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Abstract: Objective To understand the diversity differences of interspecific leaf traits of Nekemias, so as to facilitate the breeding
and development of excellent germplasm resources of Nekemias. Methods Five species of Nekemias were taken as the research
objects, and the morphological and active components were determined by intelligent leaf area measurement system, ultraviolet-visible
spectrophotometer and HPLC, and the data were analyzed by descriptive statistics, variance analysis and multiple comparative analysis.
Results Morphological characteristics showed that there were obvious differences among the five species of Nekemias. N.
grossedentata and N. Cantoniensis had one or two pinnate fronds, while other species all had one pinnate frond, and the serration of
leaf margin was the most obvious in N. grossedentata. Except for the moderate variation of compound leaf petiole length and lobular

leaf area, the other leaf traits of this genus were weak, and there were significant interspecific differences except lobular thickness, and
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the leaf traits of N. grossedentata of five species were the most stable; The active components in leaves were mainly flavonoids, with

significant difference among species (P < 0.001). The content of total flavonoids was in the range of 13.81%—38.67%, and N.

grossedentata ranked the highest, with 78 times of the lowest one, N. cantoniensis. Dihydromyricetin, myricitrin and myricetin were

the main components of this genus. Conclusion There are obvious character diversity among and within species of Nekemias.

Flavonoids are the main components of this genus, and the type and content vary from species to species. The research results provide

theoretical basis for the comprehensive utilization of Nekemias plant resources.
Key words: Nekemias Raf, Nekemias chaffanjonii (H. Lév. & Vaniot) J. Wen & Z. L. Nie; Nekemias cantoniensis (Hook. & Arn.) J.
Wen & Z. L. Nie; Nekemias grossedentata (Hand.-Mazz.) W. T. Wang; Nekemias megalophylla var. jiangxiensis (W. T. Wang) J. Wen

& Z. L. Nie; Nekemias rubifolia (Wall.) J. Wen & Z. L. Nie; leaf traits; dihydromyricetin; myricitrin; myricetin
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FHAERHARAR, HESH>98%; LiF. B
BNt al, B, ORE. —S4bER. BRI
FIEIN AR, KONMEISIRAE K. 2023 £ 10 AT
) ~12 AYIRE 5 BB E Y e

50 CHtF, 40 HdW, ®WiRTESEH. HEHE K
PR R PR K NP R B N. chaffanjonii (H.

Lévl. & Vaniot) J. Wen & Z. L. Nie. 4~ R #E N
cantoniensis (Hook. & Arn.) J. Wen & Z. L. Nie. KA
8Lk N. grossedentata (Hand.-Mazz.) W. T. Wang.
K258 N. megalophylla var. jiangxiensis (W. T.
Wang) J. Wen & Z. L. Nie fIEF 4R N. rubifolia
(Wall.) J. Wen & Z. L. Nie, FEEELE 1.
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Table 1 Samples and source information

FEmh i 5 YFp SRFEHL SRFER 18] Wkim  ZEIRE)  4EIIN)
S1 P2 Bk IR 7K E B B PR 2023-12-03 402.8 110.12 29.16
S2 4k 5T 73 M 2023-10-28 690.8 110.10 29.11
S3 PNV T R 7K O A 2023-10-28 690.8 110.10 29.11
S4 PNUEEF S T R 7K O A 2023-10-28 690.8 110.10 29.11
S5 AR 1R 7K E B BT 2023-12-03 420.7 110.11 29.16
2 FE T 50 mL K, M 70%LFERWR 25 mL iR

2.1 MESIERNE

SR P 5 Pt T AR 3 4 00 R P R o i AR
BN E R o R AR R K
FNHAER M EEAN BEHE, HAER 1 Z0h
(B 1D, FFHEREM AN E A iH5E . i
AN W N ISP A AN @ =yl o VA R N e
e SR A JE JEE T3 /N - F S T A Ak 14 )52
&, NIRRT,

B1 EMRINHEESRG

Fig. 1 Examples of compound leaf and leaflet morphology
2.2 FSMT LSS B E R B R

220 MEEERE S RERR SR
X G E B 25 mL S, IAER 70%H) 4
W LR ) BB P VA AR, 2R 2 25 mL, 1351 452.00
ng/mL XA A2 T MR Boxt ik 2
70% LB FERRE 10 %, BCAR 45.20 pg/mL X i iy
fits 2V 1L 0T Bt it 49 10 P 70% LB WM RE 10
B, BOK 4.52 pg/mL X Sk AR 0.

