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Effects of Short-term Nitrogen Addition on Soil
Biological Properties in Desert Steppe
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Abstract: Desert steppe belongs to the arid type of grassland, with low nutrient content, fragile ecological
environment and sensitive response to disturbance. The gradual increase of global nitrogen deposition
changed the process of carbon and nitrogen transformation in the ecosystem and affected soil properties. In
order to explore the effects of nitrogen addition on biological properties of soil in desert steppe, we took the
desert steppe in Yanchi County as the research object and set up 5 nitrogen treatments as NO, N1, N2, N3
and N4. These treatments were set based on the pure nitrogen addition levels of 0, 2.5, 5, 10 and 15 g/(m?* * a),
by applying with urea as nitrogen source. Results showed that: (1) The NH, ™ —N content in 0—20 cm soil
layer of desert steppe increased with the increase of nitrogen application rate, while the NO;  — N content
increased firstly and then decreased. In 0 —10 cm soil layer, compared with NO, the NH," — N contents
under N1, N2, N3 and N4 treatments were increased by 109.61%, 136.52%, 197.19% and 198.88%,
respectively. The NO;  — N content was the highest in N2 treatment, which was significantly higher than
those in NO, N3 and N4 treatments (P<C0.05). (2) Compared with NO, the MBN contents in 0—10 cm soil
layer were significantly decreased by N1, N2, N3 and N4 treatments, which were reduced by 37.54%,
38.11%, 28.56% and 29.81% ., respectively. (3) With the increase of nitrogen addition, the number of fungi
in 0—10 cm soil layer of desert steppe gradually decreased, among treatments, the NO and N1 were signifi-
cantly higher than N3 and N4 (P<C0.05). PCoA analysis showed that the microbial community structure in

amoA and nirK zones of desert steppe soil were significantly changed by high nitrogen addition. Based on this
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research, the high nitrogen addition (N3, N4) had negative effects on soil microbial community in desert

steppe, which were as follows: the number of fungi decreased, NO;  —N content decreased, « diversity and

dominant bacteria abundance of nitrogen-transforming microorganisms decreased, and the microbial commu-

nity structure of nitrogen-transforming changed significantly.

Keywords: nitrogen addition; desert steppe; enzyme activity; microbial characteristics; nitrogen transforming

microorganism
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R W) B AP BRARSE B TR 2 1Y 3 AR IR 5 120 L 1l



%33

R I Ji A5+ 30 R 0 X 3 9 D S A ) R AR Y 2 ) 305

AN KA MR s, — Mo HRAR KA
HEATI R 58T 5 — o BT 4 CUKA P AR AE T
T Y AR AR D AT R A 2 mm B,
T3 pH KFEadebrlie . R, FER )40 2Rk 4
AR T AR RS KR E .

2020 4 8 H EBA/PXFEHLIZE 11 mX1 m
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AU W ik (MBO) A 38 3 A 9 4 8 (MBND 2%
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alyzer 3—AA3 Wi 8 43 H 00 & (18 ] Seal /A H]) ;5 1
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b g lﬂii%ﬁ/ *E%ﬁi%i/ oH @i/’ A HLER/ 25/

(g+m ) (gem ) (g+m™) (g+ kg™ (g+ kg™
NO 54.7744.96b 134.37+12.03b 8.38+0.13b 1.34+0.11a 9.28+0.39a 0.69+0.04a
N1 55.444-4.75b 148.3044.42ab 8.46+0.04ab 1.31£0.09a 10.54+1.19a 0.6540.03a
N2 68.2144.02a 175.60+12.95a 8.48+0.03ab 1.27+£0.13a 8.26+£0.41a 0.66+0.07a
N3 67.0348.95a 151.964+10.67ab 8.52+0.02a 1.35+0.07a 10.60+0.16a 0.75+0.06a
N4 53.4246.82b 129.4246.90b 8.561+0.04a 1.4340.10a 9.1540.54a 0.62+0.03a

