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TEAKSGRAREGERFBEHEEART
o HaERE . SEEMSHFELEEEHREDH
S REFRFRE, B, RE AL E -8 KS
M EERHE R KEEEFREHRE
EHEXY, B4, T RAKANUTCHRSE L
WHEMF R, BERESXKBHN R L&A MK,
P LKA AT L &K BEEENELL,
BEER, LU RSEEENERERAA, &
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B, BREBTRERMA LA EN,BEREK
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ARAEEKGHRETRERBEKSANTEER, AR 0~

% 5K & 4 :2009-11-06

X ¥H S 1000-7601(2010)03-0053-05
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Fig.1 Variation of soil moisture in 0 ~ 150 cm under different water supply treatments

FINFRAEALEELEHREREKEH
EREAB BELEEKENELEE,

BEIATUEY, MERE/NEM,ARLEE
TREMAKSMERRBER AR REKLHE
10,10 ~40 cm + /2 + WA S BB R R BB H B,
50~120 cm TR+ AN ERRZBZEHHE KX, 130
~150ecm B BAFERRBEXEH B ¥
—7KALTE T1,10~60 cm + E A S HEREHK
BHEW/A,70~110 cm LB L EKFHEREEZF

Wi A ,120 ~ 150 em + B+ BA S HER BHXZE
W /Do MHAKLE T2,10~30 em T E K S
MR REBEHB A ,40 ~ 100 em + B LK S 8
TRRBGEHHKA,110 ~ 150 em + B+ K03
REBNZHE /N I B RMEKRER K G
T, tREEEMNLET,0~50 em +E+ KB
EhFEEORNESTETEM,50~120cm £ 2
B AKX BEEEIZ,120 ~ 150 em /2 13
KB EHBTEN,

£1 FRABALEETEIRERTAKBRYERRY

Table 1 Variation coefficient of soil moisture at different depth under different water supply treatments

BB Depth(cm) 10 20 30 40 50 60

70

80 90 100 110 120 130 140 150

TO
T1
T2

0.050 0.047 0.044 0.043 0.052 0.066 0.075 0.079 0.083 0.086 0.088 0.090 0.088 0.084 0.077
0.070 0.058 0.055 0.053 0.049 0.044 0.048 0.052 0.054 0.055 0.058 0.058 0.051 0.050 0.049
0.064 0.059 0.050 0.053 0.055 0.056 0.059 0.060 0.063 0.063 0.059 0.059 0.054 0.049 0.051
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2.2 REEREIBAKEHELAESH +EAKBAEE520~150 cm HF+EEKE WA
HE2ATES  RAEAKLHE 10,20~ 50 cm & XHERIF., E—KLTE T1,40 em. 50 em T B &K

£2 0~S0mELEEAREHE 0~ 150cm HELTEEKBROBAXE
Table 2 Correlation between soil moisture in 0 ~ 50 e¢m and in 0 ~ 150 cm layers

s 0~150%+8 0~50 % 12 Soil layer(cm)
Treatment Soil layer(cm) 10 20 30 40 50
10 1
20 0.63"" 1
30 0.57° 0.9 1
40 0.51° 0.97°* 0.98%° 1
50 0.50"° 0.95%° 0.96"° 0.98"° 1
60 0.46 0.9 0.93°"* 0.96"" 0.9
70 0.48" 0.92°" 0.93** 0.96"* 0.9
0 80 0.54° 0.91°"° 0.91°"* 0.94°° 0.98" "
90 0.55° 0.91** 0.91*° 0.94"* 0.97°"
100 0.57° 0.90""* 0.90°" 0.92""° 0.97"*
110 0.56" 0.88°° 0.87*"* 0.91"° 0.96°*
120 0.61°" 0.8"° 0.8°" 0.89" " 0.94°°
130 0.62°" 0.8°"° 0.86"" 0.89""° 0.93**
140 0.64"" 0.8 0.84°° . 0.87°° 0.91**
150 0.64"° 0.81°° 0.81°° 0.84""* 0.88°°
10 1
20 0.92°" 1
30 0.72°" 0.91°"* 1
40 0.61°" 0.8°" 0.97** 1
50 0.47° 0.71°" . 0.88"" 0.96"* 1
60 0.35 0.55° 0.69°" 0.84°° 0.94°°
70 0.27 0.4 0.57" 0.73*" 0.87°"
Ti 80 0.29 0.4 0.54* 0.70" " 0.84%°
9% 0.27 0.39 0.48" 0.65°° 0.80"°
100 . 0.33 0.44 0.54° 0.69°" 0.83"°
110 0.26 0.37 0.49* 0.65"* 0.80"*
120 0.29 0.41 0.5" 0.67"° 0.81°°
130 0.33 0.43 0.51" 0.67"° 0.80° "
140 0.32 0.41 0.52" 0.67°" 0.81°°
150 0.34 0.42 0.49* 0.64" " 0.77°°
10 1
20 0.74°° 1
30 0.70" * 0.91"° 1
40 0.53° 0.93"" 0.95°"° 1
50 - 0.56° 0.91"* 0.97°" 0.99°* 1
60 0.44 0.86"" 0.91""* 0.97°" 0.97°°
70 0.37 0.79"" 0.84"" 0.93°" 0.94°°
vl 80 0.33 0.75°*° 0.80°" , 0.89"° 0.90""*
90 0.30 0.72*" 0.75"* 0.86"° 0.86""
100 0.24 0.66°"° 0.70* " 0.81°° 0.82"°
110 0.25 0.64°" 0.68°° 0.79°" 0.80""
120 0.28 0.64°° 0.67°" 0.77"* 0.79"*
130 0.25 0.60"° 0.62°" 0.72"* 0.73°*
140 0.28 0.62°"° 0.64°° 0.74" " 0.75"*
150 0.29 0.51* 0.59° 0.65"° 0.68°"°

