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INTRODUCTION

The eco-environment in the Loess Plateau, China is fragile, 
characterized by soil erosion and deterioration of  natural 
vegetation due to excess deforestation. The artificial pure 
forests play key roles in environmental protection and soil 
and water conservation (Liu et al., 2010). However, as the 
long-term selective utilization of  soil nutrients by single 
species (Podrázský et al., 2009; Mi et al., 2015; Hansen et al., 
2009) and their special environmental effects, such as single 
litter returning to soil and special secondary metabolite 
released (Mi et al., 2013; Wang et al., 2015), the pure forests 
generally exhibit obvious soil properties alteration (Luc 
et al., 2015; Mi et al., 2015; Andreetta et al., 2016), such as 
decreases or increases in the contents of  soil organic matter 
and available nutrients, enzymatic activities and microbial 
populations (Liu et al., 2010; Mi et al., 2013). Because the 

formation and transformation of  humus is influenced 
both by the litter input and soil environmental conditions 
(Berg and McClaugherty, 2014; Descheemaeker et al., 2009; 
Prescott, 2010; Trap et al., 2013; Yan, 1997; Yu et al., 2011; 
Ni et al., 2016; Li et al., 2015), the single litter properties and 
particular soil properties in pure forest will consequently lead 
to humus dissimilation — including the alterations in humus 
content and structure properties — in different pure forests.

As soil humus plays important roles in the soil structure 
formation, soil permeability and aeration maintenance, nutrient 
supply and soil carbon sequestration functions, it has attracted 
much attention in recent decades (Andreetta et al., 2011; Khaled 
and Fawy, 2011). The existing studies have demonstrated that 
the humus content and componential properties exhibited 
considerable specificity in different forests (Dong et al., 2015; 
Li et al., 1992). In addition, the humus properties were also 
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R E G U L A R  A R T I C L E

Soil humus dissimilation in 8 kinds of pure forests was detected and its relationship with soil biological and chemical properties and leaf 
litter characteristics was assessed using partial least squares regression (PLS-R). The results indicated that: The particular soil properties 
in pure forest rather than the litter characteristics exhibited the dominant impacts on humus accumulation and degree of humifications. 
High soil microbial biomass carbon (MC), alkaline N and available P contents, soil phosphatase, dehydrogenase and urease activities, 
and litter accumulation were associated with high humic acid accumulation, while high soil available Fe and litter Mn contents were 
opposite. High soil MC, alkaline N, available Zn and P contents, and dehydrogenase and phosphatase activities were in favour of fulvic 
acid accumulation, while the high litter Mn content were opposite. High soil MC and alkaline N contents, dehydrogenase and phosphatase 
activities and high litter N content were associated with the accumulation of humin, in contrast, increase in soil available K and Zn contents 
and sucrase activity hindered this process. Increases in soil available K content, urease and peroxidase activities and litter accumulation 
and C/P ratio increased the degree of humifications of soil, while the increases in soil available Fe and Cu contents, catalase activity and 
litter P content significantly decreased it.
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significantly changed during the process of  forest development 
and aging or when the dominant species in forests were changed 
(Abakumov et al., 2013; Cerli et al., 2008; Descheemaeker et al., 
2009; Labaz et al., 2014; Trap et al., 2013). Noticeably, the long-
term growth of  pure forests sometimes will cause the losses 
of  humus components and alterations of  humus structure 
properties in soil (Liu et al., 2009).

However, the mechanism of  humus dissimilation in 
different types of  pure forests is far from clarified. Most of  
the studies tend to regard the litter quality (such as lignin, N, 
P, Mg, Mn contents and C/N, lignin/N ratios) as the main 
reason causing these phenomena (Descheemaeker et al., 
2009; Li et al., 1992; Trap et al., 2013), while the effects of  
particular/altered soil properties in pure forests on humus 
dissimilation still need further investigation. In addition, 
previous researches investigated the relationship between 
humus and other soil properties using simple correlation 
analysis methods (Ma et al., 2013; Yu et al., 2011), the 
results obtained still need further confirmation, because 
the multiple correlations among soil properties may lead 
to low analyzing accuracy.

