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Soil nitrogen mineralization and associated temperature sensitivity of different

Inner Mongolian grasslands
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Abstract: Nitrogen (N) mineralization is an important component of the soil N cycle, which is important for supplying the
available N in soil to plants in addition to maintaining the plant productivity of terrestrial ecosystems.Especially, when most
of grassland ecosystems were confronted with lacking of soil available N, it is more meaningful to focus on the soil N
mineralization. In this study, we analyzed 3 different grasslands located along the Northeastern China Transect ( NECT) ;
specifically, a typical grassland, a transitional grassland, and a desert grassland. The soils in the 0—20 cm layer of these
grasslands were incubated in the laboratory at different temperature (5, 10, 15, 20 and 25 C ) and moisture levels (30% ,
60% , and 90% saturated soil moisture (SSM) ) to evaluate differences in soil N mineralization and temperature sensitivity
(Q,,), and to determine the main factors that regulate this process. The results showed that the total carbon, N, and
phosphorus, microbial biomass carbon, and microbial biomass N of soils declined with grassland type, from typical
grassland, to transitional grassland, to desert grassland. Furthermore, the total carbon, N, phosphorus, microbial biomass

carbon, and microbial biomass N in soils were all significantly different among the three different grassland types ( P<
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0.001) .The different soil properties in different grasslands indicated that the quality of the soil substrate tended to decline
from typical grassland, to transitional grassland, to desert grassland. In parallel, net soil N mineralization and soil
nitrification rates decreased gradually when the soils were incubated at the same temperature and moisture levels. For
example, at an incubation temperature of 20 °C and moisture level of 60% SSM, the soil net N mineralization rate of the
three grasslands was in the following order; typical grassland (0.715 mg N kg™' d™') > transitional grassland (0.507 mg N
kg™ d™') > desert grassland (0.134 mg N kg™ d™'). In contrast, the Q,, values increased in the following order: typical
grassland<transitional grassland<desert grassland. In addition, the substrate quality index (A) decreased in the following
order; typical grassland > transitional grassland > desert grassland. The Q,, values appeared to be negatively correlated with
the substrate quality index (A). Both grassland type and incubation moisture had a significant effect on the net N
mineralization and nitrification rates of the soils, with significant interaction effects (P = 0.017). In contrast, these two
factors ( grassland type and incubation moisture) had no significant effect on soil ammonification rates. The models, using
incubation temperature and moisture as variables, clearly showed the changes in the soil N mineralization rate (P <
0.0001) , with R? ranging from 92% to 96%. This models demonstrated that within a certain threshold improving incubation
temperature and moisture could promote the rate of soil N mineralization. Soil N mineralization exhibited a regular spatial
pattern with the succession of grassland types from typical grassland to desert grassland, and was shown to be closely related
to incubation temperature and moisture level. These data provide a new line of evidence explaining the noticeable spatial

pattern of Inner Mongolian grasslands from the perspective of soil N availability.

Key Words: grassland type; incubation temperature; moisture; soil n mineralization; temperature sensitivity (Q,,)
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W L HERE S T 2 30% .60% 1 90% SSM, BJ 4535 3043 A 5.10,15 .20 CH1 25 C AR IRIEIRIGFRAE . 120 14
d MRE IR AR | - HERE AR 2—3 d AMK 1 IR AVK SR FRRE LB . O TR A R S i B SR R ARG R
JEINE IR S A (NOS) FIEAS A (NHL) . F3E48 50 mL 19 1 mol/L KCI YA WRIEARIT , FI L3 21 4 B A 2 B 52 W 1Y NOS
A NH; W FREA TARE BT A 35T
1.4 B ES 58k
141 HHEF BRI

TR AR A AR SR T B 5 S R R AT LA NOS M NH & (0 22 (R T8 ¥ 0 A0 T R g B o7 st [ P JC LR
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At =1, -1, (D
Aym=c¢ [NH;=NT,,—c [NH;-NT, (2)
A, =c [NO3-N1,,-¢ [NO;-NT, (3)
Apin = A tA (4)
R, = A,. At (5)
R, = A,/ /At (6)

