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Abstract

To study the phenotypic differences of fruits and seeds of Cinnamomum migao, the mature fruits
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and seeds of C. migao from 6 populations in Guizhou and Guangxi were selected to analyze their
phenotypic traits by using variation analysis, Pearson correlation analysis, stepwise regression
analysis, principal component analysis and cluster analysis. Furthermore, 19 climatic factors and
3 geographical factors were combined to analyze 9 phenotypic characteristics of each population.
The results showed that the variation of phenotypic characteristics was not significant within the
population (coefficient of variation was 4.61%~13.81%), but much more obvious through differ-
ent populations (coefficient of variation was 12.09%~16.19%). Among the 9 phenotypic characte-
ristics, hypocarp diameter, fruit shape index and seeds shape index were significantly correlated
with four climatic factors which are average precipitation in the driest season, precipitation sea-
sonality, average temperature in the coldest month, precipitation in the driest month and three
geographical factors which are longitude, altitude and latitude. The results of principal component
analysis showed that the cumulative contribution rate of the first three principal components was
81.750%, including the shape factor of fruit and seed, the phenotypic characteristics of fruit and
the phenotypic characteristics of hypocarp. The results of cluster analysis showed that the popu-
lations of C. migao could be divided into two groups when the Euclidean distance is 15, which
means that C. migao could be grouped into two types, large and small fruit, consequently. This
study will provide a direction for the screening of excellent C. migao germplasm resources in fu-
ture.
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RAVRHAE S AW B R SRS S5 A 3L RV E OGS (1] Ik, RAVRAEAR 52 VPN AE M) 8L 28 R 1 7
B BRI R LLUE R BNE . A, UMD TR IC ST BORU AL, Hh R
REAEI 8 2 B B B SR AT A0 T Be (2] 80 5 SR TR AE A AR AU, AT DA 7= AR Wi A i PR X 34
BER 7 BRI EE R, it — PR AL Ah R S . SRR B EEEM RS /K P A EHER
S, Heh B oy 5 X T AR B R AL RIEAR . AR AV RR B IR PR (I S K G 2 —[4] [5], FhFFIR
SRR AL S AE DB AL AL S R I B R AL, T RERAURF AR FUx 1 AR S A A A 7 2 B K
Hsvm AR B EEE . BT, 2 TEENIIREHE 2 0 Q2 2 N Tbk6]. 5%
[TIERBE AT b BUAh, RAUFIEA R 18 A% 2R 0 A R 24 gl iz A, nirA: 2 1e
TORE[8] IR ARIIAR[9]55 -

Kt Cinnamomum migao H. W. Li NIERHE & F AR, REREFREYM, ATz, MM
AR B X [10]. FER N ZGFR A KIRARZET)E ST I XAE N DB RRA I . IR IR 2, Wi
TIPS Wk, ST, RA BRI ME . ORI ES B R BURHERT 5T 45 RAE W,
R I PR ARG AN R R SRR (A A A7 AE R 2 2 22 5, HAMPRE IR 28 Sl vy TR E N B8 5. TIHIFRATT
FEXS ARG BEIRHEAT T2 A I, AN FEF RO R S SR A B R R R B, 6 ORAR R
TR SERBURFIEREAT ZREPETT 04T, A T KA Rh o BEUR IR . Rk & R 7R
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FT R, AHTTELASTHAN PPN X 6 A KAEIFRER SRS AR i 5, LUK S5 AR
IEGA R ERAEEROSUNMRIE S, TEA RO R SR SRR MrREE, F
TR MrmE. RIEERMBSTREZERR, IR R MR R L) AR A E S (Fh 1 58
JE/R i L), AEBLEERE _F, 0 A [FIRRE B K AR SR S AN A7 (R AR AE AT 22 53 70 HT « Pearson AHIGHE M
BB AEE S HT s FETRRERER B A S 6 SRR SEANR T B R REARBEAT R KM, [
456 6 DMFPEER) 19 AR E 7R 3 DB 7 REATIHR S 70 M, DU 1 M RAR SR SCRR 7 SR AR 122
SRV, KRR BRI 2R PN R 8 KON Ja KRR s BRI 3L 7 5 R R SR Rl Hds

2. MRIFIFTE
2.1. STERAHRL

T 2021 4F 10 H~2021 4 11 H, fESHAT PE B HREE T A RIFEE KR (Cinnamomum migao H. W.
L)AL, HTESbRR A T, KRR R IRIR D, DR SO AL, SREBITING 5 KRR,
JUUEAE 1 AR, BUASRIE WA 1.

