics according to increasing Ca and Mg contents within
nutrient solution in hydroponics of tomato using coir substrates made by coconut
producted in Vietnam.

Treatment Internode

Plant Stem Average Flesh Dry weight Chlorophyll
Ca Mg  height diameter Number len ﬂg] weight {y / lan%) contents
No. (me -1 (cm) {mm) (ea) (cfn) (g/plant) e (SPDA/6rrm)
T1 0 0 255 ab® 119 b 31b 82 a 913 ab 138 ¢ 66 a
T2 1 1 266 a 144 a 35 a 77 b 942 a 263 a 62 ab
T3 1 2 260 ab 124 b 35 a 75 Db 973 a 134 ¢ 61 b
T4 1 3 244 b 115b 35 a 69 b 943 a 139 ¢ 65 a
TS5 3 if 254 ab 9.7 ¢ 34 a 76 b 963 a 161 b 60 b
T6 3 2 268 a 11.6 be 35 a 77 Db 819 b 154 b 62 ab
T7 3 3 268 a 129 ab 35 a 77b 952 a 162 b 6l b
T8 5 1 265 a 123 b 35 a 770 912 ab 144 ¢ 64 a
T9 5 2 273 a 11.3 be 35 a 79 b 995 a 163 b 63 a
T10 5 3 264 a 11.0 bc 33 ab 81 a 837 b 121 ¢ 64 a
*Mean separation within columns by Duncan's multiple range test at P=0,05.
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Fig. 3-13. Photosynthesis rate of leaf according to increasing Ca and Mg contents within
nutrient solution in hydroponics of tomato using coir substrates made by coconut producted
in Vietnam.

A4 F 1FA TF Wdge Cast Mg 50 wE 583 EXHL FAE AF(Table
3-1D), #4429 AAFL T73 T10 M)A 714 FAYR, T5, T2, T3 Ml A 71wL A
o)At AZRFE AANFTH KA AUt Fug ARE TI0 XA 714 =1 dYe
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o, B5E TI0 AYE AYs}nE Ca =27 & =2 HYNA B%3, T1, T3, T10 A
oA Y& Aot

Table 3-11. Fruit characteristics according to increasing Ca and Mg contents within
nutrient solution in hydroponics of tomato using coir substrates made by coconut
producted in Vietnam.

Treatment

Fr.esh Dry weight Height Diameter SOh.lble Markefable

Ca Mg weight (g/ea) (rom) (mm) solids fruit

No. ————— (g/ea) (Bx) (%)
(me - L)

T1 0 0 84.7 b* 4.2 be 403 b 574 b 53 b 62

T2 1 1 73.6 bc 41 be 378 bc 550 b b5 a 58

T3 1 2 725 be 36 ¢ 377 be 555 b 53 b 68

T4 1 3 865 b 4.1 be 39.8 be 568 b 59 a 71

TS 3 1 696 c 43 be 344 ¢ 529 ¢ 58 a 74

T6 3 2 96.7 b 45 be 424 b 60.5 ab 57 a 82

T7 3 3 1223 a 61 a 418 b 579 b 58 a 81

T8 5 1 915 b 6.2 a 433 b 578 b 58 a 79

T9 5 2 869 b 57b 435 b 61.2 a 56 a 79

TI10 5 3 1239 a 72 a 508 a 65.1 a 52 b 74

‘“Mean separation within columns by Duncan’s multiple range test at P=0.05.

A4 F TF WFI Cast Mg sx @& £88 EC ¥3dE 4HE AF(Fig. 3-14),
AA o Rople FFE Uik A4 F 27ds T1, TI10, T2 MM ba &
AFoIR oLt o]F A RolA A F Fu7lde g A Ao)F YehiA @it} 28
T T9 APelMe e A% t2A F b3t A9 QAR F97] i RopxE Fgw
< YEhid G

A4 F FF FdY Cast Mg =0 WE w99 pHe EC ¥3E 49E 23} (Fig.
3-15), pHe AWtHo 2 Fe gt JUou A WA F& AZo A e
TS, T7 A2elA ¥A, T29 T8 HedA &A A= 2FE Jehligith ECe dutgo
2 AY F 4 F 2F deste 4% veidch HE dele TI1g T3 HdA w7
FASHAIL T73% T9 AA da /A=A,
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g ‘ﬁ; A
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Electronic conductivity {ds-m™1)
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Weeks after planting

Fig. 3-14. Change of EC of slab according to increasing Ca and Mg contents within
nutrient solution in hydroponics of tomato using coir substrates made by coconut producted
in Vietnam.

6.4
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6.0
5 6 7 8 9 10

Weeks after planting

Fig. 3-15. Change of EC and pH of drainage nutrient solution according to increasing Ca
and Mg contents within nutrient solution in hydroponics of tomato using coir substrates
made by coconut producted in Vietnam,

AN F I vgde) Cast Mg sE] W& wjd ) Cax} Mg ¢%e) s AXEE 4y
¥ Z3(Table 3-12), Cad) WHYHL TI10, T7, T5 T9 A&l 7 Jelwtit Ca ¥E7L
Wi AeldA e Aot v 1Y, T10 AelME F3 HAe) o)A frl Eku)
el WEgake] W¥tw Al F Tid T3 Aol WelAlFrh wakct, Mgel Had%
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2 T4, T7, T6 Ha oA =gt T1, T8 T2, T3 Haojr we ZHgo|gdut, 2} F2 9
2}o} Wol Al Caxt & 232 veudch

Table 3-12. Change degree of drainage nufrient solution at interval of week according to
increasing Ca and Mg contents within nutrient solution in hydroponics of tomato using
colr substrates made by coconut producted in Vietnam.

Treatment Ca contents Mg contents
No Ca Mg Mean sD Cv Mean SD Cv
j (me-LYH (ppm) (ppm) (9) (ppm) (ppm) (%)
T1 0 0 101 45 45.0 90 32 35.1
T2 1 1 124 40 32.2 131 52 395
T3 1 2 143 71 49.7 131 53 40.7
T4 1 3 164 41 25.0 210 58 21.6
TS5 3 1 235 74 314 142 63 44.1
T6 3 2 183 68 37.1 170 75 44.4
T 3 3 238 66 276 194 61 315
T8 5 1 204 48 23.8 121 40 32.7
T9 5 2 235 100 426 146 5] 34.9
T10 5 3 244 119 49.0 140 46 33.2

A 5 T dFde Cast Mg Feol @& wlde Cadt Mg §Fe w32 dynd
(Fig. 3-16), Ca ¥¥2 AH & Z7)dle W7t glast 8FARE 24 Asste 49E Y
Bt iTh. #2gtelle T1, T2, T3 AelA A FAEUT, T10, T7, TY Aol =4 F#
ARG Mg §FE 8733 48 thh WEske Aol APz E a7 dgaA
g2 Aok A el TIz T8 AgolA WA A=A, T4, T7, T6 MM =
A FA A

aﬁ ¥ R O T N T L T s VT
450 f——T1 —=—72
| % T4 —%—T5 —8—T6 |1}
—T7 T8 T9

T10 i

Mg contents {ppm

o8 8 888 8 8 8

4 6 8 10 4 5 6 7 8 9 10
Weeks afer planting Weeks after planting

Fig. 3-16. Change of Ca and Mg contents of drainage nutrient solution according to
increasing Ca and Mg contents within nutrient solution in hydroponics of tomato using coir

substrates made by coconut producted in Vietnam.
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A4 F FF wgde] Cast Mg sxe] we wdle] N, K % Na #%e walg dued
(Fig. 3-17), N &%2 Avtdez a4 A3x) gged T2 MeldMes ta 2 31gs)
2 B%E Ve A el 133 T6 Ao A /A=E Agko|drh K g
AWAHO 2 vrolx) = Zge)Qed, A4 F xv)de= T29 T4 AoA g Ao W] of
F 237t olF g A9} £ sFo2 3 sgEE AY%E gdAth Na e
Aoz 37 stepste Aol B3] Ay F F7)0] T29F T4 A#jelA gris) olF
A wrolA e 7 %E JERRAT)

£
[}
e
} 24
=
jo
z
8 !
e REF ;

—B—T2

——76 ——T7 —=—T8

T10
5 6 7 8 9 5 6 7 8 9
Weeks after planting Weeks after planting

Weeks after planting

Fig. 3-17. Change of N, K and Na contents of drainage nutrient solution according to
increasing Ca and Mg contents within nutrient solution in hydroponics of tomato using coir
substrates made by coconut producted in Vietnam.

2% A BEH4E 9 ANL Ca 1~8me-L Mg 1~3me L, AAF3 gB8L g
Ca lme-LMg 2~3me L' A= 27103 oA F& A4S Jehdiny. €22 ECst
iie) pHE Ca 1~3me-L'/Mg 1~3me L' A& Z7HNQ HeodA A 2GS ek
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Atk ol& FTFH 2 WEGH coir IXE o]4¥ wdE Ca 1~3me- L Y/Mg 1~2me -
L' A% 27074 35t Ao 2 Aoz AZHYLY.

(2) A=A coir B A

A4 F 13574 FF lFA9 Cadt Mg 5= BE A8 SA4E& ZAE d3(Table
3-13), 23L& Ca T=7 € AeA & AFL YA F74L T8H T2 AFPelA
BT Adee A 7 Aol YEhA EkAw Ardele T2, T5, T10 M 1 73
F& et AAFLS T2, T5 T8 AN FAYD AFFL Ca FEE 3me LS
F7H AP FANT. 24 FFL T29 TI0 AgeA *& HolYt).

B4 ES AV RU(Fig. 3-18), T4, T9, TI0 A7) SANA =L Aol T3, T2, T5,
T7 A8 SolA *& FFolth

Table 3-13. Growing characteristics according to increasing Ca and Mg contents within
nutrient solution in hydroponics of tomato using coir substrates made by coconut
producted in India.

Treatment Internode
Pl.ant .Stem Fresh weight D.ry Chlorophyll
Ca Mg height diameter Number Average (@/plant) weight contents \
No. ————  (em) (mm) length (g/plant)  (SPAD/6mm’)
(e - LY (ea) (cm)
Tl 0 0 265 b* 105 b Ma 7.7 ab 806 b 119 b 63 a
T2 1 1 265 b 121 a 33 a 81a 1029 a 123 b 55 b
T3 1 2 267 b 115 ab 3Ba 7.6 ab 951 ab 115 b 63 a
T4 1 3 250 ¢ 11.3 ab 36 a 70b 1009 a 113 b 61 a
T5 3 1 272 ab 11.2 ab 33a 82 a 1039 a 153 a 61 a
T6 3 2 271 ab 115 ab 3B a 7.7 ab 870 ab 160 a 65 a
T7 3 3 277 a 119 a Ha 7.8 ab 889 ab 171 a 60 a
T8 5 1 279 a 126 a Ba 79 a 1024 a 155 a 63 a
T9 5 2 265 b 11.3 ab 3a 79 a 963 ab 154 a 64 a
TI0O 5 3 271 ab 11.2 ab 33 a 82 a 954 ab 130 ab 59 ab

*Mean separation within columns by Duncan’s multiple range test at P=0.05.
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Fig. 3-18. Photosynthesis rate of leaf according to increasing Ca and Mg contents within

nutrient solution in hydroponics of tomato using coir substrates made by coconut producted
in India.

B F 1354 FF YA Cast Mg ¥=o] ©e 483 E4L A AN(Table
3-14), #49 AAFL T63 T7 APelA FAYL T4 AN 7t A%2F, 2 2
AR AAFH 2ol T6x} T7 MedA 714 =g%n T2 Ao 7H3 dgich FEE sy
2 T6, T2, T1, T10 AH2lolA & AFE Jehhih

Table 3-14. Fruit characteristics according to increasing Ca and Mg contents within
nutrient solution in hydroponics of tomato using coir substrates made by coconut
producted in India.

Treatment
Fl?sh D}'y Hight Diameter Solt.1b1e Marke-table

Ca) Mg weight weight (mom) (mm) solids fruit
No. ——————  (g/ea) (g/ea) (°Bx) (%)

(me-L7)
T1 0 0 138.6 bc* 7.6 bc 51.7 ab 65.6 ab 52 ab 54
T2 1 1 1039 ¢ 49 c 43 b 59.7 b 50 b 55
T3 1 2 1489 b 7.6 be 52.6 ab 65.5 ab 52 ab 61
T4 1 3 1020 ¢ 57 ¢ 462 b 592 b 59 a 60
T5 3 1 1714 ab 85b 476 b 62.2 ab 57 a 73
T6 3 2 193.8 a 74 be 55.0 a 734 a 43 b 79
T7 3 3 2089 a 137 a 632 a 723 a 55 a 77
T8 5 1 135.4 be 81b 51.3.ab 65.8 a 55 a 80
T9 5 2 157.6 ab 79 b 480 b 62.1 b 56 a 81
T10 5 3 1433 b 82 b 53.2 ab 67.3 a 5.2 ab 78

*Mean separation within columns by Duncan’s multiple range test at P=0,05.
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A F F vigkdel Cast Mg = u& &2E EC ¥W3E 45E @3} (Fig. 3-19),
AH o i Fadts Aeg ddehlRAch A F Z7)de T1, T2, T9 A g
ZA%E, T63 T3 A dA W& FIE Vehich e S92 71dA gk AeolA
T a7t @™ MedAe di I gl R steg. e Frl2 b Ae B
Aozt FH A B3I T2, T7, T§ T3 AgoMe ¥4 4este & A7 AU,

Ay F FF wgAe Cask Mg Fxo) =g wFde) pHSY} EC W58 498 23 (Fig.
3-20), pHe AWA o2 ot ol ZgE el A F 85 T2¢ T3 Aol
A A Aedhe Wzl Al Hel ele THAA RA AN, T13 T2 XA ¥
A FA=A} ECE o3 A2 A X 3FEA7A RolA e AgE vehiest ol i
F7tstch, Ag dole T1 oA @A, T T7 ANA A FA =AU

RN W s G O N 0 ©@

lectronic conductivity {ds-m~1)

£

Weeks after planting

Fig. 3-19. Change of EC of slab according to increasing Ca and Mg contents within
nutrient solution in hydroponics of tomato using coir substrates made by coconut producted
in India.
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Fig. 3-20. Change of EC and pH of drainage nutrient solution according to increasing Ca
and Mg contents within nutrient solution in hydroponics of tomato using coir substrates
made by coconut producted in India.

A2 F F vFAe Cast Mg ¥%o] @@ u]$d W Cadt Mg ke WE Az g &
HE 43(Table 3-15), Cad) ¢ FHL T7, TS TI0 AZelA ki, TIH T2 H o
A7) @k B £ WA WolArE HE gl gA W Xl ok Mg #HF
e T7, T4, T9 Melolal ¥R T1, T2, T3 A&A @& A Ve 28z
F @z21e} WolAleE T8I T9 HzldA ),

A4 ¥ FF %de) Cast Mg wxol W& Wl ] Cam Mg ¥ W3 Age A
HE ZI(Fig. 3-21), Ca ¥ AH F Z)de BF Aol szt Al gics) 854
e #2438 Aoty AEE Jech A Oele T, T2, T3 XM BA #2503,
T7, T10, T5 HgolM #A #FASHA Mg §3F& Afzoz A & x7] WolA}r} 35
ARE #2438 dedte 39E vehidt) B3 T8 Ao & W3E et M 2
o TI, T2, T3 HAA ¥ FAHKND, TS, T7, T9, T4 MejolA A FAHUC}
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N=aEX

Table 3-15. Change degree of drainage nutrient solution at interval of week according to
increasing Ca and Mg contents within nutrient solution in hydroponics of tomato using

coir substrates made by coconut producled in India.

Treatment Ca contents Mg contents
No Ca Mg Mean SD Ccv Mean SD CvV
e (me - LY (pprm) (ppm) (%) (ppm) (ppm) (98)
T1 0 0 81 39 48.3 77 29 37.2
T2 1 1 100 48 48.1 121 57 46.9
T3 1 2 119 64 54.0 147 57 385
T4 1 3 141 4] 29.2 205 51 24.9
TS 3 1 204 127 62.4 190 53 279
T6 3 2 148 81 54.8 172 61 35.6
7 3 3 213 105 495 229 87 38.0
T8 5 1 178 85 48.0 186 108 58.1
T9 5 2 194 135 69.4 203 105 51.6
T10 5 3 201 106 53.0 173 GH 375
500 TR S P Y7 A 400
450 [ —*+—T1 —8—T2 T3 350 |
£ 400 »« T4 %715 —e—T5 \ E w0
g 360 ' Ijo = s 2 :
Tn’ 300 S @ 20 |
§ 250 éan
g 2w 8 150 |
§ 190 2w |
100 |
50 fi 50 f
o Loz 0
4 5 6 7 8 9 10 4 6 8 10
Weeks after planling Weeks afler planting
Fig. 3-21. Change of Ca and Mg contents of drainage nuirient solution according to

increasing Ca and Mg contents within nutrient solution in hydroponics of lomato using coir
substrates made by coconut producted in India.

A FE gFde] Cast Mg v5o wa e ) N, K % Na & %}4
Aol Aal(Fig. 3-22), N §3& Andqoz tii 3sldr) 854 via

vebdl Ak Z2Evr T4 Mol M sk ek @Fa w2 85 deate 7“”‘% LiEqL oAt
g Ztelle 19, T2, T1 AlolAM wA KALAR, T6, T3, T4 HeleA A FA=E A
S vERuRek K @ A2 F x7)ow T9, T7, 18, T2 AMaldM i ded, vela AHe

ol A A AEE veluckrl Fekr)dls 2 AelE JEhIR gkttt ey T2 A ejel A
= 27 gg& xnv-ﬂ frAEk ek e Delle T2, T7 AHele)A 22 #2s T1, TI0 A
ol A YA A E = AsS Ve Na e 42 F 635 Ti1d T10 #H2& A9sn
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e A F718 F oA 32A Faste A Vbt zEa ol Ay 3 & &
o] & ueEhA] ek Azl Zrel= T103 T1 HdA vrAl FAE U, T2, T9, T7 2
A wA KAEE AEE eI
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Fig. 3-22. Change of N, K and Na contents of drainage nutrient solution according to
increasing Ca and Mg contents within nutrient solution in hydroponics of tomato using coir
substrates made by coconut producted in India.

NS B 2y AL e g coire]l Aoel e AEE velifich 8B EC sl
pHE Ca 3me L'/Mg 1~2me- L' BE F7H42 Aol g3 e vehAdo o
& %3 238 A2 coir MAE o] 4E ol Ca 1~3me L YMg 1~2me-L! A= &
7N A FEste Aol F& AR ALEUAG.

(3) A=W Ao coir ¥l

AA 1334 FF IR Cast Mg HEe) ui@ A8 EAHE 218 A (Table
3-16), %3 AAL Ca FE7F &2 AL(T7, T8, TYNA L AgE vehuirt, s
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£ Mg F=7F =AW(T3, T4 Ca 327 & A2(T6, T7, TYA Bk, AHol& T2,
T9, T1I0 g NA ) HolAoh, AAFH AZXFL T6, T8 T1, T3 Agclx FAMNZ T29
T4 A2 ANA 7MYt GF2 §3FE T103} T6 H2olA Eskx Tix T7 HgolA] gkl

FREES A RAFig. 3-23), T4 HlA F3A =4 & A Lol & Aol &
et A st

Table 3-16. Growing characteristics according to increasing Ca and Mg contents within
nutrient solution in hydroponics of tomato using coir substrates made by coconut
producted in Indonesia.

Treatment Plant Stem Internczie Fresh Dry Chlorophyll
o Ca Mg height diameter  Number l:ﬁ;'lg]e weight weight contents

' (me - LY (cm) (mm) (ea) (cm) (g/plant) (g/plant) (SPAD/6mmY)
T1 0 0 259 b* 110 b 32b 8.0 1090 a 155 a 58 b
T2 1 1 276 ab 11.1 ab 33 ab 84 a 958 ab 124 b 61 ab
T3 1 2 266 b 108 b 37 a 71D 1033 a 144 ab 63 ab
T4 1 3 261 b 11.3 ab 35 a 75 ab 914 b 127 b 61 ab
T5 3 1 277 ab 108 b 34 ab 81a 920 b 151 ab 60 ab
T6 3 2 270 ab 115 ab 37 a 73 Db 1050 a 157 a 66 a
T7 3 3 289 a 123 a 36 a 8.0 ab 981 ab 159 a 59 b
T8 5 1 283 a 123 a 35 a 81 a 1062 a 164 a 65 a
T9 5 2 283 a 114 ab 34 ab 84 a 947 b 150 ab 63 ab
T10 5 3 272 ab 103 b 33 ab 83 a 920 b 141 ab 67 a

*Mean separation within columns by Duncan’s multiple range test at P=0.05.

BPOGDOBIAO0
3

Photosynthesis rate (4 molCO,m’'s)

o] 200 400 600 800 1000 1200 1400 1600
PPFD (4 molCO,m?s™)

Fig. 3-23. Photosynthesis rate of leaf according to increasing Ca and Mg contents within
nutrient solution in hydroponics of tomato using coir substrates made by coconut producted

in Indonesia.

AY F 13574 F WFg Cadt Mg =9 wE &% FEFL A ZF(Table
3-17), #49 AATH AETE T6 TI10 MM FANL, T3 T4 APA 7M1 & 3
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e YEidY. 343 Fnx FAS 2 AFE et 28y BEE Ca =/ B
< AY(TL T4, T2NA &3, 2 AdAe ¥ FFE Yo

Table 3-17. Fruit characteristics according to increasing Ca and Mg contents within
nutrient solution in hydroponics of tomato using coir substrates made by coconut
producted in Indonesia.

Treatment Frf:sh D.ry Height Diameter Soh?ble Marke_table
Ca Mg weight weight (mm) (tmm) solids fruit
No. ————— (g/ea) (g/ea) (°Bx) (%)
(me*L™)
T1 0 0 151.5 bc? 78 b 542 b 729 a b4b . 67
T2 | i 189.8 b 80b 59.6 a 709 a 50 ¢ 55
T3 1 2 1364 ¢ 6.2 c 516 b 68.5 ab 52 bc - 72
T4 1 3 1226 ¢ 76 b 476 ¢ 61.7 b 65 a w10
T5 3 1 155.3 be 74 b 50.9 bc 603 b 56 ab 5
T6 3 2 2059 a 9.5 ab 623 a 758 a 53 b 71
T7 3 3 1756 b 9.7 a 548 b 68.6 ab 55 b 71
T8 5 1 1739 b 9.3 ab 57.2 ab 68.1 ab 55 b 5
T9 5 2 194.1 ab 72 b 57.2 ab 69.6 ab 55b : 75
T10 5 3 205.6 a 113 a 60.5 a 724 a 53 b : 72

"Mean separation within columns by Duncan’s multiple range test at P=0.05.

A4 F FF Y9 Cast Mg 550 mE <2 EC W3 A4nE d3(Fig. 3-24),
EE AoA B F 27l Aedte 23S et 63 A 5E v RolXe A
< YeEho] Aty oz e & Wsl YEA dsith A e T3, T1, T8 AelA &
A FAHAZ T73 T A A =4 FAHE AFS Yl
A F FF gAY Cast Mg = wE v pHe EC ¥3lE AR 23} (Fig.
3-25), pHe AtAo 2 & WstE vehllx) Fdth A e T9, T10, T7 HeA ¥4
FAHAL, T1, T2, T3 HFA wA FAHE ZFE JeAeh ECe AMtdgoz dolx
© %S Yoy A4 £ 8FA ti Fgstd™. A e T1, T2, T3, T6 A&
A BA FAHJL, T7, TS AgdA g 24 FA=He 4%S Hehdddh
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Electronic conductivity (ds'm~

Weeks after planting

Fig. 3-24. Change of EC of slab according to increasing Ca and Mg contents within
nutrient solution in hydroponics of tomato using coir substrates made by coconut producted

in Indonesia.

75 12
7.0 &
‘ 3 10
6.5 =
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6.0 L3
I = 3
Q
585 g 6
o 4
5.0 2
N
45 3 2
D
4.0 Yoy
5 6 7 8 9 10 5 6 7 8 9 10
Weeks after planting Weeks after planting

Fig. 3-25. Change of EC and pH of drainage nutrient solution according to increasing Ca
and Mg contents within nutrient solution in hydroponics of tomato using coir substrates
made by coconut producted in Indonesis.

AY F 3w gde] Cad) Mg ¥%ol W& w5 ) Caxl Mg ¥ibe W AE 4
HE H3(Table 3-18), Ca®l T EFE Ca ¥ =7t BE AN wA UeAY, £2 #
7} cha & WolAth Mge) BEYFL T7, T9, T4 AEolA H32 T13 T2 Aoy ¥
BEE VERAIT. DY ol uwAZIAE e S UEN Helda £ @4xst va
#itt.

