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Abstract: [ Objective]To study the effects of soil respiration, nitrification, and denitrification and the influence of vari-
ous environmental factors in vegetation zones at different altitudes in the Mao’er Mountain. [ Method ] Different forest
types at a National Nature Reserve in Mao’er Mmountain were the experimental sites. Soil respiration rate (SRR) , gross
nitrification rate ( GNR) and denitrification rate ( DR) in different vegetation zones at different altitudes were

investigated based on the Barometric Process Separation system, and the response of SRR, GNR or DR to soil tempera-

s H #7:2018-08-15 & B H #7:2019-10-22

ESTE )L A ARSI T A SR E I H (2019-A-04-02, 17-A-02-01) ;)7 P4 B3 4K 3y 4 1 B¢ < 0 H (RERY
AA17204087-11) 5 I PR SR A A L 100051 H (HRF AD17129051) 5 7 BEMOlL BHE 15 B (BEARBHIF[ 2015140 5 ) 5 T
PUAREHGE L 4T H (MF} 201807)

$—1EE . XB/NFE ( dengxiaojun2008@ sina.com) , = 2% TFEITi, ORCID (0000-0002-6678-494X) , = IS {EE : KLk (823769006@
qq.com) , ##Z , ORCID (0000-0002-1670-194X) ,

51 SCAE T XS /NAE B, 2R, 5F LI B SRR DX RSO3 A RO 1 SR A~ S AL AR R AR 3 [0 ], mi bl R 244
Mw(H %ﬂ»iﬁﬁ) ,2020,44(1) ;81-88. DENG X J, TANG J, WANG H L, et al. Soil nitrification denitrification respiration and
their influence factor analysis in different vegetation zones along elevationnal gradient in Mao’er Mountain of China[ J]. Journal of
Nanjing Forestry University ( Natural Sciences Edition) ,2020,44(1) :81-88. DOI;10.3969/].issn.1000-2006.201808031.



82 [EENDE N NN A N s S (S G S R S )

%k

ture and other environmental factors was studied. [ Result] Under normal temperature, the SRR was in the order of Chi-

nese fir plantation (CFP) > evergreen and deciduous broad-leaved forest (EDBF) > bamboo plantation (BP) > moun-
taintop shrub (MS) > ( Southern hemlock forest (SHF) > Beech natural forest (BNF) , and the highest rate was 361. 6
pg/ (kg-h) at CPF. The GNR in the SHF was 275.3 pg/(kg+h), and the lowest GNR was 58.3 pwg/(kg-h) in the BP.
In addition, the DRs were in the order BP>CFP>EDBF>BNF>SHF>MS, and the highest was 172.2 pg/(kg-h) at BP.

SRR, GNR and DR in the six vegetation zones increased with an increase of temperature when the temperature was be-

tween 5 °C and 20 °C. Correlation analysis results revealed that altitude, soil temperature, water content, pH, organic

matter concentration, total nitrogen, total potassium, available N, available P and available K were the key factors influ-
encing SRR, GNR and DR. [ Conclusion]Low altitude plantations had higher SRRs and DRs than high altitude natural

forests. However, soil nitrification, denitrification and respiration were more sensitive to temperature changes in high al-

titude vegetation. In the wake of climate change and the ensuing warming, soils in high altitude vegetation zones could

release higher amounts of greenhouse gases.

Keywords : soil respiration rate; gross nitrification rate; denitrification rate; vertical vegetation zone; Mao’er Mountain
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FER LI E 5 A SRR X 4 B MOl ATk
FrifE LY/T 1952—2011" 5 5 A [a] K 52 100 0L
DUBRERE b, (O SRR LB W B S5 0T R A A
Ylafh AR HLRRAE DL R 1, T 2015 4F 3 A 1EAR[H

FEREH FEHL AT B BEHL 5 A 1 mx1 m #£07, ik
TR 0~5 em H R, TEEARE
EBRAAE T Z R S I BURE A REE S 4 0~5
em HIEIRAREN , IF I BaPS REERYFF T RS 5 4
0~5 cm T2 TEERIIMES, IR 1 kg
HHER AR AEE N E pH AL 2
S AR BRI HUSOER B R AR AR

