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A Novel Design of Dynamic Root Floating Hydroponic System
Specially for Leafy Vegetable Cultivation in Humid Hot Season

Te-Chen Kao
Deputy director, Taichung District Agricultural Research and Extension station, COA
techen.kao@gmail.com

Abstract

High temperature is known to be the limiting factor of growing vegetables during the
summer season in Taiwan. In order to solve this problem, we initiated a research work on
nutrient culture technique so that to produce the pesticide free and high quality vegetables
under the subtropical condition of Taiwan in 1984.

After a series of experiment of various nutrient culture systems designed by Taichung
District Agricultural Improvement Station, we found that the high temperature coupled with
the shortage of dissolved oxygen (DO) in the nutrient are the main reasons why the yield of
vegetables is so low in the conventional type of soilless culture under the subtropical condition.

The designs for various nutrient flow system had been made to overcome these
difficulties. Finally, we develop a new system called dynamic root floating (DRF) hydroponic
system which is proven to be ideal to grow various kinds of vegetables not only during the hot
summer season but even better in the rest of seasons of a year.

The DRF hydroponic system was designed to compose with aero-root type culture
unit, aspirator, water level adjuster, the typhoon-proof low-height plastic house and nutrient
concentration gradient controller. The controller was designed to keep air space 0~4 cm in
depth between water level and panel of culture bed. The sufficient oxygen supply is attained
through up and down movement (4~8 cm) of water flow with the help of specially designed
air aspirator and water level adjuster. Because of ample oxygen supply and keeping root
alternatively in wet and semi-dry conditions, the roots grow vigorously all the time, resulted in
a high productivity of vegetables even under the high temperature condition.

Our DRF system can be installed either in a small scale for home garden or extended
to be a big commercial production scale. DRF is operated by the automatic system therefore
much labor can be saved. This system can withstand against heavy rainfall and free from insect
and disease damages if it is properly managed.

Key word: Dynamic Root Flooding Hydroponic System, Semi-dwarf greenhouse,
Nutrient level adjuster, Aspirator ~ Aero-root, V shape culture tray
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REVERR KR R M B A E IR - S8 RS 10~20% « BZRTEHAN ~ B (g I -
K7/ NRFE N BB R 2 AR E KR AT R D SRR B 52 3 28 SRR i
(ANl 2) ME RARAR S o

L ANFERSE AR I RN EET) <8
HirEsE - BRER RAZR REZE  RIHE

BRI Cwrmy (arily) o) EEe ()
I 7K 57.3 6.48 93.1 34 51.2
B REPIR KR 50.9 5.94 91.2 8.5 47.3

R 39.4 3.24 84.6 11.3 41.2

29



2% 2. NAEGE I A E e Bl VR E ) 2

HirEE  BEthER R RiffzE RIRHE

BEARA asrmy  (Eik) o ECEG) ()
VB KFF 898.3 3.6 97.3 1.9 53.2
EO) I RET Y 5 774.2 3.6 93.2 3.4 50.4
ERERE 741.7 2.9 89.3 11.2 51.3

%% 3. NARSE I A 2  NRE L E T 2

HitrEs  BthER R RifzE  RIRHE

BEARI amrmy (Eik) o ECEG)  (H)
EAKHEA 2.57 257.6 91.2 3.9 97.2
L0 RET Y 5 2.37 243.1 92.1 5.4 90.4
B 2.25 225.7 88.4 8.1 85.5

4 NARSEH ARSI E TR E 1 < #

HitkER  HikER R REZE  RIRHE

BEARI - nmimy s ) ECE® (H)
VB KFF A 5.73 34.2 89.2 1.9 77.2
B RGP K 4.98 29.3 82.1 3.4 79.4
e 4.21 27.6 78.4 13.2 65.5

TEIINZARAR A RIPEREGARAKBERT (5 PEIF IR AR EREHRAKHRHT (5
TR ) BAEKBERIE (HIRtR ) Z TR ) B VEKBERIE (IR ) Z He#e
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/INEIRR A RIPERERPIRAKIERM () RIMRCRERPEREAREKHERR (7£) K&
KA EKBERHIE () Z H# MEKBARIL (47 ) ZHEiK

2. NAFEE A AR R R AR

=~ AiiRE AR AR

H# 5 ERHEER > F B AR 2RSS E 210 I AT L B REVRAR AR UK Bk %
e A Rl AR R ETRE () 33.9~64.4KW/1000M2, 1 ) ~ EHE (T /K A7
(21.6/1000M°, {EIRHE ) ©

7 5. PEFEE R AR CH N AR AL 2 8

- FH 7k & FH A FH 2
SVARIA

Rl /NI 11000M% {E NI 171000M% {E KW//1000M?/ {E
I 7K 58.2 49.4 312.4
BREIPAR K FE 2 0 97.5 356.3

I E R 0 117.3 (21.6 WHE) 376.8

& P SR RIS B 5T B T B F U B B TR DAV 7K RE A o 8 KB
BB RI - AN E A R B ARG & A5 B A I B RGP AR 2K B
SR~ 8 RS - A LA E K AR ST - (R SSERRN EAIIRR AR
> 8 RS A A T T AZAR R HI R FSREG IR T o AL 2 3seat » S0 SRR MH SR 2R
Z PR R B O i B ALARR AT K 2 A - AE B ERSUREAS SR B IE %
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MR AE S B R FE S 2 AR A FE B KR B A N R R R S T RE (I
b 3.9~64.4KW/1000M2, {E ) ~ 4 AE (& 7D 7K JE 75 4 21.6/1000M2, 1F I HE & ) ke B9 &

10~20% ©
24 30k

1. ZEE ~ 2005 (R i AT L D P B P 58 AR PP B R SRR R e R AT o

2. Z3I 2001 i 2R R EE & B LR R [P R A S B R S 1
HAEEM

3. FPENE - M=LE -~ gkaRK 2007 FEEEREEOR SR (LB Rkt JE5T o

4. EERR 1991 BIERPHEUKBERMZ AR pp. 119-127 & & R RG]
27 5% B RN R HIRR -

5. EURIE - SEZE - IR 2012 FIVE BEEIGRIS RN p.129-138 A B E I 7L
BRUF 28 BRI & -

6. Fok#F -~ TREIK 2007 H AREREE IR 2 AU B 2 H IR B R R ZE R AR
35(16) : 949-4952 °

7. HEM -~ TEEE 2000 3t TR R E P SCEUR ~ EAEMRERE Y PR
B 16(4) :87-92 o

8. PR - BUREE - HEA - (464F 2009 H B A HAC A EE AR A A e
FERESAIZ W7 & e e R Fe A i 104:29-37 o

9. EUHEE -~ S8 2002 A HALARR AN EE T 0% 2 EER RS
38:4-11 °

10. AR - 2300 2006 AR E M EERERSG AL Bl ARSH 28
KEEE 31(3): 43-56 °

11. /NIE— 2008 FEFEE D FT~ = 2 7 v 366pp it ENE A H AT EE e

12. HARZES ~ HERER - /NEFE— 2001 Zik BRSO B & BES 264pp BHOCH
FEit AR

13. AKX 1999 fakEZE < I 1 5 BREG (R 2 138 - ERSE I HA LR IERLEAEEE

70( FiAI5% ) + 475-480 °
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A Novel Design of Hydroponic-Substrate Cultivation System
~Specially Developed for Fruity Vegetable in Humid Hot Season ~

Te-Chen Kao. Chiou-chyuan Lin
Deputy Director and Technician of Taichung District Agricultural Research and Extension
station, COA

techen.kao@gmail.com

Abstract

By five years of experiment, a novel design of hydro-substrate culture system special
for fruity vegetable cultivation was developed by Taichung district Agricultural Research and
Extension Station in 2017. This set of hydro-substrate-culture system were combined Dynamic
Root Floating Hydroponic System, 8 inches cultivation pot, local organic media and the
homemade simple drip irrigation tube to induce the upper root fruity vegetable to grow in 8
inches cultivation pot and the lower part of root system to stretch in the cultivation tray. Such a
design, tempting to force the lower root system of fruity vegetables becoming nutri-root to the
nutrient absorption and the upper root system to supply of water only. By a 5-year actual trial,
the results show that this system is well-suited for the summer production of fruity vegetables.
The effort is better than its grows in both liquid hydroponics and substrate tray drip irrigation
farming method via more energy efficient (saving3.9~64.4KW/1000M2,crop), fertilizer
(reducing liquid fertilizer pollution (21.6/1000M2,crop) and increase10~20% fruit y yield/crop.

34



e T 2R SRS SRt %
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B5Y)

¢

TP
SRR FEZE RRRIRTT MR o FIF 25 3t DA Rt e
AT LA K E R - BRI R AR ~ RS - EEEERAETER - B AN
HE > MR R Rl E SRR A A F A B iR IR AR B /) - 25 » 3t/ BT 5
ERRERRAEZ REM - I C R EERAERE T EEN IR - A SO IRGIIRGT &8
VEMHE AR ~ ERE ~ FHERN R B E A E R RO T ER
HFTE - (ERFENEE R (0.6-7.5 ATF /¥R ) & & i 8 28 HE iR
IR B 7 - H5 DL 2.0 Libag/plant J% 15 L/bag/2 plant JE#E 5 BE#(E o TEHETRIE
WA LA EA R E LT MR R 2T - FEFRMLIRE ~ K28 - T E LR
W EERZER - DURCRE ~ RIS - BURE R AEEEE & 85 RESE R - 15
[l B R B 1 e R T 2 SRR 0~ (E PR R B A R B - DI e P 18,1 fruiit
/ plant kz 2,071 g/plant RELEST o HZAHRUON /M E R 3 8 BITR TR - DEA
BRI E A E RAEE o FR A AR IRAEE R EHE - ]aR A E
RS AR A E R TR - RIEEE AR R B R 7 20 AT ER e 212 7
BHIEA - ] ORI E EH 2 -
Y+ 2~ A~ T E
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HI 5

SR B E B E AN - & RG2S AR5 R 3
SERKERR - RIL » SRR R LET RN RRRIRE B - L5 285
BIEFTERIEEC AR AN DR E & G > RIS mmE o (FHRIUEE RE:
A CEEMEILERY » #F2 S E SR AR G 0 TR ~ MR BRI 2
©9 o TIFI S FER LA SR G BRI > T LIRS S ARk - BRI A ~ S InE R
e > EEEFETEY  FrEAEENIER o R R G B g A A B R Y
JFIEE ] o 5 B ERRISHR RO B R Z ER o I C RS S5
EPEENIR  HATthC B R RMEN ~ A0 ~ SRS TR 3t B #
BIEHR - 7 R BB E R BRI BRSNS 2 - DER AR
i ELFEEIIHE “59 » fkEhs MBS BIEE > FAEEHAE RO 70 AT
% 4,000 £ BRFEAE T{EKE 250-300 Jo.2fH - RIS E AYE AT —(EE e A ©0
i A A 5 0 Pt DU E AR SO v e BB RN - d(F B Sz
T W ERIR AT AERREH FAIRRE ¢ o

FRA B RN R AL 22 o3 Bl B B A AR I 28 /3 IR S % B PR ) 28 43 Rl
(414151920 (ISR - 5 HARPEIRIBIER B v ISGE IR R AR R TR ER /IR » S B EHEY)
FRBE R o iHFER DR R AR E B SR EE M AT - DR
EEPREUA 130.5 7 / PR ER T IR SHERES 75.9 7T/ 1k > BERERES 69 T/ MR
8 18.7 7T /£ O o [RIIE - BEETEME N ERHE BRI - FHEIE
Kt ESHE A ERS > HRENM GRS RS RN B NARZT - 5%
TR B REREATE » ARG FAEH AR R N ERIS R AEE 2R
FRbE A TR R e iR > DI a fish 2R iU L s sl iR 2 R o AU AAS
EHE Y ERSE B RCR > DR ARG 2 ARG I B 2 2% -

AR 7 B A N e 2
BT EIANA A/ A R AR BBl A = SO L BB TR HREEA R
RS (A) FHESA = 0.6 AT FEAE 1 £k  (B) FEES A = 0.8 AT » FAH 1 £ ¢ (C) A4S
e 1.5 A TEE 1 KR - (D) BAE 2.0 AT FEE 11k ¢ (B) B8AE 15 AFF - &
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fid 2 Pk (CESIRRE ) > DLERTTELT 7208 - fEf i R R B R & /51 » BUR (KR 1) B
PRF AR (Grade A) 2 EHLLE BEFE (15 L/bag/2 plant)17 fruit / plant 5 D JEFE (2.0
L/bag/plant)16.1 fruit / plant # /& » HRXUKF RS C BEHE (1.5 L/bag/plant) K B iz # (0.8 L/
bag/plant) > 1 A EZ# (0.6 L/bag/plant)11.2 fruit / plant fx/) o fEEHR R (Grade B) J5fi
PIEEXIRU R IR - DL A B2 AR SR B 2.27 fruit / plant #25 » HAKFP RS
B M ~ E B ~ C BRI K D B2 - 7EAEAS RETI > DL E REPEAS REUR & - KK
F5 D i ~ C i ~ B i i A s » 3K RS 18.6 ~ 17.4 ~ 14.4 ~ 14.0 ¢ 13.5 fruit
/ plant > EEER[EIR E BRI K D BRI E ASERIE VA FOT - B EL{th BE P 2 SRR -
TEEA BRI B R F AR B R AR R, ~ PR R S ety SR SR B 7 B A s R
(K1) FREERD E RMHEE - HXIKPRE D EH ~ CiEH ~ B g K A EH -
S A% 2,121 ~2,099 ~1,946 ~1,921 K 1,895 g/ plant » &R/ BRI B R B S 22 L -
TEERR LA R E R R - XK B IR ~E R C IR I DRI -
1R 735 193 ~ 176 ~ 142 ~ 101 52 99 o/ plant » F#l 7 P IR T i A TR A2 52 » R4
FERJTIH > JRLLE BEBE 2,267 g/ plant % =1 » 43 RIK P £ D EFE 2,197 gf plant ~B & 2,097
g/ plant ~ A JEFH 2,089 g/ plant 5z C iEHH 2,047g/ plant » S/ R FRIR O ZBE L 2= B o

#% 1 HREA B R i R B R

Treatment No. of fruit (no./ plant) Fruit weight (g / plant)
Grade A Grade B Total Grade A Grade B Total
A 11.2¢* 2.27a 13.5¢ 1,895b 193a 2,089ab
B 11.9bc 2.10ab 14.0bc 1,921b 176a 2,097ab
C 13.0b 1.43bc 14.4b 1,946b 101a 2,047b
D 16.1a 1.30c 17.4a 2,099a 99a 2,197a
E 17.0a 1.57bc 18.6a 2,121a 142a 2,267a

" Means with the same letter in a column were not significantly different at 5% level by least
significance difference.

B2 TN ES B EMEFNRE M EE > T RE B R SR B
AR TR & EA o fiEl— PR FERE R B PRERCR P (G LI LL D 3 (2.0 L/bag/
plant) % /& » i 92.5% > HXF E EFE (15 L/bag/2 plant) [ 91.6% » FE.Z 5% C JEHE (1.5
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L/bag/plant) f*] 90.1% ~ B iZH (0.8 L/bag/plant) "] 85% » {5 H il 0% 55 A BEFE (0.6 L/
bag/plant) » {5 83.2% o MAR SRR -FERRAG EL B =& B A BB > % 16.8% » H K3
A B 21 15% ~ C 2 #119.9% ~E B2 P 8.4% » (Ll & F5 D i B » (%55 7.5% o
WS Z > LLA BEFERERION SR B B > R RAG R SR B EL AR A o 7ER8 2 & PRy
BFRFGHI LB DL D RS B 5 > 2 95.5% » HK5S C B 95.1% » FRZ 5 E gk
(1] 93.7% ~ B EZFH[Y 91.6% ~ i EL i ¥ 55 A B P > {55 90.8% o AR 2 & R
i LR = s A B 0 3 9.2% » HZRSMIES B B2 FEY 8.4% ~ E EH) 6.3% ~ C iz
(1] 4.9% » (GLEBIER D& S D IEHEE » (£55 4.5%  #i52 » DL A BEERE TR R e
B o

Tt in'E F 2B BRERE ~ B AR E R AE S L MR T A
@118 o PRI » B T RHEALIE TR 7 TN R AT - R R Py AT R B i 5 A 2
Pk sE 77 2RI m B AR E - R AERSIRA MR 2 — 7 « HEEEHRAE
7EH > I EE RS B/ B RR R 5 A e 7 A Bt H &5 - MR Rt EE
(RSN E » REFEEEEZ T > WHRERE - SATARE: - RIRE C00 o K3
Bafs R TR B B A R E W MBS = 1E 0.8 L/bag/plant(B ! ) LU R »
HE SR B BRI LR R LG T2 - 5 2 > EANEA =KL 0.8 L/
bag/plant > HARIUHT R E R o QLA SR (EMiEE - DIRRAEERCR » FAEHE
FNE > HEGEENREEE T > M4 & 1.5-2.0 Libag/plant BL#f I 4H 15 L/bag/2
plant JiE B AT A8 2 RS e 25 i 7 B B Oty B, SR 72 2 o

1. MR B A AR AN RIS 1 3 2R R
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AN IR A R RS A R R B0 B 2R 5

AGAERET BN A Y o v B ARG 25 o B A PRI 2 BRIV IR - BABRE B 73 A1 A
(A) RHEREE (& 100 ATF) > BHESFEME 6 1  (B) RS (B2 60 ATF) » HHEE
fid 4 Pk + (C) ELZH (A& 1.5 AT ) » FHASHERE 1 Pk + (D) FERERGS (R85 30 2873 X
FETL 40 2357 )  EHAAAAS SRR (3R 2) » HfEMRIk S ~ R (THin FAIYEE) ~ KCRZE -
TERZ B ARG BN R B PR RN B > AR OH (TP ERERAT ) ~ BEE (THIG T
FRVYEE ) (ERFEHE AA 22 5 o HrpZO DU R R R (D) RUEEH 17 mm #3HH >
EEHERRRENY 16,1 mm > W R MERAE S R (HELE RHIE R (C) 1 12.9 mm A8 H
JEHE (A) 1) 12.4 mm > REHIECERAE A2 5 - ERLLUERERES (D) 2 68.6 cm i »
HREBEMRES (B) ke 53.0 cm » LA E SRR RS (C) EHE 44.9 cm K E8HH (A) KE
43.8 cm fR K o ERTEZE R MR R E A > N HERRS B B R RS S 4w 77
TEFR BRI H &850 - R R EEEEAREAE  PEFEEERZT » RER
T8 > SATAERRES LR OO o ARGABREE RN Rl B Rk N i P 3 AT AR BRI AR
(R~ BER (THUm DEBIUEE ) ~ KR/ - SERCE NREZE ) 28 o i T e
FEEL o QI E BB E B B R R R E RS TV AEE
DIEfG iR R RS » BRI RE VAR RS R

7 2. NARI SV E R EG A ds i P R IO Y] 2 B 2V E IR 2

Plant Stem Leaf Leaf
. . . Stem DW. Leaf DW. Root DW.
Treatment height  diameter length width (a/plant) (a/plant) (a/plant)
(cm) (mm) (cm) (cm) gp gp gp
A 171a" 12.4b 44.8a 43.8b 48.1a 62.8a 65.1a
B 183a 16.1a 47.8a 53.0b 71.8a 88.9a 64.3a
C 170a 12.9b 43.6a 44.9b 51.8a 72.9a 70.6a
D 185a 17.0a 53.5a 68.6a 67.4a 73.0a 77.5a

' Means with the same letter in a column were not significantly different at 5% level by least
significance difference.
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AN RIS A YRR A BT R R

PO A Y X Y E RS 25 o8 A a2 i 7 B S B 28 » BABREE P RIS (A) &
FERRES (258 100 ATF) - T4STEAE 6 1 : (B) BEREES (A& 60 ATT) » [ #EFEME 4 1% 5 (C)
R ESHE (A8 1.5 ATF) » RESTERE 11 ¢ (D) MEHERES (= 30 803 X HEL40 A47) »
i BT (3% 3) BLEREINRIHER (Grade A) Z RELIEAR G EEEE (B)12.3 fruit / plant
& ER P R MR B R PR (D)10.8 fruit / plant ~ LS EEFE (A)10.4 fruit / plant K&
RFERES (C) 2P 9.6 fruit / plant 5 FREEHF S BREE A ERAE M R I) » BT (th R P ] 22
REE o BHIRFRIEPR (Grade B) 2 RE » S B A RHIE S » AR iR
FEREEE (A)5.92 fruit / plant #5¢5 » BRI EE I 5.73 fruit / plant ~ f = A8H I 5.29 fruit
/ plant S FEFAERES EEEE 4.06 fruit / plant ©

TEFRHRR (Grade A) ZREJTIH > BEBEXRERIRERER - DIREHRRE (D)
L2 FER R 1,812 g/ plant i H » HUKFP R ERHERES (B) IEHHE 1,642 g/ plant ~ £
FIERE (A)1,371 g / plant S i s LRERES (C) JEHE 1,277 g/ plant ° /EER (Grade B) Z
RE T > S HAZRE AR KRR (A)432 g / plant 1 » EFf
#eHE (B) i 429 g / plant ~ fELEHIESG (C) P 416 g/ plant KBS (D) hZPH 366
g/ plant °

TR R HITE] SRR iR ISR R 2 RS SR A R S R B A A A SR (3% 3) » 48
SRR DIERRES (B) e 2 18.1 fruit / plant B 5 » H KK P EESHEHE (A)16.3
fruit / plant ~ {5 & 235 B Bk 5% (C) & #H 14.9 fruit / plant Jz 7 #f £k 5% (D) )& ¥ 14.8 fruit /
plant ; FRESHFEEHE (A) AZREE VA RIL > B EC(th i s T 722 JEEE » (R & 71 > LA
fEEE RS (D) B2 E A R B E 2,178 g / plant B8 8 » HIRFE R HHETE (A)2,071 g /
plant ~ EEHEEES (B) EHE 1,804 g / plant S fl &R REERES (C) IEBE 1,693 g / plant » &3
BIRBC SR -

40



%% 3. AR M ERIS A B R R AR R

Treatment No. of fruit (fruit/plant) Yield (g/plant)
Grade A Grade B Total Grade A Grade B Total
A 10.4b* 5.92a 16.3ab 1,371bc 432a 1,804bc
B 12.3a 5.73a 18.1a 1,642a 429a 2,071ab
C 9.6b 5.29a 14.9b 1,277¢c 416a 1,693¢c
D 10.8ab 4.06a 14.8b 1,812a 366a 2,178a

' Means with the same letter in a column were not significantly different at 5% level by least
significance difference.

