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ABSTRACT 

  
We investigated the effects of four Larix gmelini (larch) phenolic acids (2, 

4-2 hydroxy benzoic acid, 7-hydroxyl coumarin, ferulic acid, abietic acid) on soil 
phospholipid fatty acid (PLFA) composition in Fraxinus mandshurica (Manchurian 
ash) soil. Sixteen combinations of 4- phenolic acids of larch rhizosphere and bulk soil 
were added to one year old Manchurian ash seedling pot cultured soil during Spring, 
Summer and Autumn 2011. We found that some of the larch rhizosphere and bulk 
phenolic acids combinations out of 16 groups acted as allelochemicals which 
stimulated and inhibited the Manchurian ash seedlings and microbial biomass of the 
soil. Larch rhizosphere phenolic acids combination significantly increased the 
seedling biomass and microbial biomass than control.. Specific phenolic acids were 
responsible to affect the abundance of specific microbe in the soil. Thus some 
phenolic acids in larch rhizosphere soil have stimulatory potential, which improved 
the productivity of Manchurian ash in inter-planting with larch. It is thus concluded 
from the experiment that the establishment and management of Manchurian ash can 
be improved by inter-planting with larch in northeast of China. 
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INTRODUCTION 

 
Numerous of studies have shown that monocultures causes the decline in 

productivity and causes replantation problems (1,24,33,44).  The most developed 
techniques to minimize and overcome the problems in managed tree plantations is 
mixed-species plantations instead of monocultures (11,19,25,44). Successful 
mixed-species plantations, based on carefully designed species mixtures, reveal many 
potential advantages in long-term practices (4,14,21,26,34). 

Manchurian ash (Fraxinus mandshurica) and larch (Larix gmelinii) are two 
important timber species in the northeast China. The establishment and management of 
Manchurian ash plantations can be improved by inter-planting with larch. In certain 
experiments, the average collar diameter and height of Manchurian ash increased 0.46 cm 
and 14.26 cm, respectively in a 5-years-old mixed-species plantation than pure 
Manchurian ash plantation (17). The breast diameter, height and individual tree volume 
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improved by 14%, 30% and 36%, respectively, in a 20-years-old mixed-species plantation 
in comparison to a Manchurian ash plantation (8,9). Therefore, larch has been advocated 
for inter-planting in Manchurian ash plantations; this has become a successful 
mixed-species plantation strategy in northeast China, but the potential mechanisms 
involved in the intra- and inter-specific interactions among the trees with environmental 
factors are largely unknown. 

Soil microorganisms represent essential components of the biotic system where 
they are key players in nutrients turnover (15). However, the use of traditional counting 
and naming techniques have been excluded because only 6.5% of the microbes present in a 
soil sample can be characterized by selective cultures (3). Thereby, a culture-independent 
approach to study the composition of soil microbial communities has been offered by the 
analysis of the phospholipid fatty acid (PLFA) compounds of the microbial membranes. 
Subsets of the microbial community differ in their PLFA patterns, which makes it possible 
to plot signatures of the microbial communities in their habitats (7,16). 

The phenolic acids have been studied as allelochemical for many years, which 
influences the growth and development of surrounding plants and soil microorganisms. 
However, the promoting or inhibitory effects on plant are controlled by the phenolic acids 
concentration (5,10,32,43,45,49). It has been suggested that there is likely to be a positive 
interference of larch with Manchurian ash in a mixed-species plantation. Few studies have 
shown that larch litter could stimulate the Manchurian ash seedlings growth and these 
compounds are some phenolic acids (46). In fact, larch soil contains a variety of 
compounds, such as 2, 4-2 hydroxy benzoic acid, ferulic acid, 7-hydroxyl coumarin, 
abietic acid, lariciresinol and secroisolariciresinol (48). In this study, we selected 4-kinds 
of commercial and typical compounds and added the exact concentrations to Manchurian 
ash soil which were measured in spring, summer and autumn in larch rhizosphere and bulk 
soil of mixed plantations. The study aimed to assess the effects of phenolic acids on the 
Manchurian ash seedling biomass and microbial biomass and to know which phenolic acid 
(or mixture) would be responsible for stimulation of microbial biomass.  