AY & 33 olFde Cast Mg Fkol wh vige ol Cad} Mg #3Fel ¥W3ld 4nE
A7H(Fig.3-25), Ca ¥&& A4 Z7)e] i A4 s A 854 F4% ¥5¢ vg
g 28l el tha XolE ek MEl e T, T2, T3, T4 HdA @A &
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AH|RAL, TS5, T9, T7, TI0 A EA FAH= ALS YebRol Mg 838 A4 3 =2
7] 3AErt 857 AEdls S LEhW AL T7 H2lolA] Wste] Fo] o Azt E
T1, T2, T6, T3 Al A FA =5, T7, T, TH X2l A FAH= 24%g JEt
IR0

Table 3-18. Change degree of drainage nutrient solution at interval of week according to
increasing Ca and Mg contents within nutrient solution in hydroponics of tomato using
coir substrates made by coconut producted in India.

Treatment Ca contents Mg contents
No Ca Mg Mean SD Y Mean SD aY
" (me-LY (ppm) (ppm) (%) (ppm) (ppm) (%)
T1 0 0 150 60 39.8 99 36 36.2
T2 1 1 257 67 26.2 167 44 26.6
13 1 2 271 130 479 188 69 36.8
T4 1 3 271 61 22.0 219 13 59
T5 3 l 390 68 175 202 56 278
T6 3 2 309 83 27.0 175 62 352
T7 3 3 399 109 274 275 84 30.4
T8 5 1 391 92 23.6 188 32 17.1
T9 5 2 426 113 26.5 244 85 34.7
T10 5 3 394 134 34.1 201 oY 281
700 4850 =
800 | 400
E E 350
g% £ am
£ 400 2 250 |
[0) @
E 30 | 5 20
2 o o 150
© = 100
100 50 |
0 0 IE
4 6 8 10 4 5 6 7 8 9 10
Weeks after planting Weeks after planting

Fig. 3-25. Change of Ca and Mg contents of drainage nutrient solution according to
increasing Ca and Mg contents within nutrient solution in hydroponics of tomato using coir
substrates made by coconut producted in Indonesia.

A4 % FF gy Cash Mg =o) We w5l Cast Mg $ao) 98F 49
A3(Fig. 3-26), N $3& B4 F 27lele 27 4eslth d@an A 85A A4sis 4
F2 YA 58 2700 T6 Aole & 442 YT 7% Al TI0 A2 A E
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At A%E detddok 28 a 8FAYE 448 Al TIL g st gdle 4o A
2 el Z7|ole T9, T10, T8 Al @Al FAHAJUIL T4, T6, T3, T2, T1 MM ¥
A FASRE 2 E7lel= Aot 7ol g vehdA A I & Aol g EhgA
gsteh. K &% Ay F 27)de 338 5ty 6548 48] Ropxl= A%E Y
Ehliglcl 2eu thA] 8FH T Atk A7 Qe k76l T6, T1, TI0, T2, T3
glol Al WA FAFRRZ TS T7, T4 HAAH A FAss 3EE Jehidg. 2 7|
o %719 AY Hxd Gl ot @k T2 A@olA FolAi= Wkt vk Na &3
& Aoz gFAA Rty A g Yt o) F tha Aesie A%E vehidcd,
E3] o}F ¥UE TY T6, TI0 Ao E &yle]l = wepxE Ak vehdc). T1, T6,
T2, T5 AeoA o vA FAER5 T2, T9, T7, T8, T10 AelolA ca A A5
1=

8 & 8 &

K contents {pprr

-888888888

N contents {ppm

——T1 872 T3 —%—T4
5 [ —%T5 —e—T6 —+—T7 —=—T8
—=—T9 T10
0 T emrirr o =

S 6 7 8 9 5 6 7 8 9
Weeks after planting Weeks after planting

) ey e

8

8

Na contents {ppmr

5 6 7 8 9
Weeks afler planfing

Fig. 3-26. Change of N, K and Na contents of drainage nutrient solution according to
increasing Ca and Mg contents within nutrient solution in hydroponics of tomato using coir
substrates made by coconut producted in Indonesia.
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*3% R 3 SHL =G4 coird et 22 AFE Ui &8 B ECY WA

He 702 A2l 254 b2 330 2F%E dehiith old Sga8 nd Az A
o}& coir A& o] &% Wl Ca 1~3me-L /Mg 2~3me - L' AE F/ANA FFa= A
o] £& Aoz AU,

o Fue e
(DHH F 5% 79

EvtEY By FA5ES 18dS'm-1€ 71E2 2 1.2 25 ¥ 30dS'm9 4382 39 coir
SR (dust : fiber =7:3(v/V))A EvtES] A% $3F 2 @ W3 B A% g2
A%e dgy 2o,

AL 717 ¢ Mgde) §9 FEd wg wjge] pHY ECE ZAHE ZA3H(Table 3-19),
pHE EC 1.8dS - m™'elX BT pH 642 EC 1.2, 25, 3.0dS - m-1°] 7 pH 58~592 o]
Hte] tha FA AR o] WYk e PSHA W9l pH 55~659 W99
ZEY Ajde & 9FY°] g Aoz Jgwt =3 ECe pHS uhe] Aoz EC
18dS - m'e) A HF 53dS-m™, EEFHAI} 1.26dS - m-12 7FF oA"Y @S BUT EC
1.2dS - m ' E Wol A4t 472%2 B8 MsA AEs M3 Ao

Table 3-19. pH and electric conductivity (EC) of drainage nutrient solution according to
the supply nutrient concentration hydroponically grown in tomato from 4 to 16 weeks

after planting.

Electric conductivity pH EC (dS +m™)

(dS - m™) Mean SD? CV’ (%) Mean SD CV (%)
1.2 5.8 0.17 2.9 5.4 2.56 47.2
18 6.4 0.25 39 5.3 1.26 24.0
25 5.9 0.19 33 10.3 2.81 21.3
30 5.9 0.27 46 10.9 2.28 20.9

“Standard deviation.
YCoefficient of variation.

A 717 B Mgl F9 o & wjde) pHs} ECO) W3E AW 8w (Fig. 3-27),
Aoz Auj7l AYHAA ol AL Yehude A4y F 73A = EC 1.8dS -
m oA pH 68, EEWUA} 02302 thah BAAT +X8 UeUAY, 105 o] FREHE pHAL
6503, EEFWAZE 0192 YelY A" $£X& Yeie] Aje AL Ak =F
ECE A% Avd AX 89 =/ 2855 g9 ECE HolXE Aot 53] 39
FE 25dS - mHNE AS%71A A4 45 Fd EC7F 6.9dS -m?, 13% Fo 14.3dS - m™
T 2A EGAT AE YEAT AS F719 Y F 165 ECE vlms) RY 1.2, 1.8,
25, 3.0dS - m™e HFo] 4z 54, 53, 103, 109dS - m'2H A EC ¥WS A 12
1.8dS - m-1& AYslis BF BG4S FUd s & F AR
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16+ —e—EC 1.2dsm-1
——EC 1.8dsm-1
AT -8 EC 2.5dsm-1
£ -0~ EC 3.0dsm-1

70

B85 |

pH

6.0 r

55 |

50

4 7 in 18 16
Weeks after planting

Fig. 3-27. Changes of electric conductivity (EC) and pH of drainage nutrient solution
according to the supply nutrient concentration hydroponically grown in tomato from 4 to
16 weeks after planting. Vertical bars represent standard errors.

AL 717 TG 39 =0 wE 239 ¥gE 43E AH(Fig. 3-28), 4 Hle] A A
2% 39 =7 ¥€5F oA 5L A4S UeEiAh A4 18F Fot EC 12, 25
30dS - m'el A 22z} W7 2016, 2168, 218.7cmE UERE Rl &, 1.8dS - m-1& 18F Foj
255.1cmE X4 71 84 vetse. ol 15F BT B (cm/week)S Bl E AFHNNE
TLEA vEited 47 153 95, 126, 103, 103cm7t A3t AwtHow Fo FXo
wE 239 WgE 2 Aot Ye AeE UENY. Chung® Lee(1997)e EFIE EF 7
A B FETF 2E€EFF 2% AZAYE A FASIY Roh(1997)E 20 &34 A3 A
oA Fo X7t ¥o9W 27 ZopA I, Kim §(2001)2 EC ¥ =71 wolAA 23L& Fo}
Ade daste dre] ZF%2 23vh Chung (19942 2o] FdFHdA BE =4
%ol M4 A denw, FE/4 A S de ?utes 235 A}
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A& 712 T F9Y Fxo e

40 ¥ W3E 492 ZI(Fig. 3-29), Avtyo

Z X7 Y o] Fretg oy, EC 1.2dS - m ol E 12F 3IRE i ZolAl: A
BEd A4 £ 165FH s 1.2dS - m-13% 184S - m A Z+zt 535, 53.3SPAD/6mm 2

2Rl K%  Holrt YN T,

2.5dS - m-13}

3.0dS  m?e  56.3SPDA/6mm’T}

56.8SPAD/6mm’E &A@ o] N=zte] fox7t AT

A5 710 ¢ 3 =0 BE FPYES

292 43 (Fig. 3-30), ¥4 ¥=E EC 3.0dS -

mA 453 & AL AY Urix F9 FEDE & Ao UdehiRA gt

3m o
—o—EC 1.2ds'm-1
250 | ~—EC 1.8ds'm-1
——EC 2.5ds'm-1
£ oo
< —0—EC 3.0ds-m-1
5
© 150
i oy
g
g 100 |
ED L
0 L i 1 L

2 4 6 8 10

12 14 16 18

Weeks after planting

Fig. 3-28. Changes of plant height according to the supply nutrient concentration

hydroponically grown in tomato from 2 to 18 weeks after planting. Vertical bars

represent standard errors.

®r
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Fig. 3-29. Changes of chlorophyll contents according to the supply nutrient concentration
hydroponically grown in tomato from 4 to 16 weeks after planting. Vertical bars

represent standard errors.
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Photosynthesis rate (4 molCO,m?s™)

25

20 +

15 4

®
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v
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EC3.0dS m”

500 1000 1500
PPFD(p molm?s™)

Fig. 3-30. Photosynthesis rate according to the supply nutrient concentration hydroponically

grown in tomato at 13 weeks after planting.

W% 12 B 7Y w0 dE F49 B

AEIGE g LM E 1.8dS - m-1°] 34%2H }F $F8A 2ALE AT

Vertical bars represent standard errors.

EXMS ZAE A3 (Table 3-20), 35, I,
HZL EC 1.2dS - m-15} 184S - m™'elAq 25, 3.0dS - m'B & AFL Jehych =37

FAsEd OE& PAFH AEFS A @7 (Table 3-21), 1.8dS - m-13 2.5dS - mdj)
A 4z AAFL 757.0g3 6588g, DEFL 1164g, 1171go 2 93 oS Ho|w 435

93, 2 grLe

8%Z 7H ¢t

Table 3-20. Characteristics of fruit quality according to the supply nutrient concentration

hydroponically grown in tomato.

Electric Fruit Fruit Fruit
. A ] ) L/D Marketable
conductivity weight height diameter “ fruit (%)
B ratio Tul
(dS'm™) (g) (mm) (mm) °
1.2 159.2 a* 537 a 638 a 0.85 a 74 ab
1.8 1689 a 60.4 a 69.0 a 0.88 a 84 a
2.5 1539 ab 57.7 ab 67.8 a 0.85 a 81 a
3.0 150.6 b 56.7 b 664 b 0.85 a 57 b

*Mean separation within columns by Duncan’s multiple range test at P=0.05.

NEEX : #HE&SE LI|UH Xl Coconut coirg 0|
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ANE2EH :

Table 3-21. Moisture contents of plant according to the supply nutrient concentration
hydroponically grown in tomato.

Electric . . .
. Fresh weight Dry weight Moisture content
conductivity
s (g/plant) (g/plant) (%)

(dS'm™)

1.2 658.8 b” 1099 b 83a

1.8 7570 a 1164 a 8ba

25 7490 a 1171 a 84a

3.0 6679 b 1136 a 83a

“Mean separation within columns by Duncan’s multiple range test at P=0.05.

2) 24 9% 79

Coir ¥jx18] EE|3sAdS 13ty coir dust:fiber=70:30(viv) EF #AE o] L34t F
FL MY FAFA20mL)E NETFE o HFE 70, 180 2 230mLe) 4xF AIe
tga 2,

A5 717 o o] FAge wWE coir WA e wjd pHS} ECE RAME A (Table
3-22), pHE #AA A TFA H pH 62~65248 Z Aol7t U= &gton}, 120mL/3] F4
ZFol A EEUX(pH 0.25)9} W) AF(39%)2 ©E Al ATl vlst] tha EAAE A e
wou A4S 717 T4 EAle HA Fsith ECY WHH AT o9} uxg APL nyg:s
g, 120mL/3] F4FAA HF 544dS - m'2H 772 =4 27351%1“1 EFAAH256dS -
m ) WO AE(472%) EF g BL £AS Ve BUAR 2Ee Hgoy A A
o Qo] FA7F =Hx gt

A& 71 T wiFde) FAF wE coir HIA Y vl pHS} ECY W3S Aur9A(Fig.
3-31), pHE A% %7|E 70mL/3] T34 oi @4xn UMA Hal= pH 64~652 M58
FE& Yelidlen, Aty oz gd3Fe] BESE pH X7 & AFE B4 120mL/
3] F9& 754 pH 682 AAFoZ ¥ FXE BYoy o] FoE A= FZd= A
ol gt B, 70mL/3 FFL A AS 7|7 A da dAF ez ey, Fo
& v ECY ¥ste gAFgez FYFo] BESFE ¥ £XE el e, 120mL/
3] FRAAE AK ke A4 A & pHE Jehdiid.
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Table 3-22. pH and electric conductivity (EC) of drainage nutrient solution according to
the amount of supply nutrient solution hydroponically grown in tomato from 4 to 16
weeks after planting.

Amount of supply pH EC (dS - m?Y)
nuirient solution

(mL/times) Mean SD* CVY (%) Mean SD CV (%)
70 6.2 0.10 1.7 4.86 1.43 294
120 6.4 0.25 39 5.44 2.56 47.2
180 6.5 0.15 23 412 1.13 215
230 6.5 0.09 1.3 3.12 0.73 233

*Standard deviation.
YCoefficient of variation.

—— 70 mL/tmes
10 —A— 120 mL/times
—=— 180 mlL/times

—o— 230 mL/times

Electronic conductivity(ds-m")
o

70

6.6

pH

6.0 |

65

5.0 " '
4 7 10 13 16

Weeks after planting

Fig. 3-31. Changes of electric conductivity (EC) and pH of drainage nutrient solution
according to the amount of supply nutrient solution hydroponically grown in tomato
from 4 to 16 weeks after planting. Vertical bars represent standard errors.
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AL 71 5 FAF] B2 2 WsE AWE AA(Fig. 3-32), AS Awre] dA Fo
ZFo] @& 279 ZAole AY YA ¥toyd 4K F7] o)F 70mL/3 FYolAH FHE
o] FolAle A¥S EIJLH ol AL BFAZAA ALHUD 239 153 A%
(cmy/week)E #A4Hs] v A3, 230mL/3 F 43 120mL/3] FHo] 242 12.8, 12.6cm/week
22X 53 AR & F I

AL 717 T SYF) wE do 48542 FFE AHE Z3}(Fig. 3-33), 4% Ao 2
A 70, 120, 180, 230mL/3] FHd A Ztz+ PYF 519, 504, 52.2, 525 SPAD/6mm’*S JEFIA
o},
A 71 B¢ FYF] BE FHHES AYE FA(Fig. 3-34), F4F) @L5E 2
AYgS Boen, 120mL/3) 9} 180mL/3) ¥ Foe FAS FFAHES BIAL2, 70mL/3 o
Ae g8 AT ulE S Axsdd

O o 70miftimes
o50 b —O— 120 ml/times
— 180 il /times

—O— 230 il /times

8

Plant height (cm
a

3

2 4 6 8 10 12 14 16 18
Weeks after planting

Fig. 3-32. Changes of plant height according to the amount of supply nutrient solution
hydroponically grown in tomato from 2 to 18 weeks after planting. Vertical bars
represent standard errors.
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&R

—— 70 mi/times

—A— 120 L /times
—— 180 rl/times
—O— 230 il /times

3

3

Chlorophyll contents (SPDA/6rfiy
& &

3
[

4 8 12 16
Weeks after planting
Fig. 3-33. Changes of chlorophyll contents according to the amount of supply nutrient
solution hydroponically grown in tomato from 4 to 16 weeks after planting. Vertical

bars represent standard errors.

20
w15 5
€ 7 B
3]
o) r
‘;é 10 1 4 s s =
.
2 s . T T Py & &
© i b i 8 I L
®
w
% ® 120ml/times
kel O  70mUtimes
L2 5 v 180mlitimes
o. v 230mlitimes
'10 T L] L} LS T
0 500 1000 1500 2000

PPFD(u molm?s™)
Fig. 3-34. Photosynthesis rate according to the amount of supply nutrient solution
hydroponically grown in tomato at 13 weeks after planting. Vertical bars represent

standard errors.

AL 71z g FR FAFl e FYd 5 A FH}E Table 3-23% 2o} #5 2
BAFo] BEFF FAARNE 4FE JUeln. 9% 7 B2 230mL/3 w99 5L
195.0ge2 71 FAL $F& Yoy A= F22 A% F4H9) FSFHZ A3 69%
o Az FF3HSS YA 120mL/3) ¢ 180mL/3 F YoM 72 1689g7H 178.7g2
ZH Hde Fus 43 g B3FHEE U%, B%REA EUlE Aule] MF A Fg
A& YeEpd Tk
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g A FLF WF) FEFO) g FA) ¥ Y5FE vlas ¥ AT (Table 3-24)
180, 230mL/8] FANA FAS) BAFH AxF) BT S50, £ YrFe YET
7 8%z A $4EE & 4 Ak

Table 3-23. Characteristics of fruit quality according to the amount of supply nutrient
solution hydroponically grown in tomato.

Fruit Fruit Fruit
Supply amount ) . . L/D Marketable
1 weight height diameter . .
(mL/times) ratio fruit (%6)
(g) (mm) (mm)
70 151.7 v* 549 b 677 b 0.82 a 49 ¢
120 1689 ab 60.4 a 69.0 b 0.88 a 84 a
180 1787 ab 59.5 a 71.2 ab 084 a 86 a
230 1950 a 613 a 739 a 034 a 69 b

“Mean separation within columns by Duncan’s multiple range test at P=0.05.

Table 3-24. Moisture contents of plant according to the amount of supply nutrient
solution hydroponically grown in tomato.

Supply amount Fresh weight Dry weight Moisture content
(mL/times) (g/plant) (g/plant) (%)

70 564.1 b 1013 b 82 a

120 7570 a 1164 ab 85 a

180 911.1 a 1458 a 84 a

230 9163 a 1463 a 84 a

“Mean separation within columns by Duncan’s multiple range test at P=0.05.
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474 Coconut coir ¥IA| & o] &% o] FHAuAI =" A A3}

7. 294 A
(1) Coir dust 9} fibere] E§u]&d we A AA

Coconut coir dust(Q1=dlAoh = 4EFH AL 2o EFA1A AL o, fibere 7 A
8 7Y% 5cm ol E At ALK} Coconut coird dusts} fiberd EFL v ZF
< z3te 100:0, 90:10, 80:20, 70:30, 50:50 (v/v)9] w¥l&= ZAsAL. 3L A8 7]
AA H2E 24zte] ZAujR| o] coconut coir dust 1L F 5g& Yo TLF EFsIY. &
B Edo] 50&d FAE vFdle SHEAAA Ego] 40 A 2 w7 AZAA BYs
o AlPUstn 49% ¥d2Ao4 20083 5¥ 28932 89 347tA 83 oh.

Coiri A1 ¢} B8] 4L F&IFY EEEHHRDA, 2002)& °143x, A% 71 &
Qb 2%, AdFF, AdIE, 45, A S AN 239 AgEAd 2 EFL 9 wu
€& EAH6m, cm@H)E &3t AN I, A4 AA B ¥ 2(CD-15CP, Mitutoyo,
Japan)E ol &3t FRPEFH 7|FAY FAHL FuE 3’3"3 A &A7](Li-6400, Li-cor,
USA)E ol&3td 23 9A1~11A Apold] 12915 A& ez =339t 5HA w7z
o 4E2 AANAL 69A v RE ZAAAA F I, AERF, FHF, FEHRS, FE
&2 ZAIAT. A9 dolzb ¢oF 20em WY W FFHAR FI 3‘?4017‘] Zo] 3cmo]d),
283, AAE, 7183 5& 9AELE sk

_Il)l

(2) Coir Euj=|ol] 23 Au) W2 A

Coconut coir dust$} fibers] £330 &2 Z+zte] AQujalo] Fz 35t Aujtdle) & A
e AFAupE], =R, AFFT YA AR AP n AY F FF I
2 ofmpAl7] B FH(NOs-N 13.0, NHs-N 1.0, P 30, K 60, Ca 70, Mg 4.0, SO4S 50
me'L)e2 24t WFAL BEC 15~20 dS'm™, pH 58~602 A3ty FFaAL, 7
Fe 37 180~200mLE 3t FE 4 W 2%, 4%, £5 5 A 7o Aup @ A
28 A0S 239 5 JFE AT diFez AY 7 B¢ 99 FF IS
v L&71(7~8€) 10i1§] ﬂﬁr’i H)7} 2 AY 34 92 g4 E9¢

i Y A7|AEZ(EC)E FHE EC meter(EC-93, Aalsmeer ~Holland, Netherlands)® &
AsA 3, pHE FHE pH meter(pH-93, Aalsmeer-Holland, Netherlands)& AL-&3lo] &A 3}
A A5 7 5 2%, AdER, HUAdEF, 45, 23 L 2AEEY. 2349 g9 ¢
FEL Ay #Bulg EAGm, cmBA)E olEdd ZAFAR, FAL A AHx
(CD-15CP, Mitutoyo, Japan)& ©]-&3lRth. F3AL&3 7|3AY SHL FA$& 3JH 24
71(Li~6400, Li-cor, USA)E ©]&3l9 A 9A]~11A] Atold] 12¥#] 4& gAez &A34
ok SRR " 7AR 9] 4R AASFAUL 6HA vitiRE IAFHANA F g FERF, FHF,
FEHRF, FEHEE ZAEETE FA9 ZHolrt o 20cm WY W SR T3l
o] 3cm°]%) 53, AAFH 7187 58S vAELZE Ao
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A4 20€ F, ulA £ e AMAAgE 7] A nNE 9EgE ZAG Ade
AF A 4N coir dust 100% HA NN E T fiber EFUARG Fe AFE UEA
H(Table 4-1). 43E AGT YA F§ FEL Wiz EF v WE FF ol UM
o 2y A mEtd e 23, 433 4F5AAN FAF FA4E JdEhidAS WA
Edul e AuA s b 23, 4% R AR Fo3A got dEF Aol K4
de 2FE HEiY. ZHHoR Qo] %7 AFFELE AwHom AFAu W=FF
WAl A TEAWET A YEPR I, coir dustell fiberd] &F v]&o] 10~20% F&ENN =
7} A&l =3,

Table 4-1. Growth of cucumber plants at 20 days after planting as affected by culture

system in different mixed ratios of coconut dust and fiber.

Ratio of Plant height £ L'eaf s Stem Diameter
dust * fiber System (cm) length width leaves J—
(cm) (cm) (No./plant)
Bag 110.2 214 273 12.2 79
100 : 0° Bed 113.0 236 315 135 9.4
Pot 105.3 202 26.0 133 76
Bag 173 25 =3 18 85
90 : 10 Bed 113.2 23.7 315 133 85
Pot 106.7 205 29.0 137 86
- g na ms ng 25 96
80 : 20 Bed 108.3 23.0 29.7 14.2 9.3
Pot 1124 222 304 138 9.2
;aé ) 111.7 220 - _30.3 . 14.0 95 a
70 : 30 Bed 1156 226 306 13.6 84
Pot 1005 233 283 11.3 83
B 35 no s 135 18
50 : 50 Bed 1143 230 310 124 87
Pot 108.0 21.2 288 12.8 84
Significance”
Ratio (R) NS NS NS NS *
System (S) * ok xu NS NS
R xS NS NS * ok NS

* Coir dusl + fiber (%) , Source by Indonesia
¥ Probablility of significant F values : NS, *,* » + * +:non-significant or significant at p<0.05, 0.01, or 0.001, respectively.
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44 309 F, AuAl2dE 2 wjx] &3 v go] FFA, NTAEE, FAE WA 9F
€ A AF3E ¥ 4-29 Zh coir dustel fiberd 3 H] &0l 0~20% FFoNA AT ul
WA =53 BA £ BFHYETL FAES BA3, coir dustol fibere] #F W)L o]
30% o9 FEAME TEAM WA FRYEY FAEC] Ed Y AujA2gdn
WA T3 vgd] WM 2ol9 JFFFH FAE T vAE JFE AR AF AuiAxE
AX e FFAEE ALtnes BF F93 Aol7 (Al

Table 4-2. Photosynthetic rate, stomatal conductance and transpiration rate in cucumber
leaves at 30 days after planting as affected by culture system in different mixed ratios of

coconut dust and fiber.

