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ABSTRACT

INTERRELATIONSHIPS AMONG THE MINERAL CONTENT OF

SOILS, FORAGES AND CATTLE IN THE CENTRAL AND

NORTHERN REGIONS OF VERACRUZ, MEXICO

By

Hipolito Victor Barradas

The mineral status and mineral interrelationships of soils, grasses

and cattle were studied in two regions of the State of Veracruz, Mexico,

to develop appr0priate sampling methodology and laboratory techniques

for local conditions, and to set basic guidelines for mineral supplemen—

tation. The minerals studied were calcium, phosphorus, potassium,

magnesium, copper, iron, selenium and zinc.

Three farms with Pangolagrass (Digitaria decumbens) and three
 

with Guineagrass (Panicum maximum) were sampled per region during the
 

wet season of 1979. Farms were selected where no mineral supplementation,

with the exception of common salt, was offered to the animals, and where

no pasture fertilization practices were observed. Animals sampled were

lactating cows, heifers, and calves.

Deficiencies of calcium, phosphorus and selenium in grasses were

found, especially for the Central Region and for Pangolagrass. These

elements were also deficient in serum of cattle from both regions.

Protein was deficient for both grasses in the Northern Region.
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INTRODUCTION

The importance of ruminant animals to mankind was established

many centuries ago, based upon their peculiar and unique characteristic

of being able to transform feed of low biological quality for humans

into high quality products, such as beef and milk. The ruminants

themselves, however, like other animals, did not have the required

enzymes for degradation and utilization of the most abundant

polysaccharide in the plant world, cellulose. Hence, their digestive

system was modified to include billions of cellulolytic microorganisms,

mainly bacteria and protozoa. These microorganisms and the ruminant

animal live in a symbiotic relationship, being dependent upon one

another.

Rumen microbes, as with other living systems, need basic sources

of nutrients in order to meet biological requirements. Protein and

carbohydrates are supplied and converted into forms useful to the

microbiota; and subsequently to the ruminant itself as microbial

protein or fermentation products. The rumen is the most important

organ of the digestive tract of ruminants, and is a continuous

anaerobic culture system in which the established microbial population

ferments carbohydrates. In addition to the major nutrients, vitamins

(mostly the water solubles) and minerals are also needed for microbial

growth.

In Latin America, grazing cattle depend almost exclusively on

forages to meet their nutrient requirements. Most of these forages are



native grasses which are a relatively good source of nutrients only

during the rainy season, and before they mature. After maturity and

during the dry season protein, minerals, palatability and digestibility

decrease, while fiber increases. At this point, animals are unable to

eat and digest enough even to maintain their body weight. The common

pattern of livestock growth is: daily gains are acceptable during the

wet season, but loss of weight during the dry months may exceed that

gained during the wet season. Figure 1 illustrates this trend.

The final result is a net gain of 50-100 kgs per year and poor

reproductive performance with first calving at three or four years of

age. Compounding the problem are the low calving rates (40 to 50%),

a low percentage of animal slaughtered (less than 12% of the total

population), and the high mortality levels (12 to 15%) (97, 98).

All these factors lead to poor herd turnover rates, characteristic

of developing tropical countries.

Little or no mineral supplementation is given to cattle in Latin

America. As a result, grazing livestock have to depend largely upon

forages to fulfill their mineral requirements. Forages can rarely

satisfy completely the needs for each mineral (99). This is why

numerous mineral deficiencies, imbalances and toxicities severaly

affect the cattle industry in most of these countries. Table 1 shows

the geographical distribution of some mineral deficiencies and

toxicities for ruminants in Latin America. These reports include

both confirmed and highly suspected areas.

Mineral requirements are primarily dependent upon the level of

productivity, and this is related to some specific mineral deficiencies

which are more prevalent during the wet season. Higher incidence of

mineral deficiency during the rainy season is less related to forage
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mineral concentration than to the greatly increased requirements for the

grazing animal. During the wet months, livestock gain weight rapidly

because energy and protein supplies are adequate; thus, the mineral needs

are high. During the dry season, inadequate protein and energy result

in the animal losing weight, which lowers mineral requirements (48, 121).

It is also true, however, that in most circumstances, phosphorus,

magnesium, sodium, chlorine, cobalt, iron, zinc, and molybdenum decline

as the plant matures (58, 99). It has been said that these losses of

nutrients as plants mature are probably due to translocation to the

root system (143).

Soil ingestion (geophagia) is also an important factor. It is

usually considered that soils influence animal nutrition by the quantity

or quality of the herbage they produce, so that the usual sequence is

soil-plant-animal. It is suggested that a direct soil-animal effect also

needs to be considered because of geophagia (65), which, by grazing

cattle over the winter months, varies from 140 to 1,400 g/day (147).

Cattle may thus ingest up to ten times as much copper, lead and arsenic

from soil than is consumed from herbage. Soil may also be the main

source of cobalt, which is present in relatively small amounts in

herbages compared to soil concentrations.

On the other hand, soils in the tropics are highly leached, so

that concentration of certain trace elements can be expected to be

relatively low. Also, because of the usual acidity, the uptake of

some elements like selenium and molybdenum may be inadequate.

Most of the above considerations apply to Mexico, as well as all

other Latin American countries. Twenty-five percent of Mexico is

tropical and 60% of the national cattle population is found in the

tropics.
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TABLE l.-GEOGRAPHICAL LOCATIONS OF MINERAL DEFICIENCIES OR TOXICITIES

OF RUMINANTS IN LATIN AMERICA

 

REQUIRED

Ca

Mg

Na

Co

Cu (or MO

toxicity)

Fe

Se

Zn

TOXIC

Mn

Se

Argentina, Brazil, Colombia, Costa Rica, Guatemala,

Guyana, Mexico, Panama, Peru, Surinam, Venezuela.

Argentina, Brazil, Chile, Colombia, Costa Rica, Guatemala,

Guyana, Haiti, Honduras, Jamaica, Peru, Surinam, Trinidad,

Uruguay.

Antigua, Argentina, Brazil, Chile, Colombia, Costa Rica,

Cuba, Ecuador, Guatemala, Guyana, Haiti, Honduras,

Jamaica, Mexico, Nicaragua, Panama, Paraguay, Peru,

Puerto Rico, Surinam, Uruguay, Venezuela.

Brazil, Haiti, Panama, Venezuela.

Brazil, Colombia, Guatemala, Panama, Surinam, Venezuela.

Brazil, Ecuador.

Argentina, Brazil, Colombia, Costa Rica, Cuba, El Salvador,

Guyana, Haiti, Mexico, Nicaragua, Peru, Surinam, Uruguay.

Argentina, Brazil, Colombia, Costa Rica, Cuba, Guyana,

Haiti, Mexico, Panama, Peru, Surinam, Uruguay.

Antigua, Argentina, Bolivia, Brazil, Chile, Colombia,

Costa Rica, Ecuador, Guatemala, Haiti, Nicaragua,

Paraguay, Peru, Uruguay.

Brazil, Costa Rica, Panama.

Argentina, Brazil, Costa Rica, Panama.

Bahamas, Brazil, Costa Rica, Ecuador, Guyana, Honduras,

Mexico, Paraguay, Peru, Uruguay.

Argentina, Brazil, Costa Rica, Guyana, Panama, Peru,

Puerto Rico, Venezuela.

Argentina, Guyana, Mexico.

Brazil, Costa Rica, Peru, Surinam.

Argentina, Brazil, Chile, Colombia, Ecuador, Honduras,

Mexico, Peru, Puerto Rico, Venezuela.

 

Sources: McDowell (98); Fick et a1. (49).
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Among the states located in the tropical areas of Mexico, Veracruz

ranks first in beef production in the country with 689,880 steers

slaughtered in 1976; seventy-five percent of them were exported to

Mexico City (154). Milk production for the same year was about 663.4

million liters.

With a cattle population of more than 4.5 million head, a great

variation in herd composition and an extraordinary diversity of

climates, soils, and forages in the state of Veracruz, there are

many possibilities for scientific investigations. Currently, animal

research is being done throughout the state on such subjects as the use

of agricultural and industrial by-products for nutrition; improvement

of genetic characteristics through herd selection and artificial

insemination; reproductive performance of dairy cattle breeds in the

tropics and their crosses with zebu or "criollo" cattle.

The determination of mineral adequacies, deficiencies or

toxicities for animals is a fruitful field for investigation. Also,

certain mineral problems exist in specific geographical areas, due

primarily to soil origin and climate characteristics.

As a part of a nation-wide mineral sampling project, this

reasearch will contribute to identifying some of these mineral

problems. It is expected to find a relationship between the mineral

status of soil and plants and the livestock productivity.

Objectives
 

1. To establish interrelationships among the mineral content of

soils, herbages and cattle for two particular regions of the State of

Veracruz, Mexico.
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2. To detect possible interactions between minerals that could

be affecting their supply for plants and/or animals and thereby

inhibiting good productivity.

3. To find the most appropriate methodology for sampling and

analyzing samples for local conditions and to use this experience in

future, broader projects.

4. To set basic guidelines for mineral supplementation in the

two selected regions and for other similar areas.



LITERATURE REVIEW

Mineral nutrition became a very interesting area of research after

the early discoveries that many clinical manifestations of diseases of

man and animals could not be explained by current knowledge in medicine,

but could be related to mineral imbalances, deficiencies of toxicities.

Minerals play very diverse roles in organisms. Some, like calcium,

phosphorus and magnesium, are important as structural elements in bones

and teeth. Others, such as sodium, potassium and chlorine, are primarily

related to the acid-base mechanisms and regulation of osmotic pressure

of body fluids. Some function as active parts of enzymatic systems or

transport substances (zinc, copper, iron, among others).

By various means, all of these minerals have been shown to be

essential for one or more organic function. There are several criteria

for considering whether or not an element is essential. Arnon (cited

by Bowen, 16) mentions three criteria which are both necessary and

sufficient to establish the essentiality of element X for an organism:

l. The organism can neither grow nor complete its lifecycle in the

absence of X.

2. X cannot be replaced completely by any other element.

3. X has a direct influence on the organism and is involved in its

metabolism.

Pond (125) relates the essentiality of an element to the following

postulates:

1. Present in the newborn and/or excreted in milk

2. Found in organs and tissues
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3. Not normally accumulated in tissues to toxic levels

4. Supplied at physiological levels in a normal diet

Finally, Underwood (152) considers an element as essential if its

deficiency consistently results in impairment of function from optimal

to suboptimal.

As mineral research has progressed, new names have been added to the

growing list of elements that fulfill the requirements cited above.

Actually, twenty-two mineral elements are considered to be essential

for at least some animal species (153). These required elements are

divided into two main groups, based on the amounts needed in the diet:

a) Macroelements, usually required in milligrams or grams per day

and expressed as percent of the daily ration. They are Calcium

(Ca), Phosphorus (P), Magnesium (Mg), Sodium (Na), Potassium (K),

Chlorine (C1), and Sulfur (S).

b) Microelements, also called trace elements, are required in very low

amounts, usually expressed in parts per million (ppm). These are,

in the general order of discovery of essentiality (152): Iron (Fe),

Iodine (I), Copper (Cu), Manganese (Mn), Zinc (Zn), Cobalt (Co),

Molybdenum (Mo), Selenium (Se), Chromium (Cr), Tin (Sn), Fluorine (F),

Silicon (Si), Nickel (Ni), and Vanadium (V), and the last one added,

Arsenic (As), according to Nielsen et al (115) and Anke et a1 (6).

New discoveries are expected in the mineral nutrition field. Pond

(125), from several sources, listed the minerals that were, at that time,

definitely, probably, or possibly required by animals for normal metabolism

(Table 2), and this compilation clarifies the subject.

Minerals found to be essential for one or another animal do not

always function in a direct way. Many interact among themselves and

with other nutrients. These interactions are usually complex with more
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TABLE 2. MINERALS DEFINITELY, PROBABLY OR POSSIBLY

REQUIRED BY ANIMALS

 

 

Definite Probable Possible

Calcium (Ca) Chromium (Cr) Bismuth (Bi)

Chlorine (C1) Molybdenum (Mo) Gallium (Ga)

Cobalt (Co) Nickel (Ni) Hafnium (Hf)

Copper (Cu) Silicon (Si) Indium (In)

Fluorine (F) Tin (Sn) Iridium (Ir)

Iodine (I) Vanadium (V) Lanthanum (La)

Iron (Fe) Niobium (Nb)

Magnesium (Mg) Osmium (Os)

Manganese (Mn) Palladium (Pd)

Phosphorus (P) Platinum (Pt)

Potassium (K) Rhenium (Re)

Selenium (Se) Rhodium (Rh)

Sodium (Na) Ruthenium (Ru)

Sulfur (S) Scandium (Sc)

Zinc (Zn) Tellurium (Te)

Thallium (Tl)

Yttrium (Y)

Zirconium (Zr)

 

Source: Pond (125)
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than two factors involved, and can lead to nutritional imbalances,

deficiencies and toxicities.

Many interactions involving trace elements are known, and they

can be conveniently grouped into six categories according to the type

of mechanism involved (140):

1. Formation of insoluble complexes between dissimilar ions

2. Competition for metabolic pathways between Similar ions

3. Induction of metal binding proteins

4. Changes in the metal component of metallo-enzymes

5. Facilitation of trace element transport

6. Enhancement of trace element excretion

Among minerals, the interactions are primarily manifested as a

type of antogonism, and almost every element is affected, one way or

another. Examples of nutritional mutual antagonisms within ion pairs

and trios are shown in Table 3. To show how complex these interactions

may be, a discussion follows about the copper-molybdenum-sulphate

interrelationships in ruminants.

The metabolism of copper is complicated by its interactions with

molybdenum and sulphate (and perhaps other factors). It is one of the

few elements of which a deficiency or a toxic excess can occur under

normal agricultural conditions (71, 131).

Copper deficiency is manifested by the same syndrome as chronic

molybdenum poisoning (20). Sheep are more susceptible than cattle to

excess copper and a deficiency of molybdenum in their diet (20, 131),

which leads to positive copper balance and the accumulation of Cu in

the tissues, particularly in the liver. Young calves are also

susceptible, but as they mature, tolerance increases. Copper poisoning



 

TABLE 3. EXAMPLES OF ESTABLISHED NUTRITIONAL

ANTAGONISMS WITHIN ION PAIRS AND TRIOS

Ag and Cu Cd and Mn

Ag and Se Cd and Se

As and Se Cd and Zn

Ca and F Cr and N

Ca and Pb Cu, Fe and Zn

Ca, Pb and Zn Cu, Mo and S

Ca and Zn Cu and Fe

Ca and Cd Cu and Zn

Cd, Cu and Zn Hg and Se

Cd and Fe Sn and Se

Cd, Fe and Zn Te and Si

 

Source: Pond (125), with references from

different authors.

is brought about by the sudden release into the blood of c0pper which

has been stored in the liver.

Molybdenum accumulates in tissues and can be eliminated in milk

when given in excessive amounts in the absence of copper or inorganic

sulphate. That is why there exists a potential public health hazard

of giving molybdenum as a mineral supplement. It is better to add

molybdenum and copper to animal feed at a ratio of about one part

molybdenum to six to ten parts copper. Cattle are apparently more

susceptible than sheep to a diet excessive in molybdenum and deficient

in copper. When the ratio of copper to molybdenum in feeds drOps below

2:1, Mo poisoning can be expected in cattle (20).
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It is also said that low copper status in grazing cattle is mainly

caused by a poor availability of the mineral, rather than by a low intake

(63). This observation comes from a field trial in which copper status

of housed and grazing cattle was compared. The conclusion was that

housing itself does not affect the copper status, but a favorable effect

of hay compared to fresh herbage resulted, partly due to the haying

process, and also to the difference in stage of growth between pasture

grass and hay.

Huisingh et al (71) propose specific mechanisms to explain this

complex interrelationship in the rumen.

Cu - Mo interactions. It has been proposed that the CuzMo antagonism
 

is due to the formation of a Cu - Mo complex (41), which was shown by

X-ray diffraction analysis to be Similar to the mineral lengrenite

[2 CuMoO4 ° Cu(OH)2], referred to as cupric molybdate. Both Cu and Mo

are biologically unavailable after formation of this complex. When the

complex is not formed before absorption, it is proposed that it may form

at the tissue level, thereby hastening a copper deficiency.

Cu - 804:= interactions. Results suggest that this interaction
 

is primarily a copper-sulphide interaction (63, 139). It is proposed

that this mechanism results from the formation of hydrogen sulphide in

the rumen, either from inorganic sulphide reduction or desulphydration

of sulfur amino acids by rumen microorganisms. Under conditions of

high concentrations of sulphide in the rumen, copper becomes unavailable

because soluble copper decreases due to formation of CuS which is not

absorbed (17, 92, 139). Sulphite and thiosulphate are also reduced to

sulphide. The pathways of the sulphide formation appear to be via ATP

(adenosine triphosphate) to APS (adenosine-3-phosphosulfate), which

either interacts with ATP to produce PAPS (5'-phospho—adenosine—3-

phosphosulfate) or releases H28 by the action of dissimilatory
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sulfur-reducing bacteria (17).

Assimilatory reducing bacteria derive reduced sulfur from PAPS.

These processes can be disrupted by competitive inhibition of APS

formation by molybdate, selenate, tungstate or chromate. The suggestion

is that microbial reduction is the major, if not sole, method of

sulphate reduction in the rumen, and that most forms of ingested

sulfur pass through the rumen sulphide pool.

There is some disagreement concerning metabolism of different

sulfur sources in the rumen. Suttle (139) proposes that organic and

inorganic sulfur have similar effects since both are readily degraded

to yield sulphide, and that this is an important fact, since 60 to 70%

of the sulfur in the herbage exists in the organic form (sulfur-containing

amino acids of leaf proteins). Hume and Bird (73) found that sulfur as

cystine resulted in higher rumen fluid sulphide levels than sulfur as

inorganic sulphate, whereas sulphur was used in the synthesis of protein

with the same efficiency from both sources.

According to Bray and Tell (17), the sulfur from cyst(e)ine and

methionine may appear as free sulphide in the rumen, cyst(e)ine being

broken down more rapidly than methionine.

Since a major portion of the insoluble copper in the rumen appears

to be associated with the microflora, it is possible that sulfur partly

reduces the availability of copper by increasing the formation of

"microbial copper" which is poorly absorbed (139).

Mo - 804:= interactions. In the rumen, this interaction may occur

 

either as the first step of the sulphate reducing system, or at the

bacterial membrane transport system. It is thought that a common

carrier is involved, and the following assumptions are proposed:

a) sulphate can replace molybdate in the carrier
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b) the absence of free carrier in the kidney results in the excretion

of molybdate via the urine since it cannot be reabsorbed without a

carrier.

Huisingh and Matrone (70) investigated sulphate reduction by rumen

microorganisms. They showed that molybdate inhibition increases as the

concentration of sulphate decreases. Also, molybdate has little effect

on sulphide reduction. Finally, in the presence of copper, molybdate

inhibition is markedly decreased.

Cu - Mo - $04== interactions. Dick et a1 (40) suggested that the
 

mode of action whereby molybdate and sulphate in the diet limit the

absorption and storage of copper in the liver of ruminant animal is,

first, the reduction of sulphate to sulphide by the ruminal microorganisms.

Secondly the reaction of this sulphide with molybdate to form the thio-

molybdates (141) which in turn combine with copper to form the insoluble

copper thiomolybdates, thereby limiting the absorption of dietary copper.

Some remaining thiomolybdates are absorbed into the bloodstream and

mobilize tissue copper, giving rise to the elevated blood-copper values.

This increment, for any given copper intake, is related to the molybdenum

intake.

Suttle (141) studied the effects of varying the dietary sulfur

source (sodium sulphate, methionine or cysteine) on the sulfur-molybdenum

interaction in three copper-repletion experiments with sheep which were

hypocupremic. The effects of the three S sources on copper and

molybdenum metabolism were similar. Both organic and inorganic sulfur

potentiated the inhibitory effect of molybdenum on copper repletion

rates while simultaneously decreasing molybdenum concentration in

plasma.
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Data from Huisingh et al. (72) showed that sheep fed sulfur

exclusively in the form of sulphate develop a ruminal microflora

(S cells) adapted to the production of H S primarily via sulphate
2

reduction, and those fed methionine develop a microflora (M cells)

adapted to the production of H25 derived primarily from methionine.

Dietary Mo decreases the capacity of the rumen microflora to produce

H S from sulphate, whereas Mo increases H S produced from methionine.

2

They also found that desulfovibrio species (anaerobic sulphate-reducing

2

bacteria) isolated from the rumen of sheep fed a sulphate-containing

diet, contain ATP-sulfurylase (the first enzyme in the sulphate-

reducing pathway) that it is inhibited by molybdenum. The results

are supportive that the dietary source of sulfur will to a great extent

determine the effect of molybdenum on the sulphide production capacity

of the rumen.

In summary, molybdate can either aggravate or alleviate the

copper deficiency symptoms in ruminants, depending on both the

copper status of the animal and the level of sulphate in the diet.

A copper deficiency is aggravated by the formation of cupric molybdate,

but prevented when dietary sulphate levels are high because of the

competition between sulphate and molybdate by the common carrier

system in the rumen microorganisms. This interaction decreases the

amount of sulphate entering the bacterial cells and that reduced to

sulphide. Molybdate would also alleviate the deficiency of copper by

inhibition of the enzyme ATP—sulfurylase of the sulphate reducing

system. Levels of sulphide formed in the rumen would again be

decreased, and the available form of copper increased.

Sulphate, like molybdate, also enhances or relieves the copper

deficiency, depending on the copper status and the level of dietary
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molybdenum. When copper is deficient, sulphate aggravates the condition

by decreasing available copper through the formation of copper sulphide.

In cases of high dietary molybdate, but adequate copper, sulphate

alleviates, and in some cases completely overcomes, the effects of

molybdate. This could again be explained by the hypothesis of the

common carrier.

There are many factors conducive to trace element deficiencies.

The principal ones are intake, chemical form of the element or its

compounds, organic matter content, pH, presence of other minerals, and

plant species. Table 4 shows different factors contributing to specific

mineral deficiencies in animals.

Antagonism or interactions can also lead to toxicity states. An

element is said to be toxic if it injures the growth or metabolism of

an organism when supplied above a certain concentration (16).

Tbxicities are also affected by many factors such as diet, form of

compound, animal individualities and species. For instance, sheep

are more susceptible than cattle to copper toxicosis (111).

