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Effects of simulated nitrogen deposition on soil nitrogen—transforming microorganisms in Stipa baicalensis
steppe

LIU Hong—-mei, ZHANG Hai—fang, QIN Jie, WANG Hui, ZHANG Yan—jun, YANG Dian—lin"

(Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs; Key Laboratory of Original Agro—Environmental Pol-
lution Prevention and Control, Ministry of Agriculture and Rural Affairs/Tianjin Key Laboratory of Agro—Environment and Agro—Product
Safety, Tianjin 300191, China)

Abstract: Grasslands serve as the main sources and sinks of greenhouse gases. Understanding nitrogen (N) transformations in grassland
ecosystems would contribute substantially to assessments of their response and feedback to changes in N deposition. To determine the re-
sponses of N—transforming microorganism in grassland soil to N deposition, a simulated change in N deposition via N addition (0, 15, 30,
50, 100, 150, 200, and 300 kg N-hm™+a™") was set up on Stipa baicalensis steppe in Inner Mongolia in 2010. The abundance of N function-
al genes was determined using real-time PCR. Results based on samples collected in August 2015 showed that concomitant with an in-
crease in the amount of added N, the abundance of the nifH gene of nitrogen—fixing organisms showed an initial increase and subsequent
decrease. Moreover, the addition of ammonium nitrate N (0~200 kg N+hm™+a™") promoted an increase in the abundance of the nifH gene.
Low=N addition did not have a significant effect on the abundance of the AOB-amoA and AOA-amoA genes of ammonia—oxidizing bacte-
ria, whereas high—N addition(N100, N150, N200, and N300) significantly increased the abundance of the AOB—amoA gene and decreased
the abundance of the AOA—amoA gene of ammonia—oxidizing archaea. Similarly, high—-N addition (N150, N200, and N300) reduced the
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abundance of the nirK gene of denitrifying bacteria. Furthermore, in response to an increase in N addition, mowing promoted AOB—driven

ammonia oxidation, whereas a lower abundance of denitrifiers mitigated the accumulation of nitrate originating from ammonia oxidation, re-

sulting in a high content of soil nitrate.

Keywords : nitrogen addition; nitrogen—fixation organism; ammonia—oxidizing bacteria; ammonia—oxidizing archaea; denitrifier
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Table 1 Amplification primer of quantitative PCR

FHEH Gene 5|9 Primers 5191751 (5 10 3" ) Primers sequences Bt KJ¥ Fragment length %7 3CHR References
nifH nifH 1 iE514) AAAGGYGGWATCGGYAARTCCACCAC 432 [22]
nifH FUE514) TTGTTSGCSGCRTACATSGCCATCAT
AOB-amoA amoA-AOB L3514 GGGGTTTCTACTGGTGGT 491 [23]
amoA-AOB T ii#51¥) CCCCTCKGSAAAGCCTTCTTC
AOA-amoA amoA-AOA Lii#51%Y) STAATGGTCTGGCTTAGACG 635 [24]
amoA-AOA TifiE5 |4 CACCGTTTACTGCCAGGACT
nirk nirK L3514 GGMATGGTKCCSTGGCA 515 [25]
nirK FiE514) GCCTCGATCAGRTTRTGG
R2 AEIRFMAGET LM ZER
Table 2 Soil chemical properties in different nitrogen addition treatments
Qb P ﬁ*ﬂﬁ% A A B ﬂiﬁ‘f%ﬁﬂfi ﬁét%i%ifk
Treatment pH Total Ol‘ga:llc C/ Total N/g-kg”  NO-N/mg-kg'  NHi-N/mg-kg" Soluble orgaﬁrlnc N/ Microbial })10Tass N/
g-kg mg-kg mg-kg
NO 6.98+0.16a 39.43+0.47cd 2.31+0.21a 1.82+0.04e 27.42+1.28¢ 36.08+1.94d 37.25+3.57e
N15 6.85+0.03a 38.79+0.22d 2.41+0.39a 1.92+0.23e 21.11+0.43d 34.41+0.39d 38.30+1.39%¢
N30 6.54+0.01b 35.70+0.77d 2.26+0.22a 2.93+0.24e 30.97+2.24¢ 69.79+7.35h 33.77+2.05e
N50 6.43+0.03b 39.75+0.58cd 2.27+0.20a 2.82+0.07e 66.26+2.06a 37.05+0.20d 36.63x1.94e
N100 5.99+0.12¢ 40.04x0.41c 2.50+0.38a 9.90+0.13d 61.16+3.88h 58.69+0.69¢ 56.19+3.43d
N150 5.77+0.09d 44.57+0.43b 2.56+0.09a 37.67+0.48¢ 27.60+0.85¢ 60.22+0.83¢ 72.3420.68¢
N200 5.70+0.06d 44.87+0.50b 2.33+0.13a 48.09+1.46b 29.25+1.05¢ 55.50+£0.39¢ 86.93+4.23h
N300 5.19+0.05¢ 61.42+0.50a 2.39+0.56a 66.21+£0.98a 30.32+0.80¢ 103.23+0.83a 123.24+3.58a

