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EFFECT OF VANILLIN ON NUTRIENT ABSORBENCY OF CHINESE FIR SEEDLINGS
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Abstract Chinese fir Cunninghamia lanceolata is a dominant native commercial tree species in South
China known for rapid growth and high quality timber. Replanting this species in pure stands has resulted in
extensive areas that are poorly established and have low productivity. This serious problem has attracted nation-
wide attention. Recent research suggests that low productivity is caused by allelopathy. According to some lab-
oratory studies phenolics such as vanillin extracted from Chinese fir roots fresh leaves and litter inhibit seed
germination and growth of seedlings. When soil phenolics have a concentration higher than the threshold of tox-
icity they will inhibit Chinese fir growth. However it has been unclear how the phenolics affect the Chinese
fir. The purpose of this study is to determine the concentration at which vanillin develops an allelopathic effect
on nutrient absorbency in Chinese fir.

The effects of different concentrations of vanillin on nutrient absorbency in Chinese fir seedlings were ex-
amined using a culture solution. The mother solution MS was made by dissolving nutrients 49.5 g
NH;NO; 57 g KNO; 13.2 g CaCl; 2H,0 11.1 g MgSO4 7H,0 5.1 g KH,PO4 and 1.179 g Na, EDTA
in 1 500 ml distilled water. The mother solution of 1 000 mmot L~' vanillin was made by dissolving 15.2 g
vanillin in 100 ml distilled water which was then diluted to six different levels of culture solution 10 1 0.1
0.01 0.001 and 0.000 1 mmot L=' each with nutrient solutions of 0.5 MS. Distilled water was used as
the control. The solution was adjusted to pH 5.1 with 100 mmol L~! HCI or NaOH. One-year-old Chinese fir
seedlings were grown in separate plastic containers and ventilated every day using an electromotor. Each treat-
ment was replicated three times. After seven days concentrations of NO;  NH;  SO,*~ and HPO,>~ ions in
the culture solutions were analyzed.

Results showed that vanillin at higher concentrations inhibited uptake of these ions by China fir seedlings.
The concentrations of residual NO; ion in the culture solution with vanillin at 10 mmol L™! and 1 mmol L~!
were 5 704% and 1 561% higher than that in the control respectively indicating that vanillin could signifi-
cantly inhibit uptake of NO; ion p <0.01 . At a vanillin level of 10 mmol L' NOj ion in the culture so-
lution was even greater than that at the beginning of the treatment. It appears that in the presence of vanillin
the roots of Chinese fir seedlings produced a net output of NO3 ion. The higher the concentration of vanillin in
the culture solution the more the nutrient ions remained in culture solution. This suggests that vanillin reduces
the absorptive capacity of Chinese fir roots.

The concentrations of residual NH;" ion in the culture solution with vanillin at concentrations of 10 mmol
- L7 "and 1 mmol L™" were 29.9% and 11.6% higher respectively than in the control. That is the up-
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take of NH," by Chinese fir roots was lower in culture solution with vanillin than in the control suggesting that
vanillin significantly p <0.05 inhibited the uptake of NH; ion. At concentrations of 10 mmot L' and 1
mmol L~! vanillin the residual SOF~ in solution were 557.4% and 1 026.2% respectively greater than
that in the control indicating that vanillin significantly p <0.01 reduced the uptake of SO~ ion.

Using the culture solution with a vanillin concentration of 10 mmol ™' the residual HPO;~ ion was
310.5% greater than that in the control. At the vanillin concentration of 0.01 mmo} L' the residual HPO3~
ion was 32.5% lower than in the control. This suggests that 10 mmol L~ vanillin could significantly p <O0.
01 inhibit uptake of HPO7~ by Chinese fir seedlings and that 0.01 mmol L~! vanillin could significantly ac-
celerate uptake of HPO3 ™ ion.

The activity of the root system of Chinese fir seedlings was inhibited by vanillin. In culture-solutions con-
taining vanillin at 10 1 and 0.1 mmol L~ activity of the root system was reduced 78.8% 51.6% and 33.
1% respectively compared with the control indicating that vanillin significantly inhibited activity of the root
system of Chinese fir seedlings. Lower activity of the root system decreased absorptive ability resulting in lower
seedling growth.

We conclude that vanillin at specific concentrations in the soil might produce allelopathic effects on Chi-
nese fir seedlings by decreasing activity of the root system resulting in inhibition of uptake of NO;  NHj
SO%~ and HPO?~ ions.
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mmot L' NOs mg L
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Fig.1 Effect of vanillin on absorbency of NO; by Chinese fir seedlings
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Table 2 Concentration of residual NH, ion in solution
mmot L~ NH, mg L7}
Concentration of vanillin Concentration of residual NH,
CK 51.0+3.3
Ix10°* 48.4+5.5
1x1073 50.2+1.3
1x1072 50.6+2.0
I1x10°! 48.7+3.6
1x10° 56.9£1.1°
1 x 10' 66.2+4.7"

