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Effects of biocontrol agents and pesticides on pest and disease
management in green oak lettuce (Lactuca sativa L. var crispa) in
greenhouses
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ABSTRACT: Agriculture for green economy is in the current trend. Thailand has continuous expansion in the green
agricultural economy. Thus, a main driving force is reduction of environmental impact coincided with increased
productivity. This study aimed to evaluate the biocontrol effectiveness of three biocontrol agents (BCAs), including
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Trichoderma asperellum TBRC 4734, Metarhizium anisopliae BCC 4849 and Beauveria bassiana BCC 2660 to
compare with pesticide for insect pest and disease control, vegetable product quality, chemical soil properties,
pesticide residue in soil and green oak lettuce plantation in greenhouse. Plant diseases were not detected in all
the treatments. On the other hand, two insect pests were found, including thrips (in the order Thysanoptera) and
tobacco whitefly (Bemisia tabaci). Both BCA and synthetic-BCA combined treatments led to a notable decrease in
the pest population in the 2" to 3" week period. The BCA treatment decreased the thrips and tobacco whitefly
populations by 75.5 and 42.4%, respectively. The synthetic-BCA combination decreased the thrips and tobacco
whitely populations by 90.1 and 15.6%, respectively. While the synthetic treatment could control in first week (1%
to 2" but 2" to 3" week period resulted in increases of the populations of two pests by 28.6 and 35.0%,
respectively. For the soil environment, the BCA treatment also led to an increase of the available nitrate by 343.3
me/ke at the end of treatment compared to the start period. The nitrate was reduced by 168.6 mg/kg in the
synthetic treatment. For chemical residue, no pesticide residue was found in the BCA treatment, strikingly in
contrast to the finding of 333.9 and 10.7 mg/kg carbaryl in soil and lettuce for the synthetic treatment, respectively.
Our study revealed that BCAs are effective alternatives for pest management in green oak lettuce, consequently
mitigating pesticide and environmental impacts for GAP and organic agriculture.

Keywords: green oak lettuce; biocontrol agent; pesticide residue; synthetic pesticide; pest management
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Table 1 Product quality of green oak lettuce (mean + SEM) after cultivation in greenhouse 28 days for crop 1 and 35 days for crop 2

Product quality”

Crop Treatments Total weight' Weight? Stem height Root length Canopy width (cm plant™)
(g plant™) (g plant™) (cm plant™) (cm plant™) WE? NS?

Control 55.7+23.5° 46.4+20.6° 14.2+2.7%° 10.7+0.2%° 22.3+3.4% 22.4+3.4°
Biocontrol agents (BCAs) only 49.8+10.1%° 41.4+8.1%° 13.2+41.9% 11.6+0.3° 20.9+1.4% 22.4+2.1%

1 Chemicals only 35.928.5° 31.2+7.6° 12.5+1.5° 9.740.7° 19.342.2° 20.7:2.0°
Chemicals+BCAs 45.6+2.8% 40.0+3.1%° 14.8+0.4° 11.2+0.6° 23.0+0.2° 24.3+0.3°
Control 27.8+9.6% 23.3+9.1% 11.4+0.5° 9.6+2.1° 16.2+1.7° 17.4+2.6°
Biocontrol agents (BCAs) only 35.3+6.3° 30.3+6.0° 14.5+2.2° 9.8+0.9% 21.3+1.1° 21.6+2.0°

’ Chemicals only 26.4+1.9° 22.5+4.3° 14.1+0.5° 9.8+0.3° 20.6+0.1° 20.8+2.4°
Chemicals+BCAs 29.1+3.5% 24.3+3.2% 14.4+0.7° 8.9+1.1° 21.3+1.5° 21.2+0.8°

* Mean values within the same columns and the same crop showing different letters are significantly different (DMRT, P<0.05).
! Fresh weight including roots

? Fresh weight excluding roots

® West- East

* Nort-South

Control = Lufin1s@nnuaisiaduaz ¥, Biocontrol agents (BCAs) only = danudifuginiuauiiissad1ufien, Chemicals only = danuansiaiiviietognaiien wag

Chemicals+BCAs = @aviuasiadsauiudidusiniuay



KHON KAEN AGRICULTURE JOURNAL 51 (4): 702-718 (2023)./d0i:10.14456/kaj.2023.xx.

