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Abstract 
This research was conducted in the state of Campeche, Mexico, between 2017 
and 2018. On the one hand, the sorghum yield was explored in plots with 
Vertisol-type soils, which were supplied with rainwater. This had the purpose 
of knowing the results obtained by the producers in the area. On the other 
hand, an experiment was established with three factors: the genetic material 
of sorghum, planting density and fertilization. Finally, different varieties of 
soybeans and sorghum hybrids were also tested in large plots, to identify 
those that are best adapted to crop rotation. In the farmers’ plots, the grain 
yield was between 4377 and 5543 kg∙ha−1. The planting density was from 
142,667 to 197,334 plants per hectare, which indicated that, for each unit that 
increased the planting density, the yield increased by 37.5 grams. The expe-
riment with three factors indicated that the best planting density was 300 
thousand plants per hectare, with a grain yield of 5176 kg∙ha−1; and the best 
hybrids were DKS-32 and SYN5515, with grain yields of 5794 and 3791 
kg∙ha−1, respectively; likewise, the best dose of fertilizer was between 150 and 
200 kg∙ha−1 of diammonium phosphate, with a grain yield of 4527 - 4562 
kg∙ha−1. In relation to crop rotation, the varieties that stood out for their yield 
were Huasteca 300 and Vernal, in the case of soybeans; and the hybrids 
DKS-32 and SYN5515, in sorghum. Soybeans suffered greatly in their early 
stages of development from the excessive moisture retained by the soil, while 
sorghum seemed to be little affected by the lack of rain; for this reason, ad-
vancing the sowing date in soybeans and consequently in sorghum, is a strat-
egy that could benefit grain yield in both species. 
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1. Introduction 

In Campeche, sorghum currently occupies an area estimated to be between 20,000 
and 25,000 hectares [1]. In this entity of the country, for many years now, sorg-
hum was considered as an alternative for sowing in August and September, 
when due to deficiency or excess precipitation in June and July, corn and soy-
beans could not be sown and they were out of phase in time. Even though the 
option mentioned above is valid to date, today sorghum is also considered an 
excellent alternative to carry out crop rotations in those areas that are dedicated 
to the production of soybeans or corn, which depend on 100%. Percent of rain-
water supply. This method of sowing sorghum is carried out in the months of 
November and December, after soybeans and corn, in the clay soils regionally 
known as Káncab and Yaaxhom, which belong to the Luvisols [2] [3]. Regarding 
productivity, the first case mentioned results in a sorghum production system 
with average yields considered to be excellent for a crop that is supplied one 
hundred percent with rainwater and produces between 5.0 and 6.0 tons of grain 
per hectare. However, this sowing system is unusual in the state, as there are 
economic and social reasons why sorghum cannot compete with corn and soy-
beans, which are the predominant crops in the state, with which it coincides in 
time and space. The second case mentioned is characterized by a low-yield 
sorghum production system, ranging from 1.5 to 2.5 tons of grain per hectare on 
average, mainly due to the fact that Luvisoles soils have very low moisture reten-
tion. This affects the plant in its development and limits the productivity of 
sorghum as it is sown from November to December, when the rainy season is 
almost over. In this regard, Acevedo et al.; 2004 mentioned that the ferric oxide 
content of luvisols influences the stability of the aggregates to the action of wa-
ter, and seems to provide them with a structure similar to that of sandy soils, 
which retain little moisture, despite the fact that the texture analyzes indicate 
that the clay content of this soil is higher than 60% [4]. The panorama changes 
remarkably when another scenario of sorghum production in this entity is con-
sidered; that is, when sown in Akalché-type soils, also known as vertisols. These 
soils are located mostly in the central and southern portion of the state, occupy-
ing part of the municipalities of Campeche and Champotón [3]. Here sorghum 
is planted mostly from October to November and occasionally in December, and 
produces yields between 3.0 to 5.0 tons of grain per hectare, since the type of soil 
that exists in these areas provides better conditions for development of the crop. 
A look at the events that occurred in past decades allows us to recall that the 
original vegetation of the vertisol soils, in a large part of this region, was elimi-
nated between 1970 and 1985 to promote rice planting in the country; however, 
since rice planting declined, most of these areas were converted to livestock, 
while another part has been incorporated to agriculture, dedicating itself mainly 
to sorghum monoculture [5]. Some properties, such as the type of expandable 
clay and the pore size distribution, give vertisols high retention of moisture [6]  

https://doi.org/10.4236/as.2021.126043


J. Medina-Méndez et al. 
 

 

