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Abstract

Aims Nitrogen (N) availability is an important limiting factor for grassland ecosystem productivity, and soil mi-
croorganisms are the main driving factor on soil N transformation. With the increase of atmospheric N deposition,
the response of soil microbial characteristics to different nitrogen input levels is still unclear especially in saline-
alkaline grassland.

Methods The experiment was conducted in Youyu Loess Plateau Grassland Ecosystem Research Station, Shanxi
Province. Eight different nitrogen addition levels were set, which were 0, 1, 2, 4, 8, 16, 24 and 32 g~m_2'a_1, re-
spectively. The Ammonia-oxidizing microorganisms (i.e. ammonia-oxidizing bacteria (AOB) and ammonia-
oxidizing archaea (AOA)) abundance, soil bacterial and fungal abundance, as well as soil microbial biomass car-
bon (MBC) and nitrogen (MBN) content were measured in the growing season (May to September) in 2020 to
explore the effects of different levels of N addition on soil microbial characteristics.

Important findings Our results showed that: (1) Sampling month had a significant effect on soil AOB, bacteria,
fungal abundance and MBC, MBN content due to the variation in soil temperature and soil water content in the
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growing season. (2) N addition had a significant effect on soil AOB abundance, while had no effects on soil MBC,
MBN content, and bacterial and fungal composition. (3) Higher N addition (24 and 32 g'm *-a ') significantly
increased the abundance of ammonia-oxidizing bacteria (AOB) on the early growth stage (May to August), while
having no effect on late growth period (September). (4) Soil microorganisms were mainly regulated by soil
cations concentrations and soil pH values, which explained the variation of soil microorganisms by 21.8% and
17.2%, respectively. We found that soil microorganisms were not sensitive to N addition in saline-alkaline grass-
land, while AOB showed a significant increase under higher N addition, indicating that higher N addition might
promote soil N transformation.

Keywords saline alkaline grassland; nitrogen addition; Ammonia-oxidizing microorganisms; bacteria; fungi
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Table1l Effects of nitrogen (N) levels, month and their interactions on soil microorganism (AOA, AOB, bacteria, fungi abundance and MBC, MBN content) in
saline-alkaline grassland

A Treatment FEMNHTH AOA HWHEMME AOB 4K Bacteria HH Fungal MAWAEYER MBC MAMAEYER MBN
F p F p F p F p F p F P
FIKF N levels 0.38 0.907 6.72 <0.000 1 0.65 0.710 0.92 0498 1.62 0.159 1.02 0.434
SKABE 4 Sampling month 972 <0.0001 121 0309  58.66 <0.000 1 24.05 <0.0001 6.21 <0.000 1 8.54 <0.000 1
H 1 x%/KF Month x N levels  0.83 0.712 244  <0.000 1 0.62 0.930 1.09 0.357 0.78 0.776 0.58 0.951
AOA, ammonia-oxidizing archaea; AOB, ammonia-oxidizing bacteria; MBC, microbial biomass carbon; MBN, microbial biomass nitrogen.
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Fig. 1 Seasonal and inter-annual mean values (mean + SE) of soil ammonia-oxidizing bacteria (AOB) and ammonia-oxidizing ar-
chaea (AOA) abundance in saline-alkaline grassland. *, ** and *** represent the differences are significant with p < 0.05, p < 0.01
and p < 0.000 1, respectively; different lowercase letters in the bar chart indicate s1gn1ﬁcant differences among treatments (p < 0.05).
CK, control; Nl, nitrogen add1t1on level 1 g'm2-a”'; N,, nitrogen addition level 2 g'm2-a”'; Ny, nitrogen addition level 4 gmal;
Ng, nitrogen addition level 8 g m2a’l; Ny, mtrogen addition level 16 g m2a’l; Ny, n1trogen addition level 24 g m2a’l; Ny, n1tro-
gen addition level 32 g'm>-a '

DOI: 10.17521/cjpe.2021.0072

©U 00000 Chinese Journal of Plant Ecology



784  FEYH AR Chinese Journal of Plant Ecology 2021, 45 (7): 780-789

X AOA T HIFLIH AN T 2 (p > 0.05)(%1). AOA
12571 =F B 38 B U N 7K P 3 v AR A5 LT
Fa, T AOBIRIZE1 = B M BE A K i
(K. SXTHRANEIAR L, AOBEJE A K2
A 75 Ny FIN, 40 #R 43 ) 5B 2 32 5 17 82.1% Al
84.4% (p < 0.05)(K1). AOA/AOBEH & b N\ /K-
()2 i 1T PR AR, FEHEN 6+ Nogv Ny b3 2 21K
TNURE (B KA 5ERINAER BENL
HAEFHERD), B4 KZES-8 H E A MBI (NS, & 17
EAOB F &, T 7E9 H 5 it Z Ak 1 72 7 A i 3%
(El1).
22 ARPKEFFMGEFHE T IBMEME
EpElpd:0pAl
REEAGEELHAEMEHMEEp <
0.000 1) #A T ZUA 1 LA K Z0A 05 R A 43 128 L

