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Effects of Irrigation Mode on Composition and Ratios of
Soil Exchangeable Base in Greenhouse
FAN Qingfeng, ZHANG Yulong, ZHANG Yuling, YU Na

(College of Land and Environment Science, Shenyang Agricultural University , Key Laboratory of

Cultivated Land Conservation in Northeast China , Ministry of Agriculture, National
Engineering Laboratory for Ef ficient Utilization of Soil and Fertilizer Resources, Shenyang 110866)
Abstract: In order to fully evaluate nutrient availability of greenhouse soils under different irrigation treat-
ments, field experiments were conducted to investigate the effects of drip irrigation, subsurface irrigation and
furrow irrigation on the contents of organic matter, CEC, the composition and ratios of soil exchangeable ba-
ses in greenhouse. The results showed that the soil organic matter, CEC and exchangeable base ions were all
higher in the surface soil layer under three irrigation treatments. The contents of soil organic matter and CEC
of soils followed the order of subsurface irrigation >> furrow irrigation > drip irrigation, the contents of
exchangeable base ions were the highest under subsurface irrigation. Base ions saturations in 0— 60 cm soil
layer under three irrigation treatments all followed the order of Ca*" > Mg’" > K" > Na', saturations of
Ca’" and Mg®" both increased with the increasing of soil depth. While the saturations of K' and Na’
decreased first and then increased with the increasing of soil depth. Saturations of Ca** and Mg*" in the 0—
30 cm soil layer were higher under drip irrigation, while they in the 30—60 cm soil layer were higher under
subsurface irrigation. Saturation of K™ was the highest under subsurface irrigation and the lowest under drip
irrigation. The ratios of Ca/K and Mg/K were the highest under drip irrigation and the lowest under
subsurface irrigation. According to the influence of different irrigation treatments on the composition and
proportion of exchangeable bases in greenhouse soil, drip irrigation could not only save water and effectively
provide nutrients, but also benefited to maintain a balance between nutrients, which was a more appropriate
irrigation method in this study.

Keywords: greenhouse soil; irrigation mode; exchangeable base; ratio of base cations

W is BHE:2017-07-14

FEIE : FR ARBAFE AT H (41501306) ; B R B #2100 H (2015BAD23BOD) 510 T4 H AR #3430 H (2014027013) ;1L TAH
T H (1.2015474)

F—1EE L1980 B A pEd, BN F R R 5 R KAFS . E-mail: fangingfengl @ 163. com

BEEE K ERA954—) B W+, #%, TENF LU R SRR . Email:ylzsau@163. com



513

Y1 DR 45 A [ 9 0] 5 49 52 46 M £ R A i S L 491 A 52 ) 265

AT AR R o T i 3 Bk 8 AR T AL T i IX e J -y
A TN b R AR T U R L B2 K
UE KO 28 BRI 5 IR IR S5 26 PF T L 0 b Bt it
AR B E KA 5 B SR FH O A A R L
Vot L S R TR AATEE ORI 2R, b
S T AR AR QAR BE by o S Y A RS R A T 1
SE BT B 3 4t 2 M T B TR S AR B2 4k 1 B S
T A B PO S Y R S AT P 5 R 2
AEST . DA o PR 1 A2 i A O B R e 1
PP b3 R AT | ok RS Y AR g
o £ B 1 U T R AR SR T B SR L R
B A R A R R A (R £ S 1 L A e AT
DA e 98 BEAL R o | - S3 0R 3 M) BT o FH R 1 1R e
T B 2% v BH B 137 23 W RE 1 I A Ty K S 1) B
fabpz —" . e AR B A R AL E
T B T I e X R S S A AR G R
SR o PR Ay 1 ) A 0 g L R AR R T
SEHAR L2 B 2 A AR B PR iR
Jit - HE 52 A 6 B A RS A) A S A B T 0 v M T
fifp PR PRI A PF T L A AT 1y 4 1A AR AT

