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Simulation of yield and deep soil water effects of winter wheat field
under different fertilization levels in Baoji
dry-land of the Loess Plateau
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Abstract: [Objective)] The experiment was to provide scientific basis for sustainable development of
local wheat production, which was fit for the fertilization levels adaptive to precipitation condition of the
semi-humid area of Loess Plateau as well as beneficial to soil water sustainable utilization. [Method]) Based
on model validation,the WinEPIC model was used to simulate yield and deep soil water effects of continu-

ous winter wheat under 5 fertilization treatments in Baoji semi-humid area of the Loess Plateau. [Result]
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Grain yield of the continuous winter wheat under no fertilization,low fertilization, medium fertilization and

high fertilization treatment decreased significantly with fluctuation,average yield was 1. 588,2. 306,3. 327,

3.981 and 4. 764 t/hm” respectively; Simulated monthly available soil water content of all 5 fertilization

treatments declined with annual and seasonal fluctuations, average annual soil desiccated rate was 11. 4,

11.6,14.9,14.9 and 18. 2 mm/a respectively;soil desiccation and stable desiccated soil layers of all 5 ferti-

lization treatments occurred after 5 — 16 years of continuous cropping simulation. Distribution depth of

dried soil layers was 2—3 m of no fertilization and low fertilization treatment,2—4 m of medium and high

fertilization treatments,2—>5 m of superhigh fertilization treatment respectively. [Conclusion) As fertiliza-

tion and crop yield increased,dried soil layers were thickened and crops water consumption was increased.
The suitable fertilization level of Baoji dry-land was N 120—150 kg/hm?*,P 60—75 kg/hm?.
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Table 1 Some important physical and chemical parameters for Heilu Soil of Baoji dry-land in the WinEPIC model
i H + 245 Layer Number
Item 1 2 3 5 6 7 8 9 10
=
LRI /m 0.01 0. 20 0.50 1.00 2.00 3.00 4,00 5. 00 6.00 7.00
Soil layer depth
I ==y = . 1
] ff KB/ Cmee m” ) 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.31
Field capacity
- *r ) . 1
EWAR/ (mem™ D 0.10 0.10 0.10 0.10 0.10 0.11 0.11 0.11 0.12 0.12
Wilting point
G5 X /(o e -3
LI/ (g + em ™) 1.15 1.15 1.28 1.33 1.32 1.34 1.34 1.35 1.33 1.34
Bulk density
pH 8.20 8.50 8. 40 8.50 8. 40 8.50 8. 60 8. 60 8. 60 8. 60
B RS . —1
WIS T 5c ikt / Cemol « kg™ 1) 10.40  10.90  13.40  14.50  13.80 9.70 6.50 1.50 3.50 2.00
Cation exchane cap
s s L A L .« ko1
W 15 7 ik /(g + ke 1) 117.00 117.00 117.00 117.00 117.00 116.00 117.00 117.00 117.00 117.00
Calcium carbonate
e A 2L/ S
R/ (mg » kgD 4. 00 4.00 3.00 3.00 2.00 2.00 5.00 3.00 3.00 2.00
Phosphorus
Al 4 A B/ . 1
A A/ (mg - kg ) 30.00  32.00  28.00  31.00  29.00  32.00  40.00  40.00  15.00  16.00
Initial nitrate concentration
e =A . 1
LA R/ (mg = kg™ D) 370.00  350.00  380.00  360.00 370.00  380.00  380.00  390.00 0. 00 0. 00
Organic nitrogen
LR S /(g » kg !
ABLBE B/ (g e kD) 6.20  12.10 8. 20 3. 80 3.50 3. 30 3.10 2.10 2.00 1.00

Organic carbon
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Table 2 Some important revised vegetal parameters of winter wheat in the WinEPIC model

