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2. FREBRMEELVBHERTITAF, = HEK 674400)

(4 FE] XHORRIRAR LI | A R LED SRRRRS 3 AN S Fh B R0 78 R RS0, U8 71 R 2%
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UERRFR, 5. SEAMR . EEFEOR LED JEHRANIERS 3 SRR AR TR R R Ml F =

RS, FHNUKREhE AR E R &8, T WF o0 F W] L4 to 7T LUSR 55 782 Fh 1 3 b 1
TR MRS . 7R B R ISR UV-B RS PR B AR 2R R 2R R R R R
HIEA R, FRBF UL RSN R AN R AR R R R MSOR AR 2 R, HERERA X T
SRHMNRAL B LR 1 B BT R A SR A.

T FE U R AE ) RO, BRI B ROV, . AR, DA RN, — M idd, 38 45 1 T A A i
AL FRAT DL R T A BRI, TR AR, SRR RN T R R R R, A AL
HIGH O R R AT R R RS RSSO A R E . SRR BRI B, R A B AT 3R
BT R 2R, IR AR, R R B, R DRI SR T k. A, R
ZRAET TR, S [RINHR E FE IA BE X 4 K TR A R R R4 B A K R O S 3. SR,
BB BE T aE TR, AR AL PR B AR T 0 R LA I RIVE R, TR R R R A
PEETHC IR A5 F, B, XS5 RV RRAEE —E AT E . T AR 45—l LUE t, A FHE Y
T~ W R R AL B S LN [ Ay T B VR R R AR AR A AL PR A R R, AR S T —
FR AR B 1 8 75 i Ak 3

LG E A SR SR T R, ZARRTARIR. X TS BRI R, 06T # R T
KR, MU B TR, XI5 % R, 6B N2 ARR 0 & pemdl, HiA
SRR RS EMERE. HEED R, B, . B RIS E MR8 & TGV B, TR
BT TR TR KRR R A BRI E . 5045 BE ST R B £ At P 0ok H i
I, BHRNT R 2R AR . MO T BRI, B0 HOR A A Ak B A A 3
FhTEE K. BAEZET RIARFEDEF R T R MR B, T H ATE R A T LED ¢ iR B
FAERI T R O WESE A

ARSCAR FHERANR . B IR LED S RS0 R V% AR AP 17 R 2R 008, Bl AL By vk BT 4
TERITE, 2 THEAR, ST RAEF SRS, HAE R ARl A BEAH G 8 Gk, i A2 e 98 25 ().
ARYIRE R IR L, F R X 3 AP E N A I B aE A E R RN S, BTE N EAEH R e E L
ERRAIESZ . A R N BT R RGN ENER, it P IRR AR T R, &
Ry A 2f a0 S 3. R FRBARIRT k.

1 #REHZE

L1 R A 2 &

AR BT R AR UE T 2 o 48 8 DB 1 36 M A e L i 3 1 [l Sk dtby , 7ok B HHTE) B AR 42
MR REAEIEAR, WML, FHRPA R, RS S R, T B SRR G AE TR A IR K 4R L
T, 3~4d )5, FEREFREERE . REMT. RN T RIS EEAR AP IR R S Y A P S0 .

1.2 XE%it

HAhFHICREK s BT, B KT K o345 . BEE 3 FhELAREFP 145 50 Hi, 7E 10% YRRV
HR M S min G, FE KPR 3 Wk, bR 3 RER. RIR I 3 M EAL R AT

1) SRANAALIR, RSN E LT (KRB FERMOCIEA R A R L) B, RAMTE 20 W,
TS P W2 260 nm. TCEEAMRAER M B IR (CK), BEE 4 ASIRGFIFE B (30, 60, 90, 120 min)
R

2) HEAEPACIR, {HFH Scientz-SISL H i 475 AP A HHL (TR 2 R MR R A R w477
SEFRRDF-, DK 1500 W, #i3k 60 kHz. T A EAEM A2 BAIRA (CK), &4 absimtE (15,
25, 35, 45 min) FiRIEAH.