DOI: 10.4236/as.2021.126043 668 Agricultural Sciences 

 

[7] and therefore it meets more favorable conditions for the cultivation of sorg-
hum than the Luvisol type soil during the autumn-winter cycle; and this allows 
to aspire to obtain in them a higher and more stable performance. Since much of 
the grain sorghum grown under these conditions is characterized by being a 
monoculture system, soil and rainwater, two important natural resources, are 
underutilized by producers. The soil remains idle for six to seven months (May 
to October), in which rainfall of 450 to 700 mm is recorded. Much of this rain is 
wasted because sorghum only takes advantage of the moisture retained in the 
soil and the little rain that is recorded in the months of November to February. 
This fact occurs due to a complex situation that includes several aspects such as 
the lack of culture of the producers in the use of crop rotations, the low price of 
the grain, the lack of knowledge of the specific technology for the site conditions, 
as well as the lack of infrastructure and work equipment. This is contrary to 
what is recommended by cambiar por Forjan and Manzo [8], who points out 
that crop rotation consists of the successive sowing of different plant species in 
the same soil over time; and it is considered as a management practice that seeks 
to maximize productivity per unit area, optimizing the use of resources. In this 
regard, it is widely held that rotations increase yields and allow sustained pro-
duction, which is probably related to the increase in soil organic matter and the 
improvement of its physical properties, as well as to the interruption of the life 
cycle of pathogens and weeds, which may be responsible for the depression of 
yield in the continuous monoculture system [9] [10] [11]. Taboada et al., [12] 
reported that the stored carbon, the stability of the aggregates and the apparent 
density were studied in a soil of the Salado Basin. Argentina and highlighted that 
the magnitude of the effects generated by a crop rotation in the soil is condi-
tioned by the plant species that are included and that differ in the volume of 
waste that they contribute to the soil, as well as in the architecture of their root 
system. By incorporating sorghum in crop rotations with soybeans, different 
benefits are obtained: sorghum contributes up to 15 tons of stubble per hectare, 
which favors the growth of the successor crop, since it increases organic matter, 
thereby which improves the structure of the soil helping to maintain its porosity 
and in turn it acts positively on the infiltration of water into the subsoil. Another 
advantage of sorghum is that it has a good behavior in the face of water deficit, 
so its yields are stable, adapting to variable climatic conditions. Some reports in-
dicate that sorghum needs 400 mm of rain from sowing to harvest to obtain 
good yields, but with 250 mm its yield is acceptable to produce profitably [13] 
[14] [15]. In relation to the nutrition of crops sown in rotation, in vertisol soils 
of Uruguay, it is mentioned that soybeans take advantage of the potassium con-
tained in the vegetable residues of rice, at the same time that it provides nitrogen 
for its nutrition [16]. The contribution of nitrogen to the soil by the cultivation 
of soybeans ranges from 60 to 100 kg per hectare. This nitrogen is the product of 
the symbiosis that the plant establishes with the soil bacteria and serves to im-
mediately nourish the next crop in the rotation due to the fact that the soybean 
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leaves have an adequate carbon/nitrogen (C/N) ratio, which allows rapid de-
composition [17]. On the other hand, the management of soybeans as a mono-
culture in Argentina has caused the appearance of nutritional imbalances in the 
soil and this is a negative aspect caused by the scarce application of fertilizers, 
being a clear sign of deterioration due to the drastic decrease in the organic 
matter and available phosphorus in the soil [18]. 

