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®1 0~20 cm LE T pH AHEMFSEE (1998 4F)
Table 1 Soil pH, organic matter and nutrient concentrations in the 0 ~20 cm surface layer of the experiment field (1998)
e AHLB 2R e el R AR LR
Soil pH oM TN TP TK Avai. N Avai. P Avai. K
oi

(skg™") (skg™) (ske™) (skg™)  (mgkg™) (mgkg™) (mgkg™")

WA £ Meadow soil 6. 80 22.70 1.30 1.86 17. 60 96.91 103. 1 164.0

VEK P L PR R R 43l 15 SR K W
6 kPa 40 kPa, THRNEIEZEEEHERVAREEL 0.4 m,
BHERL0. 3 m PRI 2000 LR 1. 0, T TE A
BUEIO0.5, ZAHRIVE JHIE B HEL AR K
3904 364 m® hm™* (182 m® hm >l 121 m® hm 2,
FEAS /N R 3 5K 73, 243K 20 em 13K St
3K F13k 40 kPa IFIFERHEK . FE4E 4 A FA)
FemE 8 H a2, o), 13a [R5 FEY
THEVE K 6 YK TE/K M 2 295.9 m® hm 2 M EViE
K11 W FEK B 1 912.7 m® hm 2 B HEREK 12
K KM 1 691.5 m® hm 2,

25 Ak B e JIES A 7], A 2 3 b B it S A A HLAE
(¥93€)37 500 kg hm I ; 7 AL A% o VA0 it R
%300 kg hm % W R — 4% 225 kg hm ™% B iR 4
300 kg hm SR ; F A AE — 55 T REOR I R0 4
B it R % 150 kg hm 7,

1.3 TEHRRE

RRAERR IS — 0, WOk 5 R — BLOR R
RZS . BHERESL T 2011 4F 4 A BRI R 4R, &
ANDKFE S RUA U T AR AN, B AR AR TR BE 43 5]
HO~5em.S5~10 em 10 ~20 em .20 ~30 ¢m 30 ~
40 ¢cm 40 ~50 c¢m 50 ~60 cm ;B4 55 5 A — 2 R - RE
BA, AT Gt H .,

1.4 MEmMBEKFZE

+ 4% pH FHBEES s A (K 1:2.5) P5E
AT RR A A bt HY AP A 1.0 mol L™'KCI
P I —T B AR 2 vk D 5 FH S T A f i
1.0 mol L~" i 2 TR B A M I a2 5 284k Ca® ™ |
Mg”* Al K* Na* +FEFH OB bR K iE M
FH 1.0 mol L™k L FREIZHE , 43 ) L JFF- IR WAc i
FICHAICRE DI E ;5 - e A 40 P bk 2 S i R Rk
B, HEEANUT R C NS JTE 411 ( Elementar
1) 5 ;NO; FH 0. 01 mol L' CaCl, {2 H-AA3 4L
AN A BT E
1.5 Rt

iR H] DPST7. 05, SPSS19. 0 Fl Excel 2003 3
(N

2 HPREH

2.1 TEEEME

TS PR YL E 5 A I [ A 2 T W B H
b F P HRIRAS 1 A TR D H B 0 PR
i, pH A, [ 1 AN )V R A B - 498 pHL 5 1T 43
S R, R 1 AL, = Rl AL BE 4 12 pH
ST AR AR AT AR5 D 22 )2 £ 3 pH 241K,0 ~ 30 em
42 448 pH BEGEERE N HGE T 5,30 ~ 50 em
JEASE A28, 15 50 ~ 60 em )2 A 25 6] T
RIS TF LR ETY pH.,

HE 138 AT LLE S [A) 3 0 AL 28 1) + 35 pH
B2 3 FEAIET 0 ~40 em )2, IR B & T
WREFNBHE 5765 1% BEKT B MK
T (A H 225 R 1E 40 ~60 em )24
M pH /NTF T RE T E LN TBHE (A A B[R] 22
LY NTE
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Fig. 1  Variation of pH in the soil profile
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A ER & & Exchangeable acid (cmol kg™)
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Fig. 2 Distribution of exchangeable acid in the soil profile
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Fig. 3 Distribution of exchangeable H* and AI** in the soil profile
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Fig. 4 Distribution of CEC and EB in the soil profile
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BETHLT Y5> CEC AR {HASC +3E CEC If 2 2 WA VEWR AL B LD A 0 P £ ﬂ@%nrﬁ

