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Short-term responses of soil respiration, temperature and humidity sensitivity to

nitrogen addition in four forests of Northeast China
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Abstract; Nitrogen ( N) deposition has been increasingly severe in global change, which had an important impact on
various processes of forest ecosystems. Evaluating the effects of N addition on the output of soil carbon (C) in forest
ecosystems was important for estimating the soil C sequestration to global change. A two-year N addition experiment was
conducted with four different N addition levels, including the control (CK, 0 kg N hm™ a™") , low N addition (LN, 50 kg
N hm™a™"), medium N addition (MN, 100 kg N hm™ a™") and high N addition (HN, 150 kg N hm™ a™") levels, in four
forests with different tree species compositions (i.e., Betula platyphylla, Fraxinus mandschurica, Pinus koraiensis, and
Larix olgensis) in Maoershan Experimental Station of Heilongjiang Province. Root biomass density, soil microbial biomass C

concentration, soil respiration rate, temperature and humidity sensitivity were measured to evaluate the responses of the soil
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respiration to N addition. (1) The soil respiration rate in P. koraiensis and L. olgensis stands increased significantly under
LN treatment, while that were not affected in B. platyphylla and F. mandschurica stands. Compared with LN and MN
treatments, the soil respiration rate under HN treatment were decreased significantly in F. mandschurica stand. The soil
respiration rate under HN treatment was significantly lower than that of LN treatment in other stands. (2) The soil
respiration rate was significantly positive correlation with root biomass density under N addition treatments. The Pearson’s
correlation coefficient was 0.81. (3) Compared with the CK treatment, the soil temperature sensitivity coefficients (Q10)
in the depth of 5 ¢m and 10 ¢m were increased by 2.65% and 3.12% under LN treatment, but that were decreased by
6.29% and 5.46% under HN treatment, respectively. But the soil respiration was not significantly correlated with the soil
humidity after N addition. Thus the responses of the soil respiration of broad-leaved and coniferous forests were different
after N addition. The root biomass density was the main factor affecting the responses of the soil respiration in different
forests after short-term N addition. The soil temperature sensitivity coefficient was changed significantly by N addition

treatments.

Key Words; broad-leaved forests; coniferous forests; soil respiration; temperature sensitivity coefficient ( Q10 ) ;

humidity correlation
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FFE b S T PRI VTAR AR UM K28 L LL SE AR 2 7 78 BRMR IS B SE 800G (127°30'—127°34" E,45°
21'—45°25" N) V3R BE 500 m A4, B 10°—15°, @ FE A Ao Bl 28 UM X, % X ARSI 2.8
C,1 AF¥HREE -19.6 °C,7 H PR 20.9 °C . 4 FEKE 723 mm, 4P B2 K & 1094 mm, JCFE ]
120—140 d, =10 C (AR 2526 ¢ "5

ZHL DA R T LAY X R by BEAR L hy [ i ZTAA AR AR R R Sy SRR AR Bk 20 I B IR B
BN TR R IR AR BRI S S 27 45 A K A0 200 R 9% A N TR (1986 4R 4k,
FRATHEE 1.5 mx2.0 m) LR AR R ARES B I HER bR, 2013 AE TR AR 455 | FMe oK tid 200 A s s pRoE 15
W42 53504 12.8 em 8.9 ¢m 9.2 em \15.7 em; MRS PR 40504 15.7 m 13.4 m (9.3 m \19.1 m, %M X
P A IR, FME KT 2088 A IV AR AR - S 2 R 40—60 om™), 2012 438 4 S 56 0 A5
M X AEIR IR R M 21.5 kg N hm™ a™', H. NO;-N Hl NH-N FC{EHEIT 1, £5h000 3SR BRI o L2 1,

F1 FIGHBX 4 FHES 0—20 em HEERBHL SR
Table 1 Physicochemical properties of the soil (0—20 cm depth) in the four forests in Northeast China

