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Research advances in seed vigor assessment
technology for invasive alien plants
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Abstract; Invasive alien plants (TAPs) pose serious threats to ecological integrity and agricultural production. Seed vigor is a key
determinant of invasion success. Conventional seed vigor assays (e.g., tetrazolium test and standard germination test) are often
destructive and time-consuming, demonstrating limited effects for rapid screening and risk assessment of IAPs. In recent years, the
integration of non-destructive detection technologies ( NDTs) with artificial intelligence enables efficient, non-invasive seed vigor
evaluation. This offers novel approaches for early warning and precision control. This review systematically examines the principles,
applications, and progress of both conventional and NDT-based seed vigor assessment methods, critically comparing their strengths
and limitations. Future directions are discussed, including multimodal technology fusion, device miniaturization, and molecular
mechanisms governing seed vigor, particularly the formation of low- and non-viable seeds. This review provides a theoretical and
technical foundation for dynamically monitoring the seed vigor of IAPs, assessing the risk of IAPs based on distinct seed vigor states
(high-, low-, and non-viable) , and developing source-control strategies based on vigor disruption (especially inducing non-viable
seed formation). These advancements are crucial for enhancing the prevention and management of biosafety risks.
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M TR S EBR R SR, A ARE R B 660 ZRpINSEARYIFR, i AL 402 Fif
H TR ) A Bk M A S PR R (Barly e al. ,2016) . (Hao & Ma,2022) ‘iiLbMﬂE%%T—:E/ EERLIES
KEVENRRAGERNZOS 5E, BRI R 2 50 Pk EHEER A, BEiEgER
WA ARIES, Hageit, B2 2020 4F, REC kK w5 1Jc,m1’EFH‘WLﬂ%'JﬁﬁiTZIKim¢W\,L,E'Fﬁzi

Y75 B HA ( Received ) ; 2025-04-06 353 HHA ( Accepted) :2025-06-14

EEWE: HRXEAF LRI TE (2022YFC2602200) 5 E % B 4R 34 (32272569)

EERIN: K, &, MEHEAE, ARF . NZAEPF, E-mail: zhangyue02052024@ 163.com
* 38 1 1E 4 ( Author for correspondence) , T #i, E-mail : wangrcaas@ 163.com



- 10 - AW (PIESC)  Journal of Biosafery

o535 4%

Yy ZREPE T B SRR R BB PR O, 0 DX A 2
A VA W) 2 A A AR 2 U (X R 45, 20225 Hi-
erro & Callaway,2021) ., 7ELTY 5 T, @ AR
Prah 25 MR 22 5 KU PEAG AL 2 27 By 45 10 B
LR

T FALRE IR AL R 2 — , Fh
TRIFAE BE ) HEDGE T A8 AHHH R 0 U 58
TERTAE) R b3 ) R A LA T
MR DTER . BRI R M BUE FILRER 25 G
ik, X4y e R 5% i H A 4R ( Copeland &
Mecdonald ,2001) , TEAMRFEH T, Fh1-15 Jyid i 500
B R ORI B v o o2 B B 4 vl AR A G
B AR R ARFREIE S 3 oA,

FP-15 ) 52 3845 | PR IE 55 22 i [ 3 52 0 (Sun
et al.,2007) M3 1 7 i AR AR AE P, AT K85y
R 1B (R AT E R AR L) AR TE ) A
(IRIRBSFNAE PRI AL ) LA K T T SR il J1 %
FAE S BT A B T BAT W A AR B A B
PR G AR S0 2 B, B0 i 7 L R T R b O AR
RN (51 R e B N ST Ty S VAN NS S £ e
HERE ARG TE AR O, 1 o A 23 R I #1558 B 4
TR (Shen et al. ,2011) , 3G S FpF (L H 2
PRHIRHY ) 38 428 48 3R 101 A ek 2ot 30 AN R B 5 4t v
WEZ B IR h R AVE RIS TS J7 ., i 1A
TR HTRRES) (B HIE ML AT TR A By 4
BARRE S, P SRR R 15 I X
I 22 S R O A 0 45 T8 ) Bl R AL
(INZAZEIR A2 IR s AR B PR 30
SR A FPE R ) K e R 2R (iR R K
oy I M iR g | BRI BB AE )
X AR B 285 K i S B0 1 By 4 i i 2 O H
(Ventura et al. ,2012) ,