AN RIS ERS A BT R R E MK

FAPEMER 84 K (BT ) KEML 128 K (BRI ) > ERIRRERE
HASRER (R 4) > Rt EE T EEERN > fER G ~ R B E B NA
Jevre & RE MR » AR E RS A 2 IR F 7 I R MR 2 (E(EHRIRRE
REEZ AR EAEHHALUSHREE (A) i) 268 mg/kg f i > H USRS R (B)
248 mglkg K ESHEE I (C)213 molkg > [t pR BRI 722 FRBEEE o 1] DA R B i
(D) 169 mglkg B 1K > SFAIELLEREIR (A) KENRISER (B) BRIEIEARE - (E4FR
Wi Re BB F TP A MRS - (5 DUERFT R EE (A) [ 324 mo/kg fx i HR S
FEEL S IEHE (B)316 molkg K MRS HEEEFE (C)252 mylkg » i AFERFAL B EEFE (D)201 mg/
kg AR » ANFE S Y E R G 7 o R R A B 2 -

ML

1
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% 4 ANAR W ERSE A S BRI E IR E 2

Fruit height  Fruit diameter  Fruit weight  Nitrate content  Total soluble solid

Treatment ) (mm) (g/fruit) (mglkg) (°Brix)

84 days after transplanting

A 52.2a" 69.3a 149a 268a 3.6a

B 54.7a 70.3a 144a 248a 3.7a

C 52.5a 67.7a 132a 213ab 3.6a

D 55.7a 73.7a 159a 169b 3.9a
128 days after transplanting

A 60.1a 70.1a 153a 324a 3.9a

B 60.4a 70.8a 161a 316a 3.9a

C 58.6a 70.1a 155a 252h 3.9a

D 59.9a 72.8a 172a 201c 3.7a

' Means with the same letter in a column were not significantly different at 5% level by least
significance difference.

REEHMAVRS RN G E - RE M R B YIRE 2 B (A% R R =
G230 o ARLI5 BR I3RS B i A AR AR AR Pl R it BB R 38 - DR R E e
IR OO o AGABRAS IRET > FIF R SSHHR A (1.5 ATF /1R ) BURERIRES 2B (30
ANTEIRR) > BEAREAAARE - RE - BRERANEEEEY & EFREMIN - &
R E ] 2 B P e A8 MR P B BEURAEASEABR T /Y E A 2R (C @2 1.5 Liter/plant)
[5F o AUERAEE R AFUERHE M ER (R 7) » DUAGABerh IR AR B 2 I a2
LR AL 415-574 L > nEEEA AT <85 itatbart /il 5 - HaE i RE ik
e PRI ERCA T EREE TR

AR R R A A B R AR R R AL B R e

WA A B AT R RIS BB 7 2 1 BRI A7 » 46 LB (R
5) » et pH AI7E 6.44-6.98 2] » LAMCELSHHIY pH 11 6.98 54 1 » TIHIRIHCE 6.44 B
RIES - {ELRFER 2 R o B (EC) 76 NIF IRIRRITE 0.21-045 2 » LU HHRLSS
T (EC)0.45 MUt £5HF 0.43 HECE (i1 HLIURAT & (SSHHRKS BMIBHRHS ) - T2
BE B 9T BSRBEE RO > A BT R B AR R R 7
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Mm% Eu@ﬁﬁﬁm ﬁnmo%%%% &%ﬁ%%ﬁ@ ﬁnmow%\%

uﬁ%%ﬁWMM%mﬁﬁﬁﬁéﬁ%P«mmw~%ﬁﬁ%www&&@ﬁﬁ%
(0.052%) ° [ & BAERFEEHELITE 0.24~0.26% L[ » RHEE R RNEE - 55BN
A B BETHIAE 1.36~1.78% Z [H] > FRPRMEEL 0 A B 25 » DI ESHF (C g3 ) 1 1.78%
Ao HBSHERES (A EHE ) 1Y) 1.6% » MELERERES (B IEHE ) Y 1.47% KRS
(DE%)Wl%%ﬁ%%@%i B BAEANIE BE B EITE 0.39~0.46% i » i B i 22
R -

5 (2014) FRILAMENESE (EC) LB TR S B AEE N EE R TA S
Iy > BARENEEED > BYE (EC) MER TR ERAR S BMIER ) - AR
B EUR RN E B BN EEYEE (EC) M TR S B2 G4 5t B0 2
MEHEA > (HAE BE/DIIMESHE (C BEH )15 Liter/plant B & Hik k2 (B BEFH )15 Liter/
plant: 7E B & & (EC) J7 HISHE R FE RS (D P 30 Liter/plant KL ESFFEES (A EFE )16.7
Liter/plant  [M7EREH M E R TR & B EREUR T > QRS 200 2 (12
B & 415 Liplant 2| D fEFE 574 Liplant) i KIS o

-

%% 5. ANAR U W E RS A S B AR B LR R 2 B

Treatment pH EC(L : 10) N P K Ca Mg
(1:10) (dS/m) (9/kg)

A 6.69a" 0.21b 0.71b 0.061b 0.24a 1.60ab 0.41a

B 6.97a 0.45a 0.80a 0.053b 0.26a 1.47b 0.44a

C 6.98a 0.43a 0.83a 0.081a 0.24a 1.78a 0.46a

D 6.44a 0.24b 0.86a 0.052b 0.25a 1.36b 0.3%

' Means with the same letter in a column were not significantly different at 5% level by least
significance difference.
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AR TR A B R e R S R

NEEUA A M E R RGP B AT TE R TR R 2 B R (3R 6) » TER A
B DUREHERCS (D B HH ) 1Y 2.43% » HZIRFP 5 R A8H 0 (C B PE ) 1Y 2.29% ~ SRS (A
R ) (1] 2.23% K EEHELS (B EPH )1.89% » HIEHEE r RSN AR - ERHE R
SRR RS R SR RS 0.69% > BLRERIERR G 0.55% 72 M2 L2 5 » (HEL @SR RS
(1] 0.43% » S BRBRETEN /3 OB R MR o B Rl B DUSHEEG Y 3.91% & s 1KFP
FHFERERIE 3.88% M i L8H) 3.53% » [ LABERIAREE 1) 2.87% K - 5 i BRI L
MEREZ LS o TEF P55 B DISSHERRERY 3.46% - HUIKFP 5 8 Bk S 3.30% ~ &
IS 3.42% K RERIREE Y 3.28% » S R PRI LM 2= RAEEE M - TEREEEEN 0.70-
0.85% Z[H » iEPH M2 BRI R o

%% 6. NATA GRS A e B EFRIIEE R P g - 8 3 PR R TS

Treatment N P K Ca Mg
(%)
A 2.23ab’ 0.69a 3.91a 3.46a 0.71a
B 1.89b 0.43b 2.87a 3.39a 0.74a
C 2.29a 0.69a 3.53a 3.42a 0.70a
D 2.43a 0.55ab 3.88a 3.28a 0.85a

' Means with the same letter in a column were not significantly different at 5% level by least
significance difference.

KHABRESBERELEMER TEGEEEEY > ERFASENT 2.5~3.5%
2 AR 0.2~0.4% ZfH > &R 4.0~5.00% ZIH » FHEEAT 3.0~5.0% 2
[ SEE RN 0.5~1.0% Z[H @ o AGRERAS R EE i & = SR 0.43~0.69% Z
[ fHHARBEFE TG/ OEREEHRESEERE - MA SR 1.89~2.43%
ZTHEE H AR B i /E 2 Rooy BB E L KRR > T & 20 2.87~3.91% Z [H# H
RELEFTE 2 6 s B RS - 55 2 3.28~3.46% Z [ H A2 Al E
ZE5E BE R ILYE > SAEHEG KLt (R BEIE RN A & 0.70~0.85% & H AEEE AT
T RFENE o B (2014) FEHTEMMEN B EE A EHEARIBEENZR T KA
BEXFENAGHERMEN SEEEGR ™ o WHEAGBE RN A SR T F
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ORISR - TaefER ~ 31~ $5 B RO TR & & - (AR E B2 Bl
RAZEHE -

AR AR RS 2 B B i

NEFRRE GRS B F A AE B (1039 H 23 HE 104 £ 3 H 4 H ) BREH
B (KERERE ) ZHBREIREUR (£ 7) 0 R /71 DR R RS i e /7 Uk &
Tk 97.5 Liplant » XM RIEMELSHE 50.9 Liplant » &85EkkES 37.3 Liplant B2 & HEE:
1% 28.8 Liplant » 1% 77 = BH B E RHRG 55 (e et 77 X AT VK &2 o RISt LARE R
ALBE 19.5 glplant - H &5 & B HTAA I 1 H & /7> 5.8~10.1g/plant Z [ o HE & 5 LS #
FRERT 17.6 glplant > HEREPEIREIESS FH &> 3.6~6.4 glplant Z[H] o filk#E DIRE L
B2 12.2 glplant » HEREEFEHIARIASE FH 2/ 3.6~6.4 g/plant Z [t o WhlG— 8 LURE R
K411) 4.88 glplant » H & BRI HI RS ST H & /> 1.44~2.55 glplant Z[H] © fF & EITTH K
EDTA- #3573 BITERE R % 1.46g/plant - E 8RR IR & (R T I EDTA- 88 &
7M1 0.43~0.76 g/plant Z[H] o f7 & L AANG & WL 5 R TR} & DLBE RIS i 4 /K R i
kL > 2R A B IR T JERC SRR B MR ~ 8 R R B R 2k
MRZ L DIERE & 5 B e & fe it 2 3R

% 7. AR A B AR a8 < R R UR L

— micronutrient
Treatment Irrigation KNO, Ca(NO;), MgSO, KH,PO, EDTA-Fe

mixture*
( L/plant) (g/plant)
A 559 85.1 76.6 53.2 21.8 6.38 6.38
B 415 83.1 74.8 52.0 20.8 6.24 6.24
C 449 89.8 80.8 56.1 22.4 6.73 6.73
D 574 114.9 103.4 66.5 28.7 8.62 8.62

AN PR T E R A v B B & 2 AR I3

NAFI A BRI AN R EEMAEEI (10349 H23 HZE 104 £ 3 H 4 H ) #
FH 2 R} & Rl A R 4 S B R A B A A ST T AR BB M R 00T » f REE S (3% 8) » LUfE
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MR REIR AT 130.5 TT /plant » HXITRIFEEHERES 75.9 TT /plant » BERFRES 69 7T/
plant J (& 4K 18.7 JC /plant o ERFIEREIR A E IR ~ 7 B R #0 R B RHESH (e P 25
B S EARBE MR R (35 8) » (HANLUE B M AT S » SR EE A EH - B
EHE RS A AR E R B BRI E RS 2 o thal R S A
FERE IR © NI - EEEM A BRI R E - RS -

2% 8. NAIMUF A BB e o B il E 7 A A FL

EDTA- micronutrient
Treatment Substrate’ KNO, Ca(NO;), MgSO, KH,PO, . Total
Fe mixture*

(NT $/plant)

A 63.5 4.94 2.15 0.96 1.31 1.40 1.60 75.9
B 57.0 4.82 2.09 0.94 1.25 1.37 1.56 69.0
C 5.7 521 2.26 1.01 1.34 1.48 1.68 18.7
D 114.0 6.66 2.90 1.20 1.72 1.90 2.16 130.5

' Substrate:3.8 NT $/L : KNO;:58 NT $/kg : Ca(NO;)2:28 NT $/kg : MgS0,:18 NT $/kg :
KH,PO,:60 NT $/kg : EDTA-Fe:220 NT $/kg : Micronutrient mix. : 250 NT $/kg °

Arine

fEEE G EEDBR AR L - (HEBNEFRE REEKE » Rt s 5
HEZNRRREEBA - FIFBRMRERREGREER  WE0E - ERRT Lt
PSR T A L ST 7 17 R R [ P S st ~ s T Bl A 5+ st Py R 1 EE o
SRS o MR AL e R B O 5 7 A B R - BIVRE DB R 5 0 - 2
o SRR RE o DL - AR D E B R - (EAEE AR R TR
H - HERREE R e B el - H R TR 28/ E A B B
CH o AR ERRGETH RN G R R LI 58 - WPUEEE M A S
frimE » R EE RS EHE - IEH M ERE AR SR TR - DIB(EEA R
EEREE T WATERZR L ERE R o UL > IR ISR - #EHaEE
RS s BRI BRAR - MR EHRR AT - I RAEE RS - &R
BB A i L B 7] » 00 BRI R ffe i 2R BN 5 6K - Bl BIIR 2 2R S 36

==X
= ©
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Research and Development of Micro-bag Medium Culture
System to Cultivate Vegetable in Greenhouse

Chen-Yang Tai
Associate researcher, Taichung-DARES

taijy@tdais.gov.tw

Abstract

The extreme climate change has greatly impact on agricultural production in Taiwan.
Using different kinds of facilities to improve the vegetable cultural environment can reduce the
damage by disaster, improve the vegetable quality, regulate the production period and enhance
the yield of the vegetable. So far, using the medium-culture system to cultivate vegetable in
the facilities have been successfully accepted by the farmer and became an important part of
Taiwan's vegetable industry. This article will explore the development of media culture from
the bag culture, basket culture, tillage culture and micro-bag culture that whether the impact on
tomato growth and production. The effects of different medium capacity (0.6~7.5 liters / plant)
on the yield and quality of tomato were significantly higher than those of the control (P <0.05).
The results showed that there is no significant effect on plant height, stem weight, leaf dry
weight, root dry weight and fruit traits (high fruit, fruit diameter, fruit weight and soluble solids
content, etc.) when tomato plants cultivated at the different cultural containers. The analysis of
the nutrient elements in the medium and leaf of the tomato harvest showed that the difference
was not significant between the different media cultivated containers. The total fruit number
and total fruit weight of the harvest were 18.1 fruit / plant and 2,071 g / plant. Based on the
results of this study, the appropriate cultivation and management, with the use of various types
of medium culture container characteristics of the appropriate amount of liquid, even if the
lower cost of micro-medium cultivation methods, which will also be available for research and
industry application in the future.