In this study, 8 kinds of  typical pure forest of  the semi-
humid hilly area in the Loess plateau, China were chosen as 
objects. The soil humus properties were determined to assess 
the humus dissimilation of  each pure forest. In addition, 
leaf  litter characteristics and soil biological and chemical 
properties were measured, and the relationship between 
them and soil humus dissimilation were analyzed using partial 
least squares regression (PLS-R) method, aiming to provide 
suitable ways to prevent the harmful humus dissimilation, 
and to improve the stability of  forest ecosystem.

MATERIALS AND METHODS

Studied area
This study was carried out in Shuanglong forest plantation, 
Huangling County, China. This area is a part of  the 
temperate semi-humid loess hilly region, with an average 

annual temperature of  9.4°C, an average annual precipitation 
of  630.9 mm, an average relative humidity of  64%, and a 
frost-free period of  150 days. The dominate tree species 
are Pinus tabulaeformis,  Platycladus orientalis, Larix principis-
rupprechtii, Pinus armandii, Robinia pseudoacacia, Populus simonii, 
Quercus liaotungensis and Betula platyphylla, and the main 
undergrowth plants are Lonicera standishii, Elaeagnus umbellate, 
Periploca sepium, Sophora davidii, Carex rigescens, Agropyron 
cristatum, Lespedeza formosa, Urena lobata and Aremisia spp. The 
overall coverage of  the undergrowth shrub and grasses is 
less than 15% in each pure forest.

Sampling of soil and litter
In the study area, 8 kinds of  typical pure forest with 
similar site conditions (shaded and half  shaded slopes 
at the middle-upper parts of  loess ridge, with slopes 
within 22-30°) were chosen (Table 1). Three standard 
plots (20×20 m) were established within each pure forest, 
and every tree individual was counted and measured to 
obtain the the stand structure. Five quadrats with a size of  
1×1 m were subsequently established within each standard 
plot, and all humus layer (0-10 cm depth) soil from the 5 
quadrats was gathered and mixed uniformly after removing 
roots and stones. Humus soil from the same standard plot 
was then homogenized again and 3 kg soil was sampled 
from the mixture with quarter method. That is, a twice-
mixed soil sample was gathered from each standard plot, 
and totally 3 samples were collected from each forest. 
Simultaneously, leaf  litter from quadrats in each forest 
was collected, rapidly rinsed and oven dried at 65°C, 
and then weighed for calculating the litter accumulation. 
The current-year litter was used for substrate quality 
determinations (Table 1).

Determination of the soil and litter properties
The following methods suggested by Bao (2000) were 
used for the determinations of  soil properties: Humus 
contents (including humic acid-HA, fulvic acid-FA and 
humin-HM) were measured by tetrasodium pyrophosphate 
extraction- potassium dichromate oxidation method, 

Table 1: Introductions for the tested forestsa

Species Properties of pure forests Litter substrate quality
Age
(Yr)

Average DBH
(cm)

Average 
height (m)

Density
(plants/hm2)

Litter 
accumulation

(t/hm2)

C/N C/P N (g/kg) P (g/kg) Mn (mg/kg)