HRREREETILZERPERRL ISKEBEMTTEG,* *»"RTEL1%BEKF, “*"BRE 5% BEKF.
Note: The results are based on the dats of growth duration. “ # % ” indicates the significance at 0.01 level, while “ * " indicates the significance at 0.05 level.
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B35 20~150 em & L E &K B HHEXERLT,
BHAKLE T2,20~50em BLEZKEHHS 20
~150 cm B LB EKBOMXERLTF, B, Xk
EEARREAREKEBT . EE20-~0cmFLE
EKEE 20~ 150 em FKBEMHEXMETRET,FH
TEARSEE, X RT, EikdRE 20.30,
40.50 cm HFLEEKBERBEH 20~ 150 em F 1B
EXKBRATH,
2.3 Biswas THASHREXBHHWE
HTHBHIBBERE LK NRAAER R FER
FRREE LKA EE, A LETF Biswas B C %
ARBMEIEAKGEEER, EEHRBEMER
B REAARLEHRE L RAKMEAEREL

PRAHEEERX, FUEHAXKBE LRASE

LA RAEY R K AR IR,
Biswas + 3K EBEHEA R :

S=Ax(d-dy)+ S+ [1+Bx(d-dy)]+385,
(1)

AF, SHO0~ dem TEMKIER; S, v BEE

B0~ dyemIKSIER;A.BRS, AEEL W, BB

THASMBESEE LK EROFEREXRRY

¥,

BELEAMEFRKL, ETRRHE A.BAS,.

EENEBCHTHERE, X)) EHR:
S-Sy=S8 +Ax(d-dy)+ Syx Bx(d-dp)
(2)
Ly =8=58,% =d-dyx = Sox (d-dp)?,
M (2) %
y=AXx1+Bxx+ 8, 3)

MR P X £ K 4R A L K S AR B B
L EARFHTEERAKBEAN L EHEKE
— 1B EEKETUATIARTE:

W=86xh (4)
AP, WAE—LERAMER (cm) ;0 L HER
KB (%) h HEEHEE (em),

A4 ST do 43 BB 20.30.40.50 em B, £ 5T
KUERAFEHNE, REEHATELEH Biswas +
BANMEBEBHSH ABRS, , RERERE 3,
24 ARILENLIHASBERIYARSERY

RE

ATREREINMAFFREKLEIASBES
A3 BRZEHRIEH T MY Biswas T HAHFHEHER,
FIA6A 23 B IALNHTHN, BB EEL
BTN (PR ST W YA XTHR 2, R LB & Fh T
FRME,

R3 Biswas TRASEHNEHNSH AB.S, REXANR
Table 3 Biswas soil moisture estimation model parameters of
A<B.S, and correlation coefficient{ R}

&8 BH do{em)
Treatment Parameter 20 30 40 50
A 4.375 4.091 3.855 3.611
B 0.002 0.002 0.003 0.003
™ A 3.242 4.046 4.331 4.598
R 0.9%4 0.994 0.993 0.992
A 4.634 4.615 4.612 4.601
B 0.002 0.001 0.001 0.001
m S. 2.460 2.155 1.889 1.743
R 0.997 0.997 0.997 0.997
A 4.695 4.516 4.408 4.332
B 0.001 0.002 0.002 0.002
7 S, 2.509 2.768 2.864 2.762
R 0.996 0.996 0.99%6 0.99%6

