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Effects of Nltrogen and Phosphorus Addltlon on Soil Nutrlent Content and

-

Stmchlometry in Desert Grassland A —x
LIU Shu-xuan , AN Hai' * | ZHANG Xin-wen' , XING Bin- bin" WEN Zhi-lin*, WANG Bo®

(1. Breeding Base for State Key Laboratory of Land Degradation and Fcological Restoration in Northwestern China, Key Laboratory of Restoration and Reconstruction of
Degraded Ecosystems in Northwestern China of Ministry of Education, School of Ecology and Environment, Ningxia University, Yinchuan 750021, China; 2. Grassland
Experiment Station of Yanchi, Temperate Grassland Ecosystem Observation and Experiment Station in Agro-Pastoral Ecotone of Ningxia, Yanchi 751506, China; 3. Grassland
Station of Ningxia, Yinchuan 750004, China)

Abstract; In order to discuss the response of soil nuirient content, stoichiometric ratio, and dynamic nutrient balance to the addition of multiple restrictive nutrients, the
correlation between available nutrients and total nutrients in soil, as well as the indication of soil total and available stoichiometric characteristics, were studied in a desert
grassland subjected to 4 years of nutrient addition treatments. The Ningxia desert grassland was used as the research object to carry out nitrogen (N) and phosphorus ( P)
addition experiments. The experiment included four treatments: control (CK), N addition [ 10 g+(m*+a) =" ], P addition [ 10 g+(m*+a) =" ], and NP co-addition (10
gr(m*+a) "' N+10 g+(m*+a) " P). The results showed that; (D) in the fourth year of nutrient addition, soil total nitrogen (TN) content was significantly increased. The
N: P ratio was significantly increased by N addition, and soil organic carbon (SOC) content was significantly increased by P addition and NP co-addition. In the third and
fourth years of nutrient addition, the soil available N: P ratio (AN: AP) was significantly increased by N addition; N addition and NP co-addition significantly increased the
content of ammonium nitrogen (NH,” -N) and nitrate nitrogen (NO; -N) but significantly reduced the soil available C: N ratio. P addition and NP co-addition significantly
increased total phosphorus (TP) and soil available phosphorus ( AP) | whereas it significantly reduced the soil total and available C: P and N: P ratios. ) The interaction
between N addition and P addition had a combined effect on NH,” -N, AP, available C: N, and AN: AP ratio of desert grassland. @) The soil C: N ratio was relatively stable
in desert grassland, soil N: P ratio was mainly limited by soil TP content, and the soil available C: P and AN: AP ratios were mainly limited by soil AP content. (@) There were
cumulative effects of N and P additions on soil N, SOC, and inorganic nitrogen. N limitation in desert grassland was alleviated by N addition, whereas it was aggravated by P
addition and NP co-addition. The variation coefficients of soil available stoichiometric characteristics were higher than that of soil total stoichiometric characteristics. Soil
available stoichiometry was more sensitive to N and P addition than soil total stoichiometry in desert grassland, which could better reflect the effects of N and P addition on soil
ecological stoichiometry and as a rapid indicator of soil nutrient status in desert grassland.

Key words: desert grassland; nutrient addition; soil nutrient; ecological stoichiometry
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Table 1~ Soil physical and properties in desert grassland in 2017

w(TN) w(S0C)

w(TP)

w(AN) w(AP)

oA /g kg ™! /g-kg™! /g kg™ /mg-kg ! /mg-kg ! pH
S8 0.70 6.38 0.33 6.02 1.31 8.32
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Table 2 Results of two-way ANOVA of the effects of N and P additions on soil total nutrient content and

ecological stoichiometric characteristics in desert grassland

SH ATN A soc A ATP A Q:N A AC:P A AN:P A
2020 4F 2021 4 2020 4F 2021 4F 2020 4F 2021 4F 2020 4F 2021 4F 2020 4F 2021 4F 2020 4F 2021 4F
N 0.475  0.194  0.166  0.776  0.356  0.588  0.153  0.334  0.061 0.508  0.364 0.175
P 0.421 0. 001 0.784 <0.001 <0.001 <0.001 0.119  0.836 <0.001 <0.001 <0.001 <0.001
NxP 0.552  0.018 0.403 0.642 0.066  0.843  0.611 0.06 0.259  0.605  0.619 0. 067
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Fig. 3 Effects of N and P additions on soil available ecological stoichiometric characteristics in desert grassland
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Table 3 Results of two-way ANOVA of the effects of N and P additions on soil available nutrient content

and ecological stoichiometric characteristics in desert grassland

- NO; -N NH, -N AP C: AN C: AP AN: AP
2020 4F 2021 4F 2020 4F 2021 4F 2020 4F 2021 4F 2020 4F 2021 4F 2020 4F 2021 4F 2020 4F 2021 4F
N <0.001 <0.001 <0.001 <0.001 0.001 0.005 <0.001 <0.001 0.180  0.145 <0.001  <0.001
P 0.813  0.329 <0.001 <0.001 <0.001 <0.001 0.005 <0.001 <0.001 <0.001  <0.001  <0.001
NxP 0.608  0.986 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 0.754  0.823  <0.001  <0.001
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. Table 4 Co“rrelduon of sbil nitrient content and stoichiometric of desert grassland
! PR - No; NG L A ap N ©s0C TP
NHy N 1 — —_ — — —
NOFN ©0.826 1 — — — —

