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Application of Near Infrared Spectra (NIRS) Technology in Prediction of

Maturity Stage of Fruit
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Abstract: Near infrared spectroscopy has become very popular in food industry because of many
important practical advantages such as fast, accurate and simultaneous multicomponent analysis. In
recent years, more and more attention is paid to applying NIRS technology to fruit development,
prediction of maturity stage and internal quality measurement. In this article, not only the
fundamental principles and characteristics of near infrared spectroscopy were summarized, but also
the status quo and existing problems in prediction of mature stage were presented. The research
direction about applying NIRS technology in food industry is provided for us.

Key words: Near Infrared Spectra Technology; fruit; maturity stage; application

FESR SR, 1 5 SR S U A e RS A A G 7 R R AR 22 50 R H k)W, A
SF IS B B R LA R R () KB A I SR 2 P B SR o A B T £ 1 e A
TEIAHERATE, M LAAEDUAR A AU RS PN o B R 7 ML B A 2 RE IR, i
B A 52 5 0ok ARSI RS A PSR 2 R 10 B v 5K, R AR BTN B AR EL AN REIE M BLACRA M
E@m%* AL, AR AR 7 AR B TREOT R S g PR T8 AR A S YT
W7k, PG I R K i 2

1 %;Lﬁk,

RSB AR A 50% F SR SRR 4 F e 22t Bl 7 R €06 CIURH ARt SR S 3 1 e A B 3 €
BB L) IR SR E I, RS R, AR AR A AR TR R R — R AR, TR
AR RS B AR, G SRREE . AR R RR A N A E A AR OGP

RSEAERT Y], LA o R, WP, SRBCRUR A (5, B IN, PRI B,
ML, R Z, B0 E. NI ORI R BN, R SR S F rh A4 A o

i BEA: 2009-10-06

HEWH: FEERESENH (2007BAD47B00; 2008BAD92B08) . H K i # K515 H (CSTC,2008AB1053)
EHEBN: BUWY (1984-), &, TREMAN, BELAFTCAE, NI FR A4 8 R R E BRI,

i BFUNEWAEE .



% 14 LT T 5 SEDSGEHALARR RIS 695 (4riE) . 83.

(R P SRSl A I SRS P PR 2 A A B ()R SRS € SR R R O R A
RV AL ) TR, BV P BEREAA IR, AIVETEE AR AR Sl R
REBRIIA TSR Vb RISV i, v BB b m s SRt P IR S IR R
JRLO3 e DDA R T AN T ey, T ] PR B M SR S 10 XU U DT, R Pl DAy SR STl o4
M AR bR (AT SRS B LR R g, Rt S AR, BEE R IEE WK
W VR TEREEE N, MPRCIRWALSURSIE RN, WK, SERIT AR Z, 2R R
SIS R o RYT S RS RS VR, DR, R S R e v Rt e A T R S R Y
bR Q)AL R, R iR B A R Rl R R, AR i i, A8tk 3
BURSEA L ZW AL . RIRHA T, ZIEr Oy — SRR E RS —. F . R
PFK A RE RN HR G A SR Be B W R IIRE S HYR, XLy Fa b
RS AN R SR ARSI ERAT IR

SRS 1 e AR MY A2 AR SRS (R A B R e o R LR, SRSE B TR R 78 7 ek,
BEOMR, MREZW, RSB TE . [, AR SR R B b, SRl J RS IR, AN I o
PR, PIRSERIRR IR, R RS AR, e R SE s g )y, JiANE 2 KR THAEM 1k
FRors WS AR

T RSB AN, 0 RS E (R SR AVA [ BB AR, AR SR SR 21 il [
AEPE. KRRE, REASPIEE]— 5 KPR kil T ez gz fa i R s, I H5
FEFEAE A B 1))\ AL IS R I RS, bRty B L B ZIORS 45 P R JsORE SR 52
ELAETE 23 JSCAIN SR, T S (R RS, W RE 2 R R S A R AR SE, A RS
SEAIEA, BT T80 B I PR A

2 RN A

XoJ SR SE A PR R M RS, AR T AR SR S A R RN R S A R T g A SRS 4
SEIUARAR S AR L SR T ANV A Y TR H A7 P 4t 5 S s A A 0 AR g A SR SO A o 1 7
EA LT JLF:

