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ABSTRACT

Objective: To calibrate two non-linear models, in three intermediate triple hybrids, by theoretically comparing
the accumulation of dry matter in relation to the days after sowing (das).

Methodology: The cuts were made every 14 days, from 30 to 170 days after sowing, and were adjusted to
the Logistic and Richards models. The experimental design was a randomized block, with three replications.
Results: The models explained most (83%) of the total variability of dry matter (DM) yield in maize observed
in the field. The best fit model was the Logistic model (cultivar AN447) and the Richards model (cultivar
A7573), both with R?=0.98. The maximum yield simulated with the Richards model was observed in AN447
(22,616 kg DM ha ') and the lowest in AN388 (10,970 kg DM ha™").

Limitations/Implications: The results can only be applied to the study case, as a consequence of the
limitations imposed by the variety, climate, and soil conditions. Therefore, no general explanation can be
developed and the conclusions should be treated with caution.

Conclusion: The Logistic model enables a more precise simulation of the dry matter yield in maize, using the
days after sowing as an independent variable.

Keywords: Zea mays L., mathematical modeling, and goodness of fit.

INTRODUCTION

Maize (Zea mays L.) is considered the most cultivated cereal worldwide (FAO, 2019).
However, climatic variability and management have generated uncertainty and instability
in the productivity of this crop; therefore, calibrated simulation models have become
a viable tool to study its behavior (Flores et al., 2013). The Logistic (Nelder, 1961) and
Richards (1959) models are the most commonly used to describe the growth of plants,
animals, and/or other organisms (Villegas et al., 2019). However, their calibration takes

Image by Matan Ray Vizel at Pixabay


mailto:fperamos@gmail.com

Agro productividad 2022. https://doi.org/10.32854/agrop.v15i7.2312 12

into consideration the physiological aspect of the plant and its productivity; therefore,
as more information is generated, the model fits with greater accuracy (Sinclair and
Seligman, 1996). Another important aspect is the validation of the model, carried out
comparing the data obtained in the field versus the data obtained by the model and its
subsequent application in regions with similar characteristics to the region where it was
validated (Boons et al., 1993). In forage species, the models have a good fit (experimental
data vs. simulated data); such is the case of Panicum maximun Cv. Mombaza and Pennisetum
purpureum Cv. Cuba CT-115 (Rodriguez et al., 2007; Thornley and France, 2007). Many
mathematical models simulate maize’s development and growth (Lizaso et al., 2011).
However, some of these models are too sophisticated and their calibration, validation, and
implementation require a large number of parameters and specific skills. Consequently,
they are still exclusively for scientific use (Sau et al., 2012) and farmers have a difficult time
adopting them (Heng et al., 2009). Therefore, the objective was to calibrate two non-linear
models, in three intermediate triple hybrids, by theoretically comparing the accumulation

of dry matter in relation to the days after sowing.

MATERIALS AND METHODS

Study area: The work was established in the “El Bajio” experimental area of the
Universidad Auténoma Agraria Antonio Narro (UAAAN), in Saltillo, Coahuila, Mexico
(25°2312.7” N, and 101° 00’ 9.8” W, at 1783 m.a.s.1.). The climate is temperate semi-dry,
with temperatures that surpass 18 °C and fall below 0 °C.. The average annual accumulated
precipitation is 340 mm (Garcia, 2004). Figure 1 shows the weather conditions during the
study (Red Universitaria de Observatorios Atmosféricos, UAAAN).

Three intermediate triple maize hybrids (AN447, AN388, and A7573) from the
Mexican Corn Institute were used; they were established on April 8™, 2017. The materials
were distributed in a randomized block design, with three replications. Each replication
consisted of five 9-m long furrows, generating 18 experimental units. The land was plowed,
twice harrowed, and furrowed at 0.8 m. Plant density was 86,000 plants ha™'. Irrigation
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Figure 1. Average maximum and minimum temperatures, and fortnightly accumulated precipitation during
the study period (April 8th to October 21st, 2017). *Sowing.
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was applied once a week at field capacity, by drip irrigation, using drip tape (wall thickness
6 mil), with a 15-cm distance between drippers. The predominant soil has a sandy-clay-
loam texture, with 62, 10, and 20% sand, silt, and clay, respectively; it has 3.02% organic
matter and 1.25 g cm’® apparent density, determined at the beginning of the experiment.
Cuts were made every fourteen days from May 6" (30 das) to September 23,2017 (170
days). Samples were taken from three plants and brought to constant dry weight, in a POM-
246F forced air stove, at 55 °C during 72 h, in order to determine the accumulation of dry
matter. Relationships were established between cutting age after sowing and biomass yield.
To estimate the dynamics of growth and dry matter production, two non-linear models
were considered: Logistics and Richards (Table 1). The regressions were adjusted with the
Statistical Package for Social Sciences software (SPSS, 2011), in which the significance of
the correlation coefficients was calculated (p<0.05).

