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Effects of nitrogen addition on soil respiration in artificial young mixed forest in
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Abstract; The study measured and compared the rates of total soil respiration, heterotrophic respiration, and autotrophic
respiration under short-term nitrogen addition conditions. Additionally, it examined the effects of environmental factors on
the respiration rates of heterotrophic and autotrophic processes within the soils of young forests. The aim was to reveal the
implications of prospective nitrogen deposition for soil respiration and carbon cycling in young forests in Northeast China.

The research focused on an artificially mixed young forest in Shulan, Northeast China, where three simulated nitrogen
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addition treatments were designed: a control group (CK, 0 kg/hm®) , a low nitrogen group (LN, 50 kg/hm’) , and a high
nitrogen group (HN, 100 kg/hm”). During the growing seasons spanning 2021 to 2023, measurements of soil respiration
rates, soil pH, and fine root biomass density were conducted. Relationships between soil total respiration and its components
under different nitrogen addition treatments were analyzed, considering factors such as soil temperature, soil pH, and fine
root hiomass density. Results; (1) Nitrogen enrichment substantially affected the soil respiration components without
markedly altering the proportional contributions of heterotrophic and autotrophic respiration. Specifically, low nitrogen
addition stimulated soil respiration and increased the respiration rates of its components, whereas high nitrogen addition
suppressed total soil respiration primarily by enhancing soil acidification and restricting heterotrophic respiration rates. (2)
Nitrogen addition altered the soil environment, including soil temperature, volumetric water content at a 5 ¢cm depth, and
soil pH, as well as the growth of plant fine roots. Specifically, low nitrogen addition significantly promoted the growth of
saplings and increased fine root biomass density in the soil. In contrast, high nitrogen addition had an inhibitory effect on
both sapling growth and fine root biomass density. Both nitrogen addition treatments caused soil acidification, but the impact
was more pronounced with high nitrogen addition. (3) Soil temperature, fine root biomass density, and soil pH exhibited
significant positive correlations with soil respiration rates. Notably, soil temperature had a significant exponential
relationship with both total soil respiration and heterotrophic respiration rates, accounting for 20.2% to 45.4% of the
variation in soil respiration rates and serving as the primary influencing factor. The results highlighted the significant impact
of nitrogen addition on soil respiration rates, primarily through its effects on the soil environment and plant fine root biomass
density. Among the various nitrogen addition treatments, low nitrogen addition notably increased soil respiration rates,
whereas high nitrogen addition led to a decrease. This indicated that future changes in nitrogen deposition could exert a
considerable impact on soil carbon cycling. During the experimental period, variations in soil volumetric water content were
found to be a poor predictor of soil respiration rates. Additionally, nitrogen addition intensified soil acidification, which was
contrary to previous research findings. Notably, neither nitrogen addition, soil pH, nor fine root biomass density had a
significant effect on the contribution rates of soil heterotrophic respiration. This suggests that further exploration and

explanation in this area are necessary.
Key Words: soil respiration; simulated nitrogen addition; fine root biomass density; soil pH
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platyphylla) 415 75 K2 ( Picea koraiensis) \Z1A5 ( Pinus koraiensis ) \SABEWK ( Juglans mandshurica) Y ( Maackia
amurensis Rupr. et Maxim) | ¥% % 8 ( Phellodendron amurense) 5% i ¥k ( Quercus mongolica) €4 KBk (Acer mono
Thunb.) 7K i #ll ( Fraxinus mandschurica) , 7K A A6 Wk ( Sorbus alnifolia ( Siebold & Zuce.) C. Koch) | #& - #i
( Pinus sylvestris var. mongolica Litv.) F15M& ( Tilia amurensis) . M1 T2 EiR B AR I H I8 305 22 BRMEAR
e R A AR DT BB AR R B o R R R R (SR) .
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Table 1 Information sheet on tree species in artificial mixed forest

p o FH AL R TR P IR
FH T4 b y N ;
g . . Average North-south Average East-west
. Average diameter/mm Average Plant height/cm

