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Effects of Growth Inhibitors from Pinus thunbergii

Kil, Bong-Seop, Suk-Heun Oh and Young-Sik Kim*
Dept. of Science Education, Wonkwang Univ. and*Dept. of Physical Therapy
Wonkwang Health Junior College, Iri

ABSTRACT

It was found that seed germination and seedling growth of selected species were inhibited
by phytotoxic substance released from black pine.

The longer was the aqueous extraction time of black pine needles, the smaller was the relative
germination ratio and relative elongation ratio of lettuce. And seed germination and growth
of the species were inhibited in aqueous leachate and rain leachate as well as in soil underneath
the black pine trees. In addition, the growth of lettuce was suppressed in volatile substances
from black pine needles.

To detect phytotoxic substances of black pine needles, paper chromatography and high
performance liquid chromatography were used and fourteen kinds of chemical compounds were
isolated and identified as phenolic acids including benzoic acids.

The growth of lettuce was inhibited in the experiment using reagents identical to these

chemical substances and a great inhibition was observed in the concentration of less than 5 x 10-?
M.
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ol9} FHEHE WE oA 2T ¥ N A2ZE Pinus resinosaZFE ofv) i
B, ¥, HHEEo] 4r#t= <l 3 (Agnihotri and Vaartaja, 1968), P. edulis (Jameson, 1961),
P. radiata(Lill and Waid, 1975), P. banksiana(Brown, 1967) %52 sKiFfiHi#E 22x
3 1 ol A phenolic compound 5ol #E#E= ¥l ol fejvetl M= P densiflora(Lee
and Monsi, 1963; Kil and Yim, 1983), P. thunbergii(Kim and Kil, 1984), P. rigida(Rho
and Kil, 1986; Kil, 1988) 123 Cedrus deodara(Bang and Kil, 1986) & <& 2 ] &3}
of gk dFrart 9o,
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34, 4.20, 4,24, 4.26, 4.2599c}, ©] HbiES HCI® NaOHE pH3, pH4, pHS5, pHS,
pH7, pH8, pH9Z 3ol Agel A& pH2 ol3kst pHI0oI 4] fhtikel A&
AR 7Fasre) el =7 dEel A, RRES Koeppe ef al.(1976) 2 A ¥
A& M%g Kim and Kil(1987) 2] A4 A9} Klein and Miller (1980) o} ZA & 5
A Bste AES AS AEsld dddd, = ves F& 5o wdFoid g
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Fig. 1. Diagrammatic section through test chamber. a,
vinyl wrap; b, glass chamber, c, container for
black pine needles; d, test seeds; e, 2 sheets of
filter paper; f, 2-3 mm absorbent cotton,
moistened with water.

00Qg ,nono —
\ A AR A A == S &>
>

-0 Q0

Ko BHRE
FE Jo2NH HlEs HEENMES FMURES Heisey and Delwiche(1983) 9] %
BE &R AfER FEAA SN BTEFY AEEBRS AR (Fig. 1).
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K's %88 ZREBEst] HE Ao (Fig. 2). Fig. 2914 a¥: b #BY wH

| )
s

Fig. 2. Schematic side view of K's experimental apparatus. a, small pump for aeration; b, black pine needles;

o

¢, chamber; d, wrapping vinyl.

£ Wolwr] 91§ aeration pump, bE ABEE ¥ AAE23(2,000ml), cxv F2(F
7, 15cm), d+ bel 3 d424d FelR(FA, 7.5cm)d 4E KA} (AF 2.5cm) &
HoB o 2 EE cd ¥ FuEE T A, o v A 20 & 23 1 9
of A 2% 508 AR F wd(d R B3, AEF 48~T241 7 st g
el hEE FEsIA

SEU tBYR Ml B2
F&£99 {LBHWYE o2 paper chromatography (PC) ¢} high performance liquid
chromatography (HPLC) & ol 43l=d =2 Kk #ike M4 93ioh(Kil and Yim,
1983; Kim and Kil, 1984),

1EBHEe 92 =
p-hydroxybenzoic acid 5 9% {LB#A (Sigma Co.) & 5X10*M, 5X10~*M, 5%
10°M=E Fv)ste AR wolel PAAFRS AAFEdH FEHES Figel wsiod(Kil,
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Table 1. Germination percentage of different species tested in extracts of black pine needles soaked for
various length of time

Extraction time (hr)

Species Control
24 48 72 96 120
Lactuca sativa 80.0a* 78.0a 73.0a 8.0b 0 0
Artemisia princeps var. 90.0a 62.0a 86.0a 22.0a 35.0a 26.0a
orientalis
Perilla frutescens 99.0a 98.0a 96.0a 92.1a 90.0a 62.0a
var. japonica
Raphanus sativus
var. hortensis for. 17.0a 16.0a 6.0a 1.0b 1.0b 1.0b

acanthiformis

* means within rows followed by same letters do not differ significantly at the 5% level of probability.

