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Biological control agents as alternative of chemical insecticides
in melon greenhouse
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ABSTRACT: Melon is an important fruit crop in Thailand. Biological control by microorganisms is a pest management
method intended for organic agriculture, good agricultural practice (GAP), and crop export. This study aimed to
evaluate the biocontrol effectiveness of three biocontrol agents (BCAs), including Beauveria bassiana BCC 2660,
Metarhizium sp. BCC 4849 and Trichoderma asperellum TBRC 4734 for pest and disease control in melon plantation
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in greenhouse, compared with synthetic pesticides, and to investigate clothianidin residues in melon and soil. Three
damaging pests in melon included red mite (Eutetranychus africanus), tobacco whitefly (Bemisia tabaci), and melon
thrip (Thrips palmi). The populations of the three pests on the undersides of the leaves in the BCA treatment
decreased by 34.8, 0.3, 18.7% and 66, 0.3, 8.9%, respectively, compared with those in the BCA-synthetic and
synthetic treatments. On the yellow traps, the whiteflies and thrips were found. The whitefly and thrip populations
in the BCA treatment also decreased by 6.5, 17.7% and 7.3, 21.5%, respectively, compared with those in the BCA-
synthetic and synthetic treatments. Furthermore, the BCAs also enriched the soil organic matter by 15%, compared
with the synthetic treatment, which potentially enhances the nutrient availability for crop growth and development.
For the synthetic treatment, we detected 0.023 and 1.607 mg/kg clothianidin residues in melon fruits and in the
soil, respectively using LC-MS method. For synthetic-BCA combined treatment, there were markedly low residues at
0.0008 and 0.258 mg/kg in melon and soil, respectively. There were no chemical residues found in the BCA
treatment. Our data indicate that the BCAs can be used effectively as an alternative of synthetic pesticides and
would have the potential in pest management for organic agriculture and GAP.

Keywords: melon; biological control agent; pest management; entomopathogenic fungi; pesticide residue
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Figure 1 Field site at Nakhu, Phak Hai, Phra Nakhon Si Ayutthaya province, Thailand. (A) Greenhouse size was 6 m

x 20 m x 5 m. (B) The melon plants were 6 weeks old in the greenhouse
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Table 1 The populations of insect pests per leaf (mean + s.e.m.) observed on melon leaves in plantation round 1

Insect pest Mean of individual insect per leaf *

/ Treatment Week 1 Week4 Week 7

African red mite (Eutetranychus africanus)

Biocontrol agents (BCAs) only 0.1° +0.1 3.2°+3.1 77.1% £57.3
BCAs+chemicals 0.0° +0.0 11.7° 3.1 111.9° +107.1
Chemicals only 0.4° +0.2 18.6" +12.0 143.1° +18.7

Tobacco whitefly (Bemisia tabaci)

Biocontrol agents (BCAs) only 0.0° 0.0 0.0° 0.0 0.0° 0.0
BCAs+chemicals 0.0° 0.0 0.0° 0.0 0.1° 0.1
Chemicals only 0.0° 0.0 0.0° 0.0 0.4° 0.5

Thrips, (Thysanoptera: Thripidae)

Biocontrol agents (BCAs) only 0.1°+0.2 0.2° +0.2 7.9°+0.4
BCAs+chemicals 0.0° +0.0 0.17 +0.1 24.4° +7.7
Chemicals only 0.17 0.1 0.8° +1.0 34.17 £12.4

" Mean in the same column with different letters are significantly different (p > 0.05; DMRT)

Table 2 The populations of insect pests per leaf (mean + s.e.m.) found on melon leaves in plantation round 2

Insect pest Mean of individual insect per leaf *

/ Treatment Week 1 Week4 Week 7

Tobacco whitefly (Bemisia tabaci)

Biocontrol agents (BCAs) only 0.2°+0.2 0.0+ 0.0 0.1°+0.2
BCAs+chemicals 0.0°+0.0 0.0+ 0.0 0.5+ 0.5
Chemicals only 0.0+ 0.0 0.1°+0.1 0.3° 0.2

Thrips, (Thysanoptera: Thripidae)

Biocontrol agents (BCAs) only 0.0°+0.0 0.8+ 0.2 57.6% + 133
BCAs+chemicals 03"+ 0.1 4.0°+ 3.0 78.5° + 475
Chemicals only 0.3°+0.2 4.2°+54 49.1° + 3.9

" Mean in the same column with different letters are significantly different (p > 0.05; DMRT)



