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Abstract: Citrus hongheensis is a rare and unique species in Yunnan Province and grows in narrow areas of south bank
of Yuanjiang River (Honghe River) with few living individuals. In this study, seeds from five populations
(Lvchun-Daxing, Honghe-Jiayin, Honghe-Dayangjie, Yuanjiang-Nanuo-Damang and Yuanjiang-Nanuo-Zhujie) of C.
hongheensis in Yunnan Province were used to study the morphological characteristics and differences in germination
ability of seeds from different populations and to find out the population with the highest germination ability of C.
hongheensis seed. The results showed that seed length, the germination capacity and germination rate of Lvchun-Daxing
were highest (84.51%, 86.95%), and these of Honghe-Jiayin were lowest (70.95%, 71.43%). The seed phenotypic traits
of C. hongheensis were correlated with germination potential and germination rate to varying degrees. The seed length
and seed width were significantly positively correlated (R=0.960), while the seed thickness was significantly negatively
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correlated with the seed length and width (R=-0.908, R=-0.944). The results can provide a theoretical basis for further
systematic research on the breeding characteristics of C. hongheensis, and for population propagation, breeding of
improved varieties, resource protection and development of C. hongheensis.
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4L (Citrus hongheensis Ye etal.) )@z F}
(Rutaceae) #i1#J& KFEFEILJE (Citrus subgen. Papeda
Swingle) , = FERFA BN MR B, A4 T T
AN CARTIDIN =)=t OFTvA R ARTI P I ESE s 5y Sh ) &g o
X, 4Hhis e B R4 <Pl iz IAE RN EE R A%
R, BHINE R g E SR B AEREY) (2021)
NN 2= 7 48 BN AR B A R R 44 3k [1] . HH
SR ARENE 10 m, BRI 1.6 m, BEHH/NHK, 2K
FPGJ&E b Bt oy RIB IR E[2] . AR TTIT KRR
(C. hongheensis var. yuanjiang Bao et al.) , 5"z
X AE TR, s . REEMNEZ[3].
2190 #5538 5 2 % (C. macroptera var. kerrii Swingle)
TEM A R SL ST SRR BON R, Ja 38 1E Th B 4
A F 2z B T BRI TG SN [4] . L0 — A K AE R
800 ~ 2000 m F L3R A Y, B IRBRRE . PG L
()5 SR TR AN R I [5]. LIRS R
TEHESR, Waass, M Rka e, ik, 16,
A S AW, AT T AR KA R
EHE, SR ERH T 256, s e AR
P HFE T 5 AT R G ke 5E, RE T /b E KR
. LSRR E AT E, T RET R R AT,
EEMCNEEREFAH . BT AR, ESER
PR, N 2D RE PR S A, AR SRR R,
AbTRfE s, PRI HIEHLH] SR E TR e R

SIS R ARTI 47 e S S et 2 TS K
5, 7IM R GeAr[8-11]. b /iy [12-15] AL A
[16-20] Je R AL FEIEL6, 21155 J71H - MHGSAEMII R
Pl B R4 AT 2% 1, 24K RIF.
e PSR S Fe 1) B AR [R [22]: SR, MIA B A
VI M2 AT TR A, Wy DR 458 2 7K T s
TR R IEAE ST o IHESE[23])% 7 RSB RHE IR T
REZFATHIC, RIZEF T — AT 58, &5 b8
KIS A5, BRAR (Cirus trifoliata L.) [IFhF
£ 30T FEikmAES, 4% (C. japonica Thunb.) .
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21§ (C. tangerine Hort. et Tanak) « & F&[C. sinensis (L.)
Osh.]. = #lf (C. reticulata ‘Ponkan’) « 145 (Zanthoxylum
bungeanum Maxim.) F1JLH# (Murraya exotica L.) [#]
FhFI5E A 7E 20~30T AR FHIR: MiiGEMEY)
Tl R 2 b il JEE L5k 72 R, Horb Ak Al (Citrus
grandis ‘Tomentosa’)  # [ (C. medica L.) Fi¥7£ 15
~ 25C 1Hi J¢ 15 ~ 30T iR 5 TR K, 1E
AP BRI, DR RR SR R [24]. 41
TIPS R R 25 R TEAMIS, (HME N YRR D,
ANKITPPRE E AR T B . 20T RSB i P 1~ R AR IS e J5 5L
R % Ah 1 5 & RE 1 da® (90.00%) , Hrfh AN H
1E-20C fRAE, TRTJEHIFF1E 4 T IR AACR
HefE[25]0 AHTFERIFHTT 22008 S VRIS S A R
3 BT AN [R] o 58 (8 £ 00 B b~ AR IR S B K e ) S5 iR AT
WIS, DU LR M 1 R SRR D s,
B RGERFLL RGBT RAE, LR
. RAEE. BERY ORISR,
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2.1 SEEPR