709

Table 2 Soil chemical properties and changes (mean + SEM) after cultivation 28 days for crop 1 and 35 days for crop 2

Chemical property of soil*

Change Change Change
Change relative to relative to relative to
Available Available Soil organic
Crop Treatments pH (soil: H,0; relative to available available soil organic
ammonium nitrate . matter
1: 2.5) pH before ammonium nitrate matter
(mg kg™ (mg kg™ (%)
application before before before
applicationf applicationf applicationlr
Control 7.4+0.1° +0.24 5.7+0.3" -0.76 74.1+4.9° -139.41 17.3+0.4° -2.25
Biocontrol agents b b
7.6+0.1° +0.01 6.5+£0.5 -4.73 68.4+47.1 -87.46 17.0£0.7° -2.91
1 (BCAs) only
Chemicals only 7.4+0.0° +0.11 8.3+0.9" -0.91 82.1+11.1° -65.26 16.5+6.8° -2.88
Chemicals+BCAs 7.320.1° +0.33 11.8+4.5° +5.09 203.3+116.3° 92.35 17.6+1.0° 0.33
Control 7.120.3° +0.08 3.7+1.8° -0.30 157.7+135.6° +15.76 18.9+1.6° +3.63
Biocontrol agents b
7.0+0.3° -0.14 4.1+1.7 +1.37 524.1+494.8° +343.30 17.3+0.5° +1.62
2 (BCAs) only
Chemicals only 6.8+0.2° -0.03 1.8+0.9° -1.93 188.2+104.8° -168.60 19.0+0.3° +2.27
Chemicals+BCAs 6.9+0.2° -0.10 7.20.8° +0.60 162.5495.9° +15.54 16.5+2.3° -0.71

* Mean values within the same columns and the same crop showing different letters are significantly different (DMRT, P<0.05).

¥ Increase (+) or decrease (-) relative to the amount before application.

Control = laifin1s@anuansiafiuaz¥asaudl, Biocontrol agents (BCAs) only = anudidusiniuauiiiesed1ufied, Chemicals only = @anuansiadiiiieseguien way

Chemicals+BCAs= @aviuansiaiisuiuiidusiniuny
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Figure 1 Physical appearance of green oak lettuce in crop 2. Representative samples were selected from plants, of
which total fresh weight was similar to the average of each treatment. The top row shows stem and root of the
lettuce from (A) Control, (B) Biocontrol agents (BCAs) only, (C) Chemical (CHE) only and (D) CHE+BCAs. The
bottom row shows the canopy shape and leaves of the plant from (E) Control, (F) BCAs, (G) CHE and
(H) CHE+BCAs.

n13AYag YT luAu
a ' A v a o T v o . ~ ~

N1sAnANNNTARgvesTI I luAUMAIRINIAUIAYY Usingteyans Figure 3 Tuseunisnaaeui 1 wulalais
8. bassiana Tunssu3sAIvAL Fasiuel wazansiadnaudidue 1den 2.65 2.33 uag 2.28 x10° CFU/NSuAY A1ua1iy
anwuglalatzusinay dulsvwenniedviadiedeihe sumanulalaiisn . asperellum syumgludsunnties dmsy

a ~ ~ ax N o e a =~ N o ¢ A o
seuMIVIRdRUN 2 wuiiledlalatlvessn T. asperellum Tunssudsaiunu Fisue arsiall wavansialnaudidueiaden 0.08
0.35 0.06 Lag 0.23 x10* CFU/nSufu dnwazidulodonnludas 2-3 Juusn anduiduleasifoududmieuazfiden
o v A ¥ oo a a A < & vy < L a o .