* p<0.05 *x p<0.01
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Fig.2  Effect of vanillin on absorbency of NH;" by Chinese fir seedlings
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Table 3 Concentration of residual SOF~ in solution
mmot L~! NOs mg L'
Concentration of vanillin Concentration of residual SO3~
CK 18.7+14.3
1x10°4 16.6+9.0
1x1073 23.3+4.3
1x 1072 21.2+11.8
1x10°! 27.1+13.8
1x10° 210.9+26.3™
1x 10" 126.9 +24.9™
** p<0.01
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HPOZ~
HPO;~
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Fig.4 Effect of vanillin on absorbency of HPOZ~ by Chinese fir seedlings
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Table 4  Concentration of residual HPO ™ ion in solution
mmot L~! HPOi’ mg L~!
Concentration of vanillin Concentration of residual HPO3 -
CK 11.5+£1.0
I1x1074 9.5+1.6
1x1073 6.5+2.7"
1x1072 7.7£0.7"
1x107! 9.2+1.9
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1 x 10' 47.1+4.17
** p<0.0l * p<0.05
2.2
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Fig.5 Effect of vanillin on root vitality of Chinese fir seedlings

20mg kg™'  1.3x 107" mmot L~!
50 mg
kg™ 3.3x 107" mmot L7!
1998
NO; NH; SOj~  HPOi~
Cinnamic acid
NO; SO3~

K* C az + F eZ +
H,PO, "~ Yu & Matsui 1997
NO; NHS SOz~

HPO;~



46 27
Chen, C. Y. ( ), J. W. Zhang( ), C. L. Zhou
( ) & H. Y. Zheng( ). 1990. Researches on im-

N
2002a Patterson 1981
1 mmot L1
2002b
Cao,G. Q. ( ), S. Z. Lin( ) & S. G. Huang(

). 2001. Effect of the ferulic acid and cinnamic acid on the
germination of Chinese-fir seeds. Journal of Plant Resources and
Environment ( ), 10(2):63 ~64. (in
Chinese with English abstract)

Chen, L.C. ( ), L. P. Liao( ), S. L. Wang(

) & Z. Q. Huang( ). 2002a. Effect of exotic toxin
on the nutrition of woodland soil. Chinese Journal of Ecology (

), 21:19 ~22. (in Chinese with English abstract)
Chen, L.C. ( ), L. P. Liao( ), S. L. Wang(

) & 7. Q. Huang( ). 2002b. Effect of vanllin and
P-hydroxybenzoic acid on physiological characteristics of Chinese
fir seedlings. Chinese Journal of Applied Ecology (

), 13:1291 ~ 1294. (in Chinese with English abstract)

proving the quality of forest land the productivity of artificial Cun-
ninghamia lanceolata stands. Chinese Journal of Applied Ecology
( ), 1: 97 ~106. (in Chinese with English ab-
stract)

Fang, Q. ( ). 1987. Effects of continued planting of Chinese
fir on the fertility of soil and the growth of stands. Scientia Silvae

Sinicae ( ), 23: 382~396. (in Chinese with English
abstract)
Feng, Z. W. ( ), C. Y. Chen( ), C. H. Li(
), G. H. Xu( ) & C. L. Zhou( ). 1982.

Relations between the growth-development and environment of
Cunminghamia  lanceolata Hunan
Province. Journal of Nanjing Technological College of Forest
Products ( ), 3:19~37. (in Chinese
with English abstract)

Huang, Z. Q. ( ), L. P. Liao ( ), S. L. Wang
( ) & Y. D. Liu( ). 2000. Dynamics of pheno-
lics content of Chinese fir stump-roots and the rhizosphere soil and
it’s allelopathy. Chinese Journal of Applied Ecology (

), 11:190 ~ 192. (in Chinese with English abstract)

Huang, Z. Q., L. P. Liao, S. L. Wang & G. Q. Cao. 2000.
Allelopathy of phenlics from decomposing stump-roots in replant
Chinese fir woodland. Journal of Chemical Ecology, 26:2211 ~
2218.

Huang, Z. Q., T. Haig, S. L. Wang & S. J. Han. 2002. Auto-
toxicity of Chinese fir on seed germination and seedling growth.
Allelopathy Journal, 9:51 ~ 59.

Ma, X. Q.( ) & S. H. Fan( ). 2000. A compara-

tive study on nutrient accumulation and distribution of different

plantation in  Huitong,

generations of Chinese fir plantations. Chinese Journal of Applied

Ecology ( ), 11:501 ~ 506. (in Chinese with
English abstract)
Ma, Y. Q. ( ), L. P. Liao( ), Y. J. Yang(
), S. L. Wang( ), H. Gao( ), C. Y. Chen(
) & G. Y. Liu( ). 1998. Effect of vanillin on the

growth of Chinese-fir ( Cunninghamia lanceolata) seedlings. Chi-
nese Journal of Applied Ecology ( ), 9:128 ~
132. (in Chinese with English abstract)

Patterson, D. T. 1981. Effects of allelopathic chemical on growth
and physical responses of soybean ( Glycine max L.) . Weed Sci-
ence, 29:53 ~ 58.

Rice, E. L. 1984. Allelopathy. 2nd ed. New York: Academy
Press.

Zhu, J. F.( ), Z. W. Feng ( ) & C. Y. Chen
( ). 1979. Researches on relations between the growth-
development and environment of Cunninghamia lanceolata planta-
tion. Thirty Years’ Forest Science and Technology of China
(1949-1979) . Beijing: China Forestry Publishing House.

Yu, J. Q. &Y. Matsui. 1997. Effects of root exudates of cucum-
ber ( Cucumis sativus) and allelochemicals on ion uptake by cu-

cumber seedlings. Journal of Chemical Ecology, 23:817 ~ 827.



