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FAAEFRED 2021 FERIS E ALY 4,102.8 ANEH Y FEEMNEREMEEKG - B4
EBRE B HE 21 ~ 26°C ~ 7838 15 ~ 20°C » /NEFEH (cherry tomato) FRFEHHLZE Y 9 ~ 12
H o U 11 AEFRE 4 B © - (REEREEFEESHEZREHIE/ NEFI > ¥ RRaEa
LR BE Ky &% (B. tabaci biotype B) ~ &i & (Thripidae) ~ 1% £ (Aphididae) ~ 7% (Noctuidae) ~
BE i (Tetranychidae) - 4| i (Tarsonemidae) ~ #& 7ifi B Y& W (Liriomyza bryoniae) ~ ¥/ 5 &
(virus disease) ~ B V% 9% (Phytophthora infestans) ~ H ¥3 9% (Erysiphe cichoracearum DC.) ~ K
#9% (Botrytis cinerea Pers.) ~ 41 & M: BF B i (Xanthomonas axonopodis pv. vesicatoria) ~ H
4598 (Athelia rolfsii) ~ & iR (Ralstonia solanacearum) ¥ 2z J& 7 (Fusarium oxysporum f. sp.
Iycopersici) = JCHSEIRIE ) S 2r T HIERD 2 DK @B FmAE D B @Y MadEk =g
P53 55 (Tomato leaf curl Taiwan virus, TOLCTWV) & H 04864 » fa e B E HaacEEmy
BEERE,— P

IPM B 5#FTA TR e S - HE A ER/ M EERESEE » B nfRE
g WFRP ARSI - BREBEEY - eSO FS e ¢ - IPM B350
A DUE BRI Y T A R S F B TR A S Y [ SRR R (N B RE
{E (Economic threshold, ET) » [FJRF R8skt Rt & " - KBRS R EF MY EHLS
MEFE DU RSB AR A @Y o B RS RS & (N > B LT DR
A E A TERIRE ¢ -

IPM {EZEEFEER R (R RS © TR AT AT 188 > RIS R a Y BHERE » (8 HPURR
G A TS B A OB IR I SR  BERRIEEE - BRUCHE A REER
ZEM (BN EM SIS EEE]  BSr e tRICHS o ekt IPM HIEZE A £
Kt (Natural enemy) 74 5 M@ GIRE & - R EHRE —EHEEMESR e s
TR EERS > Glakyd - 175 - BB H RS 0 - e BN AR A EE Rl
BT & > S EAZ SR @ BONEZ A R E ATk & Y o SR E S
B ARSI AR A2 — % HEYIHEH (essential oil) B4k I B T F 8256 &
B0 5B WIS RE R A AR EL IPM ER O BRSSOl TR E 1 FHAE R S Ry
{187 (Limonene) EL[7 A R &YX @) o IPM Y HAZ 2 — 2 (A0 FAyElg - 305
BRI CEREE L ZEMEE 7 BEE - 5% IPM B a2 E v RS i aE » D
NS o AR 3 BRI E/NEEN IPM HEE A FLE R AsR 880 & - Mg
Preiess » A ORhalED RSN SR B DRI R A E B aIFH - SR 5)a HiHHBgE
BSCE MRS $e ARV EE AR B RS - EHAGS R iR B s - Lhi IPM B IR
40 (Non-IPM) 7 &m0 45 » USRS IPM B HE > 0474 -

MRIERTS %
— R
AR BT T ARS8 (Kouhu) ~ SR/ HIAS (Liujiao) BUK AR (Taibao) -

=i R 208 AT B AN RE NG IPM BB - #ETT IR K 2020 4 9 H 2 2021 4 5
H - IPM RS S A R Kt 5 (MEE S HEARAE ) BEAHERH (2
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{82 " Orange oil & & 6% » IR R/KE = 94% ) PiiasiiEl & - BoMTe e ) 5
P S T Ry P —FAntE R 347 0.5 ~ 1 B 2 B iRl > BEER R EE8E - %
BEANERAEIEZVIERA - & HHAFEHEE R E —K 1,000 ~ 2,000 ££/0.1 24

