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OB A THAREENE PSS R SEE, ST 40k AR R S KR TEF (I 59 B4 ERE,
15 NMRFTREE, 7 ATFERF) MBI TIESFME ST R RERI . GREN: (1) 81 HEFRBESESR
MR K PR ARIE N 12.03~19.58 mm, BERAILIRE R 7.93~15.72 mm, AR LI R 1.01~1.97, 5
R AAIREE N 0.41~2.26 go (2) ANFEPRIEME FIESFEZES . FMBEETFIIE . BiE . YRR LS ok 4y
A4 13.97 mm. 11.98 mm. 1.17. 1.13 g; ¥4 (8) WM FEEFFHQE . BR . PRI SR ESHH 16.52 mm,
10.51 mm. 1.58. 0.98 g; 15 MARIFWINEFBH FHHPE . A PR LS HRES54 15.81 mm. 11.18 mm., 1.42,
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TEZES, A E S5 REE TIE SR AR B3 408 5 W %% TR M ARE 1% b S H 538 1A 6 (P<0.01 ),
SRR ORL S O OC, EAHDCEAN B3 A S N AR R B IE A OC (P<0.05), SH\EEAR b S A% 3 E
XK (P<0.01), 5HEEBFEAHK (P<0.05), SHRELEAME, HHALERAEE, (4) ETFESHNREELS
BreWl, 59 WA S AORL AT 43 D 2~5 AN03 30 T S U RN 28 EE R B E T IR o —28, BRI E R —
%, (5) AR RIS TR SIS 2 R . TPRES N TETRIRIP AR B4 2 | R TTEIRT . S48 7 SR IRl 2= k4l
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Morphological Diversity and Variation Analysis of Lotus Fruits from
Different Sources
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Molecular Plant Sciences / Shanghai Chenshan Botanical Garden, Shanghai 201602, China; 3. Xishuangbanna Baocui Xianglian
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Abstract: To understand the morphological diversity and degree of variation in lotus fruits from various sources, 81
dried mature lotus fruits were collected from different locations (including 59 wild populations, 15 cultivated popula-
tions, and 7 lotus cultivars) for morphometric measurements and systematic clustering analysis. There was substantial
morphological variation among 81 accessions of lotus fruits. The longitudinal diameter ranged from 12.03 mm to
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19.58 mm, the transverse diameter varied from 7.93 mm to 15.72 mm, the aspect ratio spanned from 1.01 to 1.97, and
single grain weight fluctuated from 0.41 mm to 2.26 g. The morphology of lotus fruits from different sources was dif-
ferent. The average longitudinal diameter, transverse diameter, longitudinal/transverse diameter ratio, and grain weight
of American lotus fruits was 13.97 mm, 11.98 mm, 1.17 and 1.13 g, respectively. For wild Asian lotus fruits, the values
was 16.52 mm, 10.51 mm, 1.58 and 0.98 g, respectively. For the 15 cultivated Asian lotus populations, the average val-
ues was 15.81 mm, 11.18 mm, 1.42 and 1.07 g, respectively. For the 7 fruit lotus varieties, the average values was 16.71
mm, 13.20 mm, 1.27 and 1.53 g, respectively. The correlation analysis showed that the single fruit weight of lotus fruit
was positively correlated with the longitudinal diameter and transverse diameter (P<0.05), and negatively correlated
with the ratio of transverse diameter (P<0.05), but there were differences among different population sources. There was
no significant correlation between longitude and latitude and morphological indexes of lotus fruits. The longitude was
positively correlated with the ratio of longitudinal diameter and longitudinal diameter (£<0.01), but negatively corre-
lated with transverse diameter and single grain weight (P<0.01). There was a significant positive correlation between
latitude and longitudinal diameter (P<0.05), a very significantly positive correlation between latitude and longitudinal
diameter ratio (P<0.01), a significantly negative correlation between latitude and transverse diameter (P<0.05), and a
negative correlation between latitude and single grain weight (P<0.05). Systematic cluster analysis showed that 59
populations of wild lotus fruits could be divided into 2—-5 branches. All lotus fruits of American lotus and the Chiang
Mai population of Thai lotus formed the first cluster, and the remaining Asian lotus formed the second cluster. Morpho-
logical traits of lotus fruits varied across the different years of collection. The results would provide scientific basis for

lotus resource conservation, auxiliary identification, germplasm innovation and lotus fruit production.

