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Abstract; To better compare the pollen morphological characteristics of Brassicaceae species, pollen
morphology of Orychophragmus violaceus (Linn.) O. E. Schulz, Brassica campestris Linn., two cultivars
of B. napus Linn. (leaf margin with serration and leaf margin without serration), B. juncea ( Linn.)
Czern., and Raphanus sativus Linn. were observed by using light microscope and scanning electron
microscope, and the differences in pollen geometrical parameters among six species/cultivars were
compared. The results show that the pollen polar views of six species/cultivars are trilobed round, and the
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pollen equatorial views of B. napus (leaf margin with serration) and B. juncea are oblate, while those of
other four species/cultivars are prolate, and the six species/cultivars all have three colpi; the length of
polar axis and equatorial axis are 22.44-28.19 and 19.09-24.25 pum, respectively, and the ratio of
length of polar axis to length of equatorial axis is 1.07-1.18; the diameter of equatorial plane and polar
plane are 20.78-26.15 and 18.93-25.21 pum, respectively; except that the pollen exine of O. violaceus is
two-layer structure (which are sexine and foot layer) , that of other species/cultivars are all three-layer
structure (which are sexine, foot layer, and endexine) with the thickness of 1.84-2.46 pwm; the arc
curvature of polar view is 0.34-0.39. There is no verrucous structure in pollen lumina of O. violaceus,
while there are verrucous structures in pollen lumina of other species/cultivars, in which, the verrucous
structure in pollen lumina of B. campestris is the most evident, while that of B. juncea is the least evident;
the pollen lumen densities of six species/cultivars are 0.3-0.9 wm™, and the lumen diameter is 0.86—
1.44 pm. Based on above pollen morphological characteristics, the six species/ cultivars can be divided into
two categories, in which, O. wviolaceus belongs to one category individually, its equatorial view is prolate,
the exine is relatively thin without verrucous structure in lumina, and the lumen diameter and density are
small and large, respectively; other species/cultivars belong to the other category, their equatorial views
are oblate or prolate, the exine is relatively thick with verrucous structures in lumina, and the lumen
diameter and density are large and small, respectively. It is suggested that there are a certain differences
in pollen shape and size, exine hierarchical structure and thickness, arc curvature of polar view,
verrucous structure in lumina, and lumen density and size of six species/ cultivars. Differences in verrucous
structure in the pollen lumina and some pollen geometrical parameters can be used to distinguish O.
violaceus from other five species/cultivars, but the hierarchical structure of pollen exine under light
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microscope is not appropriate to be used as reference for pollen classification of Brassicaceae species.

Key words: Brassicaceae; pollen morphology; geometrical parameter; verrucous structure
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Exine; #MEEJEJE Thickness of exine; Dp: H i B 48 Diameter of polar;
a; ML 58 B Arc width of exine; b: #MEEINIE &5 B Arc height of
exine; P e Length of polar axis; E: PSR IRS Length of equatorial

axis.
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Fig. 1 Measurement schematic diagram of pollen geometrical
parameters of Brassicaceae species under light microscope
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1,2. &2 Orychophragmus violaceus (Linn.) O. E. Schulz: 1. # WL Polar view; 2. 7%l i M Equatorial view. 3,4. 25 %% Brassica campestris Linn. ;
3. MR Polar view; 4. ARIATE W Equatorial view. 5,6. BRUNIMZE (M2 TC4E 1) B. napus Linn. (leaf margin without serration) ; 5. #% T MM Polar view;
6. 71 T W Equatorial view. 7,8. IX’K(J”(H?%( uf%ﬁ%ﬁ‘ﬁ)B napus (leaf margin with serration) ; 7. e 1 W Polar view; 8. P ERTTRUA Equatorial view.
9,10. F¥3% B. juncea (Linn.) Czern.: 9. H% TN Polar view; 10. #RiE MW Equatorial view. 11,12. 3 N Raphanus sativus Linn. ; 11. # W Polar view;
12. FRIE WL Equatorial view.