REHY b 5E ANR A HEPES BFES Ml BREZ Eobdd weby
WAEE #mes veblc, 53] 4A= 9651 120417 fiikEA A A8 e A 23
o o1 A& JkiE HhiERfIel 24, 48, 72, 96RO E AAASFE AT WHEI MK
Hdcte #H% (Khan, 1982) ¢ —E= vk, 23 $19) BFRR M®WES 5~88R 4
Rtk AEY MRS Table 29F 2otk o)7L BHEBRANA <} o] Mgk BEA K
HeBilirgel s,

Table 2. Elongation (mm) of different species tested in aqueous extracts of black pine needles soaked for
various length of time

Extraction time (hr)

Species Control
24 48 72 96 120
Lactuca sativa 78.1a* 56.2a 44.2a 4.9b 0 0
Avrtemisia princeps
. . 12.8a 8.2a 6.6a 4.4a 3.8a 0
var. orientalis :
Perilla frutescens 58.0a 4182  280a 1272  124a  12.8a
var. japonica
Raphanus sativus
var. hortensis for. 79.2a 66.1a 73.8a 26.5a 15.8a 0

acanthiformes

* means within rows followed by same’letters do not differ significantly at the 5% level of probability.
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P HHKESZ A 5 6HEES He ZeA GHme WEY EERS FEY &R
¥ Fig. 3 9 Fig. 49 2¢] Yebdtl, RERS o fHdEEAAN A #Mpl=lde o
& 27, By fEEES JEelden, RWRE o, %, 27 HEKES JEL2
WHEI AT, o] AL B A Ed U3 Celosia Mt d8e 9, 27, 29 JEe
pEfER el Jebdtte W% (Ashraf and Sen, 1978) 9} —Z&t g, dwtd 22 Fig 3%
Fig. 4% 39 72417 229772 REReIY RWRe] &#ls vehx 2 o] 33§
E gAl AEst Sahlee & 5 ook olsh ol HuMEERIe] AARAFF 4Ed Al
g 4 W AL Fisks Table ] ¥ Table 2 RERGES vk, WhHHEH
RER# RWRe| B3 & 7 Axe du] Eo]git ‘

Table 3. Germination percentage and elongation of lettuce in pH-adjusted extracts of black pine needles

Control pH
Character 3 4 5 6 7 8 9
Germination (%) 96.0a* 16.0b 62.0ab 65.0ab 67.0ab 68.5ab 52.ab 62.0ab
Elongation (%) 76.3a 6.1b 119 199p 156b 18.0b 20.3b 8.8b

* means within rows followed by same letter do not differ significantly at the 5% level of probability.

=% MbES pHE 2elstd THEZ EBHsE olRE stEdA AeY Ao B
o AERE &BE Table 33 2t HEEC Ibstd RERE 2880 e dobxd B
ol ol AsA MHYE dehdon, =3 pHIES 3L £ Aold Rged o
AT MBES BMtE Jele Ao Y=,

a4 $19) e AP WS AR MK AR iR dAEd U
dOBEERA A% Ae] ohdslate JEE Frdsted 34 ¢ BE AL HRES
2 A¥Y AE Table 4 ¥ Table 59 23kch, BRES RFES L5 HEES fu
o st ey gelEe A deAE FAYe 2 HESA EPd. dF e
Ao il ES AT U ¥l gro]l HEE FEch ¥tk AF7A RuE wE

Table 4. Germination percentage of different species tested in Petri dish supplied with aqueous leachate
of black pine needles

Species Control Leachate
Perilla frutescens var. japonica 97.5a 91.5a
Lactuca sativa 88.0a 70.52
Artemisia princeps var. orientalis 94.0a 79.0a
Carpesium abrotanoides 86.5a 57.0a
Setaria viridis 60.5a . b53.5a