 

MATERIALS AND METHODS 

 
This study was conducted at the National Maoershan Experimental Station of 

Forest Ecosystem, Heilongjiang Province, China (45°16′ N, 128°34′E), in Changbai 
Mountains. This type of forest represents the typical forest types and landscapes in 
northeastern China at altitude of 300 m above sea level and mean slope of 10-15°. The 
parent material is granite bedrock and the soil is mostly Hap-Boric Luvisol. The climate is 
continental monsoon climate.  

The Manchurian ash, larch and mixed-species plantations were established with 
their 1-year-old seedlings in the experimental station in spring 1987. Intra-row and 
inter-row spaces were 1.5 ×1.5 m in all three plantations, but line-mixing (three rows of 
Manchurian ash × five rows of larch) was used in the mixed-species plantation. The 
Manchurian ash - larch mixed plantation increased the microbial biomasss and species 
abundance in the soil (Table. 1). Each plantation location was in a similar region, with an 
average gradient of 7°.    
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The experiment was designed with 16 testing blocks of different phenolic acids 
combinations including control group (Table. 2) and each block consisted of six pots.  

 

Plant materials and chemicals  

One year old seedlings of Manchurian ash obtained from Seedling Center 
(41°42′N, 126°35′E), Linjiang Forestry Bureau, Jilin Province, China were used. All 
solvents and chemicals used were analytical grade. Authentic 2, 4-2 hydroxy benzoic acid, 
7-hydroxyl coumarin, ferulic acid and abietic acid were purchased from Sigma Co. (USA), 
fatty acid standard (Methyl nonadecanoate) was from AccuStandard Inc. USA, and other 
chemicals were purchased from the local market. The required phenolic acid 
concentrations were prepared for the pot soil equal to the phenolic acids concentration of 
larch rhizosphere and bulk soil in larch rows in ash-larch mixed plantation.  
 

Soil sampling and chemicals concentration  

Soil were randomly collected at 0-20 cm depths for pot culture from pure 
Manchurian ash plantation in April 2011. The soil samples were sieved to remove plant 
residues, homogenized and transported to greenhouse for pot culture in Northeast Forestry 
University. 

Six soil samples were randomly collected from pure Manchurian ash, larch and 
ash-larch rhizosphere and bulk soils to determine the phenolic acids concentration during 
Spring (April), Summer (June) and Autumn (August) 2011. Then these six samples were 
mixed to prepare a single composite soil sample and replicated three times. The 
rhizosphere soil was taken about 0 to 2 mm from the root surface and the bulk soil was 
taken about 0-20 cm depth in the central position between adjacent trees of each plantation. 
The samples were sieved (2-mm mesh) to remove plant residues, homogenized and taken 
back to the laboratory to determine the rhizosphere and bulk soil phenolic acids 
concentration in pure Manchurian ash, larch and ash-larch mixed plantations.  
Quantification of phenolic acids concentration were done with an HPLC HP-1-100 
equipped with a Zorbax SB-C18 reversed phase column (Hypersil 150 × 4.6 mm, 5 µm) 
fitted with an ultraviolet detector.  For 2, 4-2 hydroxy benzoic acid, ferulic acid and 
7-hydroxyl coumarin determination, the mobile phase was glacial acetic acid (3%) - 
methanol (75:25), flow rate was 1.0 ml/min, column temperature was 25° and wave length 
was 280 nm. For abietic acid determination, the mobile phase was glacial acetic acid (3%) 
- methanol (5:95), flow rate: 1.0 ml/min, column temperature: 25° and wave length: 241 
nm (28,35,37,47). The quantifications of four kinds of phenolic acids are listed in Table 3.  
 

Pot Culture 

One year old Manchurian ash seedlings of uniform size (10 cm height & 3 mm 
stem diameter) was planted in each pots. Each pot was filled with 10 kg soil collected from 
pure Manchurian ash plantation in April 30, 2011. All pots were placed in greenhouse and 
were randomized. The phenolic acids concentration determined in the larch rows in 
ash-larch mixed plantation were only applied to seedling pot soil. One g/L stock solution 
of each phenolic acid was prepared using distilled water with slight warming and gentle 
stirring to dissolve the chemicals. Each stock solution was diluted to make the desire 
concentration solutions and 200 ml solutions were applied every two weeks. The plant pots  
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were equally irrigated according to plants requirement. After 6-months, the Manchurian 
ash seedlings were harvested and dried at 60oC and total biomass was weighed.  
 

