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TRFIHT. HEL BRI AR PSP SR 53 4 i 7
55 N 5 T R B SR A T BE R REAE, R o R
IR (qualitative characters) A4 14K (quantitative
characters), A~[RIFJE ok [5]— @ AR & AP AR A1
JE IR HH 2R 1 R RBC PR,

ik, AR SRR A A B AR
R B MRS BT AR, AT DR TR (de-
siccated). VKiZi(frozen). ffi7K(waterlogged)%5FHFikTT
PR REER 35 T (87 T o, (HH bR B AT
¥ Ak (carbonized)JE A RAE. BT R AL Z LIS
HYRAF P RAPRES AT B L. KB R Z
AT AP/ SRR TT AR SE E B, HoE
RanFp 98, JBL K TSR AR) FE A
FERT LA Ab, AR E A ) R AVRRE i A P L G A S
(5 S, DI rT i g R A R e A LS. K
FEYI35 A7 (plant macroremains) S AR AEY) S NS HAF
JITREER OGN, R AR S aw ke, Uibfes
AT . SCHATE BRI E () SERY, LRI MR I T
RN SR KR D L % LN Z —.
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YEVIANRE ZAEY), QSRR R AR AR,
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(] RE AN AR A Py e R IR T A 1) R BUARRAIE AR M B
A, RAEDINML. AR R, AT R Aif
BRI 55 5K 21y PR 22 ) el 728 5 R VR 3 PR IR Vi Ak 22 )
(R RERIFeR, #HIWAMR TR —2L 3
AU LR R, e BBARH AR, HTBOR . Bk
FEZ T ) N A5

1 b1~ RS AF R AR )5 i

L1 bR ER

A EFEREEY R RARAREY). XA
P+ (FEP 27 i) 3 2 B O o I (B IR
2R MR IREhEE). WRFL. FhEz(&). HAth /N R
57 (Chenopodium quinoa) 5285 MW FHAEY),
Tk, (HIEATIRFLEND). EIEY TR A
RFEQFFE R JBR, Bl 8. Eig. fiEE
BEL MR/, LESE. RALR T NEE. R)MIRS
B, Hast B AR X T B T AR A/ ISR X S 4k
VEYIRY B RAMER . Bl AR R R Bk,
Mg AEE) RSN R 20 WA SR L AR B 5
R B INERIRAZ I BEAK B AR BTN R K« Rz
(). REMRSES B o, R SR
FFRBIPR. ARSCEZ R F R EEY R 2D
b/ ARAZ A e R A Bl MR —— R (size) FJE
IR (shape).

1.2 BRI PRI 5
121 FHHRBSMNES®

IR A IRAZ RV AR B i 2
Z AP 3 B R SR AR 7 1, WRiEZL
JCI A M4 (multivariate morphometrics)'”. %77
FERFE R HARVEARXS R0, dn e fd 0 T B i
MEIRMEERS . SRR MAES, RIEITEES
AR SFME. A2, BAMEHREREEY. %
J7 B e M ULER 5 R PR R AR S S, 2 ons
TR (F R ik . 2007 2508 JUBR oG

(b) (©

B 1 M SRERER R, () TR (b)) BRI (o) SRR O Rl @ IR2F © Nkl @ IR, ® 1t © 651 @ PERES

® 7

Figure 1 Schematic diagram of seed anatomy. (a) Maize seed; (b) leguminous seed; (c) peach stone. (D seed coat;@) germ; 3 hypocotyl; @ radicle;