TEHBALZE (P > 0.05)(F1). MEKFEECH h
AT AR A G, TEERFEEEKFERIAOH) S
T oAl A 0y (E2). B AN B 1 =F B i 2K P
(Tt v e T v i BRI, e L4 B R B B 1) 3 B /E N
ALFR R IE B RORAE (K2), Hh Al 16S rDNAAL x
10" copies'g !, EBHITSHH7.9 x 10" copies'g " (K12).
2 7 AN B A P = B BB % BT AL B R T R 3 2
g, WAESHAAREER.
23 ARIKFERFMITETRRCEMME DTS
k. BEENFM
KHEHMEZEHXMMBCAMBNE &(p <
0.000 1) ZAS A H 5 RAE H 0 B9 BAR A
E(p > 0.05)(F1). AEKZFEMBCHMBNE & 1421L
FEECTRR(E13) . MBC =Rl AU A KT 32 i e
{51 J5 PR, 7EN O FE T s (E3). TMBN & & i

~ 6+l "
™ ZEE
@ Seasonal mean
§4e+11 r
R
§ 2e+11
Q Z€ r B
8 a a a a 2 a a a
z FTITLITT B
| o o <

2.5e+8
— ZH¥ME

I L Seasonal mean

H.# Fungal (copies g™
n ==
(=] (=) w (=)
. & 8 ¢ 7
= o0 o0 o0

. 10000 .
5y L1 ZATHE
E 8000 1\ Seasonal mean
=
5 6000 |
:
" 4000
o a a 2 a
2 2000 - a a 2 22
E .
0 L N ~
5 6 7 8 9 CK N; N; Ny Ng Nig Ny Ns,
A 4 Month AAHINKE N addition levels
——CK —v—N, Ns Ny
Ny, —v—N, —— N —— N3,

B2 RIS S T AN SR AL T B S SR PR O P EERRAER) . L R

kN S A E] 7Ep < 0.05, p<

0.01%p < 0.000 LK b2 57 8%, HIEEPARR/NG FR R R AR 2 7 2P < 0.05). CK, X; N, Z&HNl gm>al;
N, ZRIN2 gm2-a™’y Ny, BAIN4 gm>-a; Ny, EAINS grm™a'; Ny, BAMI6 gm>a; Ny, ZRIN24 grm*-a™'; N,

RININ32 gm2al,

Fig. 2 Seasonal and inter-annual mean values (mean + SE) of soil bacterial and fungal in saline-alkaline grassland. *, ** and ***
represent the differences among treatments are significant with p < 0.05, p < 0.01 and p < 0.000 1, respectively; different lowercase
letters in the bar chart indicate significant differences among treatments (p < 0.05). CK, control; N, nitrogen addition level 1
g'm’2~a’1; N, nitrogen addition level 2 g‘m’2~a’1; Ny, nitrogen addition level 4 g~m’2~a’1; Ns, nitrogen addition level 8 g-m’z‘a’l; Nis»
nitrogen addition level 16 g-m 2-a”'; N,,, nitrogen addition level 24 g-m *-a”'; N, nitrogen addition level 32 g'm2-a .
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Fig. 3 Seasonal and inter-annual mean values (mean + SE) of soil microbial biomass carbon (MBC) and nitrogen (MBN) content in
saline-alkaline grassland. *, ** and *** represent the differences among treatments are significant with p < 0.05, p < 0.01 and p <
0.000 1, respectively; different lowercase letters in the bar chart indicate significant differences among treatments (p < 0.05). CK,
control; Ny, nitrogen addition level 1 g-m’z'a’l; N,, nitrogen addition level 2 g-m’2 aly Ny, nitrogen addition level 4 g~m’2 ‘a'; N,
nitrogen addition level 8 g~m’2 al Nig, nitrogen addition level 16 g~m’2~a’1; N,4, nitrogen addition level 24 g-m’2 a”l; Ny, nitrogen

addition level 32 g'm2a”".
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R2 IRBUEVRE S IR . IR TR B TR BE I Pearson A < 1tk

Table2 Pearson correlation between soil microorganisms and soil microenvironment, soil cations and anions concentration

[HF Factor AOA AOB Bacteria Fungi MBC MBN ST SM  pH Ca® K' Mg” Na° SIC CO} HCO; CI° STANHj
AOB 0.23

