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1 a2=imcomplement(al);
a3 = imfill(a2,"holes’);

1.1
clean_ptoto=bwareaopen(a3, 5000);

( 1 [Il,num] = bwlabel(clean_ptoto);
1.2 ’ '
, EXCEL
) Min-rectangle=regionprops(l,' BoundingBox’);
Erdtman for n=1:50
(Erdtman, 1962) OlympusBX51 pollen= Min-rectangle(n).BoundingBox;
40 Olympus 3 I1=imcrop(clean_ptoto,[pollen(1) pollen(2) pollen
(3) pollen(4)]);
, Monad-pollen=bwareaopen(l1,5000);
, Ixie=bwlabel(Monad-pollen);

angle=regionprops(Ixie,‘ Orientation’);

1.3 . .
anglel=angle.Orientation;

photoshop : : horizontal =imrotate(Monad-pollen,-angle1, ‘ bilin-
ear’);
( ; L=bwareaopen(horizontal, 5000);

), JPG L1 = bwlabel(L);
ansll=regionprops(L1,‘all’);
pollenArea(n)=ansl11.Area;

1.4 MATLAB ( ) - -
polleneccentricity(n)=ans11.Eccentricity;
: pollenbox=ans11.BoundingBox;
: ( ) pollenboxX(n)=pollenbox(3);
: pollenboxY(n)=pollenbox(4);
photo=imread(‘ simonii.jpg’); end
i=graythresh(photo); aa(:,1)=pollenArea;
al=im2bw(photo,i); aa(:,2)=pollenEccentricity;
1
Table 1 Source of materials
Species Locality Collector
Populus canadensis Moench Hebei Normal University, Shijiazhuang Li Yuecong, Jia Hongjuan
P. tomentosa Carriere Hebei Normal University, Shijiazhuang Li Yuecong, Jia Hongjuan
P. cathayana Rehder Tuoliang, Shijiazhuang Li Yuecong, Jia Hongjuan
P. davidiana Dode Xiaowutai Mt., Hebei Li Yuecong, Jia Hongjuan
P. simonii Carriere Xiaojiao, Shijiazhuang Li Yuecong, Jia Hongjuan
Sabina chinensis (Linn.) Ant. Hebei Normal University, Shijiazhuang Li Yuecong, Jia Hongjuan
Juniperus formosana Hayata Hebei Normal University, Shijiazhuang Li Yuecong, Jia Hongjuan

Platycladus orientalis (Linn.) Franco Hebei Normal University, Shijiazhuang Li Yuecong, Jia Hongjuan
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aa(:,3)=pollenboxX; 2
aa(:,4)= pollenboxY;
xlwrite(‘ simonii.xls’,aa); 2.1
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, 0.106 pm, 3 5
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Table 2 Compute results of eight pollen species (area unit pm?, length unit um)
Populus Platycladus Sabina  Juniperus
canadensis P. simonii P. cathayana P. tomentosa P. davidiana orientalis chinensis formosana
Max. area 533.0693 469.4206  460.7402 656.9149 855.9416 721.1747 825.6451 862.5396
Min. area 244.1489  257.9787 281.6772 294.4885 317.4287 398.7438 428.2028 438.1394
Mean area 339.2033 350.6338  363.5695 439.4862 520.6881 552.3766 610.2309 634.6424
Area standard deviation 40.4493 68.6974 79.2904 60.4708 84.8619 109.8710 40.1268 85.8047
Max. eccentricity 0.6075 0.6252 0.5610 0.6157 0.6152 0.5429 0.5677 0.6114
Min. eccentricity 0.1735 0.1517 0.1296 0.1859 0.2238 0.1446 0.1440 0.1380
Mean eccentricity 0.4158 0.4196 0.3563 0.4071 0.409 0.3507 0.4064 0.4257
Max. pole-length 29.1489 26.5957 26.1702 30.2128 35.5319 31.3830 34.1489 35.6383
Min. pole-length 19.2553 19.5745 19.6809 20.1064 21.2766 23.4043 25.0000 25.9574
Mean pole-length 22.1894 22.4787 22.6064 24.9894 27.1766 27.6489 29.5298 30.2787
Max. equator-length 23.5106 22.7660 23.6170 28.1915 31.2766 30.1064 33.2979 32.3404
Min. equator-length 16.0638 16.9149 18.0851 19.0426 18.8298 22.0213 22.2340 21.1702
Mean equator-length ~ 19.8723 20.2596 21.0255 22.6532 24.6489 25.8553 26.9383 27.1319
P/IE 1.1166 1.1095 1.0752 1.1031 1.1025 1.0694 1.0962 1.1160
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3 8
Table 3 Variance analysis about pollen area of eight species
Source SS DF MS F Fo.o1
Columns 3.88086E+010 7 5.54409E+009 127.69** 3.0988
Error 1.70205E+010 392 4.34197E+007
Total 5.58291E+010 399
SS: : DF: ; MS: o F: iFoor: F 0.01

SS: square sum; DF: degree of freedom; MS: mean square sum; F: square sum among class/square sum inner class ;Fg1: the
threshold value of F at 0.01
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Figure 1 Cluster analysis of five pollen species about populus

A: Populus canadensis; B: P. davidiana; C: P. tomentosa; D:
P. simonii; E: P. cathayana
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Quantitative Analysis of Pollen Morphology with MATLAB

Hongjuan Jia', Junwen Zhang **

1 College of Resource and Environment, Hebei Normal University, Shijiazhuang 050016, China
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Abstract Pollen grains of three species of Cupressaceae and five species of Populus were examined in detail by use of a digital
photographic technique and MATLAB software. For each pollen species, 50 measurements were taken of maximum, minimum and
mean values of area, eccentricity, pole-length and equator-length. P/E and area standard deviations were computed. Variance
analysis of the areas of 8 pollen species showed that the method can distinguish the 8 pollen species with reliability of 99%. Cluster
analysis of mean eccentricity, pole-length, equator-length and P/E parameter of 5 species of Populus showed that the 5 species
can be divided into 3 groups. P. canadensis Moench and P. simonii Carriére form one group; P. tomentosa Carriere and P.
davidiana Dode form another group; P. cathayana Rehder stands alone as the third group. This outcome is consistent with scanning
electron microscopy results. The method offers a speedy and convenient way for quantitative analysis of pollen morphology,

provides more useful data for pollen analysis and improves the accuracy, by about 10 times, than with estimation by the naked eye.
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