Planting density is a fundamental factor in taking advantage of water, soil fer-
tility and solar energy for the benefit of production [19]. Proper seeding density 
helps to solve the problem of low grain yield. If a low density is used, there is a 
negative effect on yield because there is no balanced competition between sorg-
hum and weeds, and evaporation of water from the soil increases because the 
sun’s rays hit the soil surface directly by a longer time. On the other hand, if the 
sowing density is high, the competition for water among the plants of the same 
crop increases, which also affects the yield, especially if the crop is totally de-
pendent on rainwater [20]. Wade and Douglas [21] studied the importance of 
the interaction of the days to maturation of grain sorghum with the sowing den-
sity, in three hybrids. They analyzed the stability of their response in yield and 
other characters, from which they found that faster maturation was higher in 
environments characterized by water stress, while late maturity was higher in 
less stress environments, due to this the early hybrids had a more stable perfor-
mance. Likewise, they point out that, in areas with high risk of drought, where 
yields are generally low, the planting density of 50 to 100 thousand plants per 
hectare may have a better performance in yield. For their part, Berenguer and 
Faci [22] studied the behavior of the sorghum yield components in areas of mar-
ginal humidity and very little irrigation; pointed out that this crop tolerates high 
temperatures and drought and, because of this, is more suitable than corn in en-
vironments with low available humidity. They found a linear relationship be-
tween the irrigation water applied, the total dry matter, the grain yield and the 
harvest index, in the planting densities used. They also added that the sowing 
density did not significantly affect the grain yield since there were important 
yield compensation processes, among which they mention the higher production 
of tillers, greater number of grains per panicle and a higher grain weight at the 
lowest plant densities. These results indicated that a high density of plants did 
not present productive advantages in grain yield in this crop. On the other hand, 
the results obtained by Tabo et al., [23] indicated that sorghum is grown mostly 
in soils with residual moisture, which exposes the crop to drought stress in the 
terminal stages of the plant life cycle. They argued that it is possible to improve 
crop efficiency by using appropriate plant densities and their study showed that 
yield can be improved by manipulating the plant population and using early cul-
tivars. Rivero [24] carried out a study of phosphoric fertilization in sorghum, in 
Tamaulipas Mexico. He studied factors such as planting density and two humid-
ity regimes (two and three auxiliary irrigations). He found statistical differences 
in performance between humidity regimes; and pointed out that the optimum  
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density under conditions of adequate humidity was 231,511 plants hectare (20 
plants per linear meter), which registered a yield of 7911 kg∙ha−1, while the op-
timum density under humidity limitation in the filling stage of grain was 197,674 
plants per hectare (17 linear meter plants) with a yield of 7159 kg∙ha−1. Likewise, 
it indicated that the optimal economic dose of phosphorus was 63.42 Kg per 
hectare. Stevens and Dunn [25] tested different doses of nitrogen fertilization in 
sorghum, verifying the effect of a low planting density (70 thousand plants per 
hectare) and a normal planting density (210 thousand plants per hectare) on the 
yield of grain. They found no interactions between fertilization doses and plant-
ing densities. The low plant populations did not differ in yield from the normal 
populations as they produced larger panicles thus compensating for the yield. 
However, they emphasize that when the low population is caused by failures in 
the operation of the sowing machinery, there may not be this compensatory ef-
fect and yield declines. Vertisol-type soils in the state of Campeche are clayey 
and have a high moisture retention capacity [26], generally they are poor in 
phosphorus and with high calcium content, conditions that are usually negative. 
for some crops [27]. Likewise, these soils have a high potassium content, suffi-
cient to maintain an excellent production of grains and vegetables and abundant 
organic matter, which provides sufficient nitrogen to crops [28]. Sorghum must 
have in the soil values of 85 kg of nitrogen, 35 kg of phosphorus and 95 kg of 
potassium per hectare available for the plant, to maintain yields of 3.5 tons per 
hectare on average; therefore, phosphorus is considered to be the most deter-
mining element in production [29]. 

The objective of the research was to evaluate different technological factors of 
production to generate technical recommendations applicable to the cultivation 
of sorghum sown in the autumn-winter cycle in vertisol soils in the state of 
Campeche. The technological factors studied were seed density, fertilization, va-
rieties, and crop rotation. Variables such as grain yield and days of flowering 
were emphasized. 

