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B v 7 AR R R R 00 R, I BT S 7 ki )& (Eucalyptus) R AL TE A o 45 R, KL B2 R (E.
pellita). B H%(E. exserta)lf] 7 MEM IR K Z A F7T 2 67, FAof e ieAe I AR IE T . S8 FTI RO, 4358 17.522,
17.090 um #1 300.830 pm?, T BEAZAEM IHA KA FEFI /NI R, 737028 6,576, 0.720 um FH 4.718 um?; FRH%(E. camal-
dulensis) L 7RI /N, FE5AZ(E. wetarensis)(EM IR A IE /N BRI R, FE(5 EORET 87.5%HF, 7 WA Loy
N3, AR E G RAE— M, FEHAERE. grandis) BrE—41, HARE—H. Mk, BEIRIER SNSRI
JeHT, YA (E. tereticornis) MR K@ H L, M FE(E. urophylla). 35544 M EARRECHINGE . MAERTEAS 0T, B MR B2 Gk
MBS RIE, FHite. BIMGIISEGR REUE, ke, AR ERMEES R R SHEG0 KER—5. Wik, 7 Pt
TEMTEAS I T —SEB SRR R, SR K 238 B A T 55 30

KRB R TR PR SREORR: TER

doi: 10.11926/jtsb.4258

Analysis of Pollen Micro-morphology and Phylogenetic Relationship
among Seven Species of Eucalyptus

WANG Chu-biao'?, LI Ao-bin®, PAN Song-hai*, LU Wan-hong?, LIN Yan!, LUO Jian-zhong”
(1. China Eucalypt Research Centre, Zhanjiang 524022, Guangdong, China; 2. Nanjing Forestry University, Nanjing 210037, China; 3. China Forestry Group

Corporation, Beijing 100026, China; 4. China Forestry Group Leizhou Forestry Bureau Co. Ltd., Zhanjiang 524022, Guangdong, China)

Abstract: In order to understand the phylogenetic relationship of Eucalyptus species common in China, the pollen
morphology of 7 species was observed under scanning electron microscopy. The result showed that the 7 pollen
characters of E. pellita and E. exserta were mostly in the top 2. Among 7 species, the equatorial length (EL),
width (EW) and area of E. pellita pollen were the largest with 17.522, 17.090 xm and 300.830 um?, respectively;
the colpus length (CL), width (CW) and size of E. exserta pollen were the largest with 6.576, 0.720 um and
4.718 um?, respectively; and the equatorial area of E. camaldulensis pollen was the smallest, colpus size of E.
wetarensis pollen was the smallest. According to cluster analysis based on pollen characters, 7 Eucalyptus species
could be divided into 3 groups under 87.5% of information remaining, including E. pellita and E. exserta, E.
wetarensis and E. grandis, and the others. The pollen wall ornamentation of E. pellita and E. exserta were smooth,
which E. tereticornis and E. camaldulensis was conventional, and that of E. urophylla, E. wetarensis and E.
grandis was rough. From pollen morphology analysis, the phylogenetic relationship between E. pellita and E.
exserta was closer, which between E. wetarensis and E. urophylla was farther, and that among E. tereticornis, E.
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camaldulensis and E. grandis was consistent with traditional classification. Therefore, there were new interspecies
relationships among Eucalyptus species from pollen morphology, which had guiding significance to the

hybridization breeding of Eucalyptus.

Key words: Eucalyptus; Pollen; SEM; Phylogenetic relationship; Morphology

TER 2 gl fR AR 744, R EEPAT KFEAT 45,
TENT TR B (4L A, R N RE A i) A B o
AL, HAME K/NEHE R ALIERIE DL R A BE S 55
H S B TR AL, DR R TR 2SI TR
LR TR 7 KA RS Fi T, R K%
() — A E 7 VER L,