VE 7] — AN F] 7 B s b L R) 22 55 12 2 (P<0.05) o

Note: Different letters within the same column indicate significant difference among treatments (P<0.05).
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Figure 1 Functional genes in different nitrogen treatments
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Table 3 Correlation analysis between functional gene copies and soil chemical properties
Tfig B LA £ AR SR A IA A
Functional gene pH Total organic C  Total N NO;-N NH:-N  Soluble organic N Microbial biomass N

nifH 54 nifH gene 0.227 -0.459% 0.042 -0.444% 0.750%% -0.306 -0.465%
HEALAN T AOB-amoA -0.833% 0.770%* 0.351 0.911%% -0.222 0.680%* 0.915%%*
AL T AOA-amoA 0.661%+* -0.417% 0.347 -0.569% 0.000 -0.162 -0.519%
SR AL B nirk 0.662%* -0.672%* 0.010 -0.847%%  0.618%* -0.430% -0.766%*
A A2 A AT T AOB/AOA  —0.880% 0.716%* -0.004 0.905%* -0.189 0.555%% 0.874%%
SR A Y SRS A -0.812%% 0.785%* 0.173 0.957+ -0.428% 0.605% 0.899%

ammonia—oxidizing/denitrifiers

R B M5 (P<0.05) , #+ R M i A 5 (P<0.01) .

Note: *indicated significant correlation(P<0.05) , **indicated highly significant correlation (P<0.01).
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I, RUELL 6 am B WS IN, AL T2 A Lk
IR FE R, 2 SR Bl A %ot S S AR R A o B ik AT
AE &R s . (R AR AR I A W 2 SR AR A A
TR 75 & AR AR T R FH R 2 R AR i —
HAFGE . MM R, AOA JE K 45 DL 5 1 3 iy
ARG T E R X D Y AOA
A TARER AR 45— 80 AT K%
SLAIN I SO0 Ak E v AR AR, JE R 38 pH
AR B e v AOA = B2 W] i A1, T RE R IR 1 158
HAOA 2 AL BE , 2E— 2 5 0 UL Jin /R B 5 B i
TSI E
3.3 TERMUTIEEERNRITERMENEE S
JASARAE P A B AR A S5 R NLO B N, [ 3 A2
FE 2 IR E S R A MUE D 2 5 1) — R 5
et B o XS il o 2 T e I DA TR 348 I 8 nar G/
napA A 2 18 5 B nirK/nirS . — %A AL & 14 5§ norB
FAEAL I R A R nosZ Sifish . AT Sl Ak 2h g 2 K
RN IREE [ 2 AR A KR 22 5 o o AR iA
JEL nirK/nirS HEAY VAR IR £5 38 R NO S 64 AE P9k 5
FABACAE R SCAAE B . CA MR nirk B S AL
I TR it JES Ao 21 AR i IS 2 #80  o FBURR . L 6 a A
WIS 520 T narK AHXT 5, N30 . N50 F1N100 b3
SERE T nirK AT, N150 \N200 F1 N300 &b F
FREIR T narK A . KB S AN (N150.N200
FIN300) X nirK == B A7 BH S A 04
BG40 - 48 pH R A LA A AR T
SERZW S AH AL E M R K . AR I S /A
B, nirk ARG £ E 5 38 pH A LIRSS R SR
AT A MU P A et 2R e 2 2 I A O
PE(HE3) . Xie FIWF I IA Ry 3G HLIR FAS IR R &
R IR Bl T R R ) SR AL T BE LA nirK SE Y
T AIENH T Jahangiv F*WF 5T R, RAE AL IE
(A R IG5 R 25 200 1A A K A WIS A o R i
YIMSG . 43 A A AE FH i pH S Bl Ry 7.0~8.0, 7
S RPN SR AR AR F B ), FEARBIEGE v, /s T
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(N150,N200 A1 N300 ) &b # pH I 245K T X} B NO , [ A%
T HEpH, A T R AE AL RESE A nirk FE 5, It
FREXT IR AEVE I = A g . — B BT, 1 4
AOB JE [5] = J32 38 in 2 5 v SR A0 A 400 1) G 400 A e
O, SRR BE SRS AR SR P 9K B B SRS AR T
MR F WK . AN H, & A (N150, N200
N300) 5 ZBRAC T SRS AL A0 nirK JE DR 325 i il A4S
RO EHEERE. P& ERINIK R A
AUV 9K sl ) 38 09 SRS AR AVE T o 398 narK 3
PR 5 A S 0 i A R SR B IE T X
— M

RS RR B, DU R 5 R R R AL T
Z AL AR R B pH A HLBR S A RS A
AR ML A Y R A S R B R
UEAh , BT AN SR A ik A r s K %) AN [ [ e 48%
AN TR) A A5 DR %) sl A A e o B 58 81 = i 3 1
2250, L, 48 R AN RV RIS JInKF- X s A 2 Be i =
BB A T S O N SO FR A - G|
FFIRIRAMSE .

4 £t

(1) BEFE RAS NP B3I , 1861 5020 T nifH 25 ]
F RIS TE G OB S . KT 200 kg N-hm™-
a IO 1 I R AR A o B IR [ U nifH S ER S ]
TR AR SR S AP A YA

A~

il

(2) A (N100 N150 . N200 1 N300) 25 T
AOBJE[R F 18  FRAR T AOA JEH F 3 It &4 m T
AOB/AOA , R AU in it ¥ fin vl GE{H AOB 7E DL /R
BE5PB R R AL R R ERAE . 2 AOB,
AOA FE [ F 5 9 = ZEIABE IR 02 3 pH AT HLAk il

(3) AT (N150 . N200 F1 N300 ) FE A% T Fe ity
ACHHTR narK SE N 2B . RSN i3 e 2k 7 AOB
F Tz A A A, T SR AR A W) narK RS B AR
PE T &AW R Ak T IR RS
RO S S AL 40 T narK B ZEREE IR 2+
8 pH A HUAR AEAR S A T A LA R RUE

YIRS
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