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ABSTRACT

Objective: To evaluate the residual effect of gypsum in corn crops (2 years after its application in a previously
limed soil), as well as the result of a new addition of gypsum combined with potassium in La Frailesca, Chiapas,
Mexico.

Design/Methodology/Approach: We used a composite factorial design. The initial arrangement (2017)
consisted of four levels of gypsum (0, 1.25, 2.5, and 5 t ha-1) and four levels of potassium (0, 60, 120, and 180
kg KO ha_l). In 2019, the gypsum-treated plots were divided in half: the same amount of gypsum applied in
2017 was added to the first half and the other half was used to assess the residual effect of the initial treatment.
The potassium doses were the same as the original. Corn grain yield, pH, exchangeable bases, and aluminum
saturation percentage were measured at 0 to 7 and 7 to 14 cm below ground level.

Results: The greatest effect on yield was obtained with 2.5 t ha™! of gypsum applied in 2017; no significant
increases were recorded with higher gypsum doses. The exchangeable calcium content and pH level increased,
while magnesium, potassium, and aluminum in the soil decreased.

Study Limitations/Implications: Suspected presence of Tar Spot Complex was diagnosed.
Findings/Conclusions: An excessive application of gypsum generates an imbalance in exchangeable
potassium and magnesium in the soil; therefore, producers must exercise caution in the use of these products
as part of their fertilization plan.

Keywords: Frailesca, acidity, gypsum, potassium, aluminum.

INTRODUCTION

The Frailescaregionis considered the granary of Chiapas, due toits high corn production.
Its Regosols have low exchangeable calcium (Ca), magnesium (Mg), and potassium (K)
contents. Among other factors, this phenomenon is caused by the erosion resulting from

the burning of crop residues (that leaves the soil unprotected from the intense rainfall), as

well as from the excessive use of ammonia fertilizers (that contribute to its acidification).
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Furthermore, the high exchangeable aluminum (Al) content in the soils limits the land
productivity of approximately 35,000 ha ™! cultivated with corn, where yields ranging from
0.8 to 1.2 t ha™ ! are obtained, affecting the income of around 14,000 producers.

Dolomitic lime could be applied to counteract the acidity of the soil, at a depth of 0 to
15 em (Bossolani et al., 2020). This product has local action, because of its low solubility
(0.013 g L_l) (Zapata, 2014). Its application dose in La Frailesca is calculated with the
formula proposed by Yost (1991), modified, and adjusted by Camas et al. (2019).

The addition of Ca improves the fertility of acid soils; dolomitic lime and agricultural
gypsum contribute Mg and S, respectively. Zoca and Penn (2017) pointed out that there
is no exact scientific method to accurately and a priori estimate the gypsum that must be
added to the soil.

The recommended dose of gypsum for the Frailesca is the result of the work carried
out by Tasistro et al. (2015), who established a 1.25 t ha™! of gypsum as an agronomically
and economically recommended dose, during the first year of evaluation. These authors
also reported that most of the soils in this area have low concentrations of exchangeable K
and that K deficiency symptoms are common in corn crops. However, there is insufficient
evidence about how this crop responds to the application of K; this response is attributed
to the limitations imposed by soil acidity. The objective of this work was to evaluate the
residual effect of agricultural gypsum and potassium on corn yield (2 years after their
application), as well as the result of a second amendment application (particularly on

exchangeable soil bases).

MATERIALS AND METHODS

Corn was used as an indicator crop for this experiment, which was carried out in the
municipality of Villa Corzo, Chiapas (16.2025 N and —93.3382 W), an area characterized
by hillocks, variable fertility, and scarce organic matter. The local soil belongs to the
Dystrudepts group (Tasistro et al., 2022). The trial followed up an experiment established in
the spring-summer (SS) 2017 cycle to measure the response to the application of dolomitic
lime, gypsum, and potassium. The applied lime dose was calculated using Yost’s formula
(1991) for an aluminum saturation of 47%, at a depth of 0 to 13 cm. The said dose was
applied to the entire experiment.