b - AR B - SUR S REE A B A O - B R E e
M2 On % Ry (Non-IPM) - SE{ AT B IR BLAH A
= HRHAREE

Non-IPM Jf Z= 73 T 0.08 /2B - 2020 4F 9 B 16 HEME - (FRAihGFHEE4Y 1,680
o AREHMEEREE LS EMIEEA (7 1) > BRUEEARTZER Z2REEAE
AYEER] - 2020 4F 10 H 22 HEA A LAZE 4 & & (4-CPA, 4-Chlorophenoxyacetic acid) %
#7012 A 6 HEFZRERUL - BRULATEY 9 REVE— R easE » BRUKATIE 9 25 #E AERUSHH
%49 10 ~ 11 KEFE—2 » FRUCHRI S 11 20 - 2021 4 4 HHAEE -
= IPM R = ERMHEE HER L TG
(—)Kouhu }&ZE
R HEITE 0.26 22HH > 2020 £ 9 H 2 HEMH @ FEB B 5,400 £ - BASCA]
DULB R R = EM T AR ERE » TiiAEE: (Bombus spp.) #¥%in1e » UMKEZE
M (F2) © 10 A 3 HBAGLA @60 (788 300 ~ 400 £% > 0.02 ~ 0.015%)
REREEEER - 495 RPE—R > $£5 K> xip—X 10 H 25 H (10 A 12 HfR
el ) o 11 H 16 H#E ASRUHH > 11 H 18 HEAG LG W (55 300 ~ 400 %)
BEREEMHER &9 RE—R > £ 5 Hik—X2021 F 1 H 2 H - FE{E
GESRIAN 1 RFSERE » BRUCEAF R 3 R > 73Rl 11 H 1 H ~ 11 A 16 H (%
BRU) ~ 11 5 24 HEL 12 H 30 H > $LP0%4&Y 12,500 £ - 2021 4F 5 HHAEE -
(7)) Livjiao =
FEZHEITE 0.08 A HH > 2020 4 10 A 15 HEM > B LY 1,450 £ > BI1E
RILMEERRREE e E (R 3) o 11 A 24 HEiARE R E DI EE R (7R 1,000
fiZ 5 0.006% ) & > 12 A 2 HE—XEE » £9 10 RF/a—X > 36 > it —=RK
202171 H 30 H - 1 H 20 HEFAEERUT » 3 A 2 HERWOHRE R —ZGA 517547 4,000
&4 A TANEE -
(=) Taibao =
FITHEIFE 0.11 ALH » 2020 4 12 H 10 HEME » MEEGFEEY 1,720 £ - EffbiZ
HIES 7 ~ 14~ 30 ~ 45 ~ 60 ~ 90 RLMEEEREED AR E (£ 4) > 55 80 X 2021 4F 2
A 28 HEf#A » BE—XLAH S0 (7 1,000 £ > 0.006% ) J&&H A K Z &M
B(FR4)EE—RPIE4 H 21 H 22021 41 H 20 HjifkAg: - 3 H 13 H455IH
Ji—R A BRG] 3,000 & » 3 H 17 HEA#aERIL » 4 HIEREE -
~ SREERD 24 B AIERRR AR A T
Kouhu - Liujiao ~ Taibao J5 7% N &% E 10 5EEFEAL (10.5 x 15 cm) » SHEFE#
EERAR - BRI SRR (B8 3540/ B ) Bl EaE s 50 &/ 75
/7 R RN AR - BEEd S RIEEEYERER A S 2
IR EEE N EHEE B ETIE @ - BERSHRE —ROVYE H ESEm s &7
T e ARV EE B AR BRI - EEHAGE 1% s B EIE - LR IPM B ¥R
4H (Non-IPM) 7 287755 i
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FH & DU A S S B A B AR A o
Taibao {LELELEE FH & 57 HIJE/) 66.4 ~ 86.9 ~ 63.5% (F6) -