F1 LWL EERF R AFE

Table 1 Characteristic of sample area in different vegetation zones of Mao’er Mountain

Wi/

, . i A 13 ApRT A RN
i Wath/m ek iﬁ{;/ ) ARPARE 43 l‘E/"C i&IEJ:ﬁ’ 35? R Fh Eﬁx
. . . (°) canopy soil geographic dominant species
vegetation zones elevation soil type slope . . .
slope density temperature coordinate in tree layer
aspect
) . onar 1A A ( Cunninghamia lanceo-
(:E'A\Afi'%l( Cff?) 1130 11y b P 2T 398 5 NE 61 0.85 11.48 I;gigizi lata) \F5 MR (Acer davidii) |
inese fir plantation S Bk ( Swida wilsoniana ) %
FEAT ( Phyllostachys heterocy-
BATATAH(BP) - 110°29'17"E, cla) 38 ik A ( Daphniphyllum
fivan: ) , N
bamboo plantation 1144 BRI 2 NE 49 0.80 12.00 25°54'21"N  macropodum ) | # nf K BY
( Rhododendron orbiculare) %5
i JR I E o
,zﬁ i%%( EBITEFE— 110°29'27"F BIER% ( Castanopsis faberi) 5
e . 1222 1y Hh 4 42 NE 50 0.80 10.52 Jems BE( Castanopsis tibetana) 4
evergreen and deciduous 25°53"15"N *XT(Pt' : ilophyllus ) 5
broad-leaved forest CrOStyract psuiophytius
i S KK F X ( Fagus longipeti-
== X 9}( R o ’ "
7% H Hh%tﬁi(fBNl:) 1 385 11 1 B 3 35 SE 135 0.75 9.58 I;goiz,gi,i’ olata) 12T (Indosasa shiba-
seech natural fores racoides) IS 4
A RAZ (Tsuga chinensis) |
ﬁ‘j?‘i@i*ﬁ%( SHF) N 110°26'01"E, 2 #4 ( Cyclobalanopsis oxyo-
southern hemlock forest 2042 st 2 0 0.70 7.46 25°53'48"N don ) . T F M OB
( Rhododendron farrerae) %5
I T FE (MS) 110°24'45"E, ZEK% Hil ( Berberis julianae ) |
mountaintop shrub 2045 I AR 12 NE 62 0.90 8.04 * ZAELRTE (Mlex triflora) JT5E

25°51'58'N #XT(EnkianLhus chinensis ) 2
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2.2.1 EIERAHEF S

T IEPRAL 1 B 2 IR R RO AR o 7
wymiE
2.2.2 BaPS 2% & 7y ik

WA S A EE R LIER IR E T
BaPS RS Frdn VAR 3 G il 2 150 I B
R B % 4% 0B M, S B T R (soll
columns) £ £ 5 x 100 mL ¥ JJ + #£ (5 x soil
sampling rings with 100 mL) , 7 B 48 5 ¥ [F ( tem-
perature variation ) PJ1EFE 0.5 K, HIEEF/KE Tk
it pH A5 S DR 5 S 0T AR AR R I e i
o N,O REWE N 2.333, A I/ AR R AL
(aut/het coefficient) BEE A 0.750 , B il AR B R 22
(deviation error of dissolved gases) ACO,,AO, %

S E R 4.0%F1 8.0% , WL SEUG , W E
AN[FIAE BT 8 A SRR AT 510,15 .20 °C TR+
BT IR R S A R R AR XN RE
ST BN HT B AR S 0~ 4 °C VKA AR AF, 120 d
PN SE 5
2.3 HiEAE

SKHI SPSS 17.0 #4784 L 3 5 534, 15
BAD 7 2253 M7 ( One-way ANOVA ) A [ 48 B 7
3 SRS A R RO b R B A ST R 2
PESEAT 43T, 38 FH— I 2R [ VA 40 B A S 1 43 A
X T RN R S AR A R |
oK E pH AL 2R S EEH T ERMH
155307
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3.1 AEEHETTIEBLER

