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Abstract :[Objective] The simulation accuracy of four soil moisture prediction models of summer maize
field was tested and compared. [Method]) Based on soil water balance principle of field,four soil moisture
prediction models of summer maize in north china were developed. The FAO Penman-Monteith (* FAO
Model” for short) and Chinese Penman equations(‘Chinese Model’ for short) were adopted in reference e-
vapotranspiration sub-models. The crop sub-models at development period were established using multi-
year mean growth period method and accumulated temperature method. Using examination data of summer
maize during whole growth phase in 21 test plots of different soil moistures at Agrometeorological Experi-

mental Base China Meteorological Administration from June to September in 2002 (including soil moisture
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data,crop development period data, meteorology data and so on), the four models were tested and com-
pared. [Result)] In the test plots of low or middle soil moisture, the average prediction accuracy of soil
moisture of summer maize field in different maximum prediction time adopting ‘Chinese Model” for refer-
ence evapotranspiration sub-models in soil moisture prediction models was higher than that adopting ‘FAO
Model’. It was inverse in the test plots of higher soil moisture. For ‘Chinese Model” and ‘FAO Model’,
average prediction accuracy of all test plots based on different prediction beginning days reduced with the
increase of maximum prediction time. The soil moisture of summer maize field in north of china can be pre-
dicted by adopting the multi-year mean growth period method and the accumulated temperature method for
crop development period sub-models in soil moisture prediction models. The maximal absolute difference of
prediction values of soil moisture in soil layer from 0 to 100 ¢cm for the two equations was less than 5 mm.
[Conclusion] The simulation accuracy for soil moisture of summer maize field with ¢Chinese Model’ was
higher than that with ‘FAO Model’. The simulation accuracy for soil moisture of summer maize field adop-
ting the multi-year mean growth period method for crop development period sub-models in soil moisture
prediction models was almost the same with adopting the accumulated temperature method. The irrigation

prediction and drainage prediction for summer maize field in north of China also were made using the soil

moisture prediction models.

Key words: summer maize;soil moisture;prediction model
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Table 2 Error analysis of average soil moisture prediction in 0—100 cm soil layer of 21 plots grown

summer maize for different staring dates and different prediction periods

W H AR %% /d [H 3%k Chinese model FAO ¥ FAO model
Staring date Prediction W22 ] FATRIE /mm W22 7, G mm
period Relative error Absolute error Relative error Absolute error
06-27 11 4. 20 10. 05 5.73 13.49
07-08 10 9. 36 20. 46 14. 25 31.22
07-18 10 4.62 9.83 6.51 13. 60
07-28 11 8.63 18.59 6.57 14,03
08-08 10 4. 88 9.75 7.69 15. 28
08-18 11 7.54 14.59 12.53 24,25
SE-H Average 6.5 13.9 8.9 18. 6
06-27 21 9.58 20. 80 15. 40 33.41
07-08 20 12.74 25.97 20. 22 40. 94
07-18 21 9.35 20.03 8. 24 17.53
07-28 21 9.59 19. 50 8.09 16. 15
08-08 20 11.57 22.08 19. 96 38. 36
08-18 21 18. 54 35.13 27.70 52.56
F1Y Average 11.9 23.9 16. 6 33.2
06-27 31 13.99 28.41 22.32 44,90
07-08 31 9.79 20.76 16. 68 35.19
07-18 31 9.89 20. 04 12.59 25.42
07-28 31 8.72 16. 64 14. 86 28.19
08-08 31 22.22 41. 86 33.02 62.52
08-18 31 9. 84 19. 06 21.46 42.17
SE¥ Average 12. 4 24.5 20. 2 39.7
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Fig. 3 Comparison of 0—100 cm soil moisture prediction results in single plot grown summer maize using
accumulated temperature method and mean growth period method
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Fig. 5 Drainage prediction after 0—100 c¢m soil moisture prediction in the plots grown summer

maize using the soil moisture prediction model

3 i e

FE 3R v AR BLARE B0 7K 43 T A5 7Y
rh Y R 2R R R R SR D P R AN TR 0 B A
N E KA H A HE K A 1T TR B s T FAO
s T T R T W Rz, H R R ]
REAMI M : — 2 EWNES FAO ¥ 89 70 8 177 £
B T 0 00 3R e 0 25 o BRI, 22 09 38 40 R 1 S il
(BB S F AR BEAIR T 5 & T 22 1 2 488/ 1 S
B 2. 7 A R R A v A 6 N X T
WL HE TR R KL 20 /K A3V /N IX U ] K 8 B
THBE 1 m N2 W 2 F e & T
SN P 155 B0, 5 7 TG T 0 s VR S /N L 2 R O iR
(1% 00 {22 50AIG T S L mT B R 0 e 2R L
(B R i, X AT R T ik — 2B i i 5T

