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The effects of nitrogen addition on soil microbial respiration and temperature
sensitivity of Larix principis-rupprechtii plantation
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1 College of Forestry, Hebei Agricultural University, Baoding 071000, China
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Abstract: Soil microbial respiration is an important component of the carbon cycle in terrestrial ecosystems, and it is
significantly influenced by atmospheric nitrogen deposition. The northern part is a high nitrogen deposition area in China,
and it is important to study the response of soil microbial respiration and temperature sensitivity (Q,,) to nitrogen deposition
in forests in this region. In this study, 7 levels N addition experiment (0, 5, 10, 20, 40, 80, 160 kg N hm™a™") was set
up to simulate N deposition in a Larix principis-rupprechiii plantation in Northern Yanshan Mountains, and soil samples were
collected two years after fertilization and soil respiration culture experiments were conducted at 15 °C and 25 °C. The effects

of N application on soil microbial respiration and temperature sensitivity in Larix principis-rupprechtii plantations were
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investigated by redundancy analysis, structural equation modeling and other methods. The main findings were as follows :
(1) The soil microbial respiration rate under 15 °C and 25 °C cultivation showed a decreasing trend with the increase of

nitrogen addition. Compared with the control, the microbial respiration rate under 160 kg N hm™ a™' treatment decreased by

23.94% and 21.64% at 15 °C and 25 °C, respectively. (2) The range of (), was between 2.60 and 4.92, the overall trend
was first decreased and then increased with the increase of nitrogen addition, reaching the highest value at 80 kg N hm™ a™
level of N addition. (3) Redundancy analysis showed that soil non-labile carbon (NLC) and nitrate nitrogen ( NO;-N)
were the main influencing factors of soil respiration rate after nitrogen addition, and the influencing factors of soil respiration
rate were also different at different temperatures. (4) N addition may increase Q, by increasing the effectiveness of soil N
and by changing soil carbon stability. The results of this study showed that nitrogen addition decreased the soil microbial
respiration intensity and first decreased and then increased the temperature sensitivity of Larix principis-rupprechtii

plantations, which can provide a scientific basis for the study of soil carbon dynamics in forest ecosystems under the

background of atmospheric nitrogen deposition.

Key Words: Nitrogen addition; Larix principis-rupprechtii; soil microbial respiration; temperature sensitivity
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1.1 BRFEsits

WFSE A TTAC A AR 22 Bl A bR o DR 5037y, Ak T AR T L 736 T 5 vl Tk A IR B i B AR (41°35'N—
42°40'N,116°32'E—118°14'E) , {ir T PN 5& v e JE ATl A6 44 60 L X 22 1) 9 0 O Ml vty | b 35038 4R 1200—
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KA 445 mm, EEEHET AN H

AW FE L PR Z5 A — B0 LA & S B b, AR 2 B0y Ll G 3 i) 7 s AR SRk 150, Ak
B 30 a, FIHIMAE 13.2 em, PR R 10.5 m, B LY 1575 Hh/hm’ o AR F UL AR K A W) 4 SR 1
( Lespedeza bicolor) . FEHE ( Corylus mandshurica) VY ( Hippophae rhamnoides) \5¢ 15 % (Artemisia mongolica) Ff
5L ( Moehringia trinervia) i ( Sanguisorba officinalis) %5 .
1.2 SEEit

T 2018 4F 7 7 S b L ) A5 2k — - HEF IR 28 4> 20 mx20 m (W AE b REHBIRIFE 10 m (14 257
DAk G AN [F] AN A B (AR B 0 X A b A7 BRI A B, HEBR N E T4 AT AT, 7545 FF b R 5 1 e
fir, FF0F 13 pH A HLER(SOC) (A (TN) (28 (TP) [HEE (AP) AEAR(NOS-N) FLAR (NH]-N) 4557
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SIS 25

®1 SR TE pH REEBFSRREIE P HE ARifER) 2

Table 1 Background data of soil pH and total nutrients in nitrogen addition sample plot ( average value+standard error)

