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1.1 HHREER

RIG XA, FYLARE M X ALHS, 2 X AT KL
HURUREL, B RGEIRIE SAR X  AEOKBHAR S Y 464~
489 Jem?, 4EH MINHCh 2 176.7 h, 4EF1)/< N 15°C,
TEREWIL 222d, P3P KE K 1030 mm, FEERAE
5—9 Afr, ANAELRWEN 60%~66%. 71X 1 )5i
HRE L, ROKORIEERERLF, HOTE BB (/D
T 2°), ZAFLLCRREERAE.
1.2 REARRNERH

MEERIAONZ, WRCAEZ 12 45, 2006 4 10 H 23
H¥#ER, 2007 45 6 H 1 HGk. LR 2 Bt &2 40
(N+P,05+K,0=40% (15-15-10)) 300 kg, 2007 4F: 2 }]
15 HiBJE%E (CO(NH,),) 300 kg/hm?., K /NEBANEE
W TCHEK, B HERAE 10d BT LIRS G 79.5 mmD),
B TR i e, Hom AT e U, HEK A
U, NI, AUCKEE R 3K 54 A BE R I AR K X — B
B K oy At s ESRBATCAT AW, IOk gy
) o AT FEAANSZ B R S

UG XA 4 600 m? (115 mX 40 m), 7EH A%
5 mX5 m (Fe/ACPEE R FUUAG B RFE ARG, TA/NE
T BHE SR AR 45 T M SRR Z (0~20 cm) JE I
TR, FER AT R ASE TS KR (TR R RS
IKF) . FHUF R H AR RN 75 Ryk-ah i) o
AR A BRI 2 -fe i Lh D | iR
FUES 4 (1.8 mol/L A MANIRARY oA IE ) |«
W R 30 (0.5 mol/L NaHCO; ¥ $i-4H W Lb (5,3
SED MU R4 A (1 mol/L NH4OAG iR #2- K6
TR E D o AINFEWERISAE— 45 2 L mX L m A7 77
1.3 ZEERERE

BN T S R R TR -5~ TN < i A Sl S B T
EZ TG T EOR, TEWFST LR X E ) A
i, CER| Tz NS X ey AR —
SEFRPE I 3R0E T AN AN - K 4y RO 75 4 IR - S AR
B R, AAEEWTIES: D e LR e
HE BAE NI RENLAE B 558, SEA BN T e 1E A5
AR R 2) [AIEARUA RERIA FHIK A FIFR A
RUE - E )RR, HEAMFREAXME T 5 15X
R EORE AL ) S FE T LA BJRER, ARSCHRHH <45
EIRER” For K MFEN LSRG, RGBT
AR ESED BB ER. FHNHGERRE
1) JE RN SR D 3R

1 %4578 Kriging A1 BAR, K &N T RIEE
FWS LKy R fabn (R 6 A, #ERI 6 14,
FTART AN 12 AR BEAT SRR B, (g e AE
B2 D FoRAEN T AR &, AR RN S D
MEIE CHPIG D s P8 N 2, IAE (x,t) e D Abnf e
BNE i NI QTN Ol
1 s R

'(xt.2) 2{0 S B v

e x——2F ML E S t—— & NEAFI B Tilgs 3
HILFE IS I O, AN LS,
WIS BUK S e R IEAHSS, WIHSR R s
1 Z(xt)>z
H(xt,2) = 0 Z((x,t)) <z

), B ANES I AR . AR G N
FAREMOT A A, ARG . T AT
THTFRERPKR, RICGEHRE 5K FF= 50 K1 55
(R0 R 45 Bk £ AR By o B (R P (Rl )R
RE AR FIAEZAR R (WIHLHIRNAER), Rk
AT R B (G5 TSR FbriEl™)
WA AL, AN AR 1) AR MRk B T2 (i i
(R ARG T AR R DX Sk 1= 395 3 5K A3 AN 2 )

2) RIZBMHES T, (xt) e DAAF LT B&A
wHOOREIHL 124y SRR R B, A
[ A4 B M B 158K 0 FIFR IR 27 -5 s A

3 HZafan BRI RN CRE10 124, 7]
L BEAE S HILPUH S R A =P b, PRI
HEEEIRIRE . GRE TR R R A T S A AAT L
PEREAE, 1T H A SRR AR, PR AT oo kAT AR
PR¥. il Kriging, Co-Kriging 25 3H5. R4 'e nl LLF]
I 2% JEAE W) A T A B B B K o R FE 43 1) A% () AR
s, PRl Kriging 4 {E 753 20 1 28 G487 3 e An B )
AL TEAEY A 6 N B — I P 3K 4y R R 40 25
B ARG, H A RO R BAE, o) 153 BN [F] ) 43 A
K, AR T8 PFE AR A RS R (e b 25
HVF AR B K 4> FIFR R

