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B/ 7RI AT DAL AR 2R » 5 R AR Y BRI 1 SRR AL -

TEAWEEKREEEACIAEE  BE - EBARESEUT - 1EA
WS BE KA E S ERSE - HA Kumazawa (1982) s Bl FHARE &M% » &
Z TS BRVKERERANERE  KSBIRAEKEEEREIMG - 113
AWE TSR E R - FRlE AR E D BUE - «U5EMHE 50 - 75 % BUKRER I E S E
(Broadbent 1978) : f£ H A (> 6 tha) /KEZAHEIRER HIRARE M ERER - WIE
Bt FAE ST KRSE A - R ATREM SR RAVERTE N RE 7%
HISRURRAIREE T MM AR R RAF] > EE N - A E &M BERACH
H > EERG HRERZPKERER - ARG DR e T e AR T -

LUK H $#R AR HE B ACA AR TR E] > 0% 1 ARRAH IR BRI 3 HA T
P~ [T ACHARE R - 1S - TIRES - HEKELKAE #R A ER o KA R AL F &2 Ay
st o BEELE SR KRS E SR E R TS HIRFT R R B AR R - IR TSR B
6 T IR MRS & B BB T A RE B AR Ry TIRETEUNIE » M 8 T - A
HEKEFRIRR - BoE/KRgry oAl - oI UESDKIESTICEE & - 28R LR EE
—REA R > 1983 AR ZE KR AC AL G B 5 E4E  STHEAV S ZE E A TR - B TR
TR R BT ACAYEE B2 B TAE 5 % S BHE -

#1L5C 3 SEA S NG 28 kg/ha B - AKFEEEAEE  (Luisanna slBR5EtE) - ARG
WY 7 SR EEREAE Fors) (IRRT 2000) © (%95 +-38AC ST 70 i BRI P Bray No.1/mehlich's
No.3 = 1.06 > FIDURELRy Bray No.1 (Y T2 B AR I Ak (il /KT HEACAE RS & - ZKAEER
FEAC IRRT AYSEACHERSIEAE - B L4015 0.1 N HCl rIHhiRESE 2 ppm BUT - RIMEYDRIA R
FEATRE o £ HIRERAERE RN 7 LR > T AR 1.5 % (AHWELR 2.6 %) RIETE
HEEIREAKE HCO; > HERUKIEEREE - RrlfEs miREE I (IRRI 2000) © A MY
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& L KETICEE R

RN EHE R 240 2 I E PRI AT - ZKA

1967)

| TR UEISR x| PR/ BN (A% Wt
AERE | B TERHE --- LN PEOREF 1 3EORAEST | 1. HE R = 8FAERt » e THECHRME
EHL | SZHERE (NH,-K) | 0.2 meq/ | J7 (Sanchez i - PREIETE AR 3% -

\ 100g 1~ 7 | & Buol 2. HIESPHLFE | 2. A=0.025 > ISR -3 4TI H 1%
PHAE THANESE [ 1985) o JIE - RIGER R HEMEL" 2
=gt 3.85 ~ BT R Rit" 1 A=0.02 - Y15R £IE R

L - e AIEEHIEKAEE (S
4. 2%+ B80EK fr /2 B ) 1 {E KFERT = (A -
MeEEE H | NH,-K/CEC) *CEC*47%21.6 5 401
R A £ KFERT £ & {H 0-30 - Al 2 5%
OB - AT 1 BT HRR A ot 0 I e 1
BLPF AT > 4058 KFERT /N &
30 LAT » RIAERZREY —HAME T
RGP -
3. HEPPKER R AR K=K
# 0 K KFERT B30 7 /A
B AL 8T (% > 1987 {E 9 e AR
A bR 1985 15 F
Yraghz REE ) -
L RS i R & 5y Ry B RE 20
% » —HAfERERL R 15 K » —HAfE
FEFL1% 10 K 30 % » —HA/EF& R
1% 30 K > _HAEHEMLIZ 20 KX 30
% > HIFE A (— B fE 1%
52 K ZHATEFERLIR 45 K )20%
%J)% (2% 0 1987 7E P i HE
TIEERE - | 2. RS | #HEDE | L BRORAESD | S WnsPACHE & - /D E ST
TIRIPRY - 4158 PN ZW) [(Sanchez &| & © 758 &R R MERTRE o
BEKER - BEF KrEasskr | Buol 1985) | 2. f-gEsfikE
TaEH - S PN T -
Fhig -t L L 10 % 2 3. R EEK
o] E L P B H
Y 5 Bk 2R B
%Eﬁ?@i T ERE
AESTERLE --- 3. A TIEPER L T3 ORAST | 6. BE ISP & - s 8B J7/AW0AT
HHE AT 10 mg /& (Jisuke i o Frat -
(NH,-K) K,0/100g |Takahasi 2. i E
<0.21 meq/100g soil @ H |-The mineral JHE -
AEY7KERG | nutrition of | 3. WVE L / Ht
$HHC ) | the rice plant o
b SR 1967)
AES &R - 4. 75T | BIEHR 1. 3EORAE S
HEN LS| 12mg J& (Ogohara i ©
(NH,-K) K,0/100g |1960- The | 2. 1-#4mfityeE
<0.25 meq/100g soil F£7K | mineral & -
FEER$H ] | nutrition of
BETFAE the rice plant
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EEAR 1 g EE A BRI S - FRAESRENESCa 3 E TN - — R IR A B LIRS -

PR (1982) 7 +-IEAC TIREIR A & S B = E M & T ARy & 8 5115 pH A& VIR
& > 3% pH ££ 6.0 LU N Z ZEBEAH M & B AREE 90 mgkg » £ 5.0 LLTE > %
K8 40 mg/kg - {REMACTIRER P & 2 s R > BUR SRR 40 mg/kg
F o QMG 45 % o MRIBRESIATE (1977) 28 LRARMEY &2 5 40 mgkg > JiH
W HEKAE 2 n S - ([ERKEALEEETE 90 mg/kg DUy RI &R E - 26 &K+
Bz TEATEY SRR © Bt >ZUra 18> WEREE PR 1 - HARREY &
B EAR 150 mgkg » EER L > WS L > #ifca T L > W Eca R &R
T >4 > Roai it > REIRARRRY G E B 90 mgkg DT - BEATHIRERE
A DA RIER TR > (L8 pH B AR BEORHE I DU KA R 1
ER Y ELER

A B B A S s S i 2 FH HIRAC T IRRESL - e (hAer I 22 A SR AT A 2
(S0 FH R BB - 40 - FERCHEE B - BHEIE X SR IERE FI06E - ITIHHYEERE -
SO SIHESRER BRI - wiRE IR EE A £ IR KOsl 2 - L&
FERTZEGET « AEEEEEAMUERIOITEFAR > GfEREER kw8 L - 75
AIE RIS - HHEEASH - BEBERESER - EENG T AGEEET
HINRE - HEEEENGE HAE (FYEEEHNE —Aie > MRIZSHIERDER - 25 -
RO LSRR - e B EY)EERET)  AREIREEEY P EREDE - )
IKEAEESZ IR - JEHEE - KO EEAMEERKEE (EfEE Ry EE -
AT MR Gaa/KAE ) TR P RIE VB rITHYE 2 H IR A SR -

wine
HERDSEEHTAEEERHR - MELRERTEHEATREEHE - #
IR ST B EAH RO > BIREANZE AR B B e R R - DT SRSV 8 oy
B - ElRENVESEEERIOAGS RS - (FAHEE - BYEE - o T4EYE
RO EA T T T RIS © ARZK DA R Y S B S AR - BS<RisiA
EENME § FEUGRETE RS 240774 - UEEEYE S TR ZHEEHE E/FH
DURCHEREBRIR IR > S NIE B AR (EY) BB D HIRUE -
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Techniques for Establishment Best Practices of Crops
Fertilization Management

Horng-Yuh Guo
Division of Agricultural Chemistry, Taiwan Agricultural Research Institute, COA

Abstract

This article reviews the current fertilization problems of some internal and external factors
of farmers, and proposes some techniques for evaluating crop nutrition management. On the
topic of geographic information application, the current application of data on the accuracy and
breadth of the main farmland has reached its practical value. A picture of the current situation
of fertilizer usage in Taiwan and the techniques how to evaluate crop nutrition management are
given. Combined the Geographic Information System (GIS) that integrate information about
many soil properties and best management practices for fertilization can provide farmers to
make nutrient management even reaching the aims of site-specific management. This paper
is given some examples to discuss the tool relating to BMPs for fertilization and the further

research priorities.

Key Words: Nutrient management strategy, Agricultural geographic information, Knowledge

base
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FHER L E AR > EERRMER - RV R IR T 2 -
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HELARRE B K (B > e RSEAE

Tt REZ B ERBN RISFTE 97 4Rk " SR LItALEE/ NE L > &
HERIEHEEHE - @AEEAERERE  BEED T HEAWE L EE
SHEIERE DR 2 - IR ANE &8 R OGE RS - SRR RAE R B
GIRSUK RIS > FRA B R EERERE A - B CE2 ARG & 97 4F
101 EAMHE 108 FRFENE Fy 84 B » JsiEzE 16.8% -

BEREERAAEREN AR F - B 88 (=ZHR) HEmREE SR
BRI EZZRATE - EYEREHBE - ARELR M AETERE - IEREEAR
88 FEAARNGTT - LBHALRHR IO B S 5 R It 8IS - I ASURE - BURTERA (K
ETRIS I TR T E ORI E B - R RS - WORFY R DR L -
SR FERT R P H 2 b0 > PR EETHDRL S SC B EARRAM -

R CPHE TR BOR T

RRCHRHBEfE R (B E R g A A AN B R B & > HAMBH R R R - BIACRIE
REEEZENMIE R ERZIRE - BICPHARHE (KB 35-61 £ ) FE ks B R
RENANEF > EELT 2R (RERRNE > BIRRIA & ERCHIFE (RE
62-91 4F ) [N 62 FEHERIIX B HH E & Ards AL Fos 90 R LT AR 2 B E AR R TR
Pra7EMESE A S H TR, - —HpE R BREICE - W 73 FHRARE
AU 2B ABCHH 28t - BoIHERZAEITBIGIZE - R AT B el &k (WTO) FiZ
FESEIE - 1Y 85 - 6 AMEHIRI S E AL S BRI ARATNN 88 9 ARE
b~ BB CIRRED 72 01 FE A WTO 1% » 92 FE47) 58 e 2 B AR Bl B Tt -
HERHEA B BETTS (RET92-97 ££) » EREHTTSAE - 92 4 3 I iR
[ A EERRE 2 BRI PR SFURHEAS BRI 22 KR B (H > SIS REGE - St 93 4 9 At
"HUR ) ALERATRHERS o WABETEEE A o DUIHIACE R I S E R E) - 95 FEEIFRH
[EIERE R R AR ERE IR - B FYIEERRK - B L ADRHERS > 7Y 96 &£ R4
[ PR FORHE R F R AsR (PR 05k 215% ~ Wi 05k 477% ~ EAL8T Lk 344%) -
HR 53 AU A BROREAS JRREE - B 97 - A58 A HRAC ~ BN - BB 9745 H 30 H
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109 S BRI PR FH 1R 5% B B R IR (AL PR S I 1% - DD AT AR B H 1 32 FH
MATERLGR - 2 ERPIHDRHELE - RERREHEAE - ot E RGN 2B EHE -
B~ ISR BN > BTSSR WA TS - HENIURHESE B R T - HE
BHEEA R Z SR E - 57K E R Rk F— IR IR PR B ORI
L > DUR R R B R TRD R AT - Roip Bh E PR AR DR 2 R RIS HE R - I AE
BHEHERICHEH > %9 3 A 16 HEEEHEBICHTEHERH - 4 A 15 HERKR
T At Rt R REE (F YRR THI DR BUTfh a5 BB L e s 12 S5 it 2 R TR B T
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Bt - RERELARESR RS (5 ) TR ERCE - BRI SR IIEHS -
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FREQ 36 FALZACHIHE & R 13 EAM - B EYIREE AR 125 S0 0H > 63 45t
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i BEERIEMEREICEEE K SBEARHEH 50 SRR - ZFE 2
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Bl > 69 K 70 I 140 AN 5 86 FEF I /KA FIEHEEETE | - IRFHRIE 5
TEVIREME TS T8 2 100 A 5 1A WTO 122 93 FEHRE 74 BN » 11E1& 10 4F
[EIERFIY 70 2 76 BN 5 102 8 RS b iiopsty - Bt " SRR ERIR (LR S,
TRV AR Ry 71 AT -

A EREACE &2 > 36 S AEA 0.105 ANE - 74 FE R | AN 2
F1 1.039 Mg - [ 75 2 78 FEREMEGY 1 AMESN » 4T 25 SEHEME 1 A0 > Hep 93 s
7 1.622 /M ATAEER 97 R 2RI (8.6%) S - AR SRR A IR > 102 5 1.41
JNWE > 108 SRR Ry 1.166 /ANE - i AL EH S B -

AR BB AENRE A ~ 2 B E T KB AAERAREIEY) - BURsEIER
B I EE AT E AT - & B 8 BTSRRI (L ~ BME R KRR S A M
[FEIRHE m A TR MRS BRI R E R - DU RE DR (L S B M LSRR - &

AR R I -
109 25 PRI S I 2 HEEUEL ER SRS A B4 B R AT -
ARESE —HAEHART (108 4% 12 7 -109 42 4 F ) BDIHSH 5 2 43 A0 > BT —4EpEfe)

H (107 4212 H -108 £ 4 H ) #i2 38.7 EAMEMEL - 370 1% - Frid g = =~ ALkH2
S EPE A RH E AR o AR REEEAMEEAE - (R T CETEE R s e &
wte ) A RESESUBRPT RS B R R SR B A G B A 5 AU T R B A -
FH e B AR S G -

%1 EF (RN EImFEHE ER

g | EERER | e | CEPEE -
(EAME )(A) (&AL )B) (C-A/B)
36 13 125 0.105
37 14 138 0.099
38 15 144 0.108 B " AR
A
39 34 144 0.235
40 34 150 0.229
41 64 152 0.423
42 50 149 0333
43 47 150 0.315
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g | EEERERR | e | DUIPDE .
(EAME )(A) (EAH)B) (C=A/B)

44 55 151 0.367

45 58 154 0.378

46 67 157 0.430

47 67 159 0.422

48 50 159 0.314

49 70 160 0.438

50 70 161 0.437

51 72 162 0.448

52 80 161 0.495

53 80 167 0.481

54 77 168 0.457

55 80 169 0.472
(FPRE R

56 78 170 0.462 i » i1 2 T i
% °

57 94 169 0.556

58 89 168 0.530

59 67 166 0.402

60 84 162 0.518

61 80 159 0.504
Jig il T AERHER

62 96 157 0.611 & o WAEEHA
EREHES -
AR &
JE 2 100 E5 /A0

63 100 164 0.611 ﬁ;ﬁ‘?%[ﬂé}ﬁ rHEHj
BRI, - AT
P e g e A
i B il -

64 138 166 0.835

65 135 161 0.840

66 127 157 0.809

67 126 155 0.814

68 126 149 0.840
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( EAME )(A) (@=VN=D(2)) (C=A/B)

69 136 140 0.971

70 134 140 0.956

71 112 138 0.811

72 115 133 0.865
sl TR

73 123 129 0.960 G—ER o Y%—
FoEd H A EER -
BRI e AE AR

74 131 126 1.039 F 25 EEBEN
B 1AM

75 122 127 0.963

76 110 126 0.873

77 118 122 0.971

78 118 118 0.995

79 136 116 1.177
TR A & 141

80 141 113 1.251 i

81 137 109 1.254

82 139 108 1.288

83 138 104 1.330

84 138 104 1.334
Bt " AR

85 139 100 1.394 FEHE ) o T
S E L -
Hii " KEHF A
HEEETEE o IKFH

86 120 100 1.209 R R
BN -

87 120 96 1.249
A TR

88 121 93 1.303 %o BEESHEA
e REL -
I T AERHE R

89 126 90 1.391 R | -
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90 129 88 1.477

91 125 85 1.469 A WTO -
AR A B
B4 FFE3 AR

92 114 80 1.435 i
TEHERS Sk o
9 HAEBUNT T AR
RAEAHEAR G T

93 120 74 1.622 B > A EAERE
FH &35 1.622 /N -
R o

94 114 76 1.502
BRI RS (E AR Bl
[ BRER B2 A ik

95 116 75 1.544 A ABEEEEEL
TN EAE R
T A R PR AT

96 114 74 1.541 L T -
Bt T RHME RS
BT LR IE
T o HEUTH
i L EZHERLER 530k

97 101 73 1.396 N
HAEMAEETE
B T AR AR A
BB TE -

98 104 2 1.446
EIE T B

99 103 70 1.479 H R RAE o 151
TEYIIEREE -
NE TOHEEE R

100 101 70 1.432 G4 (AR R
RifdE ;16 FE o

101 101 70 1.454
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R |
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P R R B
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Current status of fertilizer management and counseling measures

Pao-Hsiung Shen and Chun-Chin Huang
Agriculture and Food Agency, COA

Abstract

Fertilizers are an important material for agricultural production and account for a decent
percentage of agricultural inputs. The quality of fertilizers is also a determining factor for
crops' growth and farmers' income. Thus farmers should choose licensed fertilizer products
and apply them rationally, in accordance with crop's demand and the soil's fertility. For years,
the government has put huge emphases on the stability of fertilizer prices. From the crop-for-
fertilizer measure in 1946, programs like collective distribution and sales, market liberalization,
subsidies on price increases, subsidies on eco-friendly materials were implemented one after
another. The pre-ordering mechanism for fertilizers in 2020 adopts the same principle of
prioritizing farmers by taking into account market conditions and prices to balance supply and
demand for stabilized prices and production. In 2008, Agricultural Research and Extension
Stations under the Council of Agriculture (COA) formed the "Counseling Team on Rational
Use of Fertilizers" to educate farmers on how to perform fertility management correctly. The
Agriculture and Food Agency, also an institute under the COA, rewarded farmers for using
organic fertilizers, which could reduce the use of chemical fertilizers. With the promulgation
of Fertilizer Management Act in 1999, fertilizers used for farming including straight fertilizers
that supply nitrogen, phosphorus, or potassium, compound fertilizers, secondary micro-nutrient
fertilizers, plant growth aids, organic fertilizers, and microbial fertilizers are required to be
registered before they can be manufactured, imported, or sold. Under that Act, the government
inspects manufacturing plants and fertilizer products on the market to safeguard farmers and

ensure that land and soil are properly looked after and free of safety risks.

