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Analysis and comprehensive evaluation of phenotypic variations in seed and
fruit traits of different cultivars of Lycium barbarum

WANG Jiadong'?, ZHANG Xuan'?, YANG Gaier'?, DUAN Linyuan®, DAI Guoli®, ZHANG Bo®, LI Xiang'?

(1. College of Forestry and Grassland, Ningxia University, Yinchuan 750021, Ningxia, China; 2. National Key
Laboratory of Efficient Production of Forest Tree Resources, Ningxia University, Yinchuan 750021, Ningxia, China;
3. Research Institute of Lycium Science, Ningxia Academy of Agriculture and Forestry, Yinchuan 750021, Ningxia,
China)

Abstract: [Objective] The aim of this study is to determine and analyze the traits and study the variation
pattern of seed and fruit traits of different cultivars of Lycium barbarum so as to provide theoretical basis for
cultivating good varieties and utilizing germplasm resources. [Method] 14 L. barbarum cultivars (10 red
fruits, 4 yellow fruits) collected from a germplasm repository were selected as research materials. Their seed

and fruit traits were measured, followed by correlation analysis, coefficient of variation (CV) analysis, cluster
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analysis, principal component analysis (PCA), and comprehensive evaluation. [Result] (1) Significant positive
correlation between seed and fruit size and length of fruit stalk of L. barbarum (P<<0.05). (2) The CVs of
phenotypic traits among cultivars ranged from 0.17% to 59.08%, with an average CV of 19.16%, indicating
high phenotypic diversity. Significant differences were observed both within and between varieties (P<<0.05).
Fruit traits exhibited greater variability (CV=9.69%) compared to seed traits (CV=17.17%). (3) ‘Ningnonggqi
20" was clustered into one class with red fruit L. barbarum under different dimensional clustering, and its
variation pattern of seed and fruit traits was more similar to that of red fruit L. barbarum. ‘Ningnongqi 4’
formed an independent cluster (Group 1) in all analyses, demonstrating unique trait variations. (4) PCA
identified 4 principal components with a cumulative contribution rate of 74.478%, capturing most genetic
information. Key traits influencing component loadings included adhesiveness, gumminess, chewiness, fruit
length/width, fruit shape index, seed length/width, and thousand-seed weight. (5) Comprehensive evaluation
ranked ‘ Ningnongqi 4’  first, followed by * Ningqi 3’ ‘ Ningnongqi 20" , and ‘ Ninggi 9’
[Conclusion] The 14 L. barbarum cultivars exhibited substantial phenotypic diversity in seed and fruit traits,
providing valuable breeding materials. ‘ Ningnongqi 4’  with the highest comprehensive score, showed
superior textural properties, its high hardness may facilitate mechanical harvesting, while low elasticity
necessitates adjusted processing parameters. [Ch, 3 fig. 7 tab. 40 ref.]

Key words: Lycium barbarum; seed and fruit; textural properties; coefficient of variation; variety screening

Mt A tiE} Solanaceae FALIR Lycium Z A ARAFEWY, 245 R 1k, MtC B TE2IKL 80 A Fh,
HEA TR 3 AR, WG T EMAL Lycium barbarum J AR FpE MM L. barbarum var. auranticarpum
G, BB TAAC R VTAC X P, MR TR CONEE” PR AL, MOAC Tl B R X RS T kT
A, TR RO E G S E AL X, SR EMAL AR 95% LLE, Mfd i SRR
DRI T A 33K 35%, MIACMBLI DL L Alik 30 28, @ batsi & 7= (Hik 290 /2707, 4k, Mt
PRy (N2 hE . R M2 SIERI) MIIREIFR C B MIR A, UESE I HA A W i iE
R BES SE DAL, A AC R AE B 5 5 At b B A A2 e B T SRR, AAC RN T
b (AR . BHEESRAE) TR, iRt A, SRR Brisi s i dh Ah R Rk gt

PR CRAC . SR . TR . FIRHREEE) Mt Rert (RERE . PHIEMESE) BESEmRISCR S
SEAE I LR, RIBHE A (R AR 52 e R SRR . AR L. TEMR SR T AR
45’  ‘Ningnongqi 4’ CRIEFEECH 1.18) FEHLMCR W B AR 3.2%, WX TIRAIE R Bt 4t
s AR AR Prunus avium ShFv, OIESR CRIEFEECH 0.738) 32 115), SRUCHS AR 7% 114858
DG IRAK 15%~20%, AT FEARBLAA 0 AU ") SR S 3 ) e 1 2 DA R S i 6 1 1) OGS 2 8. E R R
W AREFIK B Pyrus pyrifolia f BURHE2ZE T 8OK, AR ‘Cuiguan’ 36 H Thfis LN T,
iRl Ae ‘Nijisseiki” & H TR IF RN, XA Ziziphus jujuba T 515 I R 52 5T A OFFEAR
Tt S50 b 2 BRI A X SR 0] 43 S R R RS B A S NS 25 B, SR S B a5 2 i Rkl A=
FELINTER . TAHER RO, X TR 2T MR RE [0) B R FIAR ™ S T A 2R