B2 XZREETHE+FEREW LS RESRHT

Fig. 2 Morphological characteristics of pollens of test Brassicaceae species under light microscope

10 pm

1,2. HESE Orychophragmus violaceus (Linn.) O. E. Schulz; 1. e WL Polar view; 2. 7 18 T W Equatorial view. 3,4. ZE 2 Brassica campestris Linn. ;
3. MWL Polar view; 4. 7538 MW Equatorial view. 5,6. BXUHIHZE (M2 TG4 Y7 ) B. napus Linn. (leaf margin without serration) ; 5. MWL Polar view;
6. FRIE MW Equatorial view. 7,8. KR (M2 BA515) B. napus (leaf margin with serration) : 7. B TIW Polar view; 8. 7R i Il M Equatorial view.
9,10. J+3¢ B. juncea (Linn.) Czern.: 9. H 1M Polar view; 10. %3l H M Equatorial view. 11,12. 2 |k Raphanus sativus Linn. ; 11. %X Polar view;
12. FRETM Equatorial view.

3 AR TR+ FEREY BRI SR

Fig. 3 Morphological characteristics of pollens of test Brassicaceae species under scanning electron microscope
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MRHER ILDES S BN G AR AR 1,

2.1.1 HB R AR 5 E AN B
S =R PR E W K EEROY B =i (E 2-1,
2;183-1,2) , FEHHAHI 24.99 pm , FRiEHIK21.14
pm , A 5 AR TE R A EUAELR 118 AR T 1 AR
23.67 wm, B I B4R 24.18 wm; SMNEE HLAMBE AR 2 (f
T R RIEAE ) FELE 2 2458, SRR 1.84 pm; )
TSI A5 Hh 2R 0.37 ; (AR N JCPERE5 48 , IR 2 7% 0.9
pm ™, [HR 4% 0.86 wm,

2.1.2 ZERHH AR ZEER AL =
ZLGE , 5B D KA EROE , B =30 (& 2-3,4; &
3-3,4) . MK 28.19 pm, ZRIEHHH 24.12 wm,
e K S AR A B9 FU A 1,185 7R 18 1Al B 4% 26.15
wm , B 1 ELAE 25.21 pum ; SMNEE ELANRE SN2 (41 55 55
SRR ) EERSNEE N2 3 2G5 JR B 2.46

®1 HA+FEREVERILARSSHNSITERY

s B T A5 il %R 0.35 5 I HR P9 LA e B (8 AR pE Ik
ZEp) IR B 0.3 Mm_z , WIHR B A% 1.35 pm,,

2.1.3 B E (P RES) LB ASE RN
TS (M TOHE T ) A6H AR THDUL R = 2R | ok i
T KO, B =0 (8 2-5,65 81 3-5,6) . &
A 25.56 wm, ZREHIHK 23.19 pwm, B S IR
TR BN 115 AR38 T ELA2 23.06 wm, B 11 B
1% 22.63 pm; HPREELAMRE SN (05 55 )2 FIEH) |
SLZFAMEEN 2 3 JR LK JREEE 2.00 wm s A 17 I0E
Tl 0.34; IR Py 2 A7 80 B g PR 2544 , I AR
B 0.5 wm™, PR B4R 1.15 um,

2.1.4 Bl E (P BAER) L AHAE BN
TS (M2 B 07 ) A6 A AR T = RRDE | R 18
T A ERIE , B =1 (& 2-7,8; 81 3-7,8) . {EH)
W 22.44 wm, FRIEHHK 20.96 wm , B S PRE

Table 1 Statistical result of pollen geometrical parameters of test Brassicaceae species!’

B AR I A 9 L

e Length of polar axis Length of equatorial axis Ratio of length of pqlar axis to
Species length of equatorial axis

Max. Min. X SD Max. Min. X SD Max. Min. X SD
16 552F Orychophragmus violaceus 31.19 2050 2499  2.87 26.14  18.70  21.14 1.75 1.37 1.05 1.18  0.08
ZE2 Brassica campestris 32.90 20.99 28.19 2.24 28.00 14.33 24.12 2.26 1.70 1.00 1.18 0.11
BN1 30.07 2099  25.56 2.28 2550  19.14  23.19 1.63 1.48 1.00 .15 0.12
BN2 26.37  20.53  22.44 1.24 22.65 18.62  20.96 0.94 1.23 1.00 1.07  0.06
F¥3% Brassica juncea 27.19 2464 2593 0.79 2533  22.87 24.25 0.64 1.14 1.00 1.07  0.04
3 N Raphanus sativus 25.56  20.00 22.47 1.28 21.36 17.03 19.09 1.08 1.45 1.01 1.18  0.11

