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Effect of Salinity on the Seed Germination and Seedling Growth
of Pinus densiflora for. erecta Uyeki

Lee, Ho-Joon and Seon Ho Kim
Dept. of Biology, College of Natural Science, Kon Kuk Univ.

ABSTRACT

The effect of salinity on the seéed germination and seedling growth of Pinus densiflora for. erecta
Uyeki were studied under the controlled conditions in the growth chamber.

The seeds were sorted into three classes in weight such as large (15.49 + 1.63 mg), medium(10.61
+1.38 mg), and small (6.57 + 1.33 mg) to determine the role of seed weight in germination and seed*
ling growth of the pine. Polymorphic seeds of the pine were germinated at salinity range of 0 to 1.5
% NaCl under various temperature (10°-25° with 5°C interval of constant temperature, and 10°-
20°C, 15°-25°C of alternating temperature) in order to determine their germinability and seedling
growth.

In control plot, there was little difference of germination percentage among the seed weight clas-
ses, but in saline plot, the larger seeds generally had a higher percentage and rate of germination.
There occurred synergistic interaction between salinity and temperature in the germination and the
increase of temperature enhanced germination of seeds at the same salinity level. Alternating tempe.
rature regimes of 15°-25°C yielded maximum germination and no germination was occurred at 10°C.
The germination at alternating temperature showed higher germination percentage than at constant te-
mperature. The percentage and rate of germination decreased drastically with increased salinity lev-
el to 1.00%; no germination was occurred at 1.50% salinity! level. The growth of seedlings from la-
rger seeds was better than that of smaller seeds at the same salinity and temperature. The hypocot-

yl and radicle were more sensitive than cotyledon to the increased salinity stress.
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& R EEREMFe] FEY growth chamber(Hotpack Co.) e A #5F 2l i MES
BEEst o

F¥e 20watt 335 (sylvania cool white) & XE2Z st HH 12084 (09 :
00~21 : 00FF) FET-<} shifoll MREHAI Ao potvt HAEHA A o2& MEE 3,000 lux
2 skl o

B4ro) JBFE(0.25%, 0.50%, 1.00%, 1.50%) #Eftell of& #oFel 4hiiel REREY
EEEGEES 100, 157, 20°C 2 25°C 9 470 fERE e 10°C ¢ 20C Al A 27 120§ AL
2 o#m 5227 Bt 1509 25°C el A Zzh 12R ZtF o2 #ER-GA1A17 2709 iR
B2 e BEEE AHEs

t-& growth chamberel A BE#{L7E ol-&o (10°- 20°C, 15°- 25C), 20C< 25Cel
=dsw 128 RETe ghiel MEGTA Ao,

BoEase g H 18 00Bke) BoEd T WE Ao AEdon, #HFHE Timson
(1965) &) B FEFEREC(SG/T G, 28 " #%E T, MBEFMEARE ERd
A BEAA Jebd 5 de HAPUEE 50019 iV &5 BHFHL B AL B
BR3tc},

el RES B 21A%e e Aol He wERE WeEstd #MEstdd
HERES e Hole mmEBLIZAA, LERS 80C WE7] 48KH WAL % mg
Hirz BENE HEsEo,