Soil PLFAs analysis 

Lipids from pot soil were extracted by a modified Bligh and Dyer method (13). 
Fatty acids methyl esters (FAMEs) were identified by chromatographic retention time 
comparison with a standard mixture composed of 37 different FAMEs ranging from C11 to 
C24 (Sigma corporation, USA). The sum of PLFAs  i15:0, a15:0, 16:0, i17:0, 18:0, 17:0, 
15:0, 11:0, 14:0, 16:0, 22:0, 24:0, 16:1ω9, cy17:0, cy19:0 were used as source of bacterial 
fatty acid. The sum of PLFAs 18:3ω6, 18:2ω6, 18:1ω9c, 18:1ω9t, 20:0 were used as source 
of fungal fatty acid, 10me17:0 as source of actinomycete fatty acid. The sum of PLFAs 
i15:0, a15:0, 16:0, i17:0, 18:0 were marked for Gram-positive (G +) bacteria, and 16:1ω9, 
cy17:0, cy19:0 were marked for Gram-negative (G−) bacteria. Furthermore, the fatty acids 
20:4ω6 and 20:3ω6 as indicators of soil microfauna (protozoa and nematodes). The 
proportion of fungi to bacteria (f/b) was calculated as ratio of the sum of fungi to the sum 
of bacteria, as the same to G +/G − (6,22,27,31,36,39). 
 

Statistical analysis 
In the study, significance of differences between treatments and the control were 

calculated using one-way analysis of variance (ANOVA) in the computer program SPSS 
19.0. Duncan test was also performed for the experiments in SPSS 19.0 to compare the 
treatments with each other. Multivariate principal component analysis was performed in 
Canoco for Windows 4.5. Data were log-transformed to obtain a normal distribution of 
residuals. For all analyses, significance levels were set at P < 0.05. 

 

RESULTS  

 
Seedling biomass 

Manchurian ash soil treated with different larch rhizosphere phenolic acids 
significantly affected the seedling biomass of Manchurian ash (Table. 4). The phenolic 
acid combination A6, A8, A9 and A10 significantly increased the seedling biomass of 
Manchurian ash than control, while, phenolic acids combination A7, A13, A14, A2 
decreased the seedling biomass. The phenolic acid combination A6, A8, A9 and A10 
stimulated the growth and trend to increase the seedling biomass 27.9%, 37.3%, 30.35% 
and 25.9% (P<0.05), respectively. While the larch bulk soil phenolics acid combinations 
inhibited the seedlings biomass (Table 5). 
 

Soil PLFA  
The larch rhizosphere phenolic acid significantly affected the total microbial 

biomass, bacteria, fungi, actinomycetes, G+ bacteria, G- bacteria and AM fungi of cultured 
pot soil (Table 4a-b). The phenolic acid combination A1, A9, A10, A14 stimulated the 
microbial biomass than control, while the rest of combinations were inhibitory to 
microbial biomass. The phenolic acid combination A1, A6, A9, A10, A 12, A14, A15 tend 
to stimulate the bacteria biomass than control, while the rest of combination showed  
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Figure 1. PLFA PCA on the soil treated by 
phenolic acids of larch rhizosphere soil 

Figure 2. PLFA PCA on the soil treated by 
phenolic acids of larch bulk soil 

 
inhibitory affect on the bacteria biomass. The phenolic acids combination A1, A9, A10 
stimulated the fungi than control, while the rest of the combination were inhibitory to 
fungi. The combination A1, A3, A10 and A15 tend to stimulates actinomycetes as 
compared to control, while the rest of combination shows inhibitory affect. The G+ 
bacteria was stimulated by phenolic acid combination A1, A6, A8, A9, A10,A11, A12, A14, 
A15 than control, while the rest of combination inhibited the G+ bacteria. The G- bacteria 
was stimulated by phenolic acid combination A1, A9, A1, A10, while the rest of phenolic 
combination trend to inhibit G- bacteria. The AM fungi growth was stimulated by phenolic 
acids combination A6, A9, A10, A13 than control, while the rest of combination was 
inhibitory.  

In case of larch bulk phenolic acids, Manchurian ash soil treated with different 
larch bulk phenolic acids increased the total microbial biomass, bacteria, fungi, 
actinomycetes, G+ bacteria and G- bacteria, respectively (Table. 5a-b). 
 