ST R 1 AR ) (JEHGRARAR AL ) 2 TEiE
P TE AR IS AR A VR AL G A [8] R X 20 FF
fl NAAE R FIRE A6 A 2 O B, XA DA
AL RESE 75 R AR 25 1 0 b1~ 1) BRIV g
FERE , B RE VBRI ) b7 KB 3 A 08 1 LA S
FhTET T35 1 SR ROXURS: o MERA 24 A )35 ) 26
RUF 10 5315 S L BB PR AR P o 1 2 57, 7T Sy il
R K HEAZ TS S R R i e IR 2%

1 MFEAEEENEEDBE RN
ST R TIOR3 VR A A O

FEHEEAL C o AR XU B3 10 5 B 45 1) 5C Bt
PG . BHET ZERE RGN T 3 D,

TENAZ IS PEAG J7 10T, DR 46 B FUR A B 45
NAAE D) LB T 8 2853 M S PR BIR - e 3 28508
BUREC LIERD PR LA 5 AR T 7 (AR A5 , 2003 5
Gioria et al. ,2021; Wang et al. ,2024) ;i i #4 g Ff
TR 13085 AL T E M i A RS T T
NI S =R

TEB; 12 W A6 J7 T, ) Ak S 5 41 ] Al
1% 7 S B T A R SR A AL AR T A
% Tithonia diversifolia A. Gray fi72 5259 5 vl i IR
=M YLET B Bidens pilosa L.Fh 52 4 pE ( H 2242
55,2015) , HI MR 3% B8 % Peganum harmala Bunge 37
PR T ZE Jp % Solanum rostratum Dunal. 8 &2 TEAE
FIRAMIE I H] (30 mg - L' S22 M) (LR
45,2025) , X EE % Bk I K 1) 0 A R A T
LN L

TEE B 48 5 U7, &F X K B Ambrosia
artemisiifolia L., 2% 28 % =% Ageratina adenophora
Spreng. SF AMRAES RS, i e R m A 115 ) 58
VR5E A B A HIAR ) A T AR, AT Ay A 4
AR AR AR SRS (R 2245, 2017)
2 MFENEERRSERENH

BEXE A AR Py A g DAk N B E AR LA
AP HEAS B A e P 5 S8 BV KR, DL T
FIARZS VAR BIF 58 1Y 38 DI 75 3K, B35 7 4G 00 45 AR
T AR KT GAEAR IR BN, WA AR E
B3 A A A I 3 A R TG 5 bR A 0 A R S
( Marcos,2015) ,
2.1 fREMFFEDRMEAR

RGN0 I3 I 38 Ty 1 T b 19 AR HLAE Ak
Pt el A0 R SRR T AR R AR AR5
BT Z o IXSET7 BT < MRS 20 it 5t Ut T
B DU e Y (4,35 ( Franca-neto & Krzyzanowski,2022) ;
10 3 0 S AR S5 A8 VA A 5 S0 R 1 Y S R
W5 3 (R 3 R4S, 2023 ) 5 MR 35 7 45 07 I
548 J3E TERH O AR R IR I 5 V5 5 T e D0 2% A S5 WL
WY B ) B AR R R A o R 2 vk (2 ) W) AE
2013) s AP it = 1 38 DA DX G0 i 52 5 68 i
A6iR 5% ( Demirkaya,2013; Qin et al. ,2011) ,

U e €0 35 30 5 e (0 R B2 S i g s AR, Bl
THAMT/NEHE Erigeron canadensis (L.) Crong. (/B