Table 1. Samples collection information of C. migao

® 1. KEEEMEH B RBR

Tt ZJE/E /N 14K /m
= B AR 105°43'3.48" 24°59'31.27" 980.00
IR IR 106°46'55.88" 25°0'44.31" 838.00
HR A ITHEL 106°16'17.34" 25°4'45.07" 805.00
BEiRE b 106°14'45.98" 25°9'52.18" 740.00
W= E 3 106°1'52.90" 25°0'18.35" 482.00
D B3 106°30'36.40" 25°15'26.67" 573.00

2.2. EWFE

2.2.1. RISREMFFRESHENE

A P AR OGRS EE 0,01 ) 525 AN [ ol R 1) KR SR St A2 (B LT SRR AFR 5 1A R B K AR ) RS
A (5 RANE T 18— BUR R ELAR) A K LR 748 S 4 T7 1) B 96 P (B EL T3 1 D7 1)
P RECHAT TR T R) RITEEMRITRE, IR ERE AR RCR L e RiR) . MRk
(Fh 2 BE /Ry L), BRI RE AL S ORAR SR S 5 5 100 i

2.2.2. I8 - SEETFRIR

R 6 NIREEEE, REEFET I &R E M RG(GPS) T AR IC LA E ., k. HF 1945
i PR 7 A4 BR S 05 B38 152 Worldelim (http:/www.worldelim.org/) T % 1970~2000 45 W I 5508 61 218,
FARAE AR S AL U BT 19 AR T EE, VEILE 2,

2.3. BIWAEBE G574

2.3.1. BugAbE
ARG BT B 2K F Office 2010 Giit, 1HAESA8PR THME, FHUFEA K5 e bR 8P 2ME 2 18] 2%
ZH SPSS 23.0 #4747

DOI: 10.12677/hjas.2023.134041 292 Al L2


https://doi.org/10.12677/hjas.2023.134041
http://www.worldclim.org/

HO
S
48

Table 2. Climatic factor variables of different populations of C. migao

= 2.

KigAEMEHNSIEEFEE

Fl
B
Fiy
i
I
i
Pt

biol  bio2 bio3 bio4 bio5 bio6 bio7 bio8 bio9 biol0 bioll biol2 biol3 biol4 biol5 biol6 biol7 biol8 biol9
3534 84.04 1315.00 823 569.41 2330 17.67 731.00 2398 254.00 992 60.00 13.00 992 500 2398 731.00 2830 60.00
3223 7642 1269.00 7.77 608.81 24.10 16.78 648.00 23.63 236.00 8.65 6500 17.00 8.65 3.80 23.63 648.00 27.90 65.00
3444 7994 1239.00 830 594.01 24.10 17.78 657.00 2438 237.00 9.78 56.00 13.00 9.78 4.70 2438 657.00 28.80 56.00
3347 7876 1246.00 8.07 601.46 24.10 17.59 653.00 24.28 238.00 9.50 59.00 14.00 9.50 4.60 2428 653.00 28.70 59.00
3467 81.40 1239.00 822 587.41 23.70 19.41 669.00 2588 237.00 11.48 55.00 12.00 1148 6.70 2588 669.00 30.40 55.00
3323 75.81 1232.00 824 61890 24.80 17.88 622.00 23.82 231.00 9.62 63.00 17.00 9.62 4.60 |24.82 618.00 2940 63.00

VE: biol, ZFiEME; bio2, F/KZETIYE; bio3, fEM/KE; biod, FHH; bios, EEETM:, bio6, WEFETEHE; bio7,

IR bio8, MMNERERKE; bio9, ENEREFHEE; biolo, HMIEHMIE/KE; bioll, HTRFEETFIHRE;
biol2, HTREEREKE, biol3, mTFAMBKE,: biold, BAEEFIEE, biols, mAHRILSIE: biols, &k
ZRFHIRIE: biol7, BmAEEEKE,; biol8, mMAMEREILE: biold, mAEREKE.

