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Effects of ferulic acid, p-hydroxybenzoic acid and their mixture on mineral
nitrogen and relative

microbial function groups in forest soils

MU Rong', PAN Kaiwen'""", WANG Jinchuang', CHEN Qibing’
1 ECORES Laboratory, Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041, China
2 College of Landscape Architecture, Sichuan Agricultural University, Chengdu 611100, China

Abstract: Phenolic compounds is an important class of plant secondary metabolites, whose molecular structure contains at
least one hydroxyl connected directly to the benzene ring on the aromatic compounds. Phenolic compounds in the soils from
the decomposition of plant parts and their residues play an important role in soil nitrogen (N) transformations by altering
soil microbial activity. Previous studies of effects of phenolic compounds on soil N transformations and relative microbial
activities have focused on macromolecular phenolic compounds such as tannic acids. However, the effects of lower
molecular weight phenolic compounds such as ferulic acid and p-hydroxybenzoic acid on soil N transformations are not well
understood. In this paper, concentrations of 10 *mol/L and 10 *mol/L of ferulic acid, p-hydroxybenzoic acid and their
mixture were respectively added to forest soils for investigating the effects of phenolic compounds on soil mineral N,
microbes and enzyme activity within one month incubation under room temperature.

The results showed that concentrations of NH, -N, NO, -N and dissolved organic N (DON) were lower in the soils
amended with different phenolic acids than those without any such amendment. NH," -N was respectively reduced by 11. 2%
and 10.9% in the soils with the addition of 10 *mol/L ferulic acid and p-hydroxybenzoic acid. The addition of these ferulic
acid and p-hydroxybenzoic acid lowered the soil NO; -N by 6.3% and 4.0% . The addition of 10 *mol/L ferulic acid, p-
hydroxybenzoic and the mixture decreased DON by 6. 6% , 10.2% and 10. 4% , respectively. Ammonifiers, nitrifiers,
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denitrifiers and microbial enzymes in the soils were inhibited by the addition of these phenolic compounds. The quantities of
ammonifiers, nitrifiers and denitrifiers were lowered by 26.0% , 30.8% and 16.7% respectively in the soils amended with
the mixture addition in comparison with the control. These suggested that hydroxyl groups in phenolic compounds could be
a major functional group inhibiting activities of ammonifiers, nitrifiers and denitrifiers in the soils. Ferulic acid, p-
hydroxybenzoic acid and their mixture greatly decreased the activities of urease and protease. The activities of urease and
protease were reduced by 3.3% and 20. 9% respectively with the addition of 10 7 mol/L ferulic acid, and reduced by
6.6% and 22.9% with the addition of 10 *mol/L p-hydroxybenzoic. The mixture of 10 >mol/L inhibited the activity of
urease by 7.5% and that of protease by 23.8% . Phenolic compounds entering into the soils could lead to the imbalance
between intracellular microbial enzymes and extracellular enzymes and change in conformation of these enzymes. The
mixture of ferulic acid and p-hydroxybenzoic acid having the greatest inhibition indicated that there was a synergistic effect
on soil N transformations between ferulic acid and p-hydroxybenzoic acid. This study suggests that phenolic acids such as
ferulic acid and p-hydroxybenzoic acid released from the plant litters, could inhibit microbial functional groups
(‘ammonifiers, nitrifiers and denitrifiers) and enzyme activity (urease and protease) related to the N transformations in the
soils, and thereby lower the available N in the soils for plants growth, which could be one of the major detrimental factors

for the continous cropping systems.

Key Words: ferulic acid; p-hydroxybenzoic acid; soil nitrogen; inhibition; synergistic effect
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Table 1 Soil physical and chemical properties

TN NH, -N NO; -N

/(g/kg) /(mg/kg) / (mg/kg)
5.6 14.53 7.49 10.28 38.69 11.42

OM: A HLE Organic matter; TN 4LZ( Total nitrogen; NH, -N; #Z5%( Ammonium nitrogen; MNO; -N; fifZ&5%( Nitrate nitrogen; C/N: K% Lt

pH OM /(%) /N

The ratio of carbon to nitrogen
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PRI BRAR X 32 IR B R KN TR A WO A ML & B AR SN AN (8.3 . 10 mol/L P BRER | X F2 LK H iR
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Table 2 Effects of ferulic acid, p-hydroxybenzoic acid and their mixture on the contents of nitrogen and organic matter in the soil