Key words: tomato, greenhouse, growth substrate
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TR

ALHR I R 2R A S LR MR AR & - B TS, 2 BRI - SRl e A
ERBERIH RSN T g o AHRHEVIEA HIERRRE - R B BT E DR
T DSR2 S E RN - SR RS R R A R B A AR A 50% DULE - AL
PREIS 1999 FEBEMGFHMbHI W] S A FH 2B RE A B R S B R SRR/ RS i
Wz P R PR R - IR )5 SRR b

BB RASH - bR 7 RERESL - BB EESE O Y EAE T R B 5T 2 R -
PEEISE LY EMNE - BRSO EREME AN BRI E - (R ERE
LM ELRIGHE - SERIB N S < BEEHEIE A E ~ Pek 3 5B A PPRIBC R SO 1
B~ FESEHERT B SRS HENT /M E A TREARHACR RS S ER - M DI R AREG VR I
VIPH# BB SIS RGN > BEA AR  SBes R DA/ R A HEA /T o A B Al
KT R HEN A PR A R ) FORL CORHRBUREE RS SR AR Ak
fiE/ NI IV SRR T - AR eSS Y E o AT TTI5 i R A B RE (e SR
Hid o BB R B S (SRS /1 v] LU R S (R R e R A BOAS
B TR NSRIZ S - HRES TR e TN ~ SRR IR P IS LA S ase it
PIREES TR P BERHEL L SRS Al TR - e R R O R 2 -

M BB - (R DUSHEEE LRSS A E R — TR B - LA AT
At R - B B R RS BRI IR » IELMES ST ~ Rz RIR I ZRHY
RAGAEVIE - BT LU ) TIERIERE - 1R SRR - TR RIS R
BUCEREIIRE - BaelChh R E S » IRAIRH < BRI E 2 5 R G U R
5 INISE L R HE B M AR R R R
S+ P SRS  BEEE
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HI &

VEVIANE B2 R AT T SR IR A A B AR S M BB & rh o B &R - SR IRBKIE
S I AR TR 0 D 1999 FEBSIR HRRE A o 1980 AL » JLsshilan i 28 3
DIGHSE s B A R B E  (HA TR A » P RIS M f2 S DR ] JRL S 2 B
ARHEAR K5 TR R ) B2 R A e A e A 25 ot B RS e (B I SR 29 T DU S &
g (RE , 2001) - (HERAIEYIMEE 20 S8R T L IEE 1L - RREH T
LK (Bag culture) DUve FRGEIEREREE (Judd, 1982) » (EHEE (IS EH T - 7 LU RAFRY
FER RS > (RS P R R S PR SR BN B B R o T HAR
TR AE R 2 RS R HBISME T - plA S & 208 A 2 AN 50 % > [RIIHE » Bk
St 7eBa s LU 6 IR 6 AL B P (R 20 19 TR B B RL A T 0 SR B I SRR Rk S >
WA WA T DI - 1 B FFARAE BB M8 T - B EE T 2 81
kB3 T AR S A BE RS T - ANEUR & UK 03 S SRR MG SRR 3245 [RIIRF LAY
B RHAVEIRE - NPT A EIRICE T B MERIRAERL » T RAEEPRILRR ] o AN B

RAMAHBAR S A E T o (R RBSE2 -

EVERR R 3%

— ~ R LSRR B 2 U

alBaf> 1999 AT TR E AT T o LERAL (L R 87 5 B ey v209 ~ DU (L2
R 68 5735 =Sl S E 1B P SR (bio-mix) ~ ZHIBE (45X 55X 24 cm) A4Sk
—HREAE (40 L, pH { 6.5, EC fiE 3.0) FEIFHELE bio-mix H1.2 718 (40 L, pH fi 6.2, EC & 1.0)
RS/ YR U » PRARERET - AR () TAE 4 K 22~ JKOr DURRE V7 A CHES
IR SFHERACTT (3R 1) - EMtk 3 0 A BEEREERR - 224 6 ARG RERIGHR - 3R
W13 2K o PR PRI 2 7 R ARERIGREL - &0F 2 A T BIRTZ R IR AT > 3
AUz BERERI A RIR -

aBEh AT (3R 2) RIS M EMER 2 PR E - R E R LUE NS
e AR RN E R > bR TR ES - BASE O BRI E R T2
R > BRI AE > B Y E A DU Rk E > (HYE R A
IRIERR AL 7 N R RS E 2L - Benoit B Ceustermans(1994) #2 A HHAR /& Fs ] &3 —
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{2 RAVIREERET » S EVIRRE BIREN A RENE T - Pkl E ERHEREM B REi
FRE - 2EEER 2% MEOMEZ2REGER 1% @ A& EC 6 - BaR &I Ek
PHRAE R R EEEFTE - (HEAH RS R R ReRK e BRI - EC [
Ry BRRHETIRSCEAREIRE - Ar oA BRERITS - B/ E Rt R B AES 2
FER  DUHBE B EEME » AT B AR (EE RS EE (150 7T/
) B E > B NEMTS - B8R -

2% 1. i B

BEIRFLSY IR (o)
iEliva 0.8
iElice 0.8
e — 0.4
inliz454 0.2
fEEMETHR 0.03

7% 2. o B A SRR B2 U

CIEUES RIIR ZEHIR

oz RE R EE XRE RE EE XRE O RE EE
(9) (NoJplant)  (kg/108) (9) (NoJplant)  (kg/108) (9) (NoJplant)  (kg/108)

M8

A1
e 176.0a 7.3a 2638a 131.4a 1l1.1a 30082a 153.7a 18.4a 5646a
(bio-mix)

ARk

B S 152.1b  53b  1788b 123.4a 9.3a 24323b 137.7b 14.7b  4221b
JL =

AL

'8 153.8b 6.9a 2265a 125.8a 11.0a 2997a 139.8b 18.0a 5263a

(bio-mix)

e

4 68

B

R R 180.8a 7.2a 2522a 117.9a 12.6a 3175a 149.4a 19.8a 5698a

5% 87 Bt 1738a 6.4a 2340a 139.6a 11.0a 3002a 156.7a 17.4a 5342a

127.2b 6.0a 1829 123.1b 7.9b  2261b 125.1b 13.8b  4090b

* AT IS REHIF A 20BN 2 B IR 5% /K 722 FNERE
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~ EHEER A LA BB 2

R R ERERIE N A - TR RS RS 1 E 2 5% - 5> 2000~2001
AR BRI T T R N R T BRI SR A T o S EA S R AL L R A 87 B 0 BN E
BEINSIG 2GR EM R FHEEE R E ~ thdk 3980 E ~ 4 mHEIENE
(@&ﬁ%%ﬁﬁ%mﬂ BVB#4 = 1 : 1) ~ HEHEN/E (FHA T BHEEEHRALEL : )2

=1:2) FAHEHEAES E(@&ﬁﬁ%ﬁﬁ%%ﬂ JIRE =1: 1) Roeieais s

Dﬁﬁﬁbmmm%ﬁ%£6@%ﬁ o BRPRER T 2 m RG> 2H BN E
mgﬁué%EMW&MMmm%%’E%@@4ﬁ’§\mﬁu§ﬁE%%WME
T 7 MR

SR Y EERERERT 2 BT IR 3 ] - RIELIPkER 3 5% 8 K AE FEHEE A
B s BRI DU SN Y S SE AU i o E AR S B R 0 {2 0.03% ;
PR DA S HEAE A Kbk 3 5/ M E i » RS S M E R - ARES R 74
FHEAN M EEIRSL » HERZERAK ¢ pH B DIHEFHEAT/ME 1) 6.85 I& S — M R 1 E
Z pH {HE#iE 5.5~6.8 : EC fEALIZEFHENTE Y 5 dS/m e o RS E R 0.92
ds/m FEEAK o

ARBRTE ERE LAY 100 KREAAIRILEAE - SR 2% B A 4 s - RARE
B DUREAE A e v O Y B i e > R E R S HE I SR A A 1 R b
REm > HEREEMEEZR  PREE( BB N E R > R E
HERRA M > FEAE (R RIS S S AR S HE A S AR - R PR R R R s N E
T HIDA A 2 AR Rtk 3 9/ VB E i mr - A R DU e e v E HE I Y E
mere > RS R AN - AR R AR A RS A > H A R ]
BEEENER s BiiGAEER IR E RN 225 MR NN 2~
3% o FEEHENEMEHERA G I % GERE & B A - FAEMEEAEEE - HiE
BRTHER » HHEVE BRI 2 E > CHARR ]2 v & i R i At R
i BEURHE T ) 2 PR A7 BB Ui FLAh R P

P AL ORI R AE A SR AL P 2002 A A F NI B I - /Neg I
(£ 5) 0 DIEBHEIERMEE 2 EERE > RERIERAEREE - R
BEPRE o DR AR S 2 ER R IR 2 KR LU B A i e - KR
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HEEMEND R & - FERAEEILEHEE - RIS &R - 2R EER - PR
B DR BARE A K EVEHENT ~ ZEHENT ~ - S R 58 FOE IE S i B A -
/N B I DIkl =Bk # i e+ A B DURR A HERD R & i s - HR S ST
AR RS E R > HEREMER » Bii5ineE Rkl
ERUERJIEARIRVESR » M/ NREERIDIASEG B R k=i W E R & A (3K 6) °
i Erat B IR - ARSI E ML /e BB s DA ~ R TR E
FEBl 2 Ve p B PR AL ChRH R > SR IGHE AR SR i B R Tﬂi‘ﬁ%ﬁfi‘(ﬁiﬁﬂﬁ
REEPREE N2 BB T E o DUREHEID R EMRSE Y - fEHFERUR R ~ Bt
BEG TN UGS > JUER sl DU R OIS T LLEfT 8 30% /o5 1AL A Al
A o

2% 3. ANFAESG /T E 2R

= S8 BALEE SqusE E B
- & gt Sksr &SkEs &SAkEE ARE i BEE
%) (ds/m)

MRS 0.86 0.03 0.17 0.98 0.17 60 5.32 0.92
HEFHEEAE 1.84 0.41 1.56 3.24 0.43 60 6.85 5.00
FEHEIEYE 147 0.19 0.86 0.87 0.14 62 5.86 1.89
Pk =5 245 0.28 1.04 0.58 0.17 56 6.38 2.64
EHEATAE 144 0.20 0.52 0.53 0.17 42 6.76 1.69

FEHEENE 2.08 0.35 0.86 1.24 0.37 60 5.49 3.79
pH i &z EC fEfgilll 2 /M8 @ /KES 1:10
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2% 4. ANFREG B BT L GO b < Rl

P RER T IO
KR HiR /N FE= (%)
HECHR G 1734¢” 2889 130b 4753e 4623e 3
HEEHE Y E 2124b 3905b 193a 6222b 6029b 3
FEEHEE Y E 2511a 4143a 135h 6789 6654a 2
Pk =%/ E 1732¢ 3714c 173a 5619c 5446¢ 3
AU E 990e 2928e 93c 4010f 3917f 2
FEFHEA A E 1530d 3456d 78c 5064d 4993d 2

AT SRR 2 aS B G2 ISR e 59% 7k Y8 22 BLNEHZE
Y BLE KA 200 AT AR - RELF 100~200 AT HER - BE/NMP 100 AT/ NE
I EGE RS AR AR T R ER I

2% 5. AR A E BT RIS

AR e I 2 B

i & (/6 plants)

HE RS 9,426¢
HETHEAT A E 12,132c
HEEHEE A E 16,698a
Pk =5 E 12,569b
AU E 7,796f
FEEHEE Y E 10,824d

* AT R SCFRERIE £rAaCEl G K2 B BafE 5% /K2 R

7% 6. AR /M E AL CSH B B RRARR RS o I\ < 2 BRNUE (kg/6 plants)

s RER e I

KR HR IR JE = (%)

AR 2.6 9.2c 13.3b 25.2¢ 11.9f 53.0
HEEHEE A E 14.5b 12.7a 13.5b 40.7b 27.1ab 33.2
HEEHEIE Y E 18.5a 13.1a 10.7b 42.3a 31.7a 25.2
Pk =5k E 8.0e 11.8b 16.5a 36.2d 19.7ed 45,5
AEHEE Y E 13.5¢ 12.6a 12.4c 38.4c 26.1c 32.2
FEEHENEE 1.2d 12.7a 11.2d 35.8d 24.6d 31.1

* [AA TR SCFRHRIE ForACEl G K2 BB T 5% /K2 BRI

Y BRLE K 480 ATE AR o EETE 400~480 AT HR o BE/MP 400 AT/ VR
I EMGE R ARER R T RAER I = - RIS E R SRR 2 TS
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=~ RRJHME I GRS 2 rIA TR 72

B3 7 EHABUR /BN » 5 7 M I AR st o SR R G R - Bk S5 R i 1T
Al ~ FEAI ~ SR TR s PG e VRS LT 6 S s it POt 1 R F SR i S 2O B Y mI A 7
PEFFG - Horfr o PUvemd e L 2B R T RS R I R e Bl Zescs & K - (HAE
B EAHBSE T o o] DU E BRI EEGH2 A A L ot B R BT A SR AR R - B i ik
G o b 0 IR FH KPR EREC 5 A 2 T 2 2 i B T G i e 8 DU 52
NS R RRRAE - T TRR MR AR ISR B DL RO T <58 1t SRR B MRS Bty S RH B B
72 o Rt R RARE 2

EAERRRIEN

ARG AT P T A M e A it ER 5 e B AR TR R IS B e SR T e - BRI A2
HARHERES - A ARSI S A £ AR R /B ) — M E oS (% 0 2005a; Judd,1982) » %
FEREYIAIT S (Wilson,1985) » 7 fifi K i I LR P ZH 7/ E &5 10-14 2&7F (Baudoin,
1990; Olympios, 1992) » Eeifk LU /7 L ME - FebsiR (8 IR A EE » DIHERDEE 1T
PRI BB 25 (Fabre and Jeannequin,1995) °

TERGE | SRR S < BB G 0 B st T b e AR R e IR R - & Rk
FEEPRANME o GRS 2 MEY R MR B T PR RS A E > TR 22 ~ K bA
HIHFE HTE RS e - DRI » FEARFRR R LA K ~ BOERAKIE » SR 2 ~ K
B o HE RSB RS B R KB - DURINEE B B PEHR AR - RS SE ~ BT
78~ BRI > DR TR EH T - MnsEEiEss - Dol smETHE

TERCEG /B JT 18 - i AT UM AR EE MR 3 26 1 > RRAE BRI 5 (£ 47 AR
IR BaAS SRE T » DI B EHEND ~ SR HEAC R PRI S HENE 1+ 4 B0E A= FEHENE IR 418
BZHERE 1:1 2418 » HIRE LR B A BOEHY AE B RRER G E ¢ BRI RIZEIRTEYIAS
A3 » Frf & e DUKFT R E TR IR S ~ Bhlk—31 - fRfREE - iARRPSEER
Ac > (R TR A R SR TR B T - ANEGE R A IDRERRC - DIt 250
B IE R S EAIREREC > Dlsdod BRI EY AR R IR RS » HATE
% R P AERT AN R RS 8 S A B BICRAT » LATEERIR - BREEEESC 1
FTRESTEVINIAE S ~ RERERIE - A RERRBI R g i o s BB T K

&

hn(
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B RYEHR RS BN SRR, - AR EE L BERT - £HE
BREEZ N E KA FEIER - KRR - Bt DD KRR B
B 2 AR MEER IR ~ RAR S R e A IR] - [RIER S 70 B T - PIETHK R
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Development of Basket Culture

Ah-chiou Lee

Research Fellow, Taoyuan District Agricultural Research and Extension Station

Abstract

The distinguishing feature of vegetable industry in northern Taiwan is cultivating leafy
vegetables under plastic house throughout the year. In order to increase the diversity of
agricultural products and raise the farmers’ profit in winter, we developed the technique of
cultivating color sweet pepper in plastic house during autumn and winter. It is reported that
Solanaceae crops are injured by continuous cropping. Some farmers introduced the bag culture
technique from the Netherlands to avoid injury caused by continuous cropping in sweet pepper.
Sweet pepper grown in bag could gain high quality and quantity harvest under fine cultivation.
However, the cost of medium exceeded 50% of total production cost. For this reason, we
conducted to evaluate the feasibility of replacing plastic bags with baskets as containers and
afterwards a series of cultivation related trials. We name it as basket culture.

The result showed that, excfept for the fruit weight, the fruit number and yield of sweet
pepper cultivated in basket contained bio-mix medium were similar to those in plastic bag
contained bio-mix medium with no significance. Baskets instead of plastic bags as containers
do not affect the production of sweet pepper. According to the demands of ideal physical and
chemical properties for medium, we evaluated 5 types of medium choose cheap substrates from
domestic materials to reduce the production cost. The result showed several medium met our
demands. Plants grown in chicken dung compost, sugarcane residue compost, and hog dung
compost had higher marketable fruit yield compared to the control, bag culture. The effect
of cucumber and bitter gourd grown in the domestic medium, which grew red sweet pepper
for one growth period, was also tested in the experiment. The results showed that the total
yield and marketable yield produced by cucumber and bitter gourd grown in basket contained
domestic medium were higher than those grown in bag contained bio-mix medium. Besides
sweet pepper, cucumber and bitter gourd, we also evaluate the feasibility of basket culture of
tomato, muskmelon, pumpkin and melon under plastic house for growers in northern Taiwan to
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produce fruit vegetables throughout the year. According to these results, basket culture for fruit
vegetable under plastic house in northern Taiwan is feasible.

Basket culture derived from bag culture, one kind of Nutriculture, was with higher
production cost than soil culture. Based on economic efficiency considerations, basket culture
should be mainly used for fruit vegetables production. Basket culture could reduce soil diseases
and improve management efficiency. Meanwhile, the plastic house adopting basket culture
could be maintained neat and clean easily. It is suitable for travelers to visit. That provides an
advantageous opportunity for farmers shifting to manage leisure farm. Up to now, most farmers
adopted basket culture in the northern Taiwan were for leisure farm. Gradually, some farmers
in central and southern Taiwan utilized basket culture for production fruit vegetables.

Key words: basket culture, fruit vegetable, cultivation technique
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DI— e & 32% EEVERIERIT S - B1 T ARERER HHFE R 40~509 17
Bkl - WERR T AR R H T A A 50~90g (TR - (EVIHISBIE « EREET
AR 20~25 ¥k » BRESEEET STARE 4~8 ¥k o SHEAIEI A RE ) - B HA T
RHE 10% [JER - #E KA 50g (U - B H R BRI R ER 1~2% °
(7)) 7K /S

HZR/KRASH i 30°C » AAEBEANL  WILFEEEI TR R - [
TRERER 25 5 (0 AR R AR A R PR PR > AT IR AR T ROSEZR B UK - XFFF
MR Z A REF G ERT - DRBEIIRIRI A ~ ALERAM S - 2GRN 5
w o BRI (RS 10°C) Al @ M E R EF G ESEC » R FORARER 2B » LEEA
TR FH BRI AR g SR B R e A RERR R o
(©) RS i ok &

R A AR Y £ BRI AR B B R N EERL > (RILAEE T RS B R g LI
EEILUE o [lE DWC AHLL AT HU/kE 20kg f - & H AR ATREl 20000g X 1%=200g °
A] FEEE S FE 2009/40g/m?*=5 m* » FEZfE /K & =5m° X 0.3m( FEfE )=1.5m° o i#E R AR
B B AT 10~30% © FE/KEEELT ¢

MEKE =1T( g )+ 15T /KFHRE )+0.2T( LB L EIE RN A & )=2.7T
(J\) EARBHP) i

BK P RIRE IR TG ET R R OE G E B - BRIEIAEE ~
T~ R RS RR  HRI IR RE o IR ERRHMRA A 30% 1R 0 E e H A
DRI 70% HO R Er R K Hor 159% 2 A L EE A B REHR Y R s B i ekt
At LA A LB & F 55% FREHIRE - KEIEH 60% 1Y EREHRI Y & o 4
TR > H Ak 40% MR E AT » FEHETN S BRENER AN EH 61% 1R &
REFEKE c EHESREN 16%  BARRGES 1.2 A% o LL200g Bk (32%
EHE ) HE - Gt 759 A 0 FHERATT

200g Al X 329% X 16% X 61% X1.2=7.5¢
(Ju) A @R g

HE AL A FE RN AR KT 0.2-2g/m/day® {HEL/K & ~ /K ~ BEE ~ pH ~ FEEH
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5 T LA R E T B8 58 R R <P REGAAR T 0.57 g/m?/day  [RII 7.59 FUEE HZEH
13.2m* (RS LI HITE A RESE Mg L R R » S & AT

7.59 &, /0.57 g /m’/day=13.2 m’ day
5.10 AALIEM HEfEET

R E M e R AR L B S A T A B S T RS L (specific surface areca(SSA)) G
SRR EM RN > R LR E R ERR DL SSA BISArfR 0/ E#iE » Y
FALEIEE M AR 1 PR o 3 SSA BRI EEE MAReRt R E ML & - (HEEE
ML H %2 Z G % » MEEBUKIR e B LR & - RIEEMIER LESHE
KE ~ BIEEE ~ T AVERIREIEETAR G5 & o 15 FAD St R EVIAREE M E 1Y B
KL R FEFR TR OIE M & - (HEVE BIAEARIRTEREE TR E S0 Ura b s E - DIAEAE
BK (SSA=600) F3fl » {£7% 22L WA LEREtRER & & H 2009 B & B L ET K » &
B

13.2 m’ /600 m*/m®=0.022m>=22L

L AACEEE M KA R (DL 32% S ERERAEENE )
RATHEMFTRER Héf £ 1009 Akt

HT SAMIMmpg Q) FREHER O

FHID (0.6~0.8 mm) 5 000 75.0 1.3
AALER 600 9.0 11.1

ki 400 6.0 16.7

TR A 300~400 4.5~6.0 16.7~22.2
AGR 150~400 2.3~6.0 16.7~44.4
KIE 300 45 222
IR 200~250 3.0~3.8 26.7~33.3
FEA 150 2.3 44.4
P2 a 500 7.7 13

