LIS IR SR A R RS IR I Z 5T

PRIL S SRE S BRIE Y - (RS

2 foils B E RIS TEYI R 7E B
S fols e RIS R SR T S B (1%
U RS EYEREGEREINT TR
SEI RS RY PR ARG I B

S

AREZ 4R (Ecosystem service) 5K HZRAEYIRG & 5] H IR IL[E 3G 7 A
A EEAL - By TR AR L - NV I A RRREAIIE - W H
ROERAKEANNE EREEE S EE B ESNEREDHER NEEYH
e B AR o HERN L - ARG 98 FRGHT HBE ]S [ 55 ek AV AR BEIE Y& T
A R B e N N AT S B DU E S AR ) S R bR T SRR D E aa A
WaHERZ IV TN EE o 45 R EERMEEYE S EFE sclepias curassavica
Linn.) ~ $kZF(E (Hibiscus rosa-sinensis L.) ~ 4HEEZFF{E (Cuphea hyssopifolia) ~ &
5 (Tagetes erecta) ML (Tagetes patula) EHEAFVIEA BHFHIAER R
GRS R A SCE T AR )7 FH R FE A AR B 350 B - B FIRh Fy—TE o] 58
U5 [ DAY BRI Y  HH R EREs B P 14 T BRI 3 ZE R St 5%
AR 50%LL 1 IRANR D Rk RN g a8 A 39% o HRRAEEE NG FoRHE A
RFRFORIE S AR L =R B hN5e RS R e RS s - Tt A EE S A R HH
AR S 4508 Bl an B0 » AR = BT VAR I R E & 2 Ll k- —
FARE SRR HEESEH P AT e i E 2 % - HERRSEE
KT ER S AR - N7 B INEE & o AT /KRG K SRR L E SRR E IR AR
{E7N AT HA BEBG 027 AR B 8 2 T IR K AR R 85 - hAh  Ht RaleBeEis 1
ERE ENHE SRS HILFERFZS] TEOR B LR ERATIRE - A%
FIBHFERR T 58 BHAEY) SR v DL B SE R DA A » [EIRF A F sk EE
HEW DAL ENE S EAREE S T ER A RBARFHI R - RIS EH T
HEIBHFE Ry G Yol > RARTN R DUKR AR E 51 R bt 7R SR - MR AT A TR
REENEBRER  (FEE - AEEARY =4k EBEERFESIE -

Rt AERRASUIRSS - AR ~ $R3  AEETHOME - RHEY) - KR Bk
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Al =

AWl5ia7% (biological control method) » —E /A tREES /G2 HETT
% oAk HEAYIMEFSRINeE S « MRS S SRS & - MR
Fae A E TR DR RFRIERF A - AIREIER T A ER LR EER 2 4h » 5
HENEHEN R HEAEY) SRS KBS E 2 By - Wit - EEYLE
(Eco-friendly) HYEEHIREE > M S SN AEYHERH AR R Z i 2@ AL
REZ RS (ecosystem service) ML F » ZETHR Fan LMD E (Way
and Heong, 1994 ; Costanza et al, 1997) -

EHARET A (Ecological engineering) ~ AE¥f#F&=%5 (habitat manipulation) ~
RSB (Farmscaping) 75 =g 2 EAHLL - B b g HAY) S EE T
% SR I EE Y MR = H & A 5 (ER AR AR BYiE-F
flr > EREA PRI F BRI » REEEYNEZ IR (Ponti et al., 2005 ;
Simon et al., 2010 ; Gurr et al., 2011) - i ER/E AR T EBHAREE | B T HIEE
i WS ERE A SRS HESEE (FREEt5 2012 5 Marino and Landis, 1996 ;
Wratten et al., 2002) » {£75 tH & R =S 2 1ol - AN ERERH R H M & M
B VIERREEE M 2 OBRE - [FIRH IIHE R BH — BRI R - GBI
Fefe ~ g2 A - FEFRESERR AT R EIRHRE S MRS - trFR (it H 2 aa R
Fr > ZREYITNEZ R WABE SIS LHEFNIIEE (5% 2002 5 Ponti et
al., 2005 ; f5EAR 2008) © FEHYEAEEE Ry dk KRN ER e AP 0 SR B I B BB
R TS EAE BRACAE Y R AR I 5 | K R e B A » 2 FHARE AL S [ 2 3R ME )
(Insectary plant) AT 26 KEEE » BI04 A8 S 4l #5 2 5E(Kopta et al., 2012) »

