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ABSTRACT

The insect frass fertilizers are considered eco-friendly fertilizer due to their low heavy metals content and
adequate contents of macronutrients, secondary nutrients, and micronutrients. Protaetia brevitarsis larval
frass (PBF) can provide nutrients that contribute to increased crop productivity. This paper presents the
determination of an optimum application rate of PBF for ginseng sprout growth in commercial potting soil.
Ginseng was seeded in four different media including commercial potting soil (control), a mixture of 10%
PBF, 30% perlite, and 60% cocopeat (PBF 10%), a mixture of 20% PBF, 30% perlite, and 50% cocopeat (PBF
20%), and a mixture of 30% PBF, 30% perlite, and 40% cocopeat (PBF 30%). The results showed that
germination rates for all PBF treatments were significantly higher than the control. Additionally, plant height
and leaf length of ginseng sprouts were significantly higher in the PBF 20% and PBF 10% treatments
compared to the control and PBF 30% treatments. Electrical conductivity of the potting soil with PBF was
significantly correlated with plant height, stem length, and root dry weight (P <0.001). These findings suggest
that applying PBF at a rate of 20% is ideal for promoting ginseng sprout growth in commercial potting soil.
This study on PBF shows promising potential for ginseng sprout production and its use in high-value,
eco-friendly processes.
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PBF 10% PBF 20% PBF 30%

Control

Growth of ginseng sprout by £. brevitarsis larval frass (PBF) fertilizer. Control; commercial potting
soil, fixing 30% perlite and adjusting cocopeat quantity in 10%, 20%, and 30% PBF.
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Introduction

AIA 2172205081 1002 goll o5 2 0= A g=H AFEAE s8] Hlsiie AHd B ouA] aade
i=0]11 2] 75 Hio| @ 7|HE 51 A A2o] =5t} (FAO, 2018; Chen et al., 2020). S5 Thild g-7=ko
2050'F0] =H HAETF 75% oV S7Ioto] vl T Atk 917t A8 atdo] /et E Zlo g Al

(Berggren et al., 2019; Houben et al., 2020; Nikkhah et al., 2021).

B utoBELZ] (Protaetia brevitarsis )= PR ES EOIQEF= W F26H =71 7 Hof| A Alol= T el s 2252
ofa} 2o, EF FAIE, A2 AlE 2H, & i 5 Rt 1714 FAES Mol = it (Kang et al., 2005;
Tian et al., 2017; Wang et al., 2019). S3Hlo] Z52] {52 Thld glefo] Rl 3}, 7 A9k f% A=
o} e 52 A d Aokd B S ghaote] AF ok g 2% 8%} (Kang et al., 2005; Yoo et al., 2007; Lee
etal., 2016; Wang et al., 2019; Ham et al., 2021; Zhang et al., 2021). Z21/J0] 735}2] ¢¥al dAlgko]| wol v Ad-E-9]
AZHIAYEES- 1,705 ton X 0]™ (Kim et al., 2020a), SFET}H-G7|&E g5k =11 (Li et al., 2019; Wang et al., 2019;
Wei et al., 2020; Joung et al., 2022b) Sa<5 &eFo] Wol Al-gof| k2 m]of|7} ¢tk (Joung et al., 2022a). ~12] 1 ALY
gzl f714d FARES wofiskne 714 Q HHlsh g glo] viz 7Rl E-8e 4= Qltt (Zhao et al,
2021; Xuan et al., 2022).

