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ABSTRACT
Mineral imbalances in soils and forages may cause suboptimal production of forage biomass and livestock.
Objective: To determine the concentrations of minerals in soil and forage during the dry and wet seasons in 
the Huasteca Potosina.
Materials and Methods: Samples from the soil and the main forage species consumed by livestock were 
collected in 17 production units (PU). The P content in soil and forage was determined by colorimetry, while 
the Ca, Mg, Cu, Fe, Zn, Mn, and Co content was established by atomic absorption spectrophotometry, 
and f lame photometry was used to calculate Na and K content. The data were subjected to an analysis of 
variance; the effect of PU, season, and interactions was considered as fixed effect. Means were compared 
using Tukey’s test.
Results and Discussion: P and Cu content was below the minimum critical level required for adequate plant 
growth. Furthermore, the P, Mg, K, Na, Cu, Co, and Zn concentration in forage failed to meet the minimum 
requirements for livestock.
Conclusions: The mineral imbalances in the grazing areas and the forages do not meet the minimum mineral 
requirements of dual-purpose cattle in the Huasteca Potosina.

Keywords: Ruminant nutrition, forage quality, mineral requirements.

INTRODUCTION
 The Mexican territory covers 1,964,375 km2, approximately 51% of which are arid and 
semi-arid, 19% warm sub-humid, 17.9% temperate, 6.9% warm and semi-warm humid, 
and 2.5% semi-warm sub-humid zones (SEDARH, 2007). Mexico has 33,356,369 heads 
of cattle, out of which 92.7% are used to produce meat. Fifty percent of these heads are 
located in the humid and dry tropic (SIAP, 2021). San Luis Potosí has 1,020,109 heads of 
cattle, 51.4% of which are found in the Huasteca (SIAP, 2021). These herds are managed 
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in meadows with cultivated, introduced, and natural pastures whose mineral deficiencies 
could be reflected in suboptimal production of livestock (McDowell and Arthington, 2005). 
Poor absorption by the grasses resulting from a low mineral content (N, P, S, Cu, and Na) 
in the soil limits the growth of grasses and results in nutritional deficiencies in the livestock 
(McDowell, 1985; Coates et al., 2019). In extensive livestock farming, livestock nutrition 
depends on the nutrients it obtains from the forage. In turn, nutrient concentration and 
mineral balance depend on the soils in which the forage plants grow. Therefore, the study 
of soil fertility —understood as the capacity to supply adequate quantities of nutrients 
to satisfy the requirements of plants (Kemp et al., 1999)— is an important factor for the 
development of an adequate management program for livestock herds. The availability 
of nutrients and their ratios mainly depend on the type of soil, cation exchange capacity 
(CEC), pH, and organic matter (OM).
 CEC is mainly inf luenced by OM, texture, and type of clay. It varies horizontally and 
vertically, with clear variation between horizons (Porta et al., 2003). Ca is the dominant 
exchangeable cation (60-85%), followed by Mg (5-30%), K (2-6%), and Na (2-6%) (Bohn 
et al., 1979; Mengel and Kirkby, 1987). With an acidic pH, Al ions Al  Al OH3 2