PR ERH M MIEM EHFRASCER AT B A RS K B E &Y RS A
Jiik e

HAT > BN ARSI aF &t - A VB FEaKEAE R
SBEE H bRy A AR - et R (FIE P R &l e 2 % - Y
PIPRE I iR 2 1 B I ) =5 kB (A ISR A B = - SR 2V B A i
PeEEERRRE IR R /4> REIN AWM E R, - AResmaEla
TR R Rt > TEEE R R 2009 SRS A R F Bl 22l
HIFEHTE - RS FEIR D B EYIV e - BE BRI ESFAE
PVIVE Foibn S T & NBURERT ~ S RHEY) S i FHREUERT - KB E R (F S
AR ASOR RIS SR L R E T A AP HER A B S TR AE AR A BE
TEFIR AT B ARERHERE AR R e B R L B E ]
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SEEMER > HIEREAMESRE "AR, - TKE ) 2 -

MR 775
AT 99 FRAIGHES T — BV - ST SR A AR - B

TR S RAMIES IRy J71E] o DUN 22 DABIE RS HR B -4
— ~ AR B 2 e

AR — R T E P EE 1 @4 0.2 iR HIE - WS5 e SR
EFERE > HEANATEEOHEE > FOEEER | HARREGHEER EAE
FWF(Turnip aphid) FIFl &8 & - SAMIEE — & 0 28 (M EZ 0 C BRI ) F &
B - AR FEERENETE AN
0408
1 4f: 1-50 &
2 4] 51-100 &
3 4K: 101-200 &
4 %: 201-300 £
5%%: 300 &L |
BV E T AL T AR

Y (B ZBHERED X 100%

fe (%)= _
TR
FAMO2LFEPACEME SR EA R EIEEEE LY 0.15 A HEAYHE 1 T8

LR B AU - DL Bl IErE (6x3m) - FEVIERERT—(E H ok &
HIFHFT e S Sk Bl i B AH S B IRy RS EtE - IR HIFHETEE R 40cm -
TEIE &I —PAVEREIE (28] WY 200 EEBEHEE R - 2 %A 2
BRI HEEHE 2 2 736 A R AEE sk S R W s M ] H 3 s 3 AR
T LUK R R AR E T - Hor DA VU -

A ETERE G FI AL &R EEAY FH BRI 5 B o (e Ah R

B fie (] ke Y FH T e B o bR

CATETEE AFh&kERAY H & (R EH)

an A 7H H A B AL LAVl B s PRI R A R s Pk sk BRI 22 B
Hahga® e - FrAsUREiRea T B P EAEAEZ - FAIM SigmaPlot12.0 (T
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et ot > BlEREEIRLL Two Way ANOVA MIfg/N## 72 5275 (Fisher’s Least
Significant Difference, LSD)#ETT4EaT04T » fa R X BEERRE 5% Y7 BEEE M -
o RN Z FEA

A ERN G I fR A Bt & T LiPaHak 4-REEELS | > FIE R H&REE — &
A S | FORIERE (B —) > DGR R & A E R oK 2 B KM - 158
FERGAMEE 60m DL M A 1 iz HEE =] o FHSEEHEE NS
PRV E A —3 > #REELY 70cm A 2013 4F 12 HEGEERSIE » BAREERK
RERFE=H0OE  EEE IR oK Fif ROk &E—[E A% - FaERE
ERER 15 RARIPE AR igie s (E affCER) - R 4 EEHF
ERERIATHEE TORERFEBE - 88 2 BUEE B REERELS 1~ 25~ 50m
B Z AR E © 5540 » —HME FORGEFERTHRSZAC M ARBIAE » RISk ek ai it
SRk HZEAE (B ) -
=~ YHEESRGAEYNH Z FEH

102 FEAC G S 22— SR & H rp — RIS T S EE S0 CAF R %k - O
AR fEEHI » E M —(E 5 & AR A R EE S0 /E 1.5m ~ 4.5m ~ 7.5m JE
TEVIZ i B e B DL R B S S SRR & DARAd /2 &5 T RS F AR B C R 58 2
GREE - MEEHN R aadg I e HEEY 2 A&« FHCR ERERETIES K
Z FE AR R R OoRAY T7 = E R BE PR R -

B | Bk EUE RS THAE.

Fig. 1. The collaboration with famers not only.
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B~ - R B 52
Fig. 2. The landscape of experimental field in Fushin farm.