Ai\l 0.972* 0.922 1 — — — —

AP 0.07 -0.087 0.011 1 — — —

TN -0.218 -0.566 -0.366 0.25 1 — —
SOC -0.164 -0.485™ -0.30™ 0.275 0. 866 * 1 —

TP 0.226 0.111 0.183" 0.907 0.189 " 0.281 1
C:N 0.339" 0.635 ™ 0. 460 ™ -0.198 -0.764 -0.470 -0.024
C:P -0.195 -0. 146 -0.185 -0.911 -0.012 -0.09 -0. 889
N: P -0.347" -0.517" -0.427" -0.586 0. 556 0. 430 -0.678

C: AN -0.699 ™ -0.879 -0.806 ™" 0.118 0. 565 0. 459 -0.05
C: AP -0.344" -0.437* -0.397 ™ -0.718 0. 306 0.302 -0.786
AN: AP 0.383 " 0.586 " -0.488" -0.558 -0.342 -0.503 -0.511

1) % Fm P<0.05, #x KR P<0.01, F[H
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Fig. 4 Coefficient variation in soil available stoichiometric ratio and total stoichiometric ratio in desert grassland
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Fig. 5 Principal component analysis of soil nutrients and ecological stoichiometry in desert grassland
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Table 5 Correlation between soil available stoichiometric ratio and soil total stoichiometric ratio in desert grassland
C:N C:P N:P C: AN C: AP AN: AP
C:N 1 — — — — —
C:P -0.054 1 — — — —
N:P -0.534* 0.776 ** 1 — — —
C: AN -0.644 ™ 0.183 0.504 " 1 — —
C: AP -0.253 0. 859 ** 0.921" 0. 405 ™ 1 —
AN: AP 0.225 0. 446 ** 0.103 ™ -0.511™ 0. 162 1
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Table 6 Load matrix and weight of soil nutrient content and ecological stoichiometric characteristics in desert grassland
CK N
ey sEn or BRIIE e by omew 0 BRTIRE g
C: AN 9.743 74. 945 74. 945 0. 09 NH,' -N 9. 676 74.434 74.434 0.09
NH, -N 1.465 11.269 86.214 0.09 AN: AP 1.577 12.134 86. 568 0. 088
NO; -N 0. 801 6. 161 92.375 0.089 C: AP 0.935 7.194 93.762 0. 088
AN: AP 0.734 5.643 98.018 0.089 C: AN 0.498 3.832 97.594 0. 088
AN 0. 147 1.133 99. 151 0. 089 NO; -N 0. 195 1.5 99. 094 0. 088
C: AP 0. 092 0. 709 99. 86 0.088 AP 0. 046 0.463 99. 909 0. 087
TN 0.012 0. 089 99.949 0.087 AN 0.06 0.352 99.557 0. 087
N: P 0. 005 0.038 99. 987 0.079 s0C 0. 006 0. 044 99.953 0. 086
C:N 0. 001 0.01 99.997 0.078 C:P 0. 005 0.037 99. 989 0.085
C:P 0 10. 002 99.999 0.077 TN 0. 001 _0.009 99.998 0. 077,
SOC 0 0. 001 100 0. 076 C:N 0 I 0.002 100 ° 0. 05
AP 0 0 100 ~0. 036 N: P 0 g 10 100 /0.087
TP 0 0 100 | 0°029 P o ¥ 0 100 ..
P . 'K ¢ NP &
b 27 b 2 ' i ') el 2 b 5 -". i
T e, e RPRE L g, LT i :”fifz RIS R é
GFAN 9063 69.718 69748 /10095 NO; -N 935 @ | w219 72119 0.088/ -
Ky -N 7240 4 15047 85668/ & 6 008 AN: AP 1744 13.416 85.535  ~—0-088
AN /0081 8.442 ""‘94. 107, 0*."033“ NH; -N 0.9 7,522 93.057 . 0.087
Noy N 0.372- 2.858 96,966,/ 0092 AN 05725 5.577 98. 634 0. 0874
#AN: AR 0: 23 1.77 984736 | 0409 | | C:AP 0095 .+ 0.733 99.367 0. 087
L @r 0. 099 0.759 1 99. 495 0.089 N: P 0. 059 0. 451 99. 818 0. 087
ciap | 00038 0.29 99.785 #0082  C: AN 0.017 0.129 99.947 0. 086
(o8 I N E 0. 134 99.92 008 AP 0. 006 0.043 99.991 0. 086
NG 0. 007 0. 055 99.975 0.08 TN 0. 001 0. 006 99. 996 0. 084
NP 0. 003 0.019 99. 994 0.075 soc 0 0. 003 100 0. 067
C:N 0. 001 0. 006 100 0. 062 TP 0 0 100 0. 062
s0C 0 0 100 0.052 C:P 0 0 100 0. 059
TP 0 0 100 0.017 C:N 0 0 100 0.03
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