2 HZRES

2.1 ZPNEFESTEKRSFRSFHENTRIT D0

R L AN R HTIANRE SR LK )RR 7
MRS H . WTIARE SR LIRS KR AR R IY AR,
JEFAE R (C, <0 M, HRERMA RT3
E R AR T B3], X0 e B w2 33 |
FH P pe (AN [R] 5 RS 3K 2 FORT 2 e, A2 k. At
HEFRIy SARPRFIMER G, WX LR, B
EHF A R TR, b e R AT LR
3 K A I U3 S S A 5 S AT R
HIEEAR S (C, >0.1) 0 /N IS 5 023.6 kg/hm?,
AR S PP A 55 o

x1 ZNEFERIFEKSMFSFHESEITFEE

Tablel Statistical characteristics of winter wheat yield and soil
moisture and nutrients

(2)

At RAHn mAME RAE BE befEE RERK

Yikghm?) ~ 155 40836 66656 50236 56267 0.112
MCy/% 155 2951 4041 3497 238 0068
TNy(gkg?) 155 1.03 175 138 016 0114
OMy(gkg?) 155 179 3321 2494 334 0134
ANY(mgkg?) 155 7907 13602 10521 1261 012
AKy(mgkg?) 155 5652  207.94 10028 2946  0.294

HTH
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#EER AINFEWTIA S ERIH LKAy . Rt S BT T8
AR RPN BUME BRI WM R BERN AT, £ 2 R4 T RBEIHRE ke R (32
AP/(mgkg?) 155 1013 6299 2422 1148 0474 IR B A7 () B2 KPR 0.1) 0 B R ¥ R &M IH
MC2/% 155 1702 3048 2401 2163 009 SETRNE BCE TR E 8, SRR R A AR RS AR
TN2/(gkg®) 155 099 181 142 017 0119 MIARCRRRE, W, AR y 5 A48 x KA goE R8T
OM/(gkgl) 155 176 3325 2516 313  0.124 RR=0.6, ULH] y (7554 60%.2 t x [AE SB[, o
ANy /(mgkg?) 155 82.64 14381 111.34 121 0.109 T‘E’u x I ﬁﬁﬂﬁ@ﬁ y gEE ] 60%. &£ 2 2. ﬁﬁﬂiﬁé
AKy/(mgkg?) 155 5508 21912 9177 2603  0.284 S A S R R R A1 34.4%., T K 42 2

AP, /(mgkg?) 155 884 5862 2393 1057 0442

T NAR 1RO OK Y MR REAL: AR 2 FoRuESR ] K RIS
ek Y—7" i MC—LIEE KA, TN—2%; OM—AHL; AN—Gk
RS AK—IH: AP—EUSE. I,

2.2 TIRKSMFSSEYFEEZEREL RIS
NG CRE TR RIL A R FR PR e ikdl, IS
CREIRN T 8 RAAATX A SPSS14.0 K 4

HEMPRE ™ AR 1) 28.0%, 1M [7] N 25 L& i 1K 73 AN 5% 7 A2
S, nfERE T AR RN 36.7%; RESKI TR R R
REARRE ™ 5 A8 1) 33.3%, 1IN HIZK 7328 S A AN AR ™
RARG 2.8%, [AIN G IEAR I FIFRIN IS, R P AL
S LB 5 A EE TR I AR ], Ul X I K K o 5 7
EOCRANEY) s[RI 25 S AN Y] 1 K 2 AU IR 2045
PRI, W7 AR = A S 1Y) 41.00%, LA A BT i

F2 ZNEEH. BRAIRASFSFEE XL ETRRETRBORERE
Table2 Partial regression coefficients and coefficients of determination from stepwise regression relating yield and soil moisture and
nutrients at the seedling stage and grain-filling stage of winter wheat

. moH W R W PIANI 3

b FRoy K5y IR FIFRSY FRIy Uiy IR FFR Sy FRIy iy IR FFR Sy
MCy 12.98 5.652 12.99 4.305
N, EX - EX 66.202 - EX
oM 6.85 3912 5.366 5.206
ANy 1.483 1.406 EX - EX
AKy -0.383 -0.352 EX - EX
APy EX - EX EX - EX
MC; - 446 EX - - EX
N, - - - 129.05 129.05 112.35 11018
OM; - - - 6.12 6.12 EX - EX
AN, - - - EX EX EX - EX
AK; - - - -0.544 -0.544 -0.612 -0.497
AP, - - - EX EX EX - EX
Const 213.32 47.58 93.99 21431 394.60 21431 172.97 47.59 11059
R 0.344 0.28 0.367 0.333 0.028 0.333 0.399 0.28 0.410

FE: EXRIRB BT AR 4 A8 i, Constos BIH 5 FEH I H K0 RS Wi 25K

2.3 TEKSMESNEEETERESFENXR

R LK R S BB S R T as R,
iff o T U R RE I 3 - 3K 43 R R R R ) A (LR 3D
LKy TR RS A AN L AR
RN Ky Xt re AR S B (AR i, 45 & IR TR 0 o ibs
AECTY, o R B B4 B A B, 49 T v A LR
YIS 24.94 gikg, KT 25 glkg JE T2 EACT,
T 25 g/kg J@ & /K, 4G B 25 glkg. H
77 1 AR S AN FE R AR i 2 IR IR ) bR AE IR HL
ANT YA A N BAE A5 g 2 [ U 2 B S 280 ) 7=
AR BN, AR W B
24.22 mg/kg, HEIEIAK 23.93 mo/kg, {H HT T E R0 T
S BURT 10 molkg J& KT LLL, IR st 3 (B Y
10 mglkg. Fi4h, AR S AT 45 R R N PR A I
TR 5 P 0 R A U SR AN A2 1 184 it I 2 %
= o, 1A Ul B e R AR R, AR X FE/DN,

