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Ky m EEIFZE, LI W 55 A 12 B 75 BT I R AR R [ ik ] AR & 5 AR TR (380,
405, 425, 445 F1 460 nm ) MG, ERMNASEAT T i i 0808, 5 AT FE T 20 om, il
W), GEitd HAF kR B | kB DA R A0 R IR A i, I LR TR K Y I S A S R AR o
[AR] S ADPKMESCHEME T IHES 2 BT, ARIEKAE 50 d BF Y H 355 5
T E AR 9 380 nm (309.0 3k ) 245G, 405 nm (99.3 3k ) H1425 nm (47.0 3% ) 5%, 460 nm (37.6
3k ) 1445 nm (283 3k ) BO%; AREBAEH, 380 nm EAMNGITCBEHRNE H Bk A ERS, B HiEHW
HAKYKCH 380 nm E4ME>405 nm 4856>425 nm 455% = 460 nm #56>445 nm #5956, HERBE (P<0.05),
AR AR PR OAT O CIF RS A A 20 & LR A MEME R B (A7 LT 65% ), Forilidh 380 nm %%
SR B XM B B (253.2 3% ), 43914 405 nm Fl 425 nm 29GHY 3.67 50 8.53 £, 445 nm
460 nm BEEARY 14.72 580 11.46 5, HEFHEZE (P<0.001); HH 405 nm 256, H HFERMIRECE
(69.03k) 24 445 nm FEIEHY 4.01 fiF (P<0.05), [HF, 7EFEERIE A MKFA 84%LL LB RN HLID
Mk, AW RKMESLZMIEE E2ES . [ i8] WEOGFMEAUT IFEME R, B nTiEE & LBl
I R RTAE DM e s S5 AR R AT LA L, 380 nm AL ANGAT ST A X T v I gk A AR e R
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Phototropism of Tuta absoluta, an important insect pest of fruit and
vegetable crops, to blue-violet light wavelengths
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Abstract [Objectives] To develop a more effective light trap for monitoring and controlling Tuta absoluta, an important
insect pest of tomatoes in China. [Methods] The phototropism of T. absoluta to five different wavelengths of blue-violet
light; ultraviolet (380 nm), violet (405 nm and 425 nm) and blue (445 nm and 460 nm), was evaluated in greenhouses. The
distance between the light tube and the ground was 20 cm. The overall number of moths, and the number of females and gravid
females, trapped by light traps of each wavelength were counted daily. [Results] All five wavelengths trapped male and
female adults. Over 50 days, a total of 309.0 adults were trapped per trap per day by the 380 nm ultraviolet-light trap, 99.3 by
the 405 nm violet-light trap, 47.0 by the 425 nm violet-light trap, 37.6 by the 460 nm blue-light trap, and 28.3 by the 445 nm
blue-light trap. The ultraviolet 380 nm light trap captured significantly more (P<0.05) moths per day than the other
wavelengths, followed by the 405 nm violet-light, 425 nm violet-light and 460 nm blue-light traps. The 445 nm blue-light trap
captured significantly fewer (P<0.05) moths per day than the other wavelengths. All five wavelengths caught a higher
proportion (> 65%) of female moths. The ultraviolet 380 nm light trap trapped the highest number of female adults per day
(253.2 female individuals), which was respectively 3.67, 8.53, 14.72 and 11.46 times as many as were captured by the violet
405 nm and 425 nm light traps or the blue 445 nm and 460 nm light traps (P<0.001). The violet 405 nm light trap captured an
average of 69.0 females per day, 4.01 times more than were captured by the blue 445 nm and 460 nm light traps (P<0.05).
More than 84% of females captured were gravid; there was no significant difference in the proportion of gravid females
attracted to the different wavelengths. [Conclusion] Blue-violet light traps trap a higher proportion of female T. absoluta
than males, most of which (84%) are gravid. Compared to violet and blue light, ultraviolet (380 nm) light is best for attracting
T. absoluta to traps.