Tree species crown/cm crown/ cm

CK LN HN CK LN HN CK LN HN CK LN HN
F#E Betula platyphylla 17.56 17.46 14.81 164.3 157.2 151.7 64.3 60.8 54.3 63.2 60.0 53.8
215 7 K2 Picea koraiensis 7.73 8.11 8.21 23.8 24.7 2435 16.7 17.0 17.8 16.8 15.9 18.0
ZIH Pinus koraiensis 9.40 9.62 8.94 32.5 35.4 29.9 26.6 27.8 23.6 26.6 27.6 24.0
BB Juglans mandshurica 1050 10.12 1047 615 563 603  6l.6 524 588 604 526 59.3

L Maackia amurensis
Rupr. et Maxim

B Phellodendron amurense 9.50 9.68 9.30 59.6 67.4 61.2 29.1 32.3 30.2 27.8 31.0 29.1
T Hk Quercus mongolica 9.21 9.45 9.30 54.5 60.0 543 283 30.2 27.1 27.3 29.3 26.3
A Acer mono Thunb. 11.38 1130 11.14 69.0  67.8 62.8 258 26.7 24.1 25.8 26.1 23.7
KA Fraxinus mandschurica  11.08 1217 12.16 90.6 103.0 102.6  28.1 31.9 32.5 28.3 31.0 31.8

IKITAEMK Sorbus alnifolia
(Siebold & Zucc.) C. Koch

T Pinus sylvestris var.

14.07 13.87 13.33 85.8 84.4 84.7 46.8 43.4 42.8 46.6 43.5 42.5

9.06 9.18 7.49 59.9 64.6 52.8 34.6 35.7 31.6 37.7 35.1 28.5

5.82 7.35 7.81 28.2 335 34.4 20.1 24.0 23.8 19.8 23.9 23.9

mongolica Litv.
AR Tilia amurensis 11.35 11.81 11.84 63.0 68.1 62.3 25.7 28.1 25.5 25.4 28.0 25.0
CK: %18 Control (0 kg/hm?) ; LN : fl%&( Low nitrogen( 50 kg/hm?) ; HN; /5 % High nitrogen( 100 kg/hm?)

TEWFSE X% BRI (22 2) , 20 B A IR X (CK,0 kg/hm? ;159 4>) A& X (LN, 50 kg/hm?*,159 4>)
A A X (HN, 100 kg/hm?, 159 4>) . MW YETFGG, 447 S A 2] 8 A b Aj 47 kit /., A HIR &
(CN,H,0) /K WA R ZE 18 H s w55 ae AT T, B 4 5K 680 g (MIRAUX) #1360 g( RiAlIX) R
I T 20 LK BAFEDT (25 m?) BV 2 L Ira A 31.25 g(IRAIX) F162.5 g(HAIX) . X I H
WSt A et 7K, S5 DXZE B IR T RN Tl DX, A T A/, HAR -3 K i 8, SO 5 AT B M i R R
DURETHERAE T, i LRI AE 7 =X, 70X R AR R S R = A Xl A5 6 B 40 N HE |, IR AE PIT e £ 1 120 A4
77 HBENLAT P2 PVC PRI IR (3R a FIFR ), HolF 3R a U N4% 20 em 55 50 em , 3l A HIRIGERIE N 47 em; 3R s
FINAER 20 em (55 11 em Sl A BIEAIBREE N 8 em, BT 240 SRR,

R2 4R AT MRS LR

Table 2 Soil characteristics of Shulan juvenile plantation stand

AL B Treatment A SNC/ (g/g) L HEWE SPC/ (g/g) +HE4 SKC/ (g/g)
XtHR CK 1476.45+168.71a 527.82+111.29a 1412.2+16.92a

fR% LN 1523.71£178.38h 530.70£122.91a 1410.21+16.01a
A HN 1494.25+144.41¢ 507.93+108.08a 1412.88+23.67a

AR/NEG FRRRAF AL B X Z A 7E 0.05 /K 255 B3 SNC. 3% & & Soil nitrogen content; SPC. 1 &M 7 & Soil phosphorus

content; SKC; HIEHI 4 & Soil kalium content
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AP S 1) 55 5 O 5k SR U RBARR 7.57 %, SR o 4 358 B R I 1) e 43l 15 35 70.269% (CK) . 70.50% ( LN) K
68.86% (HN) , TfEAFPALIET | SEFRMEN 12 20 43 DTk R {E N 61.83%—75.30% ., [ 2021 4F 7 H A4k, +
R R S FRIP I 21 43 DTERCR I R B 3 R < HR <R, X 5 B PRI A — 28,