222 MBS FEARE 0.10 g FEML B

2], 50 C/AKBHEAHREL 30 min, 6 000 r/min 550
10 min, FiERZEEEIN 100 mL £+, 2051
DU E SR 3 K, T0% LB ERE 100mL, #
B, 4 CRAFEH.

223 ZRMECRFEEL p RS A R RO R i A%
WI0. 0.5, 1.5, 2.5, 3.5, 45mL T 10 mL &
13 A O R T R B TR i 2,26
6.78. 11.30. 15.82. 20.34 ug/mL, KiKX$%2.2.3 J5
ENE, DAXHHR Sk BEAREARBR (O TROLFE (L)

PSR (YD) GAERE, @ EHTHERN Y=
0.0452 X+0.000 9, R*=0.999 1.

224 KEEEALE REUFEM (S3) 0.10 g, 1%
“2.2.27 TERAER AL MIEW, 4% “2.2.37 WJEE
SR 6 W, ik 4 fH. HEE A4 {H RSD<
3.00%, FEAUASKEE B RIT

225 FoEtEIAEE  FREURES (S3) 0.10 g, 1%
“2.2.27 WERERISSFEMIER, 40T 0. 24 4.

8. 12 24 h I, HUFE s iid% “2.2.37 W7 A,
WFEE A M. HHEHEE 45 RSD<3.00%, % HH
FIRAEIIRE SR VRAE 24 h WFOE .

22,6 EEMWIRE FREIC6 M S3FEM 0.10g, 1%
“2.2.27 DIERVERI S MR, & “2.2.37 Tk
MM e, Wxg 4 H. IWEESMHEY 4 |3
RSD<<3.00%, HRMTTEEEM R

227 AR T OSBRI
JEAE 200~800 nm YK T 434, i 2 A I K 292
nm. AR, KSRGS B R ST 10 mL
the, IANDE 70%LEE, A 2.5% AlCL ¥
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W2 mL, #EAIE 10 min J5, AN 10%M5
PV 2 mL, F 70% O 5E 2%, & B X 20 min,
T 292 nm FE A A, WRIEEEGE, THE A
Pl 1) =

2.3 HPLC &M iEM R 5

230 XFRRSIATRIIE RS BRI RS
BEENKEMST, A 60%M HEE AR, EHES
mL, AR, SIS HRE TR 630.00 pg/mL.
JLZRE 310.00 pg/mL. —E M 10 900.00 pg/mL.
F9T700.00 pg/mL. #HEH 2 400.00 pg/mL. H 5
% 340.00 ug/mL. 2 260.00 ug/mL. & K2
% 140.00 pg/mL. A3 160.00 pg/mL. 125
340.00 pg/mL %50 BRIV, MRS, 13RI
TR T R VA R

2.3.2 RS EEINE & 2 FREC0.10 g A& T
BEE B , MAN 10 mL 60% P EVA UG MR, #
745 min, FIRFRE, N 60% F EEE AN R &,
8 000 r/min 20> 8 min, iT 0.45 um JEME, 4 CLE
17, FESIBEH

233 HPLC %/ KM Ultimate xb-C15(250 mm X 4.6
mm, Spm) Ti%FE: FEA 0.01%BRK (A) -4
i (B), BEEEVEAL (0~8min. 95%~85%A, 8~
18 min. 85%~76%A, 18~25min. 76%~60%A,
25~35min. 60%~50% A); MK 0~15 min.

280 nm, 15~35 min. 360 nm; AFR IR & 1.0 mL/min;
FEIR 30 °C; HEREE: 20 pL. VEA IR SRR i
T LA 2.

3

’ |
H 5| 6 4
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SR SUURESSI | W 1 e TS )
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B 3
| !
5
| s
‘ |
) al 17 8 910
> | - A .‘v,, J.,.. J!,,.,., ,L, i,‘ JL,.".,
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t/min

-EETFIR: 2-)LKER: 3-Z8milER: 451 S-tt: oMt
BF; 7MiM 8- R 9-TSERK: 10-1iRm .