TREBEAE Sy Wit i 3¢ 2 7™ 1) T2 BEH Rl T 4% R i
TV S e B R 6 BRI I T SR
SEMARIONE o AE B P R FH G B R TR i A 3T D4R
e K HE R 25 48 g 1 0 7 ki Jo o 3 T A Mt - B

PR HE 1A R4 i SRR H AT RO £
TR 7 A LA A JR o T A [) 98 38 D7 X 8 7K 031 5 L B UK
R K iz Sl U A AN [ HOG R0 8 v 52
PEEL LR 7 R S 2 b 9K 25 7 A ORI 5
M o LR A 5 2 2 Bt 4 Sk 2 i B R AR K
VEPEER 53 B T AL T A T TR g AE G
TR [FIFERE D7 O 0t 98 BH B 1 S et L Eh A
FIRE R A2 8t % 1 24 1A 52 W) 452 757 1T 4 BT 5 e 2>
DLARTE 5 i R = BE R E BB SE . PR, AR S A R
SIS [ 98 8 777 30T AN [ % B 50 it - A B B 1 S
R LR R RE B A R B 1 AL L ) B W ST R
YA ] 98 T8 777 3N - 38 58 e R B 1 A B
M o DA g - SR AE 3 B4 3 J3E 08 A [ ) 8 188 5 Xt A7 3
A I 1B 5 HHA HE B T X 0 T B 6 R A 7 b
GEUR A AT HF S A RA o H B A B
1 M55k
L1 fiftiE

T8 7 P I A M DR 2 K 30 A7 T8 it T 4
W pEAT . FEMEIRES B 1998 4E I 4R S . B R AR E
B — T REGE AT T 13 4F, W TREFES 4 A
ATt 8 A h A g a. AR o 9 il & R O
L4028 3 RMURAT I, A BB 4 SRS B AT (BRI
o35 50,30 em., HE O AR L 1998 4R 11K
B TF U B L S AR ) L R R IV L 1.

F1 #HEAHETENEREBEUER

HHLE/ A/ Tl fff L/ W/ AL/ S/ TR/ PHES 38 ¥ i/
(g+ kg™ (g+ kg’ (mgekg™) (gekg™) (mgekg) (gekg™) (mgekg™) (cmol-kg™)
22.70 6. 80 1. 30 96.91 1. 86 103.10 17. 60 164. 00 16. 32

1.2 RI&igit

I IRAE (G HHE (D) BHE(S) 3 A~ abH 4
KA I 12 AN/, HE] /N X BEHLHES /N X ] H
60 cm VR ¥R IR T LB 1k K o3 BAHEB A, WY
3L 2B Y8 SR KT8 e H B ME K T E A SR
W EREE , 54 20 mm, P K FLMEFE 30 em.,
T VA T e MR K LA S A AR A X N
BB RHANE 16 mm . FME 20 mm LB HER .
BT L RIREE 30 em &b, 7 B S5 EW AT I B
N5 AN b B 10,20, 30,40,50 om VR B P AR )
I SRRy X HE T RRE )2 30 emL HEK R
PR+ HEK W J3 #4538 R 6,30 kPa, HPERIS b3l Wi i
J2 5K W% 735 5] 30 kPa B FF 4G E K L 3] 4 K
W71 6 kPa B HE/K S5 A, o F 3 Fh i i 7y =0 i o7
SO [E] S YV HE K 5 T E S0 T 2 A5 3 4 T, B
FVIGHE X Ry Jry F R, HLOB WE K ALTE b TR AR &
JEL FEL 5 K RIOR T 58 O V8 T T RS 3 R K
7 s VR B A i Sl 1. 00,0, 50,0, 33, H 4