#£3 ARMAKE FEHIFTIEER, LI Sem BEMTIE Sem FREKEZ M FE DT
Table 3 Analysis of variance for the effects of nitrogen addition levels and years on soil respiration, soil 5 cm temperature and soil 5

cm moisture

SATE RENE EHIR RFIER

AR e o2 — — e %5 em HE 5 ¢ FH

ey & e e g R T CERS n
ariation Rs Rh Ru Bh =] H

KbFH Treatment 2 4433 % 42.39 "% 13.08 *** 0.33 10.33 %" 6.24 """

AEAY Year 2 136.66 “** 278.21 """ 395" 21.56 %" 239.05 """ 11.41%"

AL FRXAEA TreatmentXYear 4 17.66 " 17.25**" 5.07"*" 0.35 5.85""" 4.99 ***

# % FIRTE 0.001 K L2 W, % FIRTE 0.01 K LER LI, « FRTE 0.05 KT LR EBH ;xR EAEM R, . LIEIT
I 343 Soil total respiration rate; Ry, : I # % Soil heterotrophic respiration rate; R, : H F= MK H % Soil autotrophic respiration rate; By, ; 1 3EF ¢
I 2H 43 5Tk Contribution rate of heterotrophic soil respiration components; T: T3 5 em J&J¥ Soil temperature of 5 cm; W: 13 5 em RF &K &

Soil volume moisture content of 5 cm
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Fig.1 Comparative of soil total respiration rate under different nitrogen addition levels
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Fig.2 Monthly variation of soil respiration rate and soil temperature and humidity
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e
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Relationship between soil total respiration rate and soil 5

cm temperature at different levels of nitrogen addition
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R4 FARARFMAETLEFRERSTES om BEEHXER

Table 4 Relationship between soil respiration rate and soil temperature of 5 cm under different nitrogen addition levels

i%“?%%$ . e ALK R=ae'”

Soil total fsp_l]ranon rate/ Treatment . , BAAR @ R 0

(pmol m™ s77) Fitting formula 10

+HEEIFIR R R X} CK 1.535 0.060 R, =1.535 0T 0.389 <0.001 1.804
KA LN 1.794 0.064 R,=1.794 &"04T 0.454 <0.001 1.896
4% HN 2.420 0.042 R, =2.42 02T 0.202 <0.001 1.522

SEAENFIRHCR R, X} R CK 0.961 0.066 R, =0.961 %07 0.421 <0.001 1.935
R LN 1.081 0.072 Rh =1.081 0727 0.550 <0.001 2.054
A HN 1.604 0.046 =1.604 &7 0.326 <0.001 1.584

a b A H B ;R - T B SR SRR, Soil total respiration or heterotrophlc respiration; T’ +3E 5 em RS Soil temperature of 5 cm; Q) : . R
15 AU R Temperaturecoefficient Q)

£S5 TRBFMAFTLEFRERSTIES cm BEMERSKENXER
Table 5 Relationship between soil respiration rate and soil temperature and volumetric water content at 5 cm under different nitrogen

addition levels

A ST AR AN Fitting formula
. - Ab B
Soil total respiration rate/
(pmol m~2 s1) Treatment  p— 4, R=a(TxW) +bT+cW+d R=ae"TW*
R,=0.021W+6.871 R,=-0.009( TxW)+0.6717+0.273W-10.472 R, =1.3420038 70067
AT R, W CK ; w : )
=0.002,P>0.05  R?*=0.411"""  P<0.001 R?=0.397*** ,P<0.001
(T LN R,=0.01W+8.857 R, =-0.019( TXW) +1.133T+0.499W—19.292 R, =1.979¢"060 Tj(-0.045)
= R?=0.004,P>0.05  R?=0.494"""  P<0.001 R*=0.455""" | P<0.001
SN R,=-0.077W+8.334  R_=0.007( TxW)+0.106T-0.174W+4.433 R, =2.571e"04 Ty (-0018)
) 7 . .
e R*=0.05"** ,P>0.05 0.207***,P<0.001 R?=0.202*** ,P<0.001
R, =4.465W+4.899 R, =-0.358( TxW)+0.455T+9.682W-6.28 R, =0.995e%066 o0t
FHNFILE F R, wmck " ' S ' ‘
R?=0.012,P>0.05  R?>=0.424*"" ,P<0.001 R*=0.421"""  P<0.001
(LN R,=5.35W+8.219 R, =-0.422( TxW) +0.643T+16.566W-10.352 R, =1.326¢"07 002
S R2=20.0197 ,P>0.05  R2=0.577"*" ,P<0.001 R*=0.555"** ,P<0.001
. R, =-0.846W+5.185 R, =0.119( TXW)+0.217T-2.941W-0.318 R, =1.6280046 10075
=2 1N h h h
AJ 2R\
R?=0.005,P>0.05  R?=0.337"",P<0.001 R?*=0.326 """ ,P<0.001

