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ABSTRACT

The present study has measured eight pollen morphological parameters of Diploxylon
species in Korea by light microscopy (LM). The results are as follows;

1. Diploxylon species in Korea showed significant (P<0.01) interspecific difference in their
pollen morphological parameters.

2. The discriminant analysis based on the pollen morphological parameters demonstrated
that the classification ratio of Diploxylon was 49.9%. The maximum was at Pinus banksiana
(72.8%) and the minimum was at P. sylvestris (62.2%).

3. The relationship among the Diploxylon species based on their pollen morphological
parameters showed that P. densiflora and P. sylvestris were had the closest relationship while
P. rigida and P. banksiana had the least relationship.

Keywords : Pinus, Pollen, Relationship

el sRolE) SEEE Za), A2, BZA, B

dF, 2734, A2 d3E82 NEHES §271

EFHEDponion € A AAZE B7 sl 24902 $0 4ETLE 45T
ST, AT F 100 EFTo] BESL 3L AT} (4 &, 1993; o] 3, 1993).

o, eyt e AAE 254 EYdF 6T X EHEH SN avFotEH e FHAA A

¢ F 8 wRTol FEve A Agn U o] A gta}E kel ool dAEkA] Rt e dF

(Harlow and Harrar, 1950; Lawrence, 1963; Mirov, o]t} (Pilger, 1926; Duffield, 1952; Mirov, 1967;

1967; o] & 1987; AR F ¢} o)A $-, 1993; 3+3 7, Rehder, 1974; Krussmann, 1983). 3} & el = 4 B &

1993).

Fol Qlojq 1 FaAde] A& o] oje] Y@ AT

*

AL A 2} - E-mail : taekiechoi @hanmail.net

- 189 -



W& s Korean J.Plant.Res. 17(2) 189~201(2004)

Table 1. Date and locality of sample collection of Diploxylon

Taxa Date Locality Remarks

May 10, 1993 Boeun, Chungbuk
May 8, 1994 Changsu, Chonbuk
May 17, 1994 Naju, Chonnam

Pinus densiflora May 13, 1994 Kwangleung, Kyunggi

S.etZ May 10, 1994 Anmyundo, Chungnam

(AU May 12, 1995 Mt. Sorak, Kangwon
May 7, 1995 Mt. Toham Kyungbuk
May 7, 1994 Chinju, Kyungnam
April 27,1991 Cheju, Chejudo
May 10, 1993 Boeun, Chungbuk
May 10, 1992 Byunsan, Chonbuk
April 28, 1994 Naju, Chonnam

P. thunbergii May 12, 1994 Kwangleung, Kyunggi

Parl. May 10, 1994 Anmyundo, Chungnam

GED) May 13, 1995 Sokcho, Kangwon
May 7, 1994 Kyungju, Kyungbuk
May 16, 1993 Chinju, Kyungnam
May 27, 1991 Seoguippo, Cheju
May 8, 1993 Cheongju Chungbuk
May 4, 1992 Chonju Chonbuk
April 28, 1994 Naju, Chonnam

P. rigida May 12, 1994 Suwon, Kyunggi

Mill. May 10, 1994 Anmyundo, Chungnam

#7124 May 11, 1995 Chuncheon, Kangwon
May 3, 1994 Kyungju, Kyungbuk
May 7, 1994 Chinhae, Kyungnam
May 27, 1991 Seoguippo, Chejudo
May 13, 1995 Chungju, Chungbuk

P. banksiana
Lamb.

A2 T)

April 25, 1994
April 28, 1994
May 12, 1994
May 10, 1995
May 11, 1995
May 3, 1994

May 6, 1994

April 17, 1991

Chonju, Chonbuk
Naju, Chonnam
Suwon, Kyunggi
Anmyundo, Chungnam
Chuncheon, Kangwon
Kyungju, Kyungbuk
Chinhae, Kyungnam
Seoguippo, Chejudo
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(Continued)
Taxa Date Locality Remarks

May 13, 1995 Chungju, Chungbuk
May 4, 1994 Changsu, Chonbuk
May 28, 1994 Naju, Chonnam

Pinus virginiana May 12, 1994 Suwon, Kyunggi

Mill. May 10, 1994 Anmyundo, Chungnam

HAA Y of AL May 11, 1994 Chuncheon, Kangwon
May 3, 1994 Kyungju, Kyungbuk
May 7, 1994 Chinju, Kyungnam
April 28, 1991 Cheju, Chejudo
May 8, 1993 Cheongju, Chungbuk
May 4, 1994 Wanju, Chonbuk
April 28, 1994 Naju, Chonnam