Key words light trap; physical pest control; pregnant female moth; trapping efficacy

Ttk Tuta absoluta (Meyrick)/g 34
HZ R Tuta J&, RIEFERPE ATRE Y E K
fl Az (BEFESS, 2019; Zhangetal.,
2019a ), HALHEY HR#E, HArtERE 13 4
B (HET/ARK) kKAEMGEE (REEFE,
2022), Hb— B ik 28540 B, X3k ERA (n
), KR (AR, B3k (&) LA
TR 7= R J T VA B oAb 245751
SR AR E RN ARG, SR T
B &xt 2 MR 2y 7= A T Pk
( Siqueira et al., 2000; Lietti etal., 2005; 7KkE
I%4, 2018 ), KRR 2B IARCR 2 A5
AR (PSS, 2021 ), Xb, UTAESKE PSR
2F IR T X T o v v g A T2 B TR e 1 A
5%, WA AU ( Gonthier et al., 2022) 4
(Bodino et al., 2019; Guleria et al., 2020; Zhang
etal., 2022a, 2022b) AAPEREL . ETHEFE
RIFE MK T (Vacas et al., 2011;

Cocco

et al., 2012) WAEYPIEE, HE TG/ A7
(Cocco etal., 2012, 2013; Erleretal., 2020;
Erler and Bayram, 2021; 5KHE:I55%, 2021) %)
PEBHIRTE S o

I S O G AT 615 R AR F AL
FRE & A sh 25 W K & s B 36 22 () 9 BB i
ik (b E%, 2014), JDEERFEARSUA
SRECE AR, B HEA SO SRR
ARGERE S OB MIEM 52, 2004; W BLHASE,
2020 ), TEAN[E) 2RI B X 8k i A M 4 R 7 3
PRI Hofad &, 7ELR5 B ia th a7 7R H ¥
PTF CHEEIZE, 2014; KIUMES, 2014; P
4, 2020 ). MIEEXTHAGE I, TOGHEREA

RO e AT (Cocco etal., 2012; Erler
and Bayram, 2021). CAMFRERER, &

TV I XS) AN [R] B o i ) R e PEAS ], 2R
WCE RS OB, ¥ ( Shiberu and Getu, 2017;
FRAEZREE, 20190 ) AT 4 @4 ( Shiberu and Getu,
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2017 ) Xt e im v v wk 1 5 A RO el 5 SRmT, IR
B BN, B 0N 5 I B 2 T Hi
EEai, Koy e ., HEMEE (Erder
et al., 2020), fE@M FaCEMEEL, ERE
AR XF e i v I 1) 5 S IR AR AS AR ], an
CEAVEELEN 4 FIORTR B R 175
VMY, S5 R B LA MU IE SR e, I
WoREE, MA@ (Taha e al.,
2012); wRAEZSRSE (2021) MRS AT, W
AR ISR A, YO SRR, i
8 75 s R 5 2%

5NN ), ST ARG AE Sy
GO STV N oy e i AP ST TR SRR DA
B, RO R I, JRRD, A etk
BEF,; W, JCEAWRHE, SOt RN
S, I BT LG B3R St 15 B B 26 45 ol 23
o (SFmA S, 2009 ), 5T et g2 4
R 20 om B EIE G E A BRI
Pk CREEIN 4, 2021), ABFSE ARG
KA ST A ( BT ) 1B K
VAR E, TR v i R R R RIS
Sy I FHE B I KT v S ) e i v o e
5%,

1 RS

1.1 RIEiFH

WIS TE = f A K& T 40 3% IXRU BBy GE
(N24°20'27.95", E102°3224.64" ), LiEHEAK
PR A A RS mA LA B A 7 5 b ) 3 4
AT o TR RN, AedbRHES, ARPE MK
2560 m, FALIATELZ 32 m, B4 6 m. FHAY
an RO 2% A CEARSR, PR AR R
FRIGFIAE L B2 R 1 1, PR N E TR 4
# C(BEUEAEZ, MO EAR . WHER . = RIR
HREAR, 2k 48.0, 41.5, 31.0 F126.5 cm ),
B 1 PR, PRI HEEOCR 1| 28, BREEZY 50 cm,
ZEEBEZY 100 cm; AS[R] SR AG T 0 43 XFP AR 5
DA HE 22 4838 I 3 (K IRAE , — AR 7, 4
W A R) 2 i 0 AR B 5 AR AT B K A o