Note:

biol, Isothermality; bio2, Precipitation Seasonality; bio3, Annual Precipitation; bio4, Mean Diurnal Range; bio5, Temperature

Seasonality; bio6, Temperature Annual Range; bio7, Annual Mean Temperature; bio8, Precipitation of Driest Quarter; bio9, Mean
Temperature of Wettest Quarter; biol0, Precipitation of Wettest Month; biol1, Mean Temperature of Driest Quarter; biol2, Precipi-
tation of Wettest Quarter; biol3, Precipitation of Driest Month ; bio14, Mean Temperature of Coldest Quarter; biol5, Min Tempera-
ture of Coldest Month; biol6, Mean Temperature of Warmest Quarter; biol7, Precipitation of Warmest Quarter; biol8, Max Tem-
perature of Warmest Month; biol9, Precipitation of Coldest Quarter.

2.3.2. et AR

ARG K SPSS 23.0 HEAT AR 5743 BT (W Bl & ] A B 4 SR G52 M) . Pearson AHIEME AT (& R
BENLAS B H 2 IEAS 0 A0) 188 BE T (T 2 N8 &) ERT (AR 2R 3 EAR )R R 2K
Hr (A FaFr 0 25).
3. ZR5 9
3.1. KSR EMTFREBFMES T

Table 3. Fruits and seeds phenotypic characteristics and variation coefficient analysis of C. migao from different provenances

3.

A EMEREREI S FREFHERER RSN

s

RELHUF/mm RIEA/mm FIEEA/mm B E/mm B/ mm FF 5 S/ mm RS /mm REFREUmm AR S/ mm

B
PN
5L
4k
A

By
Ty
i
5
R
/%

9.94+0.74 12.19+£0.67 7.56+0.61 545+0.75 7.36+0.46 7.88 +0.60 7.89+£0.51 0.82+0.04 1.00+0.07
10.47£1.31 1477140 9.19+0.61 558+0.77 8.05+0.57 8.69 +0.62 7.88 +0.49 0.71+£0.07 1.10£0.05
13.46 £1.31 16.01 £1.06 9.94+£0.75 6.35+0.77 939+0.57 10.12+£0.50 9.93 +0.58 0.84+0.04 1.02+0.05
13.93+£0.81 16.95+£0.71  996+0.70 577+0.62 991+£095 1039%0.36 10.14+097 0.82+0.04 1.09=+0.71
9.46 +0.74 1298+0.80 7.27+044 494+0.52 7.77+0.46 8.34+0.48 8.07 +£0.45 0.86+0.07 1.03+0.04

10.93+£0.75 1438+0.79 9.03+0.82 578+124 7.97+049 8.36 £ 0.57 8.20 + 0.46 0.76 £0.05 1.02+0.04

11.65+£1.79 1455+1.88 882+1.25 565+091 8.43+1.06 8.96 +1.08 8.69 +1.09 0.80+£0.08 1.04+0.06

15.36 12.92 14.17 16.11 12.57 12.05 12.64 10.00 5.83

KA FIFPRE ) IR S SR 7 RAVRFE G TH A 85 R WAL 3. l138 3 WIRAVE L ASIE) R0 a) 1 SR S0
%5 9.46~13.93 mm (¥J1H 11.65 mm), FLAHEE N 12.19~16.95 mm (FI{H 14.55 mm), FICEEN 7.27~9.96
mm (3J{ 8.82 mm), RILEEH 4.94~6.35 mm (1A 5.65 mm), B 7K JEH 7.36~10.39 mm (3J{H 8.43 mm),
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¥ 9N 7.88~10.39 mm (MJH 8.96 mm), ¥ & E N 7.88~10.14 mm (MJ{H 8.69 mm), HRIEFEECH
0.71~0.86 (391t 0.80), FIEFEECA 1.00~1.10 (YH 1.04). Hrb BIRAEEE /MR N R E(0.7), R
DERPFE A Fh T8 B0 K (1.10), Wi BH K AR ARl T HE AN 52 2K A SR 2