K, MG FR AR R] ¢, RIEFREE SR R], Ar R TR B] ;e[ NH;-N], 0 ¢ [ NHE-N],,, 20 30553500 )5 HHERE 5L NH;-N #e g
(mg N/kg) ;¢[ NO3-NT, M ¢[ NO;-NT,, 5l K85 35 00 J5 - HERE i NOS-N MR (mg N kg™ ) 54, A1 AL 5051 — %8 BE R )
P NH;-N NO;-N FITGHLA(NH;-N + NO;-N) FUE &R R A R, 43 B A SR (L BRAAS L % (mg N kg™ d7") , HHERE 1L
TR B AR A B KT R
TS AR R B Z A 06 R R R SR LA
F(T) = A x &7 (7)
A TRIEFRIREE (C) A N ET R4, B iR R R4k
BRI R U ( Qo) TR RN R
Qp = exp(mXB) (8)
KA, Q,, FRTEE AN 10 °C LA b BRI I HA7EL,
KT R IE SRR 5 R K o R AR R AR SO AT ORUR Z A
F(T,M) =axe”” x (e xM +dxM+e) (9)
Ko, T AREFRIE (C) ,M HREFRK S ,a b e d e BENRISEL,
142 Sithk
FIFH SPSS 13.0 Giit#, 40HI%T R, (R, 1 R, HEATRUA 25225007 (Two-way ANOVA) ; LN, SR 20 °C #9 +HE A 1k
TR IK A 5 M 2R R R R 2R | 2R Duncan AT BAEAE & 22572 . R SigmaPlot 10. 0 84 #4055 #r
TEFRRE JFK S LAV RN LR, SR BEKTN P = 0.05,
2 XWER
2.1 FEGEA L EREE
ARG AR ZERANEE(F = 1.19,P = 0.35;58 1), 1R F R 2012 AR, 5 b AL 4 52 [ RN 1 i
AR, AR (F = 95.91,P<0.001) &% (F = 107.32,P<0.001) & (F = 64.58,P<0.001) 7E A [] 24 54 5 iy [7] 5 2 5
W (R ) s BMAGEHEy R > IR > FEE

®1 TREMEM FEYENHIEERLER

Table 1 Aboveground biomass and soil properties in different grasslands

N o bR X3 £ X
LRSI . .
. Aboveground biomass Total carbon Total nitrogen Total phosphorus pH
Grassland types )

/(g/m”) /% /% /(g/kg)
AR E U Typical grassland 111.1£12.3 a 2.25+0.24 a 0.18+0.02 a 0.29+0.03 a 8.70+0.07 b
S P H L Transitional grassland 128.0+23.9 a 1.48+0.25b 0.11+0.02 b 0.23+0.01 b 8.98+0.13 a
T Desert grassland 126.2+11.8 a 0.33+0.01 ¢ 0.04+0.003 ¢ 0.16+0.01 ¢ 8.53+0.13 b
F 1.19 95.91 107.32 64.58 16.52
P 0.35 <0. 001 <0. 001 <0.001 0.001

Bl o E£SD (n=4) , LA MR/ NG TR 3R HEHR] 22 7 A B3 (P > 0.05)
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N IR different grasslands
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Fig.2 The effect of moisture on soil N mineralization
LR B Typical grassland; 1F P B Hb Transitional grassland ; T H Desert grassland; SSM; AN K A
F2 TESRTUEE SUERMBEURRNNEZFESTER
Table 2 Two-way ANOVA on soil net N mineralization, ammonification and nitrification rates
LR (R, FALEE(R,,0) R AL (R,,;,)
Nitrification rates Ammonification rates Net N mineralization rates
F P a P F P
7K Moisture (M) 24.58 <0. 0001 0.91 0.42 27.33 <0. 0001
FH ST Grasslands types (G) 80.24 <0. 0001 1.01 0.38 96.60 <0. 0001
Mx G 4.02 0.017 1.59 0.22 4.03 0.017

2.4 JKPFIRLEERNS e AL A Y SR
WHZREBRL F(T,M) = axe™ x (¢ xM* +d x M +e) RERAF MBI RE FI/K 43%F 38R A A 52 0, W R Ak 43 T
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33 %
L[] e R S AU AL T R 929%—96%AF S (2 3, F 3) , 1 Xof 8 G Ak 33 FRAG B N S IR I b Sk il R TR