RESULTS AND DISCUSSION
Goodness of fit of the Logistic and Richards models

The best model of the AN447 and AN388 hybrids was obtained with the Logistic
model; however, the A7573 presented a better fit with the Richards model. The R? was
0.98 (AN447), 0.96 (AN388), and 0.98 (A7573) (Table 1). This behavior tends to form a
sigmoid curve, similar to the growth dynamics of forage plants (Thornley and France 2007;
Martinez et al., 2010). In the case of maize, the field values obtained with other models
(e.g., MCWLA-Maize) differed by 2% from those estimated by the model with R*=0.70,
showing good prediction capacity (Tagarakis and Ketterings, 2017).

Estimation of variety AN447 dry matter

The precision with which the models explain the DM production in the AN447 hybrid
(depending on the age of the plant) was higher in the Logistic model (R2=0.98), than in
Richards model (RQ =(.84), indicating a lower variability of the Logistic model vs. Richards
(Figure 2). Although the Logistic and Richards models had predicted 22,536 kg DM ha™!
and 22,616 kg DM ha~! DM accumulation, respectively, the actual highest accumulation

Table 1. Non-linear models used to estimate the dry matter yield (W) in three maize hybrids
with irrigation, as the age of the plant increases in southeastern Coahuila, Mexico.

Model Funtional form Differential form
ww
.. _ f dw, w
Logistic W,= —ut L=uW|l——
w,+(w,-m,)e dt w,
Wy aw, k w
Richards W= L v —Lt=—W|l—|—
[WO” +(wp-wy)e ’] i n w,

Where: Wy=Initial dry weight, Wy =Maximum or final dry weight, s =Relative or specific
growth rate, e=Base of natural logarithms, {=Time. For the case of the Richards model:
n=Form parameter, and k=Constant parameter. The values of ¢ and £ were obtained by
simple regression. The values of n were considered according to Thornley, J. H. M. and

France, J. (2007).
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Table 2. Goodness of fit models for the dry matter yield of three maize hybrids, developed from 30 to 170
days after sowing, at 14-day intervals in southeastern Coahuila, Mexico.

Cultivars
AN447 | AN388 | A7573 AN447 | AN388 | A7573
Logistics model Richards model
R 098 | 09 | 09 084 | 08 | 098
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Figure 2. Dry matter yield (kg DM ha™") of AN447 maize hybrid obtained in the field and simulated with
the Logistic and Richards models. Production cycle: April 8" to September 23rd, 2017. Location: southeastern
Coahuila, Mexico.

of DM observed in the field at 170 das was 22,361 kg DM ha™ ! Both models overestimated
the performance by 7% (Logistic) and 12% (Richards); however, the behavior registers a
turning point from 156 das. This suggests that the optimal harvest time for this hybrid is
after the said date, as reported by Machado et al. (1983). These data match the findings of
Gonzidlez et al. (2014), Diaz et al. (2018), and Tornés (2016), who estimated average yields
of 20,680 kg DM ha™! at 125 das, obtained with the FAO AquaCrop simulation model.
In this regard, determining the optimal harvest time based on simulated values allows a
maximum handling of the study materials (Castro et al., 2017), taking into account their
growth, which can vary according to management, species, cultivar, and edaphoclimatic
conditions (Torres et al., 2012).
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Estimation of variety AN388 dry matter