ELIE SR X ZHURHE
Parameter Meaning of parameters Parameter value
CPNM VEW) 44 F Crop Name Winter wheat
Sk B R R . -2, —1
WA AR B — BEREEE R/ (¢ - hm MJ—H 30. 00
Energy to biomass conversion factor
HI K3R48 %0 Harvest efficiency 0. 40
TB VEW A K 36 IR B/ C Plant growth 15. 00
TG VEY) A K B KR % / C Minimum temperature for plant growth 0.00
DMLA 5 KV 7E 1R FR 220 Maximum leaf area index 6.00
7% ol 22 A gy ok TR 2R 50 R I ) s I o AN AR Y LR
DLAI . . . .. 0.91
Fraction of growing season when leaf area index starts declining
RLAD -1 LR B2 %38 Leaf-area-index decline rate parameter 1. 00
RBMD AW — e i 4 1L % Biomass-energy ratio decline rate parameter 1.00
GSI ARSI F)E/(m e+ s 1) Maximum stomatal conductance 0.01
HMX fx K#k /m Maximum planting height 1.20
RDMX i KM R A R E /m Maximum root depth 4. 00
RSTI R RIS S R — 15 O (9 B 6 o
h Fraction lost when given minimum temperature is experienced o
. A Z R RSB SR —25 O EY ARk /% -
FRST?2 . X L . . 25. 40
Fraction lost when given minimum temperature is experienced(2)
RWPCl1 AR B &R %L Root weight/biomass partitioning coefficient 0. 40
RWPC2 J AR B 22 %0 Root weight/biomass partitioning coefficient(2) 0. 20

AR 5% LA sz LR iR X AR A5 R g 7K ST G 48
A 90 kg/hm® 4l 30 kg/hm?) F Ay & /N3 7= hE ok
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22 (RMSE) , DL P4 A5 2 (1) 8 5 ¥ . RMSE & [5
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Mot . RMSE R Fait5.

1 (OBS,—SIM.)*
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n
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Table 3 Comparison for statistic values of simulated and

observed wheat yield in Qianxian during 1988 —2000

- CERIER URIIE(ED N ,
i H BT/ WML/ i v
Ttem (t hm™) (t > hm™) Difference
Simulated Observed
S Mean 4,332 4. 325 16.9
bR 2%
Standard 0. 815 1. 313 —37.9
deviation
RMSE 0. 837
=
R y=—1.56441. 359z
Regress equation
LIPEX44

Correlation index 0.813

AR REGAE] 0. 553 I GAF] 0. 684 Nk B,

Note: It was significant and exceeding significant when correla-

tion mdex ineached 0. 553 and 0. 694 separately.

3 B WK L 1E 1988 ~2000 4F 3 B X & /)N
A B Z AR B(E O 4. 332 ¢/hm” ., S
ZAE T {E 4y i A 4. 325 t/hm”, MG R BH
0. 843 KB 2 35 7K -, P A X% 225 16. 900,
RMSE # 0. 837 t/hm?,
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T 4FAE
F A ML X 1961 ~ 2000 4E 40 4F B K &
378.3~948. 6 mm, F#J 659. 8 mm, FEdE2 K134, 6
mm, 28 F R BN 20. 3%, Hop 1995 4E [ K B AL
378.3 mm, 5 AR 55. 9%, B 10 4F (1961 ~
1970) BRI HE 38 K 703. 2 mm, J5 10 4F [ &
(1991~2000) 14 # 585. 6 mm, # i 10 4R 4F [
JKEW /T 117. 6 mm, 40 EREK B S M P S ET
FEtad (& 2) . ¥ 1961 ~2000 4E4) 43 T 54 F
KA K AR 3 Fl R K 4 A9, ) 1969,1977.,1979,
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1974, 1982, 1985 ~ 1987, 1991, 1993, 1996, 1999,
2000 4F /K AR, 7K 7 550~ 700 mm; 1961,
1963, 1967, 1976, 1978, 1980, 1988 ~ 1990, 1992,
1998 4y F oK AE B R K 5 700 ~800 mm, Hirp
1964,1968,1975,1981, 1983 ~ 1984 4F Hy ¢ K F 7k
AR R K B A 800 mm,
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Fig.1 Comparison between simulated and observed yield of continuous winter wheat under
low fertilization level in Qianxian
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Fig. 2 Annual Precipitation and Growing season precipitation of winter wheat at Baoji dry-land during 1961 —2000
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T

Kl 3 7R . 1961~2000 4F 538 SR O AL R E |
HIE g AEL R gy RS Ak A% /N g T AR A AR DL e 1Y
Wl A7 I K o ) A8 Al ing 2 BB S e R R . B
HE ARHE | Hh RS v A 0 5 A 5 b Ak B3 A A& /N A2
7 A ) A5 Ak B4 B Ok 0. 256 ~ 4. 084, 0. 67 ~
5.238,1.349~7.043,1. 945 ~7. 863 fll 2. 323 ~