3) RIm] LED St ReAb#, R LED ZIGHE LT (12 W) . LED @EGHEEIT (12 W) F TS EARIEOEAT
(24 W) (7 ZRBBILREI 2 vl 242 . OGNS FIAIRAL (CK), B S AMAEFA] (DG, 20K 601,
U5 6:2, 41 6:4, £ FREGS 24 h) RIS, PR H WS, RIEIEARIE, BRI T
H, WEHRFIGZEm R . BRZEZ HiA 2 d g — Wk ZFEL, 45 21 d 2531,
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1.3 M54

AR = S TR AR TR x 100% (1)
K ZEH =15 d WA ZF AR50 AR T80 x 100% ; (2)
KRB =Y, 6/D,, (3)

bR, 6, e RBEZER THL, D, MR TS
14 HIEHH
i SPSS 22 i Origin 2022 X BURHEAT ST 4MT.

2 HBREHSH
2.1 RIERREALIM., FRAHITFEEHTHLH Y
AR SN IR AR BEXS 3 A EhFh AR TR ZF A LR 1 R 2 k3. WK Tl 208

FF7Ess 11 d FFEW %, CK AL EERHE 30, 60, 90 min {4 2ER K 2.67% , FEALFAETE K7 120 min B,
RFREAR, H2.00% , SRR EES (P>0.05); 7EAFAYEE 21 d, ALFE 90 min BFhF K& 2F %
., HA8% , B CKRE T 10.67 AN E v, HE5HMAIAEREES (P <0.05); K 30,
60, 120 min [ & ZFFRINT CK. NFE2 A0, FEUERLEEFPTAOBEEE 11 d FFIRW &, CK SALMEA PR K
30, 60, 90, 120 min & ZERAHH 3.33% , 1.33%, 3.33%, 2.671% , 2.00% , £ 4b¥HijE 25K 5%
(P>0.05); FEFPFALIRAYEE 21 d, AbFE 60 min FYFPF R ZF R, H39.33% , ¥ CKE& T 10 ME S
A, HS5HABGHEA 2 B3 (P <0.05); AbFE30 min A1 120 min F§J R ZEF/NF CK. A3 AT I,
FEF A FEAL B 11 d R ZFRAE 1.33% ~2.67% 2 [0, #£0METREES (P>0.05); fEAPE
%21 d, AbFE60 min 5 CK B2EHEE, 4 19.33% , AbFE 30, 90, 120 min YK 2245 CK 4RI T
8.96, 2.00, 3.33 INEH4MA.

ANTIIRE R SR SR B S X6 3 A Sl Bl R Bl 1 28 SRR 2R FR B g i an ) 1 TR, 2030 AR Rl 1A
90 min AL T W R ZFEH R E, R 16.67%, B CKHEE T 1.34 A8, HXBEEXER (P>
0.05); 30, 60, 120 min 2EHMZRACHL T AR ZFHAIIMRT CK (B 1 (a)). ZLBIFEFF7E 90 min 55N
SEPE R R e R, 408, B CK FTFT0.80, HBEEER (P<0.05); “EAMAbmK 30, 60,
120 min {9 % 2FHE%80E 1. 83 ~2.51 Z ], (KT CK (K1 (d)). FUEAFDT7E 60 min HKHMEAL BT,
KHEE, N18.00% , % CKIRE T 0.67 MEAM, AR EXER (P>0.05); 30, 90, 120 min %
HNR AT R 1 % A B 9.33% , 13.33% , 6.68% , #: CK [&AIKT 8.00, 4.00, 10.66 P 4r5H (&1
(b)). FEUEFEEEFNF7E 60 min EHMRACHL N )R ZFF 80k, M 3.35, B CK BFF T 0.16, AbFiE125R
AR (P>0.05); 30, 90, 120 min AR ANI T ()R ZFF8 50535 R 1.34 ~2.87 Z[a], 3 CK FE{R T
1.00, 0.31, 1.86 (K1 (e)). FHFEFRIAFFD 4F 60 min ZEARRALIL N1 4 28 dwems, 0 10.67% , 5 CK
fem U L34 a0, HARE KR EZSR (P>0.05); 30, 90, 120 min KAMRALHE N Y A& 27 #4 CK
Sy RIREAR T 3.33, 2.66, 3.33 NEAA (B (¢)). A, FEFEEF F7E60 min SEINEAFE T 1% 2
et s, M 1.92, 8 CK EFHT0.09, HAFERITTEEZES (P>0.05); 30, 90, 120 min $4pZk
SRBRR I A B R 117 ~ 1,46 Z W], % CK 435 FRE 1 0.66, 0.37, 0.50 (&1 (f)).