The 2017 treatments consisted of a factorial arrangement of four levels of gypsum (0,
1.25, 2.5, and 5 t ha_l) and four levels of potassium chloride (0, 60, 120, and 180 kg
KoO ha™ l) arranged in random blocks. The experiment consisted of three replications per
treatment.

For the SS 2019 cycle, the experimental units with 1.25, 2.5, and 5 t ha™ ! of gypsum
were divided into two, with four 6-m long rows and 0.8 m between rows each one. The
same dose of gypsum was applied to one half and the other half was used to evaluate the
residual effect of the 2017 application. In the resulting 28 treatments, the potassium levels
were the same as in the first application, while the controls did not receive doses of gypsum
and potassium.

On July 6, 2019, the H-318 hybrid was manually established, depositing one seed every
19 cm; consequently, an approximate density of 65,000 seeds ha™~! was obtained. One day
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after sowing, 20% (i. e. 40 kg ha_l) of the total scheduled N (200 kg ha_l), 100% of the
phosphorus (60 kg PoOs ha™ "), and 100% of K (0, 60, 120, and 180 kg KoO ha™") were
applied. The treatment was applied in a line that ran 10 cm apart from the planting furrow.
In the V5 and V10 phenological stages (Ritchie and Hanway, 1982), 40% of N (80 kg
ha™ 1) was applied in each one. The sources of the fertilizers used were urea, diammonium
phosphate, and potassium chloride. The second application’s gypsum was distributed over
the soil 10 days after the emergence of the corn and was incorporated with a mattock at a
7.0 cm depth. This amendment contained calcium carbonate as impurities (32% PRNT).

The corn was grown under an efficient agronomic management, avoiding the presence
of other factors that could interfere with those of the study. The response variable measured
was corn grain yield, expressed on a 14% moisture basis. The harvest was carried out in the
two central furrows of each plot, excluding 1 m at each end of the plot.

At the beginning and end of the SS 2019 cycle, composite soil samples were collected
from each plot. Each sample consisted of 16 subsamples obtained from the two central
furrows at two depths (0 to 7 and 7 to 14 c¢m), including the area where the fertilizer was
applied alongside the furrow.

The chemical determinations carried out on the soil samples were pH in 1IN KCI;
exchangeable Ca, Mg, Na, and K with IN ammonium acetate pH7 (Knudsen ez al., 1982),
exchangeable acidity (A13++H+) in IN KCI (Lin and Coleman, 1960). The effective cation
exchange capacity (ECEC) and the Al saturation percentage were calculated based on the
previous data. An analysis of variance (ANOVA) —using the test described by Shapiro-
Wilk (¢=0.05)— was performed to determine normality and Levene’s test (¢=0.05) was
used to verify the homogeneity of variances.

All variables were analyzed using a randomized complete block factorial design. The
factors were: depth (0 to 7 and 7 to 14 c¢cm), number of gypsum applications (2017 and
20174+2019), and potassium dose (0, 60, 120, and 180 kg KoO ha_l). The pH values
were transformed into the antilogarithm of the molar concentration of hydrogen ions.
Meanwhile, the percentage data of the Al saturation were transformed by arcsin of the
square root. The ANOVA was performed with the INFOSTAT V.20181 software and,
when a significant difference was found, a comparison of means was made through Tukey’s
test (@¢=0.05).

RESULTS AND DISCUSSION
Effect of gypsum and potassium on corn grain yield

Corn grain yield was affected by gypsum, but not by potassium or gypsum X potassium
interaction. Although the levels of exchangeable K in the soil increased according to KoO
increases, these levels did not influence the yield, because they did not exceed the critical
level of 0.23 mEq/100 g (FAO, 2013).

The highest corn yield (6.2 tha™ l) was obtained with the 2.5 tha™ ! of gypsum treatment
applied in 2017; this result was like that achieved with the application of 2.5 t ha™! (6.0
t ha™!), divided into two doses of 1.25 t ha™! of gypsum each (one applied in 2017 and
another in 2019). Clearly, similar yields can be obtained with the application of either
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modality. Tasistro et al. (2022) indicated that, in agronomical and economical terms, the
1.25 tha™" dose of gypsum was the most adequate in the first year of application. However,
our results suggest that, after two years, a new 1.25 tha™ ! dose has to be applied, given the
residual loss of the amendment; another option is to apply 2.5 tha™!of gypsum in the first
year to obtain a residual effect until the third year.