= HAHEYINH B e SRR AT

A ERA R B S (F R H B RERT B G RO - 375K
FATE 20m Z HESHER LI - Hdd—mEE Sy WrhiEamiE) BT FERpRE
B HE (B=) » WAERREESS 1m » 10m B 20m iz - A HEEER
B SR -

=~ AR HE e S5 2 S KEUET

Fig. 3. The habitat manipulation of natural enemies in organic cabbage field.
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9~ BEFEEYIR A RO KRS B e g A2 i

AT 53 IR BT & & AR E R B A oK R R T ARt
FHEEFE T A T K R 2 B AR - AL B EUB AN L s AR -
SEFIHHR =A% > (R BEERCETA - fLEFEIEERAR 25
Py () - A 7K R s PR - 32 I RO 2 A oK R ihss & 8 T H
AR > SRR SR T AR R &

Soh o AR 2013 4 12 H % 2014 48 9 BN EEE HATE S » (7
B HBE R0 E I FR AR RATEAEY) S RPRAARIFER (8 1) - FE7KR R [E A m 3 -
TRBE D EER ~ AR 22 Rl - S T SRR T L& B B FH W& - PR AE A
(R ~ B - BEEXR) > [FERLURE 52U & R aadRl -

PO - R 4 -

Fig. 4. The application of habit manipulation for rice rand.

B,

3 .‘."_“—;‘ PNt .~::-— 7 T
SR EE A K e T gE Y A e S R =
Fig. 5. The landscape of rice rand which was got rid of gramineous weed in Fengnan
tribe.
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SR B
— ~ BHIE R Z e

AHEaE & 4GS R B HAE S A ESEH & AW B 285 A _ SR ARSI Y
EEE R 34.2% (R—) > BAEMEIIIEHENGERZAEE 91.1% - HEEE
TSR EEEE 14.7 & (15 th) %P5 -REGER L2/ VEA €&
IEER B & 0 BEMHES > MEEHR 9.7 & (15 ) AT ATERE T
BAEBEA KBTS - AslBRiUn T B A ERPlE R E HE A &
WrE2H LY AThRE -

F5h 102 FRTEERSRIAREAREEFERGREUS - S IFEE
kSR PYEE R — (8 H R4k E B (FY) b 2 W e B R e IRV 1 39% > 1
MRS EES T 5 & (B - SUREREE BAThSREEY TN EYIR
Wtk TR (AT K RRSG H n LR > R OR AR HRE > By T —HAEOAT - et
AR I -

x— - BAEhSERE RN O EE T SR FEBHY
Table 1. The extent of injury by aphids in the radish field which was treated with 4.

curassavica.
Weeks after planting
7 8

;?E;X]in;;}i ds The number ;{lﬁ}ﬁéxé?n;;}fi ds The number

(%) of ladybugs %) of ladybugs
Treated with 4.5 14.7 28.0 15.3
curassavica
Control 91.1 9.7 81.3 8.3
F 1.42 16.75 1.47 4
p value <0.001 0.1497 <0.001 0.0598
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Fig. 6. The number of insects on okra surrounded by milkweed hedgerow.

= PREE N ZEA

AHTFERIR > FAETE 2 (7] H 25 PR n AR AT /b - HR s 2 H Y
SR AR NI BRTEAE ) S R AR - AR ESRIAT 20 RICKIERE
FR SERBUNEHELS: 1m-25m-~50m J& @ f@EFRIHE 02026.7% (F2)
HorpEEpkSAREE S0m JMNEEEL Im -~ 25m AER  (HEEN S ORERFRE
Rl HERESG LI FORIEES AR R = - IO i — IO A Al 7 1%
{8 H - JMERTZ = FEPE AR i PE 2I7RIR N 27 A 04 - ZRERON BT AR A B = 37 L HVER
B AR ZE R - HERD SR E B A Y AT e ZAEm At B
RS ar £ > DL ArsS RHEET - FRIR Uy A2 i m A R s AR R R
BST o HHEIORIEZ EE - FHERERHEIERR -

ARSI T Ry ok Z—IE > H RIS I e B &Rt  RiAe
B 2R IS A A F RoRIR U ey A e Hy R AFEFT -
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Table 2. The injury caused by Asian corn borer in different distance from hedgerow.