Bre 2543 % # 3098 kAR & FAFA 6.57£1.33mge DE,
10.61+1.38 mg2 ¥, 15.49+1.63mge KEo=2 o¥sld 2z HERiEC2 fHE3
ok,
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T 2%y AdE uF(EAF A", 1987), BEAAF, 38, AF, A9, GeF2
R 2 T3y LRy AAE AA, TH, 4 #FF, FAAAN @22 44
ok, wd AAr FHq AR dd (FEe 4, 1981, ddatdde = gApRcE F,
1984 ; {E3 A, 1985). 7 4auvFE F&ov avhFole de HEEE HIRE 2
A1 WEELRE HINFIAA, BESEE FAA 2 gfie] WEES R AH
on FoRE QYR fe2E AAF2AA sty Ao
el TIEAKIEE im‘(’l‘able 1), +i% pHe A3%=7} 5.8~6.6, FA4le] 6.3~6.
2R AGzte) & ERY Uy, tiEe] BEE £%ersb 0.007~0.009%, A2
0.010~0.020% 2 el wls)l FA3 EE7L wov LIEAHMER HEEAKE
F A gzte) & R gl
g FAAYUE omet ETEBEKR M (71 3R, 1972~1986) 2k = FHRAC] Y=
Warmth Index 55LL F 100K« affists A2 vebwoh(Yim and Kira, 1975).
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Fig. 1. Distribution of Pinus densiflora for. erecta in the Korea.
Black circle,P. densiflora for. erecta forest; White circle,geographical name.
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Table 1. Analysis of the Pinus densiflora for. erecta forest soil
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Locality No. of plot Slope pH O.M. (%) Salinity (%)
1 Sea side 6.9 5.08 0.017
2 Sea side 6.8 5.61 0.020*
3 Sea side 6.6 6.45 0.011
Nak san 4 Sea side 6.6 5.36 0.020*
5 Sea side 6.5 10.03 0.010
6 Sea side 6.3 4.61 0.020*
7 Inland 6.0 347 0.008
8 Inland 5.8 6.89 0.009
9 Inland 6.4 10.05 0.009
So kwang 10 Inland 6.5 5.20 0.007
11 Inland 6.4 6.90 0.009
12 Inland 6.6 8.94 0.008

No mark-surface soil; *-30cm in depth of soil.
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Days after sowing

for. erecta seeds of different size at 15°C.

No germination was occurred at 1.00 and 1.50% salinity level.
Seed size class: S.small seeds; M,medium seeds; L large seeds.
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2. Effect of various salinity (control, 0.25, 0.50, 1.00 and 1.50%) on the germination of Pinus densiflora
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Hocking(1982) & HEsyo 2 HE HT#%Ee) Ad 2 JAULe Eael (™o
TR RHEr] BF TEAT KEE Wy dEeld sdedl, FALUYT
9 A% 15ColAH Jeld BEF] MBIHRARE o)L FHKeE Azhg),

BOFHERE(Table 2)+ #HEES 0.25% HEaoBEERANA EET7 8.00 2 5.60,
el 9.203 6.60, KKl 7.805%, 5.20°0 2, KAHEF S #FREREY 7P 2k
BEBGE Ao w8 AW BT7F 1H =99, ol Da Lianis(1980)7F f5#% wlsl
2ol KM v NEET vl Ei5d ¥ EimiEel ol 27 wFell 35l
DR koK ERe) ol Z =, ErfEle]l ol FrESZ ol K ESFuh{EREl Fo3 A
L2 Bt}

20°C (Fig. 3ol 15Col wisl 2 HSRME A BisEFdo] Q438 Mmsido
o, BEEIRIERFRS 15°C ul& HHEE 2 0.25%EAA 3H, 0.50%EAA+ 7HeIY
wely vl WERERIE 150, HBENA BT 276 ol 7.80~9.20010 Rel
20°C Al A E 19.80~ 22.80/>.2 v} ¢ Eolmul Uchiyama(1981) 7F #54§ar whel o] &
B Aol el 19 JkagRikr BEEAY] dELR g, =3¢ 15CHAA =
BWeFEA G 1.00%EAAN #EF ThEND AL (4~8%) Evenari(1956) 7} s
gt ule} o] HpEel EEsye] MHAER dEoR2 AR, 20CH = 15Ce @8 T

Table 2. Index of germination velocity of Pinus densiflora for. erecia seeds from various salinity and temperature

treatments
Salinity (%)