. Photosynthetic ) Transpiration
Ratio of Stomatal conductance

System rate .
dust : fibe Y (mol'HeOm2-s™)
1her (ymol-COzm%s™) Late

rate
(mmol-HQ-m2s™)

Bag 12.22 0.82 5.85
100 : 7 Bed 15.86 240 ) 752
Pot 14.12 145 : 6.64
o o Bag 15.32 - 1.90 747
90 : 10 Bed 14.28 2.19 ' 7.05
Pot 1577 2.05 7.60
Bag 12.91 154 ' 659
80 : 20 Bed 1471 2.09 7.36
Pot 14.43 169 6.97
o Bag - 13.54 1.75 7.08
70 : 30 Bed 13.30 157 6.85
Pot 1595 2.05 6.91
S e 1219_ R —— _1;1____ REpe— _61_0____
50 @ 50 Bed 13.11 150 6.89
Pot 15.08 1.63 7.14
Significance”
Ratio(R) NS NS NS
System(S) * NS NS
R xS NS NS NS

* Coir dust + fiber (%) , Source by Indonesia
¥ Probablility of significant I values : NS, *,# »,+ * * non-significant or significant at p<0.05, 0.01, or 0.001, respectively.

44 50d F, AMAEIERZ viA] EF Hl&e] 209 Ao viXe e ALY 2
T X 4-3% 2o BFXE WA LS coir dustd} fiber £F H]-&0] 90:10 3} 80:20 vl x| o)A H]
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2 wA UdetgARt A F94 Aol 2 vk 23, A5 L ARAME MR
3 B2 b #9F Zolst Az, AMEEZ JFA, AEFA, AR BAF, 2%
2 drdis AEZ FAFE, rtdFaE WS F98E Jeiich wA EFugd o
& Ay AoloMe €71 FAS AJF AAF, 27, voF L AAAN 40 9
Aoy GFAG d¥FA ® dFdAE I 2% JEUAY. Lol A§e =23
HAAAN At og wA YeEbGew, coir dustel fibere] TF HlLo] 30% ol FFoA
T AFAuGG ZEAUGH AN A Fo] Wkt

Table 4-3. Growth of cucumber plants at 50 days after planting as affected by culture
system in different mixed ratios of coconut dust and fiber.

Fresh weight(g)

Ratio of 2L Plant height O 2V e
dust : fiber System (cm) (Ne. Diameter
leaf stem petiole total L fmm)
Bag 185.6 2697 1285 58338 466.4 194 104
100 ¢ O° Bed 1954 3019 - 1109 608.2 505.8 19.2 104
Pol 170.6 289.2 942 554.0 474 180 34
- Bag ‘ 214.3 33;.8_‘ T 1408 7029 47;3 213_ - 94
90 : 10 Bed 2294 3474 1269 7037 506.8 21.0 108
Pot 1434 303.3 7186 524.3 4994 156 9.2
o - _B;g_ 1858 3159 119.1 620.8 B 4_6; i 195 E
80 : 20 Bed 202.5 321.0 1122 635.7 4837 175 1.7
Pot 1875 360.1 105.2 652.8 480.8 17.8 9.2
- __‘_—B;g“ i 153.9 250.1“-_“. 895 4935 440.6 - 174 10.3 o
70 : 30 Bed 2035 283.7 983 585.5 4835 20.3 95
Pot 149.0 3175 845 551.0 4878 162 9.2
- Bag_ ----- 1i2.9 2326 66.9 - 4124 4570 17.0 _96_ IIIIIIII
50 : 50 Bed 2233 337.1 1346 695.0 4843 210 91
Pot 135.8 2703 847 490.8 4982 168 87
Significance"
Ratio(R) * NS L ok NS NS NS
System(S) o NS *kk ok *EK *¥x NS
R xS ok NS ok NS NS ok NS

* Coir dust + fiber (%) , Source by Indonesia
¥ Probablility of significant F values : NS, *,* *,% * » :non-significant or significanl at p<0.05, 0.01, or 0.001, respectively.
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E 44 AuiA2gEZ )x] EF vgo] R £F D QAN FXNE JFL ZAE
23 AFAu A FAe] dojgt AHY, FAE coir dustdl fiber Bl-&o] 10%S HjA]
A ¥ AFE YehAD. W=F3 B4e coir dustell fiber B]-&0] 10~20%%) )] ol 4
S A3 YA LT coir dust 100% ®IA 7 u]m&] @$e ANE Ry £ FEAu|
W42 coir dustel] fiber H]&0] 10~20%%) wWixlolAq &L 73S Yy 2019 FESF
F& coir dustel] fiber &F 10~20% FFolA T & E-?JH]E-J WAl BT Egtom Aujka]
Lol TAH K940 VEA] @t dwtR oz nE QA 2")A coir dust 100% 2
coir dustell fiber®] o] 50%2 wWiAld} vl EL&L VeER)YL)

Table 4-4. Marketable yield of cucumber plants as affected by culture system in different
mixed ratios of coconut dust and fiber.

Fruit No. fruit Yield
Ratio of (no./plant) Maketa (g/plant)
dust : fiber " Length Width Maketa ,a;-zl(;,)
tcm) () “ble Total Maketa-ble Total
Bag 217 373 11.3 132 85.6 1683.7 1861.2
100 : O° Bed 219 37.3 11,0 13.0 84.3 1673.1 1869.4
Pot 215 3.7 11.3 13.3 85.2 1700.6 1866 0
B 23 %9 131 148 ss4 15 21003
90 : 10 Bed 218 365 136 15.2 89.2 20509 2156.8
Pot 217 38.2 125 14.2 87.8 18825 2130.0
- Bag_ 215 389 = 12.8 143 22 ) 1934.1 _-2()449
80 : 20 Bed 222 37.9 13.0 149 875 1972.1 2112.8
Pot 22.1 365 138 152 90.8 21059 2159.9
- ) o Bag 209 40.7 - 114 134 851 a ._1_5305 ) 18733 _m
70 : 30 Bed 21.2 353 12.3 141 87.0 18475 1995.5
Pot 224 38.0 132 145 913 19786 20387
- Bag 214 36.6 11.0 o 1-3;) o —84_3_”"_—1&12_ o 184;l_
50 : 50 Bed 22 38.2 124 146 85.2 1876.1 2105.3
Pot 225 423 12.1 137 883 1831.9 1941.3
Significance’
Ratio(R) NS NS * * * * *
System(S) NS NS NS NS NS NS NS
R xS * _— * . * * -

* Coir dust + fiber (%) , Source by Indonesia
* Probablility of significant F values : NS,*,* *+, * » »:non-significanl or significant at p<0.05, 0.01, or 0.001, respectively.
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A RlEst Auf g2le) me)} dulH oz £ 2 AAAL coir dustd] fiber EF H]
£0] 10~30%% wjR M AFXE W=z ASA4u) B o =8ko 9 coir dust$
fiber £ H o] 100:0, 50:50% WXl M WE=ZA AFAu, WYFTE P4 $o07 =88
Yehlow Ak Aozt A= Fyrh AQujgr1 9 wiA FFHI} FAAE Qo) A
A HAFFo] v Qg gt ©)(1998)7F Bng Ao w=w AujurA s} u)x) 24
of e Lo AFelA 2HRZE H=22 WA AZQuizlel vjx|e] ©hE FFols BlTT
sRen HARAE HolE @ ARt FAY T EFuX AN AETHEo] i
et ool nuiA G AAl A7) 2 oujRe) Mele] 23S & 4 9ot

Aol B¢ AAHA HAL Benoit? Ceustermans(1990), Wilson (1986) T Lee S(1993)
o @M Zo]l HelolErt coconut coir, YAEH 5o W RS AL AT wo
E 4z wjA) 544 vt A gz EFsid 24 ZAHL AN 2= Ao FE A
o Bt 2 o2 BaHAt. WA coir dustel fiber FLL 10~20% EF5AL
o 2ole) A5 PAAol Fok FAAMME 2019 HA coirlR] EFHLY Ao Bud
o EF A SR AFE F de AFAW A2 Ado] WF ASEE PHoz 1
A FAAN 09 tgigo] st Ao Jlgdrh

e A

(1) 9427} & coir WA A wiFd W) Ca, Mg 3 ZHo] 908 HS3} o) 7
Ae 4

YA B =AY, A=A 2 HEFS yAd2 Cas} Mgol2< #7138 uj 3y
o2 Al 2019 FA F 209 AWK Ao|tHTable 4-5). Yamasaki vl % 4 (control) 2. &
A 2o BE AT Cast Mg o} vj¥ A7t 2ol 27 A8 gL A
o Cast MgZt 37HEUE W 95, 2%, 474, 9%, %0 F715t9 A% Holn AFL
Y dz7A dA3AE wiA e A5L AVATE(EC) FFol e AT A o}Ak u)
AqA 74F ERk3, EC FFo] E4d AN, wlEGA wxoA ¥ttt o= ¥ ok
oj2e EFPoRE AT 7] A]AA FEo] Yt Aoz F=Hd wFY | Ca, Mg 3
B E7H] e o9 204A A&E AxUA oA HXE Ca 1~3me/4, Mg 1~2me/ 2 5
oA, A=tz WEDS WA= Ca 3~5me/#, Mg 1~2me/ ¢ $ZNA B AFL Yet
el A Mg e Ca, Mgd A7F vl &L 2Edto] £& Aoz AAHUG. 909
&2 Ca lme/4, Mg 1~3me/ £ 5748 HoM 9%, 23, A7, 93E Ca 3me/2, Mg 1
~2me/¢ F7FE AoA Mg & ASFS RAY
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Table 4-5. Growth of cucumber plants measured 20 days after transplanting as affected by the
increasing Ca and Mg contents in nutrient solution on different substrate by production origin of

coconut Coir.

Treatment Subst- Num. Plant Stem Leaf Leaf
Ca Mg rate leaves height Diameter length width
(me/t) (me/0) (ea) (cm) (mm) (cm) (cm)
a’ 11.8 103.1 0.7 17.9 22.6
0* 0 b* 11.4 96.6 0.7 17.4 23.3 -
c” 9.5 77.2 0.6 15.7 20.3
& 13 ues o8 204 276
1.0 1.0 b 12.2 107.3 0.7 19.2 24.3
c 10.8 96.1 0.7 18.0 23.1
. a 12.5 116.9 0.9 21.2 27.7
1.0 . 2.0 b 11.2 100.4 0.8 19.0 259
¢ 12.2 109.2 0.8 18.3 24.6
a 13.2 118.8 0.8 20.4 26.7
1.0 3.0 b 12.5 111.0 0.7 18.3 24.6
c 12.2 109.6 0.7 17.6 23.3
a 13.5 131.0 Y 275 208
3.0 1.0 b 13.7 124.0 0.8 24.3 21.3
c 12.2 122.1 0.7 20.1 21.2
a 14.0 128.3 0.9 28.9 21.9
3.0 2.0 b 12.8 116.5 0.8 34.3 19.1
c 14.2 130.1 0.8 27.2 20.3
a 13.8 125.2 0.9 27.9 20.8
3.0 3.0 b 12.2 108.2 0.8 26.4 18.9
¢ 12.0 102.8 0.7 22.5 16.8
- . 14_4__ S _,1288 o o .,.,.,__.,._._.19'1 o
5.0 1.0 b 13.7 125.1 0.8 25.7 19.3
c 12.0 112.0 0.7 23.0 17.1
a 12.8 115.8 0.8 27.0 20.6
5.0 2.0 b 13.3 124.0 0.8 25.1 19.6
c 12.3 108.7 0.7 20.0 16.5
14.3 126.9 0.9 27.4 20.9
5.0 3.0 b 14.5 126.3 0.8 26.2 19.6
c 13.0 114.7 0.8 25.6 19.1
Significance"
Treatment(T) *k# Kk ke *xk %
Substrate(S) ok LET] ok ko [
TxS - e NS NS "

* Cucumber nutrient solution developed by Yamasaki in Japan (N 14, P 3, K 6, Ca 7, Mg 4 me/#). ¥ Source by Indonesia
(031 dS'm™), * Source by India (0.72 dS-m™)," Source by Vietnam (1.82 dS-m™)," Probablility of significant F values : NS,
*,* *,* * * non-significant or sigificant at p<0.05, 0.01, or 0.001, respectively.
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£ 4-6& A4 F 209A Lolo] FPAHH FAEY AAE 7R wjgA Ao v Ca
1~3me/ £, Mg 1~3me/ £ FENNE FFAET FAE] ol %S vgor} Ca 5Sme/
£, Mg 1~3me/2 9 FEAAE 718 alFd A2 vxsdAY ¢ AFE ngolh 94%
g WA FF WA wFY ) Ca, Mg §F 71 ©E 2ol 2044 BFHEL A%
iAot HiR]e] A Ca 1~3me/4, Mg 1~2me/f &M E%x, AEY HEDTA Hjx=
Ca 3me/#4, Mg 2~3me/4 FTNA ¥ AL YAt wix] WY wlE &3 o] L9
ETILE AT 209 AFETlo) AAFEo] YEhG Zo] fx=FA 2k A o] 3
FAH FAEE Foith :

Coconut coir®] YAt WA W Ca, Mg 3% W3le] w2 4095 209 ALE 20Y
Ao B5AdG 2ol WiFY U Ca} Mg 9 712 2%, 9%, 9Z, F350] Z7lst: 45
€ HHTable 4-7). 4R w& vlgd U Cast Mg ol29 &2 HAsle AZulA|opat
iAo} Ca 3~5me/#¢, Mg 1~2me/¢ F&ANA =Z3 AMxEo Axs) =%oH, Mg
Sme/ £ oM 237 At AFE YU AxEAI HETA WA= Ca 3me/l o4,
Mg 1~2me/¢ &N EL ZFE Jehiich 23y Ca 5Sme/2 0] H7HE AZuWA oL
w29 A NE ol B0l RolAE AFL Ry WS} E 2 dRE 2o}
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Table 4-6. Photosynthetic rate, stomatal conductance and transpiration rate in cucumber leaves at 20

days after transplanting as affected by the increasing Ca and Mg contents in nutrient solution on

different substrate by production origin of coconut coir.

Treatment (me/%) Subst Photosynthetic rate Stomatal conductance Transpiration rate

Ca Mg -~rate {pmol-COzm2-s™) (mol-H;O'm™s™) (mmol-H0-m%-s™)
a’ 17.07 0.30 3.09
0 0 b* 14.95 0.22 2.46

c¥ 13.56 017 2.13
- 1831 om 491
1.0 10 b 19.50 0.57 401
c 16.90 0.37 : 328
19.00 054 5.22
1.0 20 b 17.719 0.42 419
c 18.46 051 & 503
a 20.11 0.45 522
L0 3.0 b 16.55 0.4 3.92
c 16.94 0.36 354
R — - e et

3.0 1.0 b 1752 0.33 A 420
c 13.83 021 2.33
20.94 0.49 5.11
30 20 b 2012 051 Y
c 13.76 0.38 320
21.32 0.55 519
30 3.0 b 20.32 0.39 570
c 13.00 0.38 335

a s 0.49 Cam
5.0 1.0 b 15.76 0.45 3.53
c 15.70 0.36 319
a 15.50 0.46 3.96
5.0 20 14.80 0.16 3.98
c 12,28 0.25 3.06
15.50 021 263
5.0 3.0 b 15.24 0.32 349
c 14.42 0.37 371

Significance”

Treatment(T) e ok ok
Substrate(S) ks ** i
TxS ke *H kk

* Cucumber nutrient solution developed by Yamasaki in Japan (N 14, P 3, K 6 Ca 7, Mg 4 me/Z).” Source by Indonesia
(031 dS-m™),* Source by India (0.72 dS-m™)
¥ Source by Vietnam (1.82 dS-m™),” Probablility of significant F values : NS, *,* ,* * *non-significant or sigificant at p
<0.05, 0.01, or 0.001, respectively.

ANZEXN : #F3F3E |SII8HXl Coconut coirE 028t Wil B2t
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Table 4-7. Growth of cucumber plants at 40 days after transplanting as affected by the increasing Ca
and Mg contents in nutrient solution on different substrate by production origin of coconut coir,

Treatment (me/£) Sub Plant Height  Leaf Length Leaf Width  Stem Diameter Fresh Weight
Ca Mg ~strate (cm) {cm) (cm) (mm) (g/plant)
a’ 175.0 28.4 30.1 10.1 345.2
0° 0 b* 170.7 28.0 29.2 9.6 341.2
" 142.1 26.5 27.0 9.4 307.7
= a7l 208 304 99 3504
1.0 1.0 b 173.2 28.2 29.6 9.8 344.1
c 167.5 26.7 27.5 9.6 332.4
173.6 285 - 29.6 9.8 3417
1.0 2.0 b 175.1 27.8 29.5 9.8 347.0
c 175.3 265 28.0 9.6 330.2
a 174.0 281 298 9.8 344.0
1.0 3.0 b 168.9 27.5 29.0 10.0 340.5
c 170.8 26.0 28.2 9.5 334.1
) a  18L2 29.4 30.6 10.3 3615
3.0 1.0 b 179.9 29.4 29.9 10.2 356.5
c 177.2 284 - 29.8 10.0 356.4
183.3 29.0 30.8 10.3 363.3
3.0 2.0 b 181.4 29.5 30.2 10.0 360.2
c 180.3 29.5 30.4 9.9 360.3
a 177.6 28.8 29.8 10.2 357.0
3.0 3.0 b 176.3 29.1 29.8 9.8 357.1
c 179.1 29.2 30.1 10.1 350.2
- 2 1832 300 30.7 100 3508
5.0 1.0 b 180.6 304 30.8 10.1 358.6
c 180.4 29.5 30.2 10.2 359.2
a 180.7 29.8 30.5 10.4 362.5
5.0 2.0 b 181.8 30.1 30.7 . 101 360.8
c 181.2 29.6 30.8 103 360.3
178.4 29.1 29.6 10.1 352.3
5.0 3.0 b 181.0 29.8 30.0 10.2 361.3
c 178.6 28.5 29.6 10.0 361.0
Significance”
Treatment(T) rx sy ey e ik
Substrate(S) (2T %% k% *hk Rk
TXS - NS NS NS »

* Cucumber nutrient solution developed by Yamasaki in Japan (N 14, P 3, K 6, Ca 7, Mg 4 me/#). ¥ Source by Indonesia
(0.31 dS'm™), * Source by India (0.72 dS-m™), ¥ Source by Vietnam (1.82 dS-m™), * Probablility of significant F values : NS,
*,% * % » *non-significant or sigificant at p<0.05, 0.01, or 0.001, respectively.
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E 4-8v AY F 40949 A} uFd W Ca, Mg o] F7le] g 2ol9 3§
A4 Aot 71EugY HAyeME wlA 9 EC Fo] /Mg e Am Ao}l wiR|o]A] A
S8 2019 FFAEol Y T AR HEFN £o8 vyt = Avy oz 2097
A Folrt wd FFdEC] WA U Ca, MgE H718tR2 w coconut coird] FAHx}e] w}
€ FH¥AH L Ca 3~5me/ 2, Mg 1~2me/¢ FFANA, Q=47 WEZA 8lA= Ca 3me/ 2 ©)
4, Mg 1~2me/ ¢ FEANXN L 3FE Jeien ole ASAE 22 dxE Bk

Table 4-8. Photosynthetic rate, stomatal conductance and transpiration rate in cucumber leaves at 40
days after transplanting as affected by the increasing Ca and Mg contents in nutrient solution on
different substrate by production origin of coconut coir,

Treatment (me/t) Photosynthetic rate Slomatal conductance Transpiration rate
Substrate (umol-COZmi%s™) (molH20'm ™) (mmol-H20-m %5™)
Ca Mg umo m s mo. m*s mmol m s
a’ 17.25 1.08 6.56
0* 0 b* 16.86 1.08 6.59
R - 15.73 B © N £
a 18.88 1.17 6.93
1.0 1.0 b 17.04 0.75 6.01
c 15.62 0.78 6.35
a 18.72 1.19 7.64
1.0 2.0 b 20.40 1.17 7.62
¢ 16.83 0.92 6.66
a 17.87 1.06 7.10
1.0 3.0 b 17.13 1.16 7.09
- [4 o 18.68 1.26 7.38
a 18.90 1.26 7.42
3.0 1.0 b 18.07 1.18 7.17
c 18.50 1.22 7.34
a 18.10 1.18 7.21
3.0 2.0 b 18.00 1.17 7.07
c 18.38 1.51 7.58
a 19.22 1.40 7.42
3.0 3.0 b 20.48 1.20 7.10
L c 19.65 1.35 .,,...21.23
a 18.50 1.27 7.13
5.0 1.0 b 18.88 1.28 7.28
c 19.36 1.41 7.52
a 18.98 1.41 7.47
5.0 2.0 b 18.71 1.45 7.47
c 21.27 1.21 7.02
a 18.42 1.15 6.89
5.0 3.0 b 17.43 1.18 6.64
c 21.62 1.23 6.29
Significance”
Treatment(T) *E% R ok
Substrate(S) NS * rak
TXS % * LEs

* Cucumber nutrient solution developed by Yamasaki in Japan (N 14, P 3, K 6, Ca 7, Mg 4 me/#). ¥ Source by Indonesia
(031 dS'm™), * Source by India (0.72 dS-m™), ¥ Source by Vietnam (1.82 dS-m™), ¥ Probablility of significant F values : NS,
*, % » * x non-significant or sigificant at p<0.05, 0.01, or 0.001, respectively.
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E 4-9% 9A3AE coconut coir AN ¥l Wl Cast Mg ol Hrto] we 429 5
e 209 Hd FF R FAY AFo|th FAE BAL) MNP L AAA 6 A@Glo] BE
AN A Cal 3 me/4 ©ld F7tE A TN %34 33Fo] wA et AdxulAlopit
WA= Ca 5 me/l, Mg 1~2 me/2 & F7t% HYTFAAN 713 5L AERFEL UYEATL,
A=A WAE Ca 3 me/2, Mg 2~3 me/4 F7+8 AT, HEDA ulxE Ca 5 me/ 4,
Mg 1~2 me/2¢ F7t% AgFolAM FEFHAFE] /M3 3%tk Aoz oz ECr @49 A=
dAjop WA e wFd Wl Ca, Mg &3 F717F 20]9 2714853 FFA 0] 4L 0
Ae AE ¢+ UAAG, 2019 FAFY RFEAH A o)A &= AoZ Hol A&
TR 245 3A 9FE 7AA LS & 5 A}

Table 4-9. Marketable yield in cucumber plants as affected by the increasing Ca and Mg contents in
nutrient solution on different substrate by production origin of coconut coir.

Treatment Total yield Marketable yield Averatge(rui Marketable ratio(%)
Substrat
Ca Me . No.fruit Frresh No.fruit el frest A ,
(me/?) (me/t) (no./plant) o (no./plant) weight weight Fruit Yield
(g) () (g/plant)

a’ 23.7 2953 18.8 2540 135.1 79.2 86

0* 0 b* 24.2 2946 18.5 2475 133.8 76.2 84
e 207 270 143 1923 1345 690 72

a 25.1 3136 19.6 2666 1360  78.0 85

1.0 1.0 b 24.1 3000 18.6 2520 135.5 77.0 84

c 21.3 2766 15.7 2158 137.5 73.4 78

a 24.1 3041 19.3 2646 137.1 80.1 87

1.0 2.0 b 23.4 2973 18.5 2657 138.2 79.1 86

c 21.2 2824 16.0 2259 141.2 75.6 80

a 23.5 3024 18.9 2540 134.4 80.5 84

1.0 | 3.0 b 23.3 2865 17.7 2407 136.0 75.8 84
. c 21.2 2767 15.8 2214 140.1 744 80

a 24.2 3179 19.9 2798 140.6 82.1 88

3.0 1.0 b 23.9 3106 19.5 2702 138.5 81.6 87

c 23.4 3123 18.9 2655 140.5 80.7 85

a 24.9 3224 20.3 2805 138.2 81.6 87

3.0 2.0 b 24,4 3154 20.2 2870 142.1 82.7 91

¢ 23.1 3011 18.5 2620 141.6 80.1 87

a 24.9 3117 19.7 2732 138.7 79.0 86

3.0 3.0 b 22.8 2941 18.8 2647 140.8 824 90
& 220 2761 175 2430 1889 796 88

T a 26.1 3293 21.2 2964 139.8 813 90

5.0 1.0 b 24.9 3153 20.1 2806 139.6 80.8 89

¢ 24.1 3180 19.6 2767 141.2 81.2 87

a 26.2 3369 21.6 3032 140.4 82.4 50

5.0 2.0 b 25.9 3412 214 3071 143.5 82.6 90

c 24.4 3222 20.0 2868 1434 82.1 89

a 25.0 3166 20.1 2786 138.6 80.3 88

5.0 3,0 b 26.0 3430 21.2 2984 142.1 80.6 87

c 24.1 3252 19.7 2797 142.0 81.8 86

Significance”

Treatment(T) ok NS % hk - * *

Substrate(S) NS ok Ll NS - NS NS

TXS NS NS * NS = NS NS

*Cucumber nutrient solution developed by Yamasaki in Japan (N 14, P 3, K6, Ca7 Mg 4 me/?).
*Source by Indonesia (0.31 dS-m™), *Source by India (072 dS-m™"), *Source by Vietnam (1.82 dS-m™), 'Probablility of
significant F values : NS, *,* #,+ * *:non-significant or sigificant at p<0.05, 0.01, or 0.001, respectively.
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E 4-10 & Aw) Aol BF B9 F wix 9 G4 EAY AHZ K9} CaS AT 9
£A wWFd f Cast Mg ol sl ©e Fo4ol YL, 4 AAd wg AN
HEUolel Aot A F2E AYstn 2F f44o] AU 2y} o] =AY 7
YA g wjA = P, Na, Ca, Mgol A2t BAFHoZ 38 dehuidch B2 A =)
AN g v aPE | He Fo WA FrUols Bast Ate) AioM A
2.2 ¥l &S B, Ca¥t MgolME o= Ax Z71d A% 2gA% Y g
of mEh WA e ¥} W) Py §Fo] 2A Wold AL & F JAZ, K= A%y
Aokt WA & Adstn A= WEGE WA AzlHe] wAun dopd gFE Uehy
Atk & AF9 A= v]Fo] B 0 REY 929 Ca, MgE A7t o024 daxdz
BEZE EFAD A NN o) 2 FHol fXH o] AHHASES & 5 AN

ARA o2, JEYA R WANME BF27)E Ca 1~3 me/4, Mg 1~2 me/ ¢ 5713
A TE, B4 409 olFole Ca 3~5 me/¢, Mg 1~2 me/ 2 3743 539 wjdoz A
# FE Aol Fx, A=} HEFL WAL 9EY W) Ca 3~5 me/£, Mg 1~2 me/ £ 373
FEN MYdoz BIH F= Ao FLE T 5 AW
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Table 4-10. Characterization of chemical properties
cultivation analyzed by RDA method.

of the coconut coir substrates after the cucumber

Treatment NH, NOs P K Na Ca Mg
Subst -N -N
~rate
el «3172) mglL”!