Principal component analyses of soil PLFAs 

The principal component analyses on the basis of the identified profiles of 
biomarker fatty acids of both soils were consistent. PC1 and PC2 of adding larch 
rhizosphere soil chemical(s) accounted for 47.3% and 15.6% of the total explained 
variation of PLFAs, respectively. All of the PLFAs were in the direction of the PC1 and the 
positive related PLFAs were i17:0, 10Me18:0, 18:2w9,1, 18:1w8, 18:0, 16:0 and cy19:0. 
PC1 and PC2 of adding larch bulk soil chemical(s) accounted for 40.1% and 18.9% of the 
total explained variation of PLFAs, respectively. The positive related PLFAs on the PC1 
direction were 18:1w9c, 16:1w9, 18:2w9,1, i15:0, cy19:0, 16:0, cy17:0, 18:1w9t and the 
positive related PLFAs on the PC2 direction were 18:3w9,1, i17:0, 20:4w5,8, 20:3w5,1, 
10Me18:0 and i17:0.  
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DISCUSSION 

 
Many kinds of phenolic acids can be detected from plant and often having 

allelopathic properties when released into the soil. The phenolic acids effect on the soil 
microorganisms was widely studied. Rhizosphere is the most complex part and its have 
impact on the surrounding due to different root exudates and their stimulatory effects on 
microbial activity have been explored (12,30,41,44,48). The larch rhizosphere phenolic 
acid application is more stimulative than bulk phenolic acids. These phenolic acids modify 
the microbial ecology of the soil as demonstrated (Table 4-5).  

In the present study, the role of four phenolic acids (2, 4-2 hydroxy benzoic acid, 
ferulic acid, 7-hydroxyl coumarin and abietic acid) in different combination have unique 
effect on the growth and microbial biomass. The phenolic acids have unique mode of 
action and it has different response at different concentration. The Vanillic acid and PEDT 
application at different concentrations  effectively changed the microbial biomass of the 
soil (38).  

Many kinds of compounds in larch plantation soil have been reported (48), most 
of them, such as larixol and lariciresinol are not commercial. Four kinds of selected 
phenolic acids are commercially used for this experiment. Controlled experiments with 
allelochemicals require selection of concentrations for study, and selecting such 
concentrations is difficult. Actual uptake of compounds from the soil solution determines 
plant response (23,40). The concentrations of the phenolic acids used in this study were 
close to naturally occurring in the field because we imitated the exact concentrations of 
phenolic acids as in larch rhizosphere and bulk soil in different seasons.  Phenolic acids 
are depleted rapidly from soil due to utilization of compounds by microbes under 
favorable environmental conditions, so the compounds were added to the system 
periodically to maintain desired levels according to seasonal change.  

Differences in biochemical processes of the soil microbial may play a significant 
role in the degree to which allelopathic compounds inhibit/stimulate plant growth. A 
substantial amount of published information is available to explore the relationship 
between the concentrations of reactants and the intensity of the allelopathic effects (20). 
The material and energy exchange between the plant roots and soil occurs mainly in the 
rhizosphere and the chemical actions between plants and other soil organisms also occurs 
mainly in the rhizosphere (2,5,29). Plant species root exudates increase the growth of 
microbial organismd in the rhizosphere soil distinct from bulk soil (18,42).  

In the study, although the chemicals concentrations in larch rhizosphere soil were 
higher than in bulk soil in mixed plantation, which effect the microbial biomass and 
seedling growth at a limited range of phenolic acid concentrations. We found most of 
phenolic acids combinations exudated from larch root rhizosphere improved Manchurian 
ash seedlings biomass and the total amount of microbal PLFAs, fungi, bacteria and 
actinomycetes. Thus larch rhizosphere have positive allepathic effects on Manchurian ash 
through root exudates as reported for other species (28). In the sharp contrast, almost of 
phenolic acids from bulk soil inhibited Manchurian ash seedlings biomass and microbes. 
Might be due to the material and energy exchange between plant roots and soil mainly 
occurs in the rhizosphere (2, 5). 
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Although we imitated chemicals exact concentrations in field conditions, but it 
did not imply that these chemicals would be fully exerting an allelopathic effect due to soil 
absorption etc (22). Therefore, further study on allelochemicals and their potential 
mechanisms in the Manchurian ash plantation inter-planting with larch are necessary. 