Temp. (°C) Seed Size
Cont. 0.25 0.50 1.00 1.50
S 8.00 5.60 2.00 0.00 0.00
15 M 9.20 6.60 2.60 0.00 0.00
L 7.80 5.20 2.60 0.00 0.00
S 19.80 13.40 7.00 0.60 0.00
20 M 22.80 15.60 8.80 0.80 0.00
L 21.00 15.20 9.80 0.80 0.00
S 25.40 16.20 9.80 0.80 0.00
25 M 27.40 19.40 14.00 1.00 0.00
L 26.90 20.00 16.00 1.00 0.00
S 20.80 13.60 8.80 0.60 0.00
10-20 M 22.20 16.00 10.40 1.00 0.00
L 20.80 16.40 11.80 1.00 0.00
S 25.20 16.80 11.60 1.00 0.00
15-25 M 27.20 20.00 13.80 1.20 0.00
L 26.00 20.60 15.40 1.20 0.00

Seed size class; S,small seeds; M,medium seeds; L,large seeds.
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Fig. 3. Effect of various salinity (control, 0.25, 0.50, 1.00 and 1.50%) on the germination of Pinus densiflora
for. erecta seeds of different size at 20°C. No germination was occurred at 1.50% salinity level.
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25Cel = BIFIRfERERIC) 20°Col wla) WHE, 0.25%E, 0.50%@EoA =z 28,
1.00% &l A= 18 webH o (Fig. 4), #HEE 20Col vl #®hnsl 20C o $HHE A
el 27 B2 68~T2%°ld™ Aol 25ColXME 80% = MmAch FFFERH A
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sEel Al Ao ® vpebyprt,

2 (1976) 2 Pinus koraiensistE-v F¥2 7 08 Eiisde 287 dddn
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Fig. 4. Effect of various salinity (control, 0.25, 0.50, 1.00 and 1.50%) on the germination of Pinus densiflora
for. erecta seeds of different size at 25°C.

No germination was occurred at 1.50% salinity level.
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HEE 10CAHA 20C2 #EAZE A5 (Fig. 5), HyRES HERE, 0.25%,
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Fig. 5. Effect of various salinity (control, 0.25, 0.50, 1.00 and 1.50%) on the germination of Pinus densiflora
for. erecta seeds of different size at 10°-20°. No germination was occurred at 1.50% salinity level.
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Cohen(1958) & {HiEESe] wla) #eimpkel B2/t REEse AL RES EHFER
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Fig. 6. Effect of various salinity (control, 0.25, 0.50, 1.00 and 1.50%) on the germination of Pinus densiflora
for. erecta seeds of different size at 15°-25°C.
No germination was occured at 1.50% salinity level.
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of A7 utd Y ERL WAYY] dEez2 g

15°—25°C R E (Fig. 6) Al 25C HREME vish ¥ B4 BFEER
BE el Ed o] AL 10°-20C ol A B BFFEEFECE #wng A W |
Hoez Helel, m3h olo} 22 #ife) BFEENRERE Bol AFMRENA S EEGRM
Mo #Fe BN HRS2 EAYE Aoz Aash

A EEA 100—20°Col w3 15°- 25C o] BRI A BoFaEH @oFssst #Emg
712 (Fig. 7), BE7 &27td Ax e F3&o] Folx ™ (Taylorson and Hendricks,
1977) A A =7F F718b =0 4] (Koller and Hadas, 1982) &K sl A2 A=,
BB wls] iRl BEiFdse] ¥L Atriplex glabriuscla®: Atviplex laciniata T2
A%} (Ignaciuk and Lee, 1980), Oenothera odorata Jacq. -2 #2F2 (Kim and Kim,
1987) A& HERS R SRR WS Wmsls fMme] —Hde AR B,

2 BEEAA 1.50% HEE TN #FsA dsked oA FHLYF HFY
BHEMRBIBETL 1.00% 04 1.50% Aol A& Bk},

A HEAA FEfe zZ7)d @& EFRRRESY ZRe AJAAT ESEFE et
b T 2B e EZRE 5% FEAA FEM Jddi HES LEER FHI
BwoPge] 2Ry 0.1% FFEAA FEMC] A (Fig. 7, Table 3).
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Fig. 7. Effect of salinity and termperature on seed germination of Pinus densiflora for. erecta.
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Table 3. Summary of analysis of variance for germination, cotyledon, hypocotyl & radicle length, and dry weight