1-gallic acid; 2-catechin; 3-dihydromyricetin; 4-catechin; 5-
myricitrin; 6-quercetin; 7-myricetin; 8-dihydroquercetin; 9-apigenin;

10-kaempferol.
2 @ (A) SREXR& (B) HPLC EiE
Fig.2 HPLC graph of sample (A) and reference substance (B)

234 HMERARBR  KWEREARREKREZRN
X AR IEE “2.3.37 WEk T, R AN
o B P S W T AR BV, 452500 i 1) ] 051 5
P RVEVEH AR R EL LRMERRRY, AR
E S
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Table 2 Reference standard linear relationship data

of EYEpRE 2 M (ug mLY) R2
BETR Y=5.099 2 X—3.255 0 6.30~422.10 0.999 8
LA E Y=1.196 4 X—1.957 8 31.00~217.00 0.999 6
—EMER Y=3.925 8 X—6.010 6 109.00~6 104.00 0.999 9
BT Y=2562 4 X+0.328 2 7.00~392.00 0.999 7
iS5 Y=3.1211X—0.4779 24.00~2 400.00 0.999 8
W& Y=1.711 9 X+59.007 0 3.40~340.00 0.999 8
LTS Y=5.006 4 X—80.707 0 26.00~260.00 0.999 5
A R Y=13.073 0 X—190.400 0 14.00~112.00 0.999 3
R Y=4.356 8 X—4.888 3 1.60~160.00 0.999 8
1L 25y Y=5.138 2 X—12.243 0 3.40~265.20 0.999 2

235 FEEEAL FREUFEAL (S3), 1% “2.3.27 I
FAEHI S PERIAT, 1% “2.3.37 Wit 4 E 2t
FE6 K, 0 S ILA MG . 15 H &g AN
1) RSD<<2.00%, & PAAXARHEZ L R U -

2.3.6 FaE i AREX S3 BEAL, % “2.3.27 i
EHREREWL A AE 04 24 4. 8. 120 24 h FRHREL
FESRVE 20 uL, 4% “2.3.37 Wifo ik S hkRE, 03t
FUETA . THEH S IETA RSD<<2.00%, FRUFE

MV TRLE 24 h NAESE

237 EEMERIE FREC 6 7 S3 R, ik
“2.3.27 TIPSR, 1% “2.3.37 WIEIG KT
HEFE T, 0SS UEEAN . THE RS LA E S
) RSD<2.00%, R VEEL MR

2.3.8 IIFERIERREE RS EAREC O R O
R R K 6 1, B 0.05 g, HERAIIA
SR A S By TR A 2 TR A BRI VR, %
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“2227 WU AN I, % “2.2.37 T
NEEERNE, TEAIIRE TR, LrR. =
AR, T B, BER. oiR. A
952 N NIV < 1 = o 1 Bz |
102.09%. 104.78%- 98.42%. 102.17%- 100.29%-
103.58%. 101.94%. 102.45%. 99.63%. 103.14%,
RSD 1H31/M T 3%, RHIEAEVIIMEERICR R 1T
239 FEMEINE B S AFESIEESS AR 20
uL % “2.3.37 TUF (il sf AR dE i, AL T
&R & .

24 ShEE

X AR SREA T E R A 22, R AL
FE(CV) RILEIRRERIREE, CVZLLTFA
Xt

CV=SD/X
SD fRFbrfEfmzE, XIE T,

I TR AS TR R F AU 25 22 73 CANOVAD
HLSD 2 B LU, Xof e 38 A 14 s 70 >R FH B[R] 3R
J7 225041, LSD 2 B LU o0 A S 3 I A 14k 1 o0
B/ ER. B B Excel
2019, SPSS 22.0 £ Origin2021 %44«

3 ZR5SH
30 S REREYMFSSZHEN

5P EREREYI . ZRSRHENE 2-a. &5
KK, 5 PR AR ZE 2. ST,
S4 1 S5 AN—[IFPIRE I, S3 H4-Rkk S2 @ H 2
—[al e [R5 ST 55 S2 /N7 B B AR [
S4 /N AR BRI OR[RTE . /N TSR /N R 3G
AT BT s SV A SRS A 22 R, S3

a2, MBS

b= BB AR s oK iR - R R AL

a-stem and leaf morphology; b-leaf serration of N. cantoniensis; c-skin

pore of N. grossedentata.