The distance from Hibiscus rosa-sinensis L.
Im 25m 50m

The extent of injury by Asian
corn borer (%) 0 0 6.7

=~ YIEESHOEH N Z A

AR FEAERE R » FEAE BRI CAF IR Z A6 G ik B sa M AE & -
TEVREME Y YIEETAOICEY 1.5m ZeA45 w5 [ B H AR GBI RS - PEBEAREERTITHY
TEEINE R = A > ERFE RS (FR2) - MARERITHERRE > HE1H
IR HIEE S {6 L BREE  INILSENTAREREY) < (R AV B R % - IR
Morandin and Winston (2005) {5\ > & AT fA B2y » DNIELIRFEAT&RkEE 2 121
SRR S - (B H P B PR i B R AN GE FAE AR A fHE IR 215
PR Ry B B TP AR IR R (AR T PR Y LIERE % B PRI S [FHE
PRESREIRE R 2R 5 [ R AR T i G » & A bR s B AR (1. Sm) A M
IR RERN  (HHPA S AR TORERE B AR EE T EZE /] - (R
TR VIR E RS 4.5m M1 7.5m pRIZTE o EA R A CE IS IR -
e T e DA 22 M e 0 7 S A A R e P S IR B 4
x= - AEREE 2R EBENEYEE

Table 3. The unit yield of cucumber and the number of pollinator with
different treatment.

A month later Two months later Three months later

The distance from ~ The number The yield of The number The yield of The number The yield of
cucumber to Cuphea of polinators  cucumber  of polinators  cucumber  of polinators  cucumber

hyssopifolia

Cuphea hyssopifolia 6 0 § 0 46 0
1.5m la 44 Ja 3Ta 11b 102a
4.5m Ja 3% 2a 47a 3 48b
7.5m Ja 42 0 35 X 4Th

73



9~ FRHEYIE A H B 2 S K sl

AU FEAEE F R T —(EF AR > FERIIREAR I
(Episyrphus balteatus) FisiTe%E > #BfE{& (8 H & HEHE R L RUHEE > 3%
= (EE R R AR Ry 4.5 ~ 3~ 3 €/30 BR(RIY) - M &/E EHR 75 R
1.9~ 6.3~ 4.4% » BURESHAERS (&I - BRI aH BRI EEE -

T - PEE SN EEEEH L F BRI R S E E
Table 4. The density and yield of natural enemies was calculated via different
distances from Tagetes erecta to cabbage.

No. of pest (30plant) No. of natural enemies (30plant)
The distance from No. of The extent No. of The yield of
o No. of o No. of No. of
Tagetes erectato ~ Pieris  of injury . parasitoid . cabbage
hoverflies ladybugs spiders
cabbage (m) rapae (%) wasps (kg/10 1)
1 3.5 1.9 4.5 6.5 0 7 8.4+0.5
10 3.5 6.3 3 10 0 11.5 7.6+0.1
20 4 4.4 3 18.5 0.5 10.5 6.9+0.8

T~ FRHEYIIE R A KRS I g P &2 s
LBt B0 KR FH A R

KIEHE B REEMEEE =02 —  HREAEZEEIEY) - 33980 T £
SREMEAIORG ) B T RESRARFERTI AN ) R SRk S S R A AL D R A R A8 A
(Butler et al., 2007) - #2045 REUR © AH/KIEHM IGHE S ik 2 PHEER
13.3 & ERETHY 105 & MatilaBEosnlh 33 &15 & (RL)
AHHEEEANNETHE  FaBEREAREE DB THE » REFFAH
FHE 21.3 &~ JEITHEAR 100 & EEEAKEHE 2.5 € - EBiTHE 3.5
& FEREFELURGS A2  1GRERE 0 o R - AT RGHA > INAEHH
& P FEAE PR R (B0 ST EF & s S [ AV B e M R aa R
W& > SRETREMRI T RE HRIE « —BIE - BUEs - REMIEIRSF a4 - VAR
RAE I 28 2 s R - R R E RIS B A A &R - 7
REVERS I E AR FRZ & - ASRE N BRE R REBINEE S - IREEL
FHEERERT S G AR N - B A AR SR A B (BT H R (e A - JHEE
B RE AR A A R
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Table 5. The average number of insect individuals was calculated.

Conventional field

Organic field (number) (number)
Beneficial  Parasitoid wasps 13.3 10.5
insects Ladybugs 33 1.5
Planthoppers 213 >100
Pest
Leafhoppers 2.5 3.5
2. S EE /KR