4% Bacteria —0.49" —0.03

B Fungi 047" 0.09 —0.06

MBC ~0.19 -0.01 033" 0.1

MBN 0.09 0.14 019 023 044"

ST 026 -0.61" 006 -0.19 —021 —0.47"

SV 026 —00.19 003 -0.17 024 037" 0.00

pH 036" 063" 010 -0.10 0.14 —-0.07 053" 042"

Ca*" 042" 058" 028 021 —0.29" —0.05 —0.37"—0.34" —0.61"

K" 0.04 —-0.03 001 002 -0.02 -0.08 022 -0.17 0.10 —0.02

Mg** 042" —032° 036" 0.06 001 -0.01 029" 023 034" -036 0.17

Na* 047" -0.46" 0.07 -029" 0.15 0.05 025 062" 0.777-0.51"-0.09 0.17

STC 052" -0.11  -0.50" 0.09 —-0.13 —0.03 0.17 021 024 0.09 027 085" 0.19

o3 045" -027 028 -021 008 -0.11 023 021 0397-026 —020 -024 0.34"-0.31"

HCO; 025 005 -027 -0.13 -0.10 0.02 0.08 0.16 0.14 0.11 0397 039" 022 0.59"-047"

cr 0.06 —0.06 003 -026-0.07 001 001 003 003 0.14 0.12 009 0.06 022 —0.03 021

STA 0.19 000 -024 —0.19-0.10 0.00 0.3 021 022 0.08 0397 038" 029 0.59"-0.33" 0.98" 0.30°

NH; 026 005 -0.12 032°-020 -0.17 —0.19 -0.21 —0.15 033" -0.09 —0.19 —0.29"-0.10 —0.33" 0.08 —0.19 0.01
NO3 —0.09 -0.11 017 005 037" -0.02 —0.18 —0.04 —0.03 —0.02 —0.03 —0.11 0.08 —0.09 —0.16 0.03 —0.03 0.00 0.22

AOA, FHEATH; AOB, ZA AN ; MBC, MAMEY B, MBN, RAMEY RS, M,

BB F& . * p<0.05;**, p<0.01; *** p<0.000 1.

EIEEKE; ST, IR STA, BBIE T4 &; STC, &

AOA, ammonia-oxidizing archaea; AOB, ammonia-oxidizing bacteria; MBC, microbial biomass carbon; MBN, microbial biomass nitrogen. SM, soil moisture;
ST, soil temperature; STA, soil total anions content; STC, soil total cations content. *, p<0.05; **, p<0.01; *** p<0.000 I.

Ying et al., 2017; XIZLHESE, 2019). AHF 78 &K
B AT AOB = B2 IR E A Fl S5 3% R 4 A2 )
BA K. ARG T L b el R A, B
T YR, AR, N RIEEEY)
Ko e, XA R TR B A
HHEMARS LIEMSEASE, RAMEYSS
M RE AR MR, 15 5 E A LIAOBHIF
FESEIN. R, AR ILE 4) b 5 R KT 1)
Pm, TIMe KA RS, 1 HIRAOBEE
Mg W B U R, #EM5]#E +HEAOB
FRERIFH R . T EpH 2 52 ma 2 AL AR M
T(Nicol et al., 2008). AHF 7745 K HAOB S +- 1
pHIEZ fiAHS%, X5 YingZ(2017) 45 B —5. &
IRINE 51+ E R 1k (Tian & Niu, 2015), {E75A0B
(= BE o R e U N 5 S 1) - 43 p HFAIC 2 5
HECAOB BT+ w5 — /NG R . IR AP jE
T3 A 1 3 ZL R 2K (Kuypers et al., 2018). Kt
B R KT 3R, AOBRIF:E#Em, R
BN T A S5 1 50 b, XA
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(IR 70 B 22159 B B6IE (R /N B2, 2021) 0

AHIF T R Ik 5 A B b = SR R AN L A )
o LR IR N AN BEURK o SRR N BRI 9t 45 SRR —
3, Luo%(2020)F 77 B - 320 b A B 1 =F A5 it
RO T EERS . RE LR FE 5 S
BT UL IR B P SN R A B
AR MR (R 2), 1T 483 445 11 4 B 2R % B0 4 338 A B
BT ONH YR BE 1 535 404k, TR 1k - $98 441  R B 1
(1= B0 U N B e R AN BRURG . [R)B ASHIE Fe 4 SRR
BH S5 V5T b 5 AR A O A e E A TR K s
Z A RESR, X5k ks RIA 2L
Wei%5 (2018) i 7t 2 B A I B A 1 L3 e M Ak
Wi, 3 H B AEY BN E R TUL R 1R
{51110 P4 (Yuan et al., 2007; Rath & Rousk, 2015).
UL BATTHEWT, 72 SR L FE B 3 v I kb, 3R
Wkt RN (1T  RLAE K AS RURR
32 EEEM - IE R P S\ BN S AL

