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Abstract

Aims Nitrogen (N) mineralization is an important ecological process which determines soil N supplying ability,
and it is a key research domain of soil N cycling worldwide at present. Nutrient addition can play a key role in
regulating soil N transformations. The objective of the study was to evaluate the effects of different levels of N
and P additions on in situ N mineralization during growing seasons in the temperate grasslands.

Methods We conducted an field N and P fertilization addition experiment in the temperate grassland in Nei
Mongol in June 2014. Five levels of N (0-25 g N-m2-a™), five levels of P (0-12.5 g P,Os-m2a™) addition
treatments, and a control were set up. We measured the in situ net mineralization rate, ammonification rate, and
nitrification rate using the resin core incubation technique once a month from July to October 2014. Aboveground
biomass and some selected soil chemical and microbial properties were also measured in the study.

Important findings High nitrogen addition did significantly affect the contents of inorganic N. High N addition
levels (25 g N-m2.a*+1gP,0s-m?2a*and 10 g N-m%-a '+ 1 g P,0s-m™2-a™") significantly increased soil inor-
ganic N content, and the 25 g N-m%.a*+ 1 g P,Os-m2-a* treatment markedly increased soil nitrate- (NO3 -N)
and ammonium-N (NH," -N). Compared to N addition, P addition had limited effects on soil inorganic N, NO; -N
and NH;"-N. Only the 12.5 g P,0s-m™-a™* + 2 g N-m*-a * treatment significantly increased soil ammonium-N
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and inorganic N. N addition did significantly affect microbial N transformation rates. The 25 g N-m2a*+ 1 g
P,0s-m2-a”! treatment significantly stimulated soil net N nitrification rate, mineralization rate and ammonifica-
tion rate, suggesting that high N addition can effectively improve soil available N supply. N was a limiting factor
to soil organic N mineralization in the study area. P addition had negligible effects on soil net N mineralization
and nitrification rates, and only the 12.5 g P,Os-m™2-a* + 2 g N-m2-a* treatment significantly enhanced ammoni-
fication rate in the middle of growing season. The results also indicated that impacts of P addition on soil N min-
eralization were weaker than impacts of N. Moreover, N and P addition significantly increased aboveground bio-
mass. Under the N and P addition, soil moisture was significantly correlated with net mineralization and nitrifica-
tion rate, which suggested that it was one of the dominant factors affecting N. Net N mineralization and nitrifica-
tion rate under N fertilization was significantly correlated with environmental factors (soil organic C, soil C/N and
soil total N). Soil N mineralization was not positively correlated with the soil microbial biomass N or C.
Key words temperate grassland; N and P additions; nitrogen mineralization; soil inorganic N; affecting factor
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Fig. 1 Temporal variations of soil NO; -N (A), NH,*-N (B)
and soil inorganic N concentration (C) under different N
treatments (mean + SD, n = 3). The vertical line denotes the
least significant difference among different N treatments (p <
0.05). CK, control, without nitrogen and phosphorus. N1, N2,
N3, N4, N5 add nitrogen 0, 2, 5, 10, 25 g N-m2a™,
respectively. Other than in the control, 1 g P,Os-m2a? is
added to each treatment.
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Fig. 2 Temporal variations of soil NO;-N (A), NH,*-N (B)
and soil inorganic N concentration (C) under different P
treatments (mean + SD, n = 3). The vertical line denotes the
least significant difference among different P treatments (p <
0.05). CK, control, without nitrogen and phosphorus. P1, P2,
P3, P4, P5 add phosphorus 0, 1, 2.5, 5, 12.5 g P,Og-m2-a},
respectively. Other than in the control, 2 g N-m2-atis added to
each treatment.
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Fig. 3 Soil net N nitrification (A), ammonification rates (B)
and mineralization rates (C) in different periods under different
N treatments (mean + SD, n = 3). Different lowercase letters
represent significant differences at p < 0.05. Non-significant
differences are indicated by n.s. Treatment see Fig. 1.
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Fig. 4 Soil net N nitrification (A), ammonification rates (B)
and mineralization rates (C) in different periods under different
P treatments (mean = SD, n = 3). Different lowercase letters
represent significant differences at p < 0.05. Non-significant
differences are indicated by n.s. Treatment see Fig. 2.
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Fig. 5 The aboveground biomass under different N (A) and P addition treatments (B) in August of 2014 (mean = SD, n = 3).
Different lowercase letters represent significant differences at p < 0.05. CK, control, without nitrogen and phosphorus. N1, N2, N3,
N4, N5 add nitrogen 0, 2, 5, 10, 25 g N-m2-a™%, respectively. P1, P2, P3, P4, P5 add phosphorus 0, 1, 2.5, 5, 12.5 g P,0s-m2-a™~,
respectively. Other than in the control, 1 g P,Os-m2-a™* is added to each treatment in the N addition experiment, and 2 g N-m2-atis
added to each treatment in the P addition experiment.