® cotyledon; © endosperm; (D endocarp; @ seed
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ST AN T o il s, S IR [ R e A
Pk 2253, Stummer! B LR AT (Vitis vinifera)
P58 HU A X3 DL A R A= R AR . Z 5 A AN
2 2 2L R A 2 P A it R R X
Bl s AL S bR i v B 5 e, (B A A R
WAETE AL R T i Tk ok 5y B AEARTE, ARk
BB/ INE R b AT R AR bRl fE 45 R o R AR
b, oA LA I, BRSPS B AR AR5
KILAEMIE S, SRR 4 R e e 9 ik/
HP A= Fh S AT SRk, R, Logothetis! i — 254 1
PR GERE . SRR R I Sk DORS A X
Gy AR IR AE R, I AR bRtk — 203
! SmithFiJones' WLEE & BLYIL A 4570 T A
IR RN B IR B AN Z A AR T 2, 2 R %
FEPRE AR B R X 4325 st bk rhose Ab 7 2 - i b
2. $RiiMangafaFiKotsakis' A K Fh AR R A
Tk, AA I SN EPR(LS. PCHY L. LS:L.
PCH:L; [&12, [15])ifE— A # ml LUK H 4 Fp st kG
58 B — R 4T 20, BAR T

PCH

B 2 WA FEMA AR, L, BKE; LS, BMAKE;
PCH, & S TR ; LCH, & S AYKEE; BCH, & 5%
BE. B B SCHER[15]

Figure 2 Dorsal side of a grape seed and multiple variables of its
measurement. L, Total length; LS, ength of the stalk; PCH, placement of
chalaza; LCH, length of the chalaza; BCH, breadth of the chalaza.
Modified from Ref. [15]
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—0.3801 +(—30.2LS /L +0.4564PCH

~1.386L +2.88PCH/ L +9.4239LS), (1)
0.2951 +(~12.64PCH/ L — 1.6416L
+4.5131PCH+9.63LS / L), )
~7.491 + (1.7715PCH + 0.49PCH / L

+9.56LS / L), )
0.7509 + (~1.5748L +5.297PCH

~14.47PCH/ L). 4

WEAEYRFRARFMNREOOENELZ — 5
WIS F LR RIEAR, BRI (Pennisetum glau-
cum)FpF miRAR, AR AR B 5 (Pennisetum)Fi 1
HERIE. 2 R R T BT R K
SO JERE. K/TES RE. KxBE. K. MRTESES
prRi (AR TR AR, 1R AR P AR K
AT RE R B (5 B D A RLs AR A A
SR, HOKFEFI/INAZ R 5500 58 52 AN [m] i st A5 4 1
T IR R A R, 3E R SRR AR AR
FEFRCO (R R AR E Y R T B B
W 2% e K BEPY . ZR(Panicum miliaceum)F3E(Setar-
ia italica)Pp—FiEt A7 B AR PR IO I T AR, SEZR
FiFIE RIS, Bt a AR n-L2-w/
202 (A SEZR T IR UG B T AR I, eh kit
A AR TR S R, BN A SOKRE R
T RAVHR B SCF TRLE,  H /05T B kL
FY WA AR E TR R, ok (4
3. LWT/8)x0.865129 (F3R AL I K, WhTE,
THIE).

PLR IR AR A A TR A . IR EBAEY)
2 & oA, Ho RN 2 2T
D2t FIELAR BR 3 A 31 Z2 Al o A 22 e s 25 G e
IFAHE SRR R, R EEHE PRI A TR A AT sk,
(BALGIE S A AT AT HOCTE 5 s Z A I SRR
M TR 4 I . 2 2R FE =4 —
(1) R A W) g A5 AR TR R SO R BE Bl .
[N R 2 IR B AN J2 ) 5 ), o/
R BAF RIS RAFAEZ e, RIGZ T 5 M
I B FE AR G A S P E R PR IR A T B
AR, FIN 7 T R AR IR ) — S
TR —— IR FUJE 3 ok L VI (AT 1 B A AR
XPEAR 85/, F A I AR 4015 2546 R A [m] )
A Z AU R E B E . Y ETEER A
BN B REMIR R 2 R, ilTmagel PO
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SmartGrain". Alseed™ 45, AT LA/ A 0 I 1525,
19t SR A AR G MR A5 R,
Fos B K. TARASEEAK S, HARER R HAE T
PR, S AR EL S PR, PR E B g S i
WIRFET 2 A R —Fh o7 ik