The highest gypsum doses applied —5 tha 'in 2017 or 10 tha™" 5 tha™'in 2017 and
5tha”!in 2019)— led to a decreasing trend in corn grain yield (Figure 1).

At the beginning of the experiment (2017), prior to liming, the Al saturation percentage
at 0 to 13 and 13 to 27 cm depths was 47% and 63%, respectively —which are considered
toxic levels. This percentage substantially decreased, reaching less than 10% at the
beginning of 2019; however, this decrease did not result in the increase in corn yields that
same year. Tiecher (2018) pointed out that an increase in corn grain yield can be obtained,
with a <10% Al saturation in the soil and when the application of rising doses of gypsum
increases the Ca content. However, although both conditions were met in this study, no
significant increase was observed. The second gypsum application (carried out in 2019)
caused a decrease in the exchangeable K and Mg content of the soil and a change in their

relationships with other cations, which could explain the lack of the expected response.

Effect of gypsum and potassium on soil pH

Figure 2 shows that, as the doses increased, the soil pH of the plots treated with gypsum
showed an almost linear increase; this phenomenon was more evident in 2019. Our results
suggest that a part of the 2017 amendment reached the deeper layers after 2 years, possibly
because of the erosive effect. The soil had a sandy texture and scarce residue cover, as a
result of the intense grazing to which it is subjected each year at the end of the harvest.

According to Bacca et al. (2011) gypsum (a neutral salt) has no effect on the pH. However,
Tasistro et al. (2022) increased the amounts of this amendment in the same soil studied in
this experiment (SS 2017 cycle) and reported pH variations in the order of 0.2 to 0.3 units.
An a posteriori analysis of the gypsum used in this study determined the carbonate content
as an impurity (32% PRNT), which would explain its influence on the soil pH at a depth of
Oto 7 cmand 7 to 14 em (Zoca and Penn, 2017).
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Figure 1. Effect of gypsum application in 2017 and 2019 on corn grain yield.
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Figure 2. Effect of the gypsum application (2017 and 2019) on the pH at a depth of 0 to 7 and 7 to 14 cm.

Effect of gypsum and potassium on exchangeable calcium in the soil

The calcium extracted from the soil at a depth of 0 to 7 cm was higher as the gypsum
dose increased (sum of the 2017 and 2019 applications) (Figure 3); however, the Ca content
was lower at a depth of 7 to 14 cm. According to Caires (2004), the greater ionic radius
of Ca (regarding Mg and K) and its lower mobility in the soil profile could cause this
phenomenon.

Authors like Crusciol et al. (2016) observed that, 3 months after the application of
gypsum, the Ca content in the tillable layer (0 to 10 cm) of the soil had increased; however,
this element descended towards the 10 to 20 cm layer after a year. Therefore, the Ca in this
study is likewise expected to reach deeper layers over time. If the objective of the practice is to
increase the Ca concentration in the soil solution, gypsum is the most efficient amendment,
since it can induce higher corn yields (Shainberg e al., 1989). However, although the Ca
contents increased in our study site during the SS 2019 cycle, no significant increases in
corn production were observed, which suggests the existence of other nutritional problems

(Figure 4).
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Figure 3. Joint effect of two gypsum applications (2017+2019) on exchangeable Ca, at 0 to 7 and 7 to 14 cm
depths.
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Figure 4. Effect of gypsum application (2017 and 2019) on the exchangeable Ca in the soil.

Effect of gypsum and potassium on the exchangeable magnesium in the soil

As a consequence of the generalized application of 1.9 t ha~! of dolomitic lime (2017),
the levels of exchangeable Mg in the treatment without gypsum increased; however, as
the doses of gypsum applied jointly in 2017 and 2019 increased, a decreasing trend was
recorded (Figure 5). In 2017, the extractable magnesium in the 0 to 7 cm layer was above
the 0.3 cmolc kg_1 critical level considered by Kopittke and Menzies (2007); meanwhile, it
was lower in the 7 to 14 cm layer, possibly as a result of the incorporation of lime at a depth
of just 10 cm.