ERil b 100 15 66.8

(i[5 FAO FISHERIES AND AQUACULTURE TECHNICAL PAPER; a ~ b FASCHTHE )
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£ Rl ~ dEZR ~ BHARIR ~ REEREE B o
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HERFKERRTE © /£ DWC AM— IR H m ik S B IGE I TR n] g R R b R
] o £ FAD A3 5 S R T AR » FIARRR RS IR (1G58 o G 28 o (RS 2 A
AN (G ) R A i AR PR - ORI R A B e I EYI E R AT RII AL -
HES R TR AEE IR RS - NI TR (EE R ) iz R AR E R
AL RE R AR o FE K PRI R TR T UGS EREIE - Ak 7z 2 mg/L
VREE) EDTA-Fe BIRSZfREIIRIRE © o T304 > Ik pH (HEZ VTSR TR0
FLSE - IR KB E R A s S BN RRE
(=) iR E R
SR YIRS R LB KR AL - s MR - st —fikt
MG R S AR S - IE R ARV R - [l i L ERgE
Bl (25 ) BIEHMRAMUG U B - ARSI ARBT T - R & E N DL B SR #
EE RIS ET -
1 AR - S A Al IRAE RN K - RO i I R R KORTR (%« R
a7 1w AR o R I o BT IR H IR R - IR E B
WA > S/ NI R S RHABRCRBLE - (H eyl Pyl » 3 = fH AR -
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%
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“éi‘% BECAOVEPIRERR + v ] F R R P B SRR > R B AR Y
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HIR T 7R RE A BERIPERIAIE LT - B HOE E B R B A S mi Y
FHAH (A2 ) - RATTIIRT G RN o
FH R A - BB IRF VS BR TR e 2 RE D AE A 7T UE R RO B B (98 kI %
FEE o
W LIIE REENIIGE P + 7 e T K SR B (R DR BT A Pl - 20 s
TR~ i ELTEDER ~ 0N R e~ i o~ AT SREM & F I G ARG R
] BRS f R  AE RAR H » EFE B RIFE REEDTR E M > QUMY ~ BRI
MEEARE ~ TR ~ ¥ (B ) RS WIRPRa F e E R ERK o ] F]
FRAEPIbT G (WTERT R e ~ Fy s RS 5E ) e TH5EH] -

SRftHEE
AR ERBE R > AREAKS WERERIER » (R HIRE

%:\t

RS > WA TR E R 6 -
BHIE:

PRk ~ ZER RS IER - MEE AL -

A KRBT
BRAEKAL > AZRECR 2 AT ©

I EE SR A I

A

e R B HEE R s - B AA IR -
REEYA RaE -

BRI ~ BERTEPIIRLR -

TFERTER o

R TAF -
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o (YIS TRITRRZ B AE R o
o [HERMIE R AL AR AT HRET o

i i B

(—) A4 R EYR T & 6 B0 R M B EY A R - RILE =7
AT EFEAEK RN 2 mg/L )% &85 (EDTA ~ DTPA B{ EDDHA) #tREd
=L o

(=) PEIRE KRS B AERRE - fEEnR R E A S84 #RAIR
BRI > IR BN BB K o & PR R R R > BRIEME R (LR
Pl IS DIV BR - (HALEREER T e ¥ BIE RS U B E - I mZR AR
M AN RS o L )7 15 & SR HoA AN Z) A A 28 FR A S 2%
HHE o

(=) TEYI0 mh s BRI a0 B O R = S A R b7 s B B \eeRH A8/ N
Hak o (HE P BERSER =PIt LB E R R EATIREE - FHotaThd
GHEVREERD #E > RS a, ~ ARG SR PA At F 8%

(19 )FAD SAff il HECRIEVII IR A R SR BRI 2257 - Rl E (R R R
HALEEEENT o W RHOEE DU/ N 1~2 RASREREA T8 -

( 71 )DWC At & FEAE R HIEE 288 » T FAD SAfilR il f i S 2 SO M SRR
KED) -

(R) BREK R R & B B E 4  » ARIERR IR (KT 5 mg/L > gl
ANgIg I IR H B R 2R WIRRRIIREE S 150 mo/L > B EITHUK
AR B R = 1 mo/L HIZR AR LR s Eh R R > T THk ek
KA & o

(&) BRI E R MK B A IS (R pH EAE 6~7 B EAE - 40 pH EXFR 5 BiE R
8 Rl gr PRl Rt A AR ST E PR B o

(J\) BRI R MRET S 2P ~ VRV B LR i B AR CR RS« 1RJE ¢ 18~30°C ; /K
(M) pH i ¢ 6-7; ZIREE - /NS 1 mg/L ; BRABIERURFE < /N2 1 mo/L s HEERURE ¢ 5~150
mg/L : KHESE « K2 5 mg/L °
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() BRI R IIREKAKT 1~3% (HOLEVIREAE R il i 22 - KAk £ 2@ H
7R SAAE IR » DRIEE A ZE E A K o

25 300K

1. fEZK > 2002 o HELATR Bk 2 e 2 5 - Bl Fadnt -
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331 > P36-38 °

4. BIEC > 2014 o FEERFAAK E B E R X BB IEKFER M - KEAEGEAES 46 1
P10-14 -
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The Principle and Application Method of Aquaponics System

Ching-Fu Yang
Assistant researcher, Tainan District Agricultural Research and Extension Station, COA.

cfyang@mail.tndais.gov.tw

Abstract

In recent years, aquaculture and farming combined with the concept of acquaponics, it
is gradually extending to every corner of the world. Many people in the building's roof, living
room corner and home of the balcony, set up relying on fish water irrigation plants of the
ecosystem. Not only to create a pleasant landscape, but also to provide fresh, healthy fruits and
vegetables. The principle of the acquaponics system is the fish waste that is discharged into the
water and is absorbed by the crop after nitrification. The water is purified by the crop and then
recovered as fresh aquaculture water, thus improving the water use efficiency. In this study,
two different types of acquaponics system were designed, the results show that aquaculture
water can provide the nutrients needed for crop growth, but there will be a shortage of
microelements, by appropriate supplement can make the crop normal growth, and crops can
purify the water so that aquaculture water can be recycled. So as long as the control of the
appropriate stocking density, the amount of feeding and with the season to select crops, as well
as the right amount of nutrients needed to replenish the crop, this system can be regarded as a
production system that can achieve energy saving, water saving and provincial fertilizer at the

same time.

Key words: Aquaponics system, Hydroponics, Nitrification
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The Improvement of the Tomato Grafted Production
Chang Chin-Yuan, Yun-Sheng Tien
Assistant Researcher and associate researcher Taichung District Agricultural Research and
Extension, COA
changcy@tdais.gov.tw

Abstract

In Taiwan, tomato grafted seedlings used to cut oblique, and use ring case while grafting,
due to grafting is a high-tech, need to pay attention to tactility, eyesight and keep high
concentration. In order to solve the shortage of grafting technician and improve the grafting
technology, this study introduced the Spanish grafting machine and developed the domestic
grafting auxiliary equipment, and use the open grafting clip while grafting. The aim for this
study is to provide industries with effective solutions to practical issues. According to the
results, the two kinds of grafting machine is easy to operate, even without the experience of the
grafted workers after a brief education training, the average grafting rate can be 208 per hour,
in the graft success rate and survival rate, the Spanish grafting machine up to 80%, domestic
grafting auxiliary equipment up to 90%. The use of mechanical grafting can solve the shortage
of technicians, as well as to improve the graft operating environment to be simple technology
and effort saving.

Key words: Tomato, grafting, mechanized.
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NINFSE IR Z8 52 N RoR i 8 Rt vad sy RIS R EVIIRE - BUKZ B 2 i
REHERNERES - MRIBEGT — B ERCE EER - EEHmEERA 33,900 AU -
H P fShEE il R MR RS RS o SRR LI = e il G i R 2 B -
FrP R R A B RS THIAEAY 150 AU > TR FRTE Il o

AT AT A G HEBR ARG R RS - R 7 AR DRG0 - T gesE B % BRI TR
2ot + B i R RGBS AN R R g E ~ RIIFHES S /2 8 b T
WERA > EAEEREE - RIAEE RN ORGSR - BRAREHS DRI
15 > BRZIRGT Y T R EAENE - BEERAR L A E H RN EE - HAEN
A T B R A ke b B IRAIA 3R » IRl S T R ~ fRE AE e 1 B e (K
EERAR - s H RS IR AR -

AEABR DIAEETIL (Cucumis sativus L.) £ EAEREY) » o017 5 H ARG #9 7% rC iz
A BRSO MEETE - MR B R AE N KR e B o AT R RS BB T
i > e R H Al SR AR 2 S R PR N R A fe T Re B '

3t
H]]>

\

BRI 7 BT R
— ~ BRI T ETESIIOE & PR A AR 2

(—) JesRpE

BB “EEE 1155 Kk "CU-87 YE MM R E YA S &
TRANARBAR » HEEIEIR AR 73 HI S -1.84 K -2.93 1« mol CO;m*s™ o il E
SETERBRE (Photosynthetically Active Radiation, PAR) £% 15~30 « mol'm™s™ > Pn

i /e &5 3 I T 8 3 > 0~800 e mol CO,m™s™ [ 9 P BT ZR 5 & » 2

ffd 7Bl PAR 1000~1200 1 mol'm™s™ I Pn ASF L7t > BEIRE Pn {55 12~13 « mol
CO,m*s™ + FENMHIFR —ELIREE (Ci) REZCEE Mg NI Z s R » M AR
BRIRE T R AR - ARG AR (B) B FLEE (gs) HIBEZ YE g i 2 5irig
(P Es (I 1) o (EARGABRAG R T AL » TEBH RS IR 35t P e w22 D JH & 7 30
wmolm?s™ » i EAERFFE 800 1 mol'm™s™ DU RAENEATERARER » (H)
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SRR G ERER S EYIER » IFRREAN SRR B8 REESE
BRI RIFIIRC A -
()CO, i

CO, Bt G F A EEE - 2B FELIEER - #@ETIRIT COo, IREA
EINEEEZR - I EIRER CO, Al BLE BT » IR = 1,5- AR ALEIRE 2
1t (Ribulose-1,5-bisphosphate carboxylase/oxygenase, RuBisCO) & 7= » #E Fr 1
HIm KA L& & B A BEE RN TN (Aglera, 2006) » HIZAEAER CO, SRR m] 4176
I CO, A& LS 1,000~1,200 mg-L™* » .2 Pn £ 16 w«mol CO,m™s™ » B 1E
H 400 mo-L™ ASRIREE NI 2 £5 > (HREEIRE IS > L Po ISR AT
ST RS > IR ATRERS = CO IR T » M R EA A fERe /1 T
et B[R] B A K B Ml KA L &P P S 22 B 7F FH P2 (Sheu and Lin, 1999) © 78
I E B gs fERN[FIRAE CO, BRET N HEEAE 2= 5 (18 2) » B LsH IR L FERT S
CO, 152 HG TS AN -

BEAY - BRI E AR R A AL - SEES YR SAAUA 50 % FIZR G
BOCEERERE D E » HiaEthE 58 E 52T RuBisCO » RILAEYIN
S AN R & & A EHETJB % (Murray et al., 2003) - 7E£¢ & %1k
R RS T LA IE R ST BB A ReME R EY R IE R A Raie s L E &
(Prior et al., 1997) s B ZR I CO, JRFE & Mk i/t s NSV EVE - &R ~
IR E B KR - AR A E TR -
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1. R T IEHIIE R AR (A) ~ SIERIEE CO, YR (B) ~ ZEAILHAR (C) MR AL

2. NF] CO, IR MESIMEE e & 1R (A) ~ HIIEMRIFR CO, IRIL (B) ~ ZARIGEZR (C) AR SLE
& (D) 28 b his
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(=) %

FERAIAE 15~30°Cift LI HT A P BEIR S LTIt » /£ 30°C' T » “Ccu-87’
e MEEEE 1158 Z Pn B3 AK RS 12~14 «mol COym™s™ il 11~12 « mol
CO,;m?s™ » JEIREZE 40°CIR » H Pn Wi HEREE 22 5 » (HAFF4RTHE 45°CHE 3]
EECHE 11 5% H P FICi fHAIZEE N o £ E B gs J71H » /s IESA IVE 7
40°Crz P Ngrs; » 25°C ~35°Clia FE[RIMEBHEE 52 » 45°C M AMIET T Re(HAEE
% (& 3) o HEHEEL Ding 2 A (Ding et al., 2016) &5 Hi I HE F 7 miidREE A
B EZREE I - DURAETE Fr Rl 52 32 2112 BRI RE B FE F 4G SRARLL -

D HIEREIRAE 25°C ~ 40°C B2 45°C ~ 1 REEFHE T2 Fv/Fm B 58 Fr AT s
MBI - &S REUSHER P FIEETBIRZR1E 45°Cmliists M EE 25°C ) 40°C
P PR MERAEE 72 2L - {H Fv/Fm 7E 40°C K 45°CHIBHER TR (£ 1) > nrflEnferE
TR PSI B TIEE > (HAGIRF Y S ARG B Pn TR S AP R 2 18
SRIMAERA SR AT 52 755 35°C ~40°C » @™ 40°C HIEAL AR T Bk [R]Rp 2 26
I (21, 2010 ~ Yuan et al., 2014) » Rl @ SR G0 ~ B AR % %
1K > HEWIMTEng AL P T RE ~ Bl b S IR b AR R B IR vt o P IR 1 P 1
IFRERERITEIE > MR B ER | -
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3. RERRE NESHNEE Fi A TER (A) ~HEIREMRIRE CO, I (B) ~ZRXBUHAR (C)
R fLEE (D) 1L

& 1 ACHIERRAE 25°C ~ 40°C B 45°C PDEETER] ~ TERGER R KB T8I 2 R

Cultivar Temperature Pn EviEm Electrolyte
(C) («mol CO,;m™?s™) leakage (%)
25 10.9az 0.9a 89a
Kappa summer No.11 40 11.2a 0.78b 9.0a
45 9.3a 0.76¢ 10.8a
25 10.3a 0.9a 10.3a
Cu-87 40 11.8a 0.78b 11.8a
12.3a 0.72c 13.0a

* Lowercase letters indicate significant differences among temperature treatment at each varity by
Fisher’ s least significant difference at P<0.05

(VYU) B Z sk H e b
HE#EAR R CE N WEEE 1158 K& ‘cu-87° fEfkPn HE{LEH
e Hh % » Y& TERERZE 5 07:00AM FFENABHEER) FF- > Pn fi%] 7.3~9.8 « mol
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CO,m™s™ » 8~12 RIS T » £ 12:00AM IRF32 & H 5% & 5% 15.4~18.5 1 mol
COym™s™ » TiRREE R W NRE - 4 R 2B e A RIBDC SV E A B,
IMATHERETRR CO, IR EEREZE SE LG B B OC SR T &M - FF » 7E 18:00PM RE A iy
TECEH IR CO, IR B A HHBARHE I > TEIF A FLE ST-RHPA (18] 4) -

A E HERE IR 21t > 06:00AM 3%t L& £ 120 wmolm™s™ > E &
FAH A R, - 12 BRI 5% 5 YE 5% 1354 wmolrm™s™ » [T 2 Bié & 31T 1%
£ 08:00AM~14:00PM HJf] ] 3% ft O i 5 10 S EL e BRI B o AE IR Ty 1 » B 3=
06:00AM % i 9L B E2 45 31.7°C » 09:00AM £ 16:00PM 75 & 8L i1fi A< HA 88
U 42~45°C » 18:00PM HixATIRE 16 36.1°C o {EFHENEE (relative humidity,
RH) J71fi » 06:00AM 2 RH 1% (5 3% 87.5% » # JE B[R FI| ] 4% 58,7 388 1fii 4% (K. RH
DL A9k 3 48 A RH 11T £ il 2 155 [ [ 1K » 08:00AM £ 06:00PM 2 RH #f £F
£ 50%~60% » 1 # FE % H 1@ RH BRI & > T4 18:00PM H % Aij ] i#
71.8% : fF &R T (¢ 06:00AM~09:00AM 2 F T it bE < Tk » i
REREHBLAE 09:00AM - HAME 5.1 Kpa( & 5) o Biyt & {F F BLERER [R 1 Bt 1T
THER M > # REEREE P AR ~ RH RIZRSEIR 22 S B A MHRAE » X2
JEARHRR (R o IR FRRZA R IR 2= SR ~ FHENR S R FER ST
It 2 FETRMEERHRR T (£ 2) ©

%% 2. AL & 1E e BB B [RFHRRTE 1

. . Air Relative
Pn Light density . VPD
temperature  humidity

Pn 1
Light density 0.942%** 1
Air temperature 0.747*** 0.803*** 1
Relative humidity — -0.766*** -0.813*** -0.905*** 1
VPD 0.586** 0.568** 0.279™ -0.284™ 1

ns, ** *** means non-significant at p<0.05, significant at p<0.01 and 0.001
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4, BVEEHIIEREEIER (A) ~ SRR Co, IBFE (B) ~ ZKELHZS (C)
(D) Z H#E#L .

L

A

5. E{ETEAICE Rt PAHEANR L (A) ~ IIZ (B) ~ JEE (C) 2% B2 (D) 2 HEHL
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~ B FH A I 88 e i 22

FEEE 16 ETEH AR ES i » DL AL C T P340 ~ 40°C TIEMEM: ~ 54°CF
BB TBIRE > FRREEICEREE (A - BAERMMER) ~ Rt - RSB ES
BT AT o A REUSME TRAR  TEMNE MR T2 R R H R T 2 B
RFARRGI B LR (BBR R ) > MONE R 5T 2R S s -

TR IV R B R R A = - 737315 M/m ~ B/ J Ala > F BRI ] (g
MEPEZRER - 7 M SRR A 2 5 S B (M) BT (mm) > (4T 2 IR A R R £ M
FF o i F SRR BRR L RIS & (ff) I BRIEFIRS &1y a R G EELTERK « BT 5
RIFJFAEEE » GA ~ NAA #A]E AT LJ6 A A HGE— 0 BB > TR ~ Yl A
FIRBEA - th B A EPE AR - %0 H IS S g e f etk - R H e (eI EIZ AL > K
TR R 8 A MEFE (Li et al., 2009) o T Al ARES fE B MRS b L2 ERR 78 (Gynoecious)
H {545 5 (parthenocarpic ability) FE#5 E. 53 E i -

REBR - B EEE 1158 K 220" M{EMEEAE ~ EREAKH RFAR
PR hiE 0 "CU-87 HfEMEFEAS EE 95% 0 (H R E (£ 4) -

|l

E

6. FEMINRHE (/) ~ 18 (1) RRITETE (4 ) 1Ml
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(—) By EN

12 3 ot SRR AR A 52093 DR I o 2 e 52 Hoy B S HEURH H w8 v BEL AR
145 BRFRZETRTTH 1.5 5 » [T B e B e P2 oy i PRI 1 7 = - R 7
B {HTE RASIIUE 47.7% FEE 2 62.2%( 3% 4) -

H Rl 30 A L TV 3 B AR AS SR L il s B RS R F R R A RE
(Auxin) ~ % (GA) FIBEfE % (ABA) S HEY)E #3552 VR FE )R » L
JRFREN NS S S S M B S R« dni T B R 5%
(K AR ORI F B8 e 4200 mT s AR 2B VG PR TE R A A 0 sl K AR
FHESE » A RBHEMSFHBIERR -

=
=R

it

I 4. BEACH VBB 2 BORARS R AR

Treatment Percentage of Yield
marketable fruit (%) (kg/plant)

Kappa No.11 47.70° 1.89b

Bee pollination 62.2 a 1.97b

Bee with pollinated plant 67.9a 3.0l1a

? Mean separation of the same cultivar/line within different temperature treatment by Fisher’ s
LSD test at P = 0.05. Experimented date : 2016/8/8~2016/9/26

(=) BRI ER

DACHII R E 1187 K "CU-87° MEfE » Il "R ~ TEK
KL CHERT ~ KB RO BRAREITEEE T o
RN A YR ARG EUR M Bl vy i B B » ECIH i o e M i
NIARIRTEIRZS 73 B H] 37.04% Kz 32.24% [ {KZE 0% e

FEMECSTERMERAES ~ it - A EEEEERT & REREE
FIREE (AR AR R MR RERTE RS ~ M L ETME SR - S [ 062 B R
o KD EEAMEE AR (5 FK6[E7) (EMEBEHETENE BRI
AR T CaftiiE AR Mot > Foak FI R 72 S s B3 i A A — 2
MIRETTRER 7 Mn 29t > EEBEZEIN (£ 7 ~ 8) » BURKEEAIMERE 27T
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RIS —EHIRBR » £ RRARRIE

BRI (£ 9) - (HREMER -

Rab IR (£ 10) -
ECETEM T > BRERHER IR T HAERC & B RS » (EHTINZRHORES K
RALELE (18] 30) » 18 AT REBLIAE T FRA K+ WO » ap SR ALBHAR - T
IR ERE HE e B s 2 - e AR BtiRR RS M iR A Bl - H
IR IR (& 8) -
%% 5. LI\ B AR BB R e i1 30 RAEHE A EL
Cultivar Treatment Plant Shoot fresh ~ Shoot dry Water
height(cm)  weight (g)  weight (g) content (%)
CK 75.4 60.8 4.9 91.9
Kappa No.11 Grafted 110.2 115.8 10.9 90.6
T-test *kky — — —
CK 724 61.6 5.2 91.8
CuU-87 Grafted 132.1 1195 11.1 90.6
T-test e e e ns
“ns, *** Non-significant or significant at P <0.05 and 0.001, respectively.
7 6. {LHAI B AR R BB R B HE % 60 RAEHEEH Hi
Cultivar Treatment Plant Shoot fresh  Shoot dry Water
height(cm)  weight (g)  weight (g) content (%)
CK 255.7 384.9 50.2 86.9
Kappa No.11 Grafted 274.8 466.1 59.8 87.1
T-test *z e ** ns
CK 256.3 328.2 44.4 89.7
CuU-87 Grafted 258.1 450.4 46.7 86.4
T-test ns ikl * ns

“ns, *** Non-significant or significant at P <0.05 and 0.001, respectively.
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7. {EAHIN B AR Rk v e i 2 30 K 60 RAEMRIHER
7% 7. /e BN B AR BB BAEIR ERE % 60 RAERE B ITRIRZ R

Cultivar Treatment N P K Na ca Mg
©-kg) (9-kg) (@-kg) (9-kg) (g-kg) (9 kg?)