P. taeda May 12, 1994 Anyang, Kyunggi

Linn. May 10, 1994 Anmyundo, Chungnam

AU May 11, 1995 Chuncheon, Kangwon
May 3, 1994 Kyungju, Kyungbuk
May 6, 1994 Chinhae, Kyungnam
April 27, 1991 Seoguippo, Cheju
May 13, 1995 Cheongju Chungbuk
May 4, 1992 Chonju Chonbuk
April 28, 1994 Naju, Chonnam

P. rigitaeda May 12, 1994 Suwon, Kyunggi

Linn. May 10, 1994 Anmyundo, Chungnam

GE7"H 342U May 23, 1994 Chuncheon, Kangwon
May 3, 1994 Kyungju, Kyungbuk
May 7, 1994 Chinju, Kyungnam
May 27, 1991 Seoguippo, Chejudo
May 13, 1995 Chungju, Chungbuk
May 4, 1994 Chonju, Chonbuk
April 27, 1994 Naju, Chonnam

P. Sylvestris May 28, 1994 Kwangleung, Kyunggi

Linn. May 12, 1994 Kongju, Chungnam

(FF2%) May 10, 1994 Chuncheon, Kangwon
May 3, 1994 Kyungju, Kyungbuk
May 7, 1994 Chinhae, Kyungnam

April 27, 1991

Seoguippo, Chejudo
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Fig. 1. Schematic representation of Diploxylon pollen
grain indicating the position of the 8
parameters measured.
Abbreviations : PL 1 = Pollen length
PL 2 = Pollen length with air bladders
PW 1 = Pollen width
PW 2 = Pollen width with air bladders
BL = Air bladders length
BW = Air bladders width
ET = Exine thickness
FLL = Furrow length
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Table 2. Pollen size of Diploxylon in Korea

o A% BT FAM

Taxa Pollen body Air bladders FL BT
PL1 PL2 PW1 Pw2 BL BW

Pinus densiflora  42.53+327 6646+£4.24 3996+253 4567+£282 3680+£3.03 30.17=185 1495+166 2.70+0.35
P. thunbergii 43.18+2.79  66.561+3.40 4122+2.79 4630+292 37.76+2.70 3153+231 14374159 2.88+0.31
P. rigida 5283+£4.28 81.44+6.18 4783+3.89 54.18+3.82 45.18+4.52 35294332 1426%1.82 2974040
P. banksiana 4049+4.54  63.45+6.19 3759+4.02 4323+398 3507£3.65 2844+291 13.11+1.66 2751036
P. taeda 48.601+3.25 ~ 78.24+489 44261269 5105+2.68 40864333 3230+£227 1460176 2914029
P. rigitaeda 51314599 7629+4.88 45871441 52.13+£4.23 4159+370 31.86+£2.22 1429+1.97 2871032
P. virginiana 46451£3.06 71641426 4212£3.69 4893+391 39.90+3.17 31.06+228 14.53+1.61 2961045
P. sylvestris 4356+3.14 67951449 41.124294 46.66+3.02 37.6942.78 31241294 1465+1.86 2.7910.32

Abbreviations ; PL1 = Pollen length, PL2 = Pollen length with air bladders,
PW1 = Pollen width, PW2 = Pollen width with air bladders

BL = Air bladders length, BW = Air bladders width
FL = Furrow length, ET = Exine thickness
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Table 3. Analysis of variance of 8 pollen parameters of the subgenus Diploxylon

Pollen parameters Source df SS MS F-value
Species 7 23495.1 3915.9 241.87%*
PL1 Error 1332 20285.8 16.1
Total 1339 43780.9
Species 7 50383.0 8397.2 341.62%*
PL2 Error 1332 30799.5 24.6
Total 1339 81182.5
Species 7 13490.5 2248.4 183.71%*
PW1 Error 1332 15335.6 12.2
Total 1339 28826
Species 7 16571.2 2761.9 221.29%**
PW2 Error 1332 15638.2 12.48
Total 1399 32209.5
Species 7 12335.2 2055.9 169.21%*
BL Error 1332 15224.0 12.2
Total 1339 27559.2
Species 7 4761.4 793.6 127.56%*
BW Error 1332 7795.0 6.2
Total 1339 12556.4
Species 7 357.2 59.5 19.88**
FL Error 1332 3751.6 3.0
Total 1339 4108.8
Species 7 114 1.8914.57**
ET Error 1332 163.0 0.1
Total 1339 174.4
Note ; See table 2 for abbreviations
** = All statistical data in this study were tested at probability level of 99% (a=0.01)
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Table 4. Pearson correlation coefficient (R) between eight pollen parameters of the subgenus Diploxylon