T 2020 4 12 LTI A SR 5L B 53 70 I\ = 7
Bl (L) WEFERIJCILE . 20 BRSNS E
KAE 5 AN BRI, 5 AN E#E R R SRR
2391 YI-NN-ZJ (20 #£) . YI-NN-DM (18 #£) . HH-DYJ
(11 #k) « HH-JY (4#k) . LC-DX (6 ¥k) . BT %
A EBEN S SRR D . S SRR, HAESEW
T TR L ABIARAR, PTG 2 AR e Fh 1 2 2 A0 ot &
BRI AR D s N2 RGNV, Ak (A]
B SE TR AR, MELAIX 3 SRS kYR, RsE
AR EH R A ME R RS (A B R E
30~50 MRS o SIS E R LAY, B B
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Table 1 Sources of materials and geographic information of C. hongheensis
JEEE4m 5 Population number JEEE Population 45 Latitude (N) £JZ Longitude (E) | #R/m Altitude/m
YJ-NN-ZJ JCIT BN & Rtk 2324'07.4"N 10208'11.7"E 1613
YJ-NN-DM JCIT BTG £ 4T 154 2322'34.5"N 10207'52.6"E 1713
HH-DYJ ARGE=PNEX 57 2320'38.8"N 102909'52.9"E 1582
HH-JY ARCIE=3EN 4 23<13'06.7"N 10222'45.6"E 1708
LC-DX SR 23905'18.2"N 102<30'18.3"E 1780

2.2 SEW TR
2.2.1 Fh-FREVUFIENE

R BN SRR M 50 K, EE 3K,
AR AR o W R 1) R 904 (Seed
length) . i 74542 (Seed width) . T k4% (Seed
thickness) F1Zl##E42tL (Ratio of seed length to width)
GRMFHE, JFmRItsx.

2.2.2 FhFHE R EE 1 2

YT L RS R A% S DR T e A v 77, B
PP REFATH R . A EREREHLIE 28T
T 50 ki, EE 3R, AEMEEEMT. 2021 41 H
Ha), R R ARERRR, B IR R — 2 Lom JB5E L,
B o O o Y e P 1 9 ) 5 A i s M
W o(ViviV =111, AR 10 RF, s, fE
i 1 BEE . JREE UK EE, 20213 H 1 H
FHURENAS G & 24, &5 d W 1 ik fidsk, &
SEWZE 5 H 9 H; 0L R JE R 155 KM
TR, KBRS\ Excel2010 H, iHELR 2 (%)
MRHEZR (%) [26-27].
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—[28].
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Utk BB E . MR RS, RO
TS T .
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K (18.64 mm) , HH-DYJ fi 74 (12.92 mm) ,
YJ-NN-DM Fh 7 H12 % (12.58 mm) , HH-JY fh1
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Figure 1 Morphological traits of seed of C. hongheensis from five
populations
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3.2 ANIF B AL R o5 K R A FEREFD TR S35y 70,950 ~ 84.51%, K43 s