AR 5T 45 T3 B R 154 b 5 b R A et S
N Y ] I AN 0 (4 T R B B o B A TR P AR )
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3000 - 10.0
= W ETF Nat T K 12 - LRI T COr -
o 2 L P o4 ,"_‘\ L 3 -§%¥ CI
‘340 500 -%g% Mg BT Ca _?49 1.0 = R AR T HCO; % 95k
g 808 =
= e w®E L9l
= e gal
H 8 15 04 Rest
g g 02+
” s 8.0
CK N; N; Ny Ny Nig Ny N, 0 CK N; N, N, Ny Njg Ny N, ' CK Ny N; Ny Ny Ny Ny Ny,

FEH/KE N addition level

B4 AFEACFRMN)E IR L ET IR pHAE (P EARAER) . P TR IR . CK, X Ny, &A1
gmZa'; Ny, ZRMN2 gm>a’; Ny, A4 gm>a’; Ny, BB gm>a’; Ny, M6 gm>a’; Ny, HAMN24
gm2a’'; Ny, BHRM32gmZal,

Fig. 4 Effects of nitrogen (N) addition at different levels on soil pH value (mean + SE), cations, and anions concentration. CK, con-
trol; N, nitrogen addition level 1 g'm-a'; N, nitrogen addition level 2 g-m -a”'; N, nitrogen addition level 4 g'm2-a"'; Ng, nitro-
gen addition level 8 g~m’2-a’l; N6, nitrogen addition level 16 g'm’z-a’l; N,4, nitrogen addition level 24 g-m’2 al; Na, nitrogen addi-

tion level 32 grm >a .

0.8 251
AOB
N ) Ca* 20
Bacteria
N AOA o
a g 15
= o
< s
(SIS 10
= =
5k
-0.8 pH ST
. mi 1 1 1 1 1 1 1
— 1 0, O * * * / / / / he *
0.8 #1 Axis 1 (33.0%) 0.8 5}0 {,“ g' %& éugooéhé?mg%ohsf G’g’k

B5 HIEEAE R (AOA)IZ AN (AOB) AHE . F B+ BEAGE YA M) EIR(MBC). Z(MBN) & & 54 K E 1 17T
RoHr. M, HIEEIKE; ST, B, STA, HIREAE 75 &; STC, HRaHE & &,

Fig. 5 Redundancy analysis (RDA) of soil ammonia-oxidizing bacteria (AOB) and ammonia-oxidizing archaea (AOA), bacteria,
fungi abundance and microbial biomass carbon (MBC), and nitrogen (MBN) content with related factors. SM, soil moisture; ST, soil
temperature; STA, soil total anions content; STC, soil total cations content.

W BEERMARE), XS5EEEHHRTAE  H, fEERE AR RROY N, FR RS ER SRk
EH XK. B, BEmMshiih oMb LIRaED NG BN, 51 R R N(Lucas et al., 2011;
P, KRR EREE SRR R, B3 Cai e al., 2017), 5200 3585049 /0 B 78 20
WAEY A Y) & F4{%(Yuan et al., 2007; Rath & Rousk, (Rousk et al., 2010; Zhao et al., 2018). HIEEF—F
2015), TIEFAEYE MK (Yoan et al., 2007; Rath  IBRZEph it /1, — 55 3 E 5 KpHE KA 5%,
& Rousk, 2015; Yang et al., 2018, 2020). #histAWFEEE  BFFLRM, BE I L SepHA A B A A B k5T
AN ) 338 b A RIS G5 S H A AERCK. JJ(Bowman et al., 2008; Rath et al., 2019). H7EA
7 5t (Yang et al., 2020). fERAT Lo i R B8 WaGh, RAETBEE BN KT I3 & I pHAS K %
PH B IR FE A - e pH 2 4% LI TUAE I ek Rl K, (AR EUKT N LgpHZE R AR E, AR
F, X506/ K74 B (Rath & Rousk, 2015; Yang  INE S HIBRILIE 5. 55— 7 T -39 58 e 1k P
et al., 2020)—%. AR TREEIEWIBRI(Cai ¢ FXF TR B S 3 B ER 22 F (Bowman et
al., 2017), X2\ TEMHAR I T EEORILE  al., 2008; Tian & Niu, 2015), $hiztib EHbE E R+
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