ST AR AR S AR A 0 A B ) OB b, R TT R F AP SR BT AL . AR E ot
FE (R0 5 326 HH A AT L R AR R 5 P SCOE S 48R T SRRAMIAT Lycium ruthenicum 2578 5 1 A 2858
NP Akl S G T NIATIE Phyllostachys Prfph A8 R R m, BARIKGEE S RIMEHA. AR
MAc A 5T 55 P o3 B i 2% 7 E s Z AR E , TR B 2 R 5 AE Z FE AT A BN 2500,
M EIEA . AR, SRAIWHRC AN A8 A, AR E L R A AR MRS . (B IA H AL AR
KA FAEAER IR —, = ISR AR O AT s IR ki ik, RESTES . Fias
ZUEEEYE; P EEARR, JUHEE X E RN RGN, FEE PSR RAR A, ™
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RIS R A T AR A B AR AT R 27 B 5 iR BT 5 U LR AE Y 14 A b R R T B AAD (GR 1),
HN1~N10 SHZLR T B ML (BFRZLR), NQ4. NQs. MM9N@mﬁﬁ%TEﬁﬁwm@ﬁfEﬁﬁ
Sk, RIARER), TEMAE D N TR F RN, MR 5 A, BEBURSCR AWM E T
BB, AEFp AT AL BER 30 A Joe HUE SR SL, UE T 20 C KRR IAT . AR BETE FRa R K
BORMIAD, PRSI ACTEA AR BN B AP A PR, BORGIA . ik 14 At R 55 > 3= i il
i &, AR MR F RS
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Table 1 14 basic information of L. barbarum cultivars

i it T B rn Al it o B

N1 FARE) “TAC1S L. barbarum  ‘Ninggi 17 N8 FARE) “TAE8S” L. barbarum ‘Ningqi 8’

N2 2145, TS L. barbarum “Ningqi 2’ N9 2145, “TAI9S’ L. barbarum “Ninggi 1’

N3 AR ‘T35 L. barbarum ‘Ningqi3’ N10 7168 “TH210%" L. barbarum ‘Ningqi 10

N4 EARE) “TH45’ L. barbarum ‘Ningqi 4’ NQ4 A CTAACAS L barbarum  ‘Ningnongqi 4’
N5 FAREN “TRISS L. barbarum “Ninggi 5’ NQ5 A, CTRALSS L barbarum ‘Ningnonggi 5’
N6 EARE) “TIl6S’ L. barbarum ‘Ningqi 6’ NQI19 i) CTRILI9S L. barbarum  ‘Ningnonggi 197
N7 a1 “TH7S L. barbarum “Ningqi 7’ NQ20 W, CTRIL205 L. barbarum  ‘Ningnonggi 20”

1.2 #HRAZE
121 REXRAMZ AL FPEEHLRAE 30 AR SE, B ORI S0 U B E 3. [
HL - RF (R REN 0.001 g) W FRUR BT 6 (g), WA R (RG2S 0.01 mm) P& R4 CREEAE, mm) AR
Fi CRICHEAE, mm)o FAR R ERARRELRE 23 i ol RO 5 RO, SRAD 3 DA SR S 3 25 SRA A o
SRARHLRE N SRR A 2 . RIBIEE=R S R RSt . R AR (Cy) N Cy=(o/n)x100%, Hrh
o MAREZ, p RERERY, SRA SC-10 42240 (RINTT = BEHRHE A PR 7)) I Rt . AR
BEMLIEHC 30 A5, Wl HAE B (L%, L084E (a*). EH (b*) MR E2E (AE*), L*EUH 0~100, {Hik
k%%%ﬁﬁ%;ﬁﬁﬁi%,Eﬁ%rﬁéﬁm,ﬁﬁ%ﬁ%@ﬁﬁ,wﬁﬁﬁﬂ,ﬁﬁﬁrﬁéﬁ