2.3 A IS SRR B e AR A ) e R

TEAINANE =4E )5 , 3 pH ( F¥94 5.55(CK) 5.44(LN) F15.06(HN) , B4 E Jr 22437 1 LSD £
oA o, S AN S AR T - pH M, = R R FU AR UL B A T R HERR B, A BRSO
mﬁ%wx‘“ﬂmﬁi%g%fiﬁ&ﬂuﬂiﬁuTiféé?qﬂéMEtt%%%ﬁ,ﬁﬁ% RAL S A AR A ) S TR A
BF(R6),

*6 AFMKFEREBIAREYETESTIE pH EXMNERRFESN
Table 6 One-way ANOVA for the effects of addition level and year on fine root biomass density and soil pH

i o SRR By ik i 58 pH
Variation Fine root biomass/ (t/hm?) Soil pH
AP Treatment 2 3.33" 27.88***
) Year 1 86.05 *** Y

wok FERAE 0.001 K 2 W« x FRTE 0.01 KF EEFRE, « FRLE0.05 KF FEFTE

FHSRAE AT 2T , - S8 P i B JFC 2 7 1 O R o 3R 5 R AR A W i 1 | pH (52 38 IE A SR (P<
0.05) MAHKRBORTE , SRR T A SR VP, AR AR Yy i 3 B 0 0 pH R0 38 57 57 P I i) 24
CREIFAEE (RT)

http ; //www.ecologica.cn



3882 xR 45 4

X171 HWREMEZE,T1E pH ES T EZEMFRA Spearman 84547

Table 7 Spearman correlation analysis of fine root biomass density, soil pH and soil respiration

- BRI NARA: Yy B 3 pH i
Soil respiration Fine root biomass/ (t/hm?) Soil pH value
F PR R, 0.55""" 0.41***
T HERFEIFUEFE R, 0.53*** 0.34*
4 H FRIFIR A R, 0.25*** 0.28"
SFERT 53 DU B, 0.04 -0.15

3 itig

3.1 GEShX e KA o R

TSNP IR B A A P 04 S SR AR A AR AR SRR PR W 1) SR RS e o R i X
53 SRR T 3, AWSE 52 32 00 (5 BRI I L 612 69.6% 3 5 LIAE i oE — 8, & W]
LS 7 T A 25 AR SRR AT R R A 2l P kS A DGR Y DRI, U X S5 5 I L 1 53 ) 5 5 )
TE SRR A3 RIFR0E , Zeid =AFRY RSN, T HE R IR | S TR 0 K ) A P IR ) 4 3 B AT 1 T Y
Fa, X G UAERBIIAAE 2 50 R A 1 PR AR K 5 R AR A A i AR R AR K DA S Y& B, 5
& A TR RIS A 57 SR AR AL T BT R R A 2 3 ) R A 20222023 4
B dR R, XA B R R RIEE I A3 IR IEAR — B (3R 8) o WEAh, Xt AN L R LB A BTG, B
1o 0 et B s AR AR A SRR U S P A ARG A AR R T SRR A SR IR I R

£8 FFZ4hid A THASD 2021—2023 £ F K IER
Table 8 Average growth of Shulan juvenile plantation stand from 2021 to 2023

L S A R ,A_'j’ EHEs YA S z’—\‘ 'A_d’— Y
\ T TRk AL R PR R R K
bl R . Average morth-south Average east-west
. Average diameter/cm Average plant height/cm

