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Effects of phenolic acids on seed germination and seedling growth and physiological

characteristics of Pinus koraiensis
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Abstract: Through the relevant indoor simulation experiments, this research aims to clarify the effects of three phenolic
acids ( benzoic acid, syringic acid, and vanillic acid) with high content in broad-leaved Pinus koraiensis forest on the seed
germination and seedling growth of Pinus koraiensis, so as to provide scientific basis for exploring the allelopathy mechanism
of broad-leaved Pinus koraiensis forest and solving the problem of regeneration obstacle of Pinus koraiensis. The experiment
adopts petri dish culture method and the indoor potted culture method. The Pinus koraiensis seeds and triennial Pinus
koraiensis seedlings as experimental object were treated with different concentrations (2, 20, and 200 mg/L) of henzoic
acid, syringic acid, vanillic acid solution, and distilled water was used as control. The germination experiment of Pinus

koraiensis seed and the Pinus koraiensis seedling growth test were carried out to study the effects of three phenolic acids on
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germination, seedling growth, photosynthetic pigment, antioxidant enzyme activity, membrane lipid peroxidation, and
osmoregulation substances of Pinus koraiensis seeds. The results show that: (1) all the three phenolic acids with different
concentrations had the effects of inhibiting germination of Pinus koraiensis seeds, but the change of phenolic acid
concentration only had a significant difference in the germination rate of Pinus koraiensis seeds. (2) The three phenolic
acids had significant inhibitory effects on the growth and substance accumulation of Pinus koraiensis seedlings. Phenolic acid
concentration had no significant effect on plant height and root length, but had significant effect on biomass, root weight and
stem weight. (3) The changes in the contents of chlorophyll a, chlorophyll b, and carotenoids in needles had same reaction
to the phenolic acid treatment. All the three phenolic acids of 20 mg/L had significant inhibition on the production of
photosynthetic pigments, while the syringic acid solution of 200 mg/L and the vanillic acid solution of 2 mg/L had
significant effects on promoting the accumulation of chlorophyll a and carotenoids. (4) Phenolic acid treatment reduced the
activity of peroxidase and catalase and increased the activity of superoxide dismutase. The content of malondialdehyde in
needles was significantly increased, while the content of MDA in needles treated with 200 mg/L syringic acid group was 70.
51% higher than that in control group. (5) Benzoic acid solutions of different concentrations could promote the increase of
soluble sugar and inhibit the increase of soluble protein. Different concentrations of syringic acid could promote the increase
of soluble protein, while different concentrations of vanillic acid could inhibit the increase of soluble protein. The
concentration changes of both had a significant influence on the change of soluble sugar content. Benzoic acid, syringic
acid, and vanillic acid affected the germination of Pinus koraiensis seeds, which led to growth inhibition, biomass reduction
and membrane lipid peroxidation of Pinus koraiensis seedlings by affecting photosynthetic pigment, antioxidant enzyme
activity and osmotic regulation substances. Therefore, allelopathy of phenolic acids in litter and soil should not be ignored

when solving the problem of Pinus koraiensis regeneration in broad-leaved Pinus koraiensis forests.

Key Words: phenolic acid; Pinus koraiensis; seed germination; photosynthetic pigment; membrane lipid peroxidation;

osmoregulation
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R AR (), 717 K b s AR SR 2 1 mm b, FRER PRl s & 2040, 1442 3 d A R P& Mk,
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SR SPSS 19, 0 XL 7 & 2R 48 b5 | Z0 AN T A= K 36 A B AE B ARy PR 8 AR R A7 5 B O 22 0 BT
(ANOVA) M2 3 ( Duncan’ s test) , FH Sigmaplot 12. 5 #17EIE 4,
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2.1 AR B T 7 TR R S TR VA YOGS 2T WA R 71 2 1) 5 il

ANTRIVR BE 3 iy PR VA B A I LLRA TR 1 e, O 28 R A B R AR B B KT CK(P<0.05)
T3 PR VS R VA R A X LT WA R 2R 35 T Rk AR B0 ) 2 S 50O B 3 KR 2R 3850 ) 25 57 W 3 ( P<0..05) , 3L
H1,20 mg/L BA VA IFW A1 200 mg/L SA ¥ AT ZLAN Tl S 2 400 1 RO 5 T oAt ik B2 Ab BRAH & 25 6Ny
64.45% 57.78% 1 53.33% (£ 1),