F1 AFEEACIL T A A S S e S PR e AR R TR AR R
Table 1 Correlation between environmental/biological factors and net N mineralization, nitrification, and ammonification rates under different N addition
treatments

B R T QI QLAY T R
Environment/biological factor Mineralization (mg-kg™-d ™) Nitrification (mg-kg™-d™%) Ammonification (mg-kg™-d™*)
+HERE Soil moisture (V/V) 0.825™" 0.813™" 0.323

+IERE Soil temperature ('C) 0.142 0.114 0.245"
+3EAEHLHE Soil organic C (g-kg™) 0.887" 0.879" 0.418

+454 % Soil total N (%) 0.848" 0.830° 0.612

T HEBRALL Soil C:N ratio 0.849" 0.858" 0.014

WAEYIB Microbial biomass C (mg-kg™) 0.422 0.410 0.396

WAEMIE Microbial biomass N (mg-kg™) 0.298 0.266 0.791

*, % ek kB R ORAEP < 0.05, 0.01, 0.001/KF & A
*, ** *** ndicate significant correlation at p < 0.05, 0.01 and 0.001, respectively.
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Table 2 Correlation between environmental/biological factors and net N mineralization, nitrification, and ammonification rates under various P addition
treatments

I8 R AT Rt ArES T i A CRiAuES
Environment/biological factor Mineralization (mg-kg™-d™) Nitrification (mg-kg™-d™) Ammonification (mg-kg™-d™)
+43% % Soil moisture (V/V) 0.730"" 0.673" 0.10

4R % Soil temperature (°C) 0.246 0.326 0725~
+3AHLB Soil organic C (g-kg™) 0.527 0.626 0.601

+3 4% Soil total N (%) 0.372 0.544 0.662

+ 3R L Soil C:N ratio 0.573 0.292 0.251

W% Microbial biomass C (mg-kg™) 0.269 0.308 0.280

HEMR Microbial biomass N (mg-kg™) 0.391 0.511 0.556

* xk k3 IR IRAEP < 0.05, 0.01, 0.001/K - i 4 5%

*, **, *** indicate significant correlation at p < 0.05, 0.01 and 0.001, respectively.

Z A IEAH LR B (p < 0.05). HIEA AR, +I%
RGNS R 3 IEAE G, IR L
(CIN) 551k EA R R AEAE B TR R (p <
0.05), i LR AE A S TR AR R R 2
ITE NN P

N N = N = N R e i e M4
BTG, R R R R R R S R
W% 535 IE A 9% (p < 0.01)(2). 1M T35 E 5154
WAk S AR R A AR G A B 2, HEfhiEFE 2
8] O IE A SR B R (p < 0.01). HIEA MR, T4
R LIEBRELL(CINY. LIRBE MR B S5 150 1L
FA AR R 2 (MR BB E IR R
3 g
31 &, BEAIxHIELAEAFMm

+HENH,-NAINO; -N2 EHLE K £ BEAFE
X, HEEMMNEFEFRREEENFERS., A
Bt TR TCH LRSI AS S IR R o0 T TR R A
=1 BREMEA S AL A HE R X (Zhang et al.,
2012; Liu et al., 2015). Hih 3TN IR S EERT
TEHLE Z HI N (a0 a8 AN 38 v 10 10) FiE 4
MRS AR F 2 ] )P 7 (Zhang et al., 2012; XIJZE5%
4, 2015; Liu et al., 2015). 7fEAWF7CH, B RN
WL N, T 3ENO; -NFINH, -NF &4 Frdd i,
Horp AR NG B 5 38 T 3R LRI .
X FER RO ARSE R T R S EOKT, [FE R
TIEEAER S R A — T2,
e m T RN E LS A MESEN SRR
FI45, 2015; Wang et al., 2015). b4k, ZARINALHE &
EWN T EH AR, o s EAE RSO B