+ +( )( ),  
decrease the availability of phosphate, sulfate, and molybdate and restrict nitrification 
and decomposition of soil organic matter; the effect is more severe with lower pH (Osorio, 
2012). Another limiting factor is the high concentration of Al, Mn, and Fe that interact 
with P and Se (Whitehead, 2000; McDowell, 1985). As the pH in the soil increases, 
the availability and absorption of Fe, Mn, Zn, Cu, and Co decreases, while Mo and Se 
increase in the forage (McDowell, 1985; Suttle, 2022). Vegetable crops maintain an active 
growth with a 4.0-8.5 pH; however, some are sensitive to extreme values (Whitehead, 
2000). Therefore, pH determines the bioavailability of minerals and largely regulates the 
nutritional value of grasses (Toledo and Schultze-Kraf, 1982).
 OM is important for crop sustainability: it improves the soil’s physical (texture, 
structure, bulk density, and water retention capacity), chemical (nutrient availability, 
cation exchange capacity, reduced aluminum toxicity, and allelopathy), and biological 
(nitrogen-mineralizing bacteria, nitrogen fixation, mycorrhizal fungi, and microbial 
biomass) characteristics (Fageria, 2012). A high OM percentage can result in high Mo 
and S concentrations (Suttle, 2022) and low Cu availability for the plant (Haynes, 2005); 
conversely, a low OM percentage tends to cause low I concentrations (Suttle, 2022).
 Soil productivity tends to fluctuate over time, due to changes in its physical, chemical, 
and biological fertility (Feng et al., 2021). Both water scarcity and excess cause mineral 
deficiencies. In the first case, a decrease in the solubility of elements reduces their 
availability in root systems (Kawas and Houston, 1990). In the second condition, high 
humidity solubilizes and leaches out the minerals away from the perimeter of root 
absorption (Velasco, 1992). In the Huasteca Potosina, the intense use of natural resources 
by agricultural and livestock production systems and the climatic conditions suggests that, 
from the point of view of the nutritional requirements of the livestock, the soils and forage 
plants in the area have mineral deficiencies and imbalances. The objective was to determine 
the concentration of minerals in soil and forages of the Huasteca Potosina, during the dry 
and wet seasons.
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MATERIALS AND METHODS
Characteristics of the Study Area
 The study was conducted in the municipalities of Tamuín, Ébano, and San Vicente 
Tancuayalab, San Luis Potosí. The area is located in the province of Llanura Costera del 
Golfo Norte, subprovince of Llanuras and Lomeríos (Instituto Nacional de Estadística 
y Geografía (INEGI, 2002). The dominant landforms are alluvial plains with hills 
(57.8%), alluvial f loodplains (19.3%), valleys with plains (7.3%), alluvial plains (6.5%), 
and typical hills (4%), among others. The altitude varies from 820 m (Abra-Tanchipa 
mountain range) to 5 m (alluvial plains) (INEGI, 2002). In the plains, valleys, and hills 
with gentle slopes the predominant soils are Pellic Vertisol (Vp), Calcaric Phaeozem 
(Hc), and Eutric Fluvisol ( Je). Meanwhile, hills are characterized by Calcaric Regosol 
(Rc), Calcic Cambisol (Bk), and Haplic Kastanozem (Kh). Lithosol (I), Rendzina (E), 
and Calcaric Regosol (Rc) are found in rugged areas. The dominant climates are semi-
warm humid (A)C(fm) (48.3%), warm sub-humid (A)(C)w0 (44.6%), and temperate sub-
humid Aw0 (6.2%). The average annual precipitation ranges from 900 to 1,500 mm 
and the average annual temperature is 251 °C (INEGI, 2023). The most abundant 
vegetation types are secondary, forests, and low, medium, and high jungle. The main 
land uses are agriculture (32.8%), cultivated grassland (28%), and induced grassland 
(0.5%) (INEGI, 2021).

Location of the Sampled PUs
 The number of PUs to be sampled was determined through the stratification of 
the study area, using cartographic information at a 1:250,000 scale. These maps 
included pedological, geological, and physiographic information, as well as data about 
land use, vegetation, climate, and f lood-prone areas (SEDARH, 2007). In addition to 
this cartography and fieldwork, the ArcGIS 9.2 geographic information systems were 
used, based on the resulting landscape units delimited in ArcView 2.3. Those units 
were based on the 1:250,000 cartography developed by INEGI (2007), which includes 
pedological, topographic, geomorphological, hydrological, and geological data, as 
well as information on land use, vegetation, and f lood-prone areas. Seven PUs used 
to produce dual-purpose cattle were located in Tamuín, six in Ébano, and four in San 
Vicente Tancuayalab. 