AR Q1] =8 AR QNARLY, A Aol &, Eeluls 55 Rhrstal Jlom, itsl, d5, 3, T
3}, e 52 59| Utk (Chae et al., 2022; Mun et al., 2023). AR 2% S, Faf JUE 5220 Q
o1} FE5l WA 7|&o] %Al QAT (Choi et al., 2022; Song et al., 2022, 2023), OFHZIQ1 AYARS: QJ5fiAf=
Ao 4 7o) Wtk

2 A= AR AR ALES f1ol IR ES} HefolE 2RPIE FAE] SHo R ARS

o

)
10%, 20%, 30% =22 37olo] FES] §A UL 5714, Gt o, A sS4 55 dEsIsth

Materials and Methods

HE ZAYH AR AEE Sl AESRI QW A-EAES tiET (control) = ARESHIAL, AFES] AR
EC %k 21251 (Kim et al., 2023) EOIZR 2 10% + H2o|E 30% + T 5T E 60% (PBF 10%), 58]
ZEZE 20% + He}o|E 30% + I E 50% (PBF 20%), SHEFOIZE2E 30% + Helo|E 30% + IF0E
40% (PBF 30%) <=2 2|5ttt W A8 E= HEjo|E 30%2F AT E 70% = /g o] Lo, Ay
wah e F24 0% Helo]E FIRe 30%2 1175k (Tlahi and Ahmad, 2017) G 352 ol 2lduto
EEAES 10%, 20%, 30%2] vl&=2 715tk

—_

SAud  Sutol 2R o] R R S e RN vlRo] BAAATY 2 ARAR71E
(RDA, 2022)°] F5}o] BA51At Aol Akt $17uto 222122 Table 17+ 20] A4 1.81%, AT 0.59%, 2
2 1.31%2 @A) 3.71%2 SF-371 20| 0] B3 AR Hrh Uokon] (RDA, 2023), 2417 42l E Al

40% <201t} (Kim et al., 2023). 2158 o[ 2R 10] S5 9FF2 Table 22} Zo] 715w EH U 5ol 5 oll2]
T asy @l vlol uil-- EATHRDA, 2023). A @l AR B 5287 EYReEATH (NAAS, 2010)=
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A-goto] A5 AE S| pHR ECE= S0 2 Aot 775 1:52 1 A7+ X% 3 pH meter (Orion 520A pH
meter, Orion Research Inc., Boston, USA)2} EC meter (Orion 3STAR EC meter, Orion Research Inc., Boston,
USA)E =745 3k HAAS glo] 7151t 8 AU T e} =52 100 cm® A2 Fo|E o] &5l AES 1/3
A 22 wf ufch WSt o] Boj|A] 43] A 7PEA FEE|WA 215191, Zepd o 2 BAsl

Table 1. Selected chemical properties of Protaetia brevitarsis larval frass fertilizer.

pH EC T-N P,0Os K,O CaO MgO Na,O Moisture content
(1:5,v/v)  (dSm™) (%) (%) (%) (%) (%) (%) (%)
6.0 1.66 1.81 0.59 1.31 1.18 1.12 0.08 48

Table 2. Selected heavy metal properties of Protaetia brevitarsis larval frass fertilizer.

Fe Mn Zn Pb Cu As Hg Cr Cd Ni
(mgkg") (mgkg') (mgkg') (mgkg') (mgkg') (mgkg) (mgkg') (mgkg') (mgkg") (mgkg")
259 195 41 0.02 215 1.93 0.002 1.7 0.09 4.0

THHHEEE  SIgElo| 2R A RS SRR JES] atE AESH ] Sl Alesrd FElE Aol et A
=97)4Y S8 EATA AU ARSA] (35°22'64"N, 128°12'37"E)ollA] ARR1ARS: Aulstdch. A=A (52 x
36.5 x 9 cm)of| AEES 20 LA A1 194 BARS 151] 5 x 9 em 7HA 2 & 365 o]4st3a, Al 717t 52t
LLE=20+2°C, FE= 60 + 5%2 T2]otet, WA 335 (PL-L 36W, Philips, Nederland)-& A-8-61o] AU ARS:
A 5 =200 pmol m”s™ 2 F7HOAITE oRZF15AIZEO 2 FAJ3Th Al @t el o] | syHE.0 2 4-afa}
o, o)A F 20U 45T