F1 AERKENMELETARMBRABESMFEFE %
fbys 114d 13d 154 17 d 19d 21d
CK 2.67+1.15° 8.00+2.00"  15.33x1.15* 21.33x1.15° 31.33x2.31" 37.33 £2.31"
30 min 2.67+1.15"  6.67+1.15"  8.67+1.15"  14.00+2.00°  18.00 +3. 46" 24. 00 +2. 00°
60 min 2.67+1.15*  6.00£2.00"  11.33+1.15" 17.33 =1.15b° 22.67 £2.31° 28.67 +2.31°
90 min 2.67 +1.15" 9.33 £2.31"  16.67 +3.06"  29.33 +4.16"  39.33 +3.06" 48.00 +2. 00"
120 min 2.00 =0 5.33+1.15" 8.67+1.15"  13.33+1.15°  20.00 2. 00" 24. 00 +2. 00°

e RSB EARNE T RFRREREE (P<0.05), TXRRAE.
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PERRFR, 5. SR AR LED SERRANEIRS 3 AR R AR TR R g M R
R2 AARKEMELETAANREEEEMTFAEFR %
b3 11d 13 d 15d 17d 19d 21d
CK 3.33 1. 15" 9.33£1.15" 17.33 £3.06*  22.67 £3.06"  25.33 £2.31" 29.33 £1.15"
30 min 1.33 +1.15° 4.00 £0" 9.33 +1.15™ 18.00 £2.00"  21.33 +1.15" 24.00 £3. 46°
60 min 3.33 £1.15° 8.00 +2. 00" 18.00 £2.00*  25.33 +2.31*  33.33 +2.31" 39.33 +1.15*
90 min 2.67 £1.15° 6.67 £3.06™  13.33 4.16™  20.00 £4.00"  27.33 +6.42" 31.33 +1. 15"
120 min 2.00 £0° 3.33+1.15" 6.67 £2.31° 8.67 +2.31° 12.00 +2. 00° 16. 00 +2. 00"
3 AARKEMELETAARRETESMTAFE %
b3 11d 13d 15d 17d 19d 21d
CK 2.00 +0° 4.67+1.15"  9.33+1.15"  12.67 +2.31*  16.00 +2. 00" 19.33 +3.06"
30 min 2.00 £0° 4.67 +1.15% 6.00 £2.00° 7.33 £2.31° 8.67 £3.06" 10.67 £1. 15"
60 min 2.00 +0° 5.33£1. 15" 10.67 +1. 15" 13.33+2.31"  16.00 +2. 00" 19.33 +1. 15"
90 min 2.67 £1.15° 6.00 £2. 00" 6.67 £2.31™  12.00 £2.00™  14.67 +2.31° 17.33 1. 15°
120 min 1.33 £1. 15" 2.67 £1.15" 6.00 £0° 8.67+1.15"  12.67 +1.15" 16.00 +2. 00"
25 o 213 30 o Flfi 15 o FI}
20 a 25 a
< a e 20 a a ab
S s g ab s 10 be
= b R R c
= B i
11P\< 10 be e :M 5
5 S m
0 0 0
CK 30 60 90 120 CK 30 60 90 120 CK 30 60 90 120
SE AR AL PRI TR] /min LE AR b PRI [H] /min LB AR b FR S [B] /min
(a) LIGREFNT R ZEHT (b) TEUTFERERNT & SEHNT L () FEFRERFNT & ZEHT I
6 o 21 5 o i 3 o FIf
5 4
4 _ a . 2
1 b % 3 b &
3 . 3 3z
8 . ! N - 3
2 EN d &
1 1
CK 30 60 90 120 CK 30 60 90 120 CK 30 60 90 120
L8 N2 b PR A] /min £ HNR B PRI E] /min LE AL b PR TR /min
(d) LT RN T 2R HE B0 1 (e) BEWEEREF T R HAEON 1L (f) FEF RN T 2 245500 L
H RRVNG FREFRR A4 ) 24 53 3% (P <0.05), THEIH.
Bl AEELMELETESMTHEFEMELFRHTLL
2.2 BFERNESTLL, FEFHGEENT H LN
AR B P AL FXS 3 A SRR LR R T R SRR ILER 4, RS FIFR6. MNFRA4 T, A