OS] NH, -N NO; -N NH," -N + NO; -N DON /(mg/kg) OM/%

Treatment /(mg/kg) /(mg/kg) /(mg/kg) dissolved organic nitrogen

CK( Control) 9.17 £0.34a 33.34 +0.96a 42.51+1.16a 59.07 £0.70a 14.86 £0.17a
A1(10~* mol/L FA) 8.14 +0.30b 31.22 +0.52b 39.36 +0. 84a 57.22 +1.91ab 14.78 £0.25a
A2(10 73 mol/L FA) 7.86 +0.45b 28.97 +0.27¢ 36.83 +0.94b 55.18 +0.92b 14.73 +0.26a
B1(10~* mol/L p-HBA) 8.17 +£0.37b 32.02 +1.00a 40.19 +1.77ab 56.71 +1.41ab 14.64 £0.12a
B2(10 3 mol/L p-HBA) 7.58 £0.43b 28.53 +1.03b 36.11 +1.72b 53.07 £1.43b 14.60 +£0.13a
H1(10 ~* mol/L Mixture ) 8.00 £0.27b 31.13 +0.28b 39.13 +0.51a 56.69 +0.36b 14.77 £0. 15a
H2(10 =% mol/L Mixture) 6.78 £0.40b 28.43 +0.21c 35.21 +0.75b 52.94 +0.42¢ 14.64 £0.07a

TP BN VI + SE, BUIIG I0F BT LSD 2T LB TE 0 =0. 05 K F L0255 05, i —51 b R [ i 5 22 R 10 %/
T
2.2 TEERAEYIEGE

B ERR X #2 B O B R MR A WO 3 N R AL W 2B nse B g (R 3) . ST IEAHEE, 10 7°
mol/ L. Y BT R X} 3856 8 H R B HTR A VR k] 1 3 sl A A0 v i 5, b ) TR B P 4 oA P e i
T2 29. 20% 5 BT BRIR FIRF R R R 20 BI/D 1 17. 36% F1 21.39% IR AL H . A1, 10 mol/L IR
BB EREILT 26.04% HZALANTE (P <0.05) , BRI/ T 45 b i il Ak 55 B b 4 TR i 850 i, Dt L%t
T A 40 B 4 11 55 25500 Fe oM B2 10~ mol /L TR TROXT - SE 5 Fhe 40 1 00 IS i Fe 40 T )40 ) A PR e e, 40 £ 2R 43
2 38. 82% F146.96% |
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Table 3 Effects of ferulic acid, p-hydroxybenzoic acid and their mixture on microbes

Ab AL Ammonifier EALA TR Nitrifier SAEALA TR Denitrifier
Treatment / (10° CFU/g +) / (10° CFU/g +) / (10* CFU/g +)
CK ( Control ) 13.26 +0. 84a 9.97 £0.34a 4.60 +0.75a
A1(10 "% mol/L FA) 12.08 +0.33a 6.96 £0.45b 3.87 +0.81ab
A2(10 "% mol/L FA) 10.96 +0. 62b 6.22 £0.70b 2.49 £0.56b
B1(10 ~* mol/L p-HBA) 14.67 +0.61a 6.97 £0.31b 3.87 +0.92ab
B2(10 ~* mol/L p-HBA) 10.42 +0.76b 6.15 £0.6lc 3.07 £0.31b
H1 (10 ~* mol/L Mixture) 9.81 £0.69b 6.90 £0.73b 3.83 +0.42ab
H2 (10 =3 mol/L Mixture) 9.39 £0.72b 6.10 £0.34c 2.44 +0.67b

2.3 HIERIEPE

5%t BEAHEE 10~ mol/ L Ay T8 R X5 328 FH iR B HOR A5 T S 3 PR AR T IR VG M (P < 0. 05) , BRAIGR Ry
3.33% 6.63% 1 7.47% ,10 ~*mol/L X} I H IRt @ E ] T 4. 56% MIREGIEPE(P <0.05) (Bl 1), B
FRISAL A W T 38 (R e, o, 10 ™ mol/L A1 10 ~* mol/ L YR WX 85 1A it F6 400 1 e e, 410 1) 5%
394 17.01% F1 23.79% ,10 ~*mol/L Fl 10 > mol/L P2 & & F#AK T 15. 91% 1 20. 87% W B (P <
0.05) ,10 ~*mol/L 1 10 > mol/ L X} ¥R FH R th 12 & 080/ 0 9. 94% 1 22. 94% WY& A TG (P <0.05) (E 1),
3 iTig
3.1 BUERAR KRR IR H R B LR GO0 1458 N R s

ARt A F) BT BR84S Y R B R A5 W AT 5 e, DI > T 1 B i 2. 60—37. 09 g/ g(
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Fig. 1 Effects of phenolic acids on the activities of urease and protease in soil
CK: X1 Control; A; FIELAR Ferulic acid (FA); B: XFARIEFH R p-hydroxybenzoic acid (p-HBA) ; H: RS Mixtrue; 1: 10 “*mol/L; 2.
10 *mol/L
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