ANTRIVR BE 3 gy 1 %o LA A ARSI SVARAC 200 25 S N W 3 0 ZDAN P IR 52 3 7 iy 2 Vs Y52 I
TR, L BA VB 2 mg/L 20 mg/L B RARA K, 200 mg/L B IRAR AR R [RIHR B SA % I 34 42
PR A T VA VBN IR B i 28 B R (R B2 1 i, e vk BEfR k(L 1)
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Table 1 Effects of different concentration of BA, SA, VA solution on germination index of Pinus koraiensis seeds

Phenolic acid Concentration/ ( mg/L) Germination percentage/ % Germination potential/ % Germination index
CK 0 86.7+0.0a 48.9+3.9a 5.10.2a
BA 2 77.8+3.9b 35.6+3.9b 3.9+0.5b

20 64.5+3.9de 31.1+7.7be 4.0+0.4b

200 73.3+6.7hc 26.7+6.7bc 3.8+0.7b

SA 2 68.9+3.9cd 22.2+7.7¢ 3.7+0.4b
20 75.6+3.9bc 26.7x0.0bc 4.4+0.9ab

200 53.3+6.7f 22.2+3.9¢ 3.4+0.4b

VA 2 64.5+3.9de 26.7+6.7be 3.7+1.0b
20 57.8+3.9ef 31.1+7.7be 3.4+0.5b

200 64.5+3.9de 28.9+7.7be 3.6+0.9b

[RIZIARTING F R R 2R BE (P < 0.05) ;CK X HRZH control ; BA : X R benzoic acid;SA: T AR syringic acid; VA ; & H R vanillic acid
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Fig.1 Effects of different concentration of BA, SA, VA solution on hypocotyl length and radicle length of Pinus koraiensis seeds
AR INE FEBg: 27 [ P TR AN () ¥ B2 A 25 57 S35 (P < 0..05) ; CK: X HRZH control ; BA . A FiR benzoic acid;SA ; T 7R syringic acid; VA : T 5L

fiZ vanillic acid

2.2 REVREEZRPER TR A F IR WO LA P A K A8 FR 1 R ik

KA PR MR = HbAE R IR AT CK, R EE BA SA FlI VA VRO Z0RA AR K (Rk s HE
7)) BB R (i) B 1 IR v R A X 2 P AR v R AR S ) 22 S AN B 3 (BN A2 )
i AR EMZE T EH PN 22 R B3 (P<0.05) o Horb, VA SO ZEAS B e 0 AR SR T A AL B SA
VoS VRN A B0V P T LA AL PEZH 200 mg/L BA YA RO 2T 1 A i 3 i £ P 5 T A AL BRAL
20 mg/L BA BN G LL0A i b E AR e dE i R 3R M AL R, BA R4S AL BRATAR ZE LI &5 T CK,
2 mg/L .20 mg/L SA WA VA AL AR ZE AR T CK,200 mg/L AR = FXTR(FK2) .,
2.3 AFMWREZRFR  THR FEREBTLA A LA AR S A

BA SA Fl VA IIRALBRLTAR PR I 438 a SR b FIEEHSE N RIA —Em, Hrb AR
JE BA VERUC LR T P R a S REMMIET CK, HE5 825 8% (P<0.05) , SA HHATEHH 4%
a FrE s Sy b AR EE R S B EE T VA EIRAE T S A . ANFEREE BA BEIRALIRLIAA B, AT
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M2 2 b ESET CK HARZES AR E, 20 mg/L SA IFRANGIEN 482 b 7o, Hoflik B Ab BRAE 4
M4 b &S CK Z 3 YR8 IR IE VA RO ER 422 b I VE SR T H AR . R BA
VSR AL PRAH BT 25 88 b 2R A IR CK, HWR AR A 5 fsp i 22 5 8 3 (P<0.05) . SA WXt
A N R ARy AR B S B BE T VA O ARV BEAR HE T I, 20 me/L
SA VSIATHFERER a IFEEE b PR T HABAS IR , 5 AR CK 9 56.47% 62.07% ., 20 mg/L BA SA Fl
VA BN N s TR A A, 5 5 528 CK /9 57.14% (61.90% \57.14% (£ 3) .