AN IE T EAR/ wm WA EAR/ wm HPBEJELRE/ wm
ﬁ:’é’é Diameter of equatorial plane Diameter of polar plane Thickness of exine
Species Max. Min. X SD Max. Min. X SD Max. Min. X SD
16 552% Orychophragmus violaceus 28.66 19.75 23.67 2.21 33.95 19.60  24.18 3.28 2.54 1.32 1.84  0.27
Z2EE Brassica campestris 29.25 18.05  26.15 2.01 30.47 18.41 25.21 2.25 3.23 1.60 246  0.30
BN1 26.94  20.21 23.06 1.54 25.38 19.56  22.63 1.42 3.01 1.57 2.00 0.28
BN2 2439 20.17  21.70 0.94 22.79 18.88  21.46 0.90 2.84 1.65 224 0.26
F¥2¢ Brassica juncea 26.26  23.63 24.74 0.67 25.84  22.66  24.55 0.77 3.36 1.75 237 0.33
B N Raphanus sativus 23.46 19.48  20.78 0.73 21.72 15.99 18.93 1.29 2.37 1.42 191 0.22
P TR 25 12/ um P AR5 18/ ™2 PR B A2/ pm

IS Arc curvature of polar view Density of lumen Diameter of lumen
Species

Max. Min. X SD Max. Min. X SD Max. Min. X SD
W E 3 Orychophragmus violaceus 0.53 0.26 0.37 0.05 1.0 0.7 0.9 0.1 1.01 0.72 0.86 0.10
252 Brassica campestris 0.61 0.26 0.35 0.05 0.4 0.3 0.3 0.0 1.59 1.11 1.35 0.13
BN1 0.41 0.27 0.34 0.03 0.6 0.3 0.5 0.1 1.79 0.85 1.15 0.28
BN2 0.45 0.27 0.36 0.04 0.6 0.3 0.5 0.1 1.79 0.85 1.15  0.28
I¥3E Brassica Juncea 0.57 0.30 0.39 0.05 0.3 0.2 0.3 0.0 1.62 1.31 1.44 0.10
B N Raphanus sativus 0.49 0.29 0.38 0.05 0.6 0.3 0.5 0.1 1.62 1.31 1.44  0.08

D Max. ; FK{H Maximum; Min. ; f/ME Minimum; X: ${f Mean; SD: #5#E2% Standard deviation. BN1; B HIZE ( M4 Jo 4815 ) Brassica napus
Linn. (leaf margin without serration) ; BN2. FRUHIHZE (M2 BA4515) B. napus (leaf margin with serration) .
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B 0 HAE R 1.07 5 7538 [ ELA% 21.70 wm, B 1T ELA2
21.46 wm;FMEERSMESN B (415 55 2 AR AT ) (B
JERSMRENZE 3 R854, R 2.24 um;; B ATTOE &S
123 0.36 5 PHR Py ELAT AN K B S8 i PR 254, IR 2%
£ 0.5 wm ™, MR 42 1.15 wm,
2.1.5 FREIT A JFIACK R E A =
ZLRI | o538 1WA M ERE , B =38 (18 2-9,10; A
3-9,10), MK 25.93 wm, JRiE K 24.25
wm , 5l 5 R GE Sl B FUE R 1,07 ; 2R 58 1 ELAR
24.74 pwm, M BLAE 24.55 pm; SMEEEAMRESNE (D
SRR B2 MANREN)ZE 3 RL5 R
2.37 wm; B AEZS 1 3R 0.39; WMER Py BA e A B
BOPEIR 25 PR B 0.3 wm ™, R B 42 1.44 um,
2.1.6 ¥ NI AR B MO E A =
LG | o5 T8 TR KA EROE , B =8 (& 2-11,12;
F3-11,12) , fEMA1 22.47 um, ZRIEHIH 19.09
wm , B A 5 AR R 0 FUE O 1,18 R IE T B
20.78 wm, B I ET 4% 18.93 wm; ANz HAMBE A 2 (f
EE SRS ) LR MANEEN R 3 25K JRE R
1.91 wm ; H HYTIE S Hh R 0.38 ; IR Py A 30 T i
HOPEIR 25, PR BB 0.5 wm ™, R B 42 1.44 um,
2.2 R+ FHREW LM SR LR
22.1 HhBRFERIGRE SGiTgiR(E D) E
B AR 6 A E AR RHE A R BRI S8 (22 2
BEVT ) FOT AR AR Al 5 AR B Rl 1 e (i /),
TERPTEARAWGERIE | 1 552 =<4 BRI (2%
BEvT) s MER AR 5 AR E R B LR,
PRI AR Ny BB KA ERE . i 6 A>T AE R
YA R AR K 5 205 2 A B B A 22 30 A R Tk
S (WG ELAR ) AT AR ) ELIR /N, RRCH 3H 58 (2%
TCHRVT) R R R A M B K,
Gta R (£ 1) R AL 6 T FIERHEY A
b B N IR A A3 T B R T AR B EN, 25
EEAE R 0 AR T8 T AR AR I AR d R, AR PR AR AR
TH T AR AR AR R 6 AN AERHME Y R
Ky e /NEIRAK O 35 S BRI S (2% HLAg U5 ) BR
P (R ) B RS T VS AL,
222 o shEELMA R MR R B
B MBI LR 6 > T FAEBHE YA A S RE 2
FRZEHIAERR AP EE N 2 IR EEHE (B 4) , S5 BoR
BSRHIAE R ANEEAUAT 2 JR G5 M | B4 (53873 Y 1 BE A1
2 (OS2 M) M a2, Has 4

