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Morphological Characteristics of Pollens of Varieties of Luffa
CHEN Chaowenl, ZHU Haisheng2 *, LING Yongshengl, ZHENG Yachaol, FANG Guihual,
LI Yang', WANG Zhiging’, LIN Jinxiu', ZHENG Kailing'
(1. Quanzhou Institute of Agricultural Sciences, Quanzhou, Fujian 362212, China; 2. Crop Research Institute, Fujian Academy
of Agricultural Sciences, Fuzhou, Fujian 350013, China; 3. Quanzhou Seed Station, Quanzhou, Fujian 362000, China)
Abstract: [Objective]l Pollens morphology of a variety of Luffa cylindrica was characterized for taxonomic classification of
the plants. [Methods] The palynological characteristics of 20 varieties of luffa were examined under a scanning electron
microscope. The observation was analyzed for classification on the plant species using principal component analysis and
UPGMA clustering method. [ Result] Belonging to the N3P4C5 type, the pollens were similarly prolate in shape—oblong
equatorially with a diameter ranging from 57.17 pm to 61.04 um and trilobate-circular latitudinally with an axis ranging between
107.03 um and 112.74 um. The pollen size varied from 6 164.15 pmz to 6 814.02 pmz. There were 3 separate apertures that almost
reached both ends of a pollen. The exine was reticulated with a spinule density of 0.129-0.220 n~um72, which differed
significantly among the varieties. The major palynological traits for taxonomic differentiation included polar axis length,
equatorial diameter, size, shape, and exine appearance of the pollens. On a Euclidean distance of 23 on 8 traits, the 20 luffa
varieties were clustered into 3 categories. [ Conclusion] Differences on polar axis length, equatorial diameter, shape, size,
and spinule density of pollens provided the basis to classify the genetic relationship of 20 different species of luffa.
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Table 1 Origins of 20 luffa varieties
5 i AT A FIORR Variety source
Number Variety Maturity type /A7) Company WX Area
1 =25 SanbiNo.2 L2 SRR TP A
2 = H6%5 Sanbi No.6 L2 SRR TP A
3 15 Youbi No.1 R PR ) T A
4 %4 Spring fragrance A 2 R BT Sk WE K>
5 H% F White snow jade L2 L WL A4
6 Z5 N Xiuli R TR U 1] s
7 F751%5 Zaoxiu No.1 FL IPIEER=2E 04 U 1] B S
8 K44 )% Large wrinkled skin L P9 Aol 7)1 ke
9 4 Jade rabbit SRS AR TR
10 FLI201 Zaoshuai No.201 A B2 R ATl B
11 T #l1*5 Zaoliang No.1 LS DY 13 EE AL, P9I E 5
12 14 22755 Beautiful Netherlands FL# FE R, W4T
13 FLEE ZaoJia jade R4 TR Rl U 1] B S
14 HRH%I#% Yintian short stick L2 R iR ST
15 A4 )\ '5 Nongza No. 8 FLEh Az T A AR
16 HENH 4% 52 Elegant wrinkled skin L TR R Al DY 1] A
17 Z&H £ & Thailand Yulong L BRI IR HH
18 K% MLk Selected elegant green L T 5k AL 2R
19 LR #2JK Yanling luffa L2 Hu 77 A TR R M
20 A #5805 Nongfu 805 L2k NN 4 AR AR

2.2 20 NN RFPIEM B SHHE

20 AN 22 JTAR IR SR AR R A A L D45 5 4n
K1 5%£2 for, WRAHCAE, B551%5 (112.74pum) |
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R =#F 8 EHRKTHMS K MM ( P<005 T
). MARERKE, S (61.04 um). =Lk
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Z8 5 (6617.71 um”) . I 15 (6603.64 um®) |
FH (659429 ym’) %58 BE, HEERTHAb
Z M. WNIEBRIERW PEME, H b 201
(193) 5E 4 (1.92), HEE (1.92). KN
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JRAER R IEAR 5 /N L Bl . R E K SR IE S
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10 pum 50 um 50 um

£

11b
50 um : 50 um \50 um

12b

50 pm 50 pm . ) 50 um

50 um . RS 50 um
el : el

50 pm 50 pm B : 50 pm
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50 um s f L 50 um

50 pm - 50 pm

50 um

50 pm 50 pm

50 pm

I: =25 2. =the6%5; 3: fhith15; 4 HFFE; 5: AHEE: 6: HMW: 7: FFH 15 8 K&K 9: Efh; 10: FIp201;
I BE LS 12 22553, 13 RAEE: 14 WEEE: 15 RE\S: 16: BEWAE: 17: BEE: 18: Wik 19: %
22JK; 20: AR 805, a: FERYRIARTINL: b: FEMKLARIENT: oo MRS
1: Sanbi No. 2; 2:Sanbi No. 6; 3: Youbi No. 1; 4: Spring fragrance; 5: White snow jade; 6: Xiuli; 7: Zaoxiu No. 1; 8: Large wrinkled skin; 9: Jade rabbit;
10: Zaoshuai No. 201; 11: Zaoliang No. 1; 12: Beautiful Netherlands; 13: ZaoJia jade; 14: Yintian short stick; 15: Nongza No. 8; 16: Elegant wrinkled
skin; 17: Thailand Yulong; 18: Selected elegant green; 19: Yanling luffa; 20: Nongfu 805. a: Latitudinal view of pollen; b: Equatorial view of pollen; c:
Surface appearance of pollen.