Keywords: lotus fruits; germplasm resource; morphological character; variation

DOI: 10.3969/j.issn.1000-2561.2025.03.009

TEXFRMTAE |« EAE, %R ( Nelumbonaceae )
)& ( Nelumbo ) WIZAEEEIKAEY), BRT{UESR
PNIE[N. Iutea (Willd.) Pers.]JHNEIME (N. nucifera
Gaertn.) 2 P, SEMEEMAGTESE | S275EFINE)
VO [ S5, P PHRE S A TR g &l . v
B . MR . 2 A N FE 58 B R A L,
i AEEA EEAPRENE . ST ERSUE T E .
WIEAEIE, Ao s AR . A B
Tl R TE AN A P AR S A A

HEFERMBE . YRS ATz
WH5E . PSR+ BA Z R A N E, 7EPUA
A6 T AT LA R AR I B 26T S TR
T 22 W 5525 22 W o 40 T SR A B RUR
T AR Al A W5 2 W3 T 5 1 35 PR B X e i
. YURE R —E A ERTY, 1A, E TR TR
EEEN TR, BAFEENEE2RE, Wik
ZEFER, WsE R G R, D 7EE T
PR BRI S B AL s, RS
X — H R GR35 5 fh S

YERNFhFHEY B B E , FhFRyRA
FROEZAE YL 35 28 EDUL Y 70 4R s, 2
WAL SRR LR E AR T RN R R
AR SRR AZ AL, SO EREE Y )i
( Paeonia decomposita Hand.-Mazz. ) 6 PFfji
MR . FhsE . Tk R S PR TEAS [R5 ]
B3k 3] B 2K Fe b [ Toona sinensis (A. Juss.)

Roem. R 1<, A58, AR RS 8 MRTE
MR R 225, HM TR S adE
KR, BT R/ Y R AE AR L7 1o I
AN, SETRIEMEERTY . B
BRAER SRR Z RG0S B, £
T 5 ADNEPARRE TR, 48R R A F A
PHE TR SIAER RS e Ix g
DS A S AT IR AL, e BT A S S Ak
T A DL 2 55 A U O 9 A7 A 3 i A 2
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81 MIAERIEET (59 DEFAJEHRE, 15 DAk
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BorhT, BAEAR TR RN R B GE TR
FHIE A9 AR PR S R, D 3 0 B DR OR 4 A
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T, SRR SEE P ITE . AR ER, gk,
FEIZRAL, b, e AR PR RAERTHLIX,
AR B 2R AL . Behh, 3 ANEREAFAEGE

TRk A ER A EERE( 2013,2015,2023 4F ),

rRE I ZR AL (2015, 2016 4F ). R ESIACEEH

(2015, 2023 4F) (% 1),

®1 EFRERER
Tab. 1 Collection information of lotus fruits

I A 5 TR Sy A
No. tion/gzlll?i_var Type Collection site No. Population/Cultivar Type Collection site