[ &k d - AHELH Non-IPM » Kouhu ~ Liujiao ~

= IPMREZIREM 2 E B

Kouhu 2 2020 ££ 9 H 2 HIEE » 10 H 12 B AR - i EREERT1 5 K

Piia—I R

TR - R E

fElaiRER & 11 A 1 H ~ 11 A 16 H (BIGR

W)~ 11 H 24 HEL 12 5 30 [ - F£PUKEYT 12,500 & - 11 F fra)iE SR - 2021
F2 A 19 HEBR#®E 133.0 €/ > 2 A TABIGZEE L 2 A TREEZERIY
SEER S Hopa] > LRI 340.5 € /4 (8] 1) - SRUCHRIE DU R H S As om PG

SREER Y > 99 RIFE—K > 45 K - BIEEI P Ry 14871458 & /1 (%
5)e
1200
¢ S HilLiujiao

ZS 1000 - B KfFTaibao

g

S A 175 Kouhu

~ 800 *

5 n?

S 600 :

& o 4

o A

fggg 400 -

et A A

8 Aot

i

200 i

ooy A A |
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a8 B8 8 2 2 Q 9 8 8 9 O9 =% 5 8B B B >
2833222835822 22232
ETfRdged T aTESE g Ay
1. 2020 49 A% 2021 4 5 H IPM Jf = SREE) SxiREf B0 (8580 / F54K /18
Fig. 1. Monitoring of the B. fabaci population in [IPM greenhouses from September 2020 to May

2021 (B. tabaci /sticky trap/weekly)
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BT 3 AN AEERWCHE R 4 A T > BRI 486.2 €/ 48 (1] 1) - #ti e
Sl s e Ry 97.1 2652 &/ (R 5) »

# 5. IPM O 7 SREER) s V9w
Table 5. Average weekly density of B. tabaci in IPM greenhouses

Ji % Greenhouse 178 Kouhu 75Hl Liujiao {5 Taibao
B2 HIHAR Monitoring period 17-Sep-20 ~ 28-Oct-20 ~ 16-Dec-20 ~
11-May-21 21-Apr-21 21-Apr-21
B HI#E%L Monitoring duration (w) 34 25 18
SRTERI TR No. of B. tabaci 1487 £45.8° 97.1+65.2° 154.2 +31.42°

Means (+ SE) within a column followed by the same letter do not differ significantly by Least
Significant Difference, LSD (P = 0.05).

Taibao 72 2020 £ 12 5 10 HEHE » 2021 4 1 H 20 Hfi it Aeiesty - i Aeiess
AIEY 13 RFFE—R » 5 X5 TiagiEe4dy 7 RPAE—K » £ 7 X - FACAS I 3
A 2 Bl —XFE e AR & - §IHEIK 3,000 & - it & i (& 8 DU a5
Etnd o 3 H NEEATRIGH - 3 5 17 Hifpds 63.0 & /1 » 2183 ZM E7 > 3 Hp
AN E RG4S SR 4 H N A] > LHAR S 455.8 & /8 (B 1) - SS9 &g
F 154213148/ (F5)-
tBREHLTEEMAE

LBk — XA H B R EE S MR - R —SmE R E - BEREM AR
A Ry — g AN T & (kg/ha) #ETTERES o &35 4 R BAHY R 2Bl a B
&5 A1I144 > Non-IPM ~ Kouhu ~ Liujiao ~ Taibao 7 44 FE &% & 47 7l Fy 38.3 ~ 13.0 ~
5.1 142 kg/ha ; FeEL4T R 6.9 « 62.4~ 1.9 ~ 63.4 ke/ha (B 2) «