ﬂﬁ pH R T R, Ui B (1K £ 18 CEC B K/l

AR FE LR TAML SRR T & 5, LIE2
FH? CEC AJa], 85fdi 45 Ab P 4 3¢ BS (5 3L 40 F1 )
5 EB i s A A6 (K 5) . &R AL B 11 BS
BIRZEAL, b G 2Bz #4540 2 ]
FHAEE,0 ~60 em 122 BS S LLVARE R A% 76 0 ~
30 em L2 LITHHE BS Sy | H5 VAV RS HE AL FL )
E5IK 5% B EKF,

(I T 5 CEC IWHE ) TR 4R, hik2

DL, =R AL PR 4 1 )2 1 e sE e £R 3 %‘?’E@%ﬂ
Fﬂ?j(/J W4k Ca*t > Mg®* > K* > Na*, H
Ca’* | Mg” " MU Z AP RE T 46 S0 A B+ 2R
r“ibnﬁﬁij:mﬁméﬁﬁ%ﬁ;ﬁﬁ K* Na* 1 1%
SR D) 2 i R IR e BRI T R AR A
WAL BRIE] F A, K ¥ R Na * 0 I 2 FIFE O ~ 10 ¢m
TR DIAHE e B TE 10 ~20 em RIS

HEIEHIREBS (%) VEE e TV BRI 7E 20 ~ 60 em T LAVB HE B i YA
65.00 69.00 73.00 77.00 81.00 85.00 . ~
0 ; ' ; ; . MEAK, BT K* M Na® 5 TREK R 8h, Wi+
_ . o FRLAIRE 2 R %) ) T 3 A B e 1 A T 98 18k 7 2R o
E 10F —@— 4} Furrow irrigation %yzﬁjﬂ’]#j{ﬁljj[nmj
= —— ji%5¥# Drip irrigation -
& 20r s N 2.4 TEWSEREUIRESE
= —a&— 75} Subsurface irrigation Hﬂ
2 ol SRS ENAA LT I E A R ANk 3 fr
B Mo HRFE3 T UL, 4% INE A B 2 ) 9 Y 7 L 2
i L
I a0 FR , HG 5 I 2 3 9 T L A A 0 ~
.l 10 em 5 4 B R 25 S B HEUIBUT B >
> THHE 10 ~ 30 em L2 AT > B > T,
60L Sy Sg it NN . e
LA P 95 T P Ak B 6 T 2 5 08 5 % S 3 K
KI5 5 BS FlmE Ak 30 em LAR 2 JZH LI FEAL P AR v 0 TR HNIS E 22
Fig. 5 Distribution of BS in the soil profile E‘Z:jt 5
®2 TEIHMEREETFOMESITSR
Table 2 Statistics of exchangeable base ion saturations in the soil samples( % )
+ 2 Soil YHHE Furrow irrigation JHYE Drip irrigation B Subsurface irrigation
depth(em) 1/2¢a2* 12 Mg+  K* Na*  1/2Ca®* 1/2Mg?*  K* Na*  1/2Ca®* 1/2Mg*  K* Na*
0~5 48.79 15.29 3.19 1. 08 49.92 16. 08 2.90 1.13 49.08 15. 54 3.09 1. 15
5~10 49. 46 15.12 3.10 1.03 51.27 16.22 2.69 1. 10 49.59 15.32 2.86 1. 14
10 ~20 50. 74 15. 18 2.25 1.01 52.2 16.24 2.04 1.08 50. 80 15.35 2.55 1. 10
20 ~30 52.94 15.44 2.53 1. 00 53.45 16. 44 2.39 1. 16 53.36 15.37 2.59 1. 10
30 ~40 53.54 15.75 2.55 0. 81 54. 66 16.76 2.49 1. 12 58.52 16. 83 2.74 1.23
40 ~50 53.72 17. 69 2.59 1. 09 55.55 17.71 2.56 1.27 58. 86 19.96 3.24 1.27
50 ~60 53.82 18.43 2.63 1. 11 55.39 18.72 2.51 1.31 58. 00 19. 64 3.25 1.08

