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—1,2 1* 1 213 _ 13 A2 5 -2 1
AT, RARK, A, RELY, T4, AW O®wm, BROF, I M
(1 P EAOV R B TS A X RIS /A A A TRk B I S P T 5302, dbs 1000815 2 dbatiigkia sty s,
dbmt 1001015 3 ER LBl BE A FH LTS 500 AR FHAR FH A S R G0 1 R BF AR BG , WIRGARH 426182)

W OE: NHRIALE XOR [FRE A PR 38 32 ()50 T AR A AiE S g R, IR 44 A VL BRI I g 24 4 B B fr
JKH ., FHPIFPRA SRR | UL AR R UR B L, 435 J2(0~20. 20 ~40. 40 ~60. 60 ~ 80 Fl 80 ~ 100 cm)ill &
3 pH. ZEHRIERR | S AR F R MU & SRR, AT TR B S HAH B e R, S5RRM . +3% pH HIbE + 2R
RSBk, ARRHEBA 2SR T LK B pH %65, J5FR 5.80 ~ 6.43, FHbFIH pH 54K, WHEN 4.68 ~5.41, +338
kAR A oK H & 3K, JERY 0.16 ~ 1.56 cmol/kg, FHBAY SR, JERIY 4.22 ~ 7.02 cmol/kg, 7K HA3CHPERR & Rk +
R RIS RS, S R B A . 0 ~ 20 em TR RYSSHIEGE SA LR & BN, 40 ~ 100 cm )2
ARSI S A A R I B B 1 O i B SR 3 UM SG . MR S R i L SRR B 1) F LR R 2 —, b IR Tk . 3
PR DU & B P RE IR IR . BRSSP S BRI 2 —

KR BHHFI SR LRI KH; R BRE

HhESHES: S153 MNEkFRERD: A

Changes in pH at Different Depths of Red Soils Under Paddy Field and Dry Land

ZHAO Kaili?, XU Minggang'”", ZHOU Xiaoyang', CAI Zejiang'*, WANG Boren', LIU Yu?, YAN Fang?, SUN Nan'

(1 Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences | Key Laboratory of
Arable Land Quality Monitoring and Evaluation, Ministry of Agriculture and Rural Affairs, Beijing 100081, China; 2 Beijing
Cultivated Land Construction and Protection Center, Beijing 100101, China; 3 Red Soil Experimental Station, Chinese
Academy of Agricultural Sciences/National Observation and Research Station of Farmland Ecosystem in Qiyang, Qiyang, Hunan
426182, China)

Abstract: To investigate the changes in pH and potential influencing acidification indicators at different depths of red soil under
different vegetations is significant for preventing soil acidification and improving soil quality. A series of soil samples were
collected at depths of 0-20, 20—40, 40-60, 60—-80 and 80—100 cm across two sites (Qiyang County of Hunan Province and
Yujiang County of Jiangxi Province) from Quaternary red earth under two land use types (paddy field, dry land). Soil pH, organic
matter, exchangeable base cation and exchangeable aluminum were determined, and their inner relationship was analyzed. The
results show that pH of red soil profiles from Quaternary red earth is below 6.50, and increases with the increase of soil depth at
0-100 cm. Under different land use types, pH follows the order of paddy field (5.80-6.43) > dry land (4.68-5.41), the
concentration of soil exchangeable aluminum follows the order of dry land (4.22—7.02) > paddy field (0.16—1.56), and it decreases
with the increase of soil depth at 0—100 cm under paddy field, while dry land shows the opposite tendency. Soil exchangeable
aluminum is negatively correlated with soil organic matter at 0-20 cm layer, and negatively correlated with soil exchangeable
base cation at 40—100 cm layer. This study indicates that land use type is one of the important factors influencing soil acidity, and
dry land has stronger acidity than paddy field. Increasing organic matter in 0-20 cm may be one of the measures to slow down
acidification and reduce soil exchangeable aluminum.