514

TRAEE ;. Aok AR FI 7% TR BRI ST 2 i <11 -

1845 2009) JiEE- Xanthium spinosum L. (BN
#%.,2011) (2R Poa annua L. ( Williams et al.,
2016) “F ARAEYIAN 115 1 SRR C R I
AR SR S8 28 (Schwartz et al. ,2016) .
H 238300 o VP T AT I &= R — BB AE Solidago
canadensis L. G FE TP A9 1 & B AL (LK
Jk&5,2008) o B & IR B AR ML O, )T
T T3 Flaveria bidentis (L.) Kuntze. FhT22
ST A TE IS BT A3 I 1 (9 A8 A4, 2011) A
KHLEE Chromolaena odorata L.HH % 15 5 W Juj # Y
(INEEAESE 2023) PR AR ] B2 A 25 A X JEK
( EHi TN ,2020) A1 Sorghum halepense (L.) Pers.
( ELAE,2023) S5 A\ AE W) AP 1 K i R4 i
AR B T PEAS I R0 v, 22 0 H
Tt & H B A8 Carpobrotus edulis (L.) N.E. Br
(Fenollosa et al. ,2020) S UE Amaranthus retroflexus
L. (57 K, 2020) 75 15 % Aegilops tauschii Coss.
(Wang et al. ,2021) SR BT HLE ST .

By ik B 2z N, (H AL AE 7R W] 2 Jm)
PR, BRI i B Wl PR (U2 DY e e
25) BRI K (AN A& 2 g A ) | X LU 2 A
TABYIRG A FEAS TR TC 0 | e O A SR S
NG00 W5 3K, BLSHRTS J1/J6Ts 1 fh 5
PAGAIAL AR PEAG BE AN R o LAk, i R
B S A1 BB A B K T (A A ,2024)
22 MFEFEALTHRKEUEARFEESN A=

TCRRINE AR Y35 5 O L A 16
AR FFIFIE I AUHTEE T, PR O 3 A B A
EIRSAF R, 8-S A ARG SRR 136 T3 PEAG
JREEESE .

15 63 B4 (hyperspectral image, HSI) i i [7]
A IRIUR 25 () UGN 3% 22 78 I BOGIE (R . RS
SIS A AR B AS VRA TR AR PR S R 1
TR AN U AL S AL g )
SEIE H) SRR T T ) ER, 3dE T S g a4
/M7 (Bhargava et al. ,2024; Wang & Song,2024) , %
i 4% ( multispectral image, MSI) {5 & & /0 F
HSI {H jb 2 B/ 6 2 1505 U B 0 DI 3 181 8
S HRAETE T AR 8 5 ey R O A, BRE
BRI B S 22 5 BB AR RAE PR FRTI h1~ i 2 %
SIS TE R | H TP e Iy T EA v )
(Xu et al.,2025) . BARBEARITLLIN G (near-in-

frared reflectance spectroscopy, NIRS) 1| FH & & % 4]
TEITLLH X BYAFAE WA, PR i sz ke Ao —5 I3 A5 HIL A
(CANEE BT ST SEky JK o) 195 A BIURE i
AR 3 (A 25 30) W PR TS T | 7 7
IR PR Ay B PP A it M v i
SRR (1, 2007 ; Tsuchikawa et al. ,2022) , $ii5:
3% ( Raman spectroscopy, RS) 3T F 550 FHRsh
B AR S B S /N 7 (A= R R T TR
BRR R ) BAFIE“ S8 805 &, rlebric Johisbes:
D AREHEE Aoe i 22 5 B R RE T TR
BARBTTG IR 0 73T AL B DX o3 H B A B 2 28
SR A B 22 5 (Hoffmann,2023) . HL - S 4
AR FAZ IR 5 ARG I Ao~ AOAP R B A R 45
MR RS, 45 SRR OGRS T PIRAES | i
TPt e mh a8 578 (TRUILAR, 2022) . O
FRCRER AR TE 33 70 B SO IR b 2 1 7 A 10 3 2
RO [ 2 1y s 25 A Ak, SR TG 68 i S - PN 3
PRI SR 55 85 T ARAR Y DX PR
Jir3en 4 BB A= BR 0w N/ ( Braga et al. ,2003)