B2 FREREWME. HES
Fig.2 Morphology of stems and leaves of Nekemias

M5 il S (B 2-b), S2 Wk, HAWkhm-2
TCERAR VT o AN TR K )52 S4, S1IRZ « &4
FhZER A L, DL S3 el (B 2-¢), KL
PR S EZE 5, L S3 JEthdkik, S5 HiR;
S4 1 S5 HHRHBELL, S3 TLHLL.
IR F IR S TH 25 R ILER 3, WA, 5 Fha-Slee
M5/ E 11 NSRS MRS FFE
FEAR R A R RUNH A CV IS, S3 M
6.12%~11.88%-. 5.47%~13.81%, S4 N 6.94%~
18.09%. 5.75%~25.42%, S1 N 6.01%~37.77%-
6.00%~19.05%, S5 4 10.63%~35.36%. 17.76%~
36.37%, S2 9 16.48%~38.57%+13.86%~28.03%,
LR S3 MR e e . MR/, S2 MR AT
PR G 2R R A SR T (20%<CV<
50%). FtE—MRIRT S, 11 AMERRERE K
(CV ‘AN 26.094% ). /NHIEF (CV “FH1E

*®3 MHESHReER MR O

Table 3 Descriptive statistical analysis of leaf morphological characters

oz S /mm S0 55 /mm S /mm S A/ mm? S K /mm /N /mm
FHE  CV%  FIE CVI%  FHE CVM%  THE CV%  FHIE  CV%  FHIE CV/%
S1 118.40 6.01 101.40 11.37 731.25 30.18 5364.68 16.48 13.74 37.77 78.84 6.00
S2 128.75 16.48 105.55 16.88 913.60 31.51 5484.16 38.57 22.90 27.37 65.12 22.02
S3 155.09 6.12 112.66 7.69 1 051.55 9.04 7 063.63 7.81 16.71 11.88 76.06 6.64
S4 161.05 6.94 124.11 11.71 1257.98 8.39 8300.46 13.73 3342 18.09 90.97 6.47
S5 154.95 10.63 136.86 10.79 1257.98 17.09 9109.54 19.42 16.58 35.36 62.11 21.32
o /N5 /mm /N K /mm /N AR/ mm? N K /mm /N R /mm
TIE CV%  THE CV%  THIE V% THIE CV%  TIE V%
S1 31.62 8.35 164.26 7.70 1350.47 14.76 14.17 8.14 0.14 19.05
S2 26.83 13.86 160.04 22.02 885.80 28.03 14.58 22.74 0.14 26.44
S3 3043 5.47 155.20 9.70 1059.34 13.81 15.52 6.04 0.15 6.98
S4 50.64 791 239.19 5.75 2355.49 10.78 21.14 11.82 0.13 25.42
S5 27.93 25.83 140.31 18.44 1045.98 35.24 11.35 36.37 0.13 17.76
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7 20.524%) KAEAR AN, HABMR N 55748 =
(CV FIME<20%), MEREMKEHERE (CV °F
YA 9.236%). BEARER, HRMERE CV KT
W RNVEEAR, S AR AN PR S 8 T 5578 7

AT RUIER 4 s Br/NnE RSN, FAb R
YIFAE B M a2 5 . Bk L2 MK
MK ZEFHE (F=18.01. 21.97), /M
PERDL/AN AR AN S Z R AR (F=

EREEREEY 11 ANRTMEIR ANOVA &
F4 MHESHERNSEESH

Table 4 Variance analysis of leaf morphological characters

54.28. 52.11)