Raphanus sativus var.

hortensis for. acanthiformis 89.5a 84.02

* means within rows followed bv same letter do not differ significantly at the 5% level of probability.
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Fig. 3. Influence of aqueous extracts of Pinus thunbergii on elongation of various species seedling grown
in different concentrations. ® —— @ leaf extracts; A——A, stem extracts; B——M, root extracts
of black pine. Key to species, Ah, Arundinella hirta (Thunb.) Tanaka; Ca, Carpesium abrotanoides
L.; Rs, Raphanus sativus var. hortensis for. acanthiformis Makino; Sv, Sefaria viridis Beauv.; Ls,
Lactuca sativa L.; Pa, Plantago asiatica L.
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Fig. 4. Influence of aqueous extracts of Pinus thunbergii on dry weight of various species seedling grown
in different concentrations. ® —— @ leaf extracts; A——A, stem extracts; ll——IB, root extracts
of black pine. Key to species, as in Fig. 3.
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Table 5. Elongation (mm) of different species tested in Petri dish supplied with aqueous leachate of black
pine tree needles

Species Control Leachate
Perilla frutescens var. japonica 63.3a 74.4b
Lactuca sativa 80.8a 100.9b
Avrtemisia princeps var. ovientalis 24.5a 24.6a
Capesium abrotanoides 23.9a 16.6b
Setaria viridis 63.2a 63.3a
Raphanus sativus var. 149 12 170 52

hortensis for. acanthiformis

* means within rows followed by same letter do not doffer significantly at the 5% level of probability.

= Rl o8 wipel BrRe e 4RSS W2 (Baskin ef al, 1967), T
B HEhES #MHSlo (Lodhi and Rice, 1971), & #ifpel o2 #Me HRKEL
g o £RME7E =84 (Newman and Rovira, 1975). Z8l3m 2ol H%iRHES 4
el BHE MEZch(Putnam and Duke, 1978), o]&i’dt A<} wims] & w A& RERS
MRE & 287 A, 2 olfte F4949 R S50 W Fo) 93] kigno
= EEC A HolhdeA TN BRE S I3 KBES Bl HeE
g},

adA wlEd FEHTLAAN RRG UES Fold I E 5 6HIES BFe 4
EHES WY #&Re Fig 59 2o, @%Fe BRE HHEES o] A9 ze
st BERES ghe]l o @& MY FUIA FACER Eosddt, #EE WEe] F&dy
7WAE FHE 9 Hol & {LBYEA o5t s mEEdogety Zelh, o
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o Fig. 5. RGR and RWR of different species tested in
rain leachates of black pine. Keys to species:
20 [ Ca, Carpesium abrotanoides; Pf. Perilla
____T frutescens; Hs, Hibiscus syriacus; Ls, Lactuca
Ca Pf Hs Ls Rj Af sativa; Rj, Rumex japonicus; Af, Allium

SPECIES fistulosum.
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o (Tukey, 1969) v B2 ¢}, el B GETAA £HE8e 822 #
T S A ERE e BE oM RS wAA EIun ARERN Bkt §
t} (Stowe, 1979) 1 & WIR&ERSE ok, 23122 EA4 & allelochemicals®] B of2}
22zl Aoz Eoldd(Kil, 1988). = Fig. 59 AdAAE F59 £5& [LBEL
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Fig. 6. Bar graph showing germination percentage and dry weight of seedling tested in black pine forest
'soils (0O) and farm soils (). A, Pinus thunbergit; B, Pinus rigida; C, Achyranthes japonica; D, Arun-
dinella hirta; E, Themeda triandra var. japonica; ¥, Phytolacca americana; G, Albizzia julibrissin,
H, Justicia procumbens; 1, Robinia pseudo-acacia; J, Miscanthus sinensis; K, Lespedeza bicolor; L, Setaria
viridis; M, Cassia tora; N, Digitaria sanguinalis; O, Amaranthus tricolor: P, Triumfetta japonica; Q,
Oenothera odorata; R, Bidens bipinnata,; S, Phyllanthus ussuriensis; T, Melandryum firmum,; U, Amor-
pha fruticosa; V, Youngia sonchifolia.
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A4 srgich(Einhellig and Rasmussen, 1978) & 219 —E3]o},