TCAGHOAR A AE R IR v i i AT 42 it 22 4
FRRRL O, I AGAE YR T5 S WF 58 KA1
BivEEAR . RHZEOR VAL 5 i Fh 5 7] k2 1 T
O3 TR GOUL 5 SRR AR 0 E , A5 R4 T A R
AME, FFRERT HER 0 XA & AR TSI -, 58
WAL T E T, A5 At ML=~ ,
TR fRHTIE ) 25 7 0 AR B A AR AL . AR )2 1
TCRH A A PG A 1 A | S ) B
PTG 13 e MR E R SR TR A
TH AR IO AL A5 S B 1 it ( A B 79) | A JRK
Post AWy 76 PRI A8 ) X Rl 36 g A 40 ) 2L
S S i P ot i AR Sl SR 7 S R IPA KL U e )
AR L, A B2 T < 0 g BELWT i) 95k
By 12 SR PR (IR ik dl . T R A s 24
ARFAA 2 N T8 BE (artificial intelligence, Al)
IS A S B B 15 & AR R A B R T 5T 1)
3 MEFRAFERATREL

YRR TG A AAAE I R IR, PP 4
AR IR ST WS Sy B T
A BINRE S I LRI T EA R, R AR
15 36 gk XU - SR s ) 4 5 B A BIL AN B
LT TCHE I B 1 AL A By 455 SR ek O 1 1
RFETHZHE L L ik = AR AL H AR PEAG AR TG ) F1 8



2. ) A (R0

Journal of Biosafety %355

SR A B A S AL R R AR, RO K
JEICAR  ZHR TG W ER G PPAG 3, i A i A
Yol B9 A0 SR, s R P AR B RE RO IE
JUHILHR , 5T 5 T BT S B, it
J7 ) LR TGRS I B2 AR R A AR/ TC I ) T
REHEFUN S AL A A L B e il 2 00 5 T 3h By

TETCAGCHI B R AL J5 ThT, L 3 NIRS
RS S AR SE BURE AR F 400 PE A, A O fE
TETORBERN 758 B AR LS 2 Ae 0T 5T, VP4 IS il
AR T 1 R (AR T R 69 AL oy
) THOULES A LS (15 13 S L Agp A ) sl Ao 8
UECHR G TR T AR KB AIN ) | bk G A2 SER IR
Rl TR SR, FE B, JCI AR U
FEOLIE A FACHHE S W TRA ST B0 115
250 SAR/ TCT SR T 7 5 R HL B R AL T
KRR . BOR BB AR T TN R T
IR 1 1) T O A LR THEF SR
P s 7 SRR Rl SR (4 NIRS+RS+1QHH)
AMGHR I ZREA G M JEE 5 45 1 TR I 2 ] 5 Bk I
R BTG — 2 i P S5

TEAR/ TCi% 3 b 7K U 5 AL ) A A 7 T
o7 R FA 7 5 AR A4 DO I, S5 B 4 i
J1% FNE WO S DI RE AT . BEXHEE AT W
A T AE TR R AR F AR ST AR
0 PESRN: (ANAE SR 7 ) (S BRI ML, IF P Bl
i) ROBENIDEE L el NIy VAN 4 DO AR s
T RSN 0 5 I AL, 0T A5 1 B v G
{5 IR LA G B P 1 it B (A A . e Ah, DA
HHRRPRELR B, B R AN TR R IR AR B 14 b1 24 3
Rk 5 AR RS ROEEAROGHE

A i i U 5 R Sl B4R O i, BT AT 3K
B R A EOR  HESh A )2 2 B A Bl R
VA GRS i o TP S IR B I S S W U]
0 A R AGPRE 37 5% S BRI ) P 58 B B RE AR DA
DA G5 A SE AL AR T~, 72 00 e g 2 ol
TP ) 3 2 K DLE AL AR FRAE IO KB,
B P B SE AR 75 1) A0 458 - 56 TR0 0 S pdl LA Y TR
ASEHT  FERR 5 8 O BT R 2 B X1,
1375 5 01 J1 b T A, DSk BEL AR ST

SE
R, e, SETIE, WEFAL, 2008, 4R ALY

FEAE B Fh T AR IE. A S (4) . 18-22.