122 RSN E*®

R AV A G T A0 7 v A RUH O g FH ] g
FETER XA M LA K IFAMZ T AR TR I 2 T AN
S, JUAE 25 292 (geometric morphometrics, GMM)
Hasvk s B R BRI . B BNZ R0
HTIHASRE L KBAES SEEhE21%
TR AR, W A T HEAT R AR RS
B, AB BN EY T E R, AR
PRSI SRS . HEE S RATEAE, AR LA I
R I 8 A B R s A3 2B T 2
A R AR R R — B M b S B B L R, AR
B X R UBARIE B, @G Z2agqit ot i
e BFRGEAREFBEIEERHE, SCEIEAN
ATRAES, A2 LR A I i R, DL AR B vk
(outline analyses) A B {8 B 2546 7% (elliptic Four-
ier transforms, EFT)(5H X s s BOMER & BIAEY)) M 32,
WA 43 Sk ik AR B AR A (land marks) A2 A5 i1
(semi-landmarks) 19 3% [ & E 43175 (generalized  Pro-
crustes analysis, GPA)[33’34].

Terral25 A\ M4 JLARPIE 250 B4R 30T, <8 152201
bR S FUE G M (RSF b, 7488 PIFP i
2545, WIBRANRST K/INW 7 Tt Ao SR A% 22 1
PR, FERCRE A B OO AR ge il 2 i 205
ATk, [RI  fd H # 7 AR £ 53 (canonical  vari-
ate analysis, CVA)FIZRE 27 (cluster analysis)%5 HABSE
THeE R T T AL SR M. AR ST A L,
Terral 2 AP — 25 R 1 0T B 5 oA 1 04 A 52 e HEL o
BT ST KR U a1 D275 i o RV =15 | B e v s T
2N F b —Ri/NFE (Triticum  monococ-
cum)~ —Ri/NE (Triticum dicoccum) K2 (Hordeum
vulgare)ﬁ%ﬂﬁfﬁﬁljﬁfﬁj\fﬁqj[31]. Frit=z4h, JUEZS
) At 7 i R . Ros NP7 HITPSdig%
PR AL PR RT3 s 3 5 T B~ AR i (sliding - semi-
landmark) 7347 5% Ak K22 B TR DL IX 23 AR K32 iy
Fifi; Garcia-Granero A\ P*5E 15t TPSdig i -4 M o5
5Pbr s Wt AR A 2 BV Y 5 (Brachiaria  ramo-
sa)FISE(Setaria italica)Fp 1 JLATTEZ.

X—FrBe, JUIE S LR RN HR# TE50E
A BT AR ATE AN BRI, Xk
28, N AS i TR LRI R, il 2R Gkl
AR, BEf: R AR AR B T, 3R
AT A AR TN S e S AR VR A e
TR BRI R AR
HAAB AR S AU HRE 1, DURIUIERS
M 2A ) RS R R AL TR e s i, S80%
Ik HETE AR 2 0 ] TA s e i e 2480
KRR, FHRESNEHERELHE T KaEHdE,
TR T F 8 e, JUIE SIS 246 ke
.

FLHH IR o3 o/ R s A T AR DN #2 2E T2D
BEr MG AT, FriRAs i Bds & o — 45, (H2x)
SR TR T RE S SR R DY s =
AR KR, BT 3DEF EE R =488 5805
REMS I B SEMERG . TS M R R A E D b1/
BRAVERIE B, =48 B AR a8 TR
BRI, S4BT R T A CTH R &
R IRN NI S SR SRR, 4
SIS ik T A R s, Wik G (Vicia
faba)i AR, A 7E3DF MR e MR, g
JURIE IR B R BRI, 4nvE IV (Citrullus)Ff
TR, BARCTIA T TR 5 A A AL
K5 Z AL &5 48 LI 5% 94k o A2 o K 50 5 il AR
1}{:[43]-