The values estimated with the Logistic model are closer to the observed values than
those obtained with the Richards model, since the adjustment generated a correlation of
0.96 and 0.83, respectively. Throughout the study, the variation of DM accumulation in
the observed values ranged from 12 to 13,261 kg ha™ ! Inthe Logistic model, the simulated
yields varied between 190 and 12,070 kg DM ha~!, while the Richards model recorded
variations between 287 and 10,970 kg DM ha~'. Both models overestimated the yield
by 2%, which suggests good agreement and little variability. Dias and Villalobos (2018)
validated the FAO AquaCrop model and reported yields of 28,600 kg DM ha~!. The
average difference with the simulations was 670 kg DM ha™! (6% underestimation). This
result indicates good biomass predictions (R2=0.96) and a strong significant relationship
between simulated and observed values. Conde ¢t al. (2004) calibrated the DSSAT_CERES
model for forage maize and overestimated the actual yield by 5-12% for a temperate region
of Mexico, which suggests a good fit. In contrast, Arce e al. (2017), under similar conditions,
estimated a 49.3% decrease in forage maize yield (1-1.7 t ha_l) using AquaCrop, which
shows a high degree of variability.
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Figure 3. Dry matter yield (kg MS ha_l) of AN388 maize hybrid obtained in the field and simulated with the
Logistic and Richards models. Production cycle: April g o September 23th, 2017. Location: southeastern
Coahuila, Mexico.
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Estimation of variety A7573 dry matter

The inflection point of cultivar A7573 took place at 156 das and the maximum value
(18,603 kg DM ha™ l) was recorded at 170 das (Figure 4). On average, the Logistic model
and the Richards model overestimations reached 1 and 2%, respectively. Therefore,
both models adequately explain the growth of cultivar A7573, as a result of the good
fit of both models —which have correlation coefficients of 0.94 (Logistics) and 0.98
(Richards). The range of dry matter yield in the observed values, from the beginning to
the end of the experiment, ranged from 20 to 18,603 kg ha™!. There was a 1 and 2%
difference between the values obtained with the Logistic and Richards models regarding
the observed values from 30 to 114 das. Subsequently, both models overestimated the
yield by approximately 18%. Nouna et al. (2000) recorded average differences of 7.27
and 11.71% between the observed and simulated values; differences up to 10% were
considered as an acceptable data.

Overall, the highest yields observed were registered by the cultivar AN447, with
9,098 kg DM ha™! average values; meanwhile, the simulated Logistic model recorded
9,880 kg DM ha~! and the Richards model registered 10,291 kg DM ha™! (p>0.05); the
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Figure 4. Dry matter yield (kg DM ha_l) for A7573 maize hybrid obtained in the field and simulated with
the Logistic and Richards models. Production cycle: April 8" o September 23rd, 2017. Location: southeastern
Coahuila, Mexico.
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overestimation was 8.5% (Logistic) and 13% (Richards). The lowest average yields were
registered in the cultivar AN388, with 4488, 4585, and 4406 kg DM ha 1, in the observed,
Logistic, and Richards models, respectively. The Logistic model had an 2% overestimation,
while the Richards model had an 1.8% underestimation. Paredes ez al. (2014) mention that
the prediction error is reduced when fewer differences are found between the observed
values and those generated by the models, which indicates a correct parameterization of
the forage yield curve.

CONCLUSIONS

The adjustment of the models accounted for 83% of the total variability of the dry
matter yield. The Logistic model had the best fit for the AN447 and AN388 hybrids, while
the Richards model had the best fit for the A7573. However, both models underestimated
the observed performance. The A7573 and AN388 hybrids were the best and least fit,

respectively.

REFERENCES

Arce, A. R, Monterroso, A. 1., Gémez, ]. D., Palacios, M. A. (2017). Potential yields of maize and barley with climate
change scenarios and adaptive actions in two sites in Mexico. In: Angelov, P., Iglesias, J.A., Corrales, J.C.
2017. Advances in Intelligent Systems and Computing. Advances in information and communication
technologies for adapting agriculture to climate change. Springer Editorial. Salmon Tower Building,
New York, USA. 197-208 pp.

Boons, P. E. R., Koning, G. H. J., De Dieden, C. A. V., Penning De Vries, FW.T. (1993). Crop specific
simulation parameters for yield forecasting across the European community. Simulation Report, CABO-TT.
No. 32: 43 pp.