WRAFR, 2020. Mok &AL st 8 £ & R % ALY A T & G- ad
B L e v S A =T | =D | =9

XM, AR, MIOTHE, A WL 2003. A AR
38 W A B Hg . P K FEF (A RHFFR),
42( A19) : 204-210.

e, ez, IVEDS, RE R, 2017, A ERES 3
PIARZREH AR YIS0 R, A9 %4 F R,
26(1): 18-22, 102.

i, 2007. MARIELLAMNEIE AT AR KRR . A eH 5
BE, 5(10): 9-13.

AL RS, #EAE, 2000. FA R AR (B
P & e T A T BRI, £ SR BLF R, 18(5):
1851-1856.

AR, AL, X5, TkeeE, SR, B8, 2025. )
R I8 B 34 22 B VRO 2 s ZE - i R B . T3 K
KR, 43(4): 1-8.

A, DAk, 2017, FrEss R AR KA B 5 B
PR A PERE. A &SR, 37(21): 7181-7186.

ZZAW, AP, PhEN L, BKERSY, DRRRE%, 2013, FFFNE 4
WRE AT . 27 ReAHF (1), 38-40.

XM, WAR, MR, WER, REAMW, RE, B, 7
We, TEEY, 2022, ETAEAEY AR ESEEET T
J&. M SR, 30(10) ; 276-292.

Mo R, BYeEE, SR, SRS, 2023, AKAEF IR
SR GFTFIE LR, P ER LA SR, 25(1) .
35-41.

AR, Pk, Ky, BRE, BN, EA, 2024, TG SbE
RICHA B AR R, iRk A 3 52(7) . 1-10.
INEEE, WS, TR, WIEG, k¥ ¥, 2023. AREY
LRI I 05 48 B AR X R I S AR B Y

MR . 2 I M AL AR, 31(6) ; 757-765.

WA, ZEE, MiFR, XS, TR, SEE, ik
Bi, 2011, 3yt IE X525 T00 45 Fh -0 1 00 . AL 4 A
%, 25(2): 14-17.

M2EZE ) R, BZAE, W, [, 2015. ARIEY
AR AG X = 0 AT AL IRAE . A SRR F R, 24
(7): 1128-1131.

RGN, 2020, MR3E A = B ot R 3 0 T AP T B4 is Fo AP F
R A B AR A APRE AR AR AL B 2B AR S A
T AWTFRE

T, XI4E, LM, EITFE, 2023, ALY AR
KR AR T 5 8 0 i R R AR 3 Ak A
40(8) : 2020-2027.

P, 2022, HLF S B R SO AE A il BT A I o i 1
MEDL. R F&H K, 48(2): 4-6.



TRAEE ;. Aok AR FI 7% TR BRI ST 2 i

<13 -

BHARGAVA A, SACHDEVA A, SHARMA K, ALSHARIF M
H, UTHANSAKUL, P, UTHANSAKUL M, 2024. Hyper-
spectral imaging and its applications: a review. Heliyon, 10
(12) . e33208.

BRAGA R A, DAL FABBRO I M, BOREM F M, RABELO G,
ARIZAGA R, RABAL H J, TRIVI M, 2003. Assessment of
seed viability by laser speckle techniques. Biosystems Engi-
neering , 86(3), 287-294.

COPELAND L O, MCDONALD M B, 2001. Seed vigor and
vigor testing // Principles of seed science and technology. Bos-
ton, MA: Springer: 165-191.

DEMIRKAYA M, 2013. Relationships between antioxidant en-
zymes and physiological variations occur during ageing of
pepper seeds. Horticulture, Environment, and Biotechnolo-
gy, 54(2) . 97-102.

EARLY R, BRADLEY B A, DUKES J S, LAWLER J J, OLD-
EN J D, BLUMENTHAL D M, GONZALEZ P, GROSHOLZ
E D, IBANEZ I, MILLER L P, SORTE C J B, TATEM A
J, 2016. Global threats from invasive alien species in the
twenty-first century and national response capacities. Nature
Communications, 7(1) : 12485.

FENOLLOSA E, JENEL, MUNNE-BOSCH S, 2020. A rapid
and sensitive method to assess seed longevity through accel-
erated aging in an invasive plant species. Plant Methods,
16; 1-11.