Food e KU T S8 b TN TR EIHL (0.067) > i IEFHL (0.056) > BLIELH (0. 036) , 16 37 5 A i ) 4
SR AT R AR AL R RURR

*3 TERTAUEXRSERETKSHNERERNXESH
F A Grassland types

Table 3 Parameters of the relation model of soil N mineralization with soil temperature and moisture

a b ¢ d e R? F P
AL Typical grassland 2.083 0.036 -0.131 0.319 0.048 0.957 55.18 <0. 0001
S P B Transitional grassland 5.344 0. 056 -0. 044 0.129 -0.018 0.919 28.28 <0. 0001
FE IR ELH Desert grassland 0.0247  0.067 -3.370 5.883  -0.775 0.953 50.51 <0. 0001
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Fig.3 Model-fitting the effect of temperature and moisture on soil nitrification rates in different grasslands
A B C F3 5| g SRR bl 3o R b AR5 VB b
2.5 IER TR HURE

P ==

K530 60% SSM K 90% SSM I, - HE VR Hh 1A L FEE AU ( Q) T SR T o 908 e 8] i 355 R Mg T 49 K s LK 40
90% SSM A, QT BN R BRI b (1.527) <id PEFEHL (1.602) <TEiERHl (1.873) , SR, 247K 50K 30% SSM, AN [F] ¥ 1 ] £
Q=R BFIAL W EHFE(F = 23.0, P = 0.002,[K 4), MA, BB (A) T

LY b FS T b K T RREAIG ; DA
90% SSM g4, # IR HE (0.500 mg kg™' d™") <iFJEFHEL (0.360 mg kg™ d7') <FE B FHL (0.041 mg kg™ d7') (F4),
3 Wit 54it

YA TP ARG B BT | B R (o 0 DA ML T b 5 ) VR S R IR TR AR, Simgh S5 R 4 RO TR A 7S

R R I, LT LR A K NR IR > TRAEHR > TR RUR > A, St A5 X483 L v pu A R A 25 R
GE00 1 HE R RIS b A B i SR ) R L AP 9 U A R, T R TR i M U A AR 5 e A, AR AR R
Jsirh R SRR L LA T

R FE A TR, TEIR R B IR R RN R A A R G A 14 UL, B R B b
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VR Al o 22 2 R TR (1 T v i h TN, X R B 2 LR A Fig.4 The effect of moisture on temperature sensitivity of soil N
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I R
Temperature sensitivity (Q,,)

30% SSM 60% SSM 90% SSM
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Table 4 Model parameters of the exponential function for N mineralization rates

B4 IS A T3 A B 5
Grassland types PRI SSM/%  /(mg kg™ d7!) /C k o
HLTY iy 30 0.273 0. 034 0.818 1.373+0. 030
Typical grassland 60 0.436 0. 030 0.863 1.370+0. 013
90 0.500 0.033 0.637 1.527+0.111
AR 30 0.051 0. 082 0.557 2.664+0.360
Transitional grassland 60 0.325 0. 037 0.687 1.512+0. 077
90 0.360 0. 050 0.869 1.602:£0. 059
TR 30 0.019 0. 060 0.484 2.004+0.180
Desert grassland 60 0.035 0. 087 0.677 2.072+0.626
90 0. 041 0. 068 0.574 1.873£0.166

FBE - 4{E+SD(n=3) ; SSM: Saturated Soil Moisture

P R SRR R Q  KATE AR 1.3—2.7 Z 18], S EHSE & A5 SEAANSE . Ll Keitterer 4570 58 13 4575 43
BT R IRAE 5—35 °C 1l Bl AIREE IX (6] 14, QK29 2 247, Kladivko 255 TSAHTE 10—35 °ClH] QW F-HME R 2, Segd 4
R AR L TR AR RSN QN T 1—2 Z ],

Qo AAAT A AR AN ) 35 i 398 1 9 B8 SRt 7 i R it 3 R A X AR O IR Ak B (Y — A R B IR
RO AE AL B S8 10 2[R0 A JR , MABHLTRY B bt 28 S et QSR T3 o, B T B B AR B (A) B HIRAK, Q0 5 A TUAHIG, BRI B
i ZE TRV ) 4 SRR AR B BN (3R 1), R BH S IR R b FLA B 25 ) 4 R IR R — AN FERR I L R
B A A 0 O AR N R S L R T o 2 9 3 Y e i S O 1 P T AR B R T I TR B R A BV LA Y Q)
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