Key words: Land use types; Red soil profile; Paddy field; Dry land; Acidification
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TR ey 4T X HERR AN, Bk A -1 o
IR EZR A, R T S SO S
TR AR E TR IE TR, ST E R
TERIIA KL, Guo SEWHFF R, Tk E A Y 11
pH 7E 1980—2000 4F[a] 52 FFE T 0.5 i 24y,
P2 FAE R A ARG - R (b i B2 A 145
HHT A S T RE P B A S U T R A A A A
BRI, & IR AL A EEZE ML, ] Ve 2 )
X e AN AR BH EL ) IR AL 58 & B, TCit R ik
KM, OGRS AR H PR AR BRI, FER
TR 66.5%. Wu ZEUR5 R0, Sk i+
HEEOK AL, B ACIREN &, R R SRR
5o K HH L SRR T T HE X T K R R R
B, BAARERKS . FR0 8B R X, 1
e A RIS AL 2 AR 25 52, S e
RETCR WAL, JE Wi IR RRAR )
DRI, R B i L U 27 396 X+ 3R 3 A R AE 5 Ak i )
FHFAI LR, SHZ X PR R R T B A S X,
SR, BTSSR A SR OK T, S T 445
TR IE R 2 G FR2, SeFH e in -
B0 A 25 SEPERF T i A = o IRIE, AR i LT e
DX (4 P A L 78 L dal——— T P 4 4 VT LRI R 44 AR FH
Bl A B, ATz X HER B 14 T RRAE A
HE5HH A R R, O IX R 1A &

B e 4 TR BRI
1 HREH®

1.1 REXER

VLA RILE A R A AN B B 846 TR E B
HRIZTHE Bl X, & T A S 2 KU . ARV B
ARSI 18.1°C, AFEHFEKER 1 537 mm, 4FEH7E
& 1150 mm, 444 H BAT%C 1 950 h, TR 290 d;
A PHEARE YRR 18°C, AFEHREK R 1255 mm,
EYZE KR 1470 mm, AR HMEC 1610 h, JoRR
300 d.

T2 X b A R 28 2 B 5 7K H (46 A /KRR IE
FIERE & . REIE R HEME . TR KRS A #F b ) A1
UL (FEERERIREAK . FEAUE 7T . P F
YED k) . s/l 1 SR R PR 28 )51 T R 32 11 52
Wi, B 5 B S AR R FH 2R X 26 2 WAk R 52 M, AT
FEMCHE R I 0 3t 7 B3 N B R SR, AR 42
T ELRUAR BH L A8 R [R]85 4 43
ATARF LG, 4 BB N DLAS R4 7 A0 A, 26
BTy s R 2R AR #E i b . BEPEAR R, . s el
LR BEUR B LR AR, RV 14
A, ABPHEL 8 4, TEWLEE 1. AVTE AT 2016 4F 1
H R A v EREBr LA RS (116°55'E,  28°15'N)
JHh £ 41, 4RFHE HAET 2014 4F 6 A R H HHELRLA
B ARPHLIIEsS (111°2'E, 26°5'N) J&ih &4,

F1 TERFESERKR
Table 1  General information of soil sampling sites
SR Hb X FMAIR wHm)  BHEFER@E LR Fr 415 P i U
MTPEAITE KH 37 ~ 49 >30 6 HALHE . DA SE, SEERRAF 2T M 7 s 2Rk
C8T) 40 ~ 54 5~10 8 MEACAE, ASHtGA HLIE, F5 AT E SR 2 W B
WEAMMAE KW 87 ~ 127 >30 4 TEALIE . A iEEZE, REFFEREH
i 90 ~ 178 5~10 4 WALAE . AT LR, FEFF SR HEIX A 1

1.2 HHARE

FERF TR REME ALK T 2 668 m
(4 BEHRHEBL, R “S” TBEREE, H 5855500k 4E
0~20, 20~40, 40~60. 60~80, 80~ 100 cm #t 5
AN ZR A L ERERE S, e )2 R AL 5 A A,
AT G, KBRasfsiR sy, it 2 mm
i, FPU B 300 g VB MR IARE & o
1.3 HmWNESHEST

158 pH R AENE, KEFEE RS 1;
R ABFRFLIAE S KM 1 mol/L LR AT
TR OCEE RN E 3 A8 #4521 mol/L ik
PR PR A A R E R E s A HLTTR %

PR AR AN L 2 3]
SCH R HE AL B 0 T 43 R Excel 2003 Al
SPSS Statistics 20 44 .

