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ABSTRACT

In this study, the sorghum plant, which is one of the most important
plants in the world, was used as material. It was grown in Konya
province of Turkiye, which has semi-arid climate conditions. Plant
height, fresh weight, and dry weight were determined for 11 weeks
during the vegetation period. To determine the shape of the plant
growth, some growth models were used and the parameters of the
models were tried to be defined. The coefficient of determination (R2),
Pseudo R2, Mean Squares of Error (MSE), and Akaike Information
Criteria (AIC) statistics were taken into account in comparing the
performances of the Brody, Gompertz, Von Bertalanffy, Logistic, and
Log-Logistic models. The R2, Pseudo R2, MSE and AIC values of the
Gompertz model found suitable for plant height were found to be
0.998, 0.999, 23.162, and 21.013 respectively. The R2, Pseudo R2, MSE,
and AIC values of the von Bertalanffy model, which was found
suitable for wet weight estimation, were obtained as 0.995, 0.998,
1817.141, and 41.993 respectively. The £?, Pseudo R2, MSE, and AIC
values of the Log-logistic model, which were found suitable for
estimating the dry weight of the plant, were calculated as 0.998,
0.9993, 51.007, and 24.784 respectively. It can be suggested that
nonlinear mathematical growth models are useful methods in terms
of describing important plant characteristics such as plant height, and
fresh and dry weight, calculating maximum plant height and weight,
and determining the average growth rate. As a result, the growth
curve models showed different results in different characteristics such
as plant height, and fresh and dry weight of the plant.

OZET

Bu calismada dinyanin en énemli bitkilerinden biri olan sorgum
bitkisi materyal olarak kullanilmigtir. Bu bitki Turkiye'nin yari kurak
iklim kosullarina sahip Konya ilinde yetistirilmistir. Vejetasyon
doneminde 11 hafta boyunca bitki boyu, yas agirhigr ve kuru agirhigi
Olciilmustur. Bitkide buytimenin seklini belirlemek amaciyla bazi
biylime modelleri kullanilmis ve modellerin parametreleri
tanimlanmaya c¢alisgilmigtir. Brody, Gompertz, Von Bertalanffy,
Logistic ve Log-Logistic modellerinin karsilagtirilmasinda belirleme
katsayist (R2), Pseudo R2, Hata Kareler Ortalamasi ve Akaike Bilgi
Kriteri istatistikleri dikkate alinmistir. Bitki boyu i¢in uygun bulunan
Gompertz modelinin R2, Pseudo R2, Hata Kareler Ortalamasi1 ve
Akaike Bilgi Kriteri degerleri sirasiyla 0.998, 0.999, 23.162 ve 21.013
olarak bulunmustur. Yas agirlik i¢cin uygun bulunan Von Bertalanffy
modelinin R2, Pseudo R2, Hata Kareler Ortalamas1 ve Akaike Bilgi
Kriteri degerleri sirasiyla 0.995, 0.998, 1817.141 ve 41.993 olarak elde
edilmigtir. Kuru agirlik i¢in uygun bulunan Log-Logistik modelinin
R2, Pseudo R?, Hata Kareler Ortalamasi ve Akaike Bilgi Kriteri
degerleri sirasiyla 0.998, 0.9993, 51.007 ve 24.784 olarak
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hesaplanmigtir. Bitki boyu, yas ve kuru agirlik gibi 6nemli bitki
ozelliklerinin tanimlanmasi, maksimum bitki boyu ve agirliginin
hesaplanmasi ve ortalama biiyiime hizinin belirlenmesi agisindan
dogrusal olmayan matematiksel blyime modellerinin faydalh
yontemler oldugu onerilebilir. Sonug olarak sorgum bitkisinde bitki
boyu, bitkinin yas ve kuru agirhigi gibi farkli 6zelliklerinde buytime

egrisi modelleri farkli sonuglar géstermistir.