Key Words: Fertilizer, Fertilizer policy, Fertilizer management
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KKF Natural Farming in Taiwan

Jane Chen

New Wholesome Food & Pureland Culture Association in Taiwan

Abstract

KKF Natural Farming has been promoted by practical teaching method in Taiwan for
eight years. The planting techniques could be promoted to farmers who are interested in KKF
natural farming. It's actually applied in many vegetable gardens, fruit gardens and rice fields
and already have a lot of practical experiences. And this agricultural techniques has also
been recognized by some farmers. During the implementation period, farmers also continued
to proficient and deeper understand in the KKF agricultural techniques. The techniques of
propagation of microorganisms and making liquid fertilizer have become more and more
proficient for many farmers.

KKF microorganisms liquid, soybean dregs liquid fertilizer and fish liquid fertilizer could
be used on vegetable and fruit gardens. These two application techniques have already proved
to have advantages in the vegetable, fruit and rice planting. And these techniques also obvious
induce the plants become more and more strong.

In order to further study KKF agricultural techniques. Banana cores, banana flowers,
bamboo shoots, eggs, milk etc. soaked in the KKF microorganisms liquid could by extract
hormones. These hormonesll make crops promote flowing, fruiting and sweeten and large fruit.
This farming method makes faemers easy to learn, easy to operate, easy to get obtain materials,

save costs, save labor and effective.

Key Words: KKF Natural Farming, Microorganisms liquid fertilizer.
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FIGURE 1.2 The relationship between distance and intensity of use. Frequentlyvisited areas are
placed closest to the house.
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The production technology and application of frass of black
soldier fly

Shih-Hsiang Liang' , Chia-Xin Lee’ , Hsiao-Han Liao” , Szu-Han Wang’
' Animal Industry Division, Livestock Research Institute, COA

*Hsinchu Branch, Livestock Research Institute, COA

Abstract

The forward looking agricultural creature black soldier fly can transform various organic
resources into more valuable larval biomass and frass. The larval biomass can be used as
an animal protein resource. The frass was rich in larvae molting and was a semi-fermented
nutrient substance. The frass was a soil improvement material that can be produced on a
large scale after earthworm compost. The studies have shown that the nutrient composition
of frass was affected by the types of organic resources, and its chemical composition analysis
was significantly different from that of commercially compost only in electrical conductivity,
sodium and phosphorus content. Compare the treatment groups that use frass and chemical
fertilizer with half that was no significant difference in sugarcane yield with control group
completely applied with chemical fertilizers. The frass has rich microbial phase and nutrient
content that was used as a feed composition for aquatic animal tilapia. The application ratio
of frass can reach 30%, which can improve the growth and protein utilization rate of juvenile
fish and promote tilapia innate immune system activity. Increase the resistance of tilapia to
Flavobacterium columnare and Streptococcus iniae infections. The frass will have different
material source characteristics according to the different food material substrates, and can be
used as fertilizer, energy, material and feed application according to the characteristics of the

material source.

Key Words: Black soldier fly, Frass, Soil improvement material
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20150428 20150626 s

---Number of earthworm/ pot---

Used mushroom sawdust(UMS) 10 48.3117.6 4.8
UMS +CV 10 74.3+14.7 7.4
UMS +SV 10 129.3148.7 12.9

--- Weight of earthworm, g/ pot---

Used mushroom sawdust(UMS) 510.4 6.311.4 1.3
UMS +CV 4.110.5 16.313.7 4.0
UMS +SV 4.410.4 30.7£10.6 7.0

UMS: ZERHERE ; C: TR, S: B0 ; Vi JERBEEEY)

(2) HEAESHRA
BUEIAR R R 512~ BREDRE R ORFFRVEIRIE © R i A%
SOEAERFIT AR 500-1000 22 5edids] > 75 R W1 ICET IS SRR R > IR
RV AL - BREBORE R 30CLUT - &R 20-25°C - BUFBERE T HIFEIRE
R 60-70% -
EREERE S HIRAERE - BEPAE D R B R B0 S
IRy > FEILZINESE 2 RN INEY ORHERGE & WM IS 22 ARt -
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FI G PR IEZ4 - Al EE R 2 30-60 K -

(3) WkE

5 S AU 8 8 T (G IR 2 I ] S A U D7 VB FE A A i A 82
PO o RFA I R 5B HERE o0 BUZ LOCIRVAEGE &5 (5577 2RI IS R ¥
HIERES - BINZEEETA 7 BA B2 LAT AR AR B B i S HE A - PRI & ks
WEEHEACEL S feRs - FREITIRER - JA R B SRR SR B T A o

3. T SR 45 B i FE A
AT TSI > A e A Sy B R (R EEEEAYERRE o (s B A I an B Y AT
ZER - 2R - TSRO ~ BUEERE RS AR - (AT
g EE I DR E A TN BT A A AT ok TR ECEL MK o A%
Edwad(2010) frigfit ~ /B iRHtEE 25
(1) J&F& (Moisture content )

FEWEBEEE T EERAERE 75-90% o HHMT 5138 T K 7 T — &Y AR H
[RELIERF A A - SRR — E AR E AR E » BRI BRGK - MR
Witet% » BE RE BRI R R - R EER R EE AT SN ARE
AU E

(2) BzimfE (Acidity )
Rkl B R B R YRR R - BRI R SRR (B R e N TR

% 2. AFFREZ R E o

JRt P e P i (L HE

FE 8.6 Gutierrez-Miceli et al., 2007
sy 6.0 Jordao et al., 2002

i 6.7 Alves et al., 2001
- 53 Atiyeh et al., 2001

Jes 5.7 Atiyeh ef al., 2002

B 7.2 Masciandaro et al., 2002

R 7.7 BE o RBEFRZHIE
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AR RHR B B Bk i (B 45 5K - SUMAL AR TR E it T30 -
DB S
(3) &L (Carbon:Nitrogen ratio )
EEmR AL RS - EEERE LIRE PR S ENR TR ME YR L
P Z S0 » BRI Al RE B EY)AR 208t P EURUSRER E - —ARI S - ki 3
ZHRELELFy 15-25 SRRV E AR R E S e B Z e s LU e e
DIFF&EER -
(4) &45r& &= (Plant nutrient content )
FE g ) & B G EE RIS B R [E Y45 5 - S g &R R T sk
FREETHER N (MR 3) - INIUVEEHE G GE e 2R o SR
BRI RO AL -

i

i

7 3 AN EIR VTS B R oy Z R
EC C N P K Ca Mg

(dS/m) pH (%) (%) (%) (%) (%) (%)
RN 2.87 8.54 3543 2.60 0.92 2.01 7.86 0.52
BN 2.76 7.15 3571 236 0.89 1.91 7.7 0.52
B} 291 8.34 3531 2.62 0.43 1.07 4.97 0.50
a3 4.25 7.78 33.19 266 0.48 0.57 9.80 0.67

TEAEL (REEHE ) 1.34 8.27 41.80 1.20 0.29 0.41 5.36 0.33

4. 5| S HIE
d5152 w] DUE RE(E 3 38 h SR SR ORAS AR T HI8580 - it SE A ELRE
MRER 2 Ry ReEEah Bl ~ A HEBGRFEE - R0 LR ] DUMBURASAE R - e A 225
WA IR M5 BT B RS - 55— 7t a] DURH S| S B E Rl A AU T £
B -
5. {58 I SI B2 S 138 S AR IR
(1) 33 (Soil physical property )
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R 2B B E DUGE B B A B R AR - RF i 06 F 2 LR IR F R YRR
RN E LE T - JEABER AN YGE HEYEEE (Lim e al, 2014)
Blanse st LR ke TR FEKRE ST ~ PR RARAS 2 R R LA i 138 B
SN B A BN EIR 288 2 - iR IRVt 8 » BIHEFE BN ZEEE

(polysaccharide ) - Z5EERGAH BT (e AEEK A LF AR E T HRERL - AR o+
M~ TRKEE
7 4. Jn 5 FER Y TR PR E R 2 (EiigkH Manivannan ez al., 2009 )
%5 1+ (Clay loam soil )
TEE | s MEFLAE | MEFISIZE | BRI+ | b aies
(RHEAE) | (20:80:40kgha™) | (5tnha') | FEi5HE
LB (%) 35.41 34.27 38.68 36.87 5.87
Pore space
[(ERgE S (Mg m®)
Bulk density 1.13 1.17 0.98 1.09 0.14
TIEEKE (%)
Water holding 83.80 81.60 94.80 92.30 0.68
capacity
Pl TS B
(emol() ke') | 9 39 24.00 28.70 26.90 0.26
Cation exchange
capacity

(2) 15 {EE 1 (Soil chemical property)

5] S AL S > SR AR LAY U RG

 fEHIBE PR RIRE S LR
s B3R E o i EAEYESERERATIRELL (C/N ratio)

2R AC 57 FE
HEAE 15-20 > HEE

By TIRARE ARG - f£2H DA AT b B A S 53 E PRV EERE (NO;)
FR L EAVERR R AR > A LRI ] DIE R EYIIR R B ¢ 55— 5wl

HETEHFAHRLETS > F—
» B B & m AR

phosphorus )

(3) +3EAEYME: (Soil biological property)

FERTABTZE
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& sl s RS AR DAY B

553 B S AT ELBE (1R S FUR AT AL ( Available
BEEHEA I -
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IR FRER

Kt Cytokinin 55 - 35 EEJHIE Ve B SER & (e R 138 2F R AEPIAE R > SUEIS[3EAVIE
> ARERIINESE A E T REUEEFYER - PItEHE R g &R
FHEYIEES - 2R B EEEEERE R E YA bz - PR ZA0 > 5[
B ATa A NEERRINE B EYIE & R R 2t i

i

M ER RS H Sk OB E R BT o] ORI IE R —

A&k o AR ERE A B Y Bt oo — R ERAVE T - B ERE bRV BT B
e I - A b E -

225 3Rk
LBER ~ SRR ~ TR © 2017 » fE SRR ERCR 2 N T HRET - EREREIEN
R sesl & 69 55 -
2. FEHEL » 2013 o A [EITHHER ] 2 58 S ELGER T R B AR S P T il AF & R d5| 3 e
HERYSZEE o BT BOR B2 BRI LR 2l 3w L
3. Edwards, C.A., Q.A. Norman, and L.S. Rhonda. 2010. Vermiculture Technology:

i Y
=]

b=

Earthworms, Organic Wastes, and Environmental Management. CRC Press.

4.Lim, S.L., T.Y. Wu, PN. Lim and K.P.Y. Shak. 2015. The use of vermicompost in organic
farming: overview, effects on soil and economics. J. Sci. Food Agric. 95, 1143-1156.

5. Manivannan, S., M.Balamurugan, K. Parthasarathi, G. Gunasekaran and L.S. Ranganathan.
2009. Effect of vermicompost on soil fertility and crop productivity-beans (Phaseolus

vulgaris). J Environ Biol 30:275-281.
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Vermicompost: how to make and use it

Chia-Chen Pan, and Jui-Chang Huang

Tainan District Agricultural Research and Extension Station, COA

Abstract

Vermicomposting is a way to manage waste. The process of vermicomposting
including pretreatment, monitoring and harvesting. The source of waste, water content of
bedding material and the growth of earthworm should be concerned and monitored during
vermicomposting. The quality of vermicompost was influenced by the source of waste.
Vermicompost could not only enhance soil physical, chemical, and biological properties but

also enhance the growth of crop.

Key Words: Vermicomposting, Vermicompost quality, Soil quality
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AL PIHENC B 35 AIE A

BRL ~ FOHESL
TElREZ R ETEREN RS

fig 2

RABES S TR AV (PIF-N) RATH S Has a8 TEEY
HeRE (PIF-P) 6 F By RS BT 5B + 32 B BETEE B Mk Arthrobacter ureafaciens K10 J
Streptomyces sp. CP3 » 1 EIAEEE £ PIF-N ~ PIF-P % EL5y AIBLANA, 1:1 BARMLLRRE » Fu
RS R AL DA R AR SR BT BHUB P PIF-P PR ERAL LB LR B B
B A SRR BEHER BT o SR RS A R A B R
B R R R Y 2 R - AR 3 R RS AR I )
HERE (EEEHERD - BB R TIR LA ) PR N FEFRGS o I 3 R,
DI - EC A (1:10) F1i 7.3-8.8 dS/m » DUBS T HERE > 7K 7 e 45 o S5 R RE e EL At 2
FEMEAE RS > A% TSRS » 7 R BE BT P b 3 SR R LB 1 LSRR (V/V)
U DRI R 0 RS 4 B R S MERT R S R (LT > SR s
BEGT 0 (1) PEMACHIRRR S - BOERETREINGAE o7 B
R (2) SPIEHARERT R A NG - HE R s A M (LR
FUEREERE AR (3) HERISERNEEA  FOSRIA MG (LR SR
TR R SRR o AN B M (LR MR R B A I 2 5 T LB
REFNA 15.6-16.3 JiF o S ST TIE MR EL BC {0 » AT FLRMERT Fkicsis /18R »
FABSMEAE LA ] » BOME AR R R (BB B R 2 9B -

RgE : PIE AR HEAE ~ R VE - RACA - RSEEY)

2 2a

(5]
HEREAL B A Y S8 A o R B & ST - AL R E IR EE AT AR AR PR
A R L HEREATR DARIMERC HEAR S5/ DI P R E e AT R Z S AP i - AT R

I
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TRHERRRS N TR (2255 > 2000 5 ZEEAME » 2012 ) o fiE LB AR E S « kR
B EE K BLIE - W R EBRIER BRI - 5 ST IR R SR B EE A HE A
1% > AJEF BAkES /& (Hernandez-Apaolaza et al., 2005; Herrera et al., 2008; Bustamante
et al., 2008; Jayasinghe, 2014) - HHEHCEBURET/VE AN SR BPEUEFER - AliEE /T ER
s o WiEEYAE  (Grigatti et al., 2007; Ruiz and del Carmen Salas, 2019; Zeng ef al.,
2018) -

A BB P A V) HE A B R R R /e SREC B MO F 12 - 1R BB
BINNEZHE > SHETEA BT TR RE - DB NBREEYIMERM AR EES
FEZ DL

N2 B
ALRE SRR PIE AR V) s A FH A AR B kB

AaBpE s SR (PIF-N) KEhk (PIF-P) 2 PIEHEAE - SE e & 2 PIBHER
HFRHEEE R P15 18.8% ~ KRJE 62.4% ~ LLHEIRAL(NR 18.8% ;5 1=tk & & 2 PIEHEAE
B FORHEEL B PIRAG 4.8% ~ BRHEAD 4.8% ~ KJE 47.6% ; 4LFESRAL Mk 42.8% - HERCBIAE
B5A00 1L B & Arthrobacter ureafaciens K10 Jz Streptomyces sp CP3 1 200 L H 3K >
AGEAHEREADRER & o BER B E P R Arthrobacter ureafaciens K10 JFo 484 57 fiF 4
Streptomyces sp CP3 A &H 10% (w/v) ZLFEEAFZ IR (cut into 1-cm pieces) 5z 1% P
B (wiv) ZIRAERFEA - B 4 RIR(EH] - LSRG T TE 0 o BB~ E s -