K G T AR TR v A 2 R AR TR SR I 9k
M EFAO YEAE N R W0 46 B F 6 B A 3l 56 /0
DX = K S 119 V- 349 TUINDORG I A T B Ak ) 8 i
FEAC. BN IS & T FAO 3%,

K3 O AL R VR ) AR SR R v
ST 35 B X AT A G s T b M X K
A A 58K 20 B A 0~100 em + 2 +HEK 43
T Y B K46 % 225/ T 5 mm,

R ZE IR R 2002 4F 6~9 H W ESR R Rk
GRS b 21 A ASRI K 4 Ak B /N X B K
S B R TR o T A5 0 7R S TRLAR 4y DL R 3R
F b 7 B R KR AR XN 2 & A0 R RE 4538 . 4T 1F
T 2 (10 F 5 ok B0 F .

FE 3 T B 0 A 75 B 16 BN 32 2 8 E UM

FAO Penman-Monteith J7 3T &dL 77 B £ K H 8]
SEPR AR HCE I AR Y RBCR IR — & FAO #2 4t i1
B . an R S B 2 A SR T S 4 3R
(5) 3 B ik 2 Fps e 28 B T3y e b or
B ERAEY) R0 e — 35 1 358 K 45 TR0I0ORS B2
XFETE A L X 7 WA FF T i — P05

(5% k]

(1] EMZ PR =48 (ML Jb st d E Rk A, 1995
132,168.
Wang S A. Crop plant and cultivation [ M. Beijing: China Agri-
culture Press,1995:132,168. (in Chinese)

(2] w3, R RO, T 5 Wi X5 TR AR R AR 4 AR B 75 43 1 52 )
[J7. K A% F52#4R . 2006, 20(3) : 170-172.
Han X Y, Song F B. Effect of drought stress on root growth
and rhizosphere nutrients of maize []J]. Journal of Soil and Wa-
ter Conservation,2006,20(3):170-172. (in Chinese)

[3] fF=2F.0fb%e, Bia M, %, A R K E TR R R4 KRR
AR B BE ST L) 7K PR 2441 . 2004, 18(2) - 161-165.
Ren S X,Zhao H R,Huo Z G,et al. Study on effect limited wa-
ter supply on growth of roots and soil moisture use of summer
corn [ J]. Journal of Soil and Water Conservation,2004,18(2) ;
161-165. (in Chinese)

L4] Br .0 a0 T £ KB K B R AT 58 B i [T ). fE# 2
#2.2003.29(3) :436-440.
Chen J, Yang J P. Simulation model of corn restricted by wa-
terlogging and its verification [ J]. Acta Agronomica Sinica.,
2003,29(3) :436-440. (in Chinese)

(5] #Rdege £ 0 2% SKEREG , 5. T 40 4F rp [ 7 35 30 5 40 (8 <
AEACIIBER [J]. HuBkRL 2 )i . 2007,22(7) 1 673-684.
Qian W H,Fu J L,Zhang W W ,et al. Changes in mean climate
and extreme cliamte in China during the last 40 years [J]. Ad-
vances in Earth Science,2007,22(7) :673-684. (in Chinese)



5 8 10

B KA LT KA H A K Ay T AR R F 5

153

(6]

(7]

(8]

9]

[10]

[11]

[12]