Atif Icin:  Celik, S., Géniilal, E., & Tutar, H., (2(_)_24). Sorgumun Bitki Boyu, Taze Agirlig1 ve Kuru Agirliginin Biiyiime
Egrisi Modelleri ile Arastirilmas1. KSU Tarim ve Doga Derg 27 (4), 994-1004. DOI: 10.18016/ksutarimdoga.vi.
1310574.
To Cite: Celik, S., Géniilal, E., & Tutar, H., (2024). Investigation of Plant Height, Fresh, Weight, and Dry Weight of
Sorghum with Growth Curve Models. KSU J. Agric Nat 27 (4), 994-1004. DOI: 10.18016/ksutarimdoga.vi.
1310574.
INTRODUCTION Alam et al., 2022; Karizaki et al., 2022).

Sorghum bicolor (L.)Moench is a plant belonging to the
Poaceae (Gramineae) family. It is an essential staple
food for millions in developing countries, mostly in
semi-arid and arid tropical regions (Abreha et al.,
2022). Provides fiber, protein-rich and gluten-free
nutrition (McCann et al., 2015; Impa et al., 2019). In
addition to food use, it is utilized as a raw material
source for bioethanol production (Mathur et al., 2017).
It is used in the livestock and biofuel industry in
America and other developed countries (McLaren et
al., 2003). Sorghum is a warm-season grassy C4 plant
grown in different ecological conditions. It requires less
fertilizer than many economically important plants
and is tolerant to drought, high temperature, and
salinity (Mastrorilli et al., 1999; Gnansounou et al.,
2005; Tesso et al., 2005; Almodares et al., 2007). Its
successful cultivation in semi-arid and arid regions
makes sorghum an important component
(Murungweni et al., 2016; USDA-FAS, 2018).

Sorghum is the fifth most important cereal crop in the
world after rice, wheat, corn, and barley. According to
FAO reports, in 2021, 40.9 million hectares of land and
61.3 million tons of production were made worldwide.
In terms of production share, Africa (42.8%) ranks
first, followed by America (38.5%), Asia (14.2%),
Oceania (2.7%) and Europe (1.9%). In terms of
production, the USA (11.3 million tons) is in the first
place, followed by Nigeria (6.7 million tons), India (4.8
million tons), Ethiopia (4.4 million tons) and Mexico
(4.3 million tons) (FAO, 2022).

The use of mathematical growth models to describe
growth is common in the agricultural sciences (Sari et
al., 2019). The growth models can be used to describe a
biological process, such as seed germination (Sousa et
al., 2014) and plant growth (Bem et al., 2017, 2018). In
addition, nonlinear regression and growth models are
still little used when statistical analysis is made in
field crop trials, and when used, growth models are
mostly adjusted according to accumulated production
data. Nonlinear mathematical growth models have
been used in some plants (Jane et al., 2020; Lacasa et
al., 2021; Rahemi-Karizaki et al., 2021; Liu et al., 2021;
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Up until the harvest point for ensiling, linear and
nonlinear modeling techniques such as linear,
quadratic, and Wood models were used to characterize
the chemical composition and evaluate the biometric
characteristics of pearl millet, corn, and sorghum.
Growth models were used in the maize, pearl millet,
and sorghum crops to characterize leaf growth up to
the harvest point for ensiling (Chrisostomo et al.,
2022). Non-linear regression analysis was applied to
data on the dry weight of sorghum biomass that was
gathered throughout the growing season in Italy
(Pannacci and Bartolini 2016).

In this study, fresh weight, dry weight, and plant
height parameters of the sorghum plant, which is one
of the most important plants in the world, were
measured for 11 weeks. It is aimed to model the
obtained data by comparing it with 5 different growth
curve methods.

MATERIAL and METHOD

The research was conducted in the province of Konya,
located in the Central Anatolia Region of Turkiye, in
2020. Early Sumac variety of sorghum plant was used
as material. The area where the study was carried out;
is an area with a clay loam structure, not very rich in
organic matter, high lime content, pH value between
7.6 - 8.3, and no salt problem (Table 1).