, MUEF R E M ; AE* RS2, RICRSCEG S 225, AR IE 3 %k, BOFE
WﬁE% HA
122 RERAME L E /BT RFF J)24 5 ERA AAR E s EE E a R 0 N A AL T
JE LB PR . BRME . BERME. MIEMEETTEAR . I TAXT Plus A4 4S5 52 5 44
PR, BLEGRERE (N). #bE OBZEIRE L) . BT BEETE (N-m) MY () B9M5E . BRI REAL 1
B30 R oRse, Ml Ak RS E TR 25£1)°C - 2 he MESEAEEWT . BLEHN P/5 FHIEHE
S, MRREREE R 1.0 mmes™, FE4E R 50%, fikk 1k 5 g0 HARSE R LT R A S 30k [24].
123 #FRANZT BT FBELPEEE 30 BiFP T, (AU E 1% imageView IR FIF K
J& (mm) FIFERE (mm). FhFTREME S0 BEALEE 1000 Kb, i FHHEF K KRR 0.001 g)
Fri, BEE 3 WHCEFE. PRl i# ] 30 R, Gt AR R P AR, TR,
1.3 #ES

B b B 5 551120 M 45 B Excel 2021 52 i, 3454 SPSS 27.0 #4722 7 B E MK K (ANOVA).,
Pearson FHCHEZMT . T (PCA). Ml R i 5 T RGBT,
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HI 2 TR 14 i T B MR R HIR Z M A 22 5 . 2D RS, “TAL 857 “Ninggi
8 MIRK ., PR ERYEAR, HE 1 ARM.: “THR8S N RECEHAMMFNE IR, WMAEE R,
“TARIC 2057 ‘Ningnongqi 20”7 AO4HRIR B WAL T oA 3 AR E iR . 14 A5 FF T B MR 4 R IE 48 4L
NAp oy BEE SHEDE . FRIBFRECRT 1.5 (9 AEDE , /N T 150 EE. TR 15" ‘Ninggi
17 . ‘“FR2%7 ‘Ninggi2’ . ‘TH3E’ ‘Ninggi3 . ‘TFH 45’ ‘Ninggi4 . ‘TH
5%’ ‘Ninggi5’ . ‘T 6%  ‘Ninggi6’ . ‘TH8T ‘TRIS ‘Ninggi9 . “THRIL
195’ ‘Ningnonggi 19" . ‘T RAHK 205" MWEIE, “TH 75" ‘Ninggi7” . ‘TH 105’
‘Ningqi 10" . “TfAM 4%  ‘Ningnongqi4’ . ‘TR S5 ‘Ningnongqi5' NEIE. 14 45Fh
T B AR A DT Y LB s T RDE SO MRS FAR AR K BPIR AL R T TR . WA ]
AP AY (B A B . BORMIAC e (E (L*=43.45~46.70) = TLURMIAL (L*=34.64~39.97), M T
205" BEEBEG (a*=184), ‘TRIL195 RNEHM (a*=7.36).

®2 AREMMTEMCRIRE
Table 2 Fruit phenotypes of different varieties of L. barbarum

b FK/mm 58 /mm RRFEe  REESR Fl/mm R /mm L* a* b* AE*

NIl 18.12+1.89 def  10.14+1.10 g 0.99£0.17g  1.81£0.28¢c  19.60+3.11cd  1.812028c  38.66+0.92de  28.48+1.65a  23.03£2.08e¢f  3.93+1.50 gh
N2 22.12+1.62b  10.22+0.92 ¢ 1.14£0.05ef  2.18£022a  24.60+3.07bc  2.18+0.22a  36.69+1.33fg  26.55+1.83b  22.28+3.07fg  4.16+1.85gh
N3 20.12£143¢  1225¢0.72a 1.60£0.20ab  1.65+0.12d  26.48+2.52a  1.65+0.12d 3644076 g  22.43t144e  19.54%1.65h 2224127h
N4 1732+141f  10.18+1.05 g 125+020de  1.72+020cd 20.03£2.43def 1.72+020cd 34.64£1.22f  22.85£2.30de 20.13£2.45h 4.35+2.57 gh
N5 1878£1.65d  10.84+1.07 cdef 128+0.21cd 1.74£020cd 1943238 ef  1.74+020cd 39.06+2.37 cde 27.904#3.51a  27.39+490d  11.50+6.01d
N6 19.82£1.76 ¢ 1127+0.89cd  1.59£020ab 1.774#0.19cd 21.21+322de  1.77£0.19cd 38.76+1.12de  22.76+1.08de  20.67+2.09gh  3.19+1.33h
N7 1757x1.63ef  11.89+1.14ab  138+0.18c  1.49+020e  21.20£229de 1.49£020e  38.59+0.52de  27.19+1.19ab 2231x131fg 7.03£1.40 ef
N8 2450+£2.00a  1141£1.41bc 17140372  2.1740.22a  18.36+2.79fg  2.174022a  39.974#130cd  27.19+1.60ab 24.58+2.34¢ 8.2242.53 ¢
N9 2241£225b  11.10£0.98 cde  1.68+0.27a  2.03+0.18b  21.3643.11d  2.0320.18b  36.95+0.88fg  23.85+1.42cd 19.45+1.48h 4.17+0.88 gh
NIO  1546+2.69g  10.72+1.24 defg 1.00+022g 1.463029ef 17.1383.13g  1.46£029ef 37.93£1.57ef  25.06£2.55¢  21.09+2.88fgh  5.71£2.24fg
NQ4  14.10£1.29h  10.45+0.66 fg 1124022 de  1.3540.14f  25.64+3.95ab  1.35£0.14f  43.45£5.77b  12.84+3.10g  30.37+6.72¢  40.91+8.20¢
NQ5  10.54+1.241 1040£0.89fg  0.75+0.13h  1.02£0.16g  18.62£2.11fg  1.02+0.16g  40.3+3.81 ¢ 11.4243.66h  29.25¢503¢  39.27+6.23 ¢
NQI9 1840+1.81de 10.62+1.35efg  135%035cd 1.76+031cd 23.52#2.79¢  1.76£0.31cd 46.06+3.59 a 7.36£2.811  32.57=541b 44264593 b
NQ20 22.11+2.54b  11.1240.90cde  151+025b  2.00:025b  24.45#6.71bc  2.00£0.25b  46.70£3.20 a 18.40+3.16f  37.52+4.06a  51.38£5.27a

