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Abstract; Soil net nitrogen mineralization and nitrification are critical processes that provide nitrogen nutrients for plant
growth in degraded Karst ecosystems with limited nitrogen. However, little is known about these processes. In this study,
soil samples derived from topsoil (0-15 ¢cm) were collected from the upper, middle, and lower slope positions of four Karst

ecosystems—tussock (T),shrub (S),secondary forest (SF) and primary forest ( PF), which are a typical vegetation
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succession series in Karst areas. A soil incubation experiment was conducted to measure the soil nitrogen transformation
rates, including net nitrogen mineralization rate, net nitrification rate, and net ammonification rate. The results showed that
vegetation types significantly ( P<0.01) affected soil NO;-N and inorganic nitrogen content, soil net nitrogen mineralization
rate, net nitrification rate, and net ammonification rate. In particular, the content of soil NO;-N and inorganic N, soil net
nitrogen mineralization rate, and net nitrification rate gradually increased along the vegetation succession. The slope position
and the interaction between vegetation type and slope position had no significant effect on the monitored variables ( P>
0.05). RDA analysis showed that the soil nitrogen transformation rate was primarily affected by the litter nitrogen content,
litter C: N, and the content of soil NO;-N. However, the litter nitrogen was the main factor affecting the soil nitrogen
transformation rate ( F'=35.634, P=0.002).0ur results suggest that vegetation restoration has positive effects on Karst soil
nitrogen transformation. The improvement of litter quality (e.g., litter nitrogen content) may be the key factor influencing
the soil nitrogen transformation rates over Karst vegetation succession. Therefore, managing litter C; N (e.g., to introduce
legumes) may be conducive to the restoration of degraded Karst ecosystems. These findings may serve as a scientific basis
for further understanding of soil nitrogen cycling in Karst regions and help facilitate preservation and restoration activities in

Karst regions.

Key Words: nitrogen transformation ; net nitrogen mineralization rate; net nitrification rate; Karst; vegetation restoration
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1.1 RS IXHEN

WF5E XIRA T 76 X BT B R R BT R TEIX (1070557 E,24°50" N) FIARIS EI 20 A R X ( 107°
53'—108°05" E,25°06'—25°12" N) , ¥)@ MLAIE Hrikp e Ayl | 7 HA 2 S X, ol JRRS AT R EIX 2
AR R 16.5—20.5 °C, ZAE M RN 1380 mm, FEENTE 4—9 A4y, HAREFIK 376 m, fx K
816 m; HF 73 [X () - 38 BN A K 5 KA TE LA K+, B EL SEAT R BRA AR (054G K R s AR, i T2 AN
TP FAERRAR , B ATIX L B TeAS R E R B B 5 e 7 88 0 A, 8 SRR (2009 a) FRAREE
FRAUN 13% 7 ARIEERRE R A SR XA TR R R % [ A B0 dL, Z4E4E<R 15.0—18.7 C,
AR PR A 1530—1820 mm , FR P9 AR — B 7E 80%—90% , 3 Z= ] e At Al ; 35 7 i) 300 a A2 45, #2
PHIXFRARIAEL 9991 hm® | ZRAKEL 36 % 93.4% , K35 w37 ST R sl 1 1) s U7 455 20 MR TR AP o B, Vi B A AIK
405 m, fiz = 823 m; AR ST X - HE A 5t RS BRI X — 34, BB Rt A &AL KCE WA TE B A K
H T R AR, —REAE 30 em LUELZRIIE, REHLAIEAE B SR AA N 1,

x1 BHEREERENREMH

Table 1 Site descriptions and dominant floral species in the studied communities

TR FA REHK L AR ez

e Ce c . Rock 9 K /Wil FEHAR TR
Vegetation type anopy ommunity o P%P€ " Elevation/m  Disturbance history Dominant species
8 cover/ % height/m exposure/%  position

0 Tussock F 425 AT R BEAE P sk, 1990
("T)* USSOCK 84.83+4.55  1.74+0.43  61.6x15.7 i 510 AEFHE, ARME B  HAE N D

- 655 HEvE

T 375 1980 4F LA A RAAFBE .