Time crown/cm crown/cm

CK LN HN CK LN HN CK LN HN CK LN HN
I
E@Jﬁ!‘ln . . 7.93 7.85 7.92 66.4 65.4 68.1 18.8 19.9 20.9 18.4 19.9 20.3
The beginning of the experiment
2021 4 11.09 11.29 10.87 68.8 71.6 67.8 34.92 35.7 33.67 34.6 35.2 33.3
2022 4F 11.14 11.31 10.93 69.2 71.67 68.02 35.0 35.70 33.71 34.6 35.24 33.37
2023 4 13.4 13.87 12.14 88.9 89.25 83.90 40.7 42.69 34.63 39.8 42.14 34.37

GRS RS - ST 14 52 0] 5 - AR B 9 0% i L SO R DA G . SR — AR AN RV IR i Ak
B et 1T P, HLREA R A p s, S EVE R I X n] BRI RS R IR EE
FLIRAS | 365 24 1 S I RE S B e b ity 2B, D4 o s b T B R i TR, U U s 22 42
o R Y AR L R Y AR R X R A S R, E IR R EE SR
Gerp, G AT BE 2 1 1 ST I R T R S BRI LXK, R NI S 0 2 e s AR D 2 A 7
3 T NP SR B I T RS 2 L G AR A, DR S 11 5
FAAEBE ROV | RIVFE — 2 e B Y N A SR R I b 3, AR ZRCRE B8 (2 0 ST ig T vy 22000 5400 ) - SR
3.2 SRR AKX e R IR F

R SR B 7 SR P e 3R ey A B I 5 R g S R R B i A AR S, RS K S
SET I AR 1 AR A ORI AR AR AR R A R B R BRAR E
AR AE T A Ay b KA T L SRR IRAT E RA  hy TE A IR] E E KRE ARN K X e R
I 2 38 3R PR 2 M D) ol A 49 52 3] - SR A ) B A 1 28 A IR 1T S0 e — 58 A B B 1 aX — S i), 2 R B
e L S IPIGECR b ARBTSE PR AR TN TR A ol R R A e R T A AR AR R (R 8) ,
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S KRN ST I R (S OB R AR R T . ML S ) R B A 2 | e K B TE Ik
S BRI

b R b R R SRR AR R R HOC R o ARECT IR 5 S A A AR ] ) B
PR A 3SR R PR THA BR . UM A s 1 3 il 5 ORI Z (| 956 & L {H 4
HEIRLEE AT 2 3P H R Y E B R T, 305 DI FIE AR5 8, IR B ALY b T g
B DLA AR P 2R BRSBTS e S 55 S I R R - e I 7 e
Ry 2 LR , ARFAE P L S 0y b St B2 A B B, i3t T B A A el LA
WAEYIRIE Sl 7E—E R B EIIN T RRR A A TR My 48 g 1 e e 5 e R P I i
SR, R AL B 2 R FARE TR ) R 2R ORI B DR, 3R Fh T R B RS ek T L e W B e s 45
ARG Bl , FE P e T SRR Yot P R AR R, B 2 U I pH NGB A, A
R L B AR A X 1 S R S B IR RERE T . A LT LSRR LIS IR U A R R B Q,
(EC B, U0 ] 3 e 5 N K B ) 32 B 8 LB AR s, 35 ATEAR L IR BRI BRI 4R — B, 75 s i
)3 AR K B, SRR AR (1 S IR (RIS SR IR ) o R 14 A A S URR, T ) T R L 5
W2 SRR INAL N SR 4153 TR R 2 & 70% , HAREUIR MR R 1 SR 4143 Tk LE , B 7
i BT - SR R S AR ) R B A

Qo fE LW T - S P R 0f - il B2 AR AL A BBURREE . X IRALBEAY Qo fH R 1.63 IR A BRI Rl P - 3 0 it
Y, i AR AL X A FE (B 0.3—5.41 0 IREUL BN T Qo8 , 1 = AL BEI FRAIE Q0 18, 5 DAAEIFSE
ZER B FERICII ARG, BRI Q o fEAE L AR A e A AR e AR DG . AR5 A B
SR IG I T AR YR R X T REE—E R LR T Qo fH SAULBETR, Q0 (5 T REAY A R BE
SR TR AR T RCEY Y S AR R ST R e R R TR, oA AU B 3
21 FEE 1 A IR RV A FT LA SACHE o - STV M R S R 1 VR E DTG 4R o Bl 2 0 -F B HE TR N Q1
3.3 hRIERREAIE S AR A e i R A OC R