The mineral nutrition problem is not only related to the uptake

and metabolism of any particular element for the animal, however;

it is also very much concerned with all soil characteristics that

will determine the availability of that mineral to the plants and

animals.

Soil is the product of climate and living organisms acting on

rocks, and its nature is determined both by the parent rocks and by

the forces acting on them (16). The presently available world soil

surveys identify only about 20% of the land as of agricultural utility

(23) and 22.5% of the world's land area (2.9 billion hectares) are

limited in crop production because of mineral stress (42).



TABLE 4. FACTORS CONTRIBUTING TO TRACE ELEMENT DEFICIENCIES

 

IN ANIMALS.

COPPER MANGANESE

Low total Cu High soil pH

Free CaCO3 Neutral-alkaline peats

High organic matter content

(e.g. peats)

Low organic matter content

(sands)

High N, P and Zn

Moisture stress

High Mo and $04 = (livestock)

IRON

High soil pH

Free CaCO3

High HC03

High Mn

Poor drainage

Extreme moisture changes

Liming

Plant species

ZINC

Low Zn

Low organic matter content

Free CaC03

High pH

High clay content

High N, P

Liming

Low temperature

Land leveling

Free CaCO3

Unconsolidated soil

Poor drainage

High iron

Liming

Moisture stress

COBALT

Alkaline and calcareous soils

High soil Fe and Mn

Liming

Moisture stress

MOLYBDENUM

Low soil pH

High soil Fe and Al oxides

High 504-8

Leached soils

Low seed Mo content

SELENIUM

Low soil pH

Waterlogging and high rainfall

High soil Fe oxides

High 504-3

Pasture species

 

Source: Reuter (132)
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The trace element content of soils, and to a certain degree of

pasture, is influenced by the nature of the bedrock from which the

parent soil material is derived (130, 148). In general terms, acid

igneous and coarse sedimentary rocks contains lower concentrations of

the trace elements associated with nutrition than do more basic igneous

rocks and fine grained sediments. For example, trace element deficiencies

in livestock, crops and pastures, are known to occur in granites,

rhyolites and sandstones, while metal toxicities have been reported

on andesites and shales.

The amount of readily soluble trace elements is generally smaller

in coarse-textured than fine-textured soils (130). For instance, the

amount of cobalt extracted by 2.5% acetic acid from a granitic soil

containing 8% clay was 0.14 ppm Co, compared with 0.39 ppm in a similar

granitic soil containing 24% clay.

Association of Co-adequate areas with medium- and fine-textured

soils results from the fact that the cobalt content of most soils

increases with fineness of soil texture (88). The cobalt content of

clay soils is generally large, and the amounts present do not differ

among clays because of location or soil pH.

Soils play a major role in determining the level of availability

of nutrients to plants, either present in the soil or added to it,

through their mineral reserves, pH, organic matter content, cation

exchange capacity, base saturation, sesquioxide content, permeability,

and moisture retention capacity (42).

Korte et al (86) suggest that soil texture, surface area, the

content of hydrous oxides, and the content of free lime provide the

most useful information for predicting a soil effectiveness for trace

element retention. The value of cation exchange capacity for predictive
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purposes with natural soils is limited. The percent of clay in the soils

stands out as the most useful predictor of whether a soil will retain a

particular element. Surface area and the percentage of free iron oxides

provide the next best correlations after the clay fraction.

Soils that account for the major land surface dedicated to forage

and pasture production in the tropics are (11): Oxisols (Ferrasols),

characterized by extreme weathering of parent material; Ultisols (Acrisols),

highly leached; Alfisols; Inceptisols, of more recent origin, very

variable: and Entisols.

Oxisols show a low base exchange and low retention capacities, as

well as the presence of exchangeable Al, known to be toxic for many

plants and highly active in the fixation of phosphates, and free Mn,

also toxic (110). Ultisols of tropical and subtropical regions are

also characterized for their low base saturation, low content in

weatherable minerals, strong acidity and possible toxicities of

3
aluminum (Al), manganese (Mn), and iron (Fe) (43). Al+ is the

primary source of soil acidity, since as the degree of weathering

. . . . . +

increases, there is a shift from the H-ion concentration to the A1 3;

a change in base saturation, especially Ca and Mg, also occurs, going

from high to very low.

Calcium and Phosphorus
 

These two major elements are frequently considered together

because of their close relationship, along with vitamin D, in bone

metabolism. About 99% of total Ca (24) and 80 to 85% of body P (50)

are in the skeleton as constituents of bones and teeth. Herodotus

(484—425 B.C.) made the earliest recorded observation that bones differ

greatly in quality (cited by McCollum, 95); he inspected the skulls of
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Persians and Egyptian soldiers killed during a battle; he noted that the

Persian skulls were very fragile, whereas the Egyptians' were strong.

It was said by the Egyptians that this was because they went bareheaded

since childhood, exposing their heads to sunlight; the Persians, on the

other hand, used to cover their heads with turbans. It took many

centuries to discover the complex processes involved in bone metabolism.

Now, several clinical manifestations affecting primarily the skeleton

can clearly be related to Ca or P dietary inadequacies or imbalances,

or to the failure of the homeostatic mechanisms that regulate their

metabolism.

As essential part of plant cell wall structure, calcium provides

for normal transport and retention of other elements as well as strength

in the plant (156). It is absorbed by plants as the ion Ca+2, which

comes from the soil solution and by contact exchange (149).

In general, with the exception of very acid soils (pH below 5.0),

calcium content is adequate for most field crops and pastures. Even

acid soils needing lime generally contain sufficient Ca for plant

growth (159); it is said that poor growth of plants on acid soils is

usually caused by excess soluble manganese, iron and/or aluminum

rather than to the Ca levels (160).

Liming of soils is usually done to raise the pH between 6.5 and

7.5, the optimum acidity conditions for most crops; this can be

accomplished with reasonable volumes of lime in soils of temperate

regions where the pH rarely goes below 6.0. In tropical soils, however,

pH values are generally much lower, and the amount of lime needed for

these soils is often too expensive for farmers. So, the primary

objective for adding lime to soils in the tropics is to partially

neutralize the acidity caused by high concentration of aluminum ions.
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Care should be taken since liming can reduce the Cu, Zn, Mn, and Fe

content of herbage while increasing Mo, Se, and P levels (57, 126).

Phosphorus occurs in soils in both inorganic and organic forms;

the concentration of the inorganic forms (H2P0-4, HPO4=) in the soil

solution is considered as the most important single factor governing

the availability of this element to plants (149); this is because

plants absorb phosphorus from solutions in proportion to the concen-

tration of the phosphate ions.

It is general knowledge that P is required in considerable amounts

for crop production, and that very acidic or very basic soils are low

in available phosphorus; so, deficiencies of this element are likely

to occur in the highly weathered, acidic soils of the tropics where

total and available P levels are very low (110). Deficiency is mainly

caused by considerable fixation of phosphates by free sesquioxides of

Fe and A1, and by clay components (43). On the other hand, above pH

7.0, the ions of calcium and magnesium, as well as the presence of the

carbonates of these metals in the soil, cause precipitation of added

phosphorus, and its availability again decreases (149).

Breland, cited by De Sousa (39) reports that, for Florida soils,

calcium levels from 0 to 71 ppm are considered low; 72 to 140 ppm are

medium, and 141 ppm or more are high. For phosphorus, soils with 0 to

5 ppm are considered very low, 6 to 12 ppm low, 14 to 25 ppm medium,

and 26 to 50 ppm very high. In the case of Michigan soils, phosphorus

levels of less than 10 ppm are very low, 20-30 ppm medium and above

50 ppm very high for field crops (159). In general, a soil is said

to be rich in phosphorus when it contains above 30 ppm in the available

form (57).
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In many areas, phosphorus is the first limiting factor for growth

of pasture plants (96). The principal form of phosphorus in most plant

source ingredients is phytate phosphorus (8), which is said to account

for two-thirds to three-fourths of the total. This phytate P is about

60% available for cattle, or even only 50% according to Peeler (123).

Older animals have a greater ability to utilize the phytate form by

having more of the enzyme phytase present in the gut. In any case,

phytate phosphorus is substantially less available than most inorganic

sources, as it has been determined in experiments with sheep. The

availability of phosphorus from herbages is affected by different

factors, like age of plants, because phosphorus levels decrease markedly

with maturity (112); this is mainly due to the fact that phosphorus

concentration is higher in meristematic regions of plants; thus, young

leaves and seeds contain more of this element than older leaves and

stems (19). All of this probably conditions the strong correlation

found between phosphorus and protein contents, at least for pasture

plants (96). It is also known that phosphorus remaining in mature and

weathered forages usually is not well utilized because much of it is

bound in the phytin form (145). In areas with well—defined wet and

dry seasons, as much as 85% of the phosphorus content in many types of

forages may be lost by mid-winter. This is why in most Latin American

countries phosphorus deficiency is such an important nutritional

problem, second only to protein inadequacy.

On the other hand, there has not been a clear demonstration of

a calcium deficiency for grazing livestock; exceptions may be cows

producing large quantities of milk or those grazing on acid, sandy,

or organic soils in humid areas (35, 151). The adequacy level has been

set at 0.30% of dry matter; it is said that for grazing beef cattle,
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even 0.25% calcium should be enough to meet the animal's requirements

(29). The same level of 0.30% for phosphorus has been established as

adequate in grazing areas.

Normal serum or plasma calcium ranges between 9 and 12 mg/dl,

most of the time being remarkably constant around 10 mg% (8, 126, 128,

135). Levels of 8 mg/100 ml are considered low, but some authors

maintain that hypocalcemia becomes severe and paresis may develop when

Ca in plasma falls below 5 mg%, even for a few hours (87, 94).

Normal plasma or serum inorganic phosphorus values vary from 4

to 6 mg/100 ml. for adult calle, and from 6 to 8 mg/100 ml. for young

animals, mostly under one year of age (28, 29, 75, 113, 126, 145).

Levels below these figures should be considered as indicative of a

phosphorus deficiency.

McDowell et al (101) report that approximately 31% and 73% of the

forage entries for calcium and phosphorus, respectively, in the Latin

American Tables of Feed Composition (100) were 0.30% or less; these

values may be borderline or deficient for most classes of cattle.

De Alba (34) remarks that observations of probable mineral

deficiencies in some areas of Paraguay and Brazil have been reported

in the literature Since 1802, and that those references could be

related to P or Co deficiencies.

Theiler et al (144) observed remarkable improvement in cattle

grazing on arid, Sparse, phosphorus—deficient pastures in South Africa

when mineral supplements were offered.

From the savannah grasslands of British Guiana, serious phosphate

deficiencies have been reported since 1939; cattle showed prevalence of

bone chewing, and chemical analysis later confirmed the inadequacy of

phosphorus levels (44).
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In Mexico, calcium and phosphorus contents of native grasses from

the northern region were determined; these pastures were growing in

highly alkaline soils, with pH ranging from 7.5 to 10.0. In one study,

severe phosphorus deficiencies were observed (33). From a second report,

both calcium and phosphorus were below what the authors considered the

minimum requirements, 0.25% and 0.18%, respectively, in most months of

the year. Finally, phosphorus levels in 13 forages were found to be

low, either in the growing or in the dry period; the conclusion was

that it is necessary to supplement phosphorus to cattle in both periods

(59).

French and Chaparro (51) analyzed several fodder species growing

with and without irrigation in Venezuela; they found low levels of

phosphorus in samples from certain districts. Chico and French (22)

found deficiencies of phosphorus in most of the areas studied in the

central and eastern regions of the same country, while calcium deficien—

cies were reported for only two regions. The authors considered that

animals were affected by Ca or P deficiencies when the blood values

were lower than 8.0 and 3.5 mg/100 ml., respectively. In another study

conducted on cattle from farms in and near the Andean region, deficiencies

of phosphorus were found in only 13% of the animals from one of the

regions; also, no cases of low calcium levels were discovered (52).

Estevez (46) added phosphorus and cobalt to common rations for

milking cows in the Cauca Valley, Colombia; cows increased milk

production up to 24% while they grazed Jaraguagrass (Hyparrhenia
 

rufa) on a mountain pasture; the general appearance of the cows also

improved. In a later study, pastures from this same region showed a

phosphorus deficient status with levels lower than 0.15% of dry matter

(13).
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In central and southern Brazil, most native forages were observed

to be deficient or borderline in phosphorus content (78, 122); calcium

levels were considered adequate or at least enough to meet the animal's

requirements. It is clear, though, that lack of phosphorus is the most

important mineral deficiency of cattle in Brazil (150).

Blue et a1 (15) analyzed soils, forages and cattle tissues from

eastern areas of Panama; plant calcium and phosphorus content ranged

among normal values; the exception was Jaraguagrass for which all major

nutrients, except calcium, were extremely low and substantially less

than cattle requirements.

In the Junin region of Peru, low levels of calcium and phosphorus

were found for native forages (less than .20% and .16% respectively),

while introduced species were adequate (45). Phosphorus is also reported

critically deficient in the upper Amazon basin of Peru (11).

Kayongo-Male et a1 (82) found in grass samples from Puerto Rico

that 62% of the phosphorus values were deficient for milking dairy cows,

but 98% were adequate for beef cattle, except for young calves. The

same grasses contained over 0.2% Ca, which should be adequate to maintain

mature ruminants; however, 70% of the samples were considered Ca

deficient for milking cows. In a recent study in the Guanacaste region

of Costa Rica, 49% of the blood samples taken were found borderline to

deficient in phosphorus (103).

In addition to the low levels of calcium and phosphorus in forages,

it is also important to consider the ratio between these two elements;

this is because during the dry season in the tropics the Ca/P ratio

increases to ultimate values above 10, which are far in excess of those

recommended, particularly with low phosphorus concentrations (14).
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Potassium

Potassium is present in relatively large quantities in most soils,

being absorbed by plants in greater amounts than any other mineral,

except nitrogen. Tisdale and Nelson (149) remark that the total amount

of potassium in soils is no criterion of the amount available to plants;

also, that availability is governed by the equilibrium in the soil

system among the forms of potassium arbitrarily designated as unavailable

(90-98% of total), slowly available (1-10%), and readily available

(0.1-2%). The unavailable forms are occuring in the primary potassium-

bearing minerals (micas and feldspars); the slowly available forms are

those resulting from the interaction of K+ ions with certain clay

minerals; the readily available forms are made up of exchangeable and

water-soluble potassium.

This element is absorbed by plants as the ion K+ from the soil

solution, the requirements being quite high. The bulk of this needed

potassium has to move to the roots by means of convection and diffusion,

the latter being the most important mechanism (60). It is known that

clay and organic soils are rich in potassium, while sandy soils are

frequently deficient (57). Total potassium content in tropical soils

may be low; the reason is the soil origin and the high rainfall and

continued high temperatures, which have hastened the release and

leaching of soil potassium over the years (43, 149).

In general, a soil is said to be rich in potassium when it

contains more than 120 ppm available K (57). For Michigan soils,

K tests of less than 30 ppm are very low for field crops; 80 to 105 ppm

medium; and above 150 ppm very high (159). Bahia (cited by De Sousa,

39) for soils from Minas Gerais, Brazil, considers K levels from 0 to

60 ppm as low; 61 to 120 ppm as average, and more than 120 ppm as

adequate.
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Potassium concentration in plants changes during growth for physio-

logical reasons and independently from the soil K level (60). This

element is very mobile in the plant, meristematic tissue being richer;

therefore, a deficiency will Show first in the older (lower) leaves.

The decrease in potassium content with maturity of plants is well

documented; this could be a problem for grazing livestock, but the

average K concentration in roughages of all kinds is nearly always in

great excess of requirements (135). On the other hand, hand-fed cattle

may be in need of K supplementation Since feed grains and concentrates

are relatively low in K compared to most roughages (25, 66).

Potassium levels in forages rarely go below 1.0% of dry matter,

ranging between this figure and 2.5% or even higher values. Requirements

recommended for livestock vary according to type, age and physiological

stage of the animal. Thus, levels of 0.3 to 0.4% K are suggested for

calves growing at a slow rate; 0.5 to 0.7% for gestating cows; and

0.62 to 0.72% for finishing steers, all these figures expressed as

percent of the ration total dry matter (25). The N.R.C. (113)

recommends 0.8% for lactating cows and 0.6 to 0.8% for finishing

steers. There are some remarks that K content in the diet of 0.7%

appears to be adequate for cows in mid to late lactation, but it may

not be optimal for high producing cows in early lactation. The

suggestion is that the potassium requirement in this case could be

as high as 1.0% of the ration dry matter (37, 146).

Plasma potassium concentrations range from 4.2 to 6.0 mEq/liter

(64, 146), approximately equal to 16.4 to 23.5 mg/100 ml. A value of

19.3 mg % is given for dairy cows (135).

Research on potassium as a significant part of the diet of domestic

animals has not been conducted to any significant extent until recent
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years; the main reason for this was the common argument that all

roughages normally provide above the recommended requirements.

Therefore, few articles can be found in the literature dealing with

the possibility of potassium deficiencies for grazing livestock.

Latin American forages appear to fall into that criterion of

adequacy. Only 15% of 198 forage entries reported by McDowell et al

(101), were from 0 to 0.80% K (dry basis), while 53% ranged between

0.81 to 2.0%; the other 32% were above 2.0% K.

Magnesium

The striking importance of magnesium relates to its being the

central part of the chlorophyll molecule in all green plants, and thus,

in its essentiality for photosynthesis. The soil magnesium available

to plants is in the exchangeable and/or water soluble forms, and it is

absorbed as the ion Mg+2 by contact exchange.

Uptake by plants depends on the amount present, the degree of

saturation, the nature of the other exchangeable ions, and the type

of clay (149). Magnesium may also occur in soils in a somewhat slowly

available form, keeping equilibrium with the exchangeable part.

Magnesium is considered adequate for Michigan soils when levels

are above 40 ppm in mineral soils, and above 75 ppm for organic soils

(159). For Florida soils, values from 0 to 9.1 ppm are considered low,

9.2 to 21.1 ppm medium and above 22.2 ppm high (Breland, cited by

De Sousa, 39).

It is known that inadequate liming and excessive nitrogen,

especially ammoniacal forms, and/or high rates of potassium applications,

depress magnesium uptake by plants. The depressing effect of potassium

. . +2 .
has been attributed to leaching losses of Mg as a result of its



30

displacement from exchange sites by the applied K+ (129). This

situation is of special concern since low levels of magnesium in

forages may lead to the development of hypomagnesemia in cattle,

especially in lactating animals, known as "grass tetany" or "grass

staggers".

The coarse-textured soils of the humid regions are those on

which a deficiency of magnesium is generally manifested; also, ultisols

and Oxisols of the tropics are commonly deficient (43). However, grass

tetany occurs more in temperate regions than in tropical and subtropical

areas; the reason may be that there are contributing factors for the

disease to develop; thus, outbreaks of grass tetany have been observed

most frequently when cattle are grazing cool—season forages growing on

soils that are nearly water saturated (81). It is also more likely to

occur during cool, cloudy, wet weather extended over a period of two

to three days (32).

Another factor of importance is that high protein content of

ingested forages or other feeds will depress the absorption of magnesium

by the animal; this is especially true for diets that produce high levels

of ammonia in the rumen. The explanation to this interference is the

formation of an ammonium-magnesium-phosphate complex which precipitates

and becomes insoluble at near neutral pH, reducing the availability of

the three constituents (47). High intakes of sodium and potassium also

affect the net absorption of magnesium; in this case, these two

Inonovalent cations, ranking higher in solubility, will compete with

Inagnesium for absorption from the rumen (127).

In general, the apparent availability of magnesium form pastures

is about 20% for ruminants (113, 123, 135), and from 30 to 40% for

grains and concentrates. The suggested essential minimum content for
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magnesium in forages has been said to be 0.2% of dry matter, because

hypomagnesemia rarely occurs at higher levels (1, 80, 151). Thus, the

requirements for livestock will fluctuate around that figure: lactating

beef cattle, 0.18%; young calves, 0.07%; lactating dairy cows fed common

rations, 0.20%, or up to 0.25% if grazing lush, highly fertilized

pastures in cool seasons (112, 113).

The normal levels of magnesium in blood plasma or serum of cattle

vary from 1.8 to 3.2 mg/100 ml (29, 135, 151, 155). Clinical signs of

hypomagnesemia may develop at concentrations of 1.0 to 1.7 mg % if

predisposing factors are present, and especially at concentrations lower

than 1.0 mg % (32).

In Latin America, about 35% of 290 forage entries reported by

McDowell et al (101) contained 0.2% magnesium or less. De Alba (34),

reports that magnesium is probably deficient in some areas of Uruguay

and Argentina. In Puerto Rico, values for 30-day-old grasses tended

to be high, with a mean concentration of 0.32% magnesium (82).

De Alba and Davis (35) report low magnesium figures for forages from

Costa Rica (0.04 to 0.14% Mg); Kiatoko et al (84) report a mean of

0.18% magnesium content for pastures from the same country. No

evidence of magnesium deficiency has been found in Brazil (150).

Values from 0.13% to 0.34% for Pangola grass, and from 0.11% up to

0.74% for Guineagrass have been reported from different Latin American

countries (4, 13, 15, 51).

Copper

. . . . . +2
Copper in 50115 1S primarily found as Cu adsorbed by clay

+2

minerals, and tied up with organic matter. The cupric ion (Cu )

is the form usually absorbed by plants, but may also be absorbed as
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a salt of an organic complex such as EDTA (149). The copper content

in soils ranges between 2 and 100 ppm, with a mean value of 20 ppm (16).

Organic matter content and pH of soils are important factors

affecting the availability of copper to plants. In general, as the

pH increases, the amount of available copper decreases; also, as the

organic matter increases, copper retention in the soil increases, which

makes it less available to plants. Deficiencies of this element in

plants are more likely to occur in crops growing on peat and muck soils,

where the retention of c0pper is greatest (149).

Normal copper concentrations in plant tissues range from 8 to

20 ppm; deficiencies may occur at values below 6 ppm, while toxicities

can develop when levels higher than 20 ppm are found in mature leaves

(16, 79, 156).

The net absorption of copper by the animal is usually low, younger

animals being more efficient than mature animals. Suttle (138) reports

that mature sheep normally utilize less than 10% of the copper they

ingest, while young lambs prior to weaning utilize four to seven times

this proportion. Presence of other ions in the diet also influence the

absorption of copper; the most evident interaction is the antagonistic

effect of copper with zinc, with levels of one element increasing the

requirements for the other (26, 108). High dietary levels of cadmium

and iron may also depress copper absorption and subsequently reduce

plasma copper concentrations (153). Probably the most important

interrelationship of copper in ruminant nutrition is the one existing

with molybdenum and sulphate, which has already been discussed.

