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Differential characteristics of soil 8°N under varying vegetation in karst areas

WANG Zhijun" ", LIANG Xuan', HE Qiufang', YUAN Daoxian'"

1 Key Laboratory of the Three Gorges Reservoir Region's Eco-Environment ( MOE) , School of Geographical Sciences, Southwest University, Chongqing
400715, China

2 The Karst Dynamics Laboratory (MLR) , Institute of Karst Geology, Chinese Academy of Geological Sciences, Guilin 541004 ,China

Abstract; Natural abundance 8” N can fingerprint the process of nitrogen biogeochemical cycling. By collecting soil
samples under different vegetation types in Qingmuguan karst area, Chongging, China, the spatial and vertical disparities of
soil 8°N and its influencing factors were analyzed. The results showed that foliar 8" N values ranged from —3. 85%0 to
2.25%o, while litter had higher 8N values, ranging from —2.49%o to 3. 31%o. The soil 3"’ N values were much higher than
those of plant leaves and litter, and showed significant spatial and vertical disparities due to varying vegetation, geological
and land-use conditions. Within 0—20 cm layer, soils were generally ""N-depleted and showed positive relationship with
those of covering plant leaves, indicating that the covering vegetation was the main source of soil organic nitrogen. The
mean 8N values of surface soil showed significant spatial disparities and a systematic control on land-use characteristics,
and tended to decrease in the following order: grassland (4. 79%o) , afforestation farmland (4. 77%0), paddy field
(4.28%0) , day land (4.25%0), shrub land (3. 82%c), coniferous forest land in limestone areas (3. 81%o), and

coniferous forest land in sandstone areas (3.40%o¢). However, in the layer of 20—40 cm, soil 8N values were 5. 21%o,
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5.10%o, 5.01%c, 4.88%c, 4.70%0, 4.55%c, and 4.26%c in coniferous forest land (in sandstone areas) , afforestation
farmland, grassland, paddy field, shrub land, day land, and coniferous forest land (in limestone areas), respectively.
Below 40 cm depth, soil 8N values in different profiles showed slight spatial disparities, in which soils in shrub land had
higher 8" N values and lower 8N values were observed in the soils of dry land due to the application of chemical fertilizers.
In general, variation coefficient of soil 8" N ranked in the order as: shrub land (31.36% ) > coniferous forest land in
sandstone area (28.25% ) > dry land (19.28% ) > coniferous forest land in limestone area (12.97% ) > paddy field
(9.88% ) > afforestation farmland (8.20% ) > grassland (6. 82% ). Forest soils in sandstone area were "N-depleted
within 0—20 c¢m layer, while " N-enriched below 20 cm depth. In limestone area, soil 3N values were lower and showed
significant vertical disparities between 0 and 40 c¢m, in which 8N values were much lower within 0—10 cm layer due to
the input of N-depleted litter, then increased obviously in the layer of 10—20 cm because of the intensive microbial
activity, and decreased somewhat within 20—30 c¢m layer. Below 40 c¢m depth, soil 8" N values increased significantly due
to intensive mineralization and decomposition of residual soil organic matter. Apart from the N-depleted plant litterfall ,
soil 8N was also affected synthetically by soil texture, structure, pH, organic matter content, C/N, agricultural fertilizing
activities, and so on. Karst soils, controlled by the chemical weathering of soluble rock, are often alkaline, calcium-
enriched, clayey and thin, which makes the spatial and vertical disparities of soil 8 N more complicated than those in
sandstone areas. In upper part of profiles, soils are loose, which are liable to migration of surface '"N-depleted organic
nitrogen and result in decreasing of soil 8° N, while soils in lower part of profiles are relatively compact and " N-enriched

due to the greater mineralization degree of residual organic nitrogen.
Key Words: karst areas; soil 3°N; differential characteristics; Qingmuguan
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Table 1 The conditions of the sampling sites
o LB oy Y A
Vegetation type Soil pa,rem Dominant plant Soil depth Soil texture Human activities
material
7K B Paddy field WK KHE 1—2 R Rk fehe
54 Dry land KA Tk 0.5—1.5 SR 15: 4 S i T Y&
i Grassland KA AN 0.5—1 K+ —
T HHE Shrub land WA HEAR 0.5—1 JSR15: 4 S i U —
IBHFLHE Afforestation farmland KA ANT25M (nkppaE)  0.5—1 ERgE L TR+ BB 4—Sa
EF AR () Coniferous forest land W M AR F4% 0.8—1.5 R R L —
£ () Coniferous forest land wE R AT T4 >1 Wi+ —