B BAR R TR . ARRING TR AN R )22 57 8 2 (P<0.05)

22 ARmMTEMRERINRES

Hi 3% 3 00 UL o 4% R AC 1] (4 B0 Ry MR A7 7E 22
S, BORFD TR 457 WERE (30.07 N),
B H 3 M (0.71) W 2 A0 T 40 2R & AP (0.79~0.89) :
(P<<0.05). 5 | ¢ . J 1NQI‘9‘ N(‘ng“ :
23 FEASHTENEHFERSHELER Rt Y N TR TR LLR X

4TI 14 A4S AT E AR R T, LKL
ST A R F B R HL T W v T SR AL
TELLRMAC T, T3S R TR E RS

THAWMFN, TS TS MR TR | @y M&;ﬁ%ﬁ%i@g
j( o Eﬁ%*ﬁl *E E/‘J ﬁ%ﬁ% ED% EQ\ ﬂ:‘él%*ﬁ‘[ *B , :—E» Figure 1  Pictures of fruits of 14 cultivars of L. barbarum
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Table 3 Textural profile analysis of different cultivars of L. barbarum
v ffEE/N Uik BRI JEE /(N - m) MR/
N1 28.34+3.36 def 0.83+0.08 ¢ 0.24+0.05 ab 6.64£1.29 b 5.49+1.12 ab
N2 27.414£2.97 ef 0.85+0.07 abc 0.24+0.08 ab 6.68+2.21b 5.71£2.03 a
N3 30.84+2.65 b 0.86+0.06 abc 0.1940.05 bed 5.95+1.49 bed 5.11+1.32 ab
N4 28.91+2.86 bede 0.87+0.06 abc 0.19+0.09 bed 5.414+2.43 bede 4.67+2.08 abc
N5 28.68+5.52 cdef 0.79+0.06 d 0.18+0.07 cd 4.83+1.83 cdefg 3.76+1.34 cde
N6 28.2142.38 def 0.88+0.04 ab 0.23+0.08 bc 6.39+2.33 be 5.61+2.12 ab
N7 28.57+3.17 cdef 0.84+0.07 be 0.1540.06 def 4.20+1.57 efg 3.56+1.45 cde
N8 30.51+3.54 be 0.86+0.04 abc 0.11+0.06 f 3.43x£1.91 fg 2.94+1.66 de
N9 37.08+3.24 a 0.87+0.03 abc 0.14+0.12 def 4.14+2.17 efg 3.81%2.13 cde
N10 26.54+3.79 f 0.83+0.02 be 0.12+0.07 ef 3.29+2.03 g 2.74+1.70 ¢
NQ4 30.07+6.10 bed 0.71+0.20 e 0.28+0.18 a 8.94+7.47 a 5.34+2.89 ab
NQ5 21.27+1.44 ¢ 0.88+0.05 ab 0.22+0.10 bc 4.68+2.03 defg 3.96+1.83 cd
NQI9 20.71£1.02 g 0.89+0.04 a 0.28+0.11 a 5.86+2.15 bed 5.19+1.92 ab
NQ20 30.64+5.89 be 0.89+0.04 a 0.16+0.09 de 5.0143.08 cdef 4.47+2.80 be
AL Bl I (EEAREZE o ARG TR R AN ] R i 22 53 .25 (P<0.05).
x4 AEmMTEMLCHTRE
Table 4 Seed phenotypes of different cultivars of L. barbarum