AR RN 0 T T LS b A AR A e AT e R S I A S A T X — R S R R AR
MLEHR—B, SR, LR IRAE S BRI TSN o | R AR EURD S AU B R AR AR A i )P R 2 5, 3X
AT RESE T RSN i e U B, AR A A AR N AR B e, HAh AN TR AR R B B
P 1 T A AT BB PR R B AN R AR, BB S S PR ARSI, 010 %) AR e 1 ] e 3 2 4
I EAR R, 3 pH (E S ANAR A i B 2 R AR B I IE A DG OC R . X R AN NG L A 358
R A 2 — 2L S AR AR R . A TS B TEAR AL R G220 F it R DR AT A i 4
AR TRRR AR N - SR 1 L K MR A3 AN - S SR AR S T

AR A= W L PR R LA Y P IR R AR 2 (A S R IE A GG R . — Bk UL, F SR P i
ARSI -5 AR A i B S A AR SR R AR DG, FEAR SO 50 B AR A Wy TR A S R Y 1 R IR R I
HIERTB ST aie S B, SR, AR AR i I T BOR SR EHCR A I, 3R] BB TR R AR KT
A IR 22 3 M )RR I 28 A5 5 - AT HILIST A3 0 TR TG AR IR B R AR 2R 1 A KO BB T 7 A2
(R, RTATS L& T AR B 4 S sl i ™ % ANAR S (e 1) T ) 61 4 10 A 90 40 e 338 LIS, 39 T 2 i el
Py A o AR A e P T e R ) TR A 5 TR R R M - SN SR, AT R A BRAIAR A )
TR NI G SRR Z R AR DG, 5 LIRS S R AR 3k AT RE R Fh T A R BRI T4
G BR N PR Z IR AEAR AR T, T AR A P i A2 G Bl I 77

BAF 7 DX i1 LR PR S R, TS I A tt — BRI LR RR L i 5 e s R R S S R e B
ZEHG AT R, ALT7 AR LR RTREDI R I AU R AL AR T 7L S350 = AR5 SRR AL ] 52, 33X A S B
VT RE B 1 () PR RS 0SS | EAA 0 58 1 7 22— 259, Chen 357 BT R M, DR R 250 1 3
W] - SERR AL TS 0 T A= IRV FIAR G AR A R S8, AR b A I S 80 T LM po e, + iR fe
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FRRAR T SRR F SR GHR ISR R SRR R (Y 0 2 B R R AN AR A K I R Y
(TR D FREAR AR A it A A e e DAY B2 S B0 A % e R R 3 0 S 7 A3 1 e
o (EARER AR, S SRR 1 ST R S L3 pH (HZ W] AR OCHEAS (35 | 3k e W] 88 pHL Y22 AL X 57
Fr WP 2H 73 Y5 Wi R 6E 058 o SR, 3 A TR R 3 X ol 2 W AN R B DA Dy R A 2 RO R A W s A
JRC 0 RAEATR T A R WA A T PO T S0 S SRR

4 #ip

AU SRR S, R T AN TR S AN Ak BT - Sl S L2 7% | SRR | SR AR K & | 4 pH
EAIFE M AR AR i B L A2 S5 RS R DR 25 U T AR AR AR o R BRI AT 1 T
bR A AR R o S R B PR D AR RS K R X SR I AR SR B R, SR
TS A - SETR AN S AR T kSRR I AR E AR S AT A i St A AT e SR R AR Y
M o A ) LS AL B - SERR K2 F) 44 FH A ], AR SRR AR S 17 S I 0 o 3 T gy 280 A B DU 2 . 25 4 i - 47
I a5 SRS I 2 20 5 S S 5 P RSk 3R I A P M G R A 45 2R O TR B S DT o &4l i AR
A S B GEARERAYIR E DL R BE T IR, X AR AR AE H X Rk 288 4 BN TR 52 ) (9 00 EL AT T S5
{Ho BEAN AT T RAS IR 25 D T SRR AL, ARK A SR 58 i 22 ATy etk — 25 B LI A 5
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