P. t. 30 12.95 7.3 3655 4.08 31.04a 536.51a 9.16d 0.53f 41.68g
L. p. 29 21.26 16.8 595 1.65 12.46c 95.58d 20.55c 2.68a 261.14b
P. o. 31 12.19 6.7 2500 1.85 8.99d 125.69c 28.94a 2.07c 30.59h
P. a. 28 9.62 7.9 2512 3.56 21.03b 213.37b 12.58d 1.24e 148.18f
R. p. 27 16.24 11.5 1700 4.65 9.51d 217.42b 24.92abc 1.09e 210.26e
P. s. 24 18.34 19.7 1657 0.65 8.71d 138.91c 23.93bc 1.5d 220.35d
B. p. 32 11.92 9.8 4359 1.25 9.23d 104.49d 28.19ab 2.49b 270.56a
Q. l. 31 14.26 11.7 3597 3.45 11.86c 104.46d 20.96c 2.38b 230.27c
a: P. t.: Pinus tabuliformis, L. p.: Larix principis‑rupprechtii, P. o.: Platycladus orientalis, P. a.: Pinus armandii, R. p.: Robinia pseudoacacia, P. s.: Populus simonii, 
B. p.: Betula platyphylla, Q. l.: Quercus liaotungensis. Different letters in the same column indicated significant differences between soils, the same below
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available N (ALN) content by alkaline hydrolysis diffusion 
method, available P (AP) by phosphomolybdenum 
blue colorimetry using a UV-VIS spectrophotometer 
(Shimadzu Corporation, Japan), available K (AK) by a flame 
photometer (BMB Technologies UK LTD.), available Cu, 
Zn, Fe, Mn (ACu, AZn, AFe and AMn) by DTPA extraction 
method using an atomic absorption spectrophotometer 
(Hitachi, Tokyo, Japan).

Enzyme activities were measured by the methods 
suggested by Guan (1986): Urease (Ure) was determined 
by the indophenol blue colorimetry, sucrase (Suc) by 
hyposulphite titrimetry, peroxidase (Per) by potassium 
permanganate titrimetry, dehydrogenases (Deh) by 
triphenyltetrazolium chloride colorimetry, phosphatase 
(Pho) by disodium phenyl phosphate colorimetry and 
protease (Pro) by the ninhydrin colorimetry. Microbial 
biomass carbon (MC) was measured by chloroform 
fumigation method.

Carbon content of  litter samples was measured by 
potassium dichromate oxidation method, N (LN) by 
a continuous flow analytical system (Auto Analyzer 3, 
Bran Luebbe, Germany), P, and Mn (LP and LMn) were 
measured by the same instruments as soil (Bao, 2000).

Data processing
Data were analyzed by IBM SPSS 19.0 using one-way 
analysis of  variance to assess the differences between 
soil and litter samples, and the least significant difference 

method was employed in post hoc analysis (P<0.05). 
The relationships between soil biological and chemical 
properties/litter characteristics and humus properties 
were analyzed by SIMCA-P 11.5 using partial least squares 
regression (PLS-R) method.

RESULTS

Dissimilation of humus properties of 8 pure forests
Humus soil from 8 mature forests showed significant 
differences (Fig. 1) in humus component content and 
degree of  humifications (Qp=humic acid/humus). In which, 
humus soil from P. orientalis and R. pseudoacacia forests had 
the highest humic acid (HA) content (3.93-4.21 g kg-1), 
followed by Q. liaotungensis, P. tabuliformis, L. principis-
rupprechtii and B. platyphylla forests (2.67-3.73 g kg-1), 
while humus soil from P. armandii and P. simonii forests 
showed the lowest HA content (1.91-2.29 g kg-1). Humus 
soil from P. orientalis forest had the highest fulvic acid 
(FA) content (8.08 g kg-1), followed by R. pseudoacacia, 
Q. liaotungensis, L. principis-rupprechtii,  B. platyphylla, 
P. tabuliformis and P. armandii forests (4.17-5.20 g kg-1), while 
humus soil of  P. simonii showed the lowest FA content 
(2.86 g kg-1). Humus soil from P. orientalis, B. platyphylla and 
Q. liaotungensis forests showed the highest humin (HM) 
content (12.46-13.38 g kg-1), followed by R. pseudoacacia, 
P. tabuliformis and P. armandii forests (8.80-9.56 g kg-1), while 
soil from L. principis-rupprechtii and P. simonii forests showed 
the lowest HA content (6.17-7.08 g kg-1).