ANa1iu Bnsdtanunsansyaquaeiindy 4 NUsinguuaumsielasgssiaiilussezailiiiu 1-2 u (Figure 4)
MSWUT B. bassiana gslunsnageundsd 1 isswindwdusesdanusndinesediu vn 3 Ju dulosminnsuninszany

o A d' i a = H a1 = aa A
vosuuadngitlusounsmegeui 1 unninseud 2 salufianisilanseaisvesaresniwnsdany Jseranuldlunssuisi
TallalaTseusieng

dusunisvadeuisaessou nsaaliwulalaisy M. anisopliae wazlinus B. bassiana Tudu Tuseudl 2 919
Wesnsuuawisaelalaginin Wieuius T. asperellum Meilliladawaiisuss@nsnnvesnuuasisgesiiasinzfnuay
nelspviansuuasfngigfioguusuiiy 51 7. asperellum anunsaasysivlaludulad Tu 2 ande Ao (1) an1izudadu
(competition) 31 T. asperellum \a3gyuisdulaflunisasaunsesfiegordewar emsniglududusviindu q uag (2)
annzUsan (mycoparasitism) 51 7. asperellum anansavatsutssaduasdosinelsaiy wienduldemsnieluves
snelsatiianisiaieysaly (Zin and Badaluddin, 2020; Rebolledo-Prudencio et al., 2020; Wang et al., 2022) usnainil

ST

sk ueismAvasiafiseauanuNtu ldnuin SudsTadueiluan1esssumd @onnaseiuauidevss Zhang et



KHON KAEN AGRICULTURE JOURNAL 51 (8): 702-718 (2023)./doi:10.14456/kaj.2023.xx. 711

al. (2021) sxydMsldsn T. asperellum SC102 $3ufuansiall Hymexzol ANuNtuA1 wenanliddudesdaiue dsause
winUSunalsleailessousnduding wasauideves Howell (2007) wuinmniinisld Trichoderma spp. nausauiu
an3iadl Chloroneb way Metalaxyl Anuidutuesmilsvewmann Weagnwanthenoulgn anunsaiudnsnissen uagkasy

ANULdansIvasunalanunnIldanseivseiasle e aien

Crop 1 Crop 2
20.0 20.0
A B
3
g 150 L 150
>
©
(0]
=,
2 100 - L 100
£
Y
©
fo
S
& 50 A L 5.0
=
{4
o)
(Y
i liim IiB: THb& i o
20.0 4 C D Control L 200
§ B BCAs
S
5 15.0 4 .CHE L 15.0
£
& B CHE+BCAs
(]
£ 100 L 10.0
2
Ko
o
c
o
= 50 A a L 50
8_ I
& bb I
00 - = Ilii & L 0.0
Week 1 Week 2 Week 3 Week 1 Week 2 Week 3 Week 4

Figure 2 Insect populations (mean + SEM) on yellow sticky traps determined weekly. The top row shows thrip
population in (A) crop 1 and (B) crop 2. The bottom row shows whitefly population in (C) crop 1 and (D) crop 2.
Mean values within the same week, the same insect pests and the same crop showing different letters are

significantly different (DMRT, P<0.05).
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Figure 3 Fungal persistence in the soil (mean + SEM) for the biocontrol agents T. asperellum, B. bassiana and
M. anisopliae. The CFU data were determined at the end of cultivation in (A) crop 1 and (B) crop 2. Mean values
within the same color and the same crop showing different letters between treatments are significantly different

(DMRT, P<0.05).

Figure 4 Fungal colonies in the fungal persistence determination in biocontrol agent (BCA) only treatment for crop
2. The cultures shown were from the 1/10,000 dilution. T. asperellum progression was shown from (A) Day 0 (B)

Day 2 (C) Day 4 (D) Day 6 and (E) Day 7 and (F) a combination of T. asperellum and B. bassiana colonies.
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Figure 5 Residues of carbaryl and metalaxyl (mean + SEM) in green oak lettuces after harvesting in (A) Crop 1 and

(B) Crop 2. Mean values in the same pesticide and the same crop showings different letters between treatments

are significantly different (DMRT, P<0.05).
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Figure 6 Residues of carbaryl and metalaxyl (mean = SEM) in the soil at the 1% week and 4™ week cultivation. The

top row shows the carbaryl residues in (A) crop 1 and (B) crop 2 and the bottom row shows the metalaxyl

residues in (C) crop 1 and (D) crop 2. Mean values in the same week, the same pesticide and the same crop

showings different letters between treatments are significantly different (DMRT, P<0.05).
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