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ABSTRACT: To investigate the influence of different plant covering on dissolved organic matter 
(DOM) in forest soils, the DOM characteristics of soil sample in P. massoniana plantation forest and 
mixed conifer-broadleaf forest of P. massoniana and C. carlesii were researched by using chemical 
and spectroscopic methods, including total organic carbon (TOC), total nitrogen (TN), C/N ratios, 
dissolved organic carbon (DOC) and dissolved organic nitrogen (DON), together with aromaticity 
index (AIX) and humification index (HIX). Results showed that TOC, TN and C/N ratios were much 
higher in soils of PC than P, together with the level of DOC and DON, and the spectroscopic charac-
teristics of DOM including AIX and HIX. It’s suggested that different plant covering in forest have 
great influences on soil DOM characteristics. DOM concentrations in mixed forest of P. massoniana 
and C. carlesii were much higher than pure conifer forest of C. carlesii. Thus, mixed conifer-
broadleaf forest was more suitable choice for ecological restoration and reconstruction in southeast 
China. 

INTRODUCTION 
Dissolved organic matter (DOM) has an important role in many chemical and biological processes 
occurring in soils, which include mobilization and transport of colloids, nutrients, metals and pollu-
tants, and microbial growth (Kaiser & Kalbitz, 2012). Kaiser et al. (2002) pointed out that the DOM 
in forest soils is constituted by a mixture of low-molecular weight and high-molecular weight com-
pounds those are variously soluble and decomposable, which are mainly affected by litter decomposi-
tion and desorption from soil solid phases. The dominant source of DOM in forest soils is plant litter, 
while the composition of plant litter can be greatly influenced by vegetation type (Traversa et al., 
2008). So tree species composition may affect the characteristics of DOM. 
Pinus massoniana and Castanopsis carlesii are dominant coniferous and broadleaf trees in the 
southeast China. They often form pure plantation or mixed conifer-broadleaf forest, with significant 
difference in DOM composition (Feng et al., 2014). In the present study, the characteristics of DOM 
of cylindrical soil sample in  P. massoniana plantation forest and mixed forest of P. massoniana and 
C. carlesii were studied by the chemical and spectroscopic methods, including total organic carbon 
(TOC), total nitrogen (TN), C/N ratios, dissolved organic carbon (DOC) and dissolved organic ni-
trogen (DON), together with aromaticity index (AIX) and humification index (HIX). Results of the 
study will provide useful information on the influence of different plant covering on the characteris-
tics of DOM in forest soils, and provide a theoretical basis for ecological restoration and reconstruc-
tion in southeast China. 