21 HEEE

I ol L A 7 AL 10 M B SR B P 28 € el s S S RMAT I 1) 7 vk SRSl e 1 S L1 A £
B, BTCAAEAEP= Sk, PR 5 A R AZ 0 v T SR Sl A o R R Sl AT A B,
BRCEZE LR, RIS A (. BT A VA AT — I S5 B
2.2 FEERLE (SKEEREL)

I e S SRR b (B RR B B L B B, T T S S (IO, 2 vk A A
H T BRI B AT T B, (H LSRRI, ASBEPRE TN SR 5L e 20, TR B AN =
23 RELAERTIE

AR AL 05 PO R B S S Rt %05 R LU e o, (B TR R, L2 4R (/< 1
ARk S, DR S AR AN
24 ERBE

SEMT SRS A S FUR B I RN 2, AR BUR S8 o T, AR I A SRR Fhoeh B
AANE R EEsR,  waT LU TSR 8 301 A PR RREL A A i SR S SRS s L T 1 B N A A Al DA
FEA = N
2.5 RiESHEAR

BEE ARG R AR A, a8 I 1 23 B il o S 52 b BT R AR 5 B B A H T R, N R
BDFIIK JE i T PRI AE A I e R RN g N T 2, R FH G i A S 2 238 JBeR A I ) B ot ) 242 i Rl s3]
BONIF T, HARAE LR 7 WA JCH 0 S50 a5, BRI R G 1R R .



e ﬁsﬁ."’gﬁf@ﬁ’é %39 %

3 BRIELISMEIER R

3.1 RN RIE D R AR ERRIE

NIR S HLfhpe, ERAEMEE, BA “p” f “R” M. NIR /24— Fatr FB, A
AN L LGB Ty TR & SEA (W O-H. C=0. N-H. C-HD %5, #=ah. 25 iha5iE sl e 1
BB TP AT 3 W 2973 32 BILLANR I I 2 gl R o A 3K, RIS 6 1) e A T
SR, DR RO AT LA B A SR R B, T P R R A B R I . ANTRI ) SRS AL
AN RO G, RERR R AT R S8 IWOBCRFAIE, XA T LT AT 2 B HrdR fit T 2EAf
HI T ZLAM G & A 5 I T 545 S, Bt LURT SR 46 K 2 Bohh R ik 5 ) S LR G
JRP R PE B B . B TR VF 2 AT LA, e e W s B A s R
PETEAL, DRI Y0 5 e S D N, AU R AIE AT LE AR X, LA 5 52 B LAl e B T3,
3.2 IELSM IR DR AR =

ULLLAMERE S T B AR 7B M1 AL T B AT SEHL. T 25 22 2 R HRR IR o B e R,
ST AT WAL ) AT VE 2 BRSO Sl (1) 2 30 S 4D AR S R 0, A4 Hrid
FEASAGRI L QUL LLAMX AL IR RN R, AR, DIk, UTZLA el BoR AT LTS S £
ARIFE S BEAT BRI E s Q)L LLAMX HIW AT, PR T AN I sl S A ST BT AL, BT TR it it 24 )
JIH T A B BT SRR, AR, AR ()W BEpR, AT L0AMIIE i B 20 el v 5L
BEATBAR AL BE L GE vt oA, — R FE A AR R B 5 W L2005 2 E P BUE T AR, AR
FTLAE 2 min WZERK: (SRR TRERL e E, A3 2R AR Mg AR, LEeR A 2 oIy
0 L ERN R RISRFE P ) Y, ) UBRIEAT AR R 22/ T 0.5% 9 E 45 2R
3.3 PRIELIAER AR ER

UL R R F T R G205 X 2 Tl e, Bl 780~2 526 nm' 7E 19 {2l L
391, Colblentz itk FVFZW BRI, UEWIRERE A7 S WOBCRe e I, T IR X A 5 i3
KA, BE VU o b R RS B

20 40 50 £E4X, Norris M) ] AT 1R DA 17O 2 W T T B PR AT 32 SR A AR ™ i
i, AATTHTE R BRI ZEANE, I8 TEAAT: S WOBORI SRHELIR, 0 AFA: il o b Bl (5
BEE VH SEAURE RN R A R s B AL 27 2K Wold 58 44 AR A2 T 2 TR AT BIHE) 8 K, Bl o0 # ief
AWrGARE, JEIT A B 1985 4R, A ERIACBEES L LA AT e s BEA 20 HEAD 90
AR, JTLLAMGINCLE Er T« AR50 7 S AL BRI SV 22 U8y e e T A B4 S,