PR, ol s, th SRR RN ANEST)
50 (2) Mk, HARZREN S (2) hAZES T
AHIA
F 3 ZNEEHATERATIEK ST ERSE
Table3 Threshold of soil moisture and nutrients at the seedling
stage and grain-filling stage of winter wheat

A h Hi i R
MC/% 35 2
TN/(g-kg™) 125 125
OM/(g-kg™) 2% 2%
AN/(mgkg™) 105 0
AK/(mgkg™) 100 0
AP/(mg-kg™) 10 10

B 1 g 7 AN TR Y]+ 5K 70 AR AR
LAY JE TS SR AR 7 R N AL 57 R K LB BT 5
e, Hh a NERRE, Co MHEfH, C+Co ARG, B 1
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Fig.l Semivariogram of integrated indicator rate of
soil moisture and nutrients at the seedling stage
and grain-filling stage of winter wheat
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Fig.2 Integrated indicator rate distribution of soil moisture

and nutrients at the seedling stage and grain-filling stage
of winter wheat
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Fig.3 Cross-variogram of integrated indicator rate of soil moisture
and nutrients and winter wheat yield
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0.70, DX =SS mIK, 5 4 REGTHEREN
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SEARR . X A IR H R REGR M, AN A
I3 - 38K o R SR o R e T R 2565 TR /R R RE AR RS P iR
S 58.4%, i TAHMN Z S MIH A HT 45 R (R 2)
17.4%. b4k, ST T v AT I 1 K gy
RIS RO RR R SR H g R, 45 R R
H KAy RO R0 R 25 B P s R iR R 4 /N 32 7 7R
511 50.8%, WEH I AT fFRE 41.9%, 435 ELAH N (1134 25 0]
VT4 R (£ 2) & 14.1%F1 8.6%. i /I 3+
Ry A TN RS P RS RUAT N, BRI, B
WA K RIS 2 FE PR AN I I e o e 3 RS BL T,
AR MR RR 2R R 45.6%. 39.82%.
53.5%, #B/INT-[RI ) % B8 A 87K 43 I R AH AR (49 3071
5.2%. 2.08%F1 4.9%), X5 Z 0 [ 3B 45 F & —EU1
BN RAKE, HE LKA T RIEEIFAZ,
VI X 387K 43 0] 77 ot s I 2L 48 25 /N TR 58 o
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Fig.4 Yied distribution of winter wheat after Co-Kriging
interpolation
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Relationship between spatio-temporal variability of soil moisture and
nutrientsand crop yield

Cai Shouhua’, Xu Ying!, Wang Junsheng?, Zhang Lihua’, Jing Guofang®
(1. College of Conservancy and Hydraulic Engineering, Yangzhou University, Yangzhou 225009, China;
2. College of Environmental Science and Engineering, Yangzhou University, Yangzhou 225009, China)

Abstract: It is very important for the implementation of precision agriculture to study the relationship between crop
yield and spatio-temporal variability of soil moisture and nutrients, which requires improving the methods of studying
such relationship to speed up the process of precision agriculture.The relationship between crop yield and spatial
variability of soil moisture and nutrients at the seedling stage and grain-filling stage of winter wheat was analyzed with
both geostatistics and traditional statistics, and a method to integratedly evaluate soil moisture and nutrient status through
integrated indicator rate was proposed. The relationship between integrated indicator rate and crop yield showed
integrated indicator rate was significantly correlated with crop yield in the range of 67.8 m, and the greater integrated
indicator rate was, the greater yield was. Their kriging maps indicated the distribution of integrated indicator rate was
similar to that of yield. Integrated indicator rate could explain 58.4% of yield variation which was 17.4% more than the
result of multivariate step regression analysis. Both multivariate step regression analysis of soil moisture and nutrients
and crop yield and simple regression analysis of integrated indicator rate and crop yield indicated that soil moisture and
nutrients could explain 33.3%-58.4% of yield variation which was 0-5.2% more than only considering soil nutrients, and
meanwhile soil moisture and nutrients of both seedling stage and grain-filling stage could explain 41%-58.4% of yield
variation, 4.3%-16.5% more than considering soil moisture and nutrients of either seedling stage or grain-filling stage.
Integrated indicator rate provides a method for describing spatio-temporal variability of soil moisture and nutrients and
their relationships with crop yield. Its kriging map is a useful tool of integratedly evaluating soil moisture and nutrient
status, and provides an available reference for implementation of precision agriculture by comparing with the kriging
map of yield.

Key words: soil moisture, nutrients, crops, integrated indicator rate, spatio-temporal variability, geostatistics