The plant vegetation period is May-August. When
Table 2 is examined; according to the climate data of
the study area for long years, the average temperature
was 20.7 °C and the highest average temperature was
23.5 °C (July). According to long years, the average
temperature in the sorghum growing period was 15.9
°C in May, 20.1 °C in June, 23.5 °C in July and 23.3 °C
in August. Considering the precipitation data, it was
seen that the average for long years was 82.4 mm. In
the study year, the average temperature of the
sorghum vegetation period was 21.5 °C, while the total
precipitation amount was 74.3 mm.

In the study, the plots were formed in 4 rows, 5 cm on

the row, 45 cm between the rows, and 5 m in length.
The parcel dimensions are arranged as 1.8 mx 5m =9
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m?. In the study, sowing was done on 12 May 2020, and remaining part of the nitrogen fertilizer was
50 mm of water was given to all plots. After soil distributed equally to the plots by drip irrigation in the
preparation, phosphorus fertilizer (9 kg/da) was given form of 4 parts (15 kg/da). In weed control, both

and a total of 18 kg N was given throughout the period, mechanical and drug control methods were applied. In
taking into account the soil analysis with planting. All the study, irrigation was done with a drip irrigation
of the phosphorus fertilizer and 3 kg/da of nitrogen system, and a total of 480 mm of irrigation water was
fertilizer were given with the planting, and the given.

Table 1. Some soil properties of the experimental area
Cizelge 1. Deneme alanina ait bazi toprak ozellikleri

_ 2 b= @ s R ) ~
< o Z = S CRSH- S sy 5 8 g g 2 ¥
e} o ﬁH - = SIS E 3 = E o, = E EP £ = )
e & @ © 3 7 £ > 9 S ©°& & 9
A ~ i = 2 = o n
0-30 9.6 29.4 61.0 CL 26.2 16.8 1.24 79 065 456 14 12.7 85
30-60 10.4 30.7 58.9 CL 27.3 17.3 1.35 83 049 359 1.2 11.6 63
60-90 9.1 28.4 62,5 CL 28.4 17.7 1.33 84 042 394 1.1 10.8 44
Table 2. Climate data of the study area (1929-2019, 2020)
Cizelge 2. Calisma alanin iklim verileri (1929-2019, 2020)
Years May June July August  Average/Total
Avr. Tem. (°C) 15.9 20.1 23.5 23.3 20.7
Long Years (1929-2019)  Max. Tem.(°C) 22.4 26.7 36.6 30.2 29.0
Min. Tem.(°C) 8.6 12.6 15.9 15.6 13.2
Precipitation (mm)  43.4 25.7 7.0 6.3 82.4
Avr. Tem. (°C) 16.2 20.3 25.5 23.8 21.5
2020 Max. Tem.(°C) 34.5 34.4 36.2 36.3 35.4
Min. Tem.(°C) 0.3 5.8 11.5 8.3 6.5
Precipitation (mm)  41.7 20.1 7.5 5.0 74.3
In the study; From 22 June until 1 September, plant weight or length is referred to as the A parameter in
height, fresh weight, and dry weight measurements all models, and all other parameters are described as
were made weekly for a total of 11 weeks. Data were constants relating to the shape and instant growth
obtained from 3 randomly selected plants each week. rates of the growth curve. B is the integration constant
Brody, Gompertz, Logistic, Von Bertalanffy, and Log- and k is the maturity rate (Winsor, 1932; Brody, 1945;
Logistic non-linear functions were used in the study. Bertalanffy, 1957; Nelder, 1961; Brown et al., 1976;

Table 3 lists the formulas, growth rates, and inflection Blasco et 3}1~’ 2003; Bahreini Behzadi et al., 2014;
point locations for these functions. The asymptotic Rzadkowski et al., 2015).