MATERIALS AND METHODS 

Site description 
The site of the present study is located in Shouning city, Fujian province, China (27°31' N, 119°37' 
E). The average elevation is 890 m above the sea level, with the slope of 28-41°. The area is charac-
terized by a subtropical marine monsoon climate, with average annual temperature of 14.9 °C, the 
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average annual rainfall of 898 mm, annual evaporation capacity of 1400 mm, and the relative humidi-
ty of 89%. 
The P. massoniana plantation  (P) and mixed forest of P. massoniana and C. carlesii (PC) were es-
tablished in 1976. The coverage of understory vegetation is about 90%, with less bush and rich her-
baceous layer. The soil characteristics are classified as red soil and quite homogeneous. 
Sample preparation 
Three cylindrical soil samples were collected  randomly at selected sites in each forest type, with six 
different depths: 0-10 cm, 10-20 cm, 20-30 cm, 30-40 cm, 40-50 cm and 50-60cm in July 2013. Part 
of composite soil samples were sieved (<2 mm) for DOM extraction, and another soils  were air 
dried and sieved (<2 mm) for total organic carbon (TOC) and total nitrogen (TN) analysis. Chemical 
and spectroscopic analyses 
Basic soil properties like TOC and TN were performed according to standard methods (Lu, 1999). 
DOM were isolation as Traversa et al. (2008), aliquots of 10 g of each air-dried litter or soil sample 
were suspended in 100 ml of 4 mM CaCl2 solution, and mechanically shaken for 15 min. The suspen-
sions were then centrifuged at 6000 rpm for 15 min, and filtered sequentially through Whatman fil-
ters with decreasing particle size retention, in the order: 11, 2.5, 1.2 and 0.45 mm. All DOM samples 
were stored in the dark before analysis.  
Then DOC and DON in DOM solutions were measured follow Höll et al. (2009), using an organic 
carbon analyzer (TOC-VCPH, Shimadzu, Kyoto, Japan) and an continuous stream dynamic analyzer 
(San++, Skalar, Breda, Netherlands), respectively. Each sample was analyzed three times, and the 
mean value was calculated. The variances of duplicate measurements were less than 5%. 
Spectroscopic analyses was taken at 254 nm by recording molar absorptivity on a UV–Vis spectro-
photometer (UV-1200, Mapada, Shanghai, China). While Fluorescence spectra were recorded using 
a fluorescence spectrophotometer (F7000, Hitachi, Tokyo, Japan). And the AIX and HIX were cal-
culated as AIX= (UV254/ DOC) × 100 and HIX=the ratio between the area in the upper quarter 
(435-480 nm) and the area in the lower quarter (300-345 nm) of the emission spectra (Akagi et al., 
2007). 
Data analysis 
Data were presented means ± SE ( n=5). Two-way analysis of variance was done on all the data to 
confirm the variability of data and validity of results using SPSS 15.0 software (SPSS, Inc., USA). 
Pearson correlation analysis was done to test the relationship between each chemical parameters and 
soil depth. Duncan’s multiple range tests were performed to determine the significant difference be-
tween treatments at 0.05 probability. 

RESULTS 

Soil properties 
TOC and TN of bulk soil samples were listed in Table 1. TOC and TN concentrations were greatest 
in the top layer, and decreased with soil depths, with TOC in 0-10 cm were 4.20 and 4.07 times 
higher than 50-60 cm in P and PC, and TN in 0-10 cm were 2.67 and 2.54 time  than 50-60 cm in P 
and PC, respectively. Besides, TOC and TN in soils of PC were higher than P, with TOC in PC 1.27-
1.35 folds higher than P and TN in PC 1.10-1.17 folds higher than P. Thereby resulted that C/N ra-
tios in soils of PC were folds 1.15-1.20 folds higher than P (Table 2). The pH in soils of PC were 
lower than P, as the consequence of higher level of nutrients in soils of PC. 
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Table 1. TOC and TN of bulk soil samples. 
______________________________________________ 
Depth (cm)  TOC(g kg-1)      TN(g kg-1) 
      ____________     _____________  
      P      PC      P     PC 
______________________________________________ 
0-10     115.72  147.32    9.31   10.12 
10-20    58.13  78.65    5.24  5.97 
20-30    49.64  65.43    4.71  5.18 
30-40    44.67  58.54    4.62  5.17 
40-50       32.43    43.78    3.52  4.12 
50-60        27.54  36.21    3.49  3.99 
_____________________________________________ 
P: pure P. massoniana forest; PC: mixed conifer-broadleaf forest of P. massoniana and C. carlesii. 
 
Table 2. Selected properties of bulk soil samples. 
______________________________________________ 
Depth (cm)  pH             C/N ratio 
      ____________     _____________  
      P    PC         P      PC 
______________________________________________ 
0-10     5.63    5.11      12.43   14.56 
10-20    5.70    5.24      11.09  13.17 
20-30    5.75    5.32      10.54  12.64 
30-40    5.81    5.39      9.67  11.32 
40-50      5.98    5.38      9.21  10.63 
50-60        5.92    5.27      7.89  9.08 
_____________________________________________ 
P: pure P. massoniana forest; PC: mixed conifer-broadleaf forest of P. massoniana and C. carlesii. 
DOM 
As expected, DOC concentrations were greatest in the top layer, and also decreased with soil depths 
(Figure 1A). The DOC concentrations in 0-10 cm were 3.42 and 3.46 folds higher than 50-60 cm in 
P and PC, respectively. Similar trends were found in DON, with concentrations in 0-10 cm were 
2.75 and 2.50 folds higher than 50-60 cm in P and PC (Figure 1B).  
DOC in soils of PC were significantly higher than P (P<0.05), while DON in 0-10 cm and 20-30 cm 
in soils of PC were also significantly higher than P (P<0.05).  
Spectroscopic analyses 
The level of AIX in soils of PC were significantly higher than P (P<0.05), and decreased at progres-
sively greater depths (Figure 2A). The level of HIX show the same trends with AIX, higher level of 
HIX was found in the soil of PC (Figure 2B). In particular, the level of AIX and HIX in all layers of 
PC were average 18.33% and 49.16% higher than P. 
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Figure 1. Contents of dissolved soil organic carbon and dissolved organic nitrogen at the two forest 
types (mean ± SE, n=5). Different letters indicate significant differences between the two sites for the 
same soil layer (P<0.05). P: pure P. massoniana forest; PC: mixed conifer-broadleaf forest of P. 
massoniana and C. carlesii. 