Fig 1. Humus properties of soil from 8 kinds of pure forests. P. t.: Pinus tabuliformis, L. p.: Larix principis‑rupprechtii, P. o.: Platycladus orientalis, 
P. a.: Pinus armandii, R. p.: Robinia pseudoacacia, P. s.: Populus simonii, B. p.: Betula platyphylla, Q. l.: Quercus liaotungensis, HA-Humic acid, 
FA-Fulvic acid, HM-Humin, Qp-Humification degree. Different letters indicated significant differences between soils, the same below.
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The result indicated that the Qp of  humus soil from 
P. tabuliformis and R. pseudoacacia forests was the highest 
in the tested 8 forests, followed by L. principis-rupprechtii, 
P. simonii, Q. liaotungensis, P. orientalis and P. armandii, while 
humus soil from B. platyphylla forest exhibited the lowest 
Qp value. As HA exhibit higher aromatization than other 
components in humus, these results indicated that the 
humus formed in P. tabuliformis and R. pseudoacacia forests 
had better humus stability.

Soil chemical and biological properties in 8 pure forests
Significant differences were observed in nutrient contents 
in the soil from 8 pure forests (Table 2). In which, 
P. orientalis forest soil had the highest alkaline N contents, 
while P. tabuliformis and L. principis-rupprechtii forests soil 
showed the lowest. P. orientalis forest soil exhibited the 
highest available P content, while L. principis-rupprechtii 
forest soil had the lowest. R. pseudoacacia forest soil was 
the richest in available K contents, while P. armandii 
forest soil was the poorest. The highest available Cu 
content was observed in L. principis-rupprechtii forest and 
the lowest was observed in P. armandii, P. tabuliformis and 
R. pseudoacacia forests. P. orientalis forest soil showed the 
highest available Zn content, while the P. armandii forest 
soil showed the lowest. Q. liaotungensis, L. principis-rupprechtii 
and B. platyphylla forests soil exhibited the highest available 
Fe contents, while the R. pseudoacacia forest showed the 
lowest. L. principis-rupprechtii forest was the richest in 
available Mn contents, while P. armandii and R. pseudoacacia 
forests were the poorest.

In different forest soils, significant differences were also 
observed in enzyme activities and microbial biomass carbon 
contents (Table 3). Among them, R. pseudoacacia forest soil 
showed the highest urease activity, while P. armandii forest 
showed the lowest. L. principis-rupprechtii forest soil exhibited 
the highest sucrase activity, while B. platyphylla forest showed 
the lowest. L. principis-rupprechtii and R. pseudoacacia forests soil 
showed the highest peroxidase activity, while soil from other 
forests showed the lowest. P. orientalis forest soil showed the 
highest dehydrogenase activity, while L. principis-rupprechtii 
forest soil showed the lowest. P. orientalis forest soil showed 
the highest phosphatase activity, while L. principis-rupprechtii 
and B. platyphylla showed the lowest. B. platyphylla forest 
soil showed the highest protease activity, while P. armandii 
showed the lowest. The microbial biomass carbon content 
was the richest in P. orientalis forest soil, while P. simonii forest 
soil was the lowest.

The relationship between humus dissimilation and soil 
bio-chemical properties/litter characteristics
Considering the multiple correlations within litter/soil 
properties, partial least squares regression was employed 
for assessing the relationships between humus properties 
(Fig. 1) with litter characteristics (Table 1) and soil biological 
and chemical properties (Tables 2 and 3). Litter and soil 
properties were defined as independent variables, while 
the humus properties were defined as dependent variables. 
The sign (+ and -) of  coefficient of  the independent 
variables in obtained regression models (Equations 1-4), 
which indicated the trend of  each parameter. All models 

Table 2: Contents of nutrient element in soil of pure forests
Species Alkaline N

(g/kg)
Available P

(g/kg)
Available K

(g/kg)
Available Cu

(mg/kg)
Available Zn

(mg/kg)
Available Fe

(mg/kg)
Available Mn

(mg/kg)
P. tabuliformis 93.38f 6.61d 129.86b 0.41e 5.42d 9.64c 11.47c
L. principis‑rupprechtii 95.58ef 4.51f 115.12c 1.40a 7.16b 14.66ab 19.03a
P. orientalis 171.02a 9.24a 79.92d 0.89c 10.25a 9.14cd 17.10b
P. armandii 104.65de 6.7cd 50.76f 0.40ef 3.60f 13.33b 3.73e
R. pseudoacacia 123.43c 7.67b 158.93a 0.30f 5.43d 6.51d 4.25e
P. simonii 108.14d 7.4bc 127.55b 0.70d 6.25c 13.13b 8.70d
B. platyphylla 118.07c 5.36e 62.11e 1.01b 6.78bc 14.28ab 8.38d
Q. liaotungensis 152.41b 6.00de 86.70d 0.87c 4.48e 16.87a 13.28c