0?:
_>.:
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ofr
rh
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o[oll
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olr
iR
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ATZEALEA7IE (RDA, 2012) 0] whet AR 4-817]
B, 9=, 3T} SPAD 7 (SPAD-502,
Minolta Co., Ltd., Osaka, Japan)= 578531, Z[ohi+= 78t AA| 52 ZALSHITE ARl 52 SAS

Haiget

Results and Discussion

0

Lol

SRR ARE EdHleo] ThE AR olafela] £/ Table 33 Zrf. AHo|ZEFAE S/l 571

i=]
ol-_rE/ﬂ-_E,_J pHﬂ'E Zr

F-2 S 7 ok 74 Fol it £ PBF 30% #]2]7-= pH 5.8, EC 0.60 dS m™' 2 tHZ pH
5.6, EC 0.14 dS m™'of| H]3}| {04 0 = =7 LrEbdth (P < 0.05). 2= A 2}7-2] pHE 5.69114 5.8 R 1= AR

A

™ (Joo, 2021), EC Zt& Q1A o]l A3t 0.14 dS m o4 0.60 dS m™ <]

A S S1ol Hetol ELL F A n| Eof| o] 2R A RS Sol’t
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OIRFA|E EFAE S 2 A EGATE] HIol pHz 0.4 W1 ECE 40l 68 B Wtk thaTot 3

et 2R R & A7 AFES] G4 = 0.12 Mg m~of|4] 0.15 Mg m™ 0 2 ZPAAA 2| B3 715 A4E2] 0.10
Mg m”oflA] 0.12 Mg m™ BT} ofFF 352 $-320] 91O} (Kim et al., 2023), ARG 7ol Atet 84U 0.12
Mg m” 2} ARSI (Park et al., 2020). AR IS 2l A E= B71/d0] £ 41 B-fEo] Holup vlF:
o] 7pHfJof 1=t (Joo, 2021), F=E-2 85% OV, = H-A22 60%14 80% F=rt A& A5 H3tstct
(Abad et al., 2005). & oAM= AFAFES] F2E0] 95.3%0N4] 95.6%2 21431 2po]7t ¢lo).om, =] ¢4
& AJE 0| 83% FEH Tt =7 YeRt E2] Al 2702 S5kt (Kim et al., 2020b). 1231 PBF 30% A&7+
ozl vlal 71ggo] FolH 02 ot (P < 0.05) AWARIA Fialol] Abag-gat vig=3-gell f2d A0 2 wicts]
%At} (1lahi and Ahmad, 2017). 42 A|of|A] SIEtol 2R 2 72 gt go] FoldaR JES] 71d&0] woH =
ZAE B, A0 ER IS MEAFHIE Thdsk=d] a1 A o & UHEpT

Table 3. Physicochemical properties of commercial potting soil for raising seedling of ginseng.

Treatment' pH EC ! Bulk denjity Porosity Gas phase
(1:5, v/v) (dSm™) Mg m™) (%) (%)
Control 560 0.14d 0.12a 95.6 a 55.5b
PBF 10% 5.7 ab 0.29¢ 0.15a 943a 54.4 ab
PBF 20% 5.7 ab 0.44b 0.14a 94.5a 59.6 ab
PBF 30% 58a 0.60 a 0.15a 94.4a 63.4a

!Control; commercial potting soil, PBF 10%; a mixture of 10% PBF, 30% perlite, and 60% cocopeat, PBF 20%; a mixture of
20% PBF, 30% perlite, and 50% cocopeat, and PBF 30%; a mixture of 30% PBF, 30% perlite, and 40% cocopeat.

*Means followed by different letters within the same row are significantly different at significance level @ = 0.05 according
to Duncan’s multiple range test.

