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BRI RS, BOIESL R FL XBRY F B
C1 AP BEA Bl B Al DRI E /B b BOR E 5 TAESEH ., AT 1000815 2 i ARAOE R A BHIR 5 3R5T
Fhe, KA 1301185 3 RO ARRA ey BT e S g0l /AR PR A F A 25 R e [ S BT Akt , IR+ FH 426182)

WE: [ B ] B8 L HA SR 2 R FER KR Z —, AR RFA D = 20585 m e B i
AR, X LOERRAGB A A EEIE SR L, [ ¥ ] SR 20 A B R LT 4 R 32 2R O X
Ok, B, R, @352 (0—20, 20—40, 40—60. 60—80 cm F 80—100 cm) ME pH., 35tk
R . et Eh B S AR BRI RN B, 2 i LU AR R O 20N & R B AR AR AR I b i AR R RRAE R
[58R)] EARRFHTRT, LCHESIME pH /K (5.69) > BHb (4.71) = S (4.74) > Pl (4.49); ZSHtkie & &
SHMRHE (6.54 cmol/kg) = S (6.52 cmol/kg) > B (3.51 cmol/kg) > 7K FH (0.79 cmol/kg); AZHuthEh R i Ak 1
(4.47 cmol/kg) > F-Hb (1.97 cmol/kg) > H4FE (1.26 cmol/kg) > Attt (0.48 cmol/kg); EhELMIFIEE K7k H (53.14%) > F
HL (20.87%) > M (15.41%) > P (4.67%). WE L JZTREMRIN, 2086500 pH HZH TS RREZE RS
MRS EIC R 25 iR It S b - R B I Wi T =, O 60—100 cm (2.34 cmol/kg) > 40—60 cm
(2.05 cmol/kg) > 0—40 cm (1.75 cmol/kg); 7K H A FH 7 =X 2748 55 5600 0 58 i - B8R I g @i kv,
80—100 cm (33.95%) > 60—80 cm (32.27%) > 40—60 cm (31.31%) > 20—40 cm (25.47%) > 0—20 cm (21.08%).
KH . BRI TN 0 pH 5ACHe kiR & iR W UM OG5 Ag et R I S R R SRR RN B 2 B 2 TE A
K P AT T A pH Stk R 2L S 2 B IEAR G MR H T T pH Sac R R & i 2 B A
Ko (S 4FRATNXT, £ 0—40 cm /2, MHLTERE R s, HUOR R PR, /K AT 3ERR R I
ik, 7 40—100 cm +EREAFH/N, BT HHFIH A, BRI B iR & i . S st iR i B
IR FEAR AN BE 1T LA S PR AIR LT R
XA LHORI 2, 20 IR BREERRE; BRfb

Acidity characteristics of red soil profile under different land use patterns

TANG Xian"?, CAI Ze-jiang"’, XU Ming-gang"”*, LIANG Feng', WEN Shi-lin'?, GAO Qiang™
( 1 Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences / National Engineering
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Jilin Agricultural University, Changchun 130118, China; 3 Red Soil Experimental Station of Chinese Academy
of Agricultural Sciences in Hengyang / National Observation and Research Station of Farmland Ecosystem
in Qiyang, Hunan 426182, China )

Abstract: [ Objectives ] Crop types and management modes are main factors influencing red soil acidification.
Study of the acidify characteristics of red soil profiles under different land uses will provide reference for
mitigating acidification of red soil in hilly regions. [ Methods ] Soil samples developed from red sandstone under
4 land uses (paddy field, dry land, orchard, and forest land) were collected from different depths (0—20, 20—40,
40-60, 60—80 cm and 80—100 cm). The soil pH, exchangeable acid, amount of exchangeable base and salt base
saturation were measured, quantitative comparison was conducted on acidification characteristics and their