5 B/ mm? EmE K/mm EH/mm S M58/ mm S/ mm AN A/ mm?
S1 5364.68+-884.18 731.25+220.72  118.40+7.11 101.40£11.53 13.74+5.19 1350.471199.38
S2 5484.16+2115.04 913.60+287.92  128.75+21.21 105.55+17.82 22.90+6.27 885.80+248.25
S3 7 063.63+551.78 1219.46+110.27 155.09+9.48 112.66+8.66 16.71+1.99 1059.34+146.28
S4 8300.46+1139.57 1051.55+88.20 161.05+11.17 124.11+14.53 33.424+6.05 2 355.494253.87
S5 9109.54+1 769.5 125798421493 15495+16.47 136.86+14.77 16.58 +5.86 1 045.984+368.57
F 13.89 12.08 18.01 10.92 21.97 54.28
45 AN /mm AHHS/mm /N /mm A K /mm DN E/mm
S1 164.26+12.65 160.04+35.24 155.20+15.06 239.19+13.75 140.31+25.87
S2 78.84+4.73 65.12+14.34 76.061+5.05 90.97+5.89 62.11%+13.24
S3 31.62+2.64 26.831+3.72 30.431+1.66 50.64+4.00 27.93+7.22
S4 14.17£1.15 14.58 +£3.32 15.52+0.94 21.14£2.50 11.35+4.13
S5 0.14+0.03 0.14+0.04 0.15+0.01 0.13£0.03 0.13£0.02
F 30.18 14.40 52.11 17.67 0.60

32 AREREN RS RS 33 EREREIIEERS £

S PP SR JE A S SRR L BT
ZERRI (E 3, 5 MRk By SR
ZE A, S3 MR B Ak 38.67%, S5
W2 N 19.12%, HIRAE S4 N 16.10%, SI1 Mg
fif & BRI 15.21%, APl S2 HiLH
13.81%, S3 M-l & 524 S2 1 2.8 £, S1. S4
A S5 RN & BT, LT 15%~20%, S3
R R S PR T B AR .

50

40F ;

301

LEE /%
o

20+ cd d c I

i 111

Sl S2  s3  s4 S5

ARAFHRFTRER BE P<0.05,

Different letters indicate significant differences with P < 0.05.

3 ARBREENERHSEER

Fig. 3 Content of total flavonoids in Nekemias

Ji 2 HT R, 10 Fhi P oy (R ) 22 5 2
Z (R 5. 8 MEmRMEY, U_EAmixRzE
FixkEE (F=2095.024), S3 EnHmik
204.743 mg/g, S2 4 67.985 mg/g, S4 4 8.286 mg/g,
S1 1M 3.225 mg/g, S5 HAk 2.642 mg/g, HRE
AL 78 5 S4 R E S Humis 5.278
mg/g, S3 AL N 1.276 mg/g: S1 HApHFir &2
HEiA 63.022 mg/g, S3 AN 26.120 mg/g; 7
T S2 JRE IS 7.176 me/g, —AMiEE S2
JR B Bk 1.018 mg/g, Ml 2 Z S5 iR Hm
i 4.879 mg/g, 111 25} S5 5 & 3 ik 1.507 me/g,
AR S3 i HUEik 0.503 mg/g. A, M2k
BN E IR RSB ST (1.812 mg/g) >
S2 (1.019 mg/g) >S3 (0.861 mg/g) >S5 (0.831
mg/g) >S4 (0.573mg/g); JLFRERZER/N, FiE
I BAE 0.836~1.400 mg/g. S5HREH, —EAmiE
. B E A RA SRR S ECR, 2 E
BSR4 R E & R sy, LR
TR R, AN T i B AR R AR
4 g

MR Z KA 58 7 F AR R 748 e A 16t
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Table 5 Interspecific differences in contents of 10 active components of Nekemias

x5 FRERBEEY 10 EERS S ENMEESR

e

JiE 5 $/(mg-g)

