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Effects of heavy grazing on soil nitrogen mineralization and temperature

sensitivity along the Eastern Eurasia Steppe Transect
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Abstract; Effects of heavy grazing on soil nitrogen mineralization and temperature sensitivity in the Eastern Eurasian Steppe
were studied using laboratory incubation methods by comparing non-grazing plots with heavy grazing plots at different sites.
The results showed that accumulations of soil inorganic nitrogen and soil nitrogen mineralization rates were significantly
higher in sites with a higher aridity index ( AI) than sites with a lower Al ( P<0.05), which indicated that soil nitrogen
turnover rates were high in relatively humid sites. In sites with a higher Al, the amount and rate of soil ammonium nitrogen
reduction in heavy grazing plots were lower than that of non-grazing plots (P<0.05), and heavy grazing significantly
decreased accumulations of soil nitrate nitrogen (A4, ), accumulations of soil inorganic nitrogen (A, ), soil nitrification

rate (R, ), and net nitrogen mineralization rate (R, ) (P<0.05). In sites with lower Al, the amount and rate of soil
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ammonium nitrogen reduction in heavy grazing plots were higher than that of non-grazing plots (P<0.05), and heavy

R,

+» and R (P>0.05). The temperature sensitivity of net nitrogen mineralization

grazing had little effect on A, , A, ,
(Q,,) ranged from 1.61 to 2.06 and heavy grazing had little effect on Q,,. Q,,increased with increasing latitude and showed
a significant negative correlation with the substrate quality index (P<0.05). There was a significant negative correlation
between substrate quality index and apparent activation energy ( P<0.05). Furthermore, the response ratios of A, A,
R, , and R, to heavy grazing were significantly negatively correlated with Al (P<0.01). Our results emphasized that the

effects of heavy grazing on soil nitrogen mineralization in the Eastern Eurasian Steppe was regulated by climate (temperature

and precipitation ) .
Key Words: Eurasian temperate steppe; heavy grazing; soil nitrogen mineralization; temperature sensitivity ; aridity index
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TERIRAEAE T 5N, b A A8 T 5852 IR AR AL A 3 ZURZ ), 3 26 52 meple m] R fiff + 58 o
AR i R ) A A AR RS | TR TITRE X0 B HAE Y 1 2 7 BRI T BE 7 A —E 52, —SERFSE R
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PRt AR S FE . AR R T B, AU AR B DUINR A A %, Hb B3 B R 108°—118°E,39°—59° N, it
1+ 1400 km, ZRPH 98 200 km, FEHT B e I 0 308 LU I, AR 24T BE AT 3K 14°C, il 9 52 1t ) MRS A R L AR 4R
JEh 2.6°C, MR el L3m R DU /R MU X | 4E IR e 22 -5

2015 45 H VA R R0 IE R T 5 MRS, = /MRS E R E MRS RS (R 1), AR B
8P 111°01" —116°40" E FIZEFE 41°50'—47°18" N, M3 = 880—1382 m, 4 F-XE B i pg B~ 0.1—
2.6°C , AERF /K B AR E] 5 239—380 mm ( 1981—2011 4F) , AHHEISH Ry KET S (Stipa grandis ) +F-5E ( Leymus
chinensis ) +KEFaF 5 ( Cleistogenes squarrosa) 9%, J& THAVE R SO TES+  FER R8RS b 0T
AN 50 m X 50 m BYARBCBREHL AN F A4~ 50 m x 50 m B0 B HORCREHE  BURCR E R 3 sheep/hmz,ﬂlﬁﬁ‘:
SERHE] R 10 22240

F1 ATERERER

Table 1 Basic characteristics of five sites

M S 2z EailEs FTE R 44 Bk RSP IRLE AR REK TEAR T L
Site code Longitude Latitude Name of administrative region MAT (C) MAP/mm Altitude/m
T 115°02' E 41°50" N e ] N 52 MR R A S 2.6 380 1382
M 116°40' E 43°33' N r ] P S AR A B M e T 2.4 346 1249
E 116°07' E 44°55' N e P9 5 PR R S BRI I 1.4 239 880
S 113°22' E 46°55" N St D3 LB /R 4 1Y B SRR TT 0.9 282 1143
K 111°01' E 47°18' N ST R G BT 0.1 299 1157