1.3 WSOk

SRR - REA [R1 S2I0 2 UEAT KT, B 25 HE AR 28 RLE 8K, 35 DU 40k P L33 1 mm 0. 25 mm A1 0. 074 mm
i, 435 0 T 1235 pH (B A HLBT AU 85N & , Horh pH (B AL AL A LS A i i A M A 8% TR 0 4 AL -
AT, R NIFIRE . RRES 258 FOKIEVE T, BT 70 CHEUTA b T4 24 b, A3 2T
BEE 60 HLUR , ME 8N, 8N 7E VY pg K= M Bk Ak 27 5 [ 22 9255 %5 5k F EA-Conflo-IRMS BXAHL R 48 #5471
K, BB AR Delta-V-Plus IRMS, 5% JH i 21 B2 (0400 N, 2% Shn e, 7T F E BRas il IAEA-NT Fl TAEA-
N2 A, K A BE /N T 0. 3%o0,
2 H#R
2.1 ARE A RN ER 75 5 Rk

PR -3 DU £ BEUR , AZ B REK TR R RIS | P R ST B AR R, AN [ A b
FAR R AR R R R B 22 70 FARSEA T TSN A R B A At A 8O N B
RESF(FK2) , BN -3, 85%c—2. 25%o , o EAAH Y 53, T HHAE P BAR, N IR B 2878 A R 7
Y 8N AL T FEl A 2. 49%0—3. 31%0 , FC I F7 15 29 1%, 75 HE T R 6 50 1l 266 738 R A A 9% I 1) i A v
EEN,

®2 FEEHM ) OBEWILER 8N/ %

Table 2 8'°N values of plant leaves, litterfall and soils under different vegetation

o I G P Fri g
T MRS profile 1 Profile 2 Profile3 Profiled
Vegetation type Leaves  Litter

B A B A B A B C
JKH Paddy field 0.58 — 4.03 — 4.18 — 4.53 — 4.37 4.88 5.45
24 Dry land 1.31 — 4.14 4.82 4.27 4.92 4.29 4.85 4.29 3.61 4.89
Wi Grassland 2.25 3.31 4.81 5.08 4.72 4.97 4.69 4.90 4.93 5.09 5.57
WML Shrub land -2.88 -1.36 3.89 4.59 3.78 4.45 3.87 4.72 3.72 5.04 6.69
BHHEHL Afforestation farmland 1.63 2.76 4.65 4.97 4.63 5.04 4.79 5.13 4.99 5.27 5.53

AR () Coniferous forest land — =3.33  -2.14 3.54 4.00 3.41 4.06 4.05 4.36 4.22 4.62 5.07
AR (D) Coniferous forest land  -3.85 -2.49  3.23  5.08  3.41 5.17  3.33  5.06 3.62 5.54 5.59
A: 0—20 em;B: 20—40 cm;C: 40—80 cm;—A A5
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FEBEET T B P47 R4 SN AR fbi /N, Bk I, 2% RS E 8O N ¥R N FRE L (0—20 em) KT
20—40 em J2THE(FE 2)  Hi b & X EFHARHL 0—20 em J2 T3 8N # 20—40 em JZRE 2 2%o, i K 5 X
239 0.5%0 (% 3) . AR HEEE T 0—20 em T3 8° N H{E K/ FHL 4 (4. 79%0) > 1B HE L bk +
(4.77%0) > FEH £ (4. 28%0) > i+ (4. 25%0) > TN (3. 82%0) > £ MR+ (3. 81%0) > Hb 7 X EF Ik £
(3.40%0) , T 20—40 cm 2 NHE X EF AR (5. 21%0) > IBHFHEMK L (5. 10%0) > FL+ (5. 01%0) > FEH +
(4. 88%0) > HENA(4.70%0) > F-H 1 (4. 55%0) > FF AL (4. 26%0) , 40 em LA T 45)2 148 ¥ N 22 7 5/)