( GBT19630-2019 ) (V¥ =%, 2019), AfifH
TEAa fl 22 25 7 Rk 22 A

12 RIEHR

PLES/ W AN R ORI, AN [
JCE P A LED AT, 4K 23 51124 405 nm( 5556 ).
425 nm (285 ), 445 nm ( #% ). 460 nm ( #6)

(DI 10 W) DL 380 nm (28401 ) (I
K Ap) (Th&N 12 W), HEHE 220 V,
AEHLHLEAE L . LED AT ) M TR S ARl
BHEA R THEA FI U BIHIE

KTGIFERAR T (A ). BikKE (HA
240 cm, fLJit ABS THR#RL ), bk (4 F,
BHLIEIEM T, #4936 cm. 5549 15 cm; I
R —K LIEGZ], &2 13 em 982 4 cm )
MEERKE (HRHK 34.0 cm, EEHN 3.7 cm)

(BB B 0.2%E A R 1Y SR K ) PO 4 AT

1.3 REFH*E

131 REBEIFHSF[EM W5k 5 Mol
Ko, R 1 ANERR, T S AR 1 41,
I E 2 L EE (445 nm Fl 460 nm BEAL ),
B ATICE T RN, DA TG A 1
PR R SR, B S O B T b I A 4
HOREEPY RIS HOLT 5 b i 2 B ), 75 LT
AR K £ K AT 435102 16 cm A1 20 cm;;
AFEDERE K (HEZER) M GE KT 2
B, HE 15-18 mo ARYE I HMAF B KA a8
DA O, X6 T F ih vk i ik ol R B T i (6
H Ao PR FF U I 2 i A SR SR v
M2y 1.8 m,

132 HBAEEFHHEEE &KX 19:00
KT, 7:00 AT 5 AT J5 AT ARl A 45
TR R P T S S S R BT R
o, Priser iR s [FRE, &2 d I
BB T 5 A8 AR B, IF TR R BT T
I 1) 7K 3855 HP s o o (K TR K 5 b o i i 24
lTem) HAIK (5 0.2%VE R ). ik i
WK PR s e (8 A BA)),
ik, SIELLELIHEL 50 d.
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RIS FRE % ] Excel 2010 1 SPSS 24.0 #44:
HEFTGET 30T o Ferp BRI AT AR AR 1 H
VIR , L e SR (7 EL R D R
Fb (i 28 S IE 3% 5 45 X050 d 2 HOREEEs ),
DL i -0 56 35 A 7 AN ) Ak 3L ] 25 S5 K P4
555 XPASFEDEIE AR A 0 H 205 0 L 15
A5 1) O RS L T OB R 5 R e 4 e A A
W, VAR ZE I 2250 B/ Ne #2515 ( One-way
ANOVA, LSD test) #E17A [F] &b 3] 2% 5K F

WV, o

2 GRESH

2.1 AEFEHE B A< I 28 e AT S 1 1 B8 0 15 i
BE

P[] 375 i B pe i A A 45 SR e, SRl
Kb 380, 405, 425, 445 Fl 460 nm 115 £5564T
SeiEm A, 50 d B9IE H BITE R B R
0.5-1 172.0. 0-359.5 . 0-244.5 . 0-120.0 F1 0-197.0
k(K 1. A), 50 d (9 H B EES BN
(309.0+43.9). (99.3+14.9). (49.0+8.2),
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(28.3+4.3) F1 (37.6+6.4) 3k (K 1: B), 5Fh
BERMIDOLER G AR S EEAI R ES
(P<0.001 ), & H x5 00 55 53 #r 45 SR 3=
B, KA 380 nm B9 SEAMELT Y E A RI# 101758
MEfZ (380 nm vs. 405 nm, t=5.783, df=49,
P<0.001; 380 nm vs. 425 nm, t=6.524, df=49,

P<0.001; 380 nm vs. 445 nm, t=6.928, df=49,
P<0.001; 380 nm vs. 460 nm, t=6.740, df=49,

P<0.001), H¥XH 405 nm [H45% (405 nm vs.