Copper requirements for animals have not been clearly defined,

mainly because there are many interactions with other nutrients.

However, generally copper levels of 5 to 7 ppm of ration dry matter
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are suggested for cattle (93); recommendations for beef cattle are 4 ppm

copper when levels of molybdenum and sulphate are low, since requirements

for copper may increase two- or three-fold if sulphate and molybdenum

are high (112). For dairy cattle, a minimum of 10 ppm is suggested (26,

113, 135).

Plasma or serum normal copper values vary from 0.5 to 1.5 ug/ml

(108, 135, 183); concentrations lower than 0.5 ug/ml are indicative of

deficiency.

Lack of copper is a severe mineral limitation to grazing cattle

in Latin America. Copper deficiency has been related as "Renquera

Peruana", similar to the "Enzootic Ataxia" of South Africa; also, as

"Muerte Subita" (sudden death) in Cuba, which resembles the "Falling

Disease" reported in Australia. McDowell et al (101) remark that 47%

of 236 forage entries from Latin America were deficient or borderline

to deficient for copper. De Alba and Davis (35) relate copper

deficiencies in Peru to high losses in sheep; copper is also reported

critically deficient in the upper Amazon basin of Peru (11), and for

native grasses from the Junin area (45) for which introduced forages

were adequate in their copper levels, ranging between 5 and 8 ppm.

Copper deficiency is reported as quite common in cattle in Brazil

(150); native pastures from Rio Grande do Sul, sampled during the

ten-year period of 1959 to 1969, had different values when related

to season; the mean for spring sampling, was 7.1 ppm copper, while

for summer the average value was 5.7 ppm (55). Mineral deficiencies

that could probably be attributed to copper, have been observed since

1944 in Argentina, and are reported to be more severe at the end of

spring and summer seasons (116); Camberos et a1 (21) demonstrated

copper deficiency of cows in the same country, noting that the factors
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involved were not only low copper, but high molybdenum and sulphate

concentrations in grasses and drinking water as well. A Similar

situation is described by Nunez (117). In Puerto Rico, copper

deficiency in grasses was not apparent, according to Kayongo-Male et a1

(82).

Iron
 

As a component of hemoglobin, iron's vital role is in oxygen

transport mechanisms. It occurs in soils as oxides, hydroxides, and

phosphates, as well as in the lattice structure of primary silicates

and clays (149). Iron may be absorbed by the roots of plants in ionic

form or as complex organic salts; it can also be absorbed by the leaves.

Availability to plants is greatest in acid soils, being dependent on

the oxidation state (Fe2+ or Fe3+) (16). Soil iron content is very

variable, going from a couple of hundred parts per million up to 10%

in some soils (149). According to Bowen (16) the range goes from

7,000 to 55,000 ppm. Illany case, it is said that total iron concen-

tration in soils is of no value in diagnosing availability. It is

also generally accepted that there is not a deficiency of this element

per se in soils, but it is known that for each pH unit increase above

pH 4.0, the solubility of Fe3+ decreases by a factor of about 1000

(18).

Iron uptake by plants can be affected by several other factors.

Excess phosphate, bicarbonate, and calcium salts in the growth medium

have been shown to interfere with the uptake of iron; high levels of

copper, manganese, nickel and zinc also can induce iron deficiency or

chlorosis in plants (18). In the particular case of zinc, it is said

that excessive uptake of this element by a plant may disturb the
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metabolic function of iron, and the plant may suffer from iron chlorosis

even though iron is present at normal concentrations in the plant (118).

On the other hand, it has been observed that zinc deficiency increases

the iron uptake in some plant Species (18).

The iron concentration in plants as in soils, varies widely, and

can be greatly affected by contamination with soil and dust; because

of this, it is generally accepted that iron analyses in plants are

probably invalid unless the material has been washed in dilute acid

or detergent. For crops, the sufficiency range for iron seems to be

from 50 to 250 ppm. When iron values are 50 ppm or less in the dry

matter, deficiency is likely to occur (79). Underwood (153) for

pastures in New Zealand, reports values of 111—3850 ppm iron in the

dry matter, while leguminous pastures range from 200 to 400 ppm; also,

that concentration of 40 ppm or less have been found for some grasses

grown on sandy soils.

It is known that iron is poorly absorbed from most diets, with

better absorption from foods of animal than plant origin. Uptake by

the animal is affected by other nutrients present in the diet. High

zinc intakes reduce the iron absorption and retention (26). Also,

high levels of phosphate, cobalt, cadmium, copper, and manganese,

interfere with iron absorption through competition for absorption

binding sites (153).

Serum iron concentration for normal sheep and cattle is reported

to range from 1 to 2 ug/ml (126). Underwood (153) gives a value of

1.46 ug/ml for normal cows. Iron requirements have not been clearly

defined for cattle. However, levels of 10 to 30 ppm of dietary dry

matter for beef cattle, and 100 to 150 ppm for dairy cattle have been

suggested by McDowell et al (102). The N.R.C. (113) recommends 100 ppm
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in the dry diet of calves up to 3 months of age, and 50 ppm for other

dairy cattle. The N.R.C. (112) publication states that mineral

requirements for beef cattle have not been established.

It is generally accepted that iron deficiency in grazing cattle

is rarely observed under natural conditions, the exception being a

result of severe loss of blood caused by parasitic infestations or

disease (68, 96, 102, 113, 153). In the case of calves on an exclusive

milk diet or those reared for veal, anemia resulting from iron deficiency

may occur (112, 153).

A few publications are available where iron status of forages

and animals is discussed, and this is particularly true for Latin

America, where main attention has been given to the elements already

known to be deficient or toxic in different areas.

McDowell et al (101) report that for 256 forage analysis from

Latin America, only 4% contained less than 30 ppm Fe in the dry matter;

21% were between 31 and 100 ppm; 54% range from 101 to 500 ppm; and

21% contained more than 500 ppm. A wide range of 74 to 880 ppm for

iron levels in crops and native pastures has been found in Argentina,

with the author's conclusion that there are not iron deficiencies;

however, he points out the possibility of contamination of samples by

soil (117). In Eastern Panama, iron values of 91-226 ppm for Guinea-

grass, and 141-156 ppm for Pangola—grass have been reported by Blue et a1

(15). Gomide and co-workers (58) present figures of 403 ppm iron in

Guinea-grass, and 259 ppm for Pangola—grass for samples taken in Central

Brazil; they point out the significant decrease in iron content with

plant maturity.
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Selenium

The importance of selenium in animal nutrition is now well recog-

nized. Several clinical manifestations of domestic animals have been

corrected by addition of selenium supplements to their diets. Most

common of these nutritional deficiencies are white muscle disease (WMD),

mainly of lambs and calves, and named because of the white appearance

of muscle tissue due to calcification, selenium responsive infertility

(SRI), which is common in ewes (l2) and exudative diathesis in chicks.

Most soils contain between 0.1 and 2.0 ppm total selenium, with

a mean value of 0.2 ppm (16, 142). It is suggested that the total

selenium content of a soil is rarely useful for the prediction of the

selenicity of plants (12). However, most reports in the literature

concerning soil selenium are given in total content.

Soils may derive their selenium content from the rocks that form

the parent material, from fertilizers fortuituously containing Se,

from industrial wastes such as dust from coal burning operations, from

irrigation water and from contemporaneous volcanism (91). Many factors

are interrelated with the selenium levels in soils; the principal ones

are the Se content of host rocks, the redox potentials, pH, and nature

of the drainage waters (31). For example, in neutral to alkaline,

well aerated soils, selenium is oxidized to Se04=, which forms readily

soluble salts and is subjected to leaching; in arid regions these

soluble salts may accumulate in the soils. Generally, this is why

the toxic soils are neutral or alkaline and with moderate precipitation

(12); in the same reference, soils are said to be seleniferous when

the total selenium content is 2 ppm or above.

In slightly acid to neutral soils, Se may be largely held in organic

substances; removal of vegetation as in harvesting would tend to deplete
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it unless selenium is replaced (91). In acid ferruginous soils Se is

bound as a basic ferric selenite or strongly adsorbed on ferric oxide,

and it is only slightly available to plants.

Availability of selenium from soils is then affected for several

factors; form of Se in soils, as well as the total amount, are considered

among the most important (31). In relation to forms, selenate and

organic selenium are reported as the most available to plants (12).

For instance, selenite is normally taken up by plants, but can become

associated with iron in acid soils to form a poorly available complex.

On the other hand, there is a great variation among plants for Se

uptake. Some species are well characterized as being Se-accumulators

or indicator plants because they are commonly found on toxic soils and

containing much more selenium than other species growing in the same

soil.

A wide variation of Se levels in plants has been reported, and

it is common to find those reports associated with areas where Se—

responsive diseases have been diagnosed. Ganther (54), gives figures

of 0.01 to 0.05 ppm (avg. of 0.02) for forages sampled in areas where

WMD in sheep was found; he suggests that 0.1 to 0.5 ppm in the forage

should be considered protective, but non-toxic levels for livestock.

Bisberg (12) remarks that a selenium concentration on a dry basis

below 0.02, 0.03, or even 0.05 ppm in the pastures, has caused

nutritional muscle disease (NMD) or SRU, and that it is reasonable

to consider 0.05 to 0.1 ppm selenium as the minimum desirable concen-

tration in the food.

An excellent survey by Kubota et al (90) shows the regional

distribution of Se concentrations in crops in the United States.

They called selenium—adequate areas those regions where over 80%
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of the plant samples collected contained more than 0.1 ppm Se; very low

Se areas were those in which more than 80% of the forages sampled con-

tained less than 0.05 ppm, with a median lower than 0.03 ppm.

Blood selenium levels of 0.05 ug/ml are considered satisfactory

for grazing sheep (29, 62); deficient animals will have values below

that level. Hupkens and Watkinson (74) consider this critical level

to be somewhat lower, around 0.01 ug/ml of blood or less.

Although not well defined, it is generally considered that 0.1 ppm

selenium in the dry diet will satisfy the requirement of the ruminant

animal (2, 112, 113). Conrad and Moxon (3) suggest 0.1 to 0.2 ppm Se

as sufficient to meet the dietary needs of cows.

Most of the available literature from Latin America about selenium

is related to toxicity problems. Chronic selenium poisoning for cattle

results when feeds containing 10-30 ppm Se in the dry matter are

consumed over extended periods (112); the lowest toxic level is

approximately 3 to 5 ppm (113). Acute selenium poisoning is most

often associated with consumption of the Se-accumulator plants (i.e.

Astragalus racemosus), which may contain from 100 to 9,000 ppm Se

(99).

Ancizar—Sordo (3) found a high selenium content in soils and

plants in a particular place in Colombia where men and cattle were

losing their hair. Jaffe et a1 (76) analyzed sesame samples from most

regions in Venezuela; results showed concentrations over 3 ppm Se for

52% of the 138 samples, and about 28% with more than 10 ppm; also, in

12 of 47 commercial foods and in 12 of 40 industrial animal feeds, the

selenium levels were 3 ppm or more. The same authors (77) determined

Se content in 136 samples of fat free sesame seeds from Venezuela and

19 other countries; this time, 32% of the samples contained over 3 ppm
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Se; they point out that decortication or extraction processes did not

reduce selenium levels. Ortiz and Carrasquero (121) measured Se content

in plants from areas in Venezuela where selenium toxicity was probably

occurring; 38% of the samples contained over 10 ppm, 39% were between

5 and 10 ppm, and 35 ranged below 5 ppm. De Mondragon and Jaffe (36)

found that selenium contents in feeds from different zones in Venezuela

and in urine samples of school children from across the country were

very high when compared to values from similar samples from non

seleniferous areas. Gutierrez et a1 (61) suggest from their data

that borderline selenium deficiencies may be prevalent in certain

areas of New Mexico, U.S.A., and Chihuaha, Mexico.

i122

Zinc is primarily absorbed by plant roots as the ion Zn2+; it

may also be absorbed as a molecular complex such as EDTA (Ethylenediamine-

tetraacetic acid), or directly through the leaves when applied as foliar

sprays (149). Zinc content in soils ranges from 10 to 300 ppm, with a

mean concentration of 50 ppm (16).

Several factors affect zinc uptake by plants. It is known that

an increase in soil pH by liming reduces the availability of zinc to

plants; in consequence, soil types associated with zinc deficiency are

usually neutral to alkaline in reaction (118, 156). Another important

interrelationship is the zinc-phosphorus interaction, usually designated

as phosphorus-induced zinc deficiency, which is observed frequently on

high phosphate soils. At the soil level, high content of one Of these

elements may reduce plant uptake of the other; if the soil is borderline

to deficient in either element, application of one may induce a

deficiency of the other (160); generally, and because of the widespread

use of phosphate fertilizers, the tendency of this two-way interaction
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is in the direction of zinc inadequacy. At plant level, high levels

of phosphorus have been shown to restrict zinc movement within the

plant, resulting in accumulation in the roots and deficiency in the

tops (156).

Normal ranges given in the literature for zinc content in plants

are from 30-100 ppm in the dry matter, with other figures going from

20 up to 150 ppm (79, 109, 156). Plant tissues are said to be deficient

in zinc when the concentration is lower than 20 ppm; toxicity may develop

if zinc leaf levels exceed 400 ppm.

Utilization of dietary zinc by animals is affected by several

factors. Among others, it has been observed that zinc needs are

increased with high levels of calcium and/or phytate in the ration;

in these cases, even Zn-adequate plants will often fall short of

meeting animal requirements (32, 89). It is in these Situations when

zinc deficiency results from an ineffective digestion and use of

dietary sources, instead of its absolute deficiency in the diet.

Zinc requirements for beef cattle appear to be between 20 and

30 ppm of diet dry matter (112). The estimate for dairy cattle is

40 ppm in the diet (113). Herrick (67) proposes that zinc needs of

dairy cattle could be estimated by the following equation: Zn (PPm) =

159 x % calcium; thus, in the average diet containing 0.3% calcium,

about 48 ppm of zinc are needed, and for every 0.1% increase in

calcium, 16 ppm more zinc will be needed.

Normal levels of plasma or serum zinc for calves and lambs range

from 0.8 to 1.2 ug/ml; for adult female sheep a mean value of about

0.7 ug/ml is reported (153). Plasma levels from 0.60 to 1.40 ug/ml

are considered normal for cows; values lower than 0.40 ug/ml would be

indicative of zinc deficiency (27). It is generally accepted that
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deficiency of zinc in grazing ruminants rarely occurs under natural

conditions (68, 96). However, it is recommended that zinc should be

supplemented when the content in forages is less than 40 ppm (102).

Andreasi et a1 (5) determined the zinc content of pastures from

the state of Sao Paulo, Brazil. Samples were collected from forages

growing on four different soils and during the dry and rainy seasons.

Mean values for Guinea-grass were significantly higher for the dry

season (60 ppm) than for the wet season (37 ppm). In Eastern Panama,

values reported are 38 to 48 ppm for Guinea-grass, and 50 to 63 ppm

for Pangola-grass (15). Kayongo-Male et a1 (82) sampled a variety of

30-day—old tropical grasses in which zinc content ranged from 26—60 ppm;

it is pointed out that 82% of the grass species studied did not meet

zinc requirements for dairy cattle. Similar results are reported by

McDowell et al (101) since almost 75% of 177 forages entries had

50 ppm Zn or less, and 49% had 30 ppm or less.



MATERIAL AND METHODS

The state of Veracruz is located on the east coast of Mexico

between 170 08' and 220 28' north latitude. It has an area of 71,896

km2 (approximately 7.2 million hectares) that accounts for 3.7% of

the national territory. Veracruz is a very large state that stretches

along the Gulf of Mexico's coastal line with a total extension of

684 kms (425.0 mi) of seashore. It is also in this state where the

highest mountain peak in the country is found, just about a hundred

miles from the coast (The Citlaltepetl or Pico de Orizaba, 5,700 m .

or 18,700 ft. high).

These two main characteristics, coast and mountains, cause the

great diversity of climates, soil types and vegetation found in

Veracruz.

Official reports gave an estimate of 4.5 million bovine for the

state in 1976 (154). Crossbreeds of native or "criollo" cattle with

zebu or European breeds are predominant, around 75% of total population.

About 20% remain as "criollo" animals, and only 5% are pure breeds

(zebu or European types). It is considered that approximately 54%

of the estimated 2.3 million hectares of grasslands are native

pastures, the remaining being introduced forages. Among these, the

most abundant are Guinea-, Para-, African star-, Jaragua—, Pan gola-,

and Kikuyo-grasses.

43
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Sampling Sites

TWo regions with six farms each were selected. In each region,

three farms with Pangola-grass (Digitaria decumbens), and three with
 

Guinea-grass (Panicum maximum) were sampled.
 

A. Region I or Central - Farms from this region are found within a
 

25 mile radius in the vicinity of the city of Veracruz, placed at

190 12' north latitude and 960 11' west longitude. Predominant

climactic characteristics include a well-defined 3 to 6 month dry

period and heavy rains in the summer. The annual average temperature

is 25°C, relative humidity is 80%, and annual rainfall is 1200 mm

(105).

B. Region II or Northern - Samples for this region were taken in the
 

proximities of the city of Tuxpam, which is located at 200 57' north

latitude and 97° 25' west longitude. All farms were within 10 miles

of that city, with the exception of farm #10, which is about 25 miles

to the southwest. The dry season is shorter forthis region than for

region I, and the rains are better distributed throughout the year.

The total annual rainfall volume is about 1,100 mm, though. Annual

average temperatures and relative humidity are 23.6OC and 88% (106).

Collection and Preparation of Samples

Samples from the two regions were collected from July 23 through

August 24, 1979. Farms 1 to 3, in region one, were sampled first;

then, samples were taken from all six farms in region two, and, at the

end, from the remaining three farms in the central region. In each

farm, 30 hectares (74 acres) were sampled for soils and forages, and

30 blood samples were taken from cattle.

S291§_— Areas of five hectares each were taken as the basic

sampling units. Four samples were taken per hectare, and pooled
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together for each unit to complete six composite samples per farm. A

cut-away triple-plated stainless soil sampling tube was used to do the

boring on one edge of a hole previously dug in the ground with a

straight shovel; the depth of sampling was 20 cm. (8 inches). Samples

were air-dried in a covered place, ground with mortar and pestle (wood

or porcelain), passed through a 1—2 mm plastic sieve, mixed in a

stainless-steel electric mixer, and stored in plastic bags. One

hundred grams of each of those composite samples were brought to

the United States in whirl-pack type plastic bags.

Forages - Three farms with Pangola-grass and three with Guinea-

grass were selected in each region. The sampling density was the same

as that for soils. Forage sub-samples of about 100g. each were taken

with stainless-steel scissors from a circular area at the sites where

the soil boring was being done. Pangola-grass samples were cut at a

height of 2 to 4 inches, while Guinea samples were taken at a height

of 2 to 3 feet. Composite samples weighing 2 kg were prepared in the

field and taken to the experiment station. The grasses were then

thoroughly rinsed in a sequence of tap water, distilled water,

acidified water (0.1% HCL) and de-ionized water. After draining

off the excess water, samples were trimmed with scissors to pieces

2 to 3 inches long. The drying process was accomplished in two parts;

first, at the station, grasses were partially dried in forced-air

ovens at 600C for 12 hours to reduce moisture to a minimum necessary

to stop fermentation and decomposition of the forage. Samples were

then brought to Mexico City and dried for another 24 hours at similar

conditions. The dry weight was recorded for dry matter determination

right after removing from the oven. A Wiley mill with a 2 mm stainless-

steel sieve was used to grind the samples; ground material was mixed
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thouroughly in stainless-steel mixers and stored in plastic bags. The

final representative sample was taken and about 100 g. were transported

to the U.S. for analysis.

Livestock - Animals sampled were representative of the predominant

type of cattle in the state of Veracruz. An exception was farm 6 with

F1 heifers from Holstein-Zebu crosses and farms 7 and 9 which had

animals with a high percent of Brown Swiss and Holstein, respectively.

Types of cattle sampled were lactating cows in their second to fourth

lactations, one- to three-year old heifers and two- to five-month—old

calves. Ten animals of each type were randomly selected at each farm

and duplicate blood samples were taken from each animal by jugular

venipuncture. One of these samples, of about 10 mls, was mixed with

heparin, kept under refrigeration, and used for hemoglobin and hemato-

crit determinations. The second one, 20 m1. sample, was collected in

silicon-coated tubes with no anticoagulant added; these tubes were kept

in an upright position for at least 3 hours before moving them.

Transfer of serum to plastic vials was made about 24 hours after

sampling, and serum samples were kept frozen. It was necessary to

use dry ice to bring them to Michigan State.

Soil Analyses
 

Calcium, magnesium and potassium were extracted with 1N Ammonium

Acetate solution, pH 7, while phosphorus was extracted with Bray P1

solution (0.03 N NH4F - 0.025 N_HCL) on 1:8 soilzsolutions ratios

(158). Two and a half grams of soil were weighed into 50 ml.

Erlenmeyer flasks and 20 m1 of the extracting solutions were added;

samples were shaken for 5 minutes at 180 excursions per minute, and

filtered through a #42 Whatman filter paper. One ml of the ammonium

acetate soil extract was diluted 1:14 with a 1500 ppm Lanthanum solution
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for Ca, Mg and K determinations (Lanthanum was used to avoid interferences

for Ca due to Si, Al, PO47 or 804:). Copper extraction was made with a

1N HCL solution on a 1:10 soil:solution ratio. TWo grams of soil were

placed in 50 m1. Erlenmeyer flasks, shaken for 1 hr. with 20 m1. 1N HCL

and filtered. One ml. of the filtrate was diluted ten fold with deionized

water. The extraction for iron, zinc and cobalt was obtained with a

0.1 N HCL solution; the soil:solution ratio was also 1:10, but this time

samples were shaken for only 10 minutes. Soils were prepared for selenium

determinations by digestion with nitric and perchloric acids: 0.5 grams

of air-dried soil were weighed in 50 ml Erlenmeyer flasks; 2.0 ml

concentrated HNO3 and 3.0 ml concentrated HClO4 were added and the

flasks were heated on hot plates to speed up the reactions. For pH,

a 1:1 soil to water mixture was used. Ten grams of soil plus 10 ml

distilled water were placed in 50 ml. beakers, stirred intermittently

for 10-15 minutes and read in an Orion Research digital ionizer pH

meter.