AbFE Treatment NO N5 N10 N20 N40 N80 N160

SOC/ (g/kg) 40.29+1.97a 38.98+2.84a 37.11+1.34a 38.32+3.25a 40.29+2.17a 37.34+1.21a 38.90+4.29a
TN/ (g/kg) 5.62+0.73a 5.79+0.12a 5.52+1.07a 5.59+0.13a 5.40+0.57a 5.25£0.35a 5.45+£0.49a
TP/ (g/kg) 1.02+0.23a 0.96+0.19a 0.92+0.27a 0.92+0.07a 0.92+0.07a 0.92+0.19a 0.92+0.09a
AP/ (mg/kg) 10.98+2.00a 10.95+0.22a 13.92+6.13a 10.43+1.55a 11.52+1.29a 12.62+2.91a 12.18+1.65a
NH}-N/(mg/kg) 7.55+2.66a 11.04+2.66a 15.69+9.06a 13.94+7.60a 11.62+2.01a 10.45+3.49a 8.72+1.74a
NO3-N/(mg/kg) 25.56+10.51a  18.01+8.77a 26.73+9.91a 22.66+3.49a 23.24+1.01a 23.24+1.01a 25.56+2.66a
pH 6.11+0.19a 6.01+0.07a 5.94+0.14a 6.12+0.05a 6.06+0.12a 6.02+0.11a 5.99+0.10a

NO: A MHE 0 kg N hm™2 a™' Nitrogen addition concentration of 0 kg N hm™ a™'; N5; IS MU JE 5 kg N hm™2 a™' Nitrogen addition
concentration of 5 kg N hm™ a™' ;N10: AR EE 10 kg N hm™ a™! Nitrogen addition concentration of 10 kg N hm™ a™'; N20; Z A MK E 20 kg N
hm™? a™! Nitrogen addition concentration of 20 kg N hm™2 a™' ;N40  ZAS NS 40 kg N hm™ a™' Nitrogen addition concentration of 40 kg N hm™2 a™";
N80 : Z AN JE 80 kg N hm™2 a™! Nitrogen addition concentration of 80 kg N hm™2 a™';N160 ; B I E 160 kg N hm™2 a™! Nitrogen addition
concentration of 160 kg N hm™ a™';S0C; +3EAH HLEK Soil organic carbon; TN 4= %( Total nitrogen; TP 4= Total phosphorus; AP #ZL Available
phosphorus ; NH} -N; £ 5 %( Ammonium nitrogen ; NO3-N; i & Nitrate nitrogen ; [i] —747 o 8 AN [ 2 78 A ] BRI BS JEE 18] oA B F £ 57 (P<
0.05)
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FE43 )2 0(NO) 5(N5) . 10(N10) .20( N20) .40( N40) .80(N80) .160( N160) kg N hm™> a™" it L Fh 2 Ay IR 2
(CH,N,0) N F FrrE K24 H 10006, AT 40 L AKIERIR 2, 451 WH T4 R b, 76 % BE AL 1 5 74 452
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—EA 5 mL 0.5 mol/L Y NaOH VRN FURUEN B B o 3850 ) 8 TR LI ETE 15 €5 25 CF i
IR h I iR R GRS R ) - AR AR R A BESR 1 d R HUE 3 NaOH B/ EDRL, JF A
2.5 mLIY BaCLiA W (MR 0.5 mol/L) LA Z BRI H AR 8 , P A /b 1 i My K, B JS FH AR S HCL I3
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(RDA) , i & 3R E P I 5 R85 2 A 2Z IR AH BLOG 2R 3l 2 4 S 45 49 J7 R AR B ( SEM) P14 31k 2 1
T3 R PR B A P e T X - AR A W W T P R 1 B S AR A5 A T R R Y A
IBM SPSS Amos K {4 58 W 25 44 J7 R T S 40GE A BE R L AN 3R 2, B i Ae 3 1) 1o & P 78 P<0.05 7K°F-, FIH
SigmaPlot 14.0 F1 Origin 2021 #1722,

R2 HMFEERSECLE

Table 2 Parameter range of structural equation model

2% Parameter JLE Range ZH Parameter Rl Range
P >0.05 BRI 5 B GFI >0.9
RIr A R EX?/df 1—3 177 HRi% 2% RMSEA <0.08

RERIPIA E : Goodness of fit index ;37715 2% RMSEA : Root mean square error of approximation
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Fig.1 Soil microbial respiration rates at 15 °C and 25 °C at different nitrogen supplemental levels and their corresponding variance
significance analysis
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Fig.2 The average respiration rate of soil microorganisms at 15 °C and 25 °C under different gradient nitrogen levels
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Fig.3 Soil cumulative carbon release at 15 °C and 25 °C at different nitrogen addition levels and the corresponding variance

significance analysis
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Fig.4 Soil cumulative carbon release at 15 °C and 25 °C under different gradient nitrogen levels
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