2’ 9.96 11.20 14.63 0.99 0.68 3.15 1.44
o’ o] b* 11.20 75.91 41.74 0.89 0.57 2.56 1.47
c” 13.69 53.51 100.65 1.93 0.68 2.84 141

== ——— s y pE— .y e T
1.0 1.0 b 13.69 83.38 30.03 1.10 0.64 2.69 1.68
c 11.20 51.02 71.40 1.58 0.53 2.73 1.63
a 29.87 79.64 20.46 0.86 0.40 3.93 1.43
1.0 2.0 b 13.69 47.29 18.75 0.95 0.52 2.86 1.71
¢ 13.69 67.20 128.60 1.65 0.58 2.97 1.53
a 16,18 53.561 10.66 0.93 0.34 4,07 1.69
1.0 3.0 b 13.69 51.02 54.72 0.72 0.44 2.98 1.29
c 11.20 69.69 76.64 1.42 0.50 3.16 1.31

a ;2“‘;; 23.64 19.03 1.04 0.42 3.12 ].83“-—
3.0 1.0 b 11.20 60.98 43.71 1.04 0.68 2.53 1.76
c 14.93 63.47 G4.00 2.06 0.77 2.73 1.85
a 9.96 95.82 58.00 1.00 0.36 4.49 1.90
3.0 2.0 b 12.44 82.13 53.77 0.94 0.53 2.55 1.64
c 12.44 53.61 75.63 1.65 0.56 2.93 1.53
a 13.69 59,73 74.78 0.83 0.40 5.04 1.46
3.0 3.0 b 12,44 79.64 42,48 0.81 0.46 2,75 1.50
c 14.93 79.64 83.99 1.60 0.55 3.11 1.55
- a 11.20 11.20 48.68 0.98 0.47 3.63 1.70
5.0 1.0 b 13.69 65,96 32.70 1.25 0.69 2.28 1.74
c 11,20 41.07 78.7% 2,86 0.77 2.51 1.55
a 16.18 38.58 58.71 1.03 0.51 4.47 1.65
5.0 2.0 b 13.69 67.20 20.32 1.06 0.52 248 1.80
c 12.44 41,07 86.15 1.56 0.43 2.79 1.69
a 9.96 77.16 57.60 0.88 0.35 4.74 1.45
5.0 3.0 b 14.93 75.91 36.37 0.99 0.52 2.61 1.30
c 13.69 59.73 93.45 1.83 0.58 3.34 1.65

Significance’

Treatment(T) Liad *+ L NS ko NS ik
Substrate(S) NS NS wokok " LA Bk ik
TXS NS NS o NS "k ELES Ak

? Cucumber nutrient solution developed by Yamasaki in Japan (N 14, P 3, K 6, Ca 7, Mg 4 me/ 2).

¥ Source by Indonesia (0.31 dS-m™)

* Source by India (0.72 dS-m™")

¥ Source by Vietnam (1.82 dS-m™)

¥ Probablility of significant F values : NS, *, * *, % * * non-significant or sigificant at p<0.05, 0.01, or 0.001, respectively.
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o Flg @

(1) Coconut coirg& ©o]-& % Qo] FAAA vix|e) A3} FAgo] e vjx) W FE ¥
3t &4

AR A" HiRlolE coconut coir dust(QEUAOKDE 4EE AL Bol) T5AA ARSI e, fiber
= A ARE Y3l bem W92 Adsle] ARSI AFAM] WAL PE bag(100x15cm)9ll cocomut coir
dustE FRI8le] AHESHATT F2 6L vixlEko 2 121%0)| 3575 AAE= AL 7)FE0R 1818 2335
of AFEAR] 249 BlRIZAL coconut coir (dust : fiber)e] EFE ¥]EE TSl W10 (W)Y HlEE
ZABITk

A FFL YU Bel Auigln ¢ ‘23 Adrhs) 2 o|(Cucumis sativus L. cv.
EunChim Baekdadagi)ol®, wJ 5 Yamazaki £ o] ui%(me - L) NOs-N 130, NH-N 10, P
30, K60, Ca 70, Mg 40, SO4-S 40)€ EC 15~20 dS -m?, pH 55-65 o2 243 =t} T we
3 7 F 10mlE 71E02 18] YR (5, 100(+7), 150(£10), 22015), 300(:20), 380(225) ml
o2 Y ASAch wWigde) pHY 2488 HSOust KOHES o)8-51d »A3sin), '

RS RS F431) sl A e FDR RAXM(WTIN, Plela)® WES probeS
Eofolut uiRlo] Bl Yol o)83ke Pejo|d) FDR FEAIME 7143 o]4d vhgoz vidae) ng
< A4 v 2R B2 AABIRE Falo) 3 ASFU 2R WglE o]4sie) TEHFS 34
k= AME M-I :

Qo] A3 Au A coconut coir HlA|(coconut dust : fiber = 9:1)0.8 ZAst FEFFL
I 3ol mE wiA O FREFEIE 29 41, ¥ 4115 2o

9.9 coir X7 AN 19 FAFL FF 1500 F4 e @ ¥WA g FHAFE 5
THFL 361~384% FEE dehn glon, JAFEFZL of7te)] 268~309% £F:o=
A3l met dFE VI YL BAFUR, FAFEHFL 509~622%S VEIHUT. F
o) HE FEFFI ol ANFEFGFY FolE B 13 FAFo] 150~220ml/3] TF
9 2 Zolst g wA dehon, dF AAFEET HAFEGAL AoldAE
150~220me/ B o A k& ol & e AFS R AUSEEI 373 T 2%
Be Aole 13 F#e] /TS A YEdE AL Fllo] B 1 MEo] age
A BAFAR(E 4-2).

oY FFL I WA E o) &F o FFsE 13 WYY FIFFo] 100~200ml/3 SE
AolE Uell o coir f7)AHIE AL W FAF) WSt wR] 2F, MAZA =
of wet Bejdo] W3lHE Ao Hridr
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Fig. 4-1. Changes of water content of coconut coir substrate (coconut dust : fiber = 9:1)
for cucumber in different irrigation rates and times.
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Table 4-11. Characterization of water contents of coconut coir substrate (coconut dust :
fiber = 9:1) for cucumber in different irrigation rates and times.

Average Minimum Maximum
Water Supol Water supply te wat i
water er water
supply Pppy times to reach & a ate A-B C-A C-B
rate times EETaRE Wale content content content (%) %) (%)
(mi) (times) Bert? [Bmed) (A) (B) ©
m content (tim
e ° (%) (%) %)
75 20 7~8 370 £ 41 26.8 509 10.2 139 24.1
100 15 5~6 384 = 50 28.8 546 9.6 16.2 258
150 10 3~4 37.0 £ 52 30.9 55.9 6.1 189 25.0
220 7 2 378 £ 62 30.2 559 7.6 17.1 25.7
300 5 1 36174 26.8 58.6 9.3 225 31.8
380 4 1 367 £ 123 212 62.2 9.6 254 35.0
12 r
R* = 0.5212
%, |

=4
T

& o
*

Average water content - Minimum weter cortent
~n

0 100 200 300 40
water supply rate(ml}

Fig. 4-2. Margins between average water content and minimum water content of coconut
coir substrate (coconut dust : fiber = 9:1) for cucumber in different irrigation rates.

2.0 coir MiA A AuwjlldE Fhol AZgo) ulet W= W FFFEZAC TgEE A
& E°l7] AAE 13 FAFE 150~300m/F 2 8t 558 ZMAFE RHo] WA Y 4
TR HA veue ZAE QS HZe FENHE FAY § Y& RoeT guF Yt
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(2) Coconut coirg ©]-&% 20} FZA Al FDR AXE |28 Fo Ao
Coir A E ©]&& 2o} #ZAu]A FDR (Frequency Domain Reflectometry)d £ 44 &
o] &3td FRITFS HALAIEL coconut coirtl XS ©)&& FAAU A HFH FEZA
iy F S48 A E Pt uA AYE YA

TAIEELS &R 9nnr]’ @ o(Cucumis sativus L. cv. Eunchimbaekdadagi, &% %X )A}H
e, A Fre AEA ATl 24T NSAPHSGE FAB FE2AdA 20099
292 1599 BE AAY 54971x AT AP ALLH wiE A=A et
coconut coir dust?t A& ALE3lYed, fibere ) HAHE S5cm WYZ Adsld AlLsg
o AHFA M 842 PE bag(100%x15¢cm)ol) coconut coir € F Y5t AlRsigied =9 709
A gez 1254 3F HES AAse AL 71Fo2 21LE 27 Ak AEA 6 WA
WA 2 AL coir dust$} fibere] E3HE 82 (v/v)Y M & E ZA 3.

Qojujfell FFL ofutaly] Qo] uj%¥d(me-L):NOs-N 13.0, NH;~N 1.0, P 3.0, K 6.0, Ca
7.0, Mg 40, SO+S 40 & EC 15~1.7 dSm™, pH 58~65 o2 z4s Q4o MAYe &
E8FE Adty] A8 ALE3 R AME FDRFEMA(WTIOON, oM, )2 wa
& probeE WAl 45" Zr=2 H HolA ol& =AY FAd AolsAt. CoirlA &
BEF Ao} #EL& 20~25%, 30~35%, 40~45%, 50~55%, UAL 30~3H%Z FYn w3
TA AN EtolHE o] & FEFF(1F 100ml¥ 10~203))L tHx+= stdr).

19 Fd%FE 3,000m2 FF3EA geolo Fdo] G coir EF WX Ao WE wjdg
2 Ao]E HAWHE 4-12). chip Lol 80%Z2 =2 profit HIX| o)A wjH&o] 45%= 73
=tern, &9 wiAE 39%, 50% fiber A7} coir A 38%, 30~60% chip A7} coir ¥j=R
25%, A=At coir BlA] 22%, 10~30% fiber M7} coir WA 13~18%, A= U)A|o}4AF coir HIX]
12% At} coir dust ¥WiAlE deigte W4R)7} o] uiad wjg Lo zo]lE H YT

_":_l,

E 4-12. coir M|A] EFEYE 20] 19 SulgF W3l4 9 HH)

Substrate ek o o =¥ LRES

(ml/F) (ml/5) (%)
100 : 0 2980 666.7 be" 2
_ 90 : 10 2972 3958 c 13
e 80 : 20 2990 500.0 be 16
70 : 30 3001 554.2 b 18
50 : 50 2990 11250 a 38
_ 100 : 0 2980 3969 ¢ 12
i 70 : 30 3025 7500 b %
40 : 60 2985 7365 b 2%
Rockwool 3005 1164.6 a 39
profit 3015 13500 a 45

‘Means followed by different letters in the same column are significantly different by Duncan’s multiple range
test(P <0.05)
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FDR AAE o|83t] 20% fiber H7FE coir B9 ¥ 3L 20~25%, 30~35%, 40~
45%, 50~55% Z+zk @2 Aojste] HlFYe FIFAAL W FAFL Ao FE FFo] o}
Aol o FrsR o o8 AdMe] ML BF 0% RATHE 4-13). $H & )
Ao} Ao} FEFF 30~35% Mt FAE AL 19 FHEL 1897ml gow, MAgL
29%%. 4ol FFE FTEFL coir EFWA Ao} FR A= 40~45% ATl A%
39 coir £ WA & Ao Al MIEo) %Y nsA A W& coir 77
AE wA W S8 RRYe] ¥ EEAe] P e Azt AGFHAR o)d W F
F A2 d3o] JAPHojof & Roezm nAr)

FDR AM 5% Ao A2 71k F 7|14 dstel w2 FAFE A AINE 4-14), YA
Aol W FFFE 23T 58 F FAFS %e 2 o] 45~785%H e fiber H7} W
0] oA E FEFLS BUT W w2 39 AS 59 G v Fggo] @str). o]
T A 1ol B ‘éﬂ]lﬁﬂ%é}ﬂ 0e 13 A FEF dFE v ARZA R FA
Fe 13 TEFH ITF AL FLFS ¢ 5 AU F B F o9t & A%, 5 F oy
7b & AF F4FL @33 ot dAFe) g% F9 AN A nHA Rie AS
7t AT 5 e d, WA FE FF AE &% FY Aol wiAe F4HL 1Y
T 9lo] olgt & ZAE AZE F Wl FE Aol 4 £ Aok A4E

B 4-13. FDR AME o8& FYA oA 1d Fujdzd dsh4dd HF)

A A w4 uj o 2 LR R
Substrate . ) —

FEHF%) (ml/5) (ml/ZF) (%)

20~25% 1005 0 0

50~55% 2054 140.6 6

Rockwool 30~35% 1897 568.1 30

Coir .

Timer 2990 429.2 14

(dust : fiber 8:2)

"Means followed by different letters in the same column are significantly different by Duncan’s multiple range
test(P<0.05)
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AAEEX

£ 4-14. FDR A E o] &3 FAqA oA GHd FAF A3}

vl o %

e @3 @A) )
20~25% 1200 540 1220 9866
— 30~35% 2180 1400 1880 18200
(dust * fiber 8:2) 40~ 45% 2840 1940 1720 21667
50~55% 2880 2260 1980 23733
Rockwool 30~35% 2200 1580 1970 19167
(st RE 3:9) Timer 2950 2991 3015 29853

ZMeams followed by different letters in the same column are significantly different by Duncan’s multiple range
test(P<0.05)

Fiber T+ chip 3+ Hl&o] M8 20]9 FFAHL 30% chip T ¥R N 7 Eon,
80% chip ¥ profit WiAIo)A FATHE 4-15). profit BIAE A2 F coir EF MAY &
°of FPAFL 185~227 BARLH FAEL A wE Aozt Uk FFAol ¥u
profit BiA& 71F A=Tx= ¥Rt T 4-16€ fiberdd chip EF v &o] e Q0] NS A
sojr}, Q%A coir dust 100%x] 2ol A 2=Fo] 7} 21 profitd ¢+A Ao A ok
g9 e 20~230, BAL 7.3~80mm, A 3 223~27.0cm, i FF 32.0~38.3cm
Aot w88 A FFHAET 20% fiber H7FE coir ¥R AN Ekow AF FHEL 30%
fiber 7} coir WA A Fteh. fiber7t H7HE w7} chip F7FE wiX ol vla) WS} $3
o] & A¥S B

# 4-15. Coconut coir HiA| =¥ Qo] B3I 2 FAE(099 049 07Y 64UA 4)

. Stomatal Lo
Photosynthetic rate Transpiration rate
Substrate (umol-COpm2-s™) conductance ( 1 FR0O- m -7
mol* ‘m s PO mmol- ‘m “-s
2 (mol-HzO0-m %5} ?
100 : 0 219 ab 15 ab 52 a
i 9 : 10 20.9 abc 1.3 abc 48 a
Coir gy : 90 212 abc 1.2 abc 50 a
(dust : fiber)
70 : 30 185 cd 09 be 47 a
50 : 50 20.5 abc 1.3 abc 48 a
. 100 : 0 19.2 be 15 ab 52 a
Coir slab 4 ; g4 227 a 1.1 abc 49 a
{dust + chip)
40 : 60 20.3 abc 19 a 57 a
Rockwool 20.6 abc 1.4 abc 55 a
Profit 16.0 d 07 ¢ 43 a

*Means followed by different letters in the same column are siguificantly different by Duncan’s multiple range test(P<0.05)
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¥ 4-16. Coir dust o} fiber E&ul&o] L o) AG o] v] X3 8

Sutrat &% A A7 HYH(Cm) ¥t AEFY
S (o N (- VI W D T - & L
100:0 3120a* 233a 73a 273a 373a 77ab 12a 13598 b

Coconut 90 1 10 2780 ab 227a 74a 260a 383a 73ab 18a 12797 be
coir 80 :20 2673 ab 217a 73 a 240ab 343 ab 9la 15a 155254
(dust:Bber) 70 : 30 2573 Dbc 203b 72a 27.0a 360ab 70b 16a 12096 ¢
50 1 50 2834 ab 220 ab 76 a 243 ab 357 ab 80ab 10a 13992 b
Coir slab 100 1 0 281.7 ab 20"3 b 76a 263a 367ab 84ab 11 a 1488.5 a
(dust  clip) 70030 2530 0bc 215ab 73a 267a 383a 70b 15a 12182¢

40+ 60 2507 bc 203 b  75a 260a 383a 80ab 14a 13568 ab

Rockwool 2573 be 2174 75a 2710a 360a 73ab 15a 12512 be

Pofit 283c 202b 80a 223b 323b Blab 15a 14199Db

Means followed by different letters in the same colunm are significantly different by Doncan’s multiple range test(F<0.05)

L.0] A7l X coconut coir E WX (coconut dust : fiber = 8:2)0] FDRAIAE o] &8 9| A 0]
of WA Efo)wje] &7l Fo Alo] (e SR W 0w 4-3% o)k BlolviE FHY
29 g Ak AN FRFgge] Hod 80%oMN Hi B%FFoR WEHEL %R W Lo)
A vekskch 2b el SR GY o] 20~-25%0l A 50~55%2 SR G| EE4E B4E 2 T

o B Fol EolRkrh 40~45% &L F5 ofbolut F7) o wiBte] FHo| X Y Aem
Ro} coconut coir G WA (coconut dust : fiber = 82) EARF LI} 74 @G FRFLolga
ddlvh od 30~35% FEEE HYFe Ag BB Aso] FAHAFE ot SR ko] 10%0] 4
Wolxlw AYS Wk ol gulg AF FHdo) ?“‘7“ g Folzbe WA FDRGFEAAM o] why
of Ml FHEIZ o] Ml & Fo] 2 W FEES W7} coconut coir AR H7| uE
olef 5 wehglch

. WP“\M\E\N —

= ., nmxwh\qfa\fw\p« y N{ :N‘ N F (,\ .

o o Vet ven ¥ (COA)

e A REB(Lnle)

2 S T R SN UL N O w:a- «,k LA ko b, M. Y A N

1)) A N

S, hlm.m'\b E)mj_v . Qa‘ 'lh r‘f RL {'i W\ﬂﬁ xl\\;\,t\m\ﬂlﬁr}y T‘ ﬂf ; e
I S VRO S T W LJ\\ I‘ I PL "wh\ﬁ«ﬁﬂ RN A

[V S ——— - - — - —— - ————— —— —_ R ——

wa T Nssesmann T aceswesmann T eessosmaow |
Fig. 4-3. Water content changes of substrate on irrigation control using FDR sensor in cucumber

hycroponics.
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g e PP —aoasuicol)
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o —Timer 0 M_
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€ 2
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Fig. 4-4. Water content changes of irrigation control using FDR sensor at different the weather in
cucumber hydroponics.(A: Sunny B: Cloudy C: Rainny)

E 4-17, 4-18& 8 Aod g3 AL
644 ) 30%°]d FEFFoZ AT 73%011%1 &
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FE B AT 3% vojn 7o gW A, 50~55% TFol Mk vl WA FEFF
< 50%0)3t2 @2 AAAA widdol A A gsioh wMiAW FEEFE 50%015 2
Aol dod Fulg FH2 F71% FAEAHIL sMedithes RE RAFACT R A )
A e A FAZ AEE £ YdE AsAHE ANEA Fn gl

Table 4-17. Effects of irrigation control using FDR sensor on photosynthetic rate, stomatal
conductance and transpiration rate of cucumber at 64days after treatment.

Substrate Water Photosynthetic rate " Siomatal canductance Transpiration rate
content(%) (umol-COzm%s™) (mol-Hz0-m™%-s!) (mmol'H:0'm s ™)
20~25 186 b 11l a 64 a
Coir 30~35 202 ab 12 a 6.2 a
(st - fier 82) 0~45 195 ab 14 a 69 a
50~55 199 ab 13 a 65 a
Rockwool 30~3 217 a 13a 68 a
(it RS g Timer 203 ab 12 a 50 b

*Means followed by different letters in the same column are significantly different by Duncan’s multiple range test(P<0.05)

Table 4-18. Effects of irrigation control using FDR sensor on photosynthetic rate, stomatal
conductance and transpiration rate of cucumber at 112days after treatment.

Substrate :
Photosynthetic Stomatal Transpiration rate
Water rate » conductange (mmol-Hz0-m s )
content(%) (umol-COz'm “s™) (mol-Hz0'm2-s™) 2
20~25 22.9 abc® 04 ab 3.2 ab
Coi 30~35 215 be 04 ab 3.2 ab
oir
(dust: fiber=82) 4045 %9 a 06 a 40 a
50~55 2111 ¢ 04 b 3.1 ab
Rockwool 30~35 18.78 ¢ 03 b 28 b
) Coir .
(dust: fiber=8:2) Timer 25.77 a 06 a 40 a

*Means followed by different letters in the same column are significantly different by Duncan’s multiple range test(P <0.05)
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Table 4-19. Effects of irrigation control using FDR sensor on growth and maketable yield in
cucumber hydroponics.

Plant No. Stem Leaf Leaf

T s PN e g e v R
20~2% 2070a° 210b  743a  3133a 4083 a  733d 1256 be

e 30~35 200a 223ab 753 a  3000a 4l33a  767cd 13300 b
(dust: fiber=82) 445  2800a 223ab 781a 2800ab 3567be 967 a 16896 a
50~5 2970a  2L0b  753a  3007a 3800b 833 bed 14525 ab

Rockwool ~ 30~35 2550a  217b  738a 2517b 3333c  667d 11418 ¢
(Gust Brgg) Timer 27002  237a  807a 2800ab 42002 933 abc 16182 a

Means followed by different letters in the same column are significantly different by Duncan’s multiple range test(P<0.05)

Table 4-20. Effects of irrigation control using FDR sensor on amount of nutrient solution at
different weather in cucumber hydroponics.

Amount of nutrient solution(ml/plant/day)

Substrate Water
Content(%6) Sunny Cloudy Rainy Average
20~25 1950 1510 1850 1770.0
i 30~35 2180 1400 1880 1820.0
(dust C?lger 8:2)
' ' 40~45 2840 1940 1720 2166.7
50~55 2830 2260 1980 23733
Rockwool 30~35 2200 1580 1970 19167
Coir Ti 2950 2991 3015 2985.3
(dust : fiber 8:2) . -

Meusured from 4th April to 20th April.

Table 4-21. Effects of irrigation control using FDR sensor on supplied nutrient solution and
drainagei n cucumber hydroponics.

. . R Drainage
Substrate Water Suppilsﬁlt%l:)ment N ratio
V)

Content(%) (ml/plant/day) (ml/plant/day) %)

20~25 1945 0 0

Coir 30~35 1870 0 0

(dust : fiber 8:2) 40~45 2004 0 0
50~55 2054 140.6 6

Coir .
(dust : fiber 8:2) Timer 290 1292 -
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58 Coconut coir BiX| & o] &3 Fn] FAHAwMA 2 A3}
7} E9A A

2 AYel] A48 FFL Av] ‘Vital'(Rosa hybrida L. cv. Vital)o|®), A SA) stz =z
2404 20073 2¥€ 10€%E 2008 1297+A] 884k Coir &3 =12 A7t v]&L coir
dust(Q1 vl Al epih)ol] fiberg HU®]L =2 0, 10, 20, 30, 50% 2.2 % coir slab$} A=A coir
dustdl] chipel 0, 30, 60, 80% %9 coir slab® A}F(100x15cm)ol] 3BLE SR stn AFF #F
 77E AAEATE F4LE 1Y 6~103], AEA & F9 136 70:6mL, 1528 FF BAS5
AT ol & WA st HlwEy] 8 dHE YRTE sdgen FY F ougFd FFS ALA
A Aol gA(me - L™ : NOs-N 96, NH-N 073, P 22, K 5, Ca 45, Mg 2, SO4S
15)& EC 15%0.1 dS - m’, pH 55~652 &3] F¢t}. vkl pHE H:S0.9 KOHE o
&5t A5t Yo F ZAIFEL I dign AT $8F 5 24, 2A]
& Zd4e g3 2.