b rE bR s - Wil BTG RS B S - & MR FEHER
R - Rl KR s 2 HAERE - DLROKRSRGEA 2 ERIGER ) - 2R
ZKAEA [E] 4 B PR At B AR A 3 4 R - R FH & P ER SR Ay A BRI
AEE S LRI S Y2 AR PR I Simpson’s Index of Diversity iz
FIEEES  &E SRR HE A /KIS 2R A AR P R S B RV PR 2o B 1
SR E A IREE RL) - &G et MatEFEtRaiiE
FIAGEEGT - P B FH & AR S IR & > FLrRoKAg o B2 0 HE 2 g - i 2R 1 2 K
R ERELE] 19.0% » SR EIIBHE > 16.5% » A3E 5SS bl A #H & B E 1T H
EFEREE  FRETHENREFHEEREESNARHE - HINRGR
2013 4 4 A& 6 HYI/NAITEEEE » BT HERREELE st pl B
Hop BT A= RN e P A ds /N (Sympiesis parnarae) ~ [Y] 85 /N 1
(Antrocephalus sp.) fii & # WY 18 Bl & (Micraspis discolor) ~ H & £ il ik
(Tetragnatha maxillosa) ~ 7KW (Ochthera sp.) 5 fEKEYTE > B E&fE R [EEE
MEAEEZRE G % 2013) - EAEEATES - KRG s - HHRE a2 B
M AR RSB RIA ST T RE AR - (H A8 F S B 0 B 2R LA HA A
WH5E > TR BN E SRR - /KB S B A e & - Bk
s B MBI A VE R S i - WP AR 58 & Ko e < T EY) - (R Rk
RIEFEEV LRSI SRR S A R A HEE Y -
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Table 6. The rand floral with sequential growth stage of paddy rice.

The density of plant
(stem number/ unit area)

Species Cover rate (%)

Month Treatment Control  Treatment Control  Treatment Control

1 5 6 26 33 67 65
2 9 7 35 17 63 46
3 6 6 37 54 68 55
4 9 8 50 24 57 56
5 6 5 93 43 40 25
6 8 5 99 74 80 68
7 8 4 80 48 89 68
8 10 9 84 82 72 53
9 9 7 47 40 50 37

Note : The period of time during April to May is rice tillering to booting :
The period of time during June to August is mature grain to harvest.

Rt KA EAE R S B 2 B

Table 7. Biodiversity indicator results of sequential growth stage of paddy rice.

Fallow stage to tillering Booting stage to mature grain
Treatment Control Treatment Control
Species 19 13 31 18
Individual 264 253 333 161
Simpson’s
Diversity Index 0.91 0.89 0.83 0.78
R BRI EE

A 2009 FRHGES  HEEBCEEARERETE - i HEE TR
PRI SR - YR RICR I E N R R B2 S EN Rt s S e
3500m ([ —) - AGHE NS siny HETRER DU Bl PRy & FalER R A - o5
AER BT Y B A T TR EE o HL 2% RS (RS R R HE R R R A B iR D 2+
G - AR HIEEE VK EHT - fliER2S (B2 AR A - M A RS
BINERSE LT 2R AR S MER EHMEAYE R AR RSEE
EHRA > EIRARESEN A B AP ZRRR AL E 2B - RGE RS E
HHEE R o EEEH] > E R T FEIEYIRH - 120 R ek BRI (F 2R
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Abstract

Humankind benefits were got from ‘Ecosystem service’ which emphasize
the important of biodiversity. To avoid losing ecosystem service, we should stop
destroying eco-environment. Supporting an eco-friendly environment by
increased and kept natural flowering plant could be a practice for producing safe
crop. Some hedgerow plants were selected for beneficial habitat manipulation
since 2009. The results showed that Asclepias curassavica, Hibiscus rosa-
sinensis, Cuphea hyssopifolia, Tagetes erecta, and Tagetes patula could be
candidates for enhancing agricultural ecosystem service. A. curassavica
attracted abounding of ladybugs to control 50% aphid-damage on radish in the
field. It could inhibit aphis of okra by 39% as well. Planting Hibiscus rosa-
sinensis surround sweet corn field could decrease corn borer by 30% than before.
Moreover, Cuphea hyssopifolia has a special character which attracted large
number of pollinators that increased twice as much production of crop nearby.
On the other hand, annual herb had the same function. Sowing Tagetes erecta
seeds in the cabbage farm, the flowers attract many hoverflies come close and
inhibit aphids obviously. It also increased production. In addition, the analysis
of the habitat manipulation in rice ridge by Tagetes patula shows that different
agricultural practices affect the invertebrate diversity of rice fields. It is
important that improving the identification of predator and parasitoid species
and the screening of vegetation plant which can be shelters for indicator
predators and parasitoids. This study proved that biodiversity in agricultural
economical system not only help farmer save the cost of pest management, but
also control pest sustainability. The study will be focus on paddy field and
orchard in the future to help farmer manage pest by enhancing habitat
manipulation.

Keywords: ecosystem service, Asclepias curassavica, Hibiscus rosa-sinensis,

Cuphea hyssopifolia, compositae, natural enemies, pollinators.
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