1 USAAL Ligae 2 [ o 7 £ 42 HBSS LiZan L RNES R B e

2 USAFL L1 LE MBI B 43 HBTSS L2 o WAL AL S

3 USAMD g EED 44 HBDZ-1 Liges HERAERIA 1

4 USAMO (25 FKEEHRE 45 HBDZ-2 L2 rf [ AL RIE 2

5 CANON A v NN 46 HBXT FkEE rh RS LAk

6 YNBW ek R L4 47 HNYY-1 A o [ W R B L

7 YNSH Pega A AL 48 HNYY-2 LiZeE rf L RS B 2

8 YNXL ek eI (e} 49 HNYY-3 Ligee rh LS RS RE 3

9 TGQM (225 7% B 50 HNLS LiZe5 rh EH RS R 1L
10 HLIDJ (23 o ] PR AR 51 HNXY LiZe5 e =] T R A B
11 HLIDQ LIgeS LRy AN S 52 HNQX WRGE o T A
12 HLJFZ Ligae SRV OE 53 SDWSH LiZaE rp ] LR SO
13 HLIJMS-1 B/ o ) 2 VT A AR 1 54 JSGYH Ligee RN ES RN = 187
14 HLIIMS-2  Bf4 rp SRR T AR AT 2 55 JSHZH-1 L2 LRIESPADNG I SE S|
15 HLIRH [isgaEs GRIESECy AAR 7S] 56 JSHZH-2 LigZs o [ VTSR UEEE I 2
16 HLJSC A o ] 2A R VT XU 57 JSHZH-3 A o [ VLR HEEE ) 3
17 HLJTJ Ligae o SR VTR 58 JSHZH-4 LigeE VLR R 4
18 HLIWC (225 o SRR VT AR 59 JSTH-1 Liges rpE IR R 1
19 HLJXK (225 o SR VT 5 60 JSTH-2 Liges rp Y5 R 2
20 JLCC (225 rp [ KR 61 JSTH-3 LiZag VTR R 3
21 JLSL P G REES IR N e 62 AHGYH Lije e ] 22 e S B8
22 LNDL-1 WAE PRI TRE 1 63 AHMAS L2 ERIES R Al
23 LNDL-2 WARE PEETRE 2 64 AHTL Liges e R R B
24 LNDL-3 WARGE PEILTRE 3 65 AHWI Liges o BT
25 LNZW (23 rp 1T TR 66 JXPYH-1 L2 e ] VTP 0 BE A 1
26 LNTL A o T T k04 67 JXPYH-2 A VTP 0 BH 0 2
27 LNPJ F ks o] 10T R 68 JXPYH-3 ek e ] YT PG 0 BH 38 3
28 BIYHY-1 g AL st A 1 69 FISM Li52aE el A =
29 BJYHY-2 ek v ] b T A E 2 70 CcQDZ e rf R E R R R
30 BJYMY-1 e e LT B W R 1 71 CQTL g e ] i PR A
31 BIYMY-2  #¥% e G R B B 2 72 SCST LigaE hEEI =S
32 BIZWGY s rh b 5 a0 73 GDSZ Lije T AR R
33 BIBWGY Fexs rprE AL s A 74 GDGZ ek AR
34 HBBYD-1 B/ rfrENATE LR TE 1 75 JX17 FEMF hEmdET
35 HBBYD-2 of E L PR 2 76 FIIN FIEMF  PEREET
36 HBBD A o [ b AR 77 ZSHY TSR PETARPWL
37 HBHIJ A= e ] Y At 37 [ 78 GXSJ TSR PETE =T
38 HBHH-1 Ligae LSRR 1 79 HNXT FREMBN R
39 HBHH-2 (225 PRSI EE M 2 80 HBWH TS P EBIERK
40 HBLZH-1 [i92 of [ G 22T 1 81 TK36 TSR P EWTE
41 HBLZH-2 (23 o [ 5 6 22118 2

W 1~5 HEMFE, 6~81 HWIMIE; [F—Hb AT S5 RFAN TR

Note: 1-5 is American lotus, 6—81 is Asian lotus; The different numbers of same location indicate different populations.
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FERGEE S 0.01 mm HLFIEds - RUA3 1) 0 a5 7
REAE . OV, FIRSEN 0.0001 g HL T RFFRE T
HRTE, ETIRRAMER RS, & T RIE
MAEARIBCN DT 10 K, FrA 45505 — R /NS
G 2 1. S CEBRREYE SR ALY 5%
o o A S TR AR o E LR OIR, AR AR e A
1.000~1.200 - ~EJE, 7E 1.201~1.400 Z [, T
LN R, PImASTRRE ORI, SE T
SRXTRRYS ST IREIE , 1.400 L F 52 WEAIRIE
1.3 EiEAIE

FIH Excel 2019 F1 SPSS 23 44 % il £ %%
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Fig. 1

212 EFMEGETHEZFHMN  FIENE
T2 K (13.97+0.85)mm, V2175 5 R B K
3.07%; FHIRERE M (11.9840.61)mm, V75 F R
R 3.72%; P REAR A 1.1720.07, FI374A8
S RN 4.09%; P HORE A (1.1340.03)g,
P 5t ZB0R 8.89% (% 2), FIYFE . KifE
PREFE L B Bk (A 7 R AN T 10%, Ui
TN IR SRR B HORE B/, AR
FaE .,

FNE R E T A FR RO . BEAE . P
R H S ok B 2 (AP R B 5 25 57 0 e . KEAR AN
AR N =B T R Y1t NN - S s |
(15.21£0.50)mm . (12.80+0.39)mm #F1(1.21£0.08)g;
Toe /B 59 A6 55 [ Pl B B Sh N, 43 1 ok (13.18+
0.42)mm. (11.45£0.29)mm F1(1.01£0.06)g; ki
72 b KA AR S5 = 1 2 BLIA N (1.2240.07 ),
Toe/IME H A 36 [ 2% 75 BLIN (11.09+0.04) (2 2),
213 ZHMEGETFHBESEZF4H B4E (H)

H{E Ratio

2.0f

TS Bt . PR L LR Ok AT A
O A AT FIAR DG PE 23 H

2 HERESH

2.1 ARKRBEEFESERSW

211 EFHBEERSAHH 81 piETHIK
oA ARAS S R . AR AR IR 12.03~
19.58 mm, FEAEPLE 15.70~17.05 mm [X[d] ; F
AR E g 7.93~15.72 mm, FEAEFLE 1021~
11.39 mm X[H] (& 1A); R AR RIR E N
1.01~1.97, FEERLE 1.40~1.63 X [a]; HokiE S
TEIREE R 0.41~2.26 g, EZAEPTE 091~1.14 g IX
] (& 1B ).