ZE L TIR,  REMSAEAE st A7 TP R ok i 3
RAEYFTIVEIRIE A Fh 7 RS FURAR. Xk
DRG0 5 7 vl s B A R B £ . T DA RS
[ LA, D PR —FE FRFE A B RS HE I 24845,
F AR G0 A5 00 v A M A% e 5 T LT TR 250 i TR AR 45
G, BRI BT RIEAR S KN MR 2 5
THEME R EREE . SRR N SRS E R, MU
AT A/ AR A I IMERIE RS, 34 AT LA L Py s
F, M 2B FRIHRS . FETF LRSI, R
RS orHT 7185 UG A, SRR/ 4% 4 A
FRAEI A 2 R A A S T AL

2 B TR AR MR st

2.1 SEANERT AR e R ek
b7 ARG R BUEARAE DAy it A% 22 Rk Y T 2R
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ZWN T B AN [ e B B R38R A8 S K, S
PR RN T IR SR A AR, SRR SR
FERL T2 0 T DX VR AR B A RN A e B A,
WKFE(Oryza sativa)S5EFAEFE(O. rufipogon)™ . B ERIE
SRR, A, DU X Rk
AR AR AR, ANEERE(Oryza sativa  subsp.
Jjaponica)FHIFE(O. sativa subsp. indica)™. —he ki
(Hordeum vulgare subsp. distichum)FIKFZ(H. vulgare
subsp. vulgare)”". —i/ Nz I /NEE ),

PRy LA 5T P XS L B PR AR R AN R H B A
—E XM, Bl AL AR R AR B A BE A
BOPELL RIE 25 5 b B i P — L 2T L
IKFE A, R R IR 58 LB ERS . RIA
SRR, W BURRI S AR s
FE G S bR R 12 W T R Fp K R b+
RIS Bl Ok R R IX SRR A B 8 38, 2R
I AR AB WA L 1 X3 A AR B A Rl AR K5 A,
P [ — 2 RURAE AN ] R AR, IR0z
FH T ARAE Y8 A7 it P 18 25 58 K HE R 5L 7™ 1 1) 36 1
B A B — g LA 531 e 2 2 AR, H
H R A 1 48— 1 R AL AE ) 35t A7 8 28 B B i P
BEXF AR At A5t Y AR A DN bR v 25 A AN ] HL
FETEIRZE, SRMTEES FDN A A ioRe B B S A b i 42
HE AR A . DU R 2 At e e ST 0
IKFERDF I AR I R A AR ), o A
FHIEZ SRR (GL) RETE(GW) BLEE(GT). K
(EL). WESE(EW), THEHAA XS5 2P B (Y
Yy), ST SRR AR H A
wr:

Yy = —144.775+26.282 x GL+23.353 x GW
+12.641 x GT + 18.836 x EL+20.871 x EW, ®)]

Yy = —174.142+24.323 x GL+24.559 x GW
+16.525 x GT +31.057 x EL+29.542 xEW.  (6)