CK 4.6 2.6 4.3 2.2 2.0 1.3

Kappa No.11  Grafted 4.9 3.1 4.8 2.0 3.2 1.7
T-test ns* ns ns ns e **

CK 4.3 2.5 4.3 2.7 2.2 1.2

Cu-87 Grafted 3.9 2.5 5.2 2.4 2.7 1.3
T-test ns ns * ns * ns

“ns, *, #* *kk Non-significant or significant at P <0.05, 0.01, and 0.001, respectively.

% 8. (LI H AR BB R e R 7 60 JHEHE i B TR IR LU

Cultivar Treatment cu Mn Zn Fe
(mg - kg")  (mg-kg’)  (mg-kg')  (mg-kg")

CK 6.6 28.1 81.3 93.3

Kappa No.11 Grafted 8.2 24.5 92.3 118.6
T-test kel ns * xx

CK 5.4 28.2 91.4 111.8

CuU-87 Grafted 8.8 29.9 144.9 164.4
T-test kel ns kol e

“ns, *, ** %%k Non-significant or significant at P <0.05, 0.01, and 0.001, respectively.
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8. H i ik v CHA IE R R B B - ELAHBRS B AR B T [ R LR

0. BHEAEHI B AR R R e A 60 RIFEATER (A) ~ RFLERE (B)
JREUHAR (C) R EEF RS (D) 23R -
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2% 9. (LI B R B v R AR Bl B LU

Marketable ~ Non-marktable Marketable Total vield
Cultivar Treatment fruit weight fruit weight fruit number y
(kg/plant)
(kg/plant) (kg/plant) rate (%)
CK 1.23 0.62 49.7 1.85
Kappa No. 11 Grafted 1.51 0.63. 75.4 2.14
T-test ok ns Fokx *
CK 0.45 1.11 35.5 1.56
cus7 Grafted 0.82 1.51 39.1 2.33
T_test *k*k **x ns *%*
“ns, *, #* *kk Non-significant or significant at P <0.05, 0.01, and 0.001, respectively.
7 10. ElAI EAR Sl v SR i
Fruit Fruit Water
. . Fresh Soluble
Cultivar Treatment length diameter i content o .
weight (g) solids( " Brix)
(cm) (mm) (%)
CK 21.10 25.33 76.55 95.93 4.30
Kappa Grafted  19.31 25,25 70.62 95.59 4.27
No. 11
T-test ns’ ns ns ns ns
CK 21.03 25.77 77.18 96.33 4.71
cus7 Grafted 19.51 22.76 76.92 94.78 4.20
T-test ns ns ns ns ns

* ns Non-significant or significant at P <0.05.
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Improving Vegetable Productive Efficiency under Protected
House~Taking Cucumber as an Example

Wei-Ling Chen, Chang-Sheng Chien, Pei-Rung, Jhuang
Associate researcher, assistant researcher, and research assistant, Taichung-DARES

chenwl@tdais.gov.tw

Abstract

Taking cucumber as experimental crop, the object of this study was establishing a
cultivation model integrated with cultivar selection, plant physiology, bee pollination a well
as grafting then improving the productive efficiency and quality under protected house. The
results of our study showed that light compensation point, light saturation point and maximum
net photosynthetic rates (Pn) of cucumber were 15~30 mol-m™?s?, 1,000~1,200 mol-m*s™, and

12~13 pmol CO,m?s™, respectively. The CO, saturation point was 1,000~1,200 mg-L™ while
the Pn was double higher than those under 400 mg-L™. The Pn of plants grown under 25~40°C

were not different significantly but decreasing about 20% under 45°C . The Pn diurnal changes
of plants cultivated under protected house during summer cropping started elevated at 6:00AM
and reached the peak valued 18.4 umol CO,;m*s™at 12:00AM. Meanwhile, the environmental

factors are 1,300 pmol ‘m™s™ light intensity, 40°C , 54.9% relative humidity, and 5.1 kPa vapor

pressure deficit. After then the Pn significantly decreased. Besides, two cultivars ‘Kappa No.
11" and ‘220" were selected for summer cultivation. Pollination with bee and pollinated plant
under protected house can increase its yield and qualified fruit percentage for 1.4 and 1.5
times approximately. Furthermore, grafted plants using pumpkin as rootstock significantly
reduced their Phytophora rot infected rates and promote plant growth. Cucumber ‘Kappa
Summer No. 11’ and ‘CU-87’ grafted with rootstock pumpkin “Yukon’ had good compatibility.
Compared with self-rooted seedling, the incidence rates of damping-off disease at seedling
stage were declined from 37.1% and 32.2% to 0% both, respectively. Grafted plants had better
plant height, shoot fresh weight, shoot dry weight, nutritional element K, Ca, Mg, Cu, Zn,
and F content. It showed that grafting had certain effect on plant growth and nutrition uptake.
The grafted treatment also had 15.6% and 49.3% increasing in productive yield, meanwhile
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25.7% and 3.6% increasing in marketable fruit percentage. However, it did not had significant
different in fruit traits. Besides, grafting did not enhance plant’s photosynthetic efficiency
but increase transpiration rate and stomatal conductance that promoting water and nutritional

uptake and transportation.

Key words: Environment under protected house, cucumber, photosynthesis, grafting, bee
pollination, yield
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Studies on Re-application of Used Substrate in Fruit Vegetable
Production under Protected House

Chang-Sheng Chien, Te-Chen Kao
Assistant Researcher, Researcher and Deputy Director of Taichung DARES, COA

chinecs@tdais.gov.tw

Abstract

The object of this study was evaluated the possibility of application of used substrate in
fruit vegetable production under protected house. The result showed most EC value of used
substrate were higher than 2.0 ds - m™ with salt accumulation situation which as a major
reason of continuous obstruction leading crop growth retardation. Among cation, K, Na, Ca,
Mg were most easily accumulated. Acid liquid treatment can reduced Ca, Mg, Fe, Cu, Mn and
Zn content efficiently; however, acid substrate after treatment was not suitable for cultivation.
Hot water treatment can reduce medium EC value as well as macro and micro-element
content. It also had positive effect on Fusarium oxysporumu wilt prevention of cucumber.
Hot water treatment can be used as a method of substrate disinfection and reuse. Although
both acid liquid and hot water treatment had leaching effect, the non-recycling drainage water
may cause groundwater pollution. Therefore, the key technology still need to cooperate with
recommended fertilization then prevent the continuous obstruction happened.

Key words: Substrate, soil sickness, acid leaching, hot water, fusarium wilt, salt accumulation

119



120



FEALER S EE (L A 9 2R
ZMEA]

PR ~ T38H1 ~ HEETS
T RRE A g &P ERG R A - BIEER ~ e E R
lindy@tdais.gov.tw

TR

FHMEERRERZ IR S A (LR AR LIMUEYIREE N - HRTRAE B NE
MRREIE % T - (HIE R 7 20R BE R A2 (RPRAE B PRI - FRAEERI R E MR
RIS ~ BERVIVE ~ YD - RIRECGRGERS WIE S » Rl HE R RSP RE HR &% 28
FEH o BRI R RAEFRRFS 'EEMEE - PSR - Piaktk - MiERdEE rUE
R - JTREZEIRE 2 S BN ERUEH © BRI E - B S E M
N TR0 I SR 2 ek - A RESHHIR (LB RS IRAR & 2 ~ ARIRFIE » LU
LA ~ AROER - RERERERY -
S R REE - s BRI

AL FREE G R B

BBV REE M AR E 2 0T - @ S YIRS E M b= A R AR
WECERE RS RREM ~ EYEMFHE - HE 2 EWEM IR CE R A8 -
WOE AL ER R EE — R ML R T SR EL AR © — ikt D B30 2 AL & U SE LI R (R
B R —MASRBEHIFER] © NIL » A FR LR RS LR W A2
MBIV et b R B 2 A RRYIRHEMATT -

— ~ REGCHEPIREEM (BEVIVIRRIER )
(— ) HBGR (R ERRE ) ~ ATURRE A ~ 5 B0 ~ it KR RREEE ~ ik

BN ~ SN (ER) AT (EFR) RIARLHEEE ( B ) 1 9f# (2015.10.30
N e

121



(ZH)EAmE RS REE M ELIL3H (O 215 - Bl#E 18H)
(2017.05.04) °
— -~ AREEmLEM (BRE)

fRJTER ~ RV ~ REER ~ MRRRE - FTBIOH - BV T (R RSB R B
[RAEEH ) HAHEHE 8 i (2017.03.07 A FRZHENG ) -
=~ Hith# REM -

WM ~ fkiESE - LMY - B - RiiE - FRESEYNR AR - JRIR
IR BT A~ il ~ BB E RS EEE Y -

HRTIE LB R EE % i R A BB (R ET B | 1B TR RS IR HE F VBRI
BECHEH - HLDIEERINS - DRI EM 2PRe1C G2 UG E - &R
B ] A THAECE M 2 BERO T HIEEREEE » e BRI AT RER TR e E BRI ~ Fa8d
J7iE ~ Ma R ~ MEFR R —205% > G EPR A 2PN IR E R » B R E
FHERE

Isman M. B. 5 (2014) &%} 1980 ~ 2012 4 [/ 308 W {5 i ME P76 5 s e 75 341 T
oI BEUER DO F 507 BUE R o AT o AiERE - 26 BT AR HE A Uk
SEER TR EEMEIRSE » G5 SCRRERE /B B 3 B P HE 1 E I 7S H
[ o H— AR - B ~ EPEBEHEYIRE M 2 5E s R R TOE » 1
03 ~ BN ~ HASE E RS BIR 2 It s R AR R o BRI E R ERAFIY - a2k
T BHE B oK G an iR A LA B e 2B A FE W E FLARK A - A E R 2 L+ 8
el BT A (Isman M.B., 2015) °

FEALER FR AR BT A TRIR 2 S B R B AR » (RS MR R BRI - B/
FH#EEE - HE AR IR EE 2 RGP 22 = B R RIS e v B o5 o
ML B2 EL SRR B2 (Bahlai C. A. 25 » 2010) © (KLU 22 EL 480 i DIRG A RERT % B H
MEF » IR BEEE R 2k m el R By N » AR E M /B AERA - Bl
B I 2 TR B R A b (A 722 TR T P AR A ) A B LR A e A A B
LB ATEE LR (EREESE AT A UG > MHRRE MR thPEfE
A - & IR AT SR M 2 B 1 R BT AL Z A RIS I LA EE - A RE A/ 88 & FRL
)EH °

122



FEALER M T e 5% 28 i e T 5 L

[ Py st it R b 2 BRZR A2 TC » DUNEZRSE ~ BERHEY) ~ B RHEVIR RS < /)
TERMAR RGN - &l (E SO ED G AT e R 2% Bk e & (=R « (HLLE PR
c RGHE BRG] - BALVNESR ~ HEE ~ TeBRRRIERF —aht - BsEEs b
IREEOR B - BIREAR T3 FH T TRIAT ~ vk > L2 00 (L 2R R AR L el - 22
RIRF ~ R B 7 R T8 AN B o R R » S R P vl R e R 2 A
DKL B [ A G R IR ROR - A Bt PP 2 R R th i s o P —
R o BRATRITAERHIEVIRICE » Lot E V0 B E % - A AR HESEE K
R BN FIRR MEE TR - PRI TR LA BN » DU (AR W IR -

LU RHEY SR mRHEVIRS B » W 5] F 3 R b5 v A R I R HL R R 1
Py BEFL IGE AT  RRE - BTSIE - GO ~ B R RURIRRESE 0 K
RRETEDIANE SR A —ase i Pl (E s RIE « (HDUERS B e =T D SR (e S
THERRERHED) ~ 2R EY > /NUFE VIR EREYREFCL N3 - &iErn)
INEIE B RS ATTRGHEAE DT ~ INEEME » 2 MBI T LR EERINT R - (HEVIREDVE
REHE - NI LR REEEM 2 E A RIUH DR (R E s - W R
AR E B S/ N FE YNGR RS T o B AT AL SR R E M A fHRR R B
Bk EHERBESERJTEREE L A TER A o DU S HE M A HERE R -

AEEE ~ FUBRSERPIIRBG G E b Z JEH]

TEPIRI G E M R R AEIR R SR L A Ry - EaatEE i E 25 - Tk
TR ~ S~ JIH] TS - HRITBEWIMI A R ERE SRR AT S TR B
FHT A E BAFIHIRF 7 £ - HATEI RN DI IR ~ wicM ~ Pl £ =G &
B ENVBRZREEE D WER A - (HETHER B A E R R EEC © BINEPIEDG B M LI
ghfs LI 0 JER TN — R SR > £ EUE R IRARL FE M AR -

3% 5 e EVRRORH 9 /2 ot FE R B 5 REPD IR M PP i Fe i 2 ELBGIZ JE R B - BR
FRO N B IR N L& RS b > FITRSR B IR ISR R RGO = A iR HI
HATE R fiRds & R TR - SREBR A - ST~ HiAr iR ) B R
n]HEFT R a8 E VG - (HAld FEPREH e aEg - PLIEY i e bt s i E

123



6 (BT EE YA LI LS E (B - B0 R A E B s IR
o HEF S EYE G E o INICER ATECE D& ~ /N HE -

H RIREVIIRY TR E M 2 HE LR MR AR 5 . - — e IR B et 5 5
RULTEY) - PRI HERIS IR > (L2 EREE0 I T RESZ PR - DRI AR ek & PRk
HIHE AR M LIRS E R+ 1A0 > FEs N sl USSR R 53+ At i I DAL
etk BTG - IEE MA@ 2 PR AL EE  ILRE R PRI %
FEINH E SR L T = ZE PRSI 5+ [RIHRE m 3R o ft Y R S A RO R TR

B E BV E MR ERE > ELRTRENAIR ~ By ~ MR ~ SR 750
ARITAEIRARZESR - PRI RAT DR SR ~ Il Se 5 Al - (0 LS
MHIEE LR R ~ AL 2 ~ R EAN ~ PUESE - HiEEE SR A
fE ~ MHEUERE ~ Z) ) AR IR » AE 3 s 3 B Py ] RE LA LG I i A

kTR~ B2 iR a SR bR Z HEH

ik TR B %S RN S U E I E M R E R R R VTR BN - BINE R
SR SRR A o R B Al LAV G SEd H R 5 o - (H AR 0B iRk & HE H ik
JERR A EYIYaT » EREMIRE HASET G - BHIBESIE AL IER
FEAIEZUE RS - HAEERSE 2 FIba T - AR NaEERO 2 IlG - [EEIN B EE
B HATRAARAIERER - Vil C AR REE I E - HRUH AR E R A e -

ax HEIRCREBE E Y ELBIAN R - BRI Al A IR o 3 TRV R R PR U
fa o LRI 0] » soah i il ga i A - (He0fndhad i 2 nl EH 2 32 H
e fL > DRICEft A (B A A SR T E G TR R © BN 2 e 2 F I Fr BB T s 1
B BEALRaETHRR - P EBERA AN SRR AR - JEF
Rp=5 B ELMRG TR 1A - RESE A ik /T IR SE T8 BB P S = T S B R R R M K B
8% o A B RENGRIE RS YA RIS - A IR S A T i e - 5L
RN % @ I AR s IR EY) - HORMURS R > I b i A\ RS B REDG3E - &R
TSRt Pt HEERT » TERCEYIE L EHISEA

BEEE AT R IE %% AR SV 6 S R AIGHE » IUEE M By d ~ #F%
S/ NREYNLEEVTAROR - 1Ot - % AR Ea R AT EE N BN EEE NG

124



PIRIERAFHAR A - SBI5 10 EL AR B o M IR E PR L R P IR - %
SERGIETE (I 24-48 /INKF ) TS RO FH 7 M 3T Rk PR O I » AR B It
FA LIPERIRIEORE L > A RS FIE M R (ERKGE

WEVIh ~ Wi SRR E A Z HEH

BEVITEE M 2 e FS IR - S HI IR R S TR B i K 2 R 4 B /e
HHIE o H AERYIVEE M RS a R R ~ BV GRS RIS - S B IR
gegic » BRIl R R BATRCEER - MEPIIEE M 2 A B > BHEYIA Sl ge
GG IR E - NICS BoEE I RO - BN E ~ B2 Bt P B s
oA JHE T o e RV G - P W T BRI < B M M ] e e P B R

BERPITEBE M I A R WG e E RORE - ARV & ~ /i - Rad - B
FEERER - W SRENG 2 IEYIT BRYR - mishy Bl r R e /s
BIRaRCR - WAlSR0G R o B AR v s iz B M 5 TR R B A2 s - Bk
BEAVRGRaSEIRCRIS - el DB LMY e &M PR RER - AR
RHERET R 2 Fr 3R 2 (0 SEFAU R A PR (ELOE P RS A o B At LA ~ U5 22 vk
AR ETEFEM RS » DIREREEE -

RaVE TR S8R 1M Z M

i B MR RS E ] 5 F B EHI B R DG - T2 B R T
R & SRR RAF S o (HRGGE EL R R TR T RIS R H - g
FCEMIRE - SR AR E R RYaFEHE - M3 R EERIE IR - 355 1M R &
BIEAC ~ YOI SRIRSF I - W R LIE R - FhakE - MERS - ’RYSFEMRE

ARt Y P DA ~ B H0ES E RIS M o) DAREAR R R R £ - R R s LB R AT - 3%
FIR&RE > @R EHEM A RafFE e e - A selIE 22 E A R e T £
s ELAMERS [VE - EEERA GRS | BN R AR B A, - NICE A BRI &
M BOSBEE M EE R AMEN F SR - DRHRINS - NFRBGORARE A E R
oL i | T H 2R - S — Rl A P COREAR - ISR ] Ry dad R~ WeF s ~ AT RS R
TR o JEF S RS R R (R BB A SR ARA (R - A R BERT RS 28 ~ 2iiihs 2

125



FF ] ER S REE R E A FNIEY) - — HaE A R - gl RRTTRG G ¢ M
BN ~ P AERH BV S H VIR NG S el - el B P
IRFS/ iR EH] -

i [ ESRINE M E BRSSO S S - MEE V& Hf
’%ﬁﬁm » AP EFAMEESITER B T (BE - RS [ s il R 2k

» (HEFERT R B N B R e 5 2 EE 5 [ 7] - NIt R W S R B AR -
[E LB M PR EE B F Y M E RS ER AR i
M5 » AR S B R Bl 2 SR a0 midfd > DRI LOREE MR A 3 P R
K HUBHEFV AR E T - AR5 & LOHE M RN 3ot - RIS s
IR E FE VIR -

RIREE B IaA 5 [ B n] FE I o aschti vy - s DI ED G R+ - HilE R
P3| B S R BRI A & 1R DRIEEAS R ~ B BRI ~ H s IR A rTRE R Bah 5 [ 2K
73 o B AR 22 SR A AR A AR DN - MESR RN AR ot nT RE S EE DI R
T BP0 S BRI G R R RS T AR P Bk 5 Pl - 5 e S Reka 2l
TR e A ~ IR (B AR - s BRI R 0as 5 [ BIHE ey b A
MR DS AR - DIRRRE A (VIR -

i)

ff

B5RART RAE T - BN T L B EYI R I TR R &~ B
BB R M 2 DhRe Bl ] )7 2UBE— MRS R N - DALY 26 Rl e i & i a8
FEM AU REDE L /\Ekﬁﬁ‘(nk&%&tc%ﬁ » IR B MO ME FHIRF B8 S (e
DIBGE BB M RR I BRI o MRSt d e 8 A T UL i SR R e 3 - &
iR M E A RER T » [RIRF L fR B s B R A 22 R Bl O - SE A TR Erid i
FIRWEE ¢ NI - Sehti s & & B iR IR e 20T > RoEE B -
R R RE I P s & 8 A 2 T8 > DN IEREE DT 16 TR0 o

B35 % IR IERE R F IR (LR R EE T b v] LIS RAF R F e ReR « HE Bk
G FERIE M AR R E IR - R IR IR w BB - LR
PR TE YIRS B A o Rt & MR Pl 1 P R (LR R BT MR B Bl =5 Rk 2l

: LLLL

126



E2)T 0 MARER < RIRIEPRICHE R - Bl H A A% AERT 2 37 Bl 52 5 AC e Ok
REEM - AITHIROARAGR A 2% MBI 7E S ZE B + s B S g b B LAt
T RIS L[ FERC - SH AR EY) < S BRI - @ RN 5 B R B U B, » 3%
AR S AR R fH R e

10.