B IR T

EFERNAEEEEH - Y - R - Fip s - ATRRIL - RanBESEUAR (4RFeHE
Ba)  (LBEBREE - KSEM (BEEEMNA0) - REE - 5l HEals R E R
A FIAEE Rdalias © AEERA (2 6 ) - Non-IPM ~ Kouhu ~ Lijiao ~ Taibao = FIIALE
TrAlEs 1.9~ 2.7 ~ 4.7 ~ 2.7 £ - HESEGETEAE » 48— iR/ NS AR 0.08 A H
Ry AT ERECR [EI58 2 W 24 %58 > AHEA Non-IPM » Kouhu - Liujiao ~ Taibao
Gyl Es 1.5~ 1.8 81 0.8 fi5 o Lhii & IS A 2 H Z SRR - Non-IPM H] 48R UL
4 {5 » Kouhu ~ Liujiao ~ Taibao RI[53H 5 6 ~ 3 ~ 1.5 {f H - fH#EL# Non-IPM » Kouhu -
Liujiao ~ Taibao (L2 2 EER] & 43 HIJE /D 66.4 ~ 86.9 ~ 63.5% (3 6 ) - Non-IPM {REZ 5%
BB ALY 80% » Ho ik 20% 5 & Z &M 5 Kouhu (LELEEE(E [ IA ALY 23% » &
S 31% 0 KM 46% ; Linjiao (L5 EHE (LI ARAL 22% » K BEH 14% Kl
64% ; Taibao {LELEEEE( L[ AR AL 21% » KEEM 27% » KL 52% (& 3) -

[1]
7

=

53



SRS R RIS UAE 81 5

80 -

70 - 0O & Z&MEco-
© 60 - friendly pest
§ control products
%) 50 -

63.4 | {2 B gEPesticide
M 62.4 RSN

w0 | [89
1S
/.

d 30 -
P
< 20 A 38.8
10 -
=
O T T T 1

¥E4HNon-IPM  [13#Kouhu  7SHilLiujiao A fRTaibao
2. HEHEL IPM R = 7 K EZEM BR SN HEH &
RAGHEEZ H BB BRAH ~ 08 ~ SH ~ REOREHE S B/ 2020 429 H 16 H ~ 2021 4 4
H15H 20209 2 H~ 202145 H 15 H ~2020 4 10 A 15 H~ 2021 £ 4 H
21 H ~ 2020 4F 12 H 10 H ~ 2021 4£ 4 H 27 » $EEHE 51k 212 ~ 256 ~ 188 ~ 138
PN

Fig. 2. Eco-friendly pest control products and pesticide usage per hectare in non-IPM and IPM
greenhouses
The cultivation periods for non-IPM, Kouhu, Liujian, and Taibao were, respectively, from
September 16", 2020 to April 15", 2021; September 2™, 2020 to May 15", 2021; October
15", 2020 to April 21%, 2021; and December10®, 2020 to April 27", 2021, and the cultivation
period were 212, 256, 188, and 138 days, respectively

100 -

§ o0 | - b - O K #Natural

5 . . . enemy

o I s R S

g 70 - ’ 64 : O &ZEEMEco-
£ o - - - friendly pest
% 1 - . ¥ control products
& 50 - et — | e

=t 1 1 ) Pesticide

% 40 31

8 27

© 30 - 14

=

E}» 20

4 4 2

44% 10 3

s o |

#HEZHNon-IPM 138 Kouhu 7S HlLivjiao KA Taibao
3. HIG4HEL IPM R % 2 K - K EM BLREE(EDERAHIELS

Fig. 3. Proportion of natural enemy, eco-friendly pest control products, and pesticide in non-IPM
and IPM greenhouses pest control costs
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Table 6. Economic analysis of non-IPM and IPM greenhouses

S Parameter I\I%jj-cllli%/l K]f)[lﬁlﬁu L/il:_]aiﬁgo Titilifo
16-Sep-20  2-Sep-20  15-Oct-20 10-Dec-20
FEFHAM] Cultivation period ! ! ! l
15-Apr-21  15-May-21 21-Apr-21 27-Apr-21
R ( /3 ) Area (ha) 0.08 0.26 0.08 0.11
F7s Cost (35 # TWD)
#4th Land preparation 2,100 1,200 3,900
FEES Seedling 18,200 48,400 18,850 39,000
HEfl Fertilizer 5,868 50,000 12,600 12,450
) E&. &% Pollinator — 24,600 9,200 12,300
AT FRUZ Manual harvesting 210,000 352,000 30,000 46,800
B EE R AN Packaging cost 19,313 96,300 22,800 22,990
(L2 L EE Pesticide 4,553 15,000 2,950 3,290
KZEZEHM Eco-friendly pest control products 1,112 20,000 1,775 4,150
K Natural enemy — 30,000 8,400 8,200
(A) #8454 E 7K Total cost of production 261,146 636,300 107,775 153,080
B (T ) Yield (kg) 3,738 14,550 3,600 3,630
(B) 441425 Total return (TWD) 484,950 1,737,240 510,000 410,000
(C) 5FUi%5 Net return (TWD) (B-A) 223,804 1,100,940 402225 256,920
FIAEEB @ A 1.9 1 271 471 271
8 (T ) Yield (kg)/0.08 ha 3,738 4,477 3,600 2,570
775 Net return/0.08 ha (TWD) 223,805 338,751 402225 181,890
g5z 8 Return increase ratio — 1.5 1.8 0.8
(0.08 ha)
XU A 87 The duration of harvesting (mo) 4 6 3 1.5
LR/ DR Decrease in pesticide (%) — 66.4 86.9 63.5
&