2. Materials and Methods 

2.1. Exploration of Sorghum Yield in Commercial Vertisol-Type  
Soil Plots 

2.1.1. Characteristics of the Selected Plots 
Four producer plots with an area between 25 and 50 hectares were selected. 
These plots had a very similar sowing date (October 15 to 30, 2017), the soil type 
was Vertisol [30] and the sowing method was with a mechanical seeder, it was 
supplied only with rainwater and residual soil moisture. Fertilization was done 
very sparingly (approximately 100 kg of ammonium phosphate per hectare) and 
hybrid seed was used in all of them. The plots were identified as Alfredo V. Bon-
fil 1 and Alfredo V. Bonfil 2; Melchor Ocampo and Kikab, which was related to 
the name of the localities where the farmers who owned these plots resided. 
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2.1.2. Sampling to Evaluate Performance 
To sample the yield, five 8 m2 sites were selected, one at each vertex of the plot 
and one in the center. 

2.1.3. Harvest Date and Statistical Analysis of the Information 
The harvest was carried out from February 6 to 20, 2018. For the statistical anal-
ysis of the yield, a Completely Random Design was used, with four treatments 
and four repetitions. The treatments were the localities and the repetitions were 
the samplings carried out. The comparison of means was carried out with the 
Duncan DMS method (p = 0.05). 

2.2. Experimentation 
2.2.1. Treatments Evaluated 
Five hybrid materials are used: DKS-32, DAS-4430, SYN5515, 85P20 and AMBAR. 
Five fertilization treatments: control (without fertilizer), 50, 100, 150 and 200 
kg∙ha−1. Ammonium phosphate was used because this fertilizer is the most widely 
used source of fertilization for crops in the region [31] [32] [33]. Finally, five 
planting densities were also considered: 100, 150, 200, 250 and 300 thousand 
plants per hectare. 

2.2.2. Study Site Features 
It was planted in the locality called Edzná Experimental Site (19˚36'34.97''N; 
90˚13'17.32''W and 24 m altitude), owned by the National Institute of Agricul-
tural Forestry Research (INIFAP). The soil was Vertisol type, whose chemical 
analysis registered a phosphorus content of 1.40 ppm; and a nitrate content of 
33.4 ppm that were considered as low and high, respectively [34]. The crop was 
supplied with the moisture retained in the soil, three rains that added 45 mm 
and two auxiliary irrigations. 

2.2.3. Sowing and Harvesting Dates 
The sowing date was January 16, 2018 and the harvest from May 5 to 8, 2018. 

2.2.4. Technological Management of the Crop 
Weed control was carried out in two ways: the first was chemically and for this, 
2,4-D amine (0.5 l∙ha−1) was applied, when the plant was 20 days old. The second 
weed control was done mechanically after 35 days, using an iron implement that 
removed the soil and was powered by a tractor. The pests were controlled with 
Espinetoram (0.075 l∙ha−1) in the case of Spodoptera frugiperda, and with Im-
idacloprid (0.5 l∙ha−1) in the case of the yellow aphid (Melanaphis sacchari). All 
the fertilizer used in the different treatments was applied at sowing. 

2.2.5. Statistical Analysis of Grain Yield 
As an experimental plot, there was a row of five meters long and the separation 
between rows was 80 cm. A randomized block design with two repetitions was 
applied. The data were statistically analyzed as factorial AxBxC, using the Infos-
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tat software. Fisher’s LSD method (p = 0.15) was used to compare the means. 

2.3. Study of Crop Rotation in Vertisol-Type Soils 
2.3.1. Study Site Location 
The investigation was carried out in the town of Valle de Quetzalcoatl (19˚13'- 
54.55"N; 90˚15'08.19"W), which is located in the municipality of Champotón. 
Crop rotation was studied in order to take advantage of the soil in a more com-
prehensive and sustainable way, as well as the humidity from the rains, and the 
residual humidity retained in the soil, in order to obtain two crops of grains at a 
time. Year in the same place. 