The second application of gypsum carried outin 2019 caused a decrease in exchangeable
Mg at a depth of 0 to 7 cm. However, at a depth of 7 to 14 c¢m, no significant changes in
this element were recorded. As in other abovementioned cases, we assume that gypsum,
despite its high solubility, did not reach the deepest layers of the soil. Zoca and Penn (2017)
argue that Mg and K leaching largely depends on the amount of gypsum applied, as well
as on the texture and mineralogy of the soil. The results suggest that adding magnesium

fertilizer would compensate for its decrease.
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Figure 5. Joint effect of two gypsum applications (2017+2019) and two depths (0 to 7 and 7 to 14 cm) in the
exchangeable magnesium of the soil.
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Effect of gypsum on the exchangeable potassium in the soil

As the joint amounts of gypsum doses applied in 2017 and 2019 increased, the
exchangeable K decreased (Figure 6), below the 0.23 ¢cmol/100 g critical level in the soil
(FAO, 2013).

Gonzalez et al. (2005) and Sparks (2003) report similar results in sandy soils like the
findings of the study site. The application of high amounts of gypsum in their study
displaced potassium to deeper layers. Therefore, the recommendation regarding the
amount of gypsum to be used to correct the exchangeable acidity must be followed with
care, taking into consideration the additional K contributions required to compensate for

the decrease caused by the use of gypsum.

Effect of gypsum and potassium on the exchangeable aluminum in
the soil and aluminum saturation

K fertilization by itself had a significant effect on the Al saturation percentage. With
the widespread application of lime in 2017 and gypsum in 2017 and 2019, Al saturation
dropped to 8.1%, while, in the treatment with 60 kg KoO, it decreased to 4.3%. A similar
behavior was recorded with higher amounts (Figure 7).

This indicates that, when lime and gypsum are used to correct the Al excess, part of the
temporarily unavailable K is released; by adding KoO, K can actively participate in the
neutralization of the charges of the exchange capacity in the sites previously occupied by
Al and the gypsum and the lime are released to the soil solution by the application of the
amendment. The exchangeable Al and the Al saturation percentage were affected by the
application of gypsum (2017+2019) at both soil depths (Figure 7). At the 0 to 7 cm depth
with both applications, the exchangeable Al was below the critical level (2 meq/100 g)
(Casierra and Aguilar, 2007) and the Al saturation percentage was less than 20% (Tasistro,
2012), which suggests that the residual effect of the dolomitic lime and gypsum applied in
2017 persists.

In the 7 to 14 cm depth, significant changes were observed in exchangeable Al (Figure

8) and in the saturation percentage. Two years after applying the amendments, the
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Figure 6. Joint effect of two gypsum applications (2017+2019) and two depths (0 to 7 and 7 to 14 cm) on the
exchangeable K of the soil.
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Figure 7. Effect of K9O on the aluminum saturation percentage at a joint depth (0 to 7 and 7 to 14 cm).
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Figure 8. Effect of two gypsum applications (2017 and 2019) on interchangeable aluminum at two depths (0
to 7 and 7 to 14 cm).

exchangeable Al was above the critical level, which suggests that the gypsum may have
moved downwards and reached deeper layers.

At that same depth, a second application of gypsum decreased the exchangeable Al by
0.35 meq, down to 0.14 meq and, on average, the Al saturation percentage decreased from
28% to 7%. In our study, the widespread application of dolomitic lime in 2017 (treatment
0 gypsum) kept Al saturation below the critical level, even after 2.5 years. The gypsum
applications in 2017 and 2019 further decreased Al saturation; the effect was greater for
the 2019 applications. This behavior may explain the increase in yield, both with 2.5 t
ha™ ! of gypsum in 2017 and the same amount but divided in two sets (1.25 t ha~! each) in
2017 and 2019 (Figure 9).

Casierra and Aguilar (2007) suggest that the effect of Al on plant development depends on
the tolerance of the species and on the physical and chemical properties of the soil. According

to Ryan et al. (2011) the aluminum absorption mechanisms are not precisely known.