25¢ 125
2.0
1.5+ 1.5 %
1.0+ 1.0 @
0.5+ 10.5
T mER R
#4947 Index

81 MEFHRERSEKS |

Distribution of morphological characters of lotus fruits from 81 accessions

P T 1 35 T 9042 R (16.5240.88)mm, -3
A RACR 3.48%; R4 (10.51+0.72)mm,
AR R RECH 4.02%; FHAUREIELL R 1.58+
0.11, 278 S ZH N 3.99% ; F-24 Bk T 47(0.98+
0.17)g, TR REH 9.80% (% 3), Hr,
PR BEAR . YRR ERURE AR KA o B e
W R BH R A 2[(17.9240.58)mm], H [EVL 35 K
JEEE 2[(12.16+0.57)mm], HE BT IE (1.75+
0.07 ) Firp E W B {5 FH[(1.40£0.12)g] . PRk
s/METEFREMENI =G, 25008(15.1940.77)mm
(0.54+0.07)g, FEAR IR Lt fe /IME 7E 28 17
T, 4391427403 1)mm. 1.22+0.04,

AN X EF A (D) SERE TR B8R
PR L LR A g 2R (£ 3), TEAR
I b X% T S FNYRE 42 L S KA A o [ SRR YT
JIE, 43518(17.66+0.53)mm ., 1.75+0.07; FE12HI
r 5 i A A R E SRR VXU, 4 (10.78+
0.30)mm, (1.10+0.10)g; ZEFNYEELS Hdne/IME ST
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Tab. 2 Morphological differences of American lotus fruits from different locations
} ) » Y12 Longitudinal diameter 7% Transverse
;ﬁi %ﬁﬁMI Qﬁir HfE B/ME BRE ERARE Sl RBME BAME BHRAK
Mean/mm Min/mm  Max/mm CV/% Mean/mm Min/mm Ma/mmx CV/%
B USAAL 49 13.18+0.42° 12.19 13.98 3.15 11.45+0.29° 10.80 11.99 2.55
USAFL 44 14.48+0.40° 13.67 15.32 2.76 11.91£0.74°  10.53  13.28 6.18
USAMD 46 14.52+0.45° 13.74 15.44 3.12 12.17+0.45° 11.42 13.09 3.69
USAMO 41 13.19+0.40° 12.03 13.80 3.03 12.09+0.38° 11.24 12.92 3.13
Jm&R  CANON 18 15.210.50° 14.29 16.00 3.29 12.80+0.39°  11.79  13.34 3.07
HME 13.97+0.85 3.07 11.98+0.61 3.72
S Fep - HHEFE L L-T ratio Bkl § Weight per grain
Source Population Number HfE H/ME wRME 55 R ¥{E w/ME KA ERRH
Mean Min Max CV/% Mean/g Min/g Max/g CV/%
FH USAAL 49 1.15+0.05° 1.07 1.26 3.92 1.01£0.06° 0.87 1.14 5.99
USAFL 44 1.22+0.07* 1.10 1.37 5.57 1.18+0.17* 0.90 1.40 14.43
USAMD 46 1.19+£0.05* 1.09 1.33 4.17 1.18+0.10° 1.02 1.42 8.72
USAMO 41 1.09+0.04¢ 1.01 1.19 3.30 1.13£0.10° 0.98 1.37 8.58
&Kk  CANON 18 1.19£0.04%° 1.12 1.24 3.51 1.21+0.08* 1.07 1.36 6.73
H{H 1.17£0.07 4.09 1.13+0.03 8.89

I FFIARR/NG FEERR 2252 3% (P<0.05)

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).

AR HP R T R FE A 2[(15.97+0.62)mm] Al H [
PR TIb T ((1.55+0.06 ); A 42 A FUORL H fe/METE
O E T ORE R 3, 518 (9.51+0.28)mm |

