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Spatial Distribution Characteristics of Soil Carbon and Nitrogen in Citrus Orchards on
the Slope of Purple Soil Hilly Area
LI Zi-yang"?, CHEN Lu*?, ZHAO Peng?, ZHOU Ming-hua'*, ZHENG Jing*, ZHU Bo*
(1. Key Laboratory of Mountain Surface Growth and Ecological Regulation, Institute of Mountain Hazards
and Environment, Chinese Academy of Sciences, Chengdu 610041, China; 2. University of Chinese
Academy of Sciences, Beijing 100049, China)
Abstract: Since the 1990s, a large area of sloping farmland in purple soil hilly region of southwest China was
converted into orchard to prevent soil erosion, increase soil fertility, and elevate farmers' economic benefits. In
order to explore the spatial distribution of soil carbon (C) and nitrogen (N) fractions on the slope of returning
arable lands to citrus orchards in purple soil hilly areas, a soil sampling event was carried out in a citrus orchard at
the Yanting Agro-ecological Experimental Station of Purple Soil, Chinese Academy of Sciences, to examine the
differences of soil C and N fractions and their influencing factors. The results showed that the slope position had
significant effects on the contents of soil total nitrogen (TN), nitrate nitrogen (NOs-N), and dissolved organic

carbon (DOC) (P < 0.05), but the effects were not obvious regarding total organic carbon (SOC) and ammonia
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nitrogen (NH4*-N) of soil (P > 0.05). For topsoil (0-30 cm), the variation trend of soil NOs-N content along the
slope was upper slope < middle slope < lower slope, while the TN and DOC content along the slope exhibited the
trend of upper slope > middle slope > lower slope. The contents of soil C and N in each slope position generally
showed a downward trend with increasing soil depth (0-30 cm). The contents of soil TN, SOC, NOs™-N, and DOC
were significantly affected by soil depth (P < 0.05). The TN storage (0-30 cm) significantly decreased from the top
to the bottom within the soil slope, with a value of 2.37, 1.89, and 1.62 t hm™ (reported as N) for upper slope,
middle slope, and lower slope, respectively. There was no significant difference in SOC reserves along the slope,
with a range from 56.12 to 58.48 t hm (reported as C). Our results provide scientific basis for understanding the
spatial distribution of soil nutrients of the restored farmland in purple soil hilly areas. Our research suggests that
the spatial distribution of soil carbon and nitrogen storage should not be ignored when predicting the response of

soil nutrients to land use change.
Key words: purple soil; citrus orchards; slope position; soil nitrogen (N); soil carbon (C); spatial variation
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Fig.1 Location of study area and sampling sites
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Table 1 Spatial distribution characteristics of soil pH, BD, and SWC in different slope positions

LR pH BD/Mg m SWC /%

fem ¥k W Yr b W W ¥t W Wr
0~10 8.6120.10Aa 8.6520.16Aa 8.5420.07Aa 1.1520.02Aa 1.1740.05Aa 1.2340.02Ba 12.04:1.64Ab 15.7422 57Ba 15.8042.81Bb
10~20 8.6320.14Aa 8.7120.17Aa 8.6240.17Aab 1.1620.03Aa 1.19:20.04Aa 1.270.02Bab 13.0340.98Aa 15.3041.32Ba 15.10+1.41Bab
20~30 8.7120.13Ab 8.7740.17Aa 8.680.15Ab 1.2320.01Ab 1.2940.03Ab 1.2840.04Aab 11.4042.35Aa 15.6342.25Ba 14.9342.07Bab
30~50 — — 8.7120.08b — — 1.2940.05b — - 12.3430.51a
50~70 — — 8.6420.23ab — — 1.3140.03b — - 14.3241.22ab

D AFRKREFRZORF — L EAFRA R ZR R (P<0.05), AF/NG FREFRIRE —AA R - Z H 2572 (P<0.05); BD Ml SWC 70l 3R R s L5k E; «—

FoRZEEARAG A
< 2 NEIEAL AN LE AR =S 18] 73 PR 4 AE
Table 2 Spatial distribution characteristics of soil mechanical composition in different slope positions
TRERE o (WD (2~0.02mm) /% o CHRD (0.002 ~0.02mm) /% o (BHRD (<0.002mm) /%

fem b P Wr ¥k P YR b P e
0-10 24.39+.47Aab 27.6742.3Aab 26.9840.56Aa 58.6633.26Aa 59.5343.69Aa 58.0444.04Ab 16.95+1.27Ba 12.80+2.16Ab 14.99+.15ABab
10-20 26.6040.98Ab 23.25+.36Aa 25.39+.47Aa 58.01#4.11Aa 68.2944.24Bb 58.1644.56 Ab 15.3940.69Ba 8.46+1.67Aa 16.45+1.29Bb
20-30 20.49+1.23Aa 24.78%2.10Aa 37.4142.58Bb 62.56+2.09Ba 67.7542.27Bb 51.65%2.17Aa 16.9542.01Ca 7.7430.99Aa 10.9410.86Ba
30-50 — — 29.1530.87a — — 56.7942.98ab — — 14.06%2.12ab
50-70 — — 27.7443.85a — — 59.84+43.49b — — 11.42+1.39%