22 HREREDINLS 2 FAbBE R R YR
BES

AR BIEF ] T3 G 22 asthk 4 i SR A%/ Fil
T R RN, VRN DI R A R A E D Y
fEMZ e et . EYIkat R, Fa/Ah i R
AT I IR R4S R R S, ORI LR BAE
(domestication syndrome)fy B AR Z —, BLFhfAE
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PIAE DAL B B R AP R AR A, R
TR X — ki /NE . RN E. KREF T
9500~6500 BCEZ Ji i #5 it [ 25 75 B 5 o JE 2040, 52 2%
Yk AR DA TR AR X D, R E G T B R/ INFE
6000~3300 BCE=Z IR " T F it X 245181
B SCAE S g L SCAE 9 1E] (5800~3700  BCE) /K& #H -+
TEARTE AR, SRR VA AR, EIE X BB B Sl
FFEREAE1400~1000 BCEZZ [] W @38 k1™, S L) &
AW NISE i o N IR 2 I8y N O] sl P (2
WIBkAZ (Prunus  persica)IEF#E6050~1750 BCEZ [H]
R T — A FIR I -0, KR Ui X A i
J(Cucumis melo)FhF1£4550~1750 BCEZ a4 & A1 i
BEA AR R HATE(Castanea crenata)@ HAE
3000~700 BCEMAMBRIFHER, W (Phoenix dactyli-
fera) FA% K ERITEEELE3000 BCE~650 CEA: IS A%,
PO AR 1 XA S8 (Canarium  of. indicum) FIRERET
J&(Spondias sp.)IARA% (N E) AT HE1500~700 BCE
BRI, FEWNEERLY (Persea americana)FPF 1K
JE7E500 BCE~1450 CEA BRI, 155
AT B RN AR s AR R AR R T B A
WUIAEAAE Bk AL 3RS, A2 A st bk py A B
A R AR SRR ARA R ARG Semt, mIRESs ™k
—ERRERIR2ZE. JTCHSEAETT R Y R R, AR
FEAEARER L.

TER AR AR 2 AR AT 8] e 41 BT L A B,
ARG AED AT 2 — B E TR R FE. I
V(RTINS s R = R e Y N WU gt
HALE, HTHEAS FVED YA R 5 R AL T AT 5
fifi. Dorian FullerllBAP"* V434 T 4R M A
.. T REEEY, RIHFF R NEY
@ L e VSRR I R F e L DR N
AR AEES . R R AR e R — 4R
YRR, AR/ NS I R A P A
TEYME R R SR A RO, TREER A
FTF B - ST InAN A, PR R P e A B
W, MRS R R B T 5 R ET o4 i 09 78 iR
P TR SRR T b A (Pourouma
cecropiifolia) FA% K /N5 R A (R K ) K/ 2 TEAH
B BHIE (Ziziphus mauritiana) FARZHURAK, R
PIRERI S, RSB A 2 SR, M
FAZ KN AT B AT S R T (E Y
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eI SR T IS, RAVEY M SMERR, 1E2Fh
R BRI (M TE SR . K SO ) A SR &
Cctetes . RBIRGFF)m T, PR, BT
A ZREAHAL B B, 7ERLB B s i, G H 2
I B 5 R R S ), AT R S e TR
PN ANETI L7 e N R &R A DE A (L d ety ol
4n3215 BCELIKR SR+ R A AR ik s/ B G
ALY MoK ETE1400 BCEZ J5 AT B i %
Kald/, AR REK/INE6S0 CEZ G A I i i 4AE
a3 Rl — AR [ X 2 ) A4 3 F rp 2
FEA R A S BT E N, PSSR L M
B RN PE K RER RS . RLsadhn, HIBRE
INEFACE™. A RN 4 BRI 45 R B 3 B o )
FEL W KRG YL, KA. NER R SHZHT
/N e G X R AP T AE3300 BCEZ S5 774 IF
A, nTaeS B R AR OC, tn] gE 2 FE
U B Bl 7 K 1) A S A3 L Y 10 5 b A H Y 5552000
BCEZ G ARaE MM 5 1A 56, (R ILAFFE BEAR B
BL HARY, Sk (R TN T 100, HZs S i
A R L e T 2% b S R 1M
WAXTKAE . INEFFIERA g, KA. /N
TE 16 AR AL 28 P I L D R 7 A T 25 v — 3
O I e T~ i = Vit e Y %3 ¥ Vo i M1
AR R RAVHR 2R SRR IR R, DKk
VEMTEDIL I R i LG S 1 Bl 2