Castro, R., Aguilar, G., Solis, M. (2017). Acumulacién de biomasa y respuesta a la frecuencia de defoliacién del
pasto bermuda (Cynodon dactyon L.). Revista Mexicana de Agroecosistemas. 4(2) .138-151.

Conde, C., Ferrer, R. M., Liverman, D. (2004). Impacto del cambio climdtico en la agricultura en México. In: Martinez,
J., Fernandez A., Osnaya, P. 2004. cambio climdtico: una visién desde en México. (Ed.). Instituto
Nacional de Ecologia (INE)-Secretaria del Medio Ambiente y Recursos Naturales (SEMARNAT).
Colonia Insurgentes Cuicuilco, Delegacion Coyoacan, Ciudad de Mexico, Mexico 227-238 pp.

Diaz, P. Y., Villalobos, P. M. A. (2018). Validacién del modelo AquaCrop en maiz (Zea mays L.) y sorgo (Sorghum
vulgare L. Monech). Revista Ingenieria Agricola. 82). 3-10.

FAO. (2019). Food and Agriculture Organization of the United Nations. Crops Data FAOSTAT. Disponible en:
http://www.fao.org/faostat/es/#data/QC.

Flores, G. H., Ojeda, B. W,, Flores, M. H., Sifuentes, I. E., Mejia, S. E. (2013). Simulacién del rendimiento
de Maiz (Zea mays L.) en el norte de Sinaloa usando el modelo Aquacrop. Agrociencia. 47(4). 347-359.

Garcia, E. (2004). Modificaciones al sistema de clasificacion climdtica de Kippen. 5*. (Ed.). Instituto de geografia.
Universidad Nacional Auténoma de México (UNAM). México, DF. 217 p.

Gonzdlez, F., Herrera, J., Lopez, T., Cid, G. (2014). Productividad del agua en algunos cultivos agricolas en
Cuba. Revista Ciencias Técnicas Agropecuarias. 23(4). 21-27.

Heng, L. K., Hsiao, S. T\, Howell, E. T, Steduto, P. (2009). Validating the FAO AquaCrop model for irrigated
and water deficient field maize. Agronomy Journal. 107(3). 488-498. Doi:10.2134/agronj2008.0029xs

Lizaso, J. I., Boote, K. J., Jones, J. W., Porter, C. H., Echarte, L., Westgate, M. E., Sonohat, G. (2011). CSM-
IXIM: A new simulation model for DSSAT version 4.5. Agronomy Journal. 103(3). 766-779. Doi:
10.2134/agronj2010.0423

Machado, R., Caceres, O., Miret, R. (1983). Pennisetun purpureum cvs, Taiwan A-144, A-146, A-148, y 801-4.
Rev. Pastos y Forrajes. 6(2) .143.

Martinez, C. A., Rodriguez, A. P., Jiménez, A., Manrique, C. (2010). Descripcién matematica de la funcién
Gompertz aplicada al crecimiento de animales. Revista de la Facultad de Medicina Veterinaria y de
Zootecnia. 57(1). 76-80.

Nelder, J. A. 1961. The fitting of a generalization of the logistic curve. Biometrics. 77(1). 89-110. Doi:
10.2307/2527498



Agro productividad 2022. https://doi.org/10.32854/agrop.v15i7.2312 18

Nouna, B. B., Katerji, N., Mastrorilli, M. (2000). Using the CERES-Maize model in a semi-arid Mediterranean
environment. Evaluation of model performance. European Journal of Agronomy. 13(4): 309-322. Doi:
10.1016/S1161-0301(00)00063-0

Paredes, P., Alves, 1., Pereira, L. S. (2014). Assessing the performance of the FAO AquaCrop model to estimate
maize yields and water use under full and deficit irrigation with focus on model parameterization.
Agricultural Water Management. 144. 81-97. Doi: 10.1016/j.agwat.2014.06.002

Richards, F. (1959). A flexible growth functions for empirical use Journal of experimental Botany. Journal of
Experimental Botany. 710(2). 290-301. Doi: 10.1093/jxb/10.2.290

Rodriguez, L., Torres, V., Martinez, O., Herrera, M., Noda, A., Jay, O. (2007). Modelacién matemdtica de la
dindmica de produccion del pasto Pennisetum purpureum Cuba CT-115 en época de luvia. 11 Congreso de
Produccién Animal Tropical. I Taller de Informdtica y Bioestadistica Aplicada a las Ciencias, Habana,
Cuba.