425 nm, t=5.939, df=49, P<0.001; 405 nm vs.
445 nm, t=6.030, df=49, P<0.001; 405 nm vs.

460 nm, t=5.329, df=49, P<0.001 ), F5-¥X 4 425 nm
(1 58 56 460 nm AYHEE, T 445 nm #EGAYIE K
M f/> (425 nm vs. 445 nm, t=3.224, df=49,
P=0.002; 460 nm vs. 445 nm, t=2.030, df=49,
P=0.048 ) (&l 1: A), HEFMSESITHrd
Ryt — KW, KN 380 nm AEESMEETEE
WAk R, B SR T HA 4 MR
O, ARl 4 AR 311, 6.31, 10.92
F18.22 1% ; HUH 405 nm 40E, HU B KT
445 nm A1 460 nm 1Y ¥ Ot ( Fg245=30.266,
P<0.001) (&l 1: B). M 380 nm My EEIMEH
405 nm B LR AT EIHAH AR5 A iV i
HIWHK
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1 5ARESEIRK KR E L SEAT S F 8 30 H A e R =
Fig. 1 Number of trapped Tuta absoluta adults of five different wavelengths of blue-violet light traps
A S ADLBRRATGERAR A9 H AR, BI5GB R AN R AT e i ] 22 5+ 2. 35 ( P<0.05,
SR D05 ); B. RENRRITDC S H A GRS AR DR, n=50), & EARAAR/NG FRERIR A
IR o] 225 B3 (P<0.05, FANZR I 2200 f/ D 2E0% ).
A. Number of trapped adults per light trap per day of five different wavelengths. Different lowercase letters indicate
significant differences among wavelengths of light traps at 0.05 level by paired samples t-test; B. Number of trapped adults

per day per light trap of five different wavelengths. Data are mean+SE (n=50), and followed by different lowercase letters
indicate significant differences between different wavelengths of light traps at 0.05 level by one-way ANOVA, LSD test.
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22 FEI BB A BB 2R SEAT S 55 76 25 Xt e
W 0GR A B R AE A

XoJ T[] ] At R A5 114 0 s AR e e 5 i 4 ol
Tt o, 45K, HEEHRITMEERKA
(7], X 2 T I o o 2 o R P R R 2 S I
F( F4245=30.601, P<0.001 ), H:Hp 3 K4 380 nm
B AMCITYCER AR B0 H 27975 e i B e e v
i (253.2438.4) 3k, 415124 405 nm Fl 425 nm
2 445 nm F1 460 nm TG A H 755 M
IR Y 3.67 5. 8.53 fi5 . 14.72 f5F1 11.46 £,
H2ZSWHE (P<0.001); 405 nm 2856 X} M ik
HE A T BT 445 nm #55% (P=0.044 ),
5425 nm £CH 460 nm WG Z A LR EER

(P>0.05) (&l 2), [FEF, 5 BT A B A AN TR0
e T30 VR I g A o, H ) S AR AR N A R L 2
5t (Fy045=13.708, P<0.001 ), Hrh, JK K 380
nm SLAMEKTIEIE AR 09 B 25975 4 e ek 45 i
i, M (55.6£8.2 )3k, 439l 405 nm Fl 425 nm
251, 445 nm A1 460 nm WOGIE A H 2%
e B Y 1.84 %, 2.88 fiF . 5.02 5 F1 3.57
¥, ZSWIE (P<0.001); 405 nm 2856511
WA AR VE A 2T 445 nm (P=0.005) Al
460 nm (P=0.032) #5, A5 425 nm £
)G 2E5 (P>0.05) (K 2). 1A, JCigk
ANV A B LT 6375 31 7 X 7 i e o M
FE T A S B B T R (e vs. A
1. 380 nm, t=5.859, df=49, P<0.001; 405 nm,
t=4.740, df=49, P<0.001; 425 nm, t=4.156, df=49,
P<0.001; 445 nm, t=3.444, df=49, P=0.001;
460 nm, t=3.249, df=49, P=0.002; KX % t-0
55 ), MEPE R AR S o M R Y 4.55
5. 2.28 f% . 1.54 %5, 1.55 f5 0 1.42 15 (1 2);
TESA A A st b, e ol e B L
F 65%, HAPK R 380, 405, 425, 445 Al
460 nm A5 A5 175970 1) S 1l o 50 L 491 53]
H 81.4%. 70.9%. 66.6% . 68.7%H1 67.8% ( &
1: B, Bl 2), XEH, BB E
BV M B RO ARROR , HO E I 1Y 5
AR WAL T, 38 B T AR
W5 By i