variation with depth and land use. [ Results ] pH of red soil followed the following order: paddy soil (5.69) > dry
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land (4.71) = orchard (4.74) > woodland (4.49). Exchangeable acid followed the order: woodland (6.54 cmol/kg),
dry land (6.52 cmol/kg) > orchard (3.51 cmol/kg) > paddy (0.79 cmol/kg). Exchangeable base followed the order:
paddy (4.47 cmol/kg) > dry land (1.97 cmol/kg) > orchard (1.26 cmol/kg) > woodland (0.48 cmol/kg). Salt base
saturation followed the order: paddy (53.14%) > dry land (20.87%) > orchard (15.41%) > woodland (4.67%).
With the increase of soil depth, soil pH increased gradually, but exchangeable acid did not change. Exchangeable
base increased with soil depth, following the order: 60—100 cm (2.34 cmol/kg) > 40—60 cm (2.05 cmol/kg) > 0—40
cm (1.75 cmol/kg). Salt base saturation of paddy soil increased with depth, with 33.95% at 80—100 cm, 32.27% at
60—80 cm, 31.31% at 40—60 cm, 25.47% at 20—40 cm and 21.08% at 0—20 cm. Soil pH under paddy and orchard
uses had a significant negative correlation with exchangeable acid, but a significant positive correlation with
exchangeable base and salt base saturation. Soil pH under dry land use had a significant positive correlation with
exchangeable base. Soil pH under woodland use had a significant negative correlation with exchangeable acid.

[ Conclusions ] At 0—40 cm soil depth, red soil acidity of woodland is the highest, followed by orchards and the
dry land, while that of paddy is the lowest under four land uses. Red soil acidity has small variation at 40—100 cm
depth. Red soil acidity can be improved by changing land use patterns, decreasing exchangeable acid content, and

increasing total exchangeable base content and salt base saturation.

Key words: land use pattern; red soil; soil profile; acidity characteristic; acidification
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WHR £, 76 N T AP 0—40cm )2 403 pH K/h
JERE Ry 5 el > W M AA AR > AR 5 > AiAGFE o fh Rl
W, AN [R) A H 5 5 e 1 58 pH AR fkio, PRt
AL DL o AN [\ A w7 SR A, R e
pH{H, Wi, dEmifds - BMHrsA "7,

b ) T AT DB e A R AR T
HEA ISR 28 e R 2 800F 2 13 pH 197281k E
R ST A R B AR A S T3 2 S R
SEMEEZ o BRI, AN L0RD A BE B AR AL

HetE A MR A ORI, S, JRE . M) T,
13 pH . ZCHPERR . S H Pl AR R S DL ER A A
JE A TR A G AR FE AN R )2 (0—20. 20—40,
40—60, 60—80 FI 80—100 cm) FIZZALIFHE AT T
Ay, R FR R R b X419 R Ak R Ak R B
HIS AR

1Pk

1.1 AREXER

58 XL T YL PH 45 AR VL (28°04 ~
28°37'N. 116°41'~117°09'E), % HhIX 43416 i
17.6 °C, 4Ff%/KE 1757.9 mm, P H IR 1777.6 h,
EHBE RN 41%, TR 270 RAES, BT
AT MR e R, R EERPAE  RER AEA, Hi
KAURLTAD AR B 215
1.2 R

T 2016 4 1 H RHIMAR AR 53 (2 km x 2 km) 7E
RILEBSIRE T 4 MORFRI R OKH . B,
SEbE . kHE) 3t 26 S HIERIEAE S, AR — ST
TE IR H B LA R 3 A i hn, T R B SR AT AR R
£, BEEZ K5 0—20, 20—40, 40—60 .
60—80 11 80—100 cm 3t 5 P+ )2, [F— 1 ZRE
3AFEIR GG, R 1 kg 1,
SrR AR . RARSELY), A BKYGE 2 mm
1 mm 1 0.25 mm §ii €5 H o SRR FH2E A B 21338 5] 1
FACRBLILZE 1,
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HRAE SR AE IR A Pl 2y, B 2016 47, KH
UMb A A FRAB AT 30 4, BT 1997—2000 4F +
WA R AR, BRI AR N 5~10 4F,
T 1985 A& A SR AR I A 7 20T 19 L3 kE
PR LR B4 o 1985 AR AN R A 7 U 4n e 3 AR fb
MR LR 2,

1.3 NEmMBSREE

+ 4 pH E R A AR AL AL (K £ HE 2.5
1); AHUTHEARTREF SN s 220 HELE A
2 RHECHMERR (EA) SRAT 1 mol/L S fL4 52 4
— PRI I E s B FacHei (CEC) SRS
PR e i e kR LB 7 (EB) LR =
iRk EhEEAE (BC= EB/CEC * 100% ) i
AR,

1.4 HUELE

SR SPSS 19 # A A T 8dE S 1T304, F Duncan
TR I AN R A FH 7 2RI [] A 398 J2 VK ) 18 B 48 s 1Y)
ZmBEME (P<0.05) 5 RH] Excel 2016 FAFEA