2.3.2. Genetic Material That Integrated Crop Rotation 
The crop rotation had as members the soybean crop sown in summer and sorg-
hum sown in winter; six varieties of soybeans were used; Huasteca 200, Huasteca 
300, Huasteca 400, Tamesí, Vernal and Luziania; as well as five grain sorghum 
hybrids: DKS-32, DAS-4430, SYN5515, 85P20 and AMBAR. 

2.3.3. Characteristics of the Plot Used for Rotation 
The plot had an approximate area of 2.0 hectares. Soybean varieties and sorg-
hum hybrids were planted in the form of adjacent strips, with a spacing of 80 cm 
between rows and a length of approximately 200 m. 

2.3.4. Technical Management of Crops 
1) Soil preparation 
Regarding the sowing season, soybeans were sown in July and sorghum in 

December. Soil preparation for planting was carried out as traditionally done by 
farmers in the region, preparing the soil through three steps of disc harrow at the 
beginning of soybean planting. Also included, every eight furrows, was a trench 
ditch 1.10 to 1.20 m wide and 35 cm deep, which functioned as surface drainage 
to dislodge excess water from the rains, which occurred abundantly from July to 
September. For the sorghum planting, the soil was not removed, only herbicide 
was applied to eliminate the weeds.  

2) Planting density and fertilization 
The sowing density was 250 thousand plants per hectare for soybeans, with 

approximately 32 kg per hectare of seed; and from 200 to 250 thousand plants 
per hectare in sorghum, with 8 - 9 kg of seed per hectare. The fertilization of 
both crops was carried out at the time of sowing. 100 kg of ammonium phos-
phate (DAP) per hectare were applied to soybeans, while 200 kg of this same fer-
tilizer were applied to sorghum.  

3) Weed and pest control 
Weed control in soybeans was done with a pre-emergent herbicide, one day 

after sowing, for which Acetochlor (1.5 to 2.0 L per hectare) was used. Later, 
Imazetapril (1.0 L per hectare) was used to eliminate 10 cm tall weeds. In sorg-
hum, Atrazine was applied to prevent the outbreak of broadleaf weeds, mixing 
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with Glyphosate (2.0 L + 1.0 kg per hectare), to eliminate some grasses that had 
germinated and that still had very little development. This last herbicide applica-
tion was made one day after sowing in both crops. Subsequently, to keep the 
crop clean until harvest, the weeds that emerged between the rows were fought 
mechanically using machinery in the case of large plots, and manually, in the 
case of the experiment. This was done both in soybeans between 35 and 40 days 
after sowing as recommended by Magallanes et al., [35]. The pests that appeared 
in soybeans were D. balteata in soybeans [36], which was fought with Dime-
thoate (0.75 L per hectare) and Stigmene acrea, which was fought with Espine-
toram (75 ml per hectare). In sorghum, the pest that required control was the 
yellow aphid (Melanaphis sachari) and this was done with an application of Im-
idacloprid (0.5 L per hectare).  

2.3.5. Variables Considered 
The main study variable was grain yield at 14% moisture. Some auxiliary va-
riables were also recorded such as the height of the plant, the days until flower-
ing (counted from sowing). At the time of harvest, the number of pods in soy-
beans was counted, as well as the total number of plants and effective plants 
(plants with panicles in the case of sorghum).  

2.3.6. Statistical Analysis of the Results 
In the case of crop rotations, a randomized block design was used to analyze the 
sorghum and soybean yields obtained from the samplings. The data from days to 
flowering and days to harvest, of the soybean varieties, as well as the sorghum 
hybrids, were presented as an average and were used to know in more detail the 
life cycles of the cultivars involved. 

3. Results and Discussion 
3.1. Exploration of Sorghum Yield in Commercial Plots 

There was no significant difference between treatments or repetitions according 
to the F test (p = 0.05). This indicated that there was very little variability in the 
grain yield obtained by the producers of the different plots that included obser-
vation points. The average yield fluctuated between 4377 and 5543 kg∙ha−1, being 
the plot named Alfredo V. Bonfil 1, the one with the highest yield, contrary to 
Kikab, which obtained the lowest value. This yield was higher than that reported 
by Villalobos [33], perhaps influenced by the date of planting and the type of 
soil, which represent the most ideal environment for this crop in Campeche. In 
these producer plots the average population density estimated at harvest was 
166,833 plants per hectare, and fluctuated from 142,667 to 197,334 plants per 
hectare. The correlation of population density with grain yield was positive. The 
regression analysis (Figure 1) was represented by the equation y = 0.0375x − 
1374 (R2 = 0.8643), which indicated that under the conditions in which this 
study was carried out, for each unit that the population density, the yield in-
creased 37.5 grams, a result similar to what was reported by Zamora et al., [37]. 
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Figure 1. Relationship between yield and planting density of sorghum for grain in the 
state of Campeche. 