(0.79+0.05)g. " [E ALk L X 35 T YL S 12 H
toe FAE 43 500 #E op YT b R E R R 1[(17.03+
0.63)mm], HEVATILAERE (1.58+0.07 ), HEFRAIHHKL
F I RAELE T R E], 235)24(11.71£0.40)mm
(1.29+0.05)g; P\i% . BEARAIRRE 5 fie/)MEAE o ]
JEEPEREERE 2, 2002M(15.88+ 0.46)mm ., (10.19+
0.40)mm . (0.98+0.07)g; #Hiite i/ IMEALE P [E
LI E], SR 1.4120.06, H AR H i X 3 T AE A
AR LS KA 23 e b 0 R e BH A 2[(17.92+
0.58)mm] A1 E I JL A 11 =% (1.70+0.05 ), B4R A
B T e KAE AE P E R AR B, 43 3R (12.09+
0.52)mm. (1.40+0.12)g; HARFYMEAE b e/ MAE S
e E A A B (15.56£0.53)mm] R E A R 5
FH (1.37+0.06 ), A A EoR: 5/ MEAE LR
TWERE2, 4351°M(9.97£0.42)mm . (0.86+0.08)g.
Hh ] A AR i X T AR TR A e de KA WA
e ] VPG AP BH R A 2[(17.83+0.23)mm]. T ETL
TRULPEWIERE 1 (1.69+0.09 ), B, Mk &K
B 7 B VLR KW R BE 2, 43 o (12.16+
0.57)mm. (1.36+0.16)g; N2, HifE . FkL i

AMEAE TP EVLIR R R #E 2, 200 (15.79+
0.64)mm. (9.68+0.47)mm. (0.80+0.09)g, K12
e/ MEAE T EVLG AR EHE 2 (1.38+0.05 ),

15 A%k 55 Jo B W0 3 19 3 T LN
(15.811.21)mm, F-¥JAE 5 RECH 3.81%; V-4
2 H(11.18+0.89)ymm, V-5 55 RHBUH 4.62%; F-
PIPBEAR L 1.4240.14, E78 5 RECH 4.83%:;
S5 OB H D (1.0740.18)g, SFA78 5 RN 10.40%

(R 4), 15 DK WU EE 7 HPFE . BRI
AR L R A 2 . IR [
e KAE 53 0 7E v [ H AR A B2 [(17.07+ 0.78)mm]
rh R b 5t 58 B Bl e R 2 (1.64£0.10 ), F5e/MEAE B
BB, 205919 (13.6540.54)mm . 1.23+0.54; H%
F2 R BpRE T e R (ELE PP VT PR R BRI SR A 3, 4
MR (13.44+0.45)mm . (1.49+0.10)g, H/MES5I
7 b FE b s (5 B Bl RS A 2[(10.08+ 0.52)mm] | i
W4k [(0.83+0.08)g] .

7 A TE S E T EHIE N (16.71+
0.94)mm, 725 5 ZRECH 4.20%; FEHREE M (13.20+
1.24)mm, FRECH 3.85%; FHURRL N
1.27+£0.08, R REN 3.79%; V- H ki EH N
(1.53£0.33)g, BFRECH 11.27% (£ 5), 74T
AT O . R . REAR b Sk E AT
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Tab. 4 Morphological differences of cultivated Asian wild lotus fruits from different locations
Y012 Longitudinal diameter 4% Transverse
P JEHE RiEL
Source  Population Number H{H f/ME HRIE BN 4 ¥ME /M BoRfE ERARR
Mean/mm Min/mm  Max/mm CV/% Mean/mm Min/mm Max/mm  CV/%

R YNBW 49 15.65£0.57% 14.14 16.96 3.65 11.66+0.45° 10.61 12.73 3.87
YNSH 32 14.52+0.61° 13.28 15.57 4.18 10.77+0.54° 9.78 11.82 5.02
YNXL 50 13.65+0.54¢ 12.57 14.97 3.92 11.13+0.51% 10.05 14.97 4.60

thE LNPJ 48 15.68+0.59% 14.15 17.23 3.76 10.74+0.70" 9.31 12.36 6.53
BIYHY 1 10 16.53+0.80 15.18 17.73 4.87 10.90+0.30%" 10.43 11.49 2.77
BIYHY 2 29 17.04£0.49° 16.15 17.91 2.89 10.84+0.42° 10.00 11.76 3.85
BIYMY 1 10 17.07£0.52% 16.38 18.37 3.06 10.69+0.57°% 10.05 11.91 537
BIYMY 2 29 16.46+0.61" 14.99 17.52 3.70 10.08+0.52¢ 9.11 11.21 5.15
BIZWGY 30 16.33+0.85" 14.05 17.37 5.22 10.69+0.44" 9.84 11.78 4.12
BIBWGY 28 15.97+0.80 14.32 17.79 5.04 11.91+0.78° 10.33 13.01 6.59
HBXT 15 15.17+£0.41° 14.45 15.82 272 12.65+0.62° 11.75 13.74 4.90
JXPYH-3 14 16.44+0.52% 15.68 17.69 3.15 13.44 + 0.45" 12.95 14.65 337
CcQDZ 15 16.88+0.36™ 16.11 17.66 2.14 11.47+0.28% 10.89 11.99 2.40
CQTL 50 17.07£0.78" 15.64 18.83 457 11.68+0.64° 10.38 13.36 5.45
GDGZ 49 15.59+0.67% 14.47 17.17 428 10.62+0.57" 9.10 11.69 5.33