4 ELISMEIERIARTE SR KRR B o Y iz

4.1 REMFAISIEPRGEIINIET U MEFRR

FLYE 1996 4, HA%:# Tanaka 25/ NH I 7ERLR b 223 4T ANRE T, W5 2 SR s i s e o 45 o
FAUHE S AR S S R AR (AR OCPE, R T e e w0 R SRR B R T A A R A R 3 3
Al REE o

McGlone 2R ] VIS/NIR $iABE S FEALM T ‘Royal Gala’ 3 FLAERAH R RIS 45 50 T dR
PR AR o 2RI AE RS S RSO 7 IR A AT, X Sebs, Wnl ey SR A s
BESEREATALIN, A3 2 PELT , HD SRR I, VIS/NIR A 2 B AR J Sl 2 FE A - 25
PR AR o AEERHR, GG R IR 1) i RS ' B e ) b, R IRAE 680 nm P
b, SR REWOCER AR R, FORISCR S BRI T IS R CRIISRSC R S, PRI %
AT T DR S A

2005 4F, Herold 25" A2 5if N ORISR S HORXT “Elstar” 3R BLS28 FHAT T 8185
MIRAF PR R, ARG FR A A S i SR S 6 AR A R SRS A R o B SIEAN [ N A ()3
FHEESE 570 nm A1 680 nm AbF HILE ARk . T4 B0 R K S BUR R B b Skt >, 40




% 14 LT T 5 SEDSGEHALARR RIS 695 (4riE) . 85.

N, AT IR P YK AT T, AT B L M T AR R S B R AR A, RTINS S R Y

[l Peirs 25T AE S S 11 SR 57 0ot fe 4 SR SO0 SO0 B 254 A ik 52 1) S5 77 9 o £ e SR 301
TR Szt FRAS JEEAE S b PSR TN 2 T SR AN SR SE I T . BFE R, SR A
SRAR SR /INIY SRS (R A P At B s 2, R ZJRER . R Streif index ALY 1R HERf B A ZIR 5
RS SLEAT T £ A
4.2 EF IR RE RIS & B E TN EE AR

1998 £, David Z5°SRH] 700~1 100 nm K KT LLAME RSEAR, 2081 T AR IRk
FGTEREME, RIN 520~680 nm KGN, A BCGBRIGERK K 6 R RS i T R ek, BRI Ny
A B 1R % v T M R B

PAEJG Peirs SR LR ASY] 2 BT 35 SR HEAT ) WL/ T A0 13 D0 B R SR S 3R bR o T, 731
B T SR S B R TR AR TR (R = 0.90, SEP A 7.4 d) o [A] I 337 T S50 Jl 308 4% DR 35 (X A AR | Streif
FRECIMIAAY (R =0.84, SEP 4 0.18% Brix, JWEMTRE0. nl ¥ HEREEY) &= MIIEAL (R =0.84, SEP
4 0.73% Brix). B2JE AR (R =0.80, SEP 4 2.07 ml NaOH) FIAHE Fi#i% (R =0.78, SEP k
1.13 kg)o

Saranwong “5U ST ] NIRS TEA5 R i A 00 15 5 A0 2 FH 0 5, R A5 ARE TE SR AR m] AR G- 1]
e AT R T S EAE R S, T AR R 22 SEP 4 0.41%, M R1EW 2= SEP 2y 1.71%.

| Py 2 2t i U R )3 XS R (A 20 AN, R O fie /N Rkt MG R . OB 2 A
B R YL T ECE VAR R AL, PR ALy IR AR 5 A T A TR (1) A DG e 52 R 30l by TR
°=0.959. SHP=0.970 F4EEE Cr*=0.973, SCRW], ITLLAMERE & B2 B BORAE RS S 5R: I
B AR = N A