RAE T REAS Y - R KRR IE I 4R 3 A X Q= W —
Wd) X HXaXS iHE KRR, X H:Q A /NX
WHE K (m®) s Wu F1 Wd 3 5]k E K 45 1 LT BR
- AR W A TG R 1) AR R K R (m? /m?) s H
I RREZEREE (m)sa AITRIBHE L, TEH; S
/N E R (m®) . AR 20 em A 5K J7 31 BdE R
TEK S RIS 5k e B0k B K 2 R B 4 ek
(BRSO B R K i

3 PR FIVEE 7 A B A B AH ) . AR 4
H A RO B2 AR X8 2% 37,5 «/hm”® /R WK AE.
Fe i S A S B R — 4% 0.6 t/hm” L BREREH 0.4 t/
hm”, JRE 0. 15 t/hm’ VE R HEN0 , B AF AL i 5 1
JEE 2 BUR I KB AR 2 WK, BRGBHEIR E 0.15 t/
hm? , IS5 UG SRR AR 5 S RS 2 AR
TETE AR T LA T
1.3 WEmMBS5F*

PRI HRE T A ORGSR AR L B /NX 3 STIEA X 5
AREERL 0 2 R F AR . B SR FETRE 4 5N



266 KPR R

%32 &

0—10, 10—20, 20—30, 30—40, 40—50, 50—60 cm,
R E (pHD) R ML 7E OKR LA 2.5 = Dl
E.THEHE 7 HmE (CECO XM 1 mol/L iR
B AR W e 5 A LR (OMD SR I 6 2 43 HT R
(ElementarIIT #Y, 7 =) I 2 5 4 18 28 # M £h 5L 5+
(Ca™" \Mg*" (K" Na™ Ol 5, Je i 70 % & T Wk
bR R T A AT R A 1 mol/L h sk 4T
Bl $— I W A O O BE R I . b A e M L
SE SR (EB) SR AU ANE T BAR h
1.4 HiEAE

T A 5 % F Excel 2007 il SPSS 17. 0 #f4:
(TN
2 gR5H0M
2.1 EBARXNWNEETEABFLHRERENRS

EH 0

H e 2 Al AL, 45 AL PR 4 A PR A =
CEC ¥JLIFR )2 & i 5 - Bl 5 4 J2 0 R 2 38 8 B AR
A fEka #5340 cm DL A AL & & 1 CEC B+ 2
TR A BE /0N i TR e o S [V e Ak 1 ) +
AHLFRESEAE 030 cm £ EZ XM MBS T,
T V2 4 S T3 AE 40—60 em 4 2 ) 22 30 g 1
TR B RE A B AR, R — B ROR TR
JHEWE AL P 418 CEC AT LU H . 7E 0—20 cm 45 )2 1

CEC LA HE fie K V) HE U i 9 de /)N o HL A& R
bR E] 8 CEC iy 22 33K 8] T 500 18 3 MoK
., fE 20—60 em )2 AN [EIHE R 50 1 CEC 22
IR+,

ANTRIEE Ty =0 it A HLT & A B R
e, FLA B VE A B T R 2 A LT R E
BRI HE SR K BN K Z 5 7K 43 R
FEIARMETA 2] b 2, 22 T SRS T8 (45 3R 2 1 1R
BLITE 53 it 32 030 i 2k . HB HEAL B TE 3040 cm
KB B + K BOIR B R 4. 55 I F A AL 5
RZZ AT S B 2R BG5S Ry
A e R VI o RV 1A AR, R L K
A3 R EE RIS B A R T A YU A o i DA
BT & o AR . MR I e, B S 4k
AP B E I E A OC R X R R A PR
() CEC R T e iR A LT & &, + 3 A bl
JEEAA LA e A AL TCAIL A2 6 e AR 5 i i 22, HC 3 T B 5 5
W B A7 o5 A Bl 2 185 22, PRI oA Lo 5 R 1) 3 P
Fag e b A e Y A T AL B R TR 4 )2
BAMIR & &S CEC Z e RIFTHES M.
Larn, ik A AL & it 5 CEC Z[H] 24k I 3%
EMEXERG=0.670"" .n=18,r,, =0.590), B +
e CEC R A LB & & ny o mm .