350 -_*
m M Female
300 a

Ok Male

N
S W
(=

*

(adults/d/trap)
—_ ; N
(=}

(=]
(=]

b * *

*
i Pbepy ¢, by
|—I—| i.l—:EI iul‘l ..lg_:—l_l
380 405 425 445 460
FEHATHR (nm)
Light trap wavelength (nm)
B2 SARERKEZNATHIFHEENS
7 7 I e i £ M B S R M 2
Fig. 2 Number of trapped female and male Tuta
absoluta adults of five different wavelengths of
blue-violet light traps
gl P bR iR (n=50), A EARA
ANTRY /NG FE SRR AN TR 11 375 4% 1 0 1k
B 25 W3, A AP Db RR AR
WA TRIZ R (0 e R i 22 52 0 % (P<0.05,
BN R T 22 i/ N 35 2515 )
R T[] A I A 6 ] 2 S . 25
(P<0.05, HUXECHE t-15 ).

Data are mean+SE (n=50), and followed by different
lowercase letters indicate number of trapped females
significant differences among five different wavelengths
of light traps at P<0.05 level by one-way ANOVA,
LSD test, and followed by Roman letters indicate number
of trapped males significant differences among five
different wavelengths of light traps at P<0.05 level by
one-way ANOVA, LSD test; * above the horizontal lines
indicates significant differences between female and male

adults at the same wavelength at P<0.05 level by
paired samples t-test.

2.3 FARXBEKAIEESATEFE HAF X 0P
e Y5 R AE A

Xof T T ] A R 174) S K 170 460 DAY D0 AT 2
BIRNGETo3#T, a5 WoR, ARRDCHE K 152
HITCFER A ANOE R T — 0 BE Mk, i
L AE AR I 100 e v A 2550 R A ) 4 B o
61 50 ik 5 U XFE 84% L) I, KA 380, 405,
425, 445 Fl 460 nm P54 AYH B E 8 & LS
i 86.6%. 87.5%. 88.2%. 86.1%F1 86.6%, H.
ToHH B 25 (P>0.05) (& 3), %P 380, 405,
425, 445 F1 460 nm A 1YW ZOCKT G ER X
e v i A R AF B TR VE R .

W
(=}

HEsE (Sk/diEHAS)
Number of trapped T. absoluta

(=4
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Ratio of pregnant females

0 380 405 425 445 460
FHUTHRK (nm)
Light trap wavelength (nm)

B3 S5AAREKEIKHEE AT F R
Xof 2 7l 7 P Y 0 D K o
Fig. 3 Ratio of pregnant femalesin trapped female
Tuta absoluta adults of five different wavelengths
of blue-violet light traps

P&l Bl R P AR EDR (n=50), HE EARA AH IR
INEFR R RN K FE R AR RE (P<0.05,
BRI BT/ N R 21 ).
Data are mean+SE (n=50), and followed by same
lowercase letters indicate no significant difference

among five wavelengths of light traps at P<0.05 level
by one-way ANOVA, LSD test.