Dependance variable Source df S.S. M.S. F
Germination (%) Salinity 4 12,102.44 3,025.61 243.69***
Seed size 2 110.70 55.35 4.46*
Temperature 4 789.72 197.43 138.06***
Length (mm) Salinity 4 368.33 92.08 236.10***
Coty. Seed size 2 5.11 2.56 6.56*
Temperature 4 54.27 13.57 193.86***
Hy. & Ra. Salinity 4 3,397.90 849.48 187.52***
Seed size 2 51.03 25.52 5.63*
Temperature 4 291.82 72.96 456.00%**
Dry weight (mg) Salinity 4 57.55 14.39 53.30***
Seed size 2 2.71 1.36 5.04*
Temperature 4 10.87 2.7 30.11%**

df-degree of freedom; S.S.-sum of square; M.S.-mean of square.

el B

1BFE 21H 729 e RES & BEEAA MoEst Wimdd oo, MRk
HERS BT ¥As garsE MR Jebd oo (Figs 8,9, Tables 4~7), #Wgyo=2
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Fig. 8. Effect of salinity and temperature on seedling growth (length) of Pinus densiflora for. erecta.
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Table 4. Mean cotyledon, hypocotyl & radicle length of Pinus densiflora for. erecta seedling after 3 weeks
of sowing under various salinity treatments at constant temperatures. Mean+S.D.

(unit: mm)
Salinity (%)
Temp. (°C) Parts of plant Seed size
Cont. 0.25 0.50 1.00

S 3.92+047 1.98 +0.06 0.74£0.16  0.00+0.00
Coty. M 4.5240.95 2.70+0.53 1.10+£0.24  0.00+0.00
L 5.504+1.30 3.29+0.52 2.50+0.24 0.00+0.00

15
S 17.52+1.77 9.61+0.75 3.24+0.25 0.00+0.00
Hy. & Ra. M 23.36+2.26 11.10+1.06 3.90+0.41 0.00+0.00
L 24.90+2.56 14.78 +1.42 5.50+0.52 0.00+0.00
S 9.19+0.73 5.03+0.59 2.00+0.27 0.65+0.08
Coty. M 12.04+1.04 5.20+0.61 2.21+0.25 0.954+0.13
L 13.13+1.23 6.13+0.69 3.02+0.43 1.38+0.17

20
S 27.98+2.55 15.80+1.44 5.02+0.55 1.72+0.13
Hy. & Ra. M 34.24+3.04 18.80+1.81 9.14+0.82  2.50+0.23
L 40.58 +3.65 20.92+1.91 11.08+1.02 3.35+0.27
S 13.09+1.22 5.50+0.37 2.26+0.23  0.831+0.09
Coty. M 13.87+0.91 8.58+0.63 2.83+£0.25 1.3040.13
L 16.70+1.52 10.15+0.73 3.50+0.33 1.50+0.11

25
S 48.56+2.49 27.19+1.01 10.68 +0.56 3.60+0.19
Hy. & Ra. M 53.34+1.23 29.34+1.23 14.94 +0.86 6.34+0.33
L 57.50+4.14 33.35+1.35 16.67+1.04 7.16+0.36

Coty-cotyledon; Hy-hypocotyl; Ra-radicle.

W mE #A2E 0.1% N HEE Ak (Table 3)

9 M3 BEe EoBE TN KEREf7 MERES KER 504 o ¥
A velgtedl, olEldr MHL AEHETVE BEdt @A SHEE Rt Anderson
(1971) 9 @& —FF}, =3 o3¢ ERe MERES LEER 25 5% T4
HEME slden, BTH#FMN Jebd 1o plEEEe 2R ¥ REJdE Kt
H AR Mt

Strorey2}t Jones(1978) &= B.=j9] AS$ Hgpos I #HEV M EHEcE #HFERA A
o zZA Jeldda ded, KEh 2 gifEe]l FEEd wld o A MEE wE Aoz
vhelhd & CEERT fAR RS A",

{88 20°C 9} 25°Ceol wls] #E 10°—20C ¥ 15°—25Col e 2 EWHBETAAY
Rl o wstEd o)z el BTFEMEMEIT W BIFMINMESE 8 A
A7) WEFo2 Blth
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Table 5. Mean cotyledon, hypocotyl & radicle length of Pinus densiflora for. erecta seedlings after 3 weeks
of sowing under various salinity treatments at alternating temperatures. Mean+ S.D.

