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SUMMARY

CERES-Sorghum model use one stress factor that reduce leaf expansion (SWDF2) in under

water stress conditions The water stress factor is calculated when daily root water uptake is less than

potential transpiration. But, the SWDF2 is not mechanist because it do not take into account firstly,

the relation between soil water content and soil water potential and secondly, short term water

deficits such as midday deficits. The new formulation suggested by JEGU (1994) for lucerne crop

relies upon two relationship: a) a relationship between soil water content and soil potential; b) a

relationship that describes diurnal trends of leaf water potential according to soil and atmosphere

water status. The introductions of functions suggested by JEGU (1994) improve leaf area

simulations in CERES-Sorghum model because new model is more mechanistic.
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INTRODUCTION

Many simulations models describing leaf growth and development of a sorghum crop exist

in the scientific literature. In the present study, we have used the CERES-Sorghum model

(RITCHIE & ALAGARSWAMY, 1989). In this productivity model, the leaf area development

routine is used in two conditions : a) under potential conditions, ie without water stress (the water

stress criteria SWDF2=1), which represents the maximum leaf area expansion and b) under actual

conditions including water stress (SWDF2 <1). The SWDF2 depends on the water status of the

crop, it’s based on a relation between potential daily root water uptake and potential transpiration.

The leaf area development routine, under potential conditions SWDF2=1, was recently

modified by INRA-Bioclimatologie (SOONTORNCHAINAKSAENG, 1995; JEGU, 1994) in order

to improve leaf area simulations. Our objective is to introduce water stress effect, SWDF2<1, in this

new leaf area submodel. This new water stress criteria will rely upon leaf water potential and its

relationship with soil water status.
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BACKGROUND OF THIS NEW FORMULATION.

The new formulation relies upon the two following relationships :

a) a relationship between the global soil water potential, ψs  and the soil water content data existing

in CERES-Sorghum. ψs may be calculated using the functions suggested by DRIESSEN (1986),

where soil texture is needed but other equations can be find in agronomic literature.

b) a relationship which describes nycthemeral evolution of  the leaf water potential ψf according to

soil and atmosphere water status. This relationship is based upon a model proposed by DERACHE

& LE GUEN (1984) for a lucerne crop which considers that:

i) during night ψf is equal to the predawn water potential which is well correlated with the

soil water potential ψb :

so, at night ψf = ψb (1)

 ψb = 0,53*ψs + 0,13 (1bis)

Eq(1bis) was proposed by STRICEVIC (1991) and this equation is one exemple and other

relationships are existing,

ii) the diurnal trend of ψf has a sinusoidal shape with the following characteristics: at sunrise

and sunset ψf = ψb, and finally, the maximum (ψmax) is reached at noon (Fig.1) and the value of this

maximum may be given by the following relationship:

ψmax= (RET-2,01)/0,68 (2)

Eq(3) by TARANTINO et al (1994).

where, ψs=soil water potential (MPa), RET= Relative Evapotranspiration Rate (Actual ET/ Potential

ET).

The diurnal trend of ψf (Fig 1) is described by equation (3)

ψf = (ψmax - ψb )*sin ((π/DJ)*t) + ψb (3)

where, ψmax=Maximum leaf water potential (MPa), ψb=Predawn leaf water potential (MPa),

DJ=Daylength (h), t=Step time (h).

The step time is equal to 0,1 h from 0 at sunrise to DJ at sunset. For facilities, the absolute

values of ψf are considered in these calculations.



Fig 1. Diurnal trend in leaf water potential determines i) ∆t=period

for leaf expansion (ψf
 ≤ψt) and (ii) ∆tt=period without leaf

expansion; ψmax=Maximum leaf water potential (MPa),

ψb=Predawn leaf water potential (MPa), ψt=threshold value of leaf

water potential for expansion (MPa), DJ=Daylength (h)
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In its diurnal variations, ψf, can reach values which affects plant growth processes. It’s

relatively easy to define threshold values for different growth processes and particularly leaf

expansion, photosynthesis... Thus, leaf expansion is halted when ψf in equation (3) is equals to the

threshold value of leaf water potential for expansion (ψt). The ψt is equal to 0,5 MPa.

So, we need to calculate the day time (tt) when ψf=ψt, for water stressed and irrigated

conditions and when ψf is higher then ψt the leaf expansion rate is considered as equal zero (Fig. 1),

and tt is calculated as follows (4):

tt = (π/DJ)*arc sin[(ψt - ψb)/( ψmax- ψb)] (4)

So, we can calculate the diurnal duration of the period when leaf expansion is possible (∆t)

and when leaf expansion is stopped (∆tt), for stressed and well irrigated conditions (Fig. 1). They are

calculated by equations (5) and (5bis):

∆t = 12-∆tt (5) ∆tt = DJ/2-tt (5bis)



The coefficient for reduction in leaf expansion (SWDF2) is the ratio between leaf growth duration

under potential (∆t2) and stressed (∆t1) conditions :

SWDF2 = ∆t1/∆t2 (6)

MODEL VALIDATIONS:

In order to Validate this water stress subroutine adapted to CERES-Sorghum, we have used

data from different European partners of the European Sweet Sorghum Network (ESSON)

supported by the European Commission (DGXII-AIR 00041).

CONCLUSION

The leaf area index was well predicted and precision was high (Fig. 2). These results shown

that the model predicted well the dynamics of leaf expansion processes under water stress

conditions.

Fig. 2. Performance of the new CERES-Sorghum model in

simulation of leaf area index (LAI) in water stress conditions.
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