3.2. RIERELESMFREMRERN S

Xof AN [RI R 1] PR K AR SR S S P R BRI A LG 3. S5 RRW: fEATA RAMFAES, R
FEm B 1A 5 R AU =(16.11%), FITEAREUN R 5 REURAK(S.83%) . RELPF. RoLhife, FhrKE.,
FIFoEfE. Mrm. REERMSIEEERE S REY > 10%, R UERBRAELE KA R R
AR FAL, REFEEE RS NE . MR, BRI EA S BN S R B m TR K.
e PRI JBE R W DR (] ) SR S BUARRAE 788 S R v TR 7

S FRE P KA SRS SR T RIS TS SR T 4. GERRY, RN, ASFERBEERIAR
REIE BRI 3.46%~21.57%. FHorp, KR EFIHEA RICRE LT REUES > 10%, R
EEEFEENFEE R . NRSESM T RESHES, TEAEEN R E IR ZE R R(10.95%), HH,
B ) AT A R (21.57%), WA AT 8 5 /N(10.86%) o« A T e FE R 22 5 /N(2.68%),  Herb iR gl 1
I ER(6.45%), AN RN TR R/IN3.T7%) . T34t AFEFEE AR FIREEE AR 5, o) v Rk B
TR P 1) 4% R BURFHEAR S R BSUR 50(8.6%), BRI HL R P 25 R FRURRAE 10 A8 S R EUR/IN(5.94%) s (HMCKAR
BRI 5 R BUMERE, Sk PR SR ST 57 R BURHECE RN E N (128 57

Table 4. Phenotypic characteristics variation coefficient of C. migao fruits and seeds in population (%)

4. MBARBRIEMTFHRBEHELERRZH(%)
Rk R it it iy iy iy R b7

(Vo S 7 S 7 S S S 1 SN 1 S " U S L
R4 7.45 5.50 8.11 13.79 6.27 7.6 6.45 5.15 7.25 7.51
Rigg 1261 9.52 6.7 13.77 7.11 7.16 6.29 9.52 4.69 8.6
g4 I 9.78 6.68 7.63 12.24 6.07 4.92 5.93 5.04 4.68 6.99
i, 5.84 42 7.08 10.86 9.65 3.53 3.77 4.95 3.57 5.94
Wi 6.64 6.19 6.05 10.62 5.96 5.78 5.58 8.60 3.46 6.54
% i 6.86 5.5 9.09 21.57 6.13 6.91 5.68 6.47 4.00 8.02
¥i{E 8.20 6.26 7.44 13.81 6.86 5.98 5.61 6.62 4.61 7.27

3.3. KR, HFREUFIEZ BN Pearson 18X

ANRIFP KRR SR S 5 b1 RAVRHAE Z (B A G 20 B 2 50 B2 5 WA, ANERKASFPEER) R e 5
B 9 MNRBRHEZ AEEE ARV, MOCREAE-0.289~0.945 Z [A]. H A RSChife, FhrKE.

WP MR RATEA . RIGS MBS R YT m], MR, Mo, R s,
RItERMREEE SRRz b, FFEE. MrRE. s, RtER. REmEAREE
HEMFREZR, e, REEs. RuaE., RRBARFIEE S SH 752 m, R,
RACm AR S M b, RitmE S Rt R 3 2R E IEA K (p < 0.01). RIZ4E
HREEA I, FARES AT @ A RO e A, KRR TEAEE S MR FE B R
RENMR, RIPREFIEIHAZZRMR MM, X5 2.1 4R —%.
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Table 5. Pearson correlation analysis of phenotypic characteristics of C. migao fruits and seeds

5. KIBRELEMTREMSFIE Pearson XD

RUFHE R Rocdiir RIEmE RTEAS MTRE AR MysE BUBEE MIBREH

R 1

Esekifz 0.808™ 1

BiEmE 02587 03017 1

FAEEZ 05457 07147 05207 1

FTKE 07057 07137 02587 0.6107 1

FP9ERE 06867  0.6887 02677 0.6007  0.9457 1

FhFEE 07197 0.6487 0285 05637 09167  0.900” 1

EIRAES 05027 —0.098°  -0.016 —0.133"  0.136"  0.1397 0247 1
s 01267 0.047 -0.061 0.044 —0.006  0.154™  —0.289"  -0.266" 1

THE0.01 FHGUR), MR EIE . T 0.05 ZAHICUR), HFEEE.