é Ei=Y 3 przs 54

WM Shrub (S)  87.78+2.06  2.52+0.23  82.4x9.8 R 497 fEPig, 1980 4FJ5 S, ;E; ﬂ;j;g%giﬁ .

T 627 FUIAKSE EEERE I AR
WA T 391 1959 4 Z BT 47 R AR A T Ty
Secondary forest ~ 75.00£5.20  6.38+0.37  69.9+21.2 i 501 TEDT s, WS 08k, B R ii;gfﬂ LA
(SF) S 575 /KA Gy S T §
[ ¥ 403 e e

3 b ¥ 5k I IH I HE i b )

Primary forest 87.08+1.99  7.37+0.46  77.5x11.8 i 509 ‘%ﬁf*“m Rk R };i“fi‘ﬁzm{ﬁ‘jkﬁﬁm
(PF) T el R EEWIN i

1) Miscanthus floridulus, Neyraudia reynaudiana, Imperata cylindrica, etc; 2) Alchornea trewioides, Rapanea kwangsiensis, Sterculia euosma,
Cipadessa cinerascens ,etc; 3) Bauhinia brachycarpa var.cavaleriet , Sterculia euosma , Cipadessa cinerascens Cryptocarya chingii Cheng, etc; 4) Cryptocarya

chinensts ,Miliusa chunii, Cleidion bracteosum , etc.
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TEMFE X e UL Y 14 A A3 3t BT, SR FH 22 (B AR IR (B AF 58 7735 T 2008 4F 12 A 2 2009 4F 1 A HCA
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(NO3-N) . HARMIE 534, F 1mol L™ SALE ( KC1) 1242, FFH AA3 #2290 31 2 Hr X ( Fiastar 5000) 1% ;
TR A A Y R AT R R AL e F A B R R S T R R A HLRR A 4 pH
{B, HEA LR (SOC) R FH 5 R S ——FMIn#k Gl ) PO 5E ; 2 (TN SR A E ORI Rk ——
BhTE S ( Fiastar 5000) 23052 ; 3% pH FH pH THIE (H/K R 1:2.5) 0 FETEHIRE S H DU 432 USRS -
16 70° FHEF 2= 1H ORI, 4 C &R A B AR IR S Ab——am ik i) POV E ; 4 N Al
SEFTHA H,S0,-H,0, 1, SR 5 FITR 30 1 554 ( Fiastar 5000) W 5E 4 N 2120 {4 18 1 S A 304k 1
KPR IE R 2,

R2 AREHLBIEA THHIEEREBLERRLAEY

Table 2 The basic physicochemical properties of soil and litter under different vegetation types and slope positions

N . [DERY) [pERY) Y HEY  MED
ype position (e/ke) (w/ke) Soil C:N SMBC/ SMBN/ SMBN litter C/ litter N/ Litter
(mg/kg)  (mg/kg) (mg/g) (mg/g) C:N

BT U 26.87 2.18 6.97 12.31 611.53 50.97 12.31 334.09 8.58 40.37
Bja, Cay Aja, Ajay Aja, A, Ajay B,a, Bja, A,

M 28.19 2.54 6.77 11.15 490.27 65.27 7.5 369.94 9.55 40.52

Cia, Cay Aja, Ajay B,a, Bja, Byb, B,a, Cia, A,

D 32.73 2.87 6.73 11.58 471.55 62.57 7.58 323.8 9.73 33.31

Aa, C,a, B,a, Aa, B,a, Aa, AB,b, B,a, Cia, Aa,

S U 48.51 7.08 6.87 8.53 1116.37 130.53 8.38 416.87 17.19 24.43
B.b, B,a, A, ab, B,a, A ab, Aa, B.b, Aja, Aa, B,a,

M 71.77 7.94 6.94 9.14 1723.86 107.49 16.08 378.49 16.82 22.70

Aa, Aja, Aa, B,a, Aja, AB,a, Aa, AB,a, B,a, B,a,

D 571 5.52 6.52 10.57 658.24 144.90 4.38 372.54 16.05 23.26

B.b, B,a, B,b, A, AB,b, Aa, B,b, Aja, Ba, Ba,

WA SF U 31.4 327 7.34 9.05 623.52 55.80 11.5 406.32 19.12 21.29
B,a, C,a, Aa, B,a, Aa, Ab, AB,a, Aja, Aa, B,a,