Coconut coiril A & ©]-&¢ A8 Fn| £AA)A vz FFE vjde] ECY pHe ¥3}
T I9 5-1% 5-204 Be uig g A7|AER Wie wMASHEEE & ok ggle
o EE HjAE0] ZEE WY Zo] HYm £ BN 2AFo] HAAMRE Wi Zo
AAL gkl F7HHART. T go] HHUA A ZaEAT W Eo] ZHEYTYI} 7HLo]
WA A F7MEE RBEE FUEE QY. g pHe A9 o) wiNQ) gl pH ¥
7t 8 fF71AYA coirtl A B BlE AA vdehde AL B F U AA A wy
pHE Ee°] H9A 77t Qo ZasHn g 7180 HwA F7t8E Wgs Bych
v A Al sl e FF pH $Fo] 50~7.020d A wize] AL An) 7] F 6]
pH7} 35~75 #&2] W&o & pH 5§ Role AL &89 4+ YUt
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Coconut coirth x| & o] &% 53 An) &3 Au A fibers} chip T8 =Ao) we 3%
43 d3te AS, o8 $EFE AT v F34E 249 AIHE 5-1), chip
Fo) 80% MR & FIFAHEC] Fow 1 o] & FAHY coirg o] &g ujA 9} oA S
o] & WAL Ato] el FAA FAe] ATk JIFAEEE chipo) 30%, 60%, 80% &%
3 FE o] ¥ vXEo] e wiRERT ¥ttt wkdo) Evans $(2009)2 A F4
< 23ty E24E - FEE ol &% U pot AWA F2(60%)F 7)AH16%)0] 1
TETE AL Ao FHez JFAEEs} E3dvtn gt AEY CO2 == £
14 ool It FAEQ A, fibers] o) 0, 10%9) APNA 713 %1 SAEY)
AloME dustell fiber® E£3% Az Eo] A=A duste] chipol € HET IAHoez =
AEe] w3 AW Al S FAE] Wik

)

Table 5-1. Photosynthetic rate and transpiration rate of rose ‘Vital’ on bag culture

substrates. Measured from March 2007 Lo October 2008
. Stomatal Intercellular COz Lo
Substrate Photosynthetj;: rz:tev Conductance concentration Transpnratnon; ate_l
(umol COz *m ™ - s7) (mol HeO - m®+ ") (umol CO; - mol™) (mmol H:0 - m™ - s7)
100 : O° 1746 a 0560 ab 324.17 4437 a
dust 90 : 10 1707 a 0506 b 320.27 4454 a
: 80 : 20 1690 a 0516 ab 323.33 4313 ab
fiber  70: 30 1733 a 0590 a 328.02 4341 ab
50 : 50 1641 a 0521 ab 325.99 4409 ab
100 : 0¥ 1713 a 0537 ab 323.34 429 ab
dust - 79: 50 1725 a 0493 b 31807 4259 ab
ch'ip 40 : 60 1674 a 0482 b 319.62 3999 ab
20 : 80" 1485 b 0364 ¢ 315.67 3112 ¢
Rockwool 1646 a 0533 ab 326,09 3861 b
P> F" 0.0083 00002 051 0.0003
LSD (P<0.05) 1.24 0.08 NS 197

*Coir dust + fiber (%), Indonesia, *Coir dust + chip (%), Sivanthi joy (India), *Coir dust + chip (%), Profit, Pacific wide Corp

“P > F was the probability associated with the F value. LSD = Fisher's least significant difference value. NS = not significantly
different

"Measuring conditions : COz 400 umot « mol”', PAR 800 umol » m™” - s™, Air temp. 25:0.5C, RH 502(3%) and Flow rate 5002 pmol * s~

A Arle] WK AR AE O FE 5-294 BE uig 2t d3e) dole oHo)
B 937cmZE 7} A At} Gruda®t Schinitzler (2004b)E Wi A& o] 43 EALE pot Al
HEBIN dHez we 73S 2 FEAFEE /MR HERA(CY 168%, FEFE
335969 UF HF(1d 249%, FETE 273%) M xFol 7HF AT srYTh
Chipg Z&& w27} fiber& TS ¥lARTG o] 4t A o) fiberdf WA BT}
chip@f 8]z} ddxez e 7]ge] d¢& FUL Aoz AFHT). Coir WAE AHEF
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Agge] tax ¥ dolo A AAA[AT AF B 158 23 80cmolA UL
HE o FAHe2 BT 80cmojAe Fvl FHE AT + U Aoz sudr) Wil
27 EY ddEAdA A FAL 2 o2 AXM dustd] chipg AMEE R, 283
A=A okt duste] fiberE AMEG wiXGon, 2 7 WA YoM Feolx wlu )
BATH DEFTS TAH K4S 2ol grh AAAQA Ao A% dd wix|o)A £
XL coirfAES] B¢ FATFL olUAR FFA YUE 80cmeol e 3t Aol 7y
o}

Table 5-2. Characteristics of cut flower of rose ‘Vital’ grown under different bag

culture substrates. Measured from March 2007 to October 2008
SHEERE I . Length (cm) diamsett::cm) weli?gr;:h(g) Weilg)}llrty (g)

100:0° 8387 d 0708 ¢ 3847 9.28
dust | 90:10 8630 be 0715 be 41.69 10.42
© o 80:20 8529 bed 0723 be 3273 7.8
fiber 79 : 39 8450 cd 0713 be 3781 8.44
50:5 . 8239 d . 06% o 36.86 10.32
S 100: 00 877 be 0739 b 39.48 9.69
dust 70 : g0 880 bed 0743 b 3791 9.32
p 0160 . 8693 be 0742 b 42.11 1037
20 : 80° 8828 b 0794 b 37.37 8.90
Rockwool 9369 a 0810 a 403 985
P> P <0.0001 <0.0001 078 063
LSD (P<0.05) 368 0.04 NS NS

*Coir dust + fiber (%), Indonesia, *Coir dust + chip (%), Sivanthi joy (India), *Coir dust + chip (%), Profit, Pacific
wide Corp, “P > F was the probability associated with the F value. LSD = Fisher's least significant difference
value. NS = not significantly different

A3t Frle] deo] i@ A dadE 08 ¥ 5-304 BE vl 2ol 5499 A$ odd
A 7 B, A=A dusto] chipg AMEE wfREo] AX Ao}t dustol fiberE A}-&-3
HAE B 55‘-%7-7]' B 3492 A=A FAHE foAdo] dEA gt
Hdl 935 Ho 95N ddel 744 2 43 4ZFL YRR, I coirf R EL HLE
TEE 2o FAG. Az Zold mE Foiy gE4 FF(SPAD)S YEUE SPADZHE
A=At duste] chipg AHEE WX EolAH A Uehdn A=uAelat dustdl fiberE A}&3
HAES gL ot 2F @F2 @S RAY Evans 520090 YA FAL gdsd 2
S =EH FEE o83 A potAEIA FF60%)F )AH16%)0] I FESE HL
AfA ZdH e ¥ SPAD#S YEldth Chipg E33 w7} fiber® T3 wjAn
o AdHeE e FEFES /AL QEd AT Aol 237 B YL Aoz Bu
gt iRz w2 AL FTAH Xo|& RHolx Er)
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Table 5-3. Characteristics of cut flower leaf of rose ‘Vital’ grown under different bag

culture substrates. Measured from March 2007 to October 2008
Leat

Substrate Number(ea) Max. Length Max. width SPAD Leaf area
5 Leaflet 3 Leaflet (cm) (cm) (SPAD value) (cm®)
100:0° 128 d 3.2 1357 b 1150 b 477 bed 7916
qust W10 127 d 34 1409 ab 1181 b 467 cd 8165
: 80:20 129 cd 3.3 1368 b 1162 b 459 d 765.6
fiber — 70:30 129 cd 34 1395 b 1174 b 467 cd 760.6
50:50 124 d 33 1410 ab 1201 ab 468 cd 8225

"""""" 100:0° 135 be 34 1385 b 1178 b 498 ab 889
d‘f“ 70:30 140 b 32 1377 b 1157 b 488 abc 894.3
chip 4060 189 b 35 1411 ab 1200 ab 509 a 938.2
20:80* 140 b 34 1367 b 1167 b 458 d 832.0
Rockwool 147 a 33 1457 a 1246 a 4718 bed 887.4
P>F" <0.0001 0.75 0.034 0.02 0.0043 0.64
LSD (P<005) . 0.71 NS 056 052 282 NS

“Coir dust + fiber (%), Indonesia, YCoir dust + chip (%), Sivanthi joy (India), *Coir dust + chip (%), Profit , Pacific
wide Corp, P > F was the probability associated with the F value. LSD = Fisher's least significant difference value. NS
= not significantly different

Fonteno 5(1990)2 o494 59 €3 ¥&& ¥sA EFF wWAE o] &3t I A,
el 2=, HFYotE potAwl RS w ¥R EBYA T FFol 79.7%, 71e] 21.4%,
available water(fF R EEF + SFTFEEF)7F 34.0%<Q wiA A 2Z7 AAFo] /M =
gton], EnfEr JuFoz Aol ¥u FREEFFO] ¥L WX(FF 84.3%, 713 17.7%,
available water 44%)o14 =o} &0 W& sjx9 EAo] FEL BT %3, D'Angelo
$(1993)2 Wiz nHFGF QAL AlEed, 53 potAHiA] JERA FHOZ o] &
& OIS iAzAE AMSS e, JER2S HegolE v go] 4190 A=Z(FF 90%, 7
A 36%, available water 22%)7F A5 AF3GR, BALE 23 JEREL YT AF
H, 222 HelolEy VA F& 231 HE&Z EFSIA AHEE HIR(FF 90%, 714 45%,
available water 14%)= A&o] ZE&Holgtn At FX AP FEFE ¥ &
F U4EZZ Gl QS0 v dEsArh Leest Ryu(1996) =&3 2o JERA Fi,
A 59 G F712 A8 E Mgt EJAME LS potoll A AuistP L, o F 7B 714
o] ¥& MER2 FFE MA(RN: =&  JER2 = 2 44, FF 555% 71 14.4%)7}
AAF 7HE w3tk AF F99 §7] AwA wlA) 24E HER2G YR HAf 2Fe=E
A RE o), YF HHF 75%0]142] A2 (available water 20% ©}38}, 714 47% o]l M =
ol EAH(Bohne, 2004). 57}A] A EE(vjE]F=, Ao, ntzy}, AsjEgojEet, Wuhvh)E
g JERAE olf H= AWEHHAE @ FFo] 936%cln 714o) 39.8%< A ] (white
peat + brown peat = 1 : DolA AAF 23] 717 =4} (Strojny$t Nowak, 2004). |4
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NEEA

o AT AHAEE FTHE o, F3F9 714 ¥ go| 1/4~1/2, available water’t 1/4~1/6 A=
A 713E o Bol Bi3tE vlA 2ol HHF A5l IFFL ¢ 5 ok

Coconut coir HjA & ©]& g Fv] AF A NE d3le) 243 A4, 49 /14, SPAD 3
EC’] chipo] E3d A7} fiber/t £8 AR A dehged A&£H2A @571 o|%9

= FAAMANME fiber EF wlAe] L available water2 233 &7 o] A2 A4 A
2}3}71] FARHA ¢ Aoz Agd.

o Fzte] e g3 s O E 5494 BE ukel 2o dwx 48 $65x)
B ¢ dEU A4t dustil R et A=A dustmi A o)A 139 ooz A3} Fo] s
At XA o}it dust°1] fiberg AH8-& Wi Eo] AX AL dusto] chip AHE3 WA SRt}
2 A% £9& RAFE F¢e Vel

Table 5-4. Vase life of cut flower of rose "Vital” grown under different bag culture

substrates. Measured from May 2008 to August 2008
Cut flower vase life
Substrate
( day )
100 : 07 132 a
90 : 10 119 ab
dust : fiber
. 80 : 20 131 a
(Indonesia)
70 : 30 123 a
50 : 50 97 ab
100 : ¥ 13.3
dust : chip 70 : 30 85 b
(India) 40 : 60 112 ab
20 : 80* 120 ab
Rockwool 127 a
P>F" 0.23
LSD (P<0.05) 3.81

*Coir dust + fiber (%), Indonesia, Coir dust + chip (%), Sivanthi joy (India), *Coir dust + chip (%), Profit, Pacific
wide Corp, "P > F was the probability associated with the F value. LSD = Fisher's least significant difference value, NS
= not significantly different

dzte] #R% 379 WY 5-3, 5-)A B o, ¢do] HAE A am HF 4
= 7P Atk Ao $9e ¥ 540943 A= oAt dustol] fiber& AME-F HH"]:::*’]
B AA vggth Chipel 30% E¥d wixAA 23} 70| 73 gio). Ao 3L o
Hol 714 Zlem cortlAS F fiber TEFol 20%% HiX A 7t ZA VeI fiber 30%
o 50%% T we T WA e A FdHez gt

- 159 -

S &EE RIIUHXl Coconut coirE 0|28 M Z e &0 &

STHEH O1= X 3t Ofp B8/ 35} TR Es Kh 8y &I



12.0

10.0 -

-
o

Flower diameter {cm)
o
o

40 V.7 e 10:0 dusi*iber Rzz 0,43
- ===-9:1 dust+iber R?=0.63

= = B:2dustHiiber R2:0.58

2.0 ¢ — -7:3dust+liber  R?z 042

— - 5:5dushfiber R2z0.33

o.o L NI S A 1 ol 4 A 1,
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Period in vase (day)

Fig. 5-3. Changes of rose cut flower diameter in vase on different bag culture
substrates(dust + fiber). Measured from May 2008 to August 2008
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Fig. 5-4. Changes of rose cut flower diameter in vase on different bag culture
substrates(dust + chip). Measured from May 2008 to August 2008

A} FRel B el HISFH(E 5-5)L Q=Y Ao}t dustdl] fiberdFS SHYS o o
W3 cocochipdll 4 BTt 10%°] 4 A Uehdt) 3174 Zojdz Rte w), Zo] 80cmo] At
st 2 ddol s Bkxm, 80cm~60cmAtole) FL fiber 20% HIR A 7} ®otoh
F AL 2%t 509% fiber WA A ko™, Zo] 60cmolAe] AE Hsl FL 2%
fiber iAol A Wtth ZFW chip F# %ol & Ao Judoz e £FL Yey
. Chipg E3& WA FoIA 30% chip £F A7} $Fo] 714 =ich AvtEoz AT
Fo] FHEBRY & Mt fiber7} 20%$ 50% 28l chipg 30% 53 Aot ALdd
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olE9 HIYOJEE ol &3] HIXE ZAF A7) AFAwAA ALgo)ES BolES H|E
o] 25:75¢1 E&}olE ol AY FL MM Mg FFFo| EttH(Maloupa 5, 1999). ¢
W, LAV E, HEolE, BuFHEE o] 4F Au Hl=AujolN dHAZNA 2Fd] 7}
F A3, GFPolEME o] 71F ®eo| ANAH(Hahn 5, 2001). 2 JYERAE o] &3
B AFANAAN dzT2 ALEF U HERAY HEES WP WA(FTS 93%, 714
59.7%) X F&Fo] &R (Sarkka 5, 2004). A} ZHE OIFF Axe HRE HSof
YAIGM2E pot AWEHAE o AFR AT FEHo| TF T5.1%, 714 1953%, FEF
T 1741% &5 258%A A A ErHDomingues Salvador$}t Minami, 2004). ¥,
EvtES BS e wAqA AFA sd9e w GA(FTF 90%, 714 3%, FEFE 92%)
X F&Fo] 7 =X, FHEFT 0%, 7148 10%, FEFE 41%) WA NA FE o] s}
WA (Allaire F, 2004). ol 87 £33 Aol QoA EL 714 air volume)e) 8 F
< 93 8% Jehdth 20% fiber £ wlAG 30% chip EF WA7E ) A Ao
e Aow Pyodr).

Table 5-5. Cut flower yields of rose 'Vital’ on bag culture substrates.
Measured from May 2008 to August 2008
Cut flower Yield

( No. / plant )
Substrate
w Marketable Total
>80cm 80~60cm <60cm o )

Yield Yield
100 : 0 957 (65.7)" 700 (1882)  7.00 (I1584) 1657 (906) 2357 (103.8)
qust  90:10 1214 (833) 643 (1728) 700 (1584) 1857 (10L5) 2557 (112.6)
: 80:20 1214 (833) 900 (2419) 615 (139.1) 2114 (1156) 27.29 (120.2)
fiber  70:30 1071 (735) 686 (1814) 757 (171.3) 1757 (96.1) 2514 (110.7)
50 :50 1057 (725) 872 (2344) 857 (1939) 1929 (1055) 27.86 (122.7)
100:0° 1088 (747) 712 (1914) 525 (1188) 18.00 (98.4) 2325 (102.4)
d‘f‘“ 70:30 1263 (86.7) 638 (1715) 563 (127.4) 1900 (1039) 2463 (1085)
chip 0160 950 (652) 550 (1475) 450 (101.8) 15.00 (82.0) 1950 (85.9)
20:80° 1329 (91.2) 442 (1188) 486 (110.1) 1771 (96.8) 2257 (99.4)
Rockwool 1457 (100 372 (100) 442 (100) 1829 (100) 2271 (100)

*Coir dust + fiber (96), Indonesia, "Coir dust + chip (%), Sivanthi joy (India), *Coir dust + chip (%), Profit, Pacific wide Corp
"( ) were substrate / rockwool yield, “Percent yield of substrate / rockwool
“Means over the cur flower length of 60cm yield

Coconut coirdl | & ¢]-&¢ XEF ] FAAulolA w8 Ao e APA FTA,
a3 A%, F£8FE 2AEAG. Fr FEHJEL 2AR FI(FE 5-6) UEA grow pot
T dust 1002%6A A 7HF A e AdxvNelt wix) F PG xg 7 @
zloje fle Ao 2 JEit.
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Table 5-6. Photosynthetic rate and transpiration rate of Rose “Vital’ on pot culture

substrates. Measured from March 2007 to November 2007
i Stomatal Intercellular CO; L.
Photosynthetic rate . Transpiration rate
Substrate (umal 00 - m? - €7 Conductance concentration ( L H,O - m? - )
(mol H0 - m?+s7)  (umol COp - mol™) 0 20 MOTS
100 : O° 17.82 ab" 0.55 abc 33394 a 3.56 ab
90 : 10 17.74 ab 0.57 abc 334.77 a 434 a
Dust:fiber 80 : 20 18.19 ab 061 a 328.02 a 3.04 b
70 : 30 17.24 ab ' 0.52 abc 331.68 a 3.58 ab
5050 1790 ab 0.58 ab 33023 a 3.68 ab
. 00 : ¢ 1892 a 041 ¢ 30153 b 263 b
Dust:chip
70 : 30 1676 b 043 be 32520 a 3.15 ab

* Coir dust + fiber (%) , Source by Indonesia, ¥ Coir dust + chip (%) , Source by India
! Means followed by different letters indicate significant differences using LSD test at 5% level.
" Measuring conditions : COz 400 nmol - mol™, PAR 800 pmol - m™ - 57!, Air temp. 25:0.5C, RH 50£2(%), and Flow rate 500£2 umol - s,

o] Asle] ASS 2AMG AIE 5-7) 2L A=A grow pot HEEo] ¥A YEe
o, 3739 74 dust¥FFo] 100%2 MM EA Vet AAFH AEFS chip 0%
dust 100%A & A 7} Eskvh £ A8 AFdAe 3Z3 gurt BE Ao % A
ol HeolA gttt

A9 AF FAFy}e ¥ 5-87 o] 52949 FE A=Al dust 100%A4 87t M Eghe
o WA F9 dust FFo] ¥S7F wA JERth 32499 B¢ grow potE AHEE At
A YERD dustdFeo] B2 HElFoA AUEozE & 5 H4FE RoF YEu
HAAZ A9 chipg TR/ grow potHEEol A dveisker HFZH A fiber
20%A 27 EA Jdetgth o] 484 FA %A SPADS HHACNA fiber 20%A 27t 7+
=4 et

Table 5-7. Characteristics of cut flower of Rose ‘Vital’ grown under different pot

culture substrates. Measured from March 2007 to November 2007
Cut flower Flower
St Fresh D
Length R em rfes ry Height Diameter
Substrate diameter weight weight
{cm) (cm) (cm)
(cm) (g) (@
100 : 0* 84.1 ab* 0.82 a 4373 b 10.89 ab 3.78 a 861 a
90 : 10 80.2 bc 0.76 b 36.00 b 8.80 b 391 a 8.44 a
Dust : fiber 80 :20 804 bc 0.79 ab 4149 b 10.95 ab 401 a 837 a
70 : 30 794 be 0.77 ab 3978 b 1057 ab 392 a 850 a
50 : 50 76.3 ¢ 074 b 4222 b 1051 ab 381 a 845 a
100 : 0¥ 880 a 0.83 a 5363 a 13.07 a 392 a 856 a
Dust : chip
70 : 30 877 a 0.78 ab 4476 ab 11.37 ab 387 a 8.68 a

* Coir dust + fiber (%) , Source by Indonesia , ¥ Coir dust + chip (%) , Source by India
" Means followed by different letters indicate significant differences using LSD test at 5% level.
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Table 5-8. Characteristics of cut flower leaf of Rose ‘Vital’ grown under different pot

culture substrates. Measured from March 2007 to November 2007
Leaf
5 Leaflet 3 Leaflet Max. Max.
. Leaf area
Substrate leaves leaves Length width SPAD (cmd)
(No.) (No.) (cm) {cm)
100 : ¢° 14.81 a* 2.66 ¢ 15.2 ab 13.0 ab 47.1 be 886.7 abc
90 : 10 13.40 be 3.00 be 15.0 ab 129 ab 450 cd 750.3 ¢
Dust : fiber 80 : 20 13.67 abc 2.79 bc 154 ab 137 a 50.1 a 1080.0 a
70 1 30 1323 ¢ 3.02 bc. 146 b 127 b 449 cd 864.8 bc
50 : 50 12 98 ¢ 2.92 bc 15.1 ab 128 b 486 ab 772.2 be
100 : 0¥ 1454 ab 3.23 ab 156 a 134 ab 454 cd 8479 be
Dust : chip LN
70+ 30 13.69 abc 353 a 155 a 13.3 ab 440 d 9525 ab

* Coir dust + fiber (%) , Source by Indonesia, * Coir dust + chip (%), Source by India
* Means followed by different letters indicate significant differences using LSD test at 5% level.

A Aste FHHe 2AT AWIME chip 0%AUNH & FEFYT JEFFLS
e em, A7t $ReA S dust 100%MA NN o] Wskout Mg FADNE §
949 Aol VehlA FRTHE 5-9).