R2 FREBRAXRETEGINRSERAETFIHRE

+ 2 —— m— ——
. CEC/ oM/ CEC/ OM/ CEC/ oM/
WEE/em (cmol » kg™ ") (mg « kg ") (cmol » kg™ 1) (mg + kg™ ") (cmol » kg™") (mg *+ kg™ ")
0—10 20.9840. 45b 40.0143.41b 19.8240. 49c¢ 38.9442. 56¢ 22.5040.51a 41.23%41. 66a
10—20 18.2540. 38b 33.8541.02a 17.63+0. 43¢ 32.71744. 88a 19. 6440. 46a 33.9542.00a
20—30 16.9240.47a 24.8941. 46ab 16.30£0. 36a 23.9941.91b 16.6640. 59a 27.7442.07a
30—40 17.2540. 60a 19.4141.60a 16.04=+0. 56a 18.80+2. 96a 16.06+0. 46a 18.2742.29a
40—50 18.53740. 68a 13.01=+1. 48a 17.18=+0.59ab 11.3443. 86ab 16.6840. 42b 10.8141.83b
50—60 17.4740.52a 12. 87412, 69a 17.1340. 36a 10.4143.99b 18.13%1.12a 9.67=+0.63b

T « 2 B S P B AR MR 22 5 MR LR R — W SR AR AN NS F R FROR IS SN BE RS . TR,

)
=

nr

~ °

22}

g y=4.2242x-52.401 °

<20 F r=0.6703

= n=18 °

g o .

&« 18 | ° o

& %° AR N

16 ® °

e

E 14 1 1 1 1 J
0 10 20 30 40 50

FHRER/ (g kg")

1 TEEBFIRESHEINREENXR

2.2 AREBRAXMNEELEEESFHBBZME

S R B R A R Y 2 I AR AR K
FREE B 7 e ORI A 2 v Be ). RS
Bebbh H T Ay Ca Mg K JRAHY T 262519 57 0

HAE A 398 b Bl S H R B 5 W i e i R
FEBENXERY, ME3IAH. /A 060 cm +JZ
T EE RS E AL BEOEB (/3 B 4 i oA 11, 89 ~
14.38,11.97~14.00,11. 94~15.49 cmol/kg. #HIF
2 R [ AL B H A 4 EB 7R 4 LR B LB
VR A I B R 5 K T R 5 B EE AL B BH S 2SS 4 i AR AT
—EXR R L E vl i 5 R R bl
7K 43 B qa) ] L 3@ g b kA 6. T FE 0—30 em
2, Y4 R E A B 2 6] EB 22 R AR/ 7E 30— 60
cm 1 )22 EB W3¢ 8k y4 HE K Tk

AN TRIVE R 5 2R A g g 4 v 3k B B 10 3 T
AR IR B RS, YL Ca™ (5 4 X 3, HOk
JEMg*" 2R KT Nat . #9807 =X e+



513

Y1 DR 45 A [ 9 0] 5 49 52 46 M £ R A i S L 491 A 52 )

267

e vk R B B 1 o AR RS AT LLE L 7E 0—60
em £ 2 R PE Ca®  Mg™ (K" (Na® & & Sk
B HE A PR A 1 5 1 R S A B L RS
Ca”" T 7E 0— 60 cm TR BE 4 )2 3 2 18 ¥ K T ik o
REBR L, ZZ 4Pk Mg?™ 78 0—30 cm 4% 1 )2 b % HE ik 33

£33 IETHUEREETSE

KT HEAL B 30—60 cm = J2 W) Ay 14 9 K F 33 E Ak
B RS HAE KT BR 2030 cm 34 /N T HE AL
BRAL L FAth )2 2 0 VA T T 5 TS M Nat
AR LR TR B H AR R LR AR
TRE T Ak B 1] A1 R AN B