8.387 t/hm”, F ¥ 4> Wl k1. 588, 2. 306, 3. 327,
3. 9811 4. 764 t/hm’® , FRAEZE 451K 1. 097,1. 292,
1. 633, 1. 668 F1 1. 649 t/hm®, 48 5 Z& ¥ 4 % K
69.1%.56.0%.,49. 1% ,41. 9% F1 34. 6%, 5 Flijf
JIES Ab BB ) 2 A A /N P 25 R B L IR L IR
JEFIER i AR Ak B 43 1) 4 G AR Ak B B = 45, 2%,
100. 2% ,150. 6 % F1 199. 9%, 3¢ B B AE S /K °F- 42
[ PR AN R . AR 40 AR BTILET BN L A it
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JIE Ak B /N2 7 i YA R R A e TG AR LA
rh IR e AR RS i R Ak BT 10 4E (1961~1970) (1
Br= BRI N 3. 237,4. 238,5.799,6. 478 F1 7. 123

t/hm?,J§ 10 4 (1991~2000) (3 =4 4 0. 708,
1.349, 2. 118, 2. 799 FI 3. 390 t/hm?, 4 %I Jik 7=
78.1%.,68.2%,63.4%,57. 3% M1 52.4% .

9
8 —— B No fert.: —=— . {KAE Low fert,;
'a < 7% —A— B Medium fert.; —»— . BB High fert.;
L2 oA —o— . FHEHE Superhigh fert.
£s s
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‘“\ z 4 & o—Q
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\O O o o \O [l [yl o~ o~ [l o o £ o« o« (=) (=) N (=) (=)
£ & & & 225382 95 & 8 88 53 8 2 3
F 4
Year
3 1961~2000 4 [l it AE 7K S T 52 36 B G% 1 4 /N 22 7 ot 54U 9 2 Ak

Fig. 3 Changes of simulated winter wheat yield of winter wheat continuous cropping under different fertilization

levels in Baoji dry-land during 1961 —2000
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TR E

. ZHE No Fert.;
AKAE Low Fert.;

. B Medium Fert.;
. BB High Fert.;
.M HE Superhigh Fert.

1961~2000 4FA [sl ffi A /K - T 52 X6 52950 %6 41 4 /22 T 52 v 3 I [R] A58 0L 19 722 1

Changes of simulated soil water stress days of winter wheat continuous cropping under different

fertilization levels in Baoji dry-land during 1961 — 2000

1961~2000 4Ffy 40 4F[a] , TCHE ARAE I8 L =
JIE i e JE Ak 2R A 0 RUER W 8 AR AL R] 43 A T
0~97,0~84,0~84,0~8 Fl 0~75 d,4E A K i
SE A 48 50k 57. 3,49, 7,46, 3,42. 6 F1 35.5 d. fF
TE B I 22 5, 3% B A it S 2 28, G0 3R b 2 R B A

BRI . 25 it A A 3B 1 20 3R MW 30 BF ) 34 2 0 B - T i)
& 5) , Jo 8 Ab 38 B A /N 22 B B AR i
(1968 4F) IR AL AL FH YR 22 (1970 4F) , #4 m AE Ab B
) 1972 A A R a2 as R R W LI R
JIEL A B A& /NZE LY H R | e AR R e IR A B AR ) i A7
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SR FLIR A /N AR ZR A FOK S M) i 32
LALJEN 0~3 m (R A B A R R
HT 78 5 Z A W 2 v W) e 1 SR AR MR AR 2R
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ORI WAL AR IS XF 0~7 m £ J2 +HEH Mok 4>
MRS BL AT THFSE. 18 6 s, 78 1961~2000
AR 40 AET], TEAE ARAE | rp IE | o A i s AT Ak B
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Fig. 5 Changes for simulated nitrogen stress days of continuous winter wheat field under different

fertilization levels in Baoji dry-land during 1961—2000
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Simulated yearly available soil water amount changes in 0—7 m soil layers of continuous winter

wheat field under different fertilization levels in Baoji dry-land
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of continuous winter wheat under different fertilization levels in Baoji dry-land
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