2 HEREHWH

413 pH

WE 1R, ST 4 & & AL 1 3
SR E S BR M (pH<6.50) . A [A] kst 1) 2T LA
K H T pH 2, JuFEIh 5.80 ~ 6.43, Hdr, ABFH
K B pHGE A 5.40 ~ 6.43)8E ALK H (L
7 4.98 ~ 5.91), FHIE 0.23 NBANL, 2735 Sl
() pH 3%, TGN 4.68 ~5.41, Hi, 4 0~40cm

2.1
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FJ2AN, AVT R pHGE B 5.22 ~ 541K T4F
FH S M (L RN 4.94 ~ 5.02), “FI{K 0.36 4~ HAi,
SIS ) pH H4 B 4 J2 R EE 3 in S 14 i
B, WHRE BB TRANSL . 5IKZ00 ~
100 cm)AH LG, AR VML X /K FH 9 3R)Z(0 ~ 20 cm)pH [%
KT 0.93 A7, FHLAFRZFEAL T 0.33 HLf;
AR BH 1 X K FH R ZBEAR T 0.63 A8, b
FKERET 0.72 4> pH BAf,

1% pH
4.0 45 5.0 5.5 6.0 6.5

20+

40}

LJZBREE (cm)

60}
—— RVIKH
—a— T 5h
801 —a— FBFH/KH
—— A5 PH 5t

1004
1 REHHF A LR TR pH 895 EHHE

Fig. 1 pH profile distributions of red soil profiles under different
land use types

22 AENXHERESE

21385 1A S8 e M AR 1 B LUK B ERAIG,
$10.16 ~ 1.56 cmolkg, FHLHHE, YWl H422 ~
7.02 cmol/kg(1¥12).

AT B 7K H A A2 B b 4R B Bl 2 IR BE 1Y
BN R R, FRACIEEE N 1.40 cmol/kg; FHLAY
AR AR B U)o 22 TR e n 2 B kA A, K
W& A 2.8 emol/kg o A8 BH EL 7K H 3858 R 75
R TR BB 2RI E FRAR A, 5280 ~
100 con)HH FE, 2)2(0 ~ 20 cm) AUASBLE 58 S FRAR T
1.03 cmol/kg; FHLAYA AL T EAEAJZ IR0 ~
100 cm)Z Al 22 FHEAR B2, 0 ~20 cm LJZ A58 H#k
PRSI T 0.29 cmol/kg.

23 AENTHBRSHEREEFSE

2T H5 350 T ) 38 $ Ak B BH B 5 DAK
i, M3.83 ~ 5.78 cmolkg, FHIEAK, H0.57 ~
3.00 cmol/kg(/13).

ATTIK H A ER LB 7 5 2L 0~ 40 em £
JEREFMLT 60 ~ 100 cm +J2, FEKT 1.45 cmol/kg,
5P M ) 22 5 A i B S S ) o 2 R A 3

LA AT, AR EE N 1.19 cmol/kg ., #SBH 7K H1(60 ~
80 cm +JZEBRIMAIZS AR LB T A 12
TREER G N E 3G ma ., S hniEEE S 0.75 cmol/kg,
S A A R B PH B T S AR A4S R Y 25 ek
ANE, 5IKJZ80 ~ 100 cm)HFL, FJZ(0 ~ 20 cm)
A AZ A ER L P B S B N T 0.37 ecmol/kg.