T3 43 A1 19 6 R Bty = J8 % o L 3% 2,
AERE B 3% pH Ry 3.40~4.94, FHL N BP >
CFP>EDBF>BNF>MS>SHF | [ & i3k 1 F T+ 4548
P T pH S s S A R R AE A 1
AR & &R 73.65 ~707.61 g/kg, R T HN
4.08~21.11 g/kg, HUAUA &3 366.28 ~ 1 830.20
mg/ kg , MR 54 1.23 ~7.37 mg/kg, AR5
TN 41.80~233.80 mg/kg, EATRES T A0 T 5 2
UG I e, N W) A B Al T AR S K &
43.15% ~276.08% , fifi % WE 4K 1) b F+ 52 B3

#, SHF MAPLE & i, B A & s b (C/N)
LA, 10 BP A ML & 8%, (H I C/N H14
o LIRS Vs e ke, KK
TGN A HLT I BB AL T R4 1
ANEAE R, BT SHF BT g mJE— 4 8
ASFXT R BE 50 ~ 100 m Ll Fir Bl A A8 — IR 3 721
b, TR B T — 4R R BE 1, 3k B M 0
IR, & IR RSt A T Wi 3h 55 , A LT
FFEAEN I, KA BUK 8 U EE, & A e e fb
YERF 2 T e &1 I e ok £ B 5 1
BRI 4 4040, SHF A PLR 2%
R AR | USRS i T A el 14

R2 AREHGEH T REEAER

Table 2 Soil physic-chemistry characteristics in different vegetation zones of Mao’er Mountain

LR SRS

st T/ BRI MRS, ERE SR R i/ o -
- AP GRS 25 i (P,05) / (K50) / AR A AL ait TR A e Aok E % L
vegetation pH (k™) (sks™!) (g-kg™1) (g-kg™1) (mg-kg™!) (mg-kg™!) (mg-kg™!) moisture eIt
organic matter total N gXe &'ke available N available P available K C/N
zones total P total K content
content content content content content
content content
CFP 444+0.19 ¢ 109.21+1591 ab  4.68+0.62 ab 2.38+0.25 b 32.48+095 ¢ 366.50+40.18 a  2.93+0.64 a 66.37+£2.29 a 55.22+7.86 ab 13.53+0.23 ¢
BP 4.94+0.10d  103.27+17.69 ab  4.08+0.31 a 1.9620.13 a 26.70+7.38 be  366.28+149.31a  1.23x1.03 a 41.80+9.00 a 43.15+3.11 a 14.64+1.66 ¢
EDBF 4.10£0.02 b 149.39+35.63 b 6.40+1.62 b 2.00+£0.30 a 23.66+2.78 b 631.33+176.80 b 3.10+0.98 a 78.07+9.50 a 63.02+14.81 ab 13.57+0.38 ¢
BNF 3.92+0.16 b 73.65+9.03 a 5.23+0.49 ab 1.9420.10 a 30.32+0.28 b 365.07+85.87 a 1.20£0.17 a 114.07+18.03 ab 71.57+11.40 ab 8.16+0.56 a
SHF 3.40+0.06 a  707.61£51.83d  21.11x0.81 d 1.77+0.08 a 8.62+3.39a  1830.20£82.82d  7.37+3.18 b 233.80+83.86 ¢ 276.08+67.20 ¢ 19.47+1.90 d
MS 3.51+0.10 a 244.81+45.17 ¢ 12.94+1.25 ¢ 1.76+0.15 a 25.82+0.44 be  974.27+147.72 ¢ 3.70+2.61 a 152.50+32.44 b 109.52+1.53 b 10.98+1.72 b

T B A BE AR HEZE  n=5, Al—FEHR PR R B R R A R 28R 24 5 535 (P<0.05) . T[], The value is “mean+SD”,

n=35.

Different letters within the same columns indicated significant difference at 0.05 level. The same below.
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AR e 3 H A ARIEE T+
SRR A R AL R SORE kR R B ] Y
225 (Bl 1), 6 A gy 1 0F i 3 %8 CFP >
EDBF > BP > MS > SHF > BNF & 208. 1 ~ 361. 6
pe/ (kg-h) (LABREER R, T A Z 1424k, Hdr CFP