MAT . 5= 3418 3 ,mean annual temperature ; MAP ; AESE R K ,mean annual precipitation

1.2 Wik
1.2.1  ARCBE VA A RN 1 SR R AR

2015 4F 8 F 78 FLAE 5 A TSRO b AR D) S 32 A b SR B - A o BEDILTE TR Y BB Tm
x 1m BUFETT T AAR D HE PR G0 FE AR W) b 2 B R 2t S OHL 6 B2 SRS e Ty R BE S M TED 1 em M 35843 59
P Ay Rl AR R4S T AE S I AE o A2 5 S8R 7 0 EA T - A S A S IR IS HE 2 1 em 1Y
- do etk HER 2 PAVE D A AL A W R S, SR S O R HERE R OREE RN 3.5 em £
BN ZE] 20 em By HAE AT PR RN 5 4y BIESEITI ARG SR E BT K& TR Al ] 5L = AT
FTHAAL L, F 4 4 UEA T IR 3B AR B BB R M HEATARE , e A ORE . — o IR T = B
FERME H IR L, 75— 84> A SR T 005 3 iR 4 &, B 55 B A5 0 R 40 R - R R Gn 3 2
B .

R2 ANHEREWEENLERE

Table 2 Characteristics of plant community and soil at five sites

G »
i o 1 m ; s X

Mo AR R 123.44+3.56a  212.17+6.56a  90.06+9.21a  114.52+2.85a 85.91+7.58a
Aboveground biomass( g/m?) R 59.01+5.57b  84.20£4.78b  21.13£2.00b  30.15+2.95b 54.61+4.09h
Shannon-Wiener %1 AT 0.70+0.04a 0.55+£0.06a  0.60+0.03b 0.44+0.05b 0.62+0.06a
Shannon-Wiener Index RO 0.67+0.07a 0.30+0.02b  0.78+0.03a 0.63+0.02a 0.35+0.05b
A3 MLk ENIT 19.31£0.36a  19.04x0.43a  9.57+0.78a  24.99+0.41a 26.65+2.11a
Soil organic carbon/ (g/kg) AU 15.24£0.36b  15.0120.31b  9.94%0.90a  24.92+0.72a  21.1320.15b
TR ENIL 2.46+0.05a 2.1840.04a  1.37+0.11a 3.0220.06a 3.0420.24a
Soil total nitrogen/ ( g/kg) RO 1.83+0.20b 1.87+0.05b 1.33+0.01a 2.88+0.10a 2.44+0.04b

EATH T M E S K 2 BRI, PR E B IR 1o 7 — 85 R — S A /NG F B 3mSR i 8] 22 57 3% (P<0.05)

1.2.2 FWNEE R
T IR R E /3 BIFRE 40 o KT 5 ) - IEEERESE A 50 mL ¥R IR, IR 987 = 60% 1+ 31t
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RIS KR 28 T 15.25 35°C IR Fe /i AT HE 92 . 0 TS 60% 1M A &k 45 2—3 RAhFE 1 Ik
EBTK, ABITRFE 0d Fl21d I 5E TR S RS A

42 50 mL1 mol/L 1Y KC1 12485 , 2k H 4 H sl Wik 73BT ( Clever Chem380) il 5 4 A 2 % & | fil§
AREE. THSKER AT, 1 pH (R BPH-220 IRAGNE , A HLAR R JH 6% R A A vk -
SRR, T A AR R LS L Y
123 fEbRIHE

(1) THREE TR %K

TR REAE R0 Aridity index, AL) , $8/00 T-HEBE , S FAF — AN HBIX 08 T M8 82 B2 B9 45 4% . de Martonne T
1926 AF$ T —FP RISy AR BT R

