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Abstract: [ Objective] Nitrogen deposition serves as the primary source of external nitrogen input in forest
ecosystems, while litter decomposition is the key process of carbon and nitrogen cycling. Both nitrogen deposition
and litter decomposition can modulate forest soil nitrous oxide (N20) emission and methane (CHa) uptake. Moso
bamboo (Phyllostachys edulis) forest is a unique forest type in China’s subtropics, with great carbon sequestration
potential. However, the effects of nitrogen deposition, litter decomposition, as well as their interactions on Moso
bamboo soil N2O emissions and CHa uptake remain poorly understood. Thus, this study aimed to investigate how
different nitrogen forms, litter types, and their interactions affect soil N2O and CHa fluxes. [ Methods] A 180-day
constant-temperature microcosm experiment was conducted using the soil from a Moso bamboo forest. Two nitrogen
forms (inorganic nitrogen: ammonium nitrate; organic nitrogen: urea + glycine), three litter types (Parathelypteris
glanduligera, P. edulis, and Ardisia japonica), their pairwise combinations, and a control (no nitrogen or litter
addition), totaling 12 treatments, were included in this study to investigate how different nitrogen forms, litter types,
and their interactions affect soil N2O and CHa fluxes. [ Result] The results show that both nitrogen and litter additions
significantly increased N2O emissions, but an antagonistic interaction appeared when they were applied concurrently
and its magnitude was primarily driven by nitrogen form. Nitrogen and litter additions indirectly promoted N2.O
emissions by mainly altering soil pH, DOC and WSN, and then MBC and MBN. For CHa4, both nitrogen and litter
additions significantly enhanced CH4 uptake. Their combined application also generated an antagonistic interaction.
However, this effect was independent of nitrogen form and litter type. Overall, nitrogen and litter additions promoted
CHa uptake primarily through changing soil pH and increasing DOC and NH4*-N concentrations. [ Conclusion]
This study revealed that the form of nitrogen deposition and litter type interactively regulate soil N2O emission and
CHa uptake in Moso bamboo forests. These findings provide theoretical support for litter management and
greenhouse gas mitigation strategies in Moso bamboo forests under high nitrogen deposition.

Key words: Greenhouse gas; Nitrogen form; Litter type; Antagonistic interaction; Subtropical bamboo forest

AR (N2O) MHE (CHy) REMFPE A Uk, FERE L, BT HHY
TV 4 73l it — Bk (CO2) 1Y 273 £540 27 51, FRbk L3 BE= KA N2O F 38 EEHE O
JR& CHa FEE BRI, 9 FA 308 R0 U N A5 3 420 0 P 4 i 7 253 v P8 AR I3, Tl o
AR, AKIES FEOC AR S B R FEN, JREdIiRIE R, RS
RGP U RIS, JURFRR AN RO, 2005 72%, AHLEZ & 28%P1. &t
ek 3 e e ek 8 i 38 2R TR AR AR S E I R 2038 N2O Al CH Sl R, AR TR
AR T HALE B E A RS AR, 0 38 N2O 1 CHq T8 5 1 SE ML A7 7 2 3 22
5o JOHL A DA H 23 T0ad B e 0 A A A SR A T A2 RIS AR 1 N2O HETR, F 7T g4I
i FR B R T, AT A CH WS A LS B i k4 Dhse, HA B TR R
BRSO B I 5 v SR AR G D RESE R KT PR, ANTTTEZM N2O AT CH4 &, {H H TR
THXF CHy AT RZ T AS S —F00, b, SR BLA WO LR HLE S H R0
RN A — 5 WINED, (BT P E AESZ B EAF AL 5 22 52, /idt— 2Dt 7C I W] Y 3 20N
=51

RV R AR A S R BRI R B ZS AL, vl R R4 SIS R
3 NoO A1 CHy B M, BN INE H SN H RS =, s R
RPERIRE ST, TR N2O HETK I, dytde iR —: RUTFR & HED 2 T R R

http://pedologica.issas.ac.cn



+ R
Acta Pedologica Sinica

Wl 5 B IR MLy, WSS EAERXT N2O HE (R #E RN 5 T~ B E o [RII, V&4 03 il
JE RSB 1T A S 5 BAL & B 7= HE 2 ik CHa 1R AR R 4] CH, Wl tel, el b
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Ak E, 7R, i 2mm i, FET 4°CHKM TR . IBONIRIELE, pH4.96.
MUK 19.39-kgts &% 2.19-kgts BRELL 9.2, &2 BRIETEM 4k 446.89-kgt. 4% 20.89-kg"
1 BRELL 215, 474K 207.49-kgl. AFiEK 311.3g-kgt; B FEEY 4% 350.1 g-kgt. 4=
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2.1 FRUEEYAMT BEAEMR, REVEYERTRBEXEFEHHTHE