N7 RASCtk, AR EfLSt, hnl gEss it
WARNED A RIE AR, QG kL /N2 0k T B FH
FETE LIRS I AR HAR I BRI PRI T [ AR AL %
FPIEEF AN E P E P AT R NS Z, X
T BE R I 24 MR B AL S i 25 . B (Sor-
ghum  bicolor) £ AR BELINALIG, FEMIZR.
[i] P4 116 i OB AE i A PR S W 2 ke, Rh e
FLh - G 14 7 S ot o B T 7 22 R A7 2% 1 LB
RGBSR AR BT HRH AR & Bt ] /i
JEFRFRIBIZ LT S ARSI R, DR AR P T
FLURAEBE HBUAR AT BB R SR FAE U UG H BLEE
TS RE Ak i T 2 5 PR B

2.3 HEHAFATHSHET S
FE W35 A 2 R AR A A2y it ik 5 H R S Ak

KEA NHFTHEFBE AT AR, NTRIEY
A7 ARG IR A A AL AT ARt T

BUER. AR AR I, —kNE T
7850~7050 BCEMAEIE K, AlHEREMNILIT AL XTI A
TR T A R s 4k SR 40T 5 PE R My -
louthkiaisthk i) —Fki/NE . R/ . KEFYIAEY)
o, ] BB PR BRSO . TR AR 1 8 R il i 11
B 5 1P R D e b T AR A 25 5, T RE
SEREH AR [R] S 25 PR Can A0 ) 25 57+ S 80, X
NI R R S R R AR AT At T SR sty
FHUFE S H H % BB S 2 R IR
Aok, MEE S B RE A E AR S AR R AR A
FEETERE, Rl e SN R ARG BT
AR PRI SR

T RGO LA AN [RIURR A i+ 5
KT 5 e RIS ISR, A R s VB
I Tt B A AL (thresh) 4% 3% (winnow) B4 5 Kl Y.
0T A st bk 7Y R B s S ks R AT
AR5, RN RE R i T A5 0 5 Rk
T 109 A 2 i A wei AR  LUJS R b
ZICE WIS R BT, W KHER A 45 700 TR
WY, Fe AT MR R RS 2 S T IE R
TEEZ PN, MO ) R T b 4 K B0, — s 1 A
T2 R I VER I TJa 729, a0 KW stk A6 ) 3R
P s A 1R S R AR I 3 5 2035 AT Y Sl
b, BRFRAEPAE s 2 (R A 2 (B 40 A0 S D) R R
P, Rk —2 TR N 7S (R A5, A SR
Z5 . HSBRRATT T R At THEEUEYE.  nhm Sk
SRR HE - KRBT R B, TR
AT RT BEZEIN TG % I 1R Pk ik th e fit = S5 9 e R
B, BRI w i e

3 RIS T R I AL AR T

RAEYRAO A2 NILEAF IR, HERFUMR
SERPFERAE I . A REFI AR R S 5 3K 5l
WERMCHE, R AL, SER&THT A
HSBUARL T S0 Heal.  AAEYs A7 R AR
R AR S IR R T, BRI A
RS AR S 0. SR H R AN E R T R A A
RIPERIIFR BB B =, HAEWFTE AR
WESET7 I LA A —LE R, T B AR P g k.

(1) FEARIERE: M AR B 5E %, Rl
A, MMARET R, WsALSER T, ARk
DRI, 0 5 P B VR DR b 1A ] Ik 22, 3
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PR Z Rt B &= A, THRRER
FpFI B AR bR AN . KIESS BRI, B I
(R RBORAE B GE, 5 B0 {5 SR A B G AR T 1
Feg e 2 2 A kY

() FARMIGE: AR AHELR Y T R AR A E ) e T
R SR, (HE AW o8 28 M AR . R
TE OB 57 B 1) AR B AP AR B LA B A A 4 ) A AR AR
RAEMIHAEAC, TRETEAEATRENE. Z AP shak A 2k
BHERW, BIEYR AR RS2 &
A, AT ek — A I B RSN B ik 9 R 2 BN
LT 48004 S AL/ N,