Iy=P/ (T+ 10) ()

A Ly B de Martonne “FHRIE, PP S9FEK it (mm) 70 F S (C) o i TR IARRAK RER 57,
WU, TR 1, BOR ACHGRRI , 1, B/ AR5 THRBEE/NT 10, RIS E 5 IR, R AR
i 2 i\ T s R BB AE 10—30 Z 8], R A5 152 IR A K e o A A Ay i
PR KT 30, B A , IR A KRB, I K T8 L A A Rk

(2) HIERH-LIE R

IR AR B thy B R A A S RN B S A AR e, T A A B B SR N TR LA
4D T BT BN D N/ W o 7 o A

At = t,,— t, (2)

A =c[ NH;-N],,, =¢[ NH;-N], (3)
A= ¢[NO3-N],,—¢[ NO;-N], (4)
Apin = Ay Ay (5)

Rn= A, Al (6)
R.=A,./ /At 7

R,..= A,/ At (3)

Ao e SRR IR ] ¢, A IEFREE AT E], A 35 FREI] 5 o NHL-N], il e[ NHL-N 1, 738551 1
BES NHI-N &8 (mg N kg™') 5¢[ NO3-N .l ¢[ NO3-NT ., /3 B B 35005 1 3ERE 5 NOS-N & (mg N kg™') 5
Ay AT A A0 — %8 5 F: A Y NH-N NO;-N FGHLA(NH;-N+ NO;-N) BL&HE R, R, HI R, 535
REACHE R AL R AR L E R (mg N kg d ™), ZUR R RIE AL R ) B H A B KT
QT LA FAZGHE ),
Q= (N/ N,) [10/ (T,-T)) ] (9)
A, N BN, SRR TR T353R R (°C) NIy LR A fh i
IR AR E I L RE (E,, k] mol ™) J&— A>3 7n RN & A5 ME 5 B2 5 (W it ) 71 24 5 %, mT DL aod
Arrhenius A2 3HE
R, =Axe "V
o, A JE B 48 4L (substrate quality index) , 278 i B A 0°C B 85 0™ (L A R | R J& AU H 510( 8.
314 J J mol™' K™") | T /212 # (Kelvin,K) .
(3) FBCcmm iz
R T HCE AT AT AN [RVRE 55 A IO B B U A B 2 ) 1 25 57, AR AIF9E R FHRL N LE ( the response ratio, RR) 2
S e - R A B X IO B e g A BT SR
RR=1In (X/X,)=InX~-1InX, (10)
IR X R E A B A SR, X 0 R o R ZE (R S EIME . 24 RR 45T 0 UL UBOE R
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5 AL B AT IH SR A2 57 W RR /T O, UL BH BUBGE st BT e 2 807 A= 1 53, an skt RR K
T 0, ] s e s sl BT e S50 A T IR

1M 7722 (v) R T AR

v=3S8%nX’+S7> nX> (11)

Hodr n FI0n 43 A R LR HE 2 B REAS HR: S RN S 2l A JECHCEL AT Kt HR AL T e 2 e A v 22
1.3 Zitoath

3 H] Microsoft Excel 2007 % T4 B2 454 | TIEES A R HERAM R TOHLA (NH;-N+ NO;-N) 1
i AR I R AN R A 3 R I R R SE R A T S A I 2 2, R SPSS19.0 %k
PREAT 5 225307, R P B/ INJb 3 25 S5 5 R 6 45 A B8 ) 1) 2 5 d 351 ( P<0.05) , SR Pearson A 2G4 B K
55 IR LIRS B T A S (P<0.05) o ANTRIRE S FIRR Hb 1= 398 0 b A8 A 1) L8 R 1 SR 6L N
25CIEHE . Qi HERAEFRIEE  15°C 25°C 35C r% .