13 pH. NHs*-N. NOs-N Fl DOC & &2 %A WMER R HAER K EE &
M (P<0.001) (8 1. FILSMTTEY)SAIXS T35 WSN FIszm 2% (P<0.001), {HFEAE
HAEFXHEA R . 5 CK AL, IN AT ON RU7 I B 2% pH (P<0.05). FINASHE
TEAS B [F) 28R V& 35 2 8 NH.™-N 1 NOg-N &8, Hi+MB &b H i 3% = T+PG
FI+AJ 4bFHE (P<0.05). DOC & EAE A& fa 2 35 1 (P<0.05), HH+MB 4b2+ DOC
FERERT+PG fl+A); MB 5 IN F1 ON BLA IR, DOC & &R # & T PG il Al 5%
ERA I AL EE (P<0.05). WSN & EE+MB. +IN+MB. +ON+MB A3 b i 2 v T HiAth b
1 (P<0.05).

13 MBC Z5UEA . RTEMRE A BAE AR m 2% (P<0.05) (& 1. IN FliH
VRSN IR EBRS MBC & & (P<0.05), ON FUETEMIBES TN 5218 hn MBC & &

(P<0.05); FRAMININFETED) I A R % MBC & & . H3E MBN &S A TE AT

MR (P<0.05), {HPFFE A BAFHX HsZm AR . IN AT ON [ a5 as s & 4
PJRFEWINT MBN &5 (P<0.05); IN 1 ON SUHEIECAE N, MBN & & [F k5 2% 1
o (P<0.05). i1, MB 5RELEHRINE, MBN &&EZET PG M Al SEBEE RN
AbEE (P<0.05). ZUEA. HTEWIEA K HAZ HAEFXT LAP. NAG #7652 520
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Table 1 Responses of soil chemical properties, microbial biomass carbon and nitrogen, and related enzyme activities to nitrogen and litter additions

o e AR AR AL PR ALK KPR WAEMEDER  WEMEYER HERAIMKNE  p-N- LB R 0
pH NH,*-N/ NO;-N/ DOC/ WSN/ MBC/ MBN/ LAP/ T NAG/
Nitrogen form Treatment

(mg-kg?) (mg-kg?) (mg-kg?) (mg-kg™) (mg-kg™) (mg-kg™) (nmol-h*-g?) (nmol-h*-g*)
CK 443+001Ca  11.7+02Db  90.1+1.2Db  21.2+0.7Cb  106.6+1.7Bb  382.9+11.5Ch 48.2+3.4Ca 12.2+1.2Aa 22.5+0.2Ba
+PG 449+001Ba  22.2+¢1.7Cb  105.9+49Cb  27.7+0.7Bab  92.3#6.2Cb  405.4+25.1BCh 58.7+1.2Bb 13.0+3.7Aa 40.7+1.9Aa
NN +MB  4.44:001Ca 111.1+04Ac 1958+12Ab  415+1.3Aa  274.1#32Ab  4285+15.9ABb 78.5+5.7Ab 16.7+0.6Aa 33.8+4.8ABa
+AJ 456+0.02Aa  29.7#0.1Bb  116.3+24Bb  29.4+0.9Ba 66.6+1.6Db 441.7+17 5Ab 67.8+7.3Bc 10.1+0.0Aa 28.2+2.6ABa
+IN 420£0.01Cb  30.6#0.2Da  114.9+17Da  23.0£0.8Cab  136.9+2.6Ba 359.6+8.2A¢ 67.0+2.6Ca 14.2+1.1Aa 36.7+2.5Aa
+IN+PG  4.24+0.01Bb 120.7+0.6Ca  190.9+6.7Ca  26.4+1.0Bb  1155+46Ca  367.0+13.7Ac 89.6+3.6Ba 13.5+1.8Aa 36.8+1.7Aa
N +IN+MB  4.25+0.01Bb  139.9+0.9Aa 208.6+0.9Ba  35.3+1.0Ab  294.6+3.2Aa 353.8+6.5AC 101.8+11.6ABab 13.3+2.7Aa 37.8+2.5Aa
+IN+AJ  429+0.01Ab  126.0+1.1Ba 224.6+05Aa  25.9+0.5Bb 97.4+4.5Da 370.8+10.0Ac 105.8+9.7Aa 16.1+0.1Aa 42.9+1.2Aa
+ON 422+¢0.01Cb  29.9#0.6Da  113.8+0.8Da  24.2#1.2Ca  136.8+14Ba  430.8+11.0Ba 63.6+17.1Ba 12.8+4.4Aa 29.0+1.5Aa
+ON+PG  4.25:0.01Bb  120.7#0.6Ca 185.9+2.1Ca  28.8+0.3Ba  1145+4.1Ca  461.8+15.3Aa 94.5+21 5ABa 16.6+2.3Aa 34.6+1.3Aa
o +ON+MB  4.26+0.01Bb  130.1+0.7Ab 213.1+4.0Ba  39.8+0.7Aa  293.3+13.1Aa  466.1+8.0Aa 120.9+20.7Aa 13.9+0.9Aa 33.9+2.4Aa
+ON+AJ  4.30+0.01Ab 126.0+1.0Ba 224.0+2.7Aa  28.8+1.0Ba 92.1+4.9Da 471.5+9.8Aa 88.9+8.0ABb 11.640.1Aa 37.0+1.4Aa