Table 3: Biological properties of soil of pure forests
Species Enzyme activities Microbial 

biomass carbon
(mg/kg)

Urease
(mg/kg)

Sucrase
(ml/g)

Catalase
(ml/g)

Peroxidase
(ml/kg)

Dehydrogenase
(μg/g)

Phosphatase
(mg/kg)

Protease
(mg/g)

P. tabuliformis 19.37bc 1.70e 2.25a 6.64b 108.14bc 0.40b 0.16bc 63.67c
L. principis‑rupprechtii 19.91b 4.59a 2.28a 8.96a 83.15e 0.22e 0.21ab 56.22d
P. orientalis 20.52b 3.34b 2.29a 6.47b 143.18a 0.56a 0.17bc 88.27a
P. armandii 11.42d 2.06de 2.27a 5.97b 101.37bc 0.26de 0.10d 56.00d
R. pseudoacacia 35.34a 2.84c 2.2a 8.47a 111.18b 0.32c 0.15cd 60.38cd
P. simonii 14.99cd 2.12d 2.29a 6.73b 99.21cd 0.29cd 0.15cd 38.25e
B. platyphylla 18.76bc 0.50f 2.25a 6.47b 89.46de 0.21e 0.24a 66.06c
Q. liaotungensis 22.9b 2.24d 2.26a 6.97b 100.67c 0.33c 0.15cd 73.82b
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strength were tested by the values R2Y (the fraction of  the 
variation of  Y explained by the model) and Q2 (the fraction 
of  the variation of  Y that can be predicted by the model 
according to the cross-validation), values of  R2Y and Q2 
close to 1.0 indicate an excellent model, and all models’ 
significance were confirmed. In addition, the Variable 
Importance of  Projection (VIP) value was used for the 
assessment of  the relative influence of  each parameter in 
the models. A VIP > 1 indicated the parameter was the 
most relevant and significant for explaining the dependent 
variables.

The results revealed that (Equations 1-4, Fig. 2): Higher 
soil microbial biomass carbon, alkaline N and available 
P contents, higher soil phosphatase, dehydrogenase and 
urease activities, and higher litter accumulation were 
to the benefit of  humic acid (HA) accumulation, while 
the higher soil available Fe and litter Mn contents were 
adverse to HA accumulation. Higher soil microbial 
biomass carbon, alkaline N, available Zn and P contents, 
and higher soil dehydrogenase and phosphatase activities 
were in favor of  the accumulation of  fulvic acid (FA), 
while the increase in litter Mn content exhibited relative 
significant negative effects on this process. Increases in 
soil microbial biomass carbon and alkaline N contents, 
soil dehydrogenase and phosphatase activities and litter 
N content could accelerate the accumulation of  humin 
(HM), in contrast, increase in soil available K and Zn 
contents and soil sucrase activity would hinder this 
process. Increases in soil available K content and urease 
and peroxidase activities and higher litter accumulation 
and C/P ratio would promote the humification processes 
in soil, while the increases in soil available Fe and Cu 
contents, soil catalase activity and litter P content 
exhibited considerable inhibitory effects.

HA= 3.5964+0.2187 LA+0.0222 CNr+0.0457 CPr+0.0198 
LN+0.0459 LP-0.0563 LMn+0.2105 ALN+ 
0.0057 AP+0.0163 AK-0.0103 ACu-0.0070 AZn-
0.0295 AFe+0.0892 AMn+0.2347 Ure-0.0074 Suc-
0.1817 Cat+0.0505 Per+0.1070 Deh+ 
0.1413 Pho+0.0387 Pro+0.2901 MC (1)