3.2. Experimentation 

Analysis of variance of grain yield reported highly significant differences in all 
sources of variation. In accordance with the above, the factor means comparison 
test was carried out (Table 1).  

3.2.1. Fertilization 
As could be observed, the control without fertilizer and the dose of 50 kg of di-
ammonium phosphate (DAP) per hectare were statistically equal in yield, and 
lower than the rest of the treatments. Likewise, the best fertilization dose was 
between 150 and 200 kg∙ha−1 of DAP, with average yields of 4527 - 4562 kg∙ha−1. 
These results were in agreement with those obtained by Rivero [24] and Stevens 
and Dunn [25]. The laboratory results, obtained prior to the study, had diag-
nosed a phosphorus deficiency in the soil, so this response to phosphoric fertili-
zation was expected according to the studies of Sahrawat [27] and Gambaudo 
[29]. The magnitude of this response was estimated at approximately 1200 kg 
per hectare, which contributed a net profit of $2310 pesos per hectare at the cur-
rent price of $3300 per ton of grain in 2020 in this region of the country.  

3.2.2. Planting Density 
The sowing density that reported the lowest yield was 100,000 plants per hectare, 
being statistically lower than the others. The best sowing density was 300 thou-
sand plants per hectare, with 5176 kg∙ha−1, these results differ from that reported 
by Berenguer and Faci [22] and Schatz et al., [19], who found no differences in 
yield to different plant densities and indicate that sorghum is a crop that com-
pensates for the low population by emitting larger panicles and grains; but they 
coincide with that reported by Tabo et al., [23], Cicchino [38] and Stevens and 
Dunn [25].  

3.2.3. Genetic Material Evaluated 
Regarding the hybrids, the best of them was DKS-32, with 5794 kg∙ha−1, followed 
by SYN5515, with 3791 kg∙ha−1; the hybrid 85P20 registered the lowest yield 
(1755 kg∙ha−1), presenting at the same time a greater affectation of the yellow  
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Table 1. Comparison test of means of grain yield in fertilization, planting density and 
genetic material. 

Hybrids 
(Name) 

Yield 
(kg∙ha−1) 

Fertilization 
DAP* (kg∙ha−1) 

Yield 
(kg∙ha−1) 

Planting density 
(Thousands) 

Yield 
(kg∙ha−1) 

DKS-32 5794a** 200 4562a** 300 5176a** 

SYN5515 3791b 150 4527a 200 4109b 

DAS-4430 3699b 100 3941b 250 3946bc 

AMBAR 3533b 50 3372c 150 3659c 

85P20 1755c 0 3142c 100 2651d 

*DAP = ammonium phosphate; **Quantities with the same letter are not statistically different. Duncan test 
(DMS p = 0.05). 

 
aphid, a fact that coincided with the Perales report [39]. Likewise, this pest was 
reported for the first time in 2015 by producers of the entity and agrees with the 
reports by Rodríguez and Terán [40] and Cortez [41]. 

3.2.4. Fertilization and Phenology of the Plant 
The plant’s response to fertilization, in its phenology, was manifested in a short-
ening of the interval of days elapsed from sowing to flowering when the results 
of the best fertilization dose were compared with those of the treatment without 
fertilizer (Figure 2). This fact could be attributed to the effect of phosphoric fer-
tilization according to the reports by Mixquitla and Villegas [42] and Álvaro 
[43], who point out that phosphate accelerates maturation and seed production, 
which induces growth, more vigorous and faster maturation of the plant when 
the phosphorus content in the cell is adequate. 