1 PA#BRETAELNRERMIER S

Fig. 1 SEM images of luffa pollen morphology
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Table 2 Morphological characteristics of pollens of L. cylindrica varieties
o o SRS FRIE B R HH KN PXE  1EBTBIR PIE
? = Lll-ljFEF . . . . . . .
Number Variety Polar axis Equator axis Germinal furrow Ridge width/ Pollen grain Pollen grain
length/pm length/pm length/pm pm size/ pmz shape
1 =25 SanbiNo.2 107.03£2.69 g 58.4942.87 defgh 96.94+3.32 hi 34.88+£2.08 fghi  6265.39+43536ef 1.83+0.01 efg
2 =65 Sanbi No.6 109.95+2.82 cde 60.721+2.28 a 100.47£2.76 bedef 36.7912.84 abede 6681.13+397.95 abec  1.8110.01 fg

3 Lt 15 Youbi No.1 108.84+2.04 ef 60.66+1.96 a

4 # 7 Spring fragrance 109.53+2.73 de  60.07%2.21 abc
5 H1% E White snow jade
6 FEHEXiuli

7 F.751'5 Zaoxiu No.1

112.74+3.10a  60.43+2.07 ab

8 K447 Large wrinkled skin 112.71£2.06a  60.284+2.08 ab

9 T 4 Jade rabbit 109.76+2.04de 57.17+1.44h
10 FH201Zaoshuai No.201 112.22+2.1 ab
11 Fi#1'5 Zaoliang No.1 107.55+1.82 fg 57.30%1.76 gh
12 fif£553 Beautiful Netherlands
13 FAEE Zaolia jade 110.83+2.63 bed 57.76+2.13 fgh
14 ARM%EFE Yintian short stick 109.80+1.81 de 58.36+2.2 efgh
15 4&Z%J\*5 Nongza No. 8 112.694+2.60 a

16 HERN4E JZ Elegant wrinkled skin 109.30%+1.87 de 61.04+1.58a

17 Z%[E £ Thailand Yulong 110.12£2.72 cde 60.5011.76 ab
18 FEUETESE Selected elegant green
19  #EFEZJR Yanling luffa

20  AX4f805Nongfu 805

109.74£2.09 de 59.88+1.95abcd 98.08+3.12 gh

111.56+1.87 abc  59.111.76 bedef 102.24£2.71 abe

58.15+£1.62 efgh 101.8742.07 abed

110.741+2.20 bed 58.39+2.11 defgh 101.41£3.08 abede

58.71+1.68 cdefg 102.88+3.12 a

95.73£3.611i
98.92+3.41 fgh  35.74+2.93 cdefg
36.2612.2 bedefg
35.9042.09 cdefg
102.80+4.15a 33.651+2.66 ij
102.36£2.99 ab 32.71£2.85]
99.87+£2.72 defg  33.77+1.81 hij
35.39+1.69 defgh
98.17£2.76 gh 36.4012.41 bedef
38.40+2.12a
100.12+2.55 cdefg  35.33 +2.85 efghi
101.44+2.35 abcde 38.30%£3.17a
36.88+2.41 abede
100.29+2.53 bedefg 37.78 £2.42 ab

99.84+3.33 defg  34.61+2.54 ghi

36.35+1.71 bedefg 6603.64+£285.78 abed 1.80+0.01 fg

6582.17+352.32bed 1.82+0.01 fg

6573.33+300.51 bed 1.83+0.01 efg
6594.29+275.14 abed 1.8910.01 abe
6814.02+341.61a  1.87%0.02 cde

6795.15+£297.77ab  1.87£0.01 cde

6275.6+£235.16ef 1.92%0.01 ab
6526.41+259.72¢cd  1.93+0.01a
6164.15+247.41 f 1.88+0.01 bed

6467.21+294.14 cde 1.9010.02 abc

6403.88+338.55de  1.921+0.01 ab
6409.971+321.64de  1.881+0.01 be
6617.71+283.97 abed 1.92+0.01 ab
6672.28+223.07 abc 1.79+0.01 g

6664.381+298.36 abc 1.8210.01 fg

108.55+2.11 efg 59.67£2.29 abede 99.05+2.04 fg
109.47+2.26 de 58.711+3.05 cdefg 100.17£3.52 cdefg 37.22+1.94 abc

108.54+2.32 efg 59.14+2.08 bedef 99.38+3.23 efg

37.88£2.94 ab 6479.07+331.39 cde 1.8210.01 fg

6427.82+381.32de  1.87+0.02 cde

37.12+2.17 abed  6418.71+264.45de  1.84+0.02 def

[ FHE 5 AN RN R RN 72 57 B3 (P<<0.05), K3,

Data with different lowercase letters on same column indicate significant difference (P<<0.05). Same for Table 3.
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Table 3 Pollen appearance and morphological characteristics of luffa varieties
e il TR 5 AL 2% P HMBEL i
Number Variety Strip ridge width/nm Pore density/(n- pmiz) External ornamentation

