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Abstract

Studies on dynamic simulation of crop growth processes began in
1960s along with the application of system analysis methodology and
computer technology in agriculture. Crop simulation is referred to a set
of technological systems that integrate crop-climate-soil systems as a
whole, apply the principles and methods of system analysis, draw on
knowledge from disciplines such as crop physiology, ecology, agronomy,
meteorology and soil science, analyze qualitatively and quantitatively
the physiological processes, such as crop growth, development,
photosynthesis, apparatus building and yield formation, environments
and technology, and their relationships, set up mathematic models, and
simulate the processes of crop growth by running the models in the
computer.

Based on the results of field trials and the reviews on the
publications of previous studies, the author set up a Simulation System
for Optimum Management in Rice Production (SSOMRP), which
included three sub-models or sub-systems, namely Simulation System
for Optimum Fertilizer-N Management in Rice Production (SSOFMRP),
Simulation Model of Rice Growth and Development (SMRGD) and

Simulation System for Optimum Water Management in Rice Production
(SSOWMRP).

1 Effects on Rice Growth of Different N-applied Levels and Water
Management Regimes

The experiment was carried out in the trial farm of Shaoxing
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Agricultural School in Zhejiang Province in 1997. A japonica cultivar,
Yugu, was used as the material. The effects were studied of different
applied N levels and water management regimes on rice bearing traits
and yield by field trials at different applied N levels and potted trials
under different water management regimes.

1.1 Effects of N-applied Levels

There were seven treatments of nitrogen fertilizer levels, namely
L1=0kg, L2=97.5kg, L3=120kg, L.4=142.5kg, L5=165kg, L6=187.5kg,
L7=210kg/hm> The results were as follows: (1) significant correlation
between the number of tillers and N-applied level (R%=0.9456); (2)
significant quadratic parabola relation between the number of tillers and
yield (y=-146.46x"+3794.7x-17845, R?=0.9146), which indicated that the
tillers and yield increased along with the increase of N-applied level, but
when the N-applied level amounted to a certain level, the tillers
continued to increase while the yield decreased; and (3) significant linear
relation between N-applied level and content of nitrogen in the plant,
and the correlation coefficients between N-applied level and content of
nitrogen in leaf and stem were 0.9590 and 0.9666, respectively. The
optimum N-applied level was 120 kg/hm? according to the relationships
between N-applied levels and the traits such as height of plant, length of
panicle, the number of fertile, infertile and total kernels per panicle, and
fertility percentage.

1.2 Effects of Water Management Regimes

5 water management regimes were compared, which were called as
general, submersion, moist, intermission and half-drought irrigation
methods, respectively. The moist irrigation treatment excelled to other
water management regimes for the growth duration and yield, but the
content of protein in the grain was low with poor quality. The high yield
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but low quality was also found in the intermission irrigation treatment.
The high quality could be obtained in the general irrigation treatment,
but the yield was not high because of shorter growth duration. The high
quality but low yield was also found in the half-drought irrigation
treatment, while the growth duration was relatively long. The test
parameters were middle level in the submersion irrigation treatment. The
results indicated that the different water management regimes had their
positive and negative effects on different traits, and irrigation method
should be adopted based on the conditions in production practice.
Further studies should be carried out for the irrigation technique for the
target of good quality, high yield and short growth duration.

2 Simulation Model of Rice Growth and Development

Based on F W T Penning de Vries’s fundamental frame of L1D and
TIL modules of MACROS, a dynamic simulation model of rice growth
was set up according to the field trial and documental data. The model
included seven sub-models, such as photosynthesis model, respiration
model, assimilate partitioning model, dry matter accumulation model,
leaf area growth model, tiller dynamic model and development model.

Several traits were simulated with the model, which included the
growth duration, dry weight of leaf, stem, panicle, ground and
underground parts, leaf area index and tillers. Simulated and observed
values of these items were consistent with correlation coefficients (R?) at
0.9992, 0.9703, 0.8974, 0.9885, 0.993, 0.8644 and 0.9001, respectively,
and these coefficients were significant at the level at p<0.01. By renning
the model, the optimum combination of transplanting date, seedling
age and the number of transplanted seedlings was July 15, 41 days and
400 000/hm?, which would result in the highest yield at 13545 kg/ hm?
for a japonica cultivar, Xiushui 620, in Jiaxing City, Zhejiang Province.
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3 Simulation System for Optimum Fertilizer-N Management in Rice
Production

A simulation system for optimum fertilizer-N management in rice
production was set up based on the N-management model OYRZA-0.
The system had five sub-models including dry matter accumulation
model, N movement and distribution model, N uptake rate model, N
uptake percentage model, and N-applied curve model.