A i o Aot o 1 .
s saﬁiﬁ%ﬁiy smﬁiﬁﬁﬁiv i% pH fif Soil fﬁiiity/
Forest stands (/ke) (e/ke) Soil pH (g/cm3)
B4 B. platyphylla 3291 (2.11) 3.20 (0.15) 5.63 (0.01) 0.66 (0.04)
JK M0 F. mandschurica 72.36 (2.57) 6.61 (0.64) 5.93 (0.09) 0.39 (0.05)
LIS P. koraiensis 73.26 (2.39) 6.38 (0.13) 5.55 (0.12) 0.44 (0.03)

K T4 L. olgensis 53.86 (1.65) 5.24 (0.03) 5.57 (0.11) 0.70 (0.03)

F B A A (bR )

1.2 A

2013 4 5 H 43 IAE FIREUAEARFK M 200 A 1 3 A N AR S5 th BB R b F ARSI 3
HFEHE (20 mx30 m) , BEHFEHLIE PR RS 10 m DA b TEMRO AR N TR A 207 17308 4 4> 5 mx5 m /Dy i
PR RS IR (45 /MRS Z A RS 5 m) |, 36 4 AN Ab PR AEHDUUAS B i 2 R R 9 AN R TR A A &
IZHBIX. 2012 A7 S 95 A AR IR DTRE A A T8, SR T NH,NOS /R R R R, 4 A AL 2 73 508 .
SR (CK,0 kg N hm ™2 a™) fE&(LN,50 kg N hm™a™') HZ&(MN,100 kg N hm™ a™") FIE & (HN, 150 kg N
hm™ a™) , BELEES I Rk F 2 0 2 Wil 77 =Xk AT, 22 UMl il S0 A BB #2200 T R A DR 7, B
WE AT DABTADLRE W o R R A 33 R B8 R 3457 ) 2013—2014 AR FEZEMIAE N 6—10 J K B4~ ab B 1Y)
EME A RIS 5 Oy, BEARIIE 1R, BARERE I R RUIEIE T 2 LK fif P 55 25 70 % A b Py 3
AT | o BRISEIG VS 7K o WEER VR AR S TR ARG 0 4 mm (OIGERT , X0F T120H X b4 1 12 Sk 1, AT L 200 LK 4334
PR GE F= A RS2, T AT A SR IBORE LA SORE ST T 349 7 B Uit AL 4V E =2 T iR A T

2013 4 5 A AEEME SR 2088 A E & FAAR I & R INAL BRAE N 1 B 5 > R IERP IR R | BEBILIA
BT RBMAEHPR , PEIRER RN 10.2 em, 5 10 cm B PVC 4 B H— 3B /040 A 38 | 88 H i 38 0 29
R 2 em ZEAy, RO E 240 A - SERF L ER | T BRI A AR BE AR V), 0 [ B 24 30 d (R RS
5 0 ABORE I R | DUHRISR A 7 AR 5 ) BRI T 2 4 d S8, R 1 I8/ H IR RE X6+ SR RT I 1 52
Wi, 5 B AR AT BB A s 1] PN 5 B B 2L b (RS Ak FRLRDGE ) R0 5
1.3 RAYE®ENE

2014 4F 8 HAEA RIS AL HL N FEHLEE 6 /4> 83, FHPAE 53 mm B £ 45H 0—20 em ¢ Bz LR
E 4 1 H BN, BT B AN R 5 TR K e B 25U - Ay AR AT 6 A S X 53 S B
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FEMRE B /NT 2 mm AR A SRS RS RORAE . 7 RIS 50 5 JE A T A (70 °C) T -
iSRG TR R I R A AR AR A e )
1.4 T 3G0E Py fe I

I My R 5 R AT R SRS . BRI 20 g B LA T 100 mL BekR | [RIRPEHEAT 60 mLL
1) 25 BT /NG — R A 25 TR AR I, 7 T8 I A 5 iR 7K AT 1 mol/L NaOH ¥,
B2 S LS G R0 I 2 min, OGP B THRER A 25°C AR A=A i 9% 24 b, BUHH U5 &
TR ISR BRI, P s R A, BRI B S5 . MBS ) BAEFE A 100 mL = FANH A 40 mL,
0.5 mol/L BRERSIVA W , 7 25°C /KIS TH IRIR % (200 r/min) 30 min Jiid 3, [RIRHSOC A 07 2889 25 HiR e,
0.45 wm JEMEHIE , BEW A TOC A 3h4 71X (luqui TOCIT, Elementer , Germany ) il &' |
1.5 - AErFmm