IR, e 1R IR A 52 B TR S P A K
[ 7€ K 7-(Zhang et al., 2012). 2 %R il i F i A
ARG AR L sl E AMR R, JF HA BE RO
MRS ANER, Niiem VAES RG4S
AEWrE(Liu et al., 2015). FEmRABNINE ST, Eid
TR A R MRMSOR F ™o 280 2 B TR AS e o v 2L
N TR 3 N

AL FEP5XFNOs -N A TEHL A & AR R I 2
FWRBEER, SR a s A 51 A Bt 3 oL
BRAHA S EREER . BT, ¢ 5%
Ao 280 Tl S 00 %) i 2 5 T B4 T 7T A2 (Wang et
al., 2014), A RMHIERTE R —BMLE 0. 1EH
dor R AR JE 5 R B OR, BEAINE — B R b
FAAR T o ith 3TN LBV (Wang et al., 2014), A7
SREZAESR . DERFMEYSTEERIE IR
TAVE iR e M4 FH (White & Reddy, 2000;
Pandey & Begum, 2010). =i A\ ] Redi s 1 5 1
B IR A (AN 2 H AR S TR A AL A o) FR
P, IFE RN 7 E R R, SRt e
NO; -NEA JRAM & 5. MAk, A ] RS
T RIEREY TR R R, AT N 5 TeAL
ZHIVR E (White & Reddy, 2000; Chapin et al., 2002),
B HIRN BT 5 ZE R — 2D T 7.
32 @, BERIIXLIEERIE A

BRARBIREFE LR 7 LI RRET &, 7
X IgaE Al AL R b T Fe B B R
(Loiseau & Soussana, 2000; Li et al., 2006; Vourlitis
& Zorba, 2007; Wang et al., 2015). =&AL FENSHH T
et 7 B e AL . YRR AL R R
Gundersen%¥(1998)#2 tH /E AR B I AEE Ratt, A
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HARHF A B AR BN . AFE AEY&
SRR, FoE AT X R A R G B R
JLE . FUBHINJEEE ISR LIRS L
B HLEIK T UL e A= i v S A s, kg
Higwm 7 T IEEN 1 FE(Aggangan et al., 1998;
Delin & Linden, 2002; Kadono et al., 2008). A#ff 5T
S RSP B B e L S B R T b 2 S e i
AR, RS H RRIRIMEAR, mmE
PVCEIREZAET A i) LUa OF BRI 12
cm), HHSEAHEN: IR ENO; -N2fl E 2= 5 [
WA R N R, HE s A =R R, X
Al e FEUR AR I A & E M AT R %
AR R — A B R (R AR, 2012) B I 2
Z 2 AV T AEHEAE YR R e, I DL
BURT T B 387K 53 A 80 55 i 9 B %2 (Chapin et
al., 2002; Zaman & Chang, 2004; Liu et al., 2010; Ma
et al, 2011). ZURIITE = I 16, HER S
A LR g A S 2 TR B R ) IR A OCGOE &R,
FH T R IBAE LA S A S BG oot St 8 4k K
A AE R B AT W e 1 %503 (Hacin et al., 2001;
Wang et al., 2008; Zhang et al., 2008). 3% H#5 =11
AU RS B G TS, e
TREN Lg% (Berendse, 1990; Kitayama, 1996;
Sanchez et al., 1997). 8 1k KAt % 5 H3ECIN
Z A2 BZENFARKR, #—0 BT 5 me
PR ARG IRy 1 200 8 i S I CUN, 5] RS Atk 1) A 235 Dk
b KA AEIRNTE SRR, M2 RE 1 33
4L iE 2 (Hart et al., 1994; Vourlitis & Zorba, 2007,
Maet al., 2011). TIEFAEYIRER . R-S5F0 WAH
AT Z TR FEANAEAE 2 25 A DG, DA A F
5 H1 2R 45 5 (Holems & Zak, 1994; Hossain et
al., 1995; Bengtsson et al., 2003; A%, 2009),
W B B ok 2 R on e 3 O b R B e -
43 A B (Puri & Ashman, 1998). iX 1] RE 2 K 9 + 38 4
W ACAE FH 52 21 33 AR W Rl A s 1 ) A [ 5
ma, F ELASARDE Ve LA A P AR e T R R
FIH 1k (Hassink et al., 1993). AR5 IR St
YREVERTIE, TS PEAE B R i Th g
FAF AT 5 gt — 22 o0 #r, A Ja Ew 9T L1380
AR LI MBI RE B B 78 45 7% RS VPR
BB o