K2 TRREFFR.TER FERBEXNLREERKETNZN

Table 2 Effects of different concentration of BA, SA, VA solution on growth index of Pinus koraiensis seedlings

B W Ll MR . IS R T E e
. . t7he il . . /2
Phenolic Concentration/ Plant Basal . Root dry weight/ Stem dry weight/
R . . Biomass/mg Root/stem

acid (mg/L) height/mm diameter/mm (mg/tk) (mg/tk)

CK 0 3.94+0.73a 1.14x0. 13a 8.25+0.32a 1.97£0.17b 6.28+0.23a 0.314£0.03e

BA 2 2.64£0.59abe 0.90+0.29ab 4.7310.21e 1.27£0. 13¢d 3.46+0.26e 0.370+0. 06d
20 2.04+0.94bc 0.59+0. 48hc 7.93£0. 17b 2.23+0.07a 5.70£0. 17b 0.392+0.02¢d
200 2.94x1.73ab 0.56+0. 38bc 2.76+0.481 0.90+0. 05e 1.87£0.09¢g 0.482+0.05a

SA 2 2.16£0. 70bc 0.28+0.23¢ 2.92+0.20hi 0.58+0. 04f 2.34£0.17h 0.250+0.01f
20 2.40+0. 58bc 0.31+0. 18¢ 6.36£0. 11c 1.32£0.05¢ 5.05+0.07¢ 0.262+0.01f
200 2.42+1.95hbc 0.41:0.21¢ 3.05+0.07h 0.96+0. 06e 2.09+0. 071 0.458+0. 04ab

VA 2 2.00=0.37be 0.4420. 11c 4.19+0. 05f 0.93+0. 0de 3.25+0.07f 0.286+0. 02ef
20 1.42£0.28¢ 0.62+0. 14be 5.95x0. 10d 1.30+0. 06¢ 4.65+0. 14d 0.278+0. 02ef
200 2.16+0.40bc 0.83+0. 14ab 3.85+0.22j 1.15+0.13d 2.69+0.09j 0.426+0. 03be

R3I TRREFFR.TER FERBEMNAREXLGERENZN

Table 3 Effects of different concentration of BA, SA, VA solution on photosynthetic pigments of Pinus koraiensis seedlings

A i i % a nHE b K
Phenolic acid Concentration/ ( mg/L) Chlorophyll a/(mg/g) Chlorophyll b/ (mg/g) Carotenoid/ ( mg/g)

CK 0 0.85+0.01b 0.29+0.01a 0.21+0.01b
BA 2 0.73+0.03d 0.25+0.01b 0.18+0.01cd
20 0.60+0.01e 0.25+0.01b 0.12+0.001e

200 0.79+0.04c 0.25+0.01b 0.19£0.01c

SA 2 0.83+0.02b 0.30+0.01a 0.17+0.01cd
20 0.48+0.01j 0.18+0.01d 0.13+0.003e
200 0.92+0.01a 0.29+0.01a 0.24+0.004a

VA 2 0.92+0.01a 0.29+0.01a 0.24+0.03a
20 0.51+0.02f 0.21+0.02¢ 0.12+0.01e

200 0.74+0.03d 0.25+0.01b 0.18+0.01cd

2.4 AFWEREFR . TER B ERRIE BT EE P AL B 2 50 KR i3 E A i

ANFIHRBE BA R VA S IROTZIAA B £ POD 16 P52 1 2 (P<0.05) , AR EE SA %5 WXF POD i M52
MR, BA VR 2 T i 6 POD I35 P4 il £ U5 , 1T SA 5 W B VR B TH i X POD 5 4 410 i /6 I 48
5, ARV 3 FPE RIS O CAT TG PESZ M R 5 %) POD TG PRS2 —3, 3 R R WO SOD T MERZ mi R
200 mg/L BA WM TG ESN , FA A AL AT 38 i SOD 164, Forb BA £ 9k BE AL B £ 1 SOD 17 14 b 3%
T CK,2 mg/L BA X SOD & P2 HEE A T H A A0 B4, H s F CK 41 SOD itk 13.6% (K1 2)

AIRIHE BA SA Al VA W 0 B8 ML AN B 5T MDA 5 MDA 75 bl BA R0k S I 2R S
HOMEFEAK,20 mg/L BA S5 MDA & B 2 #E4E 3 F 2 mg/L #1200 mg/L, MDA it SA Fl VA
VSRR B3 N T3S 0, 200 mg/L SA X MDA & 5 i £ #F 4 FH & T H A AL BE 20, H & T CK 240 MDA & f&
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2 AEREERR.TER EEBRBAANAAERENETENZN
Fig.2 Effects of different concentration of BA, SA, VA solution on the antioxidant enzyme activity of Pinus koraiensis seedlings
NTR/ING TRk FoR [N B B A [R1 VR B2 7] 25 5 i 3 (P < 0.05) 5 R IRl POD . i K W) peroxidase; CAT: it SR AL Z# catalase; SOD : 1L