CONCLUSIONS

The application of gypsum resulted in increases in yield both with the treatment of 2.5
tha™!in 2017 (year 1) —which had a residual effect in the third year (2019)— and with the
use of two similar applications of 1.25 t ha™ ! of gypsum in 2017 and in 2019.
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Figure 9. Effect of two gypsum applications (2017 and 2019) on the aluminum saturation percentage.

The application of higher gypsum doses in both years did not lead to an increase in
corn yield; however, it increased the exchangeable calcium content and pH in the soil and
decreased exchangeable magnesium, potassium, and aluminum.

The soil pH increased because of applying gypsum at a depth of 0 to 7 cm, as a result
of the gypsum impurities (lime).

As a conclusion, the recommendations regarding the use of gypsum as an amendment
should be taken with care since an excessive application generates a decompensation in the
exchangeable K and Mg of the soil. Therefore, their incorporation into the fertilization
plan should be carefully considered.

REFERENCES

Bacca, H.A.; Narvdez, J.A. y Unigarro, S., A. (2011). Evaluacién de la movilidad del azufre en un suelo Vitric
Haplustand. Revista de Ciencias Agricolas. Vol. XXVIII No. 1 Pag: 107— 118.

Bossolani, J.W., Crusciol, C.A.C., Merloti, L.F., Moretti, L.G., Costa, N.R., Tsai, S.M., Kuramae, E.E., (2020).
Long-term lime and gypsum amendment increase nitrogen fixation and decrease nitrification and
denitrification gene abundances in the rhizosphere and soil in a tropical no-till intercropping system.
Geoderma 375, 114476. https://doi.org/10.1016/j.geoderma.2020.114476.

Caires, E., Kusman, M., Barth, G., Garbuio, I, y Padilha, J. (2004). Alteracoes quimicas do solo e resposta do
milho a calagem e aplicacdo de gesso. Rev. Bras. Ciénc. Solo, 28:125-136

Camas, G. R.; Camas, P. R., Monasterio R. J., Cadena I. P., Lépez B. W. y Velasco, G. E. (2019). Verificacién
del efecto de enmiendas para control de la acidez del suelo y rendimiento de maiz. 44° Congreso de la
Ciencia del Suelo. “El suelo donde todo comienza”. Ciudad Universitaria Aguascalientes.

Casierra, F, & Aguilar, O. (2007). Estrés por aluminio en las plantas: reacciones en el suelo, sintomas en
vegetales y posibilidades de correccién. Revista Colombiana de Ciencias Horticolas, 1(2), 246-256.
Crusciol, C.A.C., Artigiani, A.C.C.A., Arf, O., Filho, A.C.A.C., Soratto, R.P., Nascente, A.S., & Alvarez,
R.C.F,, (2016). Soil fertility, plant nutrition, and grain yield of upland rice affected by surface application

of lime, silicate, and phosphogypsum in a tropical no-till system. Catena 137, 87-99.

FAO. (2013). El manejo del suelo en la produccién de hortalizas con buenas practicas agricolas. E-ISBN 978-
92-5-307784-7 (PDF).

Gonzilez, I'.P., Ordofiez F'R., Espejo S.R. y Peregrini A.F. (2005). Efectos a medio plazo de la espuma de
azucareria, caliza magnesiana y yeso sobre las bases intercambiables y el aluminio en el perfil de un
suelo dcido. Estudios de la zona no saturada del suelo Vol. VIL.

Knudsen, D., Peterson, G.A. and Pratt, P. (1982). Lithium, Sodium and Potassium. In: Page, A.L., Ed.,
Methods of Soil Analysis, American Society of Agronomy, Madison, 225-246.


https://doi.org/10.1016/j.geoderma.2020.114476

Agro productividad 2022. https://doi.org/ 10.32854/agrop.v15112.2287 20

Kopittke, P. M., and Menzies, N. W. (2007). A Review of the Use of the Basic Cation Saturation Ratio and the
“Ideal” Soil. Soil Sci. Soc. Am. J. 71, 259-265.

Lin, C., & Coleman, N. T. (1960). The measurement of exchangeable aluminum in soils and clays. Soil Science
Society of America Journal, 24(6), 444-446. doi.org/10.2136/sssaj1960.03615995002400060009x
Ritchie, S. W. y Hanway, J. (1982). How a corn plant crop develops. Special Report 48. Iowa State University

of Science and Technology. Cooperative Extension Service, Ames, IA.