PR AEAS SMEE AT B W R 10 3 J2 454 ek
W RAINEE SN Z (A0 A = AT ) B R 1Y
LR M ORI RISNEEN R o FEBITT S, FE 0L
BN, = B AR R S EE N 2 B, S B M RE I 2
AN, 25 & U= (2 JOHR 14 ) | JCH 1k 3
(MZ BRI ) JT3ME DR I SMEESNZ B ERE
HAMEESNZ I IR T NZ

PO GEIT A R (R 1) 2, A 6 >+ IERHE
PrkbRL T B SR R ALk SNEE SRl S B AR S EE
W, e R AEAR SR IR . IR 6 A~ P AERHE
YikA BHAE RS HIBE JE BE i /NE RAR YO TE B3 2 b
BRI (2 I0H 14 ) RS (2 B R ) I

B BN
NN =

. ShEESNZ (T ¥4 N B2, C ¥4 N HAE) Sexine (part T is
. 32 Foot layer; . 7MEEPNZE

tectum, and part C is collumellae) ;
Endexine.

1: i & 3% Orychophragmus wviolaceus ( Linn.) O. E. Schulz; 2, 2%
Brassica campestris Linn.; 3 KU 3% (M2 Jo %8 U5 ) B. napus Linn.
(leaf margin without serration); 4 KXY (M2 HLER 5 ) B. napus
(leaf margin with serration) ; 5: 3¥2¢ B. juncea (Linn.) Czern.; 6: % b

Raphanus sativus Linn.

E 4 U+ FRBEMIENINE RIR G EHEE
Fig. 4 Illustrition of hierarchical structure of pollen exine of test
Brassicaceae species

223 mummERE T Rk R 6 4
TEAEHE DAL A OB S IR (% 1) K3, BR
DHIHISE (2% T8 1 ) 0 46 A9 A TSR 25 il R f /)
WIS (M2 TC8R V7 ) BB IR B 98 O, )
THT R L /N T 3% B A6 4 0 T IO 25 R e ke,
FHITACR W AE R I B R 28 R, W T R TR 2R
Ko HERK 6 AT FAERHE PRI A6 A T HIOE 25
i R /N B AR R R BRI I 32 (2 T 1) (2522
DI = (2% BRI ) B SR 8 h JF3k,

2.2.4 FeEEEBAG A IRE E R s X
PR K 6 > T FAERHE Y AR i 2 1
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1: W H3% Orychophragmus violaceus (Linn.) O. E. Schulz; 2: 254 Brassica campestris Linn. ; 3 FCHIHZE (W2 04515 ) B. napus Linn. (leaf margin
without serration) ; 4 KRR (M2 HA515) B. napus (leaf margin with serration) 5 5: %3¢ B. juncea (Linn.) Czern.; 6: % N Raphanus sativus Linn.
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Fig. 5 Reticulate ornamentation and verrucous structure in lumina of test Brassicaceae species under scanning electron microscope
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