Tl LM A S R G ) AR KR E AR AN T AR 1Y
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FERREI T, EFRMER P RA —E R HEER
(Vance et al., 2003; Dodd et al., 2014; Wang et al.,
2014). N5 R AR 35 Ab TR B B B BERAS,
JEHGRAE IR AL X 41 R4S, 2006) o 324 Y S B IR SE,
-5 b o IR AT S A A T T AN 32 AR
RN B 520 (Li et al., 2010). A HIWTF 7 2on, £
MRAE S 22 40 1 L 8 3 i 1 ol e R G - 43 0 1)
AN[E) T A5 Fi 22 5% (Pastor et al., 1984). Aggangan
(1998) (11t 7t sl 7, Tt 1l I AN 6 Fofo b el 1 38 ) 1
W Z PR . AR, BN E R S T
HfHh FAEY R, RENZEHA S RS20 ) B B
BELAI) o BBl VA T ) 438 4 A A 2R S AT A3 28 5 %) T
AL IR g i, (H s a2 (PB) S & 1 1
A 2R, S BTt T Ak TG R L 58 i S A
RIS 2. g Rt — Ui, Bt
IR R EALAE RS2 55 T EA I e . R
R o FEE V) O A B RS N 2 Y IINOg -N AT ML
WREE, (HI A S i e 3 25 T ot fle = ) 38 In ok A
WL, e N OR B Rk AR ) R A
EIRE . X BEER R IR A IR ORI [ T
KEHTEAINOg -N, BRG] 1 1558 40 3 2 (1) 52 75
(Sahrawat et al., 1985; Minick et al., 2011). 734 4[]
Ff R 5 U BB T SR R U SR
DL K 6 J B0 Al A P A R A E P (Fisk & Fahey,
2001; Miltner et al., 2009). 7 #h— 77 TH A RE & KA
JiF e et AR 7) B % R A ) gl Ak B B T) tof e b S 2
WACEIFA B BERRHER . K, A5
Tt A 55 VS O A FERRTY 857 S8 1) Ak BRI )38 AN i 56 4 e gk
BV s R A B AR RO . 2 S — P IAIE
FHAES R G IR R AL B AR B A S 0
M, IO T AT . m E R A E
S AL, DAt — D4 7R Fh IR R R R AR
NI . BEASINRENS O R A AR
Yt LA LB &, a2 i o 33 U BA A
A I R (Wang et al., 2014) . fHAZE B IR, A[FE
R AL TR T FLM A HLIR . RE BREL AN
AW RN T AR (R B AN AE B A G
PEo Rk, IXLEIRET K AP 1 I AN BEAR 47t 0]
A HOBEAS 0 T s IR R e, A
4 S5 R s IR N BB T
33 TEFFHBUNFLIE