A ¥ K /mm i 58/mm Ty~ B /g LI HRR T4
N1 1.35+£0.24 fg 0.78+0.18 def 0.682+0.002 n 1.81£0.45 cd 9.00+£0.45 h
N2 1.36+0.17 fg 0.63+0.21 g 0.850+0.001 1 2.39+0.81 a 12.83+0.79 g
N3 1.58+0.21 de 0.85+0.22 cde 1.819+0.004 b 2.00+0.67 abc 33.07£1.51b
N4 1.48+0.22 ef 0.75+0.24 efg 1.012+0.002 h 2.14+0.66 abc 30.13+2.93 d
N5 1.39+0.22 fg 0.65+0.19 g 0.861+0.001 k 2.39+1.18 a 38.34+£2.34 a
N6 1.43+0.18 £ 0.73£0.19 efg 0.959+0.001 i 2.11+0.75 abc 31.30+£2.56 ¢
N7 1.47+0.20 ef 0.73£0.15 efg 0.882+0.001 j 2.20+1.20 ab 32.30+1.53 b
N8 1.64+0.19 cd 0.83+0.19 cde 1.251+£0.001 g 2.08+0.48 abc 31.23£2.60 ¢
N9 1.62+0.22 cd 0.95+0.24 ¢ 1.301+0.001 £ 1.8140.51 bed 26.00+2.10 £
N10 1.28+0.17 g 0.67+0.14 fg 0.801+0.001 m 2.00+0.56 abc 28.03+2.48 ¢
NQ4 2.41+0.38 a 1.63+0.31 a 1.603+0.006 d 1.50+0.19d 8.03+0.98 i
NQ5 1.87+0.47 ab 1.20+0.36 b 1.351+0.001 e 1.58+0.19d 12.70+0.84 g
NQ19 1.92+0.33 b 1.28+0.29 b 1.696+0.001 ¢ 1.55+0.26 d 12.87+0.82 g
NQ20 1.75+0.17 be 0.87+0.17 cd 2.468+0.002 a 2.04+0.42 abc 12.90+0.80 g

AT Bl I EARE2E . ARIR/ING TR RN [A] R ) 22 53 T35 (P<<0.05).

24 AESMTEMICHIRIMEREXES

XF 14 A G AT EADALFPSE Y 16 TR AR A TAI SE AT (B 2) BB RK SR R
TR, B, TR Bk FOETRECZ AR B IEAIOC (P<0.05); RS EEER . BK .
JE 2 [R5 B IEA G (P<<0.05); HURFE SRIPIRE. B B ik MOBSEECZ I 2 B E EA
X% (P<0.05); FIEFEBC G | widt | MIETERZ A2 83 EAE (P<0.05); RKSHRK ., R,
PSR 2 A B IE ARG (P<<0.05); MEEESRK . RUE, RUIRTE AR B E EADC (P<0.05);
BMSREN. HEE. FRK . BTS2 B IEADE (P<0.05); EMESIHMME ., k. fr

F& 2 [A] 2 2 IE A OC (P<<0.05).
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0.17%~59.08%. 52 16 T #1245 5 2 ¥ b i T&égﬁ
19.69%, K TATHARE 17.17%. 5% (75 S S aE.EE. L.
FE S 1350~59.08%, ESER. TR REEK N
BRI BE TR | R T R L B AR T i 10
40%, T ¥ B FRR /N JE P T TR, A AY Fsi

9 0.17%, 7l — MR A AR [7] At A =2 i 725 5 2R N
MR, W TR 45 W8S REGE L
28.09%, TFEHAM S AL AR AR AR K STI

(A B R . DM . ORISR, HibM W

R AL RN, BRI 20%; 7l FiAg 000
ORI R QAR , BaaFy | T W

B R HOR N R TR L TR R R
K2R MERRRER: TR4D T
587 ‘TARIBT CTARI0BT CTRIL4E EIHXREP<005): “FORHHEEP<001). HA. T
20 B WER RACES B T 20%, it o php e I I NS R B
BUWI 6 R R R S REARIERR . g I o REE T
26 FESHTEMREXN b A A AL
RS RIS, BB SR s o
R, BRI AR ITR R, 5 14 4 © b
SRS (S () . TS TRIREE SR TR 3 AT R0, LTI b
RIS TF R A (4 3), S5 TR AR BT (5 3A) k. FRIL45 5 TRk
SRR | ARE, PRSI TSR, R3S RS MK (1 2.
HA T AR T RE . ST S R TS0 (1 3B) S <5k 4 52 IR
FEPEIST K (T BE), FORAERL R, (PRPERLAT . 626HE ST T AL R, 2R A AR
TEREETE, RSB FRTE 4 S MEELHRRE KR, A F 8 I A
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x5 ARMMHTEMRHMIERERSRZYSH
Table 5 Analysis of coefficient of variation of phenotype traits of different cultivars of L. barbarum seeds

