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***Ejtting Logistic model to LAl vs DAP;
data a;
input dap [l1ai@@;
y=lai;
x=dap;
cards;
450.15 56 0.33 66 0.68 76 1.04 86 2.38
98 3.35 108 3.76 116 4.79 125 4.96 132 3.56
140 3.20 147 2.50 154 1.95 161 1.11 170 0.00

proc nlin;

parms a=0.06 b=110 c=300;

model y=((a*exp((-a)*(x-b))*c))/((1+exp((-a)*(x-b)))**2);
output out=b p=yhat;

run; quit;

proc gplot uniform;

symboll c=green v=# i=none;

symbol2 c=blue v=none i=join;

plot y*x=1 yhat*x=2/overlay;

run;quit;

***Ejtting Beta model to LAl vs DAP;
data a;
input dap [l1ai@@;
y=lai;
x=dap;
cards;
450.15 56 0.33 66 0.68 76 1.04 86 2.38
98 3.35 108 3.76 116 4.79 125 4.96 132 3.56
140 3.20 147 2.50 154 1.95 161 1.11 170 0.00

proc nlin;
parms Imax=4 th=20 tm=120 te=170 delta=2.5;
pl=(te-x)/(te-tm);
p2=((x-tb)/ (tm-tb))**((tm-tb)/(te-tm));
model y=Imax*(pl*p2)**delta;
output out=b p=yhat;
run; quit;
proc gplot uniform;
symboll c=green v=# i=none;
symbol2 c=blue v=none i=join;
plot y*x=1 yhat*x=2/overlay;
run;quit;
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***Ejtting truncated-expolinear model to TDM vs DAP;
data a;

input dap tdm@@;

x=dap;

y=tdm;

cards;

457.1 56 19.0 66 38.9 76 91.5 86 173.3

98 317.0 108556.6 116 701.8 125 959.2132 928.5
140 1146.2 147 1366.3 161 1555.5 170 1297.1

proc nlin;

parms wmax=1400 cm=20 rm=0.09 t0=80;
pl=tO+wmax/cm;
p2=1+exp(rm*(x-t0));

if x<pl then do;

model y=(cm/rm)*log(p2);

end;

if x>=pl then do;

model y=wmax;

end;

output out=b p=yhat;

run; quit;

proc gplot uniform;

symboll c=green v=# i=none;
symbol2 c=blue v=none i=join;
plot y*x=1 yhat*x=2/overlay;
run;quit;

***Ejtting symmetrical-expolinear model to TDM vs DAP;
data a;

input dap tdm@e@;

x=dap;

y=tdm;

cards;

457.1 56 19.0 66 38.9 7691.5 86 173.3

98 317.0 108556.6 116 701.8 125 959.2132 928.5
140 1146.2 147 1366.3 161 1555.5 170 1297.1

proc nlin;

parms wmax=1500 cm=25 rm=0.12 t0=90;
pl=1+exp(rm*(x-t0));
p2=1+exp(rm*(x-tO0-wmax/cm));
model y=(cm/rm)*(log(pl/p2));
output out=b p=yhat;

run; quit;

proc gplot uniform;

symboll c=green v=# i=none;
symbol2 c=blue v=none i=join;
plot y*x=1 yhat*x=2/overlay;
run;quit;
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***Ejtting Logistic model to TDM vs DAP;

data a;

input dap tdm@Q@;

x=dap;

y=tdm;

cards;

457.1 56 19.0 66 38.9 7691.5 86 173.3

98 317.0 108556.6 116 701.8 125 959.2132 928.5
140 1146.2 147 1366.3 161 1555.5 170 1297.1

proc nlin;

parms wmax=1400 k=0.05 tm=130;
model y=wmax/(1+exp(-k*(x-tm)));
run;quit;

***Ejtting Richards model to TDM vs DAP;

data a;

input dap tdm@Q@;

x=dap;

y=tdm;

cards;

457.1 56 19.0 66 38.9 76 91.5 86 173.3

98 317.0 108556.6 116 701.8 125 959.2132 928.5
140 1146.2 147 1366.3 161 1555.5 170 1297.1

proc nlin;

parms wmax=1400 v=0.5 k=0.05 tm=130;
pl=1+v*exp(-k*(x-tm));

model y=wmax/(pl**(1/Vv));

output out=b p=yhat;

run; quit;

proc gplot uniform;

symboll c=green v=# i=none;

symbol2 c=blue v=none i=join;

plot y*x=1 yhat*x=2/overlay;

run;quit;