In the treatment without fertilizer DKS-32 and SYN5515 (the early cycle hy-
brids) had an average of 73 days from sowing to flowering, however, in the best 
doses this interval was shortened by 14 days, reaching the flowering time to 57 
days. Regarding the DAS4430, 85P20 and AMBAR hybrids (the intermediate 
cycle hybrids), they had an average of 88 days from sowing to flowering in the 
treatment without fertilizer, but at the best dose this interval was shortened by 
23 days, reaching flowering time at 65 days. This reduction in days to flowering 
was associated with an increase in grain yield according to the average that was 
recorded in the different doses of fertilizer (Figure 3), a result that coincides 
with that indicated by Wade and Douglas [21] and Tabo et al., [23].  

3.3. Crop Rotation 
3.3.1. Days to Flowering and Harvesting in Crops 
In both species, important phenotypic characteristics were manifested that must 
be taken into account in crop rotation. Soybean varieties, such as Huasteca 400 
and Luzianía registered 41 days from sowing to flowering, very similar to the 
Huasteca 300, Vernal and Tamesí varieties that registered 46 days; being the 
Huasteca 200 variety the latest of all, with 55 days (Table 2). As it could be  
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Figure 2. Relationship between fertilization and phenology in early and intermediate cycle 
sorghum hybrids in the state of Campeche. 
 

 

Figure 3. Relationship between days from planting to flowering and sorghum yield in Ver-
tisol-type soils of the Campeche state. 
 
Table 2. Days elapsed from planting to flowering and harvesting in six soybean varieties 
grown in Vertisol-type soils in the state of Campeche. 

Variety Planting date Days to flowering Harvest date Days to harvest 

Huasteca 200 

August 1 

55 December 21 141 

Huasteca 300 46 December 4 124 

Huasteca 400 41 December 2 122 

Luzianía 41 December 1 121 

Vernal 46 November 27 117 

Tamesí 46 December 4 124 

 
observed, all the soybean varieties registered variations in their phenology with 
respect to that indicated by Magallanes et al., [35], this consisted of a shortening 
in the interval of the days from sowing to flowering. The soybean varieties were 
harvested between 117 and 141 days after sowing. In sorghum, the materials 
with the earliest cycle, DKS-32 and 5515, flowered between 53 and 54 days after 
sowing, while DAS-4430, 85P20 and Ambar, the materials with a slightly longer 
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cycle, they flowered between 56 and 59 days. The literature indicates that the 
physiological maturity of the grain in sorghum occurs from 25 to 45 days after 
flowering [44], in such a way that the maturity at harvest took place approx-
imately 35 days later. Of this stage, that is, 120 to 127 days after sowing (Table 
3), indicating that none of the hybrids had a late cycle, which was perhaps in-
fluenced by the high temperature of the months of April and May in the entity, 
which goes 30˚C to 34˚C maximum. 

3.3.2. Soybean Grain Yield 
The average yield of the soybean varieties in this study was 1758 kg∙ha−1 (Figure 
4), which is considered lower than the averages reported for the state of Tamau-
lipas [35], and the state of Campeche [31]. The statistical analysis registered a 
coefficient of variation that was considered high (33.41%), indicating that there 
were some factors out of control that could have affected the investigation; how-
ever, there were highly significant differences between the varieties, which indi-
cated that at least one of them had a different behavior from the others. The low 
yields indicate that the excess moisture that prevailed in the early stages of crop 
development had a negative effect on grain yield. It was evident that the plants 
produced fewer roots and fewer foliage, fewer pods and smaller grains; The for-
mation of nodules in the root was also affected, as indicated by Steduto et al., 
[45], and nutrient absorption was reduced. 
 

 

Figure 4. Average yield of six soybean varieties grown in Vertisol-type soils in the state of 
Campeche. 
 
Table 3. Days elapsed from planting to flowering and harvesting in five sorghum hybrids 
grown in Vertisol-type soils in the state of Campeche. 