O THEIFIH SRR
- O B AGNR
~.£ 400r B R HEDR
== g 9 350
=1 E E 300f
575 E 2s0p
Lo®s.E 2000
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%@_ E g 150
B E T 1000
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MR
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E1 HILLAREHRS LR REER SHELEZN
REEEEZE
Fig.1 Soil respiration rate, gross nitrification rate and

denitrification rate in different vegetation zones

of Mao’er Mountain

1) - S 3 R B e A 361.6 g/ (kg+h) , BNF #%
4 208.1 g /(kg+h) ., TIEEAHLH 3 BP AKX
4 58.3 pg/(kg+h) (AR, TF) ,SHF 1585
T A R = 275.3 pe/(kg-h) o AR B
+ R i1k # % BP> CFP> EDBF> BNF> SHF >
MS, Fifi 25 V- $A2 (%) FF fr S TR 3o i 94, IS 4 38 I il
TEHER IR 93.80 ne/(kg-h) (BLAERMR, T
[A]) . Z5FFM ML ILKIER M A T4k CFP BP
FEXT T SRR LA T 1 114 R 338 1 2 A b
33 AEE#HTTIEFRER SHEALERIK
Bk 18 R XA 0L 1 15 S 4K B T T

- AT 3R o g AR A A DL IR 2, S (R A
Pty AT R A A R | R R A B
BRI R G, 5 °C I IR R
R CFP & M 223.9 wg/(kg-h), BNF & &N
101.5 pg/(kg-h) , 20 °CH} - HERPI 3 20 5 MS
A % 898.5 wg/(kg-h), BP H %y 453.8
pe/ (kgeh), 7E5~20 C T Efiffbif % SHF i
55 241.8~473.4 pg/(kg-h) , BP BAS AL A 84 Bt
5 11.6~58.3 wg/ (kg-h) 2 [a], MS WA & KK
4,5 CHPEASLHE R 61.3 pe/(kg+h) , &
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JE LT 20 C ML R REEN LFE (20 °C) F g om gy £ 3980 AR 45 T A
438.3 pg/(kg-h) . 5 C T IAffLER 2 BP fefmy Al HAG TS Ay IR SR fh s 8 R A Ak
114.0 pg/(kg-h) ,MS HARALH 3.9 pg/(kg-h) . AR, Kk, NEIGEHKRE | &R AT 1
20 CHF, Bk Y SHE SO fL R B i i 471.0  SEBEEIRFERYTIE , LRI R R bR
pe/ (kg-h) ,EDBF HAK K 156.4 pg/(kg-h), [F ﬁr:MJc TR ARG TS TS, BV S VA AT R T 1 43 Y P
AR (5 °C) MR g TR i om0 AR | RO A 0 i B B T 1Y
R T Y T R R S AR U

=22.81x-74.72
EN T 1993 o088 _ ¥y=21.98 +-81.86
= 1000 Tl T =568 41666 T 500 R=0.944
3 412-1604 = 500 0,990 = Xy =25.08 x-83.04
2800 T 400 Yoy =3761 1450.15  Tsp R=0.821
¥ x n R=0.757 = V=122 4-13.77
Jﬁé 600 %o 300 Yoy =10.11042058 - F ":”?—(ﬂfzz x+58
N = R*=0.910 =) g
% = =7 > R=0.695
) 400 " IS ﬂ 48572 M9 200 Yp=3-074 x-6.059 M‘ y =7. 74| x+85.26
= #0.996 b R=03857 & oo
= 200 Y2296 1497.58 2 100 Yopr=3-280 x4+58.82 -A\EJ 5. ”1_64(,1 +78.16
= 0 L L L R=0.967 g 0 L L , R=0924 = 0 L L L R=0984 ,
+H 5 10 15 20 25 R 5 10 15 20 25 = 5 10 15 20 25
- HER U C R C TR C
soil temperature soil temperature soil temperature

«CFP; mBP; AEDBF; x BNF; xSHF; @ MS.
B2 AEENTLEFRER HE-RELERERENELES

Fig.2 Changes of soil respiration rate, gross nitrification rate and denitrification rate with soil

temperature in different vegetation zones of Mao’er Mountain

34 AREHTHIEFRER BWAER KRB EH. RS E8EE RS &K E BN D A
RS L ERERETFHEXNE K(P<0.01), 5+ He i i 3 M6 (P<
AL E AR R RO AR S 0.01), T RA S MR L B s A
SR HURUR RO A S B B O B IR (P<0.01) , K E IR W
(P<0.01) (£ 3), 5L SR B ERME(P<  EME(P<0.01), 5 1 B Bk B 27406 (P<
0.01) , VLEHIATEIFE TR IE A AP h R EZ 0.01),
F3 BILLBARIPRAMRTIEFERER SHLEE RELERN RN EFRSEEXE