 

ACKNOWLEDGEMENTS 

 
This work was financially supported by National Natural Science Foundation of 

China (NSFC31170583) and Program for Liaoning Excellent Talents in University 
(LJQ2014043). 

 

REFERENCES 

 
1. Alias, J.C., Sosa, T., Escudero, J.C. and Chaves, N. (2006). Autotoxicity against germination and seedling 

emergence in Cistus ladanifer L. Plant and Soil 282: 327- 332. 
2. Bais, H.P., Weir, T.L. and Perry, L.G. (2006). The role of root exudates in rhizosphere niteractions with 

plants and other organisms. Annual Review of Plant Biology 57: 233- 266 
3. Bakken, A.M., Hervig, T., Thorsen, T. and Holmsen, H. (1995). Fatty acids in human platelets and plasma. 

Dietary seal oil decreases sensitivity toward microbubbles. Platelets 6: 259- 264 
4. Benomar, L., DesRochers, A. and Larocque, G.R. (2013). Comparing growth and fine root distribution in 

monocultures and mixed plantations of hybrid poplar and spruce. Journal of Forestry Research 24: 
247- 254. 

5. Bertin, C., Yang, X.H. and Weston, L.A. (2003). The role of root exudates and allelochemicals in the 
rhizosphere. Plant and Soil 256: 67- 83. 

6. Buyer, J.S., Teasdale, J.R., Roberts, D.P., Zasada, I.A. and Maul, J.E. (2010). Factors affecting soil microbial 
community structure in tomato cropping systems. Soil Biology and Biochemistry 42: 831- 841. 

7. Cao, J., Huang ,Y. and Wang, C. (2015). Rhizosphere interactions between earthworms (Eisenia fetida) and 
arbuscular mycorrhizal fungus (Funneliformis mosseae) promote utilization efficiency of phytate 
phosphorus in maize. Applied Soil Ecology 94: 30- 39. 

8. Chen, Z.G., Wang, S.C. and Che, Z.W. (1991). Study on both Larix gmelini × Fraxinus mandshurica and 
Larix gmelini ×Juglans mandshurica mixed stand. Journal of Northeast Forestry University 19: 
99- 105. 

9. Cui, S.B., Kan X.Z. and Shao. M.C. (2006). Elementary discussion on mixed forest advantage of Fraxinus 

mandshurica and Larix gmelinii. Forestry Exploration and Design 137: 60- 62. 
10. Duke, S.O. (2007). The emergence of grass root chemical ecology. Proceedings, National Academy of 

Science of USA 104: 16729- 16730. 
11. Fernandez, C., Voiriot, S., Mevy, J.P., Vila, B., Ormeno, E., Dupouyet, S. and Bousquet-Melou, A. (2008). 

Regeneration failure of Pinus halepensis Mill: The role of autotoxicity and some abiotic 
environmental parameters. Forest Ecology and Management 255: 2928- 2936. 

12. Fiamegos, Y.C., Nanos, C.G., Vervoort, J. and Stalikas, C.D. (2004). Analytical procedure for the in-vial 
derivatization- extraction of phenolic acids and flavonoids in methanolic and aqueous plant 
extracts followed by gas chromatography with mass-selective detection. Journal of 

Chromatography 1041: 11- 18. 
13. Frostegård, Å., Tunlid, A. and Bååth, E. (1993). Phospholipid fatty acid composition, biomass and activity of 

microbial communities from two soil types experimentally exposed to different heavy metals. 
Applied and Environmental Microbiology 59: 3605- 3617. 

14. Gardiner, E.S., Schweitzer, C.J. and Stanturf, J.A. (2001). Phytosynthesis of Nuttall oak (Quercus nuttallii 

Palm.) seedlings interplanted beneath an eastern cottonwood (Populus deltoids Bartr. ex Marsh.) 
nurse crop. Forest Ecology and Management 149: 283- 294. 

15. Hackl, E., Bachmann, G. and Zechmeister-Bolternstern, S. (2004) Microbial nitrogen turnover in soils under 
different types of natural forest. Forest Ecology and Management 188: 101- 112. 