Table 3. Model expressions and parameters of growth functions
Cizelge 3. Biiytlime fonksiyonlarinin model ifadeleri ve parametreleri

Model Equation IPT IPW
Brody Y, = A(1 — b exp(—kt))
Gompertz Y, = A exp(—b exp(—kt)) In(b) /k Ale
Von Bertalanffy Y, = A(1 — b exp(—kt))3 (In3b) /k 8A/27
Logistic Y, = A/(1 + b exp(—kt)) —In(1/b)/k A/2
Log-Logistic Y, = A/(1 + b exp(—kin(t))) [(1+k)/b(k — 1]V A(k-1)/(2k)

Y+ Plant length/weight, A: Asymptotic length/weight, b: Integration constant, k: Maturing index. IPT: Point of inflection time,
IPW: Point of inflection weight

In model fit, both individual and average total data measured every week. These analyses were carried out
were analyzed. Since the analysis results of individual as a general analysis for each feature. Analyzes were
and averaged data were very close to each other, the carried out with the SPSS 25.0 package program.
analysis results of averaged data were evaluated in the LeYenberg-Marquardt algorithm was chosen for model
study. In other words, the analysis was not made fitting.

individually, but as a single analysis in the data set To select the best model, coefficient of determination
created by taking the average of 3 observations (R?), number of iterations, Mean Square Error (MSE),
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and Akaike information criterion (AIC) were
performed (Echeverri et al., 2013; Tariq et al., 2013;
Uckardes et al., 2013; Lupi et al., 2015; Yavuz et al.,
2019). For each of these criteria, the optimum status
was the highest level of the determination coefficient
(pseudo R2), the smallest number of the iterations
needed, and the lowest value of the Akaike information
criterion and Mean Square Error (Thomas et al., 2009;
Yavuz et al., 2019). The Akaike information criterion
was calculated as:

AlC =n s n (35) + 2k )]
The R? and pseudo R2 was calculated following:
R?=1-32 @)
pseudo R =1 — % 3
The formula of MSE is as follows:

MSE == (4)

Where k is the number of parameters +1, SSE' is the
residuals sum of squares and n is the number of
observations. SST is the total sum of squares, and
SSTcis the adjusted overall sum of squares.

RESULTS and DISCUSSION

The estimated parameters of the 11-week plant height
measurements of the sorghum plant are presented in
Table 4. All the estimated growth curve models fit well
with the observed growth curves (R2>0.99) in plant
length (Table 4 and Figure 1).

Following analyses utilizing various non-linear growth
functions, it was determined that the values estimated
for A, which represented the mature length in each
function (316.592-610.934 cm, Table 4) were reliable.

The values estimated for the k (maturing index)
parameter are -0.072, 0.31, 0.234, 0.53, and 1.203 in
Brody, Gompertz, Von Berttalanffy, Logistic, and Log-
Logistic models, respectively (Table 4). The point of
inflection time for plant length is 4.184, 3.686, 5.037,
and 5.886 in Gompertz, Von Berttalanffy, Logistic, and
Log-Logistic models, respectively. The point of
inflection length is 128.656, 111.643, 158.296, and
266.443 in Gompertz, Von Berttalanffy, Logistic, and
Log-Logistic models, respectively (Table 4). The Brody
model has no inflection point.

As seen in Table 4, the model with the best fit is the
Gompertz model.

