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Water-fertilizer effect on Zea mays based on the DSSAT model:

A case study in the Loess Plateau
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. Institute of Soil and Water Conservation Chinese Academy of Sciences 712100 Yangling Shaanxi China; 2. University of Chinese Academy

of Sciences 100049 Beijing China; 3. Institute of Water Saving Agriculture in Arid regions of China 712100 Yangling Shaanxi China)

Abstract: After model debugging we designed a series of fertilizer andirrigation conditions as follows:
N1 N2 N3 N4 and N5 mean the dose of pure nitrogen of 100 200 300 400 and 500 kg/hm’

M2 and M3 represent the amount of organic fertilizer of 0 7 500 15 000 and
22500 kg/hm’ respectively; IOrepresents no irrigation Ib Tk and Ig mean 50 mm water irrigated at the

respectively; MO M1

jointing stage flowering period and grainfilling stage of Zea mays respectively. Then the DSSAT model
was used to simulate the growth situation of Z. mays with different waterfertilizer regimes under the
conditions of light temperature and rainfall in 2005. The results show that: 1) In the rainHed conditions
( no irrigation during the growth of Z. mays with the water depending on rainfall) with limited amount of

N the yield loss caused by the lack of N can be compensated by increasing the use of organic fertilizer;
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2) Under the conditions of MIN4 treatment ( the amounts of organic fertilizer and pure nitrogen were
7 500 and 400 kg/hm’® respectively) and M2N3 treatment ( the amounts of organic fertilizer and pure
nitrogen were 15 000 and 300 kg/hm” respectively) no significant variations were observed in the yield
of Z. mays: that of the former treatment was 14 313 kg/hm’ and that of the latter 14 711 kg/hm’
biomass of the former was 24 803 kg/hm” and the latter 24 349 kg/hm” yield productivities of N of the
former was 40. 8 kg/kg and the latter 41. 1 kg/kg and dry matter productivity of N of the former was
70. 7 kg/kg and the latter 70. 4 kg/kg. And all of them were at a high level. 3) Under the situation of
simulated irrigation with a small amount of fertilizer irrigation had little effect on Z. mays yield
indicating that the yielddimiting factor in this case may be fertilizer; when treated with a large amount of
fertilizer irrigation increased yield obviously which is of important significance for productivity by
ensuring water supply at the grainfilling stage.

Keywords: DSSAT model; Zea mays; Loess Plateau

. ( Zea o
mays) DSSAT
2. 20 DSSAT
3 1
o ’ DSSAT
( N N 1.1
) 1) DSSAT o ( DS-
SAT Decision Support System for Agrotechnology
Transfer) . .
4
CERES-Maize 1989
20 2 CN
0 DSSAT

5

DSSAT
6

DSSAT N N

7 DSSAT .

4
o s CERES-Maize ( / . .
. ) . .
o DSSAT
DSSAT o



6 : DSSAT — 99

2) .
12
DSSAT WeatherMan
(h) . / (C)
Shuild  Xbuild (mm) .
“ ( M J /m2) 13 .
0 2005 o
45 —e— [ iRE Maximum temperalure —~ 40 — F%éﬂ:ljii H?i” o 180
40 === 0 --- IR Minimum lemperalure g 35 —e— ABI#ES] Solarra diation 170
& < 30 160 £
T S =
£ 3 25 150 F
Ei“— 5 20 140 =
= A 15 130 IH
! e ‘ 2
% z 10 20 ¥
1]
=L i
I I ! I I ) * 1l I L I ..|| I .| |||.|0
0 30 60 90 120 150 180 0 30 60 90 120 150 180
PGt E] Days after planting /d Gt ] Days after planting /d
(a) (b)
1 2005
Fig.1 Weather data during the growing phase of Zea mays in 2005
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0 ~100 cm pH Tab.1 Component of the experiment soil
( CEC) . ° N N N Sand Silt Clay
N N ° Depth of (2~ (0.05 ~ ( <0.002 mm) /
{ »H o soil /cm 0.05 mm) /%  0.002 mm) /% %
1, 0~20 25.939 67.558 6.504
4) ° 20 ~40 24.222 67. 807 7.971
s s N 40 ~60 23.438 68.873 7. 690
~ S ~ ° 60 ~80 24.354 67.194 8.452
° 80 ~ 100 21.495 68.111 10. 403
5) o
2 “ 10 ”»
Tab.2 Genetic parameters of Zea mays “Shen Dan 10”

Parameter Meaning Value Range
P1 Thermal time from seedling emergence to the end of the juvenile phase/( °C *d) 327.900 5 ~450
P2 Photoperiod sensitivity coefficient 0. 443 0~2
P5 Thermal time from silking to physiological maturity/( °C <d) 822.300 580 ~999
G2 Maximum possible number of kernels per plant 963.600 248 ~990

Kernel filling rate during the linear grain filling stage and under optimum conditions/
G3 16. 400 5~16.5

( mg*grain~'+d ")

PHINT The interval in thermal time between successive leaf tip appearances/( °C *d) 38.900 35 ~65
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Tab.3 Calculated yield of Zea mays in different treatments

Yield/ Yield/
Treatment (kg=hm %) Treatment (kg+hm %)
MON1 9998 M2N1 12775
MON2 11416 M2N2 13 849
MON3 12 447 M2N3 14711
MON4 13 589 M2N4 14 961
MONS 14 493 M2N5 15051
MINI1 11371 M3N1 13 990
MIN2 12 620 M3N2 14 502
MIN3 13728 M3N3 14 665
MI1N4 14 313 M3 N4 14749
MINS 14 580 M3NS 14 769
3
2( a) N (
300 kg/hm?) N
400 kg/hm’ N
. NI N2 4
( MO.MI.M2.M3)
14.2%11.0% 8.4% 3.7%; N2 N3
4 9.0%
8.8% 6.2% 1.1%; N3 N4 4
9.2% 4.3% 1. 7%
0.6%; N4 N5 4
6.6%+1.9%.0.6% 0.1% . 2
(a) N3
N3
N N N
. 4
N N1 N5
. 3 ' N1
N5
; N
. M1N4 M2N3
1 4313 1 4711
kg/hm*> N 40.8  41.1 kg/
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Tab.4 Yield productivity of N under different treatments
N N .
Treatment Yield productivity of Treatment Yield productivity of !
reatmen N/( kgvkg ") reatmen N/( kgvkg ™)
MONI1 50.2 M2N1 42.9 R
MON2 45.7 M2N2 41.7 2.1.2
MON3 43.2 M2N3 41.1
MON4 42.5 M2N4 39.9 10%
MONS5 41.6 M2N5 39.3 . 3,
MIN1 45.7 M3N1 41.5 3( a) N
MIN2 42.9 M3N2 40.3
MIN3 42.0 M3N3 39.2 N
MIN4 40.8 M3N4 38.5 N3
MIN5 39.8 M3N5 38.0 . N5
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Fig.4 Calculated yield of Zea mays with different treatments under varied irrigation regimes
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