A E Ry - 0, , = A1 H - -
LIRS 5 ANEBEIR A 71.43%-86.95%, E?jiiﬁ Z/'j) L;?f;} ;g:n‘r’;/i z: Df‘ﬁ E?IDEY;” m Jzi
N e [= i =]} . H Y - > - > -,
DXLC-I{1K 4 % i 55 (86.95%) , G2 YI-NN-DM 0)5 X AFIAN
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Figure 2 The germination potential and germination rate of C. hongheensiss from different populations

3H1H~3H 25 H, FrAEHRARE R FEEAE LThEY, WA S LTFBoA My Hi k. TR
TREFFRATEMIEL 2 DA JEIER TIEE (B3 .

100
90
;\; //__.—*—-
> 80
i)
=] I AT AN
SE 70
-
Prg =
rE 60
?2('-5
= E 50 ——YJ-NN-ZJ
i_ E 40 —+— YJ-NN-DM
£ —+—HH-DY]J
E 30
5 —e—HH-JY
~ 20
—a— |.C-DX
10
0
2, Iy }’o JJ‘ ))0 "‘\fr \;}0 Y %o 7/7 v/g g\)v Y’g 5,

[
Date

3 AN[F)ERELLI A AT AR AR

Figure 3 Germination rate of C. hongheensis seed from different provenances
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3.3 MRE. KIFRESI EHERHE RIS
LU R FA AR TR 2L E TR (P <0.01) , MPH SHEHRNERM TR 5%

AR (P < 0.05) (£2) . FTrAEHITNERS K

SFRENZIEMR, HARZE, YIRS R R

HEIEMAR, EMRMIERN: it SN 2R, EARE. @SSR M ENREETMRK, HE

Tl PEPR AN AR5 2 T AR S PEAS K

R 2 P PRIR AR S S BRI A AR Sk

Table 2 Correlation between seed characters, germination characteristics and geographical location

4

) mran meme (FORR lgmiraio R REE e |me

B Index Seed length |Seed width thickness of se_ed length Germl_natlon Germination L atitude/| Longitude/©
/mm /mm Imm to width potential rate

F7 1842 Seed N
width /mm 0.960
LR T . * - *
Seed thickness /mm 0.908 0.944
W42 L Ratio of
seed length to -0.810 -0.842 0.834
width
REF S
Germination 0.534 0.332 -0.418 -0.565
potential
7’{9?1 . 0.543 0.300 -0.287 -0.405 0.924*
Germination rate
¥ Latitude/=  |0.041 0.259 -0.108 0.086 -0.82 -0.727
2 J¥ Longitude/= |-0.174 -0.398 0.28 0.053 0.732 0.685 -0.983**
K Altitude/m  |-0.294 -0.478 0.234 0.38 0.432 0.357 -0.761 0.751

R LORR B EML (P<0.01) , “*FREEH*X (P<0.05) .

“**”means extremely significant correlation (P <0.01), “*’means significant correlation (P < 0.05).
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4.1 ANRJEREM TR R SIE R

PFAE MR BT T, S AT R =4
MAEKERHEKEERR S, EARMMIE, HAR
BN R FE— WP AR BRI
HENPIAMEFAEZE R, REERIENTREE.
WAL R S AR YE[29]. BB R ZERE SI5RES Al
RBFp - SRS, Hod ok 2R R R Fh T AR E
FI—MERI . FHREH, JE¥PS (Glehnia littoralis
Fr. Schmidt ex Miq.) FIFhFRZFRSHAE R EEIE
AHIR[30], (EAH 5T (I LLIRE [ 1 A fig /0 5 L b
A7 B TCAH SN LIS LC-DX JE B K 2 #4(84.51%)
FIR 25 %6 (86.95%) 55t 1y » R AF H AR 142 YI-NN-ZJ
(70.95%) , KZHFREAKIZ YI-NN-DM (71.43%) .
LC-DX MIZLi#gpp+ AR SRAK, (HEMW, 5F