=B S PR E S iR — s s SRR A pH 1K EC
EREGEHERS S ERAERRIIER % 8 2 AT HER BRI - ARSI N5
Aty FIEER SR W - 8 - S REEEE - HERTEAE 2N S R AR
90% LA F o FybRaT P A L I FH R RAE GRS /B Z I - DA Wb A R LA
GLIRSTAREL 1:1 J&#E (PIF-N:Fiber B PIF-P:Fiber ) - DIBE#IT=(fEAE (5 &EREES)
TR 3 & > T 2 Mg (F% 5 5% BaET) - S EET K E
B RERIMERACK - SRR A 1052 A I3H-TH 12H -

SHARGEER R M E BB 7 TR AR P EHERR BT BURFE % - FIE{K EC
B~ ISR ~ 5 88 & - DLPIF-N HEZ KSR a8 » kS 2 J8L PIF-P

b=

=
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Rt - BURERINAINEE R A A B R S AR & & - (HRm AT 2 BB 1 FE
KR - ININEBEE G A Bt i S R 2 KOS S = 8 - BEAGIT = =ik PIF-P PR
A2 AR PSS Fe 8% & B8 PIF-N PIEHERE ) -

SRR B 4G AR =FoR - FEER 4 EAEY - RARERRZH (B 1) >
T EEU R E R - H A fEfE L PIF-P HEAC B SR B Ay & - R E B » B0 PIF-P
HERE > 2 S i PIF-N HERE By - ATRER N - PIF-N e > EC (¥ 5 ~ NH,/NO,
K'/Ca™ L5l i T » &R AR 14 PIF-P HEff PIF-P:Fiber 4 S#0 s » TIRE R/
B 2O FIAMEE - §5 R e - B NH,/NO;y 81 K'/Ca™ CLEIEKATEL « 20ERTA
e EE & NH,/NO; Bl K'/Ca™ i = EYIE BB AR FIRLE (Ben-Oliel ef al., 2004; Taylor
et al., 2004; Jakobsen, 1993) - GAER&E TR - PIBHEEEA RIS - A EHIMEAE
HAETHRER - MRS ECH @ (AR ALK - FEHUNEERIUEY A
RIS TR K » BNAIIBE R Ol < SPIFEHERE - AR & EE S -
T PIRAYHREZ B R

Table 1. Nutrient characteristics of microbial inoculated feather composts

B

EC Germination
Treatment  pH N P K Ca Mg C/N
1:10 rate
1:10 dS/m % %
PIF-N 4.8 10.0 3.53 0.75 0.79 0.93 0.45 10.6 94.4
+03 2.1 +0.41 +0.03 +0.08  +0.1 +0.04 +1.2 +5.1
PIF-P 5.6 7.0 2.62 3.50 1.27 6.04 0.79 11.6 96.7
0.2 *1.4 +0.11 +0.02 +0.07 =+0.15 +0.02 +0.4 +3.3
MeanzS.D.

R EHHGEERET B KR

Table 2. Water soluble nutrients of culture media before sweet pepper planting

Treatment pH EC NH," NO; P K Ca Mg
dS/m mg/L
PIF-N 4.8b 10.0a 5628.7a 4493.3a 3422.3a 7359.3a 1098.0c 1611.0b
PIF-N:Fiber 4.5b 8.3b 3785.7b 2884.0b 3144.3a 7866.0a 744.0d 1068.0c
PIF-P 5.6a 7.0¢c 532.7c¢  4256.0a 2055.0b 7270.7a 1999.3a 2333.0a
PIF-P:Fiber 5.7a 6.6¢ 302.3¢ 3183c 1862.0b 7714.0a 1461.3b 1655.7b

Significant in comparison with control at P =0.05 (LSD test)
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Table 3. Fruit characteristics of sweet pepper in different culture media

Fruit Accumulated
Treatment . weight /2 circum length  width  TSS Hardness
weight
plant
g g cm cm cm Brix kg
PIF-N 155.9b 2793.1b 27.3ab 7.7ab 8.3a 6.4a 4.8a

PIF-N:Fiber  163.8b 2529.8b 26.5b 7.6b 8.0a 6.9a 4.2a
PIF-P 217.7a 3702.0a 28.8a 9.0ab 8.7a 6.3a 4.7a

PIF-P:Fiber 169.7b 2765.8b 26.3b 9.2a 8.4a 6.6a 4.2a

Significant in comparison with control at P =0.05 (LSD test)

1 ~ EHHAE S A: PIF-P ~ B: PIF-P:Fiber - C: PIF-N } D: PIF-N:Fiber 21§ &4 FI1EF
Fig. 1. Root appearance of sweet pepper cultured in A: PIF-P, B: PIF-P:Fiber, C: PIF-N and D: PIF-
N:Fiber after final harvest

HE ~ I8E RCPIE T HEAEIE A R I E sl

AR RiRE A R R AR EEIRE P HERC i e M R ERI TR Z o eI %
T~ BT PGERGRERE Z BEEY) CHEL) - ETHIERE > SHEAER
FEERREER S - S REEEE - RMBRFHER S KO &R > BURAS - R4S
FEATRINELRERBEZESIIR © #E ~ IWE A PELZEDFFIENRIUFTR - SEEy 12-
14% > HEINSERMERAKR > PIELRIEE - 87552 o HEEBEREN LE
Pt » T IR ERR K10 &2 CP3 Y 1 FH&A 1% FEE R 0.5% Sff T AlaE 4 K
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Fe 6 REGER » #EATHEAC FEfE - HEBHEAS (CF) ~HSEHEE (DF) R (FD)
PR ST AR TR - HEAE A an 2 5501 > EC {E ki & B DINSBIEAC A S - HEAE
/NS TR AR 80% DL -

R~ HEHEFER 2 B R
Table 4. Nutrient characteristics of raw materials for compost manufacture
pH EC

N P K Ca M OM oC
Materials 1:10 1:10 &
dS/m %
Sawdust 6.03 2.08 1.56 0.71 0.69 0.71 0.53 7423 43.06
Duck feather 6.50 0.66 13.65 0.09 0.01 0.26 0.07 75.04 43.52

Chicken feather 5.64 0.21 1278 0.07  0.03 0.21 0.04 8245 47.82
Feather dust 6.48 0.93 12.06 0.25 0.1 0.68 0.09 61.67 35.77

T~ HEEHAE - IR P I 2w R
Table 5. Nutrient characteristics of chicken feather compost (CF) , duck feather compost (DF )
and feather dust compost (FD)

Treatment pH IE ICO N P K Ca Mg C/N r(:;mination
1:10 dS/m % %
CF 54a 8.6b 242a 148 1.89b 1.88a 1.08a 14.68a 84.6a
DF 53a 88a 2.63a 1.69a 2.0la 1.92a 095a 13.00a 87.9a
FD 54a 73b 2.79a 1.54ab 1.87b 1.77a 0.82a 12.53a 86.2a

Significant in comparison with control at P = 0.05 (LSD test)

IrE R EELANE = AT 3 LB R B 1.1 (V/V) JRFEE REER IR
(2 135%) ARERE - S LIAENRE R B IR - 50830 10943 H 9 HEHENEE (&
62 o3~ I8 Ay ~ im 18 A0y ) PREAFEEERAEME - UEHE 10 18 - Hop 5 MRS
NERHNAE > 55 5 FETEEE S ERCEI S EIRAE  (20-20-20) ~ TN EEES Sl s -
HETEMREE G EE 6.3 50 - BEET 6.2 52 - &b 7.3 3¢ - BRI 5 H 26 HERIL
7y 6 A 1 HETREMIRGEE - S8Rai M EKEME 2 IR ANFR - PIBHERE &
HEIFAEEFE - IR pH EZER AR - HEZE SIS E 2 pHAE - =fEP1
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FEBARLE R P& A R EC E 28R - M4l (Fiber) Z EC {H Ry pa B M R (K - HEAD
Z T HIDEEHEAE (CF) fiem > HRBISEHEL (DF) M PELHEE (FD) &
& > PRESEHEACSH! - EARTAE0R FF S PR B IR - 3 TP EHERE Z i BRRE FURE (R It
R A2 o H{2 DL FD BfTEUR R IR EURE - KBRS BT
HE RS EHEACECPI B LS - =R PR o AR FER - AR TR R B
M - P e BN S e R R - SN BNDIS TR S - AL EoR
EEEESS RFEE R - SIS ERRTE RS HittE 2B RSB R -

TN~ BN ERAT T EKEEE S

Table 6. Water soluble nutrients of culture media before melon seedlings planting

EC NH," NO;y P K Ca Mg
Treatment pH

dS/m mg/L
CF 5.4b 8.6a 752.3a 1511.3ab 3112.7a 15556a 1116.3b 1876.0b
CF:Fiber 5.1d 7.9bc 636.3b  593.0bc  3044.3a 15319a 497.3d 1475.0e
DF 5.3bc 8.8a 369.3c 1450.0ab 3096.7a 14746a 1278.3a 2277.0a
DF:Fiber 5.2cd 7.7cd 402.3c 750.7bc  2908.3a 15081a 261.7c  1669.7c
FD 5.4b 7.3d 271.1d  2587.3a  2383.0b 15557a 482.0d 1437.0¢
FD:Fiber 5.6a 6.5¢ 200.0e 956.7bc  2304.7b 13775a 401.3e 1014.0f
Fiber 4.9¢ 3.8f 184.3e  44.3d 238.7c  8391.7a 284.7f 129.7g

Significant in comparison with control at P = 0.05 (LSD test)

KRR NAEFHEPAE 2 fros 85 IEE R A B BRIV EER
AfREFENREEENR (RT) - HPLUNB A E0R PR HH - #HINEE
BEK HREEESEOREINEE 28 Rm A HESET =52 (40 CF:Fiber
CF:Fiber+ ; DF:Fiber §z DF:Fiber+ : FD:Fiber 7 FD:Fiber+) > JREEE4J0/i1 228.4-
404.5 g » H1 DL FD:Fiber+ R Hi4H 7 JL B4/ M E 3RS N 28R (Fiber+) R4
{# » fE CF:Fiber+ Jz DF:Fiber+ fRFi4H 2 FLEE i Fiber+ R FH4H MAH-E 72 52 » 2RI A1A
FERRES - BUR - PIEHEACEM IR R - AR S B B EE -

SCOPIEHEHLEA BRI E - #SNEEEIR (CF+ -~ DF+ ~ FD+) » HREEFE
B AE PR M E RO S R AR EE4E (Fiber+) Ry - BUR=E D &8 Ks EC
EHZ P BB RS E - BINEEEER - MERIRFDEE N S ol R
BAE > BURNPIBHEIS 2 R R EBETE 0 2R o SELBCRE EE I P BHERE A
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BOMEREIRIE T - HOR S S AT B R RO R B e B A e e
(CF -~ DF ~FD ¢ Fibert) - BURCPIEHERC R RATEETE - AERINEHE I 2 — e LT -

A DB HERD ~ IS HEAC & OPIE HHEAC SRR AR 101 R RF > BRI SR -
REHERHE (CF+ -~ DF+ & FD:Fibert) o 738 VAR PIE L HEATERS N E 28K
(FD+) -~ HIREEEARY CF+ K DF+ e BHAAE - Al P L HERS 2 8RS 2 S
=P REE o B HEEORE o IR AN e SR AN B R
FYIR UL > 280 > BEiaBR4H (FD:Fibert) Z7EEIRE ML AR o REERL LI B HERE
FRHZH (CF) fys HEL CF:Fiber « FD:Fiber+ f Fiber+ iz FHAHERIE 7 H - BEESI = DA
HEHENE NS EHEACREACR S 'R - REEERE HAEE A4 16 AL -

ABRsEREUR - PIBAYHEEE (1) RIEEEHE > #EH S EC{H > AT HREM
R E > AESMEREEAEE D HREREE - RAATEA R HAEHER & &
(AIAGABR % Fiber+ B CF ~ DF J FD R 22 & UREEEMRBESR) - (2)
TIRAEYMERCHE EC (HiS - BINERET HEE 8 IREEE - (3) TIBEYPHEALLE
PR BARAOERE - (ARSI E Z BN - ATEA N e e R & UREER HRPE
THERESN - AIEEREEE 2 -

Ft - AEVERE AT R EMERGEE

Table 7. Melon fruit characteristics in different culture media

Treatment Zruit weight gulp weight E?;i - SI;oss width CP:;lp thickness TSS " Brix
CF 1050.5abc  899.9abc 12.2ab 12.1bcde  3.3abc 16.6a
CF+ 1206.5a 1038.3a 12.4ab 13.0a 3.6a 16.3ab
CF:Fiber 786.5d 699.9d 11.0cd 11.3ef 3.0c 15.2bc
CF:Fiber+ 1042.5abc  924.9abc 12.1ab 12.3abcd  3.3abc 15.7abc
DF 1049.1abc  920.7abc 12.1ab 12.4abcd  3.4ab 15.8abc
DF+ 1207.7a 1055.2a 12.9a 13.0a 3.5ab 15.6abc
DF:Fiber 800.6d 696.3d 10.8d 11.4ef 3.1bc 16.4ab
DF:Fiber+ 1029.0abc  909.9abc 12.1ab 12.1bcde  3.4ab 16.0abc
FD 964.8bcd 847.7bcd 11.9abc 12.0cde 3.3abc 15.8abc

FD+ 1152.2ab 1004.2ab 12.5ab 12.6abc 3.3abc 15.5abc
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Treatment Fruit weight Ig’ulp weight 1(;;(;; - ((:?rlrrloss width fllllllp thickness TSS * Brix
FD:Fiber 770.1d 667.9d 10.7d 11.1f 3.0c 15.8abc
FD:Fiber+ 1174.6a 1032.3ab 12.7a 12.8ab 3.5ab 14.9¢
Fiber+ 907.1cd 796.2cd 11.7bcd 11.8def 3.1bc 15.1bc

CF: chicken feather compost, DF: duck feather compost, FD: Feather dust compost
:Fiber mean compost mixed with coconut fiber in 1:1 volume ratio

+ mean additional fertilizer application during melon growth

Significant in comparison with control at P =0.05 (LSD test)

2~ REYYE FOmEBR (1) B 23R/ NVEFBI » A CF ~ B: CF+ ~ C: CF:Fiber ~ D:
CF:Fibert+ ~E: DF ~F: DF+ ~G: DF:Fiber ~ H: DF:Fiber+ ~1: FD -J: FD+ ~K: FD:Fiber - L:
FD:Fiber+ ~ M: Fiber 7 N: Fiber+

Fig. 2. Melon production in different media with nutrients dropping (+) or not, A: CF, B: CF+,
C: CF:Fiber, D: CF:Fiber+, E: DF, F: DF+, G: DF:Fiber, H: DF:Fiber+, I: FD, J: FD+, K:
FD:Fiber, L: FD:Fiber+, M: Fiber, and N: Fiber+
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PIFEST#RE Bacillus megaterium TCPIA NGB EVREALER N EEEE

R BN EA LRGS0 TR T CafE 115%) ARlEtES - 588 K 4 BR B - 9 hl K (1)

N EAEEEHELH (0-60-30) (NO) ~ (2) Jiif] 60 A& ZE / AHEZ L (60-60-30)
(N60) ~ (3) E:AEHEHAPIEHEA (DF) » &4 10,000 A7 (DF)  (4) EHEjiE
PIEHEREEAH 10,000 AT - #EECHE BN 3R Bacillus megaterium Bk TCPiA
(DF-TCPiA) - [k TCPIiA HEFERY 1% HE%E 2 0.5% SENFIORF AL - 48 4 REFE &M -
FEAE AR NEEERE - SBE/NER 1.7 m ~ BET 95 om > BEEEEE(TIEM - $ETERE
HiE Ry 8.5 cm - BRI 4 5 - PR RCBD » & ~ Wl s SRR i FH AR B 8% ~ MB BRI SS R & LT -
72 2020 47 3 H 24 HBEEAE - f&EE (1) K (2) fH2EWMEmERE (3) & (4) i
FAYSEHERE (2.6-1.7-2.0) - AGFHFELA L -3 H 26 HERE > 3 A 27 HETHERE > B (4)
ZHEFIe=BE TCPIA 2 BR 30 sy ##iafbtd - j3 (2) W4 H 17THRSH 6 Hoy
Al 30 ATEE / AEZ RS - 6 H 15 HAETERIGHEE -