PL1 PL2 PW1 PW2 BL BW FL ET

PL1 1.00

P>R 0.00

PL2 0.76042 1.00

P>R 0.0001 0.00

PWi 0.82071 0.67999 1.00

P>R 0.0001 0.0001 0.00

PW2 0.82321 0.73343 0.92539 1.00

P>R 0.00 0.0001 0.00 0.00

BL 0.56125 0.62854 0.63630 0.65250 1.00

P>R 0.0001 0.0001 0.0001 0.0001 0.00

BW 0.51812 0.60096 0.54023 0.56345 0.58030 1.00

P>R 0.0001 0.0001 0.0001 0.0001 0.0001 0.00

FL 0.13789 0.15272 0.19318 0.20340 0.10675 0.07427 1.00

P>R 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.00

ET 0.18336 0.17537 0.19521 0.19910 0.18528 0.16300 0.00873 1.00

P>R 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.00

Note ; See table 2 for abbreviations
ZH = 0.82071(P<0.000)=2 2 A- 3 AAAAE B ot a8y a2 AAUTE e 7oA = 21.3494
At M9 HA Zoje} F, 3L FA| o] Hojet F 2R AYMG YW A2 dEHTD. &HA
% parameters F 3 kol A @A F 7 2% 0.70 Mahalanobis distanceE ETHZ <] Average linkage
(P<0.0001) o} o2 n-¢- 2H3 FHAE Bt} 7] ¥ © 2 dendrogram< A3t = 1 A3 A
o] dojo} T2 sty AA oo} E, FE & 20 21F2 2 TR0l A HATHFig. 2). Lo
Ao Aol & 53w Be AT F2UR7 b 9lel @ 15 248

4. F7 A A
1) Mahalanobis distance

Ay} Rol&> 87 =39 3E parametersel ™8
o FAMA B = E JEl) F = Mahalanobis distance
(Table 5)& EU 2 st 2 Feidtd RABAS
dendrogram©. 2 ZA & = A th. ol oA &
B7e FRAUR7 0282008 7HE 2HoE G
B3, SlE = 034072 o] £523 71 Al JEb s
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Table 5. Squared Mahalanobis distance between 8 species of Diploxylon based on 8 pollen parameters

FAV

DEN THU RIG BAN RIT TAE VIR SYS
DEN 0
THU 0.8371 0
RIG 15.4167 13.1841 0
BAN 1.7881 2.6064 21.3494 0
RIT 7.8765 7.3547 2.7190 11.5384 0
TAE 7.2049 7.0469 3.0500 11.1893 1.3873 0
VIR 2.8217 2.7985 6.8043 5.2287 2.2024 2.0539 0
SYS 0.2820 0.3407 12.3257 2.6725 6.2658 5.7174 1.9250 0
Abbreviations : DEN = Pinus densiflora, THU =P. thunbergii
RIG = P. rigida, BAN =P. banksiana
RIT = P. rigiraeda, TAE=P. taeda
VIR = P. virginiana, SYS=P. sylvestris
— 1.2
—1 1.1
— 10
— 09
— 038
— 07
— 06
——‘ 0.5
— 04
1 03
J 02
—— 5 — 01
| i |
{ I i [___} B O
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Fig. 2. Average linkage cluster analysis dendrogram presenting the relationship among 8 species of Diploxylon based on
zight pollen morphological traits.
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Table 6. Classification of species on the basis of pollen parameters measured (discriminant analysis of PL1 PL2, PW1,

PW2, BL, BW, FL, ET)

DEN THU RIG BAN RIT TAE VIR SYS Total(%)

DEN
No. of grain 80 17 0 27 1 3 21 31 180
% of total 44.4 94 0.0 15.0 0.6 1.7 11.7 17.3 100
THU
No. of grain 18 94 2 29 0 5 8 24 180
% of total 10.0 52.2 11 16.1 0.0 2.8 44 13.3 100
RIG
No. of grain 0 3 111 0 31 27 7 1 180
% of total 0.0 1.7 61.7 0.0 17.2 15.0 39 0.6 100
BAN
No. of grain 14 21 0 113 4 5 16 7 180
% of total 8.9 11.7 0.0 62.8 2.2 2.8 89 39 100
RIT
No. of grain 0 8 20 2 81 34 32 3 180
% of total 0.0 44 11.1 1.1 45.0 18.9 17.8 1.7 100
TAE
No. of grain 3 1 17 0 29 97 27 6 180
% of total 1.7 0.6 9.44 0.00 16.11 53.89 15.00 3.33 100
VIR
No. of grain 8 22 7 5 14 19 87 18 180
% of total 4.44 12.22 39 28 7.8 10.6 48.3 10.0 100
SYS
No. of grain 48 29 0 16 1 7 24 55 180
% of total 26.7 16.1 0.0 8.9 0.6 39 13.3 30.6 100
Total 171 195 157 192 161 197 222 145 1,440
(%) 11.9 13.5 10.9 13.3 11.2 13.7 15.4 10.1 100
Note ; See Table for 5
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