ZEMRPERE P (cmol/kg)
00 1.0 20 30 40 50 60 70 80

L2 (cm)

—— V1K
—a— IR
—a— ABPH/KH
—x— AR Hh

100t

2 ARFERBEREENTL
Fig. 2 Exchangeable AI’* profile distributions of red soils under
different land use types

AR L PR B 5 i (emol/kg)
00 10 20 30 40 50 60 70 80

0 T T T T T T 1
20+
5 aop
1
ik
= o .
—— NYIUKH
—— AT
80 —a— ARk
—%— AP
100t

3 OAEAEXRBEREMABFRENETL
Fig. 3 Exchangeable base cation profile distributions of red soils
under different land use types

24 AEMNBIRSE

N T A st ) FH 26 28 20 3964 WL R 5t A ) i AR
faniE 4 Fras, ol UL, AKHEZRIZ0 ~ 20 ecm) A HLB
Tl E S TRMERZE, FH&E 12.08 gkg; 20 ~
100 em 4 JZ (G AT 5t Bl 2 R 1 34 i 22 B R
flGta%, 40 ~ 100 em L2 A VL& EIES )2
2EFMAREE, FY&EEN 6.19 gkg. FIZ0O ~
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o , ﬁ?ﬁﬁﬁg§> o ey 2PURC20~40 om RJRAY pH SR AENIA T

0, ; ; - - U EHUR SRR B EEAME: 0~ 20 cm +RRAHE

BEAVE S EEBEAMR; 40 ~ 100 cm /209

20| S R 5 S A S I B T I L B U
z 3 it

5 40t

2 AL AR R , IR EE SR T 2R D)

= o ok A, LIHOK MR pH 53 T8 1), M

e AU T AR A B RS () 2), A5

S0l — AR SRR IR, 45 KA R T ,

- 0 A R 1 I A SR B U B A5, A

ool T T3 . BT R WAL R, S T L

El4 CRFEBVNRSENEN

Fig. 4 Organic matter profile distributions of red soils under
different land use types

20 cm)BYAHLBT & 1t W& = TIRJZ (40 ~ 100 cm), H:

o, AT EOKMEEEI T 17.03 gkg, FHEE N T

4.17 g/kg; FRBHE/KHBEINT 17.04 gkg, FHIEN

T 7.28 g/kg.

25 AELERLOEBREERZEREXE
CUIEAN ] )2 22 0] TR B 48 s 22 R) A4 A DG PR dn 2

pH®), Guo ZEM/rHraeil, Mt U = AR )
H & W m Tk Qin Vi £ 3, SHufisfL
AR BEBOK &, RAEMAEACVE SR, R KR
BEINT HT BRI, SRR AL K R HEK
FAF N IMAL T IREIAEE, 255 kAR AHAGIER , T FE
H, REfE—EREME I 4E+r H3EAY pH.

BEAR, BB R FH2E RS, H AR A O =0 (R
FoREE | AR ﬁ‘ﬂiﬂlﬂ&}ﬂfr)ﬁi%@ﬂ“’le
FRAEREI , TSI R B, S 30 47 i) i