PIEIT R E R TCPIA BAR TAA RUBTHEEE ] - BB =§0 e g A S K>
A 156.0116.0 me/L 7K MRS B2 A &8 (% (Trp ) 22 nutrient broth B2&EE 1 K
A 42RR 16.851.9 mg/L (9 TAA - A 200L ZEE&f 7T 1501 2 P EKiE (@ 3) » 52 14
KA G3fi# 5% PIE o PIE S iEZR By 94.5% » /K~ pH 8.9 ~ EC 12.0 dS/m ~ 4 0.6% ~
B3 0.04% M 0.11% » 8K » Bk TCPIA Z ZIIRERHE -

i (= — T~ 4

3~ xR TCPIA JEATRPIRI/KAR A iR TCPIA ZEFERIRE ~ B & C Pl /Kigie -

Fig. 3. Application of B. megaterium TCPiA in feather hydrolysis, A: Colony of strain TC3-1S, B
and C: feather hydrolysis process

BEHABEAENR/ AR > A EEREAE RS SR BRICE SR - &
ST REMELIE T R E PR TCPIA 2 DF-TCPIA g - H AR B K E S RS
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AefE > BIN6O B IEE 2 BENFIERIERE T > B SETREZETN
BEORR > BT MNEEE R TCPA SN e £ EARBKEETHEPNE - 25
BE BRI - H4 - DF-TCPIA BT & Z B AHEE B E - i AP HEAE
NSRS A 4 E RE RS - RIFE AR LA B LA T E & BT
B LR

/)~ NEAER R B FRIGEE
Table 8. Edamame characteristics in different fertilizer treatments
Weight Weight Weight

Plant Height Number Number Number ofone oftwo of three Graded Graded
. forthe ofone oftwo ofthree pot
Treatment height seeded seeded seeded pot .
first pot seeded seeded seeded weight
cm pot pot pot number
cm pot pot pot
g g g
NO 65.5b  5.7b 3.1a 6.7c 2.5b 5.3a 19.1b  10.0a  9.3b 29.1b
N60 732a  8.8a 4.1a 83bc 2.5b 7.8a 28.7ab 11.4a  10.9ab 40.2a
DF 74.0a 6.9ab 3.4a 9.6b 2.6ab  5.0a 24.5ab  9.9a 12.2ab 34.4ab
DF-
TCPIiA 74.4a  5.3b 3.7a 12.5a 3.5a 5.3a 30.7a  124a 16.0a 43.1a

Significant in comparison with control at P = 0.05 (LSD test)

25300k
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Development and application of microbial inoculated feather
compost

You-Hong Zeng and Ya-Wen Kuo
Taichung District Agricultural Research and Entension Station, COA

Abstract

Two microbial (Arthrobacter ureafaciens K10 and Streptomyces sp. CP3) inoculated
feather composts, one with relative high nitrogen content (PIF-N) and the other one with
relative high contents of phosphorous and calcium (PIF-P) were used as culture media
for sweet pepper production. Four media included PIF-N, PIF-P, and the two composts
respectively mixed with coconut fiber in 1:1 volume ratio. During cultivation period, no
further fertilizer was applied. The fruit weight and accumulated yield of sweet pepper in the
PIF-P treatment were significantly higher than other treatments that implied the phosphorous
and calcium content in feather compost is adjustable and important for continuous harvested
fruit vegetables. Another experiment focused on understanding the benefits of three different
microbial inoculated feather composts include chicken feather compost (CF), duck feather
compost (DF) and feather dust compost (FD) used as culture media for melon production.
Slight acidity and EC range from 7.3-8.8 dS/m of the three composts were determined. The
higher concentration of water soluble calcium and magnesium but lower concentration of
ammonium were determined in the DF compared with the other two composts. Seven media
as CF, DF, FD, coconut fiber, and the three composts respectively mixed with the coconut
fiber in 1:1 volume ratio were used as media for melon production. During the melon
cultivation, with or without chemical nutrients dropping were applied. Results showed (1)
While melons respectively cultured in the three feather composts mixed with coconut fiber,
further fertilization was necessary for producing fruits with market values. (2) While melon
respectively planted in the three feather composts without fertilization, these fruit weight was
no significant difference with those planted in the coconut fiber with further nutrients dropping.
(3) The heaviest fruit weight was found in treatments of the CF and DF with further nutrients

dropping and showed significant difference with the treatment of the coconut fiber with further
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nutrients dropping. The fruit TSS planted in the CF and DF with further fertilization was 16.3
and 15.6 Brix respectively. High EC value of the microbial inoculated feather composts used
as culture media not only not constrain root growth but also can maintain basic yield without

further fertilization, except that, further fertilization can increase crop productivity and quality.

Key Words: Microbial inoculated feather compost, Soilless medium, Long-lasting fertility,

Fruit vegetable
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BENEREEEKITRBEER

st 152 bl AR el P2 RS Tl
Je HE]FE ]

SREUAE '~ Moks - TR
TBTEER E G e SR R e
PR RHOR R E A E AR

I

R

KRIN (Carica papaya L.) 4ye P& B PR REAL AR B AE (EAR 2 LB TP AR - IR
BRUREL AR REEE WL - Bk s F SRR R T 2 50 - AifsE
JFEFH 3 TR PR - B F m iR bR - SRS AN E R 6 R R
FHAERR LA REN - W EAN SRS REUR » RIS HEE Archaeospora
trappei ~ Diversispora spurcum J Funneliformis mosseae iz ¥ 7 R &~ M8 & - £ 8
HZEE Rt E R B B m N IR A HE B E AN S EAR bl as R -
PR E R 2 RN e B & R S B IR AE - R Bt R 3 D) B e
Claroideoglomus etunicatum J% F. mosseae JE¥E > 4 ESAEF G REE SR EIE4H - 4771
By 70 % ~ 55 % k2 23.33 % » HURNANJNBEE EAR IR EREE A 7 R Z 2 M > FAME
B e 2B R IR 5 | R DAETE Acaulospora kentinensis ~ Rhizophagus intraradices i ¥R EZE
SR o BEAMRNEEE A EAR E R A EH - AT R E 13 KB » WK
WAL E PR & -

[orgER - SR ERE - AUN  BERER

Hii 5
PRIZIE & B A 51 2050 SEHEFRAE N TR F] 94 (8 > Bl Rl e etk sd & R IR
BEARHE T SRR E MR AR REETT (Fitter, 2012; United Nations,
2019) - Hpit#EE S EHECAR SRR AR - FH LAY oy al A
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M ~ B TR AR YR AR IR & SR VP AR » B BL AT 7 M Bt 2 SRl
( Verbruggen et al., 2012) - 4y Frabftgefa > =M EIEE (Arbuscular mycorrhizal
fungi, AMF ) Ryith®K b i 5 H B> S A ) e A= S A (R IV LB > 08 80 % FEMIAE
YIRRELZ R FE4:  (Oehl ef al., 2011; Smith and Read, 2008 ) - #&HFfEERE @ nJHHEE
BEERRE A G EE I FIK S RUEE ST ~ BDIRES R B M RaSREE - e lFY
AR ZINZ VR IETHEVIE R - FEEYIE E B E ERA%%EET] (Abdalla and
Abdel-Fattah, 2000; Jakobsen et al., 2002; Kaya et al., 2003; Druege et al, 2006; Gange and
West, 1994 ) o
AINFEELEARIK (Carica papaya L.) > R EEBEHRMGZ — » BITFERAIEL
A ERZRERRNZE > EREHAIHER HBEE - HEEREEEA HEE
RS ERIEY o T H SRR T DURE I ~ SEPR Kz i Ry IR BB o AR AR SR
s B A R HBEIRN > SR A ARE SN T - AN E(FY 4l e B & Rl it E
B o HVERIRE L E MEE RGN H A EE R -

AT 2 H AR R e ~ AR [F 8 AR B ik e R B EAE
X ReHE SRR R EAEA WA RIS - DIIHRH 5w B L SR E RIS 2 255K
I o

PR

Aallp F 2y = o PRET R i EIRE AT EY 2 S A Bl (% RCRERE (R e AR R4
TR

F—Er D mIRE R E - B’/ MR IR > DURERHEDE
( Gerdeman and Trappe, 1974 ) FfE&HEE (% (Daniels and Skipper, 1982) 43 #EfT- » St
B NS TIPS - W(HE Schenck Perez (1990) Fidigk 2 0 BRMEITHI
SETE > Sy EMELL AR ES BT - TR REATE 1x10° DL RIEFFEHH -

58 oy LB s B s AR E AN 2 A R AGS » DU R E B E RSN
FIMbAERZEZE - FREANERE - UK (B ZHR) HBEREE NSRS R
Htg (121°C > 1.2 kglem®) 215+ > W& 3 om B DULHEE S HIBEE 6 FRE IR B

¥k (Archaeospora trappei ~ Acaulospora kentinensis ~ Diversispora spurcum ~ Rhizophagus
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intraradices ~ Funneliformis mosseae J_ Claroideoglomus etunicatum) (& 1) > 37 DA
PR E AR I84H - S4HPE T 6 B4R 55 3 MO A B BRI (Koske
and Gemma, 1989) - %z 6 H{& BHIPRE « EH - 2R EGEERE GIEAH
[ (ZEMH / brs + 3t N ERHZEE / i EEREZE ) x REZVE (g) D HEEHFEEFER
{EAR e a8 - SRR S e N B A & - BE (F £ AT UG & S R85 (100
kg/0.1 ha) f&EH - WOEK 15 KAETT T KT - /FREIEEEAE - 50 H & &
(B85 B N EEH R PEAH - 4 H1% EEEIRIEZ A. trappei ~ A. kentinensis ~ D. spurcum ~ R.
intraradices ~ F. mosseae ¢ C. etunicatum R J\E R AFEFEANE (6 HERt ) > G4HE
H 10 18 - EHEE 8 BEFEHEMIL TR - ke pitEE - sUBEdE 2L PASW 19.0
HETERATERZE I (One-way ANOVA) - &M ERK Scheffe 7AfwE -

BN EREEZfF 8 REa Archaeospom trappei ; b. Acaulospora kentinensis ;
c. Diversispora spurcum ; d. Rhizophagus intraradices ; e. Funneliformis mosseae ;

f. Claroideoglomus etunicatum °
F=HAr o RE STHEEMNEMRE (A kentinensis ~ D. spurcum ~ R. intraradices ~ F.

mosseae I C. etunicatum &1 AMF ) A& B 5RNE A4 B BT P ER B T HefE > I
FridtE 6 FEHFEEEAT - EERETIRR BR G MR A BCRERR - HiLEE
AR A I EH P ERE - sUREE A TUEERTRURE TS ETIE - ELUREER
BT FUETTEME - A RaE 0 HEIRAE (AR AMF ) RRERE AL R
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2 flpn > P 4 B > DUERSE 2 &SRS (Random completed blocked design,
RCBD) - &/IE 20 Pk » S5 4ai e tabe ez » (EFsBFLIZZRE ¢ (EE 20 cm > € 40
cm) 1% - it ASEERAAWERE (1 kg/pt) - B &R ERL B SR A -
FINARIE 3 (8 A REC s R NERRHE (WBIEEE ~ FBRREEE) > HREH
LT T M AERE PR AT o TSR B L PASW 19.0 #:1T BN T8 BE 47 (One-way
ANOVA) - SH{&MRIEPR Scheffe At E = 5Pk Pearson fHEHME T #E1T HIRAL T 8L
TEAGE e ZARRETEELRE -

1\

>

Fi A B
B EIRE YA HE > FERREEFEREAT - SEREZ M ERE
MR TR A4 R B R EIEYR 1% (Douds and Nagahashi, 2000) - 4%
MREFR B EIRE - IRNESR AR ES B A0SV ARERT AT - R ARRERE N Rt e
BIFEYHE T8 o SR R G RR R - RSN SR RN SR AEES ~ BARBH N » R A L8
B PR R S8 82 Koy g BT - KiRteFA AR oKy 2 FIFHZ (Aggarwal et
al., 2011; Moebius-Clune et al., 2013) - KWL fEA K EEEERE 2 H 1 - B4l
PR 704
1. =B aRHEA
EEEHAEET AT - B HIEE R EE BRG] BIEED
HIVVE (BF&L - 188 PEiE ) ORIEES > 492 13 JURMA R > M lgE Lt (F
B Ky 1x10° spores/ g soil ) FANFEfE FET1% ([@2.) - FERZSRIF LA B P
TSR AR A T IR R - T EEAEMES » BERS - GidE
T RERIES > SEE AR RERERE -
2. R
AR REE A R O B sy o BEIT A DI A B e s 0 1Bk
JEHBLEFTES 1 (BE s 1x10 spores/ g soil ) ([&3.) - FHRIANETIER A » 17 2-4
BRE LT85 B EEYIRE LA - T AEERRMAR - #IEES) -
RER S - FHE 2 RN R A R AR -

b=1

e
mr =
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4 /,,f.-';
2. ZHEERERTE H 1 - 3. AL BRI M A 0 -

PRIFERE B it 4l AR S BRI M 2 M » e P B T IR B e - 45580
R E 2 Hm ~ S~ etkiZE SR SRR - i E P RILL 4. trappei ~ F. mosseae
Je D. spurcum FR¥EH ffEZHETE R WA ENEIE (R 1) - BURIE4wEIEES -
AR HERE IR 8 - B AV ERALAE R A B 4h e IR 2 i =2 M

( Turnau and Haselwandter, 2002 ) -

JR 7N S 1 3T 2 AR LA N sl B 45 SRR » N i 1 Bt g PR R R Bt i T
BEFE R. intraradices i A. kentinensis 5 805 = N IE4H » B85 F mosseae B A R(E
BftE - BRI EIRA (R 2) » BUREREFEEREIR S AN EYIEE & I
AETT BT IR = A R S BRI R BAAE - 495 (2018) FHEWFEHEZERIMHEEIRS
FYME T T FEE LSRR 2 AN NHEREBAERER - FrA RN HEEE 6 B
SRR 100% - ) RAFHYHREI G B - AE R0k e IR E R A KR S A
AR Bbka HE A (1987) B T E MR E B ESHERS 5 1A REM R
HIBL C. etunicatum F; F. mosseae {75 581 S AT R 2 HIG4H » 72515 70 % ~ 55 %
F023.33 95 (R3) - N EREENN S HEIEERSAE 2o - WIREHRSN
4R AT B TIREYIE 7~ Koy 2RI MEAEARES ~ T IR R 4R R AR 70
Y CEFIM ~ KiGEE ~ BPBEEY)) - R ER AR EE AR Z#E (Turnau
and Haselwandter, 2002; Khaosaad et al., 2007 ) - FHDL EERERGSER oA » RN EE F
mosseae F1E » FeiE S EFYIALHIE B R BHEEER » TEAREZ IS » BeER
WA R BIFETE -
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= 1 Pl ERE A NS E RN 22

[t PR (cm) HIE T (mm) ERIZE () AL BT
CK 7.33¢ 2.47b 0.21b 0.16b
Ce 12.27b 3.73a 0.45a 0.28ab
Ri 13.07b 3.76a 0.44a 0.29ab
Fm 14.13ab 4.20a 0.52a 0.34a
Ds 13.63b 3.82a 0.50a 0.35a
At 17.17a 4.26a 0.63a 0.34a
Ak 14.80ab 3.72a 0.52a 0.31ab

it ¢ mean(n=10) o A [F]JL 3 REF R A [F] F f i B EEEL (p = 0.05) © CK @ HfHIREH ~ Ce -
Claroideoglomus etunicatum ~ Ri - Rhizophagus intraradices ~ Fm : Funneliformis mosseae
Ds © Diversispora spurcum ~ At © Archaeospora trappei ~ AK - Acaulospora kentinensis

F 2. RN [F R ESE R Pl B FH R EAE 8 RIS RAGH L= &

e R P SRR Hh T
Ipasil — — —
PR (cm) TATER (cm) PR (cm) HIEE (cm)
CK 157.25b 94.25a 128.08b 98.44a
At 159.75b 87.25ab 149.44a 98.00a
Fm 167.25ab 80.00b 139.73ab 82.00b
Ce 162.25b 85.50ab 142.70ab 88.60ab
Ri 177.00a 81.25b 146.79a 98.14a
Ds 159.50b 88.50ab 124.33b 92.15ab
Ak 177.50a 80.50b 157.14a 98.00a

it ¢ mean(n=10) - “N[EJL L FREFL R A [E BRI LEEL (p = 0.05) - CK : $HfHR4H ~ Ce :
Claroideoglomus etunicatum ~ Ri : Rhizophagus intraradices ~ Fm . Funneliformis mosseae ~
Ds : Diversispora spurcum ~ At - Archaeospora trappei ~ AK : Acaulospora kentinensis