FETE BB, Subedi 25OV I 21 A B B A 1 SR £ AT R ST
WEFTH, R Hunter b BRI SR R T4 50 & s A b FO000 SR SE A FR FR o SR SI2 1) TSS A HEAR L %
ST ARG TR A FI(R?, = 0.92, SEP = 0.67 J% bias & 1.25% TSS). Z5H%EW], Skirershit
(SWNIR) HiA T H T SR8 eI VAL LA S R S e 5 R nl s PEEDE A (TSS) i JBRe il

e B A PR P o L 38 S S AT £ A 6 R BRI T 7K SR I8 S B T30k I 1) v o R i e /s —
i AT T RS 08 S SR T () JC AT I R AR AR, TR) A A [ s T A 3 VRN [ R A B
BRSS9 0 P B B AT XS L 2B S5 SRR AR GIEAE 800~2 500 nm i [l (115 4L SRAF A5 def- Tt il
5. BOFEEFEARMMICR I r 4 0.869, FIERJ7HVEZE RMSEC Jy 3.88 N PN AR FEAS R AH G R 4L
r 4 0.840, T 7R ZE RMSEP Jy 4.26 No 15 BN FHUT 21 /NS S S REAS DU 7K S0 51 B 2 mT AT 11,
N4 G PO TCHR VAN 7K S G B T B AR

e P2 FHAT £0 A6 (350~1 800 nm) e % SR PE R . 5 By [ A R i di /N — 3fedk [l 1)
SNECE R AE T AL AT [ A REAT e AT o SR — B3 A B T [ S R e B /]
IR VR, AR SRIE S T 4 S A O FAR . WFSY RN, AL ANE SO AT DL Sy —Fh
AERf AT SERCHR PRSI 7 32 T VP AN B R S P s Fie b T v [ TE 40

e S5 23U P R L/UT 20 08 S S 6 R B I (PR HEAT TE B I 5T . 4 350~1 800 nm Y it
X [a], &G R RO E G AFRHEAO G, SR 2 04 PERIH (MLR) . Fpsr[HIH (PCR) Filhi i
/NTFRIEIANA (PLSR) =R B IE AT T g ot Lh Ao R W e ik 3 i PLSR 37 11 32 b
BERIS 24 ASAARE G IOTRIN S B L LY a's b BT 2523 5104 1. 4251, 0. 4569 A10. 9497, AHX T
WP ZE 5390 4 3. 7404 % 3. 3571 %F 2. 5877 %, 2B AT W/AE 41 A il 45 AN B3 1 €338 (1) JE 4 A DU
HAATE.

JE N S AR AT LA T A0 i g ARG 392 SR T P 4 o R (R A T T W5 AN SCES & T k
73 AT (PCAYFI BPOR AL FE) M 4 AR, 7 3 5 SSC MY . SRECGESRAEALE 345~1 039 nm
BRI, SR DPS Hdis Ab B R G0t b AT o i, U Bl E KT 95% (1 5




g6 ﬁ#&"gﬁf@ﬁ’é %39 %

ANSE LY o LA 3 2 BP MM, FEREIX 5 ASHN o 1E A BP M4 N 45 A I N\
FLEE I 98% LA LI AL A (1) P AH X R 224 5% LT

FI4E, LIRS PLS 40 595 37 2 B il i 36 SR [ 20 AR R RS o SR D' B I A%
1E (MSC). 153 a3 (Derivative) HAZIEAZE SKIE (DOSC) “EHALBE A AMLEE L HIE (GA)
FRIAT 2500l B % 7 V2R A L B2 P A R P (A S o &5 LW, S TR SR B P I 21 AP 6 1% o0 BT A TR 1 T
TRE AR, AHAGHE 5 IS AL BE 5 7:(MSC . Derivative)fR MEAT i Br . A A3 H st
FES 45 B HE IR A5 5 I IE (GA-DOSC) 5k e AT RO B SR B2 I 52w, ASEAT T A 7R 1 38t 4K a5 R de
FEED 70l 1 480 AT s B3 36 A1, AHOCHRE r i 0.753 $2531 0.805, B 5 2 (1) AT 1) Pt
FHX 1722 RSDp M 16.71%45 3 T B2 12.89%, HH R FH 0 55 R B T 1 §E(12.36%), 1A F X}
2 SR E PRI 2T AN TR I SR
43 R AIE SN AREZRS MBI