2 ERES

2.1 AFEFER TR
TAHFFERE R TR SR RAE 21—30 Z ), R BEFR B VB RO : E<S<M<K<T (& 1),
2.2 A[EE AR 2

TER LR Ry 25°C 6 F, FARE R E B A 0| —
BURRE(A,,,,) J U, BRI H R R S5
IS, GO R L S ED, R E 2
RAEHEIN, LIRS 5 BRI (18 2) , fEARHc E2 2
REHE, 7 T4 B OB 19 KR T RE 5 4 B 25 0 2 —
A 2 N T A S AR (P<0.05 ) 5 75 T B FCHORE T s T Mk x
Hi, K RE £ 4 25 SO ik 25/ T A BE 5P <00, FrAL Sites
05) ,M.TH A BE/NT E SR (P<0.05) , TEARIK B1 ENEEATRERES ()
FEM, AR HIEE S AR R & (A, MIEHLA R Fig.1 Aridity index (I,y) of five sites

(A, ) PRI T R R B KRR AT (S MK\ T)

B E KT TR B AR IR 5 (E) (P<0.01) e H R, S A S H IS A B R B E R T ETH
A(P<0.05) M K5 SHAULMKSETHAETEEEST(P>0.05),SHEATIARZERERTE
R (P<0.05) ,M K 5 SH AL N M K 5 E M S JC 2 5(P>0.05) .

TERCHORE L | TR A5 - SR AL R R A R 2 1k 3 R 5 B HE -0.19—-0.07 mg N kg™' d™',
0.72—1.92 mg N kg™' d™" ,0.60—1.78 mg N kg™ d™' Z[6] ; 76 55 B HOCRORE -, LA RF 05 8 s AR i i % |
FRW AL R HIE-0.22—-0.06 mg N kg' d™' .0.87—1.51 mg N kg' d™' .0.65—1.31 mg N kg™' d™' Z[i] (¥
2) . FAFER HIRER A ] 1 25 5 5 B R IR AR R 2 (Al 22 A ]

2.3 FEHUPOS A A R s

RO AN RE S A B A R R L R R R AR A (& 2) , 7E 25°C HEFR i R b 7E
TR R B R 1 MUK T AF A B 3 ORE 1 18 0 2 R0/t SRR AR OO HLAIR (ML, T B A, P<
0.05;K F£ 85, P>0.05) , 5 B HUHCR B REAR T HIERS S AR R i WA R Wik R 5 A L R (P<
0.05) ; 76 T BE R BURARAY B 1S B, B THCHORE b - 10 285 R0k 2 R 3R A A T HORE b 7 ( P<0.05)
OO TS AR R AR R & AR A AR (P>0.05) .

2.4 A[ERE S RS A A R B U Q)
D7 2553 T 2B | B3I AT A ICHORI T O = 38V R TR VE ) Q HZ (R 22 R B35 (P>0.05) , Uik
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Fig.2 The accumulations of soil nitrogen and soil nitrogen mineralization rates at five sites

[R]—FE SRR /NG B s R TR Ml B) 22 573 (.35 ( P<0.05)

W & RO Qo TE B, FLRE S Q, AR RTE FIAE 1.61—2.06 (] 3) , AHAB P RE M Q  Z IR ZEH A
F(P>0.05), FEESEMNF S, QT EaH,

FHIE TR, Q55 FE 0 o 2 5 B0 A K 32 O35 Ak R 15 5L o o 2 48 5088 22 18 3% 19 UM 56 56 &R (P <0.05)
(K 4),
2.5 RN[RVRE S SR A T R O i

FET B R R S M KT AR AL Er‘ PO A A B LA R R
MR T RN (B 5) o 28T B BN B AR S, B8R OB H IR S AU R i LA B i1k
HOR SR R A T IERLNE , H MR R /T 0.2,
2.6 HHEEW b S o R LS A R R