MeRAE S 250 %
s BE R ) W R
RKORE oo e RIKORIE BE D R BCHM MO TR RTE L, o
N1 10.40 10.88 17.47 15.33 15.88 17.63 11.85 9.28 19.64 19.48 20.43 17.70 23.32 2459 0.28 238 5.79 9.03 38.17 15.24

a bt AR B

N2 732 9.04 13.39 997 12.48 1291 10.83 7.69 31.50 33.01 35.52 12.73 33.75 34.04 0.11 3.62 6.89 13.78 44.47 17.53
N3 7.09 5851268 7.11 9.51 1844 8.61 7.03 24.01 2491 25.84 12.96 26.00 33.50 0.19 2.09 6.42 8.44 57.21 15.68
N4 8.15 10.27 15.97 11.55 12.13 16.54 9.89 7.22 48.79 4493 44.54 14.68 31.30 30.81 0.19 3.52 10.07 12.17 59.08 20.62
N5 8.77 9.83 16.60 11.20 12.26 13.88 19.26 7.94 41.15 37.80 35.48 15.87 29.55 49.44 0.07 6.07 12.58 17.89 52.26 20.94
Né6 890 7.91 12.53 10.53 15.19 1635 8.45 4.40 34.16 36.48 37.90 12.66 25.34 3530 0.08 2.89 4.75 10.11 41.69 17.14
N7 9.26 9.62 13.10 13.68 10.79 15.49 11.10 8.87 38.06 37.29 40.79 13.40 20.41 54.56 0.06 135 4.38 5.87 1991 17.26
N8 8.15 12.33 21.65 10.26 15.18 16.77 11.61 4.42 54.17 55.73 56.31 11.68 23.02 22.94 0.19 3.25 5.88 9.52 30.78 19.68
N9 10.05 8.81 1631 9.05 14.54 1550 8.73 3.63 83.11 52.45 55.80 13.71 2536 28.14 0.05 238 595 7.61 21.10 20.12
N10 17.41 11.56 21.60 19.78 18.28 22.21 14.27 2.60 58.28 61.79 62.11 13.33 21.21 28.02 045 4.14 10.18 13.66 39.23 23.16
NQ4 9.12 6.33 19.31 10.18 15.40 16.45 20.28 28.09 63.42 83.55 54.20 15.92 18.99 12.70 0.36 13.28 24.14 22.13 20.04 23.89
NQ5 11.76 8.57 18.11 1522 11.32 2142 6.76 5.94 4396 13.36 46.20 25.04 29.64 11.85 0.08 9.45 32.05 17.20 15.86 18.09
NQ19 9.86 12.72 26.30 17.39 11.87 14.68 4.94 4.56 37.09 36.62 36.92 17.03 22.34 16.55 0.14 7.79 38.18 16.61 13.40 18.16
NQ20 11.49 8.11 16.74 12.30 27.45 20.45 19.22 433 5526 61.58 62.64 9.85 19.19 20.55 0.07 6.85 17.17 10.82 10.26 20.75
K 9.84 9.42 1727 12.40 14.45 17.05 11.84 7.57 45.19 4278 43.91 1475 24.96 28.79 0.17 4.93 13.17 12.49 33.10 19.16
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Figure 3 Cluster analysis of different cultivars of L. barbarum
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REEVEIR,, PR R0 . DARRIE(E 1.0 AARESREL T 4 A>T 0, Hoy 22 Bt simk ik 74.478%,
P88 T IEAE PR P R RGR BB E R, TSR IR 6. TR 1 A5 Z STR AR Y A ek, H
R . BREYE . PEMEEE . TR R IERYIE M BT IS 0.6 DAL, R, R, RRTE . BE
TR AR R, DA FRLSr 1 FERBUR S SRR/ TR 2 B KA R RTE . R
Fiht, MIEmM$EbR, B FERG 2 FERBRSI RN FERG 3 EAT R KA IE M 48R R TR,
T FEAR R A B MR . a5 4 B R E R e ﬁ ORI CIE =g i