Sample Collection and Preparation
 Samples of the soil and plant species available to livestock were collected from each PU, 
in the dry (April and May) and wet (August and September) seasons. Soil samples were 
collected from the top 20 cm of each site and were divided into 10 subsamples. In total, 
35 samples were collected in the dry season and 40 in the wet season. Forage plant species 
were sampled collecting 500 g of fresh matter, using the simulated grazing technique (hand 
plucking). The soil samples were air-dried, ground, and sieved with a 2 mm mesh. The 
forage samples were dried at 60 °C in a forced-air oven until they reached a constant 
weight; they were subsequently ground and passed through a 1 mm diameter sieve and 
stored in plastic containers, until they were analyzed in the laboratory.
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Laboratory Analysis
 The soil was analyzed following the NOM-021-SEMARNAT-2000 official Mexican 
standard (SEMARNAT, 2002). The exchangeable bases (Ca, Mg, Na, and K) were 
determined with 1N ammonium acetate at pH 7.0 as a saturating solution, while the 
diethylenetriaminepentaacetic acid technique (DTPA) and the Olsen method were used 
to establish microminerals (Cu, Fe, Zn, and Mn) and phosphorus (P), respectively. The 
technical interpretation was based on NOM-021-SEMARNAT-2000 (SEMARNAT, 2002). 
Forage minerals were extracted according to Allan (1970). The P content was determined 
by colorimetry in a Thermo Scientific™ GENESYS™ UV-visible spectrophotometer 
(Fisher Scientifc Inc.). The Ca, Mg, Cu, Fe, Zn, Mn, and Co content was determined by 
atomic absorption spectrophotometry (Perking Elmer 3110 spectrometer) and the Na and 
K content was calculated by flame photometry (Corning 410 flame photometer).

Statistical Analysis
 The mineral content of soil and forage was analyzed based on a completely randomized 
design, considering the effect of PU, season, and interactions as fixed effects, and applying 
an analysis of variance through the GLM procedure (SAS, 2021). The means were 
compared with Tukey’s test.

RESULTS AND DISCUSSION
 The forage plant samples were collected during the dry season (50) and during the 
wet season (49). The predominant forage species in the area were Cynodon nlemfuencis 
(31.3%), Brachiaria spp. (14.1%), Rhynchelytrum repens (13.1%), and Cynodon dactylon (9.2%); 
the remaining 32.3% included, in varying rates, Leucaena leucocephala, Panicum maximum, 
Pennisetum purpureum, Saccharum officinarum, Digitaria eriantha, Sorghum vulgare, Zea mays, 
Guazuma sp., Acacia sp., and Prosopis sp. Additionally, three and five PUs used Leucaena 
leucocephala and Saccharum spp. as forage, respectively.

Soil Mineral Content
 Table 1 shows that the concentration of P (14.74 ppm) and Cu (2.87 ppm), in soils 
where the forage consumed by livestock grows, did not reach the minimum levels 
required for good plant development (Castellanos et al., 2000) The availability of P in the 
soil-plant-animal system plays a fundamental role in its productivity, since P deficiency 
reduces forage growth and quality (Quintero and Boschetti, 2001). Furthermore, an 12 
ppm P concentration in the soil improves phosphate fertilization (Benavidez et al., 2000), 
while 25 ppm allow alfalfa crops to reach maximum yields (Vivas et al., 1996; Berardo 
and Marino, 2000).
 PU had an effect (P0.01) on the K in the soil: K concentration ranged from 230 
ppm (PU 15) to 836 ppm (PU 14). Likewise, the content of Mg, Fe, Zn, and Mn had 
P0.056, 0.053, 0.070, and 0.080 trends, respectively. Season had an impact on Fe and 
Mn: concentrations were higher in the wet season (P0.05).
 The interaction between PU and the season had an effect (P0.05) on the Ca and Na 
concentration: higher Ca contents were found in PUs 6 and 14 during the dry season, 
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Table 1. Mineral concentration in the soils where the forage consumed by the dual-purpose livestock from 17 production units grows, in the 
Huasteca Potosina, Mexico.

Production units 
(PU)