3.4. Maxent B 19 NSIREAFS 3 MEETFKERISHFREFMER DR S E T4

223Z PIA7HT RIL,  HER - AR A TR KRR S SR 1 > RALRHIE R AN R 2, P AN
MR AR KRB A T LR R IR LGP R, RBRERIE R 2 &
LRV - SR T TS RN 6, 7E maxent 19 MR FHA 4 NMURH O T REEF
FEIFEKE L PR e APPSR T 0 B KD LSRR b A P 43552 12 R 42 (GPS)
T AR 3 AU PR (2 S 26 FE i HROR KA A SR IR SRFE ELAR R BOR RO F 50h 52,
Herp PRI RIS BN MR U A M, Besh, RIBAREOE % 3w T 5 AT B K R M4
FRISANE , FTEAREOE 32 B4 LR, i P3G e 57 1 40 B KNI 3k L [R] 52 i KRS R AT ELAR
3 AHIAHTTRE RO E A H R RN R B - A X7 R RER AR SR S2-5 1R ZUARHAIE 31.5%~71.6% 11
AL, RUIHEE - S IR TR RS 5 A R ARHE IR O, BRI, AT DA - A P X
KA R S G R R AVRHIE AR R B M, RN R AR AE A28 3 T R — 2 AR, SRR KA AR5
PR ) T L R SE R M R 2%

Table 6. Stepwise regression analysis of geographical and climatic factors on phenotypic characteristics of C. migao fruits
and seeds

6. WIBRSIREFIRIERESMFREHEZ M ZE L E TS

RAVRHE EVEppE R? F p
RICEAR 41.358 —3.036X,4— 0.793X5 — 0.008X, 0.716 52.399 0.000
RIEFa 12.735 - 0.012X,; — 0.1X, — 0.008X;3 0.475 180.088 0.000
T3 11.486 — 0.371X; — 0.015X; 0.315 137.156 0.000
;(x‘l’ B%JFifE%’g%ki Xy GFE: Xs BOAKETNME: Xo WA AT Xso mTREHBBEKE: X
0 Xq, ZhFE.
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3.5, RIERLSHTFREMERBOERS 547

R KA S s 5 1 R BUAFAE P YA, CEFBERIEAT R b . A Hr b an =A%
B REEAE > 1, 365 4 DN ERRHEE <1, FREET =AS BT 013 7), BT = A E R 1)
BTN 81.75%, 5 1 LR HITTRRE N 49.09%, % 2 LS HITTIRE N 16.52%, 3 3 LS
FITTHER RN 16.14%. E55 1 TR HIAFMEME AN 4.418, HASMEA &, 4060 E 50 m A R 2 R s iz
(0.851). FLHEAE(0.807) FhFHKJE(0.938). FhT 3 fE(0.950) P+ =i£(0.876). HRITLHEH1£(0.625),
ZRC JUT RS TORR R S SR T AT A REBVRHE, BRI — R RS M FRERER T 78
B2 B IIRFIEE N 1.478, JARERI S, 4B 1N R IEHE%0(0.745), ZBRAFFAELE K
RS TRA O, R 2 ERUUT KRR RA 7. 5 3 R REE S 1.452, HAFE R &,
A 0o 35 T 1R 9 SR AR B4R (0.6 1 7) MR AR 1 J(0.835), R 48 3 B KR RAT IR 7. i 1
S G Rh P RAVEAEAE S5 1 R PR IE R A N M, REAESS 1 R AR I AR

Table 7. Principal component analysis of phenotypic characteristics of C. migao fruits and seeds