1 =H2%5 SanbiNo.2 639.41+115.03 g 0.20740.031 ab WIRECH, ZF L, FLCRRIN, P DT B
2 = k65 Sanbi No.6 829.134109.67 ab 0.17040.019 def WREC, AL, LRI, P T B
3 I EE1S Youbi No.1 830.34+167.15a 0.14440.018 gh WARECH, AL, ALY, A i
4 4 Spring fragrance 713.774103.95 defg 0.15540.020 fg WARGLH, ZE 9L, FLOCARIN, P M A
5 15 & White snow jade 523.74+137.87h 0.14740.030 g WARGLH, ZE 9L, FLOCARIN, P M A
6 F5 1 Xiuli 717.47+74.19 defg 0.17640.020 de WREC, AL, LRI, P T B
7 F.751°5 Zaoxiu No.1 761.234152.07 abcde 0.129+0.014 h WREC, AL, LRI, P T B
8 K& % Large wrinkled skin 676.561105.48 fg 0.160£0.014 efg MRS, AL, FLICASHN, WA L B
9 T % Jade rabbit 741.83+84.15 cdef 0.15040.021 g WARECH, AL, AL, A i
10 ELI1201Zaoshuai No.201 773.01£109.5 abede 0.148+0.026 g WREC, 2L, LRI, P T B
11 F#i1%5 Zaoliang No.1 756.11£84.95 abedef 0.170£0.020 def PRS2 7L, FLOCARFUM, RO ke i
12 fif 22 753 Beautiful Netherlands 719.434130.2 defg 0.197£0.037 be WREC, 2L, LRI, P T B
13 FAEE Zaolia jade 745.68£111.28 bedef 0.145+0.022 gh PRS2 7L, FLOCARFUM, R ke i
14 HRHI4EHE Yintian short stick 766.25+93.5 abede 0.17540.022 de WREC, 2L, LRI, P T B
15 & 7 )\*5 Nongza No. 8 814.35+131.2 abe 0.180+0.033 d WARGLH, ZE 9L, FLOCARIEN, WA M A
16 HENH 45 % Elegant wrinkled skin 791.57+96.59 abed 0.1990.03 be WARGLH, ZE 9L, FLOCARIEN, WM A
17 Z%[E £ Thailand Yulong 751.57+102.78 abedef 0.18240.032 cd WARGLH, ZE 9L, FLOCARIEN, P
18 FiEMESE Selected elegant green 769.91£114.53 abede 0.2024+0.037b WARGLH, ZE 9L, FLOCARIEN, P
19 FEFZ 22K Yanling luffa 724.58 +117.19 def 0.198+0.018 be WRGCHE, AL, FLICASHN, WA L B
20 47805 Nongfu 805 688.01+81.86 cfg 0.22010.035 a WARG, ZEFL, FLICAEIN, A A I

F4 ERDIEHER. STEHEMRRTME
Table 4 Eigenvalue, contribution rate and total contribution of
principal components

ERIr AR TR R
Principal B Contribution  Total contribution
Eigenvalue
component rate/% rate/%

H—ER

Lo 2.934 36.678 36.678
Principal component 1
BoE
Hi. . oy 2.305 28.816 65.494
Principal component 2
=R
5’? . l 1.401 17.519 83.013
Principal component 3
EUEEYDs
ﬂé‘lm‘ Ay 0.88 11.005 94.018
Principal component 4
B
Hi. . oy 0.405 5.062 99.080
Principal component 5
N RS
5';4/\4 l 0.073 0918 99.998
Principal component 6
E Rt
5164 . Ay 0.000 0.001 99.999
Principal component 7
LR
el 0.000 0.001 100.000

Principal component 8

RS TR SIEHE

Table 5 Eigenvectors of principal components analysis

{ERIN

Characters

BTy BTER BEEE BN ERS

Principal

Principal Principal

Principal

component 1 component 2 component 3 component 4

SRS

Polar axis length

VRS

Equator axis length

TER AR
P/E Pollen shape

% iPNGN
P X E Size pollen

HI B

Germinal sulcus length

Reticular ridge width
WA

Strip ridge width

o] L%

Pore density

0.970

0.166

0.469

0.796

0.196

—0.506

—0.597

0.679

—0.059 0.127
0.984 0.008
—0.874 0.077
—0.208 0.443
0.103 0.611
0.037 0.723
0.032 0.531
0.716 0.073

0.128

0.062

0.025

0.286

—0.731

0.056

0.475

0.120
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=25 &4, K 107.03~110.83 pm,
B 57.17~61.04 um, FEFEAR P/E {8 1.79~1.92,
B KN 6164.15~6681.13 um”, PIFLBFFE 0.1435~
02200 num ;5 "R BFEATFTE , KA K 109.74
um, 7RIEHK 59.88 um, EHHER P/E(H 1.83, &
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