Litter P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.60 P=0.12

N P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.71 P=0.06

LitterxN P<0.001 P<0.001 P<0.001 P<0.001 P=0.44 P<0.05 P=0.11 P=0.37 P=0.30

H: NNCATEA: INATHEA; ONNAENEL. CKANRIMERFEY): +IN RTHLEGRM: +ON AAEHUEGRI: +NL ARRMAEEY): +PG A& EBRIAE YR +MB B REEDRM: +A) %
ST BUE NP RIESRHER (n=3). NFFRAFFRFEMEBEREEY . ARBSEAIE R REER, REFRARAZRAMEER. AREFEEWA R EE%Z5R. TRH. Note: NN represents no
nitrogen group; IN represents inorganic nitrogen group; ON represents organic nitrogen group; CK for the condition without adding nitrogen and litter; +IN for inorganic nitrogen addition; +ON for organic nitrogen addition; +PG for
Venus fern litter addition; +MB for bamboo litter addition; +AJ for purple cow grass litter addition. The value is the mean * standard deviation (n = 3). Different lowercase letters indicate significant differences among the same type

of litter and different forms of nitrogen treatments; different uppercase letters indicate significant differences among the same form of nitrogen and different types of litter treatments. The same below.
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2.2 BRUEEYAM TR YIR M RATL

TEMA TR S RZ RS WIEYRM LA BEAER MR (P<0.05) (R 2).
TR FFY R B LR S B EZESHREY R BE#m (P<0.05), HMEH A A
RX AR . WNRHEDRIRPTED W, ANFEEEPEEY )RR R ER
(P<0.05), MB [/ flidimth, AJIRZ, PG i, F4i 5 & RIEAFIHEYIA FIFEAFLE
BFEER (P<0.05), PG &, MBRZ, Al &ik. 5 NNAHEL, INGIIT PG. Al I4F
PROTEHEZR S, ONRIIT A A4ER S EEZE RS (P<0.05). A& EEFRFER
WA A BERET PG. MB, PG AR FEEE ST MB (P<0.05). It4h, 5 NN AL,
IN AT ON I T HHEDA T R &= R RS (P<0.05; +ON+MB BR4M).

R 2 REMIIR L BT R AN N BN R

Table 2 Responses of litter physical and chemical properties to nitrogen and litter additions

RIS _ i

Nitrogen A3 P&V AR dUEHR AR
form Treatment Remaining mass of litter/g Cellulose/(g-kg™) Lignin/(g-kg™?)
+PG 0.661+0.01Ab 293.1+0.4Ab 452.41+3.5Bb
NN +MB 0.5640.01Cbh 244.4+2.5Ba 182.3+4.0Cb
+AJ 0.6140.01Bb 215.946.0Cc 606.5+2.0Ac
+IN+PG 0.71+0.01Aa 305.7+3.7Aa 471.0+5.2Ba
IN +IN+MB 0.58+0.01Ca 250.1+6.5Ba 213.2+3.9Ca
+IN+AJ 0.66+0.01Ba 232.1+2.0Ca 625.7+2.5Aa
+ON+PG 0.66 +0.01Ab 298.7+3.1Ab 464.4+2.4Ba
ON +ON+MB 0.57+0.02Cb 242.1+10.2Ba 189.2+6.2Cb
+ON+AJ] 0.62+0.02Bb 223.8+2.0Cb 616.7+3.8Ab