fERATA, L EHEELE 0~ 100 cm A, U &4
3 dy B 30 cm 3 40 em AOfE B 550 A M HXTIR
E8/N, LEEHFEETE 100~ 150 cm K, M do B 20
em EBES XWEMHEMRERND, F A 4, B
S0em MERBESTREMHENRERK. R,
AELE dy WBREXRRE,EH 60~ 150 em & L2
THOKS AR S LW EMANREEERRE. ¥
TKAEEE TO #, B dy 7 20 om, MXHR ETEE 50.2%
~7% , B do 9 30 em, X R EHRE N 0.4% ~
9.7% B do R 40 em, tHXMREHEH 0.9% ~
14.1% B do B 50 em, X REFEE N 6.7% ~
17.9%, #—KL4HE T1 F,8 dy X 20 cm, TR
EZHEN0.3% ~5.4% B dy 330 cm, HXTIRETE
EX0.5% ~6.4% B dy 9 40 cm, HXHIREHE N
0.4%~9.8%,H dy 37 50 em, X REW B K
4.2% ~12.9% ., HEFKLIE T2 $,8 dy 5 20 cm,
MM RERENR0.1% ~11.9%, 5 dy 9 30 cm, 4§
YHEEMEN0.2% ~8.3% , B dy 79 40 cm, H X} %
EWEN0.3% ~10.1%, B dy H 50 cm, X iR E
WEIN4.8% ~14%, BER, AEAKLBHE—
KAEF R dg X 20 cm, HIHEEE BN, EH
AKEEE S B do A 30 em B 40 em, HiXHIR ZE TG ElE
N TR, BEKEREKRETEKBEHEH, H
ERmBMGEELS SN RERMGERE,

3 4

DEREFKEEEEFAMEELELERA. BT
B, X LA B,
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£4 TEENBRAERE 60~ 150 cm LMK S 5
EXMLmASERHEATRE(R)

Table 4 Relative errors of estimated soil moisture in 60 ~ 150 cm -

and experimental results of them

Py ) 4 do(em)
Treatment  Depth(cm) 20 30 40 50
60 7.067 3.684 0.940 10.012
70 5.880 2.463 1.493 6.794
80 4.654 1.135 2.570 6.704
90 3.259 0.432 4.112 7.854
100 1.718 2.183 5.952 9.600
™ 110 0.205 3.904 7.788 11.432
120 1.330 5.653 9.677 13.382

130 2.726 7.240 11.389 15.154
140 3.985 8.671 12.933 16.755
150 4.942 9.761 14.095 17.936

60 5.403 2.417 1.135 8.723
70 5.190 2.360 0.418 4.272
80 4.434 1.513 1.141 4.172
90 3.569 0.508 2.164 4.912
100 2.663 0.557 3.307 5.969

m 110 1.478 1.953 4.868 7.610
120 0.321 3.312 6.387 9.228
130 0.630 4.432 7.633 10.543
140 1.520 5.482 8.806 11.793
150 2.267 6.371 9.801 12.853
60 11.826 8.283 3.762 9.066
70 10.797 7.318 3.563 4.750
80 9.452 5.861 2.286 4.762
90 7.769 3.957 0.304 5.59
o 100 6.039 1.9%4 1.793 6.744

110 4.380 0.116 3.810 8.471
120 2.79 1.673 5.739 10.171
130 1.284 3.386 7.592 11.560
140 0.028 4.802 9.109 12.881
150 0.814 5.741 10.096 14.007

2) EREARRKEREREXST, LEEEMN
EETF,0~50 em 2 H K92 4 By BIFUZE ¥
BTZEH,50 ~ 120 cm 12 19 + K55 26 X E B
FIZL,120~ 150 cm 2B L BRI B HZH,
THAREUEERLIERENE N, ERE—2Z
M—RZ—ZF B,

3) £220.30.40.50 em HLESKBSHE
20~150 emZFLEEKEMEXURE , FALE
PR, KRBT, UHERELEEAE
FRERFEELHEKERTITH,

4) #F Biswas THAKSMHERR, ZEEW,
HEE30-40mBEKELRERO0~ 100 m B+
BEKEMNKMERR . BXE 20 cm & KBERH#E
H100~150 m BZLEEKEHNHERSE.

5) BEKBERERREMSKENE W, EE
EmAGBEEL SRR EREERHE,

$E Xk
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Relationship between soil moisture in surface layer and in deeper depth in Yangling

YANG Jing-jing, CAI Huan-jie* , WANG Song-he, XIE Heng-xing
( The Key Laboratory of Agricultural Soil and Water Engineering in Arid Area of Ministry of
Education, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: According to the measurement of soil moisture variation of winter wheat under different irrigation condi-
tions in Yangling, the relations between soil moisture in surface layer and that in deeper depth is analyzed. The results

indicate: with the soil layer deepening, the changing trend of soil moisture presents a high-low-high fluctuation. The

variation degree of soil moisture, as the soil layer depth increasing, shows a tendency of violent-gentle-violent-gentle un-

der natural precipitation or irrigation conditions. The soil moisture of various layers of 20 cm, 30 em, 40 ¢m and 50 cm
below the surface layer is well related with each layer of 20 ~ 50 cm, and the closer the two soil layers, the better relativ-
ity between them. It proves good results to estimate the soil moisture of deeper depth by surface layers. Based on Biswas
soil water estimation model, to estimate soil moisture of 0 ~ 100 cm by the experimental data of 30 ~ 40 c¢m and to esti-
mate that of 100 ~ 150 cm by the experimental data of 20 cm both have good relativity. The influence of total volume and
times of irrigation directly affects the value and accuracy of model parameters.

Keywords: winter wheat; soil moisture; estimation model; water relation; Yangling



