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Observation of citrus pollen morphology by scanning electron microsco-
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Abstract: [Objective]Pollen morphology is often used as references for plant classification for its con-
servation attribute. Therefor, the observation of citrus pollen morphology can provide some references
for citrus classification. [Methods)In full flowering period, the flowers were picked up in the upper part
of the crown periphery from robust plants, and the petals and calyx were removed with sterile tweezers.
The anthers were placed in an oven at 37 “C for more than 24 hours. The pollens were collected and
stored at low temperature. The pollen of the Fortunella, Poncirus trifoliata and Citrus were observed by
FEI Quanta 200 field emission scanning electron microscopy. A total of six quantitative features, includ-
ing equatorial axis length, polar axis length, mesh diameter, net width, polar axis equatorial axis ratio,
mesh net ridge ratio, were investigated. Data were normalized by NTsys-pc software and clustered. The
genetic distance was calculated as the average classification distance, and the UPGMA method was

used for the cluster analysis.[Results1The pollens of most species were 4-colpate type. The pollens of
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C. limom and C. ichangensis were 5-colpate type. The pollen grains (P xE) of the Poncirus trifoliata
were (20.40-30.33) pmx(17.91-28.49) um; the widths of mesh ridge were 0.52-0.58 pm; and the meshes
were mostly polygonal, the mesh sizes were 0.48-0.74 pm. The pollen grains (P x E) of Fortunella
Swing were (23.81-29.58) umx(15.73-17.37) um; the widths of mesh ridges were 0.79-0.93 pum; and
the mesh sizes were 0.66-1.07 um; The pollen grains (P*E) of Citrus were(20.52-39.14) pmx(14.28-
31.93) pm; the widths of mesh ridges were 0.17-1.41 pm; and the mesh sizes were 0.43-1.69 pm; most

species of citrus had round or roughly round pollen mesh but the pollen meshes of some species of C.

ichangensis and citron were polygonal. Pollen exines of C. grandis were foveolate decoration and those

of the other species were reticulate decoration. [Conclusion] The pollens of different citrus species had

different morphological characteristics. Pollen morphology differences could provide some basis for the

identification of citrus species and taxonomic classification. It seems to be possible that C. mangshane-