Yl 15.81£1.21 3.81 11.18+0.89 4.62

- Fep - HEFE HE L-T ratio HUR . Weight per grain

Source  Population Number ¥E o/ ME FRME 5 R E ¥i{H BME EBKRE TRAK

Mean Min Max CV/% Mean/g Min/g Max/g CV/%

R YNBW 49 1.3420.06° 1.22 1.46 4.20 1.16£0.11° 0.94 1.36 9.61
YNSH 32 1.35+0.07° 1.20 1.52 5.28 0.83+0.08¢ 0.64 0.95 9.85
YNXL 50 1.23+0.54 1.11 1.35 4.30 0.9420.10" 0.77 1.16 11.05

i LNPJ 48 1.46+0.09¢ 131 1.66 6.08 0.99+0.11¢ 0.80 1.24 11.26
BJYHY 1 10 1.52+0.10" 1.38 1.69 6.82 1.1240.06"% 1.05 1.22 5.61
BIYHY 2 29 1.57+0.06® 1.45 1.74 3.93 1.13+0.11°¢ 0.97 1.30 9.87
BIYMY 1 10 1.60+0.07* 1.45 1.68 4.49 1.07£0.15%%" 0.92 1.45 13.90
BIYMY 2 29 1.64+0.10° 1.42 1.87 5.94 0.93+0.09'® 0.76 1.20 10.17
BIZWGY 30 1.53+0.06™ 1.41 1.64 3.95 1.09+0.13¢ 0.78 1.29 11.55
BIBWGY 28 1.35+0.14° 1.19 1.68 10.25 1.2240.16™ 0.91 1.46 13.13
HBXT 15 1.200.04 1.12 1.25 3.29 1.24+0.12° 1.09 1.51 9.91
JXPYH-3 14 1.22+0.04 1.16 1.27 2.98 1.49%0.10° 1.37 1.76 6.84
CcQDZ 15 1.47+0.03% 1.42 1.52 2.20 1.16£0.08" 0.99 131 7.30
CQTL 50 1.46+0.06° 1.37 1.59 4.01 1.15+0.14>4 0.91 1.45 12.07
GDGZ 49 1.47+0.07% 1.34 1.65 4.74 0.99+0.14¢ 0.75 1.26 13.85

BET 1.42+0.41 483 1.07+0.18 10.40

e FAIAE/NE FRERR 25 B (P<0.05) .

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).

TR EZES Hrp, #1517 S YA SR K,
39 (17.93+0.50)mm . (1.99+0.09)g; H [ 4 2t
T IR [(14.8440.30)mm] R K, PR L
(1.19£0.06) iz /N PR b K, M
1.36+0.07; 1% . BEARFI BB 5/, 20 5k
(15.95+0.59)mm, (11.78+0.50)mm, (1.18+0.10)g.
2.2 AERBFEEFRESERERESS T

HT TR E SR B R

L Z B E R, XA ET R, P2,
. YRR LI T A ST, SRR ET
R H 52904 (y=—0.08+0.07x, R*=0.11, P<0.05 ).
12 (y=-1.03+0.19x, R*=0.80, P<0.05) 2 @3
A, SRR (y=2.23-0.78x, R*=0.30,
P<0.05) R FEAMHEL (E2),