FSC/ BT 2B, B T 51 B CORE b A S AU B LR S T R AR B IE A Ak (P<
0.05) , Ak + 3 S AR R MASAB R LA R E R bR a5 L 5 47
YRR T AR R K TR B SR EOR AR .2 (P>0.05) (£ 3) . HIEEEAM R SRR R T
MLAER R 2L AR 0 A 3 0t 51 B i o 1 B 5 4 34 T B A1 Y R K A G PEAR
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BE(P>0.05) (K 6), HIEHESAMBRE AR 25

T TR L TR SRR R 35 (P>0. 2, VR
05) , LM AR BR KHARBR MR s S 6| 5

S LR TR HCBCI W b 5 TR A . B2 1

S (P<0.01) B2 os|

8
3 iFig L M E s K
FE P Sites

TR B A 25 FR 8 S B 75 20, X8
EBRGMETERA EZAER . — ik, )
IENEAT LS ORI XEEIE e o e s
DA BRI WA DI TR o mpe i 25 5.9 (peo.os)
S v R O T RE R B R R AR

3 AMERIESERVUEREESREME(Q),)

Fig.3 Temperature sensitivity of soil net nitrogen mineralization

21 ¢ 55
* y= 2.0472e70.523x . y= 5].89ef0.871x
20 F R*=0.4781 P=0.0282 R2=0.4169 P=0.0483
> 50 t -
s Z
QE 191 LS
% § i\a 45 +
Bo 1.8 | e
== §§ 40 |
Eé g8 17| s
> QE) 35 |
& 16
1.5 1 1 1 1 ) 30 1 1 1 1 J
0.1 0.2 0.3 0.4 0.5 0.6 0.1 0.2 0.3 0.4 0.5 0.6

F T T B 53 Substrate quality index

B4 ERREEHSIESETUERBEGRME(Q,) RUWELENEXDH

Fig.4 Correlation analysis between substrate quality index and temperature sensitivity of soil nitrogen mineralization rate (Q,,) ,E

a

R3 AMHRAIEEVHAESKEETHXR

Table 3 Correlation analysis between soil nitrogen mineralization and climatic factors at five sites

B2 Ee J& IR0 AH K B Pearson correlation P {H Sig. (2-tailed)
Indexs Plots MAT/C MAP/mm/ Al MAT/C/  MAP/mm/ Al
N BB

ijiﬁff;w‘w e -0.53 -0.25 0.19 0.36 0.82 0.76
EiNE9iiTie -0.02 0.67 0.90* 0.97 0.21 0.04

A ER A, NI -0.09 0.52 0.73 0.89 037 0.16
Accumulations of NO3-N U -0.21 -0.01 0.13 0.73 0.98 0.83
THAMRRR A, ENIE -0.14 0.51 0.76 0.82 0.38 0.13
Accumulations of total inorganic N T -0.22 0.16 0.37 0.72 0.79 0.54
BIHEE R, R -0.53 -0.14 0.19 0.36 0.82 0.76
Ammonification rates U -0.02 0.67 0.90 " 0.97 0.21 0.04
HALER R, R -0.09 0.52 0.73 0.89 0.37 0.16
Nitrification rates U -0.21 -0.01 0.13 0.73 0.98 0.83
HEVIEE R, ENIE -0.14 0.51 0.76 0.83 0.38 0.13
Net N mineralization rates U -0.22 0.16 0.37 0.72 0.79 0.54

MAT : 4ESFE-#77 B | mean annual temperature;MAP;@%i@l‘%7ki,mean annual precipitation;Alﬂ:ﬁégj’ﬁﬁ,aridity index

R SR — R 112 DR CHGE 1 REOAR 2 7 A 5 2 (0 4 W, AR T AR B A M AR, 1
TFRE PERR I AT R I | TR SR T e 20 FRAT TR L, i Se e R T T SR B Rk, L
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iR b RR Response ratio
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Fig.5 The response ratio of accumulations of soil nitrogen and soil nitrogen mineralization rates to heavy grazing at five sites
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Fig.6 Correlation analysis between the response ratio of heavy grazing on soil nitrogen mineralization at five sites
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