R2 UBRARTREZEEERAHERXME

Table 2 Correlation among acid indexes at different layers of red soil profiles

132K (cm) B2 i 46 b pH Qe AR T AL
0~20 pH 1 —0.704 0.863 0.733
AL 1 -0.803 -0.955"
TSI HE 1 -0.923
H LB 1
20 ~ 40 pH 1 -0.798 0.991" 0.980°
AR 1 ~0.859 -0.73
S BB B T 1 0.948
AHLE 1
40 ~ 60 pH 1 -0.791 0.935 0.341
LR 1 -0.955" -0.576
AR AN ERFE T 1 0.459
A ML 1
60 ~ 80 pH 1 —0.867 0.903 -0.513
SR 1 -0.966" 0.168
TSI HE T 1 -0.194
H LB 1
80 ~ 100 pH 1 —0.844 0.92 -0.384
AR 1 -0.987" -0.003
S BB B T 1 0.111
AHLE 1
e BEARE n=22; *FRAMISEME P<0.05 MK, **FIRHKEL P<0.01 BE KT,
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FH1 B2 K FH R 5 2 HE XU e 2 R 52 5 FiAe
JG, PReRE T R A B, ASBITSEARE AT B AR
BHELAN TR B 3t R 5 =X A T AR L], A4 S
JUBE N L RIS L BEA T A L, PR AR R A ) A 2 2
Lo AEAE B DL (3R 3). A LB, ZIXER MBS
AW, HRDUEA RN 173, s s
JE pH BRIy FZ A1, AR AR TR B
FHIT7 A B 8 DX s, A0 BH L YK T A A
BN BRI B REL4%  —2, ARV E Z LI
FREMRN T, MR T TR R A, ORI
g AR H S, SEWHER pH BK.
TR, VLR LAMAEAE A 9 32, 4B FH B LA
RSN, A EAEAE A LI, TR R AE Yy 1E
Fadfdnl A °HY, R B Tt 0™
H 50, I E 5 S22 pH BRI,

STBEIZ(0 ~ 20 cm) IR S5 1220 250

AP Hs R S R A EEE N, HEEEA
PLBTE RSN, TSR AC iRk AR & i WS PRI, AT
ZH, FE0~20cm )2, KHMAVLE SR EST
S (& 4), seHetish & R B K <5 (& 2); 41
KA MR, AL S AT & 5 3 A
K(F 2). AVFE—FVE IR T ERREY,
TAHRERE, RESERA, XRESRETE
AR AVER, PR ER TR ED, B BE G 40 ~
60 cm 2 HHAVLE G RAA BERFEEEL, A
WF5E, 40 ~ 100 em T2 AP & EAES L2 E
ZRWEARRE, FHEERN6.19 gkg, BEMT 0 ~
20 cm FJZ0KH 23.61 g/kg, S 11.53 g/kg), UiHAA
U A BRI FRERME; HADCHE 4 R R,
40 ~ 100 cm +JEBA BT S AL B B I IO G
PR 2)o BULAT UL, HEhnHk) H A DL & =T HE
SEIEIR AL . BRI IR AR B i A SRS —

%3 WRENREEEEREAERSE

Table 3 Information of nitrogen application and acid deposition in study areas

SRR X HE R 21 Hr st ) 5 X it UK T T
(kg/hm?) (kg/(hm*a)) pH  WEHTBR %)
TLPEARYL K H TR 130 70.9 4.17 86.1
=R 240
b pies 90
Wim A B 7K H RS 180 47.6 52 34.7
P&y 290
i K. ke, a% 117

T iR B R IR T S A, SR AR R B A I T SCRRBERE

Ulrich™ ™4 + HEMR 28 s IR R 500 - BRIRERZZ ik
F(6.2<pH<8.6). FEMRELZE WA R (pH>5.0). FHE
L A 2 (4.2<pH<5.0) . FRZE MK £ (pH<4.2)%%,
WG A UL+ R E ML R R
(4.2<pH<6), VIREFRER AN FLEWPIAR R, L
PEAHISE R IR, 40 ~ 100 cm )2 M HAERR 53¢
P AER LB T B W UG (ER 2), HT L,
ZAMNRT YRR /N B 2 B 2% i e LR R B
FE: AN HT 5 BHE & A 3c b, BB H S+,
FHEF ok, B E—2 5Hakyn, £
PEERTZ W
4 it

1) HERR i 55 A iR FH S B B DA DG , 2145650 1H
pH A K > 1, 278650 1 ) sS4 4 A i 2 8

K <5 b
2)LLHERFZ (0 ~ 20 cm) + I A AT H k48 5 A HLFR

et O
B

A, 40 ~ 100 cm T2 HERE S
HE TS EE R ENAE,
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