Determinations of Ca, K, Mg, Cu, Fe, Zn and Co were made by flame

atomic absorption spectrophotometry with the 5000 model spectrophotometer

of Perkin Elmer. Calibration procedures and instrument settings used

were mostly those given by the manufacturers (7). Color development

for phosphorus analysis was accomplished by the ammonium molybdate-

ascorbic acid method (157). A Gilford stasar II spectrophotometer was

utilized for phosphorus determinations. A modification of the fluoro—

metric method described by Olson et al (120) was implemented for

determination of total selenium in soil.

Forage Analyses
 

Grass samples were prepared for analysis by a wet digestion

procedure. 0.5 gram samples were weighed into 50 ml Erlenmeyer flasks;



48

concentrated nitric and perchloric acids were added, 5 and 3 mls respec-

tively, and heat was applied until the samples were dried down to about

1.0 or 2.0 mls. After cooling, the digested samples were diluted with

25 mls. of deionized water. Copper and zinc were determined directly

from this dilution. Iron and calcium were obtained from a further ten-

fold, and potassium and magnesium from a one hundred-fold dilution with

a 3,000 ppm Lanthanum solution. Concentrations for all above elements

were determined by flame atomic absorption spectophotometry. One hundred-

fold dilution was also prepared for phosphorus determination, but in this

case the ascorbic acid-molybdate preparation was utilized. One gram

samples were also digested with nitric and perchloric acids for selenium

analysis. Determinations were carried out by fluorometric procedures

(120). Total nitrogen and crude fiber were determined using the methods

given by the A.O.A.C. (10). Crude protein was calculated multiplying

total nitrogen times 6.25.

Serum and Blood Analyses

Serum samples were thawed and centrifuged at 1650 g for 10 minutes.

An aliquot of the supernatant was diluted 1:4 with 15% trichloroacetic

acid (TCA) and centrifuged at 1650 g for 15 minutes to precipitate the

proteins (9). Phosphorus was determined by diluting 0.5 m1 of super-

natant with 9.5 mls of ammonium molybdate-ascorbic acid solution. A

Gilford stasar II spectrophotometer was used to measure the diluted

color. A separate 1.5 mls of supernatant were diluted with 3.0 mls of

a 3,000 ppm Lanthanum solution for calcium analysis. From this prepara-

tion, 1.0 ml was further diluted with 7.0 mls of the Lanthanum solution

for determination of magnesium and potassium. The remaining supernatant

was used to measure copper and zinc concentrations. A special preparation

for iron analysis was needed. One ml serum and 2.0 mls 20% TCA were
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mixed, heated at 900C for 15 minutes and centrifuged at 1710 g for 20

minutes. The supernatant was taken for iron analysis (119). For

selenium, 1.0 ml of serum was digested with 3 mls of nitric and 2 mls

of perchloric acids. Selenium concentrations were determined by

fluororimetry according to the procedure given by Olson et al (120).

Hemoglobin and erythrocyte volume (Hematocrit) was determined in

heparinized blood samples. The cyanmethemoglobin method was used for

hemoglobin determinations. The reagent utilized was 0.1 mM potassium

cyanide. Readings were obtained in a Zeizz PM2A spectrophotometer at

the 540 nm. Hematocrit values were obtained by the microhematocrit

method. Blood samples in capillary tubes were centrifuged in a SolBat

centrifuge, 7.5 cm radius, at 11,000 r.p.m. for 15 minutes. It should

be pointed out that determination of the hematocrit was not done within

the recommended time after taking the samples because the necessary

equipment was not on hand. Thus, hemolysis to some degree occured in

several samples causing lower values.

Statistical Analysis
 

Soil data were analyzed according to farm, region and the type

of grass growing on each soil. Forage data were analyzed according to

farm, region and grass type. The animal data were analyzed according

to farm, region, type of grass, and type of livestock.

For the soil and forage data a 3-stage nested model was used.

Regions, grasses and their combinations were considered as "treatments".

The experimental design for the animal data was a split—plot because

variation among farms constituted experimental error for differences

between regions and grasses, but variation among animals of the same

type and farm constituted experimental error for differences among

livestock types. Bonferroni's t test was used to make specific
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comparisons among means.

All possible correlations were established between minerals in soils

and between soil minerals and soil pH; also, between the minerals in

grasses and between grass minerals and grass dry matter, crude protein

and crude fiber. Correlations between homogenous pairs (same variable

in two materials) were obtained between minerals in soils and minerals

in grasses, and between minerals in soils or grasses and minerals in

serum. Many more correlations were determined for those mineral pairs

known to have some kind of interaction. Serum to serum correlations were

also obtained for individual elements between the livestock types.

For any correlation in which animal data was a part, values used were

the average figures per farm. This was because of the difference in

number of samples for forages, soils and animals per farm (six, six

and ten, respectively). Farm averages were also used when analyzing the

animal data for mean effects and interactions, as well as for the

regression analyses of the entire data.

The SPSS system (Statistical Package for the Social Sciences)

was used for computer processing of the data (114).



RESULTS AND DISCUSSION

Means and standard errors for all samples per region, per grass,

their combinations, as well as the overall figures are presented in

Tables 5 to 14. Results for individual farms have been summarized in

Tables 15 to 24 (see Appendix). Selected correlation coefficients and

their confidence limits are given in Table 25 to 30, while significant

regression equations are presented in Table 31 (Appendix).

Soil-Plant-Animal Calcium Relationships

Table 5 shows calcium content of soils, grasses and livestock.

Calcium values of soils and grasses from Region I were Significantly

lower (P(.00001) than those from Region II. Calcium content was also

lower for Pangola- than for Guinea-grass (P<.0003). No differences

were found for serum calcium of cattle grazing in the two regions or

on the two grasses. The overall serum calcium concentrations indicated

some differences between livestock types (P<.06). Interactions among

regions and grasses were not strongly significant. However, the

calcium content of soils growing Pangola-grass was less in Region I

than for soils growing Guinea-grass, the reverse being true for

Region II (P<.07). This is shown in Figure 2. The livestock-type

by region interaction showed a greater change among regions for serum

calcium of cows than for heifers and calves (P<.08) (Figure 3).

Extractable calcium in soils ranged from 919 ppm for Farm 1 up

to 7583 ppm for Farm 12, while grass calcium varied from 0.21% (dry

basis) for Farm 5 to 0.85% for Farm 7 (Table 15). Values found for

51
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TABLE 5. MEAN CALCIUM CONCENTRATIONS OF SOILS, GRASSES, AND

BLOOD SERA OF GRAZING CATTLE FROM THE CENTRAL AND

NORTHERN REGIONS OF VERACRUZ, MEXICOa

Livestock Type

Soilsb GrassesC Cows Heifers Calves

ppm % of DM mg/100 ml serum

Overall 4061 0.51 9.9 .5 9.8

(308) (.026) (.12) (.11) (.12)

Region I 1604 0.32 9.5 . .7

(Central) (116) (.017) (.14) (.14) (.17)

Region II 6517 0.69 10.3 . .9

(North) (161) (.020) (.20) (.16) (.17)

Grass I 3810 0.42 10.0 .6 .

(Pangola) (494) (.034) (.19) (.17) ( l8)

Grass II 4311 0.60 .8 9.5 .9

(Guinea) (370) (.032) (.16) (.13) (.16)

Region I & 1042 0.22 9.7 . .8

Grass I (43) (.010) ( 20) (.22) (.22)

Region I & 2166 0.41 9.3 .2 9.5

Grass II (128) (.006) (.19) ( l6) ( 27)

Region II & 6579 0.61 10.2 . .5

Grass I (316) (.019) (.33) ( 26) ( 29)

Region II & 6455 0.78 10.4 9.7 10.4

Grass II (85) (.018) (.22) ( 19) (.13)

 

a . .

Numbers in parentheSis are standard errors.

Region I lower than Region II (P<.001).

CRegion I lower than Region II (P<.001);

Guinea (P<.001).

Pangola lower than
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soils were generally three to four times higher than those reported by

De Sousa (39) for Brazilian soils sampled during the wet season and

extracted with a double acid extracting solution. Blue et a1 (15)

report values ranging from 2400 to 12,000 ppm ammonium acetate extrac-

table calcium for soils from estern Panama. The calcium concentrations

obtained for forages were within the values reported for the same

grasses from other Latin American countries (56, 85, 100, 124). Calcium

levels in serum ranged from 8.48 mg/dl for heifers in Farm 4 to 11.04

mg/dl for cows in Farm 10 (Table 15). Most of those values were within

the normal range reported in the literature (8, 126, 128, 135). Similar

figures have been given by De Oliveira (38) and Kiatoko et a1 (84) for

grazing cattle from Brazil and Costa Rica, respectively.

Soil calcium correlations with other soil variables are shown

in Table 25 in the Appendix. The relationships of soil calcium to

soil iron, selenium, cobalt and soil pH were fairly consistent for

regions and for soils growing a particular grass. The correlation

coefficients for calcium to iron interrelation ranged from -.61 to

-.87, with an overall figure of -.86. Coefficients for calcium to

selenium correlations varied from .27 to .92, with an overall value

of .87. The relationship of calcium to cobalt ranged from .13 to .58

with an overall figure of .56. Finally, the soil calcium to soil pH

correlation coefficients were .66 to .95, and the overall value was

.92. In all cases, correlation coefficients were higher for a

particular grass than for a particular region (soil type). De Sousa

(39) also reports a highly significant correlation (r = 0.67) between

pH and soil exchangeable calcium for Brazilian soils. This strong

relationship explains the negative correlations found between calcium

and iron, since it is known that iron availability from soils is
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greatest in acid soils (16). It also helps to explain the direct

correlation between calcium and cobalt and calcium and selenium, Since

these two elements are more available in alkaline soils (12, 91).

Grass to grass correlations for calcium are presented in Table

26. The correlations that showed some consistency were grass calcium with

grass magnesium, iron, selenium and grass dry matter. Calcium to

magnesium correlation coefficients ranged from .13 to .91, with .53

as the overall. The relationship between calcium and iron in grasses

was anywhere from 0 to -.70, with an overall value of -.55. Calcium

to selenium correlations were positive and of relative significance

only when taking the groups of farms within each particular grass.

The coefficients were .52 and .49 for Grass I and II, respectively,

and the overall correlation was .42. The relationship with dry matter

was low, but consistent. The coefficients ranged from .06 to .47,

with .34 as the overall. A high correlation (r = 0.73) between

calcium and magnesium was also found by Kayongo-Male et a1 (82) for

101 30-day-old tropical grasses from Puerto Rico. The calcium to

iron negative correlation can again be explained by the effect of

soil pH on iron availability to plants. The relationship between

calcium and selenium in grasses for the two main effects is not clear,

and it suggests, as in soils, a stronger effect of grass type.

The soil to grass correlations for calcium are given in Table 27

(Appendix). Coefficients for the soil calcium to grass calcium

correlation were high, ranging from .76 to .92, and with .86 for

the overall data. The exception was Region II that had a correlation

of -.12. Soil calcium to grass iron relationship was negative and

consistent through the whole set of data. Correlation coefficients

varied from —.05 to —.63, with an overall value of —.42. Soil calcium
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to grass selenium correlations were positive and significant to a

certain extent when soils growing a particular grass and that forage

were paired. Values found were .59, .51 and .54 for Grass I, II and

the overall. The soil pH to grass calcium interrelation was also high.

Correlation coefficients ranged from .42 to .93, with .87 as the

overall figure. De Sousa (39) reports a low correlation (r = 0.149)

between soil and forage calcium for samples from the Mato Grasso area

in Brazil. Soil calcium to grass iron and grass selenium correlations

seem to follow the same trend as that in our study. Echevarria et a1

(45) found a significant correlation between soil pH and grass calcium

in forages from Peru.

Soil to serum correlations are presented in Table 28 (Appendix).

The soil calcium to serum calcium correlation was of relative signifi-

cance only for cows, with a coefficient of .58. Soil calcium to serum

copper relationship were consistently negative for the three types of

livestock sampled. Correlation coefficients were -.44, -.55, and -.45

for cows, heifers and calves, respectively. The soil calcium to serum

zinc relationship was also consistent, with a .40 correlation for cows,

.36 for heifers and .46 for calves.

Grass to serum correlations are given in Table 29 (Appendix).

Grass calcium to serum calcium correlations had coefficients of .49

for cows, .02 for heifers and .33 for calves. Grass calcium to serum

copper correlation coefficients were -.54, -.34, and —.34 for cows, heifers

and calves. Correlation coefficients for the grass calcium-serum zinc

relationship were .61 for cows, .61 for heifers, and .54 for calves.

Serum to serum correlations are shown in Table 30 (Appendix).

Cow's calcium to heifer's calcium correlation was .57, cows to calves

was .34, and heifers to calves was .23.
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The only significant regressions involving calcium variables were

grass calcium with soil calcium, cow's calcium with soil calcium, and

soil calcium with soil pH, which are presented in Table 31. Soil calcium

helped to explain about 81% of the calcium content variation of grasses

(R2= .806) and 34% of the variation for serum calcium of cows (R2= .339).

Soil calcium showed a dependence of about 89% on soil pH (R2= .893).

Soil-Plant-Animal Potassium Relationships

Means and standard errors for potassium are Shown in Table 6.

Concentrations in soils growing Pangola- were lower than for soils

growing Guinea-grass (P<.002). There was also a significant difference

for the potassium content of grasses, Pangola- being lower than Guinea-

grass (P<.002). There were no differences for serum potassium among

the two regions or grasses. Significant difference was found for the

overall average concentration of potassium in serum between livestock

types (P<.00001). Means differed significantly between cows and

calves, and between heifers and calves, but not among cows and heifers

(Bonferroni t test, P<.01). Interactions among regions and grasses

were not significant. The livestock type by region interaction was

highly significant (P<.00001), and mostly given by the large decrease

in serum potassium of heifers from Region I to Region II (Figure 4).

Livestock type by grass interaction was also significant (P<.0002),

mainly reflecting the greater change of potassium levels in serum of

calves among the two grasses (Figure 5). The three way interaction,

livestock type by region by grass, was also significant (P<.049).

Calves' serum potassium responses varied markedly from region to region

when looking separately at each grass (Figure 6).
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TABLE 6. MEAN POTASSIUM CONCENTRATIONS OF SOILS, GRASSES, AND

BLOOD SERA OF GRAZING CATTLE FROM THE CENTRAL AND

NORTHERN REGIONS OF VERACRUZ, MEXICOa

Livestock Type

Soilsb GrassesC Cows Heifers Calves

ppm % of DM mg/100 ml serum

Overall 154.9 1.824 21.48 22.28 24.27

(10.0) (.055) (.36) (.35) (.43)

Region I 169.5 1.913 21.01 24.27 24.08

(Central) (16.2) (.066) (.50) (.49) (.74)

Region II 140.3 1.735 21.95 20.28 24.46

(North) (11.5) (.086) (.50) (.33) (.44)

Grass I 92.5 1.495 20.95 22.45 22.78

(Pangola) (6.4) (.062) (.51) (.49) (.55)

Grass II 217.3 2.154 22.01 22.11 25.76

(Guinea) (11.9) (.047) (.50) (.48) (.61)

Region I & 90.2 1.674 20.06 24.41 21.58

Grass I (11.8) (.084) (.72) (.78) (.80)

Region I & 248.8 2.152 21.95 24.13 26.58

Grass II (14.3) (.066) (.67) (.60) (1.08)

Region II & 94.7 1.315 21.83 20.48 23.98

Grass I (5.7) (.071) (.69) (.36) (.69)

Region II & 185.8 2.155 22.07 20.08 24.93

Grass II (16.3) (.069) (.74) (.55) (.55)

 

a . .

Numbers in parentheSis are standard errors.

Soils growing Grass I were lower than those growing

Grass II (P<.002).

cPangola lower than Guinea (P<.002).
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Levels of extractable potassium in soils varied from 62.5 ppm for

Farm 5 to 299.1 ppm for Farm 4 (Table 16). Most of these values are

adequate or even high, according to the literature (57, 159). De Sousa

(39) reports 87161 ppm extractable K for soils from Brazil. Blue et a1

(15) gives a higher range of 194 to 754 ppm K for soils from eastern

Panama. Potassium values found for grasses were generally high, ranging

from 1.06% (d.b.) as the average for Farm 11, to 2.5% for Farm 10 (Table

16), which are the usual values for forages. Similar figures are given

for the same types of grasses from Venezuela (51, 124), Colombia (13)

and Panama (15), Guinea— being always higher than Pangola-grass. Serum

potassium ranged from 17.6 to 32.6 mg/dl, adequate to very high when

compared to the 16.4 to 23.5 mg% reported as the normal figures (64,

146).

Correlations of soil potassium with other soil variables are

presented in Table 25 (Appendix). There was not a defined pattern

among regions, grasses or their combinations for these relationships.

Exceptions may be the soil potassium to soil copper correlation with

coefficients of .40 for the overall, and .45 and .48 for Regions I and

II. The potassium to iron correlation, having coefficients of -.64,

and -.58 for Regions I and II, and -.20 for the overall. The soil

potassium to soil pH correlation was also meaningful for regions,

coefficients being .66 for Region I and .50 for Region II. Negative,

positive or no interaction between potassium and calcium in soils

has been reported (129), a case similar to the present study.

Potassium to copper and potassium to iron correlations in soils are

reported as not significant for Brazilian soils (39). A correlation

coefficient of 0.415 between soil pH and soil potassium is given in
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the same reference. The expected depressing effect of potassium on

magnesium levels in soils was not found, or at least it was not negatively

consistent.

Grass to grass correlations are presented in Table 26. Grass

potassium to grass dry matter correlations were all negative for

regions and grasses; values ranged from -.06 to -.78, with an overall

figure of -.39. Grass potassium was also correlated with grass crude

protein; correlations coefficients varied from .41 to .66, and the

overall was .58. Kiatoko et a1 (84) also reported a positive relation

of grass potassium to grass protein and digestibility estimates

(r = 0 to 0.50).

Soil to grass relationships are shown in Table 27 (Appendix).

Soil potassium to grass potassium were fairly correlated throughout

main effects and combinations. Correlation coefficients ranged from

.41 to .82 with .70 as the overall. There was also some correlation

between soil potassium and grass magnesium, but only for the two

regions and the overall data. A low level correlation (r = 0.190)

is reported between potassium in soils and grasses from Brazil (39).

Soil to serum potassium correlation was low for the three

livestock types, as can be seen in Table 28. The correlation of

soil potassium with serum magnesium was not consistent, with a 0 value

for cows, -.44 for heifers and .54 for calves.

No correlation was found for the grass to serum potassium

relationship. Grass potassium was also not correlated to serum

magnesium.

Correlations of serum potassium between livestock types are shown

in Table 30. A high correlation coefficient between cows and calves

was found (.81), while the relationship between cows and heifers was

zero, and between heifers and calves was .23.
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Only one prediction equation was significant for potassium variables

(Table 31). This was for potassium in grasses, for which 65% of the

variation could be explained by differences in potassium content in soils

(R2 = .649).

Soil-Plant-Animal Magnesium Relationships
 

Magnesium means and standard errors for soils, grasses and live-

stock are presented in Table 7. The magnesium content in soils from

Region I was significantly higher than for soils from Region II (P<.001).

There were no differences among soils growing the two different grasses.

Magnesium levels in Pangola- were lower than for Guinea-grass (P<.01).

No differences were found in serum magnesium concentrations of cattle

grazing in the two regions or on the two grasses. 0n the other hand,

there were highly significant differences (P<.00001) for serum magnesium

among the livestock types. A Bonferroni t test showed that those

differences were between cows and heifers and between cows and calves

(P<.01). The interaction of region by grass was highly significant for

magnesium in soils (P<.001). Figure 7 Shows that the positive difference

for soils growing Guinea-grass in Region I is reversed in Region II.

No significant region by grass interaction was found for grass magnesium

or serum magnesium. The livestock type by region interaction was also

not significant (P<.09), while there was a strong interaction (P<.00003)

between the livestock type and grass effects (Figure 8). The three way

interaction between livestock type, region and grasses was significant

(P<.026). It mainly reflected the difference in response of heifers

grazing on each grass in the two regions, as well as the greater positive

change for cows grazing on Guinea-grass (Figure 9).
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TABLE 7. MEAN MAGNESIUM CONCENTRATIONS OF SOILS, GRASSES, AND

BLOOD SERA OF GRAZING CATTLE FROM THE CENTRAL AND

NORTHERN REGIONS OF VERACRUZ, MEXICOa

Livestock Type

. b c .

SOils Grasses Cows Heifers Calves

ppm % of DM mg/100 ml serum

Overall 273.3 0.179 2.90 2.56 2.45

(15.6) (.007) (.04) (.04) (.04)

Region I 349.2 0.168 2.82 2.53 2.45

(Central) (22.0) (.009) (.04) (.06) (.05)

Region II 197.5 0.190 2.99 2.59 2.44

(North) (13.0) (.010) (.07) (.05) (.05)

Grass I 255.9 0.139 2.78 2.64 2.39

(Pangola) (10.5) (.006) (.06) (.05) (.05)

Grass II 290.8 0.219 3.02 2.48 2.50

(Guinea) (29.2) (.008) (.05) (.05) (.05)

Region I & 262.2 0.120 2.78 2.75 2.42

Grass I (10.6) (.006) (.05) (.07) (.08)

Region I & 436.2 0.216 2.85 2.31 2.48

Grass II (31.5) (.007) (.06) (.07) (.07)

Region II & 249.6 0.157 2.79 2.52 2.36

Grass I (18.3) (.008) (.11) (.06) (.08)

Region II & 145.4 0.222 3.19 2.65 2.52

Grass II (5.9) (.014) (.06) (.06) (.05)

 

aNumber in parenthesis are standard errors.

Region I higher than Region II (P<.001); interactions

are significant (P<.001).

CPangola lower than Guinea (P<.01).
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Extractable magnesium in soils ranged from 116 ppm in Farm 7 to

464 ppm for Farm 4 (Table 17), which can be considered high according

to what has been reported (39, 159). A mean of 1301140 ppm Mg is given

by De Sousa (39) for Brazilian soils, while very high values (700 to

1600 ppm Mg) have been given for soils from eastern Panama (15).