Table 5-9. Cut flower yields of Rose 'Vital’ ‘on pot culture substrates.
Measured from March 2007 to November 2007
Cut flower Yield ( No. / plant )

Substrate >80cm (%) 80:;?““ <60cm (%) hézzet‘?;? i?i:

100 : OF 627 (443) 308 (218) 479 (339 935 (66.1)c 14.14b

B 9% : 10 755 (445) 39 (234) 545 (321) 1151 (67.9)b 16.96a
: 80 : 20 614 (431) 442 (31.0) 369 (259) 1057 (742bc  14.25b
fiber 70 : 30 466 (328) 711 (500) 245 (172 1176 (827b 14.22b
50 : 50 568 (368) 568 (368 409 (265) 1136 (735)b  1545ab

mbl.'sf 100 : 0¥ 470 (L0 653 @31 39 (59 1123 (42b 15143
ip 70 : 30 414 (246 912 (541) 350 (21.3) 1326 (787)a 16.85a

‘Coir dust + fiber (%), Source by Indonesia , Y Coir dust + chip (%), Source by India,
"Means followed by different letters indicate significant differences using LSD test at 5%
level, *Means over-80cm yield + 80cm~60cm yield.
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. 35 A

£ Algd AL FFL Fv Vital'(Rosa hybrida L. cv. Vita)o]®, N-eAPojdn d%
S 2008d 129 23UHE 20099 497A) FASATE Coir EEF WA H7t ¥ &L coir
dust( =t Al o}2h)ol] fiberE E3B)EZ 0, 20, 30, 50, 80% ©.= & coir slab®} QAEAF coir
dustll chipe] 0, 30, 60, 80% /¥ coir slab® AF(100x15cm)ol 3BLE ZRstm A2F F
" 7FE AN F4L 19 6~73], HEA F FF 13 ] 906mL, 1584 AH #55
. olF wiA e vlwEy] A8 GEe YERTE FPen Ay Foujgd FTFL AAY
etn AejuFd(me - L' : NOz-N 9.6, NH4~N 0.73, P 22, K 5, Ca 45, Mg 2, SO,-S 1.5)
& EC 15£0.1 dS - m, pH 55~652 @3] o}

AH 25 Fo A AN AT AP AN 712 HFAS AL AEsE Oz
T(A)S} 71E] g =Folo] wjX7t AR e o] WA I ML 93] Cas}
MgE #7bskd(Ca 3, Mg 1 me- L) 2A & WFAB)Y F 72 FAs 0] Zhzhe] wjA)of
FI. MFAe) pHE H:50,% KOHE ©) 43t 2Aste Balsigen F zAgEe
BEA AT AEF FEHF 58 &3, A A

4719 BEHEE 2AG AP (Table 5-10) fiber® o] &3 WAL Ca % Mg® 7
HEdE FFA FFHES ANY 71TAEE, AXW COFE 281 FAEINNE A4
ool etz &3ttt Ca o MgE H7F wigd FFA FFAHLL 27591 80:20
dustfiber Ml 9) B¢ /M3 w2 FUHE 3718 BT

Table 5-10. Photosynthetic rate and transpiration rate of rose ‘Vital' in different

nutrient solution and substrates on rose hydroponics.
Measured from January 2009 to April 2009

. . Stomatal Intercellular COq L.
Nutrient Photosynthetic rate . Transpiration rate
solution® Substrate (umol COpm™:s™)" Conductance concentration (mmol HyOms™)

(mo! HyOm™%s™) {(ymo! COzmol™)
100 : 0¥ 16.17 0.511 328.0 4.84
80 : 20 14.93 0.488 312.7 4.74
A 70 : 30 17.51 0.573 312.6 5.08
50 : 50 18.65 0.442 300.3 4,44
20 : 80 18.64 0.412 283.9 3.81
. Rockwool 17.13 0475 2857 438
100 : 0O 18.63 0.488 3317 5.54
80 : 20 18.27 0.495 298.6 4.80
B 70 + 30 19.64 0.512 286.1 5.00
50 : 50 18.79 0.506 306.9 4.46
20 : 80 16.88 0.450 301.3 3.99
Rockwool 17.88 0.423 285.6 3.82
Significance®
Nutrient(N) ** NS NS NS
Substrate(S) * *# *kx ok
NXxXS dk NS *¥ *

*Nutrient solution : A = NO3-N 9.6, NH,-N 0.73, P 2.2, K 5, Ca 4.5, Mg 2, S04,~S 1.5 (me'lL’"), B = A + Ca 3 and Mg 1 (melL™")
YCoir dust + fiber (%), Indonesia

"Probability of significant F values : NS, *,* » » « » non-significant or significant at p<0.05, 0.01, or 0.001, respectively.

“Measuring conditions : CO; 400 pmolmol™, PAR 800 ymolm™s™', Air temp. 25£0.5C, RH 50£2(%) and Flow rate 5002 pmols™
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Aol Ao AEE EAF Z3N(Table 5-11) Ca®t MgE HI7HA 233 AR FrldAe
Aol & HolA Aot AAF AS AwAHo2 A Uelgoh DustFge] i gL
fibere] o] 20% ol ME W& WX EGAE &£ WFA FILE Ca, Mg vl ke A
ol7F fAY 238 712 gy AHel7t FUh 20:80 dustfiber WiAE A FL AFL Y
Blllen YAF £ S = JEsoh

Table 5-11. Characteristics of cut flower of rose ‘Vital' in different nutrient solution

and substrates on rose hydroponics.
Measured from January 2009 to April 2000

; Stem Fresh
Num.ent Substrate Leugth diameter weight
solution {cm) (

cm) (g)
100 : 0¥ 100.2 0.72 45.82
80 : 20 92.7 0.72 48.27
A 70 : 30 98.0 0.63 45.48
50 : 50 97.2 0.71 50.25
20 : 80 96.6 0.83 71.30
Rockwool 1000 _ 073 5739
100 : O 100.7 0.70 45.33
80 : 20 90.3 0.62 40,46
B 70 : 30 102.2 0.72 54.93
50 : 50 101.8 0.74 73.02
20 : 80 101.1 0.79 65.14
Rockwool 98.5 0.71 71.23
Significance™
Nutrient(N) NS NS *
Substrate(S) NS ok L
NXS NS " k¥

*Nutrient solution : A = NOs-N 9.6, NHs-N 0.73, P 2.2, K 5, Ca 4.5, Mg 2, S04+-S 1.5 (me'L™"), B=A + Ca 3 and Mg 1 (meL™)
YCoir dust + fiber (%), Indonesia
*Probability of significant F values : NS, *,» *,* * * non-significant or significant at p=<0.05, 0.0, or 0.001, respectively,
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Br Ag 99 AF AAHAE Table 5-12 A} 2} A<, 43, EF, SPAD @2 wWlF 9
Wsle] WE 2ol RolA @dr) 20:80 dust:fiber ¥IRIZ} 71 B IFE g 99 =2
7] =g Fuh

Table 5-12. Characteristics of cut flower leaf of rose ‘Vital' in different nutrient

solution and substrates on rose hydroponics. Measured from January 2003 to April 2009
Leaf
Nutri_entz Substrate 5 Leaflet 3 Leaflet Max. Max. SPAD
solution leaves leaves Length width (SPAD value)

(No.) (No.) (cm) (cm) .

100 : O 10.9 3.9 16.7 124 42.2

80 : 20 12.3 3.4 17.7 13.5 46.3

70 ¢ 30 10.2 3.8 17.2 13.0 43.5

& 50 : 50 9.8 4.6 181 13.9 46.8
20 : 80 144 4.6 18.6 14.9 52.0
Rockwool 14.3 3.7 19.0 15.7 51.1
iy A TR s e

80 : 20 9.6 3.8 16.9 13.4 45.4

70 : 30 11.2 4.0 17.4 13.8 47.5

B 50 : 50 11.8 3.3 17.2 13.7 45,1
20 : 80 16.2 4.2 17.9 13.6 48.0
Rockwool 13.2 4.1 18.7 14.8 49.1

Significance®

Nutrient(N) NS NS NS NS NS
Substrate(S) E1 2 % * Hkn Nk
NXS - - NS NS *ex

zNutrilent solution : A = NOs-N 9.6, NH-N 0.73, P 2.2, K 5, Ca 4.5, Mg 2, SO4-S 1.5 (meL™!), B= A + Ca 3 and Mg 1
(meL™)

YCoir dust + fiber (%), Indonesia

*Probability of significant F values : NS, *, % %, % = % non-significant or significant at p<0.05, 0.01, or 0.001, respectively.

"3 £8Fo] @ F3e The Table 5135 Ak A £8Fo Ao Cash Mg 37}
gol wet gw AU B3 FEFF] F7b HATh CorE ol4F AYE A 82
dustfiber AN H7ol HE 4F £330 A3 Rem F FHYF B AP Y
e AYEL Cast MgE A7) HE FEF 337t AAU A9 wolA Yol Fugoz
d A& $E9 43¢ e
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2E Y

Table 5-13. Cut flower vyields of rose 'Vital' in different nutrient solution and
substrates on rose hydroponics. Measured from January 2009 to April 2009
Cut flower yield
Nutrient ( No, / plant )
lution® eubslate Marketable Total
solution >80cm 80~60cm <60cm e ,
yield yield
100 : 0¥ 6.5 0.5 2.5 7 9.5
80 : 20 4 1 0 5 5
70 : 30 6 1.5 2.5 75 10
& 50 : 50 6.5 0.5 2.5 7 9.5
20 : 80 4.5 1 0 5.5 5.5
Rockwool 6 0 2.5 6 8.5
100 : O 6.5 1 1 7.5 8.5
80 : 20 55 2 7.5 11.5
B 70 : 30 6.5 0.5 1 7 8
50 : 50 5.5 0.5 4.5 6 10.5
20 : 80 6.5 0.5 2 7 9
Rockwool 7 0.5 0.5 7.5 8

*Nutrient solution
B=A+ Ca3and Mg 1 (mel™

: A = NO3-N 9.6, NH-N 0.73, P 2.2, K 5, Ca 4.5, Mg 2, SO;-S 1.5 (mel™),

YCoir dust + fiber (%), Indonesia. *Means over the cur flower length of 60cm yield.

383, Chip€ A& wiAdA Fuie FJFNES

ZALg A3(Table 5-14) Ca 9+ MgE

A7 NFAE TFA BFEETS AEW COEEE AT 71FHRERE 283 FAEANA

T A3 F943° YErtA
I AEW COEEs ZHasts
€ $7H8 BHYx 20:80 dust:ichip MiAE &

orstth. Ca 9F MgE A7 mjgy TFA IEHLL =739
74 8-& Vel 100:0 dustichip ¥iR12] #
WAE3 27 AEW CO%

A5 M we A%
=7t F7he A

Table 5-14. Photosynthetic rate and transpiration rate of rose 'Vital' in different

nutrient solution and substrates on rose hydroponics.

Measured from January 2009 to Aptil 2009

. ) Stomatal Intercellular CO; L.
Nutrient Photosynthetic rate . Transpiration rate
solution® Substrate (umol COpm 25" Conductance concentration (mmol HyOm s

{mol Hy0m™%s™) (umol COz-molzl_)___ -
100 : 0¥ 16.62 0.42 327.79 4.58
70 : 30 18.20 0.54 314.70 5.01
A 40 : 60 17.92 0.51 298.20 4.90
20 : 80* 18.71 0.47 307.30 4.33
o Rockwool 1718 047 28568 438
100 : 0 19.44 0.54 320.15 5.40
70 : 30 19.24 0.41 287.87 4.48
B 40 : 60 18.98 0.51 295.70 4.85
20 : 80 21.08 0.59 315.68 4.76
Rockwool 17.88 0.42 285.62 3.82
Significance"
Nutrient(N) wk NS * NS
Substrate(S) >k * L okk
NXS NS ETT) NS EX 3

*Nutrient solution :

A = NOz-N 9.6, NH;-N 0.73, P 2.2, K 5, Ca 4.5, Mg 2, SO,~S 1.5 (mel™), B = A + Ca 3 and Mg 1 (meL™")

Coir dusl + chip (%), Sivanthi joy (India), *Coir dust + chip (%), Profit, Pacific wide Corp

“Probability of significant F values :
YMeasuring conditions :
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gr) dste] AHE AR A3 (Table 5-15) Cast MgE FNMAl 2343 AAF AEF
M 2ol BojA oy BAY A Avtyoer #FA Jebtm 40:60 dustichip WiA 7}
7HE & F7He B4k X dust o] 100%2 MR M= Z]E wjeFo] F7} ujf okl
AeErng ¢& 343 {5718 BJTh

Table 5-15. Characteristics of cut flower of rose ‘Vital' in different nutrient solution

and substrates on rose hydroponics. Measured from January 2009 to April 2009
Nutri.ent Substrate Length Stem diameter  Fresh weight Dry weight
solution® (cm) (cm) (2) (g)

100 : O 103.50 : 0.72 49.37 10.89
70 : 30 88.22 0.61 37.60 8.75
A 40 : 60 97.61 0.69 58.68 13.80
20 : 80* 89.0 0.67 44,77 10.51
. Rockwool 10033 073 5739 1549
100 : O 91.35 0.67 48.53 10.36
70 : 30 103.67 0.74 53.28 9.66
B 40 © 60 103.80 0.81 63.17 14.05
20 ¢ 80 95.17 0.69 46.94 11.61
Rockwool 96.75 0.71 59.26 15.33

Significance"

Nutrient(N) NS * NS NS
Substrate(S) * * k ¥k
NXS %k ohk NS NS

*Nutrient solution : A = NOs-N 9.6, NH;-N 0.73, P 2.2, K 5, Ca 4.5, Mg 2, S04-S 1.5 (mel.™)), B=A + Ca 3 and Mg 1 (meL™")
*Coir dust + chip (%), Sivanthi joy (India), *Coir dust + chip (%), Profit, Pacific wide Corp
“Probabilily of significant F values : NS,*,* *,* » * :non-significant or signilicant at p<0.05, 0.01, or 0.001, respectively.

20 d3t 49 ¥5 AI}E Table 39149 2ot A4, 9%, SPAD & v ¥z} u}
& Aol nelx wkch o) A% vFAe] Cash Mg B/ FelA: AYe R o
H AN JF BL 45E nga 99 Z7) =3 Ao

Table 5-16. Characteristics of cut flower leaf of rose ‘Vital' in different nutrient

solution and substrates on rose hydroponics.
Measured from January 2009 to April 2009

Nutrient 5 Leaflet 3 Leaflet Max. leaf Max. leaf chlorophyll
. Substrate ]

solution® leaves (No.)  leaves (No.) length {(cm)  width (cm) (SPAD value)
100 : 0¥ 10.0 4.0 16.7 13.1 425
70 : 30 9.8 3.7 17.5 13.8 48.7
A 40 : 60 11.0 4.0 17.1 13.5 48.5
20 : 80* 9.5 3.8 17.2 13.4 45,0

. Rockwool 143 38 18l 167 5Ll
100 : 0 9.3 3.9 17.1 12.9 45.6
70 : 30 114 4.2 17.1 13.5 45.0
B 40 : 60 12.2 3.9 17.9 13.9 46.0
20 : 80 11.0 4.1 16.2 12.5 46.8
Rockwool 13.2 4.0 18.7 14.6 49.1
Significance®

Nutrient(N) NS NS NS . NS
Substrate(S) *kk NS ™ *k *Ek
NXS o NS NS NS Lhd

*Nutrient solution : A = NOs-N 9.6, NH,~N 0.73, P 2.2, K 5, Ca 4.5, Mg 2, S0,-S 1.5 (mel™)), B= A + Ca 3 and Mg 1 (meL™")
*Coir dust + chip (%), Sivanthi joy (India), *Coir dust + chip (%), Profit, Pacific wide Corp
“Probabilily of significant F values : NS, », s *,+ % » inon-significant or significanl at p<0.05, 0.01, or 0.001, respeclively.
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A3 F&Fo] i A3e vhF Table 5-173 Zuh A3} FEakd 9lo]A Cast MgE
Zbetel whet ¢PA T 20:80 dustichip AEE FFFF] F7F AQS. i, & AYEL 2
88 3FasA.

Table 5-17. Cut flower yields of rose 'Vital' in different nutrient solution and

substrates on rose hydroponics. Measured from January 2009 to April 2009
Cut flower yield ( No. / plant )
Nutrient Substrate

solution >80cm 80~60cm <60cm MEEKEGEDIE s
yield” yield
100 : ¢¥ 6.8 0.4 0.0 7.2 7.2
70 : 30 3.2 1.6 2.0 4.8 6.8
A 40 : 60 7.2 1.2 2.4 8.4 11.0
20 : 80 3.6 04 2.0 4.0 6.0
...Rockwool 5.2 0.4 3.2 5.6 8.8
100 : O 4.4 0.8 0.8 5.2 6.0
70 : 30 4.0 0.4 0.8 4.4 5.2
B 40 : 60 4.4 0.0 3.2 4.4 7.6
20 : 80 4.8 0.4 1.6 5.2 6.8
Rockwool 5.6 0.4 2.0 6.0 8.0

*Nutrient solution : A = NOz-N 9.6, NH,~N 0.73, P 2.2, K 5, Ca 4.5, Mg 2, S04-S 1.5 (mel™),
B=A+ Ca3and Mg 1 (mel™)

"Coir dust + chip (%), Sivanthi joy (India), *Coir dust + chip (%), Profit, Pacific wide Corp.

“Means over the cur flower length of 60cm yield.

Measured from 23th January 2009 to 3rd June 2009.

o]42] Coconut coirg |4 v FZAuA MY 2sAde MAstn AU P8 L
A3 2 vtadied 712 WEYel Hrre A3, dhuRcAE FFHED FETFF 5
o] FI+8A 2, fiber7t EFE coir AN E BIAHE, AAF o] FUstd. 2HY %
3, 7374, § A& T2 AolE HolX &gt EF chipe)l EFE coir MR ANE BEAE o
F7H3 BAY F7), §F L #2de BEL BAY 48 A Y S S A
< BAew, fiber’b 20% H7FE coir WANNE AF FHo] Frtate AT HEF FF
9 F&FE “etdt 22U fiber7t 80% F7HE coir MiAE $8HFL FAHILUY, AAF
02 F2 A7 21 o] dEglE Yoz Ady AIEAY JXJ B & F HAd
m2tA coir HiA 9} 3k NS $8 HME Cast Mg AR ZRE coir ¥R =AY EF
o wat WK FFo AolE BJow, 20% fiber7t 7D coir HjANAE A3 A
FYFo] BF F/tHE BEHE dA
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o sy e

Coir &% ¥R fiber H] &l W& & 54L& 5487 A3 FDR ANE o839 %
e AT o1& A fiber ¥l&e] ZF 10%, 20% H7HE WAGA 19 FFFE 5
oA B ¥ 13 F9 5E 29 T8 §F S4E SAY F coir WA ol F
3 13 2R FEFES TH}LA FAT. EF FDR AMNE o &8q ujxU) $& FFF
€ 93 Aojaie W 14 FF%F AW A% R A FF) nXe 9L Aoy
coir ¥ WA Fv] £ F @ E FH RuA B A9E FPsArt

(1) coir £ ¥iA fiber ¥]&el] W& WA W % &F A3

coir £ ®jA 73 AwjelA FAFE 12 600me(13] 60me, M5 103))2 FF519S w fiber
d FENste 29 579 23 BT FE TFE fiberdFo) 0, 10, 20, 30, 50%2) w)
XM 2kzk A87%, 42.7%, 37.1%, 35.8%, M8%LE fiberdFo] /P wak FRPIE
Zagden, 27 FHe 231%2 coirt] X} Sl H)& 83 gt}

De Groot (1993)= TDR(time domain reflectometry)& ©]-g3le] EntE ¢td 23 AujA)
AW FEEHE ZHSAT AW FEFFE 6% FELE B FANEE sld 3
T FAL SR A F 65% FFY B2 T FEFFL Rt

Coconut chipg ©]-&% 7] vjxF AN FIFE 1Y 600m(13 60me, 3+F 103)2 333}
€ W chipEdd iAW FEITFA}E 39 5-80) UEtdllch FF FE FFHL chipdF
°] 0, 30, 60, 80%<! wi=xolA Z+z} 51.1%, 45.3%, 37.6%, 30.3%= HA} A3 Qo).

2] 248 F2 FF W3ME 5-14)¢ fibers} chip #Fo e FEFF BAY AL
A Aoz uixd AnFEAFY AANFEFFY ole fiberE o] & wjAE 50~
9.4%, chipg& AF&-%F ¥lX]& 43~9.0%, Y4HL 76%E e Fiber 50%Y chip 80%2¢]
N L FF FF5E /R E X E 94U L o] &8 A9 FETFo] FASHA e
Fiber@ o] 20%<1 WA ¢} chipel $H3Fe] 30%¢ wixldly 1 FEFFA HAA F2FZ 3
o7} vttt} wEtA WEo] Ai YA FRHE Aol FAA A SLe wR] SR
AR & u 20~30%9 fiber\} chipFZFo] Av] coirtlA A FAANM ] HEs 27U RO
E BaHi
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Fig. 5-5. Water content of different coconut coir substrates (dust +fiber) and rockwool for
rose hydroponics.

Total amount of supplied water ; 600mL, Imrigation rate 60mL/10times. Logging interval; every 2 minutes, logging period; 12. 2007 ~ 5. 2008
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Fig. 5-6. Water content of different coconut coir substrates (dust+chip) for rose hydroponics.

Tolal amount of supplied water ; 600mL, Irrigation rale 60mL/10times.
Logging interval; every 2 minutes, logging period; 12, 2007 ~ 5. 2008.

Table 5-15. Characterization of water contents of different coconut coir substrate ratios
for rose hydroponics.

Average Minimum Maximum
Substrate water content water content  water content A-B C-A C-B
(A) (B) ©) (%) (%) (%)
(%) (%) (%6)
100 : 0* 487 43.1 50.2 5.6 1.5 71
90 : 10 427 38.8 46.2 3.9 35 74
80 : 20 371 34.0 39.8 3.1 19 5.0
70 : 30 35.8 32.3 39.6 35 2.8 6.3
50 : 50 34.8 29.8 39.2 5 44 94
100 : 0" 51.1 474 53.7 37 26 63
70 : 30 453 43.0 413 2.3 2 43
40 : 60 376 34.6 406 3 3 6.0
20 : 80 303 269 359 34 56 90
Rockwool 23.1 192 26.8 39 37 76

*Coir dust + fiber (%6), Indonesia, *Coir dust + chip (%), Sivanthi joy (India), *Coir dust + chip (%), Profit , Pacific
wide Corp. Total amount of supplied water ; 600mL, Imrigation rate 60mL/10times.
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9w

M

(2) Coconut coirg ©]-&3 vl FAAMA vlR Y =AF3 FAL e WA g §
3t 4

1] A4 coconut coir H)X)(coconut dust:fiber = 8:2(viv)9 9:1(viv))ol Al F8 EFF
F3 g e WA FESTFA}E 29 5-9, 5-103 2oy olF JxE HFIEFETH
T EdF, AASTEYLF 8 X 5-15 5-1691 AYstHd

27 coirdl A3 AN 1Y FIFE F7F 600m=Z s FHHPLE wl AW FFSF
BE8HL 354~379%010 oW, HAFEGFL 31.7~341% TFL2 FAZF wg FFS
B PN, HAUFEFFL 374~414%0 AT HIFEFT =237l 98 Badt g9

F& BY 60mie]l g F92 139 Fdvtogw PFFEIF T2 5 glon vy
13 F4Fo] A2 30~45ml/3o A L8AZke] A £8HE AL RAFu v JIATE
F JAFEGEN] Aolg By 13 FIdFe) 60~90m/3 FFE W 2 Zolst A
Wt AulsEgSst QE5ERRge) ol 13 FAFo) F/EE &A Vet 7
FL noln 1 AF A

Stradiot(2001)= EFIEE 13 160ml =+ 80ml F9 ¥Hoz2 dAAuste v 83
#-& FD(frequency domain)®2]¢} AAME o] &t 24} MAN FEFHE 160mlA & ol
A 80mlA e Bt 1~2% W}I v & dF FETF W3Ee yelddn o 2 Ay
AN AR B

29 5-11, 5-12& 1] coirtlA A AWAl 13 FHFo] wE HF S8 %3 HA FE
gFe] Aols ezt Aol 13 Fdze W uel WEFTEHFFTH Ha5ETT
2+ol7F 60~90mt/3 & THLZ AMTIL Foltk g AXE WIE BAFEY, 13 9%
o] 60~90meQ) 735 WA FEFHF] WFFo| A YIS ¢ & AU 2RI F7
coir MlA 73 AujelME 24 FHo] Alge] we} wix] W FEFR=AY E2E AL
=017] 9 e 13 F4FE 60m/3] o)A oE stoof 3t FYFL 60~90me/3 = A A}
I FEY B8 FFo BE F9 35E 2439 Bt Ao v AdHAT

B

- 178 -

NeEX : #ZESE RIIHXI Coconut coirE 0I28& WX F 2t 20| =3 MHH I X H Stoib BYEt/ M 7/ s S Al E&0 |



30ml - 20 times I 90ml ~ 7 limes

50.0

8
o

-+

o

=3
o
(&)
o

& 40.0 ® 400 |
5 |5

£350 | £ 85.0

Q Q

o o

v h

£ 300 8 30.0

b k=

Ny
<
o

n

o

(=)
T

.0
e 12 24 12 24 12 24 20 2 24 12 24 12 24
Time (hour) Timea (hour)
45ml - 13 times 120mi - 5 times
50.0 50.0

Fe
b
<

e

w

o

~

o

o
-
S
o
o

o e

w
o
o

Water content (%)
w
o
=]
W
o
o

Water content (%)
w
o
=)

n
(4]
<o
n
4
=]

20.0 ———— ———— e - —

12 24 12 24 12 24 200 12 24 12 24 12 2
Tima (hour) Time (hour)
60ml - 10 limes 150ml - 4 times
50.0 50.0
45.0 450
R400 | ®400
5 § \M\\FI\N\
£350 | 2350 |
[+]
o 8
2 30.0 & 300
= g
250 250 r
20.0
20.0 = = = %2 > = 12 24 12 24 12 24
Time (hour) Time (hour)

Fig. 5-7. Changes of water content of coconut coir substrate (coconut dust : fiber

= 82(viv)) for rose hydroponics in different irrigation rates and times.
Logging interval; every 2 minutes, logging period; 12. 2007 ~ 5, 2008.

- 174 -

NS EX @ 8FE3E RIIUHK Coconut coirE 0128 HIHZ 2 20! 2T 1 2= X 2l 5 0IP SYE8/08 Tb:/ Amie BH ) SEED



30ml - 20 times 120m| - 5times
60.0% - 60.0% |
56.0% - 55.0% -
£ 50.0% - ¥ 50.0%
3 ! 3
§ 45.0% | § 45.0%
8
% oon. m 2 oo M
2 : =
35.0% 35.0%
|
30.0% P L e e
224 12 2 1z . 2 2 12 24 12 24
Tiime (hour) Time (hour)
60mt - 10 times _180mi - 3 times
60,0 60.0 M
55.0 55.0

Water content (%)
F-9
< a
o
| %
Water content (%)

2 4 12 24 12 2 R YT R YRR B

Time (hour)

Time (hour)

90ml - 7 llmes
60.0 -

o W\

Water content (%)
H
[4,]
o

12 24 _1_2 24 12 .2'4

Time (hour}

Fig. 5-8. Changes of water content of coconut coir substrate (coconut dust : fiber

= 9:1(v:v)) for rose hydroponics in different irrigation rates and times.
Logging interval; every 2 minutes, logging period; 12. 2007 ~ 5. 2008.
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Table 5-16, Characterization of water contents of coconut coir substrate (coconut
dust : fiber = 8:2) for rose in different irrigation rates and times.