CE PVC PEIEIRJS , F 2013 ,2014 4F 5—10 H , R LI—6400 + 36K 18 5 I 5 5 45 (6400-09 ) %if £ HENT:
W R PEATIE , HHEOPI R AT A W0 B B K AT A2, 3—5 WRAE IR B X0E A 1 AN 5 A5 19
WP AE DU - RN R [, B 2o 3R 2 S A8 ot , AR F BB BT (11025, Delta TRAK, Inc., USA) Jl%E
F3E(5 em 10 em) A, FH 3K 43342 ( TDR-300, Spectrum Technologies, Inc., USA) % £3%# (5 ¢cm 10
cm) VRS

25 ST I R S AR R A S A FEAS [ e BEAY T I A R GHR S 4 R
ML IR RFEERIN R, = ae’ 20 R HIEIFIGHE S (pumol m™ s71) , T HIEIREE(C) ,a b HFREL. Q)
IR R: Q= ' Fr b 2 NP 5 5 B R AR RN 2R R, = ae”” IR RN H 5L, 1
I 3R - SR Y PR R AR R = kW + ¢ S0 W o HHURF Sk & e kR
1.6  HdEa 4T

i1 Excel ( Microsoft 2013, USA) & # >R H SPSS 18.0 ( SPSS Inc., USA) #4745 14 #r, R H
Sigmaplot 10.0( SYSTAT Software Inc, USA)YER], $daR F R (RSN ) J57 225047, R BF 47 Duncan
FLSD 75 22 i E R

2 EHRE5S

2.1 IR BERTAR AR P B | AR Y R R (1 R

RIS PR 5 2 5200 4 R A Wit 25 BE . 5 CK MG, LN 0B R (e 4 (A yg it b £ bR 4 rh AR
A P T I A B K AR T R R A (38 AR TR 3 (B 35 KT s MIN AR BB I HEAR 201, 340 B S
IR T AR AR AR ) B s HN Ab I 3 AR T T A MO AR AR W % (3R 2) o TR - Sk W itk
Y B LA I 3o 1 3 2 RIS AR A A, 5 CK AL, LN Ab PR ) 35 42 i 1 A bRy A W itk
WIS s MIN Ah 8 3 2 v T K IR P 95 A PR = 398 A 2 B B v B, LA bR 73 25 57 K B 38 5 HIN Ab BT 2
PR T K IR R E Y R 1 AR IR B (R 2) .
2.2 FERINAL BT A SRR ) 5 0

ANTRIAR G345 1 A SR 0T W 38 3 450 o 2R o i a1 52 00 B THIE R R a3 2013 AR BRZAM AR A1, R
T A RN A 3 Ak - I H R TG S (] 1) . 2014 4F 5 CK A HE, LN Ab PR & 2 B g nhdk (£
FAFIHE (P& Ty ) - HERFIEEE R  MN AbHRS CK A EG , 4 T4 I AA PR B ERT G 8 18 35 A 45 bR 43 HIN Ab B
ST AR B I T LN AbS AR T s 3 HN AR FRAE LN Kb AR T 20.63% (P<0.05)
K AR - ST 8 HN AR FAS LN AT MM AR G35 AR T 31.35% (P<0.05) \32.01% ( P<0.05) ; £LFAMk +
HEIPI R CK MN A HN Ab B4 LN Ab#2 5R#EAR T 11.39% (P<0.05) . 17.08% ( P<0.05) .19.93% ( P<
0.05) ; K FI 5 A BR3P 35 R LN AbFHAS CK B4 T 9.53% (P<0.05) ,MN Fl HN kb4 CK 43 HIF#EAK T
12.54% ( P<0.05) .18.13%( P<0.05) (&l 1),
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Table 2 Root biomass density, soil microbial biomass carbon concentration after N addition in four forest stands

