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Studies on crop growth modelling and simulation
models in China*
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Abstract --There is a close relationship between agricultural prodiction and environmental meteorological
condtions, In the study of the correlation between them, the simulation models are paid more attention to
the ¢rop growth, In this paper the development of the studies on the crop growth dynamic simulation
model n China is briefly reviewed. The relationships between meteorological conditions and each process of
crop growth (such as photosynthesis, respiration, accurmmulation and distribution of assimilation products and
growth of leaf area) are studied and simulated basing on the results from field experiments. Preliminary
models for rice, wheat, maize and soybean have been developed, and some investigations aboul modelling
methads, procedures and parameters in simulation models are made.
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INTRODUCTION

There is a close relationship between agricultural production and meteorological condition.
in the study of correlation between meteorblogical conditions and crop growth, not only empin-
cal statistical models are often used, but also crop growth simulation models are paid more atten-
tion to. As is well known, crop growth modelling and simulation models have been studied for
several vears in the Netheslands, USSR and US. And begun in China since 80's. At present pre-
liminary models for rice, wheat, mawe and soybean have heen developed and some investiga-
tions about modelling method, parameters, procedures in simulation model are made. Here the
studies on crop growth modelling and simulation models in China are briefly reviewed.

MODELS AND PARAMETERS

Plants transform solar energy into chemical energy to form dry matter through
photosynthesis. During this process CO, is assimilated to form carbohydrates, which is partly
consumed in respiration, on the other hand, the net accumulation formed is storage of dry mat-
ter. At the same time the dry matter formed is partitioned into each organ of plants according
to certain biological rule. This is the process of growth, development and vield formation of
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piants. According to this concept the submodels of the above-mentioned processes arc studied
and developed correspondingly. Based on experimental data and research in China some correla-
tions between meteorological conditions and physiological processes are established, some
parameters in model are adjusted. Here part of the results are presenied as follows.
Photosynthesis .

The medelling of photosynthesis is a key to érop growth modelling. At present most
researchers use the Monsi equation (1953) or equation derived from it:

P=BI / (1+AI), (1)

where P is the photosynthesis intensity. T is radiation, B jis the initial slope of P curve, 4 is
the ratio of B to maximum photosynthesis intensity. Usually the parameters 4 and B are estab-
lished in laboratory. In view of the difference in climate between laboratory and field, which
would result in the errors in caleulation of dry matter production in field, some researchers of
China define the value of 4 n laboratory firstly, and then in turn itemate and calculate the
parameter B using a model of photosynthesis based on the measurements of canopy
photosynthesis. They have got the value of B and 4 at different development stages for each varie-
ty of rice. Some authors use the Hesketh equation

P=P__ xBxI /(1~BI), (2)
the P__ and parameter B are expressed as functions of nitrogen content of leaves;
P_ =32 LNC B=0.031 exp ( —1.2 LNC) , (3)
where LNC is the nitrogen content of leaves. It is corrclated with crop development days.
LNC=SLWXx PNC, SLW=R1). PNC=f(1). (4)

The photosynthesis intensity is influenced by temperature. According to actual experimentai
data, Chinese researchers use many functions or empirical expressions to describe and fit this

effect. For example,
P=P,xTF, (5)

where P is the photosynthesis intensity at‘optimal temperature, TF is the temperature effect func-
tion, which i1s expressed as linear or nonlinear functions

TF=—0.434+0.1027T7 —0.001847"7 , (6)

where T is temperature. Some researchers suggest that the maximum photosynthesis intensity is
controlled by leal temperature, so they suppose the 4 in Equation (1) is a function of three
threshold temperatures and give the foliowing equatiorn:
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A(TYy=A{Tyexp UT T { (T—Tm(TM —T)], (7

where 7 is temperature, T_ is optimal temperature, 7/ is minimum temperature, and TAf is maxi

o

mum temperature, thus Cquation (1) becomes
P=BI /{(1+A(Tyx1). (8)

In addition some researchers establish a direct relation between P, and temperature.