Water supply Average Minimum  Maximum

et Supply times to reach water water water
supz)ly times average water content content content A(;)B ¢ (;)A c (;)B
Z;; (times) content (A) (B). © i ’ )
(times) (%) (%) (%)
30 20.0 4~5 354 = 06 31.7 374 39 20 5.9
45 133 3~ 4 365 = 05 33.7 384 28 19 47
60 10.0 1~2 358 £ 09 3.1 387 17 29 46
90 66 1 36110 340 400 2.1 39 6.0
120 5.0 1 363 + 25 32.3 404 4.0 51 9.1
150 40 1 379 + 27 . 339 414 40 35 75

Table 5-17. Characterization of water contents of coconut coir substrate (coconut
dust : fiber = 9:1) for rose in different irrigation rates and times.

Water supply Average Minimum  Maximum

Water Supply times to reach water water water
supply times average water content . content content s = e B
rate . (%) (%) (%)
(ml) (times) content (A) (B). ©)
(times) (%) (%) (%)
30 20.0 4 ~5 414 + 04 38.7 435 27 2.1 48
60 10.0 3~4 442 + 0.8 4.7 46.6 25 24 49
90 6.6 2~ 3 435 + 1.1 412 46.4 2.3 2.9 52
120 5.0 1 40.7 + 1.8 378 4.4 29 37 6.6
180 33 1 415 + 21 378 46.1 3.7 46 83
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Fig. 5-9. Margins between average water content and minimum water content of coconut
coir substrate(coconut dust : fiber = 8:2) for rose hydroponics in different irrigation
rates.
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Fig. 5-10. Margins between average water content and minimum water content of coconut
coir substrate(coconut dust : fiber = 9:1) for rose hydroponics in different irrigation
rates,
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(3) FDR AIME o] &3 Coconut coirg o|-£3 Av] $£AAA HA Fq23 A4 74

2 A A48 FF52 ) YVital'(Rosa hybrida L. cv. Vital)ol®], Al S A diste 4%
<o) A 20083 109 25¥¢HEH 2009Q@ 4¥€712] F3AT Coir £F iz H7F v &L coir
dust(Q1 =] AJo}ih) ol fiberE E3H] &= 20% o8 3 coir slab2 AF(100x15cm)e] 35LE
S8 A7 Al 7FE A o] WA} HwE] Y AL YRTFE sden
A F ke FFS AeAFGE FuiFd(me- L7 : NOs-N 9.6, NH,~N 0.73, P 2.2,
K 5, Ca 45, Mg 2, SO+-S 15)% EC 15:01 dS-m’, pH 55~652 zds] =gich, Fole
HE 157 &7 600ml FE 712 39 138 FFFE 30, 60, 90, 120ml(&Z F 3]
7} 20, 10, 7, 53)9 Wl 7A] We=w FFEA o dRFY AL 13 100mi2 8HF) 6
32 FFIFHAY. coir ¥IA(dust: fiber =8:2 v/v)olA 1Y BF FFE& Aold W& F FF,
g o oujdge § 5-219 2 3% £ FIFHFES 568~612ml fon, WYFe 13
#4d ol wet zlolE R 30ml, 60ml, 90ml, 120ml A A wf&& Zz 469, 53%,
64%, 63%A ¢ A 100ml A2 T 57%AT coir MK A 13 FHFo] W=
Bl &L FolA

Table 5-21. Water supply amounts and drained water amount in different water supply

rate on rose hydroponics. Measured from October 2008 to April 2009
Water supply Drained water . s
Drain ratio
water supply rate amount amount (%)
(ml/day/plant) (ml/day/plant) °
30mL - 20 times 580 £ 10 264 + 12 46
.z
Coconut coir” g1 - 10 times 568 + 30 303 + 14 53
(dust: fiber = )
L 90mL - 7 times 581 £ 7 371 + 17 64
8 2, viv)
120mL - 5 times 610 £ 5 382 £ 15 63
Rockwool 100mL - 6 times 612 + 11 349 + 15 57

*Indonesia *Drained water amount / water supply amount x100

13 @8 Aojo] we Fule] F3{A, 7IFAEE 2 F4&L Aort AAAHE 5-22). B
vl Ao ASE E 5-237% o] dzhe] 2L 90ml 73] MM 4 Ehow AxMHo
2 4ud vxd £EE€ BAF1 Jdth AR 90ml 78 HdA b} wstoh AAF
o AEFTL 120ml 53] AYE AL AL olg oA gskoh 5YFE 90ml 73 A
oA 7+ gged, gA wRd viE coir WiAAA 549 7 BRTHE 5-23). A9 =2
7l g9 wiA MM G zsken 13 FFF 30mlgt 60ml H2ldAM 7 ey, 4%
2FF g2 AP AolF Ro)A @it
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Table 5-22. Photosynthetic rate and transpiration rate of rose ‘Vital’ in different water

supply rates on rose hydroponics.
Measured from October 2008 to April 2009

Water Photosynthetic rate St Intercellu]ar'COz Transpiration rate

9 i Conductance concentration 2

supply rate (umol OOz *m™ - §7) (mol HeO - m?+s)  (pmol COp + mmol™) (mmol H:0-m™-s™)
30mL - 20 times 17.13 0.470 3111 a 4.29
Coconut  60mL - 10 times 16.87 0.426 3025 a 4.05
coir*  90mL - 7 times 16.48 0.344 2848 b 3.79
120mL - 5 tlme_s 17.13 0.428 3027 a 454
Rockwool 100mL - 6 times 16.71 0.425 3128 a 456
P>F 0.964 0.268 0.026 0.228
LSD (P<0.05) NS NS 176 NS

“Coir dust + fiber = 8 : 2 (v:v), Indonesia, ‘P > F was the probability associated with the F value. LSD = Fisher's
least significant difference value. NS = not significantly different, *Measuring conditions : CO; 400 umol - mol™, PAR 800
umol - m?- 5™, Air temp. 25305C, RH 50+2(%) and Flow rate 5002 ymot - s~

Table 5-23. Characteristics of cut flower of rose ‘Vital’ in different water supply rates

on rose hydroponics.
Measured from October 2008 to April 2009

Stem Fresh Dry
Length ; . .
Water supply rate diameter weight weight
(cm)

{cm) (g) (g)

30mL - 20 times 970 b 0774 b 609 a 142 a

Coconut 60mL - 10 times 943 b 078 b 596 a 144 a
coir® 90mL - 7 times 1064 a 0.844 a 626 a 141 a
120mL - 5 times 972 b 0760 b 538 b 121 b

Rockwool 100mL - 6 times 1029 a 0763 b 645 a 149 a
P>F 0.0003 0.03 0.0006 0.0001
LSD (P<0.05) 5.6 0.054 5.0 12

*Coir dust + fiber = 8 : 2 (viv), Indonesia, 'P > F was the probability associated with the F value. LSD = Fisher's
least significant difference value. NS = not significantly different
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Table 5-24. Characteristics of cut flower leaf of rose ‘Vital’ in different water supply

rates on rose hydroponics.
Measured from October 2008 to April 2009

3 Leaflet Max. leaf

Water supply 5 Leaflet Max. leaf Chlorophyll
leaves length .
rate leaves (No.) width (cm) (SPAD value)
(No.) (cm)
L - 20
. 140 ab 40 a 184 a 149 a 484 a
times
60mL - 10 ’
Coconut coir® g 114 ¢ 31 b 184 a 147 ab 462 b
(dust :fiber =8:2, ggme]i - 7
viv) . 146 a 36 a 178 ab 137 ¢ 445 ¢
times
120mL - §
. 129 b 36 a 178 ab 140 he 440 c
100mL - 6
Rockwool ) 102 ¢ 39 a 172 b 139 ¢ 438 ¢
times
P>F 0.0001 0.0008 0.018 0.004 0.0001
LSD (P<0.05) 1.2 04 08 0.8 15

“Indonesia, 'P > F was the probability associated with the F value. LSD = Fisher's least significant difference value. NS
= not significantly different

FAFH A5ol we ) A% £3FE 3V AHE 52 ZololE g AT
SOl guRT ®e A4 $AFE Uthith 0m 78 AdE AdD ge Hzge) g
noh g 4F %2 e,

Ao K3 FEFAM & o Zolo] wjA(dust : fiber = 8 : 2VAVNE AME3E Aol &
B¢ AHgste AuT Be ARE dehiod, G F9E 2AF 60ml 1082 FFAE
A0l 7% w2 £8FH $50 25 FLE debdeh ol) 2olol® olgw Fv) FAM
A FAEL 13 60miE FEehe] HF 108 FAhe Ro) AFY Aoz wu,
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ANZEX :

Table 5-25. Cut flower yields of rose 'Vital’ in different water supply rates on rose
hydroponics. Measured from October 2008 to April 2009

Cut flower Yield ( No. / plant )
Water supply

e >80cm 80~60cm <B0cm Marketable Total
Yield" Yield
30mL - 20 times 48 0.7 15 55 (122) 70 (121)
Coconut  60mL - 10 times 45 0.7 1.7 52 (116) 68 (117)
coir’ 90mL - 7 times 3:3) 0.5 3.0 38 (84) 68 (117)
120mL - 5 times 47 0.5 25 52 (118) - 7.7 (133)
Rockwool 100mL - 6 times 42 0.3 13 45 ...... (10;)) N "5 8v (100)_
*Coir dust + fiber = 8 : 2 (viv), Indonesia, "Means over the cur flower length of 60cm yield, *( ) were percent

yield of substrate / rockwool.

(4) FDR AAE& o]&% Coconut coir ¥ixl v FAAWA WAy FRANE 58 AA
T 94y o

2 Agd 2188 FF2 4w Vital'(Rosa hybrida L. cv. Vital)o)®, A-&A Qg 9%
<4l A 20089 1049 25U FE 20099 497X FPFH k. Coir £ wix H7l H-&2 coir
dust(1= Wl Alopib) el fiberE HE AU &2 20% 22 F coir slab® AF(100%x15cm)ol 3BLE
SR8t AFF Av) 778 A of wMA Y vy 8 GEe HRTE Ry
BN F gy FFEe AeAFNTEL FrujFd(me- L™ 1 NOs-N 9.6, NHs-N 0.73, P 22,
K 5, Ca 45, Mg 2, SO+S 15)8 EC 15+01 dS-m”, pH 55~652 Zd3 ZFJd. Fd9&
FDRAAME o|-&3t ZFA3st Aojstfed] oY FETFS AAstd dAFE =93
H F4E AFL F F A3t FR UL UEHE FHo] FHEHE AN2HE TG
o Fq#YE dth FE Ao HE 19 FF TFY, WAy MAE 3= ¥ 5-265%
2ot £8 Aol HT9 -r‘% 19 F8%FL B 134~218ml Foo vhze ¢lo] wjde
< 0% 28y golniol 98 13] 60ml FFE coir A HAPAME 19 FF FFZ)
568mIs 3L, vl 7ol 303ml, wjH-&ol 53%2 et FE Ao WA 4% WMgd FFo|
Elo]o] Fe] u]3] 23.6~ 384/ gho] HA 22 HUME wjdgo] 098 HA) sk E
A" WA Y 25~30% FE Ao} M FAME 1Y FF FFFO] 116ml, @Y FL 0, WAL
091 ®hH 100ml €}elo] “&Tz‘]‘_"/]"ﬂ"‘]t 19 3% 612ml, Y =F 349ml, M & 57% At
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Table 5-26. Water supply amounts and drained water amount in controling different
water content of substrate on rose hydroponics.
Measured from October 2008 to April 2009

Water supply Drained water

Controlling Drain ratio”
water content AmoLng amount (%)
(m}/day/plant) (ml/day/plant)
20 ~ 25 % 218 £+ 9 0 0
30 ~ 3% 134 + 4 0 0
Coconut coir’ 40 ~ 45 % 154 £ 5 0 0
(dust : fiber = 82 ,viv)
50 ~ 55 % 153 + 7 0 0
- 60mL - 10 times 56_8 + 30 303 + 14 53
25~ 30% 116 + 4 0 0
Rockwool "
100mL - 6 times 612 + 11 349 + 15 57

* Indonesia, ‘Drained water amount / water supply amount %100

& & U o oo
©Q v O u o
% " .

Water content (%)
w
w

30
25
20 -
15
D i e i e e e e e e e e i e e i ia
12 24 12 24 12 24 12 24 12 24 12 12 24 12 24 12 24
Time

Fig. 5-11. Water content characteristics of rockwool substrate in controling water content

of substrate on rose hydroponics.
Measured from Qctober 2008 to Aprl 2009
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g. 5-12. Water content characteristics of coconut coir substrate (coir dust @ fiber = 82(viv))

in controling different water content of substrate on rose hydroporics.
Measured from Qctober 2008 to April 2009
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TAH Aol

T A Ao mE Fv] FIFAE, VIFAEE, AZW COsE, FUELS
e AYge B

g HolA &kot FEAS 40~45% Az FAA FFAETF FAEANA
THE 5-27).

Table 5-27. Photosynthetic rate and transpiration rate of rose ‘Vital’ in controling
different water content of substrate on rose hydroponics. Measured from October 2008 o April 2009

Controlling Photosynthetic rate Stomatal Intercellular.COz Transpiration rate
water content (urrl COp + i + 7 Conductarfme ) concentration ) (mmol
(mol HO-m?-s™) (umol CO; - mol™) H0-m?Z.s™)
20 ~25% 17.28 0383 a 2957 a 404 a
Coconut 30 ~3% 16.23 0382 a 3062 a 404 a
coir®(dust: 40 ~ 45 % 1827 0500 a 3091 a 485 a
fiber=8:2,v:v) 5 ~ 55 % 17.25 0454 a 3180 =a 455 a
60mL - 10 times 1687 0426 a 3025 a 405 a
% ~ 30 % 1514 0245 b 264 b 289 b
Rockwool
100mL - 6 times 16.71 0425 a 3128 a 456 a
P>F 0.33 0.02 0.0002 0.015
LSD (P<005) NS 0.133 276 1.02

" Indonesia, ‘P > F was the probability associated with the F value. LSD = Fisher's least significant difference value. NS = not significantly different
*Measuring conditions : CQz 400 kmol * mol ™, PAR 800 umol - m? - s, Air temp. 25205C, RH 50+2(%) and Flow rate 50042 pmol - s

E 5-282 Ast Avjo A4S AAZ G vl AN 2FL %o, coir ¥iA FE A
30~35% HAM 232 AU BAL 9dH WA 20~25% FRA A FAN 7 HE
Rom AAFL vttt ZE AGo)A Fn 2FL 80cm ol FEL BAN, A AAF
ANA Zojo] v 7} G HjART =& AFE BHYon AEFLS Ao ©E FAFH Ao
7t Sl
A1 99 AL dFHANA=(FE 5-29) 30~35%9F 40~45% A7}t /M & 54EFE vE
W, 49 A7)+ 30~35%9 60ml 108 F9Y IZolo] A7 7B . SPAD#L 20~25%
A7t v Etoh
A0l A3 £8FE AL Z2IHE 5-30)4E FEA ] 50~55%9 40~45%H 7t L
AEA 733 F5%E Yeld. a8y 80cmeld A3 3ol 50~55%A 27t 40~45%
AR AR BE oo vjA A Eo] g2TE AMSE ¢WH AHERY ¥ £EFE
et olate] A3t Aol dsle] A% 54T 4, 2 FEFAN wdd B 9 20%
fiber7t /8 Zolo] ARl (coir dust : fiber = 8 : 2(viv))olA FDR AAZE ©]&3 F Ao
Al A3 sEAl] WHE 40~45%2 AZEr).
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Table 5-28. Characteristics of cut flower of rose ‘Vital’ in controling different water

content of substrate on rose hydroponics.
Measured from October 2008 to April 2009

Controlling Length Stem Fresh weight Dry weight
water content (cm) diameter (cm) (g/plant) (g/plant)
20 ~25% 904 d 0724 be 569 be 146
Coconut 55 . 35 9 1048 ab 0769 ab 642 ab 151
;‘:i‘f‘;s; 0~ 5% 991 be 0757 abe 578 abc 148
) 50 ~ 55 % 1004 bce 0800 a 5.4 c 12.8
60mL - 10 times 943 cd 0785 ab 59.6 abc 144
5 ~30% 1085 a B 0706 ¢ 534 ¢ - —]4_6q‘ )
Rockwool ,
100mL - 6 times 1029 ab 0.763 abc 645 a 149
P>F t 0.0001 0.069 0.053 0.32
LSD (P<0.05) N 73 0.062 75 NS

*CIndonesia, ‘P > F was the probability associated with the F value. LSD = Fisher's least significant difference value. NS = not
significantly different

Table 5-29. Characteristics of cut flower leaf of rose ‘Vital’ in controling different water

content of substratée on rose hydroponics.
Measured from October 2008 to April 2009

Leaf
Controlling 5 Leaflet 3 Leaflet Max. Max. SPAD
water content leaves leaves Length width (SPAD value)
value
(No.) (No.) (cm) (cm)
20 ~25% 126 abc 47 a 176 abc 141 ab 525 a
30 ~ 3% 131 a 34 «cd 178 ab 142 ab 49 cd
Coconut o
coir® 40 ~ 45 % 128 ab 38 bc 171 be 134 be 455 be
50 ~ 55 % 122 abc 35 bed 173 be 139 abc 466 b
60mL - 10 times 114 od 31 d 184 a 147 a 462 hbhc
25 ~30% 116 be 38 be 167 ¢ 131 ¢ 433 e
Rockwool R
100mL - 6 times 102 d 39 b 172 be 139 abc 438 d
P> 0.0001 0.0001 0.016 0.021 0.0001
LSD (P<0.05) 1.3 05 1.0 09 15

“Coir dust + fiber = 8 : 2 (viv), Indonesia
'P > F was the probability associated with the F value. LSD = Fisher's least significant difference value. NS = not significantly different
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Table 5-30. Cut flower yields of rose ’Vital’ in controling different water content of

substrate on rose hydroponics.
Measured from October 2008 to April 2009

Cut flower Yield ( No. / plant )

Controlling
water content >80cm 80~60cm <60cm Marlhﬁetable Total
Yield” Yield
20 ~ 25 % 3.3 0.7 1.8 40 (133) 42 (75)
30~ 3% 35 0.2 1.7 37 a2) 53 (949)
Coconut :
coir® 0 ~45% 42 05 18 47 (157) 65 (116)
50 ~ 55 % 35 0.7 2.3 4.2  (140) 65 (116)
e 60mL - 10 times 45 07 1.7 52 (173) 68 (121)
25 ~ 30 % 28 0.2 2.6 30 (100) 56 (100)
Rockwool
100mL - 6 times 42 0.3 13 45 (150) 58 (104)

'Coir dust + fiber = 8 : 2 (viv), Indonesia
*Means over the cur flower length of 60cm yield.
X ) were percent yield of substrate / rockwoo(25~30%)l,
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64 7] A A& coir vl A

7t. Coconut coir A4 FAM wlx] F2 ¥4
A= Aokl A coir 44, coir dust(cocopeat) B cocochip A4HF AL thg3t 24,

Traditional production process
3

Coconut harvesting and husking
)

Collection of Coconut husk
)
Crushing of husk

i

Defibering using rotating drum

I
I |

. Waste
Fiber .
(coir dust, cocopeat)
l \
Drying Drying(15~ 20%)
l !
Blending and Blending and
compressing compressing
! !
Packing Packing into PE bags
i }
Transport Transport to port
) 1)
Shipment Shipment

a9 6-1. 53 Coconut coir B} x] A2 A

olZ¥ AFAHY AF, dust ¥ cocochip AiHFAANE o] AAF oy EFAALY} o)
FoA A Fx o] Wi o]EHol &/ € F x, WA ECHFo| 1, 4AY EIYA
W S 1 5 v 2o g4 o]3F AFAQ cocopeat(coir dust) A FA
A BAE T T X FA FF WAS L3 Zo] 271 ez FASY
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New production process I

<Coir dust (cocopeat) production>
&

Coconut harvesting and husking
i
Collection of coconut husk
i
Crushing
!

Defibering using rotating drum

l
I |

Fiber coir dust(cocopeat)
! !
. Fresh water retting and
Drying ) ~ -
washing(2 ~ 3times)
| )
Packing Drying(15%)

!
Quality check
(EC, pH, Moisture content, age,
foreign particles, weed seed)

l
Sieving by particle size
{
Quality check(2)
(EC, pH, Bulk density, Moisture,
WHC, air porosity, particle
distribution)

{
Blending and compressing
!
Packing into PE bags

!

Palleting loading into containers
l

Fumigation with methyl bromide
]

Export

29 6-2. Coconut coir ME-& wjA] A FA 1
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New production process I

(cocochips)
2

Coconut harvesting and husking

l

Collection of Coconut husk
l

Cutting and crushing
l
Fresh water retting and washing(2times)
{
Treatment with Ca and Mg solution
l
Drying (15%)

!

Blending and compressing

\

Quality check(2)
(EC, pH, Moisture, WHC, air porosity)

1)
Packing into grow bags
i
Palleting loading into containers
!
Fumigation with methyl bromide
d

Export

2% 6-3. Coconut coir 22 ¥z A FAH1O

1 27k A 2E coir MR AL FAH F A WA WHL coir dust(cocopeat)d HFAE T
AN F e Wdez ARG Ay HEC JFHY d4fAd S 2~33 AXAUA 6iAY
G 99 AAY Hed EFF 2L A5G4 EAE AAToEZA AFHL S5 b
g YA £ YL Aotk tiEo] AAFRFA 2¥e FAANE FEE FAL MARA

- 189 -

NEEX: #F2EE RIIUHX Coconut coirE 0lE8t UHHF 2 20| =ZIHEH 1= X 3H0IP BYES/H Fb/ S & &Y S|



%7 oA L FAANE AZA B4R FFFE Y T IES cocochipd) 3t
A ek AAEARL cocopeat B ©ast AR FA 23] AT B AAy PdSmAHL 4
ol ¥ FHT d3 AFAA EZE AAES Ak 2 o)F) wiAY o] #¥& AT
F UAEE gt 27] FEA AN EAFE B T F AEE Ca?} Mg £ JFa= W
Jat A AFeA AddE =G PES WIdsin 438 AAL 13 Fo s A"
cocochip HIA & AAE ¢ JEE Aot

Y. BIAF] FAF43 v #94

YUY o2 coir dust2 TEAE FAEE dud wat s R FAY AES BE
oA olZ A% B/t R SRFTFNAM B 4L AL JE Aot ol e AEY F7
Al WE7F Hi e coir dustd) FFAE AVAEEE J|EE EF ¥ 0 ¥
EC(1:15, viv)7F 05 dS - m-~1 °|3t¥ 19 FAZ 1552F & I3 05~10 dS-m-1
£ 2%%, 1.0~25dS-m-1 £ 35%, 20~30dS-m-1 £ 45F, >30dS-m-1 & 5552
2 FFE2 Uk A7 FAF AL A o] B JAEC] FA 7EQ mAYg B(15,
VVIZIELE ZA3F FAE AN flo] AL wKol oot tu AH FA3= Aol vt
@3 & Aoy, olHE EAE ad3dl7) YA coir dust®) EC EAS 9% A2 & 29 ¥
&g 11.5(viv)s} 15(viv)Zhe] BAIE 2928 BEASY st € F J=E .