R 3 AN [FEIEEH S e P R B EE A 8 R SR E

Ja PR Bt R T R o B
CK 100a 23.33b
At 100a 45.00ab
Fm 100a 55.00a
Ce 100a 70.00a
Ri 100a 25.00b
Ds 100a 28.33b
Ak 100a 31.67b

it ¢ mean(n=10) o A [F]HL S F REF R AN [F] G B EEEL (p = 0.05) - CK @ HHR4H ~ Ce -
Claroideoglomus etunicatum ~ Ri * Rhizophagus intraradices ~ Fm : Funneliformis mosseae
Ds : Diversispora spurcum ~ At - Archaeospora trappei ~ AK : Acaulospora kentinensis
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SIME S AR E BB > AJNE R & 2 AMF &R 6 8% -
HEITIRE Al EE - e 4 JE S AT EIREEE AMF 2 $HIR4H > HAR 2000 fE B 4RIk
FAFI - iR AMF 3 2 RN EREA AMF B4R AR % > BUR AMF BRI
FARNL

B 4 HHEAEAARNLER LR RLE (B B S5 KR4 %EAMM {ﬁ*&'%i*ﬁ
AMF EiL) - IUEI -

% 4 AREYET A FE R R B R B AR R IBIREE (n=12)

AR BILEE BERE RE | RE TR
BE pxke () BE () () (emy RE () e

HHE4H  190+4°  66.811.4° 1933152 22.7t1.4 9.7£1.00 802.2+121.9  13.8+0.66
PEFEAH  17743°  65.6f1.6 184.583.9 22.610.7 9.810.58 808.3148.2  13.9+0.85

*MeantSE; [FIFIFSCFREAFERR - ZREE (p = 0.05) - SESIFOCFRHFRRER A
% o

TEARNWIR TSR ITH - FHEGERER (F4) - 85 AMF ZEH - KK
it & KB R AR e R L MBI B EH IR BAEB R ERRNR
b BRI - QYRR ARG 13 K > BUREEREL AMF IR RE A SR EA I EYIEE 5
FERFRUL - EAEREIIIMGIRRIR b > WSS 7 225 -

BEAh - R A e IR AT 2 IR T R E B S TR S B R TR
PeoyAr > R S WA AERIRA T > HIBATE (OM) B8 K ~ Ca~ Mg K3
HZ P~ K~ CaFoyRE2RE LR - AL K 81+ 5 Mg RIER ST KB P 2
IRBAE IEAHRE ¢ T 2 Ca Bl Mg RUBEURIREEE TEARRE © SoOMETEE B REH )
TEES N BLEEES P fe Mg EBEE IEAHRH » miBEdd P AEEEESS Ca K K ZRBE 1EAORH - i
P KBRS Mg 2 BAE S AR -
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2 5. AR B 4H e B A 2L FH 438 1 SRR e B oy AB RS BE R B R A R M o i
pH OM P K Ca Mg N #EP #EK #ECa # Mg

pH 1

OM -0.313 1

P -0.172 0.539 1

K -0.503 0.714** 0.015 1

Ca 0.252 0.775*%* 0.459 0.516 1

Mg -0.041 0.733** 0.015 0.834%* 0.794** |

BEN -0.312 0377 0503 0.075 0.124 0.032 1

P -0.402 0.880** 0.431 0.606* 0.526 0.534 0.654* 1

K -0.204 0.580* -0.254 0.764** 0.414 0.669* -0.078 0.594* 1

# Ca -0.380 0.705* 0270 0.432 0325 0412 0.064 0.577* 0.333 1

B Mg 0.126 -0.134 0.167 -0.382 -0.086 -0.142 0.585* -0.012 -0.590* -0.053 1
*Lﬁj%@ﬁﬁ%ﬁ@@%% (p = 0.01) - * FoRAHRAMERE (p = 0.05) - EEN BEHNAREEE

2 6. AN HEE S, BAR B 7 2 F HH 38 T B B oy MRS EE | = o R AR R A
pH OM P K Ca Mg N P BEK TCa EMg

pH 1
OM -0.014 1
P 0313 0.659*% 1
-0.070 0.889** (.552 1
Ca 0451 0.691*% 0.651* 0.662%* 1
Mg -0.068 0.491 0.456 0.455 0.649* 1
BEN -0.696* 0.274 0.290 0220 -0.085 0.401 1
P 0.077 0.852** 0.523 0.800** 0.871** 0.671* 0.194 1
K 0005 0618* 0431 0332 0498 0.630* 0.196 0.546 1
B Ca 0477 0209 -0.019 0.031 0449 0.206 -0.636* 0.290 0.601* 1
B Mg 0.639* -0.310 -0.251 -0.337 0.250 -0.054 -0.851** -0.053 -0.025 0.727** 1
. FONHB MRS (p = 0.01) - * RORMHEIMEETE (p = 0.05) - FEN BEHERESE -
DLt -
FEFEME AMF ¥ 5T ($26) » 135 pH BLTEHS N &7y S8 SR - LR
Mg QI EEEE TEARRAM:  HAE (OM) Bt P~ K~ Ca REEHZ P~ K BITRIE
=

SIREEE EAERE i % P R 328 Ca pIEAHRAM: - TR K AIBL L8 Ca REER P £
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L IEAHBANE © £5% Ca QB 138 Mg MR P & B 2R IEAHRR - 1f1 155 Mg B
F P K EFE AR - f£5E 7 N J5HE > AJBEER Ca~ Mg 2R SR @ MEH K
K EERD Ca EREEIEAHRE > MEEHED Ca S IEES Mg Al 2 4 IEAHNRE -

Hi2e 5~ 3R 6 SR TIAI - HIRNEY) C EAEE TS BN - R ARURTHEYIER
BB P ZRY - E P IRYCEINE - JREERRHEEAREY K ke Ca 2L > {E1ERE
fi AMF iy > 32 N RSB E RS - RENHIAL Ca je Mg ZIRUY > {HAEEIEEH I
BN ZIEHNRZ I Mg JRBEZ 8400 > LBy’ R - AR E 2 8RR yOT = - B
FETREMHR Z TR -

il

N EAR ERE AR - A4 EIREESE B RS e ysE s - EfEEl
&R e YR ~ S5 RO EFER > (B7Ra R R ey HE A B E R
TEERERAE - IWMEAVEERET - SRR EIRE AR E I B R ER RS
PEEEIRAA(R - W ATHEFARE 13 KRRy > HEFREE R ERE R TR A5
MR AERETE R 2RI SER IR - BURA N R E S R A EE T AEfe
HEFEL R S T SRR R > ST AR VA B

225 300k
L M &~ FIN 1987 LEIRIIVIDG /a0 = 2 A RARIE R Z 9T - T EE SR T 36
(4) :p432-444.

2. FHH 2018 GAISLAEIRREH - (S E Y IO R A (E YR Z R S R - K
RSEY = 8VRTETT - BRFEIEEET] - S5 68 (8) @ p82-88.

3. Abdalla, M. E. and G. M. Abdel-Fattah. 2000. Influence of the endomycorrhizal fungus
Glomus mosseae on the development of peanut pod rot disease in Egypt. Mycorrhiza 10: 29-
35.

4. Aggarwal, A., N. Kadian, A. Tanwar, A. Yadav and K.K. Gupta. 2011. Role of arbuscular
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Abstract

The inoculation of papaya(Carica papaya L.)seedlings with mycorrhizal fungi can
form symbiotic mycorrhizal roots, which can effectively promote the seedlings growth
and minerals absorption, as well as enhance the resistance against environmental factors
in continuous cropping fields. In this study, three mycorrhizal inoculation techniques were
applied to establish a "seedling mycorrhizalization operation". We also inoculated papaya
seedlings with six mycorrhizal fungi and evaluated their growth performance. The seedling
mycorrhizalization operation results showed that the height, width and diameter, whole plant
dry weight and seedling growth index of the seedlings inoculated with Archaeospora trappei,
Diversispora spurcum and Funneliformis mosseae were significantly higher than those of
the control group. The result of field management toward seedling mycorrhizalization shows
that the transplanting survivability of seedlings inoculated with mycorrhizal fungi were all
higher than the control group(23.33 %), especially for Claroideoglomus etunicatum and F.
mosseae treatment in non-soil preparation field (70 % and 55 %, respectively). It demonstrated
that inoculation with mycorrhizal fungi can enhance the tolerant ability of papaya against
environmental restriction factors. In addition, the seedling height performance of Acaulospora
kentinensis and Rhizophagus intraradices treatment was significantly better than the control
group. The papaya fruit can be harvested 13 days earlier. And reduce the flowering and fruit

position height.

Key Words: Arbuscular mycorrhizal fungi, Carica papaya L., Inoculation techniques
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7R EEAREIAE 2 — - BANRRERIINGE(CEARHE TR ERE - K58
TIEHL - EER RSB EER - &R REEAFME  FHRRENAnZE -
R » ABH7E B TR ERE N R m A YRR - B 1Pk Teb4s BRREE i 70+ Heify
3 R R BB 2R FEARE Bacillus amyloliquefaciens » X g 534 > Tebds ERRE A S
i (phosphate solubilization) EdER#)'E (siderophore) Jfif%: - i n] EEAE My ~ &5 1 'H B4
WeZ ol - HEATTEEAET] - BPER 7% S(Lsh 2 BT > EE(y02E 10° CFU/
mL DL E > BURATEYLEADEDR G 2 78] Rt PR B 3 B R 1% it 7 2 1 gt
FARYAHE - O ESE - RS TR 5 S REETT E EE i 4~6
R EAENGERIRAZ B F AR - BERITESR 10 - 20 % 2 N3 - 1 HHEEEEK
HR EE2 AR E SRR - (] 70 % (LEHDREFERC TebdS WRHEH - BUETT2E
it AR R AR L - HoE SR DB TR - Tebds A WE ik k s AR T - HAIEFL T
MG Rl > A ERME TR E T - (R A AN A A R i
A HIRER A BN SR K S S RO Z BRI MR AES

bR - EVIHERL  RLB AR E - AR EH
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HI &

EEW RN EVT B BT I - SR 2 R ROR R RDRIV RIRAIRE - BN R
HEREHEZ - 0 BB AR - ERIIEGBHEEZT - B R KRS EE R
THER T E  BTHEBMEERE K - GiRiCEANRET HERERE - IESKEAL
[HITAZE BRI DASAEREZE - RN CERAERE » SRR PR e FH S e Yy
BIET » BEENRSEHRE  BE TR - BRI AES - 18 E
VIR R - AR E SRR - TS5 [EHEIFIERE - &2 HIRERRREE
AFHHEE - MRV EESNE (1 0 20006) -

Ryt G f R Am it 18 2 AL ERAE R B i 7 A E - BIN R RGP RIS R K
AT EELHAC - FECEDEEHE - IRIA B R 1 T 0GE Kt R E YA
B I EYIIRE A =i YEeE: - s LA YIIRES S & o IR R AR M F A& - T
FARBENHET L EBRIEHHE AR SE 2 BSERUR - SR IACE - AHERDR =
HHIt 2 RRREEM KAV EEM I EITARBIBER - stHBEEAHEIEREAEH
B _EIR 12,000 7T ~ SAEYIRERIEBLAEYIEEM N SR E RS 8 2 —
A EE SRR 5,000 7T 5 MEHE I EEM AHBIBE S =112 —  BAEK S
813,000 JT » HURASKGAE VIR EE RS E BA RS (A% - 2018 5 5§ - 2018) -

TEFEFEENHMAEER - B EYIINEREZ T - PR EY R &R
B A= 9iEE (Plant growth promoting rhizobacteria, PGPR) 1 » ELAARERE /7 (phosphate
solubilization) HYfA=P48RE " /EBEE | AIRF R RY RS R ety - HE
HEERERE » T BREEYAER - IR IR R AR - fiBhek
ZHIRSERE - RV RTE A BHEEROR MAEPIRERE (15 2011) - FAEYIREEH A E
& BATEMIEY SRR GG - ISR ~ BB RO S R A YIRS
PRI - ERINEY AR E B A REEY 8D - (RIEEYRCE > 2 AR e £ EY R
£ (15 » 2006) - & EDhREREEA o] DHIHIRIRE AR & - YIRS EE - (ReEFEY)
FRFE] Fe o 1 F R e A At A PV R A P BRI 38 il s AR PR B - I R S A MR B AEY)
AR R AR 4E 2 51t (Compant er al., 2005; Timmusk ez al., 2018)  {RIZHTZIITE L
5] Grand View Research f5HHAE 2019 FERERAYI AR 54 10.0 (E357T » WTERA®
BRAMIRCRI T E 2020-2027 HYFEE S RCGRISATE 12.8 % -
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BN GRS R FEEREH (1) 8K L& - ) ik
RrERRIRIE KRR ~ (3) IRIERSE BRI A KGRI K (4) B EEE T
AMERERALEYE - BRSUEAY RHES - KEPHERE S B A BRRN—TE R
PYEE T o [FEIRF R A E I PREA] ~ (LR 2E R HURIIRMERAZ - B EIHE
MMEREMIIAERARHREN: - RS ERATHIAEYIZENE - AT 8 A RRH I RE
TERT « BEAh » B T HEBD A ZRHESD - BIN A E (e AT 107 45 H 30 HAAR
WA 1 FBIMRTT » RleERRER K ERRE - WEAREEMLE - DR
R Bl A B FOMBE B WEFIREARAER - BRARAESOFEEHE
4G HEE (% 0 2018)

BEAN > HTEEAAE > HER)EPIRTEER (Plant biostimulants) <27 It 55 BRI R PRifise
& - BT EY AR R RIS EZ R 303 Bt A0 - Hi il YN Eia e
- HATEHE ~ SEE R B AR VIR EE A E RIS A R [E - e R A Y
EVRIHZEW AR EETRE - TENVERS | 2 EEEEYE SR -
JERREY) L - A DR SR A RELEE T » S P EY S ARET AT - o] DURIEE YAy
A A IE - RIBE SRR 2 B E IR ~ IReEY E 'y FI R « f27H1EY
fRBIEAEY g T g S E 25 E (Kumar and Verma, 2018; Woo and Pepe, 2018;
Yang et al., 2009) - BN & a0 BE5 ARG & A YIE RN EVIM A5 (&

o EAFERE ~ (BORTEE - SRIFMEK ~ #25 KB E ) ZH5E - BIPAHEE A I an
FUENA e - (HILE RIS A R 2R oI E B 5
2 —  WhCE HREINEREYIEVIRIBEREN AR EE - A Uit R e
EHHTEERE -

Ak
— ~ A YIHDRThRE R M
Tl (e Y 4R ZAREMAY) (PGPR) - BAZINRERHE - AT AP
F (biofertilizers) ~ fH7)4: & FEIA (phytostimulators) ~ 1R {E{8 (rhizoremediators) F2 1
A= W)fEL4E (biopesticides)  [fii ) PGPR ISR Ry EVIRERS - BN TEV (e L RAVHK
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] R R 28 R [ BEE2 2 (£5 0 2014; Ahemad and Kibretb, 2014; Kundan ef al., 2015;
Stamenkovi¢ et al., 2018) o 5 i il 2L VIR 18 B 12 DR I Bt il (R VR A48 R BRI
WE > EFEEEEYE RARHIEIELL T 465,

1. [E % {F F§ (Nitrogen Fixation) : £ %2 HE ST > FERFECREE HEFR - HE
bR RAL &R B TEYIRIA - RS mT oy Ryl B 5 ~ R tEE | R R
MEERE = EhFEE—MRsl R AR SR (£ 0 2014) - HRIEAES
TERH I AEY & 5 BB HE Azospirillum ~  Alcaligenes ~ Arthrobacter ~ Bacillus ~
Burkholderia ~ Enterobacter ~ Pseudomonas ~ Rhizobium ¢ Serratiacolonize % (Kundan
et al., 2015) «

