Korean J. Ecol. 17(4) : 485~499, 1994

X|a|AtoliM ol wE AAHO| (Plantago asiatica)
M2 2ol gt wolsAe| B0|

O|EF - B - W3] - YojY - Y=

A et o] wo &t A 2 8w

Variation of the Germination Responses to Temperature of
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ABSTRACT

This study was focused on the effect of the altitude on the geographical variations of germi-
nation characteristics in the populations of Plantago asiatica L. distributed in Mt. Chiri. There was
a significant difference among the 14 groups in the phenological pattern in relation to altitudes.
When the altitude becomes higher, the thermal time which was required for 10 to 80% germi-
nation rate showed higher and wider distribution. On the other hand, the germination response of
increasing temperature (IT) and decreasing temperature (DT) regime was classified into 3
groups, The first group was the spring germination type. This group showed that the IT regime
had higher germination rate than that of the DT regime, and was distributed in Macheon (300 m)
and Packmudong (500 m). The second was the spring-fall germination type which was distributed
in Hadong (900 m) and Saemteo (1100 m). This group also showed higher germination rate in the
IT regime, but the difference of the germination rate between IT and DT regime was less than
that in the first group (the spring type). The third group was the early fall germination type
which was found in the Nogodan (1507 m), Changteomok (1750 m) and Cheonwangbong (1915 m).
The germination rate of this group showed almost 100% similarity between IT and DT regime.
These data suggested that the geographical variations of germination characteristics within
species was an important ecological strategy for the survival from severe environmental
conditions,
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Fig. 1. Location(@) of the seed source populations of Plantago asiatica L. Abbreviations are the same
as in Table 1.
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Table 2. Phenological pattern of the population of Plantago asiatica L. in the collection sites

Seed weight

Population* Flowering period Seed dispersal period .
(200grains /g)
Hw Early July Farly Sept. ~ Middle Nov. 0.120
Ma Late June Early Sept. ~ Middle Nov. 0.110
Na Late June - ” 0.126
Pa ” ” - 0.106
Ta ” ” - 0.122
Ha ” ” ” 0.119
Sh Middle June ” ~ Early Nov. 0.121
Sa Middle June Middle Sept. ~ Early Nov. 0.123
He - Late Aug. ~ Late Oct. 0.136
Dw ” . ” 0.157
No Early June Middle Aug. ~ ” 0.142
Py ” ” ” 0.145
Cha ” Middle Aug. ~ Late Oct. 0.173
Che Early June ” ” 0.152

* Abbreviations are the same as in Table 1.
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Table 3. Germination percentage of Plantago asiatica L. seeds collected from 12 local populations

Temperature (C)

Sites*
15 20 25 30 35
Hw 00.00 80.00 90.52 87.70 3.30
Ma 00.00 75.00 85.20 87.05 7.25
Na 00.00 78.30 77.50 85.87 5.00
Ta 00.00 87.00 88.50 88.67 13.30
Sh 00.00 76.70 71.00 91.10 00.00
Sa 00.00 70.00 85.30 87.60 13.30
He 00.00 41.70 62.50 88.97 15.00
Dw 01.60 93.30 97.50 91.60 11.70
No 13.30 81.70 95.80 95.40 6.70
Py 00.00 85.00 96.70 96.70 15.00
Cha 16.70 98.30 88.30 98.30 33.30
Che 31.70 98.30 96.10 93.86 6.70

* Abbreviations are the same as in Table 1
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2 HHLewrl30codAM 20CE Fa RolAe AE B & Ade], LTt B Aol A H&
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AR et gebAn, uj Aol B ¥l A B gl AP vt i3 G Al Bx st
AR HYews YoM 1982)E AL e B AEv FETFE )R] WYl i
o olol A-&3led HAL2xrL Yol Hog FzHc)

BEd wek wold = e L5 W9 Wolg T Aoyt el nEvF FobdsE W
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(Table 3). ol&|g 2= =9 ¢E7P o2 87 Kol A AFe Aol T2 A ZAM 2
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o, A7 oy & 2= A FoA "313 218 ey ® 7 -g-of Anepal AziEch

A1) wolgol YAHSA FAEE ST 2EANA r7t Feol wep YolE e
Mo g Zrra D (Hegarty 1973, Thompson and Fox 1976), Zote] @75 AL EE
U &ta] (Garcia-Huidobro ef al. 1982) E1te] ol el zpo], a8l 71§ Ao w
Hholuk-g- o] Wol & niw il A& 4= At} (Bierhuizen and Wagenvoort 1974, Kanemasu
et al. 1975, Wagenvoort and Bierhuizen 1977, Angus ef al. 1981). ¥ 23 23} 31%7} 500 m
9l & MATH =7 950 mY) AlYA A ol A afE g A o] F2h JRA TS 10~80%
oo @ xE HALE 9 I By E AT (Table 4). @32 4%, 10~80% olo
S7HE HAen = 1603.3~3545.94 Kh(degree Kelvin x hour) 2 1942.64Kh 9] z}o]7} 20
o, AAe) 7 &= 10~80% Totol] 27 A2 Es 1611.84~3310.08 Khi 1698.24
Khel =pelzt Qdivh. @713 A 79 10~40% #otoll 275 s A2 = 1374.94~2016.12
Khgom wagk 7ia o) 10~40% Zolell 2 75« 242 = 1491.62~2158.53 Khe} f-A}s}
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Table 4. Parameters of linear regression of germination rate on constant temperature (20°C, 25, 30
‘C) for the subpopulations characterized by 10~80% germination of Plantago asiatica L. col-
lected from 8 local populations