FA= 3.3109+0.1320 LA+0.0132 CNr-0.0229 
CPr+0.0359 LN+0.0869 LP-0.1102 LMn 
+0.1607 ALN+0.0296 AP-0.1319 AK+0.0477 
ACu+0.1034 AZn-0.0767 AFe+0.0933 
AMn+0.1039 Ure+0.0933 Suc-0.0724 Cat 
+0.0300 Per+0.1421 Deh+0.1247 Pho 
+0.0496 Pro+0.2966 MC (2)

HM= 3.7165+0.1365 LA-0.0084 CNr-0.0272 
CPr+0.0878 LN+0.1327 LP-0.0178 LMn 
+0.2506 ALN-0.0365 AP-0.2316 AK+0.0175 

ACu-0.0046 AZn+0.0618 AFe-0.0018 
AMn+0.1143 Ure-0.2187 Suc-0.1651 Cat-0.1418 
Per+0.0774 Deh+0.0729 Pho+0.1285 Pro 
+0.3626 MC (3)

Qp= 6.9196+0.1186 LA+0.0552 CNr+0.1096 CPr-0.0554 
LN-0.1170 LP-0.0516 LMn-0.0237 ALN 
+0.0503 AP+0.1724 AK-0.0932 ACu-0.0309  
AZn-0.1160 AFe-0.0085 AMn+0.1248 Ure 
+0.0569 Suc-0.0990 Cat+0.0923 Per+0.0421 
Deh+0.0584 Pho-0.0597 Pro-0.0201 MC (4)

DISCUSSION

The relationship between humus dissimilation with 
other soil properties and litter characteristics
Our results demonstrated that there were considerable humus 
dissimilation phenomena in the tested pure forests, which was 
similar to the findings of  Li et al. (1992), He (2002), Dong 
et al. (2015), Pshenichnikov and Pshenichnikova (2015) and 
Ni et al. (2016). In addition, the results of  PLS-R revealed 
that both litter characteristics and particular soil biological 
and chemical properties contributed to the dissimilation of  
humus, however, it was the soil properties rather than the 
litter characteristics which showed the dominant impacts 
on humus accumulation and humification processes. This 
result was in contrast with the findings of  Descheemaeker 
et al. (2009) and Trap et al. (2013). We hypothesized that 
litter mainly influence the humus properties by changing 
soil biological and chemical properties, thus its relations with 
humus were hard to be directly observed.

Specifically, the results of  PLS-R indicated that high 
microorganism biomass carbon contents were in favor of  
the accumulations of  HA, FA and HM. The humification 
processes were controlled by microbial activities (Berg and 
McClaugherty, 2014; Schaeffer et al., 2015): the organic 
matters (such as lignin, cellulose, protein, phenolic and 
other substances) entered in soil might be decomposed, 
transformed and re-compounded to form humus, thus the 
increases in microbial biomass accelerated the overall humus 
formation. Certainly, as the diversity of  microorganisms, 
the increases in microbial biomass might also cause 
the dissimilation of  humus components. As examples, 
the white rot fungi tend to completely decompose the 
organic matters, while brown-rot fungi can promote the 
humification processes (Berg and McClaugherty, 2014). 
Trichoderma is in favor of  the formation of  HA and in 
favor of  the increase of  the humification degree, while the 
activity of  Streptomyces is more beneficial to form FA (Guan 
and Dou, 2006; Li et al., 2015). However, Cortinarius spp. 
would lead to the oxidation of  humus materials (Bӧdeker 
et al., 2014).
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Fig 2. Variable importance in projection (VIP) values of litter and soil properties for humus properties. Soil vailable nutrients contents: ALN-
Alkaline N, AP-Available P, AK-Available K, ACu-Available Cu, AZn-Available Zn, AFe-Available Fe, AMn-Available Mn. Soil enzyme activities: 
Ure-urease, Suc-sucrase, Cat-catalase, Per-peroxidase, Deh-dehydrogenase, Pho- Phosphatase, Pro-protease. Microbial property: MC-Microbial 
biomass carbon. Litter properties: LA-Litter accumulation, CNr-Ratio of C and N, CPr-Ratio of C and P, LN-N content of litter, LP-P content of 
litter, LMn-Mn content of litter. The sign (+ and -) indicated the trend of indicators.
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For soil enzymes, high activities of  phosphatase and 
dehydrogenase were benefit for the accumulations of  
all three kinds of  humus components, while high urease 
activity could lead to a higher accumulation of  HA and 
the increase in degree of  humifications, which was agreed 
with the findings of  Yu et al. (2011) while was contrary 
to the findings of  Yan (1997). These indicated that the 
N and P supplements might be the main limitations 
for humification in the tested area, thus the increases 
of  phosphatase and urease could promote the humus 
accumulation and humification processes. Dehydrogenase 
was closely associated with the microbial activity and the 
decomposition of  soil organic matters, while peroxidase 
could catalyze the oxidation of  phenolic matters (Yan, 1997; 
Bӧdeker et al., 2014), the increases in these two kinds of  
enzyme would consequently accelerate the decomposition 
(not completely decomposition) and transformation of  
plant litter and other organic residues, and thus provide 
sufficient precussor substances for humus. In contrast, the 
increase of  sucrase activity could hinder the accumulation 
of  HM, this revealed that the micro-molecule carbohydrate 
might participate in the formation of  HM, which is contrary 
to the findings of  Paul (2002). Moreover, the results 
demonstrated that high catalase activity could decrease the 
degree of  humifications of  humus, that might be resulted 
from its ability of  catalyzing the rapidly decomposition of  
H2O2 (which plays key roles in the transformation of  lignin 
and the other substances, Yan, 1997; Bӧdeker et al., 2014), 
thus hinder the humification processes.