AN TR H Y5 4 55 P 3 34 - A SE AR 7R — 2
E5 . A JERRE TR S ROk T 2 a2 A
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Tab. 5 Morphological difference of lotus fruits from different cultivars
) . 4% Longitudinal diameter }§7% Transverse
Source Population Number ¥ ﬁ:i/j\{ﬁ e RAE SRR ¥ /M e KAE AR5 R AL
Mean/mm Min/mm  Max/mm CV/% Mean/mm Min/mm Max/mm  CV/%
T JX17 20 17.93+0.50" 17.13 19.10 2.80 14.57+0.04% 13.95 15.18 1.96
FJIN 20 17.66+0.83™ 16.38 19.58 4.69 14.84+0.30% 14.41 15.42 2.02
ZSHY 92 15.95+0.59°¢ 12.74 17.17 3.71 11.78+0.50° 10.66 12.89 4.28
GXSJ 98 17.08+0.65¢ 15.55 18.38 3.81 13.89+0.69¢ 12.27 15.72 5.00
HNXT 18 16.60+0.80* 14.81 17.98 4.82 13.67+0.68¢ 12.54 14.64 4.94
HBWH 15 17.09+0.61% 16.13 18.02 3.55 14.00£0.56*°  12.43 14.78 3.99
TK36 28 16.244+0.97% 14.92 17.97 6.00 12.5440.59¢ 11.41 13.80 4.73
HH 16.71+£0.94 4.20 13.20+1.24 3.85
. ) HEEFE L L-T ratio Pk H Weight per grain
U Ja AL - "
Source Population =~ Number ¥ifH B/ME IEPN: 5 R ¥ifH BAME BKRME ERARE
Mean Min Max CV/% Mean/g Min/g Max/g CV/%
T IX17 20 1.23+0.04% 1.17 1.30 3.08 1.99+0.09° 1.82 2.17 4.33
FIIN 20 1.19+0.06° 1.10 1.35 4.87 1.86+0.16™ 1.55 2.21 8.62
ZSHY 92 1.36+0.07° 1.10 1.55 4.96 1.18+0.10° 1.00 1.39 8.62
GXSJ 98 1.23+0.04¢ 1.13 1.36 3.50 1.70+0.19¢ 1.28 2.26 11.28
HNXT 18 1.21£0.04% 1.14 1.30 3.61 1.58+0.23¢ 1.24 2.01 14.73
HBWH 15 1.22+0.04% 1.17 1.30 2.96 1.75+0.17* 1.39 1.99 9.88
TK36 28 1.30+0.50° 1.21 1.42 3.55 1.37+0.29¢ 1.01 1.89 21.46
HIE 1.27+£0.08 3.79 1.53+0.33 11.27
1 [FSIAN R/ NG FhE3R0R 25 57 18 3 (P<0.05),
Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
oo 25T w0 25T o0 25T
= y=—0.08+0.07x c . 3 y=-1.03+0.19x . = . y=2.23-0.78x
'a 20F R=0.11,P<0.05 =%, a 2.0+ R>=0.80, P<0.05 5 i 'a 20F R>=0.30, P<0.05
5 g %l 5
815 215 &15r
= = =
.o .20 =y
§ 1.0 § 1.0 § 1.0+
B o5t o5t 05|
ﬂ- 0 1 1 1 1 1 ﬂ- 0 1 1 1 1 1 ﬁJr 0 1 1 1
10 12 14 16 18 20 8 10 12 14 16 1.0 1.5 2.0
2)4%¢ Longitudinal diameter/mm 1#72 Transverse diameter/mm WAEFR L L-T ratio

B2 EFESUERSHERXIESN

Fig. 2 Correlation analysis between morphological traits and grain weight of lotus fruits

FIEME; EEGEE HEEM (7=0306"), FEH%
TN (r=0.637"") FKIEHE TR G Yk
]S M B IR AR G, SE BT TN (= 0.3067) .
E L 22 M (7.=0.3757) SRIFE FIL S ook &
Z ) 5 S S R AR O, TN R e K 48 0 R ) 3
T-HA 5 B E () A OGP AR A B e KR S
% B AN (r=-0.722" ) F1EE D 22 M
(r=-0.415"") KU HIFE T-HMEAR L 5 2ok 5 2 [
BB ARG, HAth 3 X A E TR L
B Ul 2 (B AR A B i 2 K (& 3 ),

AN TR S R A S 9 322 5% - R EEAH e PR A A 2
o ETHRE PR E R R EMK (P<0.05) %

W s Z A2 P<0.01)A 70 4, (5 BB 92.11%,
o AR W B M G H RBE 64 A, R EIEAM
K ERE 6 1, AHICME fesm 09 fE B ALt Tp g 2
Fel 3% T (7=0.916"" ); T8 5 ooki f 5 5 A
X (P<0.05) Bt A (P<0.01) A 721,
Y 94.74%, Horp R E I A G RY JE
1A, BEIEASCRERE 1A, A ad 2
K25 36 (1=0.926""); FETHRER L5 ok 62
WM (P<0.05) Sk EM K (P<0.01) H
224, EBUR 28.95%, Hid A B Uk O
B ERE 144, BWREEFEHXHERE2D, B
FRMEHFERE 6 A, FH O B i i B 4
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HT T (7=0.768") (K 3), LI 45 REM M
VEHETIRA S ORI Z [AIFHSCHRR, RIFEDRIEP)
PN FIEAS 5 B i 2 B A e LA 22 534k
WA RSN R EE 22 [ R AR B 3
23 FAEMNETFESERSZSENHEXE
2N FE T 1B MR 5 H A A b i 2 45
ZRIMEEARRH . &F 5 EWEETIR
(r=-0.603 ), Ki12 (r=-0.093 ). YL (=
-0.805 ) FIkiE (=-0.420) SEHAE, ML
YRR E, 45 ENEETIE (17=0518),
1% (1=0.864 ) FIFRIE (7=0.462 ) S IEAHE,
YRR (7=-0.066) REHAAR, HEHEER
WE (F£6)