2002 4F, BHAEEME AR, Manuela 252 A7E 300~1 100 nm 3K 30 BRI AS R 5 A “Elstar”
‘Jonagold” Al ‘Indared’. ‘Golden delicious’ &5 /Pl R RS A KA L, WO E Z R 807
A B IR SR G AR A S R P 40 0.88. 0.98. 0.90 F1 0.87, FIL T HE TGN & B
23 22 1 1) R SE I T A

KL ANE RS A, Peirs Va5 N7 T A F S “Jonagold” 3% 5L (1l e bE [ 4 . s
B BREE . VERY TR AARDCECA Y, S5 BOR,  FHR R A R SR S S R R TN i s
PRI D& e A, AT R S B AT 08 58 I Ve R, B A R RS 1

1EFFESOGRETTVE, Carlomagno 2528 A7 730~900 nm I 3 ] P 6 AS [ 3358 (1) k13064743 2543
Mo HRHEA 115 B BT U sz 55 I R Ak 1 (R B SRS, /NI AR i, 48 A SR S0 B RN S R B o
K sE A I T 7028, VERRR T 82.5%. T HEAT 700 nm LA R AT 900 nm LA_E i K
OHT, ARAEIGIETE A L DARRS E AN 2 A5 ) J

Manuela 5P HRIEEIBRE . FER R 5 T oA S SR ) T — I 2 sl R 48, IF
THEEASTIN 7K SRS T B R4 « TH A9 £ L 2 38 15 B IR S B2 4% S R4 T “Red Delicious” #1 Golden
Delicious” PAFISESLFN ‘Red Haven” F1 ‘Coral star” PIFBE T, ARSI ECABRET . HF /KR
RAFAEZE 5, SR H AT AEK R NSO RT e R, AT S B0 0 S 2 18] 3 B e P 2L 2 1 1) 2L

5 TF{EER

HARITLLAMEREBORTERT I iy K SRS L AT DR EfaT 10 45, (K ZH0E USSR &
Y0 BBl N BEAT BRI, AR TE CECE AR AR N T o FURT, KR i ST s s TR I 08 A7 72 AR LT
T 1 ) 5

(DR — @Al RS i TAE R R T AN R R AN R CRLAEHEdA . B R R 3 A P45 ), L pA 3 ot ot
WATRCRZE S o IX A P8 i LK) 22 57t W] 8 3 BT £ 40 53T I 7K RO B PR3 N AR [R] - 32 T S M g 7K
bt TN R AR o

()R SEAN R AL I AL S AR — B 22 5%, DRIL, AR ZEAMG R A I rhont S SR A7 fUd FE A 4
KWL A R . DSERAG], [ FEARAE R SIS SR AL AGE A A7 AR 2 225 . O T b
DRI R B AN W 5 5 S AR SR, AR B B 450 R0 L OIS 4 A TR =,

YU LLAMGTE Hya 20 H7 (R AZ% Lo I ST T B P i AL 2 RN AOAR OGS R R SR IE 4 11
HOA R R SN AR . W RO R 2, TN B T I AN 2 T BT AR B )
T 3 N BT B o

OFEE R, PR I B B S, KL TS B e g, LR A SIS
Mgt LU S G St (R IR, K PRI 3R 08 2 3 o TS Y PR B 82 T o

(5) RSB T AT BE S0 R BT RFAIE 5 SRS Y R AT SRR R ™ A — g 5, 2 T S i e 1% RN
MIHERPE, ORI E TR 22 o




% 14 LT T 5 SEDSGEHALARR RIS 695 (4riE) . 87.

6 B

R NIRS VEAEBORIEAFAE LA, (HILPTRAT PRI fRIAE. A6 AR I T E 22 FhEL 00 (1
P, ACEEDIHMRA RS 7w TR A OB EZ T T ARA B IR T o B T IR 2D AN+
AW FrAFAE RS, AT ZLAMG TR S SO SIN, BR T CRAE TN B (RORS R EAL B 5%
JERIR A I o D T S AR R 2 AN 1 BOR TN SR S e, e T ik — B UK R RSEI A
JeEA R 5 FC A b TR ARSI SR I AH S, PP I 8 S R P AR A R S v fR 2 Py, 4
T TIP3 R Rf 1