11.

12.

25 3Rk

TG PRIEEHE 1992 & R E BRI 16 2 e R ek & R SR a Bl &
H 99-103 °

TS BHETT IR 2009 MR & ETIFERREENTE RIEER8R 443: 42-48 o
T BUREE 2007 RIRDEE (FYaE < FEEEENT IR T 19-28 -

DU 2007 (EYIRESERES B 8 A R im 2 BRI (EYah s 2 IR R EED e i
81-86 °

ZUERE 2R BEED FESN 2012 B E MRS EHREE RIS AR
APPSR RR B 2 B SRR & S 41-60 ©

Hs5M 2001 FEZ T BAF Y2 A RE IR R EEDT IR 2 WF7¢ BRI 2 S RIS
Jekiidl 45: 22-28 ©

JENLIE IR BROCHE R EE 2006 (EVIHUS 2 IRREED A R i R E S IElET BT

H

B B2 S R [ SR I B e R SE HE JEE P 95pp ©

e B 2007 R a BN AL E mlTin ZIER (FY)ahE 2 IFREEV e H i
_56 o

TN 1989 VEVIE IR RREENIAE A MR ZENTAT & B4 183-192 ¢

EENNEE 2005 A REERRET TS - SRIEREE AL AL AR ARG
7 289-307 °

PR S WA 2007 FEA 1B AL E gliG b 2FIH (FYEE 2 JE B2 G 5l
29-38 ©

BIER F o0 BIART 1993 BEIE LB R AED G AR A E R H e L2 B
FH 7K A SR @ B4R 187-200 ©

P

w
(o]

127



13.

14.

15.

16.

Bahlai, C. A., Xue Y., McCreary C. M., Schaafsma A. W., and R. H. Hallett. 2010.
Choosing organic pesticides over synthetic pesticides may not effectively mitigate
environmental risk in soybeans. PLoS ONE 5(6): €11250. doi:10.1371/journal.
pone.0011250

Isman, M. B. and M. L. Grieneisen. 2014. Botanical insecticide research: many
publications, limited useful data. Trends in Plant Science 19: 140-145.

Isman, M. B. 2015. A renaissance for botanical insecticides? Pest Manag. Sci. 71:
1587-1590.

Pavela, R. 2016. History, presence and perspective of using plant extracts as
commercial botanical insecticides and farm products for protection against insects - a

review. Plant Protect. Sci. 52: 229-241.

128



@ 1. BT T B SRR [E 2. PRI ERIRE M R MR - FERIRFIE S
shENE - (HIRAL S BRI fr/NmE e - AT 2 A

3. Bl EVIRE A A R L T & B EY) 4. HEHEF LR MM - AR
FEPIBRIEEE o TR RN I MEFERIVIG ¥ R B i T3k

129



I 5. FE I TEENE SRS GO B - T8 [ 6. AR E IR E S B Al - W]
AR A R (B RARF D E S IR

& 7. I T EMEEN AR FEFAA AR (B 8. A Al ol A A e B bG8
FA o HE SRR H AR A PG IES B 8 Rt

130



10. FEFREMRE IR A s - R E &

9. [EFIR ZFVIR R IEL AV BE - DIEsR
17 & s HE R P B R A

1. FREHLAERENVIGTER - SHFESoRsE e - PR ENEWAER

131



Non-chemical pesticides application practices of insect pest
management in protected-cultivation

Da-Yuan Lin, Yi-Chih Yu and Kuei-Fang Pai
Assistant researcher, assistant resrarcher and Chief of Crop Extension Station of TDARES
COA.

lindy@tdais.gov.tw

Abstract

Non-chemical pesticides refer to plant protection materials other than chemical synthetic
pesticides that have been registered. There were a variety of registered materials in Taiwan,
but its application and scope was more limited to the harvest period. Non-chemical pesticides,
mostly from plant, mineral, microbial, natural or synthetic attraction substances, can be applied
to pest management during cultivation. Application of non-chemical pesticides now has to
consider the characteristics of materials, target of materials, timing of control at the same time,
and coordinating with appropriate monitoring programs to effectively use these controlling
materials in cultivation. Protected-cultivation emphasizes precision management of crops and
its environment. Non-chemical pesticides emphasize its safety and effectiveness characteristics,
thus cultivators must plan and apply these materials in whole cultivation period accurately to
meet safe crop production, effective pest management, pesticide use reduction purposes.

Key words:Non-chemical pesticides,insect pest management, protected cultivation
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5 v R A B A HH RERERE 7~14 K153 BB RE D RE 1k o R 347 100~200 i
—R > FREEIR B AEARS » MRERHE RO R ERREE - HEHFYIbRGE ~ B
B~ R R BEREE - B EREERES R o NIRRT E
B2l BIEMHRESCER ~ (5 ~ CRELERS o Fulths RERIIReME
A VIRIBI VeSS b > BRAT BB A v AT e B BTk B A (R H iz
TEV E R R A RN E S L UG -

( = )PGPR N B i H2FH

5t il i 7 B 5 65 B e A -2 il & 1 © H 25 26 AR 8 i 2 J 15: Chryseobacterium
sp. ~ Streptomyces sp. 5% f& PGPR T# fk > NMEAE AE R Bl = LUVE & £ /0
gz ABRE AR ERNER 2R B SR BRERE - H
Streptomyces sp.RS70 LB E B HEHFMPIEIIRLEEST o E—FETIR=EK
FHHEASR - B 3 PGPR WK RE (R E & ifi 4 £ B SG e &

EHFR MY ERIREHE PGPR W » 7= DU RS /8 B FH &=k 7
BB VER G - R ER A R - B EIEM - MERER FHER R
IR - #RE A ER - HESERE S ENE - B B > SR
IR E B R FER L B MREE IR E N RBH < &8 » WO HARK
W U SR AN 2 A - B PGPR TR ok AT YRk /)R 5% 3 B 30 245 it 7 8 B B )
%> CEFEHRERE MIiTEEREHNERLIREER - HERART > N
LISEERE SRR 2 o P 1 o SR o A B S R SR e S S A e e i
ZFHR B ABRCR » (ETE R B M L R B 8T 85 BEREEE
E A AR A RIS IRICERE T - R 85 e W A B A RHE 2 16
& » $5a BRI IIRR AT IR E A RIBE5.2 & 8Ah - JReR D SR B e AR
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ZEE - BHIERHE AT AT AL P IR B R B > LRI DL PGPR I MRIEEE
Af - HEMRUCT HERE T A R s 210 E - PRz 2o B s R
N e AR B R e iR FARE AR -

A MR RIS RS LB RS (R E R ZAREETE Streptomyces
EE HGUE R TR sp. RN 16 Tt i 2K —i A 2

PGPR [# 1% Streptomyces sp. RS70 NELFI43%  PGPR ik RS70 B3 E BAFHEHMPLE I
IR AR A=) R Re S (F - BIEAE , A ¢ R )
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FAEERE /7 20K PGPR BERAE 2 it 1 v IR e e (2 (o A e 8 (A

Streptomyces sp. RS70 PG & Al 5 HHRACRET  PGPR RAESE A5 1F 3 i SR & o B sl D e
(72« Bl G - PR ) JREEAE (o EPEAH G - BIERAH )

2. PGPR U B £ TR FH I F R
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H AT PGPR HRHBEEE 7 X LIsERE ~ 1 Tl SR M E R -
EE R H PGPR Z i LIREIREMEY & & ~ I IN1EYIE R R VIGRE » EHEAE
TEPIER G 2 BEEE 77 (colonization) 58556 B » KA 24055 & Ho i A 77 20 = A
VEVIRRER Z FEER TSGR B RE - A RE H #2 M F Ve =2 B RIS > REAE RRTIAE (R
VIRRER AT R DU R A & ~ SE IRV & S iaiR s » ARFeaii F.z
PGPR W MREIRERE S i1 == B FH[E] 2 iR % - HBE(EY A RN R 57
IRESHE R —E B - 1AL > FIRCE Y T H MRS - P2 3RS 2 IR+ (40
WIS ~ B~ JKG ~ TEE S M BT ~ IR ZEBMEB RN B
B A iaaR R A R = T A R {EAE H R BRI Al R 2 IR A » 72
THFE - ER T 2 PGPR AT IR 2 B FHFEA SR H B ml (€ e 2t A =l 2 =
IR - N RE EARER B T B 2 AR 0 IR E SRR HIE(E Y R
BUG T - hReseik DR AR > s (FYIRARS SR EA -
ey Lot s B R B R B SR R B AR > B ELRE R SR AR SHEF B R i
B HRIRIEE R AR R R A E BRI - BAEE ZEnm R Myl {E i 2
AR R AR TR R R A B BUE L PGPR HE KRR AT D B AR e = ot - AT
(RHEFAM L ER ~ EERWE > BN L IR R 5 PR IR ) 8 2
BEPER -

Af

(=) TIREMEGI A B S fts Bl ji
TREE R 49 (Functional micro-organisms) © B E 1 % 4= ik H BHE W A=
REIAIE KM —HERENEME R EEER - inER
i 5% R IR D RE A LR T E RS > SRR S e Y A4 R 2 VAR D) (plant
growth-promotingmicroorganisms, PGPM) ° [t %8 T4 & £ & 41 [& & 41 & ~ 6 IR
~ROCHIE ~ PRGN ~ MR - REE e E MY 4R R 2R (plant
growth-promoting rhizobacteria, PGPR) % o
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3. PIRETEM A E BRI 2 Tk

=~ VIReTE AR R 2 K

IREVETBE VI AT A AR R ~ R AR BT R R AR R B S AR AR
PP > OB AR CAG ~ SR ~ AR R BRI S o T ARG E I REE
VIS E S TR o A R b H R (Trichoderma asperellum) ~ & {b
¥y ZE AR (Bacillus amyloliquenfaciens) Kz iGRR & (Streptomyces sp.) 54 51 B RS - ilfi &
FH38 SETR RAH 28 26 TR S AR B A AE VR HERE ~ /VE ~ DhRe MR A EIBIE > S HEH
] R -

HIREME I A P B o 3 A A B A AT DG B - & SRR T HR e E Y R
R~ BRI IR E I 2 SR A Ghh - 3K BB RE TGP 7 AR MR TNE > T
(o R IR P S8 Bl o BT 2R B RS P RS TR (K © TR R EE E ER A T i P
(P K % LI FIRRE ~ WM EIEIERC SR Sdg BRI EEE - P FERE & - ST
HEAMK - HAHBA BRI i S e ~ B 15 Sz IR R TR ~ IR ~ Wi
SR T2 > B0 07 AR R RN B M0 A N EIRE 773 R ik - I s 8
FEIBE FHIIRSOR o IRIAEICE VI BIRIR e 2 [ - fHER I Elr ~ B5&0d )7 ~ AR ARk
RE TR IR 2 (o R S BUR o DIReMER A MBI B — B A B > HARF
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TR A A B (S I » (o i & % PO B AN R B AR i © ANRI R R AR
SRR EE R g EE L B EY AT EY - SEEYESERIEMY - RIVE
1 ~ @I ~ S~ PUAER R R EYE - KT TR RS - SHCE -
BhEZE ~ BRIR - B~ WARIAE AR A L NI E RS S YR s 2hd 7 Al
FE Y o2 Tl F R o B — (UORBR e Y S G 28 0 Dh e M A o S s 1 B
FATTESRATT -
=~ REE TR E Y B R

1 RN T : PUEEE 1 AT 0 5K 0.5 A7 0 W& 2 A > 7k 20 A7 0 R

(TCFO9768)20 /A7 °

2. kR ¢ FEIERTREEER - FEERLEOR (METFIRVERSER ) o

3. BHE : WA= G (BE)  BERIMUEE (EBREEFRER) -

4, BREETRAEE = © 1X209cfu/ml LLE »

5. IR AR R pH (HEEL
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6. VR B KB EC (HE# L

IR EERE 7 K R 14 K

7. ER B HIE

146



8. ikt AT -
5 14 K : pH=3.66 * EC=11.96 > & =0.14 > 7 =0.03 > #f =0.49 - #5=0.43 > $£=0.16 °
5 28 K pH=3.44 » EC=12.27 » %, =0.11 > % =0.04 » # =0.46 > 5 =0.46 > ££ =0.15 °

3% 1. AIEW3 FORHEC 77 Blfn 3 M7 (1021/9/3 25— HER )

AN BEEPE) (K F5(Ca) §E (Mg)

JRst pH EC
(%)
ISR/ ki it 3.72 13.67 0.17 0.08 0.70 0.40 0.17
(e 3.58 12.60 0.22 0.06 0.67 0.31 0.14
TEESR 3.62 12.73 0.18 0.06 0.65 0.45 0.18
H#EH 3.74 12.42 0.14 0.05 0.66 0.42 0.18
EEH 3.55 16.10 0.25 0.11 0.90 0.46 0.20

FEEH+&THE 356 15.43 0.18 0.10 0.94 0.43 0.18
EEH + By 3.61 16.89 0.22 0.11 0.93 0.63 0.26

BT - 2UBEE 1 AT (SRR FIER ) » BER 05 A » BEE 2 A
7K 20 23T 0 AR 20 A5 0 FEER 100 A5 o MREER 200 AT

7< 2. N[ER IFORHEC 73 B 434 (101/9/28 25 — K HUER )

JRE pH EC
(%)
SR/l 3.49 19.70 0.08 0.08 0.71 0.41 0.18
=k 3.46 18.01 0.18 0.06 0.72 0.37 0.16
ZE 3.52 18.04 0.12 0.06 0.70 0.48 0.17
#EH 3.67 17.83 0.14 0.05 0.62 0.29 0.17
EEH 3.41 18.85 0.13 0.08 0.74 0.39 0.17

ABEH+ & TE 331 20.26 0.11 0.08 0.71 0.40 0.15
EEH + By 3.48 20.74 0.15 0.10 0.80 0.43 0.16

AT - 2B EA 1 AT (BRI FIE ) » BER 05 A » BEE 2 A
7K 20 28T 0 R 20 285 - HIE%SE 100 2457 » WEEER 200 A%
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7% 3. ANA] FHE IFURHEC 77 B 434 (101/9/28 )

ZMN)  BEP) K  F5(Ca)  E(Mg)

J5R pH EC
(%)
QY 3.39 17.06 0.12 0.08 0.47 0.45 0.13
QY 3.30 18.40 0.11 0.08 0.61 0.36 0.15
R (£E) 3.26 15.44 0.06 0.07 0.54 0.43 0.11
HBEZE (HA) 3.19 17.17 0.11 0.08 0.62 0.31 0.11
s (KE) 331 18.49 0.11 0.07 0.56 0.41 0.15

BEANC T - FLEEE L AT IR 0.5 2T BEE 2 AT 0 7K 20 AT 0 KB (QY)20 28
5o H#EE 200 A%

PO~ AR e M 5 AL S R P 15 P R
(— ) DIRENERR AP SIPITE B S VR ke s iR LI

BB AT | AR A @AY R D A
i ey IREVE AR R RE S AR B A W P HERC A fE F » FT {5 ) — SR e A e A ) o
JIN 10 HAFELLE » B Rod i et ITGE RS - A TR E AR ald
RRU R LB ATLE - Mg T sl E -

ifit i (R R 8 A Jr i SR S e B A = R b o - ELAB IR R ARG
a3 R R R B AU B 2R (W) » DR o P AL ER R B B3 - (R B SR £
KRR ) R Rl R B e AR IR I - 3G e () R A LR AL - o
TEVIIER A PREL - ML RENTE R - I & Ve =R IrgE( -
FECE T DUSETER R B & - PN R (R slm (E E TR (R - M /P (R
B > MAE AR - MEHFRRERANR - MEXE > ERHE - P8R
R o A M Rl LR DO e sl e i ~ #a 4 K Bl S5 7
AEEET LT ES R - EERTERAEE AT ~ W) k8 - &
I EERIBOR AR -

AR N NS B AR o 8 N IARCR A AR AR R
il —PRAESG - n] SR 1 B R (R ERR R R o AN G
IR IGE SRR T B (G N VAR R AT » IR RT i VAR R DU - e
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(A& ~ MINBHTERS REE SR il » #f S D Re A M R i e S B A= )
T HE A B A B REAE £V VRIS 22 2~3 {8 H LI | FHBAE /R E R F S/ 1N
WAl AR A~ FEE N AR w5 IRt RV _E o FHRRIR PRS0l 7 6
HEREE - R EBURS R A O IRE  E R A# Al as

AR SR AR BRI @A AR R A T (RAEAR R 5252 T ()

E g8
"

P s 5 0 75 18 /N IVER TR 2 e ARG R A R DR
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YIREMEA B R RE B v s N INBA A EAG R EOR R PR A o e