TFF FURE A o ) 536 25 O 22 7 B dl i &% Fh 3 AL 4
JEEEE N 22 R AT LR G I8, e IES S Hh—
NEESERZE . LS REA T T a5
Py FRSIEIBE 2R, FRAE FAEAS [F) 70 28 h 1 b
R8T, IR T A 7 W SR 4 00 R B A MR iR 3%
TR TS Z A R B AR /)N, B 058 )8 fE
TR 57 PRI RR E M0, A AR FR [ TR TR S S A
ANAR, FT CATER P 25 U AAE 2 7% 01 A 70 o P 1) =
WAE 2 — 0021, Ay L I o A o6 R AE R TR A K e
FlE) S % 0 R EA AT YE . B FREAER 1K/ N A
4.5~200 umt2, TR, DAHE BT W
K/,

¥t 3R & T ¥ J&@ (Eucalyptus) . #F 5 A & (Ango-
phora) <P J3; J& (Corymbia), k% ¥R 4R A5 T

1 R R

Table 1 Experimental materials

WRHNE, 2R E 7 B E AR R, G40
AR NEMR I EE R B H ATE RSN
TEAS IR AR D, AT B E LR 1) 7 Fhks
JEMFP IR AT WM &, HXHEG X R
BHTEEE T, RUTIX 7 B R4 00 R 5 HAE
MESRRFLTRA 8, DUHERAH [ #ix
7 PR ISR 08 R NI — B I A8 B A SR it
IR HF.

1 RS

1.1 R

WS R R 7 FhIE A WL A% JE (Eucalyptus)
WFER 1), TGRFRE 3 DMFRERIE, ke
21 NP SRR AL - FL R R 24 (E. exserta) £ 4y
K H 2 B ORI R b R ot BRI AR, Bk
(E. grandis)f&¥y=R H &R T AR Tl BT 55 RS
R, HARRMAIER IR B R RR 2 7 E K gk
ARFHE 7RG . ARy R AR Ja P RER 08 I
HE, A28 COKFET &

FpEE RAEHh PS5 LA R T

Provenance Collection site Code Provenance Collection site Code

HH R ]/ Suixi, Guangdong P1 Et% E. grandis J" %5 Guangning, Guangdong G3

Eucalyptus pellita ]/ Suixi, Guangdong P2 ?Hﬂ”l‘ﬁ%_ _ " Z2%¥% Suixi, Guangdong T1

]/ Suixi, Guangdong P3 E. tereticornis I ZRIZ¥E Suixi, Guangdong T2

SR ] 2RI Suixi, Guangdong U1 J"#3%i% Suixi, Guangdong T3

E. urophylla 4R I%I% Suixi, Guangdong u2 iz I %43%% Suixi, Guangdong c1

4% Suixi, Guangdong U3 E. camaldulensis [ 4% Suixi, Guangdong c2

ST J" /R Suixi, Guangdong w1 J"ARi%I% Suixi, Guangdong C3

E. wetarensis JZRIZE¥E Suixi, Guangdong W2 [E42373 =R Kunming, Yunnan Ex1

]/ Suixi, Guangdong W3 E. exserta =P W Kunming, Yunnan Ex2

Bt J7#J 5 Guangning, Guangdong Gl = W Kunming Yunnan Ex3

E. grandis J~ZJ T Guangning, Guangdong G2

1.2 Hik 20 min; KX A 30%-. 50%- 70%F1 90% Z B /K,

TR A% I [ e i [ 2, 2 J5 0.3 mol/L
TR ZZ PR (PBS)TEYE 3 ¥X, BEIK 20 min; A 1%k
2 (0s04) [ 5 4 h, 0.1 mol/L PBS ¥k 3 &, &K

7% 15 min, T 100% ZE2Hi K 3 7%, 457k 15 min;
M AR TRACT B (MBS, B IRSH U
%, fE%W] EVO MALS i L85 (SEM, FE[E) T W
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1417, SEM TAEHLJE 5.0 kV.