47 :cmol/kg

1R Wi i B
BE/em 12621 1/2Mg* K Nat EB 1/2C*  1/2Mg™ K Nat+ EB /2% 1/2Mg* K Nat EB
0—10 10.30b 3. 19a 0.66a  0.22a 14.38b 10.03b 3.20a 0.56a  0.22a  14,00b 11, 10a 3.47a 0.67a  0.26a 15,49
10—20 9. 26b 2.77a 0.41ab  0.19a  12.63b 9,21b 2. 86a 0.36b  0.19a 12.62b 9, 98a 3.02a 0.50a  0.22a 13.7la
20—30 8.83a 2.57a 0.32b  0.17a  11.89% 8.7a 2.68a 0.3%b 0.19a 11.97a 8.67a 2. 66a 0,432 0.18a 11.94a
30—40 9,24a 2.12a 0.44a  0.17a 12.57a 8.77a 2.69 0.40a  0.20a 12.06a 9, 40a 2.70a 0.44a  0.20a 12.74a
40—50 9. 96a 3.28a 0.48a  0.20a 13.92a 9, 54a 3.04a 0.44a  0.22a 13.24a 9. 82a 3. 34a 0.54a  0.22a 13.92a
50—60 9, 40b 3.22a 0.46ab 0.19a  13.27h 9, 49b 3.21a 0.43b  0.22a 13,35b 10 61a 3. 56a 0.59a  0.20a 14,952

2.3 AEEBRARXTERETERESFIHRNE
AR HE R 7 =0 AN TR A )2 38 $e P FH B 4 R
meE 2 iR, BE 2 8] LUE 4540 BN R R 1 )2
- R B A RN RE H L Ca® A AR R
Mg®"  ZJ5 & K" \Na', %43 3 Ca®" \Mg™ 1l
A EE I - )22 % B A 385 T i 3% 7 18 KL i KT Na ™ i
FEE SR S B+ 2 R B AR S B TR A AR 1,
X2 PR Sk 15 it i 0 A i b R A R L B S A R
KBRS 1 Ca®" \Mg™ #2155 5%
B 3 it A ALAC L AR = 2L R R ONPK & 4 R
BRI A B, SRR R Cat

PR T E %
40 45 50 55 60

0 Ty ! ! !

—_
(=]
1

[
o
T

N
=)

+EEE/cm
3

(¥
(=
1

=]
[=]
I

HETHEAE/ %
15 20 25

|

S
5}
58

T E%HE/cm
8 8
T

W
o
T

60 =

Mg" " F R Ac etk Ca®" (Mg®™ & s 7K, i i AR
FCMARE . R [FIEREAL ] A, Ca®t \Mg™ i FIEEAE
0—30 em + )2 ¥ DL ey B W IHVE A 258 K TE
30—60 cm +J2 Ca*" \Mg™" W B LL B B i T
th ATEA AR . KT EEAE 010 em + 2 DITAE
St BT EAL PR AR ZE 1060 em +)Z LU
BHEAC P f s VAV R D R VE AR, A5 AL HE Na®
MIFELE 060 cm 4 )2 35 DL E b #ER AR . 98 WE FI R
FERALEBR 0—20 em )2 B HERG & TSN A L2
ZRAK, XEERES ARG X450 CEC A
AR 2 IR,

BETHRAE/%

0 5 10 15 20 25
0 T B ! L
10 -|||||||||||||||||||||||||‘ mg

§20W @ Wi
‘@ e et m@g
ﬁ%ﬂ30 . ... e e e e
_‘_]40_. ........................... 1
50 e e e At e A e At e et e A e e e e e e e
60 *-
METERNE/%