Kouhu HEFBHACE R | KA S » HE/MEE /D E5RTT1HY) (Banker plant) &
ik (Sesamum indicum) EBIFNEHEEIE - SRUCHFFRET 3 TR TEE0R - sRATIE YT ft
FREREEYRIEE M, - IR R R BT - BB RIS AR Y - B RO
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0.26 X HHJEI—2RKIH 7,500 T (= 6 ) » Ryt R EEETE R BApAE & - RIFERC{E Mg el
ZEEOH - Rt MBI EEEENEE > BREAHEIRERR 2 KRGS - Kouhu 72 2021
2 A TAEIF > BIfERFELEM PG » M dEm B 208 B (8 1) > SRR I 4
{iid 5 © Livjiao 4 2021 4 3 HWJHEHGA B #ERF CLERUL 1.5 {8 H > Taibao & 3 A T AJIGE S
W& 1% AIBHEAERIN > Livjiao B Taibao FIHET 4 H IR - BEZMEVIEES > HRAE
ZWOREE - P15 3 A N A ERIEREE SRS (1) BRI - IPM HIE R BIERTE
EEHERENR 0 ZHESEAE 10 BREAT - $ERW IR it AR - Kouhu fEE /D &5 - &
NP FFREEHE E A EIE - MIESARE - PIR S HEhoRSEAR - SRt SR LA
kR Y BT REAR > EEE A G EREIA & HUA TR BAEE NS = B IER
YA B AL - SRR CEE - RO da a8 BB PR BIEhafEE o RO AL
B RHURRHER -

TE YA i B SR DR & AR S P ARUR (% Siin/KFRE 500 {5 (0.012%) BE M {H A LA
VBB R - MHREE IR B AT AR EAE ) Y - BEEAE YR R R AR
(0.125% ~ 0.25% F1 0.5%) > ¥3EFE TR _EFF > EKS R E AE AR E IR R B E @ - A
Bp = {18 TPM 35538 3 it 2B R A AT IR 2 2L - Livjiao JiFs & W12 7 AT ol R B 5 & A
[f376 » Kouhu B4 Taibao Jiti i+ S #& & ORI G » (BRI E S E G a8 ? SURY
fEHE YR MR S BB AR A S ISR A REEYIEEE N -
YIS - EF B A SRIEEREE %Y - IPM EEHBTET - BTEATEE L aem
Fiie > BEARIEI M R (E A S EM Y S - B REIG R EEABEERE - ke
SEREAEBIEE O KHREE S AR BEG e B AR B R
H o BEEE DU AR - RIe R R S