Table 3 Correlation analysis of soil respiration rate, gross nitrification rate, denitrification rate, soil
physic-chemistry characteristics and elevation

I et - . 13 " - -
S s 2 P i g’ !
WA ﬁﬂl@ 25 gl Eal ﬁi_?&ﬁl ﬁ%?dliﬁ'é ﬁ’:fﬁﬁﬁ] H.7J<‘J_ BRALL R i j:f;éu{-"& ,H:ﬁH{JC I{LﬁHﬂﬁ
N pH organic (P505) (K50) available  available  available moisture N A N jr R jrE
item total N C/N elevation soil N -
matter total P total K N p K content {emperature SRR GNR DR
pH 1

HHLR -0.650 * * 1

SEE -0.788 %% 0.954 % * 1

R 0.483 % -0.395  -0.472% 1

A 0.531%  -0.891 %% -0.824 %% 0.467 1

AR -0.731%* 0.973%* 0983 %*  -0.433 -0.871** 1

HALHE  -0.544% 0779 %% 0.795**  -0.064 -0.662** 0.820 ** 1

HALET -0.771 %% 0.799%*  0.877**  -0.386 -0.683** 0.853** (.822** 1

TOKE -0.697 %% 0.950**  0.912%* -0.479* -0.857** 0.916** 0.666** 0.834** 1

C/N -0.082  0.755**  0.567 * -0.086 -0.740** 0.663 **  0.580 * 0.323 0.629 ** 1

WK -0.841%% 0777 %% 0.910** -0.601 ** -0.670 ** 0.865** 0.647** 0.788 **  0.749 ** 0.339 1

W 0.955%* -0.727** -0.866** 0.601 ** 0.607** -0.806** -0.580* -0.854** -0.771** -0.137 -0.912** 1

SRR -0.852** 0.698 ** 0.836 ** -0.359  -0.512*%  0.779** 0.659** 0.740** 0.678 ** 0.276  -0.890 **  0.555* 1

GNR  -0.890 ** 0.801 ** 0.926 ** -0.591 ** -0.698** 0.886** 0.672** 0.821** 0.784 ** 0.338 0.964 ** -0.760 ** 0.923 ** 1

DR -0.821** 0.897** 0.977** -0.589* -0.774** 0.940** 0.708 ** 0.857** 0.875**  0.468* -0.963** 0.850** 0.868 ** 0.965** 1

VEow o FEEEEE U S 0.01 B A1 Y correlation is significant at the 0.01 level (2-tailed). * TEE S EE W) 4 0.05 B
MM 1 correlation is significant at the 0.05 level (2-tailed).

2 3 AT, LERFI R (SRR) 5A Pl MHX(P<0.01), 5 L 5B R Z EMHX (P<
A AR R R Sk A R 0.05) ,5 pH I 2 & LA 5E (P<0.01) , GLAH
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LA (GNR) 5AE BT 2R HSUA A 3
RO FK R ORI B F IEA O (P<0.01), 5
pH 4= W 4 49+ 500 B A W A OC (P<
0.01), FAALE R (DR) 547 WL, 2 &, #ak
A A AR Sk R IR R A
K(P<0.01),5 pH =W 280 IR D % 7 AH
X% (P<0.01)
4 B #®
4.1 AREESTEEBVERER

AL LU SRR DX W3R 53 A A A [RIAR B Y
THEA BT AR ST 5 1) BB TR T
R AR, O i TR R B R %
P T TR ARG, 3k s P05 | 3
BB EBUAR WG I, 33455 50 BRI, [ e
FRRAHXS T N TALAT WU 7 i FHs A R o
i, X UL KRR R IR A HIR B T N TR, S
ARV BRI T A 28 R 490 0 8 B B N\ TR
e SR ¥ S B 7 N/ R 4 - L) I E %l
HMAS RGNS E R AR, fEHE M 3740
TEARRCR A AT SRR,
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