D AFRKEFRFRRE—LEARBAIRZR B (P<0.05), AR/NGFREIRFE—WAAR L ZE K ZER TS (P<0.05); “—"FRiZztZEARIG
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Table 3 Two-way analysis of variance to test the effects of slope positions and soil layers on soil physical

properties
TiH pH BD SWC iz T Rk
Wit 0.400 0.000** 0.043 0.000** 0.000** 0.001**
T RIRE 0.574 0.001** 0.205 0.004** 0.000** 0.002**
SRS WA 0.918 0.099 0.441 0.000%** 0.000** 0.012*

1) * TR EEMKT P<0.05, **F i EEMEKT P<0.01

2.2 HE T ERXHIBE A ERA IR R, RFET2ENTE D HFHE

W 2 Fras, 3 FhAr 3 NH N & E7E 0~30 cm -2 ZEF 0N, Hrp B3 0~10 cm
12 o (NH-ND s, A 3.29mg kg L, HEEE L E MRS EACE &S, ik
Lo (NHg-ND AR B R, S NGRS, 78 10~20 cm L 214
P e, N 2.44 mg kg . FHAL @ (NHe-ND 7E 0~30 cm + 2 (A8 (ki34 5 ih i A Al 7],
{HTE 50 cm 1 ZiA B R ARME 1.58 mg kg L J5, #&HEELNIEIN, 78 70 cm - Ei A B3 1 i
fmifE 2.61mg kg [ 2 (&) ] b AL Z[E 0~30 cm L2 NOs-N &I LRE ZR (P
<0.05), HBE+ERA{b#AE /N, 0~10 cm 2 NOs-N & &18 =T 20~30 cm + /2. R
£ 0~30 cm £/ NOs-N F &%) m T B dhpdfs, Hr0~10cm L2 o (NOs-N) fEEA
Wi E, 4~ 19.19 mgkg t, FEREE LERERIMG, SREEERME2 (b 1. b oF
Az 0~30 cm +)Z DOC S FIFFE A R E ERF (P<0.05), HAR L&A 5, HpEE©-
SRR K. 5 NOs-N & &/E A M/ fAH, T3 3% DOC & &K T L.
HIEAL . BIR o (DOC) BHIREEMARMESRLE 0~30 cm LJEH B s —, (A2
76 30 cm 2 U R EARREFAA, 4EFFIE 13.43~14.58 mg kg L IS shyaE N[ 2 (o) 1.

NH4*-N. NOz-N I DOC 43 5l L el A5 5 A4S UM o] VM Lk
B 2 TEHAIEE NHa-N; NOz-N #1 DOC R &8+ RHZE 27
Fig.2 Spatial distribution of NH4*-N, NO3s-N, and DOC contents along soil layers at different slope positions
BARKRE, 0~30cm LERIAFEISAL, 3 TN S804 LI B3 A>3 A>T A7
RN . BN IR 0~10 cm L2 o (TND ¥ dmifl, A FEAL 1)z TEH 2y 0.54~0.83
gkg 1, HEEELZMK, L33 TN SE2IHERAESIE 3 (@) . X T FHA 30 cm
L HLE, o (TND4EFFLE 0.28~0.34 g kg  HIBEENEHIN, L2 Z 7 A EE (P> 0.05).
b AL 0~30 em 1) o (SOC) JLPIriF—2, HEEHE LR R RINR AL, 221k
JEEI N 13.92~17.88 g kg 1. FHAZ 0~20 cm + )2 w (SOC) WAL T b HHF3AL, 1H 20 cm



DL R B8 2R IR 2 5, FEARYERR7E 14.02~14.57 g kg (TG B R IEEI[E 3(b)].
14 C/IN E R 2 RT3 C. N o & ENEER. WK 3 (o fiw, 0~20cm 12
A 3% CIN BU%, 2058 22.50 (0~10 cm 12D 1 25.29 (10~20 cm +/2). FF 20~30
cm BB, AL CN B, JEAE 30 em LU R BB PR S B a3

TN, SOC FI C/N 43y 13 S5, 38 MRS AN 338 i S L
3 FEEfIE1E TN, SOC #1 C/IN iBEXERZES TR
Fig.3 Spatial distribution of TN and SOC contents, and C/N along soil layers at different slope positions
3% TN A1 SOC i & (0~30 cm) VA = [l r A an i 4 Pl #44kE, 0~30 cm