sis and Guposhan wild Zhoupigan are the most primitive wild species of Citrus.
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Table 1 Tested materials
I i b 44 R ' Hi Al 4 R
Code Variety name Code Variety name
1 K75 M Fortunella Swing Changshoujingan 52 22168 C. sinensis Lanhuacheng
2 &#lt 15 Fortunella Swing JinganNo.1 53 Hi2xtE C. sinensis Xinhuicheng
3 PF &M F margarita (Lour.) Swing 54 B E N C. sinensis Midknight Valencia Orange
4 & E 4 E hindsii (Champ.) Swing 55 R 7% S RINE S 18 C. sinensis Algeria Valencia Orange
5 WP 4= &M Fortunella Swing Yeshengjingan 56 FELLEPHE (D) C. mangshanesis (Pointed leaves)
6 Vi K 4 M Fortunella Swing Huapijingan 57 ZEILEFAT (B C. mangshanesis (Round leaves)
7 AL Poncirus trifoliata Aihuazhi 58 k2011 37 A5 4% 2 H Guposhan wild Zhoupigan
8 H#E MR P trifoliata Guanyunzhi 59 UeF AR INFE C. reticulata Jijiubaowenzhougan
9 2351 P. trifoliata Zhi No. 23 60 VDAt C. nobilis Lour Shagan
10 HACE 2 Citrus ichangensis Swing Baihuayichangcheng 61 BIWEFAG C. reticulata Hezhouyeju
11 JUILE B C. ichangensis Swing Yuanjiangyichangcheng 62 FN AT C. reshni
12 KFt& C. macrosperma 63 % B2 C. reticulata cenxisuanju
13 2586 H Ef¥ C. ichangensis Swing 2586yichangcheng 64 5 [ M C. reticulata Huangpisuanju
14 41Uk EH B8 C. ichangensis Swing Jindaoxiayichangcheng 65 U | LB 2B T Sinocitrus chuana
15 EH E 18 02-14 C. ichangensis Swing Yichangcheng02-14 66 FE %M C. reticulata Nanfengmiju
16 2L KRG C. hongheensis 67 IWHiAR C. reticulata Yingxinju
17 M C. hystrix 68 ] VYL R C. reticulata Guangxihongpisuanju
18 KIJE RS C. kerrii Tanaka 69 21 )% WA C. reticulata Hongpisuanju
19 VAl C. grandis Xishiyou 70 AR 35 CNEMD C. reticulata Xinshengxi No.3 Penggan
20 SRS C. grandis Chandler pummelo 71 B PH TN C. reticulata Qinyanwuhepenggan
21 Z&[HHl C. grandis Thailand pummelo 72 iR I8 NEAH C. reticulata Pengganshi No.18
22 B2 C. grandis Aolanyou 73 FH I C. reticulata Chuntianju
23 Bl C. grandis Wendanyou 74 1l B Y% C. daoxianensis
24 MG-3 =M C. grandis MG-3 Gaojieyou 75 SAERE C. tachibana
25 i BEAl C. grandis Gaobanyou 76 A —5 C. reticulata Guiju No.1
26 FEVR %M C. grandis Guanximiyou 77 W% A C. reticulata Liuchengmiju
27 HB#li C. grandis HByou 78 A C. reticulata Nianju
28 VLKA HER M C. grandis Jiangyongbendisuanyou 79 KP W FEEH C. reticulata Daguonanfengmiju
29 AL C. grandis Juhuaxinyou 80 C. reticulata Clementiner bernovd
30 KR FEARHEL Ol C. grandis Zhangjaijiebendihongxinyou 81 i B2 T4 C. reticulata Clementine
31 Bolvg i F Rl 15 C. grandis Zaoshugaotangxiaoyou No.1 82 B2 T C. reticulata New Clementine
32 KILLLPH C. grandis Daguohongrangyou 33 #1% 05-06 C. medica Juyuan05-06
33 “FhR A C. grandis Niutuiyou 84 ] #F C. medica Guangfoshou
34 fiKAl C. grandis Nuomiyou 85 WA= % C. medica Yeshengxiangyuan
35 i (14 C. grandis Wanbaiyou 86 WA 557 861 F i C. medica Arizona Xiangyuan 861
36 ZERWEEFHM2 5 C grandis Ciliboluoxiangyou No.2 87 JH1 54574 C. limon Eureka Lemon
37 LZYLTRM C. grandis Anjiangsuanyou 88 B AFFH5 C. limon Lisbon Lemon
38 @Al C. grandis Suanyou 89 AKIRITYERFEIFT8R C. limon Millswright Sweet Lemon
39 M EFfl C. grandis Baiyushuangyou 90 KA 554545 C. limon Feminellolemon
40 VO HIHl C. grandis Shatianyou 91 A7 90 =5 R AT C. limon Villafrance Lemon
41 % ¥Hih C. paradisi Luopingyou 92 F1E4745 C. limon Baihuaningmeng
42 KM C. paradisi Flame 93 8k C. aurantifolia Zhilaimeng
43 WA BA 5 C. paradisi Oroblanco 94 BV C. aurantifolia Mexican Lime
44 E#% C. paradisi Star Ruby 95 WEVUIERRE C. aurantifolia Tahiti Lime
45 FEYER| L FRIE C. aurantium Saiweiliyasuancheng 96 IV 4 F74F C. limonia Guangxitunigmeng
46 BEIS EFERPE C. aurantium Moluogesuancheng 97 215 C. limonia Honglimeng
47 ZLYIH C. sinensis Hongjiangcheng 98 FAE A JE BLRL Hybrids Minneola
48 PEYLF 25 C. sinensis Spain No.2 99 HAEH ZAGIA /R Hybrids Ellendale
49 T ZE M C. sinensis Wuhexuegan 100 2475 M % % 30 Hybrids Ehime 30
50 FL4 B8 C. sinensis Zaojintiancheng 101 2% %2 kit 8603 Hybrids 8603
51 LN E RS C. sinensis Hongrouxiacheng 102 HAE M EE 2 *5 Hybrids Xinnuo No.2
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A. Equatorial view; B. Polar view; C. Pollen exine ornamentation. 1. Fortunella crassifolia Swing Huapijingan; 2. F. margarita (Lour. ) Swing; 3.
Poncirus trifoliate Aihuazhi; 4. P. trifoliate Guanyunzhi; 5. Citrus ichangensis Yanjiangyichangcheng; 6. C. ichangensis Jindaoxiayichangcheng; 7.
C. hongheensis; 8. C. hystrix; 9. C. grandis Shatianyou; 10. C. paradise Flame; 11. C. aurantium Moluogesuancheng; 12. C. sinensis Hongroux-
iacheng; 13. C. mangshanesis (Pointed leaves); 14. C. reticulata Blanco; 15. C. medica Juyuan 05-06; 16. C. limon Millswright Sweet Lemon; 17. C.
aurantifolia Zhilaimeng; 18. C. aurantifolia Mexican Lime; 19. C. limonia Guangxituningmeng; 20. C. limonia Honglimeng; 21. C. grandis Guanxi-
miyou (4-5 colposates); 22. C. medica Yeshenxiangyuan (4-5 colposates).