BRI 4 DN FERMRIK K Fy . Fy. Fy. Fy, W50 4 DSRS0 REERER, 25008

F=0.231X,-0.073X,—0.132X;-0.216X,+0.164X5+0.16 LX;+0.142X;-0.32 1 Xg+0.400.Xy+0.40 1.X,,+0.326.X; +

0.284X,,+0.371.X;3-0.189.X,,+0.144X 5;

Fy=0.414X,+0.395X,+0.458X;+0.229.X,+0.23 1 X5+0.155X,+0.325.X,—0.022X+0.073X4+0.124.X,,+0.1 73X, +

0.141X,,-0.108X5+0.282.X,,40.256 X, 5
F5=0.134X,-0.201.X,+0.116X;-0.269X,+0.272X5+0.301.X;—0.341.X;+0.186X3—0.207X,—0.285.X,—0.295.X; ,+
0.283X,,+0.231X;3-0.116X,,40.427X 53
F,=0.311X,-0.347X,—0.090X5+0.552.X,~0.054X5+0.378X5+0.071.X,—0.266 Xg—0.141.X,—0.083.X,,—0.200.X, |~
0.011X,,+0.228X,5-0.345X,,+0.102X 5.
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ﬁ,XMﬁﬁ%bﬁ Xis WFpFTRLE,

REEBIR A F, LLERS I Z TR NRCE, BRI A F=31.327%F+21.419%F,+
13.770%F3+7.961%F4o
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Table 6 Principal component analysis of phenotypic traits of different cultivars of L. barbarum

bk TS B A A 1) 4
F AL F A2 F 53 F 54 F AL F RS2 FH53 F 54
R -0.501 0.742 -0.192 0.340 -0.231 0.414 —0.134 0.311
R -0.158 0.708 0.289 -0.379 -0.073 0.395 0.201 —0.347
HOR TR -0.287 0.820 0.167 -0.098 -0.132 0.458 0.116 -0.090
FIEHEEL -0.469 0.411 —0.387 0.603 -0.216 0.229 —-0.269 0.552
E SIS 0.356 0.414 0.391 -0.059 0.164 0.231 0.272 —0.054
3 il 0.349 0.278 0.432 0.413 0.161 0.155 0.301 0.378
i 0.307 0.583 —0.490 0.078 0.142 0.325 -0.341 0.071
ik —0.695 —0.040 0.268 -0.291 -0.321 -0.022 0.186 —0.266
Eip Y 0.868 0.130 -0.297 -0.154 0.400 0.073 -0.207 -0.141
JRe 0.869 0.223 —0.410 —0.091 0.401 0.124 -0.285 —0.083
AELARGPE 0.706 0.310 —0.424 -0.219 0.326 0.173 —0.295 -0.200
iy 0.615 0.252 0.406 -0.012 0.284 0.141 0.283 -0.011
¥ 9 0.804 -0.194 0.332 0.249 0.371 -0.108 0.231 0.228
i Z i1 -0.409 0.505 -0.166 -0.377 -0.189 0.282 -0.116 -0.345
i i A 0.312 0.459 0.614 0.112 0.144 0.256 0.427 0.102
FHIEE 4.699 3213 2.066 1.194 4.699 3213 2.066 1.194
TR /% 31.327 21.419 13.770 7.961 31.327 21.419 13.770 7.961
ST/ % 31.327 52.746 66.517 74.478 31.327 52.746 66.517 74.478
x®7 ARMMTEMREEEIHEA
Table 7 Comprehensive score ranking table of different cultivars of L. barbarum
sl FHGL F 2 FH3 F 4 LB He#
NQ4 3318 6.336 —0.824 0.041 8.871 1
N3 2278 7.138 —0.744 0.146 8.817 2
NQ20 1.873 7.101 -0.790 0.266 8.450 3
N9 1.749 7.306 -1.223 0.338 8.168 4
N2 1.962 6.804 -0.908 0.230 8.088 5
N6 1.947 6.568 -0.959 0.145 7.700 6
NQI9 1.939 5.942 -0.380 0.122 7.623 8
N8 1.042 7.032 —0.852 0.393 7.614 7
NI 2.070 6.160 -1.056 0.156 7.331 9
N4 1.931 6.158 —0.934 0.147 7.303 10
N7 1.646 6.280 —0.741 0.110 7.295 11
N5 1.556 6.251 -0.926 0.172 7.053 12
N10 1.420 5.652 -0.615 0.137 6.594 13
NQ5 2.049 4.833 -0.361 —0.048 6.474 14