Variety Planting date Days to flowering Harvest date Days to harvest 

DKS-32 

December 23 

54 April 22 120 

DAS4430 57 April 29 127 

SYN5515 53 April 22 120 

85P20 59 April 29 127 

AMBAR 56 April 29 127 
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3.3.3. Sorghum Grain Yield 
Sorghum in rotation with soybeans had an estimated average yield of 5816 kg∙ha−1, 
which was comparable to those obtained by producers who sow sorghum in 
monoculture, on the sowing date considered most appropriate. The analysis of 
Figure 5 showed that DKS-32 and SYN5515 were the hybrids with the highest 
yield, with 5985 and 5950 kg∙ha−1, respectively, although they only outnumbered 
the hybrid DAS4430, which obtained 5642 per 325 kg∙ha−1. This general perfor-
mance of the yield was higher than that reported by Villalobos [33] and was at-
tributable in part to the density of sowing and fertilization, which were higher 
than those used commercially by producers, a fact that was confirmed by com-
paring these results with those obtained in the exploration of the sorghum yield 
in commercial plots such as, for example, in the town of Alfredo V. Bonfil 1, 
whose data were described in previous paragraphs. 

3.3.4. Accumulated Rainfall at the Study Site and Proposal for  
the Most Viable Crop Rotations  

The accumulated precipitation in the year in the study locality was 1248 mm, as 
indicated in Figure 6; of this amount, soybeans received 821 mm from sowing to 
harvest, while sorghum only received 109 mm. This explains why soybeans suf-
fered due to excessive soil moisture and sorghum suffered from drought, al-
though in the end this fact was overcome. Therefore, in the climatic conditions 
in which the research was carried out, the sorghum-soybean crop rotation could 
be carried out with more success using the sorghum hybrids DKS-32 and 
SYN5515, and the Huasteca 300 and Vernal soybean varieties. The results of the 
climatic behavior in the study area indicate that the soybean sowing date should 
be modified, starting sowing on June 16 and ending on July 15 so that it is less 
affected by excessive humidity. From the soil and thus obtain higher yields. On 
the other hand, in sorghum, the sowing date should be from November 1 to 30 
to prevent it from suffering too much water stress and to also try to take better  
 

 

Figure 5. Average yield of five sorghum hybrids grown in Vertisol-type soils in the state 
of Campeche. 
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Figure 6. Accumulated rainfall from March 2017 to April 2018 and its relationship with 
the life cycle of crops in the research and proposal that was developed based on the re-
sults. 
 
advantage of the moisture contained in the soil, as well as the low rainfall of the 
months from January to March so that the plant develops in better conditions. 
In addition to the absence of rains in this part of the year, there is another nega-
tive climatic factor for the development of the plant, which is the high tempera-
ture of the months of March, April and May, which occurs in this region of the 
country [46], which undoubtedly affected the performance of the sorghum hy-
brids and allowed the selection of those with the best performance [23] [47] [48]. 

4. Conclusions 

Yield exploration on commercial plots reported fairly acceptable average returns; 
however, the analysis seems to indicate that the producers are using a low popu-
lation density and this could be a limitation to achieve high yields given that the 
plots that were included in this part of the study were sown on dates that allow 
better use of the humidity present at this time of year; therefore, they could be 
recommended to increase the number of plants planted per hectare. 

The analysis of the behavior of factors such as hybrids, fertilization doses and 
planting density, indicated that there is a need to make adjustments in the cur-
rent production technology. Derived from the results of this research it is pro-
posed to use the sorghum hybrids DKS-32, SYN5515 and DAS4430 with a den-
sity of 300 thousand plants and a fertilization of 150-200 kg of Ammonium 
Phosphate per hectare. 

On the other hand, when the sorghum-soybean crop rotation was used, it was 
observed that it is possible to obtain two grain crops per year in the same field, 
taking advantage of the rain and the humidity that the soil manages to store. The 
Huasteca 300 and Vernal soybean varieties were the most recommended to be 
sown in rotation with any of the three sorghum hybrids mentioned above. Re-
garding the life cycles of soybeans and sorghum, it was observed that both soy-
beans and sorghum occupy 120 to 130 days from sowing to harvest; however, it 
is necessary to bear in mind that there may be slight variations in this time in-
terval, depending on the variety of soybeans and the sorghum hybrid used. 
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