Ryan, P., Tyerman, S., Sasaki, T., Furuichi, T., Yamamoto, Y., Zhang, W., & Delhaize, E. (2011).*e identification
of aluminum-resistance genes provides opportunities for enhancing crop production on acid soils.
Journallof Experimentall Botany, 62(1), 9-20.

Shainberg, I., Sumner, M. E., Miller, W. P., Farina, M. P. W, Pavan, M. A., y Fey, M. V. (1989). Use of gypsum
on soils. A review. In B. A. Stewart (Ed.), Advances in Soil Science Vol. 9, pp. 1-110. Springer Verlag.

Sparks, D.L., (2003). Environmental Soil Chemistry. Academic Press, San Diego, CA, USA.

Tasistro, A. (2012). Uso de lineas limite para el diagndstico de campo y la investigacién agricola-avances en
México. Informaciones Agrondmicas de Hispanoamérica. 520):17-20

Tasistro, A. y Camas, G.R. (2015). Enmiendas para controlar la acidez del suelo y el subsuelo y su interaccién
con potasio. Simposio Avances sobre fertilidad de suelos en México. Memorias del XL Congreso
Nacional de la Ciencia del Suelo. Aguascalientes, México. 1049-1053.

Tasistro, A., Camas R., Ortiz I. (2022). Gypsum and potassium application to acid soils for maize (Zea mays
L.) production in La Frailesca, Chiapas, México. Volumen 33(1): Articulo 46173. e-ISSN. 2215-3608.
doi:10.15517/am.v33i1.46173.

Tiecher, T, P., OHGC, Bayer C, Martins, A.P., Denardin, L.G.O. y Anghinoni, I. (2018). Crop response to
gypsum application to subtropical soils under no-till in Brasil: a systematic review. Rev Bras Cienc Solo.
42:¢0170025. https://doi.org/10.1590/18069657rbcs20170025

Yost, R. (1991). Uso de apoyo-decisién para hacer recomendaciones de cal y fésforo. In: Manejo de suelos
tropicales en Latinoamérica, San José, Costa Rica, North Carolina State University. P. 177-185.

Zapata, R. (2014). Los procesos quimicos del suelo Primera Edicién. Universidad nacional de Colombia.
Facultad de ciencias. Escuela de Geo ciencias, Medellin. pp.167-177.

Zoca and Penn. (2017). Advances in Agronomy. An Important Tool With No Instruction Manual: A
Review of Gypsum Use in Agriculture. Volume 144 ISSN 0065-2113. http://dx.doi.org/10.1016/
bs.agron.2017.03.001


https://doi.org/10.2136/sssaj1960.03615995002400060009x
https://doi.org/10.1590/18069657rbcs20170025
http://dx.doi.org/10.1016/bs.agron.2017.03.001
http://dx.doi.org/10.1016/bs.agron.2017.03.001

	_GoBack
	_Hlk514095674
	_Hlk34486
	_Hlk101444462
	_Hlk510994094
	_Hlk514084452
	_Hlk513404185
	_Hlk102076448
	Description_of_the_study_area
	Methods_of_data_collection
	_heading=h.gjdgxs
	_heading=h.fs8vx1xgujhr
	_heading=h.tt0ojc5ujxb8
	_heading=h.1fob9te
	_heading=h.3znysh7
	_heading=h.2et92p0
	_heading=h.tyjcwt
	_heading=h.3dy6vkm
	_heading=h.2s8eyo1
	_heading=h.2ufhyrjude8
	_heading=h.3rdcrjn
	_heading=h.xck2zf83niig
	_heading=h.26in1rg
	_Hlk99467456
	_Hlk99467262
	_Hlk99467386
	_bookmark12
	_heading=h.gjdgxs
	_Hlk106011669
	_30j0zll
	_1fob9te
	_3znysh7
	_2et92p0
	_tyjcwt
	_3dy6vkm
	_Hlk103779839
	_Hlk103779990
	_Hlk124157795
	_heading=h.gjdgxs