®3 ITEWHSENEIRSESRITER

Table 3  Statistics of NO; and organic matter contents in the soil samples

B Subsurface irrigation

AHLEE OM

T HE Drip irrigation
AHLE OM TEEOY A

VARE Furrow irrigation
HHLBT OM

+ )2 Soil depth

fis A% NOy -N fil A% NO; -N { NO; -N

cm

tem) (mg kg™1) (gkg™) (mg kg™!) (gkg™) (mg kg™") (gkg™)
0~5 1021 b 42. 40 ab 502 a 40.82 a 1308 b 42.61 b
5~10 680 b 37.62 a 204 a 37.05 a 1276 ¢ 39.86 b
10 ~20 540 b 33.85a 66.2 a 32.71 a 465 b 33.95a
20 ~30 107 b 24.89 ab 65.6 a 23.99 a 82.8 b 27.74 b
30 ~40 74.3 b 19.41 a 54.1 ab 18.80 a 43.3 a 18.27 a
40 ~50 37.1a 13.01 b 23.4 a 11.34 ab 30.4 a 10.81 a
50 ~60 45.8 b 12.87 b 21.1a 10.41 a 19.2 a 9.67 a

A L2 R —E R bs , AN F/NE

cant difference at 0. 05 level

ST REFRINIE 5% W3 255 Note: Within the same soil depth, different lowercase letters represent signifi-
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U S HAE 0 ~30 em H )2 RINBHE > W > i
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3 i ®

3.1 ®mIERLEERSH

3.1.1 +3E pH 58k 6 245 Ak FHAN
] )2 138 pH 5 2840 R 75 ik (8] 14 4H 56 20 BT 45
W, FREIRTAL, 4R AL B 4 8 pH 5 A R
T AR B 2 U OC R (p <0.01) , {HARK
Ty FESHR A O Z2 50D T I Ak BT A [, ) 98 Ak 3
Pk R EE b T~ B pH R 16 8 B 5 T ik
FBHEACE, Ui VA VE + IR IR % v e ik, 5
T HE RIS HE A H B R A

711

69T Yili=-3.505 7x+7.238 4

67l r=-0.987"

65 L ® Y43 Furrow irrigation
T 63 W 343 Drip irrigation
a 6. =-3971 5547238 8 A 53 Subsurface irrigation

6.1 | ’ ’

r=-0.996"
59
57 yi8=-3.219 9x+7.163 A
T r=-0.984"
55

0.00 0.10 0.20 0.30 0.40 0.50
AWtk R & B Exchangeable acid (cmol kg™)
K6 3 pH 5L & YR

Fig. 6 Relationship between pH and exchangeable acid
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R AL FEAS R A+ 2 3R pH 5 5 L1 0 AR
KON, R R B EAHCKR (r =
0.873"" ,n=21,r,, =0.537), 7ELILRE | Pk —
xF 44 pH 5 Ca®* . Mg®* K™ Na I HIE Z ] %
RGBS BT, 245 | T 5 B3 78 f 5 o B 5%
T E K AR B E R

pH =1.367 +0. 091x, +0. 079x, —0. 406x, (1)
xS 1/2Ca% 172 Mgt K ' 1Al
JE(% ). FRBZERFEY], (1) B3] 1% B2EK
F(F=53.30"", Foo1n =5.19) 0 XHRE(D)
AR A BT VA e, o, i [T R ARG
2 1% 5 E K-, oo, it 719 R EGE 5% 83 K5 A1