For soil nutrient elements, the results of  PLS-R revealed that 
the high available N and P contents in soils also promoted 
the accumulation of  humus components, which was in line 
with the findings of  Prescott (2010), Dang et al. (2012) and 
Ma et al. (2013). Sufficient N and P supplements could 
accelerate the microbial reproduction and thus promote 
the humus accumulations. In addition, N could combine 
with lignin and form recalcitrant materials and inhibit the 
lignin-decomposing enzyme activity (Hassett et al., 2009; 
Lauber et al., 2009; Tu et al., 2014; Rinkes et al., 2016), 
which might hinder the complete decomposition and thus 
retain more material sources for humification. Interestingly, 
our results demonstrated that soil available K could hinder 
the formation/accumulation of  HM, and increase the 
degree of  humifications of  humus, the mechanism of  
these phenomena was still need further investigation. 
For micro-elements, the increase in soil available Fe 
content were adverse to the accumulation of  HA, high 
content of  available Zn could promote the accumulation 
of  FA but hinder the accumulation of  HA, while high 
contents of  available Fe and Cu would decrease the 
degree of  humifications. As Fe and Cu were the important 
components of  lignin peroxidase (LiP) and laccase (Lac), 
the increase of  Fe and Cu contents might result in the 

excess secretion of  LiP and Lac, and subsequently cause 
the excess mineralization of  lignin and other substances and 
decrease the stability of  humus. Zn was closely associated 
with the activity of  LiP as well, however, its impacts on 
LiP were controlled by its concentration, thus its impacts 
on each humus component exhibited obvious dual nature 
(Singhal and Rathore, 2001).

Though the overall impacts of  litter characteristics on 
humus were weaker than soil properties, some of  the 
litter substrate quality indicators still exhibited obvious 
correlations with humus properties. In which, high litter 
accumulation would considerably accelerate the HA 
accumulation and increase the degree of  humifications, 
while its influences on FA and HM were negligible. 
Based on this phenomenon, we speculated that the 
nitrogenous substance in litters might be preferentially 
used for compounding HA rather than FA and HM. In 
addition, the PLS-R results demonstrated that high litter 
N content would increase the accumulation of  HM while 
Mn contents would hinder the accumulation of  HA and 
FA. High litter N might also promote the humification 
processes by accelerating microbial activities, while Mn, as 
the key components of  Mn-peroxidase (Trap et al., 2013), 
might lead to the complete mineralization of  lignin, thus 
decline the supplement of  material source of  humus. To 
our surprise, poor litter P conditions (high C/P and low 
P content) seemed to be more favorable to increase the 
degree of  humifications, while it was totally different 
from the results obtained formerly in soil, the mechanism 
for this was still need further investigation. In contrast 
to the findings of  Trap et al. (2013), we did not find the 
significant correlations between litter C/N and humus 
properties. That might be on account of  the alteration of  
litter C/N during the decomposition, because the litter 
residues with given C/N range tend to form different 
humus components (Tripolskaja et al., 2014).