VI F B S MRS Ho A s 28 2
Z ] e PR R . &S N Y E T AR
(r=0.380"") FIHMEARLL (/=0.4107") 4% B3
EA G, SRR r=—0.224 )FI R T ( 7=-0.092 )
RO, MM EE; 45 IHEE T
Bo(r=0274") EREFEFTEHEL, SHMEHL
(r=0.420"") MR FIEH R, SHREEE R
X (7=-0.295"), SHkiE (—-0.126) Z A
x, MHERMEAREE (F6).

P EZ5 1R, fELEARIE, WY EE T
Bl 45 B I RN R R AR AR 58, PP RE
JOM; FELREEAHFIRY, BEE 2RI IR K
BEARARAS , SETIREK, %45 RS Tl

-1.0
Pt | |
Ve —0.8
iz =] =
—~ N e+ N O~ 0O Mt N O~ 0D —~ N M -0.6
— - — e e e = = = N N NN
PR 0.4
i g
%& ‘_0.2
10
402
* . L 0.4
S0 O - N MY O A O = N N O 0O R
T T T B OB n n N " & & © © O © Y v © °
0.6
YHERL
K2 0.8
Ytz
- i 1.0
O m N O T N O 0O —
oS >~ O 0 0> 00

* R WEH K (P<0.05) 5 **FRm M BFEAHC (P<0.01), 1~5 HFEMWE; 6~ 81 JFIHE,
* indicates significant correlation (P<0.05); ** indicates extremely significant correlation (P<0.01). 1-5 is American lotus; 6-81 is
Asian lotus.

B3 ARRFEEFESERSHERXERE

Fig. 3 Heat map of correlation between morphological traits and grain weight from different accessions

Fo HAEEMETESUHERELSEMNEXNYE

Tab. 6 Correlation between the morphological traits of wild lotus seeds and latitude and longitude

3 AR Pz Btz PpEte L <R G
Source Character Longitudinal diameter Transverse diameter L-T ratio Weight per grain
RV 7 -0.603 -0.093 -0.805 —0.420

G4 0.518 0.864 ~0.066 0.462
P 3 7 0.380" —-0.224 0.410" -0.092
o iy 0.274 -0.295" 0.420" -0.126

e FORBEMRE (P<0.05); TERBEEEME (P<0.01),

Note: " indicates significant correlation (P<0.05); " indicates extremely significant correlation (P<0.05).
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24 FESREEHE (B EETFESERMEE LW 1
447 HLIMS |-
FFGEF , L AR e bR A M 25 57 JLIDI -
oSt SRR AR RIS, B FLDO
VAR 58 56 400 T 70 2 R S £ HLIWC |
AATEEE XS, TR R LR R 2 HLIXK -
PR, DURFDRIEFERIETOOMNE . B, S e
B, BT, B, GF. EEAAN. A INDLS |-
HRABORHERR, R R B T fy  ISHZR
ROUEA (1 4). FEGRIERH 25 BF, TR AMWIH
RERON 2 KK, BRI ML Rt AIMAS
TRA—%, MAMWEMER N %, Kokhi  HBHE2 1
B 10 B, SETRBEEN 5 K. H— R U GAHTL ] —
S50 3 AT, SR TSN | IR LR LNDL-1
EREAMARGET RN —%, ZENHRED  HBYDD
RIS HL A T3 N — 2, Rk i BSS
W, W, REM S A% TRM  JBDE2H |
ok, BAWMIEN K, M, WREEEEN I
BRML, EIFAE I ISHZI-4 [
25 FEEHETHMRE RS AHGYH |-
W SONE SRR, iR Ay DR
MR REE . AEBE . B B MR A M
HEE D T T PR R 7 B 2 fﬁggik
X 5 90— 2 AR 70 By
T, AR BRI AE G RAR Y VR TELLE | s
PO PRI 2 THEAR A (2 2 5. A opsz
R TR . i, SBEILRIETE i)
2013 4EF1 2015 AE T 22 5, 1T 2023 AFEREAE AN CANON
OB L 25 ([ SA s BOLBIE BER e —
T, MR YRR LR ETE 2 a WICRE
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