Sau, F., Cedrén, F. L., Confalones, A. E., Lizaso, J. I. (2012). Modelos de simulacién del cultivo de maiz:
Fundamentos y aplicaciones en Espafia. Pastos. 40(2). 117-138.

Sinclair, T. R.; Seligman, N. G. (1996). Crop modeling from infancy to maturity. Agronomy journal. 88(5). 698-
704. Doi: 10.2134/agronj1996.00021962008800050004x

SPSS, Statistical Package for the Social Sciences. (2011). Institute. SPSS-X. User’s Guide. Version 8, Chicago
IL. USA.

Tagarakis, A. C. and Ketterings, Q. M. (2017). In-season estimation of corn yield potential using proximal
sensing. Agronomy Journal. 709(4). 1323-1330. Doi:10.2134/AGRON]J2016.12.0732

Thornley, J. H. M., France, J. (2007). Growth functions. En: Thornley, J. H. M., France, J. 2007. Mathematical
Models in Agriculture. Quantitative methods for the plant, animal and ecological sciences. 22 ed. CABI
International. Cromwell Press, Trowbridge, UK. 136-171 pp.

Tornés, O. (2016). Pardmetros de disefio y manejo del riego por surcos en el cultivo del frijol (Phaseolus vulgaris
L.) en suelos fluvisoles. Ciencias Técnicas Agropecuarias. Tesis Doctoral. Universidad de Ciego de
Avila, Provincia de Ciego de Avila, Cuba. 145 pp.

Torres, V., Barbosa, 1., Meyer, R., Noda, A., Sarduy, L. (2012). Criterios de bondad de ajuste en la seleccién de
modelos no lineales en la descripcién de comportamientos bioldgicos. Revista Cubana de Ciencia Agricola.
46(4). 345-350.

Villegas, D., Valbuena, N., Milla, M. (2019). Evaluacién de modelos aplicados a la produccién de materia seca
de Brachiaria brizantha en el periodo lluvioso. Revista de Ciencias Agricolas. 36(1). 33-45: Doi: 10.22267/
rcia.193601.96



	_GoBack
	_Hlk107348423
	_Hlk107937853
	_Hlk108939098
	_Hlk107601506
	_Hlk52731181
	_Hlk102231398
	_Hlk51882897
	_Hlk102234123
	_Hlk102234216
	_Hlk102234795
	_Hlk108437056
	_Hlk108438063
	_Hlk109047843
	_Hlk109206348
	_Hlk109206407
	_Hlk109206509
	_Hlk109206605
	_Hlk109206707
	_Hlk109206798
	_Hlk109206870
	_Hlk109206976
	_Hlk109207077
	_Hlk109207193
	_Hlk95731022
	_Hlk105073054
	_Hlk44704402
	_Hlk44689604
	_Hlk107356176
	_Hlk107356234
	_Hlk107356211
	_Hlk107356351
	_Hlk107356259
	_Hlk107356816
	_Hlk107590754
	_Hlk107595752
	_Hlk107596861
	_Hlk102118061
	_Hlk102118093
	_30j0zll
	_nf8p39n18zuu
	_Hlk105894207
	_ueww4q6qfgg1
	_Hlk105536253
	_Hlk68174866
	_Hlk105673291
	_Hlk105670336
	_Hlk105673801
	_Hlk63802825
	_Hlk63803110
	_Hlk63803531
	_Hlk63802730
	_Hlk105675008
	_Hlk63803553
	_Hlk63804991
	_Hlk105696039
	_Hlk74907282
	_Hlk74907304
	_Hlk74907326
	_Hlk74907356
	_Hlk74907376
	_Hlk102862320
	_Hlk102856322
	_Hlk102766865
	_Hlk108397017
	_Hlk103508916
	_Hlk102168455
	_Hlk102168455
	_Hlk102795475
	_Hlk102795563
	_Hlk102795602
	_Hlk102795764
	_Hlk102796091
	_Hlk102796533
	_Hlk102796565
	_Hlk102814062