Table 4. Parameter coefficients and goodness of fit criteria for growth models (plant length).
Cizelge 4. Biiyiime modelleri i¢in parametre katsayilari ve uyum kriterleri (bitki uzunlugu),

Model Brody Gompertz Von Bertalanffy Logistic Log-Logistic
A 610.934 349.722 376.794 316.592 581.198

b 0.979 2.683 0.625 8.494 13.468

k -0.072 0.31 0.234 0.53 1.203

R2 0.993 0.998 0.998 0.995 0.996
Pseudo R2 0.9985 0.9996 0.9995 0.9989 0.9993

MSE 87.786 23.162 26.142 63.944 39.039

AIC 27.378 21.013 21.591 25.864 23.506

IPT 4.184 3.686 5.037 5.886

IPW 128.656 111.643 158.296 266.443

Models with the best goodness of fit are represented in bold

Table 5 provides the expected parameters for the
sorghum plant's fresh weight measurements at 11
weeks. All of the calculated growth curve models
(R2>0.99) in plant fresh weight fit the observed growth
curves quite well (Figure 3). Several non-linear
development functions were used in the analyses, and
the values calculated for the A parameter, which in
each function denotes the mature fresh weight, were
found to be 311.557-1767.663 g (Table 5).

The values estimated for the k (maturing index)
parameter are -0.001, 0.385, 0.288, 0.671, and 2.592 in
Brody, Gompertz, Von Berttalanffy, Logistic, and Log-
Logistic models, respectively. The point of inflection
time for plant fresh weight was 5.644, 5.257, 4.564, and
5.472 in Gompertz, Von Berttalanffy, Logistic, and
Log-Logistic models, respectively. The point of
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inflection weights were 573.18, 500.233, 701.489, and
542.847 in Gompertz, Von Berttalanffy, Logistic, and
Log-Logistic models, respectively (Table 5).

In the Brody model in Tables 4 and 5, the k parameter
was found to be negative. This means that the weekly
maturation rate of plant height and fresh weight is
negative. However, in other models used, the weekly
maturity rate is positive and is the expected result.
Weekly maturity rates of the sorghum plant until its
last developmental period are generally positive and
there have been studies on this (Shi et al., 2013;
Chrysostom et al., 2022).

The Gompertz, Von Berttalanffy, Logistic, and Log-
Logistic models for plant fresh weight's inflection point
plots are shown in Figure 4.
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Figure 1. Growth curves of sorghum plant height (cm)
Sekil 1. Sorgum bitki boyunun biiytime egrileri
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Figure 2. The point of inflection time for plant length
Sekil 2. Bitki uzunlugu i¢in biikiilme zamani noktasi grafigi

Table 5. Parameter coefficients and goodness of fit criteria for growth models (plant fresh weight).
Cizelge 5. Bliiyiime modelleri igin parametre katsayilar: ve uyum kriterleri (bitki yas agirligi).

Model Brody Gompertz Von Bertalanffy Logistic Log-Logistic
A 311.557 1558.06 1688.287 1402.98 1767.663
b 1 5.976 1.136 35.294 109.523

k -0.001 0.385 0.288 0.671 2.592

R2 0.974 0.994 0.995 0.987 0.993
Pseudo R2 0.9903 0.9977 0.9980 0.9952 0.9979
MSE 8992.44 2197.14 1871.141 4481.04 1940.435
AIC 49.493 42.760 41.993 46.165 42.167
IPT 5.644 5.257 4.564 5.472
IPW 573.18 500.233 701.489 542.847

Models with the best goodness of fit are represented in bold
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Figure 3. Growth curves of sorghum plant fresh weight
Sekil 3. Sorgum bitkisi yas agirliginin biiyiime egrileri
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Figure 4. The point of inflection time for plant fresh weight
Sekil 4. Bitki yag agirligi i¢in biikiilme zamani noktas: grafigi

Table 6 provides the expected parameters for the
sorghum plant's 11-week plant dry weight
measurements. In terms of plant dry weight, the
estimated growth curves from models suit the observed
growth curves well (R2>0.99) (Figure 5).
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The analyses were carried out using several non-linear
growth functions, and the values estimated for the A
parameter, which represents the asymptotic dry
weight in each function, were established (393.345-
752.232 g, Table 6).
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The values estimated for the k (maturing index)
parameter are 0.001, 0.365, 0.205, 0.722, and 3.507 in
Brody, Gompertz, Von Berttalanffy, Logistic, and Log-
Logistic models, respectively. The point of inflection
time (week) for plant fresh weight is 7.109, 7.353,

5.708, and 7.137 in Gompertz, Von Berttalanffy,
Logistic, and Log-Logistic models, respectively. The
point of inflection weight is 206.974, 222.884, 234.886,
and 208.863 in Gompertz, Von Berttalanffy, Logistic,
and Log-Logistic models, respectively (Table 6).