FEAFRIRBEHLIE B 20 AR bL 73 59 7E Tk A5 A
15K 135 T WS RN Jo) i TR A5 HF Il 5 . 2 18 Bt
FAMMGERS, ISR ARTE A RS e, WK
MK, SEEEFIREE, ERESRERSR (s
FAY RO, FRIE i AU AR E K ORE T T, B
RAR RN A VR A 5 <8

1.3 HIEHHT

i F§ Microsoft Excel 2019 347 ¥#nse i, %
Ff] STATISTICA 8.0 Al SPSS 19.0 #4745 481t
31T o

2 ¢RI

2.1 FERr R

R AN R 7R T 1E = A % . 3R 2 W] AL,
R A R FRIETH A TR, 7R8I AR
K BGAEIIL, TR, R AZIEC.
ZENTRY, KR AR S 1 8 TH K 2 A
B, (HSH AR ZE AR R . R IE T TR

27 FAERTER TR

Table 2 Pollen traits of 7 Eucalyptus species

M FbEke. AL R BB RINR . HBkk
A8 25 42 1) 71 3 T T A RN SEC At v o b A i 81 22
SRR, BLWTX 2 R A ) 2R AR S oAt
WA B EA A o

EGHACKY I AR SERK, R
s FIEREACH W AN B fe /N BRI LR,
Hg kil BEEACH IR K RN, £HE
IIHTREL, G A Bk R A i 98 P 22 e A
F, E5HMB R ERWRE . R KTTES
FE 2, SHAR R AR . SRR
RAREE FEIE A BILEIKF

M 2 AN, RLBKE . B AAER PRI,
ML RGAER I 7R TE T . B8 IR RV, B
HLE RGN KNSR 854 SR 1)
FRIB TR AR 57 RPN AR AER 1 R E T
Ko RS RBEOR, WM AAEAERm KADAA—.
BEGHACK IR SERIAR S R BBV, B
BRI WARMANK EAAE B R TE
AR5 A BBV FIEERACK 3 AR AR
FERAEEN, HBT R TEI AR RBCER, W]
FH RIS 22 B

e JFIBTE Equator

i & 4 Colpus

Species £ (um) B (um) AR Area & (um) £ (um) KN (um?) i (um)
Length Width (um?) Width Length Size Depth

FLBeA% Eucalyptus pellita 17.52+1.61a  17.52+1.61a  300.83447.18a 0.7120.25a 6.21+1.23ab  4.42%1.92a 0.6520.17a
B I4% E. urophylla 16.07x1.69b  16.07+1.69bc  254.8544.75¢c 05540.19b  597x1.17ab  3.31+144b  0.63+0.23a
F5 ¥4 E. wetarensis 16.54+1.10b  16.54+1.10bc  264.65+34.61hc 0.54+0.24b 5.75+1.02b 3.09+1.47b 0.56+0.18a
Et% E. grandis 16.60+1.62b  16.60+1.62abc 272.06+46.05bc 0.56+0.16b 5.74+1.12b 3.25+1.22h 0.59+0.17a
4% E. tereticornis 16.21+1.54b  16.21+154bc  258.80+46.13c 0.59+0.18b 6.08+1.38ab 3.62+1.48b  0.65+0.16a
F+H% E. camaldulensis 15.9342.99b  159342.99c  254.78+93.39c 0.600.25b 5.77+1.50b 3.60+1.95h  0.59+0.17a
B4 H% E. exserta 17.49+1.71a  17.49+1.7lab  291.49+454.87ab 0.7230.24a 6.58+1.27a 472%1.73a 0.6020.19a
P Mean 16.62+1.92  16.62+1.92 271.06 £57.48 0.6120.23 6.01%1.27 372171 0.6120.18

(R B 5 AN R 5B R 2 R 5 3% (P < 0.01)

Data followed different letters indicate significant differences at 0.01 level.