2. 75 /F F (Phosphate solubilization) : EAABEE AT o] 73 Ko AR AR B S IR
AR o HAMIAE EEEFEIRER - HMEMEARELR - WINEF
R e ER D EEYHRIUS IR Z B8 TT (PREBLR - 2005) © [EAh - JRSLA A RE
B FE AR - HELUERE R R 5% > B b e s kA 1 DA AR & (Bacillus
spp.) ~ MR & (Rhizobium spp.) DLk 8 Y i B AU E & (Pseudomonas spp.) B¢ % (Kundan
et al., 2015) » HFTEIAEAEYIRBHYZE m 2 DA IR E R E -

3. EAMEYISE  IREAEY T BA & bERAEYIRE » B4 &2 Indole-3-acetic
acid (indole acetic acid, IAA) ~ J¥F)Z (Gibberellic acid,GA) Iz 457242 cytokinin » ]
(R 2558 5 LUK Sy HIRUSCHI AT (£5 » 2014; Kundan ez al., 2015) -

4.4 ACC Wil & + F-SL U E ViR v DLAE 72 ACC it & 8§ (1 aminocyclopropane 1
carboxylatedeaminase) » #E LK N7 (ethylene) 2 A2k - DUMR#EMR R - WEIEY)
WHiwitE 2 8817 (#5 » 2014; Ahemad and Kibretb. 2014; Kundan et al., 2015) °

AR T T R B REF ARSI - SR LIRS BEY AR - BEREE

E A EEYE (siderophores production) 7 2 ffE 73 fifElE 25 (lytic enzymes) i S B 25 [H]

FEADIAEYVE (antibiotic) FE(LE (HCN production) K FE N AR U SGA S EYIE

AUt (Induced systemic response, ISR) » [EERERTEE - AIINEYIA R REERT

4EFF (15 > 2014; Ahemad and Kibretb. 2014; Kundan et al., 2015) °
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= BEARAEIIERE R

AR RIS K ERE - ARREE R ESHHE - B E Lt A EE
AL R AR IR - R M BEZRE R & - R AR YIRE R R H RIS R R Ty
F] 2 — o TS B R iR S & 2 el RS AT At EIX AT T IEA S Y E R
PREGEE - DIReFFIE i ~ TR B RS - slEE ST S m b2 9e - HAIE
KR E VI RE MR IR RE R R T B S & P > 0 Ry 7SR Bl Ry — ~ ERMRE A
B (fm H4R5k 8-01) 5 — ~ B SRR (fmH 4wt 8-02) 5 = ~ IABEREACK (mH 4R
5% 8-03) ; U ~ RSP ALEL (S H4R5E 8-04) 5 1~ HEWAEWILE (5 H 45k 8-05) K
AN~ ERCEIRE TR (5n H 4R5t 8-06) (2 > 2014) - SfE{EAUKIEE RIS EVIRCH S
SRR 0 BEEIHMEE TN EEL 2N - R 100 4£ 6 H 3 HAS " EEE
Ry Z ARG, AR YErE (S EiEE ) - iEHE 8 E - EE 4
&l je B RF T 4 (i - 51 16 (EfAEYIRERIETE - H AT IR A YRR Y 22 2
TR HARE R IOt A SRR 38 EAE - B AT YRR L HUS 64 5REE0ES -
BREPN (F—)  UABEERSGBERS » 25 59 THEM » 19 XEH © B
HARHEA 3 THE M » 2 REE S S EREAREEE 2 HE S - 2 RKEE - WEIh
W(FRT)  BBEERRZ IR EE R L > 785 Bacillus amyloliquefaciens (1§
BB ZEFEARES ) ~ B. licheniformis ( HAKEF{EARE ) ~ B. mycoides ( ELRZFfIMRE ) ~ B.
safensis (VTR ) ~ B. subtilis (KSR ) B B. velezensis ( AT A IR ) - 3
6 {lE B K | EE R Candida guilliermondii (ZUSHEREREERLE ) < A #T DR H AT B.
amyloliquefaciens J B. mycoides F57F. » A WARE AR EE RSy Glomus mosseae © H
FTE A AR VIR DA BB s = 2 Bk H M AR e AL > TSN A 2 o - (248 A
VE Rty TR 2 — -

x—  HBEREERNEYIT R SR am B B

WS E
8-03 8-04 8-06
dies]; Wi s diles]; wiia R EREACE
PR 59 3 2
EEBE 19 2 2

(BRI - IR EER S ERAY > GErE 109£8 H 10 H)
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T EENCEYIHDRLE G B S AT

Ak H [Es) iy EmE

YA I A Bacillus amyloliquefaciens ( &{EEN ZFAARE ) 13
Bacillus licheniformis (A EARE ) 7

Bacillus mycodies (IR ) 1

Bacillus safensis (/R EARE ) 21
Bacillus subtilis (FEEARE ) 14

Bacillus velezensis ( BT F AR ER ) 2

Candida guilliermondii  ( ZEWE AL ) 1

AT AR Bacillus amyloliquefaciens ( &{EEN ZFAARE ) 1
Bacillus mycodies (ERZFARE ) 2

EEREIR  Glomus mosseae 2
A 64

(4atE 1094F8 H 10 H)

=~ AEYDR - BALB TR TebdS S KB
(—) P YIHSE] TebasS ERibREm I K 8

AZE A AT AR IR - A IR AR AR A 25 0

PR > Forf 1R Teb4s WkR©12P 8 Re MG TEE - RLERA S E
IRAUEIY NA BPEA B FFEDERUE - F4IE 1 0 ZREHEE—F %5 5 mL
LB broth /1 » HJ* 30°CEMA T - MOCIAEEIE » DL 125 rpm BEFEEZRTE 24 /)N
B51% > FIJFH T Tissue & cell Genomic DNA Purification Kit | #{EV A% DNA - $7
ZIHETT 16S rRNA Kz gyrBiZ1B e HaE - F1FH 16S rRNA 5| F-¥f27F/1492R (Brosius
et al., 1978) F gyrB gene Z 5| 1~ ¥} gyrB-41F Bl gyrB-44R (Wang et al., 2007 ;
Yamamoto and Shigeaki, 1995) #£1T PCR fZJE - i3 2 H—1 7 B2 R & BFE
EVRHRE AR A EEITER » Friefr5iE1E4E5E4ERS 12X 2 National Center for
Biotechnology Information (NCBI; http://www.ncbi.nlm.nih.gov) » L BLAST 2.0 22
FAHET TS EL N B HE T TEL ¥ (Schaad er al., 2001) - 1R Teb4S EfrZ 16S-IRNA
. gyrB B:R > %1 » B NCBI E: KB 5 & Bacillus B4 16S-IRNA K gyrB ¥
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SHEST MR G MT  BRARELEIEER - 1 Tebds B E Kbk oF AR B
(Bacillus amyloliquefaciens) » & & REANE]— -
(=) RAEEN SF AR TebdS BRDIBERHE 01T
W G 7 Wy B b R R = AP R T

o Pl 228 2 T 2R W) TebdS BRR T 40 LI - WPk B — % % £ Sml
fy LB Broth 2% 1 K{% > [ LB Broth HHE{H 500 11 (0D620=0.3) Z5HEREE =
8§« ElA SR KBRS 48 (Rock-P, CCM FERTILIZER Sdn Bhd) £33 Eh » &K
4 K1z DIHEE % (Watanabe and Olsen, 1965) #E77 /KA & & 00T > St HAAE
M &8 (ng/ml/day) - Wi =85 - BREE IR S i ot B a AL 2 B U7 2 IR EHR
5737k (J3754R5: AFS3183-1) » IR IIITEESR - TcbdS FPREEE 4 R1% » faillh
B =55 - BhREIE R R Ak 2 n] SRR R 872.0 1g/ml/day ~ 588.83 g/ml/day K
17.18 pg/ml/day - 4 » BBl & R E7ES (bromophenol blue) HY7%5 24 (Dissolve
Phosphorus Agar, DPA) » & Tcb45 BEIPRPKEEBL — BV RERE AR L 4538 48 /NI
BB 8 ] AR s SOA BRE (B ) -

Bl — ~ IRALHER SRR Tebds 2 NA 5 [ — ~ Teb4s ERRIEHER b2 ELIEP
B FERERE Fig. 2. Tcb45 colonies forming a clear halo

Fig. 1. Bacillus amyloliquefaciens Tcb45 zone around each colony on the
strain colony morphology on the NA dissolve phosphorus agar.

medium.
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2. Rl 2 UE M SRS Y E o i

A5 B 5 Tebds B bR & & B A Bty 70 i B% 2% (amylase) ~ 5 B o7 fif B%
2 (lipase) ~ & H 77 il B 2% (protease) ~ #i 4k R 77 i B2 2 (cellulase) K i $7)/H
(siderophore production) 7 7 M o 1% & Bl B £ % Fij AW} %2 (Cheng and Yang,
1995 ; Suzuki et al., 2001 ; Sacherer et al., 1994 ; Magnelli et al., 1997 ; Husen,
2003) - REAEE PR ARG EERG HUE — 7% > FEfE0 5 ml 2 NB RREERFEA: - A
MEZEE (28°C » 125rpm) 24 /NIF{% - HUFUK 20 11 (5% ODgy=0.3) A SH
MR < B iAo B 30°CEMRAE PR R - DRIREETE o RIS AR
BREEPRME - TebdS EitkEABRMES - EON - SdERE g Y/E 2 0E
E(E=) -

A

B = ~ Tcb4S ERR T fEEEZRAETTHIE » 12 (A) Bk ~ (B) %Elé“ © éﬁﬁ#&?& (D) B
AL B2 B BEEER - TebdS VESNEIZE B Fon o il L

Fig. 3. The evaluation of Tcb45 strain enzyme hydrolysis activity using a different selective
medium, (A) amylase, (B) protease, (C) cellulase, and (D) siderophore production. The
outer limit of the zone with Tcb45 bacterial colony indicate the hydrolysis clearance

zonce.
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3. Teb45 EHRIIEIEE 115347

[EAh > AIHFEIRMIE Tebds BRE AR [E 8 3RS 2 It i - Bosd&s

0% ~ 3% ~ 5% ~ 7% K& 10% Z{E#4 NaCl 2 Nutrient Broth (NB) 55& %L » /& Tcb45
FERELS IR S — % > B R R E S LIRS NB B8 »

BRI 3 B4 » B 28°C 2B A BT - DL 125 rpm EEERE 24 /NIF{R -
7y BIRAIE R g AL 2 BE g E (pH) ~ BEE (EC) Rt EA T Tebds I TIRME » 455840
R o JRNT0 Teb4s | DUEE S NB 52458 2 pH » 0~10% NaCl #5945 4 [E] #Y #5255 -
HEHITTHE TebaS BA 7 s 18 B0 ZAs JTHRAR (55 > 2016 5 Dastager er al,
2014) « EC {HHYER 73 » BEZ RN Tcbas 1% - 73 H NaCl 2 EC {H » HAH B IR4H
(RNNE ) AYREESHHE] - 0l Tcbds EHEATE 7 » RIRI (0%) 2 H & £ 2.63x10°
CFU/mL > 3% ~ 5% K% 7% NaCl J2FE T » Teb45 B & {5 1] 2 10° CFU/mL DL I -
IMARNIZE 10% NaCl 7 BREH AR AR Teb4s « 4r DL R4S - Teb4s Ekiy#
AR - R E B LR TR ST M EY 2 &7 -

= IR S AR TebaS WRREFE A FIRE 2 A (bl NB 81 EE 24 /NF{& 2~ pH
EC K&
Table 3.The analysis of pH, EC and bacterial spores number of NB with different concentration of
NaCl at 24 hours after inoculated with Tcb45 strain

Conc. of NaCl pH EC (mS/ cm) Tcb45 cell number
(%) Control Tcb45 Control Tcb45 (x 10° CFU/ ml)
0 7.3210.03 8.2510.11 1.2810.20 2.1320.11 26.3315.86
3 6.2910.12 7.6210.32 39.30£1.14  45.10%2.00 9.33+0.58
5 6.2810.04 7.0510.34 64.20%2.11 65.7312.06 1.6710.38
7 6.31£0.08 7.28%0.30 80.20+1.59  83.80%1.65 1.3310.15
10 6.2910.21 6.9410.29  103.80+2.81 109.00%2.17 =¥

*not detected
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(=) Tebd5 EtRfEHEIEYI AR HE R
AHTFERF Tebds EPRMET TiR R i s iimtlBe - Al {esd bk a RE R Aas s A
RPN AR B A (e 2 RO (B ) - [hoh - AR A bt M &
NGNS - R EHERE AT 1 2K Tebds EPRZ 200 (EMRER > E
TR G 3-4 X HERBEH ML - EFEKEE - AERERE - HE
HNEESR - BAeEERMIETTEENSR (B LEET) -

BV ~ FIFRA BBty SF FOAR R Teb4S BRI &R 1 SRR - Al{e R 2385 ([EU A)
FARIFE (U B)

Fig. 4. B. amyloliquefaciens Tcb45 could promoting root development (Fig. 4A) and plant growth
(Fig. 4B) by application on chinese cabbage seedling

B 7~ FER TcbdS FRNPAEIREH E 2R BN - FER TebdS TR A EEBR 8 2 2 fle
A Raaed IR > BHIGH (B A RelBReER - HWIHE (EX) » mE
FRFRAH ([ ) H(EA)

Fig. 5. The results of growth promotion test Fig. 6. The results of growth promotion test by
by Tcb45 applied on lettuce, control Tcb45 applied on non-heading cabbage,
(left) and treatment (right) control (left) and treatment (right)
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RAL B S IBIRE Tebdd EMRERR I EYIER 2%

& - FEF Tebds EiRiN HEE Z (e A Ratbads R - BIRMH (B2 ) > i (EH )
Fig. 7. The results of growth promotion test by Tcb45 applied on on cabbage, control (left)
and treatment (right)

RE R R VR RERGE R - 58 H TebdS HiktEE B A REFER I

— B EEE AR E ARG o REAEROR M ARETT4EER 5 SEH FIAE
g 0 o Ryl BEAHHE T 70% (LERACRIILFEEC Tebas 5% F iRy se i B IR K 1R
AL 100% (LERADRE - RRERSHDL Tebds 35K S00 EFRFER - FYETE 7 RBH4A
EEITAREN S - R 2 W REUER R 2 K o R T EGER

EREE « BERERKEERARN - FE 2R AT 30% 1T
Teb4s pa FRAH&E SR B HRsHAREEREA I - (BfEEE 2R (E)\) » BURIERME
PIRCEHERC R E (L ERHDRIE R (T > (Y] ERF IR RVER - ABIEC LSRR
[ RO =B H HY
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Table 4. The result of chinese cabbage total plant weight, single ball weight and ball height after
applying B. amyloliquefaciens Tcb45 fermentation broth 500-fold dilution compared with
the control

No total plant weight single ball single ball Chemical fertilizer
) (kg) weight (kg) height (cm)  application amounts (%)
Control 1.42a* 0.814a 30.50a 100
Tcb45 1.45a 0.876a 34.33a 70

* Means with different letter are significantly from each other at P < 0.05 by LSD test.
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72 ) > TebaS a4 (84 )
Fig. 8. The result of fertilizer test by application Tcb45 500-fold dilution of

fermentation broth in chinese cabbage results, control group (left), Tcb45

treatment (right)
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The Research and Development of Bacillus amyloliquefaciens
Tcb45 as Microbial Fertilizer

Chien-Chih Kuo, Yu-Heng Lin, Shih-Chieh Chang, Pei-Hsin Lo and Chung-Ta Liao
Taichung District Agricultural Research and Extension Station, COA

Abstract

The development of microbial fertilizers plays an important role in the development
of sustainable agriculture and research in Taiwan. Farmers relied on chemical fertilizers for
crop cultivation and management for a long time, which could cause problems such as soil
degradation, reduced yields, continuous cropping obstacles, soil diseases and had a negative
impact on the environment. Therefore, in this study, we isolated and screened a number of
beneficial microbial from the organic soil, one of Tcb45 strain was identified as Bacillus
amyloliquefaciens by molecular technology. Tcb45 strain had phosphate solubilization and
siderophore activities, and could produce starch, protein and cellulolytic enzymes through the
detection and analysis. Tcb45 strain had salt tolerance ability, the bacteria number count can
still reach more than 10° CFU/mL under 7% sodium chloride culture conditions after 24 hours.
It showed Tcb45 strain have the potential of being mixed with chemical fertilizers. We made
Tcb45 strain fermentation broth and applied to a variety of vegetable crops, such as cabbage
and lettuce. During the vegetable seedling stage by root irrigation and foliar spraying 4-6 times
during the growth period, it could promote growth of vegetable roots and significantly increase
the yield by 10-20%. In the field study of Chinese cabbage, the yield for plants that were given
70% of the chemical fertilizer plus Tcb45 strain was equivalent to the yield for the plants
that were given full amount of chemical fertilizer. The Tcb45 microbial strain and its mass
production technology have been technology transferred to the biotechnology company and
commercialized, and can be applied to conventional farming, furthermore it could application
to friendly and organic cultivation in the future. It is expected to promotion of sustainable

agriculture and friendly environment farming.