; HRAE Y % o g ieridls
MIr fl‘{}ﬁf]ll Root biomass density/ Soil nlfrif?liﬂ)i%n(i?carbon
Forest stands N deposition ) .
(g/m*) concentration/ ( mg/kg)
HHE B. platyphylla CK 74.23(4.69) ab 421.13(13.51)b
LN 81.85(3.30)a 590.36(33.16)a
MN 63.15(3.93) be 465.95(6.67)b
HN 55.21(5.60)c 481.69(19.06)b
JKIAN F. mandschurica CK 83.10(2.28)a 612.91(45.05) ¢
LN 77.66(1.91)ab 771.92(17.92)b
MN 71.21(4.46)b 898.93(33.34)a
HN 65.64(3.88)b 741.88(5.89)b
ZLHF) P. koraiensis CK 39.15(4.31)ab 922.24(47.84)b
LN 45.76(1.93)a 1170.34(73.61)a
MN 35.50(1.46)b 946.56(26.12)b
HN 25.87(1.53)c¢ 934.35(45.26)b
K IEAR L. olgensis CK 50.79(3.39) a 589.71(22.06) ¢
LN 53.10(3.67)a 757.73(34.57) a
MN 34.54(3.39)b 642.12(16.21)b
HN 34.96(1.81)b 621.83(24.80) be

bR PRI RIS o AR5 B ) — A R AR ] 2% 535 ( P<0.05)
2.3 RUSIIARER - Enp 5 AR A My AV M A S

TSR S AR A W A E P 2 AV Pearson AHOGHE M AN, RIASINAE IS 4 Fibk o h 4R A= Yyt i 5
BTN AR B IEAHIC(P<0.01) | MR Wit B2 - L HERPIGE A0 B A OCME (P>0.05) (3£ 3)

®3 FFAMLBETHEFRERSRENEZTENMEMEHRREBRXED T

Table 3 Pearson'’s correlation test among soil respiration rate and root biomass density, and microbial biomass C concentration after N addition

N FHEF I % n FHT R
iz <. — bR <. R
Soil respiration rate/ Soil respiration rate/
Indexes P Indexes o
(pmol m™ s7) (pmol m™ s7)
A W e e e 0.20 HRAE W) B9 0.81**
Microbial biomass C concentration/ ( mg/kg) ' Root biomass density/ (g/m?) ’

w % RN E KR 0.01

2.4 RAISHNAEIET A HERFE 55 - IR B RN BE B AR SCME S A
FURIAEFET 4 Fiobk oy v -+ 0T 05 ok 556 15 - S0 0 M S MR 2 36 31 i 2 K7 (P<0.01) (£ 4), 5 em
b A S Q, fEIIMET 10 em kb 3L Q (fE . 5 em 10 em 4b+IEMFIE Q  (HI7E LN ARHE T ek, A

R4 FWHMNTEFRS T IREEH BRI

Table 4 Relative coefficient between soil respiration rate and soil temperature in the soil depth of 5 cm and 10 after N addition

TR Op R, = ae" 0, =
Soil depth/cm Treatment R2 P 10
5 CK 0.766 0.000 3.02
LN 0.818 0.000 3.10
MN 0.725 0.000 2.93
HN 0.827 0.000 2.83
10 CK 0.766 0.000 3.85
LN 0.806 0.000 3.97
MN 0.720 0.000 3.69
HN 0.811 0.000 3.64
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Fig.1 Effects of nitrogen addition on average soil respiration rate of four forest stands in 2013, 2014
Bp: MHE(B. platyphylla) ; Fm: KM (F. mandschurica) ; Pk: ZL¥s (P. koraiensis) ; Lo: A5 H¥3 (L. olgensis) ; CK: X8 ( Contrast) ;
LN R4 ( Low Nitrogen) ; MN; & 4L P ( medium Nitrogen) ; HN; 725 % 4L ¥ ( High Nitrogen)

FIMEITTF ) LN>CK>SMN>HN, 5 em Ab LN ZbF R H3EREIR O, (EAS CK #2155 T 2.65% ,MN il HN 4b# R +
HERPI Qo fEH CK 3 HIFEAI T 2.98%,6.29% ., 10 cm 4k LN ZbFET +3ERFIR Q, fEH4L CK #2555 T 3.12%, MN
FHN AFER 30 O, (58 CK 43 IR T 4.16% ,5.46% (3 4) . BESIMALIET |4 Fhobk 4y 132 0 %
R 4 W R (A SRR KRB B B K (P>0.05) (£5)