Table 6. Parameter coefficients and goodness of fit criteria for growth models (plant dry weight).
Cizelge 6. Biiyiime modelleri i¢in parametre katsayilari ve uyum kriterleri (bitki kuru agirhigi).

Model Brody Gompertz Von Bertalanffy Logistic Log-Logistic
A 393.345 562.613 752.232 469.771 584.35
b 1 9.299 1.226 110.847 1042.831
k 0.001 0.365 0.205 0.722 3.507
R2 0.937 0.998 0.996 0.998 0.998
Pseudo R? 0.9709 0.9993 0.9984 0.9992 0.9993
MSE 2202.82 53.532 124.629 55.26 51.007
AIC 42.773 25.015 29.052 25.167 24.784
IPT 7.109 7.353 5.708 7.137
IPW 206.974 222.884 234.886 208.863
Models with the best goodness of fit are represented in bold
500,0
400,0
E” 300,0 S
[«5]
=
S 200,0
°
<
<
o 100,0
0,0
1 2 3 4 5 6 7 8 9 10 11
-100,0 weeks
—— Observed Brody Gompertz VonBertalanffy —— Logistic —— Log-Logistic

Figure 5. Growth curves of sorghum plant dry weight
Sekil 6. Sorgum bitkisi kuru agirliginin biiytime egrileri

Figure 6 displays the inflection point charts for the
Gompertz, Von Bertalanffy, logistic, and log-logistic
models for plant dry weight.

Tables 4, 5, and 6 explain the goodness of fit statistics
obtained for the five models studied. It was observed
that for plant length (Table 4), the Gompertz model
provided the best fit. On the other hand, in what
concerns fresh and dry weight, different models
provided best fits for datasets of different features.
Different growth curve models with different
characteristics showed the best performance. It was
observed that for plant fresh weight (Table 5), the Von
Bertalanffy model provided the best fit. It was
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observed that for plant dry weight (Table 6), the Log-
Logistic model provided the best fit. Thus, it was not
possible to determine a model as being superior to the
others.

Descriptive statistics regarding plant height, fresh
weight, and dry weight are presented in Table 7.

In a study (Chrisostomo et al.,, 2022), while leaf
diameter and length had a superior fit to the nonlinear
Wood model, the biometric variables plant height and
leaf width had a better fit to the linear model. Corn,
pearl millet, and sorghum did not differ from one
another in terms of the biometric variables (p=0.1863),
and the model curves for corn and sorghum overlapped
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for all variables. The Gompertz model provided the
best fit for leaf growth. In this study, the Gompertz
model was the most appropriate model for plant

Logistic
235,000 L]

230,000

225,000

220,000

TPW-plant dry weight

215,000

210,000

205,000

5,500 6,000

6,500

height. It seems to be compatible with the results of
this study in that the best model is the same.

Von BertalaniTy
L ]

Log-Logistic
L ]

Gompertz
[ ]

7,000 7,500

IPT-weeks

Figure 6. The point of inflection time for plant dry weight
Sekil 6. Bitki kuru agirlig: i¢in bikiilme zamani noktas: grafigi

Table 7. Descriptive statistics of plant height (cm), plant fresh weight (g) and plant dry weight (g) (X F s5)
Cizelge 7. Bitki boyu (cm), bitki yas agirhigi (g) ve kuru agirhigina (g) ait tanimlayici istatistikler (X F s;)