FFTERT 11 d (IR ZHERAE 1.33% ~4.67% Z|a]. FEALFRAYESE 21 d, CK AbFRAE ZEREm, N 37.33%, H
SHA A R EZES (P<0.05); HALZFE CK BRI T 18.00, 8.00, 13.33, 9.96 I~H 44
M5 UL, AR FAEALFEAYEE 11 d, AbBEATHE 25 min A FRZFHR K 5.33%, W CK#E T

2.00 NEAT .

DN

ARPRIHS 1S min BFH 5K 2540 1.33% , B2 CK (R T 2. 00 N 70 ais 1255 21 d, Ab3
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FELHH2ABE2f 3 2024 456 A%453 1 (46)

B 25 min (9FDF R 2R R, H44.67% , B CKIEE T 5.34 MAS A, HEHMLMMERRE (P<
0.05); AbFAIFK 15, 35, 45 min (RN T4 2585 CK JR{E T 16.66, 16.66, 12.66 f~714x 1. &6 1]
W, FEPRAFFIEALIEE 11 d, SRR 2. 00% ; 7ERFALIEES 21 d, 25 min 75 AL
T, HEREEM T RFERRES, H23.33%, B CKH#EFm T 400 MAESA, HERAEE (P>0.05);
15 min A1 45 min HFE PP T, F7& 255838 CK 430K T 2. 00 4~F1 4. 66 N 45 45

NI M P I A BT 3 A B AR R ZE SRR SRR A R i ] 2 . £1 R AR AP 7E CK Ab B
TR, R 15.33% , HS5HMAEMILZF B (P <0.05); HAisb#E CK 735 IR T
7.33,2.66, 3.33, 5.33 NEp A (K2 (a)). WAL, ZIBIRAF 78 CK 3T R 2R, N
3.28, HAfthkbFEHE CK 43R FFET 1.47, 0.49, 0.87, 1.24 (E2 (d)). E=UEEAEFFLE 25 min B
AR Y e s, R 20.67% , ¢ CK 3L e 1 3,34 D40, HARPRM G %255 (P >0.05); L
AL B CK FEAIC 1 8.00, 5.33, 4.6 A 11rai (K2 (b)), FEWERCAER 775 25 min H 5 RAC IR 1)k
e B, M4 17, B CK EFT0.82, HAMHE E R W% (P <0.05); @A AL 15, 35, 45 min
TRIFFRBAE 1. 65 ~2.57 Z[A], # CK 43 jlfEfk 17 0.78, 0.79, 1.70 (K2 (e)). FHEEHER T
25 min P ANIR S B K ZF TR AR B S, 23 10.67% F1 2. 515 CK R ZF# K 9.33% , AFE 1S,
35, 45 min [ & #HHE CK 4RI T 4.00, 2.00, 2.66 MEA S (K2 (¢)). #BAEJARE 30 min 454
TREZFECN 1.97, B CK FFT 0. 14, HAEBITEEZS (P >0.05); A LA 15 min 145 min
FAF R IR FAREER CK 435 R T 0.47, 0.26 (K2 (f)).