P8 FE Yo 1 FE £ Yol v HE(BEL S FEY 3P dx 226N
EraEs 45 ALY BHELAERE Fig 63 #sith o &L F7HA WHEHSE Uy
A E v, & & HEAMRY FE& & Wl tlA BHFFe] e AE, ddd
g7 daugs, 55, A, €4, uFAey, AANTeS FE & LA o]
o 3 AlE, A FolAE, uigel, wlE, LEEAE, dRolFo]l 2ol FiE
= T4 WEESEC D BREE F& wdAE & AstA R #EECld,

Aol A49 LIS 2T HRe Table 6 23t

Table 6. Analysis of the soil used in seed germination and elongation experiment

Soil pH OM. Ex. Cation (meq/100 g) B.S. CEC. T-N

(%) Ca Mg K Na (%) {meq/100 g) (%)
Farm 48 04 045 067 014 017 104 13.5 0.06
Forest 42 15 101 030 026 017 114 14.9 0.18

= FE 2o EEN WEC SEMY HHE RFERWEY &R~ Table 73 st 7
olA E3} sl F& HEE st WERES BFR] XRE Hid, ANELS 3
d 20g, 30g EAAN H FwHEAA XU, FAole 5g@EN-E BHF/F AHAAG, 2
vt e R AYAE dobgo]l AT A o A vebd, olRAL F& Ao HH
% W 2t o] NESS HT BHFII MHAR A%SE £, ol Ae] FAE
7k Zed w& JL2HH K= EEE WHS NS HEoldM #¥FA EH
3hA Rate Aoz #EAT

Table 7. Germination percentage of different species tested in volatile substances from various amounts
of black pine needles.

Black pine needle (g)

Species Control

5 10 15 20 25 30
Lactuca sativa 89.0a 94.0a 84.0a 89.0a 97.5a 94.5a 95.3a
Artemisia princeps var. orientalis 86.5a 81.5a 80.5a 78.5a 65.0a 58.8a 56.5a
Diarrhena japonica 75.0a 70.5a 63.0a 66.5a 75.3a 66.0a 73.5a
Oenothera odorata 68.5a 89.0b 94.5b 94.0b 93.5b 78.5ab 24bc
Setaria viridis 56.0a 38.0b 25.0b 29.0b 0 0 0
Perilla frutescens var. japonica 92.5a 96.5a 94.0a 46.0a 90.0a 87.5a 84.0a
Plantago asiatica 59.0a 42.0a 35.3a 0 0 0 -0
Capesium abrotanoides 88.5a 81.5a 75.5a 59.0b 35.0c 12.5d 7.5d

* means within rows followed by same letters do not differ significantly at the 5% level of probability.

WA o] AP A BFER Pl ARY o F& do EEHE WEC A ¥
%ate 7HE dotrx AP A= Table 83 2l AX o} 4492 AT HE
e fRe 2F HEREC Ibstd RBES ol datdh, oA 2t 34 YA
BER R EA o3t WEREME S e deA dstod g ERS



30 Korean J. Ecol. Vol. 12 No. 1

Table 8. Elongation (mm) of different species tested in various concentrations of volatile substances from
black pine needles

Black pine needles (g)

Species Control
5 10 15 20 25 30
Lactuca sativa 29.0a* 23.0a 17.9a 16.6a 15.8a 13.7a 11.7a
temiste ; .
Artemisia princeps var 1082  7.7b  68b  56b  56b 48>  4.9b
orientalis
Diarrhena japonica 12.3a 8.7a 7.9a 6.4a 6.4a 5.2a 5.3a
Oenothera odorata 9.0a 3.7b 2.9b 2.2b 1.1b 0 0
Setaria viridis 16.3a 8.6b 5.5b 3.1b 0 0 0

Perilla frutescens var. 274a  13.9b  96b  81b  6.8b  48b  4.3b

Japonica
Plantago astatica 13.5a 8.7b 8.4b 0.6¢ 0 0 0
Capesium abrotanotides 10.8a 6.1b 3.9b 2.0b 1.1b 0 0

* means within rows followed by same letters do not differ significantly at the 5% level of probability.