Weeks N Plant height

Plant fresh weight

Plant dry weight

3

LW W wWwWwwWwwwww

24.333+0.882
50.667+3.480
77.000+2.309
123.000¥7.211
159.333F11.566
205.667+14.769
230.667+17.285
251.667+14.814
275.333+6.360
295.000+5.000
315.000+2.887

16.00040.577 1.470+0.057
43.333+3.333 5.300F0.401
68.333+4.410 8.767+0.601

196.667+34.921
443.333+85.942
736.667+13.017
868.000+20.551
965.000429.297
1163.333+86.667
1303.333+44.190
1403.333+20.276

26.733F4.823
65.767¥11.919
128.000+4.359
195.000+8.660
262.667+3.930
351.900+26.467
405.633+12.632
433.333410.929

1
2
3
4
5
6
7
8
9
1
1
X:

0
1 3
M

ean, sg: Standard error.

The comparison between the observed values and the
predicted values by the logistic model was displayed
for the dry weight of sweet sorghum (Shi et al., 2013).
In the logistic model, parameter values were found to
be A=213 (asymptotic dry weight), b=7.73, and
k=0.1237. The R2 of the model was found to be 0.940.
The parameter coefficients representing the sorghum
dry weight in this study and the best-fitting model
differed.

In Ttaly, sorghum hybrids’ average plant height was
222 and 181 cm to biomass hybrids and forage hybrids
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in 2005, respectively. The sorghum hybrid’s average
plant height was measured at 338 and 284 cm for
biomass hybrids and forage hybrids in 2006,
respectively. The plant height of biomass hybrids was
higher than forage hybrids as observed in 2005 with an
average value of 338 cm (Pannacci and Bartolini 2016).
Plant height values were found to be different from the
values in this study.

In a study conducted in Italy, the plant height of
different varieties of sorghum plants was found to be
between 199 and 344 cm (Habyarimana et al., 2004).
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The highest plant height was obtained from the H 132
variety with 344 cm. This was followed by Mamhonne
(295 cm), IS 21055 (291 cm), and Brown sweta (291
cm). When compared to the sorghum plant height in
this study, H 132 sorghum was higher than the result
of this study, while other varieties were lower.

CONCLUSION

In this study, 5 different growth curves were compared
using the plant height, and plant fresh and dry weights
from the day of emergence to the 11th week of the
sorghum plant. In the Gompertz model that best
describes the plant length, the asymptotic plant length
(A) was estimated as 349.7 cm and the adult growth
rate (k) was 0.31. Gompertz model Y,
349.7 exp(—2.683 exp(—0.31t)) was determined as.

In the Von Berttalanffy model that best describes the
plant's fresh weight; the maximum fresh plant weight
(A) was estimated at 1688.287 g and the adult growth
rate (k) was 0.288. The time of the highest wet weight
gain was 5.257 weeks. Von Berttalanffy model Y; =
1688.287(1 — 1.136 exp(—0.288t))3 was determined as.

In the Log-Logistic model that best describes the plant
dry weight, the maximum dry weight of plants (A) was
estimated as 584.35 g and the adult growth rate (k)
was 3.507. Log-Logistic model Y, =584.35/(1+
1042.831 exp(—3.507In(t))) was determined as.

Although the growth curves appear to be close to each
other when looking at the figures, it has been
determined that the model fits give different results.
As a result, when the 11-week growth curves of the
plant were examined, plant height, and fresh and dry
weight characteristics were modeled differently.
Brody’s model showed the lowest model performance of
all models. Gompertz, Von Bertalanffy, and Log-
Logistic models were the models that best describe the
growth for plant height, wet weight, and dry weight in
sorghum plants, respectively. Defining growth is
important in determining the most appropriate time
for agricultural practices. Growth differences seen
between plant characteristics require the use of
different models in the adaptation of growth data. In
choosing the model to be used in the fitting of growth
curves, the structure of the data of the estimated
parameters should be considered. With such growth
functions, it may be possible to predict the plant
height, fresh weight, and dry weight that plants can
reach in the future.
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