F4 AEARKBERLETARMBABESMFEFE %
fb3E 11d 13 d 15d 17d 19d 21d
CK 2.67 £1.15"  8.00+2.00°  15.33+1.15"  21.33+1.15"  31.33 +2.31" 37.33 £2.31"
15 min 1.33 +1.15" 4.00 0" 8.00£2.00°  14.00 +2.00"  16.67 =1.15° 19.33 1. 15°
25 min 4.67 +1.15° 6.67+1.15" 1267 +1.15" 18.00 £2.00"  25.33 +1.15" 29.33 +1.15"
35 min 3.3321.15"  6.67=1.15"  12.00£2.00°  16.67 =1.15™  20.67 =1.15° 24.00 +2. 00°
45 min 2.00 £0" 6.00£2.00"  10.00+2.00™ 13.33+1.15"  18.67 £1.15" 20.67 +1. 15"
x5 AEARKESFELETARMEEEESMFRIFR %
by 114d 13d 154 17d 19d 21d
CK 3.33 £1. 15" 9.33 £1.15* 17.33 £3.06"  25.33+2.31" 33.33x2.31" 39.33 £1.15"
15 min 1.33+1.15" 6.00 +2.00" 9.33+1.15"  14.00+0° 19.33 £1. 15 22,67 +1.15"
25 min 5.33+1.15° 11.33+1.15°  20.67+2.31°  30.00 £2.00*  36.67 £1.15" 44.67 £1.15°
35 min 3.33 115" 9.33+1.15°  12.00+2.00"  15.33+1.15° 17.33 =1.15" 22.67 +2.31"
45 min 3.33+1.15"  6.00+2.00" 12,67 1.15"  16.00 £2.00°  22.00 +2. 00" 26. 67 +3. 06"
*6 ARARKEFELETAEMEEHESMFRIER %
il 11d 13d 15d 17d 19d 21d
CK 2.00 0" 4.67 £1.15°  9.33+1.15"  12.67+2.31"  16.00+2.00" 19.33 +3. 06"
15 min 1.33 1. 15 3.33+1.15°  5.33£1.15° 8.67+1.15"  12.67=%1.15" 17.33 £1. 15"
25 min 2.00 £0° 6.002.00° 10.67 +1.15"  14.00 £2.00"  19.33 +1. 15" 23.33 £2.31°
35 min 1.33 £1. 15" 4.67 1. 15 7.33£2.31™  11.33+2.31"  16.00 +2.00" 19.33 +1.15*
45 min 2.00 +0° 4.00 +2. 00 6.67 £1.15™  11.33 £2.31"  14.00 +2.00" 14.67 +2.31°
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UL, 5. SEAMR . HATER LED LRI 3 4G R B R TR R R Ml Rl =R

15

25 o ZI3 30 o i o BT
20 » a ab f
& a & 20] & s 10
= 15 ab b R = L
ﬁ be ﬁlS b b ﬁ c ’
10 ¢ :
o b &/
; ) ﬂ
0 0
CK 15 25 35 45 CK 15 25 35 45 CK 15 25 35 45
S AL R A /min R P AL BRI R /min S AL B[R] /min
(a) LI T 2 ZF 3 (b) TEWFREFNT R ZEHAT L () FEFRREFN T R ZFHAT
> o 5 6 o i 4 o HIf
4 5
3
4
%3 & & s
3 R 2,0 b °
i, % i d c
HSS ® &
1
1 1
0 0
CK 15 25 35 45 CK 15 25 35 45 CK 15 25 35 45
P B AL B [ min AT Y A BRI E] /min R b B ) /min
(d) LERERNT R SEFR BT (e) TEREFT R BT H (f) FEPRRFT & EHEHOT

B2 AEEBFRRLETESMNTFHRFEMERFHEMIL

2.3 LED RRARMLHR, FEAFFEEFTHALGH A

AN LED SE XS 3 AN SR B A Fh 1 R ZF R IR T, F8 MK, MERT L, B EHEF 1
AFREE 11 d, ZANFIFN T R 2ER AL 3.33% . TEACFIAYES 21 d, 4005 6:1 WbF T R 2ERGEE, K
37.33% , ¥ CK$£m T 0.66 AN, HE5HAMHEfFAEREZES (P<0.05); Ht., 4 6:2, 4
¥ 6:4 11K ZFEE CK A3 BIFEE T 12.00, 12.67, 14.00 A~H 40 4. M3 8 I UL, Tl B A Fh 1 /e AL FR Y
11d, 2L 6:1 REE R AR 2F R, H5.33%, B CKERE T 2.00 A A, HY5HMAEAEDE
#Z5 (P<0.05). 7EMPAbPREE 21 d, 2045 6:1 RbBR TP R 2R R m, N46.67% , B CKHEE7.34 1>
Aoy, HE5HAMABAEREZR (P<0.05); Ht, 200 6:2, 4115 6:4 R 28 CK LB FRIR T
10.66, 11.33, 12.00 NE 4. AR A0, FEERAFM AL 11 d )5, SR ZF R8N - T
2.00% . FEFpFALIL21 d i, CKALPET R EE, N 19.33%, 210 6:1 A3k, H16.67% , HM
HRLREZES (P>0.05); Fb. 485 6:2, 2015 6:4 AhH K 2R 548 CK 4> FIFEAK T 4. 66, 6.66, 8.00
MNER: =8