Litter P<0.001 P<0.001 P<0.001

N P<0.001 P<0.001 P<0.001

Litter*N P=0.05 P=0.36 P<0.05

1 ANGFRIAFE RS FAMERFEEY . ARESEAL R EE 2R REFRHARLRFEFEER. RNRZER Y b

[B] {.3% % 5. Note: Different lowercase letters indicate significant differences among the same type of litter and different forms of nitrogen
treatments; different uppercase letters indicate significant differences among the same form of nitrogen and different types of litter
treatments.
2.3 FHAUESEYIARM T 1R N.O HEME L

BRI, RSN ARSI VED UL L RANTRVE IR S A NS CK A LSS 5 25 52
w1 N2O 2R (P<0.05), {HAEAFA G FAFAEEE 257 (P<0.05) (B 1. A, IN
SIRTEDIER BT N2O FARHERCE B35 I8 T A0 IN (P<0.05). +ON+MB ARFER] N.O 2
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FoR FIRN R IVE Y ARDES BAC R B 7 5 /NSRRI R R MBS R A RIS BLR ) Ab B W) 2 2% 72 53¢ - Note: Error
bars represent the standard deviation, N, the effect of nitrogen addition; Litter, the effect of litter addition; NxLitter, the interaction
effect of nitrogen and litter. Different capital letters indicate significant differences among the same type of litter but different forms
of nitrogen; different lowercase letters indicate significant differences among the same form of nitrogen but different types of litter
treatments.
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Fig. 1 Characteristics of N,O emissions from soil under different nitrogen deposition forms and litter treatments
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a) and b) represent the effects of inorganic nitrogen and organic nitrogen, respectively. c) shows the average values of the interaction
between different nitrogen form treatments; d) shows the average values of the interaction between different litter types treatments.
The d value of the interaction > 0 and < 0, respectively indicates a synergistic effect and an antagonistic effect. The error bars
represent the 95% confidence interval.
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Fig. 2 The influence of the interaction between nitrogen forms and litter types on the cumulative emission of nitrous oxide (N,O)
in the soil
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FRIA] 3% 7% 5% . Note: Different capital letters indicate significant differences among the same type of litter but different forms of
nitrogen; different lowercase letters indicate significant differences among the same form of nitrogen but different types of litter
treatments.
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Fig. 3 Characteristics of soil methane (CH,) uptake under different nitrogen deposition forms and litter treatments
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Note: a) and b) represent the effects of inorganic nitrogen and organic nitrogen respectively. c) shows the average values of the
interaction between different nitrogen form treatments; d) shows the average values of the interaction between different litter type
treatments. The d value of the interaction > 0 and < 0, respectively indicates a synergistic effect and an antagonistic effect. The
error bars represent the 95% confidence interval.
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Fig. 4 The influence of the interaction between nitrogen forms and litter types on the cumulative abserptien-uptake of soil CH,4
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Fig. 5 Correlations between soil biochemical characteristics and N,O emissions, as well as CH, uptake
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RAMBLFLRIR . SHEFRREBZRRN (F, >4 JRR1E P<0.05. P<0.01 Fl P<0.001 i 23 4H5%) Note: a) and b)
Pathways of nitrogen and litter addition effects on cumulative soil N,O emissions; c) and d) Pathways of nitrogen and litter addition
effects on cumulative soil CH, uptake. The R? value indicates the proportion of variance explained by the relationship with other
variables. The dotted lines represent insignificant effects. The numbers adjacent to the arrows represent path coefficients. One-way
causal relationships are represented by single-headed arrows. The solid lines represent significant effects (*, ** and *** indicate
significant correlations at P < 0.05, P < 0.01 and P < 0.001 respectively).
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Fig. 6 Partial least squares path modeling quantifying the direct and indirect pathways of nitrogen and litter addition driving soil

N,O emissions and CH, uptake
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