Bl 1 3R EER IS
Fig. 1 SEM observation of the pollen morphology
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Table 2 The basic characteristics of pollen morphology of different species of citrus

gl WEIRS UISGLINS IR B FEE W HR ELA% PE TR
Germplasm Polar axis, P/um  Equator axis, E/um  Mesh ridge width, W/um Mesh size, D/um Pollen shape
¥R Poncirus trifoliata  20.40~30.73 17.91~28.49 0.52~0.58 0.48~0.74 1.10  [ABRJE Spherical
&HitJE Fortunella Swing  23.81~29.58 15.73~17.37 0.79~0.93 0.66~1.07 1.54  KIRKJE Long spherical
HERX C ichangensis 20.52~30.56 18.78~25.64 0.68~0.82 0.62~1.40 1.15  iZKERJE Nearly spherical
KEREX Papeda 25.39~32.20 14.44~21.35 0.23~0.77 0.54~0.69 1.55  KIRKJE Long spherical
i C. grandis 25.50~38.92 19.61~27.24 0.71~1.41 0.51~0.86 130 iZKERIE Nearly spherical
Wi C. paradisi 26.79~31.32 21.60~25.75 0.55~1.18 0.43~1.01 1.24  JEKIKIY Nearly spherical
Mt C. medica 30.91~34.04 23.57~24.64 0.52~0.81 0.52~0.81 1.34  KIKJE Long spherical
T C. limom 29.04~33.68 21.99~24.30 0.55~0.76 0.56~0.76 1.32  JEKEKE Nearly spherical
BA5 C. aurantifolia 26.82~30.07 16.50~23.21 0.41~0.75 0.41~0.75 1.32  JEKERTE Nearly spherical
W C. limonia 27.24~31.22 20.70~22.50 0.43~0.73 0.43~0.73 131 JEKERJE Nearly spherical
ks C. aurantium 29.69~39.14 21.50~25.32 0.89~1.03 0.48~0.64 1.58  KERIE Long spherical
i C. sinensis 25.94~32.14 19.73~26.16 0.37~1.15 0.83~1.14 142 K¥RHE Long spherical
e AEIX C. reticulata  22.61~37.10 14.28~26.09 0.17~1.31 0.49~1.37 1.43  KERE Long spherical
&AM Hybrids 24.29~27.35 17.77~21.80 0.74~1.04 0.62~0.97 1.28 K ERIE Nearly spherical
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Fig. 2 Cluster analysis for citrus germplasm based on pollen morphological
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