DISCUSSION 
DOM is mainly from recent litter and humus decomposition, together with root exudates and soil 
microbial communities (Batlle-Aguilar et al., 2012). Though many studies have focused on the dy-
namics of DOM in forest ecosystems in recent years, there is a lack of knowledge concerning the ef-
fect of different forest plant covering on the amount and quality of DOM. In the present study, the 
characteristics of DOM of soil sample in P. massoniana plantation forest and mixed forest of P. 
massoniana and C. carlesii were researched by using chemical and spectroscopic methods.  
The bulk analysis of forest soil with different plant covering provide basic information for further 
DOM analysis. Results showed those TOC, TN and C/N ratios in soils of PC were higher than P, and 
decreased at progressively greater depths. The pH soil in soils of PC were lower than P, as the con-
sequence of higher level of nutrients in soils of mixed conifer-broadleaf forest. These differences ap-
peared to affect the translocation and properties of DOM through the corresponding underlying soil 
profile (Lyon et al., 2014).  
Besides, the main object of the present study was to investigate the influence of different plant cover-
ing on the characteristics of dissolved organic matter in forest soils. The level of DOC in soils of PC 
were significantly higher than P (P<0.05), while the level of DON in 0-10 cm and 20-30 cm in soils 
of PC were also significantly higher than P (P<0.05). DOC and DON are the major components of 
DOM (Inamdar et al., 2012), these results suggested that DOM in soils of PC are richer than P, 
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which may be mainly influenced by plant covering. Previous studies also demonstrated that DOM in 
mixed conifer-broadleaf forest was much higher than pure conifer forest (Laganiere et al., 2014).  
 

 

 
Figure 2. Spectroscopic characteristics of dissolved soil organic matter from the two forest types 
(mean ± SE, n=5). Different letters indicate significant differences between the two sites for the same 
soil layer (P<0.05). P: pure P. massoniana forest; PC: mixed conifer-broadleaf forest of P. masso-
niana and C. carlesii. 
 
Moreover, spectroscopic analyses including AIX and HIX showed similar trends, which tested and 
verified the outcome of the chemical results. The level of AIX and HIX in soils of PC were much 
higher than P. In particular, significantly positive relationships were found between DOC, DON and 
TOC, TN and C/N ratios (P<0.05). In accordance with our results, soil DOM characteristics are 
greatly affected by plant covering (Sitzia et al., 2014, Jiang et al., 2010, Ohno et al., 2014). 

CONCLUSION 
Results of the study showed that the characteristics of DOM in forest soils were greatly influenced 
by different plant covering. Firstly, TOC, TN and C/N ratio in soils of PC were much higher than P, 
and decreased with soil depths. Secondly, DOC and DON were also much higher in soils of PC than 
P, together with the spectroscopic analyses results including AIX and HIX. 
The empirical approach demonstrated that the forest type have great influence on soil DOM charac-
teristics. The level of DOM in mixed conifer-broadleaf forest (PC) were much higher than pure con-
ifer forest (P). Which suggested that mixed conifer-broadleaf forest was more suitable choice for 
ecological restoration and reconstruction in southeast China. 
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