AN LED SR £1E0 AR 1 2535 FN R ZEFR BV & 3 TR, Z1E0N AR /R0 6:1 bRl
R ZER R, N16.67% , 3 CKAEE T 1.34 ME S, BHFLEFEES (P>0.05); A, 208
6:2, £1K 6:4 KA CK A BIFAL 15,33, 2.00, 5.33 g (K3 (a)). fE4rif6:1 b, 21
PR R R e U, M 3.43, B CK BT T 0.15, HRAFFIEREEES (P>0.05); A, 208K
6:2, 2115 6:4 KRB CK 730 TR 7 1.08, 0.79, 0.99 (&3 (d)). TWEEREEFFFELHE 6:1 43
RS, #20.00%, % CKEE T 2.67 MEHsr A, BAMEAZERARE (P>0.05); (1.
LI 62 LI 6:4 K ZEHAE CK 7K T 4. 00, 4.66, 4.00 NESM (K3 (b)), S AR F7ELL
Wi 651 AP NI A Ry, 425, B CK BT 0.9, HAARIM W4 (P<0.05); DG, 20
6:2, 211K 6:4 R ZFHEEEL CK 05 P T 0.65, 1.24, 0.50 (K3 (e)). FHEFHEF F1E CK L
IR FRdm, H9.33%, HE5HAWMAIEZE R E%E (P<0.05); FJb. £0#6:1, 400K 6:2, 4115 6:4 &
FIAE4.67% ~6.67%Z[H (K3 (¢)); HERAEFTAE CK M ML TS, H1.83, HEH
fl b PR B EZES (P<0.05); HYt. AfE6:1, 4 6:2, 41k 6:4 R ZFFEHE: CK 703 TR T 0. 15,
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0.42, 0.76, 0.68 (&3 (f)).

R7T AEXEKELED AR TARMBEIBEEH FHEFE %
Qb ¥ 11d 13d 15d 17 d 19d 21d
CK 2.67 +1.15° 8.00 +2.00° 15.33 £1.15*  21.33+1.15>  31.33 £2.31° 36. 67 £2.31°
Bt 1.33 £1.15° 7.33 +115% 10.00 £2.00"  14.00 +2.00*  20.00 =2.00" 24.67 £1.15"
217 6:1 3.33£1. 15" 9.33£1.15" 16.67 £1.15*  24.67 =1.15*  30.00 £2.00* 37.33 £1. 15
201 6:2 2.67 £1.15° 8.67 £1.15° 13.33 £2.31*  16.67 +1.15° 21.33 =1.15" 24.00 £1.15"
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Effects of Ultraviolet, Ultrasonic and LED Light Treatments

on Germination of Three Kinds of Strawberry Seeds

HONG Zhiwei' ,WANG Yuantao' ,SHAN Xueyu', YUAN Chongfeng' , YANG Jialiu' ,
NING Jin' ,WANG Yu' ,NING Tiao',LI Jing'’
(1. Urban Modern Agricultural Engineering Research Center for Yunnan Universities, School of
Agronomy and Life Sciences, Kunming University, Kunming, Yunnan,China 650214 ;

2. Shangri La ZangMet Agricultural Technology Co. , Lid. , Diging,Yunnan,China 674400)

Abstract: The effects of different durations of ultraviolet, ultrasonic and LED lighting on the germination of three kinds of strawberry
seeds were compared ,and the germination rate, germination potential ,and germination index of the seeds were measured to explore the
best treatment time to promote the germination of strawberry seeds. The results showed that under ultraviolet treatment for 90 min, the
germination rate of red strawberry seeds was the highest; under ultraviolet treatment for 60 min, the germination rates of Zhangji and
Xiangye strawberry seeds were the highest. Ultrasonic treatment for 25 min can promote the germination of Zhangji and Xiangye seeds,
but the germination rate of Hongyan seeds under ultrasonic treatment is lower than that of CK,and the difference is not significant. Under
LED lighting treatment, the red and blue 6: 1 treatment promoted the germination of Hongyan and Zhangji strawberry seeds, but the
germination of Xiangye strawberry seeds under LED lighting treatment was lower than that of CK,and the difference was not significant.
Key words: ultraviolet light; ultrasound; LED light; strawberry seeds; germination rate

(RfEHE: BRFE)

- 132 -