TE 2 BOHE 35 O S (A AR R 22 5 TR B A [R) /N 5% B 38 7 S [l 2 Ak 8L 1) 22 5 88 25 (P <<0.05) . Rl

X2 TEPCRI 3|
A GlL7] S FEH (510 3 Tk Pk
polyF TGCGAYCCSAARGCBGACTC A
nifH NZ*NHx Z:’/TTT/I‘%
polyR ATSGCCATCATYTCRCCGGA
nirKCopper583F TCATGGTGCTGCCGCGYGANGG
nirk NO, —NO e
nirKCopper909R GAACTTGCCGGTKGCCCAGAC
Arch—amoA26F GACTACATMTTCTAYACWGAYTGGGC
AOA—amoA NH; —NH,OH s

Arch—amoA417R

GGKGTCATRTATGGWGGYAAYGTTGG
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K H Excel 2010 %4 X % 98 ok 47 % wb 4b 22,
SPSS 23 #F 47T s i 4E 1153 BT, Origin 2018 HI R
AL AT H I s % FH one— way ANOVA #1 Duncan
BT E SR ZE LK.
2 RS
2.1 |AMTEMEYEHR BROHME

0—10 em 1)z, MBC % & DL N2 &b 3 55 1 i 5
9 180.17 mg/kg. N3 &b B 1 ik . 4 142.01 mg/
kg, IS &3 BEAR 1O B R 1 MBN % &
(P<20.05),5 NO 48 . N1, N2, N3 Fl N4 4b B %5 #y
14 MBNF & 40 5l B A T 37.54%6.38.11%.28.56 %

29.81 %0 (H 4% Ab 3L L Ml 8] 2% 5 AN i 3 (P >>0.05), 10—
20 em )2, MBC & L N3 &b 3 55 4 5% 55 . 4 175.59
mg/kg, NO b P Hb K, 24 124.00 mg/kg (K] 1),
13 MBN [ 207 I i i 35 n 52 s AR 4k, N1 Ak
PR AY 12,17 mg/ke W35 T NO A PR b 47,81
mg/kg(P<C0.05) . X Ut A A EZXF 010 em
2 IR A A e, 4 MBN XA
I8 ) R B = T MBC,
22 |AMTEMEVHENT G

2% 3 AT A1, 3 1B R it S AR ) LA TR O
205 AR ) MY 68.86 % ~81.59% 5 Hi ik A ik &k
B A UEY R 17.42% ~31.01 % ; HH 5 %
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T Ak BT 5E B 5 T A A Rk e A
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N 0—10  58.33%10.87aA  35.67£5.97aA  94.00£15.33aA 0.14+0.03aA 77.5943.91aA 22.26+3.86aA
NO
1020 38.00+16.39aA  37.00+5.35aA  70.33+18.38aA 0.09+0.02aA 82.4946.10aA 17.4246.10aA
u 0—10  54.17£15.29aA  30.67+4.72abA  62.67+12.44aA 0.1440.01aA 81.5945.14aA 18.27+5.17aA
‘ 1020 23.33+5.31aA 21.33+7.37aA  82.00+24.91aA 0.10+0.03aA 68.866.84aA 31.01+6.82aA
“ 0—10  30.67+18.73abA  20.00+2.05abA  76.6749.89aA 0.1140.04aA 71,71+ 4.40aA 28.17+4.37aA
‘ 1020 27.00+13.44aA  21.33+3.03aA  67.17+21.77aA 0.1040.02aA 77.12+4.40aA 22.79+4.23aA
. 010  17.67+1.25bA 17.67+2.60bA  70.004+19.22aA 0.0840.01aA 73.13+5.61aA 26.80+5.62aA
‘ 1020 17.33+4.19aA 26.17+2.452A  69.33+3.34aA 0.0540.01aA 78.8340.72aA 21.1240.72aA
“ 010  23.67+7.59bA 23.67+3.21abA  59.00+6.02aA 0.0840.01aA 79.54+1.732A 20.38+1.74aA
‘ 1020 22.00+4.55aA 35.00+4.32aA  72.67+8.24aA 0.06+0.01aA 82.23+2.42aA 17.72+2.41aA