(F2) FENE, S HEAR,

B SR T A X 45 A B 2R A S 4735 1 4
B EHE SN T EHAMBIEN , NIRRT IR 1, 11
FIHE SN FEAR TR B R AR K 22 57, HAR LB N
2 IR 8N YI7E 30 em DL FEUK, H AR IR B4
K,30 em DU HEFRE, BREHIN,0—10 em
4 U N AR L A AR M AR, P Hl FEMBR Ak
FE HHAAK 135 8N 75 10—20 em 4 B4R =5 ,20—30
em A FFEK, A 30 em 40 XTI THE HARL# T4
FE o R 478 8" N i IR B 1 fin i % v TR, R
18 N A 20 em Kbt B VR BRI -, A4
1] 8N A8 5 ZREUK/IN AN (31.36% ) > b4 X
bkt (28.25% ) > FH A+ (19.28% ) > £t Akt

®3 HELEESNEE %o

Table 3 Difference value of soil 3'°N values among different layers

FHBE I 3 No—20 em™ G Nyo—80 em™
Vegetation type 3 Nag_40 em 8 Nay—40 em
JKIH Paddy field 0.60 0.57
4 Dry land 0.30 0.34
L Grassland 0.22 0.56
HE PRI Shrub land 0.89 1.99
EHHEHL Afforestation farmland 0.34 0.43
BEmtpR ()

. .81
Coniferous forest land 0.50 08

It b

EFIEA () 1.82 0.38

Coniferous forest land

(12.97% ) > FH 1.(9.88% ) > iBHEAM 1 (8.20% ) > Hii+(6.82% )
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Fig.1 Disparities of soil 3'°N values in different profiles in limestone area
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Fig.2 The correlation of 8'°N values between soils and covering plant leaves

TIEA DA IR R I8 52 B0 AR IS 052 0 3G MLE T Y B3R 3 288 PR QIR FIK 43 )
T pH A BRA L R A SR, USRS YR IR sh Y AT AR U N A AR R R H
M ,0—10 em 2 H3EAHLEAXTTHE L2 RIH BTN, 10—20 em JZ 13325875 I 252 i 9 55 10
HAAE Y s B SO N &k A w4 . 20—30 em FECE WG shi 55, 3% U N A FrEK, BEE +
JEUREE RGN, 136G HUT S iV R AR, L fb o R B 20 i T o, A AL 1 NS I i 4 X Rl AR fb e
TE 58 2 SCHRIFFE AR R A 1T

— e, AR A S 4 pH B E AR O, T 5 A LS A R AR A (C/N) SRR E
WA X - S8 T o b e | LD o DR AR e M 2% AR T A LAY, 23020 em IR L2 AP &
i E AR H AR EIRNE (E 3) A HLAE OFE B AR Ry, LA R 2R A IR K, RN N B, F
RIS AR B A pH (B (&1 3) | BCHE T 382 AR 0 2R 3 IR/ o e HH A 52 5 o DABRORTR B I bR
R A R ) pH E A HLS S A C/N (& 3 FE 4) (B2 TG IS shidig T 3 a5 & A
BLYIR 53 A , A5 EE RS A 81 N AR AR, PR UL AT 80, BFAE 38 8 N R AR IR B bt +
B, X 5 Broadbent 45 5T S — 21 .

TN Ry B (R K - TR IR E PO R A s X A B )z eI R G R A% FLIREE v, A )
TREZAVAN T 2R, (AT LA E LB AR, A WLA R BB, (A5 0 8 N i
TR IV B 2 DX A2 BT RN T R A 52 e 5 Z1 A b S b AR A4S IXUAR 4 mh B v R RE (< 0. 001
mm) BT N B LA (LR BT FLBREE &, T 3E 50% , K325 % T8 ) N RG (FTHb RS 3, FLER BEAIG,
BB B — Y EHROR R B A R, A BRI BEAR R, A R T RIZ AN A LA
] FER AN A LA, FRARIL 8UN, 1M L 3E)2 R AR P, A HLA LR B R, 8PN e .

4 #Eig

TR R 2 B A BT A LA S NS5 3l 4 PR 2R 52 el 1T B A [m) A2 ] SR, 3R)2 HIEA
[Fl ;2 S YA A R R EA i 2 AHOCHE , AT WA A2 - S A 3R 0 BRI, L A B S A B 295 3R
JZ IR AR 7 AR, (A AN [FAE RS A T 0y IR R R B AR RS 5, MU SR & s AR 3= 43
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pH  Soil pH value Organic matter/(g/kg)
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Fig.3 Variation of soil pH values and organic matter contents in different profiles
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Fig.4 Variation of soil C/N in different profiles
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