Key Words: Microbial fertilizer, Bacillus amyloliquefaciens, Phosphate solubilization
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PR RUBRREH A ETEH R ET R > NILSURREHR KA ERZE )
e — D PRET -

AR AR - WAKEHERZGE SR AT & RGN - #CReR
B 2 M AR N AR FVAEFR - EREVINEERBA RO R
0 1,250 ~ 2,500 7 5,000 2 /ha 7B -Z &4 50 ~ 100 Jz 200 kg/ha 2 2 o FHElER
SRS > YA HERCE 4.5 [ H 2% - BUE 1,250 ~ 2,500 K 5,000 £ /ha pr#”
HEHEEI 670.1 g/ BB~ 651.3 g/ B~ ) 661.5 ¢/ & > r B [EfEAHE AR A
BT ABEEE 20.2 % ~ 17.2 % f2 15.6 %( 3% 2) > DL 1,250 BRI 0 2,500 R E
K > 5,000 FERRFRER -

2= 2. MR H S AR EALE 48 L (Oreochromis sp.) TE S EREE 2 AR ~ [EAE -
WA R B R S B R
Table 2. The survival rate, weight of fish when putting in the field and harvesting, and weight
increase rate of different red tilapia (Oreochromis sp.) culture density in organic taro
(Colocasia esculenta (L.) Schott) field.

B HE pRiER & RE W mE RERE

(F& /ha) (7o) & FR) & FR) (%)
1,250 65.1 557.5 670.1a" 20.2
2,500 61.2 581.5 6513 a 17.2
5,000 51.5 572.3 661.5a 15.6

* Means within each column followed by the same letters are not significantly different at P<0.05
by Fisher's protected LSD test.
¥ The data was the result of fish weight when putting in the field/ fish weight when harvesting.

T CEEE AR O R A
TR T ERGEE R 9 5 AT - 45RERAEHE A ERCE 1,250 2 -
2,500 |2 Jz 5,000 FEALJE & fh = Td g B R f IR AH 2 BRSO = BRI 73 1) By
37.3 %~ 42.7 % ~ 37.5 % Jz 40.3 % - pREEEEEIE A5 BRICE RantbR S m B Ny
66.7 % ~70.0 % ~62.5 % [ 65.7 % » JNEEHE 7= B PRUCEE T B 25 i 93 1) £ 203.8 g
2114~ 199.7 g J 209.8 g » JREREEFER ; AR » SEHESHIE 3,800.9 kg/
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ha ~ 4,513.4 kg/ha ~ 3,744.4 kg/ha J7 4,227.5 kg/ha > L 2,500 & /ha BEFRAY = > H 2
Ry IRAE  ERBORERZYETTIH > SR R Y E AL S B BRI o3 Al &y 33.3 % -
30.3 % ~ 31.0 % Sz 34.3 % > DAIRAHFE = > 2,500 2 /ha R BREL(E (2 3)  FEFRUX
BREEHImERZZ T - =(E R R IR AR L FERICK SR K - SMEL 2 2R A
iR FERERD LR S 2 BB - A REENER AR - S mEy
W E AN - RAPEER (E 3) - HElbasE R rlR - DStk /K o7 =t A i
FERELT » M ABEEERCE 1,250 ~ 2,500 K 5,000 B4 570 g EAVALIE AR -
HA A LT B E - EREELRE A SN EIEARAEEARE - E2F
NHERCE 2,500 BALJEAE AHEHETFEEH SR AT ARIEA (R 3) > fJRKE
AEiEAB AR B HEAREN O AR AR aEE -

1250 & /ha 2500 % /ha 5000 % /ha

6000 09 00

4 cm

[ 3. =THALEEE AR & FEpa B R IR AH AR o T PRI M -

Fig.3. The appearance of harvested Bin-lang-xin taro (Colocasia esculenta (L.) Schott) cultivated
with 3 red tilapia (Oreochromis sp.) culture density in fish and taro integrated farming

module and the check.
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% 3. &LJeEE A (Oreochromis sp.) BUE T EH LA FERICR - FEE - BRIER
LAY R 7

Table 3. The effect of red tilapia (Oreochromis sp.) culture density on harvest rate, defective corm

rate, annual yields, harvested corm fresh weight and dry matter percentage of Bin-lang-

xin taro (Colocasia esculenta (L.) Schott) cultivated with fish and taro integrated farming

module.
BEEE BRUR FRmE =Sk TS FEER A=
( 2 /ha) (%) (%) (2 (kg/ha) (%)
0 40.3a" 65.7a 209.8 a 4,227.5 343 a
1,250 373 a 66.7 a 203.8 a 3,800.9 333 ab
2,500 42.7 a 70.0 a 2114 a 4,513.4 3030
5,000 375a 62.5a 199.7 a 3,744.4 31.0 ab

” Harvest rate were calculated with dividing no. of plant with salable corm by total plant no. of
every treatment.

" Defective corm rate were calculated with dividing no. of harvested corms with rot parts or
apparent wormholes by total harvested corms.

* Annual yields of all the treatments were calculated by crossing 50,000 (plants per hector) with
harvest rate and harvested corm fresh wt. of every treatment respectively.

¥ Dry matter (%) were calculated with dividing harvested corm fresh wt. by dry wt. of every
treatment respectively.

¥ Means within each column followed by the same letters are not significantly different at P<0.05
by Fisher's protected LSD test.

= pEREHATFREEENEZE
RSB ABIGE 1,250 B ~ 2,500 5 5,000 FRALTE 4% 5% = fEpR I K
AICE B IR T A R G i TR O F U s JT T - K38 2017 SFE =240
TENAHRT R EE 80 JT ke (H5 - B IRAHMERN LFUis F 338.2 T-C /ha » &
NHEICE 1,250 2 ~ 2,500 B2 )% 5,000 FEATJE 4R fa 55 — fai i B AVAERD O - W s 43 il Fy
304.1 ~ 361.1 k2 300 17T /ha - {EALJE4R U Ls T THT > =FERR AT A ERCERTT A F
65.1% ~61.2% K 51.5 % » i 4.5 1 A% B 155 670.1 g ~651.3 g K2 661.5g »
MR =R I 7 O B B oy Iy 545.3 ~ 996.5 Kz 1,703.4 kg/ha  BEZR H R IE -
W AA IEAEE 2 AHOKER - (HULGTER KIS FE TR % 2 4 e H
PHIE 250 JT /kg 1E Ryt EAAE > =FEpRMALJE4E UGS 770 By 136.3 ~ 249.1 J7 425.9
T-7T /ha( = 4) »
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TS EERIIRA M BT » Sy RI40 A LaFE - 205 « IR - SEDHAR AT
85y o FELREELSY S RCE IR B B4 570 g B > LIATJEER AT E4Y 1333
5T kg BB 0 AN TR 1,250 J ~ 2,500 2 5,000 B B2 AR ST 51 R 95~ 190
2 380 -7 /ha » RS HIGE L BERRA « FERERBL SRS » % BB T 50,000
RRERS » DUASHR 1.7 T3 BUARIS By 85 7T /ha o EAREREEDSY » 9 BTG A
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i PR 56H 400 ke/ha » FiZS 8 3T » SLEEBIRIGE - 7E A HIRATTE - HIRRHERE R
o RIS IS A A A - SRR R IR R TR Sy AT
AL B 63 -7 Mha( LA 1,500 78/ K3 8L ) » TR et Ui A A7 »
AR 1,250 B ~ 2,500 B 5,000 2 = MR B HIA4E ST B 0~ 15~ 20 J% 25
TIE /ha( % 4) -

F 4 PO > 455 BT 1,250 FE 2,500 B R 5,000 FEALTEE £ =
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283+ 383 ~ 578 % 181 5% /ha » DU A > 6 » & BRERATFULE S 71 5
157.4 ~ 2272~ 147.9 % 1572 F5¢ /ha » BHBLAEER TR » AL HREREL S B
STTRIR UM - LUICE 2,500 F /ha EEIRBREE TSRS TTRIEIERALE
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IRHTRESREE) - HREGE BN A B - fETH S0 FIRFE R ZIRAVIEE S - 2r]

SRR — &S B R EE BRI 2 R EE S
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. — BB AR E
B {8 (9T /kg) 250 250 250 i N
1g %t (7T /ha) 0 1363 249.1 425.9
B A (FIT /ha) 181.0  283.0 383.0 578.0
FAiE = ERE x 0.57kg/
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TR Lo 85 85 85 85 50,000 #: /ha °
100 £, (2,000kg)/ha x250
YA
HHEHE 25 25 25 25 =/
e ST 00 A1, (400kg)/h
BE (EEE) IS 8 0 0 0 foo*jif'/@@( g)/hax
rp N i DT 1,500 7T/ Ret&E >
AT (FERBEERE ) 31.5 31.5 31.5 31.5 e
DAET 1,500 7T/ Ket&E
i BT R > FR3IT (R
R R 31.5 31.5 31.5 31.5 e —
AT (P8R O @é\ﬁﬂﬁaﬁﬁfigﬁﬁzg%
ANTIRRA) ©
ANTT (BEE ) 0 15 20 25
FUES (7T /ha)
A 1572 1574 2272 147.9
(s - A
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& - EBUKHER S E A HE KGR EBA AN AEEETNMEE  HItES
Sk b o JAPRBEKIR TS e HARRE > A 52T /KR « SRR Bt KA s
(E

BESh > AERB O AE B RIARKEAAIE IR - NEEEEZATRK M (EREAE AU
JEE) o PERF R ERKZIE - KEDRE S - BRI BRE FE e K e SUESN - IR
R IR > ARG N T RO AR A BRI o DA A BRI R -

AR AR AROR - IR A WA R AEIER O TR S > &
B RVER SRR > AR AR - A A A (FY R IR T S & R
seER A TR R R REMIE - WEARERERGRE - DANEERTT -

2%k
1. ERE =B I 1992 AREAMHBRGT 272 T . L EY 2 AH EhEaEsE
W EShH s 37:1-9 -
2. BF5E ERFE BRI 1999 /KEFEUREFE BV ENREIE =0 EERESERT T 48(2):8699 -
3. PROCEE 2009 /KAEME Y& FEE 2 FEE A KAEEY) 2L B VT & 1] JE
B S B p.127-140 -
CPRSCEE 2013 T gEEE R AREEE LR RS B 64(11):6-8 -
CPROZEE 2014 fa=r 04 - BIERIGAIEEAR PR AV A 2RI 0 A HEGE 88:82-85 -
FRSCEE 2016 FBIREATIRHIAR G - T 3SR | AIERITRIAREH 98:1316 -
- BREUTR 1996 /KU HETS SRz Y E A i 3 B 2 Bl A Hh 2R 2ETT9E 45(2):174-185 -
=i~ B e 1995 F GEBRREY BIFRE () SFEAERE p.295-300 -
R I~ ZEFHE BRIETT 2 - RES - BIRGE B3R MOGE - BEREE -
SRS - BIHELZE 2014 FEE[A TR S BRI S E RIS 2 R (E R - fEEME ) 17
EREZE G CEERENREY 103 FERFGTET RS -

10. Chen C.T. and W.H. Lin. 2013. Innovative management of ecological agriculture in R.O.C.

Bk

© ® N N L» A

A
Ot

p.14-19. In: Center of Excellent on Green Productivity, Asian Productivity Organization,

China Productivity.
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Development of Fish and Taro Integrated Organic
Farming Module

Wen-Hwa Lin' and Da-Chi Yang’
' Lan-Yang Branch Station, Hualien District Agricultural Research
and Extension Station, COA

*Hualien District Agricultural Research and Extension Station, COA

Abstract

Taro-and-fish integrated organic farming module was developed based on high-ridge
taro field which was distinctive but traditionally used in Yilan district. Besides high ridge and
furrow that were used in Yilan-style taro field, the module added "fish ditch", which was 30 cm
in depth, to maintain the sufficient waterbody for fish during irrigation-limited period for taro
plants. Three densities of red tilapia (Oreochromis sp.) were cultivated in organic taro (Colocasia
esculenta (L.) Schott) field to evaluate the effect on production of taro and red tilapia in taro-
and-fish integrated organic culture method. The results demonstrated that the yearly yields of
organic taro of all the treatments and the check were 3,744 - 4,513 kg/ha and the treatment
with 2500 fish/ha performed the best. The better performance of red tilapia survival rate and
fresh weight increase rate were gained from the treatments with 1250 and 2500 fish/ha for 61.2
- 65.1 % and 17.2 - 20.2 % respectively after 4.5 months in organic field. The treatment with
2,500 fish/ha performed the best in net profit of 227,200 NTD/ha, which was around 144 % the

value of the check.

Key Words: Red tilapia, Taro, Integrated cultivation, Organic, Density
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BEZAMEZ BRI R ~ maE e OKERFIEM > Ug TR SRR 2 &2
B30 o MR SoKEA ER G E ETHEREER - HERR 32312 27 /0.1 4
o S ER(L 2 HIE (B ) ER R 23168 AT /0.1 AEH » HulARE g
BeAbZ R > [BHEHT] - FIZEH ZWIRE ST - EER 2 BEE KA B HER
HERREHRRRR & 858 5 2RI - HEBIERREREE /K ZKE - S HE
KRR B TS - FA - FEk - EEURMERa sl E - KA
BURA[ AR EHEESENEE > HEZIESEIRE PRAREREZHE - #
& BECA R MAEYTREE Z R/ - aTINEEE B REEERE Rk N A B R
th Z BN R - SRR TR Z Iy AIE R AN B AR ZFrR - &l Btz i
MR SR RS ER - BE /BRI » KEREZAEHE > @EEKHE A
ARG TS HE R R TEERE 2 W

Ikl

T
-

D EEHE ~ RS CEIEIE  AERERYYE - 1EEREA

Y

Hii 5
SEHE R EEE T U o FE S T BRI B R Ot A WA SE 2
EERLE2E 85 % UL - ZEEHREFHES > FHESRZ RIS IR SR ZE
BERFHECRA PR ZRIEA 5 > AMZE A BN EEERNE TR — - BREFSL
—HEVUZR ] SRR AR - ER R ARG EER N - R - XIBEF A
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Bl KPR TR SR R i i ST 8G » (1538 B8 28 PR E R RE - (B L AR
AR > BAEERAEESG R (et t8 0 ERERS - METREERF LERE
BEEAEEAESRAR - B R RS - I ERFAKGEROT R Z R LI
AT - DT FRIEEEENER - HERENEOREEFFE TR I8E - 55—
I > SZHAEBRE MGG HETEN TR AR TOKSERK  KERF AR > B
KRG Z KGN » BB ~ SlAkIr - BRI PBESE 2RI - KEFES 5
PREE > I BT AR RIERIZIERE - (K ER 2 RA R P EREGREEEZER
gy o NIt > HERSTAMEZ LR ~ RaE Ve o KEFRA A EKEd - S
W #5 B e oy T /K EE AL EE R R s IR (LR > AR A 2 IRURE ST - 7%

{EEIEACEREE /K ZKE - 55—l BECAmMEYIZ R - BILEEI RS - &
BR—RERE  KEREZEERR - @ KHBRER 25508 R EHE

REZ R I B BT ARG RS -

KEERERERYIERAZE O R HRE R
FI SR T RO B - AU B A ek T IR LR - (EHE B ZERE -

AEEABRGT SRR - FIFTE 0.1 A 200 kg 280535k - AT 112 pH {H 4.65-4.90 £
Z 2 pH{EX 5.61-6.03( & 1) - FE—HIE=TEHELERAFE 2 - DU B > 28 IR
=57 Al By 84.4 cm ~ 169.6 cm ~ 200.8 em > ZEE B BIIBAHHIE >~ 77.2 cm ~ 160.0 cm J%
194.0 cm > FHFHEAEG A B =REBFME 2 57588 WRHHIEE R 353 % S
REEREE Y 30.5 57 o 55 THAMRIEN 55— A F A 2 ks Al Fy 63.2 cm SEEE BRI
Gz 56.3 em > B KR =R MR AR By 173.5 em ~ 212.8 cm » SEEHETNEIRHE Z
157.4 cm J 184.9 cm - THMFHE AR I 7758 BRI FREE Ry 36.2 57 » BIE SR
4 33257 « B EAEE - WERTE S DUR BRI ~ SR R (3R 3) » BB 118
Fa b $HHE4H > (ERNEIR - BIAE ~ AR LRIREE SR - FUEREE R ER
HEEACIETE HoREEI R 2 A& TER RS - Astbapg B H & 2 28 &y Mok B Bdek &
S AR - SFERILR b TR b & (IR & 5 2,316.8(1,203.7+1,113.1)
N 0.1 N o L FHIEE & 5 3,017.4(1,817.6+1,199.8) /A /0.1 /N » B[00 B
B Ry 3,231.2(1,821.5+1,409.7) AT /0.1 AHA » K4 &S SRR » iRl 2 R
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AR E TR R [B1fE T

% 1 RIRHATZ FHE R AR i % 2 FH s ISy

pH EC,., OM &% @ # # & #oss meEs
dSm' % %- -ppm-

HUEEEE 1 468 0.63 409 023 200 72 739 107 973 0.0
BlOmEEEE2 465 077 449 022 190 62 979 134 798 161
%% HUEE®E3 490 071 471 024 231 68 929 113 966 154
PH 474 070 443 023 207 67 882 118 912 105

C EMEmE1 561 122 394 033 202 80 1133 111 1005 148
W mibgmi2 603 097 433 023 195 60 1254 135 899 172
E’;ﬁ HUEEEE3 570 101 451 020 235 59 1320 125 882 145
Py 578 107 426 025 211 66 1236 124 929 155

xR 2 ZHEHEBEEFEIGEE
FREFHE

BN A F =k s

PR (om) 5V (FR) PR (om) SV (FR) RS (om) 55 (FR)
F—HATE toR%Ny 84.4a” 18.0a 169.6a 31.8a 200.8a 35.3a
e 77.2b 16.0a 160.0b 29.4a 194.0b 30.5b
B A 6322 170a 17352 298a 2188a 3622
s 56.3a 15.0a 157.4b 28.4a 184.9b 33.2b

“ The same lowercase letters in the same column are not significantly different at the 5% level of
probability by T test.