M 70.18 8.54 7.05 8.62 1120.82 143.11 7.32 413.02 17.88 23.24

AB,a, Aa, Aa, B,a, AB,a, Aa, B,a, Aja, B,a, B,a,

D 70.07 9.23 7.17 9 1108.51 90.70 13.3 393.73 17.18 23.08

Bia, Aia, ABa, Ba, Aa, A,ab, Aa, Aa, Ba, Bia,

JRAEM PR U 115.37 12.91 7.26 8.98 1419.96 146.57 10.27 373.68 19.12 19.63
A,a, Aja, A,ab, B,a, Aa, Aia, AB,a, ABa, Aia, B,a,

M 53.66 5.9 6.77 9.15 1428.88 107.83 12.84 392.65 22.41 17.54

B,b, B,b, Ab, B,a, Aa, AB,a, AB,a, ABa, Aa, B,a,

D 110.23 11.6 7.64 9.43 857.04 155.55 6.6 401.74 22.48 17.95

A,a, Aja, Aja, AB,a, ABa, Aa, AB,a, Aja, Aa, C,a,

U ACER B3 s MR AL D AT EAL; KRG TFRE (X, ) AR A — SR AR 22 5 B3 5 /NG R (x, ) IR R MR AN (R e i ] 22 5 9.3 ( P
<0.05)

1.3 ENEFRE

FREGE 2 mm GFL T 3 RE A 10.00 g, BT 250 mL SR, Y 385 KR 2 20% (SRR Sk R ),
MR OB IEALFUR B JFAERE FAL 2 AL BT 25 CH AR R % 2 J 109 a] i ik i aff o 38K 7022 4k
0L, AR AN TS . 5 FR45 05, N 1 mol L™'KC1 ¥ 100 mL, T A 25 C A HIRIR G LN IR
1 h, b U8 VR AA3 L3N 53 BT X ( Fiastar 5000) Ml E i S A MBS R S &, HIEAR AR
BN

R (mg N kg™' 14d7") = (1R R 14d J5 ) NO;-N+NH;-N) - ( - 5E9IHH NOS-N+NH;-N)
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AL (mg N kg™ 14d7") = (13ERE 3% 14d J5 1 NO, ™ N) —( LHEPI4H NO,~N)

FEALE (mg N kg™ 14d7") = (HHEEESE 14d J5 09 NH;-N) —( £HERT 4G NH;-N)
1.4 HARA BB

FH SPSS 21.0,Canoco 4.5 Fl Excel 2013 #4758 120 Hr Fil 8, DA B Be ( BN EA R AR MORI AR
R R (B R ) AR AR R T4 Sk 3 R A AN Al AR AT XU Ry 220 Hr, AL BRI £
R Duncan 35 (P< 0.05) , HHERRIE M A& D) S5 EHLR VA R R E T 1k il 1 3R 19 56 &R H
Pearson AT, R TCAT S0 HT ( RDA) 35108 7% 9 5% = 8 B0 A0 5 DA R 4 198 B A J3 o 20 28 e 1k R 11

I,
2 %R

2.1 WEHTREAS R BB N O R LR AR A R

4 PRI 3 A HIETHL AL BB LSS Z00 3, P & 0 135.55 me/ke, ZE AL R 4.19—
178.63 mg/kg, B 5+ R4 33.90% , BAA I IE TSRS &, T 7.29 mg/ke, B0k 0.36—17.54
mg/kg , 285 %L 50.30%

L R (£ 3)  MIFESE AR T, RS A S EURCHLA S R 7E L3 07 4 R B
YR AP TE NS T A W T NS BN T A R/ IR A RS T DA S B DA R A R S A b/ T A > R 5 g 7 + R S
FRTCHLR Y 2R A AR R A M TE NS BN TR A A e 0 22 N 3 o - Sl A 4R
BAMITCHLT bR 53 IR S AR/ HE NS YA MRS BN T MRS A/ AR PR/ RN TR b T A > TR A
M/ HEINS LN