3 itig

FenrEIRE A Iz AR, FhR T AR AR
FaETE 1.10x10°hm* [ (FAO, 2022; WLHHR
H™, 2022), HepLUgEE . W48 RS, .
VLN o S 7R S i o 3 et AT 1 2 B2 X
ByCRRZE G, 2022), CRCR YA REE
Sk i R A AT, RS BRI 7% .
TR E TR KRR, AR B
ST BB Tt . iR, nT
VERAK R BAE B AN EENATAEY, L
FEA MLEE SR P 3 FpAe . BRL, i
1 b7 76 LA IR A - B i) A W BT 6 I W B B 6 45
SR Bl H AR TR o AT o AU R HUE R
P A AT TN A A ) T R R Y A i
Z—, Mk K oE g B HE e i e BN
(EWFE%, 2016; A, 2020), RHAY
Tt AR ) X AS ] 38 4 ) D'/ i U P TR AS AR
] (RESCARSE, 2011; WERAE %, 2016; LM
2, 2020 ). QNARESY HUBG T 333 nm (584N i
AU B PERGR (TAARAE, 1974); BRE
KA 405 nm £GHHm R (B H %,

2010 ), ASCHRETFIRHEEZFSE (2021 ) AORFTRSS
T TS A8 S A8 L O T H 1T ) 4R
KEEH GEHRATIEMIGY 20 cm), JFEARDE
WA B W 52 0T 5 2 X e o v o 0 5 4
RORIAESE , S5 R EIR, WA 20 T F ik
-k B X S 380 nm (£ AMEAT G 2%
ryEa PR, H YR s (L 59.1% ),
S HA 4 PRI 0 SO TR 475 e Y
3.11-10.92 175 ; HKN 405 nm 255k, ks TR
UFRBAEROR . ILAh, KA 380-460 nm 1Y
LOLKTEFEMATA AT DS S, i85S T
v HCAB A g C ek 5 EEoA 66.6%-81.4% ), H:
Hr, 380 nm EAMGIHER MRS LR, O
81.4%; JFH, 7EHER MM T ILA 84.4%-
88. 2% AN HL IR Wik . 7% 25 SR Xt 7243 1
KT G o = S P AR AP b R v i, DA R
RECR BBV, B EE AT 5 2 SO S
A
KT 6175458 78 6T 2 730 T 0 75 el 205 S 1) F 5

IR R, HF SRR HOARMFE . W de
Oliveira 5§ (2008 ) LISEANZRLT . SRAMESELT
( Ultraviolet black light bulb, BLB ] ). H#¥#%
BT ( Grolux 4T ) M1 H YGKT % A5 15 (4
FRAT BRI AR ), TEOR I HO T RIS AR 1
TEINFSY, S5 0E3RIT, SRAMIT X 25 i v - gk 1l
SRR AT (5 2 082.5 3k ); Rk
BLB 4T (/5 1 389.3 3k ); Sridhar £ Kumaran
(2018) LATEIGAT (TR 15, 40 F1 60 W, K
RN, EEOE LED 4T (8 W, K 400-
450 nm ) FIPIEEITEELT (10 W) AJBIE, Bt
FEVEN TRFE B AT W6 (390-700 nm ) ATHGIE
fiidy OKGEL) WBHTER, 45RExR, U
R 60 W IR B KT XT3t v - g 7 e i P
R (5d ik 2953 3k ), HIRN 8 W )
W5 LED AT (5 d 53K 2 204 =k ), Erler Al
Bayram (2021 ) P AFTBHRGHIAIATOE (20 W
LED 4], K G 350-400 nm ) e ( Fx
ecosav-D1, FMINAUZ HL R ) ZELR- 3 b Jie 175 gk
BT, SRR, A EREKZ TR
VA0 51k 53.8 SkA 58.2 3k, A2
To Lo MAREE LA 5 ARG B 0 5 00T
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BT RIF RN R S R s, &
TP I I R I 380 nm B R AMELT G R
A MR, SRR e o S AT
WA A AR AR E, AT RE S5 AT R B K
CIERARHAERINEAT/HELT vs. 380 nm 484
JCAT ). PR OGRRER B (P R A S AN AT
BOGAT vs. 380 nm EEAMEAT = DIFAHI/60 W
vs. 12 W) SFERAEA S (BBELBIAE, 2020 ), it
A, IR] R85 AN [R50 5 FH 375 HURT ik
KOG EIARASE, U Sridhar 1 Kumaran
(2018) MBFFEIFARALE EIMCT