MR L5 TN A E a2 B B RAR&Ss, Hddk by SO s g 43 TN
fifi & 7300y 2.37. 1.89 1 1.62 thm2, I F 43 TN it B &L T3 E (P<0.05), —#HH%E
0.75 thm?[H 4 (a) 1. (H[FZLIEAF AL TN fif &2 R8N, UAE 10~20 cm -2,
Wb BTN GRS E S TN F—3h, fE LEMR, L2 TN it E 2R RE .
0~30 cm )2 SOC fitifEAEA [FI3 o7 (A A0 7 Rl 4F 56.12~58.48 t hm2., H.A1, 37 SOC fig
sEiE, HI3IMIMHZERFAEE (P> 0.05). 5 TN fEEgs A, AFEAL SOC i
B HBLE 0~10 com +)2, 20514 20.13. 20.92 i1 19.74 thm?2 (3 . SRk
T B L JE IR, SOC fifi & 2 IS B S, (2 L2 P2 R FEFEA R ZEE 4(b)].

& 4 REHAL 0~30 cm /2 TN 1 SOC fiEEHIZ B 97
Fig.4 Spatial distribution of TN and SOC storages in 0-30cm soil layer at different slope positions

2.3 T EAEXHABEI 1Tk . R0 & H ik
AN N o JE R T AR A Pl 3 3 138 C. N FR4 B2 L3R 4. 3% NO3-N. DOC 1 TN
SRR IR B BB (P <0.05), HWHEZEZEMEH hr<tZH%E) %t



+3% NOs-N & WA BEFLN (P < 0.05). {HiE 3% NH,-N & 8 53 A0+ 23 E 2 18]
BA YRR KR (P>0.05), Mok, HZEREX SOC & &N E# (P <0.05), {HSOC
()& A SZIALI R (P> 0.05). kWAL ZIRE, DURPIRERZ EAEM, ¥t
B CIN SZmEU/INP > 0.05) . LY S5 3 CN Ff 0 S BRI MR IN5E 5 o,
FEREAMG I, 1% NOs-N & & 5 135 pH BHREZ AR (P < 0.0, Hit
HWC. NHASEES TIEpH HLEEZEMIKLR (P> 0.05), Fr13%E NOs-N Fl NHs*-N 4,
DOC. TN. SOC & &AM +13 C/N {55 BD M E#E fAHRKKR (P<0.01). ARy
ZHELE C. N HASEN YRR K R Hh, 1 EOHBHIT SO bl 35t 1 35
TN %5 SOC &, TN =5 SOC = AKX &R, RHELMEMETE (B 5. R
SRR, 3TN SEM SOC FEEMEZEIEHIKR (P<0.0D), AFALER TN i
5 SOC iR B RFEMILKR (P < 0.05), HIEARESHI 6.6 f13.8, R2417I4 0.76
F10.41, PAE¥I/INT 0.05, FUERBAELS
T4 BNMELEREMNTIEC. N FESSERWHNERFEN Y
Table 4 Two-way analysis of variance to test the effects of slope positions and soil layers on soil C and N nutrient

contents
T H N socC CIN NH4*-N NOs-N DOC
e ZA 0.037" 0.697 0.510 0.394 0.000™ 0.003"
T RREE 0.045" 0.042" 0.189 0.468 0.000" 0.011"
SRS WAV 0.880 0.934 0.986 0.258 0.011" 0.794

1) *FREEMIKFE P<0.05, *FRkEENKT P<0.01
R ESWETIEYIEMRM C. N PO SEHMEEER Y

Table 5 Correlation matrix of physical properties and C and N nutrient contents of slope soils

pH SWC BD Wh Bk kI NHs*-NNOg-N  DOC TN SOC CIN

pH 1

SWC -0380 1

BD 0161 -0245 1

bkl -0.117 0112 0.375 1

¥PRL 0495 0.077 -0.102 —0.736™ 1

Fiki —0558 -0.256 -0.339 -0.241 -0479 1

NHs*-N —0.245 0.424 -0.297 -0.203 -0.005 0.269 1

NOs-N -0.802° 0.305 -0.023 0.113 -0.357 0.367 0.168 1

DOC -0.202 0.388 —0.887" -0.577 0.376 0.209 0.279 0.070 1

TN  -0.375 0.347 —0.949™ -0.324 —0.006 0.429 0.317 0.117 0.884™ 1

SOC -0.363 0.592 -0.853™ -0.098 -0.010 0.142 0.289 0.138 0.784™ 0.873" 1
C/IN 0335 -0.373 0.878™ 0.538 -0.217 —0.386 —0.249 —0.236 —0.901"" —0.905" -0.738"™ 1

D =*FoR i ZE KT P<0.01



5 tth+3% TN 5 SOC &8; TN 5 SOC i ERIHEXMIE
Fig. 5 Relationships between SOC and TN contents, and between SOC and TC storage on the slope
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Fig. 6 Redundancy analysis assessing (RDA) the relationships of TN and SOC contents with influential variables
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Fig. 7 Effects of soil physical properties and sampling positions on TN and SOC storages based on variation

partitioning analysis (VPA)
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