Zhang et al 134 

16. Hackl, E., Pfeffer, M., Donat, C., Bachmann, G. and Zechmeister-Boltenstern, S. (2005) Composition of the 
microbial communities in the mineral soil under different types of natural forest. Soil Biology & 

Biochemistry 37: 661- 671. 
17. Hu, R.T., Ju, Y.G. and Zhang, S.Y. (1991). Study on the growth of young trees in mixed forests between 

hard-woods and conifer species. Journal of Northeast Forestry University 19: 115- 120. 
18. Hinsinger, P, Bengough, A.G., Vetterlein, D. and Young, I.M. (2009) Rhizosphere: biophysics, 

biogeochemistry and ecological relevance. Plant and Soil 321: 117-152.  
19. Huong, N., Jennifer, F., David, L. and John, H. (2015). Wood density: A tool to find complementary species 

for the design of mixed species plantations. Forest Ecology and Management 334: 106- 113. 
20. Inderjit. (2001). Soils: Environmental effects on allelochemical activity. Agronomy Journal 93: 79- 84. 
21. Jacobs, D.F. and Severeid, L.R. (2004). Dominance of interplanted American chestnut (Castanea dentata) in 

southwestern Wisconsin, USA. Forest Ecology and Management 191: 111- 120. 
22. Joergensen, R.G. and Potthoff, M. (2005). Microbial reaction in activity, biomass and community structure 

after long-term continuous mixing of a grassland soil. Soil Biology and Biochemistry 37: 1249- 
1258. 

23. Kong, C. H., Liang, W. J., Xu, X.H., Hu, F., Wang P. and Jiang Y. (2004). Release and activity of 
allelochemicals from allelopathic rice seedlings. Journal of Agricultural and Food Chemistry 52: 
2861- 2865. 

24. Kong, C.H., Chen, L.C., Xu, X.H., Wang, P. and Wang, S.L. (2008). Allelochemicals and activities in 
replanted Chinese fir (Cunninghamia lanceolata (Lamb.) Hook.) tree ecosystem. Journal of the 

Science of Food and Agriculture 56: 11734- 11739. 
25. Koutika, L.S., Epron, D., Bouillet, J.P., Mareschal, L. (2014) Changes in N and C concentrations, soil acidity 

and P availability in tropical mixed acacia and eucalypt plantations on a nutrient-poor sandy soil. 
Plant and Soil 379: 205- 216. 

26. Laclau, J.P., Nouvellon, Y., Reine, C., Goncalves, J.L.M., Krushe, A.V., Jourdan, C, le Maire, G., Bouillet, J.P. 
(2013). Mixing Eucalyptus and Acacia trees leads to fine root over-yielding and vertical 
segregation between species. Oecologia 172: 903- 913. 

27. Langer, U. and Rinklebe, J. (2011). Priming effect after glucose amendment in two different soils evaluated 
by SIR- and PLFA-technique. Ecological Engineering 37: 465- 473. 

28. Li, C.Y., Yuan, G.Y., Ni, B.L. and Chu, D.Y. (2009). Extraction of Ferulic Acid and Cinnamic Acid from 
Anoectochilus roxburghii and Its Determination by HPLC. Journal of Fujian University of TCM 
19(5): 13- 16. 

29. Mallik, M.A. and Williams, R.D. (2005). Allelopathic growth stimulation of plants and microorganisms. 
Allelopathy Journal 16: 175- 198. 

30. Mandal, S.M., Chakraborty, D. and Dey, S. (2010). Phenolic acids act as signaling molecules in 
plant-microbe symbioses. Plant Signaling & Behavior 5: 359- 368. 

31. Ngosong, C., Raupp, J., Scheu, S. and Ruess, L. (2009). Low importance for a fungal based food web in 
arable soils under mineral and organic fertilization indicated by Collembola grazers. Soil Biology 

and Biochemistry 41: 2308- 2317. 
32. Olofsdotter, M., Rebulanan, M., Madrid, A., Wang, D.L., Navarez, D. and Olk, D.C. (2002). Why phenolic 

acids are unlikely primary allelochemical in rice. Journal of Chemical Ecology 28: 229- 242.  
33. Paula, R.R., Reis, G.G., Reis, M.G.F., Oliveira, N.S.N., Leite, H.G., Melido, R.C.N., Lopes, H.N.S. and Souza, 

F.C. (2013). Eucalypt growth in monoculture and silvopastoral systems with varied tree initial 
densities and spatial arrangements. Agroforestry Systems, 87: 1295- 1307. 