*® 7. RISREEMFREHEER S

A B E
FARHE
1 2 3
RILHPIE 0.851 0.320 0.070
Rpife 0.807 -0.146 0.328
T F K 0.938 0.016 0.117
b o5 i 0.950 —0.084 0.064
T 0.876 0.279 0.180
RICERA 0.625 —0.165 0.617
P Sancil 0.176 0.093 0.835
FIEFGBCR SR/ R ST 0.249 0.745 -0.376
FhTEFEELFh -1 86 L/ Foh T80 ) 0.100 —0.829 -0.265
REEAE 4.418 1.487 1.452
TERAS 49.091 16.524 16.135
Bl TrEkE 49.091 65.625 81.750

3.6. KEERILSMFREMRIRAES

BT RRIREEEXT 6 AN KARAEE R S0 5 80 T RAUAFIEBEAT R0, SR 1 P dlsl 1T
W, FEERREEEON 15 I, KRR AP RIS, Hrp s TR R, 2 . SRy A Py 4>
FRE, TORLANGN LRSS T SEAE . IF ELSS TSR OR AR R SC AR 7 R AL 5 28 T K R AR A7
FEW] R 22 57

T HER R REAR R D, JF AR MR R A ML RIS e R EoR, K
UCRIE TR AR A RE ) R SR 5 A 7 O R SRR AE O S AL B R R+ B U0 fERRIRERE N 5 I, R
P R W], HER A B O IRIT MR R O — 2K
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Kig 2

wma 1

&
a

T5EL 3

ML 4
VE: BRABEEDN 5 0, MR B SR AR O 38, HORRRI e 18] (R sk
RURFAE ALl W B EBR /D, SRR Z TR BMEBOR, 2 SRS Z TR MBI s
Note: The Euclidean distance is 5, which means geographically closer populations was
clustered into a group. And the more similar the fruit phenotypic characteristics between
the C. migao. The smaller the Euclidean distance value, the greater the similarity between
clusters. And conversely, the less similarity between clusters

Figure 1. Clustering diagram of different C. migao populations

B 1. &KASThELBRAE
4. g
4.1. REEHFHRIFTETR

YRS RUB TR BT RO EB IR —, —BIELT, RLS5MFRUEGHIEERTIE
WA A KRB R[], E2 TN, SRk, SRS KR, R sefkhF 1A
FREEMRI = A A 12]0 AHORIFFLUN, MR KRBT 10%0, BAREEWBEER13] [14], AHFR
) 6 NAKAEFEER L SR F1 9 N REURHIE, (EFEEAN IR R RES/NT 10%, UHEKREFREE A
(RS 5 Fh 7 RAVFIE B RRRE s KRR, Rackifd. MrKE. Frss. frmaE. &
FEE AR RAT S AR RIS 5 KA KT 10%, UL KAR 1 SR 92 507 R BURHELE AR M 8 4% A2 T
AR, XA E KA R SR FP R I e IR AR S AT I T2 SR B, BORR R )AL S e oK A R R B AR
S EERIE15]. FR, XRG40 S EMR[16]. LOIMBE[17]. PER 1 S1EEAE Y i s 2 71U A5 e
AR
4.2. I8 - SIEREFXRESHFREFFERNF D

RO FR I, A F PR BUAFAE P M BE - SR R AFE . SRR S s 5 R Pk
B 1 AR IR R [18], TR AR AT B R L SR TR R IR 1 — KR K197,
BEAR, X ERSE R T (S ABARAR PR o Nl 2 pEAA SRS SR MR A R A B R IR AR 1A
IS [20], ml BT YERIE RIS BRI TR, BEEERIE IR K217 AHT 5T 45 R At R W] s 3
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= UG R X AR R SR S AN 2 RS AR A S o R 25 A (22 A B 3R 7 5 B 22 3 A xT PR A AT AR 2R
RAFAEROW ;. KPP EE 23 WO B HUE S &2 pH BRI N)IRSK R B0, b L, 3%
XRS5 P RAURHEAF— e R, TTLEAHE FU A BN R B BAR SR R 5 5 497 00 A oK i
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