B piaer: BA B 225, H2%5
PSR A i R HE PR RO 5% ( Garris and
Snyder, 2010 ), 4n3% [ 1% Hyphantria cunea( Fi
i KT . AR R BT R 2 R A5 AT
e HORUAE B EAT 530 1 1110 1210
1:3.03) CIEEFA, 20005 REHE, 2002),
$EFEI Lymantria dispar ( BE56GAT . HOGKT FI
PR HAT, A0 1:35, 1:2.1 fl1:34)
CRIRDFSE, 2005; R4, 2007 ). i K
% i Spodoptera littoralis ( & ERET, M 1:1.2)
( Yathom et al., 1980) %5; JRA i B RIS
e R O R MR R, a0 —fkEE Chilo
suppressalis ( #iffR A AT, e He B AT He A5k
6.5 : 1) CIRRAFBEALE, 2005), WM FAKIE
Ostrinia furnacalis ( XU IEHRLT, A 1.3 : 1) (F
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2020 ), BEAN, KTOCTEAH S AR R R 1 R
e R E AR TR B E 2 A ( Braverman and
Linley, 2003; Venter et al., 2009 ). /% if
Culicoides midges it fi: Bt 3= 2 4 ) 8¢ g AL G I
I AR T L e B AL IR ( Braverman and Linley,
2003 ), Sridhar 1 Kumaran (2018) L 60 W [
HOGITH 8 W BY# LED 4T GiA o ( B
FER SR, K AR B ) X 2 i v gk A 7
5L, 5 d EGHEE R 2 953 SF 2 204
S, HMESK 5 U A 46%. DL K 350-400 nm
(AN 45% LED (20 W) 4IGiAMRY (BHm
FEZ) 1 m, ) X Feonhi v i kit A 7 ()17
R g, KA 2 I R =1 15 i i A i oy
53.8 SK/AFHAR A 58.2 LA AN, MEME &7 Loy

o} 52.2%#1 51.6% ( Erler and Bayram, 2021 ),
AT A AR T BE S 25 5 (ORRD, i
e ok 5 Ol 0-20 em P8 T 2R i R A8 Y
Bt sm (FRAEEZRSE, 2021), BEATGIARAS
FLHETON BT Hl T A AR HR K S (35 HUKT R b
2y 20 cm), AMUFER] T = LA HEM: LR IE
R T eI R dL, H DL 380 nm 1Y%
HMCET G 2 5 AR SR e A o i L f3) i o
6L DI ME B R RS AR, T RS A AN T g pi
B 3 b T AT FORAE A S PR (k254
2021 ), LA fE et A R 460 B e R RATRE 18
XTRARAL SR 1ol P BT 58 A ¢ ( Braverman and
Linley, 2003 ),
AHIGE iR LA B R S AR A X
b [E) 95 B . J00it) e e A o, A
B PR 5 AT BB RCR BA HEAEH , X
HT R A EEHEA B SR L, JUHEEK
TR LB B s XD R R PE L X, DA TR
FHAE B AL F 1 i 005 HOAT 1A T 7 i v o gk A
FpGE, N EN RIS . [FEF, LED AT
AIDGTE I B, NSO 3 HUA o e e A 2 1%
BN £ L], B BA T RERAL . F vy
K ARG A5G R NEE 20 (]
&%, 2020 ) 117 380 nm 5 AP HUT R F
0 %) T ) AR R RIOR (R iE gl . R
) anfe], XTAEERAR R S I VERE , AT I —
AT B 5 A DG A H RO B i) 22 S AL
(EIERITRE ) . BIREEM . ABE R/ R ES
WL MR RESE ), AN DR, 25
S KT8 T onfi v A R AF S A OR (de
Oliveira et al., 2008 ), R IZBITEAR L 1 55L&
KT BAR P /A R, (A L 1 22 51
28 LED 4T (41365 nm ) 5AWF5E 380 nm AYLE
HhJ LED AT 5G4 e B RCR AH L 2005 20
%, v HEEE . A, AR TS
WA R R A T T, RALDENREE
HARBBLER SR, 35 BT AE D8/ ) 3
PR B[R], A IR 2 2500 R R S b vk
R (BHSE, 2020), L, fT6iEMS 0
o7 FH i HE 2 7 o e i FH A 5 B A FH B L%
RECE B/ R A s, e gt — 200 .
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