fE S SPLLEROERAIT, TR S CTRI20%T TR0 ST HPR AR TR 3 KR
3 3tk
31 MRS S ML E

HIL G 2 E RN . P TP, BRICRIL: KRR ST B T (2 iR

G AAC P BRI AC 2 B AT BGE TFR 0R RE O IE R B T B M AL b 5 DA T R
i, NTDSHACH SR, P T A EOR, 2RI R PO R AR S IR DL S A AT BT A
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1957 Mgt (a*=7.36), AIERRINORIEBULE ., ARBFFEHAL R S B Bk PR 9 2 B &
WERESH AR (T3S “TR8ET TR 205 ) EMHLMEE, EA TR T R R
(“TRIESS TLRRL195 ) RAFR, 6 EFESHIK . MR R AR 0 PR 5 U
TR AT AT R B RMAC AR I LU LR A AT T, B R AR AR A T L R A A T
Do A FPERMRS I RIS A R, CTRIL4ST CTRRIES ST CTRIE 195 MREARE TR
Mk AL BN, TR 20 57 MIRIE SLURMACECH AL, X 14 AN SRR AC A R SE R A T AR
KMot B MACSRARA 5 SRR AT R/ N2 IEA GG 3, RN . B, ok, JRECRERE
AR 5 RS R/IN . R R C, RSGAE | AR, AR . AT A SR 2z )k
REE, Hh—ARRAEIR 22T Be 25 EILA R T b5 19 22 16
32 HRRMIUERTEREZHFH

FSEPRAR 325 008 S B PR R AP BT E R — A, B 5 RECRT 10%, RUIFEARHAR M
MRZEF R, BBAEIE N B I B IR BT AR 14 A SRR MRS 0 b S RO 38 4 S R RGR
19.16%, UtWIH B A B E RS e, Hd, REOHARWZE S RN 19.69%, & T 57 Mk
17.17%, WEW 5 FRAAE AL, REMWRZFEMET, X 52K 555 0 5 X AR BR 4
Clematis florida P SER AV AT IR 50— AR S FPHIACHDF R0 L 98 LRI 8 80288 S R B0
s VLT AMEIE B E TR . MITEAR Y 546 728 St Bt v, SRAS MR AT B Hb AR BLAE P8t 1% 224
P, R AR AR S R Y R AL AR R R BB U, i AR A 2 T 2 R M RE S TS AR (1)
11 A8 S R S BRBE Y e N 5 A N LRI Y AR RS R B 11 A B S SR B 1 AR 5 Rk
0.17%~59.08%, ZERMEEKR . ZBRFH.
33 MIEMRSEERESUSHEMRETIRIZHE

ST HATRIE N TR RRPIRA S . REBIEI R R . TR 457 B AR AT REIE S AL
R, ARSI TR T 238 4R Hrae A BUR A R REZ R, MR
0] A ) B AR AR BARIE T, AN]SR AT A B2 (R R BB R A A S S, W R
A28 5, AR AR F IR T o FE WA R, CTRIE 2057 FE4ARMERE TR E
BORMAE N 128, X5 HM A s, HERma fmieasmk, N T “TRI~E
2057 FhSCHEROMAT S RMACHI L, CTRAL 45 FE 4R AT YOS 12K, [EREERE
TR A4S ERSRMERDE CTRILS S WA, HEMFRESD CTRIES S 5HAE,
RSB SR RE T EZ AR B ALALEI DY, [ey,  TRIE 45 FERTA 4R L
Piphor 2, HEEZRARET S RS 255, Bn HEA M BETs 5. FEt, HEZEERE
BRSRAV R IR 128, BRI A SRR MR o 32 RS54 AT DL S 5 8 Bmokt 32 i 53 48y
ERMRE I S mY, 455 FMALZEE LM “TRIE4S HEAE LA, FETHEAEE X0
FRIEMAFI . Aot 2o - E N EERE, M TR EE RBHRTE A S - M 5150 3 m 1L
RAMA, FIRRDF B A 2RI U R A A S d ™ TR 357 TR 205 TR
5N EHER NN 2. 30 400, FhFPRIREOL, AR MIBESE TRl A HOCEX 3 AN R AT,
FE A B AH DG

4 4

AT R : AP SER I ek, ZARE R o MERSEAVE S R B TR T3, A8 S0
FE, REEER T EZE MR RER AR GRS, R, RIGBOK, R
Koo MO, Aok, RIS, SEORARAC R BB T ROV D TAURAAS, AR T ARE T AU R A AL S
B (CTARAC 2057 BRAL), WHMZRAR SRR, SECRBIPREREZRMAL . 18 14 4 dh ik
L CTRIL A4S LGRS HEA R, JRENE EHTE .
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