Magnesium concentrations in grasses varied from 0.11% (d.b.) in

Farm 5 to 0.30% for Farm 9. Similar values have been found for

Guinea-grass in Brazil (4), Eastern Panama (15) and Venezuela (124),

and for Pangola-grass in samples from Colombia (13) and Eastern Panama

(15). McDowell et al (101) report that about 35% of 290 forage entries

in the Latin American Tables of Feed Composition (100) contained 0.2%

Mg or less, a level that is considered safe for meeting animal require-

ments. Serum magnesium levels varied from 2.10 mg/dl for heifers in

Farm 4 up to 3.34 mg/dl for cows in Farm 7 (Table 17). Normal values

in serum or plasma range from 1.8 to 3.2 mg/dl (29, 135, 151). De Oliveira

(38) reports magnesium concentrations of 3.66:1.59 mg% in blood plasma of

grazing cattle sampled during the rainy season in Brazil. These figures

were significantly higher when compared with samples for the dry season

(3.05:0.39 mg%). Concentrations of 1.8710.2 mg/dl magnesium in blood

plasma are given by Kiatoko et al (84) for grazing cattle from Costa

Rica.

Soil to soil correlations for magnesium are given in Table 25

(Appendix). Relationships of soil magnesium with soil calcium and

soil pH were not consistent for all data, as could be expected.

Soil magnesium and phosphorus where positively correlated with the

exception of soils growing Guinea-grass in Region I. Correlation

coefficients ranged from .16 to .36, the last figure being also the

overall. Magnesium also showed a positive correlation with zinc in
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soils (r = .17 to .73, with .56 for the overall). Similar findings for

these two interrelations are reported for Brazilian soils by De Sousa

(39). The correlations coefficients were 0.457 for magnesium with

phosphorus, and 0.488 for magnesium with zinc (double acid extracts).

Grass to grass magnesium correlations are presented in Table 26

(Appendix). Magnesium was directly correlated to calcium (r = .13 to

.91, with .53 as the overall). Magnesium was again positively correlated

to phosphorus in grasses, and this time the exception was for Grass I

(r = -.l4). Correlation coefficients varied from .72 to .79, and the

overall value was .70. A positive correlation between magnesium and

zinc was only shown by the two groups of grasses (r = .26, .65), since

the two regions and the overall data had an inverse correlation (r =

-.19 to -.61). A primarily negative interrelation among grass magnesium

and grass crude protein was found (r = .19 to -.55, with -.21 for the

overall). Some speculation could be made with this tendency, since

grass crude protein was directly correlated with grass potassium and

it is sustained that there is an antagonism among these two cations for

absorption from soil to plant, and from plant to the animal (83, 135).

A high positive correlation between magnesium and calcium (r = .72) is

reported for 30-day—old grasses from Puerto Rico (82). A correlation

coefficient of .334 for the same pair is given for Brazilian forages,

while r = 0.257 is reported for the magnesium to phosphorus correlation

and r = .345 for the magnesium with zinc interrelation (39).

Soil to grass correlations for magnesium are shown in Table 27

(Appendix). There was not a clearly defined relationship between soil

and grass magnesium, the same being true for soil calcium-grass

magnesium, soil potassium-grass magnesium and soil magnesium-grass

potassium. Similar findings are presented by De Sousa (39) for

Brazilian samples.
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The soil to serum magnesium correlation was variable among livestock

types (Table 28). A coefficient of -.24 was found between soils and cows

or heifers, while r = .24 was determined for soils to calves. Soil

calcium to serum magnesium interrelation was .22 for cows and essentially

0 for heifers or calves. The soil potassium to serum magnesium correla-

tion was 0 for cows, -.44 for heifers and .54 for calves.

Grass to serum magnesium relationships were .52 for cows, -.19

for heifers and 0 for calves (Table 29). Correlations were also variable

between grass calcium and serum magnesium (.54 for cows, and 0 for

heifers or calves), and between grass potassium and serum magnesium

(.13 for cows, -.17 for heifers and .34 for calves).

Low direct correlations were found for serum magnesium among

livestock types (Table 30). Coefficients obtained were .19 between

cows and heifers, .10 between cows and calves, and .08 between heifers

and calves.

The only significant prediction equation for magnesium variable

was for soil magnesium with soil pH (Table 31). It Should be remembered

that correlations between these two variables were not consistent for

all data, and that significance of the regression equation may be due

to the reason that overall values were used to compute it.

Soil-Plant-Animal Phosphorus Relationships

Mean phosphorus concentrations of soils, grasses, and blood sera

of grazing cattle, as well as their standard errors, are presented in

Table 8. Phosphorus content of soils did not greatly differ among the

two regions or the two groups of soils growing a particular grass

(P<.06 and P<.ll, respectively). No differences were found for grass

phosphorus among the two regions, but the two grasses differed signi—

ficantly (P<.05), Pangola— being lower than Guinea—grass. Serum
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TABLE 8. MEAN PHOSPHORUS CONCENTRATIONS OF SOILS, GRASSES, AND

BLOOD SERA OF GRAZING CATTLE FROM THE CENTRAL AND

NORTHERN REGIONS OF VERACRUZ, MEXICOa

. c
Livestock Type

Soils Grassesb Cows Heifers Calves

ppm % of DM mg/100 ml serum

Overall 4.13 0.307 4.26 5.77 7.81

(.62) (0.016) (.12) (.12) (.12)

Region I 6.19 0.325 4.39 6.07 7.59

(Central) (1.11) (.020) (.12) (.15) (.16)

Region II 2.07 0.288 4.13 5.48 8.02

(North) (.31) (0.025) (.21) (.18) (.18)

Grass I 2.43 0.228 3.75 5.36 7.21

(Pangola) (.27) (.010) (.18) (.18) (.18)

Grass II 5.83 0.386 4.76 6.19 8.40

(Guinea) (1.16) (.025) (.14) (.14) (.14)

Region I & 2.37 0.239 4.02 5.83 7.05

Grass I (.47) (.013) (.20) (.19) (.22)

Region I & 10.01 0.412 4.76 6.30 8.13

Grass II (1.77) (.024) (.11) (.22) (.21)

Region II & 2.48 0.218 3.49 4.89 7.37

Grass I (.27) (.017) (.30) (.28) (.28)

Region II & 1.65 0.359 4.77 6.07 8.67

Grass II (.55) (.042) (.12) (.18) (.17)

 

aNumber in parenthesis are standard errors.

Pangola lower than Guinea (P<.05).

CValues for animals grazing on Pangola were lower than for

those on Guinea (P<,Ol).
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phosphorus concentrations for animals grazing on Pangola- were signifi-

cantly lower than for those on Guinea-grass (P<.01). A highly significant

difference was found among livestock types (P<.00001), which, when tested

by the Bonferroni t test proved to exist for the three selected contrasts

(cows vs. heifers, cows vs. calves and heifers vs. calves) at the P<.01

level. The interaction of region by grass was not strongly Significant

(P<.06) for phosphorus in soils. However, there was a marked difference

among the two regions for soils growing Guineagrass (Figure 10). Region-

grass effects did not interact for phosphorus in grasses or in livestock

serum. The livestock by region interaction resulted highly significantly

(P<.0008), although not clearly apparent when plotted (Figure 11).

Interactions were not significant neither for livestock type with grass

effect nor for livestock type by region by grass.

Phosphorus concentrations in soils varied from 0.40 ppm for Farm 7

up to 16.82 ppm for Farm 6 (Table 18), most of them in the low or very

low part of what is usually reported as adequate (39, 57, 159).

Concentrations of 9.6119.8 ppm double acid extractable phosphorus are

given by De Sousa (39) for Brazilian soils sampled during the wet

season. Blue et a1 (15) report very low values (0.2 to 2.5 ppm) of

ammonium acetate extractable phosphorus for soils in Panama. They

point out that total phosphorus was in relatively adequate concentra—

tions (375 to 1175 ppm). Grass phosphorus levels in the present study

ranged from 0.16% (d.b.) to 0.57% (Table 18), values that range from

deficient to adequate when related to the 0.30% level considered as

adequate in grazing areas. Lower concentrations for the two grasses

studied have been reported in Brazil and other tropical countries

(4, 57, 101).
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Serum phosphorus concentrations covered a wide range, varying from

1.77 mg/dl for cows in Farm 8 up to 8.98 mg% for calves in Farm 10

(Table 18). The ranges given as normal are 4 to 6 mg/dl of serum or

plasma of adult cattle, and 6 to 8 mg/dl for young cattle, mostly under

one year of age (29, 113, 145). Blood serum concentrations of 6.63:1.65

mg% for grazing cattle from Brazil are reported by De Oliveira (38).

These values correspond to samples taken during the wet season and were

significantly different (P .01) to dry season samples (5.48:1.83 mg/dl).

Kiatoko et a1 (84) found low values (3.1:0.5 mg/dl) in cattle from

Costa Rica.

Soil phosphorus correlations with other soil variables are given

in Table 25 (Appendix). There was a direct relationship with magnesium

(r = .16 to .45) with the exception of soils in Region I growing Guinea-

grass (r = -.42). Phosphorus was also positively correlated with zinc

in soils (r = 0 to .69, and .55 for the overall). These results differ

from the relationships found by De Sousa (39) in a similar study in

Brazil. He found positive correlations for soil phosphorus with soil

calcium (r = .516), magnesium (r = .457), potassium (r = .370), zinc

(r = .379) and soil pH (r = .505).

Grass to grass correlations are presented in Table 26. A positive

relationship was found between phosphorus and potassium (r = .40 to .76,

with .45 for the overall). The exception was Grass II (r = -.30).

Phosphorus correlated with magnesium in grasses (r .72 to .79;

overall r = .70); the exception now was Grass I (r -.l4). Grass

phosphorus was negatively correlated with dry matter in forages

(r = —.25 to -.67, and -.22 as the overall). Values reported in the

Brazilian study (39) include an r = .717 for the phosphorus with

potassium correlation, r = .237 for phosphorus with magnesium and
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r = .585 for phosphorus with copper in grasses. Kayongo-Male et a1 (82)

found phosphorus in forages from Puerto Rico to be negatively correlated

to field dry matter and fibrous constituents (r = —.12 to -.76), and

positively related to protein content (r = 0 to .50).

Soil to grass correlations are given in Table 27. There was a

positive interrelation between soil and grass phosphorus (r = .44 to

.78) with the exception of Grass I (r = -.27). The soil calcium to

grass phosphorus correlation was not clear or consistent. De Sousa

(39) also found phosphorus to be positively correlated between soils

and grasses (r = .419). He reports a coefficient of .309 for the soil

calcium with grass phosphorus correlation.

Soil to serum phosphorus correlations were positively consistent,

but low (Table 28). Coefficients found were .18 for soil phosphorus to

cows' phosphorus, .34 for soil to heifers, and .15 for soils with calves.

The soil calcium to serum phosphorus correlation was variable (r = -.02

for soils to cows, -.19 for soil—heifers, and .34 for soils—calves).

Grass to serum phosphorus was directly correlated (Table 29).

Correlation coefficients were .64 for grass to cows, .60 for grass to

heifers, and .33 for grass to calves. The grass calcium to serum

phosphorus relationship was 0 for cows, -.12 for heifers and .62 for

calves.

Correlations for serum phosphorus among livestock types were .68

for cows with heifers, .14 for cows to calves, and .06 for heifers to

calves (Table 30).

Significant regression equations for phosphorus are presented in

Table 31. According to them, variation in grass phosphorus could be

explained in about 44% by soil phosphorus (R2: .44). Other significant

equations were cows and heifers phosphorus regressed on grass phosphorus
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(R2: .41 and .37, respectively), and cow phosphorus regressed on soil

and grass phosphorus combined (R2= .52).

Soil-Plant-Animal Copper Relationships
 

Table 9 shows means and standard errors for copper. Soils did not

differ in their copper content among the two regions, but soils growing

Pangola- were significantly lower in copper than soils growing Guinea-

grass (P<.03). Copper content in forages was not different among

regions or grasses. Serum copper for animals from Region I was signi-

ficantly higher (P<.004) than for cattle from Region II (Figure 12),

but no differences were found among livestock types. Interactions among

regions and grasses were not significant for copper in soils, grasses

or animal sera. There was no interaction of livestock type by region,

and of livestock type by region by grass. Livestock type interacted

with grass, although not very strongly (P<.057). It can be seen in

Figure 13 that serum copper of heifers and calves was higher in grass

two than in grass one, while this response was reversed for cows.

Soil extractable copper concentrations in the present study

ranged from 0.65 ppm to 4.58 ppm (Table 19). Values of 2 to 100 ppm

with a mean of 20 ppm are given in the literature for copper in soils

(16). Horowitz and Dantos cited by De Sousa (39) sustain that soils

with less than 0.6 ppm of extractable copper are considered deficient

for pastures and crops. De Sousa reports mean values of 2.1 and 1.5 ppm

for Brazilian soils sampled during the dry and wet seasons, the

difference among those means being significant (P .007).

Grass copper values varied from 4.0 to 18.1 ppm (d.b.) among the

twelve farms (Table 19). Normal copper concentrations in plant tissues

range from 8 to 20 ppm (79, 156), being generally accepted that

deficiencies in plants may occur at values below 6 ppm. Values of
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TABLE 9. MEAN COPPER CONCENTRATIONS OF SOILS, GRASSES, AND

BLOOD SERA OF GRAZING CATTLE FROM THE CENTRAL

AND NORTHERN REGIONS OF VERACRUZ, MEXICOa

. c

Livestock Type

Soilsb Grasses Cows Heifers Calves

ppm DM ppm ug/ml serum

Overall 2.43 7.12 0.638 0.619 0.629

(.16) (.48) (.012) (.014) (.014)

Region I 2.26 5.89 0.683 0.687 0.678

(Central) (.17) (.23) (.016) (.019) (.022)

Region II 2.61 8.35 0.593 0.552 0.580

(North) (.27) (.88) (.016) (.018) (0.16)

Grass I 1.75 6.82 0.645 0.597 0.600

(Pangola) (.16) (.42) (.017) (.021) (.019)

Grass II 3.12 7.42 0.632 0.642 0.658

(Guinea) (.22) (.86) (.017) (.019) (.021)

Region I & 1.77 6.27 0.683 0.663 0.643

Grass I (.16) (.34) (.024) (.031) (.027)

Region I & 2.76 5.51 0.683 0.710 0.713

Grass II (.26) (.29) (.021) (.022) (.032)

Region II & 1.73 7.37 0.607 0.530 0.557

Grass I (.29) (.76) (.022) (.024) (.023)

Region II & 3.48 9.34 0.580 0.573 0.603

Grass II (.34) (1.58) (.024) (.026) (.022)

 

aNumbers in parenthesis are standard errors.

bSoils growing Pangola were lower than those growing

Guinea (P<.03).

CValues for animals from Region I were higher than for

those from Region II (P<.0038).
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6.2 ppm for Guinea- and 7.4 ppm for Pangolagrass are reported by Gomez

et a1 (56) for samples from Peru. King and Price (85) give figures of

9.9 and 16.7 ppm for Guinea and Pangola samples from Haiti.

Copper concentrations found in serum ranged from 0.460 to 0.810

ug/ml (Table 19). Plasma or serum normal copper values vary from 0.5

to 1.5 ug/ml (108, 135, 153). Concentrations lower than 0.5 ug/ml are

taken as indicative of deficiency.

Soil to soil correlations are presented in Table 25. Soil copper

was directly correlated with calcium (r = .20 to .56), potassium

(r = 0 to .48), selenium (r = .22 to .71), cobalt (r = .11 to .25)

and soil pH (r = .22 to .61), and inversely related to soil iron

(r = -.16 to -.62). These relations are reported as low or not signi-

ficant for Brazilian soils (39), with the exception of soil copper to

soil cobalt (r = 0.64).

Correlations between minerals in grasses are shown in Table 26.

Relationships of grass copper with the other minerals were not clear

or consistent. Exceptions may be the mostly positive correlation with

calcium (r = .39 to .49) and selenium (r = 0 to .33), and the inverse

relation with grass crude protein (r = 0 to -.23). These results are

reported differently in the Brazilian study (39). The grass copper to

grass calcium correlation was negative (r = -.28), while copper was

positively correlated to phosphorus (r = .59), magnesium (r = .22) and

potassium (r = .79). The relation of grass copper to grass protein

has been reported as positive (r = .34) for forages from Peru (45),

although it is generally accepted that this relationship is not clear.

Soil to grass mineral correlations are given in appendix Table 27.

The relationship of soil to grass copper was essentially zero. Soil

calcium to grass copper correlations were not consistent, the same
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loeing true for soil copper to grass zinc and for soil pH to grass copper.

An inverse relationship was found between soil copper and grass iron

(r = 0 to -.56) and between soil iron with grass copper (r = -.09 to

-.33). Soil copper and grass selenium showed a low positive correlation

(r = 0 to .34). Similar results were found for soil calcium to grass

copper, soil copper to grass zinc and soil pH to grass copper for

samples from Brazil (39). A low negative relationship is reported for

soil to grass copper (r = *.12), and a positive correlation is presented

for soil copper to grass iron (r = .28) and for soil iron to grass

c0pper (r = .17), which disagrees with our findings.

Soil to serum copper correlation were variable (Table 28).

Values found were r = .10 when relating soils to cows, -.31 with

heifers and .17 with calves. A negatively consistent relationship

between soil calcium and serum copper was found (r = -.44, -.55 and

-.45 for the correlation of soils to cows, to heifers and to calves,

respectively). Soil copper was essentially not correlated to serum

iron (r = .18 for cows was the highest coefficient) and to serum zinc

(r = .19 for heifers). Soil copper correlated positively with serum

selenium (r = .14 to .33). Soil copper to blood hemoglobin or blood

hematocrit correlations were positive for cows and calves (r = .24 and

.36 for hemoglobin; r = .11 and .42 for hematocrit) and negative for

heifers (r = -.08 and —.16). The soil zinc to serum copper correlation

was direct and consistent (r = .59, .46 and .37 for soils to cows, to

heifers and to calves).

Grass copper was negatively correlated to serum copper, showing

coefficients of -.48, -.19 and -.22 for cows, heifers and calves

(Table 29). As happened with soil calcium to serum copper, correlations

were negative for grass calcium to serum copper (r = —.54, —.34 and
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-—.34 in the usual order). Grass copper directly correlated with serum

selenium (r = .46, .61 and .17), serum zinc (r = .30, .37 and .30), and

blood hemoglobin (r = .19, .05 and .38). Correlations of grass copper

with serum iron, with blood hematocrit, and of grass zinc with serum

copper varied among livestock types.

Serum to serum correlations for copper are presented in Table 30.

Cows with heifers and heifers with calves did not correlate, while a

high positive (r = .74) correlation was found between serum copper of

cows and serum copper of calves.

No significant prediction equations were found for the copper

variables analyzed.

Soil-Plant-Animal Iron Relationships
 

Means and standard errors for iron concentrations in soils, plants

and animal sera are presented in Table 10. Soil iron levels were

significantly higher in Region I (P<.001), while the difference was

not greatly significant among the two groups of soils growing a

particular grass (P<.08). No marked differences were found for iron

content in forages among the two regions (P<.12), but the two grasses

differed significantly (P<.01). There were no differences for serum

iron concentrations of livestock grazing in the two regions or on the

two types of grasses, while significant differences were obtained

among livestock types (P<.00001). Tested by Bonferroni's t procedure,

those differences were found between cows and heifers and between cows

and calves, but not between heifers and calves (P<.01). Region and

grass effects did not interact significantly for iron in soils,

grasses or animal sera. However, the difference in iron content

among the two grasses was much greater in Region I than in Region II
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TABLE 10. MEAN IRON CONCENTRATIONS OF SOILS, GRASSES, AND

BLOOD SERA OF GRAZING CATTLE FROM THE CENTRAL

AND NORTHERN REGIONS OF VERACRUZ, MEXICOa

 

Livestock Type

 

Soilsb Grassesc Cows Heifers Calves

PPm DM ppm ug/ml serum

Overall 19.3 188.6 1.77 2.07 2.15

(2.3) (16.2) (.03) (.03) (.06)

Region I 35.1 232.7 1.73 2.16 2.20

(Central) (2.6) (29.8) (.04) (.05) (.09)

Region II 3.56 144.5 1.80 1.97 2.10

(North) (.75) (8.0) (.05) (.05) (.07)

Grass I 24.9 271.5 1.74 2.09 2.25

(Pangola) (3.6) (25.4) (.05) (.05) (.09)

Grass II 13.7 105.7 1.79 2.05 2.05

(Guinea) (2.5) (4.8) (.04) (.05) (.06)

Region I & 43.8 359.2 1.71 2.16 2.26

Grass I (3.3) (41.2) (.06) (.07) (.15)

Region I & 26.3 106.2 1.76 2.16 2.14

Grass II (2.9) (8.4) (.06) (.07) (.09)

Region II & 5.93 183.8 1.77 2.01 2.23

Grass I (1.27) (7.4) (.07) (.07) (.11)

Region II & 1.19 105.2 1.83 1.93 1.97

Grass II (.12) (5.0) (.06) (.07) (.08)

 

a . .
Numbers in parentheSiS are standard errors.

bRegion I higher than Region II (P<.001).

CPangola higher than Guinea (P<.01).
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(P<.12) (Figure 14). The interaction of livestock-type by region was

significant (P<.04). Calves and heifers values were lower in Region II

than in Region I, while the response for cows was the opposite (Figure

15). The interaction of livestock-type by grass was not strongly

significant (P<.O6), and there was not a three-way interaction among

the type of livestock, region and grass effects.

Extractable iron concentrations in soil ranged from 0.72 ppm for

Farm 10 to 58.7 ppm for Farm 5 (Table 20). A level of 20 ppm in the

soil solution is said to be sufficient to prevent iron deficiency in

crops (134). If based in this criterion, all soils from Region II were

deficient in iron. Values of 27123 ppm are reported by De Sousa (39)

for Brazilian soils.

Forage iron concentrations varied from 93 to 507 ppm (d.b.),

values within or above the sufficiency range that appears to be 50 to

250 ppm (79). Mean concentrations ranging from 91 to 256 ppm are

reported for Pangola- and Guineagrass samples from Haiti (85), Eastern

Panama (15) and Venezuela (124).

Iron concentrations in serum ranged from 1.55 ug/ml for cows in

Farm 1 to 3.05 ug/ml for calves in the same Farm (Table 20). Reported

values for normal cattle range from 1 to 2 ug/ml (126), which means

that all farms sampled were within or above the normal level. This

agrees with the concept that, under natural conditions, there is no

iron deficiency in grazing animals.

Correlations between soil minerals are presented in Table 25.