BT LR —EA R T ikt
S1 1.812£0.203Aa 0.87540.047Aa 3.2254+0.703Aa 0.361+0.030Aa 63.022+3.815Aa
S2 1.019%0.028Bb 1.271£0.092Aa 67.985+1.028Bb 7.176+0.307Bb 52.2461+2.162Bb
S3 0.861+0.061Bbc 0.83810.081Bb 204.743£7.211Cc 2.548£0.229Cc 26.120+1.072Cc
S4 0.573+0.010Bc¢ 0.83610.088Bb 8.28610.666Cc 1.078£0.016Dd 30.26240.690Dd
S5 0.83140.038Cd 1.400%0.088Bb 2.64210.105Cc 1.586+0.080Ee 38.621+1.936De
. JiE T H/(mg-g)
&S LEFS MR JroRE HIESL)
S1 0.165+0.096Aa 1.903+0.067Aa 0.768+0.004Aa 0.45540.022Aa 0.6091+0.032Aa
S2 2.538£0.277Ab 2.237%0.030Bb 1.018+0.019Bb 0.3131+0.012Bb 0.21240.080Bb
S3 4.159+£0.455Bc¢ 1.276£0.004Cc 0.797%0.002BCb 0.50340.0130Cc 0.22440.013Cc
S4 1.301£0.029Cd 5.27810.068Cc 0.790%0.002BCc 0.19340.015Dd 0.119£0.000Cc
S5 4.879£0.455De 1.860%+0.052Dd 0.77340.002Cc 0.366+0.022Ee 1.50740.057Cd

» 1761«

RREKEFEEAN 0.01 KT (P<0.0D), RFE/NEFEN 0.05 KF (P<0.05).
Different capital letters indicate 0.01 level (P < 0.01), different lowercase letters indicate 0.05 level (P < 0.05).

felar A gk A, HRMA BTG AL EBAT
HER L, R SRR AR B A AR ST AL 7
F R, HIE AT AR AL 2 B TR o
[z — . YIRS AR e R R IUR T

AL ST, JCH M G RN A (1 S g 7707181,

AT FTAF H R U 2 S - A 1A 7 R JE A A v i
B8, AIAE R A KRS AR RAL I
FEAENOL, I SRR AR P KA AR SR LA SRR S
[F) S mT S, R bR e B R 5E 4 BRYEIRPY, 3K
UKo FIVS i 2122,

CV RMAMEIR 2S5, CV Ok, MR B
i, R, R EYE
INHESZERER. B, kv, ZiH KA
SRR AR R AR AR oK, AR K DA
A4 AR R R e K (CV 37.77%), Kk 2F 5 ik
HHR R E, CV<10%, 545h175:% 5045 57 45
R—3 MR T AN, AT R B L R
IR RS F e R, MR 2 R EORIE T
WAL S ZESE, TR A2 1) (13845 3 R Rk 5
M) £ BH SR 25260, IR CV SRR KU A4
R RN IR AR, B A R IR B SR 1Y)
S T AR 52

B A0 A R A R R R A ) 3 B M R
gy, A SBFEMPEAL. SIS, RIS
HAEH . AR0FFR I E M) S o oph R 22 5

B8, AR RN 13.81 g/kg, Kk 5 Bk i
386.65 g/kg, NikidHE Sk = FCIHRIE 300~
400 g/kg ITfLh, mTHEETPERIMER . AWl
RN s, NEA- SRR & IR 52.95%, @t
[FJEAEY), HE—PIIE T B R S 5Kk sARH S
SEit. SRR, — R, RIS RR AL
SN LA VT RN R 28,3031 — W iy st A%
K2 MM SRS e A R R & i Ik, RFAE
W 2 7 HAE R PSR S 08 RB2 . R RSB )
VIR, 25D A& A . KM= SR H
Bevh. WAt DUl SRS IS A L
0 VU )1 S b =) FH I R R N T B AR AR
BAERFNE 7S ARSI, WK TR &
Mk k& H KSR, DRZG T AR B A R
9] 511192 SO 875 /N 79 7D S 711 AN 1
SRR, A= RN B R)H R 264, Rl FETL VA
PR X FLEE ARy AT B R AR,
BTSRRI A0 A R A5 TRk BS), A K
I AF B ZE R U & A bR Ry B T RORE
PIR AT 254, %o M AR 5 7 9 0 o v 410 1 RICSR 3¢
W, A EIT RN YRR R,

Wuktg 25 A Mg 10 2 2 SR 2 SR A 4= 2R
FREE T RN, —HREATEML. Pk
FERA X PR KRGS SRR, MR Pl
PRI, MG B AN o i s 24 BRAE FH B R
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