ST AR SR A E oI AR 55732 Fig. 1 % Table 49} 2. S13Hlol 272 Sgjt
= A7) Foka-2 98%01141 100% 2 A 87%] Hloll 54 0 2 =9k (P <0.05), |23+ Aik=Kim
et al. (2023)0] ZAAA] 2 ES &S 749 EC 0.41 dS m™ He]o|A] Sok&0] 7P =311 EC 0.67 dSm™ o d 7
§ Eohgo] Rolth= At fARHI:

(a) Control (b) PBF 10% (c) PBF 20% (d) PBF 30%

Fig. 1. Growth of ginseng sprout by Protaetia brevitarsis larval frass (PBF) fertilizer. (a) Control; commercial potting soil,
(b) PBF 10%; a mixture of 10% PBF, 30% perlite, and 60% cocopeat, (c) PBF 20%; a mixture of 20% PBF, 30% perlite, and
50% cocopeat, and (d) PBF 30%; a mixture of 30% PBF, 30% perlite, and 40% cocopeat.
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Table 4. Effect of Protaetia brevitarsis larval frass fertilizer on the growth of ginseng sprout.

Treatment! Germoination Plant height Leaflength Leafwidth Stem length SPAD Root length R:\(]);g;tsh
(%) (cm) (cm) (cm) (cm) value (cm) (e plant™)
Control 87 b’ 12.1b 39b 1.8 ab 6.4 ab 289a 102 b 0.62 a
PBF 10% 100 a 144a 48a 22a 72a 282a 10.5 ab 0.63 a
PBF 20% 98 a 14.6 a 50a 22a 75a 29.1a 124 a 0.69 a
PBF 30% 98a 11.8b 40b 1.7b 5.7b 28.1a 11.1 ab 0.65a

!Control; commercial potting soil, PBF 10%; a mixture of 10% PBF, 30% perlite, and 60% cocopeat, PBF 20%; a mixture of
20% PBF, 30% perlite, and 50% cocopeat, and PBF 30%; a mixture of 30% PBF, 30% perlite, and 40% cocopeat.

*Means followed by different letters within the same row are significantly different at significance level a = 0.05 according
to Duncan’s multiple range test.

Z01209 T 7] AR PBF 20% A277F 274 14.6 em, 978 5.0 cm= 7Fg A 3147, PBF 10% A2

=27 14.4 cm, B4 4.8 cmZ TS £0]3.0H, thZ2} PBF 30% A 2]7-= 722 © 2 ZIt} (P < 0.05). PBF
20%2}+PBF 10% #]2]7-9] EF-22.2 em, 372 7.5°114 7.2 emE PBF 30%2] 1.7 cm®} 5.7 cmol| H]sf| 242

ZAJcH(P<0.05). A PBF 20% A 2177} 12.4 cmZ 2 10.2 cm Roh-qo]A 0 g2 Z19l om (P<0.05), &
O] SPAD ¢}t 52 B= A g tellA] 522191 2ol 7t QISITt. of=2]eh Ah= Yu et al. (2018)°] Q14 Afulo]] 2t
SFEC 352 0.5 dS m™' o)™, 23113t 7 A-grof] HAA Q1 Fakg w|XIrh= A7t Kim et al. (2023)0] ZAA A 2=
= JEo| 236lkS W EC gte] 0.41 dS m™ W&ol 71 o] efasirtar B gt Autet Ax]stgiet. 21394t
OEF AR5 A2 FE O] EC glholl W& ApRIe] 24, 74, T5-9 A5 27412 Fig. 29 Aok ARG
o] 2| BEAT TAHE EC 7+ 272 0.31dS m™, 38-20.39 dS m™!, &5-2 0.46 dS m™' 2 & L}ERdY,

20 12 1.0
y=-68092x2 +4229x + 8.48 —
y =-454x2 + 356x + 067 - Y= 2672 + 244X + 014
r=0931" S8 r=0.908%
=15 o 9 r=0034* e
E o ‘é‘ o
S 3 o @ m
%; £ s 0.6
@ 10 © 26 E’
1]
-t - o] = 0.4
g E -
~ [+]
o g o 3 &=
= 0.2
[=)
x
0 ! : L g 0 0.0 . .
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Fig. 2. Relationships between plant height, stem length, and root fresh weight and EC values of commercial potting
soil with Protaetia brevitarsis larval frass fertilizer.
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Conclusions
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