(unit: mm)
Salinity (%)
Temp. (°C)  Parts of plant  Seed size
Cont. 0.25 0.50 1.00

S 15.20+1.09 9.33+0.57 2.30+047 1.16+0.22
Coty. M 16.36+1.33  10.50+0.57 3.20+£0.75 1.61+0.42
L 17.80+1.24 11.20+0.68 3.50+0.57 1.79+0.47

10-20
S 39.30+3.60 21.54+1.03 7.10£0.59  3.49+0.30
Hy. & Ra. M 47.05+4.23 24.33+2.39 8.70+0.79 4.48+0.38
L 51.11+4.57 28.25+2.50 10.10+0.84 5.09+0.46
S 17.00+1.15 10.66 + 0.58 2.40+0.54 1.23+0.26
Coty. M 21.37+0.74 11.234+0.52 3.66 +0.57 1.88+0.28
L 20.66+0.51 12.66+0.57 3.70+0.46  1.92+0.21

15-25
S 44.99+3.04  24.75+2.43 9.41+0.64 4.73+045
Hy. & Ra. M 51.85+3.61 29.33+1.33 10.72+0.43 5.20+0.23
L 58.17+4.02 33.66+2.41 12.35+0.81 5.79+0.46

100
. L , N~
. M

80

60+

Dry - weight of seedlingimg)

Fig. 9. Effect of salinity and temperature on seedling growth (dry weight) of Pinus densiflora

for. erecta.
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Table 6. Mean dry weight of Pinus densiflora for. erecta seedlings after 3 weeks of sowing under various salinity
treatments at constant temperatures. Mean+S.D.
(unit: mg)

Salinity (%)
Temp. (°C) Parts of plant Seed size

Cont. 0.25 0.50 1.00

w

0.58+0.03 0.34+0.04 0.15+0.02 0.00+0.00
Coty. M 0.78+0.04 0.46+0.04 0.19+0.03 0.00+0.00

L 1.04 +£0.05 0.63+0.06 0.48+0.06 0.00+0.00
15
S 1.09 +0.04 0.62+0.03 0.23+0.02 0.00+£0.00
Hy. & Ra. M 1.64+0.07 0.81+0.04 0.27+0.03 0.00+0.00
L 2.07+0.09 1.25+0.06 0.46+0.05 0.00+0.00
S 1.39+0.06 0.75+£0.03 0.32+0.04 0.12+0.02
Coty. M 2.13+0.10 0.90+0.04 0.40+0.03 0.16+0.02
L 2.42+0.12 1.12£0.05 0.57+0.03 0.2540.02
20
S 1.76 £0.07 0.98+0.03 0.33+0.02 0.14+0.02
Hy. & Ra. M 2.36+0.11 1.32+0.06 0.63+0.03 0.17+0.02
L 3.41+0.16 1.74+0.08 0.94+0.04 0.28+0.03
S 2.231£0.10 093+0.04 0.30+0.03 0.14+0.03
Coty. M 2.41+£0.12 1.53+0.07 0.48+0.04 0.24+0.02
L 3.18+0.15 1.94+0.03 0.64+£0.05 0.29+0.03
25
S 3.31+0.15 1.06£0.05 0.36£0.04 0.12+0.04

Hy. & Ra. M 4.48+0.21 1.57+£0.09 1.76 +0.03 0.28+0.05
5.11+0.24 1.73+£0.12 1.24+0.06 0.36+0.04