Ak il superoxide dismutase

70.51% (K1 3)
2.5 OR[FNVREEZRFR T AR A BRI RO Z0AA T T 8 32 0 0 4 0 1 52 i)

AR EE VA W SA T VA TR RO ZUAS B BT I Al Mol ST i e A S sy i 2 (1 4) it
RIS i Bl BA VARV B2 T e 1T 2 W R, AT U P A S = O CK>200 mg/L>2 mg/L>20 mg/L, SA
TRWALBRLTAA TS B Al PR & 20 mg/L>2 mg/L>CK>200 mg/L, Al A& A& # ¥ T CK, VA
LEBRLTAN B IS BE I T IR PERE & 5 20 mg/L>CK>2 mg/L>200 mg/L, il VAPEE 1 & &8 CK>2 mg/L>200
mg/1.>20 mg/L, HH1,200 mg/L BA XF&F AT E M & &7 A8 i 2 R VR FH B 20 T A A PR, 177 200 mg/L
VA BRI AT i A i A A VR B 5 T A A P

3 HFitHitie

3.1 BRYy s R e A&
W RS W) o Xt A1 & A 52 i) 18 1 B A i AR AL AR S Y . B Ko 00 | B e i ik Fh -+ &
ZELSA RS ok B S R AWFSE—20, BA SA VA IS RP T8 AR AEAEI VR, B RR8 & A4m i vE
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annuus L. ) T /K $EY)38 3 30 F15F ( Sinapis alba L. )
T~ PR SIS PN DR S ey A R R e IS 1, T 40114
P A A7 2 SR i MU 2 3 gt , 2 T BELAS 1 X O, 11 ¢
W, el ATP 7= Az, DT T4 5 B 5 AR, A &AM
P &> MERER T & T A R AR, A
MEDF S PUREE Y E R EE PP, Shu 5P
F1 Holdsworth 25127 B 57 F6 1 ,IREE R AC HEFR T &,
JI V% BRI ) A 78 & . Muscolo % 2 BF Y T A [A) #R Ak
AP RIS B 2 BTN Y& AL ( Pinus laricio,
Poiret, spp calabrica) i1 & B L & o i v o 18 il
TR O S AR AR R PR R 52 e | A T A T R % 7%
W R & A AR, ELRD 58 &S24 i) -5 W I A il
VARl TR IS A2 il ) 9% MR 25 VDR OG . el L
BA SA (VA SR £LAS 5817 & B 5% Wi W] LA 3 2o 4100 o)
J10Yi 1A BN I 27 21 i T4 N e & LA L R R i 2= e o |
FUR MR AT i e v i PR A R AR AT A
F NIRRT 45 2 PR AR S
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Fig.3 Effects of different concentration of BA, SA, VA solution
on the MDA content of Pinus koraiensis seedlings

MDA ;N ¥ malondialdehyde
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Fig.4 Effects of different concentration of BA, SA, VA solution on the soluble matter content of Pinus koraiensis seedlings

3.2 BRI SR WA A AR e A R

MR ST o O AR A A R T 5 O A A R 00 e T TR 2K A T T 2 i A 4 P sl
W ZFR (TAA) M AT 25 TAA 5 i o0 ik BB A0 5 P TAA 38 s e 2 200 B o P R 3 a5 178 75 | 7 4 i 73
24, I, By RIS 5 T LA S8 BRI AR 2R A A 2R e ad R b A P 4 A T, 5 1R A AR W AR R Y
AR Bi AUV AFSE 9 M ZRAL A WXV EE S (Panax quinquefolius 1. ) GV AR ZE A K A HIVE AT, Hodok
Wl AR A GR A RIR T A MR AR AR A R AR A R AR 3 AR R Al 2L
ZLRA A AR R SA VA IRORT 2L B A i S AR O A 3 T BA, BA R TRO LR ¥ AR
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FAAMEIVE 55 T AL R (RIS, AN [R] e B B R 5 VR A FR T AR B it it i 2 3R a SRR b IS B
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