34. Pedlar, J.H., Fraleigh, S. and McKenney, D.W. (2007). Revisiting the work of Fred von Althen - An update 
on the growth and yield of a mixed hardwood plantation in Southern Ontario. Forestry Chronicle 
83: 175- 179. 

35. Peng, L.X., Wang, S., Hu, Y.B., Zou, L., Deng, L.J., Rao, X.C., He, X.Y.and Zhao, G. (2012) Determination 
of β-sitosterol in tartary buckwheat by HPLC. Journal of Southwest University for 

Nationalities⋅Natural Science Edition 38: 247- 251. 
36. Potthoff, M., Steenwerth, K., Jackson, L.E., Drenovsky, R.E., Scow, K.M. and Joergensen, R.G. (2006). Soil 

microbial community composition as affected by restoration practices in California grassland. 
Soil Biology and Biochemistry 38: 1851- 1860. 

37. Qin,, J.P., Lu, Y.Q., Luo, X.L., Wu, J.X., Li, J.C. and Xiao, W. (2012). Determination of α-linoleic acid, 
linoleic acid and oleic acid in hemp seed by HPLC. Chinese Journal of Experimental Traditional 

Medical Formulae 18(7): 71- 73. 



Effects of larch phenolics on manchurian ash microbial community structure 

 
135 

38. Qu, X.H and Wang, J.G. (2008). Effect of amendments with different phenolic acids on soil microbial 
biomass, activity, and community diversity. Applied Soil Ecology 39: 172- 179. 

39. Rizzo, A.M., Negroni, M., Atliero, T. and Montorfano, G. (2010). Antioxidant defences in hydrated and 
desiccated states of the tardigrade Paramacrobiotus richtersi. Comparative Biochemistry and 

Physiology Part B 156: 115- 121. 
40. Shafer, S.R., and Blum, U. (1991) Influence of phenolic acids on microbial populations in the rhizosphere of 

cucumber. Journal of Chemical Ecology 17: 371- 389 
41. Singh, H.P., Batish, D.R. and Kohli, R.K. (1999). Autotoxicity: Concept, organisms and ecological 

significance. Critical Review in Plant Sciences 18: 757- 772. 
42. Soderberg, K.H. and Baath, E. (1998). Bacterial activity along a young barely root measured by the 

thymidine and leucina incorporation techniques. Soil Biology and Biochemistry 30:1259-1268. 
43. Tae, K.H., Yeong, J.K., Eun, H.K., Ill, M.C. and Ju, S.K. (2015). Anti-inflammatory activity and phenolic 

composition of Dendropanax morbifera leaf extracts. Industrial Crops and Products 74: 263-270. 
44. Wang, Q.K., Wang, S.L. and Zhong, M.C. (2013). Ecosystem carbon storage and soil organic carbon stability 

in pure and mixed stands of Cunninghamia lanceolata and Michelia macclurei. Plant and Soil 
370: 295- 304. 

45. Wu, H.C., Du T. E.S., Reinhardt, C.F., Rimando, A.M.,Van, D. K. F. and Meyer, J.J.M. (2007).  The 
phenolic, 3,4-dihydroxybenzoic acid, is an endogenous regulator of rooting in Protea cynaroides. 
Plant Growth Regulation 52: 207- 215. 

46. Wu, J.M., Wang, H.B., Tang, L.J., Liu, G.P., Wang, X.S. and Wu, B.G. (2000). Effects of larch litter on the 
growth of ash in mixture plantation. Journal of Northeast Forestry University 28: 1- 3. 

47. Xiao, B.M., Pei, G. and Zeng, Y. (2008). Determinating cinnamic acid for Radix scrophulariae from 
different Districts by HPLC. Chinese Archives of Traditional Chinese Medicine 26(1): 117- 118. 

48. Yang, L.X., Yan, X.F. and Kong, C.H. (2007). Allelopathic potentials of root exudates of larch (Larix 

gmelini) on Manchurian walnut (Juglans mandshurica). Allelopathy Journal 20: 127- 134. 
49. Zhang, T.T., Zheng, C.Y., Hu, W., Xu, W.W. and Wang, H.F. (2010). The allelopathy and allelopathic 

mechanism of phenolic acids on toxic Microcystis aeruginosa. Journal of Appllied Phycology 22: 
71- 77. 

 
 