T [R5 AN ] /N5 S B 3 20 () - 2 A () i 280 Ak B ) 22 5 i 35 (P <C0.05) s AN R K 5 57 B i (] A BAS [ 1 J2 1] 22 57 192 35 (P <<0.05) , Il
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2.3.1 RiAmxEEESR ESRGYm kA4
AL BN N T S € NH, T —N &8, 78
0—10 em +J2 .5 NO #H N1 N2 N3 N4 4b B & jh -
B NH, © — N & & 40 35 1 109.61%, 136.52%
197.19%F1198.88%3;10—20 cm + 2 ,NH, " —N & &
WA SE  NTUN2 N3 N4 Kb $HRE b 43 550l 18 0 T 4.71 %4,
34.90%6,96.47 % F 92.55% . MEITH ZEfL A NO Ab L FL
H110—20 em +2 NH, —N&#HEZEE T 0—10 cm
T2 (P<C0.05) , HABE B AL PEF 1 L 0—10 cm
FERE.HS 1020 cm FEZHEES AR E,
NH, " —N/STN 28 fbfa# 5 NH, " —N & & 1y 42
TP IR — 5L AE 0—20 em + 2 H3E L N4 4b
PR M A i L B2 T NO R N AL BE R b, N3 A HH 5
BT NO A BE B M (P <0.05), 45 AL PR ML 0—10
em +J2 43 NH, " —N/STN & & T 1020 em +

2 Hm 22 R 3 (P>>0.05)

BE RS & B 3G 0, SRR 0—10 em )2 4
NO,” —N & it 256 FIHE T RERY AR fb ka5, 22 4k
g 7.15~13.61 mg/kg, LA N2 kb5 i 5, B3 T
NO,N3. N4 ZbF & #h;NO,~ —N/STN A 1.23%~2.22%,
N1 Kb 3 2 5 F NOJN3 b HE R (P <<0.05), 10—
20 cm )2+ 3 NO,” — N & &N 3.59~7.47 mg/kg;
NO;  —N/STN ZE4b 3 [ 2 0.43 % ~1.13%, N1 b Hf
FOM IR T NO Ab B M (P <C0.05), 45 AU 4k
FEE o, 4 NO, — N &M NO;, —N/STN ¥
FHH0—10em L2ZH T 1020 em +JZ, FEB
JE 3 NO, —N FEATE 0—10 em T2, HFEM
RN (NLIN2) T & s .

2.3.2 RRsfmBERERIERENMEDFEY
e XA E S IKE TR R 0—20 cm )2+
MY amoA XYY AT Sl Y 2E4R1 1 151 411
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Zhim i 7 A B FE b 0T B Bk 39 653 ~108 247
2%, A IERE S h R I B 2 ST BN R
RGN E] 1 AN AR o SR T8 SR B (Un-

cultured crenarchaeote) N0 F R , XT3 5 (5 Wa 0 5 (A
S 999300 LA b B BT A Ol W (Uncultured
thaumarchaeote) ¥ B, 5 0.05 % ZEH (B 5).

x4 AFNMNRREEFERTESSA HESENZN

12 SR/ AR A/ AR THARA
e W /em (mg * kg™ ") (mg * kg™ ") s/ % s/ %
0—10 0.59+0.03bB 7.15+1.76bA 0.1140.01cA 1.3040.18bA
A 10—20 0.8540.08bA 3.59+1.11aA 0.10£0.01cA 0.43£0.12bB
1 0—10 1.24+0.22abA 11.67+1.45abA 0.194-0.03bcA 1.78+0.12abA
10—20 0.89+0.14bA 7.474+2.19aA 0.134+0.01bcA 1.1340.27aA
N 0—10 1.40£0.24aA 13.61£1.55aA 0.2240.01abA 2.22+0.13aA
10—20 1.15+£0.17abA 5.1840.63aB 0.16+0.01abA 0.7840.11abB
N3 0—10 1.76 £0.15aA 8.124+0.98bA 0.2740.04abA 1.2340.16bA
10—20 1.67+£0.20aA 5.13£0.62aA 0.21£0.02abA 0.63£0.08abA
u 0—10 1.77£0.22aA 8.704+1.12bA 0.3240.01aA 1.63+0.28abA
10—20 1.64+0.24aA 5.884+0.56aA 0.2440.03aA 0.8740.08abB
R5 AEEAMLEBTREERTE amoA ERFETW BAL:
AN # K NO N1 N2 N3 N4
\ Crenarchaeota 99.93 99.95 99.95 99.96 99.95
R Thaumarchaeota 0.07 0.05 0.05 0.04 0.05
Uncultured crenarchaeote 99.93 99.95 99.95 99.96 99.95
# Uncultured thaumarchaeote 0.07 0.05 0.05 0.04 0.05