£S5 RRMNTEFRS TR B B8 X REMR I

Table 5 Relative coefficient between soil respiration rate and in the soil depth of 5 cm and 10 cm after N addition

R st R, = kW+c + R Jisi R, = kW +ec
Soil depth/em Treatment R2 P Soil depth/cm Treatment R2 P
5 CK 0.002 0.717 10 CK 0.002 0.719
LN 0.028 0.161 LN 0.033 0.127
MN 0.000 0.886 MN 0.001 0.834
HN 0.025 0.183 HN 0.040 0.093
3 atig

- ENE IR bR BRAG IR A B R AT e FEE 2013 2014 4F S84 - 30T % 5 SR AR Ak B A R B
2013 A=A AL BT - FEER (s A 55 (1) TR IR AT RE R AR A R G RS 2R R AR A WX LA T ) e A7
eV I BRG R  ASHE 9 T BT X 2014 AF 4 300 6 0 i a8 b7 8 138 . 5 CK A EL, LN Ab 3 g 25 41
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o 1T bR SR T R AR e (TR 1) o DAY R T R UL B AR A ik it AR R
AR AR AW X SIS MR A7 AE 22 57 (3 2) 5 [RI A VAR B i b B P R S I A 2 32 T BB D A A
FHEOLSFRIF UL R AR 22 57 ARG R LI AR AR A At B R R R (32 2) , S BUA
IR 53X SRS o i e 7 2 S S BURR , T RB AR T LN Acb 38 R - ST I o % o 2 £ O 0 S R PR
DARLEBFF T b R IR, PR3 AR A 0 85 X S SR WP A7 AE SR B ) 2 PR R AR 2 A 2 4 =2 i) o e 1 )
FAAESEG R R DY AR B e Sy , B AL 3R S 3w AR R VE Wi A (35 2) , B8 s A= W iy vl gy
A, S RIS IR AR A 8 5 B B bR o 5 0 IR IR SR ) £ RS . 4 AR HIN AR BT - SR p il o 5
PR T LN ARB (P 1), W e SV B o] P, P AT B e A BT AR R A A K SR R
AR A P A C AR AT 5 [R] P e 6 A 3 SRR AL 7™ 5, MR A= i e W 0, SRR R R 2R G
DA 25 2R T AT H GO 0T - S 14 52 ) Bk MR P IR R S TR P 3 PR AR o AR AR BIF 5 o e it
HASRAE AT A B AS I P IRE =R 55 bK I3 AR AL ) e 5 JEE S 8 5 IE M O (P<0.01 ), 5 U E Wy it i vk
JETE A COC R (3R 3) , R WAL RS I Ak 390 0 e 5 S e AR 2R A R S B, R TS 0 - S

TR ST, 1A ERAE b (AU A2 e K B3 TR 20 T A2 A6 45 ) D3 [a] 4 TGS S aik £ ek 1) 52
WA EE RSO RN ST I SRR £ 5 W T AP TR N R R X - S
[RIONE AT A B, SeCER Ak BT - S 5 380 JBE A S TIG S 35 52 ), 3 B 0TS 0 Ak BRI - $9008 F  [) 2
RS o SR, 4 FAKIR P S om (10 om Ak +SERFIR Q, (EIITE LN ZEHE RSB E R, s BRI £ LN>CK
SMN>HN (3£ 4) , R UMRE A B S i 1 el 8 St o Uk BRI 1 b Ml BE AU . S8 B8R
JE PR AT REE | R S0 B AR AR A W AT R HEAE T TR B2 4 e 1 IR W (3R 2) B W s
T LA o - SN IR R SR Y R R B A e R AR (3R 2) A R R R R
I 2 AR T AR A W R T (3R 2) |, R T L SR O SRR R ARG,y b P LRI R N R
i 2 R 2 - SRR O A< T RE SR LA N, R T AT RE S B0 SRR A iR I, ARl = AR — 2
I A BRBRAGER

4 £t

[ K B ZTH L (1904 4 Flob 5 ST 0 R I A7 2 5 B (1R
) - SEEOP R S b 2RI F1VE A ) B 5% 32 SIS, W43 2 0 B o 50 - S0P
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