2 HPRE

2.1 AREIFAARATLIESE pH TAHE
HE 1T RUE L, 2058 pH btE A 7 A+

JZURE R BN R A e, ARk B 7R
4.27~6.27 ZIa . FEARFEFIH AT, 2085w
pH K/MEWR KM (5.69) > S 4L (4.71) FIE
(4.74) > PR (4.49); EAFLZ L, FE 20
Jin, £rHEH T pH Z i+ = [80—100 cm (5.39) >
60—80 cm (5.27) > 40—60 cm (5.11) > 20—40 cm
(4.81) > 0—20 cm (4.68)]; E/KHFHTTT, biE
+Z RGN, Z05E pH ZWTHE, N 60—100
cm (6.17) > 40—60 cm (5.84) > 20—40 cm (5.29) >
0—20 cm (4.94); FERHAH T, ANFELZEL
B pH LR EZESF (P>0.05); fEREFMAFTAT,
Z13% pH 7F 80—100cm + 2, 4 4.92; FEMH
FIFHITRT, 413 pH 16 20—80 cm Bl 1 2 i hn
T i T, HR/NFY R 60—100 cm (4.67) >
40—60 cm (4.49) > 0—40 cm (4.30).,
22 AEFIAARTOEFIEZRMEBRIETK
FFAE

HE 2 i IEE, AR, a3
T A 480 P4 2 7 et K/ I R ARHE (6.54 cmol/kg) > 5
Hb (6.52 cmol/kg) > [ (3.51 ecmol/kg) > (0.79 cmol/kg)-
K EFH AT, RS MER & A 0—60 cm
Wil 5 = )2 R R ) N T R AL, RN
0—20 cm (2.00 cmol/kg) > 20—40 cm (0.86 cmol/kg) >

*1 H@XERTHERKR

Table 1 General information of lands for soil sampling

T EHR L (m) BHEARRR TR Fr oA B
Land use Altitude Planting year Sampling number Nutrient management
7K H Paddy 39.1 >30 11 FRRE, AR WEERERSFAPLET 4388 H Chemical fertilizers,
small amount of pig manure; Double rice straws returning to field
5L Dry land 42.0 5~10 3 TR, AREA B ; FEFF A SRHEIX 4 H Chemical fertilizers,
without manure; Rice straw returning
St Orchard 55.5 10~20 4 T FALRE AT DR A HLIE ; I AE8 i A B Chemical
fertilizers, rapeseed cakes; Fallen leaves burned or not regarded
FiH Woodland 62.5 >30 8 AL, 1N BE No fertilization; Fallen leaves not regarded
*2 1985 FARFAB N TLRERULEMR
Table 2 Basic chemical properties of red soil under different land use patterns in 1985
FIFT = . HHLE (g/ke) 2R (gke) eifi A (mg/kg) B (mg/kg) HEEP (mg/kg)
Land use p Organic matter Total N Available N Available P Available K
JK H Paddy 5.67+£0.28a 2474+4.51 a 1.37+031a 120.50 £ 17.96 a 797+190a 73.87+17.14a
4t Dry land 544+£0.35b 2285+6.73 a 1.24+£034a 100.18 £22.51 b 691 +138a 65.55 +24.89 ab
it Woodland 542+0.17b 23.52+6.81a 1.32+0.31a 107.45+2297b 546+1.49b 59.70 £22.76 b

E (Note) : 1985 AEBATRAA M T F A9 L HekE b

B/ DA KR In 1985, no soil samples were collected under orchard

utilization mode, so the data were not available. [F|F$UH 5 A [ B FR AR A 70N 25 57 8.3 (P < 0.05) Different letters mean significant

differences among land uses for the same index (P < 0.05).
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Fig. 1 pH of red soil profiles under different land use
[£ (Note) : L—tHuF|f Land use; S—+3ERF Soil depth;
FE AR NG S 8E R [ —F1) 7 2R AN )2 0K ] 22 538 P <
0.05 B FE /K-, AFIKRE FREFR R 1 LA B R D5 2000 22 5+
ik P<0.05 EI/K¥, Different lowercases above the bars mean
significant difference at the P < 0.05 level among soil depths for the
same land use, and different capitals above the bars mean significant
difference at the P < 0.05 level among different land uses patterns in

whole profile.]
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2 AEFBARTORSE R
Fig. 2 Exchangeable acid of red soil profiles under
different land use patterns
[ (Note) : L—+HiFIf Land use; S— T3 Soil depth;
H_EAR/NG PR R [ — A7 N A RR R A 22 5708 P <
0.05 K-, AN KRS F-RERIRTE R I A 150 77 20 22 5+
ik P <0.05 2FE/KF-, Different lowercases above the bars mean
significant difference at the P < 0.05 level among soil depths for the
same land use, and different capitals above the bars mean significant
difference at the P < 0.05 level among different land uses in whole

profile.]