XF AN TA] S0 AS KSR JEBEE R 020 em £
JZ EHER nirK X G AR W 3 A7 e & O 43 0l
BEUE Bl 3 AR YO H R B AT b R L K L
B IbA I 8 AN AL 11 A R . 25 A1
Fift o ARSI E B B AT A0 R b A [A] Z0HS Ak PR A
XFEER T MEA 3 Fh (R 6), 505 0
TR R LR B R P i P AR AR T (Brad yrhizobi-
um sinorhizobium sp. NP1) , A% F FE N 78.21% ~

93.01 2% , 18 A= LR R RE R S AR TR b Y R L AR
B ( Bradyrhizobium sp. GSM
ATD) S H X 2 BE N 2.02 26 ~16.39 % 7= BBAT B B, K
@A B I @ W (Achromobacter cyclo-
clastes) AAXFFFE R 2.35% ~5.26% . X HLFEW
AR A R X S RE LA e B B RS N i B
o v A MR T Y R 2 T R e (H A (R Ak PR
Z I 25 A3 (P>0.05),

bradyrhizobium

6 BB MAELN ik RBEENFE

e wa g AR 2B/ %%
e &% NO N1 N2 N3 N4
Rhizobiaceae 94.18 91.06 93.91 78.41 86.47
B Bradyrhizobiaceae 2.98 2.85 3.03 17.02 9.45
Alcaligenaceae 2.35 5.26 2.64 4.11 3.48
Sinorhizobium 93.79 90.95 93.85 78.21 85.63
& Bradyrhizobium 2.98 2.85 3.03 17.02 9.45
Achromobacter 2.35 5.26 2.64 4.11 3.48
Bradyrhizobium sp. GSM 471 2.28 2.34 2.02 16.39 7.93
i Sinorhizobium sp. NP1 92.95 89.87 93.01 78.21 85.48
Sinorhizobium sp. R 31816 0.84 1.09 0.84 0 0.15
Achromobacter cycloclastes 2.35 5.26 2.64 4.11 3.48
2.3.3 R BEEREERBURAEY o« 54 Shannon,Chaol %G44 2 T B % ; Simpson #5844

M8 % vm  Shannon, Simpson.Chaol , ACE #] 4 &
e+ IEAEY) o« 2RISR, MR 2 BT BE AR
0 A BN, 3 B R 4 amo A X I R U W 1

1 ACE f8 8 sh A8 b . i & 3 A, nirK X 3 A
ARy Shannon,Chaol \ACE. 388 B IA &2 FTH#5
#,Simpson 842 T HE . H amoA X fl nirK
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X EE K HAE I o 22 B V48 BO0E A TR) A 3350 1 22 1)
Y0 3 2% 5 (P >>0.05),

2.3.4 RAEMNABZEERIERBIKAYN B SH
e #m ANEIEBMELHET amoA XAl nirK X
(DAY OTUs X F B 1) PCoA 43 #7145 3 i
ARG HT 2 AN TR amoA XA A B RE I AR S 1 ok

135 ¢ Sh (p.value=0.977)
annon (p.value=0.
1.20 | T 1 —|—
# »;/ T —_
m 1.05 | / ,;/
3 it
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