LA CERAAE R ST o, il P BUREROIC N E . BB £ 5 Al A oy
BT SCR LA R WARY, ST TS AR B A WA S S W e B HEA TR AL A, W SR AL i T 541y
ToRIE LI, R TP b (K HEG L . DI, A S IR TR, AT Bl R P S AH MY
2073 53 TR R T FRE Al Ak B P B A4S

FEZK SR AT GIER I T, G 5 A5 W EE A5k BE 2 O M S i PN RS AY (RS I 3. — 4y
HAR R 2 JURE /N L 0 J LD AR AT T 3 P2V R e S TR Uy v, AR, IERE
FIUERR SR 1 T R ER MR, SCORBE T IEOG G P 32 A5 R, DR AT UG bl B v AR TR PR L
AL, AEG G TRAL BT T, 258 VR R T V0 A A i A LA G R AR AE AR A S i S5 B B Y]
T e 5 — BT A

AEW TR LR EREERZR, Pk, AT 2051 B I RS2 & UK B 80 2
R, RS AR SRR, BRSO SR SE R, TR A TR R R

S 3Rk

(1] ) 38,55, DAL LAMEREHAR LN T EERE[]. 65 )61 50, 2000,20(2): 134-142.

(2] WA, LLIRAERS FREE M), R At VLR RREBOR TR, 1991: 30.

[3] BER. AHRESTHIM]. FiN: K REA SR dihAt, 1987: 34,

[4] XU, SRR A LB LA M]. RS TEPERR AR AL, 1985: 134-139.

(5] VFHRZR, 4. MR BRI SR S FIARAE A IHRT]. AR, 1998(3): 52-54.

(6] AR far, A, A~ It RS KR AU A BRI, BT B, 2004(4): 10.

[7] XUFA AR R A SR s R A B A e R OAI]. R R, 1993,22(3): 39.

[8] NI, A, UTLLAMGIG A T EORTE A S JoHia Er ST, RAULETFE, 2006,10(10): 167-172.

[9] R, AR AR B 2T AP AR T B F (L B) M. bt Blaid R STk B pAt, 1994: 251-281.

[10] R, 5. ARIELZLAM G M EoRM]. dbnt: dE A e TR AL, 2002: 10-12.

(117 ™ firkk. JELLAMDGIE I REa S T M. bt e Tk s, 2005,

[12] Tanaka M, et al. Near infrared monitoring to the growth period of Japanese pear fruit based on constituent sugar
concentrations[J]. Journal of Agricultural and Food Chemistry, 1996,44(8): 2 272-2 277.

[13] McGlone V A, et al. VIS/NIR estimation at harvest of pre- and post-storage quality indices for ‘Royal Gala’ apple[J].
Postharvest Biology and Technology, 2002,25: 135-144.

[14] Herold B, ef al. Spectral measurements on ‘Elstar’ apples during fruit development on the tree[J]. Biosystems Engineering,
2005,91(2): 173-182.

[15] Peirs A, et al. Effect of natural variability among apples on the accuracy of VIS/NIR calibration models for optimal harvest
date predictions[J]. Postharvest Biology and Technology, 2005,35: 1-13.

[16] David C S, et al. Nondestructive internal quality assessment of kiwifruit using near-infrared spectroscopy[J]. Seminars in
Food Analysis, 1998(3): 131-140.

[17] Peirs A, et al. Prediction of the optimal picking date of different apple cultivars by means of VIS/NIR-spectroscopy[J].
Postharvest Biology and Technology, 2000,21: 189-199.

(N5 96 1)



96 ﬁsﬁ."’gﬁf@ﬁé %39 %

138(1-2): 161-167.

[10] Dalmay T, et al. Replication of Cymbidium ringspot virus satellite RNA mutants[J]. Virology, 1995,206(2): 1 092-1 098.

[11] Rubino L, et al. Expression of tombusvirus open reading frames 1 and 2 is sufficient for the replication of defective
interfering, but not satellite RNA[J].Gen Virol., 2004,85(10): 3 115-3 122.

[12] Burgyan L, et al. Expression of homologous and heterologous viral coat protein encoding genes using recombinant DI
RNA from Cymbidium ringspot tombusvirus [J]. Gene., 1994,138(1-2): 159-161.

[13] Kollar A, et al. Defective interfering RNA-mediated resistance against Cymbidium ringspot tombusvirusin transgenic
plants[J]. J Virol., 1993,192(2): 551-555.