***Ejtting gompertz model to TDM vs DAP;

data a;

input dap tdm@@;

x=dap;

y=tdm;

cards;

457.1 56 19.0 66 38.9 7691.5 86 173.3

98 317.0 108556.6 116 701.8 125 959.2132 928.5
140 1146.2 147 1366.3 161 1555.5 170 1297.1

proc nlin;

parms wmax=1400 k= 0.05 tm=120;
pl=-exp(-k*(x-tm));

model y=wmax*exp(pl);

output out=b p=yhat;
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run; quit;

proc gplot uniform;

symboll c=green v=# i=none;
symbol2 c=blue v=none i=join;
plot y*x=1 yhat*x=2/overlay;
run;quit;

***Ejtting weibull model to TDM vs DAP;

data a;

input dap tdm@Q@;

x=dap;

y=tdm;

cards;

457.1 56 19.0 66 38.9 76 91.5 86 173.3

98 317.0 108556.6 116 701.8 125 959.2132 928.5
140 1146.2 147 1366.3 161 1555.5 170 1297.1

proc nlin;

parms wmax=1400 a=2.5E-11 b=5;
pl=-a*x**b;

model y=wmax*(1-exp(pl));
output out=b p=yhat;

run; quit;

proc gplot uniform;

symboll c=green v=# i=none;
symbol2 c=blue v=none i=join;
plot y*x=1 yhat*x=2/overlay;
run;quit;

***Ejtting beta 1 model to TDM vs DAP;

data a;

input dap tdm@@;

x=dap;

y=tdm;

cards;

457.1 56 19.0 66 38.9 76 91.5 86 173.3

98 317.0 108556.6 116 701.8 125 959.2132 928.5
140 1146.2 147 1366.3 161 1555.5 170 1297.1

proc nlin;

parms wmax=1400 te=170 tm=130;
pl=1+(te-x)/(te-tm);
p2=(x/te)**(te/(te-tm));

model y=wmax*pl*p2;

bound O<tm<te;

output out=b p=yhat;

run; quit;

proc gplot uniform;

symboll c=green v=# i=none;
symbol2 c=blue v=none i=join;
plot y*x=1 yhat*x=2/overlay;
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run;quit;

***Ejtting beta 2 model to TDM vs DAP;

data a;

input dap tdm@e@;

x=dap;

y=tdm;

cards;

457.1 56 19.0 66 38.9 76 91.5 86 173.3

98 317.0 108556.6 116 701.8 125 959.2132 928.5
140 1146.2 147 1366.3 161 1555.5 170 1297.1

proc nlin;

parms wbase=15 wmax=1400 tb=25 te=170 tm=125;
pl=1+(te-x)/(te-tm);
p2=((x-tb)/(te-tb))**((te-tb)/(te-tm));
if x<tb then do;

model y=wbase;

end;

if x<=te then do;

model y=wbase+(wmax-wbase)*pl*p2;
end;

if x>te then do;

model y=wmax;

end;

bound wbase>0;

output out=b p=yhat;

run; quit;

proc gplot uniform;

symboll c=green v=# i=none;
symbol2 c=blue v=none i=join;
plot y*x=1 yhat*x=2/overlay;
run;quit;
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Abstract

Growth analysis is a valuable method in the quantitative analysis of crop
growth, development and crop production. There are many regression models to
describe the sigmoid growth patterns. By considering that, the parameters of non-
linear regression models have physiological meanings, they are preferable relation
to linear regression models. The aim of this study was to collect and evaluate the
high visibility non-linear regression models in the growth analysis studies
(Logistic, Gompertz, Richards, Weibull, Truncated Expolinear, Symetrical
Expolinear and two kinds of Beta model to describe the biomass accumulation, and
Logistic and Beta models to describe the leaf area index variation patterns). An
experiment was conducted using 7 wheat cultivars (Arya, Darya, Kuhdasht,
Shiroudi, Tajan, Taro and Zagros) in 2 conditions, irrigated and rainfed, in
randomized complete block design with 4 replications in 2008-2009. All models
were fitted to the dry matter and LAI data of two cultivars (Arya and Zagros).
Results shoed that all of the used models at this study described well the variation
pattern of dry matter accumulation and LAI by time (day after planting). And these
models can be used in the growth analysis studies.

Keywords: Growth; Development; Leaf area; Biomass; wheat.
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