7 G A AR 810 R b, by, b 430 0,674
0.323 1 - 0.287, ] WAL 43 pH 5 45 56400 A
KRBV, H ¥ A2 Ca 1M, HikE
Mg K ML
3.1.3 +HHEpH 5MEAES & H T K o it
BB LB R VE R, NOS 25 R AR B 1 R L 2
TP b )2 3 h | kSR AR B FOK R S AR
H* e FE IR EZFE A Gt b
LW, S EBEA PR F] )2 458 pH SRS RS
T R A AR (r= -0.896 7" ,n =21,
ro.o =0.537) , BRI 4- 4% pH BEA i A8 A i3S b
FEARR
3.1.4 EHISHMEHT AP 5EIESE S -
FEEEAPLE R B R i L —
FRHE, T VLR BB B A LR IR A S
W B BH B - 1 0, 2 A B R H (AL 9 TR
e U8 R, AL S S e 0 AP BT
BRIIE A B EVIRBER " M G
B TE 0 ~40 em 25 J2 A5 [ HE 8 Ak 2 £ 32 19 HL
B 5 1/3A /EA B2 B E R K KR (r =
-0.941"" ;n=15,r,, =0.623) ; BB - IEA PR
N, 1/3A1 5 EA M ELBIREAR H* 5 EA 19 EL )
B, BB A HLTE AN AR HY M E R IE, A
AV RS ROV ARG, T #E 40 ~ 60 cm
T2 A HY AP EA BB S AL Z
] AH 2 R B IR B 5% 3 K-, Ul B HL &
AR, Hoxsg bk H AL B34/
3.2 EHAXZNERL BRI
ZAEYIFE W R RN AR EFEITLRIES
Ak MR A6 DA B A 0 A R 2 s,
Pt e 0 RN H W T R AR R
IR KL AR 25, SGIE— R R T AL R
B, 3K AT BRSO i - SRR Y B 2 —
DIASTR] 7 X R, — VR TR KBRS T B K i
TRlE RN N AYNE VA I (R 7/ R R = B G N Y 958 N
] K it B R K 5 - HEK 4338 Bl 7 ) | R A
5 P EEUR TR B T BB AN TR T AR
i R A A 2 R E R R N, WAL
PRV K i K, FHS EVEKIS 0 ~40 em H)2 4
TR ELK 2 & 5w, KA BRI ) F 38 3 AR
TR TEH RN R R T s B s Db 5E
RKELHOK R, IR b, B2mM HT
AP NO, SE8URR B 1 B At 25 3 2 7 R % Bl K B
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EFFECT OF IRRIGATION MODE ON SOIL ACIDIFICATION IN PROTECTED FIELD

Li Shuang Zhang Yulong' Yu Na Liu Chang
(College of Land and Environment, Shenyang Agricultural University, Key Laboratory of Northeastern cultivated land conservation of Ministry of Agriculture
110866, China )

Fan Qingfeng
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Abstract

rigation mode in the same protected field where an irrigation experiment had been going on for 13 years to explore the effect

Soil samples for analysis were collected at different depths within O ~60cm from three plots different in ir-

of irrigation mode on characteristics of soil acidification. Analysis of the samples show that the soil active acidity and the
content of exchangeable acid decreased with soil depth in all the treatments. Soil active acidity in the 0 ~40 cm soil depth
varied sharply between the treatments, displaying a general order of furrow irrigation > subsurface irrigation > drip irriga-
tion, while the differences in content of exchangeable acid between the treatments were significant mainly at the depth of
0 ~30cm, showing an order of subsurface irrigation > furrow irrigation > drip irrigation. Content of exchangeable Al’*
increased first and then decreased with increasing depth in all the three treatments, but the lowest in the treatment of drip
irrigation. Soil BS increased with soil depth and showed an order of drip irrigation > subsurface irrigation > furrow irrigation
in the 0 ~30cm soil depth. Soil pH was negatively related to exchangeable acid and nitrate nitrogen, but positively to base

* saturation, both to an extremely significant extent. The proportion of A’ against

saturation, especially exchangeable Ca’
exchangeable acid was negatively related to organic matter content, also to an extremely significant extent. In conclusion,
soil acidification in protected fields is closely related to content of nitrate nitrogen, base saturation and content of organic
matter. Compared with furrow irrigation and subsurface irrigation, drip irrigation is conducive to inhibition of soil acidifi-
cation.

Key words Protected field; Irrigation mode; Active acidity; Exchangeable acid; Base saturation