Negative dissimilation of humus in pure forests and 
possible remediation approaches
In the tested pure forests, soil from L. principis-rupprechtii, P. 
armandii, P. simonii exhibited the trend of  low accumulation 
of  humus (Fig. 1), which was mainly caused by the poor 
microbial conditions in soil (In these soils, the lowest 
microbial biomass carbon contents were observed). In 
addition, the enzymatic and nutrient properties which were 
adverse to the formation and accumulations of  humus were 
observed in these 3 types of  soil. Such as low soil alkaline 
N contents, low soil phosphatase and dehydrogenase 
activity and high available Fe contents, and low soil 
available P content was observed in L. principis-rupprechtii 
forest soil (Tables 2 and 3, Fig. 2). Furthermore, low litter 
accumulation, low litter N contents and high litter Mn 
contents were also responsible for the poor humus contents 
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in P. simonii and L. principis-rupprechtii forests soil (Table 1, 
Fig. 2). As to the humification characteristic, soil from 
P. orientalis, P. armandii and B. platyphylla exhibited a trend of  
low humufication degree (Fig. 1), which was mainly resulted 
from the lowest soil available K contents in these forest 
soils (Table 2, Fig. 2). In addition, low litter accumulation 
and high litter P content (especially in B. platyphylla forest) 
and high soil available Fe contents (especially in soil from 
P. armandii and B. platyphyll forests) would also hinder the 
increase in degree of  humifications. These negative humus 
dissimilation phenomena should be artificially intervened 
to increase the accumulation and stability of  humus.

As the main reasons causing negative humus dissimilation 
were the particular soil properties and the single litter source 
(or poor litter accumulation) in pure forests, consequently, 
in forestry practice, planting understory (shrub or 
herbaceous plant) or forming mixed forests might be a 
feasible way to gradually improve the microbial, enzymatic 
and nutrient conditions, and thus improve the humus 
properties (Li and Liu, 2013). In particular, leguminous 
forages and tree species which could cause positive humus 
dissimilation (such as R. pseudoacacia and Q. liaotungensis in 
this study) were recommended for mixed afforestation. 
For the forest soil showed serious degradation in humus 
properties, it was recommended to directly add plant litters 
into soil to control the alteration of  soil properties and 
provide more organic matter source for humus (Luc et al., 
2015; Luc et al., 2013). In addition, N and P fertilization 
and K fertilization were also the potential approaches for 
rapidly increasing the contents of  humus and degree of  
humifications, respectively.

CONCLUSIONS

Relatively to the litter properties, the particular soil 
properties (or rather, the polarized soil properties) were the 
dominant factors of  the humus dissimilation in the pure 
forests. Specifically, high soil microbial biomass carbon 
(MC), alkaline N and available P contents, soil phosphatase, 
dehydrogenase and urease activities, and litter accumulation 
played the important roles in the accumulation of  humic 
acid, while high soil available Fe and litter Mn contents 
were opposite. High soil MC, alkaline N, available Zn and 
P contents, and dehydrogenase and phosphatase activities 
contributed to the fulvic acid accumulation, while the high 
litter Mn content were opposite. High soil MC and alkaline 
N contents, dehydrogenase and phosphatase activities and 
high litter N content were in favor of  the accumulation of  
humin, while high soil available K and Zn contents and 
sucrase activity were opposite. High available K content, 
urease and peroxidase activities and litter accumulation and 
C/P ratio were beneficial to the increasing of  humification 

degree, while high soil available Fe and Cu contents, catalase 
activity and litter P content were opposite.
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