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20 Abstract 

21 Despite the importance of decomposition for biogeochemical cycles, it is still not 

22 clear how this process is affected by different forms of nitrogen (N). Equal amounts of 

23 N with different ratios of inorganic N : organic N (0 : 0, 10 : 0, 7 : 3, 5 : 5, 3 : 7, and 

24 0 : 10) were added to the soil in a steppe. We studied the response of litter 

25 decomposition 

26 to different forms of N enrichment. The treatment with 30% organic N resulted in the 

27 fastest decomposition, which was higher than with inorganic N or organic N addition 

28 alone. Our results highlight the need for studies of N deposition on carbon cycles that 

29 consider different components in N deposition.

30 Keywords: Litter decomposition; Inorganic nitrogen deposition; Organic nitrogen 

31 deposition; Extracellular enzyme activity ; Grassland
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32 Litter decomposition, as an important first step for the formation of soil humus, is a 

33 key biogeochemical process that influences the recycling of nutrients, carbon (C) and 

34 energy within and among ecosystems. Despite the importance of litter decomposition 

35 for ecosystem biogeochemical cycles (Vitousek, 2004), how this fundamental process 

36 is affected by different forms of nitrogen (N) is still uncertain.

37 Numerous studies have focused on effects of N deposition on decomposition by 

38 examining only the addition of inorganic N (IN), but ignoring the organic nitrogen 

39 (ON) component, which may lead to an underestimation of N retention effects on 

40 ecosystems (Cornell, 2003). N deposition not only encompasses IN, but also ON (e.g. 

41 urea and amino acids; Neff et al., 2002), which may contribute to 30% of total 

42 atmospheric N deposition (Cornell 2011). N added as IN and ON may have different 

43 effects on litter decomposition, given that ON is more readily bioavailable (Seitzinger 

44 et al., 2002) and a preferential N source for decomposer microorganisms (Hobbie, 

45 2005). However, the effects of different types of N deposition on litter decomposition 

46 have rarely been examined. One exception is a study by Hobbie et al. (2012) that 

47 reported that either inorganic or organic N accelerated the early stage of 

48 decomposition rate, but suppressed the later stage of decomposition for pin oak leaves 

49 in Northern American temperate forests.

50 In the present article, we determined the effects of different IN-to-ON ratios on leaf 

51 litter decomposition of Leymus chinensis (L.chinensis) in a temperate grassland. We 

52 hypothesized that all forms of fertilized-N would accelerate decomposition and that 

53 the rate of decomposition would increase with the proportion of ON. 
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54 This decomposition experiment was established in a temperate steppe in Inner 

55 Mongolia, China (50°10′46.1′′N; 119°22′56.4′′E). Detail descriptions can be found in 

56 Wang et al. (2018). Mean N deposition is 8.1 kg N ha-1 among the growing seasons, 

57 (Li et al., 2015). L.chinensis is the dominant species in this region, and can contribute 

58 > 50% of the total aboveground biomass. In this study, NH4NO3 was chosen as the IN 

59 source, while urea and glycine were selected and mixed at equal proportions as the 

60 ON sources. Plots received one of the following treatments with different ratios of 

61 IN/ON (six replicate plots per treatment): N0 (control, no N addition), N1 (10:0), N2 

62 (7:3), N3 (5:5), N4 (3:7), N5 (0:10). A total amount of 10 g N m-2 yr-1 was added in 

63 each plot once a year in May since 2014.

64 We constructed 15 cm × 15 cm nylon litter bags using 1-mm mesh. Previous studies 

65 have demonstrated that this mesh size is permeable to a variety of soil fauna (Berg 

66 and McClaugherty, 2014). Each bag was filled with approximately 8 g leaf litter from 

67 the non-fertilized sites. 12 litterbags were randomly deployed in each plot and fixed 

68 on the ground using 10-cm long metal pegs in late September 2015. Three replicate 

69 bags were retrieved from each plot in May and September in both 2016 and 2017. 

70 Harvested leaf litter was cleaned of soil, roots, and then subsampled for dry mass (65 

71 oC) and enzyme activities (4 oC). According to the method of Saiya-Cork et al. (2002), 

72 we analyzed the activities of the following cellulolytic and ligninolytic enzymes: 

73 β-1,4-glucosidase (β-GC, EC 3.2.1.21), cellobiohydrolase (CBH, EC 3.2.1.91), phenol 

74 oxidase (POX, EC 1.10.3.2) and peroxidase (PER, EC 1.11.1.7). The effects of N 

75 addition on decomposition rates (k, Olson, 1963) were analyzed using ANOVA with 
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76 enzyme activity analyzed using repeated-measures ANOVA.   