The distinction coefficient K is used in caleulating the distribution of light in canopy. In
some models it 5 assurned that the variation of K with the heights within a canopy and develop-
ment stages of crops can be neglected. In other models Ko at different heights, development
stages for some varieties of rice is obtained from ¢xperimentail data.
Respiration

The photosynthetic products arc partly consumed by respiration, that is, growth respiration
and maintenance respiration. The values of growth respiration coefficient and maintenance respira-
{ion rate are mainly drawn from literature,
The growth of leaf area

Green leal is a main photosynthesis organ of plants, the capacity of photosynthesis depends
on the area of green leaves. Field experiments show that in general before earing green leaves
grow slow in beginning, then fast afterwards, and finally relatively slow again, so in some mo-
dels the growth process of leaves is simulated by the logistic growth function, for example:

LAI=LAIM / (1+(LAIM —LAlIn) / LAloxexp ( —KxKtx1)} , (9)

where LAlo and LAIM are LA/ at transplanting and earing of rice, respectively, K is an empiri-
cal constant, and K¢ is the temperature cocficient; after heading the leaf arca decreases rapidly,
the appropriate empirical functions are chosen by measurement, for example:

LAI=LAIM / (1+ at’), (10}
where @ is constant. In other models the following equation is used:
LAr=WIL / SLW (11)

where WL is the dry weight of leaves, SLW is the specific [cal weight. The S7.W is expressed as a
fiinction of development stages or days.

Because of the limited lifespan of green leaf, the weight of yellowing-death leaves must
be estimated and deducted. In some references of Netherlands the senility of leaf is taken into ac-
count only after flowering, and the death rate is assumed as a constant. In cur simulation model
of spring wheat the beginning time of yellowing<icath leaves and its variation with development
stages, temperature and soil moisture (Fig. 1}, have been studied respectively through the experi-
mental results.
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Fig, 1 Reluucnstup between DVS and DR with different treatments of seeding days and irrigation

a: —* —  seeding 10 days later by —+ — irrigating once
—**% — seeding tnnely -+ ~ —  jrrigating twicc
--*** _ geeding 10 days carlier — s+ = = — rrigating 3 times

Disitribution of dry matter
The growth of plant organs is based on the distribution and transference of assimilation
pre Jucts. Both of these processes are considered in our rice models:

ai=AWi* / (P—R) + At Bi=AWi /Wi At (i=1,2, 3);

3
04=(Wa+Bax Y AWy AP—R )+ A, PA=AWA[ Wi+ At (12)
=1

where [ stand for leaf stem and root,
respectively; 4 represents ear; o/ is the distribu-
\ ‘ tion coeflicient; #i s the transference coefficient;
AWi" means the increase of dry matter in some-
one organ and AWi is the decrease of dry
matter.
Here the Fig. 2 presents the distribution
curve of dry matter for spring wheat.

Fig. 2 The distribution function of dry matter
of organs FR: root, FL: leaf, FS: stem
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CONCLUSION

As a result, it is shown that the parameters in these models are basically correct, and the
model can dynamically represent the trend of dry matter accumulation with time (Fig. 3 and
Fig. 4). The results of comparison and verification are satisfactory. But the correlation between
crop growth and meteorological conditions is much more complex, thus there are lots of modifi-
catipns to be advanced and studied m future due to less sufficicnt fine instruments and the
sampling errors in- fild experiments, especially the simulation model under actual water and
nutrient conn_ditions should be studied and developed. Furthermore we have also donc and veri-
fied some works for U. S. crop simulation models of IBSNAT CERES based on the
field experimental data in China.

i
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Fig. 3 The modelling curves {dashed} and mcasured values
(dots) of the rice growth {in 1984)
a: the dry weight of leal b: the dry weight of root
c: the drv weight of stem  d: the dry weight of ear
e; the gross dry weight

It is obvious that crop growth modelling and simulation model have both theoretical signifi-
cance and potential (operationa!) in application. By means of simulation model we can not only
study and interpret the relationship between crop growth and meteorclogical condition, but also
advance crop yield forecasting and assess better the impacts of climate changes on agriculture.
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Fig. 4 The modelling, curve of gross dry matter wgight of spring wheat
1 Measured 2 Simulated
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