UNUN®HS 50 atiufl 6: 1683-1700 (2565)./doi:10.14456/kaj.2022.137. 1690

A13ATIATULNAITEZAANIBUUNUAN

o v a

denmafudsennsuuasingiivsvezduduiovuuduiuindivdesnelindosqanssm nuuiasdngiuiies 2
vila Ao unasIvnengu uazindsll (Figure 4) lun1svnasusouusn seoznisugndUawid 7 wuussynsusasiivg
enguuazinaslwlunssnisdlitfasiitionsian fo 1.2 way 14.2 du/fudn sud iy uasnuusawsaessialunssudsily
asinfifiesesrafennnniiliFiiuita 7 wih Ao wuwuawidvinengu 7.7 f/udn uaswdslsl 203 d/fusn Tuvosd
wasillddsusismtuasiaiing wawivnegu 4.5 §/uin waswumdsll 15.3 d/fusn (Figure 3)

dmdunammaaeuUssansnmuestatsiseuiiaes nuteyauszvnsunasdngiudululufismadeaduiv
souusn Inenulszensvesisasiiveguuuiuinnamileadusdansiil 1 aunsedadunmid 7 Suautiesiigalu
n3uTBNdT R uiedafien Tnaameluduniil 7 asiawuunasivnegu 7.6 f/Audn dadesniinssuisildasiaiis
2 Wh wamuinssu BAliTtusiufumaeiuaznssisildmaadduisnunnlndifestu fio 17.3 uax 15.6 d/
fudin pddy dnsulsssnnamdsliuutudnnmmdsmuinsa Bilisueiisunulisefiaadefisuiunmissu 1
feowu 61.3 f/fudn TuvaeiinsadsilitsusisuiuansiaiuaznsndsildamsaiduuussnnsindiAsetu e 955
uag 98.1 A/AUAN MNEIRU e ludAuLAnA1msTedAYNIeEna (Figure 3) MSUNITATIVEDULNAIUUAUANATY
wilen N55aTathAngiethafsmulssnsinas i uazuaamiivnanadly 6.5%, 17.7% way 7.3%, 21.5% teuiunssuis
FdueiTiuiuansall waznssuisasiniiognafy auddy

ndeyauszrinsuasienlilusdeuas vuusufudnuandiiituin Tafasifuuldufiasmunuuaasdng
doulunnilsudou Ao launs wwasilunengu wemAslildR Suhaswunsfisduvesusasdngis 3 sialuynnssds

¥
19 o

agdaian o dUainl 7 Faduduavigarinevesnisimigdgn FeenainainanniziindeylugisdUuaindmdanuiu

v ¢ a

fusimsias Ao 80.5% wavilgunnil 27.6 °C Faduannzivngauson1sasyueuuat sduasunsiiudiuiurea

U 9 Y
v v

Angfiania 3 wilad Saunsdulussesidumdeuladun vilifiduwaslunimuneauiunisunsnszaeveuuas agalsiniy
NukLAIARsTINAvesNasingiivlulsuSeunaaeuiy laud uuamnguuaudou nquatedivibasnguuu 911U
1.33-7.83, 0.24-2.33 uaz 0.50-7.00 §/fudn Muddiu Fauuasdngsssumfvaididudnvilsledeiiavdieniunuiszans

vosuuadmsiiglaugauarliiinnsseuinaudaaidedonanineinunsng



KHON KAEN AGRICULTURE JOURNAL 50 (6): 1683-1700 (2022)./doi:10.14456/kaj.2022.137. 1691

Bemisia tabaci Thrips

>
-
'

J
[\

(e
N
o

J

BCAs BCAs

-
N
1

W BCAs+CHE W BCAs+CHE 2

[
o
1
[\
[N
o
1

oo
1
N
o
1
Q

Crop 1

E~Y
1
[\
[\
[
o
1

Mean number of whitefies per trap
o
1

Mean number of whitefies per tra

o N
L
— o
H o
E
—
©

week 1 week 4 week 7 week 1 week 4 week 7

200 -

@)
O

50 BCAs BCAs a

a
[ BCAs+CHE
W CHE

40 A Il BCAs+CHE

W CHE

04 100
i a Crop 2

20 4

10 4 a
a a a a a

0 = Iﬁ.ﬁ

week 1 week 4 week 7 week 1 week 4 week 7

a a a a a a
0 i mlen

Mean number of whitefies per trap
Mean number of thrips per trap

Figure 3 Insect pest population observed on yellow sticky traps (A) Bemisia tabaci in crop 1. (B) Thrips
(Thysanoptera: Thripidae) in crop 1. (C) Bemisia tabaci in crop 2. (D) Thrips, (Thysanoptera: Thripidae) in crop 2.
Treatments were BCAs, Biocontrol agents (BCAs) only ; BCAs+CHE, BCAs+chemicals ; and CHE, Chemicals only.
Data shown are mean + s.e.m. Different letters indicate statistical significance among the treatments (DMRT, p <