BBEIS IS 50T S g R 2R HETTH
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AU R . LIREAT B EZNZ Z MR R
(IR, AR 33K R TR 2T AR A ] DL B
AR B B R 1k (Pandey et al., 2007; Liu et al.,
2010). fEAEKZFHI(8-9 ), HHh IR H T LE
RAGHILE, TR A AR, &R
GUFHFETCHL R . X AT e 5 L IA) 3585 b R A
A F 55 2B A 18 5 () R X6 56 55 A O (B0 2 s A ) 5
XL, 2007; Liu et al., 2010, {HSE R IAE, EHFRA
H1(9-10 1), A AL n] LA 5 B A, s
ZALHE(NS) T 145 U 13 28 /) T 41K %60 Ak 38 R0 XS
M, ROmE— @R L] T IR ER 1k, Aggan-
gan %5 (1998) 1 5k 3k %5 (2009) th 75 H 2 L i 45 21,
U I A I A BN =0 e A
K, MENREIAR —EKFE, B EEST
F#(Aber & Magill, 2004). 53 4h, FE—ANEE IR I
)7 T E(0-12 em) T IRIAE TEHL R I 5 1 &
BWAAEZER, HPE =R HEOH 15H-10
H15 AR ZE IR TN A S BV E B, I
HHA T IR R B AR (A PR ) T IR AL, R
fbi F2 LA 6 i 2 (Sierra, 1992; Aggangan et al.,
1998). FEFEANRTFRL AR, FEHLI A g K
EHIRIET-8H, REEL LK MROA K. TR
— A, R LR s, BN RS AR
FE, B KGR, SRR I M S AR KR
FeAREE 7 AN 1 AEH (Zhang et al., 2012; ZR3E
AN4E, 2014). FRor IS INTE 5T T i 84 fb 14 22 AT
Tt A 3k 6 b - 3V P S 0 2 IE M SRR &R, LR
JEEXT BT A SR A T 22 45 - 3 B PR R B A O
BERWL N, EEYERTN, BEA RS
Hh - BRI B R . AR X IRALTE
FRAMER, LK KL R BRI, F85
T RELESKERM. AR SR, i
B K B AEAR T 15% I} X6f 4 358 1 U0 Ak b R 4] 4 P
(Dalias et al., 2002); -3 B {E5-35 CHf, TIF5
WAk 2R B 5 U S IR 3G 0 T 3G i (Wang et al,
2006). ASLIRTh, TS K EEEA KRR
W2 /N T-15%, T 3IREEES-24 “C Az, H
I, R KRN R 2 B A LT T
WAk, (HETEAR 5K IR EIER, BEIET 4
7 i FEE 38 N ) R A A R, A4S K
BEEN AR RIS SR R, O A
TR B 2K (3E = 4155, 2005; Liu et

S RUBEANIIORT A 5k Tty S TR B SR RO RE I 489

al., 2015).

FERBETR USSR T, WS 8 iRt 8
iy BT B A K 2R I I R DA AR R
&, VLI T NH,-NFINOs -N#64, DLl R A E K
FIF R, NOg -NJZ T s b 2 & 1
AR E, X 5400 IE4%(2014) Fl Zhang %% (2012) () 45
W[, 1H 5HolubAl1Zahora (2008) il 7T 45 A —
E 22, g RS OR A W B A T B g
NH, -N& K2 ANO; -N& 11314, X 5A R
128 3R X AR K

4 ZEip

e AL ER NS P 5 T R IR R A
S, o AL B (NS FING) B35 16 n 7 3 e
HITEHLEE, JF HACBENG B Z s s itk . &1k &
AR, R T IRAE R, RIAE R Z
HRAR RGANEN AR BREIE T s insi =
(KI5 (25 g N-m2-a ) 48 e A ol 26 77 1,
B SR A WL LRE F1, B R X S R ]
SEVEFRIF . SR L, bt ol Ak FE G b - 3 AR
PRI FR I REM 12> G B, 10 BH A 5% 8 R TR i
Hh 3R A HUE I A T REASSZ B BR . AT 78U
O Bt 52 R R 11 ol Ak FERL S T3 AN i 5 4 S Wi
(A It 3R A R R R . A B — B IOAIE
AR RS R G A R B A S R Bl N1 0
(o R, 38 7R BTN . SRR A e
AL, DA 7~ B - 3R R RV L R R A A LR
MHLEE . 55 4h, B IRl DU R O
NO3 -NZTE A& I AR TR I InfERCR,
A R P R 5 2% DX 3 i A U R
R E R R LIERCE YR B A RE AR
TINS5 R IR Rk . (HAEEYA
F(UE MU & IR IECIN) BERE B i 1
PR AN [F) LA B U o ™ A B A e 1 AR
b, IXEEIRIE A7 AR AR S S A S R A ThRE
HEAEENER. BTSSR BT S o HE R
VAl AR TR 23 KPR A A BRI A B 5 AR S R4k
25 ThEe AV A Y Hh R AL 2205 24 Tk R 52 0
EEWME HRaAHRFEES41I571088)E R E
B R R R ALK (9737 %1)(2014CB138803)
Bis RHARERFEERLESERLL T RKTFAR
I TAE LG X K
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