SrBA3) W= 9o},

38 AR K's EE FlE3t 439 S ks BERY &Re Fig 73 2%
o}, Ao RERS F¢ J22RE Wls« #HEE BHEAA FoAd o i
a#y o] EEE #Fueze 41 943 9wk ¥ oA 20cm, 40cm7tAE AA
9] RERe)] <433 Aoz & 4 gl

120

100

o Fig. 7. RER of shoot (0) and radicle (¢) of lettuce
20 40 80 100

DISTANCE FROM MATERIAL(Cm)

grown in K’s experimental apparatus.

B | 1LBHHE 47
F% 4% PCs} HPLCE o435t 4irdk #R+ Table 991 Fig. 85 Zsitl, & PC
o ojatd F& Yo ZHE 4B R (LBWHES Kool phenolic acidel it &
& 2R EZE WEKIl and Yim, 1983) 3 t#g¥® W gallic acid, p- ht
ydroxybenzoic acid, vanillic acid, syringic acid7} 2v-5-¢ &< ZEo #i@o 2 &F
#o] 19}, Phenolic compoundsell % AT 3714 K=y =t =
ol Ee] & A A A2 ESA, AAYN, Eucalyptus microtheca®l
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Table 9. Rf value of chemical substance isolated from black pine needles by PC

No. Chemical substance Standard Black pine
BAW AA BAW AA
1 Gallic acid 0.62 0.54 0.62 0.52
2 Chlorogenic acid 0.65 0.68 0.64 0.68
3 Syringic acid 0.80 0.50 0.80 0.50
4 Gentisic acid 0.80 0.72 0.80 0.72
5 p-coumaric acid 0.82 0.35 0.82 0.32
6 Cinnamic acid 0.85 0.35 0.85 0.37
7 Ferulic acid 0.85 0.52 0.86 0.52
8 p-hydroxybenzoic acid 0.87 0.66 0.87 0.68
9 Benzoic acid 0.88 0.54 0.88 0.54
10 Vanillic acid 0.88 0.59 0.88 0.59
11 Catechol 0.90 0.64 0.90 0.60
12 5-sulfosalicylic acid 0.90 0.68 0.91 0.67
13 Salicylic acid 0.92 0.69 0.92 0.64

i<l A  (Al-Naib and Al-Mousawi, 1976), HE#%fE 12889 #iAe) A (Chou and
Young, 1975), ®3 KiFm#&N A (Chou et al, 1981), mouse-ear® A (Make-
peace et al.,, 1985) 18]l3 ragweed U IKIEH M 4 (Rasmussen and Einhellig,
1979a) % F+= ©2A 4} phenolic compounds& {LBAJC 2 spBE R, w2t K
229 FR HERY 13FEMe (LBUMEL o' AR A FHiHc A o)Ee] &9
LA ZHEHRA RAZNL 9lE AeE HEpdoh

2 5
STANDARD .
6
1
3
7
° 2 4 r s o 2 4 e ]
RETENTION TIME (MIN) RETENTION TIME (MIN)

Fig. 8. Chromatograms of chemical substances from black pine needles by HPLC. Key: 1, sulfosalicylic
acid; 2, gallic acid; 3, gentisic acid; 4, hydroquinone; 5, p-hydroxybenzoic acid; 6, vanillic, acid; 7,
syringic acid.

980 =1
F£ delAM HEXHD {LBWE b 8FEMS protocatechuic acidE BEA S BEY Kk
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Fig. 9. RGR (0—o) and RER (0--0) of lettuce tested in different concentration of chemicals. Keys to chemicals,
PHB, p-hydroxybenzoic acid; BEN, benzoic acid; VAN, vanillic acid; FER, ferullic acid; PCO, p-
coumaric acid; CIN, cinnamic acid, GAL, gallic acid; PRO, protocatechuic acid; GEN, gentisic acid.

L2 A9 BFd MEEHS WY #HR: Fig 99 #stth,  Benzoic acidst
cinnamic acid®l 5X10*MelX+= A FEH/ HA edghor} 5X10*Mat 5X10-Mal A
= w2d gEFFe]) stk vriA BREJAAR 5x10Ml e BFE7E AsA A
e EFAY HRE RAdo oio w2 BEANMs A 2T delmdct, i
S 5X10°Md A #AEE SREc o A% MHERe) Jeldd, = 5x10*M}
5X10°Mell M= ¥lx4d 2 & XA 7% cinnamic acid®} gentisic acid®} 7
+E 60~70%< RER 3T},
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