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Table S1. HORTSYST model equations with state variables. State variables: photo-thermal time (PTI), dry 

matter production (DMP), nitrogen (Nup), phosphorus (Pup), potassium (Kup), calcium (Caup), magnesium 

uptake (Mgup). Output variables: leaf area index (LAI), crop transpiration (ETc). Input variables: Global 

solar radiation (Rg), air temperature (Ta) and relative humidity (RH).

  

Variable Equation Units 

𝐏𝐓𝐈 PTI(j + 1) = PTI(j) + ∆PTI                                          (1) MJ m−2d−1 

𝐃𝐌𝐏 DMP(j + 1) = DMP(j) + ∆DMP                                   (2)  g m−2 

𝐄𝐓𝐜 ETc(j + 1) = ETc(j) + ∆ETc                                        (3)  kg m−2 

 

𝐓𝐓 TT =

{
 
 

 
 
0 (Ta < Tmin)
(Ta − Tmin)/(Tob − Tmin) (Tmin ≤ Ta < Tob)
1 (Tob ≤ Ta ≤ Tou)
(Tmax − Ta)/(Tmax − Tou) (Tou < Ta ≤ Tmax)
0 (Ta > Tmax)

       (4) 

 

 

[dimensionless] 

𝐀𝐑 PAR (j) = 0.5 × Rg                                                        (5) MJ m−2 

𝐟𝐢−𝐏𝐀𝐑 fi−PAR = 1 − exp (−k × LAI(j))                                   (6) [dimensionless] 

𝐏𝐓𝐈 ∆PT = (∑ TT24
i=1 (i, j)) PAR(j) × fi−PAR(j)                      (7) MJ m−2 d−1 

𝐋𝐀𝐈(𝐣)  LAI(j) = [
c1×∆PTI(j)

c2+∆PTI(j)
] × d                                              (8) m2 m−2 

∆𝐃𝐌𝐏 ∆DMP(j) = RUE × fi−PAR(j) × PAR(j)                         (9) g m−2 

%𝐍(𝐣) 

%𝐏(𝐣) 

 %𝐊(𝐣) 

%𝐂𝐚(𝐣), 

%𝐌𝐠(𝐣) 

  

 

%Nutrienti(j) = ai × (∆DMP)
−bi                              (10) 

i = 1…5; 1 for %N, 2 (%P), 3 (%K), 4 (%Ca), and 5 (%Mg)      

 

 

[dimensionless] 
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∆𝐍𝐮𝐩 

∆𝐏𝐮𝐩 

∆𝐊𝐮𝐩 

∆𝐂𝐚𝐮𝐩 

∆𝐌𝐠𝐮𝐩 

 

ΔNutrienti(j) = (%Nutrienti(j)/100) × ∆DMP(j)  (11) 

i = 1…5; 1 for ∆Nup, 2 (∆Pup),3 (∆Kup), 4 (∆Caup)

, and 5 (∆Mgup)
 

 

g m−2 

g m−2 

g m−2 

g m−2 

g m−2 

𝐍𝐮𝐩 

𝐏𝐮𝐩 

𝐊𝐮𝐩 

𝐂𝐚𝐮𝐩 

𝐌𝐠𝐮𝐩 

Nup(j + 1) = Nup(j) + ∆Nup                                      (12) 

Pup(j + 1) = Pup(j) + ∆Pup                                         (13) 

Kup(j + 1) = Kup(j) + ∆Kup                                      (14) 

Caup(j + 1) = Caup(j) + ∆Caup                                 (15) 

Mgup(j + 1) = Mgup(j) + ∆Mgup                              (16) 

g m−2 

g m−2 

g m−2 

g m−2 

g m−2 

𝐄𝐓𝐜(𝐢) ETc(i) = A × (1 − exp (−k × LAI(j))) × Rg(i) +
LAI(DPV)B(d,n)                                                           (17) 

g m−2 h−1 

 

𝐄𝐓𝐜(𝐣) ∆ETc =∑ETc(i)

24

i=1

                                                            (18) 

 

kg m−2d-1 
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