Soil iron was inversely correlated with soil calcium (r = -.61 to

—.87), potassium (r = —.64 and -.58 for Regions I and II), copper

(r = -.16 to -.62), selenium (r = -.14 to -.84), cobalt (r = —.24 to

-.62) and soil pH (r = -.38 to -.94). These negative relationships
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could be explained in the basis of pH, since it is known that greatest

availability of iron occurs in acid soils at low pH. It is sustained

that for each pH unit increase above pH 4.0, the solubility of Fe3+

decreases by a factor of about 1000 (18). The correlation with soil

zinc was positive (r = .31 to .79), with the exception of Region I

(r = -.20). Similar but lower correlation coefficients are reported

by De Sousa (39) for the relationships of iron in soils from Brazil,

the relation between iron and zinc being negative (r = -.27).

Grass to grass correlations are given in Table 26. Grass iron

was negatively correlated with grass calcium (r = 0 to -.70), potassium

(r = -.51 and -.76 for Region I and II), magnesium (r = -.25 to -.57,

with the exception of Grass II), phosphorus (r = -.05 to -.51, Grass I

excepted), copper (r = 0 to -.29), and grass crude fiber (r = -.40 to

-.49, excepting Grass II). Iron was again positively correlated to

zinc in grasses (r = 0 to .70), and the opposite was expected, since

a clear antagonism exists between these two elements. For instance,

it is sustained that excessive uptake of zinc by a plant may disturb

the metabolic function of iron, and chlorosis from iron deficiency may

develop even though iron is present at normal concentration in the

plant (118). Negative, lower correlations are given in the Brazilian

study (39), the relationship with zinc being again negative (r = -.l7).

Soils to grass correlations are Shown in Table 27. Coefficients

for the soil to grass iron interrelation varied from 0 to .66, with

r = .57 for the overall data. Inverse correlations were found for

soil calcium to grass iron (r = -.05 to -.63), soil copper to grass

iron (r = 0 to —.56), soil iron to grass copper (r = -.09 to -.33),

and soil pH to grass iron (r = —.08 to —.49). The negative correlation

with calcium is conditioned to a great extent by soil pH, while the
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relationship with copper is the result of a clear antagonism between the

two ions. It has been observed that iron deficiency in plants can develop

on soils with accumulated COpper, especially after long years of copper

application (149). Findings by De Sousa in Brazil (39) were no signi-

ficant correlations between soil calcium and grass iron (r = —.032) and

between soil pH and grass iron (r = -.102). On the other hand,

positive relationships were reported for soil copper to grass iron

(r = .28) and soil iron to grass copper (r = .17), which is the Opposite

to what we found.

Correlations between soil iron and serum iron were significant

for heifers (r = .64), low negative for cows (r = —.17) and non existant

for calves (Table 28). Soil iron correlated positively with serum

copper (r = .21 for cows, .55 for heifers and .15 for calves), while

soil copper was essentially not correlated to serum iron (r = .18 for

cows was the highest coefficient). A variable response was found for

the correlation between soil iron and blood hemoglobin (r = -.36 for

cows, .19 for heifers and —.53 for calves), and between soil iron and

blood hematocrit (r = .18 for cows, .46 for heifers and -.52 for

calves). It would appear that calves are adversely affected in those

two blood parameters by the iron content in soils, which iS not

explainable.

Grass to serum iron relationships were variable among livestock

types: r = -.25 for cows, .22 for heifers, and .43 for calves (Table

29). Variable reSponses were also found for the correlation between

grass iron and serum copper (r = -.24 to .14), grass copper to serum

iron (r = —.72 to .55), grass iron to blood hemoglobin (r = —.10 to

.20) and grass iron to blood hematocrit (r = -.19 to .38).
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Correlations for serum iron among livestock types are presented

in Table 30, being all negative (r = -.10 between cows and heifers,

r = -.28 between cows and calves, and r = -.37 between heifers and

calves).

Significant regression equations for iron variables are presented

in Table 31. R squares found were .74 for soil iron regressed on soil

pH, .41 for grass iron regressed on soil iron, .42 for heifer iron also

regressed on soil iron, and .48 for heifer iron regressed on both soil

iron and grass iron.

Soil-Plant-Animal Selenium Relationships

Mean selenium concentrations and standard errors of soils, grasses

and blood sera are given in Table 11. The two regions were Significantly

different in their selenium content in soils (P<.00001), grasses (P<.001)

and animals (P<.002), Region I being always lower than Region II. No

differences were found due to grass type for selenium in soils, grasses

or animals. Livestock types differed Significantly in their selenium

content in serum (P<.00001), cows being different from heifers and

calves (Bonferroni's t test, P<.01). There was no significant

interaction among regions and grasses for selenium in soils, grasses

or animal sera. However, selenium content was greater in soils growing

Guinea- than those growing Pangolagrass in Region I, while the reverse

was true in Region II (P<.08). Livestock type interacted significantly

with region (P<.00001) and grass effects (P<.0002). The differences

in serum selenium content between cows and heifers or calves was much

greater in Region II (Figure 16) and in Grass II (Figure 17) than it

was for Region I and Grass 1. The three-way interaction, livestock

type by region by grass, was also significant (P<.003). It was
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TABLE 11. MEAN SELENIUM CONCENTRATIONS OF SOILS, GRASSES, AND

BLOOD SERA OF GRAZING CATTLE FROM THE CENTRAL AND

NORTHERN REGIONS OF VERACRUZ, MEXICOa

 

 

 

Livestock Typed

. b c .

SOils Grasses Cows Heifers Calves

ppm DM ppm ug/ml serum

Overall 0.220 0.121 0.042 0.016 0.015

(.013) (.006) (.003) (.001) (.001)

Region I 0.125 0.094 0.024 0.013 0.007

(Central) (.005) (.004) (.002) (.001) (.001)

Region II 0.315 0.147 0.060 0.020 0.024

(North) (.012) (.008) (.003) (.002) (.001)

Grass I 0.220 0.125 0.035 0.016 0.014

(Pangola) (.021) (.008) (.003) (.001) (.001)

Grass II 0.220 0.116 0.048 0.017 0.017

(Guinea) (.016) (.007) (.004) (.002) (.002)

Region I & 0.110 0.096 0.022 0.013 0.005

Grass I (.005) (.004) (.003) (.002) (.001)

Region I & 0.139 0.092 0.026 0.013 0.009

Grass II (.006) (.007) (.003) (.001) (.002)

Region II & 0.330 0.154 0.049 0.018 0.023

Grass I (.017) (.013) (.004) (.002) (.002)

Region II & 0.300 0.140 0.071 0.022 0.025

Grass II (.018) (.011) (.004) (.003) (.001)

 

aNumbers in parenthesis are standard errors.

bRegion I lower than Region II (P<.00001).

CRegion I lower than Region II (P<.001).

Values for animals from Region I were lower than those

from Region II (P<.002).
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essentially due to the greater difference among regions for cows grazing

on Guinea— than for cows grazing on Pangola-grass (Figure 18).

Total selenium in soils varied from 0.103 ppm in Farm 5 to 0.356

for Farm 12 (Table 21). Most soils are said to contain between 0.1 and

2.0 ppm total selenium, with a mean value of 0.2 ppm (16, 142). Several

soils sampled from Region I were found to contain less than 0.1 ppm

selenium, and they should be considered deficient, since availability

of selenium from these soils is even poorer due to the acidity

conditions.

Selenium concentrations in forages ranged from 0.086 ppm (d.b.)

for Farm 2 to 0.191 ppm for Farm 12. A wide variation of selenium

levels in plants has been reported, but a level of 0.1 ppm has been

suggested or recommended as the minimum desirable concentration in the

food (2, 54).

Serum selenium levels varied from 0.001 ug/ml for calves in Farm 4

to 0.078 ug/ml for cows in Farm 10 (Table 21). In general, blood

selenium levels of 0.05 ug/ml are considered satisfactory (29, 62)

and concentrations below this level should be considered as indicative

of deficiency. Most animals from Region I showed low selenium levels,

and complementary studies should be conducted to check the possibility

of selenium-responsive diseases in the area.

Correlation coefficients and confidence limits for the relation-

ships between soil minerals are given in Table 25. There was a positive

correlation of soil selenium with soil calcium (r = .27 to .92), copper

(r = .20 to .56), cobalt (r = 0 to .51) and soil pH (r = .19 to .87),

while the interrelation with iron was negative (r = —.14 to -.84).

Most of these correlations can be explained on the basis of soil pH,

since it is well known that availability of selenium is greater in
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alkaline soils, this being also true for calcium and cobalt. On the

other hand, iron is more available in soils with low pH values.

Correlations between grass minerals are reported in Table 26.

Selenium was correlated to calcium only for the groups of farms within

a particular grass and for the overall data (r = .42 to .52). There

was also a low positive correlation with copper (r = .04 to .33) and

zinc (r = .16 to .38). The interrelationship between grass selenium

and grass iron was not consistent, being negative only for the overall

data and when grasses were considered separately (r = —.07 to -.32).

Soil to grass selenium were positively correlated, coefficients

varying from .12 to .61 (Table 27). A positive correlation was also

found between soil calcium and grass selenium, but only for the two

grasses and for the overall data (r = .51 to .59). Low correlations were

obtained between soil copper and grass selenium (r = 0 to .34) and between

soil selenium and grass copper (r = .02 to .38). The relationship of grass

selenium with soil pH was positive (r = 0 to .55), except for Region I

(r = -.16).

Soil to serum selenium correlations were positively consistent

among livestock types, coefficients being .70 for soil to cows, .34 to

heifers and .76 to calves (Table 28). Correlations between soil copper

and serum selenium were also positive, but low (r = .14 to .33).

Correlation coefficients found between grass selenium and serum

selenium were .55 for grass to cows, .36 for heifers, and .69 for

calves (Table 29). Grass copper directly correlated with serum selenium

(r = .17 to .61). All those attempts to correlate copper to selenium

were made on the premise that there is some kind of nutritional inter-

action among those two elements, antagonistic effects being expected

(137). However, only positive relationships were found through all sets

of correlations established.
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Correlations for selenium in serum between livestock types were

positive and of some significance (Table 30). Cow selenium to heifer

selenium correlation coefficient was .49, cows' to calves' was .88 and

heifers' to calves' was .34. Selenium was one of the two cases (zinc

was the other one) where levels in serum among the three livestock types

were significantly correlated. This shows a similar trend in the

response of grazing cattle at three different ages to selenium in soils

and forages, although the absolute concentrations in serum were

different.

Several prediction equations resulted significant for selenium

variables (Table 31). Variation in the selenium content of grasses

could be explained in about 72% by selenium levels in soils (R2 = .72).

Cows and calves serum selenium variations were also given by the

differences in soil selenium in 50 and 58%, respectively (R2 = .50 and

.58). The R square for calves' selenium when regressed on grass

selenium was .47. Regression equations were also determined for

cows' and calves' selenium regressed on both soil and grass selenium

levels. R squares found were .50 for cows and .58 for calves. The

highest in significance was for soil selenium regressed on soil pH

2
(R = .80), which is clearly understood since available selenium

levels in soils are greater in alkaline pH.

Soil-Plant-Animal Zinc Relationships
 

Means and standard errors for zinc are presented in Table 12.

There were significant differences among regions and grasses in their

zinc content. Soils from Region I were higher in their zinc levels

than soils from Region II (P<.Ol) and, on the contrary, grasses in

Region I had lower zinc concentrations than in Region II, although

this difference was not strongly significant (P<.056). Differences
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TABLE 12. MEAN ZINC CONCENTRATIONS OF SOILS, GRASSES, AND

BLOOD SERA OF GRAZING CATTLE FROM THE CENTRAL

AND NORTHERN REGIONS OF VERACRUZ, MEXICOa

 

LivestockTyped
 

 

Soilsb GrassesC Cows Heifers Calves

ppm DM ppm ug/ml serum

Overall 1.58 32.18 0.99 0.98 1.04

(.15) (1.18) (.02) (.02) (.02)

Region I 2.41 29.99 0.96 0.92 0.99

(Central) (.20) (1.80) (.03) (.03) (.03)

Region II 0.76 34.36 1.02 1.05 1.10

(North) (.09) (1.45) (.03) (.03) (.02)

Grass I 1.58 40.09 0.92 0.89 1.00

(Pangola) (.15) (1.03) (.03) (.03) (.02)

Grass II 1.58 24.26 1.06 1.08 1.10

(Guinea) (.25) (.99) (.03) (.03) (.03)

Region I & 2.02 39.03 0.88 0.83 0.93

Grass I (.23) (1.75) (.04) (.04) (.03)

Region 2.79 20.95 1.03 1.01 1.05

Grass (.30) (.80) (.03) (.05) (.05)

Region 1.14 41.15 0.95 0.95 1.06

Grass (.14) (1.08) (.03) (.03) (.03)

Region II & 0.37 25.57 1.08 1.15 1.14

Grass II (.03) (1.44) (.04) (.04) (.03)

 

aNumbers in parenthesis are standard errors.

bRegion I higher than Region II (p<.01).

CRegion I lower than Region II (P<.056); Pangola higher

than Guinea (P<.0001).

dValues for animals grazing on Pangola were lower than

for those on Guinea (P<.037).
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were highly significant among the two grasses (P<.0001), Pangola— being

higher than Guineagrass. Animals did not greatly differ in their serum

zinc levels among regions, but cattle grazing on Pangola- had lower

zinc concentrations than cattle on Guineagrass (P<.037), which is the

Opposite to what happened in grasses. Differences among livestock

types were not strongly significant (P<.068), existing primarily

between heifers and calves (Bonferroni's t test, P<.10). Region by

grass interactions were not significant for zinc in soils, grasses or

animal sera. However, soils growing Guinea- in Region I had higher

zinc concentrations than soils growing Pangolagrass while the response

was opposite in Region II (P<.l3). Interactions of livestock type

with region, grass, and the three—way interaction were also not

significant.

Extractable soil zinc levels ranged from 0.28 ppm in Farm 9 to

3.57 ppm in Farm 6 (Table 22). Tisdale and Nelson (149) report an

experiment in which the zinc status of 53 soils was investigated.

Sweet corn responded to zinc applications if the soil contained 0.55

ppm extractable zinc or less (dithizone extracting solution). Even

though the extracting solutions were not the same (we used a 0.1 N HCl

solution), that level of 0.55 ppm could be used as a guide. In that

case, soils in four farms from Region II were low in their zinc

content. Values reported for Brazilian soils (39) were 2.4il.8 ppm

zinc (double acid extracts) for wet season samples, which were not

significantly different from samples taken during the dry season

(l.9i1.6 ppm).

Zinc grass concentrations, shown in Table 22, varied from 19.6

to 43.2 ppm (d.b.), most of them within the 20 to 150 ppm range given

in the literature as normal (79, 109). When the content is less than
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20 ppm, plant tissues are often deficient. Similar values have been

reported for the same two grasses in Haiti (85) and Venezuela (124),

zinc concentrations being higher in Pangola- than in Guineagrass, as

in our study. Zinc requirements for beef cattle appear to be between

20 and 30 ppm of diet dry matter (112), while 40 ppm are recommended

for dairy cattle (113).

Zinc concentrations in serum of grazing cattle for individual

farms are given in Table 22. Values ranged from 0.73 ug/ml for heifers

in Farm 1 to 1.33 ug/ml for calves in Farm 4. Plasma zinc concentrations

from 0.60 to 1.40 ug/ml are considered normal for cows (27), and values

lower than 0.40 ug/ml would be indicative of zinc deficiency. In

general, it is accepted that deficiency of zinc in grazing ruminants

rarely occurs under natural conditions (68, 96). In our study, all

farms had zinc values within the normal range.

Soil to soil mineral correlations are presented in appendix

Table 25. Relationships between zinc and calcium were negative for

soils grouped by the grass they were growing and for the overall data

(r = -.48 to -.80), but not for region (r = 0 to .23). Correlations

were also variable between soil zinc and soil potassium, copper and

selenium. Zinc showed positive correlations with magnesium in soils

(r = .17 to .73), phosphorus (r = 0 to .69), and iron (r = .31 to .79,

excepting Region I for which r = -.20). A negative relationship was

found with cobalt (r = 0 to —.55) and soil pH (r = -.14 to -.88).

The correlations with calcium, iron and soil pH were expected since

zinc is generally more available in acid than in alkaline soils (149,

156). On the other hand, the relationship between zinc and phosphorus

was supposed to be negative. It is known that zinc deficiency in

plants is observed frequently on high phosphate soils, and it is even
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called "phosphorus-induced zinc deficiency" (89, 118). De Sousa (39)

found positive correlations between soil zinc and soil calcium (r = .53),

potassium (r = .45), magnesium (r = .49), phosphorus (r = .38), cobalt

(r = .35) and even for pH (r = .56), which is still more confusing.

Correlations between minerals in grasses are reported in Table 26.

Interrelationships found between grass zinc and grass calcium, potassium,

magnesium, phosphorus and copper were variable (i.e.: negative for

regions, positive for grass types, and vice versa). Zinc correlated

positively with iron (r = 0 to .70) and selenium (r = .16 to .38), and

negatively with grass dry matter (r = 0 to -.50), crude protein (r =

-.15 to -.49) and crude fiber (r = 0 to -.6l). Results were not clear,

since defined inverse correlations were expected with calcium, phosphorus

and copper because of the antagonism existing between these elements and

zinc (125). For instance, it has been observed that a high level of

phosphorus or zinc may reduce plant uptake of the other element (149).

Kayongo—Male et al (82) report that zinc concentration in grasses was

negatively related to fiber and field dry matter, but positively

related to crude protein. Correlations found in grass samples from

Brazil (39) were positive between zinc and calcium (r = .31), potassium

(r = .24), magnesium (r = .35), phosphorus (r = .24), copper (r = .14),

and negative between zinc and iron (r = -.17), the last one being the

only different to our findings.

The correlations between soil zinc and grass zinc were variable

(Table 27). The case was the same for the relationship between soil

calcium with grass zinc, soil copper with grass zinc, soil zinc with

grass copper and soil pH with grass zinc. Correlations found by

De Sousa (39) in Brazil were r = .30 for the relation between soil

zinc with grass zinc, .27 for soil calcium with grass zinc, .37 for
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soil pH to grass zinc, and no significance between soil copper with

grass zinc or soil zinc with grass copper. Once again, inverse

relationships were expected between zinc and calcium, copper and pH.

Soil to serum correlations are presented in Table 28. A negative

relationship was found between soil zinc and serum zinc (r = -.42 for

cows, -.23 for heifers and -.37 for calves), while the correlation

between soil calcium and serum zinc was positive (r = .40 for cows,

.36 for heifers and .46 for calves). These results are not explainable.

The relationship between soil copper and serum zinc was essentially

zero.

Grass zinc correlated negatively with serum zinc (Table 29).

Correlations coefficients were -.58 for cows, -.41 for heifers and

-.27 for calves. The grass calcium to serum zinc relationship was

positive (r = .61, .61 and .54 for cows, heifers and calves), being

also positive the grass copper with serum zinc interrelation (r = .30,

.37 and .30 in the usual order). The opposite was expected for these

correlations, as was for the relations between soil and serum variables.

Livestock types showed significant correlations for their zinc

concentrations in serum (Table 30). Correlations coefficients were

.71 between cows and heifers, .67 between cows and calves, and .74

between heifers and calves.

Three prediction equations including zinc variables were signi-

ficant (Table 31). R square found for zinc concentrations in serum

of cows when regressed on soil zinc was .33, and when regressed on

both soil and grass zinc was .66. In other equation, 59% of the

variation in soil zinc could be explained by differences in soil pH

(R2 = .59).



98

Soil Cobalt Relationships
 

Mean concentrations and standard errors for cobalt in soils are

presented in Table 13. The two regions were significantly different

in their cobalt content (P<.0002), Region II being higher. There was

no interaction of region by grass effects (Figure 19). Soil cobalt

values, extracted with 0.1 N HCl, ranged from .42 ppm for Farm 6 to

0.93 ppm for Farm 9 (Table 23). It is sustained that levels greater

than 0.3 ppm Co (extracted with acetic acid), indicate adequate cobalt,

while less than 0.1 ppm is considered low (29). De Sousa (39) reports

levels of l.0211.86 ppm cobalt for wet season soil samples from Brazil

(also extracted with 0.1 N HCl).

Direct correlations were obtained for soil cobalt with soil

calcium (r = .13 to .58), potassium (r = 0 to .34), copper (r = .11

to .25), selenium (r = .25 to .51, Region II excepted) and soil pH

(r = .13 to .58). A negative relationship was found with iron (r =

-.24 to -.62) and zinc (r = 0 to -.55). It would appear that cobalt

is better available from soils with neutral to alkaline pH. However,

it has been observed that overliming and subsequent rise in soil pH

renders cobalt completely unavailable to the plant (69). Correlations

in the Brazilian study (39) were higher for soil cobalt with soil

magnesium (r = .53) and copper (r = .64), while the relation with

zinc was opposite (r = .35). The remaining correlations were similar

to our results.

Soil pH Relationships
 

Soil pH values are reported in Table 13. There was a highly

significant difference (P<.00006) of pH in soils among the two regions,

Region II having higher pH. No interaction was found for region and

grass effects (Figure 20). Soil pH values ranged from 5.97 (Farm 3)
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TABLE 13. MEAN SOIL COBALT CONCENTRATIONS, SOILS PH, AND GRASSES

DRY MATTER, CRUDE PROTEIN AND CRUDE FIBER FOR SAMPLES

FROM THE CENTRAL AND NORTHERN REGIONS OF VERACRUZ,

MEXICOa

SOCOb SORHC GRADM GRACP GRACF

ppm % DM% DM%

Overall 0.69 7.05 29.0 7.74 37.3

(.04) (.10) (.4) (.19) (.3)

Region I 0.53 6.31 28.0 8.57 36.8

(Central) (.04) (.06) (.5) (.17) (.5)

Region II 0.84 7.79 29.9 6.91 37.7

(North) (.05) (.09) (.6) (.28) (.4)

Grass I 0.65 6.80 28.7 7.35 36.3

(Pangola) (.05) (.15) (.7) (.22) (.5)

Grass II 0.72 7.30 29.3 8.13 38.3

(Guinea) (.05) (.13) (.5) (.29) (.3)

Region I 0.50 6.06 26.6 8.28 36.2

Grass I (.05) (.05) (.8) (.20) (.9)

Region I 0.56 6.56 29.5 8.87 37.5

Grass II (.06) (.07) (.4) (.25) (.4)

Region II 0.81 7.54 30.7 6.43 36.4

Grass I (.07) (.15) (.8) (.25) (.6)

Region II 0.88 8.04 29.2 7.38 39.1

Grass II (.06) (.02) (.8) (.48) (.5)

 

a . .
The numbers in parentheSIS are standard errors.

bRegion I lower than Region II (P<.0002).