The results of dynamic simulation on plant nitrogen content and
nitrogen uptake during growth stages were as follows for a hybrid rice
Shanyou 46 in Jinhua City, Zhejiang Province: (1) Total N uptake
increased with the increase of N application. At high N-applied levels
(more than 210 kg/hm?), the increase rate of N uptake was obviously
lower than those at lower N-applied treatments. (2) The N uptake rate
was fast during the early stage, but the rate gradually decreased in the
late stage. (3) Leaf N content increased with the increase of growing
period before the pre-flowering stage, but leaf N content rapidly
decreased after it. At different N-applied levels, the simulated and
observed dry matter accumulation and economic yield were quite
consistent.

The simulation system for optimum fertilizer-N management was
applied in a combination with Price Optimum Program to identify the N
response curve for obtaining the simulated biomass or economic yield at
each N-applied level. The eight fertilizer-N recommendation curves
corresponding to the input levels were presented. Three preliminary
conclusions could be drawn from the curves. (1) At the Jower N-applied
levels (e.g.50 and 100 kg/hm?), the best strategy was to apply almost all
the fertilizer prior to 25th days after transplanting (DAT), or the panicle
initiation stage. (2) At the higher N-applied levels, 90%~ 100% of total
N should be applied before 40 DAT or the first flowering stage. (3)
Similar N management strategies could be followed when total N
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application exceeded a threshold value (210 kg/hm?).

The following was the results of validating trials in 1994 and 1995.
In the condition of saving fertilizer-N 30 kg/hm?, the yield levels in the
optimum scheme T, (Fertilizer-N 150 kg/hm® was evenly applied on 8,
19, 27, 38 DAT, respectively) and Ts (150 kg/hm® was applied on 0, 8,
27, 40 DAT, respectively at a ratio of 0.55:0.15:0.2:0.1) increased by
6.03% ~ 6.87% and 8.58% ~ 11.08%, respectively than general treatment
T, (180 kg/hm® was applied on 0, 5, 25 DAT , respectively at a ratio of
0.65:0.15:0.20). The main reason was the obvious increase of total and
fertile kernels per panicle. By the farm demonstration trial at the suburbs
of Jinhua City in 1996, the yield in the simulated farm was 14.80% more
than that in the general farm.

The farm demonstration trials were carried out in three different
sites including Xinchang, Jinhua and Cixi in 1999. The total N applied in
the simulated farms decreased by 2.18~4.53% than that in the general
farms. The actual yield in the simulated farms increased by 56.12%,
7.42% and 9.49%, respectively in Xinchang, Jinhua and Cixi. In addition
the farmer could increase the net income at 3324.27yuan/hm?,
831.25yuan/hm’ and 548.65yuan/hm? respectively by using the
optimum scheme,

>

4 Simulation System for Water Management in Rice Production

A simulation system for water management in rice production was
set up on the basis of ORYZA-W (a rice growth model for irrigated and
rain-fed environments). The system had two sub-models, namely
simulation model of rice growth and a soil water balance model. On the
basis of ORYZAL1, the first sub-model also integrated it with root growth,
potential and actual evapotranspiration and the effects of drought stress
on rice growth. Soil water balance model simulated the process of water
input and output in the root zone.
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Simulated values of the depths of ponding water in paddy-field
coincided with the observed ones. The rice yield was simulated using the
model under different depths of ponding water and water management
regimes. The results indicated that the optimum depth of ponding water
was 9 cm, and the optimum water management regime was variable
irrigation.

Finally this research addresses the problems and issues encountered
in the study of simulation systems for optimum management in rice
production, involving the establishment methods, parameters and
applications of the system. The author proposed further researches
should be conducted in the following aspects: Firstly, future systems
should be set up on the basis of physiological and ecological theories,
and more elements in rice production such as nutrient management,
plant diseases and pest control should be included in the system;
Secondly, a database of rice variety parameters should be set up by using
information technology and with national cooperated field experiments.
On the other hand, it is necessary to establish the technique of
calculating the rice variety parameters; Thirdly, simulation systems for
optimum management in rice production should be combined with 3S
and expert system technologies for setting up management optimization
and decision support systems, which is key to improving application of
the established rice growth dynamic simulation system.

KEY WORD: rice; simulation system; optimum; growth and
development
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