Subpopulation Thermal time Base temperature

Sites (% germination) (Kh) (e) v
10 1603.30 3.10 0.99
20 1782.13 3.94 0.97
30 1943.13 4.18 0.95
Ta 40 2112.73 5.48 0.93
50 2310.47 4.11 0.90
60 2563.83 4.15 0.93
70 2927.36 4.13 0.94
80 3545.94 4.09 0.92
10 1611.84 4.98 0.99
20 1768.17 5.14 0.99
30 1908.91 5.32 0.97
Sh 40 2057.18 6.07 0.95
50 2230.04 4.41 0.99
60 2451.53 5.20 0.98
70 2769.32 5.03 0.99
80 3310.08 5.23 0.95
10 1374.94 10.15 0.99
20 1600.02 9.68 0.99
30 1802.65 9.76 0.99
He 40 2016.12 10.56 0.99
50 - - -
60 - - -
70 - - -
80 - - -
10 1527.62 4.73 0.99
20 2043.44 1.25 0.97
30 2360.65 —0.71 0.96
Dw 40 2685.06 —2.90 0.99
50 2800.00 —4.44 0.98
60 3230.65 —6.54 0.99
70 3509.97 —5.46 0.97
80 4017.06 —7.23 0.95
10 1491.62 6.37 0.81
20 172573 6.38 0.83
30 1936.50 6.36 0.87
No 40 2158.53 6.22 0.83
50 2417.40 6.25 0.83
60 2749.08 6.23 0.86
70 3224.99 6.27 0.86

80 4034.80 6.25 0.85
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Table 4. Continued

Sites Subpopulation Thermal time Base temperature o
(% germination) (Kh) ()
10 1665.85 1.26 0.99
20 2312.58 —4.09 0.97
30 2950.41 —10.16 0.84
Py 40 3333.04 —12.65 0.88
50 3612.22 —13.90 0.85
60 3968.85 —15.30 0.88
70 4625.65 —16.30 0.84
80 - - -
10 1666.09 —3.73 0.88
20 1925.00 —5.69 0.96
30 2103.85 —6.40 0.94
Cha 40 2283.59 —6.86 0.96
50 2376.01 —6.74 0.95
60 3558.75 —17.45 0.94
70 3701.10 —17.45 0.99
80 4555.,20 —17.45 0.94
10 2351.48 —10.57 0.99
20 2995.90 —16.56 0.97
30 3151.31 —15.32 0.99
Che 40 3812.87 —24.14 0.98
50 4509.50 —24.14 0.99
60 4952.85 —26.30 0.99
70 5049.55 —25.61 0.94
80 5524.74 —28.41 0.94

A Vet Table 4). =avhe] 10~80% wolol Q75 = A% = 1491.62~4034.80 Kh &
2543.18 Kho] z}o]7}t vpelten, 10~80% Tolell @7H & 822 %7} 1527.62~4017.06 Kh
o] 2489.44 Khe] Ato]l& el X HE R A 23 FAehA vebwtH(Table 4). =7}
1700 m§! A &4 o) A& 7k 1715 mel whopd-o] /Rl #9] 10~70% Eololl @5 & A
Lot BEXH AV fFALSHA vebdedl, FEE ] 9 10~80% Eololl 27 E Hike
= 1666.09~4555.20 Kh & 2889.11 Kho] 2ol & Ueldon, drokx o] A9+ 10~70% o}
o Q7%= HAEE7} 1665.85~4625.655 LFERH 2.8 2059.80 Khe] z}o]7} Jirh =7}
1915 m&l "5 Az 10~80% Lol 279 E A28 2351.48~5524.74 Khgl o0

S AN E a7y Hilere] Exw v WA
YEbE g & 4 AU (Table 4). L7} Fobd 42 10~80% woldl &8s Hahewr) g
[o]

e 4 A, oA IRVt 5E4E A} Eopzvhe 2(1993a) 9k 2(1993b) 9

Aze} Adxste= Aol wat Aol A 1Tyt BLS5E AR Byl HWolde o
T AREH, 15} B2 Wyt 4l 2o T3 AN Z W He Here By
© WolAl71E sl fHY FAH £330 3 FAdL wHslA slo] A B AED B
2o F a3t 93-S 3t} (Rathcke and Lacey 1985) = #& mas) & o] nx|t)e] ¥ AL
T B2 F2 A AFES 9§ dekolgtn AaE
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Fig. 2. Germination behaviors of the 8 seed populations in the test system. The broken lines show the
courses of temperature change, The hatched bars, the maximum germination percentage under
IT or DT regime, obtained after seeds were additionally subjected to alternating temperature of
12°¢ (17h) and 24°C (7h) after IT regime, or DT regime for 7 days. Abbreviations are the same

as in Table 1.
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