/INE I R AR P D AR AR & TR PR F P RETEA B R RE BRI —
(fo« REEHE ~ F - BEAEE ) HhEEAE A/ VI 10 PR L

VIREME AR R RE B AT R A8 7 T B
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S R FH D RETE AR R RE SR 3R (E 2 1/ Vi IR A N i AN 2 R R i 2
fatRE R E RS E
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A LA IV I AREMEA BB R E S CORIER AV 1R B I DIREMEA MR e
fERI 1 LR Bl AR 1 A —BRHT Al E R G 1 3 47

f&] 3. DIREMEIR PSR B (LR A P ERRebk e i L FE

(=) B PR e I TSR Bt SRR 2 1 B Ak 2 FH Bl

B B E R R 8 AR T i R B [ B AN o G 1 - BRI E Ak S
VR R TSR W IR AR AL E2ACR R g - (IR e A
B RS AR S FTRE D2 AR E IR SR B - HIEE M ERAL
FBEYIEE ETRY  M{LE2RENHEENH  REEEHEN - hEET
PSRRI R B & - MEERARERAR » EXRE > BRI > HEBER
WoanEeE o @5 B A MBUCE IR > & DIk SOEER e B R T K i
HEE T A EEET HIEECERE N E SR (S ERRFEE AT~ W
B2O% - HEYGE HIEREHIZERER -

EFREE TCT 111 B BRI e I E B B B S & b B » HpE s 7%
FRREHACE Y B K VR (R () 2 - 7R MERTEEPE TCT 111 A KR I 200 fi5 - &
fill/ N LS i 38 A8 7 R BRI 500 % TCT 111 B R E B A i L2200k} - 4
BRI 7 RIRA BB IR TG UL o A1t peE v] (0 s i fe i/ Vo IV (R
RRIG AR =3 97% DL E > BRSGHATIE R 2 B ~1 {8 A LLE - ZERERIE 1 25%
LIE o B~ Sk AR/ N Al R BRI TCT 111 A B i IR RC & A
FITRIF 8 () i A B A » TRk DR ST (228 30~50% » A RS F 20% LU I < i3
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ECPEPIFERC A4 B S 1 R GRS M A A - T30 e I s o 8 TR
ZIEE W] JkiEE s N i B 2  mA T2 R L IR P B re A B i S
1R o BRAROC IR/ N N F M EPE (R T » IO A AR Al 2
R R R RATEE - WG EEAE S A & 30 EoblL -

P ARHOE TCT111 ARE R T B B/ 7 » B Al L R el
HAh 18 A G N NS EYIAR R SR A A EAR R MBI B — (R e
BERVERE UM BAR - m] e ot E 1 Bk R S BIR R R -
BEAS > MRSR M AT T o i B S L8 S o i B iGN R A K
fEF - DRI AT /N o VAR R BE DU - e INPEEAS R R K IR A A E - 5T
N BB ith B AE Rl SR BTG & D RE VE AR Bl R P 1 e i A BHE
FIREHT - B REAE R/ N INVERIUTE 1 (8 H LLE | AIEE R E HEF S/ Nt
PG~ ERN ~ R ORI~ IR S P b - s Re Vi A W) S i
JT1E HERRE B - AR R SR A e I E R # Al s

LA R MR 2R A 5 AT R B A R R RV E 2 G
E AR RS i 2% i il DL PR ISR i R B IR S A R AR £ - i
SEVERERRE ~ J a8 V716 S R SRR e JE S ey B LI R R~ ICKHERE
PR EAE R A ~ IR EPIRIBG A £t - Al R EEE L E0UE - FRIE
InEE R A ST » MRk D SRR A ) R SE R R TR - BT IR B
FIEL

(R G AR R B R A e FH Tt P AR TCT111 A B AT e L R
N
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IrE AR ] ol N TGE R A PR A 1 B TARR A R R

AR A R R A P A R R SR T B A N I BT A SR B R e fR A e

/B AP R AR O A R A T AR SRESBIHIE R AR A B i AT 1 T e e
AE (o R A ERAEEAREELE) fA/hEL
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TIREMEA R R RE B T IC A% A (8 T B TE e

5~ Pk ZEAER ) N A RPN TCT 1110 A3 B R I P 4G B 62 SRR L A el 5 2 it
A B T 2 ) L 9 B v 9 A B 2 SR R R

16 4. 5 B ACAE IR Bty RAHAR 2R A B ARG 2 T I Bl
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(=) AN S B P8R S I 38 i o e PSR
BT FE DR A AT | A P 35 288 () R (8 T R e R R S RIAE

AR NR &G b - e R A i E VAN B e s R g -

i o ek Mt B P T B e P A P SR A ~ P PR O fe P A T S B Pt 3R
Bl > AMESEHR 1 EE0) DI AR S - sk DI B3 ARt 1) A 5 it e Bl
REENEE - EENEEREWREHEE - WA EAR - R
RIS B i 2 R B IR RO BT B - [RIIRFHG N 2006 HOY7E &G MG g o sh B3
TR AE 50 BoTLL b BRI i - SCZERRH -

T EEARAEARHEYIARES £ N ph il AR A R R < RUR - 5
R LR R R - 7 BRI IR iR S EY e i (R
FHIPUE - DUse ke (R g b f e BBl e o (HIAI R F At AR Rl R 1 -
HAEB i B DI RS A MERO R RE T R B B B - A 2 (KR PR pRE A
FIRMGEE R RN NRE EREERZM - REBERNGEREE - TH
DRI 2 A BRI S B AR BN EE Fr S LS LR R PR B TR A P A
AR T R KK A5°CLUT ) EEARAbh 1 fR% ERIIREERERE H
e PR K P DR G 5% B ElE - 1 ~ 5 B L At e 5 R B 7
ERETUERAI - (HIAHD AR5 2 e RS D REE T TOC SRR BERF AR
SRR — B = AR MR REUR E B B8 - SR ETT
o BEREREPRT IR B L7 AL R - TG Bk Al R BBk #5RUR ~ FEEE TR &
AR o QUIERE B A s R 8 o 8 i 2% 39S » HIEr iRk ims £t
PURTT T EE ~ BRITE R & AR T BN & R R SR - WS R -
32 [ TR B 56 3R (R 2E P AU ZE P TR B oK R i S P BEUELIR O 35 (8
iR o QIAERRHE /KO3 KB HIIR I T - 32 (1) 7 & B8 1F A€ 28 Fr 107K £LFE
i ERRF AT 287 I Sl B 56 8 A2 2 P (13 T I BOK A Bl B SRR KR
INBUHIVRERGR - “HEEFHEE @R EEERER - HINILRAERE K
B ~ SR TR BN E TR - M EARRG G T ARR AR A1
T @ESREERFECEERHTEL > SRR ERIEL -

AIZ P O SR AN R o - T FAE BBt ARG £ E A ROUIRE A
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T PR o o LA B P P R A i % S ARV PR AR (B R R A o AKX
7 o SR FHY A R A D PSRRI (R B ORTEE ) & - SR B - F /3t 30 £ -
A &R E S SR HENE AT A LR Hfe 3l e v A iy e LUK & v i
100 fEEEiE » R {URRAEL 2/ Vet B A i B b v T O R RS AL RS 25 5 100%
BB SE 2R 30~50% 4t » FERC AR A HOR IR AL 100 15 2 B K e Al
AR AR ~ SRR E TR -5 & =i 20% DL L o 22/ NRFHHERIAS
HTBH R AR A 100 5 BE TG - BRATHIHT ERR ~ SEus s aa 2 fa 9
Sl T YRR 42 At AR s A 2RI i 7 A () AR THRRERRE © TR S AR R R R 2R
HRIR HH 3% 35 S A I FH A R A R i AR B E R AR TSR » Wie iz
LB RIRE - R 8 Bic Al a5 &7 100 (5% | AIfERHE
(R B 2= R AIB T T - IS (A4S 2 0 s R R HE R (R A R
FATEAS SR IIRE - DRI R AR AR A/ NR B A R & E - BRE
/N AR FER ~ SO IR BB B R E S o RIS R AR — 1
A K3 20% DL ERJER

REE MK B R IO BEE e B MRS R R B A A 5 BE IR

1t
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AFERAEARHEVIRSS ERBEEE IR B e AT e IR & R e 2 vy
HRHA REFEARI e EE R
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B IRR AR 2 A fo Y A T B e R R A PR R A TR N 2 285 - (B DUEH
BHAE ~ AR - IRE T - SR B

] 5. AT B e e BRI A o2 e FH R

(I9) B3GR B RITER MR R R < Bia ek

H AL R EPIRS b R HANE M - rl R AR S
71~ EEIPUREES) - (R TR R s ORCR - CE0E B8 L n] 2 e
il IR BRRE A T HEE T HAGE AR - @ —TRAR IR s IR - th
AIZSIAE B - SRR TIRERR - IR a] (E R A BRICR IS IR > e HARURE -
W E R ER R R R S 2L - B R - Wi BN e i
SV & A TRE - HERGES - LR DIERN SRR - FSE
TEBLE R e S R B 3% (BD chitin) - FIEPEREH HREI - MR
PR~ BEHE - OREVY - BHERRET - —MRDIGGIR RERKIRES - L%
iR LR E 0GR IRNG - 2 & R ¢ - HERZER AT 2 T
7 (chitin) » HFFZRAAERK - WATER MR S50 > SHEE ] BRI
% o {5 R DURIR(E S MR BRI - BIEER R IEA - FOE0R
ZERAE LIRS - BIRE S FSRIE S T JRME (chitosan) » FHEREENIESK - H
RIS MR ~ B  PLRRSE AR R DL R KBl S IR T RS SA R
T BHE SRS 2 R RTR o (HATAAERE B B B 7 K R AL B R SR A B B - i
3 B K B L P RERR 2 A TR B T TS R B 7 e - 1 BGE e o RO R
FETTE— KT -
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KRR AE D 8 77 R PR E - #5388 R 1F F i e o et
ik s ~ & E KRN FERIHEAME £ EERIEERCR IS T RIS
B m] ek D BRE AR IRFE Rl HL Al el D IR IR v e o S T IREE S B SR AR E
8 1 R R > LT Y B R BE 28D o 7 {18 H B S A N A &
B0 o DIEARE MG & BB G w2 E - B A& 2 U
Vg A E G ~ R B R 2 A R o A5 L AGAAEL B AR BR U HL Smm AU
BIRUEIE HBRESEIA - 30 /R IGHE R PDA P » DI HIIFELUR -
% B PR AT HI IS ARG AL R AR 2B R IR FERIAR R R M B R A4 &
R o il REERANE TR GRS 5 T SRME A B B 7 PR RO P s o e B 2 54
YRR > M BT R % T REEA R - B AT EREEYRE e LA -
By T REECE AR S AR EARUR - feAdi\ BRI TUE R TIHIES -

1E RN R b ALEREERID e —E S B AR R RETIPG 77 » HAHR
SRR A T R EEDE ~ R RIR A it ~ B Ve S IS I s A S5 T RE o
AR FER FH b 2200 28 T 500G SRR (RER Mk B M PE & IV iR 2 fe & > It
DL gk 27 fif i (Bacillus amyloliquefaciens ) TCB102-B7 ~ TCB9407 ~ WG6-
14 ~ Kb B R (B. subtilis ) TKS-1 % B £ K K il & (Trichoderma asperelloides
TCTr668) fili &% | SRME S RET TG BE - 55 L 10.5% 1 5o JFE 7K B 2LA £ 2 et
LE7 o HHFEA SRR R » ERR ) H]  BIE i FH 2% (A TR R B 7 e R 5 JE 5
BRE ERE - a2 i 22 HIl DU T 2RI & 7 (TCT-LC) PG BUR i
£ > PHIGZR T 98% » HASUR ATHERF 3~4 [ o S {EAERE & T REESHIES
it - TR RS N R 2 & F > #IHZE AT H 90% f# 2 10~30% - 73
TZE AL 2F fO IR R B AL SR I R R B > IR &% T REES R (TCT-LC)
R E EEE I RIRESE S 1~3X10%cfu/ml o FAPEE I R 38 4 8% IR DLSE
#& ~ PR TERRRE ~ T IORE ~ 80% fikIEEST - K HBRAGHIARER L 2
EMBUNARSORRE > & T RIESTE - Her i & s G R8dEhe s
INEHHRE Z fEE o B EERI I AHEIREE i SO MG e - IS SRE= » 18
PR I\ R o 2 9o 1) DIt P 288 T 2R S ml A R PR TR T i - AR
G 5 T SRE A P8 e et RG> 7EAUI ~ R ISR H IR B R399 B
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% EIEVIRBEEIRIIG S AR > BT HT SR R 3GR S ™ Biin ROR 8
& o M n] BT ER RN SR A DA ROR - RACHHRR A it B B BRI AL
Gty o

6. F R S RMESRNMEER N EBHR Z R (£ - Bl - 5 - P )
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7. FHER A G 2 TRl DS EE RN (a,b) ~ PEARINERIA (c.d) S Tl SE MU (e.f)
fEF (L P, 5 - B )
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Avine

ORI PSRRI R fdR AR AR B o AGE i 2 R AR Be R

IRAEHIE Streptomyces sp. RS70 sz Af#{ & Trichoderma asperellum TCT-N A5G ik A k)
VEPIRRES FH R ERTE - HAlsgsa iy 8 SR il 2ae 7] » B0 WARAIHIRGE )R
BRI EArik SR SRR - SHEAE TR EYR AT D R R R R - e )
PRITBIREIIIIRESS - MG BV EN SR E LA EVIRA S E e A& - vTE®
RICHIA > (S EMFY AR - RA BB EE - EIRE S H C ARV RIB A i e -

{5 FH RT3 B 0 A P B PRI SR I N R R RS (3 001 - Al m) et R RREjeE » SR SR I
B RIHEE RS — KRS - tha] IR HEk hash 2R R i) B EE IR A B AR Bl -

© © N o o

11.

# SRk
TR~ TN  BESS S 1000 TRYIRE < JRESSEE BT - ELhRE

)

EREME ~ BREZAT ~ BUEE 2005 A 11 HE AT 1 B A I 1 Rk BB 2 TP 5
p.119-128. A HEATRLZ fiti Fl f TR BV Yo B s B i sC R B R EBALRARED
2t -

EREEE ~ FRERAL 2007 AW PEHEND 2 R TEBA A BB RS R R SR 12: 35-41 ©
SERANT 1997 REEETEFYIRE S LRUMER p.57-62. A&l EYITE 2 LIIIE
FAt & Er st o

FREANS 1999 EVIVTETEEYINE LHUER RS G2 35(1): 11-22 -

FRERT 2000 A=V R SEAER 2 IR S BLE R A& IR - AVIEGT 2(3): 9-12
TGRS 2001 A < 7 SHELIE ] p.134-139. 55 T1ERHIB i 5 05L 1 E2 1R 2+ o
TN ~ A{E0E -~ B 2005 FEHUEYIELE R IEY) K AEEZE 22(6): 20-24 ©
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Development and Application of Trichoderma Biological Agents
on Facilities Vegetables

Chein-Wei Chen
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Abstract

Facilities vegetables in the domestic promotion has been for many years, but pest control,
fertilizer management technology and environmental temperature stress has been a problem
for farmers. Functional micro-organism agents for the recent development of new prevention
and control materials, scholars have found that a variety of micro-organisms have pest control
effect and decomposition of organic materials, in addition to can be applied to pest control and
agricultural resources. And has the function of promoting plant growth, nutrient uptake and
disease suppression, and it has recently been found that it can induce systemic resistance to
plants, and incidence of pathogen infection is significantly reduced the degree of damage, for
the application of vegetable cultivation of new product development areas. In these microbes,
Trichoderma is an effective microbial population for disease control. In recent years, T.
asperellum has been developed in addition to disease prevention and control. Strong ability to
help crop root development, can increase the survival rate of transplantation, and in addition
to reducing seedling disease and help crop growth resistance to adversity, then developed into
Trichoderma seedling agent. In addition to the quality of composting media, it can induce a
variety of beneficial effects, such as animal waste, bagasse, sawdust and other substances.
Microbes, because it contains a large number of beneficial microbial groups such as
Trichoderma and Streptomyces, etc., can make the quality of related products and stability, and
because of its beneficial microorganisms can be clustered crop ring, with plant roots symbiotic
Promote nutrient absorption capacity, can achieve the purpose of promoting plant growth. The
use of organic materials developed by the functional microbial agents, in addition to providing
the necessary nutrients for crop growth, with special ingredients such as seaweed powder,
chitin or diatomaceous earth liquid fermentation agent can produce laminoprene (laminarin),
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chitosan and water-soluble silicon disease prevention and control of the preparation of the
facilities for continuous cultivation of crop leaf disease with control effect. In the process of
crop cultivation and management, combined with Trichoderma and other microbial strains,
biological compost or medium and functional microbial agents integrated management, can
promote plant growth, help nutrient absorption and inhibit the occurrence of disease and
other benefits, the recent discovery of its can induce plant systemic resistance, in addition to
the disease and the extreme weather resistance to stress, in addition to reducing crop losses
and can increase farmers' cultivation confidence, and can improve the facilities of vegetable
crops due to continuous cropping caused by poor growth, quality is not Good shortcomings.
In the process of crop cultivation and management, combined with Trichoderma strains,
biological compost or medium and functional microbial agents integrated management, can
promote plant growth, help nutrient absorption and inhibit the occurrence of disease benefits,
the recent discovery of its ability to induce Plants produce systemic resistance, in addition to
disease and resistance to extreme weather resistance, in addition to reducing crop losses and
can increase the farmers' cultivation confidence, and improve the facilities of vegetable crops
due to continuous cropping caused by poor growth, poor quality Shortcomings, for the future
promotion of facilities cultivation of new technologies.

Keywords: Microbial agents, facilities vegetables, Trichoderma, Streptomyces.
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Disease and pest management of hydroponic vegetable cultivation
system

Chia-Hung Chao, Ching-Ching Hsu
Taichung District Agricultural Research and Extension Station, COA

chiahung@tdais.gov.tw

Abstract

The advantages of hydroponic vegetable cultivation system include (1) produce annually
(2) space saving (3) high yield (4) suitable for mechanization (5) efficient use of water and
fertilizers (6)low down the risk of many pests and diseases. In this study, we introduce pests
and diseases mainly occur in hydroponic vegetable cultivation farms in Changhua, such as
Erwinia soft rot, Pythium root rot, Phytophthora blight, aphids ,etc. Besides, we summarize
the precautions for using chemical protection ,and introduce nonsynthetic reources and seed
disinfection technology for reference.