0.05).
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Figure 4 Major insect pests found in melon. (A-D): (A) African red mite (Eutetranychus africanus). (B) Chilli thrips

(Scirtothrips dorsalis). (C) Melon thrips (Thrips palmi). (D) Tobacco whitefly (Bemisia tabaci). Mycelial formation and
conidiation of entomopathogenic fungi on insect cadavers. (E-G). (E and F) Bemisia tabaci and Thrips palmi infected
by Beauveria bassiana BCC 2660, respectively. (G) Scirtothrips dorsalis infected by Metarhizium sp. BCC 4849. Bars,
500 pm.
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Figure 5 Desirable characteristics of melons included well-developed netting, succulent flesh and desirable flavor

Table 3 Preharvest loss of melons caused by fungal diseases (in percentage) in different treatments

No. of No. of No. of
plants/ healthy infected Preharvest
Plantation
Treatment block plants plants bearing  production
round
bearing a no good loss (%)
melon fruit! melon fruit
Crop 1 Biocontrol agents (BCAs) only 100 71 29 29
BCAs+chemicals 100 7 23 23
Chemicals only 100 7 23 23
Crop 2 Biocontrol agents (BCAs) only 151 109 42 28
BCAs+chemicals 155 113 a2 27
Chemicals only 150 101 49 33

" One melon plant produces one fruit

Table 4 Three melon qualities, including fruit length, weight, and total soluble solids (TSS) (20 melon fruits measured

in a treatment)

Fruit length* Wet weight * TSS! *
Crop Treatment

(cm.) (kg.) (%brix)
Crop 1 Biocontrol agents (BCAs) only 44.0° + 0.4 1.4°+ 0.1 13.0°+ 0.3
BCAs+chemicals 438" + 1.1 1.4% £ 0.1 13.5%7 £ 0.2
Chemicals only 44.0 £ 0.3 1.4° £ 0.0 120°+24
Crop 2 Biocontrol agents (BCAs) only 50.0° + 1.6 1.77+£ 0.1 16.1°+ 1.4
BCAs+chemicals 50.7% + 0.1 1.8° £ 0.1 14.8° + 2.0
Chemicals only 49.0° + 1.6 1.6°+0.1 14.6° £ 0.4

* Mean in the same column with different letters are significantly different (p > 0.05; DMRT)

! Total Suspended Solids
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Figure 6 The fungal diseases of melons in our greenhouse trials. (A) Fusarium crown rot (B) Fruit rot caused by the

Fusarium sp. (C) Fruit crack caused by Exserohilum sp.
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Table 5 pH and the concentrations of nitrate (NO5), ammonium (NH,"), available potassium, available potassium,

and soil organic matter in topsoils (0 — 15 cm) in each treatment

Chemical properties of soil”

Soil
Crop Treatment NO, NH,* Available  Available K organic
Pr (mg/kg) (mg/kg) P (mg/kg) (mg/kg) matter

(%)

Biocontrol agents

(BCAs) only

6.9° 938.4°+£328.0 145.4°+60.9 421.3°+49.6  2800°+151.8 15.0°£2.7

1
BCAs+chemicals 6.9° 1187°+345.7 117.8°+41.8  360.5°+76.0  2534°+159.6 14.8°+2.2
Chemicals only 7.0° 988.5°+164.6 133.8°+49.8  396.6°+40.8  2650%+204.0 13.9%+2.1
Biocontrol agents

7.0° 165.67+169.9 62.2°+90.2 95.2°+19.4 980°+132.6 8.0°+2.2

(BCAs) only

2
BCAs+chemicals 6.9° 97.2°+59.6 50.3°£102.2 66.9°+6.8 1091°+135.5 7.1°+1.1
Chemicals only 7.0° 113.6°£122.8 51.4°+124.2  86.1°+14.6 1126°+200.3 6.1°+0.5

* Mean in the same column with different letters are significantly different (p > 0.05; DMRT)
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Figure 7 Residues of clothianidin. (A) Residues of clothianidin on melon crop 1 and crop 2 (B) Residues of
clothianidin in soil crop 1. (C) Residues of clothianidin in soil crop 2. Treatments were: BCAs, Biocontrol agents
(BCAs) only ; BCAs+CHE, BCAs+chemicals ; and CHE, Chemicals only. Data shown are mean + s.e.m. Different

letters indicate statistical significance among the treatments (DMRT, p < 0.05)
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