% 3 MR B SR B AR IR EE B 2

A AR HEE HANE HRAER E=ke
(cm) (cm) €] () (%) ha™
E—HAME WEL 20.3 a* 38a 983 a 503 a 512a 1821.5
FAg 18.7b 38a 93.1b 46.1 a 50.0 a 1203.7
AR b 2 HE  20.8a 39a 102.0a 50.5a 50.0 a 1817.6
EHAME R 182 a 39a 955a 483 a 50.5a 1409.7
E i 163 b 39a 90.2 b 43.1a 478 a 1113.1
fE+IERE L HIE  17.1a 39a 943 a 455a 483 a 1199.8

* The same lowercase letters in the same column are not significantly different at the 5% level of

probability by LSD test.
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Rt

RS A Rod T AR By — Tl RS F I - HAE SRR foKESIE » A AR
HMRKER > WK — SR AG > BRI - S ENFRE G REYIk
/KR HR PSR E R AT R Z 56 (18] 1) > &R E AR feata )i
BORRE > FREHREYIRZ K EREE REHVRIEAK - ZEPKERHENMAZES
B EHBRRAENEETTR - ORI R RS  REESEREY)
S 2 o AR A FEZ &S (B3 A > 2016 © Rakocy > 1989) °

R4

|~ BB BHE SR KB

e P B EEL e SR B P9 22 R R T AR B R R 3 - EL RO ELARL -
WHIFZSEEAEBER > WBkER - A% - SEtERER > 30 117K
TR > B H RO BEK&Y 3-5 M > B 0H R 2 BRSO KD HE I SRRl HRRE -
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EHEEEN RS (LT ALY ) B RS 24 » BRI LB AR 2 BEE
K ETTES HE FHVERE » BT - R E SOKERDASERER (R 4) > BEMZHE
JBOK pH {H ST 7.12-8.00 ~ DO {H (/AR E ) £ 4.74-6.93 ppm ~ FREE S BEREE 57 7
7o 0.53-1.42 ppm Jz 2.32-6.80 ppm Z [ » &EHHEAZE 0% HI& & HOKE HE R K pH
6.98-7.94 ~ DO {H 4.23-6.07 ppm ~ ZHEE 0.35-1.04 ppm K HHEERER, 0.87-1.76 ppm - EHH
B2 BEFKF AL A HER - HEREH AR R S n a8 0 2 R - Bra]ig
B2 B AR A 2 B4 IR K E 28R O HEBEEE KT S EEE
BRI REE(bZ T -

T 4 R SRR 2 K E B EE
323 415 521 617 618 715 819 9723 1027

pH 7.12 800 744 765 753 761 741 7135 730
%ﬁﬁ DO {H (ppm) 559 474 693 513 484 542 511 561 532
7

oK BEEE (ppm) 110 083 080 131 142 122 053 105 134

pH 7.2 794 758 732 687 698 713 731 722
%) DO {H (ppm) 544 547 439 542 399 433 519 607 423
SHE4E (ppm) 064 054 035 062 427 045 041 039 1.04
WYEEAE4S (ppm) 1.05 132 087 095 398 126 159 160 1.76

a2 G

TESIR R RBIRYSOKIRY I - BIEAE 198 - RARRENY) - SEICLIBHIEY) > BK
M ZHEZFKHEEVRERA (BFEA > 2002) - FLEESEEEE T 2 LI Niclosamide( [iif
g ) SR EARMEF RITE T o B EIH I E M G R R R R IR T
R 40 e S FHIRF AR —E Z /KA > J7RE AR » e A (Bom MBCRAEE
HRERI a8 S s > WKH T EAEYRERES  EIMBURAR (£
FA 0 2015) - HEESBEEHELEWOREE > HIERAEN ZESECER - H#
PRBEBLKIRA P -
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MAREETEYIGE —ARHTE > BRIZEE ARG BN 0 HEET
AENE - Rt ARaESENEE - AHEKU S - SRS AERIGHHNETHR
B MYIHA R BRI EE > KOS EEERLY 10 A0 IWRHEAREAE (H 2)
EERHE ~ BB EIGE R 1% 2 N BRR TN - &2 R GIRRE - LI B A Sy f B
i EME S FEREFEINRETER - HMeRETEEREZA SR
g o BN R R - iR HE K RS E — O » BT ARERE - 22K K
Clpa B LA N, > m] Pk ettt (B > RS RFSRIRE RN gs -
KRS e B e - AR EHEESENEE (B 3) - HalthA283H
AT TR > EHEBURL A TR HE - HEE 2RSSR S/ DR
BrEfREZ HiE (8 4) - Sl BER A RS - 5 FElk - EE0EMERETES
i HEAF - EZasR - EREemSRRIi 2oty - Qe fER3Za% H
& 28y > ERIRSEEREAY
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FEEAEHE IR () %%E%E fE A FHTE T A 7Kt H 1 R 2R 5 S5 A e e T

AERR (H)

35

30 ,* "

20 P \ [ \
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5 ’.‘ \ /’

0
el el e e e e T o A e e I L B N o B L B I
NONTIN NN NN NN NN NN NN NN N
o oo gyo gyo oo oy oyg g/g g8 o
2H270 30120 4H200 s5H310 6H25H  7H25H  8H21H  9H16H 10H29H

—— LIFHE -8 KRR

@ 4 ~ 250 HERCE AR 2 A RS IR B EE 2 PR

32 HRT A EE R ER PO 1

EHER REHEHGREE R 50-710% > BAEKHEE () ZEFGYIFEZE
7-10 A0 > HEZHEHIER & KO £493-4%~5-7% > KE A5~ § - 8 #1
FEFMETTER (81 0 2008)  F—ETEAY SRR ZHERCAT RO - 22 0 A AiE et
oo BSEIETERE SN B ERR Z HEERE - DUeEn SR - (Rl - BMOERR
i DAREENEEH - 25505 E () ZHEEN MM > SBRMeREhEE
RREMAHEPEBHR AP - HEERET 2 fEE - mEERH L BREEENKRSL
R Ay HE T e (AR IR 2 — > ANIRIEESE B RRT A Z B G W » HISE e E 2R & R R
Pythiogeton sp. };. Enterobacter cloacae F3EMERREEFT5 L (BEFEA > 2002) » HEghE
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B HETAVEMEIR R A & - RSO T - AR - FIEES HREHRERT
R ZAEMRG MR A e ARk - S SRR - Mo m iRk - R Mg
AR TEER - (HRERIAN HERIER > SRR 2 EEB T HE - B35 B2
—REHE - WILOEF K —EH IR EAY 77k » SR aE 5 () ZERHEEGE
REE > BV ERE BT AERT - MM v IR Z R - MR R RS IEER Z H A -

P A SR R W2 R BRIV 72 28 BT R S R UK i o JE
L RRE A BRI

KRGS Z MY RRIGAIRAEED ~ BER - 5L - B R ERT R
% > ARBE (Trichoderma spp.) K EIEM L AL T1% > FRIIEEZ 2K - GHE
o FF10-14 Hi& > BVRTHUH(EA » SCEYIBORIZ G > rTINEREE AL PRk T 2l
EENERD ZEEA I (B S) - BbME MR AR ATHE AR SR EYI A
R R AR T B DR ~ RS G AR AR R T T A R R B
ELAZEHE Ry > Hr] AR R 85 200-500 (5 HEFTHEETEA (B2 A - 2016) < KHTEY) >
AT E R HE K R i A - BRI AR fimEH E - DIORE R - 228 %EH
& AT AR 0.1 A EAREA 20-30 AT+ Z BHEFTHR(E -

1. A : &
5~ BB IS BB T () iR > KUBREEREE BT - B — i H HEZT]
SETEZIE (1) > LT a2 ftEsdioR - REEHHAIER /KR (5)
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FIFHEEEEY AR R 2 TGRS » DIOREUE eI S B A f T e 1R > TPk
SyE > WS EARAE 1N VE > s L - B—HEHEAEEE 2R DK
HANEZ ARBET R A YE 2 3 > BRSSO REE LT e o g vy -
IR OB AR IR T 22 B A 2 B EE 538 > Sy a4 2 BB Sy mIAE
REFARZAERZARE - A L REEE A ERGRYERRE 2 EE B > &
EREREY HE - gFHKE > WEEARUTE - SO DA ST 2 RS e - ERER
EHHEEKCORE (8 6) » FRBESH 20-30 A » WH{REEHE 2 Ak KoKk > 77 i
TIE Tz % -

6 ~ KPR IR SR A ERERYIE - DIDREREER > PR EZFRVIVE > HE
FRHEBEAKO R - Byl liEg K fimbE - Na 2ty E I EY) 7
IRl VHERE I R AT > BB A s B T2 HEY

3. AR YR e K EE R A
HPS A KR E T BRI AR EE AL aWE - FaRE - BEE
AMFEFE - HIMGE TR RHHE R KE#HaE SR LS BEZ AR - mb' A
BT EFRE S > AARTERE AEREET - PEMY) SRR B - 5
W GHE bR AR - SRR SOKSE - 4Ry BEOKE - GRS 2 MAYERI8E
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ML HE R B TERE 2 AN PR R EE (B 7) - A HAEES
B~ HARRER ~ RS ETRC TS > HEREE T - BoT R i m i b &0
AW E G L RAHR 2 I AREEZ - AIHENG - EEEE RS - sEE IR AT
B (BREA > 2015) - LE3RE0& 2 PAEYIBUR] > S AR - MR EE g - B
SRS K EEENPING AV B - HIRIRIMAEY) - b LB. - EAZMIR(ERS > W HE
BhSSSURM BRI > (e & (18 8) -

'X", 1r£T'¢t} A\

B 7 - BB P I K A N R LA P

& 8 - L)\?L/%EEE SE ~ ?)ﬁiﬂﬁyi’?ﬁﬁﬁLﬁ?’*Pﬂ%&ZfﬂiE%%mJ _ﬂ‘ﬁﬁﬂﬁ’\%?
BIEAKERE - ﬁ?ﬂztuﬁ%ﬁﬁ iR JRNAIE Rl B AR AR A

it
& B KT G R ETIE AR R - EHEGEREUR (R 5 KE 9) - BArmR
FE B R IT Z R TR S 30 % WA A RDA MR 2 &8 0 IEEaE (E
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10) » SERRUIASTHGEHEERIAE » HAEERE AR 13 ZaE R T R
ZHERIHE > BRI 0.1 A EAE D HEAL 84 80-100 A 7754 » AT 10-15 JTFAHN
RSk ATIEE A (1,500 5T/ H / 1) 25 SE (—F /) mBRE 0.1 2
PHZ 37 IR 6,800 - 7,500 Jo/AcAs » EE ISR BE R EEE - #0.1 4
FEUZA 35,000 - 70,000 JTAZE » 445 R[4 & 41,800 - 77,500 T -

AL A A sl (18] 11) > RBSHEHZ BN R - WAHEEE
BZRRET] - B ETERE L EEKZKE - S— 5 BECA i EY Z R - 8
VESEVIEDL > Ba R RKERE - KERELE ZHEER - DS KH L BRE
RENARTT 25 18] RO SR R THAERE Z s

5. A RS U EgRaE A A EE B IR E B R

3= TTBER] HEE WEE

Treatment (cm) (@) (ke/0.1 Q}tﬁ)
R 1723 a 173 a 773 b 2369.5b
B A R ERaE 190.0 a 19.8 a 90.2 a 3070.0 a

“The same lowercase letters in the same column are not significantly different at the 5% level of
probability by T test.
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2% 3Rk
1. AR 2008 35 EERY EFERE T 04T p. 133-135 ZXHESWEREERE TEIEFED
R BT -
2. BRfBAr ~ BIRERF - 2E8H % - 2014 « REEEFEYREDERIGEBER - BEEY
MRS & ST p. 87-115 -
3AEE BT 0 2016 o SRR R R T A - EEEREN RSROTE TS
165 Hf -
4. BEE - et - BB - 2002 - EEIF AN EES L REE - 2R EE
E BRI aH 75: 59-72 -
5.EKHE ~ SR E - B - 2015 - ZRERFHEYIRE T HZEM - fLEEEEFNE
91 # -
6. BE 2080 ~ MUEIE ~ BUEAL 2018 AR EMEAE S AEARRENEEZFE EFE
R B sE A 138: 37-51 -

7.Rakocy, J. E. 1989. Vegetable hydroponics and fish culture-a productive interface. World

ik,

Aquaculture 20: 42-47.
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A friendly environment management model of fish and water
bamboo symbiosis resource recycle

Hsuan-Chin Lan, Ming-Hui Wang, Chein-Wei Chen
Puli Branch, TDARES, COA

Integrate the technology of soil improvement, pest control and water recycle for the
cultivation of water bamboo to establish a friendly environment business model. After using
oyster shell powder and other water to produce surplus materials for field treatment, the yield
was 3,231.2 kg/0.1 hectare, which was higher than the soil acidified field (control group) and
the yield was 2,316.8 kg/ 0.1 hectare, which can effectively improve soil acidification and
restore soil fertility. Utilizing the absorptive capacity of water bamboo, the waste water after
aquaculture is discharged into the bamboo shoots area of water bamboo, and the ammonia
nitrogen and nitrate nitrogen can be absorbed by water bamboo to reduce the water quality
of the waste water from aquaculture. In addition, a pool is set up at the inlet of the field to
stock omnivorous fish species such as carp, herring, catfish, turtle or loach. Investigations
show that it can effectively prevent the apple snail in the field. Field area for stocking fish. In
addition, with the use of beneficial microorganisms such as Trichoderma, it can accelerate the
decomposition of the old leaves that are peeled off during the cultivation of water bamboo and
discarded in the dark ditch. The old leaves decomposition can produced fertilizer be to recycled
and reused in the water bamboo cultivation. After the above-mentioned technical integration,
a fish and water bamboo plant symbiosis model is established to integrate into a friendly
environment and a sustainable agricultural production model, to maintain the natural ecology

of field, and to increase the production efficiency of fish and water bamboo.

Key Words: Water bamboo, Aquaponics system, Microbial agents, Surplus materials, Recycle
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Retum pipe to the Fish Tank

CHIFT PIST=constant height in fish tank, pump in sump tank.
Also called CHOP=constant height, one pump

| . v
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> & #IpH (6.8)
> & INHs/NH,(<0. 5ppm) > NO, (<0. 5ppm)
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mpH(Per Hydrionféwk ) 7 (6.8)
mAmmonia (NH3/NHy, F* 22 ) 0~0. bppm
mNitrite (NO;, Tr A g&) 0~0. 5ppm
BmNitrate (NO;, 't %) 20~60 ppm
mDO(;% § ) % 743 6~Tppm > % 7% & % 4ppm
BEC(T #A2) 0.3~1.0 ms/cm
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