FEMERY, FTRFHEMGERE, HRF
R, RAFHWMERME, By HERmEEss, B,
Ui LC-DX ML M 1-i% /1558 YI-NN-DM K%
MY I-NN-Z3 1K 2 A 551G, i I HA 735 )t B
fiX, WEMTFINEL R ER: HAb 3 ANERERIH
2 . 1T LC-DX A1 YJ-NN-DM #i )& -3 #hitfy 25 XU
FekFi e, ARSERY, 28 FEIRTE 15C K
fi, HOEEALE LR ZESE, B0 CUERE T E [ AT
W A RE ST 2 S T B A B B 22 R, IR
T B & BsE 2= 5 5 R

4.2 PRI BN S HhERAL B R A
R
AP RIFHEABIALS . R KA 0y iX
BRSBTS, R S AT A G
PEIRAE S, WA TR, AR, BRI,
RS AR TR B RIRIF A B AT LR,
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M7 (Citrus reticulata Blanco) fifi A fFh TR 5 H4h
H IR AE AR 2 8] B AH O, 38 W Al A B PR A R 1
Fhf-, Hahin B E T [31]. A 5T B P A
R #EAAR R VP52 (Calligonum mongolicumTurcz.) -1
MR SRR L R AR R 2 U O OC R [32], AR A,
LSRR SR TR R R IEMOG, Ay
PR B IR 5 1 & IR R A T DA e, Fol
FTHAREMFRGZ NIRRT EEHACCSR, X5
BRUF[33)55 A/ T (Jatropha carcas L.) 12 #
WFFE - B8 [34]%5 A\ %) kA% (Quercus acutissima Carruth.)
Pl PR AL M 45 FARL o V0B 2L R R R, TR
RS | P TEARCIR XU i v S P e 7 K i
THREEZE MR (P<0.05) , B F TR REER
TEREK, PP RO R . STk, "TRAE 5
RN R R R RIEAT 2458, DU TR
b p R SE e A1 5I S S B B R AR o & R
RAATATHIE R, RAMEIRRIUL B R F1E N & 1
PRL, B S IR AR 4T

EWIEE, #48 (Dalbergia hupeanaHance)
THRNGHR R B B A [35], R R R
F4 ¥ (Albizia odoratissima (Linn. f.) Benth.) F{ff1-2
R R 52 & 45 B S2 w0 [36] . K 1l FE Mk ( Sorbus
tianschanica Rupr.) Fi¥ 15524 R 2 IR R IEAH O
[37], AT LIRS R oy A B A8 (SRR ), 4R
i & RIPER 2 B AR, AR 55
HhF 28 4 P RN IR S5 2 (AT AE S, T e T R T
(PIHBERER BT . AR KA S8, AR T
CLIMRG AR/ N TARKE, LIRS 2T i 3 85

4.3 &iB

ZLIRE AN R S BE BT AE R /N TR 2 55
K EMNBERNBHE, AEMEE R KON
YJ-NN-DM (18.64 mm; 12.58 mm) , Tfij LC-DX [¥jF
TH)E (5.88 mm) . L% YI-NN-ZJ. YJ-NN-DM.
HH-DYJ. HH-JY. LC-DX iX 5 MEREMIF T R RN
71.43%~86.95%, K %A 70.95%~84.51%, LC-DX
JERE R SR 8RR 2F 238 d b ALTRIRE R T A AR
Fh-FPR AR TR 2 B3 U OC (P<0.05) , B Fl
TYRABEARERER, Tl BV AR . ST I,
Af DL I 20 R R R AT T AR, nTRAE
AEBEA R BRI R R AT 2058, DAHRTG K
RGN 7R 7o) L R NSl SR S AR o e 8 =1
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