FRANCA-NETO J D B, KRZYZANOWSKI F C, 2022. Use of
the tetrazolium test for estimating the physiological quality of
seeds. Seed Science and Technology, 50(2) : 31-44.

GIORIA M, CARTA A, BASKIN C C, DAWSON W, ESSL F,
KREFT H, PERGL J, VAN KLEUNEN M, WEIGELT P,
WINTER M, 2021. Persistent soil seed banks promote natu-
ralisation and invasiveness in flowering plants. Ecology Lei-
ters, 24(8): 1655-1667.

HAO Q, MA J S, 2022. Invasive alien plants in China: an up-
date. Plant Diversity, 45(1): 117.

HIERRO J L., CALLAWAY R M, 2021. The ecological impor-
tance of allelopathy. Annual Review of Ecology, Evolution,
and Systematics, 52(1) ; 25-45.

HOFFMANN G G, 2023. Infrared and raman spectroscopy: prin-
ciples and applications. Berlin; Walter de Gruyter GmbH.
MARCOS F J, 2015. Seed vigor testing: an overview of the

past, present and future perspective. Scientia Agricola, 72
(4): 363-374.
QIN P, KONG Z, LIAO X, LIU Y, 2011. Effects of acceler-

ated aging on physiological and biochemical characteristics of
waxy and non-waxy wheat seeds. Journal of Northeast Agricul-
tural University ( English edition) , 18(2) . 7-12.

SCHWARTZ LL M, GIBSON D J, YOUNG B G, 2016. Using inte-
gral projection models to compare population dynamics of four
closely related species. Population Ecology, 58(2) ; 285-292.

SHEN Y X, ZHAO C Y, LIU W Y, 2011. Seed vigor and plant
competitiveness resulting from seeds of Eupatorium adenopho-

rum in a persistent soil seed bank. Flora-Morphology, Distri-
bution, Functional Ecology of Plants, 206(11) ; 935-942.

SUN Q, WANG J H, SUN B Q, 2007. Advances on seed vigor
physiological and genetic mechanisms. Agricultural Sciences
in China, 6(9) . 1060—1066.

TSUCHIKAWA S, MA T, INAGAKI T, 2022. Application of
near-infrared spectroscopy to agriculture and forestry. Analyt-
ical Sciences, 38(4) : 635-642.

VENTURA 1., DONAM, MACOVEI A, CARBONERA D, BUT-
TAFAVA A, MONDONI A, ROSSI G, BALESTRAZZI A,
2012. Understanding the molecular pathways associated with
seed vigor. Plant Physiology and Biochemistry, 60 196-206.

WANG N, YUAN M, CHEN H, 2021. Efects of artificial aging
on seed vigor and physiological characteristics of the inva-
sive alien plant Aegilops tauschii. Acta Societatis Botanico-
rum Poloniae, 90 9010.

WANG X J, GE W J, ZHANG M T, FERNANDEZ-PASCUAL
E, MOLES A, SAATKAMP A, ROSBAKH S, BU HY,
PANAHI P, MA M ], 2024. Large and non-spherical seeds
are less likely to form a persistent soil seed bank. Proceed-
ings of the Royal Society B, 291. 20232764.

WANG Y, SONG S, 2024. Detection of sweet corn seed viabili-
ty based on hyperspectral imaging combined with firefly al-
gorithm optimized deep learning. Frontiers in Plant Science
15: 1361309.

WILLIAMS L K, KRISTIANSEN P, SINDEL B M, WILSON S
C, SHAW J D, 2016. Quantifying the seed bank of an inva-
sive grass in the sub-antarctic: seed density, depth, persist-
ence and viability. Biological Invasions, 18 2093-2106.

XUJ, SONG Y, RUIZ, ZHANG Z, HU C, WANG L, LI W,
XING J, WANG X, 2025. Trend analysis of the application
of multispectral technology in plant yield prediction: a bib-
liometric visualization analysis (2003—2024). Frontiers in

Sustainable Food Systems, 9: 1513690.

(FTAE S 4« AR 4040 )