FATRAE BRI T AN R B B ] 22 5 0 ) RIS 0 LA & o0 T3> bk
>HIHE B A AR TS T 3/ R A R AR ORI AR SR S RS B CHLA B R 22 R R
BE,

XU R (MR TYRIEAT ) I7 2203 Brai R s (3 4) AEGESEBIN L IR S ZOM S HL A & = A0 A 2 3
SR (P<0.01) , XM S A S WA B0 (P>0.05) | T3 007 LA SR Bl 2 0 45 395 7 (0 38 AR I ESRR RIE
DA BERZW(P>0.05)

£3 TEEFERBMPEME T BEHSE GSENLIES SR

Table 3 The comparison of soil NO3-N, NH}-N, Inorganic N on different vegetation types and slope positions

Bl A Yz HESA BSA TEHLA
Vegetation type Slope position NO3-N/(mg/kg) NH;-N/(mg/kg) Inorganic N/ (mg/kg)
BT U 30.46C, b, 1.40C, b, 33.54C, b,
M 5.21B, ¢, 9.86Aa, 8.77B, ¢,
D 67.43C, a, 5.06B,b, 54.69C, a,
HEM S U 142.56AB, a, 5.09B, a, 164.90B, a,
M 160.12A a, 7.11A,a, 157.97Aa,
D 166.42A , a, 7.22B,a, 173.64AB, a,
KA SF U 169.86A  a, 8.47Aa, 105.39A a,
M 165.06A , a, 11.71A a, 123.19A, a,
D 137.72B, a, 11.83B,a, 162.12B, a,
JREEMR PF U 157.41B, a, 7.59A, a, 165.00B, a,
M 165.08A a, 8.45A a, 173.53A 2,
D 165.97A a, 9.47A a, 178.06A a,
SEHIE Mean 135.55 7.29 139.78
B RECV 39.90% 50.30% 50.03%

U ARER L7 s M AR A D ARER T KEFRE(X) ) AR R — B LA [ 2 L 0] 22 57 W 35 5 /NE TF B (x, ) FRERAH R AE B S B AN ]
WAV ) 22 57 . 2 ( P<0.05)
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2.2 WEHTREAS[E R S BRI A T A R L AR 1 o 5
221 FEBEZEIUN AR il R AR 1 R

AT A I ) R (R A= =R A PR AR ) | 3 U0 B o ) - 498 04 0 Ak SR R i AL R B 3G
PUJE AR AR - S R4 A R B, F ) 84.11 mg N/kg - 14d, HiHb + IR AIK  SE1 13.04 mg N/kg - 14d, #EM K
Ak HESE 443 5 28.68 mg N/kg - 14d 1 53.66 mg N/kg - 14d, Eril b3 LUB A= bk + 3R 5, “F 44 61.06
mg N/kg « 14d, B+ IERAR, F14-2.23 mg N/kg - 14d, FE AR UG AE AR+ 98 5 &, 19 23.1 mg N/kg -
14d , FEN AR, T34 10.5 mg N/kg - 14d,

FEREE A R I3 il AR AL = AR A I 252 (P<0.01) (3R 4) , MR (
TR T, 50 R B AR /A MRS JE /BN T AR A/ U A A/ T DA > e DT A
SUEM/BENSFIN (K 1-A) , T B8RS AR5 HIR IR AR /HE NS [ AE AR /BN TEDN/ FENSIRAEMR /JEAE
MR AR BN BN/ FEN RAEMR (B 1-B) |, HER G AR 3 50 A JE AR M R A RS TE DA/ BN TR AR pR/
AR/ HE NS B NFIE A RS U AE MR HEASHEN BN (BT 1-C)

2.2.2 YRR AR AL R AR R

XUR 5 2253 M4t S W 3307 LA S Bl S 80 5530 47 10 58 LA FEOGE R0 Ak 3R it Ak 3 e Ak SR 5
MR (P>0.05) (R 4) AHAHFIRE BT T R RIE AL ) A AL R e — e 22 5 (B 1) B3
B AR AV ) 2 S5 AN 2 T 2l AR RN e (R 2 Sy v 5 e v s TE A - S B AL R RN R A R 2
WS T L AR R L > TR 3 YR AR AR RS AL R R R AR R R S A R A AR
SRR AT 7 W) 25 S N L 28 il AL 30 T IR s A 3 o S I, R IR R BR S AR R
Ab N TE NI AE RIS TE A R o7 ) 22 55 i 3