Table 6-1. Coir dust B4+ o] & W) EC, pH © F7|9 &= a3}

EC
ARTA ds - m™) pH N = Me =
1:15 1:5 mg - L}
A5 486 174 562 21564 1075 1284 847.4
AFA (1) 058 032 558 480.1 156.4 120.6 50.3
AFR (1) 065 041 5.77 548.2 358.1 1795 65.6

AT WHo2 A4F coir dustd wIX 9} E9 HE&(viv)S 1 :15% 1 : 52 3P o
EC SAZAFAANE & F IRl AT Aoz Aikd AL EC7F 1 : 1594 486
dS-m-1°]x 1:58 &¥8& v 1.74 dS-m-1 EA 3] A4 e ZEHSY AFe
E T I FEU Ao eyt a3y 2 A2 Aoz Qe W ECH 1 59
A 05 dS - m-1 ¢]3tE e glo] dF-Ee F50 §¥E Aoz B § gtk AAE A
2 WHOZ coir dust® AAEAL wW K, Na9] go] 1/4 ~1/10 FFL2 o}zl AL &
T 93 FerH oz digd] A AL ¥ 5 vk AFA DoMeE AAFA FAHA Ca
3 Mg &4 A wat wiAW Cast Mg ool tiF zobA wjAy o] 2FFo] RHA
438 B 4 Atk

o3 Zol AATHL wizlel FFAYE FA3I Id didd] £+ wiNE AT &
At Aoz HaEAY,
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M4y =SmEdz 9 aEohle 7z
+ AR ATEE R WG] 974e ATAUEES) BAE L VALY 7)&
Aol FeE F& 7%

2 +2 FUE F EOLE, RTes), 3, 20 B9 A4, B4 L A4S dA4S BuY 5
e A FAAN 7% Aol £7HT ok Bk EA AN A 84 2 AQY gL
FUET e NG AT F e 471 82 F Coconut Coir® FHLZ @ $AA Al2WF A)
W71¢¢ AAS suzt Gok F FAAN) AP Coconut CoirE 24T VA FAANE W=
g Len ol o438 F2 LARE $AAMNA2Y F ANIIEE 243 FnA Bk

M

oeltiof e ANRE AL | o |AE E=E FAAE| o | v | o

D 7ley &9
oZuiFEE AA WA 24 79
oAujZEE HA WA shety 793
o g S NG FEE A Z& Coconut Coir ¥)R] 712
o2& Coconut Coirg o]-43 &84 2 &y FAAH 71&
o ZEH Coconut Coirg ©|43% &4 FRAAu A2¢ 79
oARBAEY [FIMIAE o &3 FAA N2" AAs}

(2) BAA - AdH &9 :
o RFABH FHANE 1A AL
0 BFASY FAANE KA $E(QR, FF 5) A
oAME- F H|7} foldta EY f71BEA FFE wel ¥7) v)go] Ex 4L
ORE A FA4 9 Cocopeat JALONA RI7FX & A wjx] P4+
oFEUAZEY AN A, FAGY L PAEY AAE Y F 99
TE 349 73
oF7I o2 FIIFZAEY 1 FLF f7)HA AR I8 Y9 71eL OF
07|EAE oA ALREHE AR 7tFo] AT ALgo] Bty =5
Hzto] 7be
07IE ARZUIA Y 7 B AR A7 BEAS A Aabiyes AnA HEk F7)
o IFBANNELZE Al FT AR FAY =
oIEAZAA TR it 2HA L F P A4 Az
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M5 & od7igd du & duEE A

dd 38 F F2 £% HAFY F9B2F, B0l 20 R 3 FEY Fw) Coconut
coir AN FRAARN2DE FYGozH AYANMY FAANE ThFF Coconut
Coir WX\7} 4437 7158 Rolth BH o o848 FAAM l&e AErt §3) s
A, EvHE, 20], 7] F F& $EIAF A SF T A, Az 59 W
9 7lE 23 AOE 4 2 5 A& ot AT AAN 45T Az T, gaw
2R % F3, 49 ¥4 Wee e 2o

<E3>
Lo& ¥=8 % 73 Y £3ANE 230 =olo| A R £RAME 3R Zolo ¥
A Wool2 FFEY 78 Fe WY (F5WE 10-0824973-0000, 2008.04.18)

<8& =% 94¥ ¢ F1>
1. 3Y Folo] MR E o437 EvlE FdAu] A TIW B Hede] HAA £ v
, 2008, YoAstreR] AMBAMHEEI). JF5F, A3 E, AL, oY, v

2. Coconut coir ¥jA & o] L& =7} F} Au) A coir dust} fiberd HA EF vl &
2007. AEA, AFE, AL, o189, uF3 A reA] A2BA FE 1, 2007.

3. 4w 7 Au]& ¥R 2 A coir dust$} fiber E chip & A EFu]E, 20073 10¥, &=
L33 - FHFAERF 2GS FALA 3 £ F5SeLdEs A= GAH, o9

4. wjx] EH|Eo] we A Folo] MAgA AuALY Aol7t eold S R I A o
&, 2008 B AEJA AL &A TE. FYF - AE - o3} - o]FA - o] 8.

5 AT FRAMA A7 WA WA D 2008 BE/AF=EHIA 17(2), MIFF,
o84, &Y, A5E, oA

6. Coconut coir ¥MjA&=4E &5, F4% 2 S35 & Fv 24 2 F39
Wl 208 ¥ RESF ALY &A TR HAAH, FIF, a3, o &,

7. Coconut coir ¥WiA|Z/3d Fh%F, U FHJgo O JY duF dqY & T3 #
3} 2008, FHAESH A FA EE. g 0l 25, WFTFE, oL,

8. Coconut coir BJX| =AY Fdz € FY3gd g 20 AW S8 FF9 ¥sh 2008
A2 AER R 2He3] F4 ¢E. HAH, FFF, o)dA, o]&H.

9. 43R W& coir WAl wiFd U] Ca, Mgd &F xHo] 209 & H F 7|
e 9% 2000 IFPEHRA XA A TR KI5, HAGH, o, HV|F, 34, W
T, o1&,
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10. Coconut coirg °|-&& Fv|5AAMAA AW sty S A% WFA Ca Mg &
7tel wh& g8k 2000 ¥FAERAZPN &4 2E HGH, F3F, oA, A7Y, 274
A, i, o184,

< AY gFA>
1 FAGnSE FAANE AF I Zelo] WA A, 2007, B Lwdistd 2t
=, HIAF

2 Enjg A AFW Zolol WA L Fo FF A2d A, 2008, AR Ao
9 AASIER, ASE

3. Coconut coir& o4& 7] 7 AMelA sl +E£FF Ukt 4%, 2009d 29 A&
NEELEERLE IR R

4. Coconut coir ¥hA1¢] & &g B Egzisty o] 209 AXF S viXe G
2000d 28, NS ARNHFI ALY, 497

< 443} 24338 AE>
24T BAFBEFEATAIG
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H 6 & dAFHLRHAM

o
_Qll__l
o
ic)
1
=
iy
02
h

14, Coconut =+?

Ao BE HBAo3lE coconutd AR kAN Cocos nucifera; coconut coir) V-9 3 9]
FAH(single seed)et & 7 Aot dv] W2 Fa(Fde 4% NEE 43 AR
AR A goz olfHT g, FYdE EAXNL YT 5~8m FAY JRrHAL
coconut husk 2 28 huskd] AFE 02 A5t =X mE 59 A82 ojgdt) A&
FTAMNE 243 44 HJiHe FAFEA Zolst 10~30em FFE UERATh A& AHsn
g2 E49(pith) 60%9 BAR(40%)2 FAHE BAES coir dust, coir pith2 B F2
AENERZA 2] F£3] F7HH 2 o ;

AN A (A, coco shel)2 coconut?] 12%°] HFete FAES Jdehlin @3 A
1-2 charcoal®} B4 & A(activated carbon)2 AAtETh BE 189 m3y #y o)A 300kge)
charcoals AF4E + lon, &4 120kgo] AArdTh ¢)RAEL FHH o= HEHY F54)
2 olgH1 g4¥L Jd82 4d

170 €] coconut husk(300g)ol A BE 2 AR 210~220g2) coir, 80~90g2l dust7} AAE ).
AdvtH oz HH7t 30%WIE AA e Aoz Yz gt

olgjd AL oF 40000 AFE Al MANM JF R JEFF FHU2A o}
F OYY $22 o)4Hx 9ok F, AF, £8, oFAF, AF, 48, AFAA, 478 Fo2
ol &&H Aule AAA QUAGAA F2 o]FJR: o}

274. Coconut B4+ &3

FA3Y ofAe Wl o] Y1, I AKIAV g2 AYEe] A&EH 13 Y FFL
BE JEF 46~609 THF o2 o] FX A 13 50~100/9) ZIRE F£FF & Aok

ZIRL JI wffol IR L FAE &3 VHS(FIILR o] 8317] A F
2 BAstn o BAAGLE F2 oot AFY dArtE we ojFoAln Ut F&
AL AxMAek dey, A%, 2237l HED, DErel Folth ol AHAA HA
ABEES] oF 88%¢<] 429 ukEC] AAE 3 gl

1980 oF 35 wFEo A 200080 oF 50uRtEC R FUtH gt #HE X Fe| utet o]
7F kol Azt 3500~6,0007/ha AEE YEZ Yok HFH o2 157 70~1007A =7t A
AHed BP0 &2 AFo e 150704 o]t}

7l 23Re FAZ 66%7F #5373 F9(coco shel)E A5 35%7F <) F7 A (husk)Z
T4H o
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Table 7-2~1. Coconut production in major producing countries (FAQ, million tones)

Country 1980 1990 1995 2000 2003
Indonesia 11.2 12.3 14.0 14,7 15.6
Philippines 9.1 3.9 116 11.3 13.7

India 42 6.2 9.7 10.0 9.5
Sri Lanka 17 1.8 20 2.0 19

Malaysia 12 11 1.0 1.0 0.7
Thailand 0.8 14 14 14 14
Vietnam 0.5 1.2 11 0.9 0.9

Others = = = = 2.16
Total Asia 288 330 414 421 46.3

Africa 16 19 1.8 18 2.0

Oceania 2.3 22 1.9 19 20
Aana;I::a 23 2.8 29 2.3 25

Total World 35 40.0 479 485 52.9

34. Coconut coir fiber A4t &3

Coir dfr= ZIRE EYAT e gEAFA(husk)Z2HEH FAHF010~30cm)THE Fohl =
=z JE vES4 Fo2 ol&3n UMA coir dusts XA EA, F71ER oA, &
S UFEHE A #4713 vlgY 22X o|&Ha Ut}

Husk2#E AHE #oF Hede dFHLE2 gy A4 FAB~6/T F
brown coir A-f& AT}, g5 BRU7HI0~127049) white coirF& st Ut
Aut Qg AFFE HAHdG HFE ML FE coir dustE AR - 7HFEl HE R
A B W&o oj&HI e FATL

AR AA (husk)ZHE 30%7F A, 70%7} coir pithE FAHZL HAHFE 9A &, F, d89F
2 FEIEH 4 60:30:109 H&Z Ho| Ytk AAA coir fiber(A-F)9) Ao AAFL A
2k 500~600%E FEo2 FAHL Jlon oF 10% M7t FEHez AYgde Aoz B
QIt}. Brown fibere 22TtE O 2 QXA 70%, 28 &7l 27%, 7€ 3%=E Kl
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Table 7-3-1. Estimation of the availability of coir fiber raw materials. {unit; 1000tones)

Philippines Indonesia India Sri Lank
Potential fiber production 700 1,000 600 260
Fiber industry = = 300 100
Domestic use 70 100 60 26
Non—extracted fiber 630 900 240 134

Q50 ZAANFE coconut WA x fiber yield(80~9%0g/nut)Z AAE 5 on U4
A= AH9 10%80.2 4% At} Coir fiberd AAA HAdl ANF(EHFEZTHS QA
7} 500~600tE o2 FAsT Yt FHAH o) FAR T P F& & 10%% 50~60TE
AEE FAHAY.

AAF7A coconut Aol BAHY Qe Frte dxet 2RI FTHOlL, HEG,
AP, d=vAo} FelH F43 AFstn de= AdA ot

44, Coconut dust A4t &3

FAR AHage A7 gEo] BE&EFor AAFHE dusty FEL 19803 ol A
o] Yot 19809 ) S E ol g AE Fo2 Ffo] FulEy] AR 53] 1990d
B S0 AT BAEASN} BAFHAA HEREA AJE AAHA o7 APdeE B Hel 7
O A AF 2o ERLE Holx AFF £ g IE FHE e FFAdA FJE
22 & WA ZA cocopeatt &3 AFSL e AF}olh

FAY A ARBE0%)E AASL FL FAEL EFET) 60%, GAR 0%E =A4=H] Q)
I o]E coir dust, coir pithE E2¥ ZELoZE o= Hx 7}F3d A& cocopeatZti H231
Tk olg g HAES Qo o]go) Wi At 1980t FHIRE WA, EGANE {7
B AE 2 FAA iRz &8l tiste] o|FojA FZ peatmoss$t vermiculite ™A
A2 FENE FARE AHEHO .

Coir dust’} €43 Ea=EEd dae AL 4 208 Azt AA F8 AAI7te &
P} Adxoln B A=Y Aol W, HAF FoA ABAHL vk AFALETFe A
AAFHANN $HoFL FEAE AoE A Jdevl, P EA 2 pectin, pectosan, fat,
tannin, toxic polyphenols 2.2 &€& X3 o}

Coir duste ®&7} =3, 349 AEXZ Fo do] FFE 86~90%, 7I8]F 004~
0.06g/cit, E54, BEA, B714, F54 53tk =& wiA Y A= pH 55~6.603 5
2aFe MAFAY 8~1088 F5Y F Ak FVNXNELFE 40~60me/100gL 2 FES
318 wlA 24 o] AHEHI AT

2 Qo4 wiAEA o857 HaHE WA K, Na, C18) ¥ FF% L2 EC ©&
A2 wrgzlo|sl A7) Wi FAFE Mt ded AAo|dh

AW 49 dustd A FAHAL E @ Zo] 4AE cellulose?t 35%, hemicellulose
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15%, pectin 5%, lignin 32% S22 4YeElln 90w, coir pith(dust)™ cellulose 20%,
hemicellulose 12%, prctin 7%, lignin 53%2A A9 ¥]8) cellulose o] F3L lignin T
o] A vEld g3 F2E 22 A9 EH C/N €] 80~120:1124 Fo} v]AE(fungus
9} bacteria)?] E317t ol&le AAS zxm glow BT Aol dAH oW HE
A A2 AEFAE FIIEZAN EY 375 8] dE 8% Adez #R3As
A &AL k3 3.

Table 7-4-1. Chemical composition of plant fiber,

Plant Cellulose IHemicel]ulose Pectin Lignin Extractives
(%) (%) (%) (%) (%)
Coir(brown) 35.6 ' 154 51 32.7 3.0
Coir(White) 36.7 152 4.7 325 31
Coir pith 19.9 11.9 7.0 53.3 0.3
Cotton 91.8 6.3 = “ 11
Flax 71.2 185 2.0 2.2 43
Sisal 73.1 - 133 0.9 11.0 1.3

@AYo At AAANAN 5000%E0] MR ©]F huskr}t 35%E A5, o] Fe) 70%
7} coir dust °]22 Azt coir dust®] Hof AFFo] 1225TE ] Y £ JYokn o 1
U Az AgAS FAA mEolAE dustto] BE/IST WoHm EUW ¥ @9 e
Arg 24" 4 A1 78 AN AN 7HEH dustBe o 600BELDZ FHHTH
o]A% duste Ho AT 12259Ec|n A AAFE 259 50%<2 600%E HEolx,
A ARl AYNT QP Fe TFe 10%42 60UE FES FHFHR Ut oz 7
A AR JHFo] FolArd o BE Fo| A4, HEHC A & & Yok A& BaFa
Qe '

54, o}Alo} X9 coconut AMEA D A coir WA ) B4
1. =} 2837}

A= 28 F7loA ZIY Al F2 g A AFE FHLE o|FA4X1 3t} ZH
W AFe dust A4S LAARE 3 gtd 2FFIS AENA Y AARAFY R AFL
huskE 3~67093t E5Wold HFHADT HAF9 dust® AT, AHAAZNA w5
husk2 <13 24T & dE A2 S 9] HE phenold EFo] AAHE EFHE
AL F Joy AHEEAY Eo| AF 1o glof iAW tF FR-E K, Na, Cl g2 AA%
o|Fojz|2] &1 ¥ L EC & Bt E3 A¥ FdrtoA A" Zaye ol F7]
g gFo] ¥x 4 PYAHRAAA dF AYH(AE AXNE REY A5 53] €= w0}
AEZHRE FL2E F Jdv FEL YEHUIIE @
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Y £Y9 9% FAelA BelsEA ARsE dusts oI G A7 AaAA A
F4¢ ANUA = AE GFES 23T 9o Fdo] $4% AFE 4451 Yk

2. Q= Alo}s} wE o] Ao}

olE UM E 9=y 2gFItote 2d huskIHAFAE AXR g3 wxlo B} F1
2718 BY3 UM A7) W AZF AeolX hammer machined ©] €3t huskE #4324
9 dust® B9 42z AE3 3t Qo). Fresh® husk(Green coconut)2 o] AHX 7]
25 A&SHEA e vE oA huskd]l EA3Y AR A E A (phenold &) &
Fo] volxd Z+E WA Z Agted FEe E AeE S oY dustfid A% K, Na,
Clg& Al =73} A Ge wet Zol7p glont dwta oz A FAHAR o] Fg 2%
ot 45 FA#YE F= 3 AHcocotec corea)?] AFS AHAAE 1~-33 AN 2 G4H
& FASE AFol 45 A Yt

3. ¥EY

HEEY coconut FAHA] = WEF F¥e] WA oR olg ZFAFE wet FAoAA AT
2o /AL FFEC] AAH . wiRtEe] WIFF FARMAA HeT 457 Bot o
wHo2 EYY YFEE ¥X huskd F%EE ¥A vetn gk 53 WEYdAE A
FAko] FEZOZ dustd] Wi FA#AEE M AHo Y32 AMEIE ZIUAE green
coconut(fresh coconut)®] huskE ojw 3t Az flo] A dust2 ®E&ste 7|AE T3 A4t
Hu2 or]dA AR dustdlE ©HES phenole’d EAo] FREH o] HIE HEL A=
NG o2 ALEA] AFAALE Jehlle EAE dovle RAoE &eA . ol o|ZA
AAE RAEL FAHY B dEAERE o]&o] 7hsd Aot oF dustE A EAWERZ o]
£37] 9 e 9A7IT Uy FEAAY JH 2 @533 S AA AFYA EFAH dF
EE 2E F UES § F uAZAN 71F A EHoof gt

64, = A& WA ZA coconut coir 7fY & o] & H3I}
7ML X 22X coconut coirE o437l Y A+ 19903 FHEHEE o] FAqA $t
o fgoAE 98 =YY AFZF Aol 20008 Fuloew FUME FHIANA A

A3oltt, d¥ K, Na, Cl 99 #H}3hf &4, Ca, Mg € =5 T22 % A of
@Yol B0 o] FAAN MAZAM FHEY Aotk FAA HF &Y £
o] THEHA A%y HA FF AAZI} o]FAXA Kot FERAYAAN BL oS HX
ek WA ZzA(dust A Z27), AFEF B g8 B Zdsr A Ao E vEya
ATt

YR Z A A AL S AL wMAE huskE chip3l AA F54E =904 AH&HE
husk7} fresh coirdl 7% phenold EZFH dFxrt Eob 27 ASFAE Udepdlz s
Aoz Yeiit
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ojae] EAMES 283 nysly ¢tAAo] w3 A L 5T B P S
= A9 o] ZEAAL ¢tAF o dlu PARIIE 2RFEedH 74T F e Re=
Bt} & huskd] 89 phenold EAF ¥ K, Na, Cl §2& o924 Z3=vrl 713
2 gpoeg B, tio FAAN MARZN ZFojor ¥ ¥ FFAIN FIFE FRH
A coir dustdl BAHF FHFHL Eol: wAI coconut chipd Hl&E o= AEE {FA S
i 3 o dFHAAZA 1320 A o] tiF 7z dFE FES FISA T2
F7b ez Qo] 71 wiRe dig A9 s stsAd e AXdY F32 3

74. Coir FHEAFE A4 € = d3
1. Coir -9} coir dust A4HaE]

282919 AxoA] e dust BAHRAEL B coconut huskE 3~67€83 & A
AHE AR F 2379 2 NAZE o439 AR} dustE FE AP FF duste A
Wo Al 23 Fe 15%7HA] AFA 3 F4 B A94A EC, pH, °|E3, #EHH, 5
AR, F2E Y 9% & AT Fo FHF AN g =27 EE FEJH o F
A FEH dustE A 23 £33 88 22X EC, JHIF, A48H, FEUF, dA 2XFS £
et 42 A AAL AJd AAAEL A 33 FF#YEZA EC, pH, A=, FA,
F 2%, water holding capacity & ZAIgt A By AF 024 PE 339 o)
¥ FEYCL

Az Ao}, Ze Ao} SAE coconut huskE 83 AZA|Z) F hammer machines ©}
23l 2 T A5 dust®2 FE F dusts WA K, Na, Cl 3} phenold EFE AASt
7] 918 9% HAH LAY AL AXe 3G 28R 2L FFo2 FEH FEEd
7t o]2o]X 1 Yt AH Exs AlHo] FW dustE PR N 15~20% FE FEFFLR
AZANZ F g4& H¥AAL AF & PEE A8ty #2531 ) o] BANA FAREYE
B I3 dRIAAE AFFALE AXNEN dF &/ K, Ca, Cl §FE 32 73
Bdd Hxyg 248 49430 F EC, pH, FEFH, A7), F2FA €9 AFE check
3t £ S st A97F Yt oy dust X A FESFE 15% FToZ AXAYD F
g2 J1FsE AHo) Byl AUE Yox 20% TEAM 4= 71FstH 2go| u=2A AY
HA e 53 Ut

WEFIANE £ fresh huskE HIZ {9 dust2 Ealstd HAHe A% FI2=2 5
2313 dustE R HA7 B8l HEHAD Qe AFolth MFet dust BAFAANN F5H
o] AfAAeleg AZd FARYI} o]Fo] XA F: Qo AEAME WAZNE FHF
o ZApgo2 A1EHT Q) o3 duste 20%WY 9 FERIFORE AN F ¢
gl &5 oy I3 HL Ydvto] FEH: gl AAol Y AHFH =23 T
Y o 2EF FTA #APES 99 S5 ¥AEA 87150 & HeE AdHER
ZU A AF dxo TFE APz EFA @Yt o)Fo| Aok AT dAA AAHE
dust$} chipe e g4, &4 22 2 #7198 &73tn gleex Z}E Aujd #&82
2433 AA o)},

=RANE A BN P A4

FY} RRAE, BF B4}

o

£ fAsl 29

rr
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@719} Qe dx FTAL APsn EE2EE ETAAYE PN FH, SF, & 4 3T
o) FFa7] NFAEAh ©olF FANAN FAAENE R ABHAYL coconut huskE T3
o] Rz B Fo AWsA I5%BEZ A=A F EC, pH, TE%F, )82 # F2
ZA QA% ¥R BEE5AE 5& ZAY T 4F AYstd 2R A FFE Qo ol
% FHA)A AP v e ECE 08~15dS-m'24 L AHE ez gz WAy &
43 939 K, Na, Cl 9 AASHA &= Ao a5z o] ZE ey 7] B
< EAHE Yz Qo

a% § XM E A o] T FAALAAN Caxt Mg €94 FF F ZEe AL
2 eyt 2 9 JAAE T2 AEZ RolE dustdl HIHA FAREI} ojad] o)
A AA A FtA BAE R F dE AR YE

l%

Table 7-7-1. Electrical conductivity and pH of coir substrate produced at different

regions.
Region ECES o) pH Coir type process remarks
1:15 1:5

Sri Lanka 1 211 0.8 5.49 coir dust retting, -

Sri Lanka 2 354 14 5.86 coco chip Ca+tMg feéding
India 1 1.40 0.49 6.17 coir dust retting, fresh water washing
India 2 1.08 0.39 5.59 coco chip retting, fresh water washing
Indonesia® 0.54 0.31 5.70 coir dust fresh water washing
Vietnam 5.69 2.36 564 coir dust =

zcocotec coreart A E .,

B 7-7-1904 B F U5o] 71F AAH AN FAALYs AF HA < HEY dust ¥IAE
EC7} 1:115(viv)el A 569 dS - m™, ZA7)1EQA 15(viv) JAE 23 dS-m™ ZX d&s] £A
UelhdE AL 2 5 glg ude o] g HERA dust WIAE AR B¢ IA¥AE #AA
& AR Fo AT AAEA 05dS-m’ o2 Ao stEdtn, JFAAL AXNE FH
Aol WA U HEeA 3Bl B3I WAE &85 AHgsEed A7 il WAz e
£ = ook @9 2837 1 WAE B IF F FH doln 2837} 2 ¥WlAE CaH
Mg €99 Hd T Az& ¥A2M EC/ ZFAZZANE 14 dS-m* 24 £A Yehtz
gt} dtde) QQx 1, 29 ¢dEUHAlel AL B2 A AL A HFH 05 dS -m! o3
Jetdlz gtk
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-~ =N
A 1

1:1.5(v:v); EC(dS: m™)
[ 8]

y =2.9329x - 0.5232
R?=0.9255

0.0 0.5 1.0 1.5 20 2.5

1:5(v:v); EC(dS: m™)

Fig. 7-7-1. Coconut coir M{A 2 ©¢]&% A/|HERE &4 Al WA} &9 v 2(vivd #
g 4534

HxE ATt 2FdAE AR B A ANAEEE FAHAY 9 viAY B9 H&
< L15(viv)E Wol M3da gla A8A0 ABeA ®e] &1 et 23y FAFFA
8 EFEY 71EdME wlAY B9 8] &L 15(viv)E2 FAHY 3 43 ngd ¢ A%
% coir dust® UAez 3E F£ Jv 2¥WE IFI 115(viv) FAE R & o
y=2.9329x-0.5232(r2=0.9255) 8 &&3lH K& Aot}

Table 7-7-2. Estimation of the availability of coir dust materials. (unit; 1000
tones)

Indonesia  Philippines India Sri Lanka Vietnam
Potential coir dust production 2,300 1,600 1,400 600 200
Coir dust industry 100 100 200 200 20
Domestic use (%) 230 160 140 60 20

*Husk are composed of 70% coir pith and 30% coir fiber on a dry weight basis.
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