Macrominerals (mg kg1) Microminerals (mg kg1)
Ca P Mg K Na Cu Fe Zn Mn

1   8609ab 19.29 458 424bc 299b 3.51 38.57 4.94 49.69

2   9599ab 14.44 378 435bc 243b 1.43 22.75 3.29 25.72

3   9879ab 5.30 313 557abc  337ab 3.18 30.14 5.49 33.32

4   8520ab 34.79 464 383bc 188b 1.41 7.86 2.66 27.11

5 11096a 24.24 398 610ab  424ab 2.85 15.20 2.26 31.81

6 10472ab 8.93 485 528abc  418ab 3.66 28.98 2.94 31.36

7 11806a 19.12 312 477abc 317b 1.71 17.75 1.80 24.89

8 10119ab 12.38 531 679ab  515ab 3.85 14.00 2.85 29.05

9 10048ab 15.95 253 387bc 233b 2.47 30.70 3.46 25.39

10   9574ab 8.63 328 439bc 280b 2.60 19.34 2.32 17.24

11 10786ab 27.70 436 540abc 311b 2.18 34.30 2.98 31.97

12 12223a 12.15 436 553abc  388ab 2.17 18.58 2.25 26.98

13 10480ab 26.64 383 568abc  334ab 5.28 37.34 4.61 20.42

14 10818ab 13.51 782  836a 692a 2.18 15.35 2.67 29.14

15  6336b 7.76 498  230c 190b 2.79 11.83 2.32 25.34

16 10776ab 10.59 644 494abc  519ab 2.02 8.81 2.34 27.22

17 10743ab 9.00 683 418bc 262b 4.18 25.73 3.10 48.24

SEM1 879 7.46 117 72 73 0.92 8.30 0.92 7.39

Season:

Dry   9450x 17.86 401 481 335 2.88 16.85x 3.68 26.24x

Wet 10860y 12.12 471 516 356 2.86 30.54y 2.91 33.95y

SEM1 199 2.18 35 21 19 0.27 2.26 0.28 1.96

production units (PU) ˂0.001 0.205 0.056 0.001 ˂0.001 0.153 0.053 0.070 0.080

Se 0.001 0.081 0.092 0.517 0.884 0.979 ˂0.001 0.084 0.046

PU*Se 0.006 0.481 0.511 0.260 0.036 0.440 0.816 0.868 0.114

means 10217 15.91 439 500 347 2.79 24.30 3.26 30.44

critical level 2 1500 25 200 200 70 3.0 9.0 2.0 12.0

abc, xyMean values in the same column with different letters are different (P0.05).
1 SEM (EEM)standard error of the mean. 2 Critical levelminimum critical level of minerals in soils required for plant growth (Castellanos 
et al., 2000).

while the Na content was higher in PUs 1, 5, 6, 7, 8, 13, 14 and 16, during the dry 
season.

Mineral Content in Forage
 The diversity and predominance of the forages found in the study area did not enable the 
evaluation of the independent effect of the PUs. The P and K content was higher (P0.01) 
in the wet season. Underwood (1999) reported higher P concentrations in the same season 
in northern Australia and southern Africa. Meanwhile, the higher K content in forages in 
the wet season differs from the findings of Almaráz et al. (2007). High Fe contents (P0.05) 
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in the dry season were also recorded by Domínguez-Vara and Huerta-Bravo (2008). The P, 
Mg, K, and Na content in forages does not meet the minimum requirements for livestock 
(Puls, 1994; NRC, 2001). Mn and Fe at soil level possibly reduced the absorption by the 
forages, hindering the quantification of Cu and Co (Ungerfeld, 1998) (Table 2).
 Table 2 shows that only Ca and Mn had an adequate range, Fe level was in excess, and 
the rest of the minerals were below the appropriate concentration for dual-purpose cattle 
(Puls, 1994; NRC, 2001). The effect (P0.01) of the interaction between PU and season on 
the Mn content in the forage was caused by its higher concentration in PUs 3, 5, 7, 8, and 
16, during the dry season. The main forage species and their mineral profiles in the dry 
and wet seasons, were: Cynodon nlemfluencis (31.3%), Brachiaria spp. (14.1%), Rhynchelytrum 

Table 2. Mineral concentration in the forage consumed by dual-purpose livestock from 17 production units in the Huasteca Potosina, Mexico.

Production units
Macrominerals (%) Microminerals (ppm)

Ca P Mg K Na Fe Zn Mn
1 0.65 0.08 0.06 0.17 0.10 142 28 35

2 0.14 0.06 0.03 0.13 0.07 201 20 25

3 0.13 0.07 0.04 0.10 0.06 151 17 33

4 0.35 0.07 0.05 0.13 0.06 125 26 21

5 0.20 0.06 0.06 0.14 0.07 89 31 36

6 0.30 0.07 0.05 0.12 0.09 163 29 20

7 0.24 0.61 0.03 0.07 0.05 82 17 30

8 0.42 0.04 0.04 0.07 0.08 138 16 27

9 0.27 0.06 0.03 0.15 0.08 196 25 28

10 0.23 0.05 0.03 0.16 0.09 115 22 33

11 0.29 0.07 0.04 0.18 0.10 91 29 40

12 0.24 0.06 0.03 0.15 0.10 177 22 32

13 0.26 0.11 0.03 0.15 0.12 163 27 62

14 0.39 0.11 0.06 0.17 0.15 177 20 44

15 0.44 0.15 0.08 0.28 0.17 61 34 77

16 0.38 0.07 0.05 0.14 0.07 92 19 35

17 0.26 0.04 0.03 0.14 0.07 119 18 22

SEM1 0.11 0.01 0.01 0.03 0.02 35 5 9

Season:

Dry 0.33 0.06y 0.05 0.13y 0.08 149x 26 30

Wet 0.27 0.07x 0.04 0.17x 0.09 114y 20 36

SEM1 0.024 0.002 0.003 0.009 0.006 9 5 2

production units 0.090 0.058 0.256 0.210 0.064 0.160 0.679 0.072

Se 0.397 0.003 0.172 0.003 0.875 0.035 0.127 0.071

PU*Se 0.714 0.544 0.705 0.334 0.765 0.237 0.507 0.009

Average 0.30 0.07 0.04 0.14 0.08 131 23 33

Adecuate concentration2 0.30-0.50 0.25-0.30 0.10-0.20 0.90-1.40 0.10-0.16 15-100 30-75 15-40

xyMean values in the same column with different letters are different (P0.05).
1SEM (EEM)standard error of the mean. 2 Adequate concentration in forage for livestock (Puls, 1994).
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repens (13.1%), and Cynodon dactylon (9.1%). Other species were found in smaller quantities 
(32.3%), including Leucaena leucocephala, Panicum maximum, Pennisetum purpureum, Saccharum 
officinarum, Digitaria eriantha, Sorghum vulgare, Zea mays, Guazuma sp., Acacia sp., and Prosopis 
sp. Some of these forages are used to feed livestock in both seasons of the year (Table 3).

Table 3. Mineral concentration in the forages used to feed dual purpose cattle in the Huasteca Potosina, Mexico, in both seasons of the year.

Forage
Wet season Dry season

% mg kg1 % mg kg1

Ca P Mg K Na Fe Zn Mn Ca P Mg K Na Fe Zn Mn
Star grass (Cynodon nlemfluencis) n17 n14

Average 0.22 0.08 0.03 0.18 0.09 152 20 43 0.23 0.06 0.04 0.13 0.09 155 22 27

Road grass (Rhynchelytrum repens) n7 n6

Average 0.25 0.07 0.03 0.17 0.10 89 20 34 0.35 0.03 0.03 0.10 0.06 125 31 39

Brizantha (Brachiaria brizantha) n6 n8

Average 0.08 0.07 0.03 0.14 0.08 152 31 24 0.32 0.06 0.06 0.14 0.08 129 32 29

Bermuda grass (Cynodon dactylon) n6 n3

Average 0.27 0.09 0.04 0.22 0.12 102 21 61 0.19 0.02 0.02 0.12 0.06 212 21 22

Guinea grass (Panicum maximum) n3 n2

Average 0.17 0.07 0.03 0.13 0.07 108 19 30 0.33 0.07 0.07 0.14 0.13 109 22 37

Sugar cane (Saccharum officinarum) n1 n4

Average 0 0.03 0.05 0 0.02 33 8 15 0.38 0.06 0.05 0.14 0.11 117 26 23

Leucaena (Leucaena leucocephala) n3 n4

Average 1.17 0.10 0.07 0.17 0.12 143 27 51 0.62 0.10 0.07 0.16 0.08 182 35 54

Mulatto grass (Brachiaria hibrido) n1 n2

Average 0 0.04 0 0 0 73 10 18 0.32 0.06 0.06 0.11 0.07 145 40 45

Pangola grass (Digitaria eriantha) n1 n1

Average 0 0.02 0.02 0.12 0.06 58 8 11 0.19 0.02 0 0.12 0.06 189 18 16

Sorghum (Sorghum vulgare) n1 n1

Average 0.29 0.07 0.05 0.36 0.20 40 22 49 0 0.05 0.04 0.17 0.08 228 16 14

nnumber of samples analyzed.

CONCLUSIONS
 The concentration of P and Cu in the soil was below the minimum critical level 
for adequate plant growth. The mineral concentrations in the forage were below the 
recommended requirements for livestock in both seasons of the year, except for Fe and 
Mn. Along with these mineral imbalances, the failure to meet the minimum requirements 
that grazing areas must have for dual purpose cattle in the Huasteca Potosina may affect 
livestock health and result in suboptimal production.
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