90 ¢ A 36 ¢

& A =
: | EPI P o
~ g 70r g O
2= 25 24
Z.3S 50+ z g
on & on 2
g 2 =
S 3| =5 n} B BB
M= M E 2, 2 2
%JZ iﬂﬁl =) 2 F
S 10t =27
-10 BMT  HEMS WAk SF Rk PF
5 100
=+ o
N 80
§.°,§ I o b
25 & o
E'S 8 T
~
oE
%}2 40
igZ
=2 20
& 0 o

WA SF Ak PR

Bl FEEHEBMEA T LESHEUE(A) BFELE(B) MRETLE(C) LR
Fig.1 The comparison of soil net nitrification rate ( A), net ammonification rate (B), net nitrogen mineralization rate ( C) on different

vegetation types and slope positions

REFRE(X, ) AR — A R RS ) 25 5 3 3 /NG 7R (x, ) AU R R U2 BRUAS [ 3 Aoz 1] 22 5 (2.3 (P<0.05)

2.3 HHEREAHE R SR T Z MG R
e LT | TSR WA P A ST A D R R R R A R B R, ARG R
B, A PR S RS RS S PR E YRR VR Y RS RS R R (R
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FEr 708 0.478 ,0.502 ,0.554 ,0.436 ,0.732) FIEHiE LR (r 539728 0.499 0.527,0.718 ,0.457 ,0.776) Z [Hl 45
e 5 2 B IE AR DG (P<0.01) 1l 38 C.N FIJETEY) C.N ¥5 H R T LR (r 205 4-0.479 ,-0.585) Fligt
EAER (r 4351129 -0.499 -0.645) R R E B TN (P<0.01) , AL 35 ¥ A 38 22 [R) A A 235 1 IE AR
Ktk (r=0.897, P<0.01) ; 138 pH B 5358 (L3R4 G AL B 3 22 (A1 25 () IEAH DG ME (P<0.05) 5 R A
T 5 G R A A R A O E A OCOC R AR IR M BT LA K R v W TR 34 T
WEHLKER,

R4 FRBEEXTREEEFHMHFTESNER

Table 4 Results of different factors and their interactions on soil characteristics by Two-way ANOVA

NO--N+ R i B

WiH NO3-N NH;-N 3+ Net nitrogen Net nitrification Net ammonification
Item NH-N mineralization rate rate rate

df F df F df F df F df F df F
A ZE T Vegetation type 3 21.0** 4 1.21 3 18.0** 3 16.4** 3 17.1%* 3 4.68 %
A7 Slope position 2 0.12 2 1.34 2 0.48 2 2.52 2 0.73 2 1.01
e xR A
Slope positionX 6 1.17 6 2.4 6 0.71 6 1.40 6 2.03 6 0.74

Vegetation type
# # FORFES REKF P<0.01

3 e

3.1 RERET RS IR R B AN

WS AP AR RS e AH A WML S AR R 3 W S R S A B (R 4)  H
IS R ICHL R S A R AR AR, 75 H B =M R ) 5 22 AN 38 (3R 3) o Rl TR A AU 1
LT, 5 T M SJCHE B 1 S B 7 22 A SRR AL %, St DA B30 M) SR B DA O A AR 2R R T o
7E i 1 22 T ) 25T B8 5 3 i 285 SRR U 2K 5 ] RE phy T A I 5 DX DA A2 I s A i 3l (OF B BB L fk
S5 R AR, S BRI Gl A AL, B IR AR TR A B R T, TR R 1 - S 25
UK B UL el X S TR BF R A A S TR A T IR R SRR R

AN AIEN AMRAE AR TR R SR ZER AR E (R 3) X2 h TR IIEAR SR L
SRR P Wy TR - S5 AE 3 7 [R] 22 5 AN 1 3 (3R 2) |, RIDIX =i B Y T S 0 g e TR A R S W
Wi, 35577 2T A 2R (3 4) A — 2, i A H SRR S A S0 ) 22 5 35 (3R 3) , RIS R ACHLA
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