[14] Dalmay T, et al. Generation of defective interfering RNA dimers of Cymbidium ringspot tombusvirus[J].Virology, 1995,
206(2): 1 092-1 098.

[15] Havelda Z, et al. Localization of cisacting sequences essential for cymbidium ringspot tombusvirus defective interfering
RNA replication[J]. J Gen Virol., 1995,76(9): 2 311-2 316.

[16] Havelda Z, et al. 3'terminal putative stem-loop structure required for the accumulation of Cymbidium ringspot viral
RNA[J]. Virology, 1995,214(1): 269-272.

[17] Napoli C, et al. Introduction of a chimeric chalcone synthase gene into petunia results in reversible co-suppression of
homologous genes in trans[J]. Plant Cell, 1990,2(4): 279-289.

[18] Matzke M, et al. RNA: guiding gene silencing [J]. Science, 2001,293: 1 080-1 083.

[19] 4500, % . RNATW 5B R D RERT 7Tk Re (7], WL AR 274K, 2005,15(4): 263-268.

[20] Lakatos L, et al. Molecular mechanism of RNA silencing suppression mediated by p19 protein of tombusviruses[J].
EMBO J., 2004,23(4): 876-884.

[21] Molnar A, et al. Plant virus-derived small interfering RNAs originate predominantly from highly structured single stranded
viral RNAs [J]. J Virol., 2005,79(12): 7 812-7 818.

[22] Szittya G, et al. Cymbidium rinspot tombusvirus coat protein coding sequence acts as an avirulent RNA[J]. Virol., 2001,
75(5): 2 411-2 420.

[23] RAPILAE. TSWVHTMVE & R AAER AN ). PR A0 4R, 2004,14(17): 155-159,

(i%ﬂ% 87 1)

[18] Saranwong S, et al. Prediction of ripe-stage eating quality of mango fruit from its harvest quality measured nondestructively

by near infrared spectroscopy[J]. Postharvest Biology and Technology, 2004,31: 137-145.

[19] 57,55, A SR KL 20N RE BRI [I]. D6 side %, 2006,23(4): 820-822.

[20] Subedi P P, et al. Prediction of mango eating quality at harvest using short-wave near infrared spectrometry[J]. Postharvest

Biology and Technology, 2007,43: 326-334.

R, A, K RIS BE (KT LD ARSI A T IR T[], it 5 )i 50, 2006,26(6): 1038-1 041.

M A5 AT LLAME RGN AL N R AR T P B IR T]. 6l 5 6o 4T, 2008,28(4): 797-800.

W S5 ALRTH AR AT WA L0 AMNE BRGSO I IE[I]. 20505 2K 354, 2008,27(4): 266-268.

JER A SR AT YRR TR & B A A ]. ARMEARHIEST, 2009,4(4): 104-106.

LR, A N GA-DOSC S5 Ik SR B 56 W AT 21 A0 S5 S 6 1% 23 7 S SR AE B2 RO BIE S [T]. D i o 5 ik 204,

2009,29(3): 665-675.

[26] Manuela Z S, et al. An approach to non-destructive apple fruit chlorophyll determination[J]. Postharvest Biology and
Technology, 2002,25: 123-133.

[27] Peirs A, et al. Nicolai Effect of natural variability among apples on the accuracy of VIS-NIR calibration models for optimal
harvest date predictions[J]. Postharvest Biology and Technology, 2005,35: 1-13.

[28] Carlomagno G., et al. Non-destructive grading of peaches by near-infrared spectrometry[J]. Infrared Physics and
Technology, 2004,46: 23-29.

[29] Manuela Z, ef al. Non-destructive tests on the prediction of apple fruit flesh firmness and soluble solids content on tree and
in shelf life[J]. Journal of Food Engineering, 2006,77: 254-260.

[30] I %ﬁ TCET A I HAR ALK A i JSTAS DU e (K N FHIESE D). A% IR 244, 2003,16(2): 15-17.

(311 FBENAELSE. JLLAMEIE I BB R AE Y Gy B sy 7 Mt i BN I (0], D6 55 0638 73, 2007,27(11): 2 224-2 227.

[32] BEARIT, 55, FET /N I A ARG P 3 it BT 20 7 6 1% (R TR AR A I [T]. Serb ok R 2% 253, 2007,26(1): 120-123.