=

38 fH@B A 25C, A 15°—25C Y kel oE REC vl o @
stodl, o] AL Eifd FAT BEQ 25Ce 15-25Col A BsrgREES] el 3 3
FAde] ol 7] w el Jehle HRZ ALY, BEHFEENA B ATEite]
744 Erhkx ¥ Ungar®t Hogan(1970) 9 #HiEeb —¥d= ko2 B3,

43 E(1983)2 T4 FAEREE g EogEe EMRRMERET A 2Tl
B oade ) BHEel Jelgda gon, ®(1986)% YT AT, UdIFT 2 H&
Al d¥A g FAEY #HR TEH 2UFY v e HARE 0.01%E AAE
ZrebAlcha B ghal ol

a8 BFautE tiEe] ESBE 0.01% Tidkel AR opasl HERE
0.010~0.020% % 4= FAAHd % 575912 (Table 1, Fig. 1), 0.25% %] BEET
A M= B} e kel WHET AR el

Uyeki(1928) & 274257 #4547 AavF9 AF5e2 5 i 331& g4 %
Uz gloa fEd, ole A& BERY #R2Y —HEte 2 Ay, o2 Rol F



234 Korean J. Ecol. Vol. 12 No. 4

Table 7. Mean dry weight of Pinus densiflora for. erecta seedlings after 3 weeks of sowing under various salinity
treatments at alternating temperatures. Mean+S.D.
(unit, mg)

Salinity (%)

Temp. (°C) Parts of plant Seed size
Cont. 0.25 0.50 1.00

wi

2.29+0.10 1.1240.05 0.64+0.04 0.31+0.03
Coty. M 2.85+0.14 1.36+0.05 0.78+0.05 0.37+0.02

L 3.25+0.17 1.67+0.07 0.90+0.05 0.48+0.03
10-20
S 2.54+0.12 1.80+0.08 1.34+0.06 0.61+0.03
Hy. & Ra. M 3.24+0.15 2.34+0.10 1.50+0.08 0.73+0.04
L 4.24+0.20 3.35+0.14 1.73+0.08 0.87+0.05
S 2.70+0.12 1.63+0.05 0.94+0.03 0.44+0.03
Coty. M 3.72+0.18 1.78 +0.07 1.04 +0.06 0.63+0.04
L 3.94+0.19 2.01+0.09 1.324+0.08 0.67+0.03
15-25
S 3.09+0.14 2.34+0.11 1.39+0.06 0.69+0.03
Hy. & Ra. M 4.3440.20 3.16+0.14 1.66+0.08 0.83+0.04
L 5.14+0.24 3.63+£0.16 1.96+0.09 0.92+0.04
Aagie BEold autele wal hEEe) BEel 9 A7t HEEA € Aoz
AR,

L =

27} 25 (Pinus densiflora for. erecta Uyeki)®l F13sFet ikl oA = BE
o] Eme FLo FAM(CKE, 15.49+1.63mg. PF, 10.61+1.38 mg ; /ME, 6.57%
1.33mg) & FE3SA .

EsyBEE 727 0.25%, 0.50%, 1.00% % 1.50% 2 FHEistal 2=, growth chamber
Mo EERE 5C 7tAeR 223%™ 10CA 25C7A 9 409 [HiRRmst 1285/ 242

2 77 10C A 20C, 15°Col A 25C 2 #iRsy #MBRE Yy,

e MEe ALY R HERTAAMAE ETY vl o e ERE) 7i91
o, B TFAMNE Addes 2 MTdSS @) v BMEs GEe A

% 4% 24 (synergistic interaction)& Zi glel, [—3 HEEAA, &@E} Q—E}%Ml ot
g} @wEs Z7bstach 15°-125°C igEmel A el sbA Eshem 10CeHM= #
22| skghch, fHIRERA wls] SRS FoFaso]l Eghth

oA 1.00%2 Z/1staA @Fdme 3438 "oz, 1.50%A= #FsA
2 stth,

Fl—3% EEel BE TN Adaos & A Y el mikel REFRH.
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