B AT A TR . MK ) R AR S 0 ) AR S 1 Y
T B IPR LT, 74 JE AR R B K 2 4 B SR BE 2 I, 2004, 32
(4):97-102.
Jia H W,Kang S Z,Zhang F C. A review of study methods on
spatial variability of soil hydraulic properties [ ]J]. Journal of
Northwest Sci-Tech University of Agriculture and Foresty:
Natural Science Edition,2004,32(4) :97-102. (in Chinese)
BRIGEH ™ B ok AR IR 6. 1 3K 3 M 5 BB otk e [T ).
Mo PR R L2004, 23(3) :58-66.
Shao X M, Yan C R,Xu Z J. Progress in monitoring and simu-
lation of soil moisture [ J]. Progress in Geography, 2004, 23
(3):58-66. (in Chinese)
R T TR BT . A/ 22 H ()R TR 0 £ 0 R
LI Al T A 244 . 2000,16(5) : 31-33.
Shang S H,Lei Z D, Yang S X. Empirical model for soil mois-
ture forecast in winter wheat field [ J]. Transaction of the
CSAE,2000,16(5) :31-33. (in Chinese)
T OCERE S P EIL AN LB RS T R
BERS [T, AAR R E 24, 2003,12(2) . 85-91.
Mao F,Huo Z G,Li S K, et al. A drought model of soil mois-
ture in seedtime of winter wheat in north of China [J]. Journal
of Natural Disasters,2003,12(2) :85-91. (in Chinese)
B AF B R A AT I BT DU 1 2 - K 4y B A
TR A g L)L 74 R ARk R A% 4. 2002, 24(5) :464-466.
Luo C S,Wei C F,Li R X. Application of a time series model
in prediction the dynamics of soil water content in Sichuan Ba-
sin [ J]. Journal of Southwest Agricultural University, 2002,
24(5) :464-466. (in Chinese)
OGRS AR R R AR B R
BEl /N R R AR [T, B AR 4. 2001, 12(3)
307-316.
Zhang G Z,Xu X D,Mao F,et al. A new approach of irrigation
management for winter wheat by the climatic-agrometeorolog-
ical model consensus system [ J]. Quarterly Journal of Applied
Meteorology,2001,12(3) :307-316. (in Chinese)
B IR G AR, R AR A TR E K3 S
BRI WO (1], A28 2A 40, 1997,17(3) . 245-251.
Kang S Z, Zhang F C, Liang Y L. Research on the forecast

[13]

[14]

[15]

[16]

[17]

[18]

[19]

method of soil water dynamic process in corn land [J]. Acta
Ecologica Sinica,1997,17(3) :245-251. (in Chinese)

Allen R G,Pereira L. S,Raes D,et al. Crop evapotranspiration
[M]. Rome;FAO Irrigation and drainage, paper no. 56,1998.
. BB RAEH I 2 5 IY (M. db st g A,
1989.:82-98.

Pei B X. Mensuration and study of evaporation and evapo-
transpiration [ M ]. Beijing: Meteorology Press, 1989:82-98.
(in Chinese)

XYL, 2 K o, E R LR BE TR % 19 2 % 1R W 28 Bt i1
SE97 WA (1], Al TR 424, 2006, 22(6) 1 12-18.

Liu X Y,Li Y Z,Wang Q S. Evaluation on several temprature-
based methods for estimating reference crop evapotranspira-
tion [J]. Transaction of the CSAE, 2006, 22 (6);:12-18. (in
Chinese)

MEE. ez ERLF WSS R [J] TRl
#2.2000,16(1) :15-21.

Zheng G Q, Gao L Z. Simulation model of maize phenology
[J]. Jiangsu Journal of Agriculture Science,2000,16 (1):15-
21. (in Chinese)

K ok A B e 2. FRE K HLASE SR R T O i e
(). EKAF2,2003,11(2) :66-70.

Zheng G Q,Zhang R 1.,Gao L Z. Progress and perspective in
maize growth simulation model in China [J]. Journal of Maize
Sciences,2003,11(2) :66-70. (in Chinese)

FRAR B, FHR %, Driessen P M. B E KRR M AR EE
PR TR B B8 5 RCUET 5T [T 0 42 35 2 4. 2001, 12
(4):561-565.

Zhang Y S, Yu Z R, Driessen P M. Growing degree-days re-
quirements for plant and leaf development of summer maize-
an experimental and simulation study [J]. Chinese Journal of
Applied Ecology,2001,12(4) :561-565. (in Chinese)
AR T, KRR A H. 78 5Kk R (M. B 5k
L HE W K HE KA 33,1979:22.30-38.

Doorenbos J, Kassam A H. Yield response to water [ M].
Rome: FAO Irrigation and drainage, paper no. 33,1979. 22,
30-38. (in Chinese)