CRegion I lower than Region II (P<.00006).
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to 8.03 (Farms 7, 9 and 12). The values were higher than what it is

found for soils of tropical or subtropical regions, usually having a

pH much lower than 6.0. pH values from 5.8 to 7.2 have been reported

for Haitian soils (85), while a pH of 6.1 was given for soils from

Venezuela (124).

There were clear positive relationships between soil pH and soil

calcium (r = .66 to .95), copper (r = .22 to .61), selenium (r = .19

to .87), and cobalt (r = .13 to .58) (Table 25). Inverse correlations

were found between soil pH with soil iron (r = -.38 to -.94) and zinc

(r = -.14 to -.88). All those interrelations fall within normal

expectations since Ca, Cu, Se and Co are more available at neutral to

alkaline pH's, while availability of iron and zinc is greatest in acid

soils. Variable trends among regions and grasses were observed for

the relations of soil pH with soil phosphorus, potassium and magnesium.

Soil pH to grass minerals correlations are given in Table 27.

There were clear relationships with grass calcium (r = .42 to .93)

and grass iron (r = -.08 to —.49), while the responses were variable with

grass copper, selenium and zinc.

Similar correlations in soils were found in Brazil (39) between

soil pH and soil calcium, iron and cobalt. The relationship with

copper was not significant and with zinc was positive and high (r =

.56), which was opposite to what we observed. Another difference was

the positive correlations of soil pH with soil potassium (r = .42),

magnesium (r = .51) and phosphorus (r = .51). It is also reported in

the same reference a low correlation of soil pH to grass calcium

(r = .13), a positive relationship with grass zinc (r = .37) and no

significant relations between soil pH and grass copper and iron.
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Grasses Dry Matter, Crude Protein and Crude Fiber Relationships

Dry matter, crude protein and crude fiber determinations are given

in Table 13. There were not significant differences among regions or

grasses for any of these parameters. Interactions among main effects

(region and grass) were also not significant. Dry matter content varied

from 25.8% of fresh weight (Farm 10) to 33.0% (Farm 7). Crude protein

values ranged from 5.52% (d.b.) in Farm 9 to 10.01% in Farm 10. Values

found for crude fiber varied from 33.2% (d.b.) for Farm 1 up to 40.1%

for Farm 7. It is interesting to observe that even when samples were

taken at the middle of the rainy season, four farms from Region II had

protein levels lower than 7.2%, value that has been suggested as the

inferior limit in subtropical pastures to ensure a zero nitrogen

balance (107). Forages are known to decrease in protein and mineral

content, and increase in fiber, as they mature. Thus, those same farms

sampled during the dry season are almost sure to show severe protein

and mineral deficiencies.

Correlations between grass variables are shown in Table 26.

Grass dry matter positively correlated with grass calcium (r = .06

to .47), while inverse correlations were observed between grass dry

matter and grass potassium (r = —.06 to -.78), phosphorus (r = 0 to

-.67) and zinc (r = 0 to -.50). Variable responses among regions and

grasses were found for the relations between grass dry matter with

grass magnesium, copper, iron or selenium. Grass crude protein

correlations were positive when paired with grass potassium (r = .41

to .66), negative with copper (r = 0 to —.23) and zinc (r = -.15 to

-.49), and variable for calcium, magnesium, phosphorus, iron and

selenium. Grass crude fiber was positively correlated with grass

calcium (r = .05 to .54) and copper (r = 0 to .41), while the relationship
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with zinc was negative (r = -.03 to -.61). Variable responses were

observed for correlations between grass crude fiber and grass potassium,

magnesium, phosphorus, iron and selenium. Grass dry matter was inversely

correlated with grass crude protein (r = —.10 to -.61) and directly with

grass crude fiber (r = .03 to .18). The relationship between crude

protein and crude fiber was variable.

Correlations between some of these parameters are reported by

Kayongo-Male et a1 (82) for forages from Puerto Rico. They found

phosphorus and potassium to be negatively related to fiber constituents

and field dry matter (r = -.12 to -.76), but positively related to

protein content (r = 0 to .50). Calcium and magnesium positively

correlated to lignin, while zinc relationship to fiber and field dry

matter was negative, and to crude protein was positive. Some of these

responses agree with our findings.

Blood Hemoglobin and Hematocrit Relationships

Means and standard errors for these two blood parameters are

presented in Table 14. Hemoglobin values were significantly different

among livestock types (P<.0013), differences being between cows and

heifers (tB, P<.01). The livestock type by region interaction was

significant (P<.00001). Cows and calves had greater hemoglobin values

in Region II than in Region I, while the response for heifers was

reversed (Figure 21). The livestock type by grass interaction was

also significant (P&.0001). This time calves had greater hemoglobin

values when grazing on Guinea-, while cows and heifers response was

better on Pangolagrass (Figure 22). The three—way interaction was

significant at the P<.00001 level. Figure 23 shows that hemoglobin

values of cows grazing on Guineagrass were higher in Region II than
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TABLE 14. MEAN HEMOGLOBIN AND HEMATOCRIT VALUES OF GRAZING COWS,

HEIFERS AND CALVES FROM THE CENTRAL AND NORTHERN REGIONS

OF VERACRUZ, MEXICOa

COHB HEHB CAHB COHT HEHT CAHT

-----------g/dl -----------%------------

Overall 9.83 10.35 10.20 32.5 34.0 36.9

(.16) (.16) (.18) (.5) (.5) (.5)

Region I 9.47 10.58 9.53 33.4 35.1 35.2

(Central) (.24) (.23) (.24) (.7) (.9) (.7)

Region II 10.19 10.12 10.87 31.7 33.1 38.6

(North) (.20) (.21) (.23) (.7) (.6) (.7)

Grass I 10.32 10.59' 10.06 34.4 34.4 36.9

(Pangola) (.20) (.23) (.25) (.7) (.8) (.7)

Grass II 9.34 10.11 10.35 30.7 33.7 36.9

(Guinea) (.24) (.21) (.26) (.6) (.7) (.7)

Region I 9.69 11.37 9.93 35.0 37.8 36.4

Grass I (.26) (.25) (.35) (1.) (1.1) (.9)

Region I 9.25 9.80 9.14 31.7 33.2 34.0

Grass II (.41) (.34) (.32) (.8) (1.2) (.9)

Region II 10.96 9.82 10.18 33.8 32.0 37.4

Grass I (.25) (.32) (.35) (1.) (.8) (1.1)

Region II 9.42 10.42 11.55 29.7 34.2 39.7

Grass II (.24) (.25) (.25) (.8) (1.0) (1.0)

 

 

a . .
The numbers in parenthesis are standard errors.
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in Region I, while heifers response was opposite and calves kept about

steady. Grazing on Pangolagrass, calves had greater hemoglobin levels

in Region II, while cows and heifers only slightly increased their

levels in Region II when compared to Region I.

Blood hemoglobin values varied from 7.35 g/dl for calves in Farm 6

to 12.57 g/dl for heifers in Farm 3 (Table 24). Several of these figures

are low, since normal values in blood of beef cattle range from 9.50 to

13.50 g/dl for animals less than one year old, and from 9.63 to 14.25

g/dl for mature cattle (136). Hemoglobin values reported by Rodriguez

(133) for grazing zebu cattle under one year of age from the subtropical

areas of Mexico were in the average 11.8 g/dl. French and Chicco (53)

gave average values of 9.65 and 9.79 g/dl for cows and calves, respec-

tively, from Venezuela. These two authors referred to 8.0 g hemoglobin/d1

as to the lower limit for normal ranges.

Correlations between blood hemoglobin and soil or grass copper or

iron are presented in Tables 28 and 29. Relationships with soil copper

were variable (r = .24 for cows, -.08 for heifers, and .36 for calves),

while relations with grass copper were all positive, though low (r = .19

for cows, .05 for heifers and .38 for calves). Blood hemoglobin to soil

iron correlations were also variable (r = -.36, .19 and -.53 for cows,

heifers and calves), as well as with grass iron (r = .05, .20 and —.lO).

No predictions of the hemoglobin status can then be made based on the

iron or copper contents of soils or grasses.

Blood hematocrit values differed significantly among livestock

types (P<.00001). Bonferroni's t test statistics (P<.01) showed that

these differences existed for the three selected contrasts (cows vs.

heifers, cows vs. calves, and heifer vs. calves). The livestock type

effect significantly interacted with regions (P<.00002) and grasses



  

108

(P<.00001), the three-way interaction being also significant (P<.001).

Cows and heifers had higher hematocrit values in Region I than in

Region II, while the response for calves was clearly opposite (Figure

24). In the case of the interaction with grass effect, heifers and

calves grazing on any of the two grasses had similar hematocrit levels,

while cows grazing on Pangola- showed much higher values than cows on

Guineagrass (Figure 25). When looking separately at Pangolagrass, heifers

had higher hematocrit levels than calves and cows in Region I, while in

Region II heifers were the lowest. On Guineagrass, differences between

the three types of livestock were much larger in Region II than in

Region I (Figure 26).

Blood hematocrit values in the present study ranged from 27.4%

for heifers in Farm 4 to 42.4% for calves in Farm 10 (Table 24).

Normal ranges for beef cattle are 27.0 to 50.5% for animals less than

one-year old, and 31.0 to 49.0% for mature animals (136). According

to this, cows from Farms 4, 6, 7, 9 and 12, and heifers from Farms 4

and 12 had low hematocrit levels. It has to be pointed out again that

hematocrit determinations were carried out several days apart from the

day that samples were taken, and hemolysis was evident in many of the

specimens. The average hematocrit value found by Rodriguez (133) for

zebu calves under subtropical conditions was 36.7%.

Blood hematocrit correlations with soil or grass minerals are

presented in Tables 28 and 29. Relationships with soil copper were

variable (r = .11 for cows, -.16 for heifers and .42 for calves), as

well as for soil iron (r = .18, .46 and —.52 for cows, heifers and

calves). The same variable response among livestock types was
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obtained for the correlation between blood hematocrit with grass copper

(r = -.21, -.18 and .27) and with grass iron (r = .05, .20 and -.10).

No significant regression equations were obtained for variables

involving blood hematocrit.



SUMMARY AND CONCLUSIONS

Although soil calcium was high in both regions, deficient levels

of calcium were found in Pangolagrass samples from the Veracruz region

(Region I). Fourteen out of eighteen samples from that region (or 78%)

had less than 0.25% calcium, which is inadequate for grazing beef

cattle. Only one Pangolagrass sample was adequate (0.30% calcium)

for lactating and young animals. These deficient levels were related

to soil calcium concentrations, since all soil samples taken in

Veracruz from soils growing Pangolagrass had less than 1500 ppm

extractable calcium. 0n the other hand, all Guineagrass samples were

above the 0.30% level, and the soils in which they were growing had

more than 1500 ppm, with the exception of one sample.

Despite the findings for soils and grasses, low serum calcium

concentrations were found for cattle grazing in the two regions or on

the two grasses. If calcium levels of 9.0 to 12.0 mg/dl serum are

taken as the normal range, an average of 25% of the animals grazing

Pangola- and 29% of cattle on Guineagrass from the Veracruz area had

levels lower than 9.0 mg/dl (8% and 11% of the values were lower than

8.0 mg/dl). In the Tuxpam area (Region II) 32% of cattle grazing Pangola—

and 11% of the animals on Guineagrass were also lower than 9.0 mg/dl

(13% and 3% of the values were lower than 8.0 mg/dl).

High to very high levels of soil extractable magnesium were found

in both regions, values being higher in Veracruz than in Tuxpam. Despite

this, grass magnesium was considered deficient for lactating beef

ll2
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cattle in all Pangolagrass samples from Region I, and in 67% of Pangola-

grass (12 out of 18) and 22% (4 out of 18) of the Guineagrass samples

from Region II. The level taken here as minimum adequate is 0.18%

magnesium. The deficiency would be even greater if lactating dairy

cattle were considered. On the other hand, the two grasses would meet

the requirements of young animals. The results for forages were not

reflected on serum magnesium concentrations, since only six animals

from each region had levels equal to or less than 1.7 mg/dl, value

considered as borderline to deficient.

Phosphorus levels lower than 0.30% were found in most Pangola-

samples and in 22% (4 out of 18) of Guineagrass samples from the

Veracruz region. In Tuxpam, 78% of the Pangola- samples and 44% of the

Guineagrass samples were also below that level. Almost all soils

growing Pangola in the two regions and soils growing Guinea in Region

II had less than 5 ppm phosphorus. Only 33% of soils growing Guinea

in Region I were below this level. For cattle, about 26% of the

animals grazing on Pangola and only one cow grazing on Guinea from

Region I had low serum phosphorus concentrations. In TUXpam these

figures were 30 and 12% for the two grasses.

Copper levels lower than 6 ppm were found in 44% (8 out of 18)

of the Pangola- samples and in 72% of Guineagrass samples from the

Veracruz area. About 39% of the Pangola- and 61% of the Guineagrass

samples from Tuxpam were also low in copper. However, only 5% of the

animals from Region I and 16% of the cattle from Region II were

considered deficient in their serum copper values (less than 0.5 ug/ml).

It is assumed that the molybdenum and sulphate levels were low and did

not interfere with copper utilization.
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All soil samples from Tuxpam and 39% of the soils growing Guinea-

grass in Veracruz had extractable iron contents lower than 20 ppm, which

is considered deficient for crops. However, iron concentrations in

plants from the two regions were within the normal range and even high

for Pangolagrass in Region I. Normal levels were also found in serum

of cattle grazing in the two regions or on the two grasses. It seems

that iron availability from soil to plant was adequate despite the

high pH and high calcium concentrations.

Around 60% of the grass samples from the Veracruz area and 17%

from Tuxpam were considered deficient in their selenium content (less

than 0.1 PPm). Almost all animals from Region I, all heifers and

calves and 35% of the cows from Region II had serum selenium concen-

trations lower than 0.05 ug/ml. Twenty-two percent of the cows, 40%

of the heifers and 75% of the calves from Region I had values lower

than 0.01 ug/ml. In Tuxpam, 3% of the cows, 25% of the heifers and 7%

of the calves were below the 0.01 level. Selenium deficiency may exist

in grazing cattle in both regions or grasses, but especially in the

Veracruz area and for young animals.

Soils growing Guineagrass in Region II showed low zinc levels

(less than 0.55 ppm), but grasses from that region had adequate zinc.

Six Guineagrass samples from Veracruz were lower than 20 ppm. No

deficiency was found for zinc in serum of cattle from the two regions.

Soil pH values found were high for tropical or subtropical

conditions. Only 6 soil samples from Region I had pH lower than

6.0, while just 3 samples from Tuxpam were lower than 7.0. The

diluting effect of heavy rains may be the reason for these results.
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Low protein values (less than 7% of dry matter) were found for

about two-thirds of the grass samples from Region II. This represents

a serious deficiency for livestock raising, since protein levels will

be even lower during the dry season.

Low blood hemoglobin values (less than 9.5 g/dl) were observed

in about 38% of cattle from Region I, and in 26% of the animals from

Region II.

In summary, deficiencies of calcium, phosphorus and selenium were

detected in the two regions studied, but especially for Pangolagrass in

the Veracruz area. Protein was also deficient for the two grasses in

Region II. Low blood hemoglobin levels were observed in about one-third

of the animals, and these levels did not correlate with iron or copper

concentrations in soils or grasses.

A broader study in the two areas is needed to confirm our findings.

The sampling density for soils and grasses may be reduced to one sample

per hectare, five subsamples per composite sample.

Recommendations should be given to local farmers for year-round

supplementation of a mineral mixture with at least calcium and phosphorus

sources included. The selenium problem may need direct application of

vitamin E to animals, especially to those younger than two years. It is

also imperative to find alternative sources of protein, since protein

appears to be the principal limiting factor for livestock raising in

those areas. A more efficient management of pastures should be achieved,

and adequate fertilization of fields will definitely help to solve the

problem.
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TABLE 15. MEAN CALCIUM CONCENTRATIONS OF SOILS, GRASSES, AND

BLOOD SERA OF GRAZING CATTLE FOR INDIVIDUAL FARMS

FROM THE CENTRAL AND NORTHERN REGIONS OF VERACRUZ,

MEXICOa' ' C

Livestock Type

Soils Grasses Cows Heifers Calves

ppm % of DM mg/100 ml serum

Farm 1 919 0.239 9.52 10.00 9.59

(65) (.006) (.29) (.34) (.37)

Farm 2 2226 0.420 9.41 10.02 9.46

(78) (.012) (.50) (.15) (.57)

Farm 3 1044 0.220 9.24 8.83 9.98

(34) (.028) (.42) (.40) (.46)

Farm 4 2391 0.417 9.01 8.48 10.21

(266) (.009) (.26) (.27) (.37)

Farm 5 1162 0.209 10.42 10.44 9.93

(88) (.009) (.18) (.21) (.30)

Farm 6 1883 0.403 9.45 9.20 8.79

(254) (.007) (.17) (.15) (.36)

Farm 7 6153 0.845 10.21 9.58 10.80

(93) (.012) (.26) (.48) (.18)

Farm 8 6488 0.684 10.17 9.50 10.08

(470) (.024) (.27) (.38) (.27)

Farm 9 6549 0.802 9.86 9.80 10.01

(141) (.026) (.21) (.18) (.26)

Farm 10 6664 0.697 11.04 9.74 10.35

(125) (.009) (.51) (.30) (.15)

Farm 11 5664 0.564 10.57 10.08 10.04

(539) (.027) (.53) (.50) (.36)

Farm 12 7583 0.574 9.80 8.78 8.38

(365) (.027) (.82) (.43) (.64)

 

aCentral: Farms 1 to 6; Northern:

Pangola-grass in Farms 1,

4. 6,in Farms 2,

3,

9, and 10.

CNumbers in parenthesis are standard errors.

8,

Farms 7 to 12.

11, and 12; Guinea-grass
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TABLE 16. MEAN POTASSIUM CONCENTRATIONS OF SOILS, GRASSES, AND

BLOOD SERA OF GRAZING CATTLE FOR INDIVIDUAL FARMS

FROM THE CENTRAL AND NORTHERN REGIONS OF VERACRUZ,

MEXICOa ' ' C

Livestock Type

Soils Grasses Cows Heifers Calves

ppm % of DM mg/100 ml serum

Farm 1 71.7 1.681 18.20 21.44 19.16

(7.0) (.157) (.38) (1.25) (1.47)

Farm 2 234.7 2.451 18.69 22.51 21.05

(17.5) (.088) (.45) (1.22) (.52)

Farm 3 136.5 1.849 17.56 27.48 21.34

(26.2) (.181) (.48) (1.20) (.78)

Farm 4 299.1 2.133 21.89 23.21 26.08

(20.3) (.040) (1.11) (.74) (.89)

Farm 5 62.5 1.491 24.43 24.32 24.23

(4.7) (.051) (1.21) (.89) (1.40)

Farm 6 212.6 1.872 25.28 26.68 32.62

(23.5) (.036) (.70) (.58) (1.63)

Farm 7 106.9 1.966 19.71 17.95 23.50

(8.0) (.067) (.87) (.73) (.63)

Farm 8 96.0 1.350 20.13 21.96 22.82

(7.3) (.148) (.75) (.53) (.51)

Farm 9 198.3 1.978 24.54 21.24 24.96

(15.2) (.039) (.62) (.56) (1.18)

Farm 10 252.1 2.522 21.95 21.04 26.33

(16.3) (.044) (1.71) (1.17) (.85)

Farm 11 75.2 1.055 24.60 19.40 26.31

(10.0) (.038) (1.15) (.51) (1.11)

Farm 12 112.9 1.541 20.76 20.06 22.81

(5.5) (.063) (1.21) (.55) (1.47)

 

aCentral: Farms 1 to 6; Northern:

Pangola-grass in Farms 1,

in Farms 2,

c . .
Numbers In parentheSIS are standard errors.

4, 6, 7, 9, and 10.

Farms 7 to 12.

3, 5, 8, ll,and l2; Guinea-grass
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MEAN MAGNESIUM CONCENTRATIONS OF SOILS, GRASSES, AND

BLOOD SERA OF GRAZING CATTLE FOR INDIVIDUAL FARMS

FROM THE CENTRAL AND NORTHERN REGIONS OF VERACRUZ,

MEXICOa’ b' C

 

Livestock Type
 

 

Soils Grasses Cows Heifers Calves

ppm % of DM mg/100 ml serum

Farm 1 242.2 0.136 2.87 2.44 2.21

(12.0) (.005) (.07) (.13) (.11)

Farm 2 459.2 0.222 2.79 2.68 2.44

(14.0) (.009) (.08) (.06) (.07)

Farm 3 266.2 0.118 2.59 2.80 2.73

(9.2) (.016) (.07) (.08) (.15)

Farm 4 464.3 0.190 2.91 2.10 2.85

(84.0) (.004) (.14) (.10) (.10)

Farm 5 278.2 0.107 2.87 3.00 2.33

(28.0) (.001) (.08) (.10) (.10)

Farm 6 385.0 0.235 2.86 2.16 2.16

(45.8) (.013) (.08) (.12) (.10)

Farm 7 115.7 0.181 3.34 2.60 2.31

(3.6) (.008) (.07) (.06) (.05)

Farm 8 233.5 0.191 3.06 2.48 2.16

(21.9) (.011) (.10) (.11) (.10)

Farm 9 155.8 0.304 3.17 2.74 2.49

(7.2) (.006) (.11) (.06) (.08)

Farm 10 164.7 0.182 3.06 2.61 2.75

(4.8) (.003) (.12) (.17) (.09)

Farm 11 333.3 0.158 3.00 2.78 2.73

(10.5) (.012) (.10) (.08) (.12)

Farm 12 182.0 0.124 2.30 2.31 2.20

(21.6) (.002) (.22) (.09) (.10)

 

aCentral: Farms 1 to 6; Northern:

Pangola-grass in Farms 1, 3, 5,

in Farms 2, 4,

CNumbers in parenthesis are standard errors.

6, 9, and 10.

8,

Farms 7 to 12.