77   Litter decomposition rates (k) after two years of field-exposure were significantly 

78 different between N0 and all N treatments (P < 0.01 in all cases; Fig. 1), which were 

79 ca. 16-45% higher in N fertilization than in control treatments. Decomposition rate 

80 was highest in 30% organic N plots but was not significantly different from 50% or 

81 70% organic N plots (Fig. 1). As hypothesized, all forms of N treatments (inorganic or 

82 organic N) stimulated the decomposition rates of L. chinensis. The positive effect of N 

83 additions on litter decomposition was probably due to the alleviation of N-limitations 

84 for microbial metabolism (Hobbie and Vitousek, 2000) and acceleration of microbial 

85 activities (Waldrop et al., 2004). However, our results showed that the magnitude of N 

86 effects varied among different IN-to-ON ratios, with both types (organic and 

87 inorganic) of N addition promoting decomposition rates more than just only either 

88 organic or inorganic N addition (P < 0.01 in all cases, Fig. 1, Table 1). Thus, the 

89 microbe-dominated decomposition process was more readily influenced by mixed 

90 types of N addition. This is probably because the mixed forms of N addition supply 

91 provide a wider use of N sources for decomposing microbes to grow on (Lochhead 

92 and Chase, 1943; Brown, 1980; Jones et al., 2004)

93    However, in contrast to our expectations, we did not observe the promotion of N 

94 addition effects on decomposition increase with the increasing proportion of organic 

95 N (Fig. 1). In fact, after two years of field exposure, decomposition rates in the 100% 

96 inorganic N treatments was not different from the 100% organic N treatments (Fig. 1). 

97 This is possible because of the energetic costs of assimilating different types of N 
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98 were different enough to result into differences in the rate of C use and thus mass loss 

99 rates. 

100 Decomposition is dependent on a suite of microbe-mediated mechanisms (Cusack 

101 et al., 2013) that underlie extracellular enzymes’ breakdown of the structural 

102 components of plant litter and the recover of organic N and phosphorus, thus creating 

103 a dynamic nutrient cycle system (Carreiro et al., 2000). N amendment significantly 

104 enhanced the hydrolytic enzymes’ activity by 61%-100% for β-GC and by 84%-222% 

105 for CBH and peaked at N2 compared with the control in the first sampling (P < 0.001, 

106 Fig. 2a and 2b), leading to a larger and faster litter decomposition in the initial phase 

107 (Hobbie et al., 2012; Sun et al., 2016). The activity of oxidative enzymes, peaked in 

108 the last sampling at mass loss of 55% (Table 1), and varied among different forms of 

109 N addition (negative effect of IN vs. positive effect of mixed type vs. neutral effects 

110 of ON), and greatly increased at mixed type, especially under N2 (P < 0.01; Fig. 2c 

111 and 2d) indicating accelerated degradation of late lignin-dominated stage (Berg, 2014). 

112 Consequently, the "bell-shaped" response of decomposition rate to N addition could 

113 arise for reasons that N with different forms may not be equivalent in quantity or 

114 quality for the microbial community (Wang et al., 2011; Li et al., 2014), and the 

115 contrasting responses of lignin-degrading enzyme activity to IN versus ON-containing 

116 inputs helps explain the effects of N form on decomposition. 

117 Collectively, our results highlight the need for studies of N effects on litter 

118 decomposition that consider the different N components in N deposition. Predicting 

119 the potential effects of natural N deposition on C and biogeochemical cycles requires 
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120 that organic N sources are also considered when simulating N deposition experiments.
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Fig. 1. Adjusted mean + SE decomposition rates (single exponential model). Different 

letters among columns indicate significant differences for Tukey’s HSD post hoc 

comparisons among different forms of N treatment (p < 0.05). N0, Control; N1, 

IN-to-ON=10:0; N2, 7:3; N3, 5:5; N4, 3:7; N5, 0:10. The N2 treatment was consistent 

with the average contribution of ON to atmospheric N deposition in China (28%) and 

globally (30%) (Cornell et al., 2011; Zhang et al., 2012).
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Fig. 2. Extracellular enzyme activity on litter substrates sampled during the two-year 

experiment under different forms of N treatment. An asterisk indicates that a 

particular treatment differed significantly from the control at a particular sampling 

time (p < 0.05). The hydrolytic enzymes’ activity peaked in the second sampling 

while the oxidative enzymes at last sampling. 
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 Effects of different types of N addition on litter decomposition were examined

 Different ratios of inorganic N to organic N were used to fertilize grassland soil

 All forms of N addition increased leaf litter decomposition rates

 Mixed types of N promoted decomposition more than just only type of N addition
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Table 1 Cumulative mass loss (in per cent of total initial dry mass) at each sampling 

in the different N treatments. Different superscript letters represent significant 

differences among different N treatments (a for the highest value at each sampling).

N treatment Mass loss at each samping (%)
May 2016 Sep. 2016 May 2017 Sep. 2017

N0 17.0 (1.5)c 31.5 (1.8)c 42.9 (1.3)c 48.4 (0.5)c

N1 22.6 (1.9)b 35.0 (1.1)b 46.8 (1.1)b 53.1(0.3)b

N2 28.9 (2.5)a 43.2 (2.2)a 53.6 (0.8)a 59.9 (0.7)a

N3 26.3 (1.8)a 42.9 (1.6)a 51.0 (0.7)a 57.3 (1.2)a

N4 25.0 (2.7)a 40.8 (1.3)ab 49.8 (1.0)b 56.7 (0.4)ab

N5 21.4 (1.7)b 36.9 (0.7)b 46.7 (0.9)b 56.1(0.6)ab


