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Abstract

Aims To understand the effects of nitrogen and silicon addition on soil nitrogen mineralization in the context of
global climate change.

Methods Nitrogen fertilizer with different concentration were added separately (0, 20, 40, 60 g'm 2, namely CK,
N20, N40, N60, respectively) and combined with silicon fertilizer (4 g'm ™ silicic acid, namely Si4). Soil nitrate
and ammonium nitrogen contents, net nitrification rate, net ammonification rate as well as net mineralization rate
in 0-20, 20—40 and 40-60 cm depth profiles were measured.

Important findings (1) When nitrogen fertilizer was applied alone, soil nitrate and ammonium nitrogen contents
under N20, N40, N60 treatments in 0-20 cm soil layer increased by 63.48%, 126.04%, 247.03% and 80.66%,
152.52%, 244.56% respectively, compared with CK. With the increase of soil depth, soil nitrate and ammonium
nitrogen both decreased, the nitrate nitrogen content in 20-40 and 40—60 cm soil layers decreased by an average
of 53.90%, 76.05% respectively and the ammonium nitrogen content decreased by an average of 48.62%, 68.23%
respectively, compared with 0-20 cm soil layer. (2) With the increase of N application, soil net nitrification rate,
net ammoniation rate and net mineralization rate all showed an increasing trend. Under the same nitrogen fertilizer
concentration, with the increase of soil depth, net nitrification rate, net ammonification rate and net mineralization
rate gradually decreased (except for CK). (3) Compared with nitrogen addition alone, soil nitrogen content was
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significantly improved when nitrogen and silicon fertilizers were both applied, in the 0-20 cm soil layer, the
increase ratio of nitrate nitrogen and ammonium nitrogen were 98.78%, 192.62%, 330.16% and 99.96%,
195.82%, 306.32% respectively, compared with CK. This trend was also found in the 2040 and 40—60 cm soil
layers. The results also showed that combined application of nitrogen and silicon had a significant effect on soil
nitrogen mineralization. For example, net nitrification rate and net ammonification rate under N60Si4 treatment
increased by 35.88% and 27.41% respectively in the 0-20 cm soil layer, compared with nitrogen application
alone. The above results showed that compared with the nitrogen addition alone, the application of both nitrogen
and silicon can not only increase the nitrogen content in different soil layers, but also promote the mineralization

of soil nitrogen and therefore having a certain mitigation effect on atmospheric nitrogen deposition.
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Fig. 1 Change of NO;-N content in alpine meadows of Qinghai-Xizang Plateau under different nitrogen concentrations (mean + SE,
n = 6). CK, N20, N40, N60, added NH4;NO; 0, 20, 40, 60 g-m’z, respectively; Si4, added silicic acid 4 g-m’z. Different lowercase

letters indicate significant differences among treatments (p < 0.05).
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Fig. 2 Change of NH;-N content in alpine meadows of Qinghai-Xizang Plateau under different nitrogen concentrations (mean + SE,
n = 6). CK, N20, N40, N60, added NH4;NO; 0, 20, 40, 60 g~m’2, respectively; Si4, added silicic acid 4 g-m’z. Different lowercase
letters indicate significant differences among treatments (p < 0.05).
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Fig. 3 Net nitrification rates under different nitrogen concentrations in alpine meadows of Qinghai-Xizang Plateau (mean + SE, n=
6). CK, N20, N40, N60, added NH4,NO; 0, 20, 40, 60 g~m’2, respectively; Si4, added silicic acid 4 g~m’2. Different lowercase letters
indicate significant differences among treatments (p < 0.05).
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Fig. 4 Net ammonification rates under different nitrogen concentrations in alpine meadows of Qinghai-Xizang Plateau (mean + SE,
n = 6). CK, N20, N40, N60, added NH4,NO; 0, 20, 40, 60 g~m’2, respectively; Si4, added silicic acid 4 g‘m’z. Different lowercase
letters indicate significant differences among treatments (p < 0.05).
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Fig. 5 Net mineralization rates under different nitrogen concentrations in alpine meadows of Qinghai-Xizang Plateau (mean + SE, n
=6). CK, N20, N40, N60, added NH4NO; 0, 20, 40, 60 g-m’z, respectively; Si4, added silicic acid 4 g-m’z. Different lowercase letters
indicate significant differences among treatments (p < 0.05).
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Table 1 Two-factor variance analysis between fertilization and soil depths on soil net mineralization rate in alpine meadows of Qinghai-Xizang Plateau

SKiF Source =PI Type 1T sum of squares df Y75 Mean Square F ©EM dg.
KIERLE Corrected Model 1436 023.182° 8 179 502.898 5325.359 0.000
#HE Intercept 1238 798.353 1 1238 798.353 36 751.753 0.000
NSi 906 007.721 2 453 003.860 13 439.383 0.000
SD 318 252.753 2 159 126.376 4720.844 0.000
NSi x SD 211 762.709 4 52 940.677 1570.605 0.000
7% Error 606.729 18 33.707

St Total 2 675 428.265 27

KEIEJG 830 Corrected total 1436 629.912 26

a, R = 1.000 (IR = 0.999). NSi, FUERH; SD, LHORRE .

a, R =1.000 (adjusted R= 0.999). NSi, nitrogen and silicon combined; SD, soil depth.
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