11, and 12; Guinea-grass
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TABLE 18. MEAN PHOSPHORUS CONCENTRATIONS OF SOILS, GRASSES, AND

BLOOD SERA OF GRAZING CATTLE FOR INDIVIDUAL FARMS

FROM THE CENTRAL AND NORTHERN REGIONS OF VERACRUZ,

MEXICOal ' b . C

 

Livestock Type
 

 

Soils Grasses Cows Heifers Calves

ppm % of DM mg/100 ml serum

Farm 1 2.60 0.251 3.64 6.49 6.49

(1.06) (.027) (.30) (.31) (.37)

Farm 2 4.42 0.303 4.78 5.44 8.08

(.77) (.017) (.13) (.26) (.44)

Farm 3 2.00 0.244 4.92 6.11 7.09

(.18) (.017) (.35) (.23) (.38)

Farm 4 8.80 0.408 4.89 6.65 8.03

(2.15) (.016) (.25) (.42) (.39)

Farm 5 2.52 0.221 3.49 4.88 7.58

(1.02) (.022) (.19) (.17) (.34)

Farm 6 16.82 0.526 4.60 6.82 8.29

(3.32) (.023) (.17) (.29) (.26)

Farm 7 0.40 0.208 3.73 5.87 8.76

(.08) (.023) (.15) (.30) (.28)

Farm 8 3.00 0.196 1.77 4.10 7.99

(.51) (.022) (.13) (.19) (.52)

Farm 9 3.97 0.571 5.56 6.08 8.27

(1.13) (.058) (.34) (.26) (.36)

Farm 10 0.58 0.297 5.02 6.25 8.98

(.49) (.013) (.53) (.39) (.23)

Farm 11 2.87 0.158 3.73 4.02 7.19

(.23) (.008) (.44) (.22) (.42)

Farm 12 1.58 0.299 4.96 6.56 6.93

(.42) (.012) (.32) (.44) (.47)

 

aCentral: Farms 1 to 6; Northern:

in Farms 2,

CNumbers in parenthesis are standard errors.

4, 6, 9, and 10.

Farms 7 to 12.

bPangola-grass in Farms 1, 3, 5, 8, 11, and 12; Guinea—grass
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TABLE 19. MEAN COPPER CONCENTRATIONS OF SOILS, GRASSES, AND

BLOOD SERA OF GRAZING CATTLE FOR INDIVIDUAL FARMS

FROM THE CENTRAL AND NORTHERN REGIONS OF VERACRUZ,

MEXICOa' b! C

Livestock Type

Soils Grasses Cows Heifers Calves

ppm DM ppm ug/ml serum

Farm 1 2.32 6.35 0.640 0.620 0.590

(.26) (.21) (.043) (.051) (.023)

Farm 2 3.25 4.90 0.740 0.780 0.710

(.57) (.21) (.031) (.025) (.043)

Farm 3 1.68 6.95 0.790 0.590 0.760

(.21) (.96) (.031) (.060) (.050)

Farm 4 2.93 6.80 0.700 0.620 0.810

(.19) (.55) (.030) (.033) (.046)

Farm 5 1.30 5.52 0.620 0.780 0.580

(.17) (.15) (.025) (.020) (.044)

Farm 6 2.08 4.82 0.610 0.730 0.620

(.39) (.18) (.038) (.037) (.065)

Farm 7 3.10 18.13 0.520 0.550 0.550

(.07) (1.42) (.033) (.052) (.027)

Farm 8 1.52 10.93 0.560 0.590 0.530

(.35) (1.38) (.031) (.023) (.030)

Farm 9 4.58 4.03 0.630 0.690 0.570

(.84) (.15) (.030) (.028) (.030)

Farm 10 2.75 5.85 0.590 0.480 0.690

(.30) (.12) (.053) (.020) (.043)

Farm 11 0.65 5.03 0.650 0.540 0.650

(.20) (.19) (.031) (.031) (.034)

Farm 12 3.03 6.13 0.610 0.460 0.490

(.37) (.15) (.050) (.056) (.038)

 

aCentral: Farms 1 to 6; Northern:

bPangola-grass in Farms 1,

in Farms 2, 4, 6,

CNumbers in parenthesis are standard errors.

7,

3. 5.

9, and 10.

8,

Farms 7 to 12.

11, and 12; Guinea—grass
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TABLE 20. MEAN IRON CONCENTRATIONS OF SOILS, GRASSES, AND

BLOOD SERA OF GRAZING CATTLE FOR INDIVIDUAL FARMS

FROM THE CENTRAL AND NORTHERN REGIONS OF VERACRUZ,

MEXICOa' b' C

Livestock Type

Soils Grasses Cows Heifers Calves

ppm DM ppm ug/ml serum

Farm 1 41.4 507.2 1.55 1.96 3.05

(1.3) (37.2) (.14) (.09) (.30)

Farm 2 19.1 129.0 1.68 2.20 1.86

(1.4) (21.7) (.11) (.06) (.11)

Farm 3 31.5 170.7 1.71 2.10 2.03

(.5) (15.8) (.07) (.11) (.12)

Farm 4 19.7 92.7 1.94 1.97 2.45

(3.1) (6.1) (.11) (.14) (.15)

Farm 5 58.7 399.8 1.86 2.43 1.69

(5.5) (61.9) (.10) (.09) (.12)

Farm 6 40.0 97.0 1.65 2.32 2.10

(3.9) (7.0) (.06) (.11) (.13)

Farm 7 1.62 106.3 1.95 1.69 2.05

(.11) (13.3) (.09) (.ll) (.16)

Farm 8 4.15 168.0 1.76 1.90 2.38

(1.14) (14.9) (.12) (.09) (.14)

Farm 9 1.23 108.0 1.70 2.04 1.85

(.22) (8.2) (.07) (.10) (.14)

Farm 10 0.72 101.3 1.84 2.06 2.00

(.06) (3.4) (.15) (.ll) (.10)

Farm 11 12.3 197.5 1.89 2.27 2.16

(1.5) (11.9) (.10) (.10) (.17)

Farm 12 1.38 185.8 1.67 1.86 2.16

(.14) (10.6) (.13) (.12) (.24)

 

aCentral: Farms 1 to 6; Northern: Farms 7 to 12.

bPangola—grass in Farms 1, 3, 5, 8, 11, and 12; Guinea—grass

in Farms 2, 4, 6, 7, 9, and 10.

CNumbers in parenthesis are standard errors.
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TABLE 21. MEAN SELENIUM CONCENTRATIONS OF SOILS, GRASSES, AND

BLOOD SERA OF GRAZING CATTLE FOR INDIVIDUAL FARMS

FROM THE CENTRAL AND NORTHERN REGIONS OF VERACRUZ,

MEXICOa' b' C

Livestock Type

Soils Grasses Cows Heifers Calves

PPm DM Ppm ug/ml serum

Farm 1 0.106 0.102 0.033 0.011 0.007

(.009) (.003) (.005) (.002) (.002)

Farm 2 0.149 0.086 0.026 0.017 0.005

(.015) (.015) (.003) (.001) (.001)

Farm 3 0.121 0.094 0.018 0.021 0.003

(.005) (.012) (.003) (.002) (.001)

Farm 4 0.143 0.087 0.009 0.012 0.001

(.009) (.006) (.002) (.003) (.000)

Farm 5 0.103 0.092 0.013 0.008 0.005

(.013) (.006) (.002) (.002) (.001)

Farm 6 0.125 0.103 0.043 0.010 0.022

(.006) (.012) (.005) (.002) (.003)

Farm 7 0.318 0.151 0.074 0.031 0.021

(.006) (.021) (.007) (.005) (.001)

Farm 8 0.343 0.126 0.073 0.018 0.026

(.036) (.027) (.004) (.002) (.002)

Farm 9 0.324 0.125 0.061 0.007 0.024

(.041) (.019) (.004) (.002) (.001)

Farm 10 0.258 0.144 0.078 0.027 0.030

(.032) (.018) (.009) (.006) (.002)

Farm 11 0.292 0.145 0.039 0.024 0.023

(.019) (.017) (.003) (.003) (.003)

Farm 12 0.356 0.191 0.035 0.012 0.019

(.028) (.013) (.007) (.002) (.002)

 

aCentral: Farms 1 to 6; Northern:

bPangola—grass in Farms 1, 3, 5,

in Farms 2, 4, 6,

c . .
Numbers in parentheSIS are standard errors.

7. 9, and 10.

8,

Farms 7 to 12.

11, and 12; Guinea-grass
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TABLE 22. MEAN ZINC CONCENTRATIONS OF SOILS, GRASSES, AND

BLOOD SERA OF GRAZING CATTLE FOR INDIVIDUAL FARMS

FROM THE gENTRAL AND NORTHERN REGIONS OF VERACRUZ,

MEXICOa' ' C

Livestock Type

Soils Grasses Cows Heifers Calves

ppm DM ppm ug/ml serum

Farm 1 1.42 40.78 0.78 0.73 0.88

(.15) (3.04) (.03) (.05) (.02)

Farm 2 3.22 19.60 1.02 0.80 0.87

(.57) (1.48) (.04) (.04) (.05)

Farm 3 3.17 41.50 0.89 0.85 1.02

(.31) (3.87) (.09) (.09) (.09)

Farm 4 1.58 21.50 1.13 1.15 1.33

(.14) (1.35) (.07) (.06) (.07)

Farm 5 1.48 34.80 0.98 0.91 0.91

(.14) (1.24) (.07) (.05) (.04)

Farm 6 3.57 21.75 0.94 1.07 0.96

(.38) (1.39) (.05) (.ll) (.04)

Farm 7 0.35 24.67 1.06 1.19 1.14

(.02) (2.03) (.04) (.06) (.06)

Farm 8 1.52 40.20 1.01 1.09 1.21

(.16) (2.38) (.05) (.04) (.04)

Farm 9 0.28 33.70 1.12 1.24 1.13

(.03) (2.13) (.06) (.07) (.05)

Farm 10 0.48 24.35 1.07 1.01 1.15

(.05) (1.14) (.10) (.05) (.08)

Farm 11 1.40 40.08 0.92 0.95 0.99

(.17) (1.26) (.05) (.05) (.05)

Farm 12 0.50 43.17 0.93 0.82 0.97

(.08) (1.86) (.08) (.04) (.05)

 

aCentral: Farms 1 to 6; Northern:

in Farms 2, 4, 6,

CNumbers in parenthesis are standard errors.

9, and 10.

Farms 7 to 12.

bPangola-grass in Farms 1, 3, 5, 8, 11, and 12; Guinea-grass
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TABLE 23. MEAN SOIL COBALT CONCENTRATIONS, SOIL pH, AND GRASSES

DRY MATTER, CRUDE PROTEIN AND CRUDE FIBER FOR INDIVIDUAL

FARMS FROM THE CENTRAL AND NORTHERN REGIONS OF VERACRUZ,

MEXICOa' b' C

SOCO SOIL GRADM GRACP GRACF

ppm pH % DM% DM%

Farm 1 0.52 5.97 27.4 8.63 33.2

(.03) (.09) (.9) (.32) (.6)

Farm 2 0.57 6.35 30.3 9.02 38.3

(.10) (.04) (1.1) (.44) (.5)

Farm 3 0.50 5.97 26.4 8.17 39.4

(.12) (.03) (2.0) (.43) (1.2)

Farm 4 0.68 6.85 28.7 9.65 36.5

(.11) (.02) (.4) (.24) (.8)

Farm 5 0.48 6.25 26.0 8.03 36.0

(.11) (.06) (1.5) (.33) (1.4)

Farm 6 0.42 6.47 29.4 7.93 37.7

(.09) (.13) (.3) (.27) (.5)

Farm 7 0.83 8.03 33.0 6.62 40.1

(.12) (.02) (.6) (.20) (1.0)

Farm 8 0.92 7.63 31.4 6.02 37.9

(.10) (.19) (-9) (.17) (.8)

Farm 9 0.93 8.08 28.8 5.52 37.9

(.08) (.04) (1.0) (.10) (.9)

Farm 10 0.88 8.00 25.8 10.01 39.1

(.11) (.03) (.6) (.22) (.6)

Farm 11 0.73 6.90 32.5 5.62 37.3

(.16) (.24) (1.7) (.20) (.3)

Farm 12 0.77 8.08 28.2 7.65 34.0

(.10) (.06) (.7) (.28) (.9)

 

aCentral: Farms 1 to 6; Northern: Farms 7 to 12.

Pangola-grass in Farms 1, 3, 5, 8, 11, and 12; Guinea-grass

in Farms 2, 4, 6, 7, 9, and 10.

CNumbers in parenthesis are standard errors.
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TABLE 24. MEAN HEMOGLOBIN AND HEMATOCRIT VALUES OF GRAZING COWS,

HEIFERS AND CALVES FOR INDIVIDUAL FARMS FROM THE

CENTRAL AND NORTHERN REGIONS OF VERACRUZ, MEXICOa' b’ C

COHB HEHB CAHB COHT HEHT CAHT

-----------g/dl--—--—----— - -— %--—---—----

Farm 1 10.39 11.42 11.39 33.5 34.7 36.9

(.31) (.30) (.36) (1.7) (1.7) (1.2)

Farm 2 11.93 11.76 10.39 35.5 40.1 35.6

(.51) (.36) (.51) (1.2) (1.3) (.8)

Farm 3 10.59 12.57 10.83 40.1 40.8

(.19) (.33) (.18) (1.3) (.9)

Farm 4 8.46 7.86 9.67 29.8 27.4 35.1

(.22) (.15) (.34) (1.3) (.9) (1.6)

Farm 5 8.08 10.11 7.56 31.4 40.9 31.5

(.29) (.24) (.28) (1.2) (.7) (1.1)

Farm 6 7.37 9.77 7.35 29.9 32.1 31.4

(.28) (.34) (.27) (1.2) (1.0) (1.8)

Farm 7 9.93 10.37 11.91 29.2 33.0 40.1

(.39) (.57) (.47) (1.2) (1.8) (1.7)

Farm 8 11.52 10.90 10.93 32.6 33.0 36.0

(.40) (.34) (.48) (1.5) (1.0) (1.4)

Farm 9 8.62 10.05 10.83 27.7 35.1 36.6

(.30) (.37) (.38) (1.2) (1.6) (1.3)

Farm 10 9.71 10.83 11.92 32.1 34.4 42.4

(.44) (.35) (.38) (1.4) (1.8) (1.6)

Farm 11 11.43 10.82 11.41 38.2 34.4 41.1

(.30) (.37) (.48) (1.5) (1.3) (1.9)

Farm 12 9.92 7.74 8.21 30.5 28.6 35.2

(.40) (.22) (.28) (1.2) (1.2) (1.7)

 

 

aCentral: Farms 1 to 6; Northern: Farms 7 to 12.

bPangola-grass in Farms 1, 3, 5, 8, 11, and 12; Guinea-grass

in Farms 2, 4, 6, 7, 9, and 10.

CNumbers in parenthesis are standard errors.
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TABLE 28.

143

CORRELATION COEFFICIENTS BETWEEN MINERALS IN SOILS AND

MINERALS IN SERUM, AND BETWEEN SOIL MINERALS AND

HEMOGLOBIN OR HEMATOCRIT VALUES DETERMINED IN SAMPLES

FROM THE CENTRAL AND NORTHERN REGIONS OF VERACRUZ,

 

 

MEXICOa

Variable

Pairs Cows Heifers Calves

Soil-Serum .58 -.04 .ll

cal-Ci‘m‘ (.41,.72) (-027'019) (-014’033)

Soil-Serum .11 .23 .40

POtaSSilm (-014'033) (-003'043) (.17,.57)

Soil-Serum -.24 -.24 .24

Magnesium (-.44,0) (-.44,0) (0,.44)

Soil-Serum .18 .34 .15

Phosphorus (-.05,.42) (.11,.53) (-.11,.37)

Soil-Serum .10 -.31 .17

Copper (-.15,.33) (-.51,-.O6) (-.O6,.39)

Soil-Serum -.17 .64 .05

Iron (-.39,.O6) (.46,.75) (-.18,.28)

Soil-Serum .70 .34 .76

Selenium (.56,.79) (.11,.53) (.63,.84)

Soil-Serum -.42 -.23 -.37

Zinc (-.57,-.17) (-.43,.O3) (-.56,-.15)

Soil Iron .21 .55 .15

Serum Copper (-.O4,.42) (.35,.70) (-.ll,.37)

Soil Iron -.36 .19 -.53

Blood HB (-.54,-.14) (-.05,.40) (-.56,-.15)

Soil Iron .18 .46 -.52

Blood HT (-.05,.42) (.25,.63) (-.66,-.32)

 

a . .
The numbers in parentheSis are .95 confidence limits.
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Variable

Pairs Cows Heifers Calves

Soil Calcium .22 -.O4 0

Serum Magnesium (.04,.43) (-.27,.l9) (-.25,.24)

Soil Calcium -.02 -.19 .34

Serum Phosphorus (-.26,.23) (-.42,.O4) (.11,.53)

Soil Calcium -.44 -.55 -.45

Serum Copper (-.6l,-.20) (-.68,-.35) (-.62,-.23)

Soil Calcium .40 .36 .46

Serum Zinc (.17,.57) (.14,.55) (.25,.63)

Soil Potassium .07 -.44 .54

Serum Magnesium (-.15,.29) (-.6l,-.20) (.34,.67)

Soil Copper .18 .06 —.06

Serum Iron (-.OS,.42) (-.l7,.29) (.34,.67)

Soil Copper .14 .22 .33

Serum Selenium (-.ll,.36) (—.O4,.43) (.08,.53)

Soil Copper .08 .19 .03

Serum Zinc (-.lS,.32) (—.05,.40) (-.21,.27)

Soil Copper .24 -.O8 .36

Blood HB (0,.44) (—.32,.15) (.14,.55)

Soil Copper .11 -.16 .42

Blood HT (-.l4,.33) (-.38,.O8) (.17,.57)

Soil Zinc .59 .46 .37

Serum Copper (.43,.73) (.25,.63) (.15,.56)

 

a . . . . .

The numbers in parentheSis are .95 confidence limits.
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TABLE 29. CORRELATION COEFFICIENTS BETWEEN MINERALS IN GRASSES AND

MINERALS IN SERUM, AND BETWEEN GRASS MINERALS AND

HEMOGLOBIN OR HEMATOCRIT VALUES DETERMINED IN SAMPLES

FROM THE CENTRAL AND NORTHERN REGIONS OF VERACRUZ,

 

 

MEXICOa

Variable

Pairs Cows Heifers Calves

Grass-Serum .49 .02 .33

Calcium (.28,.65) (-.23,.23) (.08,.53)

Grass-Serum -.23 .11 .04

Potassium (-.43,.03) (-.l4,.33) (-.l9,.27)

Grass-Serum .52 -.19 .05

Magnesium (.31,.66) (-.42,.O4) (-.l8,.28)

Grass-Serum .64 .60 .33

Phosphorus (.46,.75) (.43,.73) (.08,.53)

Grass-Serum -.48 -.19 —.22

Copper (-.64,-.28) (-.42,.O4) (-.42,.O4)

Grass-Serum -.25 .22 .43

Iron (-.46,—.03) (-.O4,.43) (.18,.58)

Grass-Serum .55 .36 .69

Selenium (.35,.70) (.14,.55) (.55,.79)

Grass-Serum -.58 —.41 -.27

Zinc (-.72,-.41) (-.57,-.17) (-.47,-.O4)

Grass Iron -.09 .14 -.24

Serum Copper (-.33,.l4) (-.ll,.36) (-.44,0)

Grass Iron .05 .20 -.10

Blood HB (-.18,.28) (-.O4,.4l) (—.33,.l3)

Grass Iron .19 .38 -.19

Blood HT (-.OS,.40) (.16,.57) (—.42,.O4)

 

a . .

The numbers in parentheSis are .95 confidence limits.
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Variable

Pairs Cows Heifers Calves

Grass Calcium .54 -.O6 .02

Serum Magnesium (.34,.67) (-.29,.l7) (-.23,.23)

Grass Calcium 0 -.12 .62

Serum Phosphorus (-.25,.24) (-.34,.13) (.44,.74)

Grass Calcium -.54 -.34 -.34

Serum Copper (-.67,-.34) (-.53,-.ll) (-.53,-.ll)

Grass Calcium .61 .61 .54

Serum Zinc (.43,.73) (.43,.73) (.34,.67)

Grass Potassium .13 -.17 .34

Serum Magnesium (—.13,.34) (-.39,.O6) (.11,.53)

Grass Copper .55 -.72 .12

Serum Iron (.35,.70) (-.82,-.58) (—.14,.33)

Grass Copper .46 .61 .17

Serum Selenium (.25,.63) (.43,.73) (—.O6,.39)

Grass Copper .30 .37 .30

Serum Zinc (.05,.49) (.15,.56) (.05,.49)

Grass Copper .19 .05 .38

Serum HB (—.05,.40) (-.l8,.28) (.16,.57)

Grass Copper -.21 -.18 .27

Serum HT (-.42,.O4) (-.42,.05) (.04,.47)

Grass Zinc .14 -.38 -.34

Serum Copper (-.ll,.36) (-.57,-.16) (-.53,-.11)

 

aThe numbers in parenthesis are .95 confidence limits.



147

 

 

TABLE 30. CORRELATION COEFFICIENTS BETWEEN MINERALS IN SERA OF

COWS, HEIPERS, AND CALVES FROM THE CENTRAL AND

NORTHERN REGIONS OF VERACRUZ, MEXICOa

Pair Pair Pair

COCA .57 COCA .34 HECA .23

HECA (.41,.71) CALCA (.11,.53) CALCA (—.O3,.43)

COK .02 COK .81 HEK .23

HEK (_023'023) CAK (.72,.87) CAK (-003’043)

COMG .19 COMG .10 HEMG .08

HmG (-005'040) CAMG (-0151033) CAMG (-015’032)

COP .68 COP .14 HEP .06

HEP (.55,.78) CAP (-.11,.36) CAP (-.17,.29)

COCU O COCU .74 HECU -.02

HECU (-.25,.24) CACU (.61,.83) CACU (-.26,.23)

COFE -.10 COFE -.28 HEFE -.37

HEFE (—.33,.13) CAFE (-.47,-.05) CAFE (-.56,-.15)

COSE .49 COSE .88 HESE .34

HESE (.28,.65) CASE (.83,.94) CASE (.11,.53)

COZN .71 COZN .67 HEZN .74

HEZN (.57,.82) CAZN (.52,.77) CAZN (.61,.83)

 

a . . . . .

The numbers in parentheSIS are .95 confidence limits.
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