Key words: hydroponic vegetable ~ disease and pest ~ control
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FK Ik

TEEATBIGHRCR: - 5T 18 2 B 500 AR S B K AHUKE BAFAS -
el THIKZKE ) fRIZFE I RKE LB T & BRY % 5 BV KK E H o2 B e
(pH) » FEEFE (EC, electric conductivity) FIZHEZR (NH,-N) ~ # (K" ~ #5 (Ca™) ~ #§ (Na")
B (Fe™) ~ 8 (Mn™) ~ Bl (B™) &[5 M T K ARTRRE & (NOs-N) ~ BEFZIR (PO,-P) ~ TR
(SO, ~ BRIEIR (CO) ~ K& (CI) FI2if & EAIE S (organic matter) ~ V5% & (DO,
dissolved oxygen) s AE¥IMEFE % & (BOD, biological oxygen demand) 2 % % » & FF#IE A
KA AT (RS BRI 2 HEE o

F/KAKE Bt 2 IR (B0 1 fr » B EC {EFF (£ 0.5mS/em LU » pH HTFRAE
8.0 LLT » HATRAER (NO,-N) ~ ZREZ (NH,-N) ~ FitliiR (SO,-S) ~ Bi&R (PO,-P) ~ K8 (K)
T & B AL sppm LU T SAECHKERER (CO3Y) FEAE 10ppm LA T » #5817 7E 40ppm
LUT » 887 (M) T 1E 20ppm LA T » 85 - (Fe) T 1E 1ppm LA T - i1 (B) 75 4E 0.3ppm
LUT » Zn( 8% ) ~ 8 (Cu) ~ & (Mn) BT 5772 0.5ppm LLT ~ & (CI) S8/ (Na) B 75 (¢
30ppm LT » BHEELE sSppm LIF ~ iAE B AF 5ppm LLE o

2% 1. SR EITRLE ] < KR

{EE2E A1 AR
BEE (EC) <0.5mS/cm
iR (pH) 5~8
G (OM) <5ppm
B4 & (DO) >5ppm
TRERER (NO,-N) e
ZREH (NH-N) M
P5HET (Caion) <40ppm
BEE T (Mg ion) <20ppm
#1' (K ion) <S5ppm
AR (SO,-S) <5ppm
BEIEER (PO,-P) <Sppm
BREEIR (COy) <10ppm
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LB A HAEE

SMEET (Naion) <30ppm
ZHET (Clion) <30ppm~40ppm
St (Fe ion) <lppm
P T (Mn ion) <0.5ppm
i+ (B ion) <0.3ppm
FERET (Zn ion) <0.5ppm
S 7 (Cuion) <0.5ppm
HK A5

— TS o T AR K Z T BERI TR ~ WK ~ HR K ~ HRoK -~ 3BIR ~ B2R
K o WET R b e SO B R B G A o K 2 BUREZ R K ZKE » H L
pH K EC 518 B 24e » HIILIN/K B H 2R K Z /K B 8B AE R TR 17K Bl T 7k 2 K s
7= o E - HIEFARBRFERZKE s s R - BEEEAE 1.2~0.3mS/em [H & pH
fEAE 7.3~8.9 [ - HLAf 17 & DLF5HE 1836 50 ppm (120~55ppm) ~ HEHfE 7 5 40 ppm
(43~73ppm) ~ SEEE T 10ppm (3~12ppm) ~ SHEE T3 S5ppm (20~50ppm) K & T
3 30 ppm (30~50 ppm) &% o FeHAEJER » DIF/KZKFEAE R RES - HRER T
MR P ) PR 2 K H ot 2 & 2 SR S FE Pl o K Z K ERSIIER: » 45 H
EC {fE 0.5mS/em LA LI » KR ZKERR > NEARHFHREE Bk 28T A RK
TREGETTKE S > SCEITKESEE - —KEUEE 5 FEDBEEEEE -
AR R e - Bk 2 TH#51 ~ T8 BT > BRI SURIFE AR H
W2z TE BT o MELUBIIE S @8 KR » 81T THAE ) R Al 2ol ke st
T o FEIAH R R — A TR B A K 2382 1085 ~ SR 1Y - — EBHIE Bk
ASNRREIRE - FETEMT TR A ) BEHE o — AT PR AR BE PR IR R B LR AL SR (NaCl) /K IE IR U o
Kz » Ve 2 S@IE /K] R AGRIBL S 2 > SRTEIR&EIRK T &6 8% 2 Gt
F BT R T IERK © 8 Kz et S8 7.5 DL - 7E3RBC 2RGE e & 38 AR VT
HR o Kz » 17K Z B 5 EE 3 7.5 I > B LU 1000 AT HIZKEE A 20 242 95%
IRTREEEYE > K Z IS TREE 7.0 DI - #82 » ARl Bl 2 KL EEET
£ 0.5mS/ cm LA T B BRiE AT 5.5~7.5 ]
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7% 2. ZEAE KR Z A E R

FAKH pH EC(mS/cm)
HiR K 5-8 0.3-1.4
Hok 5-8 0.1-0.8
IR 6-7 0.1-0.6
7K 3.5-7.8 0.05-0.3
7K 5.9-8.2 0.2-1.2
EPIIN 6.4-7.4 0.2-0.4

I KK E 18 55 07 Ak BT — 2 5 B 7K H 8 IR I5G3E 25 (SAR, sodium
adsorption rate) fJZ 5 > #% SAR = [Na] /( [Ca)] + [Mg] ) X 100%,

B (1)SAR < 20% Kz EC < 0.25 mS/em, pH 5.5~6.5 A /K EAIRARS “BF R 25 o

(2)SAR < 20~40% K7 EC < 0.26-0.45 mS/cm0%, pH 5.5~6.5 FI /K ERIRESS “ RAT” S5 -

(3)SAR < 40-60% Fz EC < 0.46-0.75mS/cm%, pH 6.5~7.5 I /K B BiEES “fam]” S5 -

(4)SAR < 60-80% & EC < 0.75-1.5mS/cm%, pH7.5~8.5 I f /K B RAE RS “ 727 S5 -

S 55 A A e R R I 3R 2R 10 B R B KRR S K B B TR A
0.45~1.12mS/cm > pH {H¥& {E 5.95~7.70  f& KR /KK E & S0 85 s BALEER >
WS (KK | 50~120ppm < 5 K 35~70ppm 2 $EEE ) s & e S (FLAE MK - 8
'E 15~32ppm) S SMERRL /5 (35~137ppm) » HA X T 0.2 B i Es -

BRI 22

T L RS 2 HAOGRFI e 7 AR Y L R 2 B8k MWAERMTEZ
WFEICHEA 16 1 SHHIEK (C) ~ & (H) ~ % (0) ~ & (N) ~ B (P) ~ # (K) ~ #5 (Ca) ~ £#
(Mg) ~ i (S) ~ & (Fe) ~ #ll (B) ~ & (Mn) ~ &F (Zn) ~ i (Cu) ~ $H (Mo) & (Cl) 5 > il 9
RNEYIT RS M ETHR » % 7 BEYTRERR Y » BaMETH - Kz > fri
BEWRE > B 16 AR AFTHRLMEEY T TRERR KRG 2 1R
BCHE Fr R o (R RS 2 B R VR R B 2R BT 32 > a3k 3 B 4% 9 F >
FAEEZ A (L M B R R 2 BT © B R HEAS 2 M 18 8 BB T R LT
R e EYIE RS 2 LT e BRI - TR REYIRE R RS =R E - —Mm S -
% BE O Tk o TR HORS 2 8 R B T B K (EC) WT2EHIAE 0.75~1.20 mS/

192



cm R EBEE{E (pH)5.5~6.0 » [ » FEA Jy BE(h ik o WEZSFR I D /7R B8 (il (EC) w]
PEHILE 1.35~1.85mS/em KL IR TE E (pH)6.0~6.5 < 28 i S8 Mt 5k 5% FH I 7 IR EY) B

VEVIRRIT (2 28] ~ BATEH ~ #GERIT ) e -

7< 3. FEZR M LRSI T FIBC 7T (/A% 11000 A7)

A7 &

HLRY IZQ? PER e e B L
S ﬁm . — HRlEE R IR S AR
ok

iEliva 118 472 472 354 472 236 118 236
iElive 606 404 404 505 303 606 404 707
fhi— K 76 154 154 111 76 185 76 190
s 246 492 492 369 246 246 492 246
IR —55 84 0 0 0 0 0 0 0

AT 19.1 4.9 4.9 5.8 20 12 12 5.9
f e 10 10 10 10 10 10 10 10
iilird 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
A bk 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
iivEas 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Ll S 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
SRS 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
EC (mS/cm) 1.4 1.6 0.95 1.4 1.1 1.5 1.1 1.6
pH 6.0 6.0 6.0 6.0 7.0 6.5 6.0 6.0

* HBECTT
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7% 4, EE MRS T FBC YT (A5 11000 A7)

HSCREY B B K e Tk
PR3 0 0 0 30
el 354 413 472 236
iklivedl 303 505 808 0
ek — 5 0 0 9 90
i — 4 76 95 114 37
iliz454 185 216 246 246
fik ey 25 25 25 10
illizd 3.0 3.0 3.0 3.0
(e 1.0 1.0 1.0 1.0
iplitsas 0.09 0.09 0.09 0.09
T P el 0.04 0.04 0.04 0.04
SIS 0.01 0.01 0.01 0.01
EC (mS/cm) 0.95 1.45 1.70 0.80
pH 6.5~7.0 6.5~7.0 6.0~6.5

7 5. RURME LSO T FIBC T (8% /1000 A1)
B & wEM FATERA it FHA
il 236 472 708
iElis 303 606 909
ki — 4 57 114 171
fri ik 123 246 369
fR 8 20 22 25
illizs 1.2 1.2 1.5
Rl 0.72 0.72 1.2
fre b 0.09 0.1 0.1
fi e 5 0.04 0.04 0.04
S 5 0.03 0.04 0.04
EC (mS/cm) 0.75 1.56 2.25
pH 6.0 5.2 6.5
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2% 6. /N ARG )T (225 /1000 23T )

B & B GATEHA it A
iEliva 354 472 472
iElivaai 404 404 404
i — % 76 0 0
gk — g 135 158
irE= 246 369 492
fc e 20 22 25
iz 1.2 1.2 1.5
(e 0.72 0.72 1.2
iigEaa 0.09 0.1 0.1
i 0.04 0.04 0.04
I 5 0.03 0.04 0.04
EC (mS/cm) 1.1 1.4 1.55
pH 6.0 6.2 6.5
7. RFEAM AL ST (/25 11000 AFF)
B & BEH it FHA
iEliva g 354 472
TR H 404 404
ki — % 152 0
gk — 0 180
il ik 246 492
eyl 20 25
il 1.2 15
A bk 0.72 1.2
iivEas 0.09 0.1
e 0.04 0.04
I 57 0.03 0.04
EC (mS/cm) 1.3 1.6
pH 6.0 6.5
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7% 8. R OEITIE R RS /T (235 /1000 A FF)

Jlf &

Bl

FrfEH

i A4

TS
T
i —#
e — %
Tl %
i

R &8
R lE T
fie ¢
e i
TSR
EC(mS/cm)
pH

236
404
46
37
246

10
0.72
0.09
0.04
0.03

1.0

6.0

354
455
92
37
369

15
1.2
0.1
0.04
0.04
1.25
6.0

354
505
92
74
369
10
15
1.2
0.1
0.04
0.04
1.3
6.0

7% 9. fERHIVEE BR300 77 (2275 /1000 A FF)

S

BEH

AL SE

T &5
il
I — 8%
IR —
R
illizs
Ak
il B
sl
SHIER S
EC(mS/cm)
pH

354
303
57
246
0
10
1.2
0.72
0.09
0.04
0.03
1.0
6.0

472
202

246
300
12
2.5
1.2
0.1
0.04
0.04
1.3
6.0
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7< 10, BT L ARIEEC 75 (225 /1000 A TF (A% 11000 283 7H)

B & B FATEH il R F
iEliva 236 354 472
iElivaai 303 202 202
BhlR—3% 76 95 76
e — g 0 80 100
irE= 185 246 369
fc e 10 10 10
i3 2.5 2.5 2.5
(e 0.72 0.72 1.2
i 0.09 0.09 0.1
i 0.04 0.04 0.04
I 5 0.03 0.03 0.04
EC (mS/cm) 0.85 1.15 1.35
pH 6.0 6.0 6.0
P ALY
MY L RfErp > fRECE /b ELEF Y E - HHEBRRTRIRS LT - K2 » BE
WA R T 2 RS B i e it > IRIBEE ZIH IR BT > BRI IR K i

& ZB{EARER AR T R Z 20% » RHIDKFHEVIAEBENIER - —KiMiE > SBRREZ
I BT % mS/em » BILLZEE 2T (electrical conductivity meter, EC meter, ZEAMIE] 1 #H/r )
RIE &2 > TS B < M= BATES pH > BIDURSER 3 (pH meter 40[E 1 #0475 ) 26
FEg .z o — T 2 B S A T T 0 Bk B i = A R A 114
7 B 0 1 BRI 0 14 FRSRNR o (IR AT RS BOKE BUE BRI > T el pH=4.0
Fe pH=7.0 BEHEYR I (E. 2 » T HIFTE &2 W R (ERUERE o (K2 - DI EL (F e A T
EE BB ENERE o Fig R —TE A B S AR AR RS R R s Ak & T
REZZH > —MLEIRE RO > MRS pH » Bl 1 ATHHRER & H S+
B (RN T

pH=-log[H']=1-log[H] Bk [H"]=10"" » F AW F [H] & [OH ] K - RIS R AR
etk > Sz Bt - (R o
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(D[H']=[OHT] K} pH=7 >

(2)[H1>[OH] i pH = 1~7 > k¢

(3)[HI<[OHT] IKf pH = 7~14 °

TERSEERE - TR IR R pH fiH > SRERILG 28 2 R R S SR R i - A
Z o W E IR B R TR

il 1. e PR R T 2 A B BT - G S R LA T A B AR

FEARCIESE

ARV ~ ZRATH (33 ~ % 10) sk 11 ZEARTH AT » SHHEUMEE
gl AL TR TIEE » EE TR LB R MR CEEREE - ME R L
M (E > BEERT 1R R 2 B R (IR ) » R AP 2 A & - S H
—HEBRZ BB EEINAEE MR o & 10 BEEGH /A A E#EITEL 2t
BRI B R

ARBC B T T F0 BT ¢ (1) EEEE 2 BIREC T (205 9 Z LR TV -8k
BRIETT) @ HETEFAR 2T & > Q) MEE T 2SR - (4) 72 T Ik
Z AR (A02% 105) TREUGERE ZAUEHE - (5) MRS ARHRHEE R AR Z > (6) HATEHHZ
THA PR PP ARIKH > (7) [ BRI IRl 5 PR 13 ~ R 14 ZMIERFRIGHTEE
7.0~6.0 [ » (8) HIEEEELL -

|
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3 1L SRR TR 2 R

U 405 (o) AL 20C i
NV INTE (JC 1 28FT)

il 55 [Ca(NO,), - 4H,0] 70-85 1,270 25-35
HEEEST (KNO,) 85-95 315 50-60
g —3% (NH,H,PO,) 85-92 368 80-100
fklg—§5 [Ca(H,PO,), - H,0] 70-80 18 50-60
i —# (KH,PO,) 80-85 450 120-130

Mk (MgSO, - 7H,0) 70-85 356 14-18
fik 88 (Fe - EDTA) 80-95 421 200-210
Wl (H,BO,) 80-95 46 60-70

Al (CuSO, - 5H,0) 80-95 366 50-60

Ml $E (ZnSO, - 7TH,0) 80-95 168 30-50
ZALSE (MnCl, - 4H,0) 80-95 735 45-55
FHILSH (Na,M0o0, - 2H,0) 80-95 100 2,500-3,000
* 12, BB

HER— 7 - 7 = A BRI AT

e K BRHGE EIR 3000 A
I L Y e o %) TR (%)
(/A5 /1000 22 FF)

TS5 354 1062 90 1180
Eliss 303 909 85 1069
e —3% 57 171 80 213

il ik 246 738 75 984

fR 8 10 30 85 375
il 1.2 3.6 90 4.0

A bk 0.72 2.16 90 2.4

iEas 0.09 0.37 90 1.23

e 0.04 0.12 90 0.40

P I 0.01 0.03 90 0.09
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7% 13. AF 1000 25 FF A [F] i 14 K 75 TR % 28 pH6.0 IRF AT B i 8 (H,S0,) BRI (H,PO,) BIHH
(HNO,) ZIHENE (Z71)
oH {8 9.5% 8.5% 6.5%
H,SO, H.PO, HNO,
7.0 368.6 940.7 933.9
6.9 336.7 891.7 861.7
6.8 303.7 832.7 784.8
6.7 269.0 763.7 703.1
6.6 234.3 684.6 616.8
6.5 198.0 595.6 525.7
6.4 160.6 496.5 430.0
6.3 122.1 387.4 329.6
6.2 82.5 268.3 224.4
6.1 41.8 139.1 114.6
6.0 0 0 0

it T ERERIERE £ 95~98 % 0 TEFEES 65 % 0 HEFEES 85 %

7 14. 1000 25 THANA

B K VAR R -2 pH6.0 FRFAT 3 &

Fb# (NaOH) BL & ELET (KOH) -2

s (=F)
pH i 4.0 % NaOH 4.0 ) KOH
5.0 477.8 707.9
5.1 446.1 666.8
5.2 410.9 619.2
5.3 372.1 564.9
5.4 329.8 504.0
5.5 283.8 436.5
5.6 234.2 362.5
5.7 181.0 281.8
5.8 124.3 194.4
5.9 63.9 100.5
6.0 0 0
it i E S S LI G ST SRR Bk 7
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B EENEAC /5

1 B ENERRRT

WSO B J7 (/A58 1100 A7)
PR 50
iliEsd 100
Fof i — 250
iy 4
& #5 100
i ES 3
2. FAEHTEEE AR )T (A% /12000 28371)
Bt & i A
PR 100
iElivsidl 500
kil — % 200
il ik 200
fR e i 10
s 8
TR S 2
3. F il RHIR BN )T (A5 /1000 A7)
I5'4%) &
ki — 5 300
iEliva e 150
R &G 100
ilifir 3.0
A il 1.0
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4. A s RHIEENERC )T

KRB TT /N AL
ey (A% /1000 25 F) ( i}ﬁfoof Eﬂ)
#AILH5 80 90
iElice s 120 200
IRF# 100 20
T ik 120 100
e — 200 200
i e 3 2.5
il 10 3
AL 0 30
5. {EHA I EEAEAC /7
(L) TERA IS SR HAZEAE R 75
D% /AT 11000 25T

PR 180

IS 250

ki — 200

plitss 250

fik £ 10

iplizET 1.0

ililird 3.0

o 7 H PRIENE — XK
(2) B ik AE BT 3 AR 5 h SR TEREAL /5
* 7 1000 AT/ (Bale—#1 1 87 + il sk 300 25+ 60 A TOilii )
s R H B I — X
(3) B ik AEBA I B A 0 A SR 2 WAL /5
* B 1000 2N F/KN (BERR—BF 1 28T + 60 A VCRE )
s - H A IS — X
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6. RS S EE R )T

HSCE Y i /5 (235 11000 25 FF)
PR 50
il ik 250
i — 5T 100
AILH5 30
fik e 10
T A Sl 3
iifiza 10
7. AERUNERI AT i 21 REEREEC 7T
HCEY BCT5 (235 /12000 A TF) FCT5 (2358 /112000 A F)
PRI PRUSCAT ERISHT PRI
13-21 K 8-12 K 7K 3K
AL 0 5 15 30
iElisdl 60 0 0 0
ki — 4 40 0 0 0
lii#ed 70 70 70 70
i —#1 0 50 50 50
e #5 5 5 5 5
fik e 6 6 6 6
iifizd 5 5 5 5
iplizE 2.5 2.5 2.5 2.5
24508

o A w Do
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The Rational Application of Liquid fertilizer on Soilless Vegetable
Cultivation

Te-Chen Kao
Deputy director, Taichung District Agricultural Reseasrch and Extension station, COA

techen.kao@gmail.com

Abstract

Liquid fertilizer application on soilless vegetable cultivation should be emphasis on
the allocation of the water quality, the purity and the allocation of nutrient sloution recipes.
Basically leafy vegetable with soilless culture nutrient solution recipes needed apart from the
need for essential elements required for the growth of crops, needs vary depending on the
seasonal crop species and growth season. Generally, in humid hot summer and pale green
leaves vegetable, its liquid nutrition recipe of electric conductivity value (EC) can control in
0.75-1.20 mS/cm and the pH value in 5.5-6.0, instead, in cold winter and dark green leave
vegetable, its nutrition solution recipe of electric conductivity value (EC) can control in
1.35-1.85mS/cm and the pH value in 6.0-6.5. In soilless cultivation of fruity vegetables with
optimum recipes should require varies to combine with different crop species and crop growth
stages (vegetative, flowering and fruit setting phase), particularly in successive harvesting fruit
stage, it need to foliar apply with proper nutrient solution as to prevent nutritional deficiency,
inducing quality and prolong the picking period. This article will explore the most suitable
management of nutrient practice technology and practical nutrient recipes for the soilless
cultivation of fruits and vegetables for references.

Key word: Soilles cultivation, nutrient solution, recipe, nutrient management
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