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
01—|—|—|—|—f-|—|—|—|—r'|—|—|—|—|—|‘1—|—|—|—|—h—|—|—|—r'|—|1 ! !
10 0.0 L P E]‘?/A]ig

g @
gzo L. L. L. L L. L. LI P L L5 m &%
m J.LLLLLLLLLLLL|.LLLLLLLLLLLLLLLLLLLLLL|.|.LLLLLLLLLLLLLLLLLLLLLLLl.l
ﬁ?ﬁ:;o 5 . e e e | .
_‘_]40'. .............................. 1 .
50 Fr-r—rrrrrrrr— .
60 =

B2 FRERAXTRELESREREFONE

2.4 AREEBRAANZETEEEEF OB ME

VEWI X 3% 0 19 W W o 5 4= 38 5% 20 118 L 00 A 3 %5 )
(325 T IR SR B T R HE AL L LK
FIA G H o S B ETR 7 B LU T o DRI AN [R] 9
W75 T BEE - 9 7 23 b B ) e A A 1 R

(1 LR R . R 4 AT, & A B 1 Ca/
K Mg/K {5 5 5 8 2 50 B - 2 I 8 &
F 30—40 cm VR X E M T R Ca/Mg E 1Y
P A3 A0 LA TR, AR AR AN K. S [R] T Ak 2 T L
B, 1 Ca/K . Mg/K (E B T 18 2030 em + 24



268 KPR R

% 32 %

HE R A Ay R SR T v VTR 2 B A
/N e Ca/Mg B 45 40 B IA) AR 22 48 K. 4% 4b B 4
Ca/K Mg/K fHFR)JZHAK . W85 Bt A 5 T K2 it

FHARAE . S50 S as o P B i & B 3 1A 56
T REEWE 7 XA AT 438 Ca/K, Mg/K 8 A5 35 75 3¢
K,

x4 FAAERAFRXATABLELESHMERES FLLOIXER

+)2 ttapr i B
R /cm Ca/K Mg/K Ca/Mg Ca/K Mg/K Ca/Mg Ca/K Mg/K Ca/Mg
0—10 15.61 4.83 3.23 18. 04 5.76 3.13 16.53 5.16 3.20
10—20 22.59 6.76 3.34 25.58 7.96 3.22 19. 96 6.03 3.31
20— 30 27.59 8.02 3. 44 22.33 6. 87 3.25 20. 09 6.16 3.26
30—40 21.00 6.18 3.40 21.93 6.73 3.26 21. 36 6. 14 3.48
40—50 20.75 6.83 3.04 21.68 6.92 3. 14 18.19 6.18 2.94
50—60 20. 43 7.00 2.92 22.07 7.46 2.96 17.98 6.03 2.98

3 éﬂn: i/&\ (6] #AT . 230k IR EHT, A5, (R4 HEHHEN e sc e tE SR 3 A

(DA [RHERE 7 0 - A LB & & S CEC ¥LL
FZ e B T IHHE IV = TR 7E 30—60 cm
2 AN FIVE B 3 4 A LT i M CEC 22 73R i
%, CEC 5AMU & i 4% 2 A COC R .

()N [FEWE 2T e e vk 46 L 1 LR
BEE S, HILL Ca* (e Xf I #4133 P 1k 5
DIPB AL PR A . 45 TE R AL A R R B 2 R
BE B TR B RN 35 0k Ca®t >Mg"t >K' >
Na®, Ca™" Mg*" iy fil Bf 76 0—30 cm + JZ i ¥ &
#,30—60 cm L EBER M. K IRAE L&KL B
TE by v Y S T T R AR

AR HEME Jy 2T 11 Ca/K Mg/K B K 2
I 2B BE 2 R 2 i v Y e ; Ca/ Mg {H
()3 TH A AT AR AR K. 13 Ca/K L Mg/K {H SR L
TV e IHTE R Z B HE /N s 11 Ca/Mg (&
TE Ab 3 (B AR 22 A8 K