{BE2 2 %% F & Non-IPM £ 38.8kg/ha @ 47 I B Kouhu ~ Liujiao ~ Taibao #Y 3.0 ~ 7.6 ~ 2.7
f& (8 2 ) - Livjiao FYFAEM HERIE - KZEM 1.9 kg/ha # Non-IPM (K ([& 2 ) » Liujiao
Bia R A 64% FA A I S K I Non-IPM [576 B A 80% Fy R BE » % 20% (EFH K ZE M -
Kouhu - Liujiao ~ Taibao fYIE B ZE [ /A R A 53 RIS 77% ~ 78% ~ 79% (& 3 ) - fH#EZ > Non-
IPM » Kouhu ~ Liujiao ~ Taibao {EEfEEEF 5/ HIJE/D 66.4 ~ 86.9 ~ 63.5% (F= 6 ) - FAGHFH
{EEERREERERL AP ak it > T EIRERENEa T - BN DB REENTEK - AR
Non-IPM - Kouhu ~ Liujiao ~ Taibao U 35 28 111 %47 B By 1.5 ~ 1.8 B 0.8 & ° Taibao 2R H
TAEHE] > EAERF R8> 2020 42 12 H 10 HEM - Hinaig i En 4 A45H o EHRIL
L5 @ H » #FrfS U e (K o 35 E Non-IPM ELi > IPM S350 i BARTHE AR Z AL 2
D27 L (£ 6) o A IPM Rty & i vl LR RS & - S BEs Siert
IPM ASCH EREATTTHY @9 o IPM (YEF t (S« A HAV RS R & - (K3 MR R
bR B i =B ACHU, 2 IPM [EFNY—(EE AT 2 E1E ) -

A

AWTFE LRIy S EOM ~ AR EL Y B AVINREDD IPM - S IPM 0K
AT SEE LSRR R R R I S P A - IPM HEAYA AR BZ 2 (R B AT
Tt o HEREHE A H i e - Rl e BB ERE - CHREE - B GRS
R B AN E AR - 250EE LUK aRs - RIER R e 54 -
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Economic Evaluation of Integrated Pest
Management for Cherry Tomatoes in
Greenhouses'

Huang, H. W, C. C. Chang, Y. S. Lin and J. B. Li’

Abstract

This study evaluates the economic benefits of Integrated Pest Management (IPM) for pest
control and verifies the feasibility of IPM management. IPM practices were implemented for cherry
tomatoes (Solanum lycopersicum) in three experimental sites located in Kouhu Township, Yunlin
County, Liujiao Township, Chiayi County, and Taibao City, Chiayi County. During the harvesting
period, the first and the fifth instar nymphs of Nesidiocoris tenuis were released for controlling
Bemisia tabaci biotype B. Four, one, and one releases, respectively, were conducted in the three
sites along with the alternating use of orange oil (ORO"-T), which contains limonene as its active
ingredient, for whitefly control. The control group (Non-IPM) was located in Liujiao Township
and utilized chemical pesticides along with eco-friendly pest control products, without the use of
Nesidiocoris tenuis and orange oil. Compared to Non-IPM, the proportion of eco-friendly pest
control products in the pest control cost was 77%, 78%, and 79% in Kouhu, Liujiao, and Taibao,
respectively. The amount of chemical pesticides decreased by 66.4%, 86.9%, and 63.5%, and the
increase in profit was 1.5, 1.8, and 0.8 times, respectively. The benefit-cost ratio for Non-IPM,
Kouhu, Liujiao, and Taibao was 1.9, 2.7, 4.7, and 2.7 times, respectively. [IPM for tomatoes, in
addition to the correct use of pesticides, involves the use of insect natural enemies and eco-friendly
pest control products. This approach can reduce the amount of chemical pesticides, avoid pesticide
residues, and produce safe and hygienic fruits, thus, growers' income is improved.

What is already known on this subject?

IPM operations include using healthy seedlings; analyzing soil before planting and
rationalizing fertilization based on analysis results; using rootstock grafting on disease-
resistant varieties to control soil-borne diseases; setting up yellow sticky traps to monitor B.
tabaci population; remove plants infected with pests; using natural enemies or eco-friendly
pest control products during the harvesting period; using registered pesticides on tomatoes and
strictly adhering safety harvest periods, etc.

What are the new findings?
During the cultivation period of the IPM greenhouses, natural enemies, Nesidiocoris tenuis
and orange oil, were introduced to control B. tabaci.

What is the expected impact on this field?

Using IPM with eco-friendly pest control products and natural enemies can reduce the use
of chemical pesticides, avoid pesticide residues, produce safe and hygienic fruits, and help
increase growers' income.
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