2.2 BEGHT

TR FREE K SRR A, 5. 3,
KH Sorensen J7 AT R (B 1), #15 B AR
B 75%, 7 FPRERRIIACR AT LAY 2 A, Ao
My BEAERN—H, HRWMMEREE—H, B
ek BEARNIEm S AN AR ZER. 15
BRE 87.5%, 7 F ] 4o 3 4H, MR AR. B

GRAE M, B, BEMCRE A, HRWRE
fE—41, HAEMBERTERTEIRMML. 55 R
TREHIT 100%, R ANRH M AT IR A2 — 2, Ui
X 2 BERHIRIAER PR 22 57 AR /I

2.3 TErAMEESUITH) HUER
MR IR RN Ry NPC RS0 2K, 7
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HEzKE Encalyptus pellita —

B2kl E. exserta 1
MK E. urophylla
AN E. tereticornis

Wk E. camaldulensis

F 35k E. wetarensis

ke E. grandis _|

B 1 SETAEARAS T 7 M R0

Fig. 1 Cluster analysis of 7 Eucalyptus species based on pollen morphology
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(1) 7 PRI FRLERD SMEESLR T 4309 3 K. Mk
GREACA IMBESUAAR AL, PEBORME, [FIR fEM B ik
PB, TR MRIRW IR, RERECOR. gHnt
5 0 7k R AE K0 A1 B SO 2 Wk 4 R 5 DL ) 45
Ko ATHRERDEIE (8] A T8kl Bk
(IAEAE SMEESU LU IBOM RS, R R IR AR RS

MEEF DIAT R b B] 2 SE SR R A5 R, X 7
Feeos o (1) S BE SUIR S B 5 At AT T2 A) (R 58 P 2
— BRIk, YU R AN FRAR 1) 28 R 38 v, R
K. FHEHA BRI RS WES 5, M SR
GERi B] ) 2SS ST HGE R D, E R R B R R A1 BE
it 5 HABF AR, ME R BEAR S9irtiz . M A
B S  shZ A g, X fER ARG
SRGRAA—EMRR. 1 HERH A BLAst,
HARMMPESEG R RE G R RGYE, H—
A5 i B 8 I AR A EESUIT 3 BT R P R) SR 200 R
AT, (HSRG G R AR R B RS RAL

AL I RV LLRLE , O b, W
FAAT, TR R, X 510k SMEELUT )
R RMIR . o W FR R AER B R FLA R,
R AR I AN B R (B 2).

3 TR

3.1 MEEMEEERIRE KRR

TV RITFEAIRZ R, WBEE. .
filaE s A LS TARIC AR > RIERY, B
WEFEF BRI, X SR 70 S0 T AN WA 3B
HORE A 7E, TR FEOEH R 2 M5k

AHIC 7 PR FRLER 5328 RGBT 1%
J& XU 75 V. J& (subgen. Symphyomyrtus), Rz 4%, &
Wk L 5 5 R R B R R T A K 2H (sect. Transver-
saria), 4. ARk, BN R T B2 4 (sect.
Exsertaria)?, 3352 MR A% 7 R 1, £
Gt FUCHPERG R RO ik, FpkeaREY
RRIE UCEEIT , SRR R .

R ¥ PN 25 ke i T AN A I 4H, B brT 2
A, SRGRAMNEA . RFFTAEREH, M1
TER LR, AR WAHE, ERES I
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NAEAER (T EC BRI T, AMEESUI B AR AR K /N ]
FER2AI, TR, RN EA A
HE, ERKHRIE R 22 MG A6, HAR = #20,
KM EE, WENEHBAFRIR, AT RESE
SRS, Bk, P IRGOR R RO L IE A A EE
FoRIL, WA RS LMHEES, hitH
Iy FER R AL SRR 27, ASHIF 7006 P 3 S 0% R I b
78, TEMWE MR E —EMIESE N, ek
DA 228 B
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JR3E 1] Equator 111 Polar il Part

GIVZIA
Eucalyptus pellita

Rt
E. urophylla

ki

E. wetarensis

Fike
E. grandis

I FE

E. tereticornis

LIS

E. camaldulensis

22303

E. exserta

P 2 7 Pk TR TS M APBESL . bR R =2 um

Fig. 2 Pollen morphology and wall ornamentation of 7 Eucalyptus species. Bars=2 um
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I, AN B ELBARIT . R R A%
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R I AER 2 3G S AR B T ABAT AR 2 R AR e 1Az
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