TR 7 O TR) S K B S A 8K 43z sh LYY
AT Bl e LT S i sS4 M R B T
O3 AT 455 X 8 CEC . 3 5t 5 1 A3 S L L il s
FEAERER G . BHEA ATl A VLR,
FLAT 58 1 I A8 e P 3 2 8 1 i ML B IR RN B 5 T
E A R T OREE SR 0 Z ] 1 P
SE R
(1] ®E&AM, A E, IR, 5 1 R & OGS [ Fp Al 4 BR %

fili 4 0 R Ak 5 R i Ak (7], A3 2 4. 2010, 30 (7))

1853-1859.

(2] 25,5k T4, B I0CH, 55, IR S 520k 55 % 4 He 3z et
A AR ] K E R R, 2005,19(6)
78-81.

(3] JFHMGEE, BEAE T, MK . I AR R 35 R0 L 52 2 Y
A s AR AR ARAELT . PE AL AR A 244 . 2011, 20(4) : 134137,

(4] JEpeie. IR, ok B35 45, BEMEEE S #k 55 0 + 398 JH B 730 4
PERERYZ ML) ]. 32 3k, 2014,51 (5):1132-1137.

(5] XM, Figk, T4 M. 55, AL BB K BT £ 358
PEEREEE FA B )] Kk LR FE= R, 2016, 30
(2): 266-271.

B sZ ML) ], N A A543 , 2010, 21(6) : 1492-1496.
(7] k2FRh. 22 B DR RIEE 7 X R RS ot K o0 A 36 e 22
Grak s A gE L) ). BEMEHE K 2231, 2016, 35(7) : 97-100.
(8] MWisal, ik E Jo. A< WA A L % O/ 47 o - S A R g )
BysZmme[J]. + 3. 2010,41(4) :867-871.
(9] kVEME,ARBEVE , ok T v, 55 WL J7 ik 0 i 1 3 AL
PR K T i AR R B B L) ] K R R 2R,
2015,29(6) :1-6.
WA, A AR RE R X L s
S M B A T ] A E R SR 4R, 2016, 22
(4):965-977.
BfRA, Bl ARE. HOBIRE H 3 LR M8 + 4 i As
L RYBEFEL)]. 138 ,2004,36(2) :208-210.
Chen Q, Zhang X S, Zhang H Y, et al. Evaluation of

current fertilizer practice and soil fertility in vegetable

[10]

[11]

[12]

production in the Beijing region [J]. Nutrient Cycling
in Agroecosystems, 2004, 69(1): 51-58.
AR AT, R R R 5 it oA B e R 4 AE b
A B TS E B 38 BT Rk R B 5T (1], - HE2F 4, 2006, 43
(4):571-576.

i, R A S HT A IM. 3 IR, db g th E
Ak B4 s At . 2000 4.

2R85B W R L 45 N () E I 7 2XOuH A 4 £ 0
B2 AL REAE A2 [ ], + 48224 . 2012,49(5) :909-915.
BUlE . e, R, % 1 CEC R m KT K&
Cokriging =5 [ 4ffi {8 4 #r : LA 35 8 17 K 3 87 3% 32y 451
[J]. 3247 ,2010,47(1) : 26-32.

MR AR, fh o B L S0 L A i AR W e ) A b S TR A
A B P A e R UKL A ML A R A
[J7. R AR 25247 ,2011,22(11) : 2930-2934.

22PN EBE SRR S L AN R AR AR BT AT
A 9 2 T 5 A B A A A A ). HR VAR AR K
222247 2011,28(6) :837-844.

I 4 L 5 T I o AL 4 VR - B B T A B R 1Y
25 () AEfL A s e R SE [T ], /K B4R FE22 4k, 2004, 18
(5):1-5.

MR 2 AL B L . OGRS s o b R 4
BB R R Wtk F o S A B R e ()], oKk b R
##,2007,21(1) :5-8.

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]