(3) MU RGP IX 43 1 B T ER LR,
I PR C RIS ARAE D R T /504, 2 AR5 A A
XS4 ZIn it mALSLm, KRk, PR
SEHRBG R A 250, HRTRZ R s
W B XA R I TIPS FEESFER,
(R R RAEDI AR s b —— AP T/ A% T S 5 46
PRI S HOF RS, BSEFP T & B R (RIS Bk
Z, FEIX A G AR T A AFAEAR KB 0
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Plant phenotypic traits refer to physical, physiological, and biochemical traits that can reflect a plant cell, its tissue, organs,
population structure, and functional characteristics. Fruit stones and carbonized seeds are the most prevalent plant remains
discovered in ancient archeological research sites. Size and shape are the two primary quantifiable features that can be used
to investigate the evolution of plant phenotypic traits. This research analyzes the prevailing methods used domestically and
internationally that measure phenotypic features of seeds and fruit stones. This analysis develops as follows: During the
initial phase, a traditional and user-friendly morphological measurement method concentrates on calculating the
straightforward linear separation between anatomical points and the size of the stone or seed being analyzed. The
measurement index undergoes a shift from the straightforward determination of individual variables to the intricate
determination of many variables, succeeded by a thorough examination of multivariate data, with gradual enhancement of
the comprehensiveness of the index. In phase two, the Geometric Morphometrics method, which focuses on shape,
combines automatic image recognition, intelligent measurement software, and a variety of data statistical analysis methods
to distinguish size and shape data based on the geometric spatial relationship between anatomical points and outlines. The
two-dimensional data are transformed into a high precision and high resolution three-dimensional geometric shape
parameter reconstruction of plant phenotypes. Micro-CT and other technologies can not only measure the external
morphology and reconstruct the volume, but also observe the internal structure and measure more characteristics. As a
result, the quantitative reconstruction and result visualization of the geometric spatial network of points, lines, and planes
are clearer and more accurate. In the next step, the significance and application of crop seeds/fruit stones phenotypic traits
measurement is introduced systematically. This involves the identification of plant species, differentiation of wild/
cultivated species, process of crop domestication, spread, and diversification, agricultural planting structure, production,
and processing, as well as cultural behavior, function of an archaeological site, and social hierarchy. Subsequently,
problems that still exist in the research are then proposed, such as (1) e year dating is necessary; (2) the measurement
index measurements will be affected by the intact of the charred plant remains; (3) immature seeds/fruit stones will affect
the results of measurement and analysis. Criteria for distinguishing between mature and immature, immature and wild
species may not yet be established, e.g., too low a sample size may result in large errors and affect the statistical analysis
results of seeds/fruit stones. Finally, this research proposes prospects for future studies on plant phenotypes, which include:
(1) Use of improved measurement samples: desiccated or waterlogged seed/stone samples are ideal for study because they
are almost completely undeformed. The extremely arid area of Xinjiang is an important direction for phenotypic
measurement in the future; (2) implementation of innovative measurement methods: three-dimensional scanning should be
applied to improve the scanning accuracy and reduce scanning errors. While ensuring measurement accuracy, the sample
measurement speed is accelerated to carry out high throughput measurement and reduce the complexity of post-processing,
such as three-dimensional point cloud data processing and image segmentation; (3) establishment and sharing of database
of phenotypic trait measurement results to more fully explore the causes of changes in crop seeds/fruit stones phenotypic
trait. This paper is the first systematic introduction and comprehensive review of the morphological measurement of crop
seeds/fruit stones remains, whose proposed research direction stands as one of the key topics in the research frontier of
plant remains, offering extensive potential future prospects in application and development.

plant remains, phenotypic character, size, morphometry
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