40—60 cm (0.23 cmol/kg), 80—100 cm + 25
40—60 cm TJRATCW #E 2= 57 fEFHAH AT,
CUIFE AT B R R 7 B BE G R TR 0 1 g o2 i T
5, HAR/INBF A 60—100 cm (8.57 cmol/kg) > 20—60 cm
(6.12 cmol/kg) > 0—20 cm (2.57 cmol/kg); 7&Kl 1
MHFI T T, 20 R 7 B A AN [R] 1 JR= 18]

TREES.
23 FAEFAAFARTORIEREMRESET
HFE

3 afLAE W, EAFEMMITN,
T A2 48t 1 ek R B K/ A 7K (4.47 emol/kg) >
B (1.97 cmol/kg) > [ (1.26 cmol/kg) > #iHh (0.48
cmol/kg), fEAR[E1JZE b, B HJZHERHIN, 20
g b AL S B T R, HOR/NIBUS S 60—100
cm (2.34 cmol/kg) > 40—60 cm (2.05 cmol/kg) >
0—40 cm (1.75 cmol/kg). 7EKHFH T XT, 204
St L SR 20—60 om BEE )R U R RS
A T, AN A b2 584t b B S B Y o 60—
100 cm (5.86 cmol/kg) > 40—60 cm (4.74 cmol/kg) >
0—40 cm (2.95 cmol/kg); fEFHFIH AT, 205
AR AR E 0—100 em B 1 2 R 3 N
MEWTREAR, AN )2 5c ik ER B F oy 0—20
cm (3.00 cmol/kg) > 20—60 cm (2.14 cmol/kg) >
60—80 cm (1.30 cmol/kg); 7ERFEFIH =T, 2%
LR FE S RE 40—100 cm Pl + )2 R A8
Mz, Hrb 80—100 cm )2 H 40—60 cm +
ZRETHE T 0.60 cmol/kg, AS[A] 4238 bE k3L 5
w= ¥ A 60—100 cm (1.64 cmol/kg) > 0—60 cm
(1.00 cmol/kg); FEMMFI 70T, ZEEAcH#ethh
BE SRR 40—100 e 1 2 R 82 1 3G 0 717 28 ¥
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3 AEFAARTLOEINECEERERE
Fig. 3 Total exchangeable base of red soil profiles under
different land use patterns
[7£ (Note) : L—EHuF|f] Land use; S—HIERE Soil depth;
FE EARIR/ING 8RR R — R 7 R AR 2R ) 22 5235 P <
0.05 BFEKW-, AR KEFhEFRRTER A R R 7 2 2 55
ik P <0.05 B3 /KFE. Different lowercases above the bars mean
significant difference at the P < 0.05 level among soil depths for the
same land use, and different capitals above the bars mean significant
difference at the P < 0.05 level among different land uses in whole

profile.]
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=, Hrp 80—100 cmt-JZ2 H 40—60 cm 12 B E T
=1 7 0.25 cmol/kg, AN[A)+ )2 38 bk £ 56 B 8 K/
JF°M 60—100 cm (0.55 cmol/kg) > 0—60 cm (0.43
cmol/kg).
24 AREFAAA LIRS EEAREIOMETAFIE
HE 4 aTLUE N, EARRRAMETRT, a3
T 3 B 40 0 BE /NI S K L (53.14%) > 5
(20.87%) > [l (15.41%) > bk (4.67%). AR L
Z L, WA LB RIGEIN, LU 5 R A
e, HIR/MFF A 80—100 cm (33.95%) > 60—80
cm (32.27%) > 40—60 cm (31.31%) > 20—40 cm
(25.47%) > 0—20 cm (21.08%), 7E/K AT,
ST SRR FEAPRN B E 0—60cm B + )2 TR BE A 19 in i
BT, HK/NBF A 40—100 cm (64.20%) >
20—40 cm (45.19%) > 0—20 cm (28.90%); £ 5l F
HrCT, R I AEYE 0—80 cm B #E + 2K
JEE AR 3G T RS, AN TR] )2 R AR R A RN
I R 0—20 cm (38.68%) > 20—40 cm (23.64%) >
40—60 cm (19.03%) > 60—100 cm (11.51%); FER:F
R, 2 ek A A B e AN W] 4 )2 R JC 3%
25 IR TR, 2O SR B A 60—
100 cm fifi + 2GR N B E & T 1.98%, A~
] 4 2 £ FL 10 FI EE 80—100 cm 4 6.53%, 0—80 cm
M 4.17%.

80 A B C D
£70 L  aaa 00 0—20
g T O 20—40
260 | E L:P<001 | 40—60
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Fig. 4 Base saturation of red soil profiles under different
land use patterns
[# (Note) : L—t+HuA|FH Land use; S— 3R Soil depth;
FE AR NG SRR [ — ) 7 2 AN ) )2 3K 8] 22 738 P <
0.05 BFEAKN-, ARG FREFRTER A R 7 18] 22 5+
ik P <0.05 B3 /K., Different lowercases above the bars mean
significant difference at the P < 0.05 level among soil depths for the
same land use, and different capitals above the bars mean significant
difference at the P < 0.05 level among different land uses in whole
profile.]
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FEAEE R (8 3). FEKH . FEHURTERFE A H =0
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DR AR AR 2T i R 2 R A
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*3 FEFAARRNTLRREERE R EHHEX T

Table 3 Correlation coefficients among acid indexes of red soil profiles under different land use patterns

FIHIT R bR
Land use Acidity index pH EA EB BS ™ oM

7K I Paddy pH 1.000

EA —0.781" 1.000

EB 0.873™ —-0.750" 1.000

BS 0.732™ -0.779" 0.772* 1.000

N -0.613" 0.678" —0.406™ -0.606™ 1.000

OM —0.589" 0.660™ -0.421" -0.616™ 0.986™ 1.000
4t Dry land pH 1.000

EA —0.466" 1.000

EB 0.610™ —0.788"" 1.000

BS 0.401” -0.906™ 0.862™ 1.000

N 0.596™ -0.834™ 0.747" 0.666™ 1.000

OM 0.606™ —0.693"" 0.749™ 0.660™ 0.821™ 1.000
2P Orchard pH 1.000

EA —0.416™ 1.000

EB 0.897™ —0.555" 1.000

BS 0.871* -0.677" 0.964™ 1.000

TN —0.064 -0.350" 0.039 0.123 1.000

OM 0.023 —0.382" 0.036 0.156 0.892™ 1.000
Mt Woodland pH 1.000

EA —0.429" 1.000

EB 0.157 0.267" 1.000

BS 0.304™ —0.005 0.902" 1.000

N -0.307" —0.444™ —0.131 0.016 1.000

OM —0.487" -0.115 —0.058 —-0.141 0.739" 1.000

H (Note) : EA—ACHEMR Exchangeable acid; EB—2cffetEEh L &8 Total exchangeable base; BS—ihFE10 1% Base saturation;
TN— 34 % Total N in soil; OM—+3EA MR Organic matter in soil; *—P < 0.05 (Xl two-tailed) ; **—P <0.01 (WUl two-tailed).

RAE, HAPRERS ™ A= KA H'PO, KR %=
pH FEAIG; QUKFENCIRG , REAT FDRFARL 2 7 R Ak 1Y
IR T, PEUKAE LA B R B, A
KA 1 RJZ pH FEAR; OB XK TR 4 i
FEAFIL T, KRS A6 0 i 1Y = 2 i o K AR ™
A LR SF IR MW B R /KA LR B, R, /KA
T FF o0 it A b B S R B AR TS R K R R =
pH FEREY; @ TR, KR I T 4k
MRk ZE thiA 28, BFJZ MR Bh (2 TR, ek
P S5 3 S T A, S G T 2K
A FHRTINaED, Fenl 2 P ek . A plod

JEIHAR BT Al AP A A TR R, AT
TEAE | WOHEFIRS AT a8 B A% B AR R A T, K
i, K pH B3 T HABA T30, IR KA
Je A SRR — PR 1) R k7 1) e S

SEARNE T oA B 22 B R R IR AR IR
Va0 B R A S AR A5 2R, SRR R A
FIT7 AL+ HER S5 P DIAR R, ATk
W1, FEREBERT . B DL R S SR A — B A
N AR R T 2R 20 S e R A AL
b5 pH AR, T AS ek SR B AR FE A A Al
FHIES pH —2(, T2 TARM T T i 2058
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A AT HIL ST R4 R B 2t 24 i 1 )23 R B 1 185 m T A& I
(E'5), HIEKHEAFMITAT, LOEAcHbEmg & bl
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