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The effects of carbon, nitrogen, and potassium addition on the decomposition
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Abstract: Decomposition of litter 1s an important component process of energy flow and material cycling in grassland
ecosystems. However it is not clear how litter decomposition in desert grasslands responds to the addition of carbon

(C), nitrogen (N), and potassium (K). Clarification of this relationship is needed to improve our understanding of
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the nutrient cycling process in desert grasslands. In this study, the mesh bag decomposition method was used in a
randomized block design, to study the effects of exogenous C, N, and K addition on the litter decomposition
characteristics of the dominant species Stipa breviflora and Leymus secalinus in Ningxia desert grassland. Litter
decomposition was tested in soils fertilized with one of three rates of C (vermicompost, 30% C), N (urea, 46% N)
or K (KCl, 60% K) as follows: C, (0 g*m *-yr '), C, (52.54 g*m *+yr ') and C,(705.09 g-m *-yr ') set at the
experimental site; along with nutrient addition treatments. N, (0 g*m *+yr '), N, (5 g*m “+yr ') and N, (20 g*
m “+yr '), three C, N, and K concentration gradients, K, (0 g*m “+yr '), K, (9.0 g*m *+yr ') and K, (18.0 g-
m “-yr '). It was found that significant differences in the effects of C, N, and K addition on litter decomposition and
different decomposition rates of litter from S. breviflora and L. secalinus (P<<0.05). Half-lives for L. secalinus
decay ranged from 4. 93 to 17. 54 months and for S. breviflora from 10.76 to 20. 51 months. The decomposition
rates of litter from S. breviflora and L. secalinus began to slow down at 120 and 240 days, respectively. Leaves of
the two grass species displayed different responses to the addition of C, N, and K nutrients. Under the K, and K;+
N;+C, treatments, the decomposition rate of L. secalinus litter was faster, while under the CK and K,+N,
treatments, the decomposition rate of S. breviflora litter was faster. According to the exponential decay model, the
predicted decomposition rate for L. secalinus litter is greater than for S. breviflora litter. The litter of both L.
secalinus and S. breviflora decomposed quickly in autumn. In summary, there were differences in litter
decomposition rates of the two grass species in the same habitat, and high additions of K and N and low additions of
C promoted litter decomposition rates more strongly than other nutrient addition combinations.

Key words: desert grassland ; litter; decompose features; nutrient addition
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Table 1 Physicochemical properties of soil in the study area

pH KR A HLEK S X TR AifE S K A
Moisture content  Organic carbon  Total nitrogen ~ Total phosphorus  Alkaline nitrogen  Available phosphorus  Available potassium
(%) (g-kg ") (g-kg™ ") (g-kg ") (mg-kg ") (mg-kg ") (mg-kg ")
8.53 8.10 2.93 0.59 0.20 21.69 9.73 63.62
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Table 2 L. secalinus litter decomposition model

Ak B ﬁﬁ?/{ﬁﬂ R’ To. 5 To. 95 Ak B ﬁﬁ?/{ﬁﬂ R’ To. 5 To. 95
Treatment  Decomposition model (Month) (Month) Treatment  Decomposition model (Month) (Month)
K, +N,+C, y=0.94710e """ 0.876 9.85 45.39 K,+N,+C, y=0.91837¢ *"""  0.821 10.61 50. 80
K, +N,+C,  y=0.92219¢ """ 0.802 15.12 71.97 K, +N,+C,  y=0.94643¢ %" 0.845 10. 80 49.76
K,+N,+C, y=0.93659 """ 0.882 9.96 46.51 K,+N,+C, y=0.92422¢ """ 0.855 10. 40 49. 36
K, +N,+C,  y=0.98703e """ 0.910 10. 95 48.03 K, +N,+C,  y=0.9686% """ 0.856 12.18 54.58
K,+N,+C, y=0.92993¢ """ 0.792 10. 83 51.01 K,+N,+C,  y=0.94194¢ """ 0.874 9. 64 44.69
K, +N,+C,  y=0.90056e """ 0.881 11.08 54.44 K, +N,+C,  y=0.91022¢ """ 0.818 9.69 46.95
K,+N,+C, y=0.91858¢ “™"" 0.701 17. 54 83.93 K,+N,+C, y=0.92522¢ """  0.847 4.93 23.38
K, +N,+C,  y=0.92294e """ 0.882 11.41 54.29 K, N, +C,  y=0.97824e " 0.896 11.19 49.56
K,+N,+C, y=0.93670e """ 0.780 12.61 58. 84 K,+N,+C, y=0.93927¢ """ 0.846 10. 20 47.46
K, +N,+C,  y=0.94759 """ 0.916 10.71 49.28 K, +N,+C,  y=0.96153¢ """ 0.833 10. 04 45.41
K,+N,+C, y=0.92587¢ “"*'"  0.808 9.51 45.04 K,+N,+C, y=0.99318¢ """  0.699 11.98 52.16
K, +N,+C,  y=0.87007¢ """ 0.718 11.33 58. 42 K, N, +C,  y=1.00549e “"*" 0.919 10. 59 45.47
K,+N,+C, y=0.96601e “"*  0.891 10. 87 48.86 K,+N,+C, y=0.91724¢ *™'%"  0.781 12.18 58. 42
K, +N,+C,  y=0.93898 """  0.850 10. 40 48.40

TE: T, s I I3 1% 5096 BRI 3 T, o 2m U341 3 1% 9526 MBIl . RPZFORAEERE. T,
Note: T, , indicates the time it takes for the litter to decompose 50% ; T, ,; indicates the time it takes for the litter to decompose 95%. R”: Correlation

coefficient. The same below.
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Table 3 S. breviflora litter decomposition model

Lo 1 AR R Tos To.05 Lo 1 AR R Tos To.05
Treatment  Decomposition model (Month) (Month) Treatment  Decomposition model (Month) (Month)
K,+N,+C,  y=0.94715¢ “""  0.876 10. 76 49.52 K,+N,+C, y=0.95998¢ """ 0.670 14. 59 66.11
K,+N,+C, y=0.94188 “"" 0.711 15. 64 72.49 K, +N,+C,  y=0.92832¢ “™"  0.835 20.03 94. 54
K,+N,+C, y=0.95050¢ “"""  0.850 15.78 72.18 K,+N,+C, y=0.93147¢ """ 0.695 15.71 73.86
K, +N,+C,  y=0.91925¢ """ 0.802 16.11 77.02 K, +N,+C,  y=0.92818¢ “"M"  0.738 14.73 69.55
K, +N,+C, y=0.91790e “"*"  0.740 16.87 80. 84 K,+N,+C, y=0.93901e """ 0.808 17.51 81.47
K, +N,+C,  y=0.91020e " 0.623 16.78 81.28 K, +N,+C, y=0.91293e “"“"  0.666 13.56 65.42
K, +N,+C,  y=0.89790¢ *""" 0.724 17.74 87.52 K,+N,+C, y=0.91028¢ """ 0.672 15.25 73.84
K, +N,+C,  y=0.94508e """ 0.870 15.27 70. 49 K, +N,+C,  y=0.92698¢ “"""  0.795 18.71 88.48
K, +N,+C, y=0.90856e “""*  0.595 17. 46 84.79 K,+N,+C, y=0.92766e """ 0.826 18.23 86.15
K, +N,+C,  y=0.92441e 1" 0,711 18.62 88. 40 K, +N,+C,  y=0.93520e “®""  0.773 17.25 80. 68
K, +N,+C, y=0.91706e """ 0.725 15. 80 75.76 K, +N,+C,  y=0.96269 """ 0.613 18.05 81.48
K, +N,+C,  y=0.92413¢ "% 0.822 15.51 73.66 K, +N,+C,  y=0.92374e “""" 0,759 17.19 81.69
K,+N,+C,  y=0.89925¢ “""  0.741 20. 51 101.06 K, +N,+C,  y=0.93029¢ """ 0.773 19. 34 91.07
K, +N,+C,  y=0.93599¢ " 0.735 16.33 76.29
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Fig. 1 Effect of single addition treatment of C, N and K on litter mass residual rate
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Fig. 2 Effects of mixed addition of C, N and K on litter mass residual rate
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Fig.3 Effects of C, N and K addition treatments on litter mass residual rate
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Table 4 Multivariate ANOVA for the effects of C, N, and K

additions on the mass residue rates of the two litters

S0 [K - Influence factor F P
AN K addition (K) 0.300  0.741
FRANN addition (N) 12.630 <<0.001%*
70 C addition (C) 7.348 <0.001*x
I 5] Time (T) 1853. 805 <<0. 001**
YIFh Species (S) 378.788 <C0.001%x
BRI X EAS I K XN 1.356  0.249
BRI X BRI K X C 0.474  0.755
BRI X B ) KX T 0.435  0.856
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Note: F is the ratio of the sum of squares of the dispersion between and
within groups to the degrees of freedom, P is the